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Effect of Probiotics Complex on Improving Antibiotic-associated
Diarrhea in Mice

LU Liyi', GAO Yecheng*", CHEN Junlong', GUO Yajuan',
LIU Hualin', CHEN Chang', MAO Xinliang'*"

(1.Perfect (Guangdong) Commodity Co., Ltd., Zhongshan 528400, China;
2.Inner Mongolia Agricultural University, Hohhot 010018, China;
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Abstract: Probiotics are frequently utilized in clinical practice to mitigate antibiotic-associated diarrhoea (AAD). This study
aimed to assess the efficacy of probiotics complex in ameliorating AAD and to elucidate the underlying mechanisms. AAD
was induced in mice using a mixture of three antibiotics. The impact of the probiotics complex on fecal properties and
colonic tissue structure were evaluated, alongside the expression levels of genes related to intestinal barrier function, short-
chain fatty acids, and the structure of the intestinal microbiota community. The results indicated that probiotics complex
significantly reduced fecal water content and consistency score in mice (P<0.05) and significantly increased the levels of
acetic acid and butyric acid (P<0.05). Furthermore, the administration of probiotics complex notably up-regulated the

mRNA expression levels of intestinal tight junction proteins ZO-1 and occludin (P<0.05). Moreover, probiotics complex
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partially mitigated antibiotic-induced dysbiosis by promoting beneficial bacteria proliferation such as Lachnospiraceae, and

reducing conditionally pathogenic species such as Pseudomonas aeruginosa. These results suggest that probiotics complex

has the potential to alleviate AAD symptoms, through modulating the gut microbiota and their niche, strengthening the

intestinal barrier, and increasing short-chain fatty acid levels.
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YrAEZ IR PR VR 7 4 e B e 20 HUR DL 2
Wy, ISP OAR 2R X A RS A A E A EA I
FH o P A FAH e M B 15 (Antibiotic-associated
diarrhoea, AAD) EHT A FIGIT T IYH WA RV Z
—, HUERERBAE ET, 24 5%~35% WU EfEbiAEE
VR WIME sah o B AADM, R HFEZAE AL
BN AAD R IRHLEI S AAEE, P
] H M M RE Ik 5 | i B 8 B Y e R S
JNTT 35 A B AE F e [6) 3 e B00vs T 104 2 BRI G
Kt

2 26 B T R T 1 18 RV S IO R L B
58 5 R 55 B S BE . 00 og e B i B PRt R
T AAD BT FIVG YT LA RSB AT B
o B A R LA s A T, OIREL
FFEE AN ZLAT B (Lactobacillus plantarum) . V&R
FLATE (Lactobacillus acidophilus) . FRZENEFLFTFH
(Lactobacillus rhamnosus) GeWe V8 77 18 I J7 i85
P, 520 i B AR A RIS AR, [RIR AT
IR BEBT A 20 A Rl B il 472 5 2 R ] R G
HUARGRE R SR 071, RUB A BT DU T g 2 1 i 3 B
HE R, ) B Lo SO T (AN AR TR ) i 3 5, &%
i B B A BT, HArTi b g5 AR v
DI —TARRHIFIE 2 o AN R A 5, #HE T
B —PRIMR, B G 25 A4E R R T 22 H AR AT RE A0
PrlEIVE FH R PR AR I R AT AN A 10 wa 260 WF
FE R 5 A KT 1 ( Bifidobacterium longum) |
FEMRZLAT B8 A2 17 BRI (Enterococcus faecalis) 15
A= A I T BRASPLAE R 5 R E E R R R R R
R, kA, A 5T 2R BH IR A LA A B XLTG11
(Bifidobacterium lactis XLTG11) . THEFFFE Zhang
(Lactobacillus casei Zhang) . fH¥JZ AT CCFM8661
(Lactobacillus plantarum CCFM8661 ) Fl FZ=HEZLFT
Bl Probio-M9( Lactobacillus rhamnosus Probio-M9)
ZH B 2 G ik A TR SR BB 1238 Ak I 75 g 1 pRI e RN
SR i1 5 B D RE B A 2 PU AR AU/ N L AAD
SEARM, SCIGE A T 5 & B R FLAT TR (RE TR ZLAT
W AEIFLAT R . BUEPEZLAT ) A sh P U T B 7L
SV F (Bifidobacterium animalis subsp. lactis ) 2H il
25 tn A A GRS WV E U, AR M AR Tk —
ERIMLHRISE

It , AT B FEim A 3 AAD BERI/INER, A
25l b Bz 25 AT BE . I E v B R AR R A Ty
RIS G 2k 2B TR G E L LI 2 & 2524
R BT AR HE AT 22 i 8eIs =y o

1 #MR5RE
1.1 MRS5S

SPF ZilfetE 6 M 18~20 g BALB/C /ML &
B RS ARG, AR ATIE S SCXK (H)2022-
0002; 25 A= B8 il 57) (A8 9 ZLFT B& LPPerfectus®001+
B ZE M ZLAT B LRPerfectusTM 158+ 5L Z= M8 ZLAT B
HNOO 1+1& 12 FLAT B NCFM~+3)) 4 B AT 5 FL 7 Ff
HNO 19+ REEFHEEHIR R AP+ IEREHY) TR EECAMIG
T 1.0x10"° CFU/g GLZUF TRk 1.9%10'° CFU/g,
KUBAT B A 4.0x10° CFU/g), 5226 42) H AL
BHBRA T ek 2 b REFRHHA R
s SRR 35 Sigma A F]; EEEE JbaT
LR A )N ] DNA $EBGAF & poili H R
FABRAF; RNA #2807 & b e Xk
F A PR Fl; DNA Prep ik5) & 32 [E Ilumina 2%
] ; QPCR Master Mix . HiScript III RT SuperMix for
gPCR  Fa st it MERE A YRR A A B F] o

