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Inhibitory effects of Rubi Fructus extracts on hepatic
steatosis development in high-fat diet-induced obese mice
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Abstract. The present study was performed to inves-
tigate the potential effects of the unripened dried fruit
of Rubus coreanus Miq., Rubi Fructus (RF), on hepatic
steatosis and lipid metabolism in mice fed with a high-fat
diet (HFD) known to induce obesity and hyperlipidaemia.
Rubi Fructus extract (RFex) fed mice demonstrated a
reduced body weight and adipose tissue weight. RFex fed
mice also demonstrated decreased aminotransferase levels,
lipid contents [triglyceride (TG), total cholesterol (TC) and
low-density lipoprotein-cholesterol (LDL-C)], leptin content
and increased high-density lipoprotein-cholesterol (HDL-C)
contents in the plasma. These effects were accompanied by
a decreased expression of lipogenic genes, including sterol
regulatory element binding protein-Ic, liver X receptor, fatty
acid synthase (FAS), acetyl-CoA carboxylase, cluster of
differentiation 36, lipoprotein lipase and decreased lipogenic
enzyme FAS and 3-hydroxy-3 methylglutamyl coenzyme
reductase enzyme activities, while elevating carnitine palmi-
toyltrasferase-1 activity. Based on these results, the present
study hypothesized that the inhibitory effect on hepatic
steatosis of RFex is the result of the suppression of lipid
synthesis in mice fed with HFD, suggesting that RFex may be
beneficial in preventing hepatic steatosis and liver lipotoxicity.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most
common cause of chronic liver disease, which includes a spec-
trum of liver diseases from hepatic steatosis to nonalcoholic
steatohepatitis (1-3), where the latter is known to increase
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the risk of liver cirrhosis and hepatocellular carcinoma (4).
NAFLD is associated with metabolic syndrome, consisting
of obesity, diabetes, hyperlipidemia and insulin resistance (5).
As a form of NAFLD, hepatic steatosis results from the
accumulation of fat in the liver, primarily through excessive
transport of free fatty acids from visceral adipose tissue into
the liver and from an imbalance in de novo lipid synthesis
and catabolism in hepatocytes (6-8). The prolonged energy
imbalance increases the amount of triglyceride (TG) content
in adipose tissue and these TGs are stored as lipid droplets
in the liver. Thus, hepatic steatosis is generally characterized
by excess hepatic lipid accumulation as esterified TG in the
liver. Cellular toxicity mediated by this excess hepatic lipid
accumulation known as lipotoxicity, has been implicated in
the pathophysiology of insulin resistance, type 2 diabetes and
metabolic syndrome (9).

Several agents are known to improve NAFLD histologi-
cally or biochemically in animals and humans (10), although,
numerous side effects have been reported (11).

Rubus coreanus is one of the 100 genera in the family
Rosaceae, subfamily Rosoideae, and there are currently
250 species of Rubus established around the world. The dried
unripe fruit of Rubus coreanus Miq. Rubi Fructus (RF) has
been used as a traditional oriental medicine in Asia, including
Korea and China (12-14). RF has been used for the manage-
ment of impotence and spermatorrhea, and as a stomachic
and tonic in Korea (15-17), and it has been identified that RF
exhibits a hepatoprotective effect in animal models (18,19).
Ellagic acid from RF protects hepatocytes from damage
by inhibiting mitohondrial production of reactive oxygen
species (20), while the same flavonoid inhibits host immune
tolerance induced by the hepatitis B virus-e antigen (21).
Ellagic acid has also been reported to affect cellular lipid
metabolism during benzoyl peroxide-induced toxicity and
effectively reduced the elevations of plasma cholesterol in
hyperlipidemic rabbits (22).

The present study examined the effects of the Rubi Fructus
extract (RFex) containing ellagic acid on the development
and progression of hepatic steatosis and liver lipotoxicity in
mice fed with a high-fat diet (HFD) by assessing hepatic lipid
accumulation, the mRNA expression of lipogenic genes and
enzyme activities.
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Materials and methods

Plant materials and the preparation of extracts. The unripened
fruit of RF was collected during June from Buan (Chunra,
Korea). The plant samples were kept in the herbarium of the
Korea Research Institute of Bioscience and Biotechnology
(KRIBB). The RFex containing ellagic acid was prepared by
Lee's Biotech Co., Ltd. (Yuseonggu, Daejeon, Korea).

