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[ Abstract ]
medicine (Tianyu medicine) in combating rheumatoid arthritis (RA), and its regulatory effect on the Keapl/Nrf2/

Objective To investigate the potential active ingredients of Rhodiola rosea-Euonymus alatus

HO-1 signaling in oxidative stress. Methods UPLC-MS/MS was employed to detect the blood components of Tianyu
medicine in blood. A collagen-induced arthritis ( CIA) rat model was established, and the effects of Tianyu medicine
on RA were evaluated by observing joint swelling, arthritis scores, and thymus and spleen indices. The effects of
Tianyu medicine on oxidative stress-related indicators in CIA rats were assessed by measuring serum SOD, CAT,
GSH-Px, and MDA levels using enzyme-linked immunosorbent assays. Western blot analysis and quantitative PCR
techniques were used to explore the impact of Tianyu medicine on Keapl/Nif2/HO-1 signaling-related protein and
mRNA expression in rat synovial tissue. Results The blood components of Tianyu medicine included 43 compounds;
these were primarily alkaloids, steroids, and terpenoids, followed by organic acids, hormones, and phenolic
compounds. In vivo experiments showed that rats in the model group exhibited increased inflammation and oxidative
stress compared with the control group. Rats treated with Tianyu medicine had significantly reduced joint swelling,
arthritis scores, and thymus indices compared with the model group (P<0.05, P<0.01) ; additionally, serum SOD,
GSH-Px, and CAT levels were significantly increased, while MDA levels decreased ( P<0. 05, P<0.01, P<0.001).
Keapl expression was downregulated ( P <0.01, P<0.001), while nuclear Nrf2 and HO-1 expression were
upregulated (P<0.05, P<0.001). Conclusions

oxidative stress, and alleviated the pathological progression of RA.

Tianyu medicine regulated Keapl/Nrf2/HO-1 signaling, inhibited

[ Keywords] Tianyu medicinal formula; rheumatoid arthritis; oxidative stress; Keapl/Nif2/HO-1 signaling
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RA S84k 07 3 52 i S A FHBIL A o4 5 i2F — 20
5%, DI, ARBFSEHE LA CIA KB IFSE T4, LA
Keapl/Nif2/HO-1 h FE LM IR L, LA KB 24
X F B, 898 HpT CIA K R AL R 3 1R
FHEALH, Rl R H 2548 T e 24 38 25 91 & $ 4t
BRI

1 #MHITTE

1.1 SCIGZh#Y

72 HSPF 2 Ad B HE P Wistar KR, 6 JA %,
PRI (180+20) g, W [ 75 PR < 35 1T A2 B 52 56
S AR A BRI ] [ SCXK (7% ) 2020-0002 ],
Horbr12 HRBRH T8 25103 il 4,60 H KB
T es, ¥R 3R TR E P EA K=Y L5
HUO [ SYXK(#)2023-0015], % i (23+2) C 1%
FE(50+5) %, H BAROK B, i n MR 557 K B
| AR RER, s ma KA EPEA K
2FSLG B PR D1 S HEHE (2024002) , S5 I
TR A 44 B 3R TR 25T NGB MR,
1.2 FERFISNE

