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[ Abstract] Objective: To elucidate the active compounds for the anti-inflammatory and analgesic

effects of Paeoniae Radix Alba from structure-activity omics. Method: On the basis of the previous in vitro
efficacy study by our research group, a mouse model of foot swelling was induced by methyl aldehyde and used
to study the anti-inflammatory and analgesic effects of total glycosides of Paconiae Radix Alba in vivo. The core
targets of the active compounds for the anti-inflammatory and analgesic effects of Paeoniae Radix Alba were
retrieved from the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform
(TCMSP) , Online Mendelian Inheritance in Man (OMIM) , and Search Tool for Recurring Instances of
Neighbouring Genes (STRING). Molecular docking was conducted for the total glucosides of Paconiae Radix
Alba with the core targets, and the key core targets with high binding affinity were screened out according to the
comprehensive score of each target and active structure. The structure-activity relationship was analyzed with
targets as a bridge through the combination of compound structures and pharmacological effects. Result: The
total glucosides of Paeoniae Radix Alba had good anti-inflammatory and analgesic effects in vivo. The core
targets of 23 active components of Paconiae Radix Alba were epidermal growth factor receptor (EGFR) , signal
transducer and activator of transcription 3 (STAT3) , vascular endothelial growth factor A (VEGFA) , cellular
tumor antigen p53 (TP53), and proto-oncogene transcription factor (JUN). According to the structure of the
parent nucleus, there were 16 pinane monoterpene glycosides, 4 pinene monoterpene glycosides, 2 monoterpene
lactone glycosides, and 1 monoterpene ketone. The key core targets screened out by molecular docking were
EGFR and STAT3. The structure-activity analysis of the active compound structures and the key core targets
showed that the introduction of ketone group and benzene ring group on the parent nucleus affected the binding
activity. Conclusion: This study analyzed the material basis for the anti-inflammatory and analgesic effects of
total glycosides of Paeoniae Radix Alba from structure-activity omics, providing new ideas and methods for
revealing the pharmacodynamic substances in traditional Chinese medicine.
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-
151 /g ke 24 h)ﬁ}i;/fih;ﬂrlﬂﬁ&

LT 2] 62.93+7.02

o ] DC A 4 0.04 13.30+3.04"

AT BT 4 15.00 22.71+4.19"

T SR R Y P<0.05(FK 21H])

F2 FBHMNBRMKIMEZE (=10)
Table 2 Swelling inhibition rate of each group (n=10)

an ek T e e
H 2 0.075+0.008 -
i ] DG bR 2 0.04 0.0320.004" 57.33
FIAT A 15.00 0.027+0.004" 64.00

<172 -

4.1.2  HUEEVEBUR X R BUA N PGE, & & 5200 H
T3, 52 A R A4 PGE, & it B B T
125 (P<0.05) , Bt WA 52 56 77| & 1 /)8 B 3 4% M9
B R ST, AT M 4H PGE, & B W R IR (P<
0.05) , d B I AT S 1 AE filf FF A0 38 s RS & R MK
A TS 3 PGE, & 5K F1E % KV s S BRI A4M L,
F AT B 4/ B9 PGE, & i B i IR ( P<0.05) , 3
B (A7 Bt X PGE, ir 51 & 1Y R MR A B3 1
AR, 306 %4 39.37%

®3 HEBIUNRABIEANPGE,ZEBHHM (=10
Table 3  Effect of pain induced by formalin on PGE, content in

mice (n=10)

PO =N 1
15 N E’GE2 Ry . PGE, il il
(x+s)/ug g /%
A 82.34+5.29
(e 101.12+4.35%
] ] DC b 4 0.04 70.82+6.29"% 29.96
AT A 15.00 61.31+2.68% 39.37

