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Abstract                                                                                                                                        

 The major limiting factor to the development of embryo transfer technique in cattle is the variability in ovulatory response to FSH-induced 
superovulation. Protocols for the superovulation vary from one species to another and even in the same species of different strains. The advancement in 
the protocols of superovulatory treatment is highly evolved in past 50 to 60 years. The result of superovulation can be affected by type, source and half 
life of gonadotropin used. Various hormones like estradiol and progesterone are used to manipulate follicular waves which cause reduction in the 
variations caused by treatment of the cattle at the different stages of the follicular development. It has also been suggested that small antral follicles can 
be induced to grow by extending the treatment protocol. 
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Introduction                                                                                                                                  

 The superovulation is the technique to induce multiple 
ovulations in one ovulatory cycle by administering 
exogenous hormones (gonadotropins). According to a 
report from a total of 2948 beef cows, averages of 
11.5ova/embryo with 6.2 transferable embryos were 
collected from each cow [1]. However, there was the great 
variability in both the superovulatory response and embryo 
quality. This high unpredictability in the superovulatory 
response is the major problem which affects the efficiency 
and profitability of embryo transfer programs [2].  

The gonadotropins are usually administered before the 
estrus to induce multiple ovulations and after the injection 
of is hCG given at the onset of the estrus to induce 
ovulation. Although the studies were conducted on the 
usage of pituitary gonadotropins from the pigs, sheep, 
horse and cattle [3], but the use of eCG or PMSG 
hormoneshave became standard approach. Hafez et al. [4] 
developed a protocol used in the cow where 2000-3000 IU 
of eCG was administered on day 16  of the ovulatory cycle, 
followed by 10mg of estradiol-17β on day 19 and 20 and 
2000 IU of hCG on day 21. This became the standard 
protocol used at that time. 

Gonadotropins in current superovulation treatment 
porotocol 

eCG is initially used in superovulation, but due to the 
recent researches the protocols have been changed rapidly. 
In 1978 Elsden et al. [5] reported that treatment with crude 
pituitary extract containing FSH in combination with 20% 
LH results in the greater superovulatory response as 
compared to eCG. Studies of Monniaux et al. [6] also 
reported that ovulation rates and percentage of cows with 
more than 3 transferable embryos tends to be greater with 
the use of pituitary derived extract containing FSH than 
eCG. Other studies have not found much difference 

between the pituitary extract containing FSH and eCG [7,8] 
. One of the reasons for the decrease in the ovulation and 
fertilization rates [9] by the use of eCG may be the frequent 
abnormal profiles of LH and progesterone in the animals 
treated with the eCG as revealed by endocrine 
studies[10,11]. 

Nowadays cattle are superstimulated using pituitary 
extracts containing FSH. The crude pituitary extract 
contains large amount of LH. Hence, there is a considerable 
variation in the FSH and LH content in the crude 
gonadotropin preparation [12]. The effects on the FSH and 
LH ratio of eCG have been examined on the superovulatory 
response and positive correlation has been found between 
the superovulatory response and FSH/LH ratio. Low ratios 
of FSH/LH activity resulted in decrease in the ovulatory 
response in immature rats and LH when added to eCG 
resulted into reduced superovulatory response in cattle. 
Superovulatoryresponse have been reported to improve 
when pituitary extracts with low LH contamination are 
used in cattle [13, 12]. 

Sakaguchi et al. [14] examined the effect of epidural 
administration via caudal vertebrae on in vivo embryo 
production and in vitro embryo production followed by 
Ovum pick-up in vitro fertilization (OPU-IVF) in Japanese 
black cow. They concluded that single epidural FSH 
administration via the caudal vertebrae induces 
superovulation in Japanese black cows; it also appeared to 
improve embryonic development after OPU-IVF. 

Ovarian follicular wave dynamics and superovulation 

Follicular growth in cattle occurs in waves throughout the 
estrus cycle. When a cow ovulates, the follicle left is termed 
as corpus hemorrhagicum and after some days this corpus 
hemorrhagicum becomes corpus luteumand secrets 
progesterone. During this time due to increase in the FSH 
the follicular wave proceed. But, the dominant follicle does 
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not ovulate due to presence of corpus luteum secreting 
progesterone as a result it become nonfunctional. After the 
first dominant follicle become nonfunctional there is an 
increase in the FSH and a second wave of follicle begin to 
grow [15] , during this time the dominant follicle will only 
proceed to ovulation if its growth coincides with regression 
of corpus luteum caused by the release of prostaglandin 
and subsequent decrease in progesterone. Some cattle have 
two waves before ovulation and some have three waves of 
follicle before ovulation. 

