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          Introduction 
 

In recent years, in the world, there has been a 
significant increase in studies for animal genetic 
resource conservation. Strategic priority issues have 
been determined in line with the Global Plan of Action 
for Animal Genetic Resources and, many countries have 
accepted that they have the priority protection task. In 
almost all economically developed countries, the 
genetic resources have been taken under preservation 
by carrying out national projects for animal genetic 
resource conservation. (Hiemstra et al., 2004). Many 
countries have established gene banks to protect 
animal genetic resources, and in this bank, they have 
started to conserve the genetic materials such as 
semen, embryos, and DNA of the endangered native 
breeds (Bailey et al., 2000; Medeiros et al., 2002). 

Some technologies have been used for animal 
genetic resource conservation and obtaining genetic 
materials. Embryo transfer technology is one of the 
technologies used to obtain the genetic material to 
be frozen. Embryos obtained from animals whose 
genetic materials are frozen (in vivo) or from gamete 
cells of the animals in the laboratory (in vitro) are 
frozen and stored. (Machaty et al., 2012; Kaymaz et 
al., 2015).  

Embryo transfer technology consists of various 
processes. Superovulation protocol, which includes 
the utilization of hormones, is one of the most 
significant steps of the process series (Hasler, 2006; 
Machaty et al., 2012).  Different hormones and 
administration protocols are used to achieve 
superovulation (Mapletoft et al., 2002). FSH is one 
of the most common hormones used in ovarian 
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Abstract 
 
This study aimed to evaluate the superovulation response in Eastern Anatolian Red (EAR) 
cows treated with a single epidural injection or traditional administration of follicle 
stimulating hormone (FSH). Eight cows were randomly divided into two groups, as 
control (CG) and experiment (EG). Four replications were applied for each animal in the 
groups. A total of 16 studies were carried out in each group. In this study,  300 mg 
intramuscular (i.m) FSH injection was applied with decreasing doses twice daily for four 
days to the cows in the CG. (70:70, 50:50, 20:20, 10:10 mg). On the other hand, 300 mg 
FSH was administered as 150 mg epidural and 150 mg intramuscular injection to the 
cows in EG. The number of untransferable embryos and the total CLs were found 
statistically significant (p<0.05). However, the number of transferable embryos and 
unfertilized oocyte (UFO)  were found statistically insignificant among the groups 
(p>0.05). According to the obtained data, it was observed that the epidural 
administration of FSH for superovulation in EAR cows did not provide sufficient follicle 
and oocyte development. In conclusion, different studies with different superovulation 
protocols and FSH doses in local breed EAR cows will be needed for further studies. 
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  Table 1. Application of FSH to the control group (CG) (Imai, 2005; Taşdemir et al., 2012). 

 

   Table 2. Application of FSH to the experimental group (EG) (Imai, 2005; Taşdemir et al., 2012). 

 

stimulation in cattle (Sağırkaya, 2009). However, FSH is 
a hormone with a very short half-life (about 5 hours or 
less). For this reason, FSH is treated twice daily at 12 
hours intervals (Monniaux et al., 1983; Machaty et al., 
2012; Bó & Mapletoft, 2014). 

Since FSH has a short duration of action, multiple 
applications increase stress in animals and labor. 
Different protocols are studied to extend the duration 
of FSH action and reduce the number of injections. In a 
study, when FSH was mixed with a 30% 
polyvinylpolypyrrolidone (PVP) solution and 
administered as a single intramuscular injection, 
similar results to the classical method were found. 
(Yamamoto et al., 1994). Another study reported that 
when a mixture of FSH, PVP, and equine chorionic 
gonadotropin (eCG) was administered as a single 
injection, a super stimulatory response similar to the 
traditional FSH protocol could be achieved (Bó & 
Mapletoft, 2014). 

In recent years, there have been studies in which 
gels containing aluminum hydroxide are used as 
vaccine adjuvants to ensure the slow release of FSH 
(Baylor et al., 2002; Lindblad, 2004). Kimura et al. 
(2007) reported that an aluminum hydroxide gel and 
FSH mixture application, as a single injection, provides 
sufficient effect in cattle. However, it was reported 
that aluminum hydroxide gel intramuscular injections 
cause lesions in the injection areas, thus causing 
economic losses in meat production (Kimura, 2016). 

Another study showed that FSH suspension diluted 
in 2% hyaluronan provided sufficient super stimulatory 
response. However, obtaining a homogeneous mixture 
with FSH was reported as problematic due to the high 
viscosity of hyaluronan. Therefore, it was illustrated 
that the suspension obtained with lower 
concentrations of hyaluronan has better results when 
administered as two injections at 48 hours intervals 
(Tríbulo et al., 2011; Tríbulo et al., 2012). In a study on 

Anatolian Black cow, Taşdemir et al. showed that a 
single epidural injection with intramuscular injection 
of FSH application could provide acceptable results 
compared to twice-daily injection of FSH for super 
stimulatory response (Taşdemir et al., 2012). 

