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WE: TR ERTE (SWRXC) & —F) 2 F TR 7 8 KR M 5575 4 (theumatoid arthritis, RA) 128 #LC 7, F
SR P AR €% — B IBCJ5R B% 7% (LC-MS/MS) FE I 1] 4R 4t 20 2% 1 16S rRNA 15y 8 & 5 R 7 v SQ 1 43 #r, LA 1l
SWRXC ¥ 97 35 K 5e & 717 S 110 RA E ML . 455 BIR, SWRXC 8 15 2 3% RA K RUEIR, B K R I35 A
LR TP F T LC-MS/MS FAR, AL R I T (& R A U A% T BR A U AN R AR I 2 15T SRR 98 1 3%

o Ak, 16S rRNA M7 45 IR, SWRXC Al LA RA 512 K R Al . 48 1, SWRXC A LL i
RAj’wéﬂ,/\ A5 Gh ) B AT I 375 R 7 5 e, 3 S R A G PR AT A TR AT W AR M A AR S G AR I B L R N
TE A A RN T R 5% RARIAE xﬂ%%% 2T IR ITIE OR 22 R 2 B AR B 22 D 2tk (S5 2021041203).
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Therapeutic effect and mechanism of Shiwei-Ruxiang-capsule on
rheumatoid arthritis based on intestinal flora and metabolomics
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ZHANG Wen-jian'

(1. Key Laboratory of Medicinal Animal and Plant Resources in Qinghai Tibet Plateau, School of Life Sciences, Qinghai
Normal University, Xining 810008, China; 2. Academy of Plateau Science and Sustainability, Xining 810008, China)

Abstract: Shiwei-Ruxiang-capsule (SWRXC) is a classic formulation widely used in the treatment of
rheumatoid arthritis (RA). The study used liquid chromatography-tandem mass spectrometry (LC-MS/MS) serum
untargeted metabolomics and high-throughput 16S rRNA gene sequencing association analysis to elucidate the
mechanism of action of SWRXC for the treatment of Freund's complete adjuvant-induced RA. The results showed
that SWRXC significantly improved symptoms and reduced serum cytokine levels in RA rats. Based on LC-MS/MS
technology, metabolomics identified tryptophan metabolism, nucleotide metabolism and purine metabolism as the
most relevant pathways for treatment. In addition, 16S rRNA sequencing results showed that SWRXC could
ameliorate RA-induced intestinal microbial oncogenesis in rats. In conclusion, SWRXC can improve the
morphology and structure of RA joint tissues, reduce serum factor levels, and may play a role in improving RA by
modulating related metabolic pathways such as tryptophan metabolism, nucleotide metabolism and purine
metabolism, and altering the composition of intestinal flora. Animal protocols were approved by the Animal Ethics
Committee of Qinghai Normal University (No. 2021041203).
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ZE RIS % (rtheumatoid arthritis, RA) J& —Fh{2
PEREATVE ) B B S B I, DA W I R K0S Bk
THCOR P 1) 5 745 9 A8 Oy T AR AL, FLOm AR N £ 50
T R, TG AR M R A A RO BT, e AR
M@, AT BT N BEOR, KT RERRDS, 5
|k, EENEE N AEFRED. THRATRE
(Shiwei-Ruxiang-capsule, SWRXC) A5k 4 1] 57, H %%
T BT R T AR S AR, B
15 R Th g, T892 8 KR % 1Y 2 L X4
RIRIFAE 31 7K B2 IR R 97, FL BT 6 RA HIAE H
HL AN BB . DARHIE FU R B, 3l v A 25 L & R
RA VKA S KRR IR, £ T iE w5000
Y2 R I M 1 2 A7 05 i )z S T 2B A
RA PRI 55590 BRI AR AL AIE 72

