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ABSTRACT
Context: Sanguisorba officinalis Linne (Rosaceae) is a medicinal plant used traditionally for the treatment
of inflammatory and metabolic diseases in Korea, China, and Japan. In our previous study, a 50% ethanol
extract inhibited fat accumulation in 3T3-L1 adipocytes.
Objective: This study investigates bioassay-guided fractionation, isolation, and identification of anti-adipo-
genic bioactive compounds in S. officinalis.
Materials and methods: The bioassay-guided fractionation was conducted using effective differentiation
of 3T3-L1 cells into adipocytes (with 50lg/mL test material for 8 days) to isolate the inhibitory com-
pounds from ethyl acetate fraction of S. officinalis 50% ethanol extract. The cytotoxicity of each fraction
and isolated compound was tested using MTT assay (with 25–300lg/mL test material). Structures of the
isolated active compounds were elucidated using 1H NMR, 13C NMR, HSQC, HMBC, FT-IR, and MS.
Results: An active ethyl acetate fraction obtained with solvent partition of the extract inhibited lipid accu-
mulation (44.84%) on 3T3-L1 cells without cytotoxicity (102.3%) at the concentration of 50lg/mL. The
ethyl acetate fraction was determined to be mainly composed by isorhamnetin-3-O-D-glucuronide (1) and
ellagic acid (2). Pure isorhamnetin-3-O-D-glucuronide (IC30 is 18.43lM) and ellagic acid (IC30 is 19.32lM)
showed lipid accumulation inhibition on 3T3-L1 cells without cytotoxicity (117.5% and 104.3%) at the con-
centration of 20lM, respectively.
Discussion and conclusions: These results suggested that S. officinalis is a potential natural ingredient for
the prevention of obesity, which may due to bioactive compounds such as isorhamnetin-3-O-D-glucuro-
nide and ellagic acid.
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Introduction

Obesity, as a multifactorial and chronic disease, is a serious pub-
lic health problem worldwide that increases the risk of type 2
diabetes, hypertension, cardiovascular diseases, cancers, and non-
alcoholic fatty liver disease (Visscher and Seidell 2001). The
World Health Organization (WHO) indicated that 600 million
adults are obese, and 41 million children are overweight or obese,
as of 2014 (WHO 2017). Obesity is defined as a medical condi-
tion with an abnormal accumulation of body fat, and it is associ-
ated with excessive growth and an expansion of adipose tissue.
The cause of obesity is very complex, affected by genetics, as well
as some environmental factors such as lifestyle, the cost of
energy-dense foods, and levels of physical activity, but it can sim-
ply be based on an imbalance between energy intake and energy
expenditure (Williamson et al. 1993; Kopelman and Grace 2004).
It may be characterized by increased adipose tissue mass that
results from the differentiation of preadipocytes into an excess
number and size of adipocytes via the process of adipogenesis
(Spiegelman and Flier 2001). Recent reports have recognized the
mechanisms of proposed anti-obesity, including inhibited adipo-
genesis, decreased lipogenesis, and increased lipolysis (Hsu
and Yen 2006; Rayalam et al. 2008). Regulating adipogenesis,

therefore, provides a promising therapeutic approach for prevent-
ing obesity.

Natural plants and foods have been used globally as a comple-
mentary and alternative medicine (Recio et al. 2012). Several
plants have been reported to help prevent obesity through regu-
lating adipogenesis, indicating that dietary bioresources, such as
medicinal foods and functional ingredients, may potentially have
protective roles against adipocyte differentiation and fat accumu-
lation in adipose tissue (Hsu and Yen 2006). Our research group
recently reported the anti-obesity effect of Solidago virgaurea
through regulating adipogenesis and have identified protocate-
chuic acid, chlorogenic acid, and kaempferol-3-O-rutinoside as
the major active components from S. virgaurea using bioactivity-
guided isolation approaches (Jang et al. 2016; Wang et al. 2017).
These results encouraged us to seek additional functional ingre-
dients from natural origins.

