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[ Abstract] This study aims to investigate the mechanism of Linderae Radix water extract (LRWE) in the prevention and treatment
of diarrhea-predominant irritable bowel syndrome (IBS-D) based on serum metabolomics. Eighteen 2-week-old male SD rats were ran-
domized into control, IBS-D model, and LRWE groups. The rats in other groups except the control group received gavage of senna con-

centrate combined with restraint stress for the modeling of IBS-D. The rats in the LRWE group were administrated with LRWE (5.4 ¢-
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kg™') by gavage, and those in the control and IBS-D model groups with an equal volume of distilled water for a total of 14 days. The
visceral sensitivity was evaluated by the abdominal withdrawal reflex (AWR)) score, and the degree of diarrhea was assessed by the fe-
cal water content (FWC). The morphological changes of the colon and the morphology and number of goblet cells were observed by he-
matoxylin-eosin (HE) and periodic acid-schiff (PAS) staining, respectively. Ultra-high performance liquid chromatography-tandem
mass spectrometry ( UPLC-MS/MS) was used for the screening of the potential biomarkers in the rat serum and their related metabolic
pathways. The results showed that LRWE reduced the AWR score, decreased FWC, and alleviated visceral sensitivity and diarrhea
symptoms in IBS-D rats. HE and PAS staining showed that LRWE mitigated low-grade intestinal inflammation and increased the num-
ber of mature secretory goblet cells in the colonic epithelium of IBS-D rats. A total of 25 potential biomarkers of LRWE in treating IBS-D
were screened out in this study, which were mainly involved in riboflavin, tryptophan, glycine, serine and threonine metabolism,
glyoxylate and dicarboxylate metabolism, and cysteine and methionine metabolism. The regulatory effects were the most significant on

the riboflavin and tryptophan metabolism pathways. LRWE may alleviate the visceral hypersensitivity by promoting energy metabolism

and amino acid metabolism, enhancing intestinal barrier function, and improving intestinal immune function in IBS-D rats.
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AL Hrp DSRS0 5 B2 G ( diarrhea-predominant
irritable bowel syndrome, IBS-D) f% 4% W2, H AT,
IR 367 IBS-D F 2Lt AL W BLE ) 121
MRS 25800 3 AT RO B KT 5 45
SREHRAN R RN A PG, FHREOTT R AT
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PR R ASAE IR 25 A 7IR97 . B2 )8 T
Ay, BATT AR il B R R D%, HON i i i
T AFRERA B G E ] . AN TR 2 X 2 2
2oy 2B 2GR AT TR R
257K $29) ( Linderae Radix water extract, LRWE) 1] i@
TR IBS-D R BUILTE AR B R /K- BEAR P 4
i H 3h K F e IBS-D K EUIE W L I T AFE
R HUIBTSOIESE LRWE Biif 1BS-D ST ALHHY),
B HAE LRI A R e — B R ABIESE