JCS-110001C Hg 7~ R~F  EE A7) ; KZ-
II-FP & EH LU IR YR A YRS
PR F] 5 3-30K &0l 36 [E Sigma 2\ H]; Synergy
Hlm ffFFRi% 22 BioTek 4\ ); LightCycler 96 3¢
StEH: PCR Y FHi—t: Roche 23 H]; Agilent 7890A <,
AEIEIL . Agilent 5977C BT 2B EZEHEENT;
NextSeq2000 I FF 4% & [E Illumina 4\ & ; Eclipse
Ci-L TEE FOGAREIME:  H A4S Nikon 23],
1.2 SLWHE
1.2.1 shiored 52525 FF 30 JHU/NEGE R R SR —
JEJG, BEALSA 3 U 7080 a5 P4 . ALl B
AR, B 10 H dELN], 25 S T 55 A
AR =R 27 v B, BRILH M 2B 2k A PR R R T
PUAERIEGH MW EMEEZR 0.848 g/kg+Z N ERE R M
0.942 g/kg+HEFF 25 0.471 g/kg) WEE A, #ELE 7 d, &
H 1R, @GR, ARPERTHar sl 15 1 &
AR 25 T2 6 26 A IR B 1.85 g/kg, 25 FI4H
FIAR IR 2H 25T iR Eh 2% P, ¥ B 4B 0.1 mL/10 g,
H 1K, #EL4525 7 do A st s E 345
ToEFUTA) A HEAT RS 7 S e 2 5y S5ttt
(NO: WM-GD-DWO006) .
1.2.2 EHEFR RNEG PPl XSS/ BR— s A= R
AUk BA KRB FEIRREE), JRTSARAR S
FE S KBS B S TVl . AT T A WA
HE: /NEUE AR, RSP 22 e, NLETS8S, Jee A I ik
V5300, AR ZH 525 P 2H AR b, 34 S K M (E A



%465 5 oM

REARAS , 4F: A aa i ke N AE R ARG RO - 365 -

BEVF o HATGeit 22 55t FEPR IS pn iz (UL
El 1) 28 a OB, ZEELEHIEAR, A5, 2 1 535 b2
JIAEC SRR, AN W, S 2 5 c AR iUE,
W, oy 3 500, FENERAUIEE /N 2 h NIRRT LSS
{E-F EP 4, BREJS 100 C fHEHME 2 h 25884t
RS, FRRFREIT A ZME K

FEFR - FEH

Shes goE Al L £ =
FAEEKE (%) = —— ———x100
AR wE e

g *

17} 24} 3%
BT SRR

Fig.1 Scoring criteria for fecal consistency

1.2.3 Z5meH 28l )y WU Bt sm s i H 2L, A
4% RIZ R EE 24 h 5T a e A,
I F 75 A 22 A 41 4L 4 (Hematoxylin-eosin staining,
HE), W45 i U0 v it BRAE O

1.2.4 JigiE B FRAH G HE N SRk /K F - FIHZEGE
£t PCR A I fizy 18 B¢ bt B8 %% 3% #2281 occludin .
claudin-1 Fll ZO-1 Y mRNA Fik/K W, HLZ) 50 mg
LI H LA, tH S A 5 02, 2 IR R vd B
FHATEE B AL S RNA $EEUN S 5% 585 cDNA
A8, LI cDNA S5t il if ChamQ SYBR Color
qPCR Master Mix %ﬂ*{‘fﬁﬁ"]?l%(rﬁﬂﬂiﬁ D47
Y3, A SOCE SRR TE RN . SOVARFR:
10 uL. gqPCR Master Mix, 0.4 pLL Primer 1, 0.4 uL
Primer 2, 1 pL ¢cDNA, 8.2 uL ddH,0. JZWz&f4F: 95 °C
WIAEPE 305,95 C. 10's, 60 °C. 20 s, I 40 K .
LA 2744 A H iRl mRNA AEXTERIA Ko

#£1 5/9F5
Table 1 Primer sequences
A E G 1#)(5-37) B 51#(5-3)
poactin  CATTGCTGACAGGATGCAG  TGCTGGAAGGTGGACAGT
AAGG GAGG
occludin - CCCTCTTTCCTTAGGCGACA ggCAAGATAAGCGAACCT
claudin.; GGACTGTGGATGTCCTGCG  GCCAATTACCATCAAGGC
TTT TCGG
70.1 GTTGGTACGGTGCCCTGAA GCTGACAGGTAGGACAG
AGA ACGAT
1.2.5 S0 %% N8 i e & & 00 2 E A PR EL (0.05+

0.001) g ZEfE T EP &, A 0.75 mL B2 (1.0%
V/IV) TR, TINASRER IRTETR S VK75 10 min, 1E
12000 r/min. 4 °C 54 F &0 10 mine HU Y 200 pl
F3 EP &, A 500 pL B 3ER0T S, R ETR
AR VK F#EFS 10 min, 76 12000 r/min., 4 °C 451F
TEC 10 min, B F3E 200 pL TR ERI . (635 5

T AF: BERE I 1 pL, RO R AR, 3% A
1 mL/min. #FFEFEE 240 °C, B-FIHRIERE 230 C,
T E 240 Co Ry THEA 87 EE 80 °C, £/
FF 1 min; ZX5LA 5 °C/min FHEZ 150 °C, 4E£F 0 min;
LA 40 °C/min FJHEZE 230 °C, 1%+F 8 min. X N
AR, 2R 3.0 mL/min,
1.2.6 /NEEEMEWEHEAT SR 5 HU/NR,
B s/ FEMEHEE DNA, s/ relE, maEs
#% B4 SC 7 38 3 Tllumina NextSeq2000 “F- & i 47
FFo T HELAIFEPE Raw data, i81d kneaddata i
A7 5 B P o H 2 B 1 £ )7 2145 3 Clean data, i i
FastQC X} Clean data #E47 R & PEAG . #R 5% Clean
data FEAT 4 | FE PR T0OIN A2 &, R A5 B 3L S
NR FHEVEAT LEXT, SRASFEAS AR 725, 46
IR R, SEATRPSLE Al AHOCHE L VR A

