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INTRODUCTION 

Chromaff in cell tissues, which are closely related histogenetically to the sympathetic 

nervous system2J2n22>9> have been named “paraganglia”by A. KOHN20>21>. Many reports 
have appeared describing the adrenal medulla, even its innervation4>29>. 

In regard to the other paraganglia, however, relatively few reports have been published 

37)38)16)1;)7川. The “Paraganglion aorticum abdominale"29>, has been studied by NAKATA24>, 
Y AMAJI36> and ToMINAGA 33> of our division, and they have reported the results of their 

histochemical studies on the dynamic aspects of catecholamine metabolism. The continuity 

of chromaffin tissue between this paraganglion and the adrenal medulla has been proved24>, 

but the mechanism of innervation of the former organ is not yet at all clear. 

The author, therefore, has examined the innervation of this paraganglion and com・

pared it to that of the adrenal medulla. He also reports here the neurohistologic findings 

in three cases of functioning phaeochromocytoma in the abdomen, each of which originated 

from a different paraganglion. 

MATERIALS AND METHODS 

Since the histologic appearance of peripheral nerve fibers varies with the age and 

conditon of the animaJ4>, these experimental studies were all performed on healthy adult 

dogs between 1. 5 and 4 years of age which had been examined to rule out present illness 

and past neurological diseases by a veterinarian. 

Intravenous anesthesia (sodium pentobarbital 20-25 mg per kg) was used for opera-

tion and for killing. 

The retroperitoneal tissues, including abdominal aorta, inferior vena cava and both 

adrenal glands were removed together from just below the diaphragm to the bifurcation 

of the common iliac arteries. 

After removal, the specimens were fixed in 20% neutral formalin solution for at least 

two months. 

Adrenal gland : After fixation, each adrenal gland was cut along the longer axis 

sagittally into 3 mm thick pieces. These were then with a freezinεmicrotome into 20 

30 1;, thick slices, which were impregnated with SUZUKI’s modification30> of BJELSCHOWSKY's 
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silver impregnation method. 

Paraganglion aorticum abdominale : After fixation, from 1 cm below the lower pole 

of the left adrenal gland, retroperitoneal tissue including aorta and vena cava was cut 

transversely into 2 or 3 preparations 3 4 mm  thick. These were enbedded in celloidin 

by the usual method. Celloidin blocks were cut with a microtome into 20 30 μ thick 

slices, which were treated with BIELSCHOWSKY-SUZUKI’s silver impregnation method. Con-
tinuous slicing of the whole length of the paraganglion was not performed. 

The following experiments were performed ; 

1) Unilateral* section of the greater and lesser splanchnic nerves. 

2) Unilateral section of the lumbar sympathetic trunk (L1 L6). 

3) Combined section of the splanchnic nerves and lumbar sympathetic trunk on one 

side. 

4) Bilateral section of the splanchnic nerves. 

5) Bilateral section of the lumbar sympathetic trunks. 

6) Combined bilateral section of the splanchnic nerves and lumbar sympathetic trunks. 

7) Combined section of the anterior and posterior vagal trunk at the level of the 

abdominal esophagus. 

8) Unilateral spinal ganglionectomy (Th7 L2). * 

NEUROHISTOLOGICAL OBSERVATIONS 

1. Adrenal gland and paraganglion of healthy adult dogs. 

(A) Adrenal gland. 

a) Pericapsular and capsular regions. 

As many investigators have pointed out3J 18> 11l5>, extremely abundant nerve bundles 

and nerve cell groups are seen around the adrenal gland, where the splanchnic nerves pass 

forming the splanchnic ganglia along their courses22>. 

Even macroscopically, some of the splanchnic nerve fibers can be seen reaching and 

spreading into the adrenal capsule, while other只 canbe pursued to the celiac ganglia. 

In the nerve bundles found in the pericapsular and capsular regions, small and me-

dium-sized nerve fibers are the main components, while large ones are very few (Fig. 

1). Among these fibers, nerve cells, usually small, often can be seen singly or in groups 

(Fig. 2). Processes and satellite cells can almost never be seen among the nerve fibers. 

Groups of nerve cells forming ganglia (Fig. 3) also can be found in the pericapsular 

region. These nerve cells are relatively small and almost never have proc白ses. The black 

granules which are of ten seen in the nerve cells of the sympathetic ganglia were never 

found. Nerve fibers in the interstitial tissue of this ganglion are extremely few as com-

pared with those in sympathetic or celiac ganglia (Fig. 4) ・ 

In the capsule of the adrenal gland, non-ramifying or simply ramifying nerve end-

ings, not accompanied by Scmv ANN’s nuclei are numerous ; these are probably sensory 

事Unilateralsections were performed on the left side. 
Specimens were removed t、川 days，日neweek and two w廿ksafter operatH汎
Phe叫hromぽytomas
Specimens obtained from three山 b出 ofphe臼：hromocytoma"・ere fixed immediately after extirpation and treated 

by the silver impregnati叩 methodas described abO¥・e. 
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nerve endings28>19>25> (Fig. 5). These nerve endings occasionally cover the adrenocortical 

cells of the glomerular zone. 

b) Adrenal cortex. 

Large nerve bundles which pass through the adrenal cortex and spread into the adrenal 

medulla are very striking. Nerve fibes proper to the adrenal cortex, however, are all very 

fine and accompanied by ScHW ANN’s nuclei in the intercellular space. They are all con-
sidered to be autonomic. Fibers considered to be those of sensory nerves could not be 
found in general, except in the glomerular zone. 

c) Adrenal medulla. 

Large nerve bundles, having short courses in the capsule and passing through the 

outer two zones of the adrenal cortex, generally become loose as they approach the corti-

comedullary border and form nerve plexuses which occasionally contain solitary nerve cells. 

