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cathayesis in treatment of rheumatoid arthritis

WANG Huakun', XIAO Fangjing', BIN Wanjuan', FU Chunging', YIN Li'?*"

( 1. College of Biology and Pharmacy, Yulin Normal University, Yulin 537000, Guangxi, China; 2. Bioengineering & Technology Center for

b M

Native Medicinal Resources Development, Yulin Normal University, Yulin 537000, Guangxi, China )

Abstract: In order to explore the changes and characteristics of plasma content metabolic profile in rheumatoid arthritis
(RA) model rats after the intervention of effective parts of Semiliquidambar cathayesis. Based on the Ultra-performance
liquid chromatography tandem quadrupole time-of-flight mass spectrometry ( UPLC-QTOF/MS) technique, the
differences of plasma metabolite profiles in rat arthritis models before and after the administration from the perspective of

nontargeted metabolomics were analysed. Chromatographic experiments were performed on a HILIC column (100 mmx
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2.1 mm, 1.7 wm) using a mobile phase that consisted of 25 mmol + L' ammonium acetate and 25 mmol - L ammonia in
water and acetonitrile. Mass spectrometry was conducted in the positive and negative modes by electrospray ionization
(ESI). Metabolic information about the plasma was acquired using a multivariate statistical analysis model. Principal
component analysis (PCA) and partial least square discriminant analysis ( PLS-DA) were conducted for pattern
recognition and difference analysis. PCA was performed for data variables in the positive and negative ion modes,
respectively. The metabolic compounds were divided into different groups on the basis of their chemical taxonomy. A
permutation test (n=200) was conducted to verify the fit of the model. The differential metabolites were screened on the
basis of variable importance in project (VIP>1), analysis of variance (ANOVA, P<0.05) and maximum fold change
(>1.5) by using the PLS-DA model. The compounds were identified based on the data retrieved from the METLIN and
HMDB databases according to the quality information of percursor ions and fragment ions. Plasma metabolic profile
before and after administration showed significant differences. Metabolite determination results were screened by SIMCA-
P software, followed by ¢-test and fold change analysis, screening differential metabolites and pathway enrichment
analysis. The results were as follows: (1) Compared with the model group, after the combination of positive and negative
ion mode, 321 different metabolites were selected, 174 metabolites were identified in the negative ion pattern, 192
metabolites were identified in positive ion pattern. (2) All metabolites identified were classified into 12 types according
to their chemical classification attribution information, organic acids and derivatives, lipids and lipid-like molecules
accounted for a high number of metabolites. (3) A total of 37 metabolic pathways were obtained by pathway enrichment
and showed significant difference (P<0.05) , digestion and absorption of proteins, tumor choline metabolism pathways
and ABC transporters enriched the largest number of differential metabolites, all pathways were significantly upregulated
(P<0.05). Accordingly, a theoretical reference has been presented for the transformation mechanism of S. cathayesis
regulating RA.

Key words: UPLC-QTOF/MS, plasma, differential metabolites, metabolic pathways, Zhuang medicine
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2 KRR PR 5 Y R SRR 28 KR ( theumatoid
arthritis, RA) ,J&— P IR BH A9 L) 5G9 1 15 A8
T8 SR B A B VRS PR B IR R AE L 5 i ik
VIR R AR D RE A2 BR Oy 3 2R AR (Kowalik
et al., 2018; Zulfiqar et al., 2019; Pandey et al.,
2019) ,RA 520 B A= A R H va 97 K Ho B
SR EGE . MR I TIRYY RA 25 247 R
RZ& $T 9% (NSAIDS) ( Zavodovsky & Sivordova,
2018; Malano & Strusberg, 2019; Abbasi et al.,
2019) 3 9 1 BT XE 25 ( DMARDs ) ( Roodenrijs
et al., 2018; Cacciapaglia et al., 2018; Khilfeh et

2019) Wi Rz i & ( George & Baker, 2019;
Llllegraven et al., 2019) A ¥ #| il ( Aletaha &
Smolen, 2018) 4%, GENE BB E K )k 2% 0 45 (B H
Hh B o A AT K A ZR AL AT 2 X E
T 7 T R S B 0 2 ((Kriiger, 2018;
Wilson et al., 2019) , I, #F 5% A 53K 5 05 5% 1n)
gl K J5 3, i e 245 VIR AN 5 R AR 2D
PR AR HT AL L e B o Y b 24 22 i e iR
T

2R AT ( Semiliquidambar cathayests) N4 2k g

BREAT &, R A2, S P E A 0 SR e A )
(FRPELEHR AR gL, 1999), 24
FHAE AT 1 20 T (08w R 24 58 ), BA I I AL 1k
YT 8 B R AR R (B b R 2 R 2
2006) , F i A RREE XU R g BT A L R
TAK) 2B ARE 7R KE 45 O B 5 7 24
Wz — Tz T BRI AR AR 2 A
RO, A B IS A B ﬂ?ﬂ%iﬁfﬂiﬁn@%@ﬂ@ﬁaﬁ(qﬂ
ERL =B A R w2 2y, 1984 E K

