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Inhibitory Effects of Cajanonic Acid A on 5 Kinds of Common CYP; Enzyme in Human Liver
Microsomes in vitro

CHEN Rui', ZHOU Wei’, ZHANG Li°, ZHU Gaofeng’, HUANG Jing’, TANG Lei" * (1.Guizhou Provincial
Engineering Technology Research Center for Chemical Drug R&D, Guiyang 550004, China; 2. College of
Pharmacy, Guizhou Medical University, Guiyang 550004, China)

ABSTRACT OBJECTIVE: To study the inhibitory effects of cajanonic acid A on 5 kinds of cytochrome Pis (CYP) enzyme, in
human liver microsomes in vitro. METHODS: By Cocktail probe substrate method, 50.0, 15.0, 5.0, 1.5, 0.5, 0.15, 0.05 pmol/L
cajanonic acid A were added into liver microsomes, and incubated with mixed probe substrates [including phenacetin,
dextromethorphan, omeprazole, testosterone and toluenesulfonbutylurea (probe substrates of CYP1A2, CYP2D6, CYP2C19,
CYP3A4, CYP2C9, respectively)]. On the basis of setting up blank group and positive control group [ a-naphthalene brass,
quinidine, ( + ) -N-3-benzyl vanillin, ketoconazole and sulfabendazole (specific inhibitors of CYP1A2, CYP2D6, CYP2C19,
CYP3A4, CYP2C9, respectively)], using puerarin as internal standard, UPLC-MS/MS method was adopted to determine the
contents of corresponding metabolites (acetaminophen, dextrophane, 5-hydroxy omeprazole, 6 p-hydroxytestosterone,
hydroxytolbutamide). The determination was performed on ACQUITY UPLC® BEH Cjs column, with mobile phase consisted of
0.01% formic acid aqueous solution-0.01% acetonitrile formic acid (gradient elution) at the flow rate of 0.4 mL/min. The column
temperature was 40 °C, and the sample size was 2 pL. An electrospray ionization source was used to conduct positive and negative
ion scanning in the multiple reaction monitoring mode. The data acquisition range was m/z 100-1 200, the collision gas was argon,
the atomized gas was nitrogen, the gas flow rate of the cone hole was 50 L/h, the desorption gas flow rate was 800 L/h, the

capillary voltage under positive and negative mode was 2.0,
1.5 kV, and the ion source temperature was 120 C, 110 °C,

A JEETTH - E K A AR AL VBT H (No.81660573 ) 5 B4
BRI F (No ERHS 344 (2017)2842, No B R4 3#£(2017]2839)

* PEU L BESE T s 25 5 52 e L W respectively. The desolvent temperature were 400 °C and
0851-86908318., E-mail:464268222@qq.com 450 “C , respectively. Non linear regression analysis was
SV o A S, T WFSE T - 25 performed by using Graphpad Prism 5.0 software and ICs, was
GRS 28 A 0851-86908318, E-mail : 2317972657@qq.com calculated. RESULTS: The linear ranges of above metabolifes
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were 0.26-8.35, 0.36-34.56, 0.10-3.09, 3.67-117.37, 0.15-4.88 umol/L (R*>0.99). The limits of quantitation were 0.26, 0.36,
0.10, 3.67, 0.15 pumol/L, respectively. The ICs values of specific inhibitors in positive control group to CYP1AZ2, CYP2D6,
CYP2C19, CYP3A4 and CYP2C9 in human liver microsomes were all within the acceptable range reported in the literature. The
ICs, values of cajanonic acid A to CYP1AZ2, CYP2D6 and CYP3A4 in human liver microsomes were all more than 50 pmol/L, and
the ICs values of CYP2C9 and CYP2C19 were 4.94 and 18.00 pmol/L, respectively. CONCLUSIONS: Cajanonic acid A has no
inhibitory effect on CYP1A2,CYP2D6 and CYP3A4, but has a certain inhibitory effect on CYP2C9 and CYP2C19.

KEYWORDS Cajanonic acid A; Human liver microsome; Cytochrome Pis, entyme; Cocktail probe substrate method; UPLC-MS/

