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Abstract: The regulatory effects of probiotics on intestinal flora in antibiotic-associated diarrhea (AAD) mice were
investigated. BALB/c mice were randomly divided into 6 groups (8 mice per group). The AAD model was established by
intragastric administration of ampicillin 22.4 g/kg, and the blank group was given the same volume of normal saline. After
the model was successfully established, the positive group was given bifico (8 g/kg), the low-dose, medium-dose and high-
dose probiotics groups (2.5x10°, 5x10°, 1x10” CFU, respectively) were given compound probiotics, and the model group
and blank group were given the same volume of normal saline for 14 consecutive days. The effects of probiotics on the

body weight, rate of loose stool, grade of loose stool and diarrhea index in mice, and the serum immunoglobulin IgA and
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IgG levels, the expression levels of the genes related to intestinal barrier function were determined. The results showed that

compared with the AAD model group, the loose stool rate, loose stool grade and diarrhea index of mice of the three probiotics
groups all decreased significantly, whilst the the serum IgA and IgG levels increased by 13.30%, 20.25%, 25.83% and 6.84%,
19.81%, 29.64%, respectively, the expression levels decreased by 16.88%, 20.78% and 40.91%, respectively, for TLR4, and
by 24.91%, 37.19% and 55.79%, respectively, for NF-xB; the number of viable bacteria of intestinal Bifidobacterium and

Lactobacillus increased, whilst the number of viable bacteria of Clostridium perfringens, Enterococcus and Enterobacillus

decreased. In conclusion, probiotics can ameliorate AAD by regulating intestinal flora and levels of immunoglobulins.
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Table 1 Criteria to determine the degree of loose stool

TR T T E AR /em  ARAF

<1 1
1~1.9 2
2~2.9 3
3~3.9 4
4~4.9 5

1.2.4 AAHFAABEE DR LFLERES
IgA. IgGK-F 492k

RIRG W AERFE 1 h, &4/ R IRIER L,
3 000 r/min &0 10 min, HUILTE 50 2% -80 ‘CUKFH A
R AF I, ELISA 7 45 & W if 3 1gA IgG 7K,
AR BRI B AT
1.2.5 SABHHIFEE ) R MTLRYNF-KB mRNA
P& oE s

KENBREE N 2 cm, S0 TaKaRa 77 & $2 H
A RNA R 0E U B H 2 IS I H 2N 15 RNA,
% 18 TaKaRa /A w] [ PrimeScriptTmRT Reagent Kit
with gDNA Eraser i 77| & £ 15 20 B 3F 47 e % 5%
N & B cDNA, % I TaKaRa 2 @ ] TB Green®
Premix Ex Taq™ IT 75 S B0 B Mk, FH SERS 2 6
£ B PCR #4¢ (Quant Studio 3) #EATH 1. 5140,
2, MM AP 95 °C 30s, PCR9S C 5,
60 C 34 s, fE¥ 40 %, WlE HZEFF CtEMA
Z: K B-actin [f] CtfH, FZHE 2-AACE VAT FEA F
H £ A mRNA FIFHXTRIA K

% 2 RT-PCR3I#F5IREIT
Table 2 Design of RT-PCR primer sequences

E-N53) EF5I4(5°-3)

R34 (5-3")

TLR4  GCTCTCAGCCATCCACAAAG GAGTCGGGAAGAGGAAGAGG
NF-kB AGAGGATTTCGATTCCGCTA  CGTGAAGTATTCCCAGGTTTG

p-actin. GGTTGTCTCCTGCGACTTCA

TGGTCCAGGGTTTCTTACTCC

12,6 HARHASIEIE ) RE B #G TR
TR 5 AR IR 45 28 A2 B 1) 59 J5 30 min, G

RN REAE, FEA 10 BB E 10°, HmidE

HIIMBERE, 2 5% FE A 7E BBL BiR s 72 2.

