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W OE: BW WEE AR Tripterygium wilfordii JEHI TGRS 5 S B CHT% (collagen-induced arthritis, CIA) R K R
RIS, JF3 TR S 5BEARR/ M N 2E K 7 (vascular endothelial growth factor, VEGF) #E(E 5@ BILFEHRERE
ATERRHI RGN . 53k RAKREREE R g4 1 BREIAFIE S CIA KERBEL, 54 TR IR . FA
TR AR S SR . TR AN TR i S R BV TT 20 do JE I R BRI S . ST RVPAr L B B4/ F-1P (interleukin-1B,
IL-1B) 7KF ¥ m EA LI WA 2528 SR AR 2 25 AR 2% AL (8] PR AR 22 e EAT 3R AE s ASL IV I v 33 B IR i L Pl
(succinate dehydrogenase, SDH) /7 UL X BEHARR AN 'S SRR IN & & SR S 2B AL iR R vg I 4H 23 VEGFA.  IL/MR- P B2 24
M43 F (platelet endothelial cell adhesion molecule-1, CD31) Kik. AR SHEMAE, TFABRA M SRIAHALE
] it BRI ZEL K B P i B RN G 2P o R PRI (P<<0.05), IfLiF 1 IL-1B KR E B (P<0.05), TEREALZUm L
ARHTRIREE, TP PR S R R AL (P<0.05), SDH iU HIRE, B VEGFA fI CD31 Fik w3 T (P<
0.05). SR IRIUA LR, AR SR SE Y2 SDH 75 10 Wk, HAR & DR bR A B M AR (P<<0.05).

RUIH A RRI, WEBLH PR H 15 DMZERREY), SREWIIWEITE, 6 M ZERMEYEMRTHAP BRI (P<
0.05), H 54 i SR EZA b B B S IR 4L (P<<0.05). XSRS & THER . REARNRRARED &
R BERRAH . RREAW. LAV . £ MG EBEIRSEH A BN CIA BEUR R G 8CER, HEERL
HIFTRe S INESETR . RARMN R RAREY G, OERAS, RN, A RRAENREAE . FAMA T
JRIAMR/VEGF {5 5@ B U R RIRIRTT &, BRI PTG 5 ER A R X A5 5 38 B 1) PR 45 T RSB IG A E A .

KRR AR R RRUBSST A AR BRI/ A N R AR TS SR 18 dE-2,5,8- = FAE-9-Z 1-1-
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Enhancing efficacy mechanism of roasted Tripterygium wilfordii based on
metabolomics and succinate/VEGF signal pathway
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Abstract: Objective To explore the enhancing efficacy mechanism of roasted Tripterygium wilfordii (TW) based on metabolomics
and succinate/vascular endothelial growth factor (VEGF) signal pathway by observing the effect of TW before and after roasting on
collagen-induced arthritis (CIA) model rats. Methods CIA model rats were induced by hypodermic injecting with bovine type II

collagen emulsion into the tails of rats and then treated with dexamethasone acetate, total extract of TW and total extract of roasted TW
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for 20 d. The curative effect was assessed by paw swelling, arthritis scores, serum levels of interleukin-1p (IL-1B) and pathological
sections of synovial tissue. The differences in metabolic expression profiles among groups were characterized based on metabolomics.
Succinate dehydrogenase (SDH) viability as well as succinate and fumarate content in synovial tissue were detected. The expressions
of VEGFA and platelet endothelial cell adhesion molecule-1 (CD31) in synovial tissue was measured by immunohistochemistry.
Results Compared with model group, paw swelling and arthritis scores in total extract and roasted total extract groups were
significantly decreased (P < 0.05), interleukin-1p level in serum was significantly decreased (P < 0.05), synovial histopathological
changes were ameliorated, content of succinate in synovium was significantly decreased (P < 0.05), SDH activity was not significantly
changed, expressions of VEGFA and CD31 in synovium were significantly decreased (P < 0.05). Compared with total extract group,
SDH activity in roasted total extract group had no obvious change, and the other indexes were obviously closer to the control group
(P < 0.05). The metabolomics results showed that a total of 15 differential metabolites were screened from the model group. Among
them, six differential metabolites were significantly callback compared to the model group after treatment with roasted total extract.
Moreover, the levels of these six metabolites in roasted total extract group were significantly closer to the levels in control group than
in total extract group (P < 0.05). The results indicated that these metabolite changes involved valine, leucine and isoleucine
biosynthesis, tryptophan metabolism, energy metabolism and arachidonic acid metabolism. Conclusion Roasting is able to improve
the therapeutic effect of TW on CIA model rats. The enhancing efficacy mechanism may be related to the regulation of valine, leucine
and isoleucine biosynthesis, tryptophan metabolism, energy metabolism and arachidonic acid metabolic pathways. TW modulates the
succinate/VEGF inflammatory signal pathway to improve rheumatoid arthritis. Roasting enhances the anti-rheumatoid arthritis effect
of TW by regulating succinate/VEGF signal pathway.
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KRIE R4 (rheumatoid arthritis, RA) &—
PRSIt B 5 S e Ve, DA TR FEE 4 i R I A
AR EERERHME, RABSERER SHREN,
PAdivh, =ik 80% (1) RA EEH A —Fhak 2 F I &IE,
M-S B A A A 2. 7R s AR R R AN AR VR
Fie, &R UTERaE. BET, TR
T RA W25 22 B RIS PR 2. B
YR AR ARPTR 2G . BER RS, KA
KL R RN %, HIByT IR, B
PLUIREE, FEURITRERAERL Btk FFk mRUE
P25 RIGIT RA B EEE L

