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ABSTRACT 

 

This study aimed to release the heat shock protein 70 by applying heat shock exposure programs 

at early ages on physical semen characteristics and blood constituents of Hi-Plus buck rabbits under hot 

conditions. A total number of 40 Hi-Plus buck rabbits were divided into four equals treatments: the 1st 

treatment (C), bucks served as control. Rabbits of 2nd, 3rd and 4th treatments were exposed to heat shock 

program. The 2nd treatment (HSE30) exposed at 30 days of age, the 3rd treatment (HSE60) exposed at 

60 days of age and the 4th treatment (HSE30+60) exposed at 30+60 days of age. HSP70 and blood me-

tabolites were increased (P≤ 0.05) in the rabbits of HSE groups compared to control group. Tri-

iodothyronine hormone was increased (P≤0.05) in HSE groups as compared to control group. Corti-

costerone hormone decreased (P≤0.05) in the rabbits of HSE groups as compared to control group. 

Physical semen quality was improved (P≤0.05) in rabbits of HSE groups as compared to control group. 

In conclusion, early heat shock exposure programs for buck rabbits might increase release of HSP70 

which positive reflect on enhance physiological responses and physical semen characteristics under 

severe heat stress conditions. 
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INTRODUCTION 

 

In Egypt, high relative humidity and ambi-

ent temperatures have detrimental effects on rab-

bits. Heat stress conditions lead to deleterious 

effects on thermo-respiratory responses, hemato-

logical parameters, immune responses and semen 

quality characteristics (Sakr et al., 2019). Fertili-

ty is one of the detrimental factors of economical 

income of rabbit farms. Hence, mating by subfer-

tile males has an adverse effect on fertilization 

rate, embryo production (Fadl et al., 2024) early 

or late embryonic mortality. Furthermore, hot 

conditions unfavorably affect semen quality, by 

reducing the ability of leydig and Sertoli cells to 

respond to LH and the diameter of the seminifer-

ous tubules (Ding et al., 2025). In addition, hot 

conditions caused an increase in oxidative stress 

and increase the production of reactive oxygen 

species, which can be detrimental to semen char-

acteristics (Huang et al., 2023 and Akiyama, 

1999). 

Heat shock programs during earlier age are 

alternative practice to increase thermo-tolerance 

and acclimate rabbits to heat stress conditions 

thereby minimizing heat-related mortality and 

enhance reproductive performance (Faisal et al., 

2008; Ahmed et al., 2012; Morsy, 2013; Morsy, 

2018; Sakr et al., 2019; Ezzat et al., 2020 and 

Madkour et al., 2021). Heat shock proteins have 
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been detected in every cell type and tissues. Ex-

posure of rabbits to heat stress conditions during 

growth period induces HSP70. HSP70 protein 

acts as chaperone, which assists in the folding, 

transport and assembly of protein in cytoplasm, 

mitochondria and endoplasmic reticulum or ap-

pears to play a critical role in protecting cells 

against the adverse effects of hyperthermia, helps 

newly synthesized proteins fold (Morimoto et al., 

1990). As a molecular chaperone, HSP70 limits 

oxidative damage and death in germ cells, stabi-

lizes membranes, and prevents protein misfold-

ing (Rosyada et al., 2022). In sperm, HSP70 sup-

ports motility, capacitation, sperm–egg recogni-

tion, acrosome integrity, and mitochondrial func-

tion (Pardede et al., 2023). 

Therefore, this study aimed to evaluate the 

effects of early-age heat shock exposure pro-

grams on semen physical characteristics and 

blood constituents in Hi-Plus buck rabbits under 

hot environmental conditions. 

 

MATERIALS AND METHODS 

 

Study Region and Ethical Approval 

This study was conducted in South Sinai 

Research Station, located in Ras Suder that be-

longs to the Desert Research Center, Ministry of 

Agriculture and Land Reclamation, Egypt. La-

boratory work was carried out in the laboratories 

of Desert Research Center. This research was 

carried out in accordance with the guidelines laid 

down by the Institute of Animal Ethics Commit-

tee for the use of animals (2010/63/EU of the 

European Parliament and of the Council of Sep-

tember 22, 2010). 

