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Aristolochia manshuriensis Kom (AMK) is an herb used as a traditional medicine; however, it causes side effects such as nephrotoxicity and 
carcinogenicity. Nevertheless, AMK can be applied in specific ways medicinally, including via ingestion of low doses for short periods of 
time. Non-alcoholic steatohepatitis (NASH) induced the hepatocyte injury and inflammation. The protective effects of AMK against NASH 
are unclear; therefore, in this study, the protective effects of AMK ethyl acetate extract were investigated in a high-fat diet (HFD)-induced 
NASH model. We found decreased hepatic steatosis and inflammation, as well as increased levels of lipoproteins during AMK extract 
treatment. We also observed decreased hepatic lipid peroxidation and triglycerides, as well as suppressed hepatic expression of lipogenic genes 
in extract-treated livers. Treatment with extract decreased the activation of c-jun N-terminal kinase 1/2 (JNK1/2) and increased the 
phosphorylation of extracellular signal-regulated kinase 1/2 (ERK1/2). These results demonstrate that the protective effect of the extract 
against HFD-induced NASH occurred via reductions in reactive oxygen species production, inflammation suppression, and apoptosis related 
to the suppression of JNK1/2 activation and increased ERK1/2 phosphorylation. Taken together, these results indicate that that ethyl acetate 
extract of AMK has potential therapeutic effects in the HFD-induced NASH mouse model.

Keywords: Aristolochia manshuriensis Kom, c-jun N-terminal kinase 1/2, extracellular signal-regulated kinase 1/2, inflammation, 
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Introduction

Non-alcoholic fatty liver disease (NAFLD) includes 
non-alcoholic steatohepatitis (NASH), which is related to 
metabolic liver diseases involving steatosis, hepatocyte injury, 
and inflammation [3,8]. This disease is caused by increases in 
excess hepatic neutral fats [19]. Two hypotheses have been 
suggested for the pathogenesis of NASH; namely, early 
metabolic obstruction producing steatosis or pathogenic 
stimulation leading to increased production of reactive oxygen 
species (ROS), oxidative stress, and lipid peroxidation [4,8]. 
Therefore, oxidative stress plays a central role in the 
pathogenesis of NASH, and these stresses increase in response 
to inflammatory responses known to cause lipid peroxidation 
[21]. Accordingly, the inhibition of hepatic inflammation and 

fatty acid cytotoxicity are important to the treatment of NASH.
A strong relationship between hepatic apoptosis and 

oxidative stress has been described [31]. A previous study 
reported that ROS induce cell death and injuries via indirect 
activation of not fully characterized mitogen-activated protein 
kinases (MAPKs) pathways, including the extracellular 
signal-regulated kinase (ERK) pathway, and that it has 
induction and pro-apoptotic roles [7,18]. In contrast, the 
activation of several MAPKs, including c-jun N-terminal 
kinase (JNK) and p38, induced cellular death [18,32]. 

Medical plants have been used to treat diseases for thousands 
of years worldwide. Over the past few decades, scientific 
investigations of plant-derived herbal medicines (often imported 
from Asia) have increased in Western countries. Aristolochia 
manshuriensis Kom (AMK) is a member of the Aristolochiaceae 
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family distributed in East Asia that is used in traditional Chinese 
medicines (TCMs) as an anti-inflammatory, analgesic, 
antitussive, anti-asthmatic, and antibacterial agent [34]. The 
main active constituent of AMK is aristolochic acid, which 
reportedly leads to nephrotoxicity and carcinogenicity [23]. 
Several studies and some TCM doctors have proposed that 
AMK can still be used as a medicine if it is applied in specific 
ways such as consuming low doses for short periods of time and 
exterior application as antibacterial and anti-inflammatory 
agents. We previously reported that the AMK extract suppressed 
adipogenesis in 3T3-L1 adipocytes and the high-fat diet 
(HFD)-induced obesity animal model without side effects [17]. 
However, the potential therapeutic effects of AMK in NASH 
are unclear. Therefore, this study was conducted to evaluate the 
role of the AMK ethyl acetate (EtOAc) extract in NASH 
prevention in C57BL/6 mice administered a HFD. 