Sanguisorba officinalis Linne (Rosaceae) (SOL) is a perennial
plant that grows wild on hills and in fields (Lee et al. 2004). The
height of the plant ranges from 0.3 to 0.15m, the rhizome grows
lengthwise and sideward, the stem grows straight, the leaves are a
serrate oval shape, and it has the scent of cucumber (Lee, Oh,
et al. 2010). The flowers are dark red, they bloom from July to
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September, and the quadrangle fruits ripen in October (Kim
et al. 2000). Its young leaves are edible and the roots are used as
a haemostatic agent (Park et al. 2004). SOL has various anti-
inflammatory, anti-allergic, and anticancer effects as shown in
previous studies (Shin et al. 2002, 2012; Lee, Lee, et al. 2010). We
previously reported (Jung et al. 2016) that a 50% ethanol (EtOH)
extract from SOL considerably inhibited the triacylglycerol accu-
mulation through the down-regulation of peroxisome prolifer-
ator-activated receptor-c (PPAR-c), CCAAT/enhancer binding
protein-a (C/EBPa), and sterol regulatory element-binding pro-
tein (SREBP-1c) in 3T3-L1 cells. Additionally, the 50% EtOH
extract reduced body weight and adipose tissue weight, and
improved serum lipid profiles through the down-regulation of
PPAR-c, C/EBPa, fatty acid binding protein-4 (FABP4), and ace-
tyl-CoA carboxylase (ACC), and up-regulation of adiponectin
and carnitine palmitoyltransferase 1 (CPT-1) in high-fat diet
obese C57BL/6 J mice. However, the related chemical constituents
of the SOL 50% EtOH extract responsible for the anti-obesity
activity remain unclear. Therefore, in the present study, we
attempted to isolate and identify the major anti-adipogenic con-
stituents from SOL by bioassay-guided fractionation. Two com-
pounds were thus obtained, and their anti-adipogenic effect was
evaluated in 3T3-L1 cells.

Materials and methods

Materials

The SOL, harvested in July 2015, was supplied by Gidam Ltd.
(Inje, Korea). 3T3-L1 preadipocytes were obtained from the
American Type Culture Collection (ATCC, CL-173, Manassas,
VA). Dulbecco’s modified Eagle’s medium (DMEM), bovine calf
serum (BCS), foetal bovine serum (FBS), penicillin–streptomycin
(P/S), phosphate-buffered saline (PBS), and trypsin–EDTA were
purchased from Gibco (Gaithersburg, MD). Dexamethasone
(DEX), dimethyl sulphoxide (DMSO), 3-isobutyl-1-methylxan-
thine (IBMX), insulin, and Oil Red O were purchased from
Sigma (St. Louis, MO). Unless otherwise specified, all other
chemicals were purchased from Sigma.

Extraction, fractionation, and isolation of bioactive
compounds from SOL

Fresh cleaned SOL was dried at 40 �C for 6 h and then ground to
a powder. SOL powder (1 kg) was mixed with 50% EtOH (10 L)
and refluxed three times (2 h each time) at 80 �C. The extracts
were then filtered using Whatman filter paper (No. 2). The fil-
trate was concentrated in vacuo and completely dried with a
freeze drier (ilShin Lab. Co., Ltd., Seoul, Korea). The freeze-dried
EtOH extract (279 g) was dissolved in water (900mL) and frac-
tionated with 300mL of n-hexane (n-Hex), methylene chloride
(MC), ethyl acetate (EA), n-butanol (n-BuOH), and water,
respectively, to yield n-Hex (4.74 g), MC (5.85 g), EA (18.14 g),
n-BuOH (42.96 g), and water (167.45 g) fractions. Afterwards, the
solvents were evaporated by a vacuum evaporator and freeze
drier.

