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T h e  o r g a n i s m s  used  a n d  t h e i r  m e t h o d  of g r o w t h  are  
l i s ted  in t h e  Table .  Suspens ions  were  cen t r i fuged ,  t h e  
depos i t  r e s u s p e n d e d  in  w a t e r  a n d  a n  a l i q u o t  t r e a t e d  
w i t h  a lka l ine  g l u t a r a l d e h y d e  for  2 h a t  37 °C. T h e  t r e a t e d  
suspens ions  were  t h e n  cen t r i fuged ,  a n d  t h e  co lour  of 
t h e  cell  depos i t  e x a m i n e d  visual ly .  T h e  re su l t s  (Table)  
show t h a t  a r ed  co lour  deve lops  on ly  w i t h  G r a m - n e g a t i v e  
bac te r i a ,  a l t h o u g h  a ye l low or  l i g h t  o r a n g e  co lour  is 
also p r o d u c e d  w i t h  v e g e t a t i v e  a n d  spore  fo rms  of va r i ous  
baci l l i  a n d  w i t h  f a t t e n e d  cells of Bacillus subtilis. 

I n  E. coli, t h e  red  co lour  is t h e  r e su l t  of c o m b i n a t i o n  
of a lka l ine  g l u t a r a l d e h y d e  w i t h  t h e  n o n - m u c o p e p t i d e  
layers  of t he  cell wail,  p r o b a b l y  t h e  p r o t e i n  com ponen t s ,  
a n d  is n o t  caused  b y  i n t e r a c t i o n  w i t h  c y t o p l a s m i c  con-  
s t i t uen t s .  The  cell wal l  of Proteus vulgaris is s imi la r  in  
s t r u c t u r e  to  t h a t  of E. coli r,, a n d  if i t  is a s s u m e d  t h a t  
i n t e r a c t i o n  of g l u t a r a l d e h y d e  w i t h  cell wal l  p r o t e i n  is 
r espons ib le  for  t h e  r ed  co lour  in  all  cases ( th is  is also 
b o r n e  o u t  b y  t he  f i nd ing  t h a t  f a t t e n e d  cells  of t h e  G r a m -  
pos i t i ve  o rgan i sm,  B. subtilis, give  n o  inc rease  in  v i sua l  
co lour  o v e r  u n f a t t e n e d  cells) t h e n  t h i s  c a n  b e  a c c o u n t e d  
for  b y  t h e  s imi la r i t i e s  in  t h e  s t r u c t u r e  a n d  c h e m i c a l  
c o m p o s i t i o n  of t h e  wal ls  of G r a m - n e g a t i v e  bac te r i a .  I n  
c o n t r a s t  to  t he  large  n u m b e r  of  a m i n o  ac ids  in  these  
walls,  t h e  cell wal ls  of G r a m - p o s i t i v e  cocci c o n t a i n  
m u c o p e p t i d e  a n d  te ichoic  acid 13, t he  m u c o p e p t i d e  con-  
s i s t ing  of some  5 m a i n  a m i n o  acids.  I t  is, however ,  
un l ike ly  t h a t  t h e  red  co lour  obse rved  w h e n  G r a m -  
n e g a t i v e  b a c t e r i a  are  t r e a t e d  w i t h  a lka l ine  g l u t a r a l d e h y d e  
is c o n t r i b u t i n g  to  t h e i r  dea th ,  as a) cell d e a t h  is a p p a r e n t  
some t i m e  before  t h e  co lour  is visible,  b) G r a m - p o s i t i v e  
cocci, w h i c h  do  n o t  show a red  colour,  are  ki l led j u s t  as 
rap id ly .  The  d e v e l o p m e n t  of t h e  red  co lour  is t h u s  
conce rned  w i t h  d i f ferences  in  celt wal l  chemis t ry .  

Rdsumd. L a  g l u t a r a l d S h y d e  p r o d u i t  une  cou leur  rouge  
chez  que lques  genres  de  bact~r ies .  Cet te  cou leur  es t  pr i se  
p a r  la  pa ro i  cel lula i re  des  organismes .  
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P R O  E X P E R I M E N T I S  

Vital Staining of Neurosecretory Material with Acridine Orange in the Insect, Periplaneta americana 

N e u r o s e c r e t o r y  m a t e r i a l s  v a r y  in t h e i r  chemica l  com- 
pos i t ion  b e t w e e n  d i f f e ren t  neu r os ec r e t o r y  cells a n d  no  
one  s t a i n i n g  t e c h n i q u e  ha s  b e e n  f o u n d  to  s t a i n  al l  t y p e s  
of neu rosec r e to ry  m a t e r i a l  I. I n  t h i s  p a p e r  i t  is s h o w n  
t h a t  ac r id ine  o range  c a n  be  used  as a v i t a l  s t a i n  for  al l  
n e u r o s e c r e t o r y  ma te r i a l s .  

