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Abstract : The present study was performed to elucidate the effects of extracellular Ca™ on
contractile responses in isolated porcine coronary artery ring using by perivascular nerve stimulation
(PNS). Especially, the study was focused on the source of Ca™ on P,-purinoceptor mediated muscle
contraction which one of P,-purinoceptor subtypes.

The following results can be drawn from these studies :

1. The phasic contractions induced by PNS were inhibited with muscarinic receptor antagonist,
atropine (10°*M).

2. The phasic contractions induced by PNS were significantly inhibited by sequential treatment
with atropine and adrenergic neural blocker, guanethidine (10°M).

3. The phasic contractions induced by PNS were inhibited with P,x-purinoceptor desensitization
by repetitive application of a,8-Me ATP (10”M).

4. The phasic contractions induced by PNS were so weakened in calcium-free medium.

5. The phasic contractions induced by PNS were inhibited with calcium channel blocker,
verapamil (10°~5 X 10°M).

6. The phasic contractions induced by PNS on pretreated with verapamil (10°~5 x 10°M) were
not changed by a,5-Me ATP (10”M).

These results demonstrate that the neurogenic phasic contractions induced by PNS are due to
adrenergic-, cholinergic- and P,x-purinergic receptors and the origin of Ca™ on P,-purinoceptor

mediated muscle contraction is extracellular Ca™ through plasmalemmal Ca™ channels.
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Introduction

Bumstock ef al* reported that blockade of adrenergic and
cholinergic nerve did not completely abolish the stimulation-
evoked responses in the guinea-pig taenia coli, and they
suggested that these responses are mediated with nona-
drenergic, noncholinergic(NANC) nerve fibres which may
act on NANC nerves transmitters substances involving his-
tamine®, serotonine’, prostaglandin®, purine nucleoside and
nucleotide’. Among the substances of putative NANC neu-
rotransmitters, purine nucleotides are considered as the most
likely candidate for NANC neurotransmitter. Thus, Burnstock’
nomenclatured so called as "purinergic nerve fibre".

The receptors mediating responses to purines have been
categorized in two types, P, and P,, with selectivity for ade-
nosine and adenosine triphosphate, respectively. Among the
responses mediated by P,-purinergic receptors are relaxations
of vascular smooth muscle. P,-purinergic receptors can have
either contractile or relaxant effects on different blood vessels’,
as was the cause as described above, Bumstock & Kennedy’
proposed a subdivision of the P,-purinoceptor(so called as
ATP receptor) into P, and P,y-subtypes.

Previously we reported purinergic innervation and con-
tractile action of P,x-purinoceptor from urinary bladder de-
trussor muscle. We also investigated the neuromodulatory
function of Px-purinoceptor agonist a,f-methylene ATP on
the neurogenic contraction in the isolated renal artery of rabbit.

Recently, many investigators demonstrated that purinergic
receptors are widely distributed and mediate several responses,
including vasodilation, proliferation, muscle contraction or
relaxation, secretion and modulation of ion transport®™. In
the nervous tissue, ATP can either act as a neurotransmitter
or modulate the release and action of other neurotransmitters™.

However, the mechanism by which P,-purinoceptor drives
calcium movement in neurogenic constriction remains to be
resolved.

Chang et al ™ demonstrated that very high concentrations
of verapamil completely abolished a phasic contraction in-
duced by carbachol on Ca™-free media, so they suggested
that verapamil can enter into the cytoplasm, where they may

exert secondary actions on internal sites of the muscle, such
as the sarcoplasmic reticulum. Thus, the present study car-
ried out using by verapamil in order to investigate either in-
tracellular or extraceliular Ca** mobilization.

As described above, Ca™ is so important in modulation
of vascular resistance because it acts as a final substance.
Thus, the objectives of this study were (a) to define the
sources of Ca** on contractile responses in isolated porcine
coronary artery ring induced by perivascular nerve stimu-
lation (PNS) and (b) to understand the origin of Ca™* on P,y
purinoceptor mediated muscle contraction using by PNS
method.

