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b e h a v i o u r a l  s y n d r o m e  p roduced  para l le ls  t h e  s t r o n g  
cen t r a l  effects  p rev ious ly  r e p o r t e d  b y  CERLETTI. 

The  work  p r e s e n t e d  here  s u p p o r t s  t he  concep t  t h a t  
L S D  acts,  a t  leas t  pa r t ly ,  t h r o u g h  c a t e c h o l a m i n e  med ia -  
t ion.  

Zusammen/assung. Der  Einf luss  ve r sch i edene r  P h a r -  
m a k a  auf  das  d u r c h  L S D  h e r v o r g e r u f e n e  b i za r r e  Ver-  
h a l t e n  de r  R a t t e  wurde  u n t e r s u c h t .  Die R e s u l t a t e  zeigen, 
dass  a- u n d  f l-Blocker sowie a - M e t h y l t y r o s i n e  eine s t a r k e  
H e m m u n g  dieses V e r h a l t e n s  erzeugen,  im G e g e n s a t z  zu 
den  S e r o t o n i n - A n t a g o n i s t e n  Deseril ,  ]3OL-148 u n d  P a r a -  

c h l o r p h e n y t a l a n i n e n ,  die n u r  s chwache  oder  ke ine  H e m -  
m u n g  h e rv o r ru f en .  E s  wird  gefolgert ,  dass  das  b i za r r e  
V e r h a l t e n  d u r c h  W i r k u n g  yon  L S D  a n  K a t e c h o l a m i n -  
s t r u k t u r e n  h e r v o r g e r u f e n  wird.  Die W i r k u n g  y o n  4 
p s y c h o t r o p e n  P h a r m a k a  a m  b i za r r en  V e r h a l t e n  wi rd  im 
R a h m e n  dieser  H y p o t h e s e  d i sku t i e r t .  
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P R O  E X P E R I M E N T I S  

Serendipitous Precise and Unique Staining of Cell Nuclei 

W e  h a v e  r ecen t ly  been  i n t e r e s t e d  in deve lop ing  new 
t e c h n i q u e s  a n d  s u b s t r a t e s  for d e m o n s t r a t i o n  of enzymes  
in t issues,  pe r iphe ra l  blood, bone  m a r r o w  cells a n d  bac-  
ter ia .  P r e v i o u s l y  we h a v e  descr ibed  t h e  app l i ca t i on  of t h e  
indigogenic  pr inc ip le  to  t he  h i s tochemica l  d e m o n s t r a t i o n  
of leucine aminopept idaseX,  B-glucosidase2,  B-galac tos i -  
dase  3, N - a c e t y l - B - g l u c o s a m i n i d a s e  ~, a lka l ine  and  acid 
p h o s p h a t a s e  ~, su l fa tase  ~, B-xy los idase  7, endo  a n d  exo 
nuc leases  (phosphod ies t e ra ses  8) s e r u m  a lka l ine  a n d  acid 
p h o s p h a t a s e  b y  disc e lec t rophores i s  a,a° a n d  bac te r i a l  
D N a s e  11. T h e  indoly l  s u b s t r a t e s  were syn thes i zed  accord-  
ing  to  t h e  m e t h o d s  descr ibed  r ecen t ly  b y  HORWITZ a n d  
c o - a u t h o r s  x2,a3. T h e  indo ly l  s u b s t r a t e s  offer  t h e  a d v a n t a g e  
of precise  e n z y m e  loca l iza t ion  w i th  no  or v e r y  l i t t le  dif- 
fusion.  Moreover ,  t h e  s u b s t r a t e s  offer a s imple  a n d  d i rec t  
m e t h o d  for  d e m o n s t r a t i o n  of t he  enzymes  w i t h o u t  t h e  
need  for  a coup l ing  reac t ion .  T h e  p r inc ipa l  of t he  indigo-  
genic  r eac t i on  is t h a t  a hydro lys i s  of t he  specific indoly l  
s u b s t r a t e  occurs  in  t h e  presence  of the  e n z y m e  yie lding a 
c h r o m o g e n i c  h igh ly  inso luble  indigo a t  t he  e n z y m e  site. 
T h e  a d d i t i o n  of t he  r edox  s y s t e m  p o t a s s i u m  ferro-ferr i-  
c y a n i d e  is f r e q u e n t l y  i nc luded  in t h e  i n c u b a t i o n  m e d i u m  
to effect  a n d  acce le ra te  t he  o x i d a t i o n  of t he  i n t e r m e d i a t e  
i n d o x y l  to  indigo t4. 