V i t a l  s t a i n i n g  of cells w i t h  ac r id ine  o r a n g e  p roduces  
a n  o r t h o c h r o m a t i c  g reen  f luorescence  in  nuc le i  a n d  some-  
t i m e s  a m e t a c h r o m a t i c  r ed  f luorescence  in  c y t o p l a s m i c  
granules .  I t  is n o w  genera l ly  a c c e p t e d  t h a t  g reen  n u c l e a r  
f luorescence  is d u e  t o  nuc le ic  ac ids  a n d  t h a t  t h e  r ed  
c y t o p l a s m i c  g ranu les  a re  lysosomes  *-s, however ,  see 
AUSTIN a n d  BISHOP 9 for  a n  a l t e r n a t i v e  i n t e r p r e t a t i o n .  
As well  as  s t a i n i n g  w i t h  ac r id ine  orange,  lysosomes  show 
acid p h o s p h a t a s e  a c t i v i t y  a m o n g s t  o t h e r  h y d r o l y t i c  
e n z y m e s  8-5. 

Materials and methods. A d u l t  a n d  n y m p h a l  fo rms  of 
t h e  cockroach ,  Periplaneta americana f rom l a b o r a t o r y  
colonies were  used  in  t h i s  s tudy .  T h e  fo l lowing s t a in s  
were  o b t a i n e d  f rom C h r o m a - G e s e l l s c h a f t ;  ac r id ine  orange,  
ac r id ine  yel low, co r iphosph ine ,  acr i f lav ine ,  p h o s p h i n  3R, 
e u c h r y s i n  3 R X ,  a n d  e u c h r y s i n  2G. All  a re  ac r id ine  
de r iva t ives .  T h e y  were  d isso lved  in  0 .9% NaC1 a t  a 
c o n c e n t r a t i o n  of 0.1 m g / m l .  

P ieces  of n e r v o u s  t i ssue  were  d i ssec ted  f r o m  t h e  insec t  
u n d e r  sa l ine  a n d  p l aced  in  a d r o p  of s t a i n  so lu t i on  o n  a 

microscope  slide. The  t i ssue  was  s t a i ned  for  1 m i n  a n d  
t h e n  m o v e d  to  a d rop  of sa l ine  f u r t h e r  a long  t h e  slide.  
A covers l ip  was  a d d e d  a n d  excess  sa l ine  r emoved .  The  
whole  m o u n t  was  t h e n  v iewed  w i t h  b lue  l igh t  f rom a 
W i l d  mic roscope  f luorescence  sys tem.  

F o r  ac id  p h o s p h a t a s e  local iza t ion ,  t i s sue  was  f ixed  in  
fo rmo l - ca l c inm ove r -n igh t .  T h e  G 6 m 6 r i  lead m e t h o d  a n d  
t h e  s i m u l t a n e o u s  coup l ing  azo dye  m e t h o d  us ing  n a p h t h o l  
A S - T R  a n d  h e x a z o t i z e d  p a r a r o s a n i l i n e  were  used  1°. 
I n c u b a t i o n s  w i t h o u t  s u b s t r a t e  were  used  as cont ro ls .  

T h e  s t a i n s  were  a n a l y z e d  b y  t h i n - l a y e r  c h r o m a t o g r a p h y  
us ing  Kieselgel  a n d  **-butanol:  a m m o n i a :  e t h a n o l :  w a t e r  
( 1 6 : 0 . 1 5 : 5 : 5 )  as d e v e l o p i n g  s o l v e n t  n .  T h e  c h r o m a t o -  
g r a m s  were v iewed  w i t h  long-wave  UV- l igh t .  

