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Abstract
The number of 30 male New Zealand White (NZW) rabbits was used in the present 

research. The rabbits exposed to two different climatic conditions. The first was under 
mild condition (MC) where the ambient temperature (AT) and relative humidity (RH%) 
values were 16.0oC and 72.5%, respectively, during January, February and March (10 
weeks). The second was under hot condition (HC) where the AT and RH% values were 
36.0oC and 62.5%, respectively, during June, July and August (10 weeks). Blood samples 
and semen by artificial vagina using a female teaser rabbit were collected from the 
bucks at two weeks intervals during the two experimental periods. The levels of 
testosterone and cortisol hormones and cyanocobalamin (B12) and folic acid (B9) 
vitamins, in plasma of the blood and in seminal plasma of semen were estimated by the 
radioimmunoassay technique. The tracer in the two hormones (testosterone and 
cortisol) was labelled with iodine-125 (125I) and the tracer in the two vitamins (B12&B9) 
was labelled with (57Co). Zink and selenium concentrations in plasma or in seminal 
plasma were analyzed by a single dilution micro method using Atomic Absorption 
Spectrophotometer. Plasma testosterone level in bucks was lower under hot summer 
season than that under mild climatic condition of winter either in blood or seminal 
plasma. Plasma cortisol level was higher under hot than under mild climate. Folic acid 
and cyanocobalamin concentrations as well as zinc and selenium concentrations in 
blood plasma and seminal plasma were lower significantly under hot conditions than 
that under mild conditions. It can be concluded that exposure rabbits to severe heat 
stress conditions during hot summer season of Egypt have adversely affects their 
hormones, vitamins and trace elements. The drastic changes that occur in biological 
functions in heat stressed 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 testosterone and increasing cortisol which responsible on that 
depression in plasma vitamins and trace elements in rabbits during summer season.
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Introduction
Rabbits in Egypt suffer from heat stress during the long hot humid climate in 

summer (May to November). A temperature of 13-20°C is known as the comfort zone 
for rabbits but at higher temperature, the appetite depressed, the productive and 
reproductive performances are impaired and the resistance to disease is decreased [1, 2]. 
Rabbits above 35 °C, can no larger regulate their internal temperature and heat 
prostration sets in [3]. Reproductive performance depends on the production of sexual 
hormones, especially, testosterone and may therefore be suppressed when stressors 
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interfere with sexual hormones. Glucocorticosteroids are 
known to interfere with reproductive function and there is 
some evidence that acute stressors impair reproductive 
performance during critical periods of the reproductive cycle, 
early pregnancy and lactation [4]. 

Vitamin B9 prevent anemia during pregnancy and helps in 
the metabolism and synthesis of several amino acids which 
used in the metabolism of fats, muscular growth and immune 
system. Folate also helps pyridoxal phosphate enzyme to 
complete the metabolic reactions. In addition, folic acid is 
essential for cell division, production of DNA and RNA and 
assists the prevention of changes in DNA which may lead to 
cancer. Deficiency of B9 caused anemia, depression, dementia, 
increased rate of heart disease and cancer, loss of appetite and 
weight loss [5]. Vitamin B12 (cobalamin and cyanocobalamin) is 
an active coenzyme, vital for processing carbohydrates, proteins 
and fats and also helps oxidation of several compounds, so CoA 
and the Krebs cycle are dependent on B12 [6]. In addition, B12 
helps nerve cells, red blood cells and the manufacturing and 
repair of DNA. Vitamins B12 also control the processes of tissue 
synthesis and aid in protecting the integrity of the cell’s plasma 
membrane and play a key role in several body functions, such as 
mitochondrial energy metabolism; energy releasing and 
haematopoietic function [7]. In addition, vitamin B12 helps nerve 
cells, red blood cells, and the manufacturing/repair of DNA. 
Vitamin B12 also is vital for processing carbohydrates, proteins 
and fats, which help make all of the blood cells in our bodies. 
Lack of B12 results in anemia, constipation, heart disease, 
depression, weakness, neurological failures, permanent nerve 
damage, nausea, flatulence, loss of appetite, confusion, weight 
loss, numbness/tingling in hands and feet, difficulty in 
maintaining balance, memory loss, and soreness of the mouth 
or tongue [8]. 

