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ABSTRACT
This study was conducted to investigate the effect of acute short term heat exposure on
behavioral activities, physiological body reactions, hematological parameters and hormonal profiles
of New Zealand White (NZW) and Baladi Red (BR) bucks. Twenty male NZW and BR bucks were
divided into two groups; natural winter climate of 19±1°C and 55±5%, Relative Humidity (RH)
(control group) and the bucks in the other group were exposed to short term heat stress for 1 h at
37±0.5°C and 20±2% RH. The results indicated that, heat stress decreased (p#0.001) standing and
walking behavior and increased (p#0.001) sitting behavior compared with these recorded under
control temperature. Moreover, Respiration Rate (RR), Rectal Temperatures (RT) and Time of
Sexual Libido (TSL) were significantly increased (p#0.001) following stress. Concentration of
plasma testosterone and T3 were significantly reduced (p#0.001) and cortisol were significantly
increased after submission to stress. The RBCs, WBCs, Hb, PCV values were insignificantly
reduced and lymphocyte was significantly reduced after stress. In contrast, neutrophils,
Neutrophils/Lymphocytes (N/L) ratio were increased (p#0.05) and monocytes were insignificantly
increased after the end of heat stress. On the other hand, breeds of rabbit had significant effects
on most of the studied traits, especially after heat exposure. The BR bucks were significantly
superior; RBCs, WBCs, neutrophils, N/L ratio and monocytes than those recorded in NZW bucks
after heat stress. Also, plasma concentration of testosterone were significantly higher but cortisol
and T3 were significantly lower (p#0.05) in BR bucks than those estimated in NZW bucks.
Moreover, BR bucks had insignificantly higher walking and lower standing behavior than those
recorded in NZW bucks. Also, RR was significantly higher (p#0.001), but RT and TSL were
significantly lower (p#0.001) in BR bucks than those recorded in the NZW bucks. Furthermore, the
results showed that there were prevalent significant (p#0.05) negative correlation between plasma
level of cortisol and each of plasma level of testosterone, RBCs, WBCs counts, standing and walking
behavior and significant (p#0.001) positive with RR, RT, TSL and time of sitting behavior. Current
results explained that acute short term heat stress, negatively affected of internal environment of
rabbit bucks which were reflected in their performance. Also, behavioral traits, sexual libido,
hematological parameters and hormonal profile in BR bucks seem to be better than those recorded
by NZW bucks after exposed heat stress, which may be explained, why BR breed had more tolerate
to heat stress compared to exotic breeds.
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INTRODUCTION
Rabbits, as a homeothermic animal, can regulate their body temperature by using physical,
morphological, biochemical and behavioral processes (Fayez et al., 1994). The thermo-neutral zone
temperature in rabbits is around 18-21°C (Habeeb et al., 1999). High temperatures, as encountered
in Egypt and in many other countries during summer represent a major constraint factor for rabbit
production (Askar and Ismail, 2012). Negative effects of prolonged thermal stress on functional
parameters (Okab et al., 2008), on physiological performance (Kishik et al., 2009), on immune
system response (Ondruska et al., 2011), on hormonal profile (Kowalska et al., 2011), physiological
body reaction (Askar and Ismail, 2012) and on sexual behavior (Khalil et al., 2014). In rabbits have
been investigated in recent years. These investigations focused the effects of long term reaction of
rabbits to chronic thermal stress conditions. However, there is no evidence that acute thermal
stress induces behavioral and physiological parameters changes during, acute short-term heat
stress. On the other hand, some studies reported that climatic heat stress had deleterious effect on
exotic breeds, such as New Zealand White (NZW) rabbits more than indigenous native breeds, such
as Egyptian Baladi rabbits in productive and reproductive traits (Safaa et al., 2008; Khalil et al.,
2014). Moreover, internal physiological changes which increase heat tolerance of Baladi breed
compared to exotic breeds are poorly documented. Therefore, the aims of the present study were
to evaluate; (i) the influence of acute short heat stress on behavioral traits, physiological body
reaction, hematological parameters and hormonal profile, (ii) comparative between physiological
responses of two breeds, NZW and Baladi Red (BR) bucks towards acute short term heat stress.
MATERIALS AND METHODS
Animals and experimental design: This experiment was carried out at the rabbitry
experimental farm belonging to Faculty of Agriculture, Suez Canal University, Ismailia, Egypt.
