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Abstract

Background: Overproduction of Reactive Oxygen Species (ROS) leads to oxidative stress and is a
major environmental insult that can cause disruption of metabolic and physiological homeostasis.
This study aimed to study the effect of heat stress on oxidative stress markers and lipid profile in
albino rats and its alleviation effect with vitamin E supplementation.

Methods: Twenty-five male albino rats (3—5 months old, 190-240 g) were randomly divided into
five groups of five rats. There were three groups under heat stress (37°C) for 3, 5, and 7 hours per
day for 28 days, and one group was kept under normal conditions. The fifth group was given an oral
vitamin E supplement along with 7 hours of heat exposure per day. The fifth group received an oral
vitamin E supplement with 7 hours of heat exposure per day. Measurements of serum lipid profile
and biomarkers of oxidative stress were performed.

Results: The heat stress significantly affected the serum total cholesterol, triglycerides, low-density
lipoprotein and malondialdehyde levels as well as the catalase and the superoxide dismutase
activities, and significantly reduced the activities of glutathione and glutathione peroxidase (p <
0.05). The most significant changes were seen after 7 hours of daily exposure to the heat. There was
a significant improvement in antioxidant status and in lipid peroxidation and dyslipidemia with
vitamin E supplementation.

Conclusion: Albino rats exposed to heat stress show evidence of oxidative damage and lipid
metabolic disturbances through increased level of lipid peroxidation and reduced levels of
antioxidant defenses. Vitamin E has been shown to be effective in relieving these harmful effects,
suggesting that it could serve as a protective antioxidant against heat stress-induced metabolic
dysfunction and oxidative damage.

Keyword: Heat stress, Albino rats, Oxidative stress, Lipid profile, Malondialdehyde (MDA),
Antioxidant enzymes, Vitamin E

1. Introduction

The maintenance of the animal's core temperature is called homeostasis. State that homoeothermic
animals regulate their temperature by regulating the excess heat generated by their body and
dissipated through thermoregulatory systems [1], [2]. There are also considerable physiological
demands when working in hot environments, as the body's thermal and water vapour gradients are
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reduced, which means there is reduced effective heat exchange. After a few days or weeks of
modifying their behaviour, physiology, and biochemistry, both animals and humans will adjust to
high ambient temperatures. For instance, stated that heat stress causes an increase in sweat
production, which activates the renin-angiotensin-aldosterone system and increases plasma volume
by approximately -12% [3].

Although there is no set limit to how much heat an individual should be exposed to, heat stress,
which can cause heat exhaustion, heat stroke, and other serious physiological problems, is a major
environmental risk factor [4]. Heat stroke is a condition that can be life-threatening which is caused
by the failure of the body's thermoregulatory mechanisms. Heat exhaustion is a less severe form of
heat-related illness that is characterized by excessive sweating, light-headedness, and fatigue. In
addition to core body temperature exceeding 39.0-39.5 °C, other symptoms include a rapid heart
rate, nausea, and disorientation; and in severe cases, the person may go into a coma [4-6].

Oxidative stress is a disorder that is caused by an excess of reactive oxygen species (ROS) in the
body, which overstimulates the body's antioxidant defence mechanisms [3], [7], [8]. Heat stress is
one of the primary factors leading to an imbalance between pro-oxidants and antioxidants by greatly
stimulating the production of free radicals known as reactive oxygen species (ROS). Several studies
[9-12] report that lipid peroxidation (LPO) damages cellular lipids, proteins, and nucleic acids.

Vitamin E is another important, lipid-soluble antioxidant that protects the cellular membrane
from damage caused by free radicals. The main role of Vitamin E is to act as a free radical scavenger
and antioxidant in biological membranes. Many studies have been conducted to determine how
vitamin E can prevent cell damage and help reduce oxidative stress associated with disease [13—16].

Besides triggering stress hormones, heat stress also interferes with thyroid hormone action and its
energy metabolism, as well as lipid balance, changing the metabolic status [17], [18]. This
interference can stimulate the process of lipolysis, which results in greater output of free fatty acids,
which can then be used to fuel the body. Yet, inflammation and oxidative damage result from these
lipids being overproduced. Genes related to lipid metabolism are affected by heat stress [19], [20]
and there are definitive changes in lipid profile measures.