WA Tripterygium wilfordii Hook. f. 8 T Bl &
ATEIBHEY), BARENERE. WIS AR
filE g A HAET . HAREH 1969 FFRAYE 2 N H]
T RA WRYT, JTRURE, ZENIGIT RA I EIEGHR
IR 2G0T, SR, FRARENI. B OME RS, W
IRESG MRS EIERREHWHRE, R
T MR ST, AR R A T R IR B A
FRAS R RSEEL /DN, 89T VR DG 2 B AR W2 L
ALY, SR MRS E A R IR 3 25 FH LA i AN
o AU ZEELS RA KA K R () L EH A,
RA KA AR 2 52 ma BT ) 2 AN 842, AL
A= R, AR 0T R G251

N RA FIAITHRAEH B RK 10, BRFARR 2 fE it
W SRR AR B AU =), AR EZH 2 i
HERUZ RA AT HARKT R &, g2 S
BT MBS B AR Ak () G B DR 3 2 — [ TSR B, 4]
TR FA IR A HE A AT BRI N B2 AE K R F- (vascular
endothelial growth factor, VEGF) 7= A5 Filye e 21
HH P R R AL, P I A, TG RA2L,
BREARR v R A —NEBAENE 5 70 R 5 I8 ¥
AEBRRERK . FET I, ARSIRE IR S A %
(collagen-induced arthritis, CIA) KRR PLIEA 4
HIHT G B ATRIATT RA BT R, [FII 3ET4R4
P HISHR/VEGE  20EE Sl B L [FPR 1 7 A eI
Pt RA (R34 800 AL o
1 #
1.1 B

SPF 2RI SD KRR 35 H, #R&E 170~190 g,
V) B W R R sk SRS SN A IR A |], VRRTHIE S
SCXK (#%) 2019-0004. sh¥n@&RiEmEFE 7 d & H
FSL8, WE 23~26 C, FHXHEE 50%~70%. 3]
VISRIG 28 VLT P B2 25 K22 SR S e B2 0 s it
(Ht#ES JZLLSC20220515).
1.2 ##

TR AR 2, SULAPELG K
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SRR B S N P RHE R AR T wilfordii
Hook. f.FIHR .
1.3 AR5

Bt 2K by (35 20210601 W EH ¥ 2 1
WORTIZ AR TUE AR s SIS 1-25E-2,5,8-=
HHEE-9-Zj . tripfordine A, T ABEEW. AR
T ORISR A S = E ], 5 H35 > 98%; W R
mE AL R (IS FY210927). FEAMEF R (it
5 FY140320). THAMNEEE (5 FY140325)
K AR REE (LS FY 140323) F406 [ 48 P 3
N EHE G IR A, & 535 >98%; BRHIHR
(k5 MUST-11052307)8 F R # 2 Wrks A= ¥ BH
AIRAF; &5 (iS5 F-016-170426) 4 H &
#onsF AR ARAR: 4 1RKRE (S
20022). AZEAH MR (5 7002) B H %
Chondrex 2 7] ; H#Hfii 4 % -1 (interleukin-16,
IL-1B) #EMHERFI & (45 20221025). BEFIER L
2 (succinate dehydrogenase, SDH) #& il 71 &
(b5 20221017) 0 H R A& R TR A
Frs B ORGEZ, fitS C11976742) T H &
Merck A wl; HEE (i, #5 £2017082), H
fe (g, #5 12022123) B E FiETH T
AR A R A 7l s VEGFA $ifk (Hit5
19003-1-AP) 4[4 2 [# Proteintech A ] [/ -
WO 40 i B Bt 2> 7 (platelet endothelial cell
adhesion molecule-1, CD31) #$iik (#t 5 Bs-
0468R) . M FEbric th PRyl (LS bs-
0295G-Bio)+ HRP Frid# &R MK (L5 bs-
0437P-HRP) ¥ B At 5 i R W H AR AR A
Al CEREEBOR IR AR & (S ZL1-9017)
T H AL AL S E ARG IRA A .
1.4 45

Acquity UPLC iAH 3% 5245, Q-TOF SYNAPT
G2 HDMS 2 JFi 4% (3£ E Waters A 7] ); Milli-Q &
AKX (32 E MilliPore A 7] )5 Agilent1260 15
RO 4% (35 Agilent /A 7] ); SPARK 10M 74
Z IREREFRY (Bt TECAN A#]); YLS-7B # ¢
Sk 5 AR A (5 B 2l R B A S A FRA ®1D s MF43
BB . MC50 B B &0 24t (I
B RHE AR AFD.
2 Rk
2.1 AYHE

Fi HRACUR LA i AT 96 07 V) 46 T A TR AR i A

FEHUY) (total extract, TE) A 1] H s H2 BV (roasted
total extract, RTE) 81, W85 A BRAR Z5 64004 2 45,
He 1 ARy SaE, BEEEL 03 em, T
200 “CHIMEAE PR 45 min, HOEEHE . ¥
2 JE I AL B (R 256 RN R AL EE R 25 64 43 DI, 1)
KH 5 A5 70% OBERIRIEI 3 X (1.5. 154 1h),
PG A ks, WUEZET, HIf3%] TE #1 RTE.
2.2 TE #1 RTE A 7R EENE