Animal treatment. The male C57BL/6 mice were obtained
from Koatech Technology Corporation (Seoul, Korea). The
animals were allowed free access to rodent food (Purina Co.,
Seoul, Korea) and tap water and maintained in a controlled
environment at 22°C and 50+10% relative humidity with a 12-h
dark/light cycle, and acclimatized for at least one week prior
to use. The mice were randomly divided into three groups:
the normal diet (ND), high-fat diet (HFD) and HFD + RFex
(100 mg/kg) fed group. The HFD was based on the diet from
Open Source Diet (Central Animal Lab Inc., Seoul, Korea)
containing 60% kcal fat, while the ND contained 10% kcal
fat. The diets were administered for 10 weeks and the weight
gain was measured once a week. Food intake was measured
for three consecutive days per week by subtraction of food jar
pre-and post-weights for 10 weeks. At necropsy, the sides of the
epididymal, retroperitoneal and perirenal adipose tissues were
removed and weighed, and the relative adipose tissue weight to
body weight ratio was calculated.

All animal experiments were approved by the Institutional
Animal Care and Use Committee and Ethics Committee, which
were performed in accordance with the institutional guidelines
at the KRIBB (Daejeon, Korea).

Plasma, hepatic lipid concentrations and liver histology.
Following 10 weeks of RFex administration, blood samples were
collected by a heart puncture method to determine the levels of
plasma enzymes [alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST)], plasma TG and total cholesterol
(TC). The plasma was prepared by the centrifugation of blood
(10,000 x g for 5 min at 4°C) and stored at -70°C until analysis.
Plasma ALT and AST levels were measured using an automatic
biochemical analyzer in the Animal Experiment Laboratory at
the KRIBB. Plasma TG and TC levels were measured directly
with a BCS analysis kit (Bioclinical System Co., Anyang,
Korea). Plasma leptin was determined by the sandwich ELISA
method using a commercially available rat leptin kit according
to the manufacturer's instructions (Bioclinical System Co.,
Anyang, Korea). Immediately following sacrification of the
mice, half of the liver was removed, quickly frozen in liquid
nitrogen and stored at -70°C. Hepatic lipids were extracted using
the modified procedure of the Folch method (23). Briefly, frozen
liver tissue was homogenized in 0.9% NaCl solution and chloro-
form - methanol, 1:2 v/v was added to the homogenate. Then the
mixture was vortexed and centrifuged (2,000 x g for 20 min),
and the upper phase was aspirated and filtered. The collected
chloroform phase was used for analysis. Hepatic TG and TC
concentrations were analyzed using an enzymatic analysis kit
(BCS analysis kit; Asan Pharmaceutical Co. Ltd., Seoul, Korea).

The remaining half of the liver was removed and immedi-
ately fixed in a buffer solution of 10% formalin for pathological
analysis. Fixed tissues were processed routinely for paraffin
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embedding and 5 ym sections were prepared and stained with
haematoxylin and eosin. Stained areas were viewed using an
optical microscope.

Quantitative polymerase chain reaction (qPCR) analysis for
hepatic lipogenic gene expression. Total RNA from the liver
was isolated and the samples were reverse-transcribed using the
TOPscript™ cDNA synthesis kit (Enzynomics, Seoul, Korea).
The resulting cDNA was amplified using a PCR system (Astec,
Fukuoka, Japan) and the Premix Taq (Bioneer, Daejeon, Korea)
according to the manufacturer's instructions. The sequences of
oligonucleotides used as primers were designed using Primer
Express 3.0 (Applied Biosystems, Carlsbad, CA, USA). The
sequences are listed in Table I. All primer sets produced ampli-
cons of the expected size and their identity was also verified
by sequencing. The cycling conditions were 95°C for 10 min,
followed by 50 cycles of 95°C for 10 sec and 60°C for 1 min. The
results were normalized against GAPDH and are presented as
fold changes versus the reference gene.

