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The fortuitous circumstances which first led me to use tile word tissue when

asked to submit a title for this review have already been forgotten, but a mere

tiloughtful, a more deliberate choice of words would not have yielded one more

approl)l’iate. Fol’ a tissue is characterized not only by the nature of its component

cells but also by the way in which these cells are s�)ecifically related to each other

and to other structures in their imlnediate environment. This in essence has been

the con(’ern of electron microscopical investigations of the sympathetic nervous

systemll. One of the primary aini.�s of this account will be to abstract the available

morphologic’ data for a tentative picture of the sympathetic neuroii in all of its

different parts. Since a distinctive feature of any neuron is its conta(’ts with other

cells, considerable attention is given to the junctions formed by other mieurons

with the sym�)athetic ganglion cells amid to the relationships of the sympathetic

fibers to the effector cells of the peripheral organs. Imphcit� in this statenlent is

the notion that mor�)hologic criteria exist whereby the synlpathetic fibers can be

distinguished from other autonomic fibers at the periphery. The evidence support-

ing this idea will be reviewed critically.

The well known fll0r�)hOl0gic criteria for identifying synapses in the central

nervous systenl apply also to the synapses located in the sym�)atheti(’ ganglia of

fish (95), anll)hibia (21, 75, 91, 94, 95, 99, 109), reptiles (87, 94, 95), birds (94,

95) and nlanlmals (3, 12, 29, 42, 44, 76, 89, 105). Briefly stated these are: a

direct apposition of the pre- aiid postsynaptic processes separated by an inter-

space of 80 to 250 A; localized thickeniligs of the apposed Illefllbranes, due appar-

entiy to an aggregation of opaque lllaterial in the subjacent (‘ytoj)lasm; a �‘on-

gregation of small vesicles 200 to 600 A in diameter found in the �)resyna�)tic l)roc-

ess only amid clustered prefem’entially at the syna�)tolemma in association witil the

lilenlbrane thickenings. The location of the synapses �n the surface of the gati-

glion (el! differs not only from species to Sl)ecies, but also from one gangliomi to

another within the same species. Thus, in nlamnlals where the neurons give rise

to illultiple, branching Protoi)lasnli(’ pro(’esses of considerable length, tile syllaptic

contacts are primarily axodendritic ill type, while �n the unipolar ganglion cells

of amphibia axosornatic syllapses prevail. The thin sections of electron microg-

ra�)hy tind tile cOillplex geonletry of the Illultipolar neurons have lllilitated against

�)roviding 11101C thaii fragmentary informllation On the number and spatial arrttnge-

ment of the synaptic bulbs �n the sum’fac’e of the neuron. Multiple bulbs with their

plasma membranes separated by a thin glial process or nlerely by the 100 to 150 A

interspace usually found between contiguous epithelial cells have been observed

Oil the SO1ila of aml)hibian neuroiis (91,109) alld on the dendrites of reptilian gami-

1 Unpublished work was supported by research grant NB-03700 from the National In-

stitutes of Health, U. S. Public Healtil Service.
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glion cells (87) . In nitininitils ti single preganglioni(’ fiber may ru�i for some dis-

tamice a l)tlrlillel or winding course around the dendrite, establisiling en route

niultiple symiaptic comita(’ts at irregular intervals (29, 44). These endings en pas-

sage tue established thm’ough local dilutiOns or beaded enlargements contaimiing

swarms of vesi(’ies, \Vhicil mtiy or may hOt involve an interrul)tioml of the longi-

tudinally oriemited iieurotubules which are su(’h a l)ronhinemit componemit of the

ItXOl)lttsflTk of tile terfllillttl neurites (fig. 1). Although several fibers tippear to

syliapse oIl Ii giveti dendm’ite, their origin from 0Il� or more parent axons 11115 not

been as(’ertained. The best data omi the maximum length of the syntiptic meal-

branes have beemi oi)tailie(l in the (‘at from serial sections through 10 complete

syntipses (29) ; they range from 0.6 to 2.1 � (meami of 1.2 j�) with the specialized

membrane tilickeliings occupying 25 to 50% of the total surface.

