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S o m e  I n t e r e s t i n g  P o i n t s  on  the  H i s t o c h e m i s t r y  of  

the  C y t o p l a s m i c  I n c l u s i o n s  o f  t h e  A g e i n g  S p i n a l  

N e u r o n e s  o f  R e p t i l e s ,  B i r d s  a n d  M a m m a l s  

The  morpho logy  of t he  cy top lasmic  inclusions of the  
neurones  of var ious  animals ,  ve r t eb ra tes  and inver te -  
brates ,  has  been discussed tho rough ly  in t he  pas t  decades 
b y  a hos t  of workers.  L i t e ra tu re  on the  h i s tochemis t ry  of 
neurones  in general  is, however ,  qu i te  sparse. A deta i led  
h i s tochemica l  analysis  of t he  neurones of ageing fowl and 
wall-l izard,  adu l t  pigeons and  Uromastix, young  and adu l t  
rats ,  and  i m m a t u r e  and  adu l t  rabbi ts ,  has  been m a d e  to  
f ind ou t  the  chemis t ry  of t he  cy top lasmic  inclusions in the  
ageing animals  by  the  use of t he  la tes t  h is tochemical  
t echn iques  for lipids, carbohydra tes ,  proteins,  nucleic 
acids, p igment  bodies, etc. Below are g iven some in ter -  
est ing points  which,  the  au thors  feel, are  the  c o m m o n  
features  of the  neurones of all the  above-ment ioned  
animals.  E x c e p t  for a few differences as regards p igmen t  
bodies and neurofibril lae,  the  o the r  cytoplasmic  inclusions 
of the  neurones of reptiles, birds, and m a m m a l s  show a 
more or  tess s imilar  p lan  his tochemical ly .  

The  mi tochondr ia ,  as s tudied  in the var ious  h is to-  
chemical  preparat ions,  are in the  form of granules,  shor t  
rods, and f i laments.  They  show a pers is tent  l ipo-prote in  
nature ,  except  for the  neurones  of wall- l izard in which  
they  show a sl ight  a m o u n t  of R N A  as well. 

The  l ipid spheres corresponding to  the  l ipochondr ia  of 
CAsSELMAN and  BAKER 1 are of va ry ing  sizes, shapes,  and 
h is tochemical  nature .  I n  the  young  animals ,  pure  phospho-  
l ipid bodies, toge ther  wi th  some l ipo-prote in  par t icula tes  
(lipid pa r t  be ing phospholipid) ,  a re  abundan t .  W i t h  age, 
t he  neut ra l  l ipids (triglycerides) s t a r t  accumula t ing  unti l ,  
in t he  old animals,  the  lipid bodies are recognized as (I) 
a mix tu re  of phosphol ipids  and tr iglycerides,  (II) pure  
phospholipids,  and  (III) pure  tr iglycerides.  The  pure  t r i -  
glyceride bodies are  qui te  a b u n d a n t  in the neurones  of  
adu l t  fowls and adu l t  rats,  whereas  t h e y  are  absent  f rom 
those  of pigeon,  rabbi t ,  and  Uromastix. Rarely ,  a few tri-  
glyceride bodies in the  l izard neurones show scale-like 
phosphol ipid  enshea thment s  a t t ached  to thei r  surfaces. 

Some of the  l ipid bodies exhib i t  'c rescent ic '  appearances  
in cer ta in  fixed preparat ions ,  which,  in conformi ty  wi th  
the  views of GUPTA and SHARMA 2, have  been proved  to be 
t he  ar t i facts  of f ixat ion.  Such appearances  are scanty  in 
t he  neurones of Uromastix, while  t h e y  are to t a l ly  absent  
f rom those  of the  rabbi ts .  

I t  is in teres t ing to note  t h a t  in the  neurones  of the  
young  animals  under  inves t iga t ion  all the  lipid bodies are 
more  or  less un i fo rmly  dispersed in the  cy top la sm 
(Figure 1). "With age the  lipid par t icu la tes  begin to  m o v e  
towards  the  per iphery  and thence  to  t he  axona l  pole  of  
t he  cell, unt i l  in t he  old animals  t h e y  cons t i tu te  def ini te  
axoua l  aggregat ions  (Figure 2). I t  should,  however ,  be  
no ted  t h a t  the  neurones  of old wall- l izard and Uromastix 
do no t  show a n y  regular ly  occurr ing  axonat  aggregat ions.  

