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FEHAE 21 d P, 5 H kAL (100 mg/kg ) VER, X RRZHL A S AR FIAR K E B o R S e 41 Ak I AG T /)N
R B 25 5801 b Bz AAH S 1 (Ki67. Muc2., ZO-1) Fik; qPCR AN AT i 20 A /0 BS540 e ik 13
M E A, R ST B 21 d i, S5XTIE4L A, SCIRd /AR . i L 4N AN G2 1 Ki67 .
70-1 Fik AL, Muc2 FiEFHE (P<0.05) 5 BANFMREE TRH S & X2 R (P<0.05) 5 FEME4NE L
JEBEE TN E, SR EREMBERE . A5 56 d Iy, SLIA/NRIBIE FE ST, BIATE . EEE
FEIR G AT RIS IR LB 22 A B 27 L (P<0.05) o 25 BRIk h A T FAE i 2 B LA B i
AN K R TE R AR, W D AR AL A A B A0 2 A b A S B AR A, A T REARSL B
IRAE AN R A R SR B . [ MELRILRIZE, 2018, 20 (4) : 318-325]
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Effect of ceftriaxone on the intestinal epithelium and microbiota in neonatal mice

WAN Qun, CHENG Ru-Yue, GUO Jia-Wen, WANG Ke, SHEN Xi, PU Fang-Fang, LI Ming, HE Fang. Department of
Nutrition, Food Safety and Toxicology, West China School of Public Health, Sichuan University, Chengdu 610041, China
(He E, Email: nrb47389@nifty.com)

Abstract: Objective To investigate the effect of ceftriaxone on the intestinal epithelium and microbiota in mice
in the early-life stage, as well as the recovery of the intestinal epithelium and reconstruction of intestinal microbiota in
adult mice. Methods A total of 36 BALB/C neonatal mice were randomly divided into control group and experimental
group, with 18 mice in each group. The mice in the experimental group were given ceftriaxone 100 mg/kg every day by
gavage within 21 days after birth. Those in the control group were given an equal volume of normal saline by gavage.
Immunohistochemistry was used to measure the expression of Ki67, Muc2, and ZO-1 in the intestinal epithelium.
qPCR and next-generation sequencing were used to analyze the overall concentration and composition of fecal bacteria.
Results After 21 days of ceftriaxone intervention, the experimental group had a significant reduction in body weight, a
significant reduction in the expression of Ki67 and ZO-1 and a significant increase in the expression of Muc2 in intestinal
epithelial cells, a significant reduction in the overall concentration of fecal bacteria, and a significant increase in the
diversity of fecal bacteria compared with the control group (P<0.05). Firmicutes was the most common type of fecal
bacteria in the experimental group, and there were large amounts of Staphylococcus and Enterococcus. The experimental
group had a certain degree of recovery of the intestinal epithelium, but there were still significant differences in body
weight and the structure of intestinal microbiota between the two groups at 56 days after birth (P<0.05). Conclusions
Early ceftriaxone intervention significantly affects the development of the intestinal epithelium and the construction of
intestinal microbiota in the early-life stage. The injury of the intestinal microbiota in the early-life stage may continue to
the adult stage and affect growth and development and physiological metabolism.

[Chin J Contemp Pediatr, 2018, 20(4): 318-325]
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Yoz d R, RE SRR IRIIT 4R, AR TE
FLURW I I TG R E &R, DR
BRI AR F R
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AN =ANDT i SUE : BV IR RTHAE,
PUA: Z0 0 AU B R LU B A AT
Tk 24544 14 5% B G A W R FE PR Y, T DL R RE AR
PUER M a0 L P35 B 2R

AP Z HixF 1~21 d FrAFL R T A R
HE B AT CUESE T AR 2K ) R0 g B 2 4 A
HEW, MHEREHAICE A EEE T, A
WFFEAE Z BT R EEA L, 5 I8 3 Sk A A X L
B TR T AR, XSk A A X —
FhPTAE 2R B R A — AR5, A i i 2
ZI55H | T b B AR DG B R A R WL R ] Sk
FEHIAR T O HLA I E b 22U T Ry H
ST i A E AR AT, AT BT R AR