The maintenance of mineral balance in animals is of 
profound importance for their reproduction and milk 
production due to their role in bone and teeth formation, 
blood clotting, proper functioning of nerve tissue, regulation 
of osmotic pressure in body fluids, maintenance of homeostasis 
in the acid-balance and acting as co-factors of enzymes or as 
catalysts in enzymatic reaction [9]. Selenium was an integral 
part of the enzyme glutathione peroxidase which destroys 
lipid peroxides for protecting cell membranes against 
peroxidative damage and plays a role in the electron transport 
chain [10]. Zinc is an important essential nutrient that is 
required at every stage of the life cycle for normal growth, 
development, and function in all animal species due to its 
functions in a large number of zinc metallo enzymes [11].

The objective of this experiment was to study the effects 
heat stress conditions of summer season on hormones 
(testosterone and cortisol), vitamins (vit.B9 and vit.B12) and 
trace elements (zinc and selenium) in both blood and semen 
of New Zealand rabbit’s bucks.

Materials and Methods
The practical work and the biochemical analysis were 

carried out in Rabbits Farm, Project of Experimental Farms in 

Radioisotopes Application Division, Biological Applications 
Department, Nuclear Research Centre, Atomic Energy 
Authority, Inshas, Cairo, Egypt. This work was reviewed and 
approved by the Animal Care and Welfare Committee of 
Zagazig University, Egypt (ANWD-206).

Location 
The experimental work was carried out in rabbits farm of 

Biological Application Department, Radioisotopes Applications 
Division, Nuclear Research Centre, Atomic Energy Authority, 
Inshas, Egypt (latitude 31° 12′ N to 22 °2′ N, longitude 25 ° 53′ 
E to 35° 53′ E).

Experimental procedure
The number of 30 New Zealand White (NZW) rabbit’s 

bucks was used in the present research. The rabbits in this 
study exposed to two conditions. The first was under mild 
condition (MC) where the ambient temperature (AT) and 
relative humidity (RH%)values were 16.0oC and 72.5%, 
respectively, during January, February and March (10 weeks) 
while the second was under hot condition (HC) where the AT 
and RH% values were 36.0oC and 62.5%, respectively, during 
June, July and August (10 weeks). 

Animal housing and management 
The animals were housed in a part of the Rabbitary 

building during winter and summer conditions. The Rabbitry 
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 faces 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 all groups were fed the same diet during winter and 
summer periods. The ingredients of the commercial pelted 
diet are 42.50% clover hay, 24.0% wheat bran, 15.0% yellow 
corn, 10% Soybean meal (44% CP), 5% molasses, 1.75% bone 
meal, 0.70% calcium carbonate, 0.55% sodium chloride, 0.35% 
Vitamins & minerals premix and 0.15%DL-Methionine. The 
chemical analysis are 18.00% crude protein., 2.8% ether 
extract, 12.0% crude fiber and 2600 kcal DE/kg diet according 
to AOAC [12]. Each kilogram of vitamin and minerals premix 
contained: 10.000 IU Vit. A, 900 IU Vit D3, 2mg Vit K, 50mg Vit 
E, 2mg Vit B1, 6mg Vit B2, 2mg Vit B6, 0.01mg Vit. B12, 20mg 
panathonic acid, 50mg niacin, 5mg folic acid, 1.2 mg biotin, 
12000mg choline, 3 mg copper, 0.2mg iodine, 75mg iron, 
30mg manganese, 70mg zinc, 0.1mg selenium, 0.1mg cobalt 
and 0.04mg magnesium (Pfizer-Co., Egypt).

Meteorological data and temperature humidity index 
(THI) estimation 

Air temperature (oC) and relative humidity (%) inside the 
rabbitary building were measured once a day weekly four 
times at 12.00, 13.00, 14.00 and 15.00 hours using automatic 
thermo-hygrometer and the averages were 16±1.0oC and 
72.5 ±1.2% during Mild climate and 36.0±1.1oC and 62.5±1.4% 
during Hot climate, respectively. The temperature-humidity 
index (THI) was calculated using the equation as follows:
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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 obtained were then 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 [4]. The estimated 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. 

Estimation of vitamin, hormones and trace elements in 
blood and semen 

Blood samples were collected from the bucks at two 
weeks intervals during experimental periods. The blood 
samples were collected from marginal ear vein in vacationer 
tubes and were centrifuged for 20 minutes at 2000 x g to 
obtain plasma which was kept in a refrigerator (-20) until 
blood vitamin, hormones and trace elements were analyses. 
Semen was collected at two week intervals from each buck (5 
times during each of mild and hot period) 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. 

