ERSRA SN o E AL Rt En A EEERNMR
XFFL, EAR? F EL RTE!, XWE? BHZ, B LY
P R 2R A TR R A e A A 4 ] SR
TN BRZ R AR IR R R 2B 48 AL g p PR IRAE B AR SRE EE, T 510006

W OE. WELEI LK (polysaccharide from vinegar-baked Bupleuri Radix, VBRBP) BEAT /> B 4ifl, #1370 Hr 345 My 3
WAL A ST 5 P R DU G . B KIREEYT. B0 B8 K AP 4E 3R R AT AR SR vh 7 I Al 13 SIS S 2 — 2, R
RIRURER B E B . PMP HERIATAE A (8 B AR R 2L A1 L U A AR R R i 55 D7 VR i SR Y — 2 AT
i EEE, IRINE HIBE A RMGTT 2545 HepG2 A1 Huh7 Wi FHm 4RIk i S ARV E . 25K, Sl Sai s 3m
fitk B4 5 15— 22 9% 5-1 (polysaccharide 5-1 from vinegar-baked Bupleuri Radix , VBRBP5-1) J&—F ik L ¥E, XS TER
30.78 kDa, HIHFEHE. FILPERERL . AN, FILREABT R4 R, RN 1.96 1 2.38 1 58.48 1 22.85 1 14.32; EHER
M 1-a-D- & B 1, 6-a-D-H&INE. 1, 4, 6-0-D-F&WE. 1, 4-o-DEEHE. 1, 3, 6-f-D-F-AWHIRIEMEL, LHEFESH
1--D-FFHE. 1, 4-B-D-FFLPER l-o-L-BTHiAARE. 1, 3, S-o-L-FIRifadli. 1, S-a-L-Bfuffiptskdt /i B . VBRBP5-1 ity
S 10-FRFE BB U4 FIIGUEE X FF e 4 P RO 3 A1) 2%, SR b i R0 S 00 P, e o U 194 0 [0 464 28041 P 88 o 8 4
b A T AR SUMB 254 . ABF TR T VBRBPS-1 (5 IFERZR T H D AP EE, 9EESE I 20 R RO R R K
JEEERNTE R AP RS %

REEE: BESEH: —20E SMRIE: hRPUTHE

HE RS R284 SCERARIRAS: A

Isolation, purification and synergistic anti-liver cancer activity of

polysaccharide from vinegar-baked Bupleuri Radix

LIU Zhi-fen!, WANG Xiao-shuang?, LI Ping!,
WU Ya-yun', LIU Li-juan?, ZHAO Rui-zhi?, ZHAO Ya'"

'National Key Laboratory of Chinese Medicine Syndrome, the Second Affiliated Hospital of Guangzhou University of Chinese
Medicine, *State Key Laboratory of Dampness Syndrome of Chinese Medicine, the Second Affiliated Hospital of Guangzhou
University of Chinese Medicine, Guangzhou 510006, China
Abstract: This study aims to isolate and purify polysaccharide from vinegar-baked Bupleuri Radix (VBRBP), and to preliminarily
analyze its structural characteristics, and explore its synergistic anti-liver cancer activity in combination with chemotherapeutics. One
homogeneous polysaccharide from vinegar-baked Bupleuri Radix was isolated and purified by water extraction and alcohol

precipitation, membrane separation and cellulose chromatography. High-performance gel permeation chromatography, 1-phenyl-3-
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methyl-5-pyrazolon pre-column derivatization, Fourier transform infrared spectroscopy, gas chromatography-mass spectrometry and
nuclear magnetic resonance spectroscopy were used to identify the structure of VBRBP, and the inhibitory effect of its combination
with different chemotherapeutics on the proliferation of HepG2 and Huh7 liver cancer cell lines was measured. The results showed
that the homogeneous polysaccharide 5-1 from vinegar-baked Bupleuri Radix (VBRBP5-1) obtained through separation and
purification is a neutral polysaccharide with a relative molecular weight of 30.78 kDa, composed of mannose, galacturonic acid,
glucose, galactose and arabinose, with a molar ratio of 1.96 : 2.38 1 58.48 I 22.85 : 14.32. The backbone of VBRBP5-1 was
composed of 1-a-D-glucose, 1,6-a-D-glucose, 1,4,6-a-D-glucose, 1,4-a-D-glucose and 1,3,6-8-D-galactose residues, and the branched
chain mainly contained 1-$-D-galactose, 1,4-f-D-galactose and 1-a-L-arabinose, 1,3,5-a-L-arabinose, 1,5-o-L-arabinose residues.
Combined administration of VBRBPS5-1 could enhance the inhibition rates of 10-hydroxycamptothecine, methotrexate and cisplatin on
hepatocellular carcinoma cells, showing a synergistic effect, in which the synergistic effect on cisplatin was superior to the others in
these two hepatocellular carcinoma cells. In this study, the structure of VBRBPS-1 was analyzed and its synergistic anti-liver cancer
activity was explored, which provided a reference for the interpretation of the structure-activity relationship and subsequent further
development and utilization of polysaccharides from vinegar-baked Bupleuri Radix .
Key words: vinegar-baked Bupleuri Radix ; homogeneous polysaccharide; structural characterization; synergistic anti-liver cancer
SEHINATERHEY S (Bupleurum chinense DC.) Bk 28#H  (Bupleurum scorzonerifolium Willd.) [
TREAR, AR 5, WOE, AR E. iz, BRAMRBIA. BTSRRI, Al R
HEoRER AT IR, VIR 2 51 222G, PR B IR 77 AFAEAE S  BUACHIE 7T 7 i S 1 AT
S 2 A ] 3 BEERBLAE (e 3E 25 BE 17 9 Af AP [R) 48 R 7 T, HR AR IS AT U SE S SE B /K 32 mT 48 n K
IR AN SIE LRI N AT, B 2E IG5 SR IR GT S AT R A0S 1 o 198 S 22 B 2 It SR W /K SR
T2, BT TER YIS 2 B R 08 (Lt KR AN S S AL A E B4 AT, RGEMEAL
I7 R M 1R TT B BB Tk —, SR T A2 A B i)tk DA S AE RE AR AL Y 70 AT IR BE ARG, 6 51 ™ B
RIRERIME A, DRI, 5 HA 245 BARe 7 4L DL i 2540 O Uk 7 A Bl R0V 9 O P — oA R i) S B
WanglSUH1 W15 A b K s Py xo i 5 5 22 8 s R0 50 s 46 R ROT 1 25 9, R IS SR W] 2 B REXS TR
WIS BUEA L 10-FR BRI A . EAZ IS 22 A LTI R 25 BN R RE BE A P R 28V E T, 3R T IR S
R AT UK P RO R E ORI F. SR, H AT AN 5 4T A () S5 AL 1 I S 5 2 BEAE
ALY 25 BURT AR T o BB DB . WM P 05 ) A5 BT P ) R0 SR R B SRZG T A R TR . AR SOl o0 1
afifk MBS SE HH SRS S SE 5 45— 2 B 5-1 (polysaccharide 5-1 from vinegar-baked Bupleuri Radix, VBRBPS5-
1), FiEH & it isiE ik (high-performance gel permeation chromatography, HPGPC) . fi# HLIH-AF