Materials and Methods

In vivo and investigational protocol
Male C57BL/6 mice obtained from Samtaco (Korea) 

weighing 17–18 g were housed in groups of five at 60 ± 5% 
relative humidity and 22 ± 2oC under a 12 h light/dark cycle. 
The HFD, which induces NASH primarily by inhibiting 
phosphatidylcholine biosynthesis (Central Lab. Animal, 
Korea), was administered to the HFD group for 15 weeks, while 
the normal diet (ND) group received a normal diet. The animals 
were casually separated into four groups (n = 10). Specifically, 
the ND group received a normal diet, the HFD group received 
HFD alone, the butyl alcohol (BuOH) group received HFD plus 
BuOH extract of AMK (62.5 mg/kg/day, orally), and the EtOAc 
extract group received the HFD plus the AMK EtOAc extract 
(2.5 mg/kg/day). After 15 weeks, the mice were fasted for 6 h, 
then euthanized using ethyl ether anesthesia. Blood and liver 
tissue was subsequently harvested and stored at −70oC until 
biochemical analysis. All protocols were designed in accordance 
with the Guidelines for the Care and Use of Experimental 
Animals and were approved in agreement with the regulations 
of the Ethics Committee of the Korea Institute of Oriental 
Medicine. 

Preparation of EtOAc extract of AMK
AMK (300 g) was extracted overnight at a set temperature 

4oC in a mixture of water and ethanol. The AMK extract was 
powdered under pressure.

Biochemical analyses 
The levels of various lipid proteins including low-density 

lipoprotein (LDL), high-density lipoprotein (HDL) cholesterol, 
total cholesterol (TC), and triglycerides (TG) were measured 
using enzymatic kits (Pars Azmoon, Iran). Hepatic cell injury 
was evaluated based on measurement of the activity of hepatic 

proteins such as aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and alkaline phosphatase (ALP) using 
commercial kits (Pars Azmoon). Hepatic antioxidant activation 
was assessed based on the glutathione (GSH) and glutathione 
reductase (GR) activities according to method described by 
Jollow et al. [12], while glutathione peroxidase (GPx) was 
assessed as described by Paglia and Valentine [20]. 

Superoxide dismutase (SOD) activity 
SOD action in the reaction blend of NADH-phenazine- 

methosulphate (PMS)-NBT was assessed based on the 
suppression of amino blue tetrazolium formazan formation 
[13]. The blend contained 0.1 mL of supernatant, 0.3 mL of 300 
mM NBT, 0.1 mL of 186 mM PMS, and 1.2 mL of 52 mM 
sodium pyrophosphate buffer (pH 8.3) and was initiated by the 
addition of 0.2 mL of 750 mM NADH solution. Glacial acetic 
acid (0.1 mL) was added after incubation at 30oC for 90 sec to 
stop the reaction. Next, 4 mL n-butanol was added and the 
chromogen color intensity in the butanol was assessed 
spectrophotometrically at 560 nm. 

Histopathological assay
The paraffin sections of mouse liver tissue (4 m) were 

stained using hematoxylin and eosin, and graded for hepatic 
steatosis and inflammation [35] as follows: 0, no inflammatory 
foci; 1, mild; 2, moderate; and 3, severe. The percentage of 
hepatic steatosis was graded as 0, 0%; 1, 1% to 30%; 2, 31% to 
55%; 3, 56% to 78%; and 4, 79%.

Oxidative stress measurement 
This study used the oxidized fluorescent derivative 

2,7-dichlorodihydrofluorescin (DCF) to measure the 
lipoperoxides related to thiobarbituric acid reactive substances 
(TBARS) using TBARS assay kit (Cayman Chemical, USA). 

Quantitative real-time polymerase chain reaction (qRT-PCR) 
of hepatic messenger RNA expression levels

