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Abstract. The aim of the present study was to investigate the 
effect of acute heat stress on the neuroendocrine and immu-
nological function in rats. Male Sprague‑Dawley rats were 
randomly divided into two groups and respectively exposed to 
heat (32˚C) or to room temperature (24˚C). After 7 days of heat 
exposure, the heat‑stress rat model was established. The organ 
coefficients of the pituitary and adrenal glands were deter-
mined. The body temperature was measured by telemetry. The 
average contents of adrenocorticotropic hormone (ACTH), 
cortisol (Cor), interleukin‑2 (IL‑2) and IL‑12 in serum were 
detected. The expression of apoptotic genes in the spleen 
was measured. The results showed that acute heat stress did 
not evidently affect the body temperature and body weight 
(P>0.05), but the exposure increased the organ coefficients 
of the pituitary and adrenal glands (P<0.05). Heat exposure 
significantly elevated the level of ACTH, Cor, IL‑2 and 
IL‑12 (P<0.05). The expression of caspase‑3 and Bax were 
not changed significantly (P>0.05), while Bcl2 was reduced 
(P<0.05).

Introduction

Global warming is a challenge to human development, 
which causes irreversible changes to the ecosystem on the 
earth. Climate warming not only causes a negative effect 
to the human survival environment, but also brings serious 
damage to the health of human beings. In recent years, the 

effect of a continuous high temperature environment on 
health and well‑being is receiving increasing attention (1). A 
high temperature environment as a source of stress triggers 
a series of stress responses of the body. It causes the imbal-
ance of internal metabolism, damage to the tissue and organ, 
and fatigue (2). The imbalance of the body's heat may cause 
the heat‑stress reaction (3), and the body's core temperature 
continues to rise due to the disorder of the heat balance. 
Body temperature is vital for the body to maintain the physi-
ological function, as cell biological and enzymatic reactions 
are affected by the temperature. Cell damage will occur due 
to the denatured intraocular protein and enzyme induced by 
the raised core temperature. By measuring the body's core 
temperature of rats, the influence of heat exposure on the 
body's core temperature can be explored.

The hypothalamus‑pituitary‑adrenal (HPA) axis is 
the primary neuroendocrine system involved in the stress 
response  (4). The HPA axis secretes adrenocorticotropic 
hormone (ACTH) and cortisol (Cor). The change of ACTH and 
Cor adapt to the adverse environment, which is the evaluated 
index for the degree of stress and plays an extremely important 
role in the body (5). The weight of the organs change under the 
state of stress (6), including the pituitary, adrenal and hypo-
thalamus. In the present study, by testing the organ coefficient 
of the pituitary and adrenal glands, and by testing the levels 
of ACTH and Cor in serum, whether the high temperature 
environment (32˚C) caused the heat‑stress response in rats 
was explored. Different types of stress can affect the immune 
function, such as psychological, cold, thermal and fear stress. 
Interleukin‑2 (IL‑2) is mainly produced by the active T cells 
and has a variety of functions in the immune system. IL‑2 also 
affects the HPA axis, and its level can be used as an important 
index of cellular immune function (7). IL‑12 enhances the 
activity of T cells and natural killer (NK) cells. These indica-
tors were measured to explore the association between heat 
stress and immunological function.

In general, under the condition of heat stress, the damage 
to animal tissues and organs occurs; the damage to the 
immune organs is more serious. The apoptotic cells activate 
the immune response (8) and they also start an immune toler-
ance (9). Of note, numerous studies have shown that strong 
stress is harmful to the organs, tissues, cells and immune 
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system, but occasionally mild stress is beneficial for the body 
in the heat acclimatization (10‑12). Therefore, the present study 
aimed to explore whether the heat exposure is harmful to the 
body by detecting the expression of apoptosis genes in order 
to observe whether the cells are damaged under the moderate 
thermal environment and to discuss the influence of heat stress 
on the body by evaluating the changes of neuroendocrine and 
immune function.

