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Abstract

AIM: To evaluate protective effects of Chunggan ex-
tract (CGX), a traditional herbal formula, under 4 wk of
alcohol consumption-induced liver injury.

METHODS: Male Sprague-Dawley Rats were orally
administered 30% ethanol daily for 4 wk with or with-
out CGX. The pharmaceutical properties were assessed
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through liver enzymes, histopathology, fibrogenic cyto-
kines, and alcohol metabolism in hepatic tissues as well
as by in vitro experiment using HSC-T6 cells.

RESULTS: Four weeks of alcohol consumption notably
increased liver enzymes and malondialdehyde levels in
serum and hepatic tissue. CGX not only prevented the
collagen deposition determined by histopathology and
hydroxyproline content, but also normalized transform-
ing growth factor-beta, platelet-derived growth factor-
beta and connective tissue growth factor at the gene
expression and protein levels in liver tissue. Moreover,
CGX treatment also significantly normalized the abnor-
mal changes in gene expression profiles of extracellular
matrix proteins, matrix metalloproteinase and their
inhibitors, alcohol metabolism, and inflammatory reac-
tions. In the acetaldehyde-stimulated HSC-T6 cells, CGX
considerably inhibited collagen production and normal-
ized fibrogenic cytokines in both gene expression and
protein levels.

CONCLUSION: The present study evidenced that CGX
has hepatoprotective properties via modulation of fi-
brogenic cytokines and alcohol metabolism in alcoholic
liver injury.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcohol abuse; Liver injury; Traditional Chi-
nese Medicine; Fibrogenic cytokines; Hepato stellate
cell

Core tip: We observed that the protective effect of
Chunggan extract (CGX) on alcohol induced rat model
of hepatic injury. In this study, 4 wk of alcohol con-
sumptions markedly induced hepatic injury. Treatment
with CGX significantly reverses and ameliorates pro-
fibrogenic cytokines including transforming growth
factor-B, platelet-derived growth factor-BB, and con-
nective tissue growth factor. We also revealed the sig-
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nificant effects of alcohol metabolism related molecules
by CGX treatment. The pharmacological actions were
supported by /n vitro assay that acetaldehyde stimulat-
ed HSC-T6 cell activation was normalized by CGX. Col-
lectively our results suggest that CGX will be applicable
to treat patients with alcoholic liver injury through ame-
lioration of fibrotic changes and alcohol metabolisms.

Kim HG, Kim JM, Han JM, Lee JS, Choi MK, Lee DS, Park
YH, Son CG. Chunggan extract, a traditional herbal formula,
ameliorated alcohol-induced hepatic injury in rat model. World J
Gastroenterol 2014; 20(42): 15703-15714 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i42/15703.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i42.15703

INTRODUCTION

Various types of liver diseases can be induced by di-
verse causes, such as hepatitis virus types A, B, and C;
chemicals; toxic drugs; metabolic disorders; and alcohol
abuse’. Among them the alcohol abuse is the most com-
mon cause of hepatic disorders worldwide, in the United
States, and in north-western Europe, with mortality rates
of 5% to 6%, Liver diseases show a wide spectrum of
pathological cascades, from steatostasis to hepatofibrosis
and hepatocellular carcinomas. And then, these cascades
represent major concerns within the field of hepatology
worldwide. Especially, in the case of chronic alcohol
abuse-related liver injuties are approximately attributed to
10%-15% of all cases of fibrotic change'.

In alcohol metabolism, several mediators are directly
or indirectly associated to hepatic injury. Alcohol is me-
tabolised mainly by cytochrome P450 2E1 (CYP2E1)
in hepatocytes and it does not damage, if the amount
ingested is not in excessive quantity. Under the circum-
stance of an excessive amount of alcohol ingestion,

however, CYP2E1 not only generates reactive oxygen
species (ROS), including the superoxide anion radical and
hydrogen peroxide, but also produces highly reactive con-
jugated adducts®. These oxidative stressors can lead to
attack the normal liver cells. In addition, acetaldehyde, an
intermediate of the alcohol metabolism process, accumu-
lates in the hepatic tissues and acts as a free radical that
readily damages normal hepatic tissues during extreme
amount or long-term alcohol consumption'®.

Particulatly the production of pro-inflammatory cy-
tokines, including tumour necrosis factor-alpha (TNF-q),
interleukin-6 (IL-6), and 11.-1f3, also causes liver injuries
by oxidative stress. These pathological states lead to hep-
atostellate cell (HSC) activation®™”, The activated HSCs
rapidly release large amounts of pro-fibrogenic cytokines,
such as transforming growth factor-beta (TGF-f), plate-
let-derived growth factor-beta (PDGF-f3), and connective
tissue growth factor (CTGFE); they then form extracellular
matrix (ECM) including collagen types I, II, and IV in
hepatic tissues™". Therefore, the main goal in the treat-
ment of alcohol consumption-derived hepatic injury is to
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relieve or inhibit HSC activation'".

Chunggan extract (CGX) is a commercially available
with modification of a traditional herbal medicine com-
prising 13 herbs intended to “cleaning the liver”. CGX
has been used in South Korea since 2001 as a remedy for
patients with chronic liver disorders, such as alcoholic
liver injury“z]. We have previously presented scientific
evidences for the pharmaceutical effects and antioxidant
properties of CGX in various animal models, mainly with
various chemotoxins'™"”, Although we already proved
the pharmacological properties of CGX in above models,
the anti-fibrosis effects and its pharmacological actions
on chronic alcohol-induced liver injury have not yet been
determined.

In this study, we investigated the hepato protective
properties of CGX and its possible mechanisms of ac-
tion in a 4-wk alcohol consumption rat model.