Medium pressure liquid chromatography (MPLC, Grace,
Columbia, MD) was employed to fractionate the potential active
EA fraction of the SOL extract (1 g). The Grace C18 column
(Grace) was used for preparative separation. Methanol and dis-
tilled water were used as mobile phase solvents A and B, respect-
ively. Gradient systems were used as follows: 0–15min, 20% A;
15–100min, 15–100% A. Flow rate was set at 15mL/min and the

eluent was monitored at 254 and 360 nm. The effluents were col-
lected into test tubes (size is 15mL) using a fraction collector,
and the fractions were manually combined according to the UV
detection. Finally, eight fractions were obtained. Compound 2
(81.9mg) was directly obtained from fraction 5. Fraction 3 was
subsequently separated by a Sephadex LH-20 (GE Healthcare
Bio-Sciences AB, SE-751 84, Uppsala, Sweden) column eluted
with 70% methanol to obtain five subfractions. Subfraction 4 was
further purified by high-performance liquid chromatography
(HPLC, Gilson, Middleton, WI) coupled with a YMC-Actus
Triart C18 column (20� 250mm, 5 lm, YMC, Kyoto, Japan)
eluted with a solvent mixture of methanol and distilled water
(1:1, v/v) to obtain compound 1 (19.91mg).

HPLC analysis

HPLC analysis was performed using the Gilson series instrument
(Gilson) consisting of a vacuum degasser (BG14), a quaternary
pump (321PUMP), an auto-sampler (GX-271), and a variable
wavelength detector (UV/VIS-155) system. Separation was carried
out on an Eclipse Plus C18 (4.6� 100mm, 3.5 lm, Agilent, Santa
Clara, CA). The mobile phase consisted of A (0.1% aqueous tri-
fluoroacetic acid) and B (methanol), which was programed as fol-
lows: 0–35min, 20–100% B; 35–45min, 100% B; 45–50min,
100–20% B; 50–60min, 20% B at flow rate of 0.5mL/min. The
UV was set at 254 and 360 nm. The sample injection volume was
20 lL at a column temperature of 30 �C.

NMR, MS, and FT-IR analysis

The structures of isolated compounds were identified by 1H,
13C nuclear magnetic resonance (NMR), and FT-IR. 1H- and
13C-NMR spectra were recorded at 600MHz in DMSO-d6, using
a Bruker Avance 600 spectrometer (Bruker Bio, Rheinstetten,
Germany), with tetramethylsilane as the internal standard. Signal
processing and interpretation were performed using the Bruker
DPX 600MHz package. Moreover, the isolated compounds were
analyzed by electron ionization mass spectrometry (EI-MS) per-
formed in a LR-mass equipped with JEOL JMS-700. The mass
spectrometer was operated in the negative-ion mode with an
electron impact of 70 eV with a direct insertion probe. The ion
source was set at 250 �C and the mass range was 50–600m/z.
FT-IR spectra were obtained on a Perkin-Elmer 1600 apparatus
(Seoul, Korea). Attenuated total reflectance was used for the
FT-IR measurements in the frequency range of 4000–400 cm�1.

3T3-L1 cell culture and adipocyte differentiation

3T3-L1 preadipocytes were cultured, maintained, and differenti-
ated as described by Lee et al. (2011). Briefly, 3T3-L1 cells were
grown to confluency at 37 �C under a humidified 5% CO2 atmos-
phere in DMEM, containing 3.7 g/L sodium bicarbonate, 1% P/S,
and 10% BCS. Adipocyte differentiation was induced by treating
post-confluent cells (2 days after becoming confluent; ‘day 0’)
with 10% FBS and a hormonal mixture (MDI), consisting of
0.5mM IBMX, 1.0 lM DEX, and 1.67lM insulin. At 2 days after
the initiation of differentiation (day 2), the culture medium was
replaced with DMEM supplemented with only 1.67lM insulin
and 10% FBS. The cells were cultured medium was replenished
every 2 days. Full differentiation was achieved by 8 days. The
samples were added to the 3T3-L1 cultures at different concen-
trations on day 4 after the induction of differentiation.
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Oil Red O staining

The extent of differentiation, as reflected by the amount of lipid
accumulation, was determined by Oil Red O staining. Briefly,
cells were fixed in 10% formaldehyde in PBS for 1 h, washed
with distilled water, and completely dried. Cells were stained
with 0.5% Oil Red O solution in 60:40 (v/v) isopropanol:water
for 30min at room temperature and washed four times with
water and dried. Differentiation was also monitored under a
microscope and quantified by elution with isopropanol and an
optical density (OD) measurement at 490 nm.

