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Introduction 
Al though  a v a s t  l i t e r a tu r e  has  a c c u m u l a t e d  on the  p inea l  organ  of m a m m a l s  

we are  st i l l  far  f rom unde r s t and ing  i ts  funct ion .  Physiological ,  pharmacolog ica l  
as well as cl inical  d a t a  are  numerous  b u t  no t  se ldom c on t r a d i c to ry  while s o m e  
of t h e m  do no t  seem to be s u b s t a n t i a t e d  ve ry  well. Moreover,  t he  ques t ion re- 
mains  to  be answered  whe the r  such a func t ion  would  be common to t he  organ  in  
all  mammMs.  As has  been po in ted  out  especia l ly  b y  KRABBE (1938), t he  epiphys is  
is r u d i m e n t a r y  in some m a m m a l s  being even absen t  in a number  of E d e n t a t a  while 
in well deve loped  organs the  his tological  s t ruc tu re  m a y  v a r y  a good  deal.  I n  
these  respects  the  ep iphys is  is ve ry  diss imilar  to  the  neurohypophys i s .  

I t  would  seem a p p r o p r i a t e  to  pe r fo rm an extens ive  s t u d y  of the  embryo log ica l  
deve lopment ,  h is tological  s t ruc ture ,  vascu la r  re la t ions ,  i nne rva t ion  and  histo-  
chemis t ry  of the  organ  in  one single m a m m a l i a n  species showing a well  
deve loped  epiphys is  in order  to  l ay  a f i rm founda t ion  for physiologica l  and  bio- 
chemical  inves t iga t ions .  F o r  t h a t  purpose  a m a m m a l  should  be chosen which 
is eas i ly  ava i lab le  and  well su i ted  to  di f ferent  k inds  of expe r imen ta l  research.  
The  r a t  fulfils these  requi rements .  

The presen t  p a p e r  deals  shor t ly  wi th  the  embryo log ica l  deve lopmen t  and  the  
topograph ica l  re la t ions  of the  p inea l  g land  in  the  a lb ino ra t .  I t s  m a i n  pa r t ,  
however ,  is devo ted  to  the  i nne rva t ion  of th is  organ.  

Material and Methods 
: ~ i! 

The rats, reared at the Department of Anatomy in Groningen, belong t~ two thoroughly 
inbred strains. The material on which the embryological investigation is l~sed c0~sists of 
24 embryos, aged 13--20 days, all ages being represented by at least two spebimens~ Embryos 
or, in advanced stages of development, the brains were fixed in BOt~IN'S or in ZENKER'S fluid. 
Embedding was in paraffin. Serial sections were cut either in the sagittal or in the transverse 
plane. They varied in thickness between 8 and l0/ , .  For the most part, staining was with 
hematoxylin-eosin and hematoxylin-erythrosin. Some series were stained with chrome-alum 
hcmatoxylin phloxine (Go~ol~I) or following the azan procedure. The sections of the brain 
of one specimen, aged 20 days, were treated according to :BoDIAN~S protargol method. 

Ten brains of newborn rats were processed in the same: way excluding ]~ODIAN'S method. 
Moreover, 10 brains of postnatal rats, aged 1, 4, 7, 8, 14 and 15 days, were fixed in BouIN'S 
or in ROSSMAN'S fluid and the serial sections stained with hematoxylin-eosin, BODIAN'S 
protargol method, GOMORI'S chrome-alum hematoxylin phloxine procedure or McMA~us- 
HOTCHKISS' periodic acid SC~IIFF technique. 

From 10 adult rats of widely varying weights the brains or pineal organs including a 
small part of the brain were fixed in BOlylN's, ZEI~K~R'S or ROSSMAN'S fluid. Staining of 
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the serial sections was with the following techniques: gallocyanin-eosin, aldehyde fuchsin after 
GOMORI-SCOTT, azan, MALLORY, chrome-alum hematoxylin phloxine, MoMANus-HOTCRKISS 
and VERHOEFF. Furthermore,  8 adult  brains were cut serially in transverse, sagittal and 
horizontal sections after  fixation in BOVlN'S fluid or in chloral-hydrate formol 10% and 
embedding in paraffin. Staining was either with BODIA~'S protargol method or with ROMA- 
~ES'S silver chloride ammonia technique. This la t ter  procedure gave excellent results and 
is, moreover, recommendable because it is cheaper than  the protargol method. 

For studying the terminal  parts  of adrenergic fibres frozen sections of 3 epiphyses were 
stained according to the technique of BIELSCHOWSKY. Serial paraffin sections processed 
following the  method of CHAMPY-CouJARD proved to be very satisfactory for this  purpose 
if the impregnation was successful The innervat ion of 6 pineal bodies, taken out  together 
with a small par t  of the brain was investigated in this way. The time during which the  
preparat ions were fixed and stained in the osmic acid-sodium iodide solution varied. Best  
results were obtained with a fixation-staining t ime of about  26 hours. A few series were 
counterstained with saffranine. This, however, proved to be ra ther  superfluous. Sections 
were 5, 8, 10 and 15 # in thickness. 

For demonstrat ing lipids a series of frozen sections was cut of one epiphysis and  stained 
according to the Sudan Black B method of Lisol~ (RoMEIS, 1948). 

To s tudy the vasculari ty of the  epiphysis and the vascular relations in the epiphyseal 
region, 7 adul t  ra ts  were given a perfusion of physiologic saline through the hear t  immediately 
followed by slow perfusion of India  ink-gelatine, bo th  a t  body temperature.  After fixation 
in trichloric acid one whole head was cut transversely in 16/~ serial sections after embedding 
in paraffin. One brain was dissected under  the binocular microscope after  fixation in alcohol 
96%, another  brain was cleared according to SPALTEHOLZ' procedure, thick sections being 
studied under  the  binocular microscope. The rest  of the ink-injected brains were fixed in 
BOUIN'S and  the  16/* paraffin sections stained with hematoxylin and eosin. Some sections 
of an  injected SPALTEHOLZ preparat ion from the collection of my co-worker Dr. MOLL were 
also used. 

In  8 adul t  rats  the superior cervical ganglion was bilaterally removed by Dr. SMELIK 
from the Depar tment  of Pharmacology and  Endocrinology. We are most grateful to Dr. 
SMELIK for performing these operations. One of these rats  was sacrificed on the  8 th  day 
after removal of the  ganglia. The brain was fixed in BOUIN'S, serial sections of 10/~ in thickness 
were cut and  stained according to BODIAN'S protargol technique. Two other operated rats  
were sacrificed after 50 days. The serial sections, 8 # in thickness, were stained following 
the method of ROMANES. From one brain of a sympathectomized ra t  frozen sections of 25 # 
were cut and stained with the technique of BIELSCHOWSKY. The rest of the operated material  
was sacrificed from 2- -5  months  after ganglionectomy. Small parts  of the brains containing 
the  epiphysis were processed according to the osmic acid-sodium iodide method of CI~AMI"Y- 
COUJARD and cut in serial sections of 5, 8 or 15/~ in thickness. 

In  all adult  rats  from which either the entire brain or the epiphysis with small surrounding 
brain par ts  wa~ sectioned after  fixation in alcohol, formol, chloral-hydrate formol, BouI~'S 
or ZEI~KER'S fluid and paraffin embedding, the  fixing fluid was injected a t  body temperature  
into the left veritricle of the hear t  following on perfusion of the vascular system of the animal 
with physiologic saline, performed in the same way. 

To Dr. WAeHTERS from the  Division of Medical Photography of the Central Photographical  
Service of Groningen Universi ty we owe sincere thanks  for making the microphotographs 
i l lustrating this  :paper. 

Observations 

I n  t h e  r a t ,  a n  e p i p h y s e a l  p l a t e  w as  n o t  o b s e r v e d .  T h e  f i r s t  a n l a g e  of t h e  

e p i p h y s i s  a p p e a r s  as  a n  e v a g i n a t i o n  of t h e  d i e n c e p h a l i c  roof .  I n  a l l  v e r t e b r a t e s ,  

j u s t  r o s t r a l  t o  ~his e v a g i n a t i o n  t h e  h a b e n u l a r  c o m m i s s u r e  is f o r m e d  in  m a m m a l s  

wh i l e  t h e  p o s t e r i o r  or  c a u d a l  c o m m i s s u r e  d e v e l o p s  c a u d a l  to  i t .  I n  o u r  ser ies  n o  

t r a c e  of t h e  a n l a g e  of t h e  o r g a n  w as  y e t  o b s e r v e d  in  e m b r y o s  a g e d  13 d a y s .  H o w -  

eve r ,  i n  e m b r y o s  t h e  age  of w h i c h  was  b e t w e e n  14 a n d  141/2 days ,  a s h a l l o w  e p i p h y -  

sea l  e v a g i n a t i o n  w as  s e e n  t o  be  p r e s e n t .  T h i s  ag rees  w i t h  t h e  age  m e n t i o n e d  b y  
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HENNEBERG (1937). According to GARDNER (1949), epiphyseal development in 
the hooded rat starts somewhat earlier, i. e. on the 12th day. During the next 
days the pineal evagination rapidly develops. In the present paper the embryolo- 
gical development and cytological differentiation during ontogenesis of the pineal 
organ will not be extensively described. For details of intrauterine histological 

Fig.  1. E m b r y o ,  15 days .  E p i p h y s e a l  ovag ina t ion .  Dorsa l  to  i t  an l age  of conf luens  s i nnum.  An]age  
of c o m m i s s u r a  habenu la r i s  i nd i ca t ed  b y  ar row.  W e l l  developed anlage of o o m m i s s u r a  caudal is  p a r t l y  

v i s ib le  to the r i gh t .  BourN,  10 ~, sag. ,  H.  E.,  • 120 

Abbreviations ]or all ligures 

CA c o m m i s s u r a  an t e r i o r  N H  nucleus  habenu la r i s  
CC corpus  ca l losum OSc organon  s u b c o m m i s s u r a l e  
C H  c o m m i s s u r a  h a b e n u l a r i s  OS! o rganon  subforn ica le  
C M  corpus  m a m m i l l a r e  P D  par s  d i s t a l i s  hypophyseos  
CO e h i a s m a  op t i cum P E  peduncu lu s  ep iphyseos  ~ ep iphysea l  s t a lk  
C P  e o m m i s s u r a  pos te r ior  = c o m m i s s u r a  cau- P I  pars  i n t e r m e d i a  hypophyseos  

dal i s  P N  par s  ne rvosa  hypophyseos  
C P H  cauda l  Pole of ce rebra l  hemi sphe re  S H R  suprahabonn la r  recess of third ven t r i c l e  
CR coll iculus ros t ra l i s  of l a m i n a  q u a d r i g c m i n a  S T  s inus  t r a n s v e r s u s  
Cr ce rebe l lum T C  t e n t o r i u m  cerehelli  
C S  eonf lnens  s i n u u m  Th  t h a l a m u s  
E p  ep iphys i s  V C I  v e n a  ccrebr i  i n t e r n a  
E S  ep iphysea l  s t a l k  VM(J  v e n a  cerebr i  m a g n a  
GCS g a n g l i o n  cervioale  super ins  V M P  v c n a  m e d i a n a  p roseneepha l i  
1CR i n t e r c o m m i s s u r a l  recess of third ven t r i c l e  VS1  v e n a  sag i t t a l i s  infer ior  
L Q  l a m i n a  q u a d r i g e m i n a  V S S  v e n a  sagitta. l is  super ior  
M mesencepha lon  I l l  t h i r d  ven t r i c le  

differentiation in the hooded rat we may refer to the abstract by GARDNER (1. C.). 
Figures 1--7  offer a survey of the development of the epiphysis in the albino rat. 

From these figures it is observed that the rostro-dorsal and the caudo-ventral 
wall of the epiphyseal evagination which soon forms a epiphyseal sac the axis 
of which is directed dorsocaudalward, thicken. Then, the ependymal cells by 
which these walls are constituted start to proliferate forming follicles. Especially 
the rostro-dorsal wall is involved in this process. The epiphysis of the rat is 
clearly seen to be built up by these follicles which, however, in advanced stages 
of development form a compact and dense mass of epithelial cell cords or eellnests. 
In the adult organ the lumen of many but not of all follicles has disappeared. 
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Fig. 2. Embryo ,  16 days.  Anlage of epiphysis and,  dorsal  to it, of confluens s i m m m .  Prolifera- 
t ion s ta r t ing  in rostro-dorsal  wal l  of epiphyseal  evaginat ion.  Very smal l  habenular  commissllre indicated 
by  arrow, cauda l  commissure  well developed, subcommissura l  organ differentiat ing.  BOUIN, 10 I ~, sag., 

H . E . ,  •  

Fig. 3. Embryo ,  17 days.  Epiphysea l  anlage showing follicular proliferation, habenula r  c()mmissure 
lnore c lear ly  dist inguished, large cauda l  commissure  and  different ia t ing subcommissura l  organ. BOUIN, 

10 t~, sag., H. Er. ,  • 110 

Nevertheless,  a follicular arrangement of the pinealocytes still can be easily 
distinguished at m a n y  places. This holds likewise but somewhat less evident for 
the pineal stalk or peduncle. 
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Fig. 4. Embryo ,  18 days.  Ep iphysea l  anlagc  showing foll icular proliferat ion in which  the  vontro-  
cauda l  wal l  is also invo lved  now. Dis ta l  end  of p inea l  recess closing. Habenn l a r  commissure  m u c h  
increased in  size. Vena  sagi t ta l is  superior,  v c n a  prosencephal i  m a d i a n a  discharging in  v e n a  sagi t tal is  
superior,  v e n a  m a g n a  cerebri  and  confluens s inuum.  Both  l a t t e r  vessels i m m e d i a t e l y  dorsal  to epi- 
physis.  F o r m a t i o n  of suprahabenu la r  recess of 3rd vent r ic le  s tar t ing.  Compare  wi th  fig. 10. BOUIN, 

10 ~, sag., t I .  ]~r., • 72 

Fig. 5. E m b r y o ,  19 days.  Compac t  epiphysis.  P inea l  recess of 3rd vent r ic le  st i l l  less deep. Habenu l a r  
commissure  sti l l  growing in  size. Vena  m a g n a  cerebri  and  confluens s inuum rap id ly  developing.  BOUIN, 

10 ~, sag., H.  Er . ,  • 68 
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During early development  mesenchyme,  containing vessels, grows in between 
the follicles providing the epiphysis with a frame of connective tissue s t rands and  
an extensive vascular  network.  I n  the adul t  ra t  the amoun t  of pineal connective 
tissue s t rands  as seen in  our azan series and  in  the series s tained according to 
VERHO]~FF is no t  very a b u n d a n t  in comparison with the amoun t  of connective 
tissue in  the epiphysis of other mammals  as s tudied from the l i terature  (see for 
ins tance BARCMAN~, 1943). The nests or lobules of parenchymatous  pineal cells 

F i g .  6. N e w b o r n  r a t .  S o m e w h a t  o b l i q u e  s ec t i on .  C o m p a c t  e p i p h y s i s .  P i n e a l  r eces s  c los ing .  H a b e n u l a r  
c o m l n i s s u r e ,  c a u d a l  c o m m i s s u r e  a n d  s u b c o m m i s s u r a l  o r g a n  w e l l  d e v e l o p e d .  D e v e l o p m e n t  of s u p r a -  
h a b e n u l a r  r eces s  of  d o r s a l  s a c  c o n t a i n i n g  c h o r o i d  v i l l i  p r o c e e d i n g .  L a r g e  v e n d  m a g n a  ce r eb r i .  BOUIN, 

8 ~, sag . ,  H . E . ,  • 80 

are sur rounded by the s t rands  of connective tissue containing arterioles and 
venules and  by  the ne twork  of capillaries. I n  this way the s t ructure  of the epi- 
physis is somewhat  similar to t ha t  of a gland consisting of acini. We have not  
been able to observe any  ganglioncells in  the epiphysis of the rat .  The cytology 
of the pinealocytes will no t  be dealt  with in this paper. For  other kinds of cells, 
somet imes being present ,  we refer to BAI~GMA~N (1943). 