MS; Specific inhibitor; Inhibition effect
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Fig 1 Structural formula of cajanonic acid A
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¥ HF 2 W 2 — 4 (NADP-Na,, it 5 718B0225, 4fi Jif =
98% ) i % HE-6- MR- 8N (G-6-P-Na., 41t 5 116B039, 4li
i =98% ) . #j % H -6- W TR i & 1 (G-6-P- DH, #it &
20160725, 4l & 90% ) | W 1R £k 2% vh i (PBS, ¥ J& 0.01
mol/L, pH7.4, it 409L024 ) ¥ H It 5 23 ERHE A
FRNE], A7 VD250 BR A (1175 01155029-75469A , 4l i =
98% )W H L 28 B A A BRZA vl AEAR PG T % BR
i (L5 81105, 4l >98% ) Iy F 3£ [¥] Sigma /A A , B3
P PR TR SRR X BRI L (+)-N-3- KA
Wy ZEJE T AR s | il e s A o 25 8 T 45 o) B (i
2 100367-201305,  100369-201307. L31J8T40939.
SJO711GA14.L27J9B64115.J09M6B1 . A22M10L83645 .
100294-201203 ,B20083, £ J& =98% ) ¥ [ I ifg i i
AR B A A HEREXT BE S (FE5 FK-J1795, 4l
& >98% ) A I8 v AR R A IR A BRI R OR
Tl TR 5-F2 i B SE T Mk | 6,835 J5 S ) 4 o IR 5 (it 5+
1-PSB-27-2 . 1-PSB-27-2 . KIT0635, 4li Jif =98% ) 114 A
IER TRC A F] R W B NG H R gkl S uek
FrAgE R M A5 451500 14 S A i s 2 56 22 FH RIS L 7K
RFRIEIK
1.3 Hft

T3 5 52 oty R S AR SRR AR I B T Sy
H R 25 RN F] L S M10001.2017003.
2 FiEEHR
2.1 WEEREEAFAIRA R &

K5 RO SRR A X R & 5, P BEA T8
75, T ol B T h vk B R 2.8 mmol/L 4% 5 B A 225
Xof HEL ot 3 o () 3 A5 T R Ok 4 pg/mL AR o
RIS T 4 CNRAE, A IR, R SRR A
b8 v FH H P 8, T ) BB 2t R B2 43 4 50.0,15.0
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5.0.1.5.0.5.0.15.0.05 umol/L HI¥A -
2.2 IR JFE B IR BB AR IE 1S — #% H ER BEER (NADPH) 44
EEA A &

Z B SCHR[14] 5 s, KUK FREU NADP-Na, , G-6-P-Na,
FIEALEE 200,200,133 mg, FH/KIEIFEAE 10 mL,
BT —20 C AR, IEH AR KIKFREFT RN
F1G-6-P-DH 44 mg.1 000 U, F/KiEft - E 4 %2 25 mL,
BT —20 CTRASH,IC BB (R, 5 AR
BUHARRIEL 5: LIRS G N ER R R T,

2.3 RAERSAVBRNEE

Z WSCBR[15] 07 1 K B RBARAR IS T A B U5 .
BAOE R M SRR R G TR (4 B A CYPLAZ2,
CYP2D6.CYP2C19.CYP3A4 . CYP2CO [+ 4t 2454y ) %t
BE 4 7.557.12.3.4.32.7.21,13.5 mg, I B0 i 752 25
210 mL, VEWREF 2P0 & . I PR, R 2 A
WA 25 £ W45 1 mL, AR T, 58 in A —H
FEZH(DMSO) 20 pL F1FHEE 80 pL %5 i , fieJo F PBS &
25 mL, W AR T A 21D 5% (I hims B2 |
PR T R B B2 4351 4 110001 500,250,500, 1 000
umol/L IR G HRET 25 WIS R
24 FHREMEFAEROSE

S G R BRI - 25880 e T L (+)-N-3-F% 3%
B Wy T e T e AR ke (43 51 CYP1A2 . CYP2D6
CYP2C19,CYP3A4, CYP2CY A 45 S5 0 ) 551 ) %of R
i, B A R R, RSB SE R BE 4R 1 mg/mL ()
BRI o W FHESE P ER A R LR B — IS VR, T
Tl B 5 Mk B 43 1 A 0,136, 0,162, 0.088 ., 0.266 . 0.157
mg/mL R, & .

2.5 RiFF=WirESRNH &

A3 RS % FRIBUE 56 £ Ik 2 L Wy A7 MEGE | 5-F2 3
BELSERTME | 64-F0 SR 0L F AR TR (0 ) o 1R
PO T A FEVbI5 BAIEhme S2M | FOREE T R AIE)
S 5PN BE A, T H SR A AR RS T BT SRR B E O 1
mg/mL (B —I 25 o I FHE, B s bk e — I 4%
TR AR SRR A5
2.6 BHREESMNET R RAIEL

S BESCHR[ 16157 , BOAN RIS &, ] PBS i e
£ 0.5 g/Lo TUKIEAMTT AR RORE A5 Wi
20 uL \PBS 110 pL FH N e B B 52 P R A sl S
il 351075 W 20 uL . NADPH % i 75 7 (A W 25 pL+B & 5
uL)30 pL, F 37 C/KEHIFE 3 min; AR EH 24
VIR 20 uL FFUR B , RSB A 60 min, Fiu B4 7
3o I RT R B ORI AR R SRR 200 L (PBS
HeFE 100 mmol/L) , HH P ARFRET 25417 DMSO i AN
110.1% , HEE S e AR 19",

