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The present subject is a diverse one and includes a large volume of work
published in recent years. Two excellent review articles have provided a
broader coverage of the field than that intended by the author. Somlyo &
Somlyo (1) have very thoroughly analyzed the effects of pharmacologic
agents on isolated vasciilar smooth muscle, and Mellander & Johansson (2)
reviewed in detail control of the resistance and capacitance vessels, including
effects of endogenous substances and some drugs. In addition, Henning has
amply considered the cardiovascular effects of methyldopa (3). The pur-
pose of this review is to pull together the results of work which have not
previously been covered and which I feel arc of particular interest to those
in the field. Specifically, these subjects comprise recent studies of the pe-
ripheral sympathetic actions of angiotensin and possible relationships of the
sympathetic nervous system to renal hypertension. A very great effort has
been made in the past decade to delineate the sympathetic interactions of
angiotensin II, and because of their possible role in renal hypertension this
subject will comprise a large part of the review. Recent developments con-
cerning the mechanisms of several antihypertensive agents will also be con-
sidered, and the actions of clonidine, several compounds related to clonidine,
and the adrenergic neuronal blockers will be discussed. An exhaustive con-
sideration of these selected topics is not the intent of the author and unfor-
tunately all pertinent investigations cannot be included.

PeRIPHERAL SYMPATHETIC EFFECTS OF ANGIOTENSIN

It has been known for some time that the cardiovascular response to
angiotensin is attributable to direct action on vascular smooth muscle as
well as to indirectly mediated peripheral (4-6) and central (7, 8) adrener-
gic effects. In addition, the octapeptide releases catecholamines from the me-
dulla (9) and aldosterone (10, 11) from the cortex of the adrenal gland.
Because these effects of angiotensin could lead to an elevation of blood pres-
sure, and because the usual plasma concentration of angiotensin found in
renal hypertension is insufficient to increase blood pressure significantly by a
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direct vasoconstrictor effect, these indirect actions of angiotensin have im-
portant implications.

In recent years many workers have sought to investigate the interactions
of angiotensin with the sympathetic nervous system. A variety of studies
have been carried out. On one hand the blood pressure or vascular response
to angiotensin itself has been studied before and after sympathetic denerva-
tion or drug induced adrenergic blockade. In other instances effects of the
polypeptide on responses to nerve stimulation, catecholamine release, and
uptake have been explored. In a study of the first type, drug-induced inter-
ference with sympathetic function reduced responses to angiotensin II. A
large dose of angiotensin, 1 pg/kg, given intravenously caused resistance
increases’in the vascular beds supplied by the superior mesenteric, subcla-
vian, internal carotid, and renal arteries (12). Administration of the adren-
ergic blocker phenoxybenzamine reduced greatly the increments in resis-
tance in the superior mesenteric and subclavian vascular beds, but not in
the renal or internal carotid beds. These results suggested a sympathetic
component of action of angiotensin in only certain vascular regions. Geller
& Kendrick (13) found that the degree of reduction in renal blood flow pro-
duced by angiotensin injected intraarterially or intravenously in dogs was
unaffected by acute sympathetic denervation. Disalvo & Fell (14) confirmed
the finding of the lack of any dependency of the renal vasoconstrictor ac-
tion of angiotensin on the sympathetic innervation. In their study, angioten-
sin in a range of doses (0.1-2 pg) injected intraarterially produced similar
decrements in renal blood flow in the innervated and chronically denervated
dog kidney and in the kidney of the reserpine treated animal. Because previ-
ous work indicated that the magnitude of the vasoconstrictor response of
angiotensin in the dog’s hindquarters was proportional to the degree of
adrenergic tone in that vascular bed (4), the absence of such an effect in
the kidney may be related to the known lack of renal sympathetic tone. Al-
though of pharmacologic interest, the sympathetic influence on responses to
intraarterial injections of relatively large doses of angiotensin is of doubt-
ful physiologic importance. L.ow concentrations of the polypeptide, ap-
proaching those achieved physiologically, have been found to augment
greatly the vasoconstrictor response to sympathetic nerve stimulation in the
renal vascular bed (15). This effect of angiotensin, we believe can play a
role in normal renal hemodynamics and in the pathophysiology of the kid-
ney.

Depending on the experimental conditions evidence has been presented
for and against a sympathetic component to the overall blood pressure re-
sponse to angiotensin. In the pithed rat, Finch & Leach (16) demonstrated
that the secondary phase of a biphasic blood pressure response elicited by
intravenous administration of angiotensin (200-500 mug) was abolished
by alpha adrenergic and ganglionic blocking drugs and bethanidine. The
authors concluded that since relatively large doses of angiotensin were nec-
essary to produce this sympathetic effect, it is unlikely to be significant.
Schumann & Guther (17) reported that in rats the pressor potency of an-
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giotensin relative to norepinephrine, which was normally 10, was decreased
to between 3 and 5 by prior treatment with doses of methyldopa and reser-
pine shown to deplete catecholamines. Reserpine treatment for 7 consecu-
tive days was found to decrease more persistently the blood pressure re-
sponse of conscious rats to angiotensin than to norepinephrine, which ini-
tially suggested a sympathetic effect of angiotensin (18). A subsequent
study revealed that other agents that blocked the sympathetic nervous sys-
tem failed to reduce the pressor effect of angiotensin and led the authors to
believe that reserpine was acting to depress the response to angiotensin di-
rectly (19). In another study in rats, enhancement of the angiotensin pres-
sor response was produced by norepinephrine and other adrenergic amines
(20). The explanation for this potentiated response was that there is an
interaction between angiotensin and other amines with the alpha receptor,
resulting in an augmented contraction of vascular smooth muscle. A pro-
gressive blood pressure rise in dogs (21) and rabbits (22) elicited by sub-
pressor doses of angiotensin has also been reported. This very interesting
and possibly important response has been attributed to a peripheral and cen-
tral sympathetic effect. Thus it can be concluded that sympathetic interac-
tions can contribute to the systemic blood pressure response to angiotensin
in the dog, rat, and rabbit, but again, when large doses are necessary to
demonstrate such an effect, it is of doubtful significance.

