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Abstract

Objective: The purpose of this study was to investigate the treatment mechanism of ShenlingBaizhu
Powder for diarrhea-predominant irritable bowel syndrome (IBS-D) with spleen deficiency and
excessive dampness syndrome, as well as potential IBS-D biomarkers. Method: The control group
consisted of 28 healthy people, while the treatment group comprised 28 patients with spleen defi-
ciency and excessive dampness syndrome (IBS-D). Two consecutive weeks of ShenlingBaizhu Powd-
er were administered to the treatment group. Collect plasma from the control group as well as be-
fore and after treatment, and compare them to each other. The BSFS, IBS-SSS score, IBS-QOL scale,
HAMD, and HAMA changes were examined before and after treatment, and differential metabo-
lites in plasma were screened to examine the association between differential metabolites and the
significant enrichment of differential metabolites. Result: The IBS-SSS total score, BSFS, degree of
abdominal distension, frequency of abdominal pain, degree of abdominal pain, and IBS-QOL were
significantly reduced following treatment. The impact on life, defecation satisfaction, HAMA, and
HAMD were all reduced after therapy compared to before. Before therapy, there were 24 different
metabolites compared to the control group, whereas there were 47 different metabolites after
treatment. Four metabolites—alpha-ketoglutaric acid, acetoacetate, citric acid, and mesaconic ac-
id—were identified as possible biomarkers for IBS-D using a Venn diagram, differential metabo-
lite correlation analysis, and KEGG enrichment analysis. Additionally, acetoacetate, citric acid, and
mesaconic acid are down-regulated, and the three have a positive association. Compared to before
treatment, 19 differential metabolites were identified; the differential metabolites after treatment
were primarily enriched with three metabolites: Normorphine, adenosine, and fumaric acid. Second,
the levels of alpha-ketoglutaric acid, citric acid, and mesaconic acid were lower after therapy than
before treatment. Conclusion: Abnormal energy metabolism may be connected to the pathophysi-
ology of IBS-D. ShenlingBaizhu Powder promotes energy metabolism and modulates adenosine,
normorphine, and fumaric acid metabolism to prevent and treat IBS-D with spleen deficiency and
excessive dampness syndrome.
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1. 53|

1 5 51T (Irritable Bowel Syndrome, I1BS) & — i B s i, 18 AT AT 12 I 1] 40 2 B 5~10% 1
(R REANMK[L]. 290 (9 LR B2 B LA R A5 28 . IBS B & 2 M BLIREIR, I iys . MR
(UL RIS S5 EFAA B [2], B R A s MR BAs . -2 FRBERN TR FE 77 B30 L o AT 2 R g
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T8 &

9, ZWE IR 2 BRI N3], HATA Z el TRYT IBS, BIEMES . 1bV5Y. REA. Bt
ARG SE, (TR AEMAE R, IF HAAE —SRER[4]. Sh=HRWRYT, Zhts 5 RkE
RAE, #4 IBS BEMATEREZECER N, HREAHEE. . RIRERER, —IZ st
IBS BFH WA HFLUEN] T 1BS & AL 5 AN ERE R A AR . FAR S5KE A0 3 10 j8 B AR 3% o B IK R[5,
HOZIRAT — AN R AR I R AR IR 2 D 1V ki, 1BS 43 DU Fh S5 Y - {5 Rl 7L i 5 34 A4 (constipation-
predominant irritable bowel syndrome, 1BS-C). J&V5 4! 5 4% & 1ik (diarrhea-predominant irritable bowel
syndrome, IBS-D). &4 F W 5 47 A 1iE (mixed-predominant irritable bowel syndrome, IBS-M)A1 2 B i 11 i
5145 A 1L (undefined-predominant irritable bowel syndrome, IBS-U). IBS-D ;&% WLAIZRM, 5 IBS B3
1) 40% [6]. HEEZIRIT AR RANS, AT R0 B . ABFF NS A ATIEYE. BEALEEAT K9 1
XTI REIE T, L% R BOG YT RE  aE U 2Y () 5 BeR G AT 28 191 o ASHIE F 48 AR Hh 1 24K 2 P g =
B s AR B ZE Y L HE(EME S . 2019KL-024), 1533 [E X [ S8R 3 4 100 H (81673854) [ HE B .