The conventionally used protocol to start superovulation 
procedure during mid cycle was based on the experimental 
information in which it is reported that when 
superstimulatory treatment were initiated 8 to 12 days after 
estrus then there is a greater superovulatiory response[16] . 
With the help of ultrasonography it is now known that 7 to 
11 days after ovulation is the approximate time when 
second follicle wave emerges [17] and at that time a group 
of growing follicles would be present. However, the time of 
second follicular wave emergence have been shown to 
differ between the animals having two wave cycles and 3 
wave cycles. It is shown that when gonadotropin 
treatments are initiated a few days before or after the start 
of second follicular wave the superovulatory responses are 
reduced as compared to the day of wave emergence [18, 19, 
20]. 

Approach to synchronize follicular waves 

GnRH- studies have been shown thatafter the induction of 
ovulation by GnRH a new follicular wave starts 
approximately 1.5-2 days after the treatment. However, 
emergence of follicular wave occurs only when 
gonadotropin releasing hormone induces ovulation [21]and 
according to recent studies administering GnRH at random 
stages of estrous cycle results in ovulation in 44% to 54% 
dairy cows[22,23] , 56% of beef heifers[21] and 60% of beef 
cows[24] . Therefore, for the superstimulatory treatment the 
interval from GnRH treatment to wave emergence might be 
too inconsistent. 

In recent practices a progestin device is inserted at random 
stages of the estrous cycle and GnRH hormone is 
administered 2 or 3 days later and after 
thatsuperstimulation treatment begin which usually started 
after 1.5 to 2.5 days of GnRH administration. The reason of 
synchronization of follicular waves emergence and 
ovulatory response improvement might be because of 
presence of the progestin device that has prevented 
ovulation of mature follicle thus increasing the efficacy of 
GnRH. 

Estrogen and progesterone- superstimulation can be 
initiated without regard to the stage of estrus cycle if the 
follicular wave is electively induced. It also eliminates the 8 
to 12 days wait to initiate gonadotropin treatment [25]. 
Estradiol and progesterone induces synchronous 
emergence of follicular wave. This approach have been 
studied and reviewed extensively. Practitioners all around 
the world have also recently included this approach into 
protocol that permits fixed-timeAI (FTAI) of the donors [26, 
27]. 

Exogeneously induced follicular waves-this procedure is 
under studies but recently investigators have shown that 
lengthening the superstimulatory protocol from the normal 
4 day to 7 days recruit more follicles into the wave and 
provide the time required for them to acquire the capacity 
to ovulate [28]. 

In recent researches the 7-day FSH treatment protocol 
produces 2.5 times more transferable embryos per animal 
than the normal treatment after the ultrasound-guided 
oocyte collection and in vitro embryo production [29]. 
Overall, the prolonged FSH treatment protocol might be 
effective in recruiting small follicles into the follicular 
cohort available for superstimulation. It also gives follicles 
additional time to reach ovulatory size and ovulate which 
might not be provided in the traditional 4-day 
superstimulatory treatment protocol. 

Recent superstimulatorty practices and their responses 

The experiment conducted by Barros et al. [30] shows that if 
Nelore cows were superstimulated with FSH for over 3 
days and the last two FSH injections (in fourth day) were 
replaced by two injections ofn 200 IU eCG  then the number 
of ova/embryo and transferable embryos increases 
significantly. In most of the studies that shows the effect of 
the eCG treatmentthe donor of the control groups are found 
to produce average to below average transferable embryos. 
However, the experiment conducted by Davis et al. 
[31]shows above average production of transferable 
embryos in the control group, suggesting that this 
treatment might be helpful during the depressed embryo 
production. In most recent study Hackbart et al. [32] 
reported that the elevation of circulatory insulin produced 
by administering propylene glycol (PROP) for every 4h or 
LH during the last few days of follicular development has 
little or no effect on the embryo quality and percentage of 
embryos that degenerates during first week after ovulation. 
However, these treatments reduce the percentage of 
superstimulated follicles that ovulated without alterinf the 
superstimulatory response to FSH treatment. 

Conclusion 
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Superovulation treatment plays very important role in the 
embryo transfer technique and a lot of efforts have been put 
in improving and modifying the protocols. Studies have 
shown that variability in the superovulatory response is 
mainly due to the differences in the follicular population of 
the donor animal. By examining the responses of different 
protocols on different cattle, the most suitable and effective 
protocol can be selected. 

Progress in the advancement of recombinant technology 
will soon provide us different types of recombinant 
gonadotropins (eg. recombinant FSH) which will be more 
effective than the conventionally used gonadotropins and 
will further increase the superovulatory response and 
embryo quality. Administering the eCG on different time 
intervals of FSH treatment might be useful in increasing 
number of transferable embryos. Gonadotropins extracted 
from a particular species of animal might also possibly 
increase the superovulatory responses when administered 
to a particular type of species. Hormones other than 
gonadotropins can also affect superovulatory treatment 
and with the help of thorough study of their actions, 
positive or negative effects of these hormones can be 
detected. 
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