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Introduction
The rising incidence of kidney disease has become a global public 
health burden particularly in developing countries, including sub-
Saharan Africa [1]. Kidney disease also contributes to the rising 
incidence of cardiovascular disease and stroke [2]. Globally, approximately 
3 million people have different forms/stages of chronic kidney disease 
and a significant number of them are undiagnosed, and therefore are 
untreated [3]. Numerous epidemiological studies have reported high 
prevalence rates (8-45%) of kidney disease in Nigeria [4-8].

Several factors are implicated in the etiology of kidney disease 
including socio-cultural, genetic, and environmental factors [8-
10]. From an environmental perspective, it is known that exposure 
to environmental nephrotoxic pollutants/solvents is common and 
increasing, which is contributing to the rising incidence of kidney 
diseases, particularly among those who are in occupations that 
exposed them to these nephrotoxic solvents. For instance, in 

European countries, approximately 10 million workers are 
exposed to solvents, and in the United States of America, 
approximately 4 million workers are exposed to chemicals, some 
of which are suspected to have nephrotoxic effects (based on data 
from animal studies), likewise in Canada, where volatile organic 
compounds (VOC) are used in many workplaces, and several 
millions of workers within Canada are exposed daily [11-13].

Individuals can be exposed to worksites during the dispensing, 
transportation, storage, or application of a particular chemical. Exposure 
to nephrotoxic chemicals can occur through dermal contact, inhalation, 
or ingestion of contaminated water or foods. However, inhalation is the 
most common route of human exposure. Acute inhalation exposure to 
solvents was shown to cause kidney damage several hundred years ago 
[12]. The high susceptibility of the kidney to chemical injury can be 
explained by its high blood flow (about 25% of cardiac output); high 
metabolic activity; sensitivity to vasoactive compounds; very large 
endothelial surface by weight; numerous transporters, leading to high 
intracellular concentrations of substances and toxicants through re-
absorptive and secretive processes; protein binding; large biotransformation 
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Abstract
Introduction: This study aimed to assess the effect of exposure to gasoline vapor (GV) on the histomorphology and 
biochemical markers of renal function in rats.

Methods: Twenty-four mature Wistar Albino rats weighing 180–200 g were randomly divided into two groups (n = 12 
per group). Animals in group 1 (G1) served as unexposed controls, while animals in group 2 (G2) were exposed to GV 
for 35 days. At the end of the exposure, the animals were sacrificed, and blood samples were collected for biochemical 
analysis while the kidneys were removed and processed for histopathological evaluation. 

Results: Serum biochemical markers of renal function in the exposed group differed significantly (p< 0.05) from the 
unexposed group in urea (45.16 ± 1.00mg/dl versus(vs) 13.20 ± 0.69 mg/dl), creatinine (1.16 ± 0.27mg/dl vs 0.38 ± 
0.10mg/dl), uric acid (3.66 ± 0.82mmol/L vs 1.96 ± 0.08mmol/L), potassium (6.90 ± 0.27mmol/L vs 3.57 ± 0.26mmol/L), 
sodium (182.60 ± 3.21mmol/L vs 141.33 ± 10.46mmol/L), chloride (119.00 ± 1.58mmol/L vs 103.33 ± 2.07mmol/L), pH 
(6.82 ± 0.22 vs 7.38 ± 0.25), bicarbonate (16.60 ± 5.03mmol/L vs 26.50 ± 3.45mmol/L), and glucose (125.60 ± 16.23mg/
dl vs 83.33 ± 4.46mg/dl). Histopathological examination of kidney sections revealed areas of degenerative and necrotic 
changes in the glomerulus, tubules, and renal vasculature, particularly in the cortical portion of the kidney. Conclusion: 
Chronic exposure to gasoline compounds may be associated with significant structural and biochemical derangements 
in kidney function.
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capacity; and high oxygen consumption/delivery ratio in the outer 
medulla, leading to baseline medullary hypoxia and kidney injury [12, 
14]. Nephrotoxins are thought to cause approximately 25% of all cases 
of acute and chronic renal failure [15].