2. #58
2.1 — &Rt

XTI FCAE R P PR 25 K24 Y B R Be #E 4T, 2019 4F 12 H % 2020 4F 6 A AN T #1128 1R
TR RRIERY (1) 1BS-D 28 4 3%, [ 4N 1 28 A4 N s iy 4. 55 9 17 0, 40k 11491, ~F35) 4% (41.143
+11.707)%; XHRAF T 12 4], L 16 ], “FIFEES(41.750 + 11.900)%, 2 AR Fis bRz R T4
TR (P >0.05). 2 HiEITRIRE LA, JR)7 4P 4K EE(69.157 + 10.938) kg, X B 47444 #(63.073
+11.819) kg, ZRILGITEE (P >0.05). 2 HGIT AT & mbbie, VA7 4 F5 5 =(1.664 £ 0.094) m, X
TR P2 B m(1.642 + 0.053) m, ZRTEG0 ¢ (P > 0.05), 2 4liAJ7 T BMI ELER, RI7 47 BMI
N 24.228 +2.260, XtHEZH N 23.266 +3.916, ZF LGt 2Em (P >0.05), EAW .

2.2. HIERE

ZZY |V SWibsiE[7], 1BS-D B 7 E L LA NI IR T s 1. RERIEMRE: &k 3
MNAWRREEDRIE LR, AT 2 T8k 2 Jibl B 1) S5HEA 5 2) RIER A HHESR ML, 3)
RAEHHEA FEE IR (M) 2 2R BLE > 6 AN H, 3T 3 AN HEREEAEE. 2. IBS JETER 4
R : 454 Bristol Z5{f MR 22 4> 2545k (Bristol Stool Form Scale, BSFS), % /b 25%(1)${E{§i 24 Bristol 6-7
A1, H Bristol 1-2 BUHEE /N T 25% (oAl H 5 8 fe 0 W 254) . 3. SfBhizWr: Mol SR,
FEFM + BRI, FFEIIRE. BB B R I R .

2.3. PEHHIEFRE

SR (9 5 BEr AR R BRI £ FILRE WL(2017 4F)) [8IHRIE MY, FREEA 2 I, JNUCAE 2 LA
b, diGEhk, BIRTSWr BRUE AL b AR P R 2 K 2 B I 2 B T A PO B 2 ¥ BT R DA B BRBR 11 v 4 %
BRI iZ W BARSlibrE: 1. FEZER: KRG, MR, 2. RESER: 55 ReiZis
RAESNE. #EHEE. 9% 3. &hk: &k, W THENE, &AR; kg
2.4. ANFRAE

IBS-D ZiRE PNBMEL R (1) BFHIEIRFFE 1BS-D FU B2 Wbtk Al AR 2 Wibn it (2) Eilk
£ 18 % 22 65 & Z ] (B 7% 18 JH % J2 65 JH %), TEAIASKR: (3) HI4f IBS AR ™ H AL & 5 % (Irritable Bowel
Syndrome-Symptom Severity Scale, IBS-SSS)iF4> > 75 43; (4) Zik#E HIELBMERZE T, BA 2N
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l5e) 52 % B A e

XHRA R RRF IASRAEI R (1) BEMAIFRERZRE RS (2) BT BB e s i
(8 B8 AR DIREEEE A R); (3) M MEsi R A LI IRIG . HEE I BUAAEEAR 57 hE
Wi (4) B WIESH SR WS SRR AL (B) A7 i B NI I Ak S HR R b o

2.5. HiRg#RfE

fERME. REM. RUTIH 1BS AHAMHL R GG PR, sl oAb B AL 51 R . 18
AN B IIEE BRSO, W IBD (BUEYERN). FLBEVE . SEARASUN: HUONRGEIS . %L
UG KRR P YE . 25 EL MR . RISOA R ER AL FURE AN 32 (45 5 S2) AR 4= B PR 51 R
5. AIFARERE . HURIRThBE U, BUEIRO. . BF. B, M RGSEEFER N, BE Y
Wi A A ()™ L 2 (U R 5) BT DI RE S+ & (ALT . AST > IE#{E{EH BRI 1.5 £%, Cr> IE
WA EIR), PARA IR R SO BB 5 s A RGP SS9 2 BRAEA B miE SN RS
FARLFH DI ERTA); Hebx 3 A WA RESZNT B s 725 YI(FTIEIRRE 254 . 5-HT3 SZAkHift
Al ALV TR (LB 125 PUIARET . DUAERE LS. B R 2 PR K S i 5 A I A
PRI, AW TR A R G O b ™ R I SO B BCE B RS . 290 S0 s AR S
A, FOEA R s A RIThEERRRS, AREn TRAMERES; & 1 DA NS IHEMIRR
WIS IS AT BT 1A H WA AR AT SB35 R

3. &
3.1 BT Ak

BITH: PRIREUES IBS-D TUSEAARH: A& 15¢9; AR 159; K% 159; &K HH 10g;
25 159; MRS 159; # T 159; ZL4-209g; W1 10g; #5#H 10 g (F DY) ISk 25 BHE R I
BAERARRMEE), B Kk, —Xk 18, —H 3 KE 4 BiE 1/ RIRA), &2
14 k.

