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Abstract: Objective To compare the effects of different lipopolysaccharide (LPS) administration routes
and doses on neonatal rat models of necrotizing enterocolitis (NEC) ,and to establish an optimized model bal-
ancing pathological typicality and survival rate. Methods One hundred fifty Sprague-Dawley pups (2—3 days
old) were randomized into six groups: control (intraperitoneal sterile saline), intraperitoneal injection (IP)
low-dose LLPS group(1 mg/kg) ,IP high-dose LLPS group(2 mg/kg) ,oral administration (PO) low-dose LLPS
group (4 mg/kg) ,PO medium-dose LPS group (8 mg/kg) and PO high-dose LPS group (12 mg/kg) ,25 cases
in each group. The control group received daily intraperitoneal injections of sterile saline for 3 consecutive
days and were breastfed, while the other five groups received daily LPS administration (via intraperitoneal in-
jection or oral gavage at corresponding doses) artificial feeding, and a combined stressor of cold exposure and
hypoxia for 3 consecutive days. Survival rate, general condition (including mental state,activity level,abdomi-
nal distension degree,diarrhea scores and total score), body weight changes,intestinal pathological changes,
levels of intestinal inflammatory factors [ tumor necrosis factor-a ( TNF-a),interleukin-18 (IL-1B), interleu-
kin-6 (IL-6) and interleukin-10 (IL-10) ],expression levels of intestinal tight junction proteins (ZO-1 and Oc-
cludin proteins) and intestinal permeability (serum FITC-dextran level) in the 6 groups were evaluated. Kap-
lan-Meier (K-M) curves were plotted for survival analysis. Results At 72 hours after model establishment, 25
cases survived in the control group,14 cases in the IP low-dose LLPS group,11 cases in the IP high-dose LPS
group,23 cases in the PO low-dose LPS group,20 cases in the PO medium-dose LPS group,and 7 cases in the
PO high-dose LPS group. K-M survival curve analysis results showed that the survival curves of the IP low-
dose LPS group,IP high-dose LLPS group,PO medium-dose LPS group and PO high-dose LPS group were sig-
nificantly lower than that of the control group (log-rank X*= 14.58,21. 88,5.56,34. 72,all P<C0.05). Com-
pared with the control group, the 72-hour survival rate was significantly decreased in the IP low-dose LPS
group,IP high-dose LPS group,PO medium-dose LPS group and PO high-dose LPS group (P <C0. 05). Com-
pared with the control group,mental state score,activity score,abdominal distension score,diarrhea score, to-
tal score,intestinal histopathological score,as well as the levels of TNF-a,11.-18,11.-6 and the ratios of TNF-
a/I1.-10 and 1L-1B/1L.-10 in intestinal tissue and FITC-dextran in serum were significantly increased in the IP
low-dose LLPS group,IP high-dose LLPS group, PO low-dose LPS group,PO medium-dose LPS group and PO
high-dose LPS group,while the 4-day body weight,body weight change rate and the levels of 1L.-10, Occludin
and ZO-1 in intestinal tissue were significantly decreased,with statistically significant differences (P <<0. 05).
Compared with the IP high-dose LPS group,the mental state score,activity score,abdominal distension score,
diarrhea score and total score in the PO low-dose LPS group and the PO medium-dose LPS group were signifi-
cantly decreased,the 4-day body weight and body weight change rate in the IP low-dose LPS group,PO low-
dose LPS group, PO medium-dose LPS group and PO high-dose LPS group were significantly increased, the
intestinal histopathological scores of neonatal rats in the IP low-dose LPS group and PO low-dose LPS group
were significantly decreased, the intestinal histopathological scores of neonatal rats in the PO medium-dose
LPS group and PO high-dose LPS group were significantly increased, the intestinal levels of TNF-a,IL-18,1L-
6 and the ratios of TNF-«/IL-10,1L-18/IL-10 in the PO low-dose group, PO medium-dose group and PO high-
dose LPS group were significantly decreased,the I1.-10 levels in intestinal tissue in the PO low-dose group and
PO medium-dose LPS group were significantly increased,levels of Occludin and ZO-1 proteins in the intestinal

