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Abstract

Objectives The aim of this study was to determine the protective mechanisms of

wild ginseng cambial meristematic cells (CMCs) on non-alcoholic fatty liver dis-

ease in high-fat diet (HFD)-fed mice.

Methods Male C57BL/6 mice received either normal-fat diet or HFD for 10

weeks along with wild ginseng CMCs (75, 150 and 300 mg/kg) or vehicle (0.5%

carboxyl methyl cellulose) by oral administration once a day. Triglyceride and

total cholesterol contents were measured in liver and serum samples. Parameters

for hepatic lipid metabolism and mitochondria biogenesis were assessed.

Key findings Treatment with wild ginseng CMCs markedly attenuated body

weight, serum and hepatic lipid contents, and serum aminotransferase activity.

While wild ginseng CMCs attenuated the increases in sterol regulatory element-

binding transcription factor 1 (SREBP-1) and carbohydrate-responsive element-

binding protein (ChREBP) expression, it enhanced the increases in carnitine

palmitoyltransferase 1A (CPT1A) and peroxisome proliferator-activated receptor

alpha (PPAR-a) expression. HFD decreased glutamate dehydrogenase activity

and glutathione content, and increased lipid peroxidation, which were all attenu-

ated by wild ginseng CMCs. Furthermore, wild ginseng CMCs enhanced mito-

chondrial biogenesis-related factors, including peroxisome proliferator-activated

receptor-c co activator 1a (PGC1a), nuclear respiratory factor 1 (NRF1) and

mitochondrial transcription factor A (TFAM).

Conclusions Wild ginseng CMCs protect against HFD-induced liver injury,

which prevents lipid accumulation and mitochondrial oxidative stress, and

enhances mitochondrial biogenesis.

Introduction

Fatty liver disease is the build-up of excessive fat in the liver

cells. Alcoholic fatty liver disease (ALD) and non-alcoholic

fatty liver disease (NAFLD) are two main types of fatty liver

disease. Although ALD is caused by chronic alcohol abuse,

NAFLD could occur by many risk factors such as central

adiposity, dyslipidemia, insulin resistance, type 2 diabetes

mellitus, metabolic syndrome and genetic factors. NAFLD

encompasses a wide spectrum of liver damage, ranging

from steatosis alone to steatohepatitis, advanced fibrosis

and cirrhosis.[1] Although the pathogenesis of NAFLD is

not yet fully understood, the ‘multiple hit process’ is widely

accepted, which provides a model that summarizes the

complex factors and their interactions leading from free

fatty acid metabolism to NAFLD. The initial hit involves

excess hepatic lipid accumulation, which can progress to

non-alcoholic steatohepatitis to a following hit, such as

oxidative stress, lipid peroxidation and release of inflam-

matory mediators.[2]

Accumulating evidence indicates that hepatic mitochon-

dria play a critical role in the development and pathogene-

sis of NAFLD.[3] Mitochondrial dysfunction in NAFLD

affects hepatic lipid homeostasis and promotes reactive

oxygen species (ROS) production, lipid peroxidation,

cytokine release and cell death.[4,5] Mitochondrial biogene-

sis, the complex process promoting mitochondrial

capacity through the growth and division of pre-existing
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mitochondria, plays an essential role in maintaining mito-

chondrial homeostasis, and induction of mitochondrial

biogenesis alleviates mitochondrial dysfunction.[6] In

recent years, researchers have tried to determine the effects

of drugs or active compounds in alleviating mitochondrial

dysfunction via mitochondrial biogenesis in pathophysio-

logical conditions. Dexamethasone decreased cholestatic

liver injury by enhancing mitochondrial biogenesis, and

curcumin prevented cerebral ischaemia reperfusion injury

through increases in mitochondrial biogenesis in rats.[7,8]

Ginseng has been used in traditional herbal medicine for

over 2000 years in Asian countries and has been mainly used

as a tonic to invigorate weak bodies. Several studies have

reported that ginseng possesses various pharmacological

effects in experimental models of liver diseases, such as fatty

liver disease, liver fibrosis, hepatic carcinoma and chemical-

induced liver injury.[9] Furthermore, ginseng consumption

led to a reduction in the expression levels of genes associated

with lipid metabolism, as well as in the levels of leptin, insu-

lin and adiponectin, all of which perform critical functions

in the control of obesity.[10] Recently, wild ginseng was

shown to restore mitochondrial dysfunction against oxida-

tive stress and neurodegenerative diseases in in-vivo and in-

vitro studies.[11,12] Ginseng, however, is rare and its rarity

makes it very expensive. Furthermore, the yield of active

components from ginseng can be highly variable depending

on the field cultivation. Undifferentiated cambial meristem-

atic cells (CMCs) are plant stem cells that function as vascu-

lar stem cells. These cells can be considered immortal due to

their ability to theoretically divide an unlimited number of

times, and this technique overcomes the several problems.