# 21 4b J6 3% ( Fourier transform infrared spectroscopy, FT-IR) . K i Bt Al ( gas chromatography-mass



spectrometry , GC-MS) Fl#% #i JL 4F )% 3% (nuclear magnetic resonance spectroscopy, NMR ) %5 J7 i %
VBRBPS-1 AT A KA, SR FH T e 4 R ASE 2L FF I S8 22 W 5 R 29 B & 8y RE . il —2b
NS 2 B A B I R S A 22 W B R R A F A ROk R T TSR LR 2 A4
1 R 575%
L1 #8515

EAEEAT O (5 201706, FESEZMMABRA R B A 2R 25 K 2 5 I Ja R B R SC R R EAE R 2
%8 N IE s 1- A FE3- FF LS ME KA ( 1-phenyl-3-methyl-5-pyrazolone, PMP) (>99%, it 5 :
C1822095, LB fi T A4k R A R/A ) ; Dextran 60 K. Dextran 40 K. Dextran 18 K. Dextran 16 K.
Dextran 9 K. Dextran 7 K. Dextran 5 K fil Dextran 4 K 258 R bRl 5 (Bikal, dbRgaEpEkES
BRAFD 3 L-FIRAAPE (L-arabinose, Ara) (b5 : Z2907H23894) . D-%ij#%k# (D-glucose, Gle) (Hit
5: YOIDSY3) . L-fZEHE (L-thamnose, Rha) (#t5: C11366744) . L-#%WE (L-ribose, Rib) (5
S11176) « D-H##HE (D-mannose, Man) (#it5: AA0416LA13) . D-(FLP% (D-galactose, Gal) (it
S Z22J9H64187) . D-F-FLFEREER (D-galacturonic acid, GalA) (H#t5: S12J10190131) . D-7i %) H 5
FZ (D-glucuronic acid, GlcA) (Hit5: K14J7S9017) (=298%, iR AEMRIFAIRAT) ; DMEM
Bk (5. 8120498) . PBS MR #HLZZMIK (#'5: 812021) . FEEIMIE (fetal bovine serum, FBS)
(Ht5: 2176398) ([ Gibco A ]) 5 WEMEHE (thiazolyl blue tetrazolium bromide, MTT)  (4fiE=98%,
fit5: 2176398, MP AEWEST Aw]) 3 10-FE = WL (10-hydroxycamptothecine, 10-HCPT) (4 &
298%, CAS: 19685-09-7, ECHEMFHIARAF) ; HEIEX (methotrexate, MTX) (4l =299%,
CAS: 59-05-2, Eifff5iHzy) HIRAT) ; M4H C(cisplatin, DDP) (4iJF=99%, CAS: 15663-27-1, H
A TGIA%]) ; DEAE £F4E% DE-52 (Jit5: M241S210366, E#IEMAMRARART) ; HEM L
NEGE, fEE Merck A 24, HAWRFIII A4, Huh7. HepG2 4liffe (b IR pi sk 2 AL %
TR L)
12 F5EE

VERSAflux13 543 B R Gfic 7 2% 45 4 = UFP-750-E-4MA. UFP-100-C-4MA. UFP-10-C-4MA. UFP-3-
C-4MA (Z£[H GE Healthcare A 7)) ; HL2B £ RAHFFE A CBS-A #2454 H /- W de 4% i) b o iy
T AR AT D ; Infinite M1000Pro g 5 4% (i 1 Tecan A &) 3 fH HE AL AMGIE (EH
PerkinElmer 4 7)) ; 600 MHz #% # L4k i 3% 4 (35 [E Bruker & 7)) ; 5975C-7890A GC-MS 41X\ 1200+
1260 1= RO (a4 (EE Agilent AF]) ;3 MS7-H550-pro AL 1B RS (KB D48 S2B6 X A% b 5T BR
AT HRA0-IA2 BV (F B/RREMBSEAIR AR ) ; WCI-180 CO, 4 (ALt 4EMREIARAT R
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/)

AT 3 1C-1000 4 tH A (Bl EEEYBHEAR AR D ; Diamonsil Cis 4% (4.6 mmx250 mm, 5
um) BTl A LR AR ARD 5 TSKgel G3000PWxr (i 4 (7.8 mmx300 mm, 7 um) (HAZKEF
At o
1.3 LW HE
1.3.1 B A S BRI, 5 &, sk