AHETEIFAN T SWRXC X T RA KB HIRTT HOR,
K VRAH 3l — 5 B 5T 1% v (LC-MS/MS) £ AR BiF 5%
SWRXC X RA K 5 P YA ™ M IR 500, 73 M ik
FL A MR T T RA K SR ACUHIE %, A 168 rRNA
6 R DAL P 5 AR RAK B My 3 T T A A 2 AT B
Fo, M JE A R H R AR A, A
Spearman FH 514 4 AT, W15 1 58 SWRXC X 718 B B
SR ANAC U P 1 1) 52 ), 002 90 T E 0 4 B TE
R AL A, HE— 0 1 BE SWRXC 3% RA HIFE
FABL, 5 2R FH 2 it — 5 AR A

MR 5RE*E

B OB A S A I A L AR e o
(UHPLC-Q Exactive, 3 [H 8 28 & A #]); HSS T3 3%
# (100 mmx2.1 mm i.d., 1.8 pm, 3& [ Waters A 7);
IXDC-20 B Z A MM (L dE el Rk BA R A
Fl); LNG-T88 Y & X PR B Lo IR 4 T M 248 (KTl 4
EAAANZE]); Wonbio-96¢ T w5 il & 41 2R A e A (kB
T A B A IR A F]); ABI GeneAmp®9700 %Y
PCR A (3£ [E ABI 2 A); & # ¥ % &5 0 Bl (MR23,
Thermo 2 7); 7R V) A HL (RM2016, _E i 3E-F B R
4545 IR 2 &1); Tllumina MiSeq /& 38 & 7 i L2535
AW LR A TR 2 7] 581

iRl DNA i $2 3K 5 & (32 [E Omega A 7);
FastPfu Polymerase (It 3 &= &AW H AR H R A A);
A4 11 7 fi JL (10 mg, Chondex /A &, b5 20021); 3 X
PEF (Sigma A ], F5506); #i 2 K44 F (0.75 mg, [H 24

7 H44022582, | A o L2 A BRA ), BEER (R
B R A R R R A IR A A, 4 i al); oK g
TR VIR T RE (I 25 AL R A TR A FD; IgA
(J2938-A). I1gG (J2940-A). MMP-9 (J3665-A) il
PTGS2 (J21610-A) ELISA iR 7 & (VL75 & 55 £ W k%
BIRAT).

Y Uk E R Y WE LN 567,
142 mg-kg'; ML FEKFA: W B 45 2575 &N 2 mg-kg'; 2F
112U R 5 2 B SCHREM K 4 11 B )54 1 0.05 mol -1
Pt R, C A% 2 mg-mL R, BT 4 cCukFE T, S5
J5 IRV (5 mg-mL™") SRR &, KR K 78 7 of
P&, AE 2 5E A P B AL A BRI, B & i R
BN 1 mgmL'iRJR.

STWRMIEAF WL EEETF A 2011 SRR T
FiR K S50 2 W B AR B RILE , 48 T g 6 K 30
H R T 2 b UE (HEHE S 2021041203). M PG 222858
K5 = 22 5 S50 3 1) A 0 8 S 100 R SPF 24 14 SD
KB, A E 160~210 g, SL5 1 #) & K ilE 50 SCXK
(Bk) 2018-001. S50 5h 44 77 15 s Je 5% SL 10 B WAt
FC A Oy, 1A 3F IR B E 20~25 °C, T2 F 40%~70%.
R RBEHL D R E A4 (CG) 5 Mgl i& 1 e 55
1JE . CGZH XM M N A2 7K 0.2 mL, i&
BREZH K B R MR B R 56 e 5 0.2 mL, 58 ) IR S g,
WK P2 7 R 5 EE B, 8RN %%, J7 1A
FIR A by =G s% 5 2 BEOSCHRE x & J R KR R
JUEARGEEAT PE 43, 4 FOTCR 73 BRI 9G35 26 48 4L (arthritis
index, Al) Fx & 1545, Al > 4 MUNIERE R Th o K 38 A5 A
IHH RA K EBEHL 2 N (MG) R L& R T
FIE 4 (SWRXH, 567 mg-kg™). 1 Wk 7 7 i FE K7 &
4 (SWRXL, 142 mg-kg") Fl Hh %€ K #a X} ] 4 (DG,
2 mgkg"), ELEME B A28 K, FERLH1IR, CG 5
MG 1% LA R R AR A AE B 2R K . BRIP4, R 4 K
T35 KRR A R A IR

