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Abstract: Objective To explore the metabolic regulatory effects of different administration methods of brucine-loaded microneedles
on rats with collagen-induced arthritis (CIA) through synovial fluid and serum metabolomics, and to provide experimental evidence
for elucidating the mechanism of brucine-loaded microneedles in the treatment of rheumatoid arthritis (RA). Methods The non-
targeted metabolomics method of ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was
adopted. The control group, brucine-loaded hydrogel acupoint microneedles group (XWMN), brucine-loaded hydrogel non-acupoint
microneedles group (FXWMN), blank microneedles group (KBMN) and traditional acupuncture group (ZC) were respectively
compared with model group. The changes in the profiles of endogenous metabolites in the synovial fluid and serum of CIA rats after
intervention were systematically analyzed. Results Based on the screening of synovial fluid metabolomics, differential metabolites
were obtained for comparison between each treatment group and the model group. Analysis of the reversal trends of the differential
metabolites showed that, compared with model group, three metabolites in XWMN group, five in FXWMN group, three in KBMN
group, and three in ZC group were significantly restored toward normal levels. The metabolic regulation of XWMN group mainly
involved the cyclic adenosine monophosphate (cAMP) signaling pathway, butyrate metabolism, nucleotide metabolism and other
pathways, with a higher number of enriched pathways compared to other treatment groups. Based on serum metabolomics screening,
differential metabolites were obtained for comparison between each treatment group and the model group. Through the analysis of the
regression trend of differential metabolites, it was found that compared with model group, five metabolites in XWMN group showed
significant regression, 15 metabolites in FXWMN group showed significant regression, 12 metabolites in KBMN group showed
significant regression, and three metabolites in ZC group showed significant regression; The metabolic regulation of XWMN group
mainly involved key pathogenic pathways such as purine metabolism and arachidonic acid metabolism in RA, while FXWMN group
involved three pathways including purine metabolism and ABC transporter pathway, and KBMN group involves seven metabolic
pathways including purine metabolism and linoleic acid metabolism. Conclusion Different administration methods of brucine-loaded
microneedles can modulate the aberrant metabolism in CIA rats to varying degrees. Notably, acupoint administration of brucine-loaded
microneedles exerts anti-inflammatory effects and regulates immune cell differentiation by modulating the expression of metabolites
such as 3-hydroxybutyrate and deoxycytidine in synovial fluid, thereby influencing pathways like cAMP signaling, butanoate
metabolism, and nucleotide metabolism. Concurrently, it exerts anti-inflammatory effects by modulating serum metabolic pathways
including purine metabolism and arachidonic acid metabolism. Compared with non-acupoint administration, blank-microneedle
treatment and traditional acupuncture, acupoint administration demonstrates a more prominent modulatory effect on key pathogenic
pathways (e.g., purine metabolism, arachidonic acid metabolism).

Key words: brucine; hydrogel microneedles; rheumatoid arthritis; synovial fluid; serum metabolomics; purine metabolism; arachidonic

acid metabolism; cAMP signaling pathway
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L B I 1) 2% 5 R 1 B K 8 I8 XA B ET (brucine-
loaded hydrogel acupoint microneedles , Bru-
HFAMD i 25 R 45, iE S H B A R LM Ge
Pt RA J7 30100,

WG, T BRI I A T /R X
DRGSR =0, BRLER IR T R AR ) 1A
RS DI SN & DA R 1 W G U R Aw
AERS O S WA SaR IR N Rk 7D L BN E 7wl
ST AT RN, A BT B B AL R T
RA TERIMLH. T Uk, A5 R mfoA (i B
)51 Cultra-high performance liquid chromatography-
tandem mass spectrometry, UPLC-MS/MS) #4745l ,
RG050 T Bru-HFAM X S5 75 S0 56715 48 (collagen-
induced arthritis, CIA) K BUIE BRI S LI A T 1)
s, R 25 AR AT A DGR IE S, BAEM
R TH [ B Bru-HFAM 697 RA FITEFMLE], A
2 2 R GG R AR L S IR A o
1 M8
1.1 B4

SPF ZMEYE Wistar KB, 4 5iHE 200~220 g,
W B DUE (AbsD) AR AR AR, SKIREiY)
AEFEYFRIIES SCXK () 2024-0001, i &&
FEIES No.110324251104104825. sh¥WTsh¥ b
BFE, R ERK, STt KRR, s
SR, BMRE, IR 1 R
NI L TN TR R 2 AR RS st (b
5 SY2025128).

