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Abstract: Objective To investigate the synergistic therapeutic effect and underlying mechanism of the Chinese
herbal compound YCNHF I /1l combined with mixed probiotics (MP) on dextran sulfate sodium (DSS)—induced
ulcerative colitis (UC) in rats. Methods UPLC-MS/MS was used to identify the absorbed components of YCNHF
I /1 in rat plasma after co—administration with mixed probiotics. A UC rat model was established using DSS, and
animals were randomly divided into normal control, model, high—dose YCNHF I /Il , YCNHF I /Il combined
with MP, MP alone, mesalazine (5—aminosalicylic acid, 5-ASA) , and sodium butyrate (NaB) groups. The
disease activity index (DAI) , organ indexes, and histopathological changes were evaluated. Levels of
inflammatory factors, oxidative stress markers, and intestinal metabolites were measured. Additionally, 16S rRNA
sequencing and untargeted metabolomics were performed to analyze the characteristics of gut microbiota and host
metabolism. Results A total of 65 and 64 absorbed components were identified in the YCNHF I —MP and YCNHF
Il -MP groups, respectively, with core active compounds such as glycyrrhetinic acid and baicalin stably detected.
Combined intervention significantly attenuated body weight loss, reduced DAI scores, alleviated colon shortening,
and ameliorated splenomegaly in UC rats, and repaired pathological damage to the colon, liver, and kidney. The
treatment downregulated the levels of IL-6, IL-18, MPO, 5-HT, 5-HIAA, and total bile acids, while
upregulating SOD and GSH levels, showing superior efficacy compared with single—agent treatment. Multi—omics
analysis revealed that YCNHF combined with MP could remodel the diversity and structure of gut microbiota in UC
rats, restore key pathways such as ABC transporters and starch and sucrose metabolism, and reverse disturbances
in tryptamine and purine metabolism. Conclusion The Chinese herbal compound YCNHF I /Il combined with
mixed probiotics exerts synergistic anti—UC effects by optimizing absorbed components, inhibiting inflammation
and oxidative stress, repairing damage to the intestinal mucosa, liver, and kidneys, and regulating the “gut
microbiota—metabolism axis”. This study provides experimental evidence for its potential clinical application.
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0009; 2 4 1 A 4 75 T B 250 A FRA | T = b
B F M, 255 J5 YCNHFL, YCNHFIL A i 5
TP B B ZE A 250 S A s A FLAT T
WE R LT P L B ZEE ZLAT A L o S O e K s I
Al OB B BR TR & 25 A2 T TR 42 (mixed probiotics,
MP) W F VL7587 B BB A Wy R A BR A R 5 DSS It A
1 2 TEMR A AR I A PR T 5 AR SE G 4R A A
BRI B e R 24 R PR B At v (HEvfE S . TIT -
G-2025064) .
1.2 AIMLEE4> UPLC-MS/MS #ill
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(0. 918 g/kg-d YCNHFI+0. 5 g/kg-d MP) \YCNHFII i
FIFE+MPZH (0. 954 g/kg-d YCNHFII+0. 5 g/kg-d MP) .
NaB#1(0. 05 g/kg-d) , FF4H 5 H L 10 d 5 ARAE
Wi, 43 B & 251K . R A UPLC-MS/MS £ A | 8
if Waters ACQUITY UPLC HSS T3 {4 3% 44 (1. 8 pum,
2.1 mmx100 pm) #EF7THEBEVEBE (RS A 5 0. 1%
27K ,BH 0. 1% R/ ZNE) , 454 QExactive HF—
X B AXAE ESI+H/ - R i SR FEA 22 70% H
s 7 AR U L 3 XCMS A8 A T I SR B, L B2 if
[ A% TE AR P 4 7
1.3 zh¥IH 4