I t  may, however, be mentioned here that in one single epiphysis of the many adult 
specimens investigated a few striated musle cells were found (Fig. 8). Striated as well as 
smooth muscle cells have also been observed in the epiphysis of other mammals, especially 
in the calf (BAI~GMA~N, 1943; QUAY, 1958), but only extremely rarely. QuAY was first in 
demonstrating some striated muscle cells in the pineal organ of the rat. Their function, if 
any, is wholly enigmatical. It  may be that these cells are of ectodermal epiphyseat origin. 
If so, they may be compared with the ectodermal smooth muscle cells originating from 
the iris. Another possibility, which seems to be somewhat more acceptable, is that these 



Epiphysis cerebri in the albino rat 169 

cells have developed from invading leptomeningeal mesenchymal elements which are partly 
of ectodermal neural crest origin, partly of mesodermal origin. 

I t  has already been mentioned tha t  the habenular and the caudal commissure 
develop in close proximity to the epiphyseal anlage. In  the embryos, aged 
13 days, the structure of the peripheral part  of the mesencephalic ependymal 
wall in the midplane through which fibres of the caudal commissure grow during 
the next  developmental  stages had already typically changed. Whether  a few 

Fig .  7. R a t ,  aged  7 days .  L a r g e  a n d  compac t  ep iphys is .  A n  ep iphysca l  s t a lk  has  developed,  a t rue  
p inea l  recess d i sappear ing .  Ar row ind ica te s  i n t e r c o m m i s s m ' a l  recess of 3rd ven t r i c le  be tween  h a b e n u l a r  

a n d  cauda l  commissu re .  La rge  sup ra -habenu la r  recess.  BOUIN, 10 it, sag.,  BODIAN, • 69,5 

commissural fibres were present as early could not be ascertained. In  the 14-day 
stages, however, many  fibre bundles of the caudal commissure were clearly 
shown. The habenular commissure develops at  a later stage. The first very 
small habenular commissural fibre bundle was observed in embryos, aged 16 days. 
Especially the caudal commissure develops very rapidly. 

From Figures 1--7 it appears tha t  the relative position of the habenular 
and the caudal commissure changes during development. In  the 16th day 
embryo, the habenular commissure is situated well rostral to the caudal commis- 
sure. In  the newborn rat ,  however, its position is much nearer to the caudal 
commissure. Moreover, it has shifted its position somewhat in a dorsal direction. 
In  postnatal  rats  aged 7 days the habenular commissure is si tuated well dorsal 
and also somewhat caudal in respect to the caudal commissure. From now on 
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the habenular commissure, in sagittal sections, shows a drop-like shape, the 
pointed end of the drop being directed caudalward. 

In  the newborn a real pineal recess, being the original lumen of the epiphyseal 
evagination, is still present. The anterior and posterior peduncle of the organ 
are directed to the broad base of the pineal body which has become very compact 
by now. Both peduncles are still rather solid. No epiphyseal stalk has been 
formed as yet  (Fig. 6). As early as on the 19th day of intrauterine development 

Fig. 8. St r i a t ed  musc le  cells in  adu l t  epiphysis .  Fol l icular  a r r a n g e m e n t  of p inealocytcs  clearly vis ible  
a t  some places.  BOUIN, 12 /1, horiz., BODIAN, • 750 

the pineal body consists of a very dense and compact mass of cells (Fig. 5). Under 
low power its follicular structure is no longer apparent.  The shape of the epi- 
physis in rats, aged 4 days, is essentially similar to tha t  in the newborn rat. 
Then, however, the pineal body is gradually displaced in a caudal and somewhat 
dorsal direction along the lamina quadrigemina of the mesencephalon. In  post- 
natal  rats of 7 days old its position has already shifted considerably. I t  is 
now situated between the rostral collides. A short stalk connects the organ 
with the commissural region (Fig. 7). During further development this caudal- 
ward relative migration is continued until, in the adult rat,  the pineal body lies 
in front of the cerebellum between the caudal collicles. This ontogenetic displace- 
ment,  most probably, is not due to an active migration but happens by differential 
growth of the neighbouring parts  of the brain. 

In  the albino ra t  the pineal organ keeps its connexion with the commissural 
region by  means of a very slender pineal or epiphyseal stalk. This stalk is formed 
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by fusing and growing out of the anterior and posterior epiphyscal peduncles 
originating from the most  proximal parts of the rostro-dorsal and caudo-ventral 
walls of the original epiphyseal evagination tha t  are scarcely if at all involved in 
the process of follicular proliferation. Thus, this stalk is essentially of epiphyseal 
origin consisting of pinealocytes still showing a follicular arrangement at  some 
places. Especially in its proximal part ,  however, the stalk contains cells which 
have not quite differentiated into pinealocytes. They may  be pinealoblasts. 
Moreover, some cells in the stalk are evidently fibroeytes having invaded the stalk 
from the surrounding leptomeningeal mesenchyme. Vessels do not run in the 
stalk but  nerve fibres are constantly present as will be shown below. 

F i g .  9. D i a g r a m  of  m i d p l a n e  of a d u l t  r a t  b r a i n  d r a w n  a f t e r  a s a g i t t a l  se r ies .  I n  s o m e  s p e c i m e n s  
[ t h e  p o s i t i o n  of t h e  p i n e a l  b o d y  i s  e v e n  s o m e w h a t  m o r e  c a u d a l  

The stalk can be divided in three parts,  a proximal part ,  a midpar t  and a 
distal part.  The proximal one lies between the habenular and the caudal commis- 
sure (Figs 12--14). Then the stalk curves slightly in a dorsal direction along the 
floor and the caudal border of the suprahabenular recess (see below) where it  
shows a subcpendymal position. Often, especially this midpar t  of the stalk is 
extremely thin (Fig. 16) and in some specimens pineal stalk cells were found to 
be even entirely lacking.  In  these few cases, therefore, the continuity of the stalk 
is interrupted and the small bundle of nerve fibres runs naked, not enveloped by 
stalk cells, along a short and varying distance. The distal part  of the stalk, which 
is the longest, is si tuated in the midline on the lamina quadrigemina between both 
rostral and both caudal collides. 

Fusion of the original posterior and anterior peduncle of the epiphysis, bringing 
about  the formation of the stalk, causes also the disappearance of the pineal 
recess. Now the proximal end of the epiphyseal stalk, formed in this way, merges 
into the hypendyma and ependyma of the subcommissural organ, the ependyma 
covering the habcnular  commissure and into the ependymal lamina between 
both commissures which is the lamina intercalaris (Figs 7, 12 and 13). This 
lamina is of variable length. Most often it is very short as il lustrated in Figures 12 
and 13. In  some few specimens, however, it was observed to be rather  long as 
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shown in Figure 11 in which part of the intercalary lamina can be seen. This 
lamina then bounds a fairly deep recess of the third ventricle which, because of 
its position between the habenular and the caudal commissure, may be termed 
intercommissural recess. This recess, therefore, is not homologous to the pineal 
recess originally present which forms part of the lumen of the epiphyseal eva- 
gination. A real pineal recess is still found in rats aged 7 days as is illustrated 
in Figure 7. The intercommissural recess of the third ventricle just mentioned is 
often erroneously called pineal recess in the literature although it does not 
lead into the pineal organ. This is specially evident in the rat. 

Fig.  10. Midplane  d i a g r a m  of venous  re la t ionsh ips  in  ep iphysea l  area.  For  exp lana t ion  see tex t ,  
Compare  wi th  Fig.  42 

The position of the pineal body and the course of the pineal stalk are diagram- 
matically illustrated in Figure 9. I t  is seen how from the tapering rostral end of 
the pyriform pineal organ the stalk runs to the commissural region. 

From Figures 1--7 the topographical relationships of some other structures 
and their developmental change in position in regard to the epiphyseal complex 
are apparent. The part of the diencephalic roof of the third ventricle rostral to the 
habenular commissure forms the dorsal sac. The figures show how the caudal 
wall of this sac, by protruding, forms a pouch which is directed caudalward. 
From the roof of this pouch choroid villi develop just like they do from the more 
rostral part of the roof of the dorsal sac. This caudal ventricular recess is homo- 
logous to the suprapineal recess of human anatomy. Owing, however, to the 
caudalward displacement of the pineal organ in the albino rat, the position of 
this recess is well rostral to the epiphysis and not at all "suprapineal". There- 
fore, in animals in which a long epiphyseal stalk develops and the position of 
the pineal organ has shifted along a considerable distance in a caudal direction 
such as in rabbits and rats, this recess may be better termed "suprahabenular 
recess" because of its position just dorsal to this commissure. The extension of 
this recess in a caudal direction is rather variable. The midpart of the epiphy- 
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seal stalk passes underneath the posterior par t  of its floor caudal to the habe- 
nular commissure as well as along its posterior wall. 

In  early embryonic stages veins develop just dorsal to the epiphyseal anlage. 
Here, the confluens sinuum is formed. I ts  development is shown in Figures 1--7.  
I t  is a remarkable fact that ,  in the rat ,  the position of the confluens sinuum relative 
to the pineal body remains constant during ontogenesis, both shifting caudalward. 
In  Figure 10 the topographical relationships of the epiphyseal stalk and the 
epiphysis to par t  of the venous system of the brain are diagrammatical ly illus- 
trated.  The pineal body is enveloped by  a very thin sheath of connective tissue 
having been formed by  leptomeningeal mesenchyme. The dorsal surface of the 
pineal body, covered by  this sheath, is in immediate contact with the floor of 
the confluens which is rather  thin. At the most  rostral end of the confluens at  
least two and sometimes three large veins, running in the midplane, discharge 
into the confluens. The most  dorsal one is the vena sagittalis superior. I t  is 
constantly present. Because only a very small amount  of connective tissue and 
no true falx cerebri is present between the cerebral hemispheres of the rat ,  this 
vein is no dural sinus. In  some specimens it is more or less fixed to the dura 
mater  covering the hemispheres but in most  cases the vena sagittalis superior 
runs dorsally in the fissura interhemispherica simply enveloped by  loose connective 
tissue. In  the midplane dorsal to the epiphyseal stalk either one or two veins 
may  run which discharge into the rostralmost par t  of the confluens. I f  two 
vessels are present the dorsal one is the vena prosencephalica mediana. This 
vein drains the m a n y  venules present in the velum interpositum dorsal to the 
roof of the third ventricle which, in part ,  spring from the plexus of this ventricle. 
The vein present between the vena mediana prosencephalica and the epiphyseal 
stalk is larger than  this lat ter  vein. I t  drains both venae cercbri internae as well as 
the basal veins and is, therefore, homologous to the vena magna cerebri of GALEN. 
I f  both the vena prosencephaliea mediana and the vena cerebri magna are present 
the venous relationships in this region are very similar to those observed b y  
YON BARTHELD and MOLL (1954) in mice. The only difference is tha t  in mice 
the vena proseneephaliea mediana does not discharge into the rostral par t  of 
the confluens proper but  somewhat more rostrally into the superior sagittal vein. 
For a discussion of the phylogeny of the venous system mentioned we may  refer 
to the paper  by  YON BARTHELD and MOLL. 

In  the rat,  especially in the adult, very often exclusively a single large vein 
runs dorsal to the epiphyseal stalk and the rostral par t  of the pineal gland. I t  
may  be par t ly  embedded in this organ before discharging into the confluens. 
Evidently this single vein is a combination of the vena prosencephalica mediana 
and the vena magna cerebri being brought  about by  a phylogenctic or even 
sometimes an ontogenetic fusion of both veins. In  the ra t  the vena prosence- 
phaliea mediana is more or less rudimentary.  If  it is absent or, most probably,  
fused with the vena magna cerebri, this single large vein drains the blood from 
the choroid plexus of the third ventricle as well as from the plexuses of the lateral 
ventricles by  means of the internal cerebral veins, and from the basal veins. 

Dorsal to the corpus callosum a small vein is present. This is the vena sagittalis 
inferior. Jus t  caudal to the splenium it drains, sometimes by  means of two 
branches, into the large single midplane vein or into the vena prosencephalica 
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mediana, if present. In those cases in which dorsal to the epiphyseal stalk and 
the pineal organ only one large vein occurs the nomenclature of this midplane 
vein offers some difficulty. I t  was termed sinus rectus by GREEN~ (1935). The 
present author, however, prefers the term vena magna cerebri on the ground 
that  there is some doubt whether this vessel, even caudal to the point of discharge 
of the inferior sagittal vein into it, is strictly homologous to the sinus rectus in 
man (quite apart from the fact that, in the rat, it is evidently not a sinus). The 
only disadvantage in calling this vein vena magna cerebri is that, in this way, 
this single vein is not quite homologous to the vessel present just ventral to the 
vena prosencephalica mediana in those cases in which this latter vein occurs. 
Other problems relating to the phylogeny and the ontogeny of the cerebral 
venous system will not be dealt with here. 

Owing to the fact that  the floor of the sinus confluens, covering the dorsal 
surface of the pineal body, is very thin, the organ can be easily observed through 
this floor after opening the roof of the sinus, especiallyin rats from which the blood 
is drained by vascular perfusion. This position of the epiphysis is well shown 
by GREE~E (1935, Fig. 222). The fact that  the epiphysis in the rat is so super- 
ficially situated just rostral to the cerebellum and between the occipital poles 
of the cerebral hemispheres facilitates operation on the organ. Severe disturb- 
ance of the vascular relationships in the pertinent region, however, will be 
unavoidable in removing the epiphysis. This may be of consequence for the 
interpretation of certain results after the operation. 

The present paper will not deal with the meningeal development in relation 
to the epiphysis. I t  may only be mentioned that  in the adult rat the arachnoid 
membrane does not cover the dorsal surface of the organ. At the sides of the 
pineal body, however, arachnoidal laminae are present. They also envelop the 
caudal parts of the vena prosencephali mediana and vena magna cerebri if both 
are present, respectively the single large vena magna cerebri if this is exclusively 
to be found. These arachnoidal laminae are continuous with the common 
arachnoidal membrane covering the external surface of both hemispheres. Be- 
tween the hemispheres, in the fissura interhemispherica, an arachnoid membrane 
is absent. A dural tentorium cerebelli is present. I t  contains the large sinus 
transversi, nerve bundles and relatively much connective tissue (Fig. 34). In the 
adult, ossification of the connective tissue in the basal part of the tentorium 
occurs. As has been mentioned, no dural falx is present in the fissura interhemi- 
spherica, which contains only a small amount of loose connective tissue. 
~: Cerebral pineal nerve fibres. I t  could be clearly observed that  the epiphyseal 

stalk of the albino rat constantly contains a small number of nerve fibres. These 
fibres are derived from the habenular commissure as well as from the caudal 
commissure, the contribution of the former commissure to the amount of stalk 
fibres being the larger. Figure 11 illustrates a small bundle of nerve fibres running 
from the caudal tip of the habenular commissure underneath the ependyma of 
the suprahabennlar recess of the third ventricle in which a number of choroidal 
villi are seen. Figure 12 pictures habennlar epiphyseal fibres which leave the 
habenular commissure at its ventral surface. At the rostral surface of the same 
commissure, just underneath the ependyma by which it is covered, a nerve fibre 
can be seen turning in a caudal direction and joining the habenular epiphyseal 



Fig .  l l .  H a b e n u l a r  commissu re .  Habenu lo -ep iphysea l  ne rve  f iber  bund le  i n d i c a t e d  b y  a r row.  
BOUIN, 10 ~, sag.,  ROMANES, X 400 

Fig .  12. H a b e n u l a r  a n d  cauda l  commissure .  Habenu lo - commis su ro -ep iphysea l  a n d  caudo-eommissuro-  
ep iphysea l  ne rve  f ibres  a n d  bundles  i nd i ca t ed  b y  arrows.  Chloral  hydra t e - fo rmol ,  8 ~, sag.,  

ROMINES, X 400 
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bundle. From the same figure it appears that  not a few fibres in the habennlar 
commissure run in a more or less sagittal plane. We will return to this point. 
In  Figures 12 and 13 a small bundle of nerve fibres can be followed which derive 
from the rostral border of the caudal commissure. They run sagittally through 
the proximal part of the epiphyseal stalk lying between both commissures and 
join the nerve fibres of habennlar commissural derivation contributing to the 
formation of the commissural epiphyseal tract. 