The levels of B12, folic acid, testosterone and cortisol in 
both plasma and seminal plasma were estimated 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 computerizes 
Gamma Counter. The tracer in the two vitamins was labelled 
with (57Co) and the tracer in the two hormones was labelled 
with iodine-125 (125I). 

Zink and selenium concentrations in plasma and seminal 
plasma were analyzed by a single dilution micro methods 
using Perkin-Elmer Crop, model 290B Atomic Absorption 
Spectrophotometer, Norwalk, C.T. in the Laboratory of Soil 
and Water Department, Atomic Energy Authority.

Statistical Analysis 
The data were statistically analyzed using computer 

system (SAS, 2013) by ANOVA according the following model 
Yik = µ + Ci + eik where, µ= the overall mean; Ci = the fixed 
effect of the Climatic periods) (1= MC and 2= HS; i= 1,2) and eik 
= random error. The percentage change due to heat stress 
was calculated as follows: {(mild-hot) x 100}/mild.

Results and Discussion
Effects of heat stress conditions of hot summer season on 
testosterone hormonal level 

Plasma and seminal plasma testosterone concentrations 
in rabbit’s bucks were lower under hot than that under mild 
climate after 2 to 10 weeks of hot exposure (Table 1). The 
overall mean of testosterone levels in blood plasma and 
seminal plasma under mild climate were 124.56 and 10.52 ng/

ml and decreased significantly (P<0.05, P<0.01) under heat 
stress conditions to 110.18 and 6.96 ng/ml, respectively. The 
decrease percentages due to heat stress were ranged between 
11-12% in blood plasma and 23- 40% in seminal plasma 
according to experimental week of heat stress exposure with 
overall mean of 12.0 and 34.0% in blood plasma and seminal 
plasma, respectively. Results in Table (1) showed also that 
testosterone level was not affected significantly due to week 
of exposure period (length exposure period from week 2 to 
week 10) in each of mild and hot climatic conditions. 

With prolonged heat exposure, the hypothalamic 
hormone releasing factors are suppressed and consequently, 
the pituitary hormones and other hormones, either 
autonomous or pituitary controlled are decreased [14]. The 
hormonal concentrations are altered by high environmental 
temperature, particularly; the hormonal secretions are known 
to be of major importance in productive and reproductive 
performance which are thyroid hormones, male and female 
sex hormones, insulin and aldosterone [15].

In addition, the drastic changes that occur in biological 
functions in animals 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 testosterone.

Table 1: Testosterone levels in blood plasma and seminal plasma of 
rabbit’s bucks as affected by mild and hot climatic conditions of Egypt

Weeks

(ng/ml) Testosterone

Mild climate (MC) Hot climate (HC)
*Change % due to heat 

stress and P values
Plasma Semen Ratio Plasma Semen Ratio Plasma Semen

2 113.9±1.2 9.7±1.1 11.7 100.1±1.2 6.4±1.1 15.6 (-12%)0.04 (-34%) 0.05
4 121.9±1.1 9.4±0.9 13.0 107.7±1.1 6.2±0.9 17.4 (-12%)0.02 (-34%) 0.02
6 127.1±1.3 9.6± 0.9 13.2 112.0±1.3 5.9±0.9 18.9 (-12%)0.01 (-39%) 0.01
8 129.2±1.2 11.7±0.8 11.0 114.6±1.2 9.0±0.8 12.7 (-11%)0.02 (-23%) 0.03
10 130.7±1.3 12.2±1.0 10.7 116.5±1.3 7.3±1.0 16.0 (-11%)0.04 (-40%)0.003

Mean± 
SE

124.56±
3.05

10.52±
0.59

11.9±
0.51

110.18±
2.92

6.96±
0.56

16.1±
1.03 (-12%)0.05 (-34 %)0.01

*Change due to heat stress= {(MC-HC) X100}/MC

Testosterone plasma/semen ratio was 11.9 under mild 
climate and increased to 16.1 under heat stress conditions. 
This result indicated that testosterone level in plasma was 
11.9 or 16.1 multiply with testosterone level in seminal plasma 
under mild or hot climatic conditions, respectively. This 
increase in testosterone plasma/seminal ratio attributed to 
that the percentage decreases due to heat stress in 
testosterone concentration in seminal plasma (12.0) was more 
than the percentage decrease in blood plasma (34%).

