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Abstract 

Ali, H. A.: Ultrastructure of the Avian Myenteric Plexus. Acta vet. Brno, 54, 
1985: 23-33. 

The fine structure of the myenteric plexus was investigated in 21 male and female 
White Leghorns aged 4 weeks to 4 months. 

Ganglia of the myenteric plexus consisted of a dense neuropil made up of nerve 
cell bodies, myelinated and unmyelinated axons, Schwann cells and 'satellite cells. 
At the periphery of the ganglia was a basal lamina and dense connective tissue con
taining fibroblasts, interstitial cells and blood vessels. Whilst most of the perikarya 
were covered by satellite cells, some of them lay directly under the basal lamina. 
The perikarya displayed the basic structural features of nerve cell bodies. The 
majority of them had a small number of randomly distributed granular vesicles. 
Small and large axon profiles were identified. Small axon profiles contained mainly 
microtubules and neurofilaments, whilst the large (varicose) profiles contained 
mainly granular and agranular vesicles. 

The Schwann and satellite cells were structurally similar. Satellite cells formed 
membrane specialization with the neurons. The structure of the interstitial cells 
resembled that of fibroblasts. 

Fowl, intestines, myenteric plexus, neurons, ganglia, synapses. 

Whilst a considerable amount of information is now available on the fine structure of the in
testinal myenteric plexuses of mammals (Baumgarten et al. 1970; Gabella 1972; Wong et al. 
1974; Cook and Burnstock 1976 a, b) and fish (Wong and Tan 1978), data on the ultrastructure 
of the avian intestinal myenteric plexus appears to be lacking. However, a few fine structural 
studies were done on the avian enteric plexuses and these were restricted to the myenteric plexus 
of the gizzard only (Bennett and Cobb 1969 a, b). The aim of this investigation, therefore, is 
to provide basic information on the fine structure of the avian intestinal myenteric plexus. Such 
an information can be of great value for understanding and correlating both the physiopharma
cological and light microscopic studies carried so far on the avian intestinal myenteric plexus 
(see A I i and McLelland 1978, 1978, 1980). 

Material and Methods 

The fine structure of the myenteric plexus was investigated in 21 male and female White Leghorn 
domestic fowls ranging in age from 4 weeks to 4 months. Immediately following death Email 
portions of tissue (2-3 mm thick) from the small intestine, rectum and proximal and distal ends 
of the caeca were rinsed in ice-cold 0.1 M cacodylate buffer (pH 7.4) containing 5 % sucrose 
and fixed in 2 % osmium tetroxide in veronal acetate buffer pH 7.4 (Palay and Palade 1955) 
or Karnovsky's (1965) formaldehyde-glutaraldehyde fixative with and without sucrose. Tissues 
fixed in Karnovsky's fixative were thoroughly washed in cacodylate buffer and postfixed in 2 % 
osmium tetroxide. Tissue blocks were dehydrated in a graded series of alcohol, cleared in pro
pylene oxide and embedded in araldite. Areas of tissue for examination with the electron microscope 
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were chosen from 1-2 fLm thick sections stained with 1 % toluidine blue or methylene blue. 
Thin sections were stained with a saturated alcoholic solution of uranyl acetate followed by lead 
citrate and examined in an AEI EM6B electron microscope . 

. Results 

Ganglia 

In low power electron micrographs the ganglia consisted of dense neuropil made 
up of large neurons, nerve bundles, Schwann cells and satellite cells (Fig. 1) The 
nerve bundles in both the ganglia and the interganglionic parts of the plexus con
sisted of numerous nonmyelinated nerve fibres (1.4-2 flm in diameter) which were 
often ensheathed by Schwann cell processes. In the myenteric plexus of the caecum 
and rectum, however, many myelinated fibres (1.4-17 flm in diameter) were observed 
(Fig. 2). At the periphery of the ganglia and nerve bundles was a basal lamina, outside 
of which were collagen fibres and the processes of interstitial cells (Fig. 3). Most 
neurons appeared to be completely covered with satellite cells (Fig. 1) and their 
processes (Fig. 3). In some neurons, however, part of the plasma membrane lay 
directly under the basal lamina (Fig. 4). Collagen fibres frequently penetrated into 
the ganglia (Fig. 5) although they remained outside the basal lamina. 

