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employed presently in treating vomiting and gastro-

INTRODUCTION paresis, on the blood pressure response, but uncer-
tainty still exists in regard to its precise mode of
There are now some reports on the effects of me-  action. Recently published data from our laboratory®

toclopramide (MCP), a dopaminergic antagonist'®  have shown that MCP causes markedly a dose-rela-

** This work was presented at a meeting of the 40th academic congress of the Society of Pharmacology Republic
of Korea and also at a meeting of the 32nd academic congress of the Korean Society of Circulation, 1988
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ted faill in blood pressure in rat followed by secon-
dary transient pressor respnses, that the hypoten-
sive activity may be due to adrenergic alpha-recep-
tors blocking action, and that pressor activity may
be exerted throgh activation of cholinergic nicotinic
receptors in autonomic ganglia. Some investigators™
" also reported that intravenous administration of
MCP induced catecholamine release and a hyperten-
sive crisis only in patients with pheochromocytoma.

However, it is known that MCP does not influeuce
blood pressure and plasma catecholamines in nor-
mal, in moderate hypertension and in renovascular
hypertension”. Abe et al” suggested that the mecha-
nism of hypertensive crisis induced by MCP may
be due rather to its presynatic dopaminergic bloc-
king effect wihich would indirectly release CA than
to the direct CA-releasing effect.

It has been tried against hiccup, vertigo, and ortho-
static hypertension®”. Kuchel et al® reported that
MCP improved the postural hypotensin. This effect
was known to due to inhibiting the vasodilatory and
natriuretic action of the excessive release of dopa-
mine” + additional effect may have been due to shif-
ting the adrenal medullary compensatory response
from dopamine toward epinephrine®.

It has been also shown that dopaminergic stimula-
tion by bromocriptine produces hypotensive action'”
while dopaminergic inhibition by sulpiride induces
the hypertensive action'”.

Therefore, this study was designed to investigate
the effects of MCP on the arterial blood pressure
in rabbits and to clarify the mechanism of its action.

Materials and Methods

Experimental Animals |

White mature rabbits of both sexes, weighing 1.7~
2.5kg, were used in these expeirments. The animals
were housed individually in each cage and food
(Cheil Animal Chow) and tap water were allowed

ad libitum at least for a week to adapt to experimen-
tal circumstances. On the day of experiment, a rabbit
was anesthetized with urethane (g/kg) subcutaneou-
sly. The tracheal cannula was inserted to the trachea
of the rabbit which was tied in supine position on
fixing panel to prevent rabbit movements. The body
temperature was maintained at 37°~38C with a
thermostatically controlled blanket and heating
lamp.

Determination of Blood Pressure :

The right common carotid artery was catheterized
with artery cannula and connected to a pressure tra-
nsducer and pulse pressure of mean arterial blood
pressure was recorded on a physiograph (Beckman
Co.) for continuous monitoring of arterial pressure.
The artery cannula was filled with heparin solution
(400 L.U.) to prevent the blood coagulation during
experiment. Another cannulation with polyethylene
tube(Gauge No. 23) was made into a femoral vein
for injecting drugs. Each rabbit was left undisturbed
for at least 30 minuted after completion of the opera-
tive procedures to permit cardivascular parameter
to be stabilized.

Drugs -

The following durgs were used s metoclopramide
hydrochloride, dopamine HCI, norepinephrine bitar-
trate (Sigma Chemical Co.), atropine sulfate (Merk
Co.), chlorisondamine chloride (CIBA Co.), propra-
nclol HCI(ICI Co.), prazosine HCI(Phizer Co.) and
bethanidine sulfate (Samil Pharm. Co.). These drugs
were prepared in 0.9% sodium chloride solution on
the day of experiment and stored in a refrigerator
except norepinepbrine and dopamine. Norepineph-
rine and tyramine were dissolved in 0.9% acidic
saline (PH=4.0), respectively. Doses were expres-
sed as the base. All drugs were adminstered into
a femoral vein except infusion experiments of MCP
which was infused into a jugular vein at a given rate.
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Statistical Analysis s

Statistical significance between groups was deter-
mined utilizing the Student’s “t” test. Data obtained
from animals which served as own control were ana-
lyzed for significance using t-test for unpaired obse-
rvations. A p-value for p<0.05 was considered to
represent a significant change unless specifically no-
ted in the text. Values given in the text refer to
means with standard error(S.E.).