MRS #5772, TSC BlEE 5. MR GAM Bfla s
Fek. BEALEN - 45K - LR SRR VRPD
ek, SRR, vk R T S EE A
WA AR PREERE . BERE . AR
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FUUAT TR PR B2, 45 R DA BT ol 2 385 5 1 7 T A B
LR EUE R R (1g CFU/g).
127 %itzadr

N H SPSS 26.0 Giit kA, Skie i DL £+
WEZE (RS Fow, WHHALL FAERE T B
K6 I K SR 2R 7 20 M J7i%:, LSD kAT
b, P<<0.05 B REMEER, W45 T
AT JE EL A P B BEAS ¢ ARG, P<<0.05 AT 2
ZE 5, MRMESHTEH Spearman 772

2 FHR5V

35 A T UG D B R LR
B 3 AT, Ha A i, iR R R

2.1

FHANRAE T EN KRS (P<0.001), H5HAA
P, 2% o A6 B IR0 20 /s RO T S0 K B 35
ZES, PRORHAIM BRI, BT RAERBIF T d
G, S A, SRR B RS
ZE 5, BHPE AR &K 30.19% (P<<0.01), &
AL T R A R R R K 22.08% (P<<0.05), 5
REROI bR, BHPEAL. A, A EA N
B AR B BB K 44.77% (P << 0.001). 26.35%
(P <0.05). 35.74% (P<<0.01), % 2% &l 77
14dm, 52 Ed i, B H /N R AR R 2K
TREMER, SEHEANLE, SAHANRERE
WHEANFRBEE S, HEANEKBE, DHMEA
MBAEREANEARNEE, HHHEEK 50.72%
126.36% (P<<0.05).

*® 3 RANRERELTUER
Table 3 Body weight of mice in each group (x+s, n=8)

EIREAFEFIHE (% 144d)

4851 SEREAT EA R R RE - -

> WhEls R E ¥ % /Ag TdEK IMAREE S 14dE S~AdRAE
RZlg W mg/Ag R E/g ¥ im& /Ag
FTEE 1910028 23.41+028  431+£039 2444053  3.08+0.57 2626+0.53 3.83+0.51
BAE 21.69+0.72 21.94+0.77 0.250.89%*%% 2253+0.76 2.77+029 2401061 3.49%0.58
FEMEZE 20.63 £0.56 20.840.94 0.22+0.92%%% 2286091 4.01=0.78**" 2513+0.98 5.26+0.69"
f&F)Z40 2149026 21.68+091 0.19+0.93*%* 2273+128  3.10+0.77 2454104 3.81£0.75
FHFH 2076+0.34 2096098 02=082%* 2279+141 3.50+0.63" 2473132 3.94+0.68
SR FA 21.65£0.50 21.81x1.11 0.16+1.02%** 2350+1.11 3.76£0.52*" 2591+0.82 4.41+0.89"

E: B gasnrk *P<0.05, **P<<0.01, ***P<<0.001 ;
22 mAWHAMEEDNRFEER. HER
7 fE B 4 B h & e

x4 FEFEHFIFESNRHERNZ

Table 4 Effect of probiotics on loose stool rate in mice with
diarrhea (xts, n=8)

28 3 AR Y% A BHRE Y%
TEH 0.00 +0.00 0.00 £ 0.00
A 81.49+11.077 74.50+12.52"
FRMEZE 7790 +12.147  59.08+11.977*

187828 74.19+10927 7050 +10.53
FHFM 807111077  61.50 8737
HAFM 7946+9.1277 4825+ 11.027

M4 mTm, SEAMARE, GRELASA
NRFRER ARG R ENER (P<0.001), FERHE
R ERIh. T EREGN 14d5E, 55H
M, HASHPIRHBERAAEEEER
(P<<0.001), 5 AY 20 Ll A, /) B 1 56 75 BH P 4

LA stk "P<0.05, “P<0.01, "P<0.001. TF£R.

an AR B A2 2 kb 20.70% (P<<0.01).
17.45% (P<<0.01). 35.23% (P<<0.001).
MRS, 5FAHAE, SERELR%A
/NI EHRAES TR R A REEZER (P<0.001),
5BEMAE, SHAHAREGEEEER, &R
BRI R, hamEwEF14dE, 558
HILE, HRSHNRBERMEE R BEE
BEMER (P<0.001), H5HA 4 R, FH M
M. m AR Hy m R E S RO 5
T P& 33.52% (P<<0.001). 20.88% (P<<0.001).
29.12% (P<<0.001). 35.71% (P<<0.001) fEVETE%
239 B 46.62% (P<<0.001). 23.31% (P<<0.001).
39.85% (P<<0.001). 58.65% (P<<0.001). S 45
T, DU ok A T A 1 2 A 2 A R UG )
B (2.5x10° CFU) FIh7l&E (5x10°CFU) i b
BN B 14 d B, BT DLBH B 22 fF AAD BLAL/N R G
EIER, FRACHE . MERAIEEELS, RAR
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HNRAE KBS, EErE (1x10CFU) i, A
NI B2 AAD ARBR/IN RRBETERER, FH/N A K
BA W BAEHEEM. 5 Yang &6 I FLIR A 5 A -

