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Abstract: Objective To investigate the protective effects of Poria cocos polysaccharide (PCP) against cyclophosphamide (CTX)-
induced intestinal mucosal injury and its impact on gut flora and their metabolites in mice. Methods Adult BALB/C mice were
randomized into normal control group, CTX model group, glutamine (positive control) group, and low-, medium- and high-
dose PCP treatment groups. In all but the normal control group, the mice were subjected to modeling of CTX-induced
intestinal mucosal injury by intraperitoneal CTX injections for 3 days, followed by treatment with gavage of normal saline,
glutamine (300 mg/kg), or PCP at 75, 150, or 300 mg/kg for 7 consecutive days. The colonic expressions of tight junction
proteins (occludin and ZO-1), serum endotoxin, D-lactate, and DAO levels, intestinal permeability, colon injury, and colonic
cytokine levels (IL-4, IL-22, IL-17A, and IFN-y mRNA) were assessed. Gut microbiota, short-chain fatty acids (SCFAs; mainly
acetates and propionates) and colonic GPR41 expression were analyzed using 16S rRNA sequencing, GC-MS, and Western
blotting, respectively. Fecal microbiota transplantation (FMT) experiment was conducted to validate the role of gut microbes in

PCP-mediated repair of intestinal injuries. Results
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contents of acetate and propionate in the colon, and
upregulated colonic GPR41 expression. The results of
FMT experiment confirmed the crucial role of gut
microbes in PCP-mediated repair of CTX-induced
intestinal injuries in mice. Conclusion PCP can protect
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against CTX-induced intestinal mucosal injury in mice possibly by modulating gut flora and SCFAs metabolism to enhance

intestinal defense capacity.
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HE staining

1 PCPXf CTX j&fr/NR G E ISR

Fig.1 Effect of PCP on physiological state of the colon in CTX-treated mice. A: Illustration of the experiment design. i.p.:
Intraperitoneal injection,i.g.: Irrigation. B: Spleen index (spleen weight/body weight). C: Thymus index (thymus weight/body
weight) of the mice. D: Colon length of the mice. E: Colon index (colon weight/body weight). F: HE staining of the colon tissue
(Original magnification: x7.5). NC: Control group; MC: CTX model group; PC: CTX+Glutamine (positive drug) group; LD:
CTX+PCP low dose group; MD: CTX+PCP medium dose group; HD: CTX+PCP high dose group. Data are presented as Mean+
SD (n=6). *P<0.05, ***P<0.001 vs NC group; “P<0.05, *P<0.01, “**P<0.001 vs MC group.



http://www.j-smu.com

J South Med Univ, 2026, 46(1): 34-46 39

A Occludin

C Z0-1

@®

160 i
140 it
120 i

—_
N B0 O

(=}

S oo
*
*
*

per field (%

(=]

Occludin positive cell

(=]

NC MC PC LD MD HD

E PAS

O

3%}
(=}

per field (%)

—_
(=3

ZO-1 positive cell

(=)

NC MC PC LD MD HD

G
500 1007 ox

P ok k

= —~ 801

5 400 e w2

= 300 2 601

% o J

£ 200 2 40

E 100 201

0 J

NC MC PC LD MD HD
E2 PCPXfCTX AbIE/NRAFE R FELIAE RIS

#H HitH 4
s 600

NC MC PC LD MD HD

m

120 #
100

80

60

40

20

MUC-2 (ug/L)

NC MC PC LD MD HD

7007
500 HiH #
400
300
200
100

D-Lactate (ng/L)

NC MC PC LD MD HD

Fig.2 Effect of PCP on intestinal barrier function in CTX-treated mice. A-D: Immunofluorescence staining of occludin and

Z0-1 (green: occludin and ZO-1; blue: nucleus; x7.5). E: PAS staining showing mucus-secreting epithelial cells (x7.5). F:

MUC?2 contents in colonic tissues. G: Endotoxin levels in serum. H: DAO levels in serum. I: D-Lactate levels in serum. Data
are presented as Mean+SD (n=6). * P<0.05, **P<0.01, ***P<0.001 vs NC group; *P<0.05, *P<0.01, **P<0.001 vs MC group.

XFo AR AL ) W R (W Muribaculaceae
Lactobacillus .Bacteroides F Firmicutes) 575G IR
(2R NIRRT IR JKIR ) IS T Spearman AHEZ3 4T (
5G). 455 78, Muribaculaceae 5 218 . TN iR ¥ &2 50
1IEAH K (7=0.67, P<0.001) , Bacteroides J5-5 — & 1E4H
K (r=0.33, P<0.01) , & 7~ 1% 48 B J& Al fE 75 {2 it
SCFAs H BUFP % 45 SCHEAE FH 5 #H )2, Lactobacillus Fl
Firmicutes 5 VR 5 3 1A 5C (7=-0.67, P<0.001) , 5
LR A (7=-0.33,P<0.01) .