XTHEAH: 7GR NBE IR br it S HERR bR i, IR IR ETE RS IR MK .

3.2. fTUEHR

AHIE AL FH 1) 2 BT R A & BSFS AT IBS-SSS, FiH IBS-SSS SR & L IUA IR . IR AR |
PENRFRFE . HE(EW R B . R AR TR I o KT BB AR B3 W 5 WO S5 G AIE - AE i i &= &R (Irritable
Bowel Syndrome-Quality of Life, IBS-QOL). % /R HIAL & % (Hamilton Depression Scale, HAMD)F1 %
JRE & B % (Hamilton Rating Scale for Anxiety, HAMA). #1%: BSFS. IBS-SSS &% . IBS-QOL. HAMD
I HAMA VEASEF 29 R0 3T, HEERZ G W G EE 3T . FEART S, BIT4: BITHTRid A SA,
BIT EbRIC Y SBy XTRRHARIC N HC. MLARAEAH =4H: XA, SA M SB H.

33. GtEFER*

] R A< 3.6.3 A1 Python A 3.7 #EATIMPR A 70 M. AEEAT 4L LRI, SRR ok 7
TR 8dE: H—Jim, FZH0GR M TREGF o RKEWE. X TER8dE, HTSE £ ek
. WCORBIE IR IERS A5 By 248, R t ha % A EANN I AL ST 20, Ea
B IE tA56 . WEREHE AT S IS0 A, EVCRHAES BTG K. BoX A58 T T4 A B
B PAEH/AT 0.05 FnME RN Z T RS R A,
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4. R
4.1. WERTT SR

7E R IR RS UERY IBS-D 4L(WL 3% 1), ¥8J7 )5 IBS-SSS &73. BSFS. MEAKFREE . MEJmAE. IR .
IBS-QOL ¥ Z L TI6IT HI (P < 0.05), {HXJAEVERISF A, HEH=E, HAMA, HAMD, 4 tiii,
P{E >0.05, L&l FRFEWEER; HiRTEXAERRmWE, HEHEE, HAMA, HAMD [1)F1
B + FRUEERTHRITRIRPIME + brdEzE.

Table 1. Comparison of IBS-D with the syndrome of spleen deficiency and excessive dampness before and after treatment
= 1. BEEEIER 1BS-D ANRTEELE

i B B ?iﬁ gg SAé(%?iJZS) ?jﬁ gg seg(%iuzs) FirR P
e w WE m W a4 e am
%j%i%??an 56 5;‘;%81 28 556%361 28 slzégggsi 1002 0.284
S . ST a TE a BE m om
HESL e SE o wES n S am aw
EEL WS w4 4w aw
R W w @m a SE um o am
e I - S S
N R T S
g o 9 a R n O em om
S e MR s UM a WE: am o

4.2. RBLEF ST

4.2.1. ZHGHIH

1R, fEIES TGS PR, Z4HES SA 5 HC. SB 5 HC fl SA 55 SB nJ LLWLE F 3 i
7343t Bl (Principal component analysis, PCA)RK I H B KFEE I E &, XK PCA Tk IFHu[X 7 41 8] 22
o /N 3eid 5 44 (Partial Least Squares Discrimination Analysis, PLS-DA) F - ffi A4 A1 B A5 2
YERE, K2 WL SA RSB 435 HC XFHUlS, RIIE. BT RY HIH KT QY fH: [FFE, 7£ SA
5 SBE#L, 1B, B TR RY EHBRT QY H. A I AWEAWLFIR, FATKRHH T PLS-DA HE/¥
BEGE . =gt , B SA 5 HC, SB 5 HC. SA 5 SB, K3 i ISR Ry KT Qy BeAh,
Q IEIHL S Y fl a3 /N T & o XG5 FR AR A I I AUE 7, RO ZAERL 1R El 2 v
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Figure 1. Analysis of PCA for each group (PCA analysis in positive ion mode is represented by A, C, and E. PCA
analyses in negative ion mode are denoted as B, D, and F)
1. &4KI PCA F#i(A. C. E AIEEFENXTH PCA 434f; B, D F AGEFER THI PCA 747)
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Figure 2. PLS-DA score scatter diagram for comparison groups (The R,Y value denotes the rate at which the model
explains. Utilizing Q.Y, the predictive capability of the PLS-DA model is assessed. When R,Y exceeds Q,Y, it indicates
that the model has achieved a reliable foundation. Scatter plots A, C, and E represent those generated by PLS-DA under the
positive ion condition, and scatter plots B, D, and F represent those generated under the negative ion condition)