The occupations and environmental solvents with known nephrotoxic 
potential include furniture making, dry cleaning, automotive manufacturing 
and repair, industrial cleaning, theatre routines, painting, varnish, and 
glue, as well as petroleum product retailing [16, 17]. Environmental 
toxins with known nephrotoxic potential include lead, cadmium, 
mercury, uranium, carbon tetrachloride, arsenic, and hydrocarbons 
[18]. Common sources of hydrocarbons include products such as 
gasoline, turpentine, furniture polish, household cleansers, propellants, 
kerosene, and other fuels.

In Nigeria, exposure to hydrocarbons is one of the main etiological 
factors contributing to the rising incidence of kidney disease, and 
many workers (>10%) are continuously exposed to hydrocarbons, 
especially petrochemical and gasoline station workers [19]. It is 
estimated that about 110 million people globally are exposed to 
gasoline constituents for a few minutes per week and approximately 
100 minutes per year while refueling at self-service gasoline 
stations [20, 21]. It is also posited that service station workers are 
exposed to gasoline inhalation for many hours per week and 
approximately 8086 minutes per year. Interestingly, some gasoline 
compounds are nephrotoxic even at low concentrations [22]. The 
rising number of people exposed to gasoline compounds for 
various reasons, including industrial and domestic purposes, may 
explain the increasing nephrotoxicity.

Current exposure to risk factors eventually leads to future disease 
and a public health burden. However, knowledge of risk factors 
can be used to shift the population distribution [23]. Studies 
evaluating the histopathological features of gasoline-induced renal 
injury in humans are difficult; therefore, this toxicological study 
was carried out to assess the effect of GV on the biochemical and 
histomorphology of the kidney in rats.

Materials and Methods 
Twenty-four matured, healthy Wistar albino rats weighing 180–200 g 
were obtained from the animal house at the Faculty of Basic Medical 
Sciences, University of Uyo, Nigeria. They were randomly divided 
into two groups (n = 12 per group): rats in group 1 (G1) served as the 
unexposed control group, while rats in group 2 (test group) were 
exposed to GV.

All animals were well acclimatized, housed in ventilated wooden 
cages with wood shavings as their bedding. Adequate ventilation, 
ambient temperature (27 ± 2°C), 44% relative humidity, and a 12-h 
light-dark cycle were ensured throughout the study period. The animals 
were fed normal animal chow and allowed free access to water.

The research protocols were approved by the Institutional Animal 
Care and Use Committee and performed following the rules 
governing the internationally acceptable use of laboratory animals. 
Only animals in G2 were exposed to unleaded GV from gasoline 

purchased from a Nigerian National Petroleum Cooperation (NNPC) 
refueling station on Itam Ikot Ekpene Road in Uyo, Nigeria. The 
cages of the exposed animals were placed in exposure chambers (80 
× 60 × 100 cm) containing two calibrated 500-mL beakers containing 
petrol. The exposure duration was 6 h (9 am–3 pm) daily for 35 
consecutive days. Differences in volume at the onset and end of the 
exposure period were calculated and were used to estimate the daily 
GV exposure. The average exposure was approximately 80ml/day.

At the end of the exposure period (35 days), the animals were 
sacrificed by chloroform anesthesia. Blood samples were collected by 
cardiac puncture, and the kidneys were removed, weighed, and fixed 
with 10% buffered formalin for tissue processing and histological 
examination.

Serum indices of renal function, including serum urea (Ur) and 
uric acid (UA), were determined using a multi-channel automated 
analyzer (SYNCHRON, Los Angeles, CA, USA). Serum electrolyte 
sodium (Na+), potassium (K+), chloride (Cl-), bicarbonate (HCO3), 
were determined with a flame photometer using lithium as an internal 
standard, and serum glucose (Glu) was determined using a multichannel 
automated measuring system (Lipid pro-TM, Model KM-001A; 
Infopia Co., Ltd., South Korea). Serum creatinine (Cr) levels were 
determined by Jaffe’s method using 0.75 NaOH and 1% picric 
acid (Sigma, St. Louis, MO, USA), which were added at a volume 
of 1 mL to each serum sample. After 15 min at room temperature, 
color changes (at 520 nm) were measured spectrophotometrically 
(ESA, Inc., Chelmsford, MA, USA). Serum HCO3- and Cl- were 
measured using standard methods.

