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Fig 1. Results of pH in various conditions of asphyxia;, 0 min

group(n=3), 10 min group(n=3), 20 min group(n=3), and living group(n=3).

Fig 2. Results of pO: in various conditions of asphyxia;z 0 min

group(n=3), 10 min group(n=3), 20 min group(n=3), and living group(n=3).
Fig 3. Results of eNQOS staining intensity in arteries(50-60um

diameter); 0 min group, 10 min group, 20 min group, and living group.
................................. 10
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FAI| ZHAIPE WA Q] ol
T4 nitric oxide M4t0o] O|X|= 2%

Nitric oxide (NO)= E&#o] 30 A& HE 7IAZA MU RE 7]#d
EAst HETAAN EE HYSE ol dsto HEE AYE AA2AA W ¥
e Wi e FEE v 53 &4 A dojve ¥ A Fhd FoF 28
€ 39 HAAF =FHAUL W 2= HEE FE3 #AH@E9 NOY
Ao e oA E B =&o] Atk FH JAF HALF & A
HE#FAA NO9 Aol F74%tcte F45 NOZF HAh#tvhs Ahdtse oA
o] &AL Utk et ol ¥ Ahvtd diREEY AT H4E WY FEE
AAXA HEF(stroke) FHE FEAAY, T di7] 44 FERT 3
Aa Bgoez QFEEFE AFIY AT RO AT W AR AT ¢
BHLZ oYHE FAY] A7) JHALE FEEY NOY A4E AME B
<

ol Azte A WAA FiA7] FRAZF I gEE RA A NO Aits
2918 7] 8k Nitric oxide synthase(NOS)9] AAba-g A5t zZ 49
& HE2EH 7} 108, 208, YETL2 UFre] EFFT £ AA A9 ¥
g F&ste A92AAGFNE AT F A4 EA7IE o8t GAARE
g AFAt ol AZAE EYE FA7] JhAte] ©E NOS At#E wi
2 43 gy g2 dIg dun
1. ®tabe] ofn| FHeA A AAZ FAE A A& AT A2 HEd ¥

250 @b F47] 7HALE FES Ak 108, 208 THEEAA ET
v13te] pHe pOZt 97 e F4E BYY (pH=t&T 7241004,



108 7HAVE 7.0810.02, 208 7HIE 6.87+0.05, pO=ti= T 37614
mmHg, 108 72 20.0=1.1 mmHg, 208 7H 96+£1.2 mmHg,
p<0.05)

2. A Mg ¥ 22 & eNOSHE 437 st HY 23 3¢ g4
% JAAEE A3t 1082, 208 7HEANA AR Tl Histd
AR ol e #F42E BYTh(HERT 14985+1.12, 108
ZAME 14246 £0.77, 208 7HAME 145.85%0.98, p<0.05)

3. gz Hstq YETAAM YA EZ YEPH eNOSH ¥
F7res oy BAAA frdd e U (ET 149851112, YET
152.11+0.92, p=0.127)

4. 108 7MAI2 3 208 72 B 2204 G4FEZ Jelhd eNOS
*& U glE F7HE BAG(10R 7HIE 14246 £0.77, 208 7HAME
145.850.98, p<0.05)