Nerve bundles, after reaching the medulla, are apt to change direction a little and, 

forming nerve plexuses gradually spread into the medulla (Fig. 6). These nerve bundles 

consist mainly of medium-sized nerve fibers, with relatively few large or small ones. 

In nerve bundles which accompany blood vessels, small nerve fibers are found fairly 

abundantly. 

The number of nerve cells scattered in the adrenal medulla is lower in dogs (Fig. 

7) than in human beings. They look exactly like ordinary satellite cells, but it could not 

be determined whether or not they send nerve fibers into the surrounding nerve bundles 

or tissues. 

(B) Paraganglia. 

Right and left paraganglia, which are long belt-like encapsulated tissues of chromaffin 

cells originating from and continuous with the respective adrenal medullas, unite with each 

other immediately and descend in the retroperitoneal fat tissue just beneath the peritoneal 

membrane between the abdominal aorta and inferior vena cava until about the level of 

their bifurcation (Fig. 11) n 8> 2•>. 

a) Pericapsular region. 

In the ar回 neighboringthe paraganglia, nerve bundles as well as groups of nerve 
cells are abundant (Fig. 8). 

The nerve bundles are of three types, in general. The first type consists of only 

small nerve fibers, the second of both small and medium-sized fibers, and the third of 

one or two large fibers in addtion to small and medium-sized fibers. 

A group of nerve cells forming a ganglion was not always found around the para-

ganglion (Fig. 10). There seems to be a reverse relationship the area occupied by the 

paraganglion and that by the ganglion with afferent and efferent nerve bundles. Nerve 

cells and nerve fibers within this ganglion are very similar to those in the celiac ganglion, 

but the nerve cells have fewer processes, and more nerve cells have no processes than in 
the celiac ganglion. 

b) Capsular region. 

The capsule generally consists of relatively thick collagen tissue. Depending on the 

level of the retroperitoneal tissue, two distinct capsules or a single capsule can he seen. 

Blood vessels to the paraganglia regardless of the level in the retroperitoneal tissue, 

are usually accompanied by perivascular nerve fibers, and there is usually a central vein 
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as one of the structural characteristics of a paraganglion as in the adrenal medulla32>. 

Numerous nerve bundles or fibers independent of blood vessels enter the parenchyma 

at various parts of the capsule. In these bundles, medium-sized nerve fibers are most 
abundant. 

Just inside the capsule, a rare solitary nerve cell can be found as in the adrenal 

medulla (Fig. 12). 

No nerve endings considered to be sensory in nature could be recognized in the 

capsule itself. 

c) Parenchyma. 

Parenchymal cells that have general morphologicョlcharacteristics of those of ectodermal 

orgin tend to form cell nests which look just like those in the adrenal medulla, but they 

contain noradrenalin24>35> instead of adrenalin13>14>15>. 

Fine nerve fibers with ScHWANN's nuclei can be found in the connective tissue bet-

ween these cell nests, but not everywhere in the parenchyma. 

Most of the medium-sized nerve fibers, however, neither run along the connective 

tissue nor have ScHWANN's nuclei along their course (Fig. 9). One of them had a very 

strange course, independent of the cell nests, and gave off branches which occasionally 

seemed to twine round the parenchymal cells to resemble the arborized nerve endings of 

sensory cells (Fig. 13). 

Special end organs containing specific nuclei, such as those described frequently in 

non-chromaffin paraganglia~0>, were never seen in these paraganglia. 

2. Adrenal gland and paraganglion of dogs following nerve sections. 

1) Unilateral section of greater and lesser splanchnic nerves. 

(A) Left adrenal gland on side of operation. 

a) Pericapsular and capsular regions. 

In the pericapsular region, as early as two days after section, granular changes in a 

large nerve fiber could already be seen in one nerve bundle. 

In the nerve bundles in these regions, some of the large or medium-sized nerve fibers 

showed W ALLERIAN degeneration as time progressed, but many of these fibers remained 

intact. 

The number of small nerve fibers, considered to be either afferent or postganglionic, 

was greatly decreased in the capsular region, but the process of change in these fibers 

could not be traced. 

The changes in the nerve cells in these regions could not be demonstrated clearly by 

the silver impregnation method only. 

b) Adrenal cortex. 

Both the medium sized and small nerve fibers constituting the nerve bundle passing 

through the cortex showed no actual change two days after the opertion, but marked cle-

generation was evident one week after the operation. 

Some small nerve fibers, however, were left intact in other bundles even two weeks 

after the operation. 

c) Adrenal medulla. 

As early as two days after the operation, nerve fibers in the adrenal medulla seemed 

to be decreased generally in number. 
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Starting one week after the operation, evidence of degeneration was apparent in the 

medium-sized nerve fibers in the nerve bundles, especially in those independent of perivas-

cular nerves (Fig. 14). 

The number of fine nerve fibers running between the cell nests was also remarkably 

diminished, although no definite degeneration was noted. 

(B) Right adrenal gland (on opposite side). 

a) Pericapsular and capsular regions. 

b) Adrenal cortex. 

c) Adrenal medulla. 

Unlike the left adrenal gland on the side of operation, the neurohistological findings 

in the right adrenal medulla were completely normal. 

Thus, the adrenal gland appears not to have bilateral innervation by the splanchnic 

nerves. 

(C) Paraganglion. 

a) Pericapsular region. 
b) Capsular region. 

c) Parenchyma. 

No detectable change was observed in either the nerve fibers or the nerve cells of 

these regions (Fig. 15). 

2) Unilateral section of lumbar sympathetic trunk (L1 L6). 

(A) left adrenal gland (on side of operation). 

a) Pericapsular and capsular regions. 

