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ABSTRACT 
  The number of 20 mature males New Zealand White (NZW) rabbits, in the first 

production year was used in the present research. The study included two periods; 
each was of 2 months. The first period was under mild conditions (18.0 oC)  while 
the second one was during hot conditions (35.0 oC). In each period, 10 males with 
the same age and average live body weight were used. Animals within each period 
were divided randomly into two equal groups, with nearly equal body weights. One 
of the two groups exposed to natural day light (NDL) which was 10:50L: 13:10D in 
winter and 13:40 L: 10:20D in summer and was considered as photoperiod control 
and the other group was exposed to photoperiod treatment (Artificial photoperiod, 
AP). The treatment group was exposed to artificial long photoperiod (13:40 L: 
10:20D) during winter and artificial short photoperiod (10:50L: 13:10D) during hot 
conditions.  

  In seminal plasma, T4, T3 and testosterone hormonal levels were significantly lower 
in heat stressed rabbits than those reared under mild conditions. In contrast, the 
hot condition was accompanied by significant increases in cortisol level. T3 and 
cortisol affected significantly while T4 and testosterone levels were not affected 
significantly due to change in period of lighting.  Concerning physical semen 
characteristics i.e. ejaculate volume, sperm motility, sperm cell concentration, total 
sperm output and number of motile sperms per ejaculate were significantly lower 
under heat stress than under mild conditions. In contrast, hot conditions were 
accompanied by a significant increase in each of reaction time, dead sperm%, 
sperm abnormalities% and acrosomal abnormalities%.  

  Exposure of male rabbits during winter to long lighting as compared to NDL caused 
significant increase in T3 (1.4 vs. 1.3 ng/ml), testosterone (3.2 vs. 2.8 ng/ml) and 
cortisol (1.8 vs. 1.5 ng/ml) levels as well as significant decline in semen quality, i.e., 
ejaculate volume (70 vs. 60 x 10-2 ml), sperm motility (76.8 vs. 70.8%), total number 
sperm-cell output per ejaculate (287.00 vs. 240.00 x106 ) and number of motility 
sperm output per ejaculate (220.42 vs. 169.92 x106 ).  Exposure of male rabbits 
during summer to short lighting as compared to NDL caused significant increase in 
T3 (1.10 vs.0.90 ng/ml) and cortisol (2.8 vs. 2.3 ng/ml) in seminal plasma as well as 
significant decrease in sperm motility (64.8 vs. 60.8%) and significant increase in 
reaction time (11.6 vs. 12.8 seconds), ejaculate volume (50 vs. 58 x 10-2 ml) and total 
number sperm-cell output per ejaculate (190.00 vs. 208.80 x 106 ).  

  Finally, correlations between physical semen characteristics and seminal plasma 
hormonal levels were carried out to evaluate the rabbit bucks semen using nuclear 
technique.  
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INTRODUCTION 

    Rabbits are induced breeders, but have an annual cycle of reproduction which is shown in 
females by changes in conception rate, acceptance of the male and ovulation rate and in 
males by significant seasonal changes in testicular size. The most obvious limitation to rabbit 



production in a hot climate area is their susceptibility to heat stress that evokes a series of 
drastic changes in their biological functions which in turn ends with impairment of 
production and reproduction(1). Such detrimental effects are punctuated during summer, 
which are reflected in limiting the breeding season of rabbits to be normally from September 
to May each year (2, 3).  

    In tropical climates, the temperature effect seems to be dominant but an effect due to 
variations in nutrition and the length of daylight cannot be excluded. Particularly, in Egypt, 
the ambient temperature, relative humidity and diurnal light seemed to be involved (4).   

      In this research, the evaluation of physical semen characteristics of male rabbits exposed 
to different climatic conditions and lighting regimes using nuclear techniques was the main 
objective. 

MATERIALS AND METHODS 
 
      The present study was carried out in the Rabbit Farm, Project of Experimental Farms in 
Radioisotopes Application Division, Nuclear research Center, Atomic Energy Authority, 
Inshas, Cairo, Egypt. 

