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I . IN T R O D U C T IO N

I t  is generally  accep ted  th a t  th e  preganglion ic fibres of th e  c ra n ia l au to 
nom ic ou tflow  arise from  cells in  a series o f nuclei, s ta rtin g  o ra lly  w ith  th e  
E dinger— W estphal nucleus an d  ending  caudally  w ith  th e  dorsal m o to r  vagal 
nucleus, w hich co n stitu te  th e  general v iscera l efferent colum n in  th e  b ra in  
stem . S till th e re  is some u n c e rta in ty  concerning iden tification  of th e  p regang lion ic  
n e rv e  cells, as d ifferent k inds of cells a re  ly ing  close toge ther in  th e  sam e  area , 
a n d  especially  concerning th e  rep re sen ta tio n  of d ifferent functions in  d iverse  
p a r ts  o f th is  colum n. These difficulties are  m ain ly  due to  th e  in a d e q u a c y  o f  th e  
te ch n iq u e  applied . Most of th e  d a ta  concern ing  th is  colum n are  g a in e d  from  
chrom id ia l changes a fte r sec tion ing  of p e ripheric  branches of th e  re sp e c tiv e  
nerves o r ex tirp a tio n  of v eg e ta tiv e  c ran ia l gang lia . B u t if  we consider th e  diffi
cu lties in  recognizing early  re tro g rad e  changes in  nerve  cells, we m ay  u n d e rs ta n d  
th e  d ia m e tra l contrad ic tions in  th e  rep o rts  o f d ifferen t au thors.

Som e years  ago we in tro d u ced  a new  tech n iq u e  [12, 14, 15, 1 6 ] in  o rd er 
to  d e te rm in e  m ore exactly  th e  fu n c tiona l rep resen ta tio n  in m o to r n u c le i. A fte r 
sm all lesions h ad  been p laced  b y  m eans of th e  H orsley—Clarke .s te re o ta x ic  
m e th o d  in to  d ifferen t p a rts  of th e  m o to r nuclei, subsequen t secondary  d eg en e ra 
tio n  w as in v estig a ted  in  several b ran ch es o f th e  respective nerve an d  th e  m uscles 
sup p lied  b y  th e  nucleus. T h is m eth o d  has fu rn ish ed  more c learcu t r e s u lts  th an  
even  th e  m eth o d  of elective s tim u la tio n , w hich is, how ever, superior to  th e  m e th o d  
of re tro g ra d e  degeneration , th o u g h  erro rs caused b y  stim ulation  o f su p ra n u c le a r  
p a th w a y s  in stead  of th e  nuclei m ay  occur.

W e therefo re  decided to  in v estig a te  th e  ex ac t location of th e  n e rv e  cells 
g iv ing  orig in  to  preganglionic fibres of th e  c ran ia l nerves b y  p la c in g  sm all 
e lec tro ly tic  lesions in to  d iffe ren t p a r ts  of th e  assum ed  general v isce ra l e fferen t 
co lum n o f th e  b ra in  stem . Secondary  d egenera tion  was very  th o ro u g h ly  in v e s ti
g a ted  in  th e  branches of cran ia l nerves w ith  au tonom ic functions a n d  in  th e  
cran ia l au tonom ic  ganglia.

«*
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TI. M A T E R IA L  AND M E T H O D S

Our investigations were carried out on adult cats. Lesions were set with the aid of a 
modified Horsley—Clarke apparatus. Ear plugs were not inserted into the external auditory 
meatus because of the danger of injuring the postganglionary branches of the superior sympa
thetic cervical ganglion, which are known to traverse on cats in great number the tympanic 
cavity, as well as the chorda tympani and the lesser superficial petrosal nerve. Instead a small 
hole was prepared with a dentist drill on both sides directly above the root of the arcus zygo- 
maticus in a vertical line erected on the center of the auditory pórus. Ear plugs were replaced 
by sharply pointed coni, which were inserted into the prepared holes.

The operated animals were sacrificed after 4—5 days, and the material fixed in a 1 :4  
solution of neutral formol. The exact site of the lesions was determined on serial sections, the 
secondary degeneration of the preganglionic fibers and pericellular apparatuses was investi
gated on frozen sections after silver impregnation with the Bielschowsky—Gros method.

I I I .  T H E  E D IN G E R -W E S T P H A L  N U C LEU S

Several years ago we [13] investigated the exact origin of the preganglionic fibers sup
plying the ciliary ganglion by the same method. We herewith summarize our main results.

The Edinger— Westphal nucleus is generally described to be situated in the rostral portion 
of the oculomotor nucleus. Two groups of cells are distinguished : the medial group is lying
wedge-like between the divergent oral poles of the motor nucleus ; the other one consists of two 
dorsolateral groups situated above and in front of the oral poles. It is presumed that the dorso
lateral group gives rise to preganglionic fibers innervating the sphincter of the iris and the 
medial to those innervating the ciliary muscle. According to other authors the reverse holds 
true, and again to others no such functional localization exists in the Edinger— Westphal nucleus.

The first striking fact noticed in the course of our investigations mentioned above was 
the discordance between the number of nerve cells in the so called Edinger— Westphal nucleus 
and of the preganglionic fibers within the radix brevis of the ciliary ganglion. The number of 
the preganglionic fibers of the ciliary ganglion has been determined by Wolf [18] and ourselves 
(unpublished) several times and found to be on cats about 2000 on each side. The cell number 
of the medial group only of the Edinger—Westphal nucleus (count of the nucleoli on Nissl series) 
of the same animal is over 10 000 if the limits of the group are drawn rather narrowly. The cell 
number of the two dorsolateral groups together is about the same. Thus the so called Edinger— 
Westphal nucleus has at least five times as many nerve cells, as there are preganglionic fibers 
to the ciliary ganglion. From these facts the conclusion must be drawn,’ that most of the cells 
in the territory of the Edinger— Westphal nucleus do not give rise to preganglionic fibers.