 

Animals and Experimental Design 

A total of 40 Hi-Plus buck rabbits, aged 6 

months old with an average body weight of 

2728.8 ± 58.1 g were used. The study was con-

ducted from June to August, 2021. The rabbits 

were housed in standard dimensions (50×60×40 

cm) wired metallic cages. All buck rabbits were 

fed a commercial concentrate pelleted diet con-

taining 18.0% crude protein, 14.0% crude fiber, 

2.5% fat, 0.6% minerals mixture and 2600 kcal/

kg digestible energy according to NRC (1994) 

Fresh water was available all days through nip-

ples drinking system. Buck rabbits were random-

ly assigned to four equal treatments: the first 

treatment (C), bucks served as control (non-

exposure to heat shock program). The buck rab-

bits in the second, third, and fourth treatments 

were subjected to a heat shock program (36±1°C 

for 3 hours from 12:00 to 15:00 for three consec-

utive days). The second treatment (HSE30) was 

administered at 30 days of age, the third 

(HSE60) at 60 days of age, and the fourth 

(HSE30+60) at 30+60 days.  

 

Meteorological Data 

Ambient temperature (AT, °C), relative hu-

midity (RH, %) were recorded using a hygro-

thermometer (Table 1). According to Marai et al. 

(2001), temperature-humidity index (THI) was 

calculated using the following equation:  

 
THI = ATºC  ̶  [(0.31  ̶  0.31 × RH)] × [(ATºC  ̶  

14.4)] 

 

Where, AT°C = Ambient temperature in centi-

grade and RH = relative humidity %. The THI 

values were classified as absence of heat stress 

(≤27.8), moderate heat stress (27.8-28.8), severe 

heat stress (28.9-29.9) and very severe heat stress 

(>30.0).  

Table 1. Indoor Ambient Temperature, Relative Humidity and Temperature-Humidity Index Throughout 

Experimental Period under South Sinai Conditions, Egypt  

Months 
Min.  

AT (oC) 

Max.  

AT (oC) 

Min.  

RH (%) 

Max.  

RH (%) 

Min. 

THI 

Max. 

THI 

June 24.4 33.7 27.9 43.6 22.7 29.4 

July 23.5 34.3 27.1 41.1 21.9 29.8 

August 26.2 34.7 30.2 50.8 24.4 30.3 

Overall mean 24.7 34.2 29.1 45.2 23.0 29.8 

AT= ambient temperature; RH= relative humidity; THI= temperature humidity index 
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Blood Samples 

Every two weeks, blood samples were col-

lected from each buck rabbit's ear vein and 

placed in tubes coated with ethylenediamin tetra-

acetic acid (EDTA). The coulter (HA-VET, 

Clinding, Belgium) quickly measured the con-

centration of hemoglobin (Hb), white blood cells 

(WBCs), red blood cells (RBCs), and packed cell 

volume (PCV%). The following formulas were 

used to determine mean corpuscular volume 

(MCV), mean corpuscular hemoglobin (MCH), 

and mean corpuscular hemoglobin concentration 

(MCHC): MCH (in picogram, pg) = (Hb content 

g/dl × 10) / RBCs in million. MCV (femtoliter, 

fl) = (PCV % × 10)/RBCs in million; MCHC (%) 

= (Hb content × 100) / PCV %. After centrifug-

ing blood samples for 15 minutes at 3500 rpm, 

the plasma was separated and stored at -70 °C for 

hormonal assays, biochemical measurements, 

and HSP70. 

Commercial kits (Biomed Diagnostics, 

Egypt) were used to test plasma biochemical 

markers, including total protein, albumin, glu-

cose, and cholesterol. The formula globulin = 

(total protein - albumin) was used to determine 

the globulin concentration. Commercial kits 

(Biodiagnostic Research, Egypt) were used for 

the calorimetric measurement of total antioxidant 

capacity (TAC). ELISA kits were used to meas-

ure the hormones corticosterone, testosterone, 

and triiodothyronine (T3) (Boston, MA 02134). 

The ELISA kit from Uscn Life Science Inc. Wu-

han, China was used to measure the concentra-

tion of HSP70. This assay's sensitivity and speci-

ficity for HSP70 detection are both quite good. 

