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Abstract

Heat stress was shown to cause oxidative damage, which can lead to 
cytotoxicity; thus, we carried out this study to investigate the genetic and 
immunological effects caused by heat stress in male wistar rats.This study was 
performed	on	40	adult	male	albino	rats,	divided	into	four	main	groups;	the	first	
group A (10 rats) was left in a temperature controlled room (25±5°C). The second 
group B (10 rats), was fed a basal diet supplemented with 3 g (EEP) (Ethanolic 
extract 70% Dosic Imp. and Exp.Co., Ltd./China)/kg diet for 10 days, and the 
experimental group C (10 rats) was subjected to high temperature (40±1°C) 
for 12 hours and fed on a basal diet. In the same way, group D (10 rats) (EEP 
+ heat stress) was fed a basal diet supplemented with 3 g EEP/kg diet for 10 
days then subjected to high temperature (40±1°C) for 12 hours. During the time 
course of heat exposure rectal temperature was monitored using thermometer 
unit reached to 40°C. After application of the heat stress protocol, hematological 
analysis, quantitative changes in nucleic acid and protein contents, level of 
heat shock protein 70, activity of superoxide dismutase, and lipid peroxidation 
,serum IgG and IgM were determined.The results showed that exposure to heat 
stress	 significantly	 stimulated	 the	process	of	 lipid	peroxidation	 in	 spleen	cells	of	
male rats. Further, it decreased total nucleic acid and protein contents and 
superoxide dismutase activities. In addition, it was observed that the level of IgG, 
IgM   was decreased with appearance of leucopenia and lymphocytopenia.It 
was concluded that chronic heat exposure instigates oxidative stress, which can 
contribute to cellular dysfunction and immunological disturbance.

INTRODUCTION
We are the witnesses of seasonal heat waves (temperature 

of 32° C and above. lasting for more than three days) as a result 
of Earth global warming, which cause increased morbidity and 
mortality of population [1,2]. Therefore, the detailed examination 
of the elevated ambient temperature effects on many functions 
in the human organism is necessary. The actual model of 
homeostatic functioning is composed of neuro-endocrine system, 
immune system and environment. A single change within these 
systems has the influence on homeostasis, and induces changes in 
order to establish non pathologic equilibrium [3]. Emerging body 
of evidence has confirmed that the elevated ambient temperature 
affects the immune system. Changes are polymorphic and 
depend on the intensity and duration of the exposition, species, 
gender and aging [4,5]. The decreased body weight [6], decreased 
relative thymus mass, and leucopenia in the wistar rats have 
already been reported, as well as the increased spontaneous 
lymphoprolifreraiion [7,8]. 

Stress is a sudden environmental change that induces 
damage at the molecular, cellular and organismal level [9]. 
Macromolecules such as proteins are continuously exposed 
to potential damaging agents that can cause loss of molecular 
function and depletion of cell populations over the lifetime 
of essential organs. One of the key homeostatic responses 
involved in maintaining longevity is the induction of heat shock 
proteins (HSPs), a conserved reaction to damaged intracellular 
proteins [10]. Damage to macromolecules is characteristic of 
aging and degenerative diseases. Beyond DNA damage, protein 
damage may not only a consequence, but also a causal factor in 
cellular malfunction. Damage may induce misfolding, and the 
aggregating oligomeric species may gain a novel toxic property, 
severely compromising cellular function [11] .The relationship 
between thermal resistance and expression of inducible heat 
shock proteins, especially HSP70, depends on the species and 
temperature treatments [12]. The major stress of life is oxidative 
stress. Thus, it is not surprising that oxidized protein level 
increases with aging of all animal species [13].
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External factors such as heat stress have been proposed 
to be responsible for stimulating ROS production because 
of similarities in the expression patterns of genes (including 
heat shock, oxidative stress proteins, or both), which has been 
observed following heat stress compared with oxidative stress 
[14]. Furthermore, acute and chronic heating of cells and tissues 
induces alterations in nuclear and cytoskeletal structures, 
decrease in mitotic figures in the epithelium and somites, 
disruption of neural and vascular basement membranes, increase 
in programmed cell death; that is apoptosis, and inhibition of 
natural cell-mediated immunity [15,16].