8 kg BEEEEH T HTHE, 5 FARFR 70% SR BRI G 4 70, BRIETIRE N 10 AR K BHA FZ L 3 7K.
RBGRILIE. A WUEKRATE 8000 mL, M 4 f5AEFITEK ZBEAE 4 °C R UTRIE R . Frsiiie FH B K
CTEFPIEAGER 3 %, Pl Sevage 771k 2B H S BB LB 205 . ]l VERSAflux13 43 B R4 L
750, 100, 10 F1 3 kDa [ I8 5 53 B FE XS 55 50 5 2 BB AT 73 8545 3] VBRBP1~VBRBP15. # VBRBPS |
FER] DEAE-52 4 b, SRJEMRIALEAK. 0.1, 0.2, 0.4, 0.8 mol/L NaCl 1 1.0 mol/L NaCl 5 0.5 mol/L NaOH
TRALA S mL/min R BN FH R -G R V1 8 22 W ok P52 AR WO FE VR e it it 26 /K e T Wi B 21
R4 3 H 3 500 Da B HTAZENT 72 h J5 % +153 %] VBRBPS5-1.
1.3.2 VBRBP5-1 #9 45 #) %
1.3.2.1 AN 43 o 52 U I 1% 2 2

K H OB B (1550 € VBRBPS-1 )4y T &, BUE &K VBRBPS5-1 11 60, 40. 18, 16, 9.
7+ 5. 4 kDa [ FERERRUE S, T2 /K VAR 2.0 mg/mL [V, i 0.45 um [RI7K R IEBEEAT WA 204
it F: TSKgel G3000PWx (7.8 mmx300 mm, 7 pm) if4:, JahMH: #@4iK, #i#: 0.35 mL/min,
FEE: 40°C, REFOGCKMARERIE: 40°C, BEFEE: 10 uL. DAARAE S E 7 7 85 logio(Mw) A ##
Asby,  OREEIS TR AR bR AR HE I 2k, THE VBRBPS-1 73 &3 i o

K H () 2 BE VA NS VBRBPS-1 FURERERR & B HEAT /00T, DL GalA Jobsdt il FH R 26 7KRR B8 UK FE B
FEMRIR N : 500, 250, 125, 62.5. 31.25. 15.6+ 7.8 3.9, 1.95 2 0 pg/mL X 5L, 49 5 BUAS [F] 9
JERIX IR 1 mL BT R ZERE D, KBNS A TR AN R ERVA W 6 mL, VRAT, WKy N
12 min Z JEUKBBUA B ER, FFIIA 1.5 mg/mL [ R FRFE B R 100 uL, @€ 30 s TRS), /AR EL
200 uL F 96 FLAR A, FEAE FH BEbR I 52 25 SOSRAE 525 nm R RIIROGEE, PAROGRE R AR, GalA & &A
WAk brezhlbriE M 26, 115 VBRBPS-1 (UFEIERR & & .
1.3.2.2 FT-IR 43 #7

B VBRBPS-1 T i, A8l BL AR 3 2T MG 1S AXAE 4 000~500 em i3 Hiye il Y EAT 20 S 6 o
1.3.2.3 HulE AL by

K 58 4R /K AN PMP A RTATAEAL I % VBRBPS-1 BB RO, 5 mg ZHFESET 2 mol/L =% 2



Berfr, F/SAEET 110 °C#% FIKAE 6 ho RGN W R, WERET, EESKU EUREZRI=
RO, HBAUKER. PREESPEFRME S 10.00 mg: Ara. Rib. Gle. Rha. Man. Gal. GalA 1 GlcA, 1
NERAEK FEABCH] 2.00 mg/mL I SRERRER . & SR HERIR & FF RO LR Rk FE 2 5004 250 125,
62.5. 31.25. 15.63. 7.8 3.9, 0 pug/mL HIFRAEHI L TAEM . B2 BE/K M RE 5 B & bR e S 500 pL, N
A 500 pL 0.3 mol/L NaOH #1 500 pL 0.6 mol/L & T FHEE[ PMP VA, 5, 7E 70 °CJR M 100 min. W45
WG, WHZE=RE, A 500 uL 0.3 mol/L HCl AT itk R, FIMASEPI AR =K, BUKHIL 0.22 um 7K
RUEMLS, AR

WA TE 25 : Diamonsil Cis i 4 (4.6 mm*250 mm, 5um) ; Vishtd: BERRILZZ R (pH=6.83)
ZNE=83 1 17; ¥ii#: 1.0 mL/min; F:iE: 37°C, AR 20 uL, BIPK: 254 nm.
1.3.2.4 HEEAL BT

BT K] VBRBP5-1 20 mg RSB F I 3 mL J5/K DMSO, HFE %M 1 he 3\ NaOH/DMSO &
TP, 1E 18~20 °CIPR B 464 N F A AL BE 1 ho FHAEAG R SOEIE N 1.5 mL CHsl K51 &, FFEZR N
ZEJ N 30 mine KM 2 mL CHCL B =K. SREH 2T EA“YLE 3 mL W (88%) HHil/Kf# 6 h,
JFAE 3 mL 2 mol/L =3 4R 58 47K 6 h, JENE TR 22 RINER . KM= P{E =R N H 20 mg NaBDy
BJR 4h, RIEHCIRRE-IERE (10 1) 7£95°C R4k 1 he H 2 mL CHCL AR =R, EMEEQ, Bl
Kl 43 Agilent HP-5MS B40EHE (0.25%x250 um, 30 m) 8iE GC-MS 73 M7 #57 B AV 1 B 1 20 R G
FEF TR, AU 150 °C, #F4E 2 min, DL 2.5 °C/min 3#E TF % 250 °C, {#4F 20 min; #EFEE 1 pL, 4>
Mkt 8 1 1, MS VUHKAF 150 °C, B5-FI§ 230 °C.
1.3.2.5 NMR 43 #7