Effects of heat stress conditions of hot summer season on 
cortisol hormonal level 

Plasma and seminal plasma of cortisol concentrations in 
rabbit’s bucks were higher under hot than that under mild 
climate after 2 to 10 weeks of hot exposure (Table 2). The 
overall mean of cortisol levels in blood plasma and seminal 
plasma under mild climate were 4.86 and 2.22 ng/ml and 
increased significantly (P<0.01) under heat stress conditions 
to 8.64 and 3.04 ng/ml, respectively. The increase percentage 
due to heat stress were ranged between 62-89% in blood 
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plasma and 30-41% in seminal plasma according to week of 
heat stress exposure with overall mean of 78 and 37% in 
plasma and seminal plasma, respectively. Cortisol level was 
not affected significantly due to length exposure period of 
bucks to hot mild and hot climatic conditions. that under mild 
climate after 2 to 10 weeks of hot exposure (Table 2). The 
overall mean of cortisol levels in blood plasma and seminal 
plasma under mild climate were 4.86 and 2.22 ng/ml and 
increased significantly (P<0.01) under heat stress conditions 
to 8.64 and 3.04 ng/ml, respectively. The increase percentage 
due to heat stress were ranged between 62-89% in blood 
plasma and 30-41% in seminal plasma according to week of 
heat stress exposure with overall mean of 78 and 37% in 
plasma and seminal plasma, respectively. Cortisol level was 
not affected significantly due to length exposure period of 
bucks to hot mild and hot climatic conditions.

Table 2. Cortisol levels in blood plasma and seminal plasma of rabbit’s 
bucks as affected by mild and hot climatic conditions of Egypt

Cortisol (ng/ml)

Weeks Mild climate (MC) Hot climate (HC)
*Change % due to heat 

stress and P values
Plasma Semen Ratio Plasma Semen Ratio Plasma Semen

2 4.9±0.1 2.2±0.1 2.23 8.7±0.1 3.0±0.1 2.9 (+78%)0.001 (+36%)0.001
4 5.1±0.1 2.2±0.1 2.32 9.0±0.1 3.1±0.1 2.9 (+77%)0.001 (+41%)0.001
6 4.6±0.1 2.0±0.1 2.3 8.7±0.1 2.6±0.1 3.35 (+89%)0.001 (+30%)0.001
8 4.7±0.1 2.2±0.1 2.14 8.7±0.1 3.0±0.1 2.9 (+85%)0.001 (+36%)0.001
10 5.0±0.1 2.5±0.1 2 8.1±0.1 3.5±0.1 2.31 (+62%)0.001 (+40%)0.001

Mean+ 
SE

4.86±
0.09

2.22+
0.08

2.19+
0.06

8.64±
0.15

3.04±
0.14

2.87±
0.17 (+78%)0.001 (+37%)0.001

*Change due to heat stress= {(MC-HC) X 100}/MC

Cortisol plasma/semen ratio was 2.19 under mild climate 
and increased to 2.87 under heat stress conditions. This result 
indicated that cortisol level in plasma was nearly 2 or 3 
multiply with cortisol level in seminal plasma under mild or 
hot climatic conditions, respectively. This increase in cortisol 
plasma/seminal ratio attributed to that the percentage 
decreases due to heat stress in cortisol concentration in 
seminal plasma (37%) was less than the percentage decrease 
in plasma (78%).

The increase in cortisol level which occurs during the 
chronic heat stress is attributed to the fact that cortisol is 
thermogenic in animals. Adrenocortical activity under thermal 
stress is a thermoregulatory protective mechanism preventing 
metabolic heat production in a hot environment for animal 
adaptation to heat stress conditions [14]. Activation of the 
hypothalamic pituitary adrenal axis and the consequent 
increase of plasma glucocorticoid concentrations are perhaps 
the most important responses of animals to stressful 
conditions. Adrenal corticoids, mainly cortisol, elicit 
physiological adjustments which enable animals to tolerate 
stressful conditions [16] [17]. Cortisol secretion from the 
adrenal gland through increase in ACTH secretion by the 
anterior pituitary gland often increases greatly in stressful 
situations [14]. Animals respond to stress by releasing ACTH 
from the anterior pituitary gland which causes the adrenal 
cortex to release aldosterone and corticosterone [18]. 
Activation of the hypothalamic pituitary adrenal axis and the 

consequent increase of plasma glucocorticoids concentrations 
are perhaps the most important responses of animals to 
stressful conditions. Adrenal corticoids, mainly cortisol, elicit 
physiological adjustments which enable animals to tolerate 
stressful conditions [19]. In addition, hormonal secretions are 
known to be of major importance in body thermoregulation 
which are cortisol and aldosterone [15]. The drastic changes 
that occur in biological functions in animals may be 
responsible in increasing the catabolic hormones like cortisol.

