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Inflammatory Reponse of the Lung to Hypothermia and Fluid Therapy
after Hemorrhagic Shock in Rats

Won Chae Jang, M.D.*, Min-Sun Beom, M.D.*,
In Seok Jeong, M.D.*, Young Ju Hong, M.D.*, Bong Suk Oh, M.D.*

Background: The dysfunction of multiple organs is found to be caused by reactive oxygen species as a major
modulator of microvascular injury after hemorrhagic shock. Hemorrhagic shock, one of many causes inducing acute
lung injury, is associated with increase in alveolocapillary permeability and characterized by edema, neutrophil
infiltration, and hemorrhage in the interstitial and alveolar space. Aggressive and rapid fluid resuscitation potentially
might increased the risk of pulmonary dysfunction by the interstitial edema. Therefore, in order to improve the
puimonary dysfunction induced by hemorrhagic shock, the present study was attempted to investigate how to
reduce the inflammatory responses and edema in lung. Material and Method: Male Sprague-Dawley rats, weight
300 to 350 gm were anesthetized with ketamine (7 mg/kg) intramuscular. Hemorrhagic Shock (HS) was induced by
withdrawal of 3 mL/100 g over 10 min. through right jugular vein. Mean arterial pressure was then maintained at
35~40 mmHg by further blood withdrawal. At 60 min. after HS, the shed blood and Ringer’s solution or 5%
albumin was infused to restore mean carotid arterial pressure over 80 mmHg. Rats were divided into three groups
according to rectal temperature level (37°C [normothermia] vs 33°C [mild hypothermia]) and resuscitation fluid
(lactate Ringer’s solution vs 5% albumin solution). Group | consisted -of rats with the normothermia and lactate
Ringer’s solution infusion. Group Il consisted of rats with the systemic hypothermia and lactate Ringer’s solution
infusion. Group NI consisted of rats with the systemic hypothermia and 5% albumin solution infusion. Hemodynamic
parameters (heart rate, mean carotid arterial pressure), metabolism, and pulmonary tissue damage were observed
for 4 hours. Result: In all experimental groups including 6 rats in group |, totally 26 rats were alive in 3rd stage.
However, bleeding volume of group | in first stage was 3.2+0.5 mL/100 g less than those of group Il (3.9+0.8
mL/100 g) and group Il (4.1£0.7 mL/100 g). Fluid volume infused in 2nd stage was 28.6+6.0 mbL (group I),
20.6+4.0 mL (group II} and 14.7+27 mL (group Il), refrospectively in which there was statistically a significance
between all groups (p<0.05). Plasma potassium level was markedly elevated in comparison with other groups (Il
and Ill), whereas glucose level was obviously reduced in 2nd stage of group I. Level of interleukine-8 in group |
was obviously higher than that of group Il or Il (p<0.05). They were 1,834+437 pg/mL (group 1), 1,006+532
pg/mL (group ), and 764302 pg/mL (group III}, retrospectively. In histologic score, the score of group Il (1.6+
0.6) was significantly lower than that of group | (2.8£1.2)(p<0.05). Conclusion: In pressure-controlled hemorrhagic
shock model, it is suggested that hypothermia might inhibit the direct damage of ischemic tissue through reduction
of basic metabolic rate in shock state compared to normothermia. It seems that hypothermia should be benefit to
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recovery pulmonary function by reducing replaced fluid volume, inhibiting anti-inflammatory agent (IL-8) and
leukocyte infiltration in state of ischemia-reperfusion injury. However, it is considered that other changes in
pulmonary damage and inflammatory responses might induce by not only kinds of fluid solutions but also
hypothermia, and that the detailed evaluation should be study.

{Korean J Thorac Cardiovasc Surg 2006;39:879-890)
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Hypohtermia, Shock, Lung, Hemorrhage, Ischeamia/reperfusion
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Fig. 1. Pressure-controlled hemorrhagic shock (HS) model in rats. Consisting of three phases. HS phase I (60 mins), resuscitation phase
II (60 mins), and observation phase III (180 mins). During phase I, HS was initiated by constant withdrawal of 3 mL/100 g of blood
over 10 mins. Thereafter MAP was maintained at the 35~40 mmHg by futher blood withdrawal. At HS 60 mins. The shed blood and
Ringer’s solution or 5% albumin were infused to restore MAP >= 80 mmHg. Rats were divided into three groups with rectal
temperature level (37°C [normothermia] vs 33°C [mild hypothermia]) and resuscitation fluid (lactate Ringer’s solution vs 5% albumin

solution). MAP=Mean arterial pressure.
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Fig. 2. Representive examples of the histologic scores, based on the degree of neutrophilic infiltration, hemorrhage, and edema in the
interstitial and alveolar spaces. (A) HS 1=Normal, (B) HS 2=Mild, (C) HS 3=Moderate, (D) HS 4=Severe.
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Table 1. Physiologic parameters at baseline