g I 58 4 4k f (36 B Sigma 2% I,

SLCL9648) 5 4 1T e Jit ( 35 [E Chondrex 2\ H],
220563) ; 2R £ g (R E TG EAG 4 Ak Tt
T, C14784718 ) ; i %A 1k W) 5 Ak i ( superoxide
dismutase , SOD) i AL A ( catalase, CAT) 4
e H K it 45 Tk W B ( glutathione peroxidase, GSH-
Px) M W — [ ( malondialdehyde, MDA ) RAT
ELISA 57 & (1 ifg i 6 A= ) B 35 A BR 28 Al
34817B,30239B ,30417B ,35362B) ; RNAsimple i
RNA $EHGA & (dbmt AR AR A R A,
A0325A) ; BCA S HW B E iR & ( LiBEE =
KA W AR AR A L 111622230705 ) 5 Nief2
Rabbit PAb \HO-1 Rabbit PAb ( 273 2 1925 va tE
RHEA R A 1], 3522080814 . 3522111422) ; B-actin
Rabbit PAb ( 3% [H Bioworld 23 #, 2020060501 ) ;
Goat anti-Rabbit IgG ( H&L) -HRP ( b 5t 18 B8 25 A=
Y AR AR F, BA01235136) ; ECL 4k2% & OGIE
Pk ) & (db a2 R MR R R A A,
23328870) ; A L% & (15 40K & AR U0 &
(LW B = XREWHERERA A,
022723240327) ; R AEZ AT A ( LR B2
AP AT, 191204 ) 5 21 50 K (AL RATF B 250K 7 A

F],190218005) ; i B (& E ML %2k 7 A
FRAE],210401) , ZE50 R AR PSR F B2y
KR Z Z R B S8 HIE s T 2R A,

DHG-9000/5A 7. 38 XA (i FT 2 4L
ar il A R 7)) 5 3HI6RT 2 g iy 302 VR 25O HL
(IR R PU AR e A A BR A F] ) ; ETC811 B L A
PR TN IR 2L B AR A BRA ) 5 165-
8000 HL K % . 170-3930 % B A ({2 %%, 55 [ Bio-
Rad 23 A]) ; Tanon-5200 & 524X ( i K a4 Bl
FABRAFE) ; DM0412 B0 HL (b5 K Tp %A1 52
AN ZS A PR ) s RT-6100 B bR (Y F5 2
Rk A BR A 7] ) ; Thermo Vanquish #8 5 4%
WA R G (3¢ HE B REBHE A A,
ACQUITYUPLC® HSST3 ( 2 [ ik 45 it A # ) ;
ThermoQ Exactive JiT 15 A5 I #% ( 52 & F€ B € /R
BHEA ) s NANODROP 2000 # it 20 6Ot B i
(EEFER CHRBHH AT .
1.3 XWHE
13,1 2% J 5 24 I3 1A ol 2%

FREUAT 50 R 5 R P45 100 g, 1A 5 15
i RO 7K 30 min, % HUATZ I U8, Iris i
WA Z 4 g/ml, FRIEH 15 5 IRFE 80% £ I
P2 h, JKEEY) SEEEEY) 505 T 4 CLRAF 24 h,
FEF-80 C¥ R 24 h, |54 72 h BH T, &
LPFAT R P 29X K EE R T M 13,19 g B2 TR
TH5 6.47 g,

¥ 12 H Wistar K RBEHLS X BA (A5
241) RPERTA (1,65 g/kg) , B 6 H
259N RO 7K BE i G R, #5e AR B s A TR 1, %
TR LG TR B IBK . BRIk, ST dY
TERIREEZGRE B 2 h J5 , 21 3 3 kR 4E 1 TR
A, LL 3000 r/min B0 15 min, 5E U5 B G
Sy BEAAFMIET 5T, M3 T 56 CRIG )G , PRAFTE
-20 C.,
1.3.2 KA e il 4

P E MG 4 C AR IRIE 1 min -5, 7%
BHEAR R 2 mL BLOAE ;A 400 L HI BT 1
Ji€ 1 min;4 °C .12 000 r/min 0> 10 min [5H i
W AR A T1 5 LA 150 pl 2-580-L-—4 N
IR (4 mg/mL) BE B EIHWREE 0. 22 wm JERT
RO T W A A uE - B 3% B (liquid

chromatography-mass spectrometry, LC-MS) #&:illl")
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1.3.3 2 T8 & AR 3% - BT 3% 56 (ultra-
performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) £ K/ #71“ K F)” 2
XF LR 53 1) 3 S A

