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ABSTRACT 

Electron micrographs, stained Epon-embedded sections, and silver stains of the ciliary 
ganglion of chickens 19 days prehatched, 4 days, 5 weeks, 6 months, and 1 to 2 years of 
age were studied. The majority of ganglion cells are large neurons; smaller cells are re- 
stricted to a dorsal, distal part of the ganglion. The following description applies to the 
large neurons. Three to twenty lamellae of loose, semicompact, and compact myelin en- 
sheathe virtually every neuron. All these types of myelin form the sheath of a single neuron. 
The lamellae greatly increase in number and in compactness during the period between the 
19-day embryo and the 4-day-old chick. During the period between the 4-day chick and the 
adult chicken, the myelin becomes only slightly thicker and denser. The calyx is a large 
synaptic terminal encircling virtually every neuron in the ganglion up to 5 weeks of age. At 
6 months of age, the calyx appears to break up; only about half the number of neurons in the 
ganglion have this large terminal, while the remaining neurons have numerous relatively 
small, boutonlike synapses. This rather remarkable transformation in the structure of the 
calyx is virtually complete in the l- to 2-year-old chickens. In these older chickens all the 
cells have boutons, and calyces are no longer present. The entering preterminal fiber, the 
calyx, the neuron, and the axon hillock can all have myelin lamellae on them. It is possible 
that this entire complex is effectively insulated by the myelin sheath. No synaptic discs or 
fusion of the membranes of the preterminal fiber and the postganglionic neuron are seen. 
The chick ciliary ganglion cells are the only myelinated neurons so far described which 
receive synapses. The neurons in the small-cell part of the ganglion do not have calyces 
and are not ensheathed by myelin lamellae at any age. 

I N T R O D U C T I O N  

The presence of a large synapse, called a calyx, on 
cells of the ciliary ganglion of birds has engendered 
a great deal of morphological interest. Most re- 
cently, de Lorenzo (2) studied this synapse in the 
electron microscope, and Terzuolo (13), using 
silver stains, described some of the alterations 
which this synapse undergoes during aging. 

Recent physiological studies (6, 7) have shown 
that many of the synapses in the ciliary ganglion of 
3- to 5-day-old chicks are electrically coupled, in 
addition to having a chemical transmitter, and 
that there is an apparent increase in the relative 
number of electrically coupled synapses in 4-week- 
old chicks. 



Dur ing  a correlated morphological  investiga- 
tion, some interest ing new features of this ganglion 
have  been discovered. Firstly, i t  was found tha t  the 
cell bodies are myelinated.  Secondly, it was found 
tha t  s taining of Epon-embedded  tissues resulted 
invar iab ly  in a staining of the calyx and  synapses 
on the cell bodies. Hence,  a detailed study was 
under t aken  in order  to de termine  the s tructure of 
the calyx, as revealed in the electron microscope 
and  in the l ight  microscope by silver stains and  by 
staining of Epon-embedded  material ,  and  to in- 
vestigate the changes which this synapse undergoes 
as the chicken grows. In  addit ion,  the s tructure of 
the myelin on the cell body and  the relat ion of the 
myelin sheath to the presynaptic  terminal  and  the 
synapse on the cell body were investigated. 

M A T E R I A L  A N D  M E T H O D S  

Chickens 19 days prehatched, 4 days, 5 weeks, 6 
months, and 1 to 2 years of age were used. The 
ciliary ganglia were fixed in Dalton's fluid and em- 
bedded in Epon (5). Thin  sections, cut on a Porter- 
BIum or LKB microtome, were "stained" with lead 
salts (4, 8) and studied in an RCA E M U  3F or 
Akashi Tronscope. Sections l # in thickness were 
stained with a solution consisting of a mixture of 
equal parts of 1 per cent methylene blue in 1 per 
cent borax and 1 per cent azure II  (9) and studied 
with a Leitz microscope. For Cajal silver staining, 
some ganglia were fixed in 15 per cent neutral formol 
and whole ganglia were stained either by a pyridine- 
silver method or by an ammoniacal alcohol-silver 
method. Other ganglia were fixed in 100 ml of 50 
per cent alcohol containing 5 grams of chloral hy- 
drate and stained with silver nitrate. After silver 
staining, the ganglia were dehydrated and embedded 
in paraffin, and serial sections 10 to 15/z in thickness 

were cut. The ammoniacal alcohol-silver method 
worked best on the ganglia of young chicks, whereas 
the choloral hydrate method proved most suitable 
for those of older chickens. The Bodian Protargol 
method, although successful as a general silver im- 
pregnation in chickens of all ages, was nevertheless 
unsuccessful, in our hands, in revealing calyces in 
chickens of any age, even in those in which the Cajal 
stains showed that calyces were present. 