Measurement of hepatic lipid-regulating enzyme activity.
Hepatic enzymes were prepared according to the method
of Hulcher and Oleson (24) with a slight modification. A
homogenate was prepared in a buffer containing 0.1 mol/l of
triethanolamine, 0.02 mol/l of EDTA and 2 mmol/l of dithio-
threitol (pH 7.0). The homogenate was centrifuged (600 x g for
10 min) to remove any cell debris and the supernatant was again
centrifuged (10,000 x g, followed by 12,000 x g for 20 min at
4°C) to remove the mitochondrial pellet. The supernatant was
then ultracentrifuged twice (100,000 x g for 60 min at 4°C) to
remove the cytosolic supernatant. The mitochondrial and micro-
somal pellets were then redissolved in 800 ul of homogenization
buffer and the protein content determined using the Bradford
method using bovine serum albumin as the standard. Fatty acid
synthase (FAS) activity was measured in the cytosolic fraction
according to the method by Nepokroeff et al (7) by monitoring
the malonyl-coenzyme A-dependent oxidation of nicotinamide
adenine dinucleotide phosphate (NADPH) at 340 nm, where the
activity was represented by the oxidized NADPH nmol/min/mg
protein. Carnitine palmitoyltrasferase-1 (CPT) activity was
determined in the mitochondrial fraction according to the
method by Markwell et al (25) and the results are expressed
as nmol/min/mg protein. The activity of 3-hydroxy-3-methyl-
glutaryl-coenzyme A (HMG-CoA) reductase was measured in
microsomes based on a modification of the method of Hulcher
and Oleson (24). The results are expressed as released CoA-SH
nmol/min/mg protein.

Statistical analysis. All values from in vivo (n=6) and in vitro
(n=3) experiments are expressed as the mean =+ standard devia-
tion. One-way analysis of variance and Duncan's test were used
for multiple comparisons (SPSS, version 10.0; SPSS, Inc.,
Chicago, IL, USA). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results
Effects of RFex on body weight, total liver, adipose tissue

weight and hepatic enzyme activities in HFD fed mice. The
body weight increased with time in HFD groups, however,
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Table I. Nucleotide sequences of primers for JPCR of mRNA.
Primer Annealing PCR

Gene description sequences (5'-3") temperature (°C) product (bp)
SREBP-1c F: GCCTGCTTGGCTCTTCTCTT 55 102

R: AGGTCAGCTTGTTTGCGATG
ACCl1 F: TGATGCAGAGGTACC 55 100

R: CGTAGTGGCCGTCT
LPL F: TGCCGCTGTTTTGTTTTACC 55 172

R: TCACAGTTTCTGCTCCCAGC
LXR F: ACAGCCAGACGCTACAACCA 55 193

R: TGGCGATAAGCAAGGCATAC
CD36 F: TGACGTGGCAAAGAACAGC 55 160

R: GAAGGCTCAAAGATGGCTCC
FAS F: CTGGCATTCGTGATGGAGTC 55 101

R: TGTTTCCCCTGAGCCATGTA
GAPDH F: GGAGCCAAAAGGGTCATCAT 60 321

R: GTGATGGCATGGACTGTGGT

SREBP-1c, sterol regulatory element binding protein-1c; LPL, lipoprotein lipase; LXR, liver X receptor; CD36, cluster of differentiation 36;
FAS, fatty acid synthase; ACC1, acetyl-CoA carboxylase 1; qPCR, quantitative polymerase chain reaction.

it decreased significantly in the HFD + RFex group (P<0.01;
Fig. 1A). The adipose tissue ratio also decreased significantly
in HFD + RFex fed mice (Fig. 1B). A significant decrease in
epididymal (P<0.01), retroperitoneal and perirenal weight to
body weight was identified in the RFex fed group.

The total liver weight decreased significantly in RFex fed
HFD mice compared with the HFD mice (P<0.01; Fig. 2A). The
HFD fed group had elevated ALT and AST levels compared
with the ND group (P<0.05; Fig. 2B), while RFex treatment
significantly attenuated HFD-induced ALT and AST levels
(P<0.01 and P<0.05, respectively). RFex reversed the increase
in ALT and AST, suggesting that it has the potential to prevent
liver injury.