1.2 @5

LR o0 R O E 2040 99.83%, #its
21110417 W B AR RS AV ARG PR A W] ;
LI (65 20221008 1 H R i T KU 225
HARAR: HEE ('S C15280410) WH LiEd
FEARAEHE R AR AF ;s TTAKRENE s
D10GS170933). #hIRAEH ] (b5 SLCQ7622). 4
AR EEA (IS L22S11C125306) T E FiE
HAYIRHEA TR A A AR R K (35 D23081504)
T E SN EME 25 A FRA ] .

1.3 {42&

Y339 BU{% 3% PDMS T HE (H MR 24
BHEARAT); ACQUITY UPLC i i R AH (it
1 (£ Waters A F]); KQ-500DE AU %7 /il
HEvEEE (BRI A IERARA D AE/240 Bt
T F—HTRF (LR A RARD;

CMA 4004 Syrin Pump B I 7. MAB 85 %Y
IR XGE TE SRR DRARFHEM R (KO F
FRAF]; 8010436 BUZEMEFREN (it CMA A7)
UHPLC-Orbitrap Exploris 240 7 /&5 R AH € 1 5
T AR B IH A5 48 J 3% ( 35 [E Thermo Fisher Scientific 2
A]); JIXDC-20 BB AT CRIEE SO K A
FRAF]D; LNG-T88 2 & APt 2.0k 4 1548 (K
GTTHESEEAES ); Centrifuge 5430R B ik 4
BN (fEE Eppendorf A ]

2 FHE

2.1 Bru-HFAM 95 &

SR FT IR ] £ 700, FREX 50 mg
BRI IR AL, N 10 mL 40% Z BE A LA 8, 13
BB TSR, &

FREL 0.15 g RUEBTHEMF, SH5IEITEMIR, T
2 mL BERTFIAR, ARSI EEERIK 30
min. /DEZIRIMNE LI 1.5 g K R FIia R
6mL, IAsisE, HERAIERERIE, T/
HH, T4 CokFafrEER, ik, kH, K
B 02 g AR, M 2mL S FHvasmiam, 5
RAFRIBIREYIS, HRET 4 CIKFELR,
TERRETE o P B VA WA 70 BT B AL,
4000 r/min &5.0> 10 min, 7ETHE2%H 15 24 h JFEL
H, JIN 105 CRATEMA P52 h, BURAA
ZER, B, B3 Bru-HFAM.

2.2 CIA #RFHIZ

FRECA 1T B BR R 1 50 mg, 5 25 mL VKSR
F (0.1 mol/L) JRAT, BLiil B &R N 2 mg/mL
SRS, TSeubnt 1d BH), HKELET 4 C
UKFEIS R, (AR VIR %ZEUH, T4 CiK
O ORI DR VR 2R R N A AR (25 mL) #B A 5E
SRR, REA, BEnaseE, S
MAEAIRES, HEAKPASYHL BIF 1 mg/mL
J2 DR LA o FIIR B9 T K R AT i 2 2 AR 4 0.3
mL BJFEFAFE R, FETE 7 RFERNsE .
R BRE VAL, D7 Ak BH e K T R A i A RS 2
23 B S%RY

