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Öz

Amaç: Sunulan çalışma, düvelerde uygulanan farklı senkroni-
zasyon yöntemlerinin fetal cinsiyet üzerine etkilerinin belirlen-
mesi amacıyla yapıldı. 

Gereç ve Yöntem: Düveler (n=120) rastgele 3 gruba ayrılarak 
birinci grup (n=40) PGF2α, ikinci grup (n=40) ovsynch proto-
kolü, 3. grup (n=40) ise intravajinal progesteron salan bir aygıt 
kullanılarak senkronize edildi. Gebe düveler takip edilerek bu-
zağıların cinsiyetleri kaydedildi. Bunlara ek olarak daha iyi bir 
değerlendirme yapabilmek amacıyla bir önceki yıla ait işletme 
kayıtları alındı.

Bulgular: Birinci gruptaki düvelerde % 42,5 oranında gebelik 
elde edildi ve bu gebelikler sonrası şekillenen doğumlardan 
11’inde erkek, 6’sında dişi buzağı doğdu. İkinci gruptaki düve-
lerde % 45,0 oranında gebelik elde edildi ve bu gebelikler son-
rası şekillenen doğumlardan 7’sinde erkek, 11’inde dişi buzağı 
doğdu. Üçüncü gruptaki düvelerde ise % 40,0 oranında gebe-
lik elde edildi ve bu gebelikler sonrası şekillenen doğumlardan 
8’inde erkek,  8’inde dişi buzağı doğdu. Bir önceki yıla ait işlet-
me kayıtları incelendiğinde gebeliği tespit edilen düvelerden % 
48,1’i dişi ve % 51,9’u erkek buzağı doğduğu belirlendi. Gruplar 
arasında gebelik oranları ve fetal cinsiyet bakımından önemli 
bir farkın olmadığı tespit edildi (P>0.05). Aynı zamanda bir ön-
ceki işletme kayıtlarına göre de fetal cinsiyet bakımından ista-
tistiki olarak bir fark belirlenemedi (P>0.05).

Öneri: Sonuç olarak, düvelerde farklı senkronizasyon yöntem-
lerinin fetal cinsiyet üzerine etkisinin olmadığı belirlendi. İsta-
tistiksel fark belirlenememesine rağmen sayısal olarak çift doz 
PGF2α grubunda daha fazla erkek, Ovsynch grubunda ise daha 
fazla dişi buzağı doğduğu görüldü.

Anahtar kelimeler: Fetal cinsiyet, senkronizasyon, düve

Abstract

Aim: The aim of this study was to detect the effect of different 
synchronization protocols on fetal sex in heifers.

Materials and Methods: Heifers (n=120) were divided ran-
domly into three groups. The heifers in the first group (n=40), 
the second group (40), and the third group (n=40) were 
synchronized with two doses of PGF2α, Ovsynch, and intrava-
ginal progesterone respectively. Pregnant heifers were followed 
up and the sexes of calves were recorded. Operation records of 
the last year were taken in order for better evaluation.

Results: In the first group, the pregnancy rate was 42.7% and 
11 of calves born were male, 6 of them were female. In the se-
cond group, 45% pregnancy rate was achived and 7 of calves 
born of these pregnancies were male, 11 of which were female. 
As for the third group, 40,0% pregnancy rate was achived and 8 
of calves born of these pregnancies were male, 8 of them fema-
le. When the operating records belongs to previous year were 
analyzed, it was determined that 48,1% female calf  51,9% male 
calves were born. No significant differences were found in preg-
nancy rate and fetal sex rate between different groups (P>0.05). 
Moreover, there was no statistical difference in gender ratio 
when datas compared with operating records (P>0.05).

Conclusion: In conclusion, it was determined that different 
synchronization methods had no effect on fetal sex. Although 
there was no significant differences between groups, more male 
calves in PGF2α and more female calves were born in Ovsynch 
group. 
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Introduction

It has always been intriguing to be able to manipulate the sex 
of offsprings and therefore a quite number of studies have been 
conducted on spermatozoa (Johnson and Welch 1999, Garner et 
al 2013) and embryos (Shea 1999, Peippo et al 2009). The sex 
of offsprings is of special importance in the livestock industry. 
Basically, male offsprings are desired in beef farms, whereas fe-
males are desired in dairy farms. Today, using sex-sorted sperm 
is the most commonly applied method to obtain offsprings in a 
desired sex. However, the high cost along with the low degre-
es of success of this technique limit its feasibility (Bodmer et 
al 2005).