Effects of RFex on lipid profiles, free fatty acid levels and
fatty droplet accumulations in the livers of HFD fed mice.
To analyze the possible role of RFex in lipid metabolism,
which is the key factor relative to fatty liver formation, plasma
lipid profiles in experimental mice were investigated and are
presented in (Table II).

The mice exposed to HFD exhibited increased TC (by
14%), TG (by 59%) and low-density lipoprotein-cholesterol
(LDL-C; by 22.9%) levels and decreased high-density lipo-
protein-cholesterol (HDL-C; by 11%) levels in the respective
animal groups compared with the ND fed mice.

However, RFex feeding attenuated the serum lipid profile,
which manifested in a reduced TC, TG and LDL-C concen-
tration and a increased HDL-C levels as compared with the
HFD group (P<0.05). As shown in Fig. 3A, the increase of
liver TG and TC in the HFD group (P<0.01 and P<0.05) was
significantly suppressed by RFex (P<0.05).

Representative photomicrographs of liver histology are
shown in Fig. 3B. HFD fed control mice demonstrated a

high accumulation of microvesicular-type fat in the cyto-
plasm of the hepatocytes and demonstrated focal hepatitis
characterized by scattered inflammatory cells and/or inflam-
matory foci. Treatment with RFex significantly improved the
microvesicular hepatic steatosis (Fig. 3B; HFD + RFex) and
liver histology results were almost the same as those of the ND
(Fig. 3B; ND). These data clearly suggest that RFex is able to
prevent hepatosteatosis via downregulating the accumulation
of lipids in liver cells.

Effects of RFex on plasma leptin levels in mice. Leptin levels
in the plasma were examined to assess the role of RFex in the
prevention of obesity when the mice were fed a HFD (Fig. 4).
There was a significant elevation in the levels of plasma leptin
in the HFD (by 44%) group compared with that of the ND
group (P<0.05). In addition, the results implied that obesity
in mice is accompanied with leptin resistance. However, the
leptin concentration was significantly reduced in the RFex
groups following 10 weeks of exposure to a HFD.

Effects of RFex on hepatic lipid regulatory gene expression
in mice. To investigate the underlying mechanism responsible
for the inhibitory effect of RFex on HFD-induced hepatic
steatosis, hepatic expression levels of lipogenesis-regulating
genes were determined, including liver X receptor (LXR),
sterol regulatory element binding protein-lc (SREBP-Ic),
acetyl-CoA carboxylase 1 (ACCI), cluster of differentiation 36
(CD36), lipoprotein lipase (LPL) and FAS. GAPDH was used
as a control (Fig. 5). Compared with the HFD group, mice
treated with RFex demonstrated significantly reduced mRNA
expression of the tested genes (P<0.05, P<0.01 compared with
the HFD-fed mice; Fig. 5A). The relative levels of specific
mRNA levels are shown (Fig. 5B).
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Table II. Plasma lipid profiles from mice exposed to different experimental diets.

Total cholesterol Triglycerides HDL-cholesterol LDL-cholesterol
Group (mg/dl) (mg/dl) (mg/dl) (mg/dl)
ND 1124433 69.4+3.4 97.4+4.0 78.6+5.8
HFD 128.6+3.2 110.8+19.4° 101.0+2.1 96.6+7.1*
HFD + RFex 109.5+2.1¢ 82.8+5.6¢ 97.7+£3.0 74.3+4.5

Values in a column of lipid profiles demonstrated (*P<0.05, "P<0.01 and °P<0.05) different compounds to ND and HFD, respectively. ND,
normal diet; HFD, high-fat diet; RFex, Rubi Fructus extract; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Figure 1. (A) Changes in body weight and (B) relative fat mass in C57BL/6 mice treated with a ND, HFD and HFD + RFex. For relative fat mass, relative
adipose tissue weight to body weight was calculated. Values are expressed as the mean + standard deviation (n=6 for each group). *P<0.01 compared with the
control (ND) ."P<0.01 compared with HFD treatment. ND, normal diet; HFD, high-fat diet; RFex, Rubi Fructus extract.
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Figure 2. (A) Changes in liver weight and (B) serum ALT and AST activity in C57BL/6 mice treated with an ND, HFD and HFD + RFex. Each value represents
the mean + standard deviation of six mice. *P<0.05 compared with the control (ND). "P<0.05, “P<0.01 compared with the HFD treatment. ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ND, normal diet; HFD, high-fat diet; RFex, Rubi Fructus extract.