tissue of neonatal rats in the IP low-dose LPS group and PO low-dose LPS group were significantly increased,
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level of Occludin protein in intestinal tissue in the PO high-dose LPS group was obviously decreased, serum
FITC-dextran level in the PO low-dose group,PO medium-dose group and PO high-dose LPS groups were sig-
nificantly decreased,with statistically significant differences (P<C0. 05). Compared with the PO medium-dose
LPS group,the mental state score,activity score,abdominal distension score,diarrhea score and total score in
the PO high-dose LPS group were significantly increased, the mental state score,activity score,abdominal dis-
tension score,diarrhea score,total score,as well as the levels of TNF-a,IL-18,1L-6 and TNF-o/1L-10,1L-13/
I1.-10 in intestinal tissue in the PO low-dose LPS group were significantly decreased,the 4-day body weight
and body weight change rate in the IP low-dose LPS group and PO high-dose LPS group were significantly de-
creased, the intestinal histopathological score of neonatal rats in the IP low-dose LLPS group and PO low-dose
LLPS group was significantly decreased, the ratios of TNF-a/I11.-10 and I1L.-18/IL.-10 in intestinal tissue in the IP
low-dose LPS group and PO high-dose LLPS group were significantly increased,the levels of Occludin protein
and ZO-1 protein in intestinal tissue in the PO low-dose LLPS group were significantly increased, Occludin pro-
tein level in intestinal tissue in the IP low-dose LPS group and serum FITC-dextran level in the PO high-dose
LPS group were significantly increased,serum FITC-dextran level in the PO low-dose LPS group was signifi-
cantly decreased, with statistically significant differences (P<C0. 05). The PO medium-dose LLPS group showed
typical gross pathological changes of NEC, with obvious segmental hyperemia and edema of the intestine, scat-
tered necrotic foci, thickened intestinal wall and dark red color in some intestinal segments. Conclusion PO of
8 mg/ (kg + day) LLPS combined with compound stress can successfully induce a neonatal rat NEC model,and
this model possesses typical pathological features, moderate inflammatory response and high survival rate,
providing an optimized experimental model for NEC research.
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N FEL NS  FOS-2430V) 5 BifFR X (it TECAN £ A
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ZREWHARBRA D ; RIPA 24 W G g A, &
I E AR H AR ASY; DiRE s RAEYHEARER
A BCA HAEmIAN & (LiBE A REYHARE
RS B 5 i 98 YR 58 [ T (TNF-o) | 4 40 i/ Z-18
(IL-1B) « 1 40 ffl A Z5-6 (11-6) H1 11 40 Jifd /> Z-10 (1L-
10) i B A 28 W% B3t 56 (ELISAD 357 & R Y1l i 1 F
AR R D 5 bt R B 8/l & -1 (Z0-
DR RBELE 12 800, i 2 1 2% v A= W BH B A [
25 AED s YLK B A H (Occludin) $T & (i B 1L
1+ 800, I Z & i AEW R A RAFD 5 bt KR
B-WLah & H (B-actim) FLR (R BELL 1 ¢ 10 000, BRI &
2 5 AR W R R A BRZN 7D s HRP ARAC L2 3T e e
BREM(OGHRREL 15 10 000, 207 Z 22 v Y
BHEABRA A s B L0 (PVDE) B (R 2%
e A R A BRA T 5 B R B S W5 Ry (R T AR
v AR A BRA FD 8 Uik 2= & (ECL) JE Y (i
WE 2 50 A YR A BR A 7D s FuturePAGE™ 2B
P 980 ] 5 (4 9% ~ 20 Do B BE J¢ o 5 MR A A= W B B A PR
AN 51 X Western P33 5 B & (Fy K, Biosharp 2y
) TBS 2% vh i CBP A &+ ¥, Biosharp 2Y &) )
Tween®-20 ([H 254 AL 28 F A R 7D 5 5 5 R
wWICE IR0 1 B (FITC-dextran, 48 %} 43 7 i =
N4 000, H Sigma-Aldrich 24 #]) .

1.3 JiiE

1.3.1 Zh#¥4r4H & NEC ARy e R F Bl HLEC 7
vk 150 oAz SD KR40 6 41 . % B4l 8 I T
S LPS IR & 4 8 i i 98 LPS m Al 4l 1 ik LPS

R AL R LPS Wi 4 fn 1 i LPS & 57 4l
Bd 25 R, 7281 3 d A SE0 A B L 6 IR 2 K B
FEES 0.1 mL JoRE A BRER K LB R 1R I 58 RUIA]
BT IE, HAS ARRY SRS EIE
FIRE R 32 CHEREEFRM N, SH 11 Hm
IF ST AR B2 R 1 YR LPS 425 N T3
A B 8 il 5 i SR I LR T IR AL . (D)
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90 s, A E<C0. 5%0) , Bk T FlElbg 4 h.

1.3.2 6 4 KRR 72 h A7 B KER
TSRS AU A K ERMAA G B, AL IR 2 Rid h
BRI BRI 72 h(BEISE 4 RO &
AR AEE

1.3.3 6 A7 B 4 SD KR — BRI Wigg 25
JOTTR] L A R U ZR I 90 Sl 45 A A IS T AR R BRI — Btk
B ALFEAE PR S 0 2h B IR K R RS T 4 K R
P4y . (DREHCIRAS - 2 B SCER L7 T4 348 19 O 2% 3 3
B3 s 2 T A i 3 ) S Ry AT PE 4. 0 43R IE
OB RN G L 1 43 o B R G R (RN A 18D L 2
43 Sk v B I R (RN B SR U85 ) 5 3 40 o R G R (L
T . (2) 6 B . 2 BRSOk [ 7 14834 09 O 3% 38 1t
WK FRAETE N H K is sh iR 47 P4, 0 0 i IE &
GEIE) 1 4 WA .2 S A D .3
FIWEAD LTIz s, (3) 18 KR . 8 i 9o W
IS TEAL L0 20 R ICRERK . 1 43 0 6 B (O 3 s i
B w2 4y R b B (IR R RK) . 3 43 o L (I K .
ATREFESCIRD) o TR AR S AR 3T . (O JE 5 TP
A3« 2 7% SCHR [ 1248 348 (4 7 32 {6 1 406 11 32 4l B OR 2%
WME A B FIE R R 3 ARG, L s HIEH
(B, TeoK ) » 2 43 AR 28 E (BUB AR A KB .3 4
FIKFEFEME CRIE , KB . B VF 5 R fiR S .
TSR E AR B RS I 2 A B 0~ 12 4, oy
1.3.4 6B ERBE 1 RN 4 RiEEDN
NEC 8 H R BRAC TR & N R BRSP4 30k
At SR FH A B ATLAR AL % B R B 9:00 A5 4T
A KB REALEE 6 HL W H REZMFE— R,k H
A RS 10 mg #L 7 ROF , o miAR oE T
BRI BRI 3 R BCE A, A