We used TRIzol reagent (Invitrogen, USA) to extract total 
RNA from the liver samples and then reverse transcribed the 
RNA into complementary DNA using Accupower RT PreMix 
(Bioneer, Korea). Next, qRT-PCR was conducted using a SYBR 
green master mix (Thermo Scientific, USA). Ct values were 
normalized to -actin. For PCR, the following primers were 
used: interleukin (IL)-6 (sense) ACAACCACGGCCTTC 
CCTACTT, (antisense) GTGTAATTAAGCCTCCGACT; IL-8 
(sense) TTGGCTGGCTTATCTTC, (antisense) CCTTATCAA 
ATACGGAGTA; tumor necrosis factor (TNF)- (sense) 
CGTGCTCCTCACCCACAC, (antisense) GGGTTCATAC 
CAGGGTTTGA; transforming growth factor (TGF)-1 
(sense) CAACTTCTGTCTGGGACCCT, (antisense) TAGTA 
GACGATGGGCAGTGG; proliferator-activated receptor 
(PPAR)- (sense) TGGGGATGAAGAGGGCTGAG, (antisense) 
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Table 2. Body weight and food intake in mice were treated with AMK-EtOAc extract 

Measurement ND HFD
AMK-BuOH extract 

(62.5 mg/kg)
AMK-EtOAc extract 

(2.5 mg/kg)

Body weight 28.93 ± 2.68 40.23 ± 6.41a 4.29 ± 5.88a 31.07 ± 1.76b

Food intake 1.97 ± 0.71 1.49 ± 0.79 1.5 ± 0.67 2.2 ± 0.37

Data are the means ± SD, n = 9. ap ＜ 0.01 indicates statistically significant differences compared with ND mice. bp ＜ 0.01 indicates statistically significant 
differences when compared with HFD mice.

Table 1. Effects of Aristolochia manshuriensis Kom (AMK) ethyl acetate (EtOAc) extract on hepatic steatosis and necroinflammation 
scores

Measurement ND HFD
AMK-BuOH extract 

(62.5 mg/kg)
AMK-EtOAc extract 

(2.5 mg/kg)

Steatosis 0.0 ± 0.00 3.6 ± 0.46a 3.4 ± 0.27a 0.12 ± 0.15b

Necroinflammation 0.0 ± 0.00 1.8 ± 0.36a 1.8 ± 0.27a 0.3 ± 0.15b

Data are the means ± SD, n = 9. ap ＜ 0.01 indicates statistically significant differences compared with ND mice. bp ＜ 0.01 indicates statistically significant 
differences when compared with HFD mice. ND, normal diet; HFD, high fat diet; AMK-BuOH extract, AMK-butyl alcohol extract; AMK-EtOAc extract, 
AMK-ethyl acetate extract.

GGGGACTGCCGTTGTCTGT; PPAR- (sense) CAGGCT 
TGCTGAACGTGAAG, (antisense) GGAGCACCTTGGCG 
AACA; cytochrome P450 (CYP) 2E1 (sense) AGTGTTC 
ACACTGCACCTGG, (antisense) CCTGGAACACAGGAA 
TGTCC; CYP4A10 (sense) ACACTGCTCCGCTTCGAACT, 
(antisense) CAAGTCGGGCTAAGGGCA; CYP4A14 (sense) 
GCCAGAATGGAGGATAGGAACA, (antisense) ATGAATG 
TGTCCACCTCTGCAC; stearoyl coenzyme A desaturase 
(SCD)-1 (sense) GTACCGCTGGCACATCAACTT, (antisense) 
GGCTAAGACAGTAGCCTTAG; fatty acid synthase (FAS, 
sense) TGGTGG-GTTTGGTGAATTGTC, (antisense) GCTT 
GTCCTGCTCTAACTGGAAGT; CCAAT/enhancer binding 
protein (C/EBP)- (sense) GTTTCGGGAGTTGATGC-AATC, 
(antisense) AACAACCCCGCAGGAACAT; and -actin 
(sense) TGTCCACCTTCCAGCAGATGT, (antisense) AGCT 
CAGTAACAGTCCGCCTAGA.

Western blotting
Ice cold Pro-Preptm buffer (iNtRON Biotechnology, Korea) 

was used to lyse hepatic tissue samples, after which they were 
centrifuged at 18,340 × g and 4oC for 20 min to remove insoluble 
materials. Protein extracts were resolved by 10% sodium 
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis 
(PAGE), and then transferred to membranes at 150 mA for 1 h. 
The membranes were subsequently blocked for 1 h at room 
temperature with PBS containing 5% bovine serum albumin 
(BSA) and 0.1% Tween 20, then incubated with 1：1,000 
dilutions of primary antibodies (anti-JNK1/2, anti-pJNK1/2, 
anti-ERK1/2, and anti-pERK1/2; Cell Signaling Technology, 

USA) overnight at 4oC. Next, samples were incubated for 1 h at 
room temperature with peroxidase- conjugated anti-mouse and 
anti-rabbit secondary antibody (1：1,000; Cell Signaling 
Technology). The activity of peroxidase was then measured 
using an ECL kit (Thermo Fisher Scientific, USA). 

