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TE. BB WIS %85 (LPS) - R AR A2 A8 55 S M ARG 1 0L, A 43 R R MR A 2 AR % 35 B 40 AL AL 51 AT 50 K A 2 AR 55 %
FRBEA K E T B, Fik KRBT R EF SPE BAEM Sprague—Dawley K 44 4 #8248 (Control 48 ) F= LPS BEA! 40
(LPS 28) 4, 4010 A, E I S Wi T K AR SR AR LPS M EH LPS(10 mg/kg) ; C MR iEHF T AR K,
EAE 24 hATR B CHEEE SR, GRS HARARAFmARA, ELISA FAn o i FAF B IR B F a( TNF-a) A&
1B(IL—1B) . &M% 6(IL-6) . & it # £4% % 8 BI(HMGB1) WU45%E G 1(cTnl) A= 44 ik (BNP) 69 7K - Al A28 K Rt 24008
FTL5FEWIAL(W/D), HE # &S I R ym B K FHATH B0, ER 5 C Ui I8 S M EHE LPS 44X
RT24h AsbT 4 A, AHFEBEIK (P<0.05); 424 h /)5 LPS AKX K & P TNF—a IL-1B.IL—6 . HMGB1 &% 73 (P<
0.05), XFER B F; £FH oS B4R, S A KD G- R F BEIE 208 R R | i P Tl f2 BNP &2 # % (P<0.05) ,HE $ &
AL T Lm IR 3R 56 B K I 2 R0 T8 55 B ARG s I AR A5 3R A B 4148 W/D i A3 (P<0.05), BB, HE % & T LA
IR 5 . | 1A R Ao AR AR S R T B AR B, BEIR R R E IS S A R FUR AR O XS IR
BER 5 AR TR, T AR A R A8 K R R AR AR A A R
KHEIR % B 48 IR 5 IUARAG ; MR 45
FE 45K S . R459.7 SCRKARIRFAD: A DOI: 10.3969/j.issn.1006—1959.2023.19.015
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Construction and Evaluation of Lipopolysaccharide—induced Sepsis—related Myocardial Injury

and Lung Injury Model in Rats
CHEN He—xiang',HE Xuan',WU Xiao—jing',XIA Zhong—yuan',TANG Jie?
(1.Department of Anesthesiology,Renmin Hospital, Wuhan University, Wuhan 430060,Hubei,China;
2.Department of Anesthesiology,Xianfeng County People’s Hospital Xianfeng 445600,Hubie,China)
Abstract: Objective To observe the sepsis—related myocardial injury and lung injury induced by lipopolysaccharide (LPS) in rats, and to provide an
effective experimental method for the construction of sepsis —related organ injury model in rats and the study of sepsis—related diseases.
Methods SPF male Sprague—Dawley rats were divided into two groups with random number table method (n=10): Control group (group C), LPS
model group (group LPS). Establish a rat model of sepsis induced by LPS. Rats in group LPS were intraperitoneally injected with LPS (10 mg/kg);
rats in group C were intraperitoneally injected with an equivalent amount of saline solution. After 24 h, cardiac function was measured with
echocardiography. Then, blood samples, cardiac and lung tissue samples were collected. Serum tumor necrosis factor alpha (TNF-a), interleukin-18
(IL-1pB), IL—6, high mobility group box—1 (HMGB1), cardiac troponin I (¢Tnl) and brain natriuretic peptide (BNP) were detected by ELISA. Wet/dry
weight ratio (W/D) in lung tissues was detected. Myocardial and pulmonary pathological changes and lung injury score were observed through HE
staining.Results Compared with group C, 4 rats in group LPS died within 24 h of modeling and the survival rate was significantly decreased (P<
0.05). After 24 hours of modeling, the levels of serum TNF-a, IL-1B, IL-6 and HMGBI1 in LPS group increased (P<0.05), and the inflammatory
response was severe. Left ventricular ejection fraction decreased, ventricular diastolic function and wall motion amplitude decreased, serum ¢Tnl and
BNP levels increased (P<0.05), HE staining also showed obvious damage such as myocardial cell edema, necrosis and inflammatory cell infiltration.
Lung injury score and lung tissue W/D ratio increased (P<0.05). At the same time, HE staining showed widened alveolar septum, interstitial
congestion and edema, obvious infiltration of inflammatory cells, and significant lung injury.Conclusion The model of lipopolysaccharide —induced
sepsis and related myocardial injury and lung injury in rats is successfully established. This method is stable and reliable, and can provide a model
basis for exploring sepsis—related diseases.

