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Bhandary, et al.: Rubus coreanus Regulates Cholesterol
Rubus coreanus fruits have been employed as a traditional medicine for centuries in the Asia‑Pacific region. Its
pharmacological action differs according to the different extraction methods utilized and the degree of fruit ripening.
In this study, we determined the cellular effect of different ethanol extracts of mature and immature Rubus coreanus
fruits in human hepatic cell line, HepG2 cells. The antioxidant activity, effect on superoxide dismutase activity and
cholesterol biosynthesis efficiency was also evaluated. Immature Rubus coreanus extract showed higher antioxidant
capability, compared with that of its mature fractions. Cellular antioxidant proteins including HO‑1, Cu/Zn‑superoxide
dismutase and catalase were highly expressed in the presence of Rubus coreanus. Cholesterol levels in HepG2 cells
treated with the water fraction of immature Rubus coreanus were significantly reduced. This antihyperlipidaemic
action of Rubus coreanus is a consequence of cholesterol biosynthesis and extracellular secretion in HepG2 cells. These
results indicate that among different ethanol fraction of mature and immature Rubus coreanus fruit extracts, water
extract of immature fruit extract shows higher antioxidant as well as higher antihyperlipidaemic action.
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Hyperlipidaemia is a common metabolic disorder
contributing to morbidity and mortality due to
cerebrovascular and cardiovascular diseases. Fibrates
and statins are medicines that are extensively used
for treatment of patients with elevated level of
lipids, especially low‑density lipoproteins (LDL),
in their plasma [1,2]. However, studies have shown
that some fibrates and statins may be associated
with liver function abnormalities and, occasionally,
rhabdomyolysis[3]. In particular, the high cost and long
duration of treatment with statins and fibrates has
been a challenge in implementation[4]. We conducted a
study of a natural product, Rubus coreanus, which is
rich with polyphenols and flavonoids, as an alternative
to statin and fibrate treatment for lipid lowering.
Rubus coreanus, belonging to the family Rosaceae,
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is widely found in South‑East Asian countries
(Japan, China and the Korean peninsula). Its fruit is
popularly known as Bokbunza (BBZ) in South Korea,
and is widely used as a traditional medicine [5] .
As previously reported, chemical constituents of
BBZ include flavonoids, tannins, triterpenosides,
anthocyanin and phenolic compounds [6]. It shows
antiinflammatory, antifatigue, antigastropathic,
antirheumatic, treatment of spermatorrhoea, enuresis,
asthma, allergic disease and antioxidant activities[7‑11].
Polyphenols found in BBZ, including epicatechin,
catechin and proanthocyanidin, have been reported to
inhibit catecholamine release in rat adrenal medulla
by increasing NO secretion, which might lead to
elevation of the cGMP level and prevention of
cardiovascular disease[12].
Differences in variety and quantity of active
components in many traditional ayurvedic plant
extracts are dependent on agronomical and
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technological factors: For example, race of the
plant selected, the degree of fruit ripening and the
extraction process utilised [13‑16]. Antiinflammatory
activity of BBZ was also found to be dependent
on the degree of fruit ripening[17]. The objective of
the present study was to compare the cholesterol
secretion and accumulation efficiency, antioxidant
and SOD activity of BBZ during maturation of fruit
and also their differences in the above‑mentioned
activities during extraction using different ethanol
fractions.

