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Abstract: Ceftriaxone sodium was intragastrically administered for five days to establish an enteric dysbacteriosis model of mice. Mice
were randomly divided into four groups: the model group, and the low-, medium-, and high-dose groups. The low-, medium-, and high-dose
groups were intragastrically administered different doses of Bifidobacterium lactis V9 solution, whereas the normal control and model groups
were administered the same volume of normal saline. Twenty-three days after administration, the composition and distribution of
microorganisms in the feces of the mice were detected using viable count and 16S rRNA gene sequencing. An enzyme-linked immunosorbent
assay kit was used to measure the levels of interleukin (IL)-14, IL-6, tumor necrosis factor (TNF)-a, and IL-2 in serum and the levels of SOD,
MDA, GSH, and GSH-Px in the small intestine and liver. HE staining was used to observe the histopathological changes in the small intestine.
Thirty days after administration, the levels of IL-15, IL-6, TNF-a, and IL-2 in the medium- and the high-dose groups were significantly lower
than those in the model group (by-31.73, 17.04, 12.57 and 31.71 pg/mL, respectively); the MDA content in the small intestine and liver tissues in
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the high-dose group was significantly lower than that in the model group (p<0.01). The SOD, GSH, and GSH-Px levels in the middle- and

high-dose groups significantly increased (p<0.01). B. lactis V9 significantly ameliorated the intestinal microflora imbalance caused by

ceftriaxone sodium in mice. Fecal viable count indicated that the number of Enterobacter spp. significantly reduced (by 0.34 1g CFU/g) in the

high-dose group. The numbers of Lactobacillus and Bifidobacterium spp. significantly increased (by 0.40 lg cfu/g and 0.26 lg cfu/g,

respectively). The abundance of bacteria in the Alloprevotella and Weissella genera decreased significantly (p<0.01). Thus, B. lactis V9

effectively ameliorated the enteric dysbacteriosis caused by ceftriaxone sodium and regulated the diversity of intestinal microbiota.
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Fig.1 Effect of Bifidobacterium lactis V9 on body weight (a) and

food intake (b) level of mice



MR B MR Modern Food Science and Technology 2022, Vol.38, No.11

22 FLUWHATE VI 3T/ RIEE £ B o

B, H& 2a. 2c. 2d. 2e. 2f A4, —%%
R, ZEd /R FEE. BRAE. Al &

il 2b fos, SEEAAAEEL, PRIEANEAT R MERRECAEE R E S, BHIFLBUTE VO XN
HH—EER (p<<0.05). VHILAMRXINRATR IS RBEEATR,

CIE R R L

5 A% R AL

0.006 b 0057 _
T 1L T 0.04 : +
—1— % _I_ . r == —l— J
0.004 - Z & |
0.002} / = M0 %
/ /
/ 0.01 /
_ =l
0000 5 B (A RAL o L AL 000 5 P BRI (AL TP L AL
255 ZH 3
booi B d 0008
0.003 % _—||: " noner 1 T I
0.002 - % 200045 %
0.001 - Z 0.002}- %
0.000 4 , //
TR S TR A OO0 TR R TR R R
ZH ZH 5
0.020 £ 00025
0.015 - T T —1- 0.0020 - _‘,
p— — ﬁ —_
/ N& 0.0015 T
0.010 | % g l
% £ 00010 _
_ - . -
0.005 / /
% 0.000 5 | %
0.000 1=l . 4 : 0.000 4 .
00T AL (R AL A OO TR B TR AR MR
25 ]

&2 FLVRAE V9 XML (@) BF (b). B (o). Bl (d)y B (e) FORRAR () BESRZREAVSIMN
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Table 1 The content of each cytokine in mouse serum (pg/mL, n=12)
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Table 2 Determination of SOD, MDA, GSH and GSH-PX in