HU VBRBP5-1 £ 50 mg i T 0.5 mL DO 1, AT, EE 3K, BT 0.5mL DO, A 600
MHz 1% 1 3545 P 3% A Al VBRBPS-1 ) 1D NMR ('H NMR. '3C NMR) A1 2D NMR (HSQC. HMBC.
'H-'H COSY) i,
1.3.3 VBRBP5-1 14 4 4 & 1+
1.3.3.1 4 8s %

Huh7. HepG2 4HMfi/E 54 10% FBS i) DMEM B:37 51, T 5% CO, [ 37 °CIHIR 4 5 I 46 55 5% .
1.3.3.2 MTT yEAG 3¢ % 255 ] VBRBPS-1 %t Huh7. HepG2 4H i 48 54 4

S R E NS F AL PR 25 8 4 MTX (40 pg/mL) . DDP (16 pg/mL) . 10-HCPT (1
pg/mL) . 40 pg/mL i) VBRBP5-1 . 41 A1 VBRBP5-1 Bt HU R 25 40 . 73 W) BOnT %5 4 K 1 ) Huh7.

HepG2 A MIARHEAT U0 T 556 R LL 5x103 A/ LRV E FEHRR 2] 96 AL HF 1557 24 h, WeFRALN _EIET



B R BB B AWK E, 100 uL/fL, W E 48 ho &4LIN 20 uL MTT W (5 mg/mL) , 7E£37°CF
B E 4ho WAL LIER, SFLINA 150 uL /) DMSO, #&¥% 10 min, A FHEFHRXAE 490 nm 3%+ Ak
I 5E AR 5 RO G B, 42 A (1) THEL R LH 250500 IHR g s s ) %R (R

R=[1- (A41-42) / (A3-42) 1%x100% (1
A, AVNEHEWICE; A AT EHHAWICE; A X IRANE .
A (2) THEBHIBE (¢) VYE VBRBPS-1 X 3T 24 (1938 24 1 FH 1oL,

¢ =Rus/ (Ri+Rv-RXRy)  (2)

A Ra Al Ry 25 245 B A R, Raos PTG . ¢> 115 AP R, 0.85<¢<1.15 & IN{E
Jis ¢<<0.85 AfEHLIEN
1.3.4 %t 947

K H] SPSS 20.0 B AFHEATGLTE 43T, ASSLB K TR RO FFG B A, TR BORHEE R
bE%E ((x+s) Fox, AREECRH (%, BLP<0.05 A% 7A SR X

QERE S

2.1 VBRBP5 W35t Bt 2%
HLE 20 AR J5 SR FH HOKSR AR BB SE AL 2 08, B2/ T A IRNE B UG S 85 RS

{1533 VBRBP1~VBRBP15 L NAEZ T E=E (3750, 100~750. 10~100. 3~10 }¢<3 kDa) IS5 H] 2 b,
H:r VBRBPS (<3 kDa) £ DEAE-52 #t—54lifk, Vet mhzk WK 1, KUK AL VBRBPS-1 5% K,

H B Y B 94.4%.

. 1 mol/L NaCl&
H,0 0.1 mol/L NaCl 0.2 mol/L NaCl 0.4 mol/L NaCl 0.8 mol/L NaCl 0.5 mol/L, NaOH
12

o
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Fig. 1 Elution curve of VBRBPS
2.2 VBRBP5-1 45 FAE

2.2.1 BEARR &2 S A T 20T
HPGPC K3t (WL 2) 78 VBRBPS-1 A MR . — )ik ig, (s —M BRI, 12 LR 1E] N

19.932 min, ARIEFLE 18 BHEARE SRS R Y=-4.976 3X+42.092 (R?>=0.9923) , it&E H VBRBP5-1



AR XT3 F 88 30.78 kDa . LA GalA 4 b #fE i 22 i) (1 B 1 PR & & 00 72 Fr i 28 . ¥=0.032 7+0.004 1X

(R2=0.998 2) il|#3 VBRBP5-1 [FJHERERE & BN 2.40%.

0 10 20 30 40
i} 1] Time (min)

&l 2 VBRBP5-1 ff] HPGPC i
Fig. 2 HPGPC spectrum of VBRBPS5-1
2.2.2 ¥ AELE AT
AL T L A 4 N PR D B IS [ S R B A 22 W o O R SR A, K B 22 W P 85 A SR AE K AR
PERA EEE . VBRBPS-1 [ AL AT 45 R W 3, EUX FUBE AR otk fh HEDW Y VBRBPS-1 2 Gle.
Gal Al Ara 4 & , b 4 & HF H & M Man M GalA , M X E R KA

Man : GalA : Glc : Gal . Ara=1.96 : 2.38 © 58.48 1 22.85  14.32,

T T T 1
20 30 40 50
[ A] Time (min)

B 3 IBAHEENTR A (a) A VBRBP5-1 (b) PMP 744/ HPLC &% E
Fig. 3 HPLC chromatogram of mixed monosaccharide reference (a) and VBRBP5-1 (b) PMP derivative
7#: Note: 1. Man; 2. Rib; 3. Rha; 4. GlcA; 5. GalA; 6. Glc; 7. Gal; 8. Ara,
223 FT-IR 547
VBRBPS-1 FIZLAMERE I 4 Frzs, 3327 eme! BT I 56 1M 52 1) O-H AR 45 4R B AT 2 943 em™! &b C-H 1
11 200 5 20 06 2 W 2R SR FE AR 1) 2 ANRRAE R IS 1639 em! & COO- Y AE Xt R IR 20 R e i s 1 400~1 200

em! i B Y BRI U C-H ARSI ISCIE D) £ 1 100~1 010 em B3 i B >IR3t B VBRBPS-1
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Fig. 4 Infrared spectrum of VBRBPS5-1

VBRBP5-1 [ B 34k 50 2 1 1 1K
(s AR EFEE LK 6 MR 1D 4R EIR, VBRBPS-1 —JL% e HHFibEkIE: 1.