Cattles produce an equal number of X and Y bearing spermato-
zoa and the fertilizing capability of these spermatozoa is almost 
the same. Expected gender ratio, thus, is 1:1 approximately (Ja-
mes 1996, Dominko and First 1997, Rorie 1999). However an 
unanticipated skewness in the gender ratio, especially in wild 
animal populations, has led to an idea that maternal determi-
nants may be effective in this process. Moreover “Sex Allocati-
on” hypothesis put forward by Trivers and Willard (1973) in 
their research has drawn special attention to this point, and 
a significant number of studies related to skewness in gender 
ratio due to maternal factors have been conducted on different 
animal species. Although mechanism underlying shift in the sex 
ratio has not been fully understood, it was reported in a number 
of studies that alteration in maternal hormone levels may chan-
ge the gender ratio (James 1980, Krackow 1995, James 2008).

 It is reported in the studies carried out on various animal spe-
cies that in addition to genetic influence many environmental 
factors such as nutrition (Kent 1995), maternal psychological 
and physiological status (Lane and Hyde 1973), time of insemi-
nation (Martinez et al 2004), potential effect of the hormones 
used for synchronization (Xu and Burton 1999) can alter the 
gender ratio. From a broader perspective, all these factors may 
alter the gender ratio in two different ways; 1) affecting the pe-
riod before conception 2) making one sex superior to the other. 
Even in the same species, contradicting results have been ob-
tained with regards to the direct influence of the external and 
internal factors on gender selection (Harlap 1979, Reubinoff 
and Schenker 1996, Rorie et al 1999, Martinez 2004, Roelofs et 
al 2006, Demiral et al 2007). Therefore, it should be noted that 
results of these hypotheses can vary among species (Rosenfeld 
and Roberts 2004).

Milk yield has increased considerably in the last fifty years 
thanks to developing farm management systems and nutrition 
methods. Genetic selection and progress made for the purpose 
of increasing the milk yield to support dairy industry have ca-
used a serious reduction in fertility. Synchronization methods, 
therefore, are widely employed throughout the world to imp-
rove reduced fertility (Walsh et al 2011, Berry et al 2016).  The 
present study has been conducted to reveal the effect of three 
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different synchronization methods commonly employed in the 
field on gender ratio.

Materials and Methods

All procedures used in this study was approved by Selcuk Uni-
versity Faculty of Veterinary Medicine Ethical Committee (app-
roval number 2010/38).

The material of study was composed of 120 Holstein heifer we-
ighing 350-400 kg under the same nutritional and environmen-
tal conditions in Bursa Karacabey Agricultural Operation. Prior 
to the involvement of the material into the study, health status 
of the heifers was evaluated through clinical and systemic exa-
minations. Rectal palpation and ultrasonographic examination 
were performed to determine reproductive condition of the he-
ifers, and all findings were recorded. Based on the results of the 
examinations, clinically healthy, cyclic heifers were included in 
the study.

The heifers were randomly divided into 3 groups. Two doses of 
PGF2α with 11-day interval were performed in the animals in 
the first group (n=40). As for the second group (n=40), Ovsynch 
protocol (Pursley et al 1997) was performed and the heifers 
in the third group (n=40) were synchronized with an internal 
progesterone releasing device. Without examining the animals, 
two doses of PGF2α (D-Cloprostenol, Dalmazin-Vetaş-Turkey), 
0,15 mg each injection, with 11-day interval were administra-
ted. Following the second injection, animals were artificially in-
seminated at the 60th hour. As for the second group, firstly 10 
µg GnRH (Buserelin acetate, Receptal-İntervet) was administra-
ted (day 0). On the 7th day following GnRH, 0,15 mg PGF2α was 
applied and two days later (day 9) 10 µg GnRH was injected. 
Finally, artificial insemination was performed on the day 10. An 
internal progesterone releasing device (1,38 g progesterone, 
CIDR-Pfizer) that is placed into vagina was used for the heifers 
in the third group for 7 days. Animals were inseminated artifici-
ally at the 56th hour after the device was taken out. Additionally, 
operation records of the last year which belong to animals that 
were detected only through estrous observation and artificially 
inseminated without using any synchronization method were 
taken in order for better evaluation of the effect of synchroniza-
tion methods on fetal sex. Pregnancy, delivery rate, and gender 
ratio belonging to aforementioned heifers were detected with 
the records.

