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ABSTRACT 

Cadmium (Cd) and prolonged exposure to stress are associated with adverse health outcomes. Various 

studies have shown the impacts of stress and metal exposures on liver function. Cd is a non-redox  

metal, one of the important mechanisms underlying its toxicity is oxidative stress induction  because of 

the generation of reactive species with the depletion of the antioxidant defense system. Cadmium and 

psychological stressors are known to affectthe liver's functions. The study aimed to assess the impact of 

restraint stress and cadmium chloride administration on oxidative stress and liver functions in female 

Wistar rats. Twenty female Wistar rats (180-220g) were randomly divided into 4 groups (n=5 each): 

Control (CTL), Restraint stress (RSS), Cadmium chloride (CCC), Restraint+Cadmium (RSC). 

Experimental groups were administered a daily dose of 100 mg/kg/BW of Cadmium chloride and 

subjected to restraint stress via wire mesh for 30 minutes daily for 21 days. All rats were anaesthesized 

and sacrificed 24 hours after the last procedures. Blood was collected through cardiac puncture for 

biochemical analysis. Liver tissue was collected, homogenized and analyzed for biochemical assays and 

a part for histological analysis. Results showed that the weight gain difference and antioxidant enzymes 

decreased significantly (p<0.05) in RSC group when compared with the control. The findings also 

revealed that cadmium and restraint stress exposure induced hepatotoxicity with a significant difference 

in liver function markers. AST and ALT significantly increased (p<0.05) in RSC group when compared to 

RSS and CCC groups. Furthermore, ALP and TP showed significant increase (p<0.05) in RSC group 

when compared with other groups. The histological architecture of the livers was also distorted by 

restraint stress exposure and cadmium chloride administration. Overall, the findings established that both 

psychological and environmental stressors affect liver health, through different pathways. 
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1. Introduction 

Heavy metals contamination has emerged as a major global environmental concern owing to the growth 

in industrialization, urbanization and utilization of chemical compounds in various industries [1]. Several 

adverse effects are caused by its primary impacts on the hematological, hepatic, renal, and central 

neurological systems [2].  Heavy metals, due to their biotoxicity, bioaccumulation and environmental 

persistence have been shown to have significant effect on the quality of life [3]. It is a hazardous 



 

 

environmental pollutant with no nutritional value, and has numerous detrimental impacts on the body 

[4].Cadmium is dissipated in theenvironment through several anthropogenic processes, such as mining, 

smelting, Ni/Cd batteries,pigments, plastic stabilizers, and phosphate fertilizers and compost [5]. Likeall 

other metals, cadmium (Cd) persists indefinitely in the environment because of its non-biodegradability 

[6]. Cadmium exposure can be through contaminated food or water, tobaccosmoking or inhalation [7]. For 

example, smokers may absorb approximately 1 µg of Cd from 20 cigarettes. Chronic, low-dose Cd 

exposure has been associated with a range of health issues, including hepatic damage, renal toxicity, 

central and peripheral neurotoxicity, pulmonary disease, and skin conditions like hyperkeratosis and 

acanthosis [8]. Additionally, Studies have shown that Cd toxicity stimulates theproduction of reactive 

oxygen species (ROS) and the induction of oxidative stress in differentorgans [8] [9]. Moreover, Cd 

exposure stimulates lipid-peroxidation-induced tissue  damage [10]. 

Restraint stress is a method to induce neurological responses in an animal by restricting its 

freemovement. Stress is a highly individualized response of an organism to external or internal 

challenges which the individual cannot control or can control with difficult [11]. The stress response 

manifests itself in significant behavioural changes, physiological changes and biochemical changes [12]. 

In the acute stress, when the animals are exposed to short, single experience of stress, there are 

profound changes in stress responsiveness and behavior [13].Chronic stress models are in the form of 

repeated exposure on a daily basis. The use of laboratory animals has been instrumental in investigating 

the consequences of chronic stress. The adaptive response to stress is essentially a neuroendocrine 

reaction mediated via the hypothalamo-pituitary-adrenal (HPA) axis [14]. 

Restraint stress is a non-painful, emotional stressor. It is one of the most widely used experimental 

methods  to induce neuropsychatric disorders such as depression and anxiety [15]. This method involves 

the immobilization of animals, typically rodents in a confined space, which induces both physical and 

psychological stress responses [16]. In this procedure, the animals are placed inside a plastic tube, which 

prevents themfrommovingfreely.Thiscreatesaninescapable state of physical and mental stress for 

theanimals [17]. Stress is well known to contribute to the development of bothneurological and 

psychological diseases. 

