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Effect of Shaoyaotang on Fecal Metabolites in Rats with Ulcerative Colitis Based on
Liquid Chromatography-mass Spectrometry
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[ Abstract] Objective: To investigate the effect of Shaoyaotang on fecal metabolites in rats with
ulcerative colitis (UC) induced by 2,4, 6-trinitrobenzenesulfonic acid (TNBS) based on liquid chromatography-
mass spectrometry (LC-MS). Method: Male SPF SD rats were randomly divided into normal group, model
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group and Shaoyaotang group (11.1 g-kg™). Except for normal group, UC rat model was induced by TNBS, and
each group was given normal saline except Shaoyaotang group. All groups were treated for 7 days, and the
general condition and disease activity index (DAI) were observed. Hematoxylin-eosin (HE) staining was used to
observe the histopathological changes of colon, and the protein expressions of interleukin-8 (IL-8) and
interleukin-22 (IL-22) in colon tissue were detected by immunohistochemistry (IHC). Rat fecal samples were
detected by LC-MS, and the data were analyzed by principal component analysis (PCA) and partial least
squares discriminant analysis (PLS-DA). Human Metabolome Database (HMDB) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) were searched to screen differential metabolites in combination with literature
reference. Then, pathway enrichment analysis was conducted using Metabo Analyst 5.0. Result: Shaoyaotang
(ig) decreased the DAI of UC rats. Compared with the normal group, the model group had damaged colonic
mucosa structure, submucosal inflammatory cell infiltration, increased protein expressions of IL-8 (P<0.01) and
IL-22 (P<0.05) in colon tissue. Compared with the conditions in the model group, the colonic damage was
alleviated in the Shaoyaotang group, and the protein expressions of IL-8 and IL-22 in colon tissue were
decreased (P<0.01). After screening, 15 differential metabolites were identified from the Shaoyaotang group,
and the involved pathways mainly included biosynthesis of unsaturated fatty acids, linoleic acid metabolism,
terpenoid backbone biosynthesis, porphyrin and chlorophyll metabolism, amino sugar and nucleotide sugar
metabolism, pyrimidine metabolism and steroid hormone biosynthesis. Conclusion: Shaoyaotang has a

therapeutic effect on UC, and its anti-inflammatory effect may be related to improving lipid metabolism and

regulating the metabolism of cofactors and vitamins as well as the abnormal carbohydrate metabolism.

[Keywords]

ot 97 TR 25 1 98 (UC) S — Bl iy DL 54y 48 18 8 i 1k
J g, i PR 3 B 32 2 DL S S IR TS TS R B R e
ILAE R B S L I AR SR, UC 1 R R A
e P A1 52 G b R A X N 2 A A O
T E B . UC By & BIL iR BT i R L
B R B YR T SRS, RV B R L BIR T
5 Bz Jo0 2 [ 1 | S 5 400 °f] 5 0 A 97k A H X
Dk R e R BN R R E
MEG G2y, B A ZH A 2R RIR YT AL 7R
Y7 UCTT I HA 235 A3 .

AT R A AR R 5 R (i N 28 - R ) -
i L AUEL PR i 4R ), 407 [R5 3l RE T iRk L
fige v e LA TR R i S R AL, 1 B R
e, AT ML RS R LI AE B, AT 25 TE i IR
BT R I R R R 2535 97 UC 4R AR DT
Z M AR X AT 256 YT UC T T K1Y
I PR B & At B9F 5, 115 30 F 5 S B, A5 24537 T DA ok
UC K B 45 7 20 200 B Ak S WLAK B e T g, AT 2
Al LU IR 055 - La (HIF-1o) (93005 , AT
TR SR M TR 1 P-4 L A1 I E B AT 25 1 i A AL
WiE UC KB 18 B A2 AR A 30 i 28 1 A
B0 T A AR O R i R R UC R U I
W RE Y 2 8 5 2 A I, R Ll T TR RE 3L ROk

. 62 .

