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S o m e d i f f i c u l t i e s h a v e b e e n m e t w i t h in t h e i n v e s t i g a t i o n o f v e g e t a t i v e ganglion s y n a p s e s 
b y t h e a i d o f t h e e l e c t r o n m i c r o s c o p e , d u e p r o b a b l y m a i n l y t o t h e r a t h e r d e n s e p a c k i n g 
o f t h e e l e m e n t s — p a r t i c u l a r l y in m a m m a l i a n ganglia — a n d t h e r a t h e r c o m p l e x r e l a t i o n s 
b e t w e e n ganglion ce l l processes , p r e g a n g l i o n i c f i b e r a r b o r i z a t i o n s a n d t h e i r t e r m i n a l s , as w e l l 
as t h e plasma o f S c h w a n n c e l l s t h a t e n v e l o p s all neura l e l e m e n t s o f the ganglia. It has b e e n 
s u s p e c t e d a l r e a d y b y T a x i ( 1 9 5 7 ) that t h e m a j o r i t y o f m a m m a l i a n s y m p a t h e t i c ganglion 
s y n a p s e s m i g h t be o f a x o - d e n t r i t i c n a t u r e rather t h a n a x o s o m a t i c . T h e a x o s o m a t i c s y n a p s e s 
o f the sympatbicus in f r o g s h a v e b e e n d e s c r i b e d in n o r m a l s t a g e a n d d u r i n g s e c o n d a r y d e g e -
n e r a t i o n in a n i m p r e s s i v e scries o f i n v e s t i g a t i o n s b y T a x i ( 1 9 6 1 , 1 9 6 2 a , 1962b) . T h i s is, 
h o w e v e r , a p e c u l i a r s i t u a t i o n , d u e t o t h e f a c t t h a t m o s t s y m p a t h e t i c g a n g l i o n ce l l s o f t h e 
f rogs h a v e n o d e n d r i t e s a t a l l . — O n e o f us (J . S z . , 1962) h a s g i v e n a p r e l i m i n a r y report 
o n t h e u l t r a s t r u c t u r e o f t h e s y m p a t h e t i c ganglion s y n a p s e in t h e t u r t l e (Emys orbicularis), 
w h e r e o w i n g t o t h e r e l a t i v e l y less d e n s e p a c k i n g o f e l e m e n t s t h e s t r u c t u r e o f t h e s y n a p s e is 
m o r e e a s i l y u n d e r s t o o d t h a n in m a m m a l s . It c o u l d r e a d i l y been o b s e r v e d t h a t t h e v a s t m a j o r i t y 
o f the s y n a p s e s is a x o - d e n d r i t i c , m a n y o f t h e m e s t a b l i s h e d by p a r a l l e l or „ d e p a s s a g e " . c o n t a c t , 
a n d o n l y r e l a t i v e l y f e w o f t h e s y n a p s e s arc e s t a b l i s h e d w i t h the ce l l b o d y s u r f a c e . A p a r t i c u l a r l y 
i n t e r e s t i n g f e a t u r e o f t h e s e s y n a p s e s i s t h a t a l l s y n a p t i c reg ions , in f a c t a l l n e r v e e l e m e n t s 
arc c l o s e l y e n v e l o p e d by t h e plasma o f s a t e l l i t e e l e m e n t s t h a t f o r m e s t r a n g e „ l o o s e m y e l i n " 
s tructures s u r r o u n d i n g ganglion c e l l b o d i e s a n d s o m e o f the ir processes as w e l l as the ir s y n a p s e s . 
— C o n c l u s i v e p r o o f o f t h e m a i n l y a x o - d e n d r i t i c c h a r a c t e r o f s y m p a t h e t i c ganglion s y n a p s e s 
in the ca t has r e c e n t l y b e e n g i v e n in an e x c e l l e n t p a p e r b y E l f v i n ( 1 9 6 3 ) , us ing r e c o n s t r u c t i o n 
o f s e v e r a l r eg ions o f s y n a p t i c c o n t a c t f r o m u l t r a t h i n sec t ion series. T h i s e x e m p t s us f r o m 
d e s c r i b i n g in d e t a i l o u r o w n o b s e r v a t i o n s , g a t h e r e d s ince s o m e t i m e o n t h e s t ruc ture o f 
s y n a p s e s i n t h e sup. c e r v i c a l s y m p a t h e t i c ganglion o f t h e rat, t h e f i n d i n g s b e i n g e s s e n t i a l l y 
the s a m e as t h o s e o f E l f v i n . It is o n l y w i t h respec t t o t h e m e m b r a n e o u s s t ruc tures — or 
„ l o o s e m y e l i n " f o r m a t i o n s — o f t h e s a t e l l i t e e l e m e n t s t h a t our o b s e r v a t i o n s d i f f e r c o n s i d e r a b l y 
f r o m t h e p i c t u r e s o f E l f v i n , but w h e t h e r th i s is f r o m s o m e d i f f e r e n c e in t h e m a t e r i a l used 
or t h e d i f f e r e n t h i s t o l o g i c a l a n d s t a i n i n g t e c h n i q u e , w e c a n n o t te l l . O u r f i n d i n g s on t h e 
super ior c e r v i c a l ganglia o f t h e t u r t l e a n d the rat , h o w e v e r , b e i n g e s s e n t i a l l y s imi lar , it is 
m o r e p r o b a b l y t h e la t ter t h a t is t o be h e l d r e s p o n s i b l e f o r these d i s c r e p a n c i e s . — T h e presen t 
paper , t h e r e f o r e , g i v e s o n l y a br ie f a c c o u n t o f our o b s e r v a t i o n s o t t h e rat, w i t h s o m e e m p h a s i s 
on t h e „ l o o s e m y e l i n " — l ike d o u b l e m e m b r a n e s y s t e m s o f the s a t e l l i t e e l e m e n t s . 
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Material and m e t h o d s 