R PAVEE TR TR 1O TR 9 AR XS = T T P Y DA i
AAD ERL/IN R SE g 45 AL, AR s 2B A
IR VS N BRAK 5T G AL TR A

5 mAEHFIXES/NREHERNE T B0

Table 5 Effects of probiotics on loose stool grade and diarrhea index in mice with diarrhea (Xts, n=8)

s AR LR I REEEE 3
EAEE % SHRABRANE%  EEEY%N SRAWHFE%

ZEM 1.00£0.00 1.00 £0.00 0.00 +0.00 0.00 +0.00

AEAILE 1.50+0.407 1.82+0.17" 12240357 133+0317

FAMEL 1530497 121+0.157 1.18+0.38™  0.71+0.16""
KA ZA 1.50+0447  1.44+027" 1.12+038"  1.02+0.22""
FHEFMA 146+0227  1.29+0.17 1.19£0307  0.80%0.17
HAFMA 151+0347 117015 1.19+£0.23™  0.55+0.11""

2.3 A WA TR B N RO BRI R A
IgA. IgG/K-F 8 % v

HE 6 M, HaErEbln4dE 5%
A EE B, B AL TgA . 1gG /K P 4 B FE
ik 23.66% (P<<0.01). 17.41% (P<<0.05). 5 &
RV MILE,  BHE XS R 43S 1gA 1gG 7K -2 3 TF
7 23.13% (P<<0.05). 27.53% (P<0.01), i E
B R A TgA L 1gG K4 BT B 20.25%
(P<0.05). 19.81% (P<<0.05), %4 w84l
IML3% TgA 1gG 7K ¥ 43 7 F+ &1 25.83% (P<<0.01).
29.64% (P<<0.01), #&nE & i EmHFEeE AAD
B /IS BRI S e 3R B 11 1gA 1 1gG /KF BA &
WO . 5 A o AL R E A S T 2 45 T AAD B
R/ B AT /D BRI e BREE T TgA A 1gG /K,
B2 3% AAD S8/ AR R REIK T . Ya
2t VIt 5 26 W IS SLAT 1 Zhang ]38 i B B IE HA
I A )40 Rl -1 5/ BRUK S e D e, ELARE 53k
PEGRIEEREE A A (SIgA) 1774, X 5B 45 AN
Blo PRILE, HHEMNE A A 26 A R R GE AAD S:801
NS NI, SR R R R RO O

2.4 AW H AT AE B /N R 4 B TLR4/NF-
KB mRNA % & By %

WoiE RS FEThRE I F BT 2 — A& M
FERGE ST, Mg E R R, L
G RG22 % B0 . TLR4/NF-xB {5 5 18 Ji%
ORI TBOR 2 RE BN, s g i e = AR, S8
R ThRESZ A, s g IE AL R, 1E RO P R
7527 . Wang VR R R E,  J00E M W & CE R
NF-«B {5 58 6 R A 8 m, 1 FLSSF B XLTG11

AL 38 3 J ] TLR4/ NF-B 15 5 30 B30 Dk 2 45 i 4
JiE. ARSI R, %4l TLR4 F1 NF-xB 5K %
KWK T, Gamdwfln 14dfE, STEHEL
5, A TLR4 A NF-xB LR £ IA K B2 Fil
(P<0.05), X5HWFFLEFM—8. SHEAMHM
e, BHPEXTIRAH . s AWK, oy =7l &4 TLRY
FE R F 3K K43 591 R 28.90% 16.88%- 20.78%-
40.91% (P<<0.001), NF-kB H:K % ik /KF 75T
W 50.88%-. 24.91%-. 37.19%. 55.79% (P <<0.001),
Peon 2 A AL B R R LA B R 2GE AAD HIPEA .