AR 22— TR S 2= R HAF X 4
FEAUFEAS 3T /T 1000 HHA A=Y 1k

A, B o e i in RIBU R 2, i T ERER
X INER YN Nl IR SO B b G e ) VAN TR I
2 M T 12 W AR AR S AL R A
T NRETE AR SR, AWESE I R
SORAR 0,1 BB B B3 (ultra-high performance li-quid
chromatography tandem mass spectrometry , UPLC-MS/
MS) Fi A X LRWE i 1BS-D K FUMLTE HEA T84
FHESE, TR AE LR M bR SRR DG ABE %, 70 b
LRWE XV 7EAE Pbr s 0 54 T, LU S 1 1)
5258536 1BS-D BYME BN S A4
1 R
L1 3% 18 JSPF ZRfitt SD KRR, AR Bkt 35~
55 g,2 ik W B I R SR v SR S Sh A IR A
], S SV T IES SYXK () 2019-0009 , fl 77
TR R EZ SR S bl iR (23+2)C,
AHXEE 60% ~70% , B 12 h/12 h, K&
PIVEESE 5 d J5 EAT S5, sh Yy Se B 22 ) g vh BR 24
KL sy b oo B & st (e B 9
L1.2021012701) ,
L2 2t 5uGn 525 (#5 2020062002) Fl# {5
(415 2020091702 ) 32 Wy F 51 Fg = #2540 A1
BRZN W], i) p v B8 24 2 — s B2 e kA R L
BRUE MBI Y 2 2y Lindera aggregata ( Sims )
Kosterm T AR A G RHMEY Bt 15 Cassia an-
gustifolia Vahl Ao T g . ¥ ?"?%( [ %J/ﬂi>> (2020
AR ) W s e, S T B (HE S A454-41) &
%( L5 A996-4L) Ity A 2 [E ThermoFisher Scientific
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N IS R (ItS 50144) g B £ H Honeywell
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BHE (db5t) A R A Al PBS &2 ol (it 5
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80098516 14 [ [ 24 4 A1 fb 210 A FR A 7] 5 i alizk
i FLB00003057 #E 4l /K il £ R Se il 15 .
1.3 Y%  Waters 2D #8 5 S0 R AH 8 35 % ( 38
Waters A ] ) ;3 Q Exactive”™ HF &0 PER AL (3
ThermoFisher Scientific 23 7] ) ; Centrifuge 5430 1%
T O ML (12 [ Eppendorf 23 7)) 5 QL-901 i iE
ASCCHE T T AR DUR A i 38 A PR A 7] ) 5 Maxi Vac-
beta ¥ VR H 25 W 45 AL (F} & GENE 2 ) ;
FLB00003057 #4li/K il & R 4t (% H ELGA A ) ;
Basis Hei-VAP ML Jie%% 7% & f% (72 E HEIDOLPH 23
7)) ;EG1160 £ 2155 P AL 1A (£ [ Leica A7) ;
YD-315 A 4V Y] i L (4 4 23 a1l 55 4% A 2
F)) s DMi8C 5] 8 55 ) WA EE (75 Leica 2AF])
2 ik
2.1 LRWE il 2% B4 mi ) Sck i &
B0 B2 540.0 g, A 8 AR FRI A 2
249230 30 min J5 , BUE 1 h, 3398 TR ANA 6 £
FURK AR SERTAE 1 b, 3088 2 IRIEBW AT, e
ZERAL(65 r-min~',60 °C) W4E EFRE & H , HAT
Yo A 25 i EA T RO
2.2 FEMKBREHIE SR R
5 300.0 g, M 1 ¢ 4 (RoRHR HC I Ak K #5 &
152 30 min J5 i U8 ARG PR IR BRIy
SRR 3 K, 108 B IFRIG 4 IR RS K3
TEH K IR BB E R AE 2 0.6 g-mL™" 4 CIRAFEREH .
2.3 WE SR N HERIRE R E %
X ZH BEAL T 2H 0K 18 L SD K B8kt BE ( control )
e H BRI 12 H o R FHIE MR B IS R4
S BT 4 IBS-D K BRBEAL T 3.0 g-
ke ' FVE M AR, 1 h S5 R R R R a2
HEATARAT, B H AR 1 R, BIRFREE 1 h, RN
14 d, WEEBRTIR 12 HRRBELS 4 1BS-D 41
K LRWE T4, 54145 6 2 ;LRWE T4 kB4
T LRWE 5.4 g-kg ' 'H 14 d, control 411 IBS-D 41
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BE-80 CUKAE& M., RIS H G, M4 4
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2.5 KEMBERBUEM A5 714 X5, &4
KEESEAEEK 24 b, 43 % FLEAT 45 I 9 sk ol i
SEHG  HARBRAVE QT DB RA% KN 8 Fr 9 JLEE XL
i S PRAE A vits 0% 1% e A\ KBRS W v, R BRZE e il 335
A} & aE 1Y 30 min S5, Fif BRI 23 0 ) S PRAS 7S
A 1.0.1.5.2.0 mL (2SR REE , x H= 4
FIFAER . 255 SOk 647 1 BERGR 5T (abdominal
withdrawal reflex, AWR) $E43+1") | 345 8% 20 < B
U AR L, S5 KIS A 3 K, 2 A4
M7 WEEH AT iE S F AWR 47

2.6 KREGEMES KR e &4 KR 5 KR
(fecal water content, FWC) 284k, PEHy LRWE XI IBS-D
KB ISRER A UGEE R . R4 2555 7 .14 K I
FHKRR 12 h N H R HE 0 JE T FR e 5%
MR E, SR I EMERABAE (60 °C L4 h) T4
HEHEE, FREIEETE, 1HE FWC= (ZEHER & -
FEME T ) /ZEER H X 100%

2.7 2544 HE FI PAS et KR4S mA A%
4% Z KPR E 24 h J5 R B K B A
R IFEATIN 2 63 5 pum 2647 00 40 I55 Fr R AT AL
15 SR 05 K WS S 1 1 R 4 R 93 R R -BHAL (he-
matoxylin-eosin, HE ) I & fll i J% % ( periodic acid-
schiff, PAS) Je o i M QL (B 5 U 8 THO
BT, o0 AR 25 21 R BR 25 W 4l U8 25 B ARtk 40
o= AR A