small intestine of mice by Bifidobacterium lactis V9

A7 mp N (=12) MR (n=12)
AL 154.63+32.15.  177.78+28.94
HAE 100062606 125.47+37.71%
K5 = -
SOD s 2075454450 1405042591
/(U/mg prot) -
q’j’f‘ 222.40+36.64" 172.60+28.85™
F‘UZF 222.40+44.32™ 216.37433.16™
8 1.67+0.55 1.65+0.45
BRI 258092 2.74+0.78"
H =
MDA 3% & MZ?‘ 2.09:0.89 2.65£0.91
/(nmol/mg prot) /~, =
i Z?‘ 1.68+0.94 2.24+0.96
’%;']] 1272050 1.74£040"
20
g 19.53+1.80 4.62+1.75
BAE 13.95+0.87%  3.33+1.09*
GSH “&;']] = 186453237 6.03£1.527
/(mg GSH/mg i
prot) i 2?‘ 21988215  6.55:1.07"
SRE " "
" 27.8842.50 8.30+1.37
sTEs 25.07+2.98 20.3443.86
KA 1638:420%  14.69+4221%
A =
GSH-Px 4&22 19.86+3.75  17.35:4.41
/(U/mg prot) =
i ;’iz 25204328 26.9343.59™
SRE " "
m 29.67+4.32 27.9+4.82

W% 2 Frow, (ERFEF, SXFHRd i, BiAA
GSH K GSH-Px & k2 ERK (p<0.01), SOD
B R FEFK(p<0.05), MDA & 5T (p<0.05).
R, T, mflE4 SOD. GSH & GSH-Px

5



MR B R

Modern Food Science and Technology

2022, Vol.38, No.11

P& BB ET S (p<0.01), TE/NgH 253 i
122.34 U/mg prot. 13.93 mg GSH/mg prot K&
13.29 U/mg prot, fEHMEH53 71350 90.9 U/mg prot.
4.97 mg GSH/mg prot % 13.21 U/mg prot; =& 4H
MDA & &K EFZEBFRK (p<0.01), Mg FEK
1.31 nmol/mg prot, JHJEHFEAK 1.0 nmol/mg prot. A I
SGERIRW], KA AT IR LA BT B SOD .
MDA. GSH } GSH-Px 2, TFLAUEAT B V9 1 i
ERE PR TAER N IR, Ui B ZLSUEAT B V9
AL RN RIS R B B RE /T, R E VLRSS
AP HIRE T o

2.6 FLIUSATE VO 1/ BN 4R S

E

WKl 4 s, WAL JUERTIURHAA LK
i ZE BV 1 Jn B R AL MR P R TR, AL
A BIEA S e, SEMKHESE, R
R, R B R AT U R 8] Sk 1 p A R
BT NIERBBAT RN, B EFLSOET R V9 B
WAL ST H] B .

AR
B 4 AR ESRE
Fig.4 Light micrograph of the small intestine stained with
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Table 3 Count of fecal intestinal flora at 0 d and 23 d (Ig cfu/g)

F44% 2.H 0d 23d

xPRE4L 575041  5.87+0.33

HAE 3070337  6.98+0.31

MATH ARFIZE  298+0.4 6.93+0.4
PHREHE 311041  6.68£0.28
BRI 3.024035  6.64£0.26"

B 6.14£022  6.55+0.39

AEAE 321+0.33%  6.81+0.5

HRE RFIER 3.24£034  6.79+0.44
PHEM 3.04£027  6.82+0.29

HFEE 326038 6.75+0.28

SPRE4L 8.59+021  8.74+0.22

A 575£028%  8.6+£0.32

ST KRB 5641023 8.77+0.23
FHRIEM 582021  8.84+0.13

BHFEHE 5765022  9+0.26"

L 8.73£021  8.85+0.11

BAE 573£0.19%  8.91+0.24

WHAFE  AKFIEA 5.68£0.17  9.09+0.16"
PHEM 5812029  9.14+0.15™
BHREFE 5674025  9.17£0.14"

A8 1.5240.01  1.52+0.01

o A 1524001 1.54+0.01
chn BHEA 151001 1500
FPHRIEME 1512002 1.51+£0.01

FHFEE 1524001 1.52+0.01

272 Alpha %547

Alpha 2 = BOCU: JRy 383 S AR 58 Mk
H, WL SR 2SR, JFERR
BN (PR FEAN S &, 4% Observed-speciess ACE.
Chaol. Shannon I Simpson %5 Z F£4: #5402, ACE #&
KA Chaol 5% 7T LLVPAE FEA I E #EF-J%, Shannon
FEHOM Simpson FEHFALFEA T RE 2 AR,
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Table 4 Alpha diversity of intestinal microbial flora among groups (X+s)