1- P MR e 7

{A¥E (1-arabinofuranose, T-Araf) . 2: 1,5-FRIRFH7{H8E (1,5-arabinofuranose, 1,5-Araf) - 3: 1-MLIR7

% BE (1-glucopyranose, T-Glep)  4: 1-MLAgFLKE (1-galactopyranose, T-Galp) . 5: 1,3,5-FRHR R+ {0

BE (1,3,5-arabinofuranose, 1,3,5-Araf) « 6: 14-MEWR=FLHE (1,4-galactopyranose, 1,4-Galp) « 7: 1,4-M

Wi 1 %0 B (1,4-glucopyranose, 1,4-Glep) « 8: 1,6-MLR % #% (1,6-glucopyranose, 1,6-Glep) + 9: 1,4,6-

W i 7 & B (1,4,6-glucopyranose , 1,4,6-Glep) « 10: 1,3,6-ME R 2= FL#E ( 1,3,6-galactopyranose, 1,3,6-

Galp) , WAL /35 6.83 2594 :9.71 1 2.12:4.74 1630 : 4590 : 4.67 : 1.85: 1.94, FHEHKIELL

191 A B ZH B 10 o

2 5 ¢
L s
Y n...Ml;u. j .l. . A o I a IAA A A AAI

9 14 19 24 2
i [A] Time (min)

B 5 VBRBP5-1 B Z BEREATAEM S E TR E

Fig. 5 Total ion chromatogram of methylated alditol acetates of VBRBP5-1
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Fig. 6 Fragment ion peak of VBRBP5-1 by GC-MS
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Table 1 VBRBPS5-1 methylation analysis results



PR B e 1) e T AR b

R TR A BT EERL2a
Retention time Peak area
) ) Methylated residues Linkage type Mass fragment (m/z)

(min) ratio (%)
7.537 6.83 2,3,5-Tri-O-methyl-arabinitol T-Araf 71, 87. 101, 117, 129. 161
10.976 5.94 2,3-Di-O-methyl-arabinitol 1,5-Araf 87. 101, 117, 129, 189

59. 71, 87. 101, 117, 129. 145,
12.292 9.71 2,3,4,6-Tetra-O-methyl-glucitol T-Glcp

161, 205

57. 71, 87. 101. 117. 129. 145,

12.967 2.12 2,3,4,6-Tetra-O-methyl-galactitol T-Galp
161. 191. 205

13.482 4.74 2-O-Methyl-arabinitol 1,3,5-Araf’ 85, 99, 117. 127, 159. 261

71, 87+ 99, 101, 113, 117, 129,
15.428 16.30 2,3,6-Tri-O-methyl-galactitol 1,4-Galp

131, 142, 161, 173, 233

71, 87+ 99, 101, 113, 117, 129,

15.765 45.90 2,3,6-Tri-O-methyl-glucitol 1,4-Glep
131, 142, 161, 173, 233

71, 87+ 99. 101, 117, 129. 161,

17.276 4.67 2,3,4-Tri-O-methyl-glucitol 1,6-Glep
173, 189. 233

19.227 1.85 2,3-Di-O-methyl-glucitol 1,4,6-Glcp 85, 101, 117, 127, 261

59, 87. 101, 117. 129. 139, 159.
20.394 1.94 2-0O-Methyl-galactitol 1,3,6-Galp

189, 233. 305

2.2.5 NMR 5 #7

VBRBP5-1 ] 'TH NMR 1 3C NMR. HSQC. HMBC 1 'H-'"H COSY 7/~ T 7 /. 7E 'H NMR £l 13C
NMR ™', VBRBPS5-1 [ KR 73 i 1 AR A5 5 70 93] 73 AT AE o 3.0~5.5 Al 5c 60~110 BN, 1X 2 ZHEHIbr S 1k
Pk, Hion4.5~5.41 Wik R 755, KRR FESHESEM3.0~42, MEZXES, HTHEEMER
5y, TEREB) HSQC A BB & b B 7 AL B oc 97~108 Ay ki fE 5, HuENAILMES, Bk
AR IR ELRE A, (R [ R R o B BRAS S e, JLTES, HARERIE S 0c 60~83.89 f& VBRBPS-1 (1
WL Co~Co fE 5 MMM E S, 454 HSQC 1, w LUEJE 10 ANk v A Bk S & =5, 20k
dc 107.3/005.12+ dc 107.3/0u5.11+ dc 107.3/015.11+ dc 104.4/014.66+ dc 104.4/014.66+ dc 103.3/014.50+ dc
97.9/614.99+ 6c 99.6/6u5.41+ 6c 97.9/6n4.99. 5 99.6/0n5.41. — Bk Pho- T BRI R 715 5 AL E A R K
T 5.0, p-HBEEIE R P15 5 LA /N T 5.0, Gle a-H B30 AE S LA /N T 101, p-H B It
BRAE S AR T 101, G546 BRELALS AT i LAI 5 H I VBRBPS-1 3 2 DLobl 7 S0%E H2 (1 Wk B Ara.
ML A Glo FIBHETF B E B AL Gal /4 B. 45 A S A% BT P 3 AT R SCRRF I8 MY oF 45 B ke B A 2 (8 6 {1 3



