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BLLESHRXS CYP450 BeRyHIHIFIFE SAERBEA IR

) LBk, EIEE, RESF, FAR, HFu
KEFEARZS _WBER, KE 300250

# OE. BH  BERLITESIOESN AR R4 E P450 (cytochrome P450, CYP450) BT, F55%  AJFFACkf4&
“Cocktail” TREFRAMNIEIEAT AR SMEGIOHI 200, R 7 FPERENRYARETF= M BN A i, TR BN SR B (halfinhibitory
concentration, ICso), WEAGALLIEER (0.05%~10%) XF 7 F CYP450 S EEINHIEH . N JFACHT A A R AT 14 1B 5 5
56, 4 BRI IG M S e mRNA FIEACE, PRGBS LIESHENT CYP450 B SR SR A AR Sh ik A7 A il i P s g,
K 7 Rkl B PR AT B L 2 2 MR B, A S LS (0.9 3.6 mL/kg) XF A 7 Fl CYP450 TWEHEME RIS .. Z5R &
LTSRS A ckii& CYPIA2. CYP2B6. CYP2C8. CYP2C9. CYP2CI19. CYP2D6 Al CYP3A4 K ICso {H 7354 1.98%.
7.95%- 2.85%- 5.39%- 4.92%- 7.76%H1 3.41%, KT 0.5% (FERIGPR B M 253 B ); NJEARITF4IHL CYPI42. CYP2B6
H CYP344 mRNA FRiEGM>2 15, HFTPE SWREAHCHER I, X CYP1IA2 BRE Vs T FHVERT IR 40%. 2400
IR PRF N KR CYP1A2. CYP2B6. CYP2C19 F1 CYP3A4 F A NARET R ZRI8 . 22 - B 5% 7 M R IBR 2 M £ )
THRRA R, RABERRC. 40 AOESHRERKFIR T 7 F CYP450 BEL B MEIER, EAHRR A& T X
CYP1A2. CYP2B6. CYP2C19 Fl CYP3A4 (53308, G UUTT e 1 F BURRERET IR A (1l PRI 38 DAE— 2B i A T 7E [ 25 4 A0
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In vitro and in vivo study of inhibition and induction effect of Guhong Injection to
CYP450 enzymes

LIU Fanqi, WANG Jingyuan, ZHANG Ludan, LI Zigiang, HUANG Yuhong
Second Affiliated Hospital of Tianjin University of Traditional Chinese Medicine, Tianjin 300250, China

Abstract: Objective To investigate the effect of Guhong Injection (A £LiEHK) on cytochrome P450 (CYP450) enzyme in vitro
and in vivo. Methods The in vitro enzyme inhibition test was carried out by human liver microsomal “Cocktail” probe substrate
method, the relative production of metabolites of seven kinds of probe substrates was detected, the half inhibition concentration (ICso)
was calculated, and the inhibitory effect of Guhong Injection (0.05%—10%) on seven kinds of CYP450 subenzymes was evaluated.
In vitro enzyme induction test was carried out in human primary hepatocyte system to detect the enzyme activity and mRNA expression
level, and evaluate the induction effect of Guhong Injection on CYP450 enzyme. The whole animal method was used to detect the
plasma drug concentration of seven specific probe substrates and evaluate the effects of Guhong Injection (0.9,3.6mL/kg) on the
activities of seven CYP450 subenzymes in rats. Results The ICso values of Guhong Injection on human liver microsome CYP1A2,
CYP2B6, CYP2CS8, CYP2C9, CYP2C19, CYP2D6 and CYP3A4 were 1.98%, 7.95%, 2.85%, 5.39%, 4.92%, 7.76% and 3.41%,
respectively, all greater than 0.5% (theoretical clinical maximum blood drug concentration). The expressions of CYPIA2, CYP2B6 and
CYP344 mRNA in human primary hepatocytes increased more than twice times, and the former two increased in a concentration-
dependent manner; the activity of CYP1A2 enzyme was 40% higher than that of the positive control. The total clearance rates of
theophylline, bupropion, omeprazole and midazolam, which were the probe substrates of CYP1A2, CYP2B6, CYP2C19 and CYP3A4
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enzymes in rats, were significantly increased and systemic exposure decreased at ultra-clinical dose. Conclusion Guhong Injection

has no significant inhibitory effect on seven CYP450 enzymes at clinical dose, but does not rule out the induction effect on CYP1A2,
CYP2B6, CYP2C19 and CYP3A4 at high dose. It is suggested that clinical trials using sensitive probe substrates should be carried out

to further confirm potential drug interactions.