Group 1 Group II Group III
Heart rate (beat/min) 327+34 332+42 325+25
Mean arterial pressure e 1) 94410 95410
{(mmHg)
Arterial blood gas
pH 745+0.07 7.40+0.06 7.43%+0.09
pCO; (mmHg) 353492 3721465 34.7+78
pO, (mmHg) 162+72 143153 173165
HCO;™ (mmol/L) 246149 228+37 22.6+43
Base excess (mmol/L) 3.5+39 27+23 29+19
Potassium (mEgq/L) 44104 45103 42104

Hematocrit (%) 36+3 34+2 36+2
Labaratory data

Glucose (mg/dL) 176 +27 153 +36 149+23

LDH (U/L) 237138  259t46 243427
LDH=Lactate dehydrogenase.
A 7HAe BF AY 28 &7 98T A8 AR
wet B Hd 24 £4E Rele 3% 1HHE), A
Zujell QA NPT FUTFe Hgol gomiA 7
E9 £8 7HA9] BF £Ae] Hole A% 2H(AE),
SEo] REHQ HYT WMPT &L glor} WY
T A% £AE HolA) hn FFE 23U Y ¥
T &£70] Hole A% 3W(FED), A4 Az} A%
o Ao ARFol HET Hgeo] 9o o At &
Y 3 23l Y AT SHEE)I0E FrlschFg. 2)

3) AN

IL, USAYS AH£3bgla, & 7he] H]E one-way ANOVA
testE AL-£3}9t). One-way ANOVA test?] 7-S Levene’s
test® Abgstol HlET 7H BAbo] 2 74 Tukey9t
Bonferroni W&, vl 7+ EAbo] thE 739+ Games-
Howell#} Dunnett C Wb © & post hoc testE AAjs}ele
o p<0.05Y W EAHoR Fo3t Aog 7Fegic)

2
1) SHY £3710 SANIML e
AY A 7 AY 7 e A, BF AEE 5

Table 2. Physiologic parameters at the end of 60 minutes of
hemorrhagic shock

Group 1 Group I Group III

Heart rate 371454 286434% 271429
(beat/min)

Blood withdrawal 32405  39408%  41+07+
(mL/100 g)

Arterial blood gas
pH 7274033 7264024 7244034
pCO; (mmHg) 454462 5041105 49.6+85
PO, (mmHg) 101452 93+69 76+46
HCO;™ (mmolL) 148469 165473  143+87

Base excess (mmol/L) —8.6+59 —1074£53 —10.3+84
Potassium (mEq/L) 5.7+06 4.84+0.5* 47+05*
Hematocrit (%) 2613 25+2 24+2
Labaratory data
Glucose (mg/dL)
LDH (U/L)

185+63
341483

153+86
3221469

174 67
32759

LDH=Lactate dehydrogenase. *p<0.05, compared with nor-
mothermia and infused lactate Ringer’s solution group (group I).

d 7tx B4 gl g% £5d9 5% Lactic Dehydrogenase
(LDH) 42| 7+ 93 Zol= gllth(Table 1).

BEE AYUTA 294 £33 3 HF TS 35~
40 mmHge 2 §-A8}7) 9 23t A=k 3 mL/100
g ol &el Alge] Hslelsr, AxeyS A3 I T F
ol|A] 3.9+0.8 mL/100 g 41107 mL/100 go. & IF9] 3.2+
0.5 mL/100 gol] vz FAAZ §o8lA] B AP0l
k2t p<0.05). I ¥HA] 60%-0] H3}3t 9 A
e AAEHE FES I, I Foll4 286+34 3)/%,
2714293/ o2 A4 AM&FA 1 T 371+543] /80
Hlall SAIH o2 folelA Ak p<0.05). 2+ T+ 7
o] FHE ] pH, base excess9] X Holx okgkor} A¥
2] pH, base excessol] H|3) 1 & 7.45+007, 3.5+39
mmol/Lol|A] 7.27+0.33, —8.6+5.6 mmol/L, I F& 740+
0.06, 2.7+2.3 mmol/Loll 4 7.26+0.24, —10.7+5.3 mmol/L
agls M F#& 7434009, 29+19 mmol/Lol|A] 7.24+
034, —103+84 mmol/LZ thAA A& £AHE HAd)
w3 HA 4F FEE 1 T4 A8 A 441040 H]
3 5710602 EAA o GolslAl 44aled(p<0.05),
I ghAlo) A 248 11, 1M1 9] 4.8+0.5, 4.7+0.50¢] Bv] 8|4
E FAARLE foduA Edeh (42 p<0.05). T ghA]ol 4]
o g T} =51 FollA] 153+86 mg/LE 185163
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Table 3. Physiologic parameters at the resuscitation time after 1
hour