TE 525 AL Y P<0.05; SR 4T LA 2 P<0.05

4.2 RS2 AT

421 AR R REE MR T AT R
PU AR BURAE F 25008 i B SOk 4R i ik, e A5 5]
AT S W6 R A3 23 A4, 25 B s B D03 5 R
B A

422 AN BT RPMZOEASNT L0k
5 P 4 BURR AL 3 0744, 5 AT R TE M A4
A2 AE MR 102 >, STRING 15 5] 57 4 4 /5 PPI X &
J&i ,¥E Cytoscape 3.7.2 F {4 h il 2% 6 1~ 2 5 BLAR
O MY A A B B A IR R R A
96 A>T 1M1 627 50, M Hi 45 $ 45 Degree {H , 73 3|
HE 44 1 5 07 #0980 #1845 EGFR (degree=51) . STAT3
(degree=47) . VEGFA (degree=46) , TP53 (degree=
43) JUN(degree=38) , UL 3 5i 1 KRB fim A4 4k o
423 HABHRFESHESE AATERENAAS
Hh BE  HAT AA B R o AR R LR A A 2
P 23 A9 P A 4 R 4 A S R SR IR ok L il
H B> 16 A, IR M TR 1 2 A 44>, Bl P TR
7253 24 B B T 28 1 43 14

4.2.4  CHEAZ O RE SO E K B0 BB A EGFR.
STAT3 .VEGFA .TP53 . JUN{E N7 T X #5002 11 532
A, 23 A1 P LA B R /N oy F AR HE AT 4 T
B O Hz R T 20 AR G, 0 23k, SR
460 NG, B RO B2 AR IR S AE R 42 (1 45 43, W 2
S5 JEVF 3 L g R I kA Rk, x4 R T Ak



530 B 21 ) HEXBAFZRS Vol. 30, No. 21
20244E 11 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2024
D3 g RS fin A4 R KA ORI EAL S B 250 6 M B R (R

Ee Al N i A AV S RO E s B DR |
A TERMEA S Z RN ER RE N GRFIRT
e v B KA AR R A R R Y AT
T ERE K RS Z R85 G R e, BOR T BEAE A
MEAEH. B8 0>5 02y 5480
REfFE A S & MBI >T7 4 UL AR 7R 48
SRS A AR W SRR A S Z R
FRTE B H BB /N AR e, HE R
AU, AR B AT 5 S AL S B B A
T FL BT 1 i G A TR M B 36 1 5 A B
T 5~7 43 BB A4 69 A s 1AM — 2
Wk

e X 42 mT Ak 25 S 1 T I, B S EGFR K

STAT3 745 0 i P or B i | — = i =&
FIAT B B B w45 A0 M2 AT B R L
9 U 1R ARG 6 B A% 0 B0 A, %k B EGFR AN
STAT3 ] Tt — b I S A "7 F 5%
4.2.5 A EBAT L E S S R O RS A
R OHMZEA ST, AT B UR b Rl LR
A7 B B P T DA B B R 2 2 AR
&L EGFR J STAT3 ¥ 45 & B4, 25 G VP40 >4 41 Uk
B B I AL A AR B R B S 2 A Y
S5 AT BRI U] 2 B LR SR A A 5 A TRk

AT T R FLAT A 0 R o B 2R A5 M
EGFR H. A5 i B0 1) X 4 06 o |, 25 & PP 40 76 6~9 4 .
A5 25 2 B0 AL I I EGFR 45 & 0% 1k, T AT 25 47 B
BE B IR R Ak U5 T8 109 AT 25 17 B R 18R 45 5 05 PR R
Be, A2t AR M SR AT 254 R gl AH R
FE AP BT B R B AR B — A B A Y 4 Y
B D K F 4wk B 3L 1Y) 8-0-25 K H R 364 25 4,
T PEMRIR AR, 358 T AT 25 1, R WIAT 25 1 o i %
FE TR T8 50 43 %o X B2 0 P A B R ), R B 5] A
H 2 3808 A1 T B B AT 25 1 A s L350 4y
R B FBATAE KRB FIRAAT
R FR A 2 R R R IR AEUAT 2L 45 5 TR MR
T L PR R HORI AL PR R A T s PR AL, R
W R B R R AR X S5 S0 A — R, g A
LA LB B kA ) T 58 Es & W R
H R B fin A