In complete accordance with this conclusion stereotaxic lesions of the medial group do 
not cause any signs of secondary degeneration within the radix brevis of the ciliary ganghon. 
Secondary degeneration was only seen when the lesions destroyed the close dorsolateral neigh
bourhood of the rostral part of the oculomotor nucleus and a small region immediately rostrally to 
its rostral pole. — After lesion of the basal laminae of the lateral geniculate body, the pretectal 
region, or the posterior commissure, degeneration of synapses was found to be confined strictly 
to the same region. Since by these lesions the second neuron of the reflectoric pupillomotor 
pathway had been destroyed (intrinsic neurons of the retina not considered), these degenerated 
synapses were thought to belong to this path, which is another strong evidence in favour of our 
assumption, that only the dorsolateral and anterior part of the so called Edinger— Westphal 
nucleus can be considered as preganglionic center of the intraocular muscles. Even the number 
of cells within this restricted region is more than about two times larger than the number of 
preganglionic fibers. We therefore made a careful investigation of the cytoarchitectonies of this 
region on Nissl preparations. Two types of nerve cells were found (fig. 8. b. 1 and 2 of our paper 
referred to above) ; the small type is characterized by its chromidial substance, which is aggre
gated into two semilunar clods near the surface, the other type is very similar to the motoneu
rons though somewhat smaller with largely granulated chromidial bodies. Since the medial 
cell group, which had been found to have nothing to do with preganglionic fibers, is built up 
exclusively by the small type, it is inferred, that only the larger type should be considered as 
cells of preganglionic fibers. In accordance with this degenerated synapses were found only 
around these larger cells after lesions of the posterior commissure or the lateral geniculate body 
We must refer to our original paper for further details.
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IV . T H E  LA CRIM O -SA LIV A RY  COLUMN

T he second p a r t  o f th e  general visceral e ffe ren t colum n is th e  so - called 
sa liv a ry  nucleus (K o h n sta m m  [5], Yagita  [19]), w h ich  is generally  described 
as ly ing  in  th e  re ticu la r fo rm atio n  a t  th e  ju n c tio n  o f th e  pons an d  th e  m edulla. 
As determ ined  earlier b y  th e  ch rom ato ly tic  m eth o d  an d  la te r  b y  stim u la tio n  in
th e  m onkey  (M agoun  a n d  Beaton  [9]), i t  ex ten d s  from  th e  genu of th e  facial»
n erv e  to  th e  nucleus o f  th e  hypoglossus. A ccord ing  to  th e  above m en tio n ed  
au th o rs  it  lies ju s t  la te ra lw a rd  from  th e  m ed ia l p lan e . More recen tly  th e  s ti
m u la tio n  experim ents o f W ang  [17] have rev ea led  a m ore la te ra l an d  more 
c ran ia l localization. T he efferen t fibers arising  from  th e  m ore caudal po rtion
— th e  so called in fe rio r sa liv a ry  nucleus — jo in  th e  g lossopharyngeal nerve 
an d  are runn ing  to  th e  o tic  ganglion. Those o rig in a tin g  in  th e  ro s tra l p o rtion
— th e  superior sa liv a ry  nucleus — are conveyed  v ia  th e  chorda ty m p a n i to  
th e  subm axillary  ganglion.

In  our own ex p erim en ts  degeneration  w ith in  th e  d ifferent preganglionic 
b ran ch es of th e  » lacrim o-salivary«  ganglia w as in v es tig a ted  and  th e  following 
re la tionsh ip  w ith th e  sites o f th e  lesions was experienced .

1. Greater superficial petrosal nerve

Clear signs of d eg enera tion  were d e tec ted  in  th is  nerve, w henever the 
lesion w as s itu a ted  la te ra lly  an d  behind the  m o to r trig em in a l nucleus an d  medio- 
do rsa lly  from  the  ro stra l p a r t  of the  spinal t r a c t  o f th e  trigem inus. Som e degene
ra tio n  w as also found in case th e  lesion had  been p laced  betw een an d  som ew hat 
do rsad  to  th e  m otor an d  p rin c ip a l sensory trig em in a l nucleus (fig. 1. [1 ] ) .Signs of 
degeneration  gradually  d isap p ea r if the  lesion h ad  b een  s itu a ted  in  th e  level of, 
o r m ore caudad  th a n  th e  genu  of th e  facial nerve .

T he sam e region w as also explored w ith  e lec tric  stim u la tion . T he am oun t 
o f lac rim al secretion w as determ ined  b y  sm all s tr ip s  of filte r-paper inserted  
in to  th e  con junctival sack . T he w eight of th e  p a p e r  w as determ ined  b y  a to rsion  
ba lance  before and a fte r  s tim u la tio n . S tim ula tion  of th e  region m en tio n ed  above 
y ie lded  12 —15 m g/m in lac rim al flu id  in  com parison  to  3 —4 m g/m in  on th e  
o th e r side. H ypersecretion  of th e  nasal m ucous m em branes w as also no ticed  
d u rin g  these  experim en ts, b u t  th e  am ount of i t  could  n o t be de te rm in ed . The 
field from  w hich a sign ifican t rise  of lacrim al an d  n asa l secretion can  be  elicited 
b y  stim u la tio n  sligh tly  ab o v e  th resho ld  (m easured on th e  th reshold  o f th e  m otor 
trig em in a l nucleus) w ith  fa rad ic  cu rren t is m uch  la rg e r th a n  th e  one from  
w hich degeneration  can  b e  evoked  b y  placing lesions. T h is clearly  show s th a t  
also p renuclear system s (an d  perhaps longer d en d rits )  of th e  v isceral efferent 
neu rons are s tim u la ted , w hich  m akes difficult to  de term ine  th e  ex ac t lim its 
of th e  nuclei.
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2 . Chorda tym pani