HMARSE A% 27 K, RIE KRR, HEAL
X, fdt KRS . SRR ISEREAIEE T KE
. FWEEKG, ¥ EANEA71E-80 °CH T 45 i
A, 2T RIG b, KRG, (AR, 42558
28 K, H 5% 7K & SRR K B (0.01 mL-g™), A J5 M
NG KR MK, 2 E 08 5, 4 °C.5 000 r'min’
B0 5 min, BU_E 35 W, -80 CCUKAE 17 . BEEUK B AT
Je i, F R R B LIY, PBS i vk, IR LT v F
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[ 5 Y [ 5 o O R4 i 4L 41, 3 i) i 8 — 1 AR R
PR & %€ I, F 50%~90% T4 B A B i 7K, 2R 4R i
Epon812 fi 1,

ARMAMBETHME B E 200 uL, 4%
ELISA 2751 & i3 BH 5 o 1) 75 32000 7 K B IfL i A e e Bk
EH AL (IgADREIRE H G (1gG1) 1 51 i 2 it
A2 (PTGS2) A1 T & )8 [ 52 (1 9 (MMP-9)
(& &, B AR 751 18 ELISA W5 & A 1 6 B 45 3
1E . K H GraphPad Prism 34X K BRI 410 (K] -7 24
AT T

RIBFELKRE 5 H&E Je iy A 20 [ 4%
Pt E M B R RO U v B g et 0L, 0 HEIF 20 A .
I g B s FURE D) B SR T Y, TEE N
LB N L5225 T B A 5 4

MmEKEEFE T

MAEALEE TR EL 100 pL M iE FE A F 1.5 mL &0
B, M E 0.02 mg-mL! AR (L-2-8 2K & R) 1
PO (L5 EE=1:1) 400 pL, iR iEiR 21 30 s 5, 1k
5B A 3 B 30 min (5 °C, 40 kHz), ¥ ¥ & i B
F-20°C.30 min. 4°C.13 000 xg &> 15 min, FEHL -
B, BAWRT, 100 uL B (LM K=1:1) Bi#,
I 75,78 75 A HL S min (5 °C, 40 kHz), 4 °C.13 000 xg &
> 10 min, B H_EIER _EHL AT .

%% HSS T3 %4 (100 mmx2.1 mm i.d.,
1.8 um); FBHA A N 95% 7K-5% 5 (5 0.1% 1 R),
WA B N 47.5% 2 5-47.5% 5 5 EE-5% /K (% 0.1%
). B BEM (IFE 3 785 0~3 min, 0%~20%
B; 3~4.5 min, 20%~35% B; 4.5~5 min, 35%~100%
B: 5~6.3 min, 100% B; 6.3~6.4 min, 100%~0% B;
6.4~8 min, 0% B. & A 0~1.5 min, 0%~5%
B; 1.5~2 min, 5%~10% B; 2~4.5 min, 10%~30% B;
4.5~5 min, 30%~100% B; 5~6.3 min, 100% B; 6.3~
6.4 min, 100%~0% B; 6.4~8 min, 0% B); i & A
0.40 mL-min™; #5440 °C; &3 pL.

R P SR AR IE SR TR,
J5 B 436 B m/z: 70~1 0500 B 15 B 3 500 V
(+) 12 800 V (-), #5540 psi, F#i Bh N4 10 psi, &1
JE N HAGE EE 400 °C, 20-40-60 V 11 PR AL fE, MS' 43 3%
70 000, MS* % 17 500.

BT B RE BRI T 2 R RS
43 8T, B 20 AT 2 T bray-curtis B B 55 10 3 B4
IIAT (PCA) W %2 4 ) () AR A2 = 22 S0l A0 | AR R 2t
B IR IE T B SR AL R Tk A . L
U, HEAT IE 2 5 /0> — 3640 31 43 Bt (OPLS-DA) K 5
PRZERE b 2 A ) 22 S R AT 2 AR i i . B e

¥ 25 A Y5 N KEGG 5 ¥ JE (https://www.
genome.jp/kegg) AT UTIEE T L.

