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ABSTRACT

Toluene is an organic solvent that is widely used in many industrial processes and commerce. It is
one of the environmental pollutants frequently associated with occupational hazards. In recent
times, young people are becoming more interested in toluene addiction as a result of intentional
inhalation of toluene-containing compounds, which can result in high levels of toluene exposure that
can be damaging to their health. This study was carried out to investigate the effect of subacute oral
exposure of toluene on hepatic and renal biochemical profile (an aspect of health indices) of wistar
rats. Fifteen wistar rats were randomly divided into 3 groups of 5 rats each. Group A (Control)
received 0.5 ml of olive oil (vehicle) while groups B and C received 63.6 and 127.2 mg/kg
respectively of toluene for 21 days by oral gavage. At the end of the treatments, blood samples were
taken and the sera were used for analyses of serum biochemical parameters such as alanine
aminotransferase - ALT, alkaline phosphatase — ALP, aspartate aminotransferase — AST, total
protein, albumin, bilirubin, urea, creatinine and blood electrolytes (potassium, sodium, bicarbonate
and chloride ions). Sections of liver and kidney samples were taken for histopathological
examination. There was no significant (p >0.05) change in the hepatic and renal biochemical
parameters of toluene-treated rats relative to the control. The liver and kidney histomorphology of
the exposed rats were not different from those of the control. Oral administration of toluene, at the
doses and duration used in this study, did not show any toxicity in the liver and kidney of exposed
animals.
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1. INTRODUCTION

Toluene, an organic solvent commonly known as
methylbenzene or phenylmethane [1], is one of
the most common dangerous causes of pollution.
It is widely utilized as an industrial solvent in the
production  of vehicle fuels, chemical
medications, and a variety of consumer and
commercial products like ink, glue, paint, rubber,
cements, and other adhesives [2]. Toluene
enters the body in three ways: through the skin,
inhalation, and ingestion, with inhalation being
the most common [3].

It is rapidly absorbed through the respiratory and
gastrointestinal tracts and, to a lesser extent,
through the skin. Exposure frequently occurs
through contaminated air, food and drinking
water as well as various consumer products [2].

Toluene toxicity as a result of solvent addiction,
occupational dangers, and pollution has been a
source of worry in recent years. Young people
are becoming more interested in toluene
addiction by intentionally inhaling toluene-
containing substances, which can result in high
amounts of toluene exposure. This misuse could
be harmful to their health.

The liver and kidneys are two of the body's major
internal organs, performing a variety of functions
such as metabolism and detoxification. The
assessment of liver and kidney functions, which
are components of serum / plasma biochemical
assays, is therefore critical in determining the
toxicity of compounds that enter the body.

The aim of this research is to see if subacute
toluene exposure has a deleterious effect on liver
and kidney function using wistar rat as animal
model. The study is particularly important since,
as a result of an increase in both juvenile
addiction and industrial use, individuals are
becoming increasingly exposed to this organic
solvent.

2. MATERIALS AND METHODS

2.1 Chemicals and Reagents

Analytical grade of toluene which is a clear
colourless liquid was purchased from Joechem
Ventures Nigeria. The experimental doses were
reconstituted in Goya® olive oil bought from the
supermarket.
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2.2 Animals and Treatment

Fifteen mature male wistar rats with an average
weight of an average of 190 g were purchased
from the Animal House of the Department of
Pharmacology, College of Health Sciences,
University of Port Harcourt. The rats were
acclimatized for two weeks prior the study and
were allowed free access to commercially
sourced feed and clean water throughout the
study. After acclimatization, the animals were
randomly allotted to three groups — A, B and C.
Group A served as the control and was given
0.5ml of olive oil (vehicle) while the treatment
groups B and C were administered with toluene
at the doses - 63.6 mg/kg and 127.2 mg/kg
respectively which corresponded to 1/10 and 1/5
of the LDsg which is 636 mg/kg according to
Doro-on [4]. The rats were treated by oral
gavage daily for 21 consecutive days.

2.3 Sample Collection and Analysis

On day 22, the animals were anaesthetized and
blood samples were collected from the retro-
orbital plexus into plain bottles. Liver and kidney
samples were excised and fixed in 10% formalin
and later processed for histopathological study
according to the method of Lillie (1965) and
stained with Haematoxylin and Eosin blue. The

processed tissues were examined under a
standard light microscope and the
photomicrographs were captured using

Olympus® CX31 digital camera.