Key words: Guhong Injection; cytochrome P450 enzyme; drug interactions; inhibition of enzymes; induction of enzymes; interaction

between Chinese and Western medicines

B VG e 45 A AN TR B R e 2 I H
A, PR 24 LA BT S | A 2 A AU
ERR RS2 B DY - A 13 P450 (cytochrome P450,
CYP450) ik N 215 2454 Je FAh AR T AR
M EERER . CYP450 B HE B0 ki S 2 259
ARUHPEA B A 28 5, JUH 2 CYP1A2.
CYP2B6. CYP2C8. CYP2C9. CYP2C19. CYP2D6
T CYP3A, HRIEFI D RERI AL v 51225305 T &
e e, Har, BRSEF S E R K E R AM
25 E M AR B £ (ICHD H 4 R 25 W0 A0 AT R T
FEARIEFEEY, 5828 T CYP450 BEAEN S 259040 H.
TERHIMER, FRIRME THER 9% W R bnEE i
7%, ERIEPELARER AR,

B L0 SR A B AN L AE S U ] A
BAPUARTE R SEERAEH . PrEA B RS A,
TEIG R i S a5 . Ay T RSB IR T O
I L6 95 1081 o (LA 203 S 24 0 A ELAE R RIE 7 1
A5es, ARG EPAZMIy ZH AN SR
P, I A LR SN ARORL A4 A &1 g4 1) S5 F1
N JEAR BT 40 M AR S BT I mRNA 5 S5 5286, JF T
K BRI 7 FhEREH A [F] I 5E ¥ UPLC-MS/MS
%, LAELEE “Cocktail” #8451 R P 24 80 24 FE 1)
Ak, BRI CBEERTE . BN LR
HHAZGYIIRIK 224, AR B RAMRE, R
2GR S AR AR B BT T IR S
1w
1.1 AR5

BLESHR (5 20210310, 10mL/32) WH
WUBAHAERAF; MESIEIET s
77440, JRESE=99%). itk Hx (LS Q4951,
JREE=95%) BERM: (k5 0104, &S
=98%) FlAE- T (L5 R3501, &3 E=97%)-
JR L fe I e — AZ BRI (nicotinamide adenine
dinucleotide phosphate, NADPH, {it*5 SLCK5429,
JREDE=97%) WHEE Sigma A#]; ZAEAHER
({15 100671-201802, Jii & 73 H0=99%) ] 5t

(5 101217-201401, iE77E=91%). AR
(5 100334-201803, AN 100%) HIRER
F VIS (S 100201-201204, 5873 51=94%)-
R FE T (LS 100018-201610, JFi &%=
99%). MEEVLE (L5 100542-201002, Jii &%
$=99%). WiEME (L5 100294-201904, i/
=99%). FKELZ (5 171222-201206, JiiE
E=99%) KIEME (LS 171265-201402, J5i
BEABH=99%). BEIEHEOER A (L5
111637201810, FiEECN 93.10%). LA ELIZ
(L5 100859-202003, Jii & /340N 98.40%) T H
g s 2 ks e B TR s 655 %9k (k'S 21J49-F1,
iR E=98%). 6B-Fafk=2li (L5 21J052-D2,
JREHCN 100%) a-25 358 (L5 21J136-P1, Jit
R =99%) LKL (5 21J122-C3, Ji
B =99%). EJET Uit 21J118-02, g
$=98%) WH LEHAEEYRFEARAT; 2
(fit 5 G1088065 , Jii & 7 L = 98% ) W H
Dr.Ehrenstorfer A & ; & & ZdE M i (it 5
FN11131910, iS4 50N 100%) A 3£V 3F (it
5 FN04251903, Jii=45r %04 100%) & H Cerilliant
ANE]; N-% CFER B (HE'S 2229-086A2, JfiHE:
3E=98%) 4-FRFEXAEIFIR (5 2088-058A7,
JREE=99%) W E TLC An]; 4-3FHEIF g5
(#5 107180, = $1=98%) M HEE MCE 2
"l; @Ak (S SPBO-HB, JiE%=99%) iy
HHA TCIAF]; 20 ('S5 C14045635, JRE5
$=99%). FREET IR (L5 C12652045, &5
=99%). Itk (L5 C12448607, Wi 5
$=99%) FFEIE/R (i C14110839, Fiftsr4i=
98% )W H il stk Al DR R (S 294889,
JREDE=98%) WH J&K ATl 40 EER: F5 )
(b5 S03316) HHIEE IR (k5 Z99009) I F 5%
Bioreclamation IVT A #]; RNA $eHUAFFI & (it
5 DP430). cDNA i —A il & (iS5 KR116-
02). gRT-PCR & (#t'5 FP206-02) I H KR
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HACEIRAR; FEE. L. R E 3% E Thermo
Fisher Scientific A& .
1.2 FIMERE T

NHFckiAA (SDL, 24 mg/mL)+ A JRAC 4 i
(HVN. QBU #1 MHKO J#J A 3 [# Bioreclamation IVT
AT

SPF ZiENE SD K, A& 200~250 g, ¥
HAL R R RAEMBE RO AR AR, S%IES
SCXK (30) 2019-0008. Zh¥ysicis 2 b [H & 22
WE JHUSHT 1% 27t 50 B SR A S AG BE S 7 o v A% 4t v
(#iL#ES No.JRM-DWLL-2022209).
1.3 Y&

i m B R (SE[E Waters A A ); AB
GHRAP 5500 247 154X (3£ [ AB Sciex 24 1] ); Rotor-
Gene Q A%t & PCR X (f8[E QIAGEN AH]);

5430R A4k BS0Hl (FE[E Eppendorf A F]) .