e 2760 - BIEF5IEK 2025 £ 10 A% 22%% 20 Lab Med Clin, October 2025, Vol. 22, No. 20

SIFTRERE 1 R CFHIR 4 5% 4 K(FHE) %
AR L A AR AL R PE AL R [E) LPS 45 245 07 %
KERAK BT,
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N, 3K 4 L) MaxCombo (Fleming-Harrington 41
BRE) R F, [ oL logrank X° fH, % t=72 h
T BRI S 249 A AE I 1R (RMIST) |, 4 25 48 % T % B 41
B ARMST (S250 41 — X B4 . T A 4G 56 35 Sy U fmj
a=0.05,AP<C0.05 N EFHGIT¥E L.

2 #® e

2.1 6 HHERREMFLS R @872 hx _A
T4 25 1) B8 s v 4T LPS IG5 A7 36 14 6, i s
5 LPS B4 8% 11 4, iR LPS K] & 4 77
W 23 0, TR LPS Hl 4L 20 . TR LPS &
R A7 7 B, K-M AEA7 i Ze 4 3R o , W 6 o O
LPS 540 8 v 5 LPS S 4H . 1R LPS
FIEAL TR LPS 790 2 41 A 17 il 28 9 S8 A0 e 4
(log-rank X* =14. 58.21. 88.5. 56,34. 72, ¥ P <
0.05), WLIE 1. 5%t HE4LH b, I8 s i 4 LPS %5
e E ST LPS SRl dl . R LPS A5
FR LPS sl &4l 72 h A fE R W] B B K (P <
0.05) H iz LPS K5 a1 5 X 4L 72 h AEfF R 1
L ERTG L (P>>0.05); 5% A M I, 18
i v 5 LIPS AR 4 MR s T B LPS w4 1R
LPS Hil 4. IR LPS &7 4l ARMST & 2% 4
(P<C0.05),fH iR LPS L& 240 5% B4 i,
ERLGE I FE X (P=0.24), WFEI1,

2.2 6 HAFWEBAE R — MR 6 A7 B
Az KBRS MR S PE 43 (36 o BEOE 4 R IR BB O 4y L
EIE R BPErE, R WA ST %8 XL (P <
0.05), 5xF M4l bhd, I i i 5 LPS IR &2 41 | s
W4 LPS B4l . O R LPS #4100 LPS
FIEAL R LPS 5 70 2 40K ffeR 2557 40 L 36 3l F
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NN R N R R A N s o e T S
(P<C0.05); 5 16 i vE 5 LPS & 7 B 4 i, 1R
LPS IG5 2 48 #CIR ZS 0F 43 LI 2 B2 OF 43 | RK R R
oy JETE V40 K 37 4 B i AR, B IR LPS 5 i
ZHRE IR S TE 43 L HE KRR B 43 B P43 B I R I
X RWAE SR L (P<<0.05); 50 R LPS )&
2 HL AR, AR LPS 50 i 40K iR 2 PE 40 L3 o)) B
oy JERK R BE V4 RS P4y SR PE Ay I TR AR
LPS K50 2 41K #iOtR 285 9 43 06 30 BE 1F 4 L 8 Ik AR
POy G VE 4> B o B B FRAIG , 22 5 ¥/ G it 2
B X (P<<0.05), &2,

100 o= a
:—‘ B3
e
- BRSSPSR R A
& 754 — BB ESILPSES SR
iy - O BRLPSIE B4R
i CIRRLPS T @4A
i 3 | = omesERRa
B 50 -
25 T T 1
1 2 3 4

B8] (d)
1 6 HFTE SD KR K-M & 17 #h £

2.3 6ABHARRE 1 RSE 4 RIKRELK 641
FAERBANSE 1 RSH 4 REELK.Z5HA5
TR B X (P<C0.05) 56 AT A KRS 1 RIKE LA,
LRTGH X (P>>0.05);6 HF A KRE 4 K
R MR EEARLE, ZFHARIT¥E L (P<
0.05), 5XJ ML L, I8 s i 5 LPS IG5 = 40 i i
T4 LPS mAl 4 . 0 R LPS KA &4 . 0 R LPS th
FIE4 R LPS &gl s 4 KR E R AR bR
I B BRI (P <<0. 05) s 518 B4 LPS &l a4l b
BLOEET S LPS KA B4, O LPS K &4, 1
Il LPS rh )& 20 F1 0 IR LPS @& Fl 445 4 RikE K&
TR H AR AL R B B TF s (P <<0. 05) 5 5 HIR LPS Fi5)
w2l LA, I8 I TR ST LPS R = 4L fn R LPS i 5
AN 4 RIERHEEEEASMRGHEEFEMK P
0.05), W% 3,

