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Effect of Shenmai Iniection on isoforms of cytochrome P450 enzymes in rats
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Abstract: Objective To investigate the effects of Shenmai Injection (SMI) on activities of six isoforms of cytochrome P450
(CYP450) by Cocktail probe drugs in rats. Methods SD rats were randomly divided into SM group and blank control group, which
were given SMI (10 mL/kg) or normal saline for 7 d. Phenacetin, bupropion, tolbutamide, omeprazole, metoprolol, and midazolam
were used as probe drugs for CYP1A2, CYP2B1, CYP2C9, CYP2C19, CYP2D6, and CYP3A4. The UPLC-MS/MS method was used
to determine the concentration of probe drugs in rat plasma, and the pharmacokinetic parameters were estimated by DAS3.0. Results
Compared with the blank control group, AUC_,,, CL, and C,,,, of phenacetin, bupropion, and omeprazole were significantly decreased
(P < 0.05). However, no significant difference of plasma concentration and pharmacokinetics for tolbutamide, metoprolol, and
midazolam was shown between SMI group and the blank control group. Conclusion SMI can inhibit CYPIA2, CYP2BI, and
CYP2C19 activities significantly, but has no effect on the activities of CYP2C9, CYP2D6, and CYP3A4.

Key words: Shenmai Injection; cytochrome P450; Cocktail probe drugs; UPLC-MS/MS; CYP1A2; CYP2B1; CYP2C9; CYP2C109;
CYP2D6; CYP3A4
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WA N H, A REZAEAERITTRE, JFhtkik
AR 25, LR EA R RN R
Ao BERTIET 22200 SO 29 AU 2 i (R I
R DT, e 2 A2 SR 24 A 5 o 1)
IHEAE

HHT K2 &R RN OCREE msisiA
WL Ak (HPLC-UV ) &y 0B 838 5% )6 v
(HPLC-FID) A IERET 2590 s, AR 52 B T4
BRI Sy B ARSE , JUL AR I BR R s ™) s
AHIBEFH Bt (HPLC-MS/MS) 11T Cocktail 44
BRI 259 FE ARSI, A DS 251 U8 24 APCI Y4
A EST PRI, A7 o v OB B e = Y
KA R (UPLC-MS/MS) B . i koRAs e b
IR BRI 2 Fr AR RS PG T 2 JEAR M . RS T R
BRI, SEFLIS R FNIRIE M () I 2 B, 0l
D |5 7 R I s 01N N2 2 7 QN S5 =5 AL
FACIE R MBK L M E ) CYP1A2. CYP2BI.
CYP2C9. CYP2C19. CYP2D6 Il CYP3A4 HIH4E!
W), WS Z2 10 RO 25 AR i 2R )5
h IR A B 2B AR A .
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1.1 X5

ACQUITY I-Class 8 = 0 AH L% 4% . sample
manager FTN H 3J1EF£45 | binary solvent manager 7T
%% Masslynx 4.1 A% TAESAT XEVO TQD — UL
FEREA (SE[H Waters AF]D; Milli-Q 2li7KHL (&
Millipore 23 7] ); 5804R A Il iy & O HL (il
Eppendorf A ]); TE4101-L HL 7R (LIt 3e2 A
IS RGAT PRA T HH-S2 K (Jb et iE ).
1.2 iK%

SN (EREREREAARAA, it
BJ13704), FEAEVE T Z2ARMpR . HORMEE T IR, B
Fpr M SEFLIS IR AL M R On gk
Toronto Research Chemicals A #], Ji&E7r% 98%,
fE5 43 % 4 P1669. B3649. 047218 . 00359,
D292072. 59467-64-0); Gy (SE[E Sigma 2 A,
ST 99%, Hit5 439-14-5); HPLC {0ilh 2% FF %
LG (£ Fisher Scientific AF]); HA&H AL
WA R ALl ER R FA D .