8.5 OTU Shannon Simpson Chaol ACE Good-Coverage
S BE 40 683.83 5.93 0.94 860.79 873.98 0.99
AEAE 1053.83 6.60 0.97 1400.68 1394.50 0.99
AR5 = 28 454,83 5.35™ 0.91" 528.20™ 538.58™ 1.00™
T HE A 521.33" 5.60" 0.93 650.11" 654.11" 1.00™
SRl ! 526.67" 5.48™ 0.93" 668.04™ 667.53™ 1.00™

&5 VK EEAEMEER I

Table 5 Analysis of intestinal microbial flora among groups in phylum level (X+s)

- ¥ A%
s 8.0 wEm RAEA . PRI eilEa
Bacteroidota 50.78+18.40 52.7245.03 44.2949.18 56.80£14:60 ©61.24+12.23
Firmicutes 33.88+13.45 27.63+3.96 35.24+10.83  23.87+10.87 18.35+7.71%
Verrucomicrobiota 6.08+£11.90 2.49+3.88 12.40+14.44 11.44+12.21 6.77£10.37
Actinobacteriota 0.94+0.53 2.5242.23 17.2940.59 1.44+0.73 6.02+6.49
Proteobacteria 2.68+1.47 3.47+2.08 1.00+1.64 0.33+0.39" 1.53+£2.79
unidentified Bacteria 1.87+0.90 4.10£1.35% 2.63+2.13 2.08£1.00" 2.02+1.54"
Desulfobacterota 0.54+0.72 0.524+0.41 0.425+0.20 1.09+1.61 0.54+0.63
Campylobacterota 0.34+0.21 0.69+0.55 0.86+0.86 1.01+0.67 1.10+1.35
Acidobacteriota 0.19+0.27 0.85+0.43" 0.04+0:08™ 0.08+0.17"" 0.03+0.06™
Deferribacteres 0.0120.01 0.01+471.42 0.00+0.00™ 0.02+0.02 0.17+0.34
others 2.68+1.08 5.01£2.14 1.38+0.60™ 1.84+1.017 2.2441.56
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5 oh 3 i1 BB ThRE,  H e I o i B RS, B
A, B IREE (Aloprevotella) 41
BN (p<0.01), 16hN5.07%; TFLXUEAT B
VO ¥ E J5, Bifidobacterium & T EHEN (p<<0.05),
M 0.68%, PRAAEE (Alistipes) HUE MW 2N
(p<0.01), 1911 2.91%, Alloprevotella ¥ & 5. Z />

(p<<0.05), Jk/> 3.86%, Others FU M &3 >

(p<0.01), /> 17.07%. b3k 45 G AL XS 1
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Table 6 Analysis of intestinal microbial flora among groups in genus level (X+s)

- ta %

e dEm mEm SAEA PAEA O BAEA

Akkermansia 6.04+11.92 2.43+3.89 12.40+£14.43 11.43+12.214  6.77£10.37

Dubosiella 3.87+4.60 0.34+0.27 12.25+13.67 5.92+7.77 0.52+0.303

Lachnospiraceae NK4A4136_group ~ 7.30£7.28 5.76+4.97 2.31+1.12 3.50+£3.68 3.26+3.15

Lactobacillus 8.03+5.54 6.30+4.49 10.06£6.80 5.09+4.77 5.09+4.77

Bifidobacterium 0.18+0.34 0.04+0.02 0.72+0.51° 0.72+0.73 5.39+£6.40

Alloprevotella 0.24+0.07  5.3142.84"%  1.19+0.74" 6:14+6.97 1.45+0.77*

Bacteroides 1.00+0.49 1.50+0.76 1.85+0.64 2.21+0.81 4.63+4.70

Alistipes 0.84+0.46 0.66+0.27 6.08+2.68™ 3.57+1.80™ 1.79+1.65

Prevotellaceae UCG-001 0.51+0.31 0.84+0.47 0.83+0.45 1.06+0.37 0.88+0.67

Desulfovibrio 0.49+0.71 0.47+£0.41 0.42+0.20 1.07+1.60 0.52+0.62

Others 71.48+1537  76.36£6.95 _ 51.90£10.44™ ~59.29+13.87"  69.08+11.89
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Fig.6 Changes in the abundance of intestinal microbiota at genus
level before and after gavage