Neurons 

The nerve cell bodies varied widely in shape and size. Generally, however, they 
were elongate or spherical, the perikaryon ranging in length from 15 to 25 flm and 
in width from 6 to 10 flm. The nucleus was usually large and round, oval or elongate 
with an irregular indented outline (Fig. 6). The electron lucent karyoplasm consisted 
of euchromatin, clumps of heterochromatin being only occasionally observed. 

Structural differences occurred among the neurons of the plexus. However, because 
of the limitations of thin sections, it was found difficult to classify the neurons into 
different types. 

Characteristically the cytoplasm contained many ribosomes. These were either 
attached to the flat stacks, short cisternae and vesicles of the prominent rough endo
plasmic reticulum or randomly distributed as ribosomal rosettes (Fig. 7). A few pro
files of smooth endoplasmic reticulum were frequently encountered. The extensive 
Golgi complex (Fig. 8) was usually perinuclear, although Golgi profiles were also 
seen in the large processes of some neurons. The profiles consisted of flattened, 
occasionally fenestrated cisternae, small electron lucent vesicles and coated vesicles. 
A large number of small round or elongate mitochondria were generally evenly distri
buted throughout the perikaryon of the majority of neurons (Fig. 9). Within the mi
tochondria the transverse cristae were embedded in a dense granular matrix. Multi
vesicular bodies were frequently seen among the ribosomal rosettes. 

A few granular vesicles (70-100 flm in diameter) occurred in the majority of the 
neurons (Fig. 10, 11). The vesicles generally appeared to be randomly scattered 
throughout the cytoplasm although sometimes they were concentrated in the region 
of the Golgi complex (Fig. 11). Other cytoplasmic contents included numerous 
microtubules and neurofilaments (Fig. 12) and lysosome-like bodies (Fig. 10, 11). 

Neuronal processes 

Most of the neurons had several processes extending from the perikaryon into 
the surrounding neuropil (Figs. 13, 14, 15, 16). The majority of the processes were 
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covered with the processes of satellite and Schwann cells, a few being covered with 
only a basal lamina (Fig. 16). The processes varied widely in shape, size, structure 
and electron density. It was not possible to distinguish the origin ofaxons from 
those of other processes. The cytoplasm of most processes contained varying quanti
ties of ribosomes, rough endoplasmic reticulum, mitochondria, microtubules, smooth 
endoplasmic reticulum, lysosome-like bodies and occasionally Golgi profiles. 

Non-neuronal cells 

The non-neuronal cells in the plexus greatly outnumbered the nerve cell bodies 
and included Schwann cells, satellite cells and the so-called "interstitial cells" or 
fibroblast-like cells. 

Schwann and satellite cells 

Schwann cells occurred in both the ganglia and the interganglionic nerve bundles 
and had many processes which ensheathed axons (Fig. 1, 17). A basal lamina comple
tely enveloped the Schwann cell and its processes and the outer surface of the sa
tellite cell. 

Satellite cells lay entirely within the ganglia in direct association with the nerve 
cell bodies, often appearing to sit on a depression on the surface of the neuron (Figs. 
1, 18). The gap between the satellite cell and the neuron was about 20 Jim. 

Structurally the Schwann and satellite cells were similar. The nucleus was smaller 
than that of the neurons and it was generally oval, crescent-shaped or spherical and 
deeply indented (Fig. 17). In both cell types the heterochromatin was extremely 
prominent and was usually distributed as clumps attached to the inner surface of 
the nuclear membrane (Fig. 17). The cytoplasmic contents included a well developed 
perinuclear Golgi complex, rough endoplasmic reticulum, many ribosomes, ribo
somal rosettes, microtubules, filaments, centrioles, a few lysosome-like bodies and 
numerous mitochondria. Filamentous structures were a characteristic feature of 
Schwann cell processes. 