11 E 5 40 45 STAT3 A4 Xt 422 v, 9k e Bl 28 4%
LRGP AE 5~T 51, BAR G5 G 1 YEAR T EGFR, %
B ot 2K 45 ¥ %F STAT3 .EGFR B4 8t 45 4 fH &2 5
{0 1) F 38 2§ 5 EGFR R #EHT S B AR . D& A4

E HPFEH D SAAATA T SATAE M T H S
MR HE T EREFBRAN AT SRE FBAT A .
R IR AT 2T 5 OR AT 259 ) o AT 2 1 SR
B (AL P e T OB B AT 25 1 SR W BEAT 25 1)
TG VB AR A 35 U B AT 2 R R IR AL R AT
21 AL TR T 0 R A P B R o AT 2 8 A
2% F B (8-0- L R H I SEAT 2598 ) Ja , 16 MR R, i
Wl 5L 2 (7 U i — 20 B R R R (AL P D)
TG PRV AT I S AR, R T 8 A A R T X IS M —
TE 5 W) TR S 2 6 2R R R T XoF % 1k A T A
UIR:- KRN g i I

R AT 245 M 5 EGFR M STAT3 #1 45, it it
FEU PR 55 TR ot HuE AT L 2R BV AE 5~7 4y, o
o I M (B-TR M - 10-J Bk -B- HE S A ) Sy Mg S 45 4 v die
FE 5 Pl YR AT 2R 45 0 5 EGFR X 8 1 M g 42
PE4> 743 AE 550 5 STAT3 X 432 7% P4 A%, Horh 26
P~ 245 PN TG 45 6 T Tk <S 5 B TR 2K 45 F 5 T A
AU R B AR S AL AT A R
5.290 1 F14.176 4 43 , 3 W] H A F 5 (14 B} A% 45 44 fef %
PEUG R 2 R . DL R R B A R

I A5 O A O B B T 2 e A A A
AT R bR B R R R A AT i — R b S
YF . 7E 5 EGFR G A R BEA 2511 5
EGFR " 1) GLY719.VAL726 , ASN842 2% 4 JL /g 4%
DL fE A48 Jy A0 BAE L IR e BE % 5 PHET23.
ALA722 55 LA 7K BEAH 25 &, 55 bR A% A 3% 00 28 I
FEPA R B S 5 LY S745 DL RESS A, i 3L 8 4
B B0 5 ARG841 M ZE & o T2 N BR 175 EGFR
1Y) LEU799 . PRO914THR725 45 %, 5L R 5% 4t L) Ji
AL T3 AH AR, AT 25 P9 R R 2R IR BOOR b B A
rh ) ot i L K B 1 B X3 1 5 SER720 . PRO877
SEAAGS G, SO41 50 B3 43 1 8 ik A L) SR A 45
G o 5 STAT3IMS & AT BT 5 SYS157.,
ASO140 LY S105 4 24 FE 2 5k 5 LIE A8 AR J) S &
Wi SE 1 3 07 K4 ¥ 3k 4y i 5 8k 3k ASN145,
SER144 I A XA BAEH . A2 5 TYR178,
SER144  GLU24 %5 28 3t i 5% 3t DL 1848 ) M 25 &
K ot BF A% b e 3 LB K BEE 20 5 5k 3k LEUL 4%
GO RAFB L3N LKA EREEENASHS
ASN145.Q51401 i iof S BEAFE H Sy AH BLiE 45 . WLy
5 E RSB IR R
5 iFig

PR 2 J 7 v 25 o AR 2R 25 0 i Stk 1 L 38

- 173 -



30 55 214
20244F 11 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 30,No. 21
Nov. ,2024