MC 41 GPR41 131k i3 FIH(P<0.001), A
PCPIBYFZHIAE T PCPARE A% X —H A (I SH.D) .
2.6 FMT #t CTX 422/ K 45 1 A 3K A 097
BRI R R, 5 FMT AL, FMT,,
2H BRSBTS 1K (P<0.05, [T 6A) , 45
e i 257 (P<0.05) S5 E e B 4R (P<0.001)
FMT,, T 80005 7 iX—H4 (K 6B~E). 412
P22 bR, 5 FMT UM EG FMT,, A Z5 A R S5 # ™
FRZA, A AN 3 PCP - BUR  FMT, 41



EE

+ 40 - J South Med Univ, 2026, 46(1): 34-46 http://www.j-smu.com
A B C

= = 2]

g8 i g5 2, i
09/ o 8 4 23
A=) E A = EOL 3
Eg5 i 523 B
5< ) s S il it Hith
TS 3 w52 -
= : = 2 =2 7

) #itt =8 %1' ootk iid

1 & s

0 ©0

NC MC PC LD MD HD

D E

=z E = 257

£ £ _ 201

8 E 1.5 5 g

¥§ 25 151

£ 3 1.0 3

8? %% 1.0

< 7051 =705
sk i

= i = 0.0

NC MC PC LD MD HD

G

257 H

£ 20- #Z 40

E.g 1.5 5 g 30

= R

S 1.04 S A 2.0

) BT LS5

= =

T 0.54 o= 1.0

z * & 05

™ 0.0- £ 00

NC MC PC LD MD HD
B3 PCP3/MNREFFIR RE MR E TR

NC MC PC LD MD HD

NC MC PC LD MD HD

(=}
I

NC MC PC LD MD HD

*+
3+
Er
b8
action)
)
W
J
T+
3

IL-22 relative

expression (to B-

*

O T
(=) W (=) w [}
I 1 1 1 1

NC MC PC LD MD HD

s it

NC MC PC LD MD HD

Fig.3 Effect of PCP on immune cytokines in the colonic mucosa of the mice. A-H: Relative mRNA expression levels of IL-4,
IL-5, IL-13, IL-17A, IL-17F, IL-22, IFN-y, and TGF-{ detected with RT-qPCR, using (3-actin as the reference control. Data are
represented as Mean+SD (n=6). *P<0.05, **P<0.01, ***P<0.001 vs NC group; “P<0.01, “**P<0.001 vs MC group.

SEIHREEEE AR T o83 , SR IR B E % (8l 6F ) o
qRT-PCREGHMEERAZHZ AR T - (K 6G)
5 FMT, 20 #H I, FMT,,. 40 Th2 #H ¢ (IL-4 . IL-5 .
IL-13) . Th17 #5& (IL-17A \IL-17F \IL-22) Fl 6 5 1 15
K (IFN-y . TGF-B) &Ik & F I, FMT, iGI T E T
YA TR K
2.7 FMT &/ R 45 W i@ ik P 6 % v
BREVENCIIHT AR, 5 FMT HAH L, FMT, ZH 1)
Occludin F1 ZO-1 ik i 298/ (P<0.001) ,FMT,, T
3 BT BRI R T R IR K T BRI ST
FEME(P<0.001, B 7TA~D) o ALV B~ P4k 25 51 R
FMT,  FEASH (1 PAS FHPERRAR AL, T FMT, ., 16
ITARGY TiX—M% (K TE). ELISA & &0 R
FMT,,.2H MUC-2 /b (P<0.05) , 1] FMT,, AR T
MUC-2 B335 (P<0.01) . AN, FMT, /NREH
T L% A & P (N #E % \DAO . D-FLIR) Ft w1 , 1M
FMT, ., 20 i SRR T Il 540 v A s (N &
DAO D-AR) iy i (K 7F) .
2.8 FMT *f» R 45 1 SCFAs A& #= GPR41 #93% )
SCFAs M & #4455 FMT, A AH L,
FMT,, 2 C R FITRIRA E  205 1 (P<0.001,P<0.01),

M T BRI A 37810 FMT, ., T HiL i 52 5
T LR MR Y & (P<0.05, 81 8A~D) ., 5 FMT, 4
A, FMT,, 41 GPR41 A9 338 i 3% T I (P<0.001),
1M PCP -5 % ik — M4 (K1 8E F ).,

