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Abstract
A new triterpene diglycoside, tibesaikosaponin V (TKV), was isolated from the methanol extract of the roots of Bupleurum
chinense DC. by normal and reversed phase column chromatography. The chemical structure of this new compound was
elucidated based on extensive spectroscopic analysis, including 1D and 2D NMR, HR-ESI-MS, and chemical degradation
method. Our results indicated that TKV inhibited lipid accumulation and triacylglycerol content occurred without
cytotoxicity to 3T3-L1 adipocytes. Furthermore, TKV significantly suppressed the mRNA expression of nuclear
transcription factors such as, peroxisome proliferator-activated receptor γ (PPARγ) and CCAAT/enhancer binding protein α
(C/EBPα). These results suggest that TKV shows the ability to inhibit 3T3-L1 preadipocyte differentiation of and may have
therapeutic potential for obesity and its associated metabolic disorders.
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Introduction

Obesity, which is rapidly increasing due to high calorie
intake and insufficient exercise, increases the risk of type 2
diabetes, hypertension, cerebrovascular diseases, and var-
ious cardiovascular diseases (Lee et al. 2017). Previous
investigations have characterized obesity by an increase in
the number of fat cells and the size of adipocytes differ-
entiated from preadipocytes (Patel et al. 2016; Ohashi et al.
2014). A critical avenue for obesity treatment may be
control of excessive proliferation and differentiation of
preadipocytes (Fasshauer and Blüher 2015; Collins et al.
2018). Additionally, more and more attentions have been
paid to phytochemicals for the development of anti-obesity
agents with low side-effects (Choi et al. 2017; Chyau et al.
2018; Nishina et al. 2017).

About 120 species of Bupleurum (Umbelliferae) exist
throughout the world, primarily in subtropical regions of the
Northern Hemisphere. Of these, 37 species and seven
varieties are distributed in China, mainly in the western
plateau region (Liang et al. 1998). Bupleurum chinense
DC., a perennial herb native to China, has been used to treat
various diseases for thousands of years (Li et al. 2015).
Previous phytochemical and pharmacological investigations
of this genus revealed the presence of large amounts of
bioactive triterpene glycosides called saikosaponins (Liang
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et al. 2001a, 2001b, 2001c). The roots of B. chinense are
rich in saikosaponin A and D, which were used for quality
control of the plant materials in the 2015 edition of Chinese
Pharmacopoeia (Committee of National Pharmacopoeia
2015). B. chinense also contains lots of other saikosaponins,
such as saikosaponin B, C, F, B1, and B2, as well as
acetylated saikosaponins (Liang et al. 1998; Liang et al.
2001a, 2001b, 2001c; Liu et al. 2001). In the past 5 years,
phytochemical investigations of this medicinal plant further
revealed the presence of lots of active minor saikosaponins
(Li et al. 2015; Wang et al. 2017; Yu et al. 2013). Different
from the roots, the aerial part of B. chinense was reported to
secrete flavonoids, sesquiterpenes and alkaloid glycosides
(Zhang et al. 2007; Kuang et al. 2009). Recently, pharma-
cologists paid more and more attention to the major sai-
kosaponins in B. chinense and found saikosaponins A and
D possessed extensive biological activities, which include
anti-inflammatory, anti-depressant, anti-apoptosis, anti-
oxidant, and anti-addictive properties (Li et al. 2017b;
Wang et al. 2015; Chen et al. 2018a, 2018b; Li et al. 2017c;
Tsuyoshi et al. 2017; Lorrai et al. 2017). To better under-
stand the chemical composition and biological properties of
this medicinal resource, our research focuses on the
searching of novel saikosaponins and evaluating their
medicinal use. As a result, one new minor saikosaponin (see
Fig. 1) was isolated and its inhibitory effect on adipogensis
in 3T3-L1 cells was investigated.

