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Abstract: One hundred and fourteen White New Zealand (WNZ) rabbit does were used to study the relationship
between rabbit doe's vulva coloration and status at the time of natural mating and some physiological, behavioral,
reproductive and productive traits of does in order to determine the proper time of natural mating to achieve a maximum
productive and reproductive performance. Animals were divided into four groups according to their vulva coloration
and status: pale (P), pale red (PR), rose (R) and turgid dark red (TDR). Estradiol-17p (E2), calcium and inorganic
phosphate and iron ion were determined in does blood serum. Also, some behavioral activities of does were recorded
before natural mating. In addition, sexual receptivity, conception rate, litter size and weight at birth were determined.
Results showed significant differences (P<(.05) among the four groups in most traits. Most studied traits tended to
increase and improve with increasing vulva coloration. Physiological body reactions (respiration rate and pulse rate)
were significantly {£<0.05) higher in R and TDR groups than in P and PR groups. The highest levels of E2, calcium ion
and inorganic phosphate ion were observed in blood serum of TDR group compared with the other groups. Significant
differences (P<0.05) were found in some behavioral traits, in which TDR group had the lowest percentage of standing,
head moving and scrubbing, and the highest percentage of sitting than the other groups of rabbit does. Results showed
that reproductive and productive traits were affected by vulva coloration. The TDR group had superior significantly
(P<0.05} in receptivity %, conception rate and litter size at birth compared with the other groups. Positive correlations
were found among level of E2, vulva-status and sexual receptivity and most productive and reproductive traits.
According to the present study, it could be concluded that, the optimal or proper time for natural mating in order to

achieve maximum productivety of NZW rabbit does when vulva color was rose or turgid dark red.
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INTRODUCTION

Rabbits are classified as induced ovulators (Sawyer
and Markee, 1950). The doe rabbit vulva is closely
related to doe mating rejection during the mounting and
is correlated with the negative influence of low sexual
receptivity (Gosalvez, 1986). Diaz et al. (1987) studied
the relationship between the color of the vulva on the
day of mating, ovulation rate and level of fertility. In
this smdy the ovaries and uterine homs of does mated
were examined by laparoscopy 10 days after mating.
Most of the does that were mated had red (54.1%) or
rosy (39.6%) vulva. The ovulation rate was higher in
does with red vulva (84.6%) than in those with rosy
coloration (68.4%). Each female was assigned to a high
or low sexual receptivity level according to Gosalvez
(1986) using the color of the vulva as a predictor of
sexual behavior. Does with pale or violet non turgid
vulva were considered as low sexual receptivity and
does with red, rosy and violet turgid vulva were high
sexual receptivity. Stoufflet and Caillol (1988} observed
that the vulva color was white in early pregnancy and
after parturition. The present work aimed (i) to study the
relationship between the vulva coloration at time of
natural mating and some physiological, behavioral,
reproductive and productive traits and (ii) to determine
the proper time of natural mating to achieve a maximum
productive and reproductive performance in White New
Zealand rabbit does.

MATERIALS AND METHODS

Rabbit Does Management:
The present study was carried out at the rabbitry of
the Experimental Farm, Faculty of Agriculture, Suez

Canal University, Ismailia, Egypt. One hundred and
fourteen (114) nulperious mature female New Zealand
White (NZW) rabbit does were used in the present
experiment. Animals were distributed into four groups
based on the color of the vulva at the time of natural
mating. The color varied from turgid dark red (n=33),
rosy (n=40}, red pale (n=25) and pale {n=16). All does
were healthy and clinically free of diseases. Rabbit does
were individually housed in galvanized wired cages,
where feed and water were offered ad libitum. Does
were fed on basal pellet ration contained yellow corn,
soybean meal, com gluten, minerals and vitamins
premix, bone and molasses. The calculated chemical
components of the diet were 17% crude protein, 2.8%
fat, 10% crude fiber and 2600 kcal digestible energy/kg
diet which agree with NRC (1984). Lighting system was
16 hr light/8 hr dark in the rabbitry. Does were
transferred to the rabbit buck cages for natural mating
progression and kept under examination until natural
mating was completed successfully.