W IE L) 0K FRBE AL AR LA . 2 it
H (KBMN) . B8+ ik 7K & R oA ik gt 4
( XWMN D) 5 5 1 B /K &t i JE /AL Rl eE 4
(FXWMN). {444 (zC), &M 6 H, HEL6
HIER KBRAERNMIRA ., F k% 7 d K
HIRG 2, LH25TT 1 d FURRIBR KRR A G R ER .
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Xof R ZH RO B 2 T K R S 2 I B DT AR LR U
PRAHEEIK s KBMN AT KA JE 22 = HAabs T
1 a3 AfEr, 5-dAR, $84E 25 d; XWMN 4T K
A fE R R = AN T 1 B Er, SdAR,
FrEieh 24 25d; FXWMN A+ KR A 5 e R
WIRIALSE T 1 R 2tk 5 ARk, FREReh#5 25d;
7C AT KRB = BRI ATEN R, IR EEHIE S
mm 7547, RAFIEATE, FANVEE, TR AR
FFTE 60 X/min, Jia%t 5 LK BB W it 52 A
1 W/dBl, Frse 25 d.
24 HEAXRE
24.1 GUENTRERBEAEA  T425 25 d 45K
J& s WK BT OB AT R . K OE TR
NI K BT, BRI S BA 1.5 pL/min
T R VE SR HE AR BB 1 h, DAIRIRAR R NG Rt
WU R RIS, FEmEE KR T se 2 LA
&, S TN E S KRR, KR
AR RR S, RRFERIRG N 30 min, ESER
£E 480 minl!!4l,
242 MIEFEARSE WREEEES R G, AR
B ip 2% L L AN R, ol FH A5 E 2 SR L A
MEEDCR M. T=iREE 1h, 4°C. 3000 r/min
20 10 min, HUEJEW, T-80 CLRAF.
2.5 HEARQIE

Iy B ZEIEL 100 uL ¥ B 0ORD S RE A B T
1L5mL B0 B, JIAE 0.02 mg/mL L-2-5 KA R
PRI - (10 1) ¥ 400 uL, JRE1)E, 5 C
HARE 30 min, T-20 CyKFEKE 30 min. T
4 CrpdEs.0 15 min, W EIER, BARTE,
F 50% 28581, T 5 CHAXE S min, 4 C
B0 10 min, PR EIEWHE TGRSR, BT
INIFFUE AL BT A, 23 B AR EE IR
20 uL B3R G S, /F 9 245 (quality control,
QC) FEA,
2.6 UPLC-MS/MS #&30
2.6.1 i Acquity UPLC HSS T3 it 4
(100 mmX2.1 mm, 1.8 um); st A N 95%K+
5% ME (5 0.1%H TR, B N 47.5% N +47.5% 5
PIEE+5%7K (& 0.1% TR, BhFEPENE: 0~1.5 min,
100%~95% A; 1.5~2 min, 95%~90% A; 2~4.5
min, 90%~70%A; 4.5~5min, 70%~0A; 5~6.3
min, 100% B; 6.3~6.4 min, 0~100% A ; 6.4~8 min,
100% A; AFURE 0.40 mL/min; #EFEE 3 uL; A

&40 C.
262 ik MBS & 7R Celectro-spray
ionization, ESD; VL m/z70~1050; $5 4k
LR 60 arb; B UARIRE 20 arb; HBHN
FGEE 350 C; IEBS RIS fL Ik 3 400 V; it
BT R -3 000 V, B TR S IR
320 'C, HA—fbAEERE 20, 40, 60V: —ZRIE T
P2 60 000, —ZJ5iE 3 15 000.
2.7 HEALES SN

B R IEEHRZ Progenesis QI v3.0 U424k
TR, AR B A R B I R A,
it B S A S 2 2 (5 BB IS . R k4T
H—ALALBE, 2 oGt ortir. R AL
FIEEME, KB 58 OB IE R B B A 5 P n PATE
fili o SR FH G I B 1 3 18053 73 A1 (principal components
analysis, PCA) H]J5 25 SEREAL [ BEAR ARG AN
BRI E . itk — B A IR B AR 2 AR
22 5, R IR A i fe /Iy — 3= 4053 43 4t Corthogonal
partial least squares-discriminant analysis, OPLS-DA)
B e IR DD ANHH G AR 53 IR B2 - OPLS-DA 57
AR 2 H e d AN - ) 4y B Cpartial least
squares, PLS-DA) J7iEAR I K, @it 5] N IEALE
TROEROR, MR AR A AR B i) AR R R
( variable importance in projection, VIP ) DL X
student’s ¢ Ky IR MEZRAE, REAEAS 20 IR 22 (5 B+ T
H TR BTy, AT BE AT R 0 12 4 2 ) 22 S d 2
AR . Hoh VIP>1 H P<<0.05, % Ff54 (fold
change, FC) >1.5 H FC<1/1.515), RSD<<30%lt
Y, B ARA G 2 A .
2.8 Bru-HFAM T CIA KRBIRGN§iEEK
S

