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Super-ovulatory response of pregnant mare serum gonadotropin (PMSG) 
treatment on ovarian characteristics of rabbit does under heat stress 
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ABSTRACT

The main aim of this study was to determine the effects of superovulation treatment on ovarian characteristics, 
follicle and embryo number of rabbit does under heat stress. Fourty-eight hours before natural mating, 30 rabbits 
were divided into three equal groups, viz. control (G1) were injected with 0.1 ml saline/doe and two treatment 
groups (G2, G3) were injected with 20 IU and 40 IU of pregnant mare serum Gonadotropin (PMSG). After 72 h of 
natural mating, does in all groups were slaughtered. The genital tract measurement was taken, the embryos were 
morphologically evaluated, and oocytes and follicle count were recorded. No significant effect of PMSG on ovarian 
measurement was observed. For corpora lutea number and embryo number from the oviduct and uterine horn, there 
were no significant effects of PMSG in all the groups.
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Heat stress is considered as one of the main factors 
affecting the oxidative stress that leads to an impaired 
physiological and reproductive feature in rabbit does  
(El-Ratel et al. 2020). 

Higher ambient temperature (AT) negatively affects 
metabolism, energy, water, mineral, and hormonal balances 
of rabbits (Ondruska et al. 2011). Reproductive hormones 
in females were found to be affected by higher AT, in 
terms of decreasing levels of luteinizing hormone (LH) 
and follicle-stimulating hormone (FSH) (Takahashi 2012).  
Higher AT negatively affected the stages of growth and 
maturation of follicles and oocytes (Boni 2019). These effects 
inhibit ovarian follicular development and ovulation rate  
(Arabameri et al. 2017). On commercial farms, rabbit 
productivity is subjected to negative impacts, leading to 
reduced longevity. Thus, there is a need to improve the 
productive efficiency of the rabbit under high AT, through 
the development of new reproductive strategies to induce 
doe ovulation (Munari et al. 2019). 

The use of hormonal treatments for estrous induction 
and synchronization is a common practice in industrial 
rabbit breeding. Pregnant mare serum gonadotropin, a very 
potent compound, obtained from the serum of pregnant 

mares is the most widely used hormone for lactating does 
(Castalini et al. 1996). A clear positive effect of PMSG was 
found to be limited to the first 4 cycles of insemination 
in lactating does (Theau-Clément et al. 1996), although 
a dose-response effect may be involved in this process. 
PMSG doses commonly used in commercial rabbit farms 
(20–25 IU) probably exceed the minimal dose needed for 
improving productivity in lactating does (Theau-Clément 
et al. 1998a), and the lower the PMSG dose and the number 
of injections, the minor the immune response (Theau-
Clément et al. 1998b).

Our study aimed to examine the influence of pregnant 
mare serum gonadotropin (PMSG) on the fertility of 
rabbits, whose ovarian cycle and ovulation were induced 
by gonadotropins. The numbers of ovarian corpora lutea, 
ovulated oocytes and oocyte-derived embryos reaching the 
blastocyst stage were determined.

MATERIALS AND METHODS

Animals: Lactating multiparous rabbits (30) belonging 
to the National Agronomic Institute of Tunisia (INAT) 
strain, obtained after several crossing between the Fauve de 
Bourgogne, New Zealand and local breeds, at age of 6±1  
month and live weight of 3740±210.65 g, were selected. 
Rabbit does were housed in individual cages and were fed 
ad lib. with commercial balanced feed with 18% crude 
protein and 12% crude fibre.

During the experimental period, average of AT and 
relative humidity (RH) were recorded around the cages 
using a digital thermometer and hygrometer. Thermo-
humidity index (THI) value was calculated according to 
the formula of Marai et al. (2001).
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THI = db °C – [(0.31 – 0.31 × RH) × (db °C – 14.4)]
where, db °C, dry bulb temperature. The values obtained 

indicate: < 27.8 = absence of heat stress; 27.8 – 28.8  
= moderate heat stress; 28.9 – 29.9 = severe heat stress; 
while  > 30.0 signified very severe heat stress.

Protocols of superovulation: Thirty rabbits were 
divided in three groups, viz. control (G1) was injected with 
0.1 ml saline/doe and two treatment groups (G2, G3) were 
injected with 20 IU and 40 IU of PMSG respectively. The 
rabbits were administered PMSG injection 48 h before 
natural mating.  