Shaoyaotang; ulcerative colitis; metabolomics; non-targeted

A, TR A . AR WA g R AT 2R
7 UC M9 AH AR 41 4 5% 0 A 78 43, il — D R
FEUCTEAT 25 1 VR R 2508 A ™ 9 9 22 b, A 52
Yo XFAT 2537367 UC B IT T 3848 AR 4 24 AF 5 .
P2 27 02 R G A W 2 v E 0 43 3, AR $E 1)
AR 2 27 BIV TG i [ b A6z I A v BT AT 6 A DN 31 1
AR 53 F 19 A Ak, I8 28 A A5 4 B 0 32 22 S AR i
Yy, w22 S AR HE AT B 5 B 48 s R A i A
FEALH o AW 58 SR B A €335 5 0 % e ) 4 R
(LC-MS), LA UC K BRZEAE ], 38 58 XF Lo 40 A7 1 %
2 BB A AT 2597 20 UC R B A 2618 22 S PR AR 3
Yy, % E I SRS AR AR AR YRR L, E— PR
WA 259 T Fl UC BB E A MR IR, S AT 25 1
YE FALHI B 52 5 0 DR R 38 2 2%, AT 2 UC 1
B ¥ 48 L 7 L
1 ##
1.1 sh¥y  fdFE B4R MM SD K R (SPF %) ,22 H,
R i 150~170 g, 4 T 8 B 573K v ik L sh W A
B2 A S50 B W) A 77 A A IE S SCXK (il ) 2019-
0004, 2 P Jit it & % IiF g% 5 430727211101295026,
SR T W R 2 RS Y b SR E L 3R
TR 24~26 °C 1B 50%~70% , W 75 | W 155 1 24 1) 3
B, KRR A MBS FEROK , DL K Kb i R



529 55 9 Wi HEXBAFZRS Vol. 29,No. 9
202345 H Chinese Journal of Experimental Traditional Medical Formulae May,2023

Tl 3% 3 d LIS B PR 8 . AR S0 56 7E S50 3 WA 0% 4 1)
BORLIE ™ HEAT o R R 2 R A 5 — I s B B
YIS HEALE S ZYFY 20210615,

1.2 259 A2 th AT 30 gCM R Hh s 2 K250
— Bt & B B, 45 TH22071607) , 5 % 15 g (1 =
W25k B A PR WL 5 2022071104) , 85 5%E 15 ¢
(RS P2k AT RA AL S 21070110) , K
B9 g MEME6 g AT 6 g K H 6 g(K VBT M 2
R 2 AL S 4 5 Sk 220401, 220305, 220701,
220602) , 2415 15 g1 R H B 245 K245 — Mg = B
fit 5 TH22062710) , A 5 g (2= 0 T 9 ifE 25000 A FR
7yl A4S 2204150082 ) 241 A, W 11 R P R 25 K A
S — B B e 25 90 R , 20 W90 B R 2 K25 — B R
P e XS A BT ) o A 24 0 25 0, o 2598 7K 290 30 min
Jo L KA 2 K, e ki AE AL B JP B 1 mL 25K
AR g, BT 4 CUKFEMEAA R

1.3 WA 5% 2,4,6- = MHEE KR (TNBS) U
b 2 8 8 K LR (35 [ Sigma 2 &L LS 4 50K
SLBX3263.57-33-0,64-18-6) ; #i A % -{Jt £ (HE ) 4
BRAFE(LHEES REYHEREGRA A, #HS
C0105) ; % #t B 11 40 L A % -8 (IL-8) it 4 ( 3% [
AAB A ) 5 A16260) 5 TL-22 HT 44 (b 50 B 7
AW L AT bs-2623R ) 5 2 i i AG I 1K 49K 3.5
A& (BRI DR AR A RA A LS B210501) 5
N (LC-MS 4 41, 55 [5 Honeywell 24wl , it 543
5K 67-56-1.75-05-8) .