3 iFig

I FAT R IE YT A (LR PEREAS R RN,
AL 355 1 TE IR 5 B0 5 AN S e i > . AR e —
Tz A ISR 25, O e S 3eE RE AR
il SR ES , I T A E REEBERE" . X Ly
PE, BE TSNS A E R A, i
AERBIFTT R , RIR =W (N2 W8 ) TE R 5 i b I P
rRe AT e h A TERB R . SR, KB HEA
S BETCI e T B AL, H R EAY T AL Rk
75 iy T8 TR R S AR I P g S B, A U R L
B ETEHEY RIREWE S AR 05> 2 n] 3 ik
MO B RE A {12 3 SCFASs AR G4 14 25 A PRI IR
Wi/ NI E BB S et (R R H BRI & 2
W5 B AR Z BIAH B O R A Rt — 2 IR, AT
GE T TS T () S B RN T4 7 )N B AEY
PRFE PCP 38 121 I8 45 7 1 T 26 ) S AR 2 it A I



http://www.j-smu.com J South Med Univ, 2026, 46(1): 34-46 + 41 -

A 100 — = = B o4 PERMANOVA P value:0.001 C NC MC
Group
* NC
© 10+ Mc
2 S 02 * 110 125
15} n
= i ~
=] 1 =
2 a
G N
£ 0N £ 00
=
]
&
0.014 776
-0.2 L
%
0.0014
0 100 200 300 400 500 600
ASV rank -04  -02 0.0 0.2 HD
rani
PC1 25.75%
D.
E
ams
Taxonomy Taxonomy
M Bacteroidota M Muribaculaceae
M Firmicutes M Lactobacillus
8 Actinobacteriota 8 Bacteroides
g B campilobacterota S B Aistipe:
3 W Desulfobacterota ° W Prevotellaceae_UCG-001
B roteobacteria H [ Lachnospiraceae_NK4A136_group
3 B Deferribacterota 2 B Parabacteroides
< B Fusobacteriota < B Enterorhabdus
B Patescibacteria M Rikenella
M Acidobacteriota M Rikenellaceae_RC9_gut_group
Others Others.
o S L L L LLLELeLLeLLesedsees s LIS IEISEIFTIES
Sample Sample
F G H
507 * 100 1.0+ *
8 8 # e
S 2 SIS ok 2
£ 40- £< 80 g = 081
4= T g 52
5 2 307 # £S 60 972 0.61
o = o = e
§ 3 S8 ES #
0 E 204 0 g 40 = 5 0.4
== £ 3 £ 8
= 104 =5 20 5 024
Q O O 4= m
= - SR 0-
NC MC HD NC MC HD NC MC HD
| J K
= 359 sk 307 %
g S RS il O~
= o 30 S & 251
S 3 S 5§
= O S 4 251 % 2 20
=] 22 S g 20
2= 23 20 55
< 3 28 25 151
° & SE 15 s £
I .
] ©8 # 02 |l
Z°C Z35 104 B2
s 3 s 2 =
S E To 5 S% 5 i
Mo & S K °
0- 0-
NC MC HD NC MC HD
L M Cladogram
o . ’
-0 =1 s
_Rikenellaceae
_Bacteroidales
e: c_Bacteroidia
- _Desulfovibrionaceae
=] __Desulfovibrionales
g - Desulfovibrionia
2 _Acholeplasmataceae
" y _Acholeplasmatales
2 S _ Anaerofustaceae
3 o Eubacterales
I < m: f_Lachnospiraceae
~3 n: 0_Lachnospirales
N o: f_Ruminococcaceae
Q =8 B p: o_Oscillospirales
B q: _Clostridia
[=}
£

p_Bacteroidota
¢_Bacteroidia
o_Roseburia
o_Eubacteriales
g_Anaerofustis

g_oscl
9_GCA 900066575

1_Anaerofustaceae

g_Lachnospiracs

El4 PCPXf CTX 4bIB/NFRBZIE B AFLE A B2

Fig.4 Effect of PCP on gut microbiota composition in CTX-treated mice. A: Species abundance distribution curve. B: Principal
coordinates analysis. C: Venn graph showing species overlap. D: Phylum-level microbial composition. E: Genus-level microbial
composition. F: Firmicutes abundance. G: Bacteroidetes abundance. H: Firmicutes-to-Bacteroidetes ratio. I: Muribaculaceae abundance.
J: Lactobacillus abundance. K: Bacteroides abundance. L: LDA score. M: Phylogenetic distribution of discriminant taxa. Data are
represented as Mean+SD (n=6). *P<0.05, **P<0.01, ***P<0.001 vs NC group; *P<0.05, *P<0.01, **P<0.001 vs MC group.



.42.