MTT assay

The cell viability was investigated using a 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay kit (Sigma)
according to the manufacturer’s instructions. 3T3-L1 cells
(5� 103/well) were cultured in 96-well plates and treated with
samples. The optical density at 490 nm was measured three times
using the Multiskan FC Microplate Photometer (Thermo Fisher
Scientific, Waltham, MA).

Statistical analysis

Data from individual experiments are expressed as means ± stan-
dard deviation (SD). The results were statistically analyzed by
one-way ANOVA and Duncan’s multiple range tests. Statistical
significance was accepted at a level of p< 0.05.

Results and discussion

Anti-adipogenic activity of SOL fractions

In modern society, obesity seriously threatens public health. To
develop anti-adipogenesis agents for preventing obesity, 3T3-L1
cells serve as a well-documented model system. As shown in
Figure 1, five fractions, namely n-Hex, MC, EA, n-BuOH, and
water fractions, were prepared and their anti-adipogenic effects

were evaluated by Oil Red O staining during the differentiation
of 3T3-L1 preadipocytes. The cell viability of 3T3-L1 cells was
first investigated using the MTT assay. As shown in Figure 2, the
cytotoxic effects of n-Hex, EA, MC, and water fractions on 3T3-
L1 cells were observed at the concentrations of 300, 200, 100,
and 25 lg/mL, respectively, whereas the n-BuOH fraction does
not show any cytotoxic effects on 3T3-L1 cells. Therefore, a con-
centration of 50 lg/mL was used for subsequent experiments.
When the preadipocytes were differentiated into adipocytes, mor-
phological alterations were observed due to the accumulation of
lipid droplets in the cytoplasm. Figure 3 shows the effects of SOL
fractions on the adipogenesis of 3T3-L1 cells. The MC and EA
fractions significantly suppressed the lipid accumulation in differ-
entiated 3T3-L1 cells compared to the MDI control. Considering
that the anti-adipogenic effect of the EA fraction showed no sig-
nificant differences compared with the MC fraction, and the
cytotoxic effect of the EA fraction was lower than that of the MC
fraction, the EA fraction was selected for further bioassay-guided
isolation.

Isolation and identification of isorhamnetin-3-O-D-
glucuronide (1) and ellagic acid (2)

The anti-adipogenic activity of the EA fraction may be due to
bioactive compounds present within it. This result exhibited con-
sistency with a previous report (Jung et al. 2016), as it suggested
that a 50% EtOH extract of SOL inhibited the adipogenesis asso-
ciated with reduced expression of adipogenic transcription factors
such as PPAR-c and C/EBPa proteins in 3T3-L1 cells. Rayalam
et al. (2008) showed that natural compounds inhibited adipogen-
esis due to their bioactive compounds, including phenolic com-
pounds and flavonoids. The anti-adipogenic activity of SOL
fractions may be influenced by major phenolic compounds
within these fractions.

As shown in Figure 4(A), the HPLC pattern of EA fraction of
SOL is very simple, in which only two major peaks are present,
indicating that these two compounds might be responsible for
its anti-adipogenic effect. Thus, as shown in Figure 4(B,C),

Figure 1. Extraction and fractionation procedures of Sanguisorba officinalis.
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these two compounds were isolated and purified using chroma-
tography as described in section: Extraction, fractionation, and
isolation of bioactive compounds from SOL. The two isolated
compounds were identified to be as isorhamnetin-3-O-D-glucuro-
nide (1) and ellagic acid (2) using multiple spectral techniques.