R E S U L T S  

The  chick ciliary ganglion receives preganglionic 
fibers from the oculomotor nerve. The  postgangli- 
onic fibers issue from the ganglion to innervate  the 
intrinsic muscles of the eye. The  ganglion has a 
ra ther  well del ineated collection of cells in its dor- 
sal, distal part ,  which contains cells smaller than  
the majori ty  of neurons  and  is called the small-cell 
par t  of the ciliary ganglion (Fig. 1). This  collection 
of cells is identified easily, not  only by the size of 
the cells, bu t  also by the dense neuropil  occurr ing 
between them. All the nerve cells of the ganglion 
are round  and  unipolar ,  the only process coming 
from them being the axon. The  large cells will be 
considered first. A section on the small cells will 
be reserved for the end of the paper.  

The Large Cells 

GENERAL STRUCTURE 

First, the s tructural  features of the cells and  their  
synapses will be described. Then ,  more  specific de- 
tails of the changes which the ganglion undergoes 
with age will be considered. 

THE PERIKARYON: The  cytoplasm of the 
neurons contains all the organelles typical of nerve 
cells (Figs. 10 to 12). The  mi tochondr ia  are nu-  

All photographs are of the chick ciliary ganglion. 

FIGURE 1 Longitudinal section through the chick ciliary ganglion stained with Pro- 
targol. The preganglionic fibers are at the top of the picture, the postganglionic fibers at  
the bottom. The arrow indicates the small-cell part of the ganglion. 

FIGURE 
X 1500. 

FIGURE 3 
M 1500. 

Four-day-old chick. A calyx encircles the postsynaptic cell. Cajal silver method. 

Five-week-old chick. A calyx is present on the neuron. Cajal silver method. 

FIGm~E 4 One- to two-year-old chicken. Calyx is no longer present. A dense network of 
fibers encloses the neuron. Cajal silver method, X 1000. 

2 TrlE JOURNAL OF CELL BIOLOGY - VOLUME ~5, 1965 



ARTUVR HESS Changes in Synapses on Cells of Chicken Ciliary Ganglion 3 



merous, are scattered th roughout  the cell, and  
contain  in ternal  folds. Most  of the cells have  m a n y  
rounded  clusters of dense granules scattered 
th roughou t  the cytoplasm. These granules have 
the appearance  of r ibonucleoprote in  particles seen 
elsewhere, and  compose the Nissl substance of the 
nerve cell. A few cisternae of the endoplasmic 
re t iculum and  vesicles (probably  cisternae in cross- 
section) are seen in the cells. The  clusters of gran-  
ules are not, in general,  located upon  the cisternae 
and  hence the chick ciliary neurons  do not  have 
oriented ergastoplasm or Nissl bodies, bu t  ra ther  
a more scattered Nissl substance. 

T H E  S Y N A P S E S  O N  T H E  C E L L S :  The  de- 
scription of the synapses on the nerve cells in this 
section will be mostly concerned with a description 
of the calyx. The  te rm "ca lyx"  will be used to de- 
note axo-somatic endings which are very large and  
which cover extensive areas of the postsynaptic 
cell, at  times almost completely enclosing it. The  
difference between this type of ending  and  the 
more  common,  sharply circumscribed bouton  is 
readily apparent .  

Cajal  silver stains show the calyx as a large, 
brown-stained s t ructure  clasping or encircling the 
more lightly stained yellow postsynaptic cell (Figs. 
2 and  3). Stained Epon sections reveal the calyx 
as an  intensely blue s tructure sur rounding  the 
more lightly blue-stained cell (Figs. 5 and 6). Elec- 
t ron micrographs  of the calyx show tha t  it is a 
terminal  axon conta in ing m a n y  vesicles, about  200 
A in diameter ,  and  mi tochondr ia  (Fig. 10). At  
times, the vesicles are very numerous  and  crowded 
into the nerve terminal ,  which appears  dense as a 
consequence. This  terminal  is very extensive and  in 
some sections can be seen to surround completely 
the postsynaptic cell. Densities occur on the pre- 

and  postsynaptic membranes  and  the synaptic 
cleft space between them. In  some sections, they 
occur  frequent ly along long stretches of synapse 
and  postsynaptic cell. In  other  sections, the mem-  
brane  thickenings appear  qui te  at  r a n d o m  or not  
at  all. Also in some sections, the synaptic vesicles 
appea r  to be highly concentra ted beh ind  the mem-  
brane  thickening and  to pile up  in a very small 
area adjacent  to the dense area of the m e m b r a n e  
of the presynaptic  terminal .  In  still other  sections, 
m e m b r a n e  thickenings can be seen wi thout  any  
par t icular  concentra t ions  of vesicles on them;  or, 
contrariwise, accumulat ions  of vesicles can occur 
in areas wi thout  m e m b r a n e  thickenings. 

