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Endothelial Dysfunction after Open Heart Surgery : Role of Oxygen Free Radical
and Lipid Peroxidation in Reperfusion Injury

Young-Cheoul Doo, M.D., Eung-Jung Kim, M.D.* Kyu-Hyung Ryu, M.D.,
Chong-Yun Rim, M.D., Young-Bahk Koh, M.D., Young Lee, M.D.

Department of Internal Medicine and Thoracic Surgery,* College of Medicine,
University of Hallym, Seoul, Korea

Seung-Jung Park, M.D.,** Hae-Won Kim, M.D.,*** Chan-Jeoung Park, M.D ****

Department of Internal Medicine,** Pharmacology,*** and Clinical Pathology,****
College of Medicine, University of Ulsan, Asan Medical Center, Seoul, Korea

Background : Reperfusion of ischemic myocardium is clinically encountered during throm-
bolytic therapy of acute myocardial infarction, percutaneous transluminal coronary angioplasty
(PTCA), and coronary artery bypass graft(CABG). Reperfusion results in endothelial dystunction
characterized by a reduced release of endothelium-derived relaxing factor(EDRF) in animal
studies. Studies with experimental animals have emphasized the role of oxygen free radicals and
lipid peroxidation in pathophysiology of reperfusion injury and myocardial stunning. The object
of this study is to determine whether endothelial dysfunction was developed after open heart
surgery and to evaluate the role’ of oxygen free radical and lipid peroxidation in reperfusion
injury.

Metheds : The study group was comprised 13 patients who underwent open heart surgery
(male/female : 2/11, mean age : 43+/ — 4 year, Atrial septal defect in 4, Ventricular septal defect
in 1, Mitral regurgitation in 2, Tetralogy of Fallot in 1, and Aortic stenosis and Regurgitation with
Mitral stenosis in 5 patients). The endothelial function was evaluated with the vasomotor response
to acetylcholine and nitroglycerin by change of arterial diameter during the continous infusion of
acetylcholine, fromr 10 ° to 10 ° molar concentration to the coronary artery and intracoronary
injection of 200ug nitroglycerin after acetylcholine infusion. The infusion study was performed
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before and 10 days after surgery. For analysis of the role of oxygen free radical and lipid
peroxidation in reperfusion injury, blood samples for malondialdehyde and neutrophil respiratory
burst testthydrogen peroxide amount of neutrophils) were obtained in pre-declamping of aorta
and 5 min, 10 min, and 20 min after declamping of aorta from coronary sinus.

Results :

1) The vasoconstrictor response to acetylcholine, 107 to 10°M concentration, at proximal
and distal left anterior descending coronary artery, were increased significantly in post-operation
infusion study but there was no singnificant difference in vasodilator response to nitroglycerin.

2) The mean absorbance value of malondialdehyde(MDA) in pre-declamping and 5min,
10min, and 20min after reperfusion were 96+/ 12, 73+/-12, 89+/~11 and 77+/ - 12,
respectively. There was no significant difference in plasma MDA level and hydrogen peroxide
amount of neutrophils after reperfusion(aortic declamping).

Conclusions : These data suggest that endothelium dependent vascular relaxation is impaired
in patients with open heart surgery and post-ischemic reperfusion injury may be responsible for
the abnormal response. But we did not determine the role of lipid peroxidation and oxygen

free radical in reperfusion injury.

KEY WORDS :
idation - Oxygen free radical.
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2 view ¥ image intensifiere] A2l& dFsA A
Ein! 7&*}"?} LAE FO|=F T, Arkd e du
o] W7AE Hatdguel 2959 9ol electron
caliper2 skl d@ariel Wslz I WI|5g
HgA o g Hrklen. % gl edike 3
T 10.7¢4 (7~30)] A& et ch(Table 1).

2) Mz gt BN

Acetylcholine(Ach) %3 Nitroglycerin(NTG)el
gt 35S AE(%)

P47 - Ach T NTG $0152) 59473
EETEE

oMo o5t X[E npptsetgel FH Y
EET LEtE s dAt
gubtf Rl goht M4 RG] wHFEo] BEE
AP acte 714 aeln 2% 5%, 108,
20%-o] #AAEWH (coronary sinus)E HE A&
AFHsle] GAatad] gt A ES FA 6t
e AMgERT At AR QI sy e AR
2 A4 #2H8tE¢) MalondialdehydeE %3171 9

sto] A 10ccE 3000rpm o8 YAEYE & &
Au7Ax] - 7054 B#ESIA T thiobarbituric acid
(TBA) ¥h&o 2 =4 & ).

