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[ Abstract ] Objective To investigate the microecological structure changes and correlation in
blood, lung tissue and fecal intestine of mice with sepsis and acute lung injury. Methods A total of 12
healthy male C57BL/6J mice were divided into the cecal ligation and perforation (CLP) group and sham
operation (sham) group by random number table method, with six mice in each group. In the CLP group,
acute lung injury model of sepsis mice was prepared by CLP method. In the sham group, only laparotomy
but no perforation of cecal ligation was performed. Eye blood, lung tissue, and feces were collected from
mice in each group 24 h after surgery. Lung tissue morphological changes were observed by HE staining,

and 16s ribosome RNA sequencing was used to analyze the structural changes of microecology of the
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bacterial flora at each site in sepsis mice and find out the correlation. Results (1) HE staining showed that
mice in the CLP group had exudation into the alveolar cavity of the lung, disordered lung tissue structure,
accompanied by a large number of inflammatory cell infiltration, and the lung histopathological score was
significantly higher than that in the sham group (P < 0.01). (2)a diversity analysis showed that there was
no statistical significance in blood and fecal samples between the sham group and CLP group, while Ace
index, Chao index and Simpson index in lung tissue samples were statistically significant (P < 0.05). (3)
S diversity analysis showed that the differences in blood and fecal samples were greater between the sham
group and CLP group than that within the group, and analysis of Bray Curtis, weighted, and unweighted
indexes were statistically significant (P < 0.05). (4) At the phylum level, compared with the sham group,
the abundance of Proteobacteria gradually increased, and the abundance of Firmicutes and actinobacteria
was decreased in the CLP group. At the genus level, the sham group was dominated by Acinetobacter and
Duchenne, while the CLP group was dominated by Escherichia coli and unclassified Enterobacter. Blood
flora was more similar to lung tissue flora composition as compared with fecal flora. Conclusions The

distribution of bacterial flora in blood, lung tissue and intestine of sepsis mice with acute lung injury is

partially overlapped.
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8~12 Jli . Shyfifi Ak B 58 1 9 ] [l 7 TR
WA “SCEREh R A F AR /7, SEge it
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%t5H ACUC-NYLAC-2021-085.,
1.2 S ERER

12 H CS7TBL/6 Mt fe i /N R REAL B 72
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=6 ). CLP A1/l it 5 W25 FL 8 fvE 34 T R B AE
S EAL, S RFARAIMME (SB) 4.
eFARMMHL (SP) 4. BT ARZEME (SF) 4.
JEAE MR (CB) 4. MEBEAEMZIZ (CP) 4L
KMeFHIERME (CF) 41, o641,



N>

GRRIS?

S

BEZek 2023 4E 3 A4 32 545 3 B Chin J Emerg Med, March 2023, Vol. 32, No.3 - 355 -

XFF CLP 4, e HZ (50 mg/kg ip.) T
AN, TN EEATZY 1 om hR Y0, REEE W -
FERTE I T B 25304, 22 ARl ZE 45 LI
B2 ) Hri a2l S B A HLie 9 TIE IR
BIREEAMETRYIN o ARJ5 K FES 1 mL A 2Rk
HATWAKRSE 73, Sham 41/ R332 AH R 9 F AR T
(HpRIEFARME D), B RA Sk A %
il CLP 4% 24 h 5, BrAA0s /N BRUBRER , USCHE IR
FZHEY . P, LR EREALL 36 1, #EAT
R i 16S TRNA FERIFE AR, filiZl ZUEAR
1T HE Qa0 19 BRAH 837 o
1.3 HE #ailiALRERG
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JE A KB R RS PR T A R ALY A,
JE4 pm, HE Qi )5, 76 N, el
AR FIHRCE EX I A T B 55 1
SARIEIG L AU B 2E AR, Sl RE SR | il
SUBIR SRR AR . BN bR 5 40T .
0=f/Miith, 1=RERHG, 2= T E#HM, 3=8
JEW, 4= Rt Mgt s i ™ E AR B AR 4 —
AFRAEZ T, ARG 2010 4F & [ B Rkl 23 & A fili 161
vEsrk

A il g s R A - 0 R 0 43, 1~5
AR5, KT 5A R 24 5 B Jilifa] 5 kL4
MBI - 0 MO r, 1~5 DR 14y, KT54H
247 s CBEMIEE 08047, 1R 14r, KT 1
AR 2 43 5 D. FIHER (AR A AR - 0 R 0 47,
1R 15, KT 1A 25 5 E i ) fR s & .
KT 265K 155, 2455804450 155, RT 4458
291

