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Abstract

This study investigated the dose-dependent toxicological effects of subacute xylene exposure on
hepatic, renal, and oxidative stress parameters in Wistar rats. Forty adult male rats were divided
into ten groups (n=6). The normal control group (Group 1) received distilled water, while Groups
2 to 10 were administered increasing doses of xylene (0.125 to (7 mL/kg) body weight) via oral
gavage for 28 days. Significant mortality was observed, with all animals in groups receiving > (3
mL/kg) succumbing before the study concluded, limiting biochemical analysis to Groups 1-5 (0-
(1 mL/kg)). Xylene exposure induced severe, dose-dependent hepatotoxicity, evidenced by
significant elevation in serum ALT, AST, ALP, and total bilirubin, alongside decreased total
protein and albumin. Nephrotoxicity was indicated by increased urea and creatinine levels and a
significant disruption in electrolyte and acid-base homeostasis. Mechanistically, a significant
depletion of antioxidant enzymes (SOD, CAT, GPx) and a rise in lipid peroxidation (MDA) were
observed in both liver and kidney tissues, implicating oxidative stress as a central pathway of
toxicity. The results provide evidence that xylene induces multi-organ toxicity primarily through
an oxidative mechanism, culminating in organ failure and mortality at higher doses. These findings
highlight a substantial occupational health risk and underscore the need for stringent exposure
control measures.
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Introduction

Industrialization has brought about significant advancements in human society, but it has also
introduced a myriad of chemical hazards into occupational and environmental settings. Among
these, organic solvents represent a major class of chemicals widely used across various industries,
including paint and coating manufacturing, printing, rubber and leather production, laboratory
work, and the pharmaceutical industry (Verma et al., 2022). Xylene, an aromatic hydrocarbon, is
one of the most prevalent high-production-volume solvents globally due to its excellent dissolving
properties and effectiveness as a cleaning and degreasing agent (Saggu and Kumar, 2025).
Chemically, it exists as a mixture of three isomers (ortho-, meta-, and para-xylene) and is often
used in conjunction with other solvents like toluene and benzene (Dural et al., 2025).

The widespread use of xylene necessitates a critical examination of its potential health impacts.
Human exposure, primarily through inhalation of vapors and, to a lesser extent, dermal contact, is
a significant concern for workers in these industries. Furthermore, environmental release and
subsequent contamination of air and groundwater pose a risk to the general population living near
industrial areas (Niaz et al., 2015; Shojaee Barjoee et al., 2021). The volatility of xylene ensures
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that inhalation remains the primary route of exposure, leading to systemic absorption and
distribution to highly perfused organs (Niaz et al., 2015).
Upon absorption, xylene is rapidly distributed throughout the body. It is primarily metabolized in
the liver by the cytochrome P450 enzyme system, specifically CYP2E]1, into its main metabolite,
methylhippuric acid, which is excreted in urine (Soleimani, 2020). This metabolic pathway, while
a detoxification mechanism, can also be a source of toxicity. The bioactivation process can
generate reactive oxygen species (ROS), leading to oxidative stress, a key mediator of chemical-
induced cellular damage (D'Souza et al., 2024). The liver, as the primary site of metabolism, and
the kidneys, as the principal organs of excretion, are particularly vulnerable to the toxic effects of
xylene and its metabolites (Soleimani, 2020; Candura et al., 2020).

Initial symptoms of acute xylene exposure in humans are predominantly neurological, including
dizziness, headache, nausea, and impaired coordination (Faulhammer et al., 2024). However, the
insidious nature of repeated, low-level occupational exposure often leads to subclinical damage
that may go unnoticed until significant pathological changes occur in vital organs.

The liver and kidneys are indispensable for maintaining metabolic homeostasis and are frequent
targets for xenobiotic-induced injury (Rad et al., 2024). The liver's central role in the
biotransformation of xenobiotics makes it highly susceptible to toxic insult. Hepatotoxicity can
manifest as oxidative stress, inflammation, fatty changes (steatosis), necrosis, and altered liver
function tests, including elevated levels of enzymes like alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline phosphatase (ALP) (Tamber et al., 2023).

