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The Effect of Hypothermia on Lung Inducible Nitric Oxide Synthase Gene
Expression in Intestinal Ischemia-Reperfusion Injury
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Purpose: Although hypothermia has been used in many clinical situations, such as post cardiopulmonary
resuscitation, stroke, traumatic brain injury, septic shock, and hemorrhagic shock, the mechanism by which it
works has not been clearly elucidated. We aimed to evaluate the effect of hypothermia on the plasmanitric oxide
(NO) concentration, lung iINOS expression, and histologic changes in intestinal ischemia-reperfusion (IR).

Method: Male Sprague-Dawley rats were randomly divided into the hypothermia group (HT, n=8, 27~30°
() and the normothermia group (NT, n=8, 36~37" C). They underwent 30 min of intestinal ischemia by clamp-
ing the superior mesenteric artery, which was followed by 1.5 h of reperfusion. They were then sacrificed. The
acute lung injury (ALI) score, the plasma NO concentration, and lung iNOS gene expression were measured.

Results: Compared with the HT group, the NT group showed severe infiltrations of inflammatrory cells,
alveolar hemorrhages, and interstitial hypertrophies in lung tissues. There were significant differences in the
ALl scores between the NT and the HT groups (8.7 = 1.5/HPF in NT vs 5.8 + 1.2/HPF in HT, p=0.008).
Although the plasma NO concentration was slightly lower in the HT group, there was no significant difference
between the two groups (0.80 + 0.24 ymol/L in NT vs 0.75 + 0.30 #mol/L in HT, p=0.917). Lung iNOS gene
expression was stronger in the NT group than in the HT group. The band density of the expression of iINOS in
lung tissues was significantly increased in the NT group compared to the HT group (5.54 + 2.75in NT vs 0.08
=+ 0.52in HT, p=0.002).

Conclusions: This study showed that hypothermia in intestinal IR reduces inflammatory responses, ALI
scores, and iNOS gene expression in lung tissues. There was no significant effect of hypothermia on the plasma
NO concentration. (K Korean Soc Traumatol 2006;19:14-20)

Key Words: Hypothermia, Ischemia-reperfusion, iNOS

* Address for Correspondence : Gil Joon Suh, M .D.
Department of Emergency Medicine, Seoul National University College of Medicine,
28 Y ongon-dong, Chongno-gu, Seoul, 110-744, South Korea
Tel : 82-2-2072-2470, Fax: 82-2-3672-8871, E-mail : suhgil @snu.ac.kr

H4: 2006 5% 122, AAlY: 2006E 58 242, +HYU: 2006 62 52U, 301U 2006 62 14



— A 9 g Y

o
o=
13w z} Aotel TS WAL, LS f
PAITH2). SFART £ Bolale AL Bg
A= %2 70 o8l A7l A 2 TR

o ottt ATH3) nAE ] AYgE S
A FHRE 524 @A st Bzt silem(4), 4
= HRH 2L BYETE @S AT S of
Aurlse] o= °]C7W Atk SFATh5).
kst & (nitric oxide = g AESE 24
=5 Ad AR5 7}’\i"1 Z2o] &g Agelol 9l
A5 dgol Tkt At AE P Hofsle &
429) nitric oxide synthase (°]3} NOSz} el 2ls)
ofp| Akl [-argininec] WA #8]7121 NO$} cit-
rulline @ wFHEA = S Sl AHHETH "]@VU\
?l NOS= AI7HA gl SFaart 9o,
Zt o2 Al 9Tt 24 o NOS (constltuf
tive NOS)¢F i-NOS (inducible NOS)7F 9lew | c-
NOS<e oAl 2lAAME #4135 neuronal c-NOS
(NOS-T)¢ dadsaxo] FA8t= endothelial c-
NOS (NOS-1I)Z v}, Inducible NOS (NOS—H)T‘:—
cytokines, AdFitE, W& S o8] f=59, ol

