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Abstract 

Volatile solvent abuse is an important global health problem with serious consequences on the central nervous system. In this study, the effect 
of citric acid on brain oxidative stress and histopathological changes in brain and liver following exposure to toluene in rats was investigated. 
Rats were treated with toluene (900 mg/kg, intraperitoneally, daily) either alone or together with citric acid at 200, 400, 1000 or 2000 mg/kg 
for successive two days. Oxidative stress biomarkers malondialdehyde (MDA), reduced glutathione (GSH) and nitric oxide were determined. 
Histopathology of the brain and liver was done. Results showed that compared with the vehicle exposure to toluene caused increased brain 
MDA and NO along with decreased GSH content. Histopathological examination of the brain of toluene only-treated rats showed vacuolar 
degeneration, pyknotic and necrotic material in cerebral cortex and degeneration in the most of Purkinje cells in cerebellum. The liver exhibited 
distorted architecture, massive hepatocyte degeneration, and red blood cells in sinusoidal spaces. Citric acid given at 1 or 2 g/kg improved the 
pathological changes in cerebral cortex with most neurons being of normal shape after 2 g/kg citric acid. In cerebellum, few Purkinje cells 
appeared normal after citric acid administration. In the liver, citric acid at 1 or 2 g/kg almost prevented the deleterious effects induced by 
toluene. Collectively, these results indicate that treatment with citric acid at 1 or 2 g/kg was able to decrease neuronal damage in cerebral cortex 
and prevent liver damage in rats exposed to toluene. 
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1 Introduction 

Volatile solvent abuse is a global health problem, especially 
among adolescents and young adults in both developed and 
developing countries [1, 2]. Toluene (methylbenzene) 
represents the most widely abused organic solvent because 
of its wide availability in gasoline, glues, adhesives, paint 
thinners, and household cleaners [3]. Because of its high 
lipid solubility, toluene is rapidly distributed to the brain [4] 
resulting in acute intoxication that manifests as 
cheerfulness, excitation followed by lethargy, motor 
incoordination, coma and even death due to respiratory 
depression [3]. Repeated and long-term exposure to toluene 
is associated with serious neurologic and mental disorders 
including leucoencephalopathy, ataxia, white matter 
changes, brain atrophy, and dementia [5-7]. Animal studies 
showed that acute exposure to toluene results in neuronal 
death in cerebral cortex and hippocampus and degeneration 
of cerebellar Purkinje cells. There was also increased 
immunostaining of the apoptotic marker caspase-3 in the 
cytoplasm of cortical and hippocampal neurons [8-10]. 
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Oxidative stress is one of the most important mechanisms 
implicated in toluene-induced neuronal injury [11]. 
Oxidative stress is the term used to describe the state in 
which the balance between the formation of reactive oxygen 
metabolites and antioxidants in the cell is shifted towards 
the oxidant side. The result is oxidative modification of 
membrane lipids, enzymes and DNA with perturbations of 
cellular function and even lethal outcome. This occurs 
because of free radicals being generated at a high rate and/or 
deficient antioxidants [12]. Reactive oxygen species (ROS) 
are produced during metabolism; the most important site 
being the mitochondrial respiratory chain where leakage of 
electron onto molecular oxygen results in the generation of 
superoxide (O2

•−). The latter can be dismutated by the 
enzyme superoxide dismutase to form hydrogen peroxide 
(H2O2) that in turn is metabolized by catalase and 
glutathione reductase regenerating H2O and O2 or converted 
to the highly oxidant hydroxyl radical (•OH) via the Fenton 
reaction catalyzed by transition metals Cu+2 and Fe+3 [13]. 
Other sources of O2

