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Summary. Adrenergic neurons, studied by the fluorescent method for norepinephrine, are 
widely distributed throughout the male urinary and seminal tract organs. They occur both 
within ganglia and outside of ganglia as isolated cells. 

The extraganglionic cells are classified according to their location as paravascular, epi- 
neural, and terminal. The paravascular and epineural ganglion cells are morphologically 
similar to the cells found within ganglia, while the terminal ganglion cells differ mainly in 
being smaller and having multiple divergent axonal processes. 

The existence of extraganglionic as well as ganglionic adrenergic cells within the innervated 
organs adds further support to, and extends the concept of the short adrenergic neuron. 

According to the classical concept of peripheral autonomic innervation, peri- 
pheral parasympathetic ganglion cells are found in ganglia which lie very close to 
and within innervated organs (terminal autonomic ganglia), whereas peripheral 
sympathetic ganglion cells are confined to ganglia of the sympathetic chains 
(paravertebral ganglia) and ganglia of abdominal plexuses (prevertebral ganglia). 
As early as 1895 LANGLEY and ANDEESOS~ came to the conclusion that sympathetic 
fibers to pelvic viscera relay partially in ganglion cells located in close proximity 
to the target organs. This concept gradually found support in several experimental 
observations, chief among which are the following: (1) Electrophysiologic studies 
on the guinea pig vas defercns (F~RRY, 1963a, 1963b ; KURIYAMA, 1963) have shown 
that the hypogastric nerve, which is the main pathway for sympathetic nerves to 
pelvic organs, contains two types of nerve fibers, suggesting that the nerve is 
composed of preganglionic as well as postganglionic fibers. (2) Male internal genital 
organs of several mammalian species have a high norepinephrine content which 
is not appreciably reduced after chronic hypogastric nerve section (SJoSTRA-ND, 
1962b, 1965). (3) Motor response of the guinea pig vas deferens to electrical 
stimulation of the hypogastric nerve is abolished (SJSSTI~AND, 1962a, 1965), and 
that of the cat urinary bladder and rabbit uterus reduced (CREsHER and T~oRr, 
1965; StaG and StaG, 1964; VARAGIC, 1956) by the ganglionic blocking agent 
hexamethonium. More recently the existence of sympathetic ganglionic relays in 
pelvic organs has been confirmed in studies on the adrenergic innervation of these 
organs which have revealed the presence of adrenergic ganglion cells along the 
hypogastric nerve (FALCK et al., 1965), in male internal genitalia (EL-BADAWI and 
SCHSNK, 1967b; FALCKet al., 1965; NO~B]~I~G and HAMBERGER, 1964; OWMAN 
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and SJSSTRAND, 1965, 1966; SJOSTRAND, 1965) and ur inary bladder (EL-BADAWI, 
1967 ; EL-BADAWI and SCHENK, 1966, 1967 c ; HAMBERGER and NOI~BERG, 1965 a, 
1965b) in several mammal ian  species. 

I n  this report  morphologic evidence for the occurrence of adrenergic ganglion 
cells within innervated organs, located both inside and outside of autonomic 
ganglia, will be presented. 

Material and Methods 
Specimens from lower urinary organs (bladder, vesical end of ureter, proximal urethra), 

and seminal tract (epididymis, vas deferens, prostate) were obtained from ten cats. The tissues 
were excised under intravenous nembutal anesthesia and subsequently prepared for histo- 
chemical analysis of norepinephrine-containing elements by the method described by EL- 
BADAWr and SCUENK (1967b). 

Results 

Peripheral adrenergic ganglion cells (AGC) are round or oval, of moderate size, 
and smaller than  the corresponding cholinergic ganglion cells. Uniformly t iny  
granules of norepinephrine fluorochrome are distr ibuted throughout  the perikaryon 
and show a variable intensi ty of fluorescence in different cells (Figs. 1--9). Several 
processes of various lengths are present:  the more common pat tern  is tha t  of a 
single long axon and several short dendritic type  processes; less frequently nmlti- 
polar cells with a number  of axonal and few or no dendritic processes are seen. 

According to their site, peripheral AGC are classified into intraganglionic and 
extraganglionic types. Intraganglionic AGC are located within intrinsic autonomic  
ganglia I lying on the surface or in the depth of the innervated organ. Extraganglio-  
nic AGC lie outside ganglia, alongside nerve t runks (epineural cells), next  to blood 
vessels (paravascular cells), or still more peripherally in close vicinity to the cells 
of the innervated tissue as an integral par t  of the adrenergic neuroterminal  
plexus 2 (terminal cells). 