Among the numerous organs affected by heavy metal exposure, the liver stands out due to its crucial 

roles in the metabolism and excretion of xenobiotics [18]. However, prolonged exposure to cadmium can 

overwhelm the detoxification capacity of these organs, leading to hepatotoxicity characterized by hepatic 

damage and liver impaired function [19]. The mechanism of this damage is primarily caused by oxidative 

stress by lowering the action of endogeneous anti-oxidants and also by inducing the production of 

reactive oxygen species (ROS) [9]. Recent studies have shown that experimental stress (e.g., restraint, 

uncontrollable shock, and noise) may be associated with a variety of alterations of the immune system in 

mice and rats [20]. These changes include altered leukocyte margination, macrophage activation, and 

cytokine secretion. 



 

 

Stress has also been shown to alter antitumor drug efficacy, wound healing, viral immunity, and cell-

mediated immunity [21] [22]. Recognizing that growing evidence indicates an important role for an altered 

immune system and hypothalamic-pituitary-adrenal axis response in xenobiotic-induced toxicity [23]. 

Independently, exposure to stress and cadmium can impact liver health. However, while the biological 

effects of acute stress have been extensively studied and are quite well characterized, the effects of 

chronic stress have received little attention on some physiological and biochemical parameters  although 

chronic stress is more frequent [24]. Therefore, this study seeks to evaluate the effect of cadmium 

chloride administration and restraint stress exposure on the oxidative stress and liver function of female 

Wistar rats.  

2. Material and Methods 

2.1 Chemicals and Compounds 

Cadmium chloride was acquired from Kermel, China. Normal saline, chloroform, and distilled water were 

purchased from the Science laboratory, LAUTECH, Oyo state, Nigeria. Buffered formalin and Phosphate 

buffer saline was purchased from the Department of Anatomy and Science Laboratory Technology, 

LAUTECH, Oyo, Nigeria respectively.  

2.2 Maintenance of animals 

Female Wistar rats (24) weighing approximately 180-220g were procured. The animals were acclimatized 

for 14days and unrestricted access to clean water and animal feed prior to experiments. The animals 

procured were kept in a typical laboratory environment (12/12 h light/dark) schedule were maintained. All 

animals received humane care in compliance with the guidelines of the International Standards for the 

Care and Use of Laboratory Animals. 

2.3 Experimental protocol 

Twenty-four (24) Wistar rats were randomly divided into four groups containing six (6) rats per group. 

Group I represented the control group while groups II, III, and IV served as the experimental groups. The 

group designate are: I = Control group (CTL), II = Restraint stress (RSS) III = Cadmium chloride Alone 

(CCC), and IV = Cadmium + Restraint stress (RSC). Group I was fed with pellets and water, Group II was 

subjected to restraint stress using wire mesh for 30 minutes daily, Group III was administered with 

100mg/kg body weight of cadmium, while Group IV was administered 100mg/kg/b.w of cadmium chloride 

and restrained for 30 minutes daily. The experimental duration was 21 days. The dose was selected 

based on the previously standardized doses for cadmium. 

2.4 Cadmium Preparation 

A quantified powdered 50g of cadmium chloride was dissolved in 100ml of distilled water and 

administered orally (0.0025 x b.w) using a beaded oral cannula. Doses were prepared daily. 



 

 

2.5 Sample Collection 

Twenty-four hours after the last oral administration of cadmium and restraint stress exposure, the animals 

were individually placed inside a  desiccator containing a  chloroform-soaked cotton wool for anaesthesia. 

Blood samples were obtained by cardiac puncture, left for 30 minutes to coagulate, then centrifuged at 

2500 revolutions per  minute using a centrifuge for 10 minutes. Serum samples were separated and 

stored at -80℃ till analysis. After blood collection, liver tissue was harvested for biochemical studies. The 

liver was carefully removed, washed in ice-cold (20 mM Tris-HCl, 0.14 M NaCl buffer, pH 7.4) and 

homogenisedimmediately. The homogenates were centrifuged at 2500 revolutions per minute for 10 

minutes. The supernatants were used for the various biochemical determinations. 

A part of the liver was excised and prepared for histological examination using the Haematoxylinand 

Eosin stains  

2.6 Biochemical Tests 

2.6.1 Evaluation of Liver Markers 

Serum liver transaminase enzyme (ALT and AST) activities were measured using kits from Human 

(Magdeburg, Germany). Spinreact (Barcelona, Spain) kits were used to assess alkaline phosphatase 

(ALP). Albumin, and total protein were measured using commercial kits obtained from Human 

(Magdeburg, Germany). All were determined using a spectrophotometer model 5010 (BM, Magdeburg, 

Germany, )  following the methods recommended by the manufacturer. 