Statistical Analysis 
Data obtained were analyzed using descriptive statistics and reported 
as the mean ± standard deviation (SD). Analysis of variance (ANOVA) 
was used. Differences in means between groups were examined using 
the independent t-test. Differences were considered statistically 
significant at p < 0.05. The analysis was performed using the Statistical 
Package for Social Sciences (SPSS) version 20.

Results
Serum biochemical markers of renal function in the exposed group 
differed significantly (p< 0.05) from the unexposed group in urea 
(45.16 ± 1.00mg/dl versus (vs) 13.20 ± 0.69mg/dl), creatinine 
(1.16 ± 0.27mg/dl vs 0.38 ± 0.10mg/dl), uric acid (3.66 ± 
0.82mmol/L vs 1.96 ± 0.08mmol/L), potassium (6.90 ± 
0.27mmol/L vs 3.57 ± 0.26mmol/L), sodium (182.60 ± 3.21mmol/L 
vs 141.33 ± 10.46mmol/L), chloride (119.00 ± 1.58mmol/L vs 
103.33 ± 2.07mmol/L), pH (6.82 ± 0.22 vs 7.38 ± 0.25), bicarbonate 
(16.60 ± 5.03mmol/L vs 26.50 ± 3.45mmol/L), and glucose 
(125.60 ± 16.23mg/dl vs 83.33 ± 4.46mg/dl) (Figure 1). 

Figure 2 shows that haematological indices significantly (p <0.05) 
decreased in the exposed compared with unexposed group in packed 
cell volume (21.15 ± 1.06% vs 40.75 ± 6.89%), haemoglobin 
concentration (10.90 ± 0.99mg/dl vs 13.82 ± 0.58mg/dl), total red 
blood cell counts (6.40 ± 0.28mm3 vs 7.33 ± 0.42mm3), mean cell 
haemoglobin (15.00 ± 1.41pg vs 17.83 ± 1.47pg), and mean cell 
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haemoglobin concentration (30.40 ± 12.44mm3 vs 33.47 ± 2.04mm3) 
and significantly increased (p < 0.05) in total white blood cell counts 
(12.75 ± 1.77mm3 vs 3.13 ± 1.11mm3). 

Mean body weight (120 ± 15.02g vs 123 ± 10.75g), kidney weight 
(1.62 ± 0.37g vs 1.82 ± 0.51g), and ratio of body to kidney weight 
(74.07 ± 13.58 vs 66.49 ± 15.22) were not significantly different in the 
exposed compared with unexposed group (p > 0.05). MDA 
significantly (p < 0.05) increased in the exposed (11.10 ± 0.41mmol/L 
vs 5.81 ± 0.55mmol/L) compared with unexposed group (Figure 3). 

Figures 4 and 5 show the histopathological features of kidney 
sections from animals in the unexposed (G1) and exposed (G2) 
groups, respectively. Figure 4 (G1) shows normal kidney 
histomorphology, while Figure 5 (G2) shows areas of vascular 
degeneration (VD), cellular degeneration (CD), tubular necrosis 
(TN), and tubular degeneration, evidence of severe nephrotoxicity.

Figure 1: Figure 1 shows that the exposure of the experimental 
animals to GV was associated with a significant (P<0.05) 

increase in serum levels of Cr, Ur, Glu, Na+, K+, Cl-, and UA, 
and a significant decrease in serum pH and bicarbonate level.  

Figure 2: Figure 2 shows that animals exposed to GV had a 
significant (p < 0.05) decrease in packed cell volume (PCV), 

hemoglobin concentration (HB), total red blood cell counts (RBC), 
and mean cell hemoglobin (MCH) and a significant (p < 0.05) 

increase in total white blood cell count and mean cell hemoglobin 
concentration compared with animals in the control group 

Figure 2 shows that animals exposed to GV had a significant (p < 
0.05) decrease in packed cell volume (PCV), hemoglobin 
concentration (HB), total red blood cell counts (RBC), and mean 
cell hemoglobin (MCH) and a significant (p < 0.05) increase in 
total white blood cell count and mean cell hemoglobin 
concentration compared with animals in the control group. 

