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ABSTRACT

Stress is becoming prevalent in our world today, its effects on physiological processes is a major concern. This research 
investigates the effects of chronic stress on the antioxidant defense system and liver function in male albino rats. Eighteen male 
albino rats were used for the study. They were divided into three groups: control group, group exposed to force swimming, and 
group subjected to social isolation. Following a four-week stress protocol, the rats’ liver enzymes and antioxidant levels were 
determined using spectrophotometric assays. It was revealed from the findings of this work that rats exposed to swimming 
stress showed significant increases in liver enzymes, including alanine aminotransferase (ALT) levels (54.46 ±0.46 U/L) 
compared to controls (26.79 ±1.20 U/L), and aspartate aminotransferase (AST) levels (71.30±1.30 U/L) compared to controls 
(22.17 ±0.17 U/L). Additionally, antioxidant enzymes like superoxide dismutase (SOD) increased to 197.14 ±2.14 units with 
swimming stress compared to controls (65.71±0.70 units), and catalase activity rose to 48.29±0.29 kU compared to controls 
(29.78±0.08 kU). The findings suggest that chronic stress can lead to liver damage and oxidative stress, with swimming stress 
having a greater impact than isolation stress. These results have implications for understanding the impact of chronic stress 
on liver function and overall health.
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1 INTRODUCTION

Stress can be described as any situation that disrupts the 
balance between an organism and its environment, trigger-
ing physiological and psychological responses [1]. Stress im-
pacts multiple system of the body, including musculoskel-
etal, respiratory, cardiovascular, endocrine, gastrointestinal, 
nervous and reproductive.system. This comprehensive effect 
highlights the far-reaching consequences of stress on overall 
health and well-being [2]. While our bodies can manage short-
term stress, prolonged or chronic stress can have severe and 
lasting impacts on physical and mental health. 

Chronic stress exposure is linked to increased oxidative 
stress, inflammation, and potential organ damage [3]. Chronic 
stress can lead to various health issues, including cardiovascu-
lar disease, impaired immune function, gastrointestinal prob-
lems, metabolic disorders, anxiety, depression, mood dis-
orders, and cognitive impairment [4]. Additionally, chronic 
stress induces oxidative stress, prompting the activation of 
antioxidant enzymes such as superoxide dismutase (SOD), 
glutathione peroxidase (GPx), and catalase to protect against 
cellular damage [5]. Recent studies have demonstrated the 
impact of chronic stress on enzymatic and oxidative activity. 

For example, a study by Corona-Pérez et al. [6], found that 
chronic restraint stress increased oxidative stress and inflam-
mation in the liver, leading to increased levels of liver en-
zymes like ALT and AST. Similarly, a study by Stojiljković 
et al. [7], found that chronic stress induced oxidative stress 
and altered antioxidant enzyme activity in the brain and liver 
of rats.

Various animal models have been used to study the effects 
of chronic stress on enzymatic and oxidative activity. For ex-
ample, studies have used rat models of chronic restraint stress 
[6], forced swim stress [7], and social isolation stress [8] to in-
vestigate the impact of chronic stress on antioxidant defenses 
and liver function.

Specific enzymes that serve as biochemical markers of 
stress responses include several key antioxidant and liver en-
zymes. Superoxide dismutase (SOD) is a crucial antioxidant 
enzyme that catalyzes the conversion of superoxide anions 
into hydrogen peroxide [5]. Glutathione peroxidase (GPx) re-
duces hydrogen peroxide to water and lipid hydroperoxides 
to their corresponding alcohols [9]. Catalase further breaks 
down hydrogen peroxide into water and oxygen, thereby pre-
venting oxidative damage [5]. In addition, liver enzymes such 
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as alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) are commonly released into the bloodstream in 
response to liver damage, serving as important indicators of 
hepatic stress [10].

Understanding how stress affects antioxidant defenses and 
liver enzyme activity can inform strategies for the prevention 
and management of stress-related diseases, ultimately contrib-
uting to improved health outcomes. Therefore, this study in-
vestigates the impact of chronic stress on antioxidant defense 
mechanisms and liver function in male albino rats.