D egeneration  of m y e lin a te d  fibres of sm aller d iam eter is fo u n d  in  th e  
c h o rd a , w henever th e  lesion  s itu a te d  dorsom ediad  from  th e  nu c leu s of th e  
tr ig e m in a l  spinal t r a c t  lies b e tw een  the level ra th e r  ro s tra d  to  th a t  o f th e  facial 
g e n u  (fig . 1. [2]) an d  th e  lev e l of th e  ro stra l pole of th e  facial nucleus. This 
is  a b o u t  th e  same region th e  s tim u la tio n  of w hich y ielded  m axim um  su b m ax illa ry  
s e c re tio n  in  the  ex perim en ts of W ang  [17]. — T he m edium -sized m y elin a ted  
fib res  o f  th e  chorda, being  sen so ry  fibres w ith  th e ir  cells of origin in  th e  gen icu late  
g a n g lio n , do no t a t  all d eg en e ra te  a fte r lesions in  th e  b ra in  stem .

<

3. Lesser superficial petrosal nerve

D egeneration  of sm all m y e lin a ted  fibres w as found  in th is  n erve , when 
th e  les io n  situa ted  m ed ia lly  o f th e  nucleus of th e  trigem inal sp in a l t r a c t  lies 
b e tw e e n  th e  level ra th e r  c a u d a d  from  the  facial genu and  th e  level som ew hat 
c ra n ia d  from  the  caudal po le  o f th e  facial nucleus. T h u s th e  cells o f origin of 
th e  preganglionic fibres o f th e  otic  ganglion are  s itu a ted  d o rso la te ra lly  and  
so m e w h a t cranially  from  th e  fac ia l nucleus w ith in  th e  la te ra l re tic u la r  fo rm ation . 
T h is  is  approx im ate ly  th e  sam e, th o u g h  a little  m ore lim ited  reg ion , th e  s ti
m u la tio n  of which y ie lded  a m ax im um  of p a ro tid  secretion  in  th e  experim en ts 
o f  W ang.

4. Lingual and pharyngea l branches o f the glossopharyngeal nerve

Som e m yelinated  fib res o f sm all d iam eter a re  show ing su b seq u en t secondary  
d e g e n e ra tio n  a fte r lesions d o rso la te ra lly  from  th e  poste rio r h a lf  o f th e  facial 
n u c le u s  (fig. 1. [4 ]). T hese d eg en e ra ted  fibres can be traced  to  m u ltip o la r ganglion 
ce lls , w hich  are sca tte red  in  th e  tongue, m o stly  in  close ne ighbourhood  of the  
l in g u a l branches of th e  IX  n e rv e , an d  to  some u p p e r ganglion cells o f th e  p h a ry n 
g ea l p lexuses. These d e g en e ra ted  fibres m u st be  considered as sec re to ry  fibres 
fo r  th e  sm aller salivary  g lan d s  in  th e  posterio r p a r ts  o f th e  tongue a n d  th e  upper 
p h a ry n g e a l mucosa.

*
*  *

T hese results enab le  a localization  of th e  secre to ry  preganglion ic  neurons 
o f  th e  lacrim al gland a n d  th e  n asa l m ucous m em branes, and  lend  fo r th e  salivary  
n u c le i a m ore exact lo ca liza tio n  th a n  h ith e rto  k now n . W e m ay  g a th e r  all these 
n u c le i  in to  a com m on » lacrim o-salivary« colum n w hich  begins w ith  its  oral pole 
d o rs a lly  wedged b e tw een  th e  p rincipal sensory  an d  m otor trig em in a l nuclei 
a n d  ex ten d s to  the  level o f  th e  caudal ha lf of th e  fac ia l nucleus (F ig . 1). O n cross
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sections of th e  b ra in  stem, th e  colum n is s i tu a te d  cran ially  dorsom ediad , m ore 
cau d a lly  m ed iad  from  th e  sp inal t r a c t  of th e  trig em in u s. — O n N issl p re p a ra tio n s  
i t  is d ifficult to  id en tify  th e  preganglionic nerve  cells am ong th e  sc a tte re d  cells 
of d iffe ren t ch arac ter. F rom  th e  fac t th a t  th e  to ta l  cell n u m b er in  th is  region 
is m uch  la rger th a n  th a t  o f th e  preganglion ic fibres in  th e  above m en tio n ed  
b ran ch es of th e  V II  an d  IX  nerve, we m u st in fe r th a t  d ifferen t k in d s o f cells

The »lacrimo-salivary« column of the brain stem. 1. Cells supplying the lacrimal gland and the 
nasal and palatal mucous membranes via greater superficial petrosal nerve and sphenopalatine 
ganglion. 2. Nerve cells supplying the submandibular and sublingual glands via chorda tym
pany. 3. Preganglionic neurons to the otic ganglion conveyed by the lesser superficial petrosal 
nerve. 4. Preganglionic neurons for smaller ganglion cell groups attached to branches of the

glossopharyngeal nerve

are  in term ing led . T he roo ts of th e  colum n do n o t p a rtic ip a te  in th e  in te rn a l 
facial genu, since a fte r  its  lesion no degenera tion  in  th e  veg e ta tiv e  b ran ch es 
is found .