Specializations of cell membranes were not observed between adjacent processes 
of Schwann cells or between the processes and axons. Membrane specialization 
between the processes of satellite cells and neurons frequently occurred (Fig. 19). 
A gap of about 20-27 Jim separated the apposed plasma membranes. The membrane 
specializations were in the form of either symmetrical localized der.sities beneath 
the apposed plasma membranes of the satellite cell process and the neuron or only 
the plasma membrane of the satellite cell process. 

Interstitial cells 

These fibroblast-like cells occurred in the connective tissue surrounding the ganglia 
and the interganglionic nerve bundles (Figs. 20, 21). A basal lamina was never seen 
around these cells. The interstitial cells varied widely in shape and size. The elongate, 
oval or round nucleus had an irregular indented outline and prominent heterochro
matin. The cytoplasmic contents were typical of fibroblast cells. The cytoplasm 
extended into irregular processes. These processes contained a few mitochondria, 
ribosomes and lysosome-like bodies. 

Axon profiles 

Two types of axon profile were observed. Many profiles were relatively small 
(0.3 Jim in diameter) and contained many microtubules and filaments (Fig. 22). The 
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other axon profile was varicose (more than 0.3 pm in diameter) and contained nu
merous vesicles (Fig. 23). These varicosities were specially common within the ganglia. 

The vesicles within the varicosities were of two sorts, dense-cored or granular 
vesicles and agranular vesicles which varied in proportion to each other (Fig. 23). 
The granular vesicles constituted a heterogenous population made up of small (40 -60 
nm in diameter), medium (70-90 nm in diameter) and large (90-160 nm in diame
ter) vesicles. In the majority of the vesicles the central core was markedly electron 
dense and clearly separated from the limiting membrar:e by a distinct halo about 
10 nm wide. Other vesicles had an indistinct core (Fig. 22). The agranular vesicles 
appeared to be uniform in size (40-70 nm in diameter). 

According to the size and type of vesicles present in each axonal swelling, three 
groups of varicosities were indentified: 
1. These varicosities range4 from 0.3 -0.5 pm in diameter and contained numerous 

agranular vesicles and a few medium-sized granular vesicles (Fig. 24); varicosities 
containing only agranular vesicles were occasionally observed (Fig. 25). 

2. Some varicosities were about 0.6 pm in diameter and contained numerous agra
nular vesicles and a few small granular vesicles (Fig. 26). 

3. The third type of varicosity was about 1.5 pm in diameter and contained numerous 
agranular vesicles, many large granular vesicles and a few small granular vesicles 
(Fig. 27). 

Synapses 

Differentiation of membranes of many varicosities which was characteristic of syn
apses was observed (Figs. 24, 26, 27). These synapses occurred with both perikarya 
and dendrites, the axodendritic synapse appearing to be much more numerous. All 
types of varicosities described above formed synapses. Frequently, different types 
of varicosities were observed to synapse with the same neuron (Fig. 25). Occasionally 
a single varicosity was seen to have more than one synapse with a neuron (Fig. 27). 
The presynaptic membrane thickening of the axon was always less developed than 
the post-synaptic membrane thickenirg of the neuron. The synaptic cleft was appro
ximately 20-25 nm wide and contained a material of medium electron density. 
A continuous layer of dense material, the subsynaptic web, usually projected from 
the postsynaptic membrane into the neuron for a distance of 40-50 nm (Figs. 24, 27). 
A similar dense material was also associated with the pre-synaptic membrane. Usually 
many vesicles were tightly packed below the presynaptic membrane. These vesicles 
were generally agranular (Figs. 24, 27) and only rarely were granular vesicles seen 
in this position (Fig. 26). No vesicles were associated with the postsynaptic membrane. 