ol4e] AMZRE WAoA FiE7] ZhAte] @E eNOS HHEL 2V 2

AstRom FA4b7) JAE AR I E] wet ForekE

3} A5 = & Nitric oxide, Nitric oxide synthase, ¥ & Z & 318 4,

FA7) 7ML AdaF



FLT] JHARZL WA 2] HfolA
W1l 4 nitric oxide MAtof O|X|= HE

<A Y w©F>

ek o g9

-1 A
=3 &

AA &

I. A&

Nitric oxide(NO)& AW o] ZE 7@ S T AZE o, A2Z AL
AH(messenger) 24 #3230l 30AET HiE Aelnt. AW E43}= NOE®
L-arginine® 4] nitric oxide synthase(NOS)9} #4422 L-citrullineo] @ 4t
B @A gt NOSE Al 7t o2 &A% type [& AAHZAA,
type 1= &43d WEF YoM, type II= &9 WA TN SHAPT NO
= iron® irong& FHI}E compoundel] =i & A¥H-E vehdvh ¥E Uiy
AEAA NOZF AAG=EE T Edo HED AEXE o] Eo7t guanylate
cyclase H9] iron# $-& dosAd Hz o]|RA Z4Y¥E guanylate cyclase:=
guanosine monophosphate (GMP)& cyclic GMPE WA}, cGMPE HEZ
AE7L o|FHER 3 o224 Huo] HAHT ¥HE Ao Z4AFHA HEoh NO
7} @R 2 f4HW 2 €449 rond wEE doAA Methemoglobin® 2 ¥
853 Zolo] methemoglobin reductased] ¢8| nitrite(NO* )W} nitrate (NO*)2
25 ggo @ g glo] AL S8 waE!

ol A NO A4te A 27|dM £712 Agse F<¢ HA F718tn &4



ZAE AL FuHEch o]E@F NO A4 F7H NOSS F7tol 71089 o} &
oA FA €HoE AFHET AN ¥ Ao Faxe dAA LHE #
do] qrh.*

AAofelj A 7hAto] o) % 3 TS} £33 FUHT FA4olY. ol HYA
A9 F717F A& @ NOS) A gl oly =] ALHn Uth My
ANA HiaFol dojubd NO AJite] Za=o] HEH 53 # nEYe] ¢
gt 23505 ojg vtz NO Aite] Zislo] 8H +&d g8 A 71
g dARTGE FRUE gk aEy oY@ AFARE EF ANLFE A9
A = EF(stroke) HEE HLdt dYHFAAL d7] A4 FERD #e 44 F
oz ¢IF THFE AFIW BRY AT AF U HEIYMH AF & A=
o) E FA7) sHAbe] B HaALE H F NO A 7 63 E BAY A
FE gt aElzE £ d7dMe F47] A JE8EE A A wE
nitric oxide A4t#HE s wastual et

II. A 9 9y

1. 49%E

AANEE 4F gddd FE dPAddA EdE 250-300gme] WA (Rat,
Sprague-Dawley)& ol&3tdch. 244 HAM(virgin)& €4 WA wujste o
2 old A EF HAIR AHFo] EASENE AT F FEA 21 A (et
217 Ju% ofm HAA ether® FAANA ST Awd AE}A AF
AAE AESS 37C water batholl BF ¥ FA ALAANEE A3 A4
YME ERSAY d2TH APTL EF 2L o7 HAA Hod A& o &
aa] A Fo) 45g ] A& AHSEHA



2. F271 7R

A FHA2h ErE A AG dAAFH AER EXHE £A49 oo AL
Z& U¥o] JIAE fesdd. 249 A AFEE © F AFHA FAUAA
0.lmi¢) ¥9Y-& A5t portable clinical analyzer(i-stat, Abbott lab. inc, USA)
g o434 pHY p0.E &AsAch HE A& F dA LM F5 YA
F -70CE 49 BEsdd. 4 o 8L 4 vty fAAMFHY