Fig .  13. H a b e n u l a r  a n d  cauda l  commissure .  Be tween  the  commissures  p r o x i m a l  p a r t  of ep iphysea l  
s t a lk  c o n t a i n i n g  commissu ro -ep iphysea l  ne rve  fibres.  Sma l l  bund le  der ives  f r o m  ros t ra l  p a r t  of cauda l  

commissure .  Chloral  hydra te - fo rmol ,  8 /*, sag.,  ROMANES, X 362.5 

In  Figure 14 a transverse section at the level of both the habcnnlar and the 
caudal commissure is shown. This as well as the following figures illustrating 
transverse and horizontal sections of the pertinent region of the rats brain should 
be compared with Figures 12 and 13. A rather large amount of cells, constituting 
the proximal part of the epiphyseal stalk, is seen lying between the commissures. 
The habennlar commissural fibres which will run to the pineal organ are indicated 
by arrows. At this level they course ventral to the bulk of the habenular com- 
missure. The commissure is covered by ependyma constituting the floor of the 
suprahabenular recess of the third ventricle. The most dorsal part of the com- 
missure is very wide in a transverse direction. In Figure 15, illustrating a trans- 
verse section at a somewhat more caudal level just behind the habenular commis- 
sure, the epiphyseal stalk is seen lying just ventral to the ependymal lining of 
the suprahabennlar ventricular recess. To the right some commissural fibres can 
be still seen coursing in a transverse direction in this slightly asymmetrical 
section. The epiphyseal stalk contains only a very few number of ceils and nerve 
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fibres, forming the eommissuro-epiphyseal t ract ,  which are derived form both 
the habenular commissure as well as the caudal commissure. At  still more caudal 
levels this t rac t  turns somewhat dorsalward behind the ependymal lining of the 

Fig.  14. P r o x i m a l  p a r t  of ep iphysea l  s t a lk  be tween  h a b e n u l a r  a n d  cau4a l  commissure .  Commissuro -  
ep iphysea l  f ib res  i nd i ca t ed  b y  arrows.  BOUIN, 8 ~, t r ansv . ,  BODIAIr X 128 

suprahabenular recess. In  this midpar t  of the stalk cells, in general, are almost 
absent. This is i l lustrated in Figure 16. In  some few specimens stalk cells were 
even found to be entirely absent along a short distance. Nerve fibres of com- 
missural origin never failed in the stalk of the rats  which were investigated.  
Their number, however, is often only very small. 

The sagit tal  and transverse sections i l lustrated are supplemented by  Figures 17 
to 20 showing horizontal sections at  slightly different levels in a ventro-dorsal  

Z. Zellforseh.,  Bd. 52 12 
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direction. In Figure 17 some few nerve fibres deriving from the superior part 
of the caudal commissure are seen turning in a caudal direction coursing sagittally. 
These fibres will join the commissuro-epiphyseal tract as is obvious from studying 

Fig .  15. E p i p h y s e a l  s t a l k  c o n t a i n i n g  commiss l~ ro -ep iphysca l  f ib res  u n d e r n e a t h  f loor  of s u p r a h a b e n u l a r  
recess.  BOUIN, 8 ~, t r a n s v . ,  BODIAN X 204 

this series. In Figures 18--20 the course of habenular eommissural fibres turning 
in a caudal direction and contributing to the commissuro-epiphyseal bundle in 
the epiphyseal stalk can be clearly followed. Their number is larger than that 
of the epiphyseal fibres derived from the caudal commissure. 

Figure 21 illustrates a sagittal section of the epiphyseal stalk merging into 
the rostral end of the pineal body. Nerve fibres of different calibres are seen 
running in the stalk. Some of them are evidently myelinated. A picture of part 
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of the distal portion of the stalk with its nerve fibres is given in Figure 22 under 
higher magnification. Many of the nuclei of the stalk cells are fusiform belonging 
most  probably to fibrocyCes. Other cells, however, are clearly of epiphyseal 
origin. In  some stalks even small epiphyseal follicles could be observed. From 
Figures 21 and 22 it follows likewise tha t  the number  of fibres in the commissuro- 
epiphyseal t rac t  is not very abundant .  Figure 21, moreover, suggests tha t  the 
fibres of this t ract  do not penetrate very deeply into the pineal body. This 

Fig. 16. Th in  m i d p a r t  of ep iphysea l  s ta lk ,  ind ica ted  b y  arrow, u n d e r n e a t h  large v e n a  cerebri  m a g n a .  
BOUIN, 8 ~, t ransv . ,  BODIAN, X 320 

opinion is corroborated by  the s tudy of serial sections. Only some extremely 
rare single fibres run through practically the whole of the pineal body. This 
could be observed especially well in pineal organs in which autonomic nerve 
fibres were absent due to degeneration (see below). Some very few fibres, after 
having reached the pineal body, m a y  leave the organ running in the adjacent  
leptomeningeal tissue. Only in one case we were able to observe, in the rostralmost  
par t  of the pineal body, a structure which is most  probably a knob-like ending 
of a fibre of the commissuro-epiphyseal t rac t  (Fig. 23). I t  seems, however, to 
be questionable whether this ending is a functional nerve terminal as will be 
discussed later. 

A most  curious and what we think a most  fundamental  way of coursing of 
the commissural fibres is illustrated in Figure 24. This shows the zone of transition 
from the epiphyseal stalk to the pineal body and is composed of three micro- 
photographs of two successive sections, two of the photographs being made 
from one section in different loci. This illustration clearly reveals a nerve fibre 
making a sharp loop of 1800 after having entered the rostral par t  of the pineal 
body. Evidently,  this fibre runs back in the stalk to the commissural region and 
should be considered an aberrant  commissural fibre having no function what- 
soever in the pineal organ. Conditions enabling to follow the course of such 

12" 
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Fig .  17. I n  m i d p a r t  of f igure  f r o m  below u p w a r d :  s u b c o m m i s s u r a l  organ,  t r ansve r se  f ibres  of mos t  
dorsa l  p a r t  of cauda l  commissure ,  cell m a s s  cons t i t u t i ng  p r o x i m a l  p a r t  of ep iphysea l  s ta lk .  To the 
lef t  and  r i gh t  basa l  f ibre  bundles  of habenu la r  commissure .  Some few eaudo-commissuro~epiphyseal  

f ib res  i nd i ca t ed  by  arrows.  Chloral  hydra te - fo rmol ,  10 ~, horiz., ROMANES, • 160 

Fig.  18. Compare  wi th  Fig .  17. Same  series, s ame  magn i f i ca t ion .  Bundles ,  ind ica ted  by  arrows,  
conta in  habenu lo -eommissuro -ep iphysea l  fibres.  A eaudo-eommissuro-ep iphysea l  f ibre  is also see~t 

in  cent re  of ep iphysea l  s t a lk  
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Fig. 19. Compare  wi th  foregoing figures.  Same series, same magni f ica t ion .  H a b e n u l a r  commissure .  
Smal l  habenulo-epiphysea l  f ibre bundles  ind ica ted  b y  arrows.  Be tween  t h e m  p a r t  of epiphyseal  

stalk.  Habcnu l a r  commissure  contains  t ransverse  as wel l  as oblique fibres 

Fig. 20. Compare  wi th  foregoing figures.  Same series, same magnif ica t ion,  t t a b e n u l a r  commiss~lre 
large in  ros t ro-caudal  extension.  I n  ep iphysea l  stalk,  s i tua ted  be tween  this eommissm~ and  supra-  

habenu la r  recess, commissm'o-epiphyseal  f ibres are  seen runn ing  in  a sagi t ta l  direct ion 
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Fig .  21. Dis ta l  p a r t  of cp iphysea l  s t a lk  con ta in ing  s m a l l f i b r e  bundles  and  s ingle  f ibres  of commissm'o-  
cp iphysca l  t r a c t  reaches  ros t ra l  p a r t  of epiphysis .  A t  the  base  of the  o rgan  i ts  l ep tomen ingea l  shea th  

is shown.  BOUIN, 8 /~, sag.,  BODIAN, X 320 

F ig .  22. D i s t a l  p a r t  of ep iphysea l  s t a lk  con ta in ing  f ibres  of d i f ferent  cal ibre of commissnro-ep iphysea l  
t rac t .  I n  s t a lk  nucle i  of p inealoeytes ,  one seen to the  lef t  above  th ick  f ibre  showing  typ ica l  dlunb- 
bel l  shape ,  a n d  m a n y  fu s i fo rm nucle i  of f ibrocytes .  S o m e w h a t  to the  lef t  of the  m i d p a r t  of the  f igure  
v e r y  f l a t  a n d  e longa ted  nucleus  of probable  l emnocy te  l y ing  j u s t  below and  close to th ick  fibre.  W a v y  

f ibres  to the  lower lef t  are connec t ive  t i ssue  f ibres .  BOUIN, 8 /t, sag.,  BODIAN, • 800 
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Fig. 23. End ing  of eommissuro-epiphysea l f ibre .  Gangl ionectomized rat .  This ending  is quite  different  
f rom au tonomic  t e rmina l  endings shown in  Fig. 40. For  explana t ion  see text .  Bocl.~', 10 ~, sag., 

BODIA~', • 1000 

Fig. 24. Looping abe r r an t  eommissuro-epiphyseal  fibre in mos t  ros t ra l  pa r t  of epiphysis.  Ganglion- 
eetornized ra t .  Dis ta l  end of epiphyseal  s ta lk  to the  left, ros t ra ]  pa r t  of epiphysis  to the  r ight .  For  

exp lana t ion  see text .  BOUJN, 10 /~, sag., BODIAI~ ~, • 800 
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looping fibres will be rarely so favorable as they were in this special instance. 
I t  is, however, very probable that many of the fibres of the commissuro-epiphyseal 
tract do perform these loops after or may be even before entering the pineal 
body. The consequence is that  at least a number of the fibres present in this 
tract are identical, being seen in their ascending as well as in their descending 
course. From this it follows that, in reality, the number of individual fibres in 
the commissuro-epiphyseal tract is still smaller than it seems to be. 

Fig.  25. I n t r a m n r a l  p lexus  of au tonomic  f ibres  sp read ing  in  epiphysis .  BOUIN, 12 t~, horiz., BODIAN, 
x 800 

Autonomic pineal fibres, I t  has been mentioned above that, in rats, most of 
the nerve fibres entering the pineal organ by way of the epiphyseal stalk can 
not be followed very far into the epiphysis. Nevertheless this organ is extremely 
well innervated as is illustrated in Figure 25. Earlier authors did already suppose 
that  these fibres are of autonomic origin especially because they were seen 
entering the pineal body by way of its vessels. This suggests that  these fibres 
would be merely extensions of nerve fibres constituting vascular plexuses. 
This, however, is not the case. In the pineal body large nerve bundles can 
be seen running along vessels but also quite independently as is illustrated in 
Figures 26 and 27 and in Figures 28 and 29 respectively. Moreover, in many 
instances in which nerve bundles can be seen running along vessels they do not 
surround them, not forming vascular plexuses (Figs 26 and 27). Evidently, at 
least the large nerve bundles only use vessels as a kind of path-finders in entering 
the pineal body. 



F i g .  26. A u t o n o m i c  n e r v e  b u n d l e ,  i n d i c a t e d  b y  a r r o w ,  n e x t  to  v e s s e l  a t  d o r s a l  s u r f a c e  of  e p i p h y s i s .  
I n  t h e  o r g a n  s o m e  s c a t t e r e d  a u t o n o m i c  f i b r e s .  BOb'IN, 8 ~, s ag . ,  BODIAN, • 320 

F i g .  27. L a r g e  b u n d l e  of  a u t o n o m i c  f i b r e s  c o u r s e  a l o n g  v e s s e l  n o t  f o r m i n g  p e r i v a s c u l a r  p l e x u s .  
S o m e  s i n g l e  f i b r e s  i n  p i n e a l  p a r e n e h y m a .  BOUtN, 12 p, hor iz . ,  BODIAN, • 732 
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Fig.  28. I n t r a p i n e a l  j o i n i n g  of bo th  ne rv i  conar i i  below dorsal  surface of organ.  Course of r i gh t  ne rve  
only  pa r t l y  shown. BOUIN, 8 tt, t r ansv . ,  BODIAN, X 320 

Fig.  29. A u t o n o m i c  bundles  r u n n i n g  and b r a n c h i n g  in  severa l  direct ions below dorsal  surface of 
epiphysis .  Chloral hydra te - formol ,  8 ~, horiz.,  ]~OMANES, X 400 
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Fig. 30. Au tonomic  f ibre bundles ,  ind ica ted  b y  arrows,  l eav ing  t en to r i um cerebelli  and  runn ing  below 
floor of eonfluens s i n m u n  to epiphysis.  Ra t ,  aged 15 days.  BOUIN, 10 ~, sag., BODIA.~ ~, • 204 

Fig. 31. Au tonomic  fibre bundle ,  ne rvus  conaxii, ind ica ted  b y  arrow, in  t en to r i um eerebelli .  General  
view. BOUIN, 10 D, sag., BODIA~', • 57.5 



Fig .  32. S a m e  sec t ion  as  i l l u s t r a t e d  i n  F ig .  31. N e r v n s  c o n a r i i  l e a v i n g  t e n t o r i u m  cerebel l i .  • 375 

F ig .  33. S a m e  n e r ~ l s  c o n a r i i  as  s h o w n  i n  F ig .  32 e n t e r i n g  e p i p h y s e a l  l e p t o m e n i n g e a l  s h e a t h  on  i t s  
w a y  to  ep iphys i s .  F o r  o r i e n t a t i o n  c o m p a r e  w i t h  F ig .  31. • 400 
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The origin of these fibres can be studied adequately only in serial sections 
of preparations in which the meningeal relationships are unimpaired. In  
these it was observed that  by far the largest supply of the epiphysis with autono- 
mic fibres is by way of two nerve bundles entering the organ symmetrically at 
its dorsolateral surface. 

In  Figure 30, a parasagittal section, the pineal body and, dorsal to it, the 
confluens sinuum is shown in a rat, aged 15 days. At this stage of development 

Fig.  34. T e n t o r i u m  eerebell i  showing  ne rve  f ibre  bundles ,  some ind i ca t ed  by arrows.  R a t ,  a g e d  15 days .  
BouIN,  10 /z, sag.,  BODIAN, • 288 

the epiphysis has not yet reached its final position just rostral to the cerebellum. 
In  the floor of the confluens some bundles of nerve fibres are indicated and 
fibres are seen entering the pineal body at its dorsal surface. In next sections 
many more fibres could be observed. Distalward relative to the pineal organ, 
these bundles were seen running in the tentorium cerebelli. A similar condition 
is illustrated in Figures 31--33. Figure 31 pictures the epiphysis of an adult rat. 
Dorsal to it the large confluens is seen. In  this figure it is also well shown that  
the very thin floor of the confluens is in immediate contact with the dorsal 
surface of the pineal organ. In  this parasagittal section the tentorium cerebelli 
is illustrated in cross section. I t  contains a bundle of nerve fibres which is indi- 
cated by an arrow. In  Figure 32, which illustrates the same section as pictured 
in Figure 31 but which was taken under higher power, this tentorial nerve bundle 
can be seen more clearly. In  Figure 33 it is shown leaving the tentorium ,and 
entering the leptomeningeal sheath of the epiphysis. In next sections it was 
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seen penetrating into the pineal organ. For orientation Figures 32 and 33 should 
be compared with Figure 31. The nerve bundle illustrated does not run along a 
vessel. At a symmetrical level a similar structure is found at the eontralateral side. 

In  some specimens both nerves were seen joining after their entrance in the 
epiphysis forming a single fascicle running along a short distance in the midplane 
before branching. This was the case in the epiphysis shown in Figure 28. Here, 
one of the nerve bundles is illustrated whereas only part of the contralateral 
one is shown. Joining of both nerves in the organ is, however, not a constant 
feature. Most often the two nerves were seen branching extensively immediately 
after entering the epiphysis. The result is that  bundles of fibres course higgledy- 

piggledy just underneath 
the dorsal surface of the 
epiphysis, as is illustrated 
in Figure 29. 

Figure 34 pictures the 
tentorium cerebelli con- 
raining the large sinus 
transversus. A number of 
smaller as well as of lar- 
ger nerve fascicles is 
shown in the tentorial 
connective tissue. Not 
all of these fascicles leave 
the tentorium to enter 
the pineal body. Some of 
them will also undoubtly 

Fig.  35. Spa l t eho lz '  p r e p a r a t i o n  (by Dr.  J .  MOLL) showing  
i n k - i n j e c t e d  dense  v a s c u l a r  n e t w o r k  of a d u l t  ep iphys i s .  • 6S be sensory fibres inner- 

vating the meninges. 
By some previous authors a single nerve fascicle has been seen entering the 

tip of the epiphysis which has been termed nervus conarii. Le GI~OS CLARK 
(1940) was able to follow this nerve in the tentorium cerebelli (see Discussion). 
In  our opinion, the two symmetrical nerve bundles mentioned above show that, 
at least in the rat, there is not a single nervus conarii but two nervi conarii. 
The problem whether the fibres in the nervus conarii are either afferent or efferent 
in regard to the epiphysis has not been previously solved. In the series used in 
the present investigation which were stained according to various methods, no 
iuxtamural or intramural pineal nerve cells could be demonstrated. This fact 
suggests that  the nervi conarii are afferent in regard to the pineal organ. This 
suggestion has been proved by bilateral removal of the superior cervical ganglia 
as will be dealt with below. After passing into the epiphysis the fibres of the 
nervi conarii, repeatedly branching, form a very extensive and dense network 
of unmyelinated fibres which are motor in function. 

