Symposium on the Physiology and the
Pharmacology of Vascular Neuroeffector Systems
Interlaken 1969

Physiology and
Pharmacology of
Vascular
Neuroeffector Systems

Editors :

J. A. Bevan

R. F. Furchgott
R. A. Maxwell
A. P. Somlyo




Symposium on the Physiology and the Pharmacology of Vascular Neuroeffector
Systems, Interlaken, July 20-21, 1969

3 - Physiology and Pharmacology
| of Vascular Neuroeffector Systems

Edited by J. A. BEvaN, R.F. FURCHGOTT, R. A. MAXWELL,
A.P. SoMmLYo

135 figures and 35 tables

)

argerfBasel - Miinchen - Paris - London - New York - Sydney - 1971




S. Karger - Basel - Miinchen - Paris - London - New York - Sydney
Arnold-Bocklin-Strasse 25, CH-4000 Basel 11 (Switzerland)

All rights, including that of translation into other languages, reserved. Photo-
mechanic reproduction (photocopy, microcopy) of this book or parts thereof
without permission of the publishers is prohibited.

‘ Copyright 1971 by S. Karger AG, Verlag fiir Medizin und Natugwissenschafteg, :

Basel

Printed in Switzerland by Buchdruckerei zum Basler BerichtBdaus AG, Basel ..



Conference Data

This volume contains the Proceedings of a Symposium on the Physiology and
Pharmacology of Vascular Neuroeffector Systems which was held at Interlaken,
Switzerland, on the 20th and 21st July 1969. The Symposium was held in conjunction
with the Fourth International Congress on Pharmacology in Basle, Switzerland.

Organizing Committee

J. BEVAN, Los Angeles, Calif.
R.F. FurcHGOTT, Brooklyn, N. Y.
G. HAUSLER, Basle

R.A. MaxweLL, Tuckahoe, N. Y.
A.P. SoMLYO, Philadelphia, Pa.
M. A. VERITY, Los Angeles, Calif.

Acknowledgements

Sincere gratitude is extended to the following organizations who have generously
supported the Symposium. The meeting would not have been possible without this
support. )

Burroughs Wellcome & Co. (USA) Inc., Tuckahoe, N.Y.
Hoffmann-La Roche Inc., Nutley, N.J. :
Chas. Pfizer & Co. Inc., Groton, Conn.

Merck Institute for Therapeutic Research, West Point, Pa.
Squibb Institute for Medical Research, New Brunswick. N.J.
CIBA AG, Basle, Switzerland

Geigy Chemical Corp., Ardsley, N. Y.

Riker Laboratories, Northridge, Calif.

Sandoz Pharmaceutical Division, Hanover, N.I.

Schering Corp., Bloomfield, N.J.

Smith Kline & French Laboratories, Philadelphia, Pa.
Union Carbide Corp., Tuxedo, N.Y.



Contents

Conference Data . . ... .. ... ... i

Section:l. Neuroeffector Function and Organization

VERITY, M. A. (Los Angeles): Morphologic Studies of the Vascular Neuroeffec-
BOPAPPAratus . . . v . vt e e e e e e e e e e e e
Su, CHE and BEvaN, J.A. (Los Angeles): Adrenergic Transmitter Release and
Distributionin Blood Vessels . . . . . ... ................0...
NEDERGAARD, O.A. (Odense) and BEvaN, J.A. (Los Angeles): Neuronal and
Extraneuronal Uptake of Adrenergic Transmitter in the Blood Vessel . . . .
BELL, CH. (Cambridge) and BURNSTOCK, G. (Melbourne): Cholinergic Vasomotor
Neuroeffector Junctions . . . . . ... ... v i ittt
GoLis, C.N. (New Haven): Inactivation of Norepinephrine Released by Electri-
cal Stimulation of Rabbit Aorta in a Gaseous Medium . .. .........
CRONNELLY, R.; LONG, J.P., and VaN ORpeN III, L.S. (Iowa City): Transmitter
Mechanism to Vessels other than Adrenergic . . . ... ............
Bour, D.F.; SITRIN, M. D., and SoBIESKI, JOAN (Ann Arbor): Heterogeneity among
Vascular Smooth Muscles in the Regulation of Activator Calcium. . .. ..
GERo, J. and GEROVA, MARIA (Bratislava): In vivo Studies of Sympathetic Control
of Vessels of Different Function . . .. ... . .................