P ZR S — RS4RI Ak
1.3 HiEasE

BRAZIE RS MBI ] SPSS 27.0 #1475
AT, W IE AT BT 225 R ] ANOVA
S3HT, AN R IEZS A0« 7 2255 B R A E S50
5. YEEEA4dH Rstudio v4.2.1. GraphPad Prism 8
& Cytoscape v3.10.2,
2 FBR55H
2.1 NERAIRWEL

RPN — RS S IE S LEE R (K 2), B4
A WX AAD /NI IE TS RE IR B A — @ iR AE
FHo w@EsAE], 25 A4/ BUERUIRES R -, BAOG

A 100+
%
80 H
g
i 60 — b —
f T
Qn
@ 407
&
20
0 T
SE4A MO
241 5]
B 4- i
*k
3_
& .
B
P
= 2] N
=
b T N
Nl
0 T
214 |
20 51)

K2 /R
Fig.2 Diarrhea degree of mice
LE: ¥327R8 P<0.05, **F7R P<0.01, [ 4~5 6 [F].



- 366 - i Tl B

2025 4F 5 A

& BEOATT 145 AR WLAT i Hogs el /N B A
K ATBIAREIC T FBSr/ N E B R BIE H oy Ly
ZEE, AFIEERE DRI E T . 52 A
FHE LY, ALRIZH /N ER A2 B K i M RIS P53 H =
BEHN(P<0.01), BEHAEA NT . SEEBRIZAAHLY, &
2B PR ZE AT S 2 KA/ DN RS Bk & L IBTE PP 4y
(P<0.05),
2.2 SRATRIBIER ST

HE Y25 R BoR (E 3), 25 A 8UB 4,
FIER, IRE R T . BIAILH AT I E G 2R e 4h i
iz R K. B A A A EA RS
AR L, IRAARHEZ 3 55 H BB R ZH B 5%, o Dl
fbss A g, ULBHAE & 25 A2 A s/ N B T A4
Fa) B FEAE -

[

.

.

A B C
3 S LSS0 A S (HE e, 200%)
Fig.3 Pathological observations of colon tissue in each group
(HE staining, 200x)
TE: A% BRI CEG A WA . SO kigmke
ARMIFR I, LT R IR IR 5K

2.3 EEEEER mRNA REKE

BB A B IE bR dn I EE ik 5 S
12, dif5 B e ol Ae, HDhBE RS AT G 2Ul iE
AR, gl R EIEY, Hod, claudin-1.
occludin 1 ZO-1 J& FE YR BB H, 1] 1 TIF
Al B E DI RRIREE R, W 4 fros, AHEE T
25, BRRILH/ NRE5 1 occludin, ZO-1 F claudin-1
FARIKT- i R (P<0.05), AT AL i
IEPERETDIRESZ . SR A L, B A A pEgH n] i
Z L occludin I ZO-1 ) mRNA & ik /K - (P<
0.05), i claudin-1 FiX/KF-IRE EIHES . Li 450
IR A 2 AR B R AT k2 R s AN PO AR S
AAD /NREGE AL ZO-1. occludin. claudin-1 FN
MUC2 1) mRNA FRiK7K3-, A3 BRI 7038 e B ) 5¢
TP, SRR RAML . DRGSR, B 528
A= TR AT A R v B I A R Y mRNA
FHXTFR ik i, 22 AAD /N Bz 8 R EE DI RER A5, [
(R R 7, TG NE VB AR DGREIR
24 RS ETW

J5 4% I8 i Bk (Short chain fatty acids, SCFAs) J&
T B R 0 AR, AU R 4H i
PRALER B A E SRR A, T B AR B B AR .
SR L INE A B 5858 iz T ot i S e B Pk T ke R O
YEFR, & 5 AT, B RIZH 525 H4HAH L, 2R
TRTRFN TR & i A b 2 s/ (P<0.01), UaBHPTAE 3
(AR IR 2B TR, 46 TR AL RE, &

>

w
|

*

ZO-1 mRNAMIRFF kK
1 T

=]

2= HA Rl B
215
B &
HMN_ 2.0 ®%
|
fﬁ 1.5
>~
S
§ 1.0
Z 1.0
g
£ 05 A
<=
=
S
© 0 L | L] L
A MR AR AL
2115
C X *
% 20 .
|
% 1.5+
ig
1.0 a
:
!
£ 0.5 ; ;
3
S
G R l’ e LI ;Al .
ZEHH BiRIA  EASERA

215
Bl 4 /INEU) T8 B RE PRRE X 2Rk K7
Fig.4 Intestinal barrier related gene relative expression
in colonic tissues of mice

100y SEM4L CABIAL 0 AL

sk *

(pmol/g)
=
|

i
s I

&1
{é d
0.14
0.014 % '_x—l %
0.00] sty =T L —
A P2 T

K5 /NS EENR IR & B

Fig.5 Short chain fatty acid contents in the feces of mice

SHENE N

A

15 TR S B A AR 1 i 25 N (P<0.05), TR 7
ER D HEIC R . IRFIPTAE RS RS
IEPEHEEREL, 1T RE B IE TP AR iR R L S &
g BRaZBH, 1/ SCFAs B ik, HEMREAREs i %) i
i JTRIK B, 55 % AADPY, WFSE R, 25 2R
Al A B SCFAs 552077 SCFAs M4 PR & LT 3G
BLAYFAEE (CANFEARZEE pH A4 SUKSF), et SCFAs