1-Experimental Procedure: 

The number of 20 mature males NZW rabbits, in the first production year was used in the 
present research. The study included two periods; each was of 2 months. In the first period, 10 
bucks were reared under mild conditions from the 1st January until the end of February 2006 
while in the second period; another 10 bucks were reared under hot conditions from the 1st of 
July until the end of August 2006.  

The 10 animals of each period were divided into two equal groups according to exposure to 
daylight.  In the first group, 5 males were exposed to natural daylight (NDL) which was 
10:50L: 13:10D in winter and 13:40L: 10:20D in summer and considered as control. The 
natural daylight was estimated daily by the difference between sunrise and sunset time. 
Intensity of light was estimated by lux- meter within battery cages and was 80 lux under natural 
and artificial lights. In the second group, 5 bucks were exposed to controlled light lamps to be 
exposure13:40L: 10:20D (long photoperiod) during winter and 10:50L: 13:10D (short 
photoperiod) during summer.  Lightening was put on by lamps at the beginning of the dark time 
of winter, while un-lighting during summer period was carried out by the use of black cloth 
curtains on the outer side of the room walls. 

2-Animal Housing and Management: 

The animals were housed in a part of the Rabbitry building with black polyethylene sheets 
divided to two partitions; each was equipped with normal light lamps. The Rabbittry building 
was naturally ventilated through wired windows and provided with automatic controlled sided 
exhaustion fans. The animals were individually housed in galvanized wired. The galvanized 
wire cage batteries were arranged in rows back to back. Urine and feces dropped from cages on 
the floor were cleaned daily. All animals were kept under the same managerial and hygienic 
conditions in each period. The rabbits in two groups were fed the same commercial pelted diet 
during winter and summer periods and were drinking fresh water ad lipitum. 

       Air temperature (oC) and relative humidity (%) inside the rabbitry building were measured 
weekly each month four times at 12.00, 13.00, 14.00 and15.00 hours using automatic thermo-



hygrometer and the averages were, respectively, 18±1.0oC and 72.5 ±1.2% during the winter 
and 35.0±1.1oC and 62.5±1.4% during the summer. The temperature-humidity index (THI) was 
calculated using the equation as follows: 

THI = dboC – [(0.31-0.31 RH) (dboC -14.4)] Where dboC = dry bulb temperature in Celsius 
and RH= relative humidity percentage/100. The THI values are classified as follow: < 27.8= 
absence of heat stress, 27.8 to < 28.9= moderate heat stress, 28.9 to <30.0 = severe heat stress 
and 30.0 and more = very severe heat stress. The calculated THI values were 17.68 during the 
mild and 31.01 in the hot period, indicating absence of heat stress in the first period and 
exposure of rabbits to very severe heat stress in the second one. 

3- Semen Collection:  

         Semen was collected weekly from each buck (8 times during each of mild and hot climates) 
as first ejaculate by artificial vagina using a female teaser rabbit. The temperature of the inner 
rubber sleeve of the artificial vagina was adjusted to 41- 43oC and the lubrication of the inner 
sleeve was performed using white Vaseline.  

4-Estimation of Hormones in Seminal Plasma Using Nuclear Techniques: 

       Part of semen samples were centrifuged at 3000 rpm for 15 minutes and the supernatant 
was removed and seminal plasma was kept in a refrigerator (-20oC) until hormones analyses. 
The levels of triiodothyronine (T3), thyroxin(T4), testosterone and cortisol hormones were 
estimated in seminal plasma by the radioimmunoassay (RIA) technique using the coated tubes 
kits (Diagnostic Systems Laboratories, Inc. Webster, Texas, USA) and counting in the 
Laboratory of Biological Applications Department, Atomic Energy Authority, using 
computerise Gamma Counter. The tracers in the four hormones were labelled with iodine-125 
(I125). 

