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VBCP 3-4) Bl 4 £ 5 3-3 (vinegar baked radix bupleurum polysaccharides 3-3, VBCP 3-3) ¢ F OXA X} Huh7 21 A (%) 41 Hg 7%
VitEH 5 Eﬁﬁz*ﬁﬁ%%%ﬁiﬁiﬂ‘aﬁ(inductively coupled plasma mass spectrometry , ICP-MS ) ¥l Huh7 21 i X4 OXA A9 ICR  PEAH
Jits S50 Z2 4% VBCP 3—4 15 H OXA MR AN RGR R 5 85 1 ED I A 3 Huh7 AHJCHE 12 28 9 3Rk, #5807 VBCP 3-4 KA OXA (3
ML . Z5R : VBCP 3-4 . VBCP 3-3 REAZHTIN OXA X AN A K ANHIVER . VBCP 3-4 BEAZIEHE Huh7 40Xt OXA B4R, 4%
IRHETE 4 h IR TR, 5 AR S T FH ZE 1 4B BCR < 43 1) 43.43% (P=0.000) F1 29.02% (P=0.000) . OXA I . =5 7] £ 4 Sl 4
FH Huh7 4009, BEWE0E 17F 20 B 22 24 Tt 245 40 5 25 (multidrug resistance—associated protein, MRP)2 1 MRP1 & H# ik, MRP2 &E H
BB I B R 18.11% ,25.00% (P=0.008 , P=0.001) , MRP1 2& [ 19 L 1 & & >4y 28.51% (P>0.05) .39.70%(P=0.015) . VBCP 3-4
I H OXA J5 , MRP2 \MRP1 X FL 98 Tif 25 25 [ (breast cancer resistance protein, BCRP) £ Rk sz 2, B = R e e
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JH 5 F) B 4 BCRP 7K 14 2 SK AR IR B2 4 29.00% (P=0.020) ; VBCP 3—4 SV JT Huh7 40185 , A% W @ 4k MRP2 . MRP1 &
BCRP & 31k, VBCP 3-4 =57 541 T 18 MRP2 . MRP1 1% & & 24.91% .20.79% (P=0.004 .P=0.005) . VBCP3-4 & BCRP & 1
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[Abstract] Objective: To investigate the synergistic activity and mechanism of vinegar baked radix bupleurum polysaccharides
(VBCP) in combination with oxaliplatin (OXA) , and to provide new ideas for the clinical treatment of primary hepatocellular carci-
noma. Methods : MTT assay was used to detect the cytotoxic effect of VBCP 3-4 and VBCP 3-3 in combination with OXA on Huh7
cells; ICP-MS was used to measure the uptake rate of OXA by Huh7 cells and evaluate the in vitro synergistic pathway of VBCP 3-4 in
combination with OXA; Western blotting was used to measure the expression levels of related transporter proteins in Huh7 cells and

explore the synergistic mechanism of VBCP 3-4 in combination
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(2025-01-22) OXA alone could promote the protein expression levels of MRP2

uptake of OXA by Huh7 cells, with the peak uptake rate at 4 hours,
and the uptake rate was increased to 43.43% in the high—dose com-

bination group (P=0.000) and 29.02% in the low—dose combination



— 304 — BERERKFZR 2025 £5 50 £5 3 #8 (Journal of Chongging Medical University 2025.Vol.50 No.3 )

and MRP1 in Huh7 cells, and the protein expression level of multidrug resistance—associated protein (MRP) 2 was upregulated to
18.11% and 25.00%, respectively (P=0.008, P=0.001) , while that of MRP1 was upregulated to 28.51% (P>0.05) and 39.70% (P=
0.015) , respectively. After the combination of VBCP 3-4 and OXA , the protein expression of MRP2, MRP1, and breast cancer resis-
tance protein(BCRP) was inhibited ; MRP2 was reduced by 47.38% in the high—dose combination group(P=0.000) and 15.18% in the
low—dose combination group (P=0.049) ; MRP1 was reduced by 64.96% in the high—dose combination group (P=0.000) and 34.63% in
the low—dose combination group (P=0.000) ; BCRP was reduced by 29.00% (P=0.020) in the high—dose combination group. Acting on
Huh7 cells alone, VBCP 3-4 significantly reduced the protein expression levels of MRP2, MRP1, and BCRP, and in the high—dose
VBCP 3-4 group, MRP2 and MRP1 were reduced by 24.91% and 20.79%, respectively (P=0.004, P=0.005). VBCP 3-4 downregu-
lated the protein expression level of BCRP by 15.02% in the high—dose group (P=0.003) and 13.92% in the middle—dose group (P=
0.030). Conclusion : VBCP 3—4 exerts a synergistic effect by inhibiting the expression of the efflux transporter proteins MRP1, MRP2,

and BCRP, promoting the intake of OXA by Huh7 cells,and increasing the intracellular effective concentration.
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Y F)%A (oxaliplatin, OXA ) J& M HCC ) —ZRiRY7 24
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1.1 Zmpel XA