For studying the terminal autonomic innervation the preparations stained 
according to the osmic acid-sodium iodide technique of CHAMPY-CouJARD proved 
especially useful. As has been argued by COUJARD (1943), C H A M P Y ,  COUJARD 
and COUJARD-CHAMPY (1945/46), CHAMPY and HATEM (1955) and CHAMPY and 
CI-IAMPY-CouJAI~D (1957), especially the preterminal course of adrenergic fibres 



Fig.  36. T e r m i n a l  s t r a n d  of a u t o n o m i c  f ibres ,  some showing  beads,  cours ing  a long  capi l la ry .  P robab l e  
in t e r s t i t i a l  cell of CAJAL a n d  s ingle  t h i n  i n t r a lobu l a r  f ib res  b r a n c h i n g  f r o m  s t r a n d  i n d i c a t e d  b y  arrows.  

CHAMPY-COUJARD, 8 ,a, • 1152 

F ig .  37. In te r fo l l i eu la r  or - lobular  s t r a n d  of a u t o n o m i c  ne rve  f ibres .  Above  the  t e r m i n a l  s t r a n d  a 
p inea l  follicle. To the  r i g h t  ano the r  follicle showing  cen t ra l  lumen .  Single  f ibres  b r a n c h i n g  f r o m  s t r a n d  
t ake  in t ra fo l l ieu la r  course in  follicles below s t rand .  Nucleus  of i n t e r s t i t i a l  cell  i n d i c a t e d  b y  ar row.  

BOUIN, 8 ,u, BODIAN, • 1000 
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as well as adrenergic terminals can be demonstrated by this method which, 
according to the authors mentioned, WOlfld probably stain diphenoles (see, 
however, the Discussion). 

As has been mentioned, the epiphysis of the rat is constructed of a great 
many cellnests showing the shape of follicles or rosettes in many of which the 
original follicular lumen still can be observed. Between these follicles a dense 

Fig .  38. I n t e c f o l l i c u l a r  s t r a n d s  of t h i n  s o m e t i m e s  b e a d e d  a u t o n o m i c  t e r m i n a l  f ibres .  CHASIPI'-CoUJARI), 
8 /~, • 1280 

network of anastomosing vessels is present (Fig. 35). The larger ones, arterioles 
and venules, are enveloped by a scarce amount of connective tissue of mesenchy- 
matous leptomeningeal origin. Beyond, practically no connective tissue cells are 
present around the anastomosing capillary network. In the interstitial spaces 
between the follicles and, therefore, partly along the vessels, partly independent 
of those, strands of extremely thin autonomic fibres were observed in the series 
stained with the silver techniques as well as in the CtIAMPu series. In the 
latter, particu]arly, the fine fibres showed many beads. These strands of nerve fibres 
and some single fibres are illustrated in Figures 36--39. In the bundles, the 
fibres for the most part were seen running more or less parallel. Seemingly, ana- 
stomosing also occurs. In or along these strands cells were recognized of shapes 
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va ry ing  f rom ovoidal  to fusiform. Like  the  fibres t h e y  s ta ined  b lack  using the  
osmic ac id-sodium iodide  solut ion of CHAMPY-CouJAaD. Most  p r o b a b l y  these  
cells are  in te r s t i t i a l  cells of CAJAL. 

I t  appears  t ha t ,  p r imar i ly ,  the  nervous  s t r ands  run  be tween  the  follicles. 
Besides, e x t r e m e l y  th in  nerve fibres were seen branch ing  off s ingly  or in smal l  
bundles  f rom the  interfol] icular  s t rands ,  en ter ing  the  p inea l  follicles. I t  is ve ry  
diff icul t  to  decide whether ,  in the  follicles, these  fibres show ei ther  an in ter -  or 

F i g .  39. B e a d e d  t e r m i n a l  a u t o n o m i c  f i b r e s .  A l a r g e  v e s s e l  i s  seen .  CHAMPY-COUJARD, 8 /~, • 9,000 

an in t raee l lu la r  posi t ion.  This po in t  will be discussed la ter .  I n t e r s t i t i a l  cells were 
not  observed  in t he  course of the  in t rafo l l icu lar  f ibres or f ibre  s t rands .  

Moreover,  curious s t ruc tures  also s ta in ing b lack  wi th  the  r eagen t  of CHAMrY- 
COUJARD could be observed  in the  epiphysis .  Their  shape is va r i ab le  but ,  for 
the  mos t  pa r t ,  ovoidal ,  bud l ike  or  c lub-shaped.  I n  some prepara t ions ,  the i r  
number  was r a t h e r  large  and  t h e y  seem to  be r e l a t ed  to the  p inea locytes ,  no t  
to  the  wall  of the  capil lar ies .  I n  our  opinion these  s t ruc tures  are  t e r m i n a l  endings.  
Confusion wi th  in t e r s t i t i a l  cells can be easi ly  excluded.  A t  one side of these  
s t ruc tures  a single smal l  nerve  f ibre  was seen en te r ing  and  t h e y  ne i the r  showed 
a number  of processes as is sa id  to  be the  case in mos t  cells of CAJAL, nor  
nuclei.  These endings are  i l l u s t r a t ed  in F igure  40. W e  d id  not  y e t  succeed in  
c lear ly  demons t r a t i ng  t h e m  in s i lvers ta ined  series. 

I n  t r y i n g  to  es tabl ish  the  origin of the  nerve  f ibres in the  ne rv i  conar i i  more  
sa t i s fac tor i ly ,  bo th  super ior  cervical  gangl ia  were r emoved  in a n u m b e r  of ra t s .  
The resul ts  of th is  opera t ion  were s t r ik ing.  I n  the  p inea l  b o d y  of a r a t  sacrif iced 

Z. Ze l l fo r soh . ,  B d .  52 13 
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F i g .  40. A u t o n o m i c  t e r m i n a l  e n d i n g s  i n  e p i p h y s e a l  p a r e n c h y l n a  i n d i c a t e d  b y  arrows.  I n  the  t h i r d  
p a r t  f r o m  the  l e f t  of t h i s  f i gu re  some f ib res  are a lso  v i s ib l e .  CHAMI['Y-COUJARD, 8 it, • 80(} 

F ig .  41. F r a g m e n t a t i o n  of f ib res  i n  a f a i r l y  l a rge  a u t o n o m i c  p i n e a l  ne rve  b u n d l e  b r a n c h i n g  a t  
l e f t  t op  of f igure .  I n t ~ e t  f i b r e  r u n n i n g  v e r t i c a l l y  to  t he  r igh t .  G a n g l i o n e e t o m i z e d  ra t .  BOVIN, 10 g, 

s~g., BOD1AN, • 800 

on the 8 th  day after the operation was performed fragmentat ion of nerve fibres 
in the branches of the nervi  conarii was clearly demonstrated in the epiphysis.  
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Evidently these fibre bundles were degenerating (Fig. 41). In  rats sacrificed after 
longer intervals, i. e. two or more months, the general picture of the epiphysis 
in silver preparations was characterized by  a practically total  lack of autonomic 
fibres, the fibres of the nervi eonarii entering the pineal body also failing. Fibres 
of the commissuro-epiphyseal tract,  however, stood out clearly. Obviously, this 
not only proves tha t  the autonomic fibres had totally degenerated but  also tha t  
their regeneration was impossible. In  a few cases some single fibres, probably 
not being of commissural origin, were left in the organ. Their presence will be 
discussed later. 

y . . . . . .  

Fig. 42. D i a g r a m  showing p ineal  inne rva t ion .  For  exp lana t ion  see t e x t  

In  the pineals of sympathectomized rats which were stained according to 
the technique of CHAM]~Y-Co~AI~D neither interfollicular and intrafollicular 
autonomic fibre strands nor terminal endings could be demonstrated these having 
evidently also degenerated. 

From this experiment the conclusion may  be drawn tha t  the fibres in the 
nervi conarii, forming after branching the dense nervous network in the epiphysis, 
are indeed postganglionic fibres having almost exclusively their origin in the 
superior cervical ganglia, and, furthermore, tha t  most  probably the inter- and 
intrafollicular nervous strands of thin fibres are constituted by  the terminal parts 
of these postganglionic axons. 

The results of the present investigation relating to the innervation of the 
epiphysis in the albino ra t  are diagrammatically summarized and illustrated in 
Figure 42. In  the epiphyseal stalk exclusively an aberrant  eommissural fibre 
performing a loop of of 1800 in the rostral par t  of the pineal body is illustrated. 

Z. Zellforsoh., B4. 52 13a 
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Ne i the r  the  e x t r e m e l y  rare  f ibres de r ived  f rom the  commissures  which m a y  leave  
the  ep iphys is  passing to  the  l ep tomeningea l  t issue nor  an  ending of such a commis- 
sural  f ibre  having ,  according to  the  opinion of the  author ,  most  p r o b a b l y  no 
func t iona l  s ignif icance in t he  epiphysis ,  are shown in the  figure.  I n  the  t en to r ium 
cerebel l i  bo th  ne rv i  conari i  are  indica ted ,  the i r  f ibres or ig inat ing  f rom nerve 
cells in the  super ior  cervical  gangl ia  and  rami fy ing  in the  epiphysis  af ter  the i r  
en t rance  in th is  organ under  the  floor of the  confluens s inuum. 

D i s c u s s i o n  

B y  mos t  au thors  i t  is genera l ly  accep ted  t h a t  nerve fibres,  p resen t  in the  
epiphysis ,  are  de r ived  f rom bo th  the  habenu la r  and  the  caudal  commissure and  
tha t ,  moreover ,  also au tonomic  f ibres are to  be found  in the  organ.  Regard ing  
the  origin, the  course and  the  func t iona l  significance of these  fibres,  however,  
d i f ferent  opinions are  held.  

FAVARO (1904) was probably first in giving a fairly exact description of pineal fibres 
derived from the eommissural region in the rat. He distinguished prepineal and pineal fibres. 
According to him the prepineal are direct stria medullaris fibres. They would not reach the 
pineal body running in a transverse as well as in an oblique direction under the floor of the 
posterior part of the dorsal sac which has been termed suprahabenular recess in the present 
investigation. Among the pineal fibres FAV~RO distinguished superior and posterior ones. 
The superior fibres are derived from the habenular commissure, the posterior running upward 
from the "traetus medius" by which is meant the rostral prolongation of the caudal commis- 
sure. In both the superior as well as the posterior bundles the fibres may run in a transverse 
and in an oblique direction. Following FAVARO all of his prepineal fibres would disperse in 
the leptomeningeal tissue. 

I n  t he  opinion of the  presen t  au thor  the  bu lk  of the  fibres,  ly ing  most  dorsa l ly  
in  the  s t r iae  medul lares ,  cross jus t  ven t ra l  to  the  sup rahabenu la r  recess of the  t h i rd  
ventr ic le .  These crossing fibres form the  caudo-dorsa l  pa r t  of the  habenu la r  
commissure  which is ve ry  extens ive  in a ros t ro -cauda l  d i rec t ion  as well as wide 
in the  t r ansve r se  direct ion.  The  course of these  f ibres m a y  be followed especial ly  
well in hor izon ta l  sections.  F r o m  these  i t  can be observed t h a t  t hey  are indeed  
commissura l  f ibres no t  passing into  the  l ep tomeningea l  t issue a l though such a 
course m a y  be s imula ted  in t r ansverse  sections. So far  for the  t ransverse  pre- 
p inea l  f ibres of FAVARO. i~is obl ique prepinea l  f ibres are ev iden t ly  those  which 
b y  the  presen t  au thor  were seen running  d i rec t ly  f rom the  s t r iae  medul lares  in to  
the  ep iphysea l  s ta lk ,  con t r ibu t ing  to  i ts  nerve t r ac t .  

HA~T~ANN (1957) in the  horse and  the  presen t  au thor  in the  r a t  d id  observe 
nerve f ibres which,  on the i r  way  th rough  the  peduncles  (HAI~TMA~N) or t h rough  
the  p inea l  s ta lk  af ter  en ter ing  the  ros t ra l  pa r t  of the  epiphysis  (rat), pass  in to  
the  l ep tomeninx .  I t  m a y  well be t h a t  these  f ibres are s imilar  to  those  t e r m e d  
obl ique p rep inea l  f ibres b y  FAVARO. I t  is p robab le  tha t ,  in the  ra t ,  such fibres 
m a y  leave  the  ep iphysea l  s ta lk  or the  ros t ra l  p a r t  of the  epiphysis  a t  any  level  
pass ing in to  the  l ep tomeningea l  t issue.  I n  our  opinion,  however,  i t  is impossible  
to  decide  whe ther  such fibres belong to  e i ther  the  prepinea l  or to  the  p ineal  
f ibres of FAVARO, most  p r o b a b l y  belonging to  bo th  categories.  

Rega rd ing  the  origin of his f ibrae pineales superiores  FAVARO holds t h a t  pa r t  
of t h e m  are  d i rec t  f ibres f rom the  s t r iae  medul la res  whereas others  would or iginate  
in the  habenu la r  nuclei,  in the  t h a l a m u s  and,  possibly,  f rom the  faseiculus re t ro-  
flexus. His  f ibrae  pineales  poster iores  would have  the i r  origin in the  t h a l a m u s  
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and,  less f requent ly ,  in  t he  "mesencepha lon" .  I n  the  p resen t  inves t iga t ion  we 
d id  no t  t r y  to  loca te  t he  exac t  origin of t he  cerebra l  ep iphysea l  f ibres.  Concerning 
this  origin m a n y  specula t ions  have  been v e n t u r e d  in the  l i t e r a tu re  (cf. LE GRos 
C L ~ ,  1940, and  especia l ly  BA~GMA~,  1943, who gave  an  ex tens ive  su rvey  of 
previous  work  done on the  i nne rva t i on  of t he  p inea l  gland) .  So far  as is k n o w n  
to  t he  p resen t  au thor ,  degenera t ion  expe r imen t s  have  been  on ly  pe r fo rmed  b y  
POLVA~I {1913). Us ing  the  m e t h o d  of M A ~ c ~ ,  th is  inves t iga to r  d id  no t  observe 
s econda ry  degenera t ion  in  t he  habenn lae  of t he  r a b b i t  a f te r  r e mova l  of the  epi- 
physis .  His  conclusion is t h a t  t he re  are  no f ibres  which have  the i r  or igin in  t he  
p inea l  organ  and  r u n  to  the  habenulae .  

W e  agree  wi th  Lv. G~os  CLxRx (1940) t h a t  a n y  conclusion pe r t a in ing  to  t he  
origin of the  cen t ra l  ep iphysea l  f ibres m u s t  be r ega rded  as unce r t a in  because,  in  
sect ions of no rma l  mate r i a l ,  i t  is imposs ib le  to  t r ace  i nd iv idua l  f ibres  in  c on t i nu i t y  
a long the  r a t h e r  long nerve  bundles  l eav ing  the  habenn la r  and  cauda l  commis-  
sure a n d  reaching  the  p inea l  organ.  W e  were, however ,  ab le  to  observe  t h a t  a 
f a i r ly  large  n u m b e r  of nerve  f ibres,  runn ing  f rom the  h a b e n u l a r  commissura l  
region in to  t he  ep iphysea l  s ta lk ,  are  d i rec t  f ibres  of t he  s t r iae  medul la res .  I n  
these  s t r iae  t h e y  show a dorsa l  posi t ion.  This  agrees wi th  the  opin ion  of F A r g o  
regard ing  his p rep inea l  and  p a r t  of his super ior  p inea l  f ibres.  F o r  t he  nuclei  of 
or igin of t he  f ibres  runn ing  in the  s t r iae  medu l l a res  of t he  r a t  we m a y  refer  to  
the  pape r  b y  GURDJIAN (1925). 