Table 4. Physiologic parameters at the resuscitation time after 4
hour

Group 1 Group 11 Group III Group 1 Group I Group IIT

Heart rate (beat/min) 36278 339+24 324+£20 No of survival 6 10 10
Fluid required (mL) 28.6+60 206+4.0% 147+2.7+7 Heart rate (beat/min) 343+82 325+46 314+43
Arterial blood gas Mean arterial pressure 26+ 13 85+ 15+ 90+11%

pH 732058 7.36+:043 7.33+021* (mmHg)

pCO2 (mmHg) 48.6+50 53.5£102 51.5+6.5% Arterial blood gas

pO; (mmHg) 84123 97125 93+14 pH 7371024 7.33+032 7.38+0.62

HCO; (mmol/L) 235139 21.7+£58 20.6£2.3 pCO; (mmHg) 429+7.1 497126 493193

Base excess (mmol/L) —5.9+4.6 —47x45 —82436 pO; (mmHg) 843+t245 1152+194 974+324

Potassium (mEq/L) 58405 51+04* 50£0.3% HCO;™ (mmol/L) 163+56 214+35 230+27

Hematocrit (%) 29+6 30t4 32+3 Base excess (mmol/L) —2.8+4.1 —43+£29 -—-25x21
Labaratory data Potassium (mEq/L) 57+0.7 5005 52+04

Glucose (mg/dL) 78+34 165+65*  172+42* Hematocrit (%) 34+5 36+5 37+2

LDH (U/L) 843+215 513X 176* 463+£84* Labaratory data

Glucose (mg/dL) 113+43 13324 149+38

LDH=Lactate dehydrogenase. *p<0.05, compared with normo- LDH (U/L) 1,032+621 723+343 521 +127*

thermia and infused lactate Ringer’s solution group (group I).
Tp<0.05, compared with systemic hypothermia and infused
lactate Ringer’s solution group (group II).

mg/L, 174167 mg/Le| II, Il £} v) wste] §oJ8k Xpo)=
olole}. w8k Behnia®} Molteniol] 9] 3l =] <=4ke) Z7] 744
AZ 71€%9 LDHE 2 7ol Xol& f1%ieH(Table 2).
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84 &3a HAlRA A3 ol BF AF
T 7359eHE 80 mmHgE A3l sl Fodst
1 FollA] 1A 28.6+6.0 mL, II FollA =4
20.6+4.0 mL g3 I Foll4] 5% LEFIN 14.7+2.7
mLZ R [ Foll Blaste] I I FollA] EAIF R
FstA Adeh@Hz p<0.05). £47] 608 32 AlHbE
S [ FollA] 3624783/ 0 11 9] 339+243)/5 11T
T-9 324+203]/232 v|zste] {23 Aol gt &
] Fha A4 pHE A4 1 dAldl vlsiAe dAA
Ao MAE 4748 Bow, ZF 7 7He) {olg o]
= Uk 94 ZF sEe 4 T EF AR 1A &
Ax ol wlell 7 F7tE 7o) 427E BYA 1 ol
] 5.8+0.5 mEq/LE II, Il Foll v|s)] Foja4A] Z7}s]o]
AAcHZAZ p<0.03). B TET FEE 1 FollA 78+
34 mg/dLZ A 1 chAlo vl §-stA ZH4=o] i3l
I(p<005), EL& 1 GAA 248 1T 79 165165
mg/dL, Il 2} 172+42 mg/dLell HINA = SAstA] 2+4

ot z9

LDH=Lactate dehydrogenase. *p<0.05, compared with normo-
thermia and infused lactate Ringer’s solution group (group I).

wo] 9liehZH2 p<0.03). I A9 LDH A& 1 F
843+215 U/L, IT - 513+176 D/L, Tl - 463+84 D/LZ
Ag T eAle) SRl wlel] B FollA SARNZ 72
sl S7kEl0] et el [Tl ShEel Mt =
gtow] I Foll Ao} S7h&-2 7 W3kehp <0.05)(Table 3).

3) ZHET|A SHADOIM S| HE}

PR B Y AY "AF F 47t Asieled
1205-0] A} 3 AlukS 60 rate/min, %7 B9t 60 mmHg
olstE frAEo] 7] AY ARt Tt At 4
oAl E ALt 72+ A9 AlubsoE 3434823]/F, 325+
463/5, 314+433)/F 02 §A4L2 gldddh WY s~
A4 pHE 733~7.382 I GA|e] A Aol w|afja]
k7 Egtou Ay A FAX A wldfide kT d &
Ag Bt da 4-F e5E 1 FollA 5.7+£0.7 mEq/L
2 g Fo vl AdF ez o7t =9kor, I 79 5.0
0.5 mEq/L ®la|dE EAIFoE Fosllch(p<0.05).