Physiological Parameters:
Physiological Body Reactions:

The following parameters rectal temperature (RT),
respiratory rate (RR)} and pulse rate (PR) were recorded
before natural mating for each doe. Rectal temperature
was measured for each doe using clinical thermometer.
Respiratory rate (RR/min) was measured by counting
the movements of the chest fleece. Pulse rate (PR/min)
was measured by counting pulses in the femorat artery
with a hand finger.

Blood Sampling and Analysis:

2 ml of blood samples were collected before mating
from the marginal ear vein. Blood samples were
centrifuged at 3000 rpm for 20 min. Serum then
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separated and stored at -20°C until it was analyzed.
Estradiol-17p (E2) was assayed using RIA technique
utilizing coated tubes kits purchased from Diagnostic
Production Corporation, Los Angeles, USA. In addition,
serum constituents such as calcium, inorganic
phosphorus and iron ion were measured calorimetrically
using commercial Kits from ELITech Company, France.

Behavioral Parameters

The behavioral traits for 10 females from each
group were studied during the experimental period
using a video camera. The behavioral traits were
recorded for two hours before natural mating. From the
video tapes, at 5 min interval (time sampling) the basic
activities (percentage of does standing, sitting or
walking) and the additional activities (percentage of
does feeding, drinking and head moving or scrubbing)
were recorded according to Gerken, 1991; Kishk ef al.
(2008). These data were used to calculate the
percentages of does observed for each trait.

Reproductive and Productive Parameters

The following reproductive and productive traits
were recorded for each doe: doe receptivity percent,
conception rate, litter size, litter weight and bunny
weight at birth.

Statistical Analysis:

Data were analyzed by using general linear model
(GLM) procedures of the statistical analysis system
(SAS, 1998). Differences among means were detected
using Duncan’s new multiple test (Duncan, 1955).
Correlation coefficients among traits were estimated on
the whole data using Proc CORR (SAS, 1998). The
lincar mathematical medel used for the statistical
analysis of the data was as follows:

Yij = Hj + Vi + €jj

Where:

Y th

ij = The observation on the_ith individual from the i
vulva color,

K = The overall mean.

Vi = The fixed effect of the ith vulva color.
gijj = The random error associated with the individual

if.

RESULTS

Physiological Parameters

Physiological body reaction was significantly
(P<0.05) affected by doe's vulva status as shown in
Table 1. Respiration rate {RR) and pulse rate (PR} were
significantly (P<0.05) higher in both R and TDR groups
than in P and PR groups. However, there were no
significant effects of vulva status on rectal temperatures
as shown in Table 1. In relation to bloed serum
constituents, significant differences were recorded
among the four groups. TDR group had the highest
levels of EZ (15.79), calcium (8.56) and inorganic
phosphor (4.85), but the lowest values were detected in
P vulva group (9.75, 5.05 and 2.97, respectively).

Behavioral Activities

Effects of vulva status on behavioral activities of
does are presented in Table 2. Significant differences
(P<0.05) were found among groups in basic and
additional behavioral activities. The group TDR had
significantly (P<0.05) higher percentage of does sitting
and lower percentage of does standing, head moving
and scrubbing than the other groups. On the other hand,
there were no significant differences among groups on
walking, feeding and drinking behavior,

Reproductive and productive parameters

Data presented in Table 3 showed significant
differences (P<0.05) among the four groups in
repreductive and productive traits. Females with TDR
had the highest receptivity % (75.05), conception rate
{91.27) and litter size at birth (6.87), but the lowest
values were obtained in P vulva group {17.72, 10.24 and
5.42, respectively). On the other hand, litter weight at
birth and bunny weight at birth were significantly lower
(P<0.05} in R group compared with other female
groups.

Correlation coefficients

Data presented in Table 4 showed the correlation
coefficients among traits of the present study. The
results showed significant (P<0.001) positive
correlation between vulva color and all the traits such
as, blood serum concentration of E2, calcium, behavior
traits, receptivety, conception rate and litter size. There
were also significant (P<0.001) positive correlations
between E2 concentration with the same traits as shown
in Table 4.