 

Semen Collection 

Semen was collected biweekly (six times 

during experimental period) from 7 bucks/

treatment using a clean, dried and sterilized 

standard artificial vagina of rabbits and a teaser 

doe according to Mocé et al. (2000). 

 

Buck Reaction Time 

Reaction time was calculated in seconds as 

the time from introducing the doe to the buck 

and incidence of complete intercourse and ejacu-

lation using stopwatch (Luzi et al., 1996).  

 

Physical Semen Characteristics 

The ejaculate volume without gel fraction 

was measured by graduated test tube and record-

ed in milliliter. Sperm concentration was deter-

mined by the haemocytometer according to 

(Smith and Mayer, 1955). Total sperm output 

was calculated by multiplying ejaculate volume 

and sperm concentration. The percentages of live 

and abnormal sperm were determined after stain-

ing with eosin and nigrosine and then calculated 

as a percentage out of 100 randomly chosen 

sperm counted. The percentage of motile sperm 

was estimated with a phase-contrast microscope. 

Total motile sperm was estimated by multiplying 

the progressive motility percentage by the total 

sperm output. Semen quality factor = (ejaculate 

volume × sperm concentration × live spermato-

zoa) / 100. The concentration of hydrogen ions 

(pH) of semen was immediately determined after 

collection by using Whatman pH indicator paper. 

Acrosomal integrity was determined by using a 

Giemsa stain procedure as described by Watson 

(1975).  

 

Statistical Analysis 

Data was analyzed by the least square anal-

ysis of variance using the General Linear Model 

Procedure (SAS, 2004). The model was as fol-

lows:  

 
Where, Yij= any observations of ith buck rabbit 

within jth treatment, μ = overall mean, Gi = effect 

of ith group, (i: 1-4), eij = standard error  

All statements of significance are based a proba-

bility of less than 0.05. Significant differences 

among means were tested using Duncan multiple 

range test (Duncan, 1955). 

 

RESULTS AND DISCUSSION 

 

Heat Shock Protein 70 and Thermo-

respiratory Responses 

Early thermal conditioning at 36 °C for 6 

hours at 42 days of age in rabbits induces over-

expression of hepatic HspA9, a member of the 

HSP70 family, and reduces plasma and hepatic 

MDA later in life. This is an indicator for im-

proving mitochondrial function to prevent oxida-

tive damage in the liver; additionally, overex-

pression of hepatic HSPs later in life may be an 

indicator for improving thermotolerance acquisi-



  

  86 J. Indonesian Trop. Anim. Agric. 51(2)83-93, June 2026 

tion in thermally conditioned rabbits (Madkour 

et al., 2021).  

In the current study, heat exposure program 

was increased (P≤ 0.05) HSP70 level (Table 2) 

in the buck rabbits of HSE30, HSE60 and 

HSE30+60 compared to the rabbits of control 

group (C). This result revealed that early heat 

exposure program increased HSP70 level and 

suggest that this protein involved in the stress 

caused by heat shock exposure in the rabbits 

(Ahmed, et al., 2012, Morsy, 2018 and Sakr et 

al., 2019).  

Release of HSP70 during heat stress condi-

tions may play an important role in protecting 

stressed cells and reversing disorders caused by 

stress through its function as a molecular chaper-

one by binding to other cellular proteins, assist-

ing intracellular transport and folding into the 

proper secondary structures and thus preventing 

aggregation of protein during stress (Aldahhan et 

al., 2021) and hence it may positively return on 

rabbit's performance (Abd El-Kafy et al., 2008). 

Rectal temperature decreased (P≤0.05) in 

the HSE30 and HSE30+60 treatments by about 

1.21 and 1.28 %, respectively as compared with 

control group (Table 2). Indeed, respiration rate 

decreased (P≤0.05) in the buck rabbits of 

HSE30+60 group by 12.66 % as compared to 

control group. No significant differences were 

observed among control and HSE30 and HSE60 

groups in respiration rate. These results may sug-

gest that heat shock exposure enhances thermo-

tolerance of buck rabbits exposed to hot condi-

tions at later age (Ahmed, et al., 2012; Morsy, 

2013 and Morsy, 2018). However, heat shock 

exposure physiologically controlled to better tol-

erate heat stress by thermal conditioning, thermal 

conditioning process is to combine starting 

changes that enable rabbits to cope, within cer-

tain limits, with acute exposure to unexpected 

heat waves (Yahav and Mc-Murtry, 2001). The 

HSP play a vital role in cellular homeostasis dur-

ing development of thermotolerance (Hahn and 

Li, 1990). Meanwhile, Abd El-Kafy et al. (2008) 