The collected blood samples were allowed to
stand for 30-45 mins in order to coagulate and
then centrifuged for 15 mins at 3000 rev/min to
obtain the sera which were used for the
estimation of Hepatic biochemical parameters -
alanine  aminotransferase  (ALT), alkaline
phosphatase (ALP), aspartate aminotransferase
(AST), total protein, albumin and bilirubin (total &
conjugated), and Renal biochemical parameters
- Urea, creatinine and blood electrolyte levels —
sodium, bicarbonate, sodium and chloride ions).
The hepatic and renal serum biochemistry
determinations were done using commercial test
kits. The activities of ALT and AST were
measured according to Reitman and Frankel [5]
while ALP activity was determined by the
thymolphthalein monophosphate method
according to Roy [6]. Total bilirubin and
conjugated bilirubin were determined by the
Jendrassik-Grof method [7] while the total protein
was assayed by the direct Biuret method (1995).
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The albumin, urea and creatinine were
determined by the bromocresol green method
[8], the Urease-Berthelot method [9] and the
modified Jaffe method [10] respectively. The
serum potassium, sodium, bicarbonate and
chloride ions were determined by colorimetric
method [11].

2.4 Statistical Analysis

Statistical analysis was done using SPSS 21. All
values were expressed as mean + SEM and data
were assessed by one-way ANOVA followed by
the Tukey post-hoc test. The significance level
was set at p<0.05.

3. RESULTS

The effect of oral exposure of toluene on hepatic
and renal biochemical profile of wistar rats are
summarized in Tables 1 and 2. Ingestion of
toluene by wistar rats at the doses of 63.6 and
127.2 mg/kg for 21days had no significant (p >
0.05) effect on both the hepatic and renal
biochemical parameters in comparison with the
control as shown in Tables 1 and 2 respectively.

There is no significant variation (p > 0.05) in the
mean serum activities of the liver enzymes —
ALT, ALP and ASP of toluene-treated rats
relative to the control (Table 1). The mean
concentration of the total protein, albumin and
bilirubin (total and conjugated) of exposed rats
did not differ significantly (p > 0.05) from the
control (Table 1). There is no significant
difference in the mean urea, creatinine and blood
electrolytes (sodium, chloride, potassium and
bicarbonate ions) of toluene-treated rats when
compared with the control (Table 2).

The photomicrographs of liver and kidney
sections of toluene-treated rats did not show any
abnormality in the historachitecture in
comparison with the control (Plates 1 and 2).

4. DISCUSSION

From this study, oral administration of toluene to
wistar rats for 21 consecutive days did not alter
the serum concentration of total protein, albumin,
bilirubin and the enzymes - alanine amino-
transferase (ALT), aspartate aminotransferase
(AST) and alkaline phosphatase (ALP). ALT and
AST, which are found inside hepatocytes, are the
most sensitive indicators of liver injury [12].
These enzymes which are usually present in low
concentration in the blood, leak into circulation to
cause a rise in the blood concentration, as a
result of cellular injury or changes in cell
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membrane permeability. ALT is more sensitive
and specific test for liver injury as AST
concentration can also be increased in the cases
of cardiac arrest or muscle injury. ALP, found in
the cell lining of the biliary duct of the liver, are
elevated in hepatobiliary disease [13].

The result also shows that the renal biochemical
parameters such as the mean levels of urea,
creatinine and blood electrolytes were not
affected by toluene. This result suggests that
toluene at the doses and duration used in the
study did not cause injury to the liver and kidney.
Contrary to our findings, Tas et al., [14]
demonstrated that exposure to toluene by
inhalation at the dose of 3000 ppm/lhour/day for
4 weeks, caused significant toxicity to liver of rats
by increasing the serum concentration of ALT
and AST as well as massive hepatic
degeneration. The reason for the disparity in the
findings could be attributed to the route of
exposure. It has been reported that toluene is
readily absorbed via inhalation route than other
routes [15]. Although absorption following oral
exposure is complete, pulmonary absorption is
faster [16]. According to Carlsson [17] the
average percentage of toluene retained by the
body after inhalation is estimated to be 36—85%.

