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Rabbit reproductive physiology has been extensively 
studied for the last century. The aim of this review is 
to summarize and draw practical conclusions from re-
search on hormonal regulation of pregnancy and related 
behavioral changes.

Maternal reproductive track  
and general information

The rabbit uterus exists in complete duplication. There 
are two separate utero-cervico-vaginal canals, which 
fuse externally near the vagina. A corpus of the uterus 
is absent (46).

In the rabbit female puberty is dependent on the breed 
and state of nutrition. Currently, when kept indoors, the 
month of birth is not important for achieving maturity. 
Early maturing breeds can be mated at the age of 4 to 4 
and ½ months at a weight of 3 kg. This applies to me-
dium breeds, e.g. the New Zealand White. Females of 
larger breeds (e.g. Flemish Giant rabbit) mature later, 
i.e. at the age of 6 months.

Mature rabbit females are usually in a condition of 
estrus, which cannot be determined by vaginal smear. 
The female remains in heat up to 36 days during which 
time 7 to 10-day-long cycles of follicular maturation 
occur. Coital stimulation induces further growth with 
rupture of the follicles after 10 hours (46).

Gestation
Gestation is approximately 31-32 days long with the 

range of 30-35 days (6, 23, 29). Pregnancy can be de-
termined by abdominal palpation as early as 9 days of 
gestation (93). Implantation and placental development 

occur initially on day 6-7. After implantation on day 7 
nutrients are initially provided by the yolk sac. During 
days 10-17, establishment and development of the true 
chorioallantoic placenta occurs (20). Histologically the 
placenta is hemoendothelial in character from day 22 to 
term, changing from endothelial-chorial.

Maternal cyclical phenomena
The female rabbit is an induced ovulator, which means 

that in order to allow the fertilization, the necessary 
ovarian hormonal preparation – the formation of large 
vesicles, a properly functioning hypothalamus-pituitary-
ovary axis and a physical factor, in the form of mating 
– are required. The mechanism causing ovulation in 
rabbits is not fully understood. The research in this field 
began in the 1930s and proved the important role of the 
pituitary gland (32, 49). Neuroendocrine stimulation of 
norepinephrine of the hypothalamus leads to the release 
of gonadoliberin (GnRH), which stimulates the pituitary 
gland to release luteinizing hormone (LH) (26, 87, 89). 
The release of LH directly causes ovarian follicular 
rupture and ovulation. Equine and human chorionic 
gonadotropin (eCG and hCG) has a similar luteotropic 
effect on ovaries in rabbits, as well as many other mam-
mals (12, 91). Both gonadotropins are widely used in 
scientific studies of the pituitary and ovarian function 
in rabbits. However, the studies show that the above-
mentioned gonadotrophins affect the fertility of rabbits 
in varying degrees. The best effects and therefore the 
strongest stimulation of the pituitary gland and thus the 
highest birth rate, can be obtained using human chori-
onic gonadotropin (hCG) (47). Hashem and Aboul-ezz 
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showed that when GnRH or eCG analogs where used, 
the implantation rate was significantly lower compared 
to the control group (47). Chorionic gonadotropins, in 
addition to luteinizing activity on the ovary, activate 
many proteins, including: vascular endothelial growth 
factor (VEGF), insulin-like growth factor (IGF-1), 
macrophage colony stimulating factor (M-CSF) and 
matrix metalloproteinase 9 (MMP-9). These factors are 
paracrine in the reproductive system and are responsible 
for preparing the environment for embryo implantation 
through decidualization, angiogenesis and immuno-
modulation (67, 68).