Compound 1 was established to possess a molecular weight of
492.39 and a chemical formula of C22H20O13 on the basis of its
IR spectrum, 1H-NMR, 13C-NMR, and MS. The IR spectrum dis-
played absorption bands for 3406 (–OH), 2924 (C–H), 1652
(C¼O) 1604 (aromatic C¼C), 1499 (aromatic C¼C), 1443
(aromatic C¼C), 1358 (–C–OH), 1301 (–C–OH), 1272
(–C–OH), 1202 (–C–OH), 1171 (–C–OH), 1114 (–C–OH), 1086
(–C–OH). 1H-NMR (600MHz, DMSO-d6) was 8.23 (dd, 1H,
J¼ 8.47, 2.10Hz, H-60), 7.36 (d, 1H, J¼ 7.26Hz, H-20), 6.83
(d, 1H, J¼ 8.47Hz, H-50), 6.38 (d, 1H, J¼ 1.26Hz, H-8), 6.19 (d,
1H, J¼ 1.27Hz, H-6), 5.25 (d, 1H, J¼ 7.51Hz, H-100), 3.23–3.41
(m, 6H), 3.17 (s, 3H, –OCH3), respectively.

13C-NMR (150MHz,
DMSO-d6) was d 177.90 (C-4), 173.17 (C-600), 166.00 (C-7),
161.44 (C-5), 157.88 (C-2), 157.04 (C-9), 149.00 (C-30), 145.34
(C-40), 134.47 (C-3), 121.20 (C-20), 120.96 (C-10), 118.29 (C-60),
115.87 (C-50), 104.04 (C-10), 103.35 (C-100), 99.58 (C-6), 94.30
(C-8), 77.08 (C-300), 74.81 (C-500), 74.57 (C-200), 72.27 (C-400),
49.07 (–OCH3), respectively. Compound 1 can be identified by
heteronuclear single-quantum correlation (HSQC) and heteronu-
clear multiple-bond correlation (HMBC) spectra. The HMBC
spectrum was (1) H-6 proton correlated with C-5, C-7, C-8, and
C-10 (2) H-8 proton correlated with C-6, C-7, C-9, and C-10 (3)
H-20 proton correlated with C-2, C-30, and C-60 (4) H-50 proton

correlated with C-10, C-30, and C-40. Consequently, compound 1
was confirmed as isorhamnetin-3-O-D-glucuronide [6-((5,7-dihy-
droxy-2-(4-hydroxy-3-methoxyphenyl)-4-oxo-4H-chromen-3-
yl)oxy)-3,4,5-trihydroxytetrahydro-2H-pyran-2-carboxylic acid]
(Figure 5(A)).

Compound 2 was established as possessing a molecular weight
of 302.12 and a chemical formula of C14H6O8. Its IR spectrum
displayed absorption bands for 3300–2700 (–OH), 3021 (C–H),
2926 (C–H), 1713 (C¼O), 1616 (aromatic C¼C), 1580 (aro-
matic C¼C), 1506 (aromatic C¼C), 1440 (aromatic C¼C),
1409 (aromatic C¼C), 1391 (aromatic C¼C), 1310 (–C–OH),
1290 (–C–OH), 1185 (–C–OH), 1092 (–C–OH). 1H-NMR
(600MHz, DMSO-d6) was d 7.46 (s, 2H, ArH, H-5, 50), 10.68 (s,
4H, –OH), respectively. 13C-NMR (150MHz, DMSO-d6) was d
159.60 (C-7, 70), 148.60 (C-4, 40), 140.11 (C-3, 30), 136.85 (C-2,
20), 112.80 (C-1, 10), 110.68 (C-5, 50), 108.06 (C-6, 60).
Consequently, compound 2 was confirmed as ellagic acid
[2,3,7,8-tetrahydroxychromeno(5,4,3-cde)chromene-5,10-dione]
(Figure 5(B)).