In adclitioii to the tigramiular vesicles nlentioned previously, ti vtiriety of other

conll)onents ilIlVe beemi identified in the �)resymiapti(’ pro(’esses, ili(’ludimig auto-

cilondria, dense Particles about �300 A h� diallietem’ tentatively identified as gly-

cogen 011 tilt’ bttsis of their staining Prol)erties (29, 75, 91, 95, 109), comnplex or

“coated” vesicles \vhicil, l)y timialogy with similar structures elsewhere (83), are

thought to arise by a pinching off of specialized regions of the surface membrane

Imi ti pro(’ess of nlicrOpiliOcytOsis (44), highly opaque granules about 0.2 to

0.4 � large (29), neurotubules (29) timid granule-contaimiimlg vesicles (29, 42,

73, 87, 91, 95, 99, 109). These sundry cytoplasmic’ inclusions are usually at some

distance from tile symiaptolenlma. Of particular interest are the granulated vesi-

des about 900 A ltirge which occur in the ganglionic synapses of most vertebrates.

Their cOlicelltratioml �er bulb varies, but most l)rocesses contain 10 or less in

single se(’tions. In tile sul)erior cervical ganglion of the rat granulated vesicles

were seemi in 82 % of a total of 185 synapses, and the comllplete disappearance of

synaptic boutons of this kind 130 hr after transection of the cervictil sympathetic

trunk sul)l)oFtS the imiterpretation arrived at from the examination of normal

material that these are preganghomc fibers (42, 44). The few synapses which

resist degemiemtttiomi display the iiiom’phologic (‘hal’acteriStics of the residual 18%

of norlnal synapses, IlaIliely, smnall agranular vesicles in �vhich a minute particle

about 150 to 200 A ill dianleter is visible occasiomially (fig. 2). These resistant

fibers, wilich iiave heemi seen on both the sonia amid small dendrites, are thought

to arise fromu neuromis within the ganglion, perhaps recurrent collatertils which

fum’tion ill imitegiative mne(’hamlislus.

Other Val’itttiOlis 111 symiaptic morphology involve the lllembrtuie thickenings of

the pre- 1111(1 POStSYIial)tic l)rocesses. As in the brain (101), these may be absent.

(29), symllmliell’ictll (109), or dlistin(tly wider ttn(l denser ott the postsyna�)tic

side (29, 44, 95). i�he last ty�)e is by far the most common. A special disposition

of these vttrious formns on the surface of the neuron htts not yet been detected. Of

possible signifi(’an(’e in the uptake of macromolecules front the symiaptic cleft are
in�)o(’ketings of tile plasma niembrane adjticemit to tile postsynaptic thickening

(29, 44, 91). In a niinority of anlpilibiall syllal)ses the �)ostsynaptic thickening

is associated with one or two dense strata about 300 A thick which lie parallel to

etich other and to the plasma memnbrane at distttnces of a few hundred Angstrom
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_&ll rnicrographs tim-c taken from t he superior cervical gangln)n ( )f i he rat -

Fit;. I . .�& �)regangl ion ic fiber i it syitapt k coitt act �vi t 11 four dcndi-i t Ic pi’ )(‘PSS(’5 ( 1 ) . ‘Flie

rneinbmane tliickenings at the lotver (Vt) 5VIIRI)5C5 ate as\itintet iical :111(1 (list 11(1 ly t ltiekei

and denser on the postsvnapt ic side. Nunicrous illitochon(lI-ia anti agi-aitulat- and gi-anul:ti

(g) vesicles are visible in t he axoplasin . I it t he slender st alk connect i ig I lie :IX( It s\v(’lI I igs

a neurot imbule (t ) cait be 5CPII . (X 34,00()

FIG. 2. .A.is �txoileitdii I ic S\iiaj)se ��l1icIl lets sitivived tiegeitciat i it tt 1:i() hr ill ei pie-

ganglionect OIisV. I )ense i 11(1 isions (:ti-n )�-s) can he seen i ii a fc��- syna�)t ic vesiclt’s . ( )< :�4 0(X))

FIG. 3. l)endro-soniat Ic con t act . ‘Flie iiiensbitiite t liickeiui itgs :tie syininet iic:tl a I ul intl

intnsediately associat ed s.�-i t It aity vesi(les, t hoIlgil fine filament s ( f ) are visible i it t he sub-

j acent CytOl)lasln on I he dendri t ic side. Not e t he accuinulat iou of mit )choinlria itt t he
dendrite. (X :34,000)
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units (91, 94, 95). This subsynaptic band is of particular interest not only

because it is one of few known examples of a special structure uniquely associated

with the postsynaptic membrane, but also because its morphologic integrity is

dependent upon an intact synapse (94, 95). Further studies are needed to deter-

mine whether the postsynaptic thickenings which persist in mammals 130 hr

after preganglionectomy (fig. 4) will also fragment amid disappear later in de-

generation.

