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Development of a novel microdevice for sorptive extraction under a green 
analytical chemistry approach: Application for bioanalytical determination 
of Ibuprofen
Jessica P. Riera-Williams and H.D. Ponce-Rodríguez*

Abstract: This study proposes a novel device called micro polymeric magnetized bar adsorptive extraction (µ-PMBAE), 
as an extraction and enrichment technique for trace analysis in aqueous samples. These micro-bar absorbent devices 
were prepared using easily accessible and low-cost materials, incorporating different sorbent materials into a polymer and 
introducing a small piece of neodymium magnet. Several stability tests were applied to determine their robustness, stability, 
and weight variation; finally, ibuprofen concentration in urine samples was determined, demonstrating the applicability of 
extraction devices under a green analytical chemistry approach. The µ-PMBAE showed remarkable advantages since 
different sorbents can be added to the hot melt glue. This tunes the interaction with the analytes to become more specific 
in the extraction. Likewise, the magnetic ability makes it possible to carry out extraction without using an extra stir bar, 
matching its performance with the traditional commercially based on polydimethylsiloxane phase. The proposed analytical 
method demonstrated excellent performance concerning high recovery percentages, adequate coefficients of variation, 
and low detection limits.
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Introduction
In the last three decades, sample treatment techniques 

have shown an advance in the green chemistry point of view, 
searching for new methodologies friendly to the environ-
ment, with less waste, toxic solvent volumes, energy con-
sumption and timeless development1. The current approach 
for sample treatment techniques aims to increase the analy-
sis's selectivity and sensitivity, extract, purify, concentrate 
and/or derivatize the analytes without using laborious and 
tedious procedures, with a high economic and time cost 
such a case of conventional extraction techniques2.

An influential group of microextraction techniques is 
those that use the mechanism of sorption of the analytes 
in a solid, which may include absorption (also known as a 
partition) and adsorption, within which Solid-phase microex-
traction (SPME) and Stir bar sorptive extraction (SBSE) is 
found. SBSE, introduced by Pat Sandra in 1999, and mar-
keted under the name of "Twister®" (GERSTEL-GmbH & 
Co. KG), emerged under the idea of overcoming some of the 
disadvantages of SPME, including the recovery of analytes 
with ranges of medium-high volatility present in liquid phase 
samples3. Likewise, SBSE improves the limited recovery that 
can be achieved in ultra-trace analysis with SPME, especially 
in unfavorable phase relationships when working with small 
volumes of sorptive material, usually, polydimethylsiloxane 
(PDMS), which covers molten silica fiber4.

In SBSE, stirring bars coated with PDMS is used, with 
a length of 10 and 40 mm covered with 55 and 219 µL of 
PDMS, respectively. The stir bars are placed in contact 

with the liquid sample with stirring times until the analytes 
are extracted5. Subsequently, in the desorption stage, the 
analytes are released from the bar, either by a thermal 
desorption mechanism mainly for gas chromatography or 
liquid desorption for liquid chromatography. In both stages, 
variables such as solution volume, speed and stirring time, 
pH, ionic strength, type, and amount of desorption solvent 
should be optimized6.

Nowadays, the application of the SBSE has had funda-
mental advances in using different coating materials, which 
has achieved the application of the technique for analytes 
of different polarities7. Gorji et al. developed a monolithic 
auto-magnetic nanocomposite (SMNM) kit, which proved 
helpful for determining Bisphenol A in liquid samples8. Other 
authors have evaluated polydimethylsiloxane-phenyl siloxa-
ne as a coating material for extracting antibiotic compounds 
in aqueous samples9. Along the same lines, W. Fan and co-
llaborators demonstrated the use of coating the bars with an 
ionic liquid incorporated through the sol-gel route to study 
naproxen, ketoprofen, and fenbufen in water samples10.

Despite the problems involved in the study of biologi-
cal samples, where the analytes are at low levels of con-
centration with the presence of many impurities, which can 
influence the determination of analytes, the use of SBSE 
has demonstrated its application in this field. In that sen-
se, using a monolithic acrylate polymer was satisfactory for 
determining angiotensin II antagonist receptors in human 
plasma11. Likewise, determining fluoxetine in plasma using 
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a homemade bar by Marques et al.12. Other works have 
determined several compounds in urine samples, including 
fluorouracil and phenobarbital13 and amphetamines14.

Due to the great popularity of the technique, new de-
vices have been developed following the principle of the 
SBSE. In 2009 J.M.F. Nogueira and his group introduced 
the use of an analytical device called bar adsorptive µ-ex-
traction (BAµE), for which hollow cylindrical tubes of polye-
thylene (15 mm in length and 3 mm in diameter) are coated 
with adhesive films. Then solids Sorbents are adhered to 
by manual agitation15,16. Likewise, Liu and collaborators de-
veloped a device covering a coal pencil mine with a layer 
of poly luminol by electrochemical polymerization. This ob-
tained good results in extracting residues of β-agonists in 
pork17. Recently, a tube of polyether ether-ketone treated 
with sulfuric acid and on whose surface polydopamine and 
p-naphthol benzene molecules were immobilized was used 
to determine dye contaminants in environmental samples18.

On the other hand, eight bisphenol compounds were 
determined by applying a novel cage shell device manufac-
tured in 3D printing consisting of two pieces locked together 
by a magnetic stirring rod. The authors use nanofibers as 
adsorbent material19. A new extraction mode that combines 
the principles of SBSE and DSPE, called stir bar sorpti-
ve-dispersive microextraction (SBSDE), was proposed by 
Benede et al. In the procedure, magnetic nanoparticles 
were physically loaded on the magnetic stir bar to extract 
UV absorbent in seawater samples20. In recent years, new 
trends in SBSE include advances in developing new adsor-
bent materials, structural changes, and developments in 
technical automation21.

In the present work, we have developed a device ca-
lled "micro polymeric magnetized bar adsorptive extraction 
(µ-PMBAE)"22, using easy and accessible materials such 
as hot melt glue, commonly called "termocola", which is 
composed of polymeric mixtures, with the characteristic of 
melting at temperatures above 80 °C. It returns to its solid 
state at room temperature. This property allows mixing the 
hot melt glue with sorbents usually used for the extraction of 
analytes, and subsequently, said mixture can be molded of 
desired size and shape to obtain the adsorptive microbars. 
Finally, during the elaboration of the device, a neodymium 
magnet is incorporated into it.

To demonstrate the applicability of the developed de-
vices, it was proposed to determine Ibuprofen as a repre-
sentative molecule in urine samples. Different sorption pa-
rameters were optimized, including stirring time, solution 
pH, volume, and ionic strength. In the liquid desorption, the 
sonication time, elution solvent, and volume were evaluated 

to obtain the most excellent recovery of the analyte. As far 
as the authors know, this work is the first to develop SBSE 
devices with the proposed materials, which demonstrate 
advantages in terms of cost, applicability, easy preparation, 
and versatility.

Materials and methods 

Reagents and Materials
Acetonitrile and methanol HPLC grade, ethyl aceta-

te and hexane pesticide grade, sodium chloride, and so-
dium hydroxide all of them were obtained from JT BAKER 
(Center Valley, PA) instead of formic acid, glacial acetic 
acid, hydrochloric acid, activated charcoal and silica from 
Merck (Darmstadt, Germany). C18, strong cation exchange 
(SCX) and weak exchange cationic resin (WCX) sorbents 
of Agilent (Santa Clara, CA). Ibuprofen standard from Sig-
ma-Aldrich (St. Louis, MO) was used. Ultrasonic baths from 
Branson (Sterling Heights, MI), vortex mixer from Kool Lab 
Kyrios-Soter Scientific (Miami, FL), and centrifuge from LW 
Scientific (Lawrenceville, GA) were used. Stir plate and ul-
tra-pure water obtained with Barnstead micro-pure st from 
Thermo Scientific (Waltham, MA). For pH measurement, a 
pH meter from Hanna Instruments HI 9829 (Woonsocket, 
RI) and a convection oven from Quincy Lab (Chicago, IL) 
were used for heating in the preparation of the microbars. 
Hot melt glue sticks and wooden molds were obtained at a 
local store.

Experimental settings

Preparation of polymeric bars
For the preparation of the devices, the following proce-

dure was performed. An amount of hot melt glue, consisting 
mainly of ethylene-vinyl acetate copolymer, was melted in 
a water bath. Subsequently, the sorbent and a few millili-
ters (≈ 2 mL) of methanol were added to ensure a homoge-
neous mixture. Then the mixture was subjected to manual 
stirring, and once the methanol evaporated, the mixture was 
removed and placed in a wooden mold. It is placed in the 
oven at 100 °C for 5 minutes. Subsequently, the neodymium 
magnet is incorporated into the molds and compacted to 
obtain the desired cylindrical shape. Finally, the molds are 
removed from the oven, and once they are cooled to room 
temperature, the formed bars are obtained, which are cut to 
the desired size (Figure 1. A).
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Figure 1. Photography of the µ-PMBAE device (A) without sorbent; (B) with sorbent.
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Stability and robustness studies
Once the polymeric microbars were prepared, their 

robustness, stability, and weight variation were evaluated, 
for which tests were carried out with different solvents, pH 
values, temperature, sonication process, and sorbent los-
ses as a function of time. Devices prepared with other sor-
bents were immersed in HPLC vials containing solvents of 
broad polarity, including hexane, ethyl acetate, acetonitrile, 
methanol, and aqueous solutions of formic acid and acetic 
acid, both at 1 %. The microbars were left in the solvents for 
48 hours at room conditions. Likewise, to evaluate the effect 
of pH on the devices, these were immersed in solutions of 
1N hydrochloric acid (pH ≈ 2) and 1 N sodium hydroxide (pH 
≈10) and left standing at ambient conditions for 48 hours.

The stability depending on the temperature and soni-
cation process was carried out by placing the micro bars in 
HPLC vials with ultra-pure water and subjecting sonication 
with varying times of 30, 60, 90, and 120 minutes, mea-
suring the temperature at each of these times. Finally, the 
devices were weighed immediately after elaboration for the 
weight variation test, and the average value, standard de-
viation, and coefficient of variation were obtained. After thir-
ty days, they were again weighed, and different statistical 
tests were applied to assess their suitability. 

Extraction procedure
Once the parameters of the adsorption and desorption 

processes, including the agitation time, modifier, ionic stren-
gth, type and solvent amount of desorption, and sonication 
time, were optimized until the optimal recovery conditions, 
the extraction of urine samples was carried out as follows. 
2 mL of urine sample was diluted to 20 mL with ultrapure 
water in a 25 mL glass flask, then the µ-PMBAE was added. 
The solution was acidified with a 0.1 % (v/v) formic acid 
solution, and 600 µL of a 25 % (w/v) sodium chloride solu-
tion was added. Then the flask was placed under stirring for 
2 hours at room condition. After this time, the device was 
removed, avoiding contamination, and placed in an HPLC 
vial, and 1 mL of methanol was added and placed in an ul-
trasonic bath for 60 minutes. Finally, µ-PMBAE is removed, 
and an amount of the solution is chromatographed by dupli-

cate. Figure 2 shows the optimized microextraction proce-
dure using the µ-PMBE developed in this work.

Chromatographic conditions
The chromatographic separation was carried out on a 

Shimadzu Prominence liquid chromatograph, consisting of 
an LC20-AT pump, CMB-20Alite control system, SIL-20A 
automatic injector, CTO-A20 column oven, and SPD-M20A 
detector. The EZ Start software was used to collect all the 
data obtained. A Thermo scientific Hypersill, C8 column 
(150 x 4.6 mm, 5 µm) was used. In isocratic mode, the mo-
bile phase was a mixture of acidified water with formic acid 
(pH = 3) and acetonitrile (70:30). The flow of the mobile pha-
se was 1.5 mL/min and injection volume of 5 µL for standard 
solutions and samples. The DAD was controlled at 220nm. 
The analyte identification was performed through retention 
times and comparing the absorption spectrum obtained 
from the standard.

Results

Preparation of µ-PMBAE devices
The initial objective was to design and build stir bar ex-

traction devices that were made with simple, cheap, and 
easily accessible materials and that functionally show simi-
larities and, if possible, some advantages with the "Twis-
ter" stir bar device, as well as devices recently reported in 
the literature. The first issue to be defined as the support to 
which to incorporate the sorbent solid, which could adhere 
to the sorbent by itself and an excellent malleability to take 
the desired cylindrical shape and size. The hot melt glue, 
commonly referred to as "termocola or silicone glue," is 
used to adhere various materials; it is easily accessible and 
has been widely used, and has the characteristic of melting 
at temperatures above 80 °C, returning to a solid state at 
room temperature. This glue contains mixtures of polymers, 
mainly the elastomeric copolymer ethylene vinyl acetate 
(CAS: 24937-78-81), which has also been used as a drug 
carrier for 3D printed medical devices of indomethacin due 
his properties of melting index and flexural23.

Development of a novel microdevice for sorptive extraction under a green analytical chemistry approach: Application for bioanalytical determi-
nation of Ibuprofen

Figure 2. Optimized microextraction procedure using the µ-PMBE to determine Ibuprofen in urine samples.
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These characteristics make it an ideal support to in-
corporate solids on its surface. In the initial tests, modified 
silica (C18) was integrated, evaluating different percenta-
ges of the sorbent, from equal parts of sorbent and hot melt 
glue to the ratio of 1:0.2. The visual evaluation of the devi-
ces obtained showed little homogeneity of the mixture of 
equal amounts and better with the 1: 0.2 ratio, however, to 
incorporate a more significant amount of sorbent, which will 
allow increasing the extraction of the analytes, the amount 
maximum sorbent with adequate homogeneity was reached 
when eight parts of the sorbent were mixed in 10 of the glue 
(ratio 1: 0.8).

To facilitate the homogeneity of the mixture, it was pla-
ced at 80 °C under mechanical agitation; here, adding a few 
milliliters of methanol improved the uniformity. Under these 
conditions, the organic solvent was evaporated during the 
heating process. Once this mixture was obtained, giving the 
devices the appropriate size and shape was necessary. For 
this, wooden molds with dimensions equal to the size requi-
red for the devices were used. Due to the malleability of the 
polymer, at this stage, an attempt was made to incorporate 
a magnetic piece so that the use of Teflon-coated magnetic 
bars could be dispensed with, necessary in other devices 
reported in the literature, offering this way a similar perfor-
mance to "Twister stir bar." For this, cylindrical-shaped nic-
kel-plated neodymium magnets (diameter 2 mm, length 4 
mm) were purchased through an e-commerce platform.

When this process was standardized, it was repeated 
with other sorbents of a wide range of polarity, including ac-
tivated charcoal, silica, strong cation exchange (SCX), and 
weak cation exchange (WCX) resins, which are typically 
used for extraction process due to his sorptive properties. 
Figure 1.B shows a photograph of the µ-PMBAE device with 
C18 sorbent; as can be seen, there is a uniformity in the 
composition of the mixture of the hot melt glue with the sor-
bent, which could qualitatively guarantee the repeatability 
of the sorption process. Figure 3 shows a diagram of the 
µ-PMBAE device.

ge of polarity characteristics, including hexane, acetonitrile, 
methanol, aqueous solutions of formic and acetic acid at 1 
% v/v, regarding the interaction and mainly the occurren-
ce of possible desegregation phenomena of the mixture of 
hot melt glue and the sorbents. The prepared sorptive bars 
were immersed for 48 hours in the solvents evaluated under 
ambient conditions. Then, after this time, a visual examina-
tion of the devices was performed. Complete stability in all 
solvents except for hexane was shown. This can be exp-
lained due to the solubility of the copolymer ethylene vinyl 
acetate in non-polar solvents like hexane.

For the evaluation of the pH effect in the µ-PMBAE 
devices, these were immersed for two days in solutions of 
hydrochloric acid (pH ˃ 2) and sodium hydroxide (pH < 10); 
values outside this range were discarded since they are not 
usually used to modify the pH of the matrices subjected to 
extraction. All µ-PMBAE bars showed excellent stability wi-
thout loss of sorbent particles. The effects of stirring and so-
nication processes on the stability of the devices were eva-
luated. For the stirring process, all the prepared µ-PMBAE 
devices were submitted for 24 hours, showing adequate 
strength without loss of the sorbents. Likewise, the devices 
were subjected to an ultrasonic bath for 30 to 120 minutes 
for sonification tests. A remarkable stability behavior was 
obtained for all devices. This is especially important for their 
future application in real samples since both parameters 
must be optimized to get a high recovery value.

Finally, the variation in the mass of the devices prepa-
red with C18 sorbent was evaluated. For this, a batch of 
21 units was prepared and immediately weighed. After 30 
days, the mass values were weighted again. The t-test for 
equal variances showed that there were no significant di-
fferences between the initial data with those obtained one 
month later (tcal = 0.15 < ttab = 1.68), therefore stability 
in the composition of the µ-PMBAE was demonstrated, wi-
thout losses of the sorbent as a function of time. From the 
results obtained in the weight variation test, under the pre-
paration conditions of the devices, it is possible to estimate 
the amount of sorbent present in each microbar, being more 
significant than 80 milligrams. (Supplementary Materials).

Application of µ-PBAE in urine samples
Since its inception, SBSE has been widely applied 

for analyzing biological samples in clinical investigations, 
bioanalysis, and forensic toxicology. Here, the complexity 
of the matrix represents a significant challenge to overco-
me, as well as lower concentration levels of analytes and 
the small amount of sample available24. Therefore, once 
the µ-PMBAE had been produced and its stability had been 
demonstrated, it was decided to use it for the extraction of 
Ibuprofen, a nonsteroidal anti-inflammatory drug (NSAID) 
widely used for the treatment of inflammation and pain, as 
a representative molecule in real urine samples. For chro-
matographic separation, the conditions established in some 
previous works in the literature were taken as a basis25,26.

Optimization of the extraction process
In general, for all sample treatment techniques, espe-

cially those based on the sorption principle, optimization of 
his parameters to obtain a high extraction efficiency is requi-
red. So, the extraction conditions for the sorption and des-
orption processes were optimized, starting with the sorbent 
phase in µ-PMBAE. For this, initial conditions with aqueous 
solutions of Ibuprofen with a concentration equal to 5 µg / 
mL (10 mL) were tested and subjected to extraction with 

Figure 3. Diagram of the µ-PMBAE device.
Stability tests for µ-PMBAE devices

The next step was to evaluate the stability and robust-
ness of devices developed through appropriate physic-che-
mical tests based on procedures applied by other authors 
who report the development of similar devices. This should 
be done before the application of µ-PMBAE to extract real 
samples. In the first instance, the µ-PMBAE devices were 
submitted to the effect of several solvents with a wide ran-
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the microbars prepared with the five study sorbents. The 
extraction assemblies were stirred for 6 hours. Subsequent-
ly, the devices were removed and desorbed with 1 mL of 
acetonitrile in an ultrasonic bath for 30 minutes. After this 
time, the solution was injected. As shown in Figure 4, a hi-
gher recovery percentage was obtained with the µ-PMBAE 
prepared with C18 sorbent, which can be explained due to 
the low polarity of Ibuprofen (log Kow = 3.97). Under the 
evaluated conditions, the rest of the sorbents showed re-
coveries below 25%, so the following tests were performed 
with the C18 µ-PMBAE.

According to Nogueira16, the parameters to optimize 
in SBSE include solution volume, stirring time and speed, 
salting effect, pH, and addition of organic modifier for the 
sorption stage. On the other hand, for liquid desorption, sol-
vent type, volume, and sonication time can be optimized. 
Table 1 shows the parameters and variables optimized in 
the present study.

The volume of the solution turned out to be an essen-
tial parameter, obtaining better results when 20 mL of total 
volume was used, which can be explained by the greater 
contact of the analyte with the µ-PMBAE. Since Ibuprofen 
has a pKa value equal to 5.3, the pH of the extraction so-
lution plays a vital role in its dissociation, so better results 
were obtained when acidification with a formic acid aqueous 
solution was performed; in comparison, when the extrac-
tion solution had a pH equal to 7. Although Ibuprofen does 
not show as a completely hydrophilic compound, modifica-
tion of ionic strength by adding a few microliters of sodium 
chloride solution favored the salting-out phenomenon, so a 
lightly better recovery percentage was obtained. Finally, no 
significant differences were shown for stirring time between 
2 and 6 hours, which means that the equilibrium is reached 
passed that time. In this line, the stirring speed was not tes-

ted since the used stirring apparatus only works at a speed 
of 1000 rpm.

In the liquid desorption stage, a better recovery percen-
tage was obtained using methanol instead of acetonitrile; 
also, as expected, a better result was observed with 60 mi-
nutes of sonication. Other conditions used as a strategy to 
lower detection limits, such as sample volume and desorp-
tion volume, were evaluated. For this, a urine sample taken 
from a healthy adult volunteer free of ibuprofen intake in the 
last month was filtered and fortified at three concentrations, 
25, 5, and 2.5 µg / mL. Two millimeters of the samples were 
extracted under optimized conditions and finally desorbed 
with 1 mL of methanol; the calculated recovery was 96.0 ± 
6.5 for high concentration, 87.2 ± 5.4 for the intermediate 
value, and 79.0 ± 7.7 for the lower (n = 3). Under these 
conditions, the detection limit was set at 0.5 µg / mL, which 
can be reduced if the desorption is carried with 0.5 mL of 
methanol. Figure 5 shows representative chromatograms 
obtained during the optimization of the method. The spe-
cificity of the process was demonstrated by comparing the 
corresponding UV absorption spectrums for standard solu-
tions and samples (Figure 5).

Reuse of the µ-PMBAE devices
At this point, the possibility of reusing µ-PMBAE was 

considered. For this, using devices to extract standard 
solutions was left immersed in methanol for 24 hours and 
subsequently analyzed, finding the presence of Ibuprofen 
in a range of 2 - 7 % of the fortified amount. Therefore, the 
reuse of the devices is not recommended unless they are 
subjected to thorough cleaning. In any case, the low-cost 
manufacturing of the µ-PMBAE counteracts its non-reuse. 
Finally, the interaction of the analyte with micro bars without 
the sorbent phase, composed solely of the polymer, was 

Figure 4. Recovery yields were obtained with the sorbents studied under initial conditions (n=2).

Development of a novel microdevice for sorptive extraction under a green analytical chemistry approach: Application for bioanalytical determi-
nation of Ibuprofen
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studied by repeating the extraction of standard solutions 
with a concentration of 25 µg / mL under optimal conditions. 
The results showed recoveries close to 25 %, so it is pos-
sible to establish that there is an interaction of the analyte 
with the polymer of the hot melt, possibly under an adsorp-
tion mechanism in the polymeric walls, which represents an 
advantage in its use.

Analytical performance
A fast evaluation of the main analytical performance 

parameters of the developed method was carried out, in-
cluding linearity, limits of detection and quantification, reco-
very, precision, specificity, and selectivity. Adequate linearity 
was shown in the 50 to 2.5 µg / mL concentration range. 
The limit of detection (LOD) was calculated based on a sig-
nal-to-noise (S/N) ratio greater than 3 and the limit of quanti-

fication S/N of 10. The obtained values were 0.5 and 1.7 µg 
/ mL, respectively. As mentioned in the previous section, the 
recovery yield was obtained at three levels of concentration, 
established from the peak area of the analyte in the urine 
sample spiked and the calibration equation obtained in the 
linearity evaluation. The recovery values obtained were be-
tween 79 and 96%. Specificity and selectivity were establi-
shed by analyzing blank and spiked urine samples, which 
showed the nonappearance of endogenous substances 
interferences at the Ibuprofen retention time. Furthermore, 
the absorption spectrum of the peak attributed to Ibuprofen 
in the sample was compared with that obtained from the 
standard solution.

Analysis of actual urine sample
A urine sample from a healthy adult volunteer who was 

Table 1. Factors and values were evaluated to optimize the extraction efficiency using a 2 6-1 factorial design. Bold values 
represent the optimized values.

Figure 5. Representative chromatograms. Upper: analysis of standard solution at 50 µg / mL. Lower: analysis of a fortified 
sample at 25 µg / mL. Images on the right side show the corresponding UV absorption spectrum.
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administered a 600 mg dose of Ibuprofen orally was taken 
three hours after ingestion. The sample was filtered and 
analyzed in triplicate under the optimized conditions. The 
concentration found was 23.25 ± 0.51 µg / mL. These re-
sults were similar to the findings previously reported27.

µ-PMBAE performance versus other SBSE devices
µ-PMBAE devices developed in this work demonstrate 

higher performance under optimized experimental condi-
tions for the extraction of Ibuprofen in real urine samples, 
and its comparison with other devices, including the tradi-
tional stir bar, shows some notable advantages concerning 
economic cost, preparation, and versatility, as shown in 
Table 2. It is important to note that incorporating the neod-
ymium magnet in the microbars offers the possibility of dis-
pensing with Teflon-coated magnetic bars as in other works 
reported in the literature, equating its performance to the 
traditional stir bar device.

Discussion
Applying microextraction techniques based on the 

green analytical chemistry approach represents an essen-
tial trend for developing bioanalytical methods. In this study, 
a microdevice able to use different sorbents, which are ad-
ded to a polymer, was developed, which makes it possible 
to increase the selectivity of extraction. Some of the advan-
tages of this device compared to other devices reported in 
the literature include a simple manufacturing process, be-
ing able to make up to thirty units in less than 30 minutes; 
low cost per unit (less than one US dollar); and mainly the 
ability to add different sorbent materials, which translates 
into more excellent selectivity in the analysis. On the other 
hand, it is appropriate to point out that the device cannot 
be reused since a percentage of the extracted analyte re-
mains in the microbar, as discussed in the results section. 
However, due to its low cost and considering that the neod-
ymium piece can be recovered and reused to manufacture 
new devices, the authors consider that it does not represent 
a significant disadvantage. It should be noted that to ensu-
re the composition of the polymer used in the manufacture 
of µ-PMBAE, it is recommended to prepare the polymer in 
the laboratory and not use commercial products. This final 
consideration should be assessed in the future. The analyti-
cal methodology was satisfactory for determining Ibuprofen 
in urine samples, demonstrating an analytical performance 
with adequate specificity, linearity, precision, and accuracy. 

Similarly, µ-PMBAE can be used to determine other bioa-
nalytical molecules for which various sorbents, including 
metallic and vegetable nanoparticles, are promising. For 
example, our research group uses black carbon nanopar-
ticles from olive seeds to determine dexamethasone in bio-
logical matrices.

Conclusions
The present work reports the development of a new 

device for sorptive extraction. Using easily accessible and 
low-cost materials, we developed a novel micro-bar absor-
bent device, incorporating different sorbent materials into a 
polymer commonly used as hot melt glue and introducing a 
small piece of neodymium magnet. The µ-PMBAE device 
demonstrated excellent stability, robustness, and high ex-
traction efficiency to apply in the preparation of biological 
samples, following the principles of green analytical chemis-
try. The developed device has significant advantages com-
pared with other devices reported in the literature. Different 
sorbents can be stuck on the hot melt glue, which tunes the 
interaction with the analytes to become more specific in the 
extraction. Besides, including a piece of a neodymium mag-
net in the device makes it possible to carry out extraction 
without needing an extra stir bar, matching its performance 
with the traditional commercially based on polydimethylsi-
loxane phase.
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Introduction
CD can be defined as an inflammatory bowel disease 

(IBD) type that is quite common. The CD is a chronic, com-
plicated condition primarily affecting the digestive system1. 
This disease necessitates an erratic immune response, 
which results in severe inflammation. It primarily affects 
intestinal walls, particularly the ileum and portions of the 
colon, where inflated tissues thicken and swell, the inside 
becomes swollen, and ulceration may form on the digestive 
system's inner surfaces2. CD usually appears between the 
ages of 10 and 20 but can occur at any age. Symptoms and 
signs reappear at various points in a person's life. The most 
typical symptoms of this disorder include persistent loss of 
appetite, diarrhea, stomachache, fever, and weight loss. 
As a result of inflamed bowel tissues, people with CD have 
blood in their stools; persistent bleeding can result in dea-
th. Sometimes, CD may as well cause inflammation in the 
eyes, ligaments and tendons, or skin3,4. Intestinal obstruc-
tion is one of the common complications of CD. Obstruc-
tions in the intestinal walls can be caused by thickening or 
scar tissue buildup. Infected people frequently have fistulas 
or irregular contacts between intestines and other tissues. 

Fistulas form when the ulcers tear through the intestinal 
wall, and passages are formed between loops of intestines 
or between the intestine and the surrounding structures (like 
bladder, genitals, or skin)5. Previous research has shown 
that inflammation of the intestines is elevated or persists 
due to associations between intestinal microbiota, external 
factors, and genetic factors, all contributing to IBD develo-
pment.

Furthermore, the IBD prevalence and incidence vary 
from region to region and multiethnic6,7. The CD is most 
prevalent in northern Europe, North America, and New 
Zealand, all of which are part of the Western developing 
world; it manifests between the ages of 15 and 60 and is 
more visible in cities than in rural areas. In 1990, Germany 
had the highest reported happening of IBD in the developed 
world, with 322 CD patients 322/ 100,000 people8,9. And in 
North America, there are 319 / 100,000 people in the United 
States and Canada9,10. Similarly, Europe and North America 
have the highest rates of IBD, though these percentages 
are stable or steadily decreasing (23.82 and 15.4 /100000 
person-year for Crohn's Disease in Canada and Italy, res-

1,2 Department of Biology, College of Science, University of Baghdad, Baghdad, Iraq.
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pectively)9. However, in Asia, particularly the Middle East, 
frequencies have steadily increased, reaching percentages 
of 5 / 100000 individual-year for Crohn's Disease11. Northern 
Europeans and Jews of (Ashkenazi) origin have a high pre-
valence (3.2/1000), while South Americans, Africans, and 
Asians have a significantly unusual majority (10).

On the other hand, modern reports show a considera-
ble increase in incidence in rapidly developing regions such 
as Australasia, Africa, and Asia12. According to well-known 
data, the prevalence of CD in Saudi Arabia has been steadi-
ly increasing. According to (13), the prevalence and inciden-
ce of CD in Kuwait are rising at around the same rate as in 
European societies14,15, and the prevalence of IBD appears 
to be rising in Egypt16. Moreover, most CD in Iraq has increa-
sed over the last ten years17. The histopathological exami-
nation of the patient's lesion begins with an intestinal crypt 
invasion. This causes ulceration to form first in the surface 
level of mucosa and then spread to the deeper layers. If the 
infection persists, non-caseating granulomas will develop in 
all intestinal wall layers. It may create a classic cobblestone 
mucosal appearance and miss lesions along the intestinal 
sparing areas' length with normal mucosa. When a Crohn's 
flare subsides, scarring substitutes the inflammatory intesti-
ne areas18. Granuloma formation has been standard in CD; 
nonetheless, the absence of granuloma does not rule out 
the diagnosis. If the infection persists, non-caseating gra-
nulomas will develop in all intestinal wall layers. Continuous 
inflammation and scar tissue contribute to intestinal obs-
truction and fistula19.

It is expected that new IBD-specific and responsive 
markers will be discovered. Such immunohistochemistry 
(IHC) markers could reduce utilizing the endoscopic and 
radiological assessments and encourage physicians to 
implement individualized strategies of treatment aimed at 
improving IBD patients' long-term prognosis20. Anti-MAP 
antibodies were used to diagnose MAP and to demonstra-
te MAP involvement in CD pathogenesis, antibody titers 
to MAP-specific proteins increased in CD patients' sera21. 
However, it is unknown whether MAP can invade humans22. 
The most commonly used treatment methods for CD are 
steroids and monoclonal tumor necrosis factor (TNF) anti-
bodies23,24. TNF-like weak apoptosis inducer (TWEAK) is a 
TNF superfamily cytokine, promoting its impacts by binding 
to its specific receptor, fibroblast growth factor-inducible 14 
(Fn-14)25. TWEAK has been found in various cell types, 
including leukocytes, astrocytes, neurons26,27, and several 
tumor cell lines. Fn-14 has been found at low levels in nor-
mal tissues. Some growth factors, however, are found in 
injured and unhealthy tissues28. The intestines are one of 
the most commonly affected tissues by TWEAK/Fn14 du-
ring persistent inflammation29. Following the breakdown of 
the mucosal barrier, continued activation of Fn14 on intes-
tinal epithelial cells may contribute to excessive intestinal 
immunogenicity to commensal flora. Consequences inclu-
de delayed regeneration, dysregulated tissue regeneration, 
and fibrosis30. TWEAK/Fn14 activation aids tissue repair 
and regeneration, whereas extreme or persistent TWEAK/
Fn-14 signals can result in severe chronic inflammation in-
filtration and tissue injury. In the current study, the Immuno-
histochemistry (IHC) technique is used to investigate both 
of the above immunological markers, which may increase 
the accuracy of the diagnosis and help doctors significantly 
track the stages of the disease. This study has aimed to ( i) 
investigate CD using Histopathology and Immunohistoche-
mistry (IHC) Markers such as (MAP) antibody and (TWEAK/

Fn14) antibody and their association with CD. (ii) Support 
or refute the hypothesis of MAP as a possible cause of CD.

Materials and methods 
The period from 2019 - 2020, t cases with proven diag-

noses of CD based on typical clinical symptoms, endosco-
pic, imaging, and histopathological criteria. Patients who 
had resections and those taking biological treatments for 
CD and others were excluded from this study, and 20 cases 
as control presented without disease symptoms (apparently 
healthy individuals); biopsies were collected from Medical 
City Hospitals Gastro-Enterology and Hepatology Hospital 
in Baghdad. They are 20 male and 10 female patients and 
13 males and 7 females for control with ages ranging from 
9-55 (±34.87) years; one endoscopic tissue biopsy was co-
llected. H&E stained one tissue section for histopathology 
examinations, and IHC stained the other two to (MAP) anti-
body and (TWEAK/Fn14) antibody.

Immunohistochemically labeling images that were 
analyzed with Aperio Image Scope Soft wear (Aperio ver-
sion 12.3.3.5048 Scope software. This program measures 
the reaction intensity of the Anti- (MAP) marker and Anti 
TWEAKR/Fn14 antibody marker in terms of "positivity" for a 
quantitative amount of specific color in tissue section Fig.1. 
The default of this system was set to input parameter ac-
cording to color intensity degree which ranged from brown 
color, orange color, and yellow color, blue or white color for 
strong positive, optimistic, weak positive and negative co-
lors respectively, according to Leica BioSystems Imaging, 
instructions31.

Images were opened in the Aperio Image Scope appli-
cation by selecting the "Open Image" option. The areas of 
interest were chosen using the "Pen Tool" option. The spe-
cified area was then evaluated by selecting the "Analysis" 
option. By choosing the "Annotations" option, the number of 
strongly positive, positive, and weakly positive pixels was 
calculated.The positivity value has been estimated by di-
viding the total number of the positive pixels by the total 
number of the pixels (N Total - N n) / (N Total), where N 
Total represents the total number of the pixels, (N n) re-
presents the total number of negative pixels, and (N Total 
- N n) represents the total number of positive pixels. In its 
analysis, Aperio Image Scope software used the positive 
pixel method.

Statistical analyses
Statistical Analysis System- SAS (2012) software has 

been utilized for the detection of the effects of the different 
factors in the parameters of the study. T-test has been uti-
lized for significant comparison between the mean values. 
Chi (-square-square test has been used for multiple com-
parisons between the percentages (0.05 and 0.01 proba-
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Figure 1. Reaction intensity of the Aperio Image Scope 
program.
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bility in the present work. The allelic frequency and equili-
brium of the studied genes were extracted according to the 
Hardy-Weinberg equation within the SAS.

Results and discussion
Histologically, the normal ileum structure is mucosa, li-

ned by simple columnar epithelium and containing Peyer's 
patches, lamina propria and muscularis mucosae, sub-
mucosa, containing blood vessels, lymph nodes and the 
Meissner's plexus muscular consisting of an inner circular 
and outer longitudinal muscle layers and serosa, consisting 
of a simple squamous epithelium.

Pathologic principles in CD mucosal biopsies, even if 
superficial, can reveal characteristics suggestive of CD in 
the untreated situation. Mixed inflammatory infiltration and 
underlying lymphoid aggregation in sections of the ileum 
show moderate mononuclear cells infiltration with the pro-
liferation of fibrous connective tissue between mucosal 
glands and neutrophils infiltration in the epithelial layer in 
the lumen of these glands that lead to destruct their epi-
thelial layer Fig 2. In the damaged regions, architectural 
distortion is widespread, while nearby crypts might appear 
normal. In adults, granulomas are rare, but when they oc-
cur, they are usually badly formed, non-caseated, non-ne-
crotizing, and linked with lymphocytic inflammations (Figs 3, 
4 and 12). Sections in the ileum show marked mononuclear 
cell infiltration in the thickness lamina propria with hyperpla-
sia and epithelial ulceration of epithelial Fig 5. Areas in the 
ileum show granuloma in the lamina propria with complete 
loss of epithelial layer Fig 6. The Section in the ileum shows 
severe mononuclear cells infiltration with the proliferation 
of fibrous connective tissue between mucosal glands and 
neutrophil infiltration in the lumen of these glands that lead 
to destruct their epithelial layer which helps differentiate CD 
from severe ulcerative colitis (UC).

In muscularis propria and submucosa with complete 
loss of villi Fig 7. At the same time, the Section in the ileum 
shows inflammatory reactions reaching the fatty tissues and 
crypts that are histologically normal Fig 8. The section in 
ileum shows marked mononuclear cells infiltration in the 
submucosa but do not present in the muscular mucosa Fig 
9. In the submucosa of the ileum, a significant infiltration of 

neutrophils and peyer's patches is clearly present in Fig 10. 
In other cases, the Section in the ileum shows neutrophils 
and mononuclear cells infiltration between mucosal glands 
with cellular debris in the lumen of these glands Fig 11. 
Also, the Section in ileum shows non-caseated granuloma 
in the mucosa, in addition to neutrophils infiltration Fig 12. 
The Section in ileum shows hyperplasia of lymphoid tissue 
which as lymph nodes in the mucosal layer, and transmural 
inflammation areas, such as transmural lymphoid clusters 
with villi atrophy Fig 13. Inflammation can vary significantly 
in a single biopsy and across many biopsy fragments from 
one anatomic site. and occasionally with proliferation of 
fibrous connective tissue Fig 14. Additionally, Sections in 
ileum show severe neutrophils infiltration in the submucosa 
that forms micro abscess Fig 15. Other sections in ileum 
show granuloma that consists of the aggregation of the acti-
ve macrophages and lymphocytes in sub epithelial layer Fig 
16. Ulcers are frequently longitudinally orientated, separa-
ted with the histologically normal edematous mucosa. Sinu-
ses, fistulas, fissures, and extensive inflammations, might 
be apparent. Transmural inflammations occur away from 
the deep ulcers Fig 17. And Section in ileum shows non-ca-
seated granuloma in the lamina propria and proliferation of 
fibrous connective tissue between mucosal glands Fig 18.

The results of immunohistochemistry staining for 
(MAP), showed a highly significant relationship in ileal tis-
sues of patients with CD with varying degrees according 
to the intensity of the immune reaction, which represents 
the intensity of the color, which is distributed between weak, 
moderate and strong, according to the (Aperio image Sco-
pe) program. Where it was 10% weak, 43.33% medium, 
and 46.67% strong. P-values (control vs. patients) were 
0.0052 and 0.0001 (P-value 0 ≤ 0.01) Table (1) Figs. (19, 
20, and 21).

The results of immunohistochemistry staining for 
(TWEAK/Fn14), showed a highly significant relationshipin 
the ileal tissues of patients who have CD with varying de-
grees according to the intensity of the immune reaction, 
which represents the intensity of the color, which are dis-
tributed between weak, moderate and strong, according 
to the (Aperio image Scope) program. Where it was 10% 
weak, 36.67% medium, and 53.33% strong. P-value (pa-
tients vs control) were 0.0003 and 0.0001 (P-value 0 ≤ 0.01) 
Table (3-5) Figs. (22, 23 and 24).

Investigation of Crohn's Disease by Immunohistochemistry Technique in Iraqi Patients

Figure 2. Section in ileum shows moderate mononuclear 
cell infiltration with proliferation of fibrous connective tissue 
between mucosal glands and neutrophils infiltration in the 
epithelial layer and in the lumen of these glands (H & E 
stain 40 x).

Figure 3. Sections in the ileum show granuloma in the la-
mina propria (H & E stains 40 x).
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Figure 4. Section in ileum shows granuloma in the lamina 
propria in addition to neutrophils infiltration (H & E stains 
40 x).

Figure 5. Section in ileum shows marked mononuclear 
cells infiltration in lamina propria with hyperplasia (H & E 
stains 40 x).

Figure 6. Section in ileum shows marked mononuclear 
cells infiltration in lamina propria with hyperplasia (H & E 
stains 40 x).

Figure 7. Section in ileum shows marked mononuclear 
cells infiltration in the mucosa with complete loss of villi (H 
& E stains 10 x).

Figure 8. Section in ileum shows inflammatory reaction 
reach the adipose tissues (H & E stains 40 x).

Figure 9. Section in ileum shows marked mononuclear cell 
infiltration in the submucosa (H & E stains 40 x).
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Figure 10. Section in ileum shows marked Payer's patches 
(H & E stains 40 x).

Figure 11. Section in ileum shows neutrophils and mono-
nuclear cells infiltration between mucosal glands with cellu-
lar debris in the lumen of these glands  (H & E stains 40 x).

Figure 14. Section in ileum shows granuloma in the lamina 
propria in addition to neutrophils infiltration and proliferation 
of fibrous connective tissue (H & E stains 40 x).

Figure 15. Section in ileum shows severe neutrophil infil-
tration in the submucosa, forming micro abscesses (H & E 
stains 40 x).

Figure 12. The Section in ileum shows granuloma in the 
mucosa and neutrophil infiltration (H & E stains 40 x).

Figure 13. Section in ileum shows hyperplasia of lymphoid 
tissue in the mucosal layer and atrophy of villi (H & E stains 
10 x).
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Inflammatory bowel disease IBD is histologically diag-
nosed by looking at four key characteristics, which are: (a) 
mucosal design, (b) submucosal cellularity and lamina pro-
pria, (c) neutrophil granulocyte infiltration, (d) epithelial irre-
gularities32. Therefore, understanding the normal histology 
of the GI mucosa is essential for accurate analysis of biopsy 
results. I - Cryptographic architectural distortion refers to the 
morphologic aspects of mucosal architecture modifications. 
Normal crypts are straight and parallel, extending from the 
surface to just above muscularis mucosae. IBD crypt archi-
tectural distortions are well-defined by unevenly organized, 
dilated, branching, and/or truncated crypts. Which may be 
one of the symptoms of chronic inflammation or of renewal 
process33. The crypts in the normal rectum, on the other 
hand, can have slight irregularities suggesting architectural 
deformation34. II - Atypical lamina propria cellularity indica-
tes a steadily increasing and diverse distribution of norma-
lly occurring types of cells. In the colorectal lamina propria, 
lymphocytes and plasma cells are typically observable. The 
proportion of inflammatory cells in normal colons ranges 
according to anatomical location. The cecum and right co-
lon have been defined as the most cellular in overall, with 
a gradual decline in cellularity from right to left sides. Fur-
thermore, there is a focally increased number of lymphoid 
cells near the lymphoid tissues of a typical gut-associated 

lymphoid tissue (GALT)35. In healthy individuals, eosinophil 
granulocytes vary significantly34,35.

III - Neutrophil granulocyte infiltration characterizes the 
active disease. The neutrophils may be found in lamina pro-
pria or infect crypt surface epithelium and the lumen of the 
crypts, resulting in crypt abscesses. The neutrophils aren't 
commonly found in normal mucosa36. IV- Epithelial anoma-
lies that are seen in the IBD include depletion of the Mucin, 
surface epithelial destruction and metaplastic alterations. 
The reduction of the number of goblet cells or a reduction 
in intra-cellular mucin amounts has characterized the de-
pletion of the Mucin. The Pyloric gland metaplasia (which 
is one of the common indicators of chronicity in the ileal 
Crohn's Disease involvement) and Paneth's cell metapla-
sia have been defined as metaplastic alteration examples. 
Surface epithelial damage, like the flattening, localized cell 
loss, erosions, and ulcers, indicate the activity of the disea-
se. None of those signs have been definitively disease-spe-
cific, and they may happen in the UC, Crohn's Disease, or 
other types of colitis36.

The histological results for IBD differ according to the 
disease's clinical stages as well as levels of inflammatory 
activities. The IBD has been categorized into "Chronic inac-
tive," "Chronic active," or "Active" (chronicity symptoms are 
absent)34. Histological features like crypt architectural de-
formations, widespread mixed lamina propria inflammation, 
crypt atrophy, basally located lymphoid clusters, basal plas-
macytosis, and Paneth's cell metaplasia define chronicity 
(independent of "activity"). The presence of neutrophils 
confirms the presence of inflammatory activity. Neutrophilic 
cryptitis, bleeding, crypt abscesses, erosions, necrosis, and 
ulceration characterize active inflammation. The pathology 
report has to describe histological chronicity and activity as-
pects in detail and, if possible, grade the activity level as 
mild/moderate/severe. Grading has to begin with the most 
affected biopsy, and when possible, samples from different 
colon portions should be assigned a different grade. Becau-
se of the need for grading, many scoring systems or histolo-
gy indices have been developed. There is no gold standard 
for activity grading, but the Nancy Index37, which was endor-
sed by ECCO in 2020 as suitable for daily clinical grading 
of IBD, is one example36. The Nancy Index has 5 grades 
that range from 0 to 4. A normal biopsy with no (or very litt-
le) chronic inflammations and no active inflammations has 
been referred to as a grade zero biopsy. The presence of 

Figure 16. The Section in the ileum shows granuloma that 
consists of the aggregation of the active macrophages and 
lymphocytes in the subepithelial layer (H & E stains 40 x).

Figure 17. Section in ileum shows marked neutrophils and 
mononuclear cell infiltration in the lamina propria with ulce-
ration of epithelial layer (H & E stains 40 x).

Figure 18. Section in ileum shows non-caseated granulo-
ma in the lamina propria and proliferation of fibrous con-
nective tissue between mucosal glands (H & E stains 40 x).
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Table 1. Distribution 
of sample study ac-
cording to MAP IHC 
marker in patients and 
control groups.

Figure 19. Cross section in ileum of CD patient with Anti-Mycobacterium tuberculosis antibody marker by IHC. Showing 
(A) Weak reaction 40X (B): Weak reaction analysis by Aperio Image Scope 40X

Figure 20. The cross section in the ileum of CD patient with Anti-Mycobacterium tuberculosis antibody marker by IHC. 
Showing (A) Moderate reaction 40X (B): Moderate reaction analysis by Aperio Image Scope 40X.

Figure 21. Cross section in ileum of CD patient with Anti-Mycobacterium tuberculosis antibody marker by IHC. Showing 
(A) Strong reaction 40X (B): Strong reaction analysis by Aperio Image Scope 40X.
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Table 2. Distribution of 
sample study according to 
(TWEAK/Fn14) IHC. Mar-
ker in patients and control 
groups .

Figure 22. Cross section in ileum of CD patient with Anti-(TWEAK/Fn14) antibody marker by IHC. Showing (A) Weak 
reaction 40X (B): Weak reaction analysis by Aperio Image Scope 40X.

Figure 23. Cross section in ileum of CD patient with Anti-(TWEAK/Fn14) antibody marker by IHC. Showing (A) Moderate 
reaction 40X (B): Moderate reaction analysis by Aperio Image Scope 40X.

Figure 24. Cross section in ileum of CD patient with Anti-(TWEAK/Fn14) antibody marker by IHC. Showing (A) Strong 
reaction 40X (B): Strong reaction analysis by Aperio Image Scope 40X.
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chronic inflammations but no active inflammations has been 
indicated by a grade one (chronic inflammation). Only a few 
neutrophils are visible in grade two ("mild activity"), and no 
ulceration exists. The term "ulceration" in grade four refers 
to superficial epithelial ulceration37.

Due to the disease's patchy inflammatory patterns, 
endoscopic Crohn's Disease biopsies may exhibit varying 
inflammation degrees in one biopsy and between biopsies 
from one segment of the bowel. This is why the presence 
of focal microscopic alterations like chronic inflammations 
and focal crypt architectural distortion near normal crypts 
may be utilized for the diagnosis of Crohn's Disease. The 
inflammatory infiltrations in Crohn's Disease could be trans-
mural. Deep fissures, fibrosis and ulcers have resulted from 
the transmural lymphoid aggregates and inflammatory cells 
infiltrating submucosa and even lamina muscularis. Trans-
mural alterations may only be characterized in the resection 
due to the fact that the biopsies are more superficial. The 
existence of the non-caseating epithelioid granulomas re-
sults in promoting the diagnosis of Crohn's Disease; howe-
ver, only in the case where they're characterized with no 
associations with the ruptured crypts, and identification of 
the granuloma isn't required strictly for the establishment 
of the diagnosis34. The epithelioid cell granuloma can be 
defined as epithelioid cell granuloma (i.e. the active histio-
cytes) with or with no multi-nucleated giant cells. Necrosis is 
not common in the granulomas of Crohn's Disease that are 
commonly ill-defined. In addition to that, the granulomas are 
more widespread in children compared to it in adults38. The 
uneven villous architecture in the terminal ileum biopsies 
is one of the Crohn's Disease symptoms; however, when 
it's continuous with the proximal colitis, it may as well be a 
backwash ileitis marker in the UC. Pyloric gland metaplasia 
can occur and is seen in up to 25% of ileal biopsies from CD 
patients (and quite more often in the ileal samples after the 
surgical resections); however, only seldom in the patients 
who have the UC33.          

Histopathological evaluation is also useful in detecting 
early signs of dysplasia and preventing cancer growth. The 
histopathological examination report must include the re-
sults that are suggestive of chronic colitis (such as basal 
lymphoid aggregates, basal plasmacytosis, crypt architec-
tural/atrophic changes, metaplasia and mucin depletion) in 
addition to disease activity indication based upon neutrophil 
infiltration extent (in the lamia propria, crypt abscesses and 
cryptitis) and the epithelial damages for the symbol (i.e., the 
erosions). Even though histological remissions are not (yet) 
utilized as one of the treatment targets in routine clinical 
practices, it may be helpful for physicians in making deci-
sions in the case of the establishment of a diagnosis and se-
lection of the treatment. For the optimum implementations 
of histologic index and assessments of histological remis-
sions in clinical settings, consensus agreement involving 
the clinicians/endoscopists and pathologists is necessary. If 
possible, a standardized endoscopic biopsy process has to 
be developed so that the samples for the histological eva-
luation are consistent across patients and medical facilities.

Furthermore, agreeing on a specific scoring criterion 
would make comparing facilities easier. Recent findings in 
CD ileocecal resection specimens suggested that it can be 
advantageous to routinely report on active inflammations, 
plexitis, and granulomas in the margins of resection for ad-
vising the clinical follow-up post-surgery39. The latest ad-
vancements in using the histologic indexes in clinical trials 
and their ability to assist as a predictive factor for guiding 

disease management even after diagnosis was established 
visibly prove that histopathology is still one of the significant 
factors in controlling the IBD40.

The present statistical results of immunohistochemistry 
for the marker of Mycobacterium avium paratuberculosis 
(MAP), showed that there was a highly significant associa-
tion with Crohn's patients according to the p-value that was 
0.0052 and 0.0001(patients vs. control) (P-value 0 ≤ 0.01) 
table (1). And the results were distributed between weak, 
medium and strong, according to the program (Aperio ima-
ge Scope). Where 10% were weak, 43.33% moderate, and 
46.67% strong because of the severity of the infection, disea-
se stage, taking antibiotics, immune-enhancing drugs and 
because of the severity of the infection as well as external en-
vironmental factors such as food, heat and sterilization con-
ditions. This is consistent with the MAP Marker's relationship 
with CD41. As the twenty-first century arrived, a growing body 
of parallel studies had characterized 2 main bacteria groups 
as candidates for gross inflammatory disease pathogenesis 
of intestines in Crohn's Disease. This is a typical intestinal flo-
ra group42. An abnormal gut flora, like the adherent invasive 
E. coli (AIEC)43. Furthermore, given the global spread of Cro-
hn's Disease and its serious implications for public safety in 
addition to the cumulative individual suffering, scientists and 
clinicians in the research area must recognize that accurate 
evidence that has been obtained from every one of the 3 evi-
dence forms is convergent and that there aren't any conflicts 
between them. Based on experimental and clinical evidence, 
there isn't any reason to suspect that bacteria from normal 
gut microbes community can infect and inflame the gut wall, 
and this occurs in Crohn's Disease.

Nonetheless, without another distinct activating factor, 
the unexpected emergence and increase of Crohn's Disea-
se in human societies worldwide due to an epidemic of nor-
mal intestinal flora appear highly suspicious. The gut bacte-
ria serves as a nursery for horizontal gene transfer44. We've 
seen the pathological effects of this modification in common 
gut bacteria like E. coli that may be enterohaemorrhagic, 
enteropathogenic, enteroaggregative, enterotoxigenic, and, 
more lately, the entire adherent and infective AIEC45. Those 
changes are typically the result of some sort of external se-
lection pressure. Recent studies reveal that typical gut flora, 
like E. coli, may be significant predictors46. MAP's status as 
a known multi-host inflammatory bowel pathogen identifies 
it from all other harmful microorganisms as the primary cau-
se of Crohn's Disease. MAP has been shown in numerous 
animals, including primates, to have the unique capability for 
initiating and sustaining chronic inflammation of small bowel 
of various histological types. MAP infection causes both lo-
cal and systemic immunological dysfunction in animals. In 
addition to that, it is neuropathogenic as well, particularly 
to the non-myelinated neurons, and small intestine disease 
has been linked to chronic enteric neuropathy47. Despite its 
widespread pathogenicity, MAP infection in animals can last 
for years without inevitably progressing into clinical illness.

When tried-and-true methods were used, the majority 
of the individuals who have Crohn's Disease have been 
found infected with MAP48. In layman's terms, most indivi-
duals with chronic inflammatory bowel disease (CD) have 
been infected with the Mycobacterium, one of the known 
IBD causes.                                                           

MAP infects the gut extensively in Crohn's Disease and 
can be found in the more normal-looking digestive tract as 
well as highly inflamed and infected parts of the intestine49. 
Immunological responses of CD-4 T cell lines derived from 
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patients' intestines appear to be dominated by MAP anti-
gens50. Bacterial intracellular death is inhibited by mannans 
produced by MAP51.

MAP infection results in causing primary microscopic 
inflammation, specific immunological dysregulation and en-
teric neuropathy49. Mucosal integrity, as well as other critical 
intestinal functions, are jeopardized. The visible components 
of gross chronic inflammation disease are caused by a dys-
regulated neuro-immune response to secondary gut flora pe-
netration into the gut wall, including the normal intestinal bac-
teria and the ones that have undergone changes that lead 
to more invasive phenotypes, such as AIEC. Even though 
MAP has been discovered in human gut granulomas47. The 
occurrence or lack of those and other characteristics of the 
CD's variable histopathological image is determined primarily 
by big-scale responses to secondary co-pathogens like MAP, 
which is commonly recovered in the culture from the Crohn's 
Disease tissues52. As a result, the three current lines of re-
search intersect in a two-tiered co-operative disease patho-
genesis. The evidence for the link between MAP pathogens 
and CD is solid and effective and agrees with the previous 
investigation41,53. The present study utilized immunohisto-
chemistry, which reflects true and specific immune reactions 
between anti-MAP and MAP using the Aprio imaging Scope 
program. In conjunction with other approved methods, this 
type of diagnosis can be one of the most dependable metho-
dologies for specific diagnostic CD.

This immunohistochemistry investigation results show 
that the expression of TWEAK and its receptor Fn14 has 
been elevated in enteritis or (inflammatory bowel disea-
se) tissue, particularly Crohn's disease. TWEAK protein 
expression was significantly higher in the Crohn's disease 
group than in the seemingly healthy group, as demonstra-
ted by rigorous statistical analysis based on Aperio scope 
images, Where it was 10% weak, 36.67% medium, and 
53.33% strong. P-value (patients vs control) were 0.0003 
and 0.0001 (P-value 0 ≤ 0.01), and these differences in the 
proportions between patients may be due to the different 
stage of the disease and its severity, or Marker-inhibiting 
drugs, the person's immune status, and external factors. 
According to TWEAK and Fn-14, expression typically in-
creases in response to stresses, tissue damage, or remo-
deling54. TWEAK has been expressed widely by monocytes, 
natural killer (NK) cells, and dendritic cells, with macropha-
ges/monocytes being the main soluble TWEAK (sTWEAK) 
source in inflammatory body tissue55. In the current study, 
Fn14 expression has been found to be much higher in Ente-
ritis patients than in seemingly healthy and healthy tissues; 
in comparison, Fn14 expression was relatively weak in the 
control. However, it can be strongly induced in injured and 
sick tissues by a range of different growth factors28. Fn14 
can be found in many tissues, which include the colon, 
skin, small intestine, heart, brain, kidney, striated muscle, 
and pancreas26,27. TWEAK and Fn14 expression in healthy 
tissue is quite minimal. This is proven by the fact that the 
most frequently used CD treatments rely on steroids as 
well as the monoclonal antibodies against the TNF24. Ove-
rexpression of TWEAK During chronic inflammation, the 
digestive system is one of the tissue types most affected 
by the TWEAK/Fn-1429. Following mucosal barrier collap-
se continued Fn-14 stimulation on the intestinal epithelial 
cells may result in increased gut immune responses against 
the commensal flora. As a result, healing is slowing down, 
tissue repair is compromised, and fibrosis develops56. Al-
though TWEAK/Fn-14 has been shown to have similar 

effects in models of enteritis caused by recurrent acute 
damage, the role of TWEAK/Fn14 in a more immunologi-
cally driven inflammation is unknown. The current study 
supports previous findings that showed increased expres-
sions of TWEAK and Fn-14 in the Crohn's Disease tissue 
lesions compared to healthy controls57. Finally, to validate 
the current findings, we looked at the expressions of Fn-14 
TWEAK in the ileal tissues of the IBD and non-IBD patients. 
TWEAK and Fn14 were significantly overexpressed during 
active inflammation in ileal biopsy specimens from CD pa-
tients compared to healthy humans. These findings support 
the theory that the TWEAK/Fn-14 signaling pathways have 
been activated as a defense mechanism during acute and 
chronic inflammation. However, over-activation in IBD could 
result in increased gut immune responses against intestinal 
flora. As a result, healing is slowed, tissue repair is com-
promised, and fibrosis develops58,59. Our findings differ from 
those of Kawashima and his team55, TWEAK/Fn-14 levels 
have been higher in patients with active UC but not in CD 
patients or healthy controls for two reasons. First, only four 
CD patients have been included in the studies, compared 
to 30 in the current report. Second, the current studies 
primarily used small intestine tissue specimens, whereas 
previous studies only looked at colonic tissues. TWEAK/Fn-
14 over-expression was discovered in tissue lesions obtai-
ned from patients with active CD, according to the current 
study56. To summarize, the current findings show significant 
TWEAK/Fn-14 overexpression in CD patients' small intes-
tine tissue lesions, as well as a mechanistic role for Fn-14 
signaling in CD pathogenesis. With the introduction of new 
TWEAK/Fn14-targeting medications26.

Conclusions
The current findings support the notion that pharmaco-

logical inhibition of Fn-14 signaling can be one of the be-
neficial and feasible methods of preventing inflammatory 
responses in CD patients.
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Microencapsulación de licopeno extraido de los desechos agroindustriales 
del tomate de árbol (Solanum Betaceum)
Microencapsulation of lycopene extracted from the agroindustrial waste of the tree tomato 
(Solanum Betaceum)
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Resumen: Se realizó a escala industrial el proceso extracción y microencapsulación de licopenos a partir de los desechos 
agroindustriales del tomate de árbol (Solanum betaceum) mediante secado por aspersión. Se obtuvo el extracto a partir del 
secado y molido del material vegetal a la temperatura de 50 °C durante 55 horas hasta obtener un tamaño de partículas 
finas (≤ 250 µm), posteriormente se utilizó etanol al 96% en una relación material vegetal/volumen de disolvente 1:70. El 
microencapsulado fue obtenido a partir de una mezcla del 30 % de extracto, 35 % goma arábiga y 35 % de maltodextrina 
utilizando un secador por aspersión industrial de 100 kg/h de capacidad de evaporación de agua, empleando una temperatura 
de entrada de 120 °C y una temperatura de salida de 80 °C. Los extractos presentaron una eficiencia de extracción de: 48,90 
mg/kg en el lote 1, 31,10 mg/kg en el lote 2 y de 27,08 mg/kg en el lote 3. Las concentraciones de licopenos alcanzaron 
valores de: 43,78 mg/g, 45,20 mg/g y 43,22 mg/g en los lotes 1, 2 y 3 respectivamente. La eficiencia de microencapsulación 
obtenida fue superior al 90% en los lotes producidos a escala industrial (lote 1: 93,61 %, lote 2: 90,44 % y lote 3: 96,78 %). 
Se evaluó la capacidad antioxidante in vivo de los microencapsulados, utilizando un cultivo de Saccharomyces cerevisiae, 
demostrando que tienen una actividad antioxidante similar a la de la vitamina C. Mediante el método del DPPH, se obtuvo un 
porcentaje de inhibición del 48,03 %, 35,07 % y 38,07 % en los 3 lotes respectivamente. En la morfología de las microcápsulas 
se observaron esferas con superficie lisa con tamaños de microcápsulas del orden de decenas de micrómetros (10 -70 µm) 
para su diámetro. Se demuestra que el proceso de microencapsulación de licopeno es efectivo por lo que puede para ser 
introducido a nivel industrial, siendo una tecnología que puede ser implementada en la industria para el aprovechamiento de 
los desechos agroindustriales de las cáscaras de tomate de árbol, brindando beneficios para la salud por sus características 
antioxidantes.

Palabras clave: Extracto, carotenoides, licopeno, secado por aspersión, microcápsulas.

Abstract: The extraction and microencapsulation of lycopene from tree tomatoes (Solanum betaceum) were done on an 
industrial scale by spray drying. The methodology used to obtain the extract was drying at 50 °C for 55 hours until a fine particle 
size (≤ 250 µm) was accepted, followed by dilution with 96% ethanol and, to obtain the microencapsulation, the extract was 
mixed with 85% gum arabic and 15% distilled water to pass through an industrial spray dryer of 100 kg/h of water evaporation 
capacity, using an inlet temperature of 120 °C and an outlet temperature of 80 °C. As a result, both the liquid extract and the 
microencapsulated extract were characterized, obtaining three batches with an extraction efficiency of batch 1: 48.90 mg/kg, 
batch 2: 31.10 mg/kg and batch 3: 27.08 mg/kg. A lycopene concentration of 43.78 mg/g, 45.20 mg/g and 43.22 mg/g and a 
microencapsulation efficiency of 93.61 %, 90.44 % and 96.78 %. The in vivo antioxidant capacity of the microencapsulates 
was evaluated in Saccharomyces cerevisiae, demonstrating that they have an antioxidant activity similar to that of vitamin C. 
And by the DPPH method found an inhibition percentage of 48.03 %, 35.07 % and 38.07 % in the 3 batches, respectively. In 
the morphology of the microcapsules, spheres with smoothness were observed with microcapsule sizes in the order of tens 
of micrometers (10 -70 µm) for their diameter. It is demonstrated that the lycopene microencapsulation process is effective so 
that it can be introduced at the industrial level. This technology can be implemented in the industry to use the agro-industrial 
waste of tree tomato peels, providing health benefits for its antioxidant characteristics. 

Key words: Extract, carotenoids, lycopene, spray drying, microcapsules.
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Introducción
La cáscara de tomate de árbol es un desecho que se 

produce industrialmente en las plantas procesadoras de ali-
mentos, siendo un problema de carácter ambiental y eco-
nómico para las empresas, al convertirse en un desecho sin 
aprovechamiento1.

El ser humano, deja de aprovechar las propiedades be-
neficiosas de las cáscaras de las frutas, sin embargo cientí-
ficamente se ha demostrado que contienen fibra y compues-
tos bioactivos2. Su uso representaría mayores fuentes de 
ingreso económico y alternativas para su aprovechamiento.

Una manera de aprovechar las cáscaras de tomate de 
árbol sería mediante procesos físico-químicos para extraer 
metabolitos secundarios, como son los carotenoides3. El li-
copeno, es un carotenoide responsable del color rojo del 
tomate de árbol4, se ha demostrado que el licopeno es un 
carotenoide con actividad antioxidante5 beneficioso para la 
salud humana, pues reduce el colesterol LDL, disminuye 
la cantidad de infartos, combate algunos tipos de cáncer y 
reduce el envejecimiento celular6. Siendo ésta una alterna-
tiva, para el aprovechamiento de los desechos agroindus-
triales provenientes del tomate de árbol.

El licopeno no es estable, debiendo su degradación a 
efectos de la temperatura, la luz u otros efectos de condi-
ciones ambientales7, razón por la que se debe buscar alter-
nativas o métodos de conservación como es la microencap-
sulación mediante el secado por aspersión  para proteger al 
licopeno de la oxidación8.

Existen investigaciones previas de obtención de caro-
tenoides a nivel laboratorio y nivel de banco9-12, el objetivo 
de la presente investigación es evaluar industrialmente el 
proceso extracción y microencapsulación del licopeno a 
partir de los desechos del tomate de árbol (Solanum beta-
ceum) mediante secado por aspersión.

Materiales y métodos 
La obtención del extracto y microencapsulado de lico-

peno se realizó en la empresa Andes Kinkuna S.A. ubicada 
en Pujilí-Ecuador y los análisis físico-químicos, capacidad 
antioxidante se realizaron en la Universidad Técnica de 
Ambato, Facultad de Ciencia en Ingeniería en Alimentos y 
Biotecnología.

Obtención del extracto de Licopeno
Se trabajó a nivel industrial a partir de cáscaras del to-

mate de árbol (Solanum betaceum) que constituyen el resi-
dual de la fabricación de pulpa de tomate de árbol de una 
empresa procesadora de frutas.

Las cáscaras de tomate de árbol (Solanum betaceum), 
posteriormente se secaron a una temperatura de 50 °C du-
rante 55 horas y fueron molinadas en un molino de cuchillas 
hasta obtener un tamaño de partículas finas (≤ 250 µm) de 
acuerdo a la metodología de Cardona et.al13.

Para la obtención del extracto, se mezclaron en una 
relación de material vegetal/volumen de disolvente de 1:70, 
el disolvente orgánico que se empleó fue etanol industrial 
al 96 %, con un tiempo de extracción de 30 minutos a una 
temperatura de 50 °C9. Se produjeron 3 lotes consecutivos 
de extractos.

Obtención del microencapsulado
Una vez obtenido el extracto de licopeno, se realizó una 

mezcla con 85 % de goma arábiga y maltodextrina y 15 % 
de agua destilada , para luego pasar a una homogenización 
de 200 min-1 durante 10 minutos y microencapsular en un 
secador por aspersión industrial de 100 kg/h de capacidad 
de evaporación de agua, empleando una temperatura de 
entrada de 120 °C y  una temperatura de salida de 80 °C9.

Eficiencia de Extracción
Se determinó la eficiencia de extracción a través de 

la relación entre la masa de licopenos extraídos (mL) y la 
masa de material vegetal (MV) utilizado, expresado en la 
ecuación I14.

Ecuación 1. Porcentaje de eficiencia de extracción

Pilar Pazmiño Miranda, Danae Fernández, Diana Coello-Fiallos, Orestes Darío López and Antonio Iraizoz
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Donde:
mL=masa de licopenos extraídos
mv= masa del material vegetal

Concentración de Licopeno
Se utilizó el etanol como blanco, en donde se midió la 

absorbancia de cada extracto a una longitud de onda de 
472 nm, el equipo que se utilizó fue el espectrofotómetro 
Fisher Scientific accuSkan GO. La ecuación II, se expresa 
en mgL-1 15.

Ecuación II. Concentración de Licopeno

Donde:
A= absorbancia del extracto a 472nm
E= coeficiente de absortividad del etanol de 3450

Eficiencia de microencapsulación
Se realizó una dilución 1/10 de los lotes de microen-

capsulado tanto en agua como en etanol al 96 %, posterior-
mente estas soluciones se agitaron durante un tiempo de 
15 minutos, se filtraron y se midió su absorbancia en el es-
pectrofotómetro Fisher Scientific accuSkan GO a 515 nm16.

Ecuación III. Eficiencia de microencapsulación
Donde:

CA= concentración de licopeno en agua
CE= concentración de licopeno en etanol

Determinación de pH
Las muestras del extracto, se determinaron por tripli-

cado con el pH-metro (Thermo Scientific ORION VERSAS-
TAR).

Determinación de índice de refracción
Las muestras del extracto se determinaron por tripli-

cado en el refractómetro Abbe Nar 2T a temperatura am-
biente17.

Determinación de viscosidad
Las muestras del extracto se determinaron por triplica-

do con el viscosímetro Quimis, las muestras fueron toma-
das a temperatura ambiente.
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Determinación de humedad
A las muestras del microencapsulado, se le determinó 

la humedad por triplicado empleando una balanza Citizen 
MB 50, colocando una muestra de 5 g en el plato. El resul-
tado obtenido fue expresado en porcentaje.

Espectroscopía Infrarroja de la transformada de 
Fourier

Se comparó un lote del extracto sin microencapsular, 
con los tres lotes del microencapsulado en un intervalo des-
de 500 hasta 4000 cm-1, el equipo que se usó fue FTIR 
espectrofotómetro Perkin Elmer Spectrum Two.

Morfología y aspecto de la superficie de las 
microcápsulas

Se estudió la morfología de las microcápsulas em-
pleando un Microscopio Electrónico de Barrido (SEM) mo-
delo Tescan Vega3 con aumento hasta 10000X. Las mues-
tras de 3 lotes de licopeno microencapsulado se prepararon 
y fijaron sobre cinta de carbono de doble faz que se adhie-
re en un portamuestras de aluminio de 13mm; y al ser un 
material orgánico se recubrieron con una fina capa de oro 
utilizando un dispositivo de recubrimiento por pulverización 
catódica SPI-Module proceso necesario para que la mues-
tra a ser analizada sea conductora de los electrones que 
emergen de la fuente de tungsteno del equipo. La obten-
ción de las imágenes se realizó con una energía de 8 a 10 
keV (HV High Voltage) en alto vacío (HV High Vacuum) con 
el detector de Electrones Secundarios (SE).

Actividad antioxidante in vivo
Se usó Saccharomyces cerevisiae ATCC 9763 como 

modelo de estudio, partiendo de una cepa de reserva de 
Saccharomyces cerevisiae, cultivada en el medio com-
puesto por extracto de levadura, peptona, dextrosa, (YPD) 
mediante siembra en estría durante 5 días a una tempera-
tura de 28 °C.

Posteriormente se inoculó la cepa de Saccharommy-
ces cerevisiae en 5 ml de caldo YPD incubándola a 28 °C 
durante 24 horas.

Al siguiente día se tomaron 5 L de esa solución y se 
colocaron en 3 ml de caldo YPD, tomando esta solución 
como solución estándar para todos los tubos.

Se preparó una solución de peróxido de hidrógeno 0,5 
mmol/L y de 5 mmol/L, además de soluciones de microen-
capsulados a una concentración de 25 mg/ml.

También se preparó una solución de vitamina C, con 25 
mg/ml (control positivo)

En cada tubo se fue añadiendo 5 μL de la solución de 
levadura más 3 ml del caldo YPD y 1 ml de las soluciones 
preparadas, dejando un tubo únicamente con los 3 ml de 
caldo YPD y los 5 μL de la solución de levadura (denomi-
nado tubo control)

Estas soluciones fueron llevadas a incubación durante 
18 horas a 28 °C.

Al siguiente día se centrifugaron a 2700 min-1 durante 
10 min, luego se eliminó el líquido, quedando la levadura 
precipitada, la cual fue lavada con una solución búfer fosfa-
to salino de pH 7,2, midiendo la absorbancia de cada tubo 
y ajustandola a 600 nm.

Posteriormente en cada tubo se añadieron las solucio-
nes de peróxido de hidrógeno 0,5 mmol/l y 5 mmol/l, a ex-
cepción de en los tubos control, pues a estos tubos no se 
les añadió peróxido.

Nuevamente se centrifugó a 2700 min-1 durante 10 mi-

nutos, eliminando la parte acuosa y con el precipitado, que 
es Saccharommyces cerevisiae, se realizó un lavado con 
solución de búffer fosfato salino, luego se añadió en cada 
tubo 3 ml de caldo YPD.