a5 A3E ¥4% AAHNeutrophil respiratory

Table 1. Clinical Characteristics of subjects (n = 13)

Sex (M/F) 2/ 1
Age (year) 43 +/ -4 (20— 69)
Clinical Diagnosis
ASR + MS
MR
ASD
VSD
TOF
Duration of post-op study(day) 10.7 +/ -1.7( 7~ 30)
134 +/ -20 (40 -275)
78 +/ —14 (20 - 149)

R I R SRS

Total bypass time(min)
Aortic clamp time{min)

burst test. Neutrophil H,O; test)E 71 & Exlol A
Fyusy AdE E2d a8n E&% 5%, 108,
200 WP sAE2RE A EDTA A8 70ul
o qdeiztye] A, nHNYE ANF FAE 4
718 B3 357 MY B 58% P2, T-dichlor-
oflurorescein, DCF)& 8ttt 5T ASA =2
PMA(dimethyl sulfoxideZ &3, 57t 300ng/
ml7} 9 =% phosphate buffered saline® 34)& A}
&3t

E-‘E@ﬂv‘& A +/ - RELAR BB
Azl w59 U759 v ZE paired t-testS A8
s x}\;}xq F2 MDA 2 3279 H0, A =2

H|%¥E Friedman Two ANOVA testE o] &3tith
ATRFE 5E, 108 22]a 20820 g AFFA 7]
A28} zol7b YA el HlmE Wilcoxon sign rank
sum testE |83k} AU Pgkel 0.059]%<1
5ol BAR Fo8E FAh

2 ot

1) #5734 acetylcholineol] thgt #ede] hA®
7} 10 "MEEAA 10 ‘MEER 71842 o]
Z3he A RoFQlm FapdBulo] 295 49
oAl vk xol Aol °121E}(F1g 1.2).

2) Acetylcholineol] tgt #gule] =Zukgo] Ha}
g Ze Rl Fadrc) -’FE—?—"H 10°% 10°%

ASR : Aortic stenosis and regurgitation
MS : Mitral stenosis

MR : Mitral regurgitation

ASD : Atrial septal defect

VSD : Ventricular septal defect

TOF : Tetralogy of Fallot

Post-op : Post-operation

(”ﬂ}
25

*x
20 - ok [ o~ Pre-OP, Proximal
* /D—/ -o- Post-OP, Proximal
15 - *p <005

10 7 /M“’ﬂ\ *p <001

i Baseline10® 10°* 107 10" \\NTG

Percent Vasoconstriction

[ T
I R

G S D v o »
RS

Fig. 1. Dose-response relation of vasoconstrictor response
to acetylcholine and nitroglycerin before and after
operation in patients with open heart surgery at
proximal left anterior descending coronary artery.
Pre-op : Pre-operation, Post-op : Post-operation
*p < 0.05 *p <0.01
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25
20 - x ~o- Pre-OP, Distal
‘I‘SJ ¥ M o~ Post-OP, Distal
£ *p <0.05
§ 107 *p <001
(=]
£ 5 //’/\
£ 0
$ _c | Baseline10” 10° 107 10 ‘MINTG
a.
— ‘]O .
-15 4
~20 -
-25 1

Fig. 2. Dose-response relation of vasoconstrictor response
to acetylcholine and nitroglycerin before and after
operation in patients with open heart surgery at di-
stal left anterior descending coronary artery.

Pre-op : Pre-operation, Post-op : Post-operation
*p <005 **p <001

107, 10°M F=olA 23iAl(p <0.01) F718leh
(Fig. 1). =3 3pd5de AR % acetyl-
choline 10°ME oA 10°ME=7HA] 29 A &4t
SAE7L #e3d /AR 2). 28y FHakd
oo % Y% R5FA nitroglycerindl] thg
g mere AR dotls AolE
#HEE  dth(Fig. 1, 2).

3) MDAY 33 352 48 o AAFA
a2ln ATFFE 58, 108 208 242 Hid 96+ / -
12, 73+ / - 12, 89+ / - 11. 77+ / - 122 A#AFF ¢
oddle F7h= fiddeh a8l 35 AskE d4T A
APg(Neutrophil respiratory burst test. neutrophil
H.0. test) A& 314 @& 7143 a2z vzl
A3 HO0 e F3A57E 42 g 18+ / -
16, 490+ / - 942 AAFRF 5% 18+ /- 17, 496+ / -
90. 10% 70+ / - 14. 455+ / - 763 vlwA] gjelgle
7k ek et ARRE 208 71AAL ARF
A7 vlwA] F7kekA ¢ 28] 59+ / - 112 993l
Allp <0.01) #AH] AT B2 E A=Al §3]
= Wbt fich(Table 2).