I n  t he  neurones of t he  wall- l izard,  a q u a n t i t a t i v e  in- 
crease in some categories  of l ipid bodies, pa r t i cu la r ly  t he  
pure  t r ig lycer ide  bodies, is seen wi th  age and  change  of 
seasons s ta r t ing  f rom the  neurones  fixed dur ing  the  
s u m m e r  mon ths  to those fixed dur ing  winter .  A reverse 
case has  been found in the  Uromastix neuroncs where the  
neut ra l  l ipids are to t a l ly  absent  in the  win te r  neurones  
b u t  increase gradua l ly  as summer  approaches.  Pure  tr i-  
glyceride bodies have  neve r  been seen to make  an ap- 
pearance.  

Character is t ical ly ,  pers is tent  b inary  spheroids (corre- 
sponding  to the  mulbe r ry  spheroids of THO~aAS 3) occur  in 
t he  neurones of all t he  adu l t  and old animals  under  s t u d y ;  

t h e y  are qui te  rare in the  neurones  of the  young  animals .  
These bodies have  phosphol ipid  ' sa te l l i te '  granules  
a t t ached  to  thei r  th in  phosphol ip id- t r ig lycer ide  cort ices 
of i r regular  contours ;  the  cores have  p robab ly  some pig- 
m e n t  in them.  

A charac ter i s t ic  as well as in teres t ing  feature  of t he  
neurones  of wall- l izard and Uromastix, especial ly those  of 
the  adu l t  and old animals ,  is t he  presence of d i r ty  yel low 
to da rk  b rown p igmen t  bodies of va ry ing  shapes and sizes, 
A deta i led  his tochemicat  analysis  reveals  t h a t  these bodies  
are  the  l ipopigments  (lipofuscins) 4 

The  assumpt ion  of MOtlSSA and BANHA'~VY 5 t h a t  t he  
l ipid spheroids are  comple te ly  absent  f rom the  neurones  of 
the  young  animals ,  and t h a t  those  found in the  neurones  
of the  adu l t  an imals  or ig inate  from the  in tegra te  canali-  
cular  Golgi r e t i cu lum found in the  neurones of tadpoles  
and young  toads,  seems unsound in v iew of the  present  
invest igat ions,  since the  neurones  of the young  chickens,  
rats,  lizards, and rabbi ts  s tudied  in the  l iving condi t ion  
wi th  phase cont ras t  microscopy and wi th  cer ta in  basic 
dyes used supervi ta l ly ,  and in the  var ious  fixed prepa-  
rat ions,  do not  reveal  any  'canal icular  Golgi appa ra tu s '  or  
even  the  canal icular  spaces;  contrar i ly ,  the  young  neu-  
tones  abound  in the  lipid par t icu la tes  only. Moreover ,  i t  is 
only  in the  neurones  of adu l t  and old animals  t h a t  a 
sys tem of discrete,  r ami fy ing  canal icular  spaces has been  
observed  in addi t ion  to  the  usual  l ipid par t iculates .  Such 
a sys tem of canal icular  spaces can,  in no way,  be homo-  
logized wi th  the  canal icular  Golgi appara tus ,  since the  
classicists c la im its in tegra te  occurrence in t he  young  
animals  only. 

R N A  rich Nissl bodies  in the  form of well-defined com- 
posi te  pa tches  and numerous  i r regular ly  elongate,  large 
bodies have  been seen in the  neurones  of all  the  animals  
s tudied.  The  Nissl subs tance  seems to pro l i fe ra te  w i th  
age because of its sparseness in the  neurones  of the  young  
animals  and abundance  in those of the  adu l t  and  par t icu-  
lar ly  the  old ones. 
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Fig. 1. Diagrammatic representation of the neurone of a young 
animal showing the lipid bodies (LB), granular and filamentous 
mitochondria (M), and a few Nissl bodies (NB). Fig. 2. Diagrammatic 
representation of the neurone of an old animal showing the lipid par- 
ticulates (LB; MS) of different sizes and shapes, the granular and 
filamentous mitochondria (M), the pigment bodies (PB), the Nissl 
bodies (NB), and the eireumnuelear neurofibrfllae (NF). An axonal 
aggregation (AA) constituted by different kinds of lipid bodies is 

