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[ Abstract] Objective To investigate the effects and mechanisms of schinifoline on chronic inflammatory
pain in mice. Methods C57BL/6 mice were randomly divided into five groups: normal control group, model group,
indomethacin group (5 mg/kg), and low-dose (10 mg/kg) and high-dose (40 mg/kg) groups of schinifoline, with
6 mice in each group. Except for the normal control group, all other groups of mice were induced with chronic
inflammatory pain mouse models by injecting complete Freund's adjuvant into the left posterior foot. After 3 days
of induction, oral administration was started according to the corresponding groups for 3 consecutive days. The
normal control group and model group were given equal volumes of physiological saline. After drug administration,
paw withdrawal threshold (PWT) and paw withdrawal latency (PWL) were measured to evaluate pain levels; levels
of serum algesic factors and inflammatory cytokines were detected using commercial kits; the serum metabolite
profiles were characterized via metabolomics, followed by differential metabolite and pathway analysis; Western
Blot was used to detect protein expression of pathway-related molecules in the left paw tissue. Results Compared
with the normal control group, the model group exhibited significantly decreased PWT and PWL (P<0.05),
with markedly elevated levels of serum algesic factors and inflammatory cytokines (P<0.05). Compared with
the model group, schinifoline-treated groups showed significant reversal in PWT, PWL, and the levels of serum
algesic factors and inflammatory cytokines (P<0.05). The serum metabolomics revealed that arachidonic acid
metabolism might be the main regulatory pathway of schinifoline. Compared with the normal control group, the
model group showed significantly increased expression of cyclooxygenase-2 (COX-2) and lipoxygenase-5 (LOX-
5) and decreased expression of cytochrome P450 4A (CYP4A) in left paw tissue (P<0.05). Compared with the
model group, schinifoline groups exhibited significant reversal in the expression of COX-2, LOX-5, and CYP4A
(P<0.05). Conclusion Schinifoline has a significant analgesic effect in mice with chronic inflammatory pain, and its

mechanism may be related to its inhibition of arachidonic acid metabolism.

[Keywords ] Schinifoline; Complete Freund’s adjuvant; Chronic inflammatory pain; Metabolomics;
Arachidonic acid; Analgesia; Metabolic pathway
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Figure 1. The effects of schinifoline on pain in mice (n=3)
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Figure 2. The effects of schinifoline on serum dgesic factor levels in mice (n=6)
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Figure 3. The effects of schinifoline on serum inflammatory factor levels in mice (n=6)
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A
L ]
6 ° Regulation
[ ] < Up
] + Down
® ., ". ns
[ ]
4 ” Ar‘andamlde le 0.5
Frustaglanan a - ® 1.0
% qlithin ¢ ® 15
= ()
T Proqaglandm -C2, o———Hypotaurine
Leukotriene E4 ®
2 4 AI'BChIdDI'II : 5ine tr.iphosphate
.I - °
Prostaglandln G ~ & 1
‘ﬂ g nylsuccinic acid
Prostaglandir’ E2, "xyﬁﬁoll'c acid
3
0
-6 -3 0 3 6
log, FC

B

Regulation

« Up
3 + Down
ns
e ‘A:jennsine triphosphate|
[
. VIP

Prostaglandin E2 ﬁypotaunne . 0.5
a2 . *1.0
e Adenylsucwlc agld .15
! rolithin C| 20

Arachidonic acld/f’ros iN-c2! af eiamidd
'rodeo‘ycmic acid

Leukotnene E4 k
Prostaglan}i

-

log, FC

E5 EREMRBASEBALLE (A) RELHBEAHSHEIARE (B) MALE
Figure 5. The volcano plots of comparisons control group vs. model group (A) and
schinifoline group vs. model group (B)

https://yxqy.whuznhmedj.com



58

2.7 BIEMEERT/ R4 % E A S ERRY
=)

wE 7 R, 5IEE X R4 g, B
2H /N B AR 2 4 2 cOX=2 Fi LOX-5 46 11 %
B E T E (P<0.05) , CYP4A £ ik I FF%
it (P<0.01) ; SHEAIA e, & 16U
A /N B R 41 8 rh COX=2 fT LOX-5 &
ik B FE AL (P<0.05) , CYP4A 3 ik i 3