MR PR AR B g R 2, 1999 ; W [H Bl 24 B
PR B ST BT, 2005) o ) PO 5 B 1A R 2F AR

ar B M A0IK IR 7 28 WG 5G9 R YT RCEAE I
IR b DA 4 MRk AT I Ry 8 FH LB XU R0 e
{4 (Liang et al., 2015; Yang et al., 2016), H T
BT R IRRR L 3 A R HL, BT A E E 2 B Y
R JE THERLH B, M 20K (2020) 73081 7 2FE R
Tof e SR i SSR A B, o FhRic i Bl &
AR HE S X M OBEIH 4 (2018, 2021) %65 R
UPLC-QTOE/MS 43 Ay 2 i AR AN [7] 355 457 4k 27 il
B A AN [ 20 28] 25 S AR, & B2 R | iR
TR | P T R 7 - i T 55 B A Ak 2 A3 AR AR
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e, AR AL Z RS FEE R
=G . BIRAE (2019) WLE il £ 4 2 2 R AT
(1) o 22 By PRS2 H A B E P A L s
P EE(2021) KB AAar 19 7K | B $2 B X6 /)N B
HAUE M BURBR R, BT, T 2B Y
WEFE B0 Ko 54 B A Ak i o F0 2 B 1 45
Dy T, B /D95 R AR A A 4R
ARIEH 7 ] FH T B 5T RA B0 45 AiE A1 2 5 HL
il (Ma et al., 2018) , & FHIAC I 20 2= 1 3l 4 s i A
TRUAH B 25 & A9 0T 52 S0 Ry %, i 2 2 FH BAR 43
BT T B 5 4 2 IR 1 O 19 4R & J A v g P U5
NG AR, TR B 0 & e ATL R 25 0 4 BL
il o AR TR AL A A RS A A LA S SCHR o A
(AL 55,2015 g4, 2015) , WA T 20
Fap o2 R 1 OG5 98 1) 24 FHA AL O > R AR, Bt
RV KRG & 5. e, R8T
SEAAE T (CFA) 75 5 19 KRR 2 KU 56 T 4 B
AL DU K 56Ty S48 B0 K BRIA T 3G i | i 4%
EAEEL A1 IR AZ AN PR AR A -2 (COX-2)
1 5-fE4A G (5-LOX) R IE K B oK B IE Hh &
P 240 L DR 3R 58 A KB, 0 20 I S 2 AR e AR TE T
P B2 RG] e 2 LA B B T RA TR, B
AT R ) 78 /0 50 B s IX e 32 LY 3 U,
RGP 1A A ML AS W, S T i — 25 1 B 3%
A2 RA HEAEH , AR5 15 Bl UPLC/QTOF-MS
Xof 2 Wy AR 9 P 7 B2 IO 45 25 T S RA AR R
SIS A A7 I g AR 15 4 2 o3 BT, ST DL ]
B, (1) KB 25 24 21 RN ASE 700 2 0l 0 R 5 A7 A 25 7
R (2) 2 5 AR & 48 76 WP 26 {5 5 %
(3) AR IE T B2 By 32 8 3 3 9 1 0 2 Py U
PEARIH ) K S DT R RA LA P 34 £ Q3
VI Fa B R 2 AT AR BT RA A JF & ) 4 (3L Rl 2
i

1 M5 *

1.1 Z#f

AT ( Semiliquidambar cathayensis) H E Ak
YIS 2 56 T Wl 50 452 SR B O 8 7 hy A M P2 AR
T JE AR AT (0 TR AR . A DR ZH T I S 50 2
SRR AR IE T A BB  m R A A
T RA TP S HAE iz S s g il 24, $2 K
Ti s TR R AR 24 bF 22 0 0 ok 07, 2 FH 75%

CBERNR I 2~ 3 R, IR 0.5~ 1.5 h, & IF 2
W, U M i A9 B E FK IR B 1 T B 47 46
WU, B9 3 U A U e B 2 D ASC Il s 501 O vk
a5 R RIS N 10.67%

1.2 Zh#

SPF 2 fil 5l SD FPAfEtE R ER, AT (250+1) ¢,
WE T PEER KRS g bl [ ATIES .
SCXK () 2014-0002 ], i #% 5 F: % i 22 ~ 25
C , AR .55% ~70% .,