2.6.2 Evaluation of Hepatic Antioxidant Parameters 

Using commercial kits purchased from Bio-diagnostic (Cairo, Egypt), glutathione peroxide (GPx), catalase 

(CAT), malondialdehyde (MDA), superoxide dismutase (SOD) and Nitric oxide (NO) activities in liver 

tissues were evaluated spectrophotometrically  as directed by the manufacturer. 

2.7 Statistical analysis 

The study’s numerical data were expressed as mean ± standard error (Mean ± SEM). A one-way Analysis 

of variance (ANOVA) with SPSS (version 16.0) was used to compare within groups and Duncan's post-

hoc test was used for multiple  comparisons. p<0.05 was considered statistically significant. 

3. RESULTS AND DISCUSSION 
3.1 Result 

Table 1: Effect of cadmium chloride and restraint stress exposure on the liver weight and body 
weight gain in female Wistar rats 



 

 

Weight (g)                    CTL    RSS CCC RSC 

Liver weight 5.28  ± 0.18a 6.60 ± 0.24b 6.35± 0.47b 5.33 ± 0.24a 

Body weight        50.60 ± 2.14a 5.60 ± 0.69b 21.30 ± 1.53c 0.50 ± 0.04d 

Values are Mean ± SEM (n=6).  Values with superscript of different letters are significantly (p<0.05) 

different. 

The result showed a significant (p<0.05) increase in the liver weight while  the body weight showed a 

significant decrease (p<0.05)  of RSS and CCC groups when compared to the control. RSC significantly 

(p<0.05) decreased in body weight gain when compared with RSS and CCC. 

A                                                                                   B 
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Fig.1A-C: Effect of cadmium chloride and restraint stress exposure on liver antioxidant system in 

female Wistar rats. (Values are express as Mean ± SEM (n=6). Mean group with superscript of different 

letters are significantly (p<0.05) different from one another) 
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Result showed significant decrease (p<0.05) in SOD of RSS and CCC groups when compared to the 

control. There was no significant difference (p<0.05) in RSC when compared with RSS and CCC groups. 

Furthermore, result showed no significant difference (p<0.05) in CAT and GPx of RSS group when 

compared to the Control but CCC group showed significant decrease (p<0.05) when compared to control. 

RSC was significant decreased when compared to RSS but showed no significance difference to CCC 

group. 

Table 2: Effect of cadmium chloride and restraint stress exposure on liver antioxidant system in 
female Wistar rats 

Oxidative stress CTL    RSS CCC RSC 

MDA (nmol/gts) 30.56  ± 1.22a 33.33 ± 1.45a 48.75 ± 1.78b 60.22 ± 1.68c 

NO (µmol/gts) 1.40 ± 0.05a 0.70 ± 0.09b 0.42 ± 0.08c 0.45 ± 0.09c 

 

Values are express as Mean ± SEM (n=6). Mean group with superscript of different letters are 

significantly different (p<0.05)  . 

Result showed no significant difference (p<0.05) in MDA of RSS group when compared to the Control but 

CCC group showed a significant increase (p<0.05) when compared to control. RSC group showed 

significant increase (p<0.05) in MDA levels when compared to CCC and RSS. NO showed significant 

decrease (p<0.05) in RSS and CCC groups when compared to the control. RSC showed no significant 

difference (p<0.05) in NO when compared to CCC but showed a significant (p<0.05) decrease when 

compared with the RSS group. 

 

 

A 



 

 

 

B 

 

Fig. 2A-B: Effect of cadmium chloride and restraint stress exposure on liver function test (AST & 

ALT) in female Wistar rats (Values are Means ± SEM (n=6). Mean group with superscript of different 

letters are significantly (p<0.05) different ) 

. 

Result showed significant increase (p<0.05) in both AST and ALT of RSS and CCC groups when 

compared to the control group. RSC significant increased (p<0.05) in AST and ALT when compared with 

RSS and CCC. 

