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Significant contributions towards a more detailed understanding of sympathetic
nerve-smooth muscle transmission have come from in vitro studies of the innervated
intestine and vas deferens and are the more valuable because of correlated ultra-
structural observations (Richardson, 1958, 1962; Merrillees, Burnstock & Holman,
1963; Burnstock, Holman & Merrillees, 1962). The recent studies of Lever on the
innervation of blood vessels have confirmed and extended many of the initial
ultrastructural observations on the structure of the vascular wall (Moore & Ruska,
1957; Fawcett, 1959; Parker, 1958; Keech, 1960; Pease & Molinar, 1960; Pease &
Paule, 1960; Karrer, 1961, Rhodin, 1962; Appenzeller, 1964). The significance of
many of these morphologic observations is limited because correlative in vitro
pharmacological and electrophysiological studies are lacking. The sympathetic
nerve-pulmonary artery preparation (Bevan, 1962; Verity, Hughes & Bevan 1965)
has allowed direct functional studies of vascular muscle reactivity following neural,
direct muscle and drug induced stimulation.

The study investigates the nature of the innervation and the relationship between
the terminal effector nerve plexus and the smooth muscle in the pulmonary artery—
nerve preparation. Observations on intermuscular relationships, intermembrane
distances and ultrastructural details of the sarcolemma are also presented.

MATERIALS AND METHODS

Young, mature rabbits, adult cats and kittens were used. The rabbits were stunned
and bled; the cats were deeply anaesthetized with pentobarbitone administered
intraperitoneally. The aortico-pulmonary complex was exposed through a bilateral
longitudinal transcostal incision with removal of the sternal plate. The pericardium
was opened and the pulmonary artery dissected free from the overriding aorta and
surrounding fibro-adipose tissue.

The organization of the innervation apparatus of the pulmonary artery was visua-
lized following intravital and supravital methylene-blue staining techniques (Verity
et al. 1965). Fixation for electron microscopy was performed in two phases. Ice-cold
phosphate buffered 3 9, glutaraldehyde was dripped upon the exposed pulmonary
artery in situ for 3 min. The artery was rapidly removed, and multiple 1 mm sections
of the pre-bifurcation area were cut and placed in 3 9, glutaraldehyde for 1 h at
room temperature. Sections were washed in four changes of ice-cold phosphate
buffer over a period of 2h prior to post-fixation in 29% osmium tetroxide
for 2h at 2°C. The tissue was passed slowly through ascending grades of
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ethanol at 2 °C prior to embedding in Epon 812. Sections were cut on an LKB
Ultratome and stained with lead salts (Karnovsky, 1961) prior to examination in a
Hitachi HU-11 electron microscope.

A quantitative analysis of the cellular architecture and extracellular space as
revealed by electron microscopy was performed on prints enlarged to 11 x 14 in. at
a final magnification of 15000-32000 after the method of Loud (1962). The linear
grid (15 x 21 cm), containing 17 parallel lines 0-5 in. apart, was drawn upon matte
acetate, 0-04 in. in thickness.

OBSERVATIONS

Light- and electron-microscopic observations on the prebirfucation area of the
pulmonary artery in cats and rabbits revealed the typical organization of an elastic
distributing artery characterized by concentric lamellae of elastin and smooth
muscle. Ultrastructural details of the endothelium. the sub-endothelial layer or
cytologic details of the adventitia differed only slightly from those of Buck (1958) in
the rabbit; Pease & Paul (1960) and Keech (1960) in the rat.

Innervation

The pre-bifurcation region received a rich innervation from the right recurrent
cardiac nerve. Post-ganglionic sympathetic fibres joined the nerve near its origin
from the recurrent laryngeal or vagus and ramified at the bifurcation into antero-
lateral and posterior branches to form the primary adventitial plexus (Verity et al.
1965). Schwann-cell nuclei stain palely with methylene blue and appear round or
triangular, especially at regions of nerve-fibre confluence. The presence of Schwann
cells, larger fibre size and the multiaxonal-organization limited to the adventitia
readily distinguish this component of the nerve supply from the terminal effector
plexus (Verity & Bevan, 1966), herein considered to represent the functional, principal
catecholamine-storing site of the innervation apparatus. In methylene-blue prepara-
tions the terminal effector plexus consisted of a two-dimensional plexus of nerve
bundles each containing 1-3 unmyelinated axons less than 1 #m in diameter and
characterized by numerous round and fusiform swellings 0-2-0-5 gm in diameter.
No Schwann nuclei were identified.