It has become increasingly apparent in recent years that close contacts between

neurons of the central nervous system occur at sites other than the morphologi-

cally differentiated regions commonly recognized as synaptic junctions (15, 101).

With the exceptions of Elfvin’s study on the superior cervical ganglion of the cat

(28) and the brief mention by Richardson of an unconventional dendro-somatic

contact in the myenteric ganglia of the rabbit (79), the occurrence of such con-

tacts in the autonomic nervous system has not been fully recognized or ade-

quately emphasized. The cell bodies and processes of sympathetic neurons come

into direct and mutual contact with each other, sometimes over extensive areas,

to establish soma-sornatic, dendro-somatic, and dendro-dendritic contacts.

Although contacts between the perikarya of adjacent neurons are somewhat rare,

the other contacts vie in frequency with the syna�)tic junctions (28, 44). The

contiguous plasma membranes usually show one or more specialized areas of

membrane thickenings which are of a distinctly different form from those at the

synapse : they are never directly related to aggregates of vesicles and are without

exception symmetrical, ap�)eaI’ing either as simple bands of opaque material or as

a series of dense masses apposed to the surface membranes in an organized

pattern (fig. 3). Morphologically identical contacts have been observed in the

sphenopalatine gangliomi, while the specialized membranes seem to be absent at

similar contacts in the ganglia of the adrenal medulla and of Auerbach’s and

Meissner’s plexuses (44). In the enteric ganglia, however, where the glial and

neural elements are intermeshed and tightly packed iii a pattern (45, 79, 90)

which resembles somewhat that seen in the brain and in the developing sympa-

thetic ganglia (77), the perikaryal surfaces are often apposed to each other in

broad membrane-to-membramie contacts. Whether the contacting processes arise

from a single neuron as well as from separate neurons is unknown. It is interesting

to speculate that such contacts, which almost certainly are sites of adhesion and

possibly of cell interaction, occur between neurons intimately related to each

other topographically and perhaps genetically during development.

FIG. 4. Dendrite with poetsynaptic thickening at 130 hr after preganglionectomy. The

presynaptic process has disappeared completely and is now replaced by Schwann cell cyto-

plasm (s), which no longer insulates the synaptic area from the extracellular space (es).

Still attached to the postsynaptic thickening are remnants of the “gap substance” (arrow)

often visible in the normal synapse. (X 69,000)

Fio. 5. A cluster of small vesicles located in the peripheral neuroplasm of a ganglion cell

at some distance from the surface membrane (m) . Dense inclusions are visible in some

vesicles (arrows). (X 69,000)

FIG. 6. Dendro-somatic contact with symmetrical membrane thickenings. Compare the

large mitochondria in these unusual neurons with those in figure 3. Cytoplasmic granules

vary in appearances (arrows) and are surrounded by a single membrane. (X 34,000)
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Before dealing with the problem of the identification of Sympathetic fibers, I

should like to summarize briefly the structure and relationships of autonomic

nerves in general to the effector cells of the peripheral organs. In the very fine

nerve bundles which ramify within the glandular and muscular tissues, a series

of varicosities or beaded enlargements, containing clusters of vesicles and mito-

chondria, appear at irregular intervals along the terminal length of the individual

axons, which are enveloped only partially by Schwann cell cytoplasm, and

which in their most distal portions may lack a Schwann sheath, even a basement

membrane (37, 58, 59, 80, 82, 97). The most striking difference between these

terminal axons at the periphery and those in the sympathetic ganglia is their

Schwann cell covering; naked axons are totally absent in the ganglia, and the

preganglionic fibers, especially at their varicosities, are insulated from the sur-

rounding connective tissue by a layer of glial cytoplasm. It is primarily through

the beaded enlargements that the axons approximate the surfaces of the effector

cells. Reports on the degree of this approximation differ with the organ and the

species.