Antioxidant micronutrients are being widely studied for their 
alleged beneficial properties in the prevention of human diseases, 
cancer, arthritis and cardiovascular diseases [17]. Propolis is the 
substance that honeybees produce by mixing their own waxes 
with resins collected from plants. It has been used widely as a folk 
medicine from ancient times. Recently, it has gained popularity as 
a healthy food in various parts of the world because it promotes 
health and prevents diseases [18]. It has different biological 
activities such as antibacterial [19], anti-inflammatory [20,21], 
hepatoprotective effects [18] and antioxidant [22]. 

Therefore, the aim of the present study was to determine 
the effects of heat stress on the peroxidative damage on lipids, 
DNA and immune response with respect to the protective role of 
ethanolic extract of propolis.

MATERIALS AND METHODS 

Animals

Forty adult male albino rats, aged 3 months, weighing 
220±10 g were purchased from the Laboratory Animal breeding 
unit, Faculty of Veterinary Medicine, Zagazig University. Rats 
were acclimatized for one week prior to the beginning of the 
experimental study. The animals were housed in an insulated 
wooden box in a temperature controlled room (25±5°C) with 
relative humidity (50±10) and with 12 h. light/dark cycle. Rats 
were allowed to a standard commercial chow diet. All animals 
were treated in accordance with the guidelines of the National 
Institutes of Health (NIH) for the Care and Use of Laboratory 
Animals, and were comforted by Ethics of animal use in research 
committee (EAURC), Cairo University.

Heat stress protocol 

The rats were placed in an insulated wooden box heated by 
a thermostatically controlled infra red electric lamp, model 250R 
50/10. The box temperature was maintained at 40° Celsius and 
the test rats were exposed to this temperature for 12 h. The 
control rats were also placed in the same chamber to attain 
identical conditions for the same period of time, but without 
switching on the infra red lamp.

This study was performed on 40 adult male albino rats, 
divided into four equal groups; the first group A , was left in a 
temperature controlled room (25±5°C). The second group B, 
was fed a basal diet supplemented with 3 g (EEP) (Ethanolic 
extract 70% Dosic Imp. and Exp.Co., Ltd./China)/kg diet for 
10 days, and the experimental group C, was subjected to high 
temperature (40±1°C) for 12 hours and fed on a basal diet. In 

the same way, group D (EEP + heat stress) was fed a basal diet 
supplemented with 3 g EEP/kg diet for 10 days then subjected 
to high temperature (40±1°C) for 12 hours. During the time 
course of heat exposure rectal temperature was monitored using 
thermometer unit reached to 40°C.

Animals were decapitated after overnight fasting. The 
relative humidity of experimental group was 90%. Two blood 
samples were collected, the 1st  sample was transferred to K2 
EDTA tube and used for hematological analysis while, the 2nd  
sample was collected without anticoagulant for serum separation 
to measured serum IgG, IgM and HSP70. Spleen was collected 
from all animals in all groups and divided into 2 portions; the 
1st was homogenized for measuring the nucleic acid and protein 
contents, activity of superoxide dismutase and lipid peroxidation. 
The 2nd portion used for histopathological examination

Body and spleen weights

The loss in body weight was recognized as a particular 
characteristic response to the stress [6]. Body and spleen weights 
were noted and compared with the respective control groups of 
rats of same age.

Hematological analysis

Baseline hematological parameters were determined at 
the end of the experiment. Leukogram was determined using 
automated hematology analyzer, Hospitex Hemascreen 18, Italy. 
Thin blood smears were prepared immediately after bleeding 
and stained using giemsa stain .The stained blood films were 
used to assess absolute differential WBC count [23], while the 
neutrophil-lymphocyte ratio was calculated. 

Biochemical parameters related to stress and DNA 
damage

Determination of nucleic acid content: Quantitative changes 
in nucleic acid were determined by the method described by 
[24]. One gram of spleen was homogenized in 5% trichloroacteic 
acid, centrifuged and boiled in a mixture of absolute ethanol and 
ethanol/ether mixture 3:1. After centrifugation, trichloroacteic 
acid 5% was added. The supernatant was separated to be ready 
to be quantified using specific reagents for DNA (DPA reagent) 
and RNA (orcinol reagent).