543 = [ (20 x A)+(14 x B)H(7 x C)+H(7 x D)+(2
xE)] / (ME x100)

1.4 16S rRNA EREF IS AR A%
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ANERIME / W20 20/ i e 2 AR A B TAR A &,
—80 CARAT 5 WA /IN BB B il 2 ZUREAS | L 20 mg/
mL E FBHAT 20 wL, AK PBS %9k 300 wL il
ABZHE, 60°CiEH . (2) FEdh AL DNA RIS
JoTker - I / IRZHE / 2 - AR A - TR
% - FRDAT - 00 Z4% -DNA i3 -DNA JI3EUR
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SR« SRHARMERT Tllumina MiseqPE 300 SCJFEH)

MR AR, (5) T AT - Miseq EHLINF,
P45 5422 2 Silva Fl RDP B0HE 61T L X643
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1.5 SEFEESH

o ZFEE 53 BT SR 38 1 3 B RS AR N Y TR
B Mo ATRAS, i BCE A e BOR IR B R
JE X Z R, TR W B 484 (Chao 18
. Ace 1580 ) FRfIE ZHEEH8%C ( Shannon 54K
Simpson $§%% ). Chao $5%UF1 Ace F8EUE K, 1iHH
YRR R Z 5 Shannon FEEHR, UiHAHETS 24
PEBCK 5 Simpson FREGHK, VIR ZFEMERN

B ZREVE AT R X R R A ] (BN RIREAS ) B
A BT WIRE TS A BT LB A B, AR SRR AR 43
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EOTMEREA R IR R, @ R R B RE0k
RN ALE] (B RIREA ) 2Z [R] 4540 22 P, AR
it = B A A A 7 A #E A AR Unifrac B
B M, SR HI 32 A8 BR 43 BT (principal coordinate
analysis, PCoA) #EFTHFERELE, P<0.05 N B K
G ERE . HHR =R 845558 bray curtis |
weighted unifrac 1 unweighted unifrac.
1.6 BT
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KANDIE LB RN ok . e ORI Al
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K stats 054, BARE/ A EER H ggplot2 143
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SR AR A SE A T IE A R S SO 25 R MR S, FR
TR F R AR B AR IES A, &
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R I RRUIT R B 1 TR, P B ] LA b 41 iR
T, KIEFIEESFNTERT, ks, 235
AL b R TR, ST L RE R 2R, DL 1.
5 Sham ZH AL, CLP ZH/) BRI 4H SO BEPE 4 i 2
¥ (P<0.01), WK 2.

C D

A. B}y Sham filiZl4! HE Y464, C. D 2y CLP 41filiZ14! HE e,
JiRaR WG R é e 1 Ok s I WU N TR AV 2o A N
s 5 AR SCRAETTIL ERE, EN AT ILRE BR TE 2R
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Fig1 Lung tissue pathology change of mice in each group
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Fig2 Pathological damage score of lung tissue in mice
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PR RS G AR NS —E &5
MhZfamraE, SirHI A A3, B2 n9dkE
AR OTU. Kk, FRetEfhZen]
TR IEAA R n g, PTREATRBIREA I 7
REILK 3A. 3B, 3C,
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Fig 3 Microflora dilution curve

2.3 o BHEMESH

X = MREARIAT a ZREMENT, R ER, TE
MR B FEEREA T, PR S REIEHN o £
PR TIG AR 5 TR LR, Ace 18
. Chao 6%, Simpson f5 %50 % F A G it &
X (P<0.05), W 1.

=1 SB-CB #1. SP-CP 41. SF-CF 4l o £ #f 4 I 5%
[M(0,,05)]

Table 1 Comparison of a diversity indexes among the SB-
CB, SP-CP, and SF-CF groups

b SB 4 CB#4 Pl

Ace 55K 160.712(158.943,179.586) 297.374(263.246,337.420) 0.065

Chao f5%1 164.714(161.357,180.584) 293.440(257.354,331.375) 0.065

Shannon F5 %X 2.410(2.366,2.472) 1.705(1.421,2.748) 0.240

Simpson 40 0.200(0.194,0.203) 0.327(0.219,0.511)  0.240

OTU #tH 147.000(143.250,165.750) 262.500(215.750,307.750) 0.065

fabn SP 4 CP 4 PH
Ace FH5L 111.206(87.090,136.276) 343.096(326.242,363.387) 0.004
Chao f64t 103.30092.500,119.221)  354.350(225.500,371.331) 0.041
Shannon F§40  2.812(2.681,3.645) 2.509(2.262,2.867)  0.132
Simpson 840  0.113(0.056,0.128) 0.268(0.204,0.339)  0.026
OTU % H 76.500(69.250,108.500)  300.000(204.750,333.750) 0.093