Exposure to vapours of toluene once a day at the
dose of 1000ppm for 15 minutes for 45 days
resulted in a significant reduction in plasma level
of Growth hormone, thyroid stimulating hormone,
follicle stimulating hormone and luteinizing
hormone in male albino rats [18]. Intraperitoneal
exposure of rats to toluene at the dose of 900
mg/kg for 6 days caused vacuolar degeneration
of hepatocytes and epithelial lining of renal
tubules, neuronal damage, and neurodegenera-
tion [16]. Alrezaki, et al. [19] found that exposure
of non pregnant female rats to toluene inhalation
at the doses of 2000, 4000 and 8000 ppm for the
duration of 28 days at the rate of 30 min per day
increased the peripheral progesterone and
testosterone levels, decreased ovarian weight
and increased the number of abnormally growing
follicles.

From our previous studies on toluene at the
doses and duration used in this study, it was
found that toluene was toxic to blood parameters
evidenced by a significant (p<0.05) increase in
lymphocyte count and a highly significant
(p<0.01) rise in neutrophil count [20]. In the same
vein, toluene was shown to be noxious to male
reproductive functions due to the reduction in
testosterone level at the doses of 63.6 and 127.2
mg/kg for 21days [21].
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Table 1. Effect of toluene on hepatic biochemical parameters of rats exposed for 21 days

Groups AST (U/L) ALP (U/L)  ALT (U/L) Total protein  Albumin Total Bilirubin Conjugated Bilirubin
(g/L) (g/L) (umol/L) (umol/L)

Group A (Control) 27.00+2.61  10.40+1.11 27.00+2.30 58.80+1.91 41.60+0.93 5.50+0.39 3.20+0.31

Group B (63.6 mg/kg Toluene) 27.80+3.90 11.60+1.72 28.40+3.12  65.40+4.57 41.20+2.29 5.54+0.77 3.38+0.63

Group C (127.2 mg/kg Toluene) 17.00+2.42  7.30+0.29 17.75£0.85  50.00+6.75 39.50+£1.32 4.00+0.21 2.58+0.11

Results are given as mean + SEM for 5 rats in each group. Experimental groups are compared with group A (control). No significant difference at a 95% confidence interval (p
>0.05). Groups A, B and C represent the control (given 0.5 ml olive oil), 63.6mg/kg treated rats and 127.2 mg/kg treated rats, respectively

Table 2. Effect of Toluene on Renal Biochemical parameters of rats exposed for 21 days

Groups Potassium Chloride Bicarbonate Urea Creatinine Sodium (mmol/L)
(mmol/L) (mmol/L) (mmol/L) (mmol/L) (umol/L)

Group A (Control) 3.92+0.15 70.40+1.03 27.80+1.50 3.54+0.21 72.60+3.83 122.4+4.50

Group B (63.6 mg/kg Toluene)  3.82+0.12 66.80+4.26 24.60+2.11 3.50+0.34 73.2016.67 120.20+3.15

Group C (127.2 mg/kg Toluene) 3.70+0.11 68.50+1.55 27.75+£1.70 3.2340.20 66.50+3.28 117.50+1.94

Results are given as mean + SEM for 5 rats in each group. Experimental groups are compared with group A (control). No significant difference at a 95% confidence interval (p
>0.05). Groups A, B and C represent the control (given 0.5 ml olive oil), 63.6mg/kg treated rats and 127.2 mg/kg treated rats, respectively
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Plate 1. Photomicrographs of liver sections of rats from groups A (Control), B and C (toluene doses of 63.6 and 127.2 mg/kg respectively) treated
for 21days; stained with H&E (x400). No obvious histological change in the liver of toluene-treated rats relative to the control. No obvious change
in the histoarchitecture of the liver sections of toluene-treated rats when compared with the control. The sinusoids (S) are seen radiating away
from the central vein (CV) with very prominent hepatocytes (H)

Plate 2. Photomicrographs of kidney sections of rats from groups A (Control), B and C (toluene doses of 63.6 and 127.2 mg/kg respectively)
treated for 21days stained with H&E (x400). No obvious histological change in the kidney of toluene treated rats relative to the control. The
photomicrograph shows the glomeruli (G) with normal tuffs, surrounded by patent Bowman’s capsules (BC)
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5. CONCLUSION

Oral exposure to toluene, at the doses and
duration of exposure used in this study, did not
alter the hepatic and renal biochemical profile of
wistar rats as well as the histomorphology of their
liver and kidney.