Huh7 410k £ 11 52 M8 rpoc B2 4t (R ) . DMEM
e 41373 (Gibeo, 6123209) G4 IiL3E (FE/R T 52 3074 il
i (R ) A S B PR 7], AUS-018-02) B8 vb R 4A T 55 e (1
Fiti 5 254 BRA R, 220923BA) | 22 241 24 41 < 25 H -2(multi-

drug resistance—associated protein 2, MRP2)#$i A (Cohesion,
CPA1247) FLARE T 25 25 1 (breast cancer resistance protein,
BCRP) #T 14 (abcam, GR3229567-8) . Anti—Rabbit IgG H&L
(abcam, GR3299244-6) | ¥ £l 2 2 fiit 245 #H 5 & 19 - 1(multi-
drug resistance—associated protein 1, MRP1) $t & (abcam,
GR3296069-1) . A7 HLFH &+ %12 2 11 2(organic cation trans-
porter 2, 0CT2)Hi A (Cohesion, CPA1913) . B-ILE1 5 A (beta—
actin, B—Actin) #7114 (Proteintech, 81115-1-RR) . 4= L35 % [
(I EAERI I B R A A, 180728) . Western I [P 4] Jitd 24 fi#
W (B KA, 032123230418)
1.2 EBME

30 FH 75 L HL UK A (BIO-RAD, 25 /) {8 B0 8L (6K,
TRl BT R 2 AR A PR F) L R U A2 R R A
(BIO-RAD, 2£[®) . EF#RAY (Infinite M1000Pro, B 1) | H JeHs
A %5 B K Bt (inductively coupled plasma mass spectrom-
etry, [CP-MS)8800ICP-MS, 5 [H Agilent 28 7)) \ £ ¥y 46 44
(HR40- T A2, 5 5 ¥ K e P L 28 47 BR A 1) L CO, B 37 46
(WCI-180, AR F AR A R AT
1.3 BESRI SRS B AL

Tl e 25 WA R I, e AR KRBT s R Tl A
B Wi R 2%  Sevag 12 B AR 11 B I 43 B9 R GRS L 1531
ANy B R 5650 2 08, DEAE-S2 ST 4 R IH B+
A EHTAE BEAT 20 B Ak, e A5 B AN [) 28 50 ) Il S 9 3 —
Z W%, VBCP 3-4 2 10-100 kDa #4037, 0.4 M G2 Ak 4R35 1 2K
19 24 ; VBCP 3-3 24 10-100 kDa #5437 , 0.2 M 48 AL A VE L3k
ITGEEZ 178
1.4 OXA.VBCP 3-4 & VBCP 3-3 *- Huh7 %1 is 2m ¥4 74 37 )
%R

Huh7 41 M1 L) 5x10° cells/FLFPF 96 FLAR , BB 25 14 45
2520, W5 F 48 h, FFLIN 20 pL MTT AW (5 mg/mL), #EOGHEE
4ho FEFLA B, EFLIA 150 WL A9 DMSO, ¥R % 1 min,
490 nm I AL 52 W2 5 FE A (absorbance , A ) , T84 203 i
., OXAZA 254 : OXA M1 ¥ 5 0.0.19.0.39.0.78 .. 1.56 |
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3.12.6.25,12.50,25,50 pg/ml. VBCP 3-4 VBCP 3-3 £}
UL Z BV E X E M 0.0.98.1.95,.3.91,7.81,15.62,
31.25.62.50.125.250 wg/mL.

1.5 w3 (methyl thiazolyl tetrazolium , MTT) i # VBCP 3—
4 VBCP 3-3 84~ OXA xt Huh7 4m it 44 3 %) 4 )