The action of the hypothalamus-pituitary-ovary axis 
is also influenced by factors such as the nutritional 
status of the female. Brecchia et al. (13) demonstrated 
the effect of starvation on posterior pituitary activity 
in response to GnRH, folliculogenesis and ovarian ste-
roidogenesis in rabbits. Their studies have shown that 
acute starvation that lasts 24 and 48 hours, significantly 
reduces the concentration of LH and 17β-estradiol. 
Many metabolites, including glucose, non-esterified 
fatty acids (NEFA), or hormones such as insulin, IGF-1,  
regulate ovarian function, develop ovarian follicles, 
as well as affect the development of pregnancy (5, 21, 
33). Ovarian function mechanism is also dependent 
on leptin, a hormone produced in adipose tissue. The 
presence of leptin receptors on ovaries (101) and in the 
fallopian tubes (100) has been demonstrated in rabbits. 
The presence of receptors for leptin suggests its impor-
tance in the formation of preovulatory follicles and for 
the survival of oocyte and subsequently the blastocyst 
in the fallopian tube. Leptin is a hormone that in a still 
unclear way combines metabolism and nutritional sta-
tus of the body with reproductive activity (74). Studies 
conducted by Brecchia et al. have shown that starvation 
significantly reduces insulin and leptin levels in the rab-
bit, most likely as a result of a decrease in carbohydrate 
levels in the body (13). The authors suggested the pos-
sibility of a direct effect of leptin on the release of LH 
by the pituitary gland and secretion of estradiol by the 
ovaries. Probably leptin, together with other hormones, 
is responsible for sending a signal about the nutritional 
status of the organism and its condition to the structures 
forming the hypothalamus-pituitary gland-ovary axis. 
This allows the body to ration its reproductive activity.

Another hormone that can modulate the operation 
of the hypothalamus and pituitary in the secretion 
of LH-GnRH and gonadotropins, respectively, is the 
ghrelin-peptide hormone secreted in the stomach during 
fasting. Ghrelin stimulates the growth and develop-
ment of ovaries in rabbits and it is also important for 
the proliferation of follicles (88). Sirotkin et al. showed 
that in the group of females treated with ghrelin before 
insemination, the mortality of the young fell significantly 
(88). The administration of the hormone, however, did 
not affect the number of ovulatory follicles or the birth 
weight of the rabbits.

The ovaries, in response to the LH signal caused by 
mating begin to secrete the metabolite of progesterone-

20-α hydroxyprogesterone. Although this progestin has 
only ⅓ – ½ of progesterone activity (99), it is secreted 
in a very large amount (51). The highest concentration 
of 20-α hydroxyprogesterone, as well as other steroid 
hormones like estradiol, progesterone and testosterone 
measured in the ovarian vein is achieved as early as 
1-4 hours after mating, then the concentration of these 
hormones decreases and persists in low concentrations 
up to 1-4 days after mating (51, 52). In the case of estra-
diol, its concentration drops to 1/20 of the concentration 
measured in estrus. It is hypothesized that a decrease in 
estradiol concentration in the first days after mating is 
necessary to create an environment for the transport of 
oocytes through the fallopian tube (51). The LH peak 
induced by mating results in ovulation, which takes place 
9-12 hours after mating and the formation of corpus 
luteum from the broken vesicles (83).

On the ovaries, after ovulation further follicles con-
tinue to grow and 17 β-estradiol is secreted. Estradiol 
secretion is dependent on FSH and LH (3). The ova-
ries are the primary source of this hormone (51, 60). 
Moreover, estradiol is necessary for the formation of 
the corpus luteum and maintenance of the secretion 
of progesterone (51, 73). Estradiol is considered to be 
the main luteotropic factor at the beginning of rabbit 
pregnancies (59). The critical moment for the corpus 
luteum is the sixth day of pregnancy because then the 
corpus luteum becomes dependent on estradiol (73). 
Decreased estradiol concentration leads to an increase in 
the concentration of oxidation metabolites, an increase 
in cytokine concentrations and a  decrease in ovarian 
blood flow, which directly induces regression of the 
corpus luteum (10, 11, 37, 38, 44, 56). Administration 
of antiestrogenic agents to a pregnant doe will lead to 
luteolysis, degeneration of the embryo or fetal resorp-
tion (64).

As previously described, the concentration of 17 
β-estradiol, after the first peak a few hours after mating, 
falls to low values and remains low until the end of preg-
nancy. Such low concentrations of estradiol are sufficient 
for maintaining its luteotropic activity and ensure the 
activity of the corpus luteum (52). 17 β-estradiol affects 
the structure and function of the fallopian tube through 
two receptor subtypes: ERα and ERβ (27, 30, 77). It has 
been proven that already 48 hours after mating there is 
a peak expression of genes encoding proteins for the 
estrogen receptor in the isthmus of fallopian tube and 
72 hours after mating a similar phenomenon occurs in 
the ampulla of fallopian tube (31, 82). At the same time, 
different proportions of ERα and ERβ receptors in the 
isthmus and in the ampulla were found, depending on 
the time after mating. There is a change in the structure 
of the fallopian tube, as demonstrated by the variabil-
ity in the proportion of Periodic acid-Schiff (PAS) + 
and PAS – cells in different parts of the fallopian tube, 
depending on the expression of receptor proteins (4). 
This is probably important for the transport of oocytes.

