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Abstract  We have previously reported that Acer tegmentosum extract, which is traditionally used in Korea to
reduce alcohol-related liver injury, suppresses liver inflammation caused by excessive alcohol consumption and
might improve metabolism. The active ingredient, 6-O-galloylsalidroside (GAL), was isolated from A.
tegmentosum, and we hypothesized that GAL could provide desirable pharmacological benefits by ameliorating
physiological conditions caused by alcohol abuse. Therefore, this study focused on whether GAL could
ameliorate alcoholic fat accumulation and repair liver injury in mice. During chronic alcohol consumption plus
binge feeding in mice, GAL was administered orally once per day for 11 days. Intrahepatic lipid accumulation
was measured in vivo using a noninvasive method, 1H magnetic resonance imaging, and confirmed by staining
with hematoxylin and eosin and Oil Red O. The serum levels of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured using a Konelab system, and the triglyceride content was measured in
liver homogenates using an enzymatic peroxide assay. The results suggested that GAL alleviated alcohol-induced
steatosis,e as indicated by decreased hepatic and serum triglyceride levels in ethanol-fed mice. GAL treatment
also correlated with a decrease in the Cd36 mRNA expression, thus potentially inhibiting the development of
alcoholic steatosis via the hepatic de novo lipogenesis pathway. Furthermore, treatment with GAL inhibited the
expression of cytochrome P450 2E1 and attenuated hepatocellular damage, as reflected by a reduction in ALT
and AST levels. These findings suggest that GAL extracted from A. tegmentosum has the potential to serve as a
bioactive agent for the treatment of alcoholic fatty liver and liver damage.
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Introduction

When liver biopsies are performed in asymptomatic

patients with alcoholism, the prevalence of alcoholic

hepatitis is found to be approximately 25–30%. Alcohol

abuse is the most common cause of serious liver disease

in the Western hemisphere, causing 80% of hepatotoxic

deaths and 50% of liver inflammation with compensated

cirrhosis.1-5 Current treatments for alcoholic liver disease

include the cessation of alcohol intake, surgery, liver

transplantation, pharmacotherapy, and nutritional treatment,

comprising oral and parenteral hyperalimentation.6 Among

defiant therapeutic methods, gene therapy is likely to be

the most appealing platform to target hepatic fibrogenesis,

inflammatory responses, and oxidative stress in liver

diseases caused by alcohol consumption.7 Block suggested a

broad-spectrum integrative therapeutic approach based on

the extensive use of chemicals from plants that have

already been studied or utilized and proven to be effectual,

safe, and low cost.8

Our previous findings indicated that Acer tegmentosum

Maxim extracts, which have been sold as a local food in

Korea, diminished alcohol-induced liver injury in mice. 6-

O-Galloylsalidroside (GAL) was isolated and identified as

the compound that was likely responsible for the

beneficial effect of A. tegmentosum extracts.9 GAL is a

phenolic glycoside that has been found in several plants

and studied for its antiviral and antioxidative properties.11-13

*Author for correspondence
Yongjun Lee, Hongcheon Institute of Medicinal Herb, Hongcheon,
Republic of Korea
Tel: +82-33-439-3248; E-mail: leerayongjun@gmail.com



202 Natural Product Sciences

We hypothesized that GAL could be utilized as an active

pharmaceutical ingredient to improve alcohol damage and

clinical outcomes in patients with alcoholic diseases.

Therefore, in this study, we investigated whether GAL

could ameliorate alcoholic fat accumulation and repair

liver injury in a mouse model of chronic alcohol con-

sumption.

Experimental

Plant materials – The bark of A. tegmentosum was

collected from Jeongseon in the Gangwon province,

Korea, in April 2013.

Extraction and Identification – Preparative high-

performance liquid chromatography (HPLC) was performed

on a Waters 1525 binary HPLC pump with a Waters 996

photodiode array detector (Waters Corporation, Milford,

CT, USA). Semipreparative HPLC was conducted using a

Shimadzu Prominence HPLC system with SPD-20A/

20AV Series Prominence HPLC UV-Vis detectors

(Shimadzu, Tokyo, Japan). Silica gel 60 (70 ± 230 and

230 ± 400 mesh; Merck) and RP-C18 silica gel (40 ± 63

μm; Merck) were used for column chromatography.

