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ABSTRACT

Benzene is a volatile organic compound recognized for its carcinogenic
effects in humans. This study investigated the effects of benzene exposure
on lipid profile and selected biochemical parameters namely total protein,
albumin, and total bilirubin in Wistar rats. A total of 40 adult male Wistar
rats were randomly assigned into 10 groups, each comprising four rats.
Group 1 received distilled water and served as the control, while groups 2
through 9 were administered increasing doses of analytical-grade benzene at
0.2,04, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, and 1.8 ml/kg body weight, respectively,
for a duration of 28 days. Unfortunately, animals in groups 6 to 10 did not
survive the entire 28-day study period. Rats in groups 1 to 5 were euthanized
on day 28 under chloroform anesthesia, and blood samples were collected
via cardiac puncture for biochemical analysis. Benzene exposure resulted in
a significant (p < 0.05) increase in serum levels of total cholesterol,
triglycerides, low-density lipoprotein (LDL), and total bilirubin, while levels
of high-density lipoprotein (HDL), total protein, and albumin were
significantly decreased. These findings suggest that benzene adversely
affects lipid metabolism and liver function, likely through mechanisms
involving oxidative stress, inflammation, and hepatocellular injury.

Article Info

Article Received: 06 May 2025,
Article Revised: 26 May 2025,
Article Accepted: 16 June 2025.

DOI: https://doi.org/10.5281/zen0do.15756334

*Corresponding author:

*Dr. Ezomoh Olusoga Olubunmi
Department of Biochemistry, Faculty of
Basic Medical Sciences, College of Health
Sciences, Niger Delta University,
Wilberforce Island, Bayelsa State, Nigeria.

KEYWORDS: Benzene, Total Bilirubin, High-Density Lipoprotein, Low-
Density Lipoprotein, Total Cholesterol, Triglycerides, Albumin, Wistar rats,
Lipid Profile.

INTRODUCTION
Benzene is a naturally occurring aromatic hydrocarbon

2010). Due to its well-established link with
hematological cancers, particularly acute myeloid

present in crude oil and is a major contributor to the
toxicity of gasoline, alongside other volatile organic
compounds (VOCs) such as toluene, ethylbenzene, and
xylene (Huff et al., 2021). It serves as a critical precursor
in the synthesis of numerous industrial chemicals such as
styrene, phenol, cyclohexane, and aniline (Bahadar et al.,
2014). The compound’s chemical stability, derived from
its conjugated m-electron system, not only underpins its
value as an industrial solvent but also contributes to the
distinctive odor of petroleum products (Galbraith et al.,

leukemia, benzene has been classified as a Group 1
carcinogen by the International Agency for Research on
Cancer (IARC) (Snyder 2012; Cordiano et al., 2022).

As a pervasive environmental pollutant, benzene
contaminates air, water, and soil, primarily through
emissions from industrial processes, vehicle exhaust, and
tobacco smoke (Horvat et al., 2025; Anigilaje et al.,
2024). Human exposure occurs predominantly via
inhalation, although dermal contact and ingestion of
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contaminated food or water also contribute to overall
exposure levels (Weisel, 2010). Occupational settings
such as petrochemical plants, rubber manufacturing
industries, and specialty chemical facilities present
heightened exposure risks, particularly among workers
who handle benzene directly (Bahadar et al., 2014;
Saeedi et al., 2024). Chronic exposure to benzene has
been linked to a range of hematotoxic outcomes,
including aplastic anemia, bone marrow suppression, and
increased risk of leukemia, all of which are well-
documented in epidemiological studies (Snyder, 2012;
Yusoff et al., 2023).

Following absorption into the body, benzene undergoes
biotransformation primarily in the liver through the
cytochrome P450 enzyme system, leading to the
formation of reactive intermediates such as benzene
oxide and phenol. These metabolites can bind to cellular
macromolecules, disrupting normal cellular processes
and causing tissue damage (Snyder et al., 2012). The
principal metabolites include phenol (hydroxybenzene),
catechol (1,2-dihydroxybenzene), and hydroguinone
(1,4-dihydroxybenzene), which are implicated in
benzene’s toxic effects (IARC, 2018).

Beyond its well-known hematological toxicity, benzene
has been shown to affect several organ systems,
including the liver, kidneys, and cardiovascular system
(Faulhammer et al., 2015). Hepatic dysfunction caused
by benzene toxicity can be detected through alterations
in specific biochemical markers (Tamber et al., 2023).
Parameters of the lipid profile such as total cholesterol,
triglycerides, high-density lipoprotein (HDL), and low-
density lipoprotein (LDL) are valuable indicators of
hepatic lipid metabolism and systemic lipid homeostasis
(Stadler & Marsche, 2020). Deviations in these markers
may suggest hepatic injury or metabolic disruptions
following toxicant exposure. Likewise, serum levels of
total protein and albumin reflect the liver’s synthetic
capacity, with reduced concentrations pointing to
impaired hepatocyte function. Additionally, total
bilirubin levels, which reflect hepatic excretory
performance and hemoglobin catabolism, often rise in
cases of liver or biliary tract dysfunction.