MATERIALS AND METHODS
All reagents were obtained from Sigma-Aldrich, St.
Louis, MO, USA, unless indicated. Roswell Park
Memorial Institute Medium (RPMI medium 1640),
FBS, penicillin and streptomycin used in this study
were purchased from GIBCO, NY, USA. The SOD
activity kit (ADI-900-157) was obtained from Enzo
Life Sciences, Germany. The cholesterol measurement
kit (AM202-2) was purchased from Asan Pharm.,
South Korea. All primary and secondary antibodies
were purchased from Santa Cruz Biotechnology,
Santa Cruz, CA, USA.
Preparation of Bokbunza extract:
BBZ extracts extracts were kindly provided by
Gochang Black Raspberry Research Institute. Unripe
and mature fruits of BBZ were collected from
Gochang (Jeollabuk‑Do) area in South Korea and
were stored at −20°. In brief, 500 g of BBZ fruits
were triturated and extracted with 5 l of 0, 25, 50,
75 and 100% ethanol. The extract was filtered and
concentrated. The concentrate was lyophilised in a
freeze‑dryer and stored at −20° before use. The yield
of dried extract from starting dried plant material was
approximately 5.1%.
Cells:
Human liver (HepG2) cells were cultured in RPMI
1640 medium supplemented with 2 mM l‑glutamine,
10% fetal bovine serum (FBS), and 1% penicillin/
streptomycin. Cells were maintained in a humidified
atmosphere at 37°, 5% CO2, and 20% O2. Cells were
maintained at 70‑80% confluency in serum‑depleted
conditions for 16 h prior to the experiments.
Cell viability:
Cell viability was assessed using the trypan blue
exclusion technique and was calculated by dividing
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the number of nonstained (viable) cells by the total
cell count. Briefly, cells were cultured in a 24‑well
plate and treated with the mentioned agent. After
24 h of culture, all the cells were removed from the
wells and suspended in 50 μl of PBS. 10 μl cell
of suspension was mixed with 10 μl trypan blue
solution (0.4% trypan blue, T8154, Sigma‑Aldrich)
and placed in a Bright‑Line hemocytometer
cell‑counting chamber. Cells were counted under a
light microscope.
1,1‑Diphenyl‑2‑picrylhydrazyl (DPPH) radical
scavenging activity:
Various treatment groups of BBZ extract with
different concentrations (1‑1000 μg/ml) were added
to methanolic solution of DPPH (0.1 mM) according
to the method of Blois[18]. After being stirred and left
for 20 min at room temperature, the absorbance of
DPPH solution was adjusted to 0.700±0.02 with 80%
methanol at 517 nm. Fifty microliters of extracts,
positive control, or standard antioxidant solution
was added to 2.95 ml of methanolic DPPH solution.
The mixture was shaken vigorously and was left in
the dark at 23° for 30 min. The amount of DPPH
remaining was determined at 520 nm, and the radical
scavenging activity was determined at 520 nm; radical
scavenging was obtained from the following equation:
Radical scavenging activity (%)=[(ODcontrol−ODsample)/
ODcontrol]×100. (Note: OD = Optical density). Butylated
hydroxytoluene (BTH) was used as a positive control.
Western blot analysis:
Total lysates were separated by sodium dodecyl
sulphate–polyacrylamide gel electrophoresis (SDS–
PAGE) and transferred to nitrocellulose membranes.
After blocking with 5% skim milk, the membranes
were incubated with the indicated primary antibody,
followed by a secondary antibody. Samples were
finally detected using enhanced chemiluminescence
(Amersham Pharmacia Biotech, England, UK).
Determination of total intracellular and
extracellular cholesterol:
Cells were incubated in RPMI 1640 medium
supplemented with 10% FBS in the absence or
presence of various BBZ extracts (5‑1000 μg/ml) for
24 h at 37°. Following incubation, cells were washed
with ice‑cold PBS and then lysed with RIPA buffer.
Cellular lipids were extracted by chloroform:methanol
extraction solvent (4:2:3, chloroform:methanol:
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water, v/v/v). Total cholesterol was determined
using a commercially available kit (Asan Pharma,
South Korea, AM202‑2). Cellular protein was assayed
using Bradford reagent (Bio‑Rad). For measurement
of cholesterol released into media, total media from
each group was poured into a Vivaspin 15R from
Sartorius Stedim Biotech, Germany and centrifuged at
3000 g. Hence, concentrated media were used.
Protein quantification and statistics:
The Bradford method was used for quantification
of the protein amount [19]. Data were analysed by
one‑way analysis of variance using Origin 8 software.
Differences between the treated samples were
analysed using the individual contrast when the factor
consisted of more than two levels. A P value <0.05
was considered significant.