T he lacrim o-salivary  colum n has fa irly  c lear functional subd iv isions, 
th o u g h  th e re  ex ists a considerable overlap b e tw een  th e  cells w hich g ive origin 
to  preganglion ic  fibres fo r th e  d ifferen t gang lia . T he secretory  cells fo r th e  
lac rim al g land , th e  nasa l an d  p a la tin a l m ucosa a re  localized in its  m o st ro s tra l 
p a r t .  B eh ind  th em  th e  secreto ry  cells for th e  sublingual and  su b m an d ib u la r
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g la n d , a n d  in  its  cauda l p a r t  those for th e  p a ro tid  g land and  p o ste rio r lingual 
a n d  u p p e r  p haryngea l g lands are situ a ted . T h e  sa liv a to ry  nuclei a re  s itu a te d  
m o re  c ran ia lly  as th o u g h t b y  earlier au th o rs  a n d  generally  described  also in  
r e c e n t hand-books of neu ro -an a to m y .

У . T H E  E F F E R E N T  N U C L E U S F O R  IN N E R V A T IO N  OF P H A R Y N G E A L  
A N D  E SO PH A G E A L  S T R IA T E D  MUSCLES

T h e  function  an d  nerve  supp ly  of p h a ry n x  an d  esophagus s tan d s  betw een  
so m a tic  and  tru e  v eg e ta tiv e  in n erva tion . T h is is p a r tly  due to  th e  fa c t, th a t

A В
Fig- 2

Recurrentl aryngeal nerve after lesion of the retrofacial nucleus (A) with large diameter fibres 
(to laryngeal muscles) intact, some fibres of small diameter (to the left) degenerated. (B) The 
same nerve after lesion of the caudal portion of the nucleus ambiguus. Fibres of large diameter 

degenerated (both sides), small fibres (center) intact

th e i r  m u scu la tu re  is p a r t ly  s tr ia te d  and  p a r t ly  sm ooth . B u t even th e  function  
o f  t h e  s tr ia te d  m uscles h as  certa in  fea tu res resem bling  those of au tonom ically  
in n e rv a te d  organs. T he m o to r end-p lates of th e se  s tria ted  m uscle fibres belong
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to  th e  low er d ifferen tia ted  grape-like ty p e , the m o to r fibres, though  being  m y e lin a t
ed , are exclusively  of sm all d iam ete r. T he p re te rm in a l p a r t  of these  fib res looses 
its  m yelin  sh ea th  and  form s rich  plexuses w hich  are v e ry  sim ilar to  th e  well 
know n v eg e ta tiv e  p re te rm in a l p lexuses.

T he nerve cells supp ly ing  th e  d ifferen t k inds of oesophageal m u scu la tu re  
a re  n o t sufficiently  localized. I t  is generally  believed  th a t  th e  s tr ia te d  m uscles 
a re  in n e rv a te d  d irec tly  b y  n e rv e  cells ly ing  in  th e  nucleus am biguus, w hereas 
sm ooth  m uscle fibres, — re lay ed  b y  peripheric  ganglion cells —, b y  cells s itu a te d  
in  th e  dorsa l v agal nucleus.

In  o u r experim ents a b u n d a n t degenera tion  of nerve  fibres an d  m o to r  end- 
p la te s  w as encountered  if  lesions h ad  been  se t im m edia te ly  caudal to  th e  facial 
nucleus. R egardless w hether th e  fibres are  leav ing  th e  b ra in  stem  th ro u g h  th e  
IX  n e rv e  (those supply ing  th e  u p p e r  tw o th ird  of th e  p h a ry n x ), o r  th ro u g h  
th e  X  (those supplying th e  low er th ird  of th e  p h a ry n x  and  th e  oesophagus) 
th ese  fibres are arising from  a sm all region, w hich is often  referred  to  as nucleus 
retrofacialis ( Jacobsohn) ,  th e  re la tio n  of w hich to  th e  IX  an d  X  n e rv es  has 
o ften  been  denied (Ziehen  [20]). T he d ifficulty  of identification  of these  cells w ith  
th e  m o to r rad icu la r cells is due to  th e  fac t th a t  th e y  are m uch sm aller. B u t th is  
harm onizes w ith  th e  sm all d iam e te r of th e  fibres supp ly ing  th e  s tr ia te d  m uscle 
fibres o f th e  p h a ry n x  and  esophagus. I t  is w idely know n th a t  th e re  is a  re la tion  
betw een  th e  size of th e  m o to r rad icu la r cells an d  d iam eter (also len g th ) of 
th e ir  fibres. In  all cases w hen th e  lesion w as localized d irec tly  b eh in d  th e  facial 
nucleus, in  th e  recu rren t la ry n g ea l nerve  alm ost all large fibres (su p p ly in g  th e  
la ryngea l m uscles) are in ta c t, w hereas th in  fibres are  degenerated  (F ig . 2). I f  one 
trace s  th is  nerve  upw ard  i t  can  c learly  be seen th a t  th e  d eg en era ted  sm aller 
fibres are  leav ing  th e  nerve  tru n k  th ro u g h  th in  b ranches to  th e  oesophagus. The 
in ta c t fibres w ith  large d iam ete r are  rem ain ing  in  th e  tru n k  an d  reach in g  th e  
la ryngea l m uscles. — In  ca ts  an d  dogs, w here th e  s tr ia te d  m uscles a re  reach ing  
th e  level o f th e  d iaphragm , even th e  low est s itu a te d  m uscle fibres a re  supplied  
b y  th e  sam e nucleus. VI.

