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Abstract

By constructing a mouse model of colorectal cancer and administering drugs in groups, mouse feces
were sampled and derivatized for a fecal metabolomics study on the inhibition of colorectal cancer
hepatic metastasis by Lactobacillus plantarum combined with Helianthus annuus L. polysaccharides.
This study elucidates that polysaccharides regulate primary bile acid synthesis (especially the conju-
gation stage), activate receptors such as FXR, and improve lipid metabolism homeostasis; Lactobacil-
lus plantarum (LP) selectively downregulates deoxyinosine to maintain purine metabolism and ge-
nome stability; the combination of both inhibits the diversion of lysine to polyamines, alleviates in-
flammation, and optimizes metabolic flow. The above effects collectively point to key metabolites such
as primary bile acids, deoxyinosine, and lysine, which exert synergistic anti-colorectal cancer hepatic
metastasis effects by improving the intestinal environment, reversing chemoresistance, and enhanc-
ing barrier function, providing new insights for metabolism-tumor intervention.
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1. 5|8

it R LA S5 44 (R 280, 45 B9 (Colorectal Cancer, CRC) A I 3 5 4L FFH#aFA[1]. BRI
R FEEFICT I EEFER, Hrh s Bl WAL, SUX T IR MR, (X
Tila AL 2= T PR AN A6 o 45 B BRI 7 S 2 T R A, REIRER, TS 22, HOMVEAb 2 ia 0
H BE RIS AR A0 B B R (2]

SN2 R, YIRS = SRR L, 2 Bow BI7E B 512 Wi ok e 2 vh B Y
B, ZORERMEUEBGEmERE, KEFRI TR IERNE, Bl 7R 25 EN] & 2R AR
S5 A R A LB, LR R S R B A A T AT AN AR 3]

TR Z A WAL AR R B E A S T ITBL I TS5 B il . SBhiasy L wUs
B35, CRONAEYIER 255 IR B Ve s 1Y L T T (4] [5]. BT IRATRIBA R AT T, KBl H % 2
fil 2 BE AT FLIR AT 1A JYLP-326 Y BATROR U AT A2 VR T, (EA0 ] e T 6 22 1) LA Jo S i
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2. R 57
2.1. #%

TYFATTE TYLP-326 (1L ZR th BLFAC A TRA R A 7]); BALB/c /NG T KA AV HAR A R
AT T HZEZEBECR EHN ) RS aii CT26.WT Gl Fg E M AE MR G IR AR =R
75% (R R I FAFIE R A F]); AEFERK 2104202720 JRIRZD BB RA F) 405775 RPMI-
1640 (HyClone A )); H¢Zefia - i E600001-0500 (£ TAEM TR R HIR AT LK HraiR
FEHE TR THBRAF]): EDCI8% (i se AR A A IR A ): 3-FHE R ER IR 8 97% (1
WG TIRA LR RS B BR A 1): PBS 220 PB180325P (I M4 284 i BHE A TR A F)): & R0
W4 Vanquish MD (Thermo 56 FR A ).

2.2. HHERIBIE

B 100 5T 0 ) H 352880 A, $21I8 1:40 BPRHNREE NN 25 857 /K, IZF2IEE N 90°C, FFKIZHE 3.0
h, EEIREE 2 K, SSRHRIRA AN G, IR IR IR . FH e 75 I ASCKS BT A3 B VR VR 4 22 % 1 1,05,
TINTEIK 21, AR AR B 80N 80%, HHE 24 h, 4000 r/min &0 10 min, K FTEUTREEET,
95%ZIE IR =, CAREIRVATER 7 F 80% ZBERIVRARE =k, DARR 2 pi A RAE, BT R
FHERMEAENIER G, RIS 2 H 2525080 2 B [ 7]

23. BEREBEENEISRE

AT 505K FH BB VA SR M 2 /N 5 e P i A A . e ) 4~6 JRIS . AR 18~22 g MEME BALB/c /)
B, TR &M FHAE. DRSS, SRR SHIH(1.5 g/kg) BREE. RIFAERS, BIFRARXEK
IR, TAMMZ NEA 1 em YIH, BRBGHEE. 4 1| mL CEER 95 0.1 mL CT26.WT H44
LR VRGN N, LS JEE € 5 e KRR B DA R E SR B S & . R e RS, R RATSLIb I,
K ATE g, EEEETI0 . RE/NREESE, fFIHKEEHT R85,

A FAG GRS KN BENL 7 5 H(n = 6): BT (Saline). HEY)FLERHFT B JYLP-326 HH4H
(LP). Z ¥EFH 41 (HSPP). 4 41(HSPP + LP) L A AR #2516 i (Blank) . RJG 45 2 RIFIALZ5(IE A
% 1K), HSPP & H 4 (2.5 mg/kg, 02mL/H), T 2. 4. 6. 8. 10 K%, 5k, HRATH
Y4 R EbES . Saline 417 0.2 mL/H, LP 40 3 x 108 CFU/mL (0.2 mL/R), WELTE 1. 3. 5.
7. 9 Reh#y, 5 BeAHT FiR HSPP 5 LP MAIR 5i8F 0 M4 2. = AXT AN ELR, FM
FAZR[6] [7].