J South Med Univ, 2026, 46(1): 34-46 http://www.j-smu.com

1 NCH.MCAS HD AR E R SHIERMLLE
Tab.1 Diversity indexes of gut microbiota in NC, MC, and HD groups (Mean+SD, n=6)

Group Chaol ACE Shannon Simpson Goods_coverage
NC 195.22+50.78 195.79+51.02 5.81+0.21 0.97+0.00 1.00
MC 182.98+17.05 183.05+16.94 5.51+0.23 0.96+0.01 1.00
HD 275.21+52.61 274.09+51.86 6.32+0.44 0.98+0.01 1.00
A B .
< 10, , < 10 , 7| —
X8 | x 8 53 19 Hitth
o 2 1 S & 84
ER s | 5 6 £3 ## ##
> n 5 6 > So 61 sk
o 4 | [ o 4 5
g o g > 4 58 4
& 2 ‘\ ot N ‘L & 2 ? g% 2
e
4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20 NC MC PC LD MD HD
Retention time of the chrom Retention time of the chrom
atographic columr (min) atographic columr (min)
D
225 = ~ 35 F 40
«E 7 # <2 30 w3 35
S o # s E 3 SIR:]
S 220 o os °< 30
23 * S S X 25
o ~ 1 .
52 15 g5 20 §3 20
S s &5 B = .
£5 10 £ 15 58 15
22 os g2 1.0 9.2 1.0
. =
S g S g 0-3 S 05
—
= NC MC PC LD MD HD NC MC PC LD MD HD NC MC PC LD MD HD
&
H () O o8 X
NC MCPC LD MD HD M 6 & & ﬁ“
r S 6 Q}
& & &

GPRAT [l il |46 000

GAPDH| == e e e s «==|30 000

(g
(=}
)

it

—_
W
1

i
#H

—_
(=]
1

g
w
1

GPR41 protein expression

NC MC PC LD MD HD

Muribaculaceae ’ ’ ‘

Lactobacillus \ \ ,
Bacteroides '

Firmicutes \ \ ’ 0.33

Alistipes

Clostridia_UCG-014

Parabacteroides ' ’

Prevotellaceae_UCG-001 /£

Lachnospiraceae_NK4A136_group

uncultured

-1

B 5 PCPXfCTX SbH/NR SCFAs & EHIFINE
Fig. 5 Effect of PCP on SCFAs content in CTX-treated mice. A: Standard curve of each component of SCFAs to be
measured. B: GC chromatogram of mixed control solution of SCFAs (1: acetic acid; 2: propionic acid; 3: butyric acid; 4:

isobutyric acid; 5: valeric acid; 6: isovaleric acid; 7: 2-ethylbutyric acid). C: Acetate levels. D: Propionate levels. E: Butyrate

levels. F: Valerate levels. G: Correlation analysis between gut microbiota and short-chain fatty acids. H: Representative
bands of GPR41. I: Protein expression of GPR41. Data are presented as Mean+SD (n=6). *P<0.05, **P<0.01, ***P<0.001 vs
NC group; “P<0.05, “*P<0.01, *P<0.001 vs MC group.

ffﬁ%‘%é’ﬂ/]\?ﬂ%ﬁ SRz E S O B, ﬁu PEFE bR, 045 Occludin, ZO-1 . Claudin-1 %, 4%
i I HE RS SIS i TE A W R A SR EEREER AR u T K AR SZ AR, B WU

I BEREN A AL, DR e ) T 2 afz%ﬁlﬂ}i% FE TE B ERE h, ITTEA F HR

Jr e, Rl R A ) T e b L\&I_T%%EIE%?E THINTER A M, B8 FELEBIRI R
HEAIUB5: i 4 T LR, mI AR S e

HWIEVER P RORRAE AT LIRS EE 1 MUC-2 FIZHZUE



http://www.j-smu.com J South Med Univ, 2026, 46(1): 34-46 + 43 -
A B _ C %
N 225
g S #
NC [ 1week | 1-3days 4-10 days > é 5 #H = 2.0 *
9% Physiological saline w 4 % IS 15
ip. i.g % 3 'g .
MC [ tweek | 1-3daysy 4-10 days > £ = 1.0
80 mg/kg CTX 9% Physiological saline o 2 S 0
ip. i.g. 8 1 E .5
PCP [ 1week | 1-3days 4-10 days > feces - % 0 E‘ 0
80mglkg CTX 300 mgikg PCP FMT,. FMT,. FMT,, = FMT,. FMT,. FMT,,
drinking water i-g.
wee ays V. 1013dlys v 14-20 days "
FMTe feet ”:B:( 80 mg/kg CTX Fm‘r-Ncy >I—'I DA 0.08 ” Efc\n 1
inking water i-p- i g O Y, Hit
FMTyc |1wuk\|,1d-';%¢ 10-13':4-ys T 14Z-m!zs > S 0.07 * %D 10 ook
ABX 80 mglkg CTX FMT-CTX ﬁ 882 \; 8
inking water i i o4
FMTece [T week :::_L,: »r _10- 13:Iys V 1A20d~ys > Analysis § 883‘ 'g 6
ABX 80 mglkg CTX FMT-PCP S 0 = 4
S 0.02 g 2
8 0.0(1) = 0
o
FMT_. FMT,. FMT,, FMT,. FMT,. FMT,,
F HE
i
G _ - P~ -
£ £ w5 =
,323 w333 2318 w34
Z 220 BT =R 5 3
E¢ g8 23 2L 10 N
8:1'5 3: 2.0 8‘; 0.8 st H: 7
T810 w815 “ 8 0% S8 2
a2 *E 4210 * 52 04 3 L
=205 =205 =2y g L
50 50 2 %9 20
° FMTNC FMTMC FMTPCP ° FMTNC FMTMC FMTPCP © FMTNC FMTMC FMTPCP ® FMT FMT
LE s i £ 5 £ 0 Hi 40
Za 4 o 3 ME 98" © g 35
E7 zeh 4 E 15 £ 30
223 Se3 <8 5425
=g 5 R £Z 10 ok 2E20
=z *x o § 2 * e} o g 15
a8 1 ] Z'205 =z 1.0
= = - 9 = o G
50 =£o T8 o g 0'8
© FMT,. FMT,,. FMT,., 5 FMT,. FMT,,. FMT,., ] FMT,. FMT,,. FMT,, % Ty FMT,.
El6 FMTXt CTX ACIR/INRERRA A TR AR
Fig.6 Effect of FMT on colon injury in CTX-treated mice. A: Illustration of the design of fecal microbiota transplantation (FMT)
experiment. B: Splenic somatic index (organ-to-body weight ratio). C: Thymus index (thymus weight/body weight). D: Colon
length. E: Colon index (colon weight/body weight). F: HE staining (x100). FMT,.: FMT normal group; FMT_,: FMT CTX model
group; FMT,.: EMT-Poria cocos polysaccharide. G: FMT modulates immune function in CTX-treated mice (Relative mRNA
expression levels of cytokines: IL-4, IL-5, IL-13, IL-17A, IL-17F, IL-22, IFN-y, and TGF-f). Data are presented as Mean+SD (n=6).
*P<0.05, **P<0.01, ***P<0.001 vs FMT, . group; “P<0.05, “P<0.01, **P<0.001 vs FMT,,. group.
il U R BN bR SIIE A R RE AL RN ) S i TR A G . AR PR A R E Y

