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IInnttrroodduuccttiioonn  



I.  INTRODUCTION 

Traditionally, the female dog is considered as monoestrous, ovulating once or 

twice a year at 5- 12 months interval. Because of limited estrous cycles during the year, 

every infertile cycle is a worrisome for the dog breeder as it limits the number of litters 

that can be obtained in the breedable lifespan of bitch and limits the profit. Further, the 

female dog has a prolonged estrus period with the ovulation occurring at variable times 

after the onset of behavioral estrus. This phenomenon necessitates multiple matings so 

that fertile sperms are always present in the female genital tract around the time of 

ovulation. However, most male dog owners provide only one or two services of their 

studs and it become important that the limited number of matings provided coincide with 

the time of ovulation. 

Improper timing of mating is considered to be the most important cause of 

breeding failure in the bitch (Concannon, 1986; Concannon et al.1989). Many of the 

studies have established that the fertile period of the bitch is short, lasting not more than 5 

to 7 days (Goodman, 1998), and commencing from a time shortly after Luteinizing 

Hormone (LH) surge and ending with the degeneration of the ova in the oviduct 5 to 7 

days later. Natural mating outside this period invariably result in poor conception rate and 

therefore, establishing the correct time of mating which can result in pregnancy and 

above average litter size becomes important. Determination of fertile period in the bitch 

has been attempted using several techniques. These include vaginal exfoliative cytology 

(Linde and Karlson, 1984; Olson et al., 1984; Wright and Perry, 1989), 

vaginoscopy(Lindsay, 1983; Jeffocate and Lindsay, 1989) and plasma / serum 
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progesterone concentration estimation (Eckersall and Harvey, 1987; Hegstead and 

Johnston 1989; Concannon, 1997).These techniques aim to determine the mating time 

and does not involve any therapeutic strategies to further optimize the conception rate. 

In farm animals, Gonadotropin releasing hormone (GnRH) is routinely used for 

induction of ovulation and to improve the conception rate (Sterry et al., 2006). Several 

studies have reported a significant positive effect of GnRH administered at the time of 

artificial insemination on pregnancy rate in cows (Lee et al., 1983;Phatak et al., 1986; 

Stevenson et al., 1988). GnRH administered at the time of service has also improved the 

conception rate in several other species of farm animals such as ewe (Martemucci, 2010), 

goat (Mohamed, 2002) and mare (Kanitz, 2007).  

In contrast to the extensive use of GnRH in farm animals for augmentation of 

fertility, the clinical application of GnRH in companion animals has received little 

attention. Most common clinical application of GnRH in companion animals appear to be 

for induction of estrus in anestrous female dog.(Vanderlip et al.,1987; Cain et al., 

1988;Concannon, et al., 1977 ). There are occasional reports of GnRH recommended for 

induction of early ovulation to cause regression of vaginal hyperplasia, and in male dogs, 

it has been recommended as a line of treatment to cause descent of testes in cryptorchid 

pups (Humke, 1977). 

There have been several unpublished claims by the field veterinarians that they 

have observed an improved conception rate as well as higher litter size following 

administration of GnRH prior to mating in female dogs.  A through scanning of available 

literature did not reveal any information on the effect of GnRH administered at the time 
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of mating on the conception rate in female dogs. Therefore there is a need to scientifically 

verify the claims of field veterinarians that administration of GnRH at the time of mating 

in female dogs improves conception rate and also the litter size. The present study was 

therefore designed with the following specific objectives. 

1) To assess the conception rate and litter size of pugs following recommendation of 

mating time on the basis of vaginal exfoliative cytology.  

2) To evaluate the effect of administration of GnRH at the time of mating improves the 

conception rate and litter size in pugs. 



 
 
 
 
 
 

RReevviieeww  ooff  LLiitteerraattuurree 



II. REVIEW OF LITERATURE 

2.1. General 

Domestic dogs are monoestrous and predominantly nonseasonal breeders. With 

large individual and breed specific variations there are several months of anestrous 

between active reproductive phases (Stabenfeldt and Shille 1977). 

The classical signs of canine estrous cycle introduced by Heape (1900) were 

proestrus, estrus, metestrus and anestrus. In recent years, the metestrus has been largely 

replaced by the term diestrus (Olson and Nett 1986). 

Proestrus clinically begins with vulvar swelling and the onset of blood tinged 

discharge (Goodman 1998). The average duration of proestrus in mature bitches is stated 

to 9 days ranging from 0-27 days. (Bell and Christie 1971; Olson and Nett 1986; Allen 

and England 1990). 

Feldman and Nelson (1996) stated that proestrous is typically but not always 

associated with varying quantities of blood tinged discharge. They further stated that, 

vaginal bleeding begins because of diapedesis of erythrocytes through the endometrium 

subepithelilly as capillaries rupture within the endometrium. This blood seeps through a 

slightly relaxed cervix and enters into the vaginal canal. In most cases, the blood tinged 

discharge fades and become transparent to straw colour as proestrus progress to estrus, 

but change in colour of discharge may be inconsistent with some bitches showing blood 

discharge throughout proestrus, estrus and diestrus as well, others may bleed little or only 

at the proestrus. 
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The vulva slowly enlarges during proestrus (Feldman and Nelson 1996). As 

proestrus proceeds into estrus, vulva relaxes and softens dramatically. Behaviorally, the 

bitch will attract the male but refuse to let them to mount (Olson and Nett 1986; 

Goodman 1998).  

Conconnan (1980) states that both sexes begin to show an increased behavioral 

interest in each other during this phase and as a part of courtship pattern, episodes of 

playing may be seen, though most bitches show a high degree of resistance to all males 

and will either avoid or attack them. 

Feldman and Nelson (1996) stated that early proestrus includes; an increase in 

playtime and teasing activity, but active discouragement of any mounting attempt by 

male which is exhibited as antisexual growling, moving away, baring the teeth and 

snapping. The bitch may also keep her tail tight against the perineum, between the legs, 

and covering the vulva. This initial behavior pattern gradually changes as proestrus 

progresses. The female become more receptive, as demonstrated by increasingly seeking 

males, playing and teasing. Male attraction involves pheromone secretion, and methyl p-

hydroxybenzoate was identified as a sex attractant in vaginal secretions of estrous bitches 

(Concannon, 2011). In late proestrus, the bitch may stand or sit passively when mounted 

with or without intermittent displacement of tail deviation (Feldman and Nelson, 1996). 

Johnston et al. (2001), stated that bitches in proestrus exhibited three sexual 

reflexes namely; the upward tipping or winking of vulva in response to touching the skin 

immediately dorsal to vulva, the ipsilateral curvature of the rear legs in response to the 

tapping of the skin to the right or left of the vulva, and contralateral or vertical deviation 
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or flagging of tail in response to tapping the skin on either side of the vulva (Beach et al., 

1982). These sexual reflexes were stated to be absent during anestrus, increased during 

proestrus and reached their peak during early to mid estrus. 

Serum estradiol increases throughout, from 5 to15 pg/ml (~20–55 pmol/l) 

initially, to reach peaks of 40–120 (mean 70) pg/ml (~150–450, mean 255 pmol/l). 

Proestrus ends with the onset of receptive behavior typically occurring 0.5–3 days after 

the peak in estradiol and within a day of the preovulatory LH surge. Endocrinologically, 

physiological proestrus ends with the preovulatory LH surge (Concannon, 2011). 

Serum concentration of progesterone remained at basal level (< 1ng/ml) prior to 

and during the first few days of proestrus followed by a gradual increase. This increase 

was related to preovulatory luteinization of the follicles (Phemister et al., 1973; 

Conconnan et al., 1977). 

Proestrus proceeds into estrus, which is the stage of the cycle characterized by the 

bitches acceptance of the male for mounting. The first day the bitch allows mating 

(standing estrus) is considered as the start of estrus and this phase ends when she no 

longer accepts the male. (Feldman and Nelson, 1996). Estrus behavior is characterized by 

proactive receptivity to mounting by males and increased male seeking behavior 

(Concannon, 2011). The bitch in estrus may crouch or elevate the perineum towards the 

male and the tail to be shifted on one side with an obvious tensing of the rear legs to 

support the weight of a mounting male. Other clinical changes indicative of estrus 

described were; relaxation or softening of vulva and the presence of straw or pink 

coloured vaginal discharge (Feldman and Nelson, 1996). 
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Bell and Christie (1971) reported the average duration of estrus based on 

behavioural signs of estrus as 9 days, ranging from 4-24 days. Concannon (2011) states 

that, estrus lasts a variable length of time, wanes slowly or rapidly after 5–10 days (mean 

9 days) but can persist to some extent well beyond the day 8 end of “fertile estrus”. 

Endocrinologically, estrus begins with the luteinizing hormone (LH) surge and is 

characterized by rise in progesterone (P4) and decline in estrogen levels (Goodman, 

1998). 

The bitch appears to become receptive to the male after the serum concentration 

of estrogen begins to fall and concentration of progesterone begins to rise (Concannon, 

1975; Concannon et al., 1979; Beach et al., 1982). Estradiol continues its decline from 

peak values of late proestrus to intermediate values of 10 to 20 pg/ml (~40 to 90 pmol/l). 

Serum progesterone rapidly increases above 1 to 3 ng/ml (3 to 6 nmol/l) during the 

preovulatory LH surge, and immediately (or after a 1 to 3 days pause) rapidly increases 

further, reaching 10 to 25 ng/ml (~30 to 80 nmol/l) by day 10, at or shortly after the end 

of estrus Concannon (2011). Although estrogen alone can induce sexual behavior, 

progesterone seems to further enhance and synchronize this behavior (Leedy, 1988). 