WIRE, FABEFR. HAENEER. 2o
TR 2T 2 DA R AR D TR A TR 1) 32 B AR 43 113-19),
VR ZH AR 78 R T A R T 3% I FLAR 404 1-
FAHE-2,58- = HIIE-9-Z5, LLI AV TR A R
il i 2 AR AR R 0O, ORI T R B 2 B
7. HARNESE . FABO R HABRE. FH
ITEED A REEW tripfordine A CEPHHO . 1-
F23£-2,5,8- = HIJE-9-Zj i 8 /N4 % TE F1 RTE i
AT G 53 W B il 5
221 XFHRSVAERPIH & R RREOT B A
FEF R, HARBNERE . HAROR . AR
AR TABE. tripfordine A, 1-F23E-
2,5,8- = WL O-Zjii& &, I BA R e 2%, Y
BT B BE A 1 mg/mL (5 R g 2. iR X
B 0.5 mL T 5 mL B, IR E 2,
BI85 0 ML B SR RV FE Ol 0.1 mg/mL VR 4546 A o
S
222 HHAMERIE] & RS FREC TE 0.1 g (A4
FA: 258 0.794 g). RTE 0.093 5 g (K24 T4 24541
0.794 g, HHEAMEESAT 10 mL &, R
#3 10 mg/mL TE L5 %A1 9.35 mg/mL RTE fi
WA AR
223 AT RS EIE N RS IR AR
AR VAR ) HPLC B3E, X tes»#t TE F1 RTE
w1 2B B IS B R R Ay SR A MR
FATHE AR, HARNERE . FARRLER.
AR T ARSI AT, tripfordine
A 1-583E-2,5,8- = H 5-9-Z5Md{E TE F1 RTE (1) %
&, B4 Diamonsil Cis faifH: (250 mmX4.6
mm, 5Sum), VAN 0.1%F R/KER (A) -G
(B), BHEWERL: 0~10min, 5%~25%B; 10~12.5
min, 25%~30.5% B; 12.5~30 min, 30.5%~47%
B: 30~47 min, 47%~72%B; 47~57min, 72%~
100% B; 57~60min, 100% B; &R & 1 mL/min;
R 218 nm; BEFEE 10 pLs FHIRAER .
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23 CIA KRERAIHIE

AR SRR A 1 77 S 1) CIA KRBT, o 4
PRAR 24 11 24 Jsg SV RN A 58 4 i IR IR vk
R F RS RV RS & L), BN 1
mg/mL. KRB WES 0.2 mL AL THIX
G, 7d JEREES 0.1 mL IR AL INER G0
24 TIERGTS

7 RKRAE SR (control, CON) 4H, Fl4
KBRS AR R Rz AR S e S AL A 2, CON 2
KT RIS R S S AR AR AR 3 R K . i f 28 Ja Bk
MEIE R DR SR BEHLIY 73 A8 (model, MOD)
2. BEERHZEKFS (dexamethasone acetate, DXMS)
‘H. TE 40F0 RTE 4, &4 7 2. SEIRL95 21 K
BURAERER 5, FFUEESE ig 2525 20 do CON 41A0
MOD H ig SEARFR 1) 5% B B 214k 2N, DXMS
4 ig BERGHLZEKNA 4.72 me/kg CREIEIRG AR ZER0GT &
#5), TE 4F1 RTE SRS g S 7045 2557
=0 ig 4.5 ghkg SR GRAEZjE) B,
2.5 MARRERAE

TARRG G WA IRIFEA, 4 K BIBNAC
Te, AR, WE 6 h MR, WEEFET
—80 CUKFATRAF. FFWERM R A HL 500 uL &I
FHEE OS], Wit 60s IBEWE, bid AR
Fedte 546, PTEFEM &I 500 uL, 730 B T )5
BT, 4 °C. 4000 r/min 250 10 min, b0 EE 3
mL, JAHE 3 min, 4 ‘C. 12000 r/min &.C» 15 min,
B3B3 mL, &SRS 0 EE 200 uL 55 .
S IEWGRTE 3 min 5, 4 ‘C. 12 000 r/min &0 15
min, B EIEWEE 2 A s T UPLC-Q-
TOF-MS 3#. R RAEWCEE 76 IR JE RRIE, R I
FE B KEM, KI5 =EEEFFE 1h, 3000 r/min &0
15 min, 7385 M35 FH T 2 RE R 7 IL-1B ARSI . e
BUR AT B LB BT 4%% 58 F s vp 3 5
2.6 MEIBFRRAENTTE
2.6.1 —BORGDNEE 7ol THBEEEHT . 52500, 45
2SI R BRI B0 BERES AT N
Ak S5 A AR AT L AR AE
2.6.2  GEMIKEEAGIN AR RIF 45245)E 0. 4.
8. 12, 16, 20d HI /2 Ak AR M A5 £ K B A2 ik 2%
B AT IR RISy X0 RIE o priEs: 0 4y
T 200 1 2 B B G TT H I 2
I3 M ER BB B I IR R 205 3 43 9 AR
FIPHE AT I 4 S BB, B R R A

FIZLM . KRBT RS KT 4 40, WRRIER
By, KBRS AmedEd 4 57, Hit15
SAREEIE 16 43

JE B Jb K FBE = A A 7 RSP S — A T B
RSP
2,63 IL-1B SRR TR S, R
ELISA &I yE H IL-18 B &
2.6.4 A 1% Waters Acquity UPLC
BEH Cig (a4 (50 mmX2.1 mm, 1.7 pm), %izh
A 0.1%HE/KIF (A) -5 0.1%FH BRI ZHE %
W (B, FAEWEM: 0~2min, 5% B; 2~16 min,
5%~29% B; 16~21 min, 29%~47% B; 21~24
min, 47%~80% B; 24~26 min, 80%~95% B; 26~
32 min, 95% B; 32~32.1 min, 95%~5%B; 32.1~
34min, 5%B; AR E 0.3 mL/min; SEFEE 3 pl;
FEIR 30 °C: FEAEIREE 10 Co

BRI N 120 °C, RAIEEFHARRR,
BYEHEN 3.0kV, HEFLHEE N4V, RETH
9 m/z 50~1000 LR 5T B PR 14 A B 51
I S A BRI HE AR EAT S R BAR IE . N REREA
rHT RGRRE I, FEAR LI T fd F B R AT
TIEEERGAE R RN IR R & S 500 pL
RETS. F—HE0F, SRR SR CARE AL
FFHEAT, DAIAMRZE .
2.6.5 HF B RIEBEALSUREZEIREN 4% 2 K H
it [ 52 I T 5 R0 IR 2R3k AT MR D5 A -
4L (HE) Jeft, fEMB TS EAF. B IF A
LU O o
2.6.6 VEELH LT SDH WE M M BRI NG & Bl g