Rabbits were kept continuously under the same managerial and environmental conditions during,
the whole experimental period. Twenty mature males of each of NZW and BR bucks were used in
this study. All bucks were healthy and free of any external parasites or skin diseases. They were
at age between 10-12 months and their weight averaged 3.125 kg. All bucks were individually
housed in galvanized wired cages, where feed and water were provided ad libitum. Provided diet
was contained 17% crude protein, 2.8% fat, 10% crude fiber and 2600 kcal digestible energy/kg diet.
Lighting system was 16 h light/8 h dark in the rabbitry during the experimental period. The
experimental period extended for 4 weeks during, February, 2015.
All the bucks were placed individually in two climatic cages. Each cage forming from galvanized
metal (100×50×50 cm). The ambient temperature and relative humidity were 19±1°C and 55±5%,
respectively, for control group, which contain ten bucks from each breed. The environmental
conditions of the first cage were the same rabbitry conditions. While the bucks in the second group
(10 bucks from each breed) were housed in climatic cage. Climatic cage includes; heater,
thermostat, hygrometer and thermometer. The ambient temperature and relative humidity were
37±0.5°C and 20±2% RH, respectively. This temperature was applied daily for 1 h between 8-12 am.
Experimental studied traits
Behavioral activities: The behavior traits of all bucks were recorded in control and stressed
bucks using a video camera. The behavior activities traits were recorded for each buck individually,
throughout 1 h during the morning from 9-11 am. The following traits were determined for each
5 min interval (sampling time), number of bucks standing, sitting or walking. Numbers of
observations were calculated, as a percentage of bucks observed for each trait (Khalil et al., 2012).
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Physiological body reactions and time of sexual libido: Thermo-respiratory responses
including Rectal Temperatures (RT), Respiration Rate (RR) and Time of Sexual Libido (TSL) were
recorded before and after exposed to short term heat stress. RR was measured in bucks by counting
the movements of the chest muscles for 1 min. The RT was measured by using clinical
thermometer, which inserted for 1 min into the rectum for about 2 cm from anus orifice after
liniment by pure Vaseline (Khalil et al., 2014). The TSL was measured in terms of reaction time
in seconds and was estimated between introducing the teaser doe to the buck's cage up to the point,
when the buck started to mount the doe (Elkomy et al., 2015).
Hematological parameters and hormonal profile: Blood samples were collected before and
after heat stress of each animal from ear vein into heparinized tubes and was placed immediately
on ice box. Plasma was obtained by blood centrifugation at 3000 rpm for 20 min and stored at
-20°C until analysis. The whole blood was subjected to hematological analysis shortly after
collection. Red Blood Cells (RBCs) and White Blood Cells (WBCs) counts, hemoglobin concentration
(Hb) and Packed Cell Volume (PCV) were measured and leucocytes were differentiated, using
NIHON KOHDEN equipment (automated hematology analyzer). Also, plasma cortisol, testosterone
and T3 were analyzed by ELISA kits manufactured by DiaMetra, Spello-Perugia, Italy.
Statistical analysis: Data were analyzed using the General Linear Model (GLM) procedure of SAS
(SAS., 2001). Differences among means were detected using Duncan’s new multiple test
(Duncan, 1955). Correlation coefficients among traits were estimated.
Two-way analysis of variance was carried out for all traits using the following model:
Yijk = μ+Ti+Bj+TBij+eijk
Where:
Yijk =
μ
=
Ti =
Bj =
Tij =
eijk =

Observation on the kth individual from the ith temperature in jth breed
Overall mean
Fixed effect of the ith temperature
Fixed effect of the jth breed
Interaction between ith temperature and jth breed
Random error associated with the ijkth individual

RESULTS
Behavioral activities: The effects of different temperatures and breeds on behavioral activities
are presented in Table 1. Short term heat stress increased significantly (p#0.001) sitting percent
and decreased significantly (p#0.001), standing and walking percent compared with those recorded
under control temperature. On the other hand, behavioral traits did not affected significantly by
breed. However, BR had higher walking percent and lower standing percent than NZW bucks.
Moreover, there were significant (p#0.001) interaction between temperatures and breeds on
behavioral activities. Both breeds kept in control temperature had the longest time standing and
walking percent but the shortest time were obtained in both breed, which kept under heat stress.
In contrast, time of sitting percent was lower in both breeds kept under control temperature than
under heat stress.