16S rRNA JUFF 534t M4 DNA kit (3% [H Omega
Bio-Tek 2 &) Ut B 5 2F 47 15k 28 ) #F 7% i ik [K 21 DNA
3. LU R BB DNA J9 0, 4 F 4% 4% barcode
F A H L7514 338F (5'-ACTCCTACGGGAGGCAG-
CAG-3") F1 N ii# 51 ¥ 806R (5'-GGACTACHVGGGT-
WTCTAAT-3")"'%} 16S rRNA # [X V3-V4 1] 45 [X #f 17
PCR ¥ 34, ¥ [6] —FE A1) PCR 7= W0IR A J5 15 FH 2% 3
JE B &t Kz 151 s PCR 7= %1, F F| AxyPrep DNA Gel
Extraction Kit (3 [E Axygen Biosciences 2 @) #f 17 [A]
W= atif,, 2% B i B B I B kA, A Quantus™
Fluorometer (3% [E Promega /A &) % [BIYSC =4 12 47 Al
& &, f# Jl NEXTFLEX Rapid DNA-Seq Kit X} i {t, 5
() PCR =ik AT €2 ¢, K Tllumina 2 ] 1) MiseqPE300
A #EAT IR . fd ] UPARSE®™ 4 (http://drives.
com/uparse/, version7.1), 1R 4 97% I AH LB X 57 % $f
¥ )5 W 7 5 4T #:4F 4> 25 ¥ T (operational taxonomic
unit, OTU) R IFEHI BRI AR . N T R I T iR
JE 5t Ji5 452 alpha %2 FEVE A beta 22 BE 1 05 20 B 10 52,
¥ T A REAS P2 B B0 7 25 20 000, $°F )5, SEANFEA )
“FH5 7 5178 55 FE (good's coverage) 45Tk 99.09% o

FirESM LI HHE ULy £ s %R, H GraphPad
Prism 9.4.1 #0443 B 5 4fs , 199 20 1R) LU Ascadk F A S2 A AR ¢
or e, 2 20 () L ek H 3 IR 3R 05 22 3 #r, P < 0.05 N 2%
SAFGEE L.

R
SWRXC %t RA K FRER X 77 I Bk B9 78 77 38U R
IERET, KBS HOIRAS R4, W3 B, BAOGE
FEGE, BB JOUKE IR S5, Bk CG o, & 41K K
S5 JTCRA S 40 b, o B0 B AT AT 7 I S B0 M 1 B
%, BB ZRE, WG, RS ZE . MG A%
o8 24 20K B A B AE X B 9~ 17 RIS H B0 AS 5] R 1 B
1%, BE & 1677 I 8] (R 3E2E, MG KRR AR B 48 N 2218, &
B R RARE B A E (B 1A). IR %IE G (fF
F13RZIG), MG FI S5 25 R RG22
KB W H B, H MG K B &, SWRXH.
SWRXL 1 DG B 575 F1 e i b ik B2 541G, Bl & 16 7 I
V) PR E, L i B 2 AT AR (a3 (B 1B~D).
2 SWRXC X RA KRBRXTHLOREFRF M
BRSCHT H&E Yt 4 J iR, 5 CG M EL, MG K
BT R AR, A T SORE AN IR, T I AR, R
HHEIR; SWRXH.SWRXL 1 DG K B, < 5 ¥ 5 184 A= B
SR, S A MR I A0 LA R R ek (B 1B).
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LSRG 45 R B R, 5 CG AT, MG K R <5 i
AT H g5 M0, Bom an i (20 ) B REb,
W JE R A SWRXH.SWRXL A1 DG A B #CH 40 (40
o) 3, TE R AR R NG, ST I T (B 1F).
3 SWRXC XJ RA KR 255 4E LR B &5 M B9 520

