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Effect and mechanism of silibinin on pharmacokinetics of sorafenib in rats

LIU Hong-tao, ZHANG Lei, HUANG Zhi-yun, ZHANG Hong-nan, ZHANG Fan, ZHAO Yuan-yuan
Department of Pharmacy, The First Hospital of Hebei Medical University, Shijiazhuang 050000, China

Abstract: Objective To investigate the effect of silibinin on pharmacokinetics and mechanism of sorafenib in rats. Methods Male
SD rats were randomly divided into sorafenib (100 mg/kg) group, low-dose silibinin (50 mg/kg) + sorafenib (100 mg/kg) group and
high-dose silibinin (100 mg/kg) + sorafenib (100 mg/kg) group, with six rats in each group. After 8 d of ig blank solvent or silibinin,
rats were ig sorafenib, blood samples were collected at different time points to determine the concentration of sorafenib in plasma. The
mRNA expressions of cytochrome P450 3A1 (CYP3Al), UDP-glucuronosyltransferase 1A7 (UGT1A7) in liver tissue and P-
glycoprotein (P-gp), breast cancer resistance protein (BCRP) in small intestine tissue of rats were detected by qRT-PCR. Results
Silibinin at dose of 50 mg/kg increased the Cimax, AUCo-+ and AUCo- of sorafenib by 47.4%, 57.1% and 64.7% respectively, while 100
mg/kg silibinin increased the Cmax, AUCo-r and AUCo- of sorafenib by 47.6%, 80.5% and 77.5% respectively. The expressions of P-
gp and BCRP mRNA in small intestine were obviously inhibited (P < 0.05), but the expressions of CYP341 and UGTIA7 mRNA in
liver tissue had no change. Conclusion There is a pharmacokinetic interaction between silibinin and sorafenib, which may increase
the risk of adverse reactions of sorafenib. Monitoring should be strengthened in clinical combined use, and the dosage should be
adjusted if necessary.
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BE % B2 #% F2 1§ 1A1 ( UDP-glucuronosyltransferase
1A1, UGTIAD 4 II FHACERGLL . P-HEERE (P-
glycoprotein, P-gp) *GIaRITEM:, RENE RN HIX L
B A B i 12 M 23 258 229 . Zhi R e e IE
FHZLT UGT1A9 Fil CYP3A4 i, AR 3 & P-gp
RIS 2585 (breast cancer resistance protein,
BCRP) J&#), H 5 ZFAWAAEM BAERES, 25 |,
K WE] T R AR A FH AT RE R AR R AR G R AN /El
ISR 2 EAE R, SR H AT A A OCHT AT
(dRIE . H, 1K CEI R SRR 23
YERBFEIFHIP IR TN, 5T PR 25 LE I PR 1)
LA A BB L
1wt
1.1 B4

SPF 2t SD KR, A& 220~250 g,
e BRI B AR R A T4, Sk
FPAYFATIES SCXK (50) 2016-0006. K FRAEFRIEIR
B R, SEOOHT 120 25, HHIOK. AREFTIR
13 40 B BF K 52 5 — BR B W46 B & 5 > ko
(N0.20230226)
1.2 ZAm5iEHE
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428 dig K KR EEH S HEAE, ig BHAEE,
FERZERIAEZG)E 1. 34 54 64 7+ 8. 10, 12 24,
36, 48. 72. 96 h HUM 0.3 mL T &ALk,
MRFEA 4500 r/min B0 10 min, BUMIZIRAT T
—80 CUKFHFF T HT o
2.2 K KBEIEITARBFEE CYP341. UGTIA7 F/)h
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HWAGHATE R PCR R, MNART & E R
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Table 1 Primer sequences
A 731 (5°-37)
P-gp F: TCTGGTATGGGACTTCCTTGGT
R: TCCTTGTATGTTGTCGGGTTTG
BCRP F: TGAAGAGTGGCTTTCTAGTCCG
R: TTGAAATTGGCAGGTTGAGGTG
CYP341 F: TGCATTGGCATGAGGTTTGC
R: TTCAGCAGAACTCCTTGAGGG
UGT147 F: AGTGTCCGTTTGGTTGTT
R: TTCCATCGCTTTCTTCTC
GAPDH F: GCCTTCCGTGTTCCTACC