Materials and methods

Materials and chemicals

The roots of B. chinense were purchased in February 2016
from Lotus Pond Chinese Herbal Medicine Market, Sichuan
province, People’s Republic of China. The plant material

was identified by Professor Weikai Bao, Chengdu Institute
of Biology, Chinese Academy of Sciences. A voucher
specimen (CH-2016-2) was deposited at the Laboratory of
Natural Product Research Center, Chengdu Institute of
Biology, Chinese Academy of Sciences. 1-(4,5-Dimethyl-
thiazol-2-yl)-3,5-diphenylformazan (MTT), oil red O,
insulin, 3-isobutyl- 1-methylxanthine (IBMX), and dex-
amethasone (DEX) were obtained from Sigma-Aldrich (St.
Louis, MO, USA). The Revert-Aid first-strand cDNA
synthesis kit and was purchased from Thermo Science
(Vilnius, Lithuania). Dulbecco’s modified Eagle’s medium
(DMEM) and antibiotics were obtained from Gibco BRL
(Life Technologies, Shanghai, China). Fetal bovine serum
(FBS) was obtained from Corning (Mediatech, Inc., Man-
assas, VA, USA).

General experimental procedures

Optical rotations were determined in methanol on a Perkin-
Elmer 341 polarimeter (Perkin-Elmer Corporation, Well-
esley, MA, USA). IR spectra were carried out on a Perkin-
Elmer 1725X-FT spectrometer with KBr disks. High reso-
lution electrospray ionization mass spectrometry (HRE-
SIMS) was measured on a Vion IMS QTof (Waters Corp.,
Milford, Massachusetts, USA) in negative ion mode. NMR
spectra, including 1H-NMR, 13C-NMR, H-H COSY,
HSQC, HMBC, and NOESY experiments, were recorded
with a Bruker Avance-600 spectrometer (Bruker Group,
Fallanden, Switzerland) operating at 600MHz for 1H-NMR
and 150MHz for 13C-NMR. HPLC analysis of the sugar
residues was performed on an Alltech series III apparatus
with an evaporative light-scattering detector, equipped with
a 250 × 4.6 mm i.d. COSMOSIL Sugar-D packed column
(Nacalai Tesque, Co., Ltd., Tokyo, Japan) using a mobile
phase of 80% CH3CN at a flow rate of 0.8 mL/min. HPLC
purifications were performed on a CXTH system, equipped

Fig. 1 The chemical structure of
TKV
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with a UV3000 detector at 203 nm (Beijing Chuangxin-
tongheng Instruments Co. Ltd., Beijing, People’s Republic
of China). The preparative HPLC column used was a 50 ×
250 mm i.d., 10 μm, YMC-pack ODS-AM (YMC Co. Ltd.,
Kyoto, Japan). The flow rate was 90 mL/min. Silica gel
(100–200 mesh) for column chromatography and silica gel
GF254 (10–40 μm) for TLC were purchased from Qingdao
Haiyang Chemical Group Co. Ltd. (Qingdao, People’s
Republic of China). Chemical reagents for isolation were of
analytical grade and purchased from Chengdu Kelong
Chemical Reagent Co. Ltd. (Chengdu, People’s Republic of
China).

Extraction and isolation

The roots of B. chinense (60.0 kg) were pulverized and
heated to 60 °C to extract with 600 L of industrial methanol
for three times. The extract (11.6 kg) was concentrated
under reduced pressure and the residue was then suspended
in H2O, and successively partitioned with dichloromethane
and n-butanol. The n-butanol soluble fraction (2.1 kg) was
subjected to silica-gel column chromatography (12.0 kg)
with a gradient solvent system of H2O saturated MeOH/
CH2Cl2 (12:1→ 1:1), affording nine fractions based on
TLC analyses, i.e., Fr.1 (114 g), Fr.2 (100 g), Fr.3 (460 g),
Fr.4 (170 g), Fr.5 (145 g), Fr.6 (110 g), Fr.7 (222 g), Fr.8
(50 g), and Fr.9 (60 g). Fr.7 was firstly separated by

preparative HPLC (solvent system: MeOH/H2O (75/25)) to
yield six subfractions: Fr.7-1→ Fr.7-6. Fr.7-1 was further
purified by preparative HPLC (solvent system: CH3CN/H2O
(38/62)) to give compound 1 (65.0 mg).

