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Abstract: Acetaminophen-induced liver injury represents the most frequent cause of drug-induced liver failure in 
the world. Portulaca oleracea L., a widely distributed weed, has been used as a folk medicine in many countries. 
Previously, we reported that the ethanol extracts of Portulaca oleracea L. (PO) exhibited significant anti-hypoxic 
activity. In the present study, we investigated the role of PO on acetaminophen (APAP) induced hepatotoxicity. The 
results demonstrated that PO was an effective anti-oxidative agent, which could, to some extent, reverse APAP-
induced hepatotoxicity by regulating the reactive oxygen species (ROS) in the liver of mice. At the same time, PO 
treatment significantly decreased mice serum levels of IL-6 and TNFα and their mRNA expression in liver tissue IL-α 
and TNFα play an important role during APAP-induced liver injury. Furthermore, PO inhibited APAP and TNFα-induced 
activation of JNK, whose activation play an important effect during APAP induced liver injury. These findings sug-
gested that administration of PO may be an effective strategy to prevent or treat liver injury induced by APAP. 
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Introduction

Liver is important not only for nutrition metabo-
lism but also for degradation of toxic substanc-
es and medicine. Therefore, liver makes itself 
quite susceptible to medicine-induced toxicity. 
Acetaminophen (APAP) is an analgesic and anti-
pyretic medicine that is frequently used for 
anti-fever and relieving pain. However, long-
term use or overdosage of APAP often causes 
liver damage. APAP-induced liver damage has 
been found to be subjected to the loss of gluta-
thione (GSH) that binds to N-acetyl-p-ben- 
zoquinone (NAPQI), an intermediate metabolite 
from APAP [1-3]. The covalent binding of APAP 
metabolites to macromolecules in the cellular 
milieu leads to hepatocyte death and liver inju-
ry which are characterized by the release of 
liver alanine aminotransferase (ALT) [1, 3, 4]. 
APAP-induced liver toxicity has become a lead-
ing cause of both accidental and intentional 
poisoning [5]. 

In order to reduce the side effect induced by 
APAP, N-acetylcysteine (NAC) was given to 
patients with APAP overdose in the 1970s [6], 
because NAC promotes hepatic GSH synthesis 
[7-9]. Although NAC therapy is still the best ther-
apeutic option for the overdose patient [7], the 
problem is that NAC takes effect only when 
early administration and declines sharply in the 
body [9, 10]. Thus, it’s urgent to find a new ther-
apeutic agent against APAP-induced liver da- 
mage. 

In APAP-induced liver injury, it is common to see 
the increased infiltration and activation of im- 
mune cells [11], elevated expression of tumor 
necrosis factor α (TNF-α and IL-1α [12]. IFN-α 
deficient mice showed resistance to APAP-
induced liver injury indicating that IFN-α may 
play an important role during the process [13]. 
APAP mediated oxidative stress stimulates ex- 
pression of cytokines, whereas inhibition of 
reactive oxygen species (ROS) reduces liver 
injury. So, it is the effective way to prevent the 
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liver injury induced by APAP to decrease the lev-
els of inflammation cytokines and oxidative 
stress.

Portulaca oleracea L. (Portulacaceae) is widely 
distributed and has been used as a kind of folk 
medicine in many countries. Portulaca exhibits 
a wide range of pharmacological effects, includ-
ing antibacterial, analgesic, anti-inflammatory, 
skeletal muscle relaxant and wound-healing 
activities [14-17]. It is an edible plant and is 
used as vegetable in some place of the world, 
including United Arab Emirates, Oman and so- 
me provinces of China. It is rich in α-linolenic 
acid and β-carotene [18] and contains flavo-
noids, coumarin [19] a monoterpene glycoside 
[20], and alkaloids. In particular, it also con-
tains N-trans-feruloyltyramine [21], dopamine, 
dopa and a high concentration of noradrena-
line [22]. Interestingly, in previous studies we 
found that the ethanol extracts of Portulaca 
(PO) exhibited strong anti-hypoxic effect by pro-
moting the activity of the key enzymes in gly-
colysis and improving the level of ATP in hypoxic 
mice [23, 24]. We speculate if PO is involved in 
modulating liver function and protecting or 
improving APAP-induced liver failure. In this 
paper, we studied the hepatoprotective effects 
of PO on APAP-induced hepatotoxic mouse mo- 
del and the regulation mechanism of the pro-
tective effects. The results demonstrated that 
PO could ameliorate APAP-induced liver injury 
through increasing the anti-oxidative capacity 
and inhibiting APAP-induced inflammatory res- 
ponse. 