RESULT AND DISCUSSION
Atherosclerosis is characterised by different features,
including cell proliferation, monocyte infiltration,
foam cell formation and accumulation of lipids
in the artery [20]. Some risk factors associated with
atherosclerosis include cigarette smoking, diabetes
mellitus, obesity, high dietary fat and elevated plasma
level of cholesterol[20]. Different studies and clinical
trials have focused on lowering cholesterol levels
in order to reduce the risk of atherosclerosis [21].
HepG2, a liver cell line derived from a human
hepatoblastoma, has been found to express a wide
variety of liver‑specific metabolic functions related
to cholesterol and triglyceride. Thus, as confluent
HepG2 monolayer expresses normal LDL receptors and
continues to internalize and metabolize chylomicrons,
very low‑density lipoproteins (VLDL), LDL, and
high‑density lipoproteins[22]. HepG2 was selected for
use in our investigation of cholesterol level‑changing
effects of BBZ. As previously mentioned, different
extraction ethanol fractions of BBZ have shown
different roles in diverse pharmacological actions[8].
Similarly, Yang et al. reported that the degree of
fruit‑ripening of BBZ affected production of different
inflammatory mediators, including nitric oxide (NO),
PGE 2 and inflammatory cytokines [17] . Treatment
with immature berries of BBZ, exerted higher
antiinflammatory effects, compared with mature berries.
In this study, we found no notable toxicity of
the different ethanol fractions (0, 25, 50, 75 and
100%) obtained from two different degrees of BBZ
May - June 2012

fruit‑ripening groups (mature and immature) when
the cells were exposed for 24 h to 5‑20 μg/ml of
extracts (fig. 1). Therefore, none of the treatment
groups showed any cytotoxicity effects at doses of
5‑20 μg/ml, when compared with control untreated
cells. Since the free‑radical scavenging effect of
berries was already known, scavenging effects of
reactive oxygen species (ROS) were also examined
with mature and immature BBZ extracted in different
ethanol fractions. Free‑radical scavenging effect
was measured with different treatment groups of
BBZ extracted by 0, 25, 50, 75 and 100% ethanol
with immature and mature BBZ fruits, respectively.
Results showed free‑radical scavenging effect of
immature BBZ was higher than that of mature BBZ
and positive control BTH in 1 μg/ml and 10 μg/ml
concentrations, but was not significantly different,
compared with mature BBZ extracts when treated
with 100 μg/ml and 1000 μg/ml (fig. 2). Of particular
interest, DPPH free‑radical scavenging activity of
immature and mature BBZ treatment groups was
higher, compared with positive control, BTH.
Immature BBZ showed higher antioxidant properties
than mature BBZ (fig. 2). Based on these results, it is
assumed that compound (s) relevant to the preserved
antioxidant effects were degraded by a ripening
process. This result is consistent with similar results
presented by Yang et al.[17]. Yang et al. reported that
the proportion of moisture, crude protein, crude fat
and fibre were lower in unripe fruits than in ripe
fruits. Similarly ellagic acid, one of the bioactive
compounds in the fruits of Rubus coreanus, was
significantly higher in immature BBZ, compared
with mature BBZ. Ellagic acid is a plant‑derived
polyphenol that has been detected in a wide variety
of fruits and nuts, including raspberries, strawberries,
walnuts and grapes[23]. From the dietary viewpoint,
ellagic acid is of particular interest, as it has been
reported to have antioxidant, antiinflammatory,
antifibrosis and anticancer properties[23‑27]. Assessments
of antioxidant activity of natural fruits or herbs are
performed either to elucidate the mechanism of their
actions or to provide information on antioxidant
activity. Free radicals, such as ROS and reactive
nitrogen species (RNS), are produced as byproducts
in aerobic metabolism, and have been implicated
in many diseases, including cancer, atherosclerosis,
hypertension, inflammation and ageing[28‑30]. Different
experiments from BBZ extracts have also shown
antiinflammatory, antifatigue, antigastropathic,
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Fig. 1: Cytotoxicity of the ethanol extract from BBZ against
HepG2 cells.
Cells were treated for 24 h with 5, 10 or 20 μg/ml of different ethanol
fractions of BBZ extracts from immature and mature berries. The
results are expressed as the mean±SEM from five independent
experiments. Cell viability was determined as described in
materials and method section. ( ) Control, ( ) Immature 0% EtOH,
( ) Immature 25% EtOH, ( ) Immature 50% EtOH, ( ) Immature
75% EtOH, ( ) Immature 100% EtOH, ( ) Mature 0% EtOH,
( ) Mature 25% EtOH, ( ) Mature 50% EtOH, ( ) Mature 75%
EtOH, ( ) Mature 100% EtOH,