Physiological responses to heat stress have been widely examined; while there are many studies
that report on the consequences of thermal stress to lipids, as well as to oxidative stress markers in
homeothermic animals, however, few studies have been conducted about how heat stress affects lipid
profiles and oxidative stress markers in homeothermic animals. This study will investigate the
consequences of heat stress on both the lipid profile and oxidative stress markers in albino rats. We
also want to know whether or not some of these effects may be reduced by supplementing the rat's
diet with Vitamin E.

2. Materials and Methods

A. Research animals

Twenty-five (25) adult male white rats (Rattus norvegicus), ranging from three to five (3-5) months
of age and weighing 190 to 240 gms on average, were purchased from the College of Veterinary
Medicine Animal House at the University of Baghdad in Iraq. All animals were housed in newly
cleaned, well ventilated, solid-bottomed wood cages, under standardized laboratory conditions; that
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is, with 12 hours of light per day, ambient temperature ranges of 27 to 30 °C, and relative humidities
ranging from 40% to 55%.

All animals kept for adaptation for 10-14 days were given access ad libitum to tap water and the
normal laboratory pellet feed at will. The cage ground flooring was covered with sawdust, which was
replaced regularly to maintain cleanliness. The animals were allowed 10-14 days to acclimatise
before the trial started.

B. The Heat Retaining Chamber

The wooden chamber that was specifically intended for heat exposure measured around 35 cm x 50
cm x 30 cm in dimensions. To provide proper air circulation, it had a chamber with ventilation
apertures (about 5 cm X 5 cm).

A digital thermometer (made by Shenzhen Brav Electronic Technologies Co., Ltd., China) was
utilised for temperature measurement, while a 100W ceramic heat emitter bulb (from Simple Deluxe,
China) was employed for heat generation. A movable heat controller (Popu Electric, China)
maintained a temperature range of 37.5-38.5 o C within the chamber.

C. Experimental design

In Table 1, the total number of animals is twenty-five (25) male albino rats who were randomly
grouped into five (5) groups, where each group consisted of five (5) animals.

Table 1: Experimental design, study design, and assignment of study animals

Groups Treatment
Group 1 (Control) Maintained under standard laboratory conditions without heat exposure
Group 2 (Heat Stress 1) Exposed to heat stress for 3 hours/day at 37.5-38.5°C
Group 3 (Heat Stress 2) Exposed to heat stress for 5 hours/day at 37.5-38.5°C
Group 4 (Heat Stress 3) Exposed to heat stress for 7 hours/day at 37.5-38.5°C
Group 5 (Heat Stress + | Exposed to heat stress for 7 hours/day at 37.5-38.5°C + oral administration of
Treatment) vitamin E

The exposure to heat was done on a daily basis and lasted 28 days. After the exposure of each
period, animals were allowed to go back to the usual conditions of their housing and ad libitum for
free access to food and water.

D. Collection of samples and lab analysis

Blood samples were obtained via heart puncture for the collection of serum into clean, dry tubes and
allowed to coagulate at ambient temperature immediately after the animals were euthanized with
cervical dislocation under mild anaesthesia at the completion of the experiment. Following the
removal of sera from the sample tubes via micro-pipetting, the samples were centrifuged at 3000 rpm
for ten minutes. Serum samples were stored in a refrigerated environment at temperatures ranging
from 2°C to 8°C prior to biochemical analysis. Markers of oxidative stress evaluated included
malondialdehyde (MDA), catalase (CAT), and superoxide dismutase (SOD); as well as lipid profile
parameters including total cholesterol (TC), triglyceride (TG) levels, high-density lipoprotein
cholesterol (HDL-C) concentrations, and low-density lipoprotein cholesterol (LDL-C)
concentrations.
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3. Vitamin E Administration

Animals in Group 5 received orally, (100 mg/kg body weight/day) daily dose of Vitamin E (a-
tocopherol acetate) during the 28 days experimental period. The vitamin was dissolved in an
appropriate vehicle and administered by oral gavage approximately 30 minutes prior to heat stress
daily in order to maintain adequate bloodstream levels to provide the antioxidant protection during
the heat stress. The dose was chosen according to the previous experimental studies showing the
protective effect of vitamin E against oxidative stress in laboratory rodents.

A. Biochemical assays

The serum lipid profile parameters, such as total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and very low-density
lipoprotein cholesterol (VLDL-C), were measured using commercially available enzymatic
colorimetric assay kits as per the manufacturer's instructions.

