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[ Abstract | Objective: To investigate and compare enzymatic kinetics of scutellarin, apigenin-7-0-
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glucronide and paeoniflorin from Xinshao fomula in liver microsomes of sham-operated rats and middle cerebral
artery occlusion ( MCAO) rats with focal cerebral ischemia-reperfusion injury. Method: Xinshao fomula were
incubated respectively with liver microsomes of sham-operated rats and MCAO rats, UPLC-MS and substrate
) and

) of these three components from Xinshao fomula in liver microsomes of sham-operated

elimination method was employed, Michaelis constant (K, ), maximum velocity of enzymatic reaction (V,

max

intrinsic clearance (CL,,
rats and MCAO rats were calculated, these parameters between different groups were evaluated by statistical
analysis. Result: The K values of scutellarin, apigenin-7-0-glucronide and paeoniflorin in liver microsomes of
MCAO rats were (0.798 £0.031), (0.213 £0.017), (0.499 £0.029) wmol-L ", which were quite different
to these in liver microsomes of sham-operated rats. Compared with the sham-operated group, V,_,  and CL, values
of scutellarin and paeoniflorin in liver microsomes of MCAO rats were significantly reduced (P <0.05, P <

0.01), and V

0.05). Conclusion: Metabolic rates of these three active components from Xinshao fomula in liver microsomes of

of apigenin-7-0-glucronide in liver microsomes of MCAO rat was also significantly reduced (P <

max

MCAO rats with focal cerebral ischemia-reperfusion injury decrease with low elimination rate.
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1 ~3 min,5% ~15% A;3 ~4 min,15% ~20% A ;4 ~
5 min,20% ~35% A;5 ~6.5 min,35% ~90% A;
6.5~7.5 min,90% ~35% A;7.5 ~8.5 min,35% ~
5%A) i3 pl,

2.2 BTG RS B TR (ESI) , B4
FLES L 3 KV, B IR R 120 °C, 25 ) A
400 C, W% 5 WA N,, 258 50 <t 3 I E
800 L-h ™" 4 7 2 o v £ 1L B 7 4 (SIM) |, SR
TR SR B MM BRER A Ry MassLynx 4.1 TAEu . 3
A5 B AR AT R S B i I S LR 1

x1 HFUBSERRYNRESH
Table 1 Mass spectrum parameters of marker compounds and

internal standard substance

H, I 52 TR AL R

" T e /s v
ST ESI* 463. 04 0.2 22
ATETF ESI- 525.12 0.1 26
SE-LiE 3 ESI* 447. 36 0.1 35
BRE (AR ESI* 417. 14 0.1 40

2.3 WA

2.3.1 XHSER RIS ERBE RN SRS
AT S PR AT B S i VR s A O
AE 25 mL, 15 T & W E 5 0 396.0,396.0,
469.2 mg- L™ RE AW . o SRS R B IAR 3 R g
B WRGE e, FH P A B R T TR R L AR R AR
BT IR . B UKAE - 20 CLRAFE & .

2.3.2 MR BCERE (AFR)S. 0 mg, K%
B, R BEECH] 1 mg- L ARV I, & - 20 C ok
FitRAr & o

2.3.3 EATH W FRECE AT R T OB B
20.0 mg,#F 100 mL &) 1, A B 2 £h 28 Wil
(PBS,pH 7. 4) % fift 3 2 25 B2 B, BRI A5 25 A5 41 )7 1
W o 3 RS % i U A 4 WO 4, B PBS e 6
Wi R 2 T A e B AR RGN AT IR . R AT 2=
LFE JTHERFE AT 3 FOS £ TR
(10 5 2t 43 K0, B A 45 143 169 2 90 s oA ol 42 0 T T4
W, WK 2,

2.4 FFRECRCRH R BEIUIF SR AT, 3h 4 Rl AL
A%k 2 40, TEH 4 MCAO 4H ., MCAO 20 K B2
SCHR L 10 ] 347 G e 2 Jok ke i, P78 0 F A, 1E 4l
K EALHEAT P AR AL 24 h 5 e w2 oh b
RIR B (PF53=2 4, R H Longa 119 5 9% 4 537k i
FEVESRT) 40 ORI 35 ORF SOz 4 o B04% 2 K R,