2.4 64U AERBRIGE RS Z RS il R AR
N 2% 448 SR 4k s 6 R 4 i T SRR M L B RO L

ERB R I E N IE R JC 5 oK M 5 IR FEAE
S 8 I B LPS IG5 i 41 i 3 e BE S A K L 35 40
o B S W 208, gy R gk R 5 I M S LIPS ] i A
FE MK B EE Ry T i E LG BRI A, g
i s A AR I AR LR s TR LPS IR a4
PR AR B % L A SR B0 R I O A% R TR AL 5 4 W B R
WO, A BEE R A X SE 4 Dl LPS il s 4 R B
R NEC KA S AS , g 38 7 Bt 78 i /K b B &,
AR SRAE AL, i BE 38 JRL , &6 53 i B B G 41 € 11 il LPS
e 70 A AR A e o P T BB T FE LR BT, R R AT
o B A, iy BE W] & 0GR, 1A P AT DL K a SR R
mHERNEY. WHE 2,

2.5 64 AERRBIEHL R AN HE Jef
R N BRAL A TE A B SR B HES B B
YA M R, BT )2 B L2 25 48 T 0 5 IR
S LIPS R 7 5 28 R ) e A Y A b 3 R R B AR
£ St 150 L AN o 1 I~ ) N N = LB T R
9 A1 IR L T A XS AT WL 2 5 L2 48 1
Mk LPS K50 i 2 s B A i e, R RN b R 40
BRRE Ay B BT 25 K M TR LPS Wi dl
PRI NEC Jk BRI 988 T |32 SR8 B 7% . K=
PRE 2 ML L B T )2 ™ E K A i, WL A
B s R LPS & 55 i 2 45 e o ™ 5L 98 6 K T R
INBENE T o B o I 245 /) 5 4 W IR, R 188 P s ., 5 43 IX
WA UL BE 4 2 IRBE . ULIE 3. 6 4l AR K R 48]
i FEPE A B, 2 A T B (P <<0.001), S5 X
MEZH A M8 I 1 5 LPS R R 4 I8 s i 5 LPS &
FIEL R LPSMRF B4 . 1R LPS s E4. 1
ik LPS & 30 2 41 7 A= K BRI 4 2 3R 0T 43 359 B . T
1 (P <20, 05) 5 5 1 i v A LPS w1 i 4 b 55 IR
W LPS IR 41 . 10 IR LPS %57 & 4 5 A& K BUm
205 BVE A B B B AR, IR LPS Hl A R
LPS 57 5 4 5 A= K B 20 200 B0 43 B S 7 L 22
S G L (P<<0.05); 5 0k LPS )4 4
Fods M I T 5 LPS AR 4l L TR LIPS {5 i 4 3
K U 4L 2395 BEOE 2 B B B R AR (P<<0. 05) . L3R 4,

®1 6 EHFMEKRR 72 h EFERLE (n=25)

2 51 72 h AR5 % CLL %) ARMST K (95%CI ,h) rpfs A A7 ] Ch)
Xf IR 20 100. 0(86. 3~100. 0) — >72 h
W i G LPS () 4 56.0(34,9~75.6)7 7 —22.2(—33. 1~—12.6)77 >72 h
WA s TR S LPS i il = Al 44,0(24.4~65. D77 —29.6(—40,8~—19.0) %7 64 h
AR LPS 5 & 21 92.0(74.0~99.0) —1.7(—4.6~0.0) >72 h
F R LPS A & 4l 80.0(59.3~93.2)7 —8.3(—15.8~—2.2)7 >72 h
FIAl LPS w4 28.0(12.1~49.4)7 7 —36.1(—46,2~—25.3)77 50 h

W — TR B S IRA A . P<<0.05,7 7 P<<0. 001,
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x2 6 HEFEMERR —BRRLER (2 L5,5)

4151 n LIRS B JE AR BT HEVE PRI MTEAY
ot B4 25 0.1640. 37 0. 2840, 46 0.0840. 28 0.1240.33 0. 640,76
W TE ST LPS AR5 4 14 2.2940.47" 2.4340.51" 2.1440. 36" 2.5740.51" 9.4341.09"
HE I T 5 LPS w7l 2H 11 2.8240.40" 2,820, 40" 2.640,50" 2.9140.30" 11.18+0.87"
AR LPS {72 23 1.6540.49" 744 1.7840,427 744 1.4840.51" FFA44 1.7840,67" T4 6.7041.33" FFFLL
PR LPS il 4] 20 2.1540.377 % 2.304-0,47° %7 1.9540.60" 7 2.454-0.51" % 8.854+1.18" %
MR LPS el 7 2.4340.53"% 2.5740.53"% 2.2940,49" 2 2.7140.49" 4 10,001,004
F 86. 21 70. 60 68. 39 82.49 208.17
P <€0.001 <0.001 <€0.001 <€0.001 <0.001