V I. T H E  D O R SA L M OTOR VA G A L N U CLEU S

T he dorsal m o to r v ag a l nucleus (nucleus a lae  cinereae m edialis) is genera lly  
considered to  be  th e  low er an d  m ost im p o rta n t p a r t  of th e  genera l v isceral 
e fferen t co lum n of the  b ra in  stem . In  th e  older lite ra tu re  th e re  w as m u ch  co n tro 
v ersy  a b o u t th e  localization  o f  functions in  b o th  th e  dorsal an d  th e  nucleus 
am biguus [for reference : Ziehen  1. с ] . T here w ere m any  excellent in v es tig a to rs  
as B u n z l— Federn[ 2 ] , H udovernig  [3 ], K osaka  an d  Yagi ta [7 ] and  severa l o thers, 
who on th e  basis of ch rom ato ly tic  findings localized th e  origin of p reganglion ic  
fibres especially  for th e  lung  an d  th e  h e a r t in to  th e  nucleus am b ig u u s or
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i ts  im m edia te  n e ighbourhood . S trangely enough in  th e  m odern  lite ra tu re  ev ery 
b o d y  tak es  it  for g ra n te d  t h a t  all preganglionic fibres are arising  from  th e  so 
called  dorsal nucleus. W e c a n n o t exactly  u n d e rs ta n d  th is  change of opinion, since 
all, ea rlie r and m o d ern , au th o rs , have been  u s in g  th e  sam e ch rom ato ly tic  
m e th o d .

In  a num ber o f ex p erim en ts  we p laced  sm all lesions w ith  th e  aid  of th e  
H orsley— Clarke te ch n iq u e  in to  th is  nucleus in  o rd e r to  determ ine th e  exact 
o rig in  of th e  p reganglion ic  fibres for d ifferen t th o ra c ic  and  abdom inal organs. 
T o  o u r surprise we cou ld  n o t  detect even one d eg en era ted  fibre in  th e  stem , 
o r  in  one of the  b ran ch es  o f  th e  vagus nerve . L a te r  th e  whole ala  cinerea was 
e x tirp a te d  w ith th e  sam e com pletely  n egative  re su lt. A t first we did  n o t believe 
o u r ow n eyes, b u t a t  la s t  th e  fac ts  led us to  th e  conclusion  th a t  no preganglionic 
fibers a t  all o rig inate fro m  th e  so called »dorsa l m o to r vagal nucleus«, i. e. a t  
le a s t th e y  show no d eg en e ra tiv e  changes a fte r  d e s tru c tio n  of th e ir  cells of origin, 
w h ich  does no t seem  to  be  v e ry  probable.

V II . T H E  NUCLEUS A M B IG U U S

In  th e  course o f o u r fu r th e r  inquiries a b o u t th e  cells of origin of th e  p re 
ganglionic fibres in  th e  v a g u s  nerve, the  nucleus am biguus and  its  im m edia te  
ne ighbourhood  was in v e s tig a te d  w ith th e  sam e m ethod . A fter hav in g  p laced 
sm all lesions in to  th e  o ra l h a lf  of th is nucleus, as well as betw een  th is  nucleus 
a n d  th e  nucleus of th e  trig em in a l spinal t r a c t ,  signs of degeneration  w ere found 
in  th e  oesophageal a n d  in  th e  cardiac and p u lm o n a ry  b ranches. In  th e  oesophagus 
ev a lu a tio n  of th e  findings m eets w ith  some difficulties. As in  th e  low er regions 
o f th e  oesophagus s tr ia te d  and  sm ooth m uscles are  in terw oven  to  a ce rta in  
e x te n t  and  supplied b y  th e  sam e in te rm u scu la r p lex u s, i t  is difficult to  decide 
w h e th e r degenerated  fibers a re  really  te rm in a tin g  on ganglion cells, o r are  only 
p assin g  by  and finally  en d in g  on s tria ted  m uscles. In  some cases d egenera ted  
fib res w ere found in  th e  subm ucosa (Fig. 3, b) a n d  a ro u n d  nerve cells w hich  were 
fa ir ly  isolated (F ig. 3, c) from  which we m a y  d raw  th e  conclusion th a t  p re 
ganglionic fibres su p p ly in g  th e  oesophagus are  o rig in a tin g  in th e  oral p a r t  of th e  
n u c leus am biguus. S igns o f degeneration  w ere m u ch  m ore c learcu t in  th e  card iac 
a n d  especially in  th e  p u lm o n a ry  branches (F ig . 4). T he degenerated  fibres could 
be  tra c e d  to  v eg e ta tiv e  n e rv e  cells, where th e y  te rm in a te  as pericellu lar synapses. 
S igns of degeneration  w ere  always scarce, since on ly  sm all lesions could  be 
p laced  in  order to  keep  th e  anim als alive. F ro m  a  large num ber of experim en ts 
th e  im pression is g a in ed  th a t  preganglionic fibers arise especially from  dor
so la te ra l p a rts  of th e  n u c leu s  am biguus, b u t  exclusively  from  th e  o ra l half.

V ery u n fo rtu n a te ly  w e were unable to  ge t c lea rcu t resu lts w ith  th is  m ethod  
concern ing  the  orig in  o f th e  preganglionic fib res in  th e  abdom inal b ranches.
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T h is  fac t seems to  be connected  w ith  th e  fa ilu re  o f th e  degenera tion  m ethod 
in  th is  p a r t  of nerve, th o u g h  besides th e  Bielschow sky— Gros m ethod  th e  Bodian

Fig. 3
Lesion in the oral part of the nucleus ambiguus. Photomicrographs taken from the oesophagus 
in the level of the diaphragm, a) Degenerated fibres in the intramuscular nerve plexus, b) Dege
nerated fiber in the plexus submucosus. c) Degenerated pericellular apparatus around a ganglion 

cell (x). Arrows are pointing to the degenerated fragments

m ethod  was also tr ied . W e canno t explain  th is  fa ilu re , b u t sh o rtly  some facts 
a n d  inferences should  be m entioned  :

1. In the abdominal part of the vagus nerve of cats the majority of fibres is unmyelinat
ed, some fibres of larger diameter are myelinated.

