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Orthogonal compatibility study on main effective parts of Yangyin Tongnao
Granules based on pharmacokinetics and pharmacodynamics
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Abstract: Objective To investigate the pharmacokinetic and pharmacodynamic changes of Yangyin Tongnao Granules (YTG) in
cerebral ischemia reperfusion rats after the compatibility of main effective parts (total alkaloids, total flavonoids, total saponins and
total phenolic acids). Methods By using the orthogonal design to research the main effective parts of YTG, nine different dosage
ratios combinations were formed, which were used for oral administration in cerebral ischemia reperfusion rats. High performance
liquid chromatography-diode array detector (HPLC-DAD) was used to determine the concentration of puerarin, ferulic acid, and
ligustrazine in rat plasma at different time points. The non-compartmental model was used to fit the pharmacokinetic parameters by
Drug and Statistics (DAS) 3.2.6 software. The total quantum statistical moment analysis method and comprehensive evaluation method
were used to evaluate the total pharmacokinetic characteristics. Meanwhile, the content of superoxide dismutase (SOD) and catalase
(CAT) were determined by enzyme-linked immunosorbent assay (ELISA) kits. Finally, the PK-PD model and the quantitative
equations between drug concentration and efficacy were obtained. Results The pharmacokinetic characteristics of puerarin, ferulic
acid and ligustrazine in cerebral ischemia-reperfusion rats were different. Total statistical moment and comprehensive score study
showed that different combinations had different effects on ACUT, mean retention time (MRT), and comprehensive evaluation. The
effective parts inhibited the reduction of oxidation indexes such as SOD and CAT. Sigmoid-Emax models were adopted in all PK-PD

models, and the fitting results had a good correlation with the measured data. The R values were more than 0.85. Conclusion

YHEBEE: 2019-06-12

EEWH: EXARRFESESTE (81630105); [H K H AHFATRIPEAGIMARMUT L E AL (2017YFC1700400); [E 5K H it & it-Xil
PRI T E S LT (2017YFC1700403); [EK HARIFHEGHFEHE (81904083); Wil A 4l 2 ai HF 70 11X 151 H
(LGN18A010001); rFE{E 1 5R %I4T EXBIHHE (2018M630692); #HLA FELRHRITA (20172B024)

TEHRN: IR (1997—), L, WiLhMA, FTENFEFLZENF. 4R0F . E-mail: 335284551@qq.com

MEEMEE BT L Tel: (0571)86613711  E-mail: yuli9119@126.com



* 136 * ¢ %% Chinese Traditional and Herbal Drugs %5 51% 25 13§ 20201 A

Compatibility of YTG activity parts had a certain effect on their pharmacokinetic behaviors and antioxidation in model rats. The total

quantum statistical moment analysis and comprehensive evaluation method can be used to study the pharmacokinetics of

multi-component traditional Chinese medicine prescriptions. PK-PD model could be used to predict and evaluate the correlation

between pharmacokinetics and pharmacodynamics of traditional Chinese medicine prescriptions.

Key words: Yangyin Tongnao Granules; effective parts; pharmacokinetics; pharmacodynamics; mathematical model; PK-PD model,;

puerarin; ferulic acid; ligustrazine
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MR BORAR IS CEFE GI3TIA PYJCRAE SR .
GI316A FEIRAH. GI1315D W& I #4428
G1315D DAD 5l 3%. G1322A EL MBS AL
TAEw ), £E Agilent B AR A F; Millipore
Simpicity #H4E7KAL, FE Millipore 2 7] ; 382 F)
(Sartorius) BS110S HLF K, JbmiZE LK1
HIRAF]; QL-861 Witk IR & 45, ] T HAK I
IRAX S G PR A F] ;. 2-16PK B.0oHL, 74 Sigma
AF]; ND100 ND100-1 &S, BUIHER AL &%
HIRAF .
1.3 B9

f#FEIEE SD K, AFiE (280£20) g,
TN, H P K- A LSRG S R A F SR 4L,
R EYFAIES SCXK (U1) 2014-0001, SZI6 T
MR 3 d BAE, B 55 i B SILE 20~25 C.
SLYGRIZAE R 12h, HHKK.
2 FHEEH#R
2.1 FrPAEBR BN F EAMIAAE AT

V477 S8 o HURL 4 A B R AL S
ik 3 AN, RA 4 IR 3 KFRIIERCR K Wit
%, IR E ARG E . 18R Lo(3) 152
ETC AR 7 B 38 i kL %% A G AL, R 9
BeAR T (ECARTT 1~9), WK 1.



¢ %% Chinese Traditional and Herbal Drugs 35 51 % 285 18§ 202051 A *137 -

F1 LG EXRBFITAR
Table 1 Design scheme of Lo(3) orthogonal experiment

iSES
Hnl  SAEWE SEE BB SRER/
(mg'kg™") (mgkg!) (mgkg") (mgkeg™)
BLfE T 1 60 (1) 80 (1) 80 (1) 80 (1)
[ 60 (1) 160 (2) 160 (2) 160 (2)
ficfti sy 3 60 (1) 240 (3) 240 (3) 240 (3)
BT 4 120 (2) 80 (1) 160 (2) 240 (3)
BT S 120(2) 160 (2) 240 (3) 80 (1)
iy 6 120(2) 240 (3) 80 (1) 160 (2)
By 7 180 (3) 80 (1) 240 (3) 160 (2)
By 8 180 (3) 160 (2) 80 (1) 240 (3)
B9 180 (3) 240 (3) 160 (2) 80 (1)