1.3 ¥

THIEH SD KL, i (300£200 g, HHifi
INBERR 2 5258 s g4tk SEesh P FHVFn]
iES SYXK () 2010-0150.
2 HESHER
21 HEHERBYH

¥ SD KRBENLA K 2 4, B4l 6 L, 439k
SAERAAFIN A, S22 F A KR ip 24
A 10 mL/kg, XFHERATR ip AR 2 3 46
Ky EBEY T d, T T RMEEE. 8 R24]
KNI ig 45T 6 FIEREF 25W 1R G0 IR (2
MR FEVE T RS TR SEFLI IR Rk
A R B S R M PR 5 70l O 104 10 14 104 10,
10 mg/kg), F430 T ig 4525)5 5+ 30 min 2 1. 2.
3. 4. 6. 8. 12, 24, 48 h INF[a] SiHEAT R HRAL 0.3
mL, B4 E T FEALE EP &, 3000 r/min 25
£ 10 min, HUMHK T-20 CHAHRAT
22 MERAEFZE

HRM S AE S 100 pl, JIN 20 pL iy AR,
2 ng/ul), FFMIA 200 pL vK ZFEUTEE 395 2 min,
FFESLAE 4 °CF 13 000 t/min Z5.0> 10 min, ¥ 200
ul BRI, IR 2 pL BRI
2.3 UPLC &4

{43854 Acquity UPLC® BEH Cig £ (100 mm X
21mm, 1.7 um); WA LNE (A K (5 0.1%
R, B, BRI (3R 1), MARURE N 0.4 mL/min,
K 40 °C, BEFEECN 2 pl, AR HIPERE.

Fz 1 UPLC #ERRIERF
Table 1 Gradient elution of UPLC

t/min A/% B/%
0 30 70
1.8 45 55
2.0 95 5
2.5 95 5
2.6 30 70

24 FUEEH

SRS B AP (ESD), 1E & 78
P VT m/z 100~1 500, B4 HLE 2.5 kV,
HEFLHLR 15V, BETUEE 150 C, RHEHIAE
500 °C, HEFLAULE 50 L/h, i 7)< & 1000
L/h, @Ayt E 0.15 mL/min. Masslynx V4.1 #f} /&
FH SR 45 AR A3 A RAT A 1, il 22 e Y. e
(MRM) [1f5 B 2,
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Table 2 Information sheet of MRM
&Y BT (m/z) TET (m/z) LI 1A /s HEFLHL /v Tl L R /V
JEATET 180.1 109.9 0.044 35 20
A 240.1 184.1 0.044 24 12
LSS DALY 346.1 197.8 0.044 25 16
LHRIER 268.1 115.8 0.044 40 18
FHORTR T IR 2712 155.1 0.044 30 15
Hh PG 285.1 193.1 0.044 35 30
R I 326.0 291.0 0.044 50 28

25 MHEESEARES

3 AE BRI T e EARER R TR
BRI, SEFEIS /R FIDKIA X B 10 mg, E T
10 mL &=, J10.5 mL ZHE##, FELL Milli-Q 46
WKMok R ZIRE, BRI BTEIREEA 1 mg/mL R
PO 2 AEAl . R T R, B, SEHEIE K
FIDKIE M5 FE A 2o R AR I P 6] B
R RRE, £33 1 ng/mL (1) bR -
26 ARFEENEREBRMHER

WA LR SR ET 2500 IR 4R IR S
TREF W) 1 h IR AL S 45 2 ul, $5HR “2.37 TR
“2.47 TEAFRERENE , S5 RAEMIE T e ARAd R |
FHORTE TR BESGRrME, SEFEIE AR AIIKIR P 1 £
BAISEIA) 20930 1.54 1.44. 2.26. 1.16. 0.92. 1.72
min, HFERE ORI TR R 2.52 min, AHH 2 [A]43 &5
RUFIEAEAI N I & s v, A 2 AL,
FEHCE U B A S B i E L 1.

2.7 FRERZRYLRTE

Iy BRSNS (IS 100 uL, & 1.5 mL 2
L, A CRAE 73900 0.02, 0.05. 0.1, 0.2,
0.5+ 1. 2. 5. 10+ 20 pg/mL AEASTG T 22 A
FRRAE TR LSS hrme . SEFTIS IR AR IA M4 56 R
A AR 10 pl, VAT, BCHITCERIREE N 24 5.
10, 20, 50. 100. 200. 500. 1 000. 2 000 ng/mL
I RVNRE WML RS, 4L “2.27 WO ek
B, AE “2.37 F1 “2.4”7 DU AT A I,
TSR UETIR . DAPREF G RI LGP QBR[0T
UL A PR (YD, AR IHREL 24 5 ik 5 R A
AR (XD, /N BT R PE A, SRERE
ZiM)7E 2~2 00 ng/mL 5%, 2~2 000 ng/mL N £kt % &
RAF, [FIE 7 FERR A e f B L3 3. PAT 2520l
2 ng/mL HEFZI1 6 D IRAE S, B SR TR
WM, AHERET 25 RIS T 1) 107.33%, RSD
4 5.39%, IEAGE B R EIE RSD $<15%.

