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Effect of Ghrelin on Lung Nitrosative Stress in Septic Rats

HE Wan-mei', LI Bin', ZENG Mian'*, JIANG Yu-jie!, CHANG Min-chan'
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Abstract; [Objective] To investigate the effect of ghrelin on lung nitrosative stress in septic rats. [Methods] Sepsis model was
induced by cecal ligation and puncture (CLP). Twenty-four male SD rats were randomly divided into 3 groups according to randomized
block design: sham-operated controls, sepsis (CLP) group, and ghrelin group. In ghrelin group, ghrelin was administered by
intraperitoneal injection at 3 h and 15 h post-operation. Samples among each group were harvested at 20 h post-operation. We detected
the activity of serum SOD, lung wet/dry weight, pulmonary iNOS and nitrotyrosine levels. [ Results] The activity of serum SOD in sepsis
group [ (85.62 £1.09)% ] and ghrelin group [ (88.71+0.86)% ] was significantly decreased when compared with sham-operated controls
[(93.17 £0.54)% ], P<0.05. In ghrelin group, SOD activity was higher than that in sepsis group, but P> 0.05. There was no
significant difference in lung wet/dry weight ratio between ghrelin group and sepsis group. Compared with sepsis group (1.08 + 0.05),
pulmonary iNOS protein level in ghrelin group (0.87+ 0.03) was reduced at 20 h post-operation. The result of immunohistochemistry
revealed that the expression of nitrotyrosine in ghrelin group was lower than that in sepsis group, P < 0.05. [Conclusion] Ghrelin can
down-regulate pulmonary iNOS protein expression and decrease nitrosative stress in CLP-induced septic rats. Besides, it tended to
increase serum SOD activity. However, lung wet/dry weight ratio did not show any improvement by ghrelin administration.
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Table 1 The lung wet/dry weight ratio, iNOS protein expression and serum SOD activity (x+s)
Sham group(n =8) CLP group(n =8)  Ghrelin group(n = 8) Fra P Flioer P
Wet/dry weight ratio 4.32 +0.05 4.62 + 0.04" 4.65+0.04" 19.097 0.001 1.366 0.327
SOD activity (%) 93.17 + 0.54 85.62 + 1.09” 88.71+0.86% 14.583 0.002 0.240 0.908
Lung iNOS protein expression 0.53 + 0.03 1.08 + 0.05% 0.87+ 0.03% 74.02 < 0.001 2.53 0.123
1), 2), 3) P<0.05 vs Sham group; 4)P < 0.05 vs CLP group
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Fig.1 Comparison of serum SOD activity among each
group
1)P < 0.05 vs Sham group.
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Fig.2 Comparison of left lung wet/dry weight ratio
among each group
1)P < 0.05 vs Sham group.
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Fig.3 Comparison of lung iNOS protein level among each
group
1)P < 0.05 vs Sham group; 2)P < 0.05 vs CLP group.
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Fig.4 Immunohistochemistry for pulmonary nitrotyrosine expression

A; Tan staining was present in a few interstitial cells and vascular endothelial cells from sham—operated rat; B: Brownish—yellow color was seen

in capillary vascular endothelium, tracheal mucous membrane and pulmonary alveolar epithelium from a septic rat 20 hours after CLP; C: Part of

alveolar epithelium and pulmonary interstitial cells showed medium yellow color staining from ghrelin group. 400 x

2.4 ghrelin 3f CLP /" S KR ALI Fii 48 43 A B A%
KRR IEH T

s T A A AT D ] J5T 248 L A i A5 PN B 4
i S R B (TR 4A) |, IR0 2R A i 4 40k
AN R ARG L Bz Kyt ] UL A S A A
L FHY (K 4B), ghrelin 20 09350 70 li eI 57 41 it &
JI 1) J32 &4 T DL o AR AR B LB Y, 5 TR
FARA (HIMEFREL 55 (K] 4C) .

