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ABSTRACT  
Climate change refers to the long-term alterations in weather, including 

temperatures and humidity patterns. Such deviations can be natural, due to changes in 

the sun‟s motion or large volcanic eruptions, or induced due to the current global 

epidemics and wars. However, investigation into why change in environmental 

exposure impacts the mammalian reproductive system has increased dramatically in 

the previous decades. This is because damage to the reproductive system may result in 

changes in genes, hereditary cancer, or either temporary or permanent infertility. Sperm 

quality has been declining over the past years due to several factors, including 

environmental alterations and pollutions. One of the major problems facing rabbit 

production is heat stress in hot regions of the world, especially during summer season.  

Therefore, those responsible for promoting the production process and improving 

reproduction have come to the idea of artificial insemination for a long time to 

overcome the problems facing the reproductive and productive processes. They have 

resorted to looking at the previously mentioned process, through which the safety of 

the semen used in the process of reproduction and production is examined and verified. 

The large-scale use of AI in rabbit farming dates back to the late 80s. Artificial 

insemination involves the collection of semen and examination of sperm quality from a 

male, usually of superior genetic merit, followed by the transfer of that semen to an 

asexually receptive female in order to result in fertilization. It has become one of the 

most important techniques ever devised for the genetic improvement of rabbit's farm. 

Heat stress adversely affects welfare and semen quality, fertility and economy of 

production in rabbits farming. 

Finally, we can recommend that AI in rabbits under climate change become more 

economic in rabbits farming compared with natural mating. 

Key words: Pros & Cons , Artificial Insemination, In Rabbits Raised, Current Climate 

Change Era  
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INTRODUCTION: 

Artificial insemination (AI) has been applied on domestic farm animals and 

poultry, including rabbits long time ago (Ivanoff, 2009). Artificial insemination in 

rabbits has been employed since 1920s (Adams, 1961) resulting in similar or better 

pregnancy rates than natural breeding (Harkness and Wagner, 1983). The first person 

who used AI in rabbit farming was Bonadonna in 1937, which also developed the first 

artificial vagina for rabbits. In France, AI was used in the 1970s in selection farms, but 

its use was withdrawn due to the poor results obtained. In the 80s, AI began to be used 

in field work in Germany and Hungary. Facchin et al.,(1987) proposed it's used 
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coupled with band management, arousing great interest. Therefore, we can say that the 

systematic use of AI in rabbit breeding began in the late 80s in some countries. In 

Spain, its use was delayed until the end of the 20
th
 century. 

A great effort was performed to introduce artificial insemination (AI) in the 

Egyptian rabbit industry in both limited usage and wide scale rabbitries to gain more 

profits (El-Gaafary and Marai, 1994). Consequently, the reliable evaluation of both 

semen and the fertilizing ability of bucks are of vital importance to the success of using 

the AI technique. Conception rate in natural mating about 85% (Harkness and Wagner, 

1983) but AI permits more controlled management and better planning than 

conventional means, e.g. in batch parturition and batch weaning (Adams, 1987). In 

addition, AI offers the same benefits for rabbit breeding as in other species in the 

control of genetic diversity, rapid upgrading of stock, establishment of pregnancies in 

females which refuse to mate, and avoidance of the spread of diseases such as 

pasteurellosis maltocida. The number of males needed is reduced compared with 

natural mating, where one male is required for approximately 8-10 females (Hafez, 

1980): an ejaculate from one male can be used to inseminate up to 20 females, 

depending on the original sperm concentration and required insemination dose. Semen 

donors from other colonies can be used, provided that proper quarantine procedures are 

carried out. The latter is particularly important where disease such as rabbit 

hemorrhagic disease are concerned, since it is not known at present whether this virus 

can be transmitted in semen (Dr H. Fuller, personal communication). 

The introduction of AI in rabbit farming provided the same advantages as in 

other species but, in this case, it also allowed the development of band management, 

which facilitates farm work by grouping all reproductive tasks in a few fixed days 

(Castellini, 1996). It has become one of the most important techniques ever devised for 

the genetic improvement of farm animals (Chupin and Schuh, 1993). 

One of the major problems facing rabbit production is heat stress in hot regions 

of the world, especially in Egypt through summer season. This is further aggravated by 

global warming being experienced as a result of climate change (El-Sawy, 2023). El-

Sawy, 2023 also showed that heat stress adversely affect welfare and adaptation, feed 

consumption and utilization, immunity, health status, growth, reproduction, and milk 

production in rabbits. 

Artificial insemination (AI) is a procedure by which one manually deposits a 

sperm suspension, fresh, cooling, or frozen-thawed, into the female reproductive tract 

to overcome logistical problems associated with natural mating. The rabbit's 

production industry is a powerful example of the potential for AI to enhance the 

genetic health and sustainability of animal populations. Ultimately, successful AI 

requires sperm of adequate quality and quantity, oocytes that have attained nuclear 

maturation and cytoplasmic competence, operational gamete transport systems, 

accurate timing, and proper placement of sperm in the female reproductive tract. 

Increased understanding of semen collection, evaluation, and preservation techniques, 

estrus synchronization, and ovulation detection, and insemination instrumentation 

before AI success rates approach those of the livestock industry. 

In the rabbit doe, ovulation does not occur spontaneously, but it has to be 

induced through a neuro-hormonal reflex, which is initiated during mating. When 

using AI, in the absence of a male, ovulation has to be induced by artificial hormonal 
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stimulation. The ovulation inducing method most frequently used is an intramuscular 

application of GnRH (Quintela et al.,  2004). 

Pregnancy loss after AI can be attributed to genetic defects in the embryo and/or 

anatomical, nutritional, or physiological inadequacies of the dam, rather than 

epigenetic factors caused by exposure of oocytes or embryos to inappropriate in vitro 

conditions. Separation of the sexes for AI eliminates exposure to disease and traumatic 

injury and is most useful for aged, infirm, or behaviorally incompetent males. Paternity 

identification is assured if the semen of a single male is inseminated and accurate 

records are maintained. 
 

Fertility of does under heat stress: 

Ahmad Para et al., (2020) reported that heat stress has profound effects on the 

fertility of both bucks and does of rabbits. Moreover, Garcia and Argente (2017) 

reported negative effects of heat stress on embryogenesis. When young females were 

raised up to 16 weeks of age, and ovulation rate was measured, a reduction in the 

number of ova per ovulation was observed, where the number of ova was 7.4 for does 

raised at 30°C compared to 9.2 ova observed for those raised at 23°C (Lebas, 2005). 

Evidently, Verga (1992) indicated that hot climate was the main cause for abnormal 

maternal and sexual behavior, and postulated that the doe that was capable to produce 

10 litters a year may give only 4 to 5 litters in hot climate, which is about 50-60% 

reduction. 

Exposure to high ambient temperature induces rabbits to try to balance the 

excessive heat load by using different means to dissipate, as much as possible, their 

latent heat. Above 35°C, rabbits can no larger regulate their internal temperature 

(Lebas et al.,  1986). At high levels of humidity, the event consequences mentioned 

above occur at lower temperatures than those recorded, due to that the feeling of 

warmth under hot ambient temperature increases with high relative humidity, although 

the temperature is interrelated with other climatic factors such as solar radiation, wind, 

photoperiod, etc. Such a relationship between ambient temperature and humidity 

(Lphsi, 1990) led to the measurement of the severity of heat stress by using both 

factors, and this was termed temperature-humidity index (THI). This parameter was 

modified by Marai et al., (2001) for rabbits as small animals. Protection from cold 

winds may be required, but it must not be at the expense of adequate ventilation. 

Apparently, conception rate of the doe rabbit appears to be affected by seasonal 

variations (Ayyat and Marai, 1996). The later authors found that exposure of adult 

female rabbit to severe heat stress adversely affects their reproductive performance, 

ovulation rate, number of implantation sites and number of viable embryos per a doe. 

Conception rate was lower in hot summer than in winter by 76.8% (Marai et al., 2001). 

Maya-Soriano et al., (2015), on the other hand, experimented with long period of heat 

exposure and reported that heat stress had negative effects on prolificacy of female 

rabbits exposed.  
 

Fertility of bucks and semen quality under heat stress: 

El-Sawy et al., (2017) found that testosterone levels were reduced in stressful hot 

conditions during summer season in compared with winter. The adverse effect of 

summer season on late of age at maturity, testicular index and testosterone 
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concentration may be related to decrease on relative of testes weight for rabbits reared 

under summer season (El-Sawy et al.,  2017). High ambient temperatures decreased 

motility, curvilinear, velocity and metabolic activity of rabbit‟s spermatozoa incubated 

at 42°C, compared to 32.5°C (Sabés-Alsina et al.,  2016). Sabes-Alsina et al.,  (2016) 

found out that acute heat exposure of 3 h at 42 °C compromised sperm functions. Heat 

stress, whether acute or chronic, has profound and drastic effects on the reproductive 

efficiencies of both male and female rabbits. Histological studies on the testes of heat-

stressed bucks revealed altered testicular cell and membranous structures (Aldemir et 

al.,  2014 and Bharti et al.,  2014). Libido of rabbit and sperm density was decreased 

by exposure to heat stress (Pei et al.,  2012). Heat stress causes lowered male 

reproductive efficiency (Turner and Lysiak 2008). Spermatogenesis is efficiently 

successful in rabbit bucks when the testicular temperature is kept below body 

temperature. This becomes impossible under hot climatic conditions. Heat stress causes 

damage to the spermatogonia and other stages of sperm formation. High temperature 

lowers sperm quality and viability. The fertilizing capacity and resulting embryos are 

negatively affected by high environmental temperature (Yaeram et al.,  2006). 

Testosterone concentration, sperm output, semen quality, and fertility were listed 

among reproductive traits affected by heat stress in male rabbits (Marai et al.,  2002). 

El-Sobhy (2000) found that the testes of heat exposed animal's revealed significant 

focal degeneration in both seminiferous tubules and interstitial cells. Baglioicca et al.,  

(1987) reported that male fertility was impaired when ambient temperature was about 

28°C and some individuals began to die at 35°C. In addition, Jegou et al.,  (1984) 

mentioned that the reduction in testosterone level during summer season resulted from 

reduction in the ability of leydig and sertoli cells responding to luteinzing hormone. 

However, Katongola et al.,  (1974) reported that decline in testosterone level during 

summer season causing disorders in accessory glands secretion and spermatogenesis. 

El-Sawy et al.,  (2017); Lavara et al.,  (2013) and Safaa et al.,  (2008) reported that the 

libido, mating activity and the physical semen quality of NZW rabbit bucks during the 

winter season were highly significant (P≤0.01) better than those observed in the 

summer season. Semen volume increased and motility indexes decreased during 

summer (Roca et al.,  2005). Mate rabbits are extremely sensitive to heat stress 

therefore a rise in testicular temperature in rabbits leads to reduced spermatogenesis; 

temporary sterility; decreased sexual desire, ejaculate volume, motility, sperm 

concentration, and total number of spermatozoa in an ejaculate; and increased sperm 

abnormalities and dead sperm (Marai et al.,  2001). Also, Finzi et al.,  (1995) reported 

that the daily exposure of rabbits in a climatic chamber to high ambient temperature 

(30°C) and humidity (70%) for 21 hr. over a 60 days period increased the number of 

abnormal spermatozoa. 
 