Finalmente en la placa de 96 pocillos se tomaron 250 
μL de cada una de las soluciones, se midieron en el espec-
trofotómetro Fisher Scientific accuSkan GO a 30 °C durante 
18 horas, las mediciones se realizaron por triplicado, con 
las que se construyeron las curvas de crecimiento18,19.

Actividad antioxidante in vitro
Se utilizó el método del 2,2-difenil-1-picrilhidrazilo co-

nocido como (DPPH)20.
El cual consistió en preparar una solución madre de 

500 ·10-6 mol/l de trolox (0,0129 g de trolox en 50 ml de 
etanol al 96 % y 50 ml de agua destilada).

Posteriormente se realizaron varias diluciones a partir 
de la solución madre, obteniendo estándares de: 50 µmol/l, 
100 µmol/l, 200 µmol/l, 300 µmol/l, 400 µmol/l y 500 µmol/l. 
También se preparó una solución de 150 ·10-6 mol/l de 
DPPH. Estas soluciones se protegieron de la luz y del calor.

Adicional se realizó una dilución de los tres lotes de 
microencapsulado en polvo 1/200 en una solución de 
agua-etanol 50:50.

Luego se realizó una dilución 1/200 de los tres lotes del 
concentrado del extracto en una solución de agua -etanol 
50:50.

Posteriormente se colocó en la placa de 96 pocillos, 20 
µl de cada una de las soluciones preparadas con 180 µl de 
la solución de 150 ·10-6 mol/l de DPPH. Denominándose 
Am (absorbancia de la muestra).

También se colocó en la misma placa de 96 pocillos 
20µl de la solución agua-etanol 50:50 con 180µl de la solu-
ción de 150 ·10-6 mol/l de DPPH. Denominándose Ac (ab-
sorbancia control).

En la misma placa de 96 pocillos se colocaron 20µl de 
agua con 180µl de metanol. Denominándose Ab (absorban-
cia del blanco).

Se llevó la placa al espectrofotómetro Fisher Scientific 
accuSkan GO, incubándole durante 40 min a temperatura 
ambiente y leyendo su absorbancia de 515 nm.

Con los resultados obtenidos, se calculó el porcentaje 
de inhibición del DPPH, establecidos mediante la ecuación 
IV.

Ecuación IV. Porcentaje de inhibición del DPPH

Microencapsulación de licopeno extraido de los desechos agroindustriales del tomate de árbol (Solanum Betaceum)
Microencapsulation of lycopene extracted from the agroindustrial waste of the tree tomato (Solanum Betaceum)

Donde:
Am= absorbancia de la muestra
Ab= absorbancia del blanco
Ac= absorbancia control

Resultados y discusión

Caracterización del extracto líquido
Se obtuvieron tres lotes del extracto líquido, en la tabla 

1 muestra la eficiencia de extracción, pH, índice de refrac-
ción y viscosidad del extracto líquido.

Los resultados de eficiencia de extracción (tabla 1) 
muestran un promedio de 35,69 mg/kg a partir de cáscara 
de tomate de árbol, estudios a nivel de banco indican que 
se obtiene una eficiencia de 34,34 mg/kg9 lo que demues-
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tra que se obtienen similares resultados, cuando se em-
plea el mismo proceso de extracción con etanol al 96 %.

Otros estudios muestran una eficiencia de extracción 
de 559,9 mg de licopeno/kg de pulpa de tomate de árbol13, 
este valor más alto se debe a la composición misma de la 
cáscara la cual contiene menor cantidad de licopeno en 
comparación con la pulpa de tomate de árbol. En otros 
trabajos se encontró una eficiencia de extracción de 12,2 
mg/kg11 en cáscaras de tomate de árbol obteniendo una 
menor eficiencia con respecto a los resultados obtenidos, 
lo cual indica que la eficiencia de extracción también está 
relacionada con la variedad de la fruta, época de cosecha 
y estado de madurez. El estado de madurez influye deci-
sivamente en la composición de carotenoides, existen ma-
yores niveles de carotenoides cuando han sido expuestos 
en mayor tiempo a la luz del sol y a elevadas temperatu-
ras13. En lo que se refiere a condiciones de manejo influ-
yen muchísimo el disolvente utilizado y las condiciones de 
temperatura a la que se realiza la extracción, obteniendo 
resultados favorables a 50 °C y con etanol al 96 %.

El valor de pH promedio del extracto líquido (tabla 1) 
obtenido fue de 5,54 a 20 °C, obteniendo un pH ácido, el 
cual fue influenciado por las características del disolvente, 
que en este caso fue el etanol. Estudios muestran un pH 
del extracto de licopeno de 4,68 usando como disolvente 
ácidos grasos21. Demostrando así que el pH del extracto 
tiene una relación directa con el tipo de disolvente que se 
utiliza en la extracción.

Comparando los resultados obtenidos a nivel indus-
trial con los obtenidos a nivel de laboratorio se encuentran 
valores similares, obteniendo a nivel de laboratorio un pH 
desde 5,58 hasta 5,6822.

El índice de refracción del extracto líquido (tabla 1) 
muestra un promedio de 1,42 a 15 °C, mientras que estu-
dios a nivel de banco muestran para el extracto de licopeno 
un índice de refracción de 1,36322; variando un poco el re-
sultado por la temperatura a la que se realizó la medición. 
El índice de refracción tiene una correlación con la con-
centración de sólidos y el disolvente, que en este caso fue 
etanol al 95 %, demostrando así las propiedades activas y 
la calidad del extracto obtenido23.

Respecto a la viscosidad (tabla 1)  se obtuvo un pro-
medio de 112,42 mPas a 20 °C, estudios con extracto de 
semilla de mango muestran viscosidades de extractos des-
de 48 – 115 cP, que es equivalente a mPas24 encontrándo-
se el valor de viscosidad dentro de este intervalo.

Caracterización del microencapsulado
En la tabla 2 se muestra la concentración del licopeno, 

eficiencia y humedad del microencapsulado, para los lotes 
1, 2 y 3 respectivamente.

En esta escala (tabla 2) se obtuvo un promedio de con-
centración de licopeno de 44,07 mg/kg, que comparando 
con estudios realizados a nivel de banco, en las mismas 
condiciones, se obtuvo una concentración de licopeno infe-
rior, de 34,34 mg/kg9.  

En lo que se refiere a la eficiencia de microencapsula-
ción (tabla 2), se obtuvo una eficiencia de microencapsula-
ción superior al 90 %, por lo que se considera una eficiencia 
adecuada, estudios demuestran que la microencapsulación 
es buena cuando se alcanza una máxima cantidad del ma-
terial a encapsular dentro de las partículas de polvo, una 
buena estabilidad de las microcápsulas y prevención de 
la pérdida de compuestos volátiles (González & Martínez, 
2015). Estudios a nivel de laboratorio indican una eficiencia 
de microencapsulación del 84 %10 demostrándose que el 
uso de los polímeros goma arábiga y maltodextrina son efi-
cientes para la microencapsulación.

La humedad de los microencapsulados en polvo (ta-
bla 2) fue aproximadamente de 6,15 %, al comparar con la 
normativa Ecuatoriana, normas INEN 61625, se encuentra 
dentro del valor aceptable de humedad, pues la norma per-
mite un porcentaje máximo de humedad del 14 % y en la 
farmacopea de los Estados Unidos un máximo del 10 %26. 
El valor de humedad tiene un alto impacto en la vida útil 
del producto, mientras menor es la humedad menor riesgo 
tiene de contaminación microbiana, la degradación de la 
pared de la microcápsula, evitando así degradaciones quí-
micas y biológicas27. Lo que demuestra que el secado por 
aspersión es un método eficiente para reducir el contenido 
de agua de los microencapsulados.

Tabla 1. Caracterización de los extractos líquidos de licopeno.

Tabla 2. Concentración de licopeno, eficiencia y humedad del microencapsulado.

Pilar Pazmiño Miranda, Danae Fernández, Diana Coello-Fiallos, Orestes Darío López and Antonio Iraizoz
Volume 8 / Issue 2 / 3     •     http://www.revistabionatura.com



5

Espectroscopía infrarroja de la transformada de 
Fourier

En la figura 1 se muestra el resultado de la espectros-
copia infrarroja de los microencapsulados en los lotes 1,2 y 
3, además de un extracto líquido antes de realizar el proce-
so de microencapsulación.

En lo que respecta a la espectroscopia infrarroja de la 
transformada de Fourier (figura 1), la banda alrededor de 
1000 cm-1 indica en los microencapsulados que el licope-
no está enmascarado por la mezcla polimérica, lo que de-
muestra la efectividad del proceso de microencapsulación, 
estudios similares muestran la presencia de licopeno en 
bandas entre los 850 cm-1 y hasta los 1200 cm-1, mientras 
mayor es la intensidad de la banda, mayor será el conte-
nido de licopeno, siendo los espectros de la transformada 
de Fourier importantes características de absorción en la 
región de huellas dactilares con bandas de absorción debi-
das a vibraciones de deformación carbono-oxígeno28. Esta 
banda característica también demuestra que existe presen-
cia de licopeno en el interior de las microcápsulas.

Morfología y aspecto de la superficie de las 
microcápsulas

En la figura 2 se muestran imágenes de microscopía 
de barrido electrónico de las microcápsulas de los tres lotes 
obtenidos.

Las microcápsulas formadas en los 3 lotes, tienen una 
morfología similar, siendo esféricas las partículas, presen-
tan una superficie exterior redondeada con la formación de 
concavidades poco homogéneas. La aparición de irregu-
laridades en la superficie, se atribuye a la rápida evapora-
ción del agua durante el proceso de secado por aspersión 
y ha sido reportado también por otros autores29,30. También 
se puede observar la presencia de esferas con superficie 
lisa, los tamaños de las microcápsulas son del orden de 
decenas de micrómetros (10 -70 µm), lo que concuerda con 
el intervalo de tamaños que genera el tipo de atomizador 
empleado.

Como se aprecia, las superficies externas de las mi-
crocápsulas presentan paredes continuas sin fisuras o grie-
tas (figura 3), lo que garantiza la retención del licopeno. En 
el lado superior izquierdo de la figura 3a se observa una 
microcápsula fragmentada, donde se evidencia la pared 
compacta y homogénea generada por el proceso de mi-
croencapsulación.

La figura 4 muestra el crecimiento de Saccharomyces 
cerevisiae durante 18 horas, al ser sometida a los diferen-
tes microencapsulados (lote 1, lote 2 y lote 3), control po-
sitivo (vitamina C) y control negativo (solo Saccharomyces 
cerevisiae) y peróxido de hidrógeno con una concentración    
0,5 mmol/L.

En la figura 4, se observa que en la curva control, el 

Figura 1. Espectroscopía infrarroja de la transformada de Fourier de los microencapsulados de licopen.

Microencapsulación de licopeno extraido de los desechos agroindustriales del tomate de árbol (Solanum Betaceum)
Microencapsulation of lycopene extracted from the agroindustrial waste of the tree tomato (Solanum Betaceum)
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microorganismo tuvo un crecimiento más rápido debido a 
que no estuvo sometido a ningún estrés.

La curva de peróxido, muestra el crecimiento de Sa-
ccharomyces cerevisiae sometida sólo al peróxido de hi-
drógeno teniendo como resultado el crecimiento más lento 
de la levadura, debido a que fue sometida al mayor estrés. 
Resultados similares se encontraron con peróxido de hi-
drógeno 0,3 mmol/l31, investigaciones demuestran que el 
peróxido produce radicales libres de oxígeno, siendo tóxico 
para las levaduras, produciendo un estrés oxidativo32.

Los tres lotes tuvieron un crecimiento similar y compa-
rable al control de la vitamina C. Este crecimiento fue igual 
al de la curva control hasta los 160 min, luego el crecimien-

to de la levadura disminuyó y se demoró hasta alcanzar la 
fase estacionaria. La vitamina C es un eficaz antioxidante 
que favorece el metabolismo de la levadura33. Demostran-
do así que la vitamina C, al igual que los microencapsu-
lados tienen propiedades antioxidantes sobre la levadura 
utilizada en este estudio.

La curva control alcanzó la fase estacionaria a los 440 
min, mientras que las curvas con los tres lotes de microen-
capsulados de licopeno y vitamina C, alcanzaron la fase 
estacionaria a los 560 min y finalmente la curva que fue 
con peróxido de hidrógeno tardó más tiempo, alcanzando 
la fase estacionaria a los 660 min. Esto demuestra que los 
microencapsulados tienen capacidad antioxidante, corro-

Figura 2. Fotos de Microscopía de barrido electrónico de los microencapsulados de licopeno (a) Lote 1 con aumento de 
516X, (b) Lote 2 con un aumento de 304X y (c) Lote 3 con aumento de 776X.
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borando éstos resultados en licopeno de tomate de árbol34.
Referente a la fase de adaptación tanto los tratamien-

tos que fueron microencapsulados, como control positivo y 
negativo tardaron 60 min, pero el tratamiento que fue some-
tido con peróxido tardó en adaptarse 100 min. La variación 
con respecto al peróxido de hidrógeno se debe, a que éste 
genera radicales hidroxilos, lo que produce un estrés oxi-
dativo35.

En la figura 5, se observa el crecimiento de Saccha-

romyces cerevisiae expuesta a una concentración de pe-
róxido de hidrógeno 5 mmol/l, encontrando en la fase de 
adaptación de los tres lotes de microencapsulados y el con-
trol un tiempo de 60 minutos, existiendo variación con res-
pecto al tiempo en la fase de adaptación en el tratamiento 
que fue sometido al peróxido de hidrógeno, donde la leva-
dura tardó en adaptarse 100 min. Esta variación se debió 
a que el peróxido produjo un estrés en las mitocondrias de 
la levadura36. Con respecto a la fase de crecimiento, en el 

Figura 3. Imágenes de Microscopía de barrido electrónico de los microencapsulados de licopeno (a) Lote 1 con aumento 
de 516X, (b) Lote 2 con un aumento de 304X.

Figura 4. Curva de crecimiento de Saccharomyces cerevisiae frente al estrés oxidativo de H2O2 con una concentración 
0,5 mmol/L.

Microencapsulación de licopeno extraido de los desechos agroindustriales del tomate de árbol (Solanum Betaceum)
Microencapsulation of lycopene extracted from the agroindustrial waste of the tree tomato (Solanum Betaceum)
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tratamiento control tarda 480 minutos en crecer, en cambio 
en los tres lotes de microencapsulados y vitamina C, tarda 
560 min y con el peróxido de hidrógeno tarda 680 min en 
crecer. Demostrando así la actividad antioxidante que tie-
nen los microencapsulados sobre la levadura.

Si se comparan los resultados obtenidos en la concen-
tración de peróxido de hidrógeno 0,5 mmol/l con respecto 

a la gráfica obtenida con una concentración de peróxido de 
hidrógeno 5 mol/l se aprecia que una mayor concentración, 
influye en el crecimiento de la levadura, necesitando más 
tiempo para crecer.

Actividad antioxidante in vitro
En la figura 6, se muestra la curva de calibración de 

Figura 5. Curva de crecimiento de Saccharomyces cerevisiae frente al estrés oxidativo de H2O2 con una concentración 
5 mmol/L.

Figura 6. Curva de calibración de Trolox.
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Trolox para la determinación de la actividad antioxidante 
in vitro del microencapsulado de licopeno, obteniendo un 
coeficiente de correlación lineal de 0,976, muy cercano a 1, 
lo que indica que existe una relación directa entre la con-
centración de trolox y el porcentaje de inhibición.

La tabla 3. muestra los resultados de inhibición de 
DPPH de los lotes microencapsulados. La técnica del 
DPPH (1,1 difenil-2picril-hidrazilo), se usa para evaluar la 
capacidad antioxidante de alimentos, este método se fun-
damenta en que el DPPH es un radical libre que al jun-
tarse con el antioxidante produce una reacción redox de 
primer orden37,38. Consiguiendo similares resultados con el 
microencapsulado de licopeno, tanto a escala de banco con 
un equivalente a trolox de 142,72 µmoll-1 9 como a nivel in-
dustrial, lo que demuestra que la tecnología usada para la 
microencapsulación de licopeno a partir de las cáscaras de 
tomate de árbol, es altamente efectiva.

Conclusiones
Se concluye que el método de microencapsulación em-

pleado para el licopeno es efectivo para ser usada a nivel 
industrial, generando una elevada eficiencia de microen-
capsulación, siendo una tecnología que puede ser imple-
mentada en la industria para el aprovechamiento de los de-
sechos agroindustriales de la cáscara de tomate de árbol, 
brindando beneficios para la salud de las personas por sus 
características antioxidantes.

Se caracterizó fisicoquímicamente el ingrediente bioac-
tivo licopeno, encontrando en el extracto líquido un pH de 
5,54 a 20 °C, obteniendo un pH ácido, el cual fue influencia-
do por las características del disolvente, que en este caso 
fue el etanol, un índice de refracción de aproximadamente 
1,42 el cual tiene una relación directa con la concentración 
de sólidos, además del disolvente y una viscosidad de 
112,42 mPas, en lo que se refiere al microencapsulado se 
obtuvo una humedad del 6,15 % siendo un valor que garan-
tizará en el tiempo de la vida útil del producto, encontrán-
dose acorde a la farmacopea de los Estados Unidos. Con 
respecto a la espectroscopía infrarroja de la transformada 
de Fourier, se evidencia que en los microencapsulados el 
licopeno está protegido por la mezcla polimérica, lo que de-
muestra la eficiencia del proceso de microencapsulación. 
Se obtuvieron microcápsulas con forma esfeérica, superfi-
cie lisa lo cual es de gran importancia también para la vida 
útil del producto.

Se demostró la capacidad antioxidante in vivo de los 
microencapsulados, en Saccharomyces cerevisiae, encon-
trándose que tienen una actividad antioxidante similar a la 
de la vitamina C. También se evaluó la capacidad antioxi-
dante in vitro mediante el método del DPPH, encontrando 
un equivalente de trolox de 192,50 µmoll-1, 123,53 µmoll-1 

y 139,51 µmoll-1 en los tres lotes y respectivamente con un 
porcentaje de inhibición del 48,03 %, 35,07 % y 38,07 %.
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Molecular identification of a Pseudomonas putida strain isolated from 
Machángara river (Quito-Ecuador) tolerant to carbamazepine
Gabriela Méndez1*, Leslie Morales2, Elena Coyago3 and Valeria Garzón2

Abstract: Carbamazepine is a molecule used to treat specific pathologies; however, it has become an emerging contaminant 
that is dangerous to the environment. In marine species and humans, it causes cytotoxicity, genotoxicity, reproductive 
disorders, and infertility. Thus, this pollutant has been subjected to conventional wastewater treatment, achieving low 
purification. In Ecuador, only some studies are related to emerging contaminants, and these show quantification but not 
treatment. Therefore, the implementation of biological techniques is necessary. In this sense, the research aimed to identify 
a bacteria in water samples from the Machangara River with carbamazepine tolerance. Morphological, biochemical, and 
molecular characteristics identified bacteria. The results indicated the presence of several microorganisms, including 
molecularly identified Pseudomonas putida. This was tolerant to carbamazepine concentrations of 15, 50, and 100 mg/L, 
with higher growth at the first concentration. This information can be valuable in wastewater treatment investigations.

Key words: Carbamazepine, degradation, Machangara river, Pseudomonas putida.
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Introduction
Although water is an essential natural resource for life; 

however, it has been affected by natural and anthropoge-
nic pollutants1. During the development of humanity, these 
resources have been affected, and in recent years conta-
mination has increased. In this sense, the term emerging 
pollutant appears, which includes some chemicals in low 
concentrations that alter the beneficial conditions of water, 
becoming toxic to the environment. Thus, primary investi-
gation in emerging pollutant and biological treatments was 
shown in Europe and Asia and very little in Latin American 
countries such as Ecuador2-4. In turn, one problem that 
makes the study of emerging contaminants difficult is that 
there are limited techniques to identify low concentrations 
(ng/L to ug/L). In this sense, liquid chromatography beco-
mes an alternative3-5.

On the other hand, carbamazepine is a drug used to 
treat epilepsy and trigeminal neuralgia. It is 72 % absorbed 
by the body and eliminated through the urinary and fecal 
tract6. In this regard, the highest concentrations of carba-
mazepine have been found in water discharge from heal-
thcare systems, either by the human body's elimination or 
by the mishandling of drugs7. The contamination is also 
due to an inefficient elimination in wastewater treatment 
plants8. Carbamazepine in the environment is associated 
with producing adverse teratogenic and mutagenic effects, 
reproductive problems, infertility, masculinization of fema-
les, feminization of males in animals, and genetic issues in 
human beings2,9. Hence, it is crucial to develop technologies 
for its removal.

In this regard,  Reichert et al.3 and Peña-Guzman et 
al.4 pointed out that the concentrations of emerging conta-
minants detected in Latin America are often higher than in 

other countries; for example, in Ecuador, the authors Vo-
loshenko et al.2 and Pacheco10 identified a concentration 
between 1.5-830 µg/L of carbamazepine in Machangara, 
San Pedro, Guayllabamba, and Esmeralda rivers. Latin 
America does not have an established list of pollutants of 
concern or laws controlling their production or release to 
the environment11. Therefore, it is interesting to develop en-
vironment-friendly approaches to eliminate these contami-
nants; the first step is identifying microorganisms capable of 
tolerating them in high concentrations for future degradation 
tests.

Materials and methods 

Reagents and standards
Chemical compounds studied in this article: Carba-

mazepine (≥ 99 % pure) was purchased from Sigma-Aldrich 
(Merck, Germany). Methanol and acetonitrile HPLC-grade 
were purchased from Dikma (DikmaTechnologies, USA).

Enrichment and isolation of bacteria potentially 
tolerant to carbamazepine

Isolation of carbamazepine-tolerant bacteria used the 
enrichment method. Thus, contaminated water was sam-
pled, enriched with carbamazepine, and active bacteria that 
tolerated the contamination was isolated.

The contaminated water sample was obtained from the 
Machángara River in the Pichincha province in Quito-Ecua-
dor (coordinates: 0°15'25.4"S 78°31'33.8"W) at 2644 masl. 
Thus,  250 mL of contaminated water was sampled in amber 
bottles, following the methodology of the sampling standard 
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for microbiological analysis of the Ecuadorian Institute for 
Water Standardization (INEN)12. Sampling was performed 
in duplicate and at the same site.

Bacteria from the collected water samples were ino-
culated into a basal mineral medium (MBM). The me-
dium used contains the following salts (g/L): K2 HPO4 3.5, 
KH2PO4 1.5, (NH4)2SO4 0.5, NaCl 0.5, MgSO47H2O 0.15, 
and 1mL of trace solutions. The trace elements contained: 
2.0 g NAHC3-10H2O, 0.3g MnSO4-4H2O, 0.2g ZnSO4-7H2O, 
0.02g (NH4)Mo7 O24 - 4H2O, 0.1g CuSO4 -5H2O, 0.5g Co-
Cl2-6H2O, 0.05g CaCI2 -2H2O, 0.5g FeSO4 - 7H2O6. Next, 
15mg/L of carbamazepine was added. The culture was in-
cubated at 26 °C, 150 rpm for 15 days in darkness to deve-
lop a community of microorganisms capable of producing 
the enzymes responsible for consuming this recalcitrant 
compound6. The bacteria were isolated using MBM with 
carbamazepine in a solid medium, and subcultures were 
carried out until obtaining pure cultures.

Bacterias tolerant to carbamazepine were identified, 
cultivating these in 250 mL of MBM with carbamazepine 
(15 mg/L, 50mg/L, and 100mg/L) as the only carbon sour-
ce6, as it is shown in Figure 1. Samples were incubated at 
150 rpm in the orbital shaker (Shanghai, China) at 30 °C in 
darkness for 33 days. The tests used a bacterial inoculum 
concentration of 2% v/v. In turn, to monitor bacterial grow-
th and carbamazepine consumption, samples were taken 
from the culture at the beginning and end of the study. The 
experiment used a control with MBM and carbamazepine 
without bacteria. Plate count was performed in TSA medium 
at 30 °C and expressed in colony forming units (CFUs)13-15. 
All cultures were performed in triplicate.

Carbamazepine quantitation was performed by liquid 
chromatography using an HPLC Waters 1525 equipped 
with a diode-array detector and a binary pump, C18 column 
(Novapak® 4 x 300 mm). The HPLC conditions were as fo-
llows: a wavelength of 280 nm, a flow rate of 1 mL/min, 
an injection volume of 20 μl, and a retention time of 8.0 

minutes. The mobile phase consisted of water: methanol: 
acetonitrile (50:25:25), pre-filtered by a 0.45 µm membra-
ne and degassed16. A carbamazepine calibration curve was 
prepared with standards of 100 mg/L, 75 mg/L, 50 mg/L, 
25 mg/L, 10 mg/L, and 5 mg/L. The chromatograms were 
monitored at 280 nm with the Empower™ 3 software (build 
3471). The samples were analyzed in duplicate.

Morphological and biochemical characterization of the 
bacterial strain

The isolated bacteria strain was identified using mor-
phological and biochemical techniques. Catalase and oxi-
dase tests were used, and the Microgen TM GN-ID Identi-
fication Kit. The Microgen Identification Software (MID-60) 
was used to interpret the kit's results. Gram reactions were 
observed in cells cultivated for 24 h using an optical micros-
cope17.

Molecular identification of the bacterial strain
The bacterium was cultured in test tubes with Tryptone 

Soy Agar for 24 h at 26 °C, and the DNA extraction pro-
cess was performed with the Purelink Genomic DNA kit by 
Thermo Fisher Scientific18. DNA integrity was evidenced by 
electrophoresis with the 1KB Ladder Express DNA (mole-
cular weight marker). The purity and concentration of the 
resulting DNA preparation were determined spectrophoto-
metrically at 260 nm using a Quibit® 2.0 Fluorometer.

PCR targeted the 16s ribosomal genes (16s rRNA). 
First, the 16S rRNA gene was amplified using a forward 
primer 27F (5`-AGTTTGATCCTGGCTCA-3`) and a reverse 
primer 1492R (5`-GGTTACTCTTGTTACGACTT-3`) under 
the following conditions: 95 °C for 5 minutes, 40 cycles, 95 
°C for 30 seconds, 56 °C for 30 seconds, 72 °C for 1 minute 
and final extension at 72 °C for 10 minutes19.

The success of amplification was checked in 1% aga-
rose gel after amplification. The amplified fragment was 
sequenced by Molecular Research LP (MRDNA) in Texas-
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Figure 1. Tolerance essays include preparation of the inoculum, incubation, bacterial count, and quantification of carba-
mazepine (CBZ).
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USA using an Illumina MiSeq platform following the manu-
facturer's guidelines (40 K average number of reads per 
assay). Sequence data were processed using the MR DNA 
analysis pipeline (MR DNA, Shallowater, TX, U.S.A.).

In summary, sequences <150 bp and ambiguous base 
calls were removed. Operational taxonomic units (OTUs) 
were generated, and chimeras were removed. OTUs were 
defined by 97% similarity. Final OTUs were taxonomically 
classified using BLASTn against the NCBI database. Se-
quencing reads from this study have been deposited in Ge-
neBank with an accession number for the 16S rRNA gene 
(MW691110).

Results and discussion

Morphological and molecular characterization of the 
bacterial strain

Some bacteria were isolated from tolerance assays, 
and molecular identification was performed with one of 
them. The isolated bacterium showed a slightly yellow mu-
cous colony with a smooth edge (Figure 2a). It was classi-
fied as a gram-negative bacillus (Figure 2b), oxidase and 
catalase positive20-22, typical characteristics of Pseudomo-
nas23,24. Microgen identification Software (MID-60) identified 
the bacteria isolated as Pseudomonas pseudomallei with a 
94.38% identity.

On the other hand, molecular identification by electro-
phoresis reported the presence of  DNA, with a  region size 
of approximately 1500 bp (Figure 3). These results suggest 
that this is the size corresponding to the 16s rRNA region, 
as established by other studies25. Finally, sequencing was 
performed with the amplified samples at the Molecular Re-
search LP (MRDNA lab) laboratory in Texas-USA, obtaining 
a 100% identity of Pseudomonas putida for the strain.

According to the literature, the bacteria identified as 
belonging to the Pseudomonadaceae family26, are used 
in degradation tests by having a metabolism that makes 

it easier to adapt to different habitats, sources of carbon, 
and nitrogen, that can colonize several ecological niches27. 
Therefore, these microorganisms, isolated from a conta-
minant-containing medium, are presumed to tolerate toxic 
substances and may help degrade carbamazepine28. Pseu-
domonas putida is not associated with human disease29, 
offering many advantages such as cost-effectiveness and 
utilization of native harmless microbial species30.

Carbamazepine tolerance assays
Pseudomonas putida reached the highest biomass 

concentration at 15mg/L with a carbamazepine consump-
tion of 49.56% (SD:5.6), which indicates that bacteria use 
the contaminant as a carbon source because there was no 
reduction of CBZ in controls. Bacterias showed poor growth 
at 50 and 100 mg/L (Figure 4), with 11.3% (SD:2) and 9.9% 
(SD:3.2) of degradation, respectively.

Figure 4 shows that bacterial growth and degradation 
were low at higher concentrations. Thus, the decrease in 
microorganisms could be because the bacteria finished the 
exponential phase, and the death phase began31. In addi-
tion, it should be considered that there are several kinetic 
models in biodegradation and that, in some instances, the 
concentration of organisms remains constant even when 
the substrate is degraded by inhibition. Therefore, it is asso-
ciated with a decrease in specific growth rates. For exam-
ple, in the study of Rathour et al.32, it was shown that the 
specific growth rate was rapidly reduced due to the detri-
mental effects of benzo(a)pyrene on cell development and 
the subsequent inhibition of the substrate on culture growth. 
Likewise, some species of Pseudomonas spp use bioab-
sorption as a bioremediation mechanism that causes the 
accumulation of toxic compounds inside the cell, causing 
its death33.

In the study conducted by (Li et al.34, similar carba-
mazepine consumption percentages were observed, with 
values of 46.6%, where the drug was observed to decrease 
at day 6 (144 hours) with Pseudomonas sp. CBZ-4. In the 

Molecular identification of a Pseudomonas putida strain isolated from Machángara river (Quito-Ecuador) tolerant to carbamazepine

Figure 2. Bacterial identification. a) Isolated bacteria from Machángara river in TSA medium, b) Gram-negative Bacillus.
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study by Ha, Mahanty, Yoon, & Kim35, with mixed bacterial 
culture (Pseudomonas, Bacillus, and Acinetobacter), a 60% 
degradation was obtained in 12 days. It should also be no-
ted that several studies have determined that microorga-
nisms require a long period of prior adaptation to persistent 
chemical contaminants to degrade them effectively36. In this 
study, the strains evaluated were acclimated for 15 days to 
increase their tolerance.

Figure 4 shows that Pseudomonas putida has a better 
tolerance for low concentrations of carbamazepine, like the 
study of Gheorghe et al.37, considering that pharmaceutical 
biodegradation could be affected by different factors such 
as temperature, pH, varying pharmaceutical concentrations, 
etc. For this reason, it is necessary to carry out future degra-
dation tests with different culture conditions to determine the 
optimal ones to apply in wastewater treatment. According 
to the literature, carbamazepine, naproxen, and ibuprofen 
have harmful effects at 16.21 to 54.21 mg/L in bacteria, in-
dicating that they influence the degradation route of the mi-
croorganism at higher concentrations, causing toxicity and 

inhibiting its metabolization. It is confirmed by Nogales et 
al.38, who indicate that contaminants at high concentrations 
cause severe damage to the bacterial cell, causing death38. 
Similar results with emerging contaminants were mentioned 
by Ramos et al.39 for Pseudomonas putida in degradation 
tests of aromatic hydrocarbons and short-chain alcohols; 
also, the degradation was reported of salicylic acid by P. 
fluorescens HK44 was inhibited at high concentrations of 
the substrate40. However, the concentration of carbamaze-
pine in wastewater is usually found at concentrations below 
that evaluated in this study2.

The capacity of Pseudomonas putida to tolerate car-
bamazepine could be due to the presence of central pa-
thways to degrade these compounds, and a multifactorial 
response is generated to adapt to the environment when 
exposed to these, involving degradation routes and meta-
bolism changes as a result of stress38. Pseudomonas putida 
produces oxidoreductases, hydrolases, and thiolases that 
help the microorganism overcome the damage caused by 
pollutants39. In addition, this bacterium finds new catabolic 

Figure 3. Aga-
rose gel electro-
phoresis. Lane 
1 represents 
the DNA ladder, 
and Lanes 2-5 
show the PCR 
products from 
4 samples of 
the strain in the 
study.

Figure 4. Plate count. The orange bar is the initial UFC/mL; the blue bar is the final UFC/mL
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pathways to metabolize organic compounds41 by presenting 
the catabolic TOL pWW0 plasmid, which, according to the 
literature, encodes specific metabolic activities so that the 
bacterium grows and uses it as the only source of carbon 
and energy, being closely related to biodegradation appli-
cations42.

Conclusions
Carbamazepine is an emerging pollutant in the envi-

ronment, resistant to conventional degradation processes, 
so microorganisms may be an option to biodegrade. Pseu-
domonas putida was molecularly identified from the was-
tewater from the Machángara River when exposed to 15, 
50, and 100 mg/L of the contaminant carbamazepine at 30 
°C temperature and evaluated over 33 days. Pseudomo-
nas putida used carbamazepine as the sole carbon source 
during in-vitro tolerance assays, resulting in a reduction of 
49.56 % at 15 mg/L of the contaminant quantified by HPLC. 
In conclusion, these microorganisms could be used in future 
degradation studies as a sustainable technology solution to 
be developed and applied for the recovery of contaminated 
environments, considering the ability of P. putida to increase 
in several hostile environments. In addition, bacteria isola-
ted from a natural source exposed to this contaminant could 
be advantageous in bioremediation since biodegradation 
rates depend on different factors, such as previous adapta-
tion of the microbial inoculum.
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Introducción
Angiostrongylus cantonensis es la causa más frecuen-

te de meningitis eosinofílica en el sur de Asia y en algunas 
islas del Pacífico y del Caribe1. Desde 1944, han sido notifi-
cados 2900 casos de meningoencefalitis eosinofílica por A. 
cantonensis2. En las Américas el primer informe de este pa-
rásito en humanos fue en Cuba en 19813, posteriormente, 
en Puerto Rico4, Estados Unidos5, Jamaica6,7, Haití8, Brasil9 
y  Colombia10.

El parásito tiene un ciclo de vida complejo. Las ratas 
son consideradas hospederos definitivos y diseminan la 

infección al medio circundante a través de las heces. El 
hombre, hospedero accidental, se infecta por la ingestión 
de larvas de tercer estadio (L3) que se encuentran en cara-
coles crudos o mal cocidos tales como, Lissachatina spp. y 
Pomacea spp. y también en babosas, que constituyen los 
hospederos intermediarios del parásito. Además, pueden 
ser vías de infección el agua dulce, ranas y peces previa-
mente infectados11.

Una vez que el hombre ingiere la L3 esta invade el teji-
do intestinal, causando una enteritis, antes de pasar por el 
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Resumen: Angiostrongylus cantonensis fue identificado en Ecuador en el año 2008. Posteriormente, se notificaron  brotes 
y casos aislados en varias zonas del pais. Un estudio realizado en Napo y Guayas mostró insuficiente conocimiento 
de los médicos de atención primaria sobre la angiostrongiliasis humana. Los objetivos de este estudio son realizar una 
intervención educativa y evaluar la eficacia de la misma para atenuar las deficiencias encontradas en el personal médico, 
con esta finalidad se realizaron un grupo de acciones, a modo de intervención educativa y se aplicó la encuesta sobre 
conocimientos, percepciones y prácticas (CPP) para evaluar la eficacia de esta intervención. La información obtenida se 
almacenó en una base de datos en Microsoft Access y se analizó mediante el software estadístico IBM, SPSS. Luego de 
la intervención educativa se constató mejoría en la mayoría de los aspectos evaluados, con un incremento en la media de 
las respuestas correctas de los participantes, lo que demuestra la eficacia de las acciones desarrolladas. Estos resultados 
contribuyen a la toma de decisiónes de los responsables de la educación médica del país, para mejorar el abordaje de 
esta temática en la atención primaria de salud, que representa el primer contacto con los pacientes.  

Palabras clave: Angiostrongylus cantonensis, infección, conocimiento, atención primaria.

Abstract: Angiostrongylus cantonensis was identified in Ecuador in 2008. Subsequently, outbreaks and isolated cases 
were reported in several country areas. A study conducted in Napo and Guayas showed insufficient knowledge of primary 
care physicians about human angiostrongyliasis. This study aims to carry out an educational intervention and evaluate 
its effectiveness in mitigating the deficiencies found in medical personnel. To this end, a group of actions was carried out 
as an educational intervention and a survey on knowledge, perceptions and practices (KPP) was applied to evaluate the 
effectiveness of this intervention. The information obtained was stored in a database in Microsoft Access and analyzed 
using IBM SPSS statistical software. After the educational intervention, improvement was observed in most of the aspects 
evaluated, with an increase in the mean number of correct answers from the participants, demonstrating the effectiveness 
of the actions developed. These results contribute to the decision-making of those responsible for medical education in the 
country to improve the approach to this subject in primary health care, representing the first contact with patients.
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hígado. En su paso por los pulmones, el paciente desarrolla 
síntomas como tos, rinorrea, dolor de garganta, además de 
malestar general y fiebre. El parásito tiene un especial tro-
pismo por el SNC12.

La encefalitis/encefalomielitis causada por A. canto-
nensis es una enfermedad grave que se caracteriza por 
cambios en el estado mental que incluyen coma y signos 
neurológicos focales. Los pacientes con frecuencia desa-
rrollan meningitis eosinofílica y/o un síndrome de dolor ab-
dominal transitorio que evoluciona con trastornos sensoria-
les y motores de las piernas, con dolor, debilidad, ausencia 
de reflejos, disfunción intestinal/vesical, hipertensión lábil, 
coma y, en casos graves puede provocar la muerte13.

La presentación clínica clásica de la infección es una 
meningitis/meningoencefalitis. Los pacientes con meningi-
tis eosinofílica muestran al menos 10 eosinófilos por mm3 

de LCR o ≥10% de eosinófilos en el recuento total de leu-
cocitos en LCR14,15. El período de incubación para el de-
sarrollo de meningitis eosinofílica es de aproximadamente 
dos semanas, lo que coincide con el tiempo que tardan las 
L3 en migrar al tejido del SNC y desencadenar una reac-
ción inflamatoria. Sin embargo, puede variar de un día a 
varios meses y eso depende del número de parásitos al-
bergados16,17.

La angiostrongiliasis es una enfermedad aguda que se 
resuelve espontáneamente en unas pocas semanas, rara 
vez conlleva secuelas y raramente es fatal. La duración me-
dia es de 20 días, pero puede variar de 6 a 34 días16.

En Ecuador, en el año 2008 se evidenció por primera 
vez la presencia de A. cantonensis en humanos18. Desde 
entonces se han informado siete brotes en varias provin-
cias del país, que afectaron a 19 adultos y 7 niños19, se es-
timan en 50 los casos reportados20 y un fallecido21. Si bien 
se emplea el inmunodiagnóstico y pruebas moleculares 
para su confrimacion, El diagnóstico en Ecuador es clinico 
y epedemiologico18.

En un estudio de hospederos intermediarios de varias 
provincias en 2016 se encontró que Napo tenía la mayor 

tasa de infección de A. cantonensis (30,3%) (datos no pu-
blicados, Instituto Nacional de Investigación en Salud Pu-
blica);  mientras que otra investigación publicada en 2019 
muestra una tasa de infección de 27,2% en tanto que en 
Guayas tenia 9,1%22.  Sobre la base de estos anteceden-
tes se aplicó una encuesta sobre conocimientos, percepcio-
nes y prácticas (CPP) en relación a esta parasitosis a pro-
fesionales de atención primaria de las provincias de Napo 
y Guayas. En dicha encuesta se evidenció, el insuficiente 
conocimiento que tienen médicos de atencion primaria de 
estas provincias sobre un parte considerable de los temas 
abordados13. Para contribuir a la solución de estas deficien-
cias se ejecutaron un grupo de acciones que podrían incidir 
en el mejoramiento de los CPP sobre esta parasitosis en 
los médicos de atención primaria. Después de seis meses 
de terminada esta fase de intervención educativa, una se-
gunda encuesta nos permitiría conocer si las acciones rea-
lizadas incidieron sobre los CPP de estos médicos. Como 
objetivo de la investigación nos propusimos realizar una 
intervención educativa y evaluar la eficacia de las acciones 
tomadas para atenuar las deficiencias encontradas en el 
personal de salud implicado en el estudio.

Materiales y métodos 
Se realizó un estudio con diseño cuasiexperimental, 

tipo intervención educativa, con el propósito de mejorar el 
nivel de conocimientos sobre el diagnóstico, tratamiento y 
control de la angiostrongiliasis humana entre 2017-2018. 
El estudio constó de tres etapas: diagnóstica (primera en-
cuesta línea base)13, intervención educativa (conferencias 
y folleto) y ejecución de la segunda encuesta y evaluación, 
seis meses después.

Intervención para atenuar el problema
La intervención consistió en un grupo de acciones rea-

lizadas entre enero y febrero de 2018.
De los 163 médicos de atención primaria incluidos en 
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Figura 1. Ciclo de vida 
de la Angiostrongylus 
cantonensis es la causa 
más frecuente de me-
ningitis eosinofílica.
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la primera encuesta, 156 continuaron el estudio (95,70%). 
Estos fueron separados en dos grupos: el  grupo con inter-
vención integrado por 64 médicos de atención primaria de 
las catorces Unidades de Salud de los tres cantones de la 
provincia Napo y el grupo sin intervención conformado por 
92 médicos de las siete parroquias  del cantón Guayaquil 
de la provincia Guayas a los que no se les realizó interven-
ción.

La fase de intervención consistió en un ciclo de cin-
co conferencias de actualización sobre generalidades del 
parásito, epidemiología, diagnóstico, tratamiento y medidas 
de prevención y control de la angiostrongiliasis, que incluyó 
discusiones de casos. Además, se preparó y distribuyó un 
folleto titulado “Angiostrongiliasis. Biología, clínica, diag-
nóstico y tratamiento a todos los médicos de forma gratuita.

La forma de organización de la enseñanza: consistió 
en conferencias (12 horas), clase práctica (4 horas) y es-
tudio independiente (4 horas). La evaluación final 4 horas.  
A cada participante se le entregó una carpeta digital con 
artículos actualizados sobre el tema objeto de estudio.

Ejecución de la segunda encuesta
Seis meses después de finalizada la fase de interven-

ción educativa se aplicó a los médicos de ambos grupos 
de estudio el cuestionario utilizado en la primera encuesta.

Análisis estadístico
Al finalizar la aplicación de la encuesta CPP se confec-

cionó la base de datos en Microsoft Access año 2016, con 
la información obtenida en la investigación. Se realizó el 
análisis estadístico con el software estadístico IBM, SPSS, 
versión 2314. Para el análisis de los cambios en el nivel de 
conocimientos, percepciones y práctica médica en relación 
a las variables seleccionadas antes y después de imple-
mentada la intervención educativa se utilizó la estadística 
inferencial. Se compararon las medias de respuestas co-
rrectas de los médicos incluidos en los siguientes grupos: 
grupo con intervención y sin intervención de la primera en-
cuesta, grupo con intervención y sin intervención de la se-
gunda encuesta, grupo con intervención primera y segunda 
encuesta y grupo sin intervención, primera y segunda en-
cuesta. Para ello se aplicó el estadístico t-Student.

 Se realizó prueba de comparación de proporciones de 
las respuestas correctas a cada pregunta antes y después 
de la intervención para lo cual se aplicó la prueba Chi-cua-
drado de McNemar. Se consideró diferencias estadística-
mente significativas para valores de P< 0,05.

Consideraciones éticas
El protocolo fue aprobado por la Comisión de Ética 

de Investigación en seres Humanos (CEISH) de la Clínica 
Kennedy de la Ciudad de Guayaquil, aprobado por el Mi-
nisterio de Salud de Ecuador, código único de aprobación 
DIS-CEISH-HCK-09-014. Los médicos estaban en total li-
bertad de decidir participar en la investigación. Al finalizar la 
encuesta, firmaron y asentaron el número de su documento 
de identificación en la misma. Los investigadores declaran 
que no tienen conflicto de intereses.

Resultados
Con la aplicación de la encuesta CPP, previo a la rea-

lización de este estudio de intervención, no se encontró 
diferencia estadísticamente significativa en la media de 
respuestas correctas de los médicos del grupo con inter-
vención y sin intervención, en cuanto a las preguntas rela-
cionadas sobre aspectos cognoscitivos sobre angiostron-
giliasis, (P = 0,115) (Tabla 1). Posterior a la intervención, 
la media de respuestas correctas a las 21 preguntas re-
lacionadas con aspectos cognoscitivos mostró diferencias 
estadísticamente significativas (P = 0,004) al comparar la 
media de respuestas correctas de los médicos incluido en 
ambos grupos (15,89 en el grupo con intervención y 10,28 
en el grupo sin intervención) (Tabla 1).

La media de las respuestas correctas de los médicos 
pertenecientes al grupo con intervención fue de 9,05, en 
la primera encuesta. Esta media, experimentó un aumento 
significativo a 15,89 después de la intervención educativa, 
que se evidenció con la aplicación de la segunda encuesta 
(Tabla 2) (P = 0,000).  Sin embargo, en el grupo sin inter-
vención, la media de respuestas correctas de los médicos, 
en la primera encuesta fue de 10,30 y de 10,28 en la se-
gunda encuesta. Como puede observarse en la tabla 2, no 
se obtuvo diferencias estadísticamente significativas (P = 
0,924) en la calidad de las respuestas de los médicos al 
comparar los resultados de las dos encuestas realizadas.

Respuesta sobre aspectos cognoscitivos

Generalidades
Una alta proporción de encuestados conocen que la 

angiostrongiliasis es una enfermedadde etiología parasita-
ria (61/66, 92,42%, antes vs 63/64, 98,44%, después P = 
0,500).  Después de la intervención, se incrementó en más 
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grupo sin intervención., Ecuador 2018.
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de la mitad los  encuestados que consideraron correcta-
mente que el parásito, con frecuencia, se localiza geográ-
ficamente en el sureste asiático (17/66, 25,76%, antes vs 
38/64, 59,38%, después P = 0,000).  Una mayor proporción 
de médicos consideraron adecuadamente que la vía de 
transmisión por la que se adquiere la enfermedad es por la 
ingestión de moluscos y caracoles crudos (47/66, 71,21%, 
antes vs 60/64, 93,75%, después P = 0,002).

Ciclo evolutivo
Con posterioridad a la puesta en marcha de las accio-

nes, se incrementó el número de encuestados que opinan 
que los hospederos definitivos habituales son las ratas y 
otros roedores (22/66, 33,33%, antes vs 59/64, 92,19%, 
después P = 0,000). mientras que los hospederos interme-
diaros habituales son diferentes tipos de moluscos y cara-
coles (28/66, 42,42%, antes vs 57/64, 89,06%, después P 
= 0,000).  Se incrementó considerablemente la proporción 
de encuestados que señalaron adecuadamente que la lo-
calización preferente del parásito en su forma adulta es en 
pulmones de ratas y otros roedores (12/66, 18,18%, antes 
vs 41/64, 64,06%, después P = 0,000).  En casi cinco veces 
se incrementó el número de médicos que consideran que 
A. cantonensis en su forma larvaria se localiza preferente-
mente en el cerebro de humanos. (10/66, 15,15 %, antes 
vs 45/64, 70,31%, después P = 0,000).  Se incrementó la 
proporción de médicos que identifican al hombre y otros 
mamíferos como hospederos accidentales. (38/66, 57,58%, 
antes vs 60/64, 93,75%, después P = 0,000).  Una propor-
ción de encuestados de 25/66, 37,88% (antes) vs 36/64, 
56,25% (después) consideró correctamente que las larvas 
L3 es la forma infectante del parásito para el hombre (P = 
0,117).

Clínica
Posterior a la intervención, casi 100 % de los partici-

pantes conocen que las manifestaciones clínicas más ca-
racterísticas son meningitis encefalitis y lesiones oculares 
con marcada eosinofilia. (38/66, 57,58%, antes vs 61/64, 
95,31%, después P = 0,000).  El comportamiento fue simi-
lar para aquellos que respondieron correctamente que el 
periodo de incubación de la enfermedad es de 1 a 3 sema-
nas (32/66, 48,48%, antes vs 40/64, 62,50%, después P = 
0,096.  Una proporción mayor de encuestados consideran 

que la mayor parte de las infecciones producida por A. can-
tonensis se resuelven espontáneamente, sin tratamiento 
específico (33/66, 50,00%, antes vs 52/64, 81,25%, des-
pués P= 0,000).  Posterior a la intervención, se incrementó, 
en tres veces, el número de médicos que señalan que la 
enfermedad usualmente tiene una duración de 2 a 8 se-
manas (10/66, 15,15%, antes vs 29/64, 45,31%, después 
P = 0,000).

Diagnóstico
Más de 85% de los encuestados antes y posterior a 

la intervención, conoce que el diagnóstico de la angios-
trongiliasis en Ecuador se basa fundamentalmente en la 
sintomatología clínica y en los antecedentes epidemiológi-
cos (57/66, 86,36% antes vs 63/64, 98,44%, después P = 
0,070).  La mayoría consideran que la eosinofilia de más 
de 10% en LCR, es el hallazgo de laboratorio más signifi-
cativo en pacientes con angiostrongiliasis (55/66, 83,33%, 
antes vs 62/64, 96,88 %, después P = 0,039).  Se duplicó 
la proporción de encuestados que opinan que los métodos 
inmunoenzimáticos (ELISA) e inmunotransferencia tienen 
una sensibilidad media y baja especificidad (25/66, 37,88%, 
antes vs 56/64, 87,50%, después P = 0,000).  Se incremen-
tó en casi tres veces la proporción de médicos que respon-
dieron correctamente que solo en 1% de los casos es posi-
ble hallar larvas de A. cantonensis en LCR (12/66, 18,18%, 
antes vs 34/64, 53,13%, después P = 0,000).

Tratamiento
Una mayor número de encuestados opinan que la con-

ducta más efectiva para el tratamiento de la angiostrongi-
liasis es el uso de corticosteroides como terapia única y/o 
albendazol o mebendazol. (9/66, 13,64%, antes vs 23/64, 
35,94%, después P = 0,000).  Casi la totalidad de los médi-
cos después de la intervención conocen que la mejor opción 
de tratamiento en los pacientes que presenten daño ocular 
es la remoción quirúrgica del parásito intraocular ((36/66, 
54,55%, antes vs 63/64, 98,44 %, después P = 0,000).

Prevención
Una mayor proporción de médicos consideran que la 

cocción adecuada de caracoles o moluscos antes de ser 
ingeridos es el aspecto de prevención que más debe consi-
derarse (21/66, 31,82%, antes  vs 45/64, 70,31%, después 

Tabla 2. Comparación de las medias de las respuestas correctas de los médicos antes y después de la fase de interven-
ción educativa, según grupo con intervención y grupo sin intervención, Ecuador 2018.  
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P = 0,000).  Casi la mitad de los encuestados respondieron 
correctamente que ninguna otra de las medidas profilácti-
cas mencionadas, como uso de vacunas, uso de antihel-
mínticos, exámenes periódicos de heces y detección de 
anticuerpos en suero, podían prevenir la infección ((14/66, 
21,21%, antes vs 30/64, 46,88%, después P = 0,000).

Respuesta a aspectos de percepción
La infección por A. cantonensis es una causa poco fre-

cuente de enfermedad en Ecuador (35/66, 53,03%, antes 
vs 45/64, 70,31%, después, P = 0,870.  La mitad de los 
médicos encuestados continúan pensando, después de la 
intervención, que los conocimientos recibidos sobre la en-
fermedad en las universidades fueron insuficientes 44/66, 
66,66%, antes vs 40/64, 62,50%, después (P = 0,864).

Respuesta a los aspectos relacionados con la práctica
De igual forma, una alta proporción de encuestados an-

tes (60/66, 90,91%)  y  después de la intervención (63/64,  
98,44%) conocen que la conducta a seguir ante la presen-
cia de signos y síntomas neurológicos y antecedentes de 
ingestión de caracoles es la búsqueda de atención hospita-
laria lo más pronto posible (P = 0,250).  Una mayor propor-
ción de médicos respondió correctamente que la búsqueda 
del parásito y conteo de eosinófilos en el líquido cefalorra-
quídeo, además del conteo de eosinófilos en sangre son los 
exámenes de laboratorio idóneos para confirmar el diag-
nóstico (45/66, 68,18%, antes vs 59/64, 92,19%, después 
P = 0,04). Ver figura 3.

Discusión
Los resultados de la primera aplicación de la encues-

ta CPP en relación con la angiostrongiliasis a médicos de 
atención primaria tanto del grupo con intervención como del 
grupo sin intervención, mostraron insuficiencias cognosciti-
vas, percepciones inadecuadas y prácticas incorrectas con 
relación a esta enfermedad. El no encontrar diferencias sig-
nificativas en las respuestas de los médicos que laboran 
en las diferentes provincias en que se aplicó la encuesta, 
Napo (grupo con intervención) y Guayas (grupo sin inter-
vención), sugiere que el desconocimiento sobre la enferme-
dad podría estar presente en otras provincias del país. Para 
contribuir a la atenuación de las deficiencias encontradas 
se ejecutó, en las Unidades de Salud de la provincia Napo 
(grupo con intervención), un grupo de acciones que podría 
incidir sobre las deficiencias encontradas en relación con la 
angiostrongiliasis humana. Seis meses más tarde de apli-
cada la primera encuesta, se aplicó nuevamente la misma, 
a los dos grupos de estudio. Esto permitió constatar, un in-
cremento estadísticamente significativo en el nivel de cono-
cimiento en la mayoría de los temas evaluados en el grupo 
de médicos que recibieron intervención educativa, lo que se 
evidenció por el mayor número de médicos que respondían 
correctamente a las preguntas. Sin embargo, como era de 
esperar, esas diferencias no fueron encontradas en las res-
puestas de los médicos del grupo sin intervención, los cua-
les no recibieron la capacitación que les hubiera permitido 
incrementar sus conocimientos sobre la angiostrongiliasis. 
El estudio realizado en médicos de familia que prestan ser-
vicios en los municipios Playa y San Miguel del Padrón, La 
Habana, se demostró que en relación con el diagnóstico, 
tratamiento y control de las geohelmintosis existían insufi-
ciencias cognoscitivas, percepciones inadecuadas y prác-

ticas incorrectas por parte de los médicos encuestados, 
lo que puso de manifiesto la necesidad de intervenciones 
educativas para el control de las parasitosis23.

En otro estudio realizado en la provincia de Guantá-
namo, Cuba, por Blanco y colaboradores sobre aspectos 
esenciales del diagnóstico, tratamiento y prevención de la 
helmintiasis por Inermicapsifer madagascariensis, se ob-
servó mejoría en el conocimiento de los temas analizados,  
luego de  una intervención educativa24.

En otras investigaciones similares las estrategias que 
incluyeron un grupo de acciones, a modo de intervención, 
ante insuficiencias cognoscitivas, percepciones inadecua-
das y prácticas incorrectas en relación a la giardiasis permi-
tieron atenuar estas deficiencias25,26.  

Por otra parte, Mena, Tudela y colaboradores, evalua-
ron la efectividad de la intervención educativa realizada en 
el programa de segundo año del Grado en Enfermería de 
la Universidad Jaime I (España) sobre los conocimientos, 
habilidades y actitudes del estudiantado hacia la práctica 
basada en la evidencia.  Los resultados muestran que esta 
intervención educativa puede mejorar en general la compe-
tencia práctica, principalmente en los temas de conocimien-
tos y actitudes27.

Son varios los estudios en que se logra una mejoría 
significativa en las evaluaciones realizadas lo que demues-
tra la eficacia de la intervención. De ahí  la necesidad de 
monitorear y actualizar con regularidad los programas de 
formación de médicos y especialistas en los aspectos re-
lacionados con el diagnóstico, tratamiento y control de las 
enfermedades parasitarias25, enfatizando la necesidad de 
programas educativos basados en conferencias, cursos, 
distribución de material científico actualizado, publicación 
de algún libro sobre el tema20. Sin embargo, se conside-
ra que estas acciones deben tener sostenibilidad y siste-
maticidad para alcanzar una mejoría continua de los CPP 
relacionadas con el diagnóstico y el tratamiento de las pa-
rasitosis28.

Hay una necesidad creciente en los países occiden-
tales de fortalecer la enseñanza de la misma y de formar 
parasitólogos que puedan enfrentar los desafíos de la apa-
rición de las que alguna vez fueron consideradas enferme-
dades de la pobreza y que cada vez más están siendo reco-
nocidas como importantes patógenos oportunistas29.

Con la aplicación de una encuesta sobre CPP a médi-
cos vinculados con el diagnóstico, tratamiento y control de 
la angiostrongiliasis, se demostró que existen insuficiencias 
en los temas mencionados. Estudios como este permiten 
la evaluación del impacto de programas educativos con el 
fin de fortalecer la vigilancia epidemiológica de las parasi-
tosis. Los efectos de esta intervención educativa, evalua-
da a través de los CPP, fueron suficientes para evidenciar, 
diferencias estadísticamente significativas en la proporción 
derespuestas correctas de los médicos de ambos grupos 
de estudio. 

Es importante señalar que en la literatura revisada, es-
tudios similares relacionados con la angiostrongiliasis no 
fueron encontrados. Los resultados de este trabajo son un 
llamado de atención a los responsables de la educación 
médica del país, con el fin de tomar medidas para suplir las 
falencias encontradas.  mediante programas de formación 
continua que permitan a los médicos considerar a la me-
ningoencefalitis por A. cantonensis entre sus alternativas 
diagnósticas e instaurar oportunamente el tratamiento.  
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Conclusiones
Luego de las deficiencias encontradas, luego de la apli-

cación de la encuesta sobre  angiostrongiliasis por prime-
ra vez, a los médicos de atención primaria, la intervención 
educativa realizada contribuyó a la mejora del conocimiento 
de esta parasitosis, lo que podría contribuir a su mejor ma-
nejo y control. Es la primera vez que se hace en el país un 
estudio de este tipo con relación a angiostrongiliasis.  Por 
lo tanto es un estudio piloto que ha demostrado resultados 
objetivos por lo que podría ser aplicado a otras provincias.

Limitaciones del studio
El estudio esta limitado unicamente a dos provincias 

donde se han reportado hospederos intermediarios infec-
tados, es importante ampliar el estudio a mas provincias.
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Introducción
Según la Organización Panamericana de la Salud 

(OPS), se estima que en la región de las Américas, exis-
ten 62 millones de personas que viven con DT2. Esta re-
gión tiene la mayor prevalencia de sobrepeso/obesidad así 
como inactividad física en relación a las demás, estas cifras 
han estado incrementándose desde el año 20001. Según la 
agenda 2030 de las Naciones Unidas, se pretende reducir 
en un tercio la mortalidad prematura por enfermedades no 
transmisibles (ENT) mediante la prevención y el tratamien-
to2. De acuerdo a los determinantes sociales de la salud 
publicados por la Organización Munidal de la Salud (OMS), 
se reconoció que las condiciones laborales sí promueven 

el desarrollo humano, pero también contribuyen a las des-
igualdades en salud3. En el Plan de Acción sobre la Salud 
de los Trabajadores 2015-2025, la OMS tiene como objeti-
vo abordar los desafíos y cambios que imponen los entor-
nos laborales y cuidar de manera integral la salud con el se-
guimiento de la exposición a los riesgos en el trabajo y los 
riesgos en la vida diaria. Por tanto, se requieren acciones 
coordinadas para brindar una atención integral de la salud 
y con el objetivo de mejorar los entornos laborales4. Sin 
embargo, en la práctica diaria, la salud de los empleados 
se centra con frecuencia en aspectos específicos del área 
de la medicina del trabajo, como las condiciones produci-
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Evaluación del estilo de vida con el riesgo de diabetes mellitus tipo 2 en 
trabajadores universitarios ecuatorianos
Assessment of lifestyle and risk of type 2 diabetes mellitus in Ecuadorian university workers

Rosario Suárez1, Patricia Diaz1, Yoredy Sarmiento-Andrade1, Marcela Cadena1, Ludwig Alvarez2*, Evelyn Frias-Toral2

Resumen: Algunos trabajadores mantienen estilos de vida no saludables que los hace propensos a tener un alto riesgo de 
diabetes tipo 2 (DT2). El presente estudio tuvo como objetivo evaluar el riesgo de DT2 (RDT2) en personal administrativo 
y docente de una universidad ecuatoriana y factores asociados. Estudio de corte transversal que evaluó el RDT2 según 
FINDRISC. Se consideró RDT2 alto si la puntuación ≥12 puntos. Se analizaron aspectos sociodemográficos, hábitos 
nocivos y saludables; se midieron el índice de masa corporal (IMC), el perímetro abdominal (PA) y la tensión arterial (TA). 
Se evaluaron las razones de prevalencia bruta (RPB) y ajustada (RPA) para identificar factores asociados con RDT2. 
De 311 participantes, edad media de 41,02 años (DE 10,1), 58,2% mujeres y 41,8% hombres. La prevalencia de RDT2 
elevada fue mayor en mujeres respecto a varones (38,1% frente a 32,3%) y aumentó en mayores de 40 años [RPA 1.55 
(1.11-2.15)], personas casadas [RPA 1.49 (1.07-2.05)], aquellos con actividad física moderada o menor [RPA 1.55 (1.11-
2.15)], y en aquellos con PA elevado [RPA 2,41 (1,33 - 4,36)]. La edad, la baja actividad física y el PA, fueron factores 
asociados con una mayor prevalencia de RDT2. Se deben promover estilos de vida saludables, para incrementar la 
actividad física y disminuir el PA en trabajadores, para reducir el riesgo de DT2.

Palabras clave: Diabetes Mellitus tipo 2, Estilos de Vida, Factores de Riesgo, Salud Laboral.

Abstract: Some workers maintain unhealthy lifestyles that make them prone to have a high risk of type 2 diabetes (T2DM). 
This study aimed to evaluate the risk of type 2 diabetes (T2DM) in an Ecuadorian university's administrative and teaching 
staff and its associated factors. A cross-sectional study evaluated RDT2 according to FINDRISC. RDT2 was considered 
high if the score ≥12 points. Sociodemographic aspects, harmful and healthy habits were analyzed; body mass index 
(BMI), abdominal perimeter (AP) and blood pressure (BP) were measured. Crude (GBR) and adjusted prevalence ratios 
(APR) were evaluated to identify factors associated with RDT2. Of 311 participants, the mean age was 41.02 years (SD 
10.1), 58.2% female and 41.8% male. The prevalence of elevated RDT2 was higher in women relative to men (38.1% vs. 
32.3%) and increased in those older than 40 years [PAR 1.55 (1.11-2.15)], married persons [PAR 1.49 (1.07-2.05)], those 
with moderate or lower physical activity [PAR 1.55 (1.11-2.15)], and in those with elevated BP [PAR 2.41 (1.33 - 4.36)]. 
Age, low physical activity and BP were factors associated with a higher prevalence of RDT2. Healthy lifestyles should be 
promoted to increase physical activity and decrease BP in workers to reduce the risk of T2DM.

Key words: Diabetes Mellitus type 2, Lifestyles, Risk Factors, Occupational Health, Workplace Health.
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das por la exposición a determinados agentes o factores, 
descuidando en ocasiones la prevención primaria de ENT 
como la DT2.

Las guías actuales de prevención de enfermedades 
crónicas, destacan la importancia de estimar el nivel de 
riesgo de DT2, y de los factores que limitan la adherencia 
de las personas a los cambios positivos de hábitos de vida 
saludable y adherencia al tratamiento farmacológico, para 
lograr que estas estrategias preventivas sean más efecti-
vas5,6. En países considerados de ingresos medianos-altos 
existen guías de práctica clínica orientadas al manejo de la 
DT2. El Ecuador, mediante el Ministerio de Salud Pública 
(MSP) diseñó la Guía de Práctica Clínica para DT2, que 
recomienda utilizar el puntaje Findrisc para RDT2, para de-
tectar personas en riesgo7. Actualmente, en la literatura no 
existen reportes relacionados con la medición de este nivel 
de riesgo y sus factores asociados en la población labo-
ral ecuatoriana. Esto es preocupante porque en Ecuador, 
en 2020, la DT2 fue la segunda causa de muerte, luego 
de la covid-198. Además, 62,8% de los ecuatorianos tienen 
riesgo de padecer sobrepeso u obesidad, así como Enfer-
medades cardiovasculares (ECV), y 27% de esta población 
tiene síndrome metabólico (SM)9. Por tanto, el objetivo de 
este estudio fue medir el RDT2 en empleados ecuatorianos 
y sus factores asociados para contribuir al diseño de pro-
gramas de prevención de estas enfermedades adaptados a 
la población local.

Materiales y métodos 

Diseño y entorno del estudio
Se realizó un estudio transversal, analítico con docen-

tes y personal administrativo de la Universidad Técnica 
Privada de Loja (UTPL), Ecuador, quienes voluntariamente 
aceptaron participar. Se excluyeron mujeres embarazadas, 
personas con discapacidad, mayores de 65 años, personas 
que no tuvieran relación de dependencia con la institución, 
pacientes con diagnóstico de DT2.

Esta investigación obtuvo el respaldo del comité de 
ética de investigación en humanos de la UTPL (UTPL-CEI-
SH-2019-12) y todos los participantes fueron notificados y 
los que accedieron a formar parte del mismo firmaron el 
consentimiento informado.

La convocatoria se la realizó a través del departamento 
de Recursos Humanos utilizando el correo electrónico insti-
tucional e información en los espacios autorizados del cam-
pus universitario. La invitación se la envió a 1.429 personas 
inscritas en nómina, de las cuales 314 personas aceptaron 
participar y 3 fueron excluídos por ser pacientes con diabe-
tes. La muestra resultó conveniente en relación a la facili-
dad de acceso y disponibilidad de personas para participar 
en el estudio. La recolección de información se inició del 3 
al 28 de febrero de 2020. Un cuestionario fue aplicado por 
estudiantes de medicina previamente capacitados, bajo la 
supervisión de los investigadores. El cuestionario incluyó 
preguntas sobre variables sociodemográficas: edad, sexo, 
estado civil, nivel de educación, salario; hábitos poco salu-
dables: consumo de tabaco y alcohol; hábitos saludables: 
consumo de frutas y verduras, según la encuesta STEPS 
de la OMS10. La actividad física también se evaluó median-
te el cuestionario IPAQ (Cuestionario Internacional de Acti-
vidad Física), versión corta11. El cálculo del riesgo de DT2 
se realizó a través de la escala FINDRISC12,13. El RDT2 se 

consideró alto si era ≥ 12 puntos, según el punto de corte 
recomendado por la Guía de Práctica Clínica del MSP de 
Ecuador, para la toma de decisiones no farmacológicas7.

Las variables antropométricas medidas fueron peso 
en Kg, talla en metros y centímetros y circunferencia ab-
dominal en centímetros. Para peso y estatura se utilizó una 
báscula mecánica portátil Rise Lake® con tallímetro para 
adultos, la cual se colocó sobre un terreno estable y plano. 
Los participantes fueron pesados y medidos sin zapatos, y 
los valores se expresaron en kilogramos y metros. El índice 
de masa corporal (IMC) se calculó dividiendo el peso (kg) 
por la altura al cuadrado (m2). Los valores se clasificaron 
según el estándar de referencia de la OMS como bajo peso 
con un IMC menor a 18,5kg/m2, peso normal entre 18,5 a 
24,9 kg/m2, sobrepeso de 25 a 29,9 kg/m2, obesidad grado 
I de 30 a 34,9kg/m2, obesidad grado II 35 a 39,9kg/m2, obe-
sidad grado III de 40kg/m2 o más14.  

La medición del PA se realizó a nivel de la línea axilar 
media, en el punto medio entre el borde costal y la cres-
ta ilíaca, con una cinta métrica plástica indeformable. Se 
realizó con el paciente en bipedestación y al final de una 
espiración normal; se realizaron dos mediciones, las cuales 
se promediaron. Se realizó una medición con una precisión 
de 0,1 cm en la cinta10. Se consideraron valores alterados 
si eran mayores de 80 cm en mujeres y mayores de 90 cm 
en hombres, según la clasificación de la Federación Inter-
nacional de Diabetes (IDF)7.

Se utilizó un tensiómetro digital de la marca OMRON® 
para medir la tensión arterial (TA). A cada participante se le 
realizaron tres mediciones con intervalos de tres minutos 
entre cada una, siguiendo las recomendaciones del método 
STEPwise, y para el análisis se utilizó la media de la segun-
da y tercera lecturas de TA.

La clasificación de la tensión arterial se realizó utilizan-
do la Guía de Práctica Clínica 2019 para la hipertensión 
arterial del MSP de Ecuador, que define la hipertensión ar-
terial como tensión arterial sistólica (TAS) ≥140 mmHg y / o 
tensión arterial diastólica (TAD) ≥90 mmHg(10).

Análisis estadístico
Para el análisis se utilizó el paquete estadístico SPSS 

versión 23. Se aplicaron las pruebas de normalidad de Kol-
mogorov-Smirnov. Para describir las variables cuantitativas 
se utilizaron medidas de tendencia central (media y media-
na) y dispersión (desviación estándar y rango intercuartíli-
co) y las variables cualitativas se expresaron en frecuen-
cias y porcentajes. En el análisis bivariado, para comparar 
las características sociodemográficas y el riesgo de DT2, 
se estimó la prevalencia de RDT2 y se utilizó la chi cuadra-
do y la razón de prevalencia con el intervalo de confianza 
del 95%. Se utilizó la regresión de Poisson para el análisis 
multivariado.

Resultados

Análisis descriptivo
Participaron 311 trabajadores universitarios (50,2% 

profesores, 49,8% personal administrativo). La figura 1 
muestra el diagrama de flujo de selección de participantes. 
La edad media poblacional fue de 41,02 años (DE 10,1), 
42,25 años (DE 10,42) en hombres y 40,14 años (DE 9,8) 
en mujeres. La mayoría (58,2%) eran mujeres, el 67,2% ha-
bía realizado estudios de posgrado, el 57,9% de la muestra 
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estaba casado, 37,9% recibía entre 3 y 4 salarios mínimos. 
Dentro de los hábitos tóxicos, 11,6% fumaron alguna vez, y 
de ellos 41,6% lo hacía diariamente. 64,6% reportó haber 
consumido alguna bebida alcohólica en los 30 días previos. 
En relación a los hábitos saludables, los participantes con-
sumían frutas, en promedio 4,6 (DE 2,1) días a la sema-
na y vegetales 4,49 (DE 2,1), con promedios de 1,77 (DE 
1,36) porciones de frutas/día y 1,58 (DE 1,1) porciones de 
vegetales/día. Además, 41,5% realizaba actividad física al 
menos 30 minutos al día, sin embargo la mayoría (39,2%) 
con un nivel bajo de actividad física, según el cuestionario 
IPAQ.

Los valores de TAS fueron elevados en 11,9% de los 
participantes y la TAD en 11,3%. Asimismo, el 45,7% de los 
hombres y 81,4% de las mujeres, presentó PA por encima 
de los valores normales, considerados para este grupo de 
población. Además, 52,4% tenía sobrepeso y 12,9% tenía 
algún grado de obesidad.

Al estratificar a los participantes por riesgo alto (RA) 
(FINDRISC≥12 puntos) o riesgo bajo o moderado (RB/RM) 
(FINDRISC <12 puntos), se evidenció que en el grupo con 

RA, la edad media fue mayor,  46  años con desviación es-
tándar de 10 vs 38 años con desviación estándar de 9 y que 
la prevalencia de RDT2 fue más alta en mujeres en relación 
a los hombres (38.1% vs 32.3%), en personas con nivel 
educativo inferior (75% en personas con nivel de educación 
primaria vs 39.2% en personas con  postgrado), en perso-
nas con pareja (44.4% en casados vs 18% en solteros), en 
docentes en relación a los administrativos (40.4% vs 31%), 
en personas con menos ingresos mensuales (42% en per-
sonas con ingresos entre 1-2 salarios mínimos vs 32.4% 
en los que ganan más de 5 salarios mínimos), pero resulta 
menor en los que han consumido bebidas alcohólicas en 
los 30 días previos (40.2% vs 31.8% en los que si) y en los 
que han fumado alguna vez (30.6% vs 36.4%). Si bien la 
mayoría de los participantes tenía un nivel educativo alto, 
se destaca que las personas con niveles educativos más 
bajos (nivel primario) tienen una prevalencia muy alta de 
RDT2 (75%) (Tabla 1).