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Table 1: Behavioral activities of rabbit bucks as affected by treatments
Main effects
Standing (%)
Walking (%)
Sitting (%)
Temperature (T)
25.41±1.54a
34.16±3.61b
Control
40.41±3.31a
Heat stress
14.98±1.58b
12.49±1.37b
72.49±2.44a
p-value
0.001
0.001
0.001
Breed (B)
NZW
29.16±4.11
17.49±2.42
53.24±6.12
BR
26.24±4.13
20.41±1.92
53.45±5.42
p-value
0.624
0.353
0.989
Interaction effect (T×B)
Control
24.95±2.81a
33.32±6.62b
NZW
41.65±5.11a
BR
39.16±4.41a
25.83±1.62a
34.94±3.51b
Heat stress
NZW
16.68±2.08b
9.95±1.09b
73.34±2.52a
BR
13.36±2.51b
14.97±2.16b
71.67±4.01a
p-value
0.001
0.001
0.001
a,b
Mean within a column and within a source not sharing a common superscript differed significantly (p#0.05), values are given in Mean±SE
Table 2: Respiration rate (breaths/m), rectal temperature (°C) and time of sexual libido (Sc) of rabbit bucks as affected by treatments
Main effects
RR
RT
TSL
Heat stress (H)
38.86±0.12b
8.43±01.17b
Before
115.81±02.75b
After
283.74±08.81a
40.12±0.06a
323.71±82.23a
p-value
0.001
0.001
0.001
Breed (B)
NZW
188.21±20.87
39.73±0.15a
325.32±81.25a
b
BR
211.31±23.42
39.23±0.18
6.78±00.81b
p-value
0.473
0.046
0.001
Interaction effect (H×B)
Before stress
39.21±0.12c
11.75±01.43b
NZW
109.01±03.62c
BR
122.62±02.42c
38.53±0.14d
5.12±00.57b
After stress
40.27±0.08a
639.05±23.34a
NZW
267.54±07.71b
BR
300.05±14.12a
39.91±0.06b
8.43±01.31b
p-value
0.001
0.001
0.001
a,b
Mean within a column and within a source not sharing a common superscript differed significantly (p#0.05), values are given in
Mean±SE, RR: Respiration rate, RT: Rectal temperature, TSL: Time of sexual libido

Physiological body reactions and time of sexual libido (TSL): Results in Table 2 showed that
treatments had a significant effect on physiological body reactions (RR and RT) and Time of Sexual
Libido (TSL). Rabbit bucks after exposed to heat stress had significantly superior (p#0.001) RR, RT
and TSL than those recorded before heat stress. Baladi Red rabbit bucks had significantly shorter
time of sexual libido (p#0.001) and significantly lower rectal temperature (p#0.046) and
insignificantly higher respiration rate (p = 0.473) than those recorded in NZW rabbits bucks.
Moreover, there was a significant interaction between treatments on the same traits. The highest
RR (p#0.001) was recorded in BR bucks after heat stress compared with all experimental groups.
Also, the highest rectal temperature (p#0.001) was obtained in NZW bucks after heat stress but
the lowest value was obtained in BR bucks before heat stress. The TSL was significantly delayed
(p#0.001) in NZW bucks after heat stress compared with all experimental groups.
