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Study on the mechanism of Yiyi Fuzi powder in the treatment of
rheumatoid arthritis based on metabolomics and network
pharmacology

ZHANG Fang-fang, LI Xiao-kai, LI Xue, WANG Yu-yu, WU Jun-ke, WANG Yu-ming’, LI Yu-bo"

(School of Traditional Chinese Medicine, Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China)

Abstract: In this study, a combination of metabolomics and network pharmacology was used to study the
pharmacodynamic substances and mechanism of action of Yiyi Fuzi powder (YYFZ) on rheumatoid arthritis (RA)
rats. The animal experiments were conducted in accordance with the requirements of the Experimental Animal
Ethics Committee of Tianjin University of Traditional Chinese Medicine (approval number: TCM-LAEC2021241).
The metabolomic analysis using UPLC-Q-TOF/MS technique identified 22 metabolites, including arachidonic acid,
tryptophan, linoleic acid, phenylalanine, as significant biomarkers for the treatment of RA with YYFZ, and they
were significantly regressed after YYFZ treatment. The analysis of YYFZ blood components also revealed that 11
blood components, including hypaconitine, benzoylhypaconitine, and deoxyaconitine, may be the components that
exert direct pharmacological effects in YYFZ in vivo, and further network pharmacological analysis of blood
components obtained that YYFZ may exhibit anti-inflammatory effects through acting on PI3K/Akt signaling
pathway, estrogen signaling pathway, vascular endothelial growth factor (VEGF) signaling pathway. The results of
this study provide implications for the clinical application of YYFZ.
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FRJEPESRTT 4 (rheumatoid arthritis, RA) il i 17
NI 2 2R T 80 s FEAR i, R BRI AR
PN LS AT M 10 BAE ISt Bk B, RA
AR — N A, T H R — At TR, 75
FE Ak, KI5 R 2 FEATSh D RE R R — N EHEE R, &
WHEN1%Y . FEEN, BREL8037%Y. BATdE
PRIEHTR 24 BE R R B M R 32 PR
25 R Ty S G iR B IR AR DL RGBT
AN R e 7 R il 5 4 7 ) 351 640 % e DA e 436 5 3 (1)
BIT AU N E R,

UM T8I (Yiyi Fuzi powder, YYFZ) H H (&[5
BN Y, A A Pk 25 A B T E AR
KB, M FIRBAECE . B Z5-E T, Al R BRI, T8
e, CA R, & U R 2 R AR
A BB FM 1) 28 9 S RO B I VR T RA DG
B RSORIAR 3T 388 5 410 1) 96 E e BT, I EL B - AR P s
L4 RA H #% A F-xB (nuclear factor-«B, NF-xB) Fll
22 4 ) yE AL & H ¥ (mitogen-activated protein kinase,
MAPK) 15 5 i #% ] S0 R0 908 A it (1 R I8 F &
™ SR H TGN A A N R R S IR R
% (CIA) K B BIAE L] .

AR EEL 2 R0 ) 24 24 38 2 2 1) B 55 7 W AE ML )
BT AP AR 2 4 8 SONAE & Rl /E FH R A
FE 0 A 3R] 3R AR R SRR TS, R A A A ) AR AR Y
AR T AR, T PO 2% 24 B 0k o 245 B 7 IR 9T PRI
{EFBLSI SR AL 18 A 7 B s, @ i “ - i
g — BB I8 B R R A0 07 30 AN 43 dr, T AP 3R AR
YYFZ G750 0 OB RE i S AR % o A FE 1 o
ST CIA K B VP Ak 25 2001 FH, I I 2 R A gk
AT AR 03 M, RIS e A Wb B S AR ad i e
R, IR YYFZ AR A 5 70 A 3R 45 B4R T2
A FRTE PHE B A, FERI FH I 26 2] B 2 6k L gk AT /R FH 4 A
KBS T, AR T YYFZ 1697 RA 9 i S il A
YE LB LSRR .

MRS 7%
@A T O R 2 T R A IR

N AT A190502) . Bt (7B SR 2L A IR 4 A,
L5 1801068-16), 28 K HEH B2 2 K27 245 RAFE B %
TE B AN R A BHE Y & K Coix lacryma-jobi L. var.
ma-yuen (Roman.) Stapf. [ )5 a2 =, 8B E
B Y S 3k Aconitum carmichaelii Debx. [ F 1R 1
T, BT O B4 2020 i € A N R A E 24 )
e, hIRATEEER A R 3595k
210144 F1210112) 0y H 3£ [H Sigma 2 7] ; K IL-18

R & KB IL-6 3057 & K B TNF-o 3805 & (145 70
318 TY20220328.TY20220512.TY20220415) #11 H
R AR R AR AF . FEEW (L
FZEEYA T HRAF, #it5: H31020644); G EE 2
W (R R AR IR A F], ik5: C12330784);
KR RFAAE (U)NE 4w wm BRI AR A A, #it
5 WKQ22090502).