We established a technique for the isolation and culture of

innately CMCs. Isolation of CMCs from selected P. ginseng

species provides a higher content of ginsenosides, such as

ginsenosides Rb1, Rb2, Rc and Rd, than can be obtained

from natural harvest.[13,14]

Therefore, this study investigated the protective mecha-

nisms of wild ginseng CMCs against high-fat diet (HFD)-

induced hepatic injury, with a particular focus on mito-

chondrial dysfunction and biogenesis. Our findings suggest

the potential therapeutic strategy of wild ginseng CMCs to

counteract to NAFLD through promoting mitochondrial

function and eliminating oxidative stress.

Materials and Methods

Plant cell culture and HPLC analysis

Wild ginseng CMCs were obtained from the cambium of

P. ginseng Meyer (wild ginseng; native to Kangwon Pro-

vince, Korea, for >50 years) and authenticated by the Korea

Association of Wild Ginseng Appraiser (Sungnam, Korea).

Wild ginseng CMCs were cultured in two stages: (1) a

proliferation stage to obtain biomass in the 250-l bioreactor

(Fermentec Co. Ltd, Cheongwon, Korea), and (2) a pro-

duction stage to obtain secondary metabolites, such as gin-

senosides. Wild ginseng CMCs underwent a cell

habituation process for 1 year without growth regula-

tors.[15] Wild ginseng CMCs obtained through this process

were maintained for 40 months. After proliferation and

production cultures, wild ginseng CMCs were heat-treated

in a heater at 95°C for 48 h. After the heat treatment, wild

ginseng CMCs were separated from the medium through

vacuum filtration, and then the CMCs were freeze-dried.

Freeze-dried wild ginseng CMCs were ground to a fine

powder. A voucher specimen (U2(M9)PS7DT17) was

deposited at the Unhwa Corp (Jeonju, Korea).

For HPLC analysis, heat-treated wild ginseng CMCs were

ground to a fine powder, and an 80% methanol solution

was added to 0.5 g of ground, heat-treated wild ginseng

CMCs to achieve a volume of 10 ml. This solution was

extracted for 2 h under ultrasonic waves, centrifuged and fil-

tered through a 0.2-lm syringe filter for HPLC analysis. An

Agilent HPLC 1260 DAD system and Agilent Zorbax Eclipse

plus C18 column (4.6 9 100 mm, 3.5 lm) were used for

the analysis of rare ginsenosides. The detection wavelength

was 203 nm, the temperature of the column was 30°C, and
the mobile phase was 0.05% trifluoroacetic acid (Daejung

Chemicals & Metals, Siheung, Korea) in water and 0.05%

trifluoroacetic acid in acetonitrile with a flow rate of 1 ml/

min. The analysed chromatogram is shown in Figure 1.

During analysis, the compounds were identified as ginseno-

sides Rg3, Rk1, Rg5, Rh2, Rk2, Rh3, PPD and unsaturated

fatty acid through electrospray ionization - mass spectrome-

try (ESI-MS) and nuclear magnetic resonance (NMR). The

contents of rare ginsenosides including Rg3, Rh2 and

Rk1 + Rg5 in the dry cell of heat-treated wild ginseng CMCs

were 25.5 mg/g, 13.0 mg/g and 29.0 mg/g, respectively.

Experimental groups

Male C57BL/6 mice weighing 22–24 g were obtained from

Orient Bio Inc. (Seongnam, Korea). All experiments were

approved by the Animal Care Committee of Sungkyunk-

wan University School of Pharmacy (SKKUIACUC-

20140008), and the animals received care in compliance

with the Principles of Laboratory Animal Care formulated

by the National Institutes of Health (NIH Publication

No.86-23, revised 1985). During 10 weeks, wild ginseng

CMCs were dissolved in 0.5% carboxyl methyl cellulose

(vehicle) and administered orally once a day. Silymarin

(100 mg/kg) was also given as a positive control. The ani-

mals were fed with normal-fat diet (NFD, D12450B;

Research Diets, Inc., New Brunswick, NJ, USA) or HFD

(D12492; Research Diets, Inc.) for 10 weeks. The contents

of NFD and HFD are provided in Table 1. Animals were
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randomly separated into six groups (each group, n = 8–
10): (a) NFD, (b) HFD, (c) HFD + wild ginseng CMCs

75 mg/kg (HFD 75), (d) HFD + wild ginseng CMCs

150 mg/kg (HFD 150), (e) HFD + wild ginseng CMCs

300 mg/kg (HFD 300), and (f) HFD + silymarin 100 mg/

kg (HFD sily). Because there were no differences in any of

the parameters between the vehicle-treated NFD and wild

ginseng CMCs-treated NFD group, these groups were

pooled and referred to as the NFD group. After 10 weeks of

NFD or HFD feeding, the animals were sacrificed for liver

and blood collection.