1.3 iXF 5128

ACQUITY UPLCBEH HILIC % 3% # ( 25 [
Waters 23y ) ) ; Triple TOF 6600+ VU 2% T 5 43 #F K47
IF E) BT 1% A% (25 B SCIEX 2y ) 5 Agilent 1290
Infinity 4 /5 280 AR 435 42 ( 56 F Agilent 23 ) ;
RE-52A RUJEH%E 25 KA SHZ-D (1I1) f§ 3R 7K B 55
(L SR A AL A ) s DZKW-S-8 B /K ¥ B
(demt i A BEIFAL AR ) s FW100 7 55 3 7 fig
W EHL (A 5T KB B BT ALER ) s Micro21R 7Y
F 20 TR B L (22 [E Thermo 23 H] ) 3 ZNCL-T
AU A (iR AR A BR 2 7)) 5 ABS /)3
PSR BREEAL ( L0 EOFRL AR AR A A 5
ol B BN 2 6 (7R Merck 23 7)) 5 36 G 58 4k
7 ( 3 [ Sigma-Aldrich 24 ) ; Milli-Q 4l /K & 4t
( £ Millipore 23 A]) .

1.4 ik

1.4.1 shh s A R E 24 HfENE SD KR fE
BLAr AP BEARVZE 452 1 h 20 (LTS8, %
EHAT AR IE T R PR O 4525 1 h S5 HUML ) ,n=12;
KA JE R FHES 0.1 mL CFA BUR L, 45
ZYHT 12 h 25 EORAR K AR AT I a4 R 2R
AR IE TR BOR 4 25 1) 4% 5.4 ¢ - ke IRE T
BB A T AR R K R R E 42 1
82505 1 h Ja BRI R BT 28 JH 1) Tk SR 46 1L
FE RS 20 W)k HR AR T PUEE A SR 1, 4 °C 4 000
r - min” 0 15 min, YR I3 IF 4026 T 808, Tl
ARG B T-80 CIATT

1.4.2 HALE  WRHUNIK 100 pL & T A S P
FIETCH Ep & H, I & 28 e ab 3 H R/ 2
E/OKIEW (2 22 1,v/v) , IR A 5 AR IR 75
Ab3E 30 min,-20 C ZM4 T ACE 10 min,4 C 54
T LA 14 000 g 250> 20 min, EL25 T4 FIEW, 2007
B KB (MG = K=1:1,v/v)100 uL &
%4 °C £ FLL14 000 g 2500 15 min, B EIE TR
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5 pL #HEH7, JE#E (quality control, QC) FEA N
JI AT MR AEARTR A S L 100 L, [R1 AR 2

1.4.3 BHERE AR Agilent 1290 Infinity #
AL WA A 1% R 48 (UHPLC) BC & ESI ¥,
ACQUITY UPLCBEH HILIC {2 (100 mmx2.1
mm, 1.7 pm) 7 1E 8 F 8T SE 17 800 R4
FEIR 25 °C ;33 0.5 mL - min™ ; #FRERE 2 WL Wi 5h
FAR A 7K +25 mmol - L' Z B8 £ +25 mmol -
L'ZK,B NG, BT W F.0~0.5
min,95% B;0.5~7 min, B )\ 95% £k ¥ 45 {k &
65% ;7 ~8 min, B M\ 65% 2 PEA5fb & 40% ;8 ~ 9
min, B 4EF57E 40% ;9~9.1 min, B M\ 409% 2725 1k
% 95%;9.1~12 min, B 4E:57E 95% ., HILIC A%
SYE R ESL IR A R . g S8R F LR
(GS1) 60 psi, fifi By M# S (GS2) 60 psi, A5 <
(CUR) 30 psi, @& F (TEM) 600 °C, T 414 H &
(1S)+5 500 V(IEfM PRI ) ; TOF MS 9445
m/z K 60 ~1 000 Da, /=¥ & T H# Gl m/z H
25~1 000 Da, TOF MS 14 2 FLHFH] 4 0.20 s/
spectra, =) T 45 RFLEF ] A 0.05 s/spectra;
TR TR R AR B A RO K (IDA) Bk A5, I
HUR e RS, M e (DP) £60 V(IE
TR A AL ) | CES filf 18 B8 J7 & N (35+15) eV,
IDA BEE AT HERR 4 Da WIRTRD 2, BRI ER
N ) 468 25 5 0 10, R IRCBE AL 3 2 47 4 AS o 22
S3AT, AT LA sk G A2 A 15 5 D B0 >k 1 52, B
FRNA AR MIRGERNEEREAR, BiE1T 6 1
FEACREE — R R REA, LA A I R S fa
PR B SIS A s P AR