52 TE= 4 T 7 5942 2%tk €4 LDH
A I Aol wjel) BE FollA A5 £H4E
) I T4 1,032+621 UL
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Fig. 3. Comparison of interleukin (IL)-8 in fluid of bron-
choalveolar larvage (BALF) between the groups. There was
significant differences of the level of IL-8 in BALF between
normothermic group (group I) and systemic hypothermia groups
(group II, III). Data represent the mean+SD. *p<0.05, com-
pared with group L

4) 7|X)-HIELY Interleukin (IL)-82] H|m

A 23 F A 71BA-AE AN -89 Z4
&1 Fol A 1834437 pg/mL, I T2 1006+532 pg/mL,
Ul & 7641302 pg/mLE [Foll A T g 1T Fofl ulsl £
ARz st =gtou(Z7 p<0.05), I 3} I +
& EAFQ $elst Aol gtchFg. 3).

e EF AEE s 228 HLE I 1.6+

2 I 28+122 I oA I+

# wlaste] FoetAl Ao &4 FE7 Arkp<
0.05)(Fig. 4).
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Fig. 4. Comparison of histologic scores between the groups.
There was significant differences of histologic score between
normothermia with infused latate Ringer’s solution (group I) and
systemic hypothermia with infused 5% albumin solution (group
III). Data represent the mean=SD. *p<0.05, compared with
group I

HQl Aart APES AT B4 o] gokA) Fgen
A UAREES] Aol ZFAHxlol AT NALE 2
NRARA AeEAL 2L FFHoRE A

=

uwebA 9ol A £ A S| AL HAE
AR dRFe FASS BRAFALER Fa A9
AE7) 5ol Ego] 7HA] FEF Ahis} AFLE FF
Folok g}, YubHel &3 Al 2] Nze 7}
A F83% 24 VIR B8, 3F agx F3AlY 44
olch /1% #us TFHA F S8 SAE Be] 2
AAQ) &2 F9 GHEE ARt o Foske] AU

a) =

4 AL ol WA olm

P
F
o

o
gk
2

M

)
=
1 o

3
=
T

=1
=

4
12
ko
%
o
e
fo
of
iv)

o X
= _I}-}:

i
2

| Ag8E AAE 27 gAN zANo
glom iHez Zzhe Agol e 4
Aol7} ek, iAoz A g Aol 4
Aoz BHAM R d4d 43
So3, BF Solol vla) FHAo] A

27 @go] A3 HHEE Fof wAEY +3
ol £3¢ F % 9ol Uit A9 FAAZ wo] ALt

oH
et A4 B3 AR HEF Mol 4T

4
4
o b jo o
Ly

o,
i
fu ol fob ez
ol
il ox
o,
N
ASH

Al i

[=1
of EAHI e ol AN o Folo] 14 BE 5
& Yo & Qe Dol Ak 5%, 25% LR FE of
2 F79 YRS TP TEG Fo] Y S0

— 885 -



WESSOIN
2006;39:879-890

aﬂ%ﬂv} 2ARE AAR wlgl] Aol A A4Sl
22 ZHA RS B o]Fol Ha 7HAWe] ol
R ol52 FAto] WRIE TIMIIIE o
71}91 gl 27] ghs d oa 3
éﬁ} AN vldl =2t
7P A °§ELL = L%“é

G

oo

g I
mﬁt

o

uE L
&
i)
x

o &y
KRN

N X2
Koo
52 )

m do O
r{o

Pl
~ o
in 2
"
@)
=

R s (- T U T
o sl

o Y 8
]
I

.

2
ol 4y
o,
4%5
lo
ok
Ei-
2 fo X
:%u&
vl"ﬁ
s
OlTl
o
.L4
{11)—440
o
o

o =
ke

o
=

oo xd =
M
o =0
"

> = 2
= 1o

SR
P
ot
>
Ny
o
12
o
LN
gk r
=t
18

o

=
Py

4>
oft et

mo 10
=

olN
R

>
Ny o

= g
=
o ofL

2

oo
e
o M

or

Mr

N

fo

o

N,

2

i

o

ok

ol

rlo

o
N
o

b o ey
T

>

Br ooy

r
%-{N
i o

ol EHA]' W °
90l ol sk
]

Msmm ik

o d#A °‘E]— Slikker =2
01 bel-29] W&l o]} glutathion per0x1dase/] A zoF
Hdol| o3 AE £4-5 FAaAZ G s, Zar
9} Lancastere 74 59| A Al Ao g A4 ASHE9
A ZEAA 4a T ) o7 HIAE &4