Las variables relacionadas con estilos de vida saluda-
bles como la actividad física y el consumo adecuado de 
frutas y verduras, junto con las variables antropométricas, 
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se presentan en la Tabla 2. Se evidencia mayor prevalencia 
de RDT2 elevado en personas que realizan un menor nivel 
de actividad física (45,9%) así como en los que consumen 
menos porciones al día de frutas y verduras y en obesos. 
Las medias de TA y PA fueron más altas en los participantes 
con mayor RDT2 (Tabla 2).

Análisis bivariado
El análisis bivariado evidenció en este estudio, que la 

prevalencia de RDT2 elevado, aumentó de acuerdo con la 
edad [RPB 1,94 (1,39 - 2,69)], estado civil casado [RPB 

1,86 (1,32 - 2,62)], actividad física baja o moderada [RPB 
1,64 (1,16 - 2,32)], IMC [RPB 2,20 (1,47-3,28)] y PA elevado 
[RPB 3,57 (2,07 - 6,18)]. El resto de los factores evalua-
dos (sociodemográficos: sexo, nivel de educación, ingresos 
mensuales recibidos; hábitos tóxicos, consumo de tabaco o 
alcohol, hábitos saludables:consumo de frutas o vegetales; 
clínicos: nivel de TA) no se asociaron con RDT2 elevado 
(Tabla 3).

Análisis multivariado
En la Tabla 4 se muestra el análisis multivariado, con 

Tabla 1. Características sociodemográficas y hábitos no saludables asociados al riesgo de diabetes tipo 2, en trabaja-
dores universitarios.

Rosario Suárez, Patricia Diaz, Yoredy Sarmiento-Andrade, Marcela Cadena, Ludwig Alvarez, Evelyn Frias-Toral
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Tabla 1. Características sociodemográficas y hábitos no saludables asociados al riesgo de diabetes tipo 2, en trabaja-
dores universitarios.

las razones de prevalencia ajustadas (RPA) por edad, sexo, 
nivel educativo, estado civil, tabaquismo, nivel de actividad 
física, TA, PA e IMC. En este caso, al hacer el ajuste se 
mantuvo la asociación con RDT2 elevado en los mayores 
de 40 años [RPA 1,55 (1,11-2,15)], en casados [RPA 1,49 
(1,07-2,05)], en los que tienen actividad física baja o mode-
rada [RPA 1,55 (1,11 - 2,15)], y en aquellos con PA elevado 
[RPA 2,41 (1,33 - 4,36)].

Discusión
Los resultados de esta investigación revelan que los 

factores de riesgo considerados como modificables, tales 
como la  inactividad física y una PA alta, se asociaron con 
una mayor prevalencia de RDT2; aún luego del ajuste por 
otras variables sociodemográficas, clínicas y de hábitos tó-
xicos como el tabaquismo. Los factores de riesgo relacio-
nados con presencia de DT2 fue aquellos con PA alterada, 
seguidos de los que realizaban actividad física baja o mo-
derada y por último, los que eran casados. Al analizar los 
factores no modificables, una edad mayor (> 40 años) fue 
asociada a una mayor prevalencia de RDT2.

En relación a la edad como variable sociodemográfica 
asociada a mayor prevalencia de RDT2, un metaanálisis 
japonés determinó que éste es mayor a medida que pro-
gresa la misma, siendo mayor en personas que superan los 
70; asimismo, este riesgo se mantiene en todos los grupos 
de edad a partir de los 40 años15. Por otra parte, a ma-
yor tiempo de diagnóstico y progreso de la enfermedad, se 
incrementa el riesgo de padecer enfermedades cardiovas-
culares (ECV), como el del riesgo de muerte16. Un estudio 
realizado en Suecia mostró que la DT2 diagnosticada en ≤ 
40 años, tenía un mayor riesgo de mortalidad total de 2,05 
(IC 95% 1,81-2,33) y de ECV de 2,72 (IC 95% 2,13-3,48), 
con respecto a las poblaciones de control17.

Asimismo, la OMS en América Latina en 2014 reportó 
una prevalencia de hiperglucemia de 9.3% en hombres y 
8.1% en mujeres; siendo Guyana, Surinam, Chile y Argen-
tina, los países con mayor prevalencia de DT2 en adultos ≥ 
18 años18. La prevalencia de DTW, reportada por Encuesta 
Nacional de Salud y Nutrición 2011-2013 fue del 2,7% en 
el rango de 10-19 años, del 10,3% entre los 50 a 59 años, 
5,4% en los que tenían 40 a 49 años y 1,9% para los de 
30 a 39 años)9. Para 2016, según la OMS la prevalencia 
en Ecuador de DT2 fue de 7,3% y para 2018, 8%(19,20)20. 
Estos números muestran el aumento de casos de DT2 en 
Ecuador, así como la asociación del riesgo de presentar 
esta enfermedad con el aumento de las décadas de vida, lo 
que demuestra la importancia de implementar métodos de 
detección más eficientes y oportunos.

Analizando los factores sociodemográficos, no se en-
contró asociación con sexo, ni con el salario, pero si con el 
estado civil casado [RPA 1,49 (IC95%1,07-2,05), p=0,018]. 
Otros estudios informan resultados controvertidos, por 
ejemplo, uno de ellos encontró que estar casado tiene un 
menor RDT2 en un seguimiento de 5 años en ambos se-
xos21; sin embargo, otro estudio en mujeres encontró que, 
en comparación con el estado de casadas, el estado de 
viuda se asoció con un menor riesgo de DT222, mientras 
que en hombres la viudez se asoció con mayor riesgo23. En 
contraposición, un estudio realizado en población latina, no 
encontró relación entre ambos24. Un estudio realizado en 
España pone en evidencia el impacto del estado civil con 
el riesgo de presentar DT2 y sus complicaciones, determi-
nando que el estado civil no casado podría relacionarse con 
su aparición, y que incluso podría modificar el efecto del 
nivel socioeconómico, esto considerando que los cuidados 
y el seguimiento terapéutico son fundamentales para dis-
minuir el riesgo de aparición y complicaciones de DT2, tal 
vez debido a que las personas no casadas tendrían menor 
apoyo familiar y social, mayor tendencia a practicar hábitos 
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Tabla 2. Estilo de vida, IMC, TA y PA  asociados al riesgo de diabetes tipo 2, en trabajadores universitarios.

Rosario Suárez, Patricia Diaz, Yoredy Sarmiento-Andrade, Marcela Cadena, Ludwig Alvarez, Evelyn Frias-Toral
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Tabla 3. Características sociodemográficas, clínicas, hábitos y factores asociados al riesgo de diabetes tipo 2 en traba-
jadores universitarios.
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nocivos como el tabaquismo, el alcoholismo y sedentaris-
mo y menor motivación para adherirse al plan terapéutico 
indicado25.

En el presente estudio, el bajo nivel instruccional no fue 
un factor directamente relacionado con el RDT2. Un estudio 
ecuatoriano realizado en 2017, evidenció que las personas 
con menor nivel instruccional tenían peor control de DT2, 
sin embargo, no se encontró una relación clara del nivel 
educativo con el RDT226. Otro estudio español demostró 
que un nivel socioeconómico bajo determinaba un perfil 
vascular desfavorable y la presencia de complicaciones 
que incluyeron amputación mayor de extremidades inferio-
res en pacientes varones, y encontró asociación significa-
tiva entre ese nivel socioeconómico bajo y la presencia de 
retinopatía diabética, pero no describió la asociación con 
RDT227. Otras variables analizadas en este estudio, como 
hábitos poco saludables: consumo de tabaco y alcohol; y 
hábitos saludables: consumo de frutas y verduras, tampoco 
se asociaron con el RDT2.

En nuestro estudio, referente a las variables antro-
pométricas no se encontró una mayor prevalencia de RDT2 
con IMC elevado, ni TA alta; pero si con PA alterado. La obe-
sidad, global (IMC) y visceral (PA), se relacionó con RDT2, 
pero no así la TA, al menos no una relación de causalidad. 
En Nigeria, se encontró asociación significativa entre hiper-
tensión sistólica y el riesgo de desarrollar prediabetes como 
diabetes, en una muestra de 377 trabajadores de la salud28. 
Sin embargo,  un estudio de cohorte investigó la relación 
bidireccional entre DT2 e hipertensión arterial (HTA), en-
contrando que puede haber causalidad desde DT2 a HTA, 
pero no hubo causalidad en sentido contrario29.

En relación con la PA, se ha señalado la predisposición 
genética de la obesidad central asociado a un mayor riesgo 
de DT2 independientemente del IMC, los factores de riesgo 
dietéticos y de estilo de vida, con una razón de probabilida-
des (OR) de 1,04 (IC del 95%: 1,01-1,07)30. Por el contrario, 
un estudio en Irán, encontró que el poder predictivo del IMC 
y la circunferencia de la cintura (CC) eran similares para 
pronosticar riesgo de DT2 en ambos sexos. Los puntos de 
corte para predecir DT2 en hombres y mujeres fueron di-
ferentes: en hombres, IMC de 26,2 kg /m2 y CC de 89,7 
cm, y en mujeres, IMC de 28,6 kg / m2 y CC de 84,3 cm31. 
También se ha confirmado la relevancia de medir PA como 

indicador de obesidad abdominal dada su asociación con 
el aumento de la prevalencia de DT232-34. Un metaanálisis 
encontró que PA ≥ 102/88 cm fue un mejor predictor que 
un IMC ≥ 30 para el desarrollo de DT2 (rRR = 0.81, 95% CI 
0.68-0.96), pero no para hipertensión (rRR = 0.92, 95 CI% 
0,80-1,06). Los análisis de subgrupos mostraron que PA ≥ 
102/88 cm fue un mejor predictor de DT2 en mujeres que 
en hombres, y para edades de 60 años o más que otros 
grupos etários35.

En 2019 se publicó un estudio en población latinoame-
ricana que incluyó sujetos sin DT2 conocida. Se les aplicó 
el FINDRISC y posteriormente se les realizó una prueba de 
tolerancia oral a la glucosa, presentando un 21% de los par-
ticipantes un trastorno del metabolismo de los carbohidra-
tos. Además, el estudio informó que la edad (p = 0,0001), el 
IMC (p= 0,011) y la CC (p = 0,031) fueron significativamente 
más altos en los sujetos con alteración de la regulación de 
la glucosa en comparación con los que no la tenían36.

En el presente estudio, el PA fue el factor más asociado 
con el RDT2 (RPA 2,41; IC 95%: 1,33-4,36). Por tratarse de 
un procedimiento sencillo para obtenerlo, podría utilizarse 
como medida de cribado, seguimiento o evaluación perió-
dica de los trabajadores en relación con la prevención del 
riesgo de DT2. Aunque lo ideal sigue siendo el cribado de 
DT2 con mediciones de glucosa basal o con la prueba de 
tolerancia oral a la glucosa, con base en los resultados de 
este trabajo, la medición de PA y la escala FINDRISC pue-
den ser aplicados de forma rutinaria en la población laboral 
como método inicial de sospecha de DT2, y así optimizar 
recursos al realizar mediciones de glucosa en sangre solo 
en grupos de riesgo.

Los hábitos no saludables, en nuestro estudio demos-
tró que la actividad física baja y moderada valorada por 
el IPAQ, se asoció con un RDT2 más alto [RPA 1,55 (IC 
95% 1,11 - 2,15), p = 0,010]. Según la OMS, en Ecuador, 
la prevalencia de inactividad física para 2016 fue 24.5% 
(mujeres 29.9% vs hombres 18.9%) 201819,20. Un estudio 
observacional de Taiwán informó que, si bien el aumento de 
la actividad física, una dieta saludable y la salud psicosocial 
tenían asociaciones no significativas con la DT2 analizadas 
individualmente; la combinación de los mismos (estilo de 
vida saludable, por sus siglas en inglés HLF) tuvo un efecto 
protector entre las personas de mediana y avanzada edad. 

Tabla 4. Análisis multivariado. Factores asociados al riesgo de diabetes tipo 2 en trabajadores universitarios.
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El grupo con HLF y un menor PA tuvo un riesgo relativo 
(RR) de DT2 de 0,54 (IC 95% 0,35-0,82) en comparación 
con el grupo sin HLF y con mayor PA. Mantener HLF y una 
PA normal podría posponer la incidencia de DT2, especial-
mente importante para los ancianos, y los efectos positivos 
se observan a partir de los 3 a 5 años de implementación de 
los mismos.  La salud psicosocial es considerada también 
como un factor importante para prevenir la DT237. En Mé-
xico, un estudio sobre el  RDT2 no encontró mayor riesgo 
en personas con menos de 30 minutos diarios de actividad 
física; sin embargo, sí encontró un mayor riesgo de DT2 en 
aquellos con IMC alto, hipertensión, hipertrigliceridemia o 
síndrome metabólico38. Otro estudio ha encontrado un ma-
yor riesgo de DT2 en personas con un menor nivel de activi-
dad física, sin embargo, con escalas o puntajes distintos al 
IPAQ39. Varios autores informan que el nivel de sedentaris-
mo, independiente de la actividad física, también aumenta 
el RDT240,41. Por otro lado, una revisión sistemática analizó 
la información científica de diferentes protocolos de ejer-
cicio y su asociación con la variabilidad glucémica a corto 
plazo en pacientes con DT2, y lo que se pudo observar es 
que el ejercicio agudo puede provocar modificaciones fisio-
lógicas y bioquímicas que causen variaciones en los nive-
les de glucosa a corto plazo42.

Otro de los factores que no se asoció a mayor preva-
lencia de RDT2 fue el tabaquismo, es posible que esté ex-
plicado por tratarse de una muestra pequeña. Un estudio 
prospectivo en hombres, realizado por la Asociación Ame-
ricana de Diabetes, encontró que el tabaquismo se asoció 
con un aumento significativo del riesgo de DT2, incluso 
después del ajuste por edad, IMC y otros posibles facto-
res de confusión. El beneficio de dejar de fumar sólo fue 
aparente después de 5 años de dejar de fumar, y el riesgo 
volvió al de quienes nunca habían fumado solo después de 
20 años. Sin embargo, los hombres que dejaron de fumar 
durante los primeros 5 años de seguimiento mostraron un 
aumento de peso significativo y, posteriormente, un mayor 
riesgo de DT2 que los que continuaban fumando43. Otras 
publicaciones más recientes sí han encontrado mayor ries-
go de DT2 en fumadores y exfumadores, que en no fuma-
dores, además que este riesgo aumenta en relación con el 
mayor consumo de cigarrillos y disminuye luego de eliminar 
el consumo44,45. En el presente protocolo se evaluó sólo la 
relación entre fumar y el RDT2, por lo que la frecuencia del 
hábito, su suspensión o modificación pudiera ser objeto de 
investigaciones futuras.

Los hallazgos de nuestro estudio es brindar informa-
ción sobre los factores de estilo de vida más asociados con 
una mayor prevalencia de RDT2 en trabajadores en Ecua-
dor y enfatiza la necesidad de que desarrollen estrategias 
y programas educativos para disminuir el RDT2 en esta 
población.

Una limitación de esta investigación es la naturaleza de 
un estudio transversal que mide la prevalencia real en un 
momento dado pero no explica la causalidad. Sin embargo, 
este tipo de estudios permiten generar hipótesis, facilitando 
la elaboración de preguntas de investigación y orientando a 
los formuladores de políticas e investigadores en próximos 
proyectos. Por otro lado, el estudio fue realizado en una 
sola institución lo que podría afectar en cierto grado la ge-
neralización de los resultados.

Conclusiones
La edad es un factor asociado con un aumento en la 

prevalencia de RDT2 elevado. En relación a los factores 
modificables, el perímetro abdominal y la baja actividad fí-
sica aumentan la probabilidad de RDT2. Por lo que es ne-
cesario incluir programas de intervención en la promoción 
de dietas saludables y actividad física adecuada a esta po-
blación.
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Antifungal activity of metabolites from Trichoderma spp. against Fusarium 
oxysporum
González M.F1,2,3*, Galarza L1,2, Valdez L.L3, Quizhpe G.M3

Abstract: The Trichoderma genus is well known as one of the most valuable biological control agents against several 
phytopathogens used in different plant species. Managing phytopathogenic fungi using the Trichoderma genus through 
various associated antifungal mechanisms is a sustainable and eco-friendly strategy that reduces the harmful presence of 
pathogens in soil, roots and aerial parts of plants. However, using biocontrol agents combined with chemical pesticides has 
evidenced further potential to reduce pathogen growth and benefit plant development. A better characterization of active 
metabolites secreted by Trichoderma and their mechanisms of action is necessary to improve its use as a biocontrol agent. 
This review summarizes current evidence on Trichoderma spp., used as a biocontrol against Fusarium oxysporum, the 
active secondary metabolites secreted by the former fungi, and the effect of three widely used agrochemicals to control 
the latter, namely Mancozeb, Chlorothalonil, and Propiconazole. A total of 155 studies were selected and used to extract 
information that was analyzed, resulting in more than 590 identified secondary metabolites. Fifty-four percent of these have 
at least one biological function. Results highlight the potential of T. harzianum and T. reesei as biological control agents 
to control Fusarium oxysporum. The antifungal activity of T. Espirale is associated with enzymatic reactions. Additional 
findings show that management of diseases caused by F. oxysporum can be combined by using Trichoderma as biological 
control and agrochemicals to reach: (1) higher access to the different plant tissues; (2) higher degradation of the cell wall; 
and (3) and activation of oxidative metabolism of Trichoderma.

Key words: Trichoderma, secondary metabolites, fungicide, mycoparasitism, biocontrol, Fusarium oxysporum.

REVIEW / ARTÍCULO DE REVISIÓN

Introduction
Fusarium oxysporum is one the most economically im-

portant phytopathogens when referring to agriculturally im-
portant crops such as bananas and other crops1. The fungus 
infects the host plant through the roots or stems, causing 
wilt, blight, rot, and cancer of many plant species leading to 
significant yield loss in economically important crops such 
as banana2, onion3, tomato4, chili5, watermelon6, cabbage7, 
ginger8, chickpea9, soybean10,11, eggplant plants12, as well 
as ornamental plants like Chrysanthemum spp., Dianthus 
spp., Gerbera spp., Gladiolus spp. and Lilium spp.1. No 
curative control method is currently available against this 
pathogen1. Current approaches to control F. oxysporum in-
festation are based on prophylactic measures and cultural 
practices1 like keeping tools, soils and substrates in good 
sanitary conditions, planting resistant or tolerant genotypes, 
paying particular attention to crop monitoring, appropriate 
management of irrigation and crop rotation1.

Chemical fungicides have also been essential in mana-
ging Fusarium oxysporum wilt for decades. However, these 
chemical control agents often become ineffective since pa-
thogens may develop resistance, and the chemicals may 
adversely affect soil fertility and accumulate in the crop13. 
Since chemical pesticides are not selective, they can in-
fluence many beneficial non-target biotas and potentially 
harm the farmer's health14-16. Due to the harmful effects of 

these products, different policies that limit pesticide use 
have been implemented in several nations in the world1,17.  

Alternatively, biocontrol agents aim to regulate the 
growth of the pathogen with less harm to the plant and 
farmers. In this line, mycopesticides are exciting products 
because they use several mechanisms of action that re-
duce plant disease caused by phytopathogenic fungi1,13,18. 
Biopesticides are often less toxic than chemical products 
and decompose quickly. This can avoid pollution problems, 
resistance and residue concerns. Biopesticides generally 
affect only the target pest and closely related organisms, 
thereby protecting other organisms living in the same envi-
ronment. The commercial evolution of the biopesticide mar-
ket is promising to be a potential tool for pathogen control 
with a current annual growth rate of 14.1%13.

Trichoderma spp. comprises more than 200 validly 
described species distributed in soils worldwide and across 
various habitats and are considered a valuable resource 
for structurally novel natural products with diverse bioacti-
vities, including biological control of phytopathogens19. In 
the interest of obtaining more effective methods of patho-
gen control, plant growth-promoting rhizosphere microorga-
nisms have been used as a consortium or in combination 
with chemical pesticides by our group and other authors20-23. 
Bioassays have revealed great potential to improve current 
methods of managing antifungal treatments to plant culti-
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vars. Yet, summarized evidence about active metabolites 
and the mechanism of actions of both biocontrol agents and 
chemical pesticides is needed to better use this possibility.

In this work, we reviewed the use of Trichoderma spp. 
as a biocontrol agent and the secondary metabolites and 
enzymes that have been characterized as active molecules. 
As additional findings, we also summarized the antifungal 
activity of commercial fungicides Mancozeb, Chlorothalonil, 
and Propiconazole, which are often used to control plant 
diseases caused by F. oxysporum.

Narrative Findings on Trichoderma spp
Trichoderma is a genus that belongs to the family Hypo-

creaceae and comprises many different fungi strains found in 
most diverse ecosystems19. Trichoderma strains proliferate 
and have a characteristic morphology, white and cottons at 
the beginning, then developing into yellowish green to deep 
green compact tufts. Trichoderma strains are characteristi-
cally branched24. The distinctive species categorized in the 
genus of Trichoderma are hard to differentiate morphologi-
cally. Based on morphology, Trichoderma strains have been 
classified into five sections: Saturnisporum, Pachybasium, 
Longibrahiatum, Trichoderma and Hypocreanum25. New 
genetic tools and physiological activity are used to determi-
ne the different functional groups within Trichoderma spp. 
Thus, current identification methods of Trichoderma strains 
include morphological and molecular characterization.

Many Trichoderma fungi act as biocontrol agents of 
phytopathogens and plant growth promoters26. They can 
also stimulate plant defense mechanisms against insect 
pests and be efficient soil bioremediation agents27. Tricho-
derma spp. can also be used in waste/organic materials 
decomposition and polluted area detoxification28. Some 
examples have emerged as human pathogens, for exam-
ple T. longibrachiatum. Consequently, while the studies on 
effective biocontrol fungal are ongoing, further research to 
avoid the risk for humans, plants, and other organisms con-
tributed by Trichoderma spp. also need to be accomplished.

The Mechanisms of biological control by Trichoderma spp
Biological control by Trichoderma spp. is based on the 

activation of indirect and direct mechanisms. Direct and 
indirect mechanisms can act synergistically and depen-
ding on species and strain29. The indirect mechanisms are 
competition for space and nutrients, growth promotion, and 
systemic resistance induction. The mechanisms by which 
Trichoderma induces systemic resistance in plants vary de-
pending on plant species, Trichoderma species, pathogen 
species, abiotic stress conditions, and culture methods. 
It has been shown that Trichoderma colonization of plant 
rhizosphere may simultaneously activate both systemic ac-
quired resistance and induced systemic resistance mecha-
nisms of the plant. Trichoderma is also known to induce the 
resistance of plants towards diseases by root architecture 
alteration during the interaction with pathogens30.

Direct mechanisms are mycoparasitism and the pro-
duction of active metabolites and lytic enzymes3,31. Myco-
parasitism, the ability to parasitize on fungi, is a unique cha-
racteristic of Trichoderma since they can parasitize even 
taxonomically close species19. The antifungal activity of Tri-
choderma against phytopathogenic fungi is attributed to the 
combined action of secondary metabolites (SMs) and hy-
drolytic enzymes i.e., cellulases, proteases, chitinases, and 
xylanases3,32,33. About 500,000 secondary metabolites have 

been described; of these, 15.600 (47 %) are of fungal origin.
Characterization of genes involved in fungal–fungal in-

teractions has indicated that are mainly those involved in 
signal transduction, fungal cell wall degradation, and pro-
duction of secondary antifungal metabolites (SMs)19.

Secondary metabolites and enzimes produced by 
Trichoderma spp

SMs are not essential for normal growth but are syn-
thetized for specific environmental conditions. SMs can 
be either volatile or non-volatile organic compounds. Vo-
latile SMs diffuse over a distance through systems in the 
soil affecting the physiology of competitor organisms34-36. 
Non-volatile SMs exert their activity through direct interac-
tions between Trichoderma species and their antagonists35.  

Our search for current evidence on SMs secreted by 
Trichoderma spp. Or enzymes resulted in annotating 590 
unique compounds listed in the sup[A5] plementary Table 
S1. It includes many structural classes like pyrones, bu-
tenolides, steroids, peptaibols and terpenoids19. Fifty-four 
percent of all SMs or enzymes retrieved in our search have 
at least one biological effect associated, described in Table 
S1. Even though this list of biological activities should not be 
considered exhaustive, it allows appreciation of the incredi-
bly broad range of biological activities of Trichoderma SMs 
i.e, antifungal, antibacterial, antitumor, DPPH-radical-sca-
venging, positive effect on plant growth and development, 
among others (Table S1). Further investigation is required 
using isolated compounds to obtain a comprehensive un-
derstanding of all effects at different for the different com-
binations.

The list of SMs shown in supplementary Table S1 is 
consistent with previous papers that emphasize that the 
quality and the number of volatile compounds produced are 
variable for each strain of Trichoderma. As example of the 
diversity in SMs produced by different Trichoderma species. 
A total of 115 SMs were reported for T. reesei, T. harzianum 
and T. spirale (Table S1). SM or enzymes identified for T. re-
esei, T. harzianum and T. spirale are indicated in Table 1, 2 
and 3, respectively, which could be potentially used to con-
trol Fusarium oxysporum,  due to their antifungal activity.

This result should not be understood as only T. har-
zianum secretes all these compounds. Genes encoding for 
proteins responsible for synthesizing these SMs are usually 
not expressed constitutively but due to interactions with the 
pathogen in the plant rhizosphere4,45. For example, the SM 
trichosetin, presumably secreted by T. harzianum, has only 
been identified in dual culture of T. harzianum and calli of 
Catharathus roseus but not in single cultures31. However, 
the vast diversity of SMs isolated and characterized from T. 
harzianum indicates the great potential value of this fungus 
as a biocontrol agent against phytopathogenic fungi.  

In vitro and in vivo assays have shown T. harzianum 
isolates with higher inhibitory activity against F. oxysporum 
(F3) than other Trichoderma species46. Biocontrol potential 
of T. harzianum against Fusarium Oxysporum has been de-
monstrated in vitro e in vivo against F. oxysporum in Po-
plar47, ginger8, cucumber29,48, lettuce49, white yam50, chili51, 
tomato and cucumber52. Nonetheless, T. reesei is one of the 
top fungal species used in industrial biotechnology and is 
used safely for decades in enzyme production. In contrast 
to T. harzianum, T. reesei is considered to have a limited 
production of mycotoxins53. Table 2 lists all SMS associated 
with antifungal activity.

Despite the literature did not specifically listed the SMs 
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of T. spirale associated with the antifungal activity, it was 
worth to list the asociated enzimes Trichoderma spirale (Ta-
ble 3). This list is short but shows the potential use of T. 
spirale [A9] in the control of pathogenic fungi.

In this work, we reviewed the use of Trichoderma spp. 
as biocontrol agents, the secondary metabolites characte-
rized as active molecules and the enzymes found in this bi-
bliographic review which present antifungal characteristics 
that act directly on the phytopathogenic fungi. The following 
graph highlights the following strains of Trichoderma spp., 
T. reesei, T. harzianum and T. spirale with the most critical 
metabolites and enzymes.

Additional findings on the use of Trichoderma spp. and 
3 synthetic pesticides[A10]

The low input cost and higher crop productivity of appl-
ying biological control agents (or biopesticides) are the 
economic benefits observed when compared to synthetic 
pesticides63. Thus, the use of Trichoderma is regarded as a 
sustainable approach not only ecologically but also from an 
economic perspective.

However, using microbial-based products as biocon-
trols or biostimulants has some disadvantages compared 
to their chemical counterparts. Microbial products have a 
limited shelf life and require special conditions for conser-

Antifungal activity of metabolites from Trichoderma spp. against Fusarium oxysporum

Table 1. SMs of Trichoderma harzianum with antigungal activity.

Table 2. SMs or enzymes of 
Trichoderma reesei with anti-
fungal activity.



4 vation to maintain viability and efficacy44. Also, they have 
constraints due to dependency on the crop, geographical, 
and meteorological regimes and pathogens3,63.

One interesting approach that has emerged to cope 
with the advantages and limitations of the different methods 
to control crop infestation with F. oxysporum is the simulta-
neous application of Trichoderma as biological control with 
chemical pesticides and other biological control agents. 
For example, a combined treatment with T. polysporum 
LCB50 and irrigation with liquid compost applied resulted 
in a strong synergistic effect in controlling melon wilt and a 
100% increase in the productivity of commercial fruit64.

Recent results from our group have shown a synergistic 
effect using T. reesei and Mancozeb, inhibiting the mycelial 
growth of F. oxysporum (F1)20. Also, a synergic activity was 
obtained in vitro assays using T. ressei combined with Chlo-
rothalonil or Propiconazole (unpublished data). However, 
the molecular basis of these agents' biological activity that 
results in an increased capacity to inhibit F. oxysporum in-
fection is unknown.

Chlorothalonil (tetrachloroisophthalonitrile) and Man-
cozeb (manganese ethylene bis (dithiocarbamate) (polyme-
ric) complex with zinc salt) are multisite enzyme inhibitors 
that act as protective broad spectrum fungicides65. Both are 
non-systemic, preventive fungicides that form a protectant 
barrier at the surface of the plant against the germination 
of spores and inhibit pathogen development65,66. Propico-
nazole (((2RS 4RS;2RS,4SR)-1-[2-(2,4-dichlorophenyl)-4-
propyl-1,3-dioxolan-2-ylmethyl]-1H-1,2,4-triazole)) belongs 
to a group of systemic fungicides that destabilize the cell 
membrane integrity and affects ergosterol biosynthesis 
through the inhibition of C14-demethylation65. Systemic fun-
gicides are adsorbed into the leafs and translocated via the 
xylem, thus protecting the plant and controlling the circula-
ting pathogens65.

The co-inoculation strategy is possible as long as the 
fungus used as biopesticide tolerates the minimum con-
centration of the chemical fungicide required. This latter 
does not interfere with its development but contributes to 
increased control over the phytopathogenic specie. In this 
scenario, as proposed by Pelàez-Alvarez et al.(2016)23, the 
presence of the chemical pesticide retards the growth of the 
phytopathogen, providing an advantage in the competition 
for space and nutrients in favor of the biopesticide. Chemi-
cal sensing of the competing fungus would induce the se-
cretion of an arsenal of SMs that may act in both senses, 
facilitating the activity of the chemical fungicide and stimu-
lating the plant's defense system29,67. Hence, the movement 
of chemical fungicides takes place from the upper parts of 
the plant and, in the case of those of systemic activity, dis-
seminates to lower parts.

F. oxysporum fungus enters through the roots and dis-
seminates throughout the plant using the vascular system. 
In contrast to chemical fungicides, Trichoderma fungi are 
part of the rhizosphere and generally grow on plant root 
surfaces and therefore control root diseases in particular68. 
Consequently, using Trichoderma as a biological control 
agent will provide an effective first barrier at the site of in-
fection that will be complemented by the activity from top to 
bottom of chemical pesticides.

Previous work on Trichoderma spp. used as biocontrol 
agents have shown that cell wall degrading enzyme secre-
ted by fungi i.e chitinase, cellulase, protease, and β-(1-3) 
glucanase and peptaibols are produced concurrently during 
biocontrol and interact synergistically as antifungal agents69. 
The proposed mechanism for such an effect is based on the 
fact that enzymes degrade the cell wall of host fungal patho-
gens. This activity directly inhibits the growth of the patho-
gen, at the same time, facilitates the access of peptaibols 
to the cellular membrane. Peptaibols. are small peptides of 
15-20 residues characterized by non-standard amino acids 
in their sequences, with a special propensity for aminoiso-
butyric acid. The antimicrobial activity of peptaibols is rela-
ted to their capacity to form pores in lipid membranes70.

The same synergistic effect has been described for the 
activity of cell wall degrading enzymes and other SMs tar-
geting specific target molecules in inhibiting F. oxysporum 
by T. asperellum29. Table 4 summarizes SMs identified as 
present in extracts with potent antifungal activity against 
F. oxysporum; or assayed from purified preparations and 
with proven inhibitory activity against this phytopathogen. 
Yet, important differences have been reported in the activi-
ty of cell wall degrading enzymes for T. asperellum and T. 
harzianum29. Thus, this mechanism could not be similarly 
effective for all Trichoderma species.

A similar synergistic activity could explain the outco-
me observed by co-inoculating Trichoderma species with 
biocontrol capacity against F. oxysporum and Mancozeb, 
Chlorothalonil and Propiconazole 20. It is reasonable to ex-
pect a similar effect on facilitating the penetration of these 
chemical fungicides.

Systemic effects resulting from Trichoderma interaction 
with the plant would also contribute to the observed syner-
gistic effect when used with chemical pesticides. Reactive 
oxygen species scavenging enzymes have been found sig-
nificantly increased in plants treated with Trichoderma T-soy-
bean, T. longibrachiatum and T. harzianum, thus improving 
plant resistance to oxidative stress3,11,72. Exposure of plants 
to pesticides has evidenced that most of these chemicals 
lead to the development of oxidative stress17. Also, root co-
lonization by Trichoderma has been found to result in in-
tensified levels of defense-related, including β-peroxidases 

Table 3. Enzymes associated 
with antifungal activity of Tri-
choderma spirale.
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Figure 1. Secondary 
metabolites and enzy-
mes associated with 
antifungal activity that 
stand out in T. reesei, 
T. harzianum and T. 
spirale strains iden-
tified in the literature 
review on using Tri-
choderma spp. as bio-
control agents against 
Fusarium Oxysporum.
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and hydroxide lyase of lipoxygenase-pathway of the plant73. 
Moreover, it has been evidenced that T. harzianum allevia-
tes oxidative stress by minimizing reactive oxygen species 
accumulation during F. oxysporum infection52. Thus, the 
contribution to activating a systemic response to oxidative 
stress in plants could be another level of cooperative action 
between chemical and biological control agents to control 
the attack of this phytopathogenic fungus.  

Conclusions
Deleterious effects caused by F. oxysporum on plant 

species cause significant economic losses in agriculture 
at domestic and industrial levels. This review presents an 
organized narrative of information starting with the antifun-
gal mechanism of Trichoderma, listing the SMs and enzy-

mes involved in these mechanisms and finally the potential 
synergy of 3 synthetic pesticides for a better control of F. 
oxysporum. Our findings suggest that there is a need to de-
velop more effective and ecologically friendly methods of 
controlling F. oxysporum, compared to the current control 
methods. Both chemical and biological control agents have 
individually played important roles protecting crops for mi-
llenniums. Also, both have advantages and disadvantages 
in their use. Thus, recent approaches have proposed the 
simultaneous use of chemical and biological pesticides and 
obtained promising results evidencing a synergistic activity 
controlling F. oxysporum infestation at in vitro and in vivo 
experiments. A better understanding of modes of action and 
cooperative effects of these two types of fungicide agents 
should let make better use of them in co-inoculation pro-
grams.  The review of current knowledge on modes of ac-
tion of Trichoderma in the control of F. oxysporum infection 

Table 4. Metabolites identified in extracts, or purified, with antifungal activity against Fusarium oxysporum.
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as well as the chemical fungicides Mancozeb, Chlorothalo-
nil and Propiconazole confirms that their inhibitory activities 
may be compensatory and may lead to synergistic effects. 
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Introducción
La Miocardiopatía No Compactada es un trastorno del 

miocardio, producido por una alteración en la compactación 
del ventrículo izquierdo durante la embriogénesis1.

Morfológicamente, se caracteriza por presentar una 
pared ventricular con una capa epicárdica de aspecto den-
so y uniforme, y una capa endocárdica gruesa, de aspecto 
esponjoso, con prominentes trabeculaciones y profundos 
recesos intertrabeculares que se comunican con la cavidad 
ventricular2.

Fue descrita por primera vez hace más de 80 años y 
hasta la actualidad existe discrepancia entre las diferentes 
sociedades científicas, respecto a su clasificación y crite-
rios diagnósticos1.

Con base a estos antecedentes, se presenta a conti-
nuación el caso de una paciente adulta joven, referida a 
nuestra unidad, con clínica de insuficiencia cardiaca y arrit-
mias de 3 meses de evolución.

Caso clínico  
Paciente femenina de 45 años, de nacionalidad ve-

nezolana, sin antecedentes cardiovasculares personales 
ni familiares. Acude a nuestra unidad por presentar desde 

hace 3 meses disnea progresiva (al momento la valoración 
en clase funcional IV), palpitaciones y eventos de presín-
cope.  

Al examen físico se evidenció ingurgitación yugular de 
3 cm, edema de miembros inferiores y estertores crepitan-
tes basales bilaterales. Al examen cardiaco, el ápex estuvo 
desplazado más allá del quinto espacio intercostal izquier-
do y a la auscultación  se evidenció extrasístoles frecuentes 
y un soplo sistólico regurgitativo en foco mitral grado III/VI

En los exámenes de laboratorio se evidenció anemia 
leve, normocítica, normocrómica (Hemoglobina: 10.7g/l, 
Hematocrito: 32.4%), alteración de la función renal (Crea-
tinina 1.57mg/dl), y elevación de los valores de troponina 
(169ng/l) y del NT-proBNP (propéptido natriurético cerebral 
N- terminal) (10101pg/ml). Adicionalmente, por los antece-
dentes demográficos de la paciente, se realizó serología 
para enfermedad de Chagas,  la cual fue negativa.

El estudio de monitorización electrocardiográfica de 
24 horas demostró extrasístoles ventriculares frecuentes y 
eventos de taquicardia ventricular monomorfa no sostenida 
(figura 1).

El ecocardiograma evidenció aumento del  volumen 
ventricular izquierdo, crecimiento auricular izquierdo, con 
disfunción sistólica severa (Fracción de Eyección de 26% 
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Miocardiopatía no compactada diagnosticada por Resonancia Magnética 
Cardíaca. Reporte de caso
Noncompaction cardiomyopathy diagnosed by cardiac magnetic resonance imaging. Case report

Laura Cevallos Ch*,  Alvaro Gudiño G

Resumen: La Miocardiopatía no compactada es una entidad rara, con una prevalencia no bien definida, caracterizada por 
un desarrollo anormal de la morfología miocárdica. Puede ocurrir en todos los grupos etarios, y su presentación clínica es 
variada, llegando a estar asociada a condiciones clínicas potencialmente mortales. El diagnóstico en la actualidad sigue 
siendo un reto, ya que no existe uniformidad de criterios y estos varían dependiendo de la técnica de imagen utilizada. 
A continuación, se expone el caso de una paciente femenina de 45 años de edad, con clínica de insuficiencia cardíaca, 
palpitaciones y eventos de presíncope. El estudio electrocardiográfico demostró una importante inestabilidad eléctrica y la 
resonancia magnética cardiaca hallazgos compatibles con miocardio no compactado.   

Palabras clave: Arritmias, cardiomiopatía, imagen por resonancia magnética, insuficiencia cardiaca.

Abstract: Non-compaction cardiomyopathy is a rare entity, with a not well-defined prevalence, characterized by abnormal 
development of myocardial morphology. It can occur in all age groups, and its clinical presentation is varied, even being 
associated with life-threatening clinical conditions. Diagnosis remains a challenge at present since there is no uniformity 
of criteria and these vary depending on the imaging technique used. The following is the case of a 45-year-old female 
patient with clinical symptoms of heart failure, palpitations, and presyncope events. The electrocardiographic study 
showed significant electrical instability and cardiac magnetic resonance imaging findings compatible with non-compacted 
myocardium.

Key words: Arrhythmias, cardiomyopathy, magnetic resonance imaging, heart failure, heart failure
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por método de Simpson) y presencia de trombo intracavi-
tario en ventrículo izquierdo. Sin evidencia de alteraciones 
valvulares.

Con estos antecedentes, se solicitó un estudio por Re-
sonancia Magnética Cardiaca que  demostró hipocinesia 
biventricular difusa, con disfunción biventricular grave, y un 
patrón de realce tardío de tipo no coronario a nivel meso-
cárdico en los segmentos infero-septal y medial. Adicional-
mente, se demostró un aumento de las trabeculaciones en 
las porciones medio y apical de las paredes anterior y late-
ral del ventrículo izquierdo, con una relación miocardio no 
compacto/ miocardio compacto > 3.68 (valor normal hasta 
2.3) (figura 2).

Discusión
La Miocardiopatía No Compactada es una entidad no 

muy bien definida, cuyo diagnóstico requiere de un alto gra-
do de presunción tanto clínica como imagenológica1.

La prevalencia de esta patología no está bien definida 
y varía considerablemente entre las diferentes series. Se 
estima que podría estar presente entre un 0,05% a 0,25% 
en la población general3.

Fisiopatológicamente, la no compactación del ventrícu-
lo izquierdo se produce durante el período embrionario al 
haber una detención del proceso normal de trabeculación 
y compactación ventricular a partir de la octava semana de 
gestación4.

Esta condición puede presentarse de manera heredi-
taria (transmisión autosómica dominante o ligada al cro-
mosoma X), de forma aislada o formando parte de otras 
entidades como anomalías congénitas o trastornos neuro-
musculares1.

La base genética aún no ha sido bien dilucidada, sin 
embargo, varias mutaciones de genes asociados a la codifi-
cación de las proteínas sarcoméricas del citoesqueleto, mito-
condriales o de la membrana nuclear tales como la tafacina, 
betaDTNA, LDB3, laminaA/C, SCN5A, MYH7 o MYBPC3 
podrían estar involucrados en la génesis de este trastorno2.

Clínicamente, puede manifestar síntomas atribuibles a 
la insuficiencia cardíaca, eventos tromboembólicos y arrit-
mias3.

En nuestro caso en particular, la paciente presentó 
clínica de insuficiencia cardiaca progresiva y palpitaciones 
asociadas a eventos arrítmicos tal como fue demostrado en 
el monitoreo electrocardiográfico de 24 horas.

En lo referente a los hallazgos laboratoriales, estos 
pueden ser normales o evidenciar alteraciones de los bio-
marcadores de necrosis miocárdica o de disfunción mio-
cárdica, situación que fue corroborada en nuestro caso con 
valores elevados de troponina y de NT-proBNP.

El diagnóstico inicial se basa en los hallazgos ecocar-
diográficos el cual podría ser considerado como técnica de 
primera elección por su accesibilidad y bajo costo.  Sin em-
bargo, el diagnostico final se basará en los hallazgos de 
la resonancia magnética cardiaca la cual permitirá, por su 
mejor resolución espacial,  definir la distribución anatómica 
de los recesos intertrabreculares y la relación entre el mio-
cardio compactado versus no compactado1.

En nuestro caso, el estudio por Resonancia Magnética 
Cardiaca, demostró con base a los criterios de Petersen 
el al. una relación entre miocardio compactado versus no 
compactado mayor a 2,3 y el aumento de las trabeculacio-
nes miocárdicas1.

Respecto al tratamiento, la evidencia es limitada y las 
principales estrategias terapéuticas están orientadas al 
manejo de las complicaciones provocadas por la disfunción 
miocárdica, las arritmias y el tromboembolismo sistémico1.

Finalmente, cabe señalar que el pronóstico vital de 
esta patología no está claramente definido, sin embargo, 
hay que considerarla como una enfermedad grave, con una 
alta tasa de morbi-mortalidad y ligada a múltiples  compli-
caciones1.

Conclusiones
La miocardiopatía no compactada es una entidad poco 

conocida y en muchos casos subdiagnosticada, con una 
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Figura 1. Estudio de monitorización electrocardiográfica de 24 horas con varios eventos de extrasístoles ventriculares 
monomorfas, bigeminismo, trigeminismo ventricular y taquicardia ventricular monomorfa no sostenida.
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importante implicación pronóstica para los pacientes.La 
falta de uniformidad en los criterios diagnósticos hace que 
su prevalencia sea desconocida, lo que limita su detección 
y posterior aplicación de medidas terapéuticas encamina-
das a la prevención de sus complicaciones. La presencia 
de miocardiopatía no compactada debe ser investigada en 
todo paciente joven con clínica de insuficiencia cardiaca  
sin una etiología clara que justifique su aparición. A dife-
rencia de otros casos citados en la literatura, nuestro diag-
nóstico se basó exclusivamente en el uso de resonancia 
magnética cardiaca, dado que los criterios diagnósticos por 
esta técnica de imagen  pueden ser detectados de manera 
más sensible y específica.
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The problem associated with tuberculosis in cattle and how this is being 
addressed
Roxana Zuniga Sanchez, Oliberto Sanchez Ramos, Frank Camacho*

Abstract: Bovine tuberculosis (bTB) is a zoonotic disease caused by Mycobacterium bovis that primarily infects cattle 
but has a wide range of hosts. It represents a global health problem affecting the livestock industry tremendously, with 
economic losses of about 3 billion annually. Dairy cattle produce a decline of 10% in terms of liters of milk produced and 
5% in the meat industry because of live weight loss and seized carcasses in abattoirs. The core of the current control 
measures implemented in most countries against bTB is based on the diagnosis with tuberculin skin test (TST) and culling 
of infected animals. Unfortunately, control programs have failed to eradicate the disease since no vaccine protects cattle 
from infection. Moreover, the strain of M. bovis Bacillus Calmette Guerin, BCG used as a vaccine for human tuberculosis, 
interferes with surveillance tools. Nowadays, most researchers have been working on improving the efficacy of BCG 
through a prime-boost strategy that involves a first immunization with BCG and a booster with different types of vaccines. 
A less explored approach by experts has been the development of a new vaccine that only includes some protective 
antigens of M. bovis that should be absent ot in low representation in TST. On the other hand, because TST precludes 
implementation of Bacille Calmette-Guérin (BCG) vaccine–based control programs, several investigations have been 
carried out to replace the TST with a DIVA test that allows to differentiation infected from vaccinated animals. In this review, 
most of the studies cited agree that without an effective vaccine and a compatible diagnosis, no program for eradication 
would be successful against tuberculosis in cattle.

Key words: Bovine tuberculosis, bTB, Mycobacterium bovis, diagnosis, tuberculin skin test, TST, bPPD, vaccines, DIVA.

REVIEW / ARTÍCULO DE REVISIÓN

Introduction
Bovine tuberculosis (bTB) is a chronic zoonotic patho-

logy caused by Mycobacterium bovis that belongs to the 
reportable diseases of the World Organization for Animal 
Health WOAH (OIE). Mycobacterium bovis may mostly 
affect cattle, humans, and other domestic and wildlife ani-
mals1-3. It belongs to the phylum Actinobacteria, family My-
cobacteriaceae and genus Mycobacterium4,5. In the Myco-
bacterium genus has been identified more than 120 different 
species, and some of them belong to the Mycobacterium 
tuberculosis complex (MTC). The most common members 
of the MTC are M. bovis, M. tuberculosis, M. canettii (oldest 
strain), M. africanum (responsible for human tuberculosis 
in Africa), M. pinnipedi (infect seals), M. microti (rodents), 
and M. caprae (goats and other mammals). M. bovis and 
M. tuberculosis have 99.95% of genomic homology in their 
shared genes6.

Bovine tuberculosis has a worldwide prevalence of 
about 13% and can be found in 82 countries around the 
world7. The biggest challenge in those countries is the con-
trol of M. bovis in wildlife animals as they act as a reservoir 
of the pathogen8. In all these countries, the disease is as-
sociated to tremendous economic losses for the livestock 
industry, which according to a study performed in USA 
were estimated in 3 billion dollars per year9. Research have 
shown that bTB generates a fertility loss in females and a 
decrease in milk production per lactation of 10%. On the 

other side, the disease also generates losses of 5% in the 
meat industry since carcasses are seized in slaughterhou-
ses, and there is a live weight loss of animals10. It has also 
been observed that close to 1% of positive bTB cows can 
develop mastitis11. On the other hand, the disease produces 
high costs in terms of international cattle trading restrictions 
and dairy and meat by-products to OTF countries12. Other 
costs associated with bTB are control and eradication pro-
grams that have as central measures the diagnosis through 
TST and culling of infected animals to avoid spreading the 
disease in the herd.

Furthermore, control and eradication programs requi-
re removing and replacing infected animals from the pen. 
Therefore, it causes economic losses not only to farmers 
but also to the government in terms of indemnity expenses 
and replacement cost of cattle which can vary from around 
$500 to 900 USD13. The measures included in the control 
and eradication programs implemented by governments 
in the countries where bovine tuberculosis is present have 
shown to be non-enough to prevent infection and eliminate 
the disease. The need for an effective vaccine that can be 
applied in cattle and would be authorized by the OIE is still 
a challenge. Moreover, it is imperative to have a diagnostic 
tool that can be used with an effective vaccine to support 
the surveillance strategies. An effective vaccine that streng-
thens and complements those programs is pivotal in contro-
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lling the pathology. Indeed, it has been demonstrated that a 
strong immunity triggered by a vaccine may defeat M. bovis. 
The vaccine BCG (Bacillus Calmette-Guérin) used against 
human tuberculosis but made of Mycobacterium bovis has 
been trialed before in cattle; however, it has demonstrated 
a variable range of protection14. Currently, most studies are 
led to improve the effectiveness of BCG in cattle, and in 
this context, it has been carrying out assays in cows and 
other animal models. The primary strategy implemented in 
those studies is based on the prime boost with BCG as a 
prime and a boost with different types of vaccines, such as 
subunit recombinant and adenovirus vaccines. Another less 
explored approach is the development of a new protective 
vaccine that could include only some immunogenic prote-
ins of M. bovis. These proteins must be included in a low 
proportion of bPPD of tuberculin so they may not interfere 
with the TST. On the other side, researchers have also been 
working on differentiating infected and vaccinated animals 
and DIVA tests to replace TST because it is incompatible 
with BCG. The diagnosis of cattle with TST does not allow 
to discrimination between infected and vaccinated animals 
since it causes a cross-reaction with the BCG vaccine.

In this article, we seek to review and discuss different 
studies related to the global problem caused by tuberculosis 
in cattle. Here it has not only been described the current 
strategies used in the control of the disease and their draw-
backs, but most importantly, we propose an approach that 
has not been deeply explored as an alternative in develo-
ping a new protective vaccine. This could be the study of the 
most immunogenic proteins of M. bovis that are less repre-
sentative in bPPD to be included in producing a new vacci-
ne that should not cross-react with the tuberculin skin test.

The Disease In Cattle
In natural conditions, airways are the most frequent rou-

te of infection of M. bovis. Using inhalation of the pathogen 
that is suspended in aerosols, bovines may get infected. 
Nevertheless, the oral route is the second most common 
infection in bovines, and they can ingest the bacterium from 
contaminated water and food15. When the microorganism 
comes from the upper airways, it moves to the pulmonary 
alveoli. In the alveoli, molecular patterns associated with 
pathogens are recognized by receptors of innate immune 
cells, such as macrophages16. These cells engulf M. bovis 
and release chemokines that attract neutrophils and other 
cells to the infection site, leading to edema with the accumu-
lation of fibrin (inflammatory exudate). Macrophages display 
the antigen to lymphocytes which then are activated, and 
as a result, more cells from the immune system reach the 
site of infection17. When immune cells migrate to the site 
of infection, they accumulate and form tuberculous, which 
are granulomatous lesions pathognomonic of the disease. 
In some animals, the immune system can restrain the initial 
infection by eliminating the bacterium or inhibiting its mul-
tiplication into the tissue18. Thus, the microorganism can 
get into a latency phase in which M. bovis decreases its 
metabolism to basal levels and remain in a non-replicative 
state to survive. Nevertheless, the bacterium can reactivate, 
and the disease will progress, causing a transformation of 
the granuloma structural organization that in chronic cases, 
have a necrotic center surrounded by a thick fibrotic tissue 
layer19. The microorganism contained in the granuloma of 
the lower airways can be transported by phagocytic cells 
through the lymphatic system until a regional lymph node 
where a second infection occurs. The primary infection in 

the lungs, plus the new in the lymph node, integrates the 
"primary complex" of the disease. When the immune sys-
tem cannot hold the infection in the primary complex, the 
pathogen disseminates through the blood (bacteremia) 
toward other tissues and organs, triggering the generaliza-
tion of the bTb20. Owing to bTB being a chronic disease with 
slow progress, most infected animals do not manifest clini-
cal signs in the short term but in months or years after infec-
tion. Most animals show unspecific symptoms at the onset 
of the disease, for example, fluctuating fever, cough, dia-
rrhea, anorexia, weakness, and lymph node inflammation. 
While acute presentation of bTb is not frequent, it has been 
observed that the pathology evolves very fast in non-immu-
nocompetent animals, causing death. On the other hand, 
in animals that overcome the initial infection, the pathology 
becomes chronic. Some of the clinical signs that infected 
animals exhibit in advanced stages of the disease are dysp-
nea, pneumonia, weight loss and emaciation, granuloma-
tous lesions in different organs, and finally ending with the, 
death21. Granulomas can be encountered most frequently in 
lungs and lymph nodes if M. bovis has come in throughout 
the respiratory system. Otherwise, granulomas may be in 
the stomach, spleen, liver or mesenteric lymph nodes if the 
pathogen penetrates an oral or digestive route. In the ins-
pection, post-mortem is very frequent to find granulomatous 
lesions in retropharyngeal, mediastinal, and tracheobron-
chial lymph nodes. Those lesions also commonly affect the 
lungs (mainly apex zone), stomach, liver, spleen, kidneys, 
and mammary gland21. In severe cases, there is an extra-
pulmonary presentation of the disease because of the dis-
semination of M. bovis to the rest of the organism.

Control and prevention of bovine tuberculosis
Despite several countries from European Union, North 

America, Asia, and Oceania being OTF, the disease has not 
been fully eradicated. In these countries, bTB is remitted to 
certain areas, and control and eradication programs against 
the pathogen's spread are still in force. These programs re-
quire huge economic investment because of animal scree-
ning and indemnity for culling infected individuals besides 
other measures such as restrictions in animal movement 
and surveillance strategies in farms and slaughterhouses.

Detection of M. bovis-infected cattle.
One of the central control measures achieved in the 

programs against bTB is the identification of infected cattle 
in the field through the tuberculin skin test TST22. The sin-
gle intradermal tuberculin SIT consists of injecting 0.1 mL 
of 3000 IU of a bPPD (bovine purified protein derivative), 
eliciting delayed hypersensitivity response (type IV) media-
ted by cells when the animal has been previously exposed 
to the pathogen23. This cell immune response is triggered 
by chemokines and cytokines recruited in the PPD injection 
site due to previous contact with the microorganism. It has 
been reported that TST sensitivity range from 57 to 95%, 
whereas its specificity ranges from 55 to 100%24. There are 
three types of SIT: i) the single caudal fold test (SCFT) which 
a bPPD is administrated in the tail base, ii) the single intra-
dermal cervical tuberculin (SICT) which a bPPD is injected 
in the middle of the neck of the animal, iii) the intradermal 
comparative cervical tuberculin (SICCT) which a bPPD and 
aPPD (avian purified protein derivative) are applied in two 
central points of the neck of cattle25. In this last, both PPDs 
are administrated since they allow to discriminate between 
infections produced by M. bovis and other environmental 
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mycobacteria such as Mycobacterium avium spp paratu-
berculosis. The tuberculin test results are read 72 hours 
post-administration and are interpreted according to the 
skin fold thickness of the inflammatory lesion generated at 
the injection site. Following the interpretation of the TST, 
it can be obtained two results: i) negative animals, when 
was neither observed nor touched any thickness changed 
at the inoculated site ii) reactor animals, when can be ob-
served and touched a type of edema that maybe go along 
with blush, warm, and pain at the inoculated site. The intra-
dermal test cannot be performed in animals with an interval 
of fewer than two months between each application to avoid 
false positive cases because of the previous sensitization 
with the PPD26.

All suspected or responder animals to the tuberculin 
test are confirmed through laboratory techniques such as in-
terferon-gamma release assay (IGRAs) and enzyme-linked 
immunosorbent assay (ELISA).

The IGRA is an in vitro technique that measures a ce-
ll-mediated immunity stimulated in response to M. bovis in-
fection. The cytokine IFNγ produced by T lymphocytes of 
an infected animal is detected in blood samples stimulated 
with PPD throughout an ELISA plate which is coated with 
a monoclonal antibody anti- IFNγ. With this assay, infected 
animals can be identified as soon as two weeks since they 
were in contact with the pathogen27.

On the other side, the ELISA test kit IDDEX is frequent-
ly employed in diagnosing infected herds with tuberculosis. 
However, unlike IGRA, the ELISA is a serological technique 
that measures antibody immune response against two spe-
cific antigens of M. bovis, MPB70 and MPB83, which are 
immobilized in the plate. Antibodies in sera samples are de-
tected using a secondary conjugated anti-bovine antibody28. 

Cattle culling and surveillance in slaughterhouses
When a cow is reactive to the tuberculin skin test or 

confirmed as positive through a laboratory diagnosis, the 
animal is first isolated and eventually removed from the pen 
and slaughtered, limiting the risk of continuing to transmit 
the disease toward the rest of the animals29. Culling is one 
of the control measures mostly used in programs against 
bovine tuberculosis worldwide. Veterinarians kill the animal 
in an official abattoir, where the individuals are subjected 
to an inspection for granulomatous lesions findings30. This 
procedure involves the inspection and incision of lymph 
nodes in the head (retropharyngeal and tracheobronchial), 
chest cavity (mediastinal), and organs such as lungs and 
liver31. Samples from these lymph nodes are then sent to 
an official accredited laboratory for further analysis, such 
as culture, PCR, and histopathology, to confirm the cases. 
Once reactive and suspect animal cases are confirmed as 
positive after organs and carcass inspection, they are in-
cluded in an official register by the respective government 
organization3. Consequently, in infected farms is performed 
a sanitation process which provides for quarantine, restric-
tion on animal movement, and the disinfection of premises 
to remove the disease. After the removal of infected animals 
and sanitization of the farms, whole herds must periodica-
lly be re-evaluated through a tuberculin skin test until the 
entire herd in negative. These tests should be applied in 
animals with at least 2 months between and complemen-
ted with laboratory analysis33,34. Besides the sanitation and 
removal strategies, in several countries, the governments 
provide financial compensation per culled animal to far-
mers30. In England, for example, per animal slaughtered, it 

is paid about €1500, and in the USA, between $500-2500 
US35. Because test-and-slaughter approaches are unfeasi-
ble, there is an imperative need to develop a new effective 
vaccine that can support control and eradication programs. 
Vaccines provide immunity that may protect individuals from 
pathogens; in reality, they are nearly the most cost-effective 
solution for controlling infectious diseases.

The vaccine against bTB must meet two main criteria: 
first, do not interfere with the intradermal tuberculin skin test 
performed in vivo on animals, and second provide full pro-
tection against the Mycobacterium bovis, which is responsi-
ble for causing the pathology.

Challenges of vaccination in cattle
Currently, no vaccine is approved by the OIE to be used 

in cattle against bTB. In the case of human tuberculosis 
(hTB) produced by Mycobacterium tuberculosis, the strain 
of M. bovis Bacillus Calmette-Guerin (BCG) is authorized 
by the World Health Organization (OMS) to be employed 
as an attenuated vaccine. Despite, both pathologies are 
closely related in terms of high homology between the mi-
croorganisms and similarity in the clinical manifestation of 
the disease, the use of BCG in cattle for immunization is not 
allowed36. There are two key reasons for this: firstly, BCG is 
a live attenuated vaccine that includes the whole pathogen; 
therefore, it shares several antigens with bovine PPD used 
in the tuberculin skin test or TST37. This means that TST 
failed to distinguish BCG-vaccinated cattle from infected 
ones with a live virulent strain of M. bovis. The interferen-
ce between BCG and bPPD generates a cellular immune 
cross-response mediated by memory T cells. These cells 
generate a recall response when they have been previously 
exposed to the pathogen, and then animals become posi-
tive in TST38. Second, BCG has been successfully tested 
in cattle; however, it has been demonstrated to induce var-
ying levels of protection against M. bovis39. The lack of an 
efficient vaccine against bovine tuberculosis during all the-
se years has provoked the problem caused by the disease 
has increased due to it still spreading between the species. 
Hence, it is crucial to have a protective vaccine that comple-
ments control and eradication programs executed in most 
countries where the disease is present. Based on this, in the 
last 15 years have resurged the interest on the development 
of a vaccine against bTB that must fulfill all the criteria requi-
red to be used in the immunization of cattle.

Requirements must meet a suitable vaccine against 
bTB

First, an ideal vaccine to bTB must prevent the infec-
tion's transmission and establishment, offering whole pro-
tection in cattle. Secondly, it must not interfere with the di-
sease's diagnosis and must be cost-effective39.

Two main parameters support the effectiveness of a 
vaccine against bovine tuberculosis. Firstly, the level of les-
sons in pathognomonic organs and tissues directly relates 
to bacterial load after a challenge with a virulent strain of M. 
bovis. In the second place, the immune response triggered 
by the vaccine is determined by different subsets of T cells 
and antibodies40.

It has been necessary to establish a set of immuno-
logical markers, predictors and correlatives of a protective 
response toward M. bovis. Thanks to different studies per-
formed on human and bovine tuberculosis, it has been dis-
covered essential attributes are involved in protective res-
ponse against virulent strains of the pathogen41. A protective 
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vaccine must lead to a robust innate response, the first line 
of protection. Specialized antigen-presenting cells (APCs) 
like dendritic cells (CDs), macrophages, natural killer (NK) 
cells and gamma delta T (γδ T) cells play a crucial role then 
for stimulating proper adaptive immunity42.

If the vaccine can induce a solid initial innate response, 
it can later trigger an early and potent adaptive immunity 
mediated by T CD4+ and CD8+ lymphocytes. The adapti-
ve response through T CD4+ lymphocytes it should be Th1 
type, characterized by the expression of proinflammatory 
cytokines such as IFNγ, TNFα, IL12 e IL243. The vaccine 
must induce high levels of IFNγ produced by memory and 
effector T cells. In several studies, IFNγ has been associa-
ted with a protective immune response against M. bovis and 
its role in activating effector T lymphocytes and macropha-
ges responsible for killing the mycobacteria. On the other 
side, it has also been described that IFNγ stimulates cyto-
toxic cells capable of destroying infected cells. An ideal vac-
cine must also induce a proper memory cell response that 
can answer faster and competently in reinfection cases44.

Furthermore, the vaccine should stimulate polyfunc-
tional cells that express the surface markers CD44hi, 
CD45RO+, and CD62Lo, and have the capacity of simulta-
neously secrete IFNγ, TNFα, and IL245. On the other hand, 
it has been demonstrated that cell immune response type 
Th17 also plays a crucial role in protection against M. bovis 
during the initial establishment of the infection. This Th17 
response is specific toward some antigens of the microor-
ganism, and it is mediated by the cytokines IL17, IL21, e 
IL22. The action of Th17 cells and the respective cytoki-
nes have been negatively correlated with the development 
of the pathology and positively with protection against the 
disease in cattle46. The level of security a vaccine against 
tuberculosis provides is measured according to bacterial 
loading associated with the number of colony-forming units 
(CFU).

Consequently, in vaccinated groups of animals, an 
ideal vaccine must avoid or reduce the colonization of the 
microorganism in the different organs. This last means that 
the vaccine must inhibit the establishment of the infection in 
comparison with animal control groups that have not been 
received vaccinated. Figure 1 briefly displayed the main cell 
type, signaling pathways activated and cytokines pattern 
that is expected to be involved in the innate and adaptive 
immune response after vaccination of cattle with a protec-
tive vaccine.

The second requirement that a bTB-suitable vaccine 
candidate must meet is not to sensitize animals to react 
with the TST, which is used as the main tool for cattle diag-
nosis. This cross-reactivity is in response to immunogenic 
proteins of Mycobacterium bovis, which are components of 
bovine PPD (bPPD) of tuberculin skin test. Therefore, when 
an animal is immunized with a vaccine that shares the same 
antigens as the TST, as is the case of the live attenuated 
BCG when TST is performed, the animal will develop a local 
cellular response in the site of injection. This, hinder diffe-
rentiating vaccinated from infected animals with a pathoge-
nic strain47. One approximation for this problem may consi-
der the development of new protective vaccines that only 
include some antigens from M. bovis that would be absent 
or in low proportion in the bPPD of the tuberculin. This list is 
based on the theory that as bPPD is a cocktail of numerous 
proteins, the immune response of the antigens that are in 
low amounts can be waned by the others that are in high 
doses. According to this, different studies have described 

the composition of the bPPD; however, none provide full 
knowledge of the protein conformation. A well-defined un-
derstanding of bPPD composition can contribute to identif-
ying and selecting suitable candidate proteins for developing 
a new vaccine. It is important to note that has been obser-
ved some discrepancies in terms of protein components of 
different PPD preparations. Currently, there are different re-
search that has studied the PPD composition. Among them 
stand out, a study performed by Rberto et al. 2017 compa-
red the composition of four other preparations of bPPD from 
the AN5 strain. One of the bPPD was from Spain, two from 
Italy and the last one from the Netherlands. Proteins from 
each bPPD were precipitated by TCA and analyzed through 
bottom-up proteomics and then by mass spectrometry. In 
this work, 356 proteins were identified; 85% were found to 
be shared among the four bPPD preparations. From the to-
tal, 198 proteins were detected for the first time; 19 proteins 
were concordant with previously analyzed bPPD proteomes 
from the United Kingdom and Brazil, and 78 with bPPD from 
Korea. In addition, 78 proteins were found in common with 
the United Kingdom, Brazilian and Korean bPPDs. Accor-
ding to the same research, the most abundant proteins in 
all bPPD preparations are ten: 1) ESAT-6-like protein EsxB, 
2) 6 kDa early secretory antigenic target, 3) Immunogenic 
protein MPB70, 4) ESAT-6-like protein EsxN, 5) 14 kDa an-
tigen, 6) Meromycolate extension acyl carrier protein, 7)10 
kDa chaperonin, 8) GroES protein, 9) Immunogenic protein 
MPB63, and 10) 50S ribosomal protein L7/L12.

Another research carried out by Borsuk et al., 2009, 
compared two bovine and two avium PPD preparation 
from Brazil and UK. This study used the microcolumn re-
versed-phase liquid chromatography-electrospray ioniza-
tion tandem mass spectrometry (LC/MS/MS). This method 
allows the separation of proteins through HPLC and their 
detection by a mass spectrometer. In total, 171 proteins 
were discovered among the four bPPD. Among the Brazi-
lian and UK bovine PPD was found 37 common proteins, 11 
were unique in Brazilian bPPD and 52 to UK bPPD. On the 
other hand, 21 proteins were present exclusively in the bo-
vine PPDs but were not identified in the avium PPDs. Accor-
ding to this work, in the Brazilian bPPD it was observed that 
the most abundant proteins were elongation factor EF-Tu 
– Rv0685 and Rv0865 (probable molyb- dopterin biosynthe-
sis Mog protein), whereas in the UK bPPDs the most abun-
dant proteins were EsxB protein (ESAT-6 like protein EsxB 
– Rv3874) and the 10 kDa chaperone protein (Rv3418c).

A second approach to the problem of the cross-reaction 
between bTB vaccine and TST is the development of di-
fferentiating infected from vaccinated animals (DIVA) tests. 
These assays may replace the tuberculin skin test, and he-
terologous prime boost strategies with BCG can be used 
as effective immunization. In order to develop a DIVA test 
to diagnose bovine tuberculosis in animals, it is necessary 
first to identify potential protein candidates. The two anti-
gens well-characterized from M. tuberculosis and M. bovis 
ESAT-6 and CFP-10 have been tested as putative DIVA 
candidates. Both proteins are encoded in the RD1 region of 
the genome of the Mycobacterium, which is absent in BCG 
strains because of its attenuation process. As the RD1 locus 
is not in the genome of no BCG, neither ESAT-6 nor CFP-
10 would be expressed in the strain. Thus, these antigens 
should not elicit a cross reactivity when animals are vac-
cinated with BCG. In fact, in a study, ESTA-6 and CFP-10 
have been used as diagnostic proteins that can differentiate 
infected from vaccinated animals.
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On the other hand, the bPPD applied in animals during 
the same study showed that over 70% of BCG-vaccinated 
cattle reacted to the TST 50. In another work performed in 
Chile, researchers from University of Chile implemented and 
validated an ELISA DIVA assay using the proteins ESAT-6, 
CFP-10 and Rv3615. Based on this study, it was found that 
the test was effective in detecting infected animals with M. 
bovis, yet it is inefficient to test many samples because it is 
costly and slow51. More studies are required to discover new 
DIVA antigens that can be used in diagnosing bTB. Figure 
2 summarizes two potential approaches mentioned in this 
article to develop a strategy that could allow the use of a 
compatible vaccine with a diagnosis in bovine tuberculosis.

New strategies of vaccination
Thus far, there is not an approved vaccine by the OIE 

against bovine tuberculosis. On the contrary, for human 
tuberculosis caused by Mycobacterium tuberculosis, the 
Bacillus Calmette-Guérin, BCG is allowed, which is a live 
attenuated vaccine produced from M. bovis. BCG is admi-
nistrated in infants all around the world as an immunization 
routine for M. tuberculosis52. Although M. tuberculosis and 
M. bovis are closely related regarding genomic homology 
and disease presentation, BCG can not be used to prevent 
bTB since it has low effectiveness and interferes with the 
major surveillance tool, the tuberculin skin test53.

Because bTB tremendously impacts the livestock in-
dustry and public health, in the last decades have emerged 

high interest in developing new effective vaccines against 
the disease. Researchers have been studying different type 
of vaccines in animal models to assess their ability to pro-
tect against a challenge with M. tuberculosis and M. bovis. 
The approaches in the development of human tuberculosis 
vaccines could also be applied for bovine tuberculosis as 
M. bovis and M. tuberculosis share high genomic homology, 
and thus, the mechanism of both pathogens in causing the 
disease is very alike. Therefore, it is important to consider 
human tuberculosis advances in terms of studying how to 
face the problem of tuberculosis in cattle caused by M. bo-
vis.

Nowadays, the efforts are mostly focused on vaccina-
tion strategies that increase BCG efficacy. These involve a 
heterologous prime boost with BCG as a prime and recom-
binant BCG (rBCG)54,55, subunit proteins56, DNA vaccines57, 
or viral vector vaccines55 as a boost. Next, we described 
some of these vaccines and those currently under clinical 
trials (Table 1).  

Recombinant BCG includes strains producing Th1 cyto-
kines to augment the efficacy of wild-type BCG. One type of 
this rBCG is rBCG::IL-2, that shown to enhance the T-cell 
and antibody immune response in mice after immuniza-
tion, proving its greater immunomodulatory effects compa-
red with regular BCG58. There are rBCG strains producing 
non-bacterial immunomodulatory proteins, such as rBCG::-
Flt3L. The Fms-like tyrosine kinase 3 ligand (Ftl3L) promo-
ted APCs and was over-produced in an rBCG strain. Mice 

Figure 1. Expected immune response triggered by a protective vaccine against tuberculosis in cattle. The microorganism 
or antigens of M. bovis inoculated through a vaccine are first recognized by phagocytic cells that ingest the pathogen. This 
is processed inside of specialized vesicles containing different types of enzymes. Then, the antigens are exposed throu-
gh histocompatibility molecules (MHC) located on the surface of antigen-presenting cells (APC) to naïve lymphocytes. A 
protective vaccine against Mycobacterium bovis should mainly activate CD4+ T cells and prompt its differentiation into 
T helper Th1 and Th17 subsets. Specific signaling pathways must be activated in both responses, the STAT4 and the 
STAT3, for the expression of the transcription factor T-bet and Roryt since they are responsible for the proinflammatory 
cytokines profile related to protective responses that involve INFγ, TNFα, IL2 e IL17, respectively.
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vaccinated with rBCG::Flt3L exhibited more robust IFN-γ 
responses in the spleen and draining lymph nodes contras-
ted to wild-type BCG. The recombinant strain was also safer 
than the parental strain in immune-deficient mice59. Other 
rBCG are strained, over-producing high immunogenic M. 
bovis proteins like Ag85b. Vaccination with rBCG::Ag85b 
has shown in mice a lessing of the lessons in lungs compa-
red to immunized groups with the wild-type BCG54. Another 
example of recombinant BCG is the one that lacks of zmp-
1gene, associated with hindering phagolysosome fusion in 
infected macrophages. It was reported that this vaccine in-
duce a more robust T-cell response characterized by a rise 
in the secretion of IFNγ compared with the wild-type BCG60.