The superior cervical ganglion of the sympathet ic has been exposed under 
narcosis in adul t albino ra ts and first f ixed in situ by l°/o osmic acid solution, 
according P A L A D E , bu f f e r ed to p H 7 , 5 and cooled. Fixat ion was cont inued a f t e r 
removal of the ganglion f o r one hour in the same solution in the re f r ige ra to r . 
Af te r dehydra t ion in graded alcohol the mater ia l was embedded into a ra ld i t e 
according to L U F T ( 1 9 6 1 ) . U l t r a th in sections were made wi th glass knives on 
the L K B — Ul t ro tome. Sections were stained with l ead-hydroxyde accord ing to 
K A R N O V S K Y (1961) and investigated with the aid of the Zeiss (Jena) ElMi—2 
electron microscope. Or ig ina l magnif icat ions used were 3000—8000 and enlar-
ged fu r ther by optical means. 

Results 

Figs. 1 and 2, which are taken f rom the same visual field, are showing 
most of the general features of sympathet ic ganglion synapses. Dendr i t e s (D) 
are recognisable f rom thei r characterist ic tubules (Dt) , which o f f e r some d i f -
ficulties if cut in transversal direction, as it occurs on transverse sections of 
the dendri tes and more o f t e n in the neighbourhood of synaptic contacts . T h e 
cross sections of the tubules could easily be mistaken for vesicles. T h e upper 
dendr i te of Fig. 1. is approached by an axon terminal filled wi th synap t i c 
vesicles (Sv); no synapt ic contact , however, is established in th is plane, as 
clearly seen f rom the two separate double membranes separat ing them, which 
indicates tha t a thin statel l i te plasma l ayer intervenes. T h e lower dendr i t e of 
this f igure, cut t ransversal ly , has between the two ringed a r r o w s a clear 
synapt ic contac t with an axon terminal conta in ing synaptic vesicles (Sv). Some 
of the synaptic with an axon are of the usual size of 400—500 A, whereas 
larger vesicles of 1000—1500 A diameter conta in ing a denser body in the 
center ( indicated by black ar rows) are seen in most synapt ic terminals of the 
ganglion. They are the k n o w n „dense-core" or „osmiophi l ic" vesicles, also 
called as neurosecretory e lementary bodies e. g. in some parts of the hypo-
thalamus. In the lower p a r t of the f igure t w o dendr i tes are closely a t t ached to 
one another with some th ickening of both membranes (Dap) . They very much 
resemble the „dendr i t i c a t t achement plaques" f requent ly seen in the C N S and 
described also by E L F V I N (1963) in the sympathe t ic ganglion of the ca t . In the 
upper par t of Fig. 2 a terminal par t of an axon, with synapt ic vesicles is seen 
to have direct synapt ic contac t with another dendri te . 