Materials and Methods

Animals : Coronary arteries were obtained from Landrace
porcine of either sex (90~100kg) which were collected at a
nearby slaughter house and were immediately put in 4°C ice-
cold Krebs ringer solution of the following composition
(mM): NaCl, 120; KCl, 4.75 ; Glucose, 6.4 ; NaHCO,, 25 ;
KH,PO,, 1.2; MgSO,, 1.2; CaCl,, 1.7

Artery ring preparation : The branches of the left cir-

,12 . .
"2 The arteries were cut into

cumflex artery were excised
rings (approximately 4~5mm length) and the surrounding fat
and connective tissue were removed in 4C ice-cold Krebs
ringer solution and then those were used for organ bath stu-
dies™">",

Recording system : The rings were then suspended hor-
izontally between two parallel platinum wire electrodes, low-
er end fixed at basement of a water-jacketed organ bath
(volume 10m!) maintained at 37+0.5°C, and upper end at-
tached to an isometric force transducer (FT03, Grass). The
tension of the coronary artery rings was recorded on an ink-
writing curvilinear polygraph (79, Grass). The initial tension
applied was 2g, and the vessels were allowed to equilibrate
at least 60 min. All experiments were performed with gass-
ing with 95% O, and 5% CO,.

Perivascular nerve stimulation :
trodes were placed parallel approximately Smm apart from
either side of artery ring were connected with stimulator

(SM-1, Narco Biosystems). Artery rings were stimulated for

Platinum wire elec-
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20 sec with 0.5 msec duration on 2~64Hz, 20V or 40V.
Drugs and procedure : The following drugs were used :
Atropine sulfate (ATR), Guanethidine sulfate (GUA), Tetro-
dotoxin (TTX), Verapamil, a,f-methylene S5-adenosine tri-
phosphate (a,8-Me ATP), Ethylene glycol-bis(-aminoethyl
ether)N,N,N'N'-tetraacetic acid (EGTA). These drugs were
purchased from Sigma Chemical Co. Other chemicals used
were of analytical grade. The final concentration of drugs
were diluted more than 100 times using under 100p in
10ml volume organ bath. 3 X rinsing procedure and 60 min

equilibrating period were applied between each step.

Results

Effect of atropine (ATR) on frequency-response in
isolated coronary artery of pig : Perivascular nerve stimu-

lation (PNS) (2~64Hz, 0.5msec, 20sec, 20 or 40V) caused
phasic contraction as frequency-dependent manner. Figure 1
shown that the frequency-dependent (2~64Hz) phasic con-
tractions were inhibited with muscarinic receptor blocker, a-
tropine (10°M). In orther to study neurogenic effects, we
treated a drug tetrodotoxin (TTX : 10°M)) which was known
as neural blocker. The phasic contraction induced by PNS
were completely blocked in the presence of neural blocker,
TTX (data not shown). These result indicated that PNS in-
duced phasic contractions were nerve-mediated response.
Effect of atropine (ATR) and guanethidine (GUA) on
frequency-response in isolated coronary artery of pig :
To investigate the involvement of autonomic nerve in the
neurogenic contraction, atropine and guanethidine were ap-
plied. Figure 2 shown that the frequency-dependent (20 or
40V, 2~64Hz) phasic contractions were inhibited at the treat-
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Fig 1. Figure showing effects of atropine (ATR: 10°M) on phasic contraction induced by perivascular nerve stimulation (20 or 40V,

2~64Hz).
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Fig 2. Figure showing effects of atropine (ATR: 10°M) and guanethidine (GUA: 10°M) on phasic contraction induced by peri-

vascular nerve stimulation (20 or 40V, 2~64Hz).

- 704 -



ed with atropine and these neurogenic phasic contractions
were significantly inhibited by sequential application of atropine
(ATR: 10°M) and adrenergic neural blocker, guanethidine
(GUA : 10°M).