(1) SDH &M = 44 IS 2H 23 FH v R R it
SLEPEEE Ky, AR BT EMA 10 I A B 3K
DA A3 . BURIELH 250300, 2 Ui I BRIl
SDH ji5 14

(2) BRFAmR & s 0): WREL 300 uL 5] 5
IINZER 0.5 mol/L RS BIRAIIS), MUK
10 min J5, 4 ‘C. 14000 r/min &0 20 min, _FiEW
BT 0.45 pm AL LSS g . 2K 1000
pumol/L IFREIE W, FH 0.45 um Tl LIk 8 22 3 8
Hih . HPLC 4r#r2%44: Ultimate AQ-Cis 01544,
L 0.02 mol/L Ml — SV (pH 2.5) NishtH
TSRS, AR E 1 mL/min, %K 210 nm,
R 25 C, H#HFEE 10 pL.
2.6.7 PEHAERTIHE IEZHZY VEGFA.CD31 ik
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I “2.65” BUNAMY ., S, Kidss, H
pH 6.0 FIFTERIRZTRIE B HUR, 3% H.0, Fil i 5
10 min DA R Pl S AR, 3%4- 15 H
B AR EIRE M 15 mine BEERIN VEGFA (1 .
2000, CD31 (1:200) —#HiLAER, 4 CHHEER:
IINAEYIZEFRCH) — 41,37 CHEH 15 min; JIA HRP
PRICHERERAI R TARM, 37 CHEA 15 min. 5N
THEARORIR G, TIRREYR, Bk, EY, Tk
PSR, TR PSR, RA Image-Pro
Plus 6.0 BAFEBCT-EIBOCEE (4D (AT
2.7 HBLEBEGITFESR

¥ UPLC-Q-TOF-MS 3k 13 ) J 46 # 4k %
MassLynx 4.1 #4402 . T Progenesis QI 3K {3t
ATIEXS T WEULRCAEAL 3, 15 26 S SV IR B I
) A5 A7 AR S B SCA ST o K b PR S BB A R
A SIMCA 14.1 B, XFEMnEET 22 ESTH7
Mro RFFE 4553 #T1 (principal component analysis,
PCA) B EWZ RHZ R, il k) — 5k
% - # 3l 4r #1 Corthogonal partial least squares-
discriminant analysis, OPLS-DA) f4% &5 B 2
(variable importance in projection, VIP) {E ik EY)
PREND, IR BT 45 21 87T B e Y ST EE
TEHHE PR R S E R . IRIESBEE L&Y
ARy 08 505 it rP A S DI W AT R LG, S
FHIGSCHR, W I L4l 5 kAT 008 , #E D AT BEF“RA
EVIRRED” “ B RA AR ED” DL “ Bt RA 1
BEEYIRREY)”. RN FEFA] MetaboAnalyst 5.0 45
EARICER T2 5 R R N ARTE R . S2I0 %4k LA
X +s%E~, FH SPSS 21.0 1 GraphPad Prism 8.0
WAFHAT G A B PR LR ¢ e, £
A 8] UBCR B R 3R 07 20 # e
3 HR
3.1 TE 7 RTE HPLC 43#f7

TR0 B A VRO B R VAR ) HPLC 73 A AL
K1, EAEH R, BABRNERN . & AMAR. &
ORI B AR IR By AR E DK tripfordine A
1-¥236-2,5,8- = H13L-9-7jfd{E TE Al RTE )& &
W 1.
32 BHEKRBR—RRAKE

F R ARG D) G I Bl b, fhas
P&, WAL TRECIRES, KBRS AT WAL 5 i
MK, RTTDhREESIRRRS, TEBIIES:, &7 K B
PRIFME AL TS L i A Y9745 5, CON 41K

C

¢ 3
123\4 7

0 10 20 30 40 50 60
t/min
1-1-55£2,58- = H3-9-25 ] 2-FABEF X 3-tripfordine A
A-EAENERE  5-EAMRAR 6-HAMEW  7-F AT
8-TH A TRV
1-1-hydroxy-2,5,8-trimethyl-9-fluorenone ~ 2-triptolide  3-tripfordine

A 4-triptonide  S-tripterine  6-wilforgine  7-wilfordine  8-wilforine

1 RAMEA (A TE #iXm (B) # RTE #id& (C)
HPLC [&

Fig. 1 HPLC chromatograms of mixed standard solution
(A), TE test solution (B) and RTE test solution (C)

#1 TEFMRTE # 8 M ROHEE
Table1 Contents of eight components in TE and RTE

. TS 5%

oy TE RTE
1-¥83£-2,5,8-= 1 3£-9-Zj fii 1.264 1.610
EAERR 0.541 0.561
tripfordine A 1.077 1.318
A P R 0.945 0.951
EARAER 1.089 0.000
AT 0.743 0.218
AT BT 11.388 8.898
AR 3.842 3.583

BURE IR R 4, BOEEE, 47 NG, O R L
MOD #4152 15 B W48 4k s TE 4180 RTE 20K i
BE, MASIESEIER, 2 MK SR
DXMS H R ERAA SIEEN SRR, &ML B
B, EERUARKE.
33 BAKRAF. BELARETL

WK 2 fiw, S RRFHLSMIESR, /A
WSS, FRAESIRESS, R LA A0 R AN
YA, FFIIER, RILFARAE. K
B, RBE. SRR S, 405 AN 4
Mz e taig i, BANE . BRI R e, I
7o i 5 A P AH MR TE B G L I B L) B 2 SRR,
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s R

