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[Abstract] Objective To investigate the changes of tumor necrosis factor-o. (TNF-a), interleukin-1f (1L-1cr)
and C-reactive protein (CRP) in the development of inflammation in the Juma pig model with high altitude
multiple organ dysfunction syndrome (H-MODS). Methods Three doses (0.25, 0.35, and 0.50 mg/kg) of
endotoxin lipopolysaccharide (L PS) were used to induce the H-MODS model (group B, C and D), and normal
saline was used as control (group A). The serum levels of TNF-q, IL-1p and CRP were detected at different
time points. Results  The expression levels of TNF-a and IL-1p increased sharply after LPS infusion to the

[(BE&TB] #5304 L mEMT S (SYDW[2018]12 5
MEEEN] Y 21991 —), B, AR, Hif, HZHFFTT M I8 i 450 P K« E-mail: 997078955@qg.com
[BIE1EE] 5/W1(1980—), 55, fit:, FEHIM, LFEWSIT M SLIE NP k45 ) JF /K« E-mail: fxm8006@163.com



Jun. 2021, 41(3)

SEE A S LIPS 2% Laboratory Animal and Comparative Medicine

239

pigs, and reached the highest level at 6 h; the levels at 3-12 h of the pigs treated with LPS were increased
compared with the level at O h of the pigs with the same treatment and the level of compared group A at the
same time point (P < 0.05 or P < 0.01), and then decreased gradually. The expression levels of TNF-o. at 24 h
in groups B and D were significantly higher than that in the same group at 0 h and group A at the same time
point (P < 0.05), and the expression level of TNF-o. was significantly higher in group B than that in group A
at 72 h (P < 0.05). The expression level of IL-1B at 24 hin group D was higher than that at 0 h and that in group
A at the same time point (P < 0.05), and then decreased gradually. Compared with 0 h and group A, the
expression levels of IL-1a in group D decreased significantly at 48 h and 72 h (P < 0.05 or P < 0.01). After
intravenous infusion of LPS, the expression levels of CRP in groups B, C and D began to increase, and
reached the maximum at 24-48 h; the expression levels of CRP in the other groups at 6-72 h were significantly
higher than those in group A and at O h (P < 0.05 or P < 0.01). Conclusion  Severe inflammatory reaction
occurs during the development of H-MODS, and the expressions of inflammatory factors TNF-o and IL-1
increase rapidly first and then decrease sharply under immune regulation, displaying large fluctuations in
short time until achieving an equilibrium; the CRP expression changes slowly throughout the inflammatory
reaction in vivo.

[Key words] High altitude multiple organ dysfunction syndrome; Juema pigs; Tumor necrosis factor-o;

Interleukin-1f3; C-reactive protein

] g D b DX R sy D R 2 I A
RepE iS4 5 1F (multiple organ dysfunction
syndrome, MODS) [k R w2, &R
% I % T RE B IS 25 5 1iE Chigh altitude multiple or-
gan dysfunction syndrome, H-MODS) 7EA i
5 R X R A MODS % X, HE%
IAEUSE o U RR IR AN B 1R 5 0, H-M OD S 710 12
Kl R 993 5 A8 77 1 2 AR — o (1) s R R e
A AR WG PR VA 7 A5 O S e R fE e 3, A
TR ZH 117 309K F LA v D M 1 G JRR S i D 4 ST
T H-MODS gy i 1+-el, - 3 AR B E IR Bz ot
¥ # (adrenocorticotropic hormone, ACTH).
JZ 5l (corticosterone, CORT). L4 Py 5 4
e KR 7+ (vascular endothelial growth factor,
VEGF) M4 5 3T~ -1oe Chypoxia inducible
factor 1o, HIF-1o) 7E H-MODS #5845 bR A% (1)
AR R SR AR A R A W IR AR A . AN ITAE MR A
RPN R R IR 2 BE (lipopolysaccharide,
LPS) W2 MidsditiG, MBEARIHE T -a
(tumor necrosis factor-o., TNF-a). A4/
# -1B Cinterleukin-1B, 1L-1B) M C [V H
(C-reactive protein, CRP) %4 HigFr122 1k
FE S, DA T i H-MODS JRRAE F5 A4 2 s i A
BUAR 5 P B 7 1) A A RRAIE

1 MR57T%

11 57T

R BRI 24 3, MEMESSK, AR 15 kg
Fika o A BRIBRAE e MEE %5 - B> 9 H-MODS
FRBRIE B LPS iy H . AR LA 4,
R 6 Mo BRIBRIE N H m b X SO i gR (RS
TS S R, KIS AT A S E
[SYXK (%) 2017-0046] 417, ™k iH fE 54
S0 A AAS 2R ISR EAT A . CRP RN
ELISA 7 &)W B % H Abcam 27, I1L-1B 5
TNF-o &l ELISA R &3 HEE R& DA
wlo GUNEE] CEZ5UET . H35020148) i A 4
AN E R AW, TGRS CE 2
T+ H12020957) W B KA s LR A PR A
Hl, LPS C(Ifiig#A! % 0127: B8, it'5 A 64H4010)
It 3% E Sigma A il
12 H-MODSHREESL %

AR TEZ ROCIRAT . ASEIGTT K 3 500 m
() H p SRR R AT, R HEE 3] 5250 b 5 B
TFE 3 d, FEEiPRASTE G TR .. RAA
&l (6 mglkg) BEGZw (0.5 mglkg) LA
TSV R AT B W BRI, TR INEJUL P S AT
(0.05mg/kg). WK Jm 28 T i bk A



240 SRS LA S+ Laboratory Animal and Comparative Medicine

Jun. 2021, 41(3)