The  extensive line of contac t  between the calyci- 
form terminal  and  the cell body frequently is not  
so smooth as in Fig. 10. At  times, a small process of 
neurona l  cytoplasm pushes into the calyx or the 
lat ter  sends out  a short  process invagina t ing  the 
nerve ceil. Sometimes these prolongations of the 
calyx can be r a the r  long. Most  frequently, these 
relatively long processes of the calyx pushing into 
cell body do not  have  synaptic vesicles wi th in  
them, but  are ra ther  devoid of organelles. 

Some striking and  characterist ic features are 
seen in the cytoplasm of the postsynaptic cell im- 
mediately  adjacent  to the calyx or synapse. In  all 
ceils, it can be seen tha t  the cytoplasm around  the 
per iphery of the cell is not  so dense as in the in- 
terior (Figs. 10 and  11). This  feature is especially 
marked  in the postsynaptic cytoplasm near  a calyx 
or terminal ,  and  it can usually be seen tha t  the 
postsynaptic cell has a "shel l"  of less dense cyto- 
plasm in the region of the synapse (Figs. 10 and  
I 1). The  decrease of density is due to a decrease in 
the occurrence of organelles, especially of the clus- 
ters of r ibonucleoprote in  particles, which are dis- 

FmvnE 5 Four-day-old chick. Calyces are present around neurons. Stained Epon sec- 
tion. X 1000. 

FIGURE 6 Five-week-old chick. Calyces are present around neurons. Stained Epon section. 
X 1000. 

FIaURE 7 Six-month-old chick. A neuron with a calyx. Stained Epon section. X 1000. 

FIGURE 8 Six-month-old chick. Calyx not present. Neuron is enclosed by a series of 
stained droplets. Stained Epon section. X 1000. 

FIGURE 9 One- to two-year-old chicken. Calyx not present. Neuron is surrounded by 
a collection of stained droplets. Stained Epon section. X 1000. 
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:FIGURE l0 Electron micrograph of a neuron from a 19-day chick embryo. N indicates the neuronal cyto- 
plasm covered for a long distance by the extensive calyciform terminal  (CT), which has  synaptic vesicles 
and  mi tochondr ia  and is covered in its tu rn  by some lamellae of semicompact  and loose myelin (M) of the 
Schwann cell (S). Ribosomes are present  in the nerve cell body and in the Schwann cell. A scattered 
series of membrane  thickenings (arrows) occurs between the nerve cell and the calyx. )< 16,000. 
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Fmvn~ 11 Electron micrograph of a neuron from a 1- to ~-year-old chicken. The large terminal (T) has 
synaptic vesicles and many mitochondria. Membrane thickenings (arrows) are seen between the terminal 
and the nerve cell (N). Multivesicular bodies (V), ribosomes, and mitochondria are present in the neu- 
ronal cytoplasm. The lowest arrow points to a dense subsynaptic rod. The terminal is covered by some 
lamellae of loose and semicompact myelin (M). X 16,000. 
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FIGURE 1~ Electron micrograph of a neuron from a 19-day chick embryo. The neuron (N) is covered by 
Schwann cell (S) cytoplasm. Myelin lamellae are not  present. >( ~4,000. 
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FIGURE 18 Electron micrograph of a neuron from the small-cell par t  of the ganglion of a 6-month-old 
chicken. The neuronal  cytoplasm is characterized by a great number  of double membranes  and a marked 
accumulation of ribosomes. Compare with the  cytoplasm of the  other type of neuron as seen in Figs. 10 
and 11. A thin layer of Schwann cell (S) cytoplasm covers the neuron. No calyx is present, nor are myelin 
lamellae seen. X 24,000. 
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FIGURE 14 Electron micrograph of the  ganglion of a 19-day embryo. At least two Schwann cells (S), 
whose nuclei (n) are present, contribute to the myelin lamellae on the  nerve cell (N). M indicates the  
external mesaxon of the  myelin sheath. Membrane  densities between adjacent  myelin lamellae are shown 
at  the  arrows. X ~t4,000. 
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t inctly deficient in n u m b e r  in the area of a nerve 
cell unde r  the calyx. This  is a cons tant  feature of 
postsynaptic cells. 

Ano the r  s t ructural  feature of postsynaptic cyto- 
p lasm is the occurrence,  near  the calyx or synapse, 
of mult ivesicular  bodies (Figs. l l and  15). In  the 
chick, these organelles are not  necessarily very 
near  or ad jacent  to the synapse or calyx, but  when-  
ever they are noticed,  they are always in the 
per iphera l  port ions of the per ikaryon in the vicinity 
of the synaptic terminal ,  and  they are usually not  
found in the inter ior  of the nerve cell. 