1.4.4 3% 54 UPLC/QTOF-MS 5t J5 4h K4
fdiFH Progenesis( V2.3, UK) {4 E 47 B dhs T4k 2,
PR EZACE WX ST R R RS B IR R
BFR] THE U — AR iR B, Ak ) 5 TR
FE B G UL KR 2 oA, B Peak View
(AB SCIEX, USA) #& Bt 25 5 4G W i) — 0 v g
3% I f&% B HMDB ( Human Metabolome Database ) 1l
METLIN ( metlin.scripps.edu) #£ 47 %8 € I UE, Ir
TS P8 75 B A 5 3T 4, Bl FH MarkerView ( AB
SCIEX , USA ) #EAT— 40 T 115 (14 45 B, 28 B840 A 1F
H—4kJ5 S5 A SIMCA-P (14.0) #£4T PCA FIl OPLS-
DA S 2 4E 581t 40 B, L4878 & (1) VIP (variable
importance in projection ) > 1 I | Pcorr | ( Pearson

correlation) >0.52 AR e, Phik 22 A0, SPSS

(20.0) X i H #4742 B FEAT AL AMST REAS o K 0, Bk
P P<0.05 B ¥, KEGG pathway ( https://
www.kegg.jp/ ) BUHE 22X L 3% A it 2 S A ) 1 i
BEE AR AT, IS AR AS ¢ K 90 LA 45 2T R i
HIMZESR

2 HER G54

2.1 MERGEWEESHRLESLAR

JH UPLC-MS AT A 1l A AT 31 43
BT St AU ) AR E B R s R
FRBNREFIX I3, dl i 5 B B B P A AR B R
{6, 1% & (total ion chromatogram, TIC) (& 1), & B
5 £ T U ) T 7 AR E R O B I () B R S 1
SRR AR R A A R 22 5 R 1Y 2 AN, £ The
Human Metabolome Database  Lipidmaps( V2.3) LA J&
METLIN 48 e s P o3 A, 1E 7 Rt 0 e 3t
S5 321 AR, Hoh fr e A K T 174
FARE Y, 1E B R 192 PR, B
A % E A (& IR TR 5 B A
WRIEHAL 2 2R P R BT Kt AR 12
FhEAY AT HLIR S AT A=W R 28 B2k g o v A AL
RIMEEY AT EAEY B TR
Y EARBEE Y AR EY A LB LS
Yy RN B MBEERE KRG, 7RG
BRI B AT A= Wy AR 26 S 26 iR o 13X 2
A Y B e R TR A b o s
20.87%#1 15.89% (& 2)
2.2 HEE R
221 FRZHRA A A LGA MBI M
KUY 257, FENRB RS EAE
AR S A% K 4y B ( Fold Change Analysis, FC
Analysis) ¢ K 50/4E S 46 5, 58 23 B 120 I
T R AR 20 B A AR (% R E
RGP ) k22 Sk o B, SR A G B (8 3) gy =X
e HEAT AT IR /R , BAT (8,38 7R FC > 1.5,P< 0.05
2 AR (L) B AR R FC<0.67, P<
0.05 W25 B (THH) .
222 $ A% oA AEME P E S
(PCA) PP A F0 J7 1k 1 R 1, 23 BT BT A S 3
FEZAS I 5T 428 R A 42 BT 3 A9 0, G I&T 40 A TR
1E PCA ElHh  RX HPesE PCA BRI i) £ 2
B, 40t 7 WIS B BAEAS A R X (cum) = 0.579>
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Fig. 1 LC-MS total ion chromatography (TIC) of plasma
samples in ES+ mode (A) and ES- mode (B)
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BAREE AT SE (K1 4. B) o i S 7E A o AR v
AR I $U G, XA TR SR P K 5 LA (R T A5 Y
AIARCPE . 200 YA I 245 SR I o i 40 B 3 Wi
REAG, BE LA B (Y R A Q23832 8 K, 26 I LA
RUANAEAE ST LA RO, BT [ A A fede | vl DA 4R b 45
S0 e 25 A, A Bl B P B9 OPLS-DA 43
Br, AT W AE 22 AR ) 53R, 45 245 20 AR R 4
(B 4.C) mEs5e 4,7 WAEHAE HREFT 200 1 MR
7 HE A 56 () 45 R B R, R*X (cum) = 0.574, R*Y
(cum)=0.963,0°=0.841, FR-R F W L5 25 5 ) 13
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Table 1  Metabolite table with significant difference in positive ion mode
B 15 B B £ A B £ R P i JBi A He 1 U s 1]
Compound addition . Variable importance o ) Mass to Peak time
L . Metabolite name L Fold change P value .
ion information for the projection charge ratio (s)
(M+H-H,0) + 82 D-mannitol 2.41 0.28 0.015 165.07 157.793
(M+H) + 3-H L &R 3-Methylhistidine 7.73 0.34 0.021 170.09 453.270
(M+H-H,0) + Z Z % Diethanolamine 6.74 1.58 0.038 0.038 206.579
(M+H) + D-Ffi 4% D-proline 4.22 0.62 0.045 116.07 320.881
(M+H) + 1122 5 2 % Sphingosine 1.74 1.68 0.048 300.29 45.609
TH 2 - Vi -3 R L
(M+H) + 1-Oleoyl-glycero-3-phosphocholine 13.05 0.55 0.055 522.35 187.606
(2M+K) + Z H B Dimethyl sulfone 3.04 1.05 0.056 226.99 345.616
T B -4 B S B -1-0- B T AR5
(M+Na) + N-docosanoyl-4-sphingenyl-1- 1.99 0.43 0.065 809.64 123.164
O-phosphorylcholine
(M+H-2H20) + AfZ Cholic acid 4.69 5.12 0.068 373.27 223.616
(M+H) + W S oo H -3 BRI 2.66 0.56 0.072 468.31 194.506
1-Myristoyl-sn-glycero-3-phosphocholine
1, 2- A Bt -smo-H ik - 3-8 1t I
(M+Na) + PC(16:0/16:0) 2.79 0.43 0.075 756.55 39.051
(M+CH3CN+H) + DL-KPN %2 DL-phenylalanine 1.83 1.30 0.088 207.11 229.940