Several protein subunit vaccines have been tested alo-
ne or co-administrated with BCG in animals under experi-
mental conditions. These vaccines have demonstrated its 
capacity to induce a protective response by itself or boost 
BCG immunity against virulent M. bovis and M. tuberculosis 
challenge. In a study, culture filtrate proteins or CFP from M. 
bovis in combination with bovine IL-2 were used to immu-
nize calves of 6 months old to assesses the effectiveness 
of the vaccine for stimulating a protective immune response 
against an intratracheal challenge. The results showed that 
the vaccine prompted a strong cellular and antibody res-
ponse significantly reducing the degree of lung lesions in 
comparison with the control group61.

In another investigation, a protein subunit vaccine 
known as H107 that included antigens from M. tuberculosis 
(PPE68, ESAT-6, EspI, EspC, and EspA, MPT64, MPT70, 
and MPT83) was tried. The analysis performed with the vac-
cine in a murine model disclosed that all chosen antigens 
induced substantial protection except for MPT64. Protein 
ESAT-6 was the most protective antigen in mice, followed 
by EspI, EspA, and EspC. Furthermore, it was found that 
combining BCG with H107 increases the immunity trigge-
red by BCG alone, characterized by an expansion of the 
CD4 T cells and a Th17 cell response62. Recently, a group 

of researchers have been developing a new subunit vaccine 
based on highly antigenic fusion proteins from M. bovis and 
M. tuberculosis. This is H65, composed of six ESX-secreted 
antigens EsxD, EsxC, ExsG, EsxH, ExsW and EsxV formu-
lated in CAF01 liposomal adjuvant. According to this, it was 
shown that in the M. bovis mouse model of infection the 
administration of BCG plus H65 was much more protective 
than H65 alone63. In addition to protein subunit vaccines, 
DNA vaccines have been developed that encode specific 
antigens of M. bovis. An example is a DNA-E6 that encodes 
the protein ESAT-6, which is absent in BCG strains. Re-
searchers immunized groups of BALB/c mice with DNA-E6 
alone and co-administrated with BCG, and afterward, the 
animals were challenged with low-dose virulent M. tuber-
culosis H37Rv. This study found that the administration of 
DNA-E6 and BCG induced more secretion of IFNγ and less 
pathological changes in lung and spleen than the DNA-E6 
alone64. In another study, a DNA vaccine that encodes for 
three mycobacterial antigens Rv3407, Ag85A, and HspX 
was tested in a murine model. The vaccine triggered an 
antigen-specific cellular and humoral immune response as 
well as conferred protection against a challenge performed 
with M. Tuberculosis aerosol65.

Moreover, adenoviruses vaccines boosting BCG have 
been tried. Among these is MVA85A, which corresponds to 
a modified vaccine from a recombinant attenuated Ankara 
virus engineered to express Ag85A from M. tuberculosis. 
Individuals immunized with a prime-boost BCG- MVA85A 
showed high antigen 85A-specific CD8+ T cells after being 
boosted with MVA85A66. Another adenovirus vaccine used 
to boost BCG is Ad85A, an attenuated recombinant vaccine 
based on the human adenovirus type 5 (AdHu5), which was 
also developed to express Ag85A. It was found that Ad85A 
stimulates polyfunctional CD4+ and CD8+ T cell immunity in 
previously BCG-vaccinated individuals67.

Figure 2. Two potential approaches for 
consistent vaccination and diagnosis in 
bovine tuberculosis. The first approach (1) 
involves the development of a new subu-
nit vaccine that should include the most 
immunogenic proteins of M. bovis. Those 
proteins must be absent or in a lower pro-
portion in bPPD to diminished cross-reacti-
vity with TST. This first approach seems to 
be less studied because only a few reports 
describe the protein composition of bPPD. 
In addition, it entails the development of a 
new vaccine that must demonstrate to elicit 
a better immune response than BCG. The 
second approach (2) requires a heterolo-
gous prime boost using BCG and a new 
vaccine that must improve the immunity 
offered by BCG. Furthermore, this vaccina-
tion strategy needs the development of a 
DIVA diagnosis that only includes antigens 
that are missing in BCG to avoid cross-re-
activity with the vaccine.
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Conclusions
This article briefly describes the enormous damage 

caused by Mycobacterium bovis in the livestock industry 
and gives an approach to its possible solutions. According 
to the studies reviewed, all of them agree that without an 
effective vaccine and a compatible diagnosis, no program 
for eradication would be victorious against tuberculosis in 
cattle. In these terms, based on the scientific information 
gathered, two approaches could offer a true solution for bo-
vine tuberculosis. The first one is the development of a new 
protective vaccine that precludes in the near future the use 
of BCG in animals, so it may be used with TST. This vaccine 
should comprise some of the most immunogenic proteins 
from M. bovis to protect against de pathogens.

Moreover, those selected proteins should be less re-
presentative in bPPD of tuberculin, hence may not cause 
a cross-reaction with the diagnosis. However, we noticed 
that only few studies describe the protein composition of 
bPPD. For this purpose, it is essential a deep knowledge 
of all protein components of bPPD. The second one is the 
replacement of TST with a DIVA test which also involves a 
strategy of vaccination that allows to the improvement of 
the effectiveness of  BCG. Then finally, BCG would be used 
in cattle. The DIVA tests consider M. bovis proteins that are 
not expressed in BCG (e.g.: ESAT6/CFP10), so unlikely 
could occur a cross-reaction between the vaccine and the 
surveillance tool.

On the other hand, BCG enhancement consists of a 
prime-boost where the immune system is first primed with a 

dose of BCG, and later it is boosted with a subunit vaccine. 
This last approach seems to be more explored than the first 
one because more studies about it are available, and it was 
easier to incorporate them in our review. In brief,  even thou-
gh there is a lot of evidence in the literature that prime-boost 
with BCG and other types of vaccines gives better results 
in terms of protection than administrating BCG by itself, it 
needs to be compatible with an efficient diagnosis of the 
disease. Therefore, a definitive solution for tuberculosis in 
cattle would not be accomplished in the short term.
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Prognostic index of hypertensive cardiopathy evolutionary changes: from 
mild diastolic dysfunction to depressed systolic function
Alexis Álvarez-Aliaga*, Liannys Lidia Naranjo Flores, Alexis Suárez-Quesada, David Salvador del Llano-Sosa, Andrés José Quesada 
Vázquez, Adonis Frómeta Guerra

Abstract: Hypertensive cardiopathy is a variable and complex group of effects that can provoke a chronic elevation 
of arterial pressure in the heart. Its morbidity and mortality are increasing. To evaluate the capacity of an index based 
on prognostic factors to predict the evolution of hypertensive cardiopathy with mild diastolic dysfunction to depressed 
systolic function. We carried out a prospective cohort study in patients with hypertensive cardiopathy, followed at the 
specialized arterial hypertension physician's office of the Specialty Policlinic attached to "Carlos Manuel de Céspedes" 
General University Hospital, Bayamo Municipality, Granma Province, Cuba. The period evaluated was from Jan 1, 2008, 
to Dec 31, 2021. The patients followed had at least four appointments per year. Index internal validity. The mean values of 
the proposed index were twice as high in patients with hypertensive heart disease with depressed systolic function (mean: 
11.05; p= 0.000) than in those who did not develop it. The optimal cutpoint was seven (sensitivity: 92.2 {IC: 88.94 to 95.42}; 
specificity: 86.7 {IC: 81.67 to 87.17}; validity index 86.7 {IC: 84.55 to 88.85}). External validity. The index showed excellent 
discriminative ability (area under the ROC curve of 0.954), and the calibration was adequate (Hosmer and Lemeshow: 
X2= 3.485; p= 0.900). The index obtained for the prognosis of hypertensive cardiopathy evolutionary changes from normal 
ejection fraction to cardiac insufficiency with reduced ejection fraction has an adequate predictive capacity and calibration, 
as well as accuracy and reliability.

Key words: Hypertension, hypertensive cardiopathy, prognostic factors, prognostic index.

ARTICLE / INVESTIGACIÓN

Introduction
In 2002 was demonstrated that the relationship be-

tween arterial blood pressure and cardiovascular and re-
nal complications is continuous. This fact suggests that the 
distinction between arterial normotension and hypertension 
based on arterial blood pressure cut values is somewhat 
arbitrary1-3.

Nevertheless, these arterial blood pressure cut values 
are helpful in clinical practice for several reasons, among 
which stand out the necessity of simplifying the diagnosis 
and decision-making about treatment.   

Within this range of target organ damage caused by 
HT, hypertensive heart disease stands out, defined as a 
complex and variable set of effects that cause in the heart 
the chronic elevation of blood pressure and is characteri-
zed by anatomical or biochemical signs, or even both of left 
ventricular hypertrophy or diastolic or systolic ventricular 
dysfunction, of myocardial ischemia and heart rhythm dis-
turbances4,5.

It is essential to point out that arterial hypertension sel-
dom appears alone since it is frequently associated with a 
group of cardiovascular risk factors. This aspect increases 
the probability of cardiovascular complications. Identifying 
these factors makes possible the stratification of risk of peo-
ple who suffer from this condition6-8.

Despite the new diagnostic and therapeutic develo-
pments in hypertensive cardiopathy and the increasing 

number of studies about the prognosis of this condition, it is 
necessary to continue researching the topic due to its high 
prevalence and an increase in the mortality and impairment 
of patients.

Likewise, it is not known whether an index based on 
prognostic factors can estimate the evolution of hypertensi-
ve cardiopathy with mild diastolic dysfunction to depressed 
systolic function.

In the present study, we hypothesized that an index 
based on factors specific to HT, comorbidity and biological 
markers could predict the evolution of hypertensive heart 
disease with mild diastolic dysfunction to depressed systolic 
function.

In answer to the stated hypothesis, the research aimed 
to evaluate the ability of an index based on prognostic fac-
tors to predict the progression of hypertensive heart disease 
with mild diastolic dysfunction to depressed systolic func-
tion.

Materials and methods 

Methodological Design
We carried out a prospective cohort study in patients 

with hypertensive cardiopathy, followed at the specialized 
arterial hypertension physician's office of the Specialty Po-

Carlos Manuel de Céspedes General University Hospital of Bayamo, Granma Province, Cuba.
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liclinic attached to "Carlos Manuel de Céspedes" General 
University Hospital, Bayamo Municipality, Granma Pro-
vince, Cuba. The period evaluated was from Jan 1, 2008, 
to Dec 31, 2021. The patients followed had at least four 
appointments per year.

Inclusion and exclusion criteria
Patients over 20 years diagnosed with essential hyper-

tension and grade I hypertensive cardiopathy (diastolic dys-
function without left ventricular hypertrophy diagnosed by 
echocardiogram) was included. The diagnosis and classifi-
cation of arterial hypertension were based on the Seventh 
Report of High Blood Pressure1.  

Patients with ischemic cardiopathy were excluded from 
the research. Despite its high frequency in hypertensive pa-
tients and is one of the main causes of cardiac insufficiency, 
the present study aimed to evaluate the isolated effects of 
arterial hypertension; therefore, including patients with con 
ischemic cardiopathy could bias the results. For the same 
reason, patients with interventricular and auriculoventricular 
conduction disorders were excluded.

Likewise, it was decided to exclude patients with syste-
mic diseases who, due to their natural evolution or the use 
of different drugs in their treatment, might cause structural 
cardiopathies such as thyroid diseases, chronic bowel in-
flammatory disease, collagen disease, cancer or any other 
disease that for their characteristics could cause cardiopa-
thy. Patients who had received or were being treated with 
cytostatic agents were also excluded from the study becau-
se these drugs can cause cardiopathy by structural lesions 
of the myocardium.

Typical background of patients
The patients included in the cohort were selected from 

the specialized arterial hypertension physician's office of the 
Specialty Policlinic attached to "Carlos Manuel de Céspe-
des" General University Hospital, followed up for several 
years before the beginning of the study. The evaluation of 
the cohort started on Jan 1, 2008.

Each patient was submitted to an initial interview and 
a thorough physical exam to obtain the necessary informa-
tion. Clinical evaluations were carried out every six months. 
They included the analysis of clinical data, whereas echo-
cardiograms and electrocardiograms were done annually, 
except when the patient's situation required such studies 
done at any other time.

During the study, all subjects received an initial uniform 
medical treatment based on a therapeutic protocol accep-
ted by the Research Ethics Commission of the hospital, ta-
king into consideration the latest scientific evidence about 
arterial hypertension1. The protocol was updated as new 
recommendations appeared6,7,9.

Characteristics of the sample
Several years before the beginning of the cohort eva-

luation, 5019 patients were seen at the doctor's office. Out 
of them, 3517 (70. 07%) came from urban areas and 1502 
(29. 93%) from rural areas; most of them came from Gran-
ma Province (Bayamo, it's the capital city). Considering the 
criteria previously mentioned, 2707 patients were included 
in the study.

During the patients' follow-up (14 years) by the arterial 
hypertension doctor's office, there were 207 deaths by cau-
ses other than hypertensive cardiopathy (standing out in-
fections and other cardiovascular conditions including ictus) 
and 306 dropouts (did not attend appointments anymore, 
the onset of excludible diseases).

Jan 1, 2008, was defined as zero hours or the begin-
ning of the cohort. Once the cohort was started, it was deci-
ded not to include any more patients (closed cohort). Each 
individual evaluation concluded when the patient developed 
grade IV hypertensive cardiopathy or at the end of the four-
teen-year study period in patients who did not produce the 
condition.

To create and validate a prognostic index, the sample 
was divided into two parts; the first part was the develo-
ping simple with 1194 patients to choose the items to be 
included in the index, and it's weighing out (results already 
published8). The second part was the validation sample that 
included 1000 patients. This process was carried out using 
the algorithm included in the Windows SPSS software (ver-
sion 25.0).

In the validation sample prevailed, the male sex 
(50.8%), 60.7% of the patients had salt in their diet, and 
only 3.7% were alcoholic.

Dependent variable
Two categories were included: developing or not gra-

de IV hypertensive cardiopathy (left ventricular hypertrophy 
with depressed systolic function). For the diagnosis were 
considered all the hypertensive patients who met the fo-
llowing criteria9-11:

Alexis Álvarez-Aliaga, Liannys Lidia Naranjo Flores, Alexis Suárez-Quesada, David Salvador del Llano-Sosa, Andrés José Quesada Vázquez, 
Adonis Frómeta Guerra
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Grade IV hypertensive cardiopathy: all patients with left 
ventricular hypertrophy and left ventricle with an ejection 
fraction under 35% (LVEF: percentage of blood expelled 
from the ventricle with each heartbeat).

Two cardiologists with 25 years of experience in echo-
cardiography performed the echocardiogram. They were 
using ASAOTE Caris PLUS equipment based on the gui-
delines of the American Association of Echocardiography10.

Independent variables
Those factors Cox's proportional regression8 showed to 

be associated with the development of grade IV hypertensi-
ve cardiopathy. They are described below.

Age was quantified in years. Patients over 60 years 
were considered exposed.

The smoking habit was grouped into two categories: 
smokers (exposed) if they smoked daily or nearly daily ciga-
rettes, cigars or pipes, no matter the number smoked, and 
ex-smokers for less than a year. Nonsmokers were those 
who were not in the habit or had quit it for over a year.  

Obesity was established by calculating the body mass 
index (BMI: weight in kilograms divided by size in square 
meters). Every subject with a muscular mass index greater 
or equal to 30 or with a waist circumference greater or equal 
to 102 centimeters for men and 88 centimeters for women 
was considered exposed.

The biological markers selected were cholesterol, gly-
cemia, C-reactive protein, microalbuminuria and the choles-
terol/HDL quotient. The blood samples for each laboratory 
test were obtained in a fasting state (8 to 12 hours), and 
were centrifuged at room temperature at 2000 rpm for 10 
minutes. Enzymatic methods did all the study determina-
tions.

The cutpoints for the dichotomization of each laboratory 
variable used in the statistic analysis were established ac-
cording to a method used to find optimum cutpoints propo-
sed in the literature. The most extreme values on both ends 
of the variable (under percentile 5 and above percentile 95) 
were not considered to determine the possible cutpoints.

Likewise, due to the increased probability of type I error 
when using several hypothesis tests, the following formula 
was used to correct it: p = −3.13 pmin (1 + 1.65 Ln (pmin)), 
where pmin is the minimum probability value obtained and 
p is the corrected value.

The C value was chosen as the optimal cutpoint since 
it had the highest chi-square result (that is, it was the one 
with the lowest p-value) for all the values of the dichotomi-
zed variables8. In this way, it was selected as a cutpoint for 
each variable the value that best differentiated patients who 
developed grade IV hypertensive cardiopathy from those 
who did not.

In this way, the cutpoints were established, which de-
fined the "exposed" cases at the following values: serum 
cholesterol more significant than 4.8 mmol/l, cholesterol/
HDL quotient greater than 4 mmol/l, fasting glycemia grea-
ter than 5 mmol/l. C-reactive protein was determined using 
the quantitative turbidimetric determination method. Pa-
tients with values over 4 mg/l were considered exposed.

Patients with microalbuminuria were considered expo-
sed when their figures ranged from 0. 02 to 0. 2 g/l in 24 
hours12, and it was quantified using the Microalb-Latex te-
chnique (consisting in the measurement of this substance in 
the morning first urine void.

During the first year of patient follow-up, they attended 
three appointments to obtain the quantitative variables' va-

lues (mean of the three results).
Control of HT. Controlled patients were those with blood 

pressure readings below 140 and 90 mmHg (systolic and 
diastolic, respectively) in 100% of the HT determinations 
during each year of follow-up (at least four resolutions per 
year), complying with optimal medical treatment according 
to the protocol. Those who did not meet the above criteria 
were considered not controlled12.

Other blood pressure determinations during other con-
tacts with the health system for whatever reason out of the 
hospital doctor's office were also taken into consideration 
(for this purpose, the patients were instructed to bring in 
writing their blood pressure values); to guarantee the au-
thenticity of this variable each patient was given a form de-
manding the following information: date, time, blood pressu-
re values, and doctor's signature and seal. This document 
should be presented to the hypertension specialist on the 
day of the follow-up appointment.   

The time of evolution and the hypertension stage were 
also considered. Concerning the time of evolution, the pa-
tients were grouped into two categories: patients with a time 
of evolution between 5 and 14 years (non-exposed), and 
patients with a time of evolution equal to or greater than 
15 years (exposed). The hypertension stage was classified 
according to the HTN 7th report proposal, considering the 
measures proposed for the correct classification and blood 
pressure determination1.

For the blood pressure determinations, aneroid and 
mercury sphygmomanometers were previously calibrated 
by the Territorial Quality and Normalization Office, accredi-
ted in Cuba.

Chronic renal disease was also considered (patients in 
the terminal stage were excluded) as a kidney structural or 
functional lesion, shown by damage markers (urine, blood 
or images), independent of the cause that provoked it, for a 
period equal to or greater than three months14.

To diagnose diabetes mellitus, independent of its type, 
up-to-date diagnostic criteria were considered15.

The data were obtained in the different appointments 
using interviews conducted by the authors with the patient's 
previous knowledge and consent.

Bias control
To increase the precision and accuracy of the neces-

sary data for the study the following biases were conside-
red:

Selection biases: the out-patient clinical history was 
used to minimize memory use. Two authors interviewed 
each patient separately, and their results were compared 
later. Structured questionnaires were applied to make the 
interviews more homogeneous.

Information biases: control of these biases was achie-
ved using validated measurement instruments and standar-
dized criteria for sample collection.

Accuracy biases: the data were processed by the au-
thors, and an extrinsic biostatistician and the results obtai-
ned coincided.

Adequate data processing was guaranteed with quality 
control.

Statístic analysis
The statistic analysis started with sample characteriza-

tion (validation) and the description of all the variables. The 
means and standard deviations for the quantitative varia-
bles were described, as well as the minimum and maximum 

Prognostic index of hypertensive cardiopathy evolutionary changes: from mild diastolic dysfunction to depressed systolic function
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values for each distribution.
For the comparison of the samples of developing pro-

cesses8 and validation, Pearson's chi-square was calcula-
ted for the qualitative variables and the Student's t test for 
was calculated for the quantitative variables provided that 
there was a normal distribution (evaluated by the determi-
nation of Kolmogorov-Smirnovy normality test, Levene's 
variance homogeneity test) Mann Whitney's U for those 
quantitative variables whose distribution was different to 
normal. The analysis made it possible to evaluate whether 
there were significant differences between the two samples.

Index construction
It was considered that the index should contain items 

that could be integrated into a global index that would take 
the form of a linear combination between the items: I= 
W1X1+W2X2+……+ WKXK.

Xi is the i-esimal variable to constitute a risk factor in 
each statistic analysis, and Wi is the "weight" chosen for 
that variable. Thus, selecting the items that would make up 
the indicator was considered for the construction stage.

The index was derived from a Cox's proportional re-
gression analysis of a cohort carried out previously in the 
same population where the sample was obtained (for ten 
years)8 taking the cutpoints which would make the greater 
contribution to the model and that, at the same time, was 
clinically significant. Each variable ascribed to the model 
was assigned a score based on the hazard rate (HR) value 
and approximated to whole numbers. Later, the hazard was 
classified on an ordinal scale by dividing the index distribu-
tion into four zones delimited by the percentiles 10, 50 and 
90. In this way, a risk index was proposed. It can be des-
cribed as an ordinal variable with four categories from minor 
to significant risk (category I {low}: 0 to 3 points; category II 
{moderate}: 4 to 6 topics; category III {high}: 7 to 9 points; 
category IV {very high}: 10 to 19 points).

Index internal validation
Once the index had been constructed, the predictive 

capacity was calculated: sensitivity, specificity, false posi-
tive rate (1- Specificity), positive predictive value, negative 
predictive value, the positive and negative likelihood ratio 
and the overall accuracy of the test. We also determined the 
Youden index to evaluate the optimal cut-off point (it allowed 
us to classify its performance: sensitivity + specificity - 1).  

Index external validation
Its content, presentation, construction and criterion va-

lidity were evaluated.
Content and presentation validity: 
Expert consultancy. Out of 35 possible experts exami-

ned 10 of them were selected, using the preference qualy-
metric method, based on the determination of the expert's 
competence and their willingness to cooperate with this 
study. Based on the K coefficient, the expert's self-evalua-
tion of the study was used to obtain scores between 0.7 
and 1.

Calculation of K coefficient: K= ½ (Kc + ka) for 35 pos-
sible experts.

Where Kc is the expert's knowledge or information co-
efficient about risk factors for hypertensive cardiopathy, cal-
culated based on the expert's awareness in a scale from 0 
(total unawareness) to 10 (maximum awareness) and then 
it is multiplied by 0.1.

And Ka is the argumentation or elaboration coefficient 

of the criteria determined as a result of the addition of the 
points obtained in a table.

Calculations were made for each case to obtain each 
expert's argumentation coefficient, and the 10 experts with 
the highest competence were chosen. All of them ranged 
from 0.8 to 1 point, which suggested that their competence 
levels ranged from medium to high. The remaining 25 can-
didates whose competence level was lower than 0.8 were 
excluded. Each expert was consulted individually and anon-
ymously using a guide created for this purpose.

Out of the 10 experts used: five of them were first and 
second-degree specialists in Internal Medicine. The test 
was performed by doctors of medical sciences and full pro-
fessors and researchers with 15 to 25 years of experience 
in health care, teaching and research.  

The experts have consulted anonymously based on 
their knowledge and experience in HTN. The experts ex-
pressed their opinions about the degree of accomplishment 
of the five basic properties that should be met by indexes16. 
Each expert was given an information gathering form to be 
filled in accompanied by a written explanation of the mea-
ning of the aspects they were expected to evaluate.

The experts stated their opinions about the degree ac-
complishment of each element according to 3 possibilities: 
nothing, moderately or very much. The aspects of being 
evaluated were: understanding of the different items to be 
assessed concerning the phenomenon to be measured, 
whether an index can be derived that distinguishes the di-
fferent prognostic categories if the presence of each item in 
the instrument is justified16.

Construction validity: to evaluate this indicator, it was 
taken into account that the greatest morbidity correspon-
ded to patients classified in the highest risk categories. 
The association between the ordinal index and the risk of 
developing grade IV hypertensive cardiopathy was evalua-
ted based on calculating the coefficient of association for 
ordinal and nominal variables, Eta. The comparison of the 
average index values among patients with grade IV hyper-
tensive cardiopathy and without it was determined using the 
Student's t-test for independent samples.

Index discrimination capacity and calibration
Data analysis permitted to obtain of the data for the 

construction of the ROC (Receiver Operating Characteris-
tics) curve and to determine the index discriminative capaci-
ty. A value under the area of the ROC curve greater or equal 
to 0.7 indicates good discrimination capacity17,18.

Calibration was also estimated employing the Hosmer 
and Lemeshow test, with a contrast of 10 cutpoints among 
the observed and expected results. A test value greater than 
0.05 means a good calibration.

Accuracy and exhaustiveness determination
Accuracy was calculated to estimate if the positive pre-

dictions obtained with the index were correct; also, exhaus-
tiveness was determined to identify whether any bias was 
present in positive or negative values. High values in both 
measurements guarantee that the model does not introduce 
any bias toward positive or negative classes, respectively.

The Gine index was used as a complement to determi-
ne the index score differences between the patients with a 
bad prognosis (evolution to hypertensive cardiopathy with 
depressed systolic function) and those with favorable evo-
lution.

The Kolmogorov-Smirnov test was used to contrast 
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whether the observations would reasonably result from the 
specified distribution.

Internal reliability and consistency
It was obtained by determining the Agreement among 

ten doctors who acted as "judges" and applied the instru-
ment separately to the forms used for the validation sample. 
The low correlation coefficients for all the possible pairs of 
judges were obtained. The association between the index 
categories and the probability of developing hypertensive 
heart disease was determined by the Kappa coefficient by 
more than two judges and the Kappa coefficients for each 
level. Statistical significance was calculated by categories 
for global Kappa and for each individual Kappa.

The reliability coefficients R and R2 were also determi-
ned to know how much of the total variation was due to the 
patients. Finally, the general Cronbach's alpha coefficient 
and the standardized alpha were used to evaluate internal 
consistency.

Ethical considerations
In the present study, the fundamental ethical principles 

of clinical and epidemiological research processes for ob-
servational studies were met. The Board of Directors and 
the Ethics Committee of the hospital gave their approval for 
the study. Potentially eligible patients were informed about 
the study, and their written consent was obtained. They 
were also guaranteed that their personal identity and data 
would not be disclosed. The patients also received appro-
priate treatment for their condition during the time that the 
study lasted. None of the patients declined to participate in 
the study.

Statistical processing was done using the Windows 
SPSS (version 25.0) computer software.,

Results
The index was validated in 1000 patients from a 14-

year follow-up cohort. Its baseline characteristics are shown 
in Table 1.

Table 2 shows the comparison between both samples 
(development8 and validation) and no significant differences 
were found.

The index was constructed through a  variable selec-
tion process and their punctuation, based on the results ob-
tained from Cox's proportional regression  (data published 
in the Mewade Journal)8. For this purpose, the HR values 
approximated to whole numbers were used (Table 3).

Table 4 shows the index with each of the items and 
their weighing-out. It also presents the four risk catego-
ries, showing high morbidity in categories III and IV. This 
fact should be highlighted since it indicates that the index 
permits a good classification of the patients with the worst 
prognosis¸ so much so that out of the patients classified in 
category IV, 86.66% developed hypertensive cardiopathy 
with depressed systolic function.

The average values of the proposed index were signi-
ficantly higher (p= 0.000) in patients who developed hyper-
tensive cardiopathy with depressed systolic function (mean: 
11.05) than those who did not (mean: 4. 61).

The internal index validation is represented in Table 5. 
The optimal cutpoint was seven (sensitivity: 92.2 {CI: 88.94 
to 95.42}; specificity: 86.7 {CI: 81.67 to 87.17}; validity index 
de 86.7 {CI: 84.55 to 88.85}). However, cutpoint 10 was the 

one that showed the best positive plausibility rate, which 
means that the probability of a patient classified as high risk 
to develop hypertensive cardiopathy with depressed systo-
lic function is 30 times greater than in patients classified 
with lower risk. The Youden index shows that the test output 
is adequate, where the optimal cutpoint was 7 (Youden in-
dex: 0.77; CI: 0.73 to 0.81). 

External validation
The index components were submitted to the specia-

lists' consideration for the analysis of presentation and con-
tent validity. It stands out that 90% stated that the content 
was derivative from the obtainable data and that the com-
ponents had been clearly defined. 80% of them agreed that 
the index items were utterly justifiable.

The construction validity (Table 6) was demonstrated 
by the Eta coefficient value (0.720). 96.58% of the patients 
with hypertensive cardiopathy with depressed systolic func-
tion were classified in categories III and IV.

Figure 2 shows that the index discriminating capacity 
was excellent, with an area under the ROC curve of 0.954.

Table 7 shows that the index has an adequate calibra-
tion (Hosmer and Lemeshow: X2= 3.485; p= 0.900) where 
there was a matching relationship between observed and 
expected cases in all risk levels.

The index accuracy was evaluated in Figure 3; for cu-
tpoint 7, accuracy was 0.711 and an exhaustivity of 0.922. 
The Gini index was 0.908, showing the index score differen-
ces (high) between the patients with bad prognosis (evo-
lution to cardiopathy with depressed systolic function) and 
those with favorable development. The Kolmogorov-Smir-
nov test (0.766) demonstrated that the observations could 
reasonably come from the specified distribution.

The reliability coefficient (R) value showed that the ma-
jor part of the index variation was significantly due to the 
patients (R= 0.903; p=0.000). Correlation coefficients for all 
pairs of observers were 0.949 or higher and statistically sig-
nificant (p: 0.000). Agreement was demonstrated in the 10 
pairs of "judges" for all the categories (all of them over 0), 
the global kappa coefficient was 0.979 (p: 0.001).

The Cronbach's alpha coefficient to evaluate internal 
consistency was adequate (0.811). None of the items had 
values under 0.35, which shows that the index items mea-
sure what is intended to be reckoned with them.   

Finally, the determination coefficients (R2) were also 
calculated as part of this process. As seen in Table 8, the-
re was an excellent correlation between each item and the 
rest.

Discussion
Hypertensive cardiopathy is one of the lesions to target 

organs caused by arterial hypertension with high morbidity 
and mortality; hence, a correct stratification of its prognosis 
is significant but, at the same time, a complex task.

As a matter of fact, in the natural evolution of hyperten-
sive cardiopathy, some changes range from a standard or 
lightly depressed ejection fraction to a cardiac insufficiency 
with reduced ejection fraction, and it is precisely this evolu-
tionary change the that renders the worst prognosis in com-
parison with patients who remain stable19.

In the same way, it is a fact that the population aging, 
the increase of life expectancy and the increment in the pre-
valence of comorbidities will boost the number of hospitali-

Prognostic index of hypertensive cardiopathy evolutionary changes: from mild diastolic dysfunction to depressed systolic function



6

zations by cardiac insufficiency in the future, perhaps up to 
50% in the next 25 years19-21.

For that reason, it is necessary to have tools available 
that permit to estimate the prognosis of patients with this 
frequent condition in an objective manner; so with this pur-
pose in mind, the present authors designed an index taking 
as a point of departure the results previously obtained in a 
model derived from a Cox's proportional regression8, which 
contains 14 items that fitted the context where the studied 
was done and responded to a probabilistic need of morbidi-
ty in vulnerable populations.

The index items and their weighing out are entirely justi-
fied from the physiopathological, clinical and practical points 
of view, as it is evidenced by different studies6-9,19,21-25.

An index based on a cohort has never been used to 
predict the evolutionary changes of hypertensive cardiopa-
thy from diastolic dysfunction to cardiac insufficiency with a 
reduced fraction ejection.

In this sense, it should be emphasized that although 
there are tools available to estimate the risk of dying for 
patients with acute or chronic cardiac insufficiency24-27, it 
does not seem advisable to use them to predict the evo-
lution of hypertensive cardiopathy; because even though it 
shares several prognostic factors, in the present study were 
evaluated the effects per se of HTN and associated factors 
which are partially responsible for the structural and functio-
nal changes of the myocardium present in the hypertensive 
patient4,8.  

Table 1. Sample characterization. Baseline values.
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The construction stage showed that the proposed could 
adequately predict the evolutionary changes of hypertensi-
ve cardiopathy; the worst index's major punctuation will be 
the prognosis. This aspect is entirely justified by the phy-
siopathologic importance of each item in greater risk8,19,21-26.   

The construction stage showed that the proposed in-
dex's high negative predictive values in each cutpoint in-
dicate that the index ice is unlikely to be classified as low-
risk individuals with the worst prognosis. The present study 
suggests that patients must be classified as high risk from 
the seven points obtained in the index since the evolution to 
grade IV hypertensive cardiopathy is very likely. Therefore 
in these patients, it is paramount to act timely to control or 
minimize the effects of the factors of the dire prognosis.

For the presentation and content validity, an extensive li-
terature review was carried out, and it was corroborated that 
the factors considered in the present study are used to pre-
dict the evolution of cardiovascular diseases and others are 
considered important markers of risk of dying1,7-11,13-15 
nowadays.

This process may be challenging to evaluate, but clear-
ly defined variables were selected for the index, and expe-
rienced professionals in the field were used. It was taken 
into account that an expert in the topic may point out a rela-
tionship between what the study mastery represents for him 
and the items contained in the indicator16. The result of this 
study was considered adequate.

In addition, there is a strong relationship between the 
worst prognosis and the categories of the proposed index, 
as demonstrated by the values   of the Eta coefficient ( worst 
prognosis in the patients classified in categories III and IV); 
although they do not reflect the exact value of the progno-
sis, they are considered acceptable, easy to use and repro-
duce; in addition, the variables and their selected values are 
reasonable and are based on the pathogenic importance of 
each of the factors quoted in the literature2-4,7-9,19-24.

The index discriminative capacity and its calibration 
show that a tool could identify patients with the worst prog-
nosis better than chance. Undoubtedly, the index can as-
sign the correct result to a couple of subjects selected at 
random; that is, it permits the classification of the issues in 
the context of appraisal criterion with binary prediction. In 
this sense, it should be emphasized that the results mentio-
ned above have a pathogenic base centered on the factors 
that point to the worst prognosis8,19,22-25.

The proposed index also disclosed adequate accuracy 
and exhaustivity since it was shown that the patients with 
the worst prognosis always had higher scores. The results 
of this study have discarded the existence of a   significant 
error in the classification of patients that would suggest 
avoiding its use in medical practice.

The correlation coefficients obtained with the Agree-
ment between judges and the kappa coefficient were ade-
quate according to the literature28-30. They reveal that after 

Table 2. Comparison of developing samples and index validation.
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a short training period, the doctors assisting patients with 
hypertensive cardiopathy can use the index to predict the 
evolutionary changes of hypertensive cardiopathy with mini-
mum error. It is essential to point out that these coefficients 
are very high for categories III and IV, which is very relevant 
because these patients are precisely the ones who need a 
better classification.

The internal consistency of the index was shown with 
the value reached by Cronbach's Alpha coefficient (accor-
ding to different studies31-33). Each of the items used in the 
index measures what is really intended to be measured by 
them; that is, they can be used to predict the evolutionary 
changes of hypertensive cardiopathy with mild diastolic dys-
function to depressed systolic function.

The elements of statistical reference of the proposed 
index have proved to have a high predictive capacity based 
on their good discrimination and calibration, as well as their 
internal consistency, showing feasibility and safety for its 
use in medical practice.

The proposed index uses variables that are available 
in doctors' offices, and this makes possible its application 
in the management of hypertensive patients. In addition, it 
can be used quickly and economically and provides risk ca-
tegories with an acceptable performance that can impact 
decision-making and the patient's final clinical result.

It should be insisted that the estimation of the progno-
sis of hypertensive cardiopathy is complex. Despite the new 
treatments, many patients end up with terminal cardiopathy. 
Therefore, we must use tools like the one we are proposing 
to objectively evaluate the medical care provided to hyper-
tensive patients in general and hypertensive cardiopathy 
patients in particular.

Conclusions
In short, with the present study, we propose an index 

to predict the evolutionary changes of hypertensive cardio-

Table 3. Results of the application of Cox's proportional multivariate model.
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Table 4. Prognostic index of hypertensive cardiopathy evolutionary changes: diastolic dysfunction to depressed systolic 
function.

Table 5. Cutpoints of the prognostic index of hypertensive cardiopathy evolutionary changes: diastolic dysfunction to 
depressed systolic function. Internal validity.

pathy with mild diastolic dysfunction to cardiac insufficiency 
with reduced ejection fraction Based on previous research8. 
The adequate predictive capacity, calibration, accuracy and 
reliability suggest that the index can be used as a clinical 
and epidemiological surveillance instrument by identifying 
the subjects with the worst prognosis.

Novelty and limitations
The novelty resides in the fact that the proposed index 

is unique. It does not improve or perfect any existing index 
on cardiac insufficiency. It personalizes the patient's evalua-
tion and involves only one cardiovascular event (hyperten-
sive cardiopathy). It is not one more general model than the 

different ones previously published.
Its limitation, however, is that its application in mana-

ging hypertensive patients will depend on the doctors' skills 
to make good use of it.
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Table 6. Relationship between the index categories and the risk of hypertensive cardiopathy and depressed systolic 
function.

Figure 2. Prognostic index of hypertensive cardiopathy evolutionary changes: diastolic dysfunction to depressed systolic 
function. Evaluation of the index discriminative capacity.
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Table 7. Prognostic index of hypertensive cardiopathy evolutionary changes: diastolic dysfunction to depressed systolic 
function. Calibration.

Table 8. Elements of internal consistency for the simple index through correlation and determination coefficients.
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Figure 3. Prognostic index of hypertensive cardiopathy evolutionary changes: diastolic dysfunction to depressed systolic 
function. Evaluation of the index accuracy.
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Introducción
Los ensayos clínicos constituyen el diseño metodoló-

gico fundamental para la evaluación de diversas interven-
ciones en salud en seres humanos, destinadas principal-
mente al diagnóstico, profilaxis y tratamiento de diversas 
patologías1. En el desarrollo de nuevos productos farma-
céuticos, los ensayos clínicos son esenciales para generar 
la evidencia requerida acerca de su seguridad y eficacia 
para sustentar la autorización de comercialización por parte 
de agencias sanitarias, lo cual conlleva la implementación 

de protocolos de investigación con diferentes propósitos y 
atributos2.

De acuerdo con los lineamientos internacionales, como 
la guía para las Buenas Prácticas Clínicas de la Conferen-
cia Internacional de Armonización (ICH, por sus siglas en 
inglés) y la pautas de la Declaración SPIRIT 2013, el pro-
tocolo es un elemento que tiene una función clave en la 
planificación y conducción de los ensayos, por lo que deben 
contar con unas características estándar que contribuyan a 
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Resumen: Los ensayos clínicos son esenciales para la evaluación de la seguridad y eficacia de productos farmacéuticos. 
Regiones emergentes como Latinoamérica han tenido un aumento en la ejecución de este tipo de estudios, tradicionalmente 
concentrados en países desarrollados. El propósito de este trabajo fue identificar las principales características con 
relevancia metodológica y bioética de los protocolos de ensayos clínicos de medicamentos presentados en Colombia 
ante la agencia regulatoria nacional. Se realizó un estudio observacional descriptivo, con base en el consolidado de 
los protocolos radicados al INVIMA y la información de EudraCT. Se incluyeron 597 protocolos, en los que se destaca 
el diseño aleatorizado (83,1%) doble ciego (66,7%), controlados por placebo (57,1%) y grupos paralelos (64,5%). Las 
enfermedades en investigación más frecuentes fueron neoplasias (22,8%). Se observó una baja representación de 
poblaciones vulnerables específicas como mujeres embarazadas (0,7%) o sujetos en situación de emergencia (2,4%) y 
escasas formulaciones especiales para población pediátrica (3,0%). La caracterización evidencia similitudes respecto al 
contexto regional y sugiere factores relevantes para evaluar y planificar protocolos en centros de investigación clínica.

Palabras clave: Características del estudio, Desarrollo de medicamentos, Investigación farmacéutica, Ensayos clínicos 
como tema, Protocolos de ensayos clínicos como tema.

Abstract: Clinical trials are essential for the evaluation of safety and efficacy of pharmaceutical products. Emerging regions 
such as Latin America have had an increase in the execution of this type of study, traditionally concentrated in developed 
countries. The purpose of this work was to identify the main characteristics with methodological and bioethical relevance of 
drug clinical trial protocols submitted in Colombia to the national regulatory agency. A descriptive observational study was 
carried out, based on the consolidation of protocols filed with INVIMA and the information from EudraCT. 597 protocols 
were included, in which the randomized (83,1%), double-blind (66,7%), placebo-controlled (57,1%), and parallel group 
(64,5%) design stands out. The most frequent diseases under investigation were neoplasms (22,8%). A low representation 
of specific vulnerable populations was evidenced, such as pregnant women (0.7%) or subjects in an emergency situation 
(2.4%) and few special formulations for pediatric population (3.0%). The characterization shows similarities concerning the 
regional context and suggests relevant factors for evaluating and planning protocols in clinical research centers.

Key words: Study characteristics, Drug development, Pharmaceutical research, Clinical trials as topic, Clinical trial 
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garantizar la sistematicidad en la ejecución de actividades, 
la integridad de los datos y la protección de los participan-
tes en la investigación3,4.

Esta estricta regulación en investigación de medica-
mentos ha aportado a la calidad de los ensayos clínicos 
a nivel global, los cuales históricamente se han concen-
trado principalmente en regiones de altos ingresos como 
Norteamérica o Europa, dada su capacidad instalada y la 
ubicación de las principales empresas farmacéuticas5. Sin 
embargo, en las últimas décadas la investigación clínica se 
ha extendido a otras regiones emergentes como Asia, Áfri-
ca y Latinoamérica, debido a condiciones más favorables 
para el reclutamiento de sujetos y la reducción de costos6. 
Específicamente en Latinoamérica han aumentado progre-
sivamente el número de estudios en países como Chile, 
Argentina, Perú y Colombia7-10.

No obstante, debido a los distintos entornos regulato-
rios, es posible que los ensayos clínicos realizados fuera 
de los países de altos ingresos presenten diferencias en 
diseño y realización5. Adicionalmente, el acceso a la infor-
mación sobre las características de los protocolos presen-
ta limitaciones en ciertas regiones, ya que algunos países 
como Colombia no poseen registros primarios nacionales 
de ensayos clínicos con los lineamientos internacionales 
para tal fin, que faciliten la disponibilidad pública a informa-
ción respecto a sus propiedades principales y conducción11. 
En este aspecto cabe resaltar el desarrollo de la Agencia 
Europea de Medicamentos (EMA, por sus siglas en inglés), 
que desde 2004 posee un registro detallado de ensayos clí-
nicos que cumple los estándares estipulados por la Organi-
zación Mundial de la Salud (OMS) y se articula con la Plata-
forma de Registros Internacionales de Ensayos Clínicos12.

Teniendo en cuenta lo anterior, el presente estudio 
tuvo como objetivo identificar las principales características 
metodológicas e implicaciones bioéticas de los ensayos 
clínicos de medicamentos radicados en Colombia ante la 
agencia sanitaria nacional INVIMA (Instituto Nacional de Vi-
gilancia de Medicamentos y Alimentos) para su evaluación 
regulatoria, a través de los datos disponibles por parte de la 
EMA de estos protocolos.

Materiales y métodos 
Se realizó un estudio observacional descriptivo, para lo 

cual se consultó el listado consolidado de los protocolos de 
investigación de medicamentos y productos biológicos radi-
cados para evaluación de la autoridad regulatoria sanitaria 
INVIMA desde el año 2014 hasta enero 2022 (disponible 
en https://www.invima.gov.co/). La información detallada 
de las características específicas de los estudios clínicos 
fue buscada y extraída de la Base de Datos de Ensayos 
Clínicos de las Autoridades Reguladoras de Medicamentos 
de la Unión Europea (EudraCT) de la EMA, la cual registra 
todos los ensayos clínicos de intervención con medicamen-
tos en la Unión Europea a partir del 1 de mayo de 2004 
(disponible en https://eudract.ema.europa.eu).

Los ensayos clínicos elegibles para análisis debían 
contar con número de radicado en el consolidado colombia-
no y con número EudraCT asignado en el registro europeo. 
Se excluyeron estudios cuya codificación no permitiera su 
búsqueda efectiva en EudraCT para consultar su informa-
ción correspondiente.

Se recolectaron datos agrupados en los siguientes 
dominios: identificación del estudio, estado regulatorio, 

características del medicamento en investigación, clasifi-
cación sistema órgano (SOC, por sus siglas en inglés) de 
la enfermedad según la terminología MedDRA de la ICH, 
características de la metodología experimental y caracte-
rísticas de la población elegible. Para el análisis descriptivo 
de las variables cuantitativas se calculó la mediana y rango 
intercuartílico (RIC) dada su distribución no normal, mien-
tras que las variables cualitativas se abordaron a través de 
frecuencias absolutas y porcentaje. Los análisis estadísti-
cos se efectuaron en el programa Stata 15 (StataCorp LLC; 
College Station, Texas, Estados Unidos).

Los datos empleados en este estudio se encuentran 
disponibles públicamente por parte de las agencias regula-
torias. No se utilizaron datos de sujetos ni se identificaron 
individualmente los protocolos o patrocinadores. Por lo tan-
to, el estudio estuvo exento de revisión por comité de ética 
en investigación.

Resultados
Se extrajeron 726 estudios clínicos a partir del conso-

lidado de protocolos de investigación con medicamentos y 
productos biológicos radicados para evaluación regulatoria. 
Se excluyeron 129 estudios clínicos, de los cuales 121 no 
se tenían registro EudraCT y 8 presentaban un número de 
registro EudraCT no rastreable. En total, se incluyeron para 
análisis 597 ensayos clínicos conformados por 528 apro-
bados (88,4%), 15 requeridos (2,5%), 30 en desistimiento 
(5,0%), 7 en evaluación (1,2%), 11 negados (1,8%) y 6 en 
declaración de abandono (1,0%).

Respecto a la clasificación de las enfermedades en 
investigación, las más frecuentes fueron las neoplasias 
benignas, malignas y no especificadas (n=136, 22,8%) 
seguido de los trastornos musculoesqueléticos y del tejido 
conjuntivo (n=80, 13,4%) y las infecciones e infestaciones 
(n=77, 12,9%), Además, se observó que 14,9% (n=89) co-
rresponden a enfermedades raras (Tabla 1).

Así mismo, se encontró que entre las formas farmacéu-
ticas de los medicamentos en investigación predominan las 
soluciones para inyección/infusión (n=210, 35,2%), seguido 
de las tabletas (n=181, 30,3%) y las cápsulas (n=58, 9,7%). 
Por otra parte, se observó una alta proporción de ingredien-
tes farmacéuticos activos (IFA) de síntesis química (n= 326, 
54,6%) seguido de IFA de origen biológico/biotecnológico 
(n= 269, 45,1%). Se resalta que 9,1% son catalogados 
como medicamentos huérfanos y 3,0% son formulaciones 
pediátricas (Tabla 2).

Respecto al diseño de los protocolos de investigación 
(Tabla 3), la etapa de desarrollo clínico con mayor propor-
ción es la fase III (79,6%). La mayoría de los estudios se 
caracterizan por ser aleatorizados (83,1%) doble ciego 
(66,7%), controlados por placebo (57,1%) y de grupos pa-
ralelos (64,5%). Un 67,0% incluye dentro de su alcance 
aspectos de farmacocinética y 25,3% contempla farmaco-
genética. Es importante enfatizar que 12,4% de los protoco-
los pertenecen a un plan de investigación pediátrico y 41% 
tiene resultados publicados en la base de datos. Adicional-
mente, se estableció que la mediana del número de brazos 
de tratamiento en los estudios es 2 (RIC: 2-3) y tienen de 
3 años (RIC: 2-5) de duración total, buscando reclutar una 
mediana de 580 sujetos (RIC: 252-1022) para la muestra 
total por protocolo, con variaciones de acuerdo con el grupo 
etario.

En las características de la población elegible, se evi-

Carlos J. Bello-Gándara, Erika Vergara-Cano, David Osorio-Gallardo, Juanita M. Recalde-Miranda
Volume 8 / Issue 2 / 12     •     http://www.revistabionatura.com



3

denció que 84,8% de los protocolos incluyen participantes 
de edad adulta, mientras que 25,0% incluyen menores de 
18 años. También se observa escasa presencia de las po-
blaciones vulnerables específicas que se evaluaron, entre 
las cuales la principal proporción se presenta en sujetos in-
capaces de dar su consentimiento personalmente (n= 103, 
17,3%) (Tabla 4).

Discusión
El presente estudio buscó identificar los principales 

atributos de los protocolos de ensayos clínicos de medi-
camentos que se radican ante la agencia sanitaria para su 
ejecución en Colombia. En primer lugar, se evidencia que 
las áreas de enfoque para desarrollo de los nuevos esfuer-
zos terapéuticos presentan estrecha similitud con las ten-
dencias de investigación clínica a nivel regional. Aproxima-
damente, uno de cada cuatro estudios está relacionado con 
neoplasias y dicha categoría representa el área con mayor 
cantidad de estudios, lo cual ratifica el comportamiento re-
portado previamente para este grupo de patologías13.

Así mismo, se destacan también las investigaciones en 
infectología y trastornos musculoesqueléticos, estos últi-
mos principalmente representados por condiciones reuma-
tológicas. Por lo tanto, a nivel general los hallazgos están 
en línea con lo publicado previamente por otros autores en 
el contexto latinoamericano para países como Perú, Chile 

y Argentina7-9. Sin embargo, es notable la baja proporción 
de trastornos endocrinos, respiratorios y cardíacos obser-
vada en la muestra de protocolos, lo cual podría indicar una 
disminución de propensión hacia estas categorías frente a 
los resultados de Carreño y de Molina et al., en los cuales 
dichas áreas terapéuticas eran preponderantes en los en-
sayos clínicos en Colombia13,14.

Por otra parte, el estudio brinda un acercamiento a las 
características farmacéuticas de los productos involucra-
dos en los ensayos clínicos. Se observa una amplia diversi-
dad de formas farmacéuticas en las propuestas de investi-
gación, con la principal proporción enfocada en soluciones 
parenterales y sólidos orales. En este ámbito, los productos 
parenterales ameritan especial atención por cuanto pueden 
implicar mayores requerimientos técnicos y logísticos por 
parte de los actores del proceso de investigación para ga-
rantizar el manejo integral del medicamento y la seguridad 
de los participantes15.

El estudio también denota el bajo porcentaje en formu-
laciones específicas para pacientes pediátricos. Esto cons-
tituye un indicio del limitado desarrollo de nuevas alterna-
tivas desde la fase de investigación para las necesidades 
especiales de los menores en aspectos como dosificación, 
administración y biodisponibilidad, implicando que en cier-
tos contextos de la práctica clínica se empleen formula-
ciones sin suficiente evidencia de uso en niños o se deba 
optar por preparaciones extemporáneas para pacientes 
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Tabla 1. Clasificación de las enfermedades en investigación.
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Tabla 2. Características de los medicamentos en investigación.
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Tabla 3. Características del diseño de los protocolos de investigación.
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individuales16,17. Además, la poca presencia de protocolos 
de terapias avanzadas señala otro campo de investigación 
con escasa incursión en el país con amplio potencial de 
crecimiento, lo cual incluye una variedad de abordajes no-
vedosos de medicamentos que involucran terapia celular, 
terapia génica o ingeniería de tejidos.

Frente al origen del principio activo, se observa una pa-
ridad entre estudios con compuestos de síntesis química 
y aquellos con moléculas complejas de origen biológico o 
biotecnológico. Lo anterior puede explicarse por el fuerte 
enfoque global de la industria farmacéutica en éstos últi-
mos, ya que representan un importante enfoque de investi-
gación y desarrollo por sus diversas ventajas y aplicaciones 
terapéuticas en diferentes patologías18.

Al indagar las características del diseño metodológi-
co de los ensayos clínicos, es posible evidenciar que en 
Colombia predominan ampliamente los protocolos de fase 
III aleatorizados, de dos grupos paralelos, doble ciego y 
controlados con placebo, lo cual es propio de los estudios 
pivotales que sustentan las solicitudes de autorización de 
nuevos medicamentos ante agencias regulatorias. Esto 
coincide con los hallazgos previos en Colombia y otros paí-
ses latinoamericanos, donde dicho perfil era el más común 
para los estudios7-10. Así mismo, el número global de suje-
tos a enrolar en dichos protocolos es alto, lo que da cuen-
ta que principalmente se radican estudios de confirmación 
terapéutica por encima de aquellos de fases exploratorias 
o de prueba de concepto que implican un menor tamaño 
de muestra.

Adicionalmente, en línea con las tendencias farma-
cotécnicas mencionadas, son escasos los protocolos que 
pertenecen formalmente a un plan de investigación pediá-
trico y se observa que solo un cuarto del total de protocolos 

contempla la inclusión de menores de 18 años. En dicho 
grupo etario, la mediana de la meta de enrolamiento fue 
sustancialmente menor que para otras edades, aspecto li-
gado a las consideraciones éticas especiales que influyen 
en el reclutamiento y retención de estos participantes.

Respecto a la población elegible, es destacable la re-
ducida cantidad de estudios que incluyen alguna de pobla-
ciones vulnerables que fueron evaluadas, especialmente 
aquellos relacionados con mujeres en estado de embarazo 
y lactantes. Esto refuerza la reflexión planteada por el Foro 
Global de Bioética en Investigación respecto a las limitacio-
nes para incluir este grupo específico, lo que genera como 
consecuencia la dificultad que afrontan los profesionales de 
la salud para encontrar evidencia sobre la eficacia y seguri-
dad de los medicamentos en dicha población19. Por lo tanto, 
resulta necesario promover la investigación farmacéutica 
que incluya mujeres embarazadas y otras poblaciones sis-
temáticamente excluidas de los estudios, garantizando las 
medidas especiales de protección y minimización de ries-
gos, además de actualizar de manera oportuna los paradig-
mas éticos y la normatividad asociada20.

Conclusiones
La perspectiva obtenida a través del registro EudraCT 

acerca de las características metodológicas de los proto-
colos de ensayos clínicos de medicamentos en Colombia 
da cuenta de similitudes respecto a las tendencias del 
contexto regional latinoamericano, permitiendo identificar 
que predomina la investigación en neoplasias y estudios 
de confirmación terapéutica en fase 3 doble ciego contro-
lados con placebo, presentando una gran diversidad de 
formas farmacéuticas y tipos de IFA respecto a los produc-

Tabla 4. Características de la población elegible en los ensayos clínicos.
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tos en investigación. Así mismo, desde el ámbito bioético 
es pertinente resaltar la escasa inclusión de poblaciones 
vulnerables específicas en los protocolos junto a la poca 
investigación de formulaciones pediátricas y medicamentos 
huérfanos como factores sustanciales que deben optimi-
zarse para mejorar la generación de evidencia clínica de 
productos farmacéuticos.
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An overview of vaccine production against shrimp White Spot Syndrome 
Virus, effects and the possible impact of this technology in Ecuador
E. D. Proaño1, L.M Rivera3 and L. E. Trujillo1,2*

Abstract: Although aquaculture in Ecuador has a high economic and socio-cultural importance, pathogenic microorganisms 
affect the development and vitality of crustaceans, fish, and mollusks, reducing their production yields. Among these 
pathogens, White Spot Syndrome Virus (WSSV) is an invertebrate virus that induces high mortality, generating severe 
economic losses due to its wide geographical distribution and high infection rate finding the most significant devastation 
worldwide in the shrimp sector. Although several strategies are described to fight against WSSV, this study points to an 
updated overview of vaccines used against this virus, including types, effects and large-scale production ways. Thus, this 
research supplies an analysis of possible treatments based on vaccination to combat the WSSV caused-disease that 
significantly impacts the aquaculture economy and could be helpful to those working in this field.

Key words: Whispovirus, White Spot Syndrome Virus, Shrimp, virus, vaccine, production, Ecuador.
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Introduction
In the last 50 years aquaculture industry in Ecuador has 

become one of the most critical sectors for the domestic 
economy since more than 40% of Ecuadorian exports are 
related to this income source1. During 2021-2022, shrimp 
production reached in the country 848,000 MT with a profit 
of 5323.30 million dollars2, making the country one of the 
largest shrimp exporters worldwide. The European Union 
(EU), Russia, the United States and China are currently 
the four main destinations for Ecuadorian shrimp exports3. 
However, diverse types of diseases caused by DNA and 
RNA viruses significantly affect shrimp production. Three 
types of viruses have been identified that drastically affect 
farmed shrimps in the country: Infectious Hypodermal and 
Haematopoietic Necrosis Virus (IHHNV), Taura Syndrome 
Virus (TSV) and White Spot Syndrome Virus (WSSV)4,5. All 
these three viruses in Ecuador caused significant economic 
and social losses. The primary example is the appearance 
of WSSV in 1999, which caused a 50% decrease in produc-
tion and exports during the first years of the incidence, with 
the subsequent jobs lost in multiple families4,6,7.

WSSV can infect many aquatic crustaceans, espe-
cially decapods, such as marine brackish and freshwater 
shrimps, sea crabs, crayfish and lobsters6. However, neither 
does it cause problems for human health or food safety nor 
affects human shrimp consumption while causing a detri-
mental effect on shrimp farmers' production8.

World Organisation for Animal Health (WOAH) included 
White Spot Syndrome Virus in a list of infectious diseases 
that are considered to be of national socioeconomic and/or 
public health significance and whose effects on international 
trade in animals and animal products are not negligible6,7.

Several approaches have been used to combat the in-

cidence of infectious diseases, including antivirals, prebio-
tics, plant extracts-based drugs and antibiotics9-12. Althou-
gh several strategies exist to combat WSSV13-15, this study 
provides an up-to-date overview of production, effects and 
types of vaccines against WSSV in shrimp.

Thus, this research supplies an analysis of potential 
possible treatments and new tools to fight against this di-
sease that significantly impacts the aquaculture economy, 
not only in our country. 

Shrimp immune system and response to vaccines
The innate immune system is pronounced in shrimps 

to protect them from external agents and pathogenic mi-
croorganisms16. Crustaceans are generally known not to 
have a specific immune system17, which precludes the use 
of conventional vaccines to treat pathogens. According to 
Afsharnasab (2014), crustaceans' immune system compri-
ses three defense mechanisms, all needed to defend them-
selves, as depicted in Figure 1.

The first is the cuticle and skin's physical and chemical 
defense system encompassing secretions18-20. This system 
is inefficient in protecting the organism from all pathogens 
because most crustaceans have an open circulatory sys-
tem. The second line of defense is the cellular one. In the 
crustacean's world, these cells are called hemocytes and 
are composed of hyaline, granular and semi-granular cells. 
Each of them has a significant role in disease prevention. 
The last one to mention is the humoral defense21.

Innate immunity is triggered when pathogens are detec-
ted by host proteins, such as antimicrobial, coagulation and 
pattern recognition proteins, which, in turn, activate humoral or 
cellular effector mechanisms to destroy invading pathogens22.
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Figure 2 shows the 3D structure of Beta 1,3-Glucan 
Binding Protein (BGBP) found in plasma, which serves as a 
protein recognizer in the arthropod immune system17. This 
is in conjunction with the transglutaminase enzyme which is 
released by hemocytes in the presence of pathogens throu-
gh receptors25. Lectin protein is also represented in the im-
mune system with an antiviral function recognizing WSSV 
proteins25,26. In addition, antimicrobial peptides like Stilicin 
have antibacterial activity when interacting with the LPS en-
dotoxin of gram-negative and show vigorous activity against 
filamentous fungi27.

On the other hand, Alpha 2 macroglobulin, a high mo-
lecular mass proteinase, generates opsonization activities 
against invading pathogens by mediating endocytosis28. 
Penisidins, other essential proteins, are active against 
Gram-positive bacteria by binding them, causing agglutina-
tion, and additionally, in high concentrations, have a good 
effect against  fungi29. These are some of the main proteins 
responsible for humoral immunity31.

Studies show an alternative memory immune respon-
se; however, there are no T cells, B cells or major histocom-
patibility complex (MHC) molecules30 in shrimps. Recent 
experimental data from shrimp and other arthropods have 
shown that invertebrates own an alternative memory type 
of immune response. This memory-like peculiarity is called 
resistant priming22,31. With this mechanism, shrimps could 
improve their defenses after initial pathogenic exposure and 

then generate better protection after subsequent infections 
with the same or a different pathogen.

Laboratory tests have shown that vaccinated shrimp 
and crayfish have improved survival rates following expo-
sure to WSSV32. Penaeus japonicus, which survived natural 
and experimental WSSV infections, initially resisted subse-
quent WSSV exposure. However, these results were not 
replicated under different conditions - such as temperature, 
country or type of shrimp33. But it is not a treatment that can 
be applied overnight, mainly because of the unique adapti-
ve immunity of shrimps34-36. 

White spot syndrome virus
Several virus families affect invertebrates; some inclu-

de DNA viruses37 such as Nimaviridae, Parvoviridae, Bacu-
loviridae and Iridoviridae38,39, which has the most significant 
impact on shrimp farming.

This article focuses on vaccines against the White Spot 
Syndrome Virus (WSSV), one of the most lethal arthropods 
viruses worldwide, with a mortality and infectivity rate in 
shrimp of up to 100%, significantly affecting the larval stage 
generating large economic losses4,40.

WSSV is a double-stranded DNA virus with an approxi-
mate genome size of 290 to 300 kb, which makes it one of 
the most complex viruses infecting shrimp4,40. Most of its 
putative translated gene products have no homology with 
other virus proteins or host cells. Because of this peculiar 
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Figure 1. Shrimp defense mechanisms against potential pathogens. The first defense mechanism is the cuticle, and the 
second consists of cellular defense, including cytotoxicity, coagulation, encapsulation, phagocytosis, melanization, apop-
tosis and modulation. The third humoral defense mechanism is based in the action of hydrolytic enzymes, agglutinins, 
coagulation proteins, antimicrobial peptides, oxygen and nitrogen free radicals, and effectors. All three mechanisms act 
together to eliminate foreign agents13,17,23,24.
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feature, the International Committee on Taxonomy of Viru-
ses (ICTV) classified WSSV in its own family: Nimaviridae, 
within a unique genus Whispovirus40,41.

Impact of WSSV virus on Ecuador's Economy
It is believed that WSSV entered Ecuador by importing 

contaminated larvae from Panama, spreading to the natu-
ral environment and later contaminating all farms. The virus 
was established between 1999 and 200042, causing great 
economic losses for the producer and the country itself. The 
National Institute of Fisheries (NIF), attached to the Ministry 
of Agriculture, Livestock, Aquaculture and Fisheries (MA-
LAF), carries out annual tests43 in several shrimp farms to 
determine the presence of different diseases using mole-
cular tests.

There is evidence from the early 1990s that exports 
generated revenues for the country of around 3.5% of 
gross domestic product (GDP) on average, rising to almost 
4.5% of GDP in 1997, 1998 and 19991. After these years, 
the White Spot Syndrome epidemic broke out all over the 
world, and shrimp exports dropped to 2% in 2000 and to 
less than 1.5% in 2001. The shrimp industry and the Ecua-
dorian economy suffered significant damage until 2010, 
when a new increase in the export earnings of this product 
began reaching higher levels than before due to the control 
of the shrimp farms before the disease, as seen in Figure 
3. Currently, the government conducts annual monitoring 
that allows the early detection of diseases. It is necessary 
to point out, that there is no protocol to deal with this virus in 
case it emerges again1,44,45.

In August/September 2019, shrimp exports from Ecua-
dor to China significantly dropped due to the presence of 
WSSV in the shipments; China is the leading importer of 
Ecuadorian shrimp worldwide. Therefore this problem ge-

nerated a significant loss in annual profit, affected subse-
quent trades and caused the suspension of shrimp exports 
to China from various Ecuadorian companies48.

As a result of the last infectious trade between Ecuador 
and China in 2019 a, better product management, constant 
monitoring and an adequate prevention protocol allowed to 
control the virus outbreak and thus not generate problems 
as such, increasing exports to that country49.

Major vaccines designed to combat infectious 
diseases in shrimp

Disease-fighting protocol development in shrimp invol-
ves the characterization of immune system effectors and 
understanding defense reactions to potentially lethal patho-
gens, considering that pathogen-host interactions are cons-
tantly changing49.

Vaccination is a defense mechanism used to enhance 
the shrimp immune system, which has been studied since 
the 1990s9,50,51. WSSV is one of the most serious pathogens 
affecting shrimp farming worldwide, so vaccine supplies 
constitute a significant protective benefit for the shrimp host.

Different vaccines have also been developed to combat 
the WSSV based on both the capsid and the core proteins, 
but also virus fragments or even completely inactivated vi-
ruses have been used52,53. The technologies currently em-
ployed are nanoparticles as vectors and gene silencing to 
prevent virus proteins from binding to shrimp cells genera-
ting an efficient immune response53.

In aquaculture, 3 types of vaccines are commonly used. 
Live Attenuated Vaccines include a suspension of a live at-
tenuated pathogen that generates a response that does not 
allow excessive replication despite the ability to multiply in 
the host54. Live vaccines cause an asymptomatic, self-limi-
ting infection. Therefore, the host immune system resem-

An overview of vaccine production against shrimp White Spot Syndrome Virus, effects and the possible impact of this technology in Ecuador

Figure 2. 3D structures of the main proteins involved in pathogen recognition as a humoral defense.
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bles natural infections in a controlled system55.
The second type of vaccine is recombinant vaccines 

which refer to immunogenic proteins or purified epitopes 
obtained from the pathogens or carriers. These can also be 
composed of the virus's DNA or dsRNA, as in the Recombi-
nant Infectious Haematopoietic Tissue Necrosis Vaccines56. 
This type of vaccine has been one of the busiest in the last 
decade, primarily to molecular advances and studies of re-
combinant virus subunits57. More than 40 WSSV structural 
proteins have been identified22  and used to manufacture 
efficient recombinant vaccines. Among these proteins are 
VP19, VP24, VP26, VP28, Vp36, VP36B, Vp37, VP39. 
Proteins VP19, VP24, Vp36B and VP39 are found on the 
WSSV envelope22,58. VP15, VP26 and VP36 are proteins 
found in nucleocapsid22,59. Because the structural proteins 
are the first to act with the host60, those are considered the 
basis for neutralization strategies or the most likely candida-
tes for vaccine development.

Particular studies have also shown that shrimp vaccina-
ted with recombinant plasmids or microorganisms carrying 
a gene for the most studied WSSV coat protein (vp28) could 
efficiently protect shrimp against  WSSV infection57,61-64.

The third type is the inactivated virus vaccine, prepared 
from the suspension of completely killed cells of bacteria, 
viruses, or fungi. This type of vaccine has been successful 
against different disease-caused agents, such as Vibrio an-
guillarum, Vibrio salmonsida, also used in white shrimp, with 
good results. These vaccines are produced using chemical 
and physical (heat and radiation) inactivation methods. The 
most critical step in the production of such vaccines is inac-

tivation54.
Lastly, there is another type of vaccine that is not widely 

used in aquaculture but is commonly used in the veterinary 
and human area., that is the case of synthetic vaccines 
manufactured from polypeptides that simulate the primary 
sequence of antigenic amino acids. Its function is very si-
milar to that which occurs with inactivated viruses54. Table 
1 shows the type of vaccine, composition, how the active 
ingredient was obtained and the survival rate for each study.

According to the gathered data, the vaccines with 
the highest incidence were the envelope protein vaccines 
VP2854-56,65. This protein plays a role in interacting with the 
host cell surface64, which has been the most studied since 
the virus first appeared in 199262,63. VP28 is one of the most 
critical targets for vaccine manufacture, as it is one of the 
main WSSV coat proteins and acts as a binding protein, 
allowing the virus to combine with the shrimp cells and let-
ting it join the cytoplasm57.

The combination of this protein and others, such as 
Vp37, an envelope protein that facilitates infection, does not 
reduce the infection rate. Still, it does allow an improvement 
in the time of resistance to WSSV. Another of the mixtures 
is with VP24, as it is the only infection protein that has been 
shown to interact with the host polymeric immunoglobulin 
receptor protein (MjpIgR), which can mediate WSSV infec-
tion, generating good resistance results57,66.

Designed specific vaccines against WSSV used in 
shrimp production

The primary purpose of vaccines is to stimulate the 

Figure 3. Annual shrimp exports from Ecuador between 1997 - 20212,44-47.

E. D. Proaño, L.M Rivera and L. E. Trujillo
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Table 1. Efficiency and composition of different vaccine preparations according to the 46 consulted papers.

An overview of vaccine production against shrimp White Spot Syndrome Virus, effects and the possible impact of this technology in Ecuador
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shrimp's immune system and generate a defense respon-
se against WSSV to prevent virus scape and thus reduce 
its replication and spread101. These cell responses against 
WSSV are given in different ways. Two of them stimulate 
the cell response by: 1-the presence of biomolecules be-
longing to the virus and 2-molecules that interfere with the 
receptors where the virus assembles to the host cell. On the 
other hand, genetic modifications that provide a protective 
response by not generating interactions in the cells with the 
virus102 also result in good practice.

Among the revised papers, 34 deal with recombinant 
vaccines, the most used ones based on recombinant prote-
ins from the structural parts of WSSV. The combination of 2 
or more structural recombinant proteins5 generates a higher 
protection rate against this virus61,83. The revised reports 
also determined that the main type of vaccine is composed 
of the subunit-recombinant, polysaccharide, and combined 
subunit vaccines. According to Figure 4, the vaccines men-
tioned above showed a protection percentage of 73.91%, 
while other treatments related to both; synthetic or inactiva-
ted virus vaccines reached lower protection percentages of 
only 6.52% and 19.57%, respectively. In this figure is also 
noticed that the most frequent active principle is the recom-
binant vp28 protein, reaching 21.74% of incidence.

Experimental conditions are very important in rea-
ching a good performance of any vaccine treatment against 
WSSV since protection results could change from one ex-
periment to another according to the experimental condi-
tions. Some parameters to take under consideration in this 

experiment are a) the type of shrimp, b) the form of virus 
replication referring specifically to the animal used, c) the 
region in which the study was carried out where the envi-
ronmental parameters varied and d) the variation of virus 
infection that can reach mortality levels up to 100%103,104. 
Interestingly,  in some research reports, there was no total 
mortality, mainly due to the resistance some arthropods can 
generate against WSSV105.

Also, administration methods at the production level 
deal with the efficiency in the vaccination methods99,100. It is 
worth noting that the most common method of vaccine ad-
ministration is intramuscular administration, with a frequen-
cy of 48%, followed by oral administration at 42% and finally 
by immersion at 10%. However, oral vaccine administration 
is the best and most studied method at the industrial level.

The effect on the immune system produced by the vac-
cine in shrimp is calculated by the efficiency of the treatment 
against WSSV, demonstrated by the number of vaccinated 
animals that survived exposure to the virus; the treatment 
with the highest efficiency and best protective effect was 
the intramuscular administration. The treatment with the hi-
ghest efficiency and best protective effect was the intramus-
cular route, with 18% of treatments having a survival rate of 
more than 75%; the oral way had an efficiency of 10% for 
medicines with a survival rate of more than 75%, and the 
immersion route had a frequency of 6% for treatments with 
a survival rate of more than 75% (Figure 5).

It was determined that, in general, the efficiency of the 
vaccine is between 50% and 75% of shrimp survival rate 

Figure 4. Types and composition of WSSV vaccines in shrimp.

E. D. Proaño, L.M Rivera and L. E. Trujillo
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reaching 52% of frequency in the studied articles, followed 
by others that reached an effectiveness of more than 75% 
having 34% of frequency, allowing to assert that vaccination 
is an effective treatment against the virus.

Detailing the efficiency depending on the vaccine com-
position, it was determined that gamma-inactivated virus is 
the most effective, reaching a 6% frequency in treatments 
with a survival rate of 75%, followed by vaccines made with 
recombinant VP28 protein, which reached a 4% frequency. 
However, vaccines with recombinant VP28 had the highest 
frequency of 12% among all treatments, with a survival rate 
between 50% and 75%.

WSSV vaccine production for Litopenaeus spp.
Penaeidae is a crustaceans family of great commercial 

value106,107. Among its different genera, Litopenaeus stands 
out as one of the most important shrimp species in the world 
industry108-110. Litopenaeus vannamei is among the princi-
pal species of this genus, commonly known as Pacific whi-
te shrimp111, the main farming species on the Ecuadorian 
coast48. However, this genus is prone to devastating disea-
ses such as WSSV, which generate significant economic 
losses, and no commercial cure can eradicate the disease. 
Table 2 shows recent reports on conditions affecting the Li-
topenaeus genus, showing some updated general approa-
ches to fighting them.