2.2 KR MCAO R&IpH| &=

Fi B8 BT 20 A 2 ) % DK R T A ) 3l ik
MCAO #7, kil 1 h JEdhbitedk, RKREDA,
BEAT FRRETE
23 FIPES%HY
23.1 % ¥ 54 1 SD HEME R BBENL A 9 A
H, R 6 K, FrYT MR 3 B BERAL 9 AN IE
ACHCARL A Ty P AR B ER KA AR, T TR B, PR
A SRR ig 4524 . 73 lfELR 2455 0.083. 0.167.
0.333. 0.5+ 1. 1.5, 2. 3. 4. 6h HRAE 5 &bk i
0.6 mL, MFFERFZMLELEF, 4 CF 5000 r/min
B50 10 min,  HUF R RIS 24 L RAE A
232 Ay fEZiEhtERAEAL B, Bl 12 A SD
KBNS NEFARAFGERA, FH6 K. HFR
AR ZH 1) ig S A HE AR K . 0 BIFEZS 26 )5 0.083 .
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Fig. 1 Drug concentration-time curves of puerarin, ferulic acid, and ligustrazine in plasma of MCAO rats after ig

administration of nine formulations (X *s, n = 6)
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252 AFEIEAHTHRELRRE MCAO KERAEN
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FRIRTE MCAO K AR A 1A il 245 94< -k 1] g 2 D ]
1, 2555 B 3. WE 1 T LA B & B,
ANFIBCAR LS 24 BT ARIR I 2 9 5 AN 28 i A8 4k fih 2%
WEREER BRI 24 3 9 HIBTBERE I 259K % -
IR 2R 00, HARA ¥ g, K 3 SRR

BECATLS 3 R BRI AUCo-, i T HiAth gl 77, H:
UCRBCHT 64 7+ 9, RAMCAHLT 3 FERCALE P2
R IR SRR RS fe K, ELAEWDR FH B v T oAb 2 7
PIEERR I MRTo-, JEARYERFAE 1.5~2 h, FIELERAERL
77 3+ 4. 9 f] MRTo-, &R 2 h, KT HARLH J7,
YLK 3 ANECATL A T (E A3 B B RR 245 K A5 i E
B . BUBRRRAERCAL T 34 6 M Conax B2 KT Hofth

F2 9NHT ig BHE MCAO KRR P EREZENATNFEH (X £s5,n=6)

Table 2 Pharmacokinetic parameters of puerarin in plasma of MCAO rats after ig administration of nine formulations (X %5, n = 6)

24 Hfip Rl
RfiTr 1 Rffify 2 Retfi s 3 RUALTT 4 LT 5 LT 6 ety 7 LT 8 Bt 9
AUCo~r  mgL~'h 8.60710.246 30.515+0.604 86339+ 4.653 18.845+% 1133 57.58211.648 4563410216 38.821+0.757 23.554% 3.927 7481711472
AUCo~»  mgL~h 10.367+0.961 30.676+0.592 100430+ 10.705 23752+ 0.767 57.647%1.615 47.899+0.562 39.773£0.780 25.574+ 4.338  78.16242.075
AUMCo~s hhmgL™" 1392340719 42.795+0.767 195.144% 9219 275184 1.891 66.195+£0.926 53.844%0.734 4444240858 33.419% 3440 10732142650
AUMCo hhmgL™"  3254849.893 43.938+0.771 630.8301218.609 9032111589 66.641+0.747 73.790£7.790 52.333£3315 54533423219 13457848051
MRTo~ h 160610057 1.403£0021 1835+ 0.023 1460+ 0.033 1.150+0.021 11800013 1.145£0.019 1432+ 0.097  1435+0.014
MRTo-»  h 308910677 143240024 4413+ 1303 3807+ 0512 115740024 153940144 131620073 21134 0769 1.7210.060
VRTo-~¢ I 230340113 139240042 2317+ 0025 2.199% 0177 0929£0.132 141110043 108310037 1897+ 0329  1.794£0.045
VRTow I 17.20148.046  1.562+0.063 33489+ 19.233 32411+ 8508 0.966+0.152 4348+1.657 237310622 8712+ 8503  3.751+0.429
hi h 317240754 077580022 416+ 1503 4651+ 0514 0.56810.058 183410446 148610319 2193+ L1154 147540.093
fmax h 091740204  1.000£0.000 0750+ 0274 0.500% 0.000 0.500£0.000 0.500+0.000 0.500£0.000 0.334+ 0.182  0.500%0.000
Vap Lkg! 4373817418 3.64810.167 4194+ 1317 28310+ 3.539 142740183 551241265 5388L1.113 12243+ 5823 2.721+0.117
CLar Lh kgt 971610901  3261£0.063 0716+ 0.059 4214+ 0136 1.73610.049 2.088+0.024 251510049 4.009% 0.703  1.28040.035
Cinax mgL™! 497410246 2027610367 50.609+ 3390 17.893% 1.604 40.88210.646 40.409+0.795 29.729+1.455 18.6174 0.546 51.148+2.438

T3 9NMEF ig AR MCAO XRINFPEEBRAFFEH (X £5,n=6)

Table3 Pharmacokinetic parameters of ferulic acid in plasma of MCAO rats after ig administration of nien groups ( X s, n = 6)

3 Hifi ; : : ; Bﬂ% ; ; ‘ :

il Fffiji2 i3 i 4 R S T 6 iy iy i 9
AUCo  mgL™'h 357874 2448 36264 0588 S235k 7997 26193% 0487 40797+ 1002 GL3S6ELOSI  STM0L 1603 34206F 0335 58386+ 2004
AUCow  mgL™'h  39926% 3169 43935k 0947 98108+ 18245 415H% 37649 4948Tr 6040 GSSISTISET  6R46E 1254 68463% 4220 81601 5938
AUMCo-r hhmgL™"  6LOSSE 1549 68405k 0250 20061% 20857  S762% 0737 63809+ 2250 S3§7522004  SASBE 2685  67.555% 1088 120538 7605
AUMCowe  hhmgL™!  OT19%12192 147825113371 347114050 63296L10407 16737428983 19610£8674 47248215629 634999295402 390308484945
MRTo  h 17125 0096 1870025 204+ 0068 2200& 00 L6ME 0039 1360016  1465E 0019 197 001 2063% 0.060
MRTow 20 018 3361% 0246 281E 0746 ATI6E LI 38% I3M ISMX00% 32674 2086 AL 0793 4748 0646
VR0  If 24T 0084 2155E 004 2465 0099 36E 0045 24ME 0190 170820069  2013% 0042 3147H 004 28062 0050
VRTow I TAE 1680 1S380E 2971 8SH0E 6381 16771% 4019 20361kI8SY  SIAE079%  3L69IE 4207 12050% 1887 29068+ 84l
iz h 18061 0236 2986% 0293 1916% 0773 283 0000  30%L 157 18I9L018 3619 2917 7676k 0385 3800% 0315
frax h 0472£ 0068 1000£ 0000 04724 0068 0300+ 0000 0500 0000 044008 0500+ 0000  0300% 0000 0300 0.000
Var Lkg! 65904 0520 9795k 0786 22751 0578 26612+ 0000 86k 3381 A0BE0211  69%6x 4378 16167+ 0303 6706+ 0.561
CLa Lhlkg! 250940219 22774 0049 0864F 0032 336% 1217 2045H 0240 ISE0M6  1499% 0247 1465% 0089 1231% 0081
C mgL™! 6719 2693 1882% 0928 2301% 387 I8ISTE 1213 R980L 317 AO3NLLE 3586 0843 276 LM BIBL 048
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253 ARIEZHTTH)NEERE MCAO KEMAEN
WA S S HE 9N DT ighd)E,
HRLE MCAO K B P 14 100 245 9 - B[] oty 286 D 1]
1, 558 BN 4. WE 1 AT LB & 30,
ANFIBCAR LS 245, )15 0 I 24 9 5 AN 28 16 AR 4k pih 2%
BIEREZER. BT 6~8 B (il 2494 FE -
()l 26 A2 i, FLAREH T . 3R 4 45 R,