Morphology of the ovaries: The rabbits were slaughtered 
72 h after natural mating. Ovarian measurements including 
weight and number of corpora lutea were recorded on the 
left and right ovary of each doe. 

Follicle number of rabbit does: After slaughtering, 
2 ovaries from each rabbit were fixed in Bouin solution 
followed by processing in paraffin, sectioning, and staining 
with hematoxylin and eosin. After staining, the follicles 
were categorized as primordial, primary, secondary, mature 
or atretic (Figs 1 and 2). 

The total number of antral follicles and atretic follicles 
per ovary was determined by taking an average of the 
counts from 3 sections (5 sections apart) cut along the long 
axis of the entire ovary. Also, for each follicular stage, the 
follicle and atretic follicles were counted with Apotome 
Fluorescence Microscope (Axio vision Rel 4.8), by taking 
the diameters of the follicles and that of the oocytes.

Embryos production: The embryos were recovered 
after slaughtering at 72 h post-natural mating from both 
superovulated (Groups 2 and 3) and control (Group 1) 
does. At 72 h post-natural mating, embryos were at the 
compact morula stage. The genital tracts were immediately 
removed and the embryos were recovered into a petridish 
(5 cm diameter) by normo-grade perfusion of each oviduct 
and the uterine horns. The embryos were counted and 
evaluated morphologically under a binocular  microscope 
(G ×10). Ovaries were observed and the number of pre-
ovulatory follicles were counted. 

Statistical analyses: The results obtained for each of the 
studied variables were subjected to a simple analysis of 
variance, to prove the existence of significant differences 
between the three groups with different doses of PMSG in 
the macroscopic variables (length of right and left ovaries, 
length of right and left uterine horns, cervix and vagina 
length) and microscopic variables (primordial, primary, 
secondary and tertiary follicles).	

Data were analyzed using the GLM procedure of SAS 
software version 9.4 (SAS 2012). Differences between the 
means values were detected using the SNK test. The results 
are expressed as mean±standard deviation (SD).

RESULTS AND DISCUSSION

Climatic conditions: In the current study, average 
ambient temperature and humidity-temperature index were 
30.38±1.49°C and 28.65±1.00, respectively. These results 
indicated that rabbit does suffered from moderate heat 
stress throughout the experimental period, as reflected by 
high average values of THI (Marai et al. 2002). The change 
from moderate to severe heat stress affected the production 
and the reproduction of rabbit does (Ogunjimi et al. 2008).

Effect of superovulation treatment on the ovarian 
morphology: The effect of superovulation treatment on 
the morphological features of the reproductive organs is 
given in Table 1. The superovulation treatment did not 
significantly affect weight of ovary among relative values 
for G1, G2 and G3. No significant difference among 
relative values of genital segments (oviduct and uterine 
horns) from different experimental groups was detected.

PMSG administration imparted a non-significant 
(P>0.05) effect to ovarian weight. This result is in 
agreement with several authors showing that ovarian 

Fig. 1.  Histological sections of rabbit ovarian antral 
non-ovulated follicles. Staining with eosin-haematoxylin. 
Magnification 300×. A: Atretic follicle; B: First stages of atresia 
(control group). Interstitial cells (IC) are intact, some granulose 
cells contain pyknotic nuclei, some granulosa cells are present in 
follicular fluid (arrow).

Fig. 2. Histological sections of rabbit ovarian antral non-ovulated follicles. Staining with eosin-haematoxylin. Magnification 300×. 
A: Primordial and primary follicles with intact granulosa, and theca externa and theca interna cells (arrow); B: Secondary follicles;  
C: Tertiary follicles; D: Graafian follicle.
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weight of doe rabbits was not affected by treatment with 
100-150 IU PMSG (Kennelly and Foot 1965), 0.5 mg FSH 
(Yuonglai 1984) or PMSG and hCG (Daader et al. 2003).

On the contrary, Fukunari et al. (1990) found that the 
ovarian weight of immature Japanese White rabbit does  
(4 months old) treated with PMSG (50 IU) was significantly 
higher than that of the untreated does after 72 h of mating. 
Also, Gosalves et al. (1994) noted that females treated 
with PMSG had heavier ovaries (0.60 g) than those of does 
injected with the saline solution (0.18 g).