According to the research reviewed, vaccine manufac-
turing has been carried out ex-situ. Therefore, this techno-

logy is still limited to the laboratory level. Further studies on 
production scale-up should be carried out to reduce costs, 
maintain product quality and develop in situ trials, allowing 
more accurate data to be generated during shrimp treat-
ment.  

Whispovirus vaccines aren't currently being commer-
cialized at large-scale in the industry because of the high de-
gree of variation in response to laboratory-tested vaccines 
and the high economic value of vaccine development9,115. 
Nevertheless, interest in controlling the devastating effects 
of the virus on Litopenaeus vannamei farms has led to in-
creased interest in producing a vaccine that is efficient and 
affordable for field application.

The most efficient way to immunize Litopenaeus spp. 
with vaccines is by oral or infusion as it is not productive at 
the industrial level to apply it intramuscularly as this implies 
the application of the vaccine organism by the organism.

The vaccine industry and production is a complex ac-
tivity with risks, which takes place in a harsh environment. 
Protocols for potential occupational hazards are necessary 
concerning contamination issues such as, product conta-
mination, cross-contamination, amplification of contami-
nants, infection of workers and contamination of the envi-
ronment116.

The animal vaccines currently available worldwide are 
developed by the veterinary pharmaceutical industry. De-
veloping a vaccine requires an economic effort that takes 
years to perfect and guarantees its safety.

Figure 5. Routes of vaccine administration and effect on the immune system of shrimp.

An overview of vaccine production against shrimp White Spot Syndrome Virus, effects and the possible impact of this technology in Ecuador
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Industrial development usually starts after laboratory 

testing that is based on solid academic research. A vacci-
ne can only be made available to the veterinary community 
once the authorities have granted marketing approval, veri-
fying its effects and potential harm117.

Industrial development must be seen in an economic 
context, which is not always the case in academic research 
so the use of reagents has large economic differences.

Farm Animals' vaccines are produced in large quanti-
ties at low cost, while vaccines for companion animals are 
produced in smaller quantities and sold at higher prices. It 
should also be taken into account that for-profit companies 
will generate the development of vaccines for higher inci-
dence diseases or vaccines for high population species118. 
In the case of shrimp, being a species of large-scale pro-
duction generates interest in aquaculturists, and although 
Whispovirus is sporadic, it generates losses that affect 
shrimp production during these periods of appearance42.

Figure 6 shows a production scheme for recombinant 
protein vaccines that could be used for further implementa-
tion in the industry. There is a small amount of commerciali-
zation of shrimp vaccines against WVVS. Yet, it is guessed 
that by having an efficient and replicable treatment in any 
environment, an industrial process could be implemented 
for its elaboration and oral administration.

According to figures 4 and 5 of the results obtained 
from the extracted articles, the production of vaccines with 
2 genes has had a higher effectiveness rate. It confers more 
excellent protection to shrimps, being a process that can be 
used at the industrial level61,83.

The bacteria most commonly involved in the replication 
of recombinant proteins are Escherichia coli and Bacillus 
subtilis because of their more efficient replication, procure-
ment and easy genetic manipulation119-121.

Conclusions
Antibiotics use on shrimp production cause:  1-potential 

adverse effect on human health9,122,2-appearance of anti-
biotic-resistant strains123,124 and 3-affections on shrimp lar-
vae125. Contrarily, vaccine administration to control or lessen 
the incidence of vibriosis is an attractive choice nowadays.

Vaccination strategies against WSSV, such as inacti-
vated viruses, subunit antigens, and DNA-based vaccines, 
have shown promise on a laboratory scale. However, draw-
backs such as variable efficacy, high manufacturing cost, 
and limited field applicability need further investigation126.

A recent study describes a new attractive strategy 
based on RNAi technologies and polyanhydride nanopar-

ticle-based delivery to develop a nanovaccine108. In aqua-
culture systems, the concept of RNAi-based vaccines has 
been advocated for several reasons: (a) RNAi functions 
as an antiviral immune response in shrimp; (b) it is patho-
gen-specific; and (c) it generates a long-term protective im-
mune response.

On the other hand, another new technology combining 
vaccines with prebiotics has been shown to maximize the 
protective efficacy127–129 (Table 1). β-glucans, for exam-
ple,  is a joint prebiotic used in aquaculture and has long 
been used as an additive in the fish diet to improve the 
immune response enhancing the innate immune respon-
se127,130,131,132.

Despite all these new alternatives to vaccine production 
and applications, more and more research, mainly on field 
trials, needs to be carried out to validate further and enhan-
ce the vaccine application effectiveness in shrimp.
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Production of nanobodies in Andean camelids and their most common 
applications: A general review in the medical field
C. P. Ortega1, L. M. Rivera3, L. E. Trujillo1,2

Abstract: The heavy chain fraction present in Camelidae antibodies is so-called nanobodies. They have different 
characteristics when compared to immunoglobulin G, like more diminutive size, higher affinity, shorter half-life in serum, 
etc. These proteins are codified by B lymphocytes cDNAs and can be produced in different hosts like Escherichia Coli, 
Pichia Pastoris, plant cells and even insect cells. Andean camelids have been mainly used in the Andean region of South 
America as transport means and source of raw materials like fibers and meat, then being of great economic importance. 
However, in Ecuador, the potential of these animals as a source of biomedical products has not been investigated or 
exploited yet. Due to the scarce information related to these molecules and their industrial production in the country, this 
review aims to remark on the most common medical application of nanobodies produced from Andean camelids; also, 
industrial applications are described.

Key words: Cancer, Coronavirus, VHH, production, treatment, diagnosis.

REVIEW / ARTÍCULO DE REVISIÓN

Introduction
Camelid produces antibodies composed of heavy chain 

constant domains and a single variable domain; this varia-
ble domain is known as nanobody (Nb). It possesses a sin-
gle antigen-binding domain called VHH1,2. Antibodies with 
a single variable chain, known as vNARs, have also been 
reported in the fish subclass Elasmobranchii to which shar-
ks and rays belong3-5. Phylogenetic studies have shown that 
antibodies from Camelidae and Elasmobranchii evolved in-
dependently6,7. In recent years, Nb has been used as thera-
peutic agents, in diagnostic tests and as research tools8-10. 
Camelidae and Elasmobranchii possess different kinds of 
antibodies6, but only the antibodies that lack the light chains 
are of interest in this review.

Camelidae is a family that includes the old-world camelids: 
-Camelus dromedarius (dromedaries), and C. bactrianus (ca-
mels)- and the new-world camelids11-13. There are four species 
of new-world camelids in South America14,15: Lama glama (lla-
mas), L. guanicoe (guanacos), Vicugna vicugna (vicuñas) and 
V. pacos (alpacas). All of them represent a genetic resource of 
great importance, not only from a scientific point of view16-18, 
since they could represent an opportunity for economic, social 
and technological development in Ecuador.

Nbs were first discovered and described by the Ha-
mers-Casterman team19 at the Free University of Brussels 
while analyzing C. dromedarius serum. The potential use 
of Nbs in the medical field is focused on the prevention, 
diagnosis and disease treatments20,21. Additionally, several 
preclinical and clinical studies regarding their use in phases 
1 and 222,23. The development of a drug at the laboratory 
scale until its sanitary registration takes about 10 years24-26. 
In fact, in 2019, the Food and Drug Administration (FDA) 

approved for the first time the therapeutic use of a huma-
nized  Nb27. Due to the great potential of Nbs, Steeland et 
al.28 concluded that these molecules could be positioned as 
pharmaceuticals in a short period for daily use.  

The main objective of this review is to describe the most 
common medical application of nanobodies produced from 
Andean camelids to demonstrate the potential of these mo-
lecules as a medical product. In addition, a little overview 
of its recombinant production in different biotechnological 
hosts and other industrial fields is described.

Immunoglobulin G VS Nanobodies
Structurally, immunoglobulins G possess 2 light and 4 

heavy chains. Heavy chains contain 3 constant domains 
and 1 variable domain (VH), while the light chains contain 
1 constant and 1 variable domain (VL)29,30. However, Ca-
melidae antibodies lack the light chain31, and their 3 chains 
are composed of 2 constant domains and 1 variable do-
main (Nb)32,33. In addition, Camelidae-like shark antibodies 
(which lack a light chain and possess 7 chains) are called 
New Antigen Receptors (NAR) antibodies34. They comprise 
5 constant domains and 1 variable domain (vNAR)6,35. Figu-
re 1 shows the structural comparison between mammalian 
IgG and the IgG-like antibodies from Elasmobranchii and 
Camelidae.  Figure 2 shows the alignment of Elasmobran-
chii vNAR, Camelidae Nb and a Mus musculus heavy chain 
antibody sequences.

The figure shows the amino acid variation between 
vNAR, VHH and mAb heavy chains. In parenthesis protein 
name according to DATA bank information.

Despite the biotechnological importance of immunoglo-
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bulin G, Nbs have certain differences over IgG, which are 
summarized in Table 1.

The main Nbs disadvantage is their low half-life in hu-
man blood serum because they are filtered by the kidney in 
26 to 60 minutes46-48. However, they have low toxicity and 
can be eliminated from the human body by filtration by the 
kidneys49. Nbs have a low immunogenicity risk profile, which 
drives their use to develop potential clinical applications50. 
Using Nbs conjugated with small molecules like drugs, to-
xins, enzymes and imaging agents allows an approach to 
target sites with low systemic toxicity51. In addition, Nbs do 
not present the solubility and aggregation problems typical 
of conventional antibodies due to their hydrophilicity36,52.

The size of a camelid antibody is around 95 kDA53-55 due 
to the absence of the light chain; Elasmobranchii antibodies 
size is about 175 kDA56 while the variable antigen-binding 
domains (Nbs and vNAR) measure between 12 and 15 
kDA46,56,57. There is a vast difference between the IgG me-
dical development and the research performed on Nbs and 
vNAR molecules58. Nevertheless, Nb and vNAR have simi-
lar advantages to the IgG (more specificity, smaller capacity 
to bind crypto antigens, more stability)59,60. Figure 3 repre-
sents the 3D structure of a Nb, a vNAR and a Mus musculus 
monoclonal antibody (mAb). This figure shows that the Nb 
and vNAR structures are smaller and more straightforward 
than the M. musculus mAb, facilitating their production58.

How are Nanobodies produced?
The development of Nb libraries can be achieved from 

a naive or synthetic source or by immunization. All of them 
are great ways to get the appropriate Nb that best meets 
the final research goal. For this reason, Nbs are expressed 
and produced at a large scale in the chosen host64.  Libra-
ries obtained by immunization are the most widely used and 
consist in injecting the animal with the correct antigen65. Na-
tive libraries are developed from non-immunized camelids 
blood66, and synthetic libraries are developed from a deter-
mined sequence framework67,68 or the target antigen69, from 
which randomization of oligonucleotides in the hypervaria-
ble regions is performed70.nThe yields in the production of 
Nbs from immune libraries and synthetic libraries can vary 
significantly71.

Figure 1 shows a general diagram for Nb production 
by immunization. This process starts with the inoculation 
of a young-adult camelid with 50 to 200 μg of the chosen 
antigen72. After the first immunization, the animal must be 
injected from 4 to 8 times during 2 months64. Once the im-
munization process is completed, the camelid's blood must 
be extracted and B lymphocytes purified. Further, B lym-
phocyte mRNA is isolated, purified and recovered to finally 
get the total complementary cDNA using polymerase chain 
reaction (PCR) techniques73,74.

Then, a Nb library is generated from the above-obtai-
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Figure 1. Structural comparison between IgG-like Elasmobranchii, Camelidae and Mammalian antibodies. Elasmobran-
chii antibodies possess a variable region called vNAR and a constant region composed of five constant domains (cNAR). 
Camelidae antibodies are conformed by one variable heavy chain domain (VHH) and 2 constant heavy chain domains 
(CH2 and CH3). Mammalian antibodies are composed of one variable heavy chain domain (VH), three constant heavy 
chain domains (CH1, CH2, CH3) and a constant light chain domain (VL).
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ned cDNA, for which the VHH regions are amplified using 
specific primers73,75. Muyldermans (2021) research sug-
gests that the amplification of the VHH regions should be 
performed using mainly the nested PCR technique64.

From the PCR products, a gene library is generated67; 
then the fragments must be chosen by a display technique; 
the most common technique is the phage display64. The 
phage display library consists of bacteriophages with the 
antigenic molecule (Nb) in their coat; then, all the library is 
exposed to the specific antigen76. Finally, the selected frag-
ments are screened and then chosen those that produce 
specific Nbs for the particular antigen64,73,75,77.

The selected VHH sequences are cloned at the indus-
trial level in appropriate hosts like bacteria such as Esche-
richia coli64,78,79 or yeasts such as Pichia pastoris75.  Mam-
malian cells73, insects or plants71 are also excellent options 
as industrial production hosts80. Table 2 exposes the kind 
of expression and yields of the different host cells.  Finally, 
the proteins are extracted and purified, generally using the 
ammonium sulfate precipitation method in conjunction with 
other types of chromatography73 as shown in Figure 1.

Applications of camelid nanobodies in Human Health
The small Nb size, joined with their high stability, solubi-

lity and a great capacity to recognize crypto-antigens place 
them as excellent alternatives for the prevention86, diagno-
sis87,88 and human diseases treatment46,89,90.

Disease diagnosis using Nbs points to:1- the generation 
of images from tissues and organs57,91; and 2- the perfor-
mance of immunoassays to detect pathogen antigens89,92,93. 
Meanwhile, nanobodies as a therapeutic agents seek to at-
tack an antigen, mainly to block virus replication94,95 or bac-
teria growth96.

Another novel application is their use in antiphonic 
serums as neutralizers and blockers of toxins present in di-
fferent types of poisons97-99.

Finally, a search was made for medical applications of 
nanobodies developed in Andean camelids.  About 518 arti-
cles were found using the "Publish or perish" program whe-
re Andean camelids were used. The reported applications 
belonged mainly to the health branch and articles published 
in the last 5 years including 50 scientific publications that 
were not review articles.

Using descriptive statistics and frequency histograms, it 

Production of nanobodies in Andean camelids and their most common applications: A general review in the medical field

Figure 2. Sequence logo plot of the alignment of vNAR (1T6V), VHH (1MEL) and monoclonal Mus musculus heavy chain 
(1MLC).
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Table 1. Comparison between conventional antibodies and nanobodies.

Figure 3. 3D structure of antibody domains. a) VHH (1MEL). b) mAb of Mus musculus (1MLC). c) cNAR (1T6V). Infor-
mation and images are taken from61-63.

C. P. Ortega, L. M. Rivera, L. E. Trujillo
Volume 8 / Issue 2 / 13     •     http://www.revistabionatura.com



5

was determined that the most common application of Nbs is 
the treatment and diagnosis of infectious diseases (Figure 
3). However, the condition for which the largest number of 
Nbs have been developed was cancer (Figure 4).

The 2020 pandemic greatly spurred the development 
of Nbs and other pharmaceuticals for the treatment and/or 
diagnosis of COVID-19100,101. However,  Nbs development 
focused on diagnosis, as shown in table 3; cancer treatment  
has been developed since before 2020.

Cancer is a disease in which uncontrolled cell multipli-
cation can spread to other parts of the body102. Alternatives 
for cancer prevention have existed since the 1700s103, and 
their treatments include surgeries, chemotherapies, radio-
therapies, immunotherapies and hormone therapies104. Nbs 
have a good synergy with these treatments105, so they could 
be used together, although the full range of Nbs applications 

in cancer has not yet been explored thoroughly106,107.
On the other hand, COVID-19 caused by SARS-CoV-2 

generates affections on the respiratory system108. On March 
11 of 2020, the World Health Organization (WHO)  decla-
red a world pandemic for this infection109. There is still no 
defined treatment for this disease, although monoclonal an-
tibodies100,110 and nanobodies seem to be the best option to 
fight the virus111-113. The future evolution of the virus must 
be awaited as it could generate less infectious and virulent 
variants or more aggressive strains resistant to the current 
preventive treatments114.

Applications of camelid nanobodies in different 
branches of industry

The main focuses of Nbs in plants are to protect crops 
by providing immunity against pathogens72,85 and rapid 

Figure 4. Production process of recombinant nanobodies. The first step is to immunize the camelide. Then, the B lym-
phocytes must be extracted and purified to extract m-RNA. The VHH sequences are obtained by PCR. Thereafter, the 
nanobody sequences are selected by phage display (or any display method). Finally, the chosen nanobodies are produ-
ced recombinantly and purified.

Table 2. Comparison between conventional antibodies and nanobodies.

Production of nanobodies in Andean camelids and their most common applications: A general review in the medical field
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Figure 5. Most common applications of nanobodies. 

Figure 6. Diseases for which nanobodies were developed.
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detection of toxins that may affect food safety115. Passive 
immunity is the use of external antibodies to protect a pa-
tient116-118; this concept can be extrapolated to plants, where 
antibodies would protect them against pathogens85,119,120. 
On the other hand, Nbs can identify toxins in absorbance, 
fluorescence or Enzyme-Linked ImmunoSorbent Assay 
(ELISA) tests, depending on the toxin to be tested121-123.

In the livestock sector, the main  Nbs application is on 
early disease detection124,125 to avoid zoonoses3,126,127. Nbs 
can also provide passive immunity in animals, especia-
lly those sensitive to diseases after weaning, such as pi-
glets128. This is very important to avoid using antibiotics that 
could generate resistant bacterial strains89,129.

Nanobodies used in water and soil allow the quick and 
accurate identification and detection of toxins and contami-
nants to the nanogram levels so, becoming a handy tool for 
these purposes130-132.

The ability of nanobodies to bind to specific compounds 
makes them good alternatives in high-affinity chromato-
graphy133,134. They can also help to determine the protein 
structure135 with dynamic properties in case of proteins with 
various conformations and shapes which are difficult to so-
lubilize64,136. Another application is identifying protein func-
tions and protein-protein interactions by mass spectrometry 
that could replace conventional antibodies by Nbs137.

The use of intrabodies that consist of nucleic acid se-
quences with the genetic coding information of an antibody 
or Nb138,139 that can be expressed inside a cell to modify ce-
llular activity140,141. This biological application could be used 
to alter cellular functions142, blocking or reducing the activity 
of endogenous proteins143.

Future Perspectives and Conclusions
This mini-review presented applications of nanobodies 

that could promote the use of Andean camelids in Ecuador 
as new sources of products of high social, economic and 
public health interest.

The SARS-CoV-2 virus generated a global health crisis. 
Therefore, several methods for the diagnosis of COVID-19 
were rapidly developed144. Nonetheless, there is still no de-
fined treatment100,110. Becker's study in 2020145 e mentions 
that a great deal of research is being carried out, mainly fo-
cused on blocking the replication and translation of the virus 
RNA; moreover, some treatments seek to block the binding 
of the virus and its ACE2 receptors146-148 so,  Nbs could be 
used as therapeutic molecules against COVID-19.

Ecuador has the greatest number of reptile species per 

unit area; one of the groups of greatest interest are snakes. 
Among them, about 35 species are reported to be veno-
mous and are distributed along the Ecuadorian coast and 
Amazon149. On the other hand, scorpions, of which 40 spe-
cies are known to be venomous, have been little studied150. 
In the past, serums to treat poisonings were produced by 
the "Instituto Nacional de Investigación en Salud Pública" 
INSPI, but production was suspended in 2014 so only anti-
venoms were imported151. In 2022, INSPI produced a batch 
of 300 experimental antivenom sera152. The Nbs could be 
used to act as high-affinity antivenom.

The incidence of cancer in Ecuador is 61% in women 
while 41% in men153; the types of cancer most reported in 
male patients are prostate, lymphoma and stomach154, whi-
le for female patients, they are breast cancer, cervix and 
lymphoid leukemia153. Nanobodies could be an interesting 
alternative for treating these types of cancer in Ecuador. 
However, the fact that they are rapidly filtered by the kidney 
makes them less attractive as a therapeutic alternative58.

In conclusion, the most common application of Nbs af-
ter analyzing more than 50 articles was the treatment and 
diagnosis of infectious diseases in cancer, so the future de-
velopment of nanobodies should be linked to the treatment 
and diagnosis of these diseases. It is suggested that Nbs 
that achieve a balance between tissue permeability and a 
longer half-life in serum be developed for treating disea-
ses such as cancer. However, other exciting applications in 
other fields are also not ruled out for the use of nanobodies.
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Introduction
It is common knowledge that chemical molecules with 

an azomethine group, collectively called Schiff bases, are 
known to have biological action1. It is one of the most impor-
tant bonds representing many coordination complexes by 
linking metal elements and specializing in transition metal2. 
It is the elemental imine compound prepared by a German 
scientist named Hugo in 1864. It synthesizes a condensa-
tion reaction between a ketone or an aldehyde with primary 
amines1. It is one of the most important bonds representing 
many coordination complexes by linking metal elements and 
specializing with transition metal3. Because of their great 
variety of pharmacological and biological properties, Schiff 
complexes of important metals constitute a significant ba-
sic research topic for creating safe and effective therapeutic 
materials for treating bacterial infections and cancers. For 
example, the fact that transition metal complexes of Schiff 
base ligands with "O" and "N" donor atoms have antibacte-
rial, antifungal, and anti-inflammatory characteristics makes 
them particularly significant4, an anticonvulsant5,6, an anal-
gesic7, an anthelmintic8, an antitubercular9, and an antioxi-
dant10. Not very long ago, we attended the installation of 
the base Schiff and its complexes11-13. The ligand was syn-
thesized from the reaction of the Mannich precursor ((((4)
(tributyl)-2-(((S))-(phenylamino)(p-tolyl)methyl) cyclohexa-
ne-1-one)) with Semicarbazone, then the prepared com-
pounds were tested, because of its effectiveness against 
bacteria and fungal organisms. In this study, we used two 

types of mushrooms and four distinct types of bacteria (Es-
cherichia coli, Pseudomonas aeruginosa, Staphylococcus 
aureus, and Bacillus subtitles) (Candida albicans, and Rhi-
zosporium). These species are responsible for most fungal 
infections found in humans. It is a common component of 
the flora that lives on human skin, vaginal membranes, and 
in the intestines of individuals living in healthy communities. 
In immunocompromised persons, fungal overgrowth and 
severe cutaneous or systemic infections caused by Clostri-
dium albicans and other Candida species can cause morbi-
dity and mortality. These infections can occur on the skin or 
elsewhere in the body14.

Materials and methods 

Reactor design
After obtaining the reagents from a commercial orga-

nization, you should use them precisely in the same man-
ner you did to get the best results. To provide a reference, 
1H- and 13C-NMR spectra were acquired for the linker in 
DMSO-d6 using a Brucker instrument at a frequency of 
300 MHz for 1H-NMR and 75 MHz for 13C-NMR. KBr discs 
were used in an FT-IR spectrometer of the FTIR-600 type to 
gather data in the 4000-400 cm-1 to acquire FT-IR spectra. 
Electrospray (+) mass spectrometry has been worked on 
with the Sciex Esi mass analyzer. When taking the melting 
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point measurements, the researcher utilized a Stewart ther-
moelectric instrument of type SMP40. Electronic spectra 
were collected in the 1000–200 nm range on a Shimadzu 
UV-160 by using a 1.0 cm quartz cell at a concentration of 
10-3 mol L-1 of samples in DMSO solutions. The spectra were 
taken in the region of 1000–200 nm. The measurements 
were obtained from a specific place referred to as the range. 
Using a Eutech Instruments Cyber scan, the temperature 
was maintained at room temperature. 510 digital conducti-
vity meter calculation was made to establish the molar con-
ductance of the complexes. The measurements were ca-
rried out on solutions of the chemicals in DMSO that ranged 
from 10-3-10-5 M in concentration. For the element analysis 
(CHNS), we used the analyzer (Eager 300 for EA1112), and 
for the assessment of the metal content, we used the atomic 
absorption spectrophotometer manufactured by Shimadzu 
(A A-680G). To determine the amount of chloride present 
in the complexes, we carried out a potentiometric titration 
using a 686-Titro Processor-665 Dosim A-Metrohm/Swiss 
instrument. We utilized an STA PT-1000 manufactured by 
the Linseis Company in Germany for the thermogravimetric 
analysis, including TGA and DSC measurements. A mag-
netic susceptibility balance was used on Johnson Matthey 
to determine magnetic moments at a temperature of 306 
kelvin. The ligand and its metal complexes were tested for 
their biological efficacy using an agar-well diffusion method 
against four different types of bacteria (Escherichia coli, 
Pseudomonas aeruginosa, Staphylococcus aureus, and 
Bacillus subtitles), as well as two different types of fungi. 
The results showed that the ligand and its metal comple-
xes effectively inhibited the growth of the bacteria (Candida 
albicans and Rhizosporium). A spotless metallic borer was 
utilized to make wells in the medium at regular intervals of 
at least 6 mm in depth. The test samples were dispensed 
into the wells at the appropriate concentration of 1 mg/mL in 
DMSO (100μ L). After the plates had been prepared, they 
were kept in an incubator at 37 °C for twenty-four hours. 
Measurements of the inhibition zone's diameter are used to 
figure out the amount of activity (mm). To determine whe-
ther or not chemicals are effective against pathogenic bac-
teria, the well diffusion method was performed in an aerobic 
setting. On Mueller-Hinton agar, all potentially dangerous 
bacteria were tested for their capacity to inhibit growth.

Synthesis

Preparation of precursor
The preparation of (((4-(tert-butyl)-2-((S)-(phenylamino) 

(p-tolyl) methyl)cyclohexan-1-one))  was  achieved adopting 
metod reported in15,16.

Synthesis of Schiff-base ligand (HL)
With Respect to a Compound of (4-(tert-bu-

tyl)-2-((S)-(phenylamino)(p-tolyl)methyl)cyclohexan-1-one) 
During the addition of hot EtOH (0.5g, 1.4mmol), which was 
done so while stirring, a solution of semicarbazide (0.159g, 
1.4mmol) in 15ml of EtOH with 3 drops of glacial acetic acid 
was created. The reaction mixture was refluxed for a total 
of six hours, during which time a white crystal formed. This 
crystal was filtered out, washed with five milliliters of cold 
ethanol, and then air-dried. The quantity produced was 0.3g 
(51%), and the melting point was 226-228°C.

Methodology for Complex Synthesis in General
Combined 0.4 millimoles of semicarbazone ligand with 

10 milliliters of ethyl alcohol in a solution and added it whi-
le stirring to reduce the pH to approximately 9. After that, 
ten milliliters of ethanol that had been combined with a salt 
mixture of metal chloride were progressively added while 
the mixture was stirred. After that, the mixture was allowed 
to stand for ten minutes. This procedure was carried out 
on multiple occasions. After stirring the reaction mixture for 
four hours, a colorful precipitate had already begun forming 
in the mixture. As shown in Scheme 1, after creating a solid, 
it was filtered, then washed in 15 ml of cold 100% ethanol, 
and then finally air-dried (1). The yields, colors, and melting 
points of the complexes, as well as information regarding 
the quantities of metal salts, are included in the provided 
material (Table 1).

Results and discussion
After the reaction of (4-(tert-butyl)-2-((S)-(phenylamino)

(p-tolyl)methyl)cyclohexan-1-one with semicarbazide in a 1:1 
molar ratio at reflux, Scheme), the ligand ((E)-2-((2S)-4-(tert-
butyl) -2-((S)-(phenylamino) (p-tolyl)methyl) (1). The ligand 
reacted with metal chloride salts of Mn(II), Co(II), Ni(II), Cu(II), 
and Cd(II) at a mole ratio of 1:1 (L: M), which resulted in the 
formation of six and four coordinate monomeric complexes, 
respectively. The monomeric chemicals that are produced as 
a result exist as solids at room temperature and are soluble 
in both DMSO and DMF. We have concluded that the com-
plexes are extremely complicated and engage in highly coor-
dinated activity based on the physical and chemical charac-
teristics of the complexes. The results of Table 2 demonstrate 
that the data agree with the model that has been proposed. 
The results obtained by conducting the complexes in DMSO 
solutions containing these substances have demonstrated 
that there are both neutral and non-neutral, bringing the total 
number of complexes to (16).
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FT-IR Spectra
The FT-IR spectrum of the free semicarbazone li-

gand (HL) shows characteristic bands at 3460, 3282, 
3194;3167,1693,1666and1600cm-1 that are attributed to 
ν(NH)),ν(NH)am, ν(NH2)sy,asy, ν(C=O)ket,ν(C=N) imine and ν(-
C=C) aromatic, respectively17,18. The assigned complexes 
and their corresponding infrared data have been assembled 
in (Table 3). The creation of complexes was confirmed by 
analyzing their FT-IR spectra, which revealed altered ligand 
bands. The imine band, first detected at 1666 cm-1 in the 
free ligand (HL), was shown to have migrated to a lower 
frequency and be present at around 1600-1658 cm-1 in com-
plexes19. This change demonstrated the iminic group's ni-
trogen atom was playing a role in the coordination process 
with the metal center20,21. This shift may indicate that the 
ligand is coordinated to the metal ions via the O atom when 
compared to the shift in the v(C-O) group in the spectra of 
complexes, which happened in comparison to the shift in 
the free ligand. Novel bands, identified as v (M-O), can be 
seen in the FT-IR spectra of the complexes between 609 
and 694 cm-1 and 401-497 cm-1, respectively (M-N). 22,23 
Additionally, bands were seen in the 227-299 cm-1 range 
that was attributed to (M-Cl)22.

NMR Spectra
NMR spectra of HL in dimethylsulfoxide-d6 displayed 

characteristic peaks at δH;(400MHz, DMSO-d6): 7.39-7.37 
(C14,14`)-H (1H, d, J = 17Hz). 7.23-7.22 (C13,13`)-H (1H, t, 
J = 3Hz). 7.20-7.18 , 7.15 (C15,15`)-H (1H, d, J = 12Hz) , 

(C10,10`)-H (1H, d, J = 18Hz). 2.32-2.31 (C9,9-)-H (1H, t, J 
=8Hz). 6.44 NHc (1H, N-H, d, J = 4Hz). 2.64-2.62 (C7-H) 
(1H, d). 2.46-2.44 (C2)-H (1H, m, J=4Hz). 2.26:2.24 (C6)-H 
(2H, t). 2.18 CH3  C17-H (3H, s,–(Me)). (C5)-H (2H, m). 1.23. 
1.06;1.04 C3-H (2H, t). 1.00;0.99 C4-H (1H, m). 0.71-0.57, 
3(CH3) C18-H (9H, s).10.19-10.16 (NHb). 8.19 NHa ,Fig.1.
The 13C-NMR spectrum of the HL in dimethylsulfoxide-d6 
showed peaks at;(100MHz, dimethylsulfoxide-d6): 147.6 
,137.5,135.6 (C12), (C8)  and (C11).(C14,14-), (C10,10-),(C9,9-), 
(C15), and (C13,13-) were detected at 129.5,128.8, 126.5,120.8 
and 113.5. 60.0, 41.6, 40.8,32.5, 32.81 ,32.17 (C7) (C4),(C2) 
(C16) (C6) (C5) . (C18) (C3),  (C17)  27.6,22.7 , 21.3. C=O δ = 
179.0. (-C=N-) 166.60. 38.52-39 ppm, Fig.2.

Mass spectrum
The electrospray (+) mass spectrum of HL showed 

a band of at m/z = 405.60 amu (3%) (M-H)+ calculated 
for  C25H33N4O+ requires = 406.57. Peaks detected at m/z 
= 329.47( 5 %), 272.35 (22 %), 218.28 (13 %), 117.17 
(40 %), and 77.11 (29 %), related to  [(M-H)-(C2H8N2O)],       
[(M-H)-(C2H8N2O) + (C4H9+)], [(M-H)-(C2H8N2O) + (C4H9+) 
+ (C3H4N+)], [(M-H) (C2H8N2O) + (C4H9+) + (C3H4N+) + 
(C7H3N.+)] and [(M-H)-(C2H8N2O)+(C4H9+) + (C3H4N+) + 
(C7H3N.+) +(C3H3.)], respectively, Fig.3.

Electronic Spectra and Magnetic Moment Measurements
Strong absorption peak may be seen in the UV-Vis 

spectrum of HL, (228nm =43859cm-1, εmax= 458molar1 cm-

1), (284nm =35211cm-1, εmax= 807 molar-1cm-1) and (347nm 
=28818cm-1, εmax= 515 molar-1cm-1) which are assigned to 

Synthesis, Structural Characterisation and Biological Activity; New Metal Complexes Derived from Semicarbazone Ligand

Figure 1. Synthesis route of HL complexes.
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Table 2. Characterization of HL and its compounds on a microscopic scale, together with their physical properties.

Table 3. Analysis of HL and its compounds using FT-IR spectroscopy (cm-1).

Figure 2. 1H-NMR spectra in DMSO-d6 solutions for HL.

Figure 3. 13C-NMR spectra in DMSO-d6 solutions for HL.
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π→π*, π→π*and n→π* transitions, respectively23. Electro-
nic spectra and magnetic moment data for HL and its com-
pounds are compiled in (Table 4). The electronic spectra 
of the complexes exhibit several peaks in the vicinity of 
214-269 and 301-310 nm. These peaks can be attributed 
to π→π*, n→π* and charge transfer, respectively24. Peaks 
in the d-d region are observed at 841 nm in the electronic 
spectra of the Mn(I) complex, and these peaks are asso-
ciated to 6A1g →4T1g(4G) transitions23. Because the Co(II) 
combination formed a distorted octahedral structure23, the 
electronic spectrum of the compound conforms to its mag-
netic values. The electronic spectra of the Ni(II) complex 
displayed a peak in the d-d region at 794. This peak was 
caused by the type transition 3A2g(F)→3T2g(F) , and it indi-
cated that the geometry of Ni atom24 was octahedral. In the 
d-d region, the Cu(II) complex produced one peak at 941 
that was attributed to the 2Eg→2T2g transition. This confir-
med a distorted octahedral structure about the Cu atom25. 
This spectrum agrees with the eff value that was given for 
the geometry that was shown. In which the spectra of the 
Zn(II) and Cd(II) complexes had distinct bands for the → π* 
and n → π associative domain transitions, respectively. It 
has been suggested that the tetrahedral geometric structure 
of the center of Zn(II) and Cd(II) is present26.

Thermal Analysis
The thermal decomposition of solid ligands (HL) was 

investigated in an atmosphere composed of nitrogen. Af-
ter reaching 800 degrees Celsius, the sample experienced 
a weight drop that was measured. The results of the TGA 
analysis showed quite clearly that the breakdown of the li-
gand occurs in four distinct stages (Fig. 4). The weight loss 
at the 1st peak, as indicated by the TGA curve at 97-215 
°C, many attributes to the loss of (2NH3) segments and one 
acetylene molecule (obs. = 0.1701 mg, 8.418 % ; calc.= 
0.1701 mg, 8.418 %). The second step happened from 215 
to 359 °C stated the elimination of (C5H4+C-(CH3)3+NH3+-
CO+N(CH3)2+C6H6) fragments; (obs. = 1.439 mg, 71.19 % ; 
calc. = 1.439 mg, 71.19  %). The third step recorded at 359-
532 °C may indicate the loss of the (2CH4+3H2) segment 
(obs. = 0.1913 mg, 9.466 %; calc. = 0.1913 mg, 9.466 %). 
The final step at 532-800 °C is attached to the (CH3+4H2) 
segment (obs. = 0.1211 mg, 5.991 %; calc. = 0.1211 mg, 
5.991 %). The thermogram [Co(HL)2Cl2H2O] complex pro-
ceeds in four steps, Fig 5. The loss of one molecule of the 
H2O segments may be responsible for the appearance of 
the first peak, which was observed between 49 and 132 

degrees Celsius (obs. =0.083 mg, 3.271%; calc. =0.082 
mg, 3.52%). The second step occurred at 132-194°C, in-
dicating the loss of (4H2+ CH4) fragment; (obs.=0.2078mg, 
5.033%;calc.=0.200mg, 5.011%). The third step recor-
ded at 194-370°C indicated the loss of (2NH3) fragment, 
(obs.=0.253mg,6.133%;calc.=0.230mg,6.1%). The ford 
step recorded at 370-800°C indicated the loss of (CO 
+ Cl2 + 2H2 + N2H4) fragment, (obs.=1.006mg, 24.38%; 
calc.=0.998mg, 24.30%). The final residue of the (2CH4 + 
CH3 + C2H6 + C3H6 + 2C6H6 + 3H2 + Co ) calc.= 340.69mg, 
61.37%. The thermogram of [Cu(HL)2Cl2H2O] is depicted 
in, Fig 6. The first peak detected at 52-172°C may attribu-
te to the loss of a molecule of the (H2O + CH3) segment; 
(obs.=0.1974mg, 6.058%; calc.= 0.1954mg, 6.016). The 
second step occurred at 172-235°C indicated the loss of 
(CO + Cl2 + CH4 + 2NH3) fragment; (obs.=0.87mg,26.70%; 
calc.=0.85mg,26.53%). The third peak detected at 235-
642°C may attribute to the loss of a molecule of the (Cu + 
2H2)  segment; (obs.=0.391mg, 12.02%; calc.= 0.380mg, 
11.86). The four peak detected at 642-800°C may attribu-
te to the loss of a molecule of the (N2H4 + 4H2)  segment; 
(obs.=0.2374mg, 7.285%; calc.= 0.2300mg, 7.186). The fi-
nal residue of the (C13H19 + 2NH3 + Cu) calc.= 304.35mg, 
48.31%. The burning of the organic ligand in an environ-
ment composed mostly of nitrogen.

Biological Activity
Tests were conducted on the semicarbazone (HL) li-

gand as well as its analogs against four distinct types of 
bacteria, including two Gram-negative bacteria and two 
Gram-positive bacteria (Staphylococcus aureus, Bacillus 
stubtilis, Escherichia coli and Pseudomonas aeruginosa). 
The Mueller-Hinton agar technique is utilized to analyze all 
27 of the chemicals. The DMSO solvent did not affect what-
soever the compounds that were investigated. DMSO in a 
concentration of 100 ppm is used in the solution. Table 5 
shows that the ligand (HL) had no effect whatsoever on any 
of the tested bacteria types. When it came to eliminating 
bacteria of every variety, the HL complexes proved to be 
more effective than the free ligand (HL). The formation of 
complexes results in an enhancement of the antibacterial 
effect. This phenomenon and the chelation hypothesis of 
why complexes become more active might be related to one 
another in some way. Therefore, chelation reduces the po-
larity of the metal atom, which results in some of the atom's 
positive charge being shared with the donor group and pos-
sibly in the delocalization of electrons across the entirety of 

Figure 4. The electrospray (+) mass spectrum of HL.
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Figure 5. TGA thermogram analysis of HL in N2 atmosphere conditions.

Table 4. Data on electronic spectra in solutions of DMSO, as well as magnetic moments of HL complexes.

Figure 6.  TGA of [Co(HL)Cl2 H2O] analyses in N2 atmosphere conditions.

Baraa Kasim Mohammed and Enaam Ismail Yousif
Volume 8 / Issue 2 / 14     •     http://www.revistabionatura.com



7

the ring. Zn(II)-complex almost had the highest antibacterial 
activity compared to other compounds. This is because, in 
comparison to those of other metal complexes, both their 
molecular weight and electronic configuration (using the 
d10 system) are on the lighter side. Compared to the free 
bonds and the other complexes, the cadmium (II) complex 
demonstrated significantly higher activity levels against all 
of the bacterial strains. As a result, we are now in a posi-
tion to discuss the activity of the complexes in light of the 
chelation theory and the Overton model28. It describes the 
capacity of the metal component to penetrate the bacterial 
cell layer. The positive charge on the metal core will then 
be reduced due to this process, ultimately leading to coor-
dinated bonding between the N and O atoms. Because of 
this, the lipophilic nature of the metal chelate system will in-
crease, facilitating its movement across the lipid layer in the 
cell membranes of microorganisms. The research on the 
antifungal properties of semicarbazone ligand (HL) and its 
derivatives was conducted using two distinct kinds of fungi 
as test subjects (Candida and Rhizosporium), Table No. 5, 
which shows that the association found evidence of activity 
against both types of fungi. Compared to free ligands, HL 
complexes demonstrated much higher levels of antibacte-
rial activity against all species of bacteria (HL). It was dis-
covered that the molecule with the formula Cd(II) is more 
potent against (Candida and Rhizosporium). Because of the 
research that has been presented up until this point, new tri-
dentate Schiff-base ligands have been tested to determine 

whether they are effective against a wide variety of patho-
genic bacteria, viruses, and parasites. As mentioned earlier, 
the analysis was carried out to determine the effectiveness 
of these ligands. Some of these bacteria include Clostridium 
perfringens29, Brucella melitensis30, Proteus vulgaris31,32, 
Staphylococcus aureus33, Pseudomonas aeruginosa34, and 
Toxoplasma spp35,36, SARS-Cov-237  

Conclusions
The present study synthesized and described a car-

bazone half-ligand (HL) and its metal complexes. In mono-
mer isolation, this is formed when the ligand combines with 
Mn(II), Co(II), Ni(II), Cu(II), Zn(II), and Cd(II) metal ions in a 
1:1 (L: M) mol ratio. Physical, chemical, and spectroscopic 
investigations illuminated complex structures and linkages. 
These results yield compounds with quaternary or hexa-
gonal coordination. The effectiveness of the ligand and its 
derivatives against bacteria and fungus was investigated. 
Free ligands were more bactericidal than semicarbazone 
complexes.
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Figure 7.  TGA of [Cu(HL)Cl2 H2O] in N2 atmosphere.

Table 5. The inhibition zones (mm) of antibacterial activity and antifungal activity for ligand and their complexes.
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New dimeric complexes with semicarbazone mannich-based ligand; formation, 
structural investigation and biological activity
Hadeel J. Abaas and Mohamad J. Al-Jeboori*

Abstract: The formation of a new semicarbazone Schiff-base ligand (E)-2-(2-(phenyl(2-phenylhydrazinyl)- methyl)
cyclohexylidene)hydrazine-1-carboxamide (HL) and its complexes are reported. The new ligand was prepared from the 
condensation of the Mannich-base 2-(phenyl(2-phenylhydrazinyl)methyl)cyclohexan-1-one (M) with the semicarbazide. 
A series of metal complexes were prepared by the reaction of the ligand with the metal chlorides of Cr(III), Mn(II), Co(II), 
Ni(II), Cu(II)), Zn(II) and Cd(II). The structure of the ligand and its complexes were elucidated through analytical and 
spectroscopic techniques. The analyses indicated the ligand behaves as a monobasic tridentate species and the isolation 
of dimeric complexes with the general formula; [Cr(L)(Cl)2(H2O)]2, [M(L)Cl]2 (where M= Mn(II), Co(II), Ni(II), Cu(II)), Zn(II) 
and Cd(II)). These studies revealed a distorted octahedral geometry for Cr(III), a distorted square planar for Cu(II) and a 
tetrahedral arrangement for Mn(II), Co(II), Ni(II), Zn(II) and Cd(II). The biological activity of the prepared compounds against 
Escherichia coli, Pseudomonas auroginosa, Staphylococcus aureus and Bacillus subtilis compared with Cefotaxime (as 
a standard antibiotic) was also explored. Some of the examined compounds indicated a similar antibacterial activity to 
Cefotaxime. Furthermore, antifungal activity against Candida albicans and Rhizopus sporium was investigated, which 
showed that the ligand and its complexes exhibited good antifungal activity.

Key words: Schiff-base ligand, Structural characterization, Dimeric semicarbazone complexes, Biological activity.

ARTICLE / INVESTIGACIÓN

Introduction
Mannich bases are one of the necessary reagents 

that play an essential role in developing synthetic organic 
chemistry. Mannich approach is a one-pot multicomponent 
reaction. This type of reaction represents a feasible proce-
dure for highly reactive intermediates that can be quickly 
transformed into various new compounds1. These include 
their role as precursors for synthesizing a range of natu-
ral product compounds and forming heterocyclic phenan-
thridine derivatives2,3. Further, a variety of exciting ligands 
and, subsequently, their metal complexes have been deri-
ved from Mannich compounds4. Mannich base ligands and 
their complexes are of great interest as they have a range 
of applications, including their uses in medicine5 and as po-
tential pharmaceutical agents6. Further, they exhibit appli-
cations in polymer and surfactant chemistry, as detergent 
additives, and as antioxidants7. Upon using ligands derived 
from Mannich bases as complexation agents, the biological 
activities of these complexes are enhanced8. Schiff bases 
are important species that are used as complexation agents 
for metal ions. This is because they can form stable com-
pounds with almost all metal ions. These compounds have 
applications in medicine, as a mimic of bioactive molecu-
les, in catalysis, in analytical and environmental chemistry 
and as a scavenger for removing heavy metal ions9. Their 
bioavailability makes these materials excellent antiviral, an-
tiinflammatory, antiapoptotic and antibacterial agents10,11. 
Semicarbazones are a Schiff base compound bearing N, 
O-chelating site for complexation12. They can bind transition 
and non-transition ions and have a range of exciting appli-
cations, including their pharmaceutical and biological acti-

vities12,13. Semicarbazone Schiff base compounds have a 
range of applications, including their ability to bind with DNA 
and act as antibacterial, antifungal, anticancer, antiinflam-
matory, antioxidant, antiviral, analgesic, and anticonvulsant 
agents14-16. In the present work, we report the synthesis, 
structural characterization and biological behavior (anti-
bacterial and antifungal influence) of a new semicarbazone 
ligand and its dimeric complexes. The ligand is designed 
to incorporate phenylhydrazine within the framework of the 
Mannich base that is used as a precursor for the prepara-
tion of the ligand. The aim of using phenylhydrazine in the 
formation of the ligand is (i) to explore the impact of this 
segment on the structural and coordination mode upon the 
reaction of the ligand with metal ions and (ii) to observe the 
influence of the phenylhydrazine on the biological activity of 
the prepared compounds against microbiological species.

Materials and methods 
All reagents used in this work were commercially avai-

lable and used as received. The mass spectrum for the li-
gand was measured using the electrospray technique (po-
sitive mode) on the Agilent mass spectrometer Sciex ESI 
mass analysis. The 1H-NMR for the ligand was recorded in 
DMSO-d6 using a Brucker 400 MHZ with a tetramethylsi-
lane (TMS) as an internal reference. A Shimadzu Fourier 
Transform Infrared Spectrometer (FTIR-600) was used to 
record the spectra of compounds using KBr and CsI discs 
from 4000–250 cm-1. Electronic spectra were measured 
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from 200–1100 nm for 10-3 M solutions in DMSO at room 
temperature with a Shimadzu 160 spectrophotometer. 
Melting points were determined using an electrothermal 
Stuart apparatus, model SMP40. Elements analysis (CHN) 
for ligand and their metal complexes were performed on an 
Eager 300 for EA1112. Metal and chloride percentages for 
compounds were conducted using a Shimadzu (AA) 680G 
atomic absorption spectrophotometer and potentiometric 
titration method on a 686-nitro processor-665 Dosimat-Me-
trom Swiss. A Eutech Instruments Cyberscan con 510 digital 
conductivity meter recorded molar conductance for comple-
xes. Magnetic moments measurements were performed at 
298.6 K using Sherwood Scientific Devised. The biological 
activities of compounds against bacterial and fungi species 
were examined at the Iraqi Ministry of Science and Techno-
logy's Central Service Laboratory.

Synthesis

Preparation of 2-(phenyl(2-phenylhydrazinyl)methyl)
cyclohexan-1-one (M)

The synthesis of Mannich-base precursor 2-(phen-
yl(2-phenylhydrazinyl)- methyl)cyclohexan-1-one was 
achieved by adopting the reported method in (17-19) and 
as follows; In to 100ml round-bottomed flask charged 
with a solution of CaCl2 (1.1g, 10mmol) in ethanol (10ml) 
and three drops of HCl (37%) were added benzaldehyde 
(1.06ml, 10mmol), phenylhydrazine (1.00ml, 10mmol) and 
cyclohexanone (1.03ml, 10mmol) consecutively. The re-
action mixture was allowed to stir at room temperature for 
12h, during which time an off-white solid was generated. 
This was removed by filtration, washed with distilled wa-
ter (30ml) and ethanol (30ml), then dried in air. Yield: 1.8g 
(61%); m.p =158-160°C ;  M.wt=294 amu. FT-IR  (KBr) cm-

1; 3471 ν(O-H)enol, 3414 and 3313 ν(N-H) stretching of the 
secondary amine, 1620 ν(C=C)w cm-1.

Synthesis of (E)-2-(2-(phenyl(2-phenylhydrazinyl)
methyl)cyclohexylidene)hydrazine-1-carboxamide (HL)

A mixture of M (0.18g, 0.62 mmol) in 10 ml of EtOH was 
added with stirring semicarbazide hydrochloride (0.07g, 
0.62 mmol) in 10 ml of EtOH. The reaction mixture was 
heated at reflux for 6h and then allowed to slow evapora-
tion at RT. Upon standing, light-brown crystals were formed, 
which were collected by filtration, washed with cold ethanol 
(5ml) and diethyl ether (10ml) then dried in air. Yield: 0.12g 
(52%), m.p =179-180°C.; M.wt=351 amu. FT-IR (KBr) cm-1; 
3460 ν(N4-H), 3309 ν(N5-H), 3286 ν(N2-H), 3194 and 3163 
ν(N1-H), 1685 ν(C=O) 1647 cm-1 ν(C=N)imine. The 1HNMR 
(400 MHZ, DMSO-d6) ppm; δH= 10.26 (1H, s, N2-H), 7.84, 
7.72-7.70 ppm (2H, dd, J= 1.2, 1.7 Hz), 7.08 (N4-H), 4.63 
(N4-H), 3.05 (N1-H) and (C-H) of the cyclohexyl segment, 
2.08 (C-H) ppm that is next to the (N4-H). EI–MS= m/z (%) = 
305.10 observed for [M-(NH2CHO)]+ (100%), 278.0 [M-(N-
HCHO+N2)]+ (5%), 208.1 [M-(NHCHO+N2+(CH2)3N2)]+ 

(101%), 178.0 [M-(NHCHO+N2+(CH2)3N2+C2H4)]+ 
(72%), 134.1 [M-(NHCHO+N2+(CH2)3N2+C6H2)]+ (25%), 
121.0 [M-(NHCHO+N2+(CH)11N)]+ (90%),  93.1 [M-(NH-
CHO+N2+(CH)11N+C2H6)]+ (45%), 77.1[M-(NHCHO+N2+ 
(CH)11N+C2H6+NH2)]+ (48%), 63.1[M-(NHCHO+N2 
+(CH)11N+C3H6+NH2)]+ (28%) and 44.1 [M-(NHCHO+N2+(-
CH)11N+C5H12+NH2)]+ (33%) .

General Synthetic Procedure for Complexes
A solution of the semicarbazone ligand (0.1g, 0.28mmol) 

in ethanol (15ml) was allowed to stir then an ethanolic solu-
tion of potassium hydroxide was added dropwise to adjust 
the pH of the mixture to ca. 9. After stirring for 15 min an 
equivalent amount of the title metal chloride in 5ml of EtOH 
was added slowly. The mixture was heated at reflux with 
stirring for 3h. The resultant colored solid products formed 
were collected by filtration, washed with diethyl ether (5ml), 
and dried in air. Elemental analysis data, colors, and yields 
for the complexes are given in Table 1. The FT-IR and elec-
tronic data are listed in Tables 2 and 3, respectively.

Biological Evaluation
The semicarbazone ligand (HL) and its transition me-

tal complexes were screened for their antibacterial activity 
against Escherichia coli, Pseudomonas auroginosa, Sta-
phylococcus aureus and  Bacillus subtilis strains. The acti-
vity was performed using the agar well diffusion method, in 
which wells were dug in the media using a sterile metallic 
borer with a center diameter of at least 6 mm17,18. The ac-
tivity of tested compounds was compared with Cefotaxime 
as an antibiotic standard. The tested compounds were dis-
solved in DMSO and incubated at 37°C for 24h. The role 
of DMSO against the tested species was also performed, 
which showed it has no effect. The concentrations of tes-
ted compounds and antibiotic standard were; 50mg/ml. The 
obtained data is included in Table 4. The antifungal activity 
of compounds was studied against two fungal strains Can-
dida albicans and Rhizopus sporium species and data are 
placed in Table 4.

Results and discussion

Chemistry
The formation of the Mannich-base precursor 2-(phen-

yl(2-phenylhydrazinyl)- methyl)cyclohexan-1-one (M) was 
accomplished through a one-pot three-component approach 
using calcium chloride as a catalyst.

The reaction of benzaldehyde, phenylhydrazine, cy-
clohexanone and CaCl2 in a 1:1:1:1 mole ratio, using EtOH 
as a medium, gave the title compound (Scheme 1). The 
condensation reaction of the precursor with the semicarba-
zide in a 1:1 mole ratio in EtOH medium resulted in the for-
mation of the title ligand (E)-2-(2-(phenyl(2-phenylhydrazin-
yl)methyl)cyclohexylidene)hydrazine-1-carboxamide (HL), 
Scheme 1. The reaction of the ligand with metal chlorides 
of  Cr(III), Mn (II), Co(II), Ni(II), Cu(II), Zn(II), and Cd(II) in a 
2:1 (L:M) mole ratio (using KOH as a base and EtOH as a 
medium) resulted in no pure complexes and subsequently, 
it was difficult to confirm the entity of the products. Therefo-
re, the reaction proceeded in a 1:1 (L:M) mole ratio (using 
KOH as a base and EtOH as a medium), isolating six-coor-
dinate and four-coordinate dimeric complexes, Scheme 2. 
KOH was essential to deprotonate the ligand and generate 
the monobasic species, and no reaction proceeded without 
adjusting the pH of the reaction to ca. 9. A range of phy-
sicochemical techniques characterized the prepared com-
pounds (ligand and complexes). These include; 1H-NMR 
and mass spectroscopy (for ligand), micro-elemental analy-
ses and metal and chloride ratio (Table 1), FT-IR (Table 
2), and UV-Vis spectroscopy (Table 3). Conductance me-
asurement was implemented to confirm metal complexes' 
electrolytic and non-electrolytic nature and to understand 
the number of counter ions out site the coordination sphere. 
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The molar conductance of complexes in DMSO solutions 
indicated nonelectrolyte complexes' isolation. Further, the 
electronic data suggested the isolation of a six-coordinate 
dimeric Cr(III)-complex in which two water molecules requi-
re to give this structure. The FTIR data and the elemental 
microanalyses supported this. Based on the above data, di-
meric complexes of the general formula [Cr(L)(Cl2)(H2O)]2 
and [M(L)Cl]2  (where; M= Mn(II), Co(II), Ni(II), Cu(II), Zn(II) 
and Cd(II)) were isolated.

FT-IR datas

FT-IR of precursor
The spectrum of M shows no band around 1700 cm-1 

may relate to the carbonyl of the cyclohexanone (Figure 
1). This could be attributed to a tautomerism phenomenon, 
the enol and keto-form17-20. Therefore, the species in the 
solid state exists in the enol form. This was supported by 
the appearance of a band at 3471 cm-1 related to ν(O-H)enol, 
which was formed due to tautomerism within the cyclohexyl 
moiety, Scheme 3. This was backed up by a weak band at 
ca. 1620 cm-1 assigned to ν(C=C) of the cyclohexyl seg-
ment. The two bands at 3414 and 3313 cm-1 attributed to 
ν(N-H) stretching of the secondary amine. Peaks at 3055, 
3024 and 1593 cm-1 in the M spectrum are attributed to the 
ν(C-H)aromatic, ν(C-H)aliphatic and ν(C=C)aromatic stret-
ching17-19,21, respectively.

NMR, FT-IR and mass spectrum of semicarbazone 
ligand

The 1H-NMR of HL, Figure 2, which was recorded in 
DMSO-d6 indicated two sets of peaks in the aliphatic and 
aromatic regions. The singlet peak at 10.26 ppm (1H, s) co-
rresponds to (N2-H). The signal observed at chemical shift 
7.84 with a two proton integral and the doublet of doublet 
peak at 7.72-7.70 ppm (2H, dd, J= 1.2, 1.7 Hz) equivalent to 
two protons is correlated to the aromatic protons. A chemi-

cal shift that was recorded as a broad peak at 7.08  ppm co-
rrelated to (N5-H). The multiple signals appeared between 
7.39-7.09 ppm, with integration corresponding to four pro-
tons assigned to the aromatic protons. Further, a peak at 
6.46 ppm that is equivalent to two protons has related to the 
aromatic protons. The chemical shift observed at 4.63 ppm 
is assigned to (N4-H). A peak recorded at 3.05 ppm, which is 
equivalent to three protons is due to 2 protons of (N1-H) and 
one proton of the (C-H) of the cyclohexyl segment. A peak 
detected at 2.08 ppm equivalent to one proton was related 
to the (C-H) that is next to the (N4-H). Other peaks detected 
between 2.26 and 0.82 ppm correlated to the aliphatic pro-
tons of the remaining protons of the cyclohexyl segments.

The FT-IR of  HL, Figure 5, showed bands at 3460 and 
3309 cm-1 attributed to ν(N4-H) and ν(N5-H) of the hydrazi-
ne group, respectively. A band at 3286 cm-1 can be assigned 
to the ν(N2-H) stretching vibration. Peaks recorded at 3194 
and 3163 cm-1 are attributed to the asymmetric and sym-
metric bands of ν(N1-H). The spectrum showed new bands 
at 1685 and 1647 cm-1, which correlated to the ν(C=O)amide 
group of semicarbazone and ν(C=N)imine

18, respectively.
The electrospray (+) mass spectrum of HL is placed in 

Figure, and the fragmentation pathway is in Scheme 4. The 
spectrum showed no peak at m/z = 351 amu may attribute to 
the molecular ion of the parent compound (M)+. Peaks detec-
ted at m/z=305.10 (100%), 278.0 (4.54%), 208.1 (10.61%), 
178.0 (72.72%), 134.1 (25.75%), 121.0 (90.90%),  93.1 
(45.62%), 77.1 (48.52%), 63.1 (28.55%) and 44.1 (33.33%) 
related to [M-(NH2CHO)]+, [M-(NHCHO+N2)]+, [M-(NH-
CHO+N2+(CH2)3N2)]+, [M-(NHCHO+N2+(CH2)3N2+C2H4)]+, 
[M-(NHCHO+N2+(CH2)3N2+C6H2)]+,  [M-(NHCHO+N2+(-
CH)11N)]+, [M-(NHCHO+N2+(CH)11N+C2H6)]+, [M-(NH-
CHO+N2+ (CH)11N+C2H6+NH2)]+, [M-(NHCHO+N2+(-
CH)11N+C3H6+NH2)]+ and [M-(NHCHO+N2+(CH)11N+C5H12+ 
NH2)]+, respectively.

New dimeric complexes with semicarbazone mannich-based ligand; formation, structural investigation and biological activity

Figure 1. Synthesis route of the precursor and ligand.
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Figure 2. Synthesis route of dimeric complexes.

Figure 3. A tautomerism phenomenon within the cyclohexyl moiety.
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Figure 4. FT-IR spectrum of M.

Figure 5. 1H-NMR spectrum of HL in DMSO-d6 solution.
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Figure 6. FT-IR spectrum of HL.

Figure 7. The electrospray (+) mass spectrum of HL.
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Figure 8. Fragmentation pathway of HL.
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FT- IR spectra for complexes
The spectra of complexes showed no stretching band 

that may assign to ν(N2-H), indicating the deprotonation of 
the ligand upon complexation. The spectra revealed a shift 
in the imine stretching band, ν(C=N), by 4-20 cm-1 (compa-
red with that at 1647 cm-1 in the free ligand) and appeared 
at 1631, 1631, 1627, 1639, 1643, 1635 and 1635 cm-1 in 
Cr(III), Mn(II), Co(II), Ni(II), Cu(II)), Zn(II) and Cd(II). respec-
tively. The shifting of this band is due to the coordination of 
the nitrogen atom of the -C=N group of the imine to the metal 
center. The band at 1685 cm-1, which is due to ν(C=O)amide 
in the free ligand, is shifted by 11-39 cm-1 to lower frequency 
and appeared at 1666, 1664, 1672, 1668 and 1669 cm-1 in 
Cr(III), Ni(II), Cu(II)), Zn(II) and Cd(II) complexes,   respecti-
vely. However,  this band was shifted to a higher wavenum-
ber (compared with the spectrum of the ligand) by 4 and 12 
cm-1 and appeared at 1689 and 1697 cm-1 for complexes 
Mn(II)and Co(II), complexes respectively. This shifting is a 
piece of evidence for the coordination of the oxygen atom 
of the semicarbazone to the metal center19. The spectrum 
of the free ligand revealed a peak at 3460 related to ν(N4-H) 
stretching of the hydrazine group. This peak suffered a shift, 
compared with the spectrum of the ligand, and appeared 
at 3433, 3402, 3440, 3444, 3375,3379 and 3394 for Cr(I-
II), Mn(II), Co(II), Ni(II), Cu(II)), Zn(II) and Cd(II) complexes, 
respectively. The shift in the ν(N-H) confirmed the involve-
ment of the nitrogen atom in the coordination with the metal 
ions17. Bands displayed in the range 3302-3340 attributed 
to ν(N5-H). More, bands at 3199; 3159, 3190; 3159, 3175; 
3109, 3159;3124, 3175; 3109, 3199;3170 and 3155; 3109 
cm-1 assigned to ν(N1-H)  in  Cr(III), Mn(II), Co(II), Ni(II), 
Cu(II)), Zn(II) and Cd(II) complexes, respectively. The spec-
tra indicated the appearance of new bands at 551, 567, 562, 
536, 505, 543 and 543 cm-1 referred to ν(M-O) of Cr(III), 
Mn(II), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) complexes, 
respectively19,23. Bands related to ν(M-N) were observed at 
455, 451, 450, 420,462, 443 and 445 cm-1 for Cr(III), Mn(II), 
Co(II), Ni(II), Cu(II), Zn(II) and Cd(II), respectively17,18,22-24. 
Finally, The FT-IR spectra recorded bands related to ν(Cr_
Cl) at 231;237 cm-1, ν(Mn_Cl) at 244 cm-1, ν(Co_Cl) at 243 
cm-1, ν(Ni_Cl) at 247 cm-1, ν(Cu_Cl) at 239 cm-1, ν(Zn_Cl) at 
246 cm-1, ν(Cd_Cl) at 248 cm-1 23-25. These bands confirmed 
the coordination of the chlorido moiety to the metal centre. 
Further, the appearance of two peaks in the spectrum of the 
Cr(III)-complex indicated the two coordinated chlorido moie-
ties adopt the cis configuration. The spectrum of [Cr(L1)
Cl2H2O]2.indicated peaks at 3525 and 694 cm-1 related to 
ν(OH) and ν(M-OH2), respectively26.

Electronic spectra and magnetic moment measurements
The UV-Vis spectrum of HL exhibits peaks at 288, 343 

and 363 nm due to π→π*, n→π* and charge transfer tran-
sitions25-28, respectively. The electronic spectrum of the Cr(II-
I)-complex indicated peaks at 462, 554 and 644 nm assigned 
to 4A2g(F)→4T2g(F), 4A2g(F)→ 4T1g(F) and 4A2g(F)→ 4T1g(P), 
respectively suggesting an octahedral geometry about the Cr 
atom24,28. The spectrum of the Mn(II)-complex displayed peaks 
in the visible region at 664 and 730 nm attributed 6A1→ 4T2 (G) 
and 6A1→ 4A1 (G),4E(G), respectively. This data suggest the 
coordination sphere of the Mn atom is tetrahedral29. The Co(I-
I)-complex revealed peaks in the visible region at 503 and 620 
nm correlated to 4T1(F)→ 4T1(p) and 4T1(F)→ 4A2(F) transitions, 
respectively and indicating tetrahedral structure around the Co 
atom25. The spectrum of the Ni(II)-complex exhibited absorp-

tion peaks at 635, 797 and 840 nm attributed to 3T1(F)→ 3T1(P), 
3T1(F)→ 3A2 (F) and 3T1(F)→ 3T2(F), respectively confirming te-
trahedral arrangement about the Ni atom29. Peaks recorded at 
675 and 756 nm in the Cu(II)-complex spectrum were assig-
ned to 2B1g→ 2B2g and 2B1g→ 2A2g, respectively, suggesting a 
distorted square planar geometry about the Cu(II). The spectra 
of the Zn(II) and Cd(II) complexes showed peaks around 281 
nm assigned to the ligand field. Further, a peak at ca. 358 nm 
may attribute to charge transfer transition type M→L. As the 
two metal ions are d10 configuration, the spectra showed no 
bands in the d-d region24,25,28,30. Therefore, the suggested te-
trahedral geometry of the metal centre of the d10 configuration 
was based on the other characterisation tools. The magnetic 
susceptibility data for the HL complexes are presented in Ta-
ble 3. The lowering of such magnetic moments may relate to 
the anti-ferromagnetic that occurred due to the formation of a 
dimeric species. The value for the Cr(III) complex is 3.87 BM, 
which indicates an octahedral geometry about the Cr atom. 
The magnetic moment measurements values of Mn(II), Co(II) 
and Ni(II) complexes are 2.46, 2.23 and 3.28 BM, respecti-
vely. These values are lower than the total spin-only values, 
indicating a tetrahedral geometry around the metal centre31. 
The measured magnetic data of the Cu(II) complex 1.40 BM, 
may indicate a distorted square planer geometry about the Cu 
atom31.

Biological activity
The synthesised ligand and its metal complexes were 

tested for their microbiological activity against bacterial spe-
cies: G-positive (Staphylococcus aurius, Bacillus subtilis) and 
G-negative (Escherichia coli, Pseudomonas auroginosa). 
The selected bacteria are considered to be the most harmful 
and deadly kind of bacteria. These bacteria are widely detec-
ted in the surgery operation rooms of hospitals. Further, two 
types of fungi were explored that have an impact on human 
beings (Candida albicans and Rhizopus sporium species).
The commercial antibiotic Ceftriaxone was implemented as a 
reference drug for bacteria species32. In general, all the pre-
pared compounds showed excellent activity against bacterial 
strains, compared with the activity of Cefotaxime. Further, 
the Cu(II) and Ni(II)-complexes showed the highest activity 
against the two types of fungi, compared with the free ligand. 
The enhanced activity of the complexes against the exa-
mined microbial species may be attributed to the chelating 
theory17-19,32. Further, the involvement of phenylhydrazine in 
the formation of the Mannich-base and subsequently in the 
structure of the ligand and complexes, could be another fac-
tor in enhancing the biological activity of compounds. Figures 
5 and 6 and Table 4 display the biological activity data.

Conclusions
This work is based on the synthesis of a new semicar-

bazone Schiff-base ligand (E)-2-(phenyl(2-enylhydrazinyl)
methyl)cyclohexylidene)hydrazine-1-carboxamide, and its 
dimeric complexes with Cr(III), Mn(II), Co(II), Ni(II), Cu(II), 
Zn(II), and Cd(II). The formation of the ligand was derived 
from the reaction of the prepared Mannich-based precursor 
with the semicarbazide. The ligand is designed to include a 
phenylhydrazine segment within the structure of the Man-
nich base precursor, which is then used in the formation of 
the ligand. The objective of using phenylhydrazine in the 
formation of the ligand is to study the structural influence, 
coordination mode and biological effects that occurred on 
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Table 1. Microanalysis and physical properties of HL and its complexes.

Table 2. FT-IR data (cm-1) of HL and its complexes.
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the ligand and its metal complexes. The entity of the pre-
pared compounds was established using several analytical 
and spectroscopic techniques. These analyses indicated 
the Schiff base ligand behaves as a monobasic tridenta-
te species and coordinated through the nitrogen atoms of 
the imine and hydrazine group and the oxygen carbonyl 
atom. Further, the isolation of a dimeric six-coordinate for 
the Cr(III)-complex and a dimeric four-coordinate for the 
Mn(II), Co(II), Ni(II), Cu(II), Zn(II), and Cd(II) complexes 
was supported by the physicochemical investigation. Due 
to the formation of a dimeric species, these complexes' low 
magnetic moment values may account for their anti-ferro-
magnetic behavior. The biological activities of the prepared 
compounds against four types of bacteria and two types 
of fungi were investigated. It was found that compounds 
showed good anti-microbiological activity.
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Figure 9. The inhibition zone diameter (mm) against bacterial species for HL ligand and its complexes.

Figure 10. The inhibition zone diameter (mm) against fungi for HL ligand and its complexes.
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Introducción
La diabetes mellitus (DM) es una emergencia sanitaria 

mundial que afecta a todos los grupos de edad en todos 
los países del mundo, siendo especialmente frecuente en 
países de ingresos bajos y medianos, como es el caso de 
Ecuador. La Federación Internacional de Diabetes estima 
que el 5,5% (3,5–8,5) de la población de Ecuador entre 20 
y 79 años padece DM, de la cual el 40% no está diagnosti-
cada. En 2019, la DM fue la segunda causa de mortalidad 
general, segunda para las mujeres y tercera para los hom-
bres1,2.

El proyecto “Contextualización de la Evidencia para 
la Acción en Diabetes en entornos con bajos recursos: Un 
estudio utilizando métodos mixtos en Quito y Esmeraldas, 
Ecuador” es un proyecto de ciencia de implementación 
cuyo objetivo es explorar los procesos por los cuales las 
recomendaciones en salud pública pueden ser traducidas 

a acciones informadas por la evidencia y adaptadas al con-
texto específico3,4.

La primera fase del proyecto incluye la realización de 
la encuesta poblacional STEPS, con el fin de analizar la 
prevalencia de diabetes y los factores de riesgo de ECNT, 
considerando las desigualdades sociales. En una primera 
fase, se realiza una encuesta que recoge información de-
mográfica y socioeconómica, comportamientos, prácticas y 
estilos de vida (consumo de tabaco o alcohol, dieta, acti-
vidad física, condiciones de trabajo y ocio), antecedentes 
médicos (presión sanguínea, colesterol o triglicéridos ele-
vados, enfermedades cardiovasculares, diabetes), y posi-
bles recomendaciones sanitarias que puede haber recibido 
el / la participante. En una segunda fase, se realizan prue-
bas de laboratorio (nivel de glucosa en sangre, prueba de 
sobrecarga oral de glucosa, niveles de colesterol y triglicé-
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Realizando una encuesta poblacional en tiempos de pandemia: Experiencias 
de campo desde Ecuador
Conducting a Population Survey in Times of Pandemic: Field Experiences from Ecuador

Ikram Benazizi1, Andrés Peralta2*, Elisa Chilet1, Ana Lucía Torres2, Juan Vásconez3, Jessica Pinto2, María Hernández2, María Gabriela 
Galarza2, Abigail Álvarez2, Tania Ron2, Lucy Parker1,4

Resumen: El Proyecto Contextualización de la Evidencia para la Acción en Diabetes en entornos con bajos recursos 
tiene como objetivo explorar los procesos por los cuales las recomendaciones en salud pública pueden ser traducidas a 
acciones informadas por la evidencia y adaptadas al contexto específico. Una de sus primeras fases es establecer una 
línea base sobre factores de riesgo de enfermedades crónicas no transmisibles y prevalencia de diabetes en los territorios 
en los que trabaja, usando el Método paso a paso de la Organización Mundial de la Salud para la vigilancia de factores 
de riesgo para las enfermedades crónicas no trasmisibles. La realización de esta encuesta poblacional se vió afectada 
por el contexto de pandemia en Ecuador. Entre noviembre y diciembre del 2020, se realizó un piloto para poder adaptar la 
encuesta y sus procedimientos a la situación epidemiológica que se vivió en la ciudad de Quito. El piloto permitió identificar 
las principales barreras y dificultades y proponer soluciones y medidas de mejora.

Palabras clave: Encuesta poblacional, diabetes, enfermedades crónicas no transmisibles, COVID-19, Ecuador.

Abstract: The Contextualizing project Evidence for Action on Diabetes in low-resource Settings: a Mixed-methods case 
study in Quito and Esmeraldas, Ecuador, aims to analyze the social process by which global recommendations for the 
prevention of diabetes can translate into evidence-based actions tailored to low-resource settings. One of its first phases 
is establishing a baseline on risk factors for chronic noncommunicable diseases and the prevalence of diabetes in the 
territories in which it works, using the WHO STEPSwise approach to noncommunicable conditions risk factor surveillance. 
The conduct of this population survey was affected by the pandemic context in Ecuador. Between November and December 
2020, a pilot was carried out to adapt the study and its procedures to the epidemiological situation in the city of Quito. The 
pilot allowed us to identify the main barriers and difficulties related to COVID-19 and propose solutions and improvements 
for the best performance of the project.