 5- Estimation of Physical Semen Characteristics: 

         Libido (sexual desire) was estimated by observation of the reaction time (in seconds) from 
the time of introducing the doe to the buck until the buck stars to mount and ejaculate the first 
copulation (serving the artificial vagina). Physical semen characteristics i.e. pH value, semen-
ejaculate volume, percentage of sperm motility, percentage of dead spermatozoa, percentage of 
sperm abnormalities, sperm-cell concentration (x106/ml),total sperms in the ejaculate 
(106/ejaculate), number of motile sperms per ejaculate were estimated in residual semen 
samples(4).     

6-Statistical Analysis: 

The data were statistically analyzed using computer system according the following model       

 Yik = µ + Ti + Pk + (TP)ik + eik.   Where, µ= the overall mean; Ti = the fixed effect of the 
temperature (1= mild conditions and 2= hot conditions; i= 1,2), Pk = the fixed effect of 
photoperiod treatment (1= natural day light, NDL and 2= photoperiod treatment, AP; k=1,2 ), 
(PT)ik = the interaction effects between the temperature(T) and photoperiod treatment (P)and eik 
= random error.  Significance of the difference in the results was verified by Duncan’s New 
Multiple Range Test (5). 

The percentage change duo to heat stress was calculated as follows: {(Winter-summer)x 
100}/winter and the percentage change due to photoperiod was calculated as follows: {(NDL-
AP) x100} / NDL. Correlations between hormonal levels as well as between hormonal levels 
and physical semen characteristics values were also considered. 

 



RESULTS AND DISCUSSION 
 

1-Seminal Plasma Hormones: 

   Effect of Heat Stress Conditions: 
    Heat stress affects significantly seminal T3, T4 and testosterone hormones. The hormonal 
levels decreased under hot conditions with compared to mild conditions by 17.0 % in T4, 
25.4 % in T3 and 36.7 % in testosterone hormones. In contrast, the hot condition was 
accompanied by significant  
increases in cortisol level. Cortisol increased by 54.5% due to heat stress conditions of 
summer season (Table 1). 
 

    The decline in thyroid hormones in seminal plasma of heat stressed rabbits may be due to a 
decrease in the thyroid stimulating hormone (TSH) which reduces the body's heat production to 
counteract the heat stress effects; since T4 and T3 hormonal secretions are the major important 
factors that affect body thermoregulation. Food intake and other factors such as fertility, 
sterility, number of ejaculates and sexual desire may be also responsible.  

    Effect of Photoperiods: 
 

     Photoperiods affected significantly seminal T3 and cortisol  levels. The photoperiod  treatment  
increased T3 and cortisol levels by 13.6 and 21.1 %, respectively. However, T4 and testosterone 
levels were not significantly affected (Table 1).  

    The interaction between condition and photoperiod treatment had a significant effect on T4, 
T3, testosterone and cortisol levels. Seminal T3 and T4 levels were lower in the heat-stressed 
animals (32.8 and 34.8 ng/ml in T4 and 0.9 and 1.1 ng/ml  in T3) than those reared under mild 
conditions (40.4 and 40.8 ng / ml in T4 and 1.3 and 1.4 ng/ml in T3 either exposed to NDL or 
AP treatment, respectively). Testosterone levels also obtained similar results. The heat stressed 
bucks have the lower values of testosterone hormone in seminal plasma (2.0 and 1.8 ng/ml) in 
comparing to the bucks reared under mild conditions (2.8 and 3.2 mg/ml either exposed to NDL 
or AP treatment, respectively). At the same time, significant increases occurred in cortisol 
levels due to the lighting period either reared under hot (2.8 vs 2.3 mg/ml) or mild conditions( 
1.8 vs 1.5 mg/ml) (Table 1 ). 

       In conclusion, heat stress conditions caused significant changes in hormonal concentrations 
in the seminal plasma. Photoperiod treatment either longed during winter or shorted during 
summer also caused significant changes in seminal T3 and testosterone concentrations. Such 
changes in hormonal concentrations in the seminal plasma of rabbit bucks must be consider for 
keeping the fertility of the male rabbits under conditions of Egypt.   