A

Arachidonic acid metabolism

Inflammatory mediator regulation of TRP channels
Serotonergic synapse

Platelet activation

Neuroactive ligand-receptor interaction
Leishmaniasis

Necroptosis

Fc epsilon Rl signaling pathway

Oxytocin signaling pathway

Regulation of lipolysis in adipocytes
Renin secretion

Efferocytosis

Retrograde endocannabinoid signaling
Thermagenesis

Human papillomavirus infection
Rheumatoid arthritis

Hypertrophic cardiomyopathy

0.0 o1 0.2 0.3 0.4 os
Impact

Frontiers in Pharmaceutical Sciences, Jan. 2026, Vol. 30, No.1

i (P<0.05) 5 G4l /R A2 R4 4
COX-2 ik i F AL (P<0.05) , [fi LOX-5
FI CYP4A Fib 4| B BEAR AT Sk, (B2
FELGIFE L (P>0.05) . A, FIEM
B X COX=2, LOX=5 il CYP4A 3 ik 04 v 15 1E
AR RS, FaRgsRERM, Hik
PRI RE RS 1005, CFA T sAE A DU R A5 A DG il
COX-2. LOX=5 Fl CYP4A FIFiA T8 .

Inflammatary media(l‘ regulation of TRP channels

Arachidonic acid metabolism

Serotonergic synapse —
Platelet activation
]
ive ligand
Impact
4 oo
. {0z
P
:\7) 0.3
Q # ’ -
08 L {)oa
‘ &
[ IgP
I 5
P 4
2 & f 3
- = 2
< 1
-
- L=y
=
v o
1 e s
0.0 (K] 03 04

0.2
Pathway Impact

e =RMFREHMREHERED

Figure 6. The pathway enrichment analysis for differentially abundant metabolites in serum

iE: A.KEGGEBE; B.KEGGA A,

’%\\\\g &\\\g 1.5+
& &%@‘ §?<>S

PR NP

COX2 e D W — 70 kDa

LOX-5 —— — — 78 kDa

CYP4A w — | 60kDa
i b - M)

GAPDH . - . - 36 kDa 0.0

COX-2/GAPDH

0.5

NS AP N 4

A O

¢ & @
%%$§

E7 SHMEIT/NREE M HERREECOX-2, LOX-5F1CYP4ARIE

LOX-5/GAPDH
CYP4A/GAPDH

UEE (n=3)

Figure 7. The effects of schinifoline on the expression of arachidonic acid metabolizing enzymes COX-2, LOX-5, and
CYP4A in mice (n=3)

E: 5 EFARRAE, P<0.01; HAEA kiR, "P<0.05, P<0.01,
A A)
3 itig

FARBFAMA QIR B MRt
W RE N R G U SR MRV, W38 R (9 )
REIKE . BMARTUG S ARG R, IR, A4S B
B BRI PREE B h B G BERR T . 25 R
R RGO, SR SR 2
W ATAE RENE S RIVE ISR R . A, IR i
SO 25 91 B AR F LA X T DAL I R A

MU SCH S, T, AUERE TG
AERR P BT P LR D AR, RGO
RO S PE IR T AR AL, DU 2o 7
PIm e B B i R FHER R 2430

HAT, nlidad 2 M7 20/ AR,
FLAF A S FIAR IR B MRS 5 9 Sk R 1
T AR R SSFURLTT 25 Wi S i A 2 2L
PP 7, LUK CFA 753 B PR SR MR
Hort CFA S I8 PP R B A SRR 454

https://yxqy.whuznhmedj.com



ZHEEE 2026 £ 1 BE 3055 1 H1

IR . PURFREAR . 5 AP IR & AR
RIEEPLF, Bz W T 25 W A B LR
IRIEE R s AL T R SR B i U 12
PEPCIR £85I R B (0 B A DR AE 1 BiF SR
WoR, BEINESE N T IL-1p. TNF-o £
NO 257K V-5 HpEm AR B 2R A Y, peak, &
St RS, B S-HT. PGE2. SP Fl BK S: 80U
K BT U FEARBEE Y, CFA SR
BN PWT 5 PWL B 5 A%, [l i 7
PEUR AT (5-HT. PGE2, SP. BK) K4t
F (IL-1B. TNF-a, NO) /KF¥ & 5. W
AR CFA 15 T A8 M 5 MR /N BRI
BRI, AR AT 10 me/kg F1 40 merkg T AEM
BT AU, /N PWT A PWL 2 & T, TRl
B LY H B0 75 R T KI5 835 TR AR,
T AL RE A SR PR AE M . ILAh,
R AR F S R A, L v ) A P B A
SALT BAPEXT HR 2505|363 N AE U AE
s R 5 B A PR T i — 2D S8