Discussion 

The present study appears to be the first investigation of the ultrastructure of the 
intestinal myenteric plexus of birds. As in vertebrates the avian myenteric plexus 
appeare~ as a loose tangle of neural and non-neural elements covered externally by 
a fibrous capsule. This capsule extended into the plexus partially dividing it into 
compartments. Whilst such a division was not observed in mammals, a similar sub
division has been described by Wong and Tan (1978) in the stomach of the Coral 
fish (ekelman rastratus). As suggested by these authors, the collagen septa in the 
avian myenteric plexus may also act to prevent interaction between groups of neurons 
and axons. If this is true, then the absence of these septa in the mammalian plexus 
would be difficult to understand. 
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The blood capillaries associated with the avian intestinal myenteric plexus were 
never observed to penetrate inside the neuropil. A similar relationship between blood 
vessels and nervous tissue was found in mammals by Gabella (1972). In the stomach 
of the coral fish, however, Wong and Tan (1978) reported the presence of capillaries 
within the neuropil. This suggests at first sight that the neural elements in the fish 
have a more ready access to oxygenated blcoj. However, in both birds and mammals· 
(Richardson 1960; Taxi 1965; Gabella 1972) but not apparently in fish, many 
perikarya and their processes are situated at the surface of the ganglia directly below 
the basal lamina. In this position the neural elements will be able to carry out their 
nutritional exchange with the periganglionic blood capillaries. Certainly in mammals, 
as noted by Gabella (1972) the myenteric plexus must be well supplied with blood 
since the experiments of Canon and Burket (1913) and Welsh and Hyde (1944) 
indicate that it is very resistent to anoxia. Similar experiments, unfortunately, have 
not been made in birds. 

In the intestinal myenteric plexus of birds the majority of the axons were un
myelinated, although myelinated axons were observed. Both types ofaxons were 
described in the gizzard (Bennett and Cobb 1969 b). In mammals (Gabella 1972; 
Cook and Burnstock 1976 a, b) only unmyelinated axons have been observed. 
Although Won g and Tan (1978) found myelinated axons in the fish stomach, on 
the basis of their own unpublished observations with the electron microscope and 
evidence obtained with the light microscope by Tan ar.d Teh (1974), they concluded 
that myelinated axons do not extend distal to the stomach. Urfortunately, information 
on the occurrence of myelinated axons in the intestines of the different classes of 
vertebrates is not available. However, the presellce of myelinated axons in fish and 
birds and their absence in mammals, would suggest that they may possibly be an 
evolutionary feature, but further studies are required to establish this. 

The present observations on the fine structure of the perikarya agree in general 
with the findings in other classes of vertebrates. Whilst many differences in detailed 
structure were certainly present between the perikarya in birds, it was not possible 
to formulate in single sections a reliable procedure for classifying neurons. Previous 
attempts to classify the enteric neurons at the electron microscope level (Feher and 
Csanyi 1974; Cook and Burnstock 1976 a) have been based on single or semiserial 
sections and large numbers of electron micrographs and relied mainly on the size 
of the perikaryon and the intracytoplasmic distribution of the organelles. The fact 
that the plane of sectioning can alter the size and structure of neurons may explain 
why Feher and Csanyi (1974) identified three types of cell whereas Cook and 
Burnstock (1976 a) identified nine cells. Furthermore, structural differences between 
neurons in the degree of development of the endoplasmic reticulum, the Golgi areas, 
and in the presence or absence of granular vesicles may possibly indicate functional 
variation. 

Recent studies with silver impregnation methods on the avian myc.:lteric plexus 
revealed five types of cells (Ali 1979). Of these type I, II and III argyrophilic neurons 
corresponded to those described by Dogiel (1896, 1898) using the methylene blue 
stain. Whilst Dogiel's classification has been repeatedly confirmed, it is not univer
sally accepted (see Ali 1979). The main criticism apparently being the recognition 
of a number of intermediate types of neurons and argyrophobic neurons. The general 
conclusion, therefore, reached by recent investigations on the enteric neurons seems 
to be that no clear cut classification exists. Despite this, the electrophysiological 
studies of Hirst et al. (1974) and Wood (1974) have established the existence of 
different types of enteric neurons in mammals, and an early objective should be to 
identify these neurons from their structure. Linking the present observations with 
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the appearance of the neurons under the light microscope would be a step in this 
direction, but unfortunately no correlation has emerged. 