Sephadex LH-20 (Pharmacia, Uppsala, Sweden) was used

as the packing material for molecular sieve column

chromatography.

The A. tegmentosum bark (5 kg) was dried at 60 oC for

24 h, then pulverized, extracted with distilled water (25 L)

at 90 oC for 10 h, and filtered. The filtrate was con-

centrated under vacuum to produce an extract (460 g).

Three portions of the extract were suspended in distilled

water (700 mL) and successively solvent-partitioned with

EtOAc to produce 22.4 g fractions. The EtOAc-soluble

fraction was loaded on a Diaion HP-20 column and

fractionated with 0.5 L each of 20%, 40%, 60%, 80%,

and 100% MeOH in distilled water. Based on TLC

analysis, the 80% and 100% MeOH miscible fractions

were combined into one fraction. The combined material

(4.2 g) was separated by RP-C18 silica gel (230–400

mesh) column chromatography with solvent gradient

elution using MeOH/H2O (1:1–1:0, v/v) to produce three

fractions (MeOH-30, -70, and -100). The MeOH-70

fraction (3.3 g) was purified by silica gel (230–400 mesh)

column chromatography and separated using a solvent

gradient of EtOAc/MeOH (30:1–1:1, v/v) to produce

three fractions (A–C). Fraction C (928 mg) was separated

by Sephadex LH-20 column chromatography using 100%

MeOH to produce eight subfractions (C1–8). GAL (7.7

mg, tR = 45.0 min) was purified from subfraction C5 (40

mg) by semipreparative reversed-phase HPLC (Pheno-

menex Luna Phenyl-hexyl, 250 × 10.0 mm, 5 μm) using

elution with 38% MeOH/H2O (flow rate: 2 mL/min).

NMR spectra were recorded on a Varian UNITY INOVA

700 NMR spectrometer operating at 700 MHz (1H) and

175 MHz (13C), with chemical shifts reported in ppm (δ).

Animal housing conditions and experimental design –

Animal experiments were performed in accordance with

the ARRIVE guidelines, and the protocol was approved

by the Hongcheon Institute of Medicinal Herb Ins-

titutional Animal Care and Use Committee (approval no.

HIMH 15-05). Male C57BL/6 mice were obtained from

Dae Han Biolink (Chungbuk, Korea). All mice were

individually caged at a controlled temperature (23 ± 1 oC)

under a 12-h light/dark cycle. The animals were adapted

to their new environment for 1 week prior to the onset of

experiments. The mice were randomly divided into the

following three groups (n = 7 or 8 per group): a pair-fed

control group, ethanol (5%, v/v)-fed group, and ethanol- +

GAL-fed group. GAL (10 mg/kg in distilled H2O) or the

vehicle was administered to all animals daily by oral

gavage for 10 days.

Alcoholic steatohepatitis and liver injury model –

Male C57BL/6 mice weighing 20–22 g were initially fed

the control Lieber–DeCarli diet (Bio-Serv, Frenchtown,

NJ, USA) ad libitum for 5 days to acclimate the animals

to a liquid diet. Subsequently, the mice were fed ad

libitum the Lieber–DeCarli diet (pair-fed control group)

or the same diet containing 5% (v/v) ethanol (ethanol-fed

and GAL groups) for 10 days. On the morning of the 11th

day, the mice were administered a single dose of

maltodextrin or ethanol (5 g/kg body weight) and were

euthanized 9h later.

Body weight and food intake evaluation – The

animal body weight and food intake were measured daily

between 4 p.m. and 6 p.m. Food intake was measured

using feeding tubes (Bio-Serv), which were specially

designed to dispense liquid diets.
1H magnetic resonance imaging (1H-MRI) and

spectroscopy – For MRI, mice were anesthetized by

inhalation of 1–1.5% isoflurane mixed in air and

delivered via a mask. The animals were allowed to

breathe freely and were monitored for changes in the

respiratory rate, which was used as a metric to adjust the

concentration of the anesthetic in the magnetic resonance

machine. All scans were performed using a horizontal,

9.4-T, 160-mm magnetic resonance system for small

animals (Agilent, Palo Alto, CA, USA). Fast spin-echo

images were acquired to estimate the proton density fat

fraction using the following settings: repetition time,

3,000 ms; echo time, 10.5 ms; matrix size, 192 × 192; 24
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segments; echo train length, 8; slice thickness, 2.0 mm;

number of excitations, 4; 6 slices; and field of view, 20

mm × 30 mm. The fat signal was suppressed using an

offset sinc pulse (duration, 4.0 ms) at −1,450 Hz. Two

images (fat suppressed/unsuppressed) were acquired for

each position to calculate the fat fraction factor as follows:

