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Abstract  
This study aimed to evaluate the effect of gonadotropin-releasing hormone (GnRH) 

administration 48 hours after progesterone-impregnated sponge removal on fertility and prolificacy in 

lactating Assaf ewes. In this study, 71 ewes were synchronised using intravaginal sponges containing 

60 mg medroxyprogesterone acetate for six days. On the day of sponge removal, all ewes received 

500 IU of equine chorionic gonadotropin and 75 µg of d-cloprostenol. In the control group (n = 35), ewes 

were injected with 1 mL of physiological saline solution; in the GnRH group (n = 36), ewes were injected 

with 0.1 mg of GnRH analogue 48 hours after sponge removal. There were no significant differences 

between the groups in the progesterone concentration, oestrus response, oestrus duration, onset of 

oestrus, abortion rate, lambing rate, multiple birth rate, and fertility results. However, the pregnancy rate 

differed between the groups, being significantly lower in the GnRH-injected ewes (69.44%) than in the 

control ewes (91.42%). The lambing rates were 90.62% and 96.0% in the control and GnRH ewes, 

respectively. The results of this study suggest that GnRH administration 48 hours after progesterone-

containing sponge removal enhances prolificacy in lactating Assaf ewes during the breeding season, 

and it was concluded that prolificacy rates could be improved with post-synchronisation GnRH 

administration. However, pregnancy rates would need to be increased using different supportive 

treatments. 
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Introduction 
Fertility success is a major factor for herd sustainability in livestock enterprises. Enhancing the 

reproductive performance of sheep reduces the lambing interval, culling and replacement rates, and 

costs, while increasing the number of lambs per year and profitability (Notter, 2000; Baki Acar et al., 

2013; Liu, 2022). Sheep reproduction presents a seasonal pattern, with photoperiod controlling 

reproductive activity by increasing melatonin secretion from the pineal gland during the short-day 
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season. Reproductive management practices have long utilised this seasonality during both breeding 

and non-breeding seasons in sheep farming (Ramírez-Ramírez et al., 2021; Simões et al., 2021). 

However, oestrus or ovulation synchronisation protocols can also be used to enhance reproductive 

efficiency, synchronise lambing, ensure adequate milk and meat production for the market, simplify 

management – particularly for preventive treatment applications – and increase lamb sales. During the 

breeding season, prostaglandin F2α (PGF2α), progestogens, equine chorionic gonadotropin (eCG), and 

gonadotropin-releasing hormone (GnRH) are used for exogenous hormone administration. Melatonin 

may also be added to synchronisation protocols during out-of-season periods (Yang et al., 2020). Short- 

and long-term progesterone-containing intravaginal sponges or devices, in combination with eCG and 

PGF2α, are the most commonly used protocols for oestrus synchronisation in ewes. Nevertheless, there 

remains ambiguity regarding the supportive effect of administering GnRH before or after the removal of 

progesterone devices on pregnancy rates and fertility in small ruminants. It has been reported that GnRH 

administration stimulates ovulation, increases embryonic viability, and improves conception rates (Titi 

et al., 2010). However, several studies have reported that the use of GnRH in combination with 

synchronisation protocols does not improve fertility or pregnancy rates (Baki Acar et al., 2013; Maggi et 

al., 2024; Zhang et al., 2024).  

The effective measurement data for small ruminant reproduction are fertility, fecundity, and 

prolificacy values. The ovulation rate, number of lambs per year, and litter size provide fertility values, 

and farmers aspire to achieve higher fertility, fecundity, and prolificacy in sheep breeding (Abdoli et al., 

2016). Prolificacy, which is the average number of lambs born per lambing, is mainly controlled by 

prolificacy genes such as the bone morphogenetic protein 15 (BMP15), fecundity gene (FecXO), beta-

1,4-N-acetyl-galactosaminyl transferase 2 (B4GALNT2), growth differentiation factor 9 (GDF9), and 

bone morphogenetic protein receptor 1B (BMPR1B). Mutations in these major genes can regulate 

ovulation rates and litter size in sheep and goats (Notter, 2000; Sadeghi et al., 2022; Cui et al., 2022), 

and several sheep breeds, including Romanov (mean litter size of 3.4), Chios/Sakız (mean litter size of 

