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ABSTRACT

Gentamicin induces gonadotoxicity in animal models, accompanied by oxidative stress. This study evaluated
the histopathological protective effect of alpha-lipoic acid against gentamicin-induced gonadotoxicity. A par-
allel experimental study included 50 albino Wister rats, which were divided into 5 groups of ten according to
the intraperitoneal intervention: group I received gentamicin, group II received gentamicin plus alpha-lipoic
(100 mg/kg), group III received gentamicin plus a double dose of alpha-lipoic acid, group III received gen-
tamicin plus oral vitamin E, and group IV received NaCl 0.9% (control). The animals were equally euthanized
on days 15 and 16. Tests were dissected, prepared, and stained using a light microscope for histopathological
examination. Rats exposed to gentamicin showed degeneration of seminiferous tubules, characterized by a
significant decrease in germinal epithelial cells, impaired spermatogenesis, and a lack of spermatozoa in the
lumen. An improvement in testes of animals co-treated with alpha-lipoic acid or vitamin E, including restora-
tion of spermatogenesis and epithelial thickness. The histometric analysis also showed that the tubule epithe-
lial thickness decreased when gentamicin was used, but this did not happen when alpha-lipoic acid or vitamin
E was added simultaneously. The detrimental effects of gentamicin on testicular architecture are preventable
through alpha-lipoic acid or vitamin E co-treatment.

Keywords: Alpha-lipoic acid; Gonads; Histometric; Gentamicin; Seminiferous tubule; Spermatogenesis.

INTRODUCTION

Infertility is a significant public health problem affecting 8—12% of couples worldwide; approximately 40—
50% is due to male factor !. Some drugs can induce testicular dysfunction and interfere with spermatogenesis,
such as gentamicin 2. Gentamicin is an aminoglycoside antibiotic widely used to treat many infectious diseases,
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including early-onset sepsis in neonates °, urinary tract infections 4, and pneumonia °. Gentamicin decreased
testicular weight, reduced sperm count, motility, and viability, and increased sperm head and tail abnormalities
6.7 These effects were associated with increased oxidative stress and altered histopathological structure 3 °.
Oxidative stress was suggested as a possible mechanism of gentamicin-induced testicular damage '°. There
are many different ways that gentamicin can cause oxidative stress. Some of these are mitochondrial pathway-
dependent oxidative stress !, peroxidation of phosphoinositide by the gentamicin-iron complex '2, and lower
levels of antioxidant enzymes in cells °. Noteworthy, oxidative stress is a significant cause of male infertility
through damaging spermatogenic cells '3, as the sperm plasma membrane and testis tissue are rich in polyun-
saturated fatty acids, which generally provide the sperm cells with the normal motility required for capacita-
tion 4. These polyunsaturated fatty acids are highly vulnerable to oxidative damage °.

The alteration in testicular histopathological structure evaluated by a light microscope revealed intertubular
space expansion with vacuolization, seminiferous tubule degeneration, and spermatogenic cell depletion % °.
Moreover, cellular changes were also reported with a transmission electron microscope in rats treated with
gentamicin, including primary spermatocytes and Sertoli cells °. Alpha-lipoic acid is a powerful antioxidant
coenzyme that showed histopathological protection against adriamycin-induced testicular damage '®. Also, it
restored gentamicin-induced testis weight reduction, normalized gentamicin-induced impaired sperm param-
eters, and ameliorated gentamicin-induced oxidative stress !> '3, Additionally, it showed a nephroprotective
effect when administered with gentamicin '°.

On the other hand, the potent antioxidant vitamin E protected against gentamicin-induced nephrotoxicity 2°.
However, there were no studies on the potential histopathological protection of alpha-lipoic acid and vitamin
E against gentamicin-induced testicular tissue damage. Consequently, our objective was to present histological
and histometric data supporting the potential protective impact of alpha-lipoic acid and vitamin E against
testicular histopathology alterations induced by gentamicin administration.

MATERIALS AND METHODS

Drug preparation

Gentamicin was provided as Garamycin® ampoules brand name with a strength of 80 mg/2 ml, Schering-
Plough Corporation U.S.A. Alpha lipoic acid was provided as Thioamide® ampoules generic name with a
300 mg/ 10 ml strength, E.V.A. Pharmaceutical Industries, Cairo, Egypt. Both drugs were given intraperito-
neally with a 25-gauge needle with a minimal volume for each drug. Vitamin E was provided as vitamin E
1000 mg® generic name: Pharco Pharmaceuticals, Cairo, Egypt. The Vitamin E capsules were diluted in
sunflower oil to achieve 1 ml per rat and delivered orally using 18-gauge soft gavage tubes. NaCl 0.9% was
obtained as a sterile solution in unit doses of 0.5 ml.