25 (1ML o B M3
1.16 1.16
M [ A A A
1.72 1.72

wetn ol Ty A N LN WPV PN YY) A A B

2.54 2.54
A I I I A C

2.26 2.26
il Al A M Mo s A J D
0.93 "0.93
IRt A Lo b N E
1.44 1.44
Mg Vit A S S WW~WW/WJV\W\‘M~M‘MM_ e I A f F
1.54 1.54
sl e e P e Al A A ‘ , G
1.441.54 1.44
o W T O 1.16 /s 172 2.26 1.16 A }'5;‘1.72 226
e 3 R -~ Pl ot A
025 075 125 175 225 2.75 025 075 125 175 2.25 2.75 0.25 0.75 125 1.75 225 2.75
t/min

A-BERME B-BRIAMS C-HIPEPE D-FRRE TR E-SG4TI/R F- Rl G-ARVE T H-R0E T

A-omeprazole B-midazolam C-diazepam D-tolbutamide

&1

E-metoprolol  F-bupropion G-phenacetin H-TIC

THME. KRGV RRIBRL LR 1 h KR MR RS TFRE

Fig. 1 TIC of blank plasma, reference substance, and plasma sample of rats administrated with probe drugs for 1 h
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Table 3 Regression equations and correlation coefficients for six probe drugs

TE 25 By NIESE T LV F/(ngmL ™) BARE R/ (ngmL ™)
22 A Y=0.036 929 8 X+0.033 344 1 0.999 1 2~200 0.5
FFLUR Y=0.001 390 4 X+0.015 432 9 0.9950 2~200 0.5
DR IS Y=0.005 946 5 X+0.019 036 3 0.997 0 2~200 0.5
JEACTET Y=0.003 149 2 X+0.014 775 8 0.999 3 2~2 000 0.5
TRy Y=0.003 698 6 X+0.023 430 5 0.999 1 2~200 0.5
FRORTT IR Y=0.000 660 2 X+0.001 732 2 0.999 1 2~2 000 0.5

2.8 BEEFERELE

BT R B 4. 80+ 160 ng/mL (1) 22| EAL |
BRI, SEFTIE IR RIKIA I M A S, i
WL 4. 800+ 1 600 ng/mL EFR I T FIH Z5fits T fix
MRESVE, HIR 227 WAL, HEREIE, F14)
AAE 1 d NAESE 3 d NEERE, #EIE (n=6). Tt
SARIRVE T AR R TR BSE R, 3%
FEI /R RIBKIA M-S 1 H YA H [RDRE 2 5 RSD, REANTR
HEIRFEKTIE 6 U, FIARE R Z R RE T8
st PRI 2 oA B 5 T B T A B L, T
MM, R ERIME R, 45 R IE 4.
29 FBEMHER

B 6] B R ) 4804160 ng/mL 12 AEAB R
BRI SEFCIE R FNIDK AR P LA S, IR
FWE N 4. 800, 1 600 ng/mL AEAS VG T A FH A4 fifk

THRISEAE S, F5 B “2.27 TUALEE, JEo7F
0. 2+ 4. 8. 12, 24 h BUFFHHATHERED 2, 25K
A BRI S N & 254 1 A 1K) RSD 1)/ T 5.0%.
ROFES ARSI T e FAbmd . FORAE T IR, B3
I, LI RAIKIAMESAE 24 h WARGE . [RIVEHS 3
Pl RIRPE TR B R R E T80 CUKMIPIRAT, 4351
TEE 1. 5. 150 30 RS, Hakie, g5 R
SRR ) RSD /T 5.0%, RIIFEAAE-80 TS
PE R ED 1A HRSGE
2.10 RENERIRE