717714,

rr P

AR

A E, WEF Kupffer AZ, dHWIAANE, A E,
HEZAEZ FollA LA, o]5 A7k NOS-1, 1, 1
= 2z dAA 12, 17, Toll EAlsh= Akl o8 94
e ddo]y] wEo NOS f3zk 2adS 4 5]“&
st o] AT #Ho] de NOSO FTihe] F

= & 9o Ao 9 2 A Fo F-835M /\}%Q &
UTHG). Ao AAAA] LRl ZAgoRE AA,

guanydyl cyclaseE A3kl AZEWe] cGMPE F7HA
A ABFAFETE o|FAA TS A7, A, A7
M EZ2] N-methyl D-aspartate (NMDA) F&A5 =}
}o:] /\]ﬂxqr/}‘:'/ﬂi ;ﬂ-ﬁ_o}u:] @laﬂ A}/\Oaﬂ

sto] Atabg 9 AEZEAY S Jepde, 95w
Hofste] FAFAES AV A5 FAske
Ql 28-S (7).

G-ANAFA At Lo] Aol Frkele AR
|9k sbsld o] F7PF #H2A]e] JYEelllE 23

ol

L2 o % Ju
ol

o) ol 2 oo

2L 1o

o a =
mELﬁ,i

e
N

A FAFNA #2292 Inducible Nitric Oxide Synthase +#3#} @3

o tg AAeze & —

F934 gt AB-ABFA Aspdne] F
Z7he el sl weldths Ban(8)7h UA,
9]

MR sl F7E 3 AE-ART S04 B
B BEH rARRe 7504 FolFE 9B @
e MaE gIeh9). SReld AL AEE 71 A
AT RN FAB-ABFE A% AR FAYL 7
aAAZTR d9om ol g FRUsse BA7) 8l
o SEH10). B9 HA-AEF 44 sk e 4
e ARF Aol ARl me gaste FIE B
o593, ol NOSe Fwel Fal g Zolehe 4

FHZol| AA 2Tl digk A7 9 A A go] Frlete
FA9. 2003 International Liaison Committee on
Resuscitation (ILCOR) ellAE 200210l &xd d4<d
TE EdR AdAEes e W AR SkAlelA
2HE Eho] FEEQA, 94o] gle EAlM= 32~34°C
o] Az AALTE 12~24A3F FAE AS A2
o, A AlE ] tE gReR Qg AFA, & W
A AA NN = AA T X5E ARSATH11). o]
ol AAFY dAALL HEF FEAIAA, AN
A w2 gz a3 284 a3 SoA] thaksh
o] F A AL qTh(12,13). 1, ?‘ixﬂﬂ}ﬂ AA&Fe &

714 daiM = ofx] dastA B .
o}ﬂ% ]X%gib EH/\P dgall UJrE Eﬂrﬂ‘r~ X%Zﬁd
A

:% %/\*17] (15) W e A H}gc’ﬂ Eﬂ?f

kel Wslol] w2 Aolghe= F4(16), free radical @
< AAaAZITE 4017 Tol Jdu. 9 fEF B
oA AA-2Fo] =H(18)<} 4% 19)01]"1 iNOSe] =&
AAela, gl FEE FAhA AAeZ Lol A%
iNOS 23S gA|gttes 23se] dEAd Idvh(20). st
AWk 2ol A -AHF RddA] AATd nE H=
219] INOS9| éde] lolof figh A4 of4] Eae uf
7 9tk 2 Aol e FY SE-ABF EolA A
xﬂ_Q__%o] A]@;]_;d/\_/] alx—h,]_ lq]g_x]_/] oﬂztﬂg}oﬂ u];‘qT‘:_
%%h% °L°PE7]H°H Jﬂzx—hﬂfﬂ iNOS 7z &g 9
—@’3}1 H 2o ez

O
1o rulo m-u oBL



— @) 4887

A3 2% AR AP YWAES} B HolrA
orl, 49 A% 8A7 ARE FAA

3 dgFom rglon, dae 4
HLAVF £9 F23) B2o] FPA (36~37C)

