CHEQAX 2009:42:588-596 O& MO

E7| Uiz SHULMEON Xit2TO| LHLMEY
O|U2IXI2| 2H[ofl OIX|= BT

|

= *

ol

A
T

The Effect of Hypoxia on the Release of Endothelium-derived
Relaxing Factor in Rabbit Thoracic Aorta

Soo Seung Choi, M.D.*

Background: To clarify the effect of hypoxia on vascular contractility, we tried to show -whether . hypoxia induced
he release of endothelium-derived relaxing factor (EDRF) and the nature of the underlying mechanism for this
elease. Material and Method: Isometric contractions were observed in rabbit aorta, and the released EDRF from
he rabbit aorta was bioassayed by using rabbit denuded carotid artery. The intracellular Ca®” concentration ([Ca’ ")
n the cultured rabbit aortic endothelial cells was recorded by a microfluorimeter with using Fura-2/AM. Hypoxia
was evoked to the blood vessels or endothelial cells by eliminating the O, in the aerating gases in the external
solution. Chemical hypoxia was evoked by applying deoxyglucose or CN . Result: Hypoxia relaxed the precon-
racted rabbit thoracic aorta that had its endothelium, and the magnitude of the relaxation was gradually increased
by repetitive bouts of hypoxia. In contrast, hypoxia-induced relaxation was not evoked in the aorta that was de-
nuded of endothelium. In a biocassay experiment, hypoxia released endothelium-derived relaxing factor (EDRF) and
he release was inhibited by L-NAME or the K" channel blocker tetraethylammonium (TEA). In the cultured endo-
helial cells, hypoxia augmented the ATP-induced increase of the intracellular Ca’" concentration ([Ca“]i) and this
ncrease was inhibited by TEA. Furthermore, chemical hypoxia also increased the Ca’" influx. Conclusion: From
hese results, it can be concluded that hypoxia might induce the release of NO from rabbit aortic endothelial cells
by increasing [Ca’ ]

(Korean J Thorac Cardiovasc Surg 2009;42:588-596)
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Fig. 1. A schematic presentation of bioassay system. A carotid
arterial ring without endothelium (bioassay test ring) was mounted
for isometric tension recording and perfused with Krebs-Ringer bi-
carbonate solution that had passed through polyethylene tubing or

through aortic segment with endothelium. NAME=Nitroarginine me-
thyl ester; TEA=Tetraethylammonium chloride.

Carotid artery
without Endothelium
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Fig. 2. Characterization of endothelial phenotype of the cells cultured from the inner layer of rabbit aorta. (A) Immunohistocytochemistry of
the cultured cell and a representative staining of the cells with anti-von Willibrand factor antibody. (B) Dil-acetylated low density lipoprotein

uptake test of the cultured cells (H&E, x100).
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Fig. 3. Hypoxia-induced relaxation of rabbit aorta in an isometric contraction experiment. (A) Norepinephrine (NE) produced contraction in
rabbit aorta and the contracted aorta was relaxed by hypoxia. The relaxed aorta was re-contracted by re-oxygenation and the hypoxia-in-
duced relaxation was gradually increased by re-exposure to hypoxia. In contrast, rabbit aorta without endothelium was not refaxed by hypo-
xia (B).

A Control B Treated with L-NAME
L 8 (8 (1 [ C 8 (E (Em ()
(\P,\ A
29 29
[
—— —
PGF,, 3X10"°M PGF,, 3X10 °M
1 Through polyethylene tubing, 95% 0,/5% CO,
E® Through donor aorta, 95% 0,/5% CO, 5 min

El Through donor aorta, 95% N,/5% CO,
El Through polyethylene tubing, 95% N,/5% CO,
P