Chi-square statistical analysis was used to evaluate the obtained 
results based on the measurement. The research data were exp-
ressed in % means and P <0.05 was considered to be important.

Results

Findings regarding the pregnancy states of heifers along with 
the sex of the new-born calves in the first, second, and third gro-
ups are presented in Table 1.
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Pregnancy rate was 42,5% in the first group and 6 female 
(35,3%) and 11 (64,7%) male calves were born. A twin (fema-
le/female) was born, as well.  In the second group, 45% of the 
heifers were diagnosed as pregnant, and they delivered. Ele-
ven (61,1%) of 18 calves were female while 7 (38,9%) of them 
were male. As for the third group, pregnancy rate was found 
as 40%. Totally 16 calves were born from these pregnancies. 
Eight male (50%) and 8 (50%) female calves were born (Graph 
1). When pregnancy rate after first insemination is compared 
between groups, no significant difference was found (P>0.05). 
While male and female count was equal in number in the third 
group, male rate in  the first, female rate in the second group 
was higher. Although there is a difference in the count of cal-
ves, there was no significant difference in gender ratio for all 
groups (P>0.05). From the pregnant heifers (n: 158), who were 
artificially inseminated based on estrous observation without 
applying any synchronization methods in the light of the pre-
vious year’s records, the female and male ratios were observed 
as 48,1% and 51,9% respectively. Just like in other groups, the 
results were not significantly different (P>0,05) (Table 2).

Discussion

In this study, although 3 different synchronization methods 
could not elicit any significant differences, there was a ten-
dency to male in the first group using PGF2α, to female in 
the second group using GnRH and PGF2α. Our results were 
in line with those of some other studies (Whittaker ve ark. 
2002, Holm 2006).

PGF2α affects a number of physiological processes such as 
contraction of the uterus smooth muscles, transportation of 
the spermatazoa, and ovulation (Duffy and Stouffer 2001, 
Ruan et al 2011). In some studies, which were carried out 
about this matter on heifers, 64% (Holm 2006) and 70% (Os-
trowji et al 1988) bull calf was born. In the present study, we 
achieved 64% bull calf (11 males, 6 female).

As for the second group, it was observed that there was a 
tendency to heifer calf (61.1%). GnRH used in the Ovsynch 
protocol induces a sudden and high level of gonadotrophin 
secretion. The studies conducted on this subject yielded con-
flicting results. More heifer calves were born as a result of 
early (0. hour) and late (32. hour) inseminations performed 
after the last GnRH injection in a field trial carried out by 
Pursley et al (1997). In another study, more bull calves were 
born with the inseminations in the 24th hour following last 
GnRH injection (Youssefi et al 2013). On the other hand, there 
are also studies reporting that time of insemination does not 
affect the gender ratio (Bayril and Yılmaz 2012). Here, ar-
tificial inseminations were performed in the 24th hour fol-
lowing the last GnRH injection and more heifer calves were 
born. In the aforementioned study, lactating cows were used; 

Groups

Group 1 (n:40)

Group  II (n:40)

Group III (n:40)

Table 1. Pregnancy rates and gender ratios

Pregnant heifers

(%)

17a

(42,5)

18a

(45,0)

16a

(40,0)

Female calf

(%)

6a,A

(35,3)

11a,A

(61,1)

8a,A

(50,0)

Male calf

(%)

11a,A

(64,7)

7a,A

(38,9)

8a,A

(50,0)

*No significant difference was detected in same column (a) and row (A)

Record

Pregnant heifer (n: 158)

Table 2. Operation records belong to pervious year

Female calf

(%)

76a

(48,1)

Male calf

(%)

82a

(51,9)

a: There is no significant difference in same row

Figure 1. Number of pregnancies and sex of calves born
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however, the present study was conducted on heifers. Estrus 
cycle along with the period of dominance of the dominant 
follicle is shorter in heifers than cows (Wolfenson et al 2004). 
Probably when artificial insemination in the 24th hour fol-
lowing GnRH administration was performed, ovulation had 
already occurred in heifers. Therefore, these late insemina-
tions could be the reason why there is a tendency to female 
born in our study.