% H Thermo Vanquish & 30KAH R S8, (41
F:24 ACQUITYUPLC® HSST3 (2. 1 mmx 100 mm,
1.8 um), Ji ik 0.3 mL/min, FE iR 40 °C, #FFE
2 pl, IEEFEACRA 0. 1% F R LN (B2) Al
0. 1% HPRIK (A2) , BB R 0~ 1 min, 8% B2;1~
8 min, 8% ~ 98% B2;8 ~ 10 min, 98% B2; 10 ~
10. 1 min,98% ~8% B2;10. 1~12 min,8% B2, f
BT CR 205 (B3) 15 mmol/L R 4% 7K
(A3) B4 5 0~1 min, 8% B3;1~8 min, 8% ~
98% B3;8~10 min,98% B3;10~10. 1 min,98% ~
8% B3;10.1~12 min,8% B3'""
1.3.4 T UPLC-MS/MS F RS M« K I 24 %F
A3 00 JB i 25 A

[T 1% A6 W >R ThermoQ Exactive & 4t It
il F IS 55 B U, 78 TE BB R J3 R AR AR
P, IEBETWiIE RN 3.50 kV, B T W%
JER—-2.50 kV, #5505 # B S i 5 i e N
40 arb 110 arb, BAIE R 4ERFTE 325 C,—2
SR 70 000, 4 A% 5 Y L 100 ~
1 000, — ¢ WE 24K HOD #55X, ilf 18 g 42 i
30 eV, 3R A 17 500, RS SR 10 M5
TF-HEFT MS/MS 434, [R5 & sh A HERR SR M H v
Rt
1.3.5 $dEabr

45 45 1 N IR 5 SRR AT H 265 2R 50 24 B R
J£ (4 PubChem , MassBank2. 1. 6 . HMDB %§) X} 4T.
SR LT P R 25 A i r E T R AR
0 E VA s S O N e i = SN U)W
JBE 55 < R 255 $ B v ) 2 AR 2
5% o FIH Xcalibur 4. 0 B4k 5735 50, 245 &
A B AL G Wy A7) 25 0 2 | 9 S 5 2 O
ZE<5X107° MBIE LA E R« K3 2% Y T fig
F3 050
1.3.6 CIA REMRI G HE S o452

¥ 60 H K B e K BT i RE HL 43 b X R
( Control) £H #5571 ( Model ) 41 .75 /A #EZ T (TGS)
20 RPZNEE (TYH) (H (TYM) K (TYL) 7
w10 2 KT R # T 0.1 mol/L

LFRY i 5T 0.22 wm JEE U, B S 5 B4 Y
I RAEFE 1 1 ERELIR G, BRT IR
A HAB KR | KA JFIES 0,15 mL 1R
AP 8T RAER — I ALES 0.1 mL IR A
P TR S R ST 9 P o X R R
PEATPPART , PEAr>4 A0 TR AR 2y o1

RIS CIA KRB AL S HE1TE S 45 25, 75
INBEZATF 25574 9. 45 mg/kg, “ K37 25%F
w L R R S R Oh R N RIG R E 25 ) T
FE A AR A5 R B R 1 AR R KRB 2%
IR T PRI T 2 25 T R 25X Uk
FH 74N 1.65 g/kg 0. 83 g/kg 0. 41 g/kg, H#E
B 42528 d, BRIk, % R4 AI L K R4, T
AR IRKHES .
1.3.7 PPl CIA REOCT IR R SO R IT53

Fie HEOC T o ke A B2 PP AL CIA B ALK BRAR i
FEREDS . N RS, A 7 d SRERLR I 2
KEJG R, R KRN 3 ), UL
HAE BRI AR, PEAG CTA R BUAY 70 il ik R
FE o m T A k5 56 b ik BE . i ik BE =
(C-Cy)/Cyx100% . C, A f58 J5 mk 45 24 J B o
W, C, AERBRTEROCT K,