No specific relationship of the terminal effector plexus to the underlying smooth
muscle, other than in its bidimensional organization at the adventitio-medial
junction, was noted. Fibres from this plexus accompanied the superficially penetrating
vasa vasora. Single, unmyelinated fibres from this perivasal plexus passed recurrently
to adjacent portions of the terminal effector plexus. This morphological pattern of
organization is diagrammatically summarized in Fig. 1.

Electron microscopy

Electron microscopy confirmed many details of the neural organization suggested
by light microscopy. The ultrastructural morphology of the primary adventitial
plexus revealed typical autonomic axonal bundles similar to those described by
Hess (1955), Elfvin (1958), and Merrillees et al. (1963) and consisted of fascicles of
2-12 unmyelinated axons ensheathed by Schwann-cell cytoplasm. The axons were
between 0-03 and 15 #m (mean = 0-61 +£0-04) in diameter. The axoplasm was
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moderately dense and contained mitochondria, occasional irregular, dense osmio-
phillic membrane-limited bodies resembling lysosomes, rare large granular vesicles,
neurotubules and neurofilaments.

The terminal effector plexus of light microscopy is recognized electron micro-
scopically as the probable functional site of transmitter storage and release. The
identification of specialized axonal regions in the terminal effector plexus (Figs. 2—4)
present an ultrastructural morphology highly suggestive of an adrenergic innerva-
tion (Verity & Bevan, 1966). These ‘nerve terminal areas’ (Lever, Ahmed & Irvine,
1965) were partially deficient of Schwann cytoplasm, contained numerous granular

Primary adventitial plexus

Schwann nucleus

<#

Vasa vasorum

Terminal effector plexus in
outermost muscle lamellae

Fig. 1. Schematic representation of the neural organization of the pulmonary artery. Post-
ganglionic sympathetic fibres of the recurrent cardiac nerve ramify in the adventitia to form
the primary plexus. This plexus of unmyelinated nerves contains numerous Schwann-cell
nuclei. The terminal effector plexus, essentially limited to the adventitio-medial junction, is
the terminal continuation of the primary plexus. There is focal superficial penetration of the
media in the perivasal plexus. The nodal specializations of axoplasm represent bare nerve
terminal areas containing accumulations of granular vesicles.

vesicles, rare agranular microvesicles, large mitochondria typical of preterminal
axoplasm and neurotubular profiles. The granular vesicles were of two varieties.
The predominant form was similar to the type 1 granular vesicle of Grillo & Palay
(1962). This vesicle was variable in shape and size, with a mean diameter of 975 A
(Fig. 5) whose osmiophilic dense core was surrounded by a distinct limiting mem-
brane (Figs. 3, 4). Smaller granular vesicles ~ 480 A in diameter analogous to types
2 and 3 contained a small central osmiophilic core (Fig. 4).

Neurotubular profiles were commonly seen in the terminal effector plexus axo-
plasm. These neurotubules (present in greater numbers in the axoplasm of the
primary adventitial plexus) had a cross-section diameter of 270-1+1-8 A (n = 49)
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and 268-4+3-2 A (n = 54) when measured in transverse and longitudinal profiles
respectively. The limiting osmiophilic membrane was 50-60 A in width. The central
light core often contained an inner denser filamentous structure, giving a ‘target-
ring’ appearance (Figs. 4, 6, 6a), especially noticeable in the terminal portions of
the plexus. Neurofilaments were not identified in the terminal effector plexus. The
significant difference in size and regular shape of the transverse sections through
neurotubules easily differentiated such structures from small granular vesicles.
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Fig. 5. Histogram of large granular vesicle size in bare nerve areas of the terminal effector
plexus of the pulmonary artery. N = number of individual observations.

Attempts to obtain a mean value for the neuromuscular interval between the
‘nerve terminal areas’ of the axons (denuded of Schwann cytoplasm) and adjacent
smooth-muscle plasmalemma revealed a mean value of 1-9 gm for the minimum
neuromuscular interval and was obtained from measurements of thirty-five ‘nerve
terminal areas’. Of perhaps greater significance was the observation that no measured
neuromuscular interval was less than 1000 A ; the narrowest interval being ~ 4000 A
(Verity & Bevan, 1966).