Lipid parameters

Serum triglyceride (TG) and total cholesterol (TC) concen-

trations were measured using an automatic hematology

analyser (Korea Animal Medical Science Institute Co., Ltd,

Guri, Korea). To analyse hepatic TG and TC contents, liv-

ers were homogenized in buffer containing 0.25 M sucrose,

50 mM Tris-HCl and 1 mM EDTA (pH 7.4). Lipids were

then extracted from liver homogenates using a chloro-

form : methanol (2 : 1) mix and quantified as described by

Folch et al.[16]

Serum alanine aminotransferase activity

Serum alanine aminotransferase (ALT) activity was deter-

mined by standard spectrophotometric procedures using a

ChemiLab ALT assay kit (IVDLab Co., Uiwang, Korea).

Histological analysis

Oil Red O staining was performed on liver sections. The

stained sections were examined using an optical micro-

scope (Olympus Optical Co., Tokyo, Japan). Histological

changes were evaluated in randomly chosen histological

fields at 2009 magnification.

Mitochondrial glutamate dehydrogenase
activity

Liver mitochondria were isolated as described by Johnson

and Lardy.[17] The isolated mitochondria were homogenized

in a solution containing Triton X-100 (0.05% v/v), 50 mM

KH2PO4 and 1 mM EDTA, pH 7.5 at 4°C. The suspension
was used for glutamate dehydrogenase (GDH) assay,

according to the method reported by Ellis and Goldberg.[18]

Hepatic lipid peroxidation

Liver homogenates were analysed for malondialdehyde

(MDA) by measuring the level of thiobarbituric acid-reac-

tive substance spectrophotometrically at 535 nm with

1,1,3,3-tetraethoxypropane (Sigma-Aldrich, St Louis, MO,

USA) as the standard.[19]

Hepatic glutathione content

The total glutathione (GSH) in the liver homogenates was

determined spectrophotometrically at a wavelength of

412 nm according to the method reported by Tietze.[20]

Table 1 Content of NFD and HFD

Ingredient

NFD HFD

g kcal g kcal

Casein, 80 mesh 200 800 200 800

L-cystine 3 12 3 12

Corn starch 315 1260 0 0

Maltodextrin 10 35 140 125 500

Sucrose 350 1400 68.8 275.2

Cellulose, BW200 50 0 50 0

Soybean oil 25 225 25 225

Lard 20 180 245 2205

Mineral mix, S10026 10 0 10 0

Dicalcium phosphate 13 0 13 0

Calcium carbonate 5.5 0 5.5 0

Potassium citrate, 1 H2O 16.5 0 16.5 0

Vitamin mix, V10001 10 40 10 40

Choline bitartrate 2 0 2 0

FD&C yellow dye #5 0.05 0 0 0

FD&C blue dye #1 0 0 0.05 0

Total 1055.05 4057 773.85 4057

HFD, high-fat diet; NFD, normal-fat diet.

Figure 1 HPLC chromatogram of ginsenosides detected in heat-treated wild ginseng cambial meristematic cells. Numbers on the HPLC

chromatogram show (1) ginsenoside 20(S)-Rg3, (2) ginsenoside 20(R)-Rg3, (3) ginsenoside Rk1, (4) ginsenoside Rg5, (5) ginsenoside 20(S)-Rh2, (6)

ginsenoside 20(R)-Rh2, (7) ginsenoside Rk2, (8) ginsenoside Rh3, (9) linolenic acid, (10) ginsenoside 20(S)-PPD, (11) linoleic acid, and (12) oleic acid.
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Western blot immunoassay

Protein samples (20 lg) from liver homogenates were

loaded on polyacrylamide gels, separated by sodium

dodecyl sulfate-polyacrylamide gel electrophoresis, and

transferred to polyvinylidene difluoride membranes

(Millipore, Billerica, MA, USA). The membranes were

blocked for 1 h, incubated overnight at 4°C with pri-

mary antibodies, and then incubated with the secondary

antibodies for 1 h at room temperature. Signal was

detected using an enhanced chemiluminescence (ECL)

system (iNtRON Biotechnology, Seongnam, Korea),

according to the manufacturer’s instructions. Intensities

of the immunoreactive bands were evaluated densito-

metrically with the TotalLab TL 120 software (Nonlin-

ear Dynamics Ltd., Newcastle, UK). The following

primary antibodies were used: sterol regulatory element-

binding transcription factor 1 (SREBP-1) (Abcam, Cam-

bridge, MA, USA; 1 : 2500), carbohydrate-responsive

element-binding protein (ChREBP) (Abcam; 1 : 2500),

fatty acid synthase (FAS) (Cell Signaling Technology,

Beverly, MA, USA; 1 : 2500), phosphorylated-acetyl-CoA

carboxylase (phospho-ACC) (Cell Signaling Technology;

1 : 2500), peroxisome proliferator-activated receptor

alpha (PPAR-a) (Abcam; 1 : 2500), carnitine palmitoyl-

transferase 1A (CPT1A) (Abcam; 1 : 2500), peroxisome

proliferator-activated receptor gamma coactivator 1-al-

pha (PGC1a) (Abcam; 1 : 1000), nuclear respiratory

factor 1 (NRF1) (Abcam; 1 : 2000), mitochondrial tran-

scription factor A (TFAM) (Abcam; 1 : 2500), b-actin
(Sigma-Aldrich; 1 : 5000) and lamin B1 (Abcam;

1 : 5000).