IR PEIT G, B 7 dica% 1 T RIFEL,
KT RIGHCR Ve AT 9EAl , FoAR W T . 0
G337 DU R O R UL 5 8 2R 5 1 43w B
PRI IR B 2L B sl MK 5 2 4 R A A I
DL I LB s K 53 20 RoR A B A |
AT Y BLLLBE TP K 5 4 2 Rom S K D F o
R R as SN 1L B R YA =4 P2 A A 15
it k4542 0.5 431
1.3.8 P CIA KR REES B 52

IRENIEEE 28 K, KBS 12 h J5 BRI, BRI
R PEAC B g 0 5 I T i 20% H R R &
Fits o WSO I BN O R Bl iR A 2, 3R A T B e 2% 4
BOTAL R LM IR LUs  FREGRE, AT
VAT s B AR A/ (27100 ¢) = 2 B IR
VN RLNpig
1.3.9 ELISA 3% I oK B %5 H SOD | CAT,
GSH-Px MDA 7K-F-

HRAE ELISA 255 G454 U B, %o 4% 41 R Bt
T H SOD ,CAT ,GSH-Px MDA 7KF-E4 70 % Jf- 43
B N e
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1.3.10 qPCR H& I K BB ¢ 15 ¥ B 41 48
Keapl Nrf2 \HO-1 mRNA ik

K RNAsimple & RNA $#BURH] & MK
W LH 2 RIS RNA | - T R 4ot
TR RNA 205 VR B PPAG . i IR U I B VR
PEIHY RNA 39054 58 0 B4 DNA (¢DNA) , qPCR
RBRAPHERINT 10 pL SRR Kb
0.2 pL IE[514.0.2 pL A 5[4 .0. 8 wL H
¥r DNA. 5 pL TB Green Premix Ex Taq ( Tl
RNaseH Plus) UL K TG # R Bl K, Be 2R B
10 pL, qPCR 5|#1F510 L3k 1,
1.3.11 Western blot ¥4 M & Bl ¥ ¥ 40 21
Keapl Nrf2 HO-1 & 4 %15

K BCA YA 2 R B B2 48 1 ik B O F
HATG— R OE , ARG E T -20 CHRAF, R
FH SDS-PAGE HEWE UK 47 88 [ 43 185 S 3 o (e
AR HL T 80V, 3 B HL s 120 V), e IR HL IR
250 mA , F5 T A] 100 min) . ¥ 5 76 1 X TBST
HUEIEE 5 min, 5% B AE IR BT 1 h, FEBEE 3 T,
£YK 10 min, JIA Keapl \Nrf2 HO-1 HUAK (1 :
1000),4 CHFF LW, Keapl \HO-1 R FHA 40y
BRI, Nef2 43 5510 000 72 40 M A% 5 40 it 5 2 A
TR AR A% 5 A T B 1R AR 2 IR B U
B 4500 4% TR AR FL 20 - 1 ERHR S 40
ARG A A1 B, S /N LU i S ATIR S,
4 °C .12 000 r/min .0 5 min, WA 3R N
Y S B 1 5 DOTE HE A SR IOD B Ak 2 WA A e
WA T 4 DLTE A 40 M A B A R BOR
4 CELEWEN LIERM MEZEES, —
YU T SE5E, IXTBST Ve 3 WK, & IR0 & AH N 1)
ZHi 1 b RS EECHUR . Image] 1.54 g 43
Mr B AR A B R8RS
1.4 SHitEFRE

SEESEE LS8 AR HE 22 (x5 ) o,

GraphPad Prism 8. 0 #4748 11507, 241 22 7R H]
FPRIR Ty 225307 , NP LLBCR T LSD-t 4
LA P<0. 05 FR 225 Gt 78 X o