Fig. 2. Portion of terminal effector plexus in the adventitio-medial zone of the pulmonary artery.
Four axons are partially enclosed by Schwann cytoplasm (Sc) but possess bare areas devoid of
covering. Various granular vesicles, neurotubules, mitochondria and a few agranular vesicles
are evident in the preterminal axoplasm. A fibroblast extension is interposed between the nerve
terminal area and the distant (11000 A) smooth muscle (Sm) sarcolemma. x 20000.

Fig. 3. Terminal axoplasm devoid of Schwann cell covering containing numerous large granular
vesicles (V) surrounded by single membrane and few small granular profiles. Neurotubule
segments (/NV,) are conspicuous. x 25000.

Fig. 4. Granular vesicle-containing portion of terminal effector plexus, partially enclosed by
Schwann cytoplasm (Sc). Large (¥;) and small (V) vesicles are seen. Long profiles of neurotubules
(N,) are present in an adjacent unmyelinated axon (4,) and transversely sectioned neurotubules
are identified in axon (4,). x 25000.
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SMOOTH MUSCLE
General organization

The smooth muscle of the pulmonary artery was irregularily disposed, and
loosely aggregated in the adventitio-medial zone, but assumed a lamellar orientation
in the deeper layers of the media (Fig. 7). Collagen fibrils and microfibrillar material
loosely surrounded individual muscle cells except in regions of apposition with
elastic lamellae (Fig. 8) and areas of close muscular juxtaposition.

The sarcoplasm contained polar orientated mitochondria, specialized Golgi zones,
centrioles, and an indented nucleus. The endoplasmic reticulum was concentrated in
the perinuclear zone where poorly developed smooth and rough-surfaced components
were visualized. Ribonucleoprotein particles and glycogen was scattered throughout
the cytoplasm. The myofilaments were arranged in loose bundles usually running
parallel to an adjacent portion of the cell membrane. Elongated, dense bars were
seen in the sarcoplasm (Figs. 7, 9), arranged parallel to the myofilaments (Merrillees
et al. 1963 ; Pease & Molinar, 1960).

Sarcoplasmic membrane and sub-sarcoplasmic organization

Individual smooth muscle cells were limited by a trilaminar plasmalemma, ~ 80 A
in width, easily visualized in the cytoplasmic extrusions and micropinocytic vacuola-
tions. There was a clear space between the plasmalemma and basement membrane.
The latter varied in thickness from 300 to 700 A and often appeared adherent to the
plasmalemma by filamentous material. The basement membrane was especially
prominent over the dense areas of plasmalemma but was attenuated over regions
of micropinocytic vacuolation (Figs. 9, 13).

A characteristic feature of the plasmalemma of pulmonary artery smooth muscle
was the extensive micropinocytic vacuolation previously observed in smooth muscle
{(Moore & Ruska, 1957; Lever, Ahmed & Irvine, 1965). Occurring especially in the
adventitio-medial smooth muscle lamellae, the vacuolation occurred on the adventi-
tial and intimal aspects of the membrane in characteristic segments 0-2—-1 zm in
length. The vacuoles were often flask-shaped with maximum and minimum diameters
of ~ 1200 A and ~ 850 A respectively. They were usually arranged in a single layer,
but did not contain basement-membrane material and were associated rarely with
segments of the dilated subsurface endoplasmic reticulum.

Extracellular and intermembrane space

An electron-microscopic determination of the muscularis extracellular space was
made by a linear sampling procedure on multiple prints (Loud, 1962). Expressions

Fig. 6. Two axons (4;, A;) of the terminal effector plexus devoid of Schwann-cell covering
with granular vesicular material, prominent neurotubular profiles (N, and arrow) and mito-
chondria in the axoplasm. The surrounding basement membrane (bm) is tenuous. x 80000.
Insert (Fig. 6a) shows the prominent central filamentous core of the neurotubules and the
trilaminar structure of the axolemma. x 180000.

Fig. 7. Longitudinal sections of four smooth muscles in the pulmonary artery muscularis. The
sarcolemma contains alternating areas of pinocytic vacuolation and dense zones. Fusiform
densities (d) oriented to the long axis are present throughout the sarcoplasm. The mitochondria
assume a polar position beside the nucleus. x 16000.
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of the extracellular space as a percentage of the total volume of the muscularis were
obtained, as two-dimensional measurements can be extended to the fraction of
tissue volume occupied by the cellular and non-cellular compartments. The smooth
muscle accounted for 54-5+5-8 (s.E.M.) %, while the extracellular compartment
from these measurements was 32:3 9, (Table 1).