An interesting feature of the myenteric perikarya in birds is that they contained 
a small number of granular vesicles up to 60 nm in diameter. Although most of the 
vesicles were randomly distributed throughout the cytoplasm, some of them appeared 
to be closely associated with the cisternae of the Golgi complex. This close association 
suggests that the Golgi complex may be involved in their synthesis. Perikarya con
taining granular vesicles of similar size have also been observed in the rat intestine 
(Oosaki 1970) and guinea pig stomach (Cook and Burnstock 1976 a). Oosaki 
and Sugai (1974) have suggested that these granular cells were responsible for the 
perikaryonal fluorescence which they observed in their study. However, none of the 
perikarya in the avian intestinal myenteric plexus (Ali and McLelland 1978) was 
fluorescent which would seem to indicate that the granular cells in rats need not 
necessarily be adrenergic. 

In the present investigation many terminal axons were identified. Those were 
distinguished by their large size and content of vesicles. According to the type of 
the vesicles three sorts of terminal profiles were described. The first type contained 
a predominance of agranular vesicles. Similar profiles have been described in both 
birds (Bennett at al. 1974) and mammals (Baumgarten et al. 1970) and are ge
nerally considered as cholinergic. The second profile contained small granular vesicles 
and varying numbers of agranular vesicles. This profile fulfils the criteria for adrenergic 
axons (Grillo and Palay 1962; Baumgarten et al. 1970; Gabella 1972; Burn
stock and Costa 1975; Cook and Burnstock 1976 a). The third type of varicosity 
contained numerous agranular vesicles and large granular vesicles and a few small 
granular vesicles. Similar profiles have been described in the gut of mammals by 
Baumgarten et al. (1970); Gabella (1972) and Cook and Burnstock (1970 a) 
although their function has not been established. According to Baumgarten et al. 
(1970), these profiles belong to p-type neurons and are identical to the axons of the 
myenteric plexus demonstrated by Gershon and Ross (1966) to take up labelled 
5-hydroxytryptamine. However, Gabella (1972) pointed out that the existence 
of tryptaminergic neurons in the myenteric plexus is still controversial. Another 
possibility is that the third type of varicosity is adrenergic since the majority of non
-cholinergic varicosities which have been described in various adrenergically inner
vated avian tissues contained predominantly large granular vesicles. Furthermore, 
Bennett et al. (1970) have shown that small doses of 6-hydroxydopamine prefe
rentially loaded the large granular vesicles, the effect being blocked by reserpine 
which is known to deplete tissue catecholamines. 

All types of axon profiles identified in the present study made direct contact with 
the neurons forming typical efferent synapses (Gabella 1971 a). In these the plasma 
membrane of the axon was presynaptic and was generally associated with clusters 
of agranular vesicles, whilst the plasma membrane of the neuron was postsynaptic 
and markedly thickened compared to the presynaptic membrane. At all levels of 
the gut the synapses appeared to be numerous (unlike, for example, in fish (Wong 
and Than 1978) and this may suggest the existence of a high degree of integra
tive activity. No axon profiles were observed in the present study which contained 
large numbers of mitochondria and therefore, similar to suggested sensory endings 
(Burnstock and Iwayama 1971; King et al. 1974). 

