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ABSTRACT

Introduction: The rising daily consumption of gasoline has increased human exposure to its vapors. Direct
contact with these vapors, due to their toxic properties, can adversely affect various organs, including the
heart, lungs, skin, liver, and kidneys. Cinnamon, a widely utilized medicinal plant, is rich in antioxidants
and exhibits protective effects on liver and kidney health, alongside therapeutic potential for various
diseases. Therefore, this animal study aimed to investigate the protective effects of cinnamon extract
against oxidative stress induced by gasoline inhalation in rat kidneys.

Material and Methods: Thirty adult male Wistar rats weighing 160—-180 grams were randomly divided
into five groups (n=6 per group): (1) Control, (2) Cinnamon extract only, (3) Gasoline exposure only, (4)
Gasoline exposure plus 100 mg/kg of cinnamon extract, and (5) Gasoline exposure plus 200 mg/kg of
cinnamon extract. After four weeks of exposure, the rats were weighed and euthanized. Serum samples
were collected for biochemical, serological, and enzymatic analysis, and kidney tissues were examined for
histopathological changes.

Results: Gasoline exposure significantly increased kidney function markers (BUN and cystatin C) and
oxidative stress markers (MDA) while reducing endogenous antioxidant activities (GSH and GPx).
Histopathological analysis revealed significant kidney damage, including hemorrhage, necrosis, and
tubular degeneration in the gasoline-exposed group. Cinnamon extract notably alleviated gasoline-
induced kidney toxicity by reducing kidney function markers and MDA levels while enhancing endogenous
antioxidant activity. Histopathological findings further confirmed the protective effects of cinnamon
extract, showing reduced tissue damage in treated groups.

Conclusion: Cinnamon extract significantly reduces kidney toxicity caused by gasoline, suggesting it may
protect against gasoline exposure. Its antioxidant and anti-inflammatory properties likely support this
protective effect.
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1. INTRODUCTION

The worldwide increase in vehicle numbers
has resulted in elevated gasoline consumption
and greater exposure to its vapors, thereby posing
substantial health risks. Gasoline can enter the body
through inhalation, ingestion, and skin absorption,

* Corresponding Author Email: monirehkhadem@gmail.com

Copyright © 2025 The Authors.
Published by Tehran University of Medical Sciences

with inhalation being the most concerning due to
widespread exposure among gas station attendants,
drivers, and residents in high-traffic areas. Chronic
gasoline exposure has been linked to renal,
hepatic, hematological, and genetic complications,
including cancer, elevated liver enzymes, and
kidney dysfunction. These toxic effects are primarily
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mediated by oxidative stress, an imbalance between
free radical production and antioxidant defenses.
Oxidative stress caused by gasoline exposure can
result in lipid peroxidation, reduced antioxidant
enzyme activity, and tissue damage. The demand
for plant-based therapeutic solutions has risen due
to their affordability, accessibility, and fewer side
effects. Cinnamon (Cinnamomum zeylanicum),
which is rich in antioxidants, has demonstrated a
range of biological effects, including antioxidant,
anti-inflammatory, and nephroprotective
properties. Accordingly, this study investigates
the protective effects of cinnamon extract against
gasoline-induced oxidative stress in rat kidneys.

2. MATERIAL AND METHODS

Thirty male Wistar rats, weighing 160 to 180
grams, were used in an experiment at Tehran
University of Medical Sciences. The rats were
housed in controlled cages for five days with
access to food and water, maintained at 22°C and
55% humidity. They were divided into five groups:

The Control Group (C) with no treatment; the
Cinnamon Extract Group (D) given 100 mg/kg of
cinnamon extract daily for four weeks; the Gasoline
Exposure Group (P) exposed to gasoline fumes for
eight hours daily for four weeks; and two Gasoline
Cinnamon Extract Groups (P D100 and P D200)
receiving 100 mg/kg and 200 mg/kg of cinnamon
extract before gasoline exposure, respectively.

Cinnamon was obtained from the herbarium at
the School of Pharmacy and prepared by washing,
drying, and grinding the bark. The bark was then
soaked in an 80% methanol and distilled water
mixture for a week. The mixture was filtered and
concentrated, yielding 24 grams of dry cinnamon
extract, which was refrigerated until use.

Three inhalation chambers were built for
gasoline exposure. Each chamber contained
beakers with gasoline to release vapors, and the
temperature was maintained at approximately
23°C with 30% humidity. The rats were exposed to
the vapors for eight hours daily, five days a week,
over four weeks. After the exposure period, the rats

Fig. 1: Photomicrograph of kidney section, stained with hematoxylin and eosin (H&E) at 400x magnification. (A) Control group (B)
Cinnamon group (C) Gasoline group (D) Gasoline group + dose of 100 cinnamon (E) Gasoline group + dose of 200 cinnamon. Aster-
isks indicate swelling, arrowheads indicate hemorrhage, and arrows indicate necrosis.
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Table 1: Effect of Cinnamon extract on gasoline-vapours-induced alteration in weight increase and growth rate in rats

Group Initial Body Weight Final Body Weight Perce;::f:a\s:’elght Percentage growth rate