Animals and study design

A minimal sample size of 4 in each group was required to detect a mean difference in the seminiferous epi-
thelium height of 30 um between the gentamicin-treated group and any other group with 80% power and 0.05
alpha error. A parallel experimental study was conducted, including 50 albino Wister rats weighing 200 + 20
gm and aged 2 weeks, obtained from the animal house of the veterinary medicine faculty. The animals were
acclimatized without intervention for 2 weeks at room temperature (24° C), under a 12-hour light/12-hour dark
cycle, and given water and feed as recommended 2'. The rats were divided into 5 groups of ten according to
intervention as follows: group I received intraperitoneal gentamicin (36.5 mg/kg/day as a single dose), group
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II received gentamicin plus alpha-lipoic acid (100 mg/kg/day as a single dose), group III received intraperito-
neal gentamicin plus intraperitoneal alpha-lipoic acid (200 mg/kg/day as a single dose), group III received
intraperitoneal gentamicin plus oral vitamin E (100 mg/kg/day as a single dose), and group IV served as con-
trol and received intraperitoneal NaCl 0.9%. After oral administration, the animal was kept upright for 5
minutes to avoid drug loss. Half the animals (5 rats from each group) were euthanized on day 15 (first eutha-
nasia day), while the remaining animals were euthanized on day 60 (second euthanasia day). All animals were
euthanized under anesthesia using isoflurane inhalation 2. The study was conducted at the Departments of
Pharmacology, Theriogenology, and Pathology, Faculty of Veterinary Medicine, Benha University. The fac-
ulty ethics committee approved the study with an ethical approval number of BUFVTM-080422.

Testis sampling

Immediately after euthanasia, one testis from each animal was dissected, weighed, and kept in Formation 10%
(purchased from El Gomhouria Company for Trading Chemicals and Medical Appliances as formalin 34%).
The formalin-preserved tissue samples were preserved in formalin for twenty-four hours and washed under
running water. The washed models were dehydrated using different ascending ethanol concentrations, first
using 50% concentration and finally 100% ethanol. The dehydrated tissues were fixed in xylol for 6 hours.
The tissue samples were put in a soft paraffin container and left in an oven at 56°C for 12 hours. The pieces
were then blocked in hard paraffin and cut into sections of about 5 microns in thickness. Paraffin was removed
from the sections with absolute alcohol and washed with tap water. Sections were stained with Harris hema-
toxylin for 10 minutes and eosin for 5 minutes and then washed under slow-running water for 15 minutes to
remove the excess stains 2°. The sections were dehydrated with two changes of absolute alcohol (five minutes
each), then cleared with xylol. They were superimposed with Canada balsam and protected with cover slides
to be fit for microscopical examination.

Histopathological examination

Digital photos were taken using a light microscope to evaluate the histological changes among groups after
various treatments at x100, x200, and x400 magnifications. The examination included entire seminiferous
tubules, spermatogenic cells and spermatogenesis, seminiferous tubule epithelium, interstitial space, subcap-
sular area, Sertoli cells, Leydig cells, and blood vessels.

Histometric evaluation

Cross-sections were obtained for many seminiferous tubules from different sites of one testis for each rat, and
the average was calculated for each histometric measure. The following measures were obtained from the
cross-sections using QuPath v.0.4.2 software >*: 1
tracking the tubule's circumference. 2- Seminiferous epithelium height (um) was achieved by measuring the
height of the seminiferous epithelium in five different directions of each tubule and then calculating the aver-
age. 3 - Seminiferous tubule lumen area (um?) was achieved by obtaining the length and width of the lumen

- Seminiferous tubule surface area (um?) was taken out by

in each tubule, then calculating the lumen area as equal = multiplied by (Iength/2)* and (width/2)2. 4 - Semi-
niferous epithelium area (um2) was obtained as a difference between the seminiferous tubule surface area and
lumen area 2>, Pixel was converted to um at 400X magnification with a resolution of 0.25 pm/pixel®.
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Statistical analysis

Data are expressed as mean + standard deviation (S.D.) and compared among groups using one-way ANOVA
using IBM® SPSS® v.26 software. For post hoc pairwise comparisons, Tukey's test was used at a 0.05 level
of significance. The mean difference (M.D.) + standard error (S.E.) was used to show the difference between
pairs in the post hoc comparison. The ANOVA assumptions were ensured, including normality, independence,
and homoscedasticity >°.