reported that the reduction of the rectal tempera-

ture in heat group may be due to the fact that rab-

Table 2. Effect of Heat Shock Programs on Heat Shock Protein 70 and Thermo-Respiratory Responses 

of Buck Hi-Plus Rabbits 

Items C HSE30 HSE60 HSE30+60 ±SE P value 

HSP70 1.70b 5.21a 4.83a 4.94a 0.14 0.001 

RT (oC) 39.65a 39.17b 39.43ab 39.14b 0.11 0.011 

RR (breath/min.) 182.31a 162.66ab 177.70ab 159.22b 6.84 0.052 

C = control (non-exposure to heat shock program); HSE30, HSE60, and HSE30+60 = buck rabbits were subjected 

to a heat shock program (36±1°C for 3 hours from 12:00 to 15:00 for three days). The second treatment (HSE30) 

was administered at 30 days of age; the third (HSE60) was administrated at 60 days of age; and the fourth 

(HSE30+60) was administrated at 30+60 days. HSP70 = heat shock protein 70; RT = rectal temperature and RR = 

respiration rate. a-b Means bearing different superscripts within the same row are significantly different (P≤ 0.05). 

Table 3. Effect of heat shock programs on hematological parameters of buck Hi-Plus rabbits  

Items C HSE30 HSE60 HSE30+60 ±SE P value 

WBC's (×103/mm3)  9.63a 7.12b 7.27b 7.77b 0.47 0.001 

RBC's (×106/mm3) 3.80c 5.02b 5.69a 5.38ab 0.20 0.001 

Hb (g/dl) 10.22b 13.59a 12.76a 13.68a 0.44 0.001 

PCV (%) 30.08c 35.96b 38.64a 39.45a 0.92 0.001 

MCV (fl) 88.54 73.49 68.67 74.73 5.39 0.075 

MCH (pg) 29.02a 28.04a 22.73b 25.92ab 1.70 0.054 

MCHC (%) 34.10 38.08 33.53 35.12 1.51 0.156 
C = control (non-exposure to heat shock program); HSE30, HSE60, and HSE30+60 = buck rabbits were subjected 

to a heat shock program (36±1°C for 3 hours from 12:00 to 15:00 for three days). The second treatment (HSE30) 

was administered at 30 days of age; the third (HSE60) was administrated at 60 days of age; and the fourth 

(HSE30+60) was administrated at 30+60 days. WBC's = white blood cells; RBC's = red blood cells; Hb 

=hemoglobin; PCV= packed cell volume; MCV= mean corpuscular volume; MCH= mean corpuscular hemoglobin; 

MCHC= mean corpuscular hemoglobin concentration. a-c Means bearing different superscripts within the same row 

are significantly different (P≤ 0.05). 
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bits were able to maintain constant rectal temper-

ature during heat exposure by low metabolic rate 

when previously acclimated to high temperature. 

These results agree with the results of Sakr et al. 

(2019); Ahmed et al. (2012) and Morsy (2013) 

and Morsy (2018). 

 

Hematological Parameters 

White blood cells (WBC’s) were decreased 

(P≤0.05) in the bucks of HSE30, HSE60 and 

HSE30+60 by 26.06, 24.50 and 19.31 %, respec-

tively compared with the control group. Expo-

sure to high ambient temperatures (≈31–36 °C) 

often increases total WBC counts compared with 

thermoneutral controls, alongside oxidative 

stress and organ dysfunction (Mutwedu et al., 

2021). Since HSP70 is a component of leukocyte 

stress responses that are created in leukocytes 

themselves and the degree of leukocyte HSP70 

elevation increases with stress, the decreased 

WBC count in treated groups may be the result 

of decreased stress and enhanced physiological 

stability (Mine et al., 2019). 

In contrast, red blood cells count (RBC's), 

hemoglobin (Hb) concentration and packed cell 

volume (PCV) were increased (P≤0.05) in the 

buck rabbits of HSE30, HSE60 and HSE30+60 

compared with control group (Table 3).  

