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ABSTRACT 
To evaluate the neuro- and hepato-curative effects of taurine (TAU) and methylsulfonylmethane (MSM) in 
acetaminophen- induced neuro- and hepato- toxicity in adult male albino rats. Silymarin (SLN) was used as 
reference drug. Methods: A total of 40 albino rats were assigned into five groups of 8 rats in each group. 
Rats was administered a single daily dose of acetaminophen (APAP, 500 mg/kg body weight, p.o) for 14 
days. Acetaminophen treated rats were divided into four groups, the positive control group, taurine treated 
group, MSM treated group and silymarin treated group. The Acetaminophen- intoxicated animals were 
treated with the tested drugs for two weeks. A group of untreated animals served as negative control. 
Results: There was significant (P<0.05) increase in levels of  liver marker enzymes, alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) in the actaminophen- treated rats, compared to the normal 
control. Moreover, acetaminophen induced oxidative stress in both liver and brain tissues in terms of 
increased MDA, GSSG and NO contents and decreased GSH; and caused oxidative DNA damage in terms of 
elevation of 8-hydroxy-2-deoxyguanine (8-OHdG). In brain, acetaminophen (APAP) moderately disturbed the 
normal levels of DA, NE and serotonin. Both silymarin, taurine and MSM normalized the serum activities of 
liver marker enzymes (ALT and AST) and restored the normal redox status and ameliorated acetaminophen 
induced DNA- oxidative damage in liver. In addition, both silymarin, taurine and MSM restored the normal 
redox status and  the normal levels of brain monoamines (DA, NE and 5-HT) and ameliorated 
acetaminophen induced DNA- oxidative damage in brain. The efficiency of neuro- and hepatocurative effect 
was SLN> TAU > MSM.   
Conclusion: the study shows that taurine, silymarin and MSM possess significant neuro- and hepato-curative 
attribute due to their antioxidant properties. 
Keywords: Acetaminophen- oxidative stress-liver- brain- silymarin- taurine- MSM. 

INTRODUCTION: 

Paracetamol (APAP) is one of the most commonly 
used drugs for the treatment of pain and fever in 
adults and children, available without prescription, 
and one of the most prescribed drugs in hospitals 
[1,2]. In addition, paracetamol also may constitute 
an environmental pollutant as it is readily detected 
in the sewage effluent water and rivers in most 
areas of the world [3,4]. 

Despite its established safety profile at therapeutic 
doses, in overdose, acetaminophen is the leading 
cause of acute liver failure, hepatic necrosis that 
can be fatal [5-7]. Although recent studies 
indicated the implication of cellular redox changes 
and mitochondrial dysfunction in acetaminophen 

induced hepatotoxicity, however, the precise 
mechanisms of hepatocyte death are not fully 
understood. 

In this context it is very important to pursue 
searching for effective curative remedy for 
acetaminophen-induced toxicity. Taurine (TAU) is 
an sulfonic acid containing amino group, that has a 
role in the regulation of oxidative stress and 
promoting mitochondrial normal functions [8], and 
possesses a number of cytoprotective properties 
through its actions as an antioxidant, 
osmoregulator, and intracellular calcium flux 
regulator [9,10]. Moreover,taurine plays multiple 
roles in the CNS including acting as a 
neuromodulator, a trophic factor in development 
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and as a neuroprotectant against excitotoxicity 
[10]. 
Besides, methylsulfonylmethane (MSM) is a 
natural organosulfur compound that exhibits 
antioxidant where it is found in a wide range of 
human foods including fruits, vegetables, grains, 
and beverages [11]. Consistently, the anti-
inflammatory effect of MSM on 
lipopolysaccharide-induced inflammatory 
responses in murine macrophages [12] and on 
experimental colitis in rats [13]. Nevertheless, 
MSM exhibited anti-oxidant effect on pitting 
edema [14], and exercise induced oxidative stress 
[15]. It was reported that MSM may be used as a 
precursor for the synthesis of methionine and 
cysteine, sulfur containing amino acids, and act as 
a source of sulfur [16].  