2 Fol:s g ZWelL(12], Yoshioka E3} Baiping 5
e 2Az 9 2y 59 747e) AR Arle Y £
< A ey Aes AR & dokn Rasigic

2 AgellA F84 23 AeollA A s wA%
Toll Al 224 4217 Well defloll A} Agste] B ES) A A2
He A 7o 27] BEEH 44T (& B3y o]
AR 284 €3 5F 2PelA Ax2yPe AW &2

F9 AEgol T Jge MUk ANLYe) AES
A4 el A6 deldE HekelA g & A

oA AALRS AW FolA AAALE FAR Tol
Bl FUA 57 HE F AE AEUYE 40 mmkg ol
oo A¥ste §7517] A AL Phzkol 05~06
mL/100 g B B Ao 2w Aol 44 Frist
& $AAZE A Aol I Ao FEsieh av)

o} Prueckner 5 AL AAE BAGY AL o)
Aol Gl% W 4 Fol 28] APAL FATA ul3)
AL BE F ot BT SUGE FARAY 42

T e
A7 A= st a alich15]. Jarrar 58 £YA4)

o -{n —\>
e r:i ;g
—r' [o

&3 Fol WARE 4 AR 5 Aol BAFL
BRoA FA 9% 3ol o) BT AN E A

>

)

o

fru

X

L

o
ot @y ol

rlo

"3 ole

=
%J% %5*4*]74 *“%— 9
Z_i

SHRERE A 4 S T Aol EAU

ZRA 7 2, uﬂg—?é BB, A&ASE ] _3:_;(
T o A% Al Qo) F4 9% W Yo
AR ANEE AAFO A ol 28 TR 2
vy 7o) BASE JAlste Ao 4HA Qi
[17].

A RE AuEerg AT Al $93 4]
2 Sue AT-mAEH Yao| & Wty Aol u
oA AR AYZol} Aol oo wAleHE AEN3
ol ool WsA ukSele] Sul sheke) o) T E
ol <laf A ulde] 2AZ F2Ho M HFol} &
o] 7 WLARITHIS]. HAS B Adeld tEEe) A3e
A M97 A st 29 D 1E 2T B

o WETe A4S F4 92 WS 2o @2 A}
3t =Ae B2o] 9ich Bamoso-Arnda S F8A %

2ol ST A Foll o] ALES ALA

A%e Bk n[I9], Wu 5 EU% &3 2o
kel WET Aee] Ao FA7 ATED B
Aoz Busgrhs) £ Adeld 248y WAS
3

io 3t A
it
=2

[
uop W=
2 o2

o 2
o sk

WaA st M87 A
& e ¥

£ oo By 12 oo ooft Z 2L o ol Sk oofm 3O > {4 J
o

& A7} Westeet
Interleukin (IL)-1[beta], Interleukin (IL)-6, Interleukin (IL)-8,
Tumor Necrosis Factor (TNF)-[alpha] §-& AW 335 ¥H-&



M @
Hypohtermia, Shock, Lung, Hemorrhage, Ischeamia/reperfusion

o ATEASE 84 <3 F9 24 £49 AEE  Balo] gov] 94 F ALe| 2T ek Welshe A
obedl F2% EASoITHIE). oled 9% W B4 % SE Wihold ALY AsS wasiget 1 dale
& 7 4719 &gl e} A g o) 35°C ule HS Wagt 75t ekt

Hgolup 2bake] 4ol Y 7-+20], TNF-[alphal= %JL ofE U5 A7 Hike] HHoz A4 A
25 &40 9% ) SO TNElaphal A 7 Fo] AHTel Aslslol A Fid) 2C iR
sto] AL Tl RESPIE doh21). L83 ZEad W A %oﬂt— ﬂ 5 A oHX] 7] we] E}[24]- K3} Gentilello 5
A7 94 QAR Fol IYTFRAZ B4 59 5F7 £

Aloll A o] wE 3
].o o]— =

!
% F0A 4m ol AN YA ANLES £
£

AA =

A EAE Fds] A8l A Foll 71H9A-HE l A az EddlA Aste X &g 549 =24 shsd
g AABA 7| RA-H E AR A 9] 1L-89) k& &4 AL Fe T E oo gheh26]. QoA Do A
sFoich IL-82 A& AARH T 3 1T ell 4] 1,006+ AEFe 4 e Fxe Aol glo] A3t &
532 pg/mL, 764+302 pg/mLo.2 AGAZS AT I & Il A 24 5Ho| Al FelolA chaFe] 2 Hof
9] 1,834+437 pg/mLol] ulaf F-oJslA] dob AAl&ol ojif o} o] Foll o WA¥shE A9t B YAA
#Hxo E45 dAlste o fasich ol AW W7 Al 3l Fo AR N TFE &

