55 30 %55 24 1) HESSEAFFERE Vol. 30, No. 24
2024412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2024

U RR RS -25 37 4 H R 1R 5 AL
2100 3 T

ARk, FWRTFS, BARREY, T, NAARL, HAFS KE® HTE?,
oAt FF R, KFHDY
(1. =& FPEH XS FH S, L9 650500; 2. PEFEAFK FHATAH, LK 100700;
3. &AM ARG, ®T 810003; 4. MM W FEER, LA MM 277500)

[(FE] Bl Y AR BT 5 25108 J) 2 3R AL, R W 2 5 UG P 225 JHL I 00 10 2580 1 4y Joit B il
75 3% BT Cytoscape 3.8.2 {4 #4 i  Jy 24 46 3k 0 Ak -5 97 A 56 56 PR T AR I 46, OR ) Pesca 3.8.0 1 FL 143 4N 2 22 52 LAk ik
SEARTE 12 000 £65 v VR T i 220 L A3 A DG ik TR 1) 1 44 e S R AR (B, P AN 38 22 Jia) 1 I 205 G0 30 8, 9 06 Xof 9 g R A i T
TURK B8 14 7 24 1% 1 0 b B L B A VR A RO I A3 o TR O R ) SO T A T AN A AL 9 R BRI A R
K 88 G 20 AT T - DO B AT 5 7 BIF TR 3T 925 (UPL.C-Q-TRAP/MS ) E 5 6 1 4% 4 i b T8 A8 00 18 20 114 2 B, 20 25 - i 46
K FH DAS 2.1 1P A RN o 1 254 80 J122 B8, 85 R+ 3 X< D 24 % i #0 bR -5 9 A DG 35 TR M B AR R I 2% vh in i 22
G HL A 8 R 5 A 2 5 L YR A DG Ik TR 22 i) 14 IR 4% A0 AT R DT A, B 0 o 3K 2 R L(ESRL) I R IR AT (cAMP) R i H:
R B AL 3 o (PRKACA) (R i BLOAKEL) % 40 /5 ft 255 B 94 A 56 26 RLEL A 38 T8k RE 1) a0 2 22 5 LMok ok
ROBR , B X7 B9 H R | AR R 55 10 MU AE SN B A3 o 2R 80 J) 2 RAESE AL R L 10 MV FE RN LA vh IR B TR TR
B -7-O- 5 AT W2 1 7 3% 3R H B R A IS 5 A U T YA B W AR R AT R A TR A W A AT
G50 WG N BB AR - -2 8l 2 M TR A R T R IR TR T SRR -T-O- M A M IR T T SR R R
2R ALLR A A 2200 B P 1 R B RN A I, T SRy A0 R S A ALK A 9 Rl A I OB R R SR I s o Y S I T Y 5T 58
UEAE

[RER] WBBEI; Py, Aokl ; Mgy, 29080 5, 8800 G - IO AT 25 7 B
JFiE%9E (UPLC-Q-TRAP/MS) ; I3 ; JHiH

[FES%E] R22;R28;0657;R969.1 [x#kiRiIZE] A [XEHS] 1005-9903(2024)24-0068-10

[doi] 10.13422/j.cnki.syfjx.20250261 [HEB AR  NATE I http : /lwww.syfjxzz.com 5§ http : //cnki.net

[ H Rk ] https://link.cnki.net/urlid/11.3495.R.20240704.1122.004

[(M&HMBY] 2024-07-05 07:11:10

Identification of Pharmacodynamic Material Basis of Ruyi Zhenbaowan by Multidimensional
Correlation Model of *Pharmacodynamic-target-component-pharmacokinetic™

XU Mingzhu*?, LI Huaiping®, MA Zhaochen*, LI Tao?, LIU Yudong®, XIAO Ziging’>, ZHANG Chu?,
CHEN Kedian*, MA Weihua*, HUANG Feng', LIN Na*, ZHANG Yangiong"*
(1. College of Traditional Chinese Medicine (TCM),
Yunnan University of Chinese Medicine, Kunming 650500, China;
2. Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences,
Beijing 100700, China; 3. Arura Tibetan Medicine Co. Ltd. , Xining 810003, China;
4. Tengzhou TCM Hospital, Tengzhou 277500, China)