Although extensive research has addressed benzene’s
hematotoxic and carcinogenic effects (Saeedi et al.,
2024), there remains a gap in understanding its impact on
liver function, particularly concerning lipid metabolism
and protein synthesis. A clearer picture of how benzene
affects these biochemical markers is crucial to
comprehending its broader toxicological profile and
informing strategies for prevention and treatment.

Accordingly, this study investigated the effect of
benzene exposure on lipid profile, total protein, albumin,
and total bilirubin levels in Wistar rats. By assessing
these key indicators, the study aims to elucidate the
hepatic and metabolic consequences of benzene toxicity
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and contribute valuable data to the ongoing evaluation of
its public health implications.

MATERIALS AND METHODS

Experimental Animals

Forty (40) Healthy male albino rats of Wistar strain
weighing between 150-200g were purchased from the
animal house of Department of Pharmacology, Faculty
of Basic Clinical Sciences, College of Health Sciences,
University of Port Harcourt, Rivers State. They were
kept in standard rat cages in the animal house of Faculty
of Basic Medical Sciences, College of Health Sciences,
Niger Delta University, Wilberforce Island, Bayelsa
State. The animals were allowed to acclimatize for 14
days under standard laboratory conditions with free
access to commercial grower’s mash (Delta Feeds),
water ad libitum, 12 h/ 12 h light/darkness cycle and
fresh air prior to the inception of this study.

Experimental Design

The animals were randomly grouped into ten (10) groups
of four rats each in a standard plastic rat cage and treated
as follows using an oral gavage tube:

Group I: Normal control: distilled water for 28 days.
Group II: Benzene (0.04ml/kg body weight) for 28 days.
Group I11: Benzene (0.06ml/kg body weight) for 28 days.
Group 1V: Benzene (0.08ml/kg body weight) for 28 days.
Group V: Benzene (0.2ml/kg body weight) for 28 days.
Group VI: Benzene (0.4ml/kg body weight) for 28 days.
Group VII: Benzene (0.6ml/kg body weight) for 28 days.
Group VIII: Benzene (0.8ml/kg body weight) for 28 days.
Group IX: Benzene (1.0ml/kg body weight) for 28 days.
Group X: Benzene (1.2ml/kg body weight) for 28 days.
At the end of 28th day, all animals in all the groups were
anaesthetized with chloroform and sacrificed.

Collection of Samples

Blood was collected via cardiac puncture into plain
bottles and allowed to stand for 30 minutes for
coagulation to take place. Afterwards, the blood samples
were centrifuged at 2000 RPM for ten minutes and the
supernatant (serum) was collected for biochemical
analysis.

DETERMINATION OF
PARAMETERS

Serum total protein, albumin, total bilirubin, total
cholesterol, triglycerides, high-density lipoprotein (HDL),
and low-density lipoprotein (LDL) were measured using
spectrophotometry applying the guide contained in the
kit manual of Randox Laboratories (Crumlin, Co, Antrim,
United Kingdom).

BIOCHEMICAL

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 10.0). Statistical significance was set at p<0.05.
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RESULTS
The results from this study are expressed in the bar charts below.
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Figure 1: The effects of benzene on serum concentrations of total cholesterol, triglycerides, high-density
lipoprotein (HDL), and low-density lipoprotein (LDL) in benzene-treated Wistar rats.

Mean Total protein, albumin and total bilirubin

=2}

o+

N

10
8 '
0 ..

Tot. Protein (g/dl)

® Normal Control (Distilled water) Benzene Group 1

Albumin (g/dl)

T B

TOtJBIhI’UbIn (mg/dl)

Benzene Group 2 M Benzene Group3 M Benzene Group4

Figure 2: The effects of benzene on total protein, albumin and total bilirubin in benzene treated Wistar rats.

DISCUSSION
Volatile organic compounds (VOCs) are a class of
chemicals commonly released through industrial

processes, vehicle emissions, and household products,
making them ubiquitous environmental contaminants
present in air, water, and soil (EPA, 2022). Benzene is a
VOC that the International Agency for Research on
Cancer (IARC) has classified as a Group 1 carcinogen, a
conclusive evidence of its cancer-causing potential in
humans (IARC, 2012). This is mainly because benzene
exposure has been clearly linked to a type of blood
cancer called myeloid leukemia (AML), with numerous
studies  demonstrating  increased  risks  among

occupationally exposed populations (Spatari et al., 2021;
Wang et al., 2024).