2.4. FEMATELLIE

BHELJE 16 K, WALNRE 3 RFEE, A 1 mL 70%ZBEACN)KIEBOF T UKo kA7 5]
JFEFEFE, 1000 rpm JAHEIRS] 3 min &, 10,000 t/min B0 15 min, H 100 pL _FiEBN N EH, A
50 uL 3-NPH (200 mM)A1 25 uL EDC (120 mM), 60°C/K¥% %N 30 min, WHIE =R, i 0.22 um JEME,
e 7]

2.5. ¥ x

K H Kromasil C18 (3% FE(150 mm x 2.1 mm, 5 pm); FEIREE Y 40°C; ik 0.25 mL/min; a0 A
ALK, BMING 2. PeliBEEE ¥ E N : 0~1 min, 2%B; 1~34min, B MHHLHIH 2% THE 98%:
34~40 min, #4EHF 98% B; 40~45min, PKE % 2% B. #EEE 1 ul; RAIE. B RN AR, 3
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R m/z 50~1500, FFE2HER 70,000, KAEEZE §Hz; WiFHIE 3.5kV, FALIIEE 300C, #H5
FiE: 30 arb, FHBNSIRE 10 arb, BYIEEE 325°C. [FRSRAZIESHR TR, BRI T MS/MS = B
[71.

2.6. Gt AT

{5 FH7E 28 53 B W 3 MetaboAnalyst 6.0 (https://www.metaboanalyst.ca/) % X F] 25 i 12 ¥ 7N BR 3508 5 FF ik
SIRAE AR T A, BRI £ S (PCA)EAT Z e Gt 7 tr, RllZH R i 2 7. DLP<
0.05 HAZ B #H ENERFUAE(VIP) > 1| iR b, ik /N bl AT 5 I b 2 2 b 1) 22 AU . IR
I T A T K L PR T SR S A DU s AR AR A 0
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7E PC1 AN ES, RIS AL AR e B R Ab 20 2 5 e K. HSPP ZAREARSEHRTE /A N7 X 88k, 40
WEEMEL . SXTIAE PC2 EAYIE 8, W2 AL BEA O il e ) 2 e ARSIk LP AR AL
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3.2. REERXLERZHIER

N T EHER S 25 255 A AL TR 2= AU, SR et i, S SERR B AT ¢k
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M 2 T, BIEAL(Saline) (A7 7E /D B ARBH 2 AR, AR i Ae 2, ERGME AL,
ERI SRR R AT SE . ZHEH(HSPP) 2 BE AL BSR4 1T 2 HRF Hm, LR R ZE
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T
5 :
.
3 o type
o - down
= : non
8) [ ] ® - up
T e vip
2 . 308
: °
e ® oee0° ¢ '
................................... ... e
1
-5 0 5
log,(Fold Change)

(@)

—log,,(p)

-10 -5 0 5
log,(Fold Change)

(b)

10

DOI: 10.12677/hjbm.2026.164067 661

YR


https://doi.org/10.12677/hjbm.2026.164067

H
NE
13
4

o .
. °® 3
g o o°° .
=3 L P °®
ie) ... ;@
1 o® Qe
. ® Qe o °
® o 0%.20. 8
2 ] ...% ' %
....... ....w.:
0
-10 -5 0 5 10
log,(Fold Change)
()
4 o
®
: [ J
.
3 :.é o o°°
@ . ...
& %
3 o. d & N e
2 ® .
- ® Q.‘ ..
........................................... P ."
1 z
0 H
-10 -5 0 5 10

log,(Fold Change)

(d)

type
- down
non

. up
vip

°0.3
e0.9

Figure 2. Volcano plot between each treatment group vs. Blank group. (a)
Saline group; (b) HSPP: Sunflower stem pith polysaccharide; (c) LP: Lacto-
bacillus plantarum; (d) Sunflower stem pith polysaccharide combined with LP

group
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Table 1. List of significantly up-regulated metabolites more than 5 times

F1LORERS 5 BULENEZ BERIEYIIR

g ZRNEY aFR

FC P

VIP

HSPP Taurocholic Acid Ca6HasNO7S
C10H12N4O4
CeH14N202

LP Deoxyinosine

HSPP + LP Lysine

5.996 0.000056
6.256 0.000074
5.999 0.000066

1.663
1.336
1.225
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Figure 3. (a) Polysaccharides specifically regulate the bile acid synthesis pathway; (b) Lactobacillus plantarum (LP) pre-
cisely downregulates the purine metabolism pathway; (c) Combined administration of sunflower pith polysaccharide (HSPP)
and Lactobacillus plantarum (LP) specifically downregulates the lysine degradation pathway
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