Huh7 40}l LA 5%10° cells/fLFl F 96 LA , 1% 25 F1 4 .
OXA ¥4l B FH4H , M5 48 h, & 4L IN 20 pL MTT i# #
(5 mg/mL) , BEOCIFE 4 ho FAL B, BALIDA 150 pL Y
DMSO, #i% % 1 min, 490 nm J 1+ Zb 00 52 A {4, 7155 4 41 3]
Rl FH CompuSyn 5 A4 11 8 Bk JH 35 %X (combination index,
CD . CIHE%<1 A PrRIBESAE T, CIAE 51 W JC P R S 55 A
FHURL I - OXA 5 VBCP 3-4 A L1l 1:5, OXA 29
£ 4:0.78.,1.56.,3.12.,6.25 . 12.50 wg/mL, H/ VBCP 3-4 23k
JE°4:3.90.7.81.,15.62.31.2.62.50 wg/mL; OXA 5 VBCP 3-3
I 9 R 125, OXA 283k % R £ 0.20. 1.56.,3.12.6.25,
12.50 wg/mL, F1 R VBCP 3-4 2 ¥ i 2y . 0.98.7.81.15.62,
31.2.62.50 wg/mL. FiJH4H : OXA . VBCP 3-4,VBCP 3-3 it
V£ 3 530 Ry B L A 31 AR W T
1.6 VBCP 3-4 3+ OXA 48 iR I % v
1.6.1 ICP-MSJrikaz 4 U AS 4L, A OXA ARifE
WWCE TS, #1415 (0.97 ng/mL) . F(3.90 ng/mL) . &
(15.81 ng/mL) ¥ JE FRAERE S A S mLIRAER = IRFHE 1 h,
T PR BE BT RO RO S ST BRI , ff
2% FHIRE 2 2 10 mL R4, DAL T UERR S AEH I A%
B ESCR R T SRR E DT R R

ICP-MS B A& Z 840 F « ICP-MS 2 < & < (4l N
99.99%) , /\#AF RF:160 V, & : 5 mL/min, Q1 {44 HL
FE =4V, Q1 Tl g w5 Hi U . -38 V., w5 H K . -38 V, i 3h
TG 0.5 rps, FEHLIEBE 2: -200 V, Omega fhi % HL & : 100
V,Omega &5 L 9.8 V, BE B L. 5 VIR,

1.6.2  ANIE4AZG K OXA S &4 Huh7 40 LL 5x10°~/4L
FhTILA, FR A0 25 80%~90% A T45 24 , 155 OXA
F1it2H (6.25 pg/mL) ,OXA F AR &4 (3.12 pe/mL) JKH]
R (S OXA VRS0 31.25.6.25 we/mL) kA%
i 20 (285 OXA Wk 43 5y 15.62 .3.12 pg/mL) , 5333
TE2.4.6.8 h AN A, 4% BB “1.6.17 7 74 Ab BRAE 5y, &0 Pt
TTEMNEE.

1.7 %% ¢piE 554 VBCP 3-4 82 A OXA * Huh7 %8 it 2%
B G F R

Huh7 4R L 3x10°ALFH T 6 FLIR , 73445 12 LOXA B
i 79 1 4H.(6.25 pg/mL) (OXA BG4 (3.12 pg/ml) |
15 FH )i (22085 OXA VR 430710 31.25.6.25 pg/mL) |
1B IR G 20 (205 OXA MR BE 43918 15.62.3.12 pg/mL) ,
24 hn, FERAATLT _LIEW, PBSTEYE 230, iINA WB I
1P 24 2R VR R A 20 ML, 8 1 7 M S R AT S e BIE S 3
1.8 %9% 67 if 5 Bt it VBCP 3—4 % Huh7 48 3532 & G 1
EAG)

Huh7 408 2L 310 ALAP T 6 FLHR , 24 h J5 452y, e i 2

F14H . VBCP 3-4 &4 (40 pg/mL) 1 #IH4H (20 wg/mL) |
fRFEH (10 peg/mL) , 452524 h )i, FELH LT LER,
PBSYEVE 23 , A WB K 1P 41 160 24 g ik 24 AN, 2 1 A4
Jo AT G BN S5
19 %it#d7ix

SZE B ] GraphPad Prism 2021 80k BEAT , 4543 1IE 543
A3 B GERE B + BRifE 22 (o + 5) R o Bdi R F 2R N
FJ7 255007 W R 25 MR I LSD ik AT 2 F LR, Jr 28
55N H Dunnett T3 %377 2 H L, AEE S0 A6 F
BEAIE FH DU A3 7 B M, (P, PN o K 58 K HE @=0.05, LA
P<0.05IN Ry 225 HA Gt Lo

2.1 VBCP3-4 VBCP3-3iA&#MiEE

VBCP 34, VBCP 3-3 & il ] 8 25 DA 7K 4 HC T 5 5
ZHEh B A B — 2 h . VBCP 3-4 53 T i
2 105 kDa, FH #0E  BRZ0E EZUMIRE IR FTZ00E e ZL0E
BT A 5 2 B, HLBE JR T EE R 1.26:5.74: 72,80 1.88: 3.88:
8.43; VBCP 3-3 7) 112 J9 3 565 kDa il 2« 22 15, h H &4 .
ZEBE P FURERE TR R ANE 1 FUBE AN TR ORE 2k, LB /R
T4rEh 6.21:6.52:4.13:4.06:23.44:55.65.,
2.2 OXA.VBCP 3-4,VBCP 3-3 % Huh7 % i &9 3¢ 74 3 %]
%R