Effects heat stress conditions of summer season on 
vitamins B9 level

Folic acid (vit. B9) concentrations in plasma and seminal 
plasma of rabbit’s bucks were lower under hot than that 
under mild climate after 2 to 10 weeks of hot exposure (Table 
3). The overall mean of vit. B9 levels in blood plasma and 
seminal plasma under mild climate were 8.66 and 5.32 ng/ml 
and decreased significantly (P<0.001) under heat stress 
conditions to 5.32 and 3.34 ng/ml, respectively. The 
percentages decrease in vit. B9 due to heat stress were ranged 
between 31 to 43% in blood plasma and 30 to 41% in seminal 
plasma according to week of heat stress exposure with overall 
mean of 39.0 and 37.0% in plasma and seminal plasma, 
respectively. 

Folic acid plasma/semen ratio was 1.6 under each of mild 
and hot climates. This result indicated that Folic acid level in 
plasma was 1.6 multiply with Folic acid levels in seminal 
plasma under mild and hot climatic conditions (Table 3). 
However, vit. B9 level in rabbits was not affected by length of 
exposure period under mild or hot climatic conditions. 

Table 3. Folic acid (vit.B9) levels in blood plasma and seminal 
plasma of rabbit’s bucks as affected by mild and hot climatic 

conditions of Egypt. 

Weeks

Folic acid (vit. B9) (ng/ml)

Mild climate (MC) Hot climate (HC)
*Change % due to heat 

stress and P values
Plasma Semen Ratio Plasma Semen Ratio Plasma Semen

2 7.2 ± 0.3 4.7 ± 0.3 1.53 4.1 ± 0.3 2.9 ± 0.3 1.41 (-43%)0.001 (-38%)0.001
4 8.4 ± 0.4 5.6 ± 0.3 1.50 5.0 ± 0.4 3.8 ± 0.3 1.32 (-41%)0.001 (-32%)0.001
6 8.3 ± 0.3 5.0 ± 0.2 1.66 4.8 ± 0.3 3.5 ± 0.2 1.37 (-42%)0.001 (-30%)0.001
8 9.3 ± 0.3 5.9 ± 0.3 1.58 5.7 ± 0.3 3.3 ± 0.3 1.73 (-39%)0.001 (-44%)0.001
10 10.1±0.3 5.4 ± 0.2 1.87 7.0 ± 0.3 3.2 ± 0.2 2.19 (-31%)0.001 (-41%)0.001

Mean+
SE

8.66±
0.49

5.32±
0.21

1.63±
0.07

5.32±
0.49

3.34±
0.15

1.60±
0.16

(-39%) 
0.001

(-37%) 
0.001

*Change due to heat stress= {(MC-HC) X 100}/MC

Effects heat stress conditions of summer season on 
vitamins B12 level

The overall mean of vit.B12 were 26.92 and 22.1 pg/ml 
under mild and hot climates, respectively. These results 
indicated that vitamin B12 concentrations decreased by more 
than 18% of its level due to exposure the rabbits to the 
stressful conditions of summer season of Egypt. Vit. B12 
concentration in seminal plasma of rabbit’s bucks was lower 
under hot than that under mild climate. The overall mean of 
vit. B12 level in seminal plasma under mild climate was 20.94 
pg/ml and decreased significantly (P<0.05) under heat stress 
conditions to 17.84 pg/ml. 
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Table 4: Cyanocobalamine (vit.B12) levels in blood plasma and 
seminal plasma of rabbit’s bucks as affected by mild and hot 

climatic conditions of Egypt.