Some investigators have reported that preovulatory LH surge occurred on the first 

day of standing heat (Nett et al., 1975; Remier et al., 1978), while others have found no 

such correlation (Mellin et al., 1976; Wildt et al., 1978). In some bitches, the onset of 

behavioral estrus was found to occur as early as 2 to 3 days before LH surge, while many 

others it did not occur until 4 to 5 days after LH surge (Johnston et al., 2001). Concannon 

(1987) stated that in the extreme case an aggressive male might mate a bitch in late 
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proestrus as early as 4 to 5 days before the LH surge, while some bitches may refuse a 

male until more than 6 days after the surge. 

The duration of preovulatory LH surge in the bitch appears to vary, with range of 

24 to 96 hours. (Smith and Mcdonald 1971; Nett et al., 1975; Concannon et al., 1977; 

Reimers et al., 1978; Wildt et al., 1978; Olson et al., 1982). Ovulation occurred 

approximately 2 to 3 days following preovulatory LH surge (Phemister et al., 

1973;Concannon et al., 1977; Wildt et al., 1978; Tsutsui 1989). The average interval 

from LH surge to ovulation was 2 days in 10 Beagle bitches. (Phemister et al., 1973) 

Canine oocytes are ovulated as primary oocytes and ovulated 48 to 60 hours post 

LH surge undergo maturation at 96 to108 hours in the distal uterine tube (oviduct), and 

secondary oocytes remain viable for another 24 to 48 hours in most bitches, for 72 to 96 

hours in some bitches, and 120 to 144 hours in the extreme Concannon (2011). 

Fertility for single matings is maximal from the LH surge (day 0) until day 5 and 

wanes rapidly over the next 3 days, in part due to a “cervical closure” at day 7 to 8. 

Conception rates following intrauterine AI at day 9 to 10 after the LH surge average 60 

percent (Tsutsui et al., 2009) vs. rates of less than 10 per cent with vaginal inseminations. 

Concannon et al. (2001a, b) states that, following implantation on day 21, 

parturition routinely occurs 65±1 days after the LH surge, as early as 55 days and as late 

as 68 days after mating. 

Canine sperm survive up to 7 days in utero, with mating 5 days before ovulation 

often being fertile, and super fecundation is not uncommon. Artificial insemination with 
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poor quality or frozen thawed semen is most successful when performed at day 5 or 6 

post LH surge and after oocyte maturation. Normal litter sizes range from 2 to 16, 

average about 7, breed averages varying from 5 to 8, roughly positively correlated to 

breed size (Concannon, 2011). Therefore, it becomes necessary to identify the fertile 

period in a bitch, so that mating time can be recommended which can result in conception 

and above average litter size. 

2.2 Ovulation 

Determining the time of ovulation is often critical in breeding management, a 

rapid reduction in vulval turgor due to preovulatory declines in the estrogen to 

progesterone (E:P) ratio typically indicates ovulation is either eminent or has just 

occurred (Concannon, 2011). 

The LH surge to ovulation interval is characterized by a rapid increase in follicle 

mural cell luteinization, growth of theca and blood vessels, abrupt increases in serum 

progesterone and 17-hydroxyprogesterone, and typically further decline in estradiol 

(Concannon et al., 2009). 

Bouchard (1991) monitored estrous cycle of 16 mature mongrel female dogs to 

evaluate the accuracy of vaginal cytology and quantitative ELISA progesterone assay to 

determine ovulation. Ovulation was considered to take place 48 hours after the 

preovulatory LH peak. Ovulation was estimated to occur when P4 concentration was 4.9 

± 1.0 ng/ml (mean ± SD, n = 15), with a range of 3.4 to 6.6 ng/ml. Based on vaginal 

cytology, ovulation took place 6.9 ± 1.6 d (n = 15) after 80% of the squamous cells were 

superficial and 6.8 ± 1.4 d (n = 16) before day 1.  
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Ovulation took place 2.1 ± 3.9 d (n = 11) after the first day of standing estrus and 

8.8 ± 1.5 d (n = 10) before the last day of receptivity. 

Hormonal assays have been found to accurately determine the time of ovulation. 

Elevation of P4 concentrations prior to ovulation is peculiar to bitches. A serum P4 

concentration of 5.44 ± 0.93 ng/ml (mean ± SEM) as measured by RIA was found to 

correspond to ovulation (Concannon et al., 1977). 

2.3 Timing the fertile period by Vaginal exfoliative cytology 

The technique of using vaginal smears to determine the stages of the oestrous 

cycle has been practiced for many years. The vaginal mucosa is a target organ for the 

ovarian hormones and during estrus the vaginal epithelium changes from 2 to 4 layers 

into a multi layered epithelium. The changes are observed in the vaginal smear as an 

increasing percentage of keratinized epithelial cells (Catharina, 1984). 

The increasing circulatory levels of estradiol-17β stimulate the growth of vaginal 

epithelium from bistratified cuboidal epithelium to a stratified squamous epithelium of 

greater than 30 cell layers with every estrous cycle (Holst, 1986). As the vaginal mucosa 

develops, number of superficial epithelial cells slough into vaginal fluid. The changes in 

the percentage of superficial cells in a vaginal smear have been used to study the 

progression of proestrus into estrus in bitch and recommend the appropriate time of 

mating. 

The increase in keratinization of the vaginal epithelial cells is correlated with the 

increasing estrogen levels during proestrus (Allen and Doisy, 1923). During later years 
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the hormonal changes during the estrus period in the bitch have been extensively studied 

(Concannon et al., 1975; Concannon et al., 1977 and Wildt et al., 1978). The vaginal 

cells have in this study been grouped according to a modification of the method described 

by Christie et al. (1972). The cells were divided into four groups: parabasals, 

intermediates, superficials and anuclears (Catharina, 1984). 

Flower et al. (1971) examined the correlation between vaginal smear and 

morphological features of ovary and uterus in 34 mature bitches. In approximately 25 

percent of bitches examined, a poor correlation existed between the type of desquamated 

vaginal epithelial cells and the histological appearance of ovaries and uterus. 

In evaluating vaginal smear obtained from 12 beagle bitches on a daily proestrus, 

estrus and early diestrus, the day of maximum cornification was variable from 91 to 99 

percent and occurring between -1 to +7 days after the LH surge (Christie et al., 1972). 

The first day, when atleast 90 percent of epithelial cells were of superficial type ranged 

from -6 to +4 days after LH surge. 

Olson et al. (1983) opinioned that, breeding must occur while the smear is fully 

cornified regardless of all other observation including behavior. 

Catharina and Inger (1984), studied the correlation between the vaginal smear and 

the calculated time of ovulation in 22 bitches, during a total of 24 heat periods. In all 24 

heat periods maximum keratinization of the vaginal epithelial cells was observed at least 

3 days after peak estradiol levels and in 17 of the heat periods (70.8 per cent) maximum 
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keratinization was seen when the peripheral plasma level of progesterone had increased 

to more than 5.44 ± 0.93 ng/ml, which has been calculated as the ovulatory level. 

Olson (1989) and Wright (1990) recommended the routine use of vaginal 

exfoliative cytology to monitor the estrous cycle in bitch and suggest the optimum time 

for mating. 

Bouchard et al. (1991) monitored the estrus cycle of 16 mature mongrel bitches 

by studying the vaginal cytology twice weekly. The bitch was considered to be in estrus 

when more than 90 per cent cells were superficial keratinized epithelial cells. Based on 

vaginal cytology, ovulation was estimated to take place 6.9 ± 1.6 days after 80 per cent of 

the vaginal epithelial cells were superficially keratinized.  

England (1992), determined the mating time in 50 bitches by examining vaginal 

exfoliative cytology starting from within four days of the onset of proestrus and 

subsequently daily on alternative days. Mating was recommended when maximum 

percentage of a nuclear cells and ferning pattern of cervicovaginal fluid. 92 per cent of 

the 50 bitches were mated on basis of vaginal cytology became pregnant and 348 pups 

were born, the mean litter size is being 7.5 ± 2.9. The conception rate recorded was 

significantly higher than the conception rate in control group of bitches, which were 

mated on day 10 and 12 after the onset of proestrus. Further, it was identified that bitch 

may demonstrate one or two anuclear cell peaks during their estrous cycle. In 58 percent 

of bitches, one anuclear cell was identified with a maximum peak value between 43 per 

cent and 94 per cent of bitches, two anuclear cell peaks were observed. For the bitches in 

which one peak of anuclear cells were identified, the mean interval between the 
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calculated LH surge and the anuclear peak was 1.9 ± 2.1 days, while it was 0.8 ± 2.6 days 

in bitches with two anuclear peaks. The author recommended the mating or insemination 

at the second peak of the anuclear cells or two days after a single peak of anuclear cells. 

2.4. Timing the fertile period based on plasma / serum progesterone concentration 

Progesterone (P4) measurement in the peripheral blood is an objective parameter 

for determination of reproductive functions in the bitch. This study evaluates an Enzyme-

Linked Fluorescence Assay (ELFA) (Biomerieux, France) for the determination of 

progesterone validated for use in human. 

Determining the mating time using the progesterone assay focuses on using 

changes in P4 level to identify the occurrence of LH surge. Basal progesterone levels 

have been reported to typically range from 0.0 to 1.0 ng/ml during anestrus and proestrus 

(Concannon et al., 1977). At the time of LH surge, serum progesterone rise rapidly (0.8 

to 3.0ng/ml), continued to rise at ovulation (1.0 to 8.0ng/ml), and was even higher 

towards the end of fertile period (4.0 to 20.0 ng/ml), by day 21 of post LH surge, 

progesterone levels ranged between 15 to 50 ng/ml and remained elevated for 2 to 3 

months (Concannon, 1986; Jeffocate and Lindsay, 1989). 