Direct contacts involving a membrane-to-membrane apposition with a gap of

only 180 to 250 A have been observed in smooth [intestine (7, 42, 78, 79, 97, 107,

108), vas deferens (55, 59, 80), intrinsic eye muscles (35, 49, 54, 82), urinary

bladder (10)] and cardiac [conducting system (11, 98), striated musculature

of the pulmonary vein (50)] muscle and in various exocrine [salivary and lac-

rimal (84), pancreatic acinar (86)] and endocrine [pancreatic islets (4, 86),

adrenal medulla (16, 17, 22, 30)] glands. The areas of contact commonly involve

the formation of a groove or depression on the surface of the effeetor cell. The
contacting membranes lack specializations, so that the junctional folds character-

istic of the motor endplate of skeletal muscle as well as the membrane thickenings

of interneuronal synapses are missing. A noteworthy exception is the junction

formed on the adrenal medullary cells, which, by the presence of thickenings at

the contacting membranes as well as by the envelopment of the nerve endings by

glial cytoplasm, is more closely related to the ganglionic synapse than to the

neuroeffector junction ; this difference may have its explanation in the fact that

the sympathetic neurons and the medullary cells are closely related develop-

mentally, both being derived from the neural crest (16). Through one or more

enlargements a single fiber may contact several effector cells (18, 50, 55, 80, 82,

84, 98) . On less secure ground is the question of the polyaxonal innervation of a

single cell (7, 18, 80, 84, 86).

Indirect contacts only, in which a space of 400 to several thousand Angstrom

units occupied by elements of the connective tissue is interposed between the

beaded enlargement and the surface of the effector cell, have been observed in

vascular smooth muscle (1, 9, 38, 57, 58, 71, 86, 103, 110) and in various other

organs [nictitating membrane (35), frog (40), mouse (55, 56, 64, 92) and

guinea pig (45, 88) digestive tract, myocardium (37, 51, 52, 63, 100), uterus

(40), rat dilator pupillae (65), and the submandibular (39, 84), sweat (62,

106) and thyroid ( 8) glands]. The indirect contacts are decidedly more common

in all organs studied up to this time. Although few quantitative estimates of the
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relative numbers of axons and effector cells have been made (59), it seems Un-

likely in some tissues that every effector cell can have a close relationship with an

axon. The possibility that specialized areas at the membranes of effector cells in

contiguity may serve to conduct excitation from one effector cell to another has

been suggested by some (25, 26, 35, 68, 80, 82, 92, 96) and challenged by others

(59).
The alternative hypotheses of autonomic innervation which have emerged

from these studies have been discussed by Richardson (82). The questions raised

in the various hypotheses are : Would a more exhaustive search or serial sections

reveal direct contacts with the effector cells by each postganglionic fiber? What is

the functional interpretation of the partial or complete lack of sheaths around the

terminal axons? Is the transmitter substance released at the contact junctions

only, or does this release occur from all beaded enlargements without special

reference to the anatomical approximation of the effector cell? Does the site of

release vary with the chemical transmitter? What is the cytologic localization of

acetylcholinesterase?

The recognition of granular as well as agranular vesicles in the peripheral

autonomic fibers suggested three interesting possibilities : 1) that the presence of

granulated vesicles might be an identifying characteristic of autonomic fibers of

different kinds, 2) that the granulated vesicles might be the storage site of a trans-

mitter substance, 3) that the dense inclusion might provide a valuable natural

marker for determining with greater certainty than has been possible up to this

time the mode of formation of synaptic vesicles.

Unlike the agranular vesicles, which are fairly uniform in appearance, the

granular vesicles constitute a heterogenous group in which differences in size,

density, and other structural and distributional characteristics are the rule rather

than the exception. The most conspicuous differences, though certainly not the

only differences, between the two major varieties of granulated vesicle acknow-

ledged by most investigators are their size and their density (6, 42, 59, 82, 88).

The larger of the two measures on the average 900 A and encloses centrally a

finely granulated droplet of variable density, which, however, almost never

attains the intense osmiophilia of the second kind of granule, which is only half

as large. The larger vesicles have been seen in the autonomic nervous system of

almost every Organism studied to date (18, 29, 42, 46, 47, 50, 59, 75, 82, 87, 88,

95, 97, 99, 107, 109), while the smaller ones have been found only in mammals

(6, 13, 23, 24, 35, 42, 55, 57-59, 61, 63, 80, 82, 88, 102, 103, 110). The granulated

vesicles of many fibers appear to consist of one kind or the other, and they occur

above all in the terminal parts of the axons in association with a variable number

of agranular vesicles, 200 to 600 A in size. In the axoplasm of the larger nerves

located both within (42, 80, 82, 88) and outside the peripheral organs (27, 42, 74),

they are scattered either singly or in small clusters or rows among the filaments

and mitochondria. Fibers with dense-cored vesicles may also contain a few larger

vesicles with a dense inclusion identical to that described above or somewhat

different in its detailed morphology (42, 58, 59, 80, 82).