Fat fraction factor (%) =

where Sunsuppressed and Ssuppressed represent the fat-

unsuppressed and suppressed magnetic resonance signal

intensity, respectively.

Serum and liver sample analyses – On day 11, the

animals were anesthetized using isoflurane, and 500 µL of

blood was collected from the orbital sinus by needle draw.

The blood was allowed to clot and then centrifuged at

4,000 × g for 10 min. The serum was separated and used

for alanine aminotransferase (ALT), aspartate aminotrans-

ferase (AST), triglyceride (TG), and total cholesterol

(TCHOL) assays using a Konelab 20XT system (Thermo

Fisher Scientific, Cleveland, OH, USA). The livers,

kidneys, and spleens were surgically extracted and weighed.

Relative organ weights were obtained as a percentage of

the body weight. Liver extracts were prepared by

homogenizing the liver in 0.25% sucrose with 1 mmol/L

EDTA, as previously described. Hepatocyte lipids were

extracted using chloroform/methanol (2:1), and liver TGs

were measured using a TG determination kit (Pointe

Scientific, Canton, MI, USA).

RNA isolation and real-time RT-PCR  RNA was

extracted from the livers using the TRIzol reagent

(Invitrogen, Carlsbad, CA, USA). Equal aliquots of total

RNA from each mouse liver in a given group were

pooled to obtain 10 µg of total RNA. The pooled group

RNA was reverse transcribed and analyzed by real-time

PCR using a Dice TP 800 thermal cycler an SYBR

Premix ExTaq (Takara Bio, Osaka, Japan). The mRNA

expression levels were calculated using the β-actin gene

as a control. The mouse primer sequences were as

follows: Fas, forward 5′-GGAGGTGGTGATAGCCGG

TAT-3′ and reverse 5′-TGGGTAATCCATAGAGCCCAG-

3′; Apob, forward 5′-CGTGGGCTCCAGCATTCTA-3′

and reverse 5′-TCACCAGTCATTTCTGCCTT-3′; Cd36,

forward 5′-TGGAGCTGTTATTGGTGCAG-3′ and reverse

5′- TGGGTTTTGCACATCAAAGA-3′; and Fabp, forward

5′-GCTGCGGCTGCTGTATGA-3′ and reverse 5′-CACC

GGCCTTCTCCATGA-3′.

Hematoxylin and eosin (H&E), CYP2E1, and Oil

Red O staining  After removal of samples for other

assays, the liver organs were fixed with 10% neutral

buffered formalin for 24 h, followed by paraffin embedding

using standard procedures. Liver sections (4 µm thick)

were stained with H&E. CYP2E1 staining was performed

using an anti-CYP2E1 antibody, followed by incubation

with a biotin-conjugated rabbit anti-goat IgG antibody

(Burlingame, CA, USA), according to the manufacturer’s

protocol. For Oil Red O staining, liver tissues were frozen

in OCT compound and sliced at a 5-µm thickness. The

sections were mounted on drying slides and fixed with

10% formalin for 2 h. After fixation, the slides were

stained with a 0.5% Oil Red O solution (Sigma–Aldrich,

St. Louis, MO, USA) for 20 min and then counterstained

with hematoxylin (DAKO, Carpinteria, CA, USA).

Statistical analysis  All statistical analyses were

performed using GraphPad Prism version 5.0 (GraphPad

Software, San Diego, CA, USA). The results are expressed

as the mean ± standard deviation. Comparisons between

groups were performed using an unpaired Student’s t-test.

One-way analysis of variance was used for comparisons

among multiple groups. Statistical significance was

considered at p < 0.05. All data appeared to be normally

distributed. Each variable of interest was analyzed using

the most appropriate statistical test.