MATERIALS AND METHODS

Preparation of CGX

CGX consists of 13 kinds of different types of the Tradi-
tional Chinese Medicine (TCM) derived materials (herbal
plants and animal based materials), including 5 g each of
Artemisia Capillaris Herba, Trionycis Carapax, Raphani
Semen; 3 g each of Atractylodis Rhizoma Alba, Hoelen,
Alismatis Rhizoma, Atractylodis Rhizoma, Salviae Milt-
iorrhizae Radix; 2 g each of Polyporus, Aurantii Imma-
ture Fructus, Amomi Fructus, and 1 g of Glycyrrhizae
Radix and Aucklandiae Radix (Table 1).

All of the materials in CGX were identified by a herb-
alogy professor of Oriental Medicine Collage in Daejeon
University. The commercially available CGX was manu-
factured by Kyoungbang Pharmacy (Incheon, South
Korea) which company approved good manufacturing
practice (GMP) from the Korea Food and Drug Admin-
istration, according to over-the-counter Korean mono-
graphs. Briefly, 120 kg of the 13 kinds of mixture was
boiled in 1200 L distilled water for 4 h at 100 C, filtered
using a 300-mesh filter (50 um), condensed, and lyophi-
lised. The CGX extract satisfied the herb, heavy metals,
general bacteria, fungi, and specific pathogens criteria, as
determined by a confirmation test for each, and the final
yield from the original dried mixture was 10.1% (w/w).
Lyophilised CGX extract (100 mg) was dissolved in 50%
and 90% methanol (20 mL for qualification analysis and
quantitative analysis) and mixed. The solution was filtered
through an Acrodisc” I.C 13-mm syringe filter (0.45-pum
pore size; Ann Arbor, MI, United States).

Quantitative analysis of CGX using high-performance
liquid chromatography

For reproducibility of CGX, quantitative analysis was
performed with nine of reference compounds solutions;
scopoletin, liquiritin, naringin, esculetin, rosmarinic acid,
salvianolic acid B, poncirin, glycyrrhizin, and tanshinone
ITA (200 pg/mL) were prepared in 90% methanol and
stored at < 4 ‘C. The standard solutions were prepared
by six concentrations of diluted solutions (methanol).
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Table 1 Herbal prescription of Chunggan extract

Herbal name Scientific name Relative
amounts
(2)
Artemisiae Capillaris Herba  Artemisia capillaries Thunberg 5
Trionycis Carapax Trionyx sinensis Wiegmann 3
Raphani Semen Raphanus sativus Linne 5
Atractylodis Rhizoma Alba  Atractylodes macrocephala Koidz 3
Hoelen Poria cocos Wolf 3
Alismatis Rhizoma Alisma orientalis (Sam.) Juzepczuk 3
Atractylodis Rhizoma Atractylodes chinensis Koidzumi 3
Salviae Miltiorrhizae Radix Salvia miltiorrhiza Bunge 3
Polyporus Polyporus umbellatus Fries 2
Aurantii Immaturus Fructus Poncirus trifoliate Rafin 2
Amomi Fructus Amomum villosum Lour 2
Glycyrrhizae Radix Glycyrrhiza uralensis Fisch. 1
Aucklandiae Radix Aucklandia lappa Decne. 1

All calibration curves of each chemical compound
were attained by assessing the peak areas at six concentra-
tions in the range of 3.13-100 pg/mL for all reference
compounds. The linearity of the peak area ()) »s concen-
tration (x, ug/mL) curve for each component was used
to calculate the contents of the main CGX components.

Quantitative analysis was performed under identical
conditions using an 1100 series high-performance liquid
chromatography (HPLC) device (Agilent Technolo-
gies, Santa Clara, CA, United States) equipped with an
autosampler (G11313A), column oven (GA1316A), bi-
nary pump (G1312), diode-array detector, and degasser
(GA1379A). The analytical column with a Gemini C18
(4.6 mm X 250 mm; particle size, 5 pm; Phenomenex,
Torrance, CA, United States) was kept at 30 C during
the analysis. Data were acquired and processed using
ChemStation software (Agilent Technologies). The mo-
bile phase conditions contained 10% acetonitrile in water
with 0.05% formic acid (A) and 90% acetonitrile in water
(B). The gradient flow was as follows; 0-30 min, 0%-20%
B; 30-50 min, 20%-75% B; and 50-60 min, 75%-100%.
The analysis was operated at a flow rate of 1.0 mIL/min
and detected at 280 nm. The injection volume was 10 pL.

Reagents and chemicals

1,1,3,3-tetracthoxypropane (TEP), acetaldehyde, chlora-
mine T, collagen type 1, and trichloroacetic acid (TCA)
were purchased from Sigma (St. Louis, MO, United
States); perchloric acid was obtained from GFS Chemical
Co. (Columbus, OH, United States); and thiobarbituric
acid (TBA) was purchased from Lancaster Co. (Lan-
cashire, United Kingdom). Histofine was from Nich-
irei Biosciences (Tokyo, Japan); hydrochloric acid and
phosphoric acid were from Kanto Chemical Co., Inc.
(Tokyo, Japan); #-butanol was purchased from ].T. Baker
(Center Valley, PA, United States); Mayer’s haematoxylin
and isopropanol were obtained from Wako Pure Chemi-
cal Industries (Osaka, Japan); TRI reagent was obtained
from Invitrogen (Carlsbad, CA, United States); and goat
anti-human CTGF antibody, CTFG standard solution,
rabbit anti-human CTGF antibody, and anti-rabbit im-
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munoglobulin G horseradish peroxidase conjugate were
purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, United States).

