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[ Abstract] Objective To explore the analgesic effects of Houpu Wenzhong decoction
and its underlying metabolic mechanisms using gas chromatography-mass spectrometry (GC/MS)
metabolomics technology, and provide scientific evidence for the development of traditional Chinese
medicine (TCM) analgesics. Methods The analgesic effects of Houpu Wenzhong decoction were
evaluated using the hot-plate test and acetic acid-induced twisting test. Mice were randomly divided into

the model group, the positive control group (aspirin, 0.2 g/kg), and high (3.6 g/kg), medium (1.8 g/kg),
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and low (0.9 g/kg) dose groups of Houpu Wenzhong decoction. After continuous administration for 7 days, the
latent period of licking feet in mice on a hot plate was measured. Mice were randomly divided into the blank group,
the model group, and the Houpu Wenzhong decoction group (3.6 g/kg). After continuous administration for 7 days,
the number of twisting induced by acetic acid were calculated. GC/MS metabolomics was used to analyze the blood
samples of mice to identify potential biomarkers and elucidate related metabolic pathways. Results The experimental
results of the hot plate method showed that Houpu Wenzhong decoction had a significant dose-dependent analgesic
effect, and compared with the model group, the high and medium dose groups showed significantly prolonged latency
of foot licking in the 30th and 60th minute after administration (P<0.05). The results of the acetic acid twisting
experiment showed that the twisting frequency of mice in the Houpu Wenzhong decoction group was significantly
reduced compared to the model group (P<0.05). Metabolomics analysis identified 19 potential biomarkers involving
7 metabolic pathways, among which the alanine, aspartate, and glutamate metabolic pathways were particularly
crucial, with alanine abundance changes closely related to the analgesic effects. Conclusion This study confirms
the significant analgesic effects of Houpu Wenzhong decoction through the hot plate and acetic acid-induced
twisting tests, and elucidates its analgesic mechanisms relating to the alanine, aspartate, and glutamate metabolic
pathways using metabolomics. These findings provide important theoretical evidence for further research and drug

development of Houpu Wenzhongdecoction.

[Keywords ] Traditional Chinese medicine; Houpu Wenzhong decoction; Metabolomics; Hot plate
method; Acetic acid twisting method; Analgesic mechanism
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Figure 1. The latent period of licking feet in mice (n=10)
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Figure 4. The changes in Z-values of metabolites exhibiting analgesic effects in the acetic acid twisting test
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Figure 7. Substance loading plot of the blank group, the model group, and the traditional Chinese medicine group

3 Wit
PIRIEHUAR I — P2 A BN, 9 N o
TRAATIRIE, TR AR B 36 SR - S 4 TR
07, TR B 27 0 24 2 A 5 g e 4 T R R
RIS, R PR R 25 A PR AR T R T
HZHZT 1986 PR “ihE =Bk bk

https://yxqy.whuznhmedj.com

JUE R B2 YA AR L8 e =, (04 H ]
BURZY BB LR R, SRR e i
RSOE B D REA AN RS R WARE . 1
Sb, BURZAYIRMI IR, AN RO SN
FAVESEBEG H £ 2, a5 Rz e P
eI PRATR AT T Uk, TR — PP U AR 3
A RO HLIGRURE B 25 E A IF 58 Y



208

Ty I] o B 2GR AT B AR A A B, X
PIRIRIT A BWAER, Ae6s 58T R n A
Wi, R RRENEGEIE, TATEEmIGTT
JrERA AR DTS, R . N R R
FE S A W = i 25 FAME, R B B KW
i AR FH8E 7 22