With regards to the issue of how progesterone synchroniza-
tion affects the gender ratio, results obtained from different 
studies are not constant. In a study using progesterone + 
estradiol benzoate for synchronization, early inseminations 
(23-26th hour) favored male calf, whereas late (29-33th 
hour) inseminations favored females (Whittaker et al 2002). 
Additionally, although bias towards female was observed in 
some studies evaluating progesterone synchronization, no 
significant difference was detected (Xu and Burton 1999, Ri-
vera et al 2005, Lamb et al 2014). Here, the number of male 
and female calves was equal in the group synchronized with 
progesterone. In studies of in-vitro fertilization, it is reported 
that when oocyte developed in an environment where andro-
gen level is high, it especially chooses the Y bearing sperma-
tozoa.  (Grant and Irwin 2005, Grant et al 2008, Macaulay et 
al 2012). Furthermore, estrogen exposure causes a tendency 
to female in the studies conducted on different animal spe-
cies (Engelhardt et al 2004, Freedberg et al 2006). The differ-
ence between our study and the aforementioned studies are 
probably due to the use of progesterone preparation com-
bined with estrogen. Because the use of estrogen and other 
steroid hormones as growth promoters in animals intended 
for human consumption is prohibited in all states of the Eu-
ropean Union, we used an intravaginal device preparation 
without estrogen.

There are considerable amount of studies arguing that the 
reason underlying alteration in the sex ratio in relation to 
environmental factors is that X and Y bearing spermatozoa 
have different morphologic characteristics (Johnson 1995, 
Wehner et al 1997, Pursley et al 1997, Martinez et al 2004). 
This piece of information that initially appeared in the two 
articles published by Shetter in the 1960s inspired the au-
thors of the aforementioned studies. In the following years, 
the developing methods such as CASA (Computer-assisted 
sperm analysis) and In situ hybridization proved that X and 
Y bearing spermatozoa are morphologically indistinguish-
able (Moruzzi et al 1988, Hossain et al 2001, Grant 2006, 
Zavaczki et al 2006). Some new products arising as a result 
of the enhancing technology have continued to crystalize the 
issue. A study recently conducted with the aid of the atomic 
force microscope, which is a high-resolution device, has re-
vealed that spermatozoa bearing X and Y chromosome co-
extend are similar in volume; however, they topographically 
differ in terms of morphological characteristics (Carvalho et 
al 2013). As a support for the study above, it was determined 

that X and Y bearing spermatozoa have different structural 
proteins (Chen et al 2012, De Canio et al 2014). Above all, 
a recent work suggested that X and Y bearing spermatozoa 
have different functional properties. The experiment de-
signed by Almiñana et al (2014) obviously showed that sex 
specific signals produced by spermatozoa in the oviduct can 
be distinguished by the female. As a result of these studies, 
it was proven that the oviduct, in which processes such as 
fertilization, capacitation and early embryonic development 
are achieved, is an active participant of the gender selection 
process, not passive. The fact that, being a determinant of 
gender selection, the oviduct, which morphologically, bio-
chemically, and physiologically changes in a marked way by 
the stimulation of steroid hormones throughout the estrous 
cycle, clearly shows that the hormonal status of the mother 
during estrus cycle may also have an effect on the sex of the 
offsprings (Pérez-Cerezales et al 2017, Binelli et al 2018).

Conclusion

In conclusion, though, in the present study no significant dif-
ferences have been observed in the effect of hormonal chang-
es in mothers on the sex ratio, one may reach a conclusion 
based on the recent studies that there is still a need for more 
comprehensive clinical and molecular studies. 
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