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Erythrocyte oxidative stress in children with left to right shunt congenital heart dis-
ease

LE Gao-Zhong, DONG Xiang-Yu, SHEN Yang, CHEN Yong-Qian, LU Jin-Ping. Department of Pediatrics, Second Affilia-
ted Hospital of Lanzhou University, Lanzhou 730030, China (Email: Dong X-Y, Email: dxy0223@ 163. com)

Abstract: Objective To study erythrocyte oxidative stress status and its association with left to right shunt congenital
heart disease (CHD) in children. Methods A total of 31 children with left to right shunt CHD were enrolled, including 7
cases of atrial septal defect (ASD), 12 ventricular septal defect (VSD), 4 patent ductus arteriosus ( PDA), 6 patent
foramen ovale (PFO), and 2 complete endocardial cushion defect. Twenty healthy age-matched (1 month to 3 years old)
children severed as the control group. The contents of superoxide dismutase ( SOD) and malonaldehyde ( MDA ) in
erythrocytes were determined using ELISA. ESR was measured by Westergen. Pa0O, and PaCO, were measured by Blood
Gas Analyzer ( GEM Premier 3000 ). Results The MDA content in erythrocytes in the CHD group was significantly
higher, in contrast, SOD content was significantly lower than that in the control group (P <0.05). The CHD children with
heart failure had more decreased SOD and more increased MDA contents compared with the control group (P <0.01). The
SOD level was the highest in the PFO group and was the lowest in the complete endocardial cushion defect group. The SOD
level in the PFO group was significantly higher than that in the ASD, VSD and complete endocardial cushion defect groups
(P<0.05). The MDA level was the highest in the VSD group and was the lowest in the complete endocardial cushion
defect group. There were significant differences in the MDA level among CHD subgroups (P <0.05). The ESR was
negatively correlated to the SOD level (r= -0.191, P <0.05), while positively correlated to Pa0, level in CHD children
(r=0.216, P <0.05). There was a negative correlation between SOD and MDA levels (r = —0.312, P <0.05).
Conclusions Oxidative stress exists in children with left to right shunt CHD. The SOD and MDA contents in erythrocytes
can be used as markers for the assessment of severity of the disease.
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o L IO I RE SR, EL O W (O o
BREAR BN Z — IR A R BN 22—,
BhsE 5 | i %A B B &L (oxygen free radical, OFR) &
Jo P R 2 SR I A0 40 1 T L B 2L 4
iR 9 B AR = — , TR R P AR
OBy o AWFSE B TE LALLM BF X 42, N
FEA W A RE DU 21 20 B N R AR AL ) G AL T
(SOD) N [ (MDA ) 1% &, /F 7R N A0 D
A AEIE bR, S SE. O (22 A 2 T AL JR LRI
AN RICRAS
1 mRSHE
L1 HRIER

VN SRy AN R W | S KOy Yo [ R SR i
e L 31 B ( £ 2008 4F 10 5 & 2009 426 H
MRS R BB IR YT B L, A 4 1], HE
DA 27 ) A 517 4], 2o 14 ) 4581 H 23
Z PR 12.4 £6.7 J 5 PR AR )RR ROR S0
g £ Lo B0 [A] B 45t (VSD ) | s [ ik 453 ( ASD) |
Bk AR (PDA) (B8 B FL A M (PFO) k58 41
OB GRS (S 2R ITE ) 4520 . R HRZH 0 AR B
ISR A J L3 20 4], o 55 11 491, 2 9 o], 4%
W1 HE3 % FIFER13.8 £7.6 J], Sobmdl
(AR AFAENT DI RE 5 ) 55 0% BEZH A 08 A 1) 22 S
TGt L,

1.2 7%

1.2.1 AxAR%E SBomdARIILTAREBEAR
W AECR S T BUBE B Ik Ifi. 3 mL, v A EDTA-K3 {5
B IR2A],4°C .3 000 ©/min B0 10 min, 43 B8 3 1L
HM/NREE, B EICZL 412 1 mL, 28 80% Hih
55 PBS 22 ph i WAL RS , 6T £1 20 i 1) S U B R
409% "* JRS) R S min, SR 405, BT - 70°C 7k
R ORAFRFIN . Xof BRZH TS H G K I 3 mLL F
R, JREESIK A | mL, T S5 87 o
1.2.2 £ %38 80% i . PBS Sl {1 2%
M E IR HAR A RS A, 2 S HETEH 200/0. 5 54
LN (6% HSE200/0. 5) g H b 5t 28 AR UK He
BR254 PR v, SOD MDA ELISA 71| & W /11
P AR R A,

1.2.3 228 AEELHL, R, -70C
VKA, B AVIE R K VB A L 1< 43 BT I ( GEM. Premier
3000) .