1.4 &% TG16W A firit = ol B 0 ML (K Vi
B HULES A PR ) s RM2235 BUKS 25 48 1% V) A #L
(f# [ Leica 2y ] ) ; KD-BM.BL A1 41 21 fu B AL (VL
& e Bl AL A% % % A BR A F) ) ; Thermo Scientific
UltiMate 3000 HPLC %4 i = 24 W #H . Q-Exactive %!
B4y ¥E JE 3% | Heraeus Frescol7 % 55 .0 #L ( 25 [
Thermo Fisher Scientific /A & ) ; BSA124S-CW #I &
V- (18 [ Sartorius 23w ) ; W D24 UV AU 4l /KA (3£
Merck Millipore 2% % ) ; ACQUITY UPLC BEH
C,s 3% 4 (2.1 mmx100 mm, 1.8 pm) ( 3¢ [H Waters
YNCID

2 A&

2.1 YL

2,11 A VIR TNBS A, il & UC K
FRBEARYS S BEHLIEHL 8 K BUVE M IE# 41, A kK
W2 5l AR K EUAE R 24 h,3% M I
Z40 30 mg- kg M I RR S, A S T 0.4 mm L
BHROIEHE HA LML 8 em, A 5%

TNBS 75 mg-kg'+50% £ B 0.25 mL, Fk K 4R
518 60 s, fli 25 W FAMF R 45 M N, IE H 41T DL 5§
R AR TR K HE R B TRIE A R AOK . A7 d
Jei , B HILAE IE W 2H 5 X A 2 4% A B 2 R R )
00 U IE AL, A BRABE Y 21 KRR 4 i 4 2 IR HR T
LR AT SR (SR VAN ¢ L e B 91 02
212 SH G BREIEF A 6 HRR K R
12 UK B e Bl AL 80 e vk B AL 4 S B R AL AT 25 %%
(111 g-kg™, Wy FH IR A0 4 i 300 S 6 45 2 e ),
RA 6, WRIESH 2K, RS 52, 7
A 250 R 2R AR OK I e o e IR 2
WMRKRFRARNEERIRRALGRE . NThHH
2 mLAR, 1R /d; IE 4RI R 2] 25 7 46 (R AU B4R
IKHEE 1R/, ESR 257 do M A N RN Sh )43 1R
T AR A I A5 0 i U AE DL IR IR 9T 60 kg A
W E R H R A 2 5t 107 g AT 251 0 B
e, 5 160 g KR RIAR BT AW 1 dA 2570 .
2.1.3 S Kb EBSZ T AR CRIRG Y
24 hJ5 3% 13 B B 22 4 % s R e R B, I T 4
VBT I <42 R M4 BUME = 8h ik ifi 2 mL, 300 5
W WLV 53 2%, =20 CCHEGLRAF , RERIN 25 o Wi 45
FJ5F AL FE KB, B 28 B 18 N B B bR AR 2~3 g, B
F—80 CCUKFEIRAT , FEHARA % AT BRI £ P F AR
JBe A A PR B AT A S0 ) AR A 2= A A A . T AT
T4k 1) 1 BRZS I (8+2) em Ab , B B A8 45 i 20 41 4
2 cm, Y\l O, TC R A BER K IE VR, BT 0.5 em g
AT HE Y (0, 3850 B T -80 °CUKA PR AF o

2.2 FEARK I

221 —AE Ol BB E TS S5 (DA V43 S 2 (E
B ImAS I BRI S R R A KRB R .
T 2l B B K R/ S SRR A, AR
FATIEAS 43 W, A FE e i 3 40 G 0 A5 TG B, I
4 KB DATHEATIE 43, PEAS & 4 5 UC 19 ™ 5 2
JEU L DAL= (R 5 R R 43 Bl KA MR o) B+
ML5345) /3. DATIFArFRifE L2 1,

£ 1 DALFHRAE
Table 1 DAI scoring criteria

PRI T (%) JAEHEAR IR E PP/
<1 IEH i 0
1~5 G B GRE Bam(+) 1
6~10 L E NI i (+) 2
10~ 15 L EN N4 Fe i (#4) 3
>15 Fii A AR I AE i) 4