2 ik

2.1 ALLEHRIT ARFRRR 7 # CYP450 EgRY
RSN 3R

2,11 NJHcRiARAR s Sgs I ohi 4R & 44
A ALFE NPk 4& (0.5 mg/mL). NADPH (1
mmol/L) RAMRENERY (R 1D IREW. BaiEs
WEBAYERD SR . SRR Eh v (0.1 mol/L, pH
7.4). AFEMEFE (0.05% 0.1%-+ 0.25%- 0.5%-
1%~ 2.5%- 5%~ 10%) R4 L1335 I B BH 4 4 1) 57
(R D 5 ANHFRRAATIFE 15min 5, IIARER
Y)F NADPH, 37 CW¢#& 30 min. HZHAEM 3 41
17, BEERREVIAEF EE<1%. KR AR
W 20 ng/mL) £ b M, JhE 3 min, 13 500 r/min
200 10 min, HX_VE A

*1 SSIFTRRE Y. MFF. FSH

Table 1 Probe substrates, inhibitors and inducers used in this study

oyp PRI RET IRH) A G B H 551 A HMBH I T 57 R PIRET RS
SR RE(umol-LTh LS WE/(umol LY & WRE/(umol L) e Y5245 /(mg-kg™)
CYP1A2 FEASFT 30 o-Z5 T i 2 SR 50 F 8
CYP2B6 kM 50 Eiiikz 10 FEEZ 1 000 Z ARt 2
CYP2C8 [l siithigs 5 Wi 20 — — Y IES 1
CYP2C9 ME IS 25 Tiek i A< it e 10 — — FR 2R T IR 1
CYP2C19 75 %3 50 e SV o 10 — — TR Sy 10
CYP2D6 A 3E¥b35 8 ERT 10 — — FEFLIEIR 10
CYP3A4 =2fi 25 i e e 10 FlEF 25 IR IK 8
212 HE R E =S ENE KH £ 2 RIMRETRDR IS HE MRM S

UPLC-MS/MS J57kilE Bk 7 FhREr R 0435
PV D),

(1) i 444 Acquity UPLC BEH Cig it 4t
(100 mmX2.1 mm, 1.7 um), FishAHA 0.1%HFFER/K
(A -0.1%H R 2 (B), BEFEPEIE: 0~3 min,
90%~10%A; 3~4min, 10% A; 4~4.2 min, 10%~
90%A; 4.2~8.0min, 90%A; FEif 30 C; #rFEe
2.000 pL.

(2) JRIEFAF: BSIBES, i 2 e S il
(multiple reaction monitoring, MRM) H#fi; A
275.8 kPa; filfi#75, 48.265 kPa; WiZ HiJE 5500 V;
ISR SE 450 °Cy BEFURSALEK ) 344.75 kPa;
BRI B SUE 77 344.75 kPa; NTTHUE 10V;
RbfEE Y TR 13 Vs FEFEEE] 50 ms; HAf MRM
SHNFE 2.

213 HEACE AL PR R A 7R

Table 2 MRM parameters for metabolites of in vitro probe

substrates

BBT TRT

RB= 1 FEERIE/V ARV
(mlz)  (m/z)
PO %= 0 152.1 1102 80 22
bk S | LN 2562 2382 30 10
N-EZBEFBgE  328.1  283.1 20 22
4IRS 312.1 2312 31 24
4-FRHE I 2352 150.3 30 25
GRS 2582 157.1 30 50
6p-F2 I 2 3052 269.3 18 19
ARWE (NFR) 3622 318.1 50 27

A 10~20 mL/d, —MRIEH BAJEH LS & A
4~5 L, w153 2R S ER ORI 25 N
0.5%. AHH T8 MR TR 73 B AR B 1R R N4 24
AR S H O H 4 f Wk B C half inhibitory
concentration, ICso) HJ115O), KA GraphPad 8 &
PEAT RIS I 1ICso fH -
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22 ALLEFIERXT ARKIFZAE CYP450 BRAYMR
INBE SR

221 ANEARFAMAESNE S 505 NEA
MM TR G, FHMGEERS SRR 7X10° 4>/mL,

IR AEFL 100 pL #HAE TR 1 BRI 96 FLAR 1,

T 37 C. 5% CO %M MBI, WEE R Z
YU, ARG S IR T A MR SR Lk SR IR . B 2 R
TN & AN EMEF 5> % (0.005%. 0.05%- 0.10%-

0.50%- 1.00%-~ 5.00% ) )4 £33 5 v B BH 14 15 2 77
(R 1 BAMEXRZG (PR 10 pmol/L) Ki3#

B, D AN AR, k25 2d, Bk
FEMRT I 5 1, WCSE A B A DI mRNA Rk . R
3 AMtE, AT 3 £,

2.2.2 gRT-PCR £ill5E CYP f§ mRNA £i&x M
RNA $#2 GG HE B M 52 RNA, 22 DNase I £+
H1LJ5, F Fast Quant cDNA #5454 B 7 &
M RNA JRIEF A cDNA. HL 2~4 uL cDNA /£
B, F] FH Super Real Pre Mix iR 771 &k 1T gqRT-PCR.
FIYRERE PP 51 W3 3.