Tab!e (1): Physiological parameters of WNZ does correlated to different vaginal vulva status (mean+SE)

Vulva Status

Traits Turgid
7 - Pale Pale red Rose dark red

Physiological body reactions :

Rectal temperature (°C) 39.46+0.56 39.33+0.65 39.56+0.78 39.68+0.75

Respiration rate (r/m) 134.33£1.44° 131.66£1.67° 148.23+1.54* 150.24+135*

Pulse rate (p/m) 120.54+2.88 ° 127.29+2.59 ° 137.524+3.05° 142.32+3.21°
Blood measurements :

Estradiol-178 (pg/ni) 9.7540.35 ¢ 11.580.54 ° 13.44+0.81° 15.79£0.72 *

Calcium (mg/dl) : 5.05+0.28 ¢ 6.12+0.25°¢ 7.35£0.37° 8.56+0.30*

Inorganic phosphor (mg/di) 2.94+0.21° 3.48+0.19° 3.88+0.37° 4.85+0.28*

Iron (ug/dl) : 130.12+11.21 141.64+11.34 14941+12.12 142.67+10.67

*® Means in the same row with different superscript differed significantly (P < 0.05).
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Table (2): Behavioral activities (%) of WNZ does with respect to different vulva status (mean+SE)
Vulva Status

Traits Pale Pale red Rose dTurgld
ark red

Basic behavioral (%)

Standing (%) 71.15+2.88 ° 70.83+2.45* 63.76+2.64 * 40.32+2.19°

Walking (%) 15.25+1.45 14.62+1.38 15.37+1.29 11.16+1.46

Sitting (%0) 13.29+£2.09 ¢ 14.55£2.17 ¢ 20.96+2.64 ° 48.5242 48 %
Additional behavioral (%}

Head moving (%) 27.31£1.75° 27.29+£1.51° 22.72+129° 13.63:1.45°

Scrubbing (%) 27.26+1.16* 22.72+1.09° 15.21+1.26 ¢ 45241349

Feeding (%) 12,72+1.153 13.64+1.11 15.26+1.25 13.64+1.18

Drinking (%) 4,54+0.45 4.5440.57 4.53+0.,61 4.51+0.62

“* Means in the same row with different superscript differed significantly (P < 0.05).

Table (3): Reproductive and productive traits of WNZ does with respect to different vulva status (mean+SE)

Traits Vulva Status

Pale Pale red Rose Turgid

dark red

Receptivity % 17.72+2.54 ¢ 31.25+2.68 63.28+3.47 " 75.0543 .47
Conception rate (%) 10.24+2.05 ¢ 33.18£2.16 ° 84.36+3.15° 91.27+3.45°
Litter size at birth (no) 5.42+028° 5.91+0.35° 6.23+0.32° 6.87=031*%
Litter weight at birth (g) 392.26+14.12° 412.64+13.48" 323.23+13.67 " 381.27+14.17
Bunny weight at birth (g) 72.66+0.77 ° 69.33+0.75 " 52.12=0.78 ¢ 55.33:0.74

**Means in the same row with different superscript differed significantly (P < 0.05).

Table (4): Correlation coefficients among some physiological, behavioral, reproductive and productive traits

vC E2 Ca S1 RR CR LS

vC 1.000 0.964*** 0.894%** 0.910%** 0.945%%% 0.816%**  0.816***
E2 1.000 0.847*** 0.757** 0.947%%%* 0.809***  (.909%**
Ca 1.000 0.849%** 0.90G% % 0.764%* 0.386%**
SI 1.000 0971**# 0.787%* 0.654%*
RR 1.000 0.785%* 0.746***
CR 1.000 0.812%%%*
LS 1.000

VC= vulva coloration, E2= Estradiol-178, Ca= Calcium, SI= sitting behavior, RR= receptivity %, CR= conception rate, LS= Litter size, ns = not

significant, * significant at (P < 0.05),
** significant at (P < 0.01) and *** significant at (P <0.001}.