PR 2 (B ) AR EAER ™ SRBEmERE 1l 2
P R B e, ) EBUMCTR 4 sk RN 40l D 1
B ARBRFEFRW, PCPGEE T il B ARG 10, 34 fin o
SR ) ZO-1 Fl Occludin 35 , MUC2 4R it 4]
TR0, B TIARIR AN, S AL S N B2 \D-FL
FRFIDAO /K-, ik SeZ8 AL R W], PCP i 1 Z ik
TR A B BB R VR AR B RS R I Ik
W5 FlmiE R o

TELI PR 7 R 2% 7 T, X5 i B a2

VAT FE DR A B G Th R R OVERT. A
BB AL /NG R, 55 Th2 \Th17 HIE 2R An iR 1
Je TFN-y TGF-B 235 1 2 FEAIC, s i 18 286 B A e 417
il 5 7 PCP 0 235 L5 Thl M1 Th2 G 2 N AH &
FIA IR R 3235, #E78 PCP ] R 1 55 Th1/Th2 41
WP A B i T R e eSS X 5 AW
PEZ2 MBS SR PR I 753 G2 1 T RS 8 v gy T e 1Y
SCHRHRE — 25, BIVA:= Y076 2 AR PR IR 75 1 S s
PSR n] e i e, RS SR PCP 1]



J South Med Univ, 2026, 46(1): 34-46

http://www.j-smu.com

A Occludin B
03 ;2 HiH
FMT, FMT,,. FMT,., 2 —
23 20
k=
RIS
ERR
0
FMT,. FMT,. FMT,.,
C Z0-1
D
FMT, FMT,,. FMT,, =12 s
210
‘2 S 8 sk
2% ¢
— QO
C o 4
Rz 2
° 0
FMT,. FMT,. FMT,,
E PAS
FMT FMT F oo it
. . —_ *
N(f ) MC %b 80 .
= 60
40
S 2
= 0
FMT,. FMT,. FMT,,
GA 250 P H 100 % ] 400 sk .
o 240 3 80 i ~ 350
o 230 E 5 300
= 220 T o 60 = 250
g 210 & 2 200
£ 200 o 40 g 150
g 1% S 20 g 100
@ 180 A 50
()
170 0 0
FMT,. FMT,. FMT,, FMT,. FMT,. FMT,, FMT,. FMT,. FMT,,

&7 FMT3/NREE BB B RS20

Fig.7 Effect of FMT on intestinal permeability of the mice. A-D: Immunofluorescence staining of occludin and ZO-1. (green: Occludin

and ZO-1; blue: nucleus; x100). E: PAS staining showing mucus-secreting epithelial cells (x100). F: MUC2 content in colonic tissue. G:
Endotoxin levels in serum. H: DAO levels in serum. I: D-Lactate levels in serum. Data are presented as Mean=SD (n=6). *P<0.05, ***P<

0.001 vs FMT, . group; *P<0.05, “P<0.01, “*P<0.001 vs FMT, . group.

