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t ion m o v e m e n t s  even  when t rea ted  wi th  fumigants ,  is 
described. 

Nicot ine  when  in t roduced  in Ringer ' s  solut ion flooding 
the  insect ' s  body  ~ showed comple te  inhibi t ion of spiracu- 
lar  m o v e m e n t s  of in tact ,  decerebra ted  and decap i t a t ed  
insects (Figure A, B and C). The  second thoracic  spiracle 
remained  open wi th  nicot ine solution, indica t ing  t h a t  
nicot ine brings abou t  inhibi t ion  in the  pacemakers  situ- 
a ted  in the  body  outs ide the  cephal ic  region. B u t  when 
nicot ine solut ion was released on the  brain, increased 
resp i ra tory  m o v e m e n t s  of t he  spiracles (103 beats/rain)  
were observed (Figure D), jus t  as in the  case of the  
decap i t a t ed  insect.  Obviously ,  n icot ine  diminishes the  
inh ib i to ry  ac t ion  of brain.  

E D C T  in a s imilar  tes t  showed increased spiracular  
m o v e m e n t s  wi th  in tac t  (30 beats /min) ,  decerebra ted  
(40 beats /min) ,  and decap i ta ted  (80 beats /min)  insects 
(Figure E,  F and G), thus  exhib i t ing  its exc i t a to ry  effect  
on pacemakers .  B u t  when released on the  b ra in  it  caused 
reduced spiracular  ac t iv i ty  (3 bea ts /min)  (Figure H). The  
react ions  of E D C T  are d iamet r ica l ly  opposi te  to  t h a t  
p roduced  by  nicotine.  

Decerebra t ion  increased spiracular  ac t iv i ty  (23 beats  per 
minute)  and decapi ta t ion  resul ted in fur ther  increase 
(104 beats/rain) (Figure J and K). This  indicates  t h a t  
bra in  inhibi ts  spi racular  movements .  Bo th  cerebral  and 
suboesophageal  gangl ia  are inh ib i to ry  in action.  This  was 
fu r the r  conf i rmed by  releasing brain ex t r ac t  (5 brains  
homogenized  in 0.5 ml and di luted in 200 ml of Ringer ' s  
solution) on the  decap i t a t ed  insect. The  increased spiracu- 

lar a c t i v i t y  resul t ing f rom decap i ta t ion  was inhibi ted to 
a lmos t  normal  (Figure I and L), indicat ing t h a t  an un- 
ident i f ied neu rohumor  is invo lved  in the  spiracular  regula- 
t ion of respira t ion 7. 

Zusammen[assung. Es  wurde  die Wi rkung  yon Niko t in  
und E D C T  auf die spirakulare  Aktiviti~t yon Periplaneta 
americana (L.) untersucht .  Nikot in  ha t  eine h e m m e n d e  
und E D C T  eine aufregende Wi rkung  auf  das Gehirn.  
Un te r suchungen  an in takten ,  dezerebr ie r ten  und dekapi-  
t i e r ten  Insekten  haben gezeigt,  dass das  Gehirn  als 
Zen t rum der  Atmungs inh ib i t ion  wirkt .  \ re rsuche  mi t  Ge- 
h i rnex t r ak t en  bei dekapi t ie r ten  Insek ten  beweisen die 
h e m m e n d e  Rolle des Gehirns und zeigen, dass ein unbe- 
kanntes  Neu roho rmon  fiir die spirakulare  Akt iv i t i i t  des 
Insektes  yon Bedeu tung  sein k6nnte.  
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An Osmiophi l i c  Substance  in Brain Synaptic  Vesic les  not Assoc iated  with  Catecho lamine  Content  

Autorad iograph ic  studies of ca techolamine-s tor ing  nerve  
endings of the  r a t  b ra in  1,~ h a v e  indica ted  t h a t  despi te  
re ten t ion  of more  t h a n  50% of the  r ad ioac t iv i ty  a f te r  
g lu ta ra ldehyde-OsO 4 double f ixat ion,  no osmiophi l ic  
mate r ia l  is seen wi th in  t he  small  synap t ic  vesicles (400 to  
600 ~_) by electron microscopy.  Al though  larger vesicles 
(800-1000 /k) wi th in  the  au torad iograph ica l ly  labeled 
nerve  endings do exhib i t  osmiophi l ic  granular  mater ia l ,  
the  re la t ive  e lec t ron-opac i ty  of the  mater ia l  does no t  
f luc tua te  in p ropor t ion  to m o n o a m i n e  con ten t  of the  
bra in  af ter  pharmacologica l  e levat ions  or  deple t ions  of 
monoamine  stores ~,4. 