DL SOCE B 2 . BETE A5 S 45K
P R, WA BB EREER; I
H OGRS 1E Sk A A T 105 258/ BRUSAFE I (56 d )
i, X A T L 2 A e A TR
1 MRS FE
1.1 KWz R 5o4HE
6 - SPF 2% BALB/C 2% K, 2% 13d, 4 F
VU A4S B2 Bl Be S g sh W i e B, ) 5 T 2R
gEH, ARPOKKRE, FERE23£1°C, BEF
50%~70%, 12 h BERIEI . 22k )E 3k 36 Hor
ANE,  BEHLAY T R AN SC BG4 (n=18) , 5K
IRZH LA 100 me/kg 3 T-A BRER K A S f A% ( 1
MEBTRL T AR R AR A ) #EE, hEE
0~7d #EH & K 10 uL, 8~14d Jy 100 uL, 15~21d
200 pL, XFRRLLAERT 21 d HE T &R ALK,
WL NER 22 RIFIRSEIETE S , AR 2 56 d.
1.2 RAFI5EE

ToKk P, ZHIR (i E 2548 A2
HFRATE ) ; EDTA (pHO.0) HLJFIEE M . BSA,
IARRRW ., BARRESE. BARRRER. R
PR Ki67 BATERE TR (1:500) . HRP Fric L 2F4t
%P, DAB & A5 & . EDTA (pH8.0) #T )i
BRI . HRDOCERA . Pt K s .
DAPI ( ®INFE4E IR A FHARAF ) 5 bt
Muc2 B 50 (1:200) (Abcam, USA) 5 f¥it
L ZO-1 Bsmpediik (1:200) | 488 LL2EHi %28t
Zhe (1:400) (RNAFAEWREARAF) ;
SYBR Premix Ex Taq 11 ( 424 T8 KA R
H ) 5 S 40 5 S DNA 2 BGRF) & (db 5 KR
AR AL ST A BR A F] ) ;3 AMPure XT ( Beckman
Coulter Genomics, USA ) ; Qubit i 7| & ( Invitrogen,
USA) ; 2 i DNA V6-V8 X 3] 4 (U968-F:
5'-AACGCGAAGAACCTTAC-3' 1 L1401-R:
5'-CGGTGTGTACAAGACCC-3') , 16stRNA 1Y V3-V4
X 5| ¥ (338F: 5'-ACTCCTACGGGAGGCAGCAG-3'
F1806R: 5'-GGACTACHVGGGTWTCTAAT-3") ( I~
W TAY TRBRMARAFR) o

KB, AL, R (RERAR AR
) RET R L ( Btk RS AR A ] )
PR P CHTLAE ST RS A RA
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Al , BEFER. WER A (R RAY)
BHEARAR) |, IEEIOLRMET. g R% (H
&~ 8 B ), CFX96 system ( Bio-Rad Laboratories,
USA ), AR R SR DU R R A R AT R
GB35
1.3 JRIET

A SR A 21 KL 5 56 KA/ L A
MHIEHZ, 10% WERRERZE hiA e 1 d, 1T
WA - Prerefa, WA TRIAE RN
8 iz S 45 B il Ao 22 /0 12 A4S IX 3 20 4N 98 B A s
TR
1.4 SRALNLFERN