[ BEH#]  2024-05-11
[BE£mB] #ilgarh g Sty BHE & % 459 H (20232Y025)
[E—1EHE] FUIBR AR+, WG K 252 7 5, E-mail : mzx1145637@163. com
BEEE] 7 KB BT 6L 12 S0 S I PR vh 2524 5F 58, E-mail : ygzhang@icmm. ac. cn;
TR R T MR I PR 22 5 vk 25k 22 15T, E-mail :mazaoc@163. com
. 68 .

hE4M  https://www.cnki.net



55 30 %55 24 1) PESSBAFFERE Vol. 30,No. 24
2024412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2024
[Abstract] Objective: To identify the pharmacodynamic material basis of Ruyi Zhenbaowan in relieving

neuropathic pain by integrating the calculation of biological network proximity and pharmacokinetic
characterization. Method: The interaction network of "drug candidate target-related gene of disease” was
constructed by Cytoscape 3.8.2, and the average shortest path value of each drug putative target acting on
neuropathic pain-related genes in this network was calculated by Pesca 3.8.0 tool so as to evaluate the network
proximity between them, and screen prescription candidate targets with strong intervention efficiency and their
corresponding potential effect components. After that, plasma and cerebrospinal fluid samples were collected
from rats after administration of Ruyi Zhenbaowan at set time points, and the contents of potential effect
components in samples was quantified by ultra performance liquid chromatography-quadrupole-ion trap mass
spectrometry (UPLC-Q-TRAP/MS) , and drug concentration-time curves were plotted, then the pharmacokinetic
parameters were calculated by DAS 2.1.1. Result: By evaluating the network proximity between candidate
targets and neuropathic pain-related genes in the interaction network, a total of 40 putative targets of Ruyi
Zhenbaowan with strong intervention effects on neuropathic pain-related genes, such as estrogen receptor 1
(ESR1), cyclic adenosine monophosphate (cAMP)-dependent protein kinase catalytic subunit alpha(PRKACA)
and protein kinase B1 (Aktl), and 10 corresponding potential effect components, such as glycyrrhizic acid and
betulinic acid, were obtained. Pharmacokinetic characterization showed that among the 10 potential effect
components, gallic acid, apigenin-7-O-glucuronide, glycyrrhizic acid and apigenin were well absorbed and
metabolized in plasma and cerebrospinal fluid, with long onset time and good bioavailability. Conclusion: From
the perspective of efficacy-target-constituent-pharmacokinetic, this study analyzes the main effective materials of
Ruyi Zhenbaowan, such as glycyrrhizic acid, gallic acid, apigenin-7-O-glucuronide and apigenin, which have a
high exposure in plasma or cerebrospinal fluid and have a strong intervention effect on neuropathic pain. The
related results provide reliable experimental evidences for clarifying the material basis and developing quality
standards of Ruyi Zhenbaowan.

[Keywords] Ruyi Zhenbaowan; neuropathic pain; material basis of pharmacodynamics; network
pharmacology;
spectrometry(UPLC-Q-TRAP/MS) ; plasma; cerebrospinal fluid

pharmacokinetics; ultra performance liquid chromatography-quadrupole-ion trap mass

MEZFAR AR - REFHEOCOREERE  BER R 25800 o i B0 B R, 2R3 J) 2%
PN B ), N U 2 e & 07 BBk BE Z0AE BT BIRSE AT LY B I B O 2 Y i e A I AR e TR AR
AT R T ONT A A0 ZIRG M AN, R B, A F R i Iy

r [ %71

N ERGEIN Y PIIN A8 B N R VN LR
72 2 55 5O (H O ) 19 2258 . Il IR
WFFE R W], W B FAUR T = O 20 A il 2
T ARAPERR 220 R E 5 2R R PR R R A
RME b 28 0 S5 A% P i 22 BEAE R B BT R4
1 24 540, WG IR B 0% >88% , HLIA YT 1 I £ 2% JC B
BRI H AT X8 s L e 2 4R
Hh T B R LA AL X JHE A9y o R il D v ) 40F 5 )
B S ANAT X2 5 v D B g 6 I E T
AR 3 R T e 2 P A R G PR A T AR
Lo FCAEAA P Wi AR AE S R AT . PR, Ol T
XU TE B SEALEAT SOAN A} 2 (4 o ik 4 ) - 45 = I
R B 2Y A7 X BRI AT R R