VE s+ PR (& 1R
<63 -



529 55 9 Wi HEXBAFZRS Vol. 29,No. 9
202345 H Chinese Journal of Experimental Traditional Medical Formulae May,2023

2.2.2 HE O W4 Il SO A1k W5 45 i 4
ZUE T 4% 2 B Wb [EE 5 1802 AN 43
JE VIR AT IR OR R Y, B T W L B AR Ak, F
IR B U2 0 09, IR W 45 W 5 1 9, B IS 1]
HIEA D5 bR g MR, B s R 2 9,
B T [ AT J2 AT R v MR A0 R RS e
3G, A 2 S AE R Y

2.2.3 PRI 2 I 41 20 TIL-8 IL-22 TR H %
ik S U) R A T RS T L O AR R
Wk 1) BV W T KA L SR JE R A TR AR L R B
WAL FRY) Fr, 1 0.5% Triton X-100 ¥ ¥ % 1k 20 min,
FH 3% H,O, &M 5 , I 5% 4 1L (1 & B 81 A
20 min, 5 IL-8(1:500) .IL-22(1:500)7E 37 °C T
WA 1h,PBSUEWG .U A 5 340 % 1gG (1:
1 000)7E 37 °Ct & 20 min, £ DAB & {4 & ¢ it
KB W E G, BB TR, B A R, L
Image-Pro Plus 34l 2 F1 43 W 't BE 14 F1BH 1 35 3k
T A, TE T B R0 W B AA (R WO B /B M
KD

2.2.4 LC-MS K

2.2.4.1 R FEE RIS E 100 mg #F 5 i
TR BE o )RR b A 50% FEE 0.12 mL 52 3R
A BRIORE i P AR R IR R 10 ming 4R UK
=20 °Cab %, VITERE S TP R I BT . 4 000 xg 25
> 20 min, F 8% [0 WA S O 2] 96 Ltk .
ASFE i AF U 0.01 mL #3 BE TR A A QC FR b .
JE A AU FE f 7E AR T80 °CUKAH PR A7 -

2.2.4.2 AL KD & W AH % 14 A Thermo
Scientific UltiMate 3000 HPLC, ACQUITY UPLC
BEH C,, (% #£ (2.1 mm=x100 mm, 1.8 pm) . #F &
35 °C, i N 0.4 mL-min'. ¥ 31AH N A MH, K
(0.1% H ) ; BH, Z 15 (0.1% W AR ) o J80H B B %
BHWE2,

x2 mENEKEEB &G

Table 2 Mobile phase gradient elution conditions

t/min Tt B AH B 53

0~0.5 5% i S AH B
0.5~7 5%~100% ¥t 21 #H B

7.8 100% i 2 46 B

8§~ 8.1 100% ~ 5% ¥i 84 B
8.1~ 10 5% Ui SN AH B

JRIE 25 A« i 43 HE 2 B S 4 Q-Exactive, R
JBSTE FIR, 1L FEi Fisfr. BL70 000
. 64 .