1.2.4 ELISA #m SOD MDA 4%  SRAMEE
VeE D PRI H AL R L0 4 M, 2040 i 2 H AL S
4 AERFRI 288K 78435 10, >R FH 26 B ADL /4 A
A7 SOD MDA ELISA 871 &0l 7 95 15 21 44 g Y
SOD MDA & &, J™ k& ¢ B Ut B 5 B it
(ESR) 5 >k FHBR G

1.3 SitZEAHE

A E A T SPSS 11. 0 SE i+ 4K 4 43 Hr ab 34, 3
T GORHIE £ Rt 2E (v £5) IR 5 411H] HEBCR H]
FAPRIR T 225307, J6 0o 25 WA R) EL R A R 3R
T3 225301, FE SRR BLER AR 5 4347, LA P < 0. 05
hESAFIFEE L,

2 #R
2.1 EvFEILEXRALIMMEA SOD K MDA
SELR

5T HRAH b g, o4l SOD B R [, 2 %
At E X (1=2.306,P < 0.05) ,Se.0m a0
WYL SOD FREHE M E, ZRAHIT¥E X (1 =
3.731,P < 0.01), 55X 41 E, Yo dE O 5
2 MDA £ it B2 R IEGH2#E L (1 = 1. 675,
P > 0.05) S0 A 30 =4l MDA Bl B 7t &, 2
SAGIFE X (1=3.740,P < 0.01), S04
EXIRAL HE 8 MDA JHE B8, 22 S A e it 2 i X
(1=2.514,P < 0.05), o Oo=EHSELEH
LA SOD |, MDA i 22 RSt X (1 =2. 113,
P <0.05;6=2.927,P < 0.05), W#E1,

2.2 EmEERILSXEA ESR, Pa0,,PaCO, 7k
FLE%

5%F R LB, SO A A D A D A
Pa0, B F RS, ZRA G EB L (AR ¢ =
14.098,P < 0.01;¢=13.097,P < 0.01), 5%} 18
HILES, o0 ESR (PaCo, 2 EFHaH, 22 7H
it X (5 6 =2.277,P < 0.05;1=2. 158,
P < 0.05); Jo0 A 034 ESR | PaCO, B 7+
L, EFAGIFEE (AR 1 =3.395,P <0.01;
1=6.537,P < 0.01), e bEd5de0=md it
B ESR, PaO,, PaCO, /K V- 2 7 A G it ¥ & X
(P <0.05), W1,
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F1 FEORASIERALIHE SOD MDA ESR PaO, & PaCO, /K FLLE  (v+s)
2051 1l SOD( pg/mL) MDA ( ng/mlL) ESR(mm/h) Pa0, (mmHg) PaCO, (mmHg)
X B4 20 4.13 £1.03 0.50 £0.20 3.3+1.7 81.8 £3.7 35.5+2.1
Vagwy Sk 31 3.12 £1.47° 0.72 +0.33® 6.0+2.5" 60.0 +4.7" 38.5 +4.6°
JeogEd 27 3.36 +1.52° 0.63 +0.25 5.7 +2.0° 63.1+4.3" 38.0+4.0
LA 4 2.15 +0.27"° 0.89 +0.40"° 7.0 +1.8"¢ 52.8 +3.30 44.5 £3.4bc
FAE 4.913 6.567 3.798 9.031 3.641
P 0.040 0.017 0.039 0.008 0.043

XA LA a2 P<0.05, b: P<0.01; c: IR A LA, P <0.05

2.3 %£Fm&ITL4A SOD MDA ESR PaO, X
PaCo, Lt#;

PFO 25 SOD & f 5 HoAth 4% . 2H ( ASD , VSD #I
AU Lh#, PRO 4 & o Fie e, B2 22 41 W] I R
LRAEFAI2EBE N (F=1.797,P < 0.05) i ASD .
VSD . PDA & 20 ] LW 22 | 4 it % & X
(F=0.537,P > 0.05); 5 VSD 41 [ %, & 2= 4l
MDA & & W] B K, 2 % A 4 it % 8 X

#
(F=5.169, P < 0.01) ;5 ASD .PFO % PDA 4} ]

K2 HFEETALIHAM SOD MDA ESR Pa0, ¥ PaCoO, Lbik

LbAE, A MDA T TR, 2R A ST #
(P <0.05), ESR #:iA& Zedlfftht, 5 PFO 4t
L ERAGIT S L (F=2.798, P < 0.05),fi
ASD VSD ,PFO \PDA #{[i] [L#% ESR 2% 5 T4 it 2%
Y (F=0.429,P > 0.05);Pa0, 7£ PDA 4%,
SR AR, T FEAE ] ., PDA 4155 2441 J% ASD
A ESFAGIFE X (F=2.031, P < 0.05),
W2,

(x%5)

