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Interactions of Nitric Oxide and Antioxidants in
Hypoxia-Reoxygenation Injury

Young Gil Son, M.D., Kwang Il Kim, M.D., Hae Chang Jo,
M.D., Jung Ahn Rhee, M.D., Byung Jo Bae, M.D., Hyung
Chul Choi, M.D.", Kwang Yoon Lee, M.D." and Won Jun
Kim, M.D."

Purpose: An ischemia-reperfusion injury leads to profound
functional and structural alterations of vascular smooth mus-
cle cells (VSMC). It is still not clear whether hypoxia-
reoxygenation and antioxidants affect the nitric oxide (NO)
synthesis of VSMC. This study tried to investigate the effects
of antioxidants on NO production, inducible nitric oxide
synthase (INOS) and the expression of NFkB p65, during
the hypoxia-reoxygenation of VSMC cultures.

Methods: The VSMCs were primarily cultured from rat
aortae, and confirmed by immunoreaction with the anti-
smooth muscle myosin antibody. The condition of the hypo-
xia was verified by measuring the PO, and PCO, of the
culture media. The concentrations of nitrite in the culture
media were measured by the Griess reaction. Western
blottings for the iINOS and NFkB p65 proteins were per-
formed. L-NAME was used as an NOS inhibitor. Vitamins
C and E, Glutathione (GSH), lipoic acid and dihydrolipoic
acid (DHLA) were used as antioxidants.

Results: The iNOS protein was induced in the VSMC by
24 hours of hypoxia, which increased the nitrite in the VSMC
culture medium. The reoxygenation profoundly increased the
iINOS protein expression and nitrite concentration. The L-
NAME, vitamins C and E, GSH, lipoic acid and DHLA de-
creased the nitrite productions during hypoxia and the
hypoxia-reoxygenation, whereas, the expressions of the
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iINOS and NFkB p65 proteins were not influenced.

Conclusion: We concluded that hypoxia-reoxygenation in-
duced the INOS protein, and the subsequent production of
NO in the VSMC. The antioxidants and the NOS inhibitor
decreased the NO production during the hypoxia-reoxy-
genation, but did not affect the expressions of the INOS and
NFkB p65 proteins. (J Korean Surg Soc 2003;64:275-281)
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NO
superoxide
peroxynitrite (ONOO") .
NO peroxynitrite
protein tyrosine residue nitro-
tyrosine .(8-10)
tyrosine
Cu, Zn-SOD (superoxide dismutase), aconitase, Mn-SOD
cytochrome oxidase ,
DNA
NO

Glutathione (GSH)  glutathione peroxidase

,(11) vitamin E (alpha-
tocopherol)

(12)
Vitamin C (ascorbic acid)
vitamin E
drolipoic acid (DHLA)

.(13) Lipoic acid dihy-
peroxynitrite

,(14-16)
DHLA  vitamin
C, vitamin E, GSH
NFkB (nuclear factor xB)
cytokine iNOS
(17)
- NO
NO ,
NOS - NO
1)
(Sprague-Dawley rat, 250
0) 4°C  Hank's Bal-
anced Sat Solution (HBSS)
50% fetal

bovine serum (FBS) (penicillin 100 U/ml, ampho-

tericin - 2.5ug/ml, streptomycin - 100xg 1) Dulbeco's
Modified Eagle Medium (DMEM) 5 ml .
(95% 02/5% CO3) 24 10%
FBS DMEM 3~4 ml
. 5~7
3~4 1
2)
cover glass

3.7% paraformaldenyde 10
0.01% Triton X-100 3
peroxidase
0.5% H20, 30
, 0.5% bovine serum

albumin (BSA) . myosin
1: 500 100% 37°C
1 .
1: 100 anti-
rabbit 1gG (Fab) 2 peroxidase conjugate
. 1: 400 rabbit PAP
complex 1 . Tris
3,3-diaminobenzidine tetrahydrochloride  H»0»
0.075%, 0.005% 10
Harris's hematoxylin 1
DePeX (BDH)
3)
N2 95%
CO2 5%
, 0, 95% CO, 5%
4) nitrite

nitrite (NO2)
12,000 g, 5
Griess  (0.1% NEDD

2% phosphoric acid 1% sulfanilamide

) 10 550 nm
sodium nitrite
5) PO2, PCO2, SO2, HCOj
PO,, PCO,, SO,
HCOs 12000 g, 5

AVL
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OMNI™ system (AVL Medical Division, Austria)

6) INOS, NFkB p65 Western blot

(Vibra Cell, SONICS and MATERIALS INC., USA)