PRI 4 5 AL A 3 R BRI S 5 WA
SRR B, KR 25 b T 1 B 4 Tl 3
TV IR KT B A S AR & R BUR AR
ML I, AR AR 25 AR 5 LR
B AR ML T 25RO, CFABSTH
ANRUMTE S 6L, WS AT P RE S W
WA LIRS . Hirh, & e T 15
52 B I R T B i s A S . AR AR DR TR £
Ml . AR . ARRREINER . IRAER CL IR
TR . — IR . BUFIREK C2. AFIIRER
E2. AiFIHRER Fla, AIFIRER G2, H =M E4 Fl
A VUG TR . P SOk A, PNURPEAEAE DO R £
P e 22 e R 19— PP AR B ST RAH ST 1Y
BT M WA AR RE S L O A e R 0 H
RIRBEMN Z TR EIRIRE M, =Rt
B [ BC AT T4 B T 3 B B it e
BIE " SE SRR AR RN —, Rk
A RECIR A RES ERE M 2 AR A, PR AT I,
MNITB1 &2 U (AR A, BHIREERIR
TEAE DU R AT o — 25 AR R AT B 2 R = 55
FACERRIR AN BT, SIS A0 TP 0 kA=
kU, LaRgs R, T AEE L
IR LSS NI KT, DA A A R R
YEH .

https://yxqy.whuznhmedj.com

59

E— AT RN, 2 BT AL AU T TR
PR 515 530 B B A6 SRR, Fe
epsilon RI {5538 % . i/ 215 58 B F NOD #
TG TERS . RIRBFFTIESE, TR R
REAR 5 A8 A PO R AR s A2 S IE AR S T Ak,
A IR RN JRAE I FE 1) i 471 R 2RI P =0 S5 A
A U ER RIS 1 v S = U, — SR 259,
AR S ARPT A 24, AT 38k HE ) A6 A DO R AR i 3k
By COX i, PIHIRTFIMRZE AR, MR
REFURVER ", = RIE SN FE MK
SRR DRI (AN A . AR B T . AU 2 )
PR SRS s SN | | N 11 S T A7 [ VAN 9 D
YA NOD #3205 530 B% G HE R 0t NOD #E3Z 14
F 3 ISR ARSI SR IR b . b
WEE RPN, B ACHUR vT BEE 1 87 48 AR DU
PRI A s AR R AR VE . SR, HRTR G
BRI B 0% Fe epsilon RI, 77 F NOD A
ZRAE T S R R A DGR, R SRR
E— BT SR, WRAGT i A E i A
SRR R PIR H EARPLE] . COX-2, LOX-5 FI
CYP4A JEA64: PR RITE AR P A g R 1A
WG, P, COX=2 1 LOX=5 fi:fb 48 4= DU 4 1%
A ERT AR 2R =05 R R A BT, 1 CYP4A
W3 3 o240V R AL IR R, 25 4EE
MUK 35 B RE ™ ABFRREs R R, CFA
7 JE /N R4 4T COX=2 Fll LOX-5 £k g
FTHE, CYPAA FiK W EFEIR, $em HAEAE UM
PR LB AL T 55 IS AIRES . 4B FEARms 17
Ji, /NERZHZR COX=2 FI LOX-5 iUk B & T
W, CYPAA FakWIBH I s, FRBHAEAE DUGIRIT
s Z BN . LA RS R — U, H AR
B AT e 3 A S0 A A DO TR A aa A R B 1
Mo a5 R R RE M sh i | sz
KA e MR R XA S TIRAIRE

2 FRTAR, T AEAIENT CRA 5 S e 4o
PR/ BREA I SR AR, JLHLEI AT se 54
HlAE A DU BRI A AR A S 1A A . AHIFSR
R T AE AU I ARG 4 B A s e o PRI T
SRR

S 3k

1 Wang YT, Lu K, Yao DD, et al. Anti—inflammatory and analgesic

effect of forsythiaside B on complete Freund's adjuvani—induced



60

inflammatory pain in mice[J]. Biochem Biophys Res Commun,
2023, 645: 55-60. DOL: 10.1016/j.bbre.2023.01.036.

Falasinnu T, Lu D, Baker MC. Annual trends in pain management
modalities in patients with newly diagnosed autoimmune rheumatic
diseases in the USA from 2007 to 2021: an administrative claims—
based study[J]. Lancet Rheumatol, 2024, 6(8): e518-e527. DOI:
10.1016/52665-9913(24)00120-6.

JEIWE . DRG $R 28 UM B8 13830 A A e 2R A8 PRV 1Y
TERI BRI (D). KAF : bR, 2025. DOL: 10.27162/
d.cenki.gjlin.2025.000049.