Tibesaikosaponin V (1)

White amorphous powder; α½ �20D −37.7 (c 0.16, MeOH); IR
(KBr) νmax: 3461, 2939, 1705, 1388, 1038 cm−1; 1H-NMR
(C5D5N, 600MHz) and 13C-NMR (C5D5N, 150MHz) data,
see Table 1; HR-ESI-MS (positive): m/z 835.4454 [M+Na]+

(calcd. for C42H68O15Na, 835.4450).

Acid hydrolysis of Compound 1 and determination
of absolute configuration of sugars

The absolute configurations of the sugar moieties were
determined by the method previously described (Li et al.
2017a). Compound 1 (10 mg) were heated with 5% H2SO4

(2 mL) under reflux for 8 h. Then, the reaction mixture was
exhaustedly extracted with EtOAc. The H2O layer was
neutralized with Ba(OH)2, filtered and subject to HPLC
analysis with authentic samples. The optical rotation of the
acid hydrolysis solution was measured as α½ �20D + 58.3° (c
0.064, H2O). Hence, the absolute configuration of the
fucose and glucose in the new compounds should be both in
D-form.

Table 1 1H and 13C NMR data
for compound 1 (C5D5N, δ in
ppm, J in Hz)

No. 1H-NMR (δHa) 13C-NMR
(δCb)

HMBC
(1H→13C)

No. 1H-NMR (δHa) 13C-NMR
(δCb)

HMBC
(1H→13C)

1 1.77 (m), 2.77 (m) 41.7 – 23 3.71 (m) 64.5 –

2 2.11 (m), 2.35 (m) 26.7 – 24 0.97 (s) 13.9 –

3 4.32 (m) 82.1 C-1′ 25 1.26 (s) 17.8 C-5

4 43.9 – 26 1.31 (s) 19.2 C-7

5 1.87 (m) 47.9 – 27 1.42 (s) 21.7 C-13

6 1.79 (m) 18.6 – 28 3.85 (m), 4.44 (m) 70.7 C-16,C-22

7 1.86 (m), 2.14 (m) 36.7 – 29 0.75 (s) 23.4 –

8 45.7 – 30 0.84 (s) 33.1 –

9 2.02 (1H, d, J= 8.7) 55.5 – Fuc- –

10 38.5 – 1′ 4.95 (1H, d, J= 7.7) 106.0 C-3

11 4.55 (m) 66.7 C-9,C-10,C-
12,C-13

2′ 4.50 (m) 72.2 –

12 5.81 (1H, d, J= 3.3) 131.0 – 3′ 4.04 (m) 85.3 –

13 143.0 – 4′ 4.14 (m) 73.7 –

14 54.5 – 5′ 3.67 (m), 3.85 (m) 71.0 –

15 5.05 (s) 73.7 C-8,C-16,C-
17,C-27

6′ 1.40 (3H, d, J= 6.4) 17.3 –

16 215.8 – Glc- –

17 53.3 – 1′′ 5.30 (1H, d, J= 7.8) 106.5 C-3′
18 2.77 (m) 47.5 C-12,C-16 2′′ 4.25 (m) 75.9 –

19 1.16 (m), 1.45 (m) 47.3 – 3′′ 4.24 (m) 78.4 –

20 30.9 – 4′′ 4.49 (m) 71.9 –

21 1.26 (m), 1.74 (m) 35.7 – 5′′ 3.99 (m) 78.8 –

22 1.51 (m), 2.87 (m) 27.3 C-16 6′′ 4.34 (m), 4.53 (m) 62.8 –

aMeasured at 600MHz
bMeasured at 150MHz
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Cell culture and adipocyte differentiation

3T3-L1 pre-adipocyte cells were obtained from China
Center for Type Culture Collection (Wuhan, China) and
cultured in DMEM, 10% inactivated FBS and 1% anti-
biotics (Biological Industries, Bet Haemek, Israel). After the
cultures reached confluence (day 0), 3T3-L1 cells were
cultured in a differentiation-inducing medium that con-
tained full DMEM medium with a cocktail (0.5 mM IBMX,
1 μM DEX, and 1 μg/mL insulin, MDI) for 2 days. Cells
were then cultured for an additional 4 days in DMEM
medium containing 5 μg/mL insulin.