RESULTS

Effect of MCP on the response of blood pressure s

Rabbits were allowed to stabilize at least for 30
min before experimental protocols were initiated.
When cardiovascular parameters became stabilized,
MCP was injected into a femoral vein of the rabbit,
resulting in a dose-related fall in blood pressure
as shown in Fig. 1.

In 13 rabbits, MCP of 1.0mg/kg given intravenously
produced depressor responses by —6.9+ 0.94mmHg
from pre-injection level. Higher doses of MCP at
2.0 and 4.0mg/kg given intravenously induced the
marked and immediate decrease in blood pressure,
which were —9.4+ 141 and —18.2+ 2.2mmHg, res-
pectively, as shown in Table 1, Fig. 2 shows represe-
ntative tracing of blood pressure evoked by MCP.

This hypotensive activity of MCP was very similar
to that evoked by MCP in rats in which was followed
by secondary increase in blood pressure®.

METOCLOPRAMIDE(13)

4.0

2.0 “mg/kg

1.0

Fig. 1. Effects of MCP(metoclopramide) on the blood
pressure of the rabbits. Ordinate s changes of
blood pressure in mmHg. Abcissa + doses of MCP
in mg/kg. Vertical bars on top of the column indi-
cate standard errors of means. Numerals in upper
bracket represent number of animals used in this
experiment.

The effect of atropine on MCP-evoked responses of
blood pressure.

Since it has been found that atropine reduces or
abolishes its upper gastrointestinal smooth muscle
action evoked by MCP™™,

Atropine, 3.0mg/kg, i.v. was used in the present
work to block peripheral muscarinic receptors™.
Preliminary studies showed that this dose of atro-
pine blocked vasodepressor effect of muscarine. In
the presence of atropine along with bilateral vagoto-
mization, MCP administered intravenously at all of

Table 1. Effect of metoclopramide (MCP) on the response of blood pressure of rats

Administration Dose of MCP Changes of Blood Pressure Number of
routes (mg/kg) (mmHg from pre-injection level) Animals
Intravenous injection 1.0 —6.9+ 094 13
20 —~94+14 13
4.0 —18.2+2.12 13

These data are expressed with Mean+ SE.
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Fig. 2. The tracing of blood pressure evoked by MCP in a whole rabbit(Expt. 16, 2.2kg).
At arrow marks, the indicated doses of MCP(1.0, 2.0 and 4.0 mg/kg) were injected into a femoral vein,
respecitively. Time 5 1 min.

Table 2. Effects of some blocking agents on MCP-induced changes of blood pressure

Bl Dose of MCP Changes of Blood Pressure Statistical
ockade . -
(mg/kg) (mmHg from pre-injection level) Significances
BEFORE AFTER
Atropine(8) 1.0 —64+0.90 ~60+0.35 NS
20 —10.8+ 1.06 —97+132 NS
40 —155+ 1.64 —145+2.50 NS
Chlorisondamine(6) 10 ~73+061 —2.1+0.08 P<0.05
20 —115+092 —53+0.72 P<0.05
4.0 —18.7+ 148 —75% 050 P<0.05
Prazosin(10) 10 —65+135 —32+0.60 P<0.05
20 =128+ 1.02 —6.9+0.16 P<0.01
4.0 —185+ 140 —10.1£0.86 P<0.01
Bethanidine(8) 10 —9.7+ 132 —4.7+ 041 P<0.01
20 —149+1.09 —70+092 P<0.01
4.0 —189+ 1.86 —76+ 140 P<0.01
Propranolol(5) 1.0 —-85+093 —9.3+1.09 NS
20 —16.1+1.76 —159+ 184 NS
40 —21.9+2.08 —226+248 NS
Cyprohepadine(7) 1.0 —81+0.18 —88+ 168 NS
2.0 —125+197 —114+2.86 NS
40 —21.5+2.72 —19.3+ 2,01 NS