L H R R, 2 A RS TR B R AR -
tRNA A=) & 1, B L R A= ) & 1 B-TR 2 IR A
KNETR , & RO BRI A& i, teoh, &
P15 A9 T P AR IR A e g FEL A 3538 0 3% 1 ABC %
ia 3 R R 22U AR R 2, 37
PRI E AR,

3 W5 Ew

BT S A B A A A 355 A TS AL 3 A A )
22 5 A ) e G % R AT o Al RAA TR R SGRY R
PR A& Yy i P 2B 27 S 2%, v R i) ARl
I 22 FLA AR AR AR Z R MR A B . N
A AR IE T P B B R e R R (AR TN &R
T2 | 2 24 R M (0 R 4 ) W IE (DR W E ) A1 i
A Wy (1-R8 R Tk -2-4E A= DU 945 BE-sn-H 30 —
LR A0 2 B R D-H 55 B 1B S 1 -2-045 Tt -
sn-HIH 3- I AEL B 25 ) 257 A TR AR A O 2 kUK
Vo ARBETERW], IR A2 B AR BRI SF N
PG IR N R IA S RA B A BURAHE,
AWMU Z L E A RA SRR . 2R
TR T RAE N 7 17 A T BRI E R R K P

FL R RIS RSO SR AR B, (o R T B i G
TE RN R AR R B R AC
s HALIR N AAAE RAE SOV, (0l BE-tRNA 5 ik
fi ( tryptophanyl-tRNA-synthetase , TTS) &/ 5 {6 &
25 (RNA Ff S PE 45 4, i1 5 ) {0 1 15t -(RNA
EAAYE AR T 8 TS R 0= R A A
TEJRI TR AL BN B K (0 S R 7K1 T e, 22 T R 33 Ak
L 40 R B4 SR A A, Ab A I GO 85 o A (5 2 TR
PR A A T3 o BOE RA BE A B SO vk e
MM IR A 4040, S8 RA &% (Han et al.,
2017) . BRBALAE (2020) 58 K B b B2 2 05 ¥ 3R
JYRTJ , RA SEE I TE AP A I B 4 1R 3R 1k K F
HAREWNZES BT R EFMFSEAR KELA
R M N AR K FEAR, y- 2 TR e =R (R
R B R N H R 1 K T R B R 4R R B
fr ARG i ARSI T 45 A Sk e iR GE — 3, 3-
W IEZH R 0 2 ikEE R A R R 48 W AL T s
By, e T s Y L 3o AR 2 —
(Kochlik et al., 2018) , 1] 2 5 & [ 5 14 1L R
W, 2= BB % 1R 7 O IEAR L 92 1M XU P 56 4y 48
L RA BEERZEMNE SHARBWA 5T K
TERRE , AT AR E T B SR O R AR T
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A WEEGEE,; B. L-A&EER; C. 4B (ELR) MR,
D. 1-ff 5 BE-2-9 BE-sn-H il -3-85 R AL AL ; E. N-— 1 0k
T -4 -5 2 B - 1-O-BE WL NG ; F. L-RAR It -2- 58 5 -sn-H 10 -3-
WEIR LR s G 1-RE AR WE-2-46 A DU B -sn-H i1 ; HL 1,2-
T A -sn-H I -3-BE IR BE AR AR LORHERAR,; J. SRR
K. FHZE; L. LKAER; M. JXZE; N. LAZERK; 0. il
fR; P.2-LRAKCHE,; Q MAWAR, R 3-BETRS
Wg; S. MR PR, T. L-Si&R; U. 0B, V. #if 32,
W. JRUSE, X, IR, Y. 2, 2. (3-REFHE) =
FLEEPHE 5 a. I-H SLMRBERE; b. AL =W iZ; c. 2-H
T I ; d. 1R,