HET ; A F A4 AreE2 FFF B
e, &4 F 2F AN A9 4+
108 7FAFE 5 1087 7HA} f2A12 A+
208 FHAME 5 208 7HAF READ AS

3. A9 x4 359 A (Immunohistochemistry)

WEd ¥ =A& OCT compoundE ©}-43td chuckedl €< ¥+ F2 HHE7|HA
10um FARE Zet dztdl FHE Felo|=e FAAIZ F A2oA 1A A2 v
AW 4% paraformaldehyde(0.1M, pH 742 &F%t A A F)3L 20% sucrose
(0.05M, pH 7.4)Z 48AI17HE d&A 02 1339 th eNOSS HH =2 818k 42
avidin-biotin—- peroxidase detection system(Vector Labs, Burlingame, CA, USA)-&
o] && %t E2& 005M PBS(phosphate buffered saline, pH 7.4)14 A& & ¥
1% HoO:8 "oz WAE peroxidased #4E At PBSE AH3HT
goat H(RBI, MA, USA)d 1087 FEAA FAEY H|Fo|H FES dAANZ
X ZZte] BE slided 10 5022 4 eNOS (Transduction Laboratories,
Lexington, KY, USA) €4z} $AHE Hol=d £ 4d24dA 241 Tt A=sigo
E&E PBSE oA 23] AAY F 2 FAete] dge] BHI{A ALY + 3
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E& 37 9%t goat biotinylated anti-rabbit antibody& 424 1A 3084
2 2]& 2 avidin-biotin—peroxidase complex(ABC)(Vector Labs, Burlingame, CA,
USA)Z 1At A3 diaminobezidine (DAB)2.2 ¥4 Al Zich 94& old FE
€ E34E AA cover glassE FY ATt &4 dETS dAFANFE 4l &

Al nonimmune mouse serum IgGEZ A& ¢t

4. 4’3¥* (Image Analysis) 2 %A

A zsistd e A9 A 23 slide® 2000 3He) B8 WoHolH Bstel o
22 o]4 70| 50760 ums) WL MY elastic lamina®} FET 4 A% E B
S50tk A70) Sum olaHel A9 BYE EA ARE Holdte] A FEHE Ao
2552 o) AE Asle) B9 YHwe AUAY A 23 slide® B3t Wl o)
20 $lo] 23 NN YL slide FEMlank) FNY 29 B2 1Y A A
MY S Qe A BU>ight source)?) ¥7) 5 Fate] A 1FAY WElA
QAZE CCD camera(AH4, M€, #3)2 A& do] AFE 234 ehin 94 24
2 $13tod (Multiscan, USA)E o]23t{th st QMY AEE 002 ZA A48 Al
8 2622 BH5A gray scale® AY5HD YT settingo] AW AP 2o
2e AN 94 BHe ABsaT 234 $osM BE 2do] nYHe| d44
(staining intensity)%¢] gray scales] WIHEES sy, WHY 2370 LEig 4
AN A Fe FA(blank)d) gray scaleo] AF AT AAT] ot BART
% 3 B2 pen-mouse® XA FAHA % WA 29 (blank)9] gray valueS
Alste] eNOS M2 A4E AW 27)9) HYBNNY gray scaleo] AU}

GAEA7) o8 A WulA 2009 she] vlgolA & pixel e 3 ¥e] 27)7} 068143um
Q AAZYLE Imm’ F 20087 A9 pixelo] Y= SAER SAHAT A
AR 29d THHE ZE pixel?) £E pixel gray value 39 & JE AL
integrated optical density(IOD)Z WFEHAIT: 0|24 ojx IODE AW %99 44



AEE YehdE 4dAA g2 JdsAY.

IOD= sum of pixel grav level values
number of pixels

Z} 23 F Holx 5 fieldg #AHAL AIH= one way ANOVAS student’s t-test
& olgstd 7 F& vuddy.



Im. 43

Zt YT 249 Ao W& 7iAbe] AEE pH, pOeE S5 M EFAL 7
AYF k9] eNOS B AEE vlustglvh 4YTL 28 ¥ 2844 A AE
H&# (0 min group), 10¥7 7HAHE #L% (10 min group), 208 7+ 7HAHE #
w4t (20 min group), 24 ¥ A4 AL 52 FEFY T(iving group) £ 2 YF
o] $44e g9g A3 pHY pO&F F4 A pHE 77 APET-E 2
olfow s BU4E 7ML AYEFE RobA T (p<0.05)