Materials and methods

Preparation of ethanol extract from Portulaca 
oleracea L (PO)

Preparation of ethanol extract from Portulaca 
was described as before [23]. The air dried aer-
ial parts of Portulaca were purchased from the 
market in Yucheng, He’nan province, China. The 
plant was identified and authenticated as Por- 
tulaca oleracea L. by professor Han-chen Zh- 
eng, Department of Pharmacology, Second Mi- 
litary Medical University. A voucher specimen 
has been deposited in Department of Tradi- 
tional Chinese Medicine (TCM), Second Military 
Medical University (20090829). The plant (40 
kg) were ground and extracted with 8 times of 
80% ethanol for 2 times (1 h/time). The solvent 
was evaporated under vacuum to get ride of 

ethanol. The remained liquid were modified 
with 10% NaOH to the pH6.5~7, then centri-
fuged at 5000 rpm to get the precipitation and 
oven dried to get the end extract (241.3 g) 
which appears black powder, lightly odorless 
taste. 

Animal and liver injury model

All animal treatments and the experiments 
were carried out with the approval of the 
Committee of Experimental Animal Admini- 
stration of the University. Male C57 mice (8 
weeks old) were purchased from the Shanghai-
BK Ltd. Co., housed at 24±1°C under a 12-h 
light/12-h dark cycle and had free access to 
standard pellet diet and tap water. The mice 
were divided into mock group, PBS+APAP group 
and PO+APAP group. The PO+APAP group mice 
were subdivided into 100 mg/kg (l-PO+APAP), 
200 mg/kg (m-PO+APAP) and 400 mg/kg 
group (h-PO+APAP). After adaptation for three 
days, the mice were orally administrated with 
0.5 ml phosphate-buffered saline (0.1M; pH 
7.0; PBS) (PBS+APAP group) or indicated dose 
of  PO in 0.5 ml PBS (PO+APAP group) each day 
for one week. The animals were deprived of 
food for 15 h before the experiment, with free 
access to drinking water, then received 300 
mg/kg APAP (Sigma, MO) dissolved in warm 
saline (15 mg/ml intraperitoneally). At selected 
time after APAP treatment, animals were sacri-
ficed. The plasma and liver were collected for 
experiment use.

Experimental protocols

After APAP treatment, animals were sacrificed 
by isoflurane anesthesia. Blood was drawn 
from the vena cava with heparin containing 
syringes into a tube and centrifuged. The plas-
ma was collected for determination of amino-
transferase activities. Meanwhile, livers were 
excised and rinsed in saline. A small section 
from each liver was placed in 10% Formalin in 
PBS. The remaining liver was frozen in liquid 
nitrogen and stored at -80°C.

Histology and TUNEL assay

Formalin fixed tissue samples were embedded 
in paraffin and 5 μm sections were obtained. 
Sections were stained with hematoxylin-eosin 
for evaluation of necrosis and with TUNEL assay 
for determination of cell apoptosis.
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Cell cultures and injury of L02 cells and 
RAW264.7 cells

The L02 cells and RAW264.7 cells were pur-
chased from the Institute of Biochemistry and 
Cell Biology (Shanghai Institutes for Biological 
Science) and were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM, Hycolon) with 10% 
fetal bovine serum at 37°C, 5% CO2. PO was 
added to the culture medium 1 h before the st- 
art of injury as indicated. After treatment, cells 
were washed with cold PBS and the protein or 
RNA were extracted and stored for later use.