Key words: Lipopolysaccharide;Sepsis;Myocardial injury;Lung injury
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JHERFIE (sepsis ) ARG 19 S 2R, T2
f& K A=A e B I RERR A , L U B S, T
JHEREAE 7 | 2 AR Ji 4 45 40 0 DU 2 i R DL ) 22
FEEE , SO R ABE TR A =, A AL IR
JHEEERE R X R ZR e SO SRS B A3 8 A bl
il T RA B TR T Bl R 2 RSCHE . H
HIN A I 25 5L o F LB R AR Y [N AR A
o0 T TR AR 2EL A 22 e T i R BRI 8 e e L I
JETE S N 22 WE S e e A ) R o 7 e — HL Al
P G 1R Im RR I F BT, LA ] 7 A IR BERE R 5 55 ™
AR SOV, J5 3 TS RON T MR AE Il PR T
(S HAIES , AE G T O A3 3 175 B0 18 LA BIFFE 4D
/b PRI ASBIFFE 400 4 AR 2475 5 R Uk
BRI LB AR R AIE , D N7 TS A ks
REF A B R R 2%
1 MREAE
1.1 SE5G 8 W) i R e SPEF 2% Sprague—Dawley K
B 20 2, AR A L sl S S HAIE T
SYXK(if)2020-0015, 1A 200~230 g,6~8 JEl#%, i&
BEPERRISRE 1 . AT E e s N R B e S
53 W) A FAS BLH A, 45 :WDRM 3l (f) 5
20200820 5.
1.2 EZH 54088 B8 2 B (lipopolysaccharide,
LPS, #1t5 :1.2880) 14 [ Sigma Aldrich 23], FA/r &
1B (interleukin—1@,IL-1B, 1t 5 :ah255730) . FI+ &
6 (IL-6, it 5 :ab234570) | i & SR S 7 o (tumor
necrosis factor alpha, TNF-a, it 5 :ab46070) | i £
AK (brain natriuretic peptide, BNP, it 5 :ab108815)
MWLES & A 1 (cardiac troponin I,¢Tnl, #t'5 :
ab246529 ) il 4K G 9% W B 22 7 (enzyme linked
immunosorbent assay, ELISA )Rz & 14 H Abcam
], EERS R E F B1(high mobility group box-1,
HMGBI1, %5 : ARG81351)ELISA il i 7l & H
Arigo AN H], TRAAG 21 ( hematoxylin—eosin, HE )Y
A & B R R R ARG R A s
WA H Sonosite 23 1), BXS1-P Y24 i filss
5 H Olympus 23 A
1.3 Jik
1.3.1 SEE B v 4l B A 38 R B ML 7 3R3%
KEISH 2 H(n=10) X IRLL(C 41) A1 LPS BERIZH
(LPS 41), FFA7 R BUM AR AR 2L A 1 45, S 46 A%
B 12 h, AHOK. K LPS FJC B AR BHER /K e i A

76

1 mg/ml LPS %, LPS 218 155 1 mg/ml LPS ¥
(10 me/kg), C MR I T B A5 25 i o AR FEER K
1.3.2 20 IR A A A R RO TR KRR 24 h 5
b FH 29% 1% 08 1 240 (30 mg/kg ) HEAT I J P9 1 i
JRI . BRI (R B E THAES b AT 5 1
il A2 WAL, B 12 MHz @S 5B
FHap 55 A O S KD 0 A AR A N AR
ZEEEFIRAII AR, M B 7S e B 3 400 3 JE 309
HEHOESE, R Teichholtz 234 /2= 5 1ML 4
K (left ventricular ejection fraction, LVEF), Jf- i £
KBRS HR ) K 2 BE T2 By iR BE T D