74

13

71

8.9

6.8

4
8.6

0 min 10 min 20 min Living

Figure 1. Results of pH in wvarious conditions of asphyxia; 0 min
group(n=3), 10 min group(n=3), 20 min group(n=3), and living
group(n=3). Values are means ¥ SE. Kruskal Wallis test, p<0.05



80

70

80

80

gm

30

20

0 min 10 min 20 min Living

Figure 2. Results of pQ: in various conditions of asphyxia; 0 min
group(n=3), 10 min group(n=3), 20 min group(n=3), and living
group(n=3). Values are means * SE. Kruskal Wallis test, p<0.05



NOS activitye B9 23 448 23L& 4 472 #4s9 d44=
(intensity) 2 M3} A t.(Figd) &4 ¥ s&AA AA A8 ¥&% T (0 min)
I &R X AN ALEEE EEE F (living)) GAFEE UeEbd eNOSY 32
Ztzh PF 1498511129 152.11+0.928 &4 £ A7ke] A Agel whe}l Frhsg e
U AR g QA (p=0.87)

0 min H2FAA o 249 GMHEE Ueld eNOS9 %< 1498511283
108 722 142460772 7HA47 B A% 3 gAsach (p<0.05) 102 722
g o 208 7Y dAYER e eNOSS & 1458510.98% A 71
3. (p<0.05)

160

1%

111l

10 min 20 min Living

a@

Gray values (ICD)
&

8

Figure 3. Results of eNOS staining intensity in arteries (50-60um diameter)
from Omin group, 10min group, 20min group, living group. Values are
means T SE.

Gray scale : 0; white, 256; black
+ p<0.05 vs Omin,

*: p<0.05 vs 10min.

# p<0.05 10min vs 20min
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Fig 4. Immunohistochemistry with eNOS  antibody, There were
enhanced densities on endothelial laver.urows) A eNOS staining in pulmonary
arteries from 0 min group,. B: eNOS staining in pulmonary arteries from 10
min group, C: eNOS staimng in pulmonary arteries from 20 min group [¥

eNOS staining in pulmonary arteries from living group. original magnification,
x200, Bar = 100um

=11 =



IvV. 23

1980 e Fuk7hx] NOE ©@wd] di7] o4 2427 145 ot 1984ddA
19873 Ape] AlA el tia AE, A AE, d@e Un A2 FoM TEHA
ol o] HE7tA el Aol gFH NOE Ae ZE 7|4 &A% Az
2 98 AA #dGgh NO= 47 A AANA 719, &5 A4, Ad@Ad
A EE ST R LT AT g45Y oA, HeAN JjEA &, #q7-#F9
FA, 287N FEFd FH] sittn A o NOSt #HE He A
2 A& 8, DY 94 TS, AAY A4S B H n¥gst, A
ol A A&A 3 1YY, A, PG 249, Fx Fo] FHIUG!

NOE w717k vi$- #S EARAN 89 Wy MEdA A4d 3 JE2
AEZ FAEo] A4-g dod|i & EFE Fd= i s &) g
WA ER A HEE NO AAE &Aso FFsts AL ¢ oyrh NO
AArg wredate o2 A Wy e NOY AT B2 L-arginined £33
A A B4 NOSE Z4dAY gAIED GMP ¥ F& nitrite(NO™),
nitrate(NO* )& A#ate WY 2 NO 44e f3skd d¥stan v HId
NOSd| whg RT-PCR & ol&3td #dx @A FHE o/Fxzn oy
electron paramagnetic resonance® °]&3 9 NOE =23 AHss PE=E LA
T AT B AgdNE NOS 49 ¥ AEE WY 27 g3 448 §9
o F43t9 NO A4S FH3x At

