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Introduction

Acetaminophen [N-acetyl-p-aminophenol (APAP)] is 
a widely used analgesic and antipyretic drug. However, 
overdose of APAP is a frequent cause of acute hepatic fail-
ure and death (Chun et al., 2009). Additionally, chronic 
APAP usage may also cause hepatotoxicity even in low 
dosages in adults or children (Geiger & Howard, 2007). 
The normal dose of APAP is conjugated by glucronic acid 
and eliminated in bile without any toxicity. However, 

levels of APAP over the limit of detoxification by glucronic 
acid conjugation are metabolized by cytochrome P-450 
and form a chemically reactive metabolite, N-acetyl-p-
benzoquinonimine (NAPQI) (Josephy, 2005). NAPQI 
is conjugated with glutathione (GSH) and this reaction 
induces GSH depletion, which causes reactive oxygen 
species (ROS) generation (Hinson et al., 2004). APAP also 
induces oxidative stress causing significant alternation in 
the activities of some antioxidant enzymes in free-radical 
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abstract
Context: Tournefortia sarmentosa Lam. (Boraginaceae), a Chinese herbal medicine, is commonly used as a detoxicant 
or anti-inflammatory agent.
Objective: As acetaminophen (APAP) is a well-known hepatotoxin, we investigated the effect of the aqueous extract 
of the T. sarmentosa on APAP-induced hepatotoxicity in vivo and in vitro.
Materials and methods: Levels of liver function markers serum glutamate oxaloacetate transaminase (SGOT), glutamate 
pyruvate transaminase (SGPT), and alkaline phosphatase (ALP), inflammatory markers tumor necrosis factor (TNF)-α, 
interleukin (IL)-1b, and IL-6 in serum, and antioxidant enzymes catalase (CAT), superoxide dismutase (SOD), and 
glutathione peroxidase (GPx), as well as lipid peroxidation were determined.
Results: T. sarmentosa significantly reduced the elevated liver function (SGOT, SGPT, and ALP, p < 0.01) and inflammatory 
markers (TNF-α, IL-1β, and IL-6, p < 0.01) in serum of APAP-intoxicated rats. Malondialdehyde level (p < 0.05) and 
antioxidant enzyme levels (CAT, SOD, and GPx, p < 0.05) were also reduced in APAP-intoxicated rats treated with T. 
sarmentosa. Incubation of rat hepatocyte cell line clone-9 cells with APAP reduced cell viability and increased the 
extent of lipid peroxidation. APAP stimulation also reduced the level of glutathione (GSH) and caused reduction in the 
activities of the antioxidant enzymes, CAT, SOD, and GPx. Pretreatment of hepatocytes with T. sarmentosa aqueous 
extract before and during APAP stimulation attenuated the extent of lipid peroxidation, increased cell viability and 
GSH level, and enhanced the activities of antioxidant enzymes.
Discussion and conclusion: These data suggest that the aqueous extract of T. sarmentosa can prevent APAP-induced 
hepatotoxicity.
Keywords: Antioxidant, cytotoxicity, rat, hepatocyte

*These authors contributed equally to this article.

Address for Correspondence: Wu-Hsien Kuo, Department of Medicine, Armed-Forces Taichung General Hospital, Taiping City, Taichung, 
Taiwan. E-mail: wuhsienku@gmail.com., Tel: +886-3-8266805, Fax: +886-3-8261370.

(Received 23 March 2011; revised 03 May 2011; accepted 30 June 2011)

Pharmaceutical Biology, 2012; 50(3): 291–396
© 2012 Informa Healthcare USA, Inc.
ISSN 1388-0209 print/ISSN 1744-5116 online
DOI: 10.3109/13880209.2011.602695

Pharmaceutical Biology

2012

50

3

291

396

23 March 2011

03 May 2011

30 June 2011

1388-0209

1744-5116

© 2012 Informa Healthcare USA, Inc.

