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N e u r o s e c r e t i o n  

The  concep t  of neu rosec re t ion  compr i ses  two genera l -  
ized v iews:  (1) t h e  e l a b o r a t i o n  of phys io log ica l ly  ac t ive  
s u b s t a n c e s  b y  c e r t a i n  morpho log ica l l y  specia l ized neur -  
ones  h a v i n g  a consp icuous  d i s t r i b u t i o n ;  (2} t he  ' se lec t ive '  
s t a i n a b i l i t y  of such  s u b s t a n c e s  -with a l d e h y d e  fuchs in  t 
(AF), Masson ' s  t r i ch rome ,  a n d  p a r t i c u l a r l y  w i t h  c h r o m e  
h a e m a t o x y l i n  ~ (CH). 

T h e  p r e s e n t  c o m m u n i c a t i o n  p u r p o r t s  to  fu rn i sh  a n  
ou t l ine  of t h e  a u t h o r ' s  work  on  t h e  p r o b l e m  of neu ro -  
s ec re t ion  in  t h e  sp ina l  gang l ion  cells of f ishes  (Perio- 
phthalamus sp., Heteropneustis ]ossiIis a n d  Ophiocephatus 
striatus), a m p h i b i a n s  (frog, Rana tigrina a n d  t h e  toad ,  
Bu]o stomaticus), a n d  rept i les  (lizards, Hemidactylus sp. 
a n d  Uromastix, snakes ,  Natrix a n d  Eryx johnii, a n d  t h e  
tu r t l e ,  Lissemys sp.). 

N e i t h e r  C H  n o r  AF,  used  for t he  d e m o n s t r a t i o n  of the  
n e u r o s e c r e t o r y  subs t ances ,  i n d i c a t e d  t he  p resence  of a n y  
morpho log ica l ly  special ized (neurosecre tory)  cells or  s t a in -  
ab le  p roduc t s .  However ,  four  t y p e s  of inc lus ions  h a v e  
b e e n  d e e m e d  n e u r o s e c r e t o r y  o n  t h e  bas i s  of t h e i r  or igin ,  
b e h a v i o u r ,  role a n d  f ina l  fa te  in  t h e  d i f f e ren t  m a t e r i a l s  
s tud ied .  These  inc lus ions  a re :  

(1) Giant lipid spheres: These  h a v e  n o t  been  seen in  t he  
n e r v e  cells of t he  tur t le ,  fishes, Hemidactflus a n d  Uro- 
mastix. T h e y  m e a s u r e  3 # to  14 /z a n d  even  more  in  
d i a m e t e r  a n d  h a v e  acidic  lipids, n e u t r a l  lipids, or  a mix-  
t u r e  of bo th .  T h e i r  cort ices,  b e i n g  p r e d o m i n a n t l y  phos -  
phol ip ids ,  also h a v e  t he  S H  groups,  f a t t y  acids,  a n d  ferric 
i ron.  A few revea l  a feeble a ]ka t ine  p h o s p h a t a s e  a c t i v i t y  
as  w e l l  

Af t e r  t h e i r  f o r m a t i o n  f rom the  p h o s p h o l i p i d  granules ,  
t h e y  come  to  lie a t  t h e  cell pe r iphe ry ,  m o s t l y  d u r i n g  t h e  
m o n s o o n  pe r iod  (F igure  1). T h e n c e  t h e y  go i n to  t he  in te r -  
n e u r o n a l  spaces.  Most  of t h e m  are c o n s u m e d  d u r i n g  win ter .  

The  secre t ion  p roduc t s ,  a cco rd ing  to  SCYIARRER a n d  
PALAY (quo ted  f rom THOMASa), a c t u a l l y  come  to  lie a t  t h e  
cell p e r i p h e r y  before  b e i n g  d i scha rged  in to  t h e  s u r r o u n d -  

ing  t i s sue  f luid.  B o t h  t h e  i n t r a - n e u r o n a l  a n d  i n t e r - n e u r o n a l  
l ip id  spheres  m a y  be  homolog ized  w i t h  t i le  e n d o e r d o n o u s  
a n d  exoe rdonous  secre t ion  p r o d u c t s  of H i n s c H  a n d  
BAKER (quoted  f rom THOMAS3), 