CON MOD
CON-¥f 41 MOD-#AI4 DXMS-FEERMIZEKFALL  TE-AE S R4l RTE-BH S 3emal, TER
CON-control group MOD-model group DXMS-dexamethasone acetate group TE-total extract group RTE-roasted total extract group, same as

below figures

E2 FEKRRAFIEMEERFETH HE, X200)
Fig. 2 Pathological changes of liver and kidney in each group of rats (HE, x 200)

FUITEZT T SR 2 20 d A=A R AT
B,
34 FBHEXREXHRITESKEMKE

WK 3 Fis, 5 CON 4tb%:, MOD 41 & ik
FERISGTT RVP BT (P<0.05); 5 MOD 41

207 4 ay

& %
*

B

,.
oM
%
/
7

0.8 1

JE i /mL

(=4
N
L

(=]
i

t/d
5 CON 4HH#: *P<0.05; 5 MOD ZLH4: "P<0.05; 15 TE ALH4: “P<0.05, THEIF
*P < 0.05 vs CON group, P < 0.05 vs MOD group; “P < 0.05 vs TE group, same as below figures

L, TE 4RI RTE HHSZE 4 K B0 E &
FZIEIL (P<0.05), BLZH 12 KGR R
FZIEL (P<0.05). RTE A2 12 KJa 2k
FERIZE 55 16 RIGRATRITF/ BEMLT TE H(P<
0.05), FFHE# 5 [m CON T,

" + % *al E ; i CJ CON
6- L g22 MOD
=3 DXMS
$ 4 #A =S TE
z # [ Z: mmRTE
24
K
0_
_2.J:‘ £d ! ' L L]
0 4 8 12 16 20

t/d

3 FHEKREMKETUMIHRITS (Xts,n=7)

Fig. 3 Changes of paw swelling and arthritis scores of rats in each group (X +s,n="7)

35 F[TABEBHEIEX CIA XRMES 1L-1p 7K
S 0A

WK 4 fiR, 5 CON 4tb#, MOD 40 K i
JEHIL-1B KR E T (P<0.05); 5 MOD 41t
B, BT IL-1p KPR ZE TR (P<0.05); 5
TE #1E0%%, RTE 41 IL-1B /K83 R F% (P<<0.05).
3.6 RiGKigAEE
3.6.1 KRB ETFHRE KM UPLC-Q-TOF-
MS BEAT FRIBFE i 1) o B A SRR, /331541 K
BRI S B P (B 5. g5 R RIS AR
BB EIEAARL, (I S TR A AR —

N

0

1
-

>

IL-1B/(mg-mL™")
o
S
]
Ees
=3

12 L] L L) I L)

CON MOD DXMS TE RTE

4 FHEKRBRMEF IL-1pKFE (Xts,n="7)
Fig. 4 IL-1P level in serum of rats in each group (X s,
n=17)
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iz | CON
|
|
s At Va o N ) .L_ b ™ Wl K10 ORI P ¥ YRV e | YR N A
MOD | DXMS
| 1 i
i ,L. A, ~ —/ s " s T A | |\ ...“‘I‘ N,
TE RTE
|
I
I "
‘ - [ Pl '
ST O PO NN L W PSR W RO ST T . P 2 At i N i 1 \\

bt i
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Table 2 Endogenous differential metabolites of samples in urine of rats in each group

m/z iR/min__ VIP R Y &EwR R’RE (X109
147.0648 2734  4.14 (S)-2-ZFk-2-F2FE T RIS CeH1004 [M+H] 3
209.0907 1135  1.33 5-32FEMLEZER1$Y C10HoNO; [M-+NH4]* 7
247.110 1 8.44 1.07 N-ZELEREt4) Ci13H14N203 [M+H]* 10
4433233 2525 1.25 N-ERHABECOEIRIANI C27H42N203 [M—+H]* 8
431.0857  7.60  2.75 PR N- LR O E S RERERR T 4 CisH20N203 IM+K]* 1
304.1363 1135 1.06 3-355:-4,6-PF ZHR-1-yl-1-E & L1 3 Ci13H1807 [M~+NH4]* 9
170.0336 1037  3.52 LRt CsHoN30: IM+K]* 6
170.0334 1249  3.05 P-ANENRZY C4HoN30; [M+K]* 4
217.9877 449 149 S-RHEE-L-ERRERIAN CsHoNO4S [M+K]* 3
4752393 1479  1.72 WEARER(S © 0/10 : 0)t ¥ C21H4105P [M+Nal* 8
3592224 2608 1.10 =/ B4t$) C20H3204 [M+Nal* 9
162.027 5 5.63  3.67 S5-HBMEEEEINDY CsHsN3O2 [M+Na]* 1
325.044 0 449 145 R S-BLTEERY CoH13N200P [M+H] 3
397.056 6 447 349 Ni-(5-BER a-D-IZMi%E)-5,6- AR IFRMEYAN - ClyHioN207P [M+K]? 1
271.0380  9.78  2.81 (25,35,45)-5,7,9,11-+ =k IUkk-1,2,3 4-DUEE ¢ Ci3H1204 [M+K]* 5

1+ MOD A% CON 4 1, +37s MOD 4AHXT T CON 4~ ifl; AR TE 4R+ MOD A L, $3&7s TE A% MOD 4K
;33K RTE 4AH% T MOD 4 L, ¥FRIR RTE 4% T MOD 4 i
t means MOD group vs CON group increase, ¥ means MOD group vs CON group decrease; AN means TE group vs MOD group increase, ¥ means TE vs

MOD group decrease; ¥ means RTE group vs MOD group increase, ¥ means RTE group vs MOD group decrease
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Fig. 8 Differential metabolite levels associated with enhancing efficacy of roasting (X + s, n="7)
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Fig. 11 Effect of T. wilfordii on SDH activity and succinate, fumarate contents in synovial tissue of CIA rats before and after

roasting (X £ s,n=26)



¢EH 2023F6H £54% B 128 Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 12

*» 3861 »

CON MOD

cp31 | R 5 )