A. Tetrahydrocroticosterone ; B.

N
o
o

L-tryptophan C.
Taurochenodeoxycholate; D. 1-Stearoyl- 2- oleoyl-sn-glycerol-3-
phosphocholine ( SOPC) ; E. N-Docosanoyl-4-sphingenyl-1-0-
phosphorylcho-line; ~ F.  1-Palmitoyl-2-hydroxy-sn-glycero-3-
phosphoethanolamine ; G. 1-Stearoyl-2-arachidonoyl-sn-glycerol ;
H. 1, 2-Dioleoyl-sn-glycero-3-phosphatidylcholine; I. Betaine;
J. Dimethyl sulf one; K. Taurine; L. L-Phenylalanine; M.
Urea; N. L-Histidine; O. Creatine; P. 2-Ethoxyethanol;
Q. Sphingosine; R. Ethyl 3-hydroxybutyrate; S. Pantothenate;
T. L-valine; U. Nicotinamide; V. Betaine aldehyde; W.
Uracil; X. Corticosterone; Y. Diethanolamine; Z. ( 3-
Carboxypropyl ) trimethylammonium  cation; a. 1-
Methylnicotinamide; b. Trimethylamine N-oxide; c. 2-Methyl

butyroyl carnitine; d. Cholic acid.

K5 w2 S A R IR 22 AR B
Fig. 5 Difference multiple analysis of significant

metabolites expression

IR Bl v ) 3R 2 R e ) G
il R Sl B LR P 2o i A3, VR 2 e A3, 2 T
T LD S 4 2 RE B B A5 JRLEA 0 T 4R 25 R
BRI ST S REIR o o 28 T i o R GBS
R E AN PR A R i s R R W
BRI Z — Bl o 2 40 M08 T fF S A = R — A
LA M 3% 42 ( mechanistic pathway ) ( Goins &
Spassieva, 2018) , AHFFE R W] 8 22 B 15 25 25 4 Al
R 2H 2 () 77 7 22 53, 40 24 A0 9 3 K
WA, 255 85 F 5T A W s %, 2 A A I 5 i
R 1 28 Wt fHe X 9 A B B EAT W AE . D-H 8 B A
D-IHZ MRS N ABC iz & (AU %, HAE b &
25 P U5 K TG A v I 2 8 T T RE 5 A U
W, PE AP TEZE 25 R BRI 2R T AR I
VOB T, AT A8 2 A7 AR I T B 2 RO 38 31 2k
LR RMBER . TR, RA K98 51K N AR BT
O R EE VI C R, BRIk g
7 138 8% 52 v AL A4S P 40 L A U7 1R A L, 0 4%
0 S P FR G, T X 268 A b ] DAk 2 B Y Th BE
T 5 0 XG5 1) ¢ A R T, R T 7R 1Y) B
FEVE AT I RE S 5 AN G0 e 22 18] /Y AH G 1
— M55 1, g 2 Fh 07 NS 5 R AE N 5K
NEAF 5 38 B, W5 & 4 AE IV (Tong & Zhou,
2018), Pang %5 (2018) 2R il 3 AR i 41 2 4 R F
fiti CIA R EARBZZ AL, RIS RA A0 55 AR
PG48, HEESERENNHYSS
RA S50 1Y & JRe ik B 815 5 95 Ty g R 4% S
B 78 T AW TR S5 3 RA BBV ZH 125 24 20 il 9%
IR BTACIE R ik 22 S i DL IR, A BIF 50 DA PN D51
AR i1 BERE 7 T A e 2 AR AR T T i 412 1
Prxy RA (4505 =2, 520 a8 5 50 & AR
DR 5 B U R iR 26 55 S A ) A 2k K
SR AEVE ] o ASBIT R 45 2R AT A 2 AT 24 1] 5% 1
AR AT K S BEB T T SR

SE .
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A, TIEREE; B. 1-AFHHIE-2-5 Feesn- HH-3-BE AR L Bl C. AFRRSARARER ; D. 1T ME-2- I BE-sn-H-3-BERR DA E. L- 2R ;
F. WSO GESE; G 1-BENRIE-2- A4 PO EE-sn- s HL 1, 2-—3lR-sn- H-3-WRAGBEAR A, 1 V-t —fit-4- 8 2 BE- 1-0- B A
Bl J. LR ; K. 4-HE,; L. iZHRMEE; M. F8EE; N, —2EE; 0. -2 8Ol P. 3-RITIRANS; Q. L-41&K; R.2-H 3T
FLAT; S. 1-HUILIEmERE ; T. I0R%; U. JRIENE; V. B4 =W, W. IR Xo (3-FRIENIE) = WILEHES 75 Y. JILRR; Z. JHBERLE ;
- B b, L-ARNER; ¢ MR, d. R