Peripheral AGC were encountered in all of the organs examined in this s tudy.  
Their overall incidence as well as the relative frequency of each of the types va ry  
in different organs and often also in different anatomical  regions of the same organ. 
In  general, intraganglionic, epineural and paravascular  AGC are most  frequently 
found in the ur inary bladder, prostate  and prostatic end of the vas deferens. On 
the other hand  terminal AGC occur most  commonly  in the muscular plexus of the 
vesical end of the ureter  and in the peri tubular prostatic plexus. 

Intraganglionic AGC 
These generally consti tute the major i ty  of peripheral AGC. They  are found in 

mixed intrinsic ganglia, i.e., ganglia composed of both cholinergic and adrenergic 
ceils (Fig. 1), and much less commonly in smaller and usually more deeply si tuated 
ganglia composed solely of adrenergic cells (Figs. 2, 3). Although cells within the 
same ganglion m a y  show a different intensi ty of fluorescence, those which lie more 
deeply within the organ generally tend to contain brighter granules. 

1 These ganglia have usually been called "terminal". The term "intrinsic" is preferable 
to avoid confusion with "terminal AGC" which are even more peripheral and lie closer to the 
cells of the innervated tissue. 

By "adrenergic neuroterminal plexus" is meant the arborization of terminal adrenergic 
fibers which run in intimate relationship to the cells of the innervated tissue. 
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Fig. 1. Mixed intrinsic ganglion in 
outer muscular layer of urinary bladder 
composed of both fluorescent (adren- 
ergic) and nonfluorescent (cholinergic) 

ganglion cells, x 40 

Fig. 2. Purely adrenergic ganglion con- 
sisting of a cluster of five cells. • 200 

Fig. 3. Purely adrenergic ganglion 
showing the characteristic cytoplasmic 
granularity of its component adren- 
ergic ganglion cells. Counterstained 

nuclei appear pale gray. x 800 

Fig. 4. Mixed intrinsic ganglion in prostatic capsule showing two adrenergic ganglion cells 
with interdigitating short dendritic processes and a third non-adrenergic cholinergie cell (C). 

An axon (A) is seen arising from one of the two adrenergic cells, x 800 

Fig. 5. Epineural adrenergic ganglion cell showing the characteristic cytoplasmic granularity 
and lying next to a moderate-sized nerve trunk (NT) in the muscularis of urinary bladder. 

The cell is similar to intraganglionie cells (c]. Figs. 3, 4). x 800 

The dis t r ibut ion of cells in mixed ganglia is not  uni form;  their  relative abun-  
dance varies in  different organs, different ganglia, and f requent ly  also in the same 
ganglion a t  different levels of sectioning. Dendri t ic  type processes are occasionally 
seen in terdigi ta t ing with similar processes of contiguous ganglion cells (Fig. 4). 
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Axonal type processes, usually one from each cell (Fig. 4), course individually or 
less commonly as thin bundles within the ganglia. Occasionally, axons can be 
traced to where they leave the ganglion through an emergent nerve trunk. 

Extraganglionic AGC 

These are identified by the characteristic appearance of their processes and 
cytoplasmic norepinephrine granules. These features serve to differentiate them 
from non-fluorescent Schwann cells and from fluorescent cells without processes 
such as mast  and chromaffin cells. 

l .  Epineural AGC. These lie alongside sizable nerve trunks (Fig. 5) generally 
composed of both adrenergic and non-adrenergic fibers, coursing on or close to the 
surface of the organ, specially at a short distance from a related intrinsic ganglion. 
Occasionally they are also associated with thin nerve bundles, usually purely 
adrenergic, running in the depth of the organ. 

Epineural cells are morphologically similar to intraganglionic cells. However, 
they generally fluoresce more brightly particularly when compared to cells of 
superficially situated ganglia. They are usually solitary, but sometimes alongside a 
large nerve trunk occur in small groups of two to five arranged as a cluster or short 
file. Occasionally adrenergic and non-adrenergic ganglion cells are seen lying 
alternately along the nerve trunk. Interdigitation of dendritic type processes of 
contiguous adrenergic cells is not uncommon. After a short independent course, 
the axonal processes join a related nerve trunk or bundle, or terminate directly in 
a nearby adrenergic neuroterminal plexus in the musculature or lamina propria 
of the organ. 