VEGFA

CD31 #ik

jSa]
=

RTE

z 2
£ 84
a

DXMS TE RTE
g \ 3 - F

X400

VEGFA #ik

m
=

RTE

wn
%OE
) X
a

12 BREREIATEX CIA XEREEEL CD31 #1 VEGFA RiZHIFM (X +s,n=6)
Fig. 12 Effect of T. wilfordii on expressions of CD31 and VEGFA in synovial tissue of CIA rats before and after roasting

(Xts,n=6)
4 Ve

CIA fAY & — M H IR IRATEY, 5 AZK RA
(RN B AL, 2 B BT A ABETT RA REAL
BRIV VR TT 2540 1) B AR B A AL 0T, B K R 11
I PR S R 6 4 S5 RS 25 P 40 T LA S ke
4T SORIE FHSREE, 8 T 2900 S R A
WL IL-18 25 RA HIRA R B R Kk R %
DI IIEAN IR 7, 7F RA &35 K CIA KR i
W KT B2 T L2122, KK 7T K B RTE A
B2 PR CIA KRR MPIKFRRE . AT RIS I
HIL-1B 7K, 038 O 7 g IS A0 0 28 M 40 iRl
AU B ERT TE, U IR & 2 B2 A w1
BEAER
4.1 KBLEFSH

AR ZH 2 2 — ] ZEATLAAR PR PR 57 12 2459097 2%
EEMEM RGN A, KM “AEMF” F%
W, TEREARIAET P I AR ) 2R AR P 265 1) e 40
MR, G2 VRREARNE . ShAS PR AR R, T
VEAL R 25 T AL SR A — ol JEL g 23241, AR
BF F0 R T AU 2 22 B R 0 A 1 B o R R A i 0T
CIA B R R =P e, SLifik it 15
ETER RA ZEWhn &), H SR IEm| N 418

JREF SRR UUER. A =M B4, N-LFiE IR
P DA R IE UE BN T SE R RA AEVRR £, X T
FRMRAE R AEER . 1M (S)-2-LB-2-328T
P&\ FOIR N-2 B2 B i 2 BRI R Y B-MIUIE A TR
N-AFAEAE R - 5-FF ok s nE 75 DAAE (R 7 o fi
HRIE, NARFTOH R RA HRAEYIRREY)
1 TE 4 %558 H 9 M550 RA AR AEM bR EA,
£ RTE A% E H 6 531 RA MCHIAEYIRREY) .
It AT R B, RTE 201 6 AN4i RA ZEW0F5
EVS TE AmEHES, HYS TE AAMAHKHEE R
CON 4 [m1if . i@k 4 27, TE #1 RTE 18
AR . RERMN R SRR A R, ftE
R, BRI, A TR A FEDT RA 1
F, SR L] AT RS I SR AR K
(5)-2- L. T-2- 52 56 T R & — Pl BE I R , 2 5 4
AR AR R RAED G AR, H
FEm R R ARG R RRERE
BEREIR, W IC s SRR SR R v DU R A BT
BRIF g7 (i IL-1p) #7742RS), X SRR 5T
B CIA KRG IL-1p FHss i —8. ok, =
SeR R ] LAz 5-¥2 fui% (5-hydroxytryptamine, 5-
HT) IRV I, &R X2 g 5520, X



* 3862 «

¢EH 2023F6H £54% B 128 Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 12

AR B K RS BT A5,
L CON 41k, MOD 4l (S)-2-4.Mt-2-F25: T R
HREE TH.(9)-2-LBk-2- 3 TR SR
M 7 e s B A R, AR T CIA K RRAH G
T5 5-HT B, 51K T R95E NS IR,
T WU = % 45T TE M RTE J5, (S)-2-
LBE-2-F2 R TR & 2% CON i3 b7, Ui TE
A RTE v DUE IS AR o R 7w A R AR
Y& AN RA 1 JIE [N o

5-FaAEmWE 2 FR (5-hydroxyindoleacetic acid, 5-
HIAA) J& 5-HT 5=, 502
S-ROERE . UHURLT ARSI T B 2
BT )5, S-HT 2 R TS0 a8 i i A 14 Bl AR g it
AE AN S-HIAART BFFCR I, #7126 K
SRUME H S-HIAA /K7 &35 EiAES, fEARBFH,
FR MK RAEAN KR 5-HT B A 5-HIAA
HEERBHEL, S35 MOD KRR 5-HIAA
&S LT, TE A RTE T, 0#] 7 5-HT
B Wb T OS-HIAA =i, SEURBH RS-
HIAA &% MOD 4 &% . N-LFERRE
o T A A D 7 A ) L B R TR 20 e A A . TR K
W, RA BFAEOIRE TR, BN N-oBEE
AR SRS RA KIAFEA KR, ARSLig+H MOD 4
B CON H N-Z B o SRR & =8 U 1 CIA K
AR N 1 R R AR B AL, T TE A0 RTE J& i [5]
W N-C I B S B K T R s e A R ARU i, AT
RIERITIER .

TEVF 2 i R, B 980 1R AR AR JE,
A Re B I FE 2 S AEARE = b o LR A& — Fol
TREIER, VRN BHRBER. &R & FRE
1% 3 PR TG . WURR PT7E LR B I AE R
BRI, =5 =R (adenosine
triphosphate, ATP) 7E¥, TE4H LA Re & % iz 1T 78
R E BB, PARE SN RA BH KR
AR SREFRIBIRES, REA S EE B
FRILIB1E ATP M4 RSB, 78 CIA KR, K
AFERE T AR R R ATP B2
ZRIPANG, REERAZENH], T EVERAENL
EANR&ET E. 64 TE M RTE 8975, RS
R MOD 4 %, $#27< TE Ml RTE A fgidid
AT REE AW R IETIRAEH .

