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Abstract : 1. Hypoxic pulmonary vasoconstriction (HPV) plays an important role as a physical
regulator in matching pulmonary perfusion to ventilation preventing systemic hypoxemia. But its
precise mechanism is unkown.

The aim of the present study is to investigate the cellular mechanisms and potential mediators
involved in hypoxic constriction of porcine pulmonary arteries.

2. Pulmonary arteries ( internal diameter 2 - 3 mm ) were isolated from porcine lungs, and loaded
with fura—2 /AM, a Ca?' indicator dye. These artery rings were suspended in an organ chamber
flooded with physiological salt solution on a microscope stage of a Ca’* imaging
spectrofluorimetric system. The light emission ratio of fura-2 for measurement of changes in
intracellular calcium levels ((Ca**1) and the isometric tension of the ring were measured
simultaneously. Hypoxia was induced by flooding the reserved chamber with 95%N, and 5% CO.
gas mixture,

3. Hypoxic constriction and increases in [Ca*'}; were observed in the endothelium-intact rings
under precontraction with 107°M noradrenaline. In contrast, there were no hypoxic changes under
precontraction with 90mM KC1.

4. In the endothelium-denuded rings which were not relaxed with acetylcholine, hypoxia caused
no changes in constriction and [Ca*'];

5. Hypoxic vasoconstriction of endothelium-intact rings was abolished by L-NAME, an inhibitor
of nitric oxide synthetase.

6. These results suggest that hypoxic constriction of isolated pulmonary artery of porcine lungs
is induced partially by inhibition of the release of nitric oxide from the endothelium.
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Fura—2 /AM (R{#%) 30 4 M, 0.01%
Pluronic F-127 (BASF) » & @ L %
physiological salt solution (normal-PSS) ic
TEREEAZ AL, BEFT, fEIR (R937°C) 12T
79 2 BFRIIRIE L 720 75 B normal-PSS DK
&, 140mM NaCl, 4.7mM KCl, 2.5mM
CaCl,, 2.5mM MgCl:, 11.1mM glucose, 3.0
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Lfcmim



7 5 IEIRIC 5 F 2 ARERSR LRI E RGO FEBET (B9 2 e 35

30%0, +65%N, +5%CO,
95%N, +5%CO,

\

Physiological salt solution
90mM KCI
10°M noradrenaline

L340anL380nm

Xenon lamp H

Apparatus

Tension transducer

Tissue chamber

Thermocontroller & Heater

Vessel tube

/Dichroic mirror

Recorder

N

Photomultiplier

Fig. 1. Schematic diagram of the experimental apparatus.
The vascular ring was mounted on two tungsten hooks, one of which was attached to the arm of

a force displacement transducer.

Two wavelengths of excitation light (340nm and 380nm) were obtained from a xenon lamp
source. Surface fluorescence of the ring was introduced into a photomultiplier through a 500nm

band pass filter.
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Fig. 2. Representative recordings of responses to
hypoxia precontracted with
noradrenaline. Noradrenaline induced
increases in tension and [Ca®']. Hypoxia
induced further increases in tension and
[Ca*].
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Fig. 3. Changes in tension and

noradrenaline and hypoxia.

Values are expressed as % of each

response to those induced by 90mM KCl

before the start of each measurement.

Data are presented as mean=+S.E.M.

N represents number of vascular rings.

* p<0.05 compaired with values induced

by noradrenaline
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Table 1. Changes in tension and [Ca®"]: by
noradrenaline and hypoxia

N=5
Condition Tension [Ca*};
Noradrenaline 64.60 = 2.70 50.82 = 7.26

Noradrenaline + Hypoxia 88.69 & 5.92" 134.78 & 35.84"

(Po, at the hypoxia : 47.6 = 5.2mmHg)
Values are expressed as % of each response to
those induced by 90mM KCI before the start of
each measurement.

Data are represented as mean = S.E.M.

N represents number of vascular rings.

* P<0.05 compaired with values induced by
noradrenaline

OB IEAR D EHEME D RIE

Fura-2 /AM % loading L 7z ifi#hiRiEA %,
RN AV & sA & v REREE RSN (R
H0.4mD) (<RI L, #EEI1L.0g ZEM L TE
M 3% PSS A #30 [1HER L 7oo EERBARS 1< B
L, 2ToERICXL CalkEe KClER%E
KL IARER U, A U2 RIER 148 & Ot
SO R AR LEEME L, £LT, 20
% &4 OEEARDHIEEE (100%) & L, £0
%, EE#E PSS #9205 5305 falER L, %
R R S1 %5 & OV R b BRI E /i
DIRBEIC[AIHZLE L Th S, UTOEREEC
5720
QlESRM:

EREFZEPSSICI0 M / VT KLt ) A
Z, THIT &K - THEIREARICA U7 ER MR
NomREEE, EREENPRKREE%E
R O HOEE LA RIE L, 5l &keE /v
T RLFY v EMABLES S PSS 2Kk
FZPSSicUIn iz, 5HBROERMENL &
OVsREE b4 E L 72 (Fig. 2, 8, Table 1),

KClic2>WT b[akkic, mikFEe KClAK
% RER U CIEIIREE A 1 A U - R IE /) D i
KIE & s A E L7z, £ Ok, [KERER

& KCl Ak = /e L, 5 5% 0 F RMIHER
NBFUdEEEEILZE L. (Fig. 4, 5,
Table 2 ).
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Fig. 4. Representative recordings of responses to
hypoxia precontracted with 90mM KCI.
90mM KCI induced increases in tension
and [Ca’']. Hypoxia induced no change
in tension nor [Ca’']; either.
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Fig. 5. Changes in tension and [Ca’']; by 90mM
KCl and hypoxia.Values are expressed as
9% of each response to those induced by
90mM KCI before the start of each
measurement.
Data are presented as mean=S.E.M.
N represents number of vasucular rings.
There was no significant difference in
tension or [Ca®']; either between 90mM
KCI induced precontraction and hypoxia.