2. BB PLS-DA S HIREI(R,Y REEMRER, Q.Y ATITM PLS-DA HAMTNEES, B RY XT
Q.Y RIRRIRBEIRIF; A, C. E AEBEFHERTH PLS-DA 5785 E, B, D. F AREFERXTH PLS-DA
For=E)
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Figure 3. PLS-DA sorting test chart (The positive ion mode charts for the PLS-DA sorting test chart are
denoted as A, C, and E; the negative ion mode charts are referred to as B, D, and F)
3. PLS-DA BIHEF#IEEI(A. C. E AIEETHERXTH PLS-DA HIF#IEE; B. D. F ATLET

X TH PLS-DA HEF1 16 )

4.2.2. ZRRBITHE

A

sausHe

Figure 4. Matchstick diagram comparing groups (Significant up-regulation is denoted by red, and

significant down-regulation is denoted by blue. Matchstick diagrams A, C, and E represent positive ion

mode, and matchstick diagrams B, D, and F represent negative ion mode)
4. LEBUARASHTE(L R TEE LA, BEERTEETE; A C. EAEBFERATAE
#E; B. D\ F ARBEFENRT AETHE)
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AT PLS-DA FER 1) AR B A 2 A B G it oy Wi ok I3 E SR I E M EE S5 VIP
(Variable Importance in the Projection). FC (Fold Change)fl P., i 25 F 5 & N: VIP > 1. FC>1.5. P <0.05.
SIS RN 4. RIT AT A LN, R 19 R AR, KA IES TR 12 4,
FHART 74 FEE, RIrmr St BAtEF, A 24 FhzER Ry, EE T 124, fE AT
124>, BIT R SAIRAEAALL, A 47 FhzERARuY, EEFEET 26 4, R TR 214

4.2.3. ZERKEYIH

R4 B E Gk 5), PR XS 14 FARE (LR 2)B0A N2 IBS-D WV AEYbr &%, JEH
1HIT 5 55 IR A ) 33 FlR E RO AR S8 A ARBOT RO L7 (R 55
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Figure 5. Differential metabolite analysis (Two comparative pairs of positive ions are represented in Venn diagram A, and
two comparative pairs of negative ions are represented in Venn diagram B. The chord diagram for SA vs HC’s differential
metabolites in the positive ion mode is C. D represents the chord diagram of SA vs HC differential metabolites in negative
ion mode. The differential metabolite chord diagram in the positive ion mode of SB vs HC is shown by E. The differential
metabolite chord diagram in the negative ion mode of SB vs HC is represented by F. The differential metabolite chord dia-
gram is chosen by significance level, and the P-value ranks the top 20 differential metabolites in order of magnitude, with
NA denoting the absence of classification information)

E 5 ZFKEIITA AFAMLBENHNEEFEERE; B ABANMEMNAETEERE; CAHSAvsHC WIES
FRATHERREIFIZE; D A SAvs HC HE FRA THESFRHIFMZE; E A SBvs HC MIEEFRER
THESRREMZE; F A SB vs HC A B FRXTHERREPIMZE; ZRAHIFIZEIEREZHKE,
P-value EM/NEIKHEFHY Top20 MIEFAEH, Hh NARREDEER. )

Table 2. Possible IBS-D biomarkers
%< 2. IBS-D MBTEL MR E

AU 4 PR R 772 MUk e S Up/Down
Pos (IE & T#10)
Vanillin C8 H8 03 Benzenoids down
Alpha-Ketoglutaric acid C5 H6 05 Organic acids and derivatives down
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Continued
Stearoyl Ethanolamide C20 H41 N 02 Organic nitrogen compounds up
Oleoyl ethanolamide C20 H39 N 02 Organic nitrogen compounds down
Wogonin C16 H12 05 Phenylpropanoids and poly- down
ketides
5-chloro-3-phenylbenzo[clisoxazole CI13HB8CINO NA down
Neg(f1 2 A=)
Citric acid C6 H8 07 Organic acids and derivatives down
2-Furoic acid C5H4 03 Organoheterocyclic com- down
pounds
Acetoacetate C4 H6 03 Organic acids and derivatives down
D-(-)-Quinic acid C7 H12 06 Organic oxygen compounds down
8-Ribono-1,4-lactone C5H8 05 Organic oxygen compounds down
Mesaconic acid C5 H6 04 Lipids and lipid-like mole- down
cules
(3R)-8-hydroxy-3-(4-methoxyphenyl)-3,4-dihydr C16 H14 04 NA up