Fig. 3: Western blot expression of HO-1, Cu/Zn-SOD, Mn-SOD
and catalase in HepG2 cells treated with 0% ethanol fraction of
immature BBZ.
Control group was untreated but rest group cells were treated for
different duration 6, 12, 24 and 36 h. Proteins (30 μg) of the total cell
lysates were loaded in 8 and 10% SDS–PAGE. Immunoblotting was
performed accordingly as mentioned in materials and methods. and
β-actin was utilized as loading control

antirheumatic, treatment of spermatorrhoea, enuresis,
asthma, allergic disease and antioxidant activities[7‑10].
Apart from this, amongst seventy different types of
herbal products evaluated by Ko et al., BBZ showed
the highest antioxidant effects[31]. Similarly, antioxidant
properties of BBZ in fruits and seeds were found
in different amounts according to the method of
fermentation of BBZ wine[32,33].
There are two possibilities with regard to the
scavenging effect of free radicals. These are chemically
free‑radical scavenging effects and endogenously
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Fig. 2: Antioxidative effect induced by different ethanol extract from
BBZ against HepG2 cells.
Cells were treated for 24 h with 1, 10, 100 or 1000 μg/ml of various
ethanol fractions of BBZ extracts from immature and mature berries.
Antioxidative effects were measured in percentage as mentioned
in Materials and Methods. The results are expressed as the mean ±
SEM from four independent experiments. Butylated hydroxytoluene
(BTH) was used as positive control. ( ) Immature 0% EtOH,
( ) Immature 25% EtOH, ( ) Immature 50% EtOH, ( ) Immature
75% EtOH, ( ) Immature 100% EtOH, ( ) Mature 0% EtOH,
( ) Mature 25% EtOH, ( ) Mature 50% EtOH, ( ) Mature 75% EtOH,
( ) Mature 100% EtOH, ( ) BTH

free‑radical scavenging effects through antioxidant
enzyme activations, such as superoxide dismutase
(SOD). SOD is one of the enzymatic antioxidants for
prevention of oxidative damage in cells[34]. Apart from
this, there are other enzymatic and non‑enzymatic
antioxidants. In this study, a dose of 10 μg/ml induced
a significant increase in Mn‑SOD and Cu/Zn‑SOD
expression in a time‑dependent manner (fig. 3).
Catalase was also shown to be highly expressed in
the presence of BBZ. Of particular interest, HO‑1
expression was significantly increased after 24 and 36
h of treatment, indicating that antioxidant proteins such
as HO‑1 activity might be another possible reason for
the antioxidant action of BBZ extract.
Another interest in this study was the effect of BBZ
extract in cholesterol metabolism. We have reported
that BBZ extract from different treatment groups
caused a marked decrease in cholesterol synthesis
with the water fraction of the immature berry, rather
than the other treatment group (fig. 4a). Similarly,
extracellular cholesterol released by HepG2 cell into
the media was also significantly lowered in immature
0% and immature 100% (fig. 4b). The amount of
intracellular cholesterol showed a significant decrease,
from 34.7±1.6 mg/g of protein to 26.06±2.08 mg/g of
protein, in the water extract of immature BBZ (fig. 4a).
Other extracts of immature BBZ also showed some
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Fig. 4: Suppression of intracellular and released cholesterol in HepG2 cells by various ethanol extract of BBZ.
Cells were treated with 10 μg/ml of each extract from immature and mature berries of BBZ for 24 h. (a) Cell pellets were collected, and
amount of cholesterol present was measured as described in materials and methods section. (b) Cell culture media was then collected, and
the amount of cholesterol released was measured, after concentrating media. Results are expressed as the mean ± SEM from four independent
experiments. *P < 0.05 versus control.

intracellular cholesterol lowering activity, compared with
mature BBZ fractions; however, it was not as significant
as that of the water fraction of BBZ (fig. 4b). This
result was consistent with similar results presented
by Yang et al., where immature BBZ showed greater
antiinflammatory activity than that of mature BBZ[17].
BBZ extract showed strong antioxidant properties,
along with intracellular and extracellular cholesterol
lowering properties in liver cells, which might aid
in further elucidation of its role in prevention of
atherosclerosis and hyperlipidemia. In this study,
there are many limitations; therefore, further study
is warranted to confirm the mechanism of lowering
cholesterol synthesis and secretion, along with in vivo
clarifications.