e H 1) 22 AR § N Majorbio ¥ &, J
BT Hlls PEJT A b S ACHRE B A, LA
X LG AR LE A= W) AU N 2% 7 BT 25 5 1) 3 L %
PEERY S-S
3 45
3.1 MFERHEBFESH
3.1.1 PCA &SR 104 QCHATIE. HE
NS T O K, EREOVEAE, 2 heEh
¥15), RUNASEREARSE, RENE LI fR it rT e
Bl sCHr . 3T KRB BB A A EdE, 18
i PCA #2857 7 Z et A, XERTIEZE . BRI
XWMN 4. FXWMN 41, KBMN 4K ZC 447
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R A SE 1 3 BB AR RYy 5IRE ) O 2
TG PRI TS . WEE 1 A 3 fioR, fEIE. s
TN, &AM MBATETH, R>0.9,
0*>0.4, UEABAYERE, TEE I nTEE. RiE—0
d

a b c e
40 ekt Lot
” .y Ay b wm ohom
< GO o SR ot T FXWMN
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z g 10 ‘ ) g & s :
= ol & / B ¥ S
g e g z 0 : 2 0 .
0] o 10 i gl -1
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Wjaen o s 20 ; 30 N R
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f e h i
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2 C i 7N |k ® ok o * i o
~ 0] — FXWMN s eqe 10 S KBMN b zC .QC
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g VAT s g | T e g i s
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as cv e g FIEE TR by di £ hy R TAREG ay bR ve STHRAL; o d-XWMN 4 vs A4 e FFXWMN 4 vs BRI ol
h-KBMN 4 vs #H 4L iy j-ZC 20 vs B B 3. 4. 9~11 [F.
a, c, e, g, i-positive ion mode; b, d, f, h, j-negative ion mode; a, b-model group vs control group; ¢, d-XWMN group vs model group; e, f-FXWMN group

vs model group; g, h-KBMN group vs model group; i, j-ZC group vs model group; Same as figs. 3, 4, 9—11.

2 PCARHE
Fig.2 PCA score plot

%=1 OPLS-DA #EEIASH
Table 1 Fitting parameters of OPLS-DA model
(L5 215 R R (* R¥(Q?
EEF BvsXf g 0.838 0.994 0.917 1.084
IEET XWMN vstk#Y 0.756 0.983 0.753 1.305
IEBT FXWMN vtk 0.607 0.988 0.892 1.108
IEE ¥ KBMN ystbifil 0.523 0.936 0.506 1.850
IEET ZC st 0.255 0.981 0.714 1.374
BT A vsxt 0.585 0.989 0.441 2.242
BT XWMN ystE 7l 0.741 0.993 0.861 1.153
1T FXWMN vystEi 7l 0.629 0.982 0.864 1.137
1B KBMN vty 0.660 0.993 0.679 1.462
BT ZC vslHiRl 0.614 0.989 0.890 1.111

ISAERET (A Rk, AEIE. A PR HIR &4
FEAHEAT 200 IR B A6, 25 Rl 4 s, Frf
BTGB Ry 5 QP AE T IR AR A AH B A3
A, H Q2 AL SHHAHAS T AU R 5, RIIREA
RHMEWEIMER, FFEEETRIER, i —
I 22 AR A IR 7 32k