2.2.3 UPLC-MS/MS e CYP FgvdEt: R

&3 CYP450 T EEHYS | FIRET T
Table 3 Primers and probe sequences of CYP450 subenzymes

FE[H| EFEY) (5°—3)

A5 (5°—3)

4t (5’FAM—3 TAMRA)

CYPI42 CCTCCTTCTTGCCCTTCACC GGATGTAGAAGCCATTCAGCG
CYP2B6 ACTCTCCGCTACGGCTTCC  ATGGCATTTTGGCTCGGTC

CCCCCACAGCACAACAAGGGACA
ATGCTCAAATACCCTCATGTTGCAGAGAGAGT

CYP344 TGCAGGAGGAAATTGATGCA GTCAAGATACTCCATCTGTAGCA TTTTACCCAATAAGGCACCACCCACCTATG

p-actin -~ CCTGGCACCCAGCACAAT

GCCGATCCACACGGAGTACT

TCAAGATCATTGCTCCTCCTGAGCGC

UPLC-MS/MS J7ikMllsE iR 3 FREH YA
P RO,

(1) %2 fF: Phenomenex Synegi Hydro RP
R (30 mmX2.1 mm, 4 um); FEIHN 0.1%
HIRZKIE (A -01% TR NG (B), BREEHEML:
0~1.5min, 95%~5%A; 1.5~1.7min, 5%A; 1.7~
1.71 min, 5%~95%A; 1.71~2.0min, 95%A; *¥
I 45 C; #EFEE 5.0 uL.

(2) ks fF: BESI'BE, MRM 94 A
S, 137.9kPa; A%< 68.95kPa; Mi% HiE 5500 V;
INFRERIRE 500 °C: B TR S0 ) 344.75 kPa;
BTN LS K /7 344.75kPa; NI 10V,
FEFARFIE] 30 ms;  HAh MRM UK 4.

224 HEAbEE

(D) BEIETEE S VR A% B X R V5 P =

A0%FNF,  SEZEG 240 BigVE 1 HAT TR 1 SAE R ),

F 4 FIMRETRPRE~HIH MRM S5
Table 4 MRM parameters of metabolites of in vitro probe

substrate

" &7 &7 LEHEE AiEEee miEd 0
L) (mlz)  (mlz) \ \ HLE/V
X2 WEE R 152.1 110.1 48 22 6
it dEfthi 2562 167.2 30 30 9
6B-FFILEEW 3054 269.3 65 26 15
F2ERE TR 2711 155.0 57 26 15
(AR

LT o R 3 2 = (S LR A A R A — 199 o B
SELRE AR X375 8 )/ B 1k o R 2L A 3 ek — 197 4 R 4
FEAFR XS 5 1)

(2) mRNA FiXFHF I 2 mRNA RIEHF
S = A 2 5 H 2R, BEH
T SR RS,

ACt= B LR Ct— N2 B-actin 1 Ct

AACt=SZ56 2H 5 31 P 6 R 2H 1) ACt— BAPE X BB 2H ) ACt

=20t
2.3 ALESERXTKER CYP450 BAYA AT
it
231 fRPEREE 24 K SD K EBEHL . Jxt fEZH AN
BLEGHRIR. mlEd, 48 K. DU gl
fi% mIEA D R iv B LESHR 0.9, 3.6 mL/kg,
MR g TAEEER K, 1 kd, ES210d. 10 K
#5245 30min J5, STHRNIEAEHREZY (XD B
W 45 THRERT (Omin), J& 5+ 104 20, 30. 45 min
1. 24 4. 649, 12, 24h, FTHRABEELM 0.25 mL,
BTFIFZE0%, 3000 r/min 50 10 min, 153
M3 . WU 95 ul, MNFR TAERK 5 ul. FHEE 300
uL, RJE 3 min, 13 000 r/min &0 10 min, HY _Fi&
WRRE S 15, frill.

232 IMHEH 7 FERE R S & E K UPLC-
MS/MS % UPLC-MS/MS [ E 7 Fhik A5
EF AR I 2% R ) i
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(1) i %A% Acquity UPLC BEH Cis ta i+
(100 mmX2.1 mm, 1.7 um), FENFHHA 0.1% FER/K
WK (A 01%TRRCKE (B), BREEWENL: 0~0.5
min, 90%A; 0.5~2.5min, 90%~10%A; 2.5~4.1
min, 10%~90% A; 4.1~6.0 min, 90% A; i
30 C; AR 2.0 uL.

(2) B2k ESI'EEEl, MRM f34ifi; AT
275.8kPa; TS 48.265kPa; WiZEHLE 5500 V;
WEHERFE 450 °C: B TURSALIE ] 344.75 kPa; &
TG SUE J7 344.75 kPa; AN HLE 10 V;
fbfEH DR 13 Vs FERE ] 50 ms; HA MRM
SHNE 5.