P R P 4804 160 ng/mL )22 At i
BRI SEFLIE I RIIDKIA M ISR AT I, I
FWE R 4. 800, 1 600 ng/mL JEAR PG T 1 AL f
TR RE RS, AL “2.27 TACFEHE T HERE
Wog, WA TAREIA (4); HIWFAIMEKE

x4 REGYRBEE. EHE. BWEMERYE (X £s,n=6)

Table 4 Precision, accuracy, extraction recovery, and matrix effect of six probe drugs (X %s, n = 6)

K& % RSD/%

HEWRIE/ %

2 pl(ngmL™") = i s F i AR /% IR Yo
ZAE AR 4 43 5.0 100.5 109.2 96.0 103.8
80 2.1 5.7 97.9 105.9 95.5 107.4
160 4.1 22 109.5 110.4 93.3 106.4
EFBUR 4 8.2 8.9 99.5 108.8 103.1 92.4
80 11.7 12.0 98.4 104.7 103.3 87.6
160 11.7 9.4 105.6 97.6 96.0 84.3
DR IS 4 2.1 42 99.8 105.4 97.6 90.4
80 3.6 2.6 104.0 98.0 102.7 93.1
160 3.6 3.6 103.7 102.5 102.7 87.0
AT 4 2.0 4.6 101.4 106.7 93.3 108.9
800 4.6 53 93.3 110.4 95.1 114.2
1 600 0.8 1.0 98.6 102.9 96.8 108.7
By e 4 3.1 43 101.5 107.8 90.5 104.3
80 5.6 3.5 93.2 109.3 90.7 101.0
160 32 1.8 101.9 100.1 96.1 106.8
R ORI TR 4 0.9 4.8 102.1 104.9 9.6 99.1
800 2.7 4.0 95.7 108.6 96.9 102.0
1 600 1.2 5.1 97.3 102.3 92.8 96.5
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b €227 AL, JEAEVE DDA 5
(R0 HES R N AR, ERE AT A I TR (4D,
FEAN IR EACTIE 6 ¥k, TS % R IR RE
(12543 B RIC% % RSD, 45 R ILEK 4.
2.11 ERYMEIER

A (Mg 100 uL, B 200 pL K LT3
FEIRTE 2 min, KEFESAE 4 CF 13 000 r/min 20
10 min, FRIA 20 pL HPGPE (2 ng/ul) DL HE
A BESERIME, SEFLIS R AIKIA M 3 AN R
B 4. 80, 160 ng/mL CPAT 6 NMESD, FEIRIL T
FIFFZRRE T 0K 3 ANtk AE 4. 800+ 1 600 ng/mL
CPT 6 MRS JEIRA], T2 pL BEFERI, 5k
FAPIE AR (43D, I 55 AH N5 5 B2 1R 0t R

i VAR LA DA (I T AR (40D BEAER, THEE
JRN . A5 LER 4. PR H P P (173 2 R,
H(92.314£5.78) %, FHIELFUEAA TP
2.12 6 MIRST AR ZS-AT fh 2k

S TSR AL R ALY SD KRR ig #5254
Ja, ¥k €227 BURNTIEERAE, WA 6 FhERET 2591
I 25, L2 2k WP 2.
213 HitFEAIE

S H K DAS 3.0 BAFE . N
SPSS 16.0 #AF AT S vh 4341 AT $s DL X £5 3%
Ny BRE 2B SR E R KR, i
AFRER RS S REF 250 1 25 8)) 2% S U,
* 5.

