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[ABSTRACT] 5-Hydroxytryptamine 2C (5-HT,c) receptor is one of the major targets of anti-obesity agents, due to its role in regula-

tion of appetite. In the present study, the 70% EtOH extract of the roots of Bupleurum chinense was revealed to have agonistic activity

on 5-HT»c receptor, and the subsequent bioassay-guided isolation led to identification of several saikosaponins as the active constitu-

ents with 5-HT,c¢ receptor agonistic activity in vitro and anti-obesity activity in vivo. The new compound, 22-oxosaikosaponin d (1),
was determined by extensive spectroscopic analyses (HR-ESI-MS, IR, and 1D and 2D NMR). The primary structure-activity relation-
ship study suggested that the intramolecular ether bond between C-13 and C-28 and the number of sugars at C-3 position were closely

related to the 5-HT,c receptor agonistic activity. Saikosaponin a (3), the main saponin in B. chinense, showed obviously agonistic
activity on 5-HT,c receptor with an ECso value of 21.08 + 0.33 umol-L™" in vitro and could reduce food intake by 39.1% and 69.2%,

and weight gain by 13.6% and 16.4%, respectively, at 3.0 and 6.0 mgkg ' in vivo. This investigation provided valuable information for

the potential use of B. chinense as anti-obesity agent.
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Introduction

Obesity as an increasingly chronic condition leads to
high morbidity and mortality ', The prevalence of serious
health problems such as coronary heart disease, hypertension,
stroke, diabetes, and infectious diseases is closely related to
the severity of obesity *. The anti-obesity pharmacotherapy
is often focused on neurotransmitter receptors, of which
5-hydroxytryptamine 2C (5-HT,c) receptor appears to play
the greatest role in the regulation of appetite ). Many syn-
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thesized compounds have been reported to have 5-HT,c ac-
ceptor agonistic activity and inhibitory effects on appetite
B-191 o our best knowledge, natural anti-obesity compounds
targeting 5-HT,c receptor are rarely reported.

Bupleurum chinense, belonging to the genus Bupleurum
of the family Umbelliferae, is a famous traditional Chinese
medicine (TCM), which was originally documented in the
oldest Chinese material medicinal monographs “Shennong’s
Herbal”. The roots of B. chinense, recorded as “Chai-Hu” in
every edition of “Chinese Pharmacopoeia”, have the action of
dispelling exogenous evils, invigorating splenic yang, and are
widely used to treat fever and hypochondriasis ', Further-
more, B. chinense is prescribed in many ancient formulas (e.g.,
Xiao-Chai-Hu-Tang and Xiao-Yao-San) as the principle drugs
for treating chronic hepatitis and depression '>'*), Previously
phytochemical research has suggested that saikosaponins, lignans,
courmarins, flavonoids, polyacetylenes are the major chemical
constituents of B. chinense with immunodulatory, anti-inflam-

matory, anti-ulcer, anti-oxidant, and hepatoprotective activities ['%.
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In this investigation, the 70% EtOH extract of the roots
of B. chinense was initially revealed with agonistic activity on
5-HT,c receptor, indicating the potential use for the treatment
of obesity. In order to elucidate its anti-obesity activity and
the main active compounds, bioassay-guided isolation led to
the active fraction with significant anti-obesity activity in vivo,
from which a series of saikosaponins with 5-HT,c receptor
agonistic activity were isolated. Saikosaponin a (3), as the main
saponin, showed obvious 5-HT,c agonistic activity with an
ECs, value of 21.08 % 0.33 umol-L™" in vitro and in vivo inhibitory
effects on food intake at 3.0 and 6.0 mgkgby 39.1% and
69.2%, and weight gain by 13.6% and 16.4%, respectively. '