AL FAFAA AL Aol vls A 7 As7] 8l Bz je FEo] Yoy Ago] sl
B S5t £ EER TEE £V EEE 4 T 2 BFE eH27l Fo] Hx E3e i sl LA
ek B 2F 5 i E HE A 3, EF, Al ol B9 9y d4ge] dojum o]z g do
A ANA Agsln ol AEu Aol o] A olal) Aa aue] Foh, B, 27 AL) 47 o
A5 FASE NaK ATPase®] &A3toll Host oA E oA AF Fol Yojrtrh2s).
SEHA F3t7] wigel] Aste Aoz FEE ovA 4 229 284 &3 T2 o)&3 £ A¥dA4
o TR &7t o] FolAEAE B shbe] Axet & AY Ful dAolA AR Agte s A, ojigel 7
T Ak v AR ETAA FHA &3 DdAlA G AAETHEeE ¢FZ £ ToE T A S Holmg
BARALA vl B4 2F R/ 9 2o Hol = 3wluydw g Ageted 32°C ojate] FEE o4
WA Feo] Hek 6 & o]FofA =l ol AHAl&ell FA% AA e AN A Polle ArldA} 22
g8 NxtARe 924 M5 Aeg A4 WY @4 So| A3 walste] Ay A FEa vy} I
Hof gk 22 Aol EA3% 94 TR sEe A4 sslglon 714 o2 Kot kA3t Fxo] AL
29 ATelA EA FHE Ao HolHE o] *17101] e A 4, =g e T3 AW o
olA] 4n] w3t Mol A& FEs)7t o] FolHSE % 7ol Gt ojgin FEE Fol® Ay Al
Hog g% ¢ °'9iv} ololl that 714 ﬂﬂl%oﬂ 9] e Fo8 YA Tl MHe] Erlgslct wakA
a el Ful7t Faste] WA EEddo] §AEIL of ol %%*M AelA = NG WS S gy 59

2 A8 RS 9% EEg 540t sl 8z = S AYAA Hid AARoz 2

A
ARUE ol gsheieh A, AT W AHUS

N>
ob Olr "E Nlﬂl &® L HJ]O
O_u

2= FA Aol 33~35C A+

gz AAes o1 gho i«i 3o 240 Heatel FBANEE A
A%, 8~30CE FE, 28°C w9l 492 252 Ve delEl 719 AR Wl Mol STHRH el o
S gk AEAT AR A ARG S AMLZ @ A4} e oo WAE A ABTEAN G B
A% AZRAA ol Aol Urht 82e] %ol B ek Wb BE Foldl EQS 3F 20| o] A
& FE A02 Hof ek 284 &3 Fol WA A Ao} FA9 ool] w2 Y spx B4 Sol4e)
ALZe Saatel, ABA 7% A 1% Ak 2 276l HE ARl WHES Belekrst WSk Bo
du wel % Ast 5 dosn oleld PHES ¥ 2 Y 2AY ¥4 £329L o83 B A4
Ao AEgT Bl 9;% s deld g AR A e ARAE S AU AE olng
Jukovich 5& 4 ¥ <4 Axot AMEZH AR BAY 5 glo] ALY Wksh AEE 2 4T BAS

— 887 -



HEQN
2006;39:879-890

FAGo R bl 5 gl on el A% s Y
ol 93] uhAlsl= F2-isoprostanes, 8-isoprostane, 8-cpi-pros-
taglandin $5{29.3019] 44 42Holl vl 177} vlmlsks)
ohomehd B oY 249 94 &3 BUE o849
A49e Eal ool v mstol Westeleh A7

¥

2
—

ZF8A &3 Tulo)A APl ALy
Askar ghiz Foll ul3) <2 el el 7]
oJFo2A e gt zAe] FAAAHQ

F gezlgt Az £ AALede
59 AolEIel HulE
& ZozogH £3 T HF
o} e AAeHE Al
TAAE Folshs $Ag delyonn g 934
s E4ol el & vehd ¢ Y& Ao E AAHEY o
o] thgt A4 A7t glojok & Holth.

A2 e rp b
|
o
>
ofo R
off qot my do ol
o
N
£
X
3
=
o0

)

>

N

2

3
gk
.t

lo,

2

iy

1]

|
Ho
rat

1. Hassoun HH, Mercer DW, Mooly FG, Weisbrodt NW, Moore
FA. Postinjury multiple organ failure: the role of the gut.
Shock 2001;15:1-10.

2. Bickell WH, Wall MIJ, Pepe PE, et al. Immediate versus
delayed fluid resuscitation for hypotensive patients with
penetrating torso injuries. N Engl J Med 1994;331:1105-12.