2.5), Lleyn (mean litter size of 3.4), Hu (mean litter size of 3.0), and Han (mean litter size of 2.9), among 

others, are classified as highly prolific breeds. Studies have also reported that ewe age (with a maximum 

at three to six years), seasonal differences (higher in winter and spring lambings), and management 

within a flock can affect prolificacy (Notter, 2000; Drobik & Martyniuk, 2014). Different fertility and 

prolificacy-improving methods, such as cross-breeding, within-breed selections, and gene editing, are 

applied to local low-prolific breeds on sheep farms worldwide (Davis et al., 2006; Cyhan et al., 2009; 

Gootwine, 2020). Exogenous gonadotropic hormone administration to increase litter size has also been 

investigated, and it has been suggested that these hormonal supports might improve prolificacy at 

variable rates in different sheep breeds (Kutlu & Dinç, 2021). 

There is much existing data about methods to enhance reproductive efficiency and litter size in 

small ruminants; however, these data demonstrate that reproductive parameters are affected by various 

factors, such as breed, region, and management (Gootwine, 2020; Kutlu & Dinç, 2021; Cui et al., 2022). 

Consequently, continued investigation into the fertility and reproductive improvement of sheep is 

required. The present study investigated the effect of GnRH administration 48 hours after sponge 

removal on the prolificacy traits of Assaf ewes during the breeding season. 

 

Materials and methods 
This study was conducted in accordance with the Guidelines for the Care and Use of Animals 

and approved by the Ayhan Şahenk Agricultural Application and Research Center Animal Experiments 

Local Committee of Niğde Ömer Halisdemir University (approval number: 2023-11).  
 

Animal material 

This experiment was performed on a commercial farm using 71 healthy, late-lactation Assaf 

ewes (aged between two and five years) housed in free-stall barns. The farm is in Niğde province, 

located at 37°58′0″ N, 34°40′45″ E, and is 1243 m above sea level. The ewes were milked twice a day 

at 07:00 and 19:00 using a 2 × 12 fishbone milking machine system. They were fed a hay, corn silage, 

ryegrass silage, corn, and concentrate mixture (lactation period: 1280 g/day, 18% crude protein, 

2800 kcal/kg metabolisable energy, and 4.40% fat; dry period: 700 g/day, 14% crude protein, 

2750 kcal/kg metabolisable energy, and 3.80% fat), and had ad libitum access to water and mineral 

blocks. The ewes' mean body condition score on a 1 to 5 scale (1: emaciated and 5: obese) was 
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3.29 ± 0.07 in the control group and 3.35 ± 0.07 in the GnRH group. The parity distribution of the ewes 

between the groups was similar (control group: n = 10 first parity, n = 3 second parity, n = 11 third parity, 

and n = 11 fourth parity; GnRH group: n = 10 first parity, n = 5 second parity, n = 10 third parity, and 

n = 11 fourth parity). Routine reproductive examinations were performed and only healthy ewes were 

selected for the study. Adult, intact, and fertile (according to farm records) rams (n = 17) were housed 

separately from the ewes.  

 

Experimental design and hormonal treatments 

The ewes were synchronised using a short-term progesterone protocol. Each ewe received an 

intravaginal sponge containing 60 mg medroxyprogesterone acetate (Esponjavet®, HIPRA, Spain) for 

six days. Upon sponge removal, all ewes received 500 IU of eCG (Oviser®, HIPRA, Spain) and 75 µg 

of d-cloprostenol (Gestavet Prost®, HIPRA, Spain) intramuscularly. The ewes were then randomly 

divided into two groups: in the control group (n = 35), the ewes were intramuscularly injected with 1 mL 

of physiological saline solution, while in the GnRH group (n = 36), the ewes were injected with 0.1 mg 

of GnRH analogue (Gestavet GnRH®, HIPRA, Spain) 48 hours after sponge removal.  