2-Physical Semen Characteristics: 
 
Effect of Heat Stress Conditions: 

  Effects of heat stress conditions on ejaculate volume, sperm motility, number of motile 
sperm per ejaculate, sperm-cell concentration and total sperm-output of the buck rabbits, 
were significant. The estimated values were higher in the heat-stressed groups than that 
exposed to mild conditions. The decline values were 16.9, 14.9, 35.4, 8.6 and 24.1%, 
respectively. Contrarily, reaction time and the percentages of dead sperm, sperm 
abnormality and acrosomal abnormality increased significantly due to heat stress conditions. 
The increase percentages were 41.9, 21.4, 44.8 and 21.1, respectively. However, the values 
of semen pH were not affected significantly by conditions (Tables 2 & 3).  
 
  The temporary sterility in buck rabbits may be produced by high temperature. 
Temperatures above 18 oC and incidence of infertility in male rabbits were found to be 
significantly correlated(6). In addition, reproductive ability of male rabbits was found to 
be decrease during July, August and September due to the decrease in desire(7). 
Sexual desire was found to be decrease significantly with increasing ambient 
temperature (8). Tharwat et al (9) found that libido was delayed by 11.9- 18.5 seconds 
and by up to 40 mints in NZW rabbit bucks exposed to 40 oC with relative humidity 
60-65% and attributed this delay to the decrease in testosterone concentration as 
well as minimal spermatogenesis occurring in a hot climate. 
 
Semen volume per ejaculate was significantly lower in summer (0.38 ml) than in 
winter (0.68 ml) in NZW buck rabbits (10). The lowest values of the semen ejaculate 
volume in NZW and Cal rabbits were recorded in summer (0.40-0.71 ml) and the 
highest in winter season (0.23-0.51 ml)(11). This decline in semen ejaculate volume 
under heat stress of summer may be due to a low sperm concentration, a decrease in 
the volume of seminal plasma or to hypo activity of the accessory glands and the 
testes due to the adverse effect of high ambient temperature, particularly, accessory 
gland secretion and spermatogenesis are controlled by testosterone concentration 
which is lowest in the bucks exposed to summer heat stress in this study. Motility of 
rabbit spermatozoa was significantly reduced with increasing ambient temperature 
(43.2% in winter vs. 29.3% in summer)(8).  
 
Sperm cell concentration, total number of spermatozoa in an ejaculate and total sperm 
output (the highly important factors in male fertility) were lower in summer than in the other 
seasons of the year (8, 10,11). In addition, Ibrahim (12) reported that sperm concentration (106 

ml) was 237.0 and 189.0 in winter and summer seasons, respectively.  The adverse effects of 
the heat stress conditions on spermatogenesis processes with a consequent decrease in the 
number of spermatozoa may be responsible on that depression in the previous male fertility 
factors. Dead sperm%, sperm abnormalities% and acrosomal abnormalities% values were 
highest in the summer season as compared with other seasons of the year (12, 13). 
 
The adverse effects of the heat stress conditions on spermatogenesis processes may be 
responsible on the increased of dead sperm, sperm abnormalities and acrosmal abnormalities 
percentages which are of great importance in male fertility of the rabbits. In addition, 
exposure male rabbits to high temperature had adverse effect on epididymal function which 
is under the control of testosterone that is affected negatively by heat stress. Moreover, the 
negative effect of heat stress on appetite which decreases food consumption may be also 
involved in minimal spermatogenesis and produced low quality semen under hot 
conditions(1) . 



 
 

Effect of Photoperiods: 

     Libido (reaction time), sperm motility, number of motile sperm per ejaculate and acrosomal 
abnormalities in the present study were significantly affected by photoperiod regimes. With 
regard to reaction time, the estimated values in the groups exposed to AP lighting were higher 
than in those of the other groups exposed to NDL by 18.9 %. Similar results were obtained in 
the percentage of acrosomal abnormality. The estimated values in the groups exposed to AP 
lighting were higher than in those of the other groups exposed to NDL by 10.0  Meanwhile, the 
estimated values of sperm motility and consequently number of motile sperm per ejaculate in 
the groups exposed to AP lighting were lower than that exposed to NDL groups by 7.1 and 
12.1, respectively. In concerning to pH, ejaculate volume, dead sperm%, sperm 
abnormalities%, sperm concentrations and total number of sperm per ejaculate values, the 
differences between bucks exposed to AP lighting or that exposed to NDL groups, were not 
significant (Tables 2 & 3). 