10.3109/13880209.2011.602695

NPHB

602695

mailto:wuhsienku@gmail.com., Tel: +886-3-8266805, Fax: +886-3-8261370.
http://informahealthcare.com/doi/abs/10.3109/13880209.2011.602695


292 Chun-Yuh Teng et al.

 Pharmaceutical Biology

metabolism, such as superoxide dismutase (SOD), cata-
lase (CAT), and glutathione peroxidase (GPx) (Hinson 
et al., 2004). Maintaining the balance between ROS and 
antioxidant enzymes is, therefore, crucial and could 
serve as a major mechanism in preventing liver injury 
by oxidative stress. This balance has been suggested to 
play an important role in APAP-induced hepatotoxic-
ity. In addition, increasing evidence has indicated that 
inflammatory processes are involved in APAP-induced 
hepatotoxicity (Jaeschke, 2005). Recent data have impli-
cated molecular mediators of the immune response such 
as tumor necrosis factor-α (TNF-α), interleukin (IL)-1β, 
and IL-6 in acute and chronic liver damage (Lacour et al., 
2005). These cytokines have been implicated in mediat-
ing the hepatic response to APAP (Blazka et al., 1995; 
Bourdi et al., 2002; James et al., 2003). Furthermore, these 
cytokines are released into the bloodstream both from 
the liver and from distal sites during hepatic toxic injury 
(Lacour et al., 2005).

Many antioxidant agents have been studied in experi-
mental studies to reduce or prevent APAP-induced hepa-
totoxicity. Tournefortia sarmentosa Lam. (Boraginaceae) 
has been used as detoxicant and anti-inflammatory 
agents, and a circulation promoter to remove blood stasis 
(Chiu & Chang, 1987). It has been reported that the aque-
ous ethanol extract and water-soluble fraction from the 
stems of T. sarmentosa potently inhibited low-density-
lipoprotein peroxidation (Lin et al., 1999, 2002). Since 
T. sarmentosa is reported as an antioxidant, it might be 
useful for preventing APAP-induced hepatotoxicity.

The aim of this study was to investigate the protective 
effect of the aqueous extract of T. sarmentosa on liver 
function and inflammatory markers in the serum, as well 
as on the levels of antioxidant enzymes and lipid peroxi-
dation of the rats administrated with APAP. Serum levels 
of liver function markers serum glutamate oxaloacetate 
transaminase (SGOT), glutamate pyruvate transami-
nase (SGPT), and alkaline phosphatase (ALP), as well as 
inflammatory markers TNF-α, IL-1β, and IL-6 were deter-
mined. The extent of lipid peroxidation was determined 
by measuring the content of malondialdehyde (MDA), 
and the prooxidant−antioxidant status was evaluated by 
measuring the activity of the antioxidant enzymes SOD, 
CAT, and GPx in rat liver homogenates. In addition, an 
in vitro cell culture model was used to study the effect of 
T. sarmentosa on APAP-induced cytotoxicity in rat hepa-
tocyte cell line clone-9 cells. The cellular damage was 
assessed by determining the cell viability in APAP-treated 
clone-9 cells. To evaluate whether the water extract of  
T. sarmentosa has antioxidative properties, the MDA con-
tent, GSH level, and activity of the antioxidant enzymes 
in APAP-treated clone-9 hepatocytes were examined.

Materials and methods

Reagents
All culture materials were purchased from Gibco (Grand 
Island, NY, USA). The MDA assay kit (Cat.No. LPO-586) 

was purchased from Calbiochen (La Jolla, CA). The GSH 
(Cat. No. CS0260), GPx (Cat. No. CGP1), SOD (Cat. No. 
19160), and CAT (Cat. No. CAT100) activity assay kits were 
purchased from Sigma (St Louis, MO). Enzyme-linked 
immunosorbent assays (ELISAs) for TNF-α, IL-1β, and 
IL-6 were purchased from R&D Systems (Minneapolis, 
MN). Other chemicals of reagent grade were obtained 
from Sigma.