also shown. 
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Final ly,  there  are some neurofibr i l lae  found  in the  
neurones  of b i rds  and  m a m m a l s  whose  h i s tochemica l  
na tu re  remains  unde t e rmined .  Charac ter i s t ica l ly  t h e y  are 
ab sen t  f rom the  neurones  of wall- l izard and Uromastix. 

Rdsumd. L 'ana lyse  h i s toch imique  compar~e des neu-  
rones  des Rept i les ,  des Oiseaux et  des  Mammif6res  r6v61e 
que les d ivers  corps qui y son t  inclus o u t  une h i s tochimie  
ident ique .  Les sph6roides  l ipides a b o n d e n t  dans  les phos-  
phol ip ides  des jeunes  neurones  qui  son t  t r ans fo rm6s  en 

corps  tr iglyc6rides chez les adultes .  Les corps  lipides ne 
son t  pas  un p ro d u i t  de s6cr6tion de l ' appare i l  canal iculaire  
de Golgi d o n t  l ' homologue  a 6t6 observ6 seu lemen t  dans  
les neurones  adul tes .  La  subs tance  de Nissl est  pleine de 
RNA.  

S. L. MANOCHA and  S. P,  SHARMA 

Department o/ Zoology, Panjab University, Chandigarh 
(Punjab, India), June 30, 1961. 

Effect of Paraoxon (Diethyl 4-nitrophenyl phos- 
phate) o n  A x o n e  R e f l e x  S w e a t i n g  P r o d u c e d  b y  

a - L o b e l i n e  

The physiological  s ignif icance of axone  reflex swea t ing  
remains  obscure  despi te  a cons iderable  a m o u n t  of infor-  
ma t i on  avai lable  on its charac ter i s t ics ,  as recen t ly  
reviewed by  WAD* 1, who, wi th  KUNO 2, has sugges ted  
t h a t  th is  mechan i sm m a y  p lay  a role in local t e m p e r a t u r e  
regulat ion.  As yet ,  however ,  the re  is no evidence  t h a t  t he  
axone  reflex occurs unde r  any  physiological  condi t ions .  

Nicot inic  agents ,  inc luding acetylchol ine,  can  elicit t he  
response  w h e n  in jec ted  i n t r ade rma l ty  in app rop r i a t e  con- 
cen t ra t ions .  This  suggests  t h a t  endogenous  acetylchol ine ,  
normal ly  l ibera ted  at  s u d o m o t o r  endings  in the  skin, m a y  
be capable  of in i t ia t ing  an  axone  reflex. This  poss ibi l i ty  
was  t e s t ed  by  McLAUGHLIN and  SONNENSCHEIN a who 
s tud ied  the  effects  of a chol ines terase  inhibi tor ,  pa r aoxon  
(die thyl  4 -n i t rophenyl  phospha te ) ,  on h u m a n  swea t  g lands  
and  the  s y m p a t h e t i c  axone  reflex. I n t r a d e r m a t  in jec t ion  
evoked  local swea t ing  which  was  def in i te ly  no t  of axone  
reflex na ture .  The failure of pa r aoxon  to p roduce  axone  
reflex swea t ing  was  t h o u g h t  poss ib ly  to  be due to  an  in- 
a d e q u a t e  e n z y m e  inhib i t ion  and  s u b s e q u e n t  accumula t ion  
of a sub th re sho ld  concen t r a t i on  of endogenous  acetyl-  
choline.  On the  o the r  hand ,  pa r aoxon  did faci l i ta te  the  
ac t ion  of in jec ted  ace ty lchol ine  in p roduc ing  the  axone  
reflex• This  obse rva t ion  did not ,  however ,  al low di rec t  
inference of the  role of endogenous  acetylchol ine ,  for i t  
was  no t  possible to  d i s t inguish  be tween  tile effects  of 
pa raoxon  on th is  and  on the  exogenous  acetylchot ine .  