Effects of RFex on hepatic lipid-regulating enzyme activities
in mice. As representative enzymes, mediating lipid biogenesis
and lipid degradation, the activities of FAS, HMG-CoA reduc-
tase and CPT were assessed to investigate whether RFex is
able to affect the enzyme activities of lipid metabolism in the
liver (Fig. 6). Hepatic FAS and HMG-CoA reductase activity
was significantly decreased (P<0.05 each), whereas CPT
activity was increased in the RFex-fed group compared with
the HFD-fed group (P<0.01).

Discussion

Hepatic steatosis is emerging as the most important cause of
chronic liver disease associated with the increasing incidence
of obesity (9).

It is able to progress to nonalcoholic steatohepatitis in
10-20% of patients (26) and even to advanced cirrhosis and
hepatocellular carcinoma (27). The present study demon-
strated that the administration of RFex protected against the
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Figure 3. (A) Hepatic TG and TC levels and (B) representative photomicrograph of fatty acid in C57BL/6 mice with an ND, HFD or HFD + RFex. Values are
expressed as the mean + standard deviation (n=6 per group). “P<0.01, **P<0.05 compared with the control (ND). “P<0.01 compared with the HFD treatment.
Arrows indicate the microvesicular-type fat in the cytoplasm of the hepatocytes. TG, triglyceride; TC, total cholesterol ND, normal diet; HFD, high-fat diet;

RFex, Rubi Fructus extract.

16 -
% ++
]
o
£ 12
m *
3
£ 08~
2
2
£ 04-
wvi
L]
=

0 , :

ND HFD HFD+RFex

Figure 4. Plasma leptin levels in C57BL/6 mice treated with an ND, HFD
and HFD + RFex. Each value represents the mean =+ standard deviation of six
mice. **P<0.01 compared with the control (ND) and "P<0.05 compared with
HFD treatment. ND, normal diet; HFD, high-fat diet; RFex, Rubi Fructus
extract.

development and progression of hepatic steatosis induced by
a HFD in C57BL/6 mice. Furthermore, the reduction in levels
of hepatic lipids (TG and TC) and plasma lipids (TG, TC and
LDL-C) and the elevation of plasma lipid (HDL-C) and leptin
levels were observed in RFex-treated C57BL/6 mice. The
inhibitory effect of RFex on hepatic steatosis appeared to be
associated with the suppression of lipogenesis enzyme activity
and the acceleration of fatty acid oxidation in HFD-fed mice.
However, the other possible mechanisms underlying the
effect of RFex on hepatic steatosis, including intestinal lipid
absorption, pancreatic lipase activity and the modulation
of fecal sterol excretion by RFex treatment requires to be

further investigated. A significant reduction in body weight
was observed in the HFD + RFex groups compared with
the HFD-fed group (Fig. 1A), although the amount of food
consumption was similar between the groups (data not shown).
These results suggested that suppressed lipid production and
increased energy expenditure were involved in preventing
hepatic steatosis in RFex-fed mice.

To further investigate the reduced hepatic lipid production
in RFex-fed mice, the mRNA expression levels of lipogenic
and lipid-regulating enzymes, including SREBP-1c, FAS,
LXR, ACCI1, LPL and CD36, were examined using qPCR.
LXR is a member of a nuclear receptor superfamily that
regulates the expression of key proteins involved in lipid
metabolism and inflammation, serving as a type of nuclear
cholesterol sensor (28).

LXR also increases the expression of SREBP-1c, which
leads to increased hepatic TG synthesis. The present study
demonstrated that LXR expression was decreased in RFex-fed
mice. SREBP-Ic is a key transcription factor regulating the
expression of enzymes involved in lipogenesis and fatty acid
desaturation as well as in response to fat and insulin (29). Its
expression was significantly higher in NAFLD, which was
almost 5-fold greater than that in the controls. SREBP-Ic is
positively regulated by insulin signaling pathways, including
insulin receptor substrates 1 and 2. It is known that SREBP-1c
is negatively regulated by AMP-activated protein kinase (30).
In NAFLD, insulin signaling via insulin receptor substrate 1
causes the upregulation of SREBP1-c, leading to an increased
synthesis of fatty acids by the hepatocytes (30).