Kutzler et al. (2003) reported that, in clinical practice, various methods have been 

used to monitor serum P4 concentrations to determine the optimal time for insemination, 

since this is more convenient and economical than monitoring serum LH. Previous 

studies of canine reproductive physiology indicate that P4 concentrations can vary widely 

after the LH surge. Reports using quantitative results from P4 radioimmunoassay (RIA) to 

estimate ovulation (2 days after LH surge; P4 ¼ 5–6 ng/ml) or the time of insemination 
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(4 to 7 days after LH surge; P4 ¼ 6 to 12 ng/ml), have predicted gestation lengths ranging 

from 58 to 70 days. 

However, little variation was reported in peripheral P4 concentrations (0.8 ± 0.1, 

1.6 ± 0.2, and 2.6 ± 0.2) near the time of the preovulatory LH surge (day before, day of, 

and day following the LH surge, respectively) (Concannon, 1975). 

Van et al. (1989) determined the optimum time for mating bitches by measuring 

plasma P4 concentrations three times a week after the start of vaginal bleeding. The 

owners were advised to mate their bitches within 9 hours, if the P4 concentration 

exceeded 12 ng/ml, within 9 to 33 hours, if it was between 6 to 12 ng/ml and within 33 to 

57 hours, if it was between 5 to 6 ng/ml of 104 bitches with reduced fertility, 81 (78 per 

cent) became pregnant and out of 112 bitches with normal fertility, 105 (94 per cent) 

became pregnant. The mean interval between start of vaginal bleeding and optimum time 

for mating in 88 bitches was 11.8 ± 31 days. The authors concluded that the progesterone 

is an excellent indicator of timing mating in bitches with reduced fertility. 

Wright (1990) opinioned that, the clinical parameters like behavior, vaginal 

cytology and appearance of the vaginal mucosa show characteristic changes before and 

after ovulation, and that the subjective nature of their assessment is a significant 

drawback. By contrast, the progesterone concentration is a functional parameter, which 

can be measured quantitatively. The estimate of the time of ovulation based on the P4 

measurement is therefore more reliable than the estimate based on vaginal cytology. 
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Gunzel-Apel et al. (1990a,b), Ververidis et al. (2002) stated that, P4 levels rise 

significantly from the time of the LH peak and ovulation is assumed to occur when a 

concentration of 5 ng ⁄ ml is reached. They opinioned that along with clinical 

examinations like vaginal cytology, vaginoscopy, observation of the external genitalia as 

well as behaviour, the increasing level of P4 in peripheral blood is a reliable indicator of 

ovulation. 

Dietrich and Mollar, (1993) reported that 11 out of 13 bitches became pregnant 

when mating occurred within 2 to 3 days following serum progesterone concentration of 

5 ng/ml or above. 

Kutzler et al. (2003) recorded serum progesterone concentrations as serial 

samples from 63 bitches (19 breeds) were analyzed. P4 concentrations were measured by 

radioimmunoassay (RIA) or Chemiluminescent immunoassay (CLIA). The CLIA method 

was validated for use in determining P4 concentrations in canine serum and results were 

comparable to those obtained with RIA. Bitches were grouped by nonpregnant body 

weight (BW) and litter size (LS). Day 0 (D0), the day of preovulatory rise in serum P4, 

was defined as the day that P4 concentration rose to l.5 ng/ml and was atleast twice the 

baseline concentration. The predicted parturition date, 65 days following the day of 

preovulatory rise in serum P4 (D65), was compared to actual parturition date, the day the 

first pup was delivered. He determined that mean P4 concentration at D0 for all BW 

groups was 2.02 ± 0.18 ng/ml and there was significant variation in P4 concentrations 

between BW groups after D1. In addition, he determined that the accuracy of parturition 

date prediction within a ±1, ±2, and ±3 day interval using prebreeding serum 
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progesterone concentrations was 67, 90, and 100%, respectively, and that the accuracy 

was not affected by body weight or litter size. 

Brugger, (2011) stated that P4 measurement in the peripheral blood is an objective 

parameter for determination of reproductive functions in the bitch. This study evaluates 

an enzyme-linked fluorescence assay (ELFA) (Biomerieux, France) for the determination 

of P4 validated for use in human. The ELFA is to be performed on the automated 

analyzer MiniVidas which provides quantitative results within 45 min. Blood samples 

from a total of 27 female dogs of different breeds were used to test the correctness of the 

ELFA 15 blood samples with a range of 0.3 to 40.0 ng⁄ ml were compared to a 

radioimmunoassay (RIA) validated in the dog. The values obtained with the Mini Vidas 

showed a high agreement (mean deviation 15%), deviations were in both directions and 

the correlation coefficient was 0.989. He reported that, there was increase of P4 above 5 

to 10 ng/ml indicating ovulation was accompanied by corresponding results of the 

clinical examinations in all seven bitches. Four out of seven bitches were bred on the 

second day after the day of ovulation and three of them conceived. This result underlines 

that the increase of P4 values which occurs during oestrus in the bitch can be reliably 

measured quantitatively with the Mini Vidas system. 

2.5. Gonadotropin releasing hormone (GnRH) 

2.5.1. General 

Gonadotropin releasing hormone (GnRH) or Luteinizing Hormone releasing 

hormone (LHRH) is a decapeptide (pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2) 

hypothalamic hormone that acts upon GnRH receptors in the pituitary. It is released in a 
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pulsatile manner and has a short half life of 2 to 5 minutes due to rapid cleavage by 

proteases. GnRH stimulates, in the pituitary to production and secretion of both 

luteinizing hormone (LH) and follicle stimulating hormone (FSH) which in turn act on 

the gonads regulating steroid production, spermatogenesis, ovarian follicular 

development and ovulation (Hull and Kenigsberg, 1987; Jiang et al., 2001). 

Oral administration of GnRH analogs is unsuitable (0.1% bioavailability) and 

they require parenteral administration (Chrisp and Goa, 1990; Padula, 2005). 

Efforts were successful in generating potent agonists by substitution of two amino 

acids (positions 6 and 10) with D-aminoacid at position 6 and or an N-ethylamide at 

position 10 (Nestor, 1984). 

The design of GnRH agonists has been directed toward stabilization of the 

molecule against enzymatic attack, increasing binding to plasma proteins and 

membranes, and increasing the affinity of the agonist for the GnRH receptor (Conn and 

Crowley, 1991) 

An initial disadvantage with the use of agonists was the need for frequent 

subcutaneous (s/c) injections or of minipumps implanted subcutaneously (s/c) over 

prolonged time periods to mimic the pulsatile, physiological GnRH secretion. A 

significant advance for their clinical use was obtained by the development of slow release 

agonists that can be easily administered intramuscularly or implanted subcutaneously, 

every 3, 6 or 12 months depending on the formulation (Weckerman and Harzmann, 

2004). Pulsatile administration of GnRH at doses of 0.2 to 0.4 µg/kg B.W, at 90 min 
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intervals is sufficient to obtain increase in LH similar to the endogenous pulses that 

normally occur at the end of proestrus. GnRH  delivery methods have been much less 

developed in companion than in farm animals. Two delivery systems have been created 

and either equine or human products have also been used in some studies (Inaba et al., 

1996; Kutzler et al., 2001a, b; Trigg et al., 2001; Herbert and Trigg, 2005; Rubion et al., 

2003 and Rubion et al., 2006) Finally, with both classes of analogs, that is agonists and 

antagonists, no significant changes in blood biochemistry or hematological values have 

been noted in other species (Tarlatzis and Bili, 2004).  

Canine reproductive physiology has unique characteristics that make the simple 

extrapolation of exogenous control of reproduction techniques used in farm animals 

unsuccessful in this species. 

GnRH agonists used in studies with dogs have varied in potency in relation to 

natural GnRH, with differences due to the chemistry of the molecules and also among 

reports;  

GnRH agonists Potency Reference 

Histrelin and nafarelin 200 Herbert and Trigg (2005) 

Lutrelin 150–180 Vickery et al. (1989) and Concannon et al. (2006) 

Deslorelin  150 Concannon (2005) 

Azagly nafarelin 50–100 Rubion et al. (2003) 

Buserelin 15–30 Cinone et al. (1996) and Herbert and Trigg (2005) 

Leuprolide 15 Herbert and Trigg (2005) 
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Cinone et al. (1996) made first study of a sustained-release formulation of an 

agonist in dogs. A single buserelin silastic implant was used for estrus induction in 29 

anestrous bitches. All the females ovulated and whelped normal litters.  

Cristina (2007) opinioned that, there is a promising place for both agonists and 

antagonists in future canine reproduction. They can be used in the control of estrous 

cycle, hormone dependent diseases and as well as in contraception. 

2.5.2. Pro fertility effects of GnRH in Canine Reproduction 

Pro fertility effects: 

Potential clinical applications of exogenous regulation of canine reproduction 

with GnRH analogs include the management of estrous cycles, such as estrus induction or 

prevention, management of reproductive hormone dependent diseases, and contraception 

in general. Reversibility of suppression of the pituitary gonadal axis and safety are 

desired characteristics when either breeding or working dogs are treated. 