TE SR LA, T P<<0. 01 S TR 5T LPS @ M 4l LB, 7 P<<0.05,77 P<<0.01,7 %% P<<0.001; 5 A} LPS th 4 4l Lb 5,2 P <

0.05,24P<0. 001,

£3 CHAFERRE I RFE4REELK(T=s,g)

215 n 1R EIRN EE AL A ) ¢ P’

Xf HE 2 6 7.30+0.11 10.41+0. 23 42.540.7 42.36  <<0.001
J I S LPS IR R 41 6 7.2740.12 7.0340.18" 74 —3.340.5" 744 2.89 0.032
W I T 4 LPS i ) 6 7.3440.12 5.9340.23" —19.2+1.0" 15.62  <C0.001
FAR LPS i3 &2 41 6 7.30%0.12 8.0540.18" 7 10.340.477 8.75  <0.001
MR LPS k4 6 7.3240.12 7.6840.17"7 4.8+1.277 3.51 0.015
Mz LPS &l a4 6 7.3140.12 6.5140.21" #44 —11.040.6" 744 9.23  <<0.001
F 0.27 366. 13 289, 57

P =>0.05 <20.001 <20.001

AR E AR = G 4 RAKE — 55 1 RARE) /45 1 KIKTE X100% ; 504 A, " P<C0. 001 ; 5 1 13 41 LPS &k 2 te g . © P<<0. 0015

511k LPS Al B4 a2 P<<0. 01, P<C0.001;¢ .P'#RMHNE 1 KEH 4 RIKE B MG 2485,

*fERZE BRRESTLPSIRSTIE4E IR ESILPSEFIEAE

I ARLPSIR S E4H CIARLPSH 5 E4H OARLPS= 3 E4H
B2 oAFEXRBERCEKE

2.6 6HHERBMBAARIERNFKFELE 64  TNF-o/IL-10.1L-18/1L-10 H#, Z R ¥ A G i % &
BE KRB A 20 TNF-o, IL-18. IL-6 . IL-10 /K°F & X (P<C0.05), S5XFRE4] A, B8 s i 4 LPS K57 &
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O E S LPS ERl 4. Ok LPS {24, 1
Ik LPS &2l . 1R LPS &7 42 TNF-o.,
IL-1B8.IL-6 /K ¥ & TNF-o/IL-10,IL-18/IL-10 Ft & »
Md 2 1L-10 KRR, Z R B A G I # B L (P <
0.05) ; 518 i 78 51 LPS 7l i 4l He g, 1l LPS I
Flardl O LPS Hhifardl O il LPS 57 i 41 1 41
41 TNF-a, IL-1B8.IL-6 /K ¥ } TNF-o/IL-10, IL-1B/

OARLPSTE S 4R
- OO ARMHECH 50; O@HAAEHY 200,
3 GCAWMEARPE

x4 6 HMEXRRHBALBEBITFES LB [M (P, Prs)]

O ARLPSHFTIE4H

it n FRHESN ()
XJHRZH 8 0. 0€0. 0,0. 0)

I TS LPS IR il 8 2.5(2.0,3.0)" 7 F4
Tl A LPS il 8 3.003.0,3.00 "

i LPS il 4l 8 2.0(1.0,2.0) " FFF4
IR LPS Hp7sl ik 8 4.0(3.0,4.00" %
IR LPS il 8 4,004,0,4.00" %

H 35.18

P <20. 001

SR A, T P<<0.001; 58 R AT LPS miflmal e, 7
P<0.05,77 P<<0.01,%%% P<C0.001; 5 10/} LPS b5 & 41 It
5,2 P<0.001,

IL-10 REAR, IR LPS AR5R &4 . 1k LPS A7) & 20
A Z TL-10 KFTh s 2 5 A et 2 8 (P <
0.05); 5 H Ik LPS il & 41 H 8, I8 13 4 LPS ik
Fl 2 O R LPS @Al 4l im 440 TNF-o/11L-10,11-
18/1L-10 Ft& . ARk LPS f&F A M4 TNF-o, 1L~
18.1L-6 7K F K TNF-o/IL-10, IL-1B/1L-10 [k, 2
SHE G E L (P<<0.05), WES,

OARLPSEFIELE

HARBEFBER(HE R 8)

2.7 6 AHAEKRKRMAL Occludin, ZO-1 & FKF
L fiE FITC-dextran KF-HE 6 2087 42 K R 4
21 Occludin, ZO-1 % H /K ¥ K 1fiL 3 FITC-dextran 7K
VA, 2R A G E X (P <<0.05), 55X R4
B MG E S LPS AR 4 20 I8 6 T S LPS 5 R i
Ok LPS AR H 4, Ok LPS w5 & 41, 0 ik
LPS &fEHFH £ RKREBAL Occludin, ZO-1 FHEH
IKF-REAR S L% FITC-dextran /KF- T, 22 7 A 52
TR (P <0, 05) 5 5 I8 BV 4 LPS 7 & 40 L
B S LPS ARG a4l . 1 il LPS IR & 415 4
KEMBHLE Occludin,2O-1 FHHKFETH 5, TR LPS
i 7 1 2 21 20 Occludin 85 7K FEIR LPS AR5
AL D LPS 4L DR LPS o i AL i T
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FITC-dextran /KR, 22 5 ¥ E 4T
0.05); 5 F ik LPS &
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RN (P<
20 A, I8 I ST LPS %