H =) B4 &—MIRENR AN, nlE I H
RAEZ PP g PRGBS 4N, 1EF T T R4

FERCS AR R PR, BRI, 1E RA LA
AR EWRER A= B4, I+ H Akt e =
5 B4 IR 158251, (9 =) B4 83 ) v ki 0
JPET- IR S TR . SO ROmIT .
T 2 A L 534 RN B ER 7 RIA 55 51 K RA o AT
R AR A SR i B3, ARSI 1 MOD 21
KEIREH A=) B4 R EET R, 53—
2 TE M1 RTE 697)5, H =M B4 FEEE T,
$27% TE A1 RTE (@845 A =4 B4 7E0K P AR
AL NI T I8 28R R 7 (PR, 3ET R AE XS CIA
KRAFEITIER

JREF 5'- B RR & — P B R Eh % I PR s g
AR, BN MR R Bk P A% HF R AL R I B%
fRr=3At . 15 RA BEMCTT A KREELK T
YA, EATRE R R DAERE I, AR
B, FEMCFRIME DG B K R RS- iR & &
BERRAK, RIEIEM RA LRSS, A sz as
P 5 SRR —F0%), ATRE R TE L T 40 )38 5 v 4
TREMRE, SEHSEN TR,

4.2 XIPEIABRG/VEGF RIAE(S S @AV 53 47

RA PRI H BT MBI, ST I A
LI A AR R I A B . I T AR R AEAE A
JiE T AL S, nT LR 58 14 20 B 1) DG Y ()R
i, 75 RA MR R EZE PO, VEGFA 1EA
RO T R A AR R 7, 7E RA TR 20 5
FIRP, ARk I N B A AL DA T SO, M
TMAE RA H ST IV 3 AR RN ST 980 2 [R] IR AR BLAE
FHBS, J A CD31 A0 P9 57 4 R if 55 441
MR FArd, FEEFRIA T M A R 400 i
JF R, TR I R A B S B B AR FHROL. FEARHT
Fi7 TE Al RTE A8 & R VEGFA il CD31 [
ik, RTE NiRRESE TE BMWHE, $#RE A5
AT M B AR NGE RA, RS R S I B
K,

PRI 2 Ae AR = R BRI A 8] P24
A/ SDH /KNS SlR. WFRERM, BEIRRAE RA
SEE DRV L H K B HEAR T 0 R 56 1 R 8 R A
A H A, BETHREA R LE M M5 A A AR mT 0 of 3
HAE ARG I AONE, M B RAD, ARSI R TE
FRTE ¥ ] $ ALK BRI BRI R HERR, JRH] 50
HISCR BB T 2R o AE = R IR G A R ] SDH 1%
714 FEPRHIR IS B HERA0, SRITTAHE 7L CIA K
B SDH it i 35 v T i e K B L ER A R JR 1



¢EH 2023F6H £54% B 128 Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 12

* 3863 »

JE KRB SDH ik, B OBRSELEEER.
EESCHRARIL, BRIAMR AR P RERE SDH & P
Fegi R0, E A MIFRZ 55X SDH L i
P, IR L] 5 SDH &1 TE %

ZR L, R AT RER R AT CIA KRG
JrRCR, HAEHWLH S TSR . SRR R
AREMER, Rl CERRAX. £S5
RA FIRAHR I Z I+, SRR LR IR
T OS-EBER. WIR. B=M B4, N-ZBtOHARE
SCHRRIFFCUE I A AT SER) RA AR EH, X T
IR ERAEER L. T (S)-2-L8E-2-2 5 TR,
MR N-Z B (i m iR IR B-IE IR V-
PR =R . S5-I EAE RA IR FT P AT
B, AU RPN RA MREMNRED . &
BRI FURIL, AR TBRIAIR/VEGF K
E A 5 A it PEL L BE S IR SRR /75 A, AT
B RA, RIS T A B A5 5l B R %
MRS o AT T B AR 22 1R A S5
LBRIBR/VEGE JOREAS 5 I B I RE 1R 5 2 k
P RA SERMU, A RAIAE TR 2B (S SR it T
BEAE, NE A BRIRRAS TR GE T S5 .

RBAR ALY FAREEAGF R

SE R

[ ", 7%, £2R, & bl iy i s e T
FRIB R R FIBEE (7], PEZ, 2022, 53(22):
7279-7284.

[2] Yu K H, Chen H H, Cheng T T, et al. Consensus
recommendations on managing the selected comorbidities
including cardiovascular disease, osteoporosis, and
interstitial lung disease in rheumatoid arthritis [J].
Medicine, 2022, 101(1): e28501.

B1 &%, ittt mEE, 5 KRR REGYLTFA
WBITE SR (0] R R4 T, 2023, 41(1):
133-136.

[4] EL0EE, (AKH, X%, 5. AR =wE R
PSR FCERE [J]. hEkZh, 2022, 44(4): 1223-1231

[6] #EPE. ET Treg/Th17 4 RHHRITHE AR RKiR)T
RA 18 RIBLAI B 7 D] BB SRrh BHECR 5,
2021.

[6] Z#k, ki, TKEE, & HAREZHA RN KR
R AR [J]. AR RS, 2021, 39(5): 64-
66.

[71 WK, XUHI, 08T, 5. S AR5 R AL HIA
MW AR [J]. HURZ %, 2022, 34(2): 1-6.

[8] UalHE, skIEME, MR M. LRSS A B 2GR L

(9]

[10]

[11]

(12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

BB TE (1], IEARAESEEEZY, 2015, 11(10): 7-9.

Xu L X, Chang C, Jiang P, et al. Metabolomics in

rheumatoid arthritis: Advances and review [J]. Front

Immunol, 2022, 13: 961708.

Hanlon M M, Canavan M, Barker B E, et al. Metabolites

as drivers and targets in theumatoid arthritis [J]. Clin Exp

Immunol, 2022, 208(2): 167-180.