Taking advantage of the duality of their effects, that is stimulation and inhibition, 

GnRH agonists have been used both in canine estrus induction and prevention. Native 

GnRH or short acting formulations of agonists were used for estrous induction but they 

required either constant infusion or frequent injections (e.g. every 90 min) for 6 to 14 

days. These protocols were not clinically useful due to the expense of pulsatile infusion 

pumps or the need for hospitalization during continuous intravenous infusion (Vanderlip 

et al., 1987; Concannon, 1989; Cain et al., 1988; Concannon et al., 1997; Rota et al., 

2003). 
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Cinone et al. (1996) in a first study of a sustained release formulation of an 

agonist in dogs, a single buserelin silastic implant was used for estrus induction in 29 

anestrous bitches. All the females ovulated and whelped normal litters subsequently, a 

single injection of a sustained release formulation of the agonist leuprolide acetate (100 

μg/kg s/c) followed by the agonist, fertirelin (3μg/kg i/m), as an ovulation induction 

agent, was used in 18 bitches (days 120[n = 6] or 150 [n = 6] post partum and prepubertal 

[n = 6]) on the first day of induced estrus. This combined treatment provoked behavioural 

estrus in all the treated animals and a pregnancy rate of 50, 100 and 83%, respectively, 

for the three groups. One prepubertal bitch did not become pregnant due to premature 

luteal failure (Inaba et al., 1998). In 2001, a biodegradable sustained-release subdermal 

implant containing deslorelin acetate (Ovuplant®, Fort Dodge Animal Health, Overland 

Park, KS, USA; 2.1 mg), which was licensed for the induction of ovulation in horses, was 

first used in seven beagle bitches. Although a rapid and synchronous estrus was induced, 

2 of 3 bitches that conceived aborted 39 and 51 days after the LH surge and only one 

remained pregnant to term (Kutzler et al., 2001a, b). As in a previous study (Vickery et 

al., 1989), the down regulating effect of the long term release GnRH implant shortened 

diestrus and caused pregnancy interruption. In a subsequent study, the same implants 

were inserted in the vestibular mucosa of six beagle bitches to facilitate removal after a 

suitable period of stimulation. Thus, when the deslorelin implants were removed at the 

time of the preovulatory LH surge and the initial rise in serum progesterone (P4) 

concentrations, pregnancy rate increased to 50% (Kutzler et al., 2002). More recently, an 

attempt has been made to prevent premature luteal failure in four deslorelin (1.05 mg) 

induced bitches using a single dose of human chorionic gonadotrophin (hCG, 150 IU iv) 
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between days 39 and 45 of diestrus (pregnant or not pregnant). Human chorionic 

gonadotrophin increased serum P4 concentrations during the first 24 h after treatment, 

followed by a dramatic decline which reversed later in diestrus only in pregnant bitches. 

In this previous study, down regulation of hypophyseal GnRH receptors did not fully 

justify the decreased luteal activity after hCG treatment (Volkmann et al., 2006b). Doses 

of 2.1 and 1.05 mg of deslorelin implanted beneath the vulvar mucosa could induce estrus 

in anestrous as well as in diestrous bitches 3 to 5 days after they had been treated with 

dinosprost (50 to 250μg/kg 12 h apart) for 7 days. Whereas all anestrous bitches ovulated, 

1 out of 6 and 3 out of 9 bitches of the 2.1 or 1.05 mg diestrus subgroups, respectively, 

failed to ovulate. The reason for ovulation failure in these animals requires further study 

(Volkmann et al., 2006a). Furthermore, only one female of each subgroup became 

pregnant and the bitch treated with the smaller dose resorbed her only fetus (Volkmann et 

al., 2006a). 

Recently, in preliminary clinical investigations, another slow-release deslorelin 

product, not approved for sale, has been given to three client owned female Lakeland 

Terriers at the dose of 1.5 mg. Proestrus occurred in all animals within 3 to 5 days. All 

animals ovulated, were bred and became pregnant (Kutzler, 2005). Subsequent attempts 

to induce estrus in nine anestrous beagle bitches with this protocol, administered either 

once or two or three times always 48 h apart, have not resulted in similar success. In this 

study, deslorelin serum concentration did not increase consistently in the treated animals 

(Kutzler et al., 2006). 
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2.5.3 Time between treatment initiation and the induction of estrus 

The time between treatment start and the onset of estrus is fairly constant for all 

protocols. Cain et al. (1989), using infusion pumps delivering GnRH 140ng/kg every 90 

minutes for 11 to 12 days, obtained estrus after 5.6 ± 0.53 days in all test bitches. Inaba et 

al. (1998) , using a leuprolide depot injection of 1 mg/kg, obtained estrus in all 12 bitches 

in their study on average 10.3 ± 0.9 days post-treatment. Concannon et al. (2006), using 

lutrelin, induced estrus in 89% of treated bitches 4.8 ± 0.2 days after the start of the 

treatment. All the bitches in the study by Kutzler et al. (2002), who used a 2.1mg 

deslorelin implant, came into heat at the latest 6 days after the start of the treatment, with 

estrus generally appearing in the 3 to 5 days following implantation (Kutzler, 2005; 

Volkmann et al., 2006a). Fontaine and Fontbonne (2010) obtained similar results with 4.7 

mg deslorelin implants, with heat induction occurring 4.2 ± 1.4 days post implantation. 

2.5.4 Ovulation in relation to GnRH 

Most of the treated bitches ovulated after induced estrus, but here again the results 

differ from one study to another. Whereas Concannon (1989) obtained only 18 ovulations 

out of 24 bitches treated in his protocol with lutrelin in his first study and only 59% 

ovulations in the second (Concannon et al., 2006), the results obtained in other studies 

are more encouraging. All the beagle bitches treated with deslorelin by Kutzler et al. 

(2002) ovulated. Seven bitches ovulated between 11 and 15 days after implantation, and 

4 after about 11 days. Volkmann et al. (2006a), also using deslorelin implants, obtained 

similar results: the time between implantation and peak LH levels ranged from 9 to 17 

days, indicating that ovulation occurred between 11 and 19 days after implantation. 76% 
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of the 29 bitches implanted by Fontaine and Fontbonne (2010) with deslorelin implants 

ovulated, this ovulation occurring 12 ± 2 days post implantation.  

Inaba et al. (1998) and Cain et al. (1989), did not determine ovulation time, but 

simply used the bitches for reproduction. However, the pregnancy rates obtained (14/18 

for Inaba et al., 1998; 7/8 for Cain et al., 1989) in these two studies confirm that the 

bitches had the capacity to ovulate.  

2.5.5 Luteal function  

The constant administration of GnRH agonists results in hypoluteidism caused by 

gonadotrophic insufficiency. In this case gestation may not be continued to term and the 

luteal phase ends between 30 and 40 days after the treatment is started (Volkmann et al., 

2006b; Fontaine and Fontbonne, 2010).  To avoid this phenomenon, Kutzler et al. (2002) 

suggested removing the 2.1 mg deslorelin implant used in their study after the rise in 

blood progesterone levels, around the LH peak. On the other hand, Fontaine and 

Fontbonne (2010) suggested removing the implant after ovulation took place, as they 

experienced anovulatory cycles when using the former suggestion. The implant was 

inserted beneath the vulvar mucosa, in reference to practice in mares (Kutzler et al., 

2002), or in the umbilical area (Fontaine and Fontbonne, 2010) where it remained, 

without migration, and was therefore easy to locate and remove. Five bitches treated in 

this manner became pregnant out of the 8 in the study of Kutzler et al. (2002), whereas 

Fontaine and Fontbonne (2010) obtained pregnancy in 65% of the treated bitches (n = 

29). However, both studies reported lost of litters during pregnancy, one between 30 and 
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37 days postovulation (Kutzler et al., 2002) and one 58 days post ovulation (Fontaine and 

Fontbonne, 2010).  

Subsequently, (Volkmann et al., 2006b) noted that treated individuals absorbed 

most of the agonist contained in 2.1 mg deslorelin implants in the 10 days following 

implantation. Implant removal therefore was of little practical use. The bitches induced in 

this manner saw their blood progesterone levels decrease significantly 35 days later, 

which may explain why the luteal phase in these induced bitches was not conducive to 

the maintenance of gestation. Following of the luteal phase is therefore recommended 

after this kind of treatment, to ensure adequate progesterone replacement therapy if 

needed (Fontaine and Fontbonne, 2010).  

The use of preparations for injection could prove to be more practical. However, 

the dose-duration effect should in this case be carefully controlled although Inaba et al. 

(1998) obtained 14 pregnant bitches out of 18 with leuprolide 1mg/kg, (Kutzler, 2005) 

obtained controversial results with a deslorelin preparation for injection. Whereas three 

pregnancies out of 3 were obtained in Lakeland terriers following deslorelin 1.5 mg i/m 

administration. On the contrary the 9 beagle bitches treated in the same fashion in an 

another study by (Kutzler et al., 2006) did not even express estrus.  



 
 
 
 
 
 

MMaatteerriiaallss  aanndd  MMeetthhooddss  



III. MATERIALS AND METHOD 

 3.1 Animal 

Sixty healthy Pugs female dogs presented to the small animal outpatient division 

of the Department of Veterinary Gynaecology and Obstetrics, Veterinary College, 

Bangalore by the pet owners with a specific request to examine reproductive health and 

recommend the optimum time for mating were utilized for the present investigation. The 

age of the bitches ranged from 1.5 to 6 years. The animals included for present study had 

littered atleast once and the number of litters ranged between 1to 4. The litter size in the 

selected animals during their previous delivery ranged between 1 and 8.  Only those 

animals which were regularly vaccinated, dewormed and in apparently good general health 

were selected. Animals with previous history of infertility, gestational or parturient 

disorders were excluded. Animals presented with uncertain history regarding the exact day 

of the onset of proestrus bleeding were also excluded from present study. 