Section II. Pharmacology of Adrenergic Neuroeffector System

MaxweLL, R.A,; EckHARDT, S.B.; CHAPLIN, E., and Burcsu, J. (Tuckahoe):
Inhibitors of the Uptake of Norepinephrine by the Adrenergic Nerves in
Rabbit Aorta . . . ... ... .. .

SPECTOR, S.; TARVER, J.H., and Berrowirz, B.A. (Nutley): Disposition and
Regulation of Norepinephrine in Blood Vessels . . ... ...........

13

22

37

47

72

86

98



Contents

TRENDELENBURG, U. (Wiirzburg): The Importance of the Uptake Mechanism of
Adrenergic Nerves for Non-vascular Smooth Muscle . . . . ... ... ...
KALSNER, S. (Ottawa): The Importance of the Uptake Mechanism of Adrenergic
Nerves in Blood Vessels. (A discussion of the presentation of U. TRENDE-
LENBURG) « 4 « v ¢ v v o v s o s ot o v s e an o v ot oo aoe oo e ans
MOoE, R. A. (Nutley): Adrenergic Neurone Blocking Agents . . . .. .......
HAEUSLER, G.; HAEFELY, W., and HUERLIMANN, A. (Basle): Effect of Surgical
and Chemical Adrenergic Denervation on Vascular Responses . . . . . ...
STONE, C. A. (West Point): False Adrenergic Neurotransmission . . . . ... ...
LAPDUS, J.B. (Columbus): Molecular Theories of Adrenergic Receptor Activa-
15 103 « 0

Section I11. Biochemistry and Physiology of Vascular Smooth Muscle

EBasHI, S. (Tokyo): Comparative Aspect of Structural Proteins of Muscle with
Particular Reference to Regulatory Proteins . . . ... ............
ANDERSSON, R.; LUNDHOLM, L., and MoHME-LUNDHOLM, ELLA (Link$ping): Rela-
tionship between Mechanical and Metabolic Events in Vascular Smooth
MusCle . . . o i e e e e e e e e e s
SomLyo, AP. and SoMLYO, A.V. (Phlladelphla) Electrophyswloglcal Correlates
of the Inequality of Maximal Vascular Smooth Muscle Contractions Eli-
cited by Drugs . . . . . . . ... e e e e
DaNieL, EE.; RoBINSON, KATHLEEN; KIbwAl, A.M.; WoLOWYK, M. W.; TAYLOR,
G.S., and PATON, D. M. (Edmonton): The Sodium Pump in Smooth Muscle .
FurcHGOTT, R.F. (New York): Effects of Various Agents on Photorelaxation of
Rabbit Aortic Strips . . . . . o o v et e e e e et
Laszt, L. (Fribourg): On the Physiology of Vascular Muscle in Different Regions

Section IV. Pharmacology of Vascular Smooth Muscle

ALTURA, B.M. (New York): Pharmacology of Neurohypophyseal Hormones and
Analogs on Isolated Vascular Muscle and in the Terminal Vascular Bed . . .
KHAIRALLAH, PH.A. and Davia, D. (Cleveland): Angiotensin, Norepinephrine
and the Vascular Neuroeffector System . . . . ... .. ... .. .. .....
JoHANSSON, B. (Géteborg): Osmotic Properties of Vascular Smooth Muscle Cells
BrecHT, K. and GEBERT, G. (Tiibingen): The Effect of Potassnum on Vascular
Smooth Muscle . . . . . . . . . i i i it e et et i e e e
KALSNER, S. (Ottawa): Modification of Responses to Sympathomimetic Amines
inAortic Strips by EEDQ . . . . . .. .. ... .o
MELLANDER, S. (Lund): Effects of Selected Vasoactive Agents on Resistance, Ex-
change, and Capacitance Vessels in Skeletal Muscle . . . . ... .......