PrsEs (1927), investigating the innervation of the pineal gland in the dog, cat and rabbit, 
also found central pineal fibres running to the organ from the habenular commissure as well 
as from the caudal commissure. Likewise to the opinion of this author the bundle, emerging 
from the habenular commissural region, contains direct fibres from the medullary striae 
other fibres having their origin in the habenular nuclei. 

HERRING (1927), surprisingly, was not able to observe any nerve fibres, either myelina~d 
or unmyelinated, in the epiphyseal stalk of the rat  although mentioning fibres of habenular 
origin in the epiphysis of the eat, monkey and man. HERO, G, however, did observe the 
epiphyseal stalk in rats which he describes as an extremely delicate strand of neuroglial 
tissue connecting the pineal organ with the habenular commissure. GLADSTONE and W ~ E -  
LEY (1940) also erroneously maintained that central fibres do not reach the epiphysis in the 
rat even holding that  the pineal gland in the adult is completely separated from the central 
nervous system. 

According to G~LI~m~ER (1953), in the hooded rat the epiphysis is not continuous with the 
diencephalon. I t  is supported by connective tissue strands which connect the organ with 
"the tela chorioidea rostrally and with the inferior surface of the transverse sinus caudally". 
No such relationship was observed in the adult albino rat. G~DNER, however, constantly found 
nerve fibres running from the commissural region to the pineal body. He holds that, in the 
hooded rat, most of these fibres are derived from the habenular commissure, the contribution 
of the caudal commissure being only small. This is in accordance with our findings in the albino 
rat. The cause may be that  in both species the epiphysis for the most part develops from 
the antero-dorsal wall of the epiphyseal evagination which is related to the habenular commis- 
sure and only for a minor part from the postero-caudal wall of this evagination which is related 
to the caudal commissure. In other mammals sometimes the reverse ist the case. 

I n  al l  our  specimens,  f ibres f rom the  commissura l  reg ion  could be  fol lowed 
to  a t  leas t  t he  ros t r a l  p a r t  of t he  p inea l  body .  

R o u s s Y  and  Mosn~Gv.R (1938) and  GARDNER (1953) t e r m e d  the  bund le  of 
nerve  fibres connect ing  the  commissura l  reg ion  wi th  t he  epiphys is  " e p i t h a l a m o -  
ep iphysea l  t r a c t " .  This  des ignat ion ,  however ,  is no t  en t i r e ly  jus t i f ied  if t he  
cauda l  commissure  is considered to  belong to  t he  mesencepha lon  as  is u sua l ly  done.  

Z. Zellforsch., Bd. 52 13b 



198 J. ARii~cs KAPe:~'RS : 

For this reason, the present author suggests the term "commissuro-epiphyseal 
t rac t "  or, somewhat more specified but also more cumbersome, "habenulo-caudo- 
commissuro-epiphyseal t rac t"  for this fibre bundle. This designation has the 
advantage tha t  it is not committed to the location of the ceils of origin of the 
fibres which is not exactly known as yet. 

For a long t ime the functional significance of the fibres derived from the 
commissurcs and reaching the epiphysis has presented a problem. In the normal 
silver-impregnated series studied in the present investigation their distribution 
in the pineal organ could not be easily followed because of their running through 
the complicated network of autonomic fibres. I t  is, however, certain that ,  at 
least in the albino rat,  by far the most of these central fibres do not penetrate 
very deeply into the organ. This was very clearly shown in the epiphysis of the 
sympathectomized rat  from the brain of which a Bodiaa-stained series was made 
three months after the operation. In  this preparation the extensive autonomic 
pineal nervous network had disappeared by degeneration, the fibres of commis- 
sural origin now standing out clearly. I t  was atso in this specimen tha t  the loop, 
made by one of the commissural fibres in the rostral part  of the epiphysis could 
be observed (Fig. 24). In  this same series a blunt ending of what is evidently 
likewise a commissural fibre (Fig. 23) and a fibre leaving the rostral part  of the 
organ and penetrating into the leptomeningeal tissue were shown. Very rarely, 
similar fibres passing to the leptomeninx were seen in other preparations. That  
at  least myelinated fibres of commissural origin are very scarce indeed in the 
central and caudal parts of the epiphysis could, moreover, be demonstrated in 
the series which was exclusively stained with osmic acid as well as in the many  
series stained with osmic acid-sodium iodide after CHAMPY-CouzAa~D, the myelin 
sheath of these fibres staining black with the osmic acid. In  these preparations 
only exceptionally a myelinated fibre was seen running straight through the 
epiphysis to its caudal part.  

L]~GRos CLARK (1940), in his careful study, surveys the different opinions 
of previous authors concerning the course and meaning of the central fibres of 
commissural derivation reaching the epiphysis. A somewhat speculative theory 
regarding the origin, course and function of these fibres is to be found in a 
paper by Rouss:r and MosI~GE~ (1938). 

LEGRos CLARK, in his silver-impregnated macaque material, was able to 
observe tha t  individual fasciculi, traced section by  section, in some instances 
arched and then runned down leaving the gland again and rejoining the habenular 
commissure on the opposite side. t ie,  then, was first in observing central fibre 
bundles which, most certainly, do not have terminal relations to the pineal 
parenchymatous cells. According to this author these fibres are merely aberrant  
commissural fibres derived from both the habenular as well as from the caudal 
commissure being "drawn up"  in the pineal peduncles in his macaque series. 
LE GRos CL.~K also gives arguments suggesting tha t  indeed most if not all of 
the central fibres entering the epiphysis are to be regarded as such aberrant 
commissural fibres not penetrating deeply into the organ but merely forming 
elongated commissural loops. I~ARTMA~ (1957) mentions similar bundles cross- 
ing over to the contralateral side in the apex of the pineal organ of the dog 
giving a diagrammatic illustration of these bundles. This author likewise suggests 
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tha t  these fibre bundles take a contralateral course returning to the commissural 
region. 

The present observations corroborate the opinion of L~ GROS CLAI~K and 
HARTMANI% Figure 24 illustrates a separate aberrant  commissural nerve fibre 
looping in the rostral par t  of the epiphysis. Certainly, conditions for observing 
this fibre were exceptionally favourable in this series of the brain of a ganglion- 
ectomized rat.  I t  can not wonder tha t  such looping fibres can be only rarely seen. 

Interpretat ion of the nerve ending illustrated in Figure 23, observed in 
the rostral par t  of the epiphysis in the same sympathectomized ra t  in which the 
looping commissural fibre was so clearly seen, is difficult. Most certainly it belongs 
to a nerve fibre derived from the commissures not being an ending of an autonomic 
nerve fibre. The present author is inclined to the opinion tha t  this is no functional 
nerve terminal but  much more similar to endings which can be found in neu- 
r inomata  or in transsected and regenerating peripheral nerves not finding their 
proper way to the effeetors. I t  may  well be tha t  this structure represents the 
ending of a commissural aberrant  fibre which, during its growth, "has lost 
its way"  not being able to find its way back through the epiphyseal 
stalk to the commissural region. Very possibly, this fibre had grown into the 
stalk after this lat ter  had already gained some length. In  this connexion it 
should be realized tha t  the development of the brain in the ra t  and, therefore 
of its fibre systems, proceeds for a considerable t ime after birth, even after 
the formation of the epiphyseal stalk, in which a small number of eommissural 
fibres is "drawn out",  has started. 

We are in complete agreement with LE GI~OS CLXRK in supposing that ,  in the 
ra t  as well as in the macaque, most  if not all of the fibres of the eommissuro- 
epiphyseal t rac t  are aberrant  eommissural fibres. Some of these fibres will reach 
the rostral par t  of the epiphysis and, behaving as real commissural fibres, re turn 
to the commissural region ending at  the contralateral side. Other fibres, however, 
after reaching the epiphysis, probably at  later stages of development, will loose 
their way ending meaningless in the organ. Still other fibres will leave the stalk 
before having reached the epiphysis passing into the enveloping leptomeningeal 
tissue whereas a few fibres derived from the commissural region will reach the 
rostral par t  of the epiphysis only then passing into the leptomeninx. From this 
it  follows tha t  ascending as well as descending parts  of commissural fibres looping 
in the pineal organ run in the epipyhyseal stalk. Therefore, the number  of indi- 
vidual fibres in this stalk is, as a mat te r  of fact, still less than  is suggested by  
microscopical examination of the stalk. 

From the above it can, moreover, be concluded that ,  most probably, the 
central cholinergic fibres derived from the habenular and caudal eommissures do 
not have functional terminals in the epiphysis. This conclusion is enhanced by  
the fact that ,  in the epiphysis of the rabbit ,  G~REBTZOrr (1959) was not able 
to find any  cholinesterase activity. 

In  the light of these observations the conclusions drawn by  GARDneR (1953) 
from experiments performed in the hooded ra t  seem somewhat dubious. In  the 
summary  of his paper  this author states tha t  "in rats in which nerve fibres from 
the habennlar and posterior commissures to the pineal gland had been interrupted 
the nerve terminations to the pineal gland underwent complete degeneration. 
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In  rats  in  which the superior cervical sympathe t ic  ganglion was removed bilater- 
ally no change was observed in  the nerve te rmina t ions  related to the gland cells". 
This quo ta t ion  suggests t h a t  the pinealocytes would be innerva ted  by  the com- 
missural  fibres and  by  these fibres exclusively, au tonomic  fibres no t  being related 
to their  funct ion.  I t  appears t h a t  the opinion of GA~D~ER is incompat ible  with 
t ha t  of the present  au thor  in  regard to the d is t r ibut ion  and  funct ion  of the fibres 
of commissural  origin as well as to the d is t r ibut ion  and  funct ion  of the autonomic  
fibres. I n  the present  inves t iga t ion  the epiphyseal s talk and,  therefore, the fibres 
derived from the commissures were no t  cut so t ha t  the degenerat ion of their  
peripheral  parts  could no t  be studied. However,  the facts that ,  in  our series, 
t e rmina l  endings of commissural  fibres on pinealocytes could no t  be demon- 
strated,  t ha t  commissural  fibres after en ter ing  the epiphysis by  way of the 
stalk do not  or only very  rarely penet ra te  very  far in to  the organ, m a n y  of them 
even r e tu rn ing  to the eommissural  region, and,  furthermore,  t ha t  the extensive 
au tonomic  pineal  ne twork  including its endings p rompt ly  disappears after bi lateral  
removal  of the superior cervical ganglion give, in  our view, a ra ther  solid foun- 
da t ion  to the opinion t h a t  the cells of the pineal  pa renchyma are innerva ted  by  
au tonomic  nerve fibres and  not  by  the few nerve fibres of commissural  der ivat ion 
which enter  the epiphysis by  way of the epiphyseal  stalk. 

Tu rn ing  now to the discussion of the au tonomic  innerva t ion  of the epiphysis 
it  will be necessary to men t ion  previous invest igat ions dealing with this ma t t e r  
to ob ta in  a fuller background for the present  f indings in  the ra t  which ma y  
contr ibute  to the solution of at  least some problems involved.  

t I~L~,  quoted by P n ~ s  (1927), seems to have been first in observing sympathetic fibres 
in the epiphysis. CAJ~_r~ (1904) demonstrated a dense network of nerve fibres in the pineal 
of the mouse which, according to him, is not of commissural origin being constituted by 
fibres derived from sympathetic bundles coursing along the vessels in the tela chorioidea. 
Following CAJ~a~ these bundles enter the pineal body over its whole surface accompanying the 
vessels, especially at its base, invading the parenchyma and branching extensively. CAJ~a~, 
describing also nerve terminals belonging to this network, denied that the epiphysis would 
receive any nerve fibres of different origin. FAVARO (1904), in rodents, observed similar nerve 
terminals as seen by CAJAL doubting, however, their autonomic origin. He is inclined to the 
opinion that they belong to fibres, derived from the habenular commissure. JosEP~Y (1920) 
was unable to find the extensive intrapineal nerve plexus at all. WALTER (1913, 1922, 1923) 
denied any endocrine function of the epiphysis. On the ground of the relationships of the 
pineal vessels and their innervation with the vessels in the tela chorioidea and, therefore, 
in the choroid plexuses, this author speculated about a supposed reflectory function of the 
organ which would regulate the intraeranial vascular system and, more specially, the blood- 
flow in the vessels of the ehoroid plexuses. In short, WALTER WaS Of the opinion that the 
epiphysis is a reflex organ regulating the production of the eerebrospinal fluid in the ehoroid 
plexuses evidently holding that the pineal sympathetic fibres are efferent in regard to the 
epiphysis giving, however, no arguments. 

A~TONOW (1926), investigating the pineal organ of the dog, cat, rabbit and cattle, mentions 
many nerve fibres of equal thickness running in various directions. He is of the opinion that 
they would derive from the pia, referring to the view of D]tz~mm~ that these fibres run from 
the pineal organ to the vessels of the tela chorioidea. Therefore, A~To~ow also holds that 
the autonomic fibres are efferent in regard to the epiphysis. He was, however, unable to 
observe the dense network described by CAJ~a,, even suggesting that this latter author took 
the connective tissue fibres by which the pineal cellnests are enveloped for nerve fibres. 
Hv, Rm~O (1927) was not able to find any nerve fibres at all in the epiphysis of the rat, whether 
myelinated or unmyelinated. 
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P I ~ S  (1927), in the dog, cat and rabbit, once more saw the dense network of ramifying 
nerve fibres earlier observed by CAJAL and described nerve terminals of various shape. 
Following this author the nervous network does not show any direct relationship with the 
pineal vessels and, therefore, would be a nervous apparatus serving the specific function of 
the parenchymatous cells of the epiphysis. He suggests that  the fibres from which this 
network originates enter the organ by way of the pial vessels and, furthermore, that  the 
nerve cells of these fibres would be localized in the superior cervical ganglia. Therefore, 
the fibres would be afferent in regard to the pineal organ. 

In  man and a number of mammals including rodents, MAZZUCCHELLI (1950) observed a 
dense pineal nervous network constituted of thin fibres originating from bundles present in 
the connective tissue sheaths of the vessels. Moreover, fairly large tracts of similar fibres 
were seen by this author, sometimes taking a wavy course. According to him most fibres 
end on vessels some of them, however, on pineal cells. Thus, vasomotor as well as secretory 
nerve fibres of autonomic origin would be present in the pineal organ. M~zzueC~ELLI is 
very critical concerning the interpretation of the terminals seen, suggesting that  some of 
them may not be functional endings but  products of degenerative as well as of regenerative 
processes occurring in the epiphysis. 

Following TUBAH~A (1955) the epiphysis of the eat and dog is innervated by nerve 
fibres derived from the habenular commissure. In  the rat, however, sympathetic fibres 
invading the organ along the pial vessels are most numerous. In  the glandular parenchyma 
a nerve complex, similar to an autonomic terminal retieulum is described by this author. 

Thick fibres of commissural origin showing secretory terminals in the glandular folliculi 
of the epiphysis in the japanese monkey are mentioned by HOSA]~A, NAKAI and K~SHI~A 
(1957). Moreover, these authors observed autonomic nerve fibres accompanying the pial 
vessels entering the epiphysis. From this nervous plexus fine fibres were seen branching off 
reaching medium-sized pineal cells. 

An interstitial pineal nerve plexus has been also described by H X R T ~ N  (1957) in the 
cat. I ts  fibres are derived from perivascular plexuses ramifying extensively. Perivascular 
plexuses also enter the pineal organ at its apex. The author illustrates a nerve bundle which 
is very similar to the nervns conarii, described by KOLMER and LSwY (1922), which will be 
dealt with below. Fibres, forming plexuses, were also seen by HART~L~NN in the pineal organ 
of the dog and of cattle. He is not sure whether the interstitial plexus, which would be pcri- 
vascular, represents a nervous terminal formation. In  some rare cases small terminal rings 
were observed by HARTM~N in the pineal of cattle. 