ARHIF G 2R FH AR R TR A4 125 P A 2 1
fIEANE 7 R IE R . BRI N BUR 2
W0 0 FE B 7k, AR AR b 2R () B R
W A EZANE, LR SN, BlR VLK
HRJEANR 7 PR BTS2 A
B R (P<0.05) , RUEFNEF 70 HA0R
AR/ B B MHIER, B, h
FE AR o B3 . BT R e S/ R
RS . AR L S R R ST TN
N7 FRERE AL R ER, DAL 285 9 %o A0 s o A 0 i 3%
F, IR R BRI P STk
F AR A SRS T IR A SR, A
WF 58 LE BA TR A AR v 2R F S5 A 79 it i — 25 B0 iF )R
AN IR AR . LI AE R, AN
VAL RO T PRI [R) R HL AT 0 S5 AR
YER, AT A 8RR/ IN BRI B R g, i — 2B S
T IR BRI EIER . IR SR E A G
FRIVERAE 040 R 35 i 1) 2 S ek A Sy
ARHFFE B AR 4 A BT T AN Pz %
P PR AR IR A TR (s i) . R AU Bk FH AR 4 2
FEAR W ES PR AR AN RS, i+ 248 58
225U, TR AT IR AL 37 X AE R AT
PEEEALE, R EoR, JEAME AT E A 19 4
YIRS A, W & 7 SR EARHE
B, P DIER RN F, BHENER . K
AR AN R A QI S R A O o i, H
PR AE PSR A T R E R o AR5 iE
PR SRR S5 A R L 2= AR, w12
BT RN A R A LA, S I RN
5P AR T EE AR

S 3k

L BRIS ., X%, B2t A 2 Jr A ST AR [J]. T E S
I R4 L 2020, 26(15): 183-194. [Zhang P, Liu A, Wu L, et
al. Overview and development of classic prescriptions|J]. Chinese
Journal of Experimental Pharmacology, 2020, 26 (15): 183-194.]
DOI: 10.13422/j.cnki.syfjx.20201049.

2 BRER, BTN . CHIMERERIS ) PR AT KN 4t

Frontiers in Pharmaceutical Sciences, Feb. 2025, Vol. 29, No.2

10

PiARDCHE [J]. WL rp BE 25 K223, 2014, 38(8): 955-958.
[Chen ZP, Mou ZL. On the essence of distinguishing between
deficiency and reality and the correlation between internal
and external injuries in the "Theory of Distinguishing hetween
Internal and External Injuries"[J]. Journal of Zhejiang University
of Traditional Chinese Medicine, 2014, 38(8): 955-958.] DOI:
10.16466/].issn1005-5509.2014.08.009.

B, AR . JEAMR AR A R IR IR UHE D R
THALAS R I RACR [J). IR EE #0815 52k, 2022, 7(21):
147-151. [Huang N, Li YY. Clinical effect of Houpu Wenzhong
decoction combined with acupuncture and moxibustion on
functional dyspepsia of cold dampness stagnation syndromel[J].
Clinical Medical Research and Practice, 2022, 7(21): 147-151.]
DOI: 10.19347/j.cnki.2096-1413.202221041.

HEHE, XEG | 95 S G Iy IS ANE T 1 D A
A5 BRI (). o SC 80 Ty AL 46 . 2021, 27(23): 35-
43. [Dong Y, Liu SH, Li SS, et al. The historical evolution and
research progress of the classic formula Houpu Wenzhong Tang[J].
Chinese Journal of Experimental Pharmacology, 2021, 27(23): 35—
43.] DOI: 10.13422/j.cnki.sy(jx.20211561.

PNFERR . AN T IR IR T I P S5 1 48 (FEIRIIE ) 1
I RWLER [D]. K457« KFEPEZ K, 2019. DOL: 10.26980/
d.cnki.geeze.2019.000204.

ERIEAT . 2y AL O 5 JE AN T A sy i 1 ke T2
G RWER [J]. W5l EE 2y | 2018, 37(5): 87-88. [Qiu ZQ.
Clinical observation of traditional Chinese medicine acupoint
patch combined with modified Houpu Wenzhong decoction for
treating stomach pain of spleen stomach deficiency cold type[J].
Inner Mongolia Traditional Chinese Medicine, 2018, 37(5): 87—
88.] DOIL: 10.16040/j.cnki.cn15-1101.2018.05.062.

Wang N, Zhu F, Chen L, et al. Proteomics, metabolomics and
metagenomics for type 2 diabetes and its complications[]J]. Life
Sei, 2018, 212: 194-202. DOI: 10.1016/j.1{5.2018.09.035.
Cabrera—Peralta J, Pefia—Alvarez A. GC—MS metabolomics of
French lettuce (Lactuca Sativa L. var capitata) leaves exposed to
bisphenol A via the hydroponic media[J]. Metabolomics, 2024,
20(5): 106. DOI: 10.1007/s11306-024-02168-1.