•− and H2O2 are flavoenzymes, e.g., 
xanthine oxidase activated in ischemia-reperfusion, 
lipoxygenase and cyclooxygenase, cytochrome P450, 
NADPH-dependent oxidase of phagocytes [14]. 
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Mitochondrial damage by O2
•− or environmental toxins 

results in increased release of reactive oxygen metabolites 
and further mitochondrial damage creating a vicious cycle 
that can lead to neuronal cell death [15, 16]. The brain tissue 
with its high rate of O2 consumption and rich content of 
polyunsaturated fatty acids (PUFA) is considered highly 
vulnerable to oxidative stress [12]. An increase in the serum 
levels of the lipid peroxidation end product MDA has been 
reported in workers with toluene-containing paint thinners 
[17], while animal studies provided evidence for the 
increased generation of reactive oxygen metabolites in rat 
brain [18] with increased protein carbonyls [19], MDA and 
depletion of the antioxidant GSH [9, 20].  
Citric acid (2-hydroxy-1,2,3-propanetricarboxylic acid) is 
an important intermediate in the tricarboxylic or Kreb’s 
cycle in the mitochondria which is the final common 
pathway for the oxidation of carbohydrates, fatty acids and 
amino acids with provision of energy in the form of 
adenosine 5'-triphosphate or ATP for the metabolic 
requirements of the cell [21]. It is also a component of the 
human diet being present in large amounts in citrus fruits 
and fruit juices eg., lemon, orange, grape fruit, and tangerine 
[22]. Citric acid is used to prevent urinary calcium oxalate 
crystallization and stone formation [23] and citrate 
anticoagulation is employed during haemodialysis [24].  
Citric acid was shown to attenuate the degranulation of 
polymorphonuclear leucocytes and the release of 
myeloperoxidase and the proinflammatory cytokine 
interleukin-1beta (IL-1β) during haemodialysis [25,26]. It 
was also shown to attenuate oxidative stress and protect 
against brain and liver damage during systemic 
endotoxaemia [27] and following the administration of such 
toxins as malathion [28], carbon tetrachloride [29, 30] or 
rotenone [20] in animal studies. The aim of this study is to 
investigate the possible protective effect of citric acid 
administration on the development of oxidative stress and 
tissue damage in the brain and liver following toluene 
intoxication in the rat. 

2 Materials and methods 

2.1 Animals 

Male Sprague-Dawley rats, obtained from Animal House of 
the National Research Centre, Cairo, weighing between 
150-170 g were group-housed under temperature- and light-
controlled conditions with standard laboratory rodent chow 
and water provided ad libitum. Animal procedures were 
performed in accordance with the Ethics Committee of the 
National Research Centre and followed the 
recommendations of the National Institutes of Health Guide 
for Care and Use of Laboratory Animals (Publication No. 
85-23, revised 1985).  

2.2 Drugs and chemicals 

Toluene and citric acid (Sigma-Aldrich, St Louis, MO, 
USA) were used in the study. Other chemicals and reagents 
were obtained from Sigma Chemical Co. (St. Louis, MO, 

U.S.A.). Toluene was freshly prepared in paraffin oil to 
obtain the required doses. Citric acid was dissolved in 
normal saline, freshly prepared before use and administered 
intraperitoneally (i.p.). The doses of toluene or citric acid 
used were based on other studies [31]. 

2.3 Study design 

Rats were randomly divided into different equal groups, six 
rats each. Group 1 received the vehicle. Group 2 received 
toluene in paraffin oil (vol/vol) in a dose 900 mg/kg (2.6 
ml/kg), i.p. on two successive days. Groups 3-7 received 
toluene (900 mg/kg, i.p) together with citric acid at doses of 
200, 400, 1000 or 2000 mg/kg. Rats were then euthanized 4 
h after the last treatments by decapitation under ether 
anesthesia for tissue collection. The brain and liver of each 
rat were quickly removed, washed with ice-cold phosphate 
buffered saline (PBS, pH 7.4), weighed, and stored at −80 
°C until the biochemical analyses were carried out. The 
tissues were homogenized with 0.1 M phosphate buffer 
saline at pH 7.4 to give a final concentration of 10% w/v for 
the biochemical assays. 