0-1H-2-benzopyran-1-one
(+)12(13)-DiHOME C18 H34 04 NA up

TE: NA KRR RAE R

PR 22 S AR P 7 7 2 [ [ B2 ZR AR 56 R 8, PTRNIRT TR N-(9-48 RS 3E) 4k . N-25 Ik il o
2. KRR BB D-MFFHEZ A EADNIEA G, & SRS Bk CREBENE . o-B R 1 iR Mk i
Z IR RIEADG; WEREHE O RERE NG SRR TG . oo B R Al JEE O BB 2 G ER
Sy SE OISR AN IEANDS; MR 28R PR o-HE-1, 4-WERZ M BN IEADS; ZBEOR
5 2R ATIFIR  0-1%0E-1, 4- PNl 2 8] 2 IEAH G VAT JR R B 11, 12- 32 58—k — )& IR . tetranor-12R-
FRIE T BRVUJAER tetranor-12S-32 3k — i VU R =3 2 (R BOA IEA DG, (2)8-F2 5 1Bt TG ER AN 15(S)-
SO T RR AR S IE AR O, O-25 FF 3R ST ik A N-25 FRIE SO i N IEMI oG, 7 S L5 it 2 It
W a-Bi I R A R IEA G, TEARTE 2 BEmt e 5 & Sl . Tk CREREIE 2 Aoy Skl oG, IR . AT i
FR. 2-FEFR. O-1%HE-1, 4-WEEDUH Z MR IEME, LBARS 2-FR. M. TR, o-1%hE-1, 4-
WEEZ BN IEAIDE, AIFIERER A2, tetranor-12R-F25E -k VUMGIR . 8(9)- —Fak: —+W = ImM L&
=HZ AR IEMR.

4.2.4. KEGG BIREE S

W 6. % 3 Fron, SXTR BN, SA A SOBE R G RERE R A B AL . SRR IRERACU |
FFEERRIGFR(TCA JEFR). THRACHT . FUOR MR AIEE — AR, AR REAEMMARAMRMRY . W
WEEEE, KPS ok K. OB N BRFERESC. SB 4 Job fs AR B B k. &
TR AN —RIRACE . 2511 - 41 (5 % P450. TCA 75¥F. TRRACH . PURImBRANEE AR . TN &R
READBABARNRY . AR EEEE, 5 oMM ZH M, FER: RIS ] %
IBS-D MIEWHLHI T RES a-BiK — /8. LBt APERR: PR T A S, RENGITRTHEL, 675
P P U s . RS S . B R SW. MERN. SRR, AR - R P450.
CGMP-PKG {5 5l WikE . BRI, FALBEER L . MR AR e e A (28 & 4, 5 2 PR e
IREF . BB, a0 TR S BAE, SR AR T A B KR EEE, IR R G
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Figure 6. Significantly enriched metabolic pathways (Pos represents the positive ion mode, and neg denotes the
negative ion mode)

E 6 EEEHRIFEE(pos AEBTFRN, neg ARBEFERR)

Table 3. Significantly enriched pathways of differential metabolites

# 3 ERNHNEEERBR

MapID Map Title P value X y n N, EDT:Ie((::rt] Meta IDs
SA vs SB pos

map Drug metabol- .
00982 ism-cytochrome P450 0.032786885 1 1 2 61 Over Normorphine

map CGMP-PKG signaling 0032786885 1 1 2 61  Over Adenosine
04022 pathway

map Sphingolipid signaling 0032786885 1 1 2 61  Over Adenosine
04071 pathway

map Vascular smooth muscle ) n35786885 1 1 2 61 Over Adenosine
04270 contraction

map Renin secretion 0.032786885 1 1 2 61 Over Adenosine
04924
Orggfz Parkinson’s disease 0.032786885 1 1 2 61 Over Adenosine
orgg??z Morphine addiction 0.032786885 1 1 2 61 Over Adenosine

map . .
05034 Alcoholism 0.032786885 1 1 2 61 Over Adenosine
OT(?S 4 CAMP signaling pathway 0.065027322 1 2 2 61 Over Adenosine

map Regulation of lipolysis in .
04923 adipocytes 0.065027322 1 2 2 61 Over Adenosine
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Continued

map  Neuroactive ligand-receptor 96751319 1 3 61  Over Adenosine
04080 interaction
or(r)]zago Purine metabolism 0.158469945 1 5 61 Over Adenosine