Ether7} Eol3le frel8d WAE 10237 Folal A
nlH A1 ¥ ketamine hydrochloride (50 mg/kg)$}
xylazine (25 mg/kg)E S&FAlste] vlFA|7)| B35
o g5 Z9tt. MEHHE potadine o2 T Fof
BERE AsANst] B JlEedth. AMEE AHE
sto] B0 A71eh P WA AR

o

/\)g_ [} z;q 01-94
A=A vk 5 A7 Bulldog
RS = ?

0

T =3
g gn
A

3-0 B84}

FARFAH. 30

AAE A A 9

7} o] FAAAl & &= %70*% oAl A
ARATE ATF AP AHTE WAE oS ¥ v

HEX 2 Yol 27°C7HA] Al "dojr=dl 1.

%= 27~30°C Alol 2 Aleg fA39. gz AR
AHEE 15412 B9t 3637 C AlolZ FdAes 77

sttt ek A% 7FE#E(radiant warmer)E AHS-

stk Al S-S WAl AR AeA FAAE ¢

oM AREA S AEHo=2 %@3 R

F JANA AA=E

3

SEE!

ANBF 1.542F F WrE= F712 ketamine hydrochlo-
ride (50 mg/kg)ﬁr xylazine (15 mg/kg)E Z5FAFH]

AR . FSANE MBSt B9 $E AHSEst
Aok 23 guage TAME Argste] SAAS Aabste] )
gatgieh, AP Fole dok A Aol Wol Buss]

o H
o7k, ZHlE 4°C 3,000 rpme2 10%3F A2 sl
S ZeEfste] -10°CollA &2 Basiot. o A
H F A& AxAE AAS F, IR E A
2 3zt AlFEe] dAAE 2 H2AY WEES Hog
AAsATG. wpAHo 2 dE5F2%9 phosphate-
buffered saline (PBS)&de] 20%3F AX3 & 27|
AAT e, A dA DI Yol -70°CollA 52

lo

A998 A 13—

Hasigith, 2AREE f8) Ao At 4% =22
dH o] FAIZ T

< 4% paraformaldehydec] ¥
g5sln el oz 2o (embed-

ding)stct. Tuje FE e FFnlo]3 2 E(sliding
microtome) 22 4~5 ume AHAHo g =23 ZA A
#32 AH hematoxylin & eosin GYHoZ A3
T FEn oz 40u) 2 10085l A 228ty WatEs
#ast Tt

HzAo] dAF ¥gE At o] A8 2 A7 7
g 1919] ®E|oJalrt Aol Flgle] Hx2d E3E 72
92 #A=39 Tk Acute lung injury (ALI) scores ¥
ERE EF2Y, dxe oYy FATY HEeolv &1,
7z e] H¥]%/hyaline membrane ¥4 5«] 4712 &
o8 FsAnt. 4 59 HAee FFE wet 04

(minimal) %€ 44 (maximal) 22 H7}Eo] 2Hd5E
HEE 168714 FA=E A

I = AA=E nitrate
(NO3) ¢} nitrite (NO) o]22o2 ®st=d YA ellA
= olE°] 7P g E Astd A AHEelth B AT e
Griess reagent® AF&-3to] nitrate®} nitrite® T3t 4k
i) F=E S HR&D,. Nebraska, USA).
B ubHo A& nitrate®t nitrited] =S FESIA &k
tH(21). EF AetAie] FEE mmol/LE EAISIAT