Anti-adipogenic activity of isorhamnetin-3-O-D-glucuronide
(1) and ellagic acid (2)

We further examined the effect of isorhamnetin-3-O-D-glucuro-
nide and ellagic acid on adipogenesis. Preadipocytes were differ-
entiated with MDI in the presence of various concentrations
(5, 10, 20 lM) of isorhamnetin-3-O-D-glucuronide and ellagic

Figure 2. Effect of solvent fractions of Sanguisorba officinalis extracts on cell viability of 3T3-L1 preadipocytes. The 3T3-L1 preadipocytes were treated with Sanguisorba
officinalis 50% ethanol extract (A) n-hexane fraction, (B) methylene chloride fraction, (C) ethyl acetate fraction, (D) n-butyl alcohol fraction, and (E) water fraction at
various concentrations (0, 25, 50, 100, 200, and 300lg/mL) for 24 h, and the cell viability was determined by MTT assay. Each value is expressed as the mean± S.D.
Values with different superscripts are significantly different at p< 0.05.
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Figure 3. Effect of solvent fractions of Sanguisorba officinalis extracts on lipid accumulation in 3T3-L1 adipocytes. (A) The morphological changes associated with cell
differentiation were photographed after Oil Red O staining. (B) Stained lipids were extracted and quantified by measuring absorbance at 570 nm. Each value is
expressed as the mean± S.D. Values with different superscripts are significantly different at p< 0.05. Control: undifferentiated preadipocyte; MDI: differentiated adipo-
cyte; Hex: adipocyte was treated with n-hexane fraction; MC: adipocyte was treated with methylene chloride fraction; EtOAc: adipocyte was treated with ethyl acetate
fraction, BuOH: adipocyte was treated with n-butyl alcohol fraction; and Water: adipocyte was treated with water fraction. The red star indicates the target fraction.

Figure 4. HPLC chromatograms of compounds 1 and 2 of ethyl acetate fraction. (A) Ethyl acetate fraction of Sanguisorba officinalis 50% ethanol extract,
(B) Compound 1, and (C) Compound 2.
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acid, and cellular lipids were stained using the Oil Red O staining
method on day 8. The isorhamnetin-3-O-D-glucuronide and
ellagic acid were not toxic to the 3T3-L1 cells within the experi-
mental range of concentrations (Figure 6). No change in cell
morphology was observed in the microscopic analysis (data not
shown). Concentrations of 5, 10, and 20 lM were chosen for sub-
sequent experiments. Our results showed that both isorhamnetin-
3-O-D-glucuronide and ellagic acid at a concentration of 20 lM
significantly inhibited lipid accumulation compared to the MDI
control (Figures 7 and 8). These results are in good agreement
with a previous study by Woo et al. (2015), in which ellagic acid

inhibits adipocyte differentiation by suppressing early adipogenic
events and cell cycle arrest. Furthermore, Lee et al. (2009)
reported that isorhamnetin inhibits adipogenesis through the
down-regulation of PPAR-c and C/EBPa. The anti-adipogenic
activity of ellagic acid was higher than that of isorhamnetin-3-O-
D-glucuronide. Our observations suggest that the anti-adipogenic
activity of SOL extract and fractions may due to their bioactive
compounds, including isorhamnetin-3-O-D-glucuronide and
ellagic acid. Therefore, SOL could be an excellent natural anti-
adipogenic ingredient. Our results provide useful data in the
development of a potent anti-obesity agent.

Figure 5. Structures of compound 1 (isorhamnetin-3-O-D-glucuronide) and compound 2 (ellagic acid).