SA vs SB neg

Or(r)]fgo Oxidative phosphorylation 0.032786885 1 1 61 Over Fumaric acid
Or(T)]gSO Pyruvate metabolism 0.032786885 1 1 61 Over Fumaric acid

map  Nicotinate and nicotinamide )25 7g5005 1 61  Over Fumaric acid
00760 metabolism
orgzago Arginine biosynthesis 0.065027322 1 2 61 Over Fumaric acid
orgggo Phenylalanine metabolism 0.065027322 1 2 61 Over Fumaric acid

map - Arachidonic acid metabol- ¢ yero7305 g 61 Over Prostaglandin A2
00590 ism ' g
OT?SG Serotonergic synapse 0.065027322 1 2 61 Over Prostaglandin A2
Or(?ggo Citrate cycle (TCA cycle) 0.096721311 1 3 61 Over Fumaric acid
Or(r)]ggo Butanoate metabolism 0.096721311 1 3 61 Over Fumaric acid

map  Alanine, aspartate and glu- ) y7g60850 1 4 61 Over Fumaric acid
00250 tamate metabolism '
Org)]??go Tyrosine metabolism 0.127868852 1 4 61 Over Fumaric acid

map . Prostaglandin A2;
01100 Metabolic pathways 0.50273224 2 35 61 Over Fumaric acid

SA v HC pos

map . alpha-Ketoglutaric
00020 Citrate cycle (TCA cycle) 0.032786885 1 1 61 Over acid

map Pent'ose and gluguronate 0.032786885 1 1 61 Over aIpha—Ket'oqutarlc
00040 interconversions acid

map Ascorbate and aldarate alpha-Ketoglutaric
00053 metabolism 0.032786885 ! ! 61 Over acid

map Alanine, aspartate and glu- alpha-Ketoglutaric
00250 tamate metabolism 0.032786885 1 1 61 Over acid

map Glyoxylate and dicarbox- alpha-Ketoglutaric
00630 ylate metabolism 0.032786885 ! ! 61 Over acid

map Butanoate metabolism 0.032786885 1 1 61 Over aIpha—Ket_oqutarlc
00650 acid

map - . . alpha-Ketoglutaric
00220 Arginine biosynthesis 0.065027322 1 2 61 Over acid

map Taurine and hypotaurine alpha-Ketoglutaric
00430 metabolism 0.065027322 ! 2 61 Over acid

map Histidine metabolism ~ 0.096721311 1 3 61  Over  Alpha-Ketoglutaric
00340 acid
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Continued
Or(T)]??gO Phenylalanine metabolism 0.127868852 1 4 61 Over Vanillin
SA vs HC neg
map . acetoacetate; Me-
00640 Propanoate metabolism 0.005464481 2 2 61 Over thylmalonate
map Valine, leucine and isoleu- acetoacetate; Me-
00280 cine degradation 0.015837733 2 3 61 Over thylmalonate
map Carbon metabolism 0015837733 2 3 61  over  Citricacid; Mesa-
01200 conic acid
map Glyoxylate and dicarbox- Citric acid; Mesa-
00630 ylate metabolism 0.049230755 2 5 61 Over conic acid
map Phosphonate and phosphi- _—
00440 nate metabolism 0.081967213 1 1 61 Over Ciliatine
Orgggo Citrate cycle (TCA cycle) 0.229786052 1 3 61 Over Citric acid
Or(;]??fo Lysine degradation 0.229786052 1 3 61 Over acetoacetate
orgggo Butanoate metabolism 0.229786052 1 3 61 Over acetoacetate
map 2-Oxocarboxylic acid me- S
01210 tabolism 0.229786052 1 3 61 Over Citric acid
nggo Biosynthesis of amino acids ~ 0.229786052 1 3 61 Over Citric acid
or(;];fo Pyrimidine metabolism 0296183806 1 4 61  Over Methylmalonate
map - Alanine, aspartate and glu- g p95193805 1 4 61 Over Citric acid
00250 tamate metabolism '
Or(;]:SISpO Tyrosine metabolism 0.296183806 1 4 61 Over Acetoacetate
ma Citric acid; acetoace-
p Metabolic pathways 0.382411462 4 35 61 Over tate; Mesaconic acid;
01100 e
Ciliatine
map ABC transporters 0415250455 1 6 61 Over Ciliatine
02010
SB vs HC pos
map . Alpha-Ketoglutaric
00020 Citrate cycle (TCA cycle) 0.06557377 1 1 61 Over acid
map Pent_ose and gluc_uronate 0.06557377 1 1 61 Over AIpha—KeFoqutarlc
00040 interconversions acid
map Ascorbate and aldarate Alpha-Ketoglutaric
00053 metabolism 0.06557377 ! ! 61 Over acid
map Alanine, aspartate and glu- Alpha-Ketoglutaric
00250 tamate metabolism 0.06557377 ! ! 61 Over acid
map Glyoxylate and dicarbox- Alpha-Ketoglutaric
00630 ylate metabolism 0.06557377 ! ! 61 Over acid
map Butanoate metabolism 0.06557377 1 1 61 Over AIpha—KeFoqutarlc
00650 acid
map Drug metabolism- .
00982 cytochrome P450 0.06557377 1 1 61 Over Normorphine
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Continued
map Arginine biosynthesis 0127868852 1 2 4 6L  Over alpha-Ketoglutaric
00220 ' acid
map . . N6,N6,N6-Trimethyl-
00310 Lysine degradation 0.127868852 1 2 4 61 Over L-lysine
map Taurine and hypotaurine alpha-Ketoglutaric
00430 metabolism 0.127868852 1 2 4 61 Over acid
map T . alpha-Ketoglutaric
Histidine metabolism 0.186996388 1 3 4 61 Over -
00340 acid
Or(?s?go Phenylalanine metabolism 0.243065603 1 4 4 61 Over Vanillin
SB vs HC neg
map Carbon metabolism 00158377338 2 3 5 61  Over  Ciricacid Mesa-
01200 conic acid
map Glyoxylate and dicarbox- Citric acid; Mesa-
00630 ylate metabolism 0.049230755 2 5 5 61 Over conic acid
map  Arachidonic acid metabol- o 15ap69045 1 2 5 61 Over Prostaglandin A2
00590 ism
Or(T)]gEO Propanoate metabolism 0.158469945 1 2 5 61 Over Acetoacetate
OT?SG Serotonergic synapse 0.158469945 1 2 5 61 Over Prostaglandin A2
org(z)igo Citrate cycle (TCA cycle) 0.229786052 1 3 5 61 Over Citric acid
map Valine, leucine and isoleu-
00280 cine degradation 0.229786052 1 3 5 61 Over acetoacetate
Orggfo Lysine degradation 0.229786052 1 3 5 61 Over acetoacetate
or(T)]gE?o Butanoate metabolism 0.229786052 1 3 5 61 Over acetoacetate
map 2-Oxocarboxylic acid me- Lo
01210 tabolism 0.229786052 1 3 5 61 Over Citric acid
OT;C‘EO Biosynthesis of amino acids ~ 0.229786052 1 3 5 61 Over Citric acid
map Alanine, aspartate and glu- Lo
00250 tamate metabolism 0.296183806 1 4 5 61 Over Citric acid
Or(;]:?go Tyrosine metabolism 0.296183806 1 4 5 61 Over Acetoacetate
ma Citric acid; acetoace-
p Metabolic pathways 0.382411462 4 35 5 61 Over tate; Mesaconic acid;
01100 .
Prostaglandin A2
OTS;)G Bile secretion 0.415250455 1 6 5 61 Over Lithocholic acid