17V g iz a1l AR 4R W% 2, VBRBPS-1 9 A] 0@ 10 MbEsk 5, 40 78 T-a-L-Araf —5)-0-L-
Arafil—. —3,5)-a-L-Araf{l—. T-f-D-Galp. —4)-p-D-Galp(1—. —3,6)--D-Galp(1—. T-a-D-Glep. —4)-
a-D-Glep(1—+ —6)-0-D-Glep(1—+ —4,6)-0-D-Glep(1—, KIKARIEHN A~T. LLFR 2 hHEsRIE H (—4)-0-D-
Glep(1—) Wy HEWr L #2441, 'H-'H COSY % b & 78 A 955 5 41 0u 5.41/0u 3.63+ 6 3.63/0u 3.97 on
3.97/613.66+ Ou3.66/0n3.94. Ou 3.94/0n 3.86, 7rlJyikEE H ) HI-H2. H2-H3. H3-H4. H4-H5. H5-H6
M A5 S, FRIAGRIE H 1 H2~H6 L2208 535N on 3.63+ 3.97. 3.66. 3.94. 3.86. It4l, #R4E HSQC
W, ATMEE RS 73.1/00 3.63+ Oc 74.8/01 3.97+ dc 78.3/0n 3.66+ ¢ 69.5/01 3.94+ ¢ 60.6/0u 3.86 MRS5S,
A AR I H ) C2~C6 1L2Ahi R84 i Rdce 7314 74.81 78.3 69.5. 60.6, 454 SCHRIRIE (TR LA 01 7
G DAHEWT RIS H O Gle 7R3, iEHEEAN 1,4-0-D-Glep (FEAALLERPEER ) -

R4 HMBC 5 3 UAAH <8 0% 5k 58 2 7] i 4 J7 50, /£ VBRBP5-1 i) HMBC J4i% (WL 7d) 1, dc
69.5/0n 4.99 N—6)-a-D-Glep(1— (ID ] C-6 Ml T-a-D-Glep (G) K] H-1 #HKAES, —4,6)-a-D-Glep(1— (1)
1) C-6 Fl—6)-a-D-Glep(1— (1D [ H-1 M XA 55 ¢ 69.5/0u 5.41 N —3,6)-p-D-Galp(1— (F) ] C-6 Fl
—4)-a-D-Glep(1— (H) ] H-1 #KA55 ;5 dc 78.3/0u 5.41 & HIA—4)-a-D-Glep(1— (H) ] C-4 F1—4,6)-a-
D-Glep(1— (1) H] H-1 #5155 ; oc 104.4/0u 3.66 N—4)--D-Galp(1— (E) ] C-1 f1—4,6)-a-D-Glcp(1—

(1) B H-4 FHFRAS S ¢ 104.4/0n 4.19 1§ T-f-D-Galp (D) [f] C-1 fl—4)--D-Galp(1— (E) [ H-4 FFA5
55 0c 66.2/0n 5.11 N—5)-a-L-Arafil— (B) ] C-5 f1—3,5)-a-L-Araf{1— (C) ] H-1 #H%[55, —3.5)-0-
L-Araf(1— (C) ] C-5 M1 —5)-a-L-Arafil— (B) K] H-1 #HK15 5 dc 82.3/0n 5.12 H—3,5)-a-L-Arafi1—

(C) I C-3 Fl T-o-L-Araf (A) K H-1 #HKAE 55 ¢ 77.6/0u 5.11 A —4)-p-D-Galp(1— (E) 1) C-4 Hl
—3,5)-a-L-Araf(1— (C) . —5)-o-L-Araf{1— (B) [¥] H-1 M XA5 55 Jc 77.6/6u 4.66 —4)-p-D-Galp(1—

(E) ) C-4 1 T-B-D-Galp (D) HJ H-1 # KA 55 dc 78.3/0n 4.66 §—4,6)-a-D-Glep(1— (I) ] C-4 Fl
—4)-B-D-Galp(1— (E) [ H-1 #iXME5. HTZMHEMES, NMR EEHESES™H, {CRA NMR
3 A DA T8 R Y R T, DR T IR G AN SCRRIRIE D2 14191, R O 2E ORT FR BRGS0 e
5 A S EE ], HEWT VBRBPS-1 52 — M LU & Bl AT~ FURE 8 EREN 2 7 (2 0, HE8E R~ T-0-D-Glep

(G) 1 C-1 5—6)-a-D-Glep(1— (1) ] C-6 #Hi%, —6)-a-D-Glep(1— (1) ] C-1 5—4,6)-0-D-Glep(1—

(J) 1 C-6 tHiE, —4,6)-a-D-Glep(1— (J) 1 C-1 5 —4)-0-D-Glep(1— (H) 1] C-4 #i%E, —4)-a-D-
Glep(1— (H) ) C-1 5-53,6)-p-D-Galp(1— (F) ] C-6 #i%; UhAM B = FhA, —i& H—4)-4-D-
Galp(1— (E) ) C-4 5 T4-D-Galp (D) i C-1 #Hi&, i#il—4)-p-D-Galp(1— (E) ] C-1 §EHE—4.6)-a-
D-Glep(1— (1) ] C-4 #Hi#E, —J/2—3.5)-a-L-Arafil— (C) ) C-1 5—5)-a-L-Araf(1— (B) [ C-5 &,

T-a-L-Araf (A) [ C-1 §5—53,5)-a-L-Araf{1— (C) [ C-3 #i%, —5)-a-L-Araf(1— (B) [ C-1 5—4)-p-D-



Galp(1— (E) [ C-4 &, il —4)--D-Galp(1— (E) 1 C-1 5 F%E E—4,6)-a-D-Glep(1— (1) [f] C-4
MiE; =J&—5)-a-L-Araf(1— (B) ] C-1 5-3,5)-a-L-Araf{1— (C) HJ C-5 %, T-a-L-Araf (A) HJ C-1
53,5)-a-L-Araf(1— (C) [ C-3 #Hi#E, —3,5)-a-L-Arafil— (C) K] C-1 5—4)--D-Galp(1— (E) [f] C-4

