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Morphologic and Time Dependent Changes of
Nitric Oxide Synthesis Following Anoxia and
Reoxygenation of the Endothelial Cells of the
Umbilical Vein

Jae Hee Jung, M.D.,, Chang Gyoon Hong, M.D., Jang
Sang Park, M.D., Seung Nam Kim, M.D. and Yong Bok
Koh, M.D.

Purpose: In order to clarify the exact role of nitric oxide
for a ischemia-reperfusion (I/R) injury, we observed morpho-
logic change of endothelial cells and a time dependent
change of nitric oxide synthesis following anoxia and reper-
fusion injuries.

Methods: The experimental groups were divided into 4 sub-
groups: a control group without any treatment, an anoxia
group treated with anoxic air (93% Na, 5% CO,, 2% H,) for
50 minutes, a reoxygenation group treated with 100% O for
480 minutes, and an allopurinol group treated with allopurinol
immediately prior to reoxygenation. Endothelial cells were
isolated from a human fetal umbilical vein and cultured in
M-199 medium. We observed a morphological change of the
endothelial cells with inverted light microscopy and we
studied the time dependent change of nitric oxide synthesis
with microelectrode following anoxia and reperfusion injuries.
Results: Most significantly, the endothelial cells of the
anoxia group were more flattened and detached than those
of the control group. A more severe detachment of endo-
thelial cells was found in the reoxygenation group than in
the anoxia group. There was no significant difference in the
morphological change between the allopurinol group and the
anoxia group. Additionally, the concentration of NO in the
anoxia group (2511.62+428.60 nM/1x10° cells/ml) was
lower than that of the control group (3505.14 +192.95 nM/1
% 10° cells/ml) (P<0.005). The NO concentration of the
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reoxygenation group reached its highest level of 2953.14 +
90.98 nM/1 < 10° cells/ml at 180 minutes (P < 0.05) and
decreased thereafter. There was no significant difference in
the NO concentration between the allopurinol and anoxia
groups.

Conclusion: The morphologic damage of endothelial cells
in the reoxygenation group was significantly increased as
compared with the anoxia group. Nitric oxide syntheses in
the reoxygenation and anoxia groups was decreased as
compared with the control group. (J Korean Surg Soc
2001;60:465-469)

Key Words: Ischemia-reperfusion injury, Anoxia and reoxy-
genation, Endothelial cells, Nitric oxide
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Az} AR AR Ak Fako] Al7]E A gleh(3-6)
£ Aol dote] At Ao WA MEE AHF st
ol &4 = ABF7E 3 WA Ze v A= P
4 7eA E4E W] fsted, Al et WA
Abash ul AEAS A7 & ety wskE ¢
A A AT Fel] PAMA L A RS A
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2470 Wl A EAA
ZA43F tZ7~(control group), H-
AL2 50—3—7‘]— x| gldt FAFAS}7-(anoxia group), 50%-7F
FAE A & AfARAESsE A AFA 3k (reoxygenation
group), AAFA3S} F Aol allopurinol 20 gzmol/literE Fof gk
allopurinol-(allopurinol group)2.2 -9t} AAALS -
3} allopurinol-ol| Al &= AAHA3} & 308, 605, 1204, 180
240, 300, 3605, 4205, 480%5-of UAIA L A4
g 24 FAse] vlasickn=11).

2) Mo M9 LHmMZS| xHF 3 HHEY

3 W AEE laffe5 (7)) Wl wel 443
Aol Al Eelsiol wleks) ek 5 4 e
A e g AUE FRAeE A FEE AR 5

Ca'?, Mg o] Ziso] gA e Al hEN(0.14 M)
NaCl, 40 mM2] KCI, 11 mM2] glucose7} <+
QASkEH, pH 74)0l W b T =4
95 3t 2EH ZﬂEH *E B %F/Ml Al
gulg 30 mlo ShFelo g shpsle] AX3 & Al 3
& 29 AAsla e —éoi 02%4 collagenase7} ¥Hf-
Ll -rfi; sl 37 COH/H 15f7k uhx)sloleh. A
NG 30 mle] Ay <=
$ 2000 X Goll 4] 1027+
AXste] d3 HMH]*H’ et A= HIl A=
55 20% $-dlo} €A (bovine fetal serum), penicillin 200
U/ml, streptomycin 200 1g/ml, Hepes 25 mM, L-glutamine 2
mM, ECGF (endothelial cell growth factor) 25 mg (Boehrin-
ger Mannheim Co., Sandhofer, Germany), heparin 5 U/ml,
g-xted 2 gfliter7} EE M-199  wokol(Gibco, Grand
Island, N.Y. USA)2. & 5% o]Ar3}els:, 37°CollA] wi ksl
S W UL A5 ol B o
o =EdvAF R s en 2 AdoAE 2~3
ﬁl AlefekEl WA 25 ALkl