Animals and experimental design
Thirty-nine specific pathogen-free male Sprague-Dawley
rats (6-wk-old, 190-210 g) were purchased from Koatech
(Gyeonggi-do, Rep. of Korea). After 7 d of acclimation
to an environmentally controlled room at 22°C £ 2°C
under a 12/12-h light/dark cycle with pellet food (Ko-
atech) and tap water provided ad lbitum, the rats were
divided randomly into five groups of six to nine animals
each: normal (# = 06, distilled water), control (# = 9, alco-
hol with distilled water), alcohol with 100 mg/kg CGX
(n =9), alcohol with 200 mg/kg CGX (# = 9), and CGX
alone (7 = 6, 200 mg/kg CGX) groups. Chronic hepatic
injury and hepatofibrosis were induced by oral admin-
istration of 30% ethanol solution (10 mL/kg) for 4 wk
(six times weekly), with the exception of the normal and
CGX-only groups. All animals given 30% alcohol were
administrated distilled watet or CGX (100 ot 200 mg/kg)
with gastric gavages 6 h before alcohol consumption.
Body weight was recorded twice weekly, and whole
blood was collected from the abdominal common artery
under ether anaesthesia at the end of the experiment. The
liver and spleen of each rat were removed and weighed,
and liver tissues were then fixed in 10% formalin solu-
tion or stored in RNAlater (Ambion, Austin, TX, United
States) or at -70 C for the examination of histomor-
phology, RNA expression, or biochemical parameters,
respectively. Experiments were designed and performed
in strict accordance with the Guide for the Care and Use
of Laboratory Animals (National Institutes of Health
publication No. 85-23, revised 1985) and approved by the
Institutional Animal Care and Use Committee of Dae-
jeon University (animal ethical clearance No. DJUARB
2011-035).

Serum biochemical analysis

Whole blood was collected from the abdominal aorta
under the ether anaesthesia condition on the final day of
the experiment after a 12-h fast. Serum was separated
by centrifugation (3000 g, 15 min) following blood clot-
ting. The serum levels of aspartate transaminase (AST),
alanine transaminase (ALT), alkaline phosphatase (ALP),
and lactate dehydrogenase (LDH) were determined with
an auto chemistry analyser (Chiron, Emeryville, CA,
United States).

Histopathological analysis

For histopathological evaluation, a portion of liver tissue
in 10% formalin solution was re-fixed in Bouin’s solution.
The paraffin-embedded liver tissue was sectioned (5-pum
thickness) for haematoxylin and ecosin (HE) and Masson’
s trichrome staining, Characteristic histopathological fea-
tures, such as hepatocyte destructions and fibrosis, were
examined under microscopy (IX71; Olympus, Tokyo,

Japan).
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Determination of hydroxyproline in liver tissues
Hydroxyproline determination was performed using a
slight modification of the previous method!"". Briefly,
liver tissues (200 mg) which were stored at -70 C were
homogenized in 2 mL. 6 N of hydrogen chloride, and
incubated overnight at 110 'C. After filtering the acid
hydrolysates using filter paper (Toyo Roshi Kaisha, To-
kyo, Japan), the 50 puL of hydrolysis samples or hydroxy-
proline standards were incubated at 50 ‘C until perfectly
dried. The dried samples were dissolved with same vol-
umes of absolute methanol, and then added 1.2 mL of
50% isopropanol and 200 pL of chloramine-T solution
to each sample, followed by incubation at room tempera-
ture for 10 min. After 10 min of incubation, the Ehtlich’s
solution (1.3 mL) was added to each samples mixture and
incubated at 50 C for 90 min. The optical density of the
reaction product was read at 558 nm using a spectropho-
tometer (Cary 50; Varian, Palo Alto, CA, United States).
A standard curve was constructed using serial dilutions
of 1.0 mg/mL solutions of hydroxyproline.

Determination of lipid peroxidation in liver tissue and
serum

Lipid peroxidation levels in liver tissue and serum were
determined by measuring malondialdehyde (MDA), an
end product of lipid peroxidation, using the thiobarbi-
turic acid-reactive substances (TBARS) method as de-
scribed previously' ™', The concentration of TBARS was
expressed as umol/g tissue or pmol in serum, using TEP
as a standard. MDA levels in liver tissue were determined
as follows. Briefly, 0.15 g liver tissue was homogenised
in 1.5 mL ice-cold 1.15% potassium chloride buffer, and
130 puL homogenate was mixed 80 pl. 1% phosphoric
acid. The mixture was incubated for 45 min at 100 C
after added to 260 plL. 0.67% TBA solution. The serum
levels of MDA were determined with another method
contrary to tissue MDA as follows. Fifty microlitres of
serum samples or standard solutions were mixed with
500 uL. 20% TCA and 200 pl. 0.67% TBA, and incu-
bated for 30 min at 100 “C. After incubation, the mixture
was cooled on ice with vigorous vortexing with 1.03 mL
n-butanol. After centrifugation of each mixture at 3000
g for 15 min, the absorbance of the upper organic layer
was measured at 520 and 535 nm with a spectrophotom-
eter (Cary 50; Varian) and compared with the value from
freshly prepared TEP as a standard.

Determination of cytokines in liver tissue and HSC-T6
cells

Levels of TGF-B1, PDGF-BB, and interferon-gamma
(IFN-y) in liver tissue were measured using commercial
enzyme-linked immunosorbent assay kits (BioSoutce, San
Jose, CA, United States; RD Systems, Minneapolis, MN,
United States). CTGF levels were measured manually, as
we described previously with simply modification" . The
units were picomoles or nanomoles per mg protein, and
protein concentrations were determined using a bicin-
choninic acid protein assay kit (Sigma). In addition, the
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levels of the above-mentioned cytokines were measured
in culture media of HSC-T6 cells. Briefly, HSC-T6 cells
2 x 10° cells) were seeded in six-well plates with 2 mL
Dulbecco’ modified eagle medium (DMEM) with 10%
foetal bovine serum (FBS) and incubated overnight.
After 24 h of incubation at 37 'C and 5% COx, the cell
culture media were changed to serum-free DMEM and
the cells were pre-treated with CGX (100 pg/mL) for 2 h,
followed by treatment with 100 prnol/ L acetaldehyde for
24 h. The culture media were used for measurement of
TGF-B1, PDGF-BB, and CTGF according to the above

mentioned.