Key words: Nopulation survey, diabetes, chronic noncommunicable diseases, COVID-19, Ecuador.
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ridos) y medidas antropométricas (estatura, peso, períme-
tro abdominal y presión arterial). Se realizó un muestreo 
multietápico en el que las primeras unidades de muestreo 
fueron secciones censales; las segundas, lotes residencia-
les (parcelas de terreno) dentro de cada sección censal; 
la tercera hogares dentro de cada lote y la final personas 
mayores de 18 años dentro de cada hogar. La muestra final 
estimada fue de 720 personas3.

Sin embargo, la realización de la encuesta poblacional 
presentaba una serie de retos desprendidos del contexto 
de la pandemia en la ciudad de Quito. Ecuador ha sido uno 
de los países más afectados por la pandemia en el conti-
nente5. Hacia el mes de diciembre del 2020, Quito era el 
territorio con más contagios a nivel nacional; y persistían 
restricciones de movilidad en la ciudad. Si bien las medi-
das más restrictivas a nivel nacional acabaron en el mes 
de septiembre, se volvieron a plantear otras similares hacia 
finales de diciembre.  

El objetivo de este trabajo es adaptar el trabajo de cam-
po de la encuesta poblacional a la situación contextual y 
epidemiológica de Quito, Ecuador.

Materiales y métodos 
Entre el 27/11/2020 y el 22/12/2020 se realizó un piloto 

de la encuesta con los siguientes objetivos: 1) analizar si 
era posible realizar la encuesta dada la situación pandémi-
ca y las restricciones de movilidad en Quito; 2) adaptar los 
manuales y procedimientos de la encuesta a la situación 
epidemiológica; y 3) revisar los mecanismos para realizar 
las tomas de muestra de laboratorio en los hogares de las 
personas participantes; tomando en cuenta el contexto.

Ante la situación producida por la pandemia por CO-
VID-19, se realizaron ajustes iniciales al piloto planificado 
(tabla 1). En primer lugar, se adaptó el protocolo de en-
cuesta para incluir medidas básicas de bioseguridad: uso 
de mascarilla, distanciamiento físico, uso de alcohol gel 
para manos y alcohol 70% para desinfección de superfi-
cies y equipos. Además, se adaptaron los procedimientos 
de acorde a las realidades y necesidades cambiantes. Fi-
nalmente, se incluyeron preguntas sobre el impacto de la 
pandemia en la situación económica, salud física y emo-
cional, relaciones familiares/sociales, y comportamientos 
relacionados a la salud.  

Resultados y discusión
En total durante el piloto, realizado entre noviembre y 

diciembre 2021, se visitaron 89 lotes seleccionados y se 
llegó a realizar 49 encuestas completas, incluyendo me-
didas antropométricas y toma de muestras de laboratorio. 
Las principales razones por las que no se llegó a realizar 
la encuesta fueron: 1) 17 personas (19% de los puntos de 
muestreo) no dan su consentimiento para participar; 2) 8 
personas quedan con visitas pendientes ya que solicitan 
que se realice la entrevista en otro momento; 3) 6 personas 
seleccionadas se encuentran ausentes en más de 3 visitas 
al hogar; 4) En tres lotes no viven personas (local comer-
cial, casa vacía); 5) 2 encuestas no se realizaron porque 
personas seleccionadas presentaban síntomas respirato-
rios al momento. Cabe destacar que durante el período de 
ejecución del piloto, no hubo ninguna sospecha de contagio 
por COVID-19 en el equipo de trabajo.

De las 49 personas encuestadas, 31 (63%) fueron 

mujeres. La edad mediana fue de 54.41 años (min 20.48, 
max 82.54 años). Un 87.75% de las personas participantes 
se identifican como mestizas, mientras que solamente un 
8.16% se identificaron étnicamente con grupos histórica-
mente excluidos (indígena, afroecuatoriano). Un 32.64% 
de las personas participantes tienen estudios primarios o 
menos, un 40.82% estudios secundarios y un 26.53% es-
tudios superiores. La mediana de ingresos mensuales del 
hogar fue de 400 dólares de los EEUU (min 100, max 4000 
USD). Un 73.47% de las personas encuestadas valora que 
su situación económica había empeorado en comparación 
con su situación antes de la pandemia (77.78% en hom-
bres, 70.97% en mujeres).

Si revisamos los cambios en comportamientos rela-
cionados con la salud con la pandemia podemos resaltar 
que: 1) 12.24% de las personas encuestadas refiere que 
su consumo de azúcar (dulces y bebidas azucaradas) ha 
aumentado (12.90% en mujeres, 11.11% en hombres); y 
2) 44.88% de las personas encuestadas disminuyeron su 
actividad física (48.39% en mujeres, 38.89% en hombres) 
y 18.37% la suspendieron (19.35% en mujeres, 16.67% en 
hombres).

En lo que respecta a la salud: 1) 34.69% de las perso-
nas participantes percibieron que su estado de salud física 
se ha deteriorado en comparación con su situación antes 
de la pandemia (38.89% en hombres, 32.26% en mujeres); 
2) 44.90% de las personas refieren que su estado de ánimo 
se ha deteriorado (33.33% en hombres, 56.61% en muje-
res); 3) 28.57% refieren que sus relaciones sociales o fa-
miliares se han deteriorado (27.78% en hombres, 29.03% 
en mujeres).   

Implicaciones para la práctica
A pesar de la preparación previa y de las adaptaciones 

realizadas en el trabajo de campo, se encontraron algunas di-
ficultades (no relacionadas a la situación epidemiológica) que 
dificultaron el trabajo y que vale la pena mencionar (tabla 2).

Las recomendaciones presentadas en la Tabla 2 fueron 
generadas mediante un proceso participativo entre encues-
tadoras y el resto de personas investigadoras en el proyec-
to. Los manuales se adaptaron siguiendo estas recomen-
daciones para su uso en la encuesta.

En primer lugar, hubo mayor participación de mujeres (el 
63% de las encuestas completadas), los hombres negaban 
dar su consentimiento en mayor grado que las mujeres, és-
tas últimas mostraron mayor apertura a participar y a hablar 
de su salud. Un posible factor que podría explicar esto es el 
género, dado que los hombres suelen ser menos dispuestos 
a hablar abiertamente de su salud en comparación con las 
mujeres. También el hecho de que los hombres presentan 
mayor afiliación a la seguridad social, con mayor acceso a 
los servicios de salud, y por lo tanto, perciben menor bene-
ficio de su participación en el estudio. Como propuesta de 
mejora, destacar la importancia de estratificar la muestra por 
sexo para asegurar que sea equitativa entre hombres y mu-
jeres, y mejorar la comunicación para resaltar los beneficios 
colectivos y llegar mejor a la población masculina.

En segundo lugar, la cartografía estaba poco actuali-
zada y para la aleatorización se usó información catastral 
y de usos de suelo del Municipio de Quito. En algunos ca-
sos, la zonificación residencial en el mapa no coincidía con 
la realidad (ej. locales comerciales) o lotes seleccionados 
estaban vacíos o abandonados. Esto se debe a los cam-
bios urbanos rápidos en algunos sectores de la ciudad y a 
la falta de actualización d ellos datos municipales. Y como 
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propuesta de mejora realizar visita previa a las secciones 
censales elegidas para determinar si la cartografía está ac-
tualizada. De esta manera se puede identificar de forma 
más fácil lotes que no corresponden a uso residencial (co-
mercial, industrial etc.).

En tercer lugar, hubo poca señal en algunas áreas, lo 
que dificultaba la visualización de mapas y la identificación 
de lotes seleccionados en el muestreo. Lo que se debe a 
una distribución desigual de la señal móvil en la ciudad y 
a la heterogeneidad en señal entre empresas. Esto se so-
lucionó mediante la pre-carga de mapas en los teléfonos 
móviles de los encuestadores antes de iniciar la jornada.

En cuarto lugar, se presentaron dificultades para reali-
zar la antropometría debido a las características de ciertas 
viviendas (pisos irregulares, paredes en mal estado, techos 
muy bajos), y a la necesidad de mantener distanciamiento 
físico, lo que se explica por la privación socioeconómica 
y las condiciones inadecuadas de muchas viviendas en el 
territorio de estudio. Para ello, buscamos espacios para la 
antropometría desde el primer contacto con participantes, 
y en los casos necesarios se usaron espacios exteriores.

Por último, también hubo dificultades para referir a 
personas con resultados anormales de laboratorio, tensión 
arterial o antropometría. Dos personas tuvieron glucosa en 
ayunas elevada; una persona tuvo intolerancia a la glucosa 
y otra recibió un posible diagnóstico de diabetes. Se encon-
traron valores elevados de tensión arterial en 9 personas 
participantes. Y un 54.17% de las personas participantes 
presentaron sobrepeso y un 22.92% obesidad. Esta dificul-
tad en referir a las personas a los respectivos centros de 
salud se debió a la saturación del sistema de salud por la 
pandemia de COVID-19, y al enfoque único en la mitigación 
de la pandemia, lo que afectaba el tratamiento de las enfer-
medades crónicas. Como soluciones a esto, contactamos 
a responsables de enfermedades crónicas del distrito para 
facilitar el proceso de referencia. Además, los profesionales 
de la salud que participan en el proyecto dieron seguimien-
to al proceso de referencia y resolvieron las dudas de los 
participantes.

Conclusiones
Si bien la realización de la encuesta piloto en el contex-

to de la pandemia por COVID-19 tuvo grandes dificultades 
y retos, también hubo muchos aprendizajes que han per-
mitido que pueda desarrollarse posteriormente de la mejor 
manera posible. Las adaptaciones realizadas en el contex-
to de la pandemia permitieron proteger tanto al equipo de 
encuestadoras como a las personas participantes. Sin em-
bargo, las mismas pudieron haber afectado la participación 
en la encuesta. A parte de las dificultades derivadas por la 
pandemia, se lograron identificar y proponer soluciones a 
otras barreras detectadas.

La encuesta poblacional debió suspenderse debido a 
la situación epidemiológica en la ciudad entre enero y me-
diados de marzo del 2021. Al retomar el trabajo, las reco-
mendaciones y cambios realizados durante el piloto fueron 
esenciales para el correcto funcionamiento del proyecto.

Material suplementario
Manual protocolo de la entrevista.

Contribución de autoría
Todos los autores y autoras han hecho contribuciones 

sustanciales al manuscrito. LP, ALT, IB, EC y JV participa-
ron en la concepción y el diseño del estudio. TR, JP, MGG, 
AA y MH realizaron el trabajo de campo y recolección de 
datos. IB y AP realizaron el análisis inicial e interpretación 
de los datos. TR, JP, MGG, AA, MH, IB y AP participaron en 
la escritura del manuscrito original; ALT, LP y EC realizaron 
la revisión crítica del mismo. El manuscrito final fue aproba-
do por todas las personas participantes. AP, en calidad de 
autor de correspondencia, garantiza que todas las partes 
que integran el manuscrito han sido revisadas y discutidas 
entre los y las autoras con la finalidad de que sean expues-
tas con la mayor precisión e integridad.

Realizando una encuesta poblacional en tiempos de pandemia: Experiencias de campo desde Ecuador
Conducting a Population Survey in Times of Pandemic: Field Experiences from Ecuador

Tabla 1. Medidas Adoptadas para la realización del estudio piloto de la encuesta poblacional ante la Situación de COVID-19.
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Oral Nano-Delivery Systems for Colon-Targeted Drug Delivery of Traditional 
Chinese Medicine in Ulcerative Colitis
Mohammad Javed Ansari1*, Suhad J. Hadi2, Hamzah H. Kzar2, Moaed E. Al-Gazally3, Thulfeqar Ahmed Hamza4, Mohammed Khudair 
Hasan5, Aiman Mohammed Baqir Al-Dhalimy6, Reza Akhavan-Sigari7,8

Abstract: Ulcerative colitis (UC) is a type of inflammatory bowel disease with a high recurrence rate. In this regard, 
sulfasalazine and immunosuppressive medications are often used for an extended period in clinical practice, but their 
effectiveness is limited, and they are prone to side effects. Modern research has shown that herbal active ingredients of 
Traditional Chinese Medicine (TCM), such as polyphenols, alkaloids, quinones, and terpenes, have a promising impact 
on treating UC via a multi-target mechanism and with low side effects. Poor water solubility and low bioavailability of 
these agents in the gastrointestinal tract are the most challenging issues in delivering these agents to the target tissues. 
Researchers have created a variety of oral colon-targeted nano-systems of TCM active ingredients in response to the 
above formulation issues, which significantly improve the treatment of UC by avoiding gastrointestinal damage, prolonging 
intestinal retention, and achieving controlled drug release at the lesion site. In order to provide ideas for the oral-targeted 
treatment of UC with active ingredients from TCM, the research progress of an oral colon-targeted nano-system for the 
treatment of UC is reviewed in the current study, as well as the research progress of an oral colon-targeted nano-system 
for the treatment of UC.

Key words: Medicine, Chinese Traditional, Colitis, Ulcerative, Nanoparticle Drug Delivery System.

REVIEW / ARTÍCULO DE REVISIÓN

Introduction
Ulcerative colitis (UC) is a non-specific inflammatory 

bowel disease with a long course and is difficult to cure. 
The diseased area can reach the submucosa of the rectum, 
involving the rectum, sigmoid colon, and even the entire co-
lon area1. Its clinical manifestations include abdominal pain, 
diarrhea, weight loss, and blood in the stool, which can be 
repeated. The World Health Organization has listed it as 
one of the modern refractory diseases. Its pathogenesis is 
complicated and related to increased mucosal permeability, 
imbalance of microbial levels, and tumor necrosis. Factor-α 
(tumor necrosis factor-α, TNF-α), interleukin-6 (interleu-
kin-6, IL-6), interleukin-10 (interleukin-10, IL-10), and other 
factors related to the imbalance of the level of inflammatory 
factors2. Currently, the commonly used drugs for treating 
UC include 5-aminosalicylic acid, cortisol, and immunosu-
ppressive drugs, but long-term use of these drugs can cau-
se serious adverse reactions. According to the symptoms of 
the disease, UC belongs to the categories of "rest dysen-
tery," "long dysentery," and "intestinal addiction" in Chinese 
medicine3. Based on the concept of syndrome differentia-
tion and treatment, traditional Chinese medicine has a long 
history of preventing and treating UC, with significant clini-
cal effects and minor adverse reactions. The treatment of 

UC with traditional Chinese medicine has the advantages 
of multiple components, multiple targets, and improvement 
of the internal environment. However, when the active in-
gredients of traditional Chinese medicine are treated orally, 
there are disadvantages, such as poor water solubility, low 
gastrointestinal stability, and poor oral bioavailability. How 
to achieve high-efficiency delivery of active ingredients of 
traditional Chinese medicine in colon lesions is a problem 
that needs to be solved urgently. This article summarizes 
the representative active ingredients of traditional Chine-
se medicines with the prevention and treatment effects on 
UC and their mechanism of action, as well as the research 
progress of oral colon-targeted nano-system for treating UC 
by consulting the Chinese and English literature in recent 
years.

Active ingredients of traditional Chinese medicine with 
UC prevention and treatment effects and their effects

Traditional Chinese medicine has a long history in trea-
ting UC, and its curative effect is noticeable. In particular, 
traditional Chinese medicine's active ingredients, such as 
polyphenols, alkaloids, quinones, and terpenoids, have 
shown therapeutic potential for UC.
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Polyphenols
Polyphenols are compounds with multiple phenolic hy-

droxyl groups found in many traditional Chinese medicines. 
Among them, resveratrol, rutin, silymarin, curcumin and 
other compounds have been reported to have the effect of 
treating UC. Resveratrol is often found in common Chinese 
medicines such as Cassia, Veratrum, Polygonum cuspida-
tum, etc., and plays an essential role in treating and preven-
ting various diseases. Rauf et al.4, and Marques et al.5 found 
that resveratrol can treat inflammation by down-regulating 
inflammatory biomarkers such as TNF-α, cyclooxygenase 
2, C-reactive protein, and interferon. Rutin, also known as 
rutin, is found in Chinese medicine such as Sophora japo-
nica, buckwheat leaves, dandelion, etc. It is mainly used 
for anti-inflammatory, anti-viral, and anti-oxidants6. Nones 
et al.7, and Habtemariam et al.8 found that rutin can inhi-
bit TNF-α and nuclear factor κB (nuclear factor kappa-B, 
NF-κB). The flavonoid lignan compound silymarin extrac-
ted from milk thistle has anti-cancer and anti-inflammatory 
effects. Silymarin can scavenge free radicals and reactive 
oxygen species and reduce the release of histamine and 
TNF-α, IL-6, and IL-8. The expression of UC can effectively 
improve the inflammatory symptoms of UC9,10. Curcumin is 
derived from the ginger family plant turmeric. It is often used 
as a food additive and has many functions, such as anti-in-
flammatory, anti-oxidant, anti-tumor, liver protection, and 
anti-angiogenesis. Therefore, curcumin has a good effect 
on the treatment of UC11.

Alkaloids
Alkaloids are a kind of basic organic compounds con-

taining nitrogen. In recent years, the alkaloids in some Chi-
nese medicines have shown sound UC treatment effects. 
Berberine, an isoquinoline alkaloid extracted from the 
Ranunculaceae plant Coptidis, is often used to treat bacte-
rial-related diarrhea.

It can be used clinically for anti-inflammatory, anti-tumor 
and immune regulation. Studies have shown that berberine 
can improve UC by inhibiting the expression of certain in-
flammatory factors12. Sinomenine is an alkaloid component 
extracted from the Chinese vine's roots, a fang chi family 
plant, and is often used to treat rheumatoid arthritis. Re-
searchers have recently found that sinomenine also has a 
specific role in treating chronic inflammation13. Tang et al.14 

and Zhou et al.15 found that sinomenine can reduce inflam-
mation in UC mice induced by dextran sulfate sodium (DSS) 
by regulating the Nrf2/NQO-1 signaling pathway. Oxymatri-
ne is an active ingredient isolated from the legume Sopho-
ra flavescens. Studies have confirmed that oxymatrine has 
anti-hepatitis virus and anti-tumor effects. Xiong Yongai et 
al.16 conducted experiments to prove that oxymatrine clearly 
affects trinitrobenzene sulfonic acid (TNBS)-induced UC in 
SD rats. Piperine extracted from black pepper and tetran-
drine extracted from tetrandrine has also been confirmed to 
have certain anti-UC effects17,18.

Quinones
The quinones that have the therapeutic effect of UC are 

mainly emodin and rhein. Emodin is an anthraquinone deri-
vative contained in most Chinese medicines. It has anti-tu-
mor, antibacterial, diuretic and vasodilator effects. Studies 
have found that emodin can treat UC by reducing the level 
of anti-flagellin antibodies in the blood and down-regulating 
the expression of Toll like receptor 5 (TLR5) and NF-κB p65 

pathway19,20. Rhein is an anthraquinone compound often 
used to treat gastrointestinal diseases, which can reduce 
the level of pro-inflammatory factors induced by lipopoly-
saccharide in macrophages RAW264.721. Studies have also 
found that cylindroquinone extracted from the vine fruit of 
centipede can also reduce the expression of inducible nitric 
oxide synthase (iNOS), TNF-α, IL-1β, and IL-6 to alleviate 
inflammation22.

Terpenes
Terpenoids are the general term for isoprene polymers 

and their derivatives. Studies have found that certain ses-
quiterpenes, diterpenoids, and triterpenoids can treat UC. 
Tripterygium wilfordii, a pentacyclic triterpene component 
extracted from Tripterygium wilfordii, has potential thera-
peutic effects on inflammation, cancer and arthritis23. Jia 
et al.24 found that tripterygium can inhibit necroptosis and 
relieve DSS-induced inflammation in UC mice. Parthenoli-
de is a sesquiterpene lactone compound and an essential 
effective component of Asteraceae plants. It has biological 
activities such as anti-oxidative stress, anti-inflammatory, 
and inhibiting cell apoptosis. Studies have found that par-
thenolide can be used as an inhibitor of the NF-κB pathway 
to relieve DSS-induced UC in mice25. The diterpene com-
ponent ester andrographolide is an important component 
in Andrographis paniculata, which can affect the Th1/Th2/
Th17 reaction in patients with UC26. In addition, Zhu et al.27 
found that andrographolide had a good therapeutic effect 
on the UC mouse model induced by TNBS. The diterpenoid 
component dihydrotanshinone has also been reported to 
have the potential effect of treating UC28.

Others ingredients
Other ingredients contained in traditional Chinese me-

dicine, such as crocetin, shikimic acid, arctigenin, brucein, 
and polysaccharide components pectin, cellulose, chitosan, 
plantago seed gum, etc., have been reported to be thera-
peutic effect on UC29-34. Some Chinese medicine extracts, 
such as ginger extract, have also been shown to have an-
ti-inflammatory effects. Studies have found that the ingre-
dients 6-gingerol and 6-gingerol in ginger extract can inhibit 
the expression of inflammation-related genes, thereby im-
proving inflammation35-37.

Table 1 represents the active ingredients of traditional 
Chinese medicines that have potential effects on preven-
ting/treating UC.

The therapeutic effect of oral colon-targeted nano-DDS 
in UC

Although the active ingredients of traditional Chinese 
medicine have the advantages of multiple pathways, mul-
tiple effective targets, and low level of adverse reactions 
in the treatment of UC, however, they have some shortco-
mings, such as strong hydrophobicity, poor permeability, 
and poor oral stability limit their use in the treatment of UC. 
To make the active ingredients of traditional Chinese medi-
cine treat UC more effectively, some oral colon-targeting na-
no-systems based on particle size dependence, pH depen-
dence, enzyme response, and active targeting have been 
developed. Compared with traditional oral formulations, 
oral colon-targeted nanoformulations have more advanta-
ges. First, it can improve the water solubility and stability of 
the drug, avoid damage of the intestinal environment and 
certain enzymes to the drug, reduce physical or chemical 
degradation, delay the release time of the drug, and achieve 
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the purpose of sustained release; second, when the drug 
is prepared for oral administration in colon-targeting na-
noformulations, nano-level particles have better targeting 
in the colon and can effectively alleviate system adverse 
reactions53-54. Finally, due to the small particle size of the 
nano-preparation, the drug is more likely to accumulate in 
the inflammation site of the colon, and a lower drug concen-
tration can achieve a good therapeutic effect55.

Particle size-dependent type
Studies have shown that the intestinal mucosal layer in 

the affected area of   UC is destroyed,
Inflammation-related cells such as macrophages in-

crease, destroying the original intestinal environment. Ma-
crophages can preferentially absorb nano-scale particles. 
At the same time, active drugs can be delivered to colon 
inflammatory tissues through colonic epithelial high per-
meability and retention effect (enhanced permeability and 
retention effect, EPR) effects56. Lamprecht et al.58 prepared 
3 kinds of nanoparticles with fluorescent pigments (with a 
particle size of 0.1, 1, and 10 μm, respectively), and obser-
ved the distribution of various particles after ig 3 d in UC 
rats induced by TNBS. The distribution index of the size of 
the nanoparticles in the colon is (5.2%±3.8), (9.1%±4.2) and 
(14.5%±6.3), respectively. Therefore, in the diseased area 
of   UC, when the particle size is small enough, the drug par-
ticles can penetrate into the cell, thereby promoting its rapid 
passage through the mucosal barrier, interacting with the 
immune system, and improving the uptake, absorption, dis-
tribution and metabolism of the drug58,59. Ma et al.60 used the 
emulsification solvent evaporation method to prepare cur-
cumin-loaded particles (with a particle size of 1.7 μm) and 
nanoparticles (with a particle size of 270 nm). Compared 
with the particles, the nanoparticles have a higher release 
rate; Curcumin nanoparticles are easier to alleviate DSS-in-
duced UC inflammation in mice.

pH-dependent
The pH of the gastrointestinal tract gradually rises from 

the stomach to the colon. According to the characteristics of 
colon pH 7-8, a pH-dependent nano-delivery system can be 
designed, and the nano-system can be targeted for release 
in the colon54,61,62. A pH-dependent drug delivery system can 
be designed by wrapping pH-sensitive biodegradable poly-
mer materials on the surface of the drug. Methacrylic acid 
polymer Eudragit® is a common pH-sensitive material. It 

can be dissolved in different pH by changing its side chain. 
Raj et al.63 prepared a pH-sensitive curcumin nanoformu-
lation, first prepared a chitosan-encapsulated nano-core 
structure by the particle gel method, and then prepared the 
Eudragit FS 30D shell by the emulsification solvent evapo-
ration method to obtain the core-shell structure. This nano-
particle has the ability of controlled the release of drugs and 
colon targeting. In the release experiment, the cumulative 
release rate of chitosan nanoparticles coated with pH-sen-
sitive materials in the simulated colon fluid (pH 7.4) reached 
84.7%, and the drug was continuously released within 24 
hours. Beloqui et al.11 also dissolved curcumin, pH sensiti-
zer Eudragit® S100, poly (lactic-co-glycolic acid) [PLGA] in 
the organic phase and then dropped it into the organic pha-
se. The pH-sensitive nano-preparation was prepared by sti-
rring in the aqueous solution. The nano-preparation system 
hardly released curcumin in the pH 1.5 gastric simulation 
solution and pH 4.5 small intestine simulation solution, and 
the curcumin release rate after 1 h in the pH 7.2 colon si-
mulation solution reached 90%. In cell uptake experiments, 
curcumin nanoparticles can penetrate the epithelial barrier 
more easily than curcumin free solution, and increase the 
absorption of curcumin by colon cancer Caco-2 cells. In in 
vivo experiments, pH-sensitive curcumin nanoparticle pre-
parations significantly reduced DSS-induced infiltration of 
mouse neutrophils and TNF-α secretion, lowered the level 
of MPO, alleviated DSS-induced body weight decline in 
mice, and inhibited colon shortening; In HE staining, the 
pH-sensitive nano-preparation group significantly alleviated 
the inflammation in the colon. Rutin64, ellagic acid65, sino-
menine66, etc. have also been reported to have pH-sensitive 
nanoformulations for the treatment of UC.

Enzyme-responsive
Studies have shown that the colon contains a large 

number of beneficial microorganisms, which can produce 
highly active proteases and peptide enzymes, which can be 
used to make colon enzyme-sensitive nano preparations. 
After the preparation reaches the colon, the enzyme-sensi-
tive material degrades to release the drug, which improves 
the bioavailability of the drug67-69. Castangia et al.70 used 
the ultrasonic reaction method to prepare enzyme-sensiti-
ve quercetin liposomes to treat UC. Nutriose is a soluble 
maize dextrin that uses Nutriose's enzymatic degradability 
to prepare enzyme-sensitive composite liposomes. In vivo 
distribution experiments showed that the liposomes without 
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Figure 1. Delivery principles of colon-targeted nano drug delivery systems for UC.

Nutriose ig 4 h showed strong fluorescence in the ileum and 
cecum, but only weak fluorescence in the colon; the liposo-
mes without Nutriose ig 4 h showed obvious fluorescence in 
the colon. In addition, the nano-delivery system can delay 
drug release. In the release experiment, the cumulative re-
lease rate of Nutriose-encapsulated liposomes in the colon 
simulant at pH 7.0 for 8 hours is 15% lower than that of 
unencapsulated liposomes. In the in vivo efficacy experi-
ment, the nano-preparation group significantly reduced ble-
eding and ulcers in the colon area, lowered the colonic ede-
ma tissue (CAS) index, and decreased the activity of MPO. 
Chitosan-coated calcium alginate microspheres loaded with 
icariin can also target drug delivery to the colon through an 
enzyme response71.

Active targeting
Studies have found that there are a large number of 

inflammation-related proteins in the inflammation part of the 
colon. When a substance that can specifically bind to the 
nanoparticle is connected, colon targeting can be achieved 
through the ligand-receptor effect. Chondroitin sulfate (CS) 
is a glycosaminoglycan substance that binds to the CD44 
receptor. CD44 is a transmembrane transport glycoprotein 
on the surface of activated macrophages. Gou et al.72 used 
silk fibroin to prepare curcumin nanoparticles and then at-
tached CS to their surface to target colonic macrophages. 
In the macrophage uptake experiment, the fluorescence 
of chondroitin sulfate nanoparticles (CS-NPS) was signifi-
cantly stronger than that of curcumin nanoparticles after 4 
hours of treatment. After CS-NPS ig, it significantly inhibi-
ted mice's body weight decline, down-regulated TNF-α and 

IL-6, and upregulated the levels of IL-10; in the HE stai-
ning experiment, the accumulation of immune cells was 
reduced. After CS-NPS ig, the survival rate of mice after 
15 d DSS treatment reached 50%. Studies have found that 
the up-regulation of CD98 in colonic epithelial cells in mice 
with colon inflammation can be used to treat UC by inter-
fering with its synthesis73. Xiao et al.74 prepared curcumin 
hydrogels containing CD98 synthetic interfering RNA (CD98 
siRNA, siCD98) for targeted treatment of UC. Use PLGA 
to wrap curcumin and siCD98 to form nanoparticles, then 
wrap chitosan and connect with hyaluronic acid, and finally 
crosslink into a hydrogel in the presence of chitosan and 
sodium alginate. In the cell uptake experiment, the fluores-
cence of the hyaluronic acid nanoparticle group was more 
potent than that of the curcumin nanoparticle group, which 
proved that the surface modification of hyaluronic acid (HA) 
could increase the cell's uptake of nanoparticles. Further 
cell experiments showed that the nano-preparation system 
reduces the expression of CD98 in Colon-26 colon cancer 
cells, down-regulating the levels of MPO and apolipoprotein 
2 (Lcn-2) in feces, reduces colon ulcers, and promotes co-
lon tissue returns to normal. Some researchers have also 
loaded targeted siRNA into ginger-derived natural nanopar-
ticles for targeted therapy of UC75.

Other ingredients
In addition to the targeted nano-systems mentioned 

above, there are also some porous nanoformulations and 
self-assembled nano-delivery systems for colon-targeted 
delivery of active ingredients of traditional Chinese medi-
cine. Chen et al.76 used dual emulsification solvent eva-

Oral Nano-Delivery Systems for Colon-Targeted Drug Delivery of Traditional Chinese Medicine in Ulcerative Colitis
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poration technology to use PLGA/PF127 to encapsulate 
curcumin and ammonium bicarbonate (ABC) as a porogen 
to produce porous nanoparticles. In macrophage uptake 
experiments, porous nanoparticles, the fluorescence of the 
preparation is stronger than that of the non-porous nano-
particle preparation. In vivo experiments show that porous 
nanoparticles have more accumulation in colon tissue. Dou 
et al.77 constructed bruceine nanoparticles by self-assembly 
nano-emulsification method and dissolved bruceine D (BD) 
in (polyethylene glycol-15-hydroxystearate)-propylene gly-
col- In the chain triacylglycerol (4:2:1) solution, the self-as-
sembled nanoparticles can be obtained by stirring. Compa-
red with BD-free solution, BD self-assembled nano-system 
has a better inhibitory effect on pro-inflammatory factors 
and can significantly alleviate the damage of UC tissue.

The delivery principle of the oral colon-targeted na-
no-system is shown in Figure 1, and the oral colon-targeted 
nano-system for treating UC with active ingredients of tradi-
tional Chinese medicine is shown in Table 2.

Conclusions
Traditional Chinese medicine has the characteristics 

of multiple components and multiple targets and has sig-
nificant advantages in treating chronic and complex disea-
ses represented by UC. With the deepening of research, 
the effective ingredients of traditional Chinese medicine 
intervention in UC have been discovered. The mechanism 
has gradually become clear, such as curcumin, triptolide, 
resveratrol, etc. However, in the formulation development 
process, problems such as water insolubility, low bioavai-
lability, and poor colon targeting have restricted its use. 
Therefore, how to effectively deliver drugs to the diseased 
part of the colon through oral administration to release the 
drugs to achieve the therapeutic effect is a problem to be 
solved urgently. The construction of an oral colon-targeted 
drug delivery system can solve this problem. Nanoformula-
tions for treating UC can be designed according to particle 
size dependence, pH dependence, enzyme response, and 
ligand-receptor-specific pairing. Some nanoformulations 
pass through the colon. The permeability of mucosal cells 
is not high, and there are problems such as inflammation 
or low uptake of immune-related cells. These problems 
will further limit the use of colon-targeted nanoformulations 
in clinical applications. However, in recent years, with the 
application of new materials, the discovery of colon-specific 
receptors, and the research on the pathogenesis of UC, the 
colon targeting and specificity of oral preparations will be 
further improved.
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Coordination compounds of carbonyl oxygen polychelate ligand; synthesis, 
physicochemical characterization and biological evaluation
Duaa S. Abaas and Mohamad J. Al-Jeboori*

Abstract: The work covers the formation of the bisaldehyde ligand 2,2'-[ethane-1,2diylbis(oxy)] dibenzaldehyde (M) and 
its metal complexes. The synthesis of M was achieved via two steps in which two equivalents of the salicylaldehyde were 
reacted with KOH in an ethanolic medium. Subsequently, the resulting compound dissolved in DMF and one equivalent 
of 1,2-dibromoethane was added. Adding an ethanolic solution of metal chloride of a range of metal ions to the ligand 
in a 1:1 (M:L) mole ratio resulted in preparing a new five monomeric complexes. The entity of the isolated structure for 
the prepared compounds was confirmed using physicochemical methods (FT-IR, electronic spectroscopy, mass and 1H, 
13C-NMR spectra, elemental microanalysis, magnetic susceptibility and molar conductance). The characterization data 
indicated the isolation of six and four-coordinate monomeric complexes with the general formula; [Cr(M)(Cl)2(H2O)2]Cl, 
[M(M)(Cl)2].H2O (where M= Fe(II), Co(II) and Cu(II)) and [Ni(M)]Cl2.H2O. The anti-microbiological activity of the title compounds 
(ligand and complexes) was tested against various bacterial and fungal microorganisms. The acquired data revealed that 
the metal complexes became potentially more active than the M.

Key words: Bisaldehyde ligand, Novel monomeric metal complexes, Structural study, Antimicrobial activity.

ARTICLE / INVESTIGACIÓN

Introduction
The current interests in forming bis-functionalized com-

pounds are due to their wide range of uses in organic and 
inorganic chemistry, biology and industry1,2. These materials 
are fascinating precursors employed as building blocks in 
supramolecule and nanotechnology2,3. Aromatic aldehydes 
are natural product species classified as essential com-
pounds due to their uses in the fragrance and cosmetics 
industries, food technology, medicine, and pharmaceuti-
cals4,5. Further, the condensation reaction of these species, 
the bisaldehyde compounds, with a primary amine segment 
resulted in the preparation of the Schiff base. Compounds 
that are derived from bis-functionalized starting materials, 
in particular, 2,2'-[ethane-1,2diylbis(oxy)]dibenzaldehyde 
(EDD) precursor, are interesting organic species that are 
used in the formation of Schiff-bases. The formation of the 
EDD is based on the reaction of the dibromoalkyl with the 
salicylaldehyde in the presence of an alkali medium. Several 
condition reactions were implemented to form the EDD pre-
cursor to optimize yield, solvent and other reaction factors; 
schiff bases derived from the EDD were used as comple-
xation agents and a range of metal complexes were repor-
ted6. Recently, we reported the isolation of complexes deri-
ved from Mannich bases in which carbonyl oxygen moiety 
of the cyclohexanone segment is involved in coordinating 
with the metal centers7,8. However, to our knowledge, there 
are no published reports on using EDD as a complexation 
agent. Therefore, the current work intends to explore the 
potential ability of EDD as a complexation agent in which 
carbonyl oxygen of the bisaldehyde moieties is involved in 
the coordination with the metal center. The preparation of 
2,2'-[ethane-1,2diylbis(oxy)]dibenzaldehyde (EDD) with a 

modification procedure to that reported previously9 and the 
formation of a range of monomeric complexes derived from 
EDD are reported. Further, this study explores the comple-
xation effect on the antimicrobial activity on the free bisalde-
hyde ligand upon coordination with the mental center.

Materials and methods 
The organic and inorganic materials used in this work 

were commercially available and were used as received. 
The FTIR spectra of compounds were recorded using KBr 
and CsI discs from 4000–250 cm-1 on a Shimadzu Fourier 
Transform Infrared Spectrometer (FTIR-600). The mass 
spectrum for the ligand was determined using the elec-
trospray method (positive mode) with the Agilent mass 
spectrometer Sciex ESI mass analysis. The ligand's 1H- 
and 13C-NMR spectra were recorded in DMSO-d6 with a 
Brucker-500 MHz. For the 1H-NMR study, tetramethylsi-
lane (TMS) was used as an internal standard to measure 
chemical shifts. A Shimadzu UV-160 spectrophotometer 
was used to analyze the electronic spectra of compounds 
from 200–1000 nm for 10-3 M solutions in DMSO at ambient 
temperature. An electrothermal Stuart apparatus, model 
SMP40, was used to determine melting points. Elemental 
analyses (CHN) for the ligand and their metal complexes 
were performed using EuroEA 3000 machine. A Shimadzu 
(AA) 680G atomic absorption spectrophotometer and a po-
tentiometric titration technique on a 686-nitro processor-665 
Dosimat-Metrom Swiss were used to determine metal and 
chloride percentages for compounds, respectively. The 
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magnetic moments were performed on a Sherwood Scienti-
fic Devised at 308 K. A Eutech Instruments Cyberscan con 
510 digital conductivity meter was used to measure molar 
conductance for complexes.

Synthesis

Synthesis of 2,2′-(Ethane-1,2-diylbis(oxy))dibenzaldehyde (M)
The formation of M was based on a published me-

thod9 with a modification and as follows: To an ethanolic 
solution of KOH (0.56g, 10mmol) in 15ml of absolute EtOH 
was added with stirring a mixture of salicylaldehyde (1.22g, 
10mmol) in EtOH (5ml). The reaction mixture was allowed 
to reflux until a clear solution was obtained, and then the 
solvent was removed under reduced pressure to give a pale 
green solid. 10ml of DMF was added to the solid, and the 
mixture was heated at 100°C for 10min. Subsequently, a 
mixture of 1,2-dibromoethane (0.94g, 5 mmol) in DMF (5 ml) 
was added with stirring. The resulting mixture was allowed 
to reflux for 30min and stirred at room temperature, then 
distilled water was added. The mixture was allowed to stir 
for 2h, and the formed brown solid was collected by filtration 
and washed with a copious amount of water. The compound 
was recrystallized from hot ethanol, and bright brown crys-
tals were collected by filtration that was kept in the air to dry. 
Yield: 2.4g (88%), m.p = 118 - 120°C. M.wt=270 amu. FT-IR 
(KBr) cm-1; 1685 and 1666 ν(C=O)ald, 1242 ν(C-O-C) and 
1597 ν(C=C)cm-1.

Synthesis of complexes
The metal complexes were prepared following an ana-

log procedure. Therefore, the formation of [Cr(M)(Cl)2(H2O)2]
Cl is reported as a model for the preparation of complexes 
and as follows: To a stirring solution of the bisaldehyde li-
gand (0.10g, 0.37mmol) in 10ml of a hot mixture of DMF and 
ethanol with an 8:2 (v:v) ratio has added a solution of chro-
mium(III) chloride hexahydrate (0.10g, 0.37mmol) dropwise 
in 10ml of ethanol. The resulting mixture was heated by sti-
rring at 70oC for 4h. The brownish-red solid that formed was 
collected by filtration, washed with diethyl ether (5ml) and 
dried in air. Yield: 0.122g (76%), m.p = 250-248oC. Table 1 
includes elemental analytical data, colors, and products of 
complexes. Tables 2 and 3 show the FT-IR and electronic 
data of complexes, respectively.

Biological activity measurement
The evaluation of ligand and its metal complexes 

against four bacterial species (Escherichia coli, Pseudomo-
nas aeruginosa, Staphylococcus aureus and Bacillus subti-
lis) and two types of fungi (Candida albicaus and Rhizopus 
sporium) were performed using agar-well diffusion10. In this 
method, the wells were dug in the media with the help of a 
sterile metallic borer with centers of a diameter of at least 6 
mm. The recommended concentration (100 μL) of the 1 mg/

mL test sample in DMSO was introduced in the respective 
wells. The plates were incubated immediately at 37°C for 
24h. The activity was evaluated by measuring the diameter 
of inhibition zones (mm). The samples were performed at 
the Central Service Laboratory / Ministry of Science and Te-
chnology / Baghdad / Iraq.  

Results and discussion
The synthesis of the ligand (M), 2,2'-[ethane-1,2di-

ylbis(oxy)] dibenzaldehyde, and its metal complexes are 
reported. The ligand was prepared with modification in a 
two-step. These include the reaction of salicylaldehyde with 
KOH in an ethanolic medium. After removing the solvent 
under vacuum, 1,2-dibromoethane in DMF medium was ad-
ded and allowed to heat at reflux for 2h. The reaction mix-
ture was allowed to stir at RT, and a precipitate was formed 
by adding distilled water. The title compound was collected 
by filtration and then recrystallized from EtOH to give M an 
excellent yield, Figure 1. The ligand (M) is a potentially te-
tradentate species that consist of two carbonyl oxygen-al-
dehydes and two oxygen-ether donor atoms. The reaction 
of M with metal chlorides of Cr(III), Fe(II), Co(II), Ni(II) and Cu(II) in 
a 1:1 (L:M) mole ratio using a mixture of EtOH/DMF in a 2:8 
ratio at reflux gave the required complexes, Figure 2. The 
complexation reaction is solvent and temperature-depen-
dent, and unidentified residues were obtained upon using 
different solvents or temperatures. The obtained data indi-
cated the formation of six-coordinate monomeric complexes 
(bar [Ni(M)]Cl2.H2O that gave a four-coordinate monomeric 
complex). A variety of physicochemical tools were used to 
characterize the isolated compounds (ligand and comple-
xes). These include; 1H, 13C-NMR and mass spectroscopy 
(for ligand), micro-elemental studies and metal and chlori-
de ratio (Table 1), FT-IR (Table 2) and UV-Vis spectrosco-
py (Table 3). The isolation of electrolyte complexes ([Cr(M)
(Cl)2(H2O)2]Cl and [Ni(M)]Cl2.H2O) and nonelectrolyte com-
plexes of the general formula [M(M)(Cl)2].H2O (where M= 
Fe(II), Co(II) and Cu(II)) was determined by measuring their 
conductance in DMSO solutions, Table 3.

FT-IR data of  bisaldehyde
The FT-IR spectrum of M, Figure 3, indicated two bands 

at 1685 and 1666 cm-1, which are due to the ν(C=O) group, 
compared with that at 1695 cm-1 for the ν(C=O) group of 
the salicylaldehyde. The appearance of two peaks indica-
tes the two carbonyl groups are non-equivalent. The spec-
trum showed no peak around ca. 3200 and 600 cm-1 may 
be attributed to the ν(OH) and ν(C-Br) groups11 indicating 
the involvement of the O-H and the C-Br in the formation of 
the ether group. This was confirmed by the appearance of 
a band at 1242.16 cm-1 assigned to ν(C-O-C) stretching of 
the ether group11,12.

Duaa S. Abaas and Mohamad J. Al-Jeboori
Volume 8 / Issue 2 / 18     •     http://www.revistabionatura.com

Figure 1. Preparation route and reaction conditions of the bisaldehyde ligand (M).
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NMR and mass spectra of the bisaldehyde ligand
The 1H- and 13C-NMR of M were acquired in DMSO-d6 

on a Brucker-500 MHz machine. The assignment of peaks 
is based on the numbering fashion reported in Figure 1). 
The 1H NMR spectrum of 2,2'-(ethane-1,2diylbis(oxy))di-
benzaldehyde with an expansion of the aromatic region is 
shown in Figure 4. The spectrum showed several signals 
between 10.29-7.08 ppm in the aromatic region. The sin-
glet peak at 10.29 ppm, equivalent to two protons, is related 
to (2H, s, C8,8`-H). The multiple chemical shift at 7.68-7.65 
ppm is equivalent to four protons attributed to (4H, m, C6,6; 
4,4`-H). A doublet peak at 7.34-7.32 ppm is equivalent to two 
protons attributed to (2H, d, C3,3,-H J = 8.2 Hz). The triplet 
peak at 7.11-7.08 ppm that equivalent to two protons as-
signed to (2H, t, C5,5`-H `, J = 7.45, 7.50 Hz). The chemical 

shift related to the ethylene group was detected as a singlet 
at 4.58 ppm (4H, s, H1,1`). The spectrum recorded signals 
at ca. 2.50 and 3.33 ppm related to the DMSO-d6 and the 
traces of water in the NMR solvent, respectively. The 13C 
NMR spectrum of M in the DMSO-d6 solution is placed in 
Figure 5. The spectrum indicated the correct resonances 
for the compound. Resonance related to the carbonyl group 
assigned to C8,8- appeared as a two signal at δc = 188.70 
and 188.68 ppm. The appearance of two signals indicated 
that the two C=O groups are slightly inequivalent in solution. 
This follows the FT-IR data, Figure 3, in which the two car-
bonyl groups are also inequivalent in the solid state. Signal 
related to C2,2` appeared at δc = 160.39 ppm. Resonances 
correlated to C4,4`, C6,6- C5,5- C7,7- and C3,3- were observed 
at 135.94, 127.13, 124.11, 120.70 and 113.76 ppm, respec-

Coordination compounds of carbonyl oxygen polychelate ligand; synthesis, physicochemical characterization and biological evaluation

Figure 2. Synthesis route of monomeric complexes.

Table 1. The physical properties and elemental analyses of M and its complexes.
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tively. The two methylene groups, O-C1,1-, appeared to be 
equivalent and were detected at 67.00 ppm.

The electrospray (+) mass spectrum of M, Figure 6, 
reveals the parent ion peak at m/z=270.1 amu (18.22%). 
This peak is related to (M)+, calculated at 270.09 amu for 
C16H14O4. Peaks detected at m/z = 240.2 (4.52%), 197.1 
(7.56%), 149.2 (70.55%),121.2 (100.0%), 105.1 (16.20%), 
77.2 (48.10%) and 65.2 (40.56%) related to [M-(C15H12O3)]+, 
[M-(C13H9O2)]+, [M-(C9H9O2)]+, [M-(C7H5O2)]+, [M-(C7H5O)]+, 
[M-(C6H5)]+ and [M-(C5H5)]+, respectively. The assignment 
of the successive fragmentation ions of the compound, 
along with their relative abundance, is shown in Figure 7.

FT- IR spectra of complexes
The FT-IR spectral data of the distinct bands for 1, 2, 

3, 4, and 5 are placed in Table 2. The spectra of complexes 
were compared with the spectrum of the ligand (M) which 
indicated the involvement of the oxygen moieties, carbonyl 
oxygen-aldehydes and/or oxygen-ethers in coordination with 
the metal center. Bands related to the ν(C=O) of the carbon-
yl have suffered a higher shift in complex 4 and appeared at 
1687 and 1670 cm-1, compared with that of M at 1685 and 
1666 cm-1. However, this band was shifted by 4-47 cm-1 to a 
lower frequency in complexes 1, 2, 3, 4 and 5 and appeared 
at 1680;1654, 1651;1612, 1685;1662, 1687;1670 and 1643 
cm-1, respectively. The shift of the carbonyl bands is related 
to the involvement of these moieties in the coordination with 
the metal center12,13. Further, the spectra showed the two 
coordinated carbonyl groups are non-equivalent (except 
that for the Cu(II)-complex). The ν(C-O-C) ether of the M 
that was detected at 1242 cm-1 has shifted to a higher wa-
venumber by 4-54 cm-1 and appeared at 1253, 1253 and 
1249 cm-1 in complexes 2, 4 and 5, respectively11,14. Howe-
ver, in complex 3, the ether band was moved to a lower 
wavenumber and appeared at 1238 cm-1. More, in complex 
1 there was no change in the frequency of the ν(C-O-C) 
ether group, which confirms the chromium(III) ion was not 

bound to oxygen ether. The shifting of the oxygen ether seg-
ment may contribute to the oxygen atoms' involvement in 
the coordination with the metal center11,14. The spectra of 
metal complexes revealed additional bands between 600-
200 cm-1 that were not presented in the M spectrum. Bands 
that are related to ν(M-O) carbonyl were detected at 532, 
520, 509, 532 and 509 cm-1 for ν(Cr-O), ν(Fe-O), ν(Co-O), 
ν(Ni-O) and ν(Cu-O), respectively 15,19,20. The ν(M-O) for 
the oxygen ether bands related to ν(Fe-O), ν(Co-O), ν(Ni-O) 
and ν(Cu-O) were detected at 574, 532, 582 and 578 cm-1, 
respectively11,15. The FT-IR spectra revealed bands that be-
long to ν(Cr-Cl), ν(Fe-Cl), ν(Co-Cl) and ν(Cu-Cl) at 243;252, 
241;248, 262;283 and 235;246 cm-1, respectively16. Finally, 
peaks were detected at 3321, 3491, 3444, 3329 and 3471 
cm-1 in the complexes of Cr(III), Fe(II), Co(II), Ni(II) and Cu(II), 
respectively, were correlated to aqua water molecules. In 
complex 1, a band that was detected at 756 cm-1 is related 
to ν(Cr-O)17.

Electronic spectra and magnetic moment measurements
The electronic absorption spectra of M, Figure 8, and 

its complexes were determined in DMSO solutions (con. = 
1 x 10-3 M). The UV-Vis spectra of Cr(III), Fe(II), Co(II), Ni(II) 
and Cu(II) complexes indicated peaks around 263-265 nm 
related to π→π* and n→π* (ligand field transitions), Table 
3. The spectra of 1, 2, 3, 4 and 5 showed an extra peak of 
about ca.315 nm assigned to charge transfer (CT) 16-18. In 
the d-d region of the Cr(III) complex (Figure 9), bands at 435 
and 633 nm correlated to 4A2g(F)→4T1g and 4A2g(F)→4T-
2g(F), respectively indicating a distorted octahedral geo-
metry about the metal center19. The Fe(II) complex revealed 
peaks,  at 833, 889 and 977 nm correlated to 5T2g→2Eg, in-
dicating an octahedral shape around the core atom20. Peaks 
at 615 and 677 nm in the spectrum of Co(II) are referred to 
4T1g(F) → 4A2g(F) and 4T1g(F) → 4A2g(F), respectively con-
firming a distorted octahedral geometry around the metal 
center21,22. In the Ni(II)complex (Figure 10), peaks at 619, 652 

Figure 3. The FT-IR spectrum of the bisaldehyde ligand (M).

Duaa S. Abaas and Mohamad J. Al-Jeboori
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Figure 4. 1H-NMR spectrum of M in DMSO-d6.

Figure 5. 13C-NMR spectrum of M in DMSO-d6 solution.

and 692 nm attributed to 3T1(F)→ 3A2(F), 3T1(F)→ 3A2(F) and 
3T1(F)→ 3T1(P) that supported a distorted tetrahedral geo-
metry around the metal center23. The broad peak at 645 nm 
in the spectrum of Cu(II) is referred to 2B1g→ 2B2g confirming 
a distorted octahedral geometry around the metal center24. 
The magnetic value is an essential factor for the characteri-
sation of complexes, as it may be linked to the shape adop-
ted by ligands around the metal center. For Cr(III), Fe(II), Co(II), 
Ni(II) and Cu(II) complexes, the obtained magnetic moment 

was determined to be 3.74, 4.22, 4.35, 4.55 and 2.16 BM, 
respectively. These values matched the total of the spin's 
moment, indicating a weak field with sp3d2 and sp3 hybridi-
zation of complexes. Therefore, Cr(III), Fe(II), Co(II) and Cu(II) 

complexes adopted a distorted octahedral geometry. Howe-
ver, the Ni(II) complex adopts a tetrahedral24.

Biological activity
The prepared ligand and its metal complexes with Cr(III), 

Coordination compounds of carbonyl oxygen polychelate ligand; synthesis, physicochemical characterization and biological evaluation
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Fe(II), Co(II), Ni(II) and Cu(II) ions were tested against two mi-
crobial strains; G-positive (Staphylococcus aureus, Bacillus 
subtilis), as well as G-negative (Escherichia coli, Pseudo-
monas auroginosa). The examined bacteria in this study 
infect humans' urinary and respiratory tracts, and they are 
among the most dangerous and lethal pathogens discove-
red in surgical operating rooms. Further, two types of fungus 
that affect humans were investigated (Candida albicans and 
Rhizopus sporium)8,17. The collected data is presented in Fi-
gure 11 and Table 4. According to the obtained results, the 
title compounds exhibit varied antibacterial action against 
microorganisms. The zone of inhibition ability of compounds 
was compared with Cefotaxime (100 μg/mL) used as an 
antibacterial standard. The following essential points are 
drawn from the gathered data that is given in the Tables:

1-     All complexes showed activity against positive and 
negative bacteria.

2-     Experimental data indicated the complexes be-
came more active compared with M. Further, the prepared 
compounds indicated higher activity compared with cefota-
xime.

3-     Based on the experimental information, iron and 
cobalt complexes show higher microbiological activity 
against strains of  (Escherichia coli) bacterial, whereas the 
nickel complex is less effective against (Escherichia coli). 
This may attribute to the influence of the cationic nature and 
the tetrahedral geometry of the nickel complex, compared 
with the neutral six-coordinate ion and cobalt complexes.

The antifungal activity of M and its metal complexes 
were tested against two types of fungi. The role of DMSO 
in the biological screening was concluded separately using 
the solutions of DMSO alone, which showed no activity 
towards fungal species8,17. Fungi activity data against tested 
compounds are shown in Figure 12 and Table 4 and placed 
in. The following conclusions have been pointed out;

1-     The M and its complexes generally showed good 
results against the rhizopus sporium, compared with fungi 
Candida albicans.

2-     The Cr(III), Co(II) and Ni(II) -complex indicated the 
highest inhibition activity against Rhizopus sporium.

3-     3- Complexes of Cr(III) and Cu(II)) showed the lowest 
anti-fungal activity against Candida albicans.

Conclusions
The synthesis and characterization of a bisaldehyde 

ligand (M) and its new metal complexes are reported. The 
tetradentate ligand, which consists of two carbonyl-oxygen 
and two ether-oxygen donor atoms, was prepared in a two-
step. The reaction of the ligand with Cr(III), Fe(II), Co(II), Ni(II) 
and Cu(II) metal ions in a 1:1 (L:M) mole ratio resulted in the 
isolation of monomeric complexes. The chemical structu-
re of compounds and the overall bonding behavior of the 
complexes was confirmed through physicochemical techni-
ques. The characterization data confirmed the isolation of 
six-coordinate monomeric complexes of the general formu-
la; [Cr(M)(Cl)2(H2O)2]Cl, [M(M)(Cl)2].H2O (where M= Fe(II), 
Co(II) and Cu(II)) and four-coordinate complex of the general 
formula [Ni(M)]Cl2.H2O. The biological activity of the ligand 
and its complexes against bacterial species and fungi pa-
thogens were also tested. Generally, the bisaldehyd com-
plexes showed more activity compared with the free ligand
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Figure 6. The electrospray (+) mass spectrum of M.
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Figure 7. The fragmentation pattern and relative abundance of M.

Table 2. The Infrared spectrum of the complexes prepared from (M).
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Figure 8. 
E l e c t r o n i c 
spectrum of 
the ligand (M) 
in DMSO sol-
vent.

Figure 9. 
E l e c t r o n i c 
s p e c t r u m 
of [Cr(M)
(Cl)2(H2O)2]
Cl in DMSO 
solvent.

Figure 10. 
E l e c t r o n i c 
spectrum of 
[ N i ( M ) ] C l 2 .
H2O in DMSO 
solvent.
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Table 3. Electronic spectral data and molar conductance for M complexes.

Figure 11. The inhibition zone diameter (mm) against bacterial species for M ligand and its complexes.
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Introducción
El aumento de la población mundial y las demandas que 

trae consigo, han puesto en riesgo la producción de alimen-
tos y la seguridad alimentaria, de ahí que las prácticas agrí-
colas sean cada vez más intensivas1, lo que resulta en un 
impacto negativo en el funcionamiento de los ecosistemas2.

La intensificación de los cultivos agrícolas, hace uso de 
enormes cantidades de fertilizantes químicos que influyen 
directamente en el equilibrio de las interacciones bióticas y 
abióticas, lo que altera la biodiversidad y el funcionamiento 
natural de los sistemas3.  Por lo tanto, el desarrollo de nue-
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Aplicación de un abono foliar líquido en el cultivo de cacao nacional fino 
de aroma en Morona Santiago, Ecuador
Changes in phytic acid concentration, free phosphorus and soluble iron during fermentation 
of white cabbage and Chinese cabbage

Marcos Vera-Morales1*, Daynet Sosa1,2, Carlos Arias-Vega1, Fernando Espinoza-Lozano1, Simón Pérez- Martínez3, María F. Ratti1,2

Resumen: La descomposición anaeróbica del estiércol de ganado podría generar subproductos que sean empleados 
en la agricultura como abonos orgánicos. Por lo que la fertilización de la superficie foliar producido a partir de nutrientes 
orgánicos y microorganismos constituye una fuente en la nutrición y producción de los cultivos. El objetivo de este estudio 
fue evaluar el efecto de un abono liquido procedente de la descomposición anaeróbica de estiércol de ganado sobre la 
superficie foliar del cultivo in situ del cacao nacional fino de aroma (Theobroma cacao) en Morona Santiago, Ecuador. 
Con este propósito, se tomaron muestras de hojas antes y después de la aplicación del abono foliar. Además, se realizó 
un experimento completo de bloques al azar con cinco tratamientos. Los tratamientos fueron: T1 y T3 con aplicaciones 
del abono foliar cada 30 días y concentraciones de 50 y 100% respectivamente, T2 y T4 con aplicaciones cada 60 días 
y concentraciones de 50 y 100% respectivamente y T5 con manejo convencional (Control). Los resultaron mostraron 
evidencias estadísticamente significativas antes y después de la aplicación del abono liquido orgánico en el aumento 
de los macronutrientes de fosforo y potasio, así como al micronutriente de cobre. Por otro lado, la aplicación del abono 
foliar evidencio efectos positivos en el control in situ de Moniliophthora roreri y M. perniciosa con el tratamiento de 30 
días diluido al 50%.  Se sugiere que la aplicación del abono foliar procedente de la descomposición de estiércol puede 
contribuir a aumentar los macro y micronutrientes de las hojas del cultivo de cacao, así como también su potencial efecto 
en el biocontrol de patógenos fúngicos que afectan al cultivo de cacao nacional fino de aroma.

Palabras clave: Abono líquido, Biocontrol, Cacao nacional, Microorganismos, Nutrientes.

Abstract: The anaerobic decomposition of livestock manure could generate useful agricultural subproducts as organic 
fertilizers. Thus, fertilization of leaf surface produced from organic nutrients and microorganisms constitutes a source 
for the nutrition and production of crops. This study aimed to evaluate the effect of a liquid amendment made from the 
anaerobic decomposition of cow manure on the foliar surface of in situ fine aroma cacao (Theobroma cacao) in Morona 
Santiago, Ecuador. For this purpose, we took leaf samples before and after applying the foliar amendment. Furthermore, 
we performed a complete randomized block experiment with five treatments. Treatments were as follows: T1 and T3 
with applications of liquid amendment every 30 days and concentrations of 50 and 100%, respectively; T2 and T4 with 
applications every 60 days and concentrations of 50 and 100%, respectively and T5 with conventional management 
(Control). Results showed statistically significant differences before and after applying the liquid organic amendment on 
the increase of macronutrient phosphorus, potassium, and the micronutrient copper. In addition, the application of foliar 
fertilizer, evidenced positive effects on the in situ control of Moniliophthora roreri and M. perniciosa with the treatment of 30 
days and a 50% concentration. We suggest that applying foliar amendment from cow manure decomposition contributes to 
the increase of macro and micronutrients of the leaves in cacao crops, also as a potential biocontrol for fungal pathogens 
that affect fine aroma national cacao.

Key words: Liquid fertilizer, Biocontrol, National cocoa, Microorganisms, Nutrients.
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vos fertilizantes, formulaciones y tecnologías inocuas con 
el entorno y la salud humana se constituyen en un desafío 
que van de la mano con la capacitación a productores para 
el correcto uso y aplicación, cuestiones que interesan a los 
agricultores e investigadores4.

Los nutrientes son importantes para el desarrollo de las 
plantas y las interacciones con fitopatógenos. Cada nutrien-
te juega un papel fundamental en las funciones fisiológicas 
de las plantas5. A pesar de que la adsorción de nutrientes 
se realiza principalmente por las raíces, estos nutrientes 
también pueden ser asimilados por las hojas6,7; describién-
dose los beneficios asociados como resistencia a las enfer-
medades, tolerancia al estrés y mayor productividad8.

El abono orgánico liquido procedente de la descompo-
sición anaeróbica de ganado es un subproducto rico en ma-
teria orgánica y nutrientes que pueden ser empleado como 
fertilizantes para la agricultura9. El abono orgánico liquido 
en sistemas agrícolas puede minimizar el uso de fertilizan-
tes minerales10 con efectos significativos en aplicaciones al 
suelo y el follaje11. La aplicación foliar del abono liquido se 
ha empleado para corregir deficiencias de micronutrientes 
que influyen en la producción12.

Ante este escenario, es necesario investigar alternati-
vas ecológicas que pueden potenciar la producción de cul-
tivos, especialmente los que son de importancia en la eco-
nomía de los países en vías de desarrollo13. Por ejemplo, 
Theobroma cacao L., es un cultivo que se demanda a nivel 
mundial y el Ecuador, es el segundo país de mayor produc-
ción en América después de Brasil14. Por lo tanto, el uso de 
grandes aplicaciones de fertilizantes químicos aumenta los 
costos de producción y altera el equilibrio del entorno. Por 
lo que el objetivo de este estudio fue evaluar el efecto de 
un abono líquido sobre la superficie foliar del cultivo in situ 
del cacao nacional fino de aroma (Theobroma cacao) en 
Morona Santiago, Ecuador.

Materiales y métodos 

Lugar de estudio
La presente investigación se llevó a cabo en tres loca-

lidades del cantón Taisha en la provincia de Morona San-
tiago, Ecuador; dos localidades en la parroquia Tuuitinent-
sa (Pampants 2°24′8″S 77°32′35″O y Dos Ríos 2°23′1″S 
77°30′23″O) y una en la parroquia Macuma (Amazonas 
2°20′50″S 78°20′3″O). El estudio se llevó entre los meses 
de febrero a diciembre del 2017 en parcelas demostrativas 
de las tres localidades; mismas que contenían cultivos es-
tablecidos de cacao nacional fino de aroma de aproxima-
damente 5 años. Las características y las condiciones de 
manejo de las tres fincas se describen en la tabla 1.

Condiciones climáticas
La precipitación total anual en el año 2017 fue de 

2423,4 mm, mientras que la precipitación total promedio 
durante el desarrollo del muestreo en campo (febrero-di-
ciembre) fue de 205,6 mm. La temperatura media en el pe-
ríodo de febrero a diciembre fue de 22,1°C (Figura 1). Los 
datos fueron proporcionados por la estación científica del 
Instituto Nacional de Meteorología e Hidrología del Ecuador 
(INAMHI).

Materiales, diseño experimental y evaluación de 
variables agronómicas

El abono foliar liquido se elaboró en dos fases. La pri-
mera una solución madre donde se capturaron microorga-
nismos de suelos aledaños a las parcelas demostrativas. 
Los microorganismos se capturaron en tarrinas con 250g 
de arroz precocido y 50 mL de melaza para cubrir el arroz. 
Las tarrinas con los materiales se colocaron en el suelo a 
una profundidad de 20 cm cubiertas con tela de toldo. Lue-

Marcos Vera-Morales, Daynet Sosa, Carlos Arias-Vega, Fernando Espinoza-Lozano, Simón Pérez- Martínez, María F. Ratti
Volume 8 / Issue 2 / 19     •     http://www.revistabionatura.com

Tabla 1. Condiciones de manejo de las plantaciones de cacao en las tres fincas evaluadas.
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go de 21 días se procedió a recolectar los microorganismos 
y se los colocó en un tanque de 500 mL junto con melaza, 
sal en grano, de harina de pescado, roca fosfórica y agua 
hasta completar 300 L, durante 30 días en condiciones 
anaeróbicas. En la segunda fase se emplearon tanques de 
600 L donde se mezclaron estiércol de ganado, roca fosfó-
rica, sulfato de potasio y magnesio, ceniza, leche, melaza y 
agua hasta completar 400 L. el tanque de la segunda fase 

se dejó reposar durante 120 días, con reactivaciones de la 
solución madre a los 30, 60 y 90 días. Adicional se evalua-
ron parámetros físicos-químicos en cada una de las reacti-
vaciones de abono foliar orgánico (tabla 2)

Se realizaron aplicaciones foliares del abono foliar em-
pleando una motobomba con boquilla electrostática de la 
marca Nuvola Cifarelli. Las aplicaciones en campo se rea-
lizaron con la ayuda de un solo asistente para minimizar el 

Aplicación de un abono foliar líquido en el cultivo de cacao nacional fino de aroma en Morona Santiago, Ecuador
Application of a liquid foliar fertilizer in the cultivation of fine aroma cocoa in Morona Santiago, Ecuador

Figura 1. Diagrama ombrotérmico de Gaussen donde se muestran las precipitaciones y temperatura del cantón Taisha 
en la provincia de Morona Santiago, Ecuador en el año 2017. Datos proporcionados por la estación científica del Instituto 
Nacional de Meteorología e Hidrología del Ecuador (INAMHI).

Tabla 2. Promedio de los análisis físicos y químicos de las reactivaciones realizadas al abono liquido orgánico.
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error de la aplicación. Así mismo, se estandarizó la cantidad 
de 8 litros por parcela, según estandarizaciones de Corrales 
y Maldonado, (2019)15. Finalmente, antes de la aplicación 
del abono líquido, se procedió a homogenizar y a tamizar el 
mismo para separar el líquido de otras sustancias sólidas 
según protocolo de uso y aplicación del CIBE-ESPOL.

En el presente estudio se evaluaron cinco tratamientos 
en parcelas demostrativas. Se utilizó un diseño de bloques 
completamente al azar con cinco tratamientos en cada una 
de las tres parcelas demostrativas. Las aplicaciones folia-
res fueron a los 30 y 60 días con abono orgánico al 100% 
y diluido con agua al 50%. Los tratamientos fueron: T1: 
30 días-50%; T2: 60 días-50%; T3: 30 días-100%; T4: 60 
días-100% y T5: manejo convencional (Control). El mane-
jo convencional consistió en labores culturales tales como 
el control mecánico de malezas, podas de mantenimiento 
(marca Husqvarna) y eliminación de mazorcas enfermas.

Cada una de las parcelas se estableció como un blo-
que y se dividió en 15 lotes con seis plantas cada uno, por 
lo que cada tratamiento se repitió tres veces dentro de cada 
bloque. Cada planta dentro de los tratamientos constituyó 
una unidad de observación, en la que se evaluaron las va-
riables agronómicas.  

Las variables agronómicas evaluadas fueron el número 
de mazorcas enfermas asociadas al patógeno Monilioph-
thora roreri (moniliasis), incidencia de M. perniciosa (escoba 
de bruja vegetativa) y nutrientes foliares tales como fosforo, 
calcio, potasio, magnesio, hierro, manganeso, cobre y zinc. 
Las evaluaciones se de los nutrientes se realizaron antes y 
después de la aplicación del abono líquido orgánico.

Evaluación in situ de enfermedades asociadas a 
Moniliophthora roreri y M. perniciosa

Para la evaluación in situ de la enfermedad asociada al 
patógeno fúngico de M. roreri se procedió a contabilizar las 
mazorcas que presentaron los síntomas de la enfermedad 
en cada una de las unidades de observación. Mientras que 
para evaluar a M. perniciosa se contabilizaron las escobas 
vegetativas presentes en cada unidad de análisis.  

Evaluación de nutrientes foliares
En cada una de las parcelas se tomaron muestras fo-

liares antes y después de la aplicación de los tratamientos 
para realizar el análisis de macro y micronutrientes en teji-
dos mediante ICP-OES. Para los análisis se tomaron mues-

tras frescas de tejidos de hojas y se procedió a emplear el 
método de digestión con HNO3. Los macronutrientes eva-
luados fueron fósforo, potasio, calcio y magnesio y los mi-
cronutrientes fueron hierro, manganeso, cobre y zinc.  Los 
análisis se realizaron en el Laboratorio de suelos y nutrición 
vegetal de la Escuela Superior Politécnica del Litoral.

Análisis de datos  
Se analizaron los datos empleando el análisis de va-

rianza mediante el programa estadístico InfoStat versión 
2020. Los datos relacionados con la evaluación de las en-
fermedades fúngicas se transformaron mediante logaritmo 
de base 10 (x+1). Cuando los datos presentaron diferen-
cias significativas se procedió a aplicar la prueba de rangos 
múltiples de Duncan con un nivel de significancia estadís-
tica de p<0.05.

Resultados y discusión

Evaluación in situ de M. perniciosa y M. roreri
Los resultados en relación a la evaluación de las en-

fermedades asociadas a M. perniciosa demostraron efec-
tos significativos en los tratamientos antes y después de 
la aplicación del abono liquido foliar. De entre las parce-
las evaluadas, los mejores resultados se presentaron en 
Pampants en los tratamientos T1 y T2 quienes mostraron 
diferencias significativas con una reducción del 100% de 
escobas de brujas vegetativas (Fig. 2). Tanto el T1 y el T2 
mostraron una reducción del 17,14% más efectiva con re-
lación al control.

Con relación a los resultados de la evaluación de M. 
roreri el mejor tratamiento se presentó en el T1 quien mos-
tró diferencias significativas después de la aplicación del 
abono liquido orgánico con una reducción de la enfermedad 
del 50% (Fig. 3). Sin embargo, los resultados evidenciaron 
resultados no significativos en el resto de tratamientos con 
relación al control.

La aplicación foliar de abonos líquidos orgánicos pue-
de ser beneficiosas en la planta. Es posible que rociar las 
hojas con biofertilizantes elaborados con bacterias tengan 
una acción positiva en la superficie foliar, debido a la coloni-
zación de microorganismos beneficiosos16. La aplicación de 
bacterias del género Bacillus sp. en combinación con podas 

Figura 2. Evaluación in situ de M. perniciosa comparando antes y después de la aplicación del abono foliar orgánico en 
cada uno de los tratamientos y parcelas demostrativas. Letras diferentes encima de las barras indican diferencias esta-
dísticamente significativas, según el test de Duncan (p<0.05).
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adecuadas reduce significativamente la incidencia de M. ro-
reri en cultivo de cacao17, por lo que el uso de productos 
biológicos es una alternativa alentadora en el control de en-
fermedades tales como la moniliasis18. Tales aseveraciones 
han sido evaluadas en condiciones de campo demostrando 
la efectividad de los antagonistas microbianos contra los 
patógenos fúngicos de Theobroma cacao L19,20.

En general, las evaluaciones in situ evidenciaron di-
ferencias significativas positivas en el control biológico re-
lacionada con M. roreri y M. perniciosa aplicando el trata-
miento de aplicaciones de 30 días diluido al 50% frente al 
control convencional. En un estudio experimental en cam-
po, se ha informado que la aplicación de abonos líquidos 
en la hoja, afecta positivamente la nutrición y biocontrol, 
sin comprometer la calidad de los frutos21,22. Sin embargo, 
el control biológico puede verse afectado por componentes 
inherentes al cultivo de cacao tales como la edad de las 
plantas, presencia de plagas, fertilidad de los suelos y fac-
tores climáticos23. Por lo que investigadores mencionan la 
importancia de la respuesta del cultivo de cacao a la dosifi-
cación, numero de aplicaciones y frecuencia de aplicación 
de los abonos líquidos foliares15.

Las estrategias de manejo integrado combinando 
productos químicos y biológicos puede aumentar la pro-
ducción24, por lo que es importante desarrollar nuevas for-
mulaciones biológicas que tomen en cuenta la efectividad 
de los microorganismos y los tiempos de aplicación25. La 
superficie foliar de las plantas es un ambiente heterogé-
neo para las interacciones de diversas comunidades de 
microorganismos26. Esta microbiota foliar contiene organis-
mos que le brindan protección contra los patógenos27, por 
lo que bacterias, hongos y virus han sido empleados con 
éxito como bioestimulantes y agentes de control biológico 
en la agricultura28.