2. Paravascular AGC. Solitary adrenergic cell bodies not associated with nerve 
trunks or bundles, are occasionally seen at  a short distance from large or medium- 
sized arteries and veins which lie in the pedicle of the organ, on its surface, or 
along its principal connective tissue planes. Such cells are constantly found in 
association with blood vessels in the lamina propria of the urinary bladder (Fig. 6), 
in the periprostatic connective tissue (Fig. 7) and in the adventit ia of the prostatic 
end of the vas deferens. 

Paravascular cells closely resemble intraganglionic and epineural cells and 
contain moderately to intensely bright granules, especially when associated with 
vessels which are deeply situated in the organ. Axons of paravascular cell bodies 
for the most part  join the perivascular neuroterminal plexus; some axons anasto- 
mose with the fibers of the plexus in the smooth muscle or lamina propria. 

3. Terminal AGC. These lie in close vicinity to cells of the innervated tissue, 
and form an integral par t  of the adrenergic neuroterminal plexus. They are sparsely 
scattered within the meshwork of the plexus in smooth muscle, around blood 
vessels, and in the lamina propria, in this order of frequency. 

Compared to the three types of AGC already described, terminal AGC are 
smaller and usually contain more disperse and coarser cytoplasmic granules of 
moderate or intense fluorescence (Figs. 8, 9). They usually have no dentritic 
processes. One or more axonal processes, after short widely divergent courses and 
occasionally after dichotomous branching, join the fibers of the adrenergic neuro- 
terminal plexus. 
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Fig. 6. Paravascular adrenergic ganglion cell lying next to a vein (V) in the lamina propria of 
urinary bladder. An axon is seen derived from the cell and gives off a branch fiber to the vein. 

An adrenergic nerve bundle (NB) lies on the other side of the vein. • 200 

Fig. 7. A paravascular adrenergic ganglion cell adjacent to a vein (V) in the prostatic inter- 
tubular tissue. The cell has a single axon and few dendritic processes, and is similar to intra- 

ganglionic and epineural cells (c/. Figs. 3--5). • 800 

Fig. 8. A multipolar terminal adrenergic ganglion cell in the prostatic peritubular musculature. 
Several axonal processes arise from the cell, diverge widely and join ramifications of the 

muscular neural plexus. • 800 

Fig. 9. A multipolar terminal adrenergic ganglion cell in the muscular neuroterminal plexus 
of the vesical end of the ureter. The cell has the characteristic features of a terminal ganglion 

cell (c/. Fig. 8), and gives rise to several divergent axons (A). • 800 

Discussion 

Our  f indings  c o r r o b o r a t e  t h e  p resence  of " i n t r i n s i c "  ad rene rg ic  gang l i a  l oca t ed  

w i t h i n  t h e  i n n e r v a t e d  o rgans  a n d  p r o v i d e  ev idence  for  a s y s t e m  of e v e n  m o r e  
pe r iphe ra l  ad rene rg ic  gang l ion  cells. These  cells h a v e  been  a r b i t r a r i l y  classif ied 

on t h e  basis  of the i r  loca t ion  as pa r avascu l a r ,  ep ineura l ,  a n d  t e rmina l .  T h e y  are  
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most frequently found as isolated cells and since they are not associated with 
intrinsic ganglia, have been designated extraganglionic cells. Whereas the para- 
vascular and epineural ganglion cells arc structurally similar to those adrenergic 
ganglion cells found within intrinsic ganglia insofar as they are of comparable 
size, contain fine densely crowded granules of fluorochrome, and possess both 
multiplic dendritic and usually solitary axonal processes, the terminal adrenergic 
ganglion cells differ in having a smaller size, coarser and more disperse granules, 
no dentritic processes, and one or more divergent axonal processes. 

I t  is of interest that  OWMAN and SJOBERG (1966) have depicted a cell in the 
myometr ium (Fig. 8) - -  referred to subsequently by OWMAN and SJ/~STRA~D 
(1966) as a chromaffin cell - -  which has structural features similar to terminal 
adrenergic ganglion cells which we have described. The presence of norepinephrine 
containing axonal processes issuing directly from a cell body rich in norepine- 
phrine, suggests to us that  terminal cells are more reasonably interpreted as 
ganglionic rather than chromaffin. We suspect that  norepinephrine containing 
cell bodies frequently described as chromaffin cells (OwMAN and SJ(~STRAND, 

1965; 1966; SJSSTRAND, 1965) may  indeed have been terminal ganglion cells, the 
axonal processes of which did not appear in the plane of the section. 