Concurrently, the kidneys, responsible for filtering blood and concentrating waste products for
excretion, are exposed to high levels of xenobiotics and their metabolites (Yameny, 2025).
Nephrotoxicity can result in impaired renal function, indicated by elevated levels of biomarkers
such as serum creatinine, blood urea nitrogen (BUN), and uric acid, as well as histopathological
alterations in the glomeruli and tubules (Kalamkar et al., 2024). The concurrent evaluation of
hepatic and renal parameters provides a comprehensive assessment of the systemic toxicological
impact of a compound like xylene.
A growing body of evidence suggests that the toxicity of many organic solvents, including xylene,
is intricately linked to the generation of oxidative stress (Suaidi ef al., 2024). This state arises from
an imbalance between the production of ROS (such as superoxide anion, hydrogen peroxide, and
hydroxyl radicals) and the body's antioxidant defense capacity. Key enzymatic antioxidants
include superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), while
non-enzymatic antioxidants include reduced glutathione (GSH) and vitamins C and E (Bandodkar
et al., 2025).

An overabundance of ROS can overwhelm these defenses, leading to lipid peroxidation of cellular
membranes (measured by malondialdehyde, MDA, levels), oxidative damage to proteins and
DNA, inflammation, and ultimately, cell death via apoptosis or necrosis (Bellanti et al., 2025).
This mechanism is a proposed pathway for xylene-induced damage to the liver and kidneys,
making the assessment of oxidative stress markers a crucial component of its toxicological profile.
Despite its widespread use, a comprehensive toxicological profile of xylene that integrates hepatic,
renal, and oxidative stress parameters in a single in vivo study remains somewhat underexplored,
particularly concerning sub-chronic exposure scenarios relevant to occupational settings. While
previous studies have hinted at its hepatotoxic and nephrotoxic potential, a simultaneous and
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detailed evaluation of functional biomarkers, histopathological changes, and the underlying
oxidative stress mechanism is warranted.

Chemical/ Reagents

Chloroform, xylene (JDH, Bangladesh). Biochemical kits (Total protein) (Randox LTD., United
Kingdom), elisa immunoassay kits for sex hormones (Elabscience Biotechnology Co., Ltd.,
Germany)

Experimental Design

The study was conducted using sixty rats, which were evenly divided into ten experimental groups.
Each group received daily oral gavage treatments for a period of 28 consecutive days. The normal
control group (Group 1) was administered distilled water, while Groups 2 through 10 were treated
with increasing doses of the test substance, ranging from (0.125 mL/kg) body weight in Group 2
to (7 mL/kg) body weight in Group 10. Specifically, the doses administered were 0.125, 0.25, 0.5,
1,3,4,5, 6, and (7 mL/kg) body weight for Groups 2 to 10, respectively. At the end of the 28-day
experimental period, all animals were humanely sacrificed after anesthesia induced by chloroform
inhalation.

Collection of Samples

Blood samples were obtained via cardiac puncture and transferred into plain (non-anticoagulant)
tubes. The samples were left undisturbed for 30 minutes to allow clot formation, after which they
were centrifuged at 2000 rpm for 10 minutes to separate the serum for subsequent biochemical
analysis.

Determination of Biochemical Parameters

Serum biochemical markers, such as AST, ALT, ALP, total protein, albumin, bilirubin, urea, and
creatinine, were quantified spectrophotometrically using Randox diagnostic kits in accordance
with the manufacturer’s instructions.

Determination of Oxidative Stress Parameters

Superoxide dismutase (SOD) was assayed by the method described by Marklund and Marklund
(1974), Catalase (CAT) activity was estimated according to the method of Aebi et al., (1974),
glutathione peroxidase (GPx) activity was estimated using a coupled enzyme assay system, which
was connected to glutathione reductase (GR), according to the method described by Lawrence and
Burk (1976) while lipid peroxidation was estimated as malondialdehyde (MDA) according to the
method described by Armstrong and Al-Awadi (1991).

STATISTICAL ANALYSIS

All the results were expressed as Mean + Standard deviation. The statistical significance was
evaluated using the One-way Analysis of Variance (ANOVA) (SPSS 25.0). Statistical significance
was set at (p<0.05).