Fo r  per ipheral  au tonomic  nerves, the  a m o u n t  of 
e lec t ron-opaque  ma te r i a l  wi th in  synapt ie  vesicles corre- 
lates well wi th  the  ca techolamine  con ten t  of the  nerves  
as judged  by  biochemical ,  f luorescent  h is tochemicat  and 
au torad iograph ic  5-7 assays. G lu t a ra ldehyde  pre- f ixa t ion  
appears  to  resul t  in be t t e r  demons t r a t i on  of osmiophi l ic  
ves icular  mate r ia l  t h a n  is seen wi th  only  OsO 4 f ixat ion 8,9 
Immers ion  f ixa t ion  wi th  cold 3% KMnO 4 is repor ted  to 
resul t  in the  h ighes t  f requency  of s ta ining of the  in t ra-  
ves icular  mater ia l  wi th in  sympa the t i c  nerve  endingsL 
Bra in  f ixed wi th  KMnO~ has also been repor ted  to reveal  
an  in t raves icu la r  ma te r i a l  w i th in  bra in  synap t i c  vesicles 
of  the  ra t  med ian  eminence  and locus coeruleus 10. How-  
ever,  this  f ixa t ive  is diff icul t  to use, since pene t ra t ion  of 
t issue is slow and tissues are diff icul t  to section. 

Since g lu ta ra ldehyde  f ixa t ion  of bra in  is associated 
wi th  m o n o a m i n e  re ten t ion  by  au to rad iography ,  bu t  does 
no t  revea l  e lec t ron-opac i ty  in the  smal l  synap t ic  vesicles, 
the  morphologica l  d iscrepancy be tween  ' the results  of 
g lu ta ra ldehyde-OsO 4 f ixa t ion  and K M n O  4 f ixa t ion  do no t  

seem to be d i rec t ly  expl icable  s imply  on the  basis of 
be t t e r  re ten t ion  of vesicle ca techo lamine  content .  The  
present  expe r imen t s  have  inves t iga ted  the  inabi l i ty  of 
g lu ta ra ldehyde-OsO 4 f ixat ion to produce  the  synapt ic  
vesicle e lect ron-opaci t ies  revea led  in the  bra in  wi th  
K M n O , :  the  v igor  of reac t ion  condi t ions  has been var ied  
to uncover  possible phys ico-chemical  differences in the  
r eac t i v i t y  of the  2 ox idan t s  wi th  in t raves icular  substances.  

Materials and methods. Norma l  rats,  ra ts  p re - t rea ted  
wi th  reserpine (2.5 mg/kg,  s.c., 18-25 h) or  pargyl ine  
(100 mg/kg,  i.p., 20 h) and ra ts  g iven 35 tzC HS-norepine - 
phr ine  (sp. act.  6.5 C/raM) by in jec t ion  into  1 la tera l  
cerebral  vent r ic le  (2 h) were used. Bra ins  were fixed by  
perfusion wi th  5% g lu ta ra ldehyde  (phosphate-buffered,  
p H  7.4). Ad jacen t  t issue blocks were exposed to solut ions 
of 1% OsO~ or 3% KMnO 4 for a va r i e ty  of t imes  and a t  
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Fig. 1. Two nerve endings in paraventricular hypothalamus of normal 
rat, after fixation with glutaraldehyde and exposure to 1% OsO 4 at 
60°C for 30 min. Synaptic vesicles in lower ending are filled with 
electron opaque osmiophilic precipitates, while vesicles in upper 
nerve ending are electron lucent. × 52,000. 

Fig. 2. Neuropil of paraventricular hypothalamus from rat treated 
with reserpine (2.5 mg]kg, s.c., 24 h before). Heavy arrows indicate 
4 nerve endings exhibiting the osmiophilic precipitates within 
synaptic vesicles. Thin arrows indicate 5 of the adjacent nerve endings 
with normally appearing electron lucent synaptic vesicles. Fixation 
and OsO 4 exposure identical to tissue illustrated in Figure 1. × 12,500. 

d i f f e ren t  t e m p e r a t u r e s .  Af t e r  d e h y d r a t i o n ,  b locks  were  
e m b e d d e d  in Marag lass  a n d  t h i n  sec t ions  were  e x a m i n e d  
u n s t a i n e d  in a Zeiss E M  9 e lec t ron  microscope.  L i g h t  
microscopic  a u t o r a d i o g r a p h s  were  p r e p a r e d  f rom b r a i n s  
of a n i m a l s  g iven  i n t r a v e n t r i c u l a r  H3-norep inephr ine ,  b y  
d i p p i n g  4 tz Marag lass  sec t ions  in  I l fo rd  L4 emul s ion  as 
p r ev ious ly  desc r ibed  n .  Ha l f  of t h e  b locks  f rom radio-  
a c t i v e l y  labe led  b r a i n s  were  exposed  to  OsO,  a t  r o o m  
t e m p e r a t u r e ;  t h e  o t h e r  ha l f  were  exposed  to  1% OsO 4 
for 30 m i n  a t  60°C. R e l a t i v e  r e t a i n e d  r a d i o a c t i v i t y  was  
e s t i m a t e d  b y  c o u n t i n g  s i lver  g ra ins  a f t e r  exposures  of 
7 -14  days .  