     The interaction between conditions and photoperiod treatment had significant effects 
on all physical semen characteristics studied except pH. Reaction time, dead sperm%, 
sperm abnormality% and acromasol abnormality%  were higher in the heat-stressed animals 
(11.6 and 12.8 minutes in reaction time, 25.2 and 25.8% in dead sperm%, 22.0 and 20.0% in 
sperm abnormality% and 11.0 and 12.0% in acromasol abnormality%) than those reared under 
mild conditions (7.4 and 9.8 minutes in reaction time, 20.8 and 21.2% in dead sperm%, 13.0 
and 16.0% in sperm abnormality%  and 9.0 and 10.0% in acromasol abnormality% either 
exposed to NDL or AP treatment, respectively). At the same time, significant decreases 
occurred in ejaculate volume (70 vs. 60 x10-2 ml), sperm motility%( 76.8 vs. 70.8%), total 
number of sperm per ejaculate( 287 vs. 240 x106 ) and number of motile sperm per ejaculate( 
220.42 vs. 169.92 x106) due to increase the lighting period during mild conditions as compared 
to NDL. The opposite was true in sperm abnormality %( 13.0 in bucks exposed to NDL vs. 
16.0% in exposed to AP). In addition, increasing  lighting period (AP) as compared to NDL, 
during hot conditions, caused significant increases in reaction time (11.6 vs. 12.8 minutes), 
ejaculate volume(50 vs. 58 x 10-2 ml) and total number of sperm per ejaculate(190 vs. 208 x106 

) (Tables 2 & 3).  

  Fertility of buck rabbits decreased due to long daylight and attributed the decrease in 
fertility during the long daylight to reduction in seminiferous-tubule activity resulting from 
reduced pituitary gonadotropin secretion that causes an increase in the proportion of 
abnormal spermatozoa and a reduction in spermatozoal concentration in the semen(14). 
Theau-Clement et al. (15) showed that quality of semen, i.e., motility of first and second 
ejaculates total number of spermatozoa and the number of live spermatozoa per ejaculate 
were improved, when 6 months of age male rabbits were exposed to 16 hours light as 
compared to those exposed to 8 hours light for 6 weeks. Contrarily, Lebas et al. (16) showed 
that males exposed to artificial light for only 8 from the 24 hours, produced significantly 
more sperm than those exposed to light for 16 hours. Uzeategui and Johnston (17) found no 
apparent difference in semen volume of rabbits within either the continuous or intermittent 
lighting groups. 
 

 



3- Correlations Between Physical Semen Characteristics Values and Seminal Plasma 
Hormonal Concentrations: 

       Correlation coefficients between hormonal levels in the seminal plasma of male NZW 
rabbits exposed to different climates and lighting regimes under Egyptian conditions showed 
that there are significant  positive correlations between T4 and T3 (0.969), between T4 and 
testosterone(0.932) and between T3 and testosterone(0.876). On the other hand, cortisol levels 
had significant negative correlations with each of T4 (0.819), T3 (0.658) and testosterone 
(0.865). 

       Correlation coefficients between seminal hormonal levels and physical semen 
characteristics in male rabbits showed that the level each of T4, T3 and testosterone had 
significant positive correlations with good semen characteristics (ejaculate volume, sperm 
motility, sperm cell concentrations, total number of sperms output and number of motile sperms 
per ejaculate) and had significant negative correlations with bad semen characteristics(high in 
each of reaction time, dead sperm%, sperm abnormality% and acrosomal abnormality%). On 
the other hand, cortisol shows the opposite finding with T4, T3 and testosterone. Cortisol levels 
had significant negative correlations with good semen characteristics and significant positive 
correlations with bad semen characteristics. Therefore, it can be used the level of any one of 
these hormones in detection of semen quality to predict the reproductive performance of male 
rabbits under different conditions and lighting regimes.  