Materials and methods

Animals and heat exposure protocol. Male Sprague‑Dawley 
rats, weighing 180‑200 g, were purchased from the Laboratory 
Animal Center of Ningxia Medical University (Ningxia, 
China). Rats were permitted to eat food ad libitum. The cycle 
of light and dark was 12:12 h (6:00 p.m.‑6:00 a.m. as the light 
cycle and 6:00 a.m.‑6:00 p.m. as the dark cycle every day). 
The rats were maintained in separate cages, with only 1/cage. 
The cage size was 44x27x19  cm. Room temperature was 
24.0±0.1˚C and relative humidity was 54±5%. In the course 
of the experiment, cages were cleaned, and food and water 
were replaced at a random time every 2 or 3 days. Rats were 
anesthetized with intraperitoneal injection of phenobarbital 
sodium (50 mg/kg), and subsequently temperature sensors 
were placed and kept for 2  weeks for recovery. Sixteen 
rats were randomly divided into the control (CN) and heat 
exposure (HE) groups (n=8/group). Rats in the CN group 
were fed at room temperature throughout the study. Rats in 
the HE group received a fixed 8 h (9:00 a.m.‑5:00 p.m.) heat 
exposure process a day, and the exposure was finished inside 
the artificial climate chamber with a temperature of 32˚C 
(relative humidity of 60±5%). Following each exposure the 
rats were kept at room temperature. The heat exposure lasted 
for 7 days. The experimental procedures of the present study 
were approved by the Animal Ethics Committee of Ningxia 
Medical University and Use Committee, in accordance with 
the guidelines of the Council of the Physiological Society of 
China.

Body weight and viscera coefficient. The body tempera-
ture of the rats was collected by a wireless temperature 
sensor (TA10TA‑F40; Data Sciences International, St. Paul, 
MN, USA) and the processing was respectively analyzed 

in accordance with the day and night. Following the heat 
exposure, the body weight was analyzed. Each rat was anes-
thetized by intraperitoneal injection of phenobarbital sodium 
(50 mg/kg). The pituitary and adrenal gland were removed and 
weighed (XS105 Dual Range; Mettler‑Toledo Inc., Columbus, 
OH, USA) quickly, and subsequently the organ weight was 
calculated by the following formula: Organ coefficient = organ 
weight/animal body weight.

Detection of the serum ACTH, Cor, IL‑2 and IL‑12. Blood 
was collected from the inferior vena cava, centrifuged 
at 3,500 x g for 15 min and the serum was segregated for 
detection. Cor and ACTH levels were detected by radioim-
munoassay. The serum IL‑2 and IL‑12 were detected using 
commercially available sandwich ELISA kits, which were 
the Rat IL‑2 ELISA kit and Rat IL‑12 ELISA kit (Chenglin 
Biotechnology, Beijing, China). All the detections were 
tested in accordance with the manufacturer's instructions. 
Absorbance was read at 450  nm (Bio‑Rad  680; Bio‑Rad 
Laboratories Co., Ltd., Hercules, CA, USA). The quantity of 
IL‑2 in the serum was estimated from a calibration curve, 
which ranged between 80 and 1,500 ng/l. The quantity of 
IL‑12 in the serum was estimated from a calibration curve, 
which ranged between 2 and 40 pg/ml.

Detection of caspase‑3, Bcl2 and Bax in spleen. The spleens 
were quickly removed and placed into liquid nitrogen. Frozen 
samples were reserved at ‑80˚C until further analysis. The 
spleen organs were homogenized with glass‑Teflon®. Total 
RNA was prepared from the splenic organ (100 mg) with 
TRIzol® reagent (Invitrogen Life Technologies, Carlsbad, 
CA, USA) according to the manufacturer's instructions. 
Complementary DNA (cDNA) was synthesized with a First 
Strand cDNA Synthesis kit (Thermo Fisher Scientific Inc., 
Waltham, MA, USA). Reverse transcription‑polymerase chain 
reaction (PCR) was carried out using a Maxima SYBR‑Green 
PCR kit (Thermo Fisher Scientific Inc.) with indicated primers. 
After an initial 10 min at 95˚C, the PCR program was finished 
as follows: 95˚C for 15 sec, 60 or 57˚C for 30 sec and extension 
at 72˚C for 30 sec, for 40 cycles. At the end of the reaction, 
melting curve analysis was performed to ensure the specificity 
of the reaction. β‑actin was used as an internal control and 
primers used for the PCR are shown in Table I.

Table I. Sequence of oligonucleotide primers.