R: GCCTGCTTCACCACCTTC

T AR, IR IR 1 mg/mL % HE S g
R o BUE BT R it 25U, F 50% S RE A 50
150, 500. 2000. 8000. 2X10*. 5X10* ng/mL ]
TRAPAEM L TAEAW . FVEREME. b, =iRE
i dE TAR ORI RE AT SE 1 TR, RA AR i
BEIRFESY W25 100+ 5000+ 3.75X 104, 1X 105 ng/mL.
FRE d3-ZF2AEJE 1 mg T 1 mL —HIZE KA
Wi, IR 1 mg/mL BN ARE S, FH 50% R
B2 500 ng/mL BRGNS TAREW . 51l
A ERRAF T-20 "CUKFE.
24 MRHFRLIE
MHEFES 50 pL, DI PAR TR 5 ul, N
ANZSE 150 L, W IEdA 1 min, 12 000 r/min 250
10 min, HU 3 100 ul A 200 uL 50% 2, i
WEVRS), HeRs BRI, Frdi R b
2.5 LC-MS/MS &%
251 MiE%IF ZORBAX SB-Cis it (100
mmX 2.1 mm, 3.5 um), BN (A -5 0.1%
PRI 5 mmol/L IRV (B), BEEEBEML: 0~
2.5min, 60%B; 2.5~3.5min, 60%~90% B; 3.5~
5.5min, 90%B; 5.5~5.6min, 90%~60%B; 5.6~
6.6 min, 60% B. AFEN 0.7 mL/min; AL
BN 5 ul.
252 IR WS B TURIE S TR AR S,
Z RN, RiuAEEA LR 3-FRiIEEE
BE T BN mlz 465.2—270.2. 468.2—255.4;
EREHE 140 V; RlEfEREE 45 eV; JEBIH HEE 5500
Vi ZAA N JT 413.7 kPa; NS E 7 344.75 kPa;
SAAIEST 137.9 kPa; B FIRIEE 500 Co
2.6 FEFER
2.6.1 EFRME HL 6 AN [FRUE R A 1 I B |
B e IR RS, TZMR “2.47 TR kb3 5

PAFFEM T K], BERTNE R .
2.6.2 ArfEMiZAERIR B “2.37 WU I T
VRV S UL I\ 45 uL 25 (3%, JRieiR S, Hilk
R AR REIRE 258 5. 15, 505 200+ 800
2000, 5000 ng/mL IR IEARFE, 4% “2.47 T J5i%
WL, HEFEHT, DGR . LTI R
WREEMEALRR, S AT 5 AR I AR LA AR bR
KR /AL 3k LA 1/x2 AR ER PR kAT i 2R 40
GBI
2.6.3 MEEEFWEME SRR ER
JE 5.0, 10.0. 500.0. 3750.0 ng/mL & & FFR .
6 W & 4 AN TRER R IR, % “2.47
TR s B, A EIREEAT 6 fy, 1ELE 3 d
W5, THEHN B IR YR .
2.6.4 FEFUBN. B 6 MANFESRIEM S ALK 50
uL, 4% “2.47 TR kA EE, AInAks, BCiER
RIS (A, A ARG S ER
JE IR AR ARV OIS & (R Rk
51K, miENEAREREARD, BARERE 6
FEAS, MAFUEMARICA B; BL 50% LM% = (4 5
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THE BT DR A bR B2 SR RS R, T BAAT BT 1)
2 R 880 DR DA P o 4D 25 o R R R — 4k
(125 SR RS R T
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24 h. —80 CJHE 14 d. ACHJ5FESTE HhitFESs
JE 12 h. —80 Ciffh 3 KA E M.
26.7 FBEATEEM &2 AT ERE LIRAERE
MIMEREAS, P2 A MEMRRZFES S 5, AT
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FOLBEIATAN B &, TS AREA T H R
DRI IR AE RS R IA Ko fdHH ¢ K558 (SPSS 25.0 3 A4
BT G804