3. Wu X, Stezoski J, Safar P, et al. Mild hypothermia during
hemorrhagic shock in rats improves survival without signifi-
cant effects on inflammatory responses. Crit Care Med 2003;
31:195-202.

4. Attuwaybi B, Kozar RA, Rosemary A, et al. Hypertonic saline
prevents inflammation, injury, and impaired intestinal transit
after gut ischemia/reperfusion by inducing heme oxygenase 1
enzyme. J Trauma 2004;56:749-59.

5. Crippen D, Safar P, Porter L, Zona I. Improved survival of
hemorrhagic shock with oxygen and hypothermia in rats.
Resuscitation 1991;21:271-81.

6. Varicoda EY, Poli de Figueiredo LF, Cruz RJ Ir, Silva LE,
Rocha e silva M. Blood loss after fluid resuscitation with
isotonic or hypertonic saline for the initial treatment of
uncontrolled hemorrhage induced by spleen rupture. ]
Trauma 2003;55:112-7.

7. Wada CE, Grady J, Kramer GC, Younes RN, Gehlsen K,
Holcroft JW. Individual cohort analysis of the efficacy of
hypertonic saline/dextran in patients with traumatic brain
injury and hypotension. ] Trauma 1997;42:561-5.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

— 888 —

. Tegtmeyer K. Shock. University of Minnesota Pediatric

Critical Care Medicine 1998:1-90.

. Meyers C. Fluid resuscitation. Eur J Emerg Med 1997;4:

224-32.

Childs EW, Udobi KF, Wood JA, et al. In vivo visualization
of reactive oxidants and leukocyte-endothelial adherence
Sfollowing hemorrhagic shock. Shock 2002;18:423-7.

Slikker W III, Desai VG, Duhart H, Feuers R, Imam SZ.
Hypothermia enhances bcl-2 expression and protects against
oxidative stress-induced cell death in chinese hamster ovary
cells. Free Radic Biol med 2001;31:405-11.

Zar HA, Lancaster JR Jr. Mild hypothermia protects against
postischemic hepatic endothelial injury and decreases the
formation of reactive oxygen species. Redox Rep 2000;5:
303-10.

Yoshioka T, Shires GT, Fantini GA. Hypothermia relieves
oxidative stress in reperfused skeletal muscle following
partial ischemia. J Surg Res 1992;53:408-16.

Baiping L, Xiujuan T, Hongwei C, et al. Effect of moderate
hypothermia on lipid peroxidation in canine brain tissue
after cardiac arrest and resuscitation. Stroke 1994;25:147-31.
Prueckner S, Safar P, Kentner R, Stezoski J, Tisherman SA.
Mild hypothermia increases survival from severe pressure-
controlled hemorrhagic shock in rats. J Trauma 2001;50:
253-62.

Jarrar D, Chaudry TH, Wang P. Organ dysfunction following
hemorrhage and sepsis: mechanism and therapeutic ap-
proaches. Int ] Med 1999;4:575-83.

Grisham MB, Hernandez LA, Granger DN. Xanthine oxidase
and neutrophil infiltration in intestinal ischemia. Am J
Physiol 1986;251:G56-7.

Razavi HM, Werhun R, Scott JA, et al. Effects of inhaled
nitric oxide in a mouse model of sepsis-induced acute lung
injury. Crit Care Med 2002;30:868-73.

Barroso-Aranda J, Schmid-Schonbein GW, Zweifach BW, et
al. Granulocytes and no-reflow phenomenon in irreversible
hemorrhagic shock. Circ Res 1988;63:437-47.

Meng ZH, Dyer K, Billiar TR, et al. Distinct effects of
systemic infusion of G-CSF vs. IL-6 on lung and liver
inflammation and injury in hemorrhagic shock. Shock 2000;
14:41-8.

Shahani R, Marshall JG, Rubin BB, et al. Role of TNF-alpha
in myocardial dysfunction after hemorrhagic shock and
lower-torso ischemia. Am ] Physiol Heart Circ Physiol
2000;278:H942-50.

Nakamura H, Ishizaka A, Sawafuji M, et al. Elevated levels
of interleukin-8 and leukotriene B4 in pulmonary edema
fluid of a patient with reexpansion pulmonary edema. Am J
Respir Crit Care Med 1994;149:1037-40.

Patt A, McCroskey BL, Moore EE. Hypothermia-induced
coagulopathies in trauma. Surg Clin North Am 1988;68:
775-85.



SR 2

Hypohtermia, Shock, Lung, Hemorrhage, Ischeamia/reperfusion

24, Jurkovich GJ, Greiser WB, Luterman, et al. Hypothermia in

25.

26.

trauma victims: an ominous predictor of survival. J Trauma
1987,27:1019-24.