Vaginal discharge scores were recorded for all ewes and compared to pregnancy rates. Vaginal 

discharge was evaluated for characteristics (odour, amount, texture, and colour) and scored 

(0: negligible or no discharge, 1: some clear discharge, and 2: abundant haemorrhagic or purulent 

discharge). Oestrous signs and mating behaviours were video recorded and evaluated for three days. 

Ewes were mated with proven Assaf rams until oestrus ended. Pregnancy diagnosis was performed 

using transrectal real-time B-mode ultrasonography (WED-3000V, HASVET, Türkiye) 23–26 and 35–38 

days after mating. Oestrus response, pregnancy rate, embryonic death rate, abortion rate, lambing rate, 

twinning rate, fecundity, prolificacy, and fertility rate were also noted: 

• Oestrus response: Number of ewes in oestrus/Total number of ewes × 100 

• Pregnancy rate: Number of pregnant ewes/Number of ewes mated × 100 

• Lambing rate: Number of ewes lambed/Number of ewes pregnant × 100 

• Twinning rate: Number of ewes producing twin lambs/Number of ewes lambed × 100 

• Fecundity: Number of lambs born per ewe mated 

• Prolificacy: Number of lambs born per ewe lambed 

• Fertility: Number of ewes lambed  

 

Blood sample collection and progesterone analysis 

Blood samples from all the Assaf ewes were collected by jugular venipuncture using non-

heparinised vacuum tubes (Ayset Vacutainer®, Adana, Türkiye) on the day of sponge removal. The 

samples were centrifuged at 3000 g for 15 minutes (NF800, Nüve®, Türkiye), and the separated serum 

samples were stored at −20 °C until analyses were performed. Serum progesterone concentrations 

were determined using the chemiluminescent (CLIA) method (Snibe-Maglumi 4000 Plus, Shenzhen, 

China), with a sensitivity of ≤0.1 ng/ml, a specificity of 90%, and intra-assay and inter-assay coefficients 

of variation of 3.4%–5.5% and 1.6%–2.2%, respectively, for samples containing between 0.1 and 

80 ng/ml progesterone. 

 

Statistical analysis 

Statistical analyses were performed using the Statistical Package for the Social Sciences 

(SPSS) software, version 25.0. The onset of oestrus, oestrus duration, pregnancy duration, body 

condition score, days in milk, number of lactations, milk yield, and vaginal discharge scores were 

analysed using independent sample t-tests. Blood progesterone levels, pregnancy rates, oestrus 

responses, lambing rates, twinning/triplet rates, fertility, and vaginal discharge scores were compared 

using the Mann-Whitney U test. The fecundity, prolificacy, abortion rate, and lamb sex distribution were 

analysed using chi-square tests, and the distribution of the onset of oestrus was analysed using a 

repeated measures test. The differences were considered significant when P <0.05.  

 

Results 
The vaginal discharge scores and pregnancy rates related to vaginal discharge were compared 

between the control and GnRH groups (Table 1). Varying degrees of vaginal discharge were observed 

in all ewes. Clear and negligible amounts of discharge, and moderate haemorrhagic staining on the 
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intravaginal sponges were observed in ewes scored 1, and abundant amounts of purulent, malodorous 

discharge, and dense haemorrhagic staining on the intravaginal sponges were observed in ewes scored 

2 following sponge removal. However, there were no significant differences in either the vaginal 

discharge scores or the pregnancy rates related to the vaginal discharge scores between the treatment 

groups.  

 

Table 1 Frequency of vaginal discharge scores (VDS) and pregnancy rates related to VDS in lactating 

Assaf ewes injected with either gonadotropin-releasing hormone (GnRH) or saline (control) 48 hours 

after progesterone-impregnated sponge removal 

VDS 
Score rates Pregnancy rates 

GnRH Control P-value GnRH Control P-value 

        

0 
% 0.0 0.0 

- 0.0 0.0 - 
n (0/36) (0/35) 

1 
% 58.33 60.00 

0.887 
71.47 90.90 

0.105 
n (21/36) (21/35) (15/21) (20/22) 

2 
% 41.66 40.00 

0.924 
66.66 92.30 

0.105 
n (15/36) (14/35) (10/15) (12/13) 

        

VDS: 0: negligible or no discharge, 1: some clear discharge, 2: abundant amounts of haemorrhagic or purulent 
discharge.  