Table 3: Effect of cadmium chloride and restraint stress exposure on liver function markers in 
female Wistar rats 

Functions CTL    RSS CCC RSC 

ALP (U/L) 10.70  ± 1.00a 17.94 ± 1.01b 18.80 ± 1.78b 23.80 ± 0.60c 

ALB (mg/dl) 2.27 ± 0.19a 2.46 ± 0.16a 2.43 ± 0.17 a 2.07 ± 0.04a 
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TP (mg/dl)              6.46 ± 0.38a 5.61 ± 0.25a 4.53 ± 0.17b 4.69 ± 0.10b 

 

Values are express as Mean ± SEM (n=6). Mean group with superscript of different letters are 

significantly (p<0.05) different from one another.  

Result showed no significant difference (p<0.05) in TP of RSS group when compared to the Control but 

CCC group showed significant increase (p<0.05) when compared to control. RSC group showed 

significant increase (p<0.05) in ALP  compared to RSS and CCC groups. TP showed significant decrease 

in RSC  compared to RSS but  no significance difference to CCC. ALB showed no significance across all 

groups. 

Histological Results 

Plate 1. CONTROL                                          Plate 2. CDCL ALONE                                                            
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Plate 3. RS ALONE                                          Plate 4. CDCL + RS 
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Fig. 3: Effect of cadmium chloride and restraint stress exposure on liver histology in female Wistar 
rats. 

Plate 1: Photomicrograph of a liver section stained by Haematoxylin and Eosin showing normal central 
venules, the morphology of the hepatocytes appear normal (blue arrow), the sinusoids appear normal and 
not infiltrated (slender arrow). 

Plate 2: Photomicrograph of a liver section stained by Haematoxylin and Eosin showing mild peri vascular 
infiltration of inflammatory cells (black arrow), the  morphology of the hepatocytes show  severe hepatic 
steatosis, severe cytoplasmic fat infiltration (blue arrow), the sinusoids appear normal and not infiltrated 
(slender arrow). 

Plate 3: Photomicrograph of a liver section stained by Haematoxylin and Eosin showing mild peri vascular 
infiltration of inflammatory cells (black arrow), the  morphology of some the hepatocytes show 
hyperchromatic nuclei (red arrow) and  severe hepatic steatosis, severe cytoplasmic fat infiltration and 
necrosis (blue arrow). The sinusoids appear normal and not infiltrated (slender arrow). 

Plate 4: Photomicrograph of a liver section stained by Haematoxylin and Eosin showing normal central 
venules. The  morphology of the hepatocytes seen  appear normal (blue arrow), the sinusoids appear 
normal and not infiltrated (slender arrow). 

 

3.2 Discussion 

Stress, is often characterized as an adaptive response which could either be physical, mental, or 

emotional, towards events capable of causing shifts in the homeostatic mechanism of an organism, 

allowing it to maximize its chances of survival when facing a stressor [25]. The stress response is an 

important element in adaptation to environmental changes [26] but provokes a variety of physiological 

and biochemical changes that may alter the response of the body to xenobiotics [27]. According toWang 

and Denhardt. [28] have shown that acute stress, in the form of physical restraint, enhances the delayed-

type hypersensitivity response. Increase in stress level has been linked to excessive reactive oxygen 

species production, leading to impaired liver integrity and cellular membrane function [29]. The different 

internal organs of animals perform different functions and this is so because, apart from structural 

differences, the chemical (enzymatic and non-enzymatic) constituents of the different organs vary, 

thereby giving rise to different chemical reactions in the cells of the affected organs [30].  



 

 

Exposure to cadmium chloride and external stressor individually significantly increased the weight of the 

liver of the female Wistar rats (Table 1). It has been reported that organ weights are considered an 

importantcriterion for the evaluation of organ toxicity [31].In table 1, Cadmium exposure led to an increase 

in liver weight probably due to induced oxidative stress and inflammation, causing hepatocyte injury and 

compensatory hypertrophy [32]. Similarly, the restraint stress group also showed increased liver weight, 

as stress hormones like glucocorticoids (cortisol) alter metabolic pathways, promoting gluconeogenesis 

and reported studies fat accumulation in the liver [33]. However, the combination of cadmium and 

restraint stress did not show a significant difference compared to the control group, but it significantly 

decreased (p<0.05) relative to both the cadmium and restraint stress groups. This suggests that neither 

factor significantly affects liver metabolism or engages the HPA axis leading to cellular growth, indicating 

resilience of the cellular growth to stress or a lack of hepatotoxic effects on the liver weights [34]. This 

result is consistent with Ref. [35] showing that specific stressors and compounds do not negatively impact 

liver morphology. 