2 #R

2.1 “KPHHERHEE

FEIR“1. 3. 37 551, Rl UPLC-MS/MS Xt
R IR TRy AT IE | R AL e i
FRAG FE 1 25 7 & (base peak ion chromatogram,
BPI) BB Tk, WK 1, #2081, 3. 47 kit
AT RS RRAE AT AR S 00 5 i A 58 Al 25
A MG 5 BT 4 BT, 245 30« T3P 2%
AL 43 B, BAR(E B 2,
2.2 “KRPPHITNIMR S5

FRAE L3R IRAFAY < R 25060 A M4, i —
T A BT ) LS AL, 25 R R Hoh A )
Bl 2 B WG 2R LA K, 43 A 16.36% |
16.90% ,20. 00% ; B L Z 46, A HLIR K 2L
28 EFERR RN R 2 S R o Eh AN, 43
H5.23% .5.91% .7.05% 7. 27% .8.41% . 11. 36%
(El2),
2.3 “KRP’HXIIT CIA KEREXTMHKEERN
=20

R A B CT fi JH R B Ay <« 1 2 5% Xk
CIA KE s, BEAIES, 7 d Ja, 5XF A
Ll AR ZH O BRI I B & (P<0.01) , 28t
28 d [y, SRR AR B, < R 2P 2 0 R
ONTHEZS T LI G i R B B 8 ALK ( P<00. 01,
K3).
2.4 “RI"ZHIF CIA KREFRIBHITH R
RZEEIREAH T

55 %F BRALAH EE , BRI 21 KRR 5615 R A8 B0
3G (P<0.01) , SBIRIAH A LL , 7245 251
IR 25 7 d I, Hiae 45 4R SRR 671 R 48 B0

&1 PCRIIWFHI
Table 1 PCR primer sequences

ElL/E L5 -37) TWFFI(5"-37) K /bp
Primer name Upstream sequence(5’=3") Downstream sequence (5’ =3") Length/bp
Keapl GAGGTGGTGTCCATTGAGGG AGGGTGAGCTCCTCGAAGAT 132
Nif2 TCAGCGACGGAAAGAGTATGA CCACTGGTTTCTGACTGGATGT 174
HO-1 ACTTCCCAGAAGAGCTGCAC TCTTGCACTTTGTTGCTGGC 155
B-actin GTCGTACCACTGGCATTGTG TCTCAGCTGTGGTGGTGAAG 194
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Note. A, Positive ion mode chromatogram. B, Negative ion chromatogram.

Figure 1 “Tianyu” medication pair LC/MS ion current chromatogram

[ A

Steroid
73, 16.59% [ES
Terpenes
88, 20%

Gl
Alkaloid
72, 16.36%
HHLR
Organic acid
23, 523%
Ketones, %ﬁ%%
aldehydes, e Steroids
acids SRR H Phenol 26, 591%
enols
50, 11.36% Phenylpropano ids Amino acid 31, 5.91%

37, 841% 32, 727%
2 RO GRS BT L

Figure 2 Percentage composition of each component absorbed into the blood from the “Tianyu” medication pair

SERAREESR, &b 14 d RPN RPN R I AT S T 2 1 A A R

WREZT TG, SERAMLL, ST RIGEOT KT MRS 20 P<0. 01,8 4B 4C)

L AR (P<0. 05,P<0.01, /K 4A) 2.5 “XIP’HXF CIA KRMFERHRENEX
XA L, AR R R MR A TR 2L fERRRIR I

W2 T (P<0.05,P<0.001) , SAERI4 LE 4L, 5 M A, AR ALY CIA K R ¥
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F2CRPHXT A MY
Table 2 Blood components of the “Tianyu” medication pair
e En RE/
F5 EA N eS| Volecular [E]/min  (x107°) A 2E R it
Number Name Category Retention  Error/ Precursor type Secondary fragment ions
formula
time/min  (x107°)

1 34-"&EFTEK KNFEH C,H;0, 92.30 3.06 [M-H]~ 49.00,59.01.61.99,102. 95,
3,4-dihydro-2h-1- Phenylpropanoids 118.97.147. 04
benzopyran-2-one