VLT E W ER ANV, & 5T UPLC-Q-TOF-MS/MS 5
PSRBT S S AL P % & B SRR 57 (D). T Eibg
2022, 45(5): 1125-1133. [Jiang HX, Yang SR, Sun Q, et al. Study
on the differences between combined and single decoction of
Houpu Wenzhong decoction based on UPLC-Q-TOF-MS/MS and
chemical pattern recognition[J]. Chinese Herbal Medicine, 2022,
45(5): 1125-1133.] DOIL: 10.13863/}.issn1001-4454.2022.05.020.
AUEE BRER . BRI S5 BT R JER RS AN
RSN S8 BB 125530 (0], T SE 3677 702 4
i, 2024, 30(17): 145-154. [Shi XY, Chen JY, Chen S, et al. In
vivo and in vitro component identification and pharmacokinetic
analysis of houpo wenzhongtang based on rats with deficiency—
cold of spleen and stomach[J]. Chinese Journal of Experimental
Traditional Medical Formulae, 2024, 30(17): 145-154.] DOI:
10.13422/j.cnki.syfjx.20240762.

https://yxqy.whuznhmedj.com


https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0EhJ6Z3N5Zmp4enoyMDIwMTUwMjgaCGYyeHl1eDFo
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0EhF6anp5eHl4YjIwMTQwODAwORoINm1mdWx3Y2Y%3D
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0EhJsY3l4eWp5c2oyMDIyMjEwNDEaCDI3dXpocjJn
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0EhJ6Z3N5Zmp4enoyMDIxMjMwMDUaCG04cGFhb2hk
https://d.wanfangdata.com.cn/thesis/ChhUaGVzaXNOZXdTMjAyNDA5MjAxNTE3MjUSCFkzNTgwMzM2GghhZmFmcTNtdQ%3D%3D
https://d.wanfangdata.com.cn/thesis/ChhUaGVzaXNOZXdTMjAyNDA5MjAxNTE3MjUSCFkzNTgwMzM2GghhZmFmcTNtdQ%3D%3D
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0Eg9ubWd6eXkyMDE4MDUwNjIaCGZ1Y3ltcGl4
https://pubmed.ncbi.nlm.nih.gov/30243649/
https://pubmed.ncbi.nlm.nih.gov/39306645/
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0Egx6eWMyMDIyMDUwMjAaCGM0bWtxd3dw
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0EhJ6Z3N5Zmp4enoyMDI0MTcwMTgaCGsxbmdkaXJr

2y

#

sy

BIiE 2025 2 B 2955 2

12

13

15

17

18

19

FARIF . A8 T Y O P4 B Ay A 2E A AT
FE[D) ST &R 25 B K 2%, 2019. DOL: 10.27690/d.cnki.
rodyk.2019.000146.

Bansal Y, Mujib A, Mamgain ], et al. Integrated GC-MS and
UPLC-ESI-QTOF-MS based untargeted metabolomics analysis of
in vitro raised tissues of Digitalis purpurea L.[J]. Front Plant Sci,
2024, 15: 1433634. DOI: 10.3389/fpls.2024.1433634.

WRPR . (2 R IR S 72 NLRP3 U (2 E FAAH 1R A A 5
T PERTF AR /A% M1 08 A A B BLIRITTFSY (D] S« %
BUER KA | 2023, DOL: 10.26921/d.cnki.ganyu.2023.001814.
Yang DX, Yang H, Cao YC, et al. Succinate promotes phagocytosis
of monocytes/macrophages in teleost fish[J]. Front Mol Biosci,
2021, 8: 644957. DOI: 10.3389/fmolb.2021.644957.

Gong Q, Yang D, Jiang M, et al. L-aspartic acid promotes fish
survival against Vibrio alginolyticus infection through nitric
oxide—induced phagocytosis[J]. Fish Shellfish Immunol, 2020,
97:359-366. DOI: 10.1016/.f51.2019.12.061.

Ye JZ, Su YB, Lin XM, et al. Alanine enhances aminoglycosides—
induced ROS production as revealed by proteomic analysis[J].
Front Microbiol, 2018, 9: 29. DOI: 10.3389/fmich.2018.00029.
Yang DX, Yang MJ, Yin Y, et al. Serine metabolism tunes immune
responses to promote Oreochromis niloticus survival upon
Edwardsiella tarda Infection|]]. mSystems, 2021, 6(4): e0042621.
DOI: 10.1128/mSystems.00426-21.