Real-time polymerase chain reactions in tissues and
HSC-T6 cells

Total 17 kinds of genes were analysis for the mRNA
expression levels in liver tissue samples or HSC-T6 cells.
Total RNA was isolated from liver tissue samples using
TRIzol reagent (Molecular Research Center, Cincin-
nati, OH, United States). cDNA was then synthesized
from total RNA (2 pg) in a 20-pL reaction using a high-
capacity cDNA reverse transcription kit (Ambion). The
primers for alpha-smooth muscle actin (a-SMA), col-
lagen type 1 alpha 1 (ColT1al), collagen type 1 alpha 2
(ColT1a2), TGF-B1, PDGF-B, CTGE, tissue inhibitor
of metalloproteinases (TIMP)-1, TIMP-2, matrix metal-
loproteinase (MMP)-2, MMP-9, IFN-y, toll-like recep-
tor-4 (TLR-4), chemokine (C-C motif) ligand 5 (CCL 5),
monocyte chemotactic protein-1 (MCP-1), acetaldehyde
dehydrogenase (ALDH), CYP2E1, and [-actin were as
follows (forward and reverse, respectively): TGF-, AGG
AGA CGG AAT ACA GGG CTT T and AGC AGG
AAG GGT CGG TTC AT; PDGF-, ACC ACT CCA
TCC GCT CCT TT and TGT GCT CGG GTC ATG
TTCA A; CTGE, CAG TTG GCT CGC ATC ATA
GTT G and GTG TGT GAT GAG CCC AAG GA;
IFN-y, TGC TCA TGA ATG CAT CCT TTT T and
GAA AGA CAA CCA GGC CAT CAG; a-SMA, AAC
ACG GCA TCA TCA CCA ACT and TTT CTC CCG
GTT GGC CTT A; ColT1al, CCC AGC GGT GGT
TAT GAC TT and GCT GCG GAT GTT CTC AAT
CTG; ColT1a2, CCC AGA GTG GAA GAG CGA TTA
and GCT GCG GAT GTT CTC AAT CTG; TIMP-1,
CTC CTC GCT GCG GTT CTG and CGA CGC TGT
GGG AAA TGC; TIMP-2, GTC CAT CCA GAG GCA
CTC ATC and CCC AGA AGA AGA GCC TAA ACC
A; MMP-2, TGT GGC AGC CCA TGA GTT C and
TCG GAA GTT CTT GGT GTA GGT GTA; MMP-9,
TCG AGG GAC GCT CCT ATT TGT and CCA TAT
TTT CTG TCT GTG TCG TAG TCA; ALDH; GAG
TCT TCT ACC ATC AAG GCC AAT and GCT CGC
TCA ACA CTC TTT CTC A; CYP2E1, AGA AGG
AAA AAC ACA GCC AAG AA and GTT GTG CTG
GTG TCA GTT C; CCL 5, AGG AGT ATT TTT ACA
CCA GCA GCA A and CTT CTC TGG GTT GGC
ACA CA; MCP-1, CCA CTC ACC TGC TGC TAC
TCA T and CTG CTG CTG GTG ATT CTC TTG T;
TLR-4, GAG GCA GCA GGT CGA ATT GTA and
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AAC AGG GCT TTT TTG AGT CTT CTC; and B-actin,
CTA AGG CCA ACC GTG AAA AGA T and GAC
CAG AGG CAT ACA GGG ACA A. Reactions were
performed with 8 pulL iQ SYBR Green Supermix, 1 uL 10
pM primer pair, 8.5 pl. distilled water, and 2.5 uL. cDNA.
Each polymerase chain reaction was performed under
the following conditions: 95 “C for 5 min followed by 40
cycles of 95 C for 1 min, 58 C for 40 s and 72 C for 40 s,
followed by a single fluorescence measurement.

To determine mRNA expressions in HSC-T6 cells,
the cells (2 x 10° cells) were seeded in six-well plates with
2 mL. DMEM with 10% FBS and incubated overnight
at 37 °C and 5% COz, after which the cell culture media
were changed to serum-free DMEM. Next, vatious con-
centrations of CGX (25, 50, or 100 ug/mL) were added
to the wells. After 2 h of incubation with CGX, the 100
l,unol/ L acetaldehyde was treated for 24 h, and total RNA
was extracted using TRIzol reagent. The cDNA synthesis
and gene expression experiment in cells were according
to the same method of liver tissues. For analysis of data,
the gene expression levels were compared with those of
[-actin as a reference gene.

Quantification of intracellular collagen levels in HSC-T6

cells

To evaluate the effect of CGX on the production of
collagen in HSC-T6 cells, the collagen content was de-
termined according to a previous method, with slight
modification!, Briefly, HSC-T6 cells (5 X 10° cells) were
seeded onto 60-mm dishes with 3 mI. DMEM with 10%
FBS and incubated overnight at 37 C and 5% COz, and
the cell culture media were then changed to serum-free
DMEM. After a 2-h pre-treatment with various con-
centrations of CGX (25, 50, or 100 pg/mmol/L), the
cells were added to 100 mmol/L acetaldehyde. After 48
h of incubation, the cells were harvested using 500 uL
protease inhibitor cocktail (10 mmol/L ethylenediami-
netetraacetic acid, 10 mmol/L #z-ethylmaleimide, and 1
mmol/L phenylmethylsulfonyl fluoride in 10 mmol/L
phosphate-buffered saline) with an ice scraper. Total pro-
tein was obtained by vigorously vortexing (three 30-s iter-
ations separated by 15-s intervals on ice). The tubes were
submitted to collagen precipitation reaction with 25%
saturated ammonium sulphate for 24 h at 4 'C. The col-
lagen was isolated by centrifugation (24000 g, 1 h, 4 C),
the supernatants were discarded from the tubes, and the
pellet was dissolved in 2 mL 0.5 mol/L acetic acid. One
hundred microlitres of collagen aliquots were transferred
to the 1.8-mL tube and added to 1 mL Sirius Red dye
solution (50 pumol/L dye solution in 0.5 mol/L acetic
acid). This was followed by vortexing, placing the tube at
room temperature for 30 min, and then centrifuging at
24000 g for 40 min. The pellet was eluted with 1 mL 0.1
N potassium hydroxide. Next, absorbance of the sample
with type 1 collagen as a standard was determined at 540
nm using a spectrophotometer (Soft Max 5.1; Molecular
Devices, Sunnyvale, CA, United States).
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Statistical analysis

The results are expressed as means = SD. The statistical
significance of differences among groups was determined
by one-way analysis of variance, followed by Student’s
unpaired ~test. In all analyses, P < 0.05, P < 0.01, or P <
0.001 was taken to indicate statistical significance.

