Y554 Acta Pharmaceutica Sinica 2025, 60(4): 1103-1114 - 1103 -

Cocktail IR§HEIEN R B I8 T7 A% KR BT CYP450 B8 & 148 1E

HFE'S, Bl TRE, WEg'

(L J7RARIRZFERZZERE, TR )7 510006; 2. ] REFZ & TR ARBEFT A G, )77 T M 510006;
3. EFRPEAE R AR PN BORE SR, TR M 510006)

W E : R A Cocktail ¥R £ 24 ¥ VL VE 0 25 A8 7% 55 18 B 10 97 245 W0 % K WU 40 i £ 35 P450 (cytochrome P450,
CYP450) B £ 1) 5500 o AR AR K BRUFFSORL A4 (R A1 & 4k R, 58 T W0AH B A IR B0 45 K (LC-MS/MIS) 4 37 [] B U
TE K BRI RORLAR CYP450 By HH - S0 B BRI = & 15t 1) 43T 77925, Cocktail FREF 25 Wi RAE IR YT MR E M4 H
J5 B AR A PR R TR 9T Rk B 1 2 5 £ T g R I D ke R ORI B T8 K b e PR R 6 R IR T YT A
CYP2D6.CYP2C9.CYP3A4 T3 VMg M (52l A e AENR IR A HE 2 et 5% . G508, Frg i ot 7
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Abstract: Cocktail probe drug method was used to evaluate the effect of cold treatment drugs such as Gegen
Decoction on cytochrome P450 (CYP450) enzyme activity in rat liver. The in vitro incubation system of rat liver
microsomes was optimized. Based on LC tandem mass spectrometry (LC-MS/MS), an analytical method for
simultaneous determination of the content of metabolites of each subenzyme probe in rat liver microsome CYP450
enzyme was established. Cocktail probe drug method was used to characterize the effects of Gegen Decoction, a
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classical prescription for the treatment of wind-cold cold, and acetaminophen, chlorpheniramine maleate, anhydrous
caffeine and nacotine hydrochloride, which were commonly used in the treatment of cold, on the activity of
CYP2D6, CYP2C9, CYP3A4 and other sub-enzymes in rat liver microsomes, so as to provide reference for the
safety of clinical drug combination. The results showed that the established analysis method was stable and reliable,
which met the requirements of biological sample determination. After optimization, the protein concentration of rat
liver microsomes in the incubation system was 3.00 mg-mL", the incubation time was 240 min, and the terminator
was acetonitrile. The K values of three CYP subenzyme specific probe substrates dextromethorphan, testosterone
and tolbutamide were 21.49, 87.33 and 354.7 umol-L", respectively. The effectiveness of the established incubation
system was verified by positive inhibitors. Compared with the blank control group, when the concentration of each
Western medicine and the concentration of Gegen Decoction extract were within 100.00 pmol-L™" and 3.00 mg-mL",
respectively, Gegen Decoction extract, chlorpheniramine maleate and noscapine hydrochloride had inhibitory
effects on CYP2C9 and CYP2D6 enzymes in rat liver microsomes; anhydrous caffeine had inhibitory effects on
CYP2C9 and CYP3A4 enzymes in rat liver microsomes; no significant inhibitory effect on acetaminophen; the
induction effect of narcotine hydrochloride on CYP3A4 enzyme in rat liver microsomes was greater than 40% of
the activity of positive inducer, suggesting that there may be a certain risk of drug interaction when combined with
narcotine hydrochloride, and attention should be paid to the dose of drug treatment. The experimental protocol
strictly adhered to the guidelines of the Ethics Committee of Animal Research of Guangdong Pharmaceutical
University (Approval: gdpulacspf2022137).

Key words: Cocktail probe method; CYP450 enzyme; liver microsome; Gegen Decoction; acetaminophen;
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Figure 1 Reaction of each substrate catalyzed by CYP450 sub-

enzymes
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Table 1 Mass spectrometry information of each compound

0~2 min, 5%—30% B; 2~5.2 min, 30%—95% B; 5.2~
12 min, 95% B; 12~15 min, 95%—5% B; 15~20 min,
5% Bo HEFEAAFL 1 WL, Jii: 0.4 mL-min', 3 40 °C.
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VR PR A AU P VL, 43 99 5 60 °C 4R 30 min )

Compound group Compound Detection of ion pairs Ton mode Collision voltage/eV

Probe substrates Tolbutamide 271.00—91.07 ES+ 30
Dextromethorphan 272.16—147.10 ES+ 32
Testosterone 289.30—97.25 ES+ 20