Ano the r  s tructure is seen near  the synapse or 
calyx. This  s t ructure  is found in several instances 
on the postsynaptic cell jus t  unde r  the synaptic 
t e rmina l  (Figs. 11 and  21). This  postsynaptic 
s t ructure  is a dense rod or disc abou t  250 A thick 
and  2/~ long. A dense s t ra tum parallel  to and  sepa- 
ra te  f rom the postsynaptic m e m b r a n e  has been de- 
scribed in the sympathet ic  ganglion of some frogs 
(1), bu t  in the chick, this rod is apposed to and,  
indeed,  appears  to be par t  of the postsynaptic 
membrane .  I t  is not  a constant  feature of every 
section of every calyx. W h e t h e r  it was missed in 
some sections or whether  it was absent  in most  cells 
is not  yet known. 

The  calyx is the only synapse tha t  has thus far 
been seen on the perikaryon.  As far as we could de- 
termine,  no boutonl ike te rminat ions  shared a cell 
wi th  a calyx. However,  other  apparent ly  different 
synapses can occur on the axon hillock. 

The  axon issuing from the cell can be identified 
easily. I t  reveals a sharp reduct ion in n u m b e r  of 
clusters of the dark  r ibonucleoprote in  particles 
and  also a dist inct  difference in the n u m b e r  and  
shape of mi tochondr ia .  These  organelles are less 
numerous  and  more elongate in the axon and  its 
hillock t han  in the perikaryon. The  synapses on the 
axon hillock are many.  They  appear  as round  
structures packed with synaptic vesicles and  lined 
up  along the axon hillock and  the immedia te  distal 
par t  of the axon (Fig. 16). Thickenings  frequently 
occur on the pre- and  postsynaptic membranes  
of the te rminal  fiber and  axon hillock. These last- 
described synapses apparen t ly  correspond to the 
basketlike te rminat ions  described by others on the 
chick ciliary ganglion cells. 

T H E  B G H W A N N  C E L L  A N D  M Y E L I N  

SHEATH: T he  neurons  are enshea thed  by 
Schwann  cells and  their  processes. T he  outermost  
layer of the sheath sur rounding  a nerve cell is 
cytoplasmic. Two or more  Schwann  cells, or the 

nuclei  of these cells, can  be seen sur rounding  a 
nerve cell and  hence cont r ibute  to the composit ion 
of the neurona l  sheath (Fig. 14). These cells send 
elongated processes to wrap a round  the neuron.  
This  si tuation is entirely analogous to tha t  of 
Schwann  cells and  per ipheral  nerve axons, where 
the former cells send processes to wrap a round  the 
nerve fiber. Two or more layers of Schwann  cell 
wrappings  separated from each other  by a small 
and  regular  distance can be considered a myelin 
sheath. Hence,  the neurons  of the chick ciliary 
ganglion can  be considered to be myelinated,  since 
they are ensheathed by two or more orderly wrap-  
pings of Schwann  cell cytoplasm. The  lamellae in 
all the types of myelin to be described present  an  
orderly a r rangement .  Two over lapping processes of 
Schwann  cell on a neuron  are not  considered a 
myelin sheath;  to be called myelin in this study, 
the lamellae must  extend for considerable ciis- 
tances a round  the cell body and  be separated from 
each other  by a regular  periodicity. 

The  outermost  covering of the neuron  is usually 
a relatively thick layer of Schwann  cell cytoplasm 
(Fig. 14). The  nucleus of the Schwann  cell is lo- 
cated here. The  cytoplasm of the Schwann  cell 
(Figs. 10 and 14) contains cisternae of the endo- 
plasmic ret iculum, dark  clusters of r ibonucleopro-  
tein particles, some of which are located on the 
cisternae, and  vesicles and  mi tochondr ia .  In some 
sections, the concent ra t ion  of clusters of r ibonu-  
cleoprotein particles is quite dense and the gran-  
ules are quite numerous.  Wrapp ings  of the 
Schwann  cell a round  the neuron  form the myelin 
sheath. 

The  l imit ing membranes  of two adjacent  
Schwann  cells or the juxtaposed processes of a 
single cell can  be seen enter ing into the format ion  
of the myelin sheath of the neuron  (Fig. 14). This  
is equivalent  to the outer  mesaxon seen on myeli- 
ha ted  nerve fibers. Several mesaxons can  be found 
on a single neuron  (Fig. 15). Also several Schwann  
cell nuclei can be seen a round  each neuron  (Fig. 
14). I t  thus appears  tha t  the myelin sheath of these 
nerve cells, unlike tha t  of ver tebra te  per iphera l  
nerve internodes,  is formed by several Schwann  
cells ra ther  than  just  one. 