RESULTS
Fingerprint analysis of CGX

The major nine of reference compounds were matched
with components of CGX. In the quantitative analysis,
the standard curves for the nine compounds which were
containing scopoletin, liquiritin, naringin, esculetin, ros-
marinic acid, salvianolic acid B, poncirin, glycyrrhizin, and
tanshinone TTA were y = 11.887x - 8.247 (R* = 0.999), y
=16.447x-11.451 (R2 =0.999), y = 15.211x - 11.069 (RZ
=0.999), y = 11.713x - 9.079 (R2 =0.999), y = 17.497x -
16.149 (RZ = 0.999), y = 7.937x - 16.028 (RZ = 0.998), y
= 17.155x - 8.843 (R2 =0.999), y = 0.728x - 0.245 (R2 =
0.991), and y = 29.448x - 21.802 (R2 = 0.999), respective-
ly. CGX and its standard mixtures analysis by HPLC were
performed with detection at 280 nm (Figure 1A and B).
The retention times of each components was as follows;
scopoletin for 22.13 min, liquiritin for 23.16 min, naring-
in for 28.30 min, esculetin for 31.21 min, rosmarinic acid
for 32.05 min, salvianolic acid B for 37.63 min, poncirin
for 38.22 min, glycyrrhizin for 46.38 min, and tanshinone
ITA for 59.12 min. The contents of components were in

the range of 1.823-228.79 ug/g (Figure 1A-C).

Effects on body weight and relative organ weight

Four weeks of alcohol consumption notably inhibited
body weight gain compared with the normal group (P <
0.05), and CGX treatment had no significant effect on
body weights (Table 2). No remarkable difference among
groups was observed in the absolute or relative change in
spleen or liver weight.

Effects on changes in serum biochemical parameters
Four weeks of alcohol consumption considerably elevat-
ed serum AST, ALT, ALP, and LDH levels by 1.7-, 2.0-,
1.3- and 1.2-fold, respectively. These elevations were sig-
nificantly ameliorated by CGX treatment (AST, P < 0.05
for 100 and 200 mg/kg; ALT, P < 0.05 for 100 and 200
mg/kg; LDH, P < 0.001 for 200 mg/kg, respectively).
Serum levels of ALP and LDH were significantly lower
in the CGX-only group than in the normal group (P <
0.05; Table 2).

Histopathological analysis

Four weeks of alcohol consumption induced minor
hepatocyte destructions. CGX administration ameliorated
these alterations, as demonstrated by HE staining (Figure
2A). In addition, slight fibrotic changes around the hepat-
ic central vein were observed in the control group treated

with alcohol, and CGX administration (100 and 200 mg/
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Figure 1 Fingerprint analysis of chunggan extract. Chunggan extract (CGX) and its main compounds were subjected to high-performance liquid chromatography
(HPLC). Histograms of the reference compounds mixture (A) and the CGX sample using HPLC (B) was constructed, and quantitative analysis was performed for each
reference compounds in CGX (C).

Table 2 Body weight, organ weights, serum biochemistry parameters and oxidative stress parameters

Groups Normal Alcohol Alcohol with CGX treatment CGX 200
100 200
Body mass (g) 3473 +15.6 325.4 +20.4" 327.8+24.6 329.5+16.0 332.3+16.5
Liver mass (g) 10.2+£0.7 101+1.5 93+1.2 9.6+0.7 9.2+0.6
Spleen mass (g) 0.8+0.1 0.8+£0.1 0.7+0.1 0.8+0.1 0.8+0.1
Liver mass (%) 29+0.1 3.1+£0.5 28+0.3 29+0.1 28+0.1
Spleen mass (%) 0.2+£0.0 0.2+£0.0 0.2+£0.0 0.2+£0.0 0.2+£0.0
AST (IU/L) 119.7 £18.1 226.3 +120.2° 125.1 +18.1° 105.3+9.8° 106.7 £5.2
ALT (IU/L) 458+25 91.0 £ 39.5" 70.3+10.9° 54.2 +6.5° 457+7.7
ALP (IU/L) 203.0 £29.7 2699 +111.2 190.7 £ 33.4 1749 +17.3 162.8 +20.0°
LDH (IU/L) 1406.4 + 68.3 1646.1 +£224.3° 1338.0 + 444.6 1009.6 + 164.1° 9252 +115.2°

Rats were orally administered with alcohol (10 mL of 30% ethanol/kg) with/without CGX (100 or 200 mg/kg) for 4 wk. Body weight were recorded twice
weekly during experiment. At the end of the experiment, whole blood was collected and liver and spleen were removed. Data were expressed as mean + SD (n
= 6-9); P < 0.05 vs normal group; P < 0.05 vs alcohol group; ‘P < 0.01 vs alcohol group. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;

ALP: Alkaline phosphatase; LDH: Lactic dehydrogenase.

kg) attenuated this histological change, as demonstrated
by Masson’s trichrome staining (Figure 2B).