DISCLAIMER

The products used for this research are
commonly and predominantly use products in
our area of research and country. There is
absolutely no conflict of interest between the
authors and producers of the products
because we do not intend to use these
products as an avenue for any litigation but for
the advancement of knowledge. Also, the
research was not funded by the producing
company rather it was funded by personal efforts
of the authors.

ETHICS APPROVAL

The rats for the study were humanely handled in
accordance with the Ethics and Regulation
guiding the use of research animals as approved
by the University.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Ware GW. Toluene. In: G.W. Ware, editor.
Reviews of environmental contamination
and toxicology. New York: Springer. 1988;
189-201.
Available:https://doi.org/10.1007/978-1-
4612-3922-2_17

2. Agency for Toxic Substances and Disease
Registry (ATSDR). Toxicological profile for
toluene (Update) Atlanta, GA: US
Department of Health and Human
Services, Public Health Service. Agency
Toxic Subst Dis Regist; 2015.
Available:https://www.atsdr.cdc.gov/phs/ph
s.asp?id=159&tid=29
(Accessed August 24, 2019)

3. Faust RA. Toxicity summary for toluene.
OAK Ridge Reservation Environmental

Restoration Program, Chemical Hazard
Evaluation = Group  Biomedical and
Environmental Information Analysis

17

10.

11.

12.

13.

Section Health Sciences Research
Division; 1994.
Available:http://riskassessment.ornl.gov/do
cuments/toluene.pdf

Doro-on AM. Hazards, terrorism, and
weapons of mass destruction on pipelines,
tunnels, and underground rail and transit
systems. In Risk Assessment and Security
for Pipelines, Tunnels, and Underground
Rail and Transit Operations. Boca Raton:
CRC Press; 2014.
Available:https://books.google.com.ng/boo
ks?id=ajf6AWAAQBAJ&pPg=PAG3&Ipg=PA
63&dqg=Id50+of+Toluene+in+rat

Reitman S, Frankel SA. A colorimetric
method for the determination of serum
glutamic oxalacetic and glutamic pyruvic
transaminases. American Journal of
Clinical Pathology. 1957;28:56—63.
Available:https://doi.org/10.1093/ajcp/28.1.
56

Roy AV. Rapid method for determining
alkaline phosphatase activity in serum with
thymolphthalein monophosphate. Clinical
Chemistry. 1970;16:431-436.

Jendrassik L, Grof P. Estimation of total
serum bilirubin level by spectrophoto-
metrically in serum and plasma. Biochem
Zeits. 1938;297:81-89.

Doumas BT, Watson WA, Biggs HG.
Albumin standards and the measurement
of serum albumin with bromocresol green.
Clinica Chimica Acta. 1971;31:87-93.
Available:https://doi.org/10.1016/0009-
8981(71)90365-2

Fawcett JK, Scott JE. A rapid and precise
method for the determination of urea.
Journal of Clinical Pathology. 1960;13:
156-9.

Blass KG, Thiebert RJ, Lam LK. A study of
the mechanism of the Jaffe Reaction.
Journal of Clinical Biochemistry. 1974;12:
336-343.

Henry RJ, Cannon DC, Winkelman JW.
Clinical chemistry and techniques. 2nd Ed.,
Hagerstown: Harper and Row; 1974.
Dasgupta A. liver enzymes as alcohol
biomarkers In: A. Dasgupta, editor. Alcohol
and its Biomarkers. Elsevier Inc. 2015;121-
137.

ISBN:978-0-12-800339-8
Available:https://doi.org/10.1016/C2013-0-
18538-8

Jeschke MG. The hepatic response to a
thermal injury In: D. N. Herndon, editor.
Total Burn Care (Third Edition), Elsevier
Inc. 2007;361-378.