Material and Methods

General procedures

The high resolution electrospary ionization mass spec-
troscopy (HRESIMS) was performed on a UFLC-MS-IT-TOF
apparatus (Shimadzu, Kyoto, Japan). The nuclear magnetic
resonance (NMR) experiments were performed on AVANCE
III-600 spectrometer (Bruker, Bremerhaven, Germany) with
tetramethylsilane (TMS) as the internal standard. Column
chromatography (CC) was performed on MCI-gel CHP20P
(75-150 pm; Mitsubishi Chemical Co., Chigasaki, Japan),
silica gel (200-300 mesh, Qingdao Marine Chemical Co.,
Qingdao, China), and Rp-18 (40-63 pm, Merck, Shanghai,
China). Thin layer chromatography (TLC) was performed on
HSGF254 (0.2 mm, Qingdao Marine Chemical Co.) or Rp-18
Fys4 (0.25 mm, Merck). Fractions were monitored by TLC and
the spots were visualized by heating silica gel plates sprayed with
10% H,SO, in EtOH; Semipreparative Waters Alliance 2695
apparatus with an Agilent ZORBAX SB-Cig (5 um, 9.4 mm
x 250 mm) column (Agilent, Torrance, CA, USA) was used for
high performance liquid chromatography (HPLC) separation.

The 5-HT,c agonistic assay in vitro was measured in
HEK293 cell line (HD Biosciences Co. Ltd., Shanghai,
China). Dulbecco’s modified Eagle’s media (DMEM), dia-
lyzed fetal bovine serum (FBS), and 96-well plates used for
cell culture were obtained from GIBCO, Shanghai, China.
The cells were dyed by HDB Wash Free Fluo-8 Calcium As-
say kit (HD Biosciences Co. Ltd., Shanghai, China). Flex
Station 3 Benchtop Multi-Mode Microplate Reader (Molecu-
lar Devices, Sunnyvale, CA, USA) was used in calcium test
with excitation wavelength at 485 nm, emission wavelength
at 525 nm, and emission cut-off at 515 nm. 5-HT (Alfa Aesar,
Shanghai, China) was used as positive control. Other reagents
were of analytical grade and obtained from GIBCO (Shanghai, China).

Male Sprague-Dawley rats (purchased from the Labora-
tory Animal Center of Kunming Medicinal University, Kun-
ming, China) weighting 200-220 g at the beginning of the
experiments were used in acute food intake and 7-day body
weight loss assays. The animals were housed in cages with a
12 h/12 h light/dark cycle at a constant room temperature (23 +
2 °C) and humidity (55% + 10%). Water and standard labora-
tory chow were available ad [libitum. Animal experiments
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were conducted according to the current ethical regulations
for animal care and use and were reviewed and approved by
the Animal Ethics Committee of Kunming Institute of Bot-
any, Chinese Academy of Sciences.
Plant materials

The roots of Bupleurum chinense DC. were purchased
from Jvhuacun medicinal herbal market (Kunming, China)
and authenticated by Dr. Prof. LEI Li-Gong (Kunming Insti-
tute of Botany, Chinese Academy of Sciences). A voucher
specimen (No. 20140510) was deposited in the Laboratory of
Anti-virus and Natural Medicinal Chemistry, Kunming Insti-
tute of Botany, Chinese Academy of Sciences.
Extraction and bioassay-guided isolation

The dried and powdered roots of B. chinense (1.0 kg)
were extracted with 70% EtOH (5 L) under reflux thrice, 3 h
each. The total extract was filtered and evaporated to give frac-
tion (Fr.) BC (102 g), which showed obvious 5-HT,c agonistic
activity in vitro with the rate of 174.79% at 333 pg-mL™". The Fr.
BC was subjected to MCI CHP-20P gel CC (490 g, 5 cm x 45 cm),
eluted with EtOH-H,O (10 : 90, 50 : 50, 100 : 0, V/V, each
2.0 L) to afford water fraction (BC-1, 51 g), 50% EtOH frac-
tion (BC-2, 23 g) and EtOH fraction (BC-3, 19 g). Fr. BC-3
showed the highest activity in vitro and thus was applied for
further investigation.