5% 468 5 9 Bl , 45 52 A A A e NI ZARSEY RS PR - 367 -
B AFREAER 52—, Ea A o Ji 8 GRS, 10525 a0k A= TP A B )] sl A2 /1N Bl

fig . PNFR AN T 1R S i A S Mg e s, SR & 25 4B T
XJHiE SCFAs WA HEA —E eI EH

2.5 FBEERREESEESN

2.5.1 JHIEWBEZAEME RIS o ZFEMERENE STk
i R R R T RN RENE, B 2R I ML 2H
Je Z2 20 TR T R L S A DR I R AR LE AP 2
anE 6 fras, B EIZH /)N B 1% i B B A9 Shannon Fl
Simpson ZAEMEFEEIII B EMICTF 25 4 (P<0.01),
25T 525t RS TR A 2 15+ (P<0.01) o
RPUER MR SCRIE IR TE A, BN

A

sk k

oo}

iE TR ZREME . PCoA G55 WoR AN A Ab R 22
ME] i)/ BRI B B B ES A T 35 X 40, B AN [RI2ISHE S
TR AH SRR E e TR e, 25 e AR & 25 2B PRZH
PR i, RARAE W] — @B _ WK E FiE
gy

252 GEEEEYFAH AR 18 R ST 2
S EFIBIETS ST ZAR M EZEZ R EP, S E
AR /)~ B 18 TR A S SR BE AT 10 A9 490 Bl A8 45 20 1H)
Y LB A8 AL, 2 T ARXT FEEATR EI(E 7)), JERE
B ] ( Bacillota) 7E 25 FH 20 5 19 SF 289 A0 XF 3= 3 R

Hox
sk

4 d 1.00
L_o o° J
= 31 % 075 ===
T e
g == g
£ 2] Z2
s £ 0.501
» %)
1.
— 0.25 |
EE R BAisA k| G EIUE Y - R e N |
C D 1
s =S AN 08
0.4+ " .
’ By ivEC | —— T T 1
o St A3 e i NERENNNNEN Group 0.6
X O 5wl M2 .
<+ 0.2 M2
g M35 0.4
~ M3
v M4 02
o C3 .
@)
a \ Cl
02 C2 0
C4
. Cs Group
—0.4 i on
-04 02 0 0.2 0.4 4% B = S
PCoAI (54%) i
====. P5 . Eufni[ﬁéﬂ
oN—wnen <t on— <tV —<tAonwn
SSS55500000A AR A

Kl 6

NEE R o ZRAESERA B 24 ré,nﬁ'ﬁ

Fig.6 Alpha diversity and Beta diversity of intestinal flora of mice

[E: A.Shannon ZFEMEFEEL B.Simpson ZFEETERG C.PCoA FALKR T —ZEHET F; D AFIAIOCHERIZ . 18 D i C:

FEAIH P B A& .

A 100
—~ 751
é
fo
E g
=
254

0_ T

25 1A BOMAL A

Pseudomonadota m Thermodesulfobacteriota
Bacillota Campylobacterota
Bacteroidota = Chlamydiota

Unclassified bacteria phylum = Verrucomicrobiota
Candidatus saccharibacteria Others
Actinomycetota

w Pseudomonas aeruginosa

m Klebsiella quasipneumoniae
Unclassified Bacteria species
Klebsiella pneumoniae
Lachnospiraceae bacterium

m Unclassified Klebsiella species

25 H4l; M:

B 100+
751

50+

AR (%)

254

RO E5imAEWdl
Unclassified Enterobacteriaceae species
Unclassified Bacteroidales species
Muribaculaceae bacterium

m Escherichia coli
Others

0_

ZFIg



© 368 -

1 Tl B

20254 5 H

23 S T A NS g

Family Species = Iflﬁﬂ /= Eféﬁﬂ .l ﬁidili]éﬂ

| | | ! '
Enterobacteriaceae Klebsiella_quasipneumoniae :
Enterobacteriaceae Klebsiella_pneumoniae
Enterobacteriaceae unclassified_Klebsiella_species
Enterobacteriaceae unclassified_Enterobacteriaceae_species
Enterobacteriaceae Escherichia_coli
unclassified_Enterobacterales_family unclassified_Enterobacterales_species
Lachnospiraceae unclassified Lachnospiraceae_species
Lachnospiraceae Ruminococcus__gnavus

Lachnospiraceae
unclassified_Clostridia_family
unclassified Pseudomonadota_family
Enterobacteriaceae

unclassified_Blautia_species
unclassified_Clostridia_species
unclassified_Pseudomonadota_species
Klebsiella_variicola

Enterobacteriaceae Enterobacter_hormaechei

Lachnospiraceae Faecalimonas_umbilicata

Enterobacteriaceae Citrobacter_freundii

Oscillospiraceae Acutalibacter_sp_

Enterobacteriaceae Klebsiella_oxytoca

Lachnospiraceae Blautia_producta

Enterococcaceae Enterococcus_gallinarum

Pscudomonadaceae Pseudomonas_aeruginosa |
ified G  family ified_ ia_species ]

Pseudomonadaceae unclassified_Pseudomonas_species 1

Moraxellaceae unclassified Acinetobacter_species

Xanthomonadaceae Stenotrophomonas_maltophilia |

Moraxellaceae Acinetobacter_pittii ]

Burkholderiaceae unclassified_Burkholderia_species

Alcaligenaceae Achromobacter_deleyi

Brevibacteriaceae Brevibacterium_casei

Moraxellaceae Acinetobacter_guillouiae

Moraxellaceae Acinetobacter_baumannii

Burkholderiaceae unclassified_Cupriavidus_species

Alcaligenaceae unclassified_Achromobacter_species

Burkholderiaceae Cupriavidus_metallidurans

Lachnospiraceae Lachnospiraceae_bacterium

unclassified_Bacteroidales_family
unclassified_Bacteria_family

unclassified_Bacteroidales_species
unclassified_Bacteria_species

Muribaculaceae Muribaculaceae_bacterium
Muribaculaceae uncultured_Duncaniella_sp_
Oscillospiraceae Oscillospiraceae_bacterium
Muribaculaceae unclassified_Muribaculaceae_species
Rikenellaceae Alistipes_sp_

