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ABSTRACT OBJECTIVE: To establish a determination method for the concentration of cajanonic acid A (CAA) in liver
microsome incubation system, and to compare the metabolism characteristics of it in different species of liver microsomes.
METHODS: CAA was dissolved in liver microsome incubation system of rat, Beagle dog and human initiated by reduced
nicotinamide adenine dinucleotide phosphate (NADPH), and was incubated in water at 37 °C. The reaction was terminated with
acetonitrile at 0, 5, 10, 15, 30, 45 and 60 min, respectively. Using genistein as internal standard, the concentration of CAA in
different incubation systems was determined by UPLC-MS/MS. The determination was performed on Waters BEH Cis column with
mobile phase consisted of water (containing 0.1% formic acid) -acetonitrile (containing 0.1% formic acid) (45:55, V/V) at the
flow rate of 0.25 mL/min. The column temperature was 30 °C, and the sample size was 2 pL. The electrospray ionization source
was used to the select reaction monitoring mode for negative ion scanning. The ion pairs for quantitative analysis were m/z 353.14—

309.11 (CAA), m/z 269.86—224.11 (internal standard) respectively. The residual percentage and enzymatic kinetic parameters of

A LA 5 B AR Ve H (No.81660573) : B CAA in different incubation systems were calculated according
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to the mass concentration of CAA at 0 min. RESULTS: The
linear range of CAA was 0.05-20 pg/mL; the limit of quanti-
tation was 0.05 pg/mL, and the lowest detection limit was
0.01 pg/mL. RSDs of intra-day and inter-day were lower than
10% ; relative errors ranged — 4.83% -8.94% ; extraction
method and matrix effect did not affect the determination of
the substance to be measured. At 60 min of incubation,
residual percentages of CAA in rat, Beagle dog and human
liver microsomes were (62.79 + 9.99)% , (64.07 + 11.59) % ,
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(96.66 + 5.71) % ,

respectively. The half-life period (72.19, 68.61 min) of CAA in rat and Beagle dog liver microsomes were

significantly shorter than human liver microsome (364.74 min). The clearance rates [0.019 2, 0.020 2 mL/(min - mg)] were
significantly higher than human liver microsome [0.003 8 mL/(min-mg)] (P<<0.05). CONCLUSIONS: Established UPLC-MS/MS

method is simple, rapid, specific and sensitive, and can be used for the determination of CAA concentration in liver microsome

incubation system and the study of metabolism stability in vitro. The stability of CAA metabolism in rat and Beagle dog liver

microsomes are poorer than human liver microsome.

KEYWORDS Cajanonic acid A; UPLC-MS/MS; Liver microsomes; Different species; Metabolism stability in vitro

4 SR A (Cajanonic acid A, CAA ; 2542 ILIE 1)
JE M S RHE Y G Cajanus cajan (Linn.) Millsp. ]
Sy — R RS Y. A IRNAMIE TR
SE, CAA A N JHESE A S PR A o5 2 1 i 24 PR R IR N 1B
(PTPLB) 5], 7T B I 44 i3 5k 2 22 RO A MU 400 LX)
ZE M MSCEE , I AT AR S I JHE /N B 4 o 1 28
UL AR K Y B e R A T 52 1, B T R OB R
IBIT YIS FI R

Bl CAAKIZEMN
Fig1 Structure of CAA

i 8 3R Puso (CYP) B2 259 T AHAR I 1) B 22 fify
R, FEAAET IR AR T FE 250 Wy e Akt 78 b &
Vi B OCEBMIERC. FER 250F & R B B iF 5
AT 3 A FAE 25 WA ARSI AS [ R O R o i 1R
TR MR A A A TR R A BT LA 22 Y, STkt
AHIFFE AN T I ORI R CAA J5 e 5 1) e 1 5K
R AH 0,38 - 53 6 3% (UPLC-MS/MS) , i3 3F bR T
ALEPIE R HUAS KAk (A b B i sl 11222
BB (1) MRIMEBRZ(CLL)], B 7E 0 CAA )
TR SE 31622 | Ry L SR 20350 I R A5 25
TESER