Results. D i f f e r e n t i a t i o n  of neu rosec r e to ry  cells a n d  
' o r d i n a r y '  n e r v e  cells was  o b t a i n e d  w i t h  ac r id ine  orange,  
e u c h r y s i n e  3 R X ,  a n d  cor iphosph ine ,  h o w e v e r  t h e  l a t t e r  
showed  on ly  w e a k  d i f f e r e n t i a t i n g  ab i l i ty .  N e g a t i v e  r e su l t s  
were o b t a i n e d  w i t h  t h e  o t h e r  s ta ins .  N e u r o s e c r e t o r y  
m a t e r i a l  a p p e a r e d  as  r ed  f luoresc ing  g ranu le s  whi le  t h e  
c y t o p l a s m  of ' o r d i n a r y '  n e r v e  cells a n d  a x o n s  was  a 
u n i f o r m  w e a k l y  f luorescen t  green.  Nuc le i  of gl iat  a n d  
n e r v o u s  t i s sue  s h o w e d  a s t r o n g  g reen  f luorescence  w i t h  
d i s t i n c t  nucleol i .  T h e  c y t o p l a s m  of gl ia l  cells was  n o t  
s t a ined .  T h e  red  f luorescence  was  n o t  s t a b l e  u n d e r  
c o n t i n u o u s  i r r a d i a t i o n  a n d  f a d e d  a f t e r  5 rain.  T h e  n u c l e a r  
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s t a i n i n g  r e t a i n e d  i t s  co lour  for  u p  to  15 m i u  before  t u r n i n g  
yel low.  Af t e r  20 r a in  i r r a d i a t i o n  t h e  t i s sue  t o o k  on  a 
genera l  r ed  t i n t  w h i c h  h a s  b e e n  t a k e n  as  i n d i c a t i v e  of 
cell  dea th% 

Su i t ab l e  t i ssue  for  c o m p a r i s o n  of n e u r o s e c r e t o r y  a n d  
' o r d i n a r y '  a x o n s  were  t h e  l a t e r a l  ca rd iac  ne rves  in wh ich  
t he  2 t y p e s  of a x o n s  a re  fa i r ly  wel l  p a r t i t i o n e d  i n to  2 
b u n d l e s  12. Af t e r  s t a in ing ,  t h e  more  l a t e ra l  b u n d l e  of 
n e u r o s e c r e t o r y  a x o n s  was  f o u n d  t o  c o n t a i n  dense  masses  
of r ed  g ranu le s  whi le  t h e  ' o r d i n a r y '  a x o n s  were  a w e a k l y  
f luorescen t  green.  T h e  n e u r o s e c r e t o r y  a x o n s  of t h e  l a t e r a l  
ca rd iac  ne rves  c a n n o t  be  s t a i n e d  b y  t h e  classical  neuro -  
s ec re to ry  s ta ins ,  b u t  a t  t h e  u l t r a s t r u c t u r a l  level  t h e y  
h a v e  been  s h o w n  to  c o n t a i n  e l e m e n t a r y  neu r os ec r e t o ry  
g ranu les  ag.. 

I n  t h e  head ,  neu rosec re to ry  cells in  t h e  pa r s  in te r -  
ce rebra l i s  could  be  d i s t i n g u i s h e d  f r o m  n e i g h b o u r i n g  ceils 
because  t h e i r  c y t o p l a s m  was  a l m o s t  c o m p l e t e l y  f i l led 
w i t h  r ed  g ranu le s  whi le  ' o rd ina ry"  n e r v e  cells c o n t a i n e d  
o n l y  a few large r ed  g ranu les  w h i c h  were  p r o b a b l y  lyso- 
somes.  Also, t h e  a x o n s  of t he se  cells c o n t a i n e d  cons ider -  
ab le  n u m b e r s  of sma l l  r ed  granules .  T he  n e r v e s  to  t h e  
co rpus  c a r d i a c u m  showed  red  g ranu les  in  some axons  a n d  
on ly  w e a k  green  genera l  s t a i n i n g  in  o thers .  T h e  co rpus  
c a r d i a c u m  i tself  possessed  s c a t t e r e d  red  g r a n u l a r  a c c u m u -  
l a t i ons  a m o n g  t h e  i n t r i n s i c  cells whose  nuc le i  s t a i ned  
green.  Th i s  d i s t r i b u t i o n  of  neu r os ec r e t o r y  m a t e r i a l  agrees  
w i t h  e l ec t ron  mic roscope  s tud ie s  m a d e  b y  SCHARRER 13. 
N e r v e s  l ead ing  to,  a r o u n d ,  t h r o u g h ,  a n d  a w a y  f rom t h e  
co rpus  a l l a t u m  al l  e x h i b i t  large  a c c u m u l a t i o n s  of red  
granules .  Those  a x o n s  pas s ing  t h r o u g h  t h e  co rpus  a l l a t u m  
of t en  h a d  a var icose  a r r a n g e m e n t  of red  granules .  Again ,  
t h i s  d i s t r i b u t i o n  agrees  w i t h  e l ec t ron  mic roscope  s tud ies  
m a d e  b y  SCHARRER 14. Also, t h e  m e d i a n  n e r v e s  of t h e  
v e n t r a l  n e r v e  cord  e x h i b i t  r ed  g ranu le s  in  some  of t h e  
a x o n s  p r o x i m a l  a n d  d i s t a l  t o  t h e  n e u r o h a e m a l  o rgans  ~5, ~s. 