Bio-stimulation to induce ovulation: 

The rabbit's doe is a mating-induced ovulation. Therefore, luteinic phase only 

takes place when intercourse occurs, while the rest of the time the follicular phase is 

maintained (Bouvier and Jacquinet, 2008). Historically, two different theories have 

been postulated: those that propose that does are in permanent heat (Hammond and 

Marshall, 1925), and those that state that does alternate states of greater or lesser sexual 

receptivity (Hill and White, 1933). The latter is the accepted one nowadays (Moret, 
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1980 and Hulot et al., 1988). The alternation of behavior, with greater and lesser sexual 

receptivity, seems to be due to the fact that in the rabbit ovary there are waves of 

follicular growth that last 10-12 d, with an overlap of 4-6 d between one cycle and the 

next (Alvariño, 1993 and Arias-Álvarez et al.,  2007). When there are a high number of 

pre-ovulatory follicles in the ovary, large amounts of 17β-estradiol are produced and 

the doe is receptive. On the other hand, at the onset of the wave, the concentration of 

17β-estradiol is smaller, so the doe shows scarce sexual receptiveness (Bouvier and 

Jacquinet, 2008). Moreover, the antagonism between prolactin and gonadotropins must 

be considered, as AI is performed around the peak of lactation of the doe, day's 7-11 

postpartum (Rebollar et al.,  1992 a; Theau-Clément and Roustan, 1992).Therefore, 

despite the previously mentioned statement that does are always in heat, their 

receptiveness and number of available follicles are not constant and there are individual 

and important variations that have not allowed us to determine the concentration of 

estradiol from which a doe can be considered receptive (Ubilla and Rebollar, 1995).As 

a consequence, to improve the outcome of AI, it is recommended to synchronize all 

does to make the moment of maximum receptivity coincide with the day of AI, to 

achieve the best result regarding fertility and prolificacy (Maertens et al.,  1995). 
 

Separation of the litter to induce ovulation: 

This method is based on the existing antagonism between lactation and 

reproduction (Rebollar et al.,  1992 b; Theau-Clément and Roustan, 1992; Fortum-

Lamothe and Bolet, 1995). Various experiments carried out in the last decades showed 

a positive effect (+20 to +40%) on receptiveness with litter separation before AI 

(Maertens, 1998; Bonanno et al.,  1999 a, b; Theau-Clément and Poujardieu, 1999; 

Virág, 1999; Szendrő et al.,  1999 and Bonanno et al.,  2000). Even an increase in the 

litter size was also cited (Maertens, 1998). However, it was verified that a drop in litter 

weight (–20 to –70 g) occurs, as well as a drop in the individual growth of the kits, 

although their survival ability is not affected (Maertens, 1998; Alvariño et al., 1998; 

Bonanno et al.,  1999a, b; Theau-Clément and Poujardieu, 1999; Szendrő et al., 1999 

and Bonanno et al.,2000).  

Artificial insemination takes places when the doe is in lactation, so the suckling 

stimulus induces a release of prolactin, which inhibits or reduces the synthesis and 

release of Gonadotropin-releasing hormone (GnRH, LH and FSH). This slows down 

the follicular growth. Cano et al.,  (2005) partly demonstrated this hypothesis, as they 

observed that, after separation of the litter for 48 h, the levels of FSH and LH were 

higher compared to the group that kept the litter. However, they found virtually no 

difference in the prolactin levels. Nevertheless, in other studies, it could be shown that 

there was a decrease in the prolactin levels 24 h after litter separation, but not at 48 h 

(time of insemination). Coinciding with this decrease, there was also an increase in 

FSH levels and, at the time of insemination, an increase in estradiol levels (Ubilla et 

al.,  2000 and Rebollar et al.,  2006). In short, separation of the litter would initially 

produce a drop in prolactin levels and unlock FSH release, which would stimulate 

follicular development, producing a high number of pre-ovulatory follicles that would 

release large amounts of estrogen, which would increase the receptivity of the doe. 

This method can be combined with two types of suckling during the rest of the 

lactation: free suckling (the nest is open and the kits can access their mother whenever 
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they want), or controlled suckling (the nest remains closed and is only opened once a 

day for a few minutes; Theau-Clément, 2000; Bonanno et al.,  2000). Due to the 

maternal behavior of the doe, which only nurses once a day for 3-5 min and always at 

the same hour (González-Mariscal, 2001), independently of having continuous access 

to her kits, results do not differ between systems (Bonanno et al.,  2000). 
 

Feeding programs to induce ovulation:  

During lactation, feed intake of the doe rapidly increases. However, this rise is not 

enough to cover all energy requirements of basic needs and milk production. This 

causes a situation of negative energy balance that leads to stored fat mobilization 

(Parigi-Bini et al.,  1990 and Fortun-Lamothe, 2006). In primiparous does, this state is 

even more serious. These females must obtain enough energy to cover basic needs, 

milk production and also growth, so energy balance in these animals is extremely 

negative during postpartum (Parigi-Bini and Xiccato, 1993). Over the years, in an 

attempt to maximize the productivity of this species, the period between kindling and 

insemination has been reduced, with inseminations currently taking place on day 11 

postpartum on most farms in Spain (Rebollar et al.,  2009). This means that 

mating/insemination coincides with the start of lactation, in the middle of a period of 

negative energy balance. The detrimental effect of negative energy balance on 

reproduction has been extensively studied in other species and it can be concluded that 

animals that gain weight postpartum (positive energy balance) are more likely to 

become pregnant than those that lose weight (negative energy balance) according to 

Santos et al.,  (2009). Fortun-Lamothe (2006) indicates that postpartum energy deficit 

has adverse effects on oocyte production, gestation rates and embryo mortality. In the 

same vein, Brecchia et al.,  (2006) found that, in animals in which a negative energy 

balance was induced prior to insemination by feed deprivation for 48 h, significantly 

lower LH peaks were observed after administration of a GnRH analogue.  

Furthermore, feed deprivation for only 24 h significantly reduced the receptivity 

and fertility of the does. Based on this, feeding programs have been proposed in order 

to reduce the negative energy balance in the postpartum period, and thus improve 

reproductive performance. One of the possibilities explored has been the use of an 

energy precursor, such as propylene glycol (administered in water at 2%), in the days 

prior to AI, which improves pregnancy rates (Luzi et al.,  2001 and González, 2005). 

However, perhaps the most widely used method nowadays is feed flushing (Theau-

Clément, 2000; Fortun-Lamothe, 2006 and Theau-Clément, 2008). This system 

consists of increasing energy intake (through feeding) in the days prior to AI. Based on 

this and considering the feeding system commonly used on farms (daily rationing of 

140-150 g/d of feed, in replacement females from 12 wk. of age and in non-lactating 

does), flushing would consist of removing the restriction and feeding ad libitum in the 

week prior to insemination. For lactating does, rationing is not recommended, and 

propylene glycol can be used (González, 2005). These feeding programs can achieve 

fertility results similar to those obtained by administration of 20 IU of eCG (González, 

2005). At the beginning of the 21
st
 century, different studies were carried out in 

breeding rabbits by increasing the fiber content in their diet in order to increase the 

long-term intake capacity. Arias-Álvarez et al.,  (2009) and Rebollar et al.,  (2011) 

have observed that this type of diet increases intake capacity during rearing and first 
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gestation, with a tendency to improve fertility at 11 d postpartum. However, intake 

capacity does not increase during lactation, with reduced leptin concentrations at the 

time of first AI (16 wk of age) and reduced in vitro embryo survival. Leptin is one of 

the factors linking metabolism and reproduction in mammals and birds, acting both at 

the central nervous system and ovarian level. It has been verified that feed restriction 

reduces leptin levels in plasma in rabbits, with negative consequences on reproduction 

(Sirotkin et al., 2014). 
 

Lighting programs and ovulation: 

Females do not have regular estrous cycle but may show variation in sexual 

receptivity, linked to waves of follicular growth and regression with the ovary. 

Seasonal patterns of reproductive behavior have been reported (Farreli et al.,  1968), 

although this may be influenced by the husbandry system under which the animals are 

kept, such as controlled day length. 

Rabbits are classified as induced ovulators, with ovulation occurring 9-13 h after 

coits, although spontaneous ovulation is also possible. In our colony, spontaneous 

ovulation occurred at a rate of approximately 3%, as assessed by measurement of 

progesterone levels in females housed singly for at least 3 weeks before collection of 

blood samples. The precise mechanism of induction of ovulation is not known in this 

species but appears to be different from that of other induced ovulators. The inducing 

stimulus in cats is thought from that mechanical stimulation of the cervix, while the 

prolonged, sometimes violent, courtship behavior of ferrets may play a role in initiating 

ovulation (Porter and Brown, 1987). 

The use of lighting programs to improve receptivity and fertility in rabbits is 

based on the existence of a reproductive seasonality of this species in the wild (Hafez, 

1993). In our latitudes, the highest percentage of pregnancies occurs between February 

and early August, with a peak in May (Hammond and Marshall, 1925 and Boyd, 

1986). It is evident that the best reproductive results are obtained when the length of 

daylight hours increases (Theau-Clément et al.,  1998). This seasonality is also 

observed in farm rabbits when light programs are not used, as demonstrated a study by 

Vega et al.,  (1999), carried out in north-west Spain, where the best reproductive 

efficiency was achieved in summer and the worst in autumn. With this physiological 

basis, over the years several experiments have been carried out on rabbit farms in 

search of the best relationship between hours of light and darkness, in order to achieve 

optimum reproductive outcomes. From these studies we can assume that, except for the 

one carried out by Schüddemage (2000), applying periods of artificial light longer than 

14 h per day increases the productivity of the does (Uzcategui and Johnston, 1992 and 

Theau-Clément and Mercier, 2004).The possible beneficial effect of increased daylight 

hours in the days prior to insemination has also been studied (Theau-Clément et al.,  

1990 and Mirabito et al., 1994). However, these studies showed that the weight of the 

kits at weaning was lower in the group with increased daylight hours (from 8 to 16) in 

the days prior to insemination (Mirabito et al., 1994). This could indicate that the 

change in daylight hours could have an adverse effect on the intake of the kits. Quintela 

et al.,  (2001) and Gerencsér et al.,  (2008 a, b), showed that increasing daylight hours 

in the week prior to AI gave similar results to those obtained with eCG and without 

significantly affecting growth and mortality of the kits. In summary, the use of a 
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constant photoperiod of 8 hours of light and 16 h of darkness up to 7-8 d prior to 

insemination, with an increase to 16 h of light on the days prior to insemination, results 

in a marked improvement in the productivity of the does (in the absence of eCG 

administration). 
 

Animal handling and ovulation: 

This system consists of changing does from their cage from 48 h until shortly 

before AI or placing several does in the same cage before AI (Theau-Clément, 2000, 

2008). Studies carried out by Lefevre and Moret (1978) postulated that an abrupt 

change of environment facilitates the onset of estrus in nulliparous rabbits. They 

explained this as the consequence of a hormonal release due to stress caused by the 

sudden change of environment. A similar phenomenon had previously been described 

in other species (Du Mesnil du Buisson et al., 1962). However, shortly afterwards, 

Verita and Finzi (1980) found that moving the does to another cage caused significant 

stress to the animals, altered feeding behavior, diminished feed intake for the next three 

days and reduced movement of the females for more than a week. Based on these 

studies, numerous researchers tried to use this handling pattern to improve doe 

productivity. One of the first was Rebollar et al., (1995), who demonstrated that, by 

cage changing the rabbits 48 h before insemination; it was possible to improve fertility. 

Subsequently, several experiments (Castellini et al.,  1998; Bonanno et al.,  1999 a, b; 

De Lara, 2001 and Gómez-Ramos et al.,  2005) confirmed the hypothesis, although 

with some nuances.  

Thus, it was found that the effect was much higher in nulliparous rabbits, while it 

was practically null in primiparous females. This effect was more evident on the 

receptivity of the treated rabbits, but less so when considering fertility. Furthermore, it 

sometimes only manifested itself as an increase in litter size, and its intensity varied 

greatly between animals and breeds. Frequently, this technique is combined with litter 

separation and, in most cases, is more effective than cage changing. A recent study 

(Villamayor et al.,  2022 a), shows that, in multiparous does subjected to feed flushing, 

increased daylight hours prior to insemination and litter separation, the mixing of 

females prior to insemination improves the receptivity (analyzed by vulva color), but 

does not significantly affect either fertility or prolificacy, following the same pattern as 

previous studies. 

Considering the practical difficulties in applying this technique (workforce, 

animal identification, sanitary issues, etc.) and that the results are highly variable and 

can be improved with simpler techniques, this method is rarely put into practice 

(Theau-Clément, 2000, 2008 and De Lara, 2001). 
 