2.4 Biochemical analysis 

2.4.1 Lipid peroxidation 

Lipid peroxidation products in the brain homogenates was 
assayed by measuring the level of malondialdehyde (MDA) 
using the method of Ruiz-Larrea et al. [32] where the 
thiobarbituric acid reactive substances react with 
thiobarbituric acid to produce a red colored complex having 
a peak absorbance at 532 nm. 

2.4.2 Reduced glutathione 

Brain reduced glutathione (GSH) was determined in 
homogenates spectrophotometrically according to Ellman 
method [33]. The procedure is based on the reduction of 
Ellman´s reagent by –SH groups of GSH to form 2-nitro-s-
mercaptobenzoic acid, which is intense yellow in colour and 
determined spectrophotometrically at 412 nm. 

2.4.3 Nitric oxide 

Nitric oxide measured as nitrite was determined using 
Griess reagent, according to the method of Moshage et al. 
[34] where nitrite, a stable end product of nitric oxide 
radical, is mostly used as indicator for the production of 
nitric oxide. In this assay, nitrate is converted to nitrite by 
nitrate reductase. Griess reagent then converts nitrite to a 
deep purple azo compound. The absorbance is read at 540 
nm using spectrophotometer. 

2.4.4 Serum liver enzymes 

At the end of the experiments, blood samples were obtained 
from the retro-orbital venous plexus under light ether 
anesthesia. The activities of the liver enzymes alanine 
aminotransferase (ALT) and aspartate aminotransferase 
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(AST) in serum were measured according to Reitman–
Frankel colorimetric transaminase procedure [35]. 

2.5 Statistics 

Results are expressed as mean ± SE. Data were statistically 
analyzed using one-way analysis of variance (ANOVA) 
followed by Tukey’s multiple comparisons test for multiple 
group comparison. Statistical significance was considered at 
a probability value of less than 0.05. GraphPad Prism 6 for 
Windows (GraphPad Prism Software Inc., San Diego, CA, 
USA) was used. 

3 Results 

3.1 Biochemical results 

3.1.1 Effect of citric acid on brain oxidative stress in toluene-
treated rats 

Rats given toluene exhibited significant increments in brain 
MDA and NO levels by 59.8% (28.10 ± 0.94 vs. 17.58 ± 
0.76 nmol/g.tissue) and 54.5% (30.12± 1.32 vs. 19.03 ± 0.94 
µmol/g.tissue) compared with the vehicle group. 
Meanwhile, the level of GSH was significantly decreased by 
41.4% (1.88 ± 0.12 vs. 3.21 ± 0.04 µmol/g.tissue) in the 
brain of toluene-treated rats compared to their controls. 
Citric acid given at 200 or 400 mg/kg had no significant 
effect on brain MDA, NO or GSH in toluene-treated rats. 
The higher doses of 1 or 2 g/kg, however, resulted in 
significant decreases in MDA by 27.6% and 30.6% (20.33 
± 0.90 and 19.50 ± 0.50 vs. 28.10 ± 0.94 nmol/g.tissue) and 
in NO by 20.8% and 31.4% (23.85 ± 0.54 and 20.67 ± 0.89 
vs. 30.12± 1.32 µmol/g.tissue). In toluene-treated rats, the 
administration of citric acid at 1 or 2 g/kg resulted in 
significant increase in GSH by 33.5% and 51.1% compared 
to the toluene control group (2.51 ± 0.09 and 2.84 ± 0.17 vs. 
1.88 ± 0.12 µmol/g.tissue) (Fig. 1). 