Starting one week after operation, in a certain area of the adrenal gland, some WAL-

LERIAN degeneration with granular discontinuity of nerve fibers was noted in the large 
nerve fibers, but it was very rare (Fig. 16). Both medium”sized and small nerve fibers 

were, however, left intact in the bundle in which the large fiber showed degeneration. 

In other areas, no degeneration could be found in any of the nerve bundles. 

Small nerve fibers distributed over the capsule and considered to be sensory in nature 
seemed to become somewhat more scarce. 

b) Adrenal cortex 

In a nerve bundle passing through the cortex corresponding to the pericapsular area 

where degeneration was found, the same sort of nerve degeneration could be seen. In 

other areas of the cortex, no degeneration of nerve fibers was detected. 

c) Adrenal medulla 

At first glance, no remarkable decrease of nerve fibers or nerve bundles was observed. 

When the nerve bundles and fibers of the perivascular area were examined in detail, how-

ever, small fibers with abnormally pale impregnation, which might be caused by a de-

creased affinity for silver, could be seen in the nerve bundles or among the cell nests, but 
these were very rare. 

(B) Right adrenal gland (opposite to the side of operation). 

a) Pericapsular and capsular regions. 

b) Adrenal cortex. 

c) Adrenal medulla目

In all these regions, no degeneration of any nerve fibers was proved from two days 



:--.:EUROHISTOGICAL STUDIES 0:¥ PARACANGLIA Ai¥D P九R孔＜；AN<;LIOMA 797 

to two weeks after operation. 

(C) Paraganglion. 

a) Pericapsular region. 

No degeneration was seen in the nerve bundles, and no abnormality could be detected 

in the nerve cells in this region. 

b) Capsular region and 

c) Parenchyma. 

No significant decrease or degeneration of the nerve fibers was seen in these regions 

by two weeks after operation (Fig. 17). 

3) Combined section of splanchnic nerves and lumbar sympathetic trunk on one side. 

(A) Left adrenal gland (side of operation). 

a) Pericapsular and capsular regions. 

Signs of degeneration in the nerve cells and also in the nerve bundles, such as ec-

centric displacement of the nucleus, opacity of intracellular neurofibrils and 1万ALLERIAN

degeneration of nerve fibers, became definite starting one week after operation in these 

regions. These changes, even though they were more severe than those seen in experi-

ments 1) and 2), were still not present in all cells and bundles. 

The number of small nerve fibers in the capsule diminished greatly as time progressed, 
but, there was no definite evidence of degeneration. 

b) Adrenal cortex. 

As in the pericapsular and capsular regions, degeneration starting was apparent in 

most of the nerve fibers one week after the operation. 

Some small nerve fibers, however, remained intact even two weeks after the operation. 

c) Adrenal medulla. 

As early as two days after the operation, a generalized decrease in the nmber of 

nerve fibers was apparent (Fig. 18). 

By one week after operation, no medium-sized or laτge nerve fibers remained intact, 
and only a few small fibers could be seen. Signs of degeneration were evident in both the 
nerve bundles and the fine nerve fibers btween the cell nests. 

The nerve fibers in the perivascular nerve bundles were also affected by this experi-

ment. 

(B) Right adrenal gland (opposite to the side of operation). 

a) Pericapsular and capsular regions, 

b) Adrenal cortex and 

c) Adrenal medulla. 
All the nerve elements remained intact in these regions at all intervals after operation. 

(C) Paraganglion. 

a) Pericapsular region. 

Although the disappearance of the nerve fibers in the nerve bundles was not so com-

plete as on the left side around the abdominal aorta, this experiment seemed to have a 

definite influence on the nerve bundles in the pericapsular region. 

All of the medium-sized nerve fibers in one nerve bundle were abnormally pale, but, 
no definite swelling, discontinuity or destruction of nerve fibers was noted. 

The nerve cells appeared completely normal. 
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b) Capsular region. 

No abnormality was found in the nerve fibers. 

c) Parenchyma. 

A generalized decrease in the number of nerve fibers could he seen. A few argyro-

phile fragments, which might be the debris of nerve fibers, were found (Fig. 19). 

-1) Bilateral section of the splanchnic nerves. 

(A) Left adrenal gland and 

(B) Right adrenal gland. 
Since no essential difference could be noted between the right and left adrenal glands, 

the results of this experiment will be reported for both together. 

a) Pericapsular and capsular regions. 

Degeneration of large nerve fibers were seen in the bundle one week after the ope-

ration. 

At the same time, the distribution of small nerve fibers in the capsule was noted to 

he sparse. 

Two weeks after the operation, most nerve fibers except for a few small ones showed 

marked degeneration, but the nerve cells showed no signs of degeneration. 

b) Adrenal cortex. 

Two weeks after the operation, only a few small nerve fibers remained visible in one 

nervピ bundle,while most medium-sized and small nerve fibers remained intact in another 

bundle. 

c) Adrenal medulla. 

The number of visible nerve bundles and fibers, especially of those not accompany-

ing blood vessels, was reduced, and signs of degeneration were noted in the nerve bundle 
one week after the operation (Fig. 20). 

Two weeks after the operation, only a few small nerve fibers could be seen in the 
neighborhood of the blood vessels. 

The number of small nerve fibers remaining visible in bundles or among cells, was 

a little higher in the right than in the left adrenal. 

(C) Paraganglion. 

a) Pericapsular region. 

One large nerve fiber in a bundle showed signs of granular degeneration one week 

postoperatively, although the process of embedding in celloidin or of impregnation might 

cause such an artefact, especially in myelinated nerve fibers. 

Other findings were normal. 

b) Capsular region. 

Medium-sized and small nerve fibers were all well visualized and appeared normal. 

c) Parenchyma. 