A
0 1 2 3 4 5 0 1 2 3 4 5

t/min

t/min

311 RPN RAAEE KN R AR B IR 43 )
A 117+ 1.16 min. %5 A M3 ) YR TED R AT
P, ket Ry, ik
K1,

B
I I
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t/min
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- A MK EERE TN S ng/mL R ARE RN FR 2 (A LK
I-blank plasma chromatogram II-blank plasma spiked with 5 ng/mL sorafenib and internal standard
1 mMFHHERIER (A) FARR a3-FhiEe (B) HIBRIEE

Fig. 1 Typical chromatogram of sorafenib (A) in plasma and internal standard d3-sorafenib (B)

312 MM K EER R IEBE 5~5000
ng/mL WM KRR, FrifthZ)y Y=4.28X1073
X—246X10* (+=0.996 3), ELNE 6 1€ B
A, FORE 2 SR L R R, RN Sng/mL.
313 FEEEEMAENIE ERR. K. . S
WP JRAERE S H RSB B H ADRE 25 B R v off

+=2

B AR (R 2).

314 EFUBNARE R RRIAERAC. SR
A BE JoT A5 R i 2 A AR RS T TR R B RS 43 T R
97.0%7F1 100.6%, RSD 737l 7.0%F 4.0%, Z55%
RUEF A EA TR AERNE . RiEE
FIFEE R %N 95.5~101.8% (3£ 3).

BEEIERE (X+s,n=6)

Table 2 Precision and accuracy (X * s, n = 6)

PR R/ H A% H B A 2 B
(ng'mL™") SEM R R /(ng-mL™")  RSD/%  HEWAE/% SEM R R /(ng'-mL™")  RSD/%  #EHAE/%
5.0 5.0+0.3 6.1 100.3 52403 5.8 103.9
10.0 103404 4.1 103.1 102404 3.9 101.6
500.0 526.3+10.5 33 105.2 523.4+14.0 2.7 104.7
3 750.0 3681.7+142.8 3.9 98.2 3669.4+115.1 3.1 97.8

#3 ERYMHEMENEWER (X+s,n=6)

Table3 Matrix effect and extraction recovery (X £ s, n = 6)

FRAG R EIRE /(ng'mL ™) FEFRBN /%  FRBUECR /%
10.0 97.0+6.6 95.5+5.5
500.0 — 101.3+45
3 750.0 100.6+4.0  101.8+4.3

315 FEM: HRFIAFBSAMKIAZEIRKE 8 h.
2~8 CUKFEILE 24h. —80 CHE 14d. FHJ5kE
STE EShIERE SR 120, —80 CikEh 3 IkHIFaE
PRI AR 2 B 5200, HHER N 96.4%~107.2%, RSD
BT 10% (R 4), RPLE LRFAT, KPR
Pk e fe et R AT .

316 MRENIEEME  RAARERIRE S AR IRE M E
SR Gh R EWMZEN 3.2%, RSD /N 15%, Rf

Ak Je MK 259 o8 vk FE vy T = BRI, mTBUR A
2 LR RE S R 7
317 FREAMN g WA AR AR S SR BT
(1 N2 2 SRR S 7E 23 AT )R P s AR B I T) Ak e
AT HE, 0B S R R SOOI T IR B A
st (R0 5 TR B 5
3.2 KBRHEAARELER