Statistical analyses
All values are presented as the mean ± standard deviation 

(SD). Significant differences were identified using an unpaired 
Student’s t-test and p values ＜ 0.05 and ＜ 0.01 were 
considered significant.

Results 

Histopathological findings
The ND group showed no pathological changes and the liver 

tissue from the mice showed normal histology. Liver steatosis 
and inflammation were induced in both the HFD and BuOH 
groups. Following treatment with EtOAc extract, these factors 
decreased to grade 0 (Table 1). As shown in Table 1, fibrosis 
was not found in the HFD or BuOH-treated mice. We also did 
not observe any significant changes in liver morphology. In 
EtOAc extract-treated mice, body weight decreased 
significantly compared with the HFD group; however, no 
significant differences in food intake were observed relative to 
other groups (Table 2). 

Assay of the serum lipoprotein profile and hepatic enzymes
Serum TG and TC levels in the ND, HFD, and EtOAc groups 
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Fig. 1. Effects of EtOAc extract of AMK on non-alcoholic 
steatohepatitis (NASH) in mice. (A) Morphological evaluation of 
fatty liver. (B) Evaluation of triglyceride (TG) and cholesterol (TC)
in NASH mice sera. The levels were measured in mice fed with 
ND, HFD, or HFD plus EtOAc extract of AMK (2.5 mg/kg) for 15
weeks. Each group consisted of 10 mice. Data are expressed as 
the means ± SD. *p ＜ 0.05, ***p ＜ 0.001 vs. HFD-fed mice.

are shown panel B in Fig. 1. The administration of the EtOAc 
extract (2.5 mg/kg) markedly increased the serum TC and TG 
levels (p ＜ 0. 05) compared to HFD-fed mice. Fig. 2A shows 
the effects of EtOAc extract on the serum lipoprotein profiles of 
mice. The EtOAc extract of AMK dramatically reduced the 

LDL concentration (33%, p ＜ 0.05) relative to that of the 
HFD-fed mice, and the serum levels of HDL and very 
low-density lipoprotein (VLDL) improved by about 20% and 
33%, respectively, in the EtOAc extract-treated mice relative to 
the HFD-fed mice (panel A in Fig. 2). Additionally, serum of 
mice treated with extract of AMK EtOAc had ALP, AST, and 
ALT enzyme levels 54%, 52%, and 56% higher (p ＜ 0.05) than 
those of HFD-fed mice, respectively, implying that AMK 
protected against HFD-induced liver injury (panel B in Fig. 2).

Effect of EtOAc extract on hepatic TGs and lipid peroxidation
Consumption of HFD increased TG (panel A in Fig. 3) and 

TBARS (panel B in Fig. 3) levels compared with the ND mice. 
However, treatment with the EtOAc extract markedly inhibited 
these increases. In the hepatocytes of mice treated with EtOAc 
extract of AMK (2.5 mg/kg), the levels of both TG and TBARS 
was significantly decreased compared to mice fed with the HFD 
alone (Fig. 3). 

Effect of EtOAc extract on liver oxidative status
The activities of SOD, GSH, GR, and GPx decreased 

significantly in HFD-fed mice (p ＜ 0.05). The administration 
of EtOAc extract markedly amplified the activities of SOD 
(118%), GPx (88%), GR (68%) and GSH (80%) relative to 
HFD-fed mice (panel C in Fig. 3).