RE LT A1 R E R N 1 S e Dne , AP INER sz Pl
WEREF T 0 B ZE 5

J B A AR A 5 AR BRASAE T PRASE AR S P- A 1)
IRAS LR b 18 F SRR MEE . — BB i i
(P RBER o B i 1A T MR s A A R 7
kA AN PR SN X T B A A

A 5T kB, 7511 K F L, Bacteroidota
Firmicutes 5 %5 B #BE 90% LA I, PCP 1] D g & 34 i
Bacteroidota V) AR Firmicutes BIFEE X 5 1E
IFREER—E . fEE/KY- 1, PCP b3 mT L) G 2
¥4 Muribaculaceae W) A8 XF =F BE o BF 58 & B,
Muribaculaceae R 4ty K it 43R K AL A P , AT B
A HRAG I L X T fiE & PCP REEIE Muribaculaceae
TEMEAERK RN . D98RI Muribaculaceae W] GEIH
TN AR B Ak s A A A RS i
LU TR A ARG B 2F 4 A i R 7
1% , 50 A 5 4 i A B2 0 A S RS R I, K

Pt 7 118 B0 TR 1) S B S A O i 1 o s S A
PCPAE R KT LM, $275 PCP A BER Muribaculaceae
WA A R AR IR A AR -

KRG Z AN RETE/ Nz N BEH AL BRI, AT gt
J i TR LA SCFAs. SCFAs 7 15 5y L i 4k
Fr LR R EDIRE AR L B A e R e e R T K
ARCVER S8R, 5 NCAH LL , FRBEIE I
Ab B /N BRAA PR 2 TR TP TR v 3 30 S AR AT, T v ) 2
PCPYRYT A & Wik — NG, SRR AN IR /KT 2%
Fhie o A0 MO S T 2R WY, 7 % A D7 1R 1)
Muribaculaceae S [ LR FRIK -2 IEAH G
iff 5% F W, <R FIN R 38 28 005 W b e 248 it vh i
GPRA1 A5 1l Gy , 1 i e B Ly e =, JeAT T WFSE
SR PCP LA AR 77 200G GPR41 3214, X262
SR, PCP A REE LT A PRI R AL 1598 SCFAs
BIAYIE B, PTG il b iz e Y GPR4 1, 3458
TR G | TR PN IR 75 () I 453405



http://www.j-smu.com

J South Med Univ, 2026, 46(1): 34-46

.45.

A 16 -
2 14 4
§3 12 ~ #
k) s 104
.§ f:g 8 koK
E= 61
§ ER
FMT,. FMT,,. FMT,,
¢ 35
3 3.0 4
e 2.5
g7
53 204
£ 8 154
g E 1.0 4
S g
205+
0.0
FMT, . FMT,, FMT,,
E
FMT,.  FMT,. FMT,,
GPR41 S W | 46000
GAPDH | _— — 59000

Concentration of
propionic acid (pg/mL)

o

Concentration of
valeric acid (ug/mL)

e <
(=T
1

8 FMTX{/NRZ A SCFAs 2B 1 GPR41 KIS
Fig. 8 Effect of FMT on SCFAs content and GPR41 in the colon of the mice. A: Acetate. B: Propionate. C:
Butyrate. D: Valerate concentrations. E: Representative bands of GPR41. F: Quantitative analysis of GPR41
protein expression normalized to (3-actin. Data are presented as Mean+SD (n=6). **P<0.01, ***P<0.001 vs

FMT, . group; *P<0.05, “**P<0.001 vs FMT,,.. group.

25 LR AR SE 45 SR R W1, PCP A fig o 14
Muribaculaceae WA E 1 (e Z IR AR ) A 77,
% GPR41 3K G5 I B B IR G , NI CTX %
NI SR, AWFRRTE CTX A2
FEET 5 NI TR MEEE S i B ) — AL,
T CTX FLHTIRAE . B B S PP F e -1
PRI AR R O , R AE WS S IRE B R 6T 1S A
PEAG PCP BYRCR , 4 S HIm PRAR G . A TEARAY
T A6 JE KT B 7E JEmE T, TR A TKs 3 05 0 % PCP
PSR ELAARTE P, #8575 PCP IR IAiE i i BRI
N ILEERSERT . R AFSTM T PCP RS 1L
Y7 15 | A 114 f 401 473 AR A e A i Tt B T ) T
XS R IR PR R G B 2205 (U PCP)YE A Dy RetE & Al
TRITHULENTR RN FH A P4 T IR ST AL S

Declaration of interests: The authors declare no competing
interests.

S0k :

[1] Chu Q, Zhang YR, Chen W, et al. Apios americana Medik flowers
polysaccharide (AFP) alleviate Cyclophosphamide-induced imm-
unosuppression in ICR mice[J]. Int J Biol Macromol, 2020, 144:

(2]

(3]

(4]

(5]

(6]

[7]

(8]

GPR41 protein expression

3.07 #
2.5
2.0+
1.54
1.0
0.5
0.0

FMT FMT FMT

NC MC PCP

g
(==
]

2.5

»
(=]
1

1.5

—_
(=
1

FMT FMT

NC MC

1.4
1.2 4
1.0 4
0.8 4
0.6
0.4 4
0.2 4

0.0 I

FMT FMT

okck

FMT

NC MC PCP

829-36.
Day W, Gabriel C, Kelly RE, et al. Juvenile dermatomyositis
resembling late-stage Degos disease with gastrointestinal perfo-
rations successfully treated with combination of cyclophosphamide
and rituximab: case-based review [J]. Rheumatol Int, 2020, 40(11):
1883-90.

