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ABSTRACT

When administered intracerebroventricularly (icv), cholinergic nicotinic agents, nicotine and
DMPP, as well as cholinergic muscarinic agents, muscarine and bethanechol, produced pressor
responses in urethane-anesthetized vagotomized rabbits. The response patterns to nicotine and to
DMPP were similar, while the bethanechol response resembled the muscarine pattern. The pres-
sor response to nicotine and DMPP was markedly inhibited by icv mecamylamine but not by icv
pirenzepine, whereas the response to muscarine and bethanechol was inhibited by icv pirenzepine
but not by icv mecamylamine, suggesting that both nicotinic and muscarinic receptors in the

brain are involved in the action.

Intravenous pretreatments of animals with regitine, reserpine, enalapril, saralasin, both regitine
and enalapril, both regitine and saralasin, SK&F-100273 did not prevent the pressor response to
nicotine and muscarine. Iv pretreatments with both regitine and SK&F-100273 inhibited the nico-
tine response without affecting the muscarine response, whereas pretreatments with three agents,

regitine, enalapril and SK&F-100273, inhibited the muscarine response.

The nicotine-induced elevated blood pressure as well as the muscarine-induced were lowered
by regitine but not by enalapril or by SK&F-100273. Enalapril was without effect on the nicotine
hypertension in rabbits treated with regitine or both regitine and SK&F-100273, whereas SK&F-
100273 lowered the nicotine hypertension in regitine-treated animals. Enalapril did not enhance
the lowering effect of SK&F-100273 in regitine-treated ones, nor did it cause a fall of the musca-
rine hypertension induced in regitine-treated rabbits, but it did lower the blood pressure in ani-
mals treated with both regitine and SK&F-100273. Likewise, SK&F-100273 did not cause a fall of
the muscarine hypertension induced in regitine-treated rabbits, but it did lower the blood pres-

sure in animals treated with both regitine and enalapril.

These data suggest that the nicotine-induced hypertensive state is related to at least two
systems in the periphery—sympathetic and vasopressin, whereas in the muscarine-induced
hypertensive state three systems in the periphery are involved, i.e., the sympathetic, vasopressin

and angiotensin system.

The hypotensive effect of regitine on basal arterial blood pressure levels of rabbits was not in-
fluenced by pretreatment with either of enalapril or SK&F-100273, but significantly potentiated
by treating with both enalapril and SK & F-100273, suggesting participation of the sympathetic
and the renin-angiotensin system as well as the vasopressin system in maintenance of arterial

blood pressure.
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ceptors has been shown in the hypothalamus

INTRODUCTION and brain s'tem which.play an importa.nt role in

the regulation of cardiovascular functions{Mor-

ley et al., 1977; Segal et al., 1978; Yoshida &

The presence of acetylcholine nicotinic re- Imura, 1979; Block & Billiar, 1981; Schwartz et



al., 1982). Cholinergic muscarinic receptors too
are present in the hypothalamus and brain stem
(Brezenoff et al., 1981; Willette et al., 1984;
Punnen ef al., 1986; Benarroch et al., 1986).
Intracerebroventricular(icv) nicotine produced
pressor responses in conscious dogs(Lang and
Rush, 1973), cats(Pradhan et al., 1967), goats
(Vandeputte-Van Messom, 1981) and rats(Kubo
& Misu, 1981a). A hypertensive response is e-
voked by central cholinergic activation by mus-
carinic agonists or acetylcholinesterase inhibi-
tors in the unanesthetized cat(Day & Roach,
1977) and dog(Lang & Rush, 1973), in the anes-
thetized rabbit(Kim, 1990) and in the both con-
scious and anesthetized rat(Dirnhuber & Col-
lumbine, 1955; Varagic 1955; Brezenoff & Rusin,
1974; Hoffman, 1979). As to the mechanism(s) of
blood pressure responses following central nico-
tine as well as cholinesters, which have been
shown to act on central nicotinic receptors, the
activation of the sympathetic nervous system
(Review by Kubo, 1985) and the release of
vasopressin(Hoffman, 1979; Ilitake et al., 1986;
Yamaguchi & Hama, 1989; Bhargava er al., 1972;
Cadnapaphornchai et al., 1974; Bisset et al., Cas-
tro De Souza, 1977) have been reported. The
hypertension following icv muscarinic agonists
or acetylcholinesterase inhibitors is mediated
via augmented sympathetic outflow after the
activation of central muscarinic receptors(Va-
ragic & Vojvodic, 1962; Stamenovic & Varagic,
1970; Lang & Rush, 1973; Sinha et al., 1967). In
rabbits it is suggested that icv physostigmine
activated both the sympathetic and _renin-
angiotensin system(Kim, 1990).