X SR AT 22 o, B T o, JUEERE
B S El A A H RS IR EE (dlloprevotella) i
I (p<<0.01), FH 2R & (Erysipelatoclostridium) «
PERFICTR & (Kurthia) 525340 (p<0.05), SWRA B
Odoribacter 1 2.3 %% (p<<0.01).

FUSUBAT I VO EH Ja, ARG E A & KW

(Alloprevotella) Mucispirillum~ FLERAT & ELETIK

( Weissella )  ( Prevotellaceae_Ga6Al group ) -
Oscillibacter~ Enterobacter % & 3 K (p<<0.01),
Muribaculum- [Eubacterium]_siraeum_group~ Kurthia-
[Eubacterium] xylanophilum_group~ Enterococcus .34
FE& (p<<0.05), Alidlipes~ XEATE Bifidobacterium

8

LA W E
Prevotellaceae_Ga6A1_group~ Enterobacter W W B
(p<<0.01), Enterococcus &3 F#& (p<<0.05).

A FIRGR AT A, kA S, A E
UL B R TR S 0 B 1 = FE N, XSO T A LR AT
PR S A, TS R B R A . BT BER)
FH, PR B A e PR AR DL SR B0 1
WGl LA TETE Ry, 5 S5 H SN o fRAT
K, HAFRERIG IS AR T i g AR N 3 2 1)
i P AT KRB BB T VO A B 1 TR AR
RS, WAL E VI gk K. 5
3 FHUE AT R — B AU V9 RS et
RUBEAT B8 S5 2 B ARG, RO S LR B e
e B R E AR, RES PR IRIE NG pH
B, MwAFEMEK, BRAPUEN ARSI %%
JIWIRES T, SHERE. R A 5 & A ) R AR
TV, BNy AR e il i) L hR B 5234 BT I

( Alloprevotella ) Weissella



MR B R

Modern Food Science and Technology

2022, Vol.38, No.11

e 2y

I%%%@imf JHRIM S AR AR SR TR AT G oL

PaJ

H0351,

XU LSBT B VO fE— B R BT

WA AR, A F R, LR IE
TR AR RS 2 TR

#ﬁ?]ﬁ;F%lﬁﬁuifiﬁ%1H:ﬁ%z% R

* *

* e S0
*e o

*e

*
*
*
*
*

4
L
|

B
N

== |
[

' v @ w u on ) )
&3~§§§aw§-§§§=v§§sswa§:
$SS 83T 5§ &8 8533532288 8%
S8 S5 8 53T 883 ET YL ENE
SV & s 8288588333 ¢g 68838 )
S T = T K L = = 23 8 o
S5 3 8§8< 8 8°7% s T 2 S ¥ » 8
ST § &R T =X 3 &3 2888 5 < 8
S o3 8 S S X B 1) 2 8 S ¥
T ¥R S S =< 3 &= S s 3 e 3
N < 3 3 SIS =
Q M‘ 3 [} ] §
K] 2 & |
= 1> ()
X 3 & S
S = |5 N
S S S
1Y = S
I N =
& S &
S
s
<
Q
3
N

(22 2 2 4

weissella

*
L J

Muribaculum

Prevotellaceae_Ga6Al

_group
Odoribacter

* ¢ 0 Control VS VM
& L S * o0 Model VS VL
¢ o Model VS VH
* 4 & & ¢ Model VSVM
L 2R 4 Model VS VH