FE, @ik —4)--D-Galp(1— (BE) [ C-1 5F5E I —4,6)-a-D-Glep(1— (1) 1] C-4 Fi%E.
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Fig. 7 'TH NMR (a), 3C NMR (b), HSQC (c), HMBC (d) and 'H-'H COSY (e) spectra of VBRBP5-1
% 2 VBRBP5-1 ] 'TH NMR F1 3C NMR ¥4&

Table 2 3C NMR and '"H NMR data of VBRBP5-1

i R Oclou

No. Sugar residue CI/H1 C2/H2 C3/H3 C4/H4 CS/H5 C6/H6
A Teo-L-Araf 107.3/5.12  81.0/4.14  76.8/3.84  83.9/4.05  62.4/3.65 —
B —5)-a-L-Araf(1— 107.3/5.11  80.9/4.14  765/3.97  83.9/405  66.2/3.82 —
C 3,5)-a-L-Araf(l—  107.3/5.11 80.9/4.14  82.3/4.12  83.9/405  66.2/3.82 —
D T-4-D-Galp 104.4/4.66  72.4/37  733/3.97  713/373 70937  60.5/3.83
E —>4)-p-D-Galp(1— 104.4/4.66  71.5/3.64  73.1/3.63  77.6/419 746374  60.5/3.83
F —3,6)04-D-Galp(1—>  1033/45 71.53.64 79.83.68 67.6/389  732/3.8  69.5/3.94
G T-a-D-Glep 97.9/499  67.6/3.89 — 717379 69.5/3.94  60.6/3.86
H —4)-a-D-Glep(1— 99.6/5.41  73.1/3.63  74.8/3.97 783/3.66  69.53.94  60.6/3.86
I —6)-a-D-Glep(1— 97.9/4.99 — — — — 69.5/3.94
J —4.6)-0-D-Glep(1—>  99.6/541  73.13.63 748397  T83/3.66 69.53.94  69.5/3.94

2.3 VBRBP5-1 #i T £2BX FIE M

AR R R 4L T X PR 25 0 1 VBRBPS-1 9K B IR %, A SE 0 i 38 7 4 F /N e MTX

(40 pg/mL) . DDP (16 pg/mL) . 10-HCPT (1 pg/mL) . VBRBP5-1 (40 pg/mL) HE4TEFHAE BI04

# 345K 78 MTX. DDP Hl 10-HCPT 48 h %I Huh7 4t 55 05 22 739508 41.40%. 17.74%F1 27.91%, 40
pg/mL F¥] VBRBPS5-1 1% iR 70 /06 2440 B0 40 i ) Z= By B35 10 m- (P<0.001) R I H 1p [A) 18 XA Y
H %t DDP FMHI R0 T 23.4%, BEHTEECN 2.32, HRRIE A LT MTX A1 10-HCPT. % 4 £5 53 B
7~ MTX. DDP #1 10-HCPT 48 h %F HepG2 4 il B FH #1273 1 4 50.72%-  13.42%7F1 54.95%, 40 pg/mL [
VBRBPS-1 1 F 3R 70 88 24470 (1 40 o 40 ) 26 35 (2 & 300 (P<0.05) , RILH W R AER, HAp 10-
HCPT NAINE A, DDPBEFHIEECN 1.77, HhFEIBEZAE T MTX F1 10-HCPT.

25 7R VBRBPS-1 4 T [F B8 2459 i R AE AR TR, Forb 5 DDP B FH 78 9 0 988 200 i v 35 %68
FoAb B8 250 SR T SEAR M R 3G A0/, 4T VBRBPS-1 Al REHEIE A 55 DDP BXH, X RE L 2 0k
(¥ 25 R R HE S5 IR 2R A O



% 3 VBRBP5-1 B HL MR 255 Huh7 SRR %) E IR ( x£s,n=>5)

Table 3 Effect of VBRBP5-1 combined with antitumor agents on the inhibitory effect of Huh7 cells in vitro ( xts,n="5)

%12 Inhibition rate (%)

. B R Ry
TR 24 .
N , Combination Function
Antineoplastic A J%H] VBRBPS-1
o . index evaluation
Monotherapy Combination with VBRBPS5-1

MTX (40 pg/mL) 41.40+3.30 57.5243.31" 1.39 rIF

DDP (16 ug/mL) 17.74+3.10 41.14+3.24™ 2.32 IR

10-HCPT (1 pug/mL) 27.91+4.68 42.86+2.72*** 1.54 P[]

e SPUMIR LRSI R A, P<0.001,
Note: Compared with the inhibition rates of antineoplastic monotherapy, ***P<0.001.
# 4 VBRBP5-1 XA ZI % HepG2 AHMLASMDHIMEFIREM ( x+s5,n=5)

Table 4 Effect of VBRBP5-1 combined with antitumor agents on the inhibitory effect of HepG2 cells in vitro ( x £ s, n=15)

151 % Inhibition rate (%)

‘ B4R YERIVEA
U2y

Combination Function

Antineoplastic e Bt VBRBP5-1 ) )
index evaluation

Monotherapy Combination with VBRBP5-1

MTX (40 pg/mL) 50.72+8.93 73.01+3.24" 1.42 3]

DDP (16 ug/mL) 13.42+46.64 30.04+6.41" 1.77 3]

10-HCPT (1 pg/mL) 54.95+3.11 59.994+2.67" 1.09 2

e SR 2 R R R, "P<0.05, P<0.01,
Note: Compared with the inhibition rates of antineoplastic monotherapy, “P<0.05, *P<0.01.
3hie 54