2.8 IMIEFEASEBCRIATANEE o A AL LT R
A 100. 0 wL B2 M 7R, A 300. 0 L v 4 H g
MZHE2 - VARREE) & 10.0 wL PIAR, I8 5E 1 min
DLVEE M ,4 000 remin™' 4 CE.L> 20 min; B 300.0
pL BIEW, & TR S WA UG T, I A 150.0
pL B BE-K 1 L IRRLLL) ST B R, IR ER
% 1 min,4 000 r-min~" 4 °C Z.(> 30 min; B 15,
2:0.22 pm HFLIEM L 8IS, UPLC-MS/MS #ERE4)
Mo BEAN, FERE I REAR ) ISR P45 H 10,0 plL 1R
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AT (QC) BEA, H T 1FA, UPLC-MS/MS 4 #t
R R E M,

2.9 UPLC-MS/MS 43#r g5 F T, Waters
Acquity UPLC BEH C f435%4E (2. 1 mmx100 mm,
L7 pm) ; IEEFRT, WaAHH 0. 1% IR (A)
MG (B) LG 7 g FAT s A 10 mmol -
L RE (A) TG (B) 4. R LA B EE HEA T
BERE:0~1 min,2% B;1~9 min,2% ~98% B;9~
12 min,98% B;12~12.1 min, 98% ~2% B;12.1~
15 min,2% B, AR 0. 35 mL-min~" , #:iH 45 C |
PR 5.0 pL,

B , FH Q Exactive™ HF i { ik
FT—9 RS R R A . Uik A% L
H70~1 050, — 5 HERBEE R 120 000, 2T A 3)
BRI (AGC) g 3% 10°, fix K A M [A] (IT) Hy
100 ms, $ZHEBERS Fom B BEREHERT 3 9B k1T
e SRR A B, U BER B E R 30 000,
AGC 2} 3x10°, & K IT 2} 50 ms, filf 4 g 1 % & h
20.40.60 eV, TS AAR, & FHESERE W
LR 40 Lemin™ 3BV 10 Lemin™',
1E SRR 55 FUR 400 3. 80,-3.20 kV,
B TERAERPE 320 °C HBUNBGERE 350 C
2.10 FARFEIRFCE Y S E  # UPLC-MS/MS
KAEREHE T A Compound Discoverer 3. 1 84 X%
AT BRI ZH P B A ) ) P BR B TR A IE 5 5 7
B BOAE IS T SRR IE DA S AR I 4 S R
1SRG S A G AR X 43Tt PR B B ) e 1 AR
EE SRR, W LR FHREIE S A metaX
A TIA—Ab AL IEHLUR RN , 25 BRT 5L F55 R4
WH, e RS R T EE 2D 3T,

BRGSO SIMCA-P 14, 1 #F 04T
ZYE G 1T o B, A 4 0 MBS 0 3 0y A A
(‘principal component analysis, PCA) | A W B )
1E A i /> 3% H11 53] 43 BT (orthogonal partial least
squares-discriminat analysis, OPLS-DA) , >k 200 ¥k
M 1 A 36 XA R A T BB UIE , AE 3R b ik
fith I, 715 H AR B 5 B B (variable important for
the projection, VIP) ; BT JLA8 1 G2 1 73 B FAZ AL A%
BT, 43 BT AR e 2 A PR S
F5%1 (fold change, FC) . B 22 AR i 32 (19 4
HEN VIP>1,P<0.05,FC= 1.2, i e 15 2 WA A=)
&Y,

FFH HMDB %4 /% (http : //www. hmdb. ca/) 5
KEGG #0458 % (http ://www. kegg. ca/) X EAE A=)
1%%%]&??%%, i MetaboAnalyst 5.0 B4
(http ://www. metaboanalyst. ca/ ) X 1= Wibr H4)
HEAT A3 B T
2,11 SEitsrdr  fdiH SPSS 25. 0 BfExd Bod 7
Gt b, B xxs Fon, AR IESHRE, £
ZH[B] LA R FH B 207 2500, J7 2557 LSD, 7 2=
5% H Dunnet T3 %*ﬁ,%ﬁ%ﬂﬁ?‘&@*ﬁ%‘, ZH
Ti1) b 4 R FH R ARG 56 5 201 ) B e R A SRR AR ¢ A
By Bt R P<0. 05 VA Seit24 2
3 4
3.1 LRWE X IBS-D K Fsl A JE SRR 1 AR 15 S R
sg AR E L 25 A Yk SRR 245 A AWR P43
LS 21K BN I SO 22 4k, LRWE 113t 7 d
J5 .5 control AAH I, IBS-D KL AWR TF43 i 3
Jin; 5 IBS-D 41 %, LRWE 41 K Bl AWR 174 i
FAIK; LRWE T3 14 d J5, 5 IBS-D 44 [k, LRWE
AR AWR TP IR, RS UL, LRWE fig
U3 1BS-D KRN NER B, 4525 7.14 d J5, 4305
MESH KB FWC, 5 control 4 H#2, IBS-D K i
FWC &0 LRWE + 7 14 d J5, 5 1BS-D 414
o, LRWE 41K R FWC i35 PR A%, #2478 LRWE BEk
3 1BS-D KBRS AER, WL 1,