The  relations of the Schwann  cell and  neuron  
in the chick are similar to those described by 
Rosenb lu th  (11) in the rat.  The  "loose" myelin is 
composed of processes of Schwann  cells and  hence  
consists of Schwann  cell cytoplasm surrounded by 
its l imit ing membranes  (Figs. 11, 15, 17, and  18). 
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These lamellae vary  in thickness. M e m b r a n e  
thickenings can sometimes be seen between ad- 
j acen t  lamellae (Fig. 14). A more regular  periodic- 
ity of the lamellae is seen in " semicompac t "  myelin 
(Figs. 17 and  18). Here,  cytoplasm is absent,  and  
the lamellae consist of cell membranes  separated 
by ra ther  regular  distances of abou t  300 A. Most  
frequently,  this type of myelin is the th innest  and  
consists of relatively few lamellae. The  last type of 
myelin, the " c o m p a c t "  (Figs. 15, 17, and  18), is 
similar to tha t  seen on the nerve fiber and  consists 
of closely packed cell membranes  wi thout  any in- 
tervening Schwann  cell cytoplasm; the center- to-  
center  distance of the lamellae is about  150 A. This  
type of myelin has in it the fused Schwann  cell 
membranes  which form major  dense lines, and  ap- 
pears very dark  in the electron microscope. 

The  myelin sheath on an  individual  neuron  is 
very var iable  in appearance.  Almost all the varia-  
tions detailed by Rosenb lu th  (11) in the rat  can be 
found in the chicken. Firstly, it is not  necessarily 
a rule, as one might  perhaps  think,  tha t  a correla- 
tion exists between n u m b e r  of lamellae and  type of 
myelin. A patch  of loose myelin can conta in  a 
smaller or larger n u m b e r  of lamellae than  compact  
myelin. Also, the type of myelin on a neuron  
usually varies from place to place along the cell 
body, and  vir tual ly always two or more types of 
myelin are found on the same nerve cell (Figs. 15 
and  18). Also, as will be seen below, there is not  
necessarily a close correlat ion with age, for com- 
pact  and  loose myelin can be seen to surround a 
neuron  in both  a 4-day-old chick and a 1- to 2- 
year-old. I t  is possible to see lamellae in compact  
myelin abrupt ly  separate from each other to form 
a short stretch of loose myelin and then join to- 
gether  again  to become compact  myelin (Fig. 15). 
Thus,  the myelin varies considerably in type as it 
ensheathes the neuron,  and  the lamellae of one 

type of myelin freely join in the format ion of 
ano ther  type as they pass a round  the nerve cell 
body. There  are many  discontinuities in individual  
lamellae of the myelin sheath, and  the neuron  is 
surrounded by a very var iable  n u m b e r  of lamellae. 
At  times, lamellae end abrupt ly  in a blind loop of 
cytoplasm on the neuron  (Fig. 15). Sometimes 
several lamellae end at or abou t  the same level on 
the nerve cell. However,  when a per ikaryon is 
said to be myelinated,  it is almost always covered 
over its entire surface by mult iple  lamellae (al- 
though highly var iable  in number ) .  

Myel in  figures consisting of whorls of compact  
lamellae can be seen in the Schwann  cell layer 
(Fig. 22). Connect ions can he seen between the 
lamellae of these myelin figures and the lamellae 
of the myelin ensheathing the neuron.  These fig- 
ures might  be due to disorders of development.  

RELATION OF CALYX TO MYELIN 
SHEATH: AS the afferent fiber approaches  the 
postsynaptic cell and  divides into its calyciform 
terminal ,  some myelin sheath lamellae run  up  onto 
the pre terminal  fiber for a short  distance (Fig. 19). 
These lamellae gradually end on the afferent fiber. 
Thus,  the pre terminal  fiber has a few myelin la- 
mellae on it. The  calyx or terminal  itself is covered 
on one side by the myelin lamellae. The  exiting 
axon is similarly covered by a few myelin lamellae 
which end on it as it leaves the nerve cell (Fig. 20). 
The  myelin sheath opens, as it were, to permit  
entry  of the afferent fiber and  exit of the axonal  
process, and  as these fibers pass th rough the myelin 
sheath they carry with them a few lamellae, which 
causes the entire complex of pre terminal  fiber, 
calyciform terminal ,  perikaryon, and axon hillock 
area to be ensheathed by myelin lamellae. The  
inheren t  irregulari ty in the disposition of the mye- 
lin lamellae described above causes var ia t ion  in 
this scheme, and the n u m b e r  of lamellae and  the 

FIGUnE 15 Electron micrograph of a neuron in ganglion of a 1- to ~-year-old chicken. The 
terminals (T) are seen as a series of boutons on the nerve cell (N). Multivesicular bodies 
(V) are present in the neuron. Myelin lamellae, highly variable in disposition, cover the 
terminals and the neuron. The dark compact myelin can become loose myelin and then be- 
come compact again (arrows). Lamellae can also be seen ending abruptly along the surface 
of the neuron (L). Two outer mesaxons (M) are seen. )< 16,000. 

FIGUnE 16 Electron micrograph through an axon hillock in ganglion of a 4-day-old 
chick. The nerve cell (N) with ribosomes is at the top. The ribosomes stop rather abruptly 
as the axon (A) issues from the cell. A bouton terminal (T) with synaptic vesicles ends on 
the axon hillock. A membrane density occurs between the terminal and the axon. X 24,000. 
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thickness of the myelin sheath on each of these 
structures are highly variable,  a l though ensheathe-  
men t  of the per ikaryon and its related synapse and 
axon is frequently seen. 