Viaud S, Saccheri F, Mignot G, et al. The intestinal microbiota
modulates the anticancer immune effects of cyclophosphamide [J].
Science, 2013, 342(6161): 971-6.

Allaire JM, Crowley SM, Law HT, et al. The intestinal epithelium:
central coordinator of mucosal immunity[J]. Trends Immunol,
2018,39(9): 677-96.

Chistiakov DA, Bobryshev YV, Kozarov E, et al. Intestinal mucosal
tolerance and impact of gut microbiota to mucosal tolerance[J].
Front Microbiol, 2015, 5: 781.

Cani PD, Possemiers S, Van de Wiele T, et al. Changes in gut
inflammation in obese mice

microbiota control through a

mechanism involving GLP-2-driven improvement
permeability [J]. Gut, 2009, 58(8): 1091-103.

Yang WJ, Yu TM, Huang XS, et al. Intestinal microbiota-derived

of gut

short-chain fatty acids regulation of immune cell IL-22 production
and gut immunity [J]. Nat Commun, 2020, 11(1): 4457.
Kayama H, Okumura R, Takeda K. Interaction between the

microbiota, epithelia, and immune cells in the intestine[J]. Annu



.46.

J South Med Univ, 2026, 46(1): 34-46

http://www.j-smu.com

Rev Immunol, 2020, 38: 23-48.

(91 S SCHE, EARME, BhHNIEE, 45 . RS AN th 22 M8 5 849 7 R
AR R BB TS 5 14/ BR ey 3 ) 5 it 5 43 [0/0L] . e
b2 2% &, 1-14 [2025-10-15]. https:/doi. org/10.19540/j. cnki.
cjemm.20250612.301.

[10] SBARES, ], hakte, 45 A MR U)X PRI It e Ffr S 1) A e
XA FR G G it B D BE N BRI SR IH (D). e 4 B, 2022,
42(1): 107-13.

[11] Xu TR, Zhang HM, Wang SG, et al. A review on the advances in the
extraction methods and structure elucidation of Poria cocos
polysaccharide and its pharmacological activities and drug carrier
applications[J]. Int ] Biol Macromol, 2022, 217: 536-51.

[12] Zhao MH, Guan ZY, Tang N, et al. The differences between the
water- and alkaline-soluble Poria cocos polysaccharide: a review
[J]. IntJ Biol Macromol, 2023, 235: 123925.

[13] Jiang YH, Wang L, Chen WD, et al. Poria cocos polysaccharide
prevents alcohol-induced hepatic injury and inflammation by
repressing oxidative stress and gut leakiness [J]. Front Nutr, 2022, 9:
963598.

[14] Duan YT, Huang JJ, Sun MJ, et al. Poria cocos polysaccharide
improves intestinal barrier function and maintains intestinal
homeostasis in mice [J]. Int J Biol Macromol, 2023, 249: 125953.

[15]Sun MIJ, Yao L, Yu QM, et al. Screening of Poria cocos
polysaccharide with immunomodulatory activity and its activation
effects on TLR4/MD2/NF- kB pathway[J]. Int J Biol Macromol,
2024,273(Pt 1): 132931.

(16155 Bt TiEw, 7k &, 45 5T BTLA/HVEM BT IR 20t
o eI BB S RE T VR (T] . HhRE 242, 2025, 23(5): 1183-9.

(17] FHULL, FE/ML, fTIRELL, 45 3R H AR st i/ N BAE A it 4
LR msaEt I L] i, 2016, 37(21): 229-33.

[18] Cheng Y, Xie Y, Ge JC, et al. Structural characterization and
hepatoprotective activity of a galactoglucan from Poria cocos[J].
Carbohydr Polym, 2021, 263: 117979.

[19] Wang J, Li MH, Gao YW, et al. Effects of exopolysaccharides from
Lactiplantibacillus plantarum JLAU103 on intestinal immune
response, oxidative stress, and microbial communities in
cyclophosphamide-induced immunosuppressed mice[J]. J Agric
Food Chem, 2022, 70(7): 2197-210.

[20] Wu ZH, Huang SM, Li TT, et al. Gut microbiota from green tea
polyphenol-dosed mice improves intestinal epithelial homeostasis
and ameliorates experimental colitis[J]. Microbiome, 2021, 9
(1):184.

[21] Chang CJ, Lin CS, Lu CC, et al. Ganoderma lucidum reduces
obesity in mice by modulating the composition of the gut microbiota
[J]. Nat Commun, 2015, 6: 7489.