2. The myelinated fibres never show signs of degeneration if the nuclei of the vagus, 
or its roots, are injured, or even the nerve itself is transsected above the ganglion nodosum. But 
subsequent secondary degeneration of these fibres is always seen, if the nerve is cut below the 
ganglion. From these facts it is obvious that the myelinated fibres of larger diameter and to 
some extent those of small diameter and even some unmyelinated fibres, which are also degene
rating, are originating from cells of this ganglion and hence may be considered as sensory fibres.

3. The large majority of the unmyelinated fibres in the abdominal vagus does not dege
nerate after complete transsection of the roots of the IX, X  and XI nerves nor do these degenerate 
after transsection of the vagus nerve below the ganglion nodosum. — With regard to this fact we 
should conclude, that the majority of unmyelinated fibres of the abdominal vagus are post
ganglionary. But then where are their cells of origin? Two possibilities must be considered.
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a) The cells of origin are those scattered cells frequently described in the trunk of the 
vagus nerve.

b)  The cells of origin may be situated in the cervical sympathetic ganglia, as Kiss [4] 
presumes and they join the vagus by anastomoses between the superior cervical and nodose 
ganglion.

Both possibilities must be tested by careful experimental analysis. We have already 
attempted to clear this question by transsecting the vagus nerve in the thoracic cavity below 
the level of the hilus of the lung. On account of results of these experiments, — the number of 
which however is small, — we had the impression that the main difficulty is due to the sträng

Fig■ 't
Lesion in the oral half of the nucleus ambiguus (a), degenerated preganglionic fibres in a pulmon

ary branch (b), degenerating pericellular apparatus in a pulmonic ganglion (c)

fact that secondary degeneration within the lower thoracic and abdominal vagus (concerning 
unmyelinated fibres) does not follow the principles determined in peripheric and central nerve 
fibres and not even those determined in the sympathetic system and in other parts of the cranial 
autonomic outflow especially by Lavrentyev and his co-workers [8, 6, 10]. The method of secon
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dary degeneration has proved itself very useful in tracing fibres of different origin within the 
most intricate peripheric plexuses in our own investigations [11] and in those of other workers [1]. 
It has proved to he useful in this investigation to determine the central origin of the preganglion
ary fibres of the cranial vegetative outflow, but in the abdominal vagus this method seems to 
fail. An extensive experimental analysis of this striking question is being presently pursued 
in this department.

W e are n o t th e  first to  fail in  th e  experim en tal-m orpho log ic  analysis  
o f  th e  abdom inal p a r t  of th e  vagus nerve  an d  th e  connection  of its  fibres w ith  
th e  en te ric  p lexuses. M any au th o rs  claim  to  h av e  found  signs of d eg en era tio n  
in  th e  en te ric  plexuses a fte r  tran ssec tio n  of th e  vagus. B u t th ere  is n o t one re p o rt 
show ing positive signs of axonic  frag m en ta tio n  (except those  o f sensory  
fibers), w hich  is th e  only  accep tab le  conclusive sign of axonal d eg en era tio n . 
A u th o rs  are  b asing  th e ir  conclusions on loss of nerve  fibres in  th e  en te ric  p lexuses, 
w hich  — ta k in g  in to  consideration  th e  fallacies of th e  im p reg n a tio n  m eth o d s 
— n a tu ra lly  proves n o th in g . — B ecause of th ese  difficulties th e  q u estio n  o f th e  
cen tra l origin of preganglionic vagal fiber s to  th e  en teric  plexuses m u s t be p o s t
p o n ed  u n til  th e  co n stitu tio n  an d  m ode of degenera tion  of fibres in  th e  ab d o m in a l 
vagus can  be e luc ida ted . T he sam e applies also to  th e  question  w h e th e r an y  
p reganglion ic  fibres arise  from  th e  so-called dorsal m o to r vagal nucleus. I t  ap p ears  
from  o u r resu lts  th a t  preganglionic fibers for oesophagus, h e a r t an d  lungs do 
n o t  com e fo rth  from  th is  nucleus b u t  o rig in a te  in  oral p a r ts  of th e  nucleus 
am b ig u u s. O n accoun t of th e  difficulties in  trac in g  fibres to  th e  ab d o m in a l 
b ran ch es  w ith  th e  aid  of th e  secondary  degenera tion  m ethod  it  is n ev erth e less  
possib le , — th o u g h  as we shall see in  th e  d iscussion it  is n o t v e ry  p ro b ab le , — 
th a t  th e  nucleus alae cinereae m edialis gives origin to  th e  p reganglion ic  v ag a l 
fibers o f th e  abdom inal organs.

R e tu rn in g  to  th e  nucleus a in b ig u u s ,th e  question  w hich cells of th is  nucleus 
give rise  to  preganglionic fibres of th e  vagus nerve  m ust be d iscussed. F rom  
th is  p o in t of view  i t  is im p o rta n t to  know , th a t  B u n z l— Federn [2] an d  m an y  
o th e r  au th o rs  long ago described tw o cellu lar groups w ith in  th is  nuc leu s. T he 
o ra l p a r t ,  w hich is called »dense fo rm ation«  con ta in s sm aller cells, th e  fo rm  an d  
ch rom id ia l s tru c tu re  of w hich is n o t ex ac tly  th e  sam e as the  form  o f o rd in a ry  
ra d ic u la r  m o to r cells. More cau d ad  th e  so called  »loose fo rm ation«  is b u ilt  up  
p a r t ly  o f tru e  large m otor rad icu la r cells, p a r t ly  especially  on its  d o rso la te ra l 
side, b u t  exclusively  in  th e  oral h a lf  of th e  nucleus, of sm aller cells. R eferring  
to  th ese  fac ts  Ziehen  (1. c. pg. 262) says : »E s w ird  dad u rch  der G edanke n a h e 
geleg t, ob der N ucleus am biguus n ich t doch in  zwei Teile zerlegt w erden  m uss, 
e inen  kleinzelligen und  einen grosszeiligen, von  denen n u r  der le tz te re  als Ä q u i
v a le n t e iner V orderw urzelzellengruppe zu b e tra c h te n  w äre, w ährend  d e r e rs te re  
als eine abw eichende F o rm atio n  zu gelten  h ä tte .«  T h is seems to  be in  accord  
w ith  o u r findings. T he re tro fac ial region supplies th e  p h ary n g ea l m u scu la tu re  
as  well as th e  s tr ia te d  m uscles of th e  oesophagus, i.e . th e  sam e as th e  m o st ro s tra l 
p a r t  o f  th e  so called dense fo rm ation  of th e  nucleus am biguus. F ro m  th e  low er
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p a r t  o f th is  dense fo rm a tio n  an d  from  sc a tte re d  sm aller cells dorso la tera lly  
from  th e  loose fo rm a tio n , preganglionic fibres fo r oesophagus, h e a r t and  lungs 
arise . F o r  th e  h e a r t  a sim ilar assum ption  w as m ad e  a lread y  b y  K osaka  an d  
Y a g ita  [7 ]. The m o to r  rad icu la r cells in  th e  nucleus am biguus are  supp ly ing  
th e  la ry n g ea l m uscles ; th e  ex ac t localization  o f th e se  in  th e  nucleus am biguus 
h as  a lre a d y  been  described  by  us several y ea rs  ago [14].