1 ##
1.1 {38

UltiMate 3000 %Y UPLC-TSQ Endura %! = & JU#% 1
FRIDEIT I, AT FELE 25 2% -1 (EST) Fll Xcalibur v2.2 %
PEAb FE 2 45 (35 [E Thermo Finnigan 23 #] ) 5 IN300-2 %1 %
AR RN 75 K i A A R W) 5 X1 76 o 3 0
B s L R A BN A s KH-600E 780 348 75 I T e 2% (B
IR AR BR A ] ) s FASOSN 7 -7 43 2 —HL T
R (I TR PR F] ) s DW-86L.486 RGP+
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£ 415120180521, A3 . >98% ) ; YUk A 2% B (1N
b, 45 1 528C021, 4l . >98% ) MHME Mz I iEnd: — k%4
R R — 4N (NADP-Na., fIt5 : 718B0225) | ##ij 2 b -6-
i - — % (G-6-P-Na., #it 5 : 116B039) . 7 % 1% -6- s i Jii
Sl (G-6-P-DH, fIt5-: 20160725) ¥y [ At 50 & 3€ 4= #)
B BRA 7] 5 M PE SD K BUFF OB 1A (L5 - M10017.
2017002) | HE M A% K RLORL 4R (HE 45 0 M10007.
2017002) A JHHORE A (55 8 fadt B 52y RIS ol 31t
M10001.2017003 )3t 7 B 34 4= M B2 25 H R AT FR
ONH R BEYI N 20 g/L(LLER AT s R VRS . LG
B ke, SAEE AP SE AN 8 i et
IK R ZEIK

2 AEEHER

2.1 BRHFIE

2.1.1 CAAFINFREI  HEEEPRHCCAA XA SLIE 5L,
JFH R BV A 5 2 25, A B M R 1 mg/L 9 CAA T
B A AR R B o 1 mg/L BN ARIT 4505 E R
W& WIS E T 4 CRAAE & . IRFET, % CAAT A&
538 5 0.1 mol/L R $h 2% v i (PBS, pH 7.4; T
[6]) SRR RS IR A, A I B R R K AR
U 2% Y80 PP I s B, o A5 R MR R 2 pg/mL Y P A
VT

2.1.2 IO RYNR L e B 2RSS AT R B IR (NADPH ) Hff
FEVAWR AW AR A NADP-Na, . G-6-P-Na, . S fb £
200,200,133 mg, H/KEZZE 10 mL, B AR AFF
B4 .G-6-P-DH 44 mg.1 000 U, 17K E 4% 25 mL.
A BIBIYET —20 CHRAF, & M. IR KA B
AL 5 LIRA, Hil415 R B R 1 mmol/L ($¢ S )iy 4y
NADPH 1) (R B R

22 HmEEELE

221 WEKRMET  BORE RS R Rk (A
KiE R, I PBS M B & 0.5 g/L, BEJG A “2.1.17 3
CAA IV £ BOE &, i CAA FR & T W JE 5 pg/mL, 7]
A ORI B R 2R P R B N 1% . % IR TR
BT 37T CAKBHPFES min 5, A 212" F
NADPH i fiff 15 1 LA 30 SO0 o 1M 2R R B R 200
uL, Hor NADPH 24K B 1 mmol/L, A3 WL R AR i
5%[10-11]o

222 FRBESLAH KB EAWERRALET
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3T CARBH AT, 40 FHEE 0.5.10,15,30.45,
60 min I, LA F IR (2 pg/mL) () 2N 400 pL 28 1k 2
N, AT 2) 30 s, T4 CF LA 16 000xg #.» 10 min, HX
IE W LA KT, Bk A EE 200 wL &, DL
16 000xg &5.0> 10 min, B _F g WIS 7 iE1 T UPLC-MS/MS
O3B, FE BRI R SR B SIEE IR R
TR 3R

2.3 UPLC-MS/MS EE 57

231 @E g &M G54 - Waters BEH Cis (50
mmx2.1 mm, 1.7 um) ; LR : Waters VanGuard BEH Cis
(5 mmx2.1 mm, 1.7 pm) ; /i 8hAH: /K (% 0.1% iR )-&
Ji5 (&5 0.1% W R ) (45: 55, V/V) 5 i : 0.25 mL/min; #F
U230 °C; PERER . 2 pL; RAENTA] .6 min, HE Y5 . ESI;
AR VeSO W (SRMO R Fil O = s 1
Al WL <2 963.64 V3 S4BT : 270 °C; AR
71 :25 psi; F T 5E B0 M 251X - m/z 353.14—309.11
(CAA, % S H1L JE - 164.39 V, fif 8 §E : 17.13 eV) . m/z
269.86—224.11 (A5, i 5 HL R : 181.03 V, filf 8 fE : 24
eV),