A — 7 & RS YA BTN, SRR
AUCo— KA, Wi B HARAT B ALXE )1 S R R0
WA — . H)ISWEIN) AUC,-, 5 i A
AR AL 45 2557 B R R A O . IS R Y 8
MRTo. BEARYERFE 2 h 7oAy, IS WRIERCHLT 3 1
MRTo, K, BEHIXANECAR A5 615 )1 SR 25k
FERIME R SESF A . BT 9 1) Conax TR, FIRIETL
7 3. 5~7, HUEmTHRADS, WXL
20 75 500 1 5 R R R ST 2 fre gt (AR Y o BeARTT 5
() tmax /05 VLB 1508 AR SO P e PR

F4 9NMAT ig A%E MCAO KRIMME ) EHRANFLH (X £s,n=6)
Table 4 Pharmacokinetic parameters of ligustrazine in plasma of MCAO rats after ig administration of nine groups (X *s, 7 =06)

2 Hfi %
Rfify 1 RLffigs 2 i3 Wi Wi LT 6 Rty 7 (iR Wi
AUCo~r  mgL'h 531740237 7993+0.186  17.05110246 8862+ 0.129 15.527+0217 19.394+0.203 10.592£0.106 13.525+0.075 23.255+0215
AUCo» mgL'h 713010484 9425+0.076 23.208+0381 13216+ 2353 16.833+0.220 22.917+0.388 13.485+0.520 15.148+0.357  28.9240.441
AUMCo~;  hhmgL™! 1202610517 1773140260  43.95240.761 20401+ 0558 32.610+0.280 42424+1.149 20.993+£0455 31.297+0340 54.134£0.578
AUMCo—s hhmgL™! 31489£5.037 3081711823 107.763£4.783 76.315141.946 43.295+0.758 74.1641+3.372 51.242+6.804 45.265+3.979 109.539+3.982
MRTo~r h 2260340065 221940030  2.57840.008 2302+ 0.032 210140019 2.187£0.038 1.982£0.026 2.314+0.029  2.32840.007
MRTo—» h 439740434 327010190  4.642+0.146 5497+ 1876 2572+0.042 323510094 378910374 2985+0.193  3.78740.085
VRTo-: I 268810.142  2338+0.055  2.601+0.034 2693+ 0076 2.042+0.019 2288+0.039 2.674£0.020 222140088  2.31240.023
VRTow I 2105315250 9.63711.440 18.769%1.634 37.598%30.179 4.900£0.199 9.374+0.653 1832814393 64521300 13.401+0.884
fi h 321940387 215940167  3.019+0.031 4056+ 1.604 1.511+0.043 20820080 3.030+0403 1.768+0.189  2.61740.091
fmax h 044410086 0.333+0.149  0.500+0.000 0528+ 0476 0.333+0.000 1.000£0.000 0.500£0.000 0.50040.000  1.00040.000
Vap Lkg! 65.02814.662  33.051£2567 18.766+0.639 43.031% 8.747 1295610393 13.103+0.330 32.332+3.239 16.817+1411 13.053£0.291
CLar Lh~ kgt 1407910961 10.611+0.086 431010070 7743+ 1.194 594240077 43650074 742620298 6.605+0.155  3.459£0.053
Cinax mgL™! 220340091 247540278 465510077 3187+ 0.144 580710270 5.938+0.180 5.274£0.093 3.829+0.081  7.45140210

2.6 FrIR@ERBNEZEAWIMBMAARE KRR
B SOD SENHHRFMR

2.6.1 SOD FrifEiZkas R #4H#8 SOD ELISA
SRR, WO (4 [E AR, SOD
%) (UmL) MEEAkbr, #2453 SOD At ih
LITRE Y=-2X107X240.012 3 X+0.023 1, 2=
0.999 1.

2.6.2 9 AT 45 % ) A TR B[R] K BRI
SOD & AR L B3 5 AT, BT ALK Rl 3%
H1 SOD ¥ i A AR e , AR Y 2H K BRI 2% 1) SOD
T 7B A I T FR SR 0 RN ke, B 5
FARHAZAN A S SOD & A L BA B 3% %
5 (P<0.01). SHAYZEFL, F=FT@E SR 9 4
A RCRABC A 7 K RS AN B TR S 2 ) SOD
WIS TN . 45245 0.083 h 5, BT 8 4K R