 

The oestrus onset distribution is presented in Figure 1. The onset of oestrus typically occurred 

between 24 and 48 hours after sponge withdrawal.  

 

 

Figure 1 The distribution of the onset of oestrus in lactating Assaf ewes injected with either 

gonadotropin-releasing hormone (GnRH) or saline (control) 48 hours after progesterone-impregnated 

sponge removal. 

 

Mean body condition score, days in milk, lactation number, milk yield, vaginal discharge score, 

progesterone concentration, oestrus response, pregnancy rate, abortion rate, lambing rate, 

twinning/triplet rate, fertility, and lamb sex distribution data for each treatment group are presented in 
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Table 2. There were no significant differences between the groups in the descriptive and reproductive 

results, with the exception of the pregnancy rate (P <0.05), which differed between the control and GnRH 

groups. The pregnancy rate was significantly lower in the ewes injected with GnRH 48 hours after 

sponge removal (69.44%) than in the control ewes (91.42%). However, the lambing rates were 90.62% 

(29/32) and 96.0% (24/25) in the control and GnRH groups, respectively (P >0.05). 

 

Table 2 Mean descriptive and reproductive results (mean ± standard error) for lactating Assaf ewes 

injected with either gonadotropin-releasing hormone (GnRH) or saline (control) 48 hours after 

progesterone-impregnated sponge removal  

Parameter Control (n = 35) GnRH (n = 36) P-value 

    

Body condition score 3.29 ± 0.07 3.35 ± 0.07 0.529 

Days in milk 203.37 ± 11.84 206.69 ± 12.16 0.845 

Lactation number 2.66 ± 0.20 2.61 ± 0.20 0.873 

Milk yield (L/day) 0.79 ± 0.10 0.80 ± 0.10 0.975 

Vaginal discharge score 1.3 ± 0.08 1.42 ± 0.08 0.702 

Progesterone concentration (ng/ml) 2.46 ± 0.64 1.95 ± 0.56 0.548 

Oestrus response (%) 94.28 (33/35) 97.22 (35/36) 0.324 

Oestrus duration (h) 20.60 ± 1.93 18.56 ± 1.36 0.396 

Onset of oestrus (h) 43.2 ± 2.77 40.75 ± 2.37 0.504 

Pregnancy rate (%) 91.42 (32/35) 69.44 (25/36) 0.021 

Abortion rate (%) 3.12 (1/32) 0.0 (0/0) 0.363 

Lambing rate (%) 90.62 (29/32) 96.0 (24/25) 0.688 

Twinning rate (%) 44.82 (13/29) 62.5 (15/24) 0.060 

Triplet rate (%) 0.0 (0/29) 8.33 (2/24) 0.116 

Multiple birth rate (%) 44.82 (13/29) 70.83 (17/24) 0.060 

Fertility (%) 82.85 (29/35) 66.66 (24/36) 0.120 

Sex distribution of lambs (%) 
Female 45.23 (19/42) 60.46 (26/43) 

0.160 
Male 54.77 (23/42) 39.54 (17/43 ) 

     

 

The number of lambs, fecundity, and prolificacy values did not differ significantly between the 

groups (Table 3). However, the prolificacy was numerically higher in the GnRH group (1.79) than in the 

control group (1.44). Moreover, the number of lambs born in the control group was 42, compared with 

43 in the GnRH group. The prolificacy in relation to the ewe parity was also evaluated. In first parity 

ewes in the control group, singleton pregnancies were detected in eight ewes and twins were detected 

in two ewes, while in first parity ewes in the GnRH group, three ewes had singletons and two ewes had 

twins. In second parity ewes, there were two sets of twins and one singleton in the control group, and 

one set of twins and four singletons in the GnRH group. In third parity ewes, six ewes lambed singletons 

and three ewes lambed twins in the control group, while three ewes lambed singletons, five ewes lambed 

twins, and one ewe lambed triplets in the GnRH group. In fourth parity ewes, there were five singletons 

and five sets of twins in the control group, and four singletons and five sets of twins in the GnRH group. 