e 2 Oceludin, ZO-1 FHH KT, B AR LPS KF]
2 M FITC-dextran /KEREAL, 2 R WA g it

FlE A 2 Occludin FH A KR, DR LPS & X (P<<0.05), WK 4.%6,
FIE AL 75 FITC-dextran 7K A E IR LPS 5] & 41
x5 6EFMEXRRBALRERFKELE (2 £s5)
205 n TNF-a(pg/mL) 1L-1B8(pg/mL) IL-6 (pg/mL)
it 41 6 35.843.7 28.543.8 48.345.5
JE o 1 S LPS I 3] 4 6 185.34£17.0"" 152.74£16.1° " 286.6428. 7" "
JE T 1 5 LPS 6 256.8428.0" " 208.8+24.2" " 392.4441.1""
MR LPS {5 5 41 6 126.8412.2° " F#448 103.84+11.0° *FFAAA 192.3422. 37 " FFAAA
M LPS sl k4 6 172.6416.27 " %% 145.3413.87 777 268.5427.1" "7~
MR LPS 7 4 6 195.7419.1° " #74 168.4+14.6" 74 312.8435.0" " F 77
F 119. 37 98. 47 96.75
P <<0. 001 <<0. 001 <<0.001
21 531 n IL-10(pg/mL) TNF-o/IL-10 IL-18/1L-10
X R 2 6 72.5+6.8 0.540.0 0.4740.0
M T T S LPS IG5 i Al 6 45.444.8"" 4.1£0.2770888 3.440.1° 74
W A S LPS = 4 6 35.6+5.5"" 7.34+0.6"" 5.940.47 "7
M LPS {541 6 56.347.6" 77 2.340.17 " F#FLLL 1.940.0" " FFALAL
MR LPS Al H 41 6 48.745.67 777 3.640.2" 77 3.0£0.17 777
MR LPS 5 2 4l 6 42.345.5"" 4,640, 27 "FFALA 4,040, 27 TFFELLA
F 31.63 443. 61 545. 44
P <<0. 001 <<0. 001 <<0. 001

T SXBA R, P<<0.01," " P<C0.001; 5 B iE S LPS @Al i, " P<<0.01.7 % P<<0.001; 5 R LPS & &4 b A .2 P <<
0.05,2* P<C0.01,%4*P<0.001,

Occludin [ WS SR e e 65X10°
201 ! i =3 250X 10°
practin | WP WD NN W W W | <o
A B c D E F
TE A X IR2H s B g IR T 56 LPS IR 45 C o IR TE ST LPS @ 18 4 D J AR LPS AR 415 E S H IR LPS sl &2 F Jy IR LPS &
FEA,
B 4 6 HFERXRBAL Occludin,Z0-1 EHRIE WBE
*6 6 EIFEXRBRFALR Occludin,ZO-1 EAKFERMF FITC-dextran 7K F L (£ 5)

415 Occludin % 4 Z0-1 % H FITC-dextran(pg/mL)
XJ HR 26 1.00+0. 05 1.00=£0. 06 13.5+3.7
2 JB T B LIPS i ) e 4L 0.4240. 05" #7448 0.20+0.04" 7 68.94+7.5"
M 7 B LPS e ) 4 0.2340.04" 0.1440.03" 89.5+11.6"
F R LPS 5 a4 0.6940. 06" FFFALA 0.4870.05" FFFAL 45,744, 97 FFEAAAL
M AR LPS k21 0.2740.04" 0.1840.04" 65.8+8.9" %7
H R LPS w7 5 41 0.1640.03" #44 0.1040.03"% 78.4410.3" %4
F 192,15 264. 87 64.10
P <0. 001 <£0. 001 <€0. 001

7 : Oceludin, ZO-1 & A & 4147 4 A, FITC-dextran Kl BF 41 n=6; SXF 4L L #, ™ P<C0. 001; 5 5 7 4 LPS w7l m 41 b %%,

#FP<0.05,77 P<C0.01,7 7% P<C0.001; 5 i}t LPS "4 4k,

A P<0.05,44 P<C0.01,

AALP<0.001,
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3 i+ i

NEC J& g7 Az L, J0 H & 5 LAY ™ 5 9505
PRI G BEAIL I B & 2% L T K B 0% TR ) S I S 58 05
FROE B S PR, © 1% A ff B & 95 AL A IE YR T
BT, AR RGEE T LPS BEESYS
F AR 2 4y 25 5 =RAE AS TR 570 o= F 6 248 KR NEC 2
MR, AR SS R LW, O 8 meg/kg LPS B G
N TSR V8 W MR T T, T SE 8 NEC R BB A
ROFEG S AETE R LK 80 %, 1% A 5 B 4 Y
Jit B A0 5 R - I A 2R % %0 B T Occludin Fil
ZO-1 Fik B 70% ~90% . H W] WA T % B8 41
(P<C0.001) ;i 1 FITC-dextran 32 % I iz 18 @ i3 P
59 R, 15 FITC-dextran 7K 7 # %} 18 40 1@ 3% 1
Jn(P<<0.001), #ad >Rk H RMST 43#7 1 MaxCombo
e 30 9 b T AG AN W) 45 25 5 58 6t gl W A A7 T Y 5
i), Sy A TR P fb 4R 408 T S P A S it A R R . iR
LPS Wl EH A TNF-o/1L-10 F1 1L-18/1L-10
Y 8 E R TR 5 LPS w0 4 L 1 B %A R A A
5 T30 B ARRE SN 1 () B 3kE A ek B 1Y) 4 B RORE RN .
X AT BEIN 251 1 11 DR L2 185 B 32 4 o (1 3% 5 A5 401
Ik PRI 450 1) AT A5 B A5 20 1)l 4 7