On the other hand, bucks in HSE60 had sig-

nificantly lower MCH compared with the bucks 

in control and the HSE30 groups. There are no 

significant effects of heat shock exposure on 

Table 4. Effect of heat shock programs on blood metabolites parameters of buck Hi-Plus rabbits  

Items C HSE30 HSE60 HSE30+60 ±SE P value 

Total protein (g/dl) 6.79c 7.92b 8.53a 8.28ab 0.18 0.001 

Albumin (g/dl) 4.95 4.90 4.83 4.77 0.14 0.849 

Globulin (g/dl) 1.84c 3.01b 3.69a 3.50ab 0.19 0.001 

Glucose (mg/dl) 150.01b 169.02a 172.71a 170.56a 6.06 0.037 

Cholesterol (mg/dl) 62.03a 45.84b 50.83b 45.97b 3.48 0.004 

TAC (mM/l) 0.21b 0.42a 0.41a 0.49a 0.05 0.008 

C = control (non-exposure to heat shock program); HSE30, HSE60, and HSE30+60 = buck rabbits were subjected 

to a heat shock program (36±1°C for 3 hours from 12:00 to 15:00 for three days). The second treatment (HSE30) 

was administered at 30 days of age; the third (HSE60) was administrated at 60 days of age; and the fourth 

(HSE30+60) was administrated at 30+60 days. TAC = total antioxidant capacity. a-c Means bearing different 

superscripts within the same row are significantly different (P≤ 0.05). 
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Figure 1. Effect of heat shock programs on blood triiodothyronine hormone of buck Hi-Plus rabbits. 
C = control (non-exposure to heat shock program); HSE30, HSE60, and HSE30+60 = buck rabbits were subjected 

to a heat shock program (36±1°C for 3 hours from 12:00 to 15:00 for three days). The second treatment (HSE30) 

was administered at 30 days of age; the third (HSE60) was administrated at 60 days of age; and the fourth 

(HSE30+60) was administrated at 30+60 days. a-b Means bearing different superscripts are significantly different 

(P≤ 0.05). 
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MCV and MCHC. These results may be due to 

enhance in the thermotolerance responses in the 

groups of heat shock exposure which might be 

revealed on enhanced hematological parameters. 

These results were agreed with Ahmed  et al. 

(2012), Morsy (2013), Morsy (2018) and Sakr et 

al. (2019), they found that Hb concentrations 

decreased under heat stress and increased in ac-

climated animals. However, the decrease in the 

values of Hb and PCV (%) in the control group 

(non-exposure to heat shock program) might at-

tributed to heat stress, which impair the synthesis 

of blood cells (Oladele et al., 2001).  

 

Blood Metabolites 

The results in Table (4) showed that total 

protein, globulin, glucose and total antioxidant 

capacity (TAC) concentrations increased 

(P≤0.05) in the buck rabbits of the HSE30, 

HSE60 and HSE30+60 groups when compared 

to the bucks of control group. However, choles-

terol concentration was decreased (P˂0.05) in the 

bucks of heat shock exposure groups as com-

pared to the rabbits of control group. These re-

sults might reflect the improvement of the im-

mune responses of rabbits that exposed to heat 

shock exposure compared to control group.  

The increase in globulin and TAC concen-

trations and decrease cholesterol level might be 

an indicator of immune responses and antibody 

production in the heat shock exposure groups (El

-Kaiaty and Hassan, 2004). These results agree 

with those of Mashaly et al. (2004), Ahmed  et 

al. (2012), Morsy (2018) and Sakr et al. (2019). 

Notably, heat stress increases reactive oxygen 

species (ROS), lowers endogenous antioxidants, 

and raises lipid peroxidation products in rabbits 

(Liang et al., 2022). This is consistently accom-

panied by reduced TAC and antioxidant enzymes 

(SOD, CAT, GSH‑Px) in plasma, liver, kidney 

and muscle, indicating systemic oxidative stress 

and organ damage (Ebeid et al., 2023). TAC 

therefore serves as an integrated index of overall 

redox status, declining when oxidative load ex-

ceeds antioxidant defenses (El-Ratel et al., 

2025). 