Small nerves in the peripheral organs are composed of a spectrum of fibers:
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synlpathetic and parasympathetic, excitatory and inhibitory, afferent and

efferent. The lack of precise information on the distribution of these different

fibers within the organ has made their identification at the level of the electron

microscope little more than an educated guess. This topographical problem was

circumvented to some extent by Richardson ( 82 ), who studied the innervation

of the dilator and sphincter pupillae of the rabbit iris, organs which have the

physiologic and the pharmacologic parameters of a sympathetic and para-

sympathetic innervation, respectively. The finding of distinct morphologic

differences between the two sets of fibers led him to conclude that fibers contain-

ing dense-cored vesicles ty�)ify an adrenergic innervatiomi while those with agran-

ular vesicles only and perhaps with agranular vesicles mixed with a few of the

large granulated vesicles are (‘haracteristic of a cholinergic innervation.

This identification of adrenergic fibers receives support from a number of

observations and experiments. Fibers with dense-cored vesicles occur frequently

in tissues with a rich sympathetic iminervation (35, 57, 61, 80), and in some

instances their degeneration has been observed after sympathetic denervatiomi

(44, 73) . Reserpine and guanethidine caused a marked reduction in the number

of dense-cored vesicles in the 1)reternlilial amid terminal axons of the rat I)ineal

(13, 72, 73) and the vas deferens (13, 81). This depletion was largely prevented

by the monoamine oxidase (MAtI1�) inhibitor iproniazid (13, 73), which by itself

resembled pyrogallol (73) in having a slight or no effect on the fllOrphOlOgy of the

granules. The miumber of granulated vesicles and the levels of norepinephrine

(NE) nTleasured chemically in the rat vas deferens were in good agreement up to

2 weeks after a single dose (5 mg/kg) of reserpine (81). The administratiomi of

dopa or dopamine, but not of 5-hydroxytryptophan, increased the number of

granulated vesicles in the pimieal fibers (73). In an ingenious application of electromi

microscopical autoradiography Wolfe et al. (102, 103) demonstrated a specific

localization of H3-NE in the region of granulated vesicles contained within axons

of the rat l)illeal and atrial niyocardium. Subsequent studies with flourescence

microscopy in combination with fluorirnetric determinations of 5-hydroxytrypt -

amine (5-HT) levels umlder normal amid experimental conditions have shown that

the terminal, but not the proximal regions of the sympathetic nerves of the rat’s

pineal body are unique in containing not only NE but also 5-HT, which they

apparently take up from the adjacent parenchymal cells (5, 69). No morpho-

logic differences have been reported between the pineal fibers (13, 24, 61, 102)

and the fibers tentatively identified as adrenergic elsewhere.

While this evidence is consistemit with the proposed identification of adrenergic

fibers, other studies on the guinea pig vas deferens (59) and on the dilator muscle

of the rat iris (47, 65), which are known to have a rich sympathetic innervation

(36), have failed to show impressive numbers of granule-containing axons.

Although the explanation could lie in the techniques of tissue preparation, which

may differ in their requirements with the species as well as with the organ, clearly

it would be premature to assume that axons with only agranular vesicles are

necessarily cholinergic. The only site where dense-cored vesicles have been found

(44) and where fluorescence microscopy has failed to demonstrate adrenergic
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fibers (66) is in occasional axosomatic synapses in the ganglia of Meissner’s

plexus.

The terminal axons in the sphincter pupillae (82), in the adrenal medulla (16,

18, 42), and in several sympathetic (29, 42, 75, 87, 95, 99) and parasympathetic

(42, 87) ganglia are qualitatively alike with regard to their content of synaptic

vesicles. However, the relative number of granule-containing axons in these

tissues differs widely. As mentioned previously, the minimal estimate in the rat’s

superior cervical ganglion is 82 %, while most bulbs in the sphincter pupillae

(35, 47, 82) contain only the usual synaptic vesicles and resemble therein the

nerve endings at the motor endplate of skeletal muscle. There is at present no

explanation for the anatomical differences in these fibers, which are commonly

presumed to be cholinergic. The application of recently developed techniques for

the localization of cholinesterase activity with the electron microscope (2, 53)

could help in the further identification of autonomic fibers, provided that the

cytologic preservation, particularly of all vesicular components, is acceptable.