HIZ = 94 F NO9 FH&o digk A7t o] o|FoAI Ut =HopolA
NO® 9 F2% S€& =0 Sladek 5'€ Hwtad #ZA NO 2vl7} #o}
el oA W qA YL AXEHA dFE ds F8F sAegn FA
ok eelef Az dal 2714 wiE E7]e NOY AAte] Frlatm B3] 3 H#
Yy AEucie #lE@ge] ygAEe NO A4 5380 g2 F713A4 @t old
42 ZE-ZEEA-u)/7] A(Calcium-calmodulin-mediated mechanism) 2.2
NOS9] activityZ} F7187] d&oln o] X4ol BHEE ZE A (cofactor)d 71

_12_



5ol dlo|r}>

Abman £°¢ A4 & BN NOZt g#e 13 2AdE=d Fasi
Zlddtie A: FHsEY £ A7z #4 F 3F A4 3 HE HE2
WE2TH 2447 o4 AR AL FEZ FZFF AETAM NAEEZ Vel
NOS g Wlms Byl F718n gle A2 velgoyd FAEAA FA4d&
Ak oA Az dF:Tel A A E4ido] dHd (ME 7i 21Y) wA e
AHAgolon AL A4 FERZ TEF Fo Ao AFE ¢ 1Y AEFen
& Zol7t | Rez Hln,

2 A7 dzde 4 F EFHA A4 HE =¥ I, 7SS 108,
2087 JHAME LS F, AETS 24N o4 A EEE B ToE UFd
AdstAct. Wz H& HATeA pHYE on A @A YEdn i &
d= ou A A Yel FHAL 2 ATE FEAY ALE2 Kolw NO9
A BEst dojus ARLEE FEHE AR AREY. ¥4 AMdAF
HElE REEe NO9 AdFS A% AW 71&9 dF5E BY 28d4A 78
7hA o] iz AHE AHHeR fded Agsgdal

iz NO kel disiss 4vse dage] A4 92 Rodman §°&
79 A FE £ A AL oM cGMP =7 AY AL FEE
o om A @#e AL FART A WA AAAY HER 5 4L NO
Aatel FadA Qv n FEHREh B AALaFe] AAHeE AEHE
A 28 Wy AZAAN NO Aite] Zasz H n¥Pe] fidceE 2anzt
Aokt ZEy wE AaaFd % @B $35 A NO9 Fo] FriHo] daps
Zo 9% AFo] FrldE AL EAfvE BIE PO OV s Fo)
doiupd FH9 WIAMZEE BE &% Z8o] UE endothelin-1& EW 3t ¥
79 HFE2Z A FE(smooth muscle cell)d F23 £2EE Z7lA7|z, FA4
NOE EH3t9 H#E FFAA A% €4 v57 ogg =H o AudaF
o] A& W He WHAEE Z7]d NO 4418 =9 HER A¥o] Frhsie A
€ BAHH Td NOSE AASA HY NO7t AMEHZA ghol 3 n¥te] o 4
gt 2 A% FodAE F47] 7t 28] AaZE: AdE 2

_13_



WAe] #olx NOSe Tdo]l #Fastgeh zau F47] 7HA7 AAdd we}
NOS 2d& AHA F/istdx sl A% 718 2Assic A=y whgo] U9
¢ Aoz Aztgd.

AdaZFol & @ NO2| ANE AAFHA AU42F Fd 25 4 &43 &
4 4 gtk Bast AP AuaaFd x2HY ZHF opnxAte] a3
cascade® Y2 #A A A(protease, lipase, protein kinase)3°] A #E 1 A7
(free radical)’} A4 =™ A} A (mitochondria) Wl A oxidative phosphorylation
o] & dojux] gfo} = NAMFEY AbFg zstA drh® Kader $& #Hd
A E4AA g FZY HEE FEstd NO Adol 43 Frlse Ag &
A3 HY ¥ $E dol NOY F7t F glutamate w38 F7H7F 474 &89 F
271308 sdt? old HAA 58] N-methyl-D-aspartatel NO ¥4 & 7
=331 NOZ} glutamate neurotoxicity® #237] @& NOSE AAlsAHH
¥ &3¢ 29 4 doa 2ada 9oP? a8y NOSE dAsd A A
ol T7tHa 53] gopolM HAelZ ol H= FAY] A FA4 A €Y
& A 87t o AALTol AL AL o} ¥ n¥Y A&Fe FLE
#¥o] 473 Atk 282 NO A3 F447] /M e Ay wbgo] F o
dFEHojoF & o2 AZGEW NO 44 719 Fad wE d%x Hrbsojof
& Rojrh