M2 1) SOD i& /1 5B A AL, EREE (P<
0.01); AT 5~7. 9 LK IMLF A SOD &
JIEBEMAM, ZREE (P<0.05); HApd
KR M HE) SOD iF ) S AL, Z7A L
F (P>0.05). 4324 0.167 h J5, Bcfi)y 5. 6. 8
HRRIMKHH SOD 5 SR HM, ZR7E
% (P<<0.05); HARHKXMIMAEHH SOD i /1 515
RAMLL, ZRTLEFEE (P>0.05). 4450333 h
Je, Bofhy 5~8 41K RUIME H ) SOD i /7 545 7Y
AL, ZREE (P<0.05. 0.01); HAEAHKR
M) SOD & 5B A ML, 725 o B3t
(P>0.05). 4% 0.5h J5, EALTT 5~7 AR MK
H1) SOD i /1 SR A AL, 2R EE (P<0.05.
0.01); HAMAKRIMKH T SOD i /1 57 2H 4
tb, ZRELEENE (P>0.05). 4251 h 5, L
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#*5 BEKXRIMEFH SODFEN (XEsn=6)
Table 5 SOD activities in plasma of rats in each group (X £s n=6)
SOD/(UrmL™)
453
0.083 h 0.167h 0.333h 0.5h lh
BCfR T 1 85.29149.097 83.215+8.807 78.424+8.781 75.553+8.996 73.154+8911
i) 86.893+8.905 86.276+8.969 80.572+8.874 80.384+8.694 76.201+9.171
[ ] 83.204+8.744 81.230+8.401 80.897+8.770 80.904+8.524 80.146+8.913
BifR g5 4 89.478 +8.455 87.967+8.705 86.588+8.695 85.551+8.392 85.239+8.934"
BifRTT 5 90.852+8.304" 89.471+8.610" 87.154+8.728" 86.138+8.837" 85.732+6.311"
BifRTT 6 89.725+8.995" 88.570+8.643" 87.705+8.979" 86.406+8.662" 84.544.+8.880"
BT 7 89.100+7.650" 87.437+8334 87.023+8.457" 86.907+8.635" 86.276+8.293"
iR T7 8 92.797+8.252" 89.752+8.237" 88.826+8.481™ 84.671+9.135 84.145+9,043"
BT 9 88.882+8.923" 83.190+7.824 84.877+6.382 82.661+5.502* 82.133+3.955
BFEAR 108.171+7.060 112.694+4.835 111.067+6.697 114.175+8.413 110.085+9.256
TR 77.409 +8.086** 76.820+4.837%* 75.617+7.586** 75.415+7.695%* 72.486+8.372%*
SOD/(UrmL™)
25
1.5h 2h 3h 4h 6h
B 1 73.785+9.039 72.802+9.085 76.232+9.182" 80.507 8.899"™ 80.91149.088*
Bifhi s 2 73.934+9.079 73.409+9.053 73.58249.159 68.586+9.130 60.591+8.988
Biefh 3 79.373+8.804 78.911+8.707* 77.556+9.185™ 75.963+9.127" 75.14249.054™
BiAh s 4 79.092+8.960 83.935+8.747" 75.301 +8.605" 73.769+9.076" 66.367+8.534"
Bifh 5 84.3194+9.088" 81.468+8.440™ 74.632+9.110" 63.123+9.223 57.756+9.056
Bihi s 6 79.749+8.854 78.644+8.603" 72.432+8.390 70.12048.730 71.1254+9.025™
BiAhis 7 85.66049.133" 83.305+8.891 85.457+9.106™ 82.886+9.199™ 70.924+9.036™
Biffi s 8 82.85249.291" 79.662 +8.909* 74.840+8.986" 67.348+8.805 59.868+8.969
Bifhi s 9 82.423 +5.468" 86.842+4.059" 77.981+5.433" 76.597+8.173" 72.798 +6.690™
(EERN 113.248+8.145 110.077+8.782 110.475+8.916 112.845+6.597 109.15647.704
By 70.41947.943** 65.9574+7.992** 63.379£8.607**  60.205+2.890** 55.909+4.587**

SEFARMALE: **P<0.01; SHEBALE: P<0.05 *P<0.01
**P <0.001 vs Sham group; “P < 0.05 *P <0.01 vs model group

77 HRR M) SOD W 1 SR ML, 2
FEE (P<0.01); By 4~6. 8 4RI+
1) SOD & /1 5 AM L, ZR7E#H (P<0.05);
HAeAHKRMAE R SOD i& SR ML, #
SEEFHEME (P>0.05). 5% 1.5h )5, BAHTT 5.
7 HKRIMKEH ) SOD i& A, 257 %
F (P<0.01); EfhJ7 8. 9 4 KRIMFHE SOD
HAOEHRAM, ZREZE (P<0.05); Hp4
KERIMAEH ) SOD i& S5 AAMI, ZRTE
HM (P>0.05). 4252 h)a, BT 4. 5. 7~9
HRRIMKF [ SOD & SHERHMIL, ZRE
F (P<0.01); BT 3. 6 KR H R SOD
HAOEBRAM, ZREZE (P<0.05); Hp4H

KR F 1 SOD iF J SHBAML, ZRTLE
FE (P>0.05). 45253 h )5, BT 3. 7 HKK
M2 ) SOD J& /1 SR A ML, EREE (P<
0.01); AL 1. 4. 5. 8 KR F ) SOD i
TSR, EREE (P<0.05); HAAK
BUMK A SOD %/ SHAAALL, ZERTRE
Pt (P>0.05). #5%j4hJ5, AT 1. 3. 7. 94
KERIMAEFH SOD #&  SHMAM, ZREE
(P<0.01); BARLTT 4 ARER MK H 1) SOD i /15
RMLL, ZREZE (P<0.05); HAHKRIME
Hif¥) SOD JE J SR, ZEREREE (P>
0.05). #5256 h )5, BT 1. 3. 64 7. 9 KR
M3E ) SOD i/ HHEAAMLIL, ZREE (P<
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0.01); Bty 4 KR H 1Y) SOD ¥ /) 55820
I, ZREZE (P<0.05); HA4KRIMmE K
SOD i /1 SR, ZRTEEEN (P>0.05).
AT E, BT 1. 3. 7T~9 A5 H
M ZHAH LG, e R AR 6 e R KT 30 I F i il o
FEFI K RARITIER, sl SOD & /75
FeAfT7 24 4~6 HE5IHAMAMEL, 2R KM T
#, PR A T V] R R AR IF 09T 3. 47 b
Frik, Mtk SOD i i ek, 4
A WM 22 AT RS R AT, BT LA T
N T~9.
2.7 FIRBRBN EZBWEBAACA G KR 3%
i CAT FEHHANEMR
2.7.1 CAT trfeizkai B $4H CAT ELISA &
(PISCIRHREAIR, A (NS, CAT 3%7) (U/mL)

REAARR, A3 3] CAT FrfERIZE 72 Y=-0.000 2
X>+0.037 1 X+0.021 4, »=0.999 6.