2.3.2 LEM /B AR E AR CR SRR Ay
B LA iy il K ) R R ROR: R A o, e “2.27 B
D7 A5 ) CAA X REAE & (5 RF 4 5 pg/mL A bR
2 pg/mL, DAZE iy il I i K BRUH GO A BT, #2227 5
T OF IS B 15 min B AORE S R BRUFRORAA , #2
“2.2.27 TR R AL ) A GE AL U231 T gk
TEAAAEERE AT il A . 25K, AR FI CAA I,
TR IETE [ A7, AR B B A] 43930 294 0.79 . 3.61 min, N
TEEYD AT PRI 0 i 0 2 | =BT i B B AT,
LK 2,

2.3.3  PedERhZ TR R AR R g i
“2.117IUT CAA A8 RS i, 28 8 e i K0 1 K B
JHFRCRAAIZ & (4 5 (0.2 mL) H, il75 CAA JiT i FE 53331
90.05,0.1,0.5,1.,2.5.5,10,20 ug/mL [ £ 51 A5 i ih £
of FEVA VR, ¥ “2.2.2" R FEEWFE 15 min 7203, %
“2.3.17 IR A S B AR UERE AT i SR AR, L
R e (c, pg/mL) RS AR A R4 5 N B
TR ERAE () A A, SR R IA e /N 3k O R
BOh Vo) FEA TP BN A5 [B1H 5 82 5 y=12.98¢+0.92
(R*=0.997 3) . 4553, CAA K& J5i 5 e B Aty 2R 47 915 Fl
40.05~20 pg/mL, 7 it TRy 0.05 pg/mL ({5 M by
10: 1), S fAG IR %7 0.01 pg/mL(f5ME R 3:1)

2.3.4  MERRE SAE R EORAES H 02,3373 kL
CAA & 5 FBRFEE U E (0.05 pg/mL) 5k DA S+
TR (0.1,2.5.10 pg/mL) Ji 45 (QC)FE AL % 5 10y,
Fi“2.2. 2" R )y W 15 min JEALFR, %2317
O 5 S S HERE BT, 558 H NRG 5 J  3% 20 7
3d, HEEH KGR L o RS BT i Tk B 5 e BT ik
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HEATHOAC, AR IR 22 (RE) BB EERR T . 455, CAA
AT PR BRI DL AR P S TR E QC AR A H
. HIBIRSD /N 10% ,RE N —4.83% ~8.94% , 554
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AU E R BT B AR G EOR ™ TR R 1,
®1 BEESERERELER

Tab 1 Results of accuracy and precision tests

TRk H RS (1=5) HIER T (n=15) RE,
Boagml  SMEREEGLs) gl RSD,%  SMFREEGEs) ygml RSD.% %
0.05 0.048 10.002 3R 0.050+0.004 724 123
0.1 0.095£0.005 534 0.095£0.003 289 —483
25 272310029 1.07 2.724£0.155 517 894
10 10813 £0.136 1.26 10.811£0.512 469 8.11

2.3.5 HRWUEICR S IEFULON AR #42.3.37 T 5
PEBCHI MR (0.1.2.5.10 pg/mL) QC RS,
F42.2.27 B0 F J5 108 75 15 min JfA0 B, BERE SR AT, 1T
SRR (A4,) s #52.2. 17 TR 5 v 4 28 0% 1 K B
TIORLIARIFE B IR RO o, FF4%“2.2.27 IR J5 240 15 min
FFAEBE, Bl IS A CAA £ W0E B, (il e 2 T v
R QCRE RS I, FERE AT, 0 SR TR AR (4.) 5 LA
P 1 A N7 Jo e R LA 5 Al T VR O A R TR IR, P
“2.2.27 WU N J5 VAT 15 min AL FE, HERE ST , 10 S0
TR (4s) o 45 TR R P AT B AT 5 1y o SR iR =
(A41/4:)x100% , BE AN, = (4:/4:)x100% . 53R, CAA
AR R e B B QA i A BB [ WA S R 2 1)
FEE HEPRE R BT A ARG R ™, R BB IBO 1 Bk
SOOI AS T e R A s A, TEILR 2.
#2 REEKRSERBMIRLGELER (n=>5)
Tab 2 Results of extraction recovery and matrix ef-
fect tests(n=>5)

gy HEREIRE, ] PR, % g;ﬁm,%
pg/mL R (yts) RSD HiR(xts) RSD
CAA 0.1 948613.23 341 92.89+7.27 7.82
25 99.68£6.54 6.56 109.79+4.95 451
10 104.52+4.60 440 107.95+5.84 541
L 2 104761553 528 10233£3.05 318