SUbJECt TNAEX .+ - o o v v e e e e e e e e e e

119
126
130

141
160

177

190

202

216
229

247
263

274

291
303



Section |
Neuroeffector Function and Organization



Proc. Symp. Physiol. Pharmacol. Vasc. Neuroeffector Systems, Interlaken 1969,
pp. 2-12 (Karger, Basel 1971) l

Morphologic Studies of the Vascular
Neuroeffector Apparatus

M. A. VERITY

Department of Pathology, Medical Center, University of California
Los Angeles, Calif.

Our current understanding of the neural control of blood vessels has
developed rapidly during the last decade. This has been due to an increased
awareness of the clinical significance of such studies, the introduction of
electron microscopy alone or coupled with selected techniques for the
visualization of the primary neurotransmitter agents, and stricter correla-
tions between morphologic and functional studies.

Methods of Study

A. Light microscopy: (1) Heavy metal impregnation techniques. (2) Supravital
and intravital methylene blue staining of nerve fibers. (3) Enzyme substrate histo-
chemistry, e.g. cholinesterase. (4) Fluorescence techniques — monoamine uptake studies
— drug depletion effects.

B. Electron microscopy: (1) Qualitative. (2) Quantitative. (3) Histochemical ap-
plications.

C. Electron autoradiography: e.g. H3-norepinephrine.

D. Selective denervation procedures: Such studies as these alone or in combina-
tion with functional in vitro observations have revealed details of the gross neural or-
ganization, nerve-muscle relationship, and density of effective transmitter sites in the
neurons.

Organization and Ultrastructure
of the Adrenergic Neuroeffector System

Space precludes discussion of smooth muscle architecture or more than
passing reference to morphologic features of the supporting elements. We
will consider in some detail the anatomy of the neuro-muscular interval, de-
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Primary adventitial plexus

Terminal effector plexus in
outermost muscle lameltae

Fig. 1. Schema of neuroeffector organization in a large blood vessel. The ter-
minal effector plexus contains multiple nodal areas of axoplasmic specialization
(nerve terminal areas) and is spatially limited to the adventitio-medial junction (re-
printed by kind permission of J. Anat., Lond.1968).

Table I. Differential features of innervation apparatus in blood vessels

Primary adventitial plexus Terminal effector plexus

Origin Autonomic n. Adventitial plexus

Site Adventitia Adventitio-medial
junction, Perivasal

Fiber size 0.5-1.5nm ~0.8 nm

Multiaxonal 3-12 1-3

Schwann n. + -

Nerve terminal area - +

lineated on the one side by the terminal effector plexus and on the other by
the smooth muscle plasmalemma. Firstly, a brief review of the general
organization of the neuro-effector system. Post-ganglionic adrenergic fibers
ramify in the loose adventitia to form the primary plexus (fig. 1). This mul-
tiaxonal system contains numerous Schwann cell nuclei which allows for
its differentiation from the functional terminal effector plexus (tableI). This
organization is easily recognized in the large arteries [VERITY and BEVAN,
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Table I1. Nerve terminal ultrastructure

Blood vessel Ext. diam. Neuromuscular Granular Neurotubule-
(w) interval (A) vesicles filament (A)

Pre-capillary Present

arteriole ~18 1,200 243

Renal cortex ! T Tubules,

arteriole 25-35 2-4,000 1+2+3 ~175 A

Pancreatic v

arteriole 20-50 <4,000 1 (10%0)+2+3 Present

Coronary

arteriole ~50 3-7,0C0 243 NC

Auricular

artery ~1,500 ~5,000 Present NC

Mesenteric .

artery 100-200 ~5,000 1+2+3 NC

Pulmonary

artery >5,000 ~2.104 1 (30%0)+2+3 Tubules,
~270 A
Filaments,
~80 A

[LEVER, GRAHAM, IRVINE and CHICK, 1965; APPENZELLER, 1964; UCHIZONO, 1964;
LEVER, ABMED and IRVINE, 1965; SiMPsON and DEVINE, 1966; VERITY and BEVAN,
1968; DEVINE, 1966].

1968]. The axons of the terminal effector plexus contain neurotubules,
mitochondria, dense bodies and the characteristic population of granular
and agranular vesicles especially prominent in the nerve terminal areas -
regional expansions of axoplasm partly surrounded by Schwann cell cyto-
plasm.