Effect of EtOAc extract on the expression of genes related to 
fatty acid regulation and peroxidation 

In this study, the hepatic levels of lipogenic genes including 
PPAR-, FAS, SCD1, and C/EBP, as well as the lipolytic 
genes PPAR-, CYP4A10, and CYP4A14, which are known to 
be PPAR- downstream target molecules (panels A and B in 
Fig. 4), were measured to evaluate the hepatic TG-reducing 
effects of AMK. Administration of EtOAc extract greatly 
increased the expression of PPAR-, which was reduced by 
HFD (panel A in Fig. 4). However, HFD-induced C/EBP- was 
significantly decreased following treatment with the EtOAc 
extract (panel B in Fig. 4). The other lipogenic genes were 
altered compared to the HFD-fed mice, but these changes were 
not significant (panels A and B in Fig. 4). CYP2E1, which is a 
major mediator of lipid peroxidation, was promoted by HFD. 
The expression of CYPE21 mRNA was markedly increased by 
HFD, but was significantly reduced following treatment with 
the EtOAc extract (panel B in Fig. 4). The expression of 
CYPE21 protein was strongly increased by EtOAc extract 
(panel A in Fig. 5).

Effect of EtOAc extract on the expression of pro-inflammatory 
factors and inflammatory pathways

In mice fed the HFD, a noticeable elevation of mRNA 
expression of pro-inflammatory factors (TNF-, IL-6, -8, and 
-1) was observed relative to ND mice. Conversely, treatment 
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Fig. 2. Effects of EtOAc extract of AMK on NASH mice. (A) Serum levels of high-density lipoprotein (HDL), low-density lipoprotein 
(LDL) and very low-density lipoprotein (VLDL) in NASH mice. (B) alanine aminotransferase (ALT), aspartate aminotransferase (AST), 
and alkaline phosphatase (ALP) in mice with NASH. The levels were measured in mice fed with ND, HFD, or HFD plus EtOAc extract
of AMK (2.5 mg/kg) for 15 weeks. Each group consists of 10 mice. Data are expressed as the means ± SD. *p ＜ 0.05 vs. HFD-fed mice.

Fig. 3. Effects of EtOAc extract of AMK on hepatic TG and lipoperoxide content in NASH mice. (A) Hepatic TG and (B) lipoperoxide
content were assessed in mice fed ND, HFD, or HFD treated with EtOAc extract of AMK (2.5 mg/kg) for 12 weeks. Data are the means
± SD of 10 mice in each group. *p ＜ 0.05 vs. HFD-fed mice. SOD, superoxide dismutase; GPx, glutathione peroxidase; GR, 
glutathione reductase; GSH, glutathione; TBARS, thiobarbituric acid reactive substances. 

of HFD-fed mice with EtOAc extract of AMK at 2.5 mg/kg 
significantly inhibited the mRNA expression of TNF- and 
IL-6 (panel C in Fig. 4), and markedly reduced the expression of 
TNF- protein compared with HFD-fed mice (panel B in Fig. 5).

Involvement of the MAPK pathway
The regulation of some MAPKs members in the oxidative 

stress process has been described. We sought to determine the 
possible involvement of MAPKs and elucidate the mechanism 
of their involvement based on the effects observed in mice fed 

HFD with or without EtOAc extract of AMK. HFD induced 
significant phosphorylation (p) of JNK1/2 (panel A in Fig. 5). 
However, pERK1/2 was increased in HFD-fed mice compared 
with the ND mice. Treatment with EtOAc extract of AMK 
markedly decreased pJNK1/2 and pERK1/2 relative to the 
HFD-fed mice (panel A in Fig. 5). The role of some 
pro-apoptotic proteins was regulated by JNK1/2. In HFD fed 
mice, the levels of pro-apoptotic proteins including 
Bcl-2-associated X (Bax) and caspase-3 were significantly 
increased. However, stimulation of the pro-apoptotic proteins 
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Fig. 4. Effects of HFD and treatment with EtOAc extract of AMK on hepatic mRNA expression. Expression of regulation genes such as
(A) hepatic fatty acid, (B) adiopogenesis and (C) inflammation was measured in the hepatocytes of mice fed ND, HFD, or HFD plus 
EtOAc extract of AMK (2.5 mg/kg) for 15 weeks. Data are the means ± SD of 10 mice in each group. *p ＜ 0.05, **p ＜ 0.01 vs. 
HFD-fed mice. 

Fig. 5. Effect of AMK-EtOAc extract on inflammatory and fatty acid regulation proteins. (A) Mitogen-activated protein kinases proteins 
including ERK1/2 and JNK1/2 in hepatocytes of mice with NASH. (B) TNF-, CYP2E1, PPAR-, Bax, caspase-3, ERK1/2, and JNK1/2
proteins in hepatocytes of mice with NASH. Data are the means ± SD of 10 mice in each group. 

was markedly inhibited in EtOAc extract-treated mice 
compared with HFD-fed mice (panel B in Fig. 5).