Localization of the general visceral efferent neurons in the medulla. 1. Retrofacial nucleus and 
oral pole of nucleus ambiguus with neurons supplying striated muscles of pharynx and oesopha
gus (2) ; preganglionic neurons for lower part of oesophagus (3), heart (5) and lungs (6). LFX  
loose formation of nucleus ambiguus with motor radicular cells (4) for the laryngeal muscles

T h is  view  is also su p p o rted  by  the  fa c t, t h a t  th e  d iam eter o f nerve fib res 
su p p ly in g  th e  la ry n g ea l m uscles, is exceedingly large  (12—16 p,), w hereas th e  
d ia m e te r  of th e  m o to r fibres supply ing  th e  s tr ia te d  m uscles of th e  esophagus 
is r a th e r  sm all (3 — 6 p,), s im ilar to  th a t  of th e  p reganglion ic  fibres (Fig. 2). I t  is 
obv ious, th a t  from  th e  sm aller cells w ith in  th e  re tro fac ia l nucleus an d  th e  o ra l 
h a lf  o f th e  am biguus nucleus th in  m otor an d  p reganglion ic  fibres an d  from  th e  
large m o to r rad icu la r cells large fibres are ta k in g  th e ir  origin.
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V III . COM M ENT

Oil th e  basis of these  findings th e  genera l v isceral efferent co lum n o f th e  
b ra in  stem  m ay  be m uch b e tte r  id en tified  th a n  before. The v iscera l efferen t 
cells in  th e  b ra in  stem  are  s itu a te d  m edially  to  th e  sensory and  d o rso la te ra lly  
to  th e  m o to r colum n. T his is a com pletely  analogous position to  t h a t  o f th e  
la te ra l colum n of th e  sp inal cord. H om ologizing th e  arch itec tu re  of th e  b ra in  
stem  w ith  th a t  of th e  spinal cord  tw o im p o rta n t fac ts  m ust be considered. F irs tly , 
in  th e  reg ion  of pons and  m edu lla  all d e riv a tiv es  of the  alar lam inae  a re  ly ing  
la te ra lly  from  those of th e  b asa l lam inae, w hereas in  th e  m idbrain  th e  s itu a tio n  
is essen tia lly  th e  sam e as in  th e  sp inal cord. S eco n d ly ,th e  m otor co lum n in  th e  
b ra in  stem  is div ided in to  tw o  colum ns, th e  dorsom edial special so m atic  m o to r 
colum n from  w hich nerves I I I ,  IV , V I and  X I I  arise and  th e  v e n tro la te ra l 
(special) visceral m o to r colum n from  w hich th e  m o to r fibres of th e  b ra n c h ia l 
nerves V/3, V II , IX , X  an d  p a r tly  X I  are o rig inating . (The rem ain ing  [low er] 
p a r t  of th e  accessory nerve  supp ly ing  th e  sternocleidom asto id  an d  tra p e z iu s  
m uscles, o rig ina te  from  th e  caudal fusion of th is  colum n w ith  th e  sp in a l m o to r 
colum n.)

I t  appears from  our in v estiga tions, th a t  th e  general v iscera l e ffe ren t 
co lum n in  th e  h ind  b ra in  is a tta c h e d  — dorsom edially  and  to  som e e x te n t 
in te rm in g led , — to  th e  v isceral m o to r colum n o f th e  branchial n erves, a n d  n o t 
as p resum ed  h ith e rto  to  th e  special som atic  m o to r colum n of th e  b r a in  stem . 
T he la t te r  m ust be considered as a cran ial p ro longa tion  of the  m edial m o to r colum n 
of th e  sp inal cord. C onsidering th is  i t  appears im probable  th a t  th e  so called  
dorsal m o to r vagal nucleus is in  an y  connection  w ith  general v iscera l e ffe ren t 
fu n c tio n s. — O ur investiga tions are giv ing clear evidence for th e  fac t 
th a t  p h a ry n x , oesophagus, h e a r t and  lungs are supp lied  by  th e  re tro fac ial nucleus 
an d  th e  o ra l h a lf  of th e  nucleus am biguus, i. e. b y  sm aller nerve cells ly in g  in  
th e  do rso la te ra l p a r t  of th is  nucleus or im m ed ia te ly  dorso laterally  to  th e  tru e  
m o to r rad icu la r cells. C oncerning veg e ta tiv e  fibres supplying th e  ab d o m in a l 
o rgans, no in fo rm ation  was gained  from  these  investiga tions. — The p regang lion ic  
neu rons fo r secreto ry  supp ly  of all n oncu taneous exocrine glands of th e  head  
(sa livary  an d  lacrim al glands) have  been localized in  an u n in te rru p te d  co lum n, 
w hich ex ten d s  from  th e  region betw een  an d  above the  principal sensory  and  
m o to r trig em in a l nuclei to  th e  region d o rso la te ra lly  from  th e  fac ia l nucleus. 
T h is nu c lea r colum n m ay  there fo re  be called » lacrim o-salivary  co lum n« ; w ith  
fu n c tio n s localized as in d ica ted  in  F ig . l .T h is  colum n is the  d irect c ran ia l p ro 
longation  o f th e  vagal veg e ta tiv e  colum n.