Cell viability assay

3T3-L1 cells (4 × 104 cells/well) were seeded into 96-well
plates and cultured overnight. The culture medium was then
replaced with fresh medium along with TKV at various
concentrations for 48 h. Cytotoxicity was investigated by
MTT assay as previously described (Kim et al. 2018). Cell
viability was expressed as the percentage of control cells.

Oil red O staining

After treatment, cells were washed twice with PBS and
fixed in 5% formalin for 10 min at room temperature.
Adipocytes containing lipid droplets were incubated with
ORO dye (3 mg/ml in 60% isopropanol) for 15 min. After
20 min, cells were washed with deionized water three times,
after which stained lipid droplets were extracted using
100% isopropanol, and absorbance was measured at 500
nm.

Determination of triacylglycerol (TG) content

After treatment, cells were washed twice with PBS, sus-
pended in PBS and homogenized under a Fast Prep-24
homogenizer (MP, Solon, OH) with glass beads. The
homogenate was then centrifuged at 6000 × g for 10 min,
and the supernatant was collected for future experiments.
The TG content was determined following the manu-
facturer’s instructions (Biovison, Mountain View, CA,
USA).

RNA extraction and reverse transcription-
polymerase chain reaction

Total RNA was isolated using TRIZOL reagent (Ambion,
Life Technologies, CA, USA). RNA pellets were dissolved
in diethyl pyrocarbonate-treated water. For RT-PCR, 5 μg
of total RNA was incubated at 65 °C for 5 min with 1 μL of
oligo (dT) 18 primer (0.5 μg/μL) and deionized water (up to
12 μL). The reverse transcription reaction was performed

using 4 μL of reverse transcription 5 × reaction buffer, 1 μL
RiboLock RNase inhibitor, 1 μL of RevertAid reverse
transcriptase, and 2 μL of 10 mM dNTP mixture at 42 °C for
60 min. The reaction was terminated by heating to 70 °C for
5 min. Primers used in this experiment were as follows:
PPARγ, forward: 5′-GGAAGACCACTCGCATTCCTT-3′,
reverse: 5′-GTAATCAGCAACCATTGGGTCA-3′; C/
EBPα, forward: 5′-CAAGAACAGCAACGAGTACCG-3′,
reverse: 5′-GTCACTGGTCAACTCCAGCAC-3′; and
GAPDH, forward: 5′-CACTCACGGCAAATTCAACGG
CACA-3′, reverse: 5′-GACTCCACGACATACTCAGCA
C-3′. mRNA was quantified in real-time RT-PCR using a
SYBR Premix Ex Taq kit (TaKaRa, Dalian, China)
according to the manufacturer’s instructions.

Data analysis

The values are presented as the mean ± standard deviation
(SD). The experimental and control groups were compared
using one-way analysis of variance (ANOVA) followed by
a Student’s t-test. P-values <0.05 were considered
significant.

Results and discussion

Structural elucidation of Compound 1

Compound 1 was isolated as white amorphous powder. The
molecular formula of 1 was deduced as C42H68O15 based on
the quasi-molecular ion peak observed at m/z 835.4454 [M
+Na]+ (calcd. for C42H68O15Na

