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Summary

1. Electron microscopical evaluation of sets of serial fine sections of pancreatic
arteriolar muscle of the cat showed no significant difference between the number
of pinocytotic vesicles per unit length of smooth muscle cell membrane in
‘ synaptic’ and ‘non-synaptic’ regions.

2. With high resolution autoradiography, *H-phenoxybenzamine was found
to be distributed over the cytoplasm and nuclei of smooth muscle cell profiles
of guinea-pig vas deferens, although no localization in relation to discrete
morphological organelles was evident.

3. ‘Specific protection’ of «-adrenoceptors using 606 uM noradrenaline
resulted in a significant diminution in the binding of *H-phenoxybenzamine as
evidenced by a decrease in silver grain concentrations over smooth muscle cell
profiles in autoradiographs.

4. The significance of these findings in relation to the site and distribution of
«-adrenoceptors is discussed.

Introduction

Examination of electron micrographs of the synaptic region of the adrenergic
nerves in close apposition to smooth muscle in several organs from several species
(Lever, Graham, Irvine & Chick, 1965 ; Esterhuizen, Graham, Lever & Spriggs,
1967, 1968 ; Graham, Lever & Spriggs, 1968a ; Lever, Spriggs & Graham, 1968)
did not reveal any morphological subsynaptic specialization which could with
confidence be attributed to an organized receptor area comparable, for example. to
that of the motor end plate region of skeletal muscle. However, it was observed
that the plasma membrane on the adventitial aspect of arteriolar smooth muscle
cells had significantly more pinocytotic vesicles than did the endothelial aspects of
the muscle membrane (Lever et al., 1965).

The present paper reports the results of an attempt to assess by means of serial
sections whether the number of pinocytotic vesicles present at smooth muscle sur-
faces opposite terminal areas of adrenergic axons was significantly greater that at
non-synaptic muscle membranes. In addition, an attempt was made to locate the
«-adrenoceptor (Ahlquist, 1948) by using high resolution autoradiography after
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exposing tissues to tritium labelled phenoxybenzamine (Phb), a drug which
abolishes unsurmountably those actions of noradrenaline conventionally attributable
to the occupation of «-adrenoceptors (see review by Graham, 1962). A short account
of the distribution of *H-Phb in the pancreatic arteriolar wall of the cat has been
published (Graham, Lever & Spriggs, 1968b).

Methods
Electron microscopy

One millimetre cubes of freshly excised pancreas of the cat were fixed for 4 h
at 4° C in 2:0% glutaraldehyde buffered to pH 7-2 with cacodylate buffer. The
specimens were post-fixed with 19/, osmium tetroxide, dehydrated and embedded
in araldite. After locating arterioles, serial fine sections were obtained, mounted on
grids, stained with lead citrate solution (Reynolds, 1963) and examined in an
Elmiskop 1 electron microscope. A total of seven arterioles, from four cats, were
serially sectioned and each series contained sixteen to thirty sections. In three of the
arterioles suitable synaptic regions were traced throughout the entire series of
sections.

Synaptic regions of terminal adrenergic axons and smooth muscle were identified
according to previously established criteria (Graham, Lever & Spriggs, 1969) ; each
synapse was photographed in each section of the series in which it could be located.
Photographic prints were prepared at a final magnification of x 30,000.

The following criteria were applied in the identification of ‘synaptic’ smooth
muscle membrane: (a) presence of nerve terminal area within 4,000 A of muscle
membrane ; (b) absence of Schwann cell or fibroblast processes in the synaptic
interval ; (c) the length of ‘ synaptic ’ muscle membrane was defined to be within
4,000 A of the nearest apposed aspect of naked axolemma of a terminal axon (see
Fig. 1); (d) lengths of muscle membrane showing myofibril attachments (dense
bodies) were excluded.