Fh AR B Heh 2RI SR R R G R PR
() 1L 24 34 55 -t ] il 2 LI 2, AR R EEE 3
ESHNR S, MENAFRSIK. SfEK GE E
A A2, RAAEBIH AUCo-n AUCo-oofil Crax
BRI (P<0.05), RMAMER (V) FEkRE
(CL) B, 1RAEK CE A R E R AR S
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Table 4 Stability (X £ s, n = 6)
%1 PSR SR (ng mL ™) SEIIREIRE/(ng mL™) RSD/% T /%
EiE 8h 10.0 10.6+0.6 5.7 105.5
3750.0 3660.04100.4 2.7 97.6
2~8°CUk#fi 24 h 10.0 10.1£0.6 5.8 100.8
3750.0 3641.7+92.8 2.6 97.1
-80 C 14d 10.0 10.740.8 73 107.2
3750.0 3762.0+57.6 L5 100.2
HahibREeS 12h 10.0 10.5+0.4 3.8 105.4
3750.0 3720.0+79.5 23 99.3
—80 “C¥RR 3 K 10.0 102403 3.0 98.1
3750.0 36133481.6 23 96.4
FEAK CE G R IR E A28 S 2 7
7000 - RAAHE giteEE . R EK B AR AR e R A
i3 kg ZRAES e
6000 R RS mee TRIEE 25200 S5 Con M AUC- JLITHI LR 90%C1

- K KEIZE 100 mg-kg '+ &R HiIER

253 fE /(ng-mL™")

0 15 30 45 60 75 90 105

B2 RNIFRAEARMEAFHH-FHLZL (X+s,n1=6)
Fig. 2 Plasma concentration-time curves of sorafenib in

rats (X £s,n=0)

20N 128.04%~174.09%F1 120.31%~233.67%,
e KR A AR AR e R A R 2458h - S5
Crmax 1 AUCo~, JLATIIME LL I 90% CI 43 il Ky
115.49%~ 184.63%A11 127.13%~274.34%, HIARTE
80.00%~125.00%, 455K K. mifl Bk G =1l
R s K SRR N R AR e 258 ol 72 . KT =
K RHE R R AR R AUCy-, TH 1.67 %, =il
K E R AAER I AUCo- THiEr 1.87 £5, &5
BEIRT 1.25 s H/ANT 2 fiF, RIAKRE] X KR
PN Zhr AR e vk P I AR T RR AT AE 55 4 o

®5 RRFRHANFSH (X£s,n=6)

Table 5 Pharmacokinetic parameters of sorafenib in rats (X £ s, n = 6)

ZH L g e RAEK KB+ RivAE8  milEK RE s+ R v dE e
AUCo- ng'Lh 140 245.0+53 351.6 2203487427 732.6" 2532103£82162.6"
AUCo-= ng'Lh 147 969.6 57 747.8 243 779.7%52 090.3" 266 114.4+83 788.7"
Cimax pgL! 4070.0£768.0 5998.3+452.6" 6 006.7+1480.3"
Timax h 11.8+6.2 9.7+2.0 122462

e h 19.9+5.0 2434137 20.1+4.1

CLor L-h kg 0.8+0.4 0.4%0.1 0.4%0.1

Var L-kg'! 222497 13.9+54 11.9+4.8

&b RA L "P<0.05
P < 0.05 vs sorafenib group

3.3 KKBIRXTKRATAE CYP3AI. UGTIA7 Fails
BA¢H4R P-gp. BCRP mRNA FRikHIZ0m

w3 s, SENIERANE, K. &AE
KBTS R AR AN L P-gp Il BCRP
mRNA FIE/KF B EFEE (P<0.05), HHAE4ZR
o CYP341 M1 UGTIA7 mRNA ik T T35 1k,
4 g

FH AR R I T PR RO, —EAM

WU 85 I EHR )T T B EIR R B A
BN, RiARR 5 ALY SR g+
Wik, N A AR R AR A SRR R 5 52 2R AT
s s VE AR s i 10, 0 F 25 i A58
BE A A, 29 AR A R R 2 KU th 2 1
LY EAR R R A R, I8 XT3 RIT 4
D5 P AP ARE R 5, 10— BRI G LA
L, R g Ol T A RN, R,
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- FEIE 15
i) il
fé i H 1.0
= 1.01 =
= = *
< < 0.5
= T T 0 - y Ill
P-gp