+ 835.4450) in positive HR-
ESI-MS spectrum. The 1H and 13C-NMR data of 1 (Table
1), together with DEPT and HSQC experiments, suggested
the presence of seven characteristic methyl groups at δH
0.75 (3H, s, H-29), 0.84 (3H, s, H-30), 0.97 (3H, s, H-24),
1.26 (3H, s, H-25), 1.31 (3H, s, H-25), 1.39 (3H, d, J= 6.3
Hz, Fuc-6), and 1.42 (3H, s, H-27), one olefenic proton at
δH 5.81 (1H, d, J= 3.3 Hz), two anomeric protons at δH
4.95 (1H, d, J= 7.7 Hz, H-1′) and 5.30 (1H, J= 7.8 Hz, H-
1′′), and one carbonyl group at δC 215.8. The NMR data of
1 were similar to those of tibesaikosaponin II except for
signals due to the double bonds (Fang et al. 2017). The
existence of a hydroxyl group at C-15 was confirmed by
HMBC correlations from δH 5.05 (H-15) to δC 45.7 (C-8),
53.3 (C-17), and 21.7 (C-27). The HMBC correlations
between δH 5.05 (H-15), 2.77 (H-18), 1.51 (H-22), 3.85 (H-
28), and δC 215.8 (C-16) indicated the carbonyl group was
at C-16. The presence of a hydroxyl group at C-11 was
confirmed by HMBC correlations between δH 4.55 (H-11)
and δC 38.5 (C-10), 55.5 (C-9). The double bond was
determined to be located between C-12 and C-13 due to
HMBC correlations from δH 2.77 (H-18) to δC 131.0 (C-12)
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and 143.0 (C-13), from δH 1.42 (H-27) to δC 143.0 (C-13),
and from δH 4.55 (H-11) to δC 131.0 (C-12) and 143.0 (C-
13) (Fig. 2). The hydroxyl groups at C-11 and C-15 were
both α-oriented according to the NOE correlations between
H-11 and H-25, and between H-15 and H-26 (Fig. 2). The
sugar moieties in 1 were assigned as D-fucose (Fuc) and D-
glucose (Glu) from its NMR spectroscopic data and by
determing the optical rotation value of the water solution
after acid hydrolysis (Li et al. 2017a). The large J values (J
> 7.5 Hz) of the anomeric proton signals demonstrated both
β configurations for the sugar residues (Jiang et al. 2018).
The Fuc was connected to 3-OH of the aglycone and the
Glu was linked to 3′-OH of Fuc on the basis of the HMBC
correlations of δH 4.95 (H-1′) with δC 82.1 (C-3) and δH
5.30 (H-1′′) with δC 85.3 (C-3′). The NOE correlation of δH
4.32 (H-3) with 1.87 (H-5) indicated the 3-OH was in β
orientation (Fig. 2). Based on the above data analyses,
compound 1 was identified and named as tibesaikosaponin
V (TKV).

Effects of TKV on 3T3-L1 viability

The 3T3-L1 preadipocytes were differentiated with opti-
mized conditions using differentiation media and the pre-
liminary results showed that the cocktail containing 0.5 mM
3-isobutyl-1-methylxanthine (IBMX), 1 μM dexamethasone
(DEX), and 1 μg/mL insulin resulted in a high degree of
adipocyte differentiation with ~80% oil red O staining in
each field (data not shown). To examine whether TKV had
cytotoxic effects on 3T3-L1 adipocyte cells, we examined
cell viability using a 1-(4,5-Dimethylthiazol-2-yl)-3,5-
diphenylformazan (MTT) assay following treatment with
various concentrations of TKV (25, 50, 100, 200, 400, and
600 μM) for 48 h. TKV showed no significant cytotoxicity
toward to 3T3-L1 cells at concentrations up to 200 μM, but
inhibited cell viability by 17.77% and 23.55% at 400 and
600 μM TKV, respectively (Fig. 3). Based on the cell

viability assay, concentrations of TKV up to a maximum of
400 μM were used in the following experiments to evaluate
TKV’s anti-adipogenic activity.

TKV attenuates lipid accumulation in 3T3-L1
adipocytes

To investigate the effect of TKV on lipid accumulation
during differentiation, preadipocytes were differentiated
into adipocytes in the presence of TKV. Lipid accumula-
tions in the adipocytes were stained with oil red O dye and
then extracted using isopropanol. The results showed that
treatment with MDI resulted in a 5.3-fold increase in lipid
accumulation compared to untreated cells. In contrast, TKV
treatment prevented lipid accumulation by 21.5, 35.11,
43.16, and 52.28% at 25, 50, 100, and 200 μM, respec-
tively, with an IC50 value of 170.47 μM (Fig. 4a). We fur-
ther tested intracellular triacylglycerol (TG) content. As
expected, cellular triglyceride was significantly increased by

Fig. 2 Key HMBC and 1H–1H
COSY correlations of TKV
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treatment with MDI, and TKV treatment inhibited trigly-
ceride accumulation in a dose dependent manner (Fig. 4b).