Estimation of protein: Protein was estimated 
spectrophotometrically [25]  with BSA as the standard.

Estimation of heat shock protein 70: HSP70 by ELISA kit 
from Stress Biotechnologies were investigated as described by  
[26].

Chromosomal aberrations: At the end of experimental 
period , two animals of each of the five groups were injected 
intraperitoneal (i.p.) with colchicine (4mg/kg) 1 hour prior to 
sacrifice by decapitation. The bone marrow cells were collected 
from the femora according to [27].Slides were stained with 10% 
phosphate buffered Giemsa (pH7.0) for 10 min. Metaphase plates 
were observed and chromosomal aberrations were scored using 
oil immersion (with 100x object lens) under a light microscope. 

Measures of oxidative stress: Half gram of spleen tissue 
from each animal was homogenized in 5ml of phosphate buffer, 
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pH 7.4 on ice using Universal Laboratory Aid homogenizer, 
Type MPW-309 (Mechanika Precyzyjna, Warsaw, Poland). 
Homogenates were then centrifuged at 3000 rpm for 15min at 
4 °C. The resulting supernatants were collected and preserved 
at −20 °C until measuring of superoxide dismutase activity 

(SOD) and malondialdehyde (MDA) concentration according to 
methods described by [28,29], respectively

Detection of the serum IgG and IgM: Blood samples were 
obtained from the cervical vein into clean, dry and labelled tubes. 

Figure 1 Changes in body and spleen weights in male rats at different experimental groups.

Figure 2 Changes in total and differential leukocytic count in male rats at different experimental groups.
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Blood samples were left to coagulate and then centrifuged at 
3000 rpm for 15 minutes. The clear non-hemolysed sera were 
stored in a deep freezer at -40°C until being used for biochemical 
evaluation.

Determination of serum immunoglobulin G (IgG) and 
immunoglobulin M (IgM) levels were done using methods 
described in the commercial IgG and IgM ELISA kits provided by 
My BioSource (San Diego, CA).

Histopathological Studies: For light microscopic 
examination, the treated animals and their controls were 
sacrificed by decapitation. The spleen were removed and fixed in 
10% neutral formalin for 24 h. Tissues were rinsed three times 
in 70% ethanol, dehydrated using a graded ethanol series and 
then embedded in paraffin wax. Paraffin sections were cut into 
5 micrometers thick slices and stained with haematoxylin and 
eosin and examined under light microscope. 

Statistical analysis 

All results are expressed as mean ± SEM. The statistical 
analysis was carried out with Duncan’s multiple range test. A P < 
0.05 was considered the level of statistical significance.

RESULTS 
Table 1 summarizes the differences in body and spleen weight 

values for control group, propolis supplemented, heat stressed 
rats and heat stressed treated with propolis. The body  and spleen 

weights  during the heat stroke for rats without treatment were  
significantly (p<0.05) decreased (from the control group while, 
Resuscitation of their weights was occurred in heat stressed 
rats supplemented with propolis in their diet. There was no 
significant changes in these parameters during the whole course 
of experiment for all control and propolis supplemented animals.

Basic statistics for the leukogram for different experimental 
groups showed that the heat stressed group recorded a significant 
(p< 0.05) decrease in total WBC count with neutrophilia, 
eosinophilia. and lymphocytopenia, in addition to a significant(p< 
0.05) increase in neutrophil/ lymphocyte ratio also was noticed 
in comparison with other groups . Propolis significantly improve 
the leukogram picture till became non significant with the control 
group. There was no significant changes in these parameters 
during the whole course of experiment for all control and propolis 
supplemented animals.

By chemical analysis of  immunoglobulin (IgG and IgM),we 
found a significant decrease in their levels in heat stressed 
animals comparing with the control. Propolis significantly 
increase their levels near the control.