Statistical analysis

All results are presented as means � standard error of the

mean. The overall significance of the data was examined by

one-way analysis of variance. The differences between the

groups were considered significant at P < 0.05, with the

appropriate Bonferroni correction made for multiple

comparisons.

Results

Effect of wild ginseng cambial meristematic
cells on body weight, triglyceride and total
cholesterol levels, and alanine
aminotransferase activity

Animal body weight after consumption of HFD for 10

weeks is presented in Table 2. In the HFD group, body

weight significantly increased to 44.6 � 0.8 g. This

increase was attenuated by wild ginseng CMCs 75, 150

and 300 mg/kg. Silymarin 100 mg/kg also attenuated

this increase. Hepatic TG and TC levels were

14.2 � 1.0 mg/g liver and 17.2 � 1.9 mg/g liver, respec-

tively, in the NFD group. In the HFD group, hepatic

TG and TC levels significantly increased to

20.7 � 1.4 mg/g and 26.8 � 2.8 mg/g, respectively,

which were attenuated by wild ginseng CMCs 75, 150,

300 mg/kg and silymarin 100 mg/kg. In NFD group,

the serum TG and TC levels were 83.4 � 7.7 mg/dl

and 141.0 � 4.0 mg/dl, respectively. The serum TG and

TC levels increased in the HFD group to 1.2- and 1.3-

fold compared with those in the NFD group. However,

wild ginseng CMCs 75, 150 and 300 mg/kg attenuated

these increases. Silymarin 100 mg/kg also attenuated

these increases. In the HFD group, the level of serum

ALT activity increased to 45.5 � 6.4 U/l, and wild gin-

seng CMCs 75, 150, 300 mg/kg and silymarin 100 mg/

kg showed a tendency to attenuate this increase

(Table 2). Based on the results of TG and TC levels

and ALT activity, wild ginseng CMCs 150 mg/kg was

selected as the optimal effective dose for evaluation of

the molecular mechanisms of wild ginseng CMCs

against HFD-induced hepatic injury.

Table 2 Effect of wild ginseng CMCs on body weight, lipid metabolism parameters and serum ALT activity in HFD-fed mice

Group

Body weight

(g)

Hepatic TG

(mg/g liver)

Hepatic TC

(mg/g liver)

Serum TG

(mg/dl)

Serum TC

(mg/dl)

ALT

(U/l)

NFD 31.5 � 0.4 14.2 � 1.0 17.2 � 1.9 83.4 � 7.7 141.0 � 4.0 36.6 � 3.9

HFD 44.6 � 0.8** 20.7 � 1.4** 26.8 � 2.8** 111.2 � 5.3** 173.2 � 9.8** 45.5 � 6.4

HFD75 35.4 � 0.7**,++ 15.1 � 1.1++ 18.6 � 1.0+ 75.2 � 5.5++ 156.2 � 4.3 40.2 � 7.0

HFD 150 33.8 � 0.5++ 14.0 � 2.1+ 14.6 � 1.7++ 72.0 � 2.8++ 143.5 � 3.3+ 35.8 � 5.5

HFD 300 33.2 � 0.4++ 14.8 � 1.6+ 19.8 � 1.5+ 82.6 � 5.2++ 150.0 � 6.2 29.0 � 4.7

HFD sily 34.9 � 0.1**,++ 11.7 � 1.9++ 15.4 � 0.9++ 72.8 � 4.3++ 145.2 � 5.8+ 31.8 � 2.5

ALT, alanine aminotransferase; CMCs, cambial meristematic cells; HFD, high-fat diet; NFD, normal-fat diet; sily, silymarin; TC, total cholesterol; TG,

triglyceride. All values are means � standard error of the mean of 8–10 mice per group. **Significantly different (P < 0.01) from the NFD group;
+,++Significantly different (P < 0.05, P < 0.01) from the HFD group.
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Effect of wild ginseng cambial meristematic
cells on histological analysis

The histological features of the NFD group represented

normal liver conditions (Figure 2a). HFD-fed mice exhib-

ited a marked increase in lipid accumulation in Oil Red O-

stained livers (Figure 2b), and this increase was reduced by

wild ginseng CMCs treatment (Figure 2c). Quantitative

assessment of fat accumulation in liver indicated that

10.0 � 3.7% of liver sections contained fat accumulation

(Figure 2d). The Oil Red O-positive area increased to

63.3 � 7.6% in livers of HFD group, which was attenuated

by wild ginseng CMCs (Figure 2d).