Preparation of the extract
Stems from field grown T. sarmentosa were harvested, 
dried, and chopped into about 5-cm pieces with fod-
der cutter. The dried pieces were extracted with distilled 
water for 120 min at 100°C. The water extracts were then 
centrifuged at 4°C and 3,000 rpm for 3 min, and filtered 
through Whatman No. 3 filter paper. After filtration, it 
was dried using a rotary vacuum evaporator at 60°C for 
3 h. Dried T. sarmentosa extracts were resuspended in 
distilled water and stored at −20°C until use.

Experimental animals and design
Pathogen-free male Wistar-albino rats (4 weeks) were 
purchased from the National Laboratory Animal Center, 
Taiwan, and were kept for a week under environmen-
tally controlled conditions. All animals were fed with 
a standard rat chow diet and water ad libitum, and 
then rats weighing 180 ± 20 g were used for induction of 
APAP-induced hepatotoxicity. All rats received human 
care in accordance to the “Guide for the Care and Use 
of Laboratory Animals” (National Academies Press, 
Washington, DC, USA, 1996).

Animals were divided into four groups of eight animals 
each. Group I treated with vesicle (distilled water) was 
kept as normal control. Group II served as hepatotoxic-
ity control and was treated with a single dose of APAP 
(2,000 mg/kg body, p.o.). Group III and IV were treated 
with extract of T. sarmentosa 250 and 500 mg/kg body 
weight plus APAP. After 24 h of APAP intoxication, the 
rats were euthanized by ether and then sacrificed. The 
blood was collected by cardiac puncture in heparinized 
tubes. The blood was centrifuged at 3,000 rpm and 4°C for 
10 min to separate the serum. Serum SGOT, SGPT, and 
ALP were measured with an auto-analyzer (Hitachi 7050, 
Tokyo, Japan).

The liver was immediately taken out and washed with 
ice-cold saline, then weighed and stored at −80°C. Ten 
percent of homogenate was prepared in 0.05-M ice-cold 
Tris−HCl buffer (pH 7.4) by using a glass Teflon homoge-
nizer. The homogenate was then centrifuged at 5,000 rpm 
for 30 min to remove debris. Supernatant fluids were col-
lected and used for the estimation of SOD, CAT, GPx, and 
the level of lipid peroxidation, and total protein.

ELISA for serum TNF-α, IL-1β, and IL-6 levels
The levels of serum TNF-α, IL-1β, and IL-6 were deter-
mined by using sandwich ELISA (sensitivity 18 pg/mL; 
R&D) according to manufacturer’s protocols, as previ-
ously described (Lee et al., 2006).
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Cell culture
Rat liver clone-9 cells were cultured in Dulbecco’s modi-
fied Eagle’s medium containing 10% fetal bovine serum at 
37°C in a humidified atmosphere of 5% CO

2
, as previously 

described (Sahu et al., 2008). The clone-9 cells kept in 
culture medium was served as normal control. The toxin 
control was prepared by incubating the clone-9 cells with 
APAP for 24 h. Before administrating with APAP, clone-9 
cells were pretreated with 0−100 μg/mL aqueous extract 
of T. sarmentosa for 1 h prior to APAP addition. At the end 
of incubation period, clone-9 cells were collected to carry 
out each experiments in triplicates.

Measurement of cell viability by MTT assay
Cells were cultured on monomer or polymerized col-
lagen in 96-well plates. Cell viability was determined 
by methylthiazol tetrazolium assay (MTT) assay. After 
the incubation period, 3-(4,5-dimethylthiazol-2-yl)-2-
,5-diphenyltetrazolium bromide (MTT) solution was 
added to each well to a final concentration of 0.5 mg/
mL and the mixture was incubated at 37°C for 3 h to 
allow MTT reduction. The formazan crystals were dis-
solved by adding dimethylsulfoxide and absorbance 
was measured at 570 nm with a spectrophotometer 
(Chu et al., 2007).