Muscle

FIG. 1. Measurements used in delineating ‘synaptic’ (S) and ‘non-synaptic’ (NS) muscle
membrane. Ax, axon; Sch, Schwann cell. <«—-, Interval of 4,000 A between naked
axolemma and muscle membrane. For each individual electron micrograph the length of
‘non-synaptic’ membrane used for pinocytotic vesicle counts was made equal to the length
of ‘synaptic’ membrane.
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For control measurements, ‘ non-synaptic’ membrane profiles were used from
muscle surfaces which were not apposed to nerve terminal areas. The length of
‘ non-synaptic’ membrane was measured so as to be equal in length to the synaptic
membrane for each micrograph. Areas of plasma membrane were selected as
‘non-synaptic ’ only if they were shown to be so in continuity through the series.
Pinocytotic vesicles showing continuity with the muscle membrane were counted,
and expressed as attached pinocytotic vesicles per unit length muscle membrane.

Incubation of guinea-pig vas deferens with *H-Phb

Male guinea-pigs, 150-200 g body weight, were stunned and bled. Vasa deferen-
tia were exsected, stripped of their mesenteric investments, and incised longitudin-
ally to facilitate access of incubation fluid to the lumen of the organ. Specimens
were incubated in appropriate solutions based on Krebs solution (composition
NaCl, 118 mm; KCl, 469 mm; CaCl, 2:52 mm; MgCl, 1-15 mm; NaH,PO,,
1-17 mM : NaHCO;, 24:4 mm ; dextrose, 11-1 mm) gassed with 59, CO, in O, at
37° C as follows:

Control : incubated in Krebs solution for 1 min and then in Krebs solution con-
taining *H-Phb (3-29 uMm ; 0-52 Ci/mmol) for 15 minutes.

Test : incubated in Krebs solution containing noradrenaline (NA) 606 um for
1 min and then in Krebs solution containing NA, (606 um) plus *H-Phb (3-29 uMm)
for 15 minutes.

Control and test material was subsequently rinsed in three washes of normal
Krebs solution each of 1 min duration before specimens were taken for auto-
radiography.

Autoradiography

Specimens of guinea-pig vas deferens prepared as above were fixed and embedded
in the same way as the pancreatic material. Fine sections were cut and processed
for high resolution autoradiography according to the method of Lever, Spriggs &
Graham (1968). The autoradiographs were stored for 3-6 months before being
developed photographically and examined in the electron microscope. Photo-
graphs of smooth muscle were taken and printed at x24,000 magnification.
Montages were assembled and silver grain distribution expressed as grains per unit
area over cellular elements and over intercellular background.

Drugs. Noradrenaline bitartrate, *H-phenoxybenzamine hydrochloride.

Results
Pinocytotic vesicles

In most sets of serial sections of arteriolar wall examined, the density of attached
pinocytotic vesicles was greater for ‘synaptic’ than for ‘non-synaptic’ muscle
membrane surfaces (Fig. 2). However, in no instance was this difference statistic-
ally significant (Table 1).

SH-Phb distribution

One hundred and eighty-six micrographs were obtained using three grids from
each of two specimens of vas deferens taken from each of five guinea-pigs. The
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FIG. 7. Electron micrograph of terminal adrenergic axons (Ax) related to arteriolar smooth
muscle (M) of the pancreas of cat. A large number of vesicles are close to, and in contact
with, that portion of the muscle membrane which is closest to the axons. However, statistical
quantitation from serial sections of synaptic regions show pinocytotic vesicles to occur with
similar frequency on both ‘synaptic’ and ‘non-synaptic’ muscle membranes. Sch, Schwann
cell; F, fibroblast process; pv, pinocytotic vesicles. X 22,800.

FIG. 3. Electron autoradiograph of smooth muscle from the vas deferens of guinea-pig
following incubation of the muscle with 3H-Phb. The distribution of silver grains, implicating
the presence of bound SH-Phb shows no localization in relation to muscle membranes or to
organelles. X 24,000.
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concentration of silver grains over smooth muscle cytoplasm was greater than over
smooth muscle nuclei or extracellular space as shown in Table 2. No specific con-
centration of silver grains was detectable in relation to discrete morphological
structures of the smooth muscle cell (Fig. 3).