Table II summarizes some characteristic features of nerve terminal
ultrastructure in a variety of blood vessel types. Some broad conclusions
may be drawn from such data. The mean neuromuscular interval varies
from 9.5%x10% to 2%x10* A, and roughly parallels the vessel diameter.
Types 2 and 3 granular vesicles are present (in variable amounts) in all
nerve terminal areas examined. Such granular vesicles are the presumed
storage site for intraneuronal norepinephrine and false neurotransmitters.
A small but significant number of larger granular vesicles, Type 1, have
been identified. The functional significance of these vesicles is still in some
doubt. Finally, neurotubule-filament profiles have been identified in nerve
terminal areas but more especially in the adventitial and terminal effector
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portions of the plexus and are analogous to such structures found in other
portions of the nervous system {ELFVIN, 1961; CravioTO, 1966].

Evidence for Vesicular Localization of Adrenergic Neurotransmitter
in Nerve Terminal Areas

Considerable evidence now exists for the presence of norepinephrine
in the sympathetic nerve terminations around blood vessels. Amine is pref-
erentially localized in nodal areas of the terminal effector plexus [FALck,
1962; Fuxe and SEDVALL, 1964; NORBERG and HAMBERGER, 1964; KAPEL-
LER and MAYOR, 1969]. Strong evidence can now be presented for the as-
sociation of granular vesicles of Types 2 and 3 with norepinephrine storage:

(a) Such granular vesicles (~450 A diameter) have been found in all
sympathetically innervated structures [GRiLLO, 1966].

(b) Only those nerves containing the specific Type 2 and 3 vesicles
degenerate after selective sympathectomy [LEVER, SPRIGGS and GRAHAM,
1968].

(c) The vesicle content in selected tissue preparations known to con-
tain an adrenergic innervation can be correlated with specific monoamine
fluorescence reactions [NORBERG and HAMBERGER, 1964; ZELANDER et al.,
1962; BLoom and BARRNETT, 1966].

(d) Electron autoradiography using in vivo and in vitro preparations
has revealed H*- norepinephrine over granular vesicles in nerve terminal
areas [WOLFE et al., 1962; WOLFE and POTTER, 1963; LEVER, SPRIGGS and
GRAHAM, 1968].

(¢) Electron microscopy with norepinephrine contents of particulate
fractions obtained after density gradient centrifugation reveals a high
correlation between vesicle content and amine level [IsHu et al., 1965;
DE ROBERTIS et al., 1965].

(f) Constricted post-ganglionic sympathetic nerves reveal a close cor-
relation between the increased numbers of granular vesicles seen by elec-
tron microscopy, fluorescence intensity and quantitative estimations of
norepinephrine content proximal to the constriction [DAHLSTROM, 1965;
KAPELLER and MAYOR, 1967; BANKS, MANGNALL,' and MAYOR, 1969].

(g) Selective depletion and repletion experiments of vesicle contents
by pharmacologic agents has provided functional, histochemical, electron
microscopic, and biochemical correlations. In figure 2, data has been as-
sembled to provide a semiquantitative analysis of the percentage change in
granule containing vesicles with quantitative measurements of norepineph-
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Fig. 2. Correlation of change in ratio of granular: agranular vesicles in nerve ter-
minal areas with norepinephrine content after administration of pharmacologic agents.
Data derived from studies of IRALDI and DE ROBERTIS [1961); VAN ORDEN et al. [1966];
DEVINE, ROBERTSON and SIMPSON [1967]; DEVINE and SIMPSON [1968]. O Reserpine:
Decrease granule binding. @ Guanethidine: Block NE release. [1 Bretylium: Block NE
release. B Pargyline: MAO inhibition. /A a-methyltyrosine: Tyrosine hydroxylase inhi-
bition. & g-methyldopa: DOPA decarboxylase inhibition.

rine content [IRALDI and DE ROBERTIS, 1961; VAN ORDEN et al., 1966;
DEVINE, ROBERTSON and SIMPSON, 1967]. These separate studies reveal a
linear correlation between norepinephrine content and change in ratio of
granular vesicles. Moreover, while guanethidine and bretylium have phar-
macologically similar actions, their mode of action at the nerve terminal
indicates a significant dissimilarity in that guanethidine has a reserpine-like
component inducing vesicle degranulation.