®5 FRRTTRYE MRM 2%

Table 5 MRM parameters of in vivo probe substrates
AT TBT

R ERET ) EFHE/V REERE/V
(mlz)  (m)2)
AW 181.0 124.0 33 27
ZAEAh B 240.1 184.0 35 18
S 51 2% 453.0 230.2 44 32
B ORI T R 155.0 100.0 23 24
B3 iy e 3462  198.0 29 14
LFLUER 268.1 116.1 73 23
IRIA M 3261 2912 20 36
A (NFR) 2532 1822 153 32

233 NVEFIAE SRR E RS TER
TEFR RN, XHZ VR EREE . ArdE i 4
FE e WERRRE . TREUES S . BRI AR R Tk
SEHHATINAE . REF 2G2S ZARME . Bk 2145
FHRME T IR BLSEHu Mk, SEFEVE IR AR M B IR bR
e M 285 2> 58 10~10 000, 1~500. 1~1 000
10~10000. 1~1000. 1~500. 1~500ng/mL,
INT IR, RERT 142, ZARhEE. &
FEIS IR AIDKIE P P& PP e 4 S R FE 40 )
92 25, 250 ng/mL; Fiid& 5123 F0 B3 Hr R IR
L R EIRE AN 24 75, 750 ng/mL; A%
TR FE R T IRIE A . s A T TR B il
20, 750+ 7 500 ng/mL, %545 R B E o 2
SORG L L HERREE L SREURICER . JERALL (n=6).
TSR PR IR ARAT 24 hy —80 CLRAF 14d.
gRih 3 AR (n=3).,

2.3.4 HEAb¥E KA Phoenix WinNonlin 8.1 %
(IR AR S REN RN 25 3h 55, &
BAFERKMZGIRE (Crax)~ 0 BlJE 1 AR
IZGIF 28 R TR (AUCo-0~ 0 Fllooffy 251 2k F

A (AUCo-)+ 1EFRFE (CL) %,
24 GUtESH

KA SPSS 20.0 AT HE M, KH
GraphPad Prism 8.4.3 4. 1HEERILIX £
Fon, UEFSHERRAMIFEAR ¢ fi (OF %
7 BERH rf (5 ZARF5).

3 4R
3.1 FERFWHE
311 LRt A, INERSS A g

FEAM RSB FRE A 1, Mg hZem. 2IEhmEE.
IR BIAS . FROREE TR, BSERIME, SEFEIER. IR
TS A I 25 22 A R B 1 1) 403109 1.8002.39.02.88
2.99. 2.28. 224, 2.49. 2.75min, LRIETFI, %
JEME R LT,

312 IS EER  HEFZWAE 1~500.
1~1 000. 10~10 000 ng/mL NZME* KRB, Al
75 RN 2 B PR LK 6.

A
7|
/|
1 |
|
B ‘\
a (I
A5 \‘\
2| [\
(|
i
3 7
|
C
2 8
14 ol
0 05 10 15 20 25 30 35 40 45 50 55

t/min
-0k 2-SRFE8 /R 3-BAERMe; 422 EMhfH; S-BRakmE 4
6-FZ I T-HikkHIA: 8-HIRR T R
1-theophylline; 2-metoprolol; 3-omeprazole; 4-bupropion; 5-midazolam;
6-phenylphenytoin sodium; 7-repaglinide; 8-tolbutamide.
1 ZRME A MARZEARMR (B) FLEHEMRE
HAK (C) HEBETRE
Fig. 1 Total ion chromatogram of blank plasma (A), blank
plasma with internal standard (B) and post administration

plasma sample (C)
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Table 6 Standard curve, linear range and limit of quantification
24 B EppE r ZEVEVE R/ (ng-mL™) & PR /(ng-mL™")
F ¥=0.001 65 X+0.002 34 0.996 1 10~10 000 10
LI R ¥Y=0.012 5 X+0.006 53 0.994 7 1~500 1
Tt A% 51 2% ¥Y=0.023 3 X+0.154 0.996 9 1~1 000 1
FRORRE T IR ¥Y=0.001 9 X+0.005 88 0.997 3 10~10 000 10
DL iy s Y=0.012 1 X+0.002 92 0.996 1 1~1 000 1
FAEIE IR ¥=0.003 34 X+0.073 1 0.995 8 1~500 1
R ¥Y=0.008 19 X+0.013 3 0.995 5 1~500 1
313 FEEEMUEAE SRR E MM  BHRREGHK. ARG (0.05%~10%) B

PR, RNEK T,
314 FEHUEITE S AIRE YIS L R
RSD ¥)<15%, #REEUIWE G, SR IEK T,
315 EEJAASL &AW EE ) bR VA — Ak k5
ROBIPR 1) RSD 37 <<15%, 15t W 366 Jd 2550 7 755 A5 22
K, SERWE T,
316 FUEMEE  BIRE WAL & P B S R
FEIRE N RSD 1<<10.0%, FRWIFEMHER B TR
24 h, —80 CHAM A 14 d PLARRR 3 X1
E, ZiRNE 8.
3.2 ALLFSTRAVAEIMIFIER