In  th e  m idbra in  th e  s itu a tio n  changes. T here  is no special v iscera l m o to r 
co lum n, an d  th e  original g ray  m a tte r  of th e  sp ina l cord is reduced to  th e  cen tra l 
g ray  m a tte r  around th e  aq u aed u c t. In  th is , th e  la s t rem n an t of th e  m o to r 
co lum n, th e  troch lear and  oculom otor nucleus rem ains a p a r t  of th e  dorsom edial
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spec ia l som atic m o to r co lum n. The m esencephalic t r a c t  of th e  trig em in a l nerve  
is th e  m ost cranial p a r t  o f th e  ord inary  sensitive  system . The Edinger— W estphal 
nu c leu s, as the  m o st c ra n ia l p a r t  of th e  gen era l v iscera l m otor co lum n, lies as 
m u ch  as possible la te ra d  betw een  th e  rem n an ts  o f th e  m o to r and  sensory colum ns. 
A s clearly  shown in  o u r  ea rlie r experim ents, th e  sm alle r nerve cells dorsom edially  
fro m  th e  m otor ra d ic u la r  cells do no t be long  to  th e  general v isceral m o to r 
co lum n  a t all.

Summ ary

Location of preganglionic general visceral efferent (parasympathetic) neurons has been 
determined with the method of secondary degeneration after small electrolytic lesions placed, 
in different parts of the brain stem with the aid of the Horsley—Clarke stereotaxic technique.

The exact site of the Edinger—Westphal nucleus has already previously been localized 
with the same method. The so called »dorso-medial« cell group of this nucleus has no relation 
to the preganglionic fibres of the ciliary ganglion at all.

The »lacrimo-salivary« column has been determined as an uninterrupted cellular group 
extending from the region between and dorsal the principal sensory and the motor trigeminal 
nuclei to an area dorsolaterally from the facial nucleus. Data concerning the preganglionic 
neurons for the salivary glands accord with the sites determined by Wang in stimulation experi
ments, but the region revealed by the degeneration method is a little more restricted.

The origin of nerve fibres supplying the striated muscles of pharynx and oesophagus was 
found in the retrofacial nucleus (Jacobsohn) and the oral pole of the nucleus ambiguus.

The preganglionic fibres for ganglion cells of the oesophagus, heart and lungs were localized 
in the oral half of the nucleus ambiguus (very probably cells localized dorsolaterally to the motor 
radicular cells).

No evidence for origin of preganglionic fibres in the so called »dorsal vagal nucleus« (nuc
leus alae cinereae medialis) was found with the aid of the secondary degeneration method, which 
is in strong contradiction with information attained through retrograde chromidial changes. 
This problem is obscured by the fact, that preganglionic fibres of the abdominal branch and their 
connections with the enteric plexuses cannot be traced by secondary axonic degeneration method. 
The possible causes of failure of this method in the abdominal branc hes are discussed.
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ОБЩИЙ ВИСЦЕРАЛЬНЫЙ ЭФФЕРЕНТНЫЙ (ПАРАСИМПАТИЧЕСКИЙ) 
ЯДЕРНЫЙ СТОЛБ СТВОЛА МОЗГА

Я Срнтаготаи 

Р е з ю м е

Автор установил, на основе вторичной дегенерации волокон вегетативных нерв
ных ветвей, точную локализацию парасимпатических ядер ствола мозга путем электро
литических очагов, помещенных по методу Гослей-Кларка.

Автор уже раньше установил этим же способом точную локализацию ядра Эдингер- 
Вестфала. Так называемый »дорсомедиальный« клеточный столб этого ядра совершенно 
не нгрд т роли го вегетативной иннервации глаза.

Ядерный столб ствола мозга, регулирующий отделение слез и слюны, был точно 
определен как клеточный столб, тянущийся от области, расположенной посреди и выше 
двигательного и главного чувствительного ядер тройничного нерва, к области, располо
женной на дорсолатеральной стороне ядра лицевого нерва.

Местом исхождения нервов поперечнополосатых мыщц зева и пищевода является 
nucleus retrofacialis Якобсона, который переходит в конец nucleus ambiguus cranialis.

Вегетативные преганглионарные волокна пищевода, сердца и легких исходят из 
оральной половины nucleus ambiguus, из мелких нервных клеток, расположенных в дор
солатеральной части поперечного разреза данного ядра.
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Примененным нами методом не удалось подтвердить общепринятый взгляд, согла
сно которому преганглионарные автономные волокна блуждающего нерва исходят из 
дорсального двигательного ядра блуждающего нерва (nucleus alae cinereae medialis), a 
даже является сомнительным, принадлежит ли вообще его ядро к системе блуждающеги 
нерва. Установление происхождения вегетативных преганглионарных волокон брюшное 
части блуждающего нерва, и связи его с висцеральными сплетениями, до сих пор но 
оказалось возможным, из-за своеобразного и трудно объяснимого факта, что пока еще ни 
удалось доказать Валлеровскую дегенерацию волокон.
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