180 + ] FIOR T R
;g ST 160 22 A 20} ’
2 50 SR F ] Dot
g ' ° X o 120 £ .r;-\ I
2 40)a. s 100 E: 1.2:,7;(,L_\~Tiri,,
w300 z 807 2ol RN
X 2 .. & 607 e & I N
S 1\ = 407 . ®0.4] ~_.
g © [ 201 e g 3
0.04 Ty ‘ 1 ‘ o : ‘ 0.0+———————————
0 2 4 6 8 10 0 1 2 3 4 5 6 0 4 8 12 16 20 24 28
th th th
4007 . .
7 s >3 FATH R 1503 i
3004 T, 400; 7 1204
s & E 1 E 9
L 2 o0 g ool
= Biind N 1 ¢ N 1
& l % 200 el % 6091 -
T 00] § 1 GO A
B \? g 100{F . g 3090 N
1 w2 1 N i =
0 ?"’ -4 e e S ()f B S S . 0. — e
0 2 4 6 8 10 12 0 2 4 6 8 10 0 1 2 3 4 5 6
th th th
2 KRIRPRIRST AR 5B B 4%
Fig. 2 Concentration-time curves of probe drugs in rats in vivo
Fz5 KRMEH 6 MRHAMHEZLNESE (X £5,n=6)
Table 5 Main pharmacokinetic parameters of six probe drugs in plasm of rats (X Ls, n = 6)
" . X
%%ﬁ $,ﬁ[‘ P = b T 4 o 2 N
JEMET AR R SRS FALIEIR KA M
AUCy, ng-thf1 64322+1764.0 101.48+59.13 27555.2+69283 291.1+35.6 688.8+221.9 85.2+343
tin h 0.898+0.360 0.612+0.154 8.420+5.046 1.234£0.616 0.976+0.298 0.80+0.46
CL L'h~kgfl 1.667+0.519  131.23183.56 0.00410.001 34.7401+4.021 15.88+530  133.341+48.86
Crax ng~mL7l 4961.84+1368.7 58.22+28.6 1751.84+510.8 269.76+51.42  3102£93.05 61.17£19.70
o i BFVLT
JEAFE T AR RS T R SRS FALIHIR DK A £
AUCy, ng~h~mL’1 4027.7+1113.6° 35.84+13.95° 22267.7£2632.3 174742577 490.84179.7 115.57+£38.49
tin h 1.752+1.377 0.630+0.226 7.87013.499 1.519+0.610 1.126£0.397 0.85+0.26
CL Lhkg ' 2.667+0.792°  314.1+£112.67  0.005£0.001 58.46+9.817 22794820  95.01%31.27
Crnax ng'mLfl 3 808.3£752.9 29.1849.39" 1329.2+1744 190.43+54.40" 217.68+37.18"  85.38+36.003
A E: "P<0.05 “P<0.01

"P<0.05 "P<0.01 vs control group
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CYPIA2. CYP2EI 1 CYP3A4 /& CYP450 filj %
R S 2, AR 2 IR 254 . CYPIA2
FEAENERIE, A CYPIA2 HFF CYP450 i
I 13%, S 5ER. AR T, KR, Y
PIMK. BKIERSE 20 2RI . CYP2EL
55t OB IER . SRR Gk Al R
ZiWIAR . 11T CYP3A & CYPA450 fiff 7 5 LK)
By, S5 50%U ERIIGRIRIT Zi, W4 s
Z R PG BRAMES | SEARALYT | R RPN,

KEFLIIENAE N G L7 550 4 2 Fe
— PR T B DL AR, S — R
A E DU e R kA, T 2
RPARE S —20 0 T AR, AR T AR s S 1)
FRUEFRD 4 P450 B, CYP450 fiif % [F] TREZH k.,

FHEAE AN S IG AR 257 S A E . ARt
AT (1, W90 S 220 SHB CYP450
WM. xR ALAR B, AEA0TE T 2 A A
BRI AUC)—on CL Al Coax B 5 25 1 (1 BRAK
(P<<0.05), FZRRE T IR SEFEIR K FHBE Ik s (1) 2
SR RENES . LREY, SEEIHENT
Kl CYP1A2.CYP2BI1 il CYP2C19 W A {3k vE A
W32 (P AE . Xk CYP2C9. CYP2D6 Fl
CYP3A4 VA [R5 TG b 5 P R i

ASEE e KI5 & R A UPLC-MS-MS 46
W AEAS S Ty e EMm . FEORAE TR, B3
P SEFTIE IR K IA PR IR B, (o il B —,
SEH N PRAK, AT LU E] 10 ng/mL, ] LIS 5] 48
h UG, EeMFaNHT e ERE, SN2
VI B3 VE AT Z RO N o ARSEE R Acquity
UPLC® BEH Cs k¥ (100 mmX2.1 mm, 1.7 pm)
W —MREARATEEE 3 min, [R50 S eI 1 5
e W MEAEARG IR TEMAE, 95% LM
PE 0.5 min AT LS I 2% r (1) 2% A Rl HS E i A
AT LA BIPI Ao A i 2 FRAEASIE T, 22 qEAth
M. PR TR ISR SEFTI KRR IA
IR L o AW S 22 3 5P I R 24 3558 1%
SERSERT, PR A B 25 3R AR
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