Determination of antioxidant enzyme activities
The SOD, CAT, and GPx enzyme activities, and the level of 
GSH in clone-9 hepatocytes were measured in triplicate 
by assay kits from Sigma using 96-well plates. The protein 
content was determined with the Bradford method using 
BioRad protein assay (BioRad, Espoo, Finland) with 
bovine serum albumin (Sigma) as the standard.

MDA assay for lipid peroxidation
The treated cells were incubated in 24-well plates. The 
culture medium was removed and 0.5-mL cell lysis buffer 

was added to each well after cells were washed three 
times with phosphate-buffered saline. The MDA contents 
of cell were determined by MDA assay kit.

Statistical analysis
The results are expressed as mean ± standard error of the 
mean. Statistical analysis was determined by using an 
independent Student’s t-test for two groups of data and 
analysis of variance followed by Scheffe’s test for multiple 
comparisons. P values less than 0.05 were considered 
significant.

results

Effect of T. sarmentosa extract on APAP-induced 
hepatotoxicity in rat
Serum activities of SGOT, SGPT, and ALP are summarized 
in Table 1. The leakage of these enzyme activities in the 
blood reflects the damage of liver function due to APAP-
induced hepatotoxicity. Administration of APAP sig-
nificantly elevated SGOT, SGPT, and ALP activities when 
compared with the normal control rats. Co-treatment 
with 250 or 500 mg/kg of T. sarmentosa extract signifi-
cantly reduced the elevation of SGOT, SGPT, and ALP 
(p < 0.01).

Activities of hepatic SOD, CAT, and GPx are provided 
in the Table 2. Amounts of SOD, CAT, and GPx were sig-
nificantly diminished in the APAP-administrated rats 
as compared with the normal control rats (p < 0.01). 
Co-treatment of T. sarmentosa extract significantly raised 
the antioxidant enzyme levels as compared with the rats 
administrated with APAP. In addition, administration of 
APAP caused a significant increase in MDA level when 
compared with the normal control rats. However, rats 
co-treated with 250 or 500 mg/kg of T. sarmentosa extract 
significantly reduced MDA concentration in the rat liver 

Table 1. Effect of T. sarmentosa extract on liver function and inflammatory markers in APAP-administrated rats.

Treatment SGOT (U/L) SGPT (U/L) ALP (U/L) TNF-α (pg/mL) IL-1β (pg/mL) IL-6 (pg/mL)
Normal control 80.49 ± 8.08 38.42 ± 5.67 150.76 ± 8.93 24.74 ± 2.5 34.97 ± 3.4 23.46 ± 2.8
APAP 982.53 ± 65.46* 179.74 ± 18.6* 261.48 ± 28.68* 159.16 ± 10.4* 214.62 ± 12.4a 194.34 ± 8.1a

250 mg T. sarmentosa + APAP 155.23 ± 23.12# 74.27 ± 8.32# 193.25 ± 18.31# 108.34 ± 7.6# 147.31 ± 9.2b 115.37 ± 6.3b

500 mg T. sarmentosa + APAP 117.25 ± 18.46# 52.12 ± 7.37# 169.25 ± 14.37# 68.42 ± 4.2# 85.68 ± 8.2b 74.54 ± 5.6b

APAP, acetaminophen; ALP, alkaline phosphatase; IL, interleukin; SGOT, serum glutamate oxaloacetate transaminase; SGPT, serum 
glutamate pyruvate transaminase; TNF, tumor necrosis factor.
Values are mean ± SEM, n = 8 animals.
p < 0.01 significantly different from the normal control.
p < 0.01 significantly different from the APAP-administrated group.