Hematological parameters: Results in Table 3 indicated that neutrophils and
Neutrophils/Lymphocytes (N/L) ratio were significantly increased (p#0.05) and monocytes were
insignificantly increased (p = 0.058) after heat stress compared to before heat stress. However, heat
stress caused insignificantly reduced RBCs, Hb, PCV, WBCs and eosinophils values compared to
before stress. Moreover, BR bucks had a significantly (p#0.01) increased RBCs, WBCs, neutrophils,
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Table 3: Blood cell count and hemoglobin concentration of rabbit bucks as affected by treatments
Main
RBCs
Hb
WBCs
Neutrophils Lymphocytes
Monocytes Eosinophils Basophils
(%)
N/L (%)
(%)
(%)
(%)
effects (106 mmG3) (g/100 mL) PCV (%) (103 mmG3) (%)
Heat stress (H)
Before 7.26±0.21 14.01±0.39 50.85±1.35 8.44±0.13 36.18±1.01b 56.01±1.19a 64.29±2.91b 5.53±0.51 1.67±0.03 0.58±0.17
After
7.02±0.19 13.46±0.33 49.05±1.36 7.92±0.52 39.25±1.13a 51.02±1.54b 78.61±4.37a 7.52±0.84 1.61±0.04 0.70±0.12
p-value 0.418
0.301
0.354
0.334
0.050
0.050
0.016
0.058
0.323
0.414
Breed (B)
NZW
6.75±0.19b 13.35±0.16 48.58±0.56 6.78±0.19b 34.37±0.85b 57.70±1.17a 59.66±2.67b 5.62±0.55 1.71±0.03 0.58±0.11
BR
7.53±0.17a 14.12±0.48 51.32±1.79 7.53±0.17a 41.93±0.68a 49.25±0.92b 83.87±2.88a 7.42±0.81 1.68±0.04 0.59±0.12
p-value 0.006
0.137
0.561
0.005
0.001
0.001
0.001
0.088
0.487
0.485
Interaction effect (H×B)
Before stress
NZW
6.80±0.27b 13.72±0.21 49.67±0.71 8.57±0.22ab 33.25±1.16c 59.51±1.56a 55.28±2.51d 5.25±0.63b 1.68±0.03 0.31±0.03b
BR
7.72±0.25a 14.30±0.77 52.04±2.61 8.31±0.15b 39.12±0.82b 52.51±0.45c 74.57±1.75b 5.81±0.86b 1.65±0.02 0.85±0.15a
After stress
NZW
6.71±0.29b 12.97±0.18 47.51±0.71 6.37±0.38c 35.51±1.19c 56.02±1.51b 64.04±3.71c 6.02±0.94b 1.63±0.04 0.86±0.17a
BR
7.33±0.22a 13.95±0.61 50.61±2.57 9.47±0.54a 43.75±0.62a 46.02±0.84d 93.17±2.31a 9.02±1.11a 1.57±0.03 0.55±0.15ab
p-value 0.035
0.333
0.4111
0.035
0.001
0.001
0.001
0.041
0.684
0.037
a,b
Mean within a column and within a source not sharing a common superscript differed significantly (p#0.05), values are given in
Mean±SE, RBCs: Red blood cells, Hb: Hemoglobin, WBCs: White blood cells, PCV: Packed cell volume, N/L: Neutrophils/lymphocytes

lymphocytes and N/L ratio and insignificantly increased Hb, PCV and monocytes in comparison
with those recorded in NZW rabbit bucks after stress. The interaction between treatments had a
significant (p#0.05) effect on most of these traits. The highest values of neutrophils, N/L ratio and
monocytes were found in BR after stress but the lowest values were recorded in NZW before stress.
Also, the highest RBCs counts were found in BR but the lowest value was obtained in NZW before
and after exposed to high temperature. Also, the highest WBCs count was recorded in BR but the
lowest value was recorded in NZW after stress.
Plasma hormonal profile: Highly significant (p#0.001) differences were found between
treatments in most hormonal profile (Table 4). Plasma cortisol was significantly increased but
testosterone and T3 concentration were significantly decreased in rabbit bucks after exposed to heat
stress compared with those estimated before heat stress. Moreover, BR bucks had significantly
higher (p#0.001) concentration of plasma testosterone and significantly lower (p#0.001) cortisol and
T3 (p#0.036) than those obtained in NZW rabbit bucks. On the other hand, plasma hormones levels
were significantly affected by the interactions among treatments. The highest levels of cortisol and
testosterone were recorded in NZW bucks after stress and in BR bucks before heat stress, but the
lowest values were obtained in BR bucks before stress and in NZW bucks after stress, respectively.
Moreover, plasma concentration of T3 was significantly decreased (p#0.004) in BR rabbit bucks after
stress compared with those obtained in other treatment groups.
Correlation coefficients among studied traits: The results showed that there were prevalent
significant (p#0.05) negative correlation between plasma level of cortisol and each of plasma level
of testosterone, RBCs, WBCs and time of standing and walking values. Also, similar trend was
observed between plasma level of testosterone and each of RR, RT, TSL and time of sitting values.
Also, between both RR and RT and both time of standing and walking behavior. In contrast,
significant (p#0.001) positive correlations were found between plasma level of cortisol and each of
RR, RT, TSL and time of sitting values. Moreover, plasma level of testosterone and each of RBCs,
WBCs and time of walking values showed positive correlation coefficients. As well as between RR
value and each of RT, TSL and time of sitting values (Table 5).