Effect of superovulation on the corpus luteum and 
embryos number: The number of  rabbit showing CLs on 
the right ovaries was higher than those showing CLs on 
the left ovaries in G1 (4.88±0.96 vs. 3.22±0.64), being the 
opposite in G2 (3.70±0.91 vs 3.20±0.61) and similar in G3 
(5.15±0.80 vs 3.76±0.53). 

The overall mean number of embryos on right and left 
oviducts and corpus luteum was 8.43±2.84 for control 
group, 7.00±2.66 for G2 (20I U of PMSG) and 11.08±2.17 
for G3 (40 IU of PMSG) (Table 2). 

The number of embryos recorded immediately after 
slaughter were not affected significantly (P>0.05) by 
superovulation protocols (Table 2).

The mean number of corpus luteum and embryos did 
not differ significantly (P>0.05). 

Our finding are in disagreement with those of 
Fahim (2008) who found higher number in NZW does 
superovulated with PMSG (150 IU) followed by hCG  
(75 IU) 72 h later and slaughtered 24 or 72 h after mating. 
In agreement with the present results, Ömer et al. (2002) 
recorded that number of corpora lutea was greater in GnRH 
treated mice than in control. Similar trend was observed 

by El-Keraby et al. (1991), who found that increasing 
GnRH dose from 0.2 to 0.4 ml/doe increased number 
of CL in NZW doe. Generally, number of corpora lutea 
ranged between 7.4 to 10.3/doe (El-Keraby et al. 1991) 
or averaged 22/doe (Dorra et al. 2013) in different rabbit 
breeds treated with GnRH as compared to 6.6-8.0 or 15.58/
doe in the control, respectively. Moreover, Mehaisen et al. 
(2005) recorded greater number of ovulation sites (15.3 and 
15.9) as compared to 13.5 and 13.2 (Vicente et al. 2003)  
for doe rabbits of R and V lines, respectively. On the 
contrary, higher number of corpora lutea (19.2/doe) 
for rabbits superovulated with PMSG was reported by  
Lee et al. (1991). Salvetti et al. (2007) reported that the 
total number of the corpus luteum was 11.9±3.1 in control, 
25.4±8.7 in FSH group without LH and 25.9±10.5 in the 
FSH group with LH. The results from the present study 
demonstrate that the total number of embryos was not 
improved by ovarian stimulation using PMSG.

On the contrary, Salvetti et al. (2007) found that during 
hormonal treatment with FSH, the number of embryos was 
19.9±9.3. Also, Theau-Clement et al. (2008) recorded a 
significant increase (7.7 vs 10.9 and 10) in the total number 
of embryos for the control, 8 and 25 IU eCG, respectively. 

In accordance with the present results, Dorra et al. (2013)  
found no difference in embryo recovery rate of control 
rabbit does and those superovulated with GnRH, but 
reported higher recovery rate, being 82.87 and 82.24, 
respectively. However, Fahim (2008) found that number of 
embryos collected after 72 h of mating was 4.35/ovary and 
recovery rate was 66.7% in NZW rabbits superovulated by 
PMSG. Similarly, El-Keraby et al. (1991) found that the 
recovery rates of embryos collected from does treated with 

Table 1. Morphological analysis of the reproductive organs

Parameter G1 G2 G3 P
Weight of genitals (g) 19.75±1.15 16.25±1.09 18.81±0.95 0.08
Weight of right ovary (g) 0.35±0.04 0.31±0.03 0.27±0.03 0.31
Weight of left ovary (g) 0.32±0.04 0.32±0.03 0.31±0.03 0.94
Length of right ovary (cm) 1.67±0.09 1.67±0.09 1.79±0.08 0.52
Length of left ovary (cm) 1.66±0.08 1.56±0.08 1.78±0.07 0.13
Width of right ovary (cm) 0.55±0.05 0.60±0.05 0.65±0.04 0.39
Width of left ovary (cm) 0.57±0.05 0.62±0.05 0.64±0.04 0.58
Length of right oviduct (cm) 17.78±0.72 16.42±0.67 16.31±0.57 0.25
Length of left oviduct (cm) 15.50±0.55 14.10±0.51 14.87±0.43 0.19
Length of right uterine horn (cm) 9.27±1.21 10.51±1.08 10.55±0.95 0.67
Length of left uterine horn (cm) 9.10±1.14 9.90±1.02 10.60±0.89 0.56