Eastern Anatolian Red cows are one of our local 
breeds. Moreover, EAR cows and their genetic 
materials (sperm, embryo, DNA, and cells) are 
preserved in the gene bank within the scope of 
genetic resources. However, there are not enough 
embryos of these cows in the gene bank. This study 
aims to determine the efficiency of single epidural 
injection compared with traditional administration 
of FSH on superovulation response in EAR donor 
cows. 
 

Materials and Methods 
 
    Eight cows 3-4 years old were used in this study. 
The cows had the same treatments and feeding 
conditions in the International Center for Livestock 
Research and Training. 400 mg FSH (FOLLTROPIN® 
Bioniche, Ireland), 1.55 g. Progesterone (Eazi Breed, 
CIDR®, Pfizer, Australia) and PGF2α (ESTRUMATE®, 
Intervet, Turkey) were used for superovulation 
protocol. Lactated Ringer's Solution (Polifarma, 
Turkey), Dual-way balloon catheter (Bioniche) were 
used for uterine flushing of donors. A 75 microns 
emcon filter (Agtech)  was used to collect the 
flashing solution. 
Animals were randomly divided into two groups, as 
control (CG) and experiment (EG). Four replications 
were applied for each animal in the groups. After 
each study, animals were kept for two months 
without any treatment. In addition, each animal was 
taken into a different group in the next repetition 
and, the study was carried out. Thus, the 
consequences arising from individual differences 
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Table 3. Number of UFO, untransferable embryo, transferable embryo, CL, total ovum / embryo and embryo recovery rate in 

groups. 

Groups 
n

X
SX 

 

Number of 

unfertilized 

oocyte 

Number of 

untransferable 

embryo 

Number of 

transferable 

embryo 

Number of CL 

 

Number of total 

ovum/embryo 

 

Recovery 

rate % 

CG 16 
4 

(1,75±0,479) 

9    

(2,11±0,588) 

4 

(1,50±0,289) 

41 

(5,54±0,666(a) 

17  

(2,92±0,571)(a) 

41,4 % 

(17/41) 

EG 16 
3 

(1,67±0,667) 

3    

(1,00±0,000) 

1                   

(1) 

16 

(3,25±0,675)(b) 

7     

(1,13±0,441)(b) 

43,3 % 

(7/16) 

*p 

value 
 0,844 0,267  0,036 0,036  

a, b: The difference between different letters in the same column is significant (P <0.05). 

between the groups were minimized. CIDR containing 
1.56 g progesterone was inserted into the cows on a 
random day of the cycle. This application day was 
accepted as day 0. Cows were divided into two groups on 
the 7th day of CIDR application according to FSH dose and 
route of FSH administration (Folltropin). In the CG group, 
300 mg intramuscular (i.m) FSH injection was applied with 
decreasing doses twice-daily for four days. (70:70, 50:50, 
20:20, 10:10 mg; n: 4 Table 1). However, 150 mg epidural 
FSH and 150mg i.m FSH injection applied to the EG on day 
7 of the cycle (n: 4; Table 1). 9 days later the beginning of 
the superovulation program, PGF2α injection was 
administered to both groups in the morning, and the CIDR 
was removed in the evening. After the observation of 
oestrus symptoms on day 11 and day 12, artificial 
insemination was performed twice at 12 hours intervals 
by using frozen semen of the EAR bulls. 
 
Results  
 

In the study, as a result of superovulation with 
decreasing doses of FSH in CG animals; the number of 
UFOs, the number of untransferable embryos, the 
number of the transferable embryos, the number of CL, 
the number of total ovum/embryo, and the embryo 
recovery rate were 1.75±0.479, 2.11±0.588, 1.50± 0.289, 
5.54 ± 0.666, 2.92 ± 0.571 and 41,4 %, respectivel. As a 
result of superovulation with single epidural and 
intramuscular FSH application in EG animals, the number 
of UFOs was 1.67 ± 0.667, the number of untransferable 
embryos was 1.00 ± 0.000, the number of transferable 
embryos was 1, the number of CL was 3.25±0.675, the 
total number of ovum/embryo was 1.13 ± 0.441, and the 
embryo recovery rate was 43,3 % (Table 3).  

The ratio of the total number of the obtained 
ovum/embryos to the CLs was 41.1 % (7/41) in CG and 
43.7 % (7/16) in EG. In addition, the average number of 
total ovum/embryo obtained per donor was 1.06 (17/16) 
in CG and 0.43 (7/16) in EG. The ratio of the number of 
transferable embryos to the total number of 
ovum/embryo was 0.23 (4/17) in CG and 0.14 (1/7) in EG.  

According to the results, there was no statistically 
significant difference between the CG and EG groups 
in the number of UFOs, the number of 
untransferable embryos, and the embryo recovery 
rates (P> 0.05). However, It was determined that the 
total number of CL and ovum/embryo obtained from 
the control group was higher than the experimental 
group (P <0.05).  