Z 4% OXA . VBCP 3-4 VBCP 3-3 Bt 45 245 %F Huh7 20 0
) 6 A A 1 FH 5% 1, DA A 53 A B FH R o X T R
FIEECEL . B 1A TR, REHRE OXAVEF T Huh7 405
Rt OXA VR JE 36, 4 i) 2828 138 5, OX A 7 50.00 pg/ml
B e JEE Y [ PN 3 3 ZRAE 0.00%~69.04% 22 [6] , Houfk v T
25.00 pug/mL B, o 200 A < A ot 4 FH B Gk PR s
SCEGIERE 12.5 pg/mL M i m e . A& 1B . C iR, B & ik
B B3 K, VBCP 3-4  VBCP 3-3 X Huh7 4 i 41 1] 28 72 47 434
58, W) 28 0.009%~25.00% , VBCP 3-4 % Huh7 41 g 541 41
YEFAFESRT VBCP 3-3, JG Sa i = W 0 62.5 wg/m L #E4T
2.3 VBCP 3-4 %A OXA #F Huh7 28 it 44 35 38 37 ) V5

FH P 2A 1] UL, 45 (4 40 Huh7 4083458 1E &, i E4T OXA
PO KR 45 25 J5 Huh7 403558 32 2906 B A 4 25 40m
TIRCRAL T 5T 20 5 5 OXA B ZH AR LLHE T2 X% Huh7 20
BRI 2R, 12.500.6.250.3.125 pg/mL ¥ T, OXA BEH
ZH % Huh7 200 i 38 48 400 1) /6 B 2 &5 F OXA $ 41 (P=
0.000, P=0.000, P=0.000) , I 5354 Ji B 43 H 433314 45.90%
25.62% .11.79%, ULIE 2B 5 /1 & 2C 7] UL, 2R 4] e 15 5K FH 48 %
CI<1, /R ELAA Y IR] 38 850V T, CL b 28 52 80 1 390 AR Pk
AMAEE LR 1,
2.4 VBCP 3-3 %1 OXA *+ Huh7 48 &L 69 38 54 4 ] 45 7

& 3A AT L, 5 OXA 521 AR LI 2% Huh7 21 g
B 10 1 SR 28 0, 12,500, 6.250,3.125,1.563 pg/mL IR E T,
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=
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SECAC 5
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Sl @5%%5;?
VBCP3-4{ug/mL)

B.VBCP3—4 3% Huh 7 24 i 1 7 110 ]

) LSS
FELF LIPS \'\?’éi?"

VBCP3-3(pg/ml)

C. VBCP3-3% Huh 72 I 4 54 |
BE1 OXARZHEX Huh7 ZHRaME SMETE RN FI1E A (n=6)

HAH4L

A

A. AU
150 OXAZH 21

ns = L) = a i mm OXA+VBCP3-44
_ i
& 1004
=
%
= 50 ®

@
0- 0 [
0 0781 1.563 3125 6250 12.500 0 0.5 1
OXA(ug/ml) AN S3EL (Fa )

fE: a, SFEGHHE T RDFSEREMIL, P<0.01

B. 105 125 3 Huh TAN I IS4 B 5

C. ClHE#

2 VBCP3-4Ek A OXAXf Huh7 4Rk SMEE B HIFIE R (n=6)

OXA I5¢ HIZH %5 Huh7 20 Jf 34 5 400 1 76 FH 35 1 T OXA JLH]
20 (P=0.000.P=0.000.P=0.000.P=0.000) , 11 iil] 33 i 75 43 Lt
5510 27.90% . 58.57% . 56.37% .45.09% ; H K1 3B AT I , 41
e FEIE FH AR %L CI<L 48R BAA P R S 20/ L Lt 4k 2 30

R AR BB WSR2
2.5 VBCP 3-4 3t OXA fa LRI v

7 e 2 S A5 B R PUIG A (A1 I 2R g 97.89%~
109.59%, #E 1 & 1.54%~6.45%, H PG % N 2.45%~
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#1 VBCP 3-4B:FH OXA Xt Huh7 5P a5 #4145 B8 % CI B1{& (x + 5,n=6)