3) 2 O MZQ ol

Aokt AEFo] AR 5g ol FAE w) wiglE

4

A7} 3L phosphate-buffered saline (PBS, Gibco, rand Island,
N.Y. USA) o2 33] A|X3t = o3} 20°Co| mlgh-E & AlE
5 ST ubsAA g AIZ e PBSE 33] AlH3E A
M) &2l anti-human von Willebrand factor rabbit IgG
(Boehringer Mannheim Co.) 15 119} 45871 AF-2of| 4] uH-2
Al Zch PBSE 30 7HH 22 53] AX3 & 7 w3
A|Ql  anti-rabbit IgG-fluorescein isothiocyanate —conjugate
(Boehringer Mannheim Co.) 30 12} 37°Col|A] 45871 vl
Al Zch o] M55 PBSE 33] o4 AlX3 & xuf uf
A(medium) A E f]ol] A3t Anl ez o, A
QHelA 247 Bk A=A & WY dulGow B

St

Al gt NI A v 5
& % 2709 22-gauge vlES Ay ALEE EdelA Ee
5% o] AztekAiol 95% AAE i Eevt
min 52 5087 FYste] FAL JUE
q % e £EE 100% AAE 48087 FUske] A4

&3 70

5) garstaAzol 53

7 o] wiElAlEe] kel A m|AEH (microelec-
trode)S X3l AASLA AL ZA7]0] nitric oxide mea-
suring system model NO-501 (Inter Medical Co., Nagoya,
Japan)g Ah-geto] AREA A8

6) EA ANz
ZA7e FFLEF AR FABY D, 7 FollA L
Ao AL A EAF $AS BT 9ste] B3R
WS o] L3l npEZA HAHMANOVA)I Banferronio

t}H] S (multiple  comparison) 2 7} 7 A s 31 pFhol

005 olstel A% EASH o oler} Y Aoz PF
st3leh.
z 1

g R EE 3 Avd 248 F oA &
Aol dAzo] krtdoz vhtm 9Jgla, E3 dn|i
&7 4 Aol Felela vpzgfolwlA A7]71 wisdt
AE7} AEF Aolell 2 ARFHWA A7t FAHE &
T ek AR dnAd £ G FAESedAE A
o Il AE7E GRS A AL A A S Beko] W
04:?4”%1 FEA e dEEa FeEe £Hs B3l
o, 58] FALITEG AFLGTlA B ot &



Phase contrast light micro-
graphs taken from endo-
thelial cell culture after 5
days incubation. A, Control
cells: partial conjunction
between endothelial cell
and regular smooth nuclei
with protrusion; B, cells in-
cubated in anoxic state for
50 minutes: partial destruc-
tion of normal morphology
with detachment and lysis;
C, cells incubated in reoxy-
genated state for 480 mi-
nutes: almost complete de-
tachment and lysis; D, cells
with allopurinol: no signi-
ficant difference compared
with the anoxia group (X
400).

7ol AfAHA AAH o2 NI AE7} s W E] 3600 -
o] AEo] A BFE FAHA FshA E4ENSE 9l = 2400 {~
g 4= 919l o, allopurinol ol A= A} A& H e} 4go] )
9 sla AR AR e o AdckFig. 1). .8 32007 N
2) QastEARel HME =0 ) .
= 2800
Nz W TR oA AAE JAsPd 4] ok 2 9600 4
ZF7F 3505.14+192.95 nM/1 X 10° cells/ml, 2511.62+428.60 § 2400 4
nM/1x 10° cells/ml & F-AZ&3bFol| A o)zl Blsle] < £
o YAl YRHP<0.005). AL E el ] 207
A S SS9 LSk (P <0.005), 1803 Al 20 Control I Anoxia IR-O (18Omin)I Allopurinol I

sl vlslo] 9o giAl =9krh(P<0.05). Allopurinol
FoAlAE 26524324 nM/1 X 10° cellsymlE  FARA 873} Fig. 2. Comparison of nitric oxide levels in control group, anoxia

oJu)9lE xo] & Ho|A| Egrrh(Fig. 2). AMALITF] U group (anoxia for 50 minutes). R-O group (axoxia and re-
= . ion for 480 minutes) and allopurinol group (anoxia

AspA xeke] A7HE W3S Hw 305 Fol 241699+ OXygenation

UG l 4 WsE j'_ o = el and reoxygenation for 480 minutes, treated with allo-

96.30 nMS/I x10° cells/ml, 60%F 3ollA] 2504.04+125.01 purinol) (n=11). *p < 0.005 (anoxia group vs. control grup),

nM/1 X 107 cells/ml, 1205 Zoll= 2638.49+126.68 nM/1 x Tp<0.05 (reoxygenation group vs. anoxia group).