From the foregoing survey it  appears tha t  by  a number  of authors fibres of 
c o m m i s s u r a l  d e r i v a t i o n  as we l l  as of a u t o n o m i c  o r ig in  h a v e  b e e n  o b s e r v e d  i n  t h e  
ep iphys i s .  S o m e  i n v e s t i g a t o r s  d e s c r i b e d  also t e r m i n a l  end ings  of e i t h e r  commis -  
su ra l  or  a u t o n o m i c  f ibres .  I t  ha s  b e e n  g e n e r a l l y  t h o u g h t  t h a t  t h e  a u t o n o m i c  

f ib res  e n t e r  t h e  o r g a n  a long  w i t h  t h e  l e p t o m e n i n g e a l  vessels .  T h e r e  is no  agree-  
m e n t  c o n c e r n i n g  t h e  q u e s t i o n  w h e t h e r  e i t h e r  t h e  c o m m i s s u r a l  f ib res  o r  t h e  

a u t o n o m i c  n e t w o r k  p r o v i d e  fo r  t h e  i n n e r v a t i o n  of t h e  p inea loey t e s .  O n  t h e  
s t r e n g t h  of t h e  a r g u m e n t s ,  d i scussed  before ,  t h e  p r e s e n t  a u t h o r  is of t h e  op in ion  

t h a t ,  a t  l eas t  in  t h e  ra t ,  t h e  f ib res  of c en t r a l  o rg in  a re  m e r e l y  a b e r r a n t  c o m m i s s u r a l  
f ibres  h a v i n g  no  f u n c t i o n a l  r e l a t i onsh ip  w i t h  t h e  p a r e n e h y m a t o u s  cells of t h e  

ep iphys is .  

A somewhat new aspect regarding the autonomic innervation of the organ was introduced 
by KOLMER and L 6 w r  (1922) describing a nerve bundle connecting the epiphysis with the 
venous system discharging into the vena magna cerebri of GALEN. They termed this bundle 
"nervns conarius" (better: nervus conarii) and were able to observe this fascicle in man, 
Cercopithecus, in the dog and goat but  not  in the rat. In  a young goat the authors could 
follow the nerve, containing unmyelinated fibres, into the tentorinm cerebelli. I t  did run 
next to the origin of the great vein of GALE~. According to KOLMER and L6wY, in adult 
specimens of the mammals mentioned the fibres of the nervus conarii were myelinated. They 
were not  sure whether this nerve is afferent or efferent in regard to the epiphysis. The fact, 
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however, t h a t  they observed nerve cells in the  pineal organ in near topographical relationship 
with the nerve led them to the hypothesis t h a t  the nervus conarii is probably efferent. 
Although KOLMER and LSw~, on theoretical grounds, did not  accept W~J~T~R'S theory 
mentioned before, thei r  conclusion t h a t  the  epiphysis is an organ regulating the  outflow of 
blood from the  choroid plexuses, and, therefore, the  production of the eerebrospinal fluid, 
is very similar to WALTER'S. They based this equally speculative conclusion on the impression 
t h a t  the  nervus conarii would be connected with t h a t  par t  of the venous intracranial  system 
into which the veins of the choroid plexuses discharge. KOLM~R and LSwY, on the other 
hand,  do not  deny t h a t  in addit ion to the  supposed function mentioned, the epiphysis might  
have another,  i. c. an endocrine function. 

In  connexion with the investigation of KOLM~ and LSwY and the present s tudy the 
observations of LE GROS CL~nK (1940) are of importance. In  his monkey as well as in his 
h u m a n  material  the  nervus conarii was recognized and il lustrated by  this  author. In  the 
rhesus macaque it  ramified in a plexiform manner  underneath  the endothelium of the straight 
sinus. In  man  the  nerve was seen by  this author  emerging from the t ip of the epiphysis 
running  an uninter rupted  and unbranched course to reach the  dura mater  of the  tentor ium 
cerebelli. F rom here, according to LE GROS CL~K,  i t  turned back in the  floor of the  sinus 
rectus occupying a subendothelial  position. I t s  dest inat ion could not  be determined. In  man 
a s t ructure  was demonstra ted somewhat resembling a large araehnoid granulation. This was 
termed by the  author  the  "suprapineal  araehnoid body".  He suggests t h a t  this  s tructure 
may  provide a ball-valve neuro-vascular mechanism whereby the  venous re turn  from the 
great  vein of GALE~ is regulated and  controled. In  some cases the  human  nervus conarii 
was seen to pass through this  suprapineal arachnoid body traversing one of its blood sinuses. 
Nerve terminals,  however, could not  be observed. In  the  macaque no such structure was 
recognized. On the  other hand,  the  author  found a rich vascular plexus in the  pial tissue on 
the ventra l  surface of the  great  cerebral vein suggesting t h a t  this might  play a role similar 
to  t h a t  of the  suprapineal araehnoid body in man. The description and arguments  in the 
paper  by  LE GROS CLARK suggest t h a t  the  nervus conarii, containing pineal fibres efferent 
in regard to the organ, may  be possibly ins t rumental  in innervat ing the reflex mechanism 
mentioned. The author,  however, is very careful in his conclusions saying t ha t  this problem 
requires fur ther  investigation. Evidently,  his theory is somewhat similar to t h a t  advanced 
by  WALTER and by  KOLMER and L6wY. 

R e g a r d i n g  t h e  q u e s t i o n  w h e t h e r  t h e  p i n e a l  a u t o n o m i c  f i b r e s  a r e  e i t h e r  a f f e r e n t  

or  e f f e r e n t ,  o b s e r v a t i o n s  i n  t h e  l i t e r a t u r e  c o n c e r n i n g  p i n e a l  n e r v e  cells a re  of 

i n t e r e s t .  

In  1930, PASTO~I described a "ganglion conari" (better:  ganglion conarii) which she 
observed a t  the  posterior pole of the  epiphysis in man and several mammals.  In  the  sheep 
and donkey this ganglion contains about  20--30 nerve cells. Their fibres would run  to the  
wall of the  great  cerebral vein, in the  other direction entering the epiphysis along a number  
of vessels. Following PASTORr the fibres which are directed to the wall of the  vena magna 
cerebri show varicosities and  do form a bundle which she takes for the  nervus conarii, earlier 
described by  KOLMER and LSw'z (1922). PASTOgI is of the opinion t h a t  this nerve bundle 
and  the ganglion from which it  originates favour the theory of the supposed regulatory 
function of the  pineal organ on par t  of the intraeranial  vascular system. I t  is interesting to 
note t h a t  MarBURG, as early as 1909, described a small ganglion in a newborn human,  lying 
on top of the cpiphysis. A nerve passed caudally from this  ganglion. M~RBV~G considered 
this  s tructure to be analogous to the  parietal ganglion and nerve in reptiles which, however, 
seems ra ther  improbable. 

Neither  in his h u m a n  nor in his maeaque material,  Lv. GROS CL~J~ (1940) was able to 
observe this  ganglion of PASTORI. GREWNG (1931) did not  find i t  in dogs. 

Besides this  inxtapineal  ganglion the existence of which seems doubtful, intrapineal  nerve 
cells have  been recognized by  several authors. Apparently,  they are constant ly but  exclusively 
present  in the  epiphysis of various species of monkeys and in the pineal organ of man (in 
monkeys:  KOL~,~, 1929; LEVIN, 1938; L~ Gaos CLARK, 1940; H O S ~ ,  NAKAI and Kusm~A,  
1957; ~-IARTMAN1% 1957; in man: JOSEPHY, 1920; BARGMANN, 1943; see also the discussion 
in BARGMANN'S paper). Their number  is ra ther  variable. LE GROS CLA~K suggests t ha t  the 
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intlapineal nerve cells in monkeys would represent the ganglion conarii which, then, has 
been secondarily incorporated within the gland. The same author mentions that the general 
appearance of the nerve cells in the epiphysis of the macaque monkey is very similar to that 
of the cells in the peripheral autonomic ganglia. HOSAKA, N~r and K~SmMA, moreover, 
described small multipolar nerve cells in the autonomic plexuses accompanying the epiphyseal 
vessels in the japanese monkey. From these plexuses nerve fibres were seen running to 
medium-sized pineal cells. Both these authors and L~ Gaos CLxax are of the opinion that 
the pineal nerve cells observed probably belong to the autonomic system. The question, 
however, remains whether the small multipolars seen by the Japanese authors were either 
typical nerve cells or, may be, interstitial cells of CAJAL. 

In non-primate mammals pineal nerve cells have either been found extremely rarely or 
are stated to be absent. FAVXRO (1904), JOSEP~ (1920) and Piers  (1927) deny their presence 
in subprimate material. PASTORI (1928) was only able to observe one single nerve cell in 
her series of about 100 pineal organs. To her opinion this must have been a heterotopic 
cell dement. G~EwNr (1931) did not see nerve cells in the dog's pineal. 

During some time the theory has been brought forward that the pineal cells themselves 
would show a nervous structure, although not being real nerve cells, on the ground of their 
processes which may be rather long in some mammals, of their affinity to silver and gold- 
chloride, of the appearance of the endings of their processes which would show some resem- 
blance to nerve terminals and of the relationship and behaviour of the pineal neuroglia to 
the pinealocytes which would be very similar to the relation, topographical as well as functional, 
of neuroglia to nerve cells (cf. PASTOr, 1928). For some time, however, this theory has 
been abandoned. 

I n  the  present  inves t iga t ion  i t  has been shown t h a t  a dense ne twork  of un-  
mye l ina ted  fibres is present  in  the  epiphysis of the  albino rat .  This  ne twork  is 
d e a r l y  shown in  the silver prepara t ions  as well as in  the series which were s ta ined 
wi th  the  osmie acid-sodium iodide mix tu re  according to CHAMPY-CouJARD. I t  
could be demons t ra ted  t h a t  the  epiphysis of the  albino ra t  is, for the  most  part ,  
supplied wi th  au tonomic  fibres b y  way of two symmetr ica l  nerwi conarii  and  no t  
exclusively by  perivascular  plexuses enter ing the  organ along the  pial vessels 
as has been though t  by  some previous authors.  Observat ion of the two nerves, 
r u n n i n g  in  the  t e n t o r i u m  eerebelli and  enter ing  symmet r ica l ly  the  dorsolateral  
surface of the  organ, was possible only  by  examina t ion  of serial sections of mater ia l  
in  which the meninges  were left in tac t .  I n  the  rat ,  therefore, no t  a single nervus  
conarii  as has been shown before b y  KOLM~R a nd  L S w r  (1922) in  some mammals ,  
e x d u d i n g  the  ra t  in  which these authors  were no t  able to observe the  nerve,  
and  by  LE G~os CLARK in  m a n  and  the  macaque,  b u t  two of these nerves are 
clearly present.  Quite often the  nerve bundles  were seen enter ing  the  epiphysis 
a t  the same spot a t  which also two symmetr ica l  branches of the posterior cerebral 
ar tery,  the  m a i n  a r te ry  for the  vascular  supply  of the epiphysis, en ter  the  pineal  
body. I n  these cases, however, i t  is ev ident  t h a t  the nerves are no t  concerned 
in  i nne rva t ing  these vessels. As is well known,  nerve bundles  dur ing  embryo-  
logical development  or in  tissue cul ture exper iments  t e n d  to grow in to  an  organ 
along bundles  of connect ive tissue fibres or along vessels, using these s t ructures  
as "pa th  f inders".  

The fact t h a t  the  present  au thor  was able to observe, in  his ra t  mater ia l ,  
two symmetr ica l  ne rv i  conarii  in  s tead of one m a y  be due to the  fact  
t h a t  in  the  albino ra t  the  t ip  of the epiphysis nex t  to which the  ne rv i  conarii  
en te r  the  organ is s i tua ted  very  near  to the t e n t o r i um cerebelli th rough which 
these nerve  bundles  course. This is no t  the case in  those ma mma l s  in  which a 
single nervus  eonarii  has been  previously described. Very probably,  the single 
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nerve observed in these cases consists in fact of two nerve bundles having joined 
and running jointly along some distance before entering the tip of the epiphysis 
simulating a single nerve. In  this connexion it is remarkable that  in Figure 2 of 
the paper by  LE G~os CLAM (1940) illustrating the nervus conarii in a rhesus 
macaque, this nerve is seen running from the tip of the epiphysis as a single bundle 
then, after some distance, dividing in two large branches which are interconnected 
by smaller branches. This figure, therefore, also suggests a bilateral origin for 
the single nerve described by Lw G~os CL~nK. In  the rat, in which the tip of 
the epiphysis is so near to the tentorium cerebelli, the nervi conarii do not have 
the opportunity to join before entering the epiphysis. In  some cases, however, 
they were observed to do so not outside but inside the organ (Fig. 28) showing a 
short joint course as has been described before. Apart from the facts mentioned 
it stands to reason that  there are indeed two bilateral symmetrical nervi conarii 
because of the fact, shown in the present investigation, that  their fibres originate 
in the superior cervical ganglia, degenerating after removal of these ganglia. In  
regard to the epiphysis, therefore, the fibres of the nervi eonarii are afferent. 

I t  has been mentioned before that  in rare cases some very few nerve fibres 
evidently being of autonomic nature were left in the organ after removal of both 
superior cervical ganglia. This may be due to the fact that  not all of the autonomic 
ganglion cells, present in the ganglia, were removed. Another possibility is that  
these fibres originate from lcptomcnLngeal nerve cells which have been observed 
by some authors in rare cases (CLARX, 1931 ; SCHALTENBX~AND, 1955; STOHR, 1957 ; 
CooPE~, 1958). I t  is often difficult to determine whether these cells belong to 
the eerebrospinal or to the autonomic nervous system. As has been also suggested 
by Lw G~os CLA~X, the ganglion of PASTOl~I being located at the tip of the epi- 
physis, if indeed occurring at all, could possibly represent a local accumulation 
of such leptomeningeal nerve cells of autonomic origin. 

Accepting the view that  the intrapineal nerve cells observed by several authors 
in primates as well as the cells constituting the somewhat doubtful ganglion of 
PASTO~ are autonomic, one might suggest that  some cells originally located 
in the superior cervical ganglia would show a peripheralward phylogenetic 
migration along the ncrvi conarii in the direction of the epiphysis, in some mam- 
mals constituting the iuxtapineal ganglion of PAsTonI finally obtaining in pri- 
mates an intrapineal position. If  this hypothesis is true, this phylogenetic peri- 
pheralward migration of autonomic nerve cells would parallel a similar ontogene- 
tic migration of nerve cells. As has been mentioned, neither iuxtapineal nor in- 
trapineal nerve cells have, so far, been observed by the present author in the rat. 

We will turn now to the discussion of the terminal autonomic innervation of 
the epiphysis which has been studied in silver preparations as well as in series 
which were stained with the osmie acid-sodium iodide mixture according to 
C~A~PY-CouJARD. 

It has been claimed by COUJA~D (1943), CnAMVY, COVJARD and COUJARD-C~PY 
(1945/46), CHAMPu and HATE~ (1955) and by CHAMPY and CHAMPY-CouJARD (1957) that 
this reagent, originally introduced by ~ u  (1913), would probably stain diphenoles. This 
might form the histochemical basis for the fact that by this method the adrenergic ground 
plexus, containing noradrenaline, as well as adrenergic terminals can be demonstrated. It 
must, however, be mentioned that  the reagent of CHA~Y-CovJAR]) is not specific for diphenoles 
as will be dealt with in a next  paper. Moreover, in sections treated according to this method 
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llpids are stained by the osmic acid component. This made careful checking of our results, 
obtained in the epiphysis of the rat  which contains relatively much lipids, very necessary. 
Recently, HILL~P (1959b) even denies that  in using the technique of CHAMPY-COUJARD 
noraclrenallne in adrenergic fibres is demonstrated at all observing that  a~lrenergic fibres 
deprived of at least this neurotransmitter by means of reserpine stained as well as normal 
nerve fibres. This author, therefore, concludes that  noradrcnaline can not be the substance 
responsible for the staining of autonomic fibres with the osmic acid-sodium iodide mixture. 
The fact, however, remains that  the ground plexus can be easily and beautifully demonstrated 
by this technique. 