The mechanism of sympathetic action of angiotensin has been examined
in a number of investigations on catecholamine release and uptake. Kiran
& Khairallah studied the release of labeled norepinephrine from rabbit aor-
tae previously exposed to H3-NE (23). When superfused with angiotensin
II amide (1-asparagine-5 valine angiotensin) in a concentration of 1.8
pg/ml an augmented release was noted. Curiously, twice this concentration
of angiotensin II (1l-aspartic acid-5 valine angiotensin) was necessary to
elicit a comparable effect. In aortae from guinea pigs and rats Schumann &
Guther found that angiotensin IT amide in a lower concentration, 50 mpg/
ml, induced contractile responses partially attributable to an indirect cate-
cholamine releasing action (17). Hughes & Roth found that a large concen-
tration, 0.5-2 pg/ml, was needed to augment basal release of a labeled store
of catecholamine (24). The same authors, however, were able to demon-
strate a short-lived (1-2 min) release of labeled amine from the coeliac
artery with lower concentrations (10-100 mpg/ml) of angiotensin, to the
author’s knowledge the lowest concentration yet shown to liberate norepi-
nephrine directly. A similar catecholamine releasing action of angiotensin
in vivo was reported by Peach & Ford (25). An infusion of 0.1 pg/kg/min
of the polypeptide increased the plasma catecholamine level and slightly ele-
vated the myocardial content in dogs. The source of released catecholamine
was believed to be the adrenergic nerve endings rather than the adrenal
gland. Because in general a much higher concentration of angiotensin is
required for eliciting the direct release of norepinephrine than that neces-
sary for augmentation of release during adrenergic nerve discharge (vide
infra), the former action appears to be relatively unimportant.
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Evidence for facilitation of release of norepinephrine by angiotensin
during electrical stimulation of the adrenergic nerve supply was obtained in
the dog’s renal and cutaneous vascular beds (15, 26). The basal level of
catecholamine in the venous effluent of these beds was unchanged during
intraarterial infusion of angiotensin II (0.1-1 pg/min), whereas the re-
lease during stimulation was increased by approximately 50%. In the case
of the kidney the calculated concentration of angiotensin in the blood that
could evoke this effect was found to be 1.4 mug/ml (27). It was concluded
from these results that angiotensin acted in some manner to facilitate trans-
mitter release, which brings about potentiation of the neurally elicited vaso-
constrictor response. Two other groups of investigators have reported a
similar facilitating effect of angiotensin on adrenergic transmitter release in
other tissues and have further clarified the mechanism of this action. Facili-
tation of neurally elicited release of labeled norepinephrine but not its me-
tabolites from the rabbit portal vein was evioked by angiotensin in a concen-
tration range of 10-400 mug/ml of superfusion medium (24). The percent of
increase above basal release was nearly doubled at the lower frequencies of
stimulation but not at 5 or 10 Hz. Even in the presence of cocaine, 4 ug/ml,
which blocked reuptake, the potentiation of release by angiotensin was of a
similar magnitude and indicated that the mechanism of this effect was not
interference with uptake of catecholamine. Facilitated release was even

‘more prominent in the coeliac artery, in which nerve-stimulated catechola-

mine efflux was augmented 30-1509% by a concentration range of 0.1-1 mug/
ml of angiotensin. Results basically in agreement with the above were
presented by Starke et al (28). Angiotensin in even lower concentrations
(0.128-1.28 mpg/ml) augmented adrenergic transmitter release from the
perfused rabbit heart during nerve stimulation at 5 Hz. Interestingly, the
threshold concentration of angiotensin capable of producing this effect was
lower at constant flow than at constant pressure perfusion, Furthermore,
the inotropic response to nerve stimulation was increased in presence of
angiotensin only when constant flow perfusion was employed. Since they
found that blockers of uptake did not interfere with the potentiated trans-
mitter release, these workers also concluded that angiotensin exerts an ac-
tion on the adrenergic neuron unrelated to an effect on the uptake process.
There are conflicting views about whether or not angiotensin is capable
of blocking the active transport of .catecholamines into the adrenergic neu-
ron. Several workers have obtained evidence for such an action (29-32)
and in some cases propose that this accounts for the sympathetic potentia-
tion produced by the polypeptide. This postulate was based partly on the
following findings. Palaic & Khairallah demonstrated that the presence of
angiotensin in the medium used to perfuse the rat’s brain reduced the tissue
uptake of H3-NE and its subsequent washout (29). Release of H3-NE from
the brain elicited by vagal stimulation was increased by a large dose of an-
giotensin (5 pg/ml) (30). These authors accounted for the results of both
these studies by a blocking effect of angiotensin on uptake; however, the
augmented release they observed could as easily be ascribed to facilitation
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of the process of release. Other evidence for blockade of uptake by angio-
tensin consists of the results of experiments carried out by Peach et al em-
ploying the perfused rabbit heart (32) and by Panisset & Bourdois utilizing
the perfused cat mesenteric bed (31). Binding of H3-NE by these tissues
was diminished in presence of angiotensin in the perfusion medium in the
concentration of 0.05-0.2 mug/ml in the former and 100 mug/ml in the lat-
ter study. A number of reports have indicated, however, that uptake of cate-
cholamines by various tissues is not consistently decreased by angiotensin
in a wide range of doses or concentrations. In the report of Hughes & Roth
(24) previously alluded to, exposure of the rabbit portal vein, rat heart, and
coeliac artery to 50 and 500 mug/ml of angiotensin resulted in no decreased
uptake of H3-NE. There was, in fact, an increased uptake of amine when
the portal vein was exposed to the polypeptide for 15 min before addition of
H3-NE. When both angiotensin and H3-NE were incubated simultaneously,
there was a small decrease (24%) in amine accumulation by the portal vein
but this was not found in the other tissues that they used. Employing a
preparation similar to that previously discussed (32) Schumann et al (33)
found no reduction in the amount of unlabeled norepinephrine bound by the
rabbit heart or cleared from the perfusion medium in presence of angioten-
sin in a range of concentrations from 0.01 mpg/ml to 1.3 pg/ml. Only at the
enormous concentration of 13 pg/ml was a significant decrease in uptake
demonstrated, and this amounted to only 19.5%. In a later study Starke ex-
tended these studies to include the effect of angiotensin on C* labeled
norepinephrine (34). With 1 and 100 mpg/ml of angiotensin in the perfusion
medium there was no significant change in norepinephrine removed from
the medium or bound in the heart, although there was a tendency for in-
creased cardiac accumulation with the higher concentration. The largest
dose employed, 10 pg/ml, did reduce uptake by about 29%. In our labora-
tory we too have failed to show a blockade of catecholamine uptake in iso-
lated cutaneous canine blood vessels by angiotensin in the concentration
range of 0.01-1 pg/ml (35). We also found the reverse cffect, an increase
in uptake of labeled norepinephrine in presence of the agent. I would con-
clude as have others (24, 33) that the augmented adrenergic transmitter
release and potentiated end organ response brought about by angiotensin
is not attributable to blockade of the reuptake process, but to some other
effect of this agent on the adrenergic neuron. The finding of Starke (34)
that tyramine-induced release of norepinephrine from the perfused rabbit
heart is not enhanced by angiotensin indicates that the facilitatory effect is
exerted only on a specific store of catecholamine in the neuron. Although no
direct evidence is available to explain the mechanism of this action of angio-
tensin, the author has felt, and it has been suggested by others (24, and Pa-
laic & Panisset, personal communication), that perhaps an effect of the poly-
peptide on cell membrane permeability could be involved in the facilita-
tory action. There have been reports indicating that angiotensin increases
sodium and water transport in several tissues (36, 37), and it is conceivable
that such an action may be exerted on the membrane of the adrenergic neu-



