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Time Course of Inducible NOS Expression of
Lung Tissue during Sepsis in a Rat Model
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Department of Emergency Medicine, Seoul National University College of Medicine,
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Purpose: Many studies on the time course of inducible nitric oxide synthase (iINOS) gene expression have
been performed in the LPS (Lipopolysaccharide)-induced endotoxemic model, but there have been few experi-
mental approaches to continuous peritonitis-induced sepsis model. We conducted this study to establish basic
data for future sepsis-related research by investigating the time course of iINOS gene expression and the rela-
tionship with the production of inflammatory mediators in the early sepsis model induced by cecal ligation and
puncture (CLP).

Methods: Mae Sprague-Dawley rats were operated on by sing the CLP method to induce of peritonitis; and
then, they were sacrificed and samples of blood and lung tissues were obtained at various times (1,2,3,6,9 and
12 h after CLP). We observed the expression of iNOS mRNA from lung tissues and measured the synthesis of
nitric oxide, 1L-18, and TNF-a from the blood.

Results: iNOS mRNA began to be expressed at 3 h and was maintained untill 12 h after CLP. The nitric
oxide concentration was increased significantly at 6 h, reached its peak level at 9 h, and maintained a plateau
untill 12 h after CLP. TNF-a began to be detected at 3 h, increased gradually, and decreased steeply from 9 h
after CLP. IL-18 showed its peak level at 6 h after CLP, and tended to decrease without significance.

Conclusion: We observed that the INOS gene was expressed later in peritonitis-induced sepsis than in LPS-
induced sepsis. Nitric oxide and key inflammatory mediators were also expressed later in peritonitis-induced
sepsis than in LPS-induced sepsis. (J Korean Soc Traumatol 2008;21:120-127)
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CLP 12A17F & 24X 7F & ketamine 80 mg/kg 2 xylazine
12 mg/kgE E7F Wl Fosted wiHAAN & FHE st
o A (heart)oll Al FAE A8 #l(ung) =4S A&
Atk AFHE A2 FA] £°CollA 3000 pmOE 10%7F
6‘_::11
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CLP 1A]7F 3o Z85H, 1277+ &
. A& A] ketamine 80

o Fofste] v

o
mg/kg 2 xylazine 12 mg/kgs &7}
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1) 8% NO =4
AdA LA A NOE AAZE nitrate (NO3-)<}
OliOE walm, AA LHOM—E o]&o] 7}

+ nitrate®} nitriteZ

E?ﬁﬂ @@rgg\_o %Eg —/:'% 317] 40}0:1 Greiss reagent
£ AHEEtE kits o183kt 8F NO9 FEE mmol/L
2 AT

2) iNOS mRNA 23 =4

A4 kit (TRI Reagent, Molecular Research Center,
Inc, USA)E AME3ste] AAE %3 100 mgolA RNAS
F23 F, 2385 A (Beckman, USA)E AHE-3te] 260
nmol A F&% RNAS FE& F43Ath F5% RNA
Z 100 ngS IAAFE}IS first strand complementary DNA
(cDNA)E WHEATh GAAte] Fagh vhg EF=S 5
mM MgCl,, 1 mM dNTP, 25 mM Random Hexmer
(Promega, USA), 1 U/ul ribonuclease inhibitor (Promega,
USA), @ Moloney Murine Leukemia Virus reverse tran-
scriptase (GibcoBRL, USA)2.2 AT cDNAE T4
3 S0 rat INOS9} rat glyceraldehyde-3 phosphate dehy-
drogenase (GAPDH) 2 z#ko] thdk PCR (PCT-200
Peltier Thermal Cycler, MJ Research, USA)<S A3 s} th
PCRS 93 w+e 3352 2 mol of primer, 25 U/xl Taq
polymerase (Takara Japan), 08 mM of dNTP, and 15
mM MgCl2 522 BHETH

PCR& _%7] 94 °Coll A 387} denaturation 3 30 cycleS
A &5k, Zt cycle2 94°CollAl 127} denaturation ¥ 58°C
ol A 1587} annealingS &3 72°CollA 1087} elongation
AT WA 9] INOS cDNA $HAlo] & Q3 oligonucleotide
primer= 5 -CCCTTCCGAAGTTTCTGGCAGCAGC-3
(sense) ¢} 5 -GGGTGTCAGAGTCTTGTGCCTTTGG-3
(antisense) ©] 22, WA 2] GAPDH cDNAZE 3l oligonu-
cleotide primere 5 -TCCCTCAAGATTGTCAGCAA-3
(sense) 2} 5 -AGATCCACAACGGATACATT-3 (anti-
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sense) ©] T}, Housekeeping gene GAPDH] &g controlZ
3l GAPDH band’l §l= RNAE A|AIFTH S3FH
PCR productt 05 pg/ml ethidium bromide’} ¥3+% 15
% agarose geldlAl 7195 A7l o Rl M 07 HALs)
2tk INOSSF GAPDH gene PCR products®] Z7]& zhzt
497 bpSt 309 bpE stk A ARIEP 2 bioimage pro-
cessing system (Biomedlab, Korea) & AH8-3te] 270y &)
At INOS9 GAPDH cDNA®] band densityt imaging
densitometer (BIO-RAD, USA)Z =43t}