RNA isolation and quantitative real-time PCR

Total RNA was isolated from liver tissues with 
the Trizol reagent. Total RNA (10 μg) was used 

in a reverse-transcription reaction in a 40 μl of 
mixture containing 50 U of MMLV-Reverse 
Transcriptase (New England Biolabs, Beverly, 
MA) and oligo dT(12-18 mer) primer (GE He- 
althcare Life Sciences, Piscataway, NJ). Quan- 
titative real-time PCR reactions were performed 
in 1× Universal Master Mix (Applied Biosystems) 
with gene-specific primers by the ABI Prism 
7300 Sequence Detection System (Applied 
Biosystems). The primers for gene expression 
were used as follows: mTNFα forward 5’-AAG- 
CCTGTAGCCCACGTCGTA-3’ and reverse 5’-GG- 
CACCACTAGTTGGTTGTCTTTG-3’; mIL-6, forward 
5’-TAGTCCTTCCTACCCCAATTTCC-3’ and reverse 
5’-TTGGTCCTTAGCCACTCCTTC-3’; mIFNγ forwa- 
rd 5’-TTACTGCCACGGCACAGTCATTGAA-3’ and 
reverse 5’-TCGGATGAGCTCATTGAATGCTTGG-3’; 
hSOD1, forward 5’-AGGGCATCATCAATTTCGAGC 

Figure 1. Protective effects of PO against APAP induced mice liver injury. Mice received orally equal volume of PBS 
and PO one week before APAP intraperitoneal injection. Plasma was taken at 6h after APAP injection. The levels of 
AST (A) and ALT (B) were detected. l-PO+APAP, m-PO+APAP and h-PO+APAP referred to group administrated PO for 
100 mg/kg, 200 mg/kg and 400 mg/kg in 0.5 ml PBS, respectively Data were expressed as the mean ± SD (n=5, 
**P < 0.01 versus PBS+APAP group). (C) Hematoxylin-Eosin (H&E) staining, and DNA fragmentation (TUNEL assay) 
were observed in three groups (mock, PBS+APAP or PO+APAP animals, original magnification ×100 for H&E and 
TUNEL panels). (D) Mice were orally administrated with PBS or PO solution followed by an overnight starvation, and 
then intraperitoneally received APAP dissolved in warm saline (600 mg/kg). Survival of these animals was moni-
tored over 2 days.
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-3’ and reverse 5’-GCCCACCGTGTTTTCTGGA-3’; 
hSOD2, forward 5’-AACCTCAGCCCTAACGGTG-3’ 
and reverse 5’-AGCAGCAATTTGTAAGTGTCCC-3’; 
hCatalase, forward 5’-ACTTTGAGGTCACACA- 
TGACATT-3’ and reverse 5’-CTGAACCCGATTCT- 
CCAGCA-3’; hGPx1, forward TGCAACCAGTTTG- 
GGCATCA and reverse 5’-ACCGTTCACCTCG- 
CACTTC-3’; hANT1, forward 5’-TCCCCACCCAA- 
GCTCTCAA-3’ and reverse 5’-GTCCAGCGGG- 
TAGACAAAGC-3’.

Assessment of hepatic reactive oxygen spe-
cies (ROS) content 

Hepatic ROS content was measured using 
2’-7’-dichlorofluorescein. Briefly, 10 μl of liver 
homogenates (1 mg/mL) were diluted 100-fold 
with phosphate-buffered saline (pH7.4), added 
with 5 μmol/l 2’-7’-dichlorofluorescein and 
incubated at 37°C for 30 minutes. Fluorescence 
was measured at excitation wavelength of 485 
nm and emission wavelength of 530 nm as pre-
viously described [25]. 

Western blot analysis

The tissues or cells were lysed in RIPA buffer 
and sonicated 10 seconds for three times. 
Protein concentrations were measured by BCA 
kit (Sigma). Proteins were separated by stan-
dard SDS-PAGE and then transferred onto poly-
vinylidene difluoride membranes. The primary 
antibodies used in these studies were as fol-
lows: anti-p-JNK (dilution, 1:1000; Cell Signaling 
Technology) and anti-β-actin (dilution, 1:1000; 
Santa Cruz), followed by incubation with an 
IRDye 800CW-conjugated secondary antibody 
for 1 h and detection with LI-COR imaging sys-
tem (LI-COR Biosciences).