I n  ou r  r e c e n t  s tud ies  o n  t h e  in t r ace l lu l a r  local iza t ion of 
e x o n u c l e a r  a n d  e n d o n u c l e a r  ' phosphod i e s t e r a se '  a c t i v i t y  s 
one of t h e  con t ro l s  wh ich  were  e m p l o y e d  was  a n  incuba-  
t i on  of f resh  f rozen sec t ions  of va r ious  t i ssues  in p o t a s s i u m  
fe r ro - fe r r i cyan ide  a t  p H  5.2. W e  were  su rpr i sed  to  observe  
se lec t ive  a n d  u n i q u e  s t a i n i n g  of on ly  t h e  cell nuclei  of 
va r i ous  t issues.  W e  t h u s  m a d e  th i s  o b s e r v a t i o n  b y  seren-  
d ip i ty .  

Methods. Tissues  f rom mouse  a n d  r a t  were used for th i s  
s tudy .  R e p r e s e n t a t i v e  pieces of t i s sue  f rom each  o rgan  
were  r e m o v e d  a n d  c u t  in to  b locks  2 -4  m m  in th ickness ,  
a n d  qu ick- f rozen  b y  p lac ing  t he  t i ssue  in  a glass t u b e  a n d  
i m m e r s i n g  i t  in  a D e w a r  f lask c o n t a i n i n g  ace tone  and  d ry  
ice a t  - 7 0 ° C .  T h e  t i ssues  were  e m b e d d e d  in o p t i m a l  
c u t t i n g  t e m p e r a t u r e  c o m p o u n d ,  p u r c h a s e d  f rom Lab-Tek ,  
composed  of wa te r - so lub le  glycols a n d  res ins  m a t c h e d  to  
a specific c u t t i n g  zone t e m p e r a t u r e  of -- 20 °C to - 35 °C. 
The  e m b e d d e d  t i ssue  was t h e n  p laced  on t he  quick-freeze 
b a r  of a L a b - T e k  c r y o s t a t  for  1 m in  un t i l  t h e  e m b e d d i n g  
m e d i u m  was  frozen,  a n d  b e c a m e  t he  p r o p e r  cons i s t ency  
for  c u t t i n g  6 # sec t ions  a t  - - 20°C .  Af te r  cu t t ing ,  t h e  

sec t ions  were a t t a c h e d  to  w a r m  slides. All so lu t ions  were  
m a i n t a i n e d  a t  4 °C for p r e s e r v a t i o n  of e n z y m a t i c  a c t i v i t y .  
T h e  sl ides were t h e n  a i r  d r i ed  to  p r e v e n t  t h e  f o r m a t i o n  of 
ice c rys t a l s  a n d  s to red  a t  -- 25 °C un t i l  i n c u b a t e d  in t h e  
specific solut ion.  F r e s h  f rozen  sec t ions  were  i n c u b a t e d  for  
6 h in so lu t ions  cons i s t ing  of 1 ml  0 . 0 5 M  p o t a s s i u m  ferro-  
cyanide ,  1 ml  0 . 0 5 M  p o t a s s i u m  fer r icyanide ,  10 ml  0 . 2 M  
a c e t a t e  buf fe r  p H  5.2. T h e  r eac t i on  was  o b s e r v e d  h o u r l y  
un t i l  20 h. Af te r  i n c u b a t i o n  t h e  sl ides were w a s h e d  b r i e f ly  
in t a p  w a t e r  a n d  m o u n t e d  in glycerol  gel for  microscopic  
e x a m i n a t i o n .  