NO pmol/L

10

0 1 2 3 6 9 12
Time hr

Fig. 1. Time course of plasma NO production of peritonitis-
induced sepsis in conscious rats at various time points
before (0 h) and after CLP. NO concentration began to
increase significantly at 6 h, reached pesk level a 9 h, and
maintain plateau till 12 h after CLP (*p < 0.05vs. 0 h).

mRNA level
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0 1 2 3 6 9 1
Time hr

Fig. 3. Semiquantitation of INOS mRNA expression levels in
lung tissue of rats during peritonitis-induced sepsis.
Results were presented as the INOS/GAPDH ratio at
various time points before (0 h) and after CLP. iINOS
MRNA began to be expressed at 3 h and maintained till
12 h after CLP. But, there was no statistically signifi-
cant difference compared with O h.

3) 8% cytokine & %

Rat& ELISA kit (R and D Systems, Minneapolis, MN,
USA)E ol&3te] ¥F TNF-a9 IL-189 FE& 43}
Ark. 4 FAAEG opx FHo] HA By 9
N (not detectable) > 2 ¥ A|5}ST
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29 e HFE + EFHUAE Yehll L,

4 Aolz Ilsi] el AR B2
AABAIL, AT EE S15 Turkey' s testE 0] 43
o o84 4ES pOBE ATk B4 T2
£ SPSS Ver. 120 for WindowsE ©]£3}1
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Mark oh th 2h 3h 6h 9h 12h

Fig. 2. Gel photograph of PCR-amplified iINOS and GAPDH
cDNA derived from iNOS and GAPDH mRNA. The
PCR product fragments of iNOS and GAPDH mRNA
are 497 and 309 bp, respectively.
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Fig. 4. Time course of plasma TNF-a production of peritonitis-
induced sepsis in conscious rats at various time points
before (0 h) and after CLP. TNF-a began to be detected at
3 h, increased gradually, and decreased steeply from 9 h
after CLP. But, a statistically significant difference exists
only between 9 h and 12 h groups (*p < 0.05vs. 9 h).
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CLPE Als}A] &2 0A|ZFA 2] 7| A X 80434 u
mol/LRY, CLP F A7kl Aages M3 F7tst7]
AN Zadth kA Y 154460 pmol/LE ZAH P CLP % 6
ANZHIMEE SAHOE {23t 2FolE HAFUth CLP
T A7) 272454 pmol/LE HIZo| 2o CLP
Z 12/ 774 258+39 pmol/LE plateaus Holx= At
o] tH(Fig. 1).

2. HZ=Z|2] iINOS FHA}L e

H Ao A9 INOS FHaF HdL CLP % 3A|7FA
SA 7] AFEGT o) F dEEE Jes dvstA F
7Fehe AFgs JEoY, BAAHCE fog aolE
HAFA = ¢dth(Fig. 2, 3).
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Fig. 5. Time course of plasma IL-18 production of peritonitis-

induced sepsis in conscious rats at various time points

before (0 h) and after CLP. IL-18 showed peak level at

6 h after CLP, and tended to decrease from then. But

there was no statistical significance.
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AlZbel] w2 FHZA 9] INOS §AA T 2 FofA
NO$} 2 cytokine production®] & AHS 7} A X
gg] P+ EFAx} FO2REH AEES TSty &

AtH(Table 1) (Fig. 6).
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Table 1. Effects of sepsison the levels of selected key cytokines and NO of the blood, and iINOS/GAPDH ratio in lung tissues of the rats
Time after CaLP Oh 1h 2h 3h 6h 9h 12h
TNF-a (pg/ml) N N N 16.8+2.3 26.9+23.2 37.6+15.3 4.7+5.0'
IL-18 (pg/ml) N N N N 66.8+41.4 34.7+16.8 48.0+446
iNOS/GAPDH ratio N N N 36+11 41+33 35+16 47+37
NO (¢zmol/L) 80+34 119+15 137+35 136+23 15.4+6.0* 27.2+54*  258+39*
Vaues are means+ SD
N: not detectable, *: P<0.05vs. O h, ': P<0.05vs. 9 h
%] & NO (¢ moll)
70 1 «A TNF-a (pg/ml)
o
[ .‘
60 1 @ IL-1B (pg/ml) :. y
3 iNOS mRNA ; .,
50 4 .
1 : S .0
.t ‘.~ ".a
40 1 : % . @
T>) 0: “"¥:
S 30 :
. ',,A' ,I--‘------....
:" .’ “
20 4 “,;:: P .’ .
I .‘""-...-'... ..... ...g-- ! \A
i LA L o' ‘. ‘\
8 1 | rd J K
s ‘ KN
6 L " : ‘\
4 4 "‘ : .I*.. aﬂ"'-*
“' “*,'}.o.".' "'\to..*.."
2 1 S -’ .
o "". v
0 # # . = 4 v v .
1 2 3 9 12
Time hr

before (0 h) and after CLP.

0
Fig. 6. Time course of changes in mean levels of TNF-«, IL-18, NO, and iINOS/GAPDH ratio in conscious rats at various time points
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