Table 2. Effect of T. sarmentosa extract on liver antioxidant enzyme activities and lipid peroxidation levels in APAP-administrated rats.
Treatment CAT (U/mg protein) SOD (U/mg protein) GPx (U/mg protein) MDA (nmol/mg protein)
Normal control 44.20 ± 3.72 11.25 ± 0.81 38.92 ± 1.16 1.96 ± 0.16
APAP 30.22 ± 2.32* 7.89 ± 1.05* 26.14 ± 1.21* 3.51 ± 0.35a

250-mg T. sarmentosa + APAP 34.20 ± 1.96# 10.34 ± 1.22# 28.42 ± 2.24# 2.41 ± 0.27b

500-mg T. sarmentosa + APAP 38.42 ± 2.45# 11.12 ± 1.16# 37.22 ± 2.65# 2.06 ± 0.22b

APAP, acetaminophen; CAT, catalase; GPx, glutathione peroxidase; MDA, malondialdehyde; SOD, superoxide dismutase.
Values are mean ± SEM, n = 8 animals.
p < 0.01 significantly different from the normal control.
p < 0.05 significantly different from the APAP-administrated group.
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homogenate as compared with APAP-administrated rats 
(Table 2).

Effect of T. sarmentosa extract on serum inflammatory 
markers in APAP-administrated rat
Serum levels of TNF-α, IL-1β, and IL-6 are shown in 
Table 1. Administration of APAP significantly increased 
TNF-α, IL-1β, and IL-6 concentrations when compared 
with the normal control. Co-treatment with 250 or 
500 mg/kg of T. sarmentosa extract significantly reduced 
the elevation of TNF-α, IL-1β, and IL-6 (p < 0.01).

Effect of T. sarmentosa extract on APAP-induced cell 
death/survival in clone-9 hepatocytes
As T. sarmentosa extract showed the liver protective 
activity in vivo, the protective effect of the T. sarmentosa 
extract was further tested in cultured clone-9 hepato-
cytes (Sahu et al., 2008). Clone-9 cells were stimulated 
with APAP at different doses (0−20 mM) for 24 h. Viability 
of cells was analyzed by MTT assays. Cells treated with 
APAP at different concentrations for 24 h showed signifi-
cantly decreased viability when compared with controls 
(Figure 1A). When hepatocytes were pretreated with dif-
ferent concentrations of T. sarmentosa for 1 h before the 
addition of APAP (10 mM), cell viability was increased in 
a dose-dependent manner (Figure 1B).

Effect of T. sarmentosa extract on APAP-induced lipid 
peroxidation in clone-9 cells
Lipid peroxidation, measured as MDA level, is shown 
in Figure 2. APAP administration increased the lipid 
peroxidation to 212.6% compared with the normal cells.  
T. sarmentosa water extract treatment prior to APAP 
stimulation caused inhibition in the lipid peroxidation in 
a dose-dependent manner.

Effect of T. sarmentosa extract on APAP-induced 
oxidative stress in clone-9 cells
Changes in GSH content are shown in Figure 3. APAP 
treatment decreased GSH level to about 58.4%. T. sarmen-
tosa water extract treatment prior to APAP stimulation 
increased the GSH level in a dose-dependent manner. 

Figure 1. (A) Dose-dependent effect of acetaminophen (APAP) on clone-9 hepatocyte viability. Results have been given as percentage over 
control (CL). Cells were kept as CL or treated with different concentrations (0−20 mM) of APAP for 24 h. The cell viability was detected by 
MTT assay. Each bar represents the mean ± standard error of the mean (SEM) from six independent experiments. *p < 0.05 versus CL. (B) 
Dose-dependent effect of the aqueous extract of T. sarmentosa against APAP-induced toxic effect on cell viability. Cells were kept as CL 
or stimulated with 10 mM APAP for 24 h. Before stimulated with APAP, clone-9 cells were pretreated with 0−100 μg/mL aqueous extract of  
T. sarmentosa for 1 h. The cell viability was detected by MTT assay. Each bar represents the mean ± SEM from six independent experiments. 
*p < 0.05 versus CL. #p < 0.05 versus APAP-treated cells.