LPS, 204 ANK ]33 HI7E 30 min 2247, K.
L AR R A E) 0 0.25 mgl/kg (B
ZH). 0.35 mg/kg (C4) #10.50 mg/kg (D
O, WA (A 4D DSR4 K (R
0.9%NaCl i) . Sibarisc kRm, X
I LPS iy A RIX 3 NIRRT R IE 2 ik
A f g S H-MODSFEAY, - #fmT DL | S ik bR 2N 24
WM R B A e bR A LEAR A, TR s A
FEBIHIAET:, 78 3AFIE ) LPS #n] LA h
37 H-MODS ##1
1.3 MODS #i2 lifiir e

Z AR TER 3 & £ MODS I 44>
2 DI RERERG 2 WS Wi b HERI VP o0 b, 70 I
LPSJri tH I 2485 24~ DL b 48 1 51 2R G0 o e B i 1
Al s MODS.
1.4 MmERE&E

3HENHTHANLPS)G0 hy 3h, 6 h.
12 h. 24 h. 48 h M1 72 h, 2RI, 7>
B, fRAFT— 80 C#HH.
1.5 ELISA #&i3E#HR

IL-1B. TNF-o 5 CRP FIA /K (A h A<
S 4% R EL I SA 7 85 Ui I 5454 78 1k
1.6 HIELES%T

K HH SPSS 17.0 Gt v 73 A1 3 A R ASH 25 R 1k

TN T EEE DA XEs Fox, &4 in) 255 L
KR T 2008, NP SR LSD-t
Ko, PLP <0.05 hZEFA S Fm L.

2 ZR

21 RMEF TNF-a BTk

H k4N LPS )5, B. C. D4 TNF-o %
KRS TS, A6 hiIf T2 fm, 2B~
M, f£3~12 hifB. C. DA 5[4 0 h Al
[ B[] 0 A A LE I 2 T 5 (P < 0.05 8¢ P <
0.01); 24 hitf B, D ZH5[H4 0 h Al JH] i) 4
A AL, WHETHE (P <0.05); 72h i
BAWBESTAY (P<0.05). TNF-o £ik
A O EATE LR 1K 1.
22 RMEETFIL-1p BTk

fiK. B sl EHAALFEANLPS 5, IL-1B
RIERITFUE LT, IHAE 6 h AR E{Y; 75 3~
12 hisk B, C. D450 h Ffl A 4HAHLL, HEk
FHAEW BT (P <0.058 P <0.01); 24 hitt
DA T OhFMAZ (P<0.05). ZJa&dIL-
1B RKILFE B HFFAIL, 7248 hy 72 hif B, C.
D50 hFIA ML, ¥ EREK (P<0.05
P <0.01). NEFRAMEXERKE, @7
AN IL-1B FIEAKN - TARAEA . 1L-1B Ki&
A O EATE LR 1K 1.

Fz 1 BHEBRIELF LPSTREIR S8 TNF-a. IL-1B 1 CRP 7K F bEER
Table1l Comparison of TNF-q, IL-1B and CRP levels at different time pointsin Juema pigs after different
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(X s, n=6)
Al 0h 3h 6h 12h 24h 48h 72h
TNF-o. p/(pg * mL %)
A 96.52 + 10.21  101.84 + 21.10 93.24 + 9.65 118.35 + 11.36 105.28 + 10.89 98.64 + 12.25 91.68 + 9.32
B 100.87 + 9.95 21254 + 782174~ 125591 + 1534144 1 071.01 + 122.1" 4+~ 190.61 + 16.04"* 86.12 + 26.33 147.39 + 11.70"»

C 94.98 + 10.26 1058.35 + 99.68”~~ 1076.56 + 42.89" »~

D 98.93 £ 7.20 114573+ 65994~ 1233.61+ 93.60" 4~
IL-1B p/(pg = mL )

A 66.25 + 21.41 59.14 + 16.32 50.28 + 22.81

B 60.43 + 6.49 187.59 + 16.34' 271.43 £ 94.95" 44

c 57.32+4.05 24333+ 11212744 1373.57 £ 489.92" 44

D 6571+ 11.24  469.26 + 17.86" 4~  2155.14 + 328.30" 4~
CRP p/(ug * mL™?)

A 11.23 + 252 13.78 + 3.45 14.46 + 4.98

B 12.38 + 451 19.26 + 3.84 27.02 + 6.96" 2

C 1091 + 2.26 18.48 + 4.01 28.69 + 356"~
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615.30 + 96.11° ~
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3142+ 662~ 2870+ 819~
90.48 + 19.20°'4 14.28+8.08" 4~ 1643 £5.91'4~
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3544 £ 521”4 4193 +£811~ 33.67 £ 7.65~ 2932+ 4774
40.79 £ 821" 44 4572 £ 738744 4222 £ 44944 3436+ 585~
43.38 + 831"~ 50.85 + 3.81"~# 53.08 & 550" ~~ 40.46 = 6.35"~

7: TNF-a BIMR A6 T -a, IL-1b BNEAIEA % -1b, CRPEDC RN . A gAML, il F g ks A 46 B i 2R B0 3
K; B~D 2. b, mFIEE, B4 kAN 0.25 mg/kg (B 41). 0.35mg/kg (C41). 0.50mg/kg (D 41)
BIlEZHE (LPS). Hx[4AMILL, *P <0.05, ""P <0.01; 50h#llk, 4P <0.05, 24P <0.01.
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Figure1l Change of TNF-a, IL-1p and CRP expressionsin

Juema pigs after different LPSinfusion treatments
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