WP 1G FioR, CG 45 i b B A i 8 B 451 5 %,
IR, S5 K935 W, MG b B 40 M ik ok B AR 4, i 7%,
HeF 24 L, 20 0 1) 2 B H B K o 2 9, 30 B N
EH I A 0T RA 578 O R 4l 5% %% 3 402 45 4 T R 2 Bl
;5 MG HH B, SWRXL 2 ffd [7] Bt 48 6 72 5 ok 42, 259
R R R A U R L E I -3
SWRXH 1 DG K fR & [ Fh B b R i ok B HESI 8 5%, |
A R R B A U S, A AT R AT T D
4 SWRXC Xf RA X R & 40 b & F B 520

WK 2 frox, 5 CG M, MG K BRI iE 4 IgAl.
IgG1.PTGS2 #l MMP-9 [ & & & 3 34 i (P < 0.001);
5 MG H kb, SWRXH. SWRXL #1 DG K i 1L i
IgA1 (P <0.001).1gG1 (P < 0.001, P < 0.001, P < 0.01).
PTGS2 (P < 0.001, P < 0.01, P < 0.001) A1 MMP9 (P <
0.001, P<0.01, P<0.001) )5 & 83 K.

5 SWRXC %t RA XA BB M

X RA K BRI 77 % A 33547 JF 48 1) A 3 20 2% 43 T,
PLiE— 25 #78 CG.MG.SWRXH.SWRXL Al DG 4111
PR PE A S, PCA 73 # 45 R4 & 3A 7k, SWRXH.
SWRXL 7] L5 CGFIMG 73 55 . I LLEE, AR
o0 X 43I BB #5645 B R 47 (K 3B~D). @it
AT AIE T 2R TR A R AU A K 1) S 3 22 e, T IE b
N VIP > 1 H P<0.05, kil B 2o T A i b %
FARG R E BB REE. 5 CGHLL, MG KRA
100 FAR T A A= AR 4k, Forp 88 Ff i, 12 i (&
3E); 5 MG 414 b, SWRXH 41 7 40 FhAC i ¥ 7K °F L
W, 81 FAR U9 K F F i (B 3F); SWRXL 411 51 Fif
RBPK _EIH, 77 ARSI K S (B13G). ik
KT 1.7 8 VIP I, SWRXH 5 MG 4117 2 AR 7
YW1

N T B A S AR ) RT R AR AE K 7 T D Re, AR
FUER WA [R50 1) 22 S AR P EAT KEGG R E i &
00, 2 H 2 5 SWRXC VAT RA SR 1) 45
S K ot 2 R TR . 5 CG AL, MG K
5 A% R AN (B 3H). B 31T, 5 MG

B C
1704 T2 o R
o M sk A 12

160 — m—  SWRXL wokok HHHH g skk
3:'1)150_ —¥— DG * HiHH ) 2 hoiglls e
'5 , W g€ E g 4|
Z 140 " B2 &g
E 130 =5 ’f"g
- o0 -
E 20— £ § 854 il "#""###########:#”
iz 73 [P i
S 110 z g
= wn

O T T T T T T T T T 71 ST T T T T T T T T 1T 1 T T T T T T T T T T11

1 5 9 1317 21 25 29 33 37 41 45 1 5 9 13 17 21 25 29 33 37 41 45 1 5 9 13 17 21 25 29 33 37 41 45
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Figure 1 Shiwei-Ruxiang-capsule (SWRXC) has good therapeutic effect on rheumatoid arthritis (RA). A: Relative changes in body weight

of rats; B: Ankle joint swelling; C: Toe thickness; D: Paw morphology of rats; E: Histopathological H&E staining of ankle joints of rats; F:

Histopathological safranin O/fast green staining of ankle joints of rats in different treatment groups; G: Transmission electron microscopy

ultrastructure of colonic mucosa. n = 6, X £ 5. "P < 0.05, P < 0.01, P < 0.001, P < 0.000 1 vs CG; "P < 0.05, "P < 0.01, ™" P < 0.001,