Fr. BC-3 (19 g) was separated by silica gel CC (200 g,
6 cm x 50 cm), eluted with MeOH-EtOAc-H,0 (2 : 8 : 0.2,
3:7:0.3,10:0:0) to afford three fractions, Frs. BC-3-1,
BC-3-2, and BC-3-3. Fr. BC-3-1 (4.7 g) was subjected to an
RP-18 gel CC and eluted with MeOH-H,O (30 : 70—100 : 0)
to give three fractions Fr. BC-3-1-1-3. Fr. BC-3-1-1 (1.2 g)
was purified by silica gel CC, eluted with MeOH—CHCl; (5 :
95) and further purified by semi-prep. HPLC using MeCN-H,O
(40 : 60) to afford Compounds 6 (24 mg) and 4 (31 mg). Fr.
BC-3-1-2 (2.4 g) was submitted on silica gel CC eluted with
MeOH-CHCl; (5 : 95) and then semi-prep. HPLC with
MeCN-H,0 (40 : 60) to yield compounds 13 (25 mg) and
5 (11 mg). Fr. BC-3-1-3 (75 mg) was separated by semi-prep.
HPLC with MeCN-H,O (42 : 58) to yield compound 2 (8 mg).
Fr. BC-3-2 (7.0 g) was separated by an RP-18 gel CC with
MeOH-H,O (30 : 70—100 : 0) to afford five fractions Fr.
BC-3-2-1-4. Fr. BC-3-2-1 (210 mg) was purified by
semi-prep. HPLC (MeCN-H,0, 35 : 65) to yield Compounds
9 (39 mg) and 7 (121 mg). Fr. BC-3-2-2 (1.2 g) was per-
formed on silica gel CC with MeOH-CHCI; (10 : 90) to give
compound 3 (310 mg). Fr. BC-3-3-3 (0.5 g) was submitted on
silica gel CC, eluted with MeOH—CHClI; (1 : 9) then purified
by semi-prep. HPLC with MeCN-H,O (35 : 65) to afford
compounds 12 (16 mg) and 1 (7 mg), and 14 (13 mg) respec-
tively. Fr.BC-3-3-4 (0.9 g) was isolated by silica gel CC with
MeOH-CHCI; (10 : 90) to get compound 11 (14 mg) and Fr.
BC-3-3-4-1. Fr.BC-3-3-4-1 was separated by semi-prep.
HPLC with MeCN-H,0 (40 : 60) to get compounds 15 (8 mg)
and 16 (11 mg). Fr.BC-3-3 (0.6 g) was conducted on silica gel
CC with MeOH-CHCI; (20 : 80) to provide Fr. BC-3-3-1 and
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compound 10 (25 mg). Fr.BC-3-3-1 was purified by
semi-prep. HPLC with MeCN-H,O (25 : 75) to afford Com-
pound 8 (46 mg).
Acid hydrolysis of compound 1 and GC analysis

Compound 1 (2 mg) were refluxed with 2 mol-L™" HCI
(1,4 dioxane/H,O 1 : 1, 2 mL) on a water bath for 2 h. After
cooling, the reaction mixture was neutralized with 1 mol-L™!
NaOH and filtered. The filtrate was extracted with CHCI; (3 %
5 mL). The aqueous layer was evaporated to dryness. The
dried residue was dissolved in 1 ml of anhydrous pyridine and
treated with L-cysteine methyl ester hydrochloride (1.5 mg),
stirred at 60 °C for 30 min. The supernatants (4 pL) were
analyzed by GC under the following condition: detection, H,
flame ionization detector; column, HP-5 (30 m x 0.25 mm),
0.25 um; carrier gas, N,; injection temperature, 250 °C; detec-
tion temperature, 280 °C; and column temperature, 160—
280 °C, with the rate of 5 °C/min. The configurations of
D-glucose and D-fucose for compound 1 were determined by
comparison of the retention times of the corresponding de-
rivatives with those of standard D-glucose and D-fucose giv-
ing a single peak at 24.33 min and 23.52 min, respectively.
Identification

22-oxosaikosaponin d (compound 1): white amorphous
powder; (+) HR-ESI-MS m/z 817.435 8 [M + Na]" Cacld. for
CypHesO14, 817.434 5. [a]5 : +28.08 (¢ 0.15, MeOH); IR
(KBr): v max 3 446, 2 927, 2 859, 1 705, 1 639, 1 450, 1 384,
1706, 1 027 cm™; 'H (600 MHz) and '*C NMR (150 MHz)
data (Table 2).
5-HT,c receptor agonistic assay in vitro