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of serum IL-6 and TNF-α 
were assessed using commercially available 
ELISA kits (R&D Systems Inc., USA) according to 
the instruction with the absorbance read on a 

Figure 2. Effects of PO on levels of the GSH, SOD, MDA, and ROS in livers of APAP-treated mice. PBS treated mice 
and PO pretreated mice were challenged with APAP for 6 h, and the hepatic GSH (A) and SOD (B) activities, the 
liver MDA (C) and ROS (D) levels were measured. Data were expressed as the means ± SD (n=5 *P < 0.05 versus 
PBS+APAP group).
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microplate reader (BIO RAD) at a wavelength of 
450 nm.

Statistical analysis 

The data were expressed as means ± SD. 
Statistical analysis was performed by using the 
Student’s t test. P values < 0.05 were consid-
ered to be statistically significant.

Results

PO treatment effectively prevented APAP-
induced liver injury

As we knew, overdose APAP (300 mg/kg) 
induced liver injury. In our animal experiment, 
APAP resulted in  significant elevation of plas-
ma levels of ALT and AST at 6h, while pre-
administrated with PO displayed much less of 
plasma ALT and AST (Figure 1A and 1B). We 
also found that the protective effects of PO 
against APAP induced liver injury were in a 
dose-dependent manner with the different 
dose of PO (100 mg/kg, 200 mg/kg and 400 
mg/kg). In morphological and histological anal-
yses, the liver structure of mock mice was 
homogenous and red and that of the PBS+APAP 
group became much darker with the substan-
tial centrilobular necrosis. While the liver struc-

ture of the PO+APAP group exhibited crimson 
with less centrilobular necrosis. There was 
more DNA fragmentation determined by the 
TUNEL assay in mice liver of PBS+APAP group 
than that of the PO+APAP group, indicating 
that, to some extent, PO prevents APAP-induced 
liver damage (Figure 1C).

PO reduced the mortality induced by the lethal 
dosage of APAP

Because PO treatment markedly protected 
APAP induced acute liver injury in mice, we 
asked whether PO would survive mice in a 
lethal dosage of APAP. Administrated with PBS 
or PO for one week, mice were intraperitoneally 
received lethal dose of APAP (600 mg/kg). 
Number of survival animals was counted within 
2 days. As shown in Figure 1D, PO reduced the 
mortality induced by the lethal dosage of APAP.

PO exhibited anti-oxidant effects

As APAP is reportedly to bind GSH, we mea-
sured the level of GSH in the livers after APAP 
administration for 6 hours. We found that PO 
treatment markedly maintained GSH in a high-
er level than PBS (Figure 2A). PO also promoted 
an increase of the total activity of superoxide 
dismutase (SOD), including copper/zinc super-

Figure 3. PO regulated genes of ROS defense system in normal liver cells (L02 cells). L02 cells were stimulated by 
0.1 mM hydrogen peroxide (H2O2) for 6 h, followed by a recovery period of 2 h. Cells were then harvested for RNA 
isolation and relative expression of mitochondrial, cytoplasmic, and peroxisomal ROS-detoxifying enzymes was mea-
sured by real-time PCR. In all the figures, data were expressed as means ± SD. (n=3. *P < 0.05 versus DMSO group).
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oxide dismutase (SOD1) and manganese super-
oxide dismutase (SOD2) (Figure 2B). Malon- 
dialdehyde (MDA) is an important product of 
oxidative reaction and its amount reflects the 
level of ROS. The results showed that MDA 
amount of PBS/APAP group was near 1.5 times 
higher than that of PO/APAP group (Figure 2C), 
indicating that PO may reduce the ROS activi-
ties. Another test for hepatic ROS production is 
detected by dichlorofluorescein (DCF) probe 
which is from dichlorofluorescein oxidation and 
emit fluorescence. We found that PO reduced 
the DCF level compared with PBS control 
(Figure 2D). Taken together, these results sug-
gested that PO had anti-oxidant effects. 

PO promoted activities of the ROS defense sys-
tem in hepatic cells 

ROS defense system in mammalian cells func-
tions to detoxify oxidative stress. To further 

investigate the role of PO in ROS defense sys-
tem, we stimulated normal embryo hepatocyte 
L02 cells stimulated with the H2O2 and detect-
ed gene expression of SOD1, SOD2, catalase, 
and glutathione peroxidase (GPx1) (Figure 3). 
The results showed that PO upregulated these 
genes compared with DMSO control group 
(Figure 3A-D). We also detected the expression 
of the ADP/ATP adenine nucleotide translocator 
1 (ANT1) which is generally elevated upon oxi-
dative stress. PO treatment displayed markedly 
increase of ANT1 mRNA level (Figure 3E). These 
results indicated that PO reduced liver damage 
possibly via removal of oxygen radicals by pro-
moting the activities of ROS defense system.

