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ABSTRACT
Toluene is an organic solvent that is toxic to humans. Caffeic acid phenethyl ester (CAPE) and
thymoquinone (TQ) exhibit antioxidant and antitoxic effects. We investigated the protective
effects of CAPE and TQ on toluene induced hepatotoxicity. Wistar albino rats were divided into
seven groups of eight. The animals were injected intraperitoneally (i.p.) with 0.1 ml/10 g/day corn
oil (control I), 0.1 ml/10 g/day corn oil + 2 ml/kg/day 10% ethanol (control II), 20 mg/kg/day TQ
dissolved in 0.1 ml/10 g corn oil (TQ), 10 µmol/kg/day CAPE dissolved in 10% ethanol (CAPE),
500 mg/kg/day toluene (T), toluene and TQ together (T + TQ), or toluene and CAPE together (T +
CAPE). All rats were sacrificed on day 15. Liver samples were obtained for histological analysis.
Serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels were measured
to evaluate liver function. Liver sections from the control I and TQ groups exhibited normal
histology. Sections from the T group exhibited sinusoid dilation, hemorrhage, vacuolization and
necrosis. TQ and CAPE protected against toluene induced histopathological changes. AST and ALT
levels were increased significantly in T group compared to both control groups. CAPE decreased
significantly the toluene induced increase in AST and ALT levels, while TQ did not. CAPE and TQ
exhibited some antitoxic and hepato-protective effects on toluene induced liver damage.
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Toluene toxicity causes various types of health problems.
Toluene is an aromatic hydrocarbon solvent that is used
widely for industrial manufacturing. Toluene can cause
diseases in workers exposed to toluene in the workplace
(ATSDR 2007; Balster et al. 2009). Another cause of
toluene toxicity is toluene exposure due to abuse, e.g.,
huffing, sniffing, bagging or cuffing.

The literature contains many reports concerning
toluene toxicity to internal organs and treatment
options for toxic effects (Thiel and Chahould 1997;
Tsatsakis et al. 1997; Tomei et al. 1999; Coskun et al.
2006; Mendoza-Cantu et al. 2006; ATSDR 2007; Balster
et al. 2009; Meydan et al. 2012, 2016, Cruz et al. 2014).
Because earlier reports have not provided solutions,
further studies of toluene toxicity and treatment
options are required.

Caffeic acid phenethyl ester (CAPE) is a component of
propolis. It exhibits antimitogenic, anticarcinogenic,
antimicrobial, anti-inflammatory and immune-
modifying effects together with antioxidant properties
(Mirzeova and Calder 1996; Natarajan et al. 1996;

Borrelli et al. 2002; Kus et al. 2004; Ogeturk et al. 2005;
Esrefoglu et al. 2012; Abdel-Daim and Abdellatief 2018).
CAPE has been reported to prevent toluene induced
nephrotoxicity owing to its antioxidant, antitoxic and
cytoprotective effects (Meydan et al. 2016).

Thymoquinone (TQ) is derived from Nigella sativa
(El-Tahir et al. 1993). TQ exhibits antioxidant,
antimicrobial, anti-inflammatory and hepatoprotective
properties (Hanafy and Hatem 1991; Dur et al. 2016;
Noorbakhsh et al. 2018). We found no reports of the
effects of either CAPE or TQ on the biochemical and
histological changes caused by toluene toxicity.
Therefore, we investigated the protective effects of
CAPE and TQ against the hepatotoxic effects of toluene.

Material and methods

Animals

We used 56 200−250 g Wistar albino male rats obtained
from Bezmialem Vakif University Research Center. The
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animals received humane care according to the criteria
outlined in the Guide for the Care and Use of Laboratory
Animals prepared by the National Academy of Science
and published by the National Institutes of Health,
Bethesda, MD. We followed the regulations for ethical
treatment according to The National and Institutional
Guidelines for the Protection of Animal Welfare. Ethical
approval was obtained from the Laboratory Animals
Ethical Committee, Bezmialem Vakıf University.

The rats were divided into seven groups of eight.
Animals were housed and experiments were conducted at
22 ± 2 °C. Rats were housed with a 12 h light:12 h dark
cycle. The animals were injected intraperitoneally (i.p.)
with 0.1 ml/10 g/day corn oil (control I), 0.1 ml/10 g/day
corn oil + 2 ml/kg/day 10% ethanol (control II), 20 mg/kg/
day TQ dissolved in 0.1 ml/10 g corn oil (TQ), 10 µmol/kg/
day CAPE dissolved in 10% ethanol (CAPE), 500 mg/kg/
day toluene (T), toluene and TQ together (T + TQ), or
toluene and CAPE together (T + CAPE). At 15 days, blood
samples were obtained by cardiac puncture under general
anesthesia with 100mg/kg ketamine and 10mg/kg xylazine
to measure aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels. All rats were decapitated
and the liver tissues were harvested. Blood samples for
biochemical analysis were obtained by cardiac puncture
just before sacrifice.