{88 Waters Acquity UPLC & #H 211 1%, Waters
Xevo G2 Q-TOF/MS Jit i 4%, UPLC BEH C18 {4 i
(2.1 mm x 100 mm, 1.7 um), 3¢ [E Waters 2 7 ;
ALLLEGRATM-64R & i ¥4 ¥ 2 0 ML, 55 [ Beckman
N ] ; TecanInfiniteF50 B b5 AX, ¥+ Tecan 23 &) ; A& fik
R EAX, 2 HOE A YES B A IR A ] B
R, ST HE TAARAA .
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KRG T Ib 4 B R AR I A IR A 7 [E 4%
51 SCXK (&%) 2019-0008], A 57 28 K 7 1 = 24 K 2
NYE L B e (HE S TCM-LAEC2021241).

HEmAEIE REEREBEULC M, R s:3
LR A, BT R B, N 10 £5 & KR
45 min, [FIJEFREL 1 h, & #Gd 98, 25380 8 £ &K [l
45 min, R JE, G HFIEW, WA B FHRE (LEZ
TF, WA 1 gmL"), fRAFLE 4 °CUKFE . BHIEZ 1Rl %
B — 5 ot ) B S ) BT RS0 N KV i 9T
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1T Y f SR FL A (C I B B o IR e e R 5 R
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41 (control group, NS) K Kt v 5 &5 & 19 A4E # #h K o
ZJa ¥ KR N4 (model). F &G4 2 (metho-
trexate group, MTX). & X fff 7 #4 = (YYFZ high dose
group, YYFZ-H).*' (YYFZ medium dose group, YYFZ-
M) & (YYFZ low dose group, YYFZ-L) 7 &2, &4
101 5 RRIEEHE 2 RIFHAE AT . MTXA
FEB M= 1 mgkg', BEGH 2, RS RIEBFE
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T YYFZ KHI# 5.30.2.65F11.33 g-kg', &% A AN
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1.5% [ B b 22 44 SRR I 5 B =6 S kR IfL, #% & 30 min J&
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W B 135 R A7 T80 °CUKFa H, L4 Jio SR it 4 2%
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HUERZE I REAS (2950 uL), 4% 18 _E R 0 4E i 4% i & 4%
il FE A (quality control, QC), AL 5 B A ¥ i 1 A9
g B,

i %4 Waters ACQUITY UPLC BEH C18 &,
P4 (100 mm x 2.1 mm, 1.7 pm), ¥~ 45 °C, e E
5uL, JiiE A~ 0.3 mL-min”. FBIAH N 0.1% FERK (A)
F10.1% H IR 20 (B). T FE BN 2 4F: 0~0.5 min, 1%
B; 0.5~2 min, 1%~50% B; 2~9 min, 50%~99% B; 9~
10 min, 99% B; 10~11 min, 99%~1% B; 11~13 min,
1% B.

R SRA B S H B YR (ESTIR), 7E 1E & 11k
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4 °C, 3 500 r-min” 25 F #5010 min, BHCEIE R,
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Figure 1 The trend of changes in body weight (A), toe volume (B) and toe width (C). n = 10, x + 5. YYFZ: Yiyi Fuzi powder; NS: Control
group; Model: Model group; MTX: Methotrexate group; YYFZ-H: YYFZ high dose group (5.30 g-kg'); YYFZ-M: YYFZ medium dose
group (2.65 g-kg™); YYFZ-L: YYFZ low dose group (1.33 g-kg™)
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Figure 2 Changes in rat serum biochemical parameters. Effect of YYFZ on IL-15 (A), 1L-6 (B), RF (C), and TNF-a (D) of serum. n = 10,
x£s. "P<0.01 vs control group; ‘P < 0.05, ""P < 0.01 vs model group; 1L-1f: Interleukin-18; 1L-6: Interleukin-6; RF: Rheumatoid factor;

TNF-a: Tumor necrosis factor-a
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Pathological section of rat ankle joint. NS group (A),
Model group (B), MTX group (C), YYFZ-H group (D), YYFZ-M
(E), and YYFZ-L group (F). x200. Red arrows indicate vascular

proliferation, blue arrows indicate infiltration of synovial tissue,

Figure 3

and black arrows indicate abnormal proliferation of synovial cells
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Figure 4 Multivariate statistical analysis of plasma metabolites of rat samples. Base peak chromatogram (BPI) diagram of positive ion

mode of quality control (QC) sample (A); PCA score plot of YYFZ group and MTX group (B); OPLS-DA score plot of the control group vs

model group (C), model validation map (D)
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Table 1

model group

YYFZ biomarker information. T and | represent higher and lower level; “P< 0.05 vs control group; ~"P < 0.05, "P < 0.01 vs