2.7.2 9 AMECALA J7 25 24 e AN AN A s i o CAT
WAL Bk 6 AT, BFEARLAKXR MK
CAT W& S B AR AR e, AR 2R 240 K R ifn 2
W) CAT 3 77 B 35 B[] (19 S K U HH 208 T B
e, BRI 5 RFARALEAB R CAT 3% JAH L)
HHRZEZER (P<0.01). SHEMAME, F#E
OGSk 9 AN RN L A 7 2H KBRS AN R ] i af 2
W) CAT 35 /133G BTN . 45245 0.083 h J5, Bty
9 KRR IMZE A CAT 35 ) S, Z5E
F (P<0.01); FARJT 1 4LKRIME ) CAT i%H
HREAME, ZREZE (P<0.05); HAad KR
WA CAT i 1 S5RNAM L, ZREEEE (P>
0.05). 25745 0.167 h J&, FARJT 2. 9 ZHRRIMHK

+*6 HEARMIEF CATEH (XEtsn=6)
Table 6 CAT activities in plasma of rats in each group (X 5 n=6)

CAT/(U'mL™)
2153
0.083 h 0.167h 0.333h 05h lh
Efhs 1 33.163+6.464" 31.395+6.546 31.308 +6.449* 31.026+6.560" 30.630+6.429**
fiefhT 2 32.776+6.522 32.617+6.537" 31.758+6.609* 29.998 +6.378 29.539+6.598"
ficffi )y 3 31.93346.544 32.263+6.551" 29.569+6.410 28.487+6.589 28.2831+6.630
BT 4 30.251+6.535 28.91346.550 28.845+6.499 28.71946.615 28.34746.586
BoAf T 5 29.924+6.419 29.19146.552 28.19146.601 27.94446.577 26.8161+6.616
Bt 7 6 29.915+6.577 28.991+6.368 28.801+6.492 28.6431+6.506 28.097+6.577
KAty 7 29.22546.429 28.88346.567 27.38316.480 27.0374+6.559 26.68616.510
BofT 8 32.31746.619 31.78946.608 31.69246.620"* 29.80746.581 29.59746.542*
Bt 7 9 35.580+6.364™ 33.968+6.480™ 34.384+6.365" 33.02246.399* 32.48246.520"
BRFAR 4544745827 44.969+6.355 46.82116.143 43.5711+6.489 44.00946.399
i 28.926+6.526** 26.680+6.549** 25.770+6.371** 25.84746.444** 24.6311+6.454**
. -1
5 CAT/(U'mL™)
15h 2h 3h 4h 6h
Bty 1 29.388 +6.483" 28.1534+6.525" 29.166+6.491** 26.912+6.577" 25.867+6.574
Bty 2 27.3734+6.591 27.21846.558 27.12946.563* 26.85446.528" 26.2254+6.596*
Ko AT 3 27.998 +6.600 27.33546.562 26.744+6.533* 26.457+6.254* 26.363+6.577"
Bty 4 27.57246.595 26.444+6.453 25.595+6.597 25.32016.608 25.524+6.544
KAt )5 5 26.78116.605 26.43946.509 26.29446.229 26.00946.520" 26.4214+6.439*
Ko TT 6 27.66015.604 26.18446.608 25.80416.487 25.49046.518 24.9684+6.607
Bty 7 25.61016.498 25.10716.489 25.0031+6.450 25.358+6.540 22.55146.557
KAt T 8 28.5811+6.574* 28.008+6.615" 27.82746.580° 26.5411+6.614* 24.8761+6.522
BoAT 9 32.101+6.541** 29.23246.360™ 29.08246.348"* 25.8394+6.435* 30.175+6.379**
RFA 44.6301+6.413 46.771+6.405 46.600+6.444 48.6201+6.566 43.60716.340
it 24.3514+6.492** 23.153+6.562** 22.366+6.461** 21.531+6.501** 20.746+6.315**
S5BRFEARALS: **P<0.01; SHAMLE: *P<0.05 *P<0.01

**P < 0.001 vs Sham group; ‘P <0.05 **P<0.01 vs model group
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H1) CAT 35 1) GIEBL AR LL, 2 7 B3 (P<0.01);
Bty 3 2K RUIM A A ) CAT 3 /1 SR AR L,
FriE (P<0.05); HARHAKRIMEAH CAT &
T SERAM, ZRTLEEMN (P>0.05). 47
0.333 h J&, BT 2+ 8. 9 HKRILAH K CAT
WS BMAME, ZRrEE (P<0.01); BRI
1 KR ) CAT 35 /1 SRR, ZR7E
# (P<0.05); HARHKRIMK A CAT iF 1) 51
RUHMLE, ZRIEFEN (P>0.05). 4525050 )5,
BeAR T 9 AR BRI F 1) CAT ¥ /1 5 AR b,
R REP<0.01); Ffiy 1 AR I CAT
HAOEBRAM, ZREZE (P<0.05); Hp4
KR ) CAT #% S AL, 257 o3
P (P>0.05). &5%5 1 h )5, EMAA 1. 9 KR
i CAT 1§ 5HARAMEL, ZREE (P<
0.01); Bz 2. 8 KR MIEH 1) CAT i /1 515
RIZAMEL, ZREFE (P<0.05); HAHKRIME
H) CAT 3G /) SRR, ZRTEEE (P>
0.05). %5%j1.5. 2.0h J5, EARJT 9 HARR MK+
1) CAT i& 1 R AL, ZREE (P<0.01);
BT 1. 8 AR RIS A () CAT % /1 5 A 40 A1
th, ZREE (P<0.05); HARH KR I ) CAT
EHEEAMAMI, EREEEE (P>0.05. 4
253 ha, BRI 1. 9 HRRUME F K CAT 35 /1
HERAM, Z5EE (P<0.00); FMHT 2. 3.
8 H KR IMHKH ) CAT ¥& H HHAA ML, ZRE
# (P<0.05); HARHKRIMHK ) CAT iF /)
RAMLL, ZREEENE (P>0.05). 4% 4h)5,
B 1~34 5+ 8 9 KR IMIK 1 CAT i& 15
WAL, ZREE (P<0.05); HAHKRIME
H) CAT &1 5HAAML, ZRITCEZEME (P>
0.05). %5 6h J5, MM 9 HARRIMIE I CAT
WAOEBRAME, ZREZE (P<0.01); BLIT
2~5 KRR ) CAT 3% /1 GHRIE AR, =
FHE (P<0.05); HAHKRIMEZ K CAT IS
HEMAML, ZRILREE (P>0.05).
MRS, BT 3~6. 8. 9 A5 Ah
AL, RegERRAE B m KT, B 3. 4.
8 9 GHAMAMIL, ETFMZEA LA,
. BR T i s ofL P VE B 0 K SRR YT AR, e n
CAT % /7; BOARLT 1. 2. 7 S5 HARLALL, 28
KR Bkass, SRR LT v RS RAFAR T
T80 45 L FTIR, MR BRI 2 o CAT 36 7146 Fek