7 245 JIn 5 A 2 B3 X A G R DR B T AL

https://www.cnki.net

24 i 33 W o - 9 R O 6 PR A B T I 4%, 40 A o
P I AT 5 T TAR A 1 5 24 4 15 B0 AR K HL X I A
TS TE RN I 43 5 R FH R s R0 HR €335 - DU A T 25 - BIF
J 3% = (UPLC-Q-TRAP/MS) 46 1l K Bl IfiL 2 15 i ¢
TR i TP TR R RO R A3 1 2 R K 2 AR N ) 2
fiE, LA S G 5 32 5 HL 2500 ) o i it 1 AR O
5 6 A 0 2 PR AR ST B UE 4 L IR M AR SRR &
HAHZ S %
1 w8

1200 AU i RO AR (35 A2 (36 [ Agilent 28 7 ),
Xevo TQ Absolute % = & PU % #F Ji §#% 1% . MassLynx
4.2 SCN1040 %48 53 #7 7 55 (92 [5 Waters A 7] ) ,NA-
5L AR R -2 A — R HL (b 5t 240 R BB A BR A
H]),Sigma 3K15 % & 35 3 v 7R 250 AL (7 [F Sigma

. 69 .



r [ %71

o5 30 245 24 1)
2024412 H

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 30,No. 24
Dec. ,2024

23 w)) , QL-901 R JiE it R A5 v (VL 75 ¥ 1] i TR0l 125
IS A RN ] ), Secura225D-1CN %I -1 77 43 22— 434t
KV LFZ AR (AL DA BRA A 1.

WM B 5 (45 25 &y A R A A it 5
01230301) , H &/ H B4 J7 3 R TR R -T-0-4
2 E TR 1T I B T R T R (R ARk 28 K R 2 L
AR A A, it 5 4 5] S5 DSTDGQO000603 .
DSTDG000902, DSTDQ002602, DSTDQO009001.
DSTDMO000802, 4fi [& 4>99% ) , 1 3 7 1 4 18 5 ( 1
U AR W BRI A H L i S B21576, 4l B >
98%) , £ M BT Ak, WY R I O €85 4k, K Sy J
TG Z IR K, LA iR 24 4 Fir 4t

SPF 2% i £ SD K FR 84 B, & i i (220+20) g,
W A A T e R AR SR S Y A RA L AR IE S
SCXK(5)2021-0006. K FL & — 1k & o B 7o
B vh 24 WF 5% B S 9% B W) & W 5, O TR S
SYXK (3% )2019-0003, % ifi (20+2) °C , #H X i
55%+5% , K Bl [ H#F B RoK . AW E T T P E
b = B A B v 24 B 5T T S 0 B ) AR A AR R D 2
A, (e B 45 2024B075.

2 Ak

2.1 EARIE BT

2.1.1 5 24 3 B A - % s A G 5 DR R AR I
25 R R TR R 2 U S ) A B FE AL AN
N s e S I R VST e T e R S
(TCMIP v2.0, http: //www.tcmip.cn/) 5t 4 g rf < 4k 2%
J 53 i 4 B0 A TN T L I A 2 o0 R EE B
K b 27 1 o3 5 RE AR ABL P T 43 B >0.7 A ¥ AR AE R
25 it vk ¥ AR . i 5d DisGeNET (https://www.
disgenet.org/) . A 25 £ AR 5 4 (HPO, http: //www.
human-phenotype-ontology.org/) . i J7 ¥ b5 % 9
(TTD, https://db.idrblab.net/ttd/) it £ “ i £5 %5 B3 1
PN AR DG EE IR o B T 24 g 1 B B 5 9% e AH DG R A
i A\ STRING (https : //cn.string-db.org/) 5t 42 B , LA
% A H YE FH 18 4> (Minimum required interaction
score)=0.7 2y i 16 4% 14 A5 AR 11 -8 11 A BLAE
(PPI) R 2% ; #1| Jf] Cytoscape 3.8.2 #1155 ¥ 2% 41 4b
FEAEAE B [A] B 3 2 b ] oo P (Betweenness
Centrality) =0.000 730 702, 4% iT b .0 ¥ (Closeness
Centrality) =0.302 545 774, & v .0» 1 (Degree
Centrality ) >9 1) #8475 1 o #2 0 ¥E A5, I 44 4% 0
FrAH B AR FH ™ 2%