RARZHECHAE B A . PR, PUESE S MR, BV S B, 7> T &,
FREAL A TP ERRANSE . HUARHE KT 28 S AR B 55 5 DA DG UIS), A1 B A A 2 W R ALE AN 5 4 ) FL AR 0
I 7 B R . EZ RO R R I Ara Gal Fl Gle 7] fig 535t A B UIARSCHE . SERA
Wby B IKLL Aray Gal. Gle. GalA 4 =E [RIKVETESEH 2 BE 08K H22 JH-Ja 20 0 1) 2B AR s 7 S 3
5 5 20 LA T TR 00 1) 22 FFF 8 4 L P bRl e e O 4 oS B H22 iR AR KUY R AR Ay 2 3
Hi Gle. Ara. Gal MIARKEA R, HAEW MG (S180) /N BN (MFC) HIMITERY. Hf



TR I Ara F1 Gle [ HLB 5 4097 29940 & P Rl BT FHE S 2 IEA DG, HH T-a-Arafs —5)-a-Araf{1—-
—3,5)-a-Araf{ 1> Z5 14 1 B 20 &30 ME ST Z K10 B AT R 2 8URIE 545 2 5 £ % H Gle. Ara. Gal.
Man. GalA. Rha fl GlcA 25405, 4> T BTG HEIN 5~2 010 kDall, 7 WL R L I 1,6-Glep. 1,3-Glep
F11,3,6-Glep;  1,5-Araf, 1,3,5-Araf; 1,4-Galp. 1,6-Galp 1 1,4,6-Galp; 1,4-Manp Fll 1,4,6-Manp %5121, AHjf
FOHT#3 VBRBPS-1 /2 Wi St 43 B I LA Gle. Gal Al Ara N R — 2 hE. HAHX 707 &4 30.78 kDa,
WEOmE R A RN 240% , M 41 BN Man . GalA . Gle . Gal fl Ara , B R LN
1.96 1 2.38 1 58.48 1 22.85 : 14.32. £ty T-a-L-Araf —5)-o-L-Araf(l—. —3,5)-a-L-Araf{l—. T-f-
D-Galp. —4)-f-D-Galp(1—. —3,6)--D-Galp(1— T-a-D-Glcp. —4)-0-D-Glep(1—~ —6)-a-D-Glcp(1— il
—4,6)-0-D-Glep(1>HEFR I v Be . EHEH Gle Ml Gal ik, H & A CHE, XS F 5517 RALAEE—4,6)-a-D-
Glep(l— » F 4 & A T-a-D-Glep—6)-a-D-Glep-(1— «  —6)-a-D-Glep-(1—6)-a-D-Glep(4)-(1— «  —6)-a-D-
Glep(4)-(1—4)-a-D-Glep-(1— « —4)-a-D-Glep-(1—6)--D-Galp(3)-(1— 25 45 ¥ i Bt , 085 X BS54 T-p-D-
Galp—4)-p-D-Galp-(1— —4)-p-D-Galp-(1—4)-a-D-Glcp(6)-(1— il T-a-L-Araf—3)-a-L-Araf(5)-(1—. —5)-a-
L-Araf(3)-(1—5)-a-L-Araf-(1—+ —5)-a-L-Araf-(1—5)-a-L-Araf(3)-(1—+ —5)-a-L-Araf-(1—4)-B-D-Galp-(1—
—5)-a-L-Araf(3)-(1—4)-B-D-Galp-(1— 55583y B, i) b U ) 5950 22 B vl 41 VBRBPS-1 BT & A 1t 5%
ERRAL Iy SOERAL RS S PTAERSE A 2 MR R, AR SRR ENE, BRSSP TR
SEHHZ BE SRS R . R, ARWFST KB VBRBPS-1 A58 10-HCPT . MTX A1 DDP %} Huh7 #1 HepG2 P
ol e 4 B 40 2, R HTE PR  ROT T ERTE 0, A B R AT T 25 B I Th Be A kL
G55 AT SHIRIE SO S 22 0 32 B0 R e R A 5 B 1 3 25D ) P RORI AR R A I R 8G RV E R 220, T AR
FIIAIT 254 MTX. DDP #l 10-HCPT J2& LR iy 2 & 1 (breast cancer resistant protein, BCRP) . £ %
M 2% 4 2 (multidrug resistance protein, MRP2) HI P-}##5 4 (P-glycoprotein, P-gp) %% ABC #%iz & 1

( ATP-binding cassette transporter) FIEEY), HEl, ABC #5158 [ O IE S22 AL IR 78 P9 1R KB 20 s i 7=
PR 2 B R R 2 2324, TR AN VBRBPS-1 R4k y7 2618 2L B0 15 HT 5 82 ABC #438 8 (145 4h
HER S5 38 B (S EE TN 25 06, TRIIX T i 5 Sdt A T AL FE (K 7 2 —

i EPTR, AW E W T AR S 2 M AT 2 I F 3 S I SE B P 3 — 28 VBRBPS-1,

J#{#F HPGPC-RID. GC-MS. NMR %55 At 7 H A, it — 0 4= Tt St 2 W 1) 46 K A5 S5 ] B
B 2 Wi R e 1 F R LB A S 2 3 3L

SE 3k

1 Chinese Pharmacopoeia Commission.Pharmacopoeia of the People's Republic of China:Vol I(HF #& A\ B 3L A1 [F 25 #h . 55 —
#B)[M].Beijing:China Medical Science Press.2020:293.

2 Wang JQ.Exploring the effect of enhancing liver-targeting of rein by vinegar-baked Radix Bupleuri based on
HNF 1a/HNF4a[D].Guangdong:Guangdong Pharmaceutical University(J” 7k 25} K %2),2019.
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