Pheromone communication in reproductive behavior: 

The positive effect that males have on female reproduction has long been well-

documented in different domestic species (Lishman, 1969; Brooks and Cole, 1970; 

Kirkwood et al., 1981 and Roelofs et al.,  2007). These effects are mainly mediated by 

pheromones, described by Karlson and Lüscher (1959) as chemical signals transferred 

between members of the same species that trigger a particular response in the receiver. 

These chemosensory cues are delivered through physiological secretions like urine and 

seminal plasma (Mastrogiacomo et al.,2014), as well as exocrine glands like the 
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lacrimal, mammary, mentonian and harderian (Melo and Gonzalez-Mariscal, 2010). 

Rabbits are one of the best models for researching pheromone communication in 

mammals (González-Mariscal et al.,  2016), as it is the only animal species for which a 

mammary pheromone (2-methylbut-2-enal, or MP) has been thoroughly characterized 

(Schaal et al.,  2003). Lactating females produce MP, which awakens newborn rabbits 

and triggers the nipple-sucking reflex. In rabbits, there is evidence that the presence of 

males increases the receptivity of females (Lefevre et al.,  1976) and their fertility 

(Berepubo et al.,  1993) and also induces sexual maturity in pre-pubertal rabbits 

(Frank, 1966). More recent studies have determined that female rabbit reproductive 

performance appears to increase when they are exposed to male odors just before AI 

(El-Azzazi et al.,  2017). Similarly, male-female interaction before AI, the so-called 

„buck effect‟, slightly improves does fertility at first lactation, but no positive effect has 

been detected on the reproductive performance of lactating does (Bonanno et al.,  

2003). Previous studies suggested the importance of the chin, lachrymal and harder 

glands in rabbit reproductive performance (Cerbón et al.,  1996 and Melo and 

González-Mariscal, 2010). Most studies related to pheromone interaction have been 

based on behavioral analyses of females being exposed to males, but only a few 

pheromones with farm applications have been fully characterized to date. Such is the 

case of the male pig pheromone „Boar Mate‟ which improves sow (female pig) fertility 

by triggering immobility reflex; this is commercialized by Kubus SL. More recently, a 

novel boar pheromone mixture has proved to induce sow estrus behaviors and 

reproductive success (McGlone et al.,  2019); indicating that mixed pheromone 

compounds might have a greater effect. Regarding rabbits, two different „pheromone 

products based on a combination of pheromones‟ including the rabbit mammary 

pheromone 2MB2, have been commercialized:  

1. Ceva Santé Animale created the first „Rabbit Appeasing Pheromone‟ in 2007. 

According to their results, does were less stressed and technical actions were easier. 

Moreover, fertility (percentage of parturitions per AI, live-born rabbits per litter and 

rabbits‟ viability at birth) improved (Bouvier and Jacquinet 2008).  

2. Sibpma and SIGNS laboratories commercialize Secure Rabbit®, a synthetic 

analogue of the maternal appeasing pheromone (license IRSEA – US Patent 6-077-

867, 6-054-481 y 6-169-113), which prevents the negative effects of stress, improves 

animal production and enhances animal welfare. However, no scientific data have 

been reported and its efficiency should be considered with caution. In recent years, in 

order to further our knowledge on the possible use of pheromones to improve 

reproductive performance in rabbit breeding, not only in terms of estrus 

synchronization, but also in terms of their possible influence on ovulation and even 

on the production of seminal doses, we have started to work on this subject through a 

multidisciplinary approach. This multidisciplinary approach allows us to consider the 

study from different points of view: reproductive (effect of the presence of males or 

females on reproduction in both sexes), anatomical (morphological and morpho-

functional study of the pheromone releasing organs and receptors) and 

genetic/biochemical (study of the molecular composition of the pheromones, as well 

as the receptors involved in their uptake). This approach is essential to understand the 

functioning of pheromone-mediated communication and to be able to apply the 

results obtained to animal production practice. On the one hand, we evaluated the 
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reproductive efficiency of female rabbits (receptivity, fertility, prolificacy, and 

number of live born and dead kits/litter) when exposed to different conditions: female 

urine, male urine, seminal plasma and female–female (F–F) separated, just before AI, 

and female–female interaction. F-F separated referred to females not being exposed 

to other individuals prior to AI, whereas F-F interaction was the most common 

practice in the farm analyzed and consisted of placing two females together 10 min 

before AI. Results from this study indicated that urine does not seem to have a role in 

pheromone-related reproductive performance, though more studies are needed to 

discard this fact, considering that only lactating females with high overall fertility 

rates were considered in this study (Villamayor et al.,  2022 a). The main systems 

responsible for detecting chemical signals are the main olfactory system (MOS) and 

the accessory olfactory system (AOS) –also called vomeronasal system– (Brennan 

and Zufall, 2006). As part of the AOS, the vomeronasal organ (VNO) and in 

particular its vomeronasal receptors have been developed to detect specific ligands, 

notably intraspecific pheromonal cues, but also a variety of heterospecific cues from 

sympatric competitors. In contrast, the main olfactory epithelium (MOE) receptors 

have evolved to detect a wide range of odorants. The dearth of understanding 

regarding the anatomical and physiological basis of the sensory systems involved in 

rabbits‟ chemo-communication is demonstrated by the fact that the receptors 

responsible for MP detection have yet to be identified.  

Therefore, there is a need for structural and morpho-functional studies of the 

chemosensory systems in rabbits, especially regarding the vomeronasal system, very 

crucial for reproduction and maternal behavior in such closely related species as 

rodents (Keverne, 2002). Recent studies from our group have further elucidated the 

structural and morpho-functional organization of the two major components of the 

vomeronasal system of the rabbit, the VNO and the accessory olfactory bulb (AOB) 

determining that the adult rabbit possesses a well differentiated VNO and a sexually 

dimorphic AOB, featuring many specific particularities at both structural and 

functional levels (Villamayor et al.,  2018, 2020). Additionally, the first comprehensive 

RNA sequencing study of the rabbit VNO across gender and sexual maturation stages 

has allowed us to update the number and expression of the two main vomeronasal 

receptor families, including 128 V1Rs and 67 V2Rs, and determined that several sex 

hormone-related pathways were consistently enriched in the VNO, highlighting the 

relevance of this organ in reproduction (Villamayor et al.,  2021). Recent 

transcriptomic analyses have also proven the rabbit VNO plastic capacity and 

suggested a role of vomeronasal receptors at the onset of puberty (Villamayor et al.,  

2022 b). These results have contributed towards understanding the genomic basis of 

behavioral responses mediated by the VNO and open the door to the future use of 

pheromones to improve reproductive efficiency in rabbit animal production. 
 

Hormonal induced ovulation: 

The simplest method to achieve these results was, in the beginning, the use of 

follicular growth stimulating hormones. Within this group of hormones, we can find 

eCG (equine Chorionic Gonadotrophin) and follicle stimulating hormone (FSH). The 

latter has a drawback that makes it unusable on a practical level, i.e., that its half-life is 

too short, so several administrations must be performed to achieve the desired effect. 
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Additionally, we should not forget that its cost is higher than that of eCG. Different 

studies aiming to demonstrate the effect of eCG as a synchronization method in rabbits 

have shown that eCG, in dosage between 20 and 40 IU, administered 48-72 h before 

AI, allowed a proper degree of synchronization of the does, and that the administration 

of this hormone could be repeated in several consecutive cycles without having 

undesired effects (Maertens et al.,  1995; Bonanno et al.,  1996), although some 

researchers have observed a certain reduction of its efficiency when used repeatedly 

(Maertens, 1998; Rebollar et al.,  2006). The most commonly used protocol during the 

early years was the administration of 25 UI of eCG 48 h before AI (Rebollar and 

Alvariño, 2002; Milanés et al.,  2004 and Rebollar      et al.,  2006). At the end of the 

20
th
 century, in order to maintain a “natural image” of rabbit meat, an important 

discussion took place about the replacement of hormones by different bio-stimulation 

methods to boost sexual receptiveness of does at the moment of AI and, consequently, 

their fertility and prolificacy. The methods proposed are numerous and, in some cases, 

their effectiveness has not yet been fully demonstrated. However, we will briefly 

review all of them, with special emphasis on the last one, as it is a topic that is currently 

being worked on and has certain prospects for the future of AI in rabbits. 

Addition of GnRH to the seminal dose to induce ovulation does have certain 

reproductive characteristics that contrast with those of other animal species. Some of 

these differences are related to the absence of a defined and regular estrus cycle (Arias-

Álvarez et al., 2007). Besides, induced ovulation species, like rabbits, do not have pre-

ovulatory peaks of LH in response to high steroid levels, as there is no positive 

feedback on the pituitary LH (Sawyer and Markee, 1959), in contrast to spontaneous 

ovulation females (Bakker and Baum, 2000 and Brecchia et al., 2006). Therefore, 

ovulation occurs as a consequence of the coital stimulus. In the past, it was thought that 

this stimulus was more physiological than mechanical. Fee and Parkes (1930) observed 

that anaesthetizing the cervix did not impair ovulation after mating. In addition, 

Salvetti (2008) determined that mating simulation with two does induced ovulation in 

the dominated doe. However, Rebollar et al., (2012) indicated that both stimuli may be 

necessary to induce ovulation. These researchers observed that the mechanical 

stimulus, without the physiological one, and vice versa, was not enough to induce a LH 

peak and, consequently, ovulation. On the other hand, the application of both stimuli 

did induce an increase in LH concentration and ovulation in 75% of does. 

Nevertheless, similar percentages have been recently achieved by the inducement of 

ovulation using a short and flexible cannula (Viudes-de-Castro et al.,  2017). In short, 

mating induces complex neuroendocrine processes (Spies et al.,1997; Ramírez and 

Soufi, 1994 and Bakker and Baum, 2000) that determine a pre-ovulatory LH release 

60-120 min afterwards (Rodríguez, 2004 and Brecchia et al.,  2006). Ovulation occurs 

10-12 hr. after mating (Foote and Carney, 2000 and Brewer, 2006). For this reason, it 

is mandatory to utilize a system to induce ovulation and obtain a pre-ovulatory LH 

peak when using AI in the doe. In this regard, ovulation can be induced by several 

methods and intervening at various levels of the hypothalamus-hypophysis-ovary axis. 

The simplest way to induce ovulation in this species is by mating. To this end, 

vasectomized males have been used in AI programs (Khalifa et al.,  2000). However, 

the results were fairly random and generally ineffective (Hulot and Poujardieu, 1976). 

Additionally, this method requires labor and keeping the males in the farm, so part of 
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the advantages of AI would be lost. Consequently, this method was cast aside. Another 

attempt to induce ovulation by non-hormonal practices was proposed by Kishk et al.,  

(2000). It consisted of the injection of copper salts, based on studies that mentioned the 

existing synergism between copper and gonadotropins (Cheng   et al., 1999). Although 

the results showed an elevation of LH concentration after copper salts administration, it 

was necessary to inject them intravenously, and the negative consequences on the 

vessels‟ integrity needed further research.  

Moreover, experiments with human chorionic gonadotrophin (hCG) were also 

performed to induce ovulation (Bomsel-Helmreich et al.,  1989 and Romeu et al.,  

1995). It was concluded that this hormone was effective to induce ovulation in the doe, 

but repetitive injections in subsequent reproductive cycles induce immunization and a 

loss of effectiveness after the 4
th
 or 5

th
 administration, in contrast with GnRH analogues 

(Adams, 1981). Furthermore, embryonic survival was also inferior (Romeu et al.,  

1995 and Mehaisen et al.,  2006). For these reasons, its use has been strongly restricted. 

Finally, the most common method to induce ovulation in does is the intramuscular 

administration of GnRH or synthetic analogues at the moment of AI (Quintela et al.,  

2004). First, 250 ng/kg of gonadorelin were administered to each doe to achieve 

ovulation (Kanematsu et al.,  1974). Taking this experiment as a basis, different 

analogues of this molecule, such as buserelin and lecirelin, were used. The former was 

efficient at 0.8 ng/doe dose (Theau-Clément et al.,  1990 and Perrier et al.,  2000), 

while doses of 2-4 ng/doe were necessary for the latter (Zapletal et al.,  2003 and 

Zapletal and Pavlik, 2008). As previously mentioned, intramuscular administration was 

always performed. In recent decades, several studies have been conducted testing the 

intra-vaginal administration of different GnRH analogues (buserelin, triptorelin, 

lecirelin, alarelin, goserelin and leuprolide, (Quintela et al.,  2004; Viudes-de-Castro et 

al.,  2007; Ondruska et al.,  2008; Quintela et al.,  2009 and Gogol, 2016).  