FHE ML L0 6 B A, BF 5% vh 24 th SRl Fp 2 Ak A
WEH S5 Z B R — TR, P& AR
RN HEHRTT MO EG Z®R7 £
05 B 1R 1 B RRAE DR I 1 e 2 ) 2 350 ) I
fili & — TR e T A2 24 A9 TR, R A E 2y B
BRAR AL s Ak 11 B 220200 R R A BF T R
Jo B T R A H S 2 R R ST B R — R 2R A T
Z T P00 R 2R T TR ARG R,
AR YIS BR G 4, 40 BT L 5 8 A5 1) 8 A Bk
R il e b 25 52 W) TR R W s BR Al K AR AL A
HH BAT 1 T 8, SRy P B 2 BB 2 R R AR T R I
o XTCMES kA Y, vl aE i kAL B
W A0 G W RS 2 07 28 25 28080 A, 1) A 400 90 5 A 4
TR N 2 R BCAR 25 4 M B L il DLEE G w2
TEA 25 W) 02 75 FL A 25 28005 M, 1 170§ ) i O 24 3L S0
00 36 UF B M, T S AR, S B 4 )
TR ZR 258500 I S b i PR O e o TR RE X TR R B
14 95 9 L A5, A AT B L O 9 I O PRl 5 4R A
FHAZHE A W TE RS0

AW 5% 7E H B R A0 25 30 S b L T R AT A
TR N BL 2 2580098, % B A B Bt 4 SR 24 30
P AT HE AT R 35 27 4 BT, DA 2550 2 2 B 5 45 2R
R, A5 BE RSN AT BT 5 B 4 B A% 0 BB A
YA g e 0 245 4 06 1 3 ek AT 4% 5 ) S 5 4
SRR RS AR AT PR e B Y R S A R
PESE A S 5 R EGFR, 1 I 5 B0 i 1 25 25 #4g D) o fi
] T ¥ A STAT3, FLifli A iR 1 2 45 4 55 25 38 A0 4%
I T TG 0 3 25 5 T P R A A g R
A BAIK 0 45 5 D 4, iE— 25 1 R 80O B R B
BERZ b 0 56 S R 3R R B 5, & X 45 & 0 1
TR A o R E H I T 28 S AT BT Y
FRY AT P 2R W BEAT 25 1 S B A JR e Ll 26
SEAI AT B . RS R B AT A R
i W ) Sre/STAT3 15 55 38 H 19 B0 , M1 310 6l
P-Src K W MR Ak (1) STAT3 25 11 1 2 15 7K S, G 41 il
B 4 B R -2 (MMP-2) Fi5E I 4 @ & 11 g -9
(MMP-9) ., MMP-2 Fl MMP-9 J& % it 4 J& & M il
18 A R B Bt , R AE A o3 b 988 S8 F--o( TNF-ar)
T4 LA 3R -6 (IL-6) 55 1Y BRI HE % 2 i MMP-2
MMP-9 () F ik , 11 i 3k 1) MMP-2 \MMP-9 2> fifi ¢
i 240 JfL ) BEUR 2 A SR R AT 2 4
AEA i LPS 75 5 i /N BRI 2H 24 TNF-a \ IL-6 55 %4
K7k, 2 i 2P i 400 0 i IR, FEAL 1 5 B AR A%
5 5k 7 -k B R 3 g ) T (IKKB) A% it