“BEFORE” and “AFTER” indicate changes of blood pressure evoked by MCP after administration of blocking
agent. Atropine (3.0mg/kg), chlorisondamine (10mg/kg), prazosin(1.0mgkg), bethanidine (3.0mg/kg), propra-
nolol (2.0mg/kg) and cyproheptadine (2.0mg/kg) were given intravenously after obtaining each corresponding
control value, respectively. Statistic al differences were calculated by comparing the response of “BEFORE
with

that of “AFTER”. Numerals in the bracket denote number of animals used in the present work.
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ATROPINE ( 8 )
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Fig. 3. Effects of atropine on MCP-evoked changes of
blood paessure. Atropine(3.0mg/kg) was given
intravenously after obtaining the corresponding
control values. The methods and other legends
are the same as in Fig. 1.

the forementioned doses(1.0, 2.0 and 4.0mg/kg) still
evoked depressor responses as showin in Table 2.
Fig. 3 also represents the effect of atropine on MCP-
evoked changes of blood pressure.

The effect of chlorisondamine on MCP-evoked changes
of blood pressure.

Intravenous injection of chlorisondamine' (1.0
mg/kg), a ganglionic blocking agent, into a femoral
vein of the rabbit inhibited significantly the depres-
sor effect of MCP (Table 2). In 6 rabbits, the cha-
nges of blood pressure at 1.0, 2.0 and 4.0 mg/kg,
1.v. of MCP before the administration of chlorisonda-
mine were — 7.3+ 0.61, —11.5+ 0.92 and —18.7+ 1.
48mmHg, respectively, but the changes after chlori-
sondamine treatment were attenuated markedly to
=214 0.08 (p<0.05), —5.3+ 0.72 (p<0.05) and —
7.5+ 0.50mmHg (p<0.01), respectively, as shown
in Fig. 4.

CHLORISONDAMINE ( 6 )

mmHg
-30p

1.0 20 4.0 mg/kg

Fig. 4. Effects of chlorisondamine on MCP-evoked cha-
nges of blood pressure. Chlorisondamine(1.0mg
/kg) was administered intravenously after obtai-
ning control responses. The methods and other
legends are the same as in Fig. 1. *3 p<<0.05,
** 1 p<0.01

PRAZOSIN(10 )

mmHg

—30r

20 Mg/ kg

g. 5. Effects of prazosin on MCP-induced changes of
blood pressuure. Prazosin(1.0mg/kg) was admi-
nistered intravenously after obtaining control va-
lues. The methods and other legends are the
same as in Fig. 1.

* 1 p<00L

10 2,0
Fi

— 81 —



BETHANIDINE( 8 )

_30 r-
-20p
~10p *
bt P
o e - -‘f'
a2
o i r'l A
10 20 40 mg/kg

Fig. 6. Effects of bethanidine on MCP-evoked changes
of blood pressure. Bethanidine (3.0mg/kg) was
injected into a femoral vein after obtaining control
value. The methods and other legends are the
same as in Fig. 1. **: p<001.

The effect of prazosin on MCP-evoked changes of blood
pressure. s

Prazosin''"" (1.0mg/kg), an adrenergic alpha-rece-
ptor blocking agent presently employed in treating
hypertension, given intravenously produced the sig-
nificant inhibition of vasodepressor responses indu-
ced by MCP. In the experiments of 10 rabbit, the

hypotensive activities of MCP at doses of 1.0, 2.0
and 4.0mg/kg before pretreatment with prazosin
were —6.5+1.35 —128+102 and —185+1.40
mmHg, respectively.

After prazosin they were reduced markedly to —3.2
+0.60 (p<0.05), —6.9+ 0.16 (p<0.01) and —10.1
+0.86 (p<0.01) mmHg, respectively as shown in
Table 2, Fig. 5 shows the effect of prazosin on MCP-
evoked changes of blood pressure.

The effect of bethanidine on MCP-evoked changes of
blood pressure.