B, LA BEMNER IR SARES ST, B
ECHLZH T N7 34 84 9.
2.8 FREABAFEUN EEBWEMIEE PK-PD #f5R

S AR B K BRI H SOD. CAT % /M #L
P, AR L PR 40 0 K BR 25 245 i B4 L Hh B e
fhEbR. DREE RIS 2500 MCAO KR
PRGN, kAT 4N B 71 5 B 3%
IR e T R SE R IS S R AR ) T
XF S AEHR AT A S AR e, DB R B4R 24 5
f’) SOD. CAT & JMEZMNE N R E48hs, BIZaZ)
YH BN TE] A5 SOD CAT 15 J11E 5 A RiAR R 21 (1) 22
EAE I RIE 2508, 5087 5 5 43 e A AEsops AEcaro
2.8.1 T AEsop ZiRUA PK-PD B A EUAEIRT 7T

(1) FNHTTEWRMZGIRE S AEsop MR
PK-PD Bt G HA R g ST . ¥ 9 M B &M ZY
WEEE X R AEsop THEHRRI N 23055 DAS
3.2.6 7, RIERESHEN (Akaike information
criterion, AIC). MR ARE (R) FRIREFEHAAEZRL
NGRS R RARR R R 25 3B 1%
B Sigmoid-Ema BB, HALUF. A E
NN, Emax NECKIEN, ECso N5 R 1R R IL F
KL N AR B, C NE
IR, y NIRIRET, 2mfhzefix, i
€ MRBEISTEE M SH, ' RBLI)E T ZR TR,
ATDLE A B R L, T DL AR, AR E)
LN BN 15 S H A R T,

E=EmnaxC"/(ECs0"+ C)

9 NMAFEHRR T EIRE S AEsop 2 3dRIr 2
(B AH . B FE Al R . BCAR T 1: E=15.138
C*11%/(0.365%11¢ + 3116y . WA 77 2: E=20.01
COO/(5.179%0 + O s TR J7 3: E = 13.416
COBY(11.2103 + O3y, FAL TG 4: E=23.946
C*7/(0.356%7 + 07y ; PAR T S5: E = 13.042
C'#4(0.361'34+ C'»; BAHL T 6: E=23.186
C0046/(5.5950046 4 CO046y . T AR J5 7: E=30.309
C*01(6.51900 + OO, [ AR 7 8 : E = 19.31
C%355/(0.001%3% 4 €035y, WAL 7 9: E=25.677
C*01/(1.305%014- 001,

BLAH T 2~4. 6~9 [ y<<l, KEEREIRE-
SOD v £k P40, 25380E — A FE B IR B
T NN AL BT 1. S B y>1, RAE
MR 225 SR B -SOD 250, il 48 A8 s e U g it 2%
WREAE ECso A /NI BN v] B A 2808 A A2
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x7 EMEFBRZMAGKES AEsop B PK-PD &R T EAHYF S
Table 7 Main pharmacodynamic parameters of PK-PD binding model of AEsop and puerarin concentration in each group
24 ezl W2 W73 T4 EMEFTS EMEFe KR 7 MAHT 8 MHTT9

IZE%¢E! 3 3 3 2 3 3 3 2 2

NIRLE 3 4 4 3 3 3 3 3 3

Ema/(U-mL™") 15.138 20.010 13.416 23.946 13.042 23.186 30.309 19.310 25.677
ECso/(mg'mL™) 0.365 5.179 11.21 0.356 0.361 5.595 6.51 0.001 1.305
y 3.116 0.010 0.351 0.070 1.254 0.046 0.010 0.355 0.010
AIC 2.118 0.829 2.534 3.726 —2.074 1.253 0.486 —7.532 —10.691
R 0.910 0.945 0.900 0.893 0.979 0.964 0.938 0.964 0.983

To BB KRB AR AL, B 2 AN 22 40 B3 A o

(2) &NHITRIELRR I B EES AEsop MG
PK-PD B & HA i A ST . ¥ 9 AN 7 [l B R Tk FEE
EXT M) AEsop [EER N 2305 54 DAS 3.2.6
H, RE AIC. R fatrik i A28 15,
SRENGUIE R RGBSR
Sigmoid-Emax 8. $UAE BN 4P RNLB) )5S
4 RN 8.

9 AMNH TR ERIR I EIRE S AEsop i8R IR 2
(B AH B R B 2T R, el o BoAR s 1: E=S5
889.186 C'¥/(1 241.74"144-C'1%; Wi T 2: E=
20.052 C*1/(15.939%01 4 OOy FiRffi )y 3: E=26.619
C*332/(368.546%332 + 032y, AT 4: E=23.906
C*Y/(1.687° + s AR T 5: E=12.788
CH465/(1.6074%495 + C¥46%) s AR 6: E=23.179
C*0%5/(8.083008 + 0Oy F{H 7 7: E=30395

{140 o0 R A 5 3 R N AR A BN R R AR T 1 I > 1,
2 BB B TR U P -SOD &% il 28 48 Ay e [ Ui
2k, WRETE ECso BT A /N I3 Sl v] BE A 850 &
A INTE B Bt KRN (A8 Ak, RIFRARL T 1 f 22 4T
B BT 51 p>5, UHAEE AR SOD 2L
L B 95 P 5T 50 R P Y R S i T — BRI, o
Bei T 5 MO8 RVu B T RER A .