2.3.6 FAEMIRIE #2337 W T e CAA K .
W R R (0.1.2.5,10 ng/mL) QC #4455 10y , ##
“2.2.2"IU N I EEIEE 15 min FEAbHE , AR A Shik
FEAR (8 °C) P E 6 h VIR AUE 12 h 4 CHRHE 12 h . JZ
SURR(—80 C~ )3 Fa e e, 454, &3
I 5 MR A RSD /N T 10% , W HAE iR &1
R R, LR 3,
#3 BREMKEER(n=>5)
Tab 3 Results of stability tests (n=5)
HFERAIE 6 b FRAE 12D BE 120 [ 53

SMBTRYE RSD,  SMBTREE RSD, SMFTHIRE RSD, S IEE RSD,
(xts)pgml % (Fts)pgml % (vts)pgml %  (vEs)pgml %

B Rk
E, pg/mL

0.1 0.101£0.004 350  0.099+0.003 3.37  0.101£0.004 350  0.100£0.003 347
25 313120137 438 29120167 559 29580153 519  3.131£0.137 438
10 10.85620.546 5.03 1128320567 5.03 11.150+0.633 5.67 11.710+0427 3.64

2.4 CAATEXR .LEH&A  ABFRHRAE PRI TEE M
R

Fi“2.27 TN 5 AT AR AM GRS @ R 9T, SRS
YIEBRIEZ 2 CAA RIS L . DL CAATFE 0 h i
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J MR A 2 B, AR I [R] A o TR S 2 A
JEIREIA A sy . R T THRE 3. {8 FH Graph-
Pad Prism v7.0 5022 ] CAA TEAS AR & ok AR &
K Z P RS TR Ay 1 43 He-Asf T 2R 25 R DL 3 (g
LA [B] A SEME AT BE R 0 h s () SR, e 4%
AT AT B 100% ) .

07 - Ik
- U
=i LA Rk

TR, %

20 40 60 80
t,min

B3 CAATEARE M E TR0 & 4k & i E 5
RB 5 L-AE) i 2
Fig 3 Average residual percentage-time curves of
CAA in different species of liver microsome in-
cubation system

45 T 00 TR0 A T 53 LU 1 SR A RORE B
LR PEIE I SR A% () R A D@00 3)
ISR (0 CL)™

Fo="—0.693/f +++orerrerrenrreneeetiiiiiiiiiiiiiaennn. @
CLw=[(0.693/1,,) x5 & W& 1A (mL ) I/ WOk A4 5
(M) +oeeemremeeeessmnsrite et @

Z: BRAN T BRI T CAA TEA [ T Gok ik v 4
HTRENE 1, <<30 min, RIIZ IR ATEE 0. H
30~90 min, & Z W) AR 2 1 1 55 5 1,>90 min,
T W] sz i AC AR E v R 4", {fi ] GraphPad Prism
V7.0 FAE XS B AT GE T o0 Hr o L) FE AR BRI 3R
1 225307 (One-way ANOVA) B} ¢ K356, P<<0.05 H 225+
At E L. 428 AELANADPH E 311 1 ARJH-Goh:
PRI A, CAATE B HEAS R RORE A4 v A A Cag
e M — B, Y 1, 289 235 T AFROREAA, CLiw 25
BEE T ANRORAR, 22 5 94 e 78 L (P<<0.05),
L4,

R4 CAAERRMEFBHEREER P RIEEDN
FHY R (n=3)

Tab 4 Comparison of enzyme kinetic parameters of

CAA among different species of liver micro-

some incubation system (n=3)

Bk AR 75 60 min B ELR B 1L, % fi2,min CLi,mL/(min*mg)
Nl 62.79£9.99 7.19° 0.0192°
AR 64.07£11.59 68.61° 0.0202°
A 96.66+5.71 36474 0.0038