After blockade of responses to sympathetic adrene-
rgic neurons and to indirect acting sympathomictic
amines (E.G., tyramine and amphetamine) by pret-
reatment with bethanidine™, the vasodepressor ac-
tions evoked by MCP were greatly reduced (Table
2).

As shown in Fig. 6 depressor responses of MCP
at doses of 1.0, 2.0 and 4.0mg/kg after pretreatment
of bethanidine were clearly attenuated from —9.7+
1.32, —14.9+ 1.09 and —18.9+ 1.86mmHg of the co-
ntrol before bethanidine to —4.7+ 0.14 (p<<0.01),
=7.0+092 (p<0.01) and —7.6+ 140 (p<0.01)

‘mHg, respectively.

Table 3. Effects of MCP-infusion on the responses of blood pressure evoked by norepinephrine

and dopamine

A Dose of MCP Changes of Blood Pressure
gents P-value
(ug/kg) (mmHg from pre-injection leve)
BEFORE AFTER
Norepinephrine(5) 0.3 —98+137 —86+2.09 NS
1.0 —19.6+ 1.89 —13.0+ 199 P<0.05
30 —289+242 —184+152 P<0.05
Dopamine(5) 1.0 —6.0+ 041 —64%085 NS
30 —81+127 —93+1.78 NS
10.0 —15.7+ 249 —14.6+2.79 NS

MCP was infused into a jugular vein of the rabbit at a rate of 4.0mg/kg/30min for 30min after obtaining the

control value. Other legends are the same as in Table 2
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Fig. 7. Effects of propranolol on MCP-evoked changes
of blood pressure. Propranolol(20mg/kg) was
injeted into a femoral vein after obtaining control
values. The methods and other legends are the
same as in Fig. 1

The effect of propranolol and cyproheptadine on MCP-
evoked changes of blood pressure. ;

' 2.0mg/kg, an adrenergic beta-recep-

tors blocking agent, and cyroheptadine, an antisero-
tonin and antihistaminic agent were used in this
study to block peripheral beta-adrenoceptors, and
histaminergic and serotonergic receptors. In preli-
minary studies, we observed that these doses of pro-
pranolol and cyproheptadine blocked vasodepressor
responses induced by isoproterenol, histaminine and
and 5-hydroxytrytamine, respectively. As shown in
Table 2, administration of either propranolol or cyp-
roheptadine did not produce any changes in the res-
ponses of blood pressure evoked by MCP at doses
of 1.0, 2.0 and 4.0mg/kg when compared with the
corresponding control group. Fig. 7 and 8 show the
effects of propranolol and cyproheptadine on MCP-
evoked changes of blood pressure, respectively.

Propranolol

CYPROHEPTADINE(7)
mmHg
-30

0 L '
1.0 20

4.10 mg/ kg

Fig. 8. Effects of cyproheptadine on MCP-induced cha-
nges of blood pressure. Cyproheptadine(2.0mg/
kg) was injected intravenously after obtaining
the control pressure. The methods and other le-
gends are the same as in Fig. 1.

The effect of MCP on the responses of blood pressure
induced by norepinephrine and dopamine. ;

In the light of the fact that MCP evoked vasodepre-
ssor response was greatly diminished by pretreat-
ment with prazosin, bethanidine and chlorisonda-
mine as shown in Fig. 4, 5 and 6, MCP could produce
hypotensive action primarily by blockade of adrene-
rgic nerve. It is therefore of particular interest to
study the effect of MCP on the pressor resonses
of norepinephrine.

The results of this experiments are shown in Table
3. Each observation was made in five rabbits, respec-
tively. Fig. 9 shows that the pressor effect of norepi-
nephrine was distinctively inhibited during infusion
of MCP. Norepinephrine at doses of 0.3, 1.0 and 3.0
ug/kg given intravenously before infusion of MCP
evoked the elevation in blood pressure of 9.8+ 1.37,
19.6+ 1.89 and 28.9+ 2.42mmHg, respectively.
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MCP - INFUSION( 5 )
mmHg
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Fig. 9. Effects of MCP-infusiong on norepinephrine-evo-
ked pressor responses. MCP was infused into
a jugular vein at a rate of 4.0mg/kg/30min for
30 min after obtaining control values. The me-
thods and other legends are the same s in Fig.
1. *1 p<0.05