3.1.2 Effect of citric acid on liver oxidative stress in toluene-
treated rats 

In rats treated with only toluene, there was a significant 
increase in liver MDA and nitric oxide contents by 50.1% 
(40.34± 0.64 vs. 26.87± 0.94 nmol/g.tissue) and 45.3% 
(42.39± 0.98 vs. 29.18 ± 1.06 µmol/g.tissue). Meanwhile, 
GSH decreased by 34.6% (2.72 ± 0.16 vs. 4.16± 
0.07µmol/g.tissue) compared with the vehicle control 
group. Citric acid given at 200 or 400 mg/kg had no 
significant effects on liver MDA, NO or GSH in toluene-
treated rats. Treatment with citric acid at 1 or 2 g/kg resulted 
in significant decrease in live MDA by 24.7% and 28.23% 
(30.36± 0.65 and 28.95 ± 0.55 vs. 40.34 ± 1.56 
nmol/g.tissue) and in NO by 21.3% and 29.8% (33.37± 1.0 
and 29.77± 0.62 vs. 42.39 ± 0.98 µmol/g.tissue) compared 
to the toluene control. On the other hand, there was a 
significant increase in GSH content by 32.7% and 43.0% 
(3.61 ± 0.13 and 3.89 ± 0.06vs. 2.72 ± 0.16 µmol/g.tissue) 
(Fig. 2). 

3.1.3 Effect of citric acid on serum enzymes 

In rats treated with toluene, alanine aminotransferase 
(ALT), and aspartate aminotransferase (AST) activities in 
serum were markedly raised by 188.9% (169.6 ± 3.7 vs. 58.8 
± 2.2 U/l) and 160.5% (180.0 ± 3.4 vs. 69.1 ± 2.6 U/l) 
compared to their corresponding vehicle control values, 
respectively. The administration of citric acid at 1 or 2 g/kg 
resulted in significant decrease in serum ALT by 37.9% and 
53% (105.5 ± 5.3 and 79.9 ± 6.0 vs. 169.6 ± 3.7 U/l) and 
AST by 39% and 58.7% (109.8 ± 6.0 and 74.4 ± 2.4 vs. 
180.0 ± 3.4 U/l) (Fig. 3). 

3.2 Brain histopathological changes 

3.2.1 Cerebral cortex 

The cerebral cortex of vehicle control rats showed normal 
architecture (Fig. 4A). Rats given toluene only exhibited 
area of vacuolar degeneration due to cytoplasmic 
destruction, many pyknotic cells, mitotic figures and 
necrotic material. Dilation of cerebral veins and 
perivascular edema, neurons with intracytoplasmic 
proliferation of filaments producing the neurofibrillary 
tangle, Lewy body, and plaque formation (Fig. 4B-D). The 
cerebral cortex of rats treated with toluene and citric acid at 
200 mg/kg revealed no improvement of changes, 
vacuolation in most of sections that has been referred to as 
spongiform degeneration, necrotic neurons and hyalinized 
blood vessels were still present (Fig. 4E). Following toluene 
and citric acid at 400 mg/kg, the cortex still suffered from 
the deleterious effect of toluene in the form of degeneration 
of neuron, gliosis and congestion of cerebral blood vessel. 
The neurons showed intracytoplasmic proliferation of 
filaments producing the neurofibrillary tangle (Fig. 4F). 
Rats given toluene and citric acid at 1 g/kg showed moderate 
improvement in pathological changes as compared to the 
group treated with toluene only with absent neurofibrillary 
tangles, Lewy bodies, mitotic figures, or vacuolar 
degeneration, although pyknotic neurons, gliosis, and 
congested blood vessel were seen (Fig. 4G). More 
improvement in pathological changes was observed after 
treatment with citric acid at 2 g/kg where most neurons 
appeared normal although karyorrhexis in some neurons, 
gliosis, and congestion of blood vessel were observed (Fig. 
4H). 