In this study, the author found that icv nico-
tine and muscarine elicited pressor responses in
the rabbit, and attempted to elucidate the
responsible pressor systems for these responses.

METHODS

Rabbits of either sex, weighing between 1.7
and 2.4 kg, were anesthetized with urethane(l g/
kg, sc). The trachea was cannulated. The animal
was fastened prone with its head extended.

Blood pressure was taken from the left femo-
ral artery and recorded on a physiograph.
Blood pressure was expressed as mean arterial
pressure(mean+S.E.M,, mmHg). In some experi-

ments heart rate was simultaneously recorded
with blood pressure on a physiograph by means
of biotachometer. Heart rate was expressed as
beats per minute(mean+S.E.M., bpm).

Intravenous(iv) injections were made into the
left ear vein in a volume of 0.5 ml/kg, and intra-
venous infusion into the right ear vein at a rate
of 0.1 ml/kg/min.

Intracerebroventricular(icv) injections were
performed through a thin polyethylene tube(3
c¢m long and | mm diameter) inserted into the
lateral cerebral ventricle. Drugs were given in a
volume of 0.1 ml per animal. The drug solutions
were kept at 36~38°C. At the end of each ex-
periment the position of the tube was confirmed
by removing the parietal bone and dissecting
the brain.

In all the animals employed in this study bi-
lateral vagotomy was performed by cutting the
vagal nerve trunks at the level of the neck 1 hr
before experiments. It was noted in preliminary
experiments that icv nicotine produced a
marked decrease in heart rate along with an in-
crease in blood pressure. In vagotomized rab-
bits, however, the decrease of heart rate was sig-
nificantly attenuated and the increase of blood
pressure became more marked, that is, in 4 non-
vagotomized rabbits icv nicotine 100 g pro-
duced an increase of 19+2.9 mmHg in blood
pressure and a decrease of 141 £16 bpm in heart
rate, while in 4 vagotomized animals the same
dose produced an increase of 44+57 mmHg
and a decrease of 52+5 bpm.

Drugs. Nicotine hydrogen tartrate(Carl Roth),
muscarine chloride(Sigma), DMPP(Sigma), be-
thanechol chloride(Sigma), methoxamine HCI
(Sigma), mecamylamine HCI(Merck Sharp &
Dohme), pirenzepine dihydrochloride(Sigma),
regitine methanesulfonate(Ciba), reserpine(Ci-
ba), enalapril maleate(Merck Sharp & Dohme),
saralasin(Sigma), SK&F-100273([d(CH2 sTyr-
(Me)]-arginine-vasopressin, Smith Kline &
French Lab), vasopressin(Sigma), angiotensin I
(Sigma), angiotensin 1I{(Sigma) and norepineph-
rine bitartrate(Sigma) were used. The drugs, ex-
cept reserpine, were dissolved in saline. A stock
solution of reserpine(2.5 mg/ml) was prepared
by dissolving in a mixture of benzylacohol, ci-
tric acid and Tween 80, which was further dilu-
ted with distilled water before use. All doses are
expressed as weight of salt. The doses of drugs



given icv were expressed as /g per animal.
The Student’s t-test was used in analysing the
results statistically.