Silymarin (SIL), a plant secondary metabolite, is a 
natural compound that is present in species 
derived from Silybum marianum, the scientific 
name for Milk thistle. The plant contains at least 
seven flavolignans and the flavonoid taxifolin. 
Silymarin is a complex mixture of four 
flavonolignan isomers, namely, silybin (60–70%), 
silychristin (20%), silydianin (10%), and isosilybin 
(5%) [17]. The most important flavolignan present 
include silybin. Silymarin has been reported to 
have antioxidative, anti-inflammatory, 
immunomodulatory, antilipid, liver-regenerating 
properties and neuroprotective potentials [17-19]. 
Silymarin has been reported to reduce the 
elevated levels of liver enzymes such as alanine 
aminotransferase (ALT) and aspartate 
aminotransferase (AST) found in liver injuries and 
chronic diseases and liver fibrosis [20]. So, it has 
been used worldwide for many years as a 
complementary alternative medicine because of 
its beneficial effects associated with the treatment 
of hepatic diseases [19].  

Materials and Methods 

Chemicals: 

Acetaminophen, Methylsulfonylmethane, taurine 
and silymarin were purchased from Sigma-Aldrich 
Biotechnology (St Louis, MO, USA). Assays kits for 
the detection of liver functions were purchased 
from Bio-diagnostic (Giza, Egypt). All other 
chemicals were of analytical grade for HPLC assay. 
 

Experimental animals: 
 

Male adult Sprague Dawely rats (150-200 g) were 
kindly provided from the breeding center at 
NODCAR and kept for a week for acclimatization 
before beginning of experiment under normal 
conditions with a 12 h/12 h light-dark cycle at 
room temperature (22ºC–25ºC) with ad libitum 
water and food until starting the experiment. Rats 
were grouped and housed in a conventional clean 
facility according to the protocol of the 
Institutional Animal Ethics Committee of NRC.  All 
the experimental procedures were carried out in 
accordance with international guidelines for the 
care and use of laboratory animals. 
 

Experimental Design 

A total of 40 albino rats were randomly divided 
into 5 groups (8/group): 
Groups 1 (C-):Rats were fed on basal diet and 
orally received saline solution as vehicle and 
served as negative control group. 
Groups 2 (C+):Rats were orally administered a 
single daily dose of acetaminophen dissolved in 
propanol (APAP, 500 mg/kg BW) for 14 days [21], 
then subdivided into three groups (G3, G4 and G5) 
and the rest left as positive control group (G2),  
Groups 3 (Tau): Rats treated orally with taurine 
dissolved in water (500mg/ kg/day) for 14 days 
[21]. 
Groups 4 (MSM):Rats treated with MSM dissolved 
in saline administered intraperitoneal (i.p.) 
(400mg/ kg/day) for 14 days [16]. 
Groups 5 (SIL):Rats treated with silymarin orally, 
dissolved in water (300mg/ kg/day) for 14 days 
[17]. 
The whole blood was centrifuged at 3000 r.p.m for 
10 min to separate the serum. Markers of liver 
function including AST and ALT were measured 
with colorimetric methods using commercially 
available kits. Liver tissues were homogenized in 
four volumes of ice-cold 150 mM Tris–HCl (pH 7.4) 
using Hiedolph homogenizer (SilentCrush M, 
Hiedolph, Germany). Brain tissues were 
homogenized at a concentration of 10% w/v in 70 
% methanol. The homogenates were centrifuged 
at 3000 r.p.m for 15 min at 4Cº to obtain a 
supernatant for various biochemical analyses. Lipid 
peroxidation in the liver and brain homogenate 
was determined by measurement of MDA by HPLC 
–UV according to method of [22]. Liver and brain 
content of GSH and GSSG were determined as 
markers of antioxidant capacity using method 
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of[23].Nitric oxide (as nitrite and nitrate) was 
determined according to method of [24].Brain 
monoamines were determined by HPLC methods 
according to [25]. 8-hydroxy-2'-deoxyguanosine (8-
OHdG) was determined by HPLC method according 
to [26]. 

Statistical analysis 

Datawere done as means ± S.E. using SPSS ANOVA 
test version 11.5, P≤0.05 was considered 
significant difference. 

RESULTS 

Data depicted in table 1 shows that AST and ALT 
activities were significantly increased after the 
administration of APAP as compared with the 
normal group. Treatment with either silymarin, 
MSM or Taurine induced ameliorative effects and 
the difference was statistically significant (p < 
0.05). The order of ameliorative potentials of both 
AST and ALT was silymarin > taurine > MSM. 