2 2 3-TRERNR . sk C,H,0, 236. 50 4.78  [M-H]" 109. 03 ,153. 02
2-pyrocatechuicacid Phenols

30 2-HIHERH®R T R CyH,0, 72. 40 0.32 [M-H,0+H]* 72.08,118.09
2-methylbenzoicacid Ketones, aldehydes,

acids

4 L-BER IR C.H,N,0, 43.70 1.35  [M+H]* 84. 08,130. 09
L-lysine Amino acid

5 2-JRFk-6- = WL E KR C,H,N,0,  290. 60 1.73 [M-NH,+H]* 67.05,109. 10
WAEN Ketones, aldehydes,

N6,N6, N6-trimethyl-L- acids
lysine

6 AN R AL C,H,0, 43.80 0.59 [M-H]™ 73.03.117.02
Methylmalonicacid Organic acid

7 WER AL C,H,NO,  104.20 0. 66 [M+H]* 72.08.118.09
Valine Amino acid

8 2-HEC M AER C¢H, NO, 85. 10 3.58 [M-H,0+H]* 99.04,127.04
Aminoadipicacid Amino acid

9 AR AER CeH,N,O,  46.00 3.73 [M+H]" 60.06, 70.06, 116.07,
Arginine Amino acid 130. 10,175. 12

10 S5-I HHLER C,H, NO, 55.30 2.60 [M-H]~ 116.93.116. 07
S-aminopentanoicacid ~ Organic acid

11 L-A AR AR C;H,NO, 45. 60 2.20 [M-H]~ 102. 06,128. 04 ,146. 05
L-glutamicacid Amino acid

12 L-FRER IR CoH, NO,  72.40 1.46  [M+H]" 123. 04 ,136. 08.,165. 06
L-tyrosine Amino acid

13 FR [(INEN CoH,,0, 482.70 4.42 [M+K]* 57.07.69.07.83.09 ., 85.06,
Azelaicacid Ketones, aldehydes, 95.09, 109.10, 121.10,

acids 123.12, 135.12, 151.15,
153.00, 171.07, 191.11,
209.12,227. 10
14 BT HHLER C,oH 0,  278.30 1.30 [M-H,0-H]~ 139.11,183.05
Sebacicacid Organic acid
15 TR [(IN-N C,cH,,0, 523. 10 3.82 [M+Na]* 67.05.69.07.71.09,81.07,
Hexadecanedioicacid Ketones, aldehydes, 93.07.95.09.99.08.109. 10,
acids 125.10, 135.12, 147.12,
151. 11, 185.01, 277.26,
309. 33
16 2R HHLIR CgH,,0, 156. 30 1.96 [M-H]~ 93.03,173. 00
Subericacid Organic acid