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Table 4: Plasma levels of cortisol, testosterone and T3 of rabbit bucks as affected by treatments
Testosterone (ng dLG1)
T3 (ng dLG1)
Main effects
Cortisol (µg dLG1)
Heat stress (H)
Before
11.95±0.26b
309.86±03.45a
195.82±3.52a
a
b
After
13.94±0.29
252.81±13.01
179.37±3.96b
p-value
0.001
0.001
0.001
Breed (B)
NZW
13.95±0.31a
250.34±13.24b
194.11±2.05a
BR
11.94±0.25b
312.32±02.92a
181.14±5.24b
p-value
0.001
0.001
0.036
Interaction effect (H×B)
Before stress
NZW
12.83±0.23b
299.35±04.12b
200.74±1.31a
c
a
BR
11.08±0.19
320.52±01.67
191.06±6.34a
After stress
201.28±7.18c
187.52±2.34a
NZW
15.08±0.02a
BR
12.81±0.05b
304.48±4.15b
171.28±7.42b
p-value
0.001
0.001
0.004
a,b
Mean within a column and within a source not sharing a common superscript differed significantly (p#0.05), values are given in Mean±SE
Table 5: Correlation coefficients among some studied traits
RR
RT
TSL
R
Test
T3
Cortisol
-0.861**
-0.132
0.530**
0.833**
0.834**
Test
0.050
-0.458**
-0.643**
-0.459**
T3
-0.429*
-0.351*
-0.010
RR
0.743**
0.436*
RT
0.633**
TSL
RBCs
WBCs
St
Wa
R: Correlation coefficient, Test: Testosterone, RR: Respiration rate, RT:
(%), Wa: Walking (%), Si: Sitting (%), *p#0.05, **p#0.01

RBCs
-0.409*
0.386*
-0.172
0.009
-0.422*
-0.363*

WBCs
-0.463**
0.594**
-0.031
0.031
-0.342
0.718**
0.320

St
-0.467**
0.338
-0.195
-0.708**
-0.716**
-0.404*
0.381*
0.166

Wa
-0.66**
0.527**
0.380*
-0.627**
-0.779**
-0.582**
0.083
0.480**
0.626**

Si
0.587**
-0.443*
-0.284
0.746**
0.809**
0.511**
-0.304
-0.301
-0.955**
-0.829**
Rectal temperature, TSL: Time of sexual libido, St: Standing

DISCUSSION
Results of the present study showed clearly that short time heat exposure and breeds of rabbits
affected significantly on most the studied traits. Short term heat stress decreased significantly time
of standing and walking behavioral activities and increased significantly time of sitting compared
with those recorded under control temperature. These results are similar with the results obtained
by Khalil et al. (2012), who recorded that high housing temperature has adversely effect on
behavior activities in Japanese quail. He added that time of sitting was significantly superior under
heat stress than those recorded under control temperature. The reason of increase in time of sitting
behavior during heat stress may be due to try the animals to increase heat dissipation by
conduction to the floor of the cage. The design of rabbit housing is governed by the behavioral
characteristics of the animals and their reactions to environmental temperature and humidity.
Moreover, short term heat stress increased significantly RR, RT and TSL compared with
those recorded before stress. These results are in a good agreement with previous reports by
Kishik et al. (2009), Kowalska et al. (2011) and Askar and Ismail (2012), who reported that high
ambient temperature caused a significant increase in RR and RT as compared with those recorded
under comfort conditions. Thermoregulation in rabbits is rather poor as they have few
functional sweat glands (Naqvi et al., 1995). Marai et al. (2001) reported that the comfort zone
temperature for rabbits is around 21°C. When, the air temperature rises beyond the upper limit
of thermo-neutrality range, physical regulation of body temperature is insured by the adjustment
of blood flow to skin and by the perspiration mechanisms. Vasomotor and cardio-respiratory
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mechanisms are also involved, in addition to other physiological mechanisms (El-Sobhy, 2000).
Rabbits do not tolerate heat well and can actually die from being overheated. Each rabbit will
tolerate heat differently and it is important to observe rabbit daily. Rabbits with thick or long coats
of hair, overweight and young or old are at an even greater risk. Temperature, humidity and air
ventilation are all factors that contribute to heatstroke in a rabbit. Rabbits are individuals and
could respond to these conditions somewhat differently. It is important to check the rabbits
consistently to insure they are comfortable and do not overheat. Early detection of heatstroke and
proper corrective steps could mean the difference between life and death for rabbits.