3.2.2 Cerebellum 

The cerebellum from the vehicle-treated rats showed normal 
structure (Fig. 5A). Exposure to toluene caused 
degeneration in the most of Purkinje cells (Fig. 5B). There 
was no improvement in the pathological changes after 
treatment with citric acid at 200 or 400 mg/kg (Figs. 5C & 
D).  However, after the administration of 1 or 2 g/kg citric 
acid few Purkinje cells appeared normal (Figs. 5E & F). 
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3.2.3 Liver histopathological changes 

The liver tissue sections of the vehicle control group showed 
a normal appearance (Fig. 6A). On the other hand, the 
administration of toluene induced deformity of liver 
architecture, massive hepatocyte degeneration, ballooning 
degeneration, pyknotic nuclei in some hepatocytes and red 
blood cells in sinusoidal spaces (Fig. 6B). Treatment with 
citric acid at 200 mg/kg showed no improvement in 
pathological changes; the liver tissue revealed ballooning 
degeneration, most hepatocytes appeared necrotic and red 
blood cells in the sinusoidal space were present (Fig. 6C). 
Sections from rats treated with toluene along with citric acid 

at 400 mg/kg revealed that most of hepatocytes appeared 
degenerated with cellular necrosis in most of hepatocytes in 
the form of vacuolated cytoplasm, hemorrhages and red 
blood cells in the sinusoidal space (Fig. 6D). The higher 
dose of citric acid (1 g/kg) resulted in improvement in 
pathological changes in the form of no ballooning 
degeneration, most of hepatocytes appeared normal 
although minimal vacuolation, fibrosis, congestion in portal 
vein and few inflammatory infiltrates were seen (Fig. 6E). 
Treatment with 2 g/kg citric acid decreased the deleterious 
effects induced by toluene; the central vein and hepatocytes 
appeared normal but red blood cells in the sinusoidal space 
were still present (Fig. 6F)
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Figure 1. Effect of citric acid on brain malondialdehyde (MDA), nitrite and reduced glutathione (GSH) in toluene-treated rats. *: P<0.05 vs. 
vehicle. +: P<0.05 vs. toluene control. 
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Figure 2. Effect of citric acid on liver malondialdehyde (MDA), nitrite and reduced glutathione 
(GSH) in toluene-treated rats. *: P<0.05 vs. vehicle. +: P<0.05 vs. toluene control. 
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Figure 3. Effect of citric acid on serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in toluene-treated rats. 
*: P<0.05 vs. vehicle and between different groups as shown in the graph. +: P<0.05 vs. toluene control. 
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Figure 4. Representative photomicrographs of the cerebral cortex after treatment with: (A) Vehicle showing 
normal appearance of neurons, glial cells, and capillaries. (B) Toluene only showing mitotic figure and 
plaque formation and aggregate of necrotic material (yellow arrow). (C) Toluene only showing dilation of 
cerebral veins and perivascular edema (arrow). (D) Toluene only (another filed) showing deformity of 
normal structure, neurofibrillary tangle due to intracytoplasmic proliferation of filaments, Lewy body and 
vacuolation. (E) Toluene along with citric acid 200 mg/kg showing spongiform degeneration (vacuolation), 
some necrotic neurons (red arrow) and hyalinized blood vessels (yellow arrow). (F) Toluene along with 
citric acid 400 mg/kg showing degeneration of the most of neurons (yellow arrow), neurofibrillary tangle 
due to intracytoplasmic proliferation of filaments and gliosis (black arrow). (G) Toluene along with citric 
acid 1g/kg showing moderate improvement in pathological changes but some degenerated neurons (green 
arrow), pyknotic neurons (yellow arrow), gliosis (red arrow), and congested blood vessel (white arrow) are 
seen. (H) Toluene along with 2 g/kg citric acid showing more improvements in pathological changes, most 
neurons appeared normal, karyorrhexis (black arrow) in some neurons, gliosis (white arrow) and congestion 
of cerebral blood vessel (red arrow). 
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Figure 5. Representative photomicrographs of the cerebellum after treatment with: (A) Vehicle showing 
normal appearance of Purkinje cells (arrow). (B) Toluene only showing degeneration the most of Purkinje 
cells (black arrow). (C) Toluene and citric acid 200 mg/kg showing degeneration in most of Purkinje cell 
(black arrow). (D) Toluene and citric acid 400 mg/kg showing degeneration in most of Purkinje cell (white 
arrow). (E) Toluene and citric acid 1 g/kg showing degeneration the most of Purkinje cells (red arrow), few 
appeared normal (yellow arrow) and congestion of blood vessel in white matter (star). (F) Toluene and citric 
acid 2g/kg showing degeneration the most of Purkinje cell (red arrow), few appeared normal (black arrow). 
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4 Discussion 