SD K B W MEFE 7 d S BEHLA3 M < Control 20
CIEH X REZH )\ DSS 4 (B A1 ZH ) | YCNHFI-H 4
(YCNHFI =575 20 , 0. 918 g/kg-d) .YCNHFI-H-MP£H
(YCNHFI & Al A IR A 25 B T4, 0. 918 grkg-d
YCNHFI+0. 5 g/kg-d MP) \YCNHFII-H £1 (YCNHFII =
FIHE2H , 0. 954 g/kg-d) . YCNHFII-H-MP 2H (YCNHFII
E RS TR A 254 4L, 0. 954 g/kg-d YCNHF 11+
0.5 g/kg-d MP) MP A (R G #AE W4, g/kg-d) .5-
ASAZH(0.36 g/kg-d, EVPFIENGIE R, A istim L
1 2 Wi K — SR T 2590, M S A I 5 BH A X BR )
NaB 41 (0. 05 g/kg-d, k7 i o #F G HEA Qi =4 J 4
JIE 105 R, AR Sy o R — A3 e Al B T SRR R ) L B
5 H o WIER X A LI RT A SE s KR, 457
3% DSS IR K AT G, 7255 9 K 90% 1 5))
Py 3 PR L ST 1) A R 3 0l 5T, ) A AR A i B
Ui. DSSTEFE G, iR T4 IO L Bk,
TEH N B2 B H O SRR L B 1K BT B2
RS IRIT A HE S 452510 d.
1.4 EEfRESEH(DAL)ES

B H O B WS I 10 s K B — BOIR S 5 iR AR
b A BE DATPE 23 Am v (2 1) 1 55 KA 1 35 1468 iy
FREE , DAL= (KRR FE J3 50+ M 10 53 B8+ A 1 o
013,

F 1 ERESIEE(DAD TS HRAN

A A 1fi KA A Py
A TR JCA I R RAFRAE 0
MR 19%0~5% BRI PR 1
IR 6%~10% PRI RN R 2
WEWE 10%~15%  BmREMAIN  KEEfE 3
TR %>15% RN KARE 4

1.5 HARESHIE
LSRG, A SD R BAS B ARZEIK 12 h,
1% I3 B Eb 2SN RR B I e ), WO BE I S 25 i 2 20, ST

Rl 25 2K (F i 2 RS ) o 5 2 E
FTRREE /N BRUMIE R B 3 A O JE T i (g)/
TR (g)x10, P45 IS, A B Y d2 o 45 1 B )
JCTE PBS 1 Uk, 75T 4% 2 PR h i i [ o, Hor
SEA AL SFEA B T80 “CUKA R AR AF 4
1.6 HE#f

A KRR [R]85 i 41 20, T 4% 22 5 TP i
[l Jo WA A o D) AR B S  HE 3¢
0, T WA WS4 I 4 4% B2 2 Ak
1.7 KERIEIL-65I1L-1B R4E R FRIME

DR BRI 2 U AR BE BT, 755 1ML 355 78 0 A
J& . F4°C.3 000 g B0 15 min, WEHR 1 2R 264
TR A N RN S AR )R . RS IR IR
ELISA 205 & U8B 584, 0 1M 75 h TL-6 1L 18
RAER T Ko
1.8 KREFHALAZIERSENNE

WK B 1 AR ZURS PR, 4% 1: 9 (wiv) He Al
ATV PBS il & 423 54 °C.5 000 g #5.L> 10 min,
Wt BiE W 2B R GR] & W 43, R T ELISA
1503 AN 45 i 20 2 i i SR AL P T (myeloperoxi-
dase, MPO) ALY B AL (superoxide dismutase,
SOD) . if JF 7 23 Bt H HK (glutathione , r—glutamyl cys-
teingl+glycine, GSH) . 5— #% {4 % (5-hydroxytrypta-
mine, 5-HT) ,5- #8305V £ 12 (5—hydroxyindole—3—
acetic acid, 5S-HIAA) . & HH JT 12 (total bile acid,
TBA) & i K45 1 LA se 45 I SH U h B 48 b &
HER .
1.9 16S rDNA B FMFFNEX RIFERME M E B