S ince  i t  was  t h o u g h t  t h a t  n e u r o s e c r e t o r y  m a t e r i a l  in  
o t h e r  a n i m a l s  m a y  give a s imi la r  r eac t i on  w i t h  ac r id ine  
orange,  t h e  fo l lowing r e p r e s e n t a t i v e  s y s t em s  w h i c h  con-  
t a i n  neu rosec r e to ry  m a t e r i a l  were  i n v e s t i g a t e d ;  t he  eye-  
s t a l k  a n d  pe r i ca rd i a l  o r g a n  of t h e  crab,  Paragrapsus gai- 
mardii, t h e  r e t r o c e r e b r a l  c o m p l e x  of Calliphora stygia, 
t h e  h e a r t  of Helix aspersa, a n d  t h e  ce rebra l  gang l ion  of 
t h e  e a r t h w o r m ,  ~legascolides polynephricus. I n  each  case  
n e u r o s e c r e t o r y  cells a n d / o r  a x o n s  cou ld  b e  d i s t i ngu i shed  
f rom ' o r d i n a r y '  n e r v e  cells a n d  axons .  

Acr id ine  o range  a n d  e n c h r y s i n e  3 R X  gave  s imi la r  
c h r o m a t o g r a m s  w h i c h  showed  6 (poss ib ly  7) c o m p o n e n t s  
w i t h  t h e  s lowest  m o v i n g  spo t  be ing  t he  m a j o r  c o n s t i t u e n t .  
T h e  c h r o m a t o g r a m  of c o r i p h o s p h i n e  showed  a fa i r ly  
s t r o n g  spo t  w i t h  a n  R I  v a l u e  a n d  f luorescen t  co tour  
s imi la r  to  t h e  m a j o r  c o m p o n e n t  of ac r id ine  orange,  b u t  
t h e  o t h e r  spo t s  were  a l l  d i f f e ren t  in  R f  v a l u e  a n d / o r  
f luo rescen t  colour.  Acid  p h o s p h a t a s e  was  n o t  local ized 
in e i t h e r  t y p e  of a x o n  in t h e  l a t e r a l  ca rd iac  n e r v e s  b y  
e i t h e r  of t h e  m e t h o d s  used.  

U n s t a i n e d  whole  m o u n t s  of l a t e r a l  ca rd iac  n e r v e s  were 
v iewed  u n d e r  d a r k  f ield i l l umina t ion .  N e u r o s e c r e t o r y  
m a t e r i a l  e x h i b i t e d  i t s  cha rac t e r i s t i c  b lue  co lour  in  t h e  
f o r m  of g ranu le s  or  dense  a c c u m u l a t i o n s .  T h e  d i s t r i b u t i o n  
of n e u r o s e c r e t o r y  a x o n s  r evea l ed  b y  t h i s  m e t h o d  was  
s imi l a r  t o  t h e  d i s t r i b u t i o n  s h o w n  b y  v i t a l  s t a i n i n g  w i t h  
ac r id ine  orange.  