olF Fu L A7 MAE ol & dFIt AgHolop ¥ Aoz AgHT
NOS activity &4 & &3 NO AUHFE vxst= o] = PCR 2 o] &3 #
A2 dAA ] AFE o] FojF ol & Aojtt

_14_



V. Z2E&

ARE 247 Ak @ A4baFo) ASE Azke] ek AYR W)
AZS NO 44 HsE 24%7) Aste] 44 ¥A4F 2F 10¥, 208 N,
JEZ L2 1yl pH, pOrE 3R343 AFse A 258 2e & @9 23
shat st AREZ Bl eNOSS) %8 25 O d ge FEd
CEL

L kel o] HelX AY HAz 49 A4 WME AT Y2 HEE T
&5 @7t A LS K ESFT 108, 208 FRAFEAA Bz F
Hstel pHeb pO27t 9wl e Z4E RYoh

2. A4 WMo ¥ AL eNOSU%E 23] st W 27 ot 4
¥ dH4Eg 245t 108, 208 JHEAA 2R 8o
sARAoR 9u) Qe FAas wyt

3.zl st YEFoIM AAEE ehd eNOSH %

F7HR oY A f4L gsich

4. 108 72 208 HAHEY ¥ 2FAM GNAEE JEd eNOSY
e ojugle 271E BAT

ol 4Y AREEEE T4 A AAHR Aol 270 eNOS

wao] Zaste oA ANAA 3 nYULY 2o P AU AL I &

AU T FA7] AL AYH wel eNOS THE WA 2rhEH 9

UL 7t 2 A R 27E wasEe A wee gy
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Abstract

The effects of perinatal asphyxia
on the endothelial NO production in rats

Hee Suk Cho
Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Baek Keun Lim)

Nitric oxide(NQ) is a gas with a molecular weight of approximately 30,
and is present in virtually every organ within the body. It's main function
is to dilate pulmonary vessels and reduce pulmonary resistance. It also
plays an important role in the reduction of pulmonary resistance after birth.
However, the relationship between hypoxia during delivery and NO remains
unclear and unclarified as seen in many studies which show contradictory.
But most information comes from animal models reflecting stroke rather
than hypoxia and only limited literature on NO in the perinatal period is
available. So the information on NO' pathophysiology and biochemistry in
adult models of ischemia cannot be extrapolated to perinatal asphyxia.

We therefore decided to study NOS activity to evaluate NO biosynthesis
of rat models while graded asphyxia was induced intra—partum. Rat pups
were divided into four groups; 10 min asphyxia, 20 min asphyxia, survived
and control. Lungs were obtained from all groups, and stained
immunohistochemically, then scored by eNOS staining intensity using an

image analyzer.
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The results were as follows

1. After inducing perinatal asphyxia in rat pups, a decreased of pH and pO-
in the asphyxia groups was observed. (compared to the control)

2. eNOS activity showed a statistically significant decrease in the asphyxic
groups compared with the control group.

3. After birth, eNOS activity was increased, but it was not significant
statistically.

4, eNOS activity was greater in the group of 20 minutes asphyxia
compared with the group of 10 minutes asphyxia.
From the results, it can be concluded that in rat pups, NO production

decreases at injtial asphyxia, but increases as asphyxia progresses.

Key words @ Nitric oxide, Nitric oxide synthase, immunohistochemistry,

perinatal asphyxia, hypoxia
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