SR AL 27 IR I REA, 3 9N, 4
HBCEIMEYFERE . ZH6 R R A A=)
B4 A R 2 w5 #E 47 K0, R H Mlumina NovaSeq
6000 I 77 F- 15 , £ X 41 B 16S rDNA JE [K] (1) V3-V4
78 DCHEAT 1Y S0 LT 16 rDNA FER fR5F X
B 59 58 L PCR 473, Sk HTBUA v I )5
(paired—end)%%*@@’J\H‘Eﬁigﬁ#%ﬁzmu}?“”o
D PP D e 800 28 PP B DR e o i U8 L AN b
B G , W 25 AR 1 g 1 T R A b
Y NARIE 5 5 L — Dl i 2 ) 22 5 A i i 5
UC K& B S 2507 R G 0 22 S A
1.10 KRREEIEE@ARPHEF T

K FH e 43 FEAESE ) A2 27 4 BT SR, 96
T R AL A AR RO BR S R BEAT A I,
UPLC-MS/MS Xf £ A< p i AU ) 2R 47 R g il .
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ARy 285 4 4 e 0 3 o S T P 45 %) £ B ERE ] O
53 Jo i (5Tt O 22 7™ 48 P2 I 7E 10 ppm LAN) L =41
PR ] Rl R S A0 R B, 5 AR AR MEAR T
R R UEA RS WE DT BC 58 B T AT 90 40 S 45 R 4 4%
N T ZRAZXT I, AR TEAER 2

.11 FitFEF*

KM Graph Pad Prism 10 #4788 7047 , FH (x+s)
FoR o Al F 5 22 53 (One—way ANOVA) 53
B 22 21 18] B 10 22 S5, DA P<0. 05 Fom 41 0] 25 57
Bfigit#E .

2 R
2.1 YCNHFEEEZHmAEENIME D 5
X UPLC-MS/MS X YCNHF 1 /11 B¢ 4 25 A5

HEH e R BUE T2 . 458 R, YCNHF
[-MP 2H 246 H 65 A~ AL % 4, e A i AU R 4y

114~ A9 544 ; YCNHF 11 -MP 2H 2246 13 64 4>
ALy, Hed A 4 9 A AR =41 554 P
2 AR O BT BRI S O B R IE M
YCNHF 1T -MP 2 a6 1 8 511 s 5T 45 2540 1L,
A MP 5 AT A ARG 43 20 A%, %6 78 #E B2 A AL
% 245 A5 DG B TR T B A3, Sy D[] 348 25 A I Al
FEFERA M ALY WL 2,

2.2 HHEFH YCNHFVIIBRGIR
RN IERAR

2.2.1 DSS#HF#UCKRADAIF >4 i
] , 5 Control ZH L5 , DSS #6517 21 K 4% 45 245 2H K B,
TR ¥ I 25 A, DAT 4335 B 3% T 85 (P<0. 05)
FEIH BRI 1 235 W e IR, B A A 2 1 Ty
(1A 1B) . 44255, 5 DSSHRIZH i, 45 4 2h 41
WH R B 3 R i, DAL PE 2 1 3 28 P AR (P<
0.05) JRITRCR B E(E 1C.1D),

EREREITUCK

Fz2 YCNHFVNBAESmEREENMEK S

, Tk
VRS YCNHFI-MP YCNHFII-MP
pES B HAT
(&S HHRIR R T ELR R
B B AT A=) D-3-#3E TR 3,4,5-=3k-6- | [ 5-FFE-2-(3-FILFRIL ) -7-
FH AR -4 SN -4 H- PR Ibk -3 J 4 B | 4 E -2
R
BRI EY) 4-FRILNER 4 FE AR
PR A PR S e
JRIR
11— F 56 1 4 2 H—- 1 - -6 R FERKME [ 4,5 : b [Nk RE
3 - WA 1 FH 5 1 sy
A2 -2 - -3 (2H ) - BE W R TA - -2 -F -3 (2H ) - IE W R
B2 3-HIL-2-T Il /
baEyAlres N-F I /