Model VS Model

B -IIIII =

Control
Z s%ore ¢ p value<0.01

| 7 ‘ VL o #pvalue<0.05

l i. v i :i prasas s
S 2 A 03 % P
TESE5§§8888
3 8§88 F F 3 S ¥ v
) S § 8 ¢ S 8 8
S ERQ 8 % 3 S | =R
2 2 2 X T 3 s & %
S 5 = 3 = S 5 B
X B3 S = 8 R 5
$ 38 2 5 S
= R Y| =
=~ b RS 8

o

[Eubacterium]_siraeum_group
[Eubacterium]_xylanophilum_group -

[ 7 ZRAFHER RS E

Fig.7 Species relative abundance clustering heat map

3 g

TR IE SRS IR, DTUARLRE
2 J T T AT S T OO T

LR LRI, FURBRTE VO BT 15 K A it
'W(E’
PE R 1 a8, gf

LM 7 A H A T R g, s bR .
YL FLBEAT 1 VO BEE I JRE S B LU AE € f2

& BT IE R .

BT AR

(1] EEINLR.6916 Gl F PN RS SR 3 HT[I]. =2
IR 241,2012,25(6):628-630

(2] ZBPETRAAE S F IR BARGRF I S I R 2 (0], L 24,
2013,13: 5

[3] Guo Y, Yang X, Qi Y, et al. Long-term use of ceftriaxone
sodium induced changes in.gut microbiota and immune system
[J]. Sci Rep, 2017, 7: 43035

[4] Chol, Yamanishi S, Cox L, et al. Antibiotics in early life alter
the murine colonic microbiome and adiposity [J]. Nature, 2012,
488(7413): 621-626

[5] Bastiaanssen T F S, Cowan C S M, Claesson M J, et al.
Making sense of the microbiome in psychiatry [J]. Int J
Neuropsychopharmacol, 2019, 22(1): 37-52

[6] Zokiewicz J, Marzec A, Ruszczynski M, et al. Postbiotics-a

step beyond pre- and probiotics [J]. Nutrients, 2020, 12(8):

(7]

(8]

(9]

[10]

(1]

[12]

[13]

2819

Zheng H, Xu P, Jiang Q, et al. Depletion of acetate-producing
bacteria from the gut microbiota facilitates cognitive
impairment through the gut-brain neural mechanism in
diabetic mice [J]. Microbiome, 2021, 9(1): 145

Zhou B, Yuan Y, Zhang S, et al. Intestinal flora and disease
mutually shape the regional immune system in the intestinal
tract [J]. Front Immunol, 2020, 11: 575

P20 BR RS FR R, 55 5 AR 1 2 AR 0 B Al 7k Skrta it
T 512 ¥ i T TR TR B G S 5 5 ORI S (D). P [ e
A% E,2021,46(9):884-890

WK B A e i, SRS 5 TR A FUIR T B R 7L /N B
TH TR AR AT 1R U 4R P (], R L 7L o 0K, 2020,48(12):4-9,
58

Jandhyala S M, Talukdar R, Subramanyam C, et al. Role of the
normal gut microbiota [J]. World J Gastroenterol, 2015, 21(29):
8787-8803

Sundararaman A, Ray M, Ravindra P V, et al. Role of
probiotics to combat viral infections with emphasis on
COVID-19 [J]. Appl Microbiol Biotechnol, 2020, 104(19):
8089-8104

Li Y C, Chen Y, Du J. Critical roles of intestinal epithelial
vitamin D receptor signaling in controlling gut mucosal
inflammation [J]. The Journal of Steroid Biochemistry and

Molecular Biology, 2015, 148: 179-183



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.11

[14]

[17]

[22]

[23]

[24]

10

Hania, Szajewska, Maciej, et al. Systematic review with
meta-analysis: Lactobacillus rhamnosus GG for treating acute
gastroenteritis in children - a 2019 update [J]. Alimentary
Pharmacology & Therapeutics, 2019, 49(11): 1376-1384
Derwa Y, Gracie D J, Hamlin P J, et al. Systematic review with
meta-analysis: the efficacy of probiotics in inflammatory
bowel disease [J]. Alimentary Pharmacology and Therapeutics,
2017, 46(4): 389-400

Cm A, Dh A, Zy A, et al. Differential pattern of indigenous
microbiome responses to probiotic Bifidobacterium lactis V9
consumption across subjects [J]. Food Research International,
2020, 136: 109496

Yan Y, Liu C, Zhao S, et al. Probiotic Bifidobacterium lactis
V9 attenuates hepatic steatosis and inflammation in rats with
non-alcoholic fatty liver disease [J]. AMB Express, 2020,
10(1): 101

Azad M, Sarker M, Dan W. Immunomodulatory effects of
probiotics on cytokine profiles [J]. BioMed Research
International, 2018, 1-10

Bai K, Hong B, He J, et al. Antioxidant capacity and
chitosan-stabilized  selenium

hepatoprotective  role  of

nanoparticles in concanavalin a-induced liver injury in mice [J].