Effects on hydroxyproline and MDA contents in liver
tissue

Four weeks of alcohol consumption increased hepatic
hydroxyproline content 2.4-fold compared with the nor-
mal group, and CGX treatment significantly ameliorated
this increase compared with the control group (P < 0.05
for 200 mg/kg; Figure 2C). Hepatic and serum MDA
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levels were notably elevated after four weeks of alcohol
consumption by 1.5- and 1.8-fold, respectively, compared
with those in the normal group. CGX treatment signifi-
cantly reduced these increased MDA levels compared
with the control group (P < 0.05 for 200 mg/kg; Figure
2D and E).

Effects on pro-fibrogenic cytokines and IFN-y in liver

tissue
Alcohol treatment notably increased TGF-B1 and PDGF-
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Figure 2 Histopathological examinations and contents of hydroxyproline and malondialdehyde. Rats were orally administered 30% alcohol (10 mL/kg) with or
without Chunggan extract (CGX; 100 or 200 mg/kg) for 4 wk. The removed liver tissues were examined using haematoxylin and eosin (A) and Masson'’s trichrome (B)
staining under an optical microscope (x 200 magnifications). Hydroxyproline (C) and malondialdehyde (MDA) (D) contents in the liver tissue and serum MDA concen-
trations (E) were measured. Data are expressed as means + SD (n = 6-9). P < 0.05 vs normal group, °P < 0.01 vs normal group, °P < 0.05 vs control group.

BB levels in hepatic tissue compared with the normal
group. CGX treatment significantly attenuated the eleva-
tion of TGF-B (P < 0.05 for 200 mg/kg) and PDGF-BB
(P < 0.05 for 100 and 200 mg/kg) levels. The CTGF level
was increased slightly by alcohol administration and not-
malised by CGX treatment, but this effect was not sig-
nificant. Four weeks of alcohol consumption remarkably
decreased the IFN-y level in hepatic tissue, whereas CGX
treatment significantly recovered this level compared with
the control group (P < 0.05 for 200 mg/kg; Figure 3A).
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Effects on mRNA expressions in liver tissue

Four weeks of alcohol consumption caused remark-
able up-regulation of TGF-B1, PDGF-BB and CTGF
gene expressions, but down-regulated IFN-y in gene
expression. These alterations in gene expressions were
significantly ameliorated by CGX treatment (P < 0.05
for 100 or 200 mg/kg; Figure 3B). Alcohol consumption
significantly up-regulated the gene expressions of a-SMA,
ColT1al, ColT1a2, TIMP-1, TIMP-2, CYP2E1, TLR-4,
CCL 5, and MCP-1, and CGX administration significant-
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Figure 3 Changes in hepatofibrosis-associated cytokines in protein and gene expression. Rats were orally administered 30% alcohol (10 mL/kg) with or
without Chunggan extract (CGX; 100 or 200 mg/kg) for 4 wk. The levels of transforming growth factor-beta (TGF-3), platelet-derived growth factor-BB (PDGF-BB),
connective tissue growth factor (CTGF), and interferon-gamma (IFN-y) were determined in liver homogenates by enzyme-linked immunosorbent assays (A), and their
gene expressions were determined by real-time polymerase chain reactions (B). Data are expressed as means + SD (n = 6-9). °P < 0.05 vs normal group, °P < 0.01
vs normal group, °P < 0.05 vs control group, °P < 0.01 vs control group. 'Only TGF-B was expressed as ng/100 ug protein. Others were according to the mg/protein,

but TGF-B1 was only according to the 100 ug/mg protein.

ly attenuated these changes, with the exception of CCL
5. On the other hand, the gene expression of ALDH was
notably down-regulated by alcohol consumption, and
CGX administration normalised this alteration (Table 3).

Effects on collagen production and cytokines in HSC-T6
cells

Intracellular collagen contents were approximately
1.4-fold higher in T6 cells compared with those not treat-
ed with acetaldehyde, and pre-treatment with CGX (100
ug/mL) significantly inhibited the production of col-
lagen at the intracellular level (P < 0.05, Figure 4A). Ac-
etaldehyde treatment rematkably elevated pro-fibrogenic
cytokines by 3.1-, 1.1-, and 2.1-fold for TGF-§, PDGF-
BB, and CTGE, respectively, compared with non-treat-
ment with acetaldehyde in T6-cell culture medium (P <
0.05 for 100 pg/mL in TGF-B and CTGF; P < 0.01 for
100 pg/mL in PDGF-BB, respectively; Figure 4A). The
mRNA expression levels of ColT1al, TGF-1, PDGF-f,
and CTGF were remarkably up-regulated by 1.2- 1.3-, 1.4,
and 1.7-fold, respectively, due to acetaldehyde stimulation
in T6 cells, and CGX efficiently down-regulated these
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abnormal changes (P < 0.05 for 50 ug/mL in PDGF-f
and 100 pg/mL in ColT1al; P < 0.01 for 50 pg/mL
in TGF-B1 and 100 pg/mL in TGF-B1, PDGF-B, and
CTGE, respectively; Figure 4B).

DISCUSSION

Chronic alcohol consumption is one of the greatest con-
cerns in hepatic injuries which can lead to steatohepatitis,
hepatofibrosis, cirrhosis, and hepatocellular carcinoma.
The liver is very vulnerable organ to alcohol abuse be-
cause it is the main organ to metabolize and detoxify it.
Hepatic injury caused by alcohol abuse is detected in ap-
proximately 15% of all patients with hepatofibrosis'.

Many of studies have focused on the treatment of
alcohol-associated chronic liver injury, especially using
herbal plantslzo’m. In current study, we purposed to inves-
tigate hepatoprotective and anti-fibrotic effects of CGX
in a rat model of chronic alcohol consumption.