Repetitive injection of the same doses of norepine-
phrine after MCP injusion at a rate of 4.0mg/kg for
30 min resulted in significantly reduced responses
of 8.6+ 209, 13.0+ 1.99 (p<0.05) and 184+ 1.52
(p<0.05) mmHg, respectively. Intravenous dopa-
mine at doses of 1.0, 3.0 and 10.0 ug/kg elicited no
change in depressor responses from —6.0+ 0.41, —
8.1+ 1.27 and —15.7+ 2.49 mmHg before MCP-infu-
sion to —6.4+0.85 —93+178 and —14.6+2.79
mmHg, respectively, as shown in Fig. 10.

DISCUSSION

In the present study, MCP administered into a fe-
moral vein of the rabbit produced a marked, dose-
dependent fall in blood ressure.

The vasodepressor responses evoked by MCP were
significantly inhibited by pretreatment with prazo-
sin, bethanidine or chlorisondamine while were una-
ffected by atropone, propranolol and cyprohepta-
dine. MCP also showed inhibitory effects on respon-

MCP—INFUSION(5 )

-30

L}

o A [
1.0 3.0

10.0 ug/kg

Fig. 10. Effects of MCP-infusion on dopamine-induced
depressor responses. The methods and other
legends are the same as in Fig. 1 and 8.

ses to the pressor activity evoked by norepinephrine
but no effect on responses to depressor effects of
dopamine. These experimental findings suggest that
intravenous MCP causes vasodepressor activity in
rabbits through the blockade of peripheral adrener-
gic alpha receptors with partly central action.

In view of the fact that MCP-evoked hypotensive
action was markedly attenuated by pretreatment
19 a ganglionic blocking agent,
it is felt that the site of depressor action evoked
by MCP may be the autonomic ganglia or higher
center. However, in unpublished experiments, MCP
given intraventricularly produced no change in the
response of blood pressure. This finding suggests
that MCP has no central effect in evoking vasodep-
ressor activity. Furthermore, bethanidine also inhi-
bited MCP-evoked depressor actions. MCP attenua-
ted significantly pressor reponses evoked by a adre-
nergic alpha-receptor agonist, norepinephine, while
did not affect the depressor of dopamine.

In general, it is known that both chlorisondamine'
and bethanidine'
of norepinephrine in rabbits. In the present work,

with chlorisondamine

potentiates the pressor activity
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these apparent contradictory findings can be explai-
ned that the MCP-evoked hypotension is neither
due to blockade of autonomic ganglia or adrenergic
nerve ending and nor through dopaminergic recep-
tors.

Moreover, the finding that vasodepressor evoked
by MCP was clearly reduced by pretreatment with
prazosin', a postsynaptic alpha I-adrenergic blocker
in blood vessel, demonstrates that MCP acts by inte-
rfering with peripheral sympathetic function. The
superiority of prazosin over other alpha-receptor
blocking drugs is attributed to its greater affinity
for post synaptic o receptors than for presynaptic
alpha 2-adrenergic receptors. Since prazosin has lit-
tle action on presynaptic receptors, norepinephrine
concentrations do not increase and reflex sympathe-
tic activity(for example, tachycardia) is less likely
to occur'®'”.

Among the drugs which interefere with peripheral
sympathetic function, alpha adrenoceptor blocking
agents alone cause reversal of the epinephrine pres-
sor response™.

When epiephrine is administered to untreated ani-
mals, its alpha agonist properties predominate, resu-
Iting in a rise in mean arterial pressure. However,
in the presence of alpha adrenoceptor blockade, the
peripheral P.-agnoist properties of epinephrine pre-
dominate and a fall in arterial pressure or reversal
of the pressor response is observed.

In contrast the pressor responses to norepineph-
rine are impaired by alpha adrenoceptor blockade,
but are not reversed™, as this agent possesses little
B.gonist activity™.