WF 5T 3 7E R 3 NEC 3l 4 #5 R iF 25  lfs < n fal 78
PRIESh Y A2 TG AT T S 7T i 52 90952 s 11 e 780 g
HURRAE” 3 — Bh R . R LPS TE filh & B 18 4% 0 S
BB R H g i T M7 H SRR ] LPS FRORBE A
PSR NEC J 48 . A0F5 R N TR 3% %
PR ER S LPS 25 25 5 6 N ORI, LSRRI T
JK NEC W ZHRBUR R, 7EXFl 2 H 4T & 7
Hh, 25 R R Gk AN W AL B IR VE T N MR SRR T
BEFL A A PR3P P DR L i 18 08 M AT B 5 R AR
AT i T BT 5 8 T TR 22 SRR 48 3R A B A i A
WAL ot A ) 35 A o I PR B A O 7 A R R O AR
H 5L, IE Rk g 2 3 0 1 JE Ak -, LPS 38 5
51 b M F T TLRA 32 K454, 8006 T i NF-
kB 15 53l 8% TNF-a, IL-18.11L-6 254 4 1 41 ify A
TR, 4 B 1B RAE R MALIRIE, A
WS O e LPS w5 a2 41 % T A i B o AR Y
NEC #E 8, W] & N FE X A A& AR ik T
o A B B0 I A —— 38 43 OIS 48 AE s A ] B A 5
A ) A B RAE R . X — R E LPS
Joa VB HI AT GEA B 0 1 PR B8 M Pk LR 5 32
T S At tR A R ) 300 A7 AE A LAl B0 I e st
J TR S LPS R AR (B ST 1 % E 1Y H AR R
B, B I JR Y e B AR A R G R E T I
i NEC FRAE- 14 i 38 151477 2= IS 1% o 7 5 55 1 fth g
PR AR 2R M ST LPS 19 R BR M AE A B 5T b
R FNIAE I8 5 LPS & ) 4 A 44 % A7 TG R,
ST X B A A E . RMST 43 4 i —
A N8 IR T S 2L 1% ST 8 A A B TR A 2R R X S

F XN VA AR 45 25 7 R0 R T F 0
febr . EEXTUE, TR 4G 25 AR R AL T — i AR O
B3 A AL T R Y 1 AR R R L BT A R
NEC ) Ja 3 BRERAE . ANk, TAR 25 24 % 00 72 T 57
#iifk. GUVEN 2" 52 [ ik LPS 2~5 mg/kg
14791 12 30 1] RE R 2l 57 oK L NEC B3, ZANT 257
i TR LPS 4 mg/kg B A S SR8 98 B 7 105 G T
BS T NEC, 2L EHE. EHEW 2R T
4 mg/kg FIHE M O IR LPS, KA X AN AR IE T it
90 %6 I T 4735 2R, Al S B BT 5 S 1 10 g o R AR A e
BRI A LU B BR8] T NEC 2 W19 br
Y S AEL 2 AR T 55 ORGS0 FE 4 B4 NEC (1) i 1
FERRE . X —RBLEBE T O MR LPS &A1Y 5
PR BT KA LPS 5] AR e 5 iR A i T 5
B o A s A 50 = U 5 5 B sh s T R T 0
SCHR IR AE B K B NEC #5817 50 A7 A 25 WK il 22
5. CAPLAN Z&* 37 38 5% FH ol 480 L e 07 0% A 40 7 B
HAVE R R L7 96 h N AYFE TG AU R A 14% . 1M
7 H A AR L R BB R A SE Tl 30 %6 ~T70 %,
AW IE 45 R G0 Ak B A 1) 8 mg/kg
R LPS kB T 80 Y0 MY A7 1 %, AR B2 T AH % B
RO M 21 2096 BT 4 DA K I R O R BV 4. 3 it
MaxCombo 50 JiF 5% 45 41 8] B4 5 17 25 53 A, 25 57
G L (P<C0. 001) . NN 2 2507 2 (0 A= A7 3k
£ LR T A S R, X — SRR R T 1
IR 46 24 6 46 0% o] A7 L i L R G HE A R ST T8
mg/kg 1E R KR NEC #8 f 48 1L 57 L S0 8 T 3 i
A7 R B AR AE 78 2 1) 00 S £, DI PR 2 S 1Y
FARE SR YR, TR LPS i) 21 i H G PRE R T 43
Qb 52 BE B A3 10 11 IR LIPS IR 7 e 2 A TR R 46405 Y
i T 5 LIPS i 751 e 41 22 R] S R R T AR A 5 o
AR SRR R TR Y R A TR, AR E T S
A SRR 1Y S s T R B2 AR