Annu. Rev. Pharmacol. 1972.12:125-140. Downloaded from www.annualreviews.org

by UNIVERSITY OF MIAMI on 12/16/11. For personal use only.

130 ZIMMERMAN

ron or the adrenergic vesicle. Well documented autonomic actions of an-
giotensin on the central nervous system, sympathetic ganglia, and adrenal
medulla also exist, but are beyond the scope of the present review.

RELATIONSHIP OF SYMPATHETIC NERVOUS SYSTEM TO RENAL HYPERTENSION

There have been a number of investigations performed recently that
have dealt with alterations in sympathetic and vascular responsiveness in
renal and other types of experimental hypertension. Discussion will be
mainly limited to those studies involving renal hypertension. The methods
employed to produce renal hypertension differ among these investigations
and it should be kept in mind that although a procedure that results in high
blood pressure was carried out to compromise the kidney, we may be deal-
ing with hypertensive conditions with different characteristics. For exam-
ple, there is an important distinction between whether the contralateral kid-
ney is left intact or removed in hypertensive animals with renal artery oc-
clusion, since the ischemic kidney in the former case has the capacity to
release more renin than in the latter (38), Addition of a high salt diet or
saline injections to animals used in these experiments also decreases the
ability of the kidney to release renin. The possibility exists, too, that hyper-
tension due to compression of the kidney with cellophane or by other means
may not be identical to that produced by occlusion of the renal artery.

Baum & Shropshire (39) compared vasoconstrictor responses elicited by
sympathetic nerve stimulation and exogenously administered norepinephrine
in the perfused hindquarters of normal rats and animals made hypertensive
by figure-of-eight renal ligation and contralateral nephrectomy. The re-
sponses to nerve stimulation were significantly greater in the hypertensive
group only at the two week interval postoperatively (acute phase of hyper-
tension) and were not different during later intervals of 6 and 12 weeks.
The responses to norepinephrine on the other hand were significantly
greater in the hypertensives only at the 6 and 12 week intervals, which
probably represent intervals during the chronic phase of the hypertension.
Finch (40) examined blood pressure responses to pithed normotensive and
hypertensive rats and vasoconstrictor responses of mesenteric vessels taken
from these animals, at a single interval postoperatively (at 8 weeks or
later). Hypertension was induced in one group of animals by renal artery
occlusion accompanied by unilateral nephrectomy, and in a second group by
DOCA and salt administration. The systemic pressor responses to norepi-
nephrine, tyramine, and DMPP were greater than normal in both groups of
hypertensive rats whereas the pressor response to stimulation of the total
sympathetic outflow was larger only in the DOCA hypertensive rats. In-
creased reactivity of the mesenteric vessels to norepinephrine and sympa-
thetic nerve stimulation, however, was obtained in both groups of hyperten-
sives. In the renal hypertensives, responses to sympathetic stimulation at
frequencies greater than 12 Hz were potentiated, whereas responses to stim-
ulation at 6 Hz were not. Haeusler & Haefely (41) found greater respon-
siveness to mesenteric vessels of renal hypertensive rats to norepinephrine
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but not to nerve stimulation (25 Hz) at 6-8 weeks postoperatively. Their
rats were made hypertensive by renal compression and salt administration.
In contrast, they found that in genetic hypertensive rats responses of these
vessels to norepinephrine and nerve stimulation, as well as to KCl, were all
greater than in normotensives. It would appear from these studies that the
mesenteric and hindquarter vessels of renal hypertensive rats become hy-
perresponsive to norepinephrine and other vasoactive substances, especially
during the chronic phase of the process, and that this may occur in other
types of experimental hypertension as well. Whether this is attributable
solely to hypertrophy of the medial layer of the resistance vessels which is
believed to occur in spontaneously hypertensive rats (42) is not yet known.
No clear-cut evidence in rats of increased responsiveness of the sympathetic
nervous system, i.e. either increased transmitter release or higher discharge
rate of sympathetic fibers, which could be attributable to an effect of an-
giotensin, has been presented. Henning, however, interpreted his results of
a lower than normal norepinephrine content in the heart and femoral mus-
cle of renal hypertensives treated with alpha-methyl-paratyrosine, a blocker
of norepinephrine synthesis, as being indicative of greater impulse traffic in
the sympathetic nerves of hypertensive animals (43).