Effect of wild ginseng cambial meristematic
cells on the nuclear SREBP-1 and hepatic
ChREBP, FAS, P-ACC, PPAR-a and CPT1A
protein expression

In the HFD group, the level of nuclear SREBP-1 protein

expression significantly increased to 2.0-fold compared with

that of the NFD group. This increase was attenuated by wild

ginseng CMCs (Figure 3a). The level of hepatic ChREBP

protein expression increased in the HFD group to 1.4-fold

compared with that of the NFD group. Wild ginseng CMCs

attenuated this increase (Figure 3b). As shown in Figure 3c

and 3d, the levels of hepatic FAS and phospho-ACC protein

expression increased to 1.5- and 1.3-fold, respectively, com-

pared with those of the NFD group, all of which were atten-

uated by wild ginseng CMCs. In the HFD group, the levels

of hepatic PPAR-a and CPT1A protein expression showed a

tendency to increase to 1.6- and 1.3-fold, respectively, com-

pared with those of the NFD group. These increases were

enhanced by wild ginseng CMCs (Figure 3e and 3f).

Effect of wild ginseng cambial meristematic
cells on hepatic glutamate dehydrogenase
activity, malondialdehyde and glutathione
level

Hepatic GDH activity was 3.0 � 0.1 U/mg protein in the

NFD group. In the HFD group, GDH level significantly

decreased to 1.4 � 0.1 U/mg protein, and wild ginseng

CMCs attenuated this decrease (Figure 4a). In the NFD

group, hepatic MDA level was 0.14 � 0.03 nmol/mg pro-

tein. The hepatic MDA level significantly increased in the

HFD group to 2.1-fold compared with that in the NFD

group; wild ginseng CMCs attenuated this increase (Fig-

ure 4b). The level of hepatic GSH was 6.3 � 0.2 nmol/g

liver in the NFD group. In the HFD group, hepatic GSH

level significantly decreased to 5.0 � 0.5 nmol/g liver,

which was attenuated by wild ginseng CMCs (Figure 4c).
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Figure 2 Effect of wild ginseng cambial meristematic cells on liver histology in high-fat diet-fed mice. Histological analysis of steatosis in liver

sections stained with Oil Red O (original magnification 200). (a) Liver section from the normal-fat diet group. (b) Liver section from the high-fat diet

group. (c) Liver section from the wild ginseng cambial meristematic cells 150 mg/kg-treated high-fat diet group. (d) Quantitative analysis of the Oil Red

O staining. **Significantly different (P < 0.01) from the normal-fat diet group. ++Significantly different (P < 0.01) from the high-fat diet group.
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Effect of wild ginseng cambial meristematic
cells on hepatic PGC1a, NRF1 and TFAM
protein expression

The administration of HFD did not affect the level of hep-

atic PGC1 a protein expression. However, wild ginseng

CMCs treatment with HFD increased the level of hepatic

PGC1a protein expression (Figure 5a). In the HFD group,

the hepatic NRF1 and TFAM protein expression increased

to 1.5- and 1.4-fold, respectively, compared with those in

the NFD group. These increases were enhanced by wild gin-

seng CMCs (Figure 5b and 5c).

Discussion

Despite extensive research, the pathophysiology of NAFLD

remains unclear. Classically, NAFLD has been defined by

impairment of fatty acid b-oxidation and excessive de-novo

lipogenesis. Recent studies have shown that lipid accumula-

tion in the liver is linked to the progression of endoplasmic
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Figure 3 Effect of wild ginseng cambial meristematic cells on nuclear SREBP-1 (a) and hepatic ChREBP (b), FAS (c), phospho-ACC (d), PPAR-a (e)

and CPT1A (f) protein expression in high-fat diet-fed mice. All values are means � standard error of the mean of 8–10 mice group. *,**Signifi-

cantly different (P < 0.05, P < 0.01) from the normal-fat diet group. +,++Significantly different (P < 0.05, P < 0.01) from the high-fat diet group.
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reticulum stress, mitochondria stress and impaired autop-

hagy.[21] Although the nature of NAFLD has been exten-

sively studied, there is no effective therapy for disease

clinically. The use of medicinal plants and their bioactive

components continue to be evaluated as potential treat-

ments for NAFLD.[5,22,23] Seo et al. reported that Magnolia

officinalis, a traditional oriental medicine used to treat liver

diseases, attenuated the TG synthesis and lipid accumula-

tion in NAFLD.[24] Wild ginseng has also been reported to

prevent obesity in animal models by decreasing insulin

resistance and body weight.[25] However, there is no infor-

mation available on the effects of wild ginseng CMCs

against hepatic steatosis.

We initially investigated the effect of wild ginseng CMCs

on TG and TC levels, which are the representative hall-

marks of NAFLD. HFD significantly increased serum and

hepatic TG and TC levels. Wild ginseng CMCs attenuated

these increases. Furthermore, the increased body weight

and ALT level, an indicator of liver damage, in HFD-fed

animals were attenuated by wild ginseng CMCs. Histologi-

cal analyses of liver samples with Oil Red O staining

strongly supported the hepatoprotective effect of wild gin-

seng CMCs. These results indicate that wild ginseng CMCs

may potentially have clinical applications in the treatment

of fatty liver diseases.