Rikenellaceae uncultured _Alistipes_sp_
Prevotellaceae unclassified_Prevotella_species

unclassified_Eubacteriales_family
Bacteroidaceae

unclassified_Eubacteriales_species
Bacteroides_acidifaciens

Bacteroidaceae Phocaeicola_sartorii
Muribaculaceae Duncaniella_muris
Muribaculaceae Duncaniella_freteri
Lachnospiraceae uncultured_Acetatifactor_sp_
Muribaculaceae Muribaculum_intestinale
Oscillospiraceae Lawsonibacter_sp_
Lachnospiraceae Lachnospiraceae_bacterium_MD335
Eubacteriaceae Eubacterium_sp_
Oscillospiraceae uncultured_Oscillibacter_sp_
unclassified_Bacillota_family unclassified_Bacillota_species
Muribaculaceae Paramuribaculum_intestinale

unclassified Bacteroidales_family

Muribaculaceae

unclassified_Clostridia_family
sfied Candi Sacch

Bacteroidales_bacterium
uncultured_Muribaculum_sp_
Clostridia_bacterium

X ibacteria_familyCandidatus_Saccharib ia_b
Bacteroidaceae uncultured_Bacteroides_sp_
Bacteroidaceae unclassified_Bacteroides_species
Muribaculaceae unclassified_Duncaniella_species
Oscillospiraceae Oscillibacter_sp_

Bacteroidaceae unclassified_Bacteroidaceae_species
Muribaculaceae Duncaniella_sp_

Oscillospiraceae unclassified_Oscillospiraceae_species
Prevotellaceae Prevotella_sp_ MGM1
Rikenellaceae unclassified_Alistipes_species
unclassified_Bacteria_family uncultured_bacterium

Clostridiaceac Clostridiaceae_bacterium
Lachnospiraceae Dorea_sp_

Oscillospiraceae Angelakisella_sp_

Clostridiaceae Hungatella_sp_

Muribaculaceae Muribaculaceae_bacterium_Isolate_104_
Lachnospiraceae Acetatifactor_sp_
unclassified_Bacteria_family bacterium_J10_2018_

Rikenellaceae Rikenella_sp_

Prevotellaceae Prevotella_sp_ MGM2
Prevotellaceae uncultured_Prevotella_sp_

unclassified_Eubacteriales_family
Lachnospiraceae

Clostridiales_bacterium
Schaedlerella_arabinosiphila

Bacteroidaceae Bacteroides_fragilis

Bacteroidaceae Bacteroidaceae_bacterium
Bacteroidaceae Bacteroides_caecimuris
Bacteroidaceae Phocaeicola_vulgatus
Rikenellaceae Alistipes_sp__776

Prevotellaceae Prevotella_sp_ PTAC
Tannerellaceae Parabacteroides_merdae
Tannerellaceae unclassified_Parabacteroides_species
Bacteroidaceae Bacteroides_sp_

Odoribacteraceae Odoribacter _sp_
Erysipelotrichaceae Faecalibaculum_rodentium
Muribaculaceae Heminiphilus_faecis

Prevotellaceae Prevotella_sp_

Rikenellaceae uncultured_Rikenella_sp_
Rikenellaceae unclassified_Rikenellaceae_species
Oscillospiraceae Acutalibacter_muris

Tannerellaceae Parabacteroides_distasonis

& 7

o-
—
[\
-
.
W
=)}

LDA SCORE (lg)

A4/ U8 BRERR LAY

Fig.7 Intestinal flora composition of mice in each group

TE: AKX B2 5 B OKFAHRS 2 B2 5 C. LEfSe 2304

R LR 98.68% . AT E A is A E R, A
FIARXS = By /b, TR [ ) AR XS S EEBE i, 4351 A
80.71% F1 13.64%., JEBERN ] M I1EH FiEH £

36.57%. FHE T 25 HH, BRI /N R I E S RE 5
FIAEXT 35 B 20 2D, S & EE<0.20%; 5 i B
] (Pseudomonadota ) AH X == B2 8 i HL 5 48 X405 %,



%465 5 oM

B , 45 S a s R e NPT RSP E AR

© 369 -

WA EEISE =2 —, A& BIR Bl (Lachnospiraceae) |
B fiE AL (Oscillospiraceae ) 25 A 22 25 4= 18, FLE
T A R T g R

FEFP AR, AR TR 2H 4 23 (B PR B8 ( Pseudomonas
aeruginosa) 5 tb 7 83.93%, H.A4FF 5 Fb)<1.00%.
LEfSe 45 7R & B (& 7C), BRI 41 = 2 & 54
ZRARL PR PR AN AR 43 254 TE BT (unclassified Gammapro-
teobacteria species) 45 . SHIBILAAH L, B &2k
PRIZH P £ R A R AR XS B2 2 1.11%. [RIRY, 1
TE PR 2R L) R A= AR A, AT PR TR RP
S, MRS B SN A E i . A A AR T
2H & % A Ruminococcus gnavus. Blautia Producta
F Faecalimonas umbilicata R BIRHRG 28
W, DA RN R v B AR QTR (Klebsiella quasipneumo-
niae) . i 56 EAA G (Klebsiella pneumonia) %5/
PER . BIRERH RS 5 Z A EEIR IR -G 0,
4N Ruminococcus gnavus . Blautia producta 1 Faeca-
limonas umbilicata YJA W58 B 558858 DT /K-
B F v 5 IE AH & B2 1 Ab, Blautia producta
TESNTRIIEAE SN . HEF 18 57 . 9] TLR4/NF-
wB B R A R T AR TR XS
o H e B a5 i & B, Ruminococcus
gnavus X Blautia producta 1 1F & HEUP 4L, n] %
fR I HYMBEIE LI E CDS'T g iyiGifh, HELE 4,