Oxidative stress biomarkers such as malondialdehyde (MDA), catalase (CAT), superoxide
dismutase (SOD), reduced glutathione (GSH), and glutathione peroxidase (GPx) were examined
using standard spectrophotometric procedures and commercially available assay kits, as
recommended by the manufacturers. To reduce analytical variations, all measurements were made
under the same laboratory conditions.

B. Statistical analysis

Statistical Analyses were completed using IBM SPSS Statistics Version 25.0 (IBM Corporation,
Armonk, NY, U.S.A.). Statistical data are expressed as mean+=SEM. The ANOVA (one-way analysis
of variance), comparing all groups in a single experiment, was utilized to examine differences among
the experimental groups. LSD (Least Significant Difference) Test was then applied to determine
which group(s) differed from one another at each comparison. Any p-value < 0.05 was determined to
have statistical significance.

C. Ethical approval

Animal experiments were conducted according to the "Guide for the care and use of laboratory
animals" and in accordance with ethical standards for experimentation on animals. The experimental
design has been approved by the Research Ethics Committee (REC), Faculty of Veterinary Medicine,
College of Veterinary Medicine, and University of Baghdad, Iraq. (Approval no.
UB/CVM/REC/2026/017). We minimized animal suffering and tried to use a minimal number of
animals.

4. Results

The effects on the lipid profile of male albino rats of varying durations of controlled heat exposure
(28 days) are shown in Table 2. The study found that the mice who experienced 3 hours of heat
exposure had total cholesterol (TC), low-density lipoproteins (LDL-C), and triglycerides (TG) levels
elevated over their controls; however, they were only statistically different from the controls for TC
and LDL-C. In contrast, the mice exposed to heat for 5 hours and 7 hours showed no statistically
significant differences relative to their controls, except for a trend toward an increase in TG levels.
However, none of this lipid profiles differed significantly between the groups exposed to heat for
either 5 hours and/or 7 hours, as well as the controls. Moreover, neither the serum total cholesterol
nor HDL-cholesterol, LDL-cholesterol or VLDL-cholesterol was affected by the supplemental
administration of vitamin E at 7 hours of heat exposure.
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Table 2: The influence of heat stress on lipid profile of albino rats

Groups TC (mg/dL) TG (mg/dL) HDL (mg/dL) | LDL (mg/dL) VLDL (mg/dL)
Control 114.52 £8.76 94.63 £4.10 26.18 £ 1.72 69.85+7.62 18.92 +0.81
3 hrs heat exposure 168.34 +7.95% | 87.41 £3.65 35.90 +4.85 110.76 + 6.98%* 17.48 + 0.69
5 hrs heat exposure 126.75+11.84 | 90.12+4.98 32.45+3.05 76.92 + 11.35 18.25+0.95
7 hrs heat exposure 118.67 + 8.89 96.85+10.12 | 27.86+1.90 71.54 +10.18 19.12+2.18
7 hrs heat + Vitamin E | 109.83 + 9.64 91.37+3.42 3421+7.58 56.47 +7.90 18.01 + 0.66

Table 3 shows the variations of the oxidative stress markers during 28 days of controlled heat
stress in male albino rats of different durations. Table 3 represents the changes of the oxidative stress
markers throughout 28 days of the duration of controlled heat stress in male albino rats of different
durations. The animals that were heat stressed for three, five, and seven hours had significantly
higher average levels of malondialdehyde (MDA) compared to the control group that was not (p <
0.05), according to the results of this study. This indicates that there was increased lipid peroxidation.
On the other hand, catalase (CAT), superoxide dismutase (SOD), and reduced glutathione (GSH)
activity, which are antioxidant enzymes, were decreased in all the groups that were exposed to heat
(p <0.05).