In the present study, a significant suppression of SREBP-1c
and LXR mRNA by RFex was confirmed, which in turn may
be expected to lead to the downregulation of lipogenic genes,
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Figure 5. Hepatic expression of lipogenic genes in C57BL/6 mice. (A) Quantitative polymerase chain reaction was used to assess mRNA expression of
lipogenic genes using primers as indicated in Table I. (B) Relative levels of specific mRNA levels are presented. Values are expressed as the mean + standard
deviation (n=6 each group). *P<0.01 and **P<0.05 compared with the control (ND). "P<0.05 and “"P<0.01 compared with HFD treatment. LXR, liver X receptor;
SREBP-Ic, sterol regulatory element binding protein-Ic; ACC, acetyl Co-A carboxylase; CD36, cluster of differentiation 36; LPL, lipoprotein lipase; FAS, fatty

acyl synthase; ND, normal diet; HFD, high-fat diet.
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Figure 6. Activity of hepatic lipid regulating enzymes FAS, CPT and
HMG-CoAR in C57BL/6 mice treated with ND, HFD and HFD + RFex.
Values are expressed as the mean + standard deviation (n=6 per group).
*P<0.01 compared with the control (ND). ‘P<0.05 and “P<0.01 compared
with HFD treatment. FAS, fatty acid synthase; CPT, carnitine palmito-trans-
ferase; HMG-CoAR, 3-hydroxy-3 methylglutamyl-coenzyme reductase; ND,
normal diet; HFD, high-fat diet; RFex, Rubi Fructus extract.

including FAS and ACC. The present study also confirmed the
downregulation of FAS and ACC, which are involved in fatty
acid biosynthesis, in the RFex-fed group.

The expression levels of LPL and CD36 genes were also
assessed. LPL hydrolyzes TG in lipoproteins (chylomicrons
and very low density lipoproteins) and is also involved in
promoting the cellular uptake of chylomicron remnants,
including cholesterol-rich lipoproteins and very low-density
lipoprotein. CD36, identified on numerous types of cell
surfaces, acts as a fatty acid translocase. The present study
demonstrated that LPL and CD36 mRNA expression levels
were decreased in RFex-fed groups.

Three enzyme activities, HMG-CoA reductase, FAS and
CPT, which are involved in hepatic lipogenesis and lipolytic
reactions, were measured. HMG-CoA reductase, an enzyme
important in cholesterol synthesis, catalyzes the reduction of
HMG-CoA to CoA and mevalonate. The experimental results
demonstrated a significant decrease in HMG-CoA reductase
and FAS activities in RFex-fed mice. By contrast, the hepatic
activity of CPT, an enzyme involved in fatty acid (3-oxidation
was increased in RFex-fed mice.

Bioassay-guided fractionation of the methanol extract of
Geum japonicum Thunb using a FAS inhibition assay led to the
isolation of ellagic acid with six other known compounds (31).
Several studies also demonstrated that ellagic acid is involved
in lipid metabolism (32). Yu et al (33) have reported that
ellagic acid supplementation effectively reduced the elevation
of plasma cholesterol in hyperlipidemic rabbits. The exact
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mechanism by which ellagic acid lowers other lipid levels is
not known. However, it is likely that ellagic acid may have
decreased the activity of HMG CoA reductase or enhanced the
rate of lipid degradative processes and increased the hepatic
bile acids and fecal neutral sterol, and thus decreased the levels
of other lipids.

In conclusion, the present study demonstrated that RFex
inhibits hepatic steatosis and has plasma lipid-lowering effects
in HFD-fed C57BL/6 mice. These effects are mediated by the
downregulation of hepatic genes involved in lipogenesis and
the modulation of lipid metabolism-associated enzyme activi-
ties.

These results suggested that RFex is useful as a potential
dietary food supplement for intervention in hepatic steatosis
and hyperlipidemia.
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