Weeks

Cyanocobalamine (vit. B12) ) (pg/ml)

Mild climate (MC) Hot climate (HC)
*Change % due to heat 

stress and P values

Plasma Semen Ratio Plasma Semen Ratio Plasma Semen

2 24.0±0.6 19.8±0.6 1.21 20.7±0.8 16.8±0.5 1.23 (-14%)0.05 (-15%)0.05

4 27.2±0.6 23.4±0.8 1.16 23.6±0.6 21.1±0.7 1.12 (-13%)0.05 (-10%)0.05

6 28.4±0.6 20.6±0.9 1.38 23.8±0.6 18.9±0.6 1.26 (-16%)0.05 (-8%)0.05

8 27.4±0.8 21.2±0.9 1.29 21.0±0.9 16.8±0.9 1.25 (-23%)0.01 (-21%)0.001

10 27.6±0.5 19.7±0.7 1.40 21.4±0.5 15.6±0.7 1.37 (-23%)0.01 (-21%)0.001

Mean+
SE

26.92±
0.76

20.94±
0.67

1.29±
0.05

22.1±
0.66

17.84±
0.97

1.25±
0.04 (-18%)0.05 (-15%) 0.05

*Change due to heat stress= {(MC-HC) X 100}/MC

The decrease percentage due to heat stress was ranged 
between 8 to 21% in seminal plasma according to week of 
heat stress exposure with overall mean of 15.0%. However, vit. 
B12 level was not affected by exposure weeks either under 
mild or under hot climatic conditions. Vit. B12 in plasma/
semen ratio was nearly equal 1.3 under each of mild and hot 
climates. Vit. B12 level in plasma was 1.3 multiply with vit. B12 
level in seminal plasma under the tow conditions (Table 4). 

In this respect, [20] found that vitamin B12 concentrations 
decreased by more than 25% of its level due to exposure the 
rabbits to the stressful conditions of summer season of Egypt.

Effects heat stress conditions of summer season on zinc 
concentrations

Zinc concentrations in plasma and seminal plasma of 
rabbit’s bucks were lower under hot than that under mild 
climate after 2 to 10 weeks of hot exposure (Table 5). The 
overall mean of zinc levels in blood plasma and seminal 
plasma under mild climate were 9.18 and 3.40 ppm and 
decreased significantly (P<0.05; P<0.01) under heat stress 
conditions to 7.76 and 2.52 ppm, respectively. The decrease 
percentage due to heat stress were ranged between 14 to 
18% in blood plasma and between 15 to 38% in seminal 
plasma according to week of heat stress exposure with overall 
mean of 16.0 and 26.0% in plasma and seminal plasma, 
respectively. Zinc plasma / semen ratio was 2.7 and 3.1 under 
mild and hot climates, respectively. This result indicated that 
zinc level in plasma was 2.7 multiply with zinc level under mild 
climate and 3.1 multiply with zinc level under hot climate. Zinc 
is an important essential nutrient that is required at every 
stage of the life cycle and its functions in large number of zinc 
metallo-enzymes and also is required for normal growth, 
development and function in all animals [21]. Therefore, lesser 
degrees of deficiency are most pronounced during periods of 
rapid growth and in those cells or tissues that either turn over 
or grow most rapidly. Characteristics of deficiency include 
growth retardation, delayed sexual maturation, skeletal 
abnormalities and impaired reproduction in both males and 
females [21]. 

Table 5. Zinc levels in blood plasma and seminal plasma of rabbit’s 
bucks as affected by mild and hot climatic conditions of Egypt 

Zinc (ppm)

Weeks Mild climate (MC) Hot climate (HC)
*Change % due to heat 

stress and P values
Plasma Semen Ratio Plasma Semen Ratio Plasma Semen

2 9.1±0.4 3.0±0.02 3.03 7.8±0.4 2.1±0.02 3.71 (-14%) 0.04 (-30%) 0.01
4 8.8±0.5 3.2±0.02 2.75 7.2±0.5 2.6±0.02 2.77 (-18%) 0.05 (-19%) 0.05
6 8.8±0.4 3.7±0.02 2.38 7.6±0.4 2.3±0.02 3.3 (-14%)0.04 (-38%) 0.01
8 9.6±0.4 3.4±0.01 2.82 8.2±0.4 2.9±0.01 2.83 (-15%) 0.05 (-15%) 0.05
10 9.6±0.4 3.7±0.02 2.59 8.0±0.4 2.7±0.02 2.96 (-17%)0.03 (-27%) 0.01