Figure 6. Effect of compounds on cell viability of 3T3-L1 preadipocytes. The 3T3-L1 preadipocytes were treated with ethyl acetate fraction (A) isorhamnetin-3-O-D-glu-
curonide and (B) ellagic acid at various concentrations (0, 5, 10, 20, 50, and 100lM) for 24 h, and the cell viability was determined by MTT assay. Each value is
expressed as the mean± S.D. Values with different superscripts are significantly different at p< 0.05.
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Figure 7. Effect of compound 1 on lipid accumulation in 3T3-L1 adipocytes. (A) The morphological changes associated with cell differentiation were photographed
after Oil Red O staining. (B) Stained lipids were extracted and quantified by measuring absorbance at 570 nm. Each value is expressed as the mean± S.D. Values with
different superscripts are significantly different at p< 0.05. Control: undifferentiated preadipocyte; MDI: differentiated adipocyte.

Figure 8. Effect of compound 2 on lipid accumulation in 3T3-L1 adipocytes. (A) The morphological changes associated with cell differentiation were photographed
after Oil Red O staining. (B) Stained lipids were extracted and quantified by measuring absorbance at 570 nm. Each value is expressed as the mean± S.D. Values with
different superscripts are significantly different at p< 0.05. Control: undifferentiated preadipocyte; MDI: differentiated adipocyte.
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Conclusions

The bioassay-guided fractionation, isolation, and identification of
anti-adipogenic bioactive compounds in Sanguisorba officinalis
were investigated by using effective differentiation of 3T3-L1 cells
to adipocytes. Isorhamnetin-3-O-D-glucuronide (1) and ellagic
acid (2) were isolated and identified as major anti-adipogenic
compounds.

Disclosure statement

The authors report no conflicts of interest.

Funding

This research was financially supported by the Bio-Synergy Research
Project [NRF-2015M3A9C4076322] of the Ministry of Science, ICT
and Future Planning through the National Research Foundation of
Korea and by the Hallym University Research Fund [HRF-201611-
005].

References

Hsu CL, Yen GC. 2006. Induction of cell apoptosis in 3T3-L1 pre-adipocytes
by flavonoids is associated with their antioxidant activity. Mol Nutr Food
Res. 50:1072–1079.

Jang YS, Wang Z, Lee JM, Lee JY, Lim SS. 2016. Screening of Korean natural
products for anti-adipogenesis properties and isolation of kaempferol-3-O-
rutinoside as a potent anti-adipogenetic compound from Solidago vir-
gaurea. Molecules. 21:226.

Jung DW, Lee OH, Kang IJ. 2016. Sanguisorba officinalis L. extracts exert
antiobesity effects in 3T3-L1 adipocytes and C57BL/6J mice fed high-fat
diets. J Med Food. 19:768–779.

Kim YS, Lee JR, Lee BY. 2000. A taxonomic study of Korean taxa of the
Rosaceae genus Sanguisorba. Korean J Plant Taxon. 30:269–285.

Kopelman PG, Grace C. 2004. New thoughts on managing obesity. Gut.
53:1044–1053.

Lee J, Jung E, Lee J, Kim S, Huh S, Kim Y, Kim Y, Byun SY, Kim YS, Park D.
2009. Isorhamnetin represses adipogenesis in 3T3-L1 cells. Obesity (Silver
Spring). 17:226–232.

Lee JT, Lee SA, Kwak JH, Park JM, Lee JY, Son JH, An BJ. 2004. Antioxidant
effects and application as natural ingredients of Korean Sanguisorba offici-
nalis L. J Korean Soc Appl Biol Chem. 47:244–250.

Lee MO, Oh HG, Park SH, Lee HA, Song J, Kim O. 2010. Antioxidant activ-
ities of Sanguisorba officinalis and Stichopus japonicus. Lab Anim Res
26:31–36.

Lee NH, Lee MY, Lee JA, Jung DY, Seo CS, Kim JH, Shin HK. 2010. Anti-
asthmatic effect of Sanguisorba officinalis L. and potential role of heme
oxygenase-1 in an ovalbumin-induced murine asthma model. Int J Mol
Med 26:201–208.