Macronutrientes
En base a la evaluación de los macronutrientes en la 

hoja del cultivo de cacao fino de aroma, es posible indicar 
que existe un efecto positivo después de la aplicación del 
abono liquido orgánico en los elementos de fosforo y pota-
sio. El promedio ponderado del fosforo incrementó de 0,17 
a 0,21 mg/kg, mientras que el potasio pasó de 1,49 a 2,22 
cmol/kg. Sin embargo, los resultados para el calcio eviden-
cian diferencias significativas en contra a la aplicación del 
abono líquido, con promedios de 1,67 a 1,07. Mientras que 

en el magnesio no se visualizan diferencias significativas 
antes y después de la aplicación (Figura 4).

Micronutrientes
Los resultados en micronutrientes demuestran que la 

aplicación del abono líquido afectó significativamente al 
cobre, con promedios que fueron de 9,39 a 14,86 mg/kg. 
Mientras que el hierro presentó resultados que evidencian 
disminución en las hojas después de la aplicación, con pro-
medios que fueron de 74,62 a 44,59 mg/kg. Finalmente, 
el uso del abono líquido no afectó significativamente a los 
elementos de manganeso y zinc (Figura 5).

Las investigaciones en el campo nutricional agrícola, 
reportan el efecto positivo de la fertilización foliar en la tras-
locación de los macro y micronutrientes (6).  Los resultados 
de este estudio evidenciaron el efecto positivo de la apli-
cación del abono líquido sobre el aumento de las concen-
traciones foliares de macro y micronutrientes, tales como 
fósforo, potasio y cobre. Estos resultados se relacionan con 
un estudio desarrollado en Brassica napus, donde la apli-
cación foliar de una combinación de cepas de Pseudomo-
nas y Azospirillum se correlacionaban positivamente con el 
aumento de los elementos de potasio y fósforo29. Por otro 
lado, los resultados de esta investigación no evidencian 
aumentos significativos en otros nutrientes como hierro, 
calcio y magnesio. Esto puede atribuirse a las condiciones 
ambientales y efectos del cambio climático30, tal como lo 
indican estudios sobre la aplicación de biofertilizantes en el 
crecimiento y contenido de nutrientes en plantas bajo con-
diciones ambientales diversas31.

Las investigaciones sugieren que la aplicación del 
abonos foliares promueven el crecimiento32, incluyendo la 
producción de ácido indol -3 acético, fosfato orgánico, side-
róforos, exopolisacáridos y actividad nitrogenasa33. Así mis-
mo los productos derivados de los microorganismos tales 
como los sideróforos pueden ayudar a captar y distribuir los 
nutrientes en la superficie foliar de la planta34,35, capaces de 
mejorar la adquisición de nutrientes36.

Conclusiones
Por los resultados en este estudio, es posible concluir 

que la aplicación de un abono líquido orgánico aplicado en 
el cultivo in situ de cacao nacional fino de aroma puede 

Figura 3. Evaluación in situ de M. roreri comparando antes y después de la aplicación del abono foliar orgánico en cada 
uno de los tratamientos y parcelas demostrativas. Letras diferentes encima de las barras indican diferencias estadística-
mente significativas, según el test de Duncan (p<0.05).
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favorecer la nutrición de las plantas, así como el control de 
patógenos fúngicos. Por lo que las preparaciones líquidas 
podrían emplearse como parte de un plan de manejo inte-
grado, reduciendo la dependencia excesiva de químicos.

El desarrollo de nuevas formulaciones biológicas apli-

cados en la superficie foliar, así como el uso de herramien-
tas genómicas para potenciar cepas microbiológicas están 
abriendo nuevas posibilidades para una agricultura más 
equilibrada37. Por lo que las futuras investigaciones deben 
ser más holísticas y relacionar aspectos que son claves 

Figura 4. Comparación de medias ± desviación estándar de los macronutrientes en la parte foliar de las plantas de cacao 
fino de aroma en las parcelas demostrativas antes y después de la aplicación de los tratamientos con el abono líquido 
orgánico. Letras diferentes encima de las columnas indican diferencias estadísticamente significativas, según el test de 
Duncan (p<0.05).

Figura 5. Comparación de medias ± desviación estándar de los micronutrientes en la parte foliar de las plantas de cacao 
fino de aroma en las parcelas demostrativas antes y después de la aplicación de los tratamientos con el abono líquido 
orgánico. Letras diferentes encima de las columnas indican diferencias estadísticamente significativas, según el test de 
Duncan (p<0.05).
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para una producción más sostenible y sustentable, relacio-
nando los microorganismos, la agricultura, el cambio climá-
tico y la nutrición38.
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Effect of push-out bond strength of a conventional and a bulk-fill composite 
resin as a biotechnological technique to root dentin of primary anterior teeth
Shahram Mosharrafian1, Pegah Khazaei2, Pegah Rahbar3, Zahra Hosseini4*

Abstract: This study aimed to compare the push-out bond strength of a bulk-fill and a conventional composite resin 
to root dentin of primary anterior teeth using a 7th-generation dentin bonding agent. This in vitro study evaluated 24 
primary anterior teeth randomly divided into two groups: Filtek P60 conventional and Filtek bulk-fill composite resins. 
Single Bond Universal adhesive was used for bonding. After filling the coronal part of the canal with composite resin, the 
teeth were mounted in acrylic resin and sliced to obtain a 1-mm-thick section of each root. Next, the sections underwent 
the push-out bond strength test. After determining the push-out bond strength, the failure mode was determined under 
a light microscope at ×40 magnification. The data were analyzed with two-way ANOVA and t-test. The mean push-out 
bond strength was 13.37±4.40 MPa in the conventional and 5.40±2.91 MPa in the bulk-fill composite resin groups. This 
difference was statistically significant (P=0.001). In the conventional group, 50% of failures were cohesive in the traditional 
combined resin group, while in the bulk-fill composite resin group, 75% of losses were mixed. Filtek P60 conventional 
composite resin and Single Bond Universal 7th-generation bonding agent were determined as appropriate for fabricating 
intracanal composite posts in primary anterior teeth. 

Key words: Push-out, Bond strength, Bulk-fill composite resin, Root dentin, Primary anterior teeth.

ARTICLE / INVESTIGACIÓN

Introduction
Preserving primary teeth is of utmost importance1-5. 

Early childhood caries (ECC) is a common cause of early 
primary tooth loss, which refers to the presence of one or 
more carious (cavitated or non-cavitated), lost or restored 
tooth surfaces in any of the primary teeth of a 71-month-old 
child or younger6,7. Severe ECC refers to any sign of caries 
in smooth surfaces of the teeth in children under the age of 
3. ECC often results in losing a significant portion of tooth 
structure and pulpal involvement8. Therefore, restoration of 
teeth with ECC remains a challenge in pediatric dentistry. 
Stainless steel crowns used to be the treatment of choice 
for such teeth. However, many parents no longer accept 
them due to their unesthetic appearance9.

A suitable restoration for such teeth should restore 
the primary function while providing favorable esthetics10. 
Open-face crowns, polycarbonate crowns, and composite 
resin restorations have been suggested to treat carious 
primary teeth11. Composite resin restoration of severely da-
maged teeth often requires pulpectomy and placement of 
intracanal post to serve as a retainer12. In addition, the fabri-
cation of a post and core is imperative to retain and stabilize 
the composite resin crown and resist masticatory forces13. 
In cases where a small amount of coronal tooth structu-
re remains, restorations with posts often result in a better 
function than those without a post14. Several posts can be 
used for this purpose, such as prefabricated metal posts, 
fiber-reinforced posts, orthodontic wires, cast posts with re-

tentive grooves, short composite resin posts, and biologic 
posts15,16. Considering the physiological root resorption in 
primary teeth, only the coronal 3 mm of the root should be 
used to obtain adequate retention and resistance in seve-
rely damaged teeth17. Due to increased demand for esthe-
tics, composite resin and fiber posts are increasingly used 
for the anterior teeth due to advantages such as optimal 
corrosion resistance, biocompatibility, mechanical stren-
gth18, reinforcement of composite resin crown, improved 
translucency, optimal esthetics, higher flexibility compared 
with metal posts, and easy application19,20. Also, these posts 
have a modulus of elasticity close to dentin, which decrea-
ses stress accumulation and root fracture21. Many attempts 
have been made to enhance the efficacy of dentin-bonding 
agents while reducing their procedural steps. Thus, some 
progress was made in multi-step dentin bonding agents, 
which were difficult for children due to their technique sensi-
tivity and time-consuming nature22.

In this respect, 7th-generation dentin bonding agents 
were introduced to simplify the bonding procedure. In this 
system, acid, primer, and bonding agent are all supplied 
in one bottle, which facilitates the application of this bon-
ding agent in non-cooperative children23. Conventional me-
thacrylate-based composite resins have long been used 
to restore primary anterior teeth. However, limited curing 
depth and the possibility of an inadequate degree of con-
version of monomers to polymer in deep areas are among 
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the drawbacks of conventional composite resins24, which 
can deteriorate their physical, mechanical, and biological 
properties25,26. They can be applied in bulk to decrease 
the application steps and save time27,28. Also, they can be 
applied in 4-mm-thick increments (versus 2 mm in conven-
tional composite resins)29 with lower polymerization shrinka-
ge compared with conventional composite resins30.

Since severe destruction of primary anterior teeth often 
necessitates pulpectomy, the reconstruction of such tee-
th requires efficient dentin bonding agents, and retention 
should be obtained from the root dentin. Thus, this study 
assessed the push-out bond strength of a bulk-fill and a 
conventional composite resin to root dentin of primary ante-
rior teeth using a 7th-generation dentin bonding agent.

Materials and methods 

Study design
This in vitro study evaluated 24 primary anterior teeth 

extracted due to severe coronal caries within the previous 
six months. The ethics committee of Tehran University of 
Medical Sciences approved the study.

Teeth preparation
The collected teeth were immersed in 0.5% chloramine 

T solution for one week and stored in distilled water. The 
teeth were then decoronated at 1 mm above the cemen-
toenamel junction using diamond discs perpendicular to the 
long axis of the tooth.

Sample size measuring
The sample size was calculated at 12 in each group 

according to a previous study by Torres et al.30, assuming 
alpha=0.5, beta=0.2, a mean difference of 3.3, and a stan-
dard deviation of 3.16 using Minitab software.

Inclusion Criteria and Groups
Inclusion criteria were the absence of dental caries and 

fractures. The teeth were randomly assigned to two groups. 
The root canals were instrumented with three sizes of k-files 
(Mani Inc., Japan) and rinsed with saline solution. They were 
then dried with paper points (PT Dent, USA). After comple-
tion of filing, the root canals were not filled with zinc-oxide 
eugenol to prevent the possible effect on pulpal dentin. Ins-
tead, 1 mm of zinc phosphate paste was applied to create 
an apical seal for composite resin packing. Next, the coronal 

3 mm root canal was filled with composite resin to serve as 
an intracanal post. Patients with COVID-19, dental infections, 
and neoplastic lesions of the oral cavity have been exclu-
ded from the study. Table 1 presents the composition of this 
study's bonding agent and composite resins.

Single Bond Universal 7th-generation bonding agent 
was used for bonding composite resins in both groups. In 
group 1, Filtek P60 conventional composite resin was in-
crementally applied according to the manufacturer's ins-
tructions and packed into the root canal with a conden-
ser. Each layer was light-cured for 20 seconds. In group 
2, Filtek bulk-fill composite resin was applied in the root 
canal in bulk in one step according to the manufacturer's 
instructions and light-cured for 40 seconds. All the samples 
in both groups were light-cured using an LED light-curing 
unit (WoodPecker, China) at a light intensity of 800–1000 
mW/cm2. The tip of the light-curing unit was placed 2 mm 
away from the tooth surface. The samples were incubated 
in distilled water at 37°C for 24 hours (Kavoosh Mega, Iran) 
and then underwent 2000 thermal cycles at 5/55°C with a 
dwell time of 30 seconds and a transfer time of 10 seconds 
(TC300; Vafaie Industrial, Iran). Next, the samples were 
mounted in transparent acrylic resin. A section was made at 
the midpoint of the prepared root of each tooth with 1-mm 
thickness using a water-cooled diamond blade on a Labcut 
250B cutting machine (Extec, corp, Enfield, CT). The push-
out bond strength test was then performed using a universal 
testing machine (2050; Zwick/Roell, Ulm, Germany). Using 
a stainless steel cylindrical plunger with a diameter matching 
the root canal, the load was applied to the bonding interfa-
ce in an apicocervical direction at a 0.5 mm/min crosshead 
speed. Maximum load causing debonding was recorded 
in Newtons (N). The load in Newtons was divided by the 
surface area in square millimeters (mm2) to determine the 
bond strength in megapascals (MPa). Prior to the push-out 
test, both sides of the sliced section were photographed by 
a digital camera (DSC-HX100v CyberShot, Sony, Japan), 
and the photographs were fed into AutoCAD 2013 software. 
The cross-sectional area was calculated using the formula 
A=H((A1+A2)/2) where A1 is the circumference on one side, 
A2 is the circumference on the other side, and H is the hei-
ght (thickness) of the root slice in millimeters. The AutoCAD 
software measured A1 and A2, and H was measured by a 
digital caliper (Mitutoyo, Japan). After the push-out test, the 
samples were inspected under a light microscope (SZX2-
2b16; Olympus, Japan) at ×40 magnification to determine 
the mode of failure, categorized as mixed, cohesive, and 
adhesive.
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Table 1. Composition of bonding agent and composite resins used in this study.
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Data analysis
The data were analyzed with SPSS 22 via t-test at an 

0.05 level of significance31-37.

Results

Push-out bond strength
Table 2 shows the mean push-out bond strength of 

the two groups. The t-test showed a significant difference 
in bond strength between the two groups, such that the 
conventional composite resin yielded a significantly higher 
bond strength (P<0.001).

Frequency of different modes of failure
Table 3 shows the frequency of different failure modes 

in the two groups. In the conventional group, 50% of failures 
were cohesive in the composite resin, while 75% of failures 
were mixed in the bulk-fill group.

Discussion
Dental sciences have been considered an important 

part of medical research on human health38-40. This study 
compared the push-out bond strength of a bulk-fill and a 
conventional composite resin to root dentin of primary ante-
rior teeth using a 7th-generation dentin bonding agent. The 
mean push-out bond strength of the conventional composi-
te was significantly higher than that of the bulk-fill composite 
resin. Afshar et al.23 assessed the push-out bond strength of 
5th, 6th-, and 7th-generation bonding agents to root dentin 
of primary anterior teeth and found no significant difference 
between them. However, the mean value reported for the 
7th-generation bonding agent in their study (12.28 MPa) 
was lower than that in the present study (13.37 MPa) when 
a conventional composite resin was used. Differences in 
age and morphology of the teeth, storage media, and ope-
rators' expertise may be responsible for the difference in the 
results. Also, thermocycling was performed in the present 
study, which was not conducted in the study above.

Some other studies assessed the shear or tensile bond 
strength of different composite resins and bonding agents 
to primary tooth crowns. Yaseen and Reddy22 reported a 
shear bond strength of 17.39 MPa for the Clearfil S3 Bond 
7th-generation bonding agent, which was higher than the 
value in the present study. This difference might be attribu-

ted to using different bonding agents to assess shear bond 
strength to dentin far from the pulp chamber (dentin close to 
dentinoenamel junction). Dentin close to the dentinoenamel 
junction contains fewer dentinal tubules with smaller dia-
meters than dentin around the pulp chamber. Thus, dentin 
far from the pulp chamber has a higher amount of calcified 
tissue, which is the main substrate for etching and bonding 
and can yield higher bond strength. Thus, the difference 
between the study above and the present study might be 
attributed to the difference in the histology of bonded dentin 
in the crown (far from pulp) and root (close to the pulp) and 
the difference in the cross-sectional area to which the load 
was applied.

Ilie et al.41 assessed the shear bond strength of two 
bulk-fill composite resins and two self-etch adhesive sys-
tems to primary dentin and reported higher values than the 
present study. The bulk-fill composite resin used in the pre-
sent study differed from the bulk-fill composite resins used 
by Ilie et al.41, which might explain the differences between 
the results. Pasdar et al.42 compared the mean push-out 
bond strengths of three intracanal posts, including short 
composite post (SCP), glass fiber posts (GFPs) cemented 
with flowable composite resin, and GFP with glass ionomer 
cement (GFP + GIC), in anterior deciduous teeth, repor-
ting that the mean push-out bond strengths of SCP was 
14.74±6.04 Mpa, which was higher than the other groups. 
This finding was slightly higher than the present study re-
sults concerning conventional composite resins. The diffe-
rences might be attributed to differences in the techniques 
used and the morphology of the teeth.

The present study indicated higher bond strength of 
conventional composite resin to primary dentin using a 
7th-generation bonding agent than a bulk-fill composite re-
sin. No similar study was found in the literature to compa-
re the present study results. However, bulk-fill composite 
resins seem not well-compatible with 7th-generation bon-
ding agents. Although limited studies are available on de-
ciduous teeth, many studies have assessed the push-out 
bond strength of root dentin in permanent teeth with highly 
controversial results. Oskoee et al.43 evaluated the push-
out bond strength of fiber-reinforced composite resin posts 
to root dentin of permanent teeth using different adhesive 
systems. They reported that the push-out bond strength va-
lues following a one-step self-etch procedure (27.56 MPa) 
were higher than those in the present study. This finding 
might be attributed to differences in primary and permanent 
dentin. The diameter and number of dentinal tubules in pri-

Effect of push-out bond strength of a conventional and a bulk-fill composite resin as a biotechnological technique to root dentin of primary 
anterior teeth

Table 3. Frequency of different modes of failure in the two groups.

Table 2. Mean push-out bond strength (MPa) of the two groups.
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mary dentin are higher than those in permanent dentin. This 
would decrease the dentin substrate available for bonding 
to adhesives (reduction of inter-tubular dentin)44. On the 
other hand, the peritubular dentin, which is demineralized 
faster during the etching process, is thicker in primary den-
tin than permanent dentin, further reducing the substrate 
available for bonding45. These histological differences are 
responsible for lower bond strength to primary dentin than 
permanent dentin.

Dumami et al. (2016)46, consistent with the present 
study, showed that the push-out bond strength of a bulk-fill 
composite resin (SonicFill) was lower than that of conven-
tional composite resins. They attributed the differences in 
the results to factors that affected the integrity of the bond 
between the root dentin and the restorative materials. In 
addition, factors such as polymerization shrinkage, the 
C-factor, application method, and polymerization of the 
composite resin were considered significant. The authors 
suggested further studies. Concerning the mode of failure, 
in the conventional combined resin group in the present 
study, 50% of losses were cohesive within the composite 
resin. In contrast, 75% of failures were mixed in the bulk-fill 
composite resin group, consistent with a previous study on 
primary dentin47. In the conventional composite resin sam-
ples, two-thirds of the failures were cohesive, and one-third 
were mixed. No case of adhesive failure was noted in this 
group. This result was in agreement with the bond strength 
test results in this group. Evidence shows that the fracture 
mode in primary enamel and dentin is mainly of adhesive 
and mixed types17.

However, some authors believe that cohesive failure 
requires a >14-MPa load to occur47,48. On the other hand, 
it has been reported that cohesive failures are not rare in 
primary dentin and might be due to the low micro-hardness 
of deep dentin, while some others claim that there is a weak 
correlation between the failure mode and bond strength in 
primary dentin47. Considering the advantages of self-etch 
one-step bonding agents, their application with conventio-
nal composite resin is recommended for composite resin 
post-fabrication in primary anterior teeth. However, the Sin-
gle Bond Universal 7th-generation bonding agent did not 
seem compatible with Filtek bulk-fill composite. Therefo-
re, future studies with a larger sample size on the push-
out bond strength of other composite resins and bonding 
agents to primary dentin are required to obtain more accu-
rate results in this respect. Also, the efficacy of bulk-fill and 
conventional composite resins for reconstructing severely 
damaged primary anterior teeth with fiber posts should be 
evaluated. Last but not least, in vivo studies are required to 
assess the efficacy of bulk-fill composite resins with diffe-
rent bonding agents for composite resin post-fabrication in 
primary anterior teeth in the clinical setting.

The present study was limited to a low number of sam-
ples and also experimental groups. However, the main 
strong point of this survey is the first using push-out bond 
strength of a conventional and a bulk-fill composite resin 
technique to root dentin of primary anterior teeth.

Conclusions
Filtek P60 conventional composite resin and Single 

Bond Universal 7th-generation bonding agent can be a pro-
per choice for fabricating intracanal composite posts in pri-
mary anterior teeth.
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Biosynthetic of Green Zinc Oxide Nanoparticles with Effect on Cancer 
Cell Line Hela
Mohanad W. Mahdi Alzubaidy*, Mohammed Nazar Hussain

Abstract: The cytotoxic impact of biosynthetic zinc oxide nanoparticles (ZnONPs) was investigated using Vitex agnus-
castus, which has been shown to have Effective compounds that suppress cancer cell proliferation. Zinc oxide nanoparticles 
were biosynthesized in the laboratories of the Biology department /College of Education for the Pure Sciences /University of 
Diyala. The phenotypic and structural characteristics of biosynthetic nanoparticles were identified using scanning electron 
microscopy (SEM). The majority of ZnONPs are dense and spherical in shape, with diameters ranging from (20-61) nm, 
and were discovered on the cervical cancer cell line Hela and compared to the normal line Human Foreskin Fibroblast 
cells (HFF) using the MTT stain test (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium ). Cytotoxicity experiments were 
conducted at the Iraqi Center for Cancer Research / Al-Mustansiriya University. This study showed inhibitory activity on 
Hela cervical cancer cells, where the highest inhibition rate reached 93.6% at a concentration of 200 µg/ml. This raises the 
prospect of finding a viable therapy for cervical cancer (Hela) or any other malignancy using nanoparticle manufacturing 
technologies.

Key words: Biosynthetic, Green nanoparticles, Cancer cell, Hela, GC-MS.
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Introduction
Cervical cancer is the fourth most frequent disease and 

the top cause of death among women worldwide, despite 
being highly preventable. Cervical cancer is frequently the 
primary cause of cancer-related sickness and mortality in 
low-income nations1,2.

Green nanoparticle synthesis using biological systems, 
mainly plant extracts, is an emerging subject in nanotech-
nology. Biosynthetic nanoparticles have piqued attention 
owing to intrinsic benefits such as speed, environmental 
friendliness, and cost-effectiveness3. Nanobiotechnology 
represents the integration of biotechnology and nanote-
chnology to develop green, synthetic and environmentally 
friendly technology for nanomaterials formulations4,5. Ad-
vances in using metal oxide nanoparticles in environmental 
applications have stimulated the need to synthesize them 
using green chemistry techniques across ecologically sen-
sitive biological systems6,7.

Synthesis of ZnONPs nanoparticles from biological pa-
thways is preferred due to the natural bio-reducing property 
that reduces the use of toxic chemicals and their exposure 
to the environment when compared with physical and che-
mical methods8. Among the various inorganic nanoparticles, 
ZnONPs are attracting more and more attention due to their 
large bandwidth, high excitation binding energy, simplicity, 
easy manufacturing, biologically safe, non-toxic, biocompa-
tible, eco-friendly and eco-friendly. Zinc oxide nanoparticles 
are readily soluble in biological fluids and assemble quickly 
under different physiological conditions9.

The effectiveness of biosynthesized ZnONPs as an 
anticancer agent is dose-dependent, which means that in-
creasing the concentration of ZnONPs increases its efficacy 

against cancer cells it does not affect normal cells. Using 
nanoparticles for targeted drug delivery has been an ex-
citing research opportunity for effective cancer treatment. 
Targeted drug delivery to cancer cells will reduce drug dose 
for treatment and its other side effects10. Nanotechnology 
in this field aims to develop the therapeutic effect of drug 
molecules, where drug delivery methods are of great im-
portance in medicine because it achieves more significant 
success in influencing the biological activity of the cell and 
the genetic material as well as gene expression11-13.

Materials and methods 

Extract preparation
Vitex agnus-castus was prepared from Krayat nur-

series in Baghdad governorate and planted in the house 
garden. The species was confirmed by classifying it by the 
botanical herbarium at the College of Science / University of 
Baghdad, based on the book Flora of Iraq. The leaves were 
collected and washed with distilled water to remove particu-
late matter, then dried at room temperature for a week. The 
dried leaves were ground into a fine powder, and the extract 
was prepared by boiling 25 g of the powder in 250 ml of 
distilled water for 15 minutes. Then the extract was filtered 
using NO: 0.1 filter paper. The filtered extract was stored 
in a refrigerator at 4°C for later use in the biosynthesis of 
ZnONPs. Also, an alcoholic extract of the plant was prepa-
red for the detection of the active compounds by using a gas 
chromatography-integrated mass spectrometer (GC-MS) 
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device for the alcoholic extract of leaves. The leaves were 
extracted using the saxolith system and using hexane and 
methanol as solvents, respectively, according to method14 

with some modifications. 100 g of leaf powder was placed 
in a filter paper made in the form of a funnel and closed to 
avoid the exit of the vegetable powder. Then it is placed in 
a saxolithic apparatus, and 500 ml of solvent is placed on it 
for 24 hours. Then the solution was concentrated by a rotary 
evaporator, and the solvent was separated, as a dark brown 
oil was produced.

Biosynthesis of (ZnONPs)
According to a method described by Pillai et al. (2020), 

modifications were made to 100 ml of the previously pre-
pared plant extract heated to 60-70°C on a magnetic sti-
rrer. When the temperature reaches 60 degrees Celsius, 10 
grams of zinc nitrate Zn(NO3)2 is added. It is boiled until 
it turns into a creamy white paste. After that, the dough is 
washed with distilled water and placed in a hot oven at 400 
° C for two hours. Then a white powder will be formed from 
ZnONPs loaded with active compounds from the plant ex-
tract15, as shown in Figure (1).

Scanning Electron Microscope (SEM)
The biosynthetic ZnONPs assays were carried out to 

show the phenotypic and structural properties of the biosyn-
thetic particles using scanning electron microscopy (SEM) 
at Kashan University - Iran. The device works on imaging 
samples with a magnification of 25-250000 times and scans 
samples with very high accuracy. The focused beam inte-
racts with the samples by means of electrons that collide 
with the sample atoms and transmit signals that evaluate 
the topography. The detectors turn the electron intensity 
into a digital voltage that is stored. Three-dimensional ima-
ges are composed of a size that can measure 1 to 5 nano-
meters17.

Cytotoxicity Assays
The cell lines were placed in a tissue culture vessel of 

25 cm3 in size. The container includes Roswell Park Memo-
rial Institute (RPMI-1640) culture medium and 10% calf fetal 
serum. The container was placed on the cell suspension 
and culture medium in a 5% CO2 incubator at 37 °C for 24 

hours. After that, the container with the cell suspension is 
taken out of the incubation, and it is confirmed that there 
is no contamination in the cell culture through an inverted 
microscope. Secondary cultures are formed and left in the 
incubator for 24 hours, after which they are examined again 
with an inverted microscope to ensure their growth and the 
absence of contamination in the medium. Then the cells 
were transferred to the growth cabin, the used culture me-
dium was emptied, and the cells were washed using Phos-
phate Buffer Saline. The washing process was repeated 
twice for 10 minutes each time. A sufficient amount of Tryp-
sin/Versine enzyme was added to cover the cells and pla-
ced in the incubator for 30-60 seconds at a temperature of 
37°C. Then it is noticed that it has transformed from a group 
of cells compact in one layer to single cells that are not com-
pact after disengaging them with the tissue culture vessel. 
The action of the Trypsin/Versine enzyme is stopped by ad-
ding a fresh culture medium containing 10% serum. The test 
was performed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) dye18. using 96-hole Cell culture 
plates, each line was cultured at 10,000 cells/pit using an 
automatic Micotiter plat for tissue culture.

After 24 hours, the monolayer cells were confirmed. 
Biosynthetic ZnONPs nanoparticles were added at various 
concentrations for 72 hours. After exposure, the cells were 
washed three times with phosphate buffer saline after the 
culture medium was taken out. The culture plate was then 
incubated at 37 °C after 30 l of MTT dye was added at a 
concentration of 2 mg/ml. For 3 hours, then 25 μl of DMSO 
(Dimethyl Sulphoxide) solution was added to each pit for 
10 minutes. The culture plate was incubated again at 37°C, 
after which the absorbance was measured on a microplate 
reader (ELISA) at 492 nm. Then the percentage of cytotoxi-
city was calculated after that, the rate of cytotoxicity was 
calculated using the following equation.

Cytotoxicity killing % = CO.O mean – txO.Omean / 
CO.O mean x 100

where :
CO.O mean: Optical density of cells that are not treated 

with nanomaterial
txO.Omean: Optical density of cells which are treated 

with nanomaterial
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Figure 1. Biosynthesis of 
zinc oxide nanoparticles16.
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Statistical Analysis
The data attained by using the unpaired t-test were 

analyzed using the statistical software (Graphpad Prism 6). 
The values   were estimated as (arithmetic mean ± standard 
error) for the three replicates with a significant difference at 
the significance level P < 0.05 according to the statistical 
package used in19.

Results

GC-Mass assay results for essential oils
The individual components of the leaf extract were 

identified by computer matching with the commercial Wiley 
GC/MS mass spectral libraries, the Mass Finder 3 library, 
and the Baser library for the essential oil components which 
includes more than 3,200 authentic compounds with mass 
spectra and retention data of pure oil. The results appea-
red in the presence of active compounds in the extract as 
shown in Table (1).

(SEM) Scanning Electron Microscope
The surface morphology of the biosynthesized ZnONPs 

was characterized using (SEM) as in Fig. (2). The image 
has a magnification power (150 KX). It can be seen that 
most of the ZnONPs are dense and spherical in shape, their 
sizes range between (20-61) nm.

Biosynthetic of Green Zinc Oxide Nanoparticles with Effect on Cancer Cell Line Hela

Table 1. Shows the active compounds of Vitex agnus-castus leaf extract in the GC-Mass system.

Figure 2. SEM image showing biosynthesized ZnONPs.
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Cytotoxicity Experiments
The cytotoxicity of cervical cancer Hela was investi-

gated by comparison with the normal cell line HFF using 
various concentrations of biosynthetic zinc oxide nanoparti-
cles. The cytotoxicity was investigated by reading the inten-
sity of cell uptake using an ELISA device at wavelength 492 
nm and calculating the percentage change in cell growth 
according to the following equation:

The results in Table (2) showed a decrease in the vita-
lity of the cells, and this decrease is inversely related to the 
concentration. The higher the engagement, the lower the 
vitality of the cells. The first decrease in the viability of can-
cer cells started at a concentration of 6.25 µg/ml on cervical 
cancer cells. Cell viability decreased to 92.86% in cervical 
cancer. Cell viability continues to decline as the concentra-
tion of biosynthetic ZnONPs increases. As the cell viability 

Percentage change in growth = x 100
The toxicological effect of various concentrations of 

biosynthetic ZnONPs on the growth of cervical cancer Hela 
cells was investigated and compared with the normal HFF 
line by calculating the optical density (0.D) values   of cell 
growth after an exposure period of 72 hours and at a tem-
perature of 37 °C in three replicates with eight various con-
centrations: (6.25), (12.5), (25), (50), (100), (200), (400), 
and (800) µg/ml. Cytotoxicity test was performed using MTT 
stain. Depending on the results of the average percentage 
inhibition as well as the percentage of cell vitality as shown 
in Figure (3), the inhibition in the vitality of cervical Hela cells 
increases as the percentage of inhibition increases with the 
increase in the concentration of biosynthetic ZnONPs. The 
results are shown in Figure (4), indicating shallow inhibi-
tion values   for the viability of HFF cells when treated with 
biosynthetic ZnONPs. Table (2) shows the percentage of 
cell viability inhibition at each cervical cancer Hela cell con-
centration and its comparison with the regular HFF line.

The IC50 half-lethal dose of biosynthetic ZnONPs on 
cervical cancer cells was 35.74 µg/ml as shown in Figure 
(5). In the cells of the normal line, half of the lethal dose 
IC50 was 655.7 µg/ml as shown in Figure (6).

Discussion
GC-Mass assay results for essential oils were Vitex 

agnus - castus possesses a wide range of active chemical 
ingredients, including essential oils, flavonoids, iridoid gly-
cosides, diterpenoids and phenolic compounds20.

The results of (the SEM) Scanning Electron Micros-
cope are most of the ZnONPs are dense and spherical in 
shape ranging in size from (20-61) nanometers; in another 
study, ZnO nanoparticles were synthesized using plant ex-
tracts, the researchers observed that the SEM images at 
room temperature and 90 °C had 50 nm and 40 nm size and 
spherical morphology21,22.

reaches 10.99% in cervical cancer cells at a concentra-
tion of 800 µg/ml. In normal cells, the cell viability reached 
92.22% at a concentration of 800 µg/ml. This confirms that 
the biosynthetic zinc oxide nanoparticles have a toxic effect 
on cancer cells with low impact on normal cells. This is 
identical to what was stated in the results of the research 
by Latif and Alzubaidy (2021)23. Nanoparticles are used in 
nanomedicine that contribute to diagnosing and treating va-
rious diseases including cancer. The unique property of na-
nomedicine, that is, their high surface-to-volume ratio ena-
bles them to bind, absorb and transport small biomolecule 
such as DNA, RNA, drugs, proteins, and other molecules. 
to the target site, thus enhancing the efficacy of therapeutic 
agents24.

The results proved that the biosynthesized ZnONPs 
can cause phenotypic changes in the shape, size and num-
ber of cancer cells. Still, these changes occurred at concen-
trations lower than the concentrations used for the physica-
lly prepared ZnONPs, as well as a higher rate of inhibition 
in using the biosynthetic ZnONPs. Cells after exposure to 
biosynthetic ZnONPs became non-adherent single cells 
after they were compact cells. The differentiation of these 
cells is due to the death of many cells and their loss of adhe-
sion to each other, which leads to the death of many cancer 
cells, as shown in Figure (7). These results prove that the 
biosynthetic ZnONPs are more effective and inhibiting on 
cancer cell lines and safer, less expensive and easier to 
prepare than other methods (physical or chemical). These 
results are consistent with the findings of studies22-26. The 
cytotoxicity of biosynthetic ZnONPs may be due to the re-
lease of dissolved zinc ions within cells and the induction of 
reactive oxygen species (ROS). The increase in zinc ions 
also led to an imbalance in the activity of proteins and oxida-
tive stress, thus killing the cell27. The cytotoxicity of biosyn-
thetic ZnONPs is also due to the ability of these particles to 
slip into the nucleus, bind to the genetic material, and cause 
a disruption in cell functions, leading to cell death28. 

Table 2. Shows 
the percenta-
ge of decrease 
in cell viabili-
ty in each cell 
line at different 
concentrations 
of biosynthetic 
ZnONPs.
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Conclusions
The process of using plant extracts in the biosynthesis 

of nanoparticles had high activity in inhibiting cancer cells 
because of its unique properties represented by conside-
ring the active substances in the plant as a reducing agent. 
It can be considered as one of the most environmentally 
friendly methods. Biosynthesis is safer for normal, uninfec-
ted cells. This gives hope to discover a successful treatment 
to eliminate the most common types of cancer, including 
cervical cancer (Hela).
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Molecular identification and Phylogenetic-Tree Analysis of Hard Ticks 
from wild and domestic cat Felidae in Iraq
Afkar Muslim Hadi, Hind Dyia Hadi*, Suhad Yasin Jassim

Abstract: A total of 13 samples of domestic cat Felis cattus (Linnaeus, 1758 ) and  9 samples of wild cat Felis chaus 
furax (de Winton, 1898)  of the Felidae Family were trapped and examined to detect the hard ticks. The areas of the 
collection were: Baghdad, Al-Rashidiya, Tharthar, Nahrawan, AL-Mahmoudiya (middle of Iraq) and AL-Haretha (south of 
Iraq), Mosul (north of Iraq). The results of the current study revealed that four species belong to two genera of hard ticks: 
Haemaphysalis sp. (Koch, 1844), Rhipicephalus turanicus (Morel, 1969), Rhipicephalus sanguineus (Neumann, 1904) and 
Rhipicephalus appendiculatus (Santos, 1955). The rates and the density of infestation were discussed. The current study 
aimed to clarify the infestation difference between domestic and wild cats with hard ticks (3, 14.88) because domestic cats 
enjoy human attention, as they live close to him. The current study identified the Rhipicephalus appendiculatus for the first 
time in Iraq from domestic cat Felis cattus.

Key words: Felidae, Haemaphysalis, Ixodidae, Rhipicephalus, wild cat. 
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Introduction
Hard ticks were belonging to the Family Ixodidae con-

sisting of 700 species. They have scutum or "hard shield" 
in the dorsal side of the body; therefore, they are called 
hard ticks1 Tick usually carry many pathogenic microorga-
nisms and parasites that cause diseases for both humans 
and animals2 These may be bacteria, helminths, protozoa 
and viruses3,4 In Iraq, (5) revealed to the endemic area of 
Theileriosis and Babesiosis which transmitted by ticks. The 
current study aims to investigate a phenotypic description 
of the species of ticks that infest the domestic and wild cat 
(Family: Felidae). Second: look at tick biodiversity and com-
plete an ecological map for the prevalence of tick species in 
domestic and wild animals.

Materials and methods 

Collection of samples
A total of 13 samples of domestic cat Felis cattus (Lin-

naeus, 1758 ) and  9 samples of wild cat Felis chaus furax 
(de Winton, 1898)  of the Felidae Family were trapped and 
examined to detect the hard ticks. The areas of the collec-
tion were: Baghdad, Al-Rashidiya, Tharthar, Nahrawan, 
AL-Mahmoudiya (middle of Iraq) and AL-Haretha (south of 
Iraq), Mosul (north of Iraq). The infestation of hard ticks was 
in the animals' dorsal, femoral and udder. All the collected 
ticks samples were kept in sterile tubes containing 70% 
alcohol, and the place of collection and the females and 
males were recorded on it. Ticks sampled were transported 
to the Iraq Natural History Research Center and Museum 
(INHM) for examining, diagnosing and photographed with 
a digital camera.

Results and discussion
33 (17 female &16 male) hard ticks samples were isola-

ted from 13 domestic cats, and 134 (44 female & 90 male) 
hard ticks samples were isolated from 9 wild cats. The infes-
tation rates were 84.61% and 100% in domestic and feral 
cats, respectively. The infestation density was 3, 14.88 in 
domestic and wild cats, respectively. (Table 1).

The results of the current study revealed that four species 
belong to two genera of hard ticks: Haemaphysalis sp. (Koch, 
1844), Rhipicephalus turanicus (Morel, 1969), Rhipicephalus 
sanguineus (Neumann, 1904) and Rhipicephalus appendicu-
latus (Santos, 1955), as in table 2 and figures (1-4).

The biodiversity of ticks in domestic and wild animals 
is an important topic to study that highlights to the reservoir 
hosts which play a role in distribution of ticks and disease. 
The current study revealed a clear difference in the infesta-
tion density between domestic and wild cats with hard ticks 
(3, 14.88); domestic cats enjoy human attention, as they 
live close to him. Rhipicephalus turanicus appeared in both 
domestic and wild cats; this result agrees with (6,7). They 
revealed domestic cats infested with  Rhipicephalus tura-
nicus. Previously,(8) Recorded Rhipicephalus turanicus in 
wild cats. Rhipicephalus sanguineus was recorded in the 
Canidae previously in Iraq by (8,6), while (9) recorded it 
in dogs and humans in Daiwania city; so this recording in 
wild cat Felis chaus furax in the current study consider a 
new host for R. sanguineus. The present study identified 
the Rhipicephalus appendiculatus for the first time in Iraq 
from domestic cat Felis cattus; this result agrees with 10 
who revealed to R. appendiculatus in feline (Sable). The 
current results recorded the Haemaphysalis sp. in wild cat 
Felis chaus furax. While (8,6)  isolated Haemaphysalis Ad-
ler from the Wild jungle cat.
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Figure 1. Dorsal A and ventral side B of  Rhipicephalus turanicus in Felidae in Iraq. 1. Coxae 1 anterior spurs are not 
visible dorsally. 2. Lateral groove type is a distinct groove. 3. Posterior grooves are distinct grooves. 4. Caudal appendage 
is broad in fed males. 5. Adanal plate shape is narrow and trapezoid.

Table 1. Total rates and the density of infestation hard ticks for Felidae in Iraq.

Table 2. Distribution of complex ticks species in domestic and wild cats in Iraq.

Figure 2. Dorsal A and ventral side B of  Rhipicephalus sanguineus in wild cats in Iraq. 1. Coxae  1 anterior spurs are not visible 
dorsally. 2. Lateral groove type is a distinct groove. 3. Posterior grooves are distinct grooves (deep and wide with wrinkled texture). 
4. Conscutum color is dark. 5.Caudal appendage is broad in fed males. 6.Adanal plates shape are abroad and curved appearance.
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Review for Molecular Identification and Phylogenetic-
Tree Analysis of Hard Ticks

The sequencing of the genus Rhipicephalus was 
reported as follows: Rhipicephalus turanicus, Seq1 
(MN999872), Seq2 (MN999873), Seq3 (MN999874) and 
Seq4 (MN999875) by (11) In Iraq. R. appendiculatus 
(MK551199) was reported by (12) In South Africa. Rhipi-
cephalus sanguineus (MG386819) was reported by (13) in 
Portugal. The sequencing of the genus Haemaphysalis sp. 
is not represented in Iraq, while, in China Haemaphysalis 
parva (FN296280), Haemaphysalis punctata (FN296264) 
by (14) And Haemaphysalis flava (JQ737122), Haema-
physalis doenitzi (JQ346685) by (15). Morethan, Haema-
physalis longicornis (MF490294) and (MF490308) by (16) 

In South Africa, (17) revealed to the Haemaphysalis leachi 
(MN661151). Haemaphysalis adleri was not reported in 
NCBI till now.

Conclusions
The biodiversity of ticks in domestic and wild cats alike 

is an important topic to study that highlights the reservoir 
hosts who play a role in the distribution of ticks and, there-
fore, diseases. The current study revealed apparent diffe-
rences in the infestation density between domestic and wild 
cats with hard ticks. Rhipicephalus turanicus appeared in 
both domestic and feral cats. The present study recorded 
Rhipicephalus sanguineus in wild cat Felis chaus furax; this 

Molecular identification and Phylogenetic-Tree Analysis of Hard Ticks from wild and domestic cat Felidae in Iraq

Figure 4. Dorsal A and ventral side B of   Haemaphysalis sp. in wild cats in Iraq.     1. Palp articles 2 lateral extension is 
large (the palps form a distinctly conical shape). 2. Palp articles 2 dorsal spur is present. 3. Festoons enclosed by each 
lateral groove. 4. Festoons numbers = eleven.

Figure 3. Dorsal A and ventral side B of  Rhipicephalus appendiculatus in domestic cats in Iraq. 1. Coxae 1 anterior spurs 
are visible dorsally. 2. Lateral groove type is a distinct groove. 3. Posterior grooves are distinct grooves (shallow with 
wrinkled texture). 4. Caudal appendage is narrow in fed males. 5. Adanal plates shape is narrow and trapezoid.
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recording was considered a new host for R. sanguineus. 
The current study identified the Rhipicephalus appendicu-
latus for the first time in Iraq from domestic cat Felis cattus. 
The present results recorded the Haemaphysalis sp. in wild 
cat Felis chaus furax.

Supplementary Materials
The following are available in this PDF, Table S1: Com-

position culture medium, Sheet 1 S2: Total cost, Sheet 2 S2: 
Stages of production, Sheet 3 S2: Direct and indirect labor, 
Sheet 4 S2: Culture medium, Sheet 5 S2: IMC, Sheet 6 S2: 
6. Assumptions.
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16SrRNA sequencing analysis for identification of Klebsiella pneumoniae 
isolated from the extreme kitchen environment
Ikhlas Ramadan Matter, Aisha W.AL-Omari, Alaa Hussein Almola

Abstract: Swabs from dishwasher samples were collected and cultured on different media, and then a gram stain was 
conducted on pure colonies to find whether they were Gram-positive or negative. 32-gram negative Isolates were obtained 
from the dishwasher; then, we chose isolates under study depending on morphological features on previous media 
for further investigation. 32 Gram-negative isolates were obtained from a dishwasher, and three isolates of Klebsiella 
pneumoniae were diagnosed by some phenotypic characteristics and approved by using 16 SrRNA partial sequencing 
analyses. The 3 isolates deposited in the NCBI database under accession number OK 254156.1 for K.pneumoniae strain 
NPK 323, OK 247423.1 for K. pneumonia as strain CUMB SAM-61, and OK245427.1 for K. pneumonia strain PD17. The 
phylogenetic tree for 3 isolates was done by using MEGA II software. Many experiments have been conducted on two 
isolates (OK 247423.1 and OK245427.1 ) because the OK 254156.1 strain was lost during laboratory work and repeated 
cultures. A hemolysis test on blood agar and a lipase test on egg–yolk agar were done; both isolates showed negative 
results for hemolysis blood and producing lipase enzyme, while both isolates showed their ability to produce lecithinase 
enzyme. The two isolates gave an excellent result in the tube method for the biofilm formation test. Also, a good candidate 
production test was obtained for these two isolates using L.B. acetate agar medium. Conclusion: Bacterial species differ 
according to the environments in which they live, as the species that are isolated from clinical sources and possess many 
virulence factors that make them more dangerous and pathogenic to humans differ about the same species if isolated from 
a variety of external environments, which makes them virulent or have new characteristics that make them adapted to live 
in the environments from which they are isolated.

Key words: Klebsiella pneumonia, virulence factor, extreme conditions, phylogenetic tree.

ARTICLE / INVESTIGACIÓN

Introduction
Scientists are always trying in their microbial biological 

research and studies to search for species that can withs-
tand harsh environmental conditions, whether in water, air 
or soil. Europe finally discovered several hardy bacteria and 
fungi lurking on the rubber seals of dishwasher doors, some 
of which are opportunistic pathogens. These microbes must 
withstand high temperatures, high NacL Concentration, aci-
dity, cleaning products, and the shear force of water during 
washing cycles to establish a home there1.

Studying bacterial diversity that has survived in com-
plex environments has contributed to understanding how 
life has developed. Despite their limited worldwide distribu-
tion, severe environments are home to many microorganis-
ms important to science and technology2, such as bacteria 
producing antibiotics3 and those involved in pollution bio-
degradation4. Many taxa are represented in these habitats, 
giving a wealth of knowledge on microbial physiology and 
biodiversity.

Gram-negative bacilli are characterized by several cha-
racteristics, including that they are widespread in environ-
mental systems, where they are found in air, water, and soil, 
in addition to their presence in sewage systems and wet 
places. What also distinguishes them is that they need few 
nutrients for growth, unlike other species, and they are cha-
racterized by resistance to chemical antibiotics5-7.

Klebsiella bacteria are characterized by causing many 
respiratory system diseases, infecting the blood circulation 
of the heart, and causing severe infections in hospitals. This 
pathogen is also one of the most commonly isolated bugs in 
community-acquired illnesses.. The gastrointestinal system 
may be the primary pathogenic reservoir for transmitting 
these dangerous diseases, with the majority of cases co-
ming from the hands of hospital staff or healthcare workers. 
Klebsiella pneumoniae is an opportunistic pathogen that 
targets individuals whose immune has been weakened by 
an underlying disease such as diabetes mellitus, persistent 
lung obstruction, or major surgery; also often detected in 
inhalation; in addition, their clinical relevance in individuals 
whose immune is weakened by underlying disease is cha-
llenging to determine8-12.

Materials and methods 

Isolation
Swabs from dishwasher samples were collected by 

passing sterile swabs on the specific area in 6 dishwas-
hers. The swabs were cultured on different media such as 
Nutrient agar, MacConkey agar, Blood agar and methylene 
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blue agar and incubated at 37C for 24 hours, when isolated 
and cultured continually until they were obtained pure colo-
nies. Then gram stain was conducted on pure colonies to 
find whereas Gram-positive or negative. 32-gram negative 
Isolates were obtained from the dishwasher; then, we chose 
isolates under study depending on morphological features 
on previous media for further investigation.

Identification by 16SrRNA sequencing
Three isolates of Klebsiella were selected for identifica-

tion by 16SrRNA.In the first step of identification, the total 
DNA of isolates is extracted depending on the instruction of 
a specific kit (G-spin DNA kit, intron biotechnology ). The 
primers of the PCR reaction included forward primer (5'- 
AGAGTTTGATCCTGGCTCAG- 3') and reverse primer(5'- 
GGTTACCTTGTTACGACTT- 3’), the final volume of the 
reaction was done as 25 ML that is composed of 5ML of 
pre mix,1ML from each forward primer and reverse primer, 
and then added 1.5 ML of total DNA.finally the total volume 
of reaction completed by 16.5 ML of D.W into 25ML. The 
condition of the reaction is in Table 1.

Detection of Virulence Factors of K. pneumoniae Isolates

Hemolysin test
A hemolysin test was carried out to determine the he-

molytic activity of Klebsiella pneumoniae isolates; two Test 
isolates were inoculated in a blood agar plate that contained 
5%(vol\vol) of human blood after activated in nutrient broth 
for incubation at 37°C, for 24 hours. The presence or absen-
ce of hemolysis in the surrounding colonies was recorded13.

Production of lecithinase and lipase enzyme:
By using egg–yolk agar medium, the ability of the iso-

lates was tested for the production of lecithinase and lipase 
enzyme; the medium contained 85 ml of nutrient agar and 
15 ml of egg-yolk, sterilized the nutrient agar and then cool 
to 55c added egg –yolk and mixed then poured in plates.

The isolates were inoculated in the plate and incuba-
ted at 37C for 24h. The plates were filled with a saturated 
copper sulfate aqueous solution and let to stand for 20 mi-
nutes before the surplus solution was drained. The results 
were read after a few minutes of drying. The green-blue co-
lor of opalesces showed lipolysis synthesis, and the area of 
clearing surrounding the colony was declared positive for 
lecithinase production14-16.

Biofilm formation
The two bacterial isolates were screened for the ability 

of biofilm(method) formation by using the test tube method. 

In the test tube method, the isolates were grown in the test 
tube containing tryptic soy broth and 1% glucose and incu-
bated for 24h at 37C; then, the media was discarded. The li-
nes were gently rinsed with phosphate buffer saline and left 
to dry, then 1ml of 1% w/v crystal violet solution was added 
to the tube to stain the cells attached to the walls, Crystal 
violet solution was discarded after 3 min. The tubes were 
washed with deionized water and left to dry inverted. The 
staining of the walls of tube 17 indicated biofilm synthesis.

Investigation of the ability of Klebsiella pneumonia to 
produce calcite

Klebsiella pneumonia isolates were grown on Lu-
ria-Bertani acetate agar medium (Tryptophane 1g, Yeast 
extract 0.5g. Nacl 0.05g, Calcium acetate 1g, Agar 1.5g, 
D.W 100ml)the Ph adjusted at (8) and incubated at 37C for 
a week. After the incubation period was over, the formation 
of calcite crystals was investigated18.

Chemical diagnosis of calcite crystals
A chemical examination of the crystals was carried out 

by adding drops of HCL 10% solution to the calcifications to 
observe the formation of bubbles as a result of the formation 
of carbon dioxide gas as a product of the reaction, and the 
result was recorded19.

Results
The isolates under study showed coccobacilli gram-ne-

gative cells, and the morphological features on McConkey 
agar showed 3 high mucus strains with pink mucoid colo-
nies, while on Eosin methylene blue agar are appear pink 
to purple colonies finally, colonies on blood agar are smooth 
raised mucoid colonies. figure (1). 

The 3 mucus strains were selected for 16SrRNA se-
quencing analysis by amplifying 16S rRNA genes and 
analysis by electrophoresis on 1% agarose gel, as shown 
in Figure ( 2 ).

The result of 16SrRNA sequencing compared with 
NSBI database, through NSBI blast with similarity 99%of 
standard K.pneumoniae isolates as (K. pneumoniae NPK 
323, K. pneumoniae CUMB SAM-61 and K. pneumonia 
PD17).

The use of 16SrRNA analysis is regarded as an appro-
priate tool for the specific identification of isolates under 
study and gives a proven method for molecular analysis. 
The 3 isolates of K. pneumoniae were deposited in NSBI 
with accession numbers OK 254156.1 for K.pneumoniae 
strain NPK 323, OK 247423.1 for K. pneumoniae as strain 
CUMB SAM-61, and OK245427.1 for K. pneumonia strain 
PD17.

Ikhlas Ramadan Matter, Aisha W.AL-Omari, Alaa Hussein Almola
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The phylogenetic analysis done by the Neighbor-Joi-
ning tree showed a relationship between OK 247423.1 
CUMB SAM—61 and OK254156.1 NPK 323 with other 
K.pneumoniae strains recently deposited in NSBI database 
(The OK247423.1 and OK254156.1 strains) showed rela-
ted to MH938261.1 strain. Still, the relationship between 
OK247423.1 and MH938261.1 was more closely. the strain 
OK245427 was closely related to the KU711913 strain (fi-
gure 3).

Klebsiella pneumoniae isolates and their ability for he-
molysis blood, production of lecithinase and lipase enzy-
mes, biofilm and calcite formation:

The two isolates of Klebsiella pneumonia ((OK 247423.1 
and OK245427.1 )) give a negative result for hemolytic ac-
tivity on blood agar plates, and the same two isolates of 
Klebsiella pneumoniae showed their ability for lecithinase 
production by formation a clear zone around the bacterial 
colonies, as shown in (figure 4). In contrast, it gives a nega-
tive result with lipase enzymes.

Our findings refer to the two isolates of Klebsiella pneu-
monia((OK 247423.1 and OK245427.1 )) which showed the 
ability for biofilm formation on the inner walls and down of 
tubes in the form of a violet color, as shown in (figure 5). 
While L. B. acetate agar showed calcite formation through 
the calcifications on the surface of the growing colonies, as 
shown in (figure 6).

Discussion
Life evolution produced new chances for microbial develop-

ment, resulting in a shift in the microorganisms we encounter20.
Microorganisms enter dwellings with air, soil, water, live 

plants, various food products, other pets, and humans21,22. 
Most available overviews of indoor microbiomes focus on 
air-borne, dust-associated microbes23. Compared with few 
published research on microbes in humid household envi-
ronments such as bathrooms, kitchens, and appliances that 
need water in their work.

16SrRNA sequencing analysis for identification of Klebsiella pneumoniae isolated from the extreme kitchen environment

Figure 1. Klebsiella pneumoniae on different media.

Figure 2. Electrophoresis 
of 16SrRNA products by 
agarose gel 1:DNA ladder , 
2:OK247423, 3:OK254156 
, 4:OK254156
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The isolates of Klebsiella pneumoniae obtained from 
extreme environments differ in their possession of virulence 
factors. Our isolates could not cause hemolysis of blood, 
and this result agrees with Pereira and Vanetti24 may be 
due to the absence of activators for gene expression that 
code for this enzyme25. In recent research, none of the 54 
strains isolated had blood hemolysis or possessed the hlyA 
and cnf-1 genes, which code for this activity. Although he-
molytic activity has been documented, few studies show the 
genotypic and phenotypic existence of hemolysis in Kleb-
siella25,26. At the same time, our result differs from Kalaivani 
and his group27, who reported that the Klebsiella pneumonia 
isolates had a high percentage of hemolytic activity.

The two isolates of Klebsiella pneumoniae showed their 
ability for lecithinase production by forming a large zone of 
opalescence around the colonies. At the same time, give a 
negative result with the production of lipase enzyme. Stu-
dies have varied concerning the output of lecithinase enzy-
me. This research by Singh28, with 208 Klebsiella pneumo-
niae isolates (7.69%), produced lecithinase activity. And a 
research study by Kalaivani,55.7% (64) Klebsiella pneumo-
niae isolates observed Lecithinase production, which might 
predict more pathogenic ability among this isolates27 Our re-
sult differs from other study29 which referred that Klebsiella 
pneumoniae isolates, cannot produce lecithinase enzyme. 
At the same time, the development of our study agrees with 
the same study in the inability of Klebsiella pneumoniae iso-
lates to produce lipase enzyme (figure 4).

Microbial biofilms are colonies of clustered microbial 
cells immersed in an extracellular polymeric material ma-
trix that they generate by themselves (EPS). Biofilms can 
protect bacteria against ultraviolet (U.V.) radiation,, high pH, 

severe temperature salt stress, high pressure, inadequa-
te nutrition, antibiotics, and other factors by functioning as 
"protective clothing."30.

Our finding refer the two isolates of Klebsiella pneu-
moniae that showed good ability for biofilm formation, and 
this agreement with (31) which they found that 93.6% of K. 
pneumoniae isolates formed biofilms. These strains were 
divided into four categories as strains that generate a mo-
derate biofilm, completely established biofilms, insignificant 
biofilms, and non-biofilm providers.

Also, our result was similar to 27, found among the se-
veral virulence strategies investigated, mainly of Klebsiella 
pneumoniae isolates (79%) demonstrated biofilm methods. 
In another recent study, 100 % biofilm production was do-
cumented for Klebsiella pneumoniae isolates32., while the 
study of Abbas in 2020 33 showed that only 4 out of 73 
isolates of Klebsiella pneumoniae were able to form biofilms 
(figure 5).

Microbially induced calcite precipitation (MICP) is the 
generation of calcium carbonate from a saturated solution 
caused by microbial cells and metabolic activity 24. During 
MICP, organisms can emit one or more metabolic products 
(CO3 2), which react with ions (Ca2+) in the environment, 
resulting in mineral precipitation.

The MICP process is an eco-friendly and effective tech-
nology that may be used to solve a variety of environmental 
concerns, including radionuclide cleanup, heavy metal re-
mediation, consolidation, CO2 sequestration, bio cement,, 
and other uses35.

The results of two Klebsiella pneumonia isolates on L. 
B. acetate agar showed calcite formation by creating cal-
cifications on the surface of the growing colonies on the 

Figure 3. Phylogenetic tree.
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L.B. acetate agar. This was indicated by the researchers36, 
which explained the bacterial role in calcite formation due to 
its metabolic activity that increases the pH and deposition of 
calcite on its surface (figure 6).

Monte Carlo Simulation Analysis (MCS)
After structuring costs, the most influential cost com-

ponent was direct labor, representing 53% of the total cost. 
The cost of culture media was 12% of the total, IMC repre-
sented 5%, and operating expenses, including administrati-
ve expenses and infrastructure, were 30% (Figure 2). 

Conclusions
Bacterial species differ according to the environments 

in which they live, as the species that are isolated from 
clinical sources and possess many virulence factors that 
make them more dangerous and pathogenic to humans di-
ffer about the same species if separated from a variety of 
external environments, which makes them virulent or have 
new characteristics that make them adapted to live in the 
domains from which they are isolated
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Response genotypes of sunflower (Helianthus annuus L.) and amount of 
nitrogen fertilizer on growth characteristics, oil yield, and its percentage
Khalid Najim Abdullah1*, Waleed A. Jabail2 and Kefah Abdel-Reda Jassim3

Abstract: The field experiment was conducted during the spring and autumn seasons of 2021 in the Al-Haritha area, AL- 
Basra Governorate, to study the response of six genotypes of sunflower (Local, Aqmar, Ishaqi 1, Ishaqi 2, Turki Tarzan 
and Shmoos) and four levels of nitrogen fertilizer control treatment  N0, N1 = (N100 kg. ha-1), N2 = (N200 kg.ha-1) and N3 
= (N300 kg.ha-1) according to the complete randomized block design RCBD with three replications in the order of the split-
plot design (the levels of nitrogen fertilization were distributed in the main plot and the varieties in the secondary Sub-plot). 
Results showed the superiority of the Shmoos genotype with the highest average number of leaves that, reached (27.05 
and 29.41) leaves. plant-1. while the nitrogen fertilizer effect showed a superior fertilizer level of N3, which gave (26.32 
and 29.94) leaves. plant-1. As for characteristic of fertility percentage, there were no significant differences between the 
genotypes (Local, Aqmar, and Tarzan) for the spring season; it appears the superiority of fertilizer level N3, which gave 
(93.79 and 91.79),  Shmoos genotype was superior with the highest average yield of an individual plant (78.50 and 84.73) 
gm.plant-1 compared to the local genotype, which gave the lowest average of (44.80, and 51.23) gm.plant-1 for the two 
seasons, respectively, and N3 level of fertilizer, which gave average (77.82 and 88.88) gm.plant-1 and local composition 
outperformed the proportion of oil (39.55 and 41.13%) and the Shmoos genotype in the total oil yield (1161.4 and 1461.3) 
kg.ha-1, while this study showed the superiority of the fertilizer level N0 with the oil percentage, which gave (39.63 and 
43.65%). As for the total oil yield, the composition was superior to Shamus by giving the highest mean of oil yield (1161.4 
and 1461.3) kg.ha-1 for two seasons, respectively, and the superiority of the fertilizer level N3, which gave the highest oil 
yield (1,247.6 and 1673.6) kg.ha-1, for two seasons, respectively.

Key words: Sunflower, genetic structures, nitrogen fertilizer.

ARTICLE / INVESTIGACIÓN

Introduction
Due to its short growth period and high economic re-

turns, the sunflower crop Helianthus annuus L is one of the 
most important oil crops in the world. Its seeds contain a 
high percentage of oil, reaching up to 55 percent in some 
varieties. It is healthy oil because it contains Omega-3 fatty 
acids and unsaturated fatty acids like Oleic. Linoleic acid 
has low oxidation sensitivity during the packing and storage 
process1.

Vitamins A, D, E, and K are found in sunflower seeds. 
They also contain about 27% protein and 60% polyunsatu-
rated fatty acids, ideal for heart patients who want to lower 
their blood cholesterol levels2. For the 2019 sunflower crop, 
the estimated cultivated area in Iraq is 450 ha, with an ave-
rage yield of 2333. 2 tons in hiktar3. Sunflower oil was the 
first to be used in Iraq, and its productivity is still limited due 
to a failure to follow proper scientific methods in serving the 
soil and crop, as it is determined by genetic structures and 
environmental conditions, as well as their interaction. Many 
factors, including genetic systems, environmental factors, 
and pre-and post-cultivation processes like plowing and fer-
tilization, particularly nitrogen fertilization, have been shown 
to affect sunflower growth and productivity4.

According to studies, phenotypic traits in general, and 
yield components in particular, are good criteria for selecting 
plants from various genotypes, whether to improve quality 
or yield, and its components represented in disc diameter, 
seeds number in the disc, and seed weight5. Schoeman6 

demonstrated in his study that the stability of genotype pro-
ductivity in different environments has become increasin-
gly important to plant breeders, as stable varieties are one 
of the most important aspects of modern agriculture. After 
all, knowing their behavior and response to various envi-
ronmental conditions leads to understanding environmental 
and genetic interference. Different levels of nitrogen fertili-
zer had a significant impact on yield and components7. Due 
to a lack of high-yield seed varieties and a reliance on the 
cultivation of local cultivars, it is necessary to investigate 
compositions with high yield and good quality under sou-
thern conditions.

As a result, this study was conducted to assess the 
performance of various sunflower genotypes under Basra 
region conditions, determine the level of nitrogen fertilizer 
that yields the highest yield, and investigate the interaction 
between genotypes and nitrogen fertilizer levels.
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Materials and methods 
The experimental unit consisted of four harrows, with a 

distance of 75 cm between each plow and 25 cm between 
each plant. On the meadow side, planting was done using a 
complete random block design and splintered plots to achie-
ve a plant density of 53,333 plants/ ha (RCBD). The expe-
riment had two components: the first was a set of six Sun-
flower genotypes (Local, Aqmar, Ishaqi 1, Ishaqi 2, Tarzan, 
and Shmoos). Baghdad's Agricultural Research Department 
is the source of the seeds. The second factor was the amount 
of nitrogen fertilizer in urea (46 percent N) added in two bat-
ches (0,100, 200, 300 kg N/ha). The first was the appearance 
of four true leaves, and the second was the appearance of 
four true leaves batches at the beginning of the emergence of 
flower buds8. Phosphorous and potassium fertilization opera-
tions were carried out according to the fertilizer recommen-
dation. Phosphate fertilizer was added in the form of P2O5) 
110 kg/ ha, and potassium sulfate, 120 kg/ha, in the form of 
K2SO4. Add it all at once when planting.

Before planting seeds, some properties of the study soil 
were screened as pH, EC, minute volume analysis and soil 
texture. The experimental field was produced in the spring 
season on 16.02.2021 and the fall season on 27.07.20218 by 
placing 3-4 seeds in one hole at a depth of 3-5 cm. After two 
weeks of planting, the plants are thinned to one per hole. Weed 
control, hoeing, and weeding were done manually as needed.

Studied Traits
The number of leaves: according to the total number of 

leaves per plant, which starts from the first leaf on the soil's 
surface until the last leaf on the plant9.

Fertility ratio (%): A random seed sample was taken at a 
rate of 50 gm from each experimental unit and according to 
the number of empty and filled seeds. Then the fertility rate 
was calculated according to the following equation10:

each plant. On the meadow side, planting was done using 
a complete random.

Results presented in Table 1 showed the soil characte-
ristics for the two planted seasons.

Results in Table 2 showed a significant difference be-
tween the genotypes among it for the characteristic of lea-
ves number per plant, as between the Table the superiority 
of the genotype is Shmoos with the highest average number 
of leaves that reached (27.05 and 29.41) leaves. Plant-1 
for two seasons, respectively, compared to the local genetic 
structure, which gave the lowest number of leaves per plant, 
with an average of (21.89 and 25.02) for two seasons, res-
pectively. The local genotypes, Ishaqi 1 and Tarzan, did not 
differ significantly in this trait for the spring season. In con-
trast, the local genotypes Ishaqi 1 and Tarzan did not vary 
greatly in the autumn season. The same Table showed the 
superiority of the fertilizer level N3, which gave (26.32 and 
29.94) for two seasons, respectively, compared to level N0, 
which gave the lowest average (21.68 and 24.05) leaves—
plant-1 with a significant difference from the other groups. 
As for the interaction, the Shmoos genotype and N3 fertili-
zer level showed the highest mean (31.52 and 33.85) leaf.
plant-1 compared with the fertilizer level N0 and the local 
genotype, which gave the lowest mean ( 20.26 and 22.63) 
leaf.plant-1 for two seasons.

Results in Table 3 referred to no significant difference 
between the genotypes (Local, Aqmar, and Tarzan) for the 
percentage fertility characteristic in the spring season, and 
it differed significantly with the Shmoos genotype. In con-
trast, the two genotypes (Ishaqi 1 and Ishaqi 2) did not differ 
between it, respectively and differed substantially with the 
Shmoos genotype. In contrast, in autumn, there were no 
significant differences between the genotypes (Local, Ishaqi 
2 and Tarzan), while  Aqmar and Ishaqi 1 did not differ. All 
genotypes differed significantly from the Shmoos genotype.  

The results of the same Table show the superiority of 
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The yield of the individual plant (gm/ plant) was calcu-
lated from the average result of one plant after extracting 
the seeds from the flowering disc of ten plants randomly 
selected from the two middle lines, separating their seeds, 
and weighing each plant separately.

Oil percentage: The oil percentage was measured by 
taking a sample of 5 gm of ground sunflower seeds with 
their husks and using Soxhlet apparatus with Petroleum 
Ether solvent, the boiling point of 60-80 C°, then it was dried 
in the oven at 90 C°11 then weighed the oil that produced 
from the extraction process

(weight of oil = weight of the beaker with oil - the weight 
of empty beaker) and its percentage was calculated.

Oil yield (kg.h-1): According to the following equation:-
Oil yield = % oil percentage x total seed yield.
The data were analyzed using the GenStat procedure 

Library release PL 18.2 software and an analysis of varian-
ce (ANOVA) spreadsheet.

Results
The experimental unit consisted of four harrows, with a 

distance of 75 cm between each plow and 25 cm between 

fertilizer level N3 which gave (93.79 and 91.79)% for two 
seasons, respectively, compared with control treatment N0, 
which gave the lowest average (91.56 and 88.83) % for the 
two levels, respectively and with a significant difference from 
the other levels. As for interaction, it was not substantial for 
the spring season. During the autumn season, the genetic 
structure of Aqmar and fertilizer level N1 outperformed them 
with an average of 92.96%.

Results in Table 4 indicated that significant difference 
between the genotypes among it for the trait of individual 
plant yield; the Table showed the superiority of the Sh-
moos genotype with the highest average unique plant yield 
amounted to (78.50 and 84.73) gm.plant-1 for two seasons, 
respectively, compared to the local genotype which gave 
the lowest average (44.80 and 51.23) gm. plant-1 for two 
seasons. The results of the same Table show the superio-
rity of fertilizer level N3, which gave (77.82 and 88.88) gm. 
plant-1 for two seasons, respectively, compared to control 
treatment N0, which gave the lowest average (44.07 and 
43.78) gm. plant-1 with a significant difference from other 
treatments, As for the interaction, Shmoos genotype and 
the fertilizer level N3 showed the highest average (103.07 
and 108.33 gm) compared with the fertilizer control level 
N0 and the local genotype, which gave the lowest average 
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Table 1. Properties 
of the study soil be-
fore planting He-
lianthus annuus L 
seeds.

Table 2. The effect of 
sunflower genotypes 
and nitrogen fertilizer 
levels and their inte-
raction on the number 
of leaves in plants for 
the spring and autumn 
seasons 2021.
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(37.47 and 33.33) gm. plant-1 for two seasons, respectively.
The data in Table 5 indicated that there is a significant 

difference between the genotypes among it for the charac-
teristic of oil percentage, the Table showed the superiority 
of the local structure which its seeds containing the highest 
average rate of oil amounted to (39.55) and (41.13%) com-
pared to the Shmoos genotypes and Tarzan, whose seeds 
had the lowest percentage oil averaged (36.69%, 37.46% 
and 37.50%, 38.30%) respectively for two structure and two 
seasons, and the reason for the superiority of the compo-
sitions in the oil percentage may be because the quality of 
the sunflower seeds.

From the results of the same Table, it appears that the 
fertilizer level N0, which gave (41.47، 43.87%) for two sea-
sons, respectively, compared with the group N3, which gave 
the lowest percentage of oil with an average( 36.36) and 
(37.46%), with a significant difference from the other levels.

Results in Table 6 indicated that there is a significant 
difference between the genotypes in the total oil yield trait; 
Shmoos composition outperformed by giving the highest 
mean of oil yield (1161.4 and 1461.3 kg.ha-1) compared to 

the local genotype, which showed the lowest average (906.8 
and 1185 ) kg.ha-1 for two seasons respectively. From the 
results of the same Table, it appears that the fertilizer level 
N3, which gave the highest oil yield (1,247.6 and 1673.6) 
kg.ha-1, compared with the control N0, which gave the 
lowest oil yield with an average (619.6 and 885.3) kg.ha-1 

for two seasons, respectively, with a significant difference 
from the other levels. And the reason for the superiority of 
fertilizer N3 is due to the abundance of the total seed yield 
ton.ha-1 in addition to the percentage of oil.

The Shmoos genotype and the fertilizer level N3 gave 
the highest mean of oil yield, which reached (1350.5 and 
1778.7) compared with the local genotype and fertilizer le-
vel N0 with the lowest average  (558.0 and 758.0) kg.ha-1 for 
two seasons, respectively.

Discussion
The reason for the superiority of the local genotypes, 

Ishaqi 1 and Tarzan, might be due to the nature of the ge-

Table 3. The effect of 
sunflower genotypes 
and nitrogen fertilizer 
levels and their inte-
raction on the fertility 
percentage% charac-
teristic of the spring 
and autumn seasons 
2021.

Khalid Najim Abdullah, Waleed A. Jabail and Kefah Abdel-Reda Jassim
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notypes for this trait because this trait has a high response 
in variable to sunflower cultivars12, and these results are in 
agreement with the researches13,15. Also, the superiority of 
these genotypes might be due to the increase in the number 
of leaves for the genetic structure and the increase in the 
leaf area which the photosynthesis process occurs throu-
gh it, as well as the nature and extent of its effect on envi-
ronmental conditions, including the high temperature that 
accompanies the process of pollination and fertilization11,16.

The superiority of the fertilizer level N3, which gave 
(26.32 and 29.94) for two seasons, respectively, compared 
to the level N0, could be explained by the effect of nitrogen, 
which is involved in all vital processes that consider as a 
basis for building proteins and nucleic acids and encoura-
ging rapid growth as well as the process of cell division and 
thus positively reflected on the height of the plant, which 
in turn leads to an increase in the number of leaves13, and 
this agrees with what was mentioned11,17,18. As well as The 
reason for the superiority of fertilizer level N3 is that nitrogen 
is considered the main component in building vital proces-
ses, including the leaf area, which helps in the activity and 

increase of pollen production4,11,19,20.
The reason behind the significant difference between 

the genotypes among it the trait of individual plant yield mi-
ght be due to the increase in fertility rate in Table (3), which 
resulted in mature seeds and thus led to an increase in the 
work of the individual plant, as well as to the different trans-
formative nature of foodstuffs as a result of the different ge-
netic structures21. These results are consistent with (17, 20). 
The results in Table (2) may be attributed to the increase in 
the number of leaves and, thus increase in the leaf area, 
which led to raising the efficiency of the plant, including an 
increase in the concentration of elements, increasing the 
concentration of nutrients inside the plant and converting it 
into carbohydrates and protein materials that transferred to 
the seeds in the phase of filling the seeds17,22,23.