Concerning to the result of nucleic acid content, significant 
decrease in DNA,RNA and protein content in spleen tissue of 
rats exposed to heat strock and moderate improvement was 
found in these parameters following treatment with propolis. 
Figure 3 showed that male rats exposed to heat showed some 
chromosomal aberrations such as,  D.:Deletion , C.A.:Centromeric 

Figure 3 Photomicrographs of chromosomal aberrations in bone marrow cells of male rats exposed to heat. 
 D: Deletion, C.A.: Centromeric attenuation, G: Gap, R.: Ring chromosome, F: Fragment.
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Figure 4 Photomicrograph of H&E stained splenic sections of both control animals and propolis-treated group showing no difference in splenic 
architecture enclosing normal White (WP) and red pulps (RP) (A, B).  Meanwhile group exposed to heat stress showed noticeable pathological 
changes among splenic parenchyma when compared to control group. These changes include lymphocytic necrosis and degeneration (D) especially 
at the periphery of lymphoid nodules with leukocytic infiltration (L) (C). Additionally, massive congested areas within the splenich red pulps 
(arrows) were noted (C). Cellular brownish pigments were seen along the congested blood vessels which give the evidence of hemosiderosis 
(arrow) (D). Heat stressed animals treated with propolis showed with significant difference from heat stress group including relative improvement 
of white pulp containing lymphatic nodules (LN) with mild to moderate congestion of splenic blood vessels along red pulp (arrows) (E).

Table 1: The effect of heat shock on selective immunological parameters, genetic and oxidative stress markers in male rats.

Control Propolis HS HS+Propolis
IgG

(ng/ml) 1244.7± 4.333a 1246.0 ±5.033a 1065.0 ±27.838c 1160.0± 22.912b

IgM
(ng/ml) 125.00 ±3.214a 128.00± 2.309a 97.33±  3.711b 107.33± 3.711b

DNA(mg/g) tissue .50± .017a .49± .029a .21± .020c .34± .023b

RNA(mg/g) tissue .30± .017a .30± .027a .15± .011b .21± .018b

Protein(mg/g) tissue 6.73± .370a 6.83±.166a 3.83± .440c 5.30± .321b

HSP70
(ng/ml) 1.11± .060c 1.10±.040c 1.50± .040a 1.30± .054b

MDA
(mol/g tissue) 8.57± .228c 8.53± .272c 17.18± .948a 12.38± .749b

SOD
(U/g tissue) 7.64± .226a 7.70± .513a 4.58± .358c 5.93± .416b

Values are represented as Mean ± SE (n = 5). Means within the same row carrying different superscripts are significant at (p < 0.05). A Rats were orally 
treated with distilled water (Control), 3 g (EEP) (Ethanolic extract 70% Dosic Imp. and Exp.Co., Ltd./China)/kg diet for 10 days (propolis), subjected to 
high temperature (40±1°C) for 12 hours (HS), and fed a basal diet supplemented with 3 g EEP/kg diet for 10 days then subjected to high temperature 
(40±1°C) for 12 hours (HS+Proplis).
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attenuation, G.: Gap, R.: Ring chromosome,F.:Fragment. While 
HSP70 was increased in heat stressed group and return to normal 
with propolis supplementation.

Regarding to the oxidative stress picture, significant increase 
in splenic MDA content with significant decrease in splenic SOD 
activity in heat shocked animal, while propolis relief all effects of 
heat and return their level to the control values.

Photomicrograph of H&E stained splenic sections of 
both control animals and propolis-treated group showing no 
difference in splenic architecture enclosing normal White (WP) 
and red pulps (RP) (A, B).  Meanwhile group exposed to heat 
stress showed noticeable pathological changes among splenic 
parenchyma when compared to control group. These changes 
include lymphocytic necrosis and degeneration (D) especially at 
the periphery of lymphoid nodules with leukocytic infiltration 
(L) (C). Additionally, massive congested areas within the 
splenich red pulp (arrows) were noted (C). Cellular brownish 
pigments were seen along the congested blood vessels which 
give the evidence of hemosiderosis (arrow) (D). Heat stressed 
animals treated with propolis showed with significant difference 
from heat stress group including relative improvement of white 
pulp containing lymphatic nodules (LN) with mild to moderate 
congestion of splenic blood vessels along red pulp (arrows) (E).