On the other hand, short term heat stress decreased the values of RBCs, Hb, PCV, WBCs,
eosinophils (p>0.05) and lymphocytes (p#0.05) and increased neutrophils, N/L ratio (p#0.05) and
monocytes and basophils (p>0.05) compared with these values recorded before heat stress. These
results are in agreement with other researchers (Okab et al., 2008; Kishik et al., 2009;
Ondruska et al., 2011; Askar and Ismail, 2012), who found that high ambient temperature had
adversely affected in most hematological parameters in rabbits. They added that the values of
RBCs, Hb and lymphocytes were lower but neutrophils and monocytes were higher under high
temperature than those recorded under control temperature. Also, El-Lethey et al. (2003) found
that when used chronic stress with corticosterone feeding caused higher N/L ratios in laying hens.
Moreover, Kadam et al. (2009) reported that N/L ratio is reliable indicator of stress and added that
neutrophil and N/L ratio increased during hot season in broiler chicken.
The reduction in hematological parameters especially RBCs may be returned to two reasons:
1) reduce oxygen carrying by RBCs to reduce metabolic heat production under this hot condition
(Ashour, 2001) and 2) lysis of RBCs during heat stress. Abdul Wahab et al. (2010) reported that
heat stress induced lysis of RBCs during hot season in Wister rats. Therefore, RBCs are frequently
used to evaluate oxidative stress. Because the high lipid content and iron and oxygen rich
intracellular environment of RBCs makes them highly susceptible to auto-oxidation and radicalmediated damage (Jani et al., 2012). Also, membrane of RBCs is rich in polyunsaturated fatty
acids, a primary target for reaction involving free radical and is very susceptible to lipid
peroxidation (Brzezinska-Slebodzinska, 2003; Mahmoud, 2013). Peroxidation results in the loss of
membrane fluidity and cellular lysis. Moreover, increased hemolysis has been used as an indirect
way of quantifying oxidative stress in animals during stress (Adenkola and Ayo, 2009).
Also, numerous studies have shown that stress and stress hormones (catecholamines and the
glucocorticoids) induce significant changes in absolute numbers and relative proportions of WBCs
in the blood (Redwine et al., 2003). The WBCs responses or lymphoid organ regressions are
considered as better indicators of chronic stress (Siegel, 1995). Dhabhar et al. (1995) reported that
stress causes decreased blood WBCs numbers. This reduction in WBCs may be interpreted in two
possible ways, 1) it could reflect a large-scale destruction of circulating WBCs (Cohen, 1992) and
2) it could reflect a redistribution of leukocytes from the blood to other organs such as the skin and
lining of the gastrointestinal and urinary-genital tracts and draining sentinel lymph nodes. This
redistribution may enhance immune function in those compartments to which immune cells traffic
during stress (Toft et al., 1993). On the other hand, Dhabhar et al. (1995) reported that stress
reduced significantly numbers and percentages of lymphocytes by an increase in numbers and
percentages of neutrophils. Also, corticosteroids and catecholamine-induced increased accumulation
of lymphocytes in the spleen, lymph nodes and mucosal sites which decrease in lymphocytes in the
blood (Viswanathan and Dhabhar, 2005). In contrast, some studies have shown that stress
increased blood WBCs numbers in rats (Harris et al., 1995) and humans (Bosch et al., 2003).
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In the same context, short term heat stress led to significantly increased plasma cortisol and
decreased plasma testosterone and T3 levels compared with those recorded before heat stress. Our
results confirmed with Kowalska et al. (2011), who reported that the level of blood cortisol hormone
was increased in NZW rabbit when exposed to thermal stress. Also, with Koko et al. (2004), who
reported that 60 min heat (38°C) exposure of rats induced a significant rise in circulating ACTH
and glucocorticoids levels.
In this context, Kalaba (2012) reported that increasing cage density of growing rabbits induced
stress effects which increased level of blood cortisol. Also, Tanchev et al. (2014) recorded that road
transportation leads to an increase in the levels of ACTH and cortisol in blood of California rabbits
compared with before transportation. Cortisol, as a representative glucocorticoid is produced in the
zona fasciculata of the adrenal cortex and is needed in times of stress to maintain blood glucose
levels and prevent shock. Cortisol regulates its own secretion by a negative feedback effect on the
hypothalamic-pituitary-adrenal axis (Burtis et al., 2006). It has been shown that temperature is
an important factor in the regulation of endocrine hormone release (Squires, 2003). Our results
showed that there were a negative correlation between plasma level of cortisol and most traits,
such as, RBCs, WBCs, time of standing and walking behavior values and levels of plasma
testosterone and T3.