Table 1. Quantitative estimate of percentage (mean + S.E.M.) smooth-muscle
content and extracellular space in pulmonary artery muscularis as determined
Sfrom electron micrographs (after Loud, 1962)

Collagen,
Total microfibrillar  Mean extra-
print Smooth material, base-  muscular Extracellular
No. of area muscle Elastin  ment membrane space space
prints (a) b) (c) ) (a—b) a—(b+c+d)
14 100 54:5+5-8 9-0+2:6 4-3+20 455 322

Regions of close smooth-muscle membrane juxtaposition were represented by
tongue-like sarcoplasmic invaginations (‘ peg and socket’) of one smooth muscle cell
with an adjacent cell (Fig. 12). Areas of closer junctional apposition between smooth
muscle cells were very rare but represented either by nexus-like planar contacts
(Figs. 10, 11) or desmosomes (Fig. 10). The nexus-like contact was a quintuplet
structure, the central osmiophilic lamina being formed by coalescence of merging
outer portions of the basement membrane. This probably represents the configura-
tion in osmium-fixed tissue corresponding to the nexus seen in permanganate fixation
(Lane & Rhodin, 1964). The desmosomal junction was wider, contained dense
homogeneous interfacial material and increased osmiophilia of the immediate
subplasmalemmal sarcoplasm. A measure of smooth muscle interplasmalemmal
distance was provided from intermembrane distances of adjacent cells in which
both nuclei were visible. An estimate of the minimum intermembrane distance on
selected micrographs of the muscularis was made by subjectively placing a grid
perpendicular to the axis of the intermembrane space. Measurements were made at

Fig. 8. Part of pulmonary artery media showing lateral margins of two smooth muscle cells
separated by homogeneous elastic tissue. The smooth muscle (Sm) runs obliquely and is
focally attached to the elastin lamellae by desmosome-like dense zones (arrows). x 20000.

Fig. 9. Portion of media reveals the variable size of the micropinocytic vacuolations (p) and
basement membrane prominance adjacent to sarcolemmal dense zones (arrow). The myofibrils
are more easily seen in our dichromate fixed material. The myofibrils pass through the sarco-
plasmic fusiform densities (d) without interruption. x 24000.

Fig. 10. Portions of three smooth-muscle cells of the pulmonary artery media (Sm,_,) showing
two types of rare sarcolemmal junctional complexes (a, b) and less rare cell-to-cell invaginations
(c). Complex (a) is a planar contact. The desmosomal complex (b) is wider, with thickening and
increased density of the interfacial material (basement membrane). The immediate sub-
plasmalemmal cytoplasm has the approximate dimensions of a dense bar, but also shows a
lamellae substructure. A ‘lattice’ orientation of the myofilaments (my) is seen in the smooth
muscle (Sm,). Numerous mitochondria and glycogen aggregates (Gy) are noted in the sarco-
plasm. x 25000.
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10 mm intervals along the grid. The mean intermembrane distance was calculated
as 6:06 x 103 A (Fig. 14); 3-5 % of the measurements were less than 500 A, and 0-9 %,
of the measurements were 200 A or less.

Fig. 11. Detail of nexus-like planar contact shown in Fig. 8. The quintuple layered membrane
junction is ~ 120 A in width. x 150000.

Fig. 12. A typical ‘peg and socket’ junctional complex. The adjacent basement membrane (bm)
is also separated from the plasmalemma by a well defined clear space containing delicate
filamentous strands. x 24000.

Fig. 13. The submembranous, longitudinal orientation of the myofilaments (my) is interrupted by
micropinocytic vacuolation. The vacuoles are flask-shaped, often open to the extracellular
space and only rarely in contact with dilated portions of the endoplasmic reticulum. Basement
membrane is very attenuated or absent adjacent to regions of vacuolation. x 35000.