Results of several studies in dogs are also of interest in regard to sympa-
thetic effects in renal hypertension. Zimmerman et al found that in dogs
made hypertensive by unilateral or bilateral rcnal artery occlusion the vaso-
constrictor response to high frequency (20 Hz) sympathetic nerve stimula-
tion and to norepinephrine were greater than in normotensive animals in
the cutaneous but not muscle vascular bed (44). The pattern of transmitter
release in the cutaneous bed as reflected by norpinephrine liberated into the
venous effluent during nerve stimulation was also altered in the hyperten-
sive animals. Peak release during sympathetic stimulation was greater and
occurred sooner in the hypertensive than in the normotensive animal. These
results indicate hyperreactivity of the blood vessels and suggest increased
responsiveness of the adrenergic innervation in selected vascular regions in
renal hypertensive animals. It is conceivable that angiotensin may have trig-
gered these peripheral effects. Brody et al analyzed the difference between
reflex vasoconstrictor and vasodilator responses as well as the vasoconstric-
tor responses to nerve stimulation in the hind limb of normotensive and hy-
pertensive dogs (45). They found that the responses to sympathetic nerve
stimulation at 5, 10, and 20 Hz but not to norepinephrine were greater in
the hypertensive than in the normotensive animal. The difference between
the responses in these two groups was even larger than that obtained in the
above study. It is interesting that the pattern of potentiation of responses
to nerve stimulation and not to norepinephrine more typifies that found dur-
ing angiotensin administration (6, 15, 26), yet in this study the hypertension
produced by renal artery occlusion and contralateral nephrectomy probably
results in lower renin levels than renal artery occlusion alone. They also
found no difference between the two groups of animals in the sustained fall
in hind limb vascular resistance following acute sympathetic denervation,
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which indicated no greater resting adrenergic tone in the hypertensives., The
ability of the hypertensive animal to undergo reflex vasodilatation of the
hind limb was impaired ; a finding which has also been made in the rat (46).
Moerman et al also found greater vasoconstrictor responses to nerve stimu-
lation at 6 Hz in the perfused spleen of hypertensive dogs than those ob-
tained in the normotensive’s spleen (47). Their results indicated, however,
that greater vessel reactivity rather than augmented transmitter release was
the factor (48) responsible for this difference. The results of these studies
in the canine species suggest that stimuli that would evoke an intense sym-
pathetic discharge (5 Hz or greater) could produce in the renal hyperten-
sive animal a greater than normal increase in blood pressure and one that
would be less counteracted by baroreceptor reflexes than in normals.

The influence of the sympathetic nervous system on the development of
renal hypertension in rats has also been examined. Rats that had been im-
munosympathectomized (49-51), or. sympathectomized with 6-OH dopa-
mine (50), did not differ from normals in becoming hypertensive following
renal artery occlusion (with or without contralateral nephrectomy). The
chronic phase of the hypertension of the immunosympathectomized rats,
however, differed from that of the intact animals. In the studies of Dorr &
Brody (49) and Ayitey-Smith & Varma (51) the blood pressure of the
sympathectomized but not the innervated rats had returned to a normoten-
sive level after 28 and 50 days, respectively, following the operative proce-
dure. Presence of the sympathetic innervation, therefore, appears necessary
for the maintenance of renal hypertension in rats.

IMMUNIZATION AGAINST ANGIOTENSIN II

The possible participation of the renin-angiotensin system in the produc-
tion of renal hypertension has had a long and stormy history and will not be
considered in this review. Page & McCubbin have amply covered this and
other important aspects of renal hypertension in their book on the subject
(52). With procedures now available for immunizing animals (either ac-
tively or passively) against angiotensin II, a means of antagonizing vascu-
lar effects of the polypeptide exists and a study of the role of angiotensin in
renal hypertension can now be more readily accomplished. This technique
was made use of by a number of investigators, Aars & Eide (53), Johnston
et al (54), and Macdonald et al (55) all found that rabbits with effective
levels of angiotensin II antibodies developed renal hypertension at the same
rate and to the same degree as untreated rabbits. These animals did not ex-
hibit significant pressor responses to injected renin and angiotensin in nor-
mally effective doses. In the latter two studies (54, 55) it was also demon-
strated that active immunization of rabbits with established hypertension
did not lower their blood pressure. Johnston et al (54) also compared the
renin levels in immunized and nonimmunized hypertensive rabbits to deter-
mine if there was hyperproduction of renin in the immunized animals as
compensation to the blockade of the effects of angiotensin. They found no
significant difference, Hedwall (56) injected anti-angiotensin plasma (that
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taken from angiotensin II immunized rabbits), which had an inhibitory
effect on responses to angiotensin, into renal hypertensive rats and obtained
no greater depressor effect than that observed with normal plasma. The re-
sults of these studies suggest that the renin-angiotensin system may not play
a direct role in the etiology of renal hypertension. Further work by Aars,
Eide & Akre revealed that in rabbits immunized against angiotensin II no
increase in renal sympathetic nerve activity was elicited by angiotensin as
had normally been found in untreated rabbits (57). This renal sympathetic
effect of angiotensin, presumably central in origin, was abolished in the im-
munized animals, and therefore led the authors to conclude that sympathetic
effects of angiotensin that could conceivably contribute to renal hyperten-
sion should also be abolished by immunization. It will have to be deter-
mined whether other adrenergic interactions brought about by angiotensin
are also amenable to blockade by the immunizing procedure, since it is con-
ceivable that sites with great affinity for the angiotensin molecule may still
be effected even when antibodies are present.

Other evidence has been provided which is at variance with the work
cited above. Christlieb et al reported that active immunization against an-
giotensin in renal hypertensive rats did result in lowering of the arterial
pressure (58). In rats made hypertensive by unilateral renal artery occlu-
sion alone or including contralateral nephrectomy there was a sustained hy-
potensive response of 30 mm Hg or more when the antibody titers achieved
a certain level. No depressor effect was found in mock immunized hyperten-
sives. Work by Worcel et al (59) and Bing & Poulsen (60) employing the
injection of antiangiotensin II rabbit plasma into normal (59, 60) and renal
hypertensive rats (60) did reveal a ¢7ansient blood pressure lowering effect
lasting about 5-30 min. This depressor effect of anti-angiotensin II is indic-
ative of a specific antagonism of the effect of endogenous angiotensin for
the following reasons: (@) injection of a similar volume of plasma from
normal rabbits or from those with a low antibody titer had no consistent
effect on blood pressure, (&) injection of antiangiotensin into nephrectom-
ized rats when renin levels were negligible produced no effect, and (c¢) a
second injection produced no effect on blood pressure unless more renin or
angiotensin was given prior to its administration. Based on the results of
these two studies it appears that angiotensin is involved in the maintenance
of normal and elevated blood pressure due to renal artery occlusion, but
after blocking its effect compensatory mechanisms, e.g. baroreceptor reset-
ting, come into play to restore the initial pressure. Tt is intriguing to con-
sider that a similar event occurred in the studies previously alluded to in
which no influence of active or passive immunization was detected on the
renal hypertensive’s blood pressure.

More work must be done to determine how the renin-angiotensin sys-
tem is involved in initiating hypertension of renal origin and at what stage
influence of the sympathetic nervous system comes into play. As suggested
by the results of the experiments involving angiotensin II immunization,
possibly other factors besides angiotensin II are involved or can become
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involved in this process more rapidly than had previously been envisioned.
The possibility that angiotensin I is itself partially responsible for initiating
renal hypertension or can take over this role when the action of angiotensin
II is interfered with should be more seriously considered.