PO treatment attenuated the expression of 
inflammatory cytokines during liver injury

APAP-induced liver injury is thought to be asso-
ciated with increase of proinflammatory cyto-

Figure 4. PO inhibited APAP induced IL-6 and TNFα expression in serum and liver of APAP-treated mice. PBS and PO 
pretreated mice were challenged with APAP for 6 h, then mice plasma were taken. The levels of TNFα (A) and IL-6 
(B) were detected and the liver TNFα (C) and Ilα (D) mRNA level were measured by real-time PCR (n=4~5, *P < 0.05 
versus PBS+APAP group).
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kines. We found that proinflammatory cyto-
kines IL-6 and TNFα level in mice serum and 
their mRNA level of liver tissue were decreased 
by pre-administration of PO (Figure 4). While 
the mRNA level of L-6 and TNFα of L02 cells did 
not affect by PO administration 1 h before TNFα 
stimulation (Data not shown). Given that mes-

enchymocytes are also involved in release of 
the inflammatory cytokines, we detected these 
cytokines expression in RAW264.7 cells, a 
macrophage cell lines. PO attenuated TNFα 
-induced expression of TNFα, IL-6 and IFNα at 8 
h compared with PBS treatment (Figure 5). The 
results indicated that PO ameliorated APAP-

Figure 5. PO treatment reduced the expression of inflammatory cytokines in TNFα stimulated RAW264.7. PO treat-
ment reduced the induction of inflammatory cytokines during liver injury. RAW264.7 cells were pretreated with PO 
or DMSO, and then stimulated by 20 ng/ml TNFα for 4-8 h. The amounts of TNFα (A) ILα (B) and IFN-α (C) mRNA 
were then detected. *P < 0.05 versus DMSO group.

Figure 6. PO inhibited APAP and TNFα-induced activation of JNK. PO inhibited APAP and TNFα-induced activation of 
JNK. A. PBS and PO pretreated mice were administrated with APAP for 6h, and liver samples were then harvested 
for analysis of phosphorylation of JNK by western blot. (n=4~5, *p < 0.05 versus PBS+APAP). B. Normal liver cells 
(L02) were pretreated with PO or DMSO for 1 hour, then stimulated with 20 mg/ml TNFα for 0-45 min. Cells were 
then harvested and lysed for detection of JNK phosphorylation by western blot. (n=4~5, *p < 0.05 versus DMSO; 
for at least three different experiments).
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induced liver injury possibly through inhibition 
of cytokines mediated inflammation. 

PO inhibited APAP and TNFα-induced activa-
tion of JNK

JNK is activated during APAP-induced liver inju-
ry [26, 27], we also found that phosphorylated 
JNK1 (46 kDa) and JNK2 (54 kDa) were in- 
creased at 2 h in the early period after APAP 
administration. PO treatment reduced the JNK 
phosphorylation induced by APAP administra-
tion (Figure 6A). Furthermore, we found that PO 
blocked TNFα stimulated JNK phosphorylation 
(Figure 6B). These results revealed that inhibi-
tion of JNK activation by PO might play an 
important role in protection of APAP-induced 
liver damage. 

Discussion 

Overdose of APAP causes severe liver damage 
[28]. The proportion of cases with acute liver 
failure attributed to APAP is increasing [29], 
leading APAP the most frequent cause of drug-
induced liver failure in the west world. In our 
study, we investigated the protective effects of 
PO on APAP-induced liver injury and demon-
strated that PO was potential candidate for 
treatment of APAP-induced hepatotoxicity. 

We found that pretreatment of PO markedly 
sustained GSH level, promoted the activity of 
the ROS defense system, i.e. activation of 
SOD1, SOD2, and ANT1, inhibited JNK activa-
tion, reduced APAP-induced cytokines such as 
IL-6 and TNFα, and extended the mice survival 
rate after lethal dose of APAP. The results sug-
gested that PO could be served as a novel med-
icine for prevention and improvement of APAP-
induced liver damage. 