These studies shows that it is possible to administer GnRH analogues vaginally, 

added to the seminal dose, without a decrease in fertility and prolificacy. Some of them 

even show an improvement in both parameters compared to intramuscular 

administration (Quintela et al.,  2009). The advantages of this new administration route 

are mainly related to the time needed to perform the AI, fewer sanitary risks and a 

reduction of hormone administration mistakes. The only drawback, from an economic 

standpoint, is that the dosage of GnRH analogues must be increased to achieve the 

desired effect. This increment is probably due to the fact that in the seminal plasma 

there are proteolytic enzymes that reduce the availability of the hormone added to the 

semen, along with the status of the vaginal mucosa, the analogue used or the semen 

characteristics (Vicente et al.,  2011 and Dal Bosco et al.,  2011). Nowadays, in Spain, 

a semen diluent that incorporates an analogue of GnRH is commercialized, and its use 

in farms is becoming more widespread (Quintela et al.,  2012). In 2020, the EM 

Authorized the inclusion on the market of MRAbit®, (Kubus, Spain), a diluent for 

refrigerated storage of rabbit semen containing alarelin, a GnRH analogue.  

In this regard, experiments have recently been carried out by adding different 

proteolytic enzyme inhibitors to the diluent or by protecting the GnRH analogue, 

encapsulating it with nanoparticles, as is already done in human medicine (Casares-

Crespo, 2020). In these studies, researchers observed that the use of unspecific 

inhibitors negatively affected prolificacy. However, the addition of amino-peptidase 
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specific inhibitors (best at in and ethylene-di-amine-tetra acetic acid) did not affect 

either fertility or prolificacy. Moreover, the use of chitosan and dextran sulfate 

nanoparticles, combined or not with these inhibitors, did not affect reproductive 

performance, and allowed the reduction of buserelin dosage. Although these are 

preliminary studies and further investigation is needed, they open the way to the 

reduction of the amount of GnRH analogue added to the semen. Ratto et al.,  and 

Adams et al.,  (2005) stated that the intramuscular administration of seminal plasma of 

alpaca and llama induced ovulation in more than 90% of the treated alpacas and 

llamas. Later, different researchers verified that rabbit seminal plasma induced 

ovulation in llamas (Silva et al.,  2011), 100% when using rabbit‟ seminal plasma. 

Kershaw-Young et al.,  (2012) identified the factor present in the seminal plasma of 

llamas that was responsible for the induction of ovulation, i.e. β-Nerve Growth Factor, 

a protein of approximately 14 KDa. This protein is able to induce a LH peak and 

ovulation in 90% of llamas, after intrauterine administration, in absence of mating 

(Berland et al.,  2013 and Silva et al.,  2015). The presence of this protein in the 

seminal plasma of different species (hamster, rabbit, boar and bull) has been known 

since the 80s (Castellini et al.,  2020), but its effect on the female as not yet been 

studied. Following the discoveries in alpacas and llamas, the interest in β-Nerve 

Growth Factor as a possible ovulation inducer in rabbits grew exponentially. As a 

result, numerous studies have been published in recent years (Sánchez-Rodríguez, 

2019; García-García et al.,  2020 and Mattioli et al.,  2021). However, the results 

obtained so far are not as expected. The administration of rabbit seminal plasma to 

does, as previously performed by Ratto et al.,  (2005) and Adams et al.,  (2005) in 

llamas, does not induce an increase in LH concentration or ovulation (Silva et al., 2011 

and Masdeu et al.,  2012). On the other hand, recombinant β-Nerve Growth Factor 

vaginal administration, added to the seminal dose, is able to induce ovulation, but in a 

smaller percentage of animals compared to intra-muscular-gonadorelin administration 

(60% vs. 100%, Sánchez-Rodríguez et al.,  2019), which leads us again to the idea that 

both mechanical and physiological stimuli are necessary to induce ovulation in the doe. 
 

Artificial insemination technique 

Dimitrova et al., (2009) compared two schemes of hormonal stimulation. First 

scheme included application of PMSG and GnRH. In the second it was applied only 

GnRH. As a result in first case we obtain 28.57% fertility rate and in second – 62.50% 

fertility rate. White New Zealand does show higher level of fertility then Californian 

does. They showed that the second scheme of hormonal stimulation, using only GnRH 

application was more effective. Similar results reported Rodriguez De Lara et al.,  

(2000). Some authors have reported efficiency by stimulation with PMSG in follicular 

growth (Bonanno  et al.,  1990) and consequently increase prolificacy (Maertens et al.,  

1995), but followed by higher stillborn birth mortality. The results obtained in our 

experiment did not show difference in both prolificacy between two compared 

schemes of hormonal stimulation 7.5 vs. 7.6 average numbers of litter size and in birth 

mortality rate. Nulliparous does generally exhibit high fertility rate, whereas the 

reproductive performance of multiparous does is lower, because of the intensive 

reproductive rhythms (Castellini et al.,  2005). In our case we used extensive 

reproductive system (insemination two days after winning) and this is why in this 
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experiment we obtained higher or equal fertility rate for multiparous does and 

nulliparous does. Maertens and Bousselmi (1999) reported fertility rate of nulliparous 

does 78.7%. Lower fertility rate of Californian does in comparison with White New 

Zealand ones was observed from other authors too (Rodriguez De Lara et al.,  2000 

and Gomes et al.,  2004).  

The reproductive performance of rabbit does are affected not only by parity, but 

also by other factors as body condition, rhythm of insemination, lactating status, sexual 

receptivity and season (El-Gaafary and Marai, 1994 and Brecchia et al.,  2008). It was 

shown that season affected both natural mating and artificial insemination. Our 

experiments were carried out in August and September, the part of the year which was 

reported as a period with lowest conception rate (Szendro et al.,  1992) and it is 

possible reason for very low results of animals of Californian breed. 
 

Semen evaluation: 

In fresh semen, count of total sperm output, pH, semen color per buck visually 

assessed and grade from one to three scores, semen density, semen movement grade 

from 0 to 5 scores, mass motility, a drop of fresh semen put on a clean warmed 

microscopic slide (37°C) without a cover slip, wave motion record with low power 

lens (10×), and grade from 0 to 5 scores (from total immobility to rapid wave motion) 

according to Chemineau et al.,  (1999). For the determination of sperm progressive 

(advanced) motility (%), the percentage of motile spermatozoa measure according to 

Seleem (2005) by placing a small drop of semen on a clean warmed microscope slide, 

and then diluted with drops of a 2.9% of sodium citrate solution (a dissolve 2.9 g of 

sodium citrate in a 100 ml of sterile distilled water). Then they carefully mixed together 

and covered with a warmed cover slip. Assessments were made with high power lens 

(40×) using a scale graded from 0 to 5 scores (from no displacement of sperm cells to 

straight and rapid displacement of spermatozoa) according to Chemineau et al.,  

(1999). The sperm-cell concentration per ejaculate calculates with the aid of a 

hemocytometer according to Loskutoff and Crichton (2001). The number of sperms 

per millimeter calculates as follows:  

Concentration/ml = (Dilution factor=200) × (Count in the five squares) × (0.05×10
6
). 

Sperm abnormalities (%) estimates using a magnification of 500× with a differential 

interference contrast microscope. Abnormalities can occur in the head, neck, mid-

piece, tail, or any combination of these parts of the sperm cell (Salisbury et al.,  1978). 

Non-vital sperms calculate as dead spermatozoa (%). The recorded number of stained 

dead sperms could be determined the percentage of dead spermatozoa (Evans and 

Maxwell, 1987). Acrosome damages (%) or percentages of unreacted acrosome of 

spermatozoa with an abnormal apical ridge determine using a Giemsa stain procedure 

as described by Watson (1975). 
 

Economics of artificial insemination: 

When following the artificial or natural insemination system in a rabbit farm with 

strength of 100 females, the cost of insemination from one male will be 2.32 LE in 

artificial insemination compared to 13.95 LE in natural insemination, which means a 

decrease of 83.3% in cost in favor of artificial insemination (Table 1). Motedayen et 

al.,  (2007) showed that the conception rate is similar in both groups (natural mating or 
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artificial insemination) and differences are not statistically significant. Also, the 

productive power of mothers increases by 10-12% in the case of artificial insemination 

compared to natural insemination, with the number of cages on the farm, service costs, 

and the rest of the fixed costs in general being constant (Table 2). Motedayen et al.,  

(2007) indicated that a good result of AI in rabbit and have implication to reduce the  

 

Table 1: Economical comparison between the cost of AI and NM of rabbits* 

Item Natural mating AI 

Price of buck/L.E. 500 500 

Feeding cost/buck/year/L.E. 1369 1369 

Managerial cost/buck/year/L.E. 64 64 

Total 1933 1933 

No. of ejaculates/buck/week 4 4 

volume of ejaculates/buck/week/ml 2  2  

Semen produced/buck/year/ml 2*52=104 2*52=104 

Diluted semen/buck/year/ml -- 416 

No. of inseminating females/buck/year 104 or 208 832 

Cost of female inseminating/buck 18.6 or 9.29 2.32 

 AI= Artificial insemination, NM= Natural mating. 

 Personal observations and calculations. 

 Feeding cost/buck/year = 0.250 g feed * 365 day * 15 L.E/ kg feed. 

 Managerial cost/buck/year = 24 L.E. (vaccinations) + 20 L.E. Drugs + 20 L.E. housing 

and cervices. 

 

Table 2: Comparison between the additive productions of AI vs. natural mating of 

rabbits 

 

number of bucks, decrease the failure of ovulation in does and increase the fertility rate. 

Dimitrova et al., (2009) reported that Artificial insemination (AI) is a powerful 

tool for genetic improvement of animals, which also offers better sanitary quarantee. It 

allows better work organization as well as decreased manpower costs. The success of 

artificial insemination technique in rabbits depends mainly of the parity number, the 

physiological status and the sexual receptivity at the moment of insemination 

(Castellini, 1996). In European commercial farms, the most common reproductive 

rhythm is based on AI of the does around 11 days after kindling and on weaning of the 

young rabbits at 28–30 days of age (Castelliin et al., 2006). 

From the above, it can be said that artificial insemination is considered the best 

economically in rabbit farms compared to natural insemination, especially under the 

current climate change conditions. 

AI Natural mating Item 

8-10 20 Males no./100 females 

10-12% 00 Females Adding 

10-12% 00 Maximizing of production power 
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Conclusively, we can recommend that AI in rabbits under climate change become 

more economic in rabbits farming compared with natural mating. 

 

REFERENCES 

 

Adams, C.E. (1961). Artificial insemination in the rabbit. J. of Reprod. and 

Fert., 2: 521-522. 

Adams, C.E. (1981). Artificial insemination in the rabbit: The technique and 

application to practice. J. Appl. Rabbit Res., 4: 10-13. 

Adams, C.E. (1987). The laboratory rabbit. Chapter 26. In The UFAW 

Handbook on the Care and Management of Laboratory Animals . 6
th

 Edn, 

ed T. Poole, pp 415-435. Avon, UK. Longman Scientific and Technical. 

Adams, G.P.; Ratto M.H.; Huanca W. and J. Singh (2005). Ovulation-inducing 

factor in the seminal plasma of alpacas and Llamas. Biol. Reprod., 73: 

452-457. 

Ahmad Para I.; Ahmad Dar P.; Ahmad Malla B.; Punetha M.; Rautela A.; 

Maqbool I.; Mohd A.; Ahmad Shah M.; Ahmad War Z. and R. Ishaaq 

(2020). Impact of heat stress on the reproduction of farm animals and 

strategies to ameliorate it. Biological Rhythm Research, 51: 616-632. 