Results and Discussion

A. tegmentosum has been used in traditional medicine

to treat liver dysfunction, and its extracts have

demonstrated similar properties. The biologically active

component was previously extracted from the bark via a

series of solvent extraction, filtration, and chromato-

graphic steps. In this study, preliminary 1H NMR spec-

troscopic analysis indicated that the bioactive component

was contained in an EtOAc-soluble fraction. Further

fractionation, column chromatography, and semipreparative

HPLC of the EtOAc fraction resulted in the isolation of

fractions A–C (Fig. 1A). 

To test this compound, we first established a chronic-

binge ethanol feeding mouse model, which is charac-

terized by alcohol-induced fat accumulation and immune

responses underlying alcoholic liver injury and leading to

alcoholic hepatitis.14-16 Owing to alcoholic liver damage,

the ethanol-fed mice had a slightly lower body weight

than their pair-fed counterparts. There was no significant

difference in the body weight between the GAL-treated

and untreated ethanol-fed groups (Fig. 2A). Furthermore,

there were no significant differences in the relative

weights of the liver, kidney, and spleen among the groups,

and the food intake was the same for all three mouse

groups (Fig. 2C).

Sunsuppressed Ssuppressed–

Sunsuppressed

---------------------------------------------------------- 100
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Fig. 1. Isolation and identification of the active compound from Acer tegmentosum. (A) Chromatographic separation scheme of an active
compound. (B) 1H (700 MHz) and 13C (175 MHz) NMR data for 6-O-galloylsalidroside in CD3OD. (C) The chemical structure of 6-O-
galloylsalidroside.

Fig. 2. Effects of GAL treatment on body weight and food intake in ethanol-fed mice. (A) Effect of GAL treatment on body weight. (B)
Effect of GAL treatment on food intake. (C) Effects of GAL treatment on the liver, spleen, kidney, and white adipose tissue relative
weights. Data are shown as the mean ± standard deviation (n = 7). Abbreviation: GAL, 6-O-galloylsalidroside.
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1H-MRI is recognized as a nondestructive, noninvasive

in vivo analytical technique to measure fat levels in

whole-liver tissue.17 To analyze the hepatic fat variation

over time during ethanol and GAL treatment, we applied
1H-MRI to the test animals to measure the proton density

fat fraction and confirm the development of an alcoholic

fatty liver. There was no difference in the liver fat volume

among the groups during the 4-day acclimation period on

the Lieber–DeCarli diet. After 11 days of treatment, the

volume of hepatic fat was higher in the ethanol-fed mice

than in the pair-fed controls (Fig. 3A), with a threefold

higher fat fraction factor in the former (Fig. 3B). By

contrast, the GAL-treated ethanol-fed mice had a fat

fraction factor similar to that of the pair-fed controls. The

histopathology and Oil Red O staining results were

consistent with the 1H-MRI data (Fig. 3C).

Furthermore, the GAL-treated ethanol-fed mice had

significantly lower levels of both serum and hepatic TGs

than those in the ethanol-fed group (Fig. 4A, B).

However, no significant differences were observed among

the groups with respect to serum TCHOL levels (Fig.

4B). These noninvasive results, obtained using MRI,

indicated that GAL decreased liver fat deposition associated

with chronic alcohol consumption.

CD36 is a class B scavenger receptor that may

contribute to lipid metabolism. Increased CD36 expression

Fig. 3. Effect of GAL treatment on fat deposition in the liver of ethanol-fed mice. (A) In vivo 1H-MRI (proton density imaging) of the
mouse liver. (B) Fat fraction factors in the liver, based on the fat fraction proton density. (C) Representative photomicrographs of stained
liver sections. Error bars represent the standard deviation. ###p < 0.001, *p < 0.05. Abbreviations: GAL, 6-O-galloylsalidroside; H&E,
hematoxylin and eosin; MRS, magnetic resonance spectroscopy; ORO, Oil Red O.