Cheng ZX, Gong QY, Wang Z, et al. Edwardsiella tarda tunes
tricarboxylic acid cycle to evade complement—mediated killing|J].
Front Immunol, 2017, 8: 1706. DOI: 10.3389/fimmu.2017.01706.
AT, BT , AR, 45 FLAE . BEEGTEEALSY KTDA |
FSA K IE AT 4T 48 SR AR )0 S ALK BE 52 (], P 258 25
Sl AR 25, 2022, 33(11): 1460-1465. [Zhao LH, Zhao ZZ,

https://yxqy.whuznhmedj.com

20

21

22

23

209

Li JS, et al. Study on the anti-inflammatory and analgesic effects
and mechanisms of active ingredients KTDA, FSA and their
combinations in frankincense and myrrh[]J]. Chinese Medicine
New Drugs and Clinical Pharmacology, 2022, 33(11): 1460-1465.]
DOTI: 10.19378/j.issn.1003-9783.2022.11.003.

Fu X, Wang W. Comment to: ultrasound—guided ilioinguinal-
iliohypogastric nerve block with local anesthesia and fentanyl
analgesia versus local anesthesia and fentanyl analgesia prior to
shouldice inguinal hernia repair in adults[J]. Hernia, 2024, 28(6):
2431-2432. DOI: 10.1007/s10029-024-03158—x.

Han N, Wang T, Chang S, et al. A discovery in traditional
Chinese medicine compatibility: cinnabaris suppresses the
Strychni Semen—induced neurotoxicity in Shang—Ke-Jie-Gu
tablet[J]. Phytomedicine, 2024, 135: 156029. DOI: 10.1016/
j-phymed.2024.156029.

Meymandi MS, Keyhanfar F. Assessment of the antinociceptive
effects of pregabalin alone or in combination with morphine during
acetic acid—induced writhing in mice[J]. Pharmacol Biochem
Behav, 2013, 110: 249-254. DOI: 10.1016/j.pbb.2013.07.021.
SEIRMS . BEL SO R O A X B A A L /)N
FRAL R 5 17 2 M BATL A7 % BRBIE S ()] ST B RR A
2015, 29(7): 128-130. [Wu YP, Lyu H, Wang WP. Randomized
parallel controlled study on the effect of analgesic plaster on
writhing response in mice with peritonitis pain model[J]. Journal
of Practical Chinese Medicine, 2015, 29(7): 128-130.] DOI:
10.13729/}.issn.1671-7813.2015.07.57.

ks H: 20244507 H 26 B BEIHE. 2024 4509 H 24 H
AR IR 2= M


https://d.wanfangdata.com.cn/thesis/ChhUaGVzaXNOZXdTMjAyNDA5MjAxNTE3MjUSCUQwMTg2OTM2MhoIeDZ4OG5tZnE%3D
https://d.wanfangdata.com.cn/thesis/ChhUaGVzaXNOZXdTMjAyNDA5MjAxNTE3MjUSCUQwMTg2OTM2MhoIeDZ4OG5tZnE%3D
https://pubmed.ncbi.nlm.nih.gov/39239200/
https://cdmd.cnki.com.cn/Article/CDMD-10366-1024318819.htm
https://pubmed.ncbi.nlm.nih.gov/33937328/
https://pubmed.ncbi.nlm.nih.gov/31866447/
https://pubmed.ncbi.nlm.nih.gov/29441044/
https://pubmed.ncbi.nlm.nih.gov/34427522/
https://pubmed.ncbi.nlm.nih.gov/29270172/
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0EhJ6eXh5eWxjeWwyMDIyMTEwMDMaCGY0b3lvemdv
https://pubmed.ncbi.nlm.nih.gov/39305351/
https://pubmed.ncbi.nlm.nih.gov/39276686/
https://pubmed.ncbi.nlm.nih.gov/39276686/
https://pubmed.ncbi.nlm.nih.gov/23921185/
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0EhFzeXp5bmt6ejIwMTUwNzA1NxoIOWxrdWE3MTE%3D