RESULTS

Histopathological examination (first euthanasia day)

Typical tunica albuginea structure, intact seminiferous tubules, preserved interstitial tissue, and active sper-
matogenesis were observed throughout the study of gonads obtained from control group rats (Figure 1A).
Testes treated with gentamicin showed various pathological alterations as follows: some seminiferous epithe-
lium had vacuoles in their cytoplasm (Figure 1B), a reduction of spermatogenic cells number that lined semi-
niferous tubules, accompanied by incomplete spermatogenesis and absence of sperm cells in the lumen of
some tubules with mild inter-tubular edema (Figure 1C), prominent subcapsular blood vessels congested with
subcapsular edema (Figure 1D) as well as inter-tubular edema (Figure 1E), were found. Furthermore, the
seminiferous tubules had atrophy characterized by a decrease in the size of the tubules with increasing distance
from one another, with variable degrees of degeneration of some seminiferous tubules (Figures F-H) in the
form of a reduction of germinal epithelial cells.

In the meantime, an improvement in the testes of animals treated with gentamicin plus 100 mg/kg of alpha-
lipoic acid for 2 weeks was detected. The microscopic analysis demonstrated relatively less pronounced his-
tological alterations than the group administered with gentamicin alone over the same duration, as the majority
of the seminiferous tubules were compact with one another, the tunica albuginea appeared to be expected
(Figure 2A), and the spermatogenic layers appeared close to normal with typical spermatogenesis in most
tubules (Figure 2B). Occasionally, the testes of only two cases showed mild degenerative changes in the sper-
matogenic cells of some seminiferous tubules in the form of swollen, pale, and vacuolated cytoplasm of the
lining epithelium (Figure 2C).

The histopathological examination of the testes treated with gentamicin plus 200 mg/kg of the alpha-lipoic
acid group revealed marked improvement with complete spermatogenic cells. Most of the seminiferous tu-
bules restored their typical structure (Figure 2D), and the spermatogenesis processes are standard; only mild
inter-tubular edema (Figure 2E), as well as degeneration of spermatogenic series, was demonstrated in some
seminiferous tubules of the testes of one examined animal (Figure 2F).

On the other hand, microscopically examining the testes of animals treated with gentamicin plus vitamin E
revealed less prominent changes than those treated with gentamicin alone. The majority of the seminiferous
tubules were compact with one another, and the tunica albuginea approximated the typical structure in most
examined animals (Figure 2G); hence, except for specific seminiferous tubules that had modest degeneration
of the lining epithelial cells along with sub-capsular and inter-tubular edema, most of the seminiferous tubules
recovered their standard histological architecture. The spermatogonia exhibited signs of degradation, charac-
terized by the presence of cytoplasmic vacuoles and the shedding of many spermatocytes into the lumen of
the seminiferous tubules, along with some seminiferous tubular epithelial necrosis with incomplete spermat-
ogenesis (Figure 2H).
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Histopathological examination (second euthanasia day)

The histopathological examination of testicular tissues in all investigated groups showed the standard histo-
logical structure of tunica albuginea, seminiferous tubules, and interstitial tissue (Figure 3A) with typical sper-
matogenesis (Figure 3B). However, mild degenerative changes in seminiferous tubules in association with
mild sub-capsular and inter-tubular edema (Figure 3C & 3D) were demonstrated in some seminiferous tubules
of rats treated with gentamicin alone

Histometric results

As shown in Table 1, the histometric evaluation of testes obtained from rats on the first euthanasia day revealed
that seminiferous tubule diameter did not significantly differ among groups treated with gentamicin, gentami-
cin + 100 mg/kg of alpha-lipoic acid, and the control group. However, groups treated with gentamicin + 200
mg/kg of alpha-lipoic acid or gentamicin + vitamin E exhibited larger diameters with M.D. + S.E. of 78.9 +
11.4 104.6 £+ 11.4, respectively, compared to the control.

Seminiferous tubule height was reduced in rats treated with gentamicin compared to the control (16.6 £+ 4.1).
However, the group treated with 100 mg/kg of alpha-lipoic acid showed a nonsignificant mean difference
compared to the control. Moreover, groups treated with gentamicin + 200 mg/kg of alpha-lipoic acid or gen-
tamicin + vitamin E had higher values than the control (21.5 + 4.1, 23.9 = 4.1, respectively).