OXAFIHE (pg/mL)  HLHINHIZR 48 h(%) I 2 48 h(%) F{E PE SN 53 CIA
12.500 55.401 +4.417 66.977 + 3.236° 1.343 <0.001 0.67 0.13
6.250 25.768 +5.299 42.584 + 3.599° 0.994 <0.001 0.43 0.55
3.125 23.924 +3.759 34.895 + 5.299" 0.958 0.002 0.35 0.56
1.563 24.081 + 4.583 26.923 +4.515 0.052 0.304 0.26 0.70
0.781 20.099 + 4.693 25249 + 6218 0.009 0.136 0.25 0.39
0.000 0.000 = 6.092 0.000 = 3.908 0.800 1.000
T ra, 5ESEFE T RV FE LA L, P<0.01
1507 OXAZ 27

N ILI B OXA+VBCP3-341

sl i 2 I T [

E ) I I I

ﬂ | i
) 0. 10-1 1. sm |2j 6,3. 12 w()ﬂ 00 o : |
. ‘ ) ‘I)XJ\[ugfml,_J WAL (F
e oa, SESETHEFRFIER LML, P<0.01
AL JBEA T2 % Huh 72 B A h R g B2 ) B. CHE%
3 VBCP 3-3BtF OXAXf Huh7 4 B fa M {E B3 &1 E B (n=6)
%2 VBCP 3-3B£F OXA X} Huh7 {5 18 5 1 81 45 3 %2 Cl #1{& (x + 5,n=6)

OXA Gk (pg/mL) — HHMHIAR 48 h (%)  BHIHIH 48 h(%) Fif PiH AR CHH
12.500 55.716 + 2.987 71.263 +4.027° 0.070 <0.001 0.71 0.02
6.250 25.889 + 2.859 41.051 +3.341" 1.077 <0.001 0.41 0.34
3.125 21.287 +5.570 33.286 + 1.055° 6.895 0.003 0.34 0.53
1.563 20.355 + 5.203 29533 +2.955° 1.429 0.004 0.30 0.48
0.195 18.360 + 3.564 15.543 + 1.616 2507 0.109 0.16 0.71
0.000 0.000 = 1.688 0.000 = 2.124 0.006 1.000 - -

T ca, SRR T YDA AU E , P<0.01

4.86%, H [0) % £ 4 2.73%~4.60% , X & Uk Al et R 1.45%~
4.38% fFE RN HTEK
X VBCP 3—4 ¢ F R 8L 4 Hn,,n%ﬁulﬁlztﬁﬁm,
I 255 1) ) 4 289 10 OX A 7E Huh7 48 it PN 1) 5 B0 184, A5 20
FHARGFA S 20 A0 e TR 417 2 h o4 h .6 h .8 h EERR
R :6.93% .29.02% . 17.19% .6.83% , 5 5 ] /& 77 B 41 AH He
B S R EAAE 2 h 4 ho6 h.8 h B H1h £ 10.42% .
43.43% .19.02% .12.33%, Po. FA 21 5 ¢ 41 AH LL B 5 e it2
25 5+ (F=8141.028, P=0.000) ; 2 L X} OXA 1) AH % 45 B 56 8
bR B B g 8 ) e R FH A5 ) S 5 FH AL AE 4 h SRR
B FEEZE R (F=11 610.718, P=0.000) , B A7 ¥ B it
S BH VBCP 3—4 1] LU iE OXA BIHEA , IF-7E 4 h ik A
Xof R A

2.6 VBCP 3-4 3 8 OXA %t Huh7 4m it 4538 % & 49 %@
WES Frs A Hezs X R, e AR OXA%‘B R0 A
2 194 Huh7 20 ffd 7 MRP2 4 11 () & ik & (F=17.473, P=
0.001, P=0.008 ) , [ &% 4y 18.119%.25.00% , VBCP 3-4 = |
] 571 2 16 I OXA B I % F MRP2 2 11 3 1% (P=0.000, P=
0.049) , FEARMR B2 4391 g 47.38% . 15.18%; OX A 25 A 41
AEWZ I IR MRP1 2K 1y 35 4, T IR IR & 28.519% .39.70%
(F=30.390,P>0.05.P=0.015) , VBCP 3-4 = K& H OXA
M S B AR MRP1 B 11 2635 (P=0.000, P=0.000) , [ A5 8 J3E 43
M 64.96% .34.63% ; OXA X BCRP HY #1525 F LGt 7%
>L VBCP 3-4 & KI5 H OXA BRI T BCRPE %
Ik, m A 22 B Giit e L(F=13.364, P=0.020) , B iR
4 29.00% ; OXA HEfg— & FREE Ll OCT2 A M £k,
VBCP 3-4 & ARFI 5 OXA XF OCT2 55 1 #3524 T4

EI-38
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