TKV inhibited lipid accumulation by regulating
adipogenic genes

Adipogenesis is a physiological process in which the dif-
ferentiation from preadipocytes to mature adipocytes occurs
(Rosen and MacDougald 2006). PPARγ and C/EBPα are
the two critical transcription factors, regulating the terminal
process of adipocyte differentiation (Guo et al. 2017;
Moseti Regassa et al. 2016). To investigate whether TKV
inhibits the expression of PPARγ and C/EBPα in MDI-
induced 3T3-L1 cells, we treated 3T3-L1 cells with differ-
ent concentrations of TKV. As shown in Fig. 5, PPARγ and
C/EBPα mRNA expression was significantly inhibited by
TKV. At 200 μM, TKV significantly decreased the
expression levels of PPARγ and C/EBPα by 62.35% and
57.86%, respectively, compared to the control. Our result

indicate that TKV inhibited lipid accumulation by down-
regulating the mRNA expression levels of PPARγ and C/
EBPα.

Conclusions

A new triterpene diglycoside (1) was isolated from the roots
of B. chinense DC. The chemical structure of this new
compound was elucidated based on the extensive spectro-
scopic data and by comparison with previously reported
compounds. TKV inhibited lipid accumulation in 3T3-L1
cells by regulating adipogenesis-related genes. Further in-
depth studies can pave the way to determine the mechanism
underlying its effect.

Acknowledgements This work was financially supported by the West
Light Foundation of Chinese Academy of Sciences (Y7C1031100),
National Natural Science Foundation of China (21561142003,
31600281 and 41501262) Natural Science Foundation of Jiangsu
Province (BK20171269), and Qing Lan Project of Jiangsu Province.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note: Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

Chen R, Guo X, Cheng B, Gong Y, Ying B, Lin M (2018a) Saiko-
saponin a inhibits cigarette smoke-induced oxidant stress and

B

0.0

.5

1.0

1.5

2.0
L

ip
id

 a
cc

um
ul

at
io

n
(O

D
 a

t 5
00

 n
m

)

TKV (μM)

#

*

*

MDI - +     +     +     + +

- - 25           50         100        200

*

0.0

.2

.4

.6

.8

1.0

TKV (μM)

#

*

MDI - +     +     +     + +

- - 25           50         100        200

*

TG
 c

on
te

nt
(m

g/
m

g 
pr

ot
ei

n)

*

A

Fig. 4 Inhibitory effect of TKV on lipid accumulation a and TG
content b. MDI-induced 3T3-L1 cells were treated with various con-
centration of TKV (25, 50, 100, or 200 μM). a Lipid droplets were
extracted using 100% isopropanol after staining with oil red O dye,
and absorbance was measured at 500 nm. b TG content was deter-
mined using a commercial kit according to the manufacturer’s
instructions. The data are presented as mean ± SD (n= 3). #p < 0.05 vs
control group; *p < 0.05 vs MDI group

0

20

40

60

80

100

120

140

PPARγ
C/EBPα

m
R

N
A 

ex
pr

es
si

on
 (%

 o
f c

on
tr

ol
)

TKV (μM)
MDI - +      +       +     +      +

- - 25              50           100           200

#

*

#

*

*
*

* *

Fig. 5 Effects of TKV on the expression of PPARγ and C/EBPα in
differentiated adipocytes. MDI-induced 3T3-L1 cells were treated with
various concentrations of TKV (25, 50, 100, or 200 μM). mRNA
expression levels of PPARγ and C/EBPα were measured by quanti-
tative real-time PCR. The data are presented as mean ± SD (n= 3).
#p < 0.05 vs control group; *p < 0.05 vs MDI group

244 Medicinal Chemistry Research (2019) 28:239–245



inflammatory responses by activation of Nrf2. Inflammation
41:1297–1303

Chen X, Chen S, Liang W, Wang M, Li C, Wang S, Dong S, Yi L, Li
C (2018b) Saikosaponin A attenuates perimenopausal depression-
like symptoms by chronic unpredictable mild stress. Neurosci
Lett 662:283–289