CARDIOVASCULAR EFFECTS OF CLONIDINE
CL ——CH.

-

Q:NH—C Clonidine
L \v——cm

H

The discovery of the potent hypotensive action of clonidine (2—[2,6-
chlorophcnylamino]2-imidazoline hydrochloride) in animals by Hoefke &
Kobinger (61) represents a unique contribution because this is the first
among a new class of compounds that lower blood pressure probably en-
tirely by a central mechanism. Numerous publications have appeared within
the past five years describing the cardiovascular pharmacology of this
agent. Generally, the cardiovascular effects brought about by administration
of clonidine in pg/kg doses are: (a2) A transient elevation in systemic arte-
rial pressure followed by (b) a prolonged period of hypotension which is
accompanied by (c¢) cardiac slowing and a decrease in cardiac output.

In the various species studied (rats, cats, dogs, and monkeys) intrave-
nous injection of clonidine produced a rise in systemic arterial blood pres-
sure lasting for only several minutes (61-64). The magnitude and duration
of this response varies depending on the dose and species employed, and
both the pressor and depressor effects appear to be shorter-lasting in the
unanesthetized animal (65). A direct vasoconstrictor action of the com-
pound that appears to be related to alpha receptor stimulation (62, 66) ac-
counts for the transient hypertension. Constantine & McShane (62) have
found, in addition, that clonidine is more potent than epinephrine in provid-
ing alpha receptor protection in the rabbit aortic strip, and it produces vaso-
constriction in the dog’s forelimb in a dose as low as 0.25 pg.

The reduction in blood pressure that ensues after the pressor effect lasts
for an hour or so depending on the dose employed. Because the hypotensive
action was lacking in pithed (63) or spinal transected animals (67) or in
animals treated with adrenergic blocking agents (62) it was apparent that
clonidine interfered with sympathetic tone, Differences appear to exist in
the degree to which sympathetic tone is interfered with, depending on the
region studied. In an investigation performed on unanesthetized rabbits
changes in cardiac output, hind limb, and skin blood flow were monitored
before and after clonidine administration (20 pg/kg followed by infusion
of 0.5 pg/kg/min) (65). Muscle blood flow was taken as the difference be-
tween hind limb and skin flow. At the time of the hypotensive effect of the
drug, cutaneous and muscle vascular resistances were decreased, but the lat-
ter rose 27% during the last half hour of giving clonidine. Heart rate and
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cardiac output were also reduced by the drug and tended to return to con-
trol even though the blood pressure was still depressed. Since muscle vascu-
lar resistance, heart rate, and cardiac output remained depressed by cloni-
dine in debuffered animals these restorative effects were due to compensa-
tory reflexes overriding the effect of clonidine on the heart and skeletal
muscle vessels, but not in the skin.

A wide variety of studies have clearly indicated that the sympathetic
blocking effect of clonidine is exerted primarily by a central action. The
central site of action was originally suggested by experiments done by Ko-
binger (68) in which the intra-cisternal injection of small doses of cloni-
dine lowered blood pressure in vagotomized cats. Later, Constantine & Mc-
Shane found that intravertebral arterial injection of 16 ug of clonidine de-
creased blood pressure and vascular resistance of the perfused forelimb in
the dog (62). When given intravenously this dose had no significant effect.
H. Schmitt & Mme. H. Schmitt (67) localized the effect of clonidine in the
medullary centers by transection experiments. After an intercollicular or
subpontine transection, clonidine was still capable of exerting its typical
effects on blood pressure, heart rate, and discharge of the splanchnic sympa-
thetic nerve. Sectioning below the medulla, however, abolished all these ac-
tions. Experiments in which the effect of clonidine has been examined on
nerve recording most clearly demonstrate its central sympathetic blockade.
Both pre- and post-ganglionic sympathetic nerve activity were recorded be-
fore and after administration of the drug (69). Spontaneous activity in the
splanchnic and inferior cardiac nerves was consistently diminished during
the clonidine (30 pg/kg) induced hypotension in dogs and cats. Because
pre- as well as post-ganglionic discharges were reduced, a central rather
than ganglionic blocking effect was indicated. Bolme & Fuxe (70) pre-
sented indirect evidence suggesting that the central sympathetic blocking
effect of clonidine is accounted for by the stimulation of central adrenergic
receptors. Haloperidol, 1 mg/kg, and phenoxybenzamine, 5-10 mg/kg, both
blocked the hypotensive action of clonidine in cats but did not attenuate the
initial pressor effect. Because in the dose employed, haloperidol is consid-
ered to block central adrenergic receptors they felt that both agents were
blocking the central site of action of clonidine. This conclusion is, however,
at variance with results reported earlier by H. Schmitt & Mme. H. Schmitt
(71), but was supported by a later report from the same laboratory (72). In
the first study they found that in cats or dogs given either phentolamine or
phenoxybenzamine, there was no impairment in the ability of clonidine to
diminish the splanchnic nerve discharge whereas in their later work intra-
venously or intracisternal administration of piperoxan, another alpha recep-
tor blocking agent, antagonized the cardiovascular effects of clonidine and
its depressant action on splanchnic nerve discharges. They concluded that
clonidine stimulates alpha receptors in the medulla as well as in the periph-
ery and postulate that the vasomotor center in the medulla represents a no-
radrenergic synapse and also the third neurone in the chain of three cells
beginning with the stretch receptor in the baroreceptor regions, If their hy-
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pothesis proves correct, that the action of clonidine simulates the response
due to a prolonged stimulation of the baroreceptors, this would indeed prove
interesting.

Some degree of peripheral adrenergic neuronal blockade may contribute
to the sympathetic blocking action of clonidine. Heart rate responses to low,
but not high frequency nerve stimulation. were reduced after administration
of clonidine (68, 73).

As indicated above, cardiac slowing and a reduction in cardiac output
also accompany the fall in blood pressure caused by clonidine. There has
been some dispute as to the mechanisms responsible for the bradycardia;
however, it is probable that several actions of the drug account for this
effect. Schmitt et al, in the study alluded to previously (69), found a
marked decrease in the sympathetic discharge registered from the inferior
cardiac nerve, which points to a decrease in cardiac sympathetic tone. This,
as well as a sensitizing effect to the baroreceptor reflex (74, 75), probably
accounts for the cardiac actions of clonidine.