Table 2 Changes in tension and [Ca’']; by 90
mM KCI and hypoxia

N=5
Condition Tension [Ca*];
90mM KCl 93.62 £ 2.20 95.26 = 7.79
90mM KCl + Hypoxia 9741 £ 1.96 65.78 = 9.15

(Po. at the hypoxia : 51.1 = 4.5mmHg)

The values are expressed as % of each
response to those induced by 90mM KCI before
the start of each measurement.

Data are represented as mean = S.E.M.

N represents number of vascular rings.

There was no significant difference in tension
or [Ca*"]; either between 90mM KClinduced
precontraction and hypoxia.
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Fig. 6. Representative recordings of the response
to hypoxia in the endothelium-denuded
pulmonary artery rings. Hypoxia induced
no responce in tension or [Ca*']; in the
endothelium-denuded rings.
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Fig. 7. Tension and [Ca’]: under hypoxia in
endothelium-denuded  rings. Values are
expressed as % of each response to those
induced by 90mM KCI before the start of each
measurement.

Data are presented as mean®S.E.M.

N represents number of vascular rings.

There was no significant difference in tension
or [Ca*]: either between noradrenaline
induced precontraction and hypoxia.

Table 3 Tension and [Ca*]: induced by hypoxia

in endothelium-denuded rings

N=6

Condition Tension [Ca*'];
Noradrenaline 4732 =821  24.33 = 4.67
Noradrenaline + Hypoxia 50.83 == 13.14  25.62 * 6.87

(Po, at the hypoxia : 46.7 == 8.2mmHg)

The values are expressed as % of each
response to those induced by 90mM KCl before
the start of each measurement.

Data are represented as mean = SEM.

N represents number of vascular rings.

There was no significant difference in tension
or [Ca’], either between noradrenaline
induced precontraction and hypoxia.

FARIE L1, 5lEHEMBESEEZETSH,
AUt 5 Dk OFERMRTE X CHOEEE L%
E Ltco IRICHERM & mlR%E PSS ICRL T,
SERPEIRESTE & OE L AR E I8 AL L
tt%, S d L-NAME (1 X10°M) %2#5-L
Thd, BO10M /2 7 KL+ YiRinEg
F PSS iR, 0L EOHERMENBLY
HOERE O RRE(LEZRE, 5] EHe S BRF%E
DNEAET S, b ABOFERMENS L UH
SR A IE L 7o (Fig. 8, 9, Table 4 ),
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FEHEIC B IEREORE, RET— 5 O
tH GEEWRTE), SNHMORE, HIEOREE
BE (FRE) 281817,

& R

FEE 1

EENETCE, VT FLFr ) v oRilE
ck b, HRYWIES, SOt E diciEml
to TNICH| EFEMENELZETSES L,
SRR B L CHEHE I & S L 7.
(Fig. 2, 8, Table 1),

EEHESE T Tl KCLEEI & b, INHER
F, BOLEELE bicEinL o, O EF SRR
SEAE T & TOHERMRS), S0t@mEHO
wWFhicbEEBELEA SNEh -7 (Fig.
4,5, Table 2 ),

EL )
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Fig. 8. Representative recordings of the response
to hypoxia before and after treatment
with L-NAME. The first application of
hypoxia before treatment of L-NAME
induced increases in tension and [Ca*']:.
The second application of hypoxia after
treatment with L-NAME induced no

responce.
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Fig. 9. Changes in tension and [Ca®]: induced
by hypoxia after treatment of L-NAME.
Values are expressed as % of each
response to those induced by 90mM KCl
before the start of each measurement.
Data are presented as mean=*+S.E.M.

N represents number of vasclar rings.
After treatment of L-NAME, there was no
significant difference in tension or [Ca*'];
either between noradrenaline induced
precontraction and hypoxia.

Table 4 Changes in tension and [Ca’']; induced
by hypoxia after treatment of L-NAME

N=5

Condition Tension [Ca’™ ],
Noradrenaline  129.64 = 12.62  39.77 = 9.62
Noradrenaline + Hypoxia 123.07 £ 9.59  40.59 = 7.98

(Po; at the hypoxia : 48.4 = 3.8mmHg)

The values are expressed as % of each
response to those induced by 90mM KCI before
the start of each measurement.

Data are represented as mean = S.E.M.

N represents number of vascular rings.

There was no significant difference in tension
or [Ca®'], either between noradrenaline
induced precontraction and hypoxia after
treatment of L-NAME.
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