Furthermore, the body weight gain showed significant  decrease in restraint and cadmium group when 

compared to control (Table 1). RSC group further showed significant decrease when compared to 

restraint group and cadmium group. Restraint stress triggers the HPA axis, increasing glucocorticoid 

release, which suppresses appetite and induces protein catabolism [36] [37]. Similarly, cadmium 

exposure induces oxidative stress and disrupts metabolic functions [38]. Together, these stressors 

exacerbate oxidative damage and metabolic inefficiency, with the RSC group displaying the most 

substantial weight reduction, consistent with studies showing amplified cellular damage under combined 

stress conditions [39] 

Oxidative stress is a physiological imbalance between reactive oxygen species (ROS) production and 

anti-oxidant defencemechanisms, often resulting in cellular damage and metabolic disturbances [40]. It is 

a critical factor in multiple pathologies. Exposure to environmental toxins like cadmium and chronic stress 

are linked to increased oxidative damage [41]. Heavy metals  are known to induce oxidative stress by 

disrupting redox homeostasis, while psychological stress may exacerbate this damage [42]. This study 

revealed that cadmium exposure alone impairs SOD, CAT, and GPx activities, which could compromise 

antioxidant defenses and enhance oxidative stress in the liver. Restraint stress alone, while decreasing 

SOD, did not affect CAT and GPx, suggesting a less severe impact on overall antioxidant defence.  The 

combined exposure (RSC) did not exacerbate the oxidative stress response compared to cadmium alone, 

implying that cadmium’s effect may overshadow the additional impact of restraint stress on these 

antioxidants. This aligns with Ref. [43] demonstrating cadmium's potent oxidative effects and suggests 

that in cases of co-exposure, cadmium likely acts as the primary driver of oxidative damage. 

Malondialdehyde is a byproduct of lipid peroxidation, which occurs when oxidative stress damages cell 

membranes [44]. In table 2, Cadmium chloride majorly elevated the hepatic MDA levels with an 



 

 

exacerbated effect observed in the combined treatment groups (RSC). The significant elevation in MDA 

within the CCC and RSC groups aligns with cadmium’s known pro-oxidant properties, which increase lipid 

peroxidation by disrupting cellular antioxidant defenses [45]. These findings indicate that cadmium 

chloride exposure alone induces significant oxidative stress, but this effect intensified when combined 

with restraint stress, confirming an additive impact on lipid peroxidation. Moreover, Nitric oxide depletion 

across cadmium and RSC groups reflects impaired Nitric oxide synthesis and stability, likely due to 

oxidative interactions that deplete nitric oxide level, reducing vascular and cellular resilience [46]. The 

results align with previous studies indicating cadmium's capacity to induce oxidative damage via lipid 

peroxidation, further exacerbated when combined with physical stress [47]. 

Cadmium and stressors’ hepatotoxicity has been related to the elevation in the levels of serum liver 

enzymes Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT) and Alkaline Phosphatase 

(ALP) and alterations in hepatic cholesterol metabolism [48].In fig 2A-B, the results showed a significant 

increase (p<0.05) in both AST and ALT levels in the restraint stress (RSS) and cadmium (CCC) groups 

compared to the control group. Additionally, there was a significant increase (p<0.05) in AST and ALT 

levels in the restraint stress + cadmium (RSC) group compared to both the RSS and CCC groups. 

Restraint stress is known to elevate serum AST and ALT levels, likely through an overproduction of 

glucocorticoids and catecholamines (e.g., cortisol and adrenaline) from the adrenal glands [49]. This 

hormonal surge disrupts cellular homeostasis and increases the production of reactive oxygen species 

(ROS), which can damage liver cells and compromise their integrity [50]. Damaged hepatocytes release 

transaminase enzymes into the bloodstream, resulting in elevated enzyme levels as markers of liver 

damage [51]. Studies have shown that oxidative stress and inflammatory pathways activated under 

restraint stress are mediated by factors such as nuclear factor kappa B (NF-κB) and increased lipid 

peroxidation, which further contributes to hepatocyte injury [52]. Cadmium on the other hand induces 

hepatotoxicity primarily through oxidative stress and lipid peroxidation, leading to significant cellular 

damage. Cadmium exposure disrupts antioxidant defenses by depleting glutathione and altering the 

activity of antioxidant enzymes like superoxide dismutase and catalase. Consequently, excessive ROS 

accumulate within hepatocytes, damaging cellular components like lipids, proteins, and DNA, which 

ultimately results in cell death and the release of AST and ALT into the blood [53]. 