De-novo lipogenesis is the highly regulated metabolic

pathway in the liver. Carbohydrates are converted to fatty

acids, and these are subsequently esterified to store TG by

de-novo lipogenesis. In NAFLD, the balance of de-novo

lipogenesis and b-oxidation is collapsed, which subse-

quently leads to hepatic steatosis. Accumulating evidence

shows that increases in both ChREBP and SREBP-1

induced the expression of lipogenic enzymes, including glu-

cokinase, FAS and acetyl CoA carboxylase (ACC).[26]

Indeed, knockout of SREBP-1 and ChREBP ameliorated

lipid synthesis with decreases in the mRNA levels of fatty

acid synthetic genes.[27,28] Furthermore, ginseng extract

inhibited SREBP-1 expression in the liver of HFD-fed

mice.[29] In this study, wild ginseng CMCs attenuated the

increases in SREBP-1, ChREBP, FAS and phospho-ACC

protein expression induced by HFD.

b-Oxidation is the catabolic process through which fatty

acid molecules are broken down in the mitochondria.[30]

Several medical herbs, such as Ginkgo biloba, Rosa laevigata

and Zingiber zerumbet, have been shown to attenuate

NAFLD through promotion of fatty acid b-oxidation.[31–33]

PPAR-a appears to reflect the sensitivity of induction of

lipid oxidation by its ligands, such as fatty acid and eicosa-

noid.[30] Activation of PPAR-a induces expression of b-oxi-
dation-related genes, including CPT1A, very long chain

acyl-CoA dehydrogenases, acyl-CoA oxidase, and liver fatty

acid binding protein.[34] Nagasawa et al. demonstrated that

PPAR-a agonist increased CPT1A mRNA expression and

decreased TG level.[34] A previous report suggested that

Korean red ginseng increases b-oxidation through PPAR-

a-mediated pathways.[35] In our study, PPAR-a and CPT1A

protein expression significantly increased in HFD animals,

and wild ginseng CMCs enhanced these increases. The

increase of PPAR-a observed in our HFD model might be a

compensatory effect on HFD-induced liver injury, and wild

ginseng CMCs may promote b-oxidation through PPAR-a
activation. Collectively, our results suggest that wild gin-

seng CMCs inhibit de-novo lipogenesis and promote b-oxi-
dation, which prevents lipid accumulation in liver.

Mitochondria are essential compartments in cellular

metabolism. Housed within mitochondria are the

enzymes of the tricarboxylic acid cycle and b-oxidation,
which produce reducing equivalents for the electron

transport chain. Hyperlipidemic conditions promote

mitochondrial ROS production, which contributes to

the oxidative stress developed in NAFLD.[36] Previous

studies have reported that Panax ginseng extract
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Figure 5 Effect of wild ginseng cambial meristematic cells on hepatic PGC1a (a), NRF1 (b) and TFAM (c) protein expression in high-fat diet-fed

mice. All values are means � standard error of the mean of 8–10 mice per group. *,**Significantly different (P < 0.05, P < 0.01) from the

normal-fat diet group. +Significantly different (P < 0.05) from the high-fat diet group.
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decreased lipid peroxidation by activating antioxidant

enzymes in the liver from both ageing animal and cad-

mium-induced hepatotoxicity models.[37,38] Murayama

et al. evaluated serum hepatic injury markers for the

detection of NAFLD and found that GDH, which is

specific to mitochondria and located in the matrix, is a

more sensitive marker than cytosolic enzymes such as

ALT.[39] In this study, HFD-fed mice showed signifi-

cant decreases in hepatic GDH activity and GSH level,

and increase in hepatic MDA level. Wild ginseng CMCs

attenuated these changes. Our results suggest that wild

ginseng CMCs restore mitochondria dysfunction via

suppression of lipid peroxidation in fatty liver disease.

Mitochondrial biogenesis represents an important mech-

anism by which cells maintain a healthy mitochondrial

population.[40] PGC1a is a major regulator of mitochon-

drial biogenesis activated in response to physiological stim-

uli, including cold, exercise, fasting and oxidative stress,

and controls mitochondrial function through mitochondria

remodelling.[41] Activated PGC1a sequentially increases

the levels of NRF1 and TFAM. NRF1 functions as a positive

regulator of transcription. It acts on genes encoding respi-

ratory chain complex subunits, which are complex I, II, III,

IV and V, cytochrome c and the transcriptional machinery

of the mitochondrion, including TFAM, which is primarily

responsible for the transcription and replication of mito-

chondrial genes from the mitochondrial genome.[42,43]
PGC1a knockout model appeared to reduced mitochon-

drial volume density and respiratory capacity, leading to

increased fat mass and weight gain.[44] In the HFD-fed

experiment, mitochondrial biogenesis was activated to

compensate for mitochondrial dysfunction caused by

increased oxidative stress.[45] In our study, PGC1a, NRF1
and TFAM protein levels significantly increased in the liver

of HFD-fed animal. Wild ginseng CMCs enhanced the

expression of PGC1a, NRF1 and TFAM.

Conclusion

Our findings suggest that wild ginseng CMCs ameliorate

HFD-induced hepatic injury by modulating mitochondrial

dysfunction and biogenesis. Therefore, wild ginseng CMCs

might be useful as a potential therapeutic medication for

attenuating NAFLD.