()Ethical Approval

()The Research and Ethics Committee of the College of Health Sciences, Niger Delta University,
Wilberforce Island, Bayelsa State, Nigeria granted ethical approval for this study.
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Results

Tragically, the groups administered 3, 4, 5, 6 and ( 7 mL/kg) xylene respectively, died midway in
the experimentation period. The tables below show results for control and groups administered
0.125, 0.25, 0.5 and 9 (1 mL/kg)) xylene respectively.

Table 1. Serum level of hepatic biomarkers in Wistar rats treated with xylene

Experimental | ALT (U/L) AST (U/L) Total Albumin | Total ALP (U/L)
Group Protein (g/dl) Bilirubin

(g/d]) (mg/dl)
Distilled 71.22+3.02* | 75.85+2.86° | 8.22+1.07* | 4.89+0.65% | 0.47+0.03% | 76.38+4.20?
water
Xylene 91.37+3.95" | 120.54+4.65" | 5.31+1.08" | 3.54+0.11° | 0.710.03° | 95.48+5.06"
(1.125
mL/kg)
Xylene (0.25 | 117.87+6.03¢ | 134.23+4.13¢ | 4.06+£0.87° | 2.72+0.04° | 0.84+0.04° | 105.87+5.88°
mL/kg)
Xylene ( 0.5 | 124.45+5.85% | 143.78+7.28¢ | 3.68+0.65¢ | 1.98+0.04 | 0.95+0.03 | 130.56+7.03¢
mL/kg) d d
Xylene (1 | 142.65£5.24° | 149.87+4.22¢ | 2.32+0.05° | 1.3420.15° | 1.21£0.05¢ | 146.72+5.98°
mL/kg)

Data are expressed as the (mean + SD) (n = 6). Means within the same column carrying different
superscripts are significantly (p <0.05)) different.

Table 2. Serum level of renal biomarkers in Wistar rats treated with xylene

Experimental | Urea Creatinine | Sodium Potassium | Chloride Bicarbonat
Group (mg/dl) (mg/dl) (mEq/LI) (mEq/L) (mEqg/L) e (mol/L)
Distilled 60.88+6.11* | 0.60+0.02 | 69.67+4.85* | 1.78+0.08 | 24.78+3.16 | 39.78+3.72
water 2 2 : :

Xylene (0.125 | 77.63+5.04° | 0.76+£0.03 | 75.98+4.03% | 2.05+£0.05 | 29.90+4.14 | 33.45+2.48
mL/kg)) b b b b

Xylene ( (0.25 | 88.96+5.63° | 0.97+0.04° | 92.78+6.22¢ | 2.80+0.08° | 45.84+3.88 | 25.08+4.2°¢
mL/kg)) ¢

Xylene ( (0.5 | 100.56+4.75 | 1.13+0.03 | 101.54+5.08 | 3.10+0.12 | 53.98+5.34 | 13.98+1.74
mL/kg)) d d d d d d

Xylene (11]120.38+7.43 | 1.23+0.02 | 120.85+7.85 | 4.05+0.06 | 68.68+3.75 | 6.43+1.58°
mL/kg)) € € € [§] €

Data are expressed as the (mean + SD) (n = 6). Means within the same column carrying different
superscripts are significantly (p < 0.05)) different. /
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Table 3. Liver tissue antioxidant profile in Wistar rats treated with xylene

Experimental SOD (U/mg | CAT (U/mg | GPx (U/mg | MDA (U/mg
Group protein) protein) protein) protein)
Distilled water | 9.32+1.18* 7.86+1.62° 8.30+1.22° 2.42+0.07%
Xylene (0.125 | 6.79+1.31° 5.87+0.71° 7.02+1.43° 4.94+0.42°
mL/kg))

Xylene  (0.25 | 5.02+0.48° 4.12+0.49°¢ 5.86+1.18°¢ 6.38+0.74°¢
mL/kg))

Xylene (0.5 | 3.87+0.36¢ 3.32+0.12¢ 3.94+0.17¢ 7.89+0.38¢
mL/kg))

Xylene (1]2.28+0.09° 2.34+0.41° 2.08+0.15°¢ 9.90+0.44°
mL/kg))

Data are expressed as the (mean + SD) (n = 6). Means within the same column carrying different
superscripts are significantly (p < 0.05)) different.