Aldemir M.; Okulu E.; Kosemehmetoglu K.; Ener K.; Topal F.; Evirgen O.; 

Gurleyik E. and A. Avcı (2014). Evaluation of the protective effect of 

quercetin against cisplatin-induced renal and testis tissue damage and 

sperm parameters in rats. Andrologia., 46:1089–1097. 

Alvariño, J.M.R. (1993). Control de la reproducción en el conejo. Editorial 

Mundiprensa. Ed. Ministerio de Agricultura Pesca y Alimentación–

IRYDA. Madrid. Spain. pp. 137. 

Alvariño, J.M.R.; Del Arco, J.A. and A. Bueno (1998). Effect of mother/litter 

separation on reproductive performance of lactating females inseminated 

on day 4 or 11 postpartum. World Rabbit Sci., 6: 191-194.  

Arias-Álvarez M.; García-García R.M.; Rebollar P.G. and P.L. Lorenzo 

(2007). Desarrollo follicular en la coneja. ITEA, 103: 173-185.  

Arias-Álvarez, M.; García-García, R.M.; Rebollar, P.G.; Revuelta, L.; Millán, 

P. and P.L. Lorenzo (2009). Influence of metabolic status on oocyte 

quality and follicular characteristics at different postpartum periods in 

primiparous rabbit does. Theriogenology, 72: 612-623. 

Ayyat M.S. and I.F.M. Marai (1996). Effects of summer heat stress on growth 

performance, some carcass traits and blood components of New Zealand 

White rabbits fed different dietary protein-energy levels, under sub-

tropical Egyptian conditions. Proceeding of 6
th

 World Rabbit Congress, 

Toulouse, France, 2: 151- 161. 

Baglioicca, M.; Camillo, F. and G. Paci (1987). Temperature e performance di 

conigli riproduttori. Rivista di Coniglicoltura 24, 10: 61-65. 

Bakker, J. and M.J. Baum (2000). Neuroendocrine regulation of GnRH release 

in induced ovulators. Front. Neuroendocrinol., 21:220-262. 



 

 

 

 

 

                                             J. Product. & Dev.,30(1), 2025                                 29 
 

Berepubo, N.A.; Nodu, M.B.; Monsi, A. and E.N. Amadi (1993). Reproductive 

response of prepubertal female rabbit to photoperiod and/or male 

presence. World Rabbit Sci., 2: 83-87.  

Berland, M.; Guerra, M.; Bogle, O.A.; Vio, K.; Adams, G.P. and M. Ratto 

(2013). Detection of biotinylated-ovulation-inducing factor (OIF) in 

cerebrospinal fluid and its ability to induce ovulation. Reprod. Fert. 

Develop., 25: 201. 

Bharti S.; Misro M.M. and U. Rai (2014). Quercetin supplementation restores 

testicular function and augments germ cell survival in the estrogenized 

rats. Mol. Cell Endocrinol., 383:10–20. 

Bomsel-Helmreich, O.; Huyen, L.V.N. and I. Durand-Gasselin (1989). Effects 

of varying doses of HCG on the evolution of pre ovulatory rabbit follicles 

and oocytes. Hum. Reprod., 4: 636-642. 

Bonadonna T. (1937). Le basi scientifiche e le possibilite applicative della 

fecondazione artificiale negli animale domestica. Casa Ed. Vannini. 

Brescia. Italia. 

Bonanno, A.; Alabiso, M.; Alicata, M.L.; Leto, G. and M. Todaro (1996). 

Effetti del trattamento “differenziato” con PMSG sull‟efficienza 

produttiva di coniglie sottoposte ad inseminazione artificiale. Rivista di 

coniglicultura. 1/2: 41-45. 

Bonanno, A.; Alabiso, M.; Di Grigoli, A. and M.L. Alicata (1999 a). Effect of 

change of cage and/or mother-litter separation on productivity of non-

receptive lactating rabbit does. Preliminary investigations. World Rabbit 

Sci., 7: 107-111. 

Bonanno, A.; Alabiso, M.; Di Grigoli, A. and M.L. Alicata (1999 b). Effect of 

a 48h delayed insemination with or without a 48h doe-litter separation on 

performance of non-receptive does. World Rabbit Sci., 7: 171-175. 

Bonanno, A.; Albiso, M.; Grigoli, A.; Alicata, M.L. and L. Montalbano 

(2000). Effect of 48-hour doe-litter separation on performance of free or 

controlled nursing rabbit does. In Proc.: 7
th

 World Rabbit Congress, 4-7 

July, 2000. Valencia. España. Vol. A: 97-103. 

Bonanno, A.; Mazza, F.; Alabiso, M.; Grigoli, A. and M.L. Alicata (2003). 

Effects of bio-stimulation induced by contact with buck on reproductive 

performance of rabbit does. In Proc.: 15
th

 Congr. Italy. J. Anim. Sci., 2: 

133-135. 

Bonnano, A.; Budetta, G.; Alabiso, M. and M. Alicata (1990). Effect of PMSG 

and GnRH treatement on the ovulatory efficiency of rabbits. Acta Medica 

Veterinaria, 36 (4): 441-451. 

Bouvier, A.C. and C. Jacquinet (2008). Pheromone in rabbits: Preliminary 

technical results on farm use in France. 9
th

 World Rabbit Congress – June 

10-13, 2008 – Verona – Italy. 

Boyd, I.L. (1986). Effect of day length on the breeding season in male rabbit. 

Mamm. Rev., 16: 125-130. 

Brecchia, G.; Bonanno, A.; Galeati, G.; Federici, C.; Maranesi, M.; Gobbetti, 

A.; Zerani, M. and C. Boiti (2006). Hormonal and metabolic adaptation to 

fasting: Effects on the hypothalamic-pituitary-ovarian axis and 



 

 

 

 

 

30                                                        EL-SAWY  et al. 

 

reproductive performance of rabbit does. Domest. Anim. Endocrinol., 31: 

105-122. 

Brecchia, G.; Cardinali, R.; Dal Bosco, A.; Boiti, C. and Castellini, C. (2008). 

Effect of reproductive rhythm based on rabbit doe body condition on 

fertility and hormones. 9
th

 World Rabbit Congress, 309-313. 

Brennan, P.A. and F. Zufall (2006). Pheromonal communication invertebrates. 

Nature, 444: 308-315. https://doi.org/10.1038/nature05404Brewer N.R. 

2006.  

Brewer, N.R. (2006). Biology of the rabbit. J. Am. Assoc. Lab. Anim. Sci., 45: 

8-24. 

Brooks, P.H. and D.J. Cole (1970). The effect of the presence of boar on the 

attainment of puberty in gilts. J. Reprod. Fertil., 23: 435-440. 

 

 

Cano, P.; Jiménez, V.; Álvarez, M.P.; Alvariño, M.; Cardinali, P. and A.I. 

Esquifino (2005). Effect of litter separation on 24-hour rhythmicity of 

plasma prolactin, follicle-stimulating hormone and luteinizing hormone 

levels in lactating rabbit does. J. Circadian Rhythms, 3: 9-13.  

Casares-Crespo, L. (2020). Development of new artificial insemination 

extenders supplemented with GnRH analogues to induce ovulation and 

proteomic characterization of rabbit semen. Doctoral dissertation, 

Universitat Politècnica deValència. 

Castellini, C. (1996). Recent Advances In Rabbit Artificial Insemination . In 

Proc: 6
th

 World Rabbit Congress, 9-12 July,1996. Toulouse, France. 2:13-

26. 

Castellini, C.; Canali, C. and C. Boiti (1998). Effect of mother-litter separation 

for 24 hours, by closing the nestbox or change of cage, on rabbit doe 

reproduction performance. World Rabbbit Sci., 6: 199-203. 

Castellini, C.; Cardinali, R.; Brecchia, G. and A. Del Bosco (2005). Effect of 

LPS-induced inflammatory state on some aspects of reproductive function 

of rabbit does. Ital. J. Anim. Sci., 4, suppl. 2: 532-534. 

Castellini, C.; Mattioli, S.; Dal Bosco, A.; Mancinelli, A.C.; Rende, M.; 

Stabile, A.M. and A. Pistilli (2020). Role of NGF on sperm traits: A 

review. Theriogenology, 150: 210-214. 

Cerbón, M.A.; Camacho-Arroyo, I.; Gamboa-Domínguez, A. and G. González-

Mariscal (1996). The rabbit submandibular gland: sexual dimorphism, 

effects of gonadectomy, and variations across the female reproductive 

cycle. J. Comp. Physiol. A, 178: 351-357.  

Chemineau, P.; Cagnie, Y; Gue'rin, P.; Orgeurand Cheng, H.; Dooley, M.P.; 

Hopkins, S.M.; Anderson, L.L.; Yibchok-anun, S. and W.H. Hsu (1999). 

Development of rabbit embryos during a 96-h period of in vitro culture 

after superovulatory treatment under conditions of elevated ambient 

temperature. Anim. Reprod. Sci., 56: 279-290. 

Cheng, H.; Dooley, M.P.; Hopkins, S.M.; Anderson, L.L.; Yibchok-anun, S. 

and W.H. Hsu (1999). Development of rabbit embryos during a 96-h 



 

 

 

 

 

                                             J. Product. & Dev.,30(1), 2025                                 31 
 

period of in vitro culture after superovulatory treatment under conditions 

of elevated ambient temperature. Anim. Reprod. Sci., 56: 279-290.  

Chupin, D. and H. Schuh (1993). Survey of present status of the use of 

artificial insemination in developing countries. Wrld. Anim. Rev., 74/75: 

26-35. 

Dal Bosco, A.; Rebollar, P.G.; Boiti, C.; Zerani, M. and C. Castellini (2011). 

Ovulation induction in rabbit does: current knowledge and perspectives. 

Anim. Reprod. Sci., 129: 106-117. 

https://doi.org/10.1016/j.anireprosci.2011.11.007 

De Lara, R. (2001). Manejo reproductivo de una empresa 

cunícola.Lagomorpha, 118: 24-34. 

Dimitrova, I.; Angelov, G.; Teneva, A. and P. Uzev (2009). Artificial 

Insemination of rabbits. Biotechnology in Animal Husbandry 25 (5-6): p 

1249-1253. 

Du Mesnil du Buissson F.; Signoret J.P. and J. Gautier (1962). Influence de 

facteurs externes sur le déclechementde la puberté chez la truie. Ann. 

Zootech., 11: 53-59. 

El-Azzazi F.E.; Hegab, I.M. and A.M. Hanafy (2017). Biostimulation and 

reproductive performance of artificially inseminated rabbit does 

(Oryctolagus cuniculus). World Rabbit Sci., 25: 313-321. 

El-Gaafary, M.N. and I.F., Marai (1994). Artificial insemination in rabbits. 

Proceedings of the First International Conference on Rabbit Production 

in Hot Climates, Cairo, Egypt, 6-8 September: 95-107. 

El-Sawy, M.A. (2023). Climate changes effects on rabbit production. J. 

Product. and Dev., 28(4): 189- 212. 

El-Sawy, M.A.; Kh.A.A. Ali; M.N.F. Hassanein; Noha Tag El-Din, and K.H. 

El-Kholy (2017). Effect of dietary arak (Salvadora persica) and season 

interaction on performance of pre and post-sexual maturity of rabbit 

males. Egyptian Journal of Rabbit Science, 27 (2): 267- 288. 

El-Sobhy, H.E. (2000). Physiological responses and histochemical changes of 

some endocrine glands of NZW rabbit bucks exposed to 34
o
C. Egyptian J. 

Rabbit Sci., 10: 19-41. 

Evans, G. and W.M.C. Maxwell, (1987). Salmon‟s Artificial insemination of 

sheep and goats. Butterworth‟s Sydney pp 85-106. 

Facchin, E.; Cancellotti, F.M. and D. Gallazi (1987). Rabbit breeding systems 

and performances: weekly cycled production. Report EUR 10983 EN. 69-

82. 

Farreli, J.; Powers, D. and T. Otani (1968). Inhibition of ovulation in the 

rabbit: seasonal variation and the effects of indoles. Endocrinology 83, 

599-605. 

Fee, A.R. and A.S. Parkes (1930). Studies on ovulation: III. Effect  of vaginal 

anesthesia on ovulation in the rabbit. J. Physiol., 70:385-388.  

