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Abstract: Bovine follicle stimulating hormone (FSH) is the hormone mainly used for superovulation treatments. It is used so that several 
secondary follicles can reach a dominant state at the same time and thus, treated cows can release up to ten or more ovules in each zeal, 
decreasing the generational interval and increasing livestock production. The hormones available in the current market are obtained 
mostly from pituitary extracts of swine and sheep, and although they are widely used. Several negative aspects have been reported, 
implying high risks of contamination with pathogens, contamination with other hormones that interfere with assisted fertilization pro-
cesses, significant variations between each production batch and the decreased half-life that exhibit FSH leading to excessive handling 
of donor cows. In this review, we detail some new approaches to overcome these problems, like slow-release FSH formulations that have 
been developed in order to increase the half-life of FSH and, finally the use of recombinant DNA technology to ensure a pure product.
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Introduction
Follicle-stimulating hormone (FSH), produced by the an-

terior pituitary gland, is a glycoprotein which plays an essential 
role in reproductive processes1 in several vertebrates2. When the 
liberation from anterior pituitary occurs, FSH acts in the ovarian 
granulosa cells and the Sertoli cells in testis3, stimulating follicu-
logenesis and steroidogenesis in the ovary and spermatogenesis4. 
FSH, like other glycoprotein hormones, consists of two polypep-
tide chains (α and β subunit), non-covalently associated. The α 
subunit, encoded by a single gene, is identical in the amino acid 
sequence in all gonadotropins within a particular species5, where-
as, the biological specificity of these hormones arises from the β 
subunit which, depending on the type of gonadotropin, is encoded 
by a different gene (FSHβ, LHβ or CGβ)[i]6. The α subunit of the 
bovine follicle-stimulating hormone has five intrachain disulfide 
bridges, while the β subunit, containing 12 cysteine residues7, has 
six disulfide bridges intrachain8.

Both subunits present post-translational modifications like 
glycosylation in which sugar moieties like mono- or oligosaccha-
rides9 are transferred from donor molecules to nascent proteins 
by glycosyltransferases10. The glycans addition is essential for as-
sembly, integrity, secretion and signal transduction in the α-subu-
nit and assembly and secretion in the β-subunit. 1 Two types of 
glycosylations are present in FSH, N-glycosylations, and O-glyco-
sylations. However, the predominant are of type N5, having two 
potential N-glycosylation sites in both alpha and beta subunits 
being of the Asn-Xaa-Thr type11. In bovine FSH, these N-linked 
oligosaccharides are located at positions N56 and N82 in the α-su-
bunit and N7 and N24 in the β-subunit. Sialylated Asn-linked car-
bohydrates predominate in bovine FSH 7.

It has been elucidated that exposure of galactose residues, 
due to lack of glycosylation, on oligosaccharides increases the 
clearance from plasma 1 due to receptor-mediated endocytosis of 
asialoglycoproteins by hepatocytes 12. These number of exposed 
galactose residues is essential in elucidating the FSH half-life1. 

Some studies reported that FSH with fewer sialylations has a high-
er receptor binding activity and  in vitro  bioactivity than the si-
alylated FSH 13,14. However, the in vivo bioactivity of acidic FSH 
is 20-higher than the basic FSH15. Despite this, it has been shown 
that sialic acid plays an important role to prevent rapid clearance 
of FSH from circulation and it is not critical for receptor binding 7.

Oestrus cycle in cows
Different hormones regulate the estrous cycle: the gonado-

tropin-releasing hormone (GnRH), which is secreted by the hy-
pothalamus, stimulates the secretion of both follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH) by Gonadotrop-
ic cells of the adenohypophysis16; in addition, by progesterone 
(P4), estradiol (E2) and inhibin’s in the ovaries; and prostaglandin 
F2α (PGF) in the uterus 17.  In cattle, the oestrus cycle lasts from 
18 to 24 days. Two phases are present in the cycle: the luteal phase 
(14–18 days) and the follicular phase (4–6 days)  18,19. In the 
luteal phase, the corpus luteum (CL), formed from the collapsed 
ovulated follicle, is developed from the follicular wall and produces 
prevalently progesterone stimulated by LH pulses 19. During the 
follicular phase, final maturation and ovulation of the ovulatory 
follicle occur. Additionally, the progesterone levels decrease 
significantly due to the declining of corpus luteum function 18.

During the entire cycle, there are two or three waves of ovar-
ian follicle growth (Fig. 1.), for dairy cows and beef cows, respec-
tively, in which occur the emergence of a cohort of 5-20 follicles 
stimulated by the increase of FSH concentrations. Then, selection 
and dominance of one follicle occur due to the secretion of inhib-
ins and estradiol (E2) by the growing cohort that decreases FSH 
concentrations20. This decrease in FSH leads to subordinate folli-
cles regression 21.