Lipo[uscin pigment bodies: These  h a v e  b e e n  obse rved  
in t h e  n e r v e  cells of all  t h e  an i ma l s  u n d e r  s tudy .  T h e y  
meas u re  0.2/* to  2/z a n d  e v e n  more  in d i a m e t e r  a n d  occur  
as g ranu les  a n d  d u p l e x  bodies ,  t h e  l a t t e r  w i t h  da rk -  
b r o w n  cor t ices  a n d  s h a r p l y  r e f r i n g e n t  pa le -ye l low medu l -  
lae. H i s t o c h e m i c a l l y  these  bod ies  a re  l ipofuscins .  T h e y  
also show es te rase  a n d  acid p h o s p h a t a s e  ac t iv i t ies .  These  
bod ies  a p p e a r  to  ar ise  as  a r e su l t  of  t o t a l  or  p a r t i a l  ox ida -  

Fig. 2. A cold acetone (4°C)-iixed neurone showing two big hyaline 
spheres coming out of the nucleus (Old Natrix). 1625 ×. 

Fig. 1. Formaldehyde-calcium post-chromed (FCa + Pc)/Sudan l I I  
and IV (60 ° C) depicting three giant lipid spheres migrating into the 
inter-neuronal spaces. A few phospholipid granules adhering to the 

spheres are also clearly disernible (Adult Natrix). 2240 ×. 

Fig. 3. Neurones fixed in cold acetone (4°C) showing a strong acid 
phosphatase activity in the cytoplasm. A large number of prominent 
hyaline spheres lying intra-neuronally as well as iner-neuronally are 
also present. Several hyaline spheres can be seen going into the sur- 

rounding interstitial spaces (Old Periophthalamus). 960 ×. 

1 N. S. HALMI, Stain Tech. 27, 61 (1952). 
z W. BARG/~ANN, Z. Zellforsch. 34, 610 (1949). 
3 0 .  L. TI~OMAS, J. comp. NeuroL 95, 73 (1951). 
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t ion of the  lipid or  l ipo-protein  bodies 4. The present  
author,  in confo rmi ty  wi th  the  views of GATENBY and 
MoussA s, and  ISSIDORIDES and SHANKLIN 6, considers 
these bodies to  be some secret ion products  (endo- 
erdonous~). 

(3) Pale-yellow substance : This is seen as a pale-yellow 
diffuse substance in the  cy top la sm and in the  duplex  
bodies of the  l iving spinal  neurones  of the  frog, t he  toad,  
and ra re ly  in those  of Natrix and Eryx. This  substance 
corresponds to a s imilar  p roduc t  described by  TttOMAS 3 
and MALHOTRA 7 in the  neurones of Helix and the  frog 
respect ively.  The  views regarding the  e labora t ion  of 
secret ion products  in the  cores of the  duplex  l ipid bodies 
have  been advanced  and bolstered for di f ferent  animals  
by HIRSCH s BAKER9 etc. 

(4) Hyaline spheres: T h e y  or iginate  f rom the  nucleus 
and measure  0.2/~ to 5/~ and even  more  in d iameter .  Af te r  
the i r  discharge into the  cy toplasm,  they  grow (Figure 2.) 
A l though  the  chemical  na tu re  of the  hyal ine  spheres re- 
mains  unde te rmined ,  ye t  in the  Lissemys nerve  cells, a few 
spheres, which  h a v e  in thei r  v ic in i ty  an area  of v e r y  small  
phosphol ipid  granules,  reac t  feebly for the  acidic tipids in 
ti le cor t ica l  sites. Somet imes,  as seen in the  Eryx and Lis- 
semys neurones,  ex t r eme ly  small  phosphol ipid  granules 
have  also been seen a t t a ched  to t he  ou te r  borders  of these 
spheres. All th is  t e n t a t i v e l y  suggests  t he  par t ic ipa t ion  of 
lipids as one of the  'bu i ld ing  mater ia l s '  of these bodies. 
Feeble  acid phospha tase  ac t iv i ty  has been recorded in the 
cort ical  sites of a few hyal ine  spheres of the  Natrix nerve  
cells. The  hyal ine  spheres have  been seen migra t ing  into  
the  in te r -neurona l  spaces in the  case of the  toad,  Lissemys, 
Eryx and Periophthalamus nerve  cells (Figure  3). Axonal  
t r anspor ta t ion  of these spheres has been demons t ra t ed  
only in one or  two Lissemys nerve  cells. These bodies have  
been considered as some secret ion products ,  bo th  endoer-  
donous  and exoerdonous  3. PALAY 10 has also described the 
nuclear  origin of the  secretory products  in cer ta in  fishes. 
Secret ion in the  form of vacuoles  has been described by 
HAMMARll I~AZIARSKY 12.13 SMITH14 GRZYCK115, etc. 