Effect of atropine (ATR), sequential application of a-
tropine and guanethidine (GUA) to frequency-response
in isolated coronary artery of pig : Electrical perivascular
nerve stimulation (PNS) (2~64Hz, 0.5msec, 20sec, 40V) caused
phasic contraction as frequency-dependent manner, and these
contractile responses were inhibited in functional cholinergic
blocked porcine coronary artery ring, and the frequency-de-
pendent (2~64Hz) neurogenic contractions were significantly
inhibited by combination of atropine (10°M) and adrenergic
neural blocker, guanethidine (10°M). As shown in Figure 3,
PNS evoked neurogenic contractions were increased in fre-

quency-dependent manner (upper line). These responses were
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Fig 3. Graph showing effects of atropine (ATR : 10*M) and a-
tropine plus guanethidine (GUA: 10°M) on muscle con-
tractile tension induced by perivascular nerve stimulation (40V,
2~32Hz). Each graph represents the mean of performed in 3
scparated expriments. Data are expressed as a tension (Gram:
G).

decreased, shifting the neurogenic contraction curve to the
right and downward, it was due to treated with atropine
(middle line) or with combination of atropine and guanethi-
dine (bottom line).

Effect of Ca**-free medium to neurogenic contraction
in isolated coronary artery of pig : To understand the ori-
gin of calcium involved in the neurogenic contraction in-
duced by PNS, specifically, to examining the role of ex-
ogenous Ca”, Ca™-free medium were applied. Figure 4
shown that the neurogenic contractile responses were weak-
en compared with contractile responses (20 or 40V) in cal-
cium containing normal Krebs. These data suggest that neu-
rogenic contraction induced by PNS is mediated by extra-
celtular Ca** movement as well as intracellular Ca™.

Effect of exogenous Ca* with concentration gradients
and effect of atropine (ATR) on these responses to the op-
timal PNS (40V, 32Hz) in isolated coronary artery of pig :
To identify the correlation of exogenous Ca™ and cholinergic
nerve in the neurogenic contraction, the effect of the ex-
ogenous Ca™ were investigated by treatment with calcium
concentration gradients on PNS induced neurogenic con-
traction (40V, 32Hz). Figure 5 shown that contractile ten-
sion was significantly increased between 1.75 X 10 and 2.0
10°M calcium concentration (upper line). However, when the
atropine was treated to these neurogenic contraction, con-
tractile responses were slightly increased as shown in lower
line. This result implicated that the extracellular Ca™ as
well as intraceltular Ca® may involved in the cholinergic
mediated neurogenic contraction.

Effect of verapamil (VERA) on frequency-response in
isolated coronary artery of pig : As it has been suggested
that very high concentrations of Ca®™ channel blocker, vera-
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Fig 4. Figure showing effects of Ca* on phasic contraction induced by perivascular nerve stimulation (20 or 40V, 2~64Hz). After neu-

rogenic stimulation as 3 minutes interval.
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Fig 5. Graph showing effects of atropine (ATR : 10°M) on muscle
contractile tension induced by perivascular nerve stimulation
(40V, 32Hz) as the indicated Ca* concentration gradients.

pamil (5 X 10°M) completely abolished a phasic contraction
induced by carbachol on Ca™-free media, suggesting that
verapamil can enter into the cytoplasm, where they may ex-
ert secondary actions on internal sites of the muscle, such as
the sarcoplasmic reticulum', Thus, applied verapami! con-
centration was 10 to 5% 10°M, and PNS were carried out
into about 5 min after treated with verapamil to blockade

40V

only calcium channels placed on plasmalemmal membrane.
Figure 6 shown that the effect of Ca™-channel blocker, vera-
pamil on frequency-response induced by PNS. Verapamil
significantly inhibited neurogenic phasic contraction induced
by PNS.

Effect of a,5-Me ATP on frequency-response of neu-
rogenic contraction in isolated coronary artery of pig :
At the P,x-purinoceptor, a,8-Me ATP is the highest potency
agonist among the purine nucleotide derivatives, therefore, it
has been suggested that a,8-Me ATP is a selective desen-
sitizing agent for P,x-purinoceptors'. As shown in figure 7,
the phasic contractions induced by PNS were inhibited in
consequence of P,x-purinoceptor desensitization by 3-times
repetitive introduction with ¢,f-Me ATP. Subsequently, when
additionally sequential treated with atropine (ATR) and
guanethidine (GUA), the neurogenic contraction was sev-
erely inhibited. This result gives a suggestion that P,y-puri-
noceptors exist independent on adrenergic- and cholinergic-
receptors in coronary artery of pig.