Figure 3: Mean body weight, kidney weight, and the ratio of body to 
kidney weight in the GV exposed group were not significantly 

different from those of the control group. MDA significantly (p < 
0.05) increased in the exposed compared with the unexposed group.

Figure 4 (G1): Shows the histological section of the kidney of 
animals in the control group at a magnification of A (x100), and 
B (x400) showing normal kidney morphology. CT=Convulated 

Tubules, DCT=Distal Convoluted Tubule, G=Glomerulus, 
PCT=Proximal Convoluted Tubule, RC=Renal Corpuscle.
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Figure 5 (G2): Shows the histological section of the kidney of 
animals exposed to GV (80ml/day) for 35 days at magnification 
C (x100) and D (x400) showing areas of cellular degeneration 
(CD), Tubular degeneration (TD), Tubular necrosis (TN), and 

Vascular degeneration (VD)

Discussion 
The results of this study showed a significant increase in serum 
levels of creatinine, urea, uric acid, electrolytes (K+, Na+, and Cl-), 
glucose, and malondialdehyde (MDA), and decrease in bicarbonate 
(HCO3-) and pH levels in gasoline-exposed compared with 
unexposed rats. Collectively, these findings are suggestive of 
oxidative stress-mediated renal disorders.

This notion is consistent with previous studies which showed that 
exposure to GV is associated with the induction of OS [22, 24, 
25]. MDA is an end product of lipid peroxidation, a pathogenic 
step in OS-induced tissue damage. It has been used as a marker of 
increased OS associated with renal disease [26]. Therefore, a 
significant increase in serum MDA in exposed animals in the 
present study suggests the changes were OS-mediated [27].

OS is associated with damage to the renal structure and disruption 
of functional integrity, including damage to the membrane lipid 
bilayer (lipid peroxidation) and proteins, covalent binding to 
macromolecules, and alteration of the normal structure and 
function of cells, tissues, organs, and systems [25, 28].

GV-induced OS can disrupt the immune system, leading to 
immune perturbation and induction of autoimmune reactions 
causing accumulation of immune complexes in the kidney and 
kidney tissue damage [29]. Besides OS, gasoline (the parent 
nephrotoxicant) can also bind to the membrane lipid bilayer and 
proteins owing to its high lipophilicity, causing damage to both 
and leading to direct dose-dependent cytotoxicity [30]. There are 
associated disturbances of various cellular activities, including 
inhibition of sodium/potassium-adenosine triphosphatase (Na+/
K+-ATPase) activity and several other enzymes involved in ionic 
and acid-base homeostasis. Indeed, exposure to GV carries a 
significant risk of electrolyte abnormalities and acid-base 
disturbances, as found in the present study.

Alternatively, gasoline can be biotransformed into reactive 
metabolites, such as 1,2,3-benzenetriol and benzoquinone, which 
bind covalently to macromolecules and in turn alter the activities 
of enzymes involved in homeostatic mechanisms (e.g., inhibition 
of Na+/K+-ATPase), resulting in cell injury. Na+/K+-ATPase plays 
a crucial role in the regulation of Na+ reabsorption in the proximal 
tubule, establishing the electrochemical gradient needed to drive 
transepithelial transport of cations.

The Na+-K+ ATPase pumps three Na+ from the cell for every two 
K+ pumped in, thereby acting like a three ion co-transport system 
for Na+, K+, and Cl-. When this enzyme is inhibited by gasoline 
constituent metabolites, its function is impaired, leading to an 
altered electrolyte, water, and acid-base homeostasis as well as 
structural abnormalities in renal cells and tissues, as were observed 
in the present study. Therefore, gasoline toxicity can lead to 
diverse forms of electrolyte disturbances, including 
hypernatraemia, hyperchloraemia, hypokalaemia, and metabolic 
acidosis due to distal renal tubular acidosis. This explains in part 
the significant increase in serum electrolytes (K+, Na+, and Cl-) and 
decreases in pH and HCO3- levels observed in the present study. 
Similarly, the decrease in serum pH (increased H+ concentration) 
and the concomitant decrease in HCO3- suggest the presence of 
GV-induced metabolic acidosis due to impaired renal acid-base 
homeostatic mechanisms.