In our experiment, a 4-wk administration of 30%
ethanol (10 mL/kg) induced typical characters of alco-
holic liver injury, as evidenced by approximately 2-fold
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Table 3 Relative gene expressions in hepatic tissues

‘
.
3

Groups Normal Alcohol only Alcohol with CGX treatment CGX 200 only
100 200

a-SMA 1.00 1.26 +0.51° 1.26 +0.42 0.97 +0.18° 1.19+0.18
ColT1al 1.00 1.72 +0.08" 1.18+0.14 1.01 +0.01° 0.94+0.53
ColT1a2 1.00 1.63 +0.80 0.81+0.10" 0.74 + 0.25° 1.01 +0.41
TIMP-1 1.00 1.64+0.11° 0.78 + 0.04" 0.79 + 0.02° 1.16 +0.06
TIMP-2 1.00 1.72+0.18" 0.92 +0.03" 0.92 +0.12° 1.43+0.14°
MMP-2 1.00 0.84 +0.63 1.23 +0.30° 1.27 +0.17° 1.27 +0.48
MMP-9 1.00 0.72 + 0.34 1.00 +0.81 1.10 £ 0.16° 1.04 £0.78
CYP2E1 1.00 1.33 +0.04° 0.87 +0.03" 0.84 +0.07* 0.90 +0.14
ALDH 1.00 0.73 £0.18 0.81+0.27 0.83+0.13 1.13+0.38
TLR-4 1.00 1.44 +0.27° 1.22+0.08¢ 0.95 + 0.24° 1.06 + 0.04
CCL5 1.00 1.17 +£0.07° 1.06 + 0.35 0.74 +0.31 1.08 +0.06
MCP-1 1.00 1.48+0.21° 1.26 +0.10" 1.50+0.13 1.63 +0.09

Rats were orally administered with alcohol (10 mL of 30% ethanol/kg) with/without CGX (100 or 200 mg/kg) for 4 wk. At the end of the experiment, liver
tissues were collected for mRNA expressions by real-time PCR. Data were expressed as mean of fold changes + SD (1 = 4) °P < 0.05, °P < 0.01 vs normal
group, P < 0.05, ‘P < 0.01 vs alcohol group. ALDH: Acetaldehydedehydrogenas; CCL 5: Chemokine (C-C motif) ligand-5; ColT1al: Collagen type 1al;
ColT1a2: Collagen type 1a2; CYP2E1: cytochrome p450 2E1; MCP-1: Monocyte chemotactic protein-1; MMP-2: Matrix metalloproteinase-2; MMP-9: Matrix
metalloproteinase-9; TIMP-1: Tissue inhibitor of metalloproteinases-1; TIMP-2: Tissue inhibitor of metalloproteinases-2; a-SMA: alpha-smooth muscle actin.
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Figure 4 Effects of Chunggan extract on collagen production and pro-fibrogenic cytokines in T6 cells. HSC-T6 cells (2 x 10° cells) were pre-treated with CGX (50
or 100 pg/mL) 2 h before acetaldehyde (ALD) treatment (100 pmol/L) for 24 h. The intracellular collagen type 1 level was measured using Sidney’s method, and lev-
els of transforming growth factor-beta (TGF-B), platelet-derived growth factor-BB (PDGF-BB), and connective tissue growth factor (CTGF) in media were determined
using enzyme-linked immunosorbent assays (A). The gene expressions for collagen type 1a1, TGF-B, PDGF-$ and CTGF were measured using real-time polymerase
chain reactions (B). The results are expressed as the fold-change relative to the normal group. Data are expressed as means + SD (n = 4). “P < 0.05 vs normal group;
®P < 0.01 vs normal group; °P < 0.05 vs ALD-only group, °P < 0.01 vs ALD-only group.

Raishidenge ~ WJG | www.wjgnet.com 15711 November 14, 2014 | Volume 20 | Issue 42 |



Kim HG et a/. CGX ameliorated alcohol-induced hepatic injury

increases in biochemical parameters, including AST, ALT,
ALP, and LDH (Table 2). These alterations were signifi-
cantly ameliorated by CGX treatment. CGX treatment
also resulted in improved histopathological findings with
Masson’s trichrome staining, although 4 wk of 30% etha-
nol administration did not fully induce a fibrotic change
(Figure 2A and B). This limitation in the fibrotic change
achieved in oral ethanol administration models is well
recognized”*, However, hepatic hydroxyproline con-
tent was significantly increased by 2.4-fold in the control
group compared with the normal group. Hydroxypro-
line is a major component of the protein collagen and a
critical biomarker of fibrotic changem. As we expected,
CGX treatment significantly normalised this change (Fig-
ure 2C). These results indicate the anti-hepatic injury ac-
tion of CGX, especially focused on the amelioration of
fibrotic changes in the liver tissue.

The liver fibrosis is a consequence of HSC activa-
tion that leads to the over-production of collagen and
accumulation of ECM molecules. Four weeks of alco-
hol consumption activated HSCs, as evidenced by up-
regulation of the gene expressions of a-SMA, ColT1al,
and ColT1a2 (Table 3). Oxidative stress is known to play
a key role in the pathogenesis of alcohol-induced hepatic
injuries, including fibrosis”™.

Continuous oxidative stress readily damages hepa-
tocytes and accelerates the stimulation of HSC activa-
tion, leading to transformation into collagen-producing
myofibroblasts™. The 4-wk alcohol treatment drastically
increased MDA levels in serum and hepatic tissue, and
CGX significantly reduced these alterations (Figure 2D
and E). In our experiment, antioxidant components, in-
cluding superoxide dismutase, catalases, and glutathione-
redox enzymes, were depleted in the control group, and
these distortions were notably attenuated by CGX treat-
ment (data not shown).

In HSC activation and ECM production, pro-fibro-
genic cytokines such as TGF-f, PDGF-f, and CTGF
play pivotal roles. In the case of alcoholic liver injury,
these three cytokines repeatedly inhibit the regenera-
tion of hepatocytesm. TGF-B not only activates HSCs,
but also positively affects the receptor expressions of
PDGF- and CTGF"'. PDGF-B plays a citical role in
the proliferation and activation of HSCs"*. The hepatic
tissue levels of TGF-f§ and PDGF-BB were considerably
up-regulated in terms of protein and gene expressions
by the 4-wk alcohol treatment, and CGX significantly
normalized these alterations (Figure 3). CTGF is syn-
thesized from hepatocytes or HSCs, and is up-regulated
by TGF-B1 in hepatic injury due to alcohol consump-
tion”**". The up-regulation of CTGF gene expression
by alcohol was more pronounced than were those of
TGF-B1 and PDGF-B. CGX treatment significantly reg-
ulated this change in gene expression, but not in protein
level (Figure 3).