 

Discussion and Conclusion 
 
Currently, the successful results in the 

superovulation protocols applied with FSH can not be 
achieved in local breeds as obtained in the exotic 
breeds. Responses of the applied oestrus 
synchronization and superovulation programs can 
still vary. While superovulation responses of some 
local breeds to are adequate, some may lack such 
potential. Studies on superovulation protocols 
specific to local breeds and FSH doses are needed 
(Kelly et al., 1997; Bó et al., 2002; Bó et al., 2003; 
Baruselli et al., 2006). Some researchers have 
reported that it may be possible to achieve higher 
results in local breeds with the appropriate 
superovulation protocol selection (Bó et al., 1996; Bó 
et al., 2002; Carvalho, 2004) 

In this study, the CL numbers counted by USG 
were found to be higher in CG animals than in EG 
animals. However, the results in both groups are low 
compared with the exotic breeds. In a similar study 
on local breed White Yak cattle, Yu reported that 
they received a low number of CL in a superovulation 
program that included twice-daily FSH 
administration in decreasing doses for four days. 
Thus, the results of our study are similar to Yu et al.'s 
study (Yu et al., 2007). 

The number of UFOs, untransferable and 
transferable embryos, and the embryo recovery rate 
were not statistically different between the CG and 
EG groups. However, the total CL and total 
ovum/embryos obtained from the CG were higher 
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than the EG. The results in both groups are lower 
compared with other studies (Taşdemir el al., 2012; 
Satılmış et al., 2017). It is considered that genetics, 
environment, nutrition, breed, season, age, the 
condition of the ovary at the time of application, and 
the effects of repeated superovulation can be the 
reasons for the differences in the ovary responses. 
Also, it is considered that the dose of the administered 
hormone, the timing of administration, and the use of 
additional hormones in superovulation protocols can 
be the other factors causing the differences (Sugano, & 
Watanabe, 1997; Son et al., 2007). There are various 
studies on determining the appropriate dose and FSH 
administration methods to eliminate the stress due to 
multiple FSH injections in cattle (Alvarez et al., 2010; Bó 
et al., 2010). It was reported in these studies that 
similar results were obtained by intramuscular or 
subcutaneous (SC) applications of a single FSH 
treatment (Kanitza et al., 2002; Alvarez et al., 2010). 

The number of total ovum/embryos obtained per 
animal was 1.06 (17/16) in CG and 0.43 (7/16) in EG. It 
can be claimed that these rates are low compared to 
the averages of both cultural and local breeds 
(Karasahin et al., 2016). It is considered that these low 
embryo rates may be due to the low reproductive 
performance in EAR cows. It was stated in a study on 
the Anatolian Black cows that the results were similar 
for the superovulation induced by intramuscular 
administration with FSH applied to the epidural space 
compared with FSH treated in decreasing doses. 
However, transferable embryo rates were found low in 
both groups. The results of our study and the study on 
the Anatolian Black cows are similar (Taşdemir et al., 
2012). 

In the study, the ratio of the UFO (23.5 % in CG; 
42.8% in EG ) was similar between the groups. It has 
been stated that the UFO rate varied between 23.5% 
and 39% in previous studies conducted with different 
breeds (Karasahin et al., 2016). The UFO rates we 
obtained in our study are similar to previous studies  
(Taşdemir et al., 2016). 

In the study, the ratio of the total number of 
embryos / ovums and the total number of CL was 41.4 
% (17/41) in CG and 43.7 % (7/16) in EG. Although it was 
higher in the control group, it was lower than the 
studies on other local breeds and culture breeds. It is 
considered that these low rates are due to the breed 
and superovulation protocols (Kelly et al., 1997; Kim et 
al., 2000; Sugano et al., 2001; Barati et al., 2006). After 
more than 30 years of studies in Bos indicus, it is 
emphasized that the superovulation response in these 
animals, in which ovarian and follicular dynamics have 
been largely clarified, is better than Bos Taurus. 
However, this response also depends on environmental 
conditions such as care and feeding (Sağırkaya, 2009). 

In this study, the rates of transferable embryo in 
both groups were (23.5 % in CG; 14.2% in EG ). This ratio 
was lower than other local breeds (Sistani: 49%, Angus: 
52%, Finnish Ayrshire: 61%, Korean Native: 62%, and 
Japanese Black: 53%) (Sugano et al., 2001; Barati et al., 

2006). However, the results of the studies conducted 
in Nelore cattle yielded were similar to the results 
we obtained in our study (Alvarez et al., 2010). It was 
reported that the difference and lowness of these 
results in local breeds could be due to the decrease 
in the number of growing follicles (Lopes et al., 
2007). 

As a result, it was concluded that the Eastern 
Anatolian Red cattle breed does not have the 
potential to provide a superovulation response with 
a high success rate compared with culture breeds. 
However, advanced studies are needed to reveal the 
reproduction parameters of this breed to increase 
the number of transferable embryos. Moreover, the 
superovulation protocol approaches need to be 
improved in light of these studies. 
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