% 6 EAEEHIFINEE/NR IS SRR EAIGA. 19G/K AR

Table 6 Effects of probiotics on serum immunoglobulin IgA
and IgG levels in mice with diarrhea (x+£s, n=8)

285 IgA/(ng/mL)  IgG/(ng/mL)
TEM 6242+736  51321+81.97
AL 47.65+7.73" 423.87+55.73
FAMELE 58.67 +8.03" 540.57 + 68.60™

KA E4L 53.99+10.23 452.85+59.61
FHEL 57.30+10.36" 507.83 +77.41"
BHAFL 59.96+9.71" 549.52 +51.89"

R7 EERHFIRIES/NRZE TLR4/NF-xB mRNARILHI/IT
Table 7 Effect of probiotics on 7TLR4 and NF-kB mRNA

expression in colon of mice with diarrhea

ikl TLR4 NF-«B
4=k 1.00£0.19 1.00 +0.24
AR 3.08+058  285+0.75
FAMEZE 2.19+0.19"  1.40£0.20"
KA ZE 2.56+0.32%  2.14£0.36™
FAFE 244+0.18% 1.79+0317
HAFM 182028 126+0.24"
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2.5 iAW A A XTI IE N B A R
Ji 38 P e A= SO0 AT B8 RN LA T e A B3
AR 2 —, 2 g AR 1Y 9 3E B R T
RELON N B R R AT, OO B AT LA B ARG
FREEFC, WERE. AR LA AAD 32 B 800 B ™
A IR A 2 U TR AEDGE 3 B ORI B2 S 0, AT
BRSBTS o 5T 20 A5 B B A S 2541 R R
IR 8, HSLIRIERIEE 3 K RIS 25 A B I A
PeA, HRAVAH /SRR TESEIR SR 17 KRB, XUEAF . 3
AT R E A KR (P<0.001), Jizik
R P2 SO TR B B AR A IR (P<<0.01), H
HAEBERREACE, FHMEAMBEAE R, P &
HBEA B FUAFE. AR ERE A= S S
BREEERIAE (P<0.001), PAFHMEZ. 254w
s R R B AR R ORI B H KT
SEUG A 17 R BP 2 a5 AR 1 A R S AN R
WA R S, S AAR, B8 H B
FF B8 A FLAT B £ 3 PR R (P<<0.0D), JATEE
o ER B A= SR AR B THE (P<<0.001), $2

ERUNRIEE AT . 53 AT, B 17 R
N IH P ZH B0 T AH LA B 280 2 ) T i 39.39%
37.11% (P<<0.001), Ma#FE. a3k eE A= < 38 il
P B 7 B PR 9.03%+.8.93%-16.00%(P<<0.001).

G 2 AR R R B 2 OUB R B, L B 20l o
30.54% (P<<0.01). 30.20% (P<<0.001), 7 -
JER B A= S R AR mIFRAIS 7.31% (P<<0.01).
6.58%- 11.36% (P<<0.001). & a54w b mEH
WA B, FLA R BE 2 0 T 38.92% 32.19%
(P<<0.001), MHFEa. Bdked A=< 2 w4 = o
BB 9.15%. 7.05%. 13.14% (P<<0.001). E &
i 2E B A R AT B FLAT B BCE S T
42.25%. 37.39% (P<<0.001), MpfFE. kg
AR TR T B ) B ARG 16.71%. 10.16%- 16.91%
(P<<0.001). SESm&5 R KM, FLWEAF FE XLTG1,
TEEFLAT B Zhang. HEAFLAT B CCFM8661 A1 4= 5%
FUFF B R & i 25 B & s A W 1576 AAD N AL
BT E B RERATER, T AR 2 SR
TSREIR,  H 2RI .

*8 FANRATERFFNEHEFRHLEL (BESXR)

Table 8 Changes of intestinal microbiota before and after administration (self control)

48 3 IRl /d S BATH HAFE AT E Wk FAREEARE
s 3 9.67+0.06 939+0.05 6.86+0.05 6.78+0.14  6.80%0.06
= 17 9.69+0.07 943+0.07 6.86+0.07 6.83x0.06  6.85£0.06

3 6.87+0.13  7.03+0.12  7.61+0.12 7.59%0.12  8.06+0.12

AR 40 " o
17 883x0.117" 8.66%0.16" 7.14£0.09" 7.37+0.03" 7.82+0.11

—— 3 6.88+0.12  698+0.10  7.53+0.12  7.50%0.12  8.00£0.08

” 17 959008 957+0.107 6.85+0.09" 6.83+0.09" 6.72+0.08"

. 3 691£0.12  7.02%0.11 752+0.11  7.60%0.11 8.01 £0.11

1R Z 48
17 9.02+0.12" 9.14%0.11 6.97+£0.107 7.10£0.06" 7.10%+0.10

. 3 691£0.13  7.02£0.10  7.54+0.08 7.52+0.12  8.07%0.12

=48
17 960£0.10™ 9.28+0.12"" 6.85+0.107 6.99£0.09" 7.01%0.11

N 3 6.84+0.13  7.06+0.12  7.54£0.09  7.58%0.11 8.04£0.10

a7 =4 .