Morpho-pharmacologic Studies
of the Significance of the Neuromuscular Interval in Blood Vessels

In blood vessels and other adrenergically innervated tissues, where the
presumed neuromuscular interval is less than 1,000 A in width, there is
virtual exclusion of the extracellular space, absence of collagen and micro-
fibrillar material and apparent fusion of the basement membranes of axon
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and smooth muscle. The basement membrane component of the smooth
muscle sarcolemma varies from 300-700 A in thickness and a more tenuous
basement membrane surrounds the nerve terminal area Schwann cytoplasm
extending over the bare area of the axon [VERITY and BEvAN, 1968 (see
also fig. 11, 12); SimpsoN and DEVINE, 1966 (fig. 12); MERRILLEES, BURN-
stock and HoLMAN, 1963]. In such areas there may be increased subplas-
mal vacuolization. Neuromuscular intervals greater than 1,500 A are char-
acterized by microfibrillar material, collagen, prolongations of fibroblast
cytoplasm and nonopposed basement membranes. This latter organization
is the usual in aorta, carotid artery, pulmonary artery of cat and rabbit and
coronary arterioles [LEVER, AHMED, and IRVINE, 1965].

In a previous study on the nature of the abnormally long latency in
neuromuscular transmission in the pulmonary artery [BEVAN and VERITY.
1966], a preliminary analysis showed that extracellular diffusion would ac-
count for only a small part of this latency, the remaining delay presumably
could be accounted for by difficulty in access of transmitter to the receptor
site or by subsequent rate limiting intracellular events before contraction.
More recent morphologic observations strongly suggest that difficulty in
access of transmitter to the recéptor site may be of greater significance
than originally supposed. Such evidence is based upon the finding of single
or multiple, long cytoplasmic expansions of adventitial fibroblasts inter-
posed between nerve terminal bare areas and subjacent smooth muscle
membrane (fig. 3). Such an architectural feature would greatly modify the
minimum diffusion pathway for the liberated transmitter and may increase
manyfold the extracellular diffusion time. :

A further hindrance to the diffusion of transmitter over distances
greater than 1,500 A is the presence of abundant microfibrillar material in
the neuromuscular cleft. Such material, thbught analogous to basement
membrane, has a glycoprotein composition and may serve for the non-
specific adsorption of neurotransmitter, thus necessitating the release of
larger amounts at the nerve terminal area to provide minimum effective
concentrations at the receptor.site on the smooth muscle membrane. Con-
siderations of the role played by the basement membrane in neurotrans-
mitter-receptor interactions are of necessity speculative. That a well-devel-
oped basement membrane exists in vascular smooth muscle is established.
Two observations suggest a key role of this material in transmitter-receptor
interaction. GILLESPIE and HaMiLTON [1966] demonstrated the phen-
oxybenzamine sensitive binding of norepinephrine to the vascular smooth
muscle surface in spleen preparations. Moreover, the postulated receptors
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were found to be generalized over the entire surface. WooLLEY and GomMI
[1965] and WESEMANN and ZILLIKEN [1967] have provided evidence on the
chemical nature of a neurotransmitter receptor in smooth muscle and
postulate a critical role for sialic acid — a significant component of base-
ment membrane material.

Cocaine potentiation of the response of various tissues to sympathetic
amine is considered due to its ability to block the reuptake by the nerve
terminal of liberated amine [TRENDELENBURG, 1963]. Paradoxically, blood
vessels have shown low cocaine induced sensitivity compared with other
smooth muscle preparations. A possible explanation may lie in the rela-
tively larger neuromuscular distances to be found in the blood vessels ex-
amined. To further investigate this concept a correlation has been made

Fig. 3. Extensions of fibroblast cytoplasm (f) are interposed between the nerve
terminal area (nta) and subjacent smooth muscle (sm). Microfibrillar material (mf) ex-
tends throughout the neuromuscular interval. Bar represents 0.6 .
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COCAINE - INDUCED SUPERSENSITIVITY - AS FUNCTION
OF NEUROMUSCULAR INTERVAL
504 ——
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Fig. 4. Correlation between the magnitude of the neuromuscular interval and
potentiation of norepinephrine response in the presence of cocaine, Data derived from
studies of BENNETT and ROGERS [1967]; BEVAN and VERITY [1967]; FURCHGOTT et al.
[1963]; GOVIER et al., [1969); HAEFELY, HURLIMANN and THOENEN [1964); MERRILLEES
et al. [1963]; Pick [1967]; TRENDELENBURG [1965]; URrsiLLO and JACOBsON [1965];
VERITY and BEVAN [1968].