17 ZR/NEZ TR GRS CisH 0,  354.20 4.23  [M-H]" 151.00,301. 02

Tricetin Flavonoids
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18 MR A C H,,0, 379. 10 2.49 [M-H,0+H]* 81.03.95.05,151. 11
Sakuranetin Flavonoids
19 2-HfEmR NN C5H,0, 44. 40 3.00 [M-H]" 67.02.111. 01
2-furoicacid Ketones, aldehydes,
acids
20 N-ZBEHfER G N S C,H,N,0, 172.70 1.73 [M-NH,+H]* 156.04,184.08
N-acetylserotonin Alkaloid, phenols
21 BER IR €, H;,N,0, 195.00 4.15  [M+H]" 146. 06,188. 07
Tryptophan Amino acid
22 Ngjie-3- I HE Wi C,H,NO 213.20 2.88 [M-H]~ 99.93.100. 93 ,143. 92
Indole-3-carboxaldehyde Alkaloid
23 2 -RESEFEEK  EEK C,sH,,0 380. 80 1.26 [M-H]" 267.20.285. 04
2’ -hydroxygenistein Flavonoids
24 A8 A= 8 CsH,N, 43.70 0.72  [M+H]" 79.50,88. 50, 89. 00, 88. 00,
Histamine Alkaloid 95.06.99. 51.,100. 51 ,112. 09
25 ETR ESTESS C,H,0 45.80 109  [M-H] 87.01.111.01
Quinicacid Phenylpropanoids
26 XHENIEEIRE RINFEHL CoH,,0 410. 30 0.36 [M+HCOO]~ 59.01.71.01.89.02
Chavicol Phenylpropanoids
27 YR (IS CyH,0 546. 40 4.06  [M+NH,]*  58.06.314.34
Phytol Terpenes
28 B-BRER [ C,oHy0 607. 50 2.77 [M+NH,]*  89.06,133.09
Beta-cryptoxanthin Terpenes
29 IMEER [ES CyHs5,0,  605.50 1.35 [M+NH,]*  89.06,133.09
Astaxanthin Terpenes
30 EA EUEES CoH,0, 309. 80 1.03  [M-H,0+H]* 78.00.87.00.89.51.,113.96
Maltol Polyketides
31 EH A6 A CoH,,N, 36. 50 2.15 [M+H]* 149. 06 ,150. 10
Nornicotine Alkaloid
32 JHmR Yer: 2 C,H,NO, 54.30 0.37  [M+NH,]*  97.97., 113.96, 116.97,
Nicotinicacid Vitamin 114.97
33 SRR [ C,,H,,0, 72.30 1.51 [M+HCO,]~  112.99.243.07
Resveratrol Phenols
34 gl H W CgH,N 255.20 0.19  [M+H]' 72.08.118. 08
Indole Alkaloid
35 FHrE—HELE IR C,,HyyNO,  536.90 1.47 [M+H]* 266. 28 .284. 29
Neoline Alkaloid
36 FHEE ENDE®S C,H,0, 72. 10 0.32 [M-H,0+H]* 74.01, 84.06, 120.01,
2-Coumarinate Phenylpropanoids 119.05,148. 04
37 ERE R 2 [ e CyyH, 05  653.70 0.96  [2M+H]* 635. 47.929. 69 .930. 70
Castasterone Steroid
38 L-HRAER NN C,H, NO,  92.30 3.67 [M-H]™ 147. 05 .164. 06
L-phenylalanine Ketones, aldehydes,
acids
39 L-3-ZRFEEm RN CyH,,0 91. 80 2.94 [M-H]~ 72.01,147. 04 .164. 07
L-3-phenyllacticacid Organic acid
40 A-JRTN R BNEAE C,H,,0 251. 80 2.52  [M+HCOO]~ 45.00.174.99.193.00

1-methoxy-4-( 2-

propenyl) benzene

Phenylpropanoids
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T S HRUUAR L, ¥P<0.05, ¥P<0.01, #P<0.001; SHERAMIE, ~P<0.05, ™ P<0.001,
Bl6 “KM"ZGXR; CIA KA LU Keapl/Nrf2/HO-1 18 S AH SCHE RAE X S8 B Y52 1R
Note. Compared with Control group, *P<0. 05, *P<0.01, * P<0.001. Compared with Model group, * P<0.05, “* P<0.001.
Figure 6 Effects of the “Tianyu” medication pair on the relative expression levels of Keapl/Nrf2/HO-1 pathway-related

genes in the synovial tissue of CIA rats

T X HRATATLL, © P<0.05, ™ P<0.01; 5L, “P<0.05, *P<0.01, ™ P<0.001,
B 7 R CIA KU LY Keapl/Nef2/HO-1 {5 5 30 BTG AR Y I A1
Note. Compared with the Control group, *P<0.05, ™ P<0.01. Compared with the Model group, *P<0.05, *P<0.01, **P<0.001.
Figure 7 Regulatory effects of the “Tianyu” medication pair on Keapl/Nrf2/HO-1 signaling pathway-related proteins

in the synovial tissue of CIA rats