te , ) Error YYFZ- YYFZ- YYFZ-
No. . Metabolite Formula Ion Predicted ~ Measured s Model MTX
/min /%10 H M L
1 0.72 Creatinine CHN,O  [M+H]" 114.0668 1140672 350 1%  |° L L I
2 0.74 Spermidine C.H,N, [M+H]"  146.1635 146.1633 -136 17 |™ |7 1 1
3 0.86 Tryptophan C,H,N,O [M+Na]® 227.0796 227.0791 220 1% |" [|° L !
4 1.00 Linoleic acid C,H,0, [M+H]" 281.2484 2812492 284 1% |" [|° ! !
5 1.76 Phenylalanine C,H,NO, [M+H]" 1660827 166.0834 421 1% |" |” 1 .
6  8.08 Ketoglutaric acid C.H,0, [M+K]" 1849813 1849824 594 |" 17 T 1 1
7 3.00 L-Ornithine CH,N,0, [M+H]" 133.0991 133.0974 -12.77 1% |7 |’ ! !
8  5.02 Lactosyceramide(d18:1/18:2) C,H,NO, [M+H]" 888.6315 888.6352 416 |* 17 T 1 1
9  7.37 L-Carnitine CH.NO, [M+Na]® 184.0969 184.0997 1521 1"  |° 1 1 1
10 4.92 TG (12:0/15:0/22:1) C,H,0, [M+H]" 821.7552 8217598 559 1% |™ " 1 1
11 8.07 LysoPC (20:0/0:0) C,H,NOP [M+H]" 5524038 5524029 -162 1% [|° ol L
12 8.09 LysoPC (22:1/0:0) C, H,NOP [M+H]" 5784128 5784186 1003 1% [™ |° ! 1
13 7.36 Palmitic acid CH,0, [M+Na]® 2792320 2792335 537 " 17 17 1 !
14 4.61 Sphingosine C,H,NO, [M+H]" 3002903 3002902 -033 " 17 17 T 1
15 6.38 4-Pyridoxic acid CHNO,  [M+H]" 184.0692 184.0672 1086 1% |~ 1 ! !
16  7.72 S5a-Tetrahydrocorticosterone  C, H,,0, [M+K]"  389.208 389.209 4 360 1% 1" 1’ 1 1
17 1125 Tetracosatetracnoy C,H,NO, [M+K]" 5423668 5423692 442 1% |7 |7 1 1
18 0.72 2-Hydroxybutyric acid C,H,0, [M+Na]* 127.0388 127.0401 1023 |* 1° T T !
19 552 PC(14:1/18:4) C,H,NOP [M+K]" 7624469 7624478 118 1* | 1 I !
20 6.02 Tetradecanedioic acid CHN,O  [M+K]" 297.1468 297.1512 1481 |* 17 1~ T !
21 0.82 Phenylpyruvic acid C,H,N, [M+H]"  165.0552 1650567 9.09 |* 17 17 T !
22 7.69 Arachidonic acid C,H,N,O [M+K]" 3432006 3432019 379 1% |~ 1 1 1
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Figure 5 Results of metabolomics analysis of RA rats. Hierarchical clustering heat map (A); Receiver Operating Characteristic Curve

(ROC) analysis of YYFZ intervening with identification of serum biomarkers with RA in rats (B); Metabolic pathway analysis of

biomarkers in serum (C)



1808 - Zj% %4k Acta Pharmaceutica Sinica 2023, 58(7): 1802-1811

5 YYFZEANMASEE

I A AL S A 2 R IS RE AR, DA R HE 4
T B IR i i A5 R, AR AL K 11 F
ALY, iR 2 s .
6 MIEIGIEFE DM

Ik TCMSP 04l 22 6 22 2 o i 11 /S N ifi i 3
AT HE ST, f & 3RS YYFZ NI %4 58 55 272 A DA
S RA I HE AL 597/\0 BN 5 RA FE 24T
Venny & #E5H7, K75 704N YYFZ i 77 RA HI#E 55 .

Table 2 Analysis on components absorbed into blood of YYFZ

J# i Cytoscape3.8.2 25 il “ a7 —#E 55— 147 WX 4%
Bl il 6A Frow, B RS AR SR L R AT, SRR
S, A EARRNMES o FH AT ) Cytohubba
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Rt . . Error .
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/min /%10
1 4.02 Senbusine B C,H,NO, [M+H] 424272 4242699 4.95 406.2463,388.254 4,378.266 3,374.232 7
2 4.09 Senbusine A C,H,NO, [M+H] 4242724 4242699 5.89 406.2650,388.252 6,378.230 7,374.235 5
3 4.86 Hetisine C,H,,NO; [M+H]" 330.2073 3302069 121 312.2
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508.238 4
8  9.74 Benzoylhypaconine C,H,,NO, [M+H]" 5743035 5743016 3.31 542.2789,524.262 1,510.252 6,478.224 1
9 11.8 Hypaconitine C,H,NO, [M+H]" 6163135 6163122 2.11 556.296 3, 584.288 8, 524.269 0, 496.267 2
10 12.57 Deoxyaconitine C,H,NO, [M+H]" 6303286 630.3278 1.27 570.303 4, 538.278 0, 510.282 8
11 16.20 Sitosterol C,H, O [M+H]" 415.3946 4153940 1.44 397.286 4
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Figure 6 Network pharmacological analysis. "Blood components-target-pathway" network of YYFZ (A); gene ontology (GO) enrichment
of the YYFZ effect of RA (B). Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis (C). BP: Biological

process; CC: Cell composition; MF: Molecular function
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