Progesterone is produced by granular cells of the 
ovarian theca and the corpus luteum after ovulation 
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(79). This hormone is responsible for ovulation, dif-
ferentiation of ovarian structures, development of the 
uterus and mammary gland, maintenance of pregnancy, 
as well as the behavioral aspect of reproductive activ-
ity (19, 22, 69). The concentration of progesterone and 
its metabolites secreted by the mature corpus luteum 
after a primary decline, begins to increase again on the 
fourth day of mating (secretion: 65-85 µg/ovary/hour) 
(18, 52). After implantation on the seventh day of mat-
ing it begins to grow rapidly and reaches its peak on 
the 14-18 day of pregnancy. Its concentration remains 
stable throughout the remaining duration of pregnancy 
(52). 20 α-progesterone is secreted by ovarian inter-
stitial glands (50, 60) and by the corpus luteum (95). 
Progesterone in the rabbit is essential for maintaining 
pregnancy throughout its duration (34). Lowering the 
concentration of this hormone in the first trimester of 
pregnancy leads to the inhibition of embryonic devel-
opment, which results in the termination of pregnancy 
(84). Administration of chorionic gonadotropin on the 
seventh day of mating causes an increase in the number 
of pregnancy corpus luteum and an increase in proges-
terone concentration till the 18th days of pregnancy, 
which leads to an increase in the fertilization rate (61). 
It is directly responsible for the increase in estradiol 
concentration which, as previously mentioned, is an 
important luteotropic hormone in the rabbit.

Progesterone is responsible for the preparation of 
myometrium, its ability to cell division and it inhibits 
muscle sensitivity to nervous or hormonal stimulation 
(oxytocin). Experimental removal of ovaries during 
pregnancy leads to damage in the fetuses due to the lack 
of inhibitory effects of progesterone on uterine contrac-
tile activity (25). Receptors for progesterone belong to 
the nuclear receptor super family (NRS). Two types of 
progesterone receptors have been identified so far: the 
progesterone α receptor (PR-A) and the progesterone 
β receptor (PR-B) (22, 63). Ovaries have progesterone 
receptors and their expression is confirmed to be depen-
dent on pituitary gonadotropins (80). Abd-Elkaremm et 
al. (1) have shown that PR-A receptor ablation causes 
abnormalities in the ovary and uterus, which can lead to 
female infertility, while PR-B receptor ablation causes 
morphogenesis disturbances in female milk ducts and 
alveologenesis in the fetus. At present, we do not have 
knowledge about the distribution and expression of 
progesterone receptors in the uterus during pregnancy 
and afterwards.

Progesterone also plays the role of an immunomodu-
latory factor during pregnancy by inhibiting lympho-
cyte proliferation and its activity (75, 78). However, 
it is known that the luteum of a pregnant female con-
tains PR-A receptors in large and small lutein cells. 
Progesterone prevents the apoptosis of lutein cells by 
a mechanism dependent on progesterone receptors (PR), 
the number of which increases in granulosa cells during 
the preovulatory period (1).

During the preimplantation period and at the implan-
tation itself there is an increased risk of pregnancy loss. 

It is estimated that 14% of pregnancies end precisely 
in the period up to the seventh day of mating (85, 94). 
Success of implantation depends on a complex of fac-
tors on both the mother’s and the embryo’s side (48). 
Already at the preimplantation stage, immediately after 
fertilization, the embryo takes a secretory activity. In 
rabbit it is gonadotropin-like factors (62) that seem to 
inform the doe about the existence of embryos (48), af-
fecting the maintenance of the corpus luteum activity. 
Gonadotropin released by the embryo also has paracrine 
effect on the endometrium. It stimulates decidualization, 
angiogenesis and modeling of immunological activ-
ity and thus prepares the uterus for implantation (92). 
Activin, a member of the transforming growth factor 
β family (TGF-β), is a glycoprotein necessary for the 
implantation of the embryo (58). Relaxin plays a simi-
lar role to the hormone preparing for implantation. Its 
concentration increases within 4-9 days post coital and 
reaches the highest values on day 16 of pregnancy. The 
high concentration of relaxin persists throughout the 
remaining duration of pregnancy and falls on the first day 
after delivery (66). The placenta itself becomes a source 
of hormones that determine further development of 
pregnancy. The placenta of mammals, including rabbits, 
has been shown to produce leptin and ghrelin which 
influence growth. These are responsible for regulating 
appetite and metabolism (74, 81, 97).