Table 2 shows that acetaminophen treated rats 
exhibited elevated levels of liver MDA, NO and 
GSSG and decreased levels of GSH in comparison 

to control group and the difference was 
statistically significant (p < 0.0)5. Silymarin, taurine 
and MSM minimized the effect of acetaminophen 
on the redox status in liver. Their effects are 
comparable to each other and to control group. 
In addition, acetaminophen induced oxidative 
stress in rat brain and increased levels of MDA, NO 
and GSSG and decreased levels of GSH in 
comparison to control group (Table 3). Silymarin, 
taurine and MSM minimized the effect of 
acetaminophen on the redox status and the 
difference was statistically significant (p < 0.05). 
The antioxidant effect of taurine was more 
remarkable than silymarin and MSM (Table 3). 

Acetaminophen treatment induced neurochemical 
changes in rat brain in terms of increased levels of 
dopamine and norepinephrine and decreased 
serotonin level compared to control group (Table 
4) and the difference was statistically significant (p 
< 0.05).  Silymarin, taurine and MSM minimized 
the neurochemical effect of acetaminophen on 
brain monoamines levels (Table 4). 

 
Table 1: Effect of Silymarin (SIL), Taurine (TAU) and Methylsulphonylmethane (MSM) on liver Function in acetaminophen (APAP) 

induced heptotoxicity in Rats. 
 

                  Groups 
Parameter  Control APAP SIL TAU MSM 

AST (U/L) 60.6 ± 2.41 119.7 ± 2.32* 72.4 ± 3.93*$ 82.2 ± 2.40*$a 89.6 ± 1.85*$a 

ALT  ( U/L) 40.2 ± 0.95 72.2 ± 3.41* 50.1 ± 2.92*$ 53.6 ± 3.01*$ 56.3 ± 0.92*$ 

 
Data are expressed as Mean ± S.E. for 6-rats/group 
* significant difference from control group at P < 0.05. 
$ significant difference from acetaminophen group at P < 0.05. 
a significant difference from silymarin group at P < 0.05. 
 

Table 2: Effect of Silymarin (SIL), Taurine (TAU) and Methylsulphonylmethane (MSM) on liver Oxidative Stress Parameters in 
acetaminophen induced heptotoxicity in Rats 

 
                   Groups 
Parameter Control APAP SIL TAU MSM 

MDA (nmol / g) 112.2 ± 5.542 215.9 ± 5.773* 117.5 ± 9.273$ 101.9 ± 7.807$a 127.9 ± 11.83$ab 

GSH (µmol / g) 49.7 ± 0.629 28.9 ± 2.257* 49.8 ± 1.352$ 49.5 ± 1.518$ 50.0 ± 2.42$ 

GSSG (µmol / g) 12.5 ± 0.548 18.5 ± 1.516* 14.5 ± 1.042*$ 11.3 ± 0.534$a 11.3 ± 0.84$a 

NO (µmol / g) 16.7 ± 0.927 19.8 ± 1.623* 17.3 ± 0.929 17.6 ± 0.691 12.5 ± 0.71*$ab 
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Data are expressed as Mean ± S.E. for 6-rats/group 
* significant difference from control group at P < 0.05. 
$ significant difference from acetaminophen group at P < 0.05. 
a significant difference from silymarin group at P < 0.05. 
b significant difference from taurine group at P < 0.05. 
 

Table 3: Effect of Silymarin (SIL), Taurine (TAU) and Methylsulphonylmethane (MSM) on Brain Oxidative Stress Parameters in 
acetaminophen- treated Rats. 

 
Data are expressed as Mean ± S.E. for 6-rats/group 
* significant difference from control group at P < 0.05. 
$ significant difference from acetaminophen group at P < 0.05. 
a significant difference from silymarin group at P < 0.05. 
b significant difference from taurine group at P < 0.05. 
 

Table 4: Effect of Silymarin (SIL), Taurine (TAU) and Methylsulphonylmethane (MSM) on Brain monoamines in acetaminophen- 
treated Rats. 

 
                 Groups 
Parameter Control APAP SIL TAU MSM 

NE (µg/g) 0.873 ± 0.017 1.251 ± 0.114* 1.005 ± 0.086* 0.841 ± 0.061$ 0.842 ± 0.005$ 

DA µg/g) 1.241 ± 0.058 1.616 ± 0.093* 0.977 ± 0.063$ 1.398 ± 0.127$a 1.57 ± 0.053*a 

5HT(µg/g) 0.555 ± 0.029 0.391 ± 0.041* 0.412 ± 0.036*$ 0.506 ± 0.029$ 0.419 ± 0.03*$ 

 
Data are expressed as Mean ± S.E. for 6-rats/group 
* significant difference from control group at P < 0.05. 
$ significant difference from acetaminophen group at P < 0.05. 
a significant difference from silymarin group at P < 0.05. 
b significant difference from taurine group at P < 0.05. 
 