Kim S, Hwang J, Xuan J H, et al. Global metabolite

profiling of synovial fluid for the specific diagnosis of

rheumatoid arthritis from other inflammatory arthritis [J].

PLoS One, 2014, 9(6): €97501.

Li Y, Liu Y, Wang C, et al. Succinate induces synovial

angiogenesis in rheumatoid arthritis through metabolic

remodeling and HIF-1o/VEGF axis [J]. Free Radic Biol

Med, 2018, 126: 1-14.

WiFHT, TR, BREF, 5% — 21k RN E &
ARG LHIFIE AL E v 7 M RERGr ], H

24,2022, 53(17): 5338-5347.

XUFL, HAE, SR, % T A BREYE RS K

HYEPERT SRR (). RARPEMIEE LS T K, 2019,

31(12): 2170-2181.

B, M, SR, & F ARG RS
RWPFCHERE [J]. EEZ, 2020, 51(1): 265-275

XIEERE, PR, kB, %. 5T UPLC-Q-TOF MS #f
TR X TR 2 A B BORE R [T]. B AR, 2018,
39(5): 573-582.

ReHe, I, BWOCEE, S5 B RN E SR EGEAL 15
P22 e J HOn R A5 S M T 4 R BRI TR /K G 1 2
G2 [J]. HPELZ, 2021, 52(11): 3312-3320.

Tkir, TAETE, BBz, 5. 5T NF-«B @R L
B SR RS 5 5 TR O A KRR A AE P B A
G2 [T]. FREZY, 2021, 52(6): 1645-1653.

Li Y, Zheng J Y, Liu J Q, et al. Succinate/NLRP3
inflammasome induces synovial fibroblast activation:

Therapeutical effects of clematichinenoside AR on arthritis
[J]. Front Immunol, 2016, 7: 532.

R, KiE, Y, % BB IKATR LY
FEBYAFEE 3 R (0], v B 2 B A AR, 2021, 37(11):
1492-1497.

EHE, FRM. RIS 2 B M IL-1B. IL-32
A LSRRG R [J]. W E =,

2022, 31(21): 3885-3888.

R, BR, S, % HRRTFaNRIES S
P 28 K RIS ST IL-1B+ IL-10 f TNF-a
TR [J]. AR, 2020, 35(12): 6355-
6358.

Nicholson J K, Lindon J C, Holmes E. Metabonomics:

Understanding the metabolic responses of living systems



* 3864

¢EH 2023F6H £54% B 128 Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 12

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

to pathophysiological stimuli via multivariate statistical
analysis of biological NMR spectroscopic data [J].
Xenobiotica, 1999, 29(11): 1181-1189.

BB, B2 AR AR 2 4RI AR A R
b 2 H B IR iR RO R BT IR I 2530 o
Sent AR RIALRIBE T [D] KRB REHERL Y,
2022.

F/NIE, =i, kRS, & ET ARG bt
VAT NI R FEUE R S BOAE L] [J]. BT
7%, 2017, 42(3): 202-208.

TRk, FETACE A 22 BORAIT I8 3R P R 555
RKBHIBALE] [D]. BIHt: el BE25 K57, 2018.
Lyu S, Rao Y, Liu P, et al. Metabolomics analysis reveals
four biomarkers associated with the gouty arthritis
progression in patients with sequential stages [J]. Semin
Arthritis Rheum, 2022, 55: 152022.

TLRGAL. V6 FERE SRR T R IR OG5 2 AR AL 5
WEFT [D]. J7M: TN R 2GR, 2018.

Pavlova T, Vidova V, Bienertova-Vasku J, et al. Urinary
intermediates of tryptophan as indicators of the gut microbial
metabolism [J]. Anal Chim Acta, 2017, 987: 72-80.
T, SRR, TR, S CEE 2R RAR R IR
MR [J]. & AE Rk, 2018, 49(8): 1577-
1584.

ZREE, XS, VBRI S5 I 5 &R K HAE & i R A
ST Tk R[] BARER 4 A, 2015, 31(14):
2143-2146.

VFPE. R R TR R 75 5 2 501 R KR

pezi

[33]

[34]

[35]

(36]

[37]

(38]

[39]

[40]

A4 2= 8 72 [D].
2018.

BUEHE. LTB4 A1 BLT1 EERURICTT R fEH] (1.
R BE 2GR, 2020, 10(12): 50-52.

FAH. IR ST 46 B SR KA I ) 91
B [D]. JLBH: HEBERK, 2021,

Xie Y F, Feng W W, Liu M C, et al. Investigation of

efficacy enhancing and toxicity reducing mechanism of

MR BIEILH B 2 KA,

combination of Aconiti Lateralis Radix Praeparata and
Paeoniae Radix Alba in adjuvant-induced arthritis rats by
metabolomics [J]. Evid Based Complement Alternat Med,
2019, 2019: 9864841.
Balogh E, Biniecka M, Fearon U, et al. Angiogenesis in
inflammatory arthritis [J]. Isr Med Assoc J, 2019, 21(5):
345-352.
NG W BN IR S MR ROK BRI I VEGFA
RIKFEW L ML B AL UL [D]. IR dhiR PR
B, 2021.
GongYY, YuZY, Wang Y N, et al. Effect of moxibustion
on HIF-1a and VEGF levels in patients with rheumatoid
arthritis [J]. Pain Res Manag, 2019, 2019: 4705247.
H-¥, £85, i, & BXURRERY NS CD31
BE 75 CSDH. A5 A A B L M &7 I AL 657 288 0 52 M) O I
[J]. HEEZ5ER, 2022, 50(11): 37-41.
Chouchani E T, Pell V R, Gaude E, et al. Ischaemic
accumulation of succinate controls reperfusion injury
through mitochondrial ROS [J]. Nature, 2014, 515(7527):
431-435.

[ttt F 4]