After implantation, many hormonal factors such as 
progesterone, insulin-like factors, estradiol and pros-
taglandins influence the development of the fetus and 
placenta (24, 86, 90). The placenta is formed between 
the eighth and seventeenth day, which marks the start 
of feeding the fetus through this organ (2). During this 
time, i.e. up to the eighteenth day of pregnancy, the 
serum progesterone concentration decreases and from 
day 18 or 19 it remains constant almost until the end of 
pregnancy (15, 16, 53). According to a study by Haneda 
et al. (45), on the 18th day of pregnancy the progesterone 
concentration in the Japanese white rabbit was 8.8 ± 1.0 
ng/ml. On day 28, the concentration of this hormone 
was 7.7 ± 2.3 ng/ml. It is known that on the 30-32 day 
of pregnancy, progesterone levels begin to drop to low 
values. This causes a change in the ratio of progester-
one to estradiol, which is the factor that triggers the 
beginning of the parturition. Interestingly, the estradiol 
concentration does not change to the extent observed in 
other mammalian species (52). In pigs, sheep, guinea 
pigs as well as in humans, estrogens reach the highest 
concentration just before delivery, which allows break-
ing the progesterone block and releasing oxytocin (7) 
and prostaglandins from the uterus (9).

The concentration of oxytocin in a pregnant doe is 
16.1 ± 2.0 pg/ml (36). During the parturition delivery, 
oxytocin concentration rises to 193 ± 55 pg/ml. The 
highest concentration of this hormone was found after 
the expulsion of the first fetus (258 ± 89 pg/ml (36). 
Oxytocin receptors are found in the genital tract through-
out the entire pregnancy and their expression is possible 
due to the decrease in the concentration of progesterone 
at the very end of the third trimester (70, 71).
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Pregnancy and lactation
In does nursing their young ones, postpartum estrus 

occurs. During this time, effective mating can take place 
(8). The hormonal profile is essential to co-existing preg-
nancy and lactation. In case of co-existing pregnancy and 
lactation the doe’s body needs to adjust the hormonal 
profile so that the pregnancy is sustained and there is suf-
ficient food for the young ones (57). González-Mariscal 
et al. (42) conducted a  study on a group of lactating 
pregnant females and a group of lactating non-pregnant 
females. The estradiol concentration was comparable in 
both experimental groups throughout the study period. 
However, the progesterone concentration in the first two 
trimesters was significantly higher in pregnant females 
(42), which was explained by the high concentration of 
prolactin. The hormonal profile in the last trimester was 
similar in both groups. The weaning of the offspring 
in females preparing for delivery is most likely related 
to the afferent stimulation of the pregnant uterus in re-
sponse to oxytocin secreted during the nursing act (35). 
It has been proven that nursing the young ones may 
negatively affect the ovulatory follicle index and the 
number of dominant vesicles (over 1.5 mm) on the sixth 
day of pregnancy in the ovaries of lactating females (72). 
This is probably due to the lower estradiol concentration 
in this group (18, 51). It has been proven that there is 
some antagonism between prolactin and the release of 
gonadotropins (28, 96). Prolactin begins to be secreted 
in the does before birth and significantly impacts the 
maternal behavior (40, 43). Prolactin receptors were 
also found in the hypothalamus (17, 98). Interestingly, 
not so much the suckling act itself is important for 
inducing the secretion of prolactin, but only the mere 
stimulation of the abdominal wall. This was proven by 
González-Mariscal and Gallegos (41), who found high 
concentrations of prolactin in females after mastectomy, 
“nursing” offspring.