Figure 2. Effect of T. sarmentosa on malondialdehyde (MDA) 
level in clone-9 cells treated with acetaminophen (APAP). 
Results have been given as percentage over control (CL). Cells 
were kept as CL or treated with 10 mM APAP. Before stimulation 
with acetaminophen (APAP), clone-9 cells were pretreated with 
0−100 μg/mL aqueous extract of T. sarmentosa for 1 h. Each bar 
represents the mean ± standard error of the mean (SEM) from 
six independent experiments. *p < 0.05 versus CL. #p < 0.05 versus 
APAP-treated cells.

Figure 3. Effect of T. sarmentosa on glutathione (GSH) level in 
clone-9 cells treated with acetaminophen (APAP). Results have 
been given as percentage over control (CL). Cells were kept as 
CL or treated with 10 mM APAP. Before stimulation with APAP, 
clone-9 cells were pretreated with 0−100 μg/mL aqueous extract 
of T. sarmentosa for 1 h. Each bar represents the mean ± standard 
error of the mean (SEM) from six independent experiments. 
*p < 0.05 versus CL. #p < 0.05 versus APAP-treated cells.
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The GSH level was recovered almost to its normal level at 
the T. sarmentosa concentration of 100 μg/mL.

Effect of T. sarmentosa extract on APAP-induced 
antioxidant enzyme activity in clone-9 cells
The antioxidant enzyme activities are shown in Figure 
4. APAP treatment decreased the CAT activity by about 
61.3%. Significant increase in CAT activity was observed 
at a T. sarmentosa concentration 10 μg/mL, and at the 
concentration 100 μg/mL, the CAT activity was reached to 
almost normal (Figure 4A). Figures 4B and C demonstrate 

the effect of the T. sarmentosa on SOD and GPx activities, 
respectively. The results are similar to CAT activity.

Discussion

APAP is a widely used analgesic and antipyretic. When 
taken in high doses, it becomes a potent hepatotoxin 
and can cause fatal hepatic necrosis (Chun et al., 2009; 
Larson et al., 2005). In this study, the aqueous extract 
of T. sarmentosa was observed to exhibit hepatoprotec-
tive effect as demonstrated by a significant decrease in 
SGOT, SGPT, and ALP concentrations in rats adminis-
trated with APAP. The aqueous extract of T. sarmentosa 
also increased the activities of antioxidant enzymes and 
diminished the amount of lipid peroxidation in liver 
homogenate of APAP-treated rats. In addition, we used 
rat clone-9 hepatocytes for evaluation of APAP cyto-
toxicity. Clone-9 cells were treated with various con-
centrations of APAP for different time periods and the 
changes in viability were measured. Results obtained 
by MTT assay showed a decline in cell viability detect-
able at 12 and 24 h of incubation. Moreover, the study 
also demonstrated that APAP causes toxic effects on 
clone-9 cells. Our study showed that there was a higher 
MDA level in APAP-treated clone-9 cells in comparison 
with the control cells. In addition, our findings indi-
cated that APAP stimulation caused depletion of the 
GSH level and the antioxidant enzymes, including CAT, 
SOD, and GPx. The aqueous extract of T. sarmentosa 
was observed to exhibit hepatoprotective effect as dem-
onstrated by significant increase in cell viability, GSH 
level, and antioxidant enzyme activities, and decrease 
in MDA level in APAP-treated clone-9 cells.