R XA /

4B

5 g0 YCNHF T 415 e, & 57 5 YCNHF 1
1564 MP 2H {4 5 (0] - B2 DAL R34 07 3 38, 7 5 A
T YCNHF B854 . (= 74 YCNHF I 25 %14 8 Je
DAL 1 2435 R0 T 5 %) i YCNHE T 45 557 &
YCNHF 1L & MP A RCR i i, /R 8 5 DAL &2 12
JEE AT T B 6 PR 2H e S—-ASA 4. b, NaB 26 AT
TR SRR
2.2.2 “ZmKELSMESEHEN  SEBHMEL,
i YCNHF [ 425 14 B i AT [nl -, (PR 52 A
ARG EA AW T AU, 45K R B8,
VEFI3G3R . 5 A YCNHF 1 20 25 1 K B i 5 50 R
T @ i YCNHF T 41, B MP 5% & e o ik

22

F, 5 5-ASA LHACRAR Y, 35230 1F 5 4K s 48R Bk
BT HUAT E— 2P el 4 A By ARE 2N 5 U i K ([
2A 2B). S YCNHF 4 AH F , 577 B YCNHF
1A MP 2H I+ R R AR 5 S B 2 (18] 20) , 7R Bk
B TR — 2D R 4 B SORE N 5 LR K

5 DSSHLAIZ A EL , =i ) YCNHF T 414517 %
FEE 7 i Ko 8 ik v e A 38 A AT , R 5 MLP 2 245 i 2 i
SER RN SE B 5 7R YCNHF I 4145 1% 36 i 48 i 12
T B MP 5 25 I 45 B AR B B, RAE IR
T B E TP RS S-ASA 4 A Y s NaB 41 nl s 4%
FHREAR 07 , (AR AR ROCR 55 T & Al i YCNHF 1T A5G
FHEZG AR A FR AR BhEH (B 2D) o
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—— Control
—=— DSS
—— YCNHF I-H
—— YCNHF II-H
—— MP
-o— YCNHF I-H-MP
- YCNHF II-H-MP
A NaB
v- 5-ASA

180F— f\\l
!

= Control

1 ——DSS

—— YCNHF I-H

¢ —— YCNHF II-H

[ —MP

~o= YCNHF I-H-MP

-#= YCNHF II-H-MP
4 NaB
v 5-ASA

160 4———

E R ()