Table 3: The impact of heat stress on the markers of oxidative stress in albino rats

Groups MDA (umol/L) | CAT (U/mL) | SOD (U/mL) | GSH (mmol/L) GPx (U/mL)
Control 5.62+0.68 4.85+0.59 17.12+£7.45 3548 +1.36 0.87£0.48

3 hrs heat exposure 13.74 £ 0.49* 90.88+1.42*% | 7.58+6.95*% 33.21+£1.35 0.61 £0.80
5 hrs heat exposure 12.35+1.02* 6.21+0.68 | 7.92+11.84* | 28.76+1.98* 0.52+£0.05*
7 hrs heat exposure 9.48 £0.71% 572+1.18 | 7.11+11.05* | 27.95+0.79* 0.56 £0.07
7 hrs heat + Vitamin E 7.12+0.28 392+0.88 | 26.75+4.62* 25.74+1.65 1.05+0.19

Also, there was a significant decrease in glutathione peroxidase (GPx) levels in the animals in
heat stress 5 hours and slight, non-significant decreases in the other exposure groups. It is important
to note that, in the group of 7 hours exposure, Vitamin E supplementation led to partial recovery of
antioxidant enzyme levels and MDA levels fell towards control levels.

5. Discussion

In regions such as Baghdad, Iraq, where temperatures tend to be high due to environmental factors,
the level of worry over heat-related disorders has increased as a result of the rise in heat waves and
global warming [21]. Within the scope of this investigation, the serum lipid parameters and
biomarkers of oxidative stress in male albino rats were studied over a 28-day period after being
exposed to heat, under strictly controlled conditions.

A. The Influence on the lipid profile

A comparison was made between the findings from this experiment and a control group of subjects
who had no exposure to the environment (see Table 2). Total Cholesterol (TC) and Low-Density
Lipid (LDL) levels increased in a statistically significant manner after three hours of heat exposure in
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all experimental subjects. Changes for Triglyceride (TG) levels, HDL levels, or Very-Low Density
Lipid (VLDL) levels were found not to be statistically different than pre-exposure values. Increased
TC and LDL may have been caused as a result of an alteration in lipid metabolism due to heat-
induced stress [22].

When the body experiences an excessive increase in temperature, it responds by releasing certain
stress hormones such as adrenaline, cortisol and decreases thyroid hormone [23], [24]. Multiple
studies have found that an increase in Cortisol levels will increase lipid levels in the bloodstream
(total Cholesterol and Low-Density Lipoproteins or LDL), which may create a condition known as
Insulin Resistance in Peripheral Tissues [25], [26]. On the other side, adrenaline speeds up lipolysis,
which means more free fatty acids are released into the bloodstream as a result of the breakdown of
stored fats. Manifestations of dyslipidaemia may ensue. A decrease in thyroid activity due to heat
stress may also cause the body to synthesise more lipoprotein, which further increases the level of
lipids. Found that heat stress increases the circulating lipid fraction, which in turn stimulates hepatic
de novo lipogenesis and preadipocyte differentiation and suppresses optimal lipid utilisation [19],
[20], [27]. Albino rats may have elevated blood levels of lipoproteins (LDL) and cholesterol (TC)
due to heat stress, which is a reasonable theory.

B. Effects on oxidative stress

In order to maintain reactive oxygen species (ROS) at physiological levels, it is essential to have an
antioxidant defence mechanism that is properly coordinated. Oxidative stress at the cellular level is
closely related with heat stress, and hence, it is crucial to have this mechanism. According to the data
that are provided in Table 3, it was discovered that the serum levels of malondialdehyde (MDA) and
catalase (CAT) were considerably greater in the samples that were subjected to heat in comparison to
the group that served as the control. On the contrary, it was found that the SOD, GSH and GPX
values were significantly lower in samples exposed to heat than those for the unheated controls (p <
.05), "One of the primary products formed during oxidation of polyunsaturated fatty acid molecules
is malondialdehyde" (MDA); thus, MDA has been identified as an effective biomarker for oxidative
stress [28], [29]. MDA (malondialdehyde) is an end product produced from the oxidation of
unsaturated lipids as a result of lipid peroxidation. The higher concentrations of MDA found in
animals subjected to heat may be due to greater lipid peroxidation caused by the animal's exposure to
thermal stress [18], [19], [29]. As well as cellular and tissue damage [30], [31]. The levels of MDA
were significantly higher; nevertheless, there was a little tendency toward a decrease with the
increase in exposure length. This was the case despite the fact that the levels were significantly
elevated. In light of this, it appears that there was, at the very least, some physiological tolerance to
the oxidative stress that was brought on by the exposure process.