DISCUSSION

Numerous reports have described various neuromuscular relationships, including
three-dimensional interrelations, in smooth muscle of different tissues and animals.
Significant to this discussion are those observations pertaining to the intercellular
and neuromuscular relationships in vascular smooth muscle. Fluorescence studies
(Norberg & Hamberger, 1964 ; Ehinger & Sporrong, 1966) have revealed a typical,
nodose, adrenergic ground plexus directly superimposed upon the smooth muscle
of the vasculature. Ultra-structural studies of neuromuscular relationships (Lever &
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Esterhuizen, 1961 ; Lever, Ahmed & Irvine, 1965; Appenzeller, 1964 ; Lever, Graham,
Irvine & Chick, 1965; Zelander, Ekholm & Edlund, 1962; Samarasinghe, 1963;
Simpson & Devine, 1966) have revealed vesiculated axons in the adventitia partially
covered by Schwann-cell cytoplasm. The neuromuscular organization of the pul-
monary artery, diagrammatically summarized in Fig. 1, demonstrated many features
of similarity to the neural organization of arterioles and muscular arteries. A signi-
ficant difference wasnoted in the vesicularcontent of the axoplasmicexpansions (‘ nerve
terminal arza’) of the terminal effector plexus. Tke plurivesicular material contained a
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Fig. 14. Frequency distribution of intermembrane distance of the smooth-muscle sarcolemma
in the media of the pulmonary artery of the rabbit. The total membrane length of 136 xm
was obtained from thirty-two prints; mean print magnification, x 18000.

predominant population of large granular forms, ~ 975 A in diameter. Plurivesicular
adrenergic nerve endings characterized by large type 1 vesicles have been found in the
pineal gland, periarterial branches of the splenic nerve (de Robertis & de Iraldi, 1961),
and anterior hypothalamus of the rat (de Iraldi, Duggan & de Robertis, 1963). The
proportion of large type 1 to smaller types 2, and 3 granules varies from tissue to
tissue, approximately 10 %, being type 1 in pancreatic arterioles, contrasted to 90 9,
in the anterior hypothalamus. Numerous agranular vesicles are frequent in most
tissues. Moreover, type I vesicles have been shown to occur in the axons of the
guinea-pig vas deferens (Merrillees et al. 1963), rabbit eye sphincter (Richardson,
1962) and preganglionic terminals supplying adrenal medullary cells (Coupland,
1965). They are not found in the rabbit iris dilator muscle or rat vas deferens.
Evidence for the association of granular vesicles with catecholamines appears
very strong. The radioautographic localization of tritiated noradrenaline with
granular vesicles in the terminal parts of sympathetic axons in the pineal gland
(Wolfe, Potter, Richardson & Axelrod, 1962) and rat heart (Wolfe & Potter, 1963)
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has been demonstrated. Furthermore, the usefulness and specificity of primary
glutaraldehyde fixation in the selective production of electron density in noradrenaline
containing vesicles has been demonstrated (Zelander et al. 1962; Bloom & Barrnett,
1966). Pharmacological evidence in this respect has come from studies with reserpine
and a-methyl metatyrosine which are known to selectively deplete noradrenaline
stores. These agents induced a degranulation of the small granular vesicles (Bon-
dareff, 1965; Bloom & Barrnett, 1966; Hokfelt, 1966), but no recognizable loss of
electron-dense material was noted from the large granules, ~ 800-1200 A. Although
the anterior hypothalamus has a high concentration of noradrenaline (Vogt, 1954;
Carlsson, Falck & Hillarp, 1962) the granular vesicles are predominantly of the
large size (type I). Moreover, a close correlation between noradrenaline content and
numbers of granulated vesicles has been demonstrated in this tissue (Ishii, Shimizu,
Matsuoka & Imaizumi, 1965; de Robertis, de Iraldi, de Arnaiz & Zieher, 1965).
These observations indicate the noradrenaline nature of the small granular vesicles
and presumed noradrenaline localization in large vesicles but they cast no light on
the nature of the drug resistance of the large, type I vesicles.