1.3.3 KM TE O SRRA YL O R 25
Je S RPFTH R UM, (AR M 2000 % R 0L 3 ml,
ITAT IR .4 °CF 3000 g (BS02FEAE 7.7 em) B
O 15 min J& , BCETER, -80 CIR-AFR A . R, B
KEOEROA 4 CABERAKESE, e o i K
BERDI AL O E DN E, BA 40 /L ZHH
BERP B E 12 h T HE oo, fa Feor a8
R ATt £ N S 4 S AR ol P N =1 77
1.3.4 ELISA Kl AH ¢ 4858 R Koo WU debr R
FH ELISA U 5 i 3% ' IL -1B.IL =6 TNF —a.
HMGB1 .BNP % cTnl [ &2, ™4 B0 G20 %
HATERAE . T 96 FLAR _FAR AN 25 FFL Al s AL
FRFIFL I, 25 FHFLSE R B L 50 wl AARUEARAS
[F] e B 4% T A AH 7 A o S L L 40wl B s B VA
10wl IFFEEEA AR INFL . Z )5 TERF DL AR
P b L o AR S A B I A A e A
100 wl, 25 FALIMATN, I By £L ] S5 AR B
£, #6417 60 min THIR AR IR F 4505 7 LK,
FETURAC EAA T BESH BRI, 1 min
B IR L RFFREEAN T, S et 5 WK BRIk
Y 3,3°,5,5 U FH LR i TAE WO A T A fL e,
17 15 min 37 CHOGEE TG 50 wl FRERZ RN
AFEFL, FFF 15 min BB RIS TZERE K 450 nm &b
HEAT T A FLAG 6 2% B (0 o o A7 bm i 2 i 21
3N EALBCEME, TR M ISR TP R AR & 4
1.3.5 HE YL {6 EE0 LSO B4 A8 4k O g2
PRAS [ JE AT iR B RH AL A3, ff ) Fr o
O WUH SR A G 8, Z Fir Sl = PR oRH) e R4 7
U B S AR F e B 2 DA B R ARK A R R
KX R AT B B g, I T RRK K 45
BORMEPIEA T oAb B (TR KT YR 25T 1 h o
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VRIT L AZEIK 21, Z 5 70% 1 90% 1%t
Y1 #4710 min BEK, I LX) i A7 8003
Bhimgeta . Ul 2t )5 i ICK CEERK , TR
W BRI R TR L, 5
B b7 EE, BIAT T2 WO T gL LA 81
LA

1.3.6 Bl kGl 83 B ZE B 24U 58 T 4% 22
s A TR B2 EE AT Smith P42, [ 52 i X} il
AT GEW], AR YR, 51T HE
0, S A T LS 4 K BRI 2 U B2 A AR
JEIE WA BRI HEA T3 7, AP R R Sl s 1Y
JiIEAR R T 2 M v 2 a1 5 N U
TR SAE it B ) 55+ ot AN 5 R 375 BH BT o
(AR BE 7 42 45 T ™ R FEA T 0~4 Z3 BTFSE , ok
PR AR F R O 0 4 R PR L R
FEUARRICN 1.2.3 .4 43, T F53 Z FRIPE 2
g 1 53

1.3.7 Bl 208+ Fe ARG BCA il 228, FH 08 40K it
MWK, A TR P FR L,
I KRS ER (W), SR B T 80 CHL
POEE TR P 72 h REE SR E R, WE
R ERAGHZI T (D), KRG Z08 5K R
il 2T E A, RBP4 Z08 + L (wet/dry,
W/D) o 3B T8 W/D SRl K, DATAG il 2120
(R 7K B AR E

1.4 Geit#051k SRH SPSS 19.0 AT 8RSt
FHT , B BRI (xes) 2615, 2L 1] L A88 R FH At ST

FEAS e85, P<0.05 R R A G L.

2R

2.1 LPS 755 K BRUMR B3 2 A5 Al oy % I it v AH 6 R
FE /K7 LPS JE I 2580 M, K BRGE  iR
TP RGP ZEE P R e 2, X o) 98 s o O 59 4
12 h A KR A ATET, KUK EEAEA R 6 2%
AN, 1R 24 h N LPS 41K BIET: 4 H 7706 KR
MAG. 5 CARB I, LPS 4k Ui
IL-1B.IL-6 . TNF—a K HMGB1 45 4H 5 48 5iF [ - 7K
FotE, ZEF AR L (P<0.05), WK 1,

2.2 REVOIIRE SO It il 15455 24 h J5 470
R P R A 7, LPS 41K B0 WL 4 o iz g i
Sl B2 B, LVEF 3% BB IR (P<0.05).
LPS 20 K FUALTE o BNP A ¢Tnl 5.0 (LS 4536 b /K
SETRED, Bl A PR B il ZH 2 WD T, 2 R S0
AR X (P<0.05), L3 2.