DISCUSSION

Female rabbit does are considered as induced
ovulator animals (Sawyer and Markee, 1950), they
exhibit a distinct heat period and will mate and conceive
at almost any time when exposed to a fertile male
(Arrington and Kelly, 1967). Depending on species
differences, the main problem in breeding rabbits is to
determine the proper time of natural mating to achieve
the maximum productive and reproductive performance,
Although females do not exhibit a definite heat period,
they often do exhibit a period of activity which indicates
a time of female receptivity as pointed out by many
authors (Marai and Rashwan, 2003; Kishk er al, 2006
& 2008).

The results of this experiment showed clearly that,
there are three ways to determine the optimal time of
natural mating: 1) examination of reproductive status of
the doe especially external genitalia, 2) testify of
physiological status, 3) observation of behavioral status
of rabbit does.

The 1% method is the examination of reproductive
status of the doe, especially external genitalia (vaginal

-vulva coloration). Our results showed significant
(P<0.001) positive correlations among vulva coloration
and doe receptivity, productive and reproductive traits
(Table 4). The highest sexual receptivity, conception
rate, litter size at birth were obtained in females with R
and TDR vulva color. Qur results confirmed the same
situation in which the genital characteristics i.e. color
and turgidity are strongly related to sexual behavior and
subjected to hormonal contrel. Moreover, Diaz et al,
(1987) found that higher ovulation and pregnancy rate
were recorded in the group of does with R vulva. On the
other hand, white color of vaginal-vulva is associated
with a high percent of does rejecting the male (Marai
and Rashwan, 2003).

In addition, these resuits are in aggrement with
those obtained by Kishk et al (2006) who found
significant (P<0.001) positive correlation among dark
red valva color and receptivity percent, productive and
reproductive performance in NZW rabbit does.

A 2™ method to detect proper time of natural
mating is the observation of the physiological status of
the doe, especially blood serum E2 and calcium
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concentration. Qur results showed significant (P<0.001)
positive correlations between E2, calcium and doe
receptivity, productive and reproductive performance
(Table 4). The highest sexual receptivity, conception
rate, litter size at birth were obtained in females with
higher concentration of blood serum E2 and calcium
concentration. These results are in agreement with
Beyer et al. (1970) and Elsaesser {1980} who reported
that estrogen is necessary for receptivity in the doe
rabbits. Also, Kishk er al (2006) found significant
(P<0.001) positive correlations between serum
concentration of E2 and doe receptivity, productive and
reproductive performance in NZW rabbit does.

The highest blood serum concentration of E2 may
be due to mature follicles which exist on the ovarian
surface and could be expected to increase production of
estrogens as described by Daniel er al. (1988). Also,
MeNitt (1992); Ferguson et al. (1997) and Hoy (2000)
reported that there was a diumal peak of does
receptivity, this ability of doe is controlled mainly with
E2 level in blood. On the other hand, Parvizi (2000),
Boiti (2004) showed that in spontaneous ovulator
species, many of the promoter neurons are estrogen-
sensitive and are therefore critical for mediating the
effects of blood estrogen and progesterone on the
gonadotropin releasing hormone (GnRH) neural
network within the cyclic LH surge-generator
subsystem. Gonadotropin stimulation affects
steroidogenesis, receptor development and mitosis in
target celis, as well as meiotic maturation of oocytes
{(Amsterdam et af, 1981; Knecht and Catt, 1982;
Yoshimura ef al., 1994).