Declarations

Conflict of interest

The Author(s) declare(s) that they have no conflicts of

interest to disclose.

Funding

This research was financially supported by the Ministry of

Trade, Industry & Energy (MOTIE), Korea Institute for

Advancement of Technology (KIAT) and Honam Institute

for Regional Program Evaluation through the Leading

Industry Development for Economic Region

(A005800016).

References

1. Paschos P, Paletas K. Non alcoholic

fatty liver disease and metabolic syn-

drome. Hippokratia 2009; 13: 9–19.

2. Ibrahim MA et al. Nonalcoholic fatty

liver disease: current and potential

therapies. Life Sci 2013; 92: 114–118.

3. Dey A, Swaminathan K. Hyper-

glycemia-induced mitochondrial alter-

ations in liver. Life Sci 2010; 87: 197–

214.

4. Wang S et al. Metabolic factors in the

development of hepatic steatosis and

altered mitochondrial gene expression

in vivo. Metabolism 2011; 60: 1090–

1099.

5. Kuo JJ et al. Positive effect of cur-

cumin on inflammation and mito-

chondrial dysfunction in obese mice

with liver steatosis. Int J Mol Med

2012; 30: 673–679.

6. Sheng B et al. Impaired mitochondrial

biogenesis contributes to mitochon-

drial dysfunction in Alzheimer’s dis-

ease. J Neurochem 2012; 120: 419–429.

7. Tiao MM et al. Dexamethasone

decreases cholestatic liver injury via

inhibition of intrinsic pathway with

simultaneous enhancement of mito-

chondrial biogenesis. Steroids 2011;

76: 660–666.

8. Liu L et al. Curcumin prevents cere-

bral ischemia reperfusion injury via

increase of mitochondrial biogenesis.

Neurochem Res 2014; 39: 1322–1331.

9. Shukla R, Kumar M. Role of Panax

ginseng as an antioxidant after cad-

mium-induced hepatic injuries. Food

Chem Toxicol 2009; 47: 769–773.

10. Song YB et al. Lipid metabolic effect

of Korean red ginseng extract in mice

fed on a high-fat diet. J Sci Food Agric

2012; 92: 388–396.

11. Li XT et al. Regulation on energy

metabolism and protection on mito-

chondria of Panax ginseng polysaccha-

ride. Am J Chin Med 2009; 37: 1139–

1152.

12. Jiang Y et al. Neuroprotective effect of

water extract of Panax ginseng on cor-

ticosterone-induced apoptosis in PC12

cells and its underlying molecule

mechanisms. J Ethnopharmacol 2015;

159: 102–112.

13. Lee EK et al. Cultured cambial meris-

tematic cells as a source of plant natu-

© 2015 Royal Pharmaceutical Society, Journal of Pharmacy and Pharmacology, 68 (2016), pp. 119–127126

Hepatoprotective effect of wild ginseng CMCs Sang-Bin Lee et al.



ral products. Nat Biotechnol 2010; 28:

1213–1217.

14. Ochoa-Villarreal M et al. Cambial

meristematic cells: a platform for the

production of plant natural products.

N Biotechnol 2015; 32: 581–587.

15. Asano S, Otobe K. Production of phy-

tochemicals by using habituated and

long-term cultured cells. Plant

Biotechnol 2011; 28: 51–62.

16. Folch J et al. A simple method for the

isolation and purification of total lipi-

des from animal tissues. J Biol Chem

1957; 226: 497–509.

17. Johnson D, Lardy H. Isolation of liver

and kidney mitochondria. Methods

Enzymol 1967; 10: 456–470.

18. Ellis G, Goldberg DM. Optimal condi-

tions for the kinetic assay of serum

glutamate dehydrogenase activity at

37 degrees C. Clin Chem 1972; 18:

523–527.

19. Buege JA, Aust SD. Microsomal lipid

peroxidation. Methods Enzymol 1978;

52: 302–310.

20. Tietze F. Enzymic method for quanti-

tative determination of nanogram

amounts of total and oxidized glu-

tathione: applications to mammalian

blood and other tissues. Anal Biochem

1969; 27: 502–522.

21. Koo SH. Nonalcoholic fatty liver dis-

ease: molecular mechanisms for the

hepatic steatosis. Clin Mol Hepatol

2013; 19: 210–215.

22. Muller C et al. Prevention of free fatty

acid-induced lipid accumulation,

oxidative stress, and cell death in pri-

mary hepatocyte cultures by a Gynos-

temma pentaphyllum extract.

Phytomedicine 2012; 19: 395–401.

23. Rhee SD et al. Carbenoxolone pre-

vents the development of fatty liver in

C57BL/6-Lep ob/ob mice via the inhi-

bition of sterol regulatory element

binding protein-1c activity and apop-

tosis. Eur J Pharmacol 2012; 691: 9–

18.

24. Seo MS et al. Magnolia officinalis

attenuates free fatty acid-induced lipo-

genesis via AMPK phosphorylation in

hepatocytes. J Ethnopharmacol 2014;

157: 140–148.