The HEK293 cells stably expressing the human 5-HT,c
receptor were maintained in DMEM containing 10% FBS.
The cells were plated at a density of 4 x 10* cells/100 pL/well
in pre-Matrigel-coated 96-well black wall/clear bottom plates.
Following an overnight incubation at 37 °C in a moist atmos-
phere containing 5% CO,, the cells were dyed by 100 pL of
HDB Wash Free Fluo-8 Calcium Assay kit at 37 °C for 1 h
and then transferred to the Flex Station 3 Benchtop
Multi-Mode Microplate Reader. The test samples in 50 pL
loading buffer were added to the cell on the Microplate
Reader to determine the agonistic effect. The raw data from
time sequence recording was normalized to the percentage
response obtained from 5-HT on the same plate and analyzed
to fit the four-parameter logistic equation to assess the drug’s
agonistic rate or ECs, value.
Evaluation of anti-obesity activity in vivo
Acute food intake assay in vivo

Fr. BC-3 and saikosaponin a (3) with 5-HT,c agonistic
activity were evaluated for the ability of reducing food con-
sumption during a 24 h of period, which began at the onset of
the dark cycle. After a 4-day adaption of the environment, the
rats were randomly divided into different groups. The rats (n =
6/group) were administered test samples (3.0 and 9.0 mg-kg ™
for BC-3 and 3.0 and 6.0 mg-kg™' for saikosaponin a (3)) or
vehicle (5% dimethyl sulfoxide (DMSO) + 95% H,0) by
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intraperitoneal injection (ip). The administrated animals were
then placed in individual cages with quantitative food for 24 h
(12 h of dark cycle and then 12 h of light cycle). The average
food consumption was measured at 3, 6, 12, and 24 h after
administration and the reduction rate of food intake was calcu-
lated as follows:

Inhibitory rate (%) = (erhicle - VVtested) / erhicle x 100
7-Day body weight loss assay in vivo

The 7-day body weight loss assay was conducted to study
the potential weight gain inhibitory activity of Fr. BC-3 and
saikosaponin a (3). The rats were adapted for 4 days, divided
into different groups randomly, and then placed in individual
cages. The rats (n = 6/group) were administered with the test
samples (3.0 and 9.0 mg-kg ™' for BC-3 and 3.0 and 6.0 mgkg '
for saikosaponin a (3) or vehicle (5% DMSO + 95% H,0) by
ip per 24 h for 7 days and weight was measured prior to
treatment and during the treatment daily. Food and water were
available ad libitum throughout the study. The weight gain
was converted to percent change as follows:

Increase rate (%) = (Wduring the treatment — Wprior to treatment) /

Wpriorto treatment < 100

The weight gain inhibitory rate of the test group was

calculated by the following formula:
Inhibitory rate (%)= increase rate (%) of vehicle group —
increase rate (%) of test group

Statistical analysis

All the in vitro experiments were replicated three times.
The data were presented as means + standard deviation.
One-way analysis of variance (ANOVA) and two-tailed #-test
were used to determine statistical significance in animal test.
A P value of < 0.05 was considered statistically significant.

Results and Discussion

5-HT),¢ agonistic activity of the fractions of B. chinense in vitro
and the potential anti-obesity effects of the active fraction
(BC-3) in vivo

The 5-HT,c receptor agonistic activities of the fractions
are summarized in Table 1. The 70% EtOH extract of B.
chinense showed 5-HT,c receptor agonistic activity with the
rate of 174.79% at 333 pg-mL™'. The extract was separated
into three fractions (BC-1, BC-2, and BC-3), among which Fr.
BC-3 showed obvious activity while the other two fractions
showed no activity under the test concentrations.