Discussion

NASH occurs as a result of the excessive accumulation of 

lipids, which leads to an imbalance between lipid degradation 
and formation in the hepatocytes [2]. In the hepatocytes of mice 
that received HFD, antioxidant capacity decreased; therefore, 
accrued lipids tend to be oxidized by elevated ROS. The 
increased level of ROS in the hepatocytes also damages the 
DNA [22]. Accordingly, oxidative stress is regarded as a central 
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causal component during development of NASH. There have 
recently been several reports of the anti-oxidative activity of 
members of the Aristolochiaceae family [29,30]. The results of 
the present study show the anti-NASH effect of the EtOAc 
extract in mice. 

In the present study, EtOAc extract significantly regulated the 
lipoprotein profile compared to HFD-fed mice. Specifically, 
LDL levels decreased dramatically (p ＜ 0.05) relative to the 
HFD-fed mice, as did ALP, ALT, and AST. Histopathological 
evaluation of the liver tissue of the EtOAc extract-fed mice also 
led to marked improvement of the state of steatohepatitis 
compared with HFD-fed mice to levels similar to those 
observed in ND mice. These results suggest that the EtOAc 
extract reduced the extent of steatosis and inflammation in mice 
induced with NASH. We demonstrated that treatment with the 
EtOAc extract of AMK suppressed lipoperoxides and decreased 
TG accumulation. Furthermore, the EtOAc extract improved 
actions of SOD, GPx, and GR enzymes when compared with 
HFD-fed mice. Enzymes of the biological system related to the 
neutralization of free radicals are protected by these enzymes; 
therefore, these findings suggest that EtOAc extract of AMK 
potently increases the free radical reducing ability of biological 
systems. Our data showed that extract of AMK EtOAc markedly 
suppressed serum ALT and AST levels in mice. A previous 
study reported that NASH might increase the serum levels of 
ALP to the upper normal limit in affected individuals [6]. 
Therefore, our data are indicative of an improvement in the 
condition of NASH. Moreover, histopathological findings and 
biochemical assays revealed that the EtOAc extract did not 
cause any hepatotoxicity. 

Steatohepatitis and steatosis without fibrosis developed via 
up-regulation of CYP2E1. The elevation of CYP2E1 inhibits 
lipid peroxidation, thereby contributing to oxidative stress 
damage, and upregulation of CYP2E1 has been reported in 
NASH [26]. We showed that the extract of AMK EtOAc 
reduced the expression of CYP2E1 by approximately 2- to 
3-fold compared to the HFD-fed mice. Therefore, these 
findings indicate that EtOAc extract-mediated reduction of 
lipid peroxidation and prevention of steatohepatitis may, at least 
in part, be caused by the downregulation of CYP2E1 expression. 
The promoter of CYP2E1 has a binding site for C/EBP- 
transcription factor [1]. One possible mechanism mediating the 
down-regulation of CYP2E1 by EtOAc extracts of AMK may 
be via suppression of the expression of C/EBP-. A previous 
study reported that the height of both C/EBP- and CYP2E1 is 
related to HFD-induced steatohepatitis, and that down-regulation 
of C/EBP- inhibited the expression of CYP2E1 protein in mice 
fed HFD [24]. In addition, the induction of CYP2E1 was 
mediated by C/EBP- [14]. In C/EBP gene deleted mice fed 
HFD, hepatic TG accumulation and steatohepatitis were 
markedly reduced [24]. Administration of the EtOAc extract 
clearly reduced C/EBP-, making it a newly recognized hepatic 

lipogenesis controller. Overall, these findings indicate that 
C/EBP- plays an essential role as a regulator of CYP2E1 in the 
HFD animal model. Furthermore, the EtOAc extracts of AMK 
down-regulated CYP2E1 by suppressing C/EBP-. 