- 174 -

[H F-«kB p65 (NF-«B p65) i i £k 7K *F & & NF-«B
p65 /KF, M il IKKB/NF-«B {5 5 BTG LA G . BA
BT N R T 25 450 19 A 25 9 IR A Bk ZHOU AEVE
FFT T BEL BT A2 O JE J5T A4t L P 95, DT R A L g 7R b
c-Jun 28 52 K 3 8 (p-JNK) By 2o 55 22 3k , #1141
AL FCAR 1(CXCLL) [ & o, 4006 R RE K0 .
AW 538 o PP IR 2% 1 6 15 21 [ AT S o R BUR 1Y
#0045 EGFR .STAT3 . VEGFA . TP53 . JUN. #&k
i, 4 EGFR BB MR AL 5 , T 800 T e 6% i ok AL /et 3-
4 /FE M 38 B(PI3K/Akt) NF-«B 2515 5 18 % , 1
XA SRR S 5 R E RV . STAT3 2 [ 4
T (4 25 1 T )8 T STAT 8 111 Bt 58 1, FL 9k 32 (A HH ¢
B P Tyr705 BEfR A, TE i — R AR5 74 5 28 40 i %
WL HE R SR RN E SRS . 2 5%
RERAE N o STAT3 1 3 i 3 1 NF-«B M i 2 1F
22 PP AR 98 A ot 0 R TR, T AR 4R A JBT Y TL-6 34 AT K
T STAT3P, TP53J&—Fp il L I , 2 5 M & %
PE RN K g ) & A S kR ok 1 R AR RTRIE O K
P, TP53 A3 i 410 ) TL-6 W6k 4 45 B 463 405 , ) B ks ]
I MMP (9 4= 28 36 P, AT 35 B € 27 4 0E i 72 1
WITHM . 28 b, AT AT 25 AT IR R I
Ik A5 24 45 76 P B 4, 98 3% EGFR . STAT3 K& TP53
S AR O B, R T R R B O I R, Gk B4
AU 245 80, A S A O RORE T iy L2, H S
SRS R, AB R 252 1.

SN Z, A58 R A 8802 7 i 98 00 7 3
W B A 0SB 25 80 43 0 AT R RIS PR A
5590 B B e A T IR OC AR 3l 3 T B AL A AL
TEF A BRVT 43 M7 AS [ 45 #6) 28 7Y 7 SRl 1 25 G
5253000 A B A TR, DA T B o SR S A A K
FEPL 9 AT 24 %0 00 A% 00 S 0, B BH 52 ) B 1 24k
G VPSR B TG VR R S5 B 0T, T A BARSE AR
Tl A B, AR RS M R TR AT B R U 9 4k
27 B3 A SR ) A AL ) %) A 5 B At B AR i | (R
BF A Sy fige e vh 25 88 rh 25 52 07 S 2R W) R AR & P 25 5K
Yy 5T AS W, A AL A AN FUT b7 [ 0 8 ARy L I8

[FlgmhE] ALREEEMTHEF R,

(&% k]

(1] RER® . EHBY, TRE. 2EREL D EIERSE
B R B MG AT (], T BR 24 2412, 2021,27(9)
133-136,158.

(2] fodbas, BROG, maa B AF 0 I e AR 1) 2 R i F

Gk [T]. AR R 2 2% 3K, 2019, 34(9)  4167-
4171.



5530 B4 21 1 hESREHFFFERE Vol. 30, No. 21
2024411 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2024
[3] HEHRHGMEG . pREARILAEZ M. —IM]. [17] A, i, B, 55 . 4-38 5 B -o- Mk 1R I5R) FFY T %2

JU5T e v [ 1 25 B4 R4, 20200108, KUY 3 D-QSAR K Jp T XL T LI ] IR 15 70

(4] sk, &I, W, 5. FATR 2 o B i Jr vk TR ,2019,36(3) :397-405.

Wra bR (7], 7ML ,2020,48(18):20-21, 30. (18]  ARWHIE, ER R RS, 45 & E T BE 254 0 i

(5] R34 £, 248, 55 AAT ML oy (25 BILE J5 25 380 ok At S8 2SR AR (D] o [ b 2 e
JFH RV R IS R 55 0 JRe [T ). 0 DR I8 2 i 5 5 5 38k ,2008,33(23):2861-2863.
2021,6(11):187-189. [19]  # R, ZHME A0, 55 2y RE TG i