Hormonal profile in pseudo-pregnancy
The progesterone concentration in pregnant and 

pseudo-pregnant females increases to a similar degree 
and its concentrations are comparable until 12-17 days 
after mating. Only when the corpus luteum atresia occurs 
in non-pregnant females does the progesterone concen-
tration decrease and differ significantly between the two 
groups of females. The concentration of 17β-estradiol 
till the sixth day after mating does not differ between the 
pregnant and pseudo-pregnant females. This is due to 
the fact that this hormone has the same origin. It forms 
in follicles that remain on the ovaries and continues to 
grow after ovulation. As indicated earlier, this process 
is necessary to maintain a young corpus luteum (73). 
It was proven that the atresia of the corpus luteum in 
pseudo-pregnant females is caused by the decrease in the 
number of estrogen receptors on corpus luteum (65, 77). 
Research conducted by Browning et al. (14) confirmed 
the above assertion. The first trimester of pregnancy in 
a rabbit doe does not differ hormonally from the profile 
of a female in a pseudo-pregnant female. The moment 

when the doe’s body detects pregnancy is significant and, 
in fact, it takes place a few days after the implantation. 
Maintaining the number of receptors for 17β- estradiol 
on the corpus luteum and its further hormonal activity 
then becomes crucial (14).

Behavioral changes
All female mammals’ sexual and maternal behavior is 

triggered and modulated by hormonal changes occurring 
during the cycle, pregnancy and lactation, as well as by 
such non-hormonal factors as contact with males, ex-
posure to pups or environmental and nutritional factors. 
The list of sexual and maternal behaviors in rabbits is 
long and would require a separate review. In this study 
we intended to describe only the most characteristic and 
best studied ones.

During estrus the female domestic rabbits display 
a scent marking behavior called “chinning.” This be-
havior involves rubbing of the ventral surface of her 
chin on objects, presumably to deposit secretion from 
submandibular glands. The manifestation of this behav-
ior decreases within minutes after mating and remains 
at a low level throughout pregnancy and lactation (54). 
Therefore, the disappearance of “chinning” is treated 
as a  behavioral transition from estrus to pregnancy 
and may be an important signal used by owners and 
breeders. A study conducted by Hoffman and González-
Mariscal (54) aimed at finding the cause of these 
behavioral changes revealed, that in the first 2 hours 
after mating “chinning” disappearance is mediated by 
estrogens (mostly 17 β-estradiol) and is not dependent 
on ovarian-derived progesterone (P) nor progesterone 
receptors (PR). Later on, 24 to 96 hours after mating, 
the inhibition of “chinning” starts to be dependent on 
progesterone secretion, but is still independent of PR, 
which changes in the subsequent days of pregnancy, 
when maternal behavior like nest building appears – 
and which requires both P secretion and PR activation.

Sexual attractivity of the female, measured by the 
latency for the female to be mounted by male and the 
number of mounts, as well as sexual receptivity mea-
sured by the total number of ejaculations received total 
number of mounts received and aggression in the tome 
of the transition from estrus to pregnancy has also been 
studied in rabbits. The research has shown that aggres-
sion is increased by P secretion and PR activation, at 
the same time and with lightly longer latency (1-3 days) 
sexual behaviors are decreased (55).

Another typical rabbit maternal behavior that has been 
studied in the last years is nest building. It consists of 
building an underground nest of straw and body hair 
during late pregnancy. Results obtained by González-
Mariscal indicate that prolactin has less influence on 
nest-building behavior than on milk production (39). The 
hormones most likely to influence nest building are 17 
β-estradiol and progesterone because the levels of these 
hormones start to change at the time when the rabbits 
start to prepare nests. This was also confirmed by re-
search conducted by Negatu et al. (76), which addition-
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ally indicated that the maintenance of this behavior after 
parturition relies on stimuli from the litter: by preventing 
mother-young contact at parturition or during early lac-
tation maternal responsiveness is altered or abolished. 
Although prolactin is not the most important hormone 
in the nest building behavior, its secretion at the end of 
the pregnancy is extremely important for lactation, as 
in most mammals and behavior called “crouch over the 
pups” in the first days after parturition (43). What is very 
interesting, in contrast to most species which display 
a  continuous interaction with their young throughout 
lactation, in rabbits the mother-young interaction is 
restricted to a minimum: a 3 ± 5 min bout of nursing 
each day, but it seems enough for maintaining lactation 
for the next 30 days (41).

Neuro-hormonal regulation of rabbit pregnancy, 
which also influences behavioral changes during this 
period, is complicated and, despite of being studied for 
many years, not fully characterized. We hope that this 
review makes it possible to clarify certain aspects of 
this period and may become a contribution to further 
research in this field.
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