Table 2.  Effect of superovulation on the corpus luteum and embryos number

Parameter G1 G2 G3 P
Number of corpus luteum (right) 4.88±0.96 3.70±0.91 5.15±0.80 0.47
Number of corpus luteum (left) 3.22±0.64 3.20±0.61 3.76±0.53 0.72
Total number of corpus luteum 8.14±2.84 6.90±1.25 8.66±1.14 0.57
Number of embryos of the right oviduct 1.42±0.69 1.75±0.64 2.18±0.55 0.68
Number of embryos of the left oviduct 2.14±0.81 2.00±0.76 2.09±0.65 0.99
Number of embryos of the right corpus luteum 3.16±1.04 1.75±0.90 2.18±0.77 0.59
Number of embryos of the left corpus luteum 1.14±0.60 1.50±0.56 2.00±0.48 0.53
Total number of embryos 8.43±2.84 7.00±2.66 11.08±2.17 0.25
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0.2 or 0.4 ml GnRH ranged from 88.8 to 90% in treated 
versus 90% in the control group. 

Effect of superovulation on the follicle number: The 
follicle classification was based on the characteristics 
proposed by Hirshfield and Midgley (1978). PMSG 
treatment had no effect on number of follicle (Table 3).  

The number of primordial, primary, secondary and 
Graafian follicles were not significantly different between 
the groups (Table 3). Similar results were reported by El-
Nefiawy and Nagwa (2011), who found no significant effects 
in the primary follicle and antral follicle amounts. However, 
David et al. (2009) noticed the positive effect of ECG on 
follicular development and ovulation. Currently, there is 
little information on whether ECG has more remarkable 
effects on ovarian growth and follicular development 
than FSH in the same animal. Zhang et al. (2007)  
approved the efficacy of Equine chorionic gonadotropin 
(ECG, previously known as pregnant mare serum 
gonadotrophin, PMSG) on the superovulation of mammals 
due to its efficacies on FSH and LH. Arias-Alvarez et al. 
(2009) found that treatment based on eCG does not affect 
the number of tertiary and Graafian follicles. 

The present number of total follicles/doe was lower than 
62.67 follicles/doe as reported by Dorra et al. (2013) in 
Baladi Red rabbits superovulated by PMSG and GnRH, 
and higher than 30.4/doe in Baladi Black and 20.8/doe in 
NZW does superovulated by GnRH as reported by Abdel-
Khalek et al. (2010).

The mean number of primordial and primary atretic 
follicles was 5.75±0.98, 7.14±1.17 and 5.37±1.10, 
respectively for the control, G2 and G3 groups. The mean 
number of secondary atretic follicles was 2.50±0.55 for 
G1, 3.35±0.65 for G2 and 2.50±0.61 for G3. The average 
number of tertiary atretic follicles was 0.80±0.19, 0.64±0.22 
and 0.68±0.21 respectively for the control group,  G2 and 
G3 groups. The mean number of atretic Graafian follicles 
was 0.20±0.14, 0.21±0.17 and 0.37±0.16 respectively for 

the control group, G2 and G3.
Zhang et al. (2007) found that FSH inhibits the granulosa 

cell apoptosis and can rescue granulosa cells from atresia in 
mice. Garcia et al. (2009) demonstrated that treatment with 
eCG had no effect on the rate of atretic follicles with both 
intensive and semi-intensive rates. 

Effect of superovulation on the diameter of oocyte 
and follicle: Significant effect was observed on diameter 
of oocyte and primary follicle in G2 group with 20 IU of 
PMSG dose  and secondary with 40 IU of PMSG dose 
(Table 4). However, the diameter of tertiary oocyte as well 
as tertiary follicle was not affected by PMSG injection.

 It was concluded that superovulation treatment of rabbit 
does with 20 and 40 IU PMSG, after natural mating, had 
no significant effect on  ovarian weight, embryo yield and 
follicle number.
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