between the magnitude of the neuromuscular interval and norepinephrine
potentiation in the presence of cocaine in a variety of adrenergically in-
nervated tissues (fig. 4). Two tentative conclusions may be drawn from this
preliminary data. Firstly, a nonlinear, inverted hyperbolic relation is seen
between the two variables suggesting the existence of two different cocaine
induced phenomena. Secondly, the extrapolated point on the X axis at
~350 A is the minimum neuromuscular distance at which significant
cocaine potentiation is seen. The corresponding maximum from the same
data lies in the region 800-1,000 A. In general terms, neuromuscular in-
tervals greater than 1,000 A in adrenergically innervated tissues will not
show cocaine supersensitization. It is perhaps not fortuitous that at this
critical interval a break in basement membrane continuum becomes evident
and interposition of extracellular components becomes manifest. Although
speculative, such data drawn from multiple tissue preparations under dif-
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ferent conditions of examination pinpoint a role for basement membrane
material in facilitating and controlling transmitter diffusion over relatively
large distances.

References

APPENZELLER, O.: Electron microscopic study of the innervation of the auricular artery
of the rat. J. Anat. 98: 87 (1964).

BANKs, P.; MANGALL, D., and MAYOR, D.: Redistribution of cytochrome oxidase, nor-
adrenaline and adenosine triphosphate in adrenergic nerves constricted at two
points. J. Physiol., Lond. 200: 745 (1969).

BENNETT, M.R. and RoGERs, D. C.: Study of the innervation of the Taenia coli. J. Cell
Biol., 33: 573-596, 1967.

BEVAN, J. A. and VERITY, M. A.: Post-ganglionic sympathetic delay in vascular smooth
muscle. J. Pharmacol. exp. Ther. 152: 221-230 (1966).

BEVAN, J. A. and VERITY, M. A.: Sympathetic nerve-free vascular muscle. J. Pharmacol.
exp. Ther. 157: 117-124 (1967).

BrooM, F.E. and BARRNETT, R.J.: Fine structural localization of noradrenaline in
vesicles of autonomic nerve endings. Nature, Lond. 210: 599-601 (1966).

CravioTo, H.: Filamentous and tubular structures in mammalian axoplasm. J. comp.
Neurol. 126: 453-457 (1966).

DAHLSTROM, A.: Observations of the accumulation of noradrenaline in the proximal
and distal parts of peripheral adrenergic nerves after compression. J. Anat. 99:
677-689 (1965).

DE IRALDI, P. A. and DE ROBERTIS, E.: Action of reserpine on the sub-microscopic mor-
phology of pineal gland. Experientia 17: 122-124 (1961).

DE ROBERTIS, E.; DE IRALDI, A.P.; ARNAIZ, G.R,, and ZIEHER, L. M.: Synaptic vesicles
from rat hypothalamus. Isolation and norepinephrine content. Life Sci. 4: 193-207
(1965).

DEeVINE, D.E.; ROBERTSON, A.A., and SIMPSON, F.O.: Effect of sympatholytic drugs
on sympathetic axonal fine structure and tissue catecholamine levels. New Zeald
med. J. 66: 390-391 (1967).

DevINE, C. E.: Neuromuscular relationships in rat intestinal and mesenteric blood ves-
sels. Proc. Univ. Otago. Med. School 44: 9-11 (1966).

ELFVIN, L. G.: Ultrastructure of unmyelinated fibers in the splenic nerve of the cat. J.
Ultrastruct. Res. 1: 428454 (1958).

FALCK, B.: Observations on the possibilities of the cellular localization of monoamines
by a fluorescence method. Acta. physiol. scand. 55: suppl. 197, 1-25 (1962).
FURCHGOTT, R.F.; KIRKEPAR, S.M.; RIEKER, M., and SCHWAB, A.: Actions and interac-
tions of norepinephrine, tyramine and cocaine on aortic strips of rabbit and left

atrium of guinea pig and cat. J. Pharmacol. exp. Ther. 142: 39-58 (1963).