2.3 6B T A il L SUR B 2E Y C 2R R
WLERY SEHE S s R 3 s P G A o B ik
A5 UL 1A LPS RERRZH K RN 2H 22854 58 L T
2 it K S P Jo K A iy, 2K, SRE R A
I ChYERIAN Y ), BlivaEpEg R, L
1B C A KED NI 4B S L5 T4 A m
SUERE O ILAI G B K Bl AR T R IRE, R WL 4%
PEARMIRE , WLIE 1C, L 41K B ILEF4EHES) R
U JULZ BRI 0 K i S 0 UL A 3 2 L AR
YNfIRE AR PEIRAE R . LT AN B & O LR
FeEE, WL 1D,

F1 MAXRREEERNFPEXKERFEEHE (xes, pg/ml)

45 n yean TNF-a HMGB1 IL-18 IL-6
cH 10 10 59.00£9.65 12.08+1.78 8.20+0.65 30.4425.19
LPS 44 10 6 333.00+55.39 79.0312.54 83.6+7.41 119.88+18.14
t -11.937 -12.947 -28.678 -13.407
P <0.05 <0.05 <0.05 <0.05
* 2 WAKXROINEEROMIRGE R LS (xes)

45 n LVEF(%) BNP(pg/ml) ¢Tnl(ng/ml) W5 53 (43 ) JitiZH 4! W/D
CH 10 88.00+2.00 32.67+8.31 0.40+0.10 1.00+0.47 4.1320.56
LPS 41 6 57.0022.35 391.17+71.71 4.3020.27 9.33+1.03 5.23+0.34
t 28.526 -12.164 -33.070 -18.634 -4.331
P <0.05 <0.05 <0.05 <0.05 <0.05

i



536 B 19 M
o 2023 4 10 H

Journal of Medical Information

E2EFR Vol. 36 No.19

Oct. 2023

J'-,' i <'. '-;".Iu"\. % L . :‘ "D‘_.I

T AW BRZE R BROE R T2 25 B « LIPS ZH K BRUITZEL 2 A AT WL S A MO 55 5 C 2 %o R ZEL R BRE Lo JILAEL 25 D LPS SR UL JULARL b LW

AR} bR R

E1 BAXROHARRERESTY(HE #8,%x200)
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() A A fE R, LB TR 3k 30% , O i U 24 2 e 2
FE A RS0 08 WA A8, HAp 2 M B AE A
RIS A E 2R &, BT R I g —br
e, AR Bl B AR R b IC BB I E bR v, BURR
PRI PE M — e e S LAY o i 40 A A A
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W/D BT . R LPS i SR R REIE K0 it 2
LB 5 )

LPS A A 55 2% FCRF 4 41 B 40 R 1 S B 2 i
BAT T LPS 5 R EEAE AR, ] 7 AR R 1
FRPER, JF 7R R & KR A RN
¥ TNF-o IL-6.IL—18 .HMGB1 %5 () B ik , 51
BHURSRZN B RIE RN . ARG BN, 5 C41 R
FR LA, LPS 20K BROICIE AR AR 2R 0 il 41 8 b A
HAHSCSORE T BH B 22, IESCHLIAR R A T 5
M) RAE TN, F 302 20 T s AR A L 33 Al 2 Fh il
A= Y IR e R RE AR Y B AN BB 8 AU I A EE
A= AR AR B I e — HonTE , AHOC e
R B, A — e R, e T AL
ZE LR REAS IR DR A = Xk B R AS ] T 7 A Y 35
KAR SRR, [GEF, FEIZ AT, LPS i AT i 3
T A S T kB I 22 TG AL R R (R
T P INT e 2 A SR AE A IR, I T ELA SR
AR BCIRAS 5 | LR AR Dy e K e ft A e A 55
P AR Z2 AR G B BN 3 mi v i 0 A
AR5 AR D REREAT 12, BFSR LUE S0,



536 B 19 W
2023 4F 10 H

SR SS

Journal of Medical Information

Vol. 36 No.19
Oct. 2023 &

IX 2 G AE R 7KV 9 e A5 48 £ 0 e 58 L 42
K

M PR PP 56 T IR REAE UL AT ) R AR AP 5 2l i
OB BEATIS T Tl Hy T H e S A
SEPENYEH T3 SCO ARG AT RIS s, 1E
UG BNP THE A2 (LT REH T Tl ATy
AR ELO U3 12 1B A B — A U
FEPR e Smith PEIME N B 0 R G T A RS
POl 22U BOE 2 HEA T 23, 100 W/D Il a] B4
FE ML SR AR R HE 200, AL, AR FEA I T LA L
MISCARbR, KB LPS 41K SO U O 259 0 2
REST D A 28 e il 451 75 9 70 \W/D S8 8 Tk g, R
W LPS 75 3 e A Je O At 0 7 5, I T e 0 S 3
JHREEAE o T35 R B A S RE 4 A