Seminiferous tubule cross-sectional area did not significantly differ among groups treated with gentamicin,
gentamicin + 100 mg of alpha-lipoic acid, and the control group. However, groups treated with gentamicin +
200 mg/kg of alpha-lipoic acid or gentamicin + vitamin E exhibited larger areas (47293.4 &+ 2598, 53360.6 +
2598, respectively) than the control group.

The luminal area was increased (10196.6 +2777.9), and the seminiferous epithelial area was reduced (4855.8
+ 2150.7) with gentamicin treatment compared to the control group. These changes were normalized with 100
mg/kg of alpha-lipoic acid co-treatment. However, higher values were obtained with vitamin E or 200 mg/kg
of alpha-lipoic acid treatment.

The seminiferous epithelial area ratio and seminiferous epithelial height ratio were reduced with gentamicin
treatment compared to the control group (0.134 +0.03, 0.065 £ 0.015, respectively). However, the proportions
were normalized with 100 mg or 200 mg/kg of alpha-lipoic acid or vitamin E co-treatment, and there was no
significant difference between the co-treated groups and the control group.
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Figure 1: H&E stained section of testes obtained from rat, post administration of placebo (A) and gentamicin for 2 weeks (B-
H), showing (A), typical histological structure of seminiferous tubules with active spermatogenesis (x100), (B) swollen, pale,
and vacuolated cytoplasm of the lining epithelium of some seminiferous tubules (x400), (C) reduction in the number of sper-
matogonial cells lined seminiferous tubules with incomplete spermatogenesis and absence of spermatozoa in the lumen of some
tubules with mild inter-tubular edema (E, x400), (D) marked congestion of subcapsular blood vessels with subcapsular edema
(x100), (E) inter-tubular edema (arrow, x400), (F) degenerated germ cells (x400), (G), degeneration and necrosis of the lining
epithelial cells of some seminiferous tubule (x100), (H), extensive degeneration of the lining epithelium of seminiferous tubules
with mild inter-tubular edema (E, x400).
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Figure 2: H&E-stained section of testes obtained from rat, post administration of gentamicin plus 100 mg A.L.A. (A-C), and
gentamicin plus 200 mg A.L.A. (D-F) and gentamicin plus vitamin E (G-H) for 2 weeks, showing (A), normal seminiferous
tubules and compact with each other (x100), (B), most of the seminiferous tubules showed regular spermatogenic layers and
normal spermatogenesis (x400), (C), swollen, pale, and vacuolated cytoplasm of the lining epithelium of some seminiferous
tubules (x400), (D), Most of the seminiferous tubules restored their typical histological structure (x100), (E), normal sper-
matogenesis with mild inter-tubular edema (arrow, x400), (G), the seminiferous tubules were compact with each other. The
spermatogenic layers appeared somewhat normal (x100), (H), and cytoplasmic vacuolization with necrosis of some seminif-

erous tubular epithelium (x400).
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Figure 3: Testes of rats treated with gentamicin were obtained on the second euthanasia day; (A): Testes showed typical
histological structures of seminiferous tubules and interstitial tissues. H&E stain x 100. (B): Testes of rats showing normal
spermatogenesis. H&E stain x 400. (C): Testes of rats show sub-capsular edema "E" with degeneration of spermatogenic
cells of some seminiferous tubules "D." H&E stain x 100. (D): Testes of rats show inter-tubular edema (arrow) with degen-

eration of spermatogenic cells of seminiferous tubules "D." H&E stain x 100.
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Metrics Control Group I Group 11 Group III Group IV
Mean SD Mean SD Mean SD Mean SD Mean SD

STD 266.3% 12.8  271.0% 54 268.8% 149  3452° 240  370.8° 254

SEH 56.7% 4.5 40.1° 2.6 63.5% 7.5 78.2° 8.9 80.6° 6.9

S. area 55552* 1501  60893* 2000 52681% 2966  92234° 7382  92234° 3853
L. area 19407* 1856  29604° 4479 17035 2937 35206™ 5659  38439° 5683
SE.area 36145* 1846  31289* 3403  35646* 3911 67639° 3105 70474° 4230
A.ratio  0.651* 0.031 0.515° 0.063 0.676* 0.057 0.659° 0.033 0.648"  0.045

H.ratio  0213* 0.009 0.148° 0.009 0.237* 0.034 0.227* 0.023 0.219°  0.030

Table 1: Histometric evaluation of rat testes treated with gentamicin with/without alpha-lipoic acid.