DEVELOPMENTAL CHANGES 

THE CALYX: T he  calyx undergoes remark-  
able changes dur ing  development .  In  stained Epon 
sections, the calyces are revealed consistently. 
They  are present in the 19-day embryo,  the 4-day- 
old chick (Fig. 5), the 5-week-old chick (Fig. 6), 
and the 6-month-old chick (Fig. 7). The  calyx ap- 
pears as a bluc structure encircl ing the neuron.  In 
the 19-day chick embryo and the 4-day and  5-week 
chick, vir tual ly every nerve cell is encircled over a 
large area of its circumference by a blue structure. 
However,  in the 6-month-old chicken, this ap- 
pearance  of a calyx on almost every cell changes. 
M a n y  cells still have  calyces on them, but  in many  
instances the blue terminal ,  instead of encircling 
the nerve cell for a long distance, now appears  as a 
series of small dots on the neuron  (Fig. 8). The  
calyx thus appears  to begin to break up  in the 6- 
month-old  chicken. In chickens 1 to 2 years of 
age, this breaking up  of the calyx appears  essen- 
tially complete,  and  large structures encircling the 
neuron  for long distances are not  seen. Rather ,  the 
terminals  on the neuron appear  as blue dots in 
almost every instance (Fig. 9). Hence,  it is ap-  
parent ,  f rom the study of stained Epon-embedded  
material ,  tha t  the calyx, a large terminal  encircling 
the nerve cell in chicks up  to 5 weeks of age, breaks 
up  and appears  as a series of boutons on m a n y  cells 
of 6-month-old  chickens and on almost every cell 
in chickens 1 to 2 years of age. 

Silver stains also show in a striking m a n n e r  the 

developmenta l  changes in the calyx. No calyx is 
seen in chickens 1 to 2 years of age (Fig. 4). In  the 
place formerly occupied by the calyciform terminal  
in younger  chicks (Figs. 2 and  3), bundles  of th in  
axons now form a dense neuropil  a round the peri- 
karya. The  thin nerve fibers follow a var iable  
course and  enmesh the cell bodies; enlarged termi- 
nals on the neuron  are not  revealed. 

This  ra ther  remarkable  al terat ion in s tructure 
of the synapse with deve lopment  is seen also in 
electron micrographs.  As shown thus far, the calyx 
covers an extensive area of the nerve cell (Fig. 10). 
In almost any  section of ciliary ganglion of chicks up  
to 5 weeks of age, long stretches of the m e m b r a n e  
of the calyciform terminal  can be seen apposed to 
the m e m b r a n e  of the postsynaptic nerve cell and  
separated from it by a distance of abou t  200 A. In 
the 6-month-old chick, m a n y  cells are similarly 
covered by calyx, bu t  a series of boutons can also 
be seen on m a n y  cells (Fig. 23). The  terminal  is no 
longer a cont inuous element,  bu t  ra ther  consists of 
several individual  endings on the surface of the 
neuron.  There  are now m a n y  endings ra ther  than  
one long one, and they are separated by a port ion 
of Schwann  cell cytoplasm. In  some cases, the end-  
ings are lined up  on the surface of the neuron,  bu t  
they are not  cont inuous and  are separated by only 
a thin  tongue of Schwann  cell cytoplasm. In chick- 
ens 1 to 2 years of age, this mul t iple  terminal  dis- 
position of the endings is seen on all neurons  (Figs. 
15, 18, and  21). Long stretches of apposit ion of the 
membranes  of the te rminal  and  postsynaptic cell 
are no longer found, bu t  ra ther  the endings consist 
of a series of boutons on the nerve cell. M e m b r a n e  
thickenings of the terminal  and  postsynaptic mem-  
branes  are found. The  boutons  have  in them the 

:FIGURE 17 Electron micrograph of the myelin lamellae on a nerve cell of a 1- to ~-year- 
old chicken. Semieompact (S) and dark compact myelin lamellae are seen. ) 40,000. 

FIGURE 18 Electron micrograph of the myelin lamellae and terminal boutons (T) of a 
ganglion cell of a 1- to ~-year-old chicken. Loose (L), semieompact (S), and compact (C) 
myelin are seen. X ~4,000. 

FI(~URE 19 Electron mierograph of myelin lamellae on the preterminal part of the axon 
(A) as it enters into formation of the calyx on a ganglion cell in a 1- to ~-year-old chicken. 
The myelin lamellae are continuous with those covering the nerve cell body. X 16,000. 

:FIGURE ~0 Electron mierograph of myelin lamellae (ML) on the axon hillock as it issues 
from a ganglion cell in a 1- to ~-year-old chicken. The myelin lamellae are continuous with 
those covering the nerve cell body. X 1~,400. 
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same organelles seen in the calyx: vesicles and  
mi tochondr ia .  