Blautiggproducta

EHWJE ) 2 REIERRPO, ASERIZH LA SR AR AN PR o 44
S CE, B A TR T, (EAE RS S5 T 23728 B0
XU =4 a3 . MIRAPUAER G A E IS5 IE
TR EIA, SRR SR M A R 3 SRR EXT AR 2R
FAPLrEmi R m g gH, U I AT LU 8 I
S ARt SEAR L, 25 35k A ARSI A
RN, R LU T Sy S, SR REES i) H—
RE LB R RS, 33X m] BE RIS B TR B B .
Kk, 26 754 oA AT 25 YA ig 38 B B AP IS 2H Bk, R
BIRGERL ] G R I I AT P R E TR
2.53 WEREEEIRYE ik AT BIR R R A
TEGIBEFEREP IVE, 35T Spearman AHICHMH: REH
AR A RIS . aiE 8 A, IR
B B} 4 Fh 4 unclassified Lachnospiraceae species.
Blautiaproducta . Faecalimonas umbilicata %5 51 %}
4325 B HALI R, Kz ERE R (Enterococcaceae)
AR iE PR B (Oscillospiraceae ) 25 HoAth p= g 4% A5 By
PR YA 2o RS2 TEAH DR, 1T Bk )2l 5 i 2R A5 o
W R EABIE T . R 53 2SR T (unclassified
Pseudomonas species ) ZE 5P EUR B UAHZE . X0
TE T KR RSB ZLAT oA . BB IRFLAT RS as AR T
Al i A T BB PR R R INT Y, A 2 A
Bl A B AT 0 w1 B80S B e FE Y, [R] B e AL BT 1)
AR AEE B R

I«mum'mnnm_.biﬁm, Copvxn._gp_l'ﬂ’l’m&!
undlassi ifia,_ specics Jamu;’anjmm
unclassified ‘mwmﬂmf-s ‘ Enterocheus gallinarum
o [ ] unclassified_Bacteria_family
Pros irabilis u i : N E s faecalis . .
i — S [ ] Oscillospiraceae
oz A unclassified_Clostridia_famil
iz £ — ] - _family
: i |:| Enterococcaceae
i@l P S i s [ ] unclassified_Pseudomonadota_family
R -y ‘ [ ] unclassified_Bacillota_family
| ‘ [ ] Morganellaceae
Psewdorfiony peruginosa 71 Kiehsiella prewmoniae . . .
) I unclassified Eubacteriales_family
RSB A : I unclassified Gammaproteobacteria_family
unclassified Bacillors species’ - unclissified Enterobacteriaceae_species .
R, ; 7] Lachnospiraceae
LN ! 4 [ Peptostreptococcaceae
sl Bactria $pecies - Exchanthia col
RN e [ 7] Pseudomonadaceae
K ‘ - unclassified_Enterobacterales family
unclassifidd Clistidia species Salmionella._enterica .
AN 7] Enterobacteriaceae
mdmﬁm.wlmleg el o AT Klebsiella variicola TEARSE
S e S . < /2 Jii:PS
unchssfedcirides-spoces > S o Kbl wotocn
unclassificd_G pcteria specics. : Cltro@@ler. freundii
- Thseliupichiganonss

K8 HHEILBLMZE b
Fig.8 Co-occurrence network of intestinal flora

TE: B PP AU RAIZ ] F BT 30, AHICE>0.6 H. P<0.05 AR, MR/ NEIRIZYIFF L

3 g

AWFFRFH =B ERFHET AAD /NEE, 3%
LR TR ERAR 7 d)5, /DRIEEE SR M,
a7 b P VIR VAN EE 11} | L= e/ Al = 2E A ey S I 2
g, Al R i R M (claudin-1 . occludin F

ZO-1)1 mRNA FRik/KF-LU R EERR TR (18 . 7
PR AN T 1R & 5 BT R BT R, 52
ARH—EREE LT T AAD /MR IE R RER
7, WIS WA Y ZREPE, L Ruminococcus
gnavus. Blautia producta G EIR EEHT 35 1A



- 370 - £ Tl B4

2025 4F 5 A

TEZH R E A . WO, R AR D B RS HoAt
A 2t B A IR AR SG, 1T -5 B0 B A PR EUH A2 A
O, HEMHAEAD TR ZOMN BRIGSE | G IE PR S 5R
DRerh AR E B E I o B AR SRS R AT, g
PRFUFTER . AEIFUATRR . BREASHEZLAT B A Sl DU
P FL AN ZH B A2 5 i AR PR A A Y B i B el
REAREAE I, P LA a5 oA TR B, 0 =0 i
AR, TR I i T TR RN 5 i T G R D RE,
IRBNEAFPTAE ZAR SR VS SR AR . AT RE T
it A2 BT T [A)50,  TE B S AR 1 R S8 4
WA . HRTAESEERN A, & T aa A= B T i< ¥ 0
GE—FrifE, IS 2t AR A T FH iz 18
BT AAD s A0 . LA h, ASBTTEAR S
T I ek DR TR Y 5 A5 T T AN R ) i A TR A
FEAE Y B, XS TEARIBTTE TP AR A
EZN