10° cells/ml, L8] 3 180 Zolli= 2953.14+90.98 nM/1 X
10° cells/mlo. 2 HA Z7}slo] 1805 ol H X E Ho
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Fig. 3. Time-course changes of nitric oxide levels after anoxia/ reo-
xygenation (A/R). Endothelial cells of umbilical vein were
exposed to 50 minutes of anoxia and then reoxygenated.
Nitric oxide level was determined in control group. anoxia
group, reoxygenation group, allopurinol group, each value
represents mean+SD of 11 experiments.

ATl Hlstel 99 EEIP<005), T F 7
Zslebrl 4208 Foll: 2665.22+845.06 nM/1x 107 cells/
miE thA FrRgot FALT HHAE Fo)8
#olg HolA ghgkel. Allopurinol ol A% 4808 Fob
AMAESAAE Bt DAL AR A7
AL GPm FALHT ARIGE Rl F HolA) o
Skch(Fig. 3).
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g3 o AlzellA Fulslte oAyt ArsbA et
I Gl o] %, o] EA-ol w3l A7t Fiks] K3 E
ek AshALE U1Fe B4 SEAE AdlA:
avfoz EAAT WS A4S o, Sel 2o
Wo] AEellA] ulsi AALE Wikolsk 7]%59l)
£ AR BA3, Bam g2 9 oA oA, A%
Yorel 24 5 v A8 ZEehan Aol
VAHALT ok B HL AT olF 2 34
= dARE AYARE Hausa 9vh(12,13)

YA} A 4= L-arginineS 2 HE] YA AL HAHEA
ol oz 4= 1713 20°C, 2 mM9] FEdA =
¥ FAQ] Xz}7] 7} 2 (paramagnetic gas)E EAsl), 8o
Holl Al & obAate] e Ao whesA A3ty o] vt

A717F 4 E FAE 53] BESA AAA = 1t
A717F o] Frol A 3~30x AEE deiA ek IRA
S 25, AEA A FholLEE, w4 A4
A A7 5 2 thiol 79 84 3 22 o
7FA 9 QA Apel] wheh wbzh7]ell Xpo]7} Al3E ofrh

YA LS Z2A 3= B ol oxyhemoglobin assay
v GC-MS detection H}H, nitrosyl-hemoglobin ¥ A]-&
electron parmagnetic resonance (EPR) spectroscopy & 24}
+ "M, chemiluminescence F-A1ulH o] 714 2ol ZAw}
ol AlQtEar glow ol ZuA @S it
FAste AAwHel o] &xa grk o] W Shibuki
(149l A H-goF AEH F Malinskis(15)0] 74
sho] Fgsla glom oA 1998w HHE(8)0] X5
o7 wiekd ANFHe] NI A EAA] FulEE 4
ARt s A FAs

o]l L &%, F4o|2FE B £ Soll ulztsle] &
Hof| 4] ZAs}7] Holl S-nitroso-N-acetylpenicillamine (SNAP)
29 Bz wAg Auskl slokehiz sl glert =
Aol 7hdt YA A 5 H7E 10 nmol/literol] A]
1 mmol/liter 7}A 2 B]|2A Yo d&EAH o7 w59 v
3HE FAY F ol AFslax F83 FA Y|k

SE-ARF EFe 23 B Wl JAoE =
% oJare ) slont, AR 4 3ol
A AR Y A £48 0% okaslE Ak of
A ekl B3 Yok HianoB (16 AolA 422
AAAE ol Beto] Ael HUABE Eo] HLH
ZH U Kubes 552 mopolol Al Akt Folg
zZs & AQBF AA NG-nitro-L-arginine methylester (L-
NAME)E Fojsto] dAbshase] A4E AAAH W
FAEe - S SRS B,
P 4] AFAIQ] Larginines Fofsto] WA 4
ALl AAS AT A E4e] FEEHAl
oFshel 5 #hQl}l AL, Shimamuras(6)2 7He] ZhellA &8
3 AR S GARE L7 S48 FSA Ik 8
k.

S1E 3 AR/ Aol GAastA A A F3bel et
oA % =dto] Qlo], Vinten-Johansens-(2)Z} Masinis(17)
- A IR A ZA] HE g AP F DAL
ko] ol wlste] ZHAghE SIS AAIE, Zweier
5(18) A Aol A electron paramagnetic resonance spectros-
copyE o] &3slo] AIF F dAspAL9 A o] Ft
& Wl 3, Kumuras-(19)3} Nagafujis(20) % *3E
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