Catalase, often known as CAT, is one of the most important antioxidant enzymes because it helps
protect cells from the damage that is caused by oxidation. Within the process of converting hydrogen
peroxide into water and oxygen, it is an essential component that plays a key role. There is a
possibility that a compensatory influence took place as a consequence of the elevated levels of
reactive oxygen species (ROS), as evidenced by the increased CAT activity, notably in the group that
was exposed for a duration of three hours. Despite this, the CAT activity seemed to decrease with
continuous exposure, which may imply that the enzyme's functioning may have been decreased or
eliminated totally after the protracted exposure. Please provide a description of findings that are
comparable to one another [32], [33].
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According to [34], an enzyme known as superoxide dismutase (SOD) is responsible for
converting superoxide radicals into hydrogen peroxide and oxygen. The antioxidant defence
mechanism begins with this enzyme: it is the initial step in the process. There is a correlation
between the conditions of heat stress and the damage that occurs to the antioxidant defence
mechanisms, which in turn makes the organism more vulnerable to oxidative damage. The fact that
the levels of superoxide dismutase (SOD) in the study dropped by a significant amount is evidence
that this particular hypothesis is correct. Although one study discovered that the activity of
superoxide dismutase (SOD) increased when animals were subjected to heat stress, other studies,
such as the one conducted by [33], did not discover any significant changes, demonstrating that it is
dependent on the conditions of the experiment. Another study found that the activity of SOD
increased when animals were exposed to heat stress.

Both glutathione (GSH) and glutathione peroxidase (GPx) are factors that are of fundamental
significance within the context of the antioxidant system that is present in the cell. According to [35],
[36], GPx continues to make use of GSH as a method for converting hydrogen peroxide into water.
Within the cell, glutathione (GSH) is one of the most potent antioxidants that can be detected. There
was a decrease in the levels of GSH and GPx that was identified as a result of the heat stress. This
indicates that there is an increase in the oxidative load and consumption of antioxidant reserves
brought about by the heat stress. Therefore, the heat stress is responsible for the decrease in these
levels. Furthermore, showed findings that were identical to these, as they observed that the levels of
GSH in rats that were treated to heat stress were lowered [37]. This was a discovery that was similar
to the findings that were disclosed.

C. Vitamin E's ameliorative effect

As a lipid-soluble antioxidant, vitamin E is responsible for a number of critical functions, one of the
most important of which is the inhibition of lipid peroxidation. The protection of cell membranes
from oxidation, as well as other effects, is an important function by which vitamin E functions in the
ecosystem. In addition, when comparing the supplement and control groups, there were no
significant differences found in their levels of (total) cholesterol, total fat, HDL, LDL and VLDL, see
Table Two. This suggests that vitamin E was successful in maintaining lipid homeostasis to the
desired level, despite the fact that it was subjected to heat stress.

Oxidative modification is a process that vitamin E is capable of undergoing, which can lead to
changes in lipoproteins, particularly LDL. It is possible to explain this protective function by
referring to this fact. It has been demonstrated that the process of atherogenesis involves both the
uptake of scavenger receptors and the formation of a plaque [38—41]. Both of these processes are
essential to the development of atherogenesis. There is evidence that oxidised LDL plays a role.
Vitamin E has the capacity to lessen the possibility of an individual acquiring a pathological
condition that is related to lipids. This is because vitamin E has the power to limit the oxidation of
LDL, which is a risk factor for cardiovascular disease.

Two signs that suggest that the parameters of oxidative stress were improved as a result of vitamin
E consumption are a decrease in MDA levels and a partial recovery of antioxidant enzyme activity.
Both of these indicators are a result of vitamin E consumption. The MDA levels were equivalent for
the Vitamin E treated rats compared to those of the control rats. Due to this fact, it is apparent that
there was an increase in lipid peroxide levels due to the administration of vitamin e. As well as
increasing SOD activity, the administration of Vitamin E to the experimental animals-maintained
CAT and GPx at normal levels when exposed to heat (See Table 3). These findings provide credence
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to the notion that vitamin E functions as a potent antioxidant, which is beneficial for the goal of
preserving a state of metabolic homeostasis and warding off the oxidative stress that is brought on by
heat stress.

6. Conclusion

The increasing rates of global warming have caused heatwaves to become a greater concern for
researchers who are studying the effects of heat stress on animals (homeotherms). The results from
this study show that there is an increase in oxidative stress due to heat stress. Oxidative stress leads
to an increase in lipid peroxidation and subsequently, an increase in cell damage. This study also
shows that vitamin E supplementation can reverse the harmful effects of heat stress in albino rats.
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