In addition, results of this experiment showed
significant (P<0.001) positive correlation between E2
concentration and calcium level in blood serum.
Brunette and Leclerc (2001) found that estrogen by
itself regulates electrolyte reabsorption by the distal
tubule luminal membrane. Nordin ef al. (19918.1994);
Adami ef al (1992); McKane et al. {1995); Heshemati
ef al. (1998) suggested that estrogen enhances calcium
ion reabsorption by stimulation of parathyroid hormone
(PTH) secretion and activation of vitamin D which
plays an important role in increasing calicum intestinal
absorption, more efficient renal calcium reabsorption
and inhibition of bone resorption by PTH (Russel e/ al,
1986; Silver et al., 1986; Cheema er al., 1989; McKane
et al., 1995; Gill and Christakes, 1995 and Karen and
Rosenthal, 2G06). These results may be explained on the
bases of high E2 level and its direct effect on body
metabolism. Also, high activity during this time could
be responsible for higher body metabolism which is
mainly subjected to body hormonal control especiaily
thyroxin and adrenal cortical hormones, which prepare
the females to high reproductive performance. These
results are confirmed by results obtained by Shan et al.
(1994); Grohé er al (1996); Barry er al. (1997) who
reported that, estrogen hormone can control the
expression of many cellular regutators such as vascular
smooth muscle and cardiac myocytes in vitro by
regulation of cellular calcium. Also, Ahmad et al
(1990) found that estrogen hormone increases the blood
serum level of calcium in rabbit and added that oral
administration of calcium gluconate in a dose of 100

mg/ke body weight to adult non-pregnant female rabbits
produced a significant increase of E2 and FSH
hormones.

It is worthy to note that calcium plays an important
role in stimulus-secretion coupling with most exocrine
and endocrine glands (Douglas, 1968). Calcium
movement into the cell and release from intracellular
sites is vital for the coupling of receptor-stimulated cell
surface events to cellular responses (Zaloga and
Chernow, 1989). Also, Tsang ef al (1988) stated that
calcium plays an important role in conversion of
estradiol-17p -3-sulfate to estradiol-17a -3-sulfate.
Moreover, Ahmad er al (1990) reported that
administration of oral calcium to female rabbits led to a
higher percentage of conception compared with
controlled female rabbits. This may be explained by the
fact that calcium maintained a higher serum level of
FSH leading to increased rate of ovulation rate.

In this respect, significant differences were found in
physiological body reactions such as respiration rate and
pulse rate. The higher rates of respiration and pulse rate
could be attributed to the higher level of estrogen. Some
of the body hormones can affect directly heart rate,
respiration rate, blood pressure and blood stroke
volume. These hormonal effects are mainly depending
on hormone type, hormone receptor and hormone dose
(Perrier et al, 2000). Estrogen controls the expression
of many cellular regulators such as vascular smooth
muscle and cardiac myocytes in vitro by regulation of
calcium cellular (Shan et af, 1994; Grohé et al, 1996,
Barry et al., 1997).

The last method to detect proper time of natural
mating is behavioral status of rabbit does. Our results
showed significant (P<0.001) positive correlation
between relaxation behavior (sitting %) and most
studied traits (Table 4). The highest sexual receptivity,
conception rate and litter size at birth were obtained in
females which spent more time sitting down %. Our
results also suggest that the optimal time of natural
mating characterized by higher relaxation behavior
(decreasing in walking, standing, head moving and
increasing sitting) which makes the female accept the
male. These results indicate that estrogen hormone
could affect behavioral activities of rabbit does. It
causes more relaxation behavior of doe before natural
mating. Kishk et o/ (2008} reported that injection of
female rabbits with GnRH caused significant (P<0.001)
increase in relaxation behavior and increased productive
and reproductive performance of NZW rabbit does.

In conclusion, the results of this experiment
indicated that, there are positive correlations among
most studied traits such as (vaginal vulva coloration,
level of E2, receptivity percent & conception rate and
litter size at birth). These positive correlations between
vulva coloration and increased E2 concentration in
blood serum was followed-up by an increasing in heart
rate and blood flow into the external genitalia (vulva)
which causes coloration changes of vulva. Moreover,
increasing of wvulva coloration reflects the high
receptivity and conception rate in the female rabbits,
This is an important indicator for the optimal or proper
time of mating in the female rabbits.

Therefore, it could be concluded that, E2 levels,
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vulva coloration, sexual behavior, blood metabolites
could be used as a tool to determine proper time of
natural mating. From the practical point of view, the
optimal or proper time for natural mating in order to
achieve maximum productivety of NZW rabbit does
when vulva color was rose or turgid dark red.