Choi KH, Lee HA, Park MH, Han J (2017) Cyanidin-3-rutinoside
increases glucose uptake by activating the PI3K/Akt pathway in
3T3-L1 adipocytes. Environ Toxicol Pharmacol 54:1–6

Chyau C, Chu C, Chen S, Duh P (2018) The inhibitory effects of djulis
(chenopodium formosanum) and its bioactive compounds on
adipogenesis in 3T3-L1 adipocytes. Molecules 23:1780

Collins KH, Herzog W, MacDonald GZ, Reimer RA, Rios JL, Smith IC,
Zernicke RF, Hart DA (2018) Obesity, metabolic syndrome, and
musculoskeletal disease: common inflammatory pathways suggest a
central role for loss of muscle integrity. Front Physiol 9:112

Committee of National Pharmacopoeia (2015) China pharmacopoeia,
Vol. 1. Beijing, China, p 280

Fang W, Yang Y, Guo B, Cen S (2017) Anti-influenza triterpenoid
saponins (saikosaponins) from the roots of Bupleurum margin-
atum var. stenophyllum. Bioorg Med Chem Lett 27:1654–1659

Fasshauer M, Blüher M (2015) Adipokines in health and disease.
Trends Pharmacol Sci 36:461–470

Guo J, Cao Y, Ho C, Jin S, Huang Q (2017) Aged citrus peel (chenpi)
extract reduces lipogenesis in differentiating 3T3-L1 adipocytes. J
Funct Foods 34:297–303

Jiang X, Wang L, Wang E, Zhang G, Chen B, Wang M, Li F (2018)
Flavonoid glycosides and alkaloids from the embryos of
Nelumbo nucifera seeds and their antioxidant activity. Fitoterapia
125:184–190

Kim E, Yi Y, Son Y, Han SY, Kim DH, Nam G, Hossain MA, Kim J,
Park J, Cho JY (2018) BIOGF1K, a compound K-rich fraction of
ginseng, plays an antiinflammatory role by targeting an activator
protein-1 signaling pathway in RAW264.7 macrophage-like cells.
J Ginseng Res 42:233–237

Kuang H, Sun S, Yang B, Xia Y, Feng W (2009) New megastigmane
sesquiterpene and indole alkaloid glucosides from the aerial parts
of Bupleurum chinense DC. Fitoterapia 80:35–38

Lee MS, Shin Y, Jung S, Kim SY, Jo YH, Kim CT, Yun MK, Lee SJ,
Sohn J, Yu HJ, Kim Y (2017) The inhibitory effect of tartary
buckwheat extracts on adipogenesis and inflammatory response.
Molecules 22:1160

Li D, Wu J, Liu L, Wu Y, Li L, Huang X, Liu Q, Yang J, Song S, Wu
C (2015) Cytotoxic triterpenoid glycosides (saikosaponins) from
the roots of Bupleurum chinense. Bioorg Med Chem Lett
25:3887–3892

Li F, Yang F, Liu X, Wang L, Chen B, Li L, Wang M (2017a)
Cucurbitane glycosides from the fruit of Siraitia grosvenori and
their effects on glucose uptake in human HepG2 cells in vitro.
Food Chem 228:567–573

Li H, Zhao Y, Zeng M, Fang F, Li M, Qin T, Ye L, Li H, Qu R, Ma S
(2017b) Saikosaponin D relieves unpredictable chronic mild
stress induced depressive-like behavior in rats: involvement of
HPA axis and hippocampal neurogenesis. Psychopharmacology
234:3385–3394

Li Y, Cai T, Zhang W, Zhu W, Lv S (2017c) Effects of Saikosaponin
D on apoptosis in human U87 glioblastoma cells. Mol Med Rep
16:1459–1464

Liang H, Zhao YY, Qiu HY, Huang J, Zhang RY (1998) A new
saikosaponin from Bupleurum chinense DC. Acta Pharm Sin
33:37–41

Liang H, Cui YJ, Zhao YY, Wang B, Yang WX, Yu Y (2001a)
Saikosaponin v-2 from Bupleurum Chinense. Chin Chem Lett
12:331–332