CONCLUSION 

        It can be concluded that exposure of adult male rabbits to < 30 THI (temperature-humidity 
index) units or more as severe heat stress during summer, adversely affects their reproductive. 
In addition, rabbits are very susceptible to heat stress, since they have few functional sweat 
glands and have difficulty in eliminating excess body heat, when the environmental 
temperature is high. Therefore, the drastic changes that occur in biological functions in rabbits 
like depression in feed intake and utilization as well as disturbances in water, protein, energy 
and mineral metabolism may be responsible in reducing the secretion of metabolic hormones 
(T4, T3 and testosterone) and increasing the catabolic hormones like cortisol. 

 It can be concluded also that the high quality and quantity of semen were found in the 
groups exposed to NDL under winter season. Meanwhile, the short daylight during summer 
season seemed to be affecting adversely semen quality traits. Finally, the overall results of 
this study clearly indicated that the highest permitted level of photoperiod for buck rabbits 
under Egyptian conditions should be around 12-13h daily during the whole year. 
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Table 2. Reaction time, pH, ejaculate volume, sperm motility and dead sperm in rabbit bucks as 
affected by heat stress conditions of summer season and photoperiod treatment and their 
interactions 

a,b,c  Means bearing different superscripts the same column, differ significantly. 

*=P< 0.05, **=P< 0.01 and NS= Not significant. 

The values between parentheses are the percentage changes due to heat stress or photoperiod treatment.  
 

 

Table 3. Sperm abnormalities, acrosomal abnormalities, sperm-cell concentration and total sperm 
output in rabbit bucks as affected by heat stress conditions of summer season and photoperiod 
treatment and their interactions. 

a,b,c  Means bearing different superscripts the same column, differ significantly. 

*=P< 0.05, **=P< 0.01 and NS= Not significant. 

The values between parentheses are the percentage changes due to heat stress or photoperiod treatment.  
 

Table 1. Thyroxin (T4), triiodothyronine (T3), testosterone and cortisol hormones in 
seminal plasma of rabbit buck as affected by heat stress conditions of summer season 
and photoperiod treatment and their interactions. 



a,b,c  Means bearing different superscripts the same column, differ significantly. 

*=P< 0.05, **=P< 0.01 and NS= Not significant. 

The values between parentheses are the percentage changes due to heat stress or photoperiod treatment.  

 
 
 

Factors T4 

(ng/ml) 

T3 

(ng/ml) 

Testosterone 

(ng/ml) 

Cortisol 

(ng/ml) 

Climate:     

Winter conditions 40.6 ± 2.3 1.35 ± 0.04 3.0 ± 0.1 1.65 ± 0.02 

Summer 
conditions 

33.7 ± 1.8 1.00 ± 0.05 1.9 ± 0.2   2.55 ± 0.02 

Significance (-17.0 %)** (-25.9%)** (-36.7%)**     (+54.5%)** 

Photoperiod     

Control(NDL) 36.6 ± 2.1 1.10 ± 0.05 2.4 ± 0.2 1.90 ±  0.02 

Treated(AP) 37.7 ±1.8 1.25 ± 0.04 2.5 ± 0.1  2.30 ±  0.03 

Significance (3.0%)NS (+13.6%)* (+4.2%)NS (+21.1%)** 

Interactions     

Winter  NDL 40.4a ± 1.5 1.30b ± 0.03 2.8b ± 0.2 1.5d±  0.02 

Winter  AP 40.8a ± 1.4 1.40a ± 0.04 3.2a ± 0.3  1.8c ±  0.01 

Summer  NDL 32.8b ± 1.6 0.90d ± 0.02 2.0c ± 0.1  2.3b ±  0.02 

Summer  AP  34.6b ± 1.2 1.10c ± 0.03 1.8c ± 0.1  2.8a ±  0.03 

Significance * ** * ** 