I ot

Aaaeel sl A2 270 ABFE AP A
o] AEANE Foln A2 $37)5S PN e

K [
7P AAAQ dolete AL oY A5 B A ¢

Table 2. Absorbance value of malondialdehyde and
mean channel of fluorescence for H,O, in Neu-

trophil H,O, test during cardiopulmonary
bypass
MDA Neutrophil H,O, test
Rest PMA
Pre-declamping 96+/ -12 78+/-16 490+/ -94

Post-declamping

5 min 73+/~12 78+/-17 496+/-90
10 min 89+/-11 70+/-14 455+/-76
20 min 77+/ =12 59+/ - 11** 468+/ - 86

MDA : Malondialdehyde

PMA(300ng/ml) : Phorbol myristate acetate(non-physio-
logic stimulant)

Data expressed with mean+/-SE
*p < 0.05, *p < 0.01 vs pre-declamping

22 e ARdoltH®. aey 19703 Hearsesol”
o8] 7] ARF7) SPdEe e AT F4 23
IS 7 &4 ke 9Ao] AAEY T Bernier®,
Bolli?, Braunwald'"gol oJa} A#Fol| 23 534
9| Aaleta, 23 Wzl osle] o] fuikg
g o FAH7 R F FHA I (myocardial st-
unning) S 427 4 & AoE 3 7FIH A
FE4E BV AQ ASAEEYoR AAA AT
Aol AeHE 7 A sheBe] EXRLS
Aoz X3 S}, olefdt e U Aol

)
tlo
)
R
i
30
rle

EAs i i\=

YIS selective barrier2A A 2A| Eol] kR
o] 33 ¥#el smooth muscle? vasoactive subs-
tance?te] A5 A8 A5ty W o] {-24-& Tt
o HPAE WA sks ke 71eE 73 AT,
Yl ol = acetylcholine, histamine, serotonin, ca-
techolamine, bradykinin, adenine nuclotideZ2 %
& vasoactive compound®] tg #&H & 71 o}
o upgbA E7e] smooth muscle tones ZAsH=H
2% 98-S sAEth a8 uE AAFA] iyl
£2go] HA3IA 71580 E 28] abnormal agu-
mented vascular activity® HolA ©tl EAXog
Endothelium dependent relaxation factors(EDRF)
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o] FHjztdo] ofgt YA o o & Hole Ao &
24 A0 B A= EDRFE B8l d833S
FH3Rs acetylcholine® A& FAIBIY e W)
& ZARR AT s e U sl 5
A7) v o SEde] 29N, AYE 2R 99
A FAEY Sl9dev Endothelium independent
vasodilator¢] nitroglycerin®ll th3l ¥h3- F&Hd32
2ol 7} glo]l ABHFF Endothelium dependent vas-—
cular relaxationl gej7} ZAFA-E EAE 4 UA
ok e & Ao #21e] 43 acetylcholine®]
g e el A vt dvkAel 3
o] v =} ks Zaso] gt o3t o] f
Z 27] A sEo] BHtEo] g TS AAE F
Aer FulZste] fAARE FAo] 259 Shajo A gt
A3 o/dgiate] Havtol 7t 434190 o E olEdt 8
gl delAdsoz (58] e HHLAZ) dE
Hi/7F el #E 21A%d Wy 2AE Ax o
olfr2 A7t UMt ol FeH AEUEHY
Uletrlsol ezt ARt 530 sed v ws)
of e 5ozt ofngiAl AslAls Aod Kol &¥
T ABFe o3 &4 AT 7= AUk

olzjgt A ute] 7] oo T FHo] ot
A5 geiA A gou s 71H e E A EHE
A2 iy ke WY Yy e
WP £4E e Yo 239 shear stress9
Z7F NEF e sd4d 229 reoxygenationESt
HAEh= A4k (oxygen free radical)! ¥ 18]
3 AEAY Zge] FHP50l AAHY Y. 2% &
akiE cytotoxicst] AlE=R|A ] Atske-S o
o7z A F ko] WAL 2eshe Ao 49X
g ggakdol o2 xanthine ox-
idase pathway®™¢} #8771} reoxygenation® 38
JzAo)M #43= reduced nicotinamide aden-

off

i

¢

ine dinucleotide phosphate oxidase pathway7}***"
244 v}, xanthine oxidase pathway: allopuri-
nol™*’, oxypurinol®& o] 83 A AFEF] AP R
A ATRFELE AaA7 e 3 Q9 dRE
e A7 A A xanthine oxidoreductase activityS
BAE 4 At s o dRATFNME xanth-
ine oxidoreductase’t #E5Y 3 2FEF| BGAL
o] A4 2@ ARl Aafsls Aew dHR|n

itk 22 W3 e] NADPH oxidase pathway7F
F-129] superoxide® AAtsle] ABF £43e] SAld) F
HAEE Ao Az ofd gl e o B AT
7t 888 Aoz AlgH)