Empirical evidence indicates that a significant decrease in serum 
HCO3-, as was observed in the present study, may indicate a renal 
response to excess H+ concentration (acidosis) in the body. It is 
known that in acidosis, the kidney does not excrete HCO3- into 
the urine, instead, it is reabsorbed, and new bicarbonate is 
produced, which is added back to the extracellular fluid (ECF). 
This reduces the ECF H+ concentration towards normal levels. 
Thus, the kidney regulates the ECF H+ concentration through three 
basic mechanisms, secretion of H+, reabsorption of filtered HCO3-

, and production of new HCO3-.

These mechanisms occur in virtually all parts of the tubules, 
except the descending and ascending thin limbs of the loop of 
Henle. This provides a plausible reason for the significant decrease 
in serum HCO3- observed in the present study. Furthermore, the 
kidney is a major organ for the excretion of metabolic waste, and 
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a significant increase in the levels of serum Cr-, Ur, UA, and 
electrolytes may indicate impairment of the excretory and 
concentration functions of the kidney, which are responsible for 
maintenance of a constant extracellular environment by excreting 
and regulating water and electrolyte balance. This idea is supported 
by previous studies with similar findings [22, 31].

The histopathological changes in renal tissue observed in animals 
exposed to gasoline in the present study provide ancillary evidence 
for the changes in the biochemical markers of nephrotoxicity. 
Specifically, the structural changes observed include tubular 
degeneration and necrosis and vascular and cellular degenerative 
changes. Greater damage to the renal tubules was also observed, 
especially the proximal tubules, which showed evidence of tubular 
degeneration and necrosis.

These observations are consistent with previous studies that 
reported the high vulnerability of the proximal tubules to 
nephrotoxins [30, 32]. It has been shown that this segment of the 
nephron receives a large number of solutes filtered at the 
glomerulus, and because this compartment is rich in inducible-
type mixed-function oxidases, including cytochrome P450 
(CYP450) enzyme, it can metabolize gasoline compounds and 
convert them into toxic reactive metabolites that can damage 
glomerular and tubular cells [32]. Other postulated mechanisms 
underlying gasoline compound-mediated kidney damage include 
β-lyase-mediated bioactivation of halogenated hydrocarbons [12]. 
The alpha 2µ globulin-mediated pathway that leads to nephropathy 
in male rats has also been implicated [12]. Besides the direct 
nephrotoxic effects of gasoline compounds, derangement of other 
biochemical indices, including hematological, hormone, and lipid 
sub-fraction, which can secondarily affect kidney function and 
vice versa, were also observed in the present study. For example, 
excess circulating haem caused by solvent-induced rhabdomyolysis 
or hemolysis of red blood cells has been posited to cause acute 
tubular necrosis [12]. In addition, the presence of metabolic 
acidosis in the GV-exposed animals could have secondarily 
contributed to the decline in renal function through stimulation of 
adaptive mechanism aimed at restoring acid-base homeostasis. 
These mechanisms are detrimental to renal endpoints and include 
the production of ammonia (ammonia genesis) and the subsequent 
generation of new bicarbonate [33]. It has been shown that 
ammoniogenesis leads to activation of the third component of 
complement (C3) through an alternative pathway, and subsequent 
reaction of ammonia with C3 triggers the alternative complement 
pathway, leading to progressive kidney damage. Similarly, the 
production of new bicarbonate in the kidney alkalinizes the 
interstitium, resulting in calcium (Ca2+) precipitation and causing 
kidney damage [34]. Furthermore, there is increased renal 
endothelin-l activity and activation of the renin-angiotensin 
system (RAS). Increase RAS activity leads to increased aldosterone 
production. Excess aldosterone production leads to hemodynamic 
changes, a reduced glomerular filtration rate (GFR), and by 
extension, a decline in other renal functions. 

In conclusion, chronic exposure to GV may be associated with 
histopathological and biochemical nephrotoxic changes. The 
present results highlight the need for safety measures against GV 
exposure through medical surveillance, early detection, and 
intervention to minimize GV exposure and manage suspected 
cases of exposure.
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