The findings in the present study provides the first evidence 
that the administration of citric acid was able to ameliorate 
the toluene induced cerebral- and hepato-toxicity. In this 
study, acute exposure to toluene was associated with 
significant increase in brain lipid peroxidation assessed by 
measuring MDA, indicative of increased generation of ROS 
and consequent attack on membrane PUFA [36]. There was 
also significant decrease in reduced glutathione (GSH), an 
important antioxidant and free radical scavenger molecule. 
By shuttling between the reduced (GSH) and the oxidized 
(GSSG) forms, the tripeptide glutathione (γ-L-glutamyl-L-
cysteinylglycine) acts to maintain the redox balance in the 
cell [37]. The observed decrease in the level of GSH, 

therefore, is indicative of increased consumption of 
glutathione by the excessive generation of ROS in the brain 
of toluene-intoxicated rats. The observed decrease in GSH 
could also be caused by toluene-inducing mitochondrial 
damage and consequent decrease in energy supply, resulting 
in decreased synthesis of glutathione or failure of GSH 
regeneration. Our results are thus in agreement with other 
studies indicating increased lipid peroxidation, and 
decreased cellular antioxidants following exposure to 
toluene in rats [8, 20, 27, 38, 39]. Increased levels of protein 
carbonyls indicative of protein oxidation in the brain have 
also been reported in rats exposed to toluene [19]. The 
notion that oxidative stress plays a significant role in toluene 

 
Figure 6. Representative photomicrographs of the liver tissue of rats treated with: (A) Vehicle showing 
normal histological structure of hepatic cells and central vein (CV). (B) Toluene only showing massive 
hepatocyte degeneration, pyknotic nuclei in some cells (black arrow), ballooning degeneration and red blood 
cells in dilated blood sinusoids. (C) Toluene along with citric acid 200 mg/kg showing that most cells 
appeared necrotic (black arrow), ballooning degeneration and red blood cells in dilated blood sinusoids. (D) 
Toluene along with citric acid 400 mg/kg showing degenerated cells (white arrow), cellular necrosis in most 
of hepatocytes in the form of vacuolated cytoplasm and hemorrhage in blood vessels. (E) Toluene along 
with citric acid 1 g/kg showing most cells appeared normal but minimal vacuolation, minimal fibrosis (black 
arrow), congestion in portal vein (star) and few inflammatory infiltrate (white arrow) are still present. (F) 
Toluene along with citric acid 2 g/kg showing more improvement in pathological changes in the form of 
normal central vein (CV) and normal hepatocytes, but red blood cells in sinusoidal space are still present. 
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neurotoxicity derives further support from studies reporting 
decreased oxidative stress and brain neurodegeneration in 
toluene intoxicated rats after treatment with the antioxidants 
omega-3, vitamin C, and vitamin E [8, 38]. 
Similar to its effects on the brain, toluene induced 
significant increase in lipid peroxidation besides depletion 
of GSH in the liver tissue which is in agreement with our 
previous observations [10, 20] and which highlights 
increased oxidative stress as an important mechanism in the 
toluene-induced tissue injury. Other studies reported 
increased 8-hydroxy-2´-deoxyguanosine in the liver and 
kidney indicative of oxidative DNA damage in rats exposed 
to toluene [40]. In this study, treatment with citric acid at 1 
or 2 g/kg was associated with a significant decrease in lipid 
peroxidation in brain and liver tissues, which is possibly due 
to an antioxidant effect of citric acid. There was also 
markedly increased GSH content in the brain and liver, 
indicate of lowered levels of ROS and/or increased 
regeneration of GSH by improved energy supply to the cell. 
Similar antioxidant effects of citric acid were observed in 
rotenone intoxicated rats where its administration decreased 
MDA, and increased total antioxidant capacity in brain and 
liver tissue [27]. 
We also observed significant increase in NO in brain and 
liver of rats following toluene injection, which is in 
agreement with previously reported studies [9, 10, 20, 27]. 
Other researchers have reported increased 3-nitrotyrosine, a 
marker of protein nitration in brain of toluene-treated rats 
[41]. The increase in NO could therefore be involved at least 
in part in the neurotoxic effects of toluene. The excessive 
generation in NO during inflammatory and toxic states can 
result in neuronal death. This is attributable to the 
generation of the highly reactive peroxynitrite (ONOO−) 
from the reaction of NO and O2