Many nerve fibers appeared normal two clays or one week after the operation, but 

only a few could be found perivascularly two weeks after the operation (Fig. 21), although 
no di吋inctsigns of degeneration were noted in the nerve bundles around the paraganglion. 

・¥io nerv七 fiberdebris was reco只nizedin the parenchyma, either. 

ユ）Bilateral section of the lumbar sympathetic trunks. 
(A) Left adrenal gland and 



子~EUROHIST(J< ；］（、AL日TUDIESON Pi\l~Ak\NGLL主主NIJ PARAGANGLI< JM.¥ 7リリ

(B) Right adrenal gland. 

a) Pericapsular and capsular regions. 

In one area, fragmentation of a large nerve fiber in on bundle was noted one week 

postoperative! y. 

The number of small nerve fibers, which ramified from a nerve bundle and were 
distributed in the capsule, seemed to be reduced in that area. 

b) Adrenal cortex. 

Starting one week after the operation, fragmentation of a large nerve fiber was noted 

in one nerve bundle which contained nerve fibers following a straight course. 

In the nerve bundle containing many tortuous small nerve fibers, no signs of degene-
ration were seen. 

c) Adrenal medulla. 

In general, nerve bundles and fibers seemed to be slightly reduced in number. 
In the perivascular region where many fine nerve fibers are normally seen, only a 

few were present. No signs of degenerating were apparent, however (Fig. 22). 
(C) Paraganglion. 

a) Pericapsular region and 

b) Capsular region. 

There was no evidence of degeneration here, although complete degeneration of nerve 

fibers was seen bilaterally around the abdominal aorta. 

c) Parenchyma. 

Most nerve fibers disappeared, and only a few small ones remained. An irregular 

medium-sized nerve fiber, which might be in the process of degeneration, was found 
around a vessel (Fig. 23). 

6) Combined bilateral section of the splanchnic nerves and lumbar sympathetiじ trunks.

(A) Left adrenal gland and 

(B) Right adrenal gland. 

a) Pericapsular and capsular regions. 

A few small nerve fibers persisted, but all large and medium-sized nerve fibers in 

the bundles on the left showed ¥V ALLERIAN degeneration starting one week after the ope-

ration. On the right side, one large nerve fiber remained intact as an exception even 

two weeks after the operation. 

Nerve cells, both singly and in groups, were well preserved. 

b) Adrenal cortex. 

Degeneration of nerve fibers seemed to advance with time. Only a few small nerve 
fibers remained visible in the nerve bundles two weeks after the operation. 

c) Adrenal medulla. 

Most of the nerve bundles and fibers showed damage two weeks after the operation. 

The nerve bundles appeared as only streams of ScHW ANN‘s nuclei (Fig. 24). 

In addition to Srnw ANN’s nuclei between the cell nests, argyrophile head」1kethreads 
were seen. 

(C) Paraganglion. 

日） Pericapsular region and 

h) （、孔psularregion. 
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Granular structures along the medium-sized nerve fibers were seen in most of the 

nerve bundles. 

c) Parenchyma. 

A considerable reduction in the number of all sorts of nerve fibers was noted in all 

cases. Several nerve fibers of medium size were found in one case (Fig. 25), but none 

in the others. Argyrophile granulas which might be considered debris of nerve fibers 
could not be found, however, in any case. 

7) Combined section of anterior and posterior vagal trunks at the level of the abdominal 

esophagus. 

(A) Left adrenal gland, 

(B) Right adrenal gland and 

(C) Paraganglion. 

No evidence was apparent of any influence of the vagal nerve on these organs (Fig. 

26). 

8) Unilateral spinal ganglionectomies (Th7-L2). 

This experiment was performed to examine the purely afferent innervation of the 

adrenal gland and the upper portion of the paraganglion. 

Since bilateral or cross innervation by spinal ganglion cells via splanchnic nerv白 or
sympathetic trunk had been ruled out, the operation was performed on the left side only. 

(A) Left adrenal gland (side of operation). 

a) Pericapsular and capsular regions. 

In spite of the marked degeneration of large and medium-sized nerve fibers in the 

splanchnic nerves (Fig. 27) and sympathetic trunk (Fig. 28), relatively few nerve bundles 

in the capsule were affected. 

In some bundles, most of the large and some of the medium-sized nerve fibers showed 

granular degeneration one week after the operation. 

In the capsule, ramifying nerve fibers without accompanying ScHW ANN’s nuclei were 
of irregular width and variably pale in color along their course. This appearance proba-
bly reflects progressive degeneration. 

Two weeks postoperatively, there was a marked reduction in the number of nerve 

fibers regarded as sensory in the capsule, although small nerve fibers with ScHWANN’s 

nuclei, so-called autonomic nerve fibers, were not affected. 

b) Adrenal cortex. 

Degeneration of medium-sized nerve fibers was noted in some nerve bundles. 

c) Adrenal medulla. 

Generalized reduction in the number of nerve fibers was seen two weeks after ope” 

ration. Furthermore, the distribution of nerve fibers was noted to be different. 

In some nerve bundles, even though definite degeneration was not seen (Fig. 29), 
some of the medium-sized nerve fibers showed irreξular width and a pale color here and 
there along their course. 

(B) Right adrenal gland (opposite to the side of operation). 

a) Pericapsular and capsular reεions, 

b) Adrenal cortex and 

c) Adrenal me【lulla.
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No pathological findings were found in any of these regions. 

(C) Paraganglion. 

a) Pericapsular region. 

>Jo definite degeneration was observed in either the nerve bundles or the nerve cells. 

b) Capsular region and 

c) Parencyma. 

No general reduction in number of nerve fibers was noted two weeks after operation 

(Fig. 30). 