3.2 Experimental design 

Sixty healthy Pug female dogs selected for the study were divided into six groups 

of ten animals in each. The following are the constituent groups  

 3.2.1Group A: Breeding based on Vaginal Exfoliative Cytologty only 

This group comprised of 10 Pugs female dogs in which breeding was 

recommended based on exfoliative vaginal cytology. The vaginal discharge required for 

the study of exfoliative cytology was collected using aspiration technique as described by 

England (1992). A sterile plastic bovine artificial insemination sheath containing 0.5 ml 
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sterile normal saline and attached to a 5 ml syringe by a small piece of rubber adapter 

was introduced into the vagina carefully directing the sheath upward through the 

vestibule and then horizontally as far as possible and carefully avoiding the urethral 

orifice. The normal saline was slowly infused into the anterior vagina. A suction force 

was applied on the syringe to aspirate the vaginal fluid into the sheath. A sample of the 

fluid collected was placed on a glass slide and tilted to allow it to spread. The excess fluid 

was drained off. The smear was dried at room temperature and fixed with methanol for 

30 seconds followed by staining with Giemsa staining for 20 minutes. The stained slide 

was washed in running water, dried and examined microscopically at X400 

magnification.  

The exfoliated vaginal epithelial cells were classified as parabasal, intermediate 

and superficial based on the description of the exfoliated canine vaginal cells by Klass 

(1985). Round or oval cells with a large vesicular nucleus and a somewhat dark stained 

cytoplasm were considered as Parabasal cells. The intermediate cells were either round or 

polygonal in shape, the cells size being much larger than the Parabasal cells and had 

relatively small dark stained nuclei. The superficial cells, otherwise commonly described 

as cornified or keratinized or anuclear cells were polygonal in shape with the nucleus 

being either absent or pyknotic.  

A total of 200 exfoliated vaginal epithelial cells were counted and the percentage 

of superficial epithelial cells was calculated. The smears were also examined for the 

presence of polymorpho nuclear leucocytes, erythrocytes and bacteria.  



27 

Vaginal exfoliative cytology was studied from the day 5 of proestrus bleeding and 

subsequently every other day until the percentage of superficial cells reached a minimum 

of 95 percent and above and the mating was recommended once on the first day of 

optimum vaginal cornification and a second mating two days later. This group also 

served as control group. 

3.2.2 Group B: Breeding based on Vaginal Exfoliative Cytologty and 

administration of GnRH (0.2μg/kg bw i.m) at optimum cornification 

Animals in this group were utilised to study whether administration of 0.2μg/kg 

body weight of GnRH (Busereline Acetate*) intra muscularly at the time of optimum 

cornification improves the conception rate and litter size. Ten female pugs presented for 

determination of mating time were subjected to the study of vaginal exfoliative cytology 

starting from day 5 of proestrus and vaginal exfoliative cytology was repeated every 

second day on the same bitch until a vaginal cornification index of atleast 95% was 

observed. Following optimum vaginal cornification, each bitch received a single intra 

muscular injection of GnRH(0.2μg/kg body weight) and the matings were recommended 

once at 48 hours and again at 96 hours following GnRH administration. 

*Buserelin Acetate (RECEPTAL
(R)

, Intervet) 

 

 

 



28 

3.2.3 Group C: Breeding based on Vaginal Exfoliative Cytologty and administration 

of GnRH (0.4μg/kg bw i.m) at optimum cornification 

Ten female pugs in this group were also subjected vaginal exfoliative cytology as 

in group B and optimum vaginal cornification, each animal received a single intra 

muscular injection of GnRH at the dose rate of 0.4 μg/kg body weight. Each animal, then 

received two mating, the 1
st
 at 48 hours and the 2

nd
 at 96 hours following GnRH 

administration. 

3.2.4 Group D: Breeding based on Serum Progesterone (P4) concentration only 

This group consisted of 10 Pug female dogs in which the mating was 

recommended on the basis of serum Progesterone (P4) concentrations. The presented 

bitches with the history of proestrus bleeding were initially subjected to vaginal 

exfoliative cytology and the blood samples were collected for determination of 

progesterone only when superficial cells was atleast 95 per cent. If the percentage of 

superficial cells was less than 95 per cent, the owners were advised to reproduce their 

female dogs 2 days later for a second smear test and procedure were repeated until atleast 

95 per cent cornification was reached before blood samples were obtained for the 

determination of blood serum progesterone concentration.  

The blood samples were collected in to a sterile test tube, allowed to clot and the 

serum was separated and were subjected for determination of serum P4 concentration by 

using ELFA technique (Enzyme Linked Fluorescent Assay). The sensitivity of the assay 

was 0.25 ng/ml to 80 ng/ml with a coefficient of variation of 3.8 to 5.7 per cent and the 

results were obtained within 45 minutes after submitting the serum samples. 
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Based on serum P4 concentration mating was recommended as soon as its 

concentration was 3 ng and above. The owners were recommended to mate the bitches on 

the same day when the serum p4 concentration reached 3 ng and a second mating 2 days 

later. 

3.2.5 Group E: Breeding based on serum Progesterone concentration and 

administration of GnRH (0.2μg/kg bw i.m) when P4 concentration was ≥ 3 

ng/ml 

This group was utilised to determine if administration of 0.2μg/kg body weight of 

GnRH at the time when the serum P4 concentration reached 3 ng and above improved the 

conception rate and litter size in pugs. As in the previous group, P4 concentration in the 

serum was determined in ten pugs as soon as the vaginal cornification index reached 95 

per cent or more and matings were recommended once the P4 concentration in the serum 

was atleast 3 ng per ml. Each animal also received a single intra muscular injection of 

GnRH at the rate of 0.2 μg/kg body weight on the first day when the serum P4 

concentration was atleast 3ng/ml. The animals were then recommended two mating, once 

on the day of GnRH administration and again 48 hours later. 

3.2.6 Group F: Breeding based on serum Progesterone concentration and 

administration of GnRH (0.4μg/kg bw i.m) when P4 concentration was ≥ 3 

ng/ml 

This group studied the effect of administration of GnRH at the rate of 0.4 μg/kg 

body weight when serum P4 concentration was 3ng or more.  As in the previous group, 

serum P4 concentrations were carried out once a cornification index of atleast 95 per cent 



30 

was observed. Ten animals in this group received a single intra muscular injection of 

GnRH at the dose rate of 0.4μg/kg bw, as soon as the P4 concentration reached a 

minimum of 3ng per ml and each animal then received two matings, once on the day of 

GnRH administration and again 48 hours later.  

Following mating, the owners were advised to present their animals for pregnancy 

diagnosis between 28 to 30 days from the day of last mating. The pregnancy status was 

ascertained by using a B mode transabdominal multiconvex probe. Animals confirmed 

pregnant were followed till the completion of pregnancy period and the information on 

the litter size was obtained. 

The data generated for all the six groups were tabulated. Mean and Standard Error 

were computed. The statistical difference, if any, between the six groups with regard to 

conception rate and litter size was analysed by one way analysis of variance as per the 

procedure detailed by Snedecor and Cochran (1989). 
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IV. RESULTS 

4.1 Conception rate and litter size following mating on the basis of vaginal cytology 

(Group A). 

The vaginal smear of ten pug female dogs was examined from the day 5 of 

proestrus bleeding and subsequently every other day until the percentage of superficial 

cells reached a minimum of 95 percent and above and the mating was recommended once 

on the  first day of optimum vaginal cornification and a second mating two days later. 

Sixty per cent (6/10) of the bitches bred on the basis of the vaginal exfoliative 

cytology were diagnosed to be pregnant by B mode transabdominal multiconvex 

ultrasound probe around 28 to 30 days from the last mating, and the litter size ranged 

from 1 to 6. The mean litter size was determined as of 3.2± 0.73 (Table 1). 

4.2 Conception rate and litter size following mating on the basis of vaginal cytology 

and administration of GnRH (0.2 µg/kg bw) on the day of mating (Group B). 

The vaginal smear of ten pug female dogs was examined from the day 5 of 

proestrus bleeding and subsequently every other day until the percentage of superficial 

cells reached a minimum of 95 percent and above. The pug female dogs then received a 

single intra muscular injection of GnRH (0.2μg per kg bw) and the matings were 

recommended once at 48 hours and again at 96 hours following GnRH administration. 

Sixty per cent (6/10) of the bitches which received GnRH at the rate of 0.2 μg/kg 

bw on the day of mating, mated were diagnosed to be pregnant by B mode 

transabdominal multiconvex ultrasound probe around 28 to 30 days of last mating, and all 
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of them delivered with litter size ranging from 1 to 8. The mean litter size was 

determined as of 3.1 ± 0.89 (Table 2) 

4.3 Conception rate and litter size following mating on the basis of vaginal cytology 

and administration of GnRH (0.4 µg/kg bw) on the day of mating (Group C). 

The vaginal smear of ten pug female dogs was examined from the day 5 of 

proestrus bleeding and subsequently every other day until the percentage of superficial 

cells reached a minimum of 95 percent and above. The pug female dogs then received a 

single intra muscular injection of GnRH (0.4μg per kg bw) and the matings were 

recommended once at 48 hours and again at 96 hours following GnRH administration. 

Seventy per cent (7/10) of the bitches which received GnRH at the rate of 0.4 

μg/kg bw on the day of mating, mated were diagnosed to be pregnant by B mode 

transabdominal multiconvex ultrasound probe around 28 to 30 days of last mating, and all 

of them delivered with litter size ranging from 1 to 8. The mean litter size was 

determined as 3.1± 0.86 (Table 3). 

4.4 Conception rate and litter size following mating on the basis of serum 

progesterone concentration (Group D). 