E: MaplD 72 & 4L 10 % LEH K 1D; MapTitle /& & S AAUHERE 4 F%; Over K F4E; MetalDs & £ 2 KA.

425 EFRHVEZE
e 7 o, ALCIEITRT, VIR o-FRIR R . FrEEER. P ERRI TR AL IR TV R .
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Figure 7. Box plot of differential metabolites between different groups
7. NEHBZERRGHIFELE

5. Wig

A G ARRI, AR IBS-D fF& R IRYS . IR, TEIGIR b WM IR AR E[9] . hERdEH
FEMHHERTG, EXTEAEH RS DOE PRI IRIT g . (EEREUE) = “BhsmsEdr
fesin, TRWAKRE” , XNE T ETE IBS-D WHEHILH M EZE. ik, S2EAREBEE N
SERIT Y 1BS-D HIHIE: TP AS R AEN, AR, RE. BB, ARE IR
AN, B ECCRNRAER, &S0 ET RN, S AEER. BT, SkER A
FERIMESERAERIVER o BUARZ BB 78 R I R 22 WEIC AT AR P TR 288G 20005 FL R 0 PR 28K BB VS IR
[10]; PR S =k A MEAT B Thak, XA/ A B ST S E (1] H B e sl . H 2 E & Rt
AT EERRA 0, A& H B PR VR F AT 2 15 0 S IR 83 [12]s L2 S pm i R N RS HE
75 BN HERE[13], AT S0 BV VR 8 JE WL EE 31 BSFS 1B HRFIE A BTt s 1897 5 S e bR 31
RHENE, B IBS-SSS M. MEIKFREL. JEmME . IR EA IBS-QOL. A PRI AR WL 5 18] P v
RIS . HEE W E . HAMA $£9r. HAMD P08 Giit2fm X B2 5. SR, SiRI7 i
FAEL, SRS . HEE A . HAMA 1 HAMD (P38 + b2 TR7 T, SEniiEs
A ARBUATT ISR 1BS-D 7 23501