AV R AR AE R RS, Rk
KPS, AL R E THhRBEERERE
&, TRy N TPt S (Kie7 ] pH9.0
() EDTA, Muc2 Fi pH6.0 B 4718 R T JFA& &2 2% o
W, 70-1 H pH8.0 ) EDTA ) , H1 K 8 min, {5k
8 min, # KK 7min, BREBLHEKIFET
PBS (pH7.4) ", e R IR b % 3h ek 3 1K,
£ YK 5 min, Ki67 Fl Muc2 7 F 5t A 3% 34 7K
B, EEBECHE 25 min, eI ET
PBS (pH7.4) v, FEMiA4E IR L S8k 3 1k,
FFUR 5 min LABH BT R TE L S AL W 20-1 A
AR 2R [ m B, FERE A [ & SRR
5] 5 min, FRZKMBE 10 min AEEKDOG; T4 A
3%BSA F i E A 30 min, BE AR SR, TEY
A L g — 52 He B - — Pt (Ki67. Muc2.
70-1) , VIR FlTREN 4CHa R, Bak
WA AR, —HU = I 50 min, Ki67 F1 Muc2 il
DAB I (53 i €5, P FH 5 AR 25 S o ik 52 G 4
¥, WikG . oK CEE . W RBOK I R R A
ZO-1 JNSEHUIR S B2 H DAPT YLl &2 YL 4 i 4%,
PLo K I R B o 5n 45 B T R A
BREE, Ki67. Muc2 FHM:FRIE MR M, Z0-1 [H
PEFR IR WAL Z R FRIC I se 2kt , R Image-
Pro Plus BP0 BHA: DX B B0 6 35 BEA, FA4
ALY 2SR 5 LB HEA TR, SRAS AR
B E.
1.5 DNARZEERHAETEE

WA /N RS R AE T -80°C, 3K JI 2% {8 41 14
AL DNA $EBGRF & HEH DNA, JEA7 S2AT 96 6 E

it PCRYHY, FrUEMZeR R DNA #4744
XER, 51¥2% Biasucei % " BRI V6-VS i
51 ¥ %) U968-F: 5'-AACGCGAAGAACCTTAC-3'
M L1401-R: 5'-CGGTGTGTACAAGACCC-3', %54
SYBR Premix Ex Taq Il % & i T4 1. PCR 1+ it
T3,
1.6 ZKiF

519 5 % 4 2 1Y barcode L N i FH 5
Y. F#E51Y: 338F : 5'-ACTCCTACGGGAGGCA-
GCAG-3', T34 806R: 5'-GGACTACHVGGG-
TWTCTAAT-3"", KWK ZR: DNA #iR 50 ng, I
T4 2.5 pL, Phusion Hot start flex 2X Master
Mix ( NEB, M0536L) 12.5uL, Ji ddH,0 ¥ hn %
25 uL #E47 PCR ¥4 W 45fF: 98°C 30s; 98C
10s, 54°C 30s, 729C 45s, 35 MEH, PCR =Y
2& AMPure XT fEER4AIALSS , H Qubit 7] &2 &,
H Agilent 2100 Bioanalyzer Kl 934 SCZE (1) K]S,
H Library Quantification Kit for Illumina {7 & & &=
W J%E . PhiX Control library (v3) (Mlumina) 3 JF
S R ) (2 30% ) IRATE AL
FH bel2fastq (v1.8.4) F1 FLASH 4 (v1.2.11) %
JEU b I P B s AT WAL B, R Qiime (v1.9.1)
B0 M F 51, R de novo UCLUST 3% X1
By A4 B 97% ARRIEE RS, 153 OTU, Jfik
BUREITF Y Greengene %HiE 7 LLXT, 1529545
A58, JFHEM OTU . A PyNAST (v0.1) i
XRERIEF AT LT, SRS {1 FastTree(v2.1.7)
P AR, FEH qiime BIAS T o Z2 R PR35 L
(Ace. Chaol. Shannon. Simpson. PD_whole_
tree ) o FH Qiime % python Bl X DESeq2 5 il 22 5+
OTUs, P<0.01 ¥4 2 5 W 3. J R 43 EDDA >k
SCEL Metastats 7E 455328 KE T B W Fh 22 57408
P<0.05 ¥}y 25 5+ . ¥ . LEfSe 23 7 J LDA 5575 3%
Y SE AR BR AT T B 22 AR AP
1.7 FitZEHSH