Figure 1. Schematic description of the secretion pattern of follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH), estradiol (E2), and progesterone. Waves of 
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ovarian follicles growth.
 

Knowledge of the estrous cycle is crucial when dis-
covering new techniques to obtain an increase in live-
stock production.

Embryo transfer
Embryo transfer (ET) is a technique in which one or more 

embryos are removed from the reproductive tract of a donor fe-
male and then transferred to the lumen of the oviduct or uterus 
of one or more recipient females 22. It is applied to obtain a maxi-
mum number of embryos of a genetically superior animal in the 
shortest possible time and thus maximizes the genetic potential 
in a herd obtaining elite females or stallions 23. For ET, different 
steps must be carried out like: selection of a donor cow, supero-
vulation, insemination, collection and evaluation of embryos, se-
lection and preparation of recipient females, embryo transfer and 
finally, embryo transplant evaluation 24.

Superovulation is a hormonal treatment that induces follicu-
lar growth allowing a more significant number of oocytes to be 
recovered in the donor bovine female 25, being a pivotal procedu-
re to maximize the number of viable embryos with high capacity 
to produce pregnancy  26. The basic principle of superovulation 
is to stimulate follicular development by hormonal treatment and 
induce ovulation of several follicles simultaneously  27. Also, by 
natural reproduction, a cow can breed a calf per year, reaching an 
average of eight to ten calves in its entire life. With an adequate 
hormonal regimen of superovulation, treated cows can release up 
to ten or more ovules in each zeal 25, decreasing the generational 
interval and increasing the genetic potential and production of li-
vestock. 28

Superovulation can be achieved through the application of 
gonadotropin hormones29, allowing to emulate the natural repro-
ductive processes in order to increase reproductive efficiency. The 
most commonly used gonadotropins in cattle reproduction inclu-
de stimulating follicle hormone (FSH) and luteinizing hormone 
(LH), extracted from the pituitary gland of swine and sheep 29, 
in addition to equine chorionic gonadotropin (eCG), produced by 
the endometrial cups of pregnant mares 30.

Common superovulation treatment
In superovulation treatments, exogenous FSH, obtained from 

porcine and sheep pituitaries 31, is used to rescue secondary fo-
llicles from regression so that they could reach a dominant state 
too 32. The most common protocol for superovulation includes 
GnRH-induced ovulation of the persistent follicle and follicle 
wave emergence. Then, the super stimulation starts with the ad-
ministration of exogenous FSH during four days with twice-daily 
decreasing doses 33.

As the FSH used in treatments for superovulation comes 
from pituitary of animals, this may be contaminated with traces 
of other hormones, leading to variations in oocyte quality and 
quantity. Several authors showed that FSH products with low LH 
levels improve the ovulation rate, fertilization rate and embryo 
quality 34,35. Kelly et al. (1997) 36 evaluated the follicular growth 
pattern and the performance of embryos in cattle after superovu-
lation with two preparations of FSH differing in LH content (Se-
rovet; FSH:LH ratio 1:1 y Vetrepharm; low LH). A higher number 
of ovulations was observed in cows treated with Serovet compared 
with Vetrepharm, this increase was mainly the result of a higher 
number of unfertilized ova and degenerated embryos unfit for 

transfer. Therefore, FSH with high purity or reduced LH content 
has become the method of choice for commercial use for the pro-
duction of superovulatory cows.

On the other hand, it has been seen that the repeated use of 
exogenous hormones to induce superovulation in different species 
could induce a humoral immune response 37. eCG began to be 
used, as a superovulatory treatment in cows 31. Because of its long 
half-life being of 40 hours and its persistence in the circulation of 
up to 10 days, it is necessary a single dose for the superovulatory 
response 38. Its persistence in circulation is due to a large number 
of glycosylations sites in its structure, being the most glycosylated 
glycoprotein, covering 45% of its molecular weight 39. However, 
one study showed that treatment with eCG in bovines induced a 
humoral immune response at repeated doses  40. Therefore, the 
humoral response generated makes these treatments ineffective 
over time due to the production of neutralizing antibodies, thus 
reducing the super stimulating response.

There are several problems also associated with prolonged sti-
mulation of the eCG including the continuous stimulation of the 
ovaries, follicles without ovulation, abnormal endocrine profiles 
and reduction of embryo quality 41. Besides, a better superovula-
tory response has been established after treatment with FSH com-
pared with eCG 42. Additionally, due to the high molecular wei-
ght of eCG, a more significant percentage of ovarian cysts (40%) 
appeared about the treatment of FSH (8%) 43. The leading cause 
of economic losses and reproductive problems is attributed to the 
presence of these cysts, it also causes abnormal hormonal profiles 
and a low embryo quality 44.