B 43 B R A FT ARG (m/z 70 ~ 1 050) LK% 3 €
1 AGC H br o e KA B[] 15 B 4 100 ms. 7
DDA #5205 B T Ak BB 9 nn 3 AN Bl E L L
17 500 (4 53 BER AL E oGk LAGA B 1 € AGC H
b, e R IERERT[E] 4 80 ms.
2.5 BEAAMSgtarr AR S ) R84 A S
| Ji Proteowizard f) MSConvert 245 i 1% T~ ML
U B 5 40 A TT 52 80 A% X -mzX ML, FH XCMS
B R AT AR IO AT A, R ORI A 4 5 R
CAMERA # A7 i F1 &5 F 7R o A MetaX 8 4 F
T3 A W % 78 (— T35 15 B i A7 B e D e %
SE L, T (S B 5 in-house b ME & B B HE 4T DT
BC S5 ) o A T %5 E W) 5 43 ) Rl HMDB . KEGG
S RCHIE P AT A R il R A A 1 P Ak
PERT AW TIRE . 456 F 5 BT (PCA) R A B AR
T 25 S AR O TR BG4 BH AL IEAS 8 P,
456 i dre /I 3 k- H1 591 3 BT (PLS-DA) 15 21| 1) 2 5%
1 ik J¥ Variable Important for the Projection (VIP)
{8, 45 & %3k 2 5 4% B ratio {A , W £ Dratio>2 &
ratio<1/2, @ P,,,,.<0.05, @ VIP=1 It 3 4~ & 14 Fl H
MetaX B4 X5 AP 24T 22 & L0 2k 22 S AU
K FH SPSS 22.0 S8 31 A #4743 B L 1 8 55Ok
F x + s Fon A1) L3R EAT IE A MR 90 B O 22 55 1
Ko, 5 5 2255 5 2200 0 OF AT A 1) 2 1 1L 3K
Bl EAFHAES BB ML, P<0.05 KR 2ERA
Giiterm L
3 &R
3.1 #@AE UC KRR & DATPE2r K 15 4l
KR — M T Bl IR A B, 1 AR AR RUAE S L) R
D B RER B R SR A A S, T L
ZEAH Bl B 4R RG I, UL P 1, R L A PR [ R
FERAIL . 5 IE W 4l F A, UC B 40 DATVES> T
(P<0.01); A TR TG, LRGN, 5
B A 4] 3, AT 2 9 4K RO 96 1 ol 35 B AR (P<
0.01), WLIAl 2,
32 X UCKREHAL W= HEZ5
R, IE F K BG4 8B R R 450 S AT, HE
i) F A s RS A K RS W 20 4B T i on K R 4
R IR IR T RS AT A TR,
KB G5 o 8 JBE 45 # o Tk B A, o P A IR T A
IR B R A L L 3 R 3
3.3 X UC KRS I 4 20 1L-8 | 1L-22 5 H Rk iy 5%
M 5 OE R4 b AR A KRR T 4L 4T TL-8 2 1
F23R K F B2 T 5 (P<0.01) , IL-22 K (14 32 ik 7K - 1



529 55 9 Wi HESSEFFFHRE Vol. 29,No. 9
202345 H Chinese Journal of Experimental Traditional Medical Formulae May,2023
T 6
I 5
\ ; ; 1 & 4 - A
' ' L 3 n 5
oy -C
BA-2008 5“07-'3; BA"‘”‘S g 2 2)
)
BasO BasO BaSoO i
0 T T Ll L LS LE
A B ¢ 6 7 8 9 10 11 12 13 14

E YR L

BA-20208 BA-20208 BA-20208

BasO BasoO Baso

D E
HH H #
G

T AERYS 7 RIEH 4 B BB 7 RABAIH  CE R 7K
AT AL DL LS 14 KIE W 4L B 50 14 KA 4L F. vl B4
14 RATZ AU G Bl PE o 46 R R
B 1 UCKRIEERMENGALE)

Fig. 1  Detection of fecal occult blood in UC rats (test strip
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Fig.2 DAI score trend chart of rats (x+s,n=6)
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AR A B AR C AT 0 (K 4 K 5 [F)
B3 SHFAMFUCKAREHARREBELNIIM (HE,*400)
Fig. 3 Effect of Shaoyaotang on pathological changes of colon in
UC rat (HE,*x400)
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Table 4 Effect of Shaoyaotang on expression of IL-8 and IL-22 in

rats colon tissue (x+s,n=6)
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Fig. 4 Effect of Shaoyaotang on expression of IL-8 protein in
colon tissue of UC rats (IHC,x100)
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Fig. 5 Effect of Shaoyaotang on expression of IL-22 protein in
colon tissue of UC rats (IHC, x100)
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Table 5 Differential metabolites in feces of Shaoyaotang group and model group
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