K SPSS 22.0 Gt it B A xh B 2 47 48 12
SN, FEEIEASS MR TOR R + bRz
(xxs) Fn, PO IIEC R A ST AR A ¢ 4
55 AFFAIER M T TR A7 5k (U 4y
HI[EIE ) [M (Py, Pis) 13878, PIAH] HLECR
Wilcoxon FEFIKG K . P<0.05 NZERAB S THHE Y,
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(P<0.05) , #5195 A 28 REFLEHIS 56 X,
SCER AR E AR VRS, YR TRTIRZE (P<0.01)
LI 1,

A& (g)

] (d)

B 1 WANERBEERERIOEEETL
H#, P<0.05,

a 7R % B

2.2 MWH/NRIFALRRIER

T 21 d B, X HE /IS B g At R R A6 44
EHREEST | B B K JE 3, 250 s i,
KIFEST, REERAS SCue 4N B A1 Fn 4 iz i
M EHI R 26, HEEARA—, R
WARAR, R WL 2,

SeeH

[@)7] | 45

B2 MANREBNEEEEHERESEHNRKRIEAR
AP (TN - rarget, x200) Al L5 %k R H A L
LIS R K I R TR (25 X ek ) 0 4

T

WA 21 d i, SCs /N A8 .
W . 45ls Kie7 i FHPEZR IR W 2R X REZE (4300
1=2.854., 3.011, 2.882, P<0.05) ; H4=)5 56 d i,
SCa /N T AR . gL 450 KieT mYPHYER
KSR e R g EE L (P>0.05) o UL
&3,
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S
44 150000
#
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3 WA L EMAE Kie7 RiEHERE (21 d i n=6,
56 d fif n=12) a /N SGXIEL bdE, P<0.05,

R JE 21 d B, 2R A /N B B B Il
Muc2 85 1 14 BH 4 2858 18 3 5 TXTIRAL (vl =
2296, -2.130, P<0.05) ; HfE)5 56dHf, SL5w
ZH/NEEE I B T Muc2 268 Y BH A 0k 55 % g
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B4 WEPFERMEE Muc2 RikH B (21d0f
n=6, 56 d M n=12) a /n S XIRAL RS, P<0.05,

WA G 21 d B, SEE A /N BRI S5 % 0% 4%
EH Z0-1 (1 FHMEF 3L (100+29) ik T %F B8 41
(617 £326, t=1.579, P>0.05) ; H4:)5 56 d i},
SEI2H /)N Bl i B i AR 20-1 1Y PHAE R A
(1214 +112) 55X (1723 £212) HEES
TG 8 L (1=2.124, P>0.05) , BER LS
TR S, AR RO LI AT UL SRR 4 Z20-1 Rk
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24 BREERERBGEES o- S

S POLE B PCRAGINZ LM : 21 d 928
21 AR e B L I T X AL (P<0.01) , 56.d 52
B2 S TR B W v T X RRE (P<0.05) o

MEEEFEEL (Ace Ml Chaol ) FIZFEMEFEEL
( Shannon F Simpson ) &, 21 d 325 20 /) B iE
PR AR VRN F 5 BE AR 0 2 5 TR IR (P<0.05 )
56 d W ZH /)N B T TR R 22 PR AR B LA 2 5
BTG X (P>0.05) o 21 d SC5 4/ L%
R ZREPEFRE B (PD_whole_tree ) B I & T X HR2H
(P<0.05) , 56d ZZ 5 #H /)y B PD_whole_tree Wit 3
HIRAL Al RTXTIRLL (P<0.05) o W3 1~2,

21d

56 d

5 PHZERERFERALRA L KRR ZO-1 BEE LR IE
70-1 BHPE R R Ik (0, XA 70-1 Rk 55 5%, SR
70-1 Fik 32l 21 d BEXTARAL 20-1 Rihm Faimdl, 56d
BFPA] 20-1 b To e E 2R