Table 1 The 5-HT,c receptor agonistic rates of the fractions of
B. chinense in vitro

Fractions Agonistic rate (%)
BC 174.79 £ 15.31
BC-1 —1.45+448
BC-2 1.18+1.15
BC-3 177.56 £ 14.90

Note: 5-HT was used as positive control with ECsy of 0.46 + 0.13 nmol-L’l; All
the samples were tested at the concentration of 333 pg-mL ™" and the val-
ues are expressed as means + SD of three independent experiments
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In order to evaluate the potential use of B. chinense for
the treatment of obesity, Fr. BC-3 was assayed for the acute
food intake and 7-day weight gain inhibitory effects in vivo.
Fr. BC-3 showed a dose-dependent reduction in food con-
sumption with the rate of 29.9% (P < 0.05) at 9.0 mg-kg
after administration for 24 h (Fig.1A). In the 7-day weight
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Fig. 1

gain inhibitory effect testing, the weight increase of the rats
was restrained in a dose-dependent manner with a statistically
significant reduction after 5 days at 9.0 mg-kg™' (P < 0.05).
The overall reduction in body weight compared with ve-
hicle at day 7 were 4.5% and 11.6% (P < 0.05) at 3.0 and
9.0 mg-kg™', respectively (Fig.1B).

B s _
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Acute food intake (A) and 7-day weight gain inhibitory effects (B) of the active fraction (BC-3) on the rats. The data are

given as means £ SD (n = 6). Values indicated percent reduction in consumed food (A) and weight gain (B) from vehicle dosed

animals. "P < 0.05 vs vehicle

The structures of the compounds isolated from the active fraction
(BC-3) and their 5-HTc receptor agonistic activities in vitro

In order to elucidate the active compounds with 5-HT,¢
receptor agonistic and potential anti-obesity activities, 16
saikosaponins, including a new one, were obtained from Fr.
BC-3. The new compound, 22-oxosaikosaponin d (1), was
determined by extensive spectroscopic analyses (HRESIMS,
1D and 2D NMR). The structures of the known compounds
(2-16) were determined by comparison of their NMR spectra
with those in the literatures elucidated as 3-O-
S-D-fucopyranosylsaikogenin f (2) '"), saikosaponin a (3) 78,
6"-O-acetylsaikosaponin a (4) %, 3",6"-di-O-acetylsaikosaponin a
(5) ", saikosaponin d (6) !'7), saikosaponin e (7) ', sai-
kosaponin ¢ (8) ['), saikosaponin b, (9) ['*], saikosaponin b,
(10) '8 3" O-acetylsaikosaponin b, (11) ['7), 6"-O-acetylsai-

kosaponin b, (12) 1" saikosaponin g (13) %, hydroxysai-
[21]

and

kosaponin a (14) saikosaponin by (15) ¥ and
6"-O-acetylsaikosaponin by (16) ' (Fig. 2).

Compound 1 was obtained as white amorphous powder
with molecular formula C4Hy6014 on the basis of pseudo-
molecular ion peak at m/z 817.435 8 [M + Na]" (cacled. for
817.434 5). The "H NMR spectrum showed seven methyls at
oy 0.79 (3H, s, H-30), 0.83 (3H, s, H-29), 0.92 (3H, s, H-24),
1.00 (3H, s, H-25), 1.02 (3H, s, H-27), 1.43 (3H, d, /= 6.4 Hz,
H-6"), 1.54 (3H, s, H-26), two anomeric proton signals of
sugars at ;;4.98 (1H, d, /= 7.8 Hz, H-1") and 5.34 (1H, d, J =
7.8 Hz, H-1"), and two olefinic proton signals at 6y 5.67 (1H,
dd, J =10.3, 2.9 Hz, H-11), 6.08 (1H, d, J = 10.3 Hz, H-12)
(Table 2). The "*C and DEPT NMR spectra displayed 42 sig-
nals with seven methyls, ten methylenes, seventeen methines,
and eight quaternary carbons, of which twelve signals were
clearly assigned to two sugar moieties and the left thirty ones
to a triterpene aglycone. These *C and DEPT NMR spectro-
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scopic data were similar with those of saikosaponin d (6) ).
The main difference was the presence of one more carbonyl
group and the absence of a methylene at C-22. The location of
the carbonyl group was confirmed at C-22 by the HMBC
spectrum, which showed 'H-"C long-range correlations be-
tween the resonances of oy 4.89 (1H, m, H-16), 2.32 (1H, m,
H-18) and 3.88 (1H, d, J = 7.9 Hz, H-28) wth . 214.2 (s,
C-22). Acid hydrolysis of Compound 1 with 2 mol-L™" HCl in
dioxane-H,O (1 : 1) yield D-glucose and D-fucose as carbo-
hydrate moieties, which were determined by GC analysis of
their corresponding trimethylsilated L-cysteine adducts. The
[~ configuration of the two sugars were deduced by the cou-
pling constants (3J1,2 > 7 Hz). The sequence and linkage posi-
tions of the sugars were verified by detailed 2D NMR analy-
sis. In the HMBC spectrum, the correlations of 6y 4.30 (1H,
dd, J=11.6, 4.6 Hz, H-3) with Jc 106.0 (d, C-1"), 64 4.98 (1H,
d, J=7.8 Hz, H-1") with 8¢ 81.4 (d, C-3) and 6y 4.04 (1H, m,
H-3") with 6¢ 106.4 (d, C-1"), 8y 5.34 (1H, d, J=7.8 Hz, H-1")
with 8¢ 85.1 (d, C-3") were observed, which hinted that a
f-glucopyranosyl and pS-fucopyranosyl attached at C-3 and
C-3', respectively. Therefore, the structure of Compound 1
was elucidated as 3f, 16a-dihydroxy-13p, 284-epoxy-22-oxo-
olean-11-ene 3-O-(f-D-glucopyranosyl)-(1—3)-4-D- fucop-
yranoside and named as 22-oxosaikosaponin d.