PR AMBHE S RIS 4 CYP AL R
TETEERT 50%, PREF AU 32 2 B A0, G

ESHRALFEJS, CYP1A2. CYP2B6. CYP2CS.
CYP2C9. CYP2C19. CYP2D6 11 CYP3A4 (1] ICso
58 1.98%. 7.95%. 2.85%. 5.39%. 4.92%.
7.76%F0 3.41%, % CYP450 B IV 75 A S 1 45 HY
A FFEE R (B 2), (ERBRTIRRR R
(3R B K I 259 FE A 0.5%
33 ALFSRNEINESIER

fit4& HVN. QBU. MHK [ N JFACHT4HAE S RHPE
SRR E S, HEFEEE GLIRHRRG S
HHEZHBERSG ) A 235.5%~4 480%, )T 200%,
FORTIGIR R A% Wik 9 s, 1E 3 Mithrh, &
ZIVFEHHRAE 0.005%~5%%} CYP2B6. CYP3A4 M (1)AH
SRR TG MG T 40%. M7EAMA MHK, B407E

®7 BERUHVNEEE. EWHE. REEWRNERYN

Table 7 Precision, accuracy, extraction recovery rate and matrix effect of each probe drug

Yk 3R R 0, V= 0,

pitan gLt RSB MR g, AT RSDRG
Zh 20 577 253 95.68 97.34 102.86 6.57
750 649  1.12 98.63 99.89 106.03 4.41
7 500 536  2.04 95.47 93.80 102.02 8.10
2l R 2 719  8.85 109.83 100.82 101.58 9.34
25 9.86  0.73 104.43 104.76 106.28 6.06
250 452 174 105.78 107.13 104.90 7.74
ik 51 5% 2 943  4.82 95.55 98.01 89.65 11.43
75 582 4.00 93.00 96.62 9458 3.45
750 345 418 92.13 95.55 95.55 4.95
FRRAE T IR 20 1030  2.93 93.88 97.07 103.68 4.57
750 6.08  1.14 98.43 99.68 106.87 5.70
7500 319 223 91.60 93.98 105.67 3.88
B3 2 692  5.25 102.07 96.61 93.59 458
75 714 1.36 91.42 92.82 90.49 4.67
750 394  3.00 91.57 93.68 92.68 435
EFRUEIR 2 1059  5.73 99.60 98.46 96.65 7.57
25 11.01  4.99 96.87 97.04 105.82 5.65
250 497 243 97.23 98.90 105.33 5.39
IR ik e 2 899 148 95.80 94.99 99.77 12.05
25 711 579 99.78 97.49 105.49 6.92
250 3.16  6.54 99.67 100.00 104.93 5.19
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Table 8 Stability of each probe drug
i A s o Wi 24 h —80 °C 14d VRRh 3 X
W2 R (ng-mL ) SEPE/(ng-mL™)) RSD/% SEPME/(ng'mL™") RSD/% SEJ{E/(ng'-mL™") RSD/%
AT 20 19.20 0.52 19.50 7.45 18.17 3.67
750 802.67 3.86 815.33 2.90 676.00 3.44
7 500 7436.67 11.34 7 166.67 7.80 6976.67 3.70
i 2 2.13 1.95 2.18 11.21 2.04 2.99
25 27.43 7.19 27.57 4.62 23.17 3.77
250 280.33 7.01 263.67 7.53 240.33 1.92
Mg BAR 2 2.07 9.23 2.19 5.02 2.16 6.02
75 75.90 4.11 77.70 3.90 63.63 6.23
750 720.00 5.36 718.00 6.31 674.67 2.83
FR ORI T R 20 19.20 0.52 19.50 7.45 18.17 3.67
750 704.33 3.76 802.67 3.86 676.00 3.44
7 500 7436.67 11.34 7 166.67 7.80 6976.67 3.70
B 2 1.98 8.72 1.99 4.50 1.89 5.34
75 76.90 2.06 78.37 3.56 65.97 3.99
750 764.33 12.26 751.67 3.89 694.00 5.56
EFLIER 2 2.20 422 1.86 2.18 1.96 7.80
25 27.30 5.76 26.80 2.08 21.63 2.63
250 252.33 11.92 260.67 3.44 233.33 543
RIS M 2 1.75 3.26 1.88 4.44 1.92 6.81
25 25.67 3.24 26.67 5.11 20.77 3.68
250 242.00 14.67 269.67 5.75 235.00 1.53
120 CYP1A2 120 CYP2B6 12 CYP2C8 120 CYP2C9
£ 1001 7 £ 100 <10 £ 100 —~—2
2 80 # 80 = 8 H 80
= 60 Z 60 =6 £ 60
E 4 = 40 2 = 40
= 20 20 = 20
0+ T T T T hd | 0 T T T T T 1 o4 . . . . r , 0+ T T T T T ]
-15-10-05 0 05 10 15 ~-L5-1.0-05 0 05 10 15 -15-10-05 0 05 1.0 15 -15-10-05 0 05 1.0 15
log #4534 log AR5 4 log TR 4335 log R4k
120 CYP2C19 120 CYP2D6 12 CYP3A4
< 100 <1004 ; g 10
# 80 80 #H 8 2
£ 60 60 £ 6
= 40 E 40 Z 4
= 2 = 20 2 s
O T T T T T T 1 OI T T T T T 1 GI T T T 1
-15-10 -05 0 05 10 1.5 -15-10-05 0 05 1.0 1.5 -15-1.0-05 0 05 1.0 15
log AR 4351 log AR 4351 log AT %
2 BLESHERX AR CYP450 Big 7 AN RIANHIFZE (n=3)