Metabolite 4-Hydroxy tolbutamide 285.19—186.32 ES- 18
Dextrorphan 258.33—157.32 ES+ 39
6f-Hydroxy testosterone 305.30—269.42 ES+ 16

Internal standard Warfarin sodium 307.21—161.28 ES- 20
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151.00 pg-mL", Z M % My v & 4 240.00 pg-mL™",
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50.00 pg-mL", FEEEAB AT VT AL 10.00 pg-mLs

BABELIE  FF GraphPad Prism 9.5.1 i+ & & 1%
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g A A 0 IC, fA -

CYP450 BEHIHI 5258 AHXT BRI ME (%) = RA 2
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(14 R SRR ARORE A I N 381 e R 5 2% v 4L 1 1 O 8
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1.2 RIKEER KW AS M LG 10 f e 20 AE a H #%
PR = () B K E B PR (LOQ). A7 MEJE  68- 34 35k 52 il
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Figure 2 Extracted ion chromatogram of three metabolites of specific probe substrates. A: Blank liver microsome; B: Spiked liver micro-

some with three metabolites of specific substrates; C: Liver microsome samples after incubation. 1: Warfarin sodium (internal standard);

2: 4-Hydroxyl tolbutamide (metabolite of tolbutamide catalyzed by CYP2C9); 3: 64-Hydroxy testosterone (metabolite of dextromethorphan
catalyzed by CYP3A4); 4: Dextrorphan (metabolite of testosterone catalyzed by CYP2D6)
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W, 38N T 15%; B 5E 3K, tHHE SR EARM =
55 Py A4 5 ) AH 6 U T AR ¥ RSD, A5 HE % ¥ RSD 7
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Table 2 Standard curve equation and linear range of each substance
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MO P s AR BE I S R i E = IR NN E 24 h
W, AR P B RSDE I/ T 16.00%, 56 1A it
IR VRE = iR N A 24 h N AR M R AT

1.6 EFMBL KA b m A R R VR A AR
WIFRUE it 5 AR IR 23 0N 38 2R3 1R KB AoR 1
B AN R SR 22 b, 4% B R VA TR % T
HEAT 0 4, 25 SRR A b 1) Fo At 4H 4 (R J52) %o 43T
Y E TR DL . 5 SR A, AR A 11 3 T RN
1E 81.00%~ 118.00% [, 7o BH I 5 57 R4S

2 WERREMKL

21 KEFMAAERKRKEEZR XHZSHRE
o, M A LE R A, bedE dh 2R R B T RN
Y=0.061 6 X+0.197 7, #HK RE r = 0.998 0, &G
Fi 9 4.60%x10°~4.60x10? mg-mL"'. % %L & 1k &

CYP450 sub-enzyme Metabolite Regression equation Linear range/pg-mL" r
CYP2C9 4-Hydroxy tolbutamide Y=1.06 X+0.06 0.001 6-5.00 0.999 8
CYP2D6 Dextrorphan Y=3231X+11.23 0.370 0-23.75 0.999 0
CYP3A4 6f-Hydroxy Testosterone Y=2.74 X-0.04 0.050 0-15.00 0.999 0
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Table 3  The half inhibitory concentration (IC,;) of specific posi-

tive inhibitor

CYP450 e IC,, Literature IC,,
Positive inhibitor 4 1 [1825]
enzyme /umol-L /umol-L
CYP2D6 Quinidine 1.285 0.012-1.780
CYP3A4 Ketoconazole 1.168 0.007-1.634
CYP2C9 Sulfaphenazole 1.049 0.050-2.360
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Figure 3 The effect of different incubation conditions on the production of metabolites of probe substrates. A: Protein concentrations of

hepatic microsome; B: Incubation time; C: Reaction terminators
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Figure 5 Effects of Gegen Decoction extract and Western medicine on the activity of CYP450 enzyme in rat liver microsome. n = 3, x + s.

"P<0.05, P <0.01 vs blank group. A-E represents effects of Gegen Decoction extract, narcotine hydrochloride, chlorpheniramine maleate,

anhydrous caffeine, acetaminophen on CYP450 enzyme activities, respectively
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Figure 6 Effects of different groups on the activity of CYP450
enzyme in rat liver microsome. n =3, ¥ 5. "P < 0.05, "P < 0.01,
" P <0.001 vs blank group. KB: Blank group; 4W: Mixture of four
Western drugs (narcotine hydrochloride, chlorpheniramine maleate,
anhydrous caffeine and acetaminophen); GGT: Gegen Decoction

extract; GGT+4W: Mixture of GGT and four Western drugs (4W)
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