RESULTS

Responses to icv cholinergic drugs

Nicotine. 20 ug elicited a slight pressor
response only in some animals. With 50 ug, how-
ever, a distinct pressor response was always
seen and the response became larger with 100 zg.
The rise of blood pressure by 100ug reached a
plateau at about 1~2 min after injection and 2
~3 min later blood pressure began to decline
and returned to the preinjection levels in about
5 min(Fig. 1, 2). The second injection given at
interval of 2~3 hr produced almost the same
response, but the third one elicited a dimin-
ished response.

DMPP. 100 ug elicited a slight and inconsis-
tent response. With 200ug the pressor response
was distinct(Fig. 1) and the pattern of the
response was similar to that to 50 ug nicotine.
With higher doses no increase in the magnitude
of the rise in blood pressure was observed. On
repeated administrations of 200 ug at intervals
of 2~3 hr the response was reproducible, while
the response to the third dose tended to de-
crease.

Muscarine. 25 pg produced a distinct rise.

y " 80

nicotine

muscarine

The pressure began to rise in about 3 min after
injection, reaching a plateau at 5~10 min,
which lasted for a period of about 15 min, and
then declined very gradually(Fig. 1, 3). With the
dose reduced to one half, no pressor responses
were noted in some animals, and even when the
dose was doubled no increase in the response
was seen. As seen in the cases of nicotine and
DMPP, the blood pressure response to the sec-
ond injection given at 2~3 hr later remained
undiminished but the third dose produced
much less response.

Bethanechol. 100 xg elicited a distinct pressor
response. Doubling doses almost did not in-
crease the response. The blood pressure rose
gradually, reaching a plateau at about 5 min
after injecion, which lasted over 10 min(Fig. 1).
The second and third injections given at 2 hr in-
tervals produced almost the same responses.

Effect of icv mecamylamine and pirenzepine on
the responses to icv cholinergic drugs

The results of this study are summarized in
Table 1.

About 3 min after an administration of icv
mecamylamine and pirenzepine responses to
cholinergic agents were examined.

Mecamylamine markedly inhibited the res-
ponses to nicotine and DMPP but did not inhib-
it those to muscarine and bethenechol, while
pirenzepine inhibited the responses to musca-

bethanechol

f————1 5 min.

Fig. 1. Blood pressure tracing of rabbits. Left scales: mmHg. At arrow marks nicotine (100 g), DMPP (200 /g), musca-
rine (25 ug) and bethanechol (200 1g) were administered intracerebroventricularly.
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Fig. 2. Changes of blood pressure by SK&F-100273 and enalapril in nicotine (100 g, icv)-induced hypertensive state
in rabbits. Arrow marks: icv injection of nicotine (100 g). Left scales: blood pressure (mmHg). Closed asterisks:
iv injection of SK&F-100273 (20 ¢g/kg). Open asterisks: iv injection of enalapril (2 mg/kg). Upper curve was
obtained from the rabbits without pretreatment. Two middle curves were from the regitine (1.5 mg/kg, iv)-
pretreated rabbits. Left lower curve from the rabbits pretreated with regitine (1.5 mg/kgm iv) and enalapril (2
mg/kg, iv), right lower one from those pretreated with regitine (1.5 mg/kg, iv) and SK&F-~100273 (20 g/kg, iv).
Data are the mean+S.E.M. for 4~6 animals
Note that SK&F-100273 produced a fall of the nicotine-induced elevated blood pressure in regitine-treated
rabbits but enalaﬁril did not.
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Fig. 3. Changes of blood pressure by SK&F-100273 and enalapril in the muscarine (25 g, icv)-induced hypertensive
state in rabbits. Legends are the same as in Fig. 2. Data are the mean+S.E.MM. for 4~6 animals.
Note that SK&F-100273 and enalapril failed to produce a fall of the muscarine-induced elevated blood pres-
sure in regitine-treated rabbits. SK&F-100273 and enalapril, however, produced a fall of the muscarine-in-
duced elevated blood pressure in rabbits treated with regitine and enalapril and those treated with regitine and
SK&F-100273, respectively.