SKREL, IR, BRA, 45 P2 AEAR AL S g S B
N D 1 F 5T R R (7). KR =MW IR S 0T K L 2021,
33(11): 1969-1981. [Zhang H, Yang Q, Chen Y, et al. Research
progress on chemical constituents of Zanthoxyli Pericarpium and
its prevention and treatment of nervous and mental diseases[]].
Natural Product Research and Development, 2021, 33(11): 1969—
1981.] DOI: 10.16333/j.1001-6880.2021.11.020.

Tk, Al IR, S5 L AR A B I 2% 25 A 40 A
S 5 5 TE A 5 (). AP R 2 2% R, 2021, 46(12): 3034
3042. [Wei L, Zong W, Zeng QH, et al. Network pharmacological
analysis and experimental verification of anti—inflammatory and
analgesic effect of Zanthoxyli Pericarpium[J]. China Journal
of Chinese Materia Medica, 2021, 46(12): 3034-3042.] DOI:
10.19540/j.cnki.cjemm.20210305.401.

Seo CS. Simultaneous analysis of bergapten and schinifoline
in Zanthoxylum schinifolium seeds using HPLC and UPLC-
MS/MS systems|]]. Foods, 2023, 12(7): 1355. DOI: 10.3390/
foods12071355.

BRI, BEA FRDENE , A . BN BRI SZ R AL I A
shRNA X 73 B M 2 45 5L/ N BRUMN 285 B P00 (9 418 1T B
ML [J]. 5 PR 2E M (BE240R ), 2021, 47(6): 1485-1494.
[Zhao F, Fan SQ, Cheng XY, et al. Effect of intrathecal injection
of transient receptor potential cation channel subfamily A member
1 shRNA on neuropathic pain in mice with partial sciatic nerve
ligation and its mechanism([J]. Journal of Jilin University (Medicine
Edition), 2021, 47(6): 1485-1494.] DOI: 10.13481/j.1671—-
587X.20210619.

ER/ML B, RER, AE R 52 4 o AR ) A e
SNEPEIR IAR A K RSB 1 SIS ()] T SE B B
2% 4%, 2025, 33(5): 633-643. [Wang T, Yang P, Zhang X, et al.
Establishment of a rat model of comorbid chronic inflammatory
pain and depression using different doses of complete Freund's
adjuvant[J]. Acta Laboratorium Animalis Scientia Sinica, 2025,
33(5): 633-643.] DOI: 10.3969/j.issn.1005-4847.2025.05.002.
BN, R8T, R, L TR RERRRER 2Kk B2 4
119 MAPK {5 538 #% 4R 05 L B A 7 I R H O 1Y S
Jifd (0 AL 5 (00 A g A R AK L 2021, 37(13): 1582-
1586. [Fan JJ, Yuan PW, Zheng J, et al. Study on mechanism of
electroacupuncture therapy for chronicpain in knee osteoarthritis
based on MAPK signaling pathway mediated by spinalcannabinoid
receptor CB2[J]. Chinese Journal of Immunology, 2021, 37(13):
1582-1586.] DOI: 10.3969/j.issn.1000-484X.2021.13.009.

Frontiers in Pharmaceutical Sciences, Jan. 2026, Vol. 30, No.1

10

11

12

13

14

16

17

19

20

Yu H, Huang T, Lu WW, et al. Osteoarthritis pain[J]. Int ] Mol
Sei, 2022, 23(9): 4642. DOI: 10.3390/ijms23094642.

Jasim H, Ghafouri B, Gerdle B, et al. Altered levels of salivary and
plasma pain related markers in temporomandibular disorders[J].
J Headache Pain, 2020, 21(1): 105. DOI: 10.1186/s10194-020-
01160-z.

FPb L IRREL, AHE . SF L BT I R AR AR T AT
3 2 B M M O A RE A s i ). T 9By
Fl2pZeqE | 2024, 30(23): 187-194. [Wu D, Zhang JH, Fu L, et al.
Exploring effect of levo—tetrahydropalmatine on spinal metabolic
profiles of rats with chronic pain based on widely-targeted
metabolomics[J]. Chinese Journal of Experimental Traditional
Medical Formulae, 2024, 30(23): 187-194.] DOI: 10.13422/j.cnki.
syfjx.20241516.

Kedziora M, Boccella S, Marabese I, et al. Inhibition of
anandamide breakdown reduces pain and restores LTP and
monoamine levels in the rat hippocampus via the CB1 receptor
following osteoarthritis[J]. Neuropharmacology, 2023, 222:
109304. DOI: 10.1016/j.neuropharm.2022.109304.