REFERENCES

Adami, S., D. Gatti, F. Bertoldo, M. Rossini, A. Fratta-
Pasini, N, Zamberian, E. Facci and V. Lo-Cascio
(1992). The effects of menopause and estrogen
replacement therapy on the renal handling of
calcium. Osteoporosis International, (2) 180-185.

Ahmad, M. R., M. E. Mamdouh, M. I. Tarek and M. E.
Amal (1990). Effect of Calcium on Estrogen and
Follicle Stimulating Hormone Secretion in
Rabbits. Arch. Pharm. Res., 13(4), 379-381.

Amsterdam, A., M. Knecht and K. J. Catt (1981).
Hormone regulation of cytodifferentiation and
intercellular  communication  in  cultured
granulosa cells. Proceedings of the National
Academy of Sciences USA, (78) 3000-3004.

Arrington, L. R. and K. C. Kclley (1976). Domestic
rabbit biology and production. A University of
Florida Book. Gainesvilie, PP : 58.

Barry D. I, Z. Wei, S. K. Kenneth, S. Todd, A. C.
William and M R. Gabor (1997). Increased
Expression of the Cardiac L-type Calcium
Channel in Estrogen Receptor-deficient Mice. J.
Gen. Physiol. (110), 2, 135-140.

Beyer, C., N. Vidol, and A. Mijares (1970). Probable
role of aromatization in the induction of oestrous
behaviour by androgens in the ovariectomized
rabbit. Endocrinol., 87: 1387-1389.

Boiti, C. (2004). Underlying physiological mechanisms
controlling the reproductive axis of rabbit does.
8™ World Rabbit Cong., Mexico, 186-206.

Brunette, M. G. and M. Leclerc (2001). Effect of
estrogen on calcium and sodium transport by the
nephron luminal membranes. J. Endocrinol., 170:
441-450. :

Cheema, C., B. F. Grant, and R. Marcus (1989). Effects
of estrogen on circulating free and total 1,25-
dihydroxyvitamin D and on the parathyroid-
vitamin D axis in post-menopausal women. J.
Clini. Invest., 83: 537-542.

Daniel, J. C., S. C. Juneja, S. P. Taylor, P. B. Lonergan,
P. K. Sullivan and B. S.Chilton (1988).
Variability in the response of the rabbit uterus to
progesterone as influenced by prolactin. Reprod.
fertil., 84: 13-21.

Diaz. P., L. F. Gosalvez and J. M. Rodrigung (1987).
Relationship of color of the vulva with
reproductive traits in rabbits. ITEF, 18 (72} 52.

Douglas, W. W. (1968). Stimulus-secretion coupling:
the concept and clues from chromaffin and other
cells. Br. J. Pharmacol., 34(3):451-474.

Duncan, D. B. (1955). Multiple range and multiple F-
test, Biometrics, 11:1-42.

Elsaesser, F. (1980). Effects of active immunization
against oestradiol 17-f, testosterone  or
progesterone on receptivity in the female rabbit

and evaluation of specificity. Reprod. Fertil., 58:
213-218.

Ferguson, F. A., S. D. Lukefahr and J. L. McNitt (1997).
A technical note on artificial feeding of rabbit
kits weaned at 14 days. World Rabbit Sci., 5: 65-
70.

Gerken, M. (1991). Antagonistic relationship between
behavioural and production traits in Poultry.
Ph.D. Thesis, Bonn Uni., Animal Breeding
Institute.

Gill, R. K. and S. Christakos (1995). Regulation by
estrogen through the 5 flanking region of the
mouse calbindin D 28K gene. Mole. Endocrinol.,
9: 319-326,

Gosalvez, L. F. (1986). Activated ovarica-de la coneja
domestica despues delparto. Thesis Doctoral,
ETS.LA.

Grohé, C., S. Kahlert, K. Lobbert, R. Meyer, K. W.
Linz, R. H. Karas, and H. Vetter. {1996).
Modulation of hypertensive heart disease by
estrogen. Steroids. 61: 201-204.