Gene	 Sequence (5'→3')	 Length, bp	 Temperature,̊C	 GenBank

Caspase-3	 F: AGCTGGACTGCGGTATTGAG	 104	 60	 NM_012922
	 R: GGGTGCGGTAGAGTAAGCAT			 
Bcl2	 F: AGCCTGAGAGCAACCGAAC	 159	 60	 NM_016993
	 R: AGCGACGAGAGAAGTCATCC			 
Bax	 F: TTGCTACAGGGTTTCATCCAG	 145	 57	 NM_017059
	 R: TGTTGTTGTCCAGTTCATCG			 
β-actin	 F: CACCCGCGAGTACAACCTTC	 207	 60	 NM_031144
	 R: CCCATACCCACCATCACACC			 

bp, base pairs; F, forward; R, reverse.
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Statistical analysis. All the data were analyzed by SPSS, Inc., 
(version 21.0; IBM Corp., Armonk, NY, USA), and the results 
are represented as mean ± standard deviation. The statistical 
difference was evaluated using the t‑test. P<0.05 and P<0.01 

were considered to indicate a statistically significant difference.

Result

Body core temperature of rats. The dynamic change of the 
body core temperature of Sprague‑Dawley rats showed that 
the body's core temperature in the two groups was lower in 
the daylight and higher at night, but there was no statistical 
significance between the two groups (Fig. 1).

Body weight and organ coefficient. The body weight was 
reduced in the HE group, but no statistical significance was 
observed (P>0.05) (Fig. 2). The organ coefficient of the pitu-
itary in the HE group was increased significantly compared to 
the CN group (P<0.05) (Fig. 3), and the organ coefficient of 
the adrenal glands was evidently higher than that of the CN 
group (P<0.05) (Fig. 4).

Serum ACTH and Cor concentrations. Compared with the CN 
group, the serum ACTH level was higher (P<0.05) (Fig. 5) and 
the Cor level increased significantly (P<0.01) (Fig. 6) in the 
HE group.

Figure 1. Effect of heat exposure on body's core temperature. The body core 
temperature of the rats in the control group (24˚C, black circles) and heat 
exposure group (32˚C, black triangle). The rectangular black box represents 
the dark (night) cycle.

Figure 2. Effect of heat exposure on rats' weight. All the data are shown 
as mean ± standard deviation (n=8). CN, control group; HE, heat exposure 
group.

Figure 3. Effect of heat exposure on the organ coefficient of the pituitary 
gland. All the data are shown as mean ± standard deviation (n=8). *P<0.05 
compared to CN. CN, control group; HE, heat exposure group.

Figure 4. Effect of heat exposure on the organ coefficient of adrenal gland. 
All data are shown as mean ± standard deviation (n=8). *P<0.05 compared to 
CN. CN, control group; HE, heat exposure group.

Figure 5. Effect of heat exposure on the level of adrenocorticotropic 
hormone (ACTH) (pg/ml) in the serum of rats. All the data are shown as 
mean ± standard deviation (n=8). *P<0.05 compared to CN. CN, control 
group; HE, heat exposure group.

Figure 6. Effect of heat exposure on the level of cortisol (Cor) (ng/ml) in the 
serum of rats. All the data are shown as mean ± standard deviation (n=8). 
**P<0.01 compared to CN. CN, control group; HE, heat exposure group.
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Serum IL‑2 and IL‑12 concentrations. The serum IL‑2 in the 
HE group is higher than that of the CN group (P<0.05) (Fig. 7), 
and the level of IL‑12 is significantly higher than that of the 
CN group (P<0.01) (Fig. 8).

Apoptosis gene expression. The expression of Bcl2 signifi-
cantly reduced (P<0.01) in the HE group, and there was no 
significant difference in the reduction of caspase‑3 and Bax 
between the two groups (P>0.05) (Fig. 9).

Discussion

The present study demonstrated that moderate heat stress can 
cause the body's stress response, enhance immune function 
and defend against adverse stimulation from the outside.

As the heat stress occurs, there will be a multiple axis 
reaction in the endocrine system  (13), such as the HPA, 
the hypothalamus‑pituitary‑thyroid axis or the hypothal-
amus‑pituitary‑gonadal axis. Among them, the main feature of 
the stress reaction is the activation of the HPA axis leading to 
the increase of ACTH and Cor (14). ACTH is one of the impor-
tant pituitary hormones, mainly produced in the pituitary. 
The main physiological function of ACTH is promoting the 
growth and development of adrenal cortex and stimulating the 
synthesis and secretion of glucocorticoid. Cor is the terminal 
product of the HPA axis, one of the adrenal cortical synthetic 
glucocorticoid (15). Therefore, the secretion of Cor depends 
on the integrity of the HPA axis. Following the activation of 
the HPA axis, the anterior pituitary secretes ACTH and the 
adrenal cortex secretes Cor in a few minutes to affect the 