Table 3 illustrates the results of the specific protection test. In these experiments,
some vas deferens specimens were exposed to 606 uM NA before *H-Phb incubation
since Furchgott (1954) and others have shown that NA occupies the a-receptors
thereby preventing access of halogenoalkylamine to these receptors. It was con-
firmed in the present experiments that NA in a concentration of 606 uMm reduced
the a-adrenoceptor blocking activity of 3-29 um Phb by 60-809%. The number of
silver grains per unit area of smooth muscle in the NA treated specimens was signifi-
cantly lower than in the controls which were not pre-incubated with NA. The
autoradiographs, however, did not reveal any recognizable difference in the silver
grain distribution in relation to morphological features between the ° protected’
and ‘ unprotected ’ specimens.

Discussion

The presence of pinocytotic vesicles on muscle membranes can be taken to indicate
regions of considerable metabolical activity. The fact that the aggregation of these
vesicles is not significantly greater opposite the synaptic cleft makes it unlikely that
they constitute the morphological basis of a specialized subsynaptic adrenoceptor

TABLE 1. Representative results showing the number of attached pinocytotic vesicles per unit length
of membrane of arteriolar smooth muscle from the pancreas of the cat

Attached pinocytotic vesicles/unit

length
No.
micrographs ‘Synaptic’ ‘Non-synaptic’
in series membrane membrane P
22 3-3341-13* 21414095 09
16 1-69+0-44 1-5740-42 0-7
13 1-68+0-87 1-304+0-15 0-2

* s.e. of mean. P values obtained using Student r-test.

TABLE 2. The density of autoradiographic silver grains over vas deferens of guinea-pig treated with

3H-phenoxybenzamine
Smooth Smooth
muscle muscle
Extra-cellular space cytoplasm nucleus

Number of profiles examined 33 186 [24
Mean grains/unit area 4-96 87 73
Standard error of mean 0-95 0-75 0-95
Statistical significance P<‘6~001 P<01

TABLE 3. Comparison of the density of autoradiographic silver grains over smooth muscle profiles
of vas deferens of guinea-pig treated with 3H-phenoxybenzamine

Control (C) Test (T)
(not pre-incubated with NA) (pre-incubated with
606 uM NA)
No. micrographs 50 65
Mean grains/unit area 27 10-1

Standard error of mean

1-1 1-1
Statistical significance C>T P<0-001
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area in any way comparable to the motor endplate on skeletal muscle. In the
guinea-pig and cat (Graham et al., 1968b) and in both organs (pancreatic arteriolar
smooth muscle and vas deferens) there is a degree of concentration of silver grains
indicative of localization of phenoxybenzamine over the cytoplasm and nuclei of
the smooth muscle, but there is no obvious concentration in relation to any given
organelle. In trying to interpret the diffuse scatter of silver grains one has to allow
for four possibilities. (1) The general background of spontaneously produced silver
grains. This is taken account of by counts over extracellular space free from cells
such as fibroblasts. (2) A portion of any dose of phenoxybenzamine is probably
bound to nonspecific sites (Graham, 1960a, 1964). Halogenoalkylamines bind to
nucleotides and this may account for the presence of silver grains over the profiles
of nuclei. An apparent species difference can be discerned as there are more silver
grains (presumably non-adrenergic sites) on the nuclei of guinea-pig vas deferens
muscle than on the nuclei of cat arteriolar muscle. (3) Phenoxybenzamine occupies
receptors for histamine, S-hydroxytryptamine, and (in high enough concentration)
for acetylcholine (Graham, 1960b). These specific receptors may well be localized
in a manner which confuses the attempt to localize «-adrenoceptor sites. Never-
theless the specific protection experiment (Furchgott, 1954) produced a statistically
significant difference in the number of grains per unit area over vas deferens muscle
cytoplasm, being less in that muscle which was protected by pre-treatment with nor-
adrenaline (Table 3). This might indicate that some of the silver grains are markers
of e-adrenoceptor sites. Of interest in this context is the absence of silver grain
concentration in relation to cell membranes, which is consistent with the suggestion
(Paton, 1967 ; Ariens & Simonis, 1969) that the a-adrenoceptor is inside the cell
rather than on the membrane.
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