Effect of ¢,f-Me ATP after pretreated with verapamil
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Fig 6. Figure showing effects of verapamil (VERA : 10°~5x 10*M) on phasic contraction induced by perivascular nerve stimulation

(40V, 2~64Hz).
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Fig 7. Figure showing effects of 3-times repetitive administration of high dose a,8-Me ATP (10“M) on phasic contraction induced by
perivascular nerve stimulation (40V, 2~64Hz). Atropine (ATR : 10°M) and guanethidine (GUA : 10°M) were applied to sample con-
taining a,f-Me ATP. Verapamil (VERA : 10°~5x 10°M) on phasic contraction induced by perivascular nerve stimulation (40V, 2~

64Hz).
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Fig 8. Figure showing effects of a,8-Me ATP (10*M) on phasic neurogenic contraction induced by perivascular nerve stimulation (40V,
32Hz) under preincubation with verapamil (VERA : 10°M~5 X 10°M).

(VERA), on neurogenic contraction in isolated coronary
artery of pig : The neurogenic contractions induced by PNS
were significantly inhibited with Ca**-channel blocker, vera-
pamil (10°~5x 10°M). Subsequently, ,-Me ATP did not
evoke contractile responses after 3 X repetitive administration,
and then neurogenic contraction was not changed compared to
control under the presence of verapamil (Fig 8). This resuit im-
plicated that P,-purinoceptor mediated contractile responses
are not dependent on intracellular Ca™ in isolated coronary ar-
tery of pig.

Discussion

Stimulation of the autonomic nerves to the heart can af-
fect coronary blood flow in two ways-directly and indirectly.
The direct effects result from direct action of the neuro-
transmitters, acetylcholine from the vagus nerves and norep-
inephrine from the sympathetic nerves, on the coronary ves-
sels themselves. Cholinergic nerves are generally considered
to be dilator to blood vessels in those few vascular beds
where they are presumed to operate™. In contrast, the coro-
nary arteries of the heart in most mammalian species so far
tested respond to exogenous acetylcholine with contraction'®,
via muscarinic M, receptors”®, and may have a cholinergic
constrictor component as well'*"”,

This study showed that PNS induced phasic contractions
were completely blocked with neural blocker, tetrodotoxin
(TTX), indicating PNS induced phasic contractions were
neurogenic responses. Therefore, from this observation the

authors considered that the the phasic contraction induced
by PNS method appears as a result of releasing endogenous
neurotransmitters. Also, the present study revealed that the
contractile reponse evoked by PNS was partially inhibited
by treatment with atropine, and guanethidine act as syn-
ergist on inhibited contractile response with atropine. This
result implicated that adrenergic and cholinergic nerve cause
excitatory responses induced by PNS. However, these data
cannot exclude that adrenergic and cholinergic act as in-
hibitory nerves because atropine and guanethidine are non-
selective antagonist of adrenergic, cholinergic nerve, respec-
tively.

In addition, this study gives a suggestion that the re-
maining contractile responses after with atropine and guanethi-
dine are due to the other neural activation beyond adrenergic,
cholinergic nerve. The striking result were that neurogenic
contractile responses in Ca™*-frec medium were weaken com-
pared with contractile response in normal Krebs solution.
This responses give a suggestion that PNS induced con-
tractile response use the extracellular Ca® as well as the
stored intracellular Ca® in isolated coronary artery of pig.
These observations are consistent with the suggestion of the
recent publications, who indicated that both a,- and @,-a-
drenoceptor mediated contractions vascular smooth muscles
can activate both Ca®* influx from the extracellular space
and Ca™* release from intenal stores'>'. However, con-
tractions induced by a,-adrenergic stimulation seem to rely
mainly on Ca* release from agonist-sensitive internal stores,
whereas contractions induced by a,-adrenergic agonists rely
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preferentially on Ca** influx from the extracellular space”.