3 9 @

ALL/ARDS B FELE S 25 1 S8 A S T A b e Al
UL B AR A R | 2k SR Ab I A i B 8 S P
T s T U A T 2R3 I, T A AL
V1R P 2 AU A 3 2 A7 114 285 SR R A i 4
A7 T84T KN A A5 P R 200 R I B 440 L 1 3
BE BUE I L R A AR iz T Re e I T4
HEJAE SN 1) A JE L

SOD JEH Z ML ELEF, 2515 5k & Y]
B DDA SR A PR ER AT N BT B 5 43
XAl B BRI JLAE SOD 11 23K 1 1 7K 7
5 i 58 47 10 2 2t B Sk R O 1507 Tk R
PR AT AR TR R FRATTA AT 45 K R AE
CLP RJ5 20 h, FE#EAELLAREMLIE SOD it K-
3R, 31X 5 SCRRRE AR, B R 20 I AL A
FEPUAALRE TS G O . W ghrelin J5, 107
SOD A CLP ATy, $E/RAMEM:4G T ghrelin
AR NS BT R EE TR M S (R P> 0.05) 1L
A AL AR K P CLP AR5 20 h, eaE0E 26 i

ZHZLINOS R IBK P, MTE ghrelin AT
T iNOS & H 280855, X H7R ghrelin 1] F
VMR AE 2UHEIT L il 22 iNOS 123K . 7F RAE
s BDIR SR, ZEA0 B INOS #EARAE IR A LA ok
AR (NO), i E LW AERER A =45 NO
K SOD A5, EHE NO 5 SOD se4r 454l 4
FREST, A i A RS R B B 7117 %) T A i
PR 2 A0 i ) s S R AR L, L = i ik s 2 e T
VA PEH S0 A R A 17 KRR B A aE ), AR S T
BEAEZH K B Al A 20t A5 o8 B e, ARG R
B 4 M e il i BRI s R AR A B A R, R
P RAE YIRS T, A S R 2 R A e
ghrelin 25 /%350 73 i 161 Bz 240 e K% i 1) J5 &4 Jf 45
o] UL A5 R ) 263k (B CLP 44 i 55 , 3
7N ghrelin A] DAJsi/D A S 2 MR 1 A2 L, 2% 1 S5 il
iINOS A= B A G

Jiti 7K B e PR I A O R R R — . TR
MTAIBIEFESS A ks M RERE AR R BRAE AR S5 20 h i
KermtaZ  BMELE ghrelin T 1 F L4 WA I ik
A BRI, A SRR s W ghrelin BEVRAE 98 05 4
RS TR B IR, SERGR 3K S o,
AV Al e SRR E ST AN A 56, A SCRRE H
B A FLIER A 252 e e (1) 7 S AR RS FRAT)
FEHEFT CLP ARBF X Z5FLE M iR 458 e, T i ar
(RS TRY J F T B e B AR Y ghelin XAS[W) 7™ 81
R Pl 7 AR S i 453 47 A5 78 fil 7K B £ 199 5% i 1] g
FEfE2E5E . T 2 4 B AR Itk A=
B2 W AFTE MK T BR A8 08! ™ 5 e #
AT LASE R G, SO K A0 T BRI A, PRI



224 IR A (A B4R 5 34 %

B 7O AE R R R Ah 12255 IR 7K 1) T
FRAET)

25 LTk | ghrelin W] DL U458 i B AE K BRU il 20
ZUAEIRAL B AREE . AT RS ghrelin Jali 55 fifi 2
Z1INOS H 1 R IR B0 S A0 IR R £k 1Y 7 A= ek 2
K AN, A TIA A B — 2R ghrelin X
HoAl A Y K bt AR 520, DT 42 T
53T ghrelin X4 AL AR

SE WK

[1] Crapo J D. Oxidative stress as an initiator of cytokine
release and cell damage[]J]. Eur Respir J Suppl, 2003,
44(9); 4s—6s.

[2] Chabot F, Mitchell JA, Gutteridge JM, et al. Reactive
oxygen species in acute lung injury [J]. FEur Respir J,
1998, 11(3). 745-757.

[3] Kooy NW, Royall JA, Ye YZ, et al. Evidence for in
vivo peroxynitrite production in human acute lung injury
[J]. Am J Respir Crit Care Med, 1995, 151 (4):
1250-1254.