205 1) SOD(wg/mL) MDA (ng/mL) ESR(mm/h) Pa0, (mmHg) PaCO, (mmHg)
ASD 2 7 2.89 £1.06 0.72 +£0.29 5.75 £2.50 56.5 5.1 38.8£3.9
VSD 44 12 2.54 +0.56 1.19 £0.85*" 6.00 +2.83 60.8 +4.4 36.4 +3.5
PDA &1 4 3.15+0.90 0.57 +0.13 5.50 +£0.71 62.8 +4.8" 40.8 +5.7
PFO 2 6 5.29 £4.30° 0.62 +£0.29 2.50£0.71 61.4+2.9 38.8£6.5
R 2 2.39£0.10 0.39 £0.98" 10.00 +2.83" 56.0 1.4 40.0+1.4

F {8 1.797 5.169 2.798 2.031 0.358

P{H 0.044 0.006 0.013 0.035 0.921

FEARALIA (FRE4] S HABAL) F L :a: P <0.05, b:P <0.01

2.4 XS

Pearson #3430 #1 .7, S50 41 ESR 5 SOD
B RENAMHAL(r=-0.191,P <0.05), 5 PaO,
BEFEFEM&E(r=0.216,P <0.05);S0D &5
MDA &SRS (r= -0.312, P<0.05),
3 atig
AL 1 (oxidative stress, OS) HLiH 7515 2 5 i
RA ST B EEAEN, BOVF SR s Bl
A Al R U R OFTE IR, KA 58 IE 52 41 i
HRE Bt AL 5 I RERY W A AR K R,
N Bt S R AR AR A A L P, R T AR R S A
FARMIRAE AL AR, A b GRS iz 2 5 IR
ot A Y B R BN — ., ZI40
SAAL R TE X 2 — . AHILN SOD Flfii i ik 4R
A6 MDA (1) 55 5 B P 00 k08 TR & 2k 2ok 7 vh

AEEAEM A R EAY A /LR
AE G SR B .

AW FE L5 H R Se 0 Al PaO, B B AL T XT IR
H, B OER, PaO, TREE N BE, ZRASI
X (P <0.05 }¢ P<0.01), Ui B0 8 LAETE
RECIRAS . A FE ) I & BRG O 4 ESR B (g f
TXPHRAH , & 0 I, Bl 2 Il ESR BER,
PEIAJE O B LAEARSUIR SR, 2040 i T e =2 35
M) , i 4™ 8, ESR A

SOD J A N —Fp 22 (10 4 B H ST BR A, B
HEEYFTIRE. ARG R BR, oAl
ALY SOD vk B2 B A X5 B4, & I 0 I,
F PaO, BRI, L2400 SOD &t FREE N B3, %
SEGIFE (P <0.05 % P<0.01), SOD J&#1
TR EZHUAA N Z —, A AE T U 240
i, SeR B ETERECRS T AL 211 A h 3k,
THFE T INEE SOD, SOD & Ak M Ak J5 1% PE R %,
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WREAEBA B ORI T, 53 A i 22 7
TGt LA IO S ] T, S IR
P A Gt S i PR AT R 40 4 R 0 e
SRR ASE PN R BHUIER 175 4 SR A0 IO P P R 1 J
FEWGAT 5 I3 A1, 21240 M R P 5 B AR BRAR LR AN [
TESANERIE B 25 5 32 S0, MDA & S 75 40 M S %
AL, AR A MDA B8 AR W] R, R 78 ™ EAR AR
(A IR0 E) IR, 418y MDA 74 BT
Bho ANBFSEA DN Z1 40 g 41 MDA 55, HAA A f
A Rt — T

TESC IR R 0 BUE 4 H , PFO 4] SOD & i fie
i, FLUCh PDA 4, 52 2 4 B I, PFO 2 552 241 Lk
B E AT G2 7 X E A4 MDA & BRI, 5%
A B HL R 22 A St X 44 ESR # PFO
I IR, 22 T GiiE 8 X Pa0, B AR,
SR WA EEFA G E L AR
LA TFARAIREE v, (ot 4 ™ ., 4T I A B ™
AR KB SOD 5 MDA 2 [B]f77E H 2
P, ATRE I KSR IR, AU RGER .

SOD EA A W B B3 0, (R E
T) RGN B RE ST, BB ER A 0, B Ik
PR 2 ERE A RS . SR SoD L
Z 0, WML, 24 0, F=A 8 i, & B SOD
FEREIGIN . 4R T ph i 5 A R I R A FH 5 | i o
1o AR BB T 72 25 B R 3 Sk 8, T MDA
A5 g A AL AT, M E MDA AT A 3R 15 T i 4
TP E o YHLAAR P 4R ER R0 2R S T R 2 e 1
S BN, B SOD K MDA F i Ag
BT LA P MDA 55 550 20 -5 X HR 20 L
B2 R IGE i  E L BT R 400 Bk MDA 15
SOD f7E4 —E M TAH S, B8 78 58 0o LR
BARAR AR A B B A 50 bR R A Y IR

fi5 , fHJE ESR \Pa0, \PaCO, KA H i JE 22 [ A A
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gi bk, SRS S T o om (R4 7
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DI RE S W v R T B BAE AL, 245 i D RE S
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FRTZE 100 45 23 TS O AIMEAS SR A SR T 3
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