Under optical conditions the fluorochrome demonstrated in intrinsic peripheral 
adrenergic ganglion cells by our procedure was always identified as sharply 
outlined uniform tiny granules, especially in sections less than l0 microns in 
thickness. The occurrence of granules in sympathetic ganglion cells was also 
reported in the superior cervical ganglion of the rat  (ERXNK6 and HXRKOSTEl% 
1963), but is believed by NORB]~RG and HAMBERaER (1964) to be the exception and 
not the rule, the usual picture being a diffuse fluorescence of the norepinephrine- 
containing cell. We believe, however, that  diffuse fluorescence may in fact be the 
result of diffusion of norepinephrine or of its fluorochrome, especially since the 
method usually used (FALCK, 1962) entails exposure of the section to formaldehyde 
vapor at 80~ for one hour or longer. In  a previous study we had found tha t  
granular fluorescence of adrenergic cells is very rarely obtained if the sections are 
treated in this manner instead of being exposed at  55 ~ C for an average of 30 min 
as routinely adopted in our present procedure (EL-BADAWI and SCHENK, 1967b). 

The variable intensity of adrenergic cell fluorescence often noted in AGC in 
our material, most likely reflects heterogeneity of the cells with respect to their 
norepinephrine content. There is evidence that  differences in the norepinephrine 
content of neurons may  be related to their site (MALMFORS, 1963) and to the rate 
of norepinephrine formation in their cell bodies (DAItLSTR()M, 1964). 

Our observations support the concept that  the vas deferens, male internal 
genital glands, and lower urinary organs are innervated by short adrenergic 
neurons, namely, neurons derived from intrinsic adrenergic ganglia. The finding 
of adrenergic cell bodies not associated with intrinsic ganglia indicates tha t  the 
population of short adrenergic neurons includes not only neurons derived from 
ganglia, but also neurons with extraganglionic cell bodies. One may then propose 
a system of peripheral adrenergic short neurons derived from intrinsic ganglia, 
shorter neurons with epineural and paravascular cell bodies, and still shorter 
neurons represented by terminal adrenergic ganglion cells. 

15 Z. Zellforsch., Bd. 87 
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The funct ional  significance of short adrenergic neurons  has been discussed in 
par t  by  SJSSTRAND (1965). The existence of extraganglionic as well as intra-  
ganglionic adrenergic cells has fur ther  implicat ions:  

(1) An isolated in vitro organ or port ion of an organ, even though i t  may  not  
contain intrinsic ganglia, may  still contain in tac t  extraganglionic cells and  thus 
retain some degree of au tonomous  sympathet ic  activity.  

(2) Peripheral  AGC are expectedly responsible for a considerable fraction of 
the norepinephrine content  of an organ, or region of an  organ, in which they 
abound.  This mus t  be given due consideration in any  s tudy  of the norepinephrine 
content  of an in tac t  or denervated  organ, especially where this content  is compared 
to the dis t r ibut ion and  relative abundance  of adrenergic nerve fibers. 

(3) I n  an isolated preparat ion or in vivo, an adrenergic response to, or release 
of norepinephrine by, cholinomimetic agents (FERRY, 1966) could be explained 
by  the exci tat ion of intr insic extra- as well as intraganglionic cells effected through 
s t imulat ion of their preganglionic fibers which, in the absence of a ny  evidence to 
the contrary,  mus t  be assumed to be ent irely cholinergic. This ganglionic type  of 
cholinergic l ink in  peripheral adrenergic innerva t ion  offers an a l ternat ive  to the 
nonganglionic terminal  l ink proposed in the B u r n - R a n d  hypothesis (BURN and  
RAND, 1965). I t  is obvious tha t  a search for morphologic evidence for the existence 
of a ganglionic type cholinergic l ink in  organs other t han  the pelvic organs mus t  
take into consideration the extraganglionic epineural,  paravascular ,  and  te rminal  
adrenergic cell bodies, as well as intrinsic adrenergic ganglia. 
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