One medium-sized nerve fiber, entering the capsule and branchin尽offmany twigs in 

the parenchyma, had the same irregular appearance as the one in the left adrenal capsule : 

marked variability of width, localized paleness in color, discontinuity and rough edges 

along its course (Fig. 31). No such abnormalities were noted in the same type of nerve 
fiber in the contralateral paraganglion. 

COORDINATION OF NEUROHISTOLOGICAL FINDINGS 

It will not be worth while to coordinate the results of these experiments before some 

discussion. 

The author first examined the normal innervation of the adrenal gland and “Para-
ganglion aorticum abdominale”as controls for the denervation experiments. 

In each of the two organs, three regions were examined neurohistologically separately, 
and the following findings were noted. 

Adrenal gland : 

a) Pericapsular and capsular regions. 

Nerve bundles. 

Nerve cells, singly or in groups in the nerve bundle. 

Single unmyelinated small nerve fibers, with accompanying 

ScHWANN’R nuclei, regarded as autonomic in nature. 

Tapering small nerve fibers, without 丸H¥V叩 N'snuclei, regarded as sensory in nature. 

b) Adrenal cortex. 

Nerve bundles. 

c) Adrenal medulla. 

Nerve bundles or plexuses. 
Single nerve fibers running free from nerve bundles. 

::¥erve cells. 

Paraganglion : 

a) Pericapsular region. 

Nerve bundles. 

Nerve cells. 

b) Capsular region. 

Nerve bundles. 
Single nerve fibers. 

c) Parenchyma. 

Nerve bundles. 

Single nerve fibers. 
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DISCUSSION 

EMBRYOLOGICAL DEVELOPMENT OF P ARAGANGLIA 

The problem in the embryology of the sympathetic nervous system2>2n22>9J is that 

the primordial ganglion cells of the sympathetic trunk first appear in the lower thoracic 

and upper lumbar regions. 

The future sympathetic cells are said to migrate from the lateral horn of the spinal 

cord along the spinal nerves, even though there are two theories about the origin of these 

cells and their migrating pathway22人

In addition to the predominantly sympathetic outflow in the thoracolumbar region, a 

parasympathetic outflow is considered to predominate in the cranial and sacral regions. 

The evidence of the powerful outflow of the primordial autonomic nerve cells in these 

regions may be enough to explain the abundance of nerve elements in the retroperitoneal 

tissue. 

The chromaffin cells, which are present in large numbers in the retroperitoneal tissue, 

such as the adrenal medulla and paraganglion, are derived histogenetically from the primor帽

dial sympathetic cells, or sympathogonia. 

The transformation from sympathogonia is considered to be as shown in the follow-
ing table1l. 

Sympathoblast →Sympathetic nerve cell 

→Schwann、只 cell

→Accessory cell 

-Pheochromoblast →Pheochromocyte 
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Accordingly, chromaffin cells are homologues of sympathetic nerve cells. This ex-

plains the coexistence of chromaffin cells with sympathetic nerve cells in the chromaffin 

tissues or along the sympathetic trunks. 

The adrenal medulla is, in its histogenesis2l 2n 22J 9', invested secondarily by the 

cortex which is derived from mesodermal tissue. In fish, cortex and medulla are quite 
separate, while in amphibia and reptiles, they are loosely associated. As evolution proceeds, 

the association between the two parts becomes increasingly intimate until in mammals the 

cortex encapsulates the medulla completely. 

Because of the history that the two originally different glandular tissues coalesce 

secondarily, we often find chromaffin cell clusters within the capsule or cortex of the 

adrerenal gland even in dogs (Fig. 32). 

Paraganglia, unlike the adrenal medulla, decline gradually after birth in human beings 

but do not disappear completely7l8l_ We can find them easily in adults24l as dispersed 

masses of various sizes in the retroperitoneal tissue. 

In mammals other than human beings, the paraganglia are said not to decline after 
birth24>, but the author, although he did not obtain serial slices of the whole length of 

the paraganglia, was impressd that the findings in the paraganglia varied remarkably accord-

ing to the level of that organ. This may suggest that the peraganglion tends to decline 

after birth even in dogs. 
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NERVE FIBERS AND NERVE CELLS AROUND THE ADRENAL 

GLAND AND PARAGANGLION 

At an early embryological stage, some of the primordial sympathetic nerve cells, which 

form the sympathetic ganglia, continue to migrate further anteromedially to give rise to 
the prevertebral plexuses and the mass of chromaffin cells22l. They leave behind some of 

the sympathetic nerve cells in their developmental course as solitary cells or groups of cells. 
On the basis of this embryological development, it is feasible that considerable numbers 

of preganglionic nerve fibers as well as sympathetic nerve cells constitute the nerve ele-

ments around the adrenal gland and paraganglion. 

According to the size of the axon, regardless of the myelin sheath, the author clas-

sif ied the nerve fibers into three typ田 large,medium-sized and small. The word “fine” 
is of ten used in the sense of “very small but clearly visible as a nerve fiber by light 
microscope". It does not correspond to the “Terminalreticulum (Stoehr）” 
Medium-sized nerve fibers were the main component of the nerve bundles frequently 

found in the pericapsular regions of the adrenal gland and paraganglion. Small nerve 

fibers were much less frequently observed than medium-sized ones. More than only one 

or two large nerve fibers were usually found in the nerve bundle in these regions. 

The greater splanchnic nerve can be pursued even macroscopically to the celiac gang）・

ion in one direction and to the capsule of the adrenal gland in another. 

This nerve contains many more medium-sized myelinated nerve fibers than small un-
myelinated ones and only a very few large myelinated fibers. 