Table 5: Effect of Silymarin (SIL), Taurine (TAU) and Methylsulphonylmethane (MSM) on Liver and Brain DNA fragmentation in 
acetaminophen- treated Rats. 

 
                Groups 
Parameter Control APAP SIL TAU MSM 

 Liver 8HDG (pg/g) 193.1 ± 4.538 221.5 ± 12.601* 181.1 ± 4.986$ 183.9 ± 11.661$ 179.8 ± 4.3$ 

Brain 8HDG (pg/g) 71.4 ± 3.295 223.6 ± 13.635* 155.8 ± 15.0*$ 191.1 ± 16.87*$a 110.5 ± 5.85*$ab 

 
Data are expressed as Mean ± S.E. for 6-rats/group 
* significant difference from control group at P < 0.05. 

                        Groups 
Parameters Control APAP SIL TAU MSM 

MDA  (nmol / g) 53.3 ± 4.18 135.1 ± 12.488* 83.06 ± 6.439*$ 75.5 ± 3.291*$ 102.3 ± 8.09*$ab 

GSH (µmol / g) 26.84 ± 1.205 8.78 ± 0.195* 19.76 ± 0.997*$ 21.83 ± 0.529*$ 17.31 ± 1.253*$ 

GSSG  (µmol / g) 3.36 ± 0.218 7.86 ± 0.375* 4.77 ± 0.125*$ 4.45 ± 0.327*$ 4.46 ± 0.157*$ 

NO (µmol / g) 13.02 ± 1.016 19.38 ± 1.125* 15.68 ± 0.782$ 14.71 ± 1.086$ 14.86 ± 0.475$ 
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$ significant difference from acetaminophen group at P < 0.05. 
a significant difference from silymarin group at P < 0.05. 
b significant difference from taurine group at P < 0.05. 
Table 5 shows that acetaminophen induced DNA 
degradation in terms of elevated level of 8-
hydroxy-2- deoxyguanosine in both liver and brain 
of treated rats. Silymarin, taurine and MSM 
minimized the degenerative effect of 
acetaminophen on DNA (Table 5) and the 
difference was statistically significant (p < 0.05). 
MSM treatment was the most effective. 

DISCUSSION  

The liver, as the first organ to come into contact 
with absorbed nutrients, represents a major 
sensor of substrate, electrolyte and water input. In 
addition, the liver is the central organ of the body's 
detoxification processes of many xenobiotics 
(drugs and environmental chemicals). The liver is 
innervated by both afferent and efferent 
autonomic nerves, which are associated with the 
portal vein, hepatic artery, bile ducts and liver 
hilus [27]. Therefore, liver sends information via 
sensory, afferent nerves to the brain and thence, 
via efferent nerves to other peripheral organs, 
particularly the liver [28], to maintain whole body 
homeostasis. Hence, cerebral and autonomic 
nervous dysfunction accompanying various forms 
of liver disease have long been known [29]. 
Accordingly, the present study aimed to 
investigate the potential toxic effect of APAP on 
liver and brain and the possible curative effect of 
TAU, MSM and SIL. 

In the present study,  the administration of 
acetaminophen to rats resulted in rises in 
circulating liver enzymes, serum ALT and AST 
compared to control and significantly increased 
hepatic DNA fragmentation (P < 0.05 vs. control 
group), indicating that acetaminophen is capable 
of inducing hepatocyte apoptosis. The observation 
that acetaminophen decreased the content of GSH 
and increased the levels of hepatic MDA, GSSG and 
NO might suggest that oxidative stress is the 
culprit of acetaminophen-induced hepatotoxicity. 
In accordance, recent in vitro and in vivo studies 
indicated that acetaminophen induced 
inflammation and oxidative stress [30-32]. It is 
likely that acetaminophen toxicity is related to the 
accumulation of toxic intermediate metabolites 
such as N-acetyl-p-benzoquinoneimine(NAPQI) 

[33]. Normally, acetaminophen is metabolized into 
NAPQI by cytochrome P450-dependent mixed-
function oxidase in the liver and by the 
prostaglandin synthetase system in the kidney 
[34]. Then, these metabolites are detoxified by 
reduced glutathione (GSH) [35]. When glutathione 
levels are depleted, this intermediate metabolite 
can covalently bind to nucleophilic targets of 
macromolecules in cells that eventually cause cell 
death [35].  