9.73+0.12"

9.70 £0.14™"

6.82£0.09"

6.81£0.107"

6.68+0.12""

i FRP<<0.01, ***P<<0.001, HiZEAREI £IF 3 R,
R BHNMRATEFFFEHERETL (HEXFE )

Table 9 Changes of intestinal microbiota after administration (comparison between groups)

28 5| SIEAFH FUAFE AR MEREA FAEBKE
4=k 9.69 £ 0.07 9.43 £0.07 6.86 £ 0.07 6.83 £0.06 6.85+0.06
AR 0 883x0.117" 866=0.16  7.14+0.09" 7.37+0.03  7.82x0.117"
FEMEZE 9.59+0.08" 9.57+0.10"  6.85£0.09" 6.83+0.09""  6.72 +0.08""

fEAE8 9.02+0.12"  9.14x0.11"  6.97+0.10"  7.10£0.06"  7.10 £0.10"
BAHFH 9.60£0.10"  928+0.12"  6.85+0.10"  6.99+0.09"  7.01+0.11"

A Em

9.73 £0.12""

9.70 £ 0.14"

6.82 = 0.09""

6.81 £ 0.10""

6.68 +0.12"

JE: *P<0.05, **P<0.01, ***P<0.001, Hx&aa4ak; *P<0.05, “P<0.01, ™P<0.001, HAEA A48k,
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2.6 /NE AT AL G IS & R AIgA.
IgG /K48 X T AT

K 1 Spearman 43 #T 77 3% 73 B7 B B AR A0 5 1575
SRR IgA. T1gG /KPR R HE 1A AL X
FREMAME S E SR, MEEMEEREEE
BEMMIE (P<0.001), WERE. W6 5555
JERE SR SMMAER, MERNEERHIEEEIE
IR (P<0.01). XU B & &R IgA. 1gG
KPR . FAFHES 1gG K2 #E MK
(P<0.0D), TilAAFEE. W3k A= SRR W S
IgG KT 2 EF MK (P<0.05). REHHD L
TR AR T8 BT B FUAT B R AT S LT IgAL 1gG
PP B LR A 9 A AT HR X R G R R
W BT B8 BSOS B L FU AT TR 4 2 A B A X =R FE T
= OO FRE A R, R IE R, A
W IgAL 1gG K.

BT i
FUATH
7R
JEER

PR

TgA 1gG e ALK [EEEE
1 EEERTL. AREFRKESHEFTURHEXE
Fig.1 Correlation analysis between diarrhea-related indexes,
cytokine levels, and the changes of intestinal flora

E: *P<0.05, **P<<0.01, ***P<<0.001.

3 g

AL PV R E BRI E AAD /MR,
F FLB AT B XLTG1L. + B LA 18 Zhang, 1Y)
FL AT B CCFMB661. R 4= 4 FL AT & Probio-M9 LA
1:1:1:1 B EETR Al £ R 6 s AR R R I R as AR
N AT (2.5%10° CFUD. Hi7 & (5x10° CFU)
A& (1x10" CFU) 14 d, /NRAEVSAER I 5 2k
H, W, MERAREEREIEIKC (P<0.0D), H
e R, N B R G KB B (P<<0.05).
Ak, 25 TRLAN R R E A R R, T %
EERE A 1gA fl 1gG /K F IR/ (P<0.05),
ERIERBE. RN, 54w = 54 ar
WFE NN R TLR4 FI NF-kB 3[R % ik
KA (P<<0.01), |8l fiz i wh B9 BB B . FL AT
W A B B AR R B R E
(P<0.001). Zg I, HFAIMENFH XLTGI. T

FLAF B Zhang. HEHY)FLAT B CCFM8661 Al i 25 B L.
FF B8 TR A 1 2% 10 2 4 23 2E 1 #1505 AAD /N B i
WA EA A RRAER, o7 A EPUAE A CHENE
TSRER . BEAh, ARSZEE A ) f AR B I P E I
B T B TTT 223 AAD BUN B8 JIThEEIE T »
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