T 5 ek L, *P<<0.05

Note: vs. human liver microsome, “P<<0.05
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3 Tt

MR A G 288 0, B2 WA T AR Ak i o
BT, FEIX AN R AR B R R 2 A R T
O3 AL AN TR (43 7 (RIS ) LA & 4% 245 1 3%
PE o SARNAAE A ., AR SMR I 98 B AR IR
B, A E T A TR PR 45 SR B B S S S T
B2 B A A A A A T A i LTI 5T O
R ASAIR G CAA FEAS [R) R & FFBoRs 4 i AR A 7
FHEET T RIAERT
3.1 UPLC-MS/MS &4 i%

TEH I H IR &R CAA J5 B3k I I % i) UPLC-
MS/MS #E T, 2% 2 F g R Aok A 4% 55 5
I8 AN, HAS [RIF & 28 K36 A8 ok AR [a] 4 22 8
K, ARG VAT BRI A o, A T 32 2 5%

FEETE TSR TR R D AT A T G
A B . 5 R, S EEA L, 205 v i fE
T AT B g %) g iy R R A S s | (i Il
AR WOk TE CIEVE NI s A LA . LN EE IR
I, AE G SN H S INAE e P R T AR v A I A 1 R S
B, T4 R CAA LR B8 B a] , W2e AR LU 4 DA 1) 3
fith |, e 2RI sh AR S MK (B 0.1% R ) -2 (&
0.1% 8 )(45:55,V1V).

FEUE B g b AR L T OE T
FRET FF A B BT e W A G . A5 SRR FEIE BT
BT, CAA FEATC I N 5 T8 1 2 7R, CAA il
PIBR AR W 45558 o PRI  ARBIF 9T B8R T 6 1 P8

AURBTAL TG A X R 2R LAY LR R VYRR
R BIRE R ENRY R Tk, 4558 kKM,
DAL REARZ I BRET 24 G4 5 CAA T RE 4 v, H
WO DSORGB R R AE N CAA 2 54 it
I AT
3.2 RYIRERERE

TEARSMCE AT, Z R W BN RE R =, &
TP TE 1 DRAIE I 20 9% [R5 B %5 55— O 1T, 32 iR 1)
W AN B ARG, 75 VORGP REE AR S A9 s 1) R 55 e i
BROE4, NI, A AT FT I 1.5.10 pg/mL % 3
R E CAA MM E I LT T 25, 41BN,
M CAA WV R 5 pg/mL B, AR 25 Wik JE I AN K
i, HLH A3 g FF o 14 A 20 % W 25 08 0 ok, ik
LI T IR CAA TR B 8 4 5 pg/mL
3.3 EEEh NFSERN T ENERE

AR E P IT 22 2R 7 W A 7 1k RO 0 B
oo i e pe k25 g2 R B 1] S AR = 1)
2 SN A W A I R 7/ e sy <5 DT A 31 ) e S AV 1)
G, ASRAS AR N 0 21 24 2450, 16 TR 2 4 B
PRI PIARE i 55 A5 1 250 B AR 5% 5 TSP T B ik
T2 AR AR AR A 90 78 A [R] R 0] 55 0 3 o 1 00 S B RS 47
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FRIF R 00, 20 AU B B B 3 TR 2k

FLRTB B AR E PEF ST S TR A By vk

(9 2 BRAEIE , AT ST 1E R T IR IR BRI 0 CAA HY i3

12 BRI AT TP B 5

3.4  CAAFEAEM BRI o B FOBHEHE S 4

ARUFFEE R TR, R E T, CAATE 3Rl & AT

FLAR Y 10 HR /N B RAR Y A HEAR K (68.61 min) | K B

(72.19 min) . A (364.75 min) , CLa H1 /NS KAR K Ry A

[0.003 8 mL/(min-mg)]. K Fl[0.019 2 mL/(min-mg)].

LR R[0.020 2 mL/(min-mg)], £ HIZALAPITE LR R

IR Bl A A A5 R P — P, TE AR AR AR E M R

U PR AR R AR S N Z A TE—E 25 . 3)

Y 25 AT WSS it 1 AR B A (E R ) Y

2558 AT RE 20 AN A1 D0 BORRADL 3 B2 ), T 12k

PESLIG B IT LLOGTE

25 BRTIR ARSI RE R B ok
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