F1 FAAAdNBHERERGERER o- ZHMEERILE [x2sTM (Py, Prs) |

2115 n RAIEHRE Ace Chaol Shannon Simpson PD_whole_tree
YR 6 10.14£0.10 347.47(268.31,434.40) 364.97(267.63, 461.53) 3.76(3.22,4.05) 0.838(0.79, 0.86) 14.93(13.90, 16.99)
L 6 7.72+0.08  597.77(481.63, 668.44)  611.97(513.34,685.05)  4.54(4.51,4.71) 0.893(0.89,0.91) 26.03(22.35, 28.12)
VARIED 46.198 (-2.309) (-2.309) (-2.309) (=2.309) (=2.309)

PA{H <0.01 <0.05 <0.05 <0.05 <0.05 <0.05

{E: Ace }¢ Chaol $REUIIVE 15152, HREOBORAER R OGS ; Shannon } Simpson FEEUWHEE ZAEE, $REGBORZ AL ;
PD_whole_tree T4 IHE R 2L, HEROBOR LN BEALM 1 23 SO MR RS2 .

;E 2 WZH 56 d Hﬂ%?ﬁ]ﬁi}%&%iﬁﬁi o- g#‘EF'HEgE%ttE [%i S ﬁ M (stv P75 ) ]

2151 n AN E Ace Chaol Shannon Simpson PD_whole_tree
YR 12 10.33+0.37 907.73(767.24, 1004.28) 924.84(787.45,1030.13) 5.80(5.06, 5.94) 0.943(0.898, 0.956) 35.77(33.12, 38.02)
SEEGAH 120 10.90 +£0.20 589.85(444.35,736.17)  607.51(447.73,761.03)  5.44(4.41,5.79) 0.930(0.897, 0.956) 27.54(22.89, 30.37)
W2 e -3.315 (2.021) (2.021) (1.155) (0.289) (2.309)

Py <0.05 >0.05 >0.05 >0.05 >0.05 <0.05

{E: Ace & Chaol FREUZMUNTE L& B, TREOBORIER 17 BB 5 Shannon K Simpson 8RR ZAEVE, FEECHOCZAEE R ;
PD_whole_tree F54UZIHE R 2L, $EROBORULNIBEALI 1 20 SO IR Rh IS .

25 EFEAFFHFSEMEARER X AL AT 1 ) o 3, JRRER T IR . SEEA

LA AS T 21 d BT A /N, HAS(EANE JEAKOF L UIAERE . ER R R T B T
R T T7KF 2@ A A B el A, H 5% R REZH (P<0.01) , TX RELHAUAT e AL IR e s =
HE R EES, HYE LESe 201, MRS Zefd 41 R EE T (P<0.05) o f5E1E TS, WS
HANE, CRAREMEEHDETAEA, Y 56 KA/ mIE R R A, S2 4 AR i
AT H TR ER AN FEAE R, Hk A RERER T R e, (R A AT T

EMAERTERE; XTI LA E B R R XTIRATEAE b, AEE AT LARX X IR, ST A
FUFIE A R AUFUT wIR Dy 2R R, DA 6, BT 5 B E R Akkermanisia J& (P<0.05) o WL

XS ZE B R 2 () 22 S He e ] W, 21 d B S % 3~4,
TR RELERER T T, HREDIEHT;
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E 6 WAENRESR 21 dHEFEMAELEMNDZHE

eueroeqoai0id 9

f-Microbacteriaceae
f-Micrococcaceae
o-Actinomycetales
c-Actinobacteria
f-Bacteroidaceae
f-Porphyromonadaceae
-S24-7
f-Odoribacteraccae
o-Bacteroidales
c-Bacteroidia
f-Planococcaceae

1: f-Staphylococcaceae
m: o-Bacillales
f-Aerococcaceae
f-Carnobacteriaceae

a:
b:
c
d:
e:
f:

g
h:
i

j

k:

n:
o:

p: f-Enterococcaceae
q: f-Lactobacillaceae
r: c-Bacilli

s: f-Peptostreptococcaceae
t: f-Alcaligenaceae

u: f-Burkholderiaceae

v: o-Burkholderiales

w: c-Betaproteobacteria

x: f-Enterobacteriaceae

y: o-Enterobacteriales

z: f-Moraxellaceae

a0: o-Pseudomonadales

al: f-Thiotrichaceac

a2: o-Thiotrichales

a3: f-Xanthomonadaceae
a4: o-Xanthomonadales

a5: c-Gammaproteobacteria
a6: f-F16

a7: 0-CW040

Em a8: c-TM7-3

= bl: c-Mollicutes

LU, O IR BRI R IMUR R

B H O ) AN SR B I X SR R AR A (kingdom, k) o '] (phylum, p) . 28 (class,c¢) . H (order,0) . B} (family, f) .