140 <

120

9 10 11 12 13 14 15 16 17 18
d

—— Control

—— DSS

—— YCNHF I-H

—— YCNHF II-H

—— MP

~o— YCNHF I-H-MP

-a- YCNHF II-H-MP
4 NaB
v 5-ASA

B 75,

—— Control

—=—DSS

—— YCNHF I-H

—— YCNHF II-H

—— MP

1~ YCNHF I-H-MP
4 =~ YCNHF II-H-MP

7 v 5-ASA

0.0

9 10 11 12 13 14 15 16 17 18
d

A HEH ) 69 R EIT K B AL B ] 69 DAISF 5 C: A A 9K EIe & ;D A B A 6 DAL#F 4, HF4An=5. 5

Control 2848}t , P<0.05; 5 DSS #8481k, P<0.05,
1
2.2.3 YCNHF BEA&#H A B A EDSS#H F49UC K
R B mBE AR  DSSHRIIA] 24N
S K H TR, R HES ZEL R RO IREE A o
(FEELE 3 TRy NI R S R A 7 WL
55 DSSZHAH M, YCNHFL/ 1 40 &% MP 26 ] B I ok 3%
JH B A 1, BRIV e S Rk a5 R I M, SR HE
PR Y & il YL QTR SRl TR = PN
RS ERIRIES , /NS E E R, Ak
FU AN SR 12— 2 (KD 3) .
2.2.4 YCNHF 34 & & %K DSS# 5 4 UC X
RABXAEAF  TEPURAEM I, SR YCNHF [ 7]
3 BRIV 1L-6. IL-1B . ZH 21 MPO /K F- (P<
0.000 1), A MP J5 N AR 2E— 25 1850 5 & 7
it YCNHF I (4T R ZCRUE T 5 %) i YCNHE T, B
G MP J5 A 980 K7 /KP4 1IEH . NaB 2H g
REAR JAE H -, (R 55 T YCNHF 11 20 X 45564 H
2440 (K1 4A-4C) .

TEM AR J5 T, =505 YCNHF 1 Al g 2
T4 L 5-HT . 5-HIAA . TBA /KF-(P<0. 000 1), B¢
A oo A S AR i — 203 S )i YCNHF T
Xt E A A e SR T & YCNHE | S
i 2B RS AT R FE AR IE R 7K F- . NaB 410 3
WIHE A HACR S TR AH ., ERg RN
YCNHF B A MP ] P [R] 24 1F UC B i AR =60, H

DSSESH UC KR BEITAFES

H YCNHEF ILEGA MP ARG S I 5 (BT 4D-F) .
FEBUEARAYE 7T , =50 i YCNHE T 12141
SOD . GSH My AF HI & 3 4 T = 7l it YCNHF 1 (P<
0.000 1), BKH MP J5 R #E— D8}, TR 2 4%
AT IE 7K s NaB 41 0] - iH 4141 SOD \GSH, {HRU R
55 T YCNHF I 20 & & Bk H 2541 . 45 R R W
YCNHF BKA i A5 TR AT DI [) e 5 S A Doy i o Ay, Herp
L YCNHF LB A MP it 8k E R e (81 4G-4H) .
2.3 HRHEFYCNHFVIIEGREHERTT UCK
R IA 18 B B 5
2.3.1 ZHAZYCNHF A EHRBEASGAHL Y
J& &t K R0 45 A B (ASV) oM A i 18 T B % A
Mo HETF ASV RIEALIIE (K 5A) , 9 A FEAR AL
A ¥ ASV 844~ NaB 4 .YCNHF Il -H-MP 4 X
MP ZHFFA ASVs a8, $n Hon] 1 2% 90 fig 18
RS 575 AR, YCNHFL/ 1T -H-MP B4 25 2
A ASVEUR /30 2 T YCNHFU 1T 45 55 41, 42
a5 YCNHF A 7E DR R E ] . Rank—
Abundance 12k ([ 5B) 7K , DSS #5575 21 £ 4% b 45
FWEIR B A A s SRR 4L A HE , YCNHF 1T -H-MP
ZH 2 0 R, S s A AR A UC KR
EWERE RS B S5 B LA IE
A4S Alpha ZHE 53041 (B 5C-5F) bR, 5 IE# XF
RBZHAH ., DSS #5574 2H ) Shannon 52 . ACE $8 %5 &
23
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Chaol #8803 I & TH 55 (P<0. 05) , Hn SR g &2 T
B HEH LS EEEN S ERE ., YT
J&i , YCNHFLEX A MP 20 1) 22 REPE 78 B0 8 F DSS 45t

A Control DSS

[ZASEICIN)

45

D Control

RUZH 35 1T}, R I 4 45 25 ) SEAT S0 ko3 UG
R T8 R 9 2R 5 2 W e R R A 2

SR .