Histopathology

For histopathology, liver tissues were fixed in 10%
neutral buffered formaldehyde, dehydrated through
70, 90, 96 and 100% alcohol, cleared in xylene and
embedded in paraffin. Sections were cut at 5 μm,
mounted, dewaxed and rehydrated, then stained with
hematoxylin and eosin (H & E) (Feldman and Wolfe
2014). Sections were examined and scored by a blinded
observer using a Nikon Eclipse i5 light microscope with
a Nikon DS-Fi1c camera and the Nikon NIS Elements
version 4.0 image analysis systems (Nikon Instruments
Inc., Tokyo, Japan). Liver damage was evaluated by
assessing sinusoid dilation, hemorrhage, inflammatory
cell infiltration vacuolization and necrosis. Severity of
pathology was evaluated as: 0, absent; 1, minimal; 2,
moderate; 3, severe; a maximum score = 12.

Biochemistry

The blood samples were kept at room temperature for
30 min for coagulation, then centrifuged at 1,400 x g for
10 min. The supernatant serum was stored at −80 °C
until analysis. Serum AST and ALT concentrations were
measured using commercially available kits (Abbott,
Lake Forest, IL).

Statistical analysis

Power analysis was performed with 5% error (x = 0.05)
and 90% power and the maximum difference between
the two groups was calculated as 130; SD was accepted
as 115 and a minimum of eight rats for each group was
approved. All statistical analysis was carried out using
SPSS, version 20.0 (SPSS, Chicago, IL). All biochemical
data were expressed as means ± SD. Distributions of
the groups were analyzed using the ANOVA test.
Student’s t test was performed to determine the
differences among groups. Values for p ≤ 0.05 were
considered statistically significant.

Results

Histopathology

The liver sections of the control, CAPE and TQ groups
exhibited normal histology (Figure 1a–d). Sections of
the T group exhibited sinusoid dilation, hemorrhage,
vacuolization and necrosis (Figure 1e,f). The T + TQ
group exhibited decreased the severity of hemorrhage,
sinusoid dilation and vacuolization, and decreased
necrosis compared to the T group. (Figure 1g,h). The
T + CAPE group exhibited decreased severity of
sinusoid dilation, hemorrhage, vacuolization and
necrosis compared to the T group (Figure 1i,j).

Biochemistry

Both AST and ALT levels were significantly higher in
toluene treated rats compared to the control groups (p
< 0.0001) (Figures 2, 3). We found that CAPE
treatment significantly decreased the toluene induced
increase in AST (p < 0.01) and ALT (p < 0.05) levels
(Figures 2, 3). TQ treatment decreased the toluene
induced increase in AST and ALT levels; however, the
difference was not statistically significant (Figures 2, 3).

Discussion

We investigated the hepatotoxic effects of toluene and
possible hepatoprotective effects of CAPE and TQ.
Toluene exhibits great affinity for lipids and can diffuse
readily into tissues including brain, kidney and liver,
which are rich in lipids (ATSDR 2007; Cruz et al. 2014).
High doses of toluene are toxic to the liver (Tsatsakis et al.
1997; Tomei et al. 1999; Coskun et al. 2006; Mendoza-
Cantu et al. 2006; Meydan et al. 2012, 2016). Toluene is
metabolized to hippuric acid mainly in the liver. Hippuric
acid dissociates into the hippurate anion and a proton.
Protons are buffered by bicarbonate, while some of the
hippurate anions are excreted with ammonia. Toluene
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Figure 1. H & E stained sections. a) Control I group. b) Control II group with normal histological appearance x 100. c) TQ group with
normal histological appearance. x 100. d) CAPE group with normal histological appearance. x 100. e) T group with necrosis (red
asterisk). x 200). f) T group with mild sinusoidal dilation (blue arrow) and prominent vacuolization (yellow arrows). x 400. g) T + TQ
group with mild sinusoidal dilation (blue arrows). x 200. h) T + T Q group with mild sinusoidal dilation (blue arrow) and vacuolization
(yellow arrows). x 200. i) T + CAPE group with mild sinusoidal dilation (blue arrows) and vacuolization (yellow arrows). x 400. j) T +
CAPE group with necrosis (red asterisks). x 200.
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causes hippuric acid to accumulate, which may cause
excretion of ammonia, sodium and potassium combined
with hippurate anions; this causes metabolic acidosis and
hypokalemia (Cruz et al. 2014).