Table 1. Effects of pretreatment with icv mecamylamine and pirenzepine on the pressor respones to icv cholinergic

drugs in rabbits®

Pretreatment with

Cholinergic agents No pretreatment Mecamyla'lmine P(izrenze.pine

(Doses per animal) (1004, icv) S icv)
n  *initial  **increase initial increase n initial increase
Nicotine (50 rg) 6 85+3.8 16+2.4 92+3.8 5+2.3% 90+4.2 18+3.6
(100 1) 9 93+2.4 40+5.7 96+4.5 15£3.5% 5 95+5.3 38+6.8
DMPP (200 g) 14 97+2.9 18+2.8 86+4.6 5+£1.2% 4 90£2.0 15+1.2
Muscarine (25 ug) 8 99+2.8 17+1.0 99+4.5 19+0.9 4 89+4.9 8+1.3"
Bethanechol (200 ug) 6 93+3.5 14+1.2 99+1.5 11£1.6 4 88+3.4 241.1*
Methoxamine**( 1 mg) 5 87+6.4 20+4.1 88+3.4 21+7.1 4 90%+2.9 16+3.3

® Vagotomized rabbits were employed.

Initial*; level of blood pressure (mmHg, mean +S.EM) before cholinergic agents.
Increase*: mean =S.EM (mmHg) of differences between blood pressure before cholinergic agents and maximum blood

pressure achieved by cholinergic agents.

* Statistical significant differences (P < 0.01) from the increase in “no pretreatment”.
** Jcv mecamylamine and pirenzepine did not affect the increases of blood pressure by methoxamine.

rine and bethanechol but did not offset those to
nicotine and DMPP. By contrast, both meca-
mylamine and pirenzepine had no effect on the
pressor response of methoxamine.

Effect of various pharmacological agents on the
responses to icv nicotine and muscarine

The results of this study are summarized in
Table 2.

Regitine. At about 3 min after iv regitine(1.5
mg/kg), the increase of blood pressure by nor-
epinephrine(3 pg/kg) was reduced to 6126
mmHg from the control increase of 30+5.6
mmHg. At 10 min after the injection, however,
the pressor response to norepinephrine was 18+
3.7 mmHg, indicating a significant decline of the
regitine action. Therefore icv nicotine and mus-
carine were given at 2~3 min after iv regitine.

Basal blood pressure levels were lowered by
iv regitine(Fig. 4). The pressor effect of nicotine
and muscarine was not modified by regitine.

Reserpine. Pretreatment with reserpine(l mg/
kg, iv 24hr before experiment) too did not af-
fect the pressor responses to the nicotine and

muscarine.

Enalapril. At about 3 min after enalapril(2
mg/kg, iv) the increase of blood pressure by
angiotensin (3 xg/kg) was reduced to 5+0.7
mmHg from the control increase of 42%5.5
mmHg. This inhibitory effect of enalapril on
angiotensin I lasted over 1 hr.

Basal blood pressure levels were not lowered
by enalapril. Enalapril was without effect on
the pressor responses to nicotine and musca-
rine.

Saralasin. During an infusion of this an-
giotensin 1l-antagonist(5 ug/kg/min) nicotine
and muscarine produced pressor responses as in
the control animals without saralasin infusion.

Regitine and enalapril. Regitine was given at
about 5 min after enalapril and then effect of
nicotine and muscarine was examined. No sig-
nificant alterations in the activity of nicotine
and muscarine were observed.