IFN-y is well known for the anti-fibrogenic cytokine
that can inhibit HSC proliferation™. In our study, IFN-y
was notably down-regulated in terms of protein and gene
expression levels, and these abnormalities were normal-
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ized by CGX treatment (Figure 3). Liver fibrosis is a very
dynamic phenomenon resulting from an imbalance in
ECM production and its degradationm. MMPs selectively
degrade ECMs, whereas TIMPs act to inhibit MMP func-
tions in hepatic ﬁbrogenesispsj. Alcohol consumption no-
tably induced the up-regulation of TIMP-1 and TIMP-2,
but the down-regulation of MMP-2 and MMP-9. These
alterations in gene expression were significantly amelio-
rated by CGX treatment (Table 3).

Furthermore, we partially investigated the effects of
CGX on alcohol metabolic enzymes, such as CYP2E1
and ALDH. As a detoxification enzyme, CYP2E1 con-
tribute to generate ROS or CYP2E1 adducts, which acts
as free radicals in case of excessive alcohol ingestion in
liver tissue™ ", ALDH is a main enzyme that rapidly
converts acetaldehyde, a typical free radical in the alcohol
metabolism process, to non-toxic acetate!"'!. Additionally,
TLR-4, CCL 5, and MCP-1 are linked directly or indirect-
ly to the pathogenesis of alcohol-induced hepatic injury
and hepatic fibrosis.

TLR-4 plays a major role in chronic alcohol con-
sumption-induced hepatic injury*”. CCL 5 and MCP-1
are chemokines that act in the inflammatory response
during hepatic injurym]. Our results exhibited the effects
of CGX on the regulation of the above-mentioned gene
expressions, which were altered by alcohol consumption
(Table 3).

To verify the pharmacological actions of CGX in
this study, we adapted an 7 vitro model using rat-derived
HSCs, a T6 cell line, under acetaldehyde-treated condi-
tions. Acetaldehyde is known as the direct stimulation
of HSCs activation™, Upon Stimulation with acetalde-
hyde to the T6 cells produced collagen type 1, TGF-f31,
PDGF-f, and CTGF gene expression as well as protein
levels. However, these overall alterations were signifi-
cantly stabilized by CGX (Figure 4). These results dem-
onstrate that the protective effect of CGX and its regula-
tion of pro-fibrogenic cytokines both in 7z vivo and in vitro
experiments.

In conclusion, our results strongly suggest that CGX
efficiently affects alcohol consumption-induced hepatic
injury through regulation of pro-fibrogenic cytokines as
well as alcohol metabolism.

COMMENTS

Background

Alcohol abuse can cause severe liver injuries including alcoholic steatohepatitis
as well as hepatofibrosis, even hepato cellular carcinoma via oxidative liver
damage and fibrotic change. Until recent days, there is no therapeutic drug
to care alcohol abuse-induce liver injury. Chunggan extract (CGX) has been
developed to cure various liver diseases in clinical fields. Previous studies re-
ported that CGX was potentially applied to prevent or treat various liver disease
including chemical-induced acute and chronic liver fibrosis and NASH using
animal models.

Research frontiers

CGX, which was developed from Traditional Chinese Medicine and it is com-
posed of 13 different herbal materials and it has been used to treat patients
with various liver diseases such as viral hepatitis, fatty liver or alcoholic liver
disorder since 2001. Moreover, CGX was studied on the safety and toxicology
studies using Rats and beagle dogs. In alcohalic liver injury, the research hot-
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spot is how to modulate the pathological changes such as oxidative damages
or fibrotic changes by CGX and to improve its effectiveness on preventing those
alterations.

Innovations and breakthroughs

The study revealed the pharmacological properties of CGX mainly focused on
the pro-fibrogenic cytokines as well as alcohol metabolism related molecules.
Moreover, the corresponded mechanisms were observed in rat derived hepatic
stellate cells (HSC) cell line using HSC-T6 cells.

Applications

There is no therapeutic way to treat or cure alcoholic liver injury. Therefore, it
is important to develop a new drug to treat the alcoholic liver injury. Results
in present study suggest that the CGX is a potential therapeutic material that
could be used in preventing alcohol-induced hepatofibrotic change, oxidative
damage and alcohol metabolism.

Terminology

CGX, which means “cleaning the liver" and has been used to treat various
liver disorders, was invented according to the Traditional Chinese Medicine
based theory, and it is composed of different 13 kinds of herbal materials. Pro-
fibrogenic cytokines: The major composition of Pro-fibrogenic cytokines are
growth factors including transforming growth factor (TGF)-B, platelet-derived
growth factor (PDGF)-BB and connective tissue growth factor (CTGF). During
hepatofibrosis these cytokines were released from activated hepatostellate cells
and leads to collagen accumulation in liver tissues; HSC: HSC is a kind of liver
cells, which is responsible for formation of hepatofibrosis through the activation
of HSC. When it is activated the myofibroblasts were formed via the release of
pro-fibrogenic cytokines such as TGF-3, PDGF-BB and CTGF.

Peer review

The present manuscript is a good descriptive study in which authors analyze
the anti-hepatofibrotic properties of CGX on 4 wk alcohol consumption in-
duced hepatic injury in rat model. In this study, CGX significantly reduced liver
enzymes in the serum level and also considerably ameliorated the abnormal
values of pro-fibrogenic cytokines as well as oxidative stress damages in the
liver tissues. Moreover, its pharmacological mechanisms of CGX were also
observed in acetaldehyde-stimulated HSC-T6 cells.
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