3.1.3 ZERAEIN Venn 208 X 5 NELELLL)
ZE AR YIHAT Venn 7047, 25K W0E S B,
RUH ve XTIRARFA IR 2, A 55 Fh, B
T CIA KERAGH g R 2 ARs); Z2C A vs
TR R 1 22 e AR Y 2>, O 18 My 5 N



« 7702 « F8 B 2026108 $57% B 198  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 19
a b c d e
S S <
& O oo gg o S T, xwnn & «xwmn 100 Y
= o I‘ I\ ® i E 40 f .‘"u X E 2 I‘.\ L '*5@ @ b '*ﬁﬂ’? 50 ."‘. '&ﬂ
b=l . / ™ e | = = PR g / [ !
g 20 - A 5 2 ‘.‘i o 510 . g AN 2 ng Y ‘
& 0 i‘ O : é- 0 “'..‘ .“":.‘-‘; é. 01 g;—: 0 ‘ . o A :i
S | | ¥ S ! Y S-jols £E \ o] £8 ’ .
N =40 | - = oo g W S 2-50 ‘
27 S0 O &2 | g4 g
y S g\ 3 S
o g% 30 . -100
Co t1(35.5% © 30 -10 10 30 =20 -10 0 10 20 30 -40 20 0 20 40 -60 -20 20 60
mponent 1 (35.5%) Component 1 (17.1%) Component 1 (21.4%) Component 1 (29.7%) Component 1 (19.9%)
£ e h i
2100 3
S . 100 — ig e xc §10 - 7
) =1 [
= 50| - L o S 50 no Bl . o [egpm 100 o PRS0 o
5 ) (e b ! g o, ) 5 50 = e
g y f g2 AR =Rk « Ll =g > z | e
R H & o0 e EZ 0 wl B2 ord — . g 0
Lo) "-.'I '% é H gﬁg 20 ’: / %‘)% -50) ¥ b § I‘-. | Y
E 50 | O £-50 g g 40 o 4 g g Z 50 0
% ‘ g £ 40 : £-100 g \ )
] @] 3 3 2
5100 -100 © 50 Ssl - g0
. 40 20 0 20 4 60 20 20 60 40 20 0 20 40 020020 60
Component 1 (27.8%) Component 1 (14.0%) Component 1 (18.5%) Component 1 (15.1%) Component 1 (194%)
El3 OPLS-DA B4E
Fig.3 OPLS-DA score plot
a c e g i
15 15 12 e 15 15 e
0,5“";"'i : ' L l 0 G R I 0. S o o o oy e .”l = Sl
- = ; - i SIS B S o 05 :
Qs H P Qs I S I ‘ o D 5] I ! H Q15 L
i i 15 R 4 i & 1 2 P _ N
s HE G Atk s LA i Cog L = 1) . =25
s = g -25 ‘ 5 71:2 [ 51 -35
S i e L S N ST R T o TS | R
0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10
KR EL KR EL K7 N % . EY
j
ELEEEY BEEE | | L L ] 1‘5- . . - 1-5-- R | . SRR R
' I 8 e 05§ ! I | ST s 1{[{ i g
b . . : .
1 l l Gl Y it g Pl
] : H = !
i = s R =15 I
251 2 ’
L S ATl ey ]| R ol s R Rl o g | T Dt 8s
0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10
AR R AR R AL B30 AR R AL [P 3

El 4 OPLS-DA Biibi[E
Fig. 4 OPLS-DA substitution test plot

XWMN vs 5%

MR vs Xof R FXWMN vs f570
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5 EXZKHEM Venn