P <0.000 1 vs MG
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Figure 2 Effect of SWRXC on cytokines in RA rats. A: IgA1; B: IgG1; C: PTGS2; D: MMP9. nn = 6, x + 5. **P <0.001; "P<0.01,"P<0.001

b, SWRXH 3= %5 i) £ 5 IR A U1 A1 450 20 B 52 2 IR
Tt AR A A A% BR AT S AR | FLREAR
PRI T 2R I R IR A R B A . 3T BT
R, 5 MG A, SWRXL F Z 21 D-Z L B R | 4
A 2 BO AR AL R QU WA AR | (L R AR 4
BRI AN S R AW B B
6 SWRXC X RA KR IFEERFHIF M

9 T T 58 Ty T8 GICAE W R R A0 M 2 RS R VR A
AW TR A 16S rRNA i & 7 3 AR, @ id llumina
NovaSeq - & % CG.MG.SWRXH.SWRXL 1 DG 4
R E IR AR BEAT 70 . BF IR E N A
97% [Fl — 1% ) OTUs #4723 #71 o i i Venn B AT 41,
5 41 £ 45 888 A~ H [/ OTUs, H H# CG.MG.SWRXH X
SWRXL 417 fl Bh 4 143,127,139 #1151 4> OTU (&
4A), I H A AR F MR FE RN — 8@, X%
BF I 7 R A DA S o B 9 TR T A ) 22 R (T 4B)
K1 4C.D s, A& 1A Eice i 39, w6 e ith 4 e #50%
WA P22, Ul BHEURE 78 0 35 50, P B2 A 2, W T
BHE T . IR unifrac (1) B 2 FF M 73 1 45 a0 1€ 4E
F 2R, iR 45 %5 475 PCoA Bl L2 4, CG I MG A6
2 73 B, SWRXH.SWRXL 5 CG.MG HI Lt A B2 1)
AL (B 4E), A E R ZEZ R . N THE— 20
SWRXC Xf RA K 51t B 20 BRFH &5 449 (1) 52 1), ASHF 50
XA [ 7K1 B4 i T8 A v 22 S A B ) AR 3 BE AT T 41

3. B 4G H 23 Bo/R 73X 5 AL HEAE 11 AR
KA BRI FE R TTKRS 0 b B, JEBER ]
(Firmicutes) /¥ B '] (Bacteroidota) [ & & £, 7F
R L R p b A NE A O (N /G Sl e s D
J& A B B AL UCG-005 J&  Lactobacillus & «norank-f-
Muribaculaceae J&  Lachnospiraceae. NK4A136 group
J& A norank_f norank o _Clostridia UCG-014 J& . B
J& X3 M LU T A ALAE TR BE B D ATOURT B 1] W b 22
5 (B 41.0), 4425 T ¥l 5, SWRXH. SWRXL #{ % T
MG, JEEER 1 RIEEE N (P <0.01); BAFHET1HRE
B3 BT (P<0.01). 97 BEARML T fif RA XK
TP RF I FE IR, LA S SWRXC Tk RA K B 36 B
AR, AR & K1 3 M 1 AN TR SR i 3 R R 45
(B 4K), MG H# F CG, & H W £l UCG-005 )8
Romboutsia J& ) £ LK FE#FH L (P <005 P<
0.001), norank-f-Muribaculaceae J& 1) 3235 /K F i 2% F
% (P < 0.01), 7E SWRXC " A\ J5 1J BA ek 3% RA K B
T8 AR AL