Moreover, acetaminophen treatment induced 
neurochemical changes in treated rats in terms of 
increased brain levels of dopamine and 
norepinephrine and decreased serotonin content.  
In addition, acetaminophen induced oxidative 
stress and DNA degeneration in brains of treated 
rats. This effect might be directly due to the 
generation of ROS and the subsequent cell 
apoptosis and neurochemical imbalance in the 
brain or indirectly through liver dysfunction. 
Consistently, most diseases afflicting the nervous 
system are rooted in improperly formed blood, 
brought about by an unwell liver. The observation 
that acetaminophen increased both dopamine 
and/or epinephrine level might indicate that 
acetaminophen enhanced the transmitters' 
synthesis and/or inhibited their degradation. In 
accordance, a recent study indicated that 
acetaminophen inhibited the enzymatic activities 
of monoamine oxidase and ChE, but not ATPase 
enzyme, 
suggestingthatacetaminophenneurotoxicity is at 
least partly- due to neurotransmission disturbance 
[36], which supports the opinion of present study. 
Moreover, the oxidative stress effect of APAP on 
the brain might be to the depleting effect of the 
drug on reduced glutathione and its disturbing 
effect on liver function including glutathione 
synthesis and DNA degradation and apoptotic cell 
death [37]. 

In the present study SIL, TAU and MSM 
significantly attenuated acetaminophen induced 
liver injury and restored the normal levels of 
serum AST, ALT, restored the normal redox status 
and mend APAP-induced hepatic DNA 
fragmentation. In addition, SIL, TAU and MSM 
significantly attenuated APAP induced-
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neurotoxicity and restored the normal redox 
status, minimized the disturbing effect of APAP on 
brain monoamines and mitigates APAP-induced 
brain DNA fragmentation in rats. It's worthy to 
note that both SIL and TAU were more efficient 
than MSM. The variation of their beneficial effect 
might be proportionated with their respective 
antioxidant potentials. Consistently, a previous 
study indicated that hepatoprotective effect of SIL 
is due to the antioxidant properties of flavonoids, 
and stimulating of hepatic synthesis of RNA 
proteins. Moreover, SIL also stimulates the RNA 
polymerase I, and further the ribosomal RNA and 
synthesis of protein [17, 38]. This might suggest 
that SIL posses multiple mechanism of action 
against hepatotoxic agents. The antioxidant 
property and the active cell regeneration through 
inhibiting the free radicals that are produced from 
the metabolism of toxic substances, protecting the 
brain and spinal nerves against free radical 
damage and increase synthesis of RNA and 
proteins are considered the most important 
actions [39- 41]. 

Meanwhile, taurine possesses a number of 
cytoprotective properties through its actions as an 
antioxidant, osmoregulator, and intracellular 
calcium flux regulator [40]. Moreover, taurine 
exhibited both prophylactic and therapeutic 
effects in acetaminophen-induced hepatic injury 
[40]. It has been suggested that taurine 
administration could affect the disposition of APAP 
by enhancing its metabolism through the GSH-
dependent pathway and also by increasing the 
biliary excretion of this drug and its metabolites 
[42]. In addition, taurine, hypotaurine and N-
acetylcysteine exhibited equipotent protective 
actions against the toxic actions of APAP in the 
liver when tested in equimolar doses and under 
the same conditions [21]. Moreover, it seems that 
the antioxidant property of MSM is underlying 
mechanisms of its hepatoprotective and curative 
effect against APAP induced liver and brain 
dysfunction [43]. In accordance, a previous study 
indicated that MSM increased the level of GSH, 
and antagonized acetaminophen induced 
hepatotoxicity, may be through its sulfur donating 
and antioxidant effects [16, 44].  

On conclusion the present study shows that 
acetaminophen overdose induced neuro- and 
hepato-toxicity. The suggested mechanisms of cell 

injury are metabolic activation of APAP, 
glutathione depletion and formation of reactive 
oxygen/nitrogen species. In addition, TAU, SIL and 
MSM possess significant neuro- and hepato-
curative attribute due to their antioxidant 
properties. 
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