Fig.5 Venn diagram of differential metabolites

A LA 2 A . WA % 4 T T e T
(AR B BRI B — R 1

314 zERREYTE @A R E R OPLS-DA
FERU RN LE /0BT (Student test) AHZE AT, L

M|

VIP=1. P<<0.05. FC>1.5 H FC /NT 1/1.5 A%
e, FEIE. D TR X 4 ) 2= S A it AT
ik, S5RaE 6 Fras, AR v X IR ZH 22 AR
YBCEISE] 74 R, L 30 Fh, R 44 Ff; KBMN
Y vs BRI ILGH 52 Fh 22 AR, B 33 Fl,
N 19 Fl; XWMN 2 vs AR 2H L0 H 83 Fh 22 52
R, 0 39 B, NUE 44 B, RIS ZRE
i W NE CIA KRB E:; FXWMN 4 vs
TR 2H 7 th 22 AR Bk 130, i 66 B,
T 64 B, 2T XWMN 4, #B 2 sz R
S AR BHS R AAE R X B, A AT R
FEE AW Bk KA R RN EER]: ZC vs B
RUZH 22 e ARUADIE 53 Bl B 24 B, R 29 F,
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Fig. 6 Statistical chart of differential metabolite counts
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FKEHE FAEX I, HFIEBM 7 S5 EH
FHAFE, XM EH RGN TR LK
R 2577 Pl R R e s, AR A AR H
BLHIER A T 14 .

3.5 ERREMNERE AT EGHE Y Bru-
HFAM [IEFNLH], K XWMN 41 vs BRI
FXWMN £ vs i 54] .KBMN 42H vs B4 L 2 2C
H vs BRI 1) 22 AR 23 5l S A vs X REAH
(2 AR HE4T Venn 4381, BE— Bk 1S F
XWMN vs #BIHA 3 iAo 8 35 [B1 3,
FXWMN @4 vs BERHE 5 FRY8E 2% 1,
KBMN 4 vs R 3 PR 4 22 [F1H, ZC
Hovs BEIHA 3 AR R R (R 2D,

*2 SREUE v WRABERAEREERFNERRGY

Table 2 Significant differences in metabolites that showed a significant increase in each administration group compared to

model group vs control group

ZH 5] ik PfE FCIH A
XWMN vyst5i R J A 0.027 12.124 )
3-BRETIR 0.045 3.164 1
DG(PGE2/a-17 : 0/0 : 0) 0.011 0.336 !
FXWMN vst5i 5 3-BRETIR 0.010 4.357 1
RERRT 0.021 4.733 !
(£)-9-HpODE 0.006 0.503 !
10-F2 25818 0.014 3.067 !
i 2 e 2 2H S R 0.047 0.029 !
KBMN vs#i 7l RETIR 0.029 2.730 l
10-F2 25818 0.014 1.944 !
dihydroneopterin phosphate 0.009 0.531 l
ZC vstHiTY TR H 0.049 2.077 !
12-HETE 0.012 0.276 l
10-F2 35818 0.000 3.103 !

A7 FoR b, 7 JORTE; ABBRAX TRIIA v MAR ZRAWY; K5 FH.

“1” indicates upregulated, “|” indicates downregulated; Change trend refers to the differences in metabolites between model group vs control group; Same

as table 5.

316 ERANMRI I =R
R, Wl 7 Fron, SXRAME, B
ARU R AR AR R 25 23T, R CTA K R AR 7 Al
1, FEHAEBIRIRE N, KRB & A4
Ao TN LRT R, AR R R HE A
YR MY, X RIREIRRY, P
i I 2= A BT R AT 5E 1, Bru-HFAM
IR SRR AL RAT @ A IE1E A
FEAR A 28 2520 LS HoAth & B BT il 2 245 1) 405
T, SR T CIA KA R B &2 o 2e, 3
A kT IAS B LA B AR e . HE—2P

X LA R 25 2575 I RER PT WL, XWMN 41 17E [B] 3
S A 7 TH R B MY B R A RS I B,
FXWMN 41 5] 2 MRy B, (HHBE
FALTFAFTX A . X —IRIER, SR A
HARp A am G E R, R Y EE T, SR
A2 5 RA M OCHIRRE RN . 2R G RE D
Hréh R, Bru-HFAM 70 45 2 RERS (RS RA FHOCAR S
YN BLRAS 10) IE 8 A B AR E,  H XA RIBAE
XA BN BRI EA . RIZITVETT AR
T AR KT S A R R, JE4h
HIALRE IR, L ERIERT RA BISGETER .
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Fig. 7 Cluster heatmaps of differential metabolites in each group
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Table 3 KEGG enrichment pathways of differential