2 MATERIALS AND METHODS

2.1 Study Area. The experiment was conducted in the Bi-
ological Science laboratory at Olusegun Agagu University 
of Science and Technology, Okitipupa. Okitipupa is situated 
between latitude 6°33′ N and longitude 4°43′ E, character-
ized by savannah vegetation and a climate marked by intense 
rainfall from April to October and daily temperatures rang-
ing from 23°C to 37°C. The study took place from June to 
August 2023.

2.2 Experimental Animals. Eighteen male albino rats 
(Rattus norvegicus albinus) weighing 100-150 grams, were 
sourced from a reputable supplier for this study. The rats were 
acclimatized in two weeks. This was done to facilitate a better 
adaptation of these animals to their new environment. They 
were weighed with an electronic digital weighing balance 
(SF-400) and were individually housed in standard laboratory 
cages under controlled conditions (temperature: 22°C ± 2°C, 
humidity: 50-60%, 12-hour light-dark cycle) at the Biological 
Sciences Laboratory, Olusegun Agagu University of Science 
and Technology (OAUSTECH), Okitipupa, following univer-
sity approval. The rats were fed with rat chow and given ade-
quate water throughout acclimatization and afterward.

2.3 Experimental Design. Rats were randomly assigned 
into three groups of six members based on the stress protocol, 

GROUP A: CONTROL:  No stress protocol
GROUP B: Rats exposed to Forced Swim Test
GROUP C: Rats exposed to Social Isolation
The stress groups underwent a four-week chronic stress 

protocol, whereas the control group remained under standard, 
stress-free conditions.

2.3.1 Stress Induction Protocols.
2.3.1.1 Forced Swim Test. This test was conducted by 

placing rats in a water tank with specific dimensions (30-40 
cm diameter, 50-60 cm height) filled with water at 25°C ± 
1°C to a depth of 30-40 cm, and forcing them to swim for a 
specified duration, typically 10 minutes daily, while observing 
and scoring their behavior, particularly immobility time, with 
careful consideration of rat handling, environmental factors 
(e.g. light, temperature), and test duration and frequency [11].

2.3.1.2 Social Isolation. Rats were isolated in individual 
cages for 12 hours each day, during the dark phase to prevent 
physical interaction with other rats, while maintaining stan-
dard laboratory conditions with controlled temperature, hu-
midity, and lighting. Cages were cleaned regularly as routine 
monitoring of the rats’ behaviour, appetite, and physical con-
dition were observed [12].

2.3.2 Stressor Randomization.  Stressors were randomly 

applied at varying times of day to avoid habituation and pre-
vent rats from adapting to a predictable stress pattern. The 
stress groups underwent a four-week chronic stress proto-
col, designed to simulate prolonged stress exposure. Stress-
ors were randomly assigned to each rat using a randomization 
schedule generated prior to the start of the experiment. Stress-
ors were applied at varying times of day, including morning 
(8:00 AM - 12:00 PM), afternoon (12:00 PM - 4:00 PM), and 
evening (4:00 PM - 8:00 PM).

The stressors used included forced swimming, social iso-
lation, and restraint stress, applied in a randomized manner to 
prevent predictability.

The Four-Week Protocol was as follows:
Stressors were applied 3-4 times per week, with each 

stressor lasting 10-60 minutes.
Week 1: Forced swimming (10 minutes, 3 times), social 

isolation (12 hours, 2 times);
Week 2: Restraint stress (30 minutes, 3 times), forced 

swimming (10 minutes, 2 times);
Week 3: Social isolation (24 hours, 1 time), restraint stress 

(45 minutes, 2 times);
Week 4: Forced swimming (20 minutes, 2 times), social 

isolation (12 hours, 2 times);
The duration and intensity of stressors were adjusted over 

time to maintain chronic stress exposure. Experimental pro-
cedures were consistent across all rats and stressors to mini-
mize variability.

2.4 Determinationof Liver Enzymes. Twenty-eight days 
following the stress protocol, the rats were administered an-
esthesia using a combination of ketamine (5-10 mg) and xyla-
zine (0.625-1.25 mg) via intraperitoneal injection, sourced 
from local veterinary supplier (Ceva Animal Health, Nige-
ria), and subsequently sacrificed for further examination and 
analysis. Blood samples were collected from each group (3 
rats/group) through ocular puncture into an anticoagulant tube 
(EDTA bottle) to prevent coagulation. Spectrophotometric 
analysis was performed to determine: ALT and AST levels 
[13] and ALP levels [14].