Liang H, Han ZY, Zhao YY, Wang B, Cui YX, Yang WX, Yu Y
(2001b) Saikosaponin q-1 from Bupleurum chinense. Acta Bot
Sin 43:198–200

Liang ZT, Qin MJ, Wang ZT, Yu GD (2001c) The advance on the
research of saponins of Bupleurum. Nat Prod Res Dev 13:67–72

Liu QX, Liang H, Zhao YY, Wang B, Yang WX, Yu Y (2001) Sai-
kosaponin v-1 from roots of Bupleurum chinense DC. J Asian
Nat Prod Res 3:139–144

Lorrai I, Maccioni P, Carai MA, Capra A, Castelli MP, Riva A,
Morazzoni P, Gessa GL, Colombo G (2017) Suppressing effect
of saikosaponin A, an active ingredient of Bupleurum falcatum,
on chocolate self-administration and reinstatement of chocolate
seeking in rats. Neurosci Lett 638:211–217

Moseti D, Regassa A, Kim W (2016) Molecular regulation of adipo-
genesis and potential anti-adipogenic bioactive molecules. Int J
Mol Sci 17:124

Nishina A, Itagaki M, Sato D, Kimura H, Hirai Y, Phay N, Makishima
M (2017) The rosiglitazone-like effects of vitexilactone, a con-
stituent from Vitex trifolia L. in 3T3-L1 preadipocytes. Molecules
22:2030

Ohashi K, Shibata R, Murohara T, Ouchi N (2014) Role of anti-
inflammatory adipokines in obesity-related diseases. Trends
Endocrinol Metab 25:348–355

Patel TP, Rawal K, Bagchi AK, Akolkar G, Bernardes N, Dias DD,
Gupta S, Singal PK (2016) Insulin resistance: an additional risk
factor in the pathogenesis of cardiovascular disease in type 2
diabetes. Heart Fail Rev 21:11–23

Rosen ED, MacDougald OA (2006) Adipocyte differentiation from the
inside out. Nat Rev Mol Cell Biol 7:885–896

Tsuyoshi H, Wong VK, Han Y, Orisaka M, Yoshida Y, Tsang BK
(2017) Saikosaponin-d, a calcium mobilizing agent, sensitizes
chemoresistant ovarian cancer cells to cisplatin-induced apoptosis
by facilitating mitochondrial fission and G2/M arrest. Oncotarget
8:99825

Wang HW, Liu M, Zhong TD, Fang XM (2015) Saikosaponin-d
attenuates ventilator-induced lung injury in rats. Int J Clin Exp
Med 8:15137–15145

Wang Y, Guo Q, Cheng Z, Zeng K, Liang H, Tu P, Chen S, Zhang Q
(2017) New saikosaponins from the roots of Bupleurum chinense.
Phytochem Lett 21:183–189

Yu J, Deng A, Wu L, Zhang Z, Liu Y, Wang W, Qin H (2013)
Osteoclast-inhibiting saikosaponin derivatives from Bupleurum
Chinense. Fitoterapia 85:101–108

Zhang T, Zhou J, Wang Q (2007) Flavonoids from aerial part of
Bupleurum chinense DC. Biochem Syst Ecol 35:801–804

Medicinal Chemistry Research (2019) 28:239–245 245


	A new triterpene diglycoside from the roots of Bupleurum chinense DC. and its inhibitory effect on adipogensis in 3T3-L1 cells
	Abstract
	Introduction
	Materials and methods
	Materials and chemicals
	General experimental procedures
	Extraction and isolation
	Tibesaikosaponin V (1)
	Acid hydrolysis of Compound 1 and determination of absolute configuration of sugars
	Cell culture and adipocyte differentiation
	Cell viability assay
	Oil red O staining
	Determination of triacylglycerol (TG) content
	RNA extraction and reverse transcription-polymerase chain reaction
	Data analysis

	Results and discussion
	Structural elucidation of Compound 1
	Effects of TKV on 3T3-L1 viability
	TKV attenuates lipid accumulation in 3T3-L1 adipocytes
	TKV inhibited lipid accumulation by regulating adipogenic genes

	Conclusions
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