12,000 g, 4°C
( Kit, BIO-RAD, USA)
. 80 g 2%
resolving gel  stacking gel SDS-PAGE gel

nitrocellulose
Protran, Schleicher & Schuell, Germany)
NC membrane 5% non
fat dry milk 1 10
3 . iNOS, NFk
B 0.1% BSA, 0.05% Tween 20
1:2000 NC membrane 1 10
3 . anti-rabbit HRP 0.1% BSA,
0.05% Tween 20 1:4000 1
10 3 NC membrane
electrochemiluminescence  (Renaissance Western Blot Chem-
iluminescence reagent, NEN life science products, USA)
1 X iNOS, NF
KB band , NIH Image program
(Version 1.61/ppc, NIH, USA)

(NC membrane,

7)

lipoic acid, DHLA, vitamin C,
vitamin E, GSH, NC®-nitro-L-arginine (L-NAME), HBSS,
DMEM, sulfanilamide, NEDD Sigma (St. Louis, USA)

, fetal bovine serum, antibiotics- antimy-
cotics, trypsin-EDTA GibcoBRL (New York, USA)

107~10° M
10° M :
Western blot iNOS, NFkB p65 Santa Cruz
(Santa Cruz, USA) , kit,
protein size marker, , , SDS BIO-RAD

(Hercules, USA)
+

Student's t-test (QuickTTest, Version 1.1, Steve
Ashcroft, UK) , P value 0.05

1) - PO, PCO,, SO,
HCO3
(POz, mmHg) 15117 .
24 PO,
80+2.4 ,
24 3
159+1.4 , 6
(Fig. 1).
(PCO2, mmHg) 38%3.9 .24
PCO;
27+0.8 ,
24
(Fig. 1).
SO; (%) 99+0.1
.24
SO, 98+0.3
, 24
(Fig. 1).
HCOs; (mg/dl)
26+1.1 .24
—a— PO, (mmHg) —— SO, (%)
180 —a— PCO, (mmHg) —e— HCO, (mg/dl)
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Hypoxia/reoxygenation

Fig. 1. Effects of hypoxia and/or reoxygenation on the PO,,
PCOz, SO; and HCOs level in vascular smooth muscle
cell culture media Values express meantSEM. (n=4).
Hypo = Hypoxia; Reoxy = Reoxygenation. *P<0.05
significantly different from control on the PO, level. p
<0.05 significantly different from control on the PCO,
level.
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HCO;  28+1.3 77+4.6, GSH 10° M 85+3.6, lipoic acid 10 M
, 24 73£0.7, DHLA 10° M 7245.0
(Fig. 1). nitrite (Fig. 3).
2) - nitrite 4) 24 6
. nitrite
nitrite , 24
nitrite 1
(%) 13360
24 120+
nitrite , Nitrite 1004 —
%) 3 150:6.0, 6 . -
157+8.0, 12 160+7.0, 24 = 81 o e
165+18.0 (Fig. 2). g 604
24 24 =
6~12 nitrite 40
Fig. 2).
(Fig. 2) 204
3) 24 nitrite
Control LNAME VitC VitE GSH LA  DHA |
1 24h hypoxia
, 24 Fig. 3. Effects of L-NAME and antioxidants on the nitrite

nitrite level in vascular smooth muscle cell culture media of
24 hours hypoxia. Vaues express meantS.EM. (n=6).
L-NAME = NG-nitro-L-arginine; Vit C = vitamin C;

Nitrite % L-NAME 10° M 83£4.9, . - . -
o - (%) o 1 Vit E = vitamin E; GSH = glutathione; LA = lipoic
vitamin C 107 M 70£25, vitamin E 107 1U acid; DHLA = dihydrolipoic acid. *P<0.05 signifi-
cantly different from control.
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Fig. 4. Effects of L-NAME and antioxidants on the nitrite
Fig. 2. Effects of hypoxia and/or reoxygenation on the nitrite level in vascular smooth muscle cell culture media of
level in vascular smooth muscle cell culture media 24 hours hypoxia and 6 hours reoxygenation. Values
Values express meantS.E.M. (n=8). Hypo = hypoxia; express mean+SEM. (n=6). L-NAME = N®nitro-L-
Reoxy = reoxygenation. *P<0.05 significantly different arginine; Vit C = vitamin C; Vit E = vitamin E; GSH
from control. " P<0.05 significantly different from Hypo = glutathione; LA = lipoic acid; DHLA = dihydroli-

24 h. poic acid. *P<0.05 significantly different from control.
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Lane 1: Control

Lane 2: Hypoxia 24 h

Lane 3: Hypoxia 24 h+Reoxygenation 3 h
Lane 4: Hypoxia 24 h+Reoxygenation 6 h
Lane 5: Hypoxia 24 h+Reoxygenation 12 h
Lane 6: Hypoxia 24 h+Reoxygenation 24 h

Fig. 5. Effects of hypoxia-reoxygenation on the iNOS protein
expression in vascular smooth muscle cell. Values ex-
press meantS.EM. (n=4). *P<0.05 significantly different
from control.