[4] Kojima M, Hosoda H, Date Y, etal. Ghrelinisa
growth-hormone-releasing acylated peptide from stomach
[J]. Nature, 1999, 402(6762): 656-660.

[5] Zhou X, Xue C. Ghrelin attenuates acute pancreatitis-
induced lung injury and inhibits substance P expression
[J]. Am J Med Sci, 2010, 339(1). 49-54.

[6] WuR, Dong W, ZhouM, etal. Ghrelin attenuates
sepsis —induced acute lung injury and mortality in rats
[J]. Am J Respir Crit Care Med, 2007, 176(8): 805-
813.

[7] Dixit VD, Schaffer EM, Pyle RS, et al. Ghrelin inhibits
leptin- and activation-induced proinflammatory cytokine
expression by human monocytes and T cells [J]. J Clin
Invest, 2004, 114(1): 57-66.

[8] WuR, Dong W, ZhouM, etal. Ghrelin attenuates
sepsis —induced acute lung injury and mortality in rats
[J]. Am ] Respir Crit Care Med, 2007, 176(8): 805-
813.

[9] Kwan RO, Cureton E, Dozier K, et al. Ghrelin
decreases microvascular leak during inflammation [J]. J
Trauma, 2010, 68(5): 1186-1191.

[10] RGBS, A, 5. IRARAE X AT A% 4N i 4
TR ASEH IR 3208 v TP S A A 2 -6 (1
KA[T]. P EEER SR, 2011, 23(5): 302-
304.

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Zeng M, HeY, Huang X, etal. The relationship of
peroxisome proliferator activated receptor vy ligands
activity in nucleated cell and interleukin-6 level in
septic rate [J]. Chin Crit Care Med, 2011, 23(5):
302-304.
e, B, EEDT, AF. MRERAE R BUA A% AN
PPARy I PEAE A3 TNF-o K TL-4 A2 [J]. il
ReEgsidle: BE2ERAR, 2010(5) : 630-634.
Huang X, Zeng M, Lu G, etal. Relationship of
Nucleated Cells PPARy Activity and TNF-a,IL-4in
Sepsis Rats[J]. J Sun Yat-sen University (Med Sci),
2010(5): 630-634.
RTAL, B IEAS , B, 45 AR R SRR 2 i
PO/ AL IR 7 kB FIEFE RGER T BRI ). [
FRIFI 2, 2010, 30(06); 123-128.
Xie C, Xiao Z, Li H. et al. Intervention effect of ghrelin
on nuclear factor-kB and fibrinolytic system of acute
lung injury mice[J]. Inter J Res, 2010, 30(06): 123-
128.
Ware LB. Pathophysiology of acute lung injury and the
acute respiratory distress syndrome [J]. Semin Respir
Crit Care Med, 2006, 27(4) . 337-349.
Kinnula VL, Crapo JD. Superoxide dismutases in the
lung and human lung diseases|J]. Am J Respir Crit Care
Med, 2003, 167(12): 1600-1619.
Yen CC, Lai YW, Chen HL, et al. Aerosolized human
extracellular superoxide dismutase prevents hyperoxia-
induced lung injury [J]. PLoS One, 2011, 6(10):
€26870.
Hassett P, Curley GF, Contreras M, et al.
Overexpression of pulmonary extracellular superoxide
dismutase attenuates endotoxin-induced acute lung
injury [J]. Intensive Care Med, 2011, 37(10); 1680-
1687.
Pacher P, Beckman JS, Liaudet L. Nitric oxide and
peroxynitrite in health and disease[ ] |. Physiol Rev, 2007,
87(1): 315-424.
Rittirsch D,  Huber-Lang MS,  Flier]l MA, et al.
Immunodesign of experimental sepsis by cecal ligation
and puncture[ J]. Nat Protoc, 2009, 4(1). 31-36.
Ware LB, Matthay MA. Alveolar fluid clearance is
impaired in the majority of patients with acute lung
injury and the acute respiratory distress syndrome[J]. Am
J Respir Crit Care Med, 2001, 163(6): 1376-1383.
(¥ 22