The 5-HT,c receptor agonistic activities of the com-
pounds were evaluated and are summarized in Table 3. Com-
pounds 1-7 with intramolecuar ether bond at C-13 and C-28
in aglycone and one or two sugars at C-3 possessed potent
5-HTyc receptor agonistic activity with ECsy values of
13.51-33.71 umol-L™!, but Compound 8 with three sugars at
C-3 showed no activity. In addition, the compounds without
intramolecuar ether bond at C-13 and C-28 in aglycone (9-16)
showed decreased or no activity in the test. The primary
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structure-activity relationship study suggested that the 5-HT,¢ lated to the intramolecular ether bond between C-13 and C-28
receptor agonistic activity of saikosaponins was closely re- and the number of sugars at C-3 position.

S
\\\

R,0
—&,

R, R, R; R, R,
2 S p-OH OH 9 S, S-OH
308, p-OH OH 10 S, a-OH
4 S, p-0H OH s, o-OH
5 S £-OH OH S, a-OH
6 S, a-OH OH
7 S, $-OH H
s S S-OH

o H
R, R,
14 s, OH 'm/ %
15 5, OMe S, = AcO
6 s, OMe ‘ “%co
oH H é\’le 0
no T
Fig. 2 The structures of compounds 1-16 isolated from Fr. BC-3
Table2 'H (600 MHz) and "C (150 MHz) spectral data for compound 1 (3, J in Hz, CsDsN)

Pos. Ou S¢ Pos. Ou S¢
1 1.88" 38.6 22 214.2
1.10 m 23 4.37 d(10.8) 63.8

2 2.34° 26.0 3.69 d(10.8)
2.07° 24 092s 12.9
3 4.30 dd (11.6, 4.6) 81.4 25 1.00 s 18.5
4 43.6 26 1.54 s 20.3
5 1.72% 47.1 27 1.02s 15.8
6 1.85% 17.6 28 3.88d(7.9) 74.6

1.56 3.51d(7.9)
7 2.02° 34.9 29 0.83s 33.1
1.92% 30 0.79 s 22.9

8 43.6 Fuc-

9 2.05° 52.6 1' 4.98 d (7.8) 106.0
10 36.3 2 4.23° 71.4
11 5.67 dd (10.3, 2.9) 129.3 3 4.04° 85.1
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Continued
Pos. Ou S¢ Pos. Ou S¢
12 6.08 d (10.3) 133.3 4' 4.13d(2.8) 72.1
13 84.5 5 3.66 m 70.9
14 55.9 6 1.43d (6.4) 17.2
15 1.76* 35.6 Glc-
1.19* 1" 5.34d(7.8) 106.6
16 4.89 m 75.1 2" 4.03° 75.7
17 55.0 3" 4.01° 78.7
18 2.32m 55.3 4" 4.53 m 71.7
19 1.76° 35.6 5" 4.27° 78.3
1.19* 6" 4.56 dd (11.7,2.0) 62.6
20 314 4.40dd (11.7,5.3)
21 1.47° 38.4
1.36 m
* Overlapped