EFrFects oF Drucs RELATED TO CLONIDINE

II CH,

N
(O)—r~u ——O Bayer 1470
- cH, S

Schmitt et al studied the pharmacological actions of Bayer 1470, 2(2,6-
dimethylphenylamino)4-H,5,6 dihydro-1,3-thiazin, an agent structurally
similar to clonidine, and found its effects to resemble those of clonidine
(76). In doses (0.25-1 mg/kg) somewhat larger than the usual dose of
clonidine, it caused the typical biphasic effect on blood pressure in dogs, and
the hypotensive period was also accompanied by cardiac slowing. The bra-
dycardia was very marked in some animals, the rate decreasing to as low as
30-40 beats/min. The spontaneous sympathetic discharge recorded from the
splanchnic and inferior cardiac nerves was depressed after administration
of this compound in dogs. The effect on cardiac nerve activity appeared to
be greater and to last longer than that on the splanchnic nerve. Evidence of
some peripheral sympathetic blocking activity was also obtained, in that the
pressor responses to low intensity and low frequency stimulation of the en-
tire sympathetic outflow in rats were reduced after administration of
Bayer 1470.

CL NH
I —_CH=-N—NH—C—NH, Wy-8678
CL

Baum and co-workers reported on the cardiovascular effects of another
similar compound known as Wy-8678 (2,6-dichlorobenzylidene aminoguani-
dine) (77). Systemic arterial blood pressure of anesthetized dogs was ini-
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tially elevated and then fell 5-10 min later after 0.01-0.1 mg/kg. The high-
est dose employed, 1 mg/kg, produced a larger blood pressure increase but
hypotension subsequently in only half of the animals. The initial pressor
response produced by this compound was not antagonized by alpha receptor
blocking agents as that of clonidine, although the direct vasoconstrictor re-
sponse in the dog’s perfused hindquarter was reduced following administra-
tion of an alpha blocker. Evidence of adrenergic neuronal blockade pro-
duced by this agent was obtained with doses of 32 pg/kg and larger. Re-
sponses to low frequency sympathetic stimulation were more profoundly
affected than responses to higher frequencies, which is similar to the results
obtained with clonidine. Baum & Shropshire concluded that Wy-8678 also
acted centrally to reduce sympathetic tone based on results of a study in
which nerve activity was recorded from cats’ inferior cardiac and external
carotid nerves (78). Doses of from 0.032-320 pg/kg reduced spontaneous
activity, with the blockade increasing progressively with the higher doses.
Preganglionic nerve discharge recorded from the cervical sympathetic
trunk was found to be similarly reduced, indicating that the effect was a
central one and not due to ganglionic blockade.

ADRENERGIC NEURONAL BLOCKING AGENTS

Results of several recent investigations suggest a number of different
mechanisms of action of adrenergic neuronal blockers. A technique for elic-
iting antidromic firing of postganglionic sympathetic nerves in the perfused
cat heart and spleen by injection of acetylcholine and KC1 was employed
by Hauseler et al to study the effect of bretylium on the adrenergic nerve
endings (79). Bretylium in concentrations of 10-¢ to 10-> M in the heart
perfusate produced a parallel reduction in antidromic firing of the inferior
cardiac nerve produced by KCI and in the positive inotropic and chrono-
tropic response to electrical stimulation of the cardiac nerves. The blocking
action of bretylium on antidromic firing increased with time, suggesting ac-
cumulation in the nerve terminals, and was attributed to a local anesthetic
action at that site. It was estimated that bretylium was concentrated approx-
imately 1000-3000 fold in the adrenergic nerve endings based on the rela-
tive quantities of bretylium necessary to block antidromic adrenergic dis-
charges and the firing of the sensory fibers in the perfused carotid sinus.
Blockade of transmitter release by bretylium would, therefore, appear to be
related to a membrane stabilizing action (local anesthesia) on the adrener-
gic nerve endings. Although bretylium is concentrated in the adrenergic
neuron, it is not believed to be bound in the vesicles (80), but appears to act
elsewhere in the neuron. Interestingly, it has been reported by Krauss et al
that bretylium actually enhances the release of false transmitters e.g., octo-
pamine, alpha-methyloctopamine, and metaraminol (but not catecholamines)
from adrenergic nerves in the rat heart (81). The authors believe that this
effect may reflect an interaction of the blocker with calcium at the neuronal
membrane. It may, however, merely represent a common storage site for
bretylium and false transmitters. The results of a study by Abbs & Robertson
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led to the conclusion that a selective norepinephrine depleting effect was
responsible for the blocking action of bretylium (82). In cats treated with
10 mg/kg of bretylium a substantial decrease (50~75% ) was achieved in the
norepinephrine content of the supernatant fraction of splenic homogenates.
A lesser but significant decrease in the total norepinephrine content of the
homogenate was also obtained, which has not been consistently demonstrated
in other tissues by previous workers. Because administration of amphetamine
prevented or reversed the adrenergic neuronal blockade, the store depleted
by bretylium was considered essential for normal functioning of the adrener-
gic neuron.

Two recent reports have suggested that 8-TM 10 possesses the property
of inhibiting the enzyme monoamine oxidase (83, 84). Suggestion of a mo-
noamine oxidase inhibitory effect of dcbrisoquin also came from a study by
Medina et al involving its disposition in the rat (85). Uptake of m-octopa-~
mine by rat heart slices was enhanced by 1-2 X 10-8M debrisoquin, and the
effect was abolished by preincubation with the monoamine oxidase inhibitor,
pheniprazine. Increased uptake was presumably related to decreased metab-
olism by monoamine oxidase. Since in the same series of experiments the
rat’s pressor response to physostigmine (thought to be indicative of a cen-
tral mediated sympathetic response) was diminished at 1 but not 1.5 hr af-
ter debrisoquin even though its depressor effect is long-lasting, it was sug-
gested that the hypotensive effect of debrisoquin was not due to adrenergic
neuronal blockade. Tf in fact, monoamine oxidase inhibition does account
for, or contribute to the hypotensive action of this agent, it is puzzling why
sympathetic function would not be interfered with, during the period of hy-
potension.