Serum progesterone concentration were assayed, on the day of optimum vaginal 

cornification and subsequently every other day until its concentration was determined to 

be a minimum of 3ng/ml then, ten pug female dogs were subsequently mated twice at an 

interval of two days. The mated animals were examined for pregnancy status 28 to 30 

days from the day of last mating. 
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The (Table 4) shows the mean serum progesterone concentration on the day of 

first mating recommended and also the conception rate and litter size recorded. The mean 

serum progesterone concentration on the day of recommendation of mating was 

determined as 3.16 ± 0.18. 

Ninty per cent (9/10) of the bitches mated on the basis of serum progesterone 

concentration were diagnosed to be pregnant and all of them delivered with litter size 

ranging from 3 to 6. The mean litter size was determined as 3.9 ± 0.54 (Table 4). 

4.5 Conception rate and litter size following mating on the basis of serum 

progesterone concentration and administration of GnRH (0.2 µg/kg bw) on the 

day of mating (Group E) 

Ten female pugs in this group received a single intra muscular injection of GnRH 

(0.2 μg/kg bw) on the day when serum progesterone concentration reached a minimum of 

3 ng/ml. The mean serum progesterone concentration on the day of GnRH administration 

was determined as 3.27 ± 0.12 ng/ml.  

Ninty per cent (9/10) bitches receiving GnRH at the rate of 0.2 μg/kg bw were 

diagnosed to be pregnant 28 days later and they delivered with the litter size ranging from 

1 to 6 and mean litter size was determined as 3.8 ± 0.33 (Table 5). 

 

 



34 

3
4
 

4.6 Conception rate and litter size following mating on the basis of serum 

progesterone concentration and administration of GnRH (0.4 µg/kg bw) on the 

day of mating (Group F) 

Ten female pugs in this group received a single intra muscular injection of GnRH 

(0.4 μg/kg bw) on the day when serum progesterone concentration reached a minimum of 

3 ng/ml. The mean serum progesterone concentration on the day of GnRH administration 

was determined as 3.14 ± 0.19.  

Ninty per cent (9/10) bitches receiving GnRH at the rate of 0.4 μg/kg bw were 

diagnosed to be pregnant 28 days later and they delivered with the litter size ranging from 

1 to 7 and mean litter size was determined as 3.85 ± 0.51 (Table 6). 

4.7 Comparison of conception rate between different groups of pugs recommended 

for mating 

The conception rate obtained with different treatment were presented (Table 7 and 

fig. 1). The conception rate in animals recommended on the basis of exfoliative cytology 

only determined as 60 per cent. In animals receiving GnRH at the dose level of 0.2 μg/kg 

bw at the time of optimum vaginal cornification yielded a conception rate of 60 per cent. 

When the dose level of GnRH was increased to 0.4 μg/kg bw, the conception rate was 70 

per cent. However, statistical analysis revealed the administration of either 0.2 or 0.4 

μg/kg bw at the time of optimum vaginal cornification did not significantly improve the 

conception rate as compared to the conception rate of animals mated on the basis of 

vaginal exfoliative cytology only (Table 7 and Fig. 1). Further, the conception rate 
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between groups of bitches receiving either 0.2 or 0.4 μg/kg bw were also not significantly 

different (p > 0.05). 

The conception rate in group of female pugs which were recommended to be 

mated on the basis of serum progesterone concentration was recorded as 90 per cent. The 

conception rate in groups of bitches receiving either 0.2 or 0.4 μg/kg bw of GnRH at a 

time when the serum progesterone concentration was atleast 3 ng/ml was recorded as 90 

per cent each (Table 7 and Fig.1). Statistical analysis revealed that the conception rate in 

groups of bitches mated on the basis of serum progesterone concentration or receiving 

GnRH either at 0.2 or 0.4 μg/kg bw did not significantly (p > 0.05) alter the conception 

rate. Further the conception rate was also not significantly difference (p > 0.05) between 

any of the groups recommended for mating (Table 7). 

4.8 Comparison of litter size between different groups of pugs recommended for 

mating 

The litter size obtained in different treatment group presented in (Table 8 and Fig. 

2). The litter size in animals recommended on the basis of exfoliative cytology only was 

determined as 3.2 ± 073. In animals receiving GnRH at the dose level of 0.2 μg/kg bw at 

the time of optimum vaginal cornification yielded a litter size of 3.1 ± 0.89. When the 

dose level of GnRH was increased to 0.4 μg/kg bw, the litter size was 3.1 ± 0.86. 

However, statistical analysis revealed the administration of either 0.2 or 0.4 μg/kg bw at 

the time of optimum vaginal cornification did not significantly improve the litter size as 

compared to the litter size of animals mated on the basis of vaginal exfoliative cytology 
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only (Table 8 and Fig. 2). Further, the litter size between groups of bitches receiving 

either 0.2 or 0.4 μg/kg bw were also not significantly different. 

The litter size in group of female pugs which were recommended to be mated on 

the basis of serum progesterone concentration was recorded as 3.9 ± 0.54. The litter size 

in groups of bitches receiving either 0.2 or 0.4 μg/kg bw of GnRH at a time when the 

serum progesterone concentration was atleast 3 ng/ml was recorded as3.8 ± 0.33 and 3.85 

± 0.51 respectively (Table 8 and Fig. 2). Statistical analysis revealed that, the litter size in 

groups of bitches mated on the basis of serum progesterone concentration or receiving 

GnRH either at 0.2 or 0.4 μg/kg bw did not significantly alter the litter size. Further, the 

litter size was also not significantly difference between any of the groups recommended 

for mating (Table 8). 
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Table 1. Conception rate and litter size in pugs mated on the basis of vaginal 

exfoliative cytology (Group A) 

No of animals mated 10 

 No of animals conceived 6 

Per cent conception 60 

Mean litter size 3.2± 0.73 

 

 

Table 2. Conception rate and litter size in pugs mated following administration of 

GnRH (0.2 μg/kg bw) at the time of optimum cornification (Group B) 

No of animals mated 10 

No of animals conceived 6 

Per cent conception 60 

Mean litter size 3.1 ± 0.89 

 

 

Table 3. Conception rate and litter size in pugs mated following administration of 

GnRH (0.4 μg/kg bw) at the time of optimum cornification (Group C) 

No of animals mated 10 

No of animals conceived 7 

Per cent conception 70 

Mean litter size 3.1± 0.86 
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Table 4. Conception rate and litter size in pugs mated on the basis of serum 

progesterone concentration (Group D) 

 No of animals mated 10 

Mean serum P4 concentration (ng/ml)  3.16 ± 0.18 

No of animals conceived 9 

Per cent of conception 90 

Mean litter size 3.9 ± 0.54 

 

 

 

Table 5. Conception rate and litter size in pugs mated following administration of 

GnRH (0.2μg/kg body weight) at the time when serum progesterone 

concentration was 3ng and above (Group E) 

 No of animals mated 10 

Mean serum P4 concentration  (ng/ml) on the 

day of recommendation of  mating 

3.27 ± 0.12 

No of animals conceived 9 

Per cent conception 90 

Mean litter size 3.8 ± 0.33 
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Table 6. Conception rate and litter size in pugs mated following administration of 

GnRH (0.4 μg/kg body weight) at the time when serum progesterone 

concentration was 3 ng and above (Group F) 

No  of animals mated 10 

Mean serum P4 concentration  (ng/ml) on the 

day of recommendation of  mating 
3.14 ± 0.19 

No of animals conceived 9 

Per cent conception 90 

Mean litter size 3.85 ± 0.51 
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Table 7. Comparison of conception rate between different groups of pugs recommended for mating 

Group 

Mating on 

the basis 

Exfoliative 

Cytology 

only 

Mating on the 

basis of 

Exfoliative 

Cytology plus 

GnRH (0.2 μg/kg 

bw) administered 

at the time of 

mating 

Mating on the 

basis of 

Exfoliative 

Cytology plus 

GnRH (0.4 μg/kg 

bw) administered 

at the time of 

mating 

Mating on the 

basis of serum 

Progesterone 

concentration 

only 

Mating on the basis 

of serum 

Progesterone 

concentration plus 

GnRH (0.2 μg/kg 

bw) administered at 

the time of mating 

Mating on the basis 

of serum 

Progesterone 

concentration plus 

GnRH (0.4 μg/kg 

bw) administered at 

the time of mating 

Conception 

rate (%) 
60

a 
60

a 
70

a 
90

b 
90

b 
90

b 

*Conception rate between groups of pugs with different superscripts are significantly different (p<0.05) 
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Table 8. Comparison of litter size between different groups of pugs recommended for mating. 

Group 

Mating on the 

basis Exfoliative 

Cytology only 

Mating on the 

basis of 

Exfoliative 

Cytology plus 

GnRH (0.2 

μg/kg bw) 

administered at 

the time of 

mating 

Mating on the 

basis of 

Exfoliative 

Cytology plus 

GnRH (0.4 

μg/kg bw) 

administered at 

the time of 

mating 

Mating on the 

basis of serum 

Progesterone 

concentration 

only 

Mating on the 

basis of serum 

Progesterone 

concentration 

plus GnRH (0.2 

μg/kg bw) 

administered at 

the time of 

mating 

Mating on the 

basis of serum 

Progesterone 

concentration 

plus GnRH (0.4 

μg/kg bw) 

administered at 

the time of 

mating 

Litter size 3.2 ± 073
a 

3.1 ± 0.89
a 

3.1 ± 0.86
a 

3.9 ± 0.54
b 

3.8 ± 0.33
b 

3.85 ± 0.51
b 

*Litter size between groups of pugs with different superscripts are significantly different (p<0.05) 
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Fig. 1. Comparison of Conception rate between different groups of pugs recommended for matings
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DDiissccuussssiioonn  



V. DISCUSSION 

Over the last two decades, canine breeding has developed as a highly 

commercially lucrative industry. Consequently the kennel owners are highly aware of the 

importance of feeding and management, vaccination, routine health check up and more 

importantly, the management of breeding dates for maximizing the conception rate. A 

considerable advance has been made towards determination of optimum breeding date for 

the individual bitch and the techniques used include vaginal exfoliative cytology 

(England, 1992 ; Suyash, 2002; Venkatachalapathy, 2005), vaginal endoscopy (Lindsay 

and Conconnan 1986; Suyash, 2002), and on the basis of serum progesterone 

concentration (Nothling et al., 2003; Venkatachalapathy, 2005). These techniques aim 

indirectly to determine the LH surge so that matings can be carried out close to the time 

of LH surge. Nevertheless, the techniques are primarily managemental in nature and do 

not involve any therapeutic interventions to ensure that the ovulation does occur. 