The low innervation density of the pulmonary artery contrasts strongly with that
of the ductus deferens, iris and ciliary body, where several neuroeffector ‘contacts’
are made over a few microns of muscularis (Merrillees et al. 1963 ; Richardson, 1962).
The minimum neuromuscular interval in the pulmonary artery is ~ 4000 A. More-
over, the two-dimensional organization or the terminal effector innervation, limited
to the adventitio-medial junction, precludes innervation to more than three-quarters
of the muscularis. Electrophysiologic studies have indicated that a propagated action
potential occurs between most smooth-muscle cells (Prosser, Burnstock & Kahn,
1960). However, Sperelakis & Tarr (1965) reported a weak interaction between
intestinal muscle cells and concluded that no substantial transfer of excitation
occurred. Pulmonary artery smooth muscle is electrically quiescent (Su, Bevan &
Ursillo, 1964) to sympathetic nerve stimulation and norepinephrine, thus negating
electrogenic spread of excitation and strongly suggesting that the initiation of
muscular contraction is due to non-electrogenic membrane events following trans-
mitter diffusion. Of interest in this connexion is the value of 329, obtained as an
index of the extracellular compartment. This agrees favourably with values of 399,
for the carotid artery (Prosser et al. 1960) and 389, for the inulin space in ileal
smooth muscle (Weiss, 1966), but is in sharp contrast to values of 89, for vas
deferens (Lane & Rhodin, 1964) and 18 %, for retractor penis (Prosser et al. 1960),
tissues characterized by many neuroeffector contacts (see below). The few loci of
membrane fusion (see Fig. 11) in pulmonary artery muscularis (as visualized in
osmium fixed material) would not be an impediment to transmitter diffusion. Such
regions are very similar to those contact points visualized between intestinal muscle
cells by Lane & Rhodin (1964, see their Fig. 8). Intermembrane distance, over a total
membrane length of 138 #m, showed less than 3-5% < 500 A distant, with a mean
intermembrane distance of 6-06 x 102 A. The mean intercellular distance in tenia
coli is 0-69 x 10® A with multiple wide spacings, and ~ 1-0x 10* A, in the carotid
artery (Prosser et al. 1960).

Bevan & Verity (1996) found alonglatency (1-06 + 0-04 sec) between the commence-
ment of repetitive nerve stimulation and the beginning of a contractile response in the
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pulmonary artery-nerve preparation. The shortest observed distance between a
‘nerve terminal’ area and the plasma membrane of vascular smooth muscle was
04 pm with a mean of 1-9 um. This large neuromuscular interval is in marked
contrast to that found in the vas deferens, where 1 %, of the smooth muscle cells are in
immediate contact, i.e. separated by < 0-02 #um (Merrillees, Burnstock & Holman,
1963). In a provisional analysis of the genesis of the delay in vascular smooth
muscle attention has been drawn to the phenomena occurring after release of the
transmitter from its storage site and completion of its receptor interaction. Pugsley,
(quoted by Merrillees, Burnstock & Holman, 1963) calculated that the time taken for
a quantum of noradrenaline to diffuse over a distance of 1 um is considerably less
than the time required for the junctional potentials in the vas deferens to reach
maximum amplitude. In this tissue the latency between stimulation of hypogastric
nerve and initiation of junctional potentials is 20-100 ms (Burnstock & Holman,
1961). This time, which includes a ganglionic delay, represents only 109%, of the
latency in the pulmonary artery preparation. It is thus unlikely that extracellular
diffusion alone can account for the long latency. The fact that only adrenergic
blocking agents, e.g. yohimbine and SY-14, significantly prolonged the latency
indicates the importance of the effective concentration of transmitter at the receptor
site, presumed to be adrenergic. Electron microscopy reveals a minimum amount
of microfibrillary material and collagen in the diffusional space, and an ill-defined
basement membrane. This mucopolysaccharide barrier may significantly contribute
to the nerve-muscle delay, but other rate limiting steps with high temperature
coefficients cannot be excluded.

SUMMARY

An electron-microscope study of the innervation and intermuscular relationships
of pulmonary artery smooth muscle in cats and rabbits has been performed. Previous
observations of light microscopy suggesting the presence of a primary adventitial
nerve plexus and a terminal plexus limited to the adventitio-medial zone were con-
firmed. The primary adventitial plexus consisted of fascicles of unmyelinated axons
surrounded by Schwann cytoplasm. The axons contained prominent neurotubules and
neurofilaments. The terminal effector plexus contained specialized nerve-terminal
areas partially deficient in Schwann cytoplasmic covering. These areas contained
large mitochondria, neurotubular profiles, granular and rare agranular vesicles. The
predominant membrane limited granular vesicle (type 1) was variable in shape and
size, and contained a dense, granular core. Types 2 and 3 granular vesicles, ~ 480 A
in diameter, were identified. The mean ‘neuromuscular’ distance between the nerve
terminal areas and adjacent smooth muscle plasmalemma was 1-9 gm with a mini-
mum interval of 4000 A. There was extensive micropinocytic vacuolation of the
smooth-muscle plasmalemma, especially in the outer lamellae. Membrane-to-
membrane specializations were rare but represented by peg and socket invaginations,
planar contacts and desmosomes. These observations are correlated with recent
pharmacological data and indicate that smooth-muscle activation is dependent
upon transmitter diffusion from specialized axon areas.
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