Regitineand saralasin. While continuing an
infusion of saralasin, regitine was given and
then the effects of nicotine and muscarine were
examined. The response to nicotine was not af-



Table 2. Effects of pharmacological agents on the pressor responses to icv nicotine (100 #g) and muscarine (25 #g) in

rabbits®
Pretreatment™ Nicotine Muscarine
(dose/kg) n initial* increase™™ n initial increase

None 9 93+2.4 40+£5.7 8 99+2.8 17+1.0
Regitine (1.5 mg) 9 76 £5. 43+4.4 6 75+3.1 20+2.8
Reserpine (1 mg, 24hr before) 4 61£4. 30+2.6 4 62+9.2 24+8.0
Enalapril (2 mg) 4 98+6. 42+8.0 5 85+4.5 16+4.0
Saralasin (5 ¢g/min) 4 90+3. 36+5.6 4 86+1.9 21+4.2
Regitine (1.5 mg) and 4 57+2. 30+3.4 7 52+5.4 15+2.8
Enalapril (2 mg)
Regitine (1.5 mg) and 4 72+3. 40+9.3 4 6216.1 13+4.0
Saralasin (5 zg/min)
SK &F-100273 (20 ug) S 86+6. 41+£5.7 5 86+4.2 16+4.6
Regitine (1.5 mg) and 7 78t4. 20+2.6%* 10 65+5.6 15+1.8
SK&F-100273 (5 ug/min)
Regitine (1.5 mg),
Enalapril (2 mg) and 4 47+6. 18+3.8** 4 35+2.5 3+0.7%*
SK &F-100273 (20 g)

“ Vagotomized rabbits were employed.

* The drugs except reserpine and saralasin were given intravenously 3-10 min before icv nitocine and muscarine.
Reserpine (iv) was given 24 hr before experiment, and saralasin was infused (5 sg/kg/min).

* and ** denote the same as in Table 1.

** Statistical significant differences (P (0.01) from the increase in "None".

fected. The response to muscarine tended to be-
come smaller, though insignificant.

SK&F-100273. About 3 min after an injection
of this drug(20 ug/kg) vasopressin 50 mlU,
which caused a rise of 21+2.3 mmHg(n=4),
almost did not produce pressor responses. This
inhibitory effect lasted over 1 hr. This vaso-
pressin-antagonist did not affect basal blood
pressure levels as well as the pressor responses
to nicotine and muscarine.

Regitine and SK&F-100273. At about 5 min
after SK&F-100273, regitine was injected, and
then the effects of nicotine and muscarine were
checked. The pressor response to nicotine was

significantly inhibited(P<0.01), but that to
muscarine was not affected.

Regitine, enalapril and SK & F-100273. At 3
min after an injection of regitine following
administration of enalapril and SK&F-100273,
the pressor responses to both nicotine and mus-

, carine were markedly inhibited(P<0.01 each).

Effect of regitine, enalapril and SK&F-100273
on hypertensive state induced by nicotine and
muscarine

Regitine. This drug caused a fall of the blood
pressure which had been elevated by either of
nicotine and muscarine, although it did not pre-
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Fig. 4. Influence of enalapril and SK&F-100273 on the hypotensive effect of regitine in rabbits. Arrow mark: iv
regitine (1.5 mg/kg). Left scale: blood pressure (mmHg). Data are the mean +S.E.M. for 4~6 animals.
* Significant difference (P < 0.01) from the above 3 values at the corresponding time.

vent the pressor responses of nicotine and mus-
carine.

Enalapril. This converting enzyme inhibitor
did not cause a fall of the elevated blood pres-
sure by nicotine in the animals treated with
regitine or with both regitine and SK&F-100273
as in non-treated animals(Fig. 2).

The muscarine-induced hypertensive state
after regitine also was not affected by this in-
hibitor. The similar hypertensive state in the
animals treated with both regitine and SK&F-
100273, however, was lowered by this drug(a fall
of 16+3 mmHg within 1 min after admini-
stration, n=4) (Fig. 3).