Like many toxic substances, toluene causes structural
changes in liver tissue. Hepatocyte degeneration,
sinusoidal enlargement and focal mononuclear cell
infiltration were observed in rats treated with
malathion, an organophosphate (Esen and Uysal

2018). Abdel-Daim and Abdellatief (2018) reported
congestion of central veins, dilation of portal vessels,
disruption of hepatic sinusoids, Kupffer cell hyperplasia
and pyknosis of some hepatic nuclei in rats exposed to
abamectin, an insecticide. Ayan et al. (2013) reported
that high dose toluene administration caused
hepatocyte degeneration, mononuclear cell infiltration
and apoptosis in 3 h. These investigators concluded
that high doses of toluene cause apoptosis in rat liver

Figure 2. Serum AST levels for all groups. Data are means ± SD. *p < 0.0001 compared to controls, **p < 0.01 compared to the
T group. Control I, corn oil; control II, corn oil + ethanol; TQ, thymoquinone; CAPE, caffeic acid phenethyl ester; T, toluene.

Figure 3. Serum ALT levels for all groups. Data are means ± SD. *p < 0.0001 compared to controls, **p < 0.05 compared to T group.
Control I, corn oil; control II, corn oil + ethanol; TQ, thymoquinone; CAPE, caffeic acid phenethyl ester; T, toluene.
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by mitochondrial pathways during the acute period.
Tas et al. (2011) reported that toluene inhalation
caused hepatocyte degeneration, dilated sinusoids and
mild pericentral fibrosis.

Like earlier reports, we found that toluene exposure
caused histopathological findings such as sinusoid
dilation, hemorrhage, vacuolization and necrosis.
Clearly, toluene exhibits hepatotoxic effects. We found
also that TQ prevented histopathological changes
caused by toluene. TQ treatment together with
toluene decreased the severity of hemorrhage, sinusoid
dilation, vacuolization and prevented necrosis. CAPE
treatment together with toluene decreased the severity
of sinusoid dilation, hemorrhage, vacuolization and
necrosis. In a study of liver toxicity caused by an
herbicide, paraquat, TQ reversed the histopathological
findings (Zeinvand-Lorestani et al. 2018). It has been
reported that TQ exhibits antioxidant, anti-
inflammatory, antifibrotic, anti-proapoptotic and
anticarcinogenic effects with no side effects (Tekbas
et al. 2018). TQ appears to be useful for reducing
hepatotoxicity due to surgical ischemic damage and
neo-adjuvant chemotherapy (Tekbas et al. 2018).

Abdel-Daim and Abdellatief (2018) reported that
CAPE reversed histopathological lesions including
congestion of central veins, dilation of portal vessels
and disruption of hepatic sinusoids caused by
abamectin intoxication. Esrefoglu et al. (2012)
reported that CAPE delayed histopathology in rat
liver caused by aging.

AST and ALT are two of the aminotransferase group
of liver enzymes that are related to clinical findings of
liver diseases. Serum levels of AST and ALT are
elevated in cases of alcoholic hepatitis, hepatic
cirrhosis, liver cancers (Panteghini and Bais 2012),
toxicities due to drugs or chemical agents (Kus et al.
2004; Mazraati and Minaiyan 2018) and oxidative stress
(Mazraati and Minaiyan 2018). Increased ALT is seen
rarely in situations other than parenchymal liver
diseases; therefore, ALT is quite specific to liver tissue
(Panteghini and Bais 2012). Inhalation of toluene
increases hepatic transaminases significantly in serum
and causes liver damage owing to oxidative stress (Tas
et al. 2011). We found that the serum ALT and AST
levels of the T group were significantly higher than
controls. A statistically significant decrease in the
elevated ALT and AST levels was observed in the
group treated with CAPE; a decrease in the TQ group
was not statistically significant. Consequently, CAPE
exhibited a cytoprotective effect on the hepatic
transaminase enzyme system. It has been reported
that hepatic enzymes that are elevated due to
hepatoxicity were decreased and toxicity-induced

histopathological findings were reversed with
10 μmol/kg (i.p.) CAPE treatment (Abdel-Daim and
Abdellatief 2018). Therefore, CAPE appears to have
potential as a protective agent for hepatotoxicity.
Kanter et al. (2005) reported hepatoprotective effects
of N. sativa, whose active compound is TQ. N. sativa
decreased CCl4 induced elevation of liver ALT, AST
and alkaline phosphatase (ALP) enzymes.

Toluene caused liver damage and hepatotoxicity. TQ
and CAPE prevented these effects owing to their antitoxic,
cytoprotective and hepatoprotective properties.
Administration of both agents may improve in treatment
outcome and quality of life for patients with liver lesions.
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