 

Table 3 The fecundity and prolificacy results (mean ± standard error) for lactating Assaf ewes injected 

with either gonadotropin-releasing hormone (GnRH) or saline (control) 48 hours after progesterone-

impregnated sponge removal 

Parameter Control (n = 35) GnRH (n = 36) P-value 

    

Fecundity 1.20 1.22 0.942 

Prolificacy 1.44 1.79 0.544 
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Discussion 
The present study investigated the effect of GnRH treatment 48 hours after sponge removal on 

prolificacy in lactating Assaf ewes during the breeding season. The pregnancy rate was significantly 

lower in the GnRH group than the control group. Nonetheless, 43 lambs were produced by the GnRH 

treated ewes and 42 were produced by the control group ewes. The prolificacy was also numerically 

higher in the GnRH group (1.79) than in the control group (1.44). 

Selecting an optimal oestrus synchronisation protocol is critical for enhancing oestrus response, 

pregnancy rate, and overall fertility in small ruminants. Progesterone-based synchronisation protocols 

are the most effective methods of reproductive control in sheep. Long-duration progesterone therapies 

(12–14 days) successfully induce oestrous responses; however, conception rates tend to be suboptimal 

(Abecia et al., 2021; Farooqi et al., 2021). Progesterone exposure of more than nine days reduces 

oocyte quality, sperm survival in the female genital tract, and embryonic development; moreover, 

intravaginal sponges increase vaginitis and genital tissue contamination by blocking vaginal secretion 

drainage. Consequently, short-duration progesterone-based protocols (5–9 days) have been 

successfully modified to cause the ovulation of newly recruited growing follicles, with a less suppressive 

effect on local immunity and sperm fertility (Vinoles et al., 2001; Hameed et al., 2021). In the present 

study, the ewes were synchronised using a short-term progesterone sponge application (6 days), based 

on previous study results. The oestrus response (94.28%) of all ewes and pregnancy rates (91.42%) of 

the non-GnRH treated ewes were found to be satisfactory. Various oestrous responses and pregnancy 

rate results in ewes have been reported in previous studies using short-term progesterone-based 

synchronisation protocols (Arikan et al., 2021). The variation in these reports might be linked to the ewe 

breed, management factors (extensive, semi-intensive, or intensive systems), the method of application 

(sponge or implant), the progesterone analogue used (medroxyprogesterone acetate or fluorogestone 

acetate), additional hormones used (PGF2α and eCG), and environmental factors. 

Several hormones and treatment periods have been studied in the context of progesterone-

based synchronisation protocols, including comparisons of eCG and GnRH, the timing of eCG and 

PGF2α injections before or after sponge removal, and GnRH administration at the beginning of the 

protocol or at various time points after sponge removal or mating (Titi et al., 2010; Kutlu & Dinç 2021; 

Maggi et al., 2024; Zhang et al., 2024). Administration of GnRH at the beginning of the synchronisation 

protocol could not improve pregnancy rates reasonably in small ruminants, contrary to expectations 

(Baki Acar et al., 2013; Hameed et al., 2021). Similarly, GnRH injection at the time of progesterone 

device removal or 36 and 48 hours after removal did not increase pregnancy rates in sheep, with the 

pregnancy rates being lower than the control group in various studies (Kutlu & Dinç 2021; Maggi et al., 