Results. Selec t ive  a n d  u n i q u e  blue  s t a i n i n g  of o n l y  t h e  
cell nucle i  of mouse  a n d  r a t  k idney ,  l iver,  ske le t a l  muscle ,  
spleen, g a s t r o i n t e s t i n a l  mucosa ,  g a s t r o i n t e s t i n a l  s m o o t h  
muscle,  p a n c r e a s  a n d  ep id idymis .  T h e  c h r o m a t i n  of t h e  
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• A - 4  

Fig. 1. Section of rat, skeletal muscle incubated in potassium ferro- 
ferricyanide at pH 5.2 demonstrating staining of nuclei of skeletal 
muscle cells. × 135. 

Fig. 3. Section of rat epididymis incubated in potassium ferro-ferri- 
cyanide at pH 5.2 demonstrating staining of nuclei of cells lining the 
tubules of the epididymis. × 90. 

is m o s t  l ikely s ta in ing  of i ron c o m p o u n d s  in t he  nuclei.  
The s ta in  is ex t r eme ly  s imilar  to  t he  TURNBULL blue 
m e t h o d  for hemos ide r in  1~ and  MALLORY'S le or GOMORI'S 1~ 
h i s tochemica l  m e t h o d  for cy top lasmic  iron. Thus,  we 
bel ieve t h a t  ce r ta in  i ron con ta in ing  subs t ances  p r e s en t  in 
cell nuclei  h a v e  an  a f f in i ty  for po ta s s ium fer ro- fer r icyanide  
solut ion a t  p H  5.2 w i th  t h e  d e v e l o p m e n t  of se lect ive  blue 
nuc lear  s ta ining.  One m u s t  also cons ider  t h a t  D N A  m a y  
h a v e  an  a f f in i ty  ~or fe r ro- fer r icyanide  is. 

Zusammentassung. Fr ischgef rorene  Gewebesek t ionen  
versch iedener  Gewebe  w u r d e n  in Ka l ium-E i sen -Cyan id  
bei  p H  5,2 inkub ie r t ;  dabe i  wurde  eine pritzise und  ein- 
zigart ige FArbung nur  der  Zellnuklei  beobach t e t .  Die 
Ursache  dieser  sele!~tiven KernfArbung  ist  n ich t  ve r s t~nd-  
lich, doch  s te l l t  sie hCchs twahrsche in l ich  eine F i t rbung  
yon  F e r r o - V e r b i n d u n g e n  in den  Nuklei  dar.  

P .  L .  W O L F ,  J .  P .  H O R W I T Z ,  

JANICE VAZQtlEZ 
and  ELISABETH VON DER MUEHLL 

Fig. 2. Section of mouse liver incubated in potassium ferro-ferri- 
cyanide at pH 5.2 demonstrating staining of nuclei of liver cells. 
× 135. 

nuclei  was specif ical ly de l inea ted  wi th  non-s ta in ing  of t he  
pa rach roma t in .  There  was  no cy top lasmic  s ta ining.  The  
s ta in ing  appea red  a t  6 h b u t  became  more  in tense  w i t h  
fu r the r  i ncuba t ion  wi th  m a x i m u m  s ta in ing  a t  19 h 
(Figures 1-3). 

Discussion. The  cause  for t he  h ighly  select ive s t a in ing  
of celt nuclei  of var ious  t issues by  the  po t a s s ium ferro-  
fe r r icyanide  is no t  clear. We  d iscovered  th is  p h e n o m e n o n  
ent i re ly  b y  serendip i ty .  The  incuba t ion  of the  t issues in 
t he  acid po t a s s ium fer ro- fer r icyanide  solut ion was  one  of 
our  cont ro ls  in our  r ecen t ly  comple t ed  s t u d y  of in t ra -  
cellular exonuc lear  and  endonuc lea r  phosphodies te rases .  
This  inves t iga t ion  was fac i l i ta ted  by  our  recen t  syn thes i s  
of 2 h ighly  specific subs t r a t e s  for phosphod ies t e ra ses  and  
DNases  8. These subs t r a t e s  are 5-bromo-4-chloro-3- indolyl-  
t h y m i d i n e - 3 ' - p h o s p h a t e  and  5-bromo-4-chloro-3- indolyl-  
t h y m i d i n e - 5 ' - p h o s p h a t e .  The blue s t a in ing  of t he  nuclei  
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