Gentilello LM, Jurkovich GJ, Stark MS, Hassantash SA. Is
hypothermia in the victim of major trauma protective or
harmful? A randomized, prospective study. Ann Surg 1997;
226:439-47.

Mize J Koziol-McLain J, Lowenstein SR. The forgotten vital
sign: temperature patterns and associations in 642 trauma
patients at an urban level I trauma center. J Emerg Nurs
1993;19:303-8.

27.

28.

29.

30.

— 889 —

Rupp SM, Severinghaus JW. Hypothermia. In: Miller RD.
Anesthesia. 2nd ed. New York: Churchill Livingstone. 1986;
1995-2002.

Laborit H, Huguenard P. Practice of hibernation therapy in
surgery and medicine (French). lst ed. Paris: Masson. 1954.
Morrow JD, Awad JA, Boss HI, et al. Non-cyclooxygenases-
derived prostanoids (F2-isoprostanes) are formed in sity on
phospholipids. Proc Natl Acad Sci USA 1992;89:10721-25.

Vacchiano CA, Temple GE. Role of nonenzymatically generated
prostanoid, 8-iso-PGF2 alpha, in pulmonary oxygen toxicity.
J Appl Physiol 1994;77:2912-7.



HEAX

2006;39:879-890

=232 X=-

H1%: 294 23t 318 A B AT So) oa) Aol oje] F1A §Eue e Yoo

24 7t A28 ASRAE 2 Bel e Y A 2700 AF AT Efie] Zrkelo]

B, A2 A 9 29 5ol Yo} IFLASL 2Ok w3 284 3 A AEAe

2 Adete 49 ey e 249 BES doA A 7)5e 2D 4 I 99 2ol o

A F8AY £33 Add A% AE olelr] AL AR 3F 1SS Folx AVES
o

[<] n

2437 o] ot MY R EE: 300~350 gm XY T 3FE o|&slo] FEWE
B oF 3 mLj100 g9 PHE AAsl] FF 4B 35~40 mmHge) FHA w2 Feid A, 60
DE FEsE FAT F, AAS YL AFYT FHLHE AAst HF FAEULE 80
mmHg 2 §AsHe &4 Al DA, 0)E AW F oF 34 A% AR BRW P

AFTEL 3722 o] Adegieon [Fm=1003 1 A Al ARALS 371 1°CE §A82 1T
Al A BABE o] &slo] FHAHE AASA 1T =102 [ DA A AAA-&E 33+1CE
A U Al A A BE o] &3 Y e At O 72 1 5hA| A] 332 1°CE A&
FASUL I AN 5% dFNRE o] fslo] ARG At ZF & EF AF A, L 1L,
M 9HA) kel AR AR, FF B, U 7t B4, 94y LE39 LDK,
L I AS Fo] ook, 7|42l E AlX K] Interleukin (IL)-85 FA3I 1, 2AAAE F8
FHee) HEE 24%H AFE Frlelch Bl 1 79 4S8 AR 26017F WAAA AES
ok 24 7 2k HE AUk 73 Aol gldeh 2By AR 1AlA Y A T F
32+0.5 mL/100 g& & 11, TIT 7-2] 3.9+0.8 mL/100 g, 4.1++0.7 mL/100 gol] v]3f} Z+7+ o)A = glch
(p<0.05). Il A MNA ] Fof B [ F 28.6+6.0 mL, II 7 20.6+4.0 mL, Il - 14.7+£2.7 mLE
Zt T Zbell FAIAR] Aol Udekp<0.05). AW ZAFE FET I TollA I Foll vl &8E &
99 A =% om(p<005), EETF FET I TAY 1 FollA elrd} vlzste] A Gdrkp<
0.05). IL-8& I T 1,834+437 pg/mL, II & 1,006+532 pg/mL, IIIF 764+302 pg/mLE 1 FollA] 11 ¥
0l 737} w2t} FAIH R {ootA 2k om(p<0.05), #2249 2AHAE B3l H7I3k d5A
E BX Ao T Fo] 1620602 1 F 2.8+1.26) w3l EAF o2 $93}A Ugtrh(p<0.05).
22 5H =249 94 43 ZHdlA ARE AAEH2 AR A e ol vl &
A Zelol| A9 J xRS EdFo2N gl o3 249 AP 4L AAE F doee
AZFE ) E A T ALFE FoIFI IL-8 5o Aol EFQ BulE A7 HE
T AEE FAFLEN &3 F AR 7% 5o 252 Fob 2 AAIHE ARG Lol
AT Folole s Feigozy A dFush} £40) HolE Ed F g Ao 47

55 ool thdt A AT glofok & Aot

T oL AHAE
Ent=]
2
24

ARF

ROl

— 890 —