SK&F-100273. This vasopressinergic antago-
nist did not cause a fall of blood pressure which
had been elevated by either of nicotine or mus-
carine in non-treated animals. However, this
drug produced a distinct fall of the nicotine-ele-
vated blood pressure in the animals treated ei-
ther with regitine alone or with both regitine
and enalapril(Fig. 2). The magnitude of the fall
in regitine-treated rabbits(28+4.1 mmHg within
1 min after injection, n=35) was not different
from that in both regitine and enalapril-treated
ones(32+3.5 mmHg within 1 min after injection,
n=4),

In regitine-treated animals the muscarine-in-
duced hypertensive state was not affected by
this antagonist, whereas the elevated blood
pressure in the animals treated with both re-
gitine and enalapril was lowered by ithis drug(a
fall of 20+4 mmHg, n=4) (Fig. 3).

Influence of enalapril and SK&F-100273 on
hypotensive effect of regitine

On injecting regitine(1.5 mg/kg, iv) an abrupt
fall of blood pressure ensues almost invariably.
And then, partial recovery follows, as shown in
Fig. 4. This pattern was also observed in rabbits
treated with either enalapril(2 mg/kg) or SK&
F-100273(20 pg/kg). The treatment of rabbits
with both enalapril and SK&F-100273, however,
changed the pattern into one, in which no par-
tial recovery takes place(Fig. 4).

DISCUSSION

Sites of pressor action of nicotine, DMPP, mus-
carine and bethanechol

The pressor response to icv nicotine and
DMPP, cholinergic nicotinic agonists, was in-
hibited by prior icv injection of mecamylamine,



a cholinergic nicotinic antagonist, but not icv
pirenzepine, a cholinergic muscarinic antago-
nist, whereas the pressor response to icv musca-
rine and bethanechol, cholinergic muscarinic
agonists, was inhibited by pirenzepine but not
by mecamylamine. Icv mecamylamine and pi-
renzepine did not affect the pressor response to
icv methoxamine which has been shown to act
on a-adrenoceptors(Kim ef al., 1982). In addi-
tion, the response patterns to the two nicotinic
agonists were similar and those to the two mus-
carinic agonists resembled each other. These
findings suggest the presense of two distinct
types of cholinergic receptors in- the rabbit
brain, both of which participate in the regula-
tion of blood pressure.

Major pressor systems and the pressor responses
to nicotine and muscarine

The regulatory systems thought to be primari-
ly responsible for the support of blood pressure
are the sympathetic nervous system, the renin-
angiotensin system and the vasopressin system.
In this study the contribution of these systems
to the pressor responses to nicotine and musca-
rine was evaluated by observing the effect on
these responses of pharmacological agents that
block each of the systems.

Neither the decrease of the activity of the
sympathetic nervous system with regitine(an o-
adrenoceptor antagonist) or reserpine(a cate-
cholamine depletor), nor the removal of activity
of the renin-angiotensin system with saralasin
(an angiotensin II antagonist) or enalapril(a
converting enzyme inhibitor), nor the blockade
of the pressor action of vasopressin with SK&F-
100273(a vasopressinergic antagonist) did pre-
vent the pressor responses to nicotine and mus-
carine. Even the simultaneous inactivation of
the sympathetic nervous system and the renin-
angiotensin system with regitine and saralasin
(or enalapril) was unable to inhijbit the pressor
responses. These findings may easily lead one to
an erroneous conclusion that the three major
systems are not related to the pressor action of
nicotine and muscarine(see later).

However, further observations clearly indi-
cate that the contrary is true. The nicotine
response was weakened by the simultaneous
blockade of the sympathetic nervous system
and the vasopressin system, suggesting that the

pressor action is indeed related to the sympa-
thetic and vasopressin system. The muscarine
response was not affected even with both o-
adrenoceptor antagonist and vasopressinergic
antagonist but almost abolished when the three
systems were blocked at the same time, indicat-
ing the participation of the three systems in the
pressor action.