Heshemati, H. M., S. Khosla, Burritt, M. F., W. M.
O’Fallon and B. L. Riggs (1998). A defect in
renal calcium conservation may contribute to the
pathogenesis of postmenopausal osteoporosis. 1.
Clin. Endocrinol. Metab., {83} 1916-1920,

Hoy, S. T. (2000). The use of infrared video technique
and computer supported analysis in investigations
of rabbit behaviour. 7" World Rabbit Cong.,
Valencia, Spain, 531-336.

Karen, L., D. V. Rosenthal (2006). Calcium Metabolism
In Rabbits: What’s New? The North American
Veterinary Conference, 1764-1765.

Kishk, W. H., H. A. Khalil and A. M. Hanafy (2008).
Effects of GnRH Injection on Some
Reproductive, Physiological and Behavioural
Traits in White New Zealand Rabbit Does.
Egypt. Soc. Anim. Reprod. Fert. Twenteeth
Annual Congr. Al-Fayoutn, February 2 - 7, 175-
182

Kishk, W. H., H. A. Khalil, A. M. Hassanein and M. A,
Ayoub (2006). Physiological, Reproductive and
Productive Traits of New Zealand White Rabbits
Doe as Affected by Natural Mating Time. Egypt.
J. Rabbit Sci., 16 (2):223-232.

Knecht, M. and K. J. Catt (1982). Induction of
luteinizing hormones receptors by adenosine
3' 5-monophosphate in cultured granulosa cells.
Endocrinel., (111) 1192-1200.

Marai, F. M. and A. A. Rashwan (2003). Rabbits
behaviour under modern commercial production
conditions. A review. Arch. Tierz. Dummerstort,
46: 357-367.

McKane, W. R., S. Khosla, M. F. Burritt, P. C. Kao, D.
M. Wilson S. J. Ory and B. L. Riggs (1995).
Mechanism of renal calcium conservation with
estrogen replacement therapy in women in early
post menopause. A clinical research center study.
J. Clini. Endocrinol. Met., 80: 3458-3464.

MeNitt, J. 1. (1992). Endocrinological approaches for
commercial rabbit production. J. Appl. Res., 15:
364-397.



36

Khalil er al., 2009

Nordin, B. E., A. G. Need, H. A. Morris, M. Horowitz
and W. A. Robertson (1991). Evidence for a renal
calcium leak in post menopausal women. J. Clini.
Endocrinol, Meta., 72: 401-407,

Nordin, B. E., M. Horowitz, A. Need and H. A. Morris,
(1994). Renal leak of calcium in post-menopausal
osteoporosis. Clini. Endocrinol., 41: 41-45.

NRC (1984). National Research Council. Nutrient
Requriments of Rabbits. The 2™ Revised Edition.
National Academy of Science. Washington. D.C.
USA.

Parvizi, N. (2000). Neuroendocrine regulation of
gonadotropins in the male and the female. Anim.
Reprod. Sci., 66G: 31-47.

Perrier, G., M. Theau-Clement, M. Jouanno and J. P.
Drouet (2000). Reduction of the GnRH dose and
inseminated rabbit doe reproductive performance.
7% World Rabbit Congress, Valencia, Spain.

Russel, J., D. Lettieri and L. M., Sherwood (1986).
Suppression by 1,25(0H)2D3 of transcription of
the pre-proparathyroid hormone. Endocrinol.,
119: 2864-2866.

SAS (1998). statistical Analysis system. Users Guide:
statistics. SAS Ins., Cary, NC. USA.

Sawyer, C. H. and J. E. Markee (1950). The differential
mechanism by which picotoxin and copper
acetate induce owvulation in the rabbit
Endocrinol., 46; 177-190.

Shan, J., L. M. Resnick, Q. Y. Liu, X. C. Wu, M.
Barbagallo, and P. K. Pang (1994). Vascular
effects of 17[-estradiol in male Sprague-Dawley
rats. Am. J. Physiol 266: H967-H97.3

Silver J, T. Naveh-Many, M. Mayer, H. J. Schmelzer
and M, M. Popovtzer (1986). Regulation by
vitamin D metaboiites of parathyroid hormone
gene transcription in vive on the rat. J. Clini.
Invest., 78: 1296-1301.