There is the suggestion that only a small fraction of cho-
linergic receptor sites need to be occupied by an agonist
like acetylcholine in the guinea-pig ileum to promote max-
imal Ca* transport actoss the plasma membrane and that
the activation of the Ca® channels is not directly coupled to
the cholinergic receptor occupation™”".

It has been suggested that, in the rabbit bladder muscle,
not only there a marked excess of receptor-regulated Ca™
permeable sites in the muscle membrane but also an excess
of cholinergic binding sites™. Thus, it postulate that the pre-
treatment for vascular rings with the adrenergic neura! block-
er guanethidine, the presence during stimulation of the cho-
linergic muscarinic receptor antagonist atropine or both com-
pounds together, has inhibitory action on the release of in-
tracellular stored Ca® and extracellular Ca™ influx causing
contractile response elicited by PNS.

However, Bumstock et al ' recently suggested that pres-
ence of nonadrenergic, noncholinergic (NANC) nerves which
contain the neurotransmitters such as histamine®, serotonine’,
prostaglandin’, purine nucleoside and nucleotide’. Among
the substances of putative NANC neurotransmitters, purine
nucleotides are considered as the most likely candidate for
NANC neurotransmitter. Thus, Burnstock” nomenclatured so
called as "purinergic nerve fibre" which acts on purine nu-
cleotides. Furthermore, result of effort of many investigators,
it demonstrated that ATP can either act as a neurotransmitter
or modulate the release and action of other neurotransmitters”.,
The receptors mediating responses to purines have been ca-
tagorized in two types, P, and P,, with selectivity for ade-
nosine and adenosine triphosphate, respectively. Among the
responses mediated by P,-purinergic receptors are relaxations
of vascular smooth muscle. Whereas, P,-purinergic receptors
can have either contractile or relaxant effects on different
blood vessels®. Thus Burnstock & Kennedy’ proposed a sub-
division of the P,-purinoceptor into P, and P,y-subtypes.

Recently we reported that the contractile response in-
duced by electrical transmural nerve stimulation was par-
tially blocked by treatment with atropine, and was com-
pletely blocked by the desensitization of the P,x-purinoceptor
using a,3-Me ATP in isolated urinary detrussor muscle of pig’.

In the porcine coronary artery, Jeon ef al . suggested that
the neurogenic contractile responses induced by perivascular
nerve stimulation was inhibited by the desensitization of the
P,x-purinoceptor using 3 times repetitive administration of o,
p-Me ATP.

As like the above two reports, the phasic contraction in-
duced by PNS was appeared that it activated smooth muscle
contraction by the cholinergic excitatory responses and P,x-
purinoceptor mediated excitatory responses.

The present study also revealed that the phasic con-
tractions induced by PNS were inhibited with P.x-puri-
noceptor desensitization using ¢,f-Me ATP, subsequently,
when sequential treated with atropine and guanethidine, the
neurogenic contraction was severely inhibited. These ob-
servations are consistent with the suggestions by Park’ and
Jeon™,

Calcium channel blockers containing diltiazem, verapamil
and nifedipine have key role in voltage-dependent Ca™ chan-
nels on vascular smooth muscle cells. Chang et al **. sug-
gested that verapamil can enter into the cytoplasm, where
they may exert secondary actions on internal sites of the
muscle, such as the sarcoplasmic reticulum.

Most striking were that PNS evoked phasic contractions
were significantly inhibited with verapamil, it implicated
that neurogenic contractions are mainly due to influx of ex-
tracellular Ca®. At the pretreatment with verapamil, a,f- Me
ATP induced nonneurogenic contractions were absence and
neurogenic phasic contractions were not changed. It pos-
tulated that the origin of Ca®™ on P-purinoceptor mediated
muscle contraction is extracellular Ca™ through Ca™* channels.

In summary, these results demonstrate that the neurogenic
phasic contractions induced by PNS are due to adrenergic-,
cholinergic- and P,c-purinergic receptors and the origin of
Ca™ on P-purinoceptor mediated muscle contraction is ex-
tracellular Ca™ through plasmalemmal Ca** channels.
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