The principal non-neuronal cells observed in the present investigation included 
Schwann cells, satellite cells and interstitial cells. The structure of the cells associated 
with the neurons (satellite cells) and those associated with axons (Schwann cells) 
was essentially similar and conformed to the descriptions in other vertebrates as 
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described by Ba umgarten et al. (1970); Ga bella (1971, 1972); Wong (1973); Cook 
and Burnstock (1976 b) and Wong and Tan (1978). However, the cell membra
ne specialization between the satellite cells and the perikarya do not appear to 
have been described before. In contrast to the mammalian enteric plexuses (Ga
bella 1972; Cook and Burnstock 1976 b) desmososome-like structures were not 
observed to be associated with the Schwann cells. Although the nature of the inter
stitial cells of Cajal (1911) have been the subject of much controversy (see Roger 
and Burnstock 1966), it is now almost universally accepted that they are structur
ally similar to fibroblasts. 
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Ultrastruktura plexus myentericus u kura domaciho 

Na 21 kohoutcich a kurickach White Leghorn ve veku 4 tydmi az 4 mesicu byla 
studovana ultrastruktura plexus myentericus. 

Ganglia plexus myentericus sestavaji z elektronove densniho neuropilu tvoreneho 
tely nervovych bunek, myelinizovanych i nemyelinizovanych axonu, Schwannovych 
a satelitnich bunek; Na periferii ganglii je lamina basalis a pojivova tkan obsahujici 
fibroblasty, intersticialni buiiky a krevni cevy. Vetsina neurocytu je kryta satelitnimi 
bunkami, nektere prilehaji primo pod lamina basalis. Vetsina jich obsahuje granu
larni vacky. Byly identifikovany male a velke prUfezy malymi a velkymi axony. Male 
axony obsahuji zejmena mikrotubuly a .neurofilamenta, velke (varik6zni) obsahuji 
granularni a agranularni vesikuly. Schwannovy a satelitni buiiky jsou si strukturalne 
podobny. Satelitni buiiky tvori s neurony membranove specializovane utvary. Inter
sticialni bunky strukturou pripominaji fibroblasty. 

YJlJJCTpaCTPYKTypa MelKMMmellHOrO CDJIeTeHHJI Y ,t\oMamHeH KYPH"M 

Ha 21 neT)'lllKe J1 MOJIOAKaX White Leghorn ,B B03paCTe 4 HeAeJIb - 4 Me

cJIll;a npOBaA'J1JI:J1Cb J10CJIeAOBaHJ1H YJIbTpacTYKTY'pbI Me)KMbIIlIe1IHora CnJIeTe

HJ1H. 

faHrmm Me)KIMbIIlIe"lHOra CIIJIeTe~J1H oa'CTaHT 113 3JIeKTpaHHa AeHOJ1aHHOra 

HeWpanJ1JIa, OOCTOHru;ero J13 TeJI HepBlHbIX KJIeTOK, M.J1eJImIH3HpO,BaHHbIx aKoa

HOB, KJIeTaK llIiBaHlHa .J1 CaTeJIJIHmblX KJIe1'aK. Ha nepucPepl1J1 raHrJIl1W HaxO

AH1'CH OCHOBHaH nJIa'C1lHHKa H oaeAHHHTeJIbHaH TlKaHb, caAep)Karu;aH cP'J16po-

6JIaCTbI, ,HHTepCTHll;J1aJIblHbIeKJI'eT'KlJ1 J1 KpOlBeHOCHbIe oaCYAbI. EaJIbIlIHHCTBO 

Hewpo~HTOB naKpbITO CaTeJIJIJ1THbIM:H KJIeTKaM'H, npHJIaralOru;'J1MJ1 npbIMO 

J13-nOA aOHa'BHOW nJIaCTHHK'H. EaJIbIImH'CTBa H3 HHX CaAep)KJ1T I'paHymlpHbIe 

MeIlIa1fK'J1. EbIJIJ1 YCTaHaBJIeHbI MaJIClHbiKHe 11 60JIblllH,e Ce"leHJ1H MaJIbIMJ1 J1 

60JIbIIlMMH aKcaHaMH. MaJIbIe aKlCOHbI oaAep)KaT B ooa6eHHO'crn MHKpaTPY-

6a''IKH H HeHpo.qmJIaMeHTbI, 6aJIbIIlHe (BapJ1Ka3Hble) caAep}I{aT rpaHYJIHpHbIe 

J1 arpaHYJI~HbIe Be3HKyJIbI. KJIe1W1 IlilBaHHa 'l1 CaTeJIJIWl'HbIe KJIeTiKH C'I'pYK