CYP341 UGTIA7

i = e
3 K KEI 7 50 mg-kg '+ KR
O K KA FE 100 mg-kg '+ R PIEE

I

BCRPv

SR AERA L "P<0.05
P < 0.05 vs sorafenib group

3 KKEIERXM AR CYP341. UGTIA7 #NF4EER P-gp. BCRP mRNA FRiZHIFM (X+s,n=6)
Fig. 3 Effect of silibinin on mRNA expressions of CYP3A41, UGT1A7 in liver and P-gp, BCRP in small intestine of rats (X £ s,

n=20)

FEHIR AW 2 A EAE R BT RE, 0T
Fh ARz GEEH 08, TEEEEE
SRIRAE T BRI T I AR R SRR D Re e, At
T 2 AT R 2540 RT DL RSARR I 5 0E A 503 A0 Joit
&, IR KR R PR AR P R 8 R A 2
T B s 22—, H5RA AR A
IR Ak . ASHIF FUAE R AR, AEEAR K
FELE T ANFEE 2 IR TK KRR S RIRG TR
PRI Zish A BAE, 25 KL 50 mg/kg 7KK
] FEAE R PLAEE 1 Conaxs AUCo—, Al AUC o073 5] 18
T 47.4%. 57.1%F1 64.7%, 100 mg/kg 7K & #ij 5
fEZHAEJE M Cnaxs AUCo-, Fl AUCo-o 7 5113 I T
47.6%- 80.5%F1 79.8%, LT RIAFCIATREHFE
YIREFEA 2.5~7.0 FHMER, HHHARESTEH
JE PR BRI AT RE IR . W RoR R B AEE
N RREESARRIMAEXRM, 4Y)REEINSS
T R B AE RIS 1) R A RS 3G, ANF T 254
BIT e, BUEIER Pk Cal = SRR AR e
A, TREIGIRS TEM, MRBAEE I
RR 2z A VERInsm I, DA EER D R AR R4
iR ECE HATIR T N, DL 26T
S50 .

it — AR ITK B R R R AR e Ak N 254
FTOER, AR TR 0 BE R T 5 R
PR R AR AR TR (CYP3A4. UGT1A9) Al
iafk (P-gp. BCRP) 1EAHE AL, I AHOCEE N SR
IR TE AR T /K 8 T2 08 2R R Je Ak I 72 1)
JR K. UGT1A9 Al CYP3A4 &4y AFJE A NI =
SRR, 72K RN PE R DIRE 7 A UGT1A7
A CYP3AL1 FrEUAR, BEIUEAHFFLL UGTIAT Hl

CYP3A1 YN s RS 2 AR SMITE 78 s 7K
TCHEI S SE UGTs I CYP3A4 [ 04-15, fE A
WA SRMESR, TR B YK KB =R A
YO BEAG, FE IR VA 1 21 1A SN T8 I 25 R
Shibfeis e R AR R EEAR A, RA
FEJE LA EERLAR,  PTRES B AhHEAR G, 4K
St n g hiEJe A P-gp 1 BCRP J&A), Xt
BCRP )51 775 T P-gpl'®. 7K & #ij /& BCRP Jik
Yy, X P-gp MISCHAFAEAH G IR, IX AT RES 45 2557
B S A RW, AT RN K RIESE 8dig 47
T 50~ 100 mg/kg /K KEITE, 5m] LUK BN
P-gp A1 BCRP ] mRNA ®i&, WALRIBA ZER,
FHEI0 AT fe o PR D K6 I AR R AR (&
0.95%> 171, RIS o 751 68 W ACE N /N i 40 B 24
Yidt AR mZ >, SBOLW Ha kA ks
Zae SR EPNA, K TCHTE AT A 8 I ] KRR/
¥ P-gp Al BCRP MM R Ak J8 AP FH EERG I, P
AT RE [FR 554/ BCRP i R B AE B 4EY)
HFH RGN, BARNURIEA Ryt — B0 7T, AuT5T
NENIENIT ERI 23N AW TT, TR % R
AR ENRNMREARFIL . RIARE 5K WH]
FERSAS N R LGBh AN AR S 2 ReA AR AR
i AT
FlBAR AL EARELEFZFR
SE 3k
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