ACKNOWLEDGEMENTS

3.
4.

Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, MacFarlane PW,
et al. Prevention of coronary heart disease with pravastatin in men with
hypercholesterolemia. N Engl J Med 1995;333:1301‑7.
Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG,
et al. The effect of pravastatin on coronary events after myocardial
infarction in patients with average cholesterol levels. N Engl J Med
1996;335:1001‑9.
Lehmann EL. D’Abrera HJ. Nonparametrics: Statistical Methods Based
on Ranks. San Francisco: Holden‑Day Inc.; 1975.
Perreault S, Hamilton VH, Lavoie F, Grover S. Treating hyperlipidemia
for the primary prevention of coronary disease. Are higher dosages of
lovastatin cost‑effective? Arch Intern Med 1998;158:375‑81.

May - June 2012

7.

8.
9.

10.
11.

13.
14.

REFERENCES

2.

6.

12.

This study was supported by Regional Agri-Food Lead
Cluster Promotion Project.

1.

5.

15.

16.
17.
18.

Choi HS, Kim MK, Park HS, Kim YS, Shin DH. Alcoholic
fermentation of Bokbunja (Rubus coreanus Miq.) wine. Korean J Food
Sci Technol 2006;38:543‑7.
Yoon I, Wee JH, Moon JH, Ahn TH, Park KH. Isolation and
identification of quercetin with antioxidative activity from the fruits of
Rubus coreanus Miquel. Korean J Food Sci Technol 2003;35:499‑502.
Choi J, Lee KT, Ha J, Yun SY, Ko CD, Jung HJ, et al.
Antinociceptive and antiinflammatory effects of Niga‑ichigoside F1 and
23‑hydroxytormentic acid obtained from Rubus coreanus. Biol Pharm
Bull 2003;26:1436‑41.
Lee KH, Choi EM. Rubus coreanus Miq. extract promotes
osteoblast differentiation and inhibits bone‑resorbing mediators in
MC3T3‑E1 cells. Am J Chin Med 2006;34:643‑54.
Nam JH, Jung HJ, Choi J, Lee KT, Park HJ. The antigastropathic and
antirheumatic effect of niga‑ichigoside F1 and 23‑hydroxytormentic acid
isolated from the unripe fruits of Rubus coreanus in a rat model. Biol
Pharm Bull 2006;29:967‑70.
Shin TY, Kim SH, Lee ES, Eom DO, Kim HM. Action of Rubus
coreanus extract on systemic and local anaphylaxis. Phytother Res
2002;16:508‑13.
Lee JH, Whang JB, Youn NR, Lee SY, Lee HJ, Kim YJ, et al.
Antioxidant and oxygen radical scavenging capacity of the extract of
pear cactus, mulberry and Korean black raspberry fruits. J Food Sci
Nutr 2009;14:188‑94.
Kee YW, Lim DY. Influence of polyphenolic compounds isolated from
Rubus coreanus on catecholamine release in the rat adrenal medulla.
Arch Pharm Res 2007;30:1240‑51.
Adams‑Phillips L, Barry C, Giovannoni J. Signal transduction systems
regulating fruit ripening. Trends Plant Sci 2004;9:331‑8.
Bogs J, Downey MO, Harvey JS, Ashton AR, Tanner GJ, Robinson SP.
Proanthocyanidin synthesis and expression of genes encoding
leucoanthocyanidin reductase and anthocyanidin reductase in developing
grape berries and grapevine leaves. Plant Physiol 2005;139:652‑63.
Koundouras S, Marinos V, Gkoulioti A, Kotseridis Y, van Leeuwen C.
Influence of vineyard location and vine water status on fruit maturation
of nonirrigated cv. Agiorgitiko (Vitis vinifera L.). Effects on wine
phenolic and aroma components. J Agric Food Chem 2006;54:5077‑86.
Watson R, Wright CJ, McBurney T, Taylos AJ, Linforth RS. Influence
of harvest date and light integral on the development of strawberry
flavor compounds. J Exp Bot 2002;53:2121‑9.
Yang HM, Oh SM, Lim SS, Shin HK, Oh YS, Kim JK.
Antiinflammatory activities of Rubus coreanus depend on the degree
of fruit ripening. Phytother Res 2008;22:102‑7.
Blois MS. Antioxidant determination by the use of a stable free radical.