The RSC group further demonstrated an even more significant increase in AST and ALT levels compared 

to the RSS and CCC groups alone suggesting a synergistic effect, where the oxidative stress from 

restraint combine with cadmium’s toxic properties leads to exacerbated liver damage. Cadmium exposure 

alone can upregulate stress-related pathways, but when combined with restraint stress, the additional 

glucocorticoid and catecholamine release intensifies ROS production and overwhelms the liver’s 

antioxidant defenses, resulting in severe hepatocyte damage [54]. This was aligned with Ref. [55] 

indicating that cadmium exposure combined with additional stressors like heat or psychological stress 



 

 

amplifies liver enzyme elevation and cellular damage due to compounded oxidative stress and 

inflammation. 

Furthermore, albumin levels are similar across all groups, with no statistically significant (p<0.05) 

differences noted (Table 3). This suggests that neither restraint stress nor cadmium exposure affects 

albumin synthesis or degradation. Studies typically find that albumin levels remain stable under stress, 

except under conditions of severe liver dysfunction, malnutrition, or chronic illness [56]. The lack of 

variation in albumin levels here aligns with past findings, as transient stressors, such as acute restraint or 

cadmium exposure, are generally insufficient to disrupt albumin synthesis [57]. Restraint stress and 

cadmium exposure independently elevate alkaline phosphate levels (Table 3), likely due to increased liver 

metabolic activity in response to stress [58]. The highest alkaline phosphate levels in the RSC group 

suggest an additive effect of these stressors, highlighting their cumulative impact on liver function. This is 

consistent with studies reporting that combined stressors amplify metabolic responses [59]. Total protein 

levels, however, are significantly impacted by cadmium alone, with minimal change under restraint stress 

alone. The substantial reduction in total protein in both cadmium and RSC groups suggests cadmium’s 

inhibitory effect on protein synthesis, possibly through oxidative stress mechanisms known to disrupt 

protein synthesis and degradation [60]. Restraint stress, while elevating alkaline phosphate appears to 

contribute little to protein catabolism, as reflected by total protein levels. 

The histological examination in fig.3, revealed that central venules of the liver slides is normal in Plate 1 

(Control) but the liver tissues showed a mild perivascular infiltration of inflammatory cells in the liver 

tissues of CCC group (Plate 2). Sinusoids appear normal and not infiltrated in the cadmium and restraint 

stress group. The morphology of the hepatocytes of cadmium exposure showed severe hepatic steatosis, 

severe cytoplasmic fat infiltration while. This could be because, the mild perivascular infiltration suggests 

a localized inflammatory response. Hepatocyte injury can release damage-associated molecular patterns 

(DAMPs), attracting immune cells to the area [61]. These cells may be involved in repairing tissue or 

clearing damaged cells. In response to hepatocyte injury and steatosis, the liver may release cytokines 

and chemokines that promote inflammation and recruit inflammatory cells [62]. Even mild infiltration can 

indicate an ongoing repair process or a response to injury. 

In the Restraint stress, the morphology of some the hepatocytes showed hyperchromatic nuclei and 

severe hepatic steatosis, severe cytoplasmic fat infiltration and necrosis (Plate 3). Studies have shown 

that, under restraint stress, there may be an increase in lipogenesis and a decrease in fatty acid oxidation 

[63]. This imbalance results in the accumulation of lipids within hepatocytes, leading to severe steatosis 

and cytoplasmic fat infiltration [64]. The combination of oxidative stress, lipid accumulation, and possibly 

inflammation can lead to cellular injury and necrosis. Cadmium + Restraint stress group it shows that the 

morphology of the hepatocytes seen appear. Hepatocytes are highly adaptable and capable of 

responding to stress [65]. They may activate protective pathways, such as upregulating antioxidant 



 

 

defenses (e.g., glutathione), which help neutralize reactive oxygen species (ROS) generated by cadmium 

exposure and restraint stress [10]. Also, the extent of injury often depends on the duration and 

concentration of cadmium exposure. If the exposure was sub-lethal or the restraint stress was 

manageable, the liver may successfully avoid significant damage [66]. 

CONCLUSION 

Cadmium exposure and restraint stress independently cause significant oxidative stress, liver toxicity, and 

metabolic disruption, as indicated by increased organ weight, elevated biochemical markers of liver 

damage. The combined exposure to cadmium and restraint stress further intensifies exacerbated these 

effects, suggesting a synergistic impact that leads to more pronounced liver injury and oxidative stress. 

Histological findings also support these outcomes, showing structural liver damage, fat accumulation, and 

localized inflammation. 
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