2.1.2 5 24 Mk 1R B bR 5 0 R DG 3R TR Y 1Y) 2% 48 3

BEPE M F 1] Cytoscape 3.8.2 1) “Pesca 3.8.07 T E.
. 70 .
https://www.cnki.net

t“Multi Shortest Paths Tree” B RE AR He | 154 4% .00
T AH AR FH I 45 v 5 245 468 358 0 A 1) 5 AH G 55 A
1Y) o JoL 66 A 5 R A i B AR A, DA S A5 A T 2 A
B B BRI 2R 5 & B e AR B Y LU A
RBP4 21 45 4> J7 25 e B AR 00 7 B iR AR .
2 5 BT bR 1) 1 2 5 B AR (EDBR /) | U WY T 24 e
T AR 5 550 A 56 3 DR R 4% 1) L A R 4% 408 T B bk
I, X9 A G R A T TRVE R BRR . DL Oy 2
B AR HE VR 2 22 AR L(ESRL) Ky 1, ESRL FI] 1l £F 4k 4 ffd
A KK 23(FGF23) 1Y 5 4 i 72 £ 45 ESR1>4E 52
A A R K 2 R W IR B 11 (PTPN11) >FGF23 Al
ESR1>22 24 )5 3% {b 45 11 i 1(MAPK1)>FGF23, fix
Ji AR B Y O 2. 4 IR i AR P A TR ) M
e/ INFA T 25% FE bR A 5 T AL RE S AR , b ] 50% 1Y
BEAR Ay v 45 T T RLCRE HE B, B0 Je K Y 25% HE R R
55 T P AL RE LA

22 EWRES RS A B 12 HK RUE R 1A
FELRE, TLKR 12 h 2 g A 2K EB NE 2%
JL 1.8 g-kgt (445 I IR R0 ) , 400 T4 25 )5 0.
0.08.0.25.0.5.0.75.1.2.4.6.8.12 .24 h MR Bk ;5 #
ik AR 1t 29 0.5 mL, B R b B0 T, 4 °C
4000 r-min &0 10 min(E.02ER 7 em, TR,
B, BT -80 °CIRAF . h 72 LR RV 3% . 45
25 KORFERF LA b BRI sh 9, 85 LSk B E Kk,
75% LI EE S L IR Y) — 25 2 em AT I B,
W 2 B YR DAL B R LRI A /N i 2 5 S, Fely BB B
T 0 10 B0 4 T, il ERCSE e ST B AL AE KRR .
il % W 4 °C .4 000 r-min™ & .0> 10 min, 43 B I
T, -80 °CLRAE o 40 B B ¢ FF 5 K i A WRR
50 wl, Hh0 A PARIEW 2.5 WL & 20 147.5 pL, 74
Ji€ 3 min, 7L 4R 2], # & 5 min, 4 °C .13 500 r-min™
B0 10 min, B AR

23 {OiE 41 ACQUITY UPLC BEH C,, {1 il #
(2.1 mmx150 mm, 1.7 um) , L 0.1% H fi2 /K ¥ &
(A)-Z i (B) B & Uk B (0~1 min, 5%~30%B; 1~
5 min, 30%~80%B ; 5~6 min, 80%~95%B; 6~8 min,
95%B; 8~9 min, 95%~5%B; 9~12 min, 5%B) , #} i
40 °C, #E#F & 2 uL, 32 0.30 mL-min™,