Group I was treated with gentamicin alone, group II was treated with gentamicin plus 100 mg/kg of alpha-
lipoic acid; group III was treated with gentamicin plus 100 mg/kg of alpha-lipoic acid, group IV was treated
with gentamicin plus vitamin E, A. ratio; area ratio equals lumen area divided by seminiferous tubule area, H.
ratio; height ratio equals seminiferous epithelium height divided by seminiferous tubule diameter, L. area;
lumen cross-sectional area (), S. area; seminiferous tubule area (u?), S.E. Area: seminiferous epithelium area
(u?), S.E.H., seminiferous epithelium height (n), S.T.D.; seminiferous tubule diameter (u). A one-way
ANOVA test was carried out, followed by post hoc Tukey's test for pairwise comparison; values in the same
raw with different superscript letters indicate significant differences at 0.05 level.

DISCUSSION

This study is the initial investigation aimed at examining the histopathological evidence about the protective
impact of alpha-lipoic acid against gonadotoxicity induced by gentamicin. In several studies, it has been ob-
served that administering gentamicin leads to a reduction in testis weight, alteration of sperm parameters, a
decline in serum testosterone levels, and an elevation in testicular oxidative stress. Some studies evaluated the
testicular histopathological effect of gentamicin and found variable detrimental effects such as reduced germ
cells, spermatogenic cell necrosis, seminiferous tubule degeneration with atrophy, incomplete spermatogene-
sis, interstitial space expansion, veins congestion, and decreased seminiferous epithelial thickness % 7-°, which
is consistent with the present study findings. Some antioxidants, such as lycopene, were histopathologically
investigated for their potential protective effect against gentamicin-related testicular damage and showed fa-
vorable outcomes. . Interestingly, each alpha-lipoic acid and vitamin E showed a promising protective effect
against testicular adverse effects of gentamicin through morphological and biochemical evidence in recent
studies '7- 18, So, the histopathological effects of gentamicin alone compared to either the gentamicin-alpha-
lipoic acid combination or the gentamicin-vitamin E combination were evaluated. A comparable protective
effect of alpha-lipoic acid and vitamin E and a dose-dependent protection of alpha-lipoic acid on the histolog-
ical structure of rat testes treated with gentamicin were observed compared to the control. However, with 100
mg/kg of alpha-lipoic acid, the spermatogenic layers appeared somewhat normal with typical spermatogenesis
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in most tubules, which might be a sufficient dose to exhibit reliable protection. Consistently, only one recent
study evaluated the protective effect of alpha-lipoic acid against the testicular harmful impacts of gentamicin,
seeking morphological, hormonal, and histopathological evidence. The study reported good protection of al-
pha-lipoic acid on the histological structure of the testis. However, the study used alpha-lipoic acid with 600
mg/kg of oral suspension dose . Our results showed that gentamicin harmed spermatogenesis, which could
be mitigated with either alpha-lipoic acid or vitamin E treatment. In agreement with us, a study reported de-
creased sperm count, altered spermatogenesis, and spermatogonia necrosis among rats treated with 5 mg/kg
of gentamicin *°. In another study, alpha-lipoic acid could restore sperm count and abnormalities associated
with gentamicin treatment '®. The histometric analysis of the present research showed an increase in the sem-
iniferous tubule diameters among rats co-treated with high-dose alpha-lipoic acid or vitamin E, accompanied
by a rise in other metrics. However, the area and height ratios showed nonsignificant differences among all
groups except those treated with gentamicin alone, which exhibited lower ratios. Consistently, the negative
effect of gentamicin on seminiferous tubule epithelial height was demonstrated in the histopathological exam-
ination of the present study. In agreement with our findings, a very recent study evaluated the effect of gen-
tamicin on the seminiferous tubule epithelial thickness and reported a significant reduction with gentamicin
treatment 3!, Finally, it was noticed that gentamicin-induced testicular adverse effects were reversible as the
testicular tissues are highly regenerative 2. Consistently, the reversibility of the gentamicin effect on testes

was demonstrated in testis weight and hormone levels '% 33,

Limitations

The authors faced a few limitations: using NaCl 0.9% as a control treatment rather than the original solvent
of drugs used due to the unavailability of these solvents in pure forms. Another limitation was the relatively
small sample size used in this experiment. However, it provided sufficient power, which was 80%.

CONCLUSIONS

In summary, it can be concluded that both alpha-lipoic acid and vitamin E have a protective role in maintaining
the testicular architecture, preserving the integrity of seminiferous tubule epithelial cells, and sustaining the
process of spermatogenesis in the presence of gentamicin administration. The effects of both medications have
a comparable nature, rendering them suitable for application in human investigations, mainly due to their
established safety profiles.
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