R2 BENRSERESERPINRI TIERRE
Table 2 A series of working fluid concentration in incubation

system of these tested components

Al RV R Y TR I W BE/ ol - L

VgL grmox gRWE GG
1 0.1 0.026 6 0.007 8 0.036 1
2 0.5 0.1330 0.039 1 0.181 0
3 2.0 0.5320 0.157 0 0.722 0
4 6.0 1.600 O 0.470 0 2.170 0
5 8.0 2.1300 0.626 0 2.890 0
6 12.0 3.200 0 0.940 0 4.3300
7 24.0 6.390 0 1.880 0 8.670 0
8 32.0 8.5200 2.5100 11. 600 0

BEULS5 HL A 16 h J5 BEAUAL BT TV T IR ks, L
Az BER IR 28 JFF 1 K AR IE , DA 9 v 25 ol
W NE S 8 ), B 5 59 F IR, JH B0 i
0. 15 mol-L~" KCI ¥ ¥ % Yk I BE 1 1 7K , 3 480+,
FREE, A B 2 3% W [0.25 mol - L' E B,
1 mmol-L™"Z, —Jfig P4 2,2 (EDTA ) ,0. 1 mmol - L~
% LA B 950 ( PMSF ) 10, 1 mol - L ™" = ¥2 F B 4 3t
PR e R 2 6 (Tris-HCL) 22 whifk ] i 45 150 W, 2
WIWTF 0 C,9 000 x g &.0> 20 min J5 & FIEWH,
JRARZET 0 °C,19 000 x g B0 20 min, P 5E V5 WK
AR, A 0. 1 & 88 mmol- L' CaCl, ¥ ¥ (&
W 8 mmol-L "), vkig i+ 5 min J§ T 27 000 X g
B30 20 min, 5% B, BUUE, DIVE & B VRS v,
172 JFE IR B B TUIE, 0%, T - 80 C IR A7.
Il AR F SRS BE N4 R IE Tl (BCA) B 1€ 2
0 5 ORL A2 ) B R

2.5 (RAMIFROR A B IS W E KR AR
200 pL, H P & TR AR (0.5 g- L"), 7 J5U 4
PO 1z fi VB W4 A% R W% 2 (NADPH, 26 mmol - L™
NADP,66 mmol-L ™" G-6-P-Na,,40 U-mL~' G-6-PD
1 66 mmol - L™ MgCl, ) ¥ ¥ I ¢ A5 41 7 % W
100 wL, H 4 o PBS. Bl £ 4 19 1E # K B A
MCAO K Bl RORE M (28 IRk BE 0.5 g+ L™")
A NADPH A5 £ 48,37 CHIFHE 5 min J5 AR
G 5T W B B S AT T B R 100 L, o S Ak 2L E
0,5,15,20,30,45,60,90 min J5 ~7 B A 714 P
100 WL 2k 2 0 o B2 1k 0 Je 0 0K BRSO AR
WEE W, O N AR WO 100w, iR iE, & E
15 000 r-min "8 0> 3 min, B I 75 &k 3 L Bt 7
UPLC-MS 4347 (n =3),
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2.6 ZeitsEsrtr SR SPSS 19.0 i it 4k 4 ik g 1T AR 55 N bR 0 T RR Y LA A A bR L A5 T 0 T R

1T One-way ANOVA 5 5 /3 B7, I %F 2 1] %k 9% 3k 47
Dunnett’s T3 f 4, S HEIE R v +s TR, P <
0.05 KR ZERAHIERE L,

3 &R
3.1 Jrikr s
311 LEtE WE 3 AN RORE R R IT L

JRYE . 1A A RORI R AL, 4% 2.5 TR 7 vk
FFERh, H PBS (R EATH T WM AR T KR
552 41 NADPH P4 Rgu 4l , # 2.5 T F 5 ik
il 2 #F 5, F PBS U NADPH P/ R 4855 3 4l
AT ¥ 2.5 TR 7 vk A AR S o A AT 3
YRR 201 1 2.2 TR ZRPRRGI . S5 R KA
T 0 AR LA R RO A A R b o DR 1 A 5k
R I e, A W B 43 me A A L R R R
Rt

3.1.2 fRiEdi ke dml MR E IR KB
TRUTR 5 XoF Lt 5 YR &, T A 6 A JBT A IR R 1Y
FRYNR A W, o B A B 2 (L E Wb, il
JZ B S5 v B A X B T OB AR L 4% 2.1 0
2.2 TR SR DN A, LA iV B R A AR A AR R 4

WL 3o SRR 3 AN 78 AR LAY T [ AR O
RRLF . T AR A0 IR AT ORI W, A5 L
KM R, HERE S T, 8 I B A MR HE S/N =10
AR E R (LLOQ) , WL3& 3.