DISCUSSION
Environmental heat is one of the well-known stressor to the 

mankind. Although, the problems of heat-afflicted illness are 
receiving increased importance in view of the current estimates 
of global warming and its impact on biological systems [30].Heat 
stress significantly decreased the body weights of rats. It has 
already been reported that the growth axis is inhibited at many 
levels of stress [31].The present data showed a decrease in body 
weight in chronic heat stressed animals this may be a result of  
prolonged activation of stress system which has been reported to 
suppress the growth hormone secretion, leads to the decrease in 
the body weights [6].our results agreed with [30].

Leukocyte profiles are particularly useful in the field of 
conservation physiology because they are altered by stress and 
can be directly related to stress hormone levels. The present work 
showed a significant (p< 0.05) decrease in total WBC count with 
neutrophilia, eosinophilia. and lymphocytopenia, in addition to 
a significant(p< 0.05) increase in neutrophil/ lymphocyte ratio.
These results may be due to the long-term effects of glucocorticoid 
hormones(stress hormones) on leukocyte populations [32,33] as 
it cause redistribution  of lymphocytes from the blood to other 
body compartments inducing lymphocytopenia [34] also, adhere 
the circulating lymphocytes to the endothelial cells that line the 
walls of blood vessels, and subsequently undergo transmigration 
from circulation into other tissues [34,35,36]. In contrast, 
glucocorticoids also stimulate an influx of neutrophils into the 
blood from bone marrow and attenuate the egress of neutrophils 
from the blood to other compartments [37]. For the ecologist 
seeking a tool to assess stress, they result in an increase in N : 
L ratio that is proportional to the level of glucocorticoid release.

In the present study, heat stress induced a marked decrease in 
total nucleic acid content in spleen tissue of heat stressed animals 
compared with those of control. As DNA acts as a matrix for RNA 

synthesis, any modifications in DNA will affect RNA synthesis 
[38]. As RNA is necessary for protein synthesis, its decrease will 
in turn reduce protein synthesis. This is relevant in the present 
study, in which a decline in total protein content was recorded 
in heat-stressed rat spleen as a result of a decrease in DNA and 
RNA contents. Similarly, [39,40] reported that hyperthermia has 
been shown to induce a number of effects in mammalian cells 
including inhibition of DNA, RNA, and protein synthesis. In fact, 
it was reported that heat induces base modifications such as 
oxidative base damage [41], basic DNA sites [42], deamination 
of cytosine [43], and other types of DNA damage through 
free radical species such as oxygen species [41] and nitrogen 
species [44]. In addition, a major effect of hyperthermia is the 
inhibition of DNA repair as a result of pleiotropic effects related 
to protein denaturation, inhibition of DNA polymerase activity 
in particularly that of polymerase b [45]. Finally, this may result 
in subsegment changes in mRNA, causing impairment in gene 
transcription that could inhibit protein synthesis [46].

Free radical production and oxidative stress are known to 
increase in response to environmental stress, including high 
temperature-induced stress, causing tissue injury [47]. In this 
regard, [48] have shown that tissue injuries in aged animals are 
associated with the increased production of ROS. Heat stress 
increased lipid peroxidation as a consequence of increased free 
radical generation and increases the MDA level in blood and 
tissues [49].In the present study,The increase of antioxidant 
enzyme activities such as SOD, CAT and GSH caused by propolis 
supplementation may be considered as a protective mechanism 
against heat-induced free radical production and lipid 
peroxidation . The protective role of propolis might be related 
to its antioxidant effect. Researchers suggest that propolis and 
especially propolis in dose supplemented 3 mg/kg diet might be 
considered to prevent oxidative stress in the broilers exposed to 
heat stress [49].

CONCLUSION
The present study demonstrated that heat exposure markedly 

increased DNA damage through increased levels of oxidative DNA 
damage. In addition, heat stress decreased total nucleic acid and 
protein contents, stimulated the process of LPO, and decreased 
SOD activity with increase in MDA content leading to cytotoxicity. 
Our study clearly demonstrated that propolis supplemented 
animals in their diet  are less tolerant to environmental stress, 
such as heat stress, compared with  ones not fed on propolis.
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