5.2 1 [d) ;45 control £ H 4" P<0.05," P<0.01; 5 IBS-D 41 [L %
* P<0.05, " P<0.01, AWR. fEERUR ST,

BTS2 K500 IBS-D R Sl N IEAURE RIS AE AR ) 52
M (x+s,n=6)

Fig. 1 Effects of Linderae Radix water extract on visceral sensi-
tivity and diarrhea symptoms in IBS-D rats (x+s,n=6)
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3.2 LRWE X IBS-D K F45 M 40 8UE 38 Ktk 4
MR RS2 HE Y@ N, 25 4 KBRS i 4l 4
UL S0 T A e b, S5 R TE W b Rz 4t i HE
GIEETE  BR AR E R FLON B R e i K i,
control ZH [LAL , IBS-D K B 45 W 181 47 )2 17 78 4 0F 2
JiR i, R IBS-D K B 45 i 240 SUFE e AR RE
5 IBS-D 4] L%, LRWE 41K WL 48 fE 41 02 1, 5
control ZHAH [V 22 55 G142 L, PAS Yot g K,
control ZH K F G5 W7 4l L P ARAR A B 25 ke 52 4, 2 R
BT UL A T HESNZE B AR T DR R 2 . 5
control 41AH LY, IBS-D K 45 i v il 24 40 Wb A AR 1R
2 it B0 B /b ; 5 IBS-D 4H LA, LRWE 2H K KL
SEm A A AT WS AR G Mg ] S 2 H
YA T BRI, #1278 LRWE R 3814 34801 1BS-D
KB T LA WA S FOIR 40 A A i | 38 o 1 3
BETRE, WLIE 2,

3.3 UPLC-MS/MS 5tfiirigide etk Ok I

K3 IE e TR BEEREAR—4E PCA 30T

K2 S24K5ePn IBS-D K A5 2P 2 KAMCIR 4 i £
HEREZ M (x400)
Fig.2  Effects of Linderae Radix water extract on the colonic

histopathologic and goblet cell number in IBS-D rats (x400)

AER AT 07 R e M, AR WF 5 6] BT 45 ((quality con-
trol, QC) FEA #E 17 TC W5 B 50 A9 PCA 43 #7, PCA
— Ao A BB, QC FEAS R AEVE TR H 23RN0 T 2 £
P 22 Y N, RN B A R AR e, 52
B AR P B RS AT LI 3,

Fig.3 One-dimensional PCA plots of quality control samples in positive and negative modes

3.4 ZIUSiH A PCA 45RIWK 4, 1F BT
BT, & A Z 0] BAFAE— € 38 X, {H control
205 IBS-D #HFEA | LRWE £ 5 IBS-D ZH kA 1] B
o, B IBS-D KRR A kAR T I
(A24k, 1 LRWE RE#S 2% fift ixX Fhide2e . stk — 202k
A WEBHHY OPLS-DA Jy vk b AT 4] Fu %, B IIE 11
B RF ,IBS-D 415 control 4 . LRWE 45 IBS-
D 2 B ReR 4f 43 25, 1E B 7T, IBS-D 4
5 control 41 (R°X=0.4,R’Y=0.997,0>=0.421);
LRWE 415 IBS-D 41 ( R°X = 0.447, R*Y=0.999,
Q>=0.722), HEFHAXT,IBS-D 415 control 41
(R°X=0.419,R*Y=0.994,0>=0.254) ; LRWE 4
5 IBS-D #H ( R°X = 0.453, R*Y = 0.995, (Q*=
0.632)

5360

OPLS-DA R E G I 45 R ULIE 5, 1E 8+
T, IBS-D 415 control 2 Q* AY M) £& % HE 4 51)
-0.03.-0.02; LRWE 2445 1BS-D 2 Q* iy [nl )54k
BS54 -0. 07 ,-0. 02, FrA BB /N T B
{8, H Q*M A ARIE Y /NT 0.05, 45 %R,
OPLS-DA #AVEA R A5 B AT 68 1, A7
eI A,