J& (genus, g) &M3FIKo RIS R FE IR PR B LR I RUE ISR, S S 3R 7Ex] Il Pl 2 6
BN TCE WISHE , BET R 3R AL WA P A B T B T A S IS o T D S 2 S Y U R AE ¢ X c-Bacillid #T
W), Hof m X8 o-Bacillales ( ZEAIFFE H ) R 1 X3 -Staphyloccaceae ( FZEREFF ) 8% H, p X f-Enterococcaceae (1
BRERD) (BZAFE B ) WARHERE; XF R 2T G4 TP 7E i XIR o-Bacteroidales (#IFFE H ) , HF Y e XI5k f-Bacteroideaceae
CRUFFEARE ) R RZERIERE, ¢ X3 c-Bacilli (FFRZE) T g X3 f-Lactobacillaceae ( FLFFEEEF ) (JRFUTEE ) tAExs R
rpak ) AR
*3 ZR/NREEMAEETKFELHEHBENEE (x5, %)
g5 21 d (n=6) 56 d (n=12)
e AR JEEEETRI ] IETAET] el FUAFERT ] JEEEETRII ] AIEHI]
XL 0.02+0.01 6571+13.06 27.39+12.22 5.60 +£2.78 0.19+0.19  79.33 +3.25 1552+432  3.53+225
SIS 1.72+0.54 5.38 +3.89 71.01 1191  21.17+£9.65 0.05+0.02 4330+15.07 48.30+15.68 4.17+1.51
& -6.314 8.853 -5.112 -3.102 1.388 4.674 -4.030 -0.473
P <0.01 <0.001 <0.01 <0.05 >0.05 <0.01 <0.01 >0.05
x4 FRDREEFEEBEKFE LR S5 CABRENFHIENEE  (x£s, %)
401 21 d (n=6)
R 7B FLERH A Rummeliibacillus J& AT PR
X R ZH 55.30 +22.08 0.95 + 0.65 31.81+19.91 0.02 £0.02 0.06 + 0.05
LG AH 1.21+1.13 18.90 +9.52 1.22+0.47 16.56 + 4.07 35.14 +2.67
tE 4.893 -3.764 3.071 -8.128 -26.287
P <0.01 <0.01 <0.05 <0.001 <0.001
x4
31 56 d (n=12) _
Akkermansia J& FURT B JR IR & T A E P RIAUFT B8
X 133+ 1.80 36.30 +23.11 12.87 £10.28 491+4.43 11.97+835
g 11.33 £6.98 38.41 +£22.75 0.51+0.28 18.97 £ 17.06 14.70 + 7.86
t{E -2.773 -0.130 1.203 —-1.595 -0.475
Py <0.05 >0.05 >0.05 >0.05 >0.05
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3 iTig W b e 3G 58 R ARG T g . FRds 1k T3S,

H N AME A ARDBFIER P R RREE E /N
FRORAE N 8 B A S LAY, LB A WF o8 Rt
AR 21 d AT 3 s B G R ks
R B A /N BURT 21 d L 5 A6k v
WIZEL, 7 56 d RE/INERUEI IR AR, PR AR RIS
DA Sk Ao AR RFSEE R /N 21 d R 3R
BLOAARARY W7 A= i 0l A R ) L
S B LB AT IR (1 mT REE: o

ARHIFGE R B, AP Sk Al AA X /N U 1
Eie RS W IS A IR (N - o a (D =R NG S
ULVRA 3 BAE B B S 56 4 4 4Rt 25 (K T X R
2, B Sk A A 1 (2 XA = A — s Y
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