(3) FAWHFT)NEEFERE S AEsop HH KK
PK-PD BEAHA R . B 9 AN )1 S i
WEEE X R AEsop THEHRERINZI 20554 DAS
3.2.6 1, RHE AIC. R FRbRIER R AEL RSN I 244
B, g5 A2 8048 bR 1) B A 24 R0 70 AR
Sigmoid-Emax B8 . G153 BN LR B J) 5% 5
HEERNEK 9.

9 MNHT )N E R EIKES AEsop ZiRTaIrR 2
[ AH . B &2 7R el s o BCARL T 1: E=28.427

C%01/(10.585%00 + 0Oy, [R5 8: E=23.177  C'33%/(0.587'3844-C138), W 2: E=23.415
C0201/(6.3810201 + 020, [R5 9: E=24.928  (C"3%8/(1.1930328 40328, [ty 3: E=47.832
CO01/(7.709001 4 €001, C"2/(83.559952++ 052y, WM l; 4: E=23.952

By 2~4. 6~9 1 y<I, R E  C*'7/(1.009%7+ %147y, Wiy 5: E=24.401
WIE-SOD RS ph BN P40, RIAZIEAE—5E  CO24/(1.895024 4+ C024); FLfiy 6: E=23.063

*x8 BEMAFMEMERMZGKES AEsop B PK-PD &R T EAHYF S

Table 8 Main pharmacodynamic parameters of PK-PD binding model of AEsop and ferulic acid concentration in each group

ZH Fom7 1 FMT 2 EOMRS 3 FMET 4 BURTS 76 EMEUT T FRT 8 FMTT 9

B =4 H 3 2 3 3 2 3 2 2 2

AHARE 4 4 3 3 4 3 3 3 4

Ema/(UmL™)  5889.186  20.052 26.619 23.906 12.788  23.179 30395  23.177  24.928
ECso/(mg'mL™") 1241.740 15.939 368.546 1.687 1.607 8.083  10.585 6.381 7.709
y 1.140 0.010 0.332 0.010 44.465 0.043 0.010 0.201 0.010
AIC 6.680 1.564 -9.789 0.811 -8.936 8.409  —9.743  -5455  —6.625
R 0.964 0.899 0.970 0.884 0.986 0.960 0.975 0.952 0.941
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R9 BMEAFNEHRKES AEsop B9 PK-PD S5 R AT EHYFESH
Table 9 Main pharmacodynamic parameters of PK-PD binding model of AEsop and ligustrazine concentration in each group

2 Bifi77 1 WfnJ72 WEMAJ73 M7 4 BUEDT S BofEU7 6 M7 7 BT 8 EATTT 9
B =4 H 3 3 3 3 2 2 2 3 2
AHARE 4 3 4 3 4 3 3 3 4
Emax/(U-mL ™) 28427 23415  47.832 23952 24.401 23.063 30.11 21.926  25.726
ECso/(mgmL™")  0.587 1.193  83.559 1.009 1.895 0.669 0.613 2.717 1.528
y 1.384 0.528 0.520 0.147 0.244 0.010 —0.119 0.369 0.153
AIC -1.620 —9.128  —5.442 1.044  —2990  -11.754  —-17.334  -5705  -1.551
R 0.892 0.951 0.894 0.878 0.890 0.967 0.974 0.979 0.919
CO0/(1.895%01 + Oy FAH 7 7: E=230.11 X, WALRAEEEL. BIAS RN S 1%

CO119/(1.895 010+ 019 Wiy 8: E=21.926
CO399/(2.717%3° + 039 [T 9: E=25.726
C*193/(1.5280.153 4+ C*'%%),

BT 2~9 1 y<l, FRH)IEEEFREIRE-
SOD v i 2655 N~F3H , 3R B 24 3407 E — /> %8 Ko i
WO R N AL BN AL T 1R y>1, R
IV o A P -SOD 250N 1l 28738 A i 1y it 28
JREWREEAE ECso M /N B3 2h ik v] g 45 2508 A&
AT RN AR, BIECAR TS 1 122 Va
B,

2.8.2  FET AEcar Z3UME N PK-PD B A FCAHAIIT AT

(D) ENHTEREREIREE AEcar #HIEH
PK-PD B & BRI G T 8 9 ML B IR R =
WEEE X R AEcar TEEHR N 258754+ DAS
3.2.6 1, R#E AIC. R FEbRIGHEH AL BN 1) 45
A, g5 AR 1) B 2 B ) AR R
Sigmoid-Ema B2, HARXWITF . Axd E AR,
Emax NI KIANE, ECso 45| 1RSIk B f5 R RARE
— Y N E IS, CTRAMIEIRIE, y
NIGAREE T, Rsgm b Zeml 2. thoE th 2 eI 2 RE
MZH, BB &R, ATRAR A A S

SR RN 10,

E=EnaxC'/(ECs0’+ ()

9 MATTEWETNEIRE S AEcar ZRERIFZ
(B AH S B ROTT R, 43 s o AR 1: E=10.793
C*%97/(0.208%%07 + 007y . [ AL J7 2: E=9.516

C*/(4.029°" + ™Yy s AR 5 3: E = 8.289
CO/(11.524%00 + ™Y s WA 7 4: E = 6.463
C*/(0.469°" + Yy s AR 5 5: E = 5.989
C*01/(8.79200" + ¥y P AH 7 6: E = 6.133
C0044/(9.987004 - C0My . M T 7 E=2.088
C*385/(1.016435 + 3% ; A 77 8: E=9.531
C*01/0.014%%" + ¥ s AR 7 9: E = 7.815

C>7%5/(7.491574-C5.795).