R3 INERBINEEXRERREER
Table 3  Linear relations and quantitative limits of three index
components
Gl . e e LLO!
v LEpE I IR o ¢
(A=} /pg-L /pg-L
I E Y=0.0132X-0.0460 0.999 4.75~1183.00  3.42
JTHFE V=0.0230X-0.0450 0.9998 2.33 ~582.00 1. 68
ISEIREN Y=0.007 1X+0.0270 0.9995 5.63 ~1 407.00 3.12
3.1.3  MERRREE ORE R SRR IOKTE

JTFORE , 4% 3. 1.2 T J7 ik e i g e AR R R e
TR 5 8 Rt BT ARORE A i A B ok JBE R i Y
Wil 45 5 0%, 4 2.1 F1 2. 2 TR S AR alb R 43 BT, 3% 22 4G
W3 d, S H N H DR R R I
RO A, SEREWIZTTEMER 0] & A PR,
PR R E AT B T T I I ER

R4 3PP EFMEEHEERPNARE . BAMBEABEEE . DKE(=5)

Table 4 Accuracy,intra-and inter-day precision,recovery rate of three effective components in incubation system of liver microsomes (n =5)

H™ H ]
i e 5 o B BB i
Was /et WERRKE  ORTERSD  MEEIE WRIRKE  RSE RSD MR (x25)/%
(R+s)/pg-L™" /% /% (R+s)/pg-L™" /% /%
HLE 9.51 9.13+0.75 2.1 96.00 9.01 £0.57 3.2 94.74 83.62 +5.30
47.53 45.67 £0.94 1.4 96.09 44.63 £0.98 1.7 93.90 88.53 +2.00
1 188.00 1175.00 +1.00 1.0 98.91 1172.00 +1.00 1.9 98.65 98.36 £1.20
TR R 4.66 4.35+0.78 3.5 93.35 4.12 +0.89 3.0 88.41 81.25 +7.80
23.28 21.85 +0.78 2.3 93.86 20.75 £0.88 2.4 89.13 83.85 +2.60
582.00 578.20 £0.57 1.8 99.35 578.00 £0.53 1.5 99.31 96.23 £1.60
AT 11.26 12.89 £0.96 1.9 114.48 12.05 £0.85 1.8 107.02 84.25 +3.00
56.28 54.78 +0.86 1.2 97.33 53.48 £0.56 1.2 95.02 98.78 £2.90
1 407.00 1 402.00 +=1.00 1.0 99.64 1398.00 +1.20 0.9 99.36 99.12 £3.00
3.1.4 FuEtE R ERHE B RRERERR 3.2 BHERALS e R AR R kR

0 BRI BIORLAR W25 S B A 8 7R 37 C
MKW 6 h e 4 CHEFEARNTCE 24 h )5 2EAE 0BT,
BRI MR E N, WK 5. AR EWIAE 37 C
A4 BT ORE AR 7 P 2R PP 6 h R DA K 4 CHERE 2R
HORCE 24 hJE L RE A ARUE M O] I 2E S AT A 0
Brom i Y EOR
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RS INHEBSERBUEHECERNREREERZ(n=5)

Table 5 Stability of three effective components in incubation system of liver microsomes(n =5)

37 CHEUE/KBHET 6 h 4 CHEFEAS I E 24 h
o i SR R
ik 4w Sl 4EL FE 5Ly Sl 4EL PR L ke 1R
e /pg-L7! Wi B RSD/%  WEWJE/% Mm% RSD/% Y W0 FE /%