Kroneberg et al reported on the adrenergic neuronal blocking effect of
guanacline (N—[2-guanidinoethyl]-—4 methyl-1,2,3,6-tetrahydropyridine)
a compound having a chemical configuration resembling guanethidine (86).
Because this agent when administered to hypertensive patients produced
postural hypotension that appeared to persist some months after termination
of trcatment (87), Burnstock et al considered the possibility that the
drug or its metabolites might damage the adrenergic nerves (88). They
compared in rats the effects of guanacline and guanethidine given once a
day (5 mg/kg) for 18 weeks on systolic blood pressure, norepinephrine lev-
els in the heart and vas deferens, and microscopic appearance of the sympa-
thetic ganglion cells. The systolic blood pressure and norepinephrine levels
were decreased to a similar extent during treatment with these agents.
Following cessation of drug administration, the catecholamine levels were
restored to approximately the same degree within 5 weeks. Blood pressure
appeared to recover to the control level more quickly after guanethidine
than after guanacline. An accumulation of a lipoprotein material was ob-
served in the sympathetic ganglion cells 4-18 days after treatment with
guanacline and persisted for 12 weeks or more. This was not found in the
guanethidine treated animals. Since guanacline was itself reported previ-
ously to accumulate in the ganglion cells (87), it may bring about destruc-
tion at this site which results in deposition of this material.



Annu. Rev. Pharmacol. 1972.12:125-140. Downloaded from www.annualreviews.org
by UNIVERSITY OF MIAMI on 12/16/11. For personal use only

10.

11,

12,

13.

14,

15.

16.

17.

18.
19.
20.
21.

—

22,
23.
24,

25.

. Mellander,

. Henning, M.

DRUG ACTION ON PERIPHERAL VASCULAR SYSTEM

139

LITERATURE CITED

. Somlyo, A. P., Somlyo, A. V. 1970.

Pharmacol. Rev. 22:249-353
S., Johansson, B.
Pharmacol. Rev. 20:117-96
1969. Acta Physiol.
Scand. Suppl. 332:1-37

1968.

. Zimmerman, B. G. 1962. Circ. Res.

11:780-87

. McCubbin, J. W, Page, I. H. 1963.

Circ. Res. 12:553-59

. Benelli, G., Della Bella, D., Gandini,

A. 1964, Brit. J. Pharmacol. 22:
211-19

. Bickerton, R. K., Buckley, J. P. 1961.

Proc. Soc. Exp. Biol. Med. 106:
834-36

. Laverty, R. 1963. J. Pharm. Pharma-

col. 15:63-68

. Feldberg, W., Lewis, G. P. 1964. J.

Physiol. (London) 171:98-108
Genest, J., Nowaczynski, W., Koiw,
E., Sandor, T., Biron, P. 1960. Es-
sential Hypertension, An Interna-
tional Symposium, ed. K. D.

Bock, P. T. Cottier, Berlin:
Springer-Verlag.

Laragh, J. H., Angers, M., Kelly,
W. G., Lieberman, S. 1960. J.

Am. Med. Assoc. 174:234
Krasney, J. A. 1968. Am. J. Physiol.
215:1454-61
Geller, R. G., Kendrick, J. E. 1968.
Proc. Soc. Exp. Biol. Med. 129:
727-30
Disalvo, J., Fell, C. 1970. Proc. Sec.
Exp. Biol. Med. 133:1432-38
Zimmerman, B. G., Gisslen, J. 1968.

J. Pharmacol. Exp. Ther. 163:
320-29
Finch, L. Leach, G. D. H. 1969.

Brit. J. Pharmacol. 36:481-88

Schumann, H. J., Guther, W. 1967.
Arch. Exp. Pathol. Pharmakol.
256:169-82

Day, M. D, Owen, D. A. A. 1970.
Brit. J. Pharmacol, 39:414-27

Day, M. D.,, Owen, D. A, A, 1970.
Brit. J. Pharmacol. 40:884-85

Pals, D. J., Fulton, R, W, 1968. Am.
J. Physiol. 214:506-12

McCubbin, J. W,, De Moura, R, S,
Page, I H, Olmsted, T. 1965.
Science 149:1394-95

Dickinson, C. J., Lawrence, J. R.
1963. Lancet 1:1354-56

Kiran, B. K., Khairallah, P, A. 1969.
Eur. J. Pharmacol. 6:102-8

Hughes, J., Roth, R. H, 1971, Brit. J.
Pharmacol. 41:239-55

Peach, M. J., Ford, G. D. 1968. J.
Pharmacol. Exp. Ther. 162:92—
100

26.

27.
28.

29.
30.

31.

32

33.

34.
35.
36.
37.

38.
39.

40.

41.

42.

43,

44,

45.

46.

47.

48.
49.

Zimmerman, B. G., Whitmore, L.
1967. Int. J. Neuropharmacol. 6:
27-38

Zimmerman, B. G. 1967. J. Pharma-
col. Exp. Ther. 158:1-10

Starke, K., Werner, U, Schumann,
H. J. 1969. Arch. Exp. Pathol.
Pharmakol. 265:170-86

Palaic, D., Khairallah, P. A. 1967.
Biochem. Pharmacol. 16:2291-98

Palaic, D., Khairallah, P. A. 1968. J.
Neurochem. 15:1195-202

Panisset, J. C., Bourdois, P. 1968.
Can. J. Physiol. Pharmacol. 46:
125-31

Peach, M. J., Bumpus, F. M, Khai-
rallah, P. A. 1969. J. Pharmacol.
Exp. Ther. 167:291-99

Schumann, H. J, Starke, K., Wer-
ner, U., Hellerforth, R. 1970. J.
Pharm. Pharmacol. 22:441-46

Starke, K, 1971. Eur, J. Pharmacol.
14:112-23

Liao, J. C., Zimmerman, B. G. 1971.
Federation Proc., Abstr. 30:446

McAfee, R. D., Locke, W. 1967.
Endocrinology 81:1301-5

Crocker, A. D.,, Munday, K. A. 1970.
J. Physiol. (London) 206:323-33

Tobian, L. 1967. Fed. Proc. 26:48-54

Baum, T. Shropshire, A. T. 1967.
Am. J. Physiol. 212:1020-24

Finch, L. 1971. Brit. J. Pharmacol.
42:56-65.