3.5 WBEAYAREYE W R RS T
MZ AR 5T ARAS Y EEE S (VIP \FC P) , %
2SI e & VIP=1,FC=1.2,P<0.05,
XF 25 20K BUE B AT g A A 7 i
AT 22 5 B Geit 2 B CRAE Y #1225
R, HENTM =R BTEE 4 55 HMDB 24
I KEGG $54f 2 A 1 — 2 i i A T DT
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K4 A 4UR RS 09 Z o088

Fig. 4 Multivariate statistical analysis of serum metabolites in each group

K5 AEZU AT OPLS-DA
Fig. 5 OPLS-DA plots for comparison between different groups

LR B A e 25 PP TE AR W AR R, AR 1,
5 control ZHAH Y, IBS-D 4HA 8 FCifH & A= g 2
P B, 17 R & A R R, i E LRWE
TN X LA A P A 1) 1E K LR

3.6 fRBBEBKHT KT R0 25 METEAY)
R A MetaboAnalyst ¥ & #E 474X 1518 1% & 45
AT, B AR B {E impact value =0. 1 7E R
HEAR A, & AT e B 5 AR E B, WA 6,
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£l SUAEEFE LR BRI A
Table 1

Potential biomarkers in each group and their variation trend

t B i . IBS-D LRWE

No. m/z /nzn ;’;; VIP HMDB ID S FR R vs conrol .
1 560.35  9.58 1.66 HMDB0014884 Cys HygNgOg PNl T 1P
2 456.10  5.95 2.97 HMDB0001520 CiHy N,OP  #ZPHIR T 1
3 349.30  9.98 1.15 HMDB0013625 €, HyNO, T -y - SRR 2 T 1?
4 332.24  8.91 - 1.40 HMDB0000363 C, Hs, 04 17 a-F2 L2 )55 B o IR
5 330.22  7.40 + 1.48 HMDB0000016 Gy H3y 04 it 420 1 SR T 1P
6 302.22 9.65 - 1.74 HMDB0001999 CaHz,0, Rk R 2 T4
7 290.22  9.70 - 1.23 HMDB0002961 C1oH30, - I T
8 283.29  9.94 + 1.39 HMDB0034146 CiHyNO + A\ T =
9 236.08  4.13 + 1.73 HMDB0001200 C, H,N,0, N'-FR BEIE R SR 2 R I R
10 232,12 4.66 + 2.08 HMDB0001389 C3HgN,0, (LS T 1?
11 219.11  3.04 + 1.33 HMDB0000210 CoH,;NO; ZiR I 1o
12 208.08  2.41 + 1.24 HMDB0000684 C1oH,N, 05 L-RIRE R I Ty
13 205.06 6.19 + 1.19 HMDB0000962 CgH 5sNOS, etk o 1P
14 204.09  2.99 - 1.49 HMDB0000929 C H,N,0, L-(0 &% T 1?
15 200.18  9.07 - 1.02 HMDB0000638 Cy,H,,0, [ I IR
16  193.07 4.18 + 1.04 HMDB0000821 CioH, NO; 7B H AR I Ty
17 177.05  3.18 + 1.55 HMDB0001015 CeH,;NO;S N-H EEE-L-E S R o 19
18 159.07  1.50 + 1.03 HMDB0001190 C,pHyNO 5|1 2, I IR
19  156.07  3.28 + 1.25 HMDB0006524 CroHgN, 32, IV T
20 149.05  1.02 + 1.02 HMDB0000696 CsH, NO,S L-ER M I Ty
21 145.07  3.34 + 1.48 HMDB0003681 CeH, NO; 4-ZBAEIET B2 12 T
22 135.07  3.32 + 1.56 HMDB0001250 CgHyNO N-Z L5 M I IR
23 13109  1.67 + 1.21 HMDB0001645 CeH;3NO, L- K H &R R 19
24 116.01  3.58 - 1.81 HMDB0000176 C,H,0, P 12 1o
25 75.03  3.30 - 1.20 HMDB0000123 C,H;sNO, HER P 19
T AR BT LSRR S contol H LEY P<0. 05,2 P<0.01; 5 IBS-D 4 L% P<0. 05, P<0. 01,

22, E R, G E BRI, H &R 2%
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Fig. 6 Effect of Linderae Radix water extract on the serum meta-

bolic pathway of IBS-D model rats
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