[22] Jddert C, Phillipson M, Holm L, et al. Preventive and therapeutic
effects of nitrite supplementation in experimental inflammatory
bowel disease [J]. Redox Biol, 2013, 2: 73-81.

[23] Mao XM, Wu S, Huang DD, et al. Complications and comorbidities
associated with antineoplastic chemotherapy: Rethinking drug
design and delivery for anticancer therapy[J]. Acta Pharm Sin B,
2024, 14(7): 2901-26.

[24] Chen L, Wang D, Liu W, et al. Immunomodulation of exopo-
lysaccharide produced by Lacticaseibacillus rhamnosus ZFM216 in
cyclophosphamide-induced immunosuppressed mice by modulating
gut microbiota[J]. Int J Biol Macromol, 2024, 283(Pt 2): 137619.

[25] Xue HK, Liang BM, Wang Y, et al. The regulatory effect of

polysaccharides on the gut microbiota and their effect on human
health: a review [J]. Int ] Biol Macromol, 2024, 270(Pt 2): 132170.

[26] Ying MX, Yu Q, Zheng B, et al. Cultured Cordyceps sinensis
polysaccharides modulate intestinal mucosal immunity and gut
microbiota in cyclophosphamide-treated mice[J]. Carbohydr
Polym, 2020, 235: 115957.

[27] Zhu ZP, Luo YR, Lin LT, et al. Modulating effects of turmeric
polysaccharides on immune response and gut microbiota in
cyclophosphamide-treated mice[J]. J Agric Food Chem, 2024, 72
(7): 3469-82.

[28]Li N, Wang D, Wen XIJ, et al. Effects of polysaccharides from
Gastrodia elata on the immunomodulatory activity and gut
microbiota regulation in cyclophosphamide-treated mice[J]. J Sci
Food Agric, 2023, 103(7): 3390-401.

[29] Wang DP, Dong Y, Xie Y, et al. Atractylodes lancea rhizome
polysaccharide alleviates immunosuppression and intestinal
mucosal injury in mice treated with cyclophosphamide[J]. J Agric
Food Chem, 2023.

[30] Chopyk DM, Grakoui A. Contribution of the intestinal microbiome
and gut barrier to hepatic disorders[J]. Gastroenterology, 2020, 159
(3): 849-63.

[31] Buckley A, Turner JR. Cell biology of tight junction barrier
regulation and mucosal disease[J]. Cold Spring Harb Perspect Biol,
2018, 10(1): a029314.

[32] Nystrom EEL, Martinez-Abad B, Arike L, et al. An intercrypt
subpopulation of goblet cells is essential for colonic mucus barrier
function [J]. Science, 2021, 372(6539): eabb1590.

[33] Gustafsson JK, Johansson MEV. The role of goblet cells and mucus
in intestinal homeostasis[J]. Nat Rev Gastroenterol Hepatol, 2022,
19(12): 785-803.

[34] Pizarro TT, Dinarello CA, Cominelli F. Editorial: cytokines and
intestinal mucosal immunity [J]. Front Immunol, 2021, 12: 698693.

[35]Wu XC, Huang XJ, Ma WN, et al. Bioactive polysaccharides
promote gut immunity via different ways[J]. Food Funct, 2023, 14
(3): 1387-400.

[36] Knox NC, Forbes JD, Peterson CL, et al. The gut microbiome in
inflammatory bowel disease: lessons learned from other immune-
mediated inflammatory diseases[J]. Am J Gastroenterol, 2019, 114
(7): 1051-70.

[37] Fu YP, Feng B, Zhu ZK, et al. The polysaccharides from Codonopsis
pilosula modulates the immunity and intestinal microbiota of
cyclophosphamide-treated immunosuppressed mice[J]. Molecules,
2018,23(7): 1801.

[38] Zhu YQ, Chen BR, Zhang XY, et al. Exploration of the
Muribaculaceae family in the gut microbiota: diversity, metabolism,
and function [J]. Nutrients, 2024, 16(16): 2660.

[39] Wastyk HC, Fragiadakis GK, Perelman D, et al. Gut-microbiota-
targeted diets modulate human immune status[J]. Cell, 2021, 184
(16):4137-53. ¢14.

[40] Han F, Wang Y, Han Y, et al. Effects of whole-grain rice and wheat
on composition of gut microbiota and short-chain fatty acids in rats
[J]. J Agric Food Chem, 2018, 66(25): 6326-35.

[41] Wang H, Li ML, Jiao FR, et al. Soluble dietary fibers from solid-
state fermentation of wheat bran by the fungus Cordyceps cicadae
and their effects on colitis mice[J]. Food Funct, 2024, 15(2): 516-29.

[42] de Vos WM, Tilg H, Van Hul M, et al. Gut microbiome and health:
mechanistic insights [J]. Gut, 2022, 71(5): 1020-32.

(i : ST )