AN
iNOS Protein hq- = —
Expression -
1 2 3 4 5 6 7
NFkB p65 Protein = "
Expression

Lane 1: Hypoxia 24 h

Lane 2: Hypoxia 24 h+DHLA 10° M
Lane 3: Hypoxia 24 h+GSH 10° M

Lane 4: Hypoxia 24 h+Lipoic acid 10° M
Lane 5: Hypoxia 24 h+L-NAME 10° M
Lane 6: Hypoxia 24 h+Vit C 10° M
Lane 7: Hypoxia 24 h+Vit E 107 1U

Fig. 6. Effects of L-NAME and antioxidants on the hypoxia
induced iNOS, NFkB p65 protein expression in vas-
cular smooth muscle cell. DHLA = dihydrolipoic acid;
GSH = glutathione; L-NAME = NG-nitro-L-arginine;
Vit C = vitamin C; Vit E = vitamin E.

NFkB p65 Protein
Expression

iNOS Protein
Expression

1 2 3 4 5 6 7

“#ﬂhu—ﬂ#

Lane 1: Hypoxia 24 h/Reoxygenation 6 h

Lane 2: Hypoxia 24 h/Reoxygenation 6 h+DHLA 10° M
Lane 3: Hypoxia 24 h/Reoxygenation 6 h+GSH 10° M
Lane 4: Hypoxia 24 h/Reoxygenation 6 h+Lipoic acid 10° M
Lane 5: Hypoxia 24 h/Reoxygenation 6 h+L-NAME 10°
Lane 6: Hypoxia 24 h/Reoxygenation 6 h+Vit C 10° M
Lane 7: Hypoxia 24 h/Reoxygenation 6 h+Vit E 10" 1U

Fig. 7. Effects of L-NAME and antioxidants on the hypoxia

24 hours-reoxygenation 6 hours induced iNOS, NFkB
p65 protein expression in vascular smooth muscle cell.
DHLA = dihydrolipoic acid, GSH = glutathione; L-
NAME = N%nitro- L-arginine; Vit C = vitamin C;
Vit E = vitamin E.

, 24 6
nitirte

Nitrite (%) L-NAME 10° M 80+5.0,

vitamin C 10° M 74+4.2, vitamin E 10" 1U

78+4.4, GSH 10° M 84+4.8, lipoic acid 10° M
72452, DHLA 10° M 72+4.4

nitrite (Fig. 4).

5) Western blot

iNOS , 24
iNOS (% of intensity)
172.5+9.1 ,
24 3,6 12
169.749.7, 137.7¢9.9  139.1+9.7
(Fig. 5).
24 NFkB
p65, INOS 24 6
NFkB p65, iINOS DHLA

10° M, GSH 10° M, lipoic acid 10° M, vitamin C 10° M,
vitamin E 10" [lU  NOS L-NAME 10° M

(Fig. 6, 7).
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NO

NO ,(18) NO ) )

NO

(reactive nitrogen
species, RNS) nitrogen dioxide (NO,), peroxynitrite
(ONOOQ), akyl peroxynitrite (LOONO)

RNS peroxynitrite. NO  superoxide

.(20)
- superoxide NO
superoxide NO
1:1 peroxynitrite
, NO peroxy radical (LO7)
(21)
- NO

superoxide
peroxynitite

superoxide dismutase, catalase, glutathione peroxidase
vitamin E, vitamine C, carotene, lipoic acid, DHLA,

GSH
NO ,
NOS -
NO
iNOS
NFxB p65 NOS
24
nitrite ,
nitrite
iNOS
iNOS
NOS L-NAME vitamin C, vitamin
E, GSH, lipoic acid DHLA

NO 80%
, iNOS
iNOS
NFkB p65 NOS
NFkB p65
NO
iNOS
NO , NOS
NFkB p65, iINOS
NO
NOS
superoxide NO
, peroxynitrite
oxygen free radical
superoxide NO peroxynitrite
- NO
24 nitrite
nitrite , INOS
iNOS
NOS -
NO

NFkB p65, iINOS
superoxide NO
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