In dairy cattle, Gonadotropin Releasing Hormone (GnRH) are routinely 

administered at the time of insemination to ensure that the ovulation occurs (Padula and 

MacMillan, 2002; Peters, 2005). There are also numerous reports of  enhanced 

conception rate following administration of GnRH (Kharche and Srivastava, 2007: 

Gumen et al., 2011) at the time of artificial insemination in dairy cattle. However, the 

efficacy of GnRH administered at the time of mating in spontaneously cycling bitches 

has not been explored. However, an extensive search of the literature revealed that GnRH 

has not been evaluated for its efficacy for improving the conception rate of spontaneously 

cycling female dogs, although it has been used as a part of the protocol for induction of 
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estrus in anestrous female dogs (Concannon, 1989; Kutzler, 2007). The present study 

therefore was designed to assess whether the conception rate and litter size can be 

improved with the administration of GnRH during estrus as being done in cattle. 

5.1 Conception rate and litter size in female pugs recommended on the basis of 

vaginal exfoliative cytology (Group A). 

Vaginal exfoliative cytology is perhaps one of the first techniques developed for 

detection of mating time in bitches Allen and Doisy (1923). 

The vaginal epithelium is one of the several target tissue for ovarian hormones. 

Characteristic changes in exfoliated vaginal epithelial cells occur as a result of changes in 

secretory pattern of estrogen. The increasing circulatory levels of estradiol-17β stimulate 

the growth of vaginal epithelium from a bi-stratified cuboidal epithelium to a stratified 

squamous epithelium of greater than 30 cells layer with every estrous cycle (Holst, 1986). 

As the vaginal mucosa develops, number of superficial epithelial cells slough into vaginal 

fluid. The change in the percentage of superficial cells in a vaginal smear has been used 

to study the progression of proestrus into estrus and to recommend the appropriate time 

of mating. (Olson, 1989; Wright, 1990; England, 1992; England and Conconnon, 2002) 

In the present study ten bitches were recommended for mating on the basis of 

vaginal exfoliative cylology. The vaginal cytology of these bitches were followed from 

5
th

 day of proestrus every second day till a cornification index of 95 per cent was 

observed. The bitches were then advised to be mated twice, once on the day of optimum 

vaginal cornification and a second mating, 48 hours later. 
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Following mating on the basis of vaginal exfoliative cytology, 60 per cent were 

diagnosed to be pregnant (Table1 and Fig. 1). In other reports, the conception rates 

obtained following recommendation of mating time on the basis of vaginal exfoliative 

cytology hs range from 30 to 92 per cent (Okkens et al., 1985; England et al., 1992; 

Suyash, 2002; Venkatachalapathy, 2005). 

There was a considerable variation between the number of offsprings littered in 

individual bitches and the litter size 1 to 8 and the average litter size was recorded as 3.1 

± 0.73. There are no reports available in the literature regarding either the conception rate 

or the litter size in pugs recommended for mating on the basis of vaginal exfoliative 

cytology 

The reliability of vaginal cytology for determining the optimal mating period is 

controversial. Hiemstra et al., (2001) correlated the vaginal cytology of 35 bitches with 

the endocrine events (plasma progesterone, LH surge) and concluded that vaginal 

cytology is not useful for determining the optimal mating periods in bitches, since mating 

according to cytological findings would have resulted in only 28 per cent of the bitches 

being mated at the proper time. Christie et al., (1972) and Bouchard et al., (1991) 

reported that the initial day of optimum cornification coincided poorly with the onset of 

LH surge and the peak vaginal cornification occurred between -1 to +7 days after the LH 

surge and therefore, matings timed on the basis of peak vaginal cornification yields poor 

result. 
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5.2 Conception rate and litter size in female pugs receiving GnRH injection at the 

time of optimum vaginal cornification (Group B and C) 

In view of the poor correlation of the vaginal cytology with LH surge, therapeutic 

induction of LH surge at the time of peak vaginal cornification may be beneficial in terms 

of induction of ovulation and improvement of conception rate. This hypothesis was tested 

in two groups of ten female pugs each. In one of the groups GnRH was administered 

intramuscularly at a dose of 0.2 μg/kg bw on the day of optimum vaginal cornification. In 

the other group the dose of GnRH was increased to 0.4 μg/kg bw. Animals were advised 

to be mated once at 48 hours and again at 96 hours after GnRH injection. 

Synthetic analogue of GnRH used in the present study (Buserelin acetate) has 

been shown to be 50 to 170 times more potent than LHRH (Nawito et al., 1977) and 20 to 

170 times more effective than the natural compound (Snedow et al., 1978). In the bitch 

progression from proestrus to estrus is characterized by a higher amplitude and larger 

GnRH pulses (Tani et al., 1996), and an increase in pituitary sensitivity to GnRH (Hull, 

1987; Jeffcoate, 1993). Pulsatile administration of GnRH at doses of 0.2 to 0.4 μg/kg bw 

at 90 minute interval was sufficient to obtain increases in LH concentration, similar to the 

endogenous pulses that normally occur at the end of proestrus (Canconnon, 1993). 

However, in a clinical setup pulsatile administration is difficult and expensive and may 

need hospitalization during continuous intravenous infusion. 

In the present study, GnRH was administered only once, at the time of peak 

vaginal cornification, and presumably at the onset of estrus. It was postulated that the 

animal would have mature follicles around this time and that there may already be an 
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increased number of GnRH pulses characterized by higher amplitude. It was also 

postulated that the pituitary gland would have become increasingly sensitive to GnRH. 

Therefore, unlike the frequent administration or continuous administration of GnRH 

required to induce estrus in anestrous dogs (Kutzler, 2005), a single dose of GnRH may 

be enough to induce LH surge when administered at the onset of estrus as it could 

compliment the already existing natural pulses, resulting in increased the magnitude of 

LH surge and induce ovulation. Further, a higher magnitude of LH surge which could 

result following GnRH administration may ensure ovulation and significantly improve 

the ovulation rate. 

In the present study, GnRh was administered at two dose levels namely, 0.2 and 

0.4 μg/kg bw. The two different dose levels were tested as the dose required to induce LH 

surge in dogs is not conclusively established. Further, the animals were advised to be 

mated at 48 and 96 hours after GnRH administration because ovulation in dogs is 

reported to occur at approximately 2 to 3 days following the preovulatory LH surge 

(Phemister et al., 1973; Canconnon 1977; Wildt et al., 1978, Tsutsui, 1989). Canine 

oocytes are ovulated as primary oocytes and after ovulation they undergo the first meiotic 

division to become secondary oocytes (Olson and Nett, 1986; Tsutsui,1989; Conconnon, 

1997; Jhonston et al., 2001). Once the maturation is complete, the viable life span of 

secondary oocyte is stated to be approximately only 2 to 3 days (Tsutsui, 1989; 

Conconnon et al., 1989; Linde, 1991). The conception rate is reportedly best in bitches 

bred from 3 days before to 4 days after ovulation (Holst and Phemister 1974). 
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In the present study, the conception rate of 60 per cent was obtained in female 

pugs receiving GnRH injection at a dose level of 0.2 μg/kg bw (Table 2 and Fig1). When 

the dose level was increased to 0.4 μg/kg bw, the conception rate was marginally higher 

(70 per cent) (Table 3 and Fig1), but this was not a significant improvement over the 

conception rate obtained with 0. 2 μg/kg bw. Further, the conception rate in GnRH 

administered groups was also not significantly different from the conception rate 

obtained following recommendation of mating on the basis of vaginal exfoliative 

cytology only. This observation suggested that administration of GnRH at the time of 

peak vaginal cornification at either 0.2 μg or 0.4 μg/kg bw does not significantly improve 

the conception rate. There is a possibility that these dose levels are not ideal to induce LH 

surge or that a single dose may not induce sufficient magnitude of LH surge to cause 

ovulation around the designated time of mating. 

The litter size, in the GnRH administered group was also similar to those obtained 

in pugs mated on the basis vaginal exfoliative cytology. This observation again suggested 

that GnRH administered at the time of mating did not significantly influence the 

ovulation rate. 

5.3 Conception rate and litter size following mating on the basis of serum 

progesterone concentration Group D. 

The serum progesterone assays focus on using changes in progesterone levels to 

identify the occurrence of LH surge, ovulation and the fertile period. Elevation of the 

serum progesterone concentration prior to ovulation is peculiar to the bitches and the 

source of this elevation is reportedly preovulatory luteinized follicles (Bouchard et al., 
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1991). Serum progesterone concentrations have been reported to increase gradually from 

basal values with the advancement of proestrus and exhibit distinct rapid and detectable 

increase around the time of LH surge (England and Canconnon, 2002). Identification of 

this rapid distinct rise allows an indirect method of predicting the LH surge, and 

therefore, the fertile period of the bitch. 