behavior and neuroendocrine activities associated with the 
stress. Therefore, ACTH and Cor are often considered as the 
most classic and important indicators in studying stress (16,17). 
In the present study, the serum ACTH and Cor levels increased 
in the HE group, which indicated that the HPA axis of rats was 
activated in the process of exposure. The viscera coefficient 
is the ratio of viscera weight and body weight. Under normal 
circumstances, the viscera coefficient is relatively constant. 
The index of the organ coefficient is commonly used in experi-
ments, as this method is simple and sensitive. The increased 
activity of organs leads to the relative hyperplasia to adapt 
the heat stress response. Under the environment of the high 
temperature, the HPA axis was activated in the stress response 
in the present study.

ACTH is released from the pituitary gland and immune 
cells. In various immune cells, such as the rat thymus cells, 
spleen cells, T cells and B cells, immune ACTH and precursor 
are identified indicating that the HPA axis is closely associ-
ated with the cellular immune function. ACTH regulates the 
production of IL‑2 and regulates the immune system by ACTH 
receptors expressed on immune cells (18‑20). IL‑2 is mainly 
produced by T cells or the T cell line, and it plays an important 
role in the immune adjustment. The level of IL‑2 reflects the 
activity of T cells. IL‑2 as a heat‑trapping factor can be applied 
to the hypothalamus to cause a high body temperature (21). 
IL‑12 is a cytokine with a broad range of biological activities, 
and is mainly produced by the activated inflammatory cells. 
IL‑12 promotes T cell proliferation, enhances the activity of 
NK cells and T cells, and induces tumor necrosis factor and 
interferon. In the present study, the serum IL‑2 and IL‑12 in 
the HE group is higher than that of the CN group suggesting 
that the body's immune function will increase, due to the 
activation of the HPA axis, to adapt the adverse environment.

The constant body temperature is extremely important 
in maintaining the normal function of the human body, as 
biochemical cell and enzymatic reactions are affected by the 
temperature (22). When the temperature of the cell is reduced, 
the metabolic activity and function will be limited; and by 
contrast, increased body temperature enhances the cellular 
biochemistry. However, when the body temperature is >42˚C, 
it will cause the denaturation of intracellular enzymes and 
other proteins, which leads to cell damage (23). According 
to a recent study, tissue and organ damage occurs during the 

Figure 9. Effect of heat exposure on the expression of apoptosis genes. After 
standardization, the value is 1 in the control group. All the data are shown 
as mean ± standard deviation (n=8). **P<0.01 compared to CN. CN, control 
group; HE, heat exposure group.

Figure 7. Effect of heat exposure on the level of interleukin‑2 (IL‑2) (ng/l) in 
the serum of rats. All the data are shown as mean ± standard deviation (n=8). 
*P<0.05 compared to CN. CN, control group; HE, heat exposure group.

Figure 8. Effect of heat exposure on the level of interleukin‑12 (IL‑12) 
(ng/ml) in serum of rats. All the data are shown as mean ± standard deviation 
(n=8). *P<0.05 compared to CN. CN, control group; HE, heat exposure group.
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heat stress period, particularly the immune organ  (24). In 
general, cell death can be divided into two patterns, necrosis 
and apoptosis. Apoptosis plays an important regulatory role 
in the body, as it not only ensures the normal development 
of the body and maintains a stable internal environment, but 
also affects tumorgenesis and development (25). Caspase‑3 
is believed to be the important apoptosis practitioner, as its 
activation is a sign of the irreversible apoptosis stage (26). Bcl2 
and Bax are important members of the Bcl2 protein family. 
Increased Bax promotes cell apoptosis, and increased Bcl2 
inhibits cell apoptosis (27). The present study demonstrated 
that under the condition of short‑term heat exposure, stimula-
tion is insufficient to cause the apoptotic program to start and 
rats can maintain a constant body temperature. These results 
indicate that the cell survival and biochemical reactions were 
not affected by the heat exposure process.

The present study showed a significant increase in the 
serum concentration of ACTH, Cor, IL‑2 and IL‑12 of rats 
exposed to short‑term heat stress. In addition, the organ coef-
ficients associated with stress were increased and the apoptosis 
process did not commence. In conclusion, moderate heat stress 
can causes certain beneficial changes and increase the immune 
function of the body.
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