PTCAE A3 34 AS%A58A00M electron
paramagnetic resonance spectroscopy® 23 spin
trapped free radical® &% & Grech59l® d741&
53 Azl BEue) ARFA BAAANY] S F
e superoxide dismutase(SOD), catalase 5¢J
free radical scavenging enzymecl 23] ZEPEAZ
o] A= NN FZNt FAadHe d7EEE
22d o ARFEL o] Bgikre] d&E Hzg
T AT A AR TN e B 29
2 Ao tiste] FAsHA BHERA] @& Aelelt). o]
2 A7ATe ATFUS L Yol ol YA g
o] glov 7pF EolfR Aty x| A nhataile
& F4sks Wl glo] Alelrt e Aoz = &4
Abdol] o3t AjAptsiukge] S ol 71gEe] AMEEH
+ malondialdehyde(MDA)®] assay® 74| A&
5o gk colorimertric thiobarbituric acid reac-
tion®™2} AukE <l HPLCHH 1™ reliability 2 re-
producibility7} £ 221 conjugated dienes stu-.
dy% sample®] F713l 23o] HQ3le] WEs} vt
2HE & F A, H 2| ol HE s ¢
3l modified HPLC assay&™ ©]&3le] MDAE &
&= sensitivity & reproducibility® 72t
 d7EI) Uit £ dFeME ABRFE MDA
gkell glol 2Jolgle Aol & B E £ glo] ATBFEA
A glo} @gAtare] TS FUd £ giolth g B
Ao A AHRE 35T respiratory burst FAE 234
¥ EDTA Ao 8834 DCF-DAE 7l8le dF
U2 F5FA7 £ 3579 HiAEE 25419 PMAZR
AP ZEF UM respiratory burstZb 'EAIsk
AtslEo] 341 o|F HO7F DCF-DAE DCFE ¥
AAA =GRS YAH D o2 FAZRNI} 35
T WY 54YF = respiratory burst BAZ(H0,
AR E) & FF3h= ZA2R MDAS Zo] ARFAE
2 oofle WstkE #EY 5 Qlo] 94 B44Ae] o
&g 31 4= itk 22y MDAE E3shed o)
ZZ o] old FAE AME3IH L HPLCHH ] old col-
orimetric thiobarbituric acid reaction® AHE-g+ A&
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Zefsbrle ol HAIEAEEE iR e ke
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GAskn 271A el shte 24 4kad og A1 aHits)
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1 ARF £ 1W0E BYNE o 3 A4 3
Nehtgo] 48 FYskas sedet

Chat o e

AL A 1399 BA0A 29, ko] 43
AE ez At £ Ave AgEAE
£33, AAFAAEE 19, suEn araz
29, E AFE 19, dEUAATAEH Azl

9 2971 5% it

el e st EHor dhlet ofEA &
A9 acetylcholine® 10 M o4 10°M 574

2] patele] aar)e] Wsla Jrislan. #e% ¥

el Jledrs B 10.728(7~30)9] Alggskyct.

e AeAZhe HE 788(20~149)°19tHTa-
ble 1). AFAFEE digh B4Y44e] 485 Hrpsb]
Al ool BT AAdEde A, 2% 5E,

10%, 223 208 W HIR FE A&

3to] MDA 2 357 AtshE g/4d%50] tig ZAALE A3

Eritcs

A 3

1) %4 acetylcholined] gt #zw A w7}
10 MelA 10 M BR& Z71d5E d3o] £33l
%S B Fox zebd el 295 A9 5o A
Aol eATHFig. 1, 2).

2) 34 FeREt U 29E, 99
§ B5oA acetylcholinedl gt d@{pEytgo] o
oA 71kt 18y nitroglycerinol gk 3
o] A oAM= 2ol ztelw YA Fig. 1. 2).

3) MAFH MDAS FHA S 357 A3tE 3
A% FAAME HOR tidk E3A57F ARF$e] 3
o} vl wA] oJeJ A F7FeHA] eksktH(Table 2).
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