With regard to the chemical nature of the different kinds of synaptic vesicle

found in autonomic nerves, only the most common of which have been dealt with

here (27, 42, 107), the cytophysiologic and autoradiographic evidence cited

previously in relation to the identification of adrenergic fibers suggests that the

small dense-cored vesicles themselves contained catecholamine, probably NE.

There is no such evidence, however, for the larger granule-containing vesicles as

found typically in the sympathetic and parasympathetic ganglia and in the

adrenal medulla. Since the nerve granules in the adrenal medulla stain differently

from the presumed NE-containing granules of the chromaffin cells and since pre-

ganglionectomy has no visible effect on the NE content of the rat’s superior

cervical ganglion as determined by fluorescence microscopy (32, 67) , these gran-

ules probably do not contain a primary monoamine ; the presence of epinephrine,

however, cannot be excluded (18) . Catecholamine storage particles isolated from

homogenates of bovine splenic nerve (33) and rat heart tissue (34, 41, 60) not

only contain a mixture of agranular and granular vesicles, but the granular

vesicles themselves are also mixed in most preparations. This topic will be dis-

cussed elsewhere in this symposium and will not be considered here.

Of the various organelles and numerous inclusions found in sympathetic

neurons (20, 28, 43, 48, 70, 75, 76, 85, 93, 109), of particular interest to the present

discussion are those structures related, or �)ossibly related, to the question of a

perikaryal origin of synaptic vesicles and to the identification of cholinergic and

adrenergic neurons. 1\’Iost neurons lack granules or vesicles which can be related

OIl morphologic grounds alone to those seen in the synaptic boutons. In the

�)erikarya (44) and processes (28, 44) of some cells, however, are found multiple

aggregates of clear vesicles about 500 A in diameter located preferentially in the

peripheral neuroplasm, usually at some distance from the plasma membrane. A

clear relationship between these vesicles and other membranous structures

of the cell has not been observed. A small fraction of the vesicles forming a

cluster may contain a small dense particle 100 to 200 A in size (fig. 5). Sparsely

dispersed in the cytoplasm of other processes (28) and cells (19, 42, 95), I)artic-
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ularly in the region of the Golgi membranes, are moderately dense granules

enclosed in vesicles 60 to 150 m�i large. The similarities between these perikaryal

vesicles and those in the synaptic boutons is obvious. Less obvious are the

differences : the dense inclusions found centrally often differ slightly in size or

density from those encountered in many synapses. However, the variation in

morphology at the periphery [which may be related to a physiologic cycle of

activity (6, 46, 88)] is sufficiently great to include forms identical to those found

in the cell bodies. The hypothesis that the granular vesicles are synthesized in the

cell body and transported along the axon to the terminal swellings is supported by

these observations, by the peculiarities of their distribution in other parts of the

neuron (27, 42, 74) and by their piling up at the cut ends of sympathetic nerves

(44).

While the cells mentioned above are unquestionably neurons, other cells in the

superior cervical ganglion of the rat have the morphologic characteristics of both

neurons and chromaffin cells (fig. 6). Although they contain numerous poly-

morphic membrane-limited granules which resemble closely, except in size, the

adrenal medullary granules of the same species (14, 17, 30, 31, 104), their numer-

ous long processes, which are encapsulated by Schwann cell cytoplasm, and the

nature of the contacts they establish with cells of their own kind and with

“typical” neurons (which resemble in all respects the symmetrical contacts

found between unequivocal sympathetic nerve cells) indicate that they are true

neurons. Typical synapses formed by preganglionic fibers have been seen on their

cell bodies. An identity between these cells and the intensely fluorescent neurons

described by Norberg and Hamberger (67) seems probable on the basis of their

rarity, their occurrence in groups, and their size, which is somewhat less than that

of the average ganglion cell. Conclusive morphologic evidence for their neuronal

nature must await the clear demonstration of their granules in synaptic boutons,

which, of course, could be expected to terminate on other neurons, on effector

cells, or on capillaries. Should the last possibility obtain, then the already vague

boundaries between the neural and glandular nature of sympathetic tissues would

become imperceptible.
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