A. Betaine; B. 1-Palmitoyl-2-hydroxy-sn-glycero-3-phosphoethanolamine; C. Taurochenode- oxycholate; D. 1-Stearoyl-2-oleoyl-sn-glycerol 3-
phosphocholine(SOPC) ; E. L-tryptophan; F. Tet-ahydrocroticosterone; G. 1-Stearoyl-2-arachidonoyl-sn-glycerol; H. 1,2-Dioleoyl-sn-glycero-
3-phosphatidylcholine ; I. N-docosanoyl-4-sphingenyl-1-O-phosphorylcholine; J. L-valine; K. Taurine; L. Pantothenate; M. Betaine aldehyde;
N. Diethanolamine ; O. 2-Ethoxyethanol ; P. Ethyl 3-hydroxy- butyrate; Q. L-histidine ; R. 2-Methylbutyroylcarnitine; S. 1-Methylnicotinamide ;
T. Cholic acid; U. Uracil; V. Trimethylamine N-oxide; W. Urea; X. ( 3-Carboxypropyl) trimethylammonium cation; Y. Creatine; Z.
Nicotinamide ; a. Corticosterone; b. L-phenylalanine; c. Sphingosine; d. Dimethyl sulfone.

K6 RIS 2520 3 22 AU R I i

Fig. 6 Heat map of difference metabolites of plasma differential metabolites in model and administration groups

o

Lipids and atherogenic indices fluctuation in rheumatoid Mediators Inflamm, (7). 1-7.

arthritis patients on long-term tocilizumab treatment [ J ]. CHEN SS, SUN J, ZHU KD, et al., 2020. Effects of Juanbi
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F. JE PAX A G, 2 BOH LRI HL 0T L
5% LB B, J. IZBRAAEE A W50 K. B-INE
FRACHT; L. BEREE & MO0 ; M. H &R 2 Z R E
BRI N. 2Bt (RNA A= 9)500; O. W1 A= ¥ i
s P.BEREFCH; Q. HHMBRARIUHE; R DENIRRAE YA 0L
S. ABC ¥z 15 T. Iyt

A. EGFR tyrosine kinase inhibitor resistance; B. Choline
metabolism in cancer; C. African trypanosomiasis; D. Regulation of
lipolysis in adipocytes; E. Sphingolipid signaling pathway; F.
Central carbon metabolism in cancer; G. Protein digestion and
absorption; H. Retrograde endocannabinoid signaling; I. Mineral
absorption; J. Pantothenate and CoA biosynthesis; K. B-Alanine
metabolism; L. Aldosterone synthesis and secretion; M. Glycine,
serine and threonine metabolism; N. Aminoacyl-tRNA biosynthesis;
O. Primary bile acid biosynthesis; P. Pyrimidine metabolism;
Q. Glycerophospholipid metabolism; R. Fatty acid biosynthesis;
S. ABC transporters; T. Bile secretion.

P 7 B 24 RIS B A i 3 22 S
R KEGG 3 #5850
Fig. 7 KEGG pathway enrichment analysis of plasma
differential metabolites in administration and model groups
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Table 2 Enrichment analysis of KEGG pathways of administration and model groups

BT E
%' R ID TERE R PE L)
No. Annotation ID Annotation Metabolite P value Up( 1) or
down( |)

1 mo04974 BB T ALK Protein digestion and absorption JENE R L-Phenylalanine <0.001 il

2 mo05231 S LB A i T i -2~ W -sn- H il 3-BEARABAR (SOPC) <0.001 1
Choline metabolism in cancer 1-Stearoyl-2-oleoyl-sn-glycerol 3-phosphocholine (SOPC)

3 1n002010 ABC $%i2 8 1 ABC transporters L-#1 %R L-Histidine <0.001 il

4 mo05230 R TP AXER R Central carbon metabolism in cancer L-B %R L-Tryptophan <0.001 1

5 000260 s | 22 R R A i L~ L-Tryptophan 0.002 1
Glycine, serine and threonine metabolism

6 mo00970 S HEBE-IRNA 494 L Aminoacyl-tRNA biosynthesis L-f8%{/# L-Tryptophan 0.002 1

7 005143 AR PHHE U African trypanosomiasis L-f85{[# L-Tryptophan 0.003 1

8 no04978 BB Mineral absorption L-{854/# L-Tryptophan 0.003 1

9 mo00770 2 A A R JRIEE 0.003 1
Pantothenate and CoA biosynthesis Uracil

10 mo00410 BT} B-Alanine metabolism JRWEE Uracil 0.004 1

11 mo00240 EBER I Pyrimidine metabolism JR#% Urea 0.004 1

12 mo04923 s 240 B A T Bt -2- A2 DU AR T -sn- H- il 0.009 1
Regulation of lipolysis in adipocytes 1-Stearoyl-2-arachidonoyl-sn-glycerol