•− causing oxidation, 
nitration of protein tyrosine residues, and nitrosylation of 
thiols in proteins or GSH [42,43]. In this study, the toluene-
induced increase in brain and liver NO levels were 
ameliorated by administering citric acid. In a previous 
study, the increase in inducible nitric oxide synthase (iNOS) 
immunostaining in the livers of mice during 
lipopolysaccharide-induced endotoxaemia was decreased 
by treatment with 1 or 2 g/kg of citric acid [27]. This 
suggests that a decrease in iNOS-derived NO could be 
involved at least in part in the protective effect of citric acid. 
Our results showed that the cerebral cortex of toluene-
intoxicated rats suffered vacuolar degeneration and 
necrosis. Neurons with neurofibrillary tangle, Lewy body, 
and plaque formation were observed. Other studies reported 
the presence of dead and apoptotic neurons, perineuronal 
vacuolation, glial cells and cerebral oedema in brain from 
rats treated with the solvent [8, 9, 20, 38, 44]. There was also 
degeneration of cerebellar Purkinje cells which is consistent 
with our previously published studies [10, 39] and in line 
with the reported cerebellar symptoms in those who were 
exposed to the solvent [45]. We also demonstrated that 
toluene caused distorted liver architecture, massive 
hepatocyte degeneration, ballooning degeneration, and red 
blood cells in sinusoidal spaces. An earlier study showed 
vacuolar degeneration, massive inflammatory infiltrate and 
hemorrhage in rats given the solvent at 900 mg/kg for two 

successive days. In the present study, the administration of 
citric acid at 1 or 2 g/kg was found to improve the toluene-
induced pathological changes in cerebral cortex and liver in 
a dose-dependent manner. In a previous study, liver 
necrosis, inflammatory cell infiltration and DNA 
fragmentation during systemic endotoxaemia in mice was 
almost prevented by treatment with 1 or 2 g/kg of citric acid 
[27]. In the Parkinson’s disease model caused by rotenone 
injection in rats, citric acid at 200 or 400 mg/kg, however, 
prevented the histopathological changes in cortex, striatum, 
hippocampus and liver [20]. 

5 Conclusion 

In summary, the findings in the present study provided the 
first evidence that treatment with citric acid prevents the 
toluene induced cerebral- and hepato-toxicity. The 
protective effect of citric acid was demonstrated at both the 
biochemical and histological levels. The mechanism (s) by 
which citric acid prevents the toluene-induced tissue 
damage could involve a decrease in oxidative and 
nitrosative stress. By stimulation of Kreb’s cycle and 
provision of reducing equivalents for the energy demands of 
the cell, citric acid is also able to counteract the bioenergetic 
deficit induced by toluene. 
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