Table 3 The 5-HT;c receptor agonistic rates and ECs) values of the compounds isolated from the Fr. BC-3 (means = SD, n = 3)

Compounds Agonistic rate (%) ECso (umol-L™") Compounds Agonistic rate (%) ECso (umol-L™")
1 178.67 £7.91 13.51+1.29 9 153.63 £1.23 147.41 £ 4.41
2 172.53 £10.01 18.38 = 1.99 10 1.45+5.11 -
3 171.39 £9.63 21.08 +0.33 11 2.10+3.73 -
4 175.74 £ 12.37 23.48 +0.97 12 15.77 £ 4.80 -
5 167.44 £7.35 27.93+4.18 13 167.64 +13.27 142.00 £5.02
6 161.07 £ 9.87 16.25 +2.09 14 8.74+2.71 -
7 163.70 £5.24 33.71 +£4.57 15 0.65+2.43 -
8 9.33+£2.51 - 16 321+1.37 -

Note: 5-HT was used as positive control with ECso of 0.52 + 0.21 nmol-L™"; All the samples were tested at the concentration of 333 pg-mL ™" in agonistic rates

test and the ones with obvious activity were further tested for ECs, values

The potential anti-obesity assays of saikosaponin a (3) in vivo.
To further identify the anti-obesity activity of the 5-HT,¢
receptor agonistic saikosaponins, saikosaponin a (3) was se-
lected for the in vivo test due to its obvious activity in vitro
(ECso = 21.08 + 0.33 pmol-L™") and high content in B.
chinense. The 24-h food intake and 7-day weight gain inhibi-
tory effects are indicated in Fig. 3. In the acute food intake
test, saikosaponin a (3) showed a dose-dependent reduction in

Aogq
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g
z 101 ,
3 ws—391%
g 59 69.2%
=3 **— . 0

Kk
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t/h

T T 1
18 21 24
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Body weight change (%)

food consumption with the rates of 39.1% (P < 0.01) at 3.0
mgkg ! and 69.2% (P < 0.01) at 6.0 mg-kg™" at 24 h after
administration (Fig. 3A). The weight gain of the rats was
restrained in all the days in the experiment, and the inhibitory
rate over control at day 7 was 13.6% (P < 0.01) and 16.4% (P
< 0.01) at 3.0 and 6.0 mgkg', respectively. The normal
weight gain of rats was totally reversed at 6.0 mg-kg™ in the
test (Fig. 3B).

20+
-e- vehicle

- 3.0mgkg™
—— 6.0 mgkg™

Fig. 3 Acute food intake (A) and 7-day weight gain inhibitory effects (B) of saikosaponin a (3) on rats. The data are given as

means + SD (n = 6). Values indicated percent reduction in consumed food (A) and body weight change (B) from vehicle dosed

animals. ‘P < 0.05, P <0.01 vs vehicle
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Conclusion

5-HT,c receptor agonists are interesting candidates for
searching appetite-inhibition and anti-obesity drugs. As a
well-known traditional Chinese medicine (TCM), the roots of
B. chinense have been revealed with various activities, but its
5-HT,c receptor agonistic activity has not been reported. The
total extract of B. chinense showed obvious agonistic activity
on 5-HT,c receptor in the present study. Bioassay-guided
fractionation led to the isolation of active fraction (BC-3),
which exhibited obvious appetite and weight gain inhibitory
activities in animal testing. A series of saikosaponins were
isolated from BC-3, among which Compounds 1-7 exhibited
obvious 5-HT,c receptor agonistic activity and the primary
structure-activity relationship study suggested that the in-
tramolecular ether bond between C-13 and C-28 and the
number of sugars at C-3 position were closely related to the
5-HT,c receptor agonistic activity. Saikosaponin a (3) could
reduce food consumption and weight gain significantly at 3.0
and 6.0 mg-kg™" in vivo. The investigation provided valuable
information for the potential use of B. chinense as an
anti-obesity agent.
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