H AT IBS-D AL AR MG IR, — B IE R R D Re it . B 5w Wk m
B RERARW SRR W - B - BUEM S SR AEADG . (R - BEERR) o R, &
JEFE” , MR TIEth, KERERAERE, REROVBI . e ERAVNEE TS E 2 I5,
SEREE AR . MWIAREES: b, Re R F ZE S WA . R IRTE N (TCA JEIR) RPN E = /Mg 12~
A ATP, Hh =RIRIGH & FE A RERL. IERE—FENE, /E3 TCABRIRGEYIE, it
— RYN B SN, B R FA N B AGBRFIK, PRAERE R . IR 75 B VE 22 AR () 4 (R B B 52 1
W FERR A TCA TEH R i — A=), S 5aes R, el 84 R R CNITIERR, 15
TCA M i XN o-Fi R BB 2 TCA PR [ —AN Sk b ) 724, @i S AR )y 3077 A= g
o WAMERREARHIE R, WA GRS 2R, FFAENE IR o R AR R B AR, £ LIRS
PR R R B — AN R =), SRR B-FR5E T FRER A 2R, 1F R & AL R ERE AR IEH D)6 . o-
i 3 — R B A PTG TT R AR, TR 40 P 0 S I SRS R 1) 5 RE SRS, T DA REAS A

DOI: 10.12677/tcm.2023.1212541 3642 HRE 2


https://doi.org/10.12677/tcm.2023.1212541

T8 &

JBi[14], oM & —BR B A AT BURKEE B B, (2 B RO KA I, BRE FiRE A RIE,
MR T IS IR A[15]. # o-BIK 1R LWt LR AR HhERIR R VAP X i RE = AR 7 8 ml e
IBS-D ¥ AE [ KA B o

SEARMT UG, KL FEHEE SRR L. 22— R 5 M, k2 H i
W FEEERNTE R AEH T R R bl 2k, BA—@ReusfEf: ke 5480 - 4
fitaz PAS0 fRUHEEAHC, TR IBS B4R EHATES 1 IREHES, LHARER
P450(CYP450) (R [16]. ARFT &N, A L N AR 244 1 38 B AE ORI, 1 5 — 2 N AR AH 5] 24 970 () 7
FEXTNB[17]. ARG 2 R AT RE CYP450 MIFRIAH ¢, JLI A A i [18]. DRk, Zj#iRiul - 48
a3 PASO ARIHE R W35, nT Re R AR AR T 3 “ MR I8 4k Dhfies O RR A I e A Q- 4 iE
BT DLRAR W T8 AR, AR Sk Rt B it 3 MBS, — T5URIE e IR SR T, O R R 0 7 e A T~
VA AT DAIRAR i 1 T LIS, RIS 980D e R RE[19] AR — Al s, oh BRWEne RN 2 72 k. AR
{£5 DNA. RNA F1=#8 17 (adenosine triphosphate, ATP)IKZHALESS;, R RERACH . 25 DNA
FIRNA G R VAN AE KRGS v DL AR IR 2Rk g 4 [20], HATHREAL I8 . St )R B
MBRE R VA AEF SRR . s AL 2R TAER, FTLRHIME G tE, B MEk S, Ik
HEER . Horh BARE R IR EF (adenosine monophosphate, AMP)YE yfig B2 ik, 4REEA LN, AMP iE
TSI AR AT, (2 G D7 R S A 2 A S B T A R R R R AR, (R L BE A T 2Rk
WA RS BWE[21] o B ST IR RESE ISR BT 8 40 ML PR - IL-10 HORETR, AT AR [22]; hAMBK
TR . N AP WREDGEM . NK ZHA. NKT 400, & RE 40 B A2AAR 21k, %5
] P 20 5 P R A FERG B R TFN-p s IL-4 K2 1L-2 7245, AR TNF-a. W4 A 2808 25
(MIP)-1a/CCL3. =/ LTBA4. IL-6 F1 1L-8 {17 Wh[23] FI1E ] » BRI R 22 HOAIEE 25 W IR A2B 24K 30 ,
A DM AR RS REE O R E M S A PR B, BRI E BB eI R e R TE VR i 2
1B BB B S5 T TR I [24] o MR EF AR R 1 S LA e i A o B 5 B, 5o I T g 2 DAk % I

ZEERTR, S AARECT IR AT 1BS-D TR E: AT ECERE RGBSR R
BEAN, FETARHH 2 R DL A BAR U B AT RE S IBS-D IR IGHLE], 5 a-BR R, 2R FrERR.
ORI T AR OG 25 FR G MEAD R EF (1 _E R 228 I OREOE ST B IR Y 1BS-D 97 2B (0T AR I PRAIE 3 o

e HE
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