metabolites in each group

AR, EESTRAM. RHERAE. Sk

MR AR . BRPET. BARMIEE AT >, H

TR BRI AEA R M ERAE G K
5 24 SRR MR . ISR 3 B, XWMN 45
L1553 5 2@ M, FXWMN 41753 2 2518 %, KBMN
HAFH) 4 kiR, ZC H1FE] 3 2iEEE. XWMN 4H
Z 5B BEEL THAML 24, KW Bru-HFAM
TN L 2 AT eIl R 2 Al KA RA, JRHETT
%LLAuﬂﬁﬂﬁfmmnﬁﬁ%ﬁﬁ@FRA

2053 B Pli
XWMN W e A 0.028
T AU 0.020

R 0.025

ABCH15 2% 0.058

cAMP{E 5@ 0.011

FXWMN T AU 0.010
cAMP{E 5l % 0.005

KBMN TR 0.020
R AE ) B B 0.025

MBI F R A K 0.136

cAMP{5 il i 0.011

zC TE2E VUG R AR 0.017
B SIS [ B A B 0.005

it [ i 1) 5 R 3 0.005
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Fig. 9 PCA analysis diagram among different groups
3.2.2 OPLS-DA 45 KR4 vs XTHEA . %4 OPLS-DA A &SH
XWMN 2H vs #7820 . FXWMN 4 vs B 2H . KBMN Table 4 Fitting parameters of OPLS-DA model
21 vs B . ZC 4 vs BRI EAT IR L, &4 53N il Rx Ry O RWQO
o IEET Bt i 0.143 0.568 0.306 1.856
e A Y e A =
BARMEZEOLR 4, IE, RETEGUT, Bk ZC 4 ST XWMNwsti 0103 0.660 0016 42.038
vs TR SR ve SFHERZE AL, 2% Hed 4l 2 8] f) BT FXWMN kil 0212 0701 0574 1.221
o s - EET KBMN pstify 0.277 0.719 0.604 1.190
2 ds e )RR R . [ K R o+ HE sl N
R YZBUEU %%*ﬁciﬁ*ﬁz?ﬁ(lﬁl, Bﬂ’:’]‘%i?ﬂ vs Xj‘lﬂ\\\ J‘_El‘-i‘%% 7C VS*?:?Q 0.136 0.472 0.181 2608
ZH. XWMN 41 vs #HIH . ZC 2H vs FERIZHAE IE BT MR st B 0.160 0.820 0515 1.592
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4 BinpA 1 TS S
THRAR ZC Hlvs *%f ’Hfb T fﬂ:ﬂf)‘]?% fBF FXWMN sl 0253 0.883 0.767 1.151
A, HARALEIE, B TR 02=0.5, g B 7 KBMNwshi® 0172 0765 0.500 1.530
Py = He —+ = Xl
g, F. A RaRasSE (8 10) HEiEE MET ZC ystERY 0.172 0.835 0.470 1.777

E, HREAREIDAAEEGEA, RYISAZENE KT EESEAMER S, B 0? FAL S5 HEHHEE
AEAN 2R, HEFERVIE. LERRRSR  TEATY, RUBACRHIEMERS, &5
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Fig. 11 Permutation test diagrams of OPLS-DA for each comparison group
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Fig. 13 Venn diagram of differential metabolites

2RI R F M, FXWMN 45 15 fhz
) 2% 91, KBMN 4045 12 Fh2E AR B 2
i, ZCHAH 3 MERREWEZ R (&S5,
W% 2H I I ) 22 AR AT SR A T, WL
K 14,