2.5 Determination of Antioxidant Enzymes. Antioxidant 
enzymes were determined using spectrophotometric assays: 

2.5.1 SOD Acrivity. SOD activity was measured by inhib-
iting pyrogallol autoxidation [15], one unit of SOD activity is 
typically defined as the amount of enzyme required to inhibit 
50% of pyrogallol auto-oxidation. Tissue homogenates of the 
rats’ liver were prepared in a phosphate buffer. The homog-
enate was added to a reaction mixture containing pyrogallol 
and the change in absorbance were measured at 420 nm us-
ing a spectrophotometer.

2.5.2 CAT Activity. CAT activity is measured by monitor-
ing H2O2 decomposition [16], one unit of CAT activity is typ-
ically defined as the amount of enzyme required to decom-
pose 1 μmol of H2O2 per minute. Tissue homogenates of the 
rats’ liver were prepared in a suitable buffer. The homogenate 
was added to a reaction mixture containing H2O2 and the de-
crease in absorbance at 240 nm were measured using a spec-
trophotometer.

2.5.3 GPx Activity. GPx activity is measured by monitor-
ing NADPH oxidation in the presence of glutathione reduc-
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tase, which is coupled to the reduction of oxidized glutathione 
(GSSG) formed by GPx activity [17]. One unit of GPx activ-
ity is typically defined as the amount of enzyme required to 
oxidize 1 nmol of NADPH per minute. Tissue homogenates 
of the rat’s liver were prepared in a suitable buffer. The ho-
mogenate was added to a reaction mixture containing gluta-
thione, glutathione reductase, and NADPH. The decrease in 
absorbance was measured at 340 nm due to NADPH oxida-
tion using a spectrophotometer.

2.5.4 GSH Activity. Glutathione (GSH) levels were mea-
sured using DTNB (5,5’-dithiobis-(2-nitrobenzoic acid)) [18]. 
Tissue homogenates or cell lysates were prepared. DTNB was 
added to the sample, and the reaction was initiated. DTNB re-
acts with thiol groups (-SH) of GSH, forming a yellow-col-
ored compound (TNB) that was measured spectrophotomet-
rically at 412nm.

2.6 Statistical Analysis. Data were analyzed using Micro-
soft Excel 2019. Descriptive statistics (means ± standard de-
viations) were calculated, and inferential statistics (t-tests and 
ANOVA) were used to compare control and stress groups, 
with p < 0.05 considered statistically significant.

3. RESULTS

3.1 Liver enzymes
Variations observed in the activities of liver enzymes 

(ALT, ALP and AST) in stressed rats are shown in Table 1. 

The levels of these liver enzymes were significantly (p < 
0.05) higher in the swimming male rats. On the other hand, 
activity of AST was significantly lowest in the control male 
rats while activities of ALT and ALP were significantly low-
est in the isolated male rats.

3.2 Antioxidant Enzymes.
There was no significant difference (p > 0.05) recorded in 

the activity of glutathione peroxidase recorded in the control 
male rats and stressed male rats (Table 2). 

On the other hand, reduced glutathione, cellulase and su-
peroxide dismutase were significantly lowest in the control 
male rats than those of the stressed male rats. However, these 
(reduced glutathione, cellulase and superoxide dismutase) 
were highest in the swimming male rats.

3.3 Relationship between liver enzymes and antioxidant 
enzymes.

Very strong significantly (p < 0.01) positive correlation 
was recorded between ALT and activities of catalase (r = 
0.917) and Superoxide dismutase (r = 0.969) (Table 3). 

Similarly, the correlation between AST and reduced glu-
tathione, catalase and superoxide dismutase were positively 
strong and significant. Also, the correlation between ALP and 
superoxide dismutase was positive and significant (r = 0.682, 
p < 0.05).

4 DISCUSSION

The body respond to stress by activating the hypothalam-
ic-pituitary-adrenal (HPA) axis, releasing cortisol and adrena-
line, which can impact liver function by increasing gluconeo-
genesis and altering liver enzyme activity, potentially leading 
to liver damage [19]. Additionally, chronic stress can deplete 
antioxidants like glutathione and impair antioxidant enzyme 
activity, increasing oxidative stress and contributing to cellu-
lar damage and disease [20].