AN TR) 4 24 3% 50 A A L AR 1) 25 4R 3 g 2 0t B
M A58 700 ) e 20 R AN, MR R T B LIPS B AT 2R
HFIE Kupffer 20 02 P 3 B . K4 LPS 72235
EHTEL T g b T, 0 IR LPS e Mgl b
ek @t TLRA 52 (R0 J5 5 98 0E = N Bl 5 A
TR E ARG IR . 3R T AT R B0 AR R
B IR NEC M I J= 38 405 % J8 B 4 B 40 1) 5 B
AR 2 P 2GR N A Y S A IRk T
ST BTG A B AR AN R G, 7R A At R E K
TR 1R &5 25 VAR S 380 W T8 151 )2 00 G 8 4 e L %
SH AR R AR R AR BE ST SR R
i B PSR 0] A 3 S R K P B L {E
i 3 5 BRVE o3 B A, B 4 B SE 5 W TE A 22 ) AF
TE—ERMBE MG, TR LPS (5] & —&%0w 06 £
fof i TE X P B R A AL BRAE . AR AT (4 mg/kg) .
i 3 14 [ AR ATL ) R i e T A L 0 Y T A A5 A2 DA
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REXT LPS $k i 25 50 & (12 mg/kg) W 52 4 JE 5 T B
HRE S B EH . 8 mg/kg ) E IE A T i
FEE 07 B R 2 A S il 7 AR BT R RN L {H U &
T 1 ™ AN AT 6545 L X 0T BE S i R A
SR SR EEEAY 3R TR TR SN

AHE AR AFTE— 2R IR . Frd: SD KRB BETE
—EME FA R L NEC.{H A2 NEC £ LT
VLBW, H & A 5 IRF = R 35 X5 iE 2 5 4 W
FAg L TN R R B I R R A AT O RO
Al s A 5% W58 J) 45 0, AP Al T 35BS 72 h N
HH A8 BR AR AL L X i 38 T B 19 32 3 9 & RE KK 35 i
MAER . TR ELRE— B RERAT
RMST 3 b7 85 A= 4743 B 7 i (BT 75 22 50 4 301 19 i 177
MBS PEAL A [] 25 25 J7 28 5 sh i K 309 A 77 ol e 4%
Ja B R 5 ¥4 i 98 5 Bl AR R R F EE NEC A5 RS Y H
F-Be, AR 6T A 0 U R AR 0 AL 3 A R R ACIA
P B WA & AE NEC A4 & B iE & 7% O ff
0 AR 5T A B W B AH S AR I L 3 X 4 T B A 95
F14) 9 LA Bk R AT BT BR A 5 A X A8 /N 9 R AR i X e Tt
GY AT IR T NG 18 103 38 A — 2 B AR B OE LA
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Single-cell RNA sequencing reveals the bi-axis synergistic regulation
mechanism of acute corneal endothelial injury repair’
YAN Zhixiang ,LI Yijian WU Longwang sDENG Fujil,YANG Yuli®
Department of Eye,Southwest Hospital ,Army Medical University ,Chongqing 400038 ,China

Abstract: Objective To analyze the cellular heterogeneity, functional transformation and differentiation
trajectories during the repair process of rat corneal endothelium cells (CECs) after mechanical injury based on
single-cell RNA sequencing (scRNA-seq) ,and to clarify the in vivo repair mechanism under its limited prolif-
eration. Methods Thirty healthy male Sprague-Dawley rats were selected as experimental subjects and ran-
domly divided into three groups:the control group (rats without surgical injury) , the D5 group (rats 5 days af-
ter surgical injury,representing the peak inflammatory response) ,and the D10 group (rats 10 days after surgi-
cal injury,representing the late stage of repair and remodeling) , with 10 rats in each group. The CECs of the 3
groups was selected by scRNA-seq. The dynamic evolution of CECs subsets was analyzed by clustering analy-
sis,differential expression,functional enrichment and pseudotime analysis. Results Seven CECs subsets with
distinct functions were identified from 3 groups,named CECs_1-—CECs_7,and the proportion of these seven
CECs subsets showed intense dynamic changes at different stages of injury repair. The CECs_5 subset ex-
pressing proliferation-related genes tn the control group accounted for only 3. 67% , while the proportion of
CECs_5 in the D5 group increased to 13. 40 %. Pseudotime analysis results showed that cellular trajectory in
the control group originated from the homeostatic CECs_1,the "immune defense axis" dominated by CECs_2
and CECs_4 was activated in the D5 group,the D10 group was characterized by an "ECM reshaping axis" led
by CECs_3 and CECs_6. Conclusion The repair of corneal endothelial injury involves a dual-axis synergistic
repair mechanism of "immune defense-ECM remodeling”" and CECs with proliferative potential.

Key words: corneal endothelial; corneal endothelial dysfunction; single-cell sequencing; damage re-

pair; cellular heterogeneity; functional transformation; differentiation trajectories
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