Fig. 2 Inhibition curve of Guhong Injection on seven subtypes of human liver microsomal CYP450 enzyme (n = 3)

FR9 BLFHHEN ABEKIFLHE CYP1A2. CYP2B6. CYP3A4 BESEMERISLNE (X5, n=3)
Table9 Effect of Guhong Injection on activity of CYP1A2, CYP2B6 and CYP3A4 enzymes in human primary hepatocytes
(Xts,n=3)
CYP2B6 A B0 R /%

CYP1A2 FHXF BH X B E P /% CYP3A4 FHX BH T RSP/ %

SN /0
RN 0N QBU MHK HVN QBU MHK HVN QBU  MHK
5000 4.84+4.06 824+9.59 72.79+1134 834+3.77 19.64+3.06 8.09+0.93 <0 <0 <0
1.000 <0  2.874945 64591822 0.89+027 376191 4.56%0.38 <0 <0 <0
0.500 4.58+3.52 2.14+227 44.75+13.00 <0 1.75+0.59  5.6341.94 <0 <0 <0
0.100 <0 <0 8.69+6.94 <0 <0 0.15+2.18 <0 <0 <0
0.050 <0 <0 533+5.17 <0 <0 <0 <0 <0 <0
0.005 <0 <0 <0 <0 <0 <0 <0 <0 <0

HVN. QBU. MHK y 3 Mt ) A S ACHF 20 .
HVN, QBU and MHK are three donors of human primary hepatocytes.
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10%) 1§ CYPIA2. CYP2B6. CYP3A44 I mRNA
A BRI =A 18,74, 7.74. 5.96 {5, H&
WEEAHSHE, LA LLIEFEN CYP1A2. CYP2B6.
CYP344 1f] mRNA F£1& B G EEREFIEH.
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B
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=104 oy i
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<
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E
#B 5 1 05 01 0050005 ¥4 M 5 105 0.1 0.050.005 B4 E 5 105 01 0050005 ¥4
Lz LT % BE bt % A ARER T HE bz BLLESHR% HE
c
g B =
o> nTt i
z < <
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E % 2

FAET 5 1

0.5 0.1 0.050.005 #4L.

FAET 5 1

0.5 0.1 0.050.005 4L

FliEF 5 1

0.5 0.1 0.050.005 %4

BRI % (53

WLLIES% R

BLLIER% TR

Bl 3 BLESHAN ARICAFLAE CYPI1A2 (A) CYP2B6 (B). CYP344 (C) B mRNA iFSEH (n=3)
Fig. 3 mRNA induction multiple of Guhong Injection on CYP1A42 (A), CYP2B6 (B) and CYP3A44 (C) in human primary
hepatocytes (n = 3)

34 BLLFFRMN KRN CYP450 BHISZNT
FW ZARMhER . ERkE UGS, HOREE TR, B
FhiME, IR BRIAMC I 25T 2R LA 4,
HEESHLE 10, SXTHRA R, BSOS
FIEH T AUCo—, fl AUCo-of51% 19.67%-
20.33%, ZAEAMER ] AUC)—oF5 1K 40.41%, IRIKME
B AUC)- 1 AUC &I 57.88%- 57.43%, HAH
Giit2EE L (P<0.05). BLESHIEFIZE4H -
TR AUCo~ Ml AUCo-PF1K 43.14%- 41.69%,
A AUCo- 1l AUCo-of%1IK 49.53%- 49.60%,
HASG 5 (P<0.05). FitgHI4s. HART

WRFISEFEIE /R 2582 SR B AR . B 20vES
WA KB AKAN CYPIA2. CYP2B6. CYP2C19 Al
CYP3A4 gy R B R34, 1 CYP2C8. CYP2C9
H1 CYP2D6 HEIE M TC I 2354k
4 g