B SF 41 CF4 P{E
Ace B8 214.406(198.894,225.179) 208.011(153.005,271.668) 1.000
Chao $6%  187.018(151.229,190.816) 188.273(127.261,254.831) 0.818
Shannon #§40  2.015(1.518,2.093) 1.977(1.643,2.264)  0.39%4
Simpson #6840  0.299(0.195,0.408) 0.287(0.236,0.331)  0.699
OTUKH  147.500(109.000,168.750) 134.000(104.250,214.750) 0.937
1 :SB. SP. SF A RINBF AR . IiHL LR FEEREAR
CB. CP. CF 4 43%l Ay Me s i 20 A9 MLV . A2 23 DA R S AR AR
ACE 5%, YR Chao H 8 W £ & 4645, Shannon $
BONHEREE T AR, Simpson FEBCN R RE A BETE R
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ZER R, EFE . MWL ZHZ, Sham 20
5 CLP i d | 22 RAEK, HE5 R A 51
E5 o RIELL LR, 2% T PCoA I ULIE 4A
4B, 4C. MEIH ] LIWES, ANERAEZEME ., M
W SEAZHZY, Sham 415 CLP 41/ EUEEAR [H] X 73 .
I, WRFEEIA R TR HARRZR, 458
B gt m L

%2 SB-SB. SP-CP, SF-CF 4l B ZH:MESHT
Table 2 Analysis of B diversity among the SB-CB, SP-CP,
and SF-CF groups

o SB-CB SP-CP SF-CF
faby R{E  P{i RM P R PMH
Braycurtis 0769  0.002 0469 0.003 0.786 0.002
Unweighted 0543 0010 0419 0011 0.172 0.028
Weighted 0730 0002 0469 0006 0913 0.002

1 : SB-CB RER MR T AR 4 5 Me 75 AE 21 /) BB FEAS (9 U
SP-CP XM FARYL S MeBEREAUG A ZUREA Y LA 5 SF-CF AR
TR 55 e BEAE 2H SEAEAE AR (5] 19 LU 4K 5 Anosim AH LA 0 4 BiE
YA 225, Anosim K30 HY R ML -1~1, REMEELE 1, R
MZEFMAR, P<0.05 R fFBERGR . W N —Fhdsin
43524 bray curtis, weighted unifrac 1 unweighted unifrac

A B

A}y SB-CB 41 PCoA & ; B & SP-CP 4 PCoA I ; C 24 SF-CF
20 PCoA A
4 SB-CB 4. SP-CP 41. SF-CF 4 PcoA K
Fig 4 Principal co-ordinates analysis among the SB-CB,SP-CP, and
SF-CF groups
2.5 BEEMTRS SR
#£ Sham 415 CLP A (I . Mld14l, FE4H
ZH 211 Heatmap &7, Sham ZHZH N 09 B 45 W 7E
SRR A R IARRL, TAE CLP Hr, =

FIAEACZH N B TR S5 A0 1) R AR N RO AE , 1 —Pk
% Sham H2 . 5 Sham ZHAHLL, CB #4H. CP 4H LA
F CF U I ¥ 75 W ( Escherichia-Shigella ) = J&
¥jFhm (WL 1AL 1B, 1C), CLP 41MH &
Sy TR I i TR R R, 9 Qi g R
( Dietzia ) 5 S W & M IR IE O, 19 4n s R A 1A
( Escherichia-Shigella ), H.Pi 41 /9 T 20 1% X 0 B
. /8 CLP A5, /NERIMWE . MighZl, 2E(HA
LR LS KU
26 BFARASKRSEABKILE

45 5 @R (WL B 2A), Sham 41 (SB 41,
SPALLL e SFA ) AN 5 CLP 4] (CB 4. CP
HUAM CFA) ANMER BT 3, fERIEMN
PCOA Bl P [ Tk —rd (ULFMIE 2B ), W]
U, Sham 41+ %) SB 41, SP 4. SF 41 B #F s T4+
AL, 1B CLP 41 iy 4 BN rh, 47 ko ik ok
AT e MR DL SR EAR R WA, TR
K C WLF &1 2C), *F LE T Sham 41, CLP 41#Y
AW ( Proteobacteria) |1 JE B WG n, JEEE
W (Firmicutes ) |1 M i 2 W ( Actinobacteriota )
[TF R b 5 feJm K F ( ULF I 2D ), Sham 41
FELAGIFEIE (Acinetobacter ) FAL AT 1
J& (Dubosiella) & %, T CLP 41 F 2 DL K7 iR
v @ ( Escherichia-Shigella ) R 32500 A & &
( Enterobacteriaceae-unclassified ) N ¥, JTCiETE]]
KR EACE, X TEE R, 1K 5 mZH2
TR B SR A AR