Figs. 3, 4 and 5 show some details of ind iv idual synapt ic contacts . In Fig. 
3 a small axon te rminal wi th synaptic vesicles is synapt ical ly a t t ached (bet-
ween t w o ringed ar rows) t o a hooked small ganglion cell process (Gcp) of a 
ganglion cell body easily recognizable by its ribosomes. Fig. 4 shows a longi-
tudinal ly cut axo-dendr i t ic contac t with thickened membranes and a r o w of 
dense bodies ar ranged in paral le l with the subsynapt ic membrane , similar to 
the subsynapt ic appara tus described by T A X I (1962a) in the f rog sympa the t i c 
ganglion. — O n the lef t of Fig. 5 there is synapt ic contac t between axon and 
dendr i te cut t ransversal ly, on the right several axons and cell processes are 
seen wi thout direct contact , separated f r o m one another by several layers of 
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satellite cell double membranes , occasionally forming „loose myel in 'Mike fo r -
mations as well as mesaxons and mesodendri tes. Fig. 6 gives an impression 
of the complex relations between nervous and S C H W A N N satellite elements, t he 
plasma of the lat ter being seen in the lower par t (Sp) of the f igure. In our o w n 
prepara t ions the plasma of satellites is by no means so empty as it might be 
gathered f r o m the pictures of E L F V I N . Both in the turt le and the rat sympa-
thetic ganglion the plasma of the S C H W A N N elements was found to contain 
a relatively dense system of cytomembranes , ribosomes, G O L G I system, and 
centrosome. This f igure is a tangent ia l section of a f la t S C H W A N N cell plasma 
process, conta ining several axons and dendri tes . An axon pa r t (Ax) is cut longi-
tudinal ly on the lower lef t , in most pa r t devoid of synaptic vesicles. The synap-
tic vesicles are generally accumulated in s trange bulges of the axons (Ab), one 
of which is seen cut longi tudinal ly in the lower part of this axon and others 
cut t ransversal lv more above and in the center of the figure. N o direct a t t ach-
ment of axon bulges to the dendri tes is seen in this plane, but there can be no 
doubt tha t these bulges contact the dendri tes (D) embedded in the same 
S C H W A N N cell process in a neighbouring level. Mesaxons (Ma) and p robab ly 
some mesodendrites (Md) are seen in d i f f e r en t parts of the figure, the „loose 
myel in" — like double membrane systems — part icular ly in the u p p e r par t 
of the f igure — making it, however , ra ther d i f f icul t to trace them in cont i -
nuity. 

As described a l ready in the tur t le ( S Z E N T A G O T H A I , 1 9 6 2 ) and the cat 
( E L F V I N , 1 9 6 3 ) the whole sympathet ic ganglion is pervaded by a lacunar system 
of connective tissue spaces (C tp ) which is separated f rom the surface membrane 
of the satellite elements by a cont inuous „basement membrane" . In the rat 
sympathet ic ganglion this membrane is not very well def ined and o f ten an 
ambiguous relat ively broad layer, in the turtle, however, it is clear and shows 
a villous or spiny surface towards the connective tissue space. 

S u m m a r y and conclusions 

The synapses of the superior sympathe t ic cervical ganglion in the rat show 
essentially the same structural details as already described in sympathe t ic 
ganglia of the tur t le (Emys orbicularis) and the cat. Most synapses are estab-
lished between terminal or , ,de passage'" bulges of preganglionic axons, filled 
with synapt ic vesicles, and dendri tes of the ganglion cells. Rela t ively few 
synapses are established with the body surface of the ganglion cells. All ner-
vous elements of the ganglion are enveloped by an intr icate system of satellite 
elements, synapses are also effected inside this envelope. Especially axons, but 
also dendri tes and cell bodies are surrounded often by several double layers 
of satellite surface membranes , which thus establish a format ion of loose myelin, 
the layers of which are by mesaxons connected with the axons or dendr i tes on 
one hand and the surface of the satellite elements on the other . A lacunar 
system of connect ive tissue spaces pervades the whole ganglion. — Besides 
synaptic vesicles of o rd inary size, large, so called „dense core" or „osmiophi l ic" 
vesicles are found regularly in the synaptic terminals. Wi th respect to the 
general occurence of these characterist ic organelles in (1) cells of the adrena l 
medulla, (2) per ipheric terminal a rbor iza t ions of postganglionic sympathe t ic 
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neurons , (3) the h y p o t h a l a m i c neurosecretory neurons of ver tebra tes , (4) m a n y 
neurosecre tory neurons of inver tebrates , (5) synap t i c te rmina ls in some par t s 
of the hypothalamus, a n d (6) their supposed connex ion wi th adrenerg ic t r a n s -
mi t te rs ( W O L F E et al , 1 9 6 2 ) , it seems ra the r d i f f i c u l t to a t t r i bu t e any pecul iar 
func t ion to them a t the present state of ou r knowledge . 