YCNHFI-H  YCNHFII-H YCNHF I-H-MP YCNHF II-H-MP MP 5-ASA

A RE B EMKERFZSH;C LB TA;D:UCK AL MALREF TA(HE £ E /7R 10 pm), B4 n=
5. 5 Control 4448 b, % % 7 P<0.01,*%% & = P<0.001 ; 5 DSS 2848 b, #& 7~ P<0.05, ##£& 7 P<0.01,

2 BEARERRAHEEGRKE FREMSERG KRR HTL

2.3.2 YCNHF S F L LA RBELZARLYLE
HEMR A B A BN RGO FET 16S 1DNA
W F45 5 | 3% ] PICRUSK 31440 Kk B 18 B R R4 T
DIRETHI , 45 & KEGG 4k e 5¢ i o R 1 8, 2 br
DSS 34 5 YCNHF 2 77 45 24 % K B i 1 3 2 fig
B2 (L 6A) , DSS & AP L 18 A1 FHE 2 B 3 I
RS AU 20 il 5 A 2R R AR R A 5 T
[ 5535 T BE B 2 K . KEGG L3 /K - A% 0 38 B& 1Y
AT R (B 6B) BRI, v ABC #5128\ JE By IR
24

BEACI G A% 0o AT 25 388 1% B S 90, (] s A 78 24 T 4
1% — K &2 R — 45 2 R AR i BRAR v B, 2
PR IV X 45 i S R ) VPR e 1, o 45 24 )5, YCNHF
I -H-MP AT RN e P R M 2 AR, vl o 2
PETAT 2300 B B, IR S 00 2 R A 33 i [l
WEIEH K.

2.3.3 defem Rt s £ F KMo KL
25 (- TA-TH) 22 W, DSS 5 5 20 %5 %of 18 20 7775 W)
WAL, 2R LEE NN E, 4T



W 255277 YCNHF 1/ TR i A T Ttz MR 45 i 2 R D R i6 T A TS

Wi J5 , Jo HAE YCNHF [I-H-MP & ¥ 4 41 5 NaB 41
rh AR A A T, A UL R £

A Control DSS

7R 25 ) 0] R I 3 e DSS XA I 3 i 1 4 ) R
IR TR

YCNHF I-H

YCNHF I-H-MP YCNHF II-H

IR

AFALRIEIA B TP RERA . AFHAn=5,

3 UCKRIF.BALAREFTNH(HERE;F7R 10 um)

Ry it — 5 AT 2% LA 1 ) R A R, 22 7
25 AR 1 )2 R AR (71 . 5 Control £H
L, DSSZH b 2 T T BERS AR5 (guanine, 2/ ~de-
oxyguanosine) | {f % (tryptamine ) %A1 4 , =2 Bk 5%
RERZS A NI RESZ . YCNHFII-H-MP
ZH P d ik A AN R RE T, 3R BT Ak
1 b8 DSS R Fh i O 14 S BEAQ S, E I A
T, BT R ARG TO0 o

3 itig

ABIEGE I F DSS 175 5 14 15t 9 1 45 Wy 9% K LA
R, RGP H 255 )7 YCNHE 1/ 11 EE MP 3[R
BTSRRI HE LS . UCHE Mg PR R
PG REPE I , FL &9 55 W T AR SR L AR e
YENE — A0 A 6 S ST WA I IR AT
Bz L m R U R

o g5 R BoR , P28 J7 YCNHF 1/11 5 MP
H AT 7= At 3 W IR 50N, 7 s A B 4
245, Ho YCNHF GG 23 2B BAE o 28 1, h
P 25 A i A S FNIA YT UC R T SE 98K 8 5 8
HWg . UPLC-MS/MS 45 R £ Ik & A 25T ik A
I 853 20, R O B H R R v B A SR AL
G VY B, HLrp B AT A S ) NF-wB %
JAK2/STAT3 il % & ¥4 9 Bt S8 Ak K W Bt s A 4

PRI H R R R D) AT 2 e AR A | R AR MIPO T
PRI AL U001 25 A TR e e B T A
BER T 254 08 5 BV S AR R B v 24 )
hy i A TR R 4G R B B IR, B T
S LAk S i 5 2O I LE T R PR R
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