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 3k
[1] LI'W,ZHANG S, WANG Y, et al. Complex probiotics allevi-
ate ampicillin-induced antibiotic-associated diarrhea in mice[J].
Frontiers in Microbiology, 2023, 14: 1156058.
(2] %R, HAF, REk 5 ETHERAHRA GRS &4
WG sT Ak FARRMMLS (1], M5B E E 25,2023, 34(9): 2049-
2053. [SU G, YANG G Y, ZHANG G X, et al. To study on the
short-term treatment of antibiotic-associated diarrhea with Gegen
Qinlian ecoction based on intestinal flora[J]. Lishizhen Medicine
and Materia Medica Research, 2023, 34(9): 2049-2053. ]
[3] w35, RBE, BnE F IUMERTARETEFF IR
BB T]. P R AEE R E, 2020,45(8): 825-833. [ YANG
L J, LAI Z H, GUAN S M, et al. Study on diarrhea induced by sev-
eral commonly used antibiotics in mice[J]. Chinese Journal of An-
tibiotics, 2020, 45(8): 825-833. ]
(4] 547, AR B. AW EILERAFAA MG 2R &
(J1. ¥+ B 5 AILA 4 &, 2024,39(1): 36-42. [ ZOU B, SHU S N.
Application progress of probiotics in the antibiotic associated diar-
rhea in children[J]. Chinese Journal of Practical Pediatrics, 2024,
39(1):36-42. ]
[5] MEKONNEN S A, MERENSTEIN D, FRASER C M, et al.
Molecular mechanisms of probiotic prevention of antibiotic-associ-
ated diarrhea[J]. Current Opinion in Biotechnology, 2020, 61: 226—
234,
[6] WANG J, JI H, WANG S, et al. Probiotic Lactobacillus plan-
tarum promotes intestinal barrier function by strengthening the ep-
ithelium and modulating gut microbiota[J]. Frontiers in Microbiolo-
2y, 2018, 9: 1953.
[ 7] TURRONI F, MILANI C, DURANTI S, et al. Bifidobacteria
and the infant gut: An example of co-evolution and natural selec-
tion[J]. Cellular and Molecular Life Sciences, 2018, 75(1): 103—
118.
[8] FERNANDEZ-CIGANDA S, FRAGA M, ZUNINO P. Probi-
otic Lactobacilli administration induces changes in the fecal micro-
biota of preweaned dairy calves[J]. Probiotics and Antimicrobial

Proteins, 2022, 14(5): 804-815.
[9] ANDERSON R C, COOKSON A L, MCNABB W C, et al.
Lactobacillus plantarum MB452 enhances the function of the in-
testinal barrier by increasing the expression levels of genes involved
in tight junction formation[J]. BMC Microbiology, 2010, 10(1):
316.
[10] KOPP M V, GOLDSTEIN M, DIETSCHEK A, et al. Lacto-
bacillus GG has in vitro effects on enhanced interleukin-10 and in-
terferon-y release of mononuclear cells but no in vivo effects in sup-
plemented mothers and their neonates[J]. Clinical & Experimental
Allergy, 2008, 38(4): 602-610.
[ 11] VILLENA J, CHIBA E, VIZOSO-PINTO M, et al. Immuno-
biotic Lactobacillus rhamnosus strains differentially modulate an-
tiviral immune response in porcine intestinal epithelial and antigen
presenting cells[J]. BMC Microbiology, 2014, 14(1): 126.
[12] FARKAS O, MATIS G, PASZTI-GERE E, et al. Effects of
Lactobacillus plantarum 2142 and sodium n-butyrate in lipopolysac-
charide-triggered inflammation: Comparison of a porcine intestinal
epithelial cell line and primary hepatocyte monocultures with a
porcine enterohepatic co-culture system12[J]. Journal of Animal
Science, 2014, 92(9): 3835-3845.
[13] XU B, LIANG S, ZHAO 1, et al. Bifidobacterium animalis
subsp. lactis XLTG11 improves antibiotic-related diarrhea by allevi-
ating inflammation, enhancing intestinal barrier function and regu-
lating intestinal flora[J]. Food & Function, 2022, 13(11): 6404—
6418.
[14] FAR, Lo, HRT, F Lo 8L AKRERRIKT a9
AR ], P ESLS Tk, 2024,52(8): 1-11. [ MU L K, SHI X
D, YANG Y N, et al. Study on the effect of compound probiotics on
improving immunosuppression[J]. China Dairy Industry, 2024,
52(8): 1-11. ]
[15] WU J, GAN T, ZHANG Y, et al. The prophylactic effects of
BIFICO on the antibiotic-induced gut dysbiosis and gut microbiota
[J]. Gut Pathogens, 2020, 12(1): 41.
[16] R&%&, STk, FHH, F —HRA LB L ASHARERAT
e & i sh A RATR [T]. AR &, 2023, 29(21): 204-209.
[ WU Q X, GAO Q C, LIANG Z C, et al. A study on the bidirec-
tional regulation of zebrafish intestinal motility by a probiotic com-
plex preparation [J]. Modern Food, 2023, 29(21): 204-209. |
[17] #AAk, SR, BT, £ A THROFI 5D & HHRA
R R Z ey 7k P E, 202010256107.8[P]. 2021-10-12. [ DAI
M Z, GUO S Y, XU Y Q, et al. Conversion method of zebrafish
dose to human dose for efficacy evaluation: China, 202010256107.8
[P].2021-10-12. ]
(18] B, iz, ks, 5. Shih WEAF B SL A XLTG11 %
ARBEEFFHRATMARIBGKEER U] AR,
2023, 44(3):170-178. [MA'Y, WANG Z J, YANG ] Y, et al. Al-
leviative effect of Bifidobacterium animalis subsp. lactis XLTG11
on antibiotic-associated diarrhea induced by clindamycin[J]. Food
Science, 2023, 44(3): 170-178. ]
[19] GUO H, YU L, TIAN F, et al. Effects of bacteroides-based
microecologics against antibiotic-associated diarrhea in mice[J].
Microorganisms, 2021, 9(12): 2492.
[20] CAPALDO C T, POWELL D N, KALMAN D. Layered de-
fense: How mucus and tight junctions seal the intestinal barrier[J].
Journal of Molecular Medicine, 2017, 95(9): 927-934.
[21] R W5 A M 5 sz S AR X R i 3 BfAe i i B 1 2 A
8 K AL B AR X 5 F AUH 69 AF R (D] 2 M 2 K& 2020.
[ ZHAO L. Changes in intestinal flora and intestinal barrier func-