13 mo04071 i) Rl TR -2~ 26 4 DU AR Pt -sn- T 0.010 1
Sphingolipid signaling pathway 1-Stearoyl-2-arachidonoyl-sn-glycerol

14 mo00120 PILIATTE ) Rz 0.012 1
Primary bile acid biosynthesis Taurine

15 mo04723 WAT IR 5 B - 246 24 DU B -sn- H 0.016 1
Retrograde endocannabinoid signaling 1-Stearoyl-2-arachidonoyl-sn-glycerol

16 mo00564 ERLiL iRt ) T -2 15t -sn- H-31h 3-BRARANGE (SOPC) 0.016 1
Glycerophospholipid metabolism 1-Stearoyl-2-oleoyl-sn-glycerol 3-phosphocholine (SOPC)

17 mo04976 0I5 Bile secretion I3t M FE Me/A M R 1-Methylnicotinamide/ 0.017 1

Lithocholic acid

18 mo01521 EGFR 15 % i R0 #7724 B - 246/ DU B -sn- 0.021 1
EGFR tyrosine kinase inhibitor resistance 1-Stearoyl-2-arachidonoyl-sn-glycerol

19 mo04925 TR 41 65 14 0 B REIBE -2- 2642 DU Pt-sn- Hr it 0.021 1
Aldosterone synthesis and secretion 1-Stearoyl-2-arachidonoyl-sn-glycerol

20 mo00061 N TR AE ) 1 i 0.021 1
Fatty acid biosynthesis Oleic acid

21 mo04064 NF-kappa B {75 e T Pt -2- A A5 DU T -sn- T 0.031 1
NF-kappa B signaling pathway 1-Stearoyl-2-arachidonoyl-sn-glycerol

22 mo04658 Th1 and Th2 4143k B - 246 2 DU T -sn- -0 0.031 1
Th1 and Th2 cell differentiation 1-Stearoyl-2-arachidonoyl-sn-glycerol

23 no05020 WeH 2255500 Prion diseases "B B Corticosterone 0.031 1

24 mo00591 VR IRI Linoleic acid metabolism 2N-(6,9,12) -MEJFRER all cis-(6,9,12) -Linolenic acid 0.033 1

25 001040 ARG R 46 AN-(6,9,12) - FRHR 0.040 1
Biosynthesis of unsaturated fatty acids All ¢is-(6,9,12) -Linolenic acid

26 mo04012 ExbB {553 B REIBE -2- 2642 DU P -sn- it 0.041 1
ErbB signaling pathway 1-Stearoyl-2-arachidonoyl-sn-glycerol

27 mo04650 RIRAM NS A0 2 T -2 46 2 DU T -sm- H 0.041 1
Natural killer cell mediated cytotoxicity 1-Stearoyl-2-arachidonoyl-sn-glycerol

28 mo04659 Th17 Zi5 4k T -2 46 2 DU T -sm- H 0.041 1
Th17 cell differentiation 1-Stearoyl-2-arachidonoyl-sn-glycerol

29 mo04660 T A R IE B RRTSE -2 1A= DU Tit-sn- H il 0.041 1
T cell receptor signaling pathway 1-Stearoyl-2-arachidonoyl-sn-glycerol

30 mo04662 B Al 32 IR fR 5 e B FBE -2- 2642 DU P -sn- H il 0.041 1
B cell receptor signaling pathway 1-Stearoyl-2-arachidonoyl-sn-glycerol

31 mo04935 AR ARSI B -2~ 26 = DU AR P -sn- H 0.041 1
Growth hormone synthesis, secretion and action 1-Stearoyl-2-arachidonoyl-sn-glycerol

32 mo05214 MHELIFT Glioma B NEFBE -2- 76242 DU P -sm- Hil 0.041 1

1-Stearoyl-2-arachidonoyl-sn-glycerol

33 mo05235 JEEAE T PD-L1 KA PD-L1 ARG S 27301 2% B NEFBE -2- 26242 DU P -sn- Hil 0.041 1
PD-L1 expression and PD-1 checkpoint pathway in cancer 1-Stearoyl-2-arachidonoyl-sn-glycerol

34 mo04210 AT Apoptosis P8 % B Sphingosine 0.041 1

35 mo01230 BRI Biosynthesis of amino acids L-#4i % R L-Valine 0.042 il

36 mo00920 BRI Sulfur metabolism A3 Taurine 0.045 1

37 mo00400 AN B RN = R B L-{4 %2 L-Tryptophan 0.048 1

Phenylalanine, tyrosine and tryptophan biosynthesis
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