Fig. 4. Effect of hypoxia on the release of endothelium-derived relaxing factor (EDRF). In a bioassay system, carotid artery without endo-
thelium was contracted by prostaglandin (PG) Fo. (3x10~° ML). (A) When the solution perfusing the donor aorta was switched to hypoxia,
the perfusate through the aorta with intact endothelium relaxed bioassay ring markedly. Subsequent hypoxia followed by hypoxia-reoxygena-
tion induced a further decrease in the fension of carotid artery. In contrast, the hypoxic perfusate through polyethylene tubing slightly re-
laxed carotid artery. (B) When the EDRF donor aorta (the aorta with endothelium) was pretreated with the NO synthase inhibitor L-NAME
(1075 M/L) for 30 minutes, the perfusate through the donor aorta did not relaxed carotid artery markedly and subsequent hypoxia followed
by hypoxia-reoxygenation did not induce a further decrease in the tension of carotid artery. NAME=Nitroarginine methyl ester.
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1g

H m m 19

PGF,,3X10™°M

5 min T PGF,, 3X10 "M

TEA1 mM
I Through polyethylene tubing, 95% 0,/5% CO,
8 Through donor aorta, 95% 0,/5% CO,
@l Through donor aorta, 95% N,/5% CO,

Fig. 5. Effect of TEA on hypoxia-induced release of EDRF. In a bioassay system, carotid artery without endothelium was contracted by
prostaglandin F2. (3x10™° MIL). (A) When the solution perfusing the donor aorta was switched to hypoxia, the perfusate through the aor-
ta with intact endothelium relaxed bioassay ring markedly. Subsequent hypoxia followed by hypoxia-reoxygenation induced a further de-
crease in the tension of carotid artery. (B) When the EDRF donor aorta (the aorta with endothelium) was pretreated with the K™ channel
inhibitor TEA (10> M/L) for 5 minutes, the perfusate through the donor aorta also relaxed carofid artery, but the magnitude of the relaxa-
tion was markedly decreased. TEA=Tetraethylammonium chioride.
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FHE TR AL FHol] o8 o] S NO synthase o] 5}o] store—operated Ca2+ entry (SOCE) & &4 3 A1 At
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Skth(Fig. 6B). AAt4 S} o] L]l % 2-deoxyglucoseE o] A A ¢l L-NAME®] 9Jete] AAE]= ALz u|Fof, A
&3to] ATP AIUALE IAAINAL CNTE Fofste]  AdFol| fste] DfiujAEolA Rl e oA+
A ALEZS TS dols AZH ca''e]l ¥ NOY Ao FAH
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o AA= G (Fig. 60). 1|3 AEL CTE AAG F =FLFE GINIAE EA ol ko] Frsl A (Fig.
endoplasmic reticulum Ca’* pump & A8} 2°-di (tert-bu- 3A), L-NAME®l| 21 A|5] & o] ko] Frlsto](Fig. 4) A Ab4
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Fig. 6. Effects of hypoxia on intracellular Ca’™ concentration ([Ca’’)

1.2 4

1.0 1
=
30.8 1

2+,

Q 0.6 1
0.4
0.2
0.0

Control Hypoxia

D 20 [Ca”], mM

BHQ 20 uM

) in cultured rabbit aortic endothelial cells. (A) In hypoxic condition,

[Ca**} was increased by ATP and the increased [Ca’*} was decreased by reoxygenation. In addiion, the K™ channel blocker TEA com-
pletely inhibited ATP-induced [Ca’™} increase in hypoxic condition. (B) Summary of the effect of hypoxia on ATP-induced [Ca™*] increase
(n=8); *p<0.01. (C, D) Effects of the metabolic inhibitor 2-deoxyglucose or CN ™ on [Ca®"]. 2-deoxyglucose increased [Ca” ‘] and the in-
creased [Ca®*] was decreased by elimination of extracellular Ca®™ (C). CN™ also increased Ca’* influx (D). Intracellular Ca’* store was
depleted by BHQ in Ca’* free solution and store-operated Ca’* entry was activated by readdition of extracellular Ca’*. The store-operated

Ca’* entry was further enhanced by CN™.
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