It is well-known that hepatoprotection by GSH 
or NAC is through the scavenging capacity for 
NAPQI in hepatocytes [11, 30], as covalent 
binding of NAPQI to mitochondrial proteins le- 
ads to the mitochondrial dysfunction [11, 30, 
31]. ROS activity is potentiated by loss of mito-
chondrial GSH. ROS induced oxidant stress 
activated JNK to translocate to the mitochon-
dria and increases the mitochondrial mem-
brane permeability by opening transition pore 
[32]. In our results, we documented that PO 
treatment significantly increased GSH product, 
decreased ROS activity of murine livers (Figure 
2), and suppressed the JNK activities in liver 

after APAP administration (Figure 6A). These 
results demonstrated the potentially protective 
role of PO against APAP in liver injury. 

SOD is an important enzyme in protection of 
ROS reaction. The activities of SOD were report-
ed to be low during APAP administration. MDA 
is another major biomarker of lipid peroxides 
representing SOD activity [33]. In the present 
study, we found that PO significantly increased 
the activities of SOD1 and SOD2, and decreased 
the MDA level in liver lysates (Figure 2). This 
indicated that PO, to some extent, ameliorated 
the oxidative injury induced by APAP. In addi-
tion, GPx1 and ANT1 which are involved in 
reduction of free radial were also elevated by 
PO upon oxidative stress in L02 cells. So PO 
might play a role in the regulation of the ROS 
metabolic gene program.

APAP-induced liver injury is an inflammatory 
process that is associated with increase of 
inflammatory cytokines [11]. Our results sho- 
wed that PO decreased the serum level of 
TNF-α and IL-6 in mice administrated with APAP. 
Furthermore PO exhibited not only suppression 
of APAP-induced mRNA increase of TNF-α and 
IL-6 in mice liver, but also inhibited expression 
of the mRNA of these factors in RAW264.7 
cells, suggesting that PO protected liver from 
damage induced by APAP, at least in part, by 
down regulating of APAP-induced inflammatory 
cytokines. 

JNKs are a family of serine/threonine kinases 
belonging to the MAPK family and activated 
through phosphorylation [26, 27, 34]. JNK plays 
an important role in stress response and is 
activated by stresses such as reactive oxygen 
species (ROS) and UV light and by cytokines 
such as TNF-α [34, 35]. It has been reported 
that APAP overdose clearly induced prolonged 
activation of JNK before cell death and JNK 
inhibitor SP600125 effectively reduced APAP 
hepatotoxicity. Furthermore, the silencing of 
JNK gene expression resulted in reduced liver 
injury after APAP overdose [26, 27, 32], sug-
gesting inhibition of prolonged JNK activation 
might be protective for APAP induced liver inju-
ry. Our results showed PO decreased the p-JNK 
expression in mice liver and blocked TNFα stim-
ulated JNK phosphorylation in L02 cells (Figure 
6). These results revealed that inhibition of JNK 
activation by PO might play an important role in 
protection of APAP-induced liver damage. 
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It must be mentioned that in this study we did 
not test individual components of the extract. 
In order to precisely define which component 
was responsible for the overall clinical effect, 
the total plant extract or mixtures of the sug-
gested bioactive phytochemicals in the extract 
must be tested side by side with the single bio-
active compounds to see which one had great-
er bioactivity. Only then can clear conclusions 
be made as to whether or not the in vivo effect 
was a result of one bioactive or a mixture of bio-
actives that may intensify the potency of a sin-
gle bioactive product or act synergistically. 
Further studies regarding the isolation of major 
bioactive components responsible for the ob- 
served effect are the focus of ongoing and 
planned investigation. 

Overall, PO exhibited effective protection for 
APAP-induced liver injury by preventing the loss 
of GSH, inhibiting oxidative stress response 
and JNK activity, reducing levels of inflamma-
tory cytokines, ultimately ameliorating APAP-
induced liver injury. These results provided a 
useful and effective botanical compound from 
the edible plant Portulaca Oleracea L to be 
used in reducing APAP side effect in liver.
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