N T A R &AL 2 R B U E R
T8 A 0 ) 43 BT 2808 (LEfSe) 43 BT ) B 1 22 S A4 AE
MIRZE W (R Fh 2R R T BE (8 5AB), 85 RERW], 5H
RIANSLIGAAH L, CG L% e 1 M R A F 2
Z5, MG A 15 ML SEHE, SWRXH A 74 R 3,
SWRXL A 8 > it R SRR, 33— 20 SR ] LEfSe £ 1141 51
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Figure 3 Multivariate statistical analysis of metabolomics. A: Whole group PCA analysis in positive ion mode; B: Multivariate analysis
between MG and CG; C: Multivariate analysis between SWRXH and MG groups; D: Multivariate analysis between SWRXL and MG
groups; E: Metabolite volcano plots between MG and CG groups; F: Metabolite volcano plots between SWRXH and MG groups; G:
Metabolite volcano plots between SWRXL and MG groups; H-J: Differential metabolite KEGG pathway enrichment analysis, MG group vs
CG group (H, 1 nucleotide metabolism, 2 purine metabolism, 3 phenylalanine, tyrosine, and tryptophan biosynthesis, 4 lysine degradation,
5 histidine metabolism), SWRXH group vs MG group (I, 1 tryptophan metabolism, 2 valine, leucine and isoleucine biosynthesis,
3 nucleotide metabolism, 4 purine metabolism, 5 galactose metabolism, 6 phenylalanine, tyrosine and tryptophan biosynthesis,
7 glycerophospholipid metabolism) and SWRXL group vs MG group (J, 1 D-amino acid metabolism, 2 vitamin B6 metabolism, 3 nucleotide

metabolism, 4 purine metabolism, 5 tryptophan metabolism, 6 valine, leucine and isoleucine biosynthesis, 7 phenylalanine metabolism)
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Table 1 Differential metabolite information between SWRXH and MG. n =6, +s. 'P<0.05, "P<0.01, P <0.001
NO Metabolite Formula VIP FC (SWRXH/MG) Trend P
1 Pelargonidin 3-sophoroside C, 1,0, 44275 0.739 8 !
2 Cimifugin C,H,O, 43731 0.723 !
3 Mulberrofuran T C,H,,0, 43524 0.7429 !
4 2-Butyne-1,4-diol CH,0, 4.004 5 1.366 2 T
5 Glycerol 1-(5-hydroxydodecanoate) C,;H,,0; 3.893 8 13321 1
6 Isoketocamphoric acid C,,H,04 3.740 2 1.244 8 1
7 GPCho(4:0/14:1) C,,H,NO.P 3.7203 0.774 9 ]
8 Adenosine C, H;NO, 3.531 1.419 8 1
9 Lignosulfonic acid C,,H,,0,,S, 3.264 2 1.177 5 1
10 Casimiroin C,H,NO, 3.227 0.769 4 !
11 Caprylic acid CH, 0, 3.1832 1.2922 1
12 GPCho(18:3/2:0) C,H,NOP 3.066 1 0.8777 !
13 Inosine 2',3'-cyclic phosphate C,,H, N,O,P 3.0617 1.145 1
14 13Z-Docosenamide C,H,,NO 29718 1.203 8 1
15 Hydroxymatairesinol glucuronide C,H,,0,, 2.893 1 0.827 6 i}
16 Ecdysone C,,H,,0( 2.858 1.169 3 1
17 Inosinic acid C,,H;;N,O,P 2.8167 1.1159 1
18 Sagopilone C,,H,NOS 2.7357 0.867 9 J
19 2'.4'-Dihydroxyacetophenone C,H.0, 2.684 3 1.143 2 1
20 L-Prolinamide CH N,O 2.6457 0.8218 !
21 4-Hydroxyestrone-2-S-glutathione C,H;,N,O,S 2.536 6 0.886 7 !
22 LysoPS(18:1(92)/0:0) C,H,NO,P 23871 0.9102 i}
23 Alpha-muricholic acid C,,H,,0q 2.363 8 0.906 5 !
24 Cis-Parinaric acid CH,0, 2.361 0.8729 !
25 17,18-EpETE C,,H,,0, 23422 0.864 1 !
26 2,8-Quinolinediol C,H,NO, 23149 0.8929 !
27 Dehydroabietic acid C,,H,0, 2.308 4 0.882'1 !
28 Phenylacetylglycine C,,H,NO 2.2595 1.0879 1
29 8(R)-HETE C,,H,,0, 22573 0.905 i)
30 4-Heptyloxyphenol C,H,,0, 2.2349 0.899 2 i}
31 4-Methylumbelliferone C,,H O, 2.168 4 1.077 5 1
32 1-Lyso-2-arachidonoyl-phosphatidate C,H,,0,P 2.156 2 0.910 6 }
33 13,14-Dihydro-15-keto-PGE2 C,H,,0 2.154 7 0.907 9 |