The twice-daily administration of FSH, because of its short 
half-life being five days only 45, leads to several problems in the 
field including excessive handling of donor cows causing stress 
and decreased superovulatory response 46.   Recently, there have 
been many alternative treatments to try to avoid these problems, 
for example, the application of slow-release FSH formulations 45. 
This could be achieved by mixing FSH with polyvinylpyrrolido-
ne (PVP) which maintains a high concentration of FSH in blood 
enough to stimulate the development of multiple follicles47. 
However, this treatment has had variable results being unable to 
induce superovulation in some cases 48. Another alternative is the 
use of hyaluronan, a glycosaminoglycan, used in a 2% solution to 
dilute FSH, having the same results with the traditional two-day 
dose of FSH. However, it is difficult to mix FSH with hyaluronan 
because of its viscous state leading to problems in the field, and a 
more diluted solution decreases its effectiveness 49. Another alter-
native is the use of aluminum hydroxide gel, a vaccine adjuvant, to 
induce superovulation in cattle 50. However, the use of adjuvants 
could cause the development of antibodies against FSH 49.

Due to these problems such as variability, immunogenic 
effects, and inconvenient formulations, other alternatives should 
be sought to produce superovulation hormones on a larger scale, 
which are safe for livestock and at a lower cost.

Recombinant DNA technology
The technology of recombinant DNA has allowed building a 

variety of hormonal analogs with different biological characteris-
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tics 51. It has been verified that the construction of recombinant 
FSH reduces the variation observed in the different types of FSH 
derived from pituitary gland  31,52. Also, with the recombinant 
bovine follicle-stimulating hormone, possible risks of immunoge-
nicity are avoided, also resulting in higher purity and less variabi-
lity product concerning animal extracted hormones.  

Today, there are several expression systems for the produc-
tion of large-scale recombinant proteins, which include expres-
sion in E. coli bacteria, baculovirus-mediated insect cells, yeast, 
and several systems in mammals  53. Expression systems using 
mammalian cells have a superior capacity to produce biologically 
active and lower cost proteins  54. In addition, these expression 
systems are used for the production of recombinant proteins when 
complex post-translational modifications are necessary for their 
bioactivity 55, as is the case of FSH, with several N-glycosylation 
sites, which increase the solubility and stability of the proteins, 
facilitate its adequate, its appropriate charge and the formation of 
disulfide bridges 31.

Several researchers have developed the recombinant bovine 
follicle stimulating a hormone in different expression systems such 
as yeast 8,56, mammalian cell lines 57,58, insect cells 59, plants 60, 
mammary gland of mice  61 and rabbit mammary gland 62 (Table 
1). Chinese hamster ovary (CHO) cells have been chosen prefera-
bly to produce recombinant FSH at a commercial level, especially 
for those that require posttranslational modifications. However, 
the culture of mammalian cells is expensive due to the use of rich 
growing media and supplements, besides its slow-growing 63.

Table 1. Expression systems of recombinant bovine FSH

Many laboratories and pharmaceutical companies have been 
able to produce a variety of therapeutic proteins in mammals as 
expression systems, including cows, pigs, sheep, goats and rab-
bits 64,65. These recombinant proteins are produced from body 
fluids of animals like milk, egg white, blood, urine and seminal 
plasma 66.    

In recent years, researchers have focused on the mammary 

gland as an expression system of recombinant proteins, has seve-
ral advantages. With the direct in vivo transduction of mammary 
gland, the desired protein is secreted to the milk, having relatively 
easy purification steps 67. Large volumes of milk could be easily 
collected 66, depending on the species (Table 2), so large amounts 
of protein could be obtained 68. The proteins obtained in this ex-
pression system have appropriate post-translational processing re-
sulting in proper biological activity 69. Also, these proteins can be 
used for a long period given its low immunogenicity.70

Conclusion
 The bovine FSH is of great importance in the production of 

cattle having a high economic implication. The aim of the appli-
cation of pure FSH in superovulation protocols is to prevent the 
variations in oocyte quality and quantity.

Several investigators have used different expression systems 
to produce pure recombinant hormones, including plants, insect 
cells, yeasts, bacteria, and mammary gland. The development of 
proteins in the milk of animals could generate high quality and 
cost-effective products, preserving the animal wellbeing. The pro-
duction of recombinant proteins has offered a safe, efficient and 
economical way to overcome the need for biopharmaceutical 
products.

The developing of FSH is still a challenge in the scientific 
world; many expression systems could be tested for better yields. 
FSH variants of high purity, efficiency and stability can be used 
in cattle to obtain a higher number of ovules and the subsequent 
production of embryos of a selected cow and thus reduce the gene-
rational time and increase the genetic potential of their offspring.
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