On the other hand, the blockade of ¢-ad-
renoceptors lowered the blood pressure which
had been elevated by nicotine and muscarine,
whereas neither the inhibition of the converting
enzyme nor the blockade of the vasopres-
sinergic receptors did suppress the pressure.
When the sympathetic system was inactive,
however, the nicotine-induced hypertension was
lowered by the blockade of the vasopressin
system, suggesting that the hypertension in this
state was vasopressinergic in origin. The attenu-
ated pressor respones to nicotine following the
inactivation of both the sympathetic and
vasopressin system was not further inhibited by
the inactivation of the renin-angiotensin system,
indicating no role of angiotensin in this res-
ponse. The muscarine-induced hypertension
after sympathetic blockade was not affected by
the inactivation of either of the renin-angio-
tensin or the vasopressin system. However, the
muscarine hypertension in the state of de-
creased activity of both the sympathetic and
renin-angiotensin system was inhibited by the
vasopressinergic blockade, indicating that vaso-
pressin was responsible for this response. The
hypertension in decreased activity of the sym-
pathetic and vasopressin system was suppressed
by the inhibition of the converting enzyme, in-
dicating that angiotensin II was contributing to
this increase in blood pressure. These data sug-
gest that central nicotine activated the sympa-
thetic nervous system and the vasopressin sys-
tem, whereas central muscarine stimulated the
sympathetic nervous system, the renin-angi-
otensin system and the vasopressin system.

Basal blood pressure levels and major pressor
systems

Regitine lowered basal blood pressure but
enalapril and SK&F-100273 did not. Also on the
hypertensive states induced by nicotine and
muscarine the three drugs produced the same
response as in normal rabbits. In the dog similar



phenomena have been observed(Fejes-Toth et
al., 1985; Hiwatari et al, 1985; Schwartz & Reid,
1983). These findings indicate the greatest po-
tential of the sympathetic nervous system in
controlling blood pressure. The hypotensive ef-
fect of regitine on blood pressure was not af-
fected by the treatment of animals with either
enalapril or SK&F-100273. However, in animals
pretreated with both enalapril and SK&F-
100273 the partial recovery of the lowered
blood pressure following regitine did not occur
and the hypotension was accentuated. These in-
dicate that both the renin-angiotensin and
vasopressin system participate in the partial re-
covery following sympathetic blockade. Brand
et al. (1988) suggested that during autonomic
ganglionic blockade, blood pressure was sup-
ported by both angiotensin II and vasopressin,
and that sympathetic function was not essential
for maintenance of blood pressure in resting
dogs.

Conclusively, all three pressor systems, i.e the
sympathetic, the renin-angiotensin and the
vasopressin are responsible for maintanance of
basal blood pressure as well as for the hy-
pertensive response to muscarine. For occur-
rence of the nicotine hypertension both the
sympathetic and vasopressin system are res-
ponsible. This may be plausibly accounted for,
if one assumes that acute removal of the
activity of any of the pressor systems is quickly
counteracted by enhanced activity of the other
systems. The inability of regitine-pretreatment
to affect the nicotine pressor responses, for ex-
ample, may not be due to the failure of block-
ade of adrenergic receptors but result from en-
-hanced activities of the renin-angiotensin and
vasopressin systems in response to the adre-
nergic blockade, as well as from the release of
vasopressin via the stimulation of central nico-
tinic receptors.

Others

Although the pressor responses to nicotine
showed significant decrease by a combined pre-
treatment of regitine and SK&F-100273, part of
the pressor responses persisted(Table 2). It
might be due to some other pressor factor(s)
than catecholamine, angiotensin II and vaso-
pressin as suggested in adrenal regeneration
hypertension and pressor responses to icv hy-

pertonic NaCl by Foulkes et al. (1988) and
Takata et al. (1988).

It has been shown that anesthetized cats
(Armitage & Hall, 1967a 1967b) and rats(Kubo
& Misu, 1981b) responded with hypotension to
icv nicotine. In the present study hypotensive
responses were hardly observed. The species
difference may explain this phenomenon.
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