(Ecis)/ug']_,_l (iis)/ug-L_]
&2 % 9.51 9.47 £0.20 11 99. 58 9.48 +0.24 1 99. 68
47.53 46.67 0. 23 1.0 98. 19 46.93 +0. 54 1.0 98. 74
1 188. 00 1179 £0. 41 0.9 99.24 1 184.00 +1.00 0.2 99. 66
e L 4.66 4.59 0. 67 1.0 98. 50 4.62 £0. 45 0.5 99. 14
23.28 23.19 £0. 15 0.9 99. 61 21.58 +0.78 0.3 92.70
582. 00 581.00 +0. 54 0.5 99.83 581.00 +0. 47 0.2 99. 83
2 1F 11.26 11.22 +0. 41 1.0 99. 64 11.23 £0. 58 1.2 99.73
56.28 55.78 +0. 34 0.9 99. 11 55.48 +0. 66 0.9 98. 58
1 407. 00 | 406. 00 +0. 32 0.3 99.93 1 405.00 +0. 64 0.8 99. 86

t/min

0.026 62 nmol-L"
0.133 10 umol-L'i
0.532 40 pmol-L
1.597 00 Hmol-L

2.130 00 pmol-L"

"> <« 0 @

-1
0.007 83 wmol-L

L]
> 0.039 10 pmol-L’
P v 0.156 50 pmol-L
% a 0.469 80 Wmol-L
B
P
&%
=4
=
2.0
2.0
B, 2.5 B,
2.5
0 5 10 15 20 25 0 5 10 15 20 25 .
0.0 92 : * 003610 pmol-L"
o 0.180 60 umol-L'l
0.5 v 0.72220 pmol-L
s 2167 00 Hmol-L
-1.0
13 -1.5
20 2.0
Cl C,
25
25

AL IEFHPITRCERB,. EWAPIHERFE;C. IEWFAHPATI A, MCAO I 4TH 2K ;B,. MCAO 4P 4T/ H % ;C,. MCAO 4 HhAj 24
H(E2 )
1 E¥EHES5 MCAO A EWHENMFEENEAN B SR EHEER

Fig.1 Relationship between natural logarithm of substrate relative residual rate versus time of normal group and MCAO group
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Fig.2 Linear regression analysis of substrate concentration versus —1/K,,, of normal group and MCAO group
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R6 INHMAASEEREKERFM MCAO XRENHEBRENNESE (v +s5,0n=3)
Table 6 Enzymatic kinetics parameters of three components in normal and MCAO rats(x +s,n=3)

\ AE T ETES CER
SR AL
EH MCAO MCAO EH MCAO

V,./nmol - min ~' 45.36 +4.00 22.38 £3.90% 5.33+0.15 4.51 +0.48" 24.58 £1.90 13.01 +0.43%
K,/pmol-L~" 0.597 0. 065 0.798 +0.031% 0. 166 £0.012 0.213 +0.017" 0. 640 +0. 046 0. 499 +0. 029%
CL,,/L-min~"-g~! 0.056 +0.004 0.035+0.011" 0.032 +£0. 006 0.021 £0.003 0.038 +0. 006 0. 026 0. 006"

S IERWA LR P <0.05,” P<0.01,

B[] 3 A5 20 J7 76 I ORE Uk i 1% 38517 B0, 45 1
RIITF L FE KT T R MA 25155 51 7E0. 026 6 ~
2.13,0.007 8 ~0.47,0.036 1 ~2.17 wmol-L "2k
AR AL, LIS R > 20% |, i 6 HOZ R B 1 3% 45
20 77 BEATBEAE A 3 S 2 SR g . h TREE
O R IEL (1) S K- R0 AR T S5 R M A, S 8 v %
TAEL A A i W BE (AT 2K JTHH E 10 ~
30 min, AFZ5FFAE O ~20 min) R HE4T BEAE 1R 85 3h 1
SESBUINAE . CYP450 Jil 21 N 2 15 24 W) A Wy
i 32 B 2R, 7 26 A3 A0 IR D % e e
e B sh 12E B 8KV, K CL,) 2 R
i ) i R % P ) R B AR, AR S i e AT 4
D7 TEIE % K B MCAO K BUIF RO R i K, V.
Jo CL,,, , %2 BRI ] bR 285 2k BRI Bk v i T ) 4T 28
ZF ST E AT A AR R, 5 1
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