3.24 KEGG B&H#intr AR 5% R
WIS 2 YT KEGG &40, &6
fiias, ARAIZH vs o BRI E A3 29 AR UTE %,
Horp B2 F AE I IRBRAR U . FEFPEIRBE . i
P K AF R TTIR -0 R 25 - A B A H =
B 2 F RN B A A DU IR R AR 7 264X
R . XIS EAE A T IREN SR . BRR S
RS, MM 5 E0 IR AR R G B iR . XWMN

x5 SREUE v WRABERAEREERFNERRGY

Table 5 Significant differences in metabolites that showed a significant increase in each administration group compared to

model group vs control group

45 IANiEZ) PlE FCIH A s
XWMN stk B 11-dehydro-thromboxane B2 0.002 40.006 1
BAZ Tt I H 0.050 6.555 1
PREEMR 0.022 2.123 0
DG(TXB2/i-18 : 0/0 : 0) 0.025 0.537 !
Ni- LA 0.023 1.996 1
FXWMN vstB  LysoPS(20 : 4) 0.002 0.459 1
PI(6-keto-PGF10/16 : 0) 0.006 2.110 1
LysoPS(18 : 2) 0.018 0.549 !
PI[6-keto-PGF10/22 : 4(7Z,10Z,13Z,16Z)] 0.008 0.220 !
4-RIBRH AR 0.002 0.282 !
PREEMR 0.000 0.164 1
3-FR-4- FH-5- P L g [ I 12 0.001 0.467 !
A2 I H 0.026 0.019 !
PI(6-keto-Pgfla/20 : 0) 0.005 0.399 l
H S 0.011 0.461 !
v-glutamylaspartic acid 0.025 2.351 )
Ni- LR 0.001 0.247 !
(Z£)-dodec-5-enedioic acid 0.007 0.163 !
- I AT 0.019 0.482 !
LysoPS(20 : 3) 0.014 0.571 !
KBMN vyst# 7 PS[5-iso-PGF2V1/22 . 6(4Z,72,10Z,13Z,16Z,192)] 0.030 1.987 1
GPCho(22 : 6/18 : 2) 0.002 2.279 1
PC[18 : 1(92)/14 : 0] 0.007 4.444 1
PI[6-keto-PGF1a/22 : 4(7Z,10Z,13Z,16Z)] 0.019 0.322 1
A- PRI AR 0.003 0.319 1
1-(6-aminopurin-9-yl)-5-methylpyrimidine-2,4-dione 0.023 0.493 !
3-FR-4- F -5 P HE R Mg T3 P 0.005 0.593 1
v-glutamylaspartic acid 0.030 2.302 )
AL 2Tk ok H 0.028 0.038 !
(Z)-dodec-5-enedioic acid 0.011 0.241 !
PRAYETR 0.001 0.247 !
PS[5-is0-PGF2V1/20 : 3(5Z,82,11Z)] 0.037 1.958 0
ZC vstETY PI(6-keto-PGF1a/16 : 0) 0.002 2.160 1
PS[5-is0-PGF2V1/22 : 6(42,77,10Z,13Z,16Z,192)] 0.043 1.960 1
Ni- BV S 0.035 0.575 1
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LR SHRA B R EE A ME IR
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F 9 R S L, T T R U 4 ) b 9B R BB B o
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WKLY RA 18V SORE R IR, BLAA S 40
HIGGE, AT AR A R & B KR
Ab, RA HERE R ALY R -7 P2 s 7 2 2300 ik
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2 IR AL, 85T Bru-HFAM XA A AH Ol
FR TR F A R HIRIT RA B EZEA L.
THIEAE Y RA S 5 R 85K, Ho b= A i)
TR R T IR T Re B oCE 2, HIREE
25 RA Bk e #2121, 5T, R4t
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3 IR T E R . X 3 Abopl 3 R AR
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il B R AN I B S AL, FENTE R S A B R T ST
TP 32, X RAEVENIG A LR RS2 1 ROE
PEBR BA R R R 1 A COS 1, EERRE,

3R TRILAZE TRMAMS cAMP 15 5l B 1)
4%, $27R Bru-HFAM XAz 45 24 nlE i kR T IR AR
5 cAMP {5 Sl I IEH ThRE, 5 JAEHH] 18 HE
TR RN, 2 YERE 22 ff RA BRI . A D
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WAL, EHAR RS R B AR )R 2 R
XWMN 418 2% HEASHYER 5, ARl
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