The liver plays a vital role in maintaining overall health 
and function. Liver enzymes ALT, AST, and ALP play crucial 
roles in liver function, amino acid metabolism, and bone min-
eralization, with elevated levels potentially indicating liver 

ALT 
U/L

AST 
U/L

ALP mm/
min

Control 
Male 26.79±1.20b 22.17±0.17c 145.65±1.98b

Swimming 
Male 54.46±0.46a 71.30±1.30a 153.07±0.97a

Isolated 
Male 20.76±0.06c 60.84±1.17b 130.00±3.00c

Table 1 – Effects of Stress on Liver Enzymes in Male Albi-
no Rats (abcMean (±Standard deviation) in the same column 
having similar superscript are not significantly different (p 
> 0.05).

GPx GSH Catalase SOD
Control Male 242.50±1.80a 12.00±1.00b 29.78±0.08c 65.71±0.70c

Swimming Male 243.71±3.01a 16.50±0.50a 48.29±0.29a 197.14±2.14a

Isolated Male 241.37±1.37a 15.75±0.05a 34.34±0.34b 77.14±1.14b

Table 2 – Effects of Stress on Antioxidant Enzymes in Male Albino Rats (abcMean (±Standard deviation) in the same column 
having similar superscript are not significantly different (p > 0.05)

Table 3 – Correlation between liver enzymes and antioxidant enzymes in stressed rats (**Correlation significant at p < 0.01; 
*Correlation significant at p < 0.05

ALT AST ALP GPx GSH Catalase SOD
ALT 1
AST 0.529 1
ALP 0.832** 0.002 1
GPx 0.463 0.096 0.515 1
GSH 0.483 0.963** -0.056 0.192 1
Catalase 0.917** 0.822** 0.563 0.344 0.767* 1
SOD 0.969** 0.720* 0.682* 0.411 0.668* 0.987** 1
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damage, heart attack, muscle injury, or bone disorders [21]. 
Stress can exacerbate liver conditions as natural killer cells 
in the liver become overactive, targeting and damaging liver 
cells [22].

Antioxidant enzymes provide crucial defense against free 
radicals. The key enzymes are superoxide dismutate (SOD) 
which neutralizes superoxide radicals, Catalase breaks down 
hydrogen peroxide and glutathione peroxidase that converts 
hydroperoxides to harmless molecules (water/alcohol and ox-
ygen). These enzymes serve as the first line of defense, pro-
tecting cells from oxidative damage [23].

In this study, changes in liver enzymes and antioxidant en-
zymes suggest that stress, particularly swimming stress, can 
Induce liver damage or dysfunction (elevated ALT and AST) 
and can also activate antioxidant defense mechanisms (in-
creased SOD, catalase, and GSH).

Stress exposure, particularly swimming stress, altered 
enzymatic activities in male rats. Liver enzymes (ALT and 
AST) increased significantly, suggesting potential liver dam-
age. Antioxidant enzymes (SOD, catalase, and GSH) also in-
creased, indicating activation of defense mechanisms. Swim-
ming stress had a more pronounced effect than isolation stress, 
highlighting distinct physiological adaptations to different 
stressors. The differences between swimming and isolation 
stress responses may indicate distinct stress-induced physio-
logical adaptations. These findings suggest that swimming and 
isolation stress may have different effects on liver function.

Other studies have reported similar results that chronic 
stress induced liver damage and increased liver enzymes in 
rats according to Jiang et al. [24]. Also, Akhtar et al. [25] ob-
served that forced swimming stress increased oxidative stress 
and liver damage in mice. Chronic stress altered antioxidant 
enzyme activity and increased liver damage in rats as reported 
by Stojiljković et al. [7]. Antioxidant enzymes activity has 
been reported to increase in response to stress. Geddie et al. 
[26] stated that SOD and catalase activity increased in re-
sponse to chronic stress in rats while the experiment con-
ducted by de Haan et al. [27], revealed that GPx activity in-
creased in response to oxidative stress in mice.