On the  whole, our  f indings  concerning the  pe r iphera l  vege t a t i ve  i nne rva t ion  
of t he  epiphys is  agree  wi th  t he  resul ts  ob t a ined  in d i f ferent  organs,  especia l ly  
in g lands ,  b y  previous  au thors  using the  l ightmieroscope .  I n  the  p inea l  organ,  
an  ex tens ive  in t e r s t i t i a l  ne twork  consist ing of loosely  bu i l t  bundles  of e x t r e m e l y  
fine f ibres was observed.  The la rger  bundles  show an  in ter fo l l icular  posi t ion.  
F r o m  t h e m  smal ler  bundles  and  single f ibres were seen b ranch ing  to  pene t r a t e  
in to  the  follicles as has  been descr ibed.  I n  t he  in ter fo l l icu lar  bundles ,  b u t  no t  in  
t he  in t ra fo l l i cu la r  ones, in te r s t i t iM cells could be demons t r a t ed .  The  bundles  
are ev iden t ly  ident ic  wi th  the  " re t i cu la r  cy top l a sma t i c  nervous  s t r a n d s "  observed  
b y  m a n y  previous  au thors  (ground p lexus  of Bo~KE, p r e t e rmina l  r e t i cu lum of 
ST6HR, d i s ta l  nervous  s y n c y t i u m  of JABO~ERO). The  l i t e r a tu r e  regard ing  this  
pe r iphera l  au tonomic  ne twork  is ve ry  extensive .  The  morphologica l  as well  
as the  func t iona l  i n t e r p r e t a t i o n  of these  s t ruc tures  which have  been s tud ied  in 
silver,  me thy l ene  blue a n d  C~AMPY-CouJARD p repa ra t i ons  v a r y  a good  dea l  
according to  d i f ferent  au thors .  On the  g round  of our own obse rva t ions  we feel 
compel led  to  define our s t andpo in t  in th is  mos t  diff icul t  ques t ion  refer r ing  f i rs t  to  
some summar iz ing  papers  b y  exper ienced  and  eminen t  au thors  in th is  f ie ld using 
the  l igh tmicroscope  and  survey ing  such problems  as the  na tu r e  of the  in t e r s t i t i a l  
cells of CAJAL, the  s t ruc tu re  of wha t  has  been  cal led the  "pe r iphe ra l  au tonomic  
n e u r e n c y t i u m "  and  the  w a y  in which the  pe r iphe ra l  s y m p a t h e t i c  efferent  s t imulus  
is t r a n s m i t t e d  to  t he  effector  cells (HILLARP, 1946, 1959a;  BOWKE, 1949; ST6HR, 
1954, 1957; CLARA, 1955; MV.YLI~G, 1955; JABO~ERO, 1952, 1952/53, 1954, 1955). 

Many authors agree that  the processes of the interstitial cells, supposed to be of a nervous 
nature, constitute a syneytial reticulum forming a "synaptic field" (BoEKE) which transmits 
the stimulus to the effeetor cells by means of neurohumors. In  this connexion J~BONV.RO 
speaks of a "plexiform synapse ~ distance" in which the interstitial cells functioning like 
neurosecretory cells would play an all-important functional role in producing chemical 
transmitters (also MEYLI~G). According to JABO~RO this syneytium of interstitial cells is 
a special organ intercalated between the postganglionic nerve fibres and the non-nervous 
tissue. This conception includes that  there would not be any synaptie relationship in the 
classical sense between this distal neurencytinm consisting of anastomosing ,,neurofibrils" 
and the effector cells, this being true at least in most organs showing a sympathetic innervation. 
Following this author, the ncurencytium is to be regarded as a closed terminal formation in 
which individual nerve endings do not occur. STSm~ is not quite convinced that  the inter- 
stitial cells would indeed be nerve cells. According to him a second syncytial system, con- 
raining neurofibrils and constituted by the interstitial cells, is intercalated in the terminal 
part of the syncytial meshwork which, for that  matter, consists of Schwann cells. STSH~, 
like some other authors cited by him, is of the opinion that the interstitial cells are much 
more similar to lemnocytes than to nerve cells, many transitional forms occurring between 
Schwann cells and interstitial cells. Also according to l-l~,La~ (1959 a) the interstitial cells 
are but neurflemma cells. 

The opinions concerning the hransmission of the nervous stimulus to the effector cells 
of Bo~x~., MEYL~G and JABO~ERO have been mentioned above. STSm~ holds that  extremely 
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th in  neurofibrfllary processes leave the preterminal  reticulum, which is conformable to the 
ground plexus of BOEKE, forming a terminal  reticulum which is ubiquitary,  surrounding the 
cells of all tissues and penetrat ing into the  plasm of the cffector cells. In  this  way, continui ty 
would be present between the plasm of his terminal  reticulum and the plasm of the effector 
cells. 

HILLAR1 ) (1946, 1959a) is of the opinion t ha t  the innervat ion of autonomic effector cells 
happens by  means of a nervous ground plexus consisting of a plexus of terminal axon ramifi- 
cations running in a finely-meshed network of anastomosing strands formed by the terminal  
Schwann plasmodium and superimposed on the effector cells. According to HILLARI ), all of 
the effector cells would probably be in direct contact  with this ground plexus. He was not  
able to prove the existence of any free either intercellular or protoplasmatic nerve endings 
and holds t ha t  the construction of the ground plexus indicates t ha t  it is a closed terminal  
formation. From his papers i t  is not  clear whether any axons would end at  all in this "closed" 
terminal formation and, if so, in which way. Following a personal communication of HIL- 
LAR1 ) to the present author  he, however, admits that ,  according to his conception, there have 
to be individual endings of axons in the ground plexus. Furthermore,  HILLAR1 ~ holds t ha t  
each axon within the plexus innervates in its course a certain number  of cells which react 
as a functional unit ,  the  "neuro-effcctor uni t" .  One axon may supply one or more of such 
units. On the  other  hand,  one neuro-effector uni t  would not  be innervated by  one axon 
only but  by  several, the  terminal  ramifications of these axons running within the same strands 
of the ground plexus converging to the neuro-effector unit.  ]~IILL~P emphatically refutes 
the  arguments  brought  forward by BOEKE and his collaborators and by MEYLI:NG in regard 
to the supposed nervous nature  of the intersti t ial  cells. 

B e f o r e  g i v i n g  o u r  o w n  o p i n i o n  r e g a r d i n g  t h e  t e r m i n a l  a u t o n o m i c  i n n e r v a t i o n  

t h r e e  m o r e  p o i n t s  wil l  b e  d i s c u s s e d  f i r s t ,  viz. t h e  r e s u l t s  of e l e e t r o n m i c r o s c o p i c a l  

i n v e s t i g a t i o n s ,  t h e  d e g e n e r a t i o n  of t h e  a u t o n o m i c  t e r m i n a l  n e t w o r k  a n d  o u r  

o b s e r v a t i o n  of p i n e a l  a u t o n o m i c  t e r m i n a l  s t r u c t u r e s .  

The l i terature on electronmicroscopic investigations concerning the peripheral par t  of 
the autonomic system and  its relation to the effector cells is not  yet very extensive but  of 
the greatest  interest. We will deal only with a few papers here. R:[CI-IARDSON (1958), s tudying 
the  small intestine of the  rabbit ,  agrees t h a t  the  existence of the ground plexus (BOEKE) or 
the preterminal  reticulum (STSm~) is a fact. I t s  structure,  however, is somewhat different 
from t h a t  described by  workers using the  lightmicroscope. According to RICttAI~DSOI~ the 
ground plexus consists of exactly the same components in miniature as large autonomic 
fibre bundles do, i. e. nucleated Schwann cells or a Schwann syncytium, investing groups 
of nerve fibres. The Schwann syncytium envelops bundles of true axons and not  of neuro- 
fibrils. RICI=IARDSO~ still is of the  opinion t h a t  intersti t ial  cells and Schwann cells, in the 
ground plexus, are quite distinct. He, however, holds t ha t  the relationship between the 
interst i t ial  cells and  the  autonomic ground plexus, examined with the electronmicroseope, 
does not  support  the theory t h a t  the intersti t ial  cells form the final link between axons and 
muscles. Various details have led ]~IC/-IARDSON tO the interpretat ion t ha t  the intersti t ial  
cells would be connective tissue elements, probably fibroblasts, ra ther  than  primitive nerve 
cells as has been advocated by authors like :BOEKE, MEYLING and JABONE~O. From this 
citation it  is evident  t h a t  l%IC~XaDSO~'S argument  is in favour of those authors who do not  
agree t h a t  the intersti t ial  cells would be of a nervous nature  playing a role in the transmission 
of the sympathet ic  stimulus to the effcctor cells. 

I n  t h e  e p i p h y s i s ,  t h e  p r e s e n t  a u t h o r  d i d  c l e a r l y  o b s e r v e  i n t e r s t i t i a l  cells s t r e w n  

in  b e t w e e n  t h e  f i b r e s  c o n s t i t u t i n g  t h e  g r o u n d  p l exus .  E s p e c i a l l y  i n  t h e  ser ies  

s t a i n e d  w i t h  t h e  s i l ve r  t e c h n i q u e s  i t  was  o b v i o u s  t h a t  some  of t h e s e  cells s h o w e d  

o v a l  n u c l e i  w h e r e a s  t h e  n u c l e i  of o t h e r  i n t e r s t i t i a l  cel ls  we re  f u s i f o r m  r e s e m b l i n g  

t h e  n u c l e u s  of f i b r o b l a s t s  b u t  a lso  t h o s e  of S c h w a n n  cells. S o m e  a u t h o r s ,  h o l d i n g  

t h a t  t h e  i n t e r s t i t i a l  cells a r e  b u t  l e m n o c y t e s  as  h a s  b e e n  m e n t i o n e d  be fo re ,  w e r e  

a b l e  t o  o b s e r v e  t r a n s i t i o n a l  f o r m s  b e t w e e n  t h e  n u c l e i  of S c h w a n n  cel ls  a n d  t h o s e  

of i n t e r s t i t i a l  cells.  W e  a lso  a g r e e  w i t h  t h e  a r g u m e n t s  b r o u g h t  f o r w a r d  b y  
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HILLARP (1959a), cont radic t ing  those of BOEKE and his school which had  been 
used as proofs t h a t  the  in ters t i t ia l  cells would be of a nervous  nature .  According 
to our opinion, there  is no reason wha t eve r  to accept  the  theory  t h a t  the  inter-  
s t i t ia l  cells are p r imi t ive  nerve  cells. I n  series, s ta ined by  the  CHAMPY-CouJA~D 

technique,  the  in ters t i t ia l  cells are b lackened jus t  l ike the  nerve  fibres. This 
migh t  speak for a difference exis t ing be tween  these cells on the  one hand  and 

lemnocytes  as well as ord inary  f ibroblasts  on the  other.  On the o ther  hand,  

ELFVI~ (1958, see below) observed in Schwann cells granular  s t ruc tures  similar to 

those present  in the  adrenergic nerves wi th  which these lemnocytes  were associated.  
This migh t  explain why  these nerves as well as thei r  lemnocytes  ( z  in ters t i t ia l  

cells .~) s ta in  black using the  technique  of C~A~Pu Black-s ta ined  cells 

showing processes, moreover ,  were also observed  in the  shea th  enveloping  the  
nerv i  conari i  which consist, as a m a t t e r  of fact ,  of bundles of postgangl ionic  
fibres. Therefore,  i t  is obvious t h a t  these l a t t e r  cells cannot  be in ters t i t ia l  cells 

and m a y  be be t t e r  classified among the  lemnocytes  or perhaps among the  con- 
nect ive  tissue elements.  Moreover,  the  s ta ining of these cells m a y  the more 

prove tha t  the  osmic acid-sodium iodide mix tu re  is r a ther  unspecific, mos t  
cer ta inly  not  exclusively  staining diphenoles.  

I t  seems somewhat  difficult  to  decide whether  the  finest  threads  in the  g round  

plexus, seen in silver, me thy lene  blue and CHAMPY-COUJARD prepara t ions  using 
the  l ightmicroscope are e i ther  axons or "neurof ibr i l s"  as has been t hough t  by  

m a n y  previous authors .  Also on this point  the  e lect ronmicroscope sheds the  

l ight  which can not  be g iven by  the l ightmicroscope.  

From electronmicroscopic investigations it is well known that in the axons submicroscopic 
neurofilaments are present, which, in fixed preparations, may artificially form "neurofibrfls" 
(FERNANDEZ-MORAN, 1950; CAESAR, EDWARDS and RUSKA, 1957; SCHULTE, MAYNARD and 
PEASE, 1957; ELFVIN, 1958 and other authors). The question now rises whether the "neuro- 
fibrils ~' mentioned by previous investigators to be present in the ground plexus are either 
composed of single neurofilaments (JABoNERO, 1953) or consist of individual axons (HILLARP, 
1946, 1959a; SZENTs 1957; CAESAR, EDW`ARI)S and RUSK.A, 1957; RICHARDSON, 1958; 
CAESAR, 1959). The axons, in their terminal course, are often as thin as 200/~ as is pointed 
out by CAESAR, EDWARDS and RUSKA who suggest that axons of this size can be easily mis- 
interpreted under the light microscope as "neurofibrils". The latter authors as well as CAESAR 
(1959) did observe that the terminal axons are suspended within cisterns of lemnocytes 
formed by the infolding plasma membrane of these cells. The cisterns communicate with 
the space between the plasma membrane and the basement membrane of the lemnoeytes 
hy way of the mesaxon which is known to consist of a duplicature of the plasma membrane. 
These relationships are well illustrated diagrammatically by ELFVII~ (1958). 

According to ELFVIN who investigated the splenic nerve, to CAESAR, EDWARDS and 
RUSKA and to CAESAR who dealt with the innervation of smooth muscle, the Schwann sheath 
of unmyelinated fibres is not to be regarded as a syncytium. This sheath consists of a series 
of individual lemnocytes in every one of which a number of axons is embedded. The authors 
mentioned do not want to commit theirselves to the problem whether there exist any special- 
ized lemnocytes, i. c. the interstitial cells. 

From the discussion in the paper of I~LFVIN it appears that in nerves, containing nor- 
adrenaline, this substance may be attached to corpuscular or granular structures in these 
nerves. Similar granular structures were observed in the Schwann cells associated with these 
axons. It  may well be that the reason why some lemnocytes or/and interstitial cells stain 
black in using the technique of CH`AMPY-CovJ̀ ARD is that they are catechol-containing just 
like the adrenergic fibres. This, however, is still mere speculation as it is not yet quite known 
which chemical substances stain with this technique. We will not deal here with the literature 



208 J. AR~i~S KAPPERS: 

concerning the catechol-amine containing structures, present in the medullary cells of the 
adrenal and related questions. 

The presen t  au tho r  is convinced t h a t  the  resul ts  accumula t ing  f rom electron- 
microscopic  research should be t a k e n  into  account  in in te rp re t ing  the  s t ruc ture  
as well as the  func t ion  of the  s y m p a t h e t i c  t e rmina l  format ion.  These resul ts  
m a y  and  indeed  have  a l r eady  changed p ro found ly  the  previous concept ions  
concerning the  g round  plexus ob ta ined  by  l ightmicroscopis ts .  

W e  will  now t u r n  to  the  discussion of our observa t ion  tha t ,  af ter  r emova l  of 
bo th  super ior  cervical  ganglia,  not  only  nerve bundles  ev iden t ly  conta ining 
pos tgangl ionic  f ibres degenera te  bu t  t h a t  l ikewise the  in te r s t i t i a l  g round  plexus 
was seen d i sappear ing  af te r  per forming this  opera t ion .  This l a t t e r  observa t ion  
is incons i s ten t  wi th  the  view, held b y  au thors  l ike BOEKE, MEYLII~G and JA~O- 
N~RO, t h a t  the  ground  plexus  is a s t ruc tu re  fo rmed  by  the  in te r s t i t i a l  cells of 
CAJAL and,  as such, i ndependen t  f rom the  postgangl ionic  fibres,  a synap t i c  con- 
nexion being present  be tween  the  postgangl ionic  fibres and  the  in te rs t i t i a l  
ne twork  (JABoNERO, 1V[wYLING). If,  however,  the  ground  plexus is cons t i tu ted  
b y  ind iv idua l  axons  being the  t e rmina l  par t s  of postgangl ionic  fibres, enveloped 
by  lemnocytes  or, per iphera l ly ,  by  in te r s t i t i a l  cells belonging to  the  same cell 
ca tegory  as the  lemnocytes  do  or being even similar  to  the  la t ter ,  the  p resen t  
f indings are  not  astonishing.  