Finzi, A.; Morera, P. and G. Kuzminsky (1995). Sperm abnormalities as 

possible indicators of rabbit chronic heat stress. World Rabbit Sci., 3, 

157–161. 



 

 

 

 

 

32                                                        EL-SAWY  et al. 

 

Foote, R.H. and E.W. Carney (2000). The rabbit as a model for reproductive 

and developmental toxicity studies. Reproductive Toxicology, 14: 477-

493. 

Fortun-Lamothe, L. (2006). Energy balance and reproductive performance in 

rabbit does. Anim. Reprod. Sci., 93: 1-15. 

Fortun-Lamothe, L. and G. Bolet (1995). Les effects de la lactation surles 

performances de reproduction chez la lapine. INRA Prod. Anim., 8: 49-

56.  

Frank, H. (1966). Ablation des bulbes olfactifs chez la lapineimpubère. 

Répercussions sur le tractus génital et lecomportement sexuel. Soc. Biol., 

160: 389-390. 

García, M.L. and M.J. Argente (2017). Exposure to High Ambient 

Temperatures Alters Embryology in Rabbits. Int. J. Biometeorol., 61: 

1555–1560. 

García-García, R.M.; Arias-Álvarez, M.; Sánchez-Rodríguez, A.; Lorenzo, 

P.L. and P.G. Rebollar (2020). Role of nerve growth factor in the 

reproductive physiology of female rabbits: A review. Theriogenology, 

150: 321-328. 

Gerencsér, Zs.; Matics, Zs.; Nagy, I.; Princz, Z.; Orova, Z.; Biró-Németh, E.; 

Radnai, I. and Zs. Szendrő (2008 a). Effect of a light stimulation on the 

reproductive performance of rabbit does. In Proc.: 9
th

 World Rabbit 

Congress, 10-13 June, 2008. Verona. Italy. 1: 371-374. 

Gerencsér, Zs.; Matics, Zs.; Nagy, I.; Princz, Z.; Orova, Z.; Biró-Németh, E.; 

Radnai, I. and Zs. Szendrő (2008 b). Effect of lighting program on the 

nursing behavior of rabbit does. In Proc.: 9
th

World Rabbit Congress, 10-

13 June, 2008. Verona, Italy. 1:1177-1182. 

Gogol, P. (2016). Effect of goserelin and leuprolide added to the semen on 

reproductive performance in rabbits-short communication. Acta Vet. 

Hung., 64: 116-119.  

Gomes, R.; Becerril, P.; Torres, H.; Pro, M.; Rodriguez, D.E. and R. Lara 

(2004). Relationship among feeding level, change of cage and fasting with 

vulva colour and sexual receptivity in New Zealand White and Californian 

nulliparous does. Proc. 8
th

 WR Congress, 270-275. 

Gómez-Ramos, B.; Becerril-Pérez, C.M.; Torres-Hernández, G.; Pro-Martínez, 

A.; Rodríguez, D.E. and R. Lara (2005). Relación del nivel 

dealimentación, cambio de jaula y ayuno con el comportamiento 

reproductivo de conejas nulíparas Nueva Zelanda blanco ycaliforniana. 

Agrociencia., 39: 491-499. 

González, R. (2005). Bioestimulación en la coneja reproductora.¿Alternativa a 

los tratamientos hormonales? Cunicultura,Febrero: 7-16. Hafez E.S.E. 

1993. Reproducción e Inseminación Artificial enAnimales. In Proc.: 6
th

 

ed. Hafez E.S.E. (Ed), Mexico, DF: Inter americana-McGraw-Hill.  

González-Mariscal, G. (2001). Neuroendocrinology of maternal behavior in 

the rabbit. Hormones and Behavior, 40: 125-132. 

https://doi.org/10.1006/hbeh.2001.1692 



 

 

 

 

 

                                             J. Product. & Dev.,30(1), 2025                                 33 
 

González-Mariscal, G.; Caba, M.; Martínez-Gómez, M.; Bautista, A. and R. 

Hudson (2016). Mothers and offspring: the rabbit as a model system in the 

study of mammalian maternal behavior and sibling interactions. 

Hormones and Behavior, 77: 30-41. 

Hafez, E.S.E. (1980). Reproduction in Farm Animals. 4
th

 Edition, LEA and 

Febiger, Philadelphia, U.S.A. 

Hafez, E.S.E. (1993). Reproducción e Inseminación Artificial en Animales. In 

Proc.: 6
th

 ed. Hafez E.S.E. (Ed), Mexico, DF: Interamericana-McGraw-

Hill. 

Hammond J. and F.H.A. Marshall (1925). Reproduction in the rabbit. Ed: 

Oliver and Boyd. Edinburg.  

Harkness, J.E. and J.E. Wagner (1983). The biology and Medicine of Rabbits 

and Rodents. 3
rd

 edn. London: Lea and Febiger. 

Hill M. and W.E. White (1933). The growth and regression of follicles in the 

oestrous rabbit. J. Physiol., 80: 174-178.  

Hulot F. and B. Poujardieu (1976). Induction of ovulation and fertility in the 

lactating and non-lactating rabbit (Oryctolagus cuniculus). Ann. Biol. 

Anim. Bioch. Biophys., 16: 635-643. 

Hulot F., Mariana J.C. and G. Cattiau (1988). HCG induced ovulation in two 

rabbits breeds: effects of dose, season and sexual behavior. Livest. Prod. 

Sci., 20: 635-643. 

Ivanoff, E.I. (2009). On the use of artificial insemination for zootechnical 

purposes in Russia. The Journal of Agricultural Science, 12(3) July 1922, 

pp. 244 - 256 DOI: https://doi.org/10.1017/S002185960000530X. 

Published online by Cambridge University Press: 27 March 2009 

Jegou, B., D.M. Laws and D.E. Kretser (1984). Changes in testicular function 

induced by short term exposure of the germ cells, sertoli cells and leydig 

cells. Int. J. Andr., 7: 244. 

Kanematsu, S.; Scaramuzzi, R.J.; Hilliard, J. and C.H. Sawyer (1974). Patterns 

of ovulation-inducing LH release following coitus, electrical stimulation 

and exogenous LH-RH in the rabbit. Endocrinology, 95: 247-252. 

Karlson, P. and M. Luscher (1959). “Pheromones”: a new term for aclass of 

biologically active substances. Nature, 183: 55-56. 

Katongola, C.B.; F. Naftolin and R.V. Short (1974). Seasonal variations in 

blood luteinzing hormone and testosterone levels in rams. J. 

Endocrinology, 60: 101-106. 

Kershaw-Young, C.M.; Druart, X.; Vaughan, J. and W.M.C. Maxwell (2012). 

β-Nerve growth factor is a major component of alpaca seminal plasma and 

induces ovulation in female alpacas. Reprod. Fert. Develop., 24: 1093-

1097. 

Keverne, E.B. (2002). Pheromones, vomeronasal function, and gender-specific 

behavior. Cell, 108: 735-8.  

Khalifa, R.M.; El-Alamy, M.A. and M.A. Beshir (2000). Vasectomized buck 

gave better reproductive results in artificial insemination techniques in 

rabbits than GnRH or HCG. In Proc.: 7
th

 World Rabbit Congress, 4-7 July, 

2000. Spain. A: 147-153. 

https://doi.org/10.1017/S002185960000530X


 

 

 

 

 

34                                                        EL-SAWY  et al. 

 

Kirkwood, R.N.; Forbes, J.M. and P.E. Hughes (1981). Influence of boar 

contact on attainment of puberty in gilts after removal of the olfactory 

bulbs. J. Reprod. Fertil., 61: 193-198. 

Kishk, W.; Awad, M. and M. Ayoub (2000). Non-hormonal substances for the 

induction of ovulation in rabbit does. In Proc.: 7
th

 World Rabbit Congress, 

4-7 July, 2000. Valencia. Spain. A: 155-160. 

Lavara, R.; I. David; E. Mocé; M. Baselga and J.S. Vicente (2013). 

Environmental and male variation factors of freezability in rabbit semen. 

Theriogenology, 79: 582-589. 

Lebas F.; Coudert P.; Rouvier R. and H. de Rochambeau (1986). The Rabbit 

Husbandry, Health and Production. FAO Anim. Prod. and Health Series, 

Rome. 

Lebas, F. (2005). Rabbit production in tropical zones. III International Rabbit 

Production Symposium, pp. 1-9. 

Lefevre, B. and B. Moret (1978). Influence d‟une modification brutalede 

l‟environnement sur l‟apparition de l‟oestrus chez la lapinenullipare. Ann. 

Biol. Anim. Bioch. Biophys., 18: 695-698. 

Lefevre, B.; Martinet, L. and B. Moret (1976). Environnement etcomportement 

d‟oestrus. In Proc.: 1er Congrès International Cunicole, 1976. Dijon, 

France. Communication nº61. 

Lishman, A.W. (1969). The seasonal pattern of oestrus amongstewes affected 

by isolation from and joining with rams. Agroanimalia, 1: 95-101. 

Loskutoff, N.M. and E.G. Crichton, (2001). Standard operating procedures for 

genome resource banking. Center for conservation and research, 

Omaha‟s Henry Doorly Zoo, Omaha. pp. 1-16. 

Lphsi, (1990). Livestock and Poultry Heat Stress Indices, Agriculture 

Engineering Technology Guide. Clemson University, Clemson. Sc, 29634. 

USA. 

Luzi, F.; Barbieri, S.; Lazzaroni, C.; Cavani, C.; Zecchini, M. and C. Crimella 

(2001). Effects de l‟addition de propyleneglycol dans l‟eau de boisson sur 

les performances de reproduction des lapines. World Rabbit Sci., 9: 15-18. 

Maertens, L. (1998). Effect of flushing, mother-litter separation and PMSG on 

the fertility of lactating does and the performance of the litter. Word 

Rabbit Sci., 6: 185-190. 

Maertens, L. and H. Bousselmi (1999). The fertility rate of artificial 

inseminated rabbit does: the impact of some doe related factors. In Testik 

A. (ed.), Baselga M. (ed.). 2
nd

 International Conference on rabbit 

production in hot climates. Zaragoza: CIHEAM-IAMZ, pp. 127-132.  

Maertens, L.; Luzi, F. and G. Grilli (1995). Effects of PMSG induced 

oestruson the performance of rabbit does: A review. World Rabbit Sci., 3: 

191-199. 

Marai, I.F.M.; Ayyat, M.S. and U.M. Abd El-Monem (2001). Growth 

performance and reproductive traits at first parity of New Zealand White 

female rabbits as affected by heat stress and its alleviation under Egyptian 

conditions. Trop. Anim. Health. Prod., 33: 1–12. 



 

 

 

 

 

                                             J. Product. & Dev.,30(1), 2025                                 35 
 

Marai, I.F.M.; Habeeb, A.A.M. and A.E. Gad (2002). Rabbits‟ Productive, 

Reproductive and Physiological Performance Traits as Affected by Heat 

Stress: A Review. Livest. Prod. Sci., 78: 71–90. 

Masdeu, M.; Garcia-Garcia, R.M.; Millan, P.; Revuelta, L.; Sakr, O.G.; 

Blanco, P.G.; Cortegano, D.; Lorenzo, P.L. and P.G. Rebollar (2012). 

Effect of rabbit seminal plasma in ovulating response. Reprod. Fert. 

Develop., 25: 243-243. 

Mastrogiacomo, R.; D'Ambrosio, C.; Niccolini, A.; Serra, A.; Gazzano, A.; 

Scaloni, A. and P. Pelosi (2014). An odorant-binding protein is 

abundantly expressed in the nose andin the seminal fluid of the rabbit. 

PloS one, 9: e111932. 

Mattioli, S.; Maranesi, M.; Castellini, C.; Dal Bosco, A.; Lorenzo, P.L.; 

Rebollar, P.G. and R.M. García-García (2021). Physiology and 

modulation factors of ovulation in rabbit reproduction management. 

World Rabbit Sci., 29: 221-229. 