 

Hormonal Profile 

Tri-iodothyronine (T3) hormone was in-

creased (P≤0.05) in the HSE30, HSE60 and 

HSE30+60 treatments by 40.08, 42.67 and 41.37 

%, respectively as compared to control group 

(Figure 1). These results agree with Ahmed et al. 

(2012), Morsy (2013), Morsy (2018) and Sakr et 

al. (2019).  

T3 hormone play important role in regulat-

ing metabolism and thermogenesis in animals 

(Tao et al., 2006). Concentration of T3 hormone 

is highly correlated to decrease of feed intake 

and heat stress conditions (Yahav et al. 1995). 
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Figure 2. Effect of heat shock programs on blood corticosterone hormone of buck Hi-Plus rabbits 
C = control (non-exposure to heat shock program); HSE30, HSE60, and HSE30+60 = buck rabbits were subjected 

to a heat shock program (36±1°C for 3 hours from 12:00 to 15:00 for three days). The second treatment (HSE30) 

was administered at 30 days of age; the third (HSE60) was administrated at 60 days of age; and the fourth 

(HSE30+60) was administrated at 30+60 days. a-b Means bearing different superscripts are significantly different 

(P≤ 0.05). 
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So, exposure of rabbits to heat stress conditions 

caused decrease of T3 level and decreased heat 

production and sustain homoeothermic (Attia et 

al., 2016). However, the increase in T3 hormone 

of the buck rabbits exposed to heat shock pro-

grams might clarified the release of HSP70 

which might play an important role to maintain-

ing metabolic rate and reducing the harmful ef-

fects of stress (Yahav and Mc-Murtry, 2001). 

Corticosterone hormone decreased (P≤0.05) 

in the buck rabbits of heat shock exposure 

(HSE30, HSE60 and HSE30+60) by 38.75, 

44.17 and 37.02 %, respectively as compared to 

control group (Figure 2). These results agree 

with the results of Ahmed et al. (2012), Morsy 

(2013) and Morsy (2018)and Sakr et al. (2019). 

Corticosterone hormone is more effective biolog-

ical indicator of acute stress response (Siegel, 

Table 5. Effect of heat shock programs on reaction time and physical semen characteristics of buck Hi-

Plus rabbits  

Items C HSE30 HSE60 HSE30+60 ±SE 
P 

value 

Reaction time (seconds) 49.33a 16.88b 17.89b 18.38b 2.22 0.001 

Ejaculate volume (ml) 0.38b 0.70a 0.64a 0.76a 0.04 0.001 

Progressive motility (%) 71.66b 81.94a 82.22a 88.33a 2.50 0.002 

Sperm conc. (×106/ml) 413.33b 522.77a 519.44a 552.77a 33.53 0.047 

Total sperm output (×106) 176.05c 381.97ab 305.00b 415.13a 33.45 0.001 

Total motile sperm (×106) 123.73c 324.47ab 260.22b 363.58a 29.99 0.001 

Live Spermatozoa (%) 77.33b 86.55a 85.44a 87.11a 0.95 0.001 

Dead sperm (%) 22.67a 13.45b 14.56b 12.89b 0.95 0.001 

Sperm abnormalities (%) 13.77a 9.38b 9.44b 9.00b 0.55 0.001 

Semen quality factor 132.12c 331.34ab 261.78b 360.71a 28.11 0.001 

pH 7.23a 6.97b 7.02b 7.01b 0.04 0.003 

Acrosome damage (%) 14.54a 10.33c 11.70b 9.83c 0.34 0.001 

C = control (non-exposure to heat shock program); HSE30, HSE60, and HSE30+60 = buck rabbits were subjected 

to a heat shock program (36±1°C for 3 hours from 12:00 to 15:00 for three days). The second treatment (HSE30) 

was administered at 30 days of age; the third (HSE60) was administrated at 60 days of age; and the fourth 

(HSE30+60) was administrated at 30+60 days. a-c Means bearing different superscripts within the same row are 

significantly different (P≤ 0.05). 
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Figure 3. Effect of heat shock programs on blood testosterone hormone of buck Hi-Plus rabbits. 
C = control (non-exposure to heat shock program); HSE30, HSE60, and HSE30+60 = buck rabbits were subjected to a 
heat shock program (36±1°C for 3 hours from 12:00 to 15:00 for three days). The second treatment (HSE30) was admin-
istered at 30 days of age; the third (HSE60) was administrated at 60 days of age; and the fourth (HSE30+60) was admin-
istrated at 30+60 days. a-c Means bearing different superscripts are significantly different (P≤ 0.05). 
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1995), evidently shows induction of the physio-

logical stress response. Decrease the corti-

costerone hormone level in the groups of heat 

shock exposure might suggest that the buck rab-

bits achievement to tolerate to the heat stress 

conditions. 