Discussion. T h e  m e t a c h r o m a t i c  r ed  f luorescence  of 
neu rosec r e to ry  m a t e r i a l  w h e n  s t a i n e d  w i t h  ac r id ine  o range  
al lows a r ap id  m e t h o d  for  i den t i f y i ng  neu rosec re to ry  cells 
a n d  axons .  All  t h e  k n o w n  si tes  of neu rosec re to ry  m a t e r i a l  
in  t h e  insec t  n e r v o u s  s y s t e m  give pos i t i ve  r e su l t s  b y  t h i s  
m e t h o d  whe rea s  p rev ious ly  d i f f e ren t  s t a i n i n g  t e c h n i q u e s  
a n d  e lec t ron  mic roscopy  h a v e  b e e n  necessa ry  t o  show 

t h e  p re sence  of al l  t y p e s  of n e u r o s e c r e t o r y  m a t e r i a l .  A 
s imi l a r  s t a i n i n g  m e t h o d  ~7 h a s  b e e n  used  on  t h e  n e r v e s  
in  t h e  m e s e n t e r y  of  t h e  frog, Rana temporaria a n d  t h e  
ce reb ra l  gang l ion  of Lumbricus terrestris a n d  i t  was  f o u n d  
t h a t  t h e  n e r v e  cell bod ies  a n d  a x o n s  c o n t a i n  r ed  granules .  
Some of t h e  g ranu le s  h a v e  a var icose  a r r a n g e m e n t  in  t h e  
axons .  This ,  t o g e t h e r  w i t h  t h e  pos i t i ve  r e a c t i o n  in  t h e  
neu rosec re to ry  cells a n d  a x o n s  of t h e  o t h e r  a n i m a l s  used  
in  t h i s  s tudy ,  wou ld  i n d i c a t e  t h a t  al l  n e u r o s e c r e t o r y  
g ranu les  h a v e  some  c o m m o n  f ea tu r e  w h i c h  m a k e s  t h e m  
s t a i n  w i t h  ac r id ine  orange .  W h e t h e r  t h i s  a p a r t i c u l a r  
c h e m i c a l  c o m p o u n d  or  a p a r t i c u l a r  t y p e  of m e m b r a n e  
s t r u c t u r e  wh ich  c o m b i n e s  w i t h  ac r id ine  o range  is n o t  
known.  However ,  t h e  en t i t i e s  r e spons ib le  possess  a h i g h l y  
o r i e n t a t e d  a r r a y  of n e g a t i v e  b i n d i n g  s i tes  w h i c h  are  
spaced  a t  a d i s t ance  w h i c h  a l lows i n t e r a c t i o n  b e t w e e n  
t h e  a d j a c e n t  ac r id ine  o range  molecu les  11. 

T h e  absence  of ac id  p h o s p h a t a s e  in  t h e  n e u r o s e c r e t o r y  
a x o n s  would  sugges t  t h a t  i t  is n o t  t h e  p re sence  of lyso- 
somes  w h i c h  p roduce  t h e  m e t a c h r o m a t i c  s t a in ing ,  b u t  
t h a t  t h e  neu rosec re to ry  m a t e r i a l  i tse l f  t a k e s  up  t h i s  s ta in .  
W h e t h e r  t h i s  s i m i l a r i t y  in  s t a i n i n g  is due  to  s imi la r  
c o m p o u n d s  or  m e m b r a n e s  is unreso lved ,  b u t  b o t h  lyso- 
somes  a n d  neu rosec re to ry  g ranu les  c o n t a i n  b io logica l ly  
a c t i v e  s u b s t a n c e s  in  a l a t e n t  fo rm 1, s. 

T h e  t h i n  l aye r  c h r o m a t o g r a p h i c  ana lys i s  of t h e  3 s t a i n s  
w h i c h  gave  pos i t i ve  r e su l t s  i nd i ca t e  t h a t  a c r i d ine  o r a n g e  
a n d  e u c h r y s i n e  3 R X  are  t h e  same,  or  v e r y  s imi lar ,  
p r o d u c t s  a n d  t h a t  c o r i p h o s p h i n e  is c o n t a m i n a t e d  w i t h  
ac r id ine  orange.  I t  is t h i s  w h i c h  gives m e t a c h r o m a t i c  
s t a i n i n g  of n e u r o s e c r e t o r y  m a t e r i a l  as. 

Rdsumd. On expose  une  m 6 t h o d e  r ap ide  de  la  co lo ra t i on  
v i t a l e  ~t l ' a c r id ine  o r a n g e  des  p r o d u i t s  de  neuros6cr6 t ion  
d a n s  le t i ssu  n e r v e u x  des  insectes .  I r r ad i6s  avec  la  lumi~re  
bIeue,  t o u t  les t y p e s  c o n n u s  de  p r o d u i t s  de  neuros6cr6-  
t ions  e n t r e n t  en  f luorescence  en  p r e n a n t  une  t e i n t e  m6 ta -  
c h r o m i q u e  rouge.  
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