LR TR 3 o R i 22 B s R
SR BEAE A4 AR O O i O 5 28, HLiZ 07 ik
SEAMETEAE KO Il S BRI T A, ] DR
T HEREAE S Co it 22U 45 P g ELBIL ) K 77 R 3P
it $R LAY LA
S
[1]Fernando SM,Rochwerg B,Seely A.Clinical implications of
the third international consensus definitions for sepsis and septic
shock (Sepsis—3)[J]. CMAJ,2018,190(36):1058—1059.
[2]Singer M,Deutschman CS,Seymour CW,et al. The third in-
ternational consensus definitions for sepsis and septic shock (Sep-
sis—3)[J].JAMA,2016,315(8):801-810.
[3]Hubbard WJ,Choudhry M,Schwacha MG,et al.Cecal ligation
and puncture(J].Shock,2005,24 Suppl 1:52—-57.
[4]Remick DG,Ward PA.Evaluation of endotoxin models for
the study of sepsis[J]].Shock,2005,24 Suppl 1:7—11.
[5]Rosier F,Nunez NF,Torres M,et al. Transcriptional response
in a sepsis mouse model reflects transcriptional response in sepsis
patients[J].Int ] Mol Sci,2022,23(2):821.
[6]Smith KM,Mrozek JD,Simonton SC,et al.Prolonged partial
liquid ventilation using conventional and high—frequency venti-
latory techniques: gas exchange and lung pathology in an animal
model of respiratory distress syndromelJ].Crit Care Med,1997,25
(11):1888—1897.
[7]Evans L,Rhodes A,Alhazzani W,et al.Surviving sepsis cam-
paign: international guidelines for management of sepsis and sep-
tic shock 2021[J].Crit Care Med,2021,49(11):1063—1143.
[8]Song W,Zhang T,Yang N,et al.Inhibition of microRNA
miR —122—=5p prevents lipopolysaccharide —induced myocardial

injury by inhibiting oxidative stress, inflammation and apoptosis
via targeting GIT1[J].Bioengineered,2021,12(1):1902—1915.
[9]Assinger A,Schrottmaier WC,Salzmann M,et al.Platelets in
sepsis: an update on experimental models and clinical data [J].
Front Immunol,2019,10:1687.
[10]Stortz JA,Raymond SL,Mira JC,et al. Murine models of sep-
sis and trauma: can we bridge the gap?[J].ILARJ,2017,58(1):90—
105.
[11]Huang J,Peng W,Zheng Y,et al.Upregulation of UCP2 ex-
pression protects against LPS—induced oxidative stress and apop-
tosis in cardiomyocytes [J].Oxid Med Cell Longev,2019,2019:
2758262.
[12]Yang X,Sun J,Sun Fet al. TRIM31 promotes apoptosis via
TAK1—mediated activation of NF—kappaB signaling in sepsis—
induced myocardial dysfunction [J].Cell Cycle,2020,19 (20):
2685—2700.
[13]Hanna A, Frangogiannis NG.Inflammatory cytokines and
chemokines as therapeutic targets in heart failure [J].Cardiovasc
Drugs Ther,2020,34(6):849—863.
[14]Shang X,Lin K,Yu R,et al.Resveratrol Protects the My-
ocardium in Sepsis by Activating the Phosphatidylinositol 3—Ki-
nases (PI3K)/AKT/Mammalian Target of Rapamycin (nTOR)
Pathway and Inhibiting the Nuclear Factor—kappaB (NF—kap-
paB) Signaling Pathway[J].Med Sci Monit,2019,25:9290—9298.
[15]Mannes M,Schmidt CQ,Nilsson B,et al.Complement as
driver of systemic inflaimmation and organ failure in trauma,
burn, and sepsis[J].Semin Immunopathol,2021,43(6):773—788.
[16]Lafon T,Appert A,Hadj M,et al. Comparative early hemody-
namic profiles in patients presenting to the emergency depart-
ment with septic and nonseptic acute circulatory failure using
focused echocardiography|(J].Shock,2020,53(6):695—700.
[17]L"Heureux M,Sternberg M,Brath L,et al.Sepsis—induced car-
diomyopathy: a comprehensive review [J].Curr Cardiol Rep,
2020,22(5):35.
[18]Thygesen K,Alpert JS Jaffe AS,et al.Fourth universal defini-
tion of myocardial infarction (2018) [J]J Am Coll Cardiol,
2018,72(18):2231—-22064.
[19]Shang C.B—type natriuretic peptide—guided therapy for pe-
rioperative medicine?[J].Open Heart,2014,1(1):105.
[20]Tu Y,Li X,Fu Y,et al.Isocorydine Ameliorates IL—6 Expres-
sion in Bone Marrow —Derived Macrophages and Acute Lung
Injury Induced by Lipopolysaccharide [J].Int J] Mol Sci,2023,24
(5):4629.

Wckie H 391 :2023-05-24; &[] H 41: 2023-06-08

i B B

79