Lee OH, Kwon YI, Apostolidis E, Shetty K, Kim YC. 2011. Rhodiola-induced
inhibition of adipogenesis involves antioxidant enzyme response associated
with pentose phosphate pathway. Phytother Res. 25:106–115.

Park KH, Koh D, Kim K, Park J, Lim Y. 2004. Antiallergic activity of a disac-
charide isolated from Sanguisorba officinalis. Phytother Res. 18:658–662.

Rayalam S, Della-Fera MA, Baile CA. 2008. Phytochemicals and regulation of
the adipocyte life cycle. J Nutr Biochem. 19:717–726.

Recio MC, Andujar I, Rios JL. 2012. Anti-inflammatory agents from plants:
progress and potential. Curr Med Chem. 19:2088–2103.

Shin JA, Kim JS, Kwon KH, Nam JS, Jung JY, Cho NP, Cho SD. 2012.
Apoptotic effect of hot water extract of Sanguisorba officinalis L. in human
oral cancer cells. Oncol Lett. 4:489–494.

Shin TY, Lee KB, Kim SH. 2002. Anti-allergic effects of Sanguisorba officinalis
on animal models of allergic reactions. Immunopharmacol
Immunotoxicol. 24:455–468.

Spiegelman BM, Flier JS. 2001. Obesity and the regulation of energy balance.
Cell. 104:531–543.

Visscher TL, Seidell JC. 2001. The public health impact of obesity. Annu Rev
Public Health. 22:355–375.

Wang Z, Kim JH, Jang YS, Kim CH, Lee JY, Lim SS. 2017. Anti-obesity effect
of Solidago virgaurea var. gigantea extract through regulation of adipogen-
esis and lipogenesis pathways in high-fat diet-induced obese mice (C57BL/
6N). Food Nutr Res. 61:1273479.

WHO. Obesity and overweight. 2017. Geneva: World Health Organization.
[updated 2016 Jun; accessed 2017 Mar 29]. http://www.who.int/media-
centre/factsheets/fs311//en/#

Williamson D, Madans J, Anda RF, Kleinman JC, Kahn HS, Byers T. 1993.
Recreational physical activity and ten-year weight change in a US national
cohort. Int J Obes Relat Metab Disord. 17:279–286.

Woo MS, Choi HS, Seo MJ, Jeon HJ, Lee BY. 2015. Ellagic acid suppresses
lipid accumulation by suppressing early adipogenic events and cell cycle
arrest. Phytother Res. 29:398–406.

2064 S. H. IM ET AL.

http://www.who.int/mediacentre/factsheets/fs311//en/#
http://www.who.int/mediacentre/factsheets/fs311//en/#

	Bioactivity-guided isolation and identification of anti-adipogenic compounds from Sanguisorba officinalis
	Introduction
	Materials and methods
	Materials
	Extraction, fractionation, and isolation of bioactive compounds from SOL
	HPLC analysis
	NMR, MS, and FT-IR analysis
	3T3-L1 cell culture and adipocyte differentiation
	Oil Red O staining
	MTT assay
	Statistical analysis

	Results and discussion
	Anti-adipogenic activity of SOL fractions
	Isolation and identification of isorhamnetin-3-O-d-glucuronide (1) and ellagic acid (2)
	Anti-adipogenic activity of isorhamnetin-3-O-d-glucuronide (1) and ellagic acid (2)

	Conclusions
	Disclosure statement
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/GrayImageFilter /DCTEncode
	/ColorImageResolution 150
	/DownsampleMonoImages true
	/EncodeGrayImages true
	/ColorImageFilter /DCTEncode
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/NOR <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/AntiAliasGrayImages false
	/ColorImageDownsampleThreshold 1.5
	/CompressObjects /Tags
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/MonoImageMinResolution 600
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/GrayImageDownsampleType /Bicubic
	/CompatibilityLevel 1.6
	/PassThroughJPEGImages false
	/PDFXOutputCondition ()
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