3 g

JHREAE FE T8 IR AT AR B 2257, X AERE
TRy U T IR, MR AR AR Y 1 i
PRI R BN 2RV L, A IR BN i — R
ot B AR M RO R B ) - B &2 . FE R
HARTIOEST M b,k DU REAE AR ZE L b i
T A L0 e B D RE R A H A AP, ELAR I Y
o -5 I S0 8 1P K BAT T E— bk ik
BAERE KA T IR AL ", R B
IR RS AAE | LR R D TR R
ARz . Am U ERA T SBoR RS2, H
BOW R AT R . HUGR R
HLTEGEIR A7 AE—RE BT - B ARG, FEHRRR
RUE T ABE AN I TE A AT B R e A
AT — ARy G IR AT RESR A R I ALiE .
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il F A 2R, R R I PR AR A SRR I L 2
A%, FABEEABEREAXELLCRSE, MEERAE s I
T 55 1508 B R = T 1) 06 R AR A BIHIESE

A 5T XF Sham 26 LA K CLP 2H /Iy A il %
FZHEY ZAE = AR AFUETT T 16S rRNA
J¥, 5% 5R, CLP 415 Sham 41 i il Al A
Ko ZHEMARASIF¥EN, X5EMRES
HIWFFE S5 s — B A A ZVREAR 1 Ace F85K
Shannon 84X L) & Simpson #8503 LA G125 X,
PR A AR MTIE ST, PSR R A T A, il
HAUNBEREERERN, A2 HEER . 78
B ZFEME M, CLP 415 Sham 41 A9 = FPFEA K
WA R RN ZES, HEFHEASIE
X, FERRERIE RS, MIETRRE . M A LA S i
T A TR BT S R A AR 3 2 A TR e As

MITKSE F3kF, 5 Sham ZHAHEL, CLP 4+
AT TR 10 3 BE W e, JELRE TR [ o B A M
fiX. 7EREAIERERET 1200, BRI EE RS %
ISR R R P, S AR A A 5 i i S ) fe
BRI . AT T B T v 2 M 2 A T A —
ASFEFRRAE Y, SR MAR L, i s O R
45 o B RGN R R REAG I B AR T B ) 2
FHEn G, MERERE ], 2 AEAR IR (short
chain fatty acids, SCFAs ) #YFEE A4 5=#, SCFAs fJ
DAVARE AT ME T 40 b & N ik B2, Jf ke
EvEAnir A wae ), HAgf%iEd LAMTOR2
MG 5380 [ 02 14 s 2% e B (I 1 ) FE e 20 L o
CU I, BFRASTE R RRREE AR E
ASAEHL, A5 AT REIE A ) A A W Sk FU
TP , KRR BRI RIS IR EE— B L
MIB IR FokTE, CLP 24 K5 4y 88 i g Ak

YRR R R B e, XS SERTagE U
GER 3, WHURPE R EEE TR H DL AN R A AT
B AR, AL BAYEREIEEE B P A R
B, HHZEMZPROL NG &, SIkEE
RO AR T IR YT R BR AP ®, oK
YA R A L e £ R Rz — B, N
I, WA R AT B A A Y A T BT T PR
BEAEFRE R SR — e s T X

I URHIFFE DR T RZHZY | IR LA K i i 26 Y
PRAEOC R, AR RRENRETS oA R B0 20 5 i
BEAR I B TR 5 P A B RE 2 A i i 38 LA AR L
RS 5] B4 i T AR O AL A A B A3 AT A7 A v P
W4, T R AR AR 225, X T g
SIhEMAEIN E SR K. ITIEEEERS, R
WIE A e AR S MR A E b, 97
FIRERERSE, PlARIAEAEWHEE, XERK
REAE 14 i PR R 25 L5 I T RO B A ) SR LA A
—EREEE, A “Pr——h" BSRAE T
MR . (Al FARR SR FEAS D, FGiitasR
FEE—EMRRRYE, B FRR2EEAR M ZIR, ook
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