Reso lu t ion  of th is  p rob lem was a t t e m p t e d  in the  p re sen t  
s t u d y  by  d e t e r m i n a t i o n  of the  effect  of pa r aoxon  on the  
ac t ion  of a n icot in ic  agent ,  =-lobeline, which  is no t  sub jec t  
to enzyma t i c  hydro lys is  by  ace ty lchol ines terase .  I t  was  
r easoned  t h a t  should  faci l i ta t ion of the  axone  ref lex 
producing  ac t ion  of =-lobeline occur,  th i s  would  be a resul t  
of the  increase in local concen t r a t i on  of endogenous  acety l -  
choline ac t ing  add i t ive ly  wi th  a-lobeline.  Such a f inding 
would suppo r t  the  hypo thes i s  t h a t  endogenous  acetyl-  
choline can ac t  in the  in i t ia t ion  of t he  axone  reflex, 

Methods. P a r a o x o n  and  e-lobeline were dissolved in 
sterile 0.9% sodium chloride.  I n t r a d e r m a l  in jec t ions  were 
m a d e  in to  the  skin of t he  volar  surface of t he  fo rearm in 
no rma l  h u m a n  sub jec t s  w i t h  steri le 0.5 ml  tubercu l in  
syr inges  and  x/2 inch No. 26 needles.  0.3 ml  of =-lobeline 
so lu t ion  was in jec ted  i n t r ade rma l ly  in the  cen te r  of an  
area  where  0.5 ml of t he  pa r aoxon  solut ion h a d  been in- 
jeced in t r ade rmal ly  5-7 min previously.  This  in t e rva l t  
a l lowed for t he  man i fes t a t ion  of the  local sudorif ic  effect  
of p a r a o x o n  ~. A cont ro l  was m a d e  for compar i son  s imul-  
t aneous ly  on the  oppos i te  a rm where  0.3 ml of the  same 
concen t r a t i on  of =-lobeline was s imilar ly in jec ted  in to  an 
area  previous ly  in jec ted  wi th  0.5 ml  of 0.9% saline. R o o m  
t e m p e r a t u r e  was  m a i n t a i n e d  c o n s t a n t  a t  24.1-24.8°C;  
re la t ive  h u m i d i t y  was 56-62%.  Sweat ing  was de t ec t ed  by  

RANDALL'S 4 m e t h o d ;  2% t inc tu re  of iodine was appl ied  
to  the  skin and  al lowed to  dry ,  a f te r  which  a piece of 
h e a v y  b o n d  paper ,  a l r eady  con ta in ing  s ta rch ,  was  he ld  
f i rmly  on the  skin for an  app rop r i a t e  l eng th  of t ime,  
general ly  20 sec. The swea t  p r in t s  so o b t a i n ed  were in- 

Effect of paraoxon ( 1.5 × 10 -4 M) on axone reflex sweating a produced 
by ~-lobeline 

Concentration of a-lobeline Number of experiments 
(w/v) Total Facili- In- No 

tation hibition effect 

1;50000 to 1:1'25000 17 6 (1) b 7 (3) = 0 
1 : 500 000 to 1 : 1750 000 19 7 8 (1) 3 
t :2000000 to 1:2500000 34 24 (3) 3 4 

a In 6 experiments, the sweating produced by ct-lobeline was appar- 
ently local. 

b Numbers in parentheses are experiments whose results were 
doubtful. 

c Includes 2 experiments using 1.5 x 10 -8 M paraoxon. 

1:2500000 ~-Lobeline 

Saline Paraoxon 

1:100000 ~-Lobeline 

"',2-> 

Saline Paraoxon 

Effect of intradermal paraoxon (1.5 × 10 -4 M) in facilitating the 
production of axone reflex sweating by a low concentration of ct- 
lobeline and inhibiting that of a high concentration. In each case, 
sweat prints were taken for the interval 20-40 see after injection of 

ct-lobeline. 

1 M. WADA, in Essential Problems in Climatic Physiology (Nankodo 
Ltd. Co., Tokyo 1960), p. 185. 

2 y.  KvNo, Human Perspiration (Charles C. Thomas, Springfield 
1956), p. 291. 
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