Bfi s 1~6+ 8 [ y<<l, R KT EIRE-
CAT U 263N 40, 3R B 25 307E — /N e () i i
TRV B N AR LN ZE AL BOAR T 4 1) y>1, R
B 2 0 B FE -C AT 2508 1 2678 9 Bk o e it 2k
R FELE ECso PRI A /N3 20 5t T B A 25 R &
A MTE B e KON 1284k, BRFECARL T 4 (1) %2 423
WA BT 9 I p>5, ULHHE AR 5E CAT 2
NPT /5 0 B8 AR 2R ot = R R Y B A Rk T — A

#10 ZFMNMAHBREMARES AEcar B PK-PD 5 RBEFEHYFESH

Table 10 Main pharmacodynamic parameters of PK-PD binding model of AEcar and puerarin concentration in each group

ZH Foffidy 1 Kefh72 Rofhis3 Feffidr4  WME7 s Kefids 6 Mofii7  Ffhidr 8 ARy 9
ZE% (5! 2 3 3 2 3 3 3 2 3
NIRE 3 4 4 3 3 3 3 3 3
Ema/(U-mL™") 10.793 9.516 8.289 6.463 5.989 6.133 2.088 9.531 7.815
ECso/(mg'mL™) 0.208 4.029 11.524 0.469 8.792 9.980 1.016 0.014 7.491
y 0.007 0.010 0.010 0.010 0.010 —0.044 4.385 0.010 5.795
AIC —1.958 0.829 2.534 3.726 -2.074 1.253 0.486 —7.532 —6.693
R 0.912 0.945 0.900 0.893 0.979 0.964 0.938 0.964 0.983
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FeRBLALTT 9 IE RS R E P R . C¥(12.394° + s WAL TS T7: E =377

(2) HAHITPIELIR R IR S AEcar H9EH)
PK-PD BEAHUA R K 9 N5 BEIR 7 B
WEE SR AEcar HEIE MN8N DAS
3.2.6 H1, RHE AIC. R FEbRIGFEHRAEL BN )45
B, SE RS2 E bR 10 I 2 38 D1 SRR N
Sigmoid-Emax A . GBIV BN 1155
HabR, Wk 11,

9 MNHITBIBLIR T IR S AEcar 25304 Pr 2
(A . )BT 3l R . BCARTT 1: E=10.624

C*1/(10.429%00 + Y BL AR 7 2: E = 9.526
CO01/(12.632°00 + s P AR 7 3: E=8311
COY/(7.59100 + ¥ s AR 7 4: E = 6475
CO%8/(2.496%% + C¥%) s FLAHL 77 5: E = 6.034
CO7/(14.908 %7 + C*7y; WLAH T 6: E=6.006

C*01(10.951°00 + s BCARL 7 8: E=10.302
C*19/(26.974%11 + oY FEAL T 9: E=14.471
C0.099/(5 .840'099 _|_ C0,099) .

A HTTH) y<1, FREPTELER i S -CAT
BN M 2RI, 23000 — S TR I T VR Y
W AR ISR o

(3) ENHTTNEBRIKES AEcar KK
PK-PD A& 3R T ¥ 9 N TT )1 B e &
WEEE XN AEcar MEEHE N 25371 DAS
3.2.6 H1, RHE AIC. R FEVRIER S AEL RS 1241
B, g5 REA LG8 bR 1) S 2 233 ) AR A
Sigmoid-Emax A . AR BNV RB) J) %%
RN 12,

9 NI N ERIRIE S AEcar 253038 bR 2 [A1AH

x1 BEMABFFRERMZKRES AEcar B PK-PD FEERTEAYFESY

Table 11 Main pharmacodynamic parameters of PK-PD binding model of AEcar and ferulic acid concentration in each group

S o1 B2 WEofis 3 Efim4 B S Bfine WHifin7 B8 HEiisg9
HEHE 2 2 2 3 2 3 2 3 2
AFAE 3 4 3 3 4 4 3 3 4
Ema/(U'mL™) 10.624 9.526 8.311 6.475 6.034 6.116 3.77 10.302 14.471
ECso/(mg'mL™)  10.429 12.632 7.591 2.496 14.908 12.394 10.951 26.974 5.84
y 0.01 0.01 0.01 0.08 -0.7 0.01 0.01 0.101 0.099
AIC 2.661 1.564  —13.788 0.811 -8.936 8.853  -9.743  -1235  —6.625
R 0.96 0.899 0.97 0.884 0.986 0.975 0.975 0.949 0.941

x12 BNMAFNIBERMARES AEcar B9 PK-PD EERBFTEAHYF S

Table 12 Main pharmacodynamic parameters of PK-PD binding model of AEcar and ligustrazine concentration in each group

24 Bty 1 Fedhy 2 By 3 Wiy 4 Ffhy s Eefhii 6 Ffhdy 7 BRI 8 BifhJr 9

B EHH 2 3 3 2 2 2 3 3 3

AHRE 4 3 4 3 4 3 3 3 3

Emax/(U'mL™) 5.623 9350  19.010 6.404 6.032 3.374 4.346 4847  13.707
ECso/(mg'mL™") 0.031 0.596  82.734 0.438 2.847 0.135 1.878 0.722 3.103
y 1.479 0.089 0.383 0436  —0.604 2.342 0.392 8.568 0.325
AIC -5.466  —9.128  —5.442  -2951  -2.99 -11.754  -16.761  —5.705 2.427
R 0.893 0.951 0.894 0.868 0.89 0.967 0.977 0.979 0.938

NI RGO, RN By 1. E=5.623 C*3%/(0.135%32 + >3, [AH 7 7: E=4.346

C'7°/(0.031'47° + C'7); B /L J5 2+ E=935  C*¥%/(1.878%32 4 %%, WAL 77 8: E=4.847
C098%/(0.596%%% + 0% . AR 7 3: E=19.01  C%3%%/(0.72285% 4 3%y, MM 5 9: E=13.707
C0383/(82.734%383 + 0383y . A /7 4: E=6.404  (C°3%%/(3.103%3+(03%),

C*436/(0.4380436 + B0y, ELAH T 5: E=6.032 BoAir 2~5+ 7 9 B y<1, FW)IZEEHEE
C0604/(2,84770604 - C 004y . WA 5 6: E=23.374  IRFE-CAT RN LR BN THH, R B2 800E — A58 1)
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