Maya-Soriano, M.J.; Taberner, E.; Sabes-Alsina, M.; Ramon, J.; Rafel, O.; 

Tusell, L.; Piles, M. and M. Lopez-Bejar (2015). Daily Exposure to 

Summer Temperatures Affects the Motile Subpopulation Structure of 

Epididymal Sperm Cells but Not Male Fertility in an In Vivo Rabbit 

Model. Theriogenology, 84: 384–389. 

McGlone, J.J.; Devaraj, S. and A. Garcia (2019). A novel boar pheromone 

mixture induces sow estrus behaviors and reproductive success. Appl. 

Anim. Behav. Sci., 219: 104832. 

Mehaisen, G.M.; Viudes-de-Castro, M.P.; Vicente, J.S. and R. Lavara (2006). 

In vitro and in vivo viability of vitrified and non-vitrified embryos derived 

from eCG and FSH treatment in rabbit does. Theriogenology, 65: 1279-

1291. 

Melo, A.I. and G. González-Mariscal (2010). Communication by olfactory 

signals in rabbits: its role in reproduction. Vitam. Horm., 83: 351-371.  

Milanés, A.; Pereda, N.; Burgos, L.; Lorenzo, P.L. and P.G. Rebollar (2004). 

Parámetros reproductivos de conejas sometidas a diferentesmétodos de 

sincronización de celo. In Proc.: XXIX Symposiumde Cunicultura de 

ASESCU, 31 March - 1 April, 2004. Lugo, Spain. 101-105. 

Mirabito, L.; Galliot, P. and C. Souchet (1994). Effect de l‟utilisation dela 

PMSG et de la modification de la photoperiode sur lesperformances de 

reproduction de la lapine. In Proc.: 6èmesJournees de la Recherche 

Cunicole, 6-7 December, 1994. LaRochelle. France. 1: 169-178. 

Moret, B. (1980). Comportement d‟oestrus chez la lapine.Cuniculture, 33: 

159-161. Morrell J.M. 1995. Artificial insemination in rabbits. Brit.Vet. 

J., 151: 477-488.  

Motedayen, M.H.; Todehdehghan, F. and P. Tajik (2007). Comparative 

evaluation of pregnancy rates in Dutch laboratory rabbit after 

insemination and natural breeding. J. Vet. Res., 62 (4): 63-65. 

 

 



 

 

 

 

 

36                                                        EL-SAWY  et al. 

 

Ondruska, L.; Parkanyi, V.; Rafay, J. and I. Chlebec (2008). Effect of LHRH 

analogue included in seminal dose on kindling rateand prolificacy of 

rabbits artificially inseminated. In Proc.: 9
th

World Rabbit Congress, 10-13 

June, 2008. Verona. Italy. A: 423-426. 

Parigi-Bini, R. and G. Xiccato (1993). Recherches sur l‟interactionentre 

alimentation, reproduction et lactation chez lalapine, une revue. World 

Rabbit Sci., 1: 155-161. 

Parigi-Bini, R.; Xiccato, G. and M. Cinetto (1990). Energy and protein 

retention and partition in rabbit does during first pregnancy. Cuni. Sci., 6: 

19-29. 

Pei, Y.; Wu, Y.; Cao, J. and Y. Qin (2012). Effects of Chronic Heat Stress on 

the Reproductive Capacity of Male Rex Rabbits. Livest. Sci., 146: 13–21. 

Perrier, G.; Theau-Clément, M.; Jouanno, M. and J.P. Drouet (2000). 

Reduction of the GnRH dose and inseminated rabbit doe reproductive 

performance. In Proc.: 7
th

 World Rabbit Congress, 4-7 July, 2000. 

Valencia. Spain. A: 225-230. 

Porter, V. and W.F. Brown (1987). The complete Book of the Fertel., p. 161. 

London: Pelham Books. 

Quintela, L.; Peña, A.; Barrio, M.; Vega, M.D.; Diaz, R.; Maseda, F. and P. 

Garcia (2001). Reproductive performance of multiparous rabbit lactating 

does: effect of lighting programs and PMSG use. Reprod. Nutr. Dev., 41: 

247-257. 

Quintela, L.A.; Barrio, M.; Prieto, C.; Gullón, J.; Vega, M.D.; Sánchez, M.; 

García, N.; Becerra, J.J.; Peña, A.I.; Herradón, P.G. and R. Hernandez-Gil 

(2012). Field test of the effectiveness of rabbit semen extender MRA-bit® 

incorporating GnRH analogue. In Proc.: 10
th

 World Rabbit Congress, 3–6 

September, 2012. Sharm El- Sheikh, Egypt. 431-433. 

Quintela, L.A.; Peña, A.I.; Vega, M.D.; Gullón, J.; Prieto, C.; Barrio, M.; 

Becerra, J.J. and P.G. Herradón (2009). Reproductive Performance of 

Rabbit Does Artificially Inseminated via Intravaginal Administration of 

[des-Gly 10, d-Ala6]-LHRH Ethylamide as Ovulation Inductor. Reprod. 

Dom. Anim., 44: 829-833. 

Quintela, L.A.; Peña, A.I.; Vega, M.D.; Gullón, J.; Prieto, M.C.; Barrio, M.; 

Becerra, J.J.; Maseda, F. and P.G. Herradón (2004). Ovulation induction 

in rabbit does submit to artificial insemination by adding buserelin to the 

seminal dose. Reprod. Nutr. Dev., 44:79-88. 

https://doi.org/10.1051/rnd:2004015 

Ramírez, V.D. and W.L. Soufi (1994). The neuroendocrine control of the 

rabbit ovarian cycle. In: Knobil E, Neill J. (ed). The physiology of 

reproduction. Raven Press, New York, USA, 595-611. 

Ratto, M.H.; Huanca, W.; Singh, J. and G.P. Adams (2005). Local versus 

systemic effect of ovulation-inducing factor in the seminal plasma of 

alpacas. Rep. Biol. Endocrinol., 3: 1-5.  

Rebollar, P.G. and J.M.R. Alvariño (2002). Evolución del manejo reproductivo 

en cunicultura. Boletín de cunicultura, 124: 6-15. 

https://doi.org/10.1051/rnd:2004015


 

 

 

 

 

                                             J. Product. & Dev.,30(1), 2025                                 37 
 

Rebollar, P.G.; Alvariño, J.M.R.; Del Arco, J.A. and A. Bueno (1995). Control 

del celo en conejas nulíparas: manejo y tratamientocon PMSG. Inf. Tech. 

Eco. Agr., 16: 455-457. 

Rebollar, P.G.; Dal Bosco, A.; Millán, P.; Cardinali, R.; Brecchia, G.; Sylla, 

L.; Lorenzo, P.L. and C. Castellini (2012). Ovulating induction methods 

in rabbit does: the pituitary and ovarian responses. Theriogenology, 77: 

292-298. 

Rebollar, P.G.; Milanés, A.; Pereda, N.; Millán, P.; Cano, P.; Esquifino, A.I.; 

Villaroel, M.; Silvaán, G. and P.L. Lorenzo (2006). Oestrus 

syncronisation of rabbit does at early post-partum by doe-litter separation 

or eCG injection: Reproductive parameters and endocrine profiles. Anim. 

Reprod. Sci., 93: 218-230. 

Rebollar, P.G.; Pereda, N.; Schwarz, B.F.; Millán, P.; Lorenzo, P.L. and N. 

Nicodemus (2011). Effect of feed restriction or feeding high-fiber diet 

during the rearing period on body composition, serum parameters and 

productive performance of rabbit does. Anim. Feed Sci. Technol., 163: 

67-76. 

Rebollar, P.G.; Pérez-Cabal, M.A.; Pereda, N.; Lorenzo, P.L.; Arias-Álvarez, 

M. and P. García-Rebollar (2009). Effects of parity order and reproductive 

management on the efficiency of rabbit productive systems. Livest. Sci., 

121: 227-233. 

Rebollar, P.G.; Ubilla, E. and J.M. Rodriguez (1992 a). Influence of the 

parturition-insemination interval in the conception rate in rabbits 

artificially inseminated with fresh semen. J. Appl. Rabbit Sci., 15: 407-

411. 

Rebollar, P.G.; Ubilla, E.; Rodríguez, J.M.; Illera, J.C. and G. Silvan (1992 b). 

Influencia del nivel de receptividad sexual sobre el estradiolplasmático y 

la respuesta ovulatoria durante el postparto en laconeja. Rev. Esp. Fisiol., 

48: 13-18. 

Roca, J.; Martinez, S.; Orengo, J.; Parrilla, I.; Vazquez, J.M. and E.A. 

Martinez (2005). Influence of constant long days on ejaculate parameters 

of rabbits reared under natural environment conditions of the 

Mediterranean area. Livestock Production Sci., 94, 169-177. 

Rodriguez De Lara, R.; Fallas, L. and S. Rangel (2000). Influence of body live 

weight and relocation on kindling rate and prolificacy in Aied multiparous 

rabbit does. Proc. 7
th

 WR Congress, 251-257. 

Rodríguez, T.M. (2004). Inducción de la ovulación. Boletin de Cunicultura, 

134: 51-54. 

Roelofs, J.B.; Soede, N.M.; Dieleman, S.J.; Voskamp-Harkema, W. and B. 

Kemp (2007). The acute effect of bull presence on the plasma profiles of 

luteinizing hormone in postpartum anestrous dairy cows. Theriogenology, 

68: 902-907. 

Romeu, A.; Molina, I.; Tresguerres, J.A.F.; Pla, M. and J.A. Peinado (1995). 

Effect of recombinat human luteinizing hormone versus human chorionic 

gonadotrophin: effects on ovulation, embryo quality and transport, steroid 

balance and implantation in rabbits. Mol. Hum. Reprod., 1: 126-132. 



 

 

 

 

 

38                                                        EL-SAWY  et al. 

 

Sabés-Alsina, M.; Tallo-Parra, O.; Mogas, M.T.; Morrell, J.M. and M. Lopez- 

Bejar (2016). Heat Stress Has an Effect on Motility and Metabolic 

Activity of Rabbit Spermatozoa. Anim. Reprod. Sci., 173, 18–23. 

Safaa, H.M.; Emarah, M.E. and N.F.A. Saleh (2008). Seasonal effects on 

semen quality in black Baladi and White New Zealand rabbit bucks. 

World Rabbit Sci., 16: 13 – 20. 

Salisbury, G.W.; N.L. Van Demark and J.R. Lodge (1978). Physiology of 

Reproduction and Artificial Insemination of Cattle. W.H. Freeman and 

Company, San Francisco, USA. 

Salvetti, P. (2008). Production des embryons et cryoconservationdes ovocytes 

chez la lapine: Application à la gestion desressources génétiques. Doctoral 

Thesis. University of Lyon. France. 

Sanchez-Rodriguez, A.; Abad, P.; Arias-Álvarez, M.; Rebollar, P.G.; Bautista, 

J.M.; Lorenzo, P.L. and R.M. Garcia-Garcia (2019). Recombinant rabbit 

beta nerve growth factor production and its biological effects on sperm 

and ovulation in rabbits. PloS one, 14: e0219780.  

Santos, J.E.P.; Rutigliano, H.M. and M.F. Sá Filho (2009). Risk factors for 

resumption of postpartum estrous cycles and embryonic survival in 

lactating dairy cows. Anim. Reprod. Sci., 110: 207-221.  

Sawyer, C.H. and J.E. Markee (1959). Estrogen facilitation of release of 

pituitary ovulating hormone in the rabbit in response to vaginal 

stimulation. Endocrinology, 65: 614-621. 

Schaal, B.; Coureaud, G.; Langlois, D.; Ginies, C.; Sémon, E. and G. Perrier 

(2003). Chemical and behavioural characterization of the rabbit mammary 

pheromone. Nature, 424: 68-72. 

Schüddemage, M. (2000). Untersuchungen zum einfluβvon naturlicht im 

vergleich zu zwei verschiedenenkunstlichtregimen auf die reproduktions 

parameter weiblicherund männlicher kaninchen (Orytolagus cuniculus). 

Doctoral Thesis. University of Gieben. Germany. 