Recent studies have demonstrated a consistent
relationship between benzene exposure and various
hematological malignancies, showing consistent dose-
response patterns across different exposure scenarios.
The 2018 IARC evaluation confirmed benzene's Group 1
status based not only on human epidemiological data but
also on compelling evidence from animal studies
showing tumor development in multiple organ systems
(Chiavarini et al., 2021). The carcinogenic effects of
benzene occur through metabolic activation by liver
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enzymes, particularly CYP2EL, which converts benzene
into reactive metabolites such as hydroquinone and
benzoquinone (Carbonari et al., 2016). These compounds
generate oxidative stress by producing reactive oxygen
species (ROS), leading to DNA damage and
chromosomal abnormalities that can initiate cancer
development (D'Souza et al., 2024).

The findings of this study demonstrate that benzene
exposure induces significant biochemical alterations in
Wistar rats, particularly affecting lipid metabolism and
liver function, as evidenced by changes in serum lipid
profile, total protein, albumin, and total bilirubin
concentrations.

As illustrated in Figure 1, benzene administration led to a
dose-dependent significant (p<0.05) increase in serum
total cholesterol, triglycerides, and low-density
lipoprotein (LDL) levels, accompanied by a marked
reduction in  high-density  lipoprotein  (HDL)
concentrations. These alterations in lipid profile
parameters suggest that benzene disrupts normal lipid
metabolism. Elevated total cholesterol and triglycerides
are indicators of impaired lipid clearance or increased
lipid synthesis, both of which may arise from benzene-
induced hepatocellular damage. The increase in LDL and
reduction in HDL further point to heightened
cardiovascular risk, as these changes are characteristic of
dyslipidemia, a known precursor to atherosclerosis
(Vekic et al., 2023). The observed dyslipidemia may be
attributed to oxidative stress and inflammatory responses
triggered by reactive metabolites of benzene, such as
benzene oxide and hydroguinone, which can impair
hepatic lipid regulatory enzymes and lipid transport
mechanisms (Snyder, 2012).

Results (Figure 2) show that benzene exposure
significantly reduced serum levels of total protein and
albumin. These two parameters are critical indicators of
hepatic synthetic function, and their reduction suggests
impaired protein synthesis, likely due to hepatocellular
injury. Albumin, being the most abundant plasma protein,
produced exclusively by the liver, plays essential roles in
maintaining  oncotic  pressure and  transporting
endogenous and exogenous compounds. A decline in its
concentration often reflects hepatic dysfunction or
chronic inflammation (Belinskaia et al., 2024). The
reduction in total protein may also indicate a generalized
impairment in the liver's capacity to produce other
plasma proteins, possibly due to structural and functional
damage to hepatocytes by benzene metabolites.

Total bilirubin levels were significantly elevated in
benzene-treated rats, as also presented in Figure 2.
Bilirubin is a breakdown product of hemoglobin and is
normally conjugated and excreted by the liver. Elevated
serum bilirubin levels may result from increased
hemolysis, impaired hepatic uptake, conjugation defects,
or biliary obstruction. The increase in total bilirubin
likely reflects hepatic excretory dysfunction due to
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benzene-induced hepatotoxicity. The elevation may also
be exacerbated by oxidative damage to red blood cells or
impaired clearance of bilirubin conjugates, both of which
are associated with systemic toxicity from benzene
exposure (Hansen et al., 2020).

The death of animals in the higher dose groups (1.2-1.8
ml/kg) further supports the systemic toxicity of benzene.
This acute mortality suggests a threshold beyond which
benzene’s hepatotoxic and systemic effects become
rapidly lethal, possibly due to multi-organ failure, severe
oxidative stress, or metabolic acidosis.

The alterations in lipid profile, total protein, albumin,
and total bilirubin reflect substantial hepatic and
systemic derangements following benzene exposure.
These findings underscore the hepatotoxic potential of
benzene and suggest that biochemical markers of liver
function and lipid metabolism can serve as early
indicators of benzene toxicity. While benzene's
hematotoxic and carcinogenic effects have been well
documented (Cordiano et al., 2022; Saeedi et al., 2024),
this study expands the understanding of its impact on
liver function and metabolism, which may have broader
implications for occupational and environmental health
monitoring.

CONCLUSION

The study reveals that benzene exposure adversely
affects lipid homeostasis and hepatic function in Wistar
rats. The dose-dependent elevations in serum total
cholesterol, triglycerides, LDL, and total bilirubin, along
with reductions in HDL, total protein, and albumin,
highlight the systemic and liver-specific toxicity of
benzene. These findings emphasize the need for stringent
regulatory controls and protective measures in benzene-
related industries, as well as further investigations into
therapeutic interventions that may mitigate its toxic
effects.
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