5 CONCLUSION

This work has in a way shed light on the consequences of 
stress on the physiology of animals. The results can show the 
impact on health and can thus guide stakeholders in effective 
stress management strategies. It concludes that chronic stress, 
especially those generated from forced swimming, can cause 
liver damage and trigger antioxidant defenses in rats. The 
findings emphasize the importance of considering the type 
and duration of stress in understanding its impact on health.
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АҢДАТПА

Қазіргі уақытта біздің әлемде стресс кең таралған, оның физиологиялық процестерге әсері басты алаңдаушылық 
тудырады. Бұл зерттеу созылмалы стресстің антиоксиданттық қорғаныс жүйесіне және еркек альбинос егеуқұйрықтар-
дағы бауыр қызметіне әсерін зерттейді. Зерттеуге он сегіз еркек альбинос егеуқұйрықтары пайдаланылды. Олар үш 
топқа бөлінді: бақылау тобы, күштеп жүзу әсеріне ұшыраған топ және әлеуметтік оқшаулануға ұшыраған топ. Төрт 
апталық стресс протоколынан кейін егеуқұйрықтардың бауыр ферменттері мен антиоксидант деңгейлері спектро-
фотометриялық талдаулар арқылы анықталды. Осы жұмыстың нәтижелері бойынша жүзу стрессіне ұшыраған еге-
уқұйрықтарда бауыр ферменттерінің, соның ішінде аланинаминотрансфераза (ALT) деңгейлері (54,46 ±0,46 U/L) 
бақылаумен (26,79 ±1,20 U/L) және аспартатаминотрансфераза (AST ± 3,0 U/L) бақылау деңгейлерімен (71,1 U/L) са-
лыстырғанда айтарлықтай жоғарылағаны анықталды (22,17 ±0,17 U/L). Сонымен қатар, супероксид дисмутаза (SOD) 
сияқты антиоксиданттық ферменттер бақылаумен (65,71±0,70 kU) салыстырғанда жүзу стрессімен 197,14 ± 2,14 kU 
бірлікке дейін өсті, ал каталаза белсенділігі бақылаумен (29,78 ± 0,08 kU) салыстырғанда 48,29 ± 0,29 kU дейін өсті. 
Нәтижелер созылмалы стресс бауырдың зақымдалуына және тотығу стресіне әкелуі мүмкін екенін көрсетеді, ал жүзу 
стрессі оқшаулау стрессіне қарағанда көбірек әсер етеді. Бұл нәтижелер созылмалы стресстің бауыр функциясына 
және жалпы денсаулыққа әсерін түсінуге көмектеседі. 

Түйін сөздер: созылмалы стресс, антиоксидант, бауыр, тотығу, жауаптар. 
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АННОТАЦИЯ

Стресс становится все более распространенным явлением в современном мире, его влияние на физиологические 
процессы вызывает серьезную озабоченность. Данное исследование посвящено изучению влияния хронического 
стресса на антиоксидантную систему защиты и функцию печени у самцов белых крыс. В исследовании приняли уча-
стие восемнадцать белых крыс-самцов. Они были разделены на три группы: контрольную, группу, подвергавшуюся 
принудительному плаванию, и группу, подвергавшуюся социальной изоляции. После четырехнедельного стрессового 
протокола у крыс определялись уровни печеночных ферментов и антиоксидантов с помощью спектрофотометрических 
анализов. Результаты этой работы показали, что у крыс, подвергшихся стрессу, связанному с плаванием, наблюдалось 
значительное повышение уровня печеночных ферментов, включая уровни аланинаминотрансферазы (АЛТ) (54,46 ± 
0,46 ед/л) по сравнению с контрольной группой (26,79 ± 1,20 ед/л) и уровни аспартатаминотрансферазы (АСТ) (71,30 
± 1,30 ед/л) по сравнению с контрольной группой (22,17 ± 0,17 ед/л). Кроме того, активность антиоксидантных фер-
ментов, таких как супероксиддисмутаза (СОД), увеличилась до 197,14 ± 2,14 единиц при стрессе, связанном с плава-
нием, по сравнению с контрольной группой (65,71 ± 0,70 единиц), а активность каталазы увеличилась до 48,29 ± 0,29 
кЕд по сравнению с контрольной группой (29,78 ± 0,08 кЕд). Полученные данные свидетельствуют о том, что хрони-
ческий стресс может приводить к повреждению печени и развитию окислительного стресса, причем стресс, связан-
ный с плаванием, оказывает более сильное влияние, чем стресс, связанный с изоляцией. Эти результаты имеют важ-
ное значение для понимания влияния хронического стресса на функцию печени и общее состояние здоровья.

Ключевые слова: хронический стресс, антиоксидант, печень, окислительные реакции.