2.7 UPLC-MS/MS &R

2.7.1 FEMAEE FHRIMEF IR R IMAK LG
0.4 mg/mL %8 2 ) 200 pL & 11 5 3, i 5E 60 s J5 , L
13 000 r/min( T [@]) &0 10 min, B FIH W, AR
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T, 5k FHH B 200 pL &%, B0 10 min, BRI R
T, X P I S i T UPLC-MS/MS Z3#7
272 @IES A (D A5 & 0F: LL Acquity
UPLC®BEH C5(100 mmx2.1 mm, 1.8 pm) 3% % , i
BN 0.01% B R /K -0.01% R 2 it sh AR ik
TR0 R Ve (PR R W3 1), HEIR A 40 °C, ik 4y 0.4
mL/min, JEFEREN 2 pLo (2) BT 4514 : DA HL G 25 FL 5 15
(ESD) Ry 5 U8, FH A0 22 Sy Wil (MRM) =
4 5 O IE A B R AR m/z 100~1 200,
BYE R R 2.0 kVOESE 7R (1.6 kv (5 3 8
), B FUREEE N 120 COEEFL) (110 C (R 1
B | B TR A 400 °C (IF 85 7)) 1450 °C (17
B RSO R, F AR AL
Sk 50 L/h, B2 7007 Bk 800 L/h, 5 ANRET 2594 Cilt =
Py K N b 9 5T 15 WS 2 B WL 20 SR TR ER BN (0.5
mmol/L ) 1755 2 & i ME K (1 ng/mL) 43550 14 7 o 2t 5l 1)
R T A [ S S ARE I
#z1 UPLC-MS/MS IR BNIEREERBEIERF
Tab 1 Gradient elution procedure of mobile phase of
UPLC-MS/MS method

i), min 0.01% FRVKIER, % 0.01% BRI, %
0 9 5
05 95 5
2 2 9%
4 2 9%

5 9% 5
®2 SMRHGMRE YR AARE RIE SN S5

Tab 2 Mass monitoring parameters of metabolites

and internal standard of five probe drugs

RN A CYPBTR BB BETFwz FETFws WV
WOMEAR  FRET  CYplA2 N33 1520 110.0 15
FiMleki HEMF  cYrne FET 2584 199.0 25
SREMEENME EERM cypcl9 FET 3622 2141 15
Op-FIE e CYP3A4 EET 3053 2693 15
RETEBETIR  WABTR  CcYpcy BT 2850 186.0 15
Bz BT 4170 267.0 30

2.7.3 LR BUTRCRIARIE T W, BRAS IR E 25
PRI BRI, R4 42.67“2.7.17 W R Jr ik ab 5 | 4%
“2.7.27 TR S AT S AR R AR E e SRk R
“2.57 50T (AR bR v RO 2K 1) SOk 4
WEE W, F52.67“2.7. 17 B F Jy A BRS  [A] 3R SRR
E TSR] 2,670 T Aok A4 75 (5.0 wmol/L
FIR SRR A) , 442,717 300 R Ik Ab S | TRl 3L R R
FE ISR R . S50, 25 U RoR A X £ I 2 2L B
FrHERE | 5-F R B S | 685 FE SR R AL FHORAR T MR
FNFRIINE TG0, & @k R LR 2,

274 RMXRRTE RO 2w LBy A E
Bt B-FRIE BRI 6p-F IS | FRELH R T R A —
W24 I 2, P FP A 8, T o) BT 2 o 2 R 1 I e vk
3524 0.26..0.52,1.04,2.09 ,4.18.8.35 pmol/L, #5ME%E
43514 0.36.1.44 . 4.32 .8.64.17.28.,34.56 pmol/L, 5-F% 5t
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1:MRM of 1 Channe! ES+
TIC (DYXAJF)
25685

020 040 060 080 100 120 140 L60 L8O 200 220 240
FF1iE], min
CHTRORL ARSI 7796 (50 umol/L A S A+ AR
s L3 I 5 2 47 ERE 5 3. 68-F2 S SR 5 4. 5-FR L B SE R ; 5B AR 38 5 6.8 S H 2R T iR
Note: 1. acetaminophen; 2. dextrorphan; 3. 65-hydroxytestosterone; 4. 5-hydroxyomeprazole; 5. puerarin; 6. tolbutamide