6] Pofli. B2 R MBUR STRIEMETIRLI]. oAb E FELT]. HhE2,2007,38(1) : Fff 2-fff 4.
J7,2017,36(13):124-125,134. [20]  JEMs«, s abdl, 2255 . vp 24y ook ik F 5 8 B 5

(7] HZE4E. <8R BT S %M. dEat: A LI P RE2,2012,43(2):209-215
TR AL, 2018:271-316. [21]  wside, bR A B . AT 2517 6 Sre/STAT3 f55

(8] oS, B, sk, 4. 56T P05 BUR 1R I iy il T B I ) 4 e s P 10 ) R A B 8 B A RS [T ]
O UL A S A PR RS (). W B 2, 2 BE 22 5 ,2020,36(23) :3199-3205.
2013,24(2):295-298. [22] NISSI R, TALVENSAARI-MATTILA A,KOTILA V,

[9] DE CAMPOS R O,PAULINO N, DA SILVA C H , et et al. Circulating matrix metalloproteinase MMP-9 and
al. Anti-hyperalgesic effect of an ethanolic extract of MMP-2/TIMP-2  complex are associated with
propolis in mice and rats [J]. J Pharm Pharmacol, spontaneous early pregnancy failure [J]. Reprod Biol
1998,50(10):1187-1193. Endocrinol,2013,11:2.

[10] ZHANG Y, WANG J Z, WU Y J, et al. Anti- [23] PATTERSON M L, ATKINSON S J, KNUPER V, et
inflammatory effect of recombinant human superoxide al. Specific collagenolysis by gelatinase A, MMP-2, is
dismutase in rats and mice and its mechanism[J]. Acta determined by the hemopexin domain and not the
Pharmacol Sin,2002,23(5):439-444, fibronectin-like domain[J]. FEBS Lett, 2001, 503 (2/

(11] EWRF IR, PEAE 45 . o 245 B0 52 36 A9 F 5 3k e 3):158-162.

[J]. 252 R 55 55T, 2011, 11(3) : 213-217. [24] ZHOU D, ZHANG S, HU L, et al. Inhibition of

[12] Rk AL, =4k, sk W, 45 . 52 J7 KU 77 3 S VR g A apoptosis signal-regulating kinase by paeoniflorin
B SE 56 WF 9T [T]. Je VT 25, 2011, 24 (4) . attenuates  neuroinflammation  and  ameliorates
534-537. neuropathic pain [J]. J Neuroinflammation, 2019,

[13] HUNSKAAR S, HOLE K. The formalin test in mice: 16(1):83.

Dissociation  between inflammatory and non- [25] ELSON D A, RYAN H E, SNOW J W, et al
inflammatory pain[J]. Pain,1987,30(1):103-114. Coordinate up-regulation of hypoxia inducible factor

[14] JAIN A N. Surflex: Fully automatic flexible molecular (HIF) -lalpha and HIF-1 target genes during multi-
docking using a molecular similarity-based search stage epidermal carcinogenesis and wound healing[J].
engine[J]. J Med Chem,2003,46(4):499-511. Cancer Res,2000,60(21):6189-6195.

[15]  BhfESE, 2R%e, EE . 58808 1 B AR ™ s 7E 48 [26]  FBHGA KT, M0V, 45 . F Fe i STAT3 76 JE 8 K5 4 i
U AR Sy S [T ] v [ 25 P A N A Ui P 9 A BR R 9 £ 40 D R R i U i1 T T[]
#,2018,32(2):105-111. A 447 ,2009,17(8) : 753-757

[16] LUO L,WANG H,HUANG G, et al. Pharmacological [27] skMEZE, FER3C, % H A 555, 45 . p5S3/miR-502-5p/

mechanisms of Tinglizi against chronic heart failure
determined by network pharmacology and molecular
docking [J]. Evid Based Complement Alternat Med,
2022,2022:2152399.

TRAF2 3l [ X 5637 28 CH AN 45 05 i s i [T .
=] 3 A 2 75, 2018,34(7) : 1283-1290
[EEHE WMFM]

< 175 -