On the other hand, it is generally said22J9J that autonomic preganglionic fibers are all 
myelinated, whether their sheaths are thick or thin. 

As証 resultof spinal ganglionetomies (Th7 L2) on one side, W ALLERIAN degenera『

tion of all the large fibers and most of the medium-sized ones was apparent in the homo-

lateral greater splanchnic nerve as well as in the sympathetic nerve trunk on the upper 
lumbar region (Fig. 27, 28) . 

Considering these facts, the author was forced to conclude that the number of pre-

ganglionic fibers in the greater splanchnic nerve, at least via the anterior spinal nerve root, 

was much lower than expected. They accounted for less than one fifth of the total num-
ber of medim-sized nerve fibers in this nerve. 

This lack of preganglionic fibers, however, may vary with the portion of the splanch-
nic nerve, because there are many sympathetic nerve cells in its course22J. 

These nerve cells reputedly produce the postganglionic nerve fibers22i, but the author 
could not obtain the evidence for it in the nerve cells in the pericapsular region of the 

adrenal gland. They appeared to lack of processes both in nerve bundles and in ganglia. 

It cannot be said that these nerve cells remain at a premature stage of only on the 
basis of silver impregnation, but they are different from those of the ganglion in the 

pericapsular region of the paraganglion. The latter cells had obvious processes. 

This interesting problem will have to be further clarified in the near future in rela-
tion to the postneonatal development of the sympathetic nervous system6l. 

Two interesting problems are raised by the evidence that the spinal ganglionectomies 
produced marked degeneration in most of the myelinated nerve fibers of the splanchnic 
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nerve, but less degeneration in the nerve bundles around the paraganglion. 

One is that the preganglionic fibers in the greater splanchnic nerve, even though they 

divide into branches some of which constitute the nerve fibers in both the adrenal gland 

and the celiac ganglion, are very few so that they are in marked imbalance with post-
ganglionic fibers. 

The other problem is whether or not the number of preganglionic fibers in the lumbar 

splanchnic nerves differs from that in the thoracic splanchnic nerves. 

After all, the experimental findings that the number of nerve fibers was reduced after 

neurectomy obliged the author to conclude that the sympethetic nerves play an important 

role in the innervation of the chromaffin paraganglia, the thoracic splanchnic nerves for 

the adrenal medulla and both the lumbar sympathetic nerves and thoracic splanchnic nerves 

for the “paraganglion aorticum abdominale". 

SENSORY AND SO-CALLED AUTONOMIC、INNERVATION
OF ADRENAL GLAND AND P ARAGANGLION 

In agreement with many previous investigators28> 19>25>, the author identified nerve 
fibers which tapered off and blended with the surrounding tissue without any accompany-

ing ScHWANN’s nuclei as sensory in nature. They noted the peculiar “hard”look of their 
wavy course in comparison with the “soft”appearance of so-called autonomic unmyelinated 
fine nerve fibers. 

T. AoK11> in our division formerly divided the nerve bundles in the adrenal capsule 

into three types. Agreeing with his findings, the author also recognized in the capsule 

simply ramifying nerve endings which often covered the glomerular zone of the adrenal 

cortex. No corpuscular end organs were found. 

In other zones of the adrenal cortex, nerve fibers clearly identified as sensory in nature 
were not observed. 

No sensory nerve endings were found within the capsule of the paraganglion. 

As already mentioned28>29>, the nervous net-work of the paraganglia, whether chromaf-

fin or non-chromaffin, is very peculiar. Nerve fibers are verv irregular in caliber and 

frequently seem not to be accompanied by ScHW ANN’s nuclei. 

In the adrenal medulla and paraganglion, the author could not distinguish the sensory 
nerve endings clearly from other nerve fibers considered to be preganglionic. However, 

the results of spinal ganglionectomy convinced the author of the existence of semory nerve 

ending with tortuous and glomerular features and complicated ramifying fibers in the 

chromaffin paraganglion. The author found no encapsulated nerve endings or endings 

containing special nuclei. 

In the secondary （＼ヘTallerian)degeneration of nerve fibers, is there any difference 
between motor and sensory nerve fibers? Furthermore, is there any true evidence of 

degeneration of autonomic nerve fibers ? 

As early as two days after splanchnic section, non ramifying or simply ramifying 

sensory nerve endings became undistinguishable in the adrenal capsule. The same findings 

have been reported in the region of the knee joint capsule after sciatic neurectomy23> 
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On the other hand, unlike the rapid disappearance of nerve fibers in motor end-plates, 

encapsulated nerve endings containing special nuclei like muscle spindles or PACINIAN cor-

puscles have been reputed to resist total degeneration of nerve fibers even eight weeks 

after neurectomy23 >. 

Some reports have supported the functional loss of the sympathetic postganglionic 

fibers by the disappearance of catecholamine fluorescence in the tissue34>25>. The author 

believes that he proved morphologically the degeneration of small unmyelinated nerve fibers. 

For that purpose, however, chromaffin tissue is rather unsuitable, because silver im-

pregnation is somewhat difficult in chromaffin tissue where it is said to exist in much of 

the reducing substance. Membranous tissue, especially the meninges of the spinal cord, 

can be recommended for this purpose12>. 

In the adrenal medulla and paraganglion, autonomic postganglionic nerve fibers 

must have entered the parenchyma along the blood vessels as these organs grew. In 

fact nerve bundles which consisted mainly of small unmyelinated nerve fibers could 

easily be found around the vessels目 Onthe basis of the histogenesis of chromaffin para-

ganglia and also from the finding that vagotomies had no influence on them, these un-

myelinated fine nerve fibers must come from prevertebral sympathetic cells. This speculation 

is supported by the fact that some of the so-called autonomic nerve fibers remained in 

the adrenal medulla and paraganglion even after combined bilateral section of the splanchnic 

nerves and lumbar sympathetic trunks. 