C 166.5+4.5 221+£11 32.7% 27.25%

D 163.83+4.87 219+7.51 33.6% 27.58%

P 161.17+3.18 193£6.09 * 19.7% * 15.9% *
P+D100 160.67+6.08 202+14.3 * 25.7% * 20.66% *
P+D200 162+5.09 207+8.23 28.2% 22.5%

Results represent mean + standard deviation of group serum results obtained; n=6; *p<0.05 compared with group C; **p<0.05 compared with group P

Table 2: Kidney function parameter, antioxidants and oxidative stress markers concentration

Group BUN Cystatin C
C 23.7+2.7 250.36+8.35
D 18.3£0.9 199.26+13.04
P 41.8+3.1* 959.43+111.79 *
P+D100 35.843.3% 680.56+184.25 *
P+D200 31.0+2.1 ¢ 810.76+105.55 *

GSH GPx MDA
17.60+0.81 9.63+0.87 2.20+0.10
23.10£1.66 * 14.10+0.88 * 1.63+0.15
11.40+1.60 * 5.46+0.51 * 3.40+0.36 *
13.40+1.21* 6.16+0.41 * 2.96+0.20 *
16.40+0.90 ** 7.70£1.21 2.53+0.15 **

Results represent mean =+ standard deviation of group serum results obtained; n=3; *p<0.05 compared with group C; **p<0.05 compared with group P

were weighed and euthanized for further analysis.
For histopathological examination and biochemical
analysis, three rats were randomly selected from
each group. Blood samples were collected from
the rats’ hearts for biochemical analysis, including
measurements of blood urea nitrogen (BUN),
cystatinC,glutathioneperoxidase (GPx),glutathione
(GSH), and malondialdehyde (MDA). These tests
were conducted using various commercial Kits.
For histological analysis, kidney tissues were
collected, washed, and fixed in formaldehyde.
The samples were then embedded in paraffin for
sectioning and staining. The stained samples were
examined under a microscope for further data.

Data analysis was performed using SPSS
software, applying one-way ANOVA and post
hoc Tukey tests for comparison of means at a 95%
confidence level. Results were presented as mean +
standard deviation.

3. RESULTS AND DISCUSSION

A review of previous studies indicates that
exposure to gasoline slows weight gain in rats.
Petroleum solvents dissolve body fats, leading to
fat degradation, and hydrocarbons can damage
the liver and small intestine, affecting nutrient
absorption. In this study, the gasoline exposure
group experienced a 13% weight loss, consistent
with prior research. Some researchers suggest
that gasoline-induced weight loss results from
decreased food intake, while others attribute it to
complex interactions affecting growth stimuli. The
cinnamon extract group showed a slight weight
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gain (0.9%) similar to the control. Earlier research
has found that cinnamon extract can enhance
weight gain. Among the groups exposed to both
gasoline and cinnamon extract, the group receiving
200 mg/kg exhibited a higher weight change than
the 100 mg/kg group (28.2% vs. 25.7%), likely due
to cinnamon’s antioxidant properties.

The kidneys are crucial for waste removal
and maintaining body balance. Impaired kidney
function can lead to severe issues such as chronic
kidney disease. BUN, a waste product from protein
breakdown, must be eliminated by healthy kidneys.
Elevated BUN levels indicate kidney dysfunction.
Cystatin C, a protein marker for kidney filtration,
was also significantly higher in the gasoline
exposure group compared to the control. However,
cinnamon extract administration alongside
gasoline exposure reduced BUN levels, although its
effect on cystatin C was not statistically significant.

The body’s antioxidant system includes
enzymatic and non-enzymatic antioxidants, which
help assess oxidative damage after exposure.
Gasoline exposure in this study caused oxidative
stress in rats, as evidenced by lower GPx and GSH
activity compared to the control group. Reported
studies have linked gasoline vapor exposure to
oxidative stress through reduced antioxidant levels.
Gasoline exposure also led to lipid peroxidation, a
key contributor to free radical production.

This study found that MDA levels increased
significantly with gasoline exposure, these findings
are consistent with the results of previous studies.
The decline in antioxidant activity can lead to
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various health issues, suggesting that plant-based
antioxidants like cinnamon can help reduce
gasoline-induced damage. Cinnamon extract
enhanced GSH and GPx activity and significantly
lowered MDA levels when used with gasoline.
Histopathological analysis, which examines
tissue structure and function, is useful for assessing
the impact of chemicals and toxins. Kidney tissues
in the control and cinnamon groups showed no
significant damage, whereas the gasoline exposure
group exhibited severe injuries, including
necrosis of tubular cells and swelling. These
findings align with previous studies documenting
various kidney injuries from gasoline exposure.
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Microscopic examination of kidney sections from
the cinnamon extract-treated groups showed
improvements in injuries such as tubular cell
necrosis, swelling, and hemorrhage, indicating
cinnamon’s potential protective effects against
gasoline exposure.

4. CONCLUSIONS

Based on the findings of this study, cinnamon
extract significantly reduces gasoline-induced
renal toxicity due to its antioxidant and anti-
inflammatory properties. It may be considered
a potential candidate for protecting the kidneys
against the harmful effects of gasoline.

Journal of Health and Safety at Work 2025; 15(2)
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