Several studies have been revealed that serum lev-
els of liver function markers SGOT, SGPT, and ALP 
prominently increase are remarkable feature of APAP 
overdose (Ajith et al., 2007; Chandrasekaran et al., 
2008; Fakurazi et al., 2008). In this study, the serum 
levels of SGOT, SGPT, and ALP were augmented in 
the APAP-intoxicated rats. The aqueous extract of  
T. sarmentosa with concentrations of 250 and 500 mg/
kg could decrease the SGOT, SGPT, and ALP in these 
APAP-treated animals. These results suggested that the 
inhibition of liver function markers elevation may play a 
significant role in the protective effect of the T. sarmen-
tosa against APAP-induced hepatotoxicity. In addition, 
the mechanism responsible for the inhibition of APAP 
hepatotoxicity may involve immunologic factors, since 
T. sarmentosa decreases serum levels of inflammatory 
mediators TNF-α, IL-1β, and IL-6. The major source of 
these cytokines production in liver is believed to be the 
Kupffer cells, which are central to hepatic inflammatory 
processes (Andrés et al., 2003; Ding et al., 2003). The 
toxic injury can be driven via activation of Kupffer cells 
and adjacent sinusoidal endothelial cells; these in turn 
release inflammatory mediators (Lacour et al., 2005). 
Our results in this study showed that the serum levels of 
TNF-α, IL-1β, and IL-6 following APAP administration 

Figure 4. Effect of T. sarmentosa on (A) catalase (CAT), (B) 
superoxide dismutase (SOD), and (C) glutathione peroxidase 
(GPx) activity in clone-9 cells treated with acetaminophen (APAP). 
Results have been given as percentage over control (CL). Cells 
were kept as CL or treated with 10 mM APAP. Before stimulated 
with APAP, clone-9 cells were pretreated with 0−100 μg/mL 
aqueous extract of T. sarmentosa for 1 h. Each bar represents the 
mean ± standard error of the mean (SEM) from six independent 
experiments. *p < 0.05 versus CL. #p < 0.05 versus APAP-treated 
cells.
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were elevated in rats, suggesting that cytokines release 
may also play a crucial role in the induction of hepatic 
damage by APAP in the animal model used. Treatment 
of T. sarmentosa could protect against APAP-induced 
elevation of TNF-α, IL-1β, and IL-6. These results sug-
gested that T. sarmentosa may also have anti-inflam-
matory effect on rats intoxicated with APAP.

The aqueous ethanol extract of T. sarmentosa has been 
reported to possess antilipid peroxidative bioactivity  
in vitro (Lin et al., 2002). The ameliorative action of the 
T. sarmentosa was probably related to this antioxidant 
action. Liver damage is always associated with cellular 
necrosis, increase in tissue peroxidation, and deple-
tion in the tissue GSH levels. The MDA level is a critical 
indicator of lipid peroxidation. The level of MDA was 
increased in the rat liver homogenate and clone-9 cells 
receiving APAP stimulation, but T. sarmentosa pretreat-
ment showed effective decrease of MDA contents. These 
data suggested that T. sarmentosa might have a protective 
effect against the APAP-induced membrane damages. 
Moreover, APAP in high doses can cause hepatotoxic-
ity by formation of NAPQI, a toxic quinine metabolite, 
which is produced by the cytochrome P4-50 enzymes 
(James et al., 2003). NAPQI is detoxified in a reaction with 
GSH leading to depletion of the protective thiol, resulting 
in no hepatic damage. Hepatic necrosis occurs when the 
NAPQI produced is enhanced by APAP that cause GSH 
depletion, or decrease in the antioxidative activity of the 
liver. Therefore, our results suggested that the hepato-
protective effects afforded by the aqueous extract of  
T. sarmentosa may be in part attributed to these factors. 
It has been shown that oxidative stress is a major mecha-
nism in the APAP-induced hepatotoxicity (Bajt et al., 
2004; Hinson et al., 2004). Our data suggested that APAP 
stimulation lead to decreased levels of CAT, SOD, and GPx 
activity. However, the T. sarmentosa extract could recover 
the levels of these antioxidant enzymes. Therefore, it could 
be said that APAP caused the liver damage by suppressing 
the activity of these antioxidant enzymes and that could 
be prevented by the T. sarmentosa pretreatment.

In conclusion, the protective activity of the aqueous 
extract of T. sarmentosa against APAP-induced injury in 
rat and hepatocytes may be due to its antioxidative and 
anti-inflammatory properties. Further safety and efficacy 
studies are needed to elucidate its mechanism of action 
in detail.
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