Fuxe, K. and SepvatL, G.: The distribution of adrenergic nerve fibers to the blood
vessels in skeletal muscle. Acta. physiol. scand. 64: 75-86 (1965).

GILLESPIE, J. S. and HamiLTON, D.N. H.: Binding of noradrenaline to smooth muscle
cells in the spleen. Nature, Lond. 2712: 524-525 (1966).



Morphologic Studies of the Vascular Neuroeffector Apparatus 11

GOVIER, W.C.; SUGRUE, M. F., and SHORE, P. A.: Inability to produce supersensitivity
to catecholamines in intestinal smooth muscle. J. Pharmacol. exp. Ther. 165:
71-77 (1969).

GRiLLo, M.A.: Electron microscopy of sympathetic tissues. Pharmacol. Rev. 18-
387-399 (1966).

Isum, S.; SuiMizo, N.; MATSUOKA, M., and Imaizums, R.: Correlation between cate-
cholamine content and numbers of granulated vesicles in rabbit hypothalamus.
Biochem. Pharmacol. 14: 183-185 (1965).

KAPELLER, K. and MAYOR, D.: The accumulation of noradrenaline in constricted sym-
pathetic nerves studied by fluorescence and electron microscopy. Proc. roy. Soc.
B. 167: 282-292 (1967).

KAPELLER, K. and MAYOR, D.: An electron microscopic study of the early changes
proximal to a constriction in sympathetic nerves. Proc. roc. Soc. B. 172: 39-51
(1969).

LEVER, J.D.; AKMED, M,, and IRVINE, G. J.: Neuromuscular and intercellular relation-
ships in the coronary arterioles. A morphological and quantitative study by light
and electron microscopy. J. Anat. 99: 829-840 (1965).

LEVER, J.D.; GRAHAM, J.D.P.; IRVINE, G., and CHICK, W.J.: The vesiculated axons in
relation to arteriolar smooth muscle in the pancreas. A fine structural and quan-
titative study. J. Anat. 99: 299-313 (1965).

LEVER, J.D.; SPrIGGS, D., and GRAHAM, J. D.P.: A formal-fluorescence, fine-structural
and autoradiographic study of the adrenergic innervation of the vascular tree in
the intact and sympathectomized pancreas of the cat. J. Anat. 103: 15-23 (1968).

MERRILLEES, N. C.P.; BURNSTOCK, G., and HoLMAN, M.E.: Correlation of fine-struc-
ture and physiology of the innervation of smooth muscle in the guinea pig as
deferens. J. Cell. Biol. 19: 529-550 (1963).

NEDERGAARD, O.: Pers. Communication (1968).

NORBERG, K. A. and HAMBERGER, B.: The sympathetic adrenergic neuron. Acta. physiol.
scand. 63: suppl., 238 (1964).

PicK, J.: Fine structure of nerve terminals in the human gut. Anat. Rec. 159: 131-146
(1967).

SmvpsoN, F.O. and DevINgE, C.E.: The fine structure of autonomic neuromuscular
contacts in arterioles of sheep renal cortex. J. Anat. 100: 127-137 (1966).

TRENDELENBURG, U.: Supersensitivity and subsensitivity to sympathomimetic amines.
Pharmacol. Rev. 15: 225-276 (1963).

TRENDELENBURG, U.: Supersensitivity by cocaine to dextrorotatory isomers of norepi-
nephrine and epinephrine. J. Pharmacol. exp. Ther. 148: 329-338 (1965).

UcHizoNo, L.: Innervation of blood capillary in heart of dog and rabbit. Jap. J. Phy-
siol. 14: 587-598 (1964).

URsiLLO, C. and JAcoBsoN, J.: Potentiation of norepinephrine in isolated as deferens
of rat by some CNS stimulants and depressants. J. Pharmacol. exp. Ther. 148:
247-251 (1965).

VAN ORDEN, L.S.; BLooM, F.E.; BARRNETT, R.J., and GIARMAN, N.J.: Histochemical
and functional relationships of catecholamines in adrenergic nerve endings. J.
Pharmacol. exp. Ther. 154: 185-199 (1966).