Mean+
SE

9.18±
0.18

3.40±
0.14

2.71±
0.11

7.76±
0.17

2.52±
0.14

3.11±
0.17 (-16%) 0.04 (-26%) 0.01

*Change due to heat stress= {(MC-HC) X 100}/MC

Effects heat stress conditions of summer season on 
selenium concentrations

Selenium concentrations in plasma and seminal plasma 
of rabbit’s bucks were lower under hot than that under mild 
climate after 2 to 10 weeks of hot exposure (Table 6). The 
overall mean of selenium levels in blood plasma and seminal 
plasma under mild climate were 2.54 and 5.34 ppm×10-2 and 
decreased significantly (P<0.05) under heat stress conditions 
to 2.26 and 4.88 ppm×10-2, respectively. The decrease 
percentage due to heat stress were ranged between 7 to 14% 
in blood plasma and between 6 to 11% in seminal plasma 
according to week of heat stress exposure with overall mean 
of 11 and 9.0% in plasma and seminal plasma, respectively. 
Selenium plasma/semen ratio was 0.48 and 0.46 under mild 
and hot climates, respectively. This result indicated that 
selenium level in plasma was 0.47 multiply with selenium level 
in seminal plasma under any conditions. 

Table 6. Selenium levels in blood plasma and seminal plasma of 
rabbit’s bucks as affected by mild and hot climatic conditions of Egypt

Selenium (ppm×10-2)

Weeks Mild climate (MC) Hot climate (HC)
*Change % due to heat 

stress and P values
Plasma Semen Ratio Plasma Semen Ratio Plasma Semen

2 2.2±0.1 4.7±0.1 0.47 1.9±0.1 4.2±0.1 0.45 (-14%) 0.01 (-11%)0.05
4 2.5±0.1 4.9±0.1 0.51 2.2±0.1 4.6±0.1 0.48 (-12%) 0.02 (-6%) 0.05
6 2.6±0.1 5.5±0.1 0.47 2.3±0.1 5.0±0.1 0.46 (-12%) 0.01 (-9%) 0.01
8 2.7±0.1 5.4±0.1 0.5 2.5±0.1 5.0±0.1 0.5 (-7%) 0.05 (-7%) 0.05
10 2.7±0.1 6.2±0.1 0.44 2.4±0.1 5.6±0.1 0.43 (-11%) 0.01 (-10%) 0.01

Mean+
SE

2.54±
0.09

5.34±
0.26

0.48±
0.01

2.26±
0.1

4.88±
0.23

0.46±
0.01 (-11%)0.05 (-9%) 0.05

*Change due to heat stress= {(MC-HC) X 100}/MC

Selenium is an integral part of the enzyme glutathione 
peroxidase which converts hydrogen peroxide to water and is an 
important component of the cellular antioxidant system [9]. The 
glutathione peroxidase enzyme is also related to functions the 
cytosol of the cell; protects polymorphonuclear neutrophils 
against reactive oxygen species production, increases survival of 
leukocytes involved in cellular defence and improves the activity 
of these cells in the mammary gland [22]. The positive role of 
selenium in the immune system is well documented by [23]. 
Selenium was identified as a component of type I iodothyronine-
5΄-deiodinase enzyme that converts T4 to T3 [10]. Several 
selenoproteins have been identified with functions connected to 
the thyroid hormone metabolism, testes and sperm function and 
muscle metabolism [9].
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Concentrations of selenium in serum and whole blood 
have been used as an index of selenium status because, in 
general, increased concentrations of selenium in serum or 
whole blood have been related to reduced mastitis and 
improved neutrophil function [24]. A lack of selenium lowers 
the production of leucotrienes of polymorphonuclear 
leukocytes and thus lowers chemotaxis of neutrophils [25]. 
The concentration of selenium in milk is increased when cows 
are fed additional selenium. Selenium concentration of milk 
ranges from 0.01 to 0.025 mg/kg and based on the effect of 
selenium on mastitis, concentrations of selenium in whole 
blood should be greater than about 0.18 g/ml or approximately 
0.08 g/ml for plasma [26]. 

Conclusion
It can be concluded that exposure of rabbits to < 30 THI 

(temperature-humidity index) units or more as severe heat 
stress during summer, adversely affects their hormones, 
vitamins and trace elements. 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 testosterone and increasing the catabolic 
hormones like cortisol which responsible on that depression in 
plasma vitamins and trace elements of rabbits during summer 
season. It is also concluded that testosterone, cortisol, vit.B9, vit.
B12 and zinc concentrations in blood plasma of rabbit’s bucks 
were higher than that concentrations in seminal plasma by 12-
16, 2-3, 1.6, 1.3 and 2.7-3.1 times. On the other hand, selenium 
in seminal plasma was higher than that concentration in blood 
plasma by 2 times, indicating the importance of selenium in 
spermatogenesis process in the testes.
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