24 UGS BWISE IR (ESD) , g AR
Rl B 404 LR 2 KV, HEFL I R 30 V, B TR HL IR
30 V, B TR 150 °C, #E LA A 150 L-ht, i
V3R AR 450 °C, LA A 1 000 L-h?, 3 4
2 S 0 W A S (dMRM) W . HAR S B 3 1.
25  NARKIRA X IRSIE R AE % KRR EEE



r [ %71

o5 30 245 24 1)
2024412 H

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 30,No. 24
Dec. ,2024

F1 WEBEARSHUSYURAREIMRMERX THRIESH
Table 1 MS parameters of five compounds in Ruyi Zhenbaowan

and internal standard under dMRM mode

R4y t/min BEES T m/z TR miz TEZL RV SR REleV

(RN 3.41 821.3960 100.300 0 50 80

113.000 0 50 80

175.000 0 50 80

193.000 0 50 75

351.000 0 50 65

R 2.42 4173000 255.1000 46 40

R E 3.34 269.0450 107.0000 20 40

117.000 0 20 45

148.800 0 20 35

150.800 0 20 35

JE3#-7-0- 2,59 4450900 268.763 0 38 36
T 7 T R

BETR 1.16 168.9359 61.8680 28 28

78.8475 28 28

125.421 8 28 16
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529.000 0 40 30
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Table 2 Liner relationship of five compounds in plasma (n=6)
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e 33 Y=1.503 9X+0.014 2 0.995 1 0.099 2~12.5 0.008 7 0.0290
H A Y=1.122 5X+0.311 0 0.990 3 0.099 2~12.5 0.020 0 0.066 8
AR Y=0.423 4X+0.046 4 0.993 0 0.099 2~12.5 0.021 6 0.0721
T3 -T-O- ) %M s W 1Y Y=1.433 1X+0.037 6 0.993 6 0.099 2~12.5 0.014 6 0.048 7
BT Y=1.880 2X+0.015 7 0.998 7 0.099 2~12.5 0.008 7 0.029 1
K3 MERFIFMUAWHLEEXRER (n=6)
Table 3 Liner relationship of four compounds in cerebrospinal fluid (n=6)
Vi’ EYEpx R? LG Fl /g - LT LOD/ug-L™? LOQ/ug-L™?
FRE Y=1.786 2X+0.027 2 0.996 9 0.099 2~12.5 0.006 2 0.020 5
TR Y=0.456 6X-0.133 1 0.990 2 0.099 2~12.5 0.019 4 0.0721
T3 R -T-O- 7 4 R R 1Y Y=1.433 1X+0.251 5 0.993 6 0.099 2~12.5 0.0120 0.054 1
BETFR Y=0.802 1X+0.314 6 0.998 7 0.099 2~12.5 0.077 4 0.191 3
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Fig. 1 Drug concentration-time curves of five components in plasma
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x4 MERSHMEINAERINFESH (X£5,0=6)

Table 4 Pharmacokinetic parameters of five compounds in plasma (X£s,n=6)

2 E SR FrRR HHR 2R -T-O- 1 A FE I R 1 BETR HE A
Cax/Ng* Lt 75.04+3.95 18.21+0.87 2 032.70+£59.68 24.23+0.71 10.68+1.18
toau/h 8.00+0.00 0.25+0.00 0.08+0.00 0.25+0.00 0.50+0.00
AUC, /ng- L*nt 249.74+11.80 31.47+1.80 374.49+10.99 320.09+5.23 17.26+7.24
AUC,_ /ng- L*eht 250.30£11.76 32.27+1.59 375.33+£11.36 744.36+8.56 19.52+9.27
ty,/h 2.20£0.07 4.15+0.54 4.24+0.44 12.77+0.44 3.63+0.73
MRT/h 8.13+0.03 6.93+0.04 1.87+0.13 13.14+0.18 4.44+1.49

®5 MERFATASHERINFESE (X25,n=6)
Table 5 Pharmacokinetic parameters of four compounds in cerebrospinal fluid (X+s,n=6)

23 SR I S H R T3 F-T-O- 7 4 Bl e 2 BETR
Ca/Ng* L* 3.99+0.09 6.08+0.18 12.49+0.51 29.61+0.81
tha/N 2.00£0.00 2.00+0.00 0.75+0.00 0.08+0.00
AUC, /ng-L*-h? 12.89+0.70 62.25+3.32 9.58+0.20 248.52+12.41
AUC, /ng-L*-h? 13.45+0.91 359.96+79.30 9.63+0.21 504.64+4.91
t,,/h 6.21+0.82 17.50+2.61 3.30+0.32 11.7241.79
MRT/h 8.15+0.29 11.17+0.19 6.41+0.25 13.14+0.44
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