Lamel lae  of the myelin sheath can be seen pass- 
ing over the series of boutons (Figs. 15 and  18). 
Hence,  the boutons  have the same relat ion to the 
myelin sheath as the calyx, and  the terminals  are 
covered on one side by the myelin sheath. I t  is 
difficult to find pre te rmina l  portions of the parent  
axons of the boutons to see whether  they are en- 
sheathed by Schwann  cell lamellae as they pass 
th rough the myel in  sheath. Fai lure to locate them 
is p robably  due to the breaking up of the large 
parent  axon of the calyx, as deve lopment  proceeds, 
into th inner  fibers of var iable  course, as described 
above in silver stains. 

T H E  M Y E L I N  S H E A T H :  The  n u m b e r  of mye- 
lin lamellae can be up  to abou t  20. There  is no 
extensive correlat ion between the stage of develop- 
men t  and  the type of myelin. A 19-day chick em- 
bryo and chicks 4 days, 5 weeks, 6 months,  and  1 to 
2 years of age were studied. Even in adul t  chickens, 
loose, semicompact ,  and compact  types of myelin 
can be found sharing in the format ion of the myelin 
sheath on a single neuron.  Perhaps,  as a general 
impression, compact  myelin is of more  f requent  oc- 
currence in adul t  chickens 1 to 2 years of age than  
in 4-day chicks, bu t  the var iabi l i ty  in the s tructure 
of the myelin described above precludes the draw- 
ing of a definite conclusion. On ly  one neuron  was 
seen ensheathed completely by compact  myelin, 
and  tha t  was in an  adul t  chicken. T he  n u m b e r  of 
lamellae, in general,  appears  to increase with age; 
the neuron  of the adul t  chicken 1 to 2 years of age 
appears  to be surrounded by a thicker sheath (with 
more compact  myelin) than,  for instance, the neu- 
ron of the 4-day chick. However,  the difference in 

neuron  myelinizat ion between an  adul t  chicken of 
1 to 2 years and a 4-day chick is not  striking. In the 

former m a n y  parts  of the neurons are surrounded 
by relatively few myelin lamellae, while in the 4- 
day chick there are places on nerve cells covered by 
many  myelin lamellae. 

In  all the posthatched chicks studied (from 4 
days onward) ,  every nerve cell body has myelin 
lamellae somewhere along its circumference. The  
si tuation in the 19-day chick embryo (Fig. 12) is 
different from tha t  in all the other  chickens studied. 
Here, m a n y  cells do not  have any th ing  tha t  can be 
called myel in;  the neurons  are surrounded by one 
or two th in  layers of Schwann cell, the ar range-  
ment  being like tha t  of satellite cells a round gan- 
glion cells in almost all other  locations. Loose mye- 
lin is seen on a few neurons, bu t  it is composed 
usually of only a few lamellae (Fig. 10). Semicom- 
pact  myelin can also be found (Fig. 10), but  com- 
pact  myelin is especially rare and  has been seen on 
only one nerve cell. The  differences in thickness 
and compactness of the myelin sheath between a 
19-day embryo  and a 4-day chick are far greater  
than  those between a 4-day chick and  a 1- 
to 2-year-old chicken. Perhaps  ha tch ing  gives a 
strong stimulus to myelin sheath formation.  

The Small Cells 

In contrast  to the large neurons, the other  cells, 
which are believed to be in the small-cell par t  of 
the ganglion, do not  have the usual a r r angemen t  of 
Nissl substance. The  disposition of Nissl substance 
is quite different (Fig. 13). These small cells have  
m a n y  more double  membranes  upon which are 
m a n y  clusters of r ibonucleoprotein  granules, and  
they also have m a n y  more granules and clusters of 
granules. Hence, the small cells appear  denser  in 
the electron microscope and  have more organized 
basophilic components  than  the larger cells. 

The  neurons in the small-cell port ion of the 

FIGURE ~I Terminal boutons (T) with synaptic vesicles on a ganglion cell (N) in a 1- 
to ~-year-old chicken. Compare these boutons with the extensive calyciform terminal of 
young chicks shown in Fig. 10. A subsynaptic rod is seen at the arrow. X ¢4,000. 

FIGURE ~ Electron mierograph of a whorl of myelin lamellae (myelin figure) in the 
Schwann cell cytoplasm in ganglion of a 4-day-old chick. X ~4,000. 

FIGURE ~3 Electron micrograph of terminal boutons (T) with synaptic vesicles on a 
nerve cell (N) in ganglion of a 6-month-old chick. Many other cells in this chick had an 
extensive calyciform terminal on them, rather than a series of boutons. Membrane thick- 
enings are seen at the arrows. X ~4,000. 
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ganglion do not have calyciform terminals upon 
them (Fig. 13), in chickens of all ages studied. 
Their  synapses are relatively small bouton type 
endings. I t  is interesting that this difference in 
form of synaptic termination occurs in this gan- 
glion, since all the fibers ending in both the large- 
cell and the small-cell parts are said to come fi'om 
the third nerve. Terzuolo (13) has ruled out fifth 
nerve terminations in this ganglion. 