 

Semen Characteristics 

Physical semen quality, reaction time and 

testosterone hormone were improved (P≤0.05) in 

buck rabbits of HSE30, HSE60 and HSE30+60 

as compared to the bucks in control group (Table 

5 and Figure 3). Buck rabbits of HSE30+60 

showed the highest values of ejaculate volume, 

sperm concentration, total sperm output, sperm 

motility, total motile sperm, semen quality factor 

and testosterone hormone. However, it recorded 

the lowest values of dead spermatozoa, sperm 

abnormalities and acrosome damage. The signifi-

cant improvement in semen characteristics in 

heat shock exposure groups may be attributed to 

increase expression of HSP70 which stimulates 

testicular growth in the early phase and promotes 

increased semen volume and sperm concentra-

tion (Morsy, 2013). Furthermore, HSP70 protects 

the seminiferous epithelial cell differentiation 

against heat stress damage, which is demonstrat-

ed in increase semen quality characteristics and/

or maintain homeostasis under the stress condi-

tions (Eddy, 1999, Solanki et al., 2023 and Obidi 

et al., 2008). In addition, Garcia-Cardena et al. 

(1998) reported that HSE could activate nitric 

oxide synthase, which is beneficial to sperm mo-

tility. 

More generally, HSP70 helps sustain sper-

matogenesis under stressful circumstances by 

shielding germ cells from oxidative stress and 

death. Cells are shielded by HSPs from both in-

ternal and external stresses. The molecular and 

cellular aspects of HSPs several essential func-

tions in fertility and reproduction are only now 

being studied. Fertilization is hampered by im-

paired HSP70 expression in spermatozoa. Never-

theless, more studies on HSP70 as a sperm quali-

ty molecular biomarker are required due to the 

lack of understanding regarding its molecular 

foundations and mechanisms (Rosyada et al., 

2022). 

On the other hand, testosterone hormone 

was increased (P≤0.05) in the buck rabbits of 

HSE30, HSE60 and HSE30+60 by 64.02, 76.82 

and 115.24 %, respectively as compared with 

control group.  

Testosterone hormone is essential for sper-

matogenesis (Castro et al., 2002). High amounts 

of HSP70 are produced by the testis germ cells to 

provide protection against damage and maintain 

homeostasis under the stress condition (Morsy, 

2013). The result of the present study may be 

attributed to heat shock exposure program induc-

es cells to synthesize a group of polypeptides 

known as heat shock protein (Morimoto et al., 

1990). HSP70 is a potential protein to protect 

sertoli and leydig cells against heat stress, and 

may function as a marker of thermotolerance in 

cells (Parminder and Bansal, 2003). However, 

the reduction in testosterone hormone level in 

control group might be attributed to the de-

cerased ability of leydig and sertoli cells to re-

spond to LH leading to reduced biosynthesis of 

testosterone (Gomes et al., 1971).  

HSP70 is highly elevated in rabbit testes 

during heat exposure; this is thought to be a de-

fensive response against heat-induced germ cell 

damage and apoptosis rather than a sign of 

healthy reproductive state (Pei et al., 2011). A 

structural foundation for the function of HSP70 

family proteins in spermatogenesis and stress 

responses is provided by developmental work 

mapping the expression of these proteins in rab-

bit testes, primarily germ cells (Wu et al., 2011). 

 

CONCLUSION 

 

Early-age heat shock exposure programs 

enhanced thermotolerance in buck rabbits by 

increasing HSP70 expression, which was associ-

ated with improved physiological responses, he-

matological parameters, hormonal balance, and 

semen quality under hot environmental condi-

tions. These findings suggest that early thermal 

conditioning may be a useful management strate-

gy to improve the reproductive performance of 

rabbits raised in hot climates. 
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