Hara K, Nakamura M, Haranishi Y, et al. Antinociceptive effect
of intrathecal administration of hypotaurine in rat models of
inflammatory and neuropathic pain[J]. Amino Acids, 2012, 43(1):
397-404. DOI: 10.1007/s00726-011-1094-9.

Li ZZ, Zhao YD, Ma WG, et al. Adenosine triphosphate mediates
the pain tolerance effect of manual acupuncture at Zusanli (ST36)
in mice[J]. J Tradit Chin Med, 2024, 44(4): 660-669. DOI:
10.19852/j.cnki.jtem.20240626.003.

Matsuda M, Huh Y, Ji RR. Roles of inflammation, neurogenic
inflammation, and neuroinflammation in pain[J]. J Anesth, 2019,
33(1): 131-139. DOI: 10.1007/s00540-018-2579-4.

Turnbull J, Jha RR, Gowler PRW, et al. Serum levels of
hydroxylated metabolites of arachidonic acid cross—sectionally
and longitudinally predict knee pain progression: an observational
cohort study[J]. Osteoarthritis Cartilage, 2024, 32(8): 990-1000.
DOLI: 10.1016/j.joca.2024.04.006.

Kawasaki M, Sakai A, Ueta Y. Pain modulation by oxytocin[J].
Peptides, 2024, 179: 171263. DOI: 10.1016/j.peptides.
2024.171263.

Zhang Q, Li QC, Liu SY, et al. Glucagon—like peptide—1 receptor
agonist attenuates diabetic neuropathic pain via inhibition of
NOD-like receptor protein 3 inflammasome in brain microglia[J].
Diabetes Res Clin Pract, 2022, 186: 109806. DOI: 10.1016/
j-diabres.2022.109806.

A VUK L B ARH . A RIMOKSRYIXT 2 BB R /)N
B 2= 0 T A 30 308 B 1) 52 (D). 242 2 4 L 2021, 56(10):
2809-2816. [Zhao YL, Xu BJ, Lu DY, et al. Effects of mulberry
leaf water extract on the metabolism of arachidonic acid in type
2 diabetes mellitus mice[J]. Acta Pharmaceutica Sinica, 2021,

56(10): 2809-2816.] DOI: 10.16438/j.0513-4870.2021-0523.

Wk HAL: 2025407 A 03 H &R HE: 2026 4E 01 03 H
AR 2 B BT U

https://yxqy.whuznhmedj.com


https://pubmed.ncbi.nlm.nih.gov/36680937/
https://pubmed.ncbi.nlm.nih.gov/38945137/
https://cdmd.cnki.com.cn/Article/CDMD-10183-1025304658.htm
https://cdmd.cnki.com.cn/Article/CDMD-10183-1025304658.htm
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhISdHJjd3lqeWtmMjAyMTExMDIxGgh0cWNub3FtOA%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIPemd6eXp6MjAyMTEyMDE1Ggg1ZjdlcDZ5bw%3D%3D
https://pubmed.ncbi.nlm.nih.gov/37048176/
https://pubmed.ncbi.nlm.nih.gov/37048176/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhISYnFleWtkeHhiMjAyMTA2MDE5Ggh1d2lrMnJmYw%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhISYnFleWtkeHhiMjAyMTA2MDE5Ggh1d2lrMnJmYw%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIRemdzeWR3eGIyMDI1MDUwMDIaCGdjYWhhNXk4
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhIQemdteXh6ejIwMjExMzAwORoIenYzbXNrcDk%3D
https://pubmed.ncbi.nlm.nih.gov/35563035/
https://pubmed.ncbi.nlm.nih.gov/32842964/
https://pubmed.ncbi.nlm.nih.gov/32842964/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhISemdzeWZqeHp6MjAyNDIzMDIzGghranR3OHBzNQ%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhISemdzeWZqeHp6MjAyNDIzMDIzGghranR3OHBzNQ%3D%3D
https://pubmed.ncbi.nlm.nih.gov/36341807/
https://pubmed.ncbi.nlm.nih.gov/21971909/
https://pubmed.ncbi.nlm.nih.gov/39066526/
https://pubmed.ncbi.nlm.nih.gov/30448975/
https://pubmed.ncbi.nlm.nih.gov/38648876/
https://pubmed.ncbi.nlm.nih.gov/38897354/
https://pubmed.ncbi.nlm.nih.gov/38897354/
https://pubmed.ncbi.nlm.nih.gov/35240228/
https://pubmed.ncbi.nlm.nih.gov/35240228/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDExMjE3MDQyNhINeXh4YjIwMjExMDAyMhoIMzNkbWIxcnQ%3D