The concentration of progesterone in the serum or plasma around the time of LH 

surge has been a subject of several recent studies (Van et al., 1989; Mestre et al., 1990; 

Arbeiter et al., 1991; Bouchard et al., 1991; Renton et al., 1991; Johnston and Root, 

1995; Tomaskovic et al., 1997; Goodman, 1998; Konuk et al., 2001). In several of these 

studies, a serum progesterone concentration between 3 and 4 ng/ml corresponded with 

the time of LH surge. Matings when the serum progesterone concentration is around 

4ng/ml, therefore, yield a significantly better fertility rate in bitches. Serum or plasma 

progesterone concentration may be measured most accurately by RIA, quantitative 

enzyme linked immuno absorbent assay (ELISA) or enzyme linked immuno fluorescent 

assay (ELFA). Facilities for determination of serum progesterone concentrations using 

ELISA and ELFA are available in many human clinical laboratories. The techniques are 

reliable, cheap and the results of progesterone concentrations are available the results of 

progesterone concentrations are available the same day. 

In the present study, ten bitches were recommended to be bred as soon as the 

progesterone concentration in serum reached a minimum of 3 ng/ml. Following mating 9 

out of 10 (90 per cent) (Table 4 and Fig 1) bitches was diagnosed to be pregnant. The 

conception rate achieved with matings on the basis of serum progesterone concentration 
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was similar to those reported in free roaming dogs (>90 per cent) (Friedman 1957). A 

similar conception was also reported by Venkatachalapathy (2005). The conception rate 

achieved was also a significant improvement over those obtained following 

recommendation of mating time on the basis of vaginal exfoliative cytology or in bitches 

receiving GnRH at the time of peak vaginal cornification. Several clinical trials 

confirmed that recommendation of mating time based on serum progesterone 

concentration to yield a significantly better fertility than with any other variable 

techniques (Van et al., 1989; Dietrich and Moller, 1993; Suyash, 2002) 

All the 9 bitches delivered with en average litter size of 3.9 ± 0.54 (Table 4), which again 

a significant over the litter size observed with the other 3 groups. The results of present 

study clearly showed that serum progesterone concentration was closely related to the 

fertile period of the bitch. 

5.4 Conception rate and litter size following mating on the basis of serum 

progesterone concentration and administration of GnRH  on the day of mating 

(Group E and F) 

Animals in this group received GnRH injection at either 0.2 or 0.4 μg/kg bw at a 

time when a serum progesterone concentration was 3 ng/ml or more. Therefore, GnRH 

was administered at the time when the pre ovulatory LH surge had already occurred. In a 

spontaneously cycling animal, the duration of preovulatory LH surge is reported to vary 

with a range of 28 to 96 hours (Smith and Mcdonald, 1971; Nett et al., 1975; Conconnon 

et al., 1977; Reimers et al., 1978; Wildt et al., 1978; Olson et al., 1982). Administration 

of GnRH at a time when the serum progesterone concentration is around 3ng/ml may 
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further augment the magnitude of LH surge. Further, GnRH injections may also aid in 

improving the ovulation rate. 

In the present study, the conception rate of 90 per cent was obtained when GnRH 

was administered at the time when the serum progesterone concentration was around 3 

ng/ml, irrespective of the dose level employed (Table 5, 6 and Fig.1) the conception rates 

observed were similar to those obtained in the group of animals mated on the basis only 

serum progesterone concentration and was not statistically significant (p>0.05) (Table 7). 

The results of the present study suggested that the administration of GnRH at either 0.2 or 

0.4 μg/kg bw at a time when the serum progesterone concentration was around 3 ng/ml 

does not significantly improve the conception rate as compared to the conception rate in 

bitches mated only on the basis of serum progesterone concentration. 

Further, the litter size animals receiving GnRH on the day of when the serum 

progesterone concentration was around 3 ng/ml was also similar irrespective of the dose 

level (Table 5 and 6, Fig. 2). Also, the litter size in GnRH treated groups did not differ 

significantly from the group of animals mated only on the basis of serum progesterone 

concentration (Table 8). 

Therefore, the results obtained in the present study suggest that although, the 

common practice of injecting GnRH around the time of artificial insemination is 

beneficial in dairy cattle, the same is not true for female dogs. In fact GnRH 

administration neither improved the conception rate nor enhanced the litter size. 



 
 
 
 
 
 

SSuummmmaarryy  



VI. SUMMARY 

A clinical study was designed to verify the unpublished claims by many canine 

practitioners that, administration of GnRH prior to mating improved the conception rate 

and litter size in female dogs. The study was conducted on 6 groups of a single breed of 

dogs namely Pug, with each group comprising of 10 animals. 

In the first experiment, the conception rate and litter size was evaluated in 10 

animals following recommendation of mating dates on the basis of vaginal exfoliative 

cytology. The animals were advised to be mated twice, once on the day of optimum 

vaginal cornification and a second time 48 hours later. Following mating, 6 out of 10 (60 

per cent) animals were diagnosed to be pregnant and the mean litter size was recorded as 

3.2 ± 0.73. It was concluded that the poor conception rate observed to matings 

recommended on the basis of vaginal exfoliative cytology was because of the poor 

correlation of the technique with the LH surge. 

In the second experiment, 10 female pugs received a single intramuscular 

injection of GnRH at a dose level of 0.2 μg/kg bw at the time of optimum vaginal 

cornification. The animals were advised to be mated twice, at 48 and 96 hours after the 

administration of GnRH. Following mating, 6 (60%) animals were diagnosed to be 

pregnant and the mean litter size was recorded as 3.1 ± 0.89. The conception rate and the 

litter size observed was not significantly different from those of animals mated on the 

basis of vaginal exfoliative cytology only. 
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In third experiment, the dose level of GnRH was increased to 0.4 μg/kg bw which 

was administered as a single dose at the time of peak vaginal cornification. The schedule 

of mating was similar as in the previous experiment. Following mating, 7 (70%) animals 

were diagnosed to be pregnant and the mean litter size was recorded as 3.1 ± 0.86. The 

conception rate and the litter size observed with 0.4 μg/kg GnRH was similar to those 

observed with 0.2 μg/kg bw. It was concluded that administration of GnRH at the time of 

peak vaginal cornification at either 0.2 μg or 0.4 μg/kg bw does not significantly improve 

the conception rate. There is a possibility that these dose levels are not ideal to induce LH 

surge or that a single dose may not induce sufficient magnitude of LH surge to cause 

ovulation around the designated time of mating. 

In the fourth experiment, the conception rate and litter size was recorded in 10 

female pugs which were recommended to be mated on the basis of serum progesterone 

concentration. Ten female pugs were advised to be mated as soon as the progesterone 

concentration in the serum was around 3 ng/ml and the second mating was carried out 48 

hours later. Following mating, 9 (90%) out of 10 animals conceived and the mean litter 

size in these animals was recorded as 3.9 ± 0.54. The conception rate and litter size 

recorded was significantly higher as compared to the previous 3 experiments. The higher 

conception rate obtained was attributed to be due to a close correlation of serum 

progesterone concentration with the LH surge. 

In the fifth experiment, GnRH was administered as a single intramuscular 

injection of 0.2 μg/kg bw on the day when the serum progesterone concentration was 

around 3 ng/ml and the animals were mated twice, in a schedule, similar to the previous 
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experiment. Following mating, 9 (90%) out of 10 animals conceived and the mean litter 

size in these animals was recorded as 3.8 ± 0.33. The conception rate and the litter size 

recorded in this experiment did not differ significantly from those recorded in animals 

mated only on the basis of serum progesterone concentration. 

In the final experiment, the dose of GnRH was increased to 0.4 μg/kg bw which 

was administered on the day when the serum progesterone concentration was 3 ng/ml. 

Following mating, 9 (90%) out of 10 animals conceived and the mean litter size in these 

animals was recorded as 3.85 ± 0.51. The conception rate and the litter size recorded in 

this experiment did not differ significantly from those recorded in animals receiving a 

lower dose of GnRH. 

The results obtained in the present study suggest that although, the common 

practice of injecting GnRH around the time of artificial insemination is beneficial in dairy 

cattle, the same is not true for female dogs. In fact GnRH administration neither 

improved the conception rate nor enhanced the litter size. 
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VIII. ABSTRACT 

A clinical study was designed to verify the unpublished claims by many canine 

practitioner that, administration of GnRH prior to mating improved the conception rate 

and litter size in 6 groups of female pugs, with each group comprising of 10 animals. The 

conception rate and litter size was recorded as 60 per cent and 3.2 ± 0.73 respectively in 

animals mated on the basis of vaginal exfoliative cytology which also served as control 

group for the next two experiments. Administration of a single dose of synthetic analogue 

of GnRH at a dose level of either 0.2 or 0.4μg/ kg bw at the time of peak vaginal 

cornification did not significantly improve the conception rate or litter size as compared 

to the control group. 

In another experiment which also served as control group for the subsequent two 

trails, the conception rate and litter size were recorded following mating when the serum 

progesterone concentration was around 3 ng/ml. The conception rate and litter size was 

recorded as 90 per cent and 3.9 ± 0.54 respectively and was significantly higher as 

compared to those observed with the previous 3 experiments. 

In the fifth and sixth trail, GnRH was administered at a dose level of 0.2 and 

0.4μg/kg bw respectively, on the day when the serum concentration was around 3 ng/ml. 

The litter size and conception rate in animals receiving GnRH was similar to the control 

group. 

The results obtained in the present study suggest that although, the common 

practice of injecting GnRH around the time of artificial insemination is beneficial in dairy 

cattle, the same is not true for female dogs. 
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