Indian Journal of Pharmaceutical Sciences

215

www.ijpsonline.com

Nature 1958;181:1199‑2004.
19. Bradford MM. Rapid and sensitive method for the quantification of
microgram quantities of protein utilizing the principle of protein‑dye
binding. Anal Biochem 1976;72;248‑54.
20. Faruqi RM, DiCorleto PE. Mechanism of monocyte recruitment and
accumulation. Br Heart J 1993;68:S19‑29.
21. Nicholls SJ, Tuzcu EM, Wolski K, Bayturan O, Lavoie A, Uno K,
et al. Lowering the triglyceride/high density lipoprotein cholesterol
ration as associated with the beneficial impact of pioglitazone
on progression of coronary atherosclerosis in diabetic patients:
Insights from the PERISCOPE (Pioglitazone Effect on Regression of
Intravascular Sonographic Coronary Obstruction Prospective Evaluation)
study. J Am Coll Cardiol 2011;57:153‑9.
22. Javitt NB. HepG2 cells as a resource for metabolic studies: Lipoprotein,
cholesterol and bile acids. FASEB J 1990;4:161‑8.
23. Priyadarsini KI, Khopde SM, Kumar SS, Mohan H. Free radical studies
of ellagic acid, anatural phenoloc antioxidant. J Agric Food Chem
2002;50:2200‑6.
24. Iino T, Tashima K, Umeda M, Ogawa Y, Tekeeda M, Takata K, et al.
Effect of ellagic acid on gastric damage induced in ischemic rat
stomachs following ammonia or reperfusion. Life Sci 2002;70:1139‑50.
25. Thresiamma KC, Kuttan R. Inhibition of liver fibrosis by ellagic acid.
Indian J Physiol Pharmacol 1996;40:363‑6.
26. Narayanan BA, Geoffroy O, Willingham MC, Re GG, Nixon DW.
P53/p21 (WAF1/CIP1) expression and its possible role in G1 arrest
and apoptosis in ellagic acid treated cancer cells. Cancer Lett
1999;136:215‑21.
27. Skupien K, Oszmianski J, Kostrzewa‑Nowak D, Tarasiuk J. In vitro
antileukaemic activity of extracts from berry plants leaves against sensitive

216

and multidrug resistant HL60 cells. Cancer Lett 2006;236:282‑91.
28. Bagchi D, Bagdhi M, Hassoun SJ, Stochs SJ. In vitro and
in vivo generation of reactive oxygen species, DNA damage and
lactate dehydrogenase leakage by selected pesticides. Toxicology
1995;104:129‑40.
29. Halliwell G. Lipid peroxidation, oxygen radicals, cell damage and
antioxidant therapy. Lancet 1984;1:1396‑7.
30. Wallace DC. Mitochondrial disease in man and mouse. Science
1999;283:1482‑8.
31. Ko SH, Choi SW, Ye SK, Yoo S, Kim HS, Chung MH. Comparison of
antioxidant activities of seventy herbes that have been used in Korean
traditional medicine. Nutr Res Practice 2008;2:143‑51.
32. Ju HK, Cho EJ, Jang MH, Lee YY, Hong SS, Park JH, et al.
Characterization of increased phenolic compounds from fermented
bokbunja (Rubus coreanus Miq.) and related antioxidant activity.
J Pharm Biomed Anal 2009;49:820‑7.
33. Ku CS, Mun SP. Antioxidant activities of ethanol extracts from seeds
in fresh Bokbunja (Rubus coreanus Miq.) and wine processing waste.
Bioresour Technol 2007;99:4503‑9.
34. Sathishsekar D, Subramanian S. Beneficial effects of Momordica
charantia seeds in the treatment of STZ‑induced diabetes in
experimental rats. Biol Pharm Bull 2005;28:978‑83.
Accepted May 20, 2012
Revised May 16, 2012
Received December 12, 2011
Indian J. Pharm. Sci., 2012, 74 (3): 211-216

Indian Journal of Pharmaceutical Sciences

May - June 2012