2 SFEH= MR AR S B TR E

Tig 2 Total ion chromatograms of 5 metabolites and internal standard

BR324 0.10,0.19.,0.38,0.77,1.54.,3.09 pmol/L,
6 f- ¥ HL 52 il 43 ) 4 3.67.7.34, 14.68, 29.34, 58.68
117.37 pmol/L, ¥23& H 257 T R 4354 0.15.,0.30,0.61
1.22.2.44 ,4.88 pmol/L [ RANEW , 4% “2.7.17 W F J5 ik
SIS, P4 2.7.27 0T A3k 5 B AR R E 1]
SEUETRIAN . DL R RE Al 40 ot e R B (x, pmol/L) Ay 4
As bR 5 BRI 2Z L () DA bR T2 4 1] )]
SR B LR 3. SRR I RORLAAR IR R Xt 2
T 2 L1 AT HEE | 5- R FE B SEFr e | 68- Y2 HL SR | R
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R T IR ZR IR OC R R4 (R>0.99) , E 5 T FR 7351
4 0.26.,0.36.0.10,3.67 ,0.15 umol/L.

2.7.5 WERREE NS REVE RSO B &
“2.67 35T J5 VL S BC ) R BRI b e R R
(Ve P Fe A B0 25 SR B ) X S I U Wy AT MELE L 5-72
S B HTE |6- PR AL S | R F ORI TR A4 R A UK
R VBAMREEFAT 50y, H5 2. 7.1 0T Iy i A B S
BRI E | 2555 HERfG BE AN H RS B2 5 & H 2 1R 382
WE 3 d, B4 H AR . AR S 2 RS 12 h
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x3 HRNEMEERP ARG ~YWHEALES
Tab 3 Regression equation and linear range of 5 me-

tabolites in liver microsome incubation system

TR B3l R ZHEGI, pmol/L
By 228t y=0.041 0x+0.183 3 09993 0.26~835
HiMeb: y=0019 1x=0.031 | 0996 4 036~3456
S-RIERE Y y=0.035 x—05776 09936 0.10~3.09
Op-FAESE =038 1x+0.087 8 09994 367~11737
R TR y=0.041 4r+0.081 7 09935 0.15~4.88

Je AR E , B ERASE M . Ty A RO IR 7 0K &R
200 uL, B F 2 mL EP45 N, 4% 2. 717500 F Jr i Ab FRAE
Jei, AR T, 40 B AT 2Tk 28 M A7 MESE L 5-
FRBLBSEHIME | 64- 12 KL SR R FHOREE T IR VA
ST S N7 T e Y 2 D D VAR S 7 9 A O
0y, SRR T S TR AR (A,) 5 L e i A o i B L
AN R A ARV, $4 2.7 17 IR Jy 1
b B HERENAE , 10 SR TR (4, ), TR BEBR0N, , BE 5T
RV (%) =A1/A:%100% o 452F | ORI 55 14 22 b vf
RS ATMESE (5- R B S 68- 7R BL SR 7R
HEF AR TR B VAR 2 0 (87.04 £18.62) % ~ (102.37 £
4.85)% , HIN | H IPKS % BB AT 12 h S PEREe i RSD
BI/INF 10.09% ; He TR0 b (84.22 + 3.58) % ~(102.42 +
6.51) % , REZOT L e T 58 EEIMELE  TE LR 4.
x4 RRNEFREERPLIARE~OHERE B
FE REMMERYMREESR
Tab 4 Results of accuracy, precision, stability and
matrix effect tests of 5 metabolites in liver mi-
crosome incubation system

s if o y
* ' ' (n=5),% (n1=3),% ' '
WORERER 026 96221698 822 938 646 90241622
052 0486%323 66l 832 731 84224358
200 88874479 7.8 9.56 398 88741522
835 9L13:828 989 8.84 593 9356428
Finleke 036 9834822 80 9.04 846 9270826
036 9L11+428 66l 724 712 89824653
871 082485 128 8.08 346 92421627
278 90884123 431 564 430 9401218
SHRIERENME 010 9586+892 946 9.8 688 96441892
019 92614979 539 636 293 86824620
077 95634228 325 443 32 99361328
300 9811£325 431 538 821 91.82£553
0p-F A 367 9274134 9.62 9,82 836 88.04%9.8
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Abr , {# FJ Graphpad Prism 5.0 #4087 AR 2R |1 )9 4347
TR T B2 BP0 R JE (1Cs0) o UKL H CYP1A2,
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Fig 2 Residual enzyme activity-cajanonic acid A con-
centration curves of CYP1A2, CYP2DG6,
CYP2C19, CYP3A4 and CYP2C9 in liver mi-
crosomes
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CYP1AZ., CYP2D6. CYP2C19. CYP3A4.
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IC;, values of cajanonic acid A and specific in-
hibitor on CYP1A2, CYP2D6, CYP2C19,
CYP3A4 and CYP2C9 in liver microsomes

Tab 5
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CYP2CI9 M 1800 (+)-N3-FHFER 0.19 0.09~033
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