NOMENC‘LATURE AND CLASSIFICATION OF PARAGANGLIA 

Since the first nomenclator, A. KoHN20>, the term“Paraganglion" has been used 
variously. 

From the standpoint that the paraganglia originally grow in relation to the sympathetic 

or parasympathetic outflow, the author aεrees with WATZKA's classification35> as follows 

(partly changed by the author) ; 

(A) Sympathetic, chromaffin and catecholamine-producing paraganglia. 

1) Paraganglion suprarenale (Adrenal medulla), 

2) Free paraganglia (Chromaffin bodies), 

3) lntraneural or intraganglionic chromaffin cells or cell groups. 

(B) Parasympathetic, non-chromaffin paraganglia which do not produce catecholamine. 

1) Paraganglion caroticum, 

2) Paraganglion supracardiale, 

3) Cell groups distributed in N. vagus and N. glossopharyngeus. 

Though ¥V ATZKA did not include it in his classification, the author would include 

here 

4) Coccygeal body 

in relation to the sacral parasympathetic outflow. 

The glomic body of arterio-venous anastomoses is still controversial. 

Anyway, the author thinks it better in general to use the term“Paraganglion" quali尚
fied by the prefix“chroma Hin”or“non-chromaffin”， although he used it in this report 
as one of the chromaffin paraganglia as did earlier investigators24>35>33> in our division. 
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PHEOCHROMOCYTOMAS r CHROMAFFIN PARAGANGLIOMASl 

Case 1 : Y. A., male, 24 years of age. 

Catecholamine excretion in urine, 

Noradrenalin : 3120 1-1g per day (normal range ; 56. 5ト11. 5) 

Adrenalin : 1400 /Lg per day (normal range ; 10. 6十3.7) 

V. M. A. : 44. 8 mg per day (normal range ; 3-9) 

Operatively confirmed that the tumor originated from the left adrenal gland. 

Case 2 ・ M.孔， female,28 years of age. 
Catecholamine excretion in urine, 

Noradrenalin 300. 0 μg per day (normal range ; 52. 0十15.-I) 

Adrenalin : 70. 5 μg per day (normal range ; 7. 7 + 2. 3) 
V円 M.A.. : 31. 8 mg per day (normal range ; 3-9) 

Operatively confirmed that the tumor originated from the right sympathetic nerve 

trunk in the upper lumbar region. 

Case 3 : Y. 0., female, 29 years of age. 

Catecholamine excretion was not determined but tumor cells showed a positive reac-

tion in both chromaffin reaction10>36> and HILLARP and HりKFELT ・s technique13> 14> 15>24>36>. 

At operation, the tumor was formed to rest on abdominal aorta and the adrenal 

glands and sympathetic nerve trunks were not involved. The tumor was identified as 

originating from para-aortic bodies. 

These three chromaffin paragangliomas (pheochromocytomas) in the abdominal region, 

each orginating from a different paraganglion, were examined neurohistologically. A careful 

examination of the subcapsular and central portions revealed no nerve fibers (Fig. 33, 

34, 35). 

This is a different finding from that of AOKI s case1>. 

The chromaffin tissue in the sympathetic nerve trunk is not innervated by the sur-

rounding nerve fibers too (Fig. 36). 

SUMMARY AND CONCLUSIONS 

Using a silver impregnation method, the author examined the innervation of the 

"paraganglion aorticum abdominale" of dogs and compar巴dit with that of the adrenal 

medulla. 

He also examined three human ph巴ochromocytomasneurohistologically. 

The following conclusions were reached . 

1) In both the “paraganglion aorticum abdominale" and the adrenal medulla, sym-

pathetic nerve cells, sympathetic preganglionic, postganglionic and nerve fibers suspected 

to be sensory were observed, 

ど） In the former organ, both thoracic splanchnic nerves and nerve fibers from the 

lumbar sympathetic trunk seemed to take part in its innervation to some extent, whereas 

in the latter, the thoracic splanchnic nerves predominated. 

3) Sympathetic postganglionic fibers seemed to accompany the blood vessεls in both 

organs. 
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4) The vagal nerve sent no fibers to either organ. 

5) Complicatedly ramifying sensory nerve fibers without special nuclei appeared to 

exist in the former organ. 

6) In the three pheochromocytomas examined, no nerve elements could be clearly 

identified. 
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和文抄録

パラガングリオン及びパラガングリオーマの

神経組織学的研究

京都大学医学部外科学教室第2講座（指導：木村忠司教授）

r l本専必公社京都病院外科（院長：説悶 武）

北
山
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交感神経系の発生と起源をーにし， A Kohn (1903) 