TYpHaro naxa)KJ1. CaTeJIJIiHTHbIe KJIeTKH IBMecTec HewpOHaMH 06pa3YlOT MeM-

6paHHble Cnell;HaJIH3tWpOBaHHbIe cPopMall;HJ1. J1HTepCTJ1ll;J1aJIbHbIe KJIeTKH nO' 
OBaew cTPYKTYpe HanaMHHalOT cPu6po6JIa,CTbI. 
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Legends to figures: 

Fig. 1 
A low-power micrograph of a ganglion in the myenteric plexus of the rectum showing a large 
neuron (N), small elongate satellite cells (Sa) § Schwann cell (sc.) At the periphery of the ganglion 
is a basal lamina (arrows) outside of which are collagen fibres and fibroblast-like cells. C, collagen 

fibres; Sm, smooth muscle cell; v, varicose axon. x 5,500. 
Fig. 2 

Myenteric plexus of the rectum showing myelinated fibres. The fibres contain numerous micro
tubUles and filaments, outside the Schwann cell processes and the basal lamina are collagen fibres 

(C) and interstitial cells (1). x 12,000. 
Fig. 3 

The external surface of the neuron (N) is covered completely with an irregular satellite cell pro
cess (Sa). Outside the satellite cell process is a basal-lamina (arrows). Collagen fibres (C) and 

the processes of fibroblast-like cells (F). x 15,500. 
Fig. 4 

The nerve cell body (N) is incompletely covered with the satellite cell process (Sa). The rest of 
the plasma membrane lies directly under the basal lamina (arrows). Sc, Schwann cell process. 

x 16,500. 
Fig. 5 

A ganglion from the myenteric plexus of the ileum. Connective tissue septa (S) extend from the 
outer connective tissue layer (C) into the ganglion. N, nerve, cell body. x 21,000. 

Fig. 6 
The large nucleus of the neuron (N) has an irregular indented outline. Prominent nucleoli (n) 
are present in the electronlucent karyoplasm. The karyoplasm consists only of euchromatin. x 18,000. 

Fig. 7 
Cytoplasm of a myenteric neuron showing a well-developed rough endoplasmic reticulum (rer) 

and many ribosomes arranged as rosettes. x 37,000. 
Fig. 8 

A nerve cell body showing extensive perinuclear Golgi areas (G): The areas consist of flattened 
occasionally fenestrated cisternae and electronlucent vesicles. Nuc, nucleus; rer, rough endo

plasmic reticulum; m, mitochondria. x 19,000. 
Fig. 9 

Cytoplasm of a neuron showing mitochondria the cristae are embedded in a dense granular matrix. 
~ 20,000. 
Fig. 10 

Cytoplasm of a neuron showing many randomly distributed granular vesicles. A few of these 
vesicles (arrows) occur near the Golgi area (G). Ly, lysosome-like body; m, mitochondria. 

x 26,000. 
Fig. 11 

Cytoplasm of a neuron showing granular vesicles close to a well developed Golgi area (G). Ly, 
lysosome-like body; r, ribosomes. x 23,000. 

Fig. 12 
Cytoplasm of a neuron showing microtubules (mt) and neurofilaments. r, ribosomes; m, mito

chondria. x 39,000. 
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Fig. 13 
A finger-like process (P) emerges from the nerve cell body (N) by a narrow origin. The cytoplasm 
of the process is of low or medium electron density and has ribosomes, a few stacks of rough endo

plasmic reticulum and lysosome-like bodies. C, collagen fibres; a, axons. X 20,000. 

Fig. 14 
A broad process (P) extends from the nerve cell body (N). The process is relatively electron-dense 
and the cytoplasm contains Golgi areas, ribosomes, rough endoplasmic reticulum and lysosome-like 
bodies. Note the small process (arrow) coming from the broad neuronal process. ta, terminal 

axons. x 15,000. 