Haeusler, G., Haefely, W. 1970.
Arch. Exp. Pathol. Pharmakol.
266:18-33

Folkow, B., Hallback, M., Lundgren,
Y., Weiss, L. 1970. Acta Physiol.
Scand. 80:93-106

Henning, M. 1969. J. Pharm, Phar-
macol 21:61-63

Zimmerman, B. G., Rolewicz, T. F.,
Dunham, E. W, Gisslen, J. L.
1969. Am. J. Physiol. 217:798-
804

Brody, M. J., Dorr, L. D., Shaffer,
R. A. 1970. Am. J. Physiol. 219:
1746-50

Tobia, A. J.,, Adams, M. D. Miya,

T. S., Bousquet, W. F. 1970. J.

Pharmacol. Exp. Ther. 175:619—~
26
Moerman, E. J, Herman, A. G,

Bogaert, M. G, De Schaepdry-
ver, A. F. 1969. Arch. Int. Phar-
macodyn. 178:492-93

Moerman, E. J, De Schaepdryver,
A. F. 1970. Med. Exp. 19:217-24

Dorr, L. D, Brody, M. J. 1966.
Proc Soc. Exp. Biol. Med. 123:
155-58



Annu. Rev. Pharmacol. 1972.12:125-140. Downloaded from www.annualreviews.org

by UNIVERSITY OF MIAMI on 12/16/11. For personal use only.

140
50.

51.

52,

53.

54,

55.
56.
57.

58.

59.

60.

61.

62.

63.
64,

65.

66.
67.

68

69.

Finch, L., Leach, G. D. H. 1970.
Brit. J. Pharmacol. 39:317-24
Ayitey-Smith, E, Varma, D. R. 1970.
Brit. J. Pharmacol. 40:175-85
Page, 1. H.,, McCubbin, J. W. 1968.
Renal Hypertension 214-42. Chi-
cago: Year Book Medical Pub-
lishers, 493 pp.

Aars, H., Eide, 1. 1970. Scand. J.
Clin. Lab. Invest. 25:119

Johnston, C. 1., Hutchinson, J. W,
Mendelsohn, F. A. 1970. Cir. Res.
27:Suppl. II. 215-22

Macdonald, G. J. et al 1970. Cir. Res.
47:197-212

Hedwall, P. R. 1968. Brit. J. Phar-
macol. 34:623-29

Aars, H., Eide, I, Akre, S. 1971.
Scand. J. Clin. Lab. Invest. 27:
47-49

Christlieb, A. R., Biber, T. U. L,
Hickler, R. B. 1969. J. Clin. In-
vest. 48:1506-18

Worcel, M. et al 1970. Cir. Res. 27:
Suppl. II. 223-34

Bing, J., Poulsen, K. 1970. Acta
Pathol. Microbiol. Scand. 78:6—
18

Hoefke, W., Kobinger, W. 1966.
Arzneimittel Forsch. 16:1038-50

Constantine, J. W., McShane, W. K.
1968. Eur. J. Pharmacol. 4:109—-
23

Bentley, G. A., Li, D. M. F. 1968.
Eur. J. Pharmacol. 4:124-34

Maling, H. M., Horakova, Z., Wil-
liams, M. A. 1969. Pharmacology
(Basle) 2:337-51

Shaw, J., Hunyor, S. N., Korner, P.
1971. Eur. J. Pharmacol. 14:101-
11

Kobinger, W., Walland, A. 1967.
Eur. J. Pharmacol. 2:155-62

Schmitt, H,, Schmitt, Mme. H. 1969.
Ewr. J. Pharmacol. 6:8—-12

Kobinger, W. 1967. Arch. Exp.
Pathol. Pharmakol. 258:48-58

Schmitt, H., Schmitt, Mme. H.,
Boissier, J. R., Giudicelli, J., Fi-
chelle, J. 1968. Eur. J. Pharmacol.
2:340-56

71.

72.

73.

74

75.
76.

77.

78.

"t 79.

80.

81.

82.
83.

84.

85.

86.

87.

ZIMMERMAN
70.

Bolme, P., Fuxe, K. 1971. Eur. J.
Pharmacol. 13:168-74

Schmitt, H., Schmitt, Mme. H. 1970.
Eur. J. Pharmacol. 9:.7-13

Schmitt, H., Schmitt, Mme. H,
Fenard, S. 1971. Eur. J. Phar-
macol. 14:98-100

Scriabine, A., Stavorski, J., Wenger,
H. C., Torchiana, M. L, Stone,
C. A. 1970. J. Pharmacol. Ezp.
Ther. 171:256-64

Robson, R. D., Kaplan, H. R, La-
force, S. 1969. J. Pharmacol.
Ezp. Ther. 169:120--31

Nayler, W. G., Stone, J. 1970. Eur.
J. Pharmacol. 10:162-67

Schmitt, H., Fournadjiev, G., Schmitt,
Mme. H. 1970. Eur. J. Pharmacol.
10:230-38

Baum, T. et al 1970. J. Pharmacol.
Exp. Ther. 171:276-87

Baum, T., Shropshire, A. T,
Neuropharmacol. 9:503-6

Haeusler, G., Haefely, W., Huerli-
mann, A. 1969. Arch. Exp. Pathol.
Pharmakol. 265:260-77

Costa, E., Chang, C. C., Brodie, B. B.
1964. The Pharmacologist Abstr.
6:174

Krauss, K. R., Kopin, I. J., Weise,
V. K. 1970. J. Pharmacol. Exp.
Ther. 172:282-88

Abbs, E. T., Robertson, M. 1. 1970.
Brit. J. Pharm. 38:776-91

Hennemann, H. M., Trendelenburg,
U. 1970. Exp. Pathol. Pharmakol.
265:363-71

Pluchino, S., van Orden, L. S, 117,
Draskoczy, P. R., Langer, S. Z.,
Trendelenburg, U. 1970. J. Pharm-
acol. Exp. Ther. 172:77-90

Medina, M. A., Giachetti, A. Shore,
P. A. 1969. Biochem. Pharmacol.
18:891-901

Kroneberg, G., Schlossmann, K,
Stoepel, K. 1967. Arsneimittel-
Forsch. 17:199-207

Dawhorn, J. K. et al 1969. Pharmacol.
Clin. 2:1-5

1969.

. Burnstock, G. et al 1971. Eur. J.

Pharmacol. 13:175-87



	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Pharmacology and Toxicology Online
	Most Downloaded Pharmacology and Toxicology Reviews
	Most Cited Pharmacology and Toxicology Reviews
	Annual Review of Pharmacology and Toxicology Errata
	View Current Editorial Committee


	ar: 
	logo: 