によって，パラガングリオンと名附けられた褐色細胞

組織の中で，副腎髄質は，神経支配lζ関しでも従米か

ら多数の報告がみられるが，副腎外褐色細胞組織のそ

れは，比較的少ないようである．教室の仲田，山地，

富永は，傍腹部大動脈の本組織に関して，主として組

織化学的に，その機能を追求し報告したが，著者は犬

を用いて，副腎髄質と対比しながら，本組織の神経組

織学的な検索を行なった．また腹部で，異なった場所

の本組織より発生しだ，ヒト褐色細胞！庄の3例につい

て之．同様の検索を行なし，次のような結論をi'tナ二

1 i fj；腹部大動脈パラガングリオン及び副腎髄質lζ

於て，自iiト神経細胞，交法制1経の節前線総，節後線維

ならびに知覚神経線維を認めた．

！日 祥 犬

2) 前者の器官では，胸部内臓神経以外lζ，腰部交

感神経幹を経由する神経線維が，有意に支配している

が，後者では，胸部内臓神経の支配が圧倒的に強い．

3) 両者の器官ともに，血管lζ随伴して来る，交感

神経節後線維の支配も考慮された．

4) 両者の器官ともに，迷走神経の支配を認め得な

かっだ．

5) 前者の器官では，特殊核を有しないで，反覆二

叉分岐性線維より成る糸主主状構成の，知覚終末の存在

がノ示唆された．

6) 著者の経験した3例の褐色細胞腫lζ関する限り

では， l別際lζ確認された神経要素は発見できなかっ

fこ．



< 、．

バEUROHISTOGICλしSTUDIJ・::s＜＞~ P.'.¥IくλCA¥:(;LI主主＼：flP-¥1＜入じ入v;u（爪f人 I'll 



812 日本外科）；＇.’函第37巻第6号



>IEUROHISTOGICAL STUDIES ON PAHえ（；A>JGLIAAND PARAGAM;UCJM:'¥ 813 

、 ~ . 
齢、．

.., 



日本外科宝函第37巻第6号



NEUROHISTOGICAL STUDIES ON PARAGANCLI：主 λNCPARAGANGLIOMA 815 



Kl6 日本外科宝函第37巻第IiU 

EXPLANATION OF FIGURES 

Fig. 1 : Nerve bundle containing large nerve f1he" in pericapsular region of adrenal gland. ×400 

Fig. 2 Nerve bundle containing ner¥'e cell in pericapsular region of adrenal gland. メ400

Fig. 3 : Ganglion in pericapsular region of adrenal gland. ×400 

Fig. 4 : Ner¥'e cells in celiac ganglion. x -!00 

Fi富田 5: Sen＂汀〉 nerve ending in adrenal capsule. ×400 

Fig. 6 : Nerve bundles in adrenal medulla. ×』（）（）

Fig. 7 Nerve cells scattere:I in adrenal medulla. ×400 

Fig. 8 : Nerve bundles in pericapsular region of paraganglion. x 100 

Fig. 9 : Ner¥'e fibers in paraganglion. x 400 

Fig. 10 Ganglion in pericapsular region of paraganglio日×400

Fig. 11 : Paragangl ion ( tra1ト、で＞esection）.×70 

Fig. 12 : Nerve cell inside capsule けiparaganglion (partly drawed）.×280 

Fig. 13 : Sensor、（ηn円、ぞ fiberin paraganglion ( p日rtlydrawed）.×：！KO 
Fig. 14 Degeneration of medium-sized nerve fibers in !-adrenal gland ( 1 week after 1-splanchnicotomy). 

×1000 

Fig. 15 i¥erve fiber entering paraganglio日（2weeks after 1-splanchnicotomy). x .tOO 

Fig. 16 : Granular discontinuity of a large nerve fiber in I-adrenal capsule (1 week after 1 'ympathectomy) 

×400 

Fig. 17 : Nerve fibers in paraganglion ( 2 weeb after 1 sympath町tomy.J ×400

Fig. 18 : degenerated nerve bundle in 1-adrenal medulla 〔2days after combined 1-splanchnirntomy and 1-syrn-

pathectomy）ー xlOOO

Fig. 19 ・ Genera liled derc白河 innerve fibres and argyrophile fragmenb in paraganglion ( 2 ¥¥eek吋 aftercombined 

1-splanclmicotomy and 1-syrnpathectomy〕．×400
Fig. 20 : Nerve bundle at corticomedullary b~rder of 1 adrenal gland, showing no nerve fibers (2 weekis after 

bilateral splanchni口市＞myl. xlOO 

Fig. 21 : Nerve fiber in perivascular area of paraganglion (2 ＂肘 l臼 afterbilateral splanchnicotomy）.×1000 

Fig. 22 : Small nerve fibe了sshowing probable degenm1tion in r-adrenal me<lulla (1 week after bilateral sympa-

thectomy）.×1000 

Fig目 23. Irregular rne:liurn-sized nerve fiber in paraganglion (1、刊ekafter bilateral syrnpathectomy ）.×10α） 

Fig. 24 : M3Ckedly degenerated nerve bundle in r-adrenal medulla (1 week after combined bilateral、、planchnico・

torny andりrnpathectomy）.×400

Fig. 25 : Hit of irregular nerve fibers in paraganglion in one casぞ（1 week after combined bilateral splanchmco-

torny and叫 mp:1th町tomv）.×400

Fig. 26 : No effect 111 pュraganglio日（1 week after vagotomy）.×400 
Fig. 27 : Marked degeneratic川 in1-aplanchnic nerve (1 week after 1-spinal ganglionectomy ). (0s04 staining) 

×400 

Fig. 28 : Degeneration in 1－ηmp1thetic trunk (1 week after 1-spinalganglionectomy). ( Os04 staining）×400 
Fig. 29: Le州 severedegeneration in 1-adreml medulla (1 week after 1-spinal-ganglionectorny ). x 400 

Fig. 30 No generalized reduction in number of nerve fibers in paraganglion (2 weeks after 1-spinal ganghonec-

tomy）.×」00

Fig. 31・Oegener.1ting同 IN川げ） nerve ending in paraganglion IL weeks after 1-spinal ganglia口町tomy）.×400
Fig目 32:~’円、e fiber' surrounding clu,ter of chromaffin cells in adreJHI capsule. X 100 

Fig. 33 : Pheochromocぅtoma,C出ぞ 1. 〆 ~00

Fig. 34 : Pheochrnmocytoma, Case 2. × jl)() 

Fig. 35: Phe凹 hrornocytoma,C出ε3. x rnり
Fig. 36 : Clu;ter of chrornaffin cells in pericapsular region of sympathetic ganglion I L1）.×400 