The cells of the small-cell portion of the chick 
ciliary ganglion differ radically in their investment 
of Schwann cell from the large cells described 
above. There is no myelin sheath on these small 
cells (Fig. 13), at any age studied. The cell is 
covered with a very thin layer of Schwann cell cy- 
toplasm, usually only single. 

D I S C U S S I O N  

The nerve cells of the chick ciliary ganglion are 
unique in that they are the only myelinated neu- 
rons thus far observed that have synapses. The 
myelinated cells of the cochlear and vestibular 
ganglia (1 l, 12) are sensory bipolar neurons devoid 
of synaptic terminations. 

Physiological studies (6, 7) have shown that 
about 60 per cent of the chick ciliary ganglion cells 
in 4-day-old chicks are electrically coupled and 
that the incidence of electrical transmission in- 
creases in 4-week-old chicks. It  was thought by the 
present investigator that the coupling potentials 
obtained w e r e  due to saltatory conduction and that 
the parent preterminal afferent fiber, the calyx, 
the postsynaptic nerve cell, and the exiting axon 
were effectively insulated by the myelin lamellae 
and hence acted as an internode, with the impulse 
jumping  from preterminal afferent fiber to exiting 
axonal process. The irregular disposition of the 
myelin lamellae could allow for ineffective insula- 
tion of some neurons and hence would account for 
the 40 per cent of the neurons (in 4-day chicks) 

which do not exhibit electrical transmission or 

saltatory conduction. The  increase in thickness or 

change in type of myelin, as development pro- 

ceeds, could allow a more effective insulation of 

some neurons and could account for the finding 

that the incidence of electrical transmission is 

larger in 4-week-old chicks than in 4-day chicks. 

The suggestion that saltatory conduction takes 

place in the chick ciliary ganglion does not imply 

that electrical coupling cannot exist at the site of 

calyx and nerve cell. Indeed, electrical coupling 

between calyx or bouton and nerve cell is probably 
necessary for saltatory conduction to occur. 

The current flow during saltatory conduction 
would be expected to occur through calyx and 
neuron, as well as outside the myelin sheath, to 
complete the local electrical circuit. Such a local 
electrical circuit occurs in the internodal portion 
of the axon during saltatory conduction in a pe- 
ripheral nerve fiber, where the action potential at 
each node excites the next node by current flowing 
forward in the axis cylinder and back in the fluid 
outside the myelin sheath (3). Some sort of electri- 
cal coupling of calyx or bouton and postsnyaptic 
neuron might perhaps be expected to occur during 
saltatory transmission of the nerve impulse through 
the chick ciliary ganglion, so that the action po- 
tential at the last node of the preterminal fiber can 
excite the next node of the exiting axon hillock by 
current flowing forward in the calyx and neuron 
and back in the fluid outside the myelin sheath. 
Hence, the electrical coupling of calyx and neu- 
ron described by Mart in  and Pilar (6) might well 
be a component of the mechanism of saltatory 
conduction of the nervous impulse in the chick 
ciliary ganglion. 

If  only the calyx is necessary for electrical cou- 
pling to occur (and myelin lamellae are not in- 
volved significantly), the occurrence of electrical 
transmission in only 60 per cent of the cells of the 
4-day chick ganglion (and not in all the cells) can- 
not depend merely on the presence or the absence 
of a calyx, since in both stained Epon-embedded 
material and electron micrographs it appears that 
virtually every large neuron has a calyx. Perhaps 
some calyces are ineffective in producing electrical 
coupling because of size; measurement of the size 
of calyces has not been performed in the present 
study. Physiological investigations in adult chick- 
ens 1 to 2 years of age, where calyces are absent and 
the myelin is relatively well organized, might pro- 
vide more information about the physiological 
role of the calyx. A series of closely aligned boutons 
(such as occurs in adult chickens) as well as a calyx 
might serve to effect electrical coupling through 
the chicken ciliary ganglion and allow for the oc- 
currence of saltatory conduction. Similarly, physio- 
logical studies in chick embryos, where myelin 
lamellae are virtually absent and calyces are al- 
ready present, should yield information about the 
role of the myelin lamellae in effecting transmission 
through the ciliary ganglion. 

I t  should be mentioned that no type of fusion of 
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pre- and postsynaptic membranes is seen in the 
chick ciliary ganglion, at least with the techniques 
employed in the present study. Such fused mem- 

branes, called synaptic discs, have been correlated 

in some instances with the occurrence of electrical 

synaptic transmission (10). If such discs occur in 

the chick ciliary ganglion (and perhaps have been 

missed in the present study), they are of such low 

frequency that it would appear unlikely that they 
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