The percentage of oil is affected by environmental and 
genetic conditions because high temperature reduces the 
rate of oil19. These results are consistent with (11,24). They 
found the difference in the sunflower genotypes in the per-
centage of oil in the seeds, and these results agree with the 
findings of (11,19,24).  

Table 4. Effect of ge-
notypes from sun-
flower and nitrogen 
fertilizer levels and 
their interaction on the 
trait of individual plant 
yield in grams for the 
spring and autumn 
seasons 2021.

Response genotypes of sunflower (Helianthus annuus L.) and amount of nitrogen fertilizer on growth characteristics, oil yield, and its percentage
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Because nitrogen is the main component in building 
plant tissue units and increasing these tissues at the ex-
pense of the percentage of oil in seeds according to the 
well-known inverse relationship between oil and nitrogen, 
when the number of sources increases in the plant due to 
increases in nitrogen, the oil in the seeds will decrease,  
these results are in agreement with the findings of19. Whi-
le  interaction showed, the local genotype and N0 fertilizer 
level showed the highest average oil content (41.47 and 
43.87%) compared to the N3 level and the Shamoos geno-
type, which gave the lowest average (34.64) and (35.18%) 
for two seasons respectively,

Conclusions
In this study, we can conclude the following: The supe-

riority of the genotype of Suns for two seasons in most of 
the studied traits of the number of leaves per plant and yield 
of the individual plant, as well as the highest total oil yield, 

and the superiority of the local genotype in the percentage 
of fertility and rate of oil %. All the genotypes showed an 
apparent response to the fertilizer level N3 in most of the 
studied traits, and this was reflected positively in the increa-
se in the number of leaves in the plant, the yield of the indi-
vidual plant, the percentage of fertility and the total oil yield.
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Genetic analysis of milk production and lactation period in Holstein cows 
according to BTN1A1 Gene Polymorphism
Riyadh Senekal, Hussien Al-Waith, Nasar Al-Anbari, Wafa'a Al-Samarai

Abstract: The results showed that the Holstein BTN1A1gene has two alleles (A allele ) which is superior to the second 
allele (B allele )in the two values of the substitution effect and the average effect of the allele, and the homo genotype 
AA over the hetero genotype AB was successful in the breeding value of the two traits. It was also revealed through the 
new equations that the gene is responsible for the characteristic of milk production of the total output and the amount of 
37725 Iraqi dinars of the full value of the milk price, and it also affects by ±7.24 days of the length of the milking season, 
which is estimated at 3583.8 Iraqi dinars. It is responsible for the inheritance of 70.09 kg of total milk production for 6.35 
days/season length, reflecting the product's price value.The possibility of adopting the BTN1A1 gene within the selection 
programs to improve some productive traits, as well as the possibility of conducting a comparison between genes on the 
basis of the new equations, determining their contribution to the studied traits, and choosing the most influential gene to be 
an effective marker in the selection of quantitative traits.

Key words: Genetic analysis, Milk production, length of lactation, Holstein cows, BTN1A1 gene.

ARTICLE / INVESTIGACIÓN

Introduction
Heritability is defined as the ratio of the genetic varian-

ce to the total variance, which means that it is the product 
of dividing the part of the variance due to the inheritance 
(numerator) by the total variance of the trait (denominator). 
It gives an idea of the extent of the effect of heritage on a 
specific quantitative quality; for example, the heritability of 
a milk production trait is 25%. This percentage shows the 
total impact of the total of genes affecting the feature, mea-
ning that it is a function of the estimation of the increase or 
decrease in the genetic variation resulting from the selec-
tion of parents and mothers that are transmitted to the next 
generation without knowing the contribution of each gene to 
this ratio1,2, which is shown by the new equation (that is, the 
proportion of each gene's contribution to the variance of the 
studied quantitative trait.

The most critical traditional methods for calculating the 
heritability of any characteristic are full-sib, half-sib, regres-
sion on one parent, regression on average parents, and 
third-generation declines over the first generation, and all 
of these methods require information for at least two gene-
rations. Therefore, the environment is different between the 
two generations, which leaves a certain percentage of error 
in estimation, and the result of these equations represents 
the sum of the effect of genes affecting the studied trait en-
tirely without specifying the development of each gene se-
parately, and the new equation dealt with the two previous 
points3.  

Calculating the heritability of the trait based on the ge-
ne's contribution to the total genetic variance does not need 
information about the ancestors of the current generation 
(you do not need the knowledge of the previous generation), 
as the equation is more accurate than its predecessors be-
cause it studies the effect of genetics and the environment 

in one time and not between two different times, which in 
turn causes the addition of a ratio. It needs to be corrected 
in heritability, through which it is possible to compare the 
other genes that affect the studied trait and choose the gene 
most influencing the selection processes in what is known 
as marker-assisted selection.

It estimates the value of the quantitative and price effect 
of the gene (in the studied herd) using the root of the to-
tal variance since the variance is the square of the sum of 
the deviations of the values  from the general average. This 
value and dividing the result by the number of individuals 
will dictate the extent of the effect of the studied gene (±) 
on the studied trait, such as grams of weight or minutes of 
height and according to the type of the studied trait. The stu-
died gene per kilogram of milk), which is an essential value 
because the number of units (such as the number of kilo-
grams) differs between individuals, as the general average 
of the trait represents the contribution of all genes affecting 
the studied feature without discrimination of the practical va-
lue of each gene, which can be identified through the equa-
tion It is possible to use the same equations to predict the 
gene's contribution to the same traits studied in the next ge-
neration, and this is done by replacing the genetic variance 
with the clustering variance since the clustering two is the 
one that will be inherited to the next generation.

Butyrophyllin (BTN) belongs to the immunoglobulin fa-
mily of membrane proteins4; the bovine Butyrophyllin (BTN) 
gene is present in the long arm of chromosome 23, consis-
ting of 8 exons and 7 introns5,6.

 Genetic variation in the bovine BTN1A1 gene has been 
studied as a genetic marker to control milk production and 
lipid content at the QTL. It affects economically essential 
traits in milk animals because it is expressed explicitly in 
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lactating milk tissues, and the BTN1A1 gene product may 
act in the secretion of milk fat7.  

Therefore, this study aims to devise new equations to 
analyze the genetic information of the studied gene to faci-
litate understanding the genetic contribution in quantitative 
units (grams, centimeters) of the studied traits.

Materials and methods 
This study was conducted in Al-Salam station for Dairy 

cattle /private sector (Al-Latifia district 25 km southern Ba-
ghdad) on 50 Holstein cows, genetic analysis of the BT-
N1A1 gene was carried out according to the characteris-
tics of milk production and the length of lactation to devise 
modern equations to calculate the genetic equivalent in the 
broad sense and limited and the amount of the gene's con-
tribution to the amount of total milk produced as well as The 
contribution of the gene to the length of lactation as well 
as its final effect on the milking price in days. Based on the 
genetic information,  DNA samples of good quality, purity 
and concentration were used for further analysis; the poly-
merase chain reaction (PCR) technique for BTN1A1 typing 
is based upon the extensive polymorphism that is present 
in an 893 region of exon 8 of the butyrophyllin gene was 
amplified by using primers as8,9.

-Inferred equations:
1- Heritability of a gene effect (in the broad sense):
   H2G= 2pqα2 + 4 p2   q2 d2 /б2

P: repetition of the dominant allele, q: repetition of the 
recessive allele, α: the average effect of allele substitution, 
d: repeat the hybrid composition, б: variance

The numerator in this equation is the sum of the cova-
riance A=2pqα2 and D=4 p2  q2 d2   3; as for the denominator, 
it represents the total variance of the trait and can be obtai-
ned from one of the following two equations:

A- б2 = ∑x2 – (∑x) 2 /n
B- SST = ∑Yij2 – CF
2- Heritability of a gene effect (in the narrow sense):
h2G= 2pqα2 /б2

3- Quantitative effect of a gene:
4- The calorific value of the gene effect:

6- The percentage of the gene's economic contribution 
to the price value of the studied trait.
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Since the previous value represents the estimate of the 
increase and decrease in the units of the quantitative trait, 
multiplying it by the value of one unit price will represent the 
price value of the gene effect.

5- The ratio of the quantitative effect of a gene:

Dividing the quantitative effect value by the average of 
the trait will show the extent of the gene's contribution to 
one unit of the quality (for example, the effect of the stu-
died gene in every kilogram of milk), which is an essential 
value because the number of units (such as the number of 
kilograms) differs between individuals, as the general ave-
rage of the trait is It represents the contribution of all genes 
affecting the studied trait without discrimination of the prac-
tical value of each gene, which can be identified through the 
current equation.

It represents the percentage of the gene's contribution 
to the unit price of the studied quantitative trait.

7- Prediction of the quantitative and price contribution 
of the fetus in the next generation:

- Quantitative effect of a gene in the offspring:
The clustering variance is the part inherited from the 

genetic variance of the individual, which is a fair value be-
cause it is part of the variance value, which in turn is a fair 
value for deviations from the general mean of the trait. In the 
offspring of the current herd.

a- Calorific value of the quantitative effect of a gene in 
the offspring:

Multiplying the previous value (the quantitative effect) 
by the price of one unit of the quantitative trait indicates the 
price value of the effect of the gene on the offspring.

b- The percentage of the quantitative effect of a gene 
in the offspring:

The division of the value of the quantitative effect of the 
gene in the offspring by the average of the quantitative trait 
in the progeny shows the ratio of this effect, which is an es-
sential value because the number of units differs from one 
individual to another, which gives a specific value for each 
individual if this value is multiplied by the number of units of 
the quantitative trait that the individual possesses.

c- The price value of the ratio of the quantitative effect 
of a gene in the offspring:

Multiplying the previous equation with the price of one 
unit of the studied quantitative trait shows the extent of the 
gene's contribution to the cost of this unit and its reflection 
on the price of the animal as a whole.

Results
The AA genotype recorded the highest educational va-

lue, and it is consistent with the fact that this combination is 
the highest in milk production and lactation period, as well 
as the least deviating dominantly compared to the genotype 
(AB) (Table 1), that this result indicates that the AA genotype 
is the best. And because the additive variance (VA) is high 
compared to the dominant variance (VD), so choosing the 
best genotype (AA) will be feasible because the clustering 
effect will be inherited for the following generations4,10. It 
was understanding the variation mechanism in hybrid indi-
viduals11.

The average effect of the A allele of BTN1A1 was the 
highest compared to that of the B allele, and it is expected 
that the presence of the allele A added an increase in the 
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total milk production and lactation period and the average 
substitution effect of allele A was positive because it contri-
buted to the total milk production and lactation period (Table 
2), which shows the value Added or missing as a result of 
selection for one of the alleles3, these results give an ab-
solute preference to allele A of the BTN1A1 gene over the 
mutant B allele, which indicates the importance of selection 
in favor of this allele

Table2. Average of allele effect and the average of alle-
le substitution for total milk production and lactation period 
traits.

The equations extracted in this research found that the 
heritability in its broad and narrow sense amounted to 0.26 
and 0.22, respectively, for the milk production trait is within 
the logical range of the trait12,13.

Also, the quantitative effect of the gene is 75.45 kg (Ta-
ble 3) of milk within the total milk production, meaning that 
the AA genotype adds this amount. Still, the mutant struc-
ture causes a loss of the same amount, which gives clear 
pictures of the quantitative contribution of this gene within 
the total quantitative effect of all genes affecting the pro-
duction trait. Milk is a quantitative trait that is affected by a 
large number of genes14, and the effect of the gene on each 
kilogram of milk reached 0.04 kg (Table 3). If we assume 
that the price of milk is 500 Iraqi dinars, it affects the price 
value of milk by an amount of 37725 and 200 dinars in the 
value of Total milk produced and price per kilogram, respec-
tively; on the other hand, the value of what this gene inherits 
to the next generation in the case of the AA composition is 
approximately 70 kg of milk per season and 0.037 kg per 
kilogram of milk per person (Table 3) if these values   are 
calculated based on the cumulative variance of the gene, 
which is the value that is inherited to the next generation. 
Suppose the price value of the inherited values   is calcula-
ted. In that case, it becomes evident that this gene is res-
ponsible for the value of 35 thousand and 18.5 dinars of the 

total milk price and each kilogram in the next generation.
These values   are understandable    for educators and 

economists, which enhances their understanding of the im-
portance of marker-assisted selection programs and facili-
tates comparison between different genes, relying on can-
didate genes within the selection programs.

The equations extracted in this research found that the 
genetic equivalent in its broad and narrow sense amounted 
to 0.11 and 0.09, respectively, for the lactation period (Table 
4), which is within the logical range of the trait15,16.

The gene's quantitative effect on the lactation period's 
characteristic was 7.24 days (Table 4). It shows that the 
pure, wild composition of the gene increases the production 
season by seven days (Table 4), which is very close to the 
price value of the gene calculated through the total produc-
tion of milk, which is 37725 (Table 3), which supports the ac-
curacy of the equations that the researcher devised in this 
research. And it supports the adoption of this method with 
other genes affecting the characteristic of milk production 
and lactation period, considering that this characteristic is A 
quantitative characteristic that is affected by a large number 
of genes, as it can be seen from the table that the value of 
the effect of this gene per day ranges from 0.037 per day, 
meaning its weight of 18 Iraqi dinars (Table 4).

As for the amount of this gene inherited, it increases the 
number of days of the production season for the offspring 
by about 6.35 days, with a price value of 3143.25 and 0.03 
dinars for the season and one day, respectively.

That the price value of the gene matches when measu-
red by season length and total production indicates the im-
portance of adopting these equations to clarify the percen-
tage of genes participation accurately and naturally in the 
studied traits as well as facilitate the task for breeders and 
economists in adopting genetic improvement programs, 
which enhances the improvement of the studied traits and 
increases the support of researchers in this field.

Genetic analysis of milk production and lactation period in Holstein cows according to BTN1A1 Gene Polymorphism

Table 1. Mean, adjusted average, Breeding value, Dominance deviation and variance components of milk production and 
lactation period.

Table 2. Average of allele effect and the average of allele substitution for total milk production and lactation period traits.
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Conclusions
We conclude from this study the possibility of adopting 

these equations in calculating the effect of individual genes 
affecting the quantitative traits studied, mainly after it was 
found in this research that the gene obtained the same va-
lue after studying its effect using these equations through 
two characteristics separately. The BTN1A1 gene can be 
adopted in milk production trait genetic improvement pro-
grams (AA genotype).
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Epidemiological Study of Prevalence TB in Iraq
Asmaa A. AL-Kaisse1*, Amina N.AL-Thwani1, Ahmed A. Mankhi2, Zainab H. Abood1 and Ruqaya Mustafa Ali3

Abstract: To assess the prevalence of tuberculosis epidemic in Iraq in terms of the age groups most affected by tuberculosis 
bacteria, for both gender and for all governorates of Iraq, various clinical specimens were obtained from 744 patients 
attending the Specialized Chest and Respiratory Disease Center / National Reference Laboratory (NRL) for tuberculosis 
in Baghdad between April 15 and November 14 2021 the diagnosis by  direct microscopy using the Zeihl-Nelsen (ZN) 
stain and followed by culturing on Lowenstein-Jensen medium (LJ), for 744 clinical specimens revealed that 92(12.37%) 
specimens were positive by direct examination while 111(14.9%) specimens were positive by culturing on LJ medium 
with sputum specimens accounting for the majority of culture positive specimens 103/111(92.8%) the rate of Pulmonary 
tuberculosis  (PTB) was a higher than (EPTB) extra-pulmonary (94.6%), (5.4%) respectively the most of tuberculosis 
cases were found in Baghdad city (62.2%) vs other governorates (37.8%) males were more affected (63.0%) than females 
(37.0%) and the majority of patients were aged 35–44 years (30.6%) but the lowest age group was least than 15 years 
(1.8%) the data above ** (P≤0.01) showed a statistically significant difference, cultivation dependence most be more 
sensitive than direct method and require more attention in TB control programs to healing patients.

Key words: Tuberculosis, Mycobacterium tuberculosis, Iraq.
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Introduction
Infectious tuberculosis, or TB, is a leading cause of 

death and poor health worldwide; anyone can contract it. 
Before the coronavirus (COVID-19) pandemic, TB was the 
most significant cause of death from a single infectious di-
sease. Higher than HIV/AIDS in terms of both treatability 
and preventability is tuberculosis (TB). A six-month phar-
macological regimen effectively treats about 85% of people 
with TB illness1. TB infection can be treated with a regimen 
lasting one to six months. 1.3 million more people will die 
from tuberculosis-related causes in 2020 than from HIV/
AIDS-related causes combined (0.68 million). The CO-
VID-19 outbreak has impacted TB mortality more than HIV/
AIDS in 2020. The number of people who died from HIV/
AIDS fell between 2019 and 20202, in contrast to those who 
died from tuberculosis. Most droplets released from the 
mouth, nose, and throat when someone talks, or coughs 
transmit tuberculosis, a respiratory disease. However, tu-
berculosis can also spread to other body regions, such as 
the lymph nodes, pleura, belly and urogenital tract3,4, skin 
and joints5,6, bones7,8, and the meninges. Extra-pulmonary 
tuberculosis is the name given to the following type of ill-
ness. Although no signs or symptoms of tuberculosis may 
be present, a continuing immune response to Mycobacte-
rium tuberculosis (M. tb) antigens is what the World Health 
Organization (WHO) considers an LTBI. The World Health 
Organization estimates that approximately one-fourth of 
the world's population is infected by Mtb and has a latent 
TB infection (LTBI)4. To reduce the risk of poor treatment 
outcomes, health sequelae, as well as the negative social 

and economic consequences of tuberculosis, the first goal 
is to ensure that tuberculosis disease is exposed early and 
treated promptly; the second goal is to reduce communi-
ty-level TB disease prevalence, thus preventing the spread 
of tuberculosis in the future in fetuses and children. There 
is a connection between these two objectives. Preventative 
tuberculosis (TB) treatment can be provided to individuals 
diagnosed with the disease, decreasing the chance of fu-
ture cases of illness5. TB and other kinds of tuberculosis 
are affected by this (TB). According to WHO research, the 
frequency of tuberculosis in Iraq will reach 27 cases per 
100,000 people by the year 2020, according to WHO. A ste-
ady decline in disease prevalence had occurred throughout 
the prior decade6. The goal of this research was to find out 
how common tuberculosis is among Iraqi patients.

Materials and methods 
Collection of Samples To investigate Mycobacterium 

tuberculosis, a total of 744 diagnostic specimens were co-
llected from patients who went to the “Specialized Chest 
and Respiratory Diseases Center/National Reference Labo-
ratory for Tuberculosis (NRL) in Baghdad” between April 15 
and November 14 2021. There were 429 males, which ac-
counts for 60.0 percent of the total, and 315 females, which 
accounts for 37.0 percent. The ages of the individuals ran-
ged from a few months to over 65 years. The specimens 
were divided into two categories: those with pulmonary tu-
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berculosis 603 and those with extra-pulmonary tuberculosis 
141 (Table 1).

Sample Processing: To digest and disinfect the speci-
mens, standard operating protocols for laboratory manual 
labor were followed7. Ziehl Neelsen (ZN) stain was emplo-
yed in smear microscopy, which is a form of direct inspec-
tion. This was done to examine all clinically decontaminated 
specimens.

Cultivation: Each decontaminated specimen was in-
jected into LJ media by spreading three to four drops of 
centrifuged sediment all over the surface of three slops of 
LJ medium. This was done in order to culture the bacteria. 
After having each culture sit at an angle for three days at 37 
degrees Celsius with the lids only partially closed, the lids 
were secured, and the cultures were incubated vertically for 
a total of eight weeks (cultures were examined weekly). Af-
ter this incubation period, the growth was either observed or 
dismissed as negative, and the results were recorded ac-
cording to whether they were positive or negative. It takes 
anywhere from six to eight weeks for the consequences 
of solid culture to become visible. The growth rate, colony 
morphology, and ZN staining of positive cultured isolates 
were also used to gain further identifications.

Results

Colony morphology and staining
During 8 weeks, the results of culture on LJ media be-

came seen. M. tuberculosis complex colonies on LJ media 
were big, uneven in form, scratchy, inflexible, and non-pig-
mented, similar to coli flower colonies. Bacilli were straight 
or slightly curved red-dotted rods organized singly or in 
pairs when microscopic culture isolates were inspected with 
ZN dye.

Coverage of the database
According to the results obtained, pulmonary TB (PTB) 

specimens accounted for 603(81%) of the total 744 spe-
cimens, whereas extra-pulmonary TB (EPTB) specimens 
accounted for 141(19%), as indicated in Table (2). Smear 
microscopy (direct examination) revealed that 92(12.37%) 
specimens were positive, 111(14.9 %) specimens were 
able to develop on LJ media, and culture examination re-
vealed 633 negative specimens. ** (P≤0.01), a very sig-
nificant difference between all category specimens. The 
positive cultivation rate of M. tuberculosis complex from 
pulmonary tuberculosis (PTB) specimens was more ex-
cellent 105/111(94.6%) than extra-pulmonary tuberculosis 
(EPTB) specimens 6/111(5.4%), with a highly significant 
difference ** (P≤ 0.01) between them. Sputum specimens 
103/111(92.8%) had the highest proportion of bacterial 
growth out of 111 specimens, whereas PTB specimens 
103/105 had a higher rate (98.1%).

Tuberculosis prevalence in Baghdad and neighboring 
governorates

Table (3) shows that Bagdad City had a more signifi-
cant percentage of culture-positive specimens than other 
governorates, with 69/111(62.2%) specimens being positive 
by cultivation on LJ media, compared to 42/111 (37.8%) in 
other governorates, with very significant dereference ** (P< 
0.01), shows.

Connection of Tuberculosis with Gender and Age
The data presented in Table (4) indicated that males 

had a significantly higher prevalence of tuberculosis than 
females; the overall male-to-female attribution was 1.7 
(70/41), and the variation was statistically significant. The 
data also indicated that the ratio of males to females was 
significantly different (P<0.01). The patients were placed in 
one of the Table's seven distinct age groups, which were 
assigned to them following their ages in Table (5). The age 
groups (35–44 years) exhibited higher frequencies of TB 
cases (30.6 percent) than any other age group. In compari-
son, the age groups (15 years) with a percentage (1.8 per-
cent) were revealed to be the least recorded age groups, 
with highly significant differences between all age groups 
** (P< 0.01).

Discussion
The direct smear microscopy method applied frequent-

ly in the third world and particularly in Iraq, is one of the 
methods that can be used to diagnose tuberculosis. Regar-
ding the diagnosis of tuberculosis, the LJ culture medium is 
usually recognized as the gold standard in underdeveloped 
nations8. In terms of the clinical manifestations that they 
cause, pulmonary tuberculosis (also known as PTB) and 
extra-pulmonary tuberculosis (also known as EPTB) are the 
two most frequent types of tuberculosis (TB). The pleura, 
lymph nodes, bones, and the meningeal lining of the brain 
are not the only organs that tuberculosis (TB) can affect; 
they can also affect other organs (extra-pulmonary tuber-
culosis, EPTB). Even though pulmonary tuberculosis is the 
most common form, it is not the only kind of tuberculosis 
(PTB).

Pulmonary TB (PTB) expands at a quick rate in 94.6 
percent of cases, with the remaining incidences of the di-
sease happening outside of the lungs in 5.4 percent of 
patients (EPTB). This investigation determined that PTB's 
prevalence was higher than EPTB's, aligning with earlier 
studies’ findings9-12. According to a study that was conduc-
ted in Iraqi Kurdistan13, it was found that 63.5% of patients 
had extra-pulmonary tuberculosis, whereas only 36.5% of 
patients had pulmonary tuberculosis. Extra-pulmonary tu-
berculosis is a condition that affects a significant portion of 
people who have tuberculosis. There are several potential 
explanations for why the risk of extra-pulmonary tuberculo-
sis varies from person to person; several of these features 
include the inherent immunity of the host, the pathogenicity 
of various strains of Mycobacterium tuberculosis, and the 
mechanism of transmission. According to the findings of yet 
another Iranian study14,15, patients diagnosed with extra-pul-
monary tuberculosis face a mortality risk of 5.58 times hi-
gher than those diagnosed with pulmonary tuberculosis.

On the other hand, the sputum smear test can differen-
tiate between two types of pulmonary tuberculosis, which 
are referred to as smear-positive and smear-negative pul-
monary tuberculosis, respectively. In this experiment, 92.8 
percent of the total sputum samples showed positive results 
for pulmonary tuberculosis on a smear test; the fact that it 
poses a danger of infecting others by droplet or airborne 
transmission16,17 is one reason why it could be considered 
a source of community contagiousness. In addition, the 
findings demonstrated that patients with EPTB were more 
likely to have pleural infections than any other type of infec-
tion, which is consistent with (9,18) in Iraq and (19,20) in 
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Iran and Uzbekistan; further research has found that lym-
ph nodes are to blame for nearly half of the cases of ex-
tra-pulmonary tuberculosis (EPTB) in Iraqi Kurdistan21 and 
in Turkey22. For instance, the genitourinary system and the 
skin were the two most common sites of infection in Hong 
Kong23, but in the United States, bone and joint infections 
were more prevalent24.

In this investigation, the M. tuberculosis cultivation ratio 
in clinical specimens was 14.9%, significantly higher than 
the percentage that could be determined with a detailed 
visual examination (12.37 percent ). Smear microscopy 
and Ziehl–Neelsen (ZN) staining are the two methods most 
commonly used to diagnose tuberculosis in underdevelo-
ped countries (TB). This strategy does not require the utili-
zation of advanced technology25, among its many appealing 
features, low expense, great performance, and a high de-
gree of precision. It takes two hours to receive the results of 
the smear microscopy, but it is less sensitive than other tes-

ting procedures since it requires between 5000 and 10,000 
bacteria in a milliliter of sputum to achieve a positive result. 
Consequently, it takes longer to get the results of the smear 
microscopy. Patients with a positive culture but a negative 
sputum smear account for 13% of all cases of tuberculosis 
that are spread from patient to patient. When healthy per-
sons come into close contact with TB suspects with negati-
ve sputum cultures, the risk of getting MTB and developing 
active TB increases for both sets of individuals. The test's 
sensitivity can be improved by following a routine in which 
sputum samples are collected on three separate days first 
thing in the morning. As a result of its lack of sensitivity, 
sputum smear microscopy cannot differentiate between My-
cobacterium tuberculosis and Mycobacterium tuberculosis 
complex26.

Consequently, the Lowenstein–Jensen (LJ) medium for 
the growth of Mycobacterium is utilized in tuberculosis diag-
nosis. This medium is recognized as the gold standard. This 

Epidemiological Study of Prevalence TB in Iraq

Table 1. Specimen numbers and kinds.
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Table 2. Division of specimens according to the kind of TB and test.

Table 3. Apportionment of tuberculosis cases in Baghdad and other governorates.
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technique has high sensitivity, even though it can take many 
weeks to complete. Cultures of Mycobacterium TB grown in LJ 
medium can detect the presence of Mycobacterium tuberculo-
sis in sputum samples when there are at least 10 viable bacilli 
per milliliter of sample27. Regardless of the incidence of HIV, 
sputum induction detected approximately 75% of culture-positi-
ve TB cases in children and adults, according to a meta-analysis 
that included 17 independent research. However, the percenta-
ges estimated by individual investigations varied28. Researchers 
came to this conclusion after investigating the sensitivity of the 

sputum induction process. The generation of sputum was typi-
cally successful, with success rates ranging from 76.4 percent 
to 100 percent, and side effects were uncommon and modest, 
according to a new comprehensive examination of 23 trials. 
This review came to the additional conclusion that the majority 
of adverse effects were controllable. Compared to culture, the 
range of sensitivity that can be achieved by using microscopy 
on induced sputum samples is 0% to 100%. When compared to 
nasopharyngeal aspiration and stomach lavage, sputum induc-
tion produced significantly larger yields29.

Table 4. Divide TB patients according to gender.

Table 5. Patients diagnosed with tuberculosis are classified according to age group.

Epidemiological Study of Prevalence TB in Iraq
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Only three extra-pulmonary specimens were found to 
have ZN stain, whereas six solid culture specimens were 
found to contain it. This difference is likely because ZN stain 
is only present in extra-pulmonary models. Even though 
pulmonary tuberculosis is the most common form of the 
disease in children, it is rarely tested for because children 
have trouble coughing up enough phlegm to get a good 
specimen for bacteriological verification. This is even thou-
gh pulmonary tuberculosis is the most common disease in 
children. In children, the risk of contracting pulmonary tu-
berculosis is significantly higher than other kinds of tuber-
culosis. In some instances, it has been reported that the 
organism spreads through the bloodstream. This has been 
observed most frequently in infants and children under the 
age of five. The disease, which is often referred to as "mili-
tary tuberculosis," can be spread through traumatic means 
and can affect any organ or tissue in the body, including the 
bones, brain, meninges, and stomach. The most prevalent 
indications of extra-pulmonary tuberculosis in children are 
TB adenitis and TB pleural effusion. The extra-pulmonary 
form of tuberculosis affects approximately 20–30% of all 
children who get the disease. If children with tuberculosis 
(TB) are not given the appropriate medication or develop a 
resistant strain, treatment may become substantially more 
challenging for these patients30. The AFB smear is quite 
specific for Mycobacterium; nonetheless, it is essential to 
remember that a positive AFB result might be caused by 
any non-tuberculous mycobacteria (NTM).

The acid resistance of Nocardia and other actinomy-
cetes is not as high as that of other actinomycetes, althou-
gh these species are uncommon. In a positive AFB smear, 
mycobacteria are almost invariably present; however, M. 
tuberculosis is not a prerequisite for mycobacteria31. My-
cobacterium culture is, as of the time of this writing, the 
method that is both the most sensitive and trustworthy in 
terms of determining whether or not a current case of tuber-
culosis exists31-33. If the smear test returns negative results 
for tuberculosis, a residual culture must be performed. DNA 
fingerprinting and DST are two methods that can be utilized 
to identify culture isolates; these culture isolates can subse-
quently be used in molecular epidemiology research, cultu-
re can be performed on any sample, and sputum is the most 
usually used material for diagnosing pulmonary tuberculo-
sis33, but culture can be performed on any sample also My-
cobacteria can be found at a density of 10–100 viable cells 
per milliliter of material when culture procedures are used34. 
Because of the limited sensitivity of the direct smear me-
thod, live bacteria may be missed while using this method35. 
There is a higher probability of infection when acid-resistant 
bacteria are not tested for beforehand.

It is essential to detect pulmonary tuberculosis as early 
as possible and make an accurate diagnosis to cut down 
on the disease's transmission rate and the severity of its 
long-term effects. The sputum smear microscopy test is the 
most common test used to determine whether a patient has 
lung tuberculosis. This test is widely available in a variety of 
countries around the world. According to a recent study36-38, 
most tuberculosis patients with a positive smear test have 
high-quality microscopy of two consecutive sputum speci-
mens. This percentage ranges from 95 to 98 percent. This 
finding was uncovered by scientists working in the United 
States. The World Health Organization (WHO) advises that 
only two sputum specimens should be collected on the 
same day, and this recommendation can only be obtained 
through high-grade acid-fast bacilli (AFB) microscopy. Con-

sequently, diagnostic costs can be brought down to a more 
manageable level by reducing the number of patients who 
withdraw from the procedure38.

The more significant number of tuberculosis cases in 
Baghdad may be attributable to the city's high population 
density and crowded conditions (close contact with pa-
tients), as well as the availability of more diagnostic me-
thods facilities than in other governorates, which allowed for 
the recording of more tuberculosis cases among suspected 
TB patients and patients who were unable to travel to Ba-
ghdad and who went to the TB center in their governorate. 
According to the data presented in Table 3, Baghdad has 
a significantly greater rate of TB patients than the national 
average. Because it is the only accredited laboratory in Iraq 
to perform such tests, patients with suspected tuberculosis 
bring their samples to the National Reference Laboratory 
(NRL) for identification and culture. This is done because 
the NRL is the only place in Iraq where such tests can be 
performed. The high incidence of tuberculosis in Baghdad 
can be attributed to several different factors. The most im-
portant of them are the growing population, the increasing 
urbanization, and the presence of people in enclosed areas 
for the majority of the day; all of these factors are contribu-
ting to an increase in the number of refugees and displaced 
persons living there. Because HIV, smoking, diabetes, alco-
holism, and malnutrition are all key risk factors and social 
determinants of tuberculosis (TB), the significance of these 
factors has come under increased scrutiny over the past 
several years39; the list is rounded out by overcrowding, the 
challenge of successfully navigating day-to-day life, and a 
lack of resources. Tuberculosis is the most significant cause 
of mortality and disability in the developing world and the 
primary source of HIV infection in the world's poorest coun-
tries, according to the World Health Organization (WHO)40,41.

The findings presented in Table (4) align with those 
found in studies42 and research9,43,44, which indicate that 
men risk developing tuberculosis three times higher than 
women. According to the findings of a study that was ca-
rried out in Iran, males have a higher risk of developing 
pulmonary tuberculosis than females45. Around the world, 
the proportion of males to females among newly diagno-
sed tuberculosis (TB) cases with a positive smear test is 
approximately two to one. This is not the case, however, 
in the country of Pakistan. The rate of tuberculosis cases 
reported by females is 20–30 percent higher than those 
reported by males, and this difference remains even with 
increasing age46. As a point of interest, the disparity in mor-
tality rates between men and women persists throughout 
all stages of life. Those who are HIV-positive and have a 
history of tuberculosis have a greater chance of passing 
away from the disease than those who are HIV-positive and 
have an account of tuberculosis but are male. Even more 
so for women in Africa, where several studies have disco-
vered a fatality rate that is 20% higher for HIV/TB co-in-
fected women than for co-infected men47. This is especially 
true for women in Africa. In nations like South Africa, the 
rate of HIV-associated tuberculosis fatalities among women 
with HIV and tuberculosis is also twenty percent greater. 
It is more common for males to develop tuberculosis than 
women because men partake in more activities outside the 
home, such as smoking, consuming alcohol, and engaging 
in behaviors that are against the law. Among the many di-
fferent examples, one that has a significant connection to 
these connections is bottomless pit mining48.

Comparable to this, the fact that women have connec-
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tions with tuberculosis patients who are not members of 
their immediate family or household can be considered a 
risk factor49. Pregnant women with tuberculosis and HIV in-
fection may have an increased chance of dying from tuber-
culosis (TB) because of the medical problems that suppress 
the immune system during pregnancy50. Because of these 
chromosomal and hormonal variances, the host's response 
to an infection differs in males and females. This is because 
the immune system is regulated differently. Estradiol seems 
to be the hormone responsible for maintaining a healthy im-
mune system, in contrast to progesterone and testosterone, 
which appear to inhibit the body's natural defenses against 
infectious diseases. Genetic variables, such as those con-
nected with a person's sex chromosomes, can also play a 
role in determining an individual's vulnerability to infection51. 
Research has shown that characteristics related to a per-
son's line of work and their way of life play a significant part 
in the risk of contracting an illness and its treatment. When 
researching tuberculosis, it is customarily a good idea to 
focus on those who fall into high-risk categories, such as 
those who are incarcerated; vaccinations against tubercu-
losis, on the other hand, offer protection to children against 
the illness52.

As seen in Table (5), the incidence of tuberculosis in 
children under 15 is relatively low, which may be attribu-
ted to the widespread use of the BCG vaccine beginning in 
childhood. The effectiveness of immunization is highest in 
children but declines with increasing age53. These occurren-
ces are far more likely to occur during puberty and the early 
years of young adulthood. There is a marked decrease in 
cases among children and adolescents between the ages 
of 10 and 14. For these evaluations, the most extensive 
tuberculosis surveillance dataset that is currently available 
was utilized54. This dataset includes data from a diverse 
range of countries, many of which have a high endemicity 
of tuberculosis, as well as a range of epidemiological and 
topographical characteristics that are indicative of many di-
fferent regions across the globe. According to the results 
of this survey, an overwhelming majority of respondents 
possess complete knowledge of tuberculosis transmission. 
Accurate information regarding the spread of tuberculosis is 
associated with various other factors. These characteristics 
include being between the ages of 35 and 44, having com-
pleted secondary or higher education, coming from a weal-
thy family, being exposed to all three types of mass media, 
working in a professional, technical, or managerial capacity, 
and residing in an urban area. Other characteristics inclu-
de being born into a family with a high level of education 
and being exposed to all three types of mass media. The 
study's findings indicated a significant connection between 
the self-reported age of individuals in Malawi who received 
accurate information regarding the spread of tuberculosis 
and their actual age55. Those older than 25, in particular, be-
tter understood how tuberculosis was spread. Adults have 
a higher risk of contracting tuberculosis (TB) than children 
do. In our most recent study, we found that those between 
the ages of 25 and 34 had a positivity rate of 16.2 percent, 
those between the ages of 35 and 44 had a positivity rate of 
30.6 percent, and those 55 and older had a positivity rate of 
19.0 percent. Although tuberculosis is most frequently found 
in adult males, people of any age can become infected with 
the disease56. According to a report published by the World 
Health Organization, the prevalence of tuberculosis in Iraq 
has been steadily declining across various age groups6.

Conclusions
Our results suggest that cultivation dependence is more 

sensitive than the direct method. On the other hand, require 
more attention in TB control programs to help patients pre-
vent infection and healing.
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Relationship between Toll-like Receptors and Pathogenesis of Systemic 
Lupus Erythematosus
Basma Ahmed Ratib*, Asmaa Mohammed Saud

Abstract: Systemic Lupus Erythematosus is a chronic inflammatory disease characterized by a loss of self-antigen 
tolerance and the development of high titers of serum autoantibodies, with a wide range of clinical manifestations and 
complex etiologies. Its etiology is influenced by various genetic, hormonal, immunologic, and environmental factors. SLE 
affects around 90% of women of reproductive age. The study aims to evaluate the serum levels of Toll-like receptor 7 
(TLR7) in a sample of Iraqi SLE patients and its potential relationship with other clinical and laboratory parameters. The 
study included 100 female patients and 50 healthy females with an age range of (16-65) years old and healthy individuals 
with an age range of (16-65) years old and mean ages of (35.72 ±11.66 and 35.72 ±11.66) respectively. The current study 
is performed to estimate the serum levels of (TLR7, ANA, Urea, creatinine, and Vitamin D3) and a laboratory investigation 
for ESR, hemoglobin, and white blood cells by using the enzyme-linked immunosorbent assay (ELISA)and automated 
Fujifilm. Serum levels of TLR7 were increased in the SLE patients compared to the control, and a significant difference 
has been observed (P≤0.01) among SLE patients compared to the control. Urea, creatinine, and ESR were significantly 
higher; at the same time, the Vitamin D3, hemoglobin, and white blood cells were significantly lower (p< 0.01) among SLE 
patients as compared to control. On the other hand, there was no evidence of any correlation between TLR7 serum level 
and disease laboratory investigation.

Key words: Antinuclear autoantibody, Haemoglobin, Interferon, SLE, Toll-Like Receptor-7, WBC.

ARTICLE / INVESTIGACIÓN

Introduction
Systemic lupus erythematosus (SLE) is a systemic au-

toimmune disease characterized by multisystemic and mul-
ti-organ involvement. The presence of numerous autoantibo-
dies that induce the development and deposition of immune 
complexes as well as other immunological processes is 
related to the symptoms of SLE1. The mechanisms under-
lying this disease are complicated and unknown, but they 
are thought to be linked to environmental activation of the 
body's immunological dysfunction and defective immune re-
gulation2. Antinuclear antibody (ANA), anti-double-stranded 
DNA antibodies, complement 3 protein (C3), complement 4 
protein (C4), and leukopenia are among the few indicators 
that help physicians make decisions on disease diagnosis 
and prognosis3. Human plasmacytoid dendritic cells (pDCs) 
are thought to be essential contributors to the development 
of autoimmune disorders, SLE; they can produce cytokines 
and chemokines in response to autoimmune complexes 
such as self-DNA and small nuclear ribonucleoprotein par-
ticles (snRNPs). TLR7 had a higher expression on human 
pDCs than the other TLRs. Continuous stimulation of pDCs 
by endogenous nucleic acids activates SLE's type I IFN 
system, resulting in prolonged type I IFN production. TLR7 
and TLR9 are associated with B cell activation and IFN- pro-
duction in SLE4,5. B cell abnormalities are crucial in deve-
loping systemic lupus erythematosus (SLE)6. Both central 
and peripheral tolerance mechanisms inhibit the growth and 
survival of B lymphocytes that react to self-antigens7. When 

these tolerance mechanisms fail, autoreactive B cells are 
produced, contributing to SLE's pathogenesis. TLRs, which 
sense nucleic acids in endosomes, are responsible for the 
cell-intrinsic loss of B cell tolerance to autoantigens in peo-
ple with SLE. TLR7 drives the extrafollicular B cell respon-
se and the germinal center reaction, which are involved in 
autoantibody production and disease pathogenesis. Auto-
reactive B cells identify DNA-associated antigens (such as 
unmethylated cytosine-phosphate-guanosine (CpG) motifs) 
and RNA-associated antigens (such as the single-stranded 
RNA (ssRNA) short nuclear RNA, U11) in systemic lupus 
erythematosus (SLE). These self-antigens are thought to 
be released due to dysregulated pathways that cause an 
increase in neutrophil extracellular traps (NETs), necrotic 
cells, or apoptotic cells8. The B cell receptor (BCR) recogni-
zes these autoantigens on the surface of B cells and triggers 
their cellular internalization. Once within the endosomes, In 
B lymphocytes, self-antigens can activate Toll-like receptor 
7 (TLR7) and TLR9. TLR7 expression is greater in women 
than in men because TLR7 is located on X chromosome9,10. 
The TLR7 gene escapes X-chromosome inactivation, resul-
ting in considerably higher amounts of TLR7 protein than in 
male cells11. Genetic or environmental factors contributing 
to TLR7 overexpression enhance an individual's sensitivity 
to SLE (such as gender, nutrition, and cytokine media, es-
pecially the amount of type I interferons)8. In physiological 
circumstances, TLR9 inhibits TLR7 signaling, and this che-
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mical protects people from developing SLE. TLR9 function 
disruption, on the other hand, may favor TLR7 signaling and 
contribute to the development of SLE8. This study aims to 
assess the relationship between serum levels of TLR7 and 
clinical and laboratory indicators in Iraqi female patients 
with SLE.

Materials and methods 

Subject
After obtaining the approval of the Ethics Committee 

in the Biotechnology Department, College of the Science ‚ 
University of Baghdad, the peripheral blood samples were 
collected from all participants of 100 SLE patients. Informed 
consent was obtained from all participants before their in-
clusion in the study. All SLE patients met the American Co-
llege of Rheumatology 12 classification criteria.

Inclusion and Exclusion criteria
We used available data to apply typical inclusion crite-

ria for SLE,  including the age of (16-65) years and a positi-
ve SLE  EULAR/ACR 12 diagnosis. Patients with other im-
munological disorders or overlapping autoimmune diseases 
and patients with juvenile SLE (early-onset) who were less 
than 16 years old were excluded from the study.

Laboratory Investigations
The laboratory tests were conducted to evaluate the 

immunological and routine tests. The patients and con-
trols were tested for total serum levels of TLR-7 as well 
as antinuclear autoantibody (ANA), complete blood count 
(CBC), Erythrocyte sedimentation rate (ESR), Vitamin D3 
(25(OH)D), blood urea and creatinine levels. Blood (3 ml) 
was withdrawn from each subject (patients and controls), 
divided into sterile gel tubes, and left for about two hours 
to clot. The sample was then centrifuged at 3000 rpm for 
15 minutes to separate the serum stored at -20°C until as-
sayed. ELISA kits were employed to assess levels of total 
TLR-7(BioSource Inc, British) and ANA13. The blood urea 
and creatinine levels were measured using an automated 
Fujifilm. Two milliliters of venous blood were withdrawn from 
each subject by vein puncture under an aseptic technique 
with a multi-sample syringe. To estimate the complete blood 
count, whole blood was placed in EDTA tubes and tested by 
a Hematology analyzer.

Toll-Like Receptor-7 Measurement
The serum level of TLR-7 titer was measured using the 

ELISA technique and commitment to the instructional ma-
nual provided by manufacturer BioSource Inc, British (Cat. 
No RDEEH2015).

Statistical analysis
SPSS software (Statistical Package for the Social 

Sciences) version-13 was used to analyze the subjects' data 
to determine the effect of different components in research 
parameters. Parametric results (quantitative) were used to 
compute TLR7 levels, whereas non-parametric data (qua-
litative) was calculated using means and standard devia-
tion. Additionally, the Pearson Chi-square test was utilized 
for comparisons, and the Spearman correlation was used 
to test the correlation between different study parameters if 
the P-value is considered significant if it is less than 0.0514.

Results
The number of Systemic Lupus Erythematosus patients 

selected for the current study was 100 of SLE patients and 
50 healthy control individuals; all participants in this study 
were female. The age range of SLE patients was between 
16 to 65 years, with a mean and standard deviation value 
equal to (35.72 ± 11.66 years). The age range of the con-
trols was identical to the age range of patients (34.05 ± 
11.02 years). The participants were divided into ages 16-29, 
30-49 and > 50 years. The percentage of the SLE patient in 
the same age groups was (36.00%, 54.00%, and 10.00%), 
respectively. While the rate of healthy subjects for the same 
age groups was (42.00%, 48.00%, and 10.00%), respecti-
vely. as shown in Table 1.

One of the essential parameters in SLE diagnosis is the 
serum level of total TLR-7. Table 3 shows the average con-
centration level of total TLR-7 in the serum of SLE patients 
compared to that of the control. The total TLR-7 mean level 
of the systemic lupus group (4.68 ±1.65) was higher than 
that of the control group (1.86 ±0.41), with a highly signifi-
cant difference (P=0.0001), as shown in Table 2.

All the laboratory tests of the female SLE patients and 
healthy control enrolled in this study were described in Ta-
ble 3. There was a significant difference in Urea, creatinine, 
ANA, and ESR were significantly higher; at the same time, 
the Vitamin D3, hemoglobin, and white blood cells were sig-
nificantly lower among SLE patients as compared to control.

Basma Ahmed Ratib, Asmaa Mohammed Saud
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Table 1. Distribution of subjects according to age and age group.

Table 2. TLR7 level of systemic lupus erythematosus patients in comparison with controls.
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Values are expressed as N: number in each parame-
ter, %: percentage in each group and mean ± SD. The ab-
breviations are; WBC: white blood cell, Hb: hemoglobin, S: 
serum, V.D3: vitamin D3, ANA: antinuclear antibody. Normal 
ranges: WBCs (109/L), 4.00-10.00; HB (g\dl), 150-450; urea 
(mg\dl), 15-45; Creatinine (mg\dl), 0.3-0.7, V.D3: (ng/ml), 
30-50. *Correlation is significant at the 0.05 level (2-tailed).

Personal correlation between TLR-7 levels and labo-
ratory parameters, including ANA, WBC, Hb, ESR, Urea, 
creatinine, and Vit.D3, statistically show an insignificant co-
rrelation with TLR7 according to laboratory examinations, 
as shown in Table 4.

Parameters
TLR-7 in SLE   patients (N=100)
R
P-value
ANA
-0.003
0.985   NS

WBC
-0.12
0.376   NS
Hb
-0.14
0.339   NS
ESR
0.04
0.769   NS
Urea
-0.21
0.140   NS
Creatinine       
-0.14
0.338   NS
Vit. D3
0.12
0.396   NS
*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). R: 
Pearson's correlation.

Relationship between Toll-like Receptors and Pathogenesis of Systemic Lupus Erythematosus

Table 3. Laboratory investigations in all studied groups.

Table 4. Correlations between TLR-7 and laboratory parameters.
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Discussion
Systemic lupus erythematosus is a multisystemic au-

toimmune disease with a wide range of clinical manifes-
tations and a high risk of morbidity and mortality15. SLE is 
characterized by an increased production of autoantibo-
dies directed against self-antigens, a wide range of clinical 
symptoms, and an entirely unpredictable flare-up course16. 
Due to the low prevalence of the disease in males, all the 
studied group were females; due to different hormonal se-
cretions between males and females, SLE primarily affects 
women in their reproductive years and affects any organ 
in the body17, estrogen and prolactin (sex hormones asso-
ciated with female reproduction and development) higher 
levels of these hormones can allow more B cells to circulate 
in the body. Next, the increased level of B cells can lead to 
an immune response and may trigger symptoms of SLE, 
and this can be attributed to a risk factor for female gen-
der and age in the genesis of SLE. Concerning age, SLE is 
thought to be a disease that affects middle-aged individuals 
more than younger or older persons. The recorded age of 
this study ranged from 16 to 65 years with a mean age of 
(35.72years). These results correspond with (18) studies 
documenting SLE Iraqi patients' peak range between <20 
to >50. The current study showed that the thirtieth decade 
is regarded as a critical risk factor; this is in agreement with 
(19), who showed that The most susceptible age for SLE 
is 20–39 years for females. Women were more frequently 
affected than men for every age and ethnic group20. The cu-
rrent study applied SLE cases to females of different ages; 
most studies agree that females are affected at considera-
bly higher rates than males21. Sex hormones affect immuno-
logical responses and modulate molecular pathways in the 
innate and adaptive immune systems22. Women's higher 
rates of SLE may be due to endogenous estrogen, X chro-
mosomal inactivation failures, increased Toll-like receptor 
gene products, and alterations in microRNA activity, among 
other factors23.

Human SLE has been associated with TLR7 overex-
pression24. In the current study, there was a significant 
difference in mean TLR7 serum levels between SLE pa-
tients (4.68 ±1.65) and healthy controls (1.86 ±0.41), so 
(P= 0.0001). This is because TLR7 produces type I inter-
feron and promotes the activation of autoreactive B lym-
phocytes25. This study showed a significant increase in the 
serum level of TLR7 in SLE patients; this result was su-
pported by (26) who showed that total TLR-7 (p<0.01) levels 
were significantly increased in lupus patients compared to 
age-matched controls.

Antinuclear antibodies (ANA) more specific autoantibody 
testing may be helpful in the diagnosis of suspected SLE or 
ANA-associated disease27. Also, it is discussed as an en-
trance criterion for SLE, while the number of ANA-negative 
patients worldwide is small (>5%)28. Evidence suggests that 
ANA responses can deteriorate over time due to disease pro-
gression or medication side effects29. The current study finds 
that ANA positivity of 98% in SLE patients, as a result, shows 
a significant difference in the mean of ANA serum levels be-
tween SLE patients and healthy controls, however, these re-
sults correspond with (30) studies on Iraqi SLE patients who 
recorded ANA test:98%. Also, ANA shows an insignificant 
correlation with TLR7. This disagrees with (31), who reported 
that TLR7 ligand stimulation in SLE patients resulted in anti-
nuclear autoantibodies (ANA) production.

Evidence suggested that Vitamin D3 could exert some 
of its immunomodulatory effects in SLE patients by affec-
ting the expression levels of some TLRs32. Vitamin D3 in the 
current study shows an insignificant correlation with TLR7. 
In contrast, it offers a significant difference in the mean of 
V.D3 serum levels between SLE patients and controls (P 
value=0.0001).This is in agreement with Meza-Meza et al., 
who reported that Vitamin D deficiency is more common in 
people with systemic lupus erythematosus (SLE) than in 
healthy people33.

The laboratory investigations in total (Urea, creatinine, 
ESR, hemoglobin, and WBC) show an insignificant correla-
tion with TLR7. Studies reported that TLRs, found on both 
leukocytes and resident renal cells, play a role in the start of 
glomerulonephritis and the progression of kidney injury by 
bridging the gap between innate and adaptive immune res-
ponses34,35. Other studies found a link between B lympho-
cyte infiltration in the kidneys and glomerulonephritis, more 
significant activity and chronicity indices, and higher serum 
creatinine levels, highlighting the prognostic relevance of 
tubulointerstitial involvement36. 

Conclusions
The results suggested that female gender and age play 

a role in the etiology of SLE. Increasing TLR7 serum levels 
in patients compared to control indicate that TLR7 indicates 
the onset of the disease. There was no evidence of a corre-
lation between TLR7 serum levels and any clinical signs or 
(laboratory investigations) in this study.
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Comparative study of the effect of adding different levels of Chenopodium 
quinoa seed powder to the diet and vitamin C to drinking water on some 
biochemical traits of blood serum to broilers Ross 308
Evan Najah Abdulhadi and Nihad Abdul-Lateef Ali*

Abstract: This experiment was conducted in the poultry" field "of the" Department of "Animal Production, College of 
Agriculture, Al-Qasim Green University for" the period "1/10"/2021 until 4/11/2021. The study aimed to add different levels 
of Chenopodium quinoa seed "powder to the diet and" vitamin C "to" the "drinking water" to know "the" best levels of 
quinoa seed powder to the diet that can be used in poultry diets. "In the experiment, 225 unsexed broiler chicks (Ross 
308") were used, distributed randomly to 15 (cages) with 5 experimental treatments for "each treatment" of "45 birds, 
and each treatment" included "three replicates" for "each replicate of 15 birds. The "experimental treatments were as 
follows: The first treatment: control treatment" (basic diet "free of" any addition, whether in feed or drinking water). The 
second treatment: add 12 g of quinoa seeds/kg of feed; the third treatment: add 14 g of quinoa seeds/kg of feed; the fourth 
treatment: add 16 g of quinoa seeds/kg of feed; the fifth treatment: add 300 mg of vitamin C/liter of drinking water. The 
results of the experiment showed a significantly excelled (P≤0.05) for the "third, fourth, and fifth treatments" in total protein 
"concentration compared to the first treatment" (control). As for "the concentration of" albumin and globulin, no significant 
differences were recorded among all treatments. "As for the concentration of" cholesterol and low-"density lipoproteins, 
the second, third," fourth, and fifth "treatments" showed "a significant decrease (P≤0.05") compared to "the" first treatment 
(control) "and a significant increase (P≤0.05) in the concentration" of high-density lipoproteins.

Key words: Chenopodium quinoa seed, vitamin C, biochemical traits, broilers Ross 308.
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Introduction
One of the most critical challenges facing the poultry 

industry is the search for natural additives to water and feed 
to improve the productive efficiency of poultry, especially 
when the European Union in 2006 banned the use of anti-
biotics that stimulate the growth of the diseases afflict him1.

This led researchers to produce derivatives of some 
plants and use them in treatments. In contrast, others turned 
to use medicinal plants because they contain natural chemi-
cals that have proven their ability to improve productivity and 
physiological and immune traits in broilers, such as lemon-
grass leaves2 and Bay leaves3, as well as many medicinal 
plants that were used as growth stimulants in animal diets4.

So, the seeds of Chenopodium quinoa were selected 
as one of the medicinal plants for its strong antioxidant ac-
tivities and nutritional properties as a vital precursor that 
promotes growth and improves the health status because 
it contains many effective compounds such as phytoecd-
ysteroids, phytosterols and saponins and phytic acid5 and 
essential fatty acids such as linoleic oleic and palmitic acid6. 
As well as containing amino acids such as tyrosine and ar-
ginine and mineral elements such as iron, calcium phos-
phorous and zinc7. In addition to its role in improving the 
coefficient of digestion8.

Quinoa is a food crop similar to grain and has a hi-
gher nutritional value than other grains and is an excellent 
source of fiber 10% which is much higher than wheat 27%, 

maize 17% and rice 04%9. Vitamin C, or ascorbic acid, is 
a water-soluble vitamin with negligible solubility in organic 
solvents. It is relatively stable in its dry crystalline form In 
natural conditions, poultry does not need to add it due to 
the ability of their bodies to form it from glucose sugar, but 
it was observed that the level of vitamin C decreases in the 
blood intestines and liver when birds are exposed to stress 
but it is an antioxidant where vitamin C increases the birds’ 
resistance to some bacterial and viral diseases and thus 
reduces the percentage of fatalities10. Research has shown 
that vitamin C acts as an antioxidant and is involved in many 
vital processes in the body, especially for broilers.

This may be due to the role of vitamin C in the manu-
facture and regulation of the secretion of corticosteroid hor-
mones from the adrenal cortex11  and because the synthesis 
of vitamin C is insufficient in newly hatched chicks. As well 
as birds bred under stress conditions it was necessary to 
add it to drinking water to provide the required needs of it 
to reduce the negative impact of its deficiency in the body12 

and because quinoa is an important nutrient and there is no 
local study on its use in poultry feeding.

This plant was chosen to know the effect of adding it at 
different levels to the broiler’s diet as a natural antioxidant 
and comparing it with the synthetic antioxidant Vitamin C on 
production performance and knowing the best concentra-
tion Which we can recommend to poultry breeders.
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Materials and methods 
This study was conducted in the poultry field of the 

Department of Animal Production College of Agriculture/ 
Al-Qasim Green University from 1/10/2021 to 4/11/2021. 
In the experiment, 225 unsexed Ross 308 broiler chicks 
were used and randomly distributed to 15 cages with 5 ex-
perimental treatments for each treatment of 45 birds; each 
treatment included three replicates for each replicate of 15 
birds. The chicks were raised in the nests on a bed of white 
sawdust with a thickness of 7 cm.

The feed was provided to the birds freely as it was pro-
vided as a starter diet from the age of 1-11 days on the 
growth diet from the age of 12-22 days, and on a final diet  
from the age of 23-35 days at the end of the experiment as 
shown in Table 1 where the experiment parameters were 
as follows:

In the first treatment, the control treatment essential 
diet is free of any addition, whether in feed or drinking water 
Second treatment, add 12 g of quinoa seeds/kg of the third 
feed treatment, add 14 g of quinoa seeds/kg in the four-
th feed treatment add 16 grams of quinoa seeds/kg of fifth 
feed treatment add 300 mg of vitamin C/L of drinking water.

The experiment included studying the following charac-
teristics average live body weight gain, feed consumption, 
food conversion factor, and mortality rate. The averages 
of these traits were estimated for each week of the expe-
riment, which amounted to five weeks, Use a Completely 
Randomized Design CRD to study the effect of different 
treatments on the studied traits the differences between the 
means were compared using Duncan's polynomial test13  

and the readymade statistical program SAS14 was used to 
analyze the data.

"recorded the lowest concentration of total protein."
However, the second treatment did not record any sig-

nificant differences between it and the other treatments, 
where there are no significant differences between all treat-
ments for albumin concentration (gm/100ml) and globulin 
concentration (gm/100ml), we notice.

Table 3 shows the effect of adding different levels of" 
quinoa seeds "to the" diet "and" vitamin C "to drinking water 
in the serum lipid profile of broilers at" 35 days of "age, whe-
re the first treatment (control) recorded the highest" choles-
terol "concentration" and reached 215.51 mg / 100 ml, while 
the treatments recorded.

The third, fourth and fifth lowest cholesterol concentra-
tions, "As for the second treatment, no significant" differen-
ce was recorded "between" it "and the" rest of "the" treat-
ments. We also note that there are no significant differences 
in the concentration of triglycerides (mg / 100 ml) among all 
the treatments of the experiment.

From the same table, the birds "of the" second, "third). 
fourth, and fifth" treatments recorded a significant (P≤0.05) 
superiority (P≤0.05) "over the birds of the first treatment 
(control) in the trait "of high-density" lipoproteins ("HDL).

While the first treatment recorded the" highest "con-
centration of" LDL, "with a significant difference (P≤0.05") 
compared to "the" (second, "third, fourth and fifth") addition 
treatments, "which recorded the lowest" concentration "of" 
LDL, which "recorded the lowest concentration of" LDL. As 
for the" "very low-density lipoproteins" (VLDL), "the results 
of the" statistical analysis indicate "that there" are no "sig-
nificant differences between" all "the" experimental "treat-
ments" "at the age of 35 days.

Discussion
The significant improvement of the treatments of quinoa 

seeds (third and fourth) in total protein concentration com-
pared to the first treatment (control) may be because they 
contain some biologically active compounds such as sapo-
nins and glycosides by increasing the secretion of digestive 
enzymes, improving the immune response, and protecting 
gut tissue16. In addition to the high protein content of quinoa 
seeds by 23%, it became an essential source of protein and 
used as a partial substitute for protein in broiler diets17.

Thus, this leads "to an increase in the concentration 
of total protein", as the high concentration of total protein 
in the blood serum is a good indicator of the bird's good 
health. The quinoa plant "plays an important role in the" 
health status "of the" organism "by" containing many active 
compounds and many minerals in addition to vitamins and 
fatty acids and a high percentage of amino acids18. As for 
the significant improvement of vitamin C treatment (the fifth 
treatment) in the concentration of total protein, it may be 
due to The role "of vitamin C" in reducing "the secretion of 
corticosterone" is through inhibiting "the" two enzymes - 21 
hydroxylase and 11-penta-hydroxylase, which dominate the 
synthesis of this hormone from the adrenal cortex19 which 
leads to a decrease in the effectiveness of protein catabo-
lism to benefit from sugar and then maintaining High level 
of protein in blood plasma20. The reason for the" reduction 
in the "concentration of cholesterol and low-density lipopro-
teins and" the rise of "high-density lipoproteins in" quinoa 
seed addition "treatments compared to the first treatment 
(control) may be due to the" quinoa seeds containing many 
active chemical substances and compounds such as vola-
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Figure 1. The quinoa seeds used in the experiment.

Results
Table 2 shows the effect of adding different levels of 

quinoa seeds to the diet and vitamin C to drinking water 
on the biochemical traits of the blood serum of broilers at 
35 days of age. Where the results of the analysis concer-
ning the concentration of total protein (g/100 ml) showed a 
significant improvement (P≤0.05) for the birds of the third, 
fourth and fifth treatments, which recorded the highest con-
centration of total protein, while the first treatment" (control) 
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Table 2. Formulas and variables for calculating the components of the productive process’ cost.
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tile oils, saponins, tannins, glycosides and phenols, which 
are in its insoluble form, it forms a complex with cholesterol, 
which prevents its absorption by the intestines, thus lowe-
ring the level of cholesterol and low-density lipoproteins21,22 
another explanation for the low cholesterol level is due to 
the role of quinoa seeds in reducing cholesterol synthesis 

by decreasing the activity of the enzyme HMG-CoA reducta-
se, which has an important role in the cholesterol formation 
pathway23. Also, the high level of HDL includes inhibiting the 
oxidation of low-density protein. It thus protects the endo-
thelial cells from the toxic effect of the oxidation of low-den-
sity lipoprotein24,25. 

Table 3. Effect of adding different levels of" quinoa seeds "to the diet" and vitamin C "to drinking water" as lipids for serum 
of broilers "at 35 days of" age ("arithmetic mean ± standard error").

Table 2. "Effect of adding different levels of" quinoa seeds" to" the diet "and" vitamin C "to drinking water on the" bioche-
mical traits "of" serum "of" broilers "at 35 days of" age ("arithmetic mean ± standard error").
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Conclusions
Quinoa seeds significantly improved total protein con-

centration in the study treatment, making it an important 
protein source and used as a partial substitute for protein in 
broiler diets. Similarly, vitamin C's role in resisting stress is 
controlling the secretion of corticosterone, which is secreted 
by the adrenal cortex. As vitamin C has an essential role in 
synthesizing corticosterone hormone, this hormone works 
to increase glucose utilization by breaking it down. Protein 
to produce energy. In contrast, there were no significant di-
fferences were recorded among all treatments in the con-
centration of" albumin and globulin.
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Evaluation of the efficacy of Beauveria bassiana filtrate in controlling the 
beetle Everts Tragoderma granarium (Coleoptera: Dermestidae) in vitro
Farah Hadi Abdul Hussain and Yousef Dakhil Rashid

Abstract: The present study was performed to test the impacts of the fungus B. bassiana filtrate, at 25, 50, and 75% 
concentrations, on the larvae of the second and fourth instars of T. granarium. The study showed the superiority of the 
fungus filtrate at the concentration of 75% when treating the larvae of the second and fourth instars, with mortality rate 
values of 45.0% and 33.3%, respectively, after 7 days of treatment and diagnosis of several chemical compounds of 
different chemical groups for the filtrate fungus B .bassiana using the GC mass.

Key words: Tragoderma ganarium, Beauveria bassiana, GC mass.
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Introduction
Stored materials, particularly those composed of cereal 

grains and their products, are of major importance to the 
food security of the entire global population, providing the 
necessary calories for daily consumption. Stored materials 
are among the main protein sources essential for human 
nutrition1. The wheat species Triticum aestivum L. is among 
these crops, constituting one-third of the world's grain pro-
duction. The importance of wheat lies in its nutritional value, 
being the main source of carbohydrates, including starch. 
One of the problems facing cultivating different crops in de-
veloping countries is the losses that occur after the harvest 
and during the storage period. These crops are exposed to 
damage due to infections with various warehouse pests2. 
One of the most important pests that attack crops are the 
hairy grain beetle T. granarium Everts (Khabra), considered 
one of the most dangerous and pesticide-resistant insects3. 
It attacks the stored grains and their products, which suffe-
red tremendous damage due to their usage as food by the 
larvae. The infection is usually determined by the presence 
of the pest, whether adults or larvae and molting skins4. To 
reduce the damages caused by this insect, several means 
were used, the chemical pesticides were the most common. 
But several problems have been encountered upon appl-
ying these pesticides, including the threats resulting from 
the residuals of pesticides or used chemicals and their eco-
nomic cost. Therefore, Researchers have developed Mo-
dern methods, the latest of which was nano pesticides, to 
control stored pests5. And among the other ways, biological 
control by entomopathogenic, one of the best alternatives 
to chemical pesticides, is safe, environmentally friendly, and 
has equal efficacy. The fungus Beauveria bassiana is a bio-
logical control agent used on a large scale to control insect 
stored such as Sitophilus granarius6. This study aims to test 
the effects of crude filtrate of B. bassiana on some aspects 
of the biological performance of T. granarium beetle in vitro 
and to detect the active compounds in the filtrate by using 
the GC-mass technique.

Materials and methods 

Collection and breeding of T. granarium
The hairy grain beetles were obtained from the labora-

tories of the Ministry of Science and Technology, Baghdad, 
Iraq. Healthy wheat grains were cleaned of impurities and 
placed in the freezer for 72 hours at -20 ºC to ensure they 
were internally free from other insect infections. Ten adult 
beetle pairs of males and females were placed on 1 kg of 
healthy wheat grains with 5 g of dry yeast in plastic bottles 
of 100 ml volume and 10 cm diameter. The bottle opening 
was covered with organza fabric and sealed with a rubber 
band to prevent adults’ escape. The renewal of the culture 
was occasionally ensured7. The insect was identified by an 
expert in the Natural History Research Center and Museum 
̸ the University of Baghdad.

Preparation of Fungal Filtrates
The entomopathogenic fungus B. bassiana was obtai-

ned from the Laboratory of Insects, Department of biological 
control, Al-Furat Al-Awsat University; the funges were cultu-
red on potato dextrose agar at 25 ± 1°C for 15 days before 
the initiation of the experiment. Two discs (7 mm diameter) 
were cut from the growing pathogen, placed in a sterile flask 
containing 500 mL of potato dextrose broth, and incubated 
at 27°C for 21 days. The filtrates were sterilized using the 
Millipore sterile filter (Millipore 0.45 μm syringe filter). The 
filtrate was considered a stock solution (100%) and then di-
luted to other concentrations by sterile distilled water. The 
control treatment was sterile distilled water only.

Gas Chromatography-Mass Spectrometry ( GC-MS) 
Analysis

To identify compounds of the filtrate of B.bassiana  This 
analysis was performed by Instrument of Gas Chromatogra-
phy-Mass spectrometry Shimadzu's in laboratories of the 
Ministry of Science and Technology – Baghdad. 
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Effects of B. bassiana filtrate on the mortality rate of 
the second and fourth larval instars

Three concentrations of the filtrate (25, 50, and 75%) 
were prepared by withdrawing a fixed volume of the filtrate 
through a sterile medical syringe and diluting it with different 
volumes of sterile distilled water. Twenty larvae from each 
stage were tested for each concentration, with three repli-
cates, and compared to distilled water as control. For each 
replicate, 5 larvae were placed in a Petri dish, treated with 
the filtrate, and sprayed from a distance of 5 cm to ensure 
complete coverage. After spraying, the larvae were supplied 
with feeding, a wheat powder and a yeast mixture, as pre-
pared previously. The dishes were incubated at a tempera-
ture of 30 ± 2 °C. The mortality rate was calculated after 1, 
3, 5, and 7 days.

Statistical analysis
The results of the laboratory experiments were analyzed 

by applying the Complete Randomizd Design (CRD) accor-
ding to the factorial experiments. The Less Significant Di-
fference (LSD) test was used under the probability level of 
0.05 to test the significance of the differences8.

Results
Figure 1 shows the most important active compounds 

separated from the filtrate of the fungus B. bassiana using 
the GC mass technique. Abdel-Wareth The results pre-
sented in this study are consistent with the findings of Ab-
del-Wareth9,10, who indicated that the filtrate of B. bassiana 
contains the compounds 9- octadecenoic acid, nonaco-
sane, nonanedioic acid, and dibutyl ester, as identified by 
using the GC mass technique.

Table 2 shows the superiority of B. bassiana filtrate at 
the concentration of 75%, which exerted the highest mor-
tality rate of 45.0% for the second larval stage. In contrast, 
the lowest was 15.0% at the lowest concentration25%. 
The most increased mortality of the fourth larval stage was 
33.3% at the concentration of 75%, whereas the lowest was 
13.2% at the lowest concentration25%. It is noticed that the 
longer the period after the treatment with the filtrate, the hi-
gher the mortality rate, which reached values of 5.8, 15.0, 

25.8, and 36.6% after 1, 3, 5, and 7 days, respectively. It was 
also noticed that the higher the concentration, the higher the 
mortality rate, which reached 30.0, 18.3, and 45.0% at con-
centrations of 25, 50, and 75%, respectively, for the second 
larval instar. For the fourth instar, the mortality rate values 
reached 13.2, 26.7, and 33.3% at 25, 50, and 75% concen-
trations, respectively. As for the concentration/period inte-
raction treatment, the highest mortality rate for the second 
larval instar (66.7%) was recorded at the concentration of 
75%, showing highly significant differences with the remain-
der of the treatments, where the lowest was 33.3% at the 
concentration of 25% concentration. As for the fourth larval 
instar, the highest mortality rate was 53.3% at 75% concen-
tration, and the lowest was 26.7% at 25% concentration. 
However, the control treatment did not record any mortality. 
These results agree with the reported effectiveness of the 
fungal filtrate of B. bassiana, which is conferred by the acti-
ve compounds shown in Figure 1 and Table 1.

Discussion
These compounds are like those found in manufactu-

red pesticides but with no effects on the environment. The 
cause of death is also attributed to the fact that the secon-
dary metabolites of the fungus can interfere with the immu-
ne system, thus causing changes in the host's behavior. 
These changes include for example, reduced feeding, redu-
ced activity, and paralysis of the insect, as well as changes 
in tissue structures and, thus, the rapid death of the host11. 
Al-Shuwaili12 utilized the filtrate of B. bassiana against the 
black bean aphid Aphis fabae, where the concentration 
of 100% of the filtrate caused mortality rates of 52.17 and 
54.10% of nymphs and adults, respectively. These results 
agree with the study of Ghaylan13, where the filtrate of B. 
bassiana caused the highest mortality rate. The mortality 
rate of Spodoptera litura larvae was 73.33% at 100% con-
centration. (14,15), used Trichoderma harzianum filtrate 
against Aphis fabae nymphs, which showed the highest 
mortality rate of 71.81% at 100% concentration.

Farah Hadi Abdul Hussain, and Yousef Dakhil Rashid
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Figure 1. Identification of the active compounds in the crude filtrate of the fungus B. bassiana using the GG mass technique.
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Table 1. Effects 
of B. bassiana 
filtrate on the 
second and 
fourth instar 
larvae of T. 
granarium.

Table 2. Effects of B. bassiana filtrate concentration on the mortality rate of the second and fourth larval instars of T. 
granarium.
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Conclusions
The results of the laboratory experiments were analyzed 

by applying the Complete Randomizd Design (CRD) accor-
ding to the factorial experiments. The Less Significant Di-
fference (LSD) test was used under the probability level of 
0.05 to test the significance of the differences.
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