AHIEFE PR A SLAG R AN R i B S
% FDA RSN 590A8 B AT T R, 0 70 vk
JEA TSI E, BT 7 AR B —
RN BB 53 1 o255 SR T e A nk el . WE S 52
ZEJeT . AN oAk, MR 2 AN,
SERRIL T AR E IS, SRR A S
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b 22 Atk Tk %% FHZRA T R
o 14 £~ 40 ~ 800 ~ 8
EY) 0 7 T
10 g 30 £ 600 E ¢
s 8 < 2 &
= 6 = 20 % 400 < 4
E o5 10 3 200 - 2
= B B . =
0 T 1 (4 T T T 1 ¥ T T T T 1 HEX 0" T T T 1
20 25 0 05 10 15 20 25 0 5 10 15 20 25 10 15 20 25
th th t/h
TR e o < 600 BRIA Mt >N HRZH
E E = (AR
50 &0 400 > E R
= £
i =
§ & 200
iz i
B =
304 05 6 0 05 10 15 20 25
t/h th t/h
B4 FIREHEMIMARE-FIERLZ (Xts,n=8)
Fig. 4 Blood drug concentration-time curve of each probe drug (X £s,n=38)
* 10 ZRSAMEEAZNZESH (Xts,n=8)
Table 10 Main pharmacokinetic parameters of each probe drug (X +s,n=38)
WELZi A5l tinh Cmax/(ng'mL™)  AUCo-/(ng'h'mL™") AUCo-o/(ng-h'-mL)  CLAL-h-kg™) Vd/mL
b3 o HR 2.5120.61 9771.25+1422.2050 230.84%6 686.36 51 021.8816479.90 47.74+5.59 169.99+38.22
fRFE  2.3440.6710 520.00919.90 47 286.51+6233.28 47492.46+6153.11 51.46£7.18 174.70£63.19
ERE 2394052 8707.50+577.27 40 351.04+6345.27° 40 647.46+6 115.31" 60.30+8.39" 207.38 £55.88
ZAethEl X 0.634£0.17  28.33+8.85 20.73£5.56 23.41£6.68 2826334948412 25904.78+ 11 552.59
f&F7&E 0.61£0.17 17.01£7.94 13.75+7.08 17.01+7.98 44 674.97£21 679.74 35096.24110271.93
ERE 0.4910.06 18.94%9.35 14.801+8.23 13.9546.00 51 059.67+19938.07°35320.46+ 11 155.52
Tt A EE KR 5.16+1.83 532.75+111.01 942.01 £234.99 970.62£232.35 328.28 £83.20 2409.88£985.36
f&FE 5.97+2.82 461.50+£131.93 883.99£205.74 904.26£209.78 354.02£97.79 3142.47£2075.29
ERE 3.82+£1.06 300.63+76.78 716.52£288.82 731.57+£288.08 483.28+202.59 2755.19£1777.02
HORRET IR XTEE 6.97+0.85 4 573.75£1039.94 50 220.00% 11 799.71 55 774.96 + 12 906.34 576+1.71 57.65+16.05
f&FE 5.8110.93 5653.75+1438.9754319.41+13 712.8057 780.27+ 14 394.44 5.65£1.95 48.501+22.49
ERE 7.6242.07 4238.75+1890.9647 343.86 120 640.72 55 197.78 £27 612.37 6.91+3.26 71.38+35.22
BERM X 3.094+3.17 1266.25+150.58 809.94 £182.09 820.22£186.53 3882.12£997.51 18 423.61£20 106.08
fRFE 0401027 63225£206.79"°  460.55+202.96" 478.27+200.55° 76817713 839.27° 4394.56+3 048.41
ERE 1471151 654.75+286.24" 408.77+199.51" 413.35+203.72"  9578.44+6105.20" 16381.41113 544.52
FIHER WK 0.87+0.30 698.63+195.29 689.64£302.94 696.72£304.40 5032.49+1804.60 6148.77+2388.02
f&FE 0.62+0.13  482.00+£162.05 497.88£198.08 501.47£196.97 6876.67£2452.76  6045.28+2385.21
ERE 0.621£0.06 444.00+92.82 434.25+86.62 443.94£96.37 7053461137527 6288.091+1384.48
BRIEMS XTI 1.30£0.73  264.31£125.20 261.79£153.76 267.56+153.40 13291.24+8138.37 19019.76%6 084.75
f&F7E 0.78+0.21 149.91+86.98 196.23+131.30 23355112449 14 087.75+8059.33 16 765.89+11093.63
EAE 0741020 103.33+29.76" 110.27+45.89" 113.90+45.64" 24 385.51+£8926.78" 26 602.93+ 11 943.42

LxT A AL "P<<0.05,
P < 0.05 vs control group.

AR A o A LLVE SRR AT oKL A 7 T i
ICso KT HAE NAR A S K I Z5KE (0.5%),
DAL W PR G A, 5 IR BRI T I R A
LG AR IR REPERN

75 500 MBS mRNA Rk KRR
UGS T AU PPO 2 R, 5 VPO B VAR EL UK,
ARG CYP450 B S BEAVERIBER . AT 20

e 32 FH T CYPA50 2590 S 2EE
H O FDA ftE xS n A & TR, AR5
RO LUV S W T A N AR A i CYPiA42 .
CYP2B6 F1 CYP344 1] mRNA /K- P #2 Eidid 2 %
HEWREARCHERG N, R N AT 40 3 Fh
FEWEFA AN S1EH, 5 CYP1A2.CYP2B6.
CYP3A4 Ffg A B ] Bg 2 PR LT 2%
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A Cocktail #REF 29WERARIE 2257 MAE
P I TR AR A 0 AR B IR AN A A, T T 2454
XTANE] CYPA50 MV ALEVE I 712 28 £033 FHR LA
I PR S BRI EE SR 45 25 )5, KRN CYP1A2,
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T, NG RLIREE R B LRI R W
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HIEY) . IR BRI A LIRS ik 2y
VIR, JUH CYP3A4 JKY), W RES A S AR
TR TTT ARG T 28 PR IS o

2 S N e o LN ARE - b § N DU DN
CYP450 BEsbIANESIEMH, 49 R BoRB L0
A% CYP142. CYP2B6 Fl CYP344 Mff) mRNA
Fiko RANTER T XERE CYP450 BEIIFZ, $R
RN SAAME R — 3. BTSN CYP450 B S
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BE— 2D 8 I i ARSI 5K
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