Inflammatory factors including TNF- and IL-6 are critically 
involved in the progression of NASH [16], and are imperative 
sources of associated oxidative stress, dramatically increasing 
ROS levels [25]. A previous study reported that continuous 
exposure to IL-6 impairs hepatic regeneration and sensitizes the 
liver to injury [15]. In this study, administration of EtOAc 
extract significantly reduced TNF- and IL-6 gene expression. 
This inhibition of inflammation by EtOAc extract may be 
partially associated with the reduction of mRNA expression 
levels of these regulators and suppression of hepatic lipoperoxide. 
The inflammatory process was regulated by PPAR- via the 
TNF- signaling pathway. PPAR- is a nuclear receptor that 
plays a central role in lipid metabolism. Moreover, PPAR- 
agonists can inhibit hepatic steatosis in animal models of 
NAFLD [11]. The results of the present study indicated that the 
activation of PPAR- in the hepatic steatosis of HFD-fed mice 
was lower than in ND mice and was upregulated by the EtOAc 
extract of AMK. In contrast, the TNF- level was decreased by 
the EtOAc extract of AMK. These results suggest that the 
anti-lipogenesis of AMK EtOAc extract may be associated with 
the activation of PPAR-, supporting the notion that hepatic 
steatosis is more susceptible to oxidative stress and the resulting 
lipid peroxidation, leading to inflammation. We also found that 
pJNK1/2 was highly active in HFD-fed mice, but significantly 
suppressed following administration of the EtOAc extract. 
JNK1/2 is a major mediator of the inflammatory response 
pathway that is potently activated by stress signals such as ROS 
[9]. It is well known that the JNK/c-Jun pathway induces liver 
damage via oxidative stress and lipoapoptosis [28]. Therefore, 
JNK has been implicated as the consequence and cause of 
increased inflammation [10]. In this respect, one of the 
prospective mechanisms of EtOAc extract-mediated actions on 
hepatic inflammation is the anti-oxidative amelioration of 
cellular ROS production via the suppression of JNK1/2 
activation. This hypothesis was reinforced by the finding that 
the JNK1/2 pathway protected mice from HFD-induced 
steatohepatitis, and reduced hepatic TG, liver injury, and 
inflammation [27]. Therefore, suppression of JNK1/2 activation 
by EtOAc extract of AMK may also contribute to the reduction 
of lipid accumulation.

It has been reported that JNK1/2 induces cell death in 
HFD-induced NASH via regulation of the mitochondrial death 
mechanism [9]. The activation of JNK1/2 induces cellular 
apoptosis [32] or the regulation of pro-apoptotic proteins such 
as Bax [18]. A strong relationship between hepatocyte apoptosis 
and oxidative stress has been reported, and the identification of 
apoptosis as a main source of hepatic damage such as 
inflammation was described [31]. Caspase-3 is a major factor in 
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apoptosis that is regarded as the central causative component in 
the initiation of hepatic wounds [33]. The EtOAc extract of 
AMK significantly inhibited cleaved caspase-3 and Bax levels 
in HFD-fed mice. Therefore, these findings suggest that the 
anti-apoptotic effects of EtOAc extract primarily occur via its 
strong antioxidant capability. Our results indicate that HFD- 
induced apoptosis is linked with JNK1/2 phosphorylation. 

Several studies have reported the association between 
ERK1/2 activation and oxidative stress in cellular responses 
[7,18]. The activation of ERK1/2 weakened cell death in cells in 
vitro [5]. Our data indicated that ERK1/2 phosphorylation was 
related to HFD-induced NASH. However, the EtOAc extract of 
AMK decreased the activation of JNK1/2 and improved 
pERK1/2 in HFD-fed mice. In terms of antioxidant effects, it is 
speculated that the EtOAc extract of AMK-mediated attenuation 
of ROS generation inhibited JNK1/2 and ERK1/2. The results 
of this study confirm that the protective effects of the AMK 
EtOAc extract against HFD-induced NASH are regulated by 
inhibition of ROS, suppression of inflammation, and reduction 
of apoptosis. The anti-NASH effects of the AMK EtOAc 
extract are a result of the inhibition of JNK1/2 and increase in 
pERK1/2. These findings suggest that the EtOAc extract of 
AMK has a protective effect mediated by the regulation of 
JNK1/2 and ERK1/2 activation in HFD-induced NASH. 
Therefore, the present data support the notion that EtOAc 
extract of AMK has potential therapeutic effects. Further 
molecular investigations are currently being conducted in our 
laboratory to elucidate these effects. 
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