In contrary, the results showed that short term heat stress decreased significantly plasma
testosterone level compared with those estimated before heat stress. This result consistent with
Chiericato et al. (1995) and El-Hanoun et al. (2007), who recorded that testosterone was
significantly decreased in male rabbits exposed to heat stress compared to control conditions.
Testosterone is a steroid hormone from the androgen group in mammals, it is primarily is formed
and secreted from Leydig cells in the testicles of males and the ovaries of females, although, small
amounts are also secreted by the adrenal glands (Burtis et al., 2006). Testosterone the main
circulating androgen of testicular origin is vital in maintaining libido, body fat, maintaining muscle
mass, bone density and the regulation of blood sugar (Yahaya and Ajuogu, 2014). Our results
showed that there was negative correlation between levels of plasma cortisol and plasma
testosterone. These results are in agreement with Brownlee et al. (2005), who reported that there
are a negative relationship between cortisol hormone and total blood testosterone in human.
Moreover, Bambino and Hsueh (1981) showed a direct inhibitory effect of high doses of
glucocorticoids upon testicular Leydig cell function in rats and in humans (Cumming et al., 1983).
In this context, short term heat exposure decreased significantly plasma T3 level compared with
those recorded before stress. These results are in agreement with Chiericato et al. (1995), who
recorded that T3 was significantly decreased in male rabbits exposed to heat stress compared to
control conditions. Also, Marai et al. (2004) recorded that T3 decreased in growing rabbits under
hot conditions compared to mild conditions. This reduction may be due to an attempt the animals
to reduce heat production under heat stress.
Moreover, short term heat exposure had adverse effect on TSL, which more delayed
significantly after exposed to heat stress compared with before stress. This result are in
agreement with Kishik et al. (2009), who recorded that time of sexual libido was faster under
winter conditions than in summer conditions in NZW bucks. Our results showed that there was
a positive correlation between plasma testosterone and TSL. These results are in agreement with
El-Hanoun et al. (2014), who reported that a good relation between increased blood testosterone
concentration and increase libido of male rabbits.
On the other hand, our results indicated that breed of rabbits had significantly affected in most
the studied traits especially after exposed to heat stress. The BR bucks had significantly higher RR,
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plasma testosterone level, WBCs count, neutrophils (%), N/L ratio and monocytes (%) and
significantly lower RT, TSL values, lymphocytes (%) than those recorded in NZW bucks after
exposed to heat stress. These results are in agreement with the results obtained by Safaa et al.
(2008) and Khalil et al. (2014), who recorded that climatic heat stress had deleterious effect on
exotic breeds, such as NZW rabbits more than indigenous breeds, such as Egyptian Baladi rabbits.
Safaa et al. (2008) recorded that NZW bucks were higher sensitivity to temperature changes than
Baladi Black (BB) bucks. He added that TSL and semen quality were the worst in NZW bucks
compared to BB bucks under high temperature. Also, El-Azim and El-Kamash (2011) reported that
TSL in Baladi bucks was faster than that of NZW under environmental conditions in the middle
of Egypt. The faster of sexual libido in Baladi bucks compared with NZW bucks may be due to the
direct increased in plasma testosterone and its action. Our results indicated that plasma
testosterone level had a significant positive correlation with faster TSL, which seems higher in BR
bucks compared with NZW bucks. These results are in agreement with Sharpe et al. (1988), who
found that male sexual desire and spermatogenesis process depends on the action of testosterone.
In contrast, NZW bucks had significantly higher plasma cortisol and T3 than those recorded in BR
bucks breed after heat stress. This confirms that NZW bucks are less adapted to high heat exposure
than BR bucks. Kalaba (2012) who reported that increased level blood cortisol due to negative effect
in physiological parameters in rabbits.
CONCLUSIONS
In conclusion, results of this study indicated that acute short term heat exposure had negatively
affected of internal environment of bucks especially plasma hormonal concentration, which were
reflected in their performance. Also, behavioral traits, sexual libido, hematological parameters and
hormonal profile seem to be better in BR bucks than those recorded by NZW bucks after heat
stress, which may be explained why BR breed had more tolerate to heat stress compared to exotic
breeds.
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