R E F E R E N C E S 

E l f v i n , L . G . : ( 1 9 6 3 ) , J . U l t r a s t r u c t . Res. , 8, 4 4 1 . 

L u f t , J . H . : ( 1 9 6 1 ) , J . b iophys . b i o c h c m . C y t o l . , 9, 4 0 9 . 

K a r n o v s k y , M . J . : ( 1 9 6 1 ) , J . b i o p h y s . b iochcm. C y t o l . , 11, 7 2 9 . 

S z e n t â g o t h a i , J . : ( 1 9 6 2 ) , X I I " S y m p o s i u m In ternat iona l de la Soc ié té de R e c h e r c h e s N e u r o -
v e g e t a t i v e s . Marse i l le , 1 2 — 1 5 Juin 1962. — Acta N e u r o v e g e t a t i v a , in press. 

T a x i , J . : ( 1 9 5 7 ) , Cts . rend. d . s c e a n c e s de l ' A c a d é m i e des Sei . , 245, 5 6 4 . 

T a x i , } . : ( 1 9 6 1 ) , ib id. 252, 1 7 4 . 

TAXI, J.: ( 1 9 6 2 a ) , Proc . Intern. C o n g r . N e u r o p a t h o l . , 4 ' \ M ü n c h e n , 2, 197. 
TAXI, J.: ( 1 9 6 2 b ) , X I I e S y m p o s i u m Internat iona l de la Soc ié té de R e c h e r c h e s N e u r o -

v e g e t a t i v e s . Marsei l le , 1 2 — 1 5 Juin 1962. 
W O L F E , D . E . , P O T T E R , L . T . , R I C H A R D S O N , K . C , A X E I . R O D , J . : ( 1962 ) , S c i e n c e , 138, 4 4 0 . 

Figs . 1 and 2 T w o parts o f t h e same v isual f i e ld o f the super ior cerv ica l s y m p a t h e t i c ganglion 
of the rat, s h o w i n g a x o - d e n d r i t i c s y n a p s e s and in terdendr i t i c c o n t a c t s . 
M a g n . 32 ООО X 
A b b r e v i a t i o n s : 
C t s = c o n n e c t i v e tissue space 
D = d e n d r i t e 
D a p = in terdendr i t i c d e s m o s o m e 
D t = d e n d r i t i c tubules 
M = mitochondria 
M a — mcsaxon 
Sv = s y n a p t i c ves ic les 

Figs. 3, 4, 5 D e t a i l s of s y n a p t i c c o n t a c t s in the super ior c e r v i c a l s y m p a t h e t i c ganglia o f the rat. 
M a g n . Fig. 3, 5 = 32 0 0 0 X Fig 4 = 21 0 0 0 X 
A b b r e v i a t i o n s : 
C t s = c o n n e c t i v e tissue space 
D = d e n d r i t e 
G c b = ganglion cell b o d y 
G c p = ganglion ce l l protrus ion 
S v = s y n a p t i c ves ic les 

Fig . 6 Axon t e rmina l b r a n c h e s and dendr i tes i n v a g i n a t c d i n t o the plasma o f S c h w a n n 
e l e m e n t w i t h „ l o o s e mye l in"- I ike m e m b r a n e s y s t e m s 
M a g n . 22 0 0 0 X 
A b b r e v i a t i o n s : 
A b = axon b u l g e s 
A x = axon 
C t s = c o n n e c t i v e t issue space 
D = d e n d r i t e 
M a mcsaxon 
M d = m e s o d e n d r i t c 
Sp = sate l l i te ce l l plasma 
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Fig- 1-
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Fig- 2. 
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Fig . 6. 