Table 4. Kidney tissue antioxidant profile in Wistar rats treated with xylene

Experimental SOD (U/mg | CAT (U/mg | GPx (U/mg | MDA (U/mg
Group protein) protein) protein) protein)
Distilled water | 10.23+1.87° 7.95+1.35° 8.08+0.86% 2.11+0.52%
Xylene ( (0.125 | 7.23£1.75° 5.89+0.32° 6.42+0.53° 4.76+0.38°
mL/kg))

Xylene  (0.25 | 6.80+2.01° 4.02+0.63° 4.87+0.44¢ 6.23+0.68°
mL/kg))

Xylene (0.5 | 4.78+0.82¢ 3.98+0.744 3.87+0.63¢ 7.85+1.44¢
mL/kg))

Xylene (1 |2.100.52¢ 2.07+0.22¢ 2.93+0.74¢ 9.67+1.31°
mL/kg))

Data are expressed as the (mean £+ SD) (n = 6. Means within the same column carrying different
superscripts are significantly (p <0.05)) different.

Discussion
Scientific Discussion

The results of this study provide a comprehensive and unequivocal demonstration of the multi-
organ toxicological impact of xylene exposure in a Wistar rat model. The data reveal a consistent
pattern of severe, dose-dependent damage to both the hepatic and renal systems, with oxidative
stress identified as a central mechanistic pathway. These findings align with and significantly
extend the existing body of literature on hydrocarbon toxicity.

The observed alterations in serum biomarkers present a classic picture of mixed hepatocellular and
cholestatic liver injury. The dose-dependent, statistically significant elevation in ALT, AST, and
ALP is a hallmark of xenobiotic-induced hepatocyte necrosis and biliary tract damage (Suresh et
al., 2025). Our findings are consistent with previous work by (Abouee-Mehrizi et al. (2021), who
reported similar increases in liver enzymes in rats exposed to toluene, a related aromatic
hydrocarbon. The concurrent, dose-dependent decline in total protein and albumin levels indicates
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a profound impairment of the liver's synthetic function, a sign of advanced hepatotoxicity that
moves beyond mere cellular leakage to functional failure (Verzar et al., 2025).

Notably, this study provides robust parallel evidence of significant nephrotoxicity. The dramatic
rise in urea and creatinine levels across xylene groups indicates a severe impairment of glomerular
filtration rate (GFR), a primary marker of renal dysfunction (Peres & da Cunha, Boukarine et al.,
2023). The electrolyte imbalances, hyperkalemia, hypernatremia, hyperchloremia, and decreased
bicarbonate, paint a picture of compromised renal tubular function, affecting both electrolyte
reabsorption and acid-base homeostasis. This pattern of renal injury aligns with the findings
of Airhomwanbor et al. (2024), who documented similar renal impairment in petrol attendants
working in petrol stations, suggesting a common toxic pathway for certain hydrocarbons.

The most compelling evidence from this study lies in the clear dose-response relationship in the
oxidative stress markers across both liver and kidney tissues. The significant depletion of key
antioxidant enzymes, superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPx), coupled with a concomitant rise in malondialdehyde (MDA), a marker of lipid
peroxidation, provides irrefutable evidence that oxidative stress is a primary mechanism of xylene-
induced toxicity.

This finding strongly supports and expands upon the work of (Uboh, et a., 2022), who specifically
demonstrated xylene-induced lipid peroxidation in the rat liver. Our study confirms their findings
and crucially demonstrates that this oxidative assault is not organ-specific but is systemic, affecting
the kidneys with equal severity. The depletion of antioxidant defenses suggests that xylene
metabolites overwhelm the endogenous protective systems, leading to a cascade of cellular
damage. The resulting lipid peroxidation disrupts the integrity of cellular and organellar
membranes, which directly explains the leakage of enzymes from hepatocytes (elevated
ALT/AST) and the loss of functional capacity in renal tubules and hepatocytes.

Conclusion

This study demonstrates that xylene exposure induces severe, dose-dependent hepato-
nephrotoxicity mediated primarily through oxidative stress. The results underscore a significant
public health risk, particularly for individuals with occupational exposure to xylene. These
findings strongly advocate for the reinforcement of safety protocols and suggest that therapeutic
strategies aimed at boosting antioxidant defenses (antioxidant supplementation) could be a
valuable area for future research to mitigate the toxic effects of such exposures.
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