Stoufflet, 1. and M. Caillol (1988). Relation between
circulating sex steroid concentrations and sexual
behaviour during pregnancy and post partum in
the domestic rabbit. J. Reprod. Fert., 82: 209,

Tsang, C. P., A. A. Grunder, H. Soares, and R. Narbaitz
(1988). Effects of cholecalciferol or calcium
deficiency on oestrogen metabolism in the laying
hen Br. Poult. Sci. 29 (4), 753-759.

Yoshimura, Y., Y. Hosoi, S. J. Atlas, R. Ghodgaonkar,
N. H. Dubin, A. M. Dharmarajan and E. E.
Wallach (1994). Inhibition of gonadotrophin-
induced ovulation in rabbits by perfusion with
dibutyryl c¢AMP via reduction of ovarian
prostaglandin production. J. Reprod. Fert., (101)
207-212.

Zaloga, G. P. and B. Chernow (1989). In "Essential or
clinical care pharmacology” ed. Chernow, B., 2%
edition, William & Wilkins, Baltimore, U.5.A, p.
348-381.

o Aty 9 Audiall (A plull (Apn 5 gl ciliaall Giann g Cp A0 Alla g ¢ o) O ABMadt At o
wand (o0 5 el il ) &)
o daad dana L3S Cpaa 3y WJuld BN Se G
T jall yema By g Ao Leas €3 0FY _puyguc) 506 Gnals |y 31 RS - gunl Y1 puid

(ol il e G 5B Ala g s G A8 Ll 50 Chagy ima W) (i pll il e AT e Rag 5fs Al Lo By el o2 oy

Gl daal) g ALl 5 e o Jpeandl cenball lill slese catl paail @l dpaliny)y Llulih A€ shudt el of guadll Dlaiall jangy

TN - P PRPENCS 00 (RSP FYPESTS SISV LAATRRNG R UR A BPUT L L - PR IVEDR FPg B JURE YN [POW- R gl iy

el O S A8 shaall il yams Srad LS LY O 2l Jema 3 apaally (g puine il ) ghuaill o pauall€ll cipn g LY () ga 8 e "US
b Lo e Jemadiall gl anl i€y aDalt die Gladh ana y (35 cchend) Jona ozl SUY) Jpd Some lien I A8 ekl

sl Gpiee clicall adaaa Ciwal e Ay jaalt Cliall alana g Ay Y1 aselal G (P<0.05) % gina (8 3y y kil & gkl

CpARN G5 oy SUYE Fe gendd il s il laas b idls (P<0.05) Dsine L gl ansall DBl Gl ) Sus Gyl Gl da 0
e il it Il a1 el el @3 GUYE e gene O ia gl WS 58 A1 e gasnally A5 B ad el CRIAN jea¥hg (5ol
Ao s 5l LS (P<0,05) Lyl paalaall (Jl o g gime sl ) shuill g o gpallS) cCpn g A (g8 S ST 6 sha o US A Lglee
Uisiee JIV1 aicalall (S0l aa¥t o 831 G 5] b Zagl Y de gapuall 3 el a6 S phdt Ll e L da W) agdaall G 4 sins
gaaaall By 35 jlie 3 el Aausd 3 (P<0.05) Lime oY1 S LS sl pusnlh il 5 (3] 1 38 ja il £l s 0 'S i (P<0.05)
U B (P<0.05) e [\ Al Y o penall Limyl s Supnn HaaliY 5 Lbualitl] il (o JST L gima (33 8 el i of LS Ay pail
(P<0.01) Gsina Usli 3 5m5 gl cimain gl LS (5 a0 maalanall By 4 o Dal) i Oladh pas IS 5 &y il y S (g8 (na (e
A g prall Ll g a8 Slioall alieay Cpm g Al Gpa 8 3857 (5 ey A O g Op Leald A g jaall Cliall plana G Glle 5 G g

Ladie (mn¥l (gaidhy 5 pilh ol G 8 dalts) el e Jpemadl agdall @il 08 g Cousl (O e 53 Al jall 220 s
e (S0 peal gl 5355 seal 3N Ala 5 ol o S