Silva, M.; Fernández, A.; Ulloa-Leal, C.; Adams, G.P.; Berland, M.A. and 

M.H. Ratto (2015). LH release and ovulatory response after 

intramuscular, intravenous, and intrauterine administration of β-nerve 

growth factor of seminal plasma origin in female llamas. Theriogenology, 

84: 1096-1102. 

Silva, M.; Nino, A.; Guerra, M.; Letelier, C.; Valderrama, X.P.; Adams, G.P. 

and Ratto, M.H. (2011). Is an ovulation-inducing factor (OIF) present in 

the seminal plasma of rabbits. Anim. Reprod. Sci., 127: 213-221. 

Sirotkin, A.V.; Chrenek, P.; Kolesarová, A.; Parillo, F.; Zerani, M. and C. 

Boiti (2014). Novel regulators of rabbit reproductive functions. Anim. 

Reprod. Sci., 148: 188-196. 

Spies, H.G.; Pau, K.Y. and S.P. Yang (1997). Coital and estrogen signals: a 

contrast in the pre ovulatory neuroendocrine networks of rabbits and 

rhesus monkeys. Biol. Reprod., 56: 310-319. 

Szendro, Zs.; Biro-Nemeth, M.E. and I. Radnai (1992). Investigations on the 

results of artificial insemination. Journal of Applied Rabbit Research, 15: 

545-552. 



 

 

 

 

 

                                             J. Product. & Dev.,30(1), 2025                                 39 
 

Theau-Clément, M. (2000). Advances in biostimulation methods applied to 

rabbit reproduction. In Proc.: 7
th

 World Rabbit Congress, 4-7 July, 2000. 

Valencia. Spain. 61-79. 

Theau-Clément, M. (2008). Facteurs de réussite de l‟inseminationchez la 

lapine et méthodes d‟induction de l‟oestrus. INRAProd. Anim., 21: 221-

230. 

Theau-Clément, M. and A. Roustan (1992). A study on relationships between 

receptivity and lactation in the doe, and their influence on reproductive 

performances. J. Appl. Rabbit Res., 15: 412-421. 

Theau-Clément, M. and B. Poujardieu (1999). Effect of 24h mother-litter 

separation on rabbit does reproductive performance and young 

growth.World Rabbit Sci.,7:177-179.  

Theau-Clément, M. and P. Mercier (2004). Influence of lighting programs on 

the productivity of rabbit does of two genetic types. In Proc.: 8
th

 World 

Rabbit Congress, 7-10 September, 2004. Puebla. Mexico. 358-363. 

Theau-Clément, M.; Castellini, C.; Maertens, L.,and C. Boiti (1998). 

Biostimulations applied to rabbit reproduction: Theory and practice. 

World Rabbit Sci., 6: 179-184. 

Theau-Clément, M.; Poujardieu, B. and J. Bellereaud (1990). Influencedes 

traitements lumineux, modes de reproduction et étatsphysiologiques sur la 

productivité de lapines multipares. In Proc.: 5èmes Journees de la 

Recherche Cunicole, 12-13 December, 1990. Paris. France. Tome 1, 

comm. 7. 

Turner, T.T. and J.J. Lysiak (2008). Oxidative stress: a common factor in 

testicular dysfunction. J. Androl., 29: 488–498. 

Ubilla, E. and P.G. Rebollar (1995). Influence of the postpartum day on 

plasma estradiol-17 β levels, sexual behavior and conception rate, in 

artificially inseminatedlactating rabbits. Anim. Reprod. Sci., 38: 337-344. 

Ubilla, E.; Rebollar, P.G.; Pazo, D.; Esquifino, A.I. and J.M.R. Alvariño 

(2000). Pituitary and ovarian response to transient doe-litter separation in 

nursing rabbits. J. Reprod. Fertil., 118: 361-366.  

Uzcategui, M.E. and N.P. Johnston (1992). The effect of 10, 12 and14 hour 

continuous and intermittent photoperiods on the reproductive performance 

of female rabbits. J. Appl. Rabbit. Res., 15: 553-559. 

Vega, M.D.; Prieto, M.C.; Gullón, J.; Herradón, P.G. and L.A. Quintela 

(1999). Resultados de inseminación artificial en explotacionescunícolas de 

Galicia. In Proc: II Congreso Ibérico deReproducción Animal, 7-10 July, 

1999.  

Verga, M. (1992). Some characteristics of Rabbit behaviour and their 

relationship with husbandry systems. Appl. Rabbit Res. 15: 55-63. 

Verità, P. and A. Finzi (1980). Cage changing as a stressor in rabbit. In Proc.: 

2
nd

 World Rabbit Congress, 1980. Barcelona. Spain. Vol. 1: 417-423. 

Vicente, J.S.; Lavara, R.; Marco-Jiménez, F. and M.P. Viudes-de-Castro 

(2011). Detrimental Effect on availability of buserelin acetate 

administered in seminal doses in rabbits. Theriogenology, 76: 1120-1125. 



 

 

 

 

 

40                                                        EL-SAWY  et al. 

 

Villamayor, P.R.; Cifuentes, J.M.; Fdz.-de-Troconiz, P. and P. Sanchez-

Quinteiro (2018). Morphological and immune-histo-chemical study of the 

rabbit vomeronasal organ. J. Anatomy, 233: 814-827.  

Villamayor, P.R.; Cifuentes, J.M.; Quintela, L.; Barcia, R. and P. Sanchez-

Quinteiro (2020). Structural, morphometric and immune-histo-chemical 

study of the rabbit accessory olfactory bulb. Brain Structure and Function, 

225: 203-226. 

Villamayor, P.R.; Gullon, J.; Quintela, L.; Sanchez-Quinteiro, P.; Martinez, P. 

and D. Robledo (2022 b). Sex separation unveils the functional plasticity 

of the vomeronasal organ in rabbits. Front. Mol. Neuro. Sci., 15: 1034254. 

Villamayor, P.R.; Gullón, J.; Yáñez, U.; Sánchez, M.; Sánchez-Quinteiro, P.; 

Martínez, P. and L. Quintela (2022 a). Assessment of Biostimulation 

Methods Based on Chemical Communication in Female Doe 

Reproduction. Animals, 12: 308. 

Villamayor, P.R.; Robledo, D.; Fernández, C.; Gullón, J.; Quintela, L.; 

Sánchez-Quinteiro, P. and P. Martínez (2021). Analysis of the 

vomeronasal organ transcriptomereveals variable gene expression 

depending on age and function in rabbits. Genomics, 113: 2240-2252. 

Virág, Gy. (1999). Doe-litter separation. Effects upon reproductive traits and 

discriminant functions on fertility. World Rabbit Sci., 7: 155-159.  

Viudes-de-Castro, M.P.; Casares-Crespo, L.; Marco-Jiménez, F. and J.S. 

Vicente (2017). Physical effect of insemination cannula on ovulation 

induction in rabbit doe. In Proc.: XVII Jornadassobre Producción Animal, 

30-3 May, 2017. Zaragoza, Spain.380-382. 

Watson, P. F., (1975). Use of a Giemsa stain to detect changes in acrosomes of 

frozen ram spermatozoa. Vet. Rec., 97, 12-15. 

Yaeram, J.; Setchell, B.P. and S. Maddocks (2006). Effect of heat stress on the 

fertility of male mice in vivo and in vitro. Reprod. Fert. Dev., 18: 647–653. 

Zapletal, D. and A. Pavlik (2008). The effect of lecirelin (GnRH) dosage on the 

reproductive performance of nulliparous and lactating rabbit does. Anim. Reprod. 

Sci., 104: 306-315. 

Zapletal, D.; Adamec, V. and D. Klecker (2003). Effect of GnRH hormones application 

on performance of artificial inseminated rabbits (Oryctogalus cuniculus) during 

year. Acta Univ. Agric. Silvic. Mendel. Brun., 5: 123-132. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

                                             J. Product. & Dev.,30(1), 2025                                 41 
 

 لأرانب المرباه جحث ظروف لإيجابيات وسلبيات الحلقيح الاصطناعي 

 الحغير المناخي الحالي
 

حمد عبد العسيس الصاوىم
1
 السبيعي السيد محمد - 

1
أحمد مصطفي إمام -

1 
زيحون محمد مصطفي -

2
 

 لسى ثحٕس الأساَت، يعٓذ ثحٕس الإَزبط انحٕٛاَٙ، يشكض انجحٕس انضساعٛخ، يصش  1

 ، جبيعخ الإسكُذسٚخ، يصشثبنشبطجٗ لسى الإَزبط انحٕٛاَٙ ٔانسًكٙ، كهٛخ انضساعخ  2

 

أًَبط دسجبد انحشاسح ٔانشطٕثخ.  ٔٚشًمهزغٛشاد طٕٚهخ انًذٖ فٙ انطمس، ن ٚشٛشرغٛش انًُبخ 

طجٛعٛخ ثسجت انزغٛشاد فٙ حشكخ انشًس أٔ الاَفجبساد انجشكبَٛخ انكجٛشح أٔ  غٛشادانزًٚكٍ أٌ ركٌٕ ْزِ 

عهٗ  خفٙ سجت رأصٛش انزغٛش فٙ انجٛئٛ جحشفمذ صاد ان نحشٔة انعبنًٛخ انحبنٛخ. ٔيع رنكَبجًخ عٍ الأٔثئخ ٔا

صٛت انجٓبص رٙ زان ضرشاسأٌ الأ لذ إرضحٔانجٓبص انزُبسهٙ نهضذٚٛبد ثشكم كجٛش فٙ انعمٕد انسبثمخ. 

لذ ٔؤد٘ إنٗ رغٛشاد فٙ انجُٛبد أٔ الإصبثخ ثبنسشطبٌ انٕساصٙ أٔ انعمى انًؤلذ أٔ انذائى. رانزُبسهٙ لذ 

ح عٕايم يُٓب انزغٛشاد انجٛئٛخ رذْٕسد جٕدح انحٕٛاَبد انًُٕٚخ عهٗ يذٖ انسُٕاد انًبضرٛخ ثسجت عذ

ٔانزهٕس. ٔيٍ أْى انًشبكم انزٙ رٕاجّ إَزبط الأساَت الإجٓبد انحشاس٘ فٙ انًُبطك انحبسح يٍ انعبنى 

انزكبصش لذ رٕصهٕا يُز فزشح ٔعًهٛخ الإَزبط  رحسٍٛٔخبصخ خلال فصم انصٛف. نزنك فئٌ انمبئًٍٛ عهٗ 

فٗ  عهٗ انًشبكم انزٙ رٕاجّ انعًهٛبد انزُبسهٛخ ٔالإَزبجٛخُبعٙ نهزغهت طصطٕٚهخ إنٗ فكشح انزهمٛح الإ

انسبئم انًُٕ٘ انًسزخذو فٙ عًهٛخ صفبد  جٕدحفحص ٔانزحمك يٍ ان، ٔانزٙ ٚزى يٍ خلانٓب الأساَت

أٔاخش  فُٗبعٙ عهٗ َطبق ٔاسع فٙ رشثٛخ الأساَت طصسزخذاو انزهمٛح الإإ لذ ثذأٔالإَزبط. ٔ همٛحانز

ُبعٙ جًع انسبئم انًُٕ٘ ٔفحص جٕدح انحٕٛاَبد انًُٕٚخ، ٔعبدح يب طصانزهمٛح الإانضًبَُٛٛبد. ٔٚزضًٍ 

يٍ أجم الإخصبة.  لبثهٛزٓب جٛذِرا لًٛخ ٔساصٛخ يزفٕلخ، صى َمم ْزا انسبئم انًُٕ٘ إنٗ أَضٗ  كشزان كٌٕٚ

ٕساصٙ انحسٍٛ هزنُبعٙ يٍ أْى انزمُٛبد انزٙ رى اثزكبسْب عهٗ الإطلاق طصٔلذ أصجح انزهمٛح الإ الحوصية:

ٔجٕدح انسبئم انًُٕ٘ ٔانخصٕثخ  الأساَت سفبْٛخؤصش الإجٓبد انحشاس٘ سهجبً عهٗ سع الأساَت. ٚايضفٗ 

 الإَزبط فٙ رشثٛخ الأساَت. ٚبدٔالزصبد