FFAIE B & o Bacteroidales ! p _Bacteroidota;
SWRXL FIHF1E B B & g norank f_Muribaculaceae
M f Muribaculaceae
7 BEERSIERHEFHEXME ST

B Ja =30 BT T 16S rRNA JE B /545 21 1) [
B E P RETE 5 LC-MS 70 Hr 45 2 1 L i AR ™ ¥ 22
R ERE R, DR R Er > 0580 < -0.5 1€ =&
fe i BA AR 3 2 T A RE (1 4H) A% 5
AP (R 1) (AR == BEAR Dy i B R 2 A1 Sk 7 i 1
NSO AEREI BB T 5 MG A1 SWRXH 5 B AH
SR HR) i A TR A R R I 7 A5 2 2R ) R ke = B 22 T
HRARE (r> 058 r <-0.5) (K 6). AWFFKM, A
B B 5 R E AR A AR SR AR SR . i1 SWRXC
i norank-f-Muribaculaceae J& 1 %, A 5 2-
butyne-1,4-diol (» = 0.729 32).caprylic acid (» = 0.691 73).
2',4'-dihydroxyacetophenone (» = 0.710 79). 4-methylu-
mbelliferone ( = 0.722 08) F1 phenylacetylglycine (r =
0.726 32) & IE /2% (P < 0.001), 5 mulberrofuran T

(r=-0.660 15, P < 0.01).cnidilide (r = -0.652 12, P <
0.01). gentamicin C (r = -0.586 47, P < 0.01) /2 GPCho
(18:3/2:0) (r = -0.631 58, P < 0.01) J GPCho (4:0/14:1)
(r=-0.68271, P <0.001) £ H}X., SWRXCiE i
T Romboutsia J& ) F- %, I 5 adenosine (r = 0.682 71).
glycerol 1- (5-hydroxydodecanoate) (r = 0.741 35).
Isoketocamphoric acid (» = 0.654 14). 2-butyne-1,4-diol
(r = 0.690 23). lignosulfonic acid (» = 0.620 53). 2',
4'-dihydroxyacetophenone (» = 0.793 53).phenylacetylg-
lycine (= 0.795 49) &) it 2 IEAHK 5 P <0.001), 5
gentamicin C (r = —0.723 31) F1 GPCho (18:3/2:0) (r =
-0.605 78).GPCho (4:0/4:1) (r=-0.726 32).deethylatrazine
(r=-0.660 15) 2 M AHIE (3 P <0.001). Bb4h, T
SWRXC 10, UCG-005 J&11F 5% i, HAZ b5 caprylic
acid (r = - 0.542 86). 2', 4'-dihydroxyacetophenone
(r = -0.531 03).phenylacetylglycine (r = —0.559 4) £
M= (P < 0.05), T 5 mulberrofuran T (r = 0.559 4) Fl
sphingosine (r = 0.554 89) £ IEAH3% (P <0.05).
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Figure 4 Gut microbial diversity analysis. A: Amplicon sequence variant (ASVS)-based petal mapping; B: Abundance curves for microbial
classes in the samples; C, D: Shannon index and Chao index dilution curve analysis; E: Phylum-level PCoA analysis; F: Genus-level PLS-DA
analysis; G: Gut microbial phylum level analysis; H: Gut microbial genus level analysis; I, J: Comparison of the abundance of Firmicutes (I)
P <0.001
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and Bacteroidota (J) between groups; K: Genus level strain abundance comparisons. n = 5, ¥ £s. P <0.05, "P<0.01,
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Figure 6 Correlation between differential gut flora and differential metabolites. Horizontal coordinates indicate differential metabolites

and vertical coordinates indicate heterotrophic gut microbiota. Colours range from red (positive correlation) to blue (negative correlation).
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