Fig. 4. Effects of GAL treatment on TG and TCHOL levels in
the serum and TG levels in the liver of ethanol-fed mice. (A)
Effects of GAL treatment on hepatic TG levels. (B) Effects of
GAL treatment on serum TG and TCHOL levels. Data are shown
as the mean ± standard deviation (n = 7). ##p < 0.01, *p < 0.05,
and ***p < 0.001, pair-fed versus ethanol-fed groups. Abbreviations:
GAL, 6-O-galloylsalidroside; TCHOL, total cholesterol; TG, triglyceride.
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appears to promote alcoholic steatosis via TG synthesis

and de novo lipogenesis in chronic alcohol-fed mice.18,19

Several groups have observed increased hepatic CD36

expression at the transcriptional and translational levels in

alcohol-fed mice. Therefore, we used RT-PCR to determine

whether GAL affects the expression of genes involved in

alcohol and fat metabolism in the liver. The results

showed that the expression of Cd36 was significantly

higher in the ethanol-fed group than in the pair-fed group;

however, this effect was significantly reduced (by 57%, p

< 0.05) in the GAL-treated ethanol-fed mice (Fig. 5).

These findings indicated that GAL might be able to

abrogate alcoholic steatosis by downregulating Cd36 gene

expression, thereby effectively inhibiting fatty acid uptake

and lipogenesis.

Although fatty liver development is a hallmark of

alcoholic steatosis, the condition also results in liver

damage not associated with hepatic fat. We investigated

the biomarkers for liver function, ALT and AST, to

determine whether GAL specifically acted on Cd36

expression or played an upstream role by affecting the

overall liver health. The levels of ALT and AST were

significantly higher in the ethanol-fed group than in the

pair-fed controls, confirming that our chronic alcohol

consumption mouse model caused liver damage. This

effect was reduced in the GAL-treated ethanol-fed mice.

Although this reduction did not reach statistical significance,

the levels of ALT and AST in the GAL-treated mice were

similar to those in the pair-fed controls (Fig. 6A). We

believe that if the course of treatment was allowed to

continue into late-stage hepatic steatosis, the serum levels

of ALT and AST would further deviate. In addition, we

measured CYP2E1 expression by immunohistochemistry

as a control to ensure that our observations were not

influenced by a change in total liver function or conditions

other than steatosis. No difference in CYP2E1 expression

was observed between the GAL- and vehicle-treated

ethanol-fed groups (Fig. 6B).

The global prevalence of alcoholic hepatitis is

Fig. 6. Effects of GAL treatment on alcohol-induced liver damage in mice. (A) Effects of GAL treatment on the serum levels of ALT and
AST. (B) Effect of GAL on CYP2E1 expression in liver tissue, as determined by immunohistochemistry. Original magnification ×100.
Data are shown as the mean ± standard deviation (n = 8). ##p < 0.01 and *p < 0.05, pair-fed versus ethanol-fed groups. Abbreviations:
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GAL, 6-O-galloylsalidroside.

Fig. 5. Effects of GAL treatment on the expression of genes
involved in alcohol and lipid metabolism in ethanol-fed mice.
Data are shown as the mean ± standard deviation (n = 7).
##p < 0.01 and ***p < 0.001, pair-fed versus ethanol-fed groups.
Abbreviation: GAL, 6-O-galloylsalidroside.



Vol. 27, No. 3, 2021 207

unknown because patients may be asymptomatic and/or

may never seek medical attention. Therefore, only

patients with severe alcoholic hepatitis are likely to be

diagnosed. At this advanced stage, treatment includes

prescription of steroid drugs, such as prednisolone, to

reduce liver injury and suppress inflammation. However,

this treatment may only manage symptoms. In our

previous studies, which were supported by other findings,9,13

we found that A. tegmentosum extracts could be useful to

treat hepatic disorders such as inflammation, cirrhosis,

and cancer.

In conclusion, our current results indicated that GAL

extracted from A. tegmentosum inhibited hepatic lipogenesis,

as well as liver damage caused by alcohol consumption,

thus protecting the liver from alcohol-induced injury and

disease. This study is the first to demonstrate that GAL

ameliorates alcoholic fatty liver, and we suggest that the

compound can attenuate liver injury by preventing fatty

acid uptake and lipogenesis via suppression of Cd36

expression. Our work highlights GAL as a potential

therapeutic agent for the prevention and treatment of

alcohol-related hepatic diseases.
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