https://doi.org/10.1007/978-1-4612-3922-2_17
https://doi.org/10.1007/978-1-4612-3922-2_17
http://riskassessment.ornl.gov/documents/toluene.pdf
http://riskassessment.ornl.gov/documents/toluene.pdf
https://books.google.com.ng/books?id=ajf6AwAAQBAJ&pg=PA63&lpg=PA63&dq=ld50+of+Toluene+in+rat
https://books.google.com.ng/books?id=ajf6AwAAQBAJ&pg=PA63&lpg=PA63&dq=ld50+of+Toluene+in+rat
https://books.google.com.ng/books?id=ajf6AwAAQBAJ&pg=PA63&lpg=PA63&dq=ld50+of+Toluene+in+rat
https://doi.org/10.1093/ajcp/28.1.56
https://doi.org/10.1093/ajcp/28.1.56
https://doi.org/10.1016/0009-8981(71)90365-2
https://doi.org/10.1016/0009-8981(71)90365-2
https://www.sciencedirect.com/science/article/pii/B9780128003398000055
https://www.sciencedirect.com/science/article/pii/B9780128003398000055
https://www.sciencedirect.com/book/9780128003398/alcohol-and-its-biomarkers
https://www.sciencedirect.com/book/9780128003398/alcohol-and-its-biomarkers
https://doi.org/10.1016/C2013-0-18538-8
https://doi.org/10.1016/C2013-0-18538-8
https://www.sciencedirect.com/science/article/pii/B9781416032748500295
https://www.sciencedirect.com/science/article/pii/B9781416032748500295
https://www.sciencedirect.com/book/9781416032748/total-burn-care

14,

15.

16.

17.

18.

Obinna and Gbarakoro; AJOB, 14(2): 12-18, 2022; Article no.AJOB.81711

ISBN: 978-1-4160-3274-8
Available:https://doi.org/10.1016/B978-1-
4160-3274-8.X5001-6

Tas U, Ogeturk M, Meydan S, Kus I,
Kuloglu T, Ilhan N, Kose E, Sarsilmaz M.
Hepatotoxic activity of toluene inhalation
and protective role of melatonin Toxicology
and Industrial Health. 2011;27(5):465-473.
Available:https://doi.org/10.1177/07482337
10389853

Molhave L, Pedersen OF. Measurements
of alveolar concentrations of toluene.
International Archives of Occupational and
Environmental Health. 1984;54:65-71.
Shaffie N, Shabana ME. Role of citicoline
as a protective agent on toluene-induced
toxicity in rats. Journal of The Arab Society
for Medical Research. 2019;14:14-24.
Avalilable:https://doi.org/10.4103/jasmr.jas
mr_9 19

Carlsson A. Exposure to toluene: Uptake,
distribution and elimination in man.
Scandinavian Journal of Work and
Environmental Health. 1982;8:43-55.
Salem RR, Kelada MNB. A biochemical
and ultrastructural study on the effect of

19.

20.

21.

toluene on the pars distalis of anterior
pituitary glands of adult male albino rats.
The Egyptian Journal of Histology. 2020;
43(3):948-959.
Available:https://doi.org/10.21608/ejh.2020
.21574.1222

Alrezaki A, Aldawood N, Mansour L,
Ahmed M, Sirotkin AV, Alwasel S, Harrath
AH. Toluene can disrupt rat ovarian
follicullogenesis and steroidogenesis and
induce both autophagy and apoptosis.
Biology. 2021;10:1153.
Available:https://doi.org/10.3390/biology10
111153

Obinna VC, Agu GO. Haematological
effect of toluene in wistar rats. Journal of
Scientific Research and Reports. 2019;
25(4):1-7.
Available:https://doi.org/10.9734/JSRR/201
9/v25i4301932

Obinna VC, Agu GO. Effect of toluene on
male reproductive parameters in wistar
rats. Journal of Applied Life Sciences
International. 2021;24(3):26-32.
Available:https://doi.org/10.9734/JALSI/20
21/v24i330227

© 2022 Obinna and Gbarakoro; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/81711

18


https://doi.org/10.1016/B978-1-4160-3274-8.X5001-6
https://doi.org/10.1016/B978-1-4160-3274-8.X5001-6
https://doi.org/10.1177/0748233710389853
https://doi.org/10.1177/0748233710389853
https://doi.org/10.4103/jasmr.jasmr_9_19
https://doi.org/10.4103/jasmr.jasmr_9_19
https://doi.org/10.21608/ejh.2020.21574.1222
https://doi.org/10.21608/ejh.2020.21574.1222
https://doi.org/10.3390/biology10111153
https://doi.org/10.3390/biology10111153
https://doi.org/10.9734/JSRR/2019/v25i4301932
https://doi.org/10.9734/JSRR/2019/v25i4301932
https://doi.org/10.9734/JALSI/2021/v24i330227
https://doi.org/10.9734/JALSI/2021/v24i330227
http://creativecommons.org/licenses/by/4.0