Nutrients, 2020, 12(3): 857
LR BB UK, A 2 2R RDRT R SRS PRI A0 0 1) ORF £
FATIATFFE[I]. Ho [ 25 227 384R,2016,32(7):991-997
Hotaling S, Foley M E, Zeglin L H, et al. -Microbial
assemblages reflect environmental heterogeneity in’ alpine
streams [J]. Global Change Biology, 2019, 25(8): 2576-2590
Qm A, Y1 A,PLA, et al. Research progress in the relationship
between type 2 diabetes mellitus and intestinal flora [J].
Biomedicine & Pharmacotherapy, 2019;.117: 109138
Bezirtzoglou E, Tsiotsias:A, Welling G W. Microbiota profile
in feces of breast- and formula-fed newborns by using
fluorescence in situ hybridization (FISH) [J]. Anaerobe, 2011,
17(6): 478-482

Johnson E L, Heaver S L, Walters W A, et al. Microbiome and
metabolic.  disease: bacterial

Bacteroidetes [J]. Journal of Molecular Medicine, 2017, 95(1):
1-8

revisiting  the phylum

[25]

[28]

[29]

[32]

[33]

[34]

Dao M C, Everard A, Aron-Wisnewsky J, et al. Akkermansia
muciniphila and improved metabolic health during a dietary
intervention in obesity: relationship with gut microbiome
richness and ecology [J]. Gut, 2016, 65(3): 426-436

Tu P, Bian X, Liang C, et al. Characterization of the functional
changes in mouse gut microbiome associated with increased
Akkermansia muciniphila population modulated by dietary
black raspberries [J]. Acs Omega, 2018, 3(9): 10927-10937
LiY, Yan H, Zhang Y, et al. Alterations of the gut microbiome
composition and lipid metabolic profile in radiation enteritis
[J]. Frontiers in Cellular and Infection Microbiology, 2020, 10:
541178

Qi H, Li Y, Yun Hy-et al. Lactobacillus maintains healthy gut
mucosa by producing L-ornithine [J]. Commun Biol, 2019, 2:
171

Dziarski R, Park S Y, Kashyap D R, et al. Pglyrp-regulated gut
microflora Prevotella falsenii, Parabacteroides distasonis and
enhance and Alistipes finegoldii
attenuates colitis in mice [J]. Plos One, 2016, 11(1): 0146162
Schubert A M, Sinani H, Schloss P D. Antibiotic-induced

Bacteroides  eggerthii

alterations of the murine gut microbiota and subsequent effects
on colonization resistance against Clostridium difficile [J].
Mbio, 2015, 6(4): €00974

Larsen N, Vogensen F K, Van D B, Frans W J, et al. Gut
microbiota in human adults with type 2 diabetes differs from
non-diabetic adults [J]. Plos One, 2010, 5(2): €9085

Sayaka F V, Yessenia V, Pamela M, et al. The gut microbiota of
healthy chilean subjects reveals a high abundance of the
phylum Verrucomicrobia [J]. Front Microbiol, 2017, 8: 1221
Ley R E, Turnbaugh P J, Klein S, et al. Microbial ecology:
human gut microbes associated with obesity [J]. Nature, 2006,
444(7122): 1022-1023

Xiao Y, Zhao J, Zhang H, et al. Mining Lactobacillus and
Bifidobacterium for organisms with long-term gut colonization
potential [J]. Clinical Nutrition, 2019, 39(5): 1315-1323
Kamboj K, Vasquez A, Balada-Llasat J] M. Identification and
[J]. Front

significance of Weissella species infections

Microbiol, 2015, 6: 1204