25. Jung HL, Kang HY. Effects of Korean

red ginseng supplementation on mus-

cle glucose uptake in high-fat fed rats.

Chin J Nat Med 2013; 11: 494–499.

26. Ferre P, Foufelle F. Hepatic steatosis:

a role for de novo lipogenesis and the

transcription factor SREBP-1c. Dia-

betes Obes Metab 2010; 12(Suppl. 2):

83–92.

27. Shimano H et al. Elevated levels of

SREBP-2 and cholesterol synthesis in

livers of mice homozygous for a tar-

geted disruption of the SREBP-1 gene.

J Clin Invest 1997; 100: 2115–2124.

28. Iizuka K et al. Deficiency of carbohy-

drate response element-binding pro-

tein (ChREBP) reduces lipogenesis as

well as glycolysis. Proc Natl Acad Sci

U S A 2004; 101: 7281–7286.

29. Lee YS et al. Effects of Korean white

ginseng extracts on obesity in high-fat

diet-induced obese mice. Cytotechnol-

ogy 2010; 62: 367–376.

30. Reddy JK. Nonalcoholic steatosis and

steatohepatitis. III. Peroxisomal beta-

oxidation, PPAR alpha, and steato-

hepatitis. Am J Physiol Gastrointest

Liver Physiol 2001; 281: G1333–G1339.

31. Wang SD et al. Inhibitory effect of

Ginkgo biloba extract on fatty liver:

regulation of carnitine palmitoyltrans-

ferase 1a and fatty acid metabolism. J

Dig Dis 2012; 13: 525–535.

32. Zhang S et al. Effects of flavonoids

from Rosa laevigata Michx fruit

against high-fat diet-induced non-al-

coholic fatty liver disease in rats. Food

Chem 2013; 141: 2108–2116.

33. Chang CJ et al. The ethanol extract of

Zingiber zerumbet Smith attenuates

non-alcoholic fatty liver disease in

hamsters fed on high-fat diet. Food

Chem Toxicol 2014; 65: 33–42.

34. Nagasawa M et al. Highly sensitive

upregulation of apolipoprotein A-IV

by peroxisome proliferator-activated

receptor alpha (PPARalpha) agonist in

human hepatoma cells. Biochem Phar-

macol 2007; 74: 1738–1746.

35. Park MY et al. Effects of dietary mul-

berry, Korean red ginseng, and banaba

on glucose homeostasis in relation to

PPAR-alpha, PPAR-gamma, and LPL

mRNA expressions. Life Sci 2005; 77:

3344–3354.

36. Galloway CA et al. Decreasing mito-

chondrial fission alleviates hepatic

steatosis in a murine model of nonal-

coholic fatty liver disease. Am J Phys-

iol Gastrointest Liver Physiol 2014; 307:

G632–G641.

37. Karadeniz A et al. The effects of

Panax ginseng and Spirulina platensis

on hepatotoxicity induced by cad-

mium in rats. Ecotoxicol Environ Saf

2009; 72: 231–235.

38. Ramesh T et al. Effect of fermented

Panax ginseng extract (GINST) on

oxidative stress and antioxidant activi-

ties in major organs of aged rats. Exp

Gerontol 2012; 47: 77–84.

39. Murayama H et al. Marked elevation

of serum mitochondrion-derived

markers in mild models of non-alco-

holic steatohepatitis in rats. J Gas-

troenterol Hepatol 2009; 24: 270–277.

40. Kubli DA, Gustafsson AB. Mitochon-

dria and mitophagy: the yin and yang

of cell death control. Circ Res 2012;

111: 1208–1221.

41. Austin S, St-Pierre J. PGC1alpha and

mitochondrial metabolism–emerging

concepts and relevance in ageing and

neurodegenerative disorders. J Cell Sci

2012; 125: 4963–4971.

42. Kelly DP, Scarpulla RC. Transcrip-

tional regulatory circuits controlling

mitochondrial biogenesis and func-

tion. Genes Dev 2004; 18: 357–368.

43. Lee HC, Wei YH. Mitochondrial bio-

genesis and mitochondrial DNA

maintenance of mammalian cells

under oxidative stress. Int J Biochem

Cell Biol 2005; 37: 822–834.

44. Leone TC et al. PGC-1alpha defi-

ciency causes multi-system energy

metabolic derangements: muscle dys-

function, abnormal weight control

and hepatic steatosis. PLoS Biol [on-
line] 2005; 3: e101. doi: 10.1371/jour-
nal.pbio.0030101.

45. Ciapaite J et al. Differential effects of

short- and long-term high-fat diet

feeding on hepatic fatty acid metabo-

lism in rats. Biochim Biophys Acta

2011; 1811: 441–451.

© 2015 Royal Pharmaceutical Society, Journal of Pharmacy and Pharmacology, 68 (2016), pp. 119–127 127

Sang-Bin Lee et al. Hepatoprotective effect of wild ginseng CMCs