A l though  i t  is no t  possible, w i th  the  p reva len t  histo-  
chemical  techniques  or  wi th  t he  methods  alleged to be 
' se lect ive '  for the  neurosecre tory  substances,  to de tec t  the  
presence of the  h o r m o n e s - - a  fair  indica t ion  of neuro- 
s e c r e t i o n - - t h e  var ious  in t ra -neurona l  as well  as inter-  
neuronal  inclusions described above,  canno t  be dismissed 
as ' o rd ina ry '  cy top lasmic  inclusions, par t icu la r ly  when 
t h e y  exhib i t  so m a n y  physiological  character is t ics :  some 
significance, in t he  sense of the i r  being 'neurosecre tory '  
substances,  seems essential .  

The v iew t h a t  only  those cells which show cer ta in  
morphological  special izat ions x6A7 can secrete the  neuro-  
secretory substances  (NSS), seems un tenab le  in the  
mater ia ls  s tudied,  a l though  i t  m a y  hold  good for t he  
o ther  ac t ive ly  secretory centres,  such as the  mid-bra in ,  
hypophysis ,  etc. Also, the  var ious  s t a i n s - - p a r t i c u l a r l y  
the C H - - w h i c h  are alleged to be ' se lec t ive '  for the  N S S  
fail to  war ran t  any  subs tant ia l  s t a t e m e n t  as to  the  his to-  
chemical  background of the  secret ion products .  E v e n  the  
' se lect iv i ty '  of these stains is f raught  wi th  m a n y  pit-falls.  
Thus, in teleosts, skates, and amphib ians ,  even  some 
chrome h a e m a t o x y p h o b e  substances  have  been label led 
as the  N S S  ~. 

In  the  author ' s  opinion, i t  is more ra t iona l  to  pursue 
the problem of neurosecret ion in the  l ight  of cel lular  
physiological events  ra ther  t han  to a t t a c h  unqua l i f ied  
impor tance  to cer ta in  par t icu la r  stains.  

RdsumL Des recherches effectudes sur les neurones  
spinaux de quelques Poissons, Amphib iens  e t  Rept i les  
out  amen6 l ' au teur  ~ considdrer c o m m e  substances  neuro-  
s6cr6toires les 4 types &inclusions tel les que  les spheres  
lipides, les sph6res hyalines,  la subs tance  jaune-p~le  et  
les corps pigmeut6s dits  lipofuscins en se basan t  sur leurs 
caract6res originels, leur foncton vra i semblable ,  leur r61e 
probable e t  leur dest in final. Le chrome h d m a t o x y p h i l e  
ou l 'a lddhyde fuchsine posi t ive n ' on t  pas 6t6 observds. 
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P R O  E X P E R I M E N T I S  

D e t e r m i n a t i o n  of M a s s  Spectra  
of  Non-Vo la t i l e  S u b s t a n c e s  1 

The  ma in  restr ic t ion to the  wide appl ica t ion of mass 
spec t rome t ry  in organic chemis t ry  has been the  inabi l i ty  
to vola t i l ize  in undecomposed  form m a n y  organic sub- 
stances. The  use of hea ted  inlet  sys tems 3,3 (preferably all- 
glass) has  g rea t ly  increased the  use of  this physical  tool 
in the  pas t  few years  as demons t r a t ed  especially by  the  
v e r y  recent  appl icat ions  in the  field of na tura l  prod- 
ucts 4-8. Never theless ,  the re  exists  a large number  of 
in teres t ing organic  compounds  which have  resisted unt i l  
now mass spec t romet r ic  inves t iga t ion  because of their  
non-vo la t i l i ty  even  in such hea ted  inlet  systems. 

One way  around this diff icul ty is the  di rect  insert ion of 
the substance near  the  electron beam. Such a sys tem is 
avai lable  3 in the  Bendix  T ime-of -F l igh t  mass spectro-  
meter ,  bu t  the  la t te r  suffers f rom the  serious l imi ta t ion  

l This paper represents part X X I I in the series Mass Spectrometry in 
Structural and Stereochemical Problems. For preceding article, see 
E. LUND, H, BUDZIKIEWICZ, J. M. WILSON, and C. ])JERASSI, 
J. Amer. Chem. Soc., in press. 
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