According to JABO~ERO (1953), at least in organs showing iuxta- and intramural ganglia, 
the postganglionic orthosympathetic nerve fibres show synaptic connexions with ganglion 
cells of type I I  of DOO~E5 the processes of which would unite with the distal nervous "syn- 
cytium". Preganglionic parasympathetic fibres would end in the ganglia on nerve cells of 
type I of DOOIEL the processes of which would be likewise synaptically connected with the 
type II  cells of DOGIEL. JABONERO holds that the terminal network is common to the ortho- 
and to the parasympathetic system. In this matter the opinion of MEYLII~G (1955) is very 
similar to JABONERO'S. Following MEYLII~O the system of efferent pre- and postganglionic 
fibres is a synaptically constructed reflex apparatus, synaptically connected with the peri- 
pheral autonomic "network" being constituted by the nervous interstitial cells. This "net- 
work" would be neither exclusively ortho- nor parasympathetic but is played on by both 
counterparts of the autonomic nervous system. JABOI~ERO agrees that his conception is 
more or less hypothetical and the same may be said of MEYHNG'S theory. Any objective 
demonstration of synaptic connexions between, for instance, postganglionic orthosympathetic 
fibres and the fibres in the strands of the ground plexus will be most difficult if not impossible 
by means of lightmicroscopical investigations. Till now such proofs of the conceptions of 
MEYLII~IG and JABONERO are wanting. 

F r o m  the  d i sappea rance  of the  p ineal  g round  plexus  af ter  r emova l  of bo th  
super ior  cervical  ganglia ,  only  a few single f ibres hav ing  been lef t  in some prepa-  
ra t ions ,  the  conclusion can be d rawn  t h a t  the  p ineal  orgaa,  for the  fa r -mos t  par t ,  
is i nne rva t ed  b y  pos tgangl ionic  fibres or ig ina t ing  in these  ganglia ,  the  t e rmina l  
in t e r s t i t i a l  s t r ands  consist ing of the  t e rmina l  pa r t s  of these postgangl ionic  axons.  
This  concept ion does not  t ake  into  account  the  s lender  and mere ly  theore t ica l  
chance t h a t  t r a n s s y n a p t i c  degenera t ion  might  poss ib ly  occur v ia  synap t i c  con- 
nexions be tween  postgangl ionic  f ibres  and  a nervous  ne twork  cons t i tu ted  by  the  
in te r s t i t i a l  cells. 

On the  g round  of the  present  observa t ions  as well as on t h a t  of the  resul ts  
ob ta ined  f rom elec t ronmicroscopical  examina t ions  i t  is no t  felt  t h a t  there  is any  
need to accept  the  hypotheses  of MEYH~G and  JABO~ERO. 
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Our conclusion is in accordance with  the  opinion of some l ightmicroscopis ts  
l ike SZENT.~OOTHAI (1957) and ttILLARP ( 1 9 5 9 a ) a s w c l l a s  of the  e leetronmicro-  

scopists men t ioned  earlier in this paper. Moreover,  the  observa t ion  t h a t  degenera-  
t ion  of the  g round  plexus occurs af ter  e l iminat ion  of postganglionic  f ibres has 
been also repor ted  by  other  invest igators .  Therefore,  this  conclusion is cor- 
roborated.  

NELEMANS and DOOTEROM (1955), for instance, found rapid degeneration of the interstitial 
ground plexus in the iris of rats and in the rabbits ear after thorough ortho- as well as para- 
sympathetic denervation. Thus, these authors were likewise unable to confirm the supposed 
independence of the "interstitial network" with respect to the ortho- and parasympathetic 
systems. SZENT~.GOT~AI (1957), in his comprehensive paper, observed degeneration of the 
terminal autonomic nervous strands in a number of organs, proving that these may contain 
ortho- as well as parasympathetic postganglionic fibres and sensory fibres as well. HILLARP 
(1959a) cites investigations following which the autonomic ground plexus degenerates in the 
submandibulary gland and in the pars intermedia of the pituitary after section of the inner- 
vating nerves. This same author mentions degeneration of fine varicose fibres in the endnet 
enclosing the smooth muscle layer of the small vessels in the iris after sympathectomy. These 
fibres disappeared completely although interstitial cells were faintly visible at some places. 

Final ly ,  we will t u r n  to the  discussion of the  s t ructures  observed  in the  

epiphysis  in the ra t  which, in our  opinion, are p robab ly  au tonomic  efferent  endings. 
The  following gives a short  his torical  su rvey  on nerve  endings in the pineal  organ 

and glands in general.  

Terminals on pinealocytes have probably been first mentioned by CAJAL (1904) who 
observed them in mice. According to him they are of autonomic origin. FAVARO (1904) 
found similar structures in rodents, doubting, however, whether they were endings of auton- 
omic fibres. Following WA~LTER (1913), CAJAL also demonstrated arborizations, ending with 
terminal knobs, in the epiphysis of the rabbit, cat and dog. BOEKE (1934), in his beautiful 
study on the innervation of glands, described intracellular that is intraplasmatic endings of 
"neurofibrils" extending from the ground plexus. From his more recent publications (e. g. 
1949), however, it does not clearly appear whether he is true to this previous opinion defending 
a closed terminal formation of the ground plexus and the conception of chemical transmission 
of stimuli by the ground plexus to the effector cells. According to CHAMPr, COUJARD and 
COUJARD-Cm~PY (1945/46), the innervation of the salivary glands is mainly sympathetic 
and adrenergetic. These authors describe an interacinous ground plexus from which extremely 
fine branches penetrate between the cells of the acini probably likewise forming networks 
which show tiny endings. These terminals do not have an intraplasmatic position, though 
this is suggested by some sections, ending on the surface of the cells. The findings of BOEKE 
and of Cm~MPY and collaborators obtained in glands arc very similar to ours in the pineal 
organ in the rat this being the reason why we mention them here. I t  is of importance that 
CHA~PY and his co-workers hold that the ground plexus, apart from exerting a secretory 
function, would have at the same time atrophic  influence (see also COUJA~D 1955). This 
opinion is related to the question whether denervation of the epiphysis would stop secre- 
tion of the pineal cells, This problem will, however, not be dealt with in the present paper. 

In the epiphysis of many mammals, MAZZUCCHELLI (1950) was able to observe ovoidal, 
spherical, lobiform and fusiform endings of probably autonomic origin showing relations 
with the vessels as well as with the pinealocytes. He suggests that at least some of 
these terminals may be sensory, especially those "quale le grosse capocchie". This would 
prove the theory mentioned before that the epiphysis is a regulatory organ, at least according 
to M)xZZUCCttELLI. This author, however, is most careful in regard to the interpretation of 
the endings observed, saying that they could possibly be the result of degenerative and 
regenerative phenomena. GARDNER (1953) found nerve terminals in the epiphysis of the 
hooded rat interpreting them as endings of nerve fibres derived from the commissures. 
Earlier in this paper it has been shown that this opinion is rather improbable. Some few 
annular autonomic nerve endings were seen by HARTMANS (1957) in the pineal organ of cattle. 

Z. Zellforsch., rid. 52 14 
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As has been mentioned before, the epiphysis of the albino ra t  was found to con- 
ta in  a very  extensive autonomic  interstitial network showing, for the most  part,  an 
interfollicular position. F r o m  this network extremely fine single fibres or small 
bundels of few fibres were seen branching and penetrat ing between the cells 
const i tut ing the follicles. So far, our results are in good accordance with those 
of BOEKE and of CItAMPY and coworkers investigating the terminal  innervat ion 
of glands. Intrafoll icnlar interstit ial cells could not  be observed. This agrees 
with the description of CHAMPY and collaborators describing and illustrating 
interstit ial  cells exclusively in the interacinous nervous strands. 

Al though some th in  fibres in the terminal strands seem to show small endknobs 
we hesitate to accept  their actual  existence. Most probably,  the cut end of 
fibres will have simulated these endings. Neither intrap]asmatie fibres nor 
endings of such fibres could be clearly demonst ra ted  in the pinealocytes. The 
results of recent electronmicroscopical investigations, moreover,  are incompatible 
with the concept, held by some previous authors,  t ha t  continui ty would exist 
between nervous plasm and the plasm of the effector ceils. 

On the other hand, the ra ther  large structures seen in the series stained 
according to the technique of CItAMI~Y-CouJARD, described and already discussed 
in the previous chapter  (Fig. 40), certainly show the appearance and characteristics 
of nerve terminals. The fact  tha t  they  stain black using the osmic acid-sodium 
iodide mixture  suggests tha t  they  are not  of a sensory nature  but  most  probably  
autonomic  efferent terminals ending on pinealocytcs. Most certainly, they  are 
not  related to the fibres of eommissural origin and confusion with equally blackened 
interstit ial  cells or with beads of autonomic  fibres is out  of the question. Till 
now, we have not  been able to demonst ra te  these endings beyond doubt  in silver 
preparations.  

The possibility of their demonstration and their differing size and shape may be related 
to a varying functional state of these terminal structures. GABRIELESCO and BORDEIANV 
(1959), for instance, observed that the terminal parts of autonomic fibres as well as their 
terminal arborizations in the wall of the uterus of rabbits react on physiologieal stimulation of 
the organ by hormones or drugs. Using vital staining with methylen blue, they showed a. o. 
an accentuation of the varicose disposition of the fibres and a hypertrophy of their terminal 
endings presenting an increased stainability. 

According to the description of MAZZUCCnELL~ (1950), the pineal endings 
observed by  this au thor  are very  similar to those seen in the epiphysis of the 
albino rat.  They  show also some resemblance to the large endings of autonomic 
fibres ment ioned and il lustrated by  STOHR (1957; Figures 78, 269 and 270) in 
the adrenal medulla which are, however, synaptie  endings of preganglionie fibres 
on nerve cells. After  removal  of both superior cervical ganglia the endings in 
the epiphysis of the rat  disappeared as the terminal  autonomic innervat ion did. 
That ,  in the albino rat,  a practical ly tota l  denervat ion of the cpiphysis can be 
obtained after performing this operat ion strongly suggests t ha t  the autonomic 
network in the pineal organ is exclusively of or thosympathet ie  origin no para- 
sympathe t ic  fibres being involved. 

Summarizing,  the discussion of the descriptive results obtained by  examinat ion 
of the autonomic  innervat ion of the epiphysis in the albino rat,  of the degeneration 
of the terminal  innervat ion after sympa thee tomy  and of the results of recent 
eleetronmicroseopieal investigations leads to the conclusion tha t  the interstitial 
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terminal fibre strands are constituted by  the axons of postganglionic fibres 
originating in the superior cervical ganglia. These fibres are embedded in lemno- 
cytes and, especially in their peripheral terminal parts, by interstitial cells which, 
most probably, belong to the same category of cells as the lemnocytes do. Apar t  
from the rather  large endings described, terminal endings of the axons could 
not be demonstrated.  This is not astonishing as these endings will be so small 
tha t  they are submicroscopic and exclusively demonstrable using the electron- 
microscope. A closed terminal network is not conceivable regarding the results 
of electronmicroscopical investigations. This conception does not exclude the 
possibility tha t  the stimulus, finally reaching the effector cells, is t ransmit ted 
by  one or more neurohumors, produced in the terminal parts of the post- 
ganglionic axon ramifications constituting the terminal bundles. 

Summary 

In  this paper, a description is given of the development of the cpiphysis 
cerebri of the albino rat  and of some structures showing topographical relations 
with this organ. Furthermore,  the innervation of the pineal body is examined 
in normal adult rats as well as in a number  of specimens in which both superior 
cervical ganglia were removed. The main conclusions can be summarized as follows. 

1. The anlage of the cpiphysis first appears on the 14th day of embryonic 
development. 

2. The epiphysis develops by  follicular proliferation of the wall of the epi- 
physeal evagination. In  the rat,  especially the rostro-dorsal part  of this wall is 
involved in the process. 

3. Leptomeningeal mesenchyme containing vessels grows in between the 
pineal follicles. The adult organ shows a dense vascular network. I t  is a compact 
structure consisting of cellnests the follicular structure of which can be still 
distinguished at  many  places. 

4. In  embryos, aged 14 days, fibres could be clearly demonstrated in the 
caudal commissure. The first habenular commissural fibres were shown in 
embryos of the 16th day. 

5. During development the true pineal recess of the third ventricle disappears 
by  fusing of the epiphyseal peduncles. In  the adult, a small recess bordered by  
the intercalary lamina is sometimes present between the habenular and the caudal 
commissure. This recess of the third ventricle has been termed intercommissural 
recess. 

6. During early postnatal  development the pineal body gradually shifts 
in a caudal and somewhat dorsal direction. In  the adult brain it shows a super- 
ficial position just in front of the cerebellum between the caudal collicles. I t s  la- 
teral parts are sometimes covered by  the caudal poles of the cerebral hemispheres. 

7. The epiphysis is enveloped by a sheath of lcptomeningeal origin. The floor 
of the confluens sinuum covers the dorsal surface of the organ. 

8. The pineal body keeps its connexion with the eommissural region by  means 
of a thin and slender avaseular epiphyseal stalk consisting of pinealoeytes, pin- 
ealoblasts and fibrocytes. This stalk can be divided topographically in three 
parts. Dorsal to it either two veins, vena prosencephali mediana and vena 
eerebri magna, are present or a single large vena cerebri magna. These veins 

14" 
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discharge into the confluens sinuum. The vena prosencephali mediana may 
fuse either phylogenetically or ontogenetically with the vena cerebri magna 
originally present. This, then, results in the formation of a single large vena 
cerebri magna draining, a. o., the choroid plexuses of the third as well as those 
of both lateral ventricles and the basal veins. 

9. In  the epiphyseal stalk nerve fibres could be constantly demonstrated. 
Most of the fibres derive from the habenular commissure the contribution of 
fibres from the caudal commissure being only small. The nerve bundle in the 
epiphyseal stalk has been termed commissuro-epiphyseal tract. 

10. The fibres of the commissuro-epiphyseal tract are aberrant commissural 
fibres. They are of no functional significance for the innervation of the pinealo- 
cytes. They may leave the stalk or the rostral part of the epiphysis passing into 
the surrounding leptomeningeal tissue. Other fibres, after having entered the 
pineal organ, perform loops of 1800 returning to the commissural region in the 
epiphyseal stalk. In one case an ending of a commissuro-epiphyseal fibre was 
seen. This, however, was most probably not a functional terminal. Very rarely, 
single commissuro-epiphyseal fibres were seen running as far as the caudal part 
of the organ. 

l l .  The epiphysis shows an extensive autonomic innervation which is princi- 
pally supplied by two nervi conarii, bilaterally present. These nerve fascicles 
course in the tentorium cerebelli penetrating into the epiphysis underneath the 
floor of the confluens sinunm. 

12. After removal of both superior cervical ganglia the fibres of the nervi 
conarii degenerate evidently being postganglionic fibres originating in these 
ganglia. 

13. The terminal autonomic pineal innervation happens by means of inter- 
follicular strands of fibres from which thin single fibres or very small fibre bundles 
were seen branching and penetrating the follicles or cellnests of pinealocytes, thus 
running intrafollicularly. 

14. Structures being most probably autonomic motor terminals have been 
observed. They are exclusively related to the pinealocytes, not to the vascular 
walls. 

15. Among the interfollicular fibre strands interstitial cells have been observed. 
The present author is inclined to share the opinion of investigators holding that  
these cells are not of a nervous nature but belong to the same category of cells 
as the lemnocytes do. 

16. After removal of both superior cervical ganglia the terminal intrapineal 
autonomic innervation was seen to disappear completely. In very few prepa- 
rations only some rare fibres were left. Evidently, pineal innervation is mainly, 
if not exclusively, orthosympathetic. 

17. On the ground of the observations mentioned as well as of the results of 
recent electronmicroscopical investigations it has been concluded that  the inter- 
as well as the intrafollicular fibres and fibre strands consist of the thin terminal 
ramifications of postganglionic nerve fibres originating in the superior cervical 
ganglia. Proof of the existence of a sensory innervation of the epiphysis has not 
been found so far. The opinion of some authors, holding that, in general, the 
terminal autonomic "neurofibrillar network" would be formed by the interstitial 
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ceils  p r e s u m a b l y  b e i n g  s y n a p t i c a l l y  c o n n e c t e d  w i t h  p o s t g a n g l i o n i c  f ibres  is  

d i scussed  a n d  cons ide red  i m p r o b a b l e .  
18. I n  t h e  ra t ,  so far ,  n e i t h e r  n e r v o u s  n o r  v a s c u l a r  r e l a t ions  h a v e  b e e n  o b s e r v e d  

p o i n t i n g  t o  t h e  ex i s t ence  of an  , , e p i t h a l a m o - e p i p h y s e a l - "  or  , , h a b e n u l o - e p i p h y s e a l  

c o m p l e x "  t h a t ,  in  a n y  w a y ,  cou ld  be  c o m p a r e d  w i t h  t h e  h y p o t h a l a m o - h y p o p h y s e a l  

c o m p l e x .  
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