.12
. oX
S
QL
2
>,
e
2
ot
»
[

3) INOS mRNA &8 &8

444 kit (TRI Reagent, Molecular Research
Center, Inc, USA)E AHg-3t] dAE #lx4 100 mg
ol RNAE F&3 . H%J")z‘?.?ﬂ (Beckman, USA)
=2 AFg3le] 260 nmolA FEE RNAS H=5 =33}

gk, 329 RNAS 100 nge dHAKI first strand
complementary DNA (cDNA)E WEQT. dxAlo|
o3 HhE3ES 5 mM MgCle, 1 mM dANTP, 2.5
mM Random Hexmer (Promega, USA), 1 U/d
ribonuclease inhibitor (Promega, USA), and
Moloney Murine Leukemia Virus reverse transcrip-
tase (GibcoBRL, USA) 522 W=}t ¢cDNA & &
/43 ol rat iNOS and rat glyceraldehyde-3 phos-
phate dehydrogenase (GAPDH) -+t thg PCR
(PCT-200 Peltier Thermal Cycler, MJ Research,
USA)< Attt PCRE 9138 REg3l3tE2 2 pmol
of primer, 2.5 U/#l Taq polymerase (Takara,



Japan). 0.8 mM of ANTP, and 1.5 mM MgCl2 52
Z TEAY. PCR2 7] 94°CellA 3%3t denatura-
tion ¥ 30 cylcles Aldatdom, ZF cycle 94" CollA|
1#3 denaturation & 58 CellA] 1.5%%t annealings
slar 72°CollA 1083t elongationdlith. ®A el iNOS
cDNA &4 ZF83 oligonucleotide primere 5 -
CCCTTCCGAAGTTTCTGGCAGCAGG-3  (sense) <t
5 -GGCTGTCAGAGCCTTGTGCCTTTGG-3 (anti-
sense)°]a, WMol GAPDH cDNAZ 3t oligonu-
cleotide primere 5 -TCCCTCAAGATTGTCAGC
AA-3 (sense)9} 5 -AGATCCACAACGGATACATT-
3 (antisense) 4 th. Housekeeping gene GAPDH9] g
&g controlZ 3, GAPDH band’} ¢l RNAE A
XA, ZZd PCR productse 0.5 #g/ml ethidi-
um bromidewere’} E3HE 1.5% agarose gelsollAl 2
719% Azl Fo Aoz HARsdtk. iINOS and
GAPDH gene PCR products® Z7]+= ZH2t 498 bp
and 309 bpZ 3ttt 2 AREY-L2 bioimage pro-
cessing system (Biomedlab, Korea)Z AM&al4 270
g3ttt INOS®F GAPDH 544} ¥ 2] band densi-
ty= imaging densitometer (BIO-RAD, USA)E A}t
&3t S48kt

4. Xz 24

g2 SPSS for Windows 11.0 packages
43 HRFE BARAY FolA Mann-Whitney
testE ol&ste] EAIATE 4 SRS %S H
FFEAR FAISt FoHA e p(0.01= 3T

+ a2

f‘»'- 3 {u ‘b [ (
ira SR bt e
Normothermia

Fig. 1. Microscopic finding of lung histology (H & Ex 40 & 100).
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Fig. 2. Acutelung injury (ALI) scorein lung tissue.
ALl score was significantly lower in the HT group than
the NT group.
*: Significantly different compared with the NT group
(p=0.008), NT: normothermia, HT: hypothermia.

Hypothermia

Compared with the HT group, the NT group showed severe infiltrations of inflammatrory cells, alveolar hemorrhages, and

interstitial hypertrophiesin lung tissues.
NT: normothermia, HT: hypothermia.
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Fig. 3. Plasma NO concentration.
There was no significant change between the NT and
HT groups (p=0.917).
NT: normothermia, HT: hypothermia.
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Fig. 4. INOS gene expression in lung tissues.
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Fig. 5. Band densities of iINOS gene expression in lung tissues.
The band densities of INOS gene expression in lung tis-
sues was significantly lower in the HT group than the
NT group.

*: dignificant compared with the NT group (p=0.001),
NT: normothermia, HT : hypothermia.
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The iNOS gene in lung tissues was expressed strongly in the normothremia group compared to the hypothermia group.

NT: normothermia, HT: hypothermia.
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