Fig. 15 
A broad and electron-dense process (P) of a nerve cell body (N). Part of the process is covered 

with a basal-lamina (arrows). Sa, Satellite cell; a, axons; V, varicosity. x 14,000. 

Fig. 16 
The short filiform process (P) has a narrow origin from the nerve cell body (N) and lies directly 
under the basal-lamina (arrow). Note that the cytoplasm of the process is of a medium or low 

electron-density and contains few organelles. x 17,500. 

Fig. 17 
The oval nucleus (Nuc) of the Schwann cell (Sc) is deeply indented and has prominent hetero
chromatin attached to the inner surface of the nuclear membrane. The cytoplasm extends into 
numerous processes (P) which ensheath axons. A 'basal lamina (arrows) surrounds the Schwann 
cell and its processes. The cytoplasm of the Schwann cell contains perinculear Golgi areas and 

mitochondria. 0, connective tissue; Nm, nonmyelinated fibres. x 21,000. 

Fig. 18 
The satellite cell (Sa) appears to sit in a depression on the surface of the neuron (N) the surface 
of the satellite cell furtherest from the neuron is covered with a basal lamina (arrow). The, cytoplasm 
contains ribosomes, perinuclear Golgi area (G), multivesicular body, (mv) centriole (c) and mito-

chondria (m). x 16,500. 

Fig. 19 
Membrane specializations are shown between the plasma membranes of the satellite cell process 

(Sa) and the neuron (N). C, connective tissue; Ly, lysosome-like body; m, mitochondria. 
x 17,000. 

Fig. 20 
The spherical nucleus of the interstitial cells (1) has an irregular indented outline and prominent 
heterochromatin attached to the nuclear membrane. The cytoplasm contains a few stacks of rough 
endoplasmic reticulum, ribosomes, Golgi areas (G), coated vesicles, mitochondria, microtubules 

and lysosome-like bodies. P, process of interstitial cell. x 15,600. 

Fig. 21 
Several interstitial cell processes (P) and numerous collagen fibres (C) are shown at the periphery 

of the myenteric ganglion. N, nerve cell body; Sa, Satellite cell process. x 16,000 

Fig. 22 
Non-varicose axons (a) containing microtubules and neurofilaments. x 25,000. 

Fig. 23 
A varicose axon (V) showing numerous agranular and granular vesicles and several mitochondria. 
Whilst small and large granular vesicles occur in the varicosity, the agranular vesicles appear 
to be uniform in size. In the majority of the granular vesicles the central dense core is separated 

from the limiting membrane by a distinct clear zone. x 26,000. ' 

Fig. 24 
Group 1 varicosity (V) synapsing with a nerve cell process (P). The varicosity contains numerous 
agranular vesicles and a few medium-sized granular vesicles. The core of some of the vesicles is 
indistinct. A dense subsynaptic web adheres to the entire inner surface of the thickened post
synaptic membrane of the nerve cell process. In contrast the presynaptic membrane of the axon 
is less thickened and a similar dense material is attached at one en (arrow). Agranular vesicles 

only are tightly packed belltw the presynaptic membrane. x 60,000. 

Fig. 25 
Two varicosities, one containing agranular vesicles (VI) and the other agranular and small granular 

vesicles (V2) synapse with the same neuron (N). V, varicose axons. x 16,500. 

















33 

Fig. 26 
Group 2 varicosity (V) synapsing with a nerve cell process (P). The varicosity contains numerous 
agranular vesicles and a few small granular vesicles. A dense material is associated with both the 
postsynaptic and presynaptic membranes. Note the granular ves. situated just below the pre-

synaptic membrane. Sa, satellite cell process. x 25,000. 

Fig. 27 
Group 3 varicosity (V) synapsing with the neuron (N). The varicosity contains numerous agra
nular vesicles, many large granular vesicles and a few small granular vesicles. In some of the gra
nular vesicles the core is indistinct. The varicosity synapses with the neuron at two points (arrows). 
Between the two synapses the intercellular gap widens. A dense material only projects from the 
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postsynaptic membrane. x 28,000. 