Thus, the inhibitory effect of MCP in response to
pressor action evoke by norepinephrine may be ta-
ken to show the specific adrenergic alpha;-receptor
blockade. These observations suggest that the hypo-
tensive activity of MCP appears to be very simlar
to that of prazosin. On the other hand, it has been
reported that dopamine and apomorphine inhibits
synaptic transmission in the lumbar praravertebral

ganglia, inducing vasodilation in the isolated hindleg
or gracilis muscle of the dog, and the this ganglionic
inhibitory effect is antagonized by haloperidol and
alpha-adrenoceptor blocking agents™.

Myers et al*” also showed that ganglion cells were
found in arteriols of skeletal muscles.

Although several investigators have implicated the
involvement of postsynaptic dopamine receptors in
the initial vasodilator action of small doses of dopa-
mine, this postulation is mainly based on the obser-
vation that administration of a dopamine receptor
antagonist prevents this vasodilator action of dopa-
mine®*. However, recent studies indicate that do-
pamine receptors are also located at the sympathei-
tic ganglia as well as postganglionic sympathetic ne-
rve terminals and activation of either one of these
receptors by a suitable agonist results in the inhibi-
tion of sympathetic neurotransmission and subse-
quent vasodilatation””, Therefore, it is likely that
a dopamine receptor blocking agent would be able
to inhibit the vasodilator action of dopamine by anta-
gonizing either the postsynatic, presynatic and/or
ganglonic dopamine receptors. Lokhandwala and Ja-
ndhyala® (1979) have shown that the fact that auto-
mic ganglionic blockade prevented the vasodilator
action of dopamine in a group of dogs with intact
sympathetic nervous system suggests that the dep-
ressor action of dopamine involved a neurogenic
mechanism and was mediated via the activation of
dopamine receptors.

In the present study, however, it is thought that
the failure of MCP to produce a change in response
to the depressor action evoked by dopamine sugges-
ted that this effect of MCP is not associated with
dopaminergic pathway.

In view of the fact that atropine did not affect the
vasodepressor action of MCP, it is very difficult to
interpret the effect of MCP in relation to the musca-
rinic receptors. Therefore, cholinergic muscarinic
could be ruled out.

These findings also indicate that the mechanism
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of MCP evoked hypotensive action seems to be dif-
ferent from that of contraction of upper gastrointes-
9 in which this contraction
is reduced or abolished by atropine-pretreatment.

Furthermore, it is also felt that MCP-evoked depre-
ssor activity is not associated with histamine, seroto-

tinal smooth muscle

nin or adrenergic beta-receptors stimulation because
the effect of MCP was not affected or no changed
by pretreatment with cyproheptadine' and propra-
nolol". In the present work, it is thought that there
is species difference in response to the blood pres-
sure evoked by MCP between the rat and the rabbit.

As forementioned in introduction, MCP given int-
ravenously in rats” produced depressor response
followed by secondary pressor response, while MCP
in rabbits induced only depressor activity.

While the present study has established a pharma-
cological effects of MCP on the response of blood
pressure under normal physiological condition and
some mechanism of its action, the participation of
this mechanism when this agent is used for treat-
ment of various pathophysiological conditions and
more detailed relationship between MCP and dopa-
mine in the vascular actions remain to be determi-
ned in the future.

SUMMARY

This study was attempted to investigate the effects
of metoclopramide(MCP), a selective dopaminergic
antagonist presently employed in treating nausea
and vomiting and gastroparesis, on blood pressure
of the rabbit and to elucidate the mechanism of its
action.

MCP, given into a femoral vein, elicted a dose-rela-
ted marked fall in blood pressure.

The depressor response evoked by MCP was not
affected by pretreatment with atropine or cyproheta-
dine. The MCP-induced hypotensive effect was inhi-
bited clearly by pretreatment with prazosin, bethani-
dine or chlorisondamine, while was not modified by

propranolol. MCP, when infused intravenously at
rate of 4.0mg/kg/30min., resulted in reduction in
pressor responses evoked by norepinephrine, but
had no effect on depressor responses induced by
dopamine.

From these experimental results, it is thought that
MCP causes significant reduction in blood pressure
of the rabbit, and that this deppressor action may
be due to the inhibition of adrenergic alpha-recep-
tors.
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