2024; Zhang et al., 2024; Dogan et al., 2024). Our results are comparable with those of these previous 

studies, with the pregnancy rate of the GnRH group being significantly lower than that of the control 

group. Zhang et al. (2024) commented on the negative effects of GnRH administration on pregnancy 

through its impact on metabolic pathways. They reported that a single injection of the GnRH agonist 

triptorelin 48 hours after sponge removal decreased hydroxyproline levels, but increased corticosterone 

and prostaglandin D2 levels. However, the prolificacy of the ewes in our study was markedly higher in 

the GnRH group than in the control group, although this difference was not statistically significant. This 

higher prolificacy concurred with the results of Kutlu & Dinç (2021), who also used Awassi ewes and 

reported that while the pregnancy rate was lower than that of the control group, the litter size increased 

with single-dose GnRH injection (Kutlu & Dinç, 2021). The positive effect of GnRH administration 48 

hours after sponge removal on prolificacy should thus be investigated on a broader scale. New 

perspectives on improving both pregnancy rates and prolificacy warrant further evaluation. 

Assaf sheep were developed by cross-breeding German East Friesian sheep and Israeli Awassi 

sheep, producing a dual-purpose breed used for both meat and milk production. They also exhibit high 

fertility and multiparity. For decades, Assaf sheep have been an increasingly preferred breed in the 

Middle East, in countries such as Israel, Jordan, and Palestine, as well as in European countries such 

as Spain, Bulgaria, and Moldova (Gootwine, 2011; Lutskanov et al., 2023; Hidalgo González et al., 2024; 

Aljamaeen et al., 2025). The Assaf breed typically has an average prolificacy (1.6 lambs per lambing) 

(Madrigali et al., 2021), and in the present study, the prolificacy rates of the ewes in the control and 

GnRH groups were 1.44 and 1.79, respectively. The prolificacy rate was thus increased by the GnRH 

treatment of lactating Assaf ewes during the breeding season in our study. Notter (2000) reported that 

the prolificacy rate can be affected by the age of the ewe (reaching a maximum between three and six 

years of age), the season (higher in winter and spring lambing), and breed differences. Ewes in this 
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study ranged from two to five years of age, and the prolificacy in the control group was similar to the 

results of previous studies on Assaf ewes. The litter size in relation to parity was also in accordance with 

previous reports, showing an increase in the proportion of multiple lambing events with increasing parity 

in the GnRH group (Abegaz et al., 2002; Kutlu & Dinç, 2021). However, a supportive effect of GnRH 

treatment 48 hours after sponge removal was also observed. 

High prolificacy is a desirable fertility parameter for sustainable livestock production. However, 

increased litter size can have negative effects on ewe and foetal health. Multi-foetal pregnancies may 

cause foetal hypoxia, oxidative stress, reduced growth rates due to limited uterine capacity, and 

increased perinatal and postnatal mortality in lambs (Kenyon et al., 2019). Maternal health is also at risk 

in multi-foetal pregnancies, especially in extensive systems with limited control of environmental factors 

and insufficient nutritional and metabolic resources. The maternal mortality rate is higher in prolific sheep 

owing to pregnancy toxaemia in conditions of undernutrition (Gootwine, 2020).  

In the present study, the multiple birth rate was 44.8% in the control group and 70.8% in the 

GnRH group. Lamb mortality due to dystocia was seen in one ewe in the control group and two ewes in 

the GnRH group; additionally, two ewes in the control group and one ewe in the GnRH group died during 

pregnancy. Thus, multi-foetal pregnancies were not associated with increased foetal/lamb or maternal 

mortality in the lactating Assaf ewes in the present study. However, the ewes were raised under an 

intensive management system with sufficient nutrient availability and veterinary care; therefore, multi-

foetal pregnancies did not negatively affect either group. 

 

Conclusions 
An increased pregnancy rate and litter size are the most desirable reproductive parameters for 

sustainability in sheep breeding. The results of our study suggest that administering GnRH 48 hours 

after the removal of progesterone-containing sponges enhances prolificacy in lactating Assaf ewes 

during the breeding season. We conclude that post-mating GnRH injection may be considered to 

improve litter size in sheep, despite its negative impact on pregnancy rates when administered after 

sponge removal. Therefore, alternative pathways and promoter factors for enhancing pregnancy rates 

should be explored in addition to GnRH administration. 
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