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3389/fmicb.2023.1156058
https://doi.org/10.1016/j.copbio.2020.01.005
https://doi.org/10.3389/fmicb.2018.01953
https://doi.org/10.3389/fmicb.2018.01953
https://doi.org/10.3389/fmicb.2018.01953
https://doi.org/10.1007/s00018-017-2672-0
https://doi.org/10.1007/s12602-021-09834-z
https://doi.org/10.1007/s12602-021-09834-z
https://doi.org/10.1186/1471-2180-10-316
https://doi.org/10.1186/1471-2180-14-126
https://doi.org/10.2527/jas.2013-7453
https://doi.org/10.2527/jas.2013-7453
https://doi.org/10.1186/s13099-020-00379-0
https://doi.org/10.3390/microorganisms9122492
https://doi.org/10.1007/s00109-017-1557-x

%465 5 oM

REARAS , 4F: A aa i ke N AE R ARG RO 371 -

tion in diarrhea-predominant IBS rats and related molecular mecha-
nisms[D]. Lanzhou: Lanzhou University, 2020. ]

[22 ] HAGIHARA M, KUROKI Y, ARIYOSHI T, et al. Clostridi-
um butyricum modulates the microbiome to protect intestinal barrier
function in mice with antibiotic-induced dysbiosis[J]. iScience,
2020, 23(1): 100772.

[ 23 ] BINDER H J. Role of colonic short-chain fatty acid transport
in diarrhea[J]. Annual Review of Physiology, 2010, 72(1):297—
313.

[24] LIU C, SONG C, WANG Y, et al. Deep-fried Atractylodes
lancea rhizome alleviates spleen deficiency diarrhea-induced short-
chain fatty acid metabolic disorder in mice by remodeling the intesti-
nal flora[J]. Journal of Ethnopharmacology, 2023, 303: 115967.
[25] K&, FAE, Thir, . FELERETAARBBIBE R
xR A AR R AT A L] F B 2 4 &, 2022,47(5): 1316-
1326. [ ZAHNG X Q, ZHANG C E, YU X H, et al. Modulation of
gut microbiota during alleviation of antibiotic-associated diarrhea
with Zingiberis Rhizoma[J]. China Journal of Chinese Materia
Medica, 2022, 47(5): 1316—1326. ]

[26] G#, 2HE, L, F. 2R TERMEIER xR
T e RAR AL 6 AF R AL A) [T]. R o T 2k A3, 2025,
46(4):374-384. [ ZENG X R, JIANG C X, LIU X L, et al. Effect
and mechanism of soluble dietary fiber from corn bran on lop-
eramide-induced constipation in mice[J]. Science and Technology
of Food Industry, 2025, 46(4): 374-384. ]

[27] WANG G, WANG X, MA Y, et al. Lactobacillus reuteri im-
proves the development and maturation of fecal microbiota in piglets
through mother-to-infant microbe and metabolite vertical transmis-

sion[J]. Microbiome, 2022, 10(1): 211.

[28] SAKAMOTO M, IKEYAMA N, YUKI M, et al. Draft
genome sequence of Faecalimonas umbilicata JCM 30896T, an ac-
etate-producing bacterium isolated from human feces [J]. Microbiol-
ogy Resource Announcements, 2018, 7(9): e01091-18.

[29 ] MAO B, GUO W, CUI S, et al. Blautia producta displays po-
tential probiotic properties against dextran sulfate sodium-induced
colitis in mice[J]. Food Science and Human Wellness, 2024, 13(2):
709-720.

[30] ZHANG X, YU D, WU D, et al. Tissue-resident Lach-
nospiraceae family bacteria protect against colorectal carcinogenesis
by promoting tumor immune surveillance[J]. Cell Host & Microbe,
2023,31(3): 418-432.¢8.

[31] SATHE N, BEECH P, CROFT L, et al. Pseudomonas aerugi-
nosa: Infections and novel approaches to treatment "Knowing the en-
emy" the threat of Pseudomonas aeruginosa and exploring novel ap-
proaches to treatment[J]. Infectious Medicine, 2023, 2(3): 178—
194.

[32] KORPELA K, SALONEN A, VIRTA L J, et al. Lactobacil-
lus rhamnosus GG intake modifies preschool children’s intestinal
microbiota, alleviates penicillin-associated changes, and reduces an-
tibiotic use[J]. PLoS One, 2016, 11(4): e0154012.

[33] TOSCANO M, de GRANDI R, STRONATI L, et al. Effect
of Lactobacillus rhamnosus HNOO1 and Bifidobacterium longum
BB536 on the healthy gut microbiota composition at phyla and
species level: A preliminary study[J]. World Journal of Gastroen-
terology, 2017, 23(15): 2696.


https://doi.org/10.1016/j.isci.2019.100772
https://doi.org/10.1146/annurev-physiol-021909-135817
https://doi.org/10.1016/j.jep.2022.115967
https://doi.org/10.1186/s40168-022-01336-6
https://doi.org/10.26599/FSHW.2022.9250060
https://doi.org/10.1016/j.imj.2023.05.003
https://doi.org/10.1371/journal.pone.0154012
https://doi.org/10.3748/wjg.v23.i15.2696
https://doi.org/10.3748/wjg.v23.i15.2696
https://doi.org/10.3748/wjg.v23.i15.2696

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 动物分组与给药
	1.2.2 观察指标及腹泻评估
	1.2.3 结肠组织切片
	1.2.4 肠道屏障相关基因表达水平
	1.2.5 短链脂肪酸含量测定
	1.2.6 小鼠粪便菌群分析

	1.3 数据处理

	2 结果与分析
	2.1 小鼠的表观变化
	2.2 结肠病理情况分析
	2.3 紧密连接蛋白mRNA表达水平
	2.4 短链脂肪酸含量变化
	2.5 肠道菌群群落结构分析
	2.5.1 肠道菌群多样性及聚类
	2.5.2 肠道菌群物种组成变化
	2.5.3 菌群共现网络


	3 结论
	参考文献