Resul ts  and  discussion.  T h e  f ine  s t r u c t u r a l  e x a m i n a t i o n  
was  in i t i a l ly  con f ined  to  t h e  p a r a v e n t r i c u l a r  h y p o t h a l a m i c  
r eg ion  s ince  t h i s  a r ea  is k n o w n  to  b e  r i ch  in c a t e c h o l a m i n e -  
c o n t a i n i n g  n e r v e  e n d i n g s  I*, a n d  s ince  t h i s  a r ea  h a s  b e e n  
i n t e n s e l y  s t ud i ed  b y  us  p rev ious ly  1,4. I t  was  q u i t e  s t r ik ing ,  
the re fore ,  to  f ind  t h a t  h y p o t h a l a m i c  b locks  exposed  to  
1% OsO,  a t  60 °C for  30 min  d e m o n s t r a t e d  n e r v e  e n d i n g s  
c o n t a i n i n g  i n t r a v e s i c u l a r  osmiophi l i c  g r a n u l a r  p r e c i p i t a t e s  
(F igure  1). Such  n e r v e  end ings  c o n s t i t u t e d  a t  l e a s t  4 0 %  
of t h e  n e r v e  end ings  n o w  f o u n d  in t h i s  b r a i n  region.  T h e  
m a x i m u m  e l ec t ron -opac i f i ca t ion  of s y n a p t i c  vesicles  
occur red  a t  a d e p t h  of 100-150 ~ f rom t h e  surface,  a t  
w h i c h  p o i n t  t h e r e  was good e lec t ron  c o n t r a s t  of p l a s m a  
a n d  i n t r ace l l u l a r  m e m b r a n e s .  A t  p o i n t s  closer to  t h e  ou t e r  
surface  of t h e  block,  c o n t r a s t  of m e m b r a n e s  was also 

qu i t e  in tense ,  b u t  i n t r ace l l u l a r  c y t o p l a s m i c  m a t e r i a l  ap-  
p e a r e d  eroded.  W i t h i n  t h e  c e n t e r  of t h e  block,  e lec t ron-  
c o n t r a s t  was  on ly  s l igh t ly  g r e a t e r  t h a n  no rma l ,  a n d  
s y n a p t i c  vesicles e x h i b i t e d  no  osmiophi l i c  ma te r i a l .  No 
t r e a t m e n t  of t h e  g l u t a r a l d e h y d e - f i x e d  b locks  w i t h  KMnO4 
p r o d u c e d  a n y  t y p e  of i n t r a v e s i c u l a r  opaci t ies ,  a l t h o u g h  
a t  h i g h e r  t e m p e r a t u r e s ,  t h e  t i ssue  was  c o m p l e t e l y  dis- 
solved.  

I n  t h e  h y p o t h a l a m u s  of a n i m a l s  t r e a t e d  w i t h  e i t h e r  
r e se rp ine  or  pa rgy l ine ,  t hose  n e r v e  end ings  e x h i b i t i n g  
i n t r a v e s i c u l a r  depos i t s  h a d  essen t ia l ly  t h e  s a m e  r e l a t i ve  
n u m b e r  of r eac t i ve  vesicles as  n o r m a l  a n i m a l s  (F igure  2). 
F u r t h e r  d i s soc ia t ion  of t h e  i n t r a v e s i c u l a r  osmiophi l i c  
m a t e r i a l  f r om t i s sue  c a t e c h o l a m i n e  c o n t e n t  was  e s t ab -  
l i shed  b y  e x a m i n i n g  a u t o r a d i o g r a p h s  of a d j a c e n t  h y p o -  
t h a l a m i c  b locks  f rom a n i m a l s  g i v e n  i n t r a v e n t r i c u l a r  inj  ec- 
t i ons  of H a - n o r e p i n e p h r i n e  x2 Those  t i ssue  b locks  exposed  
to  t h e  w a r m  Os04 t r e a t m e n t  c o n s i s t e n t l y  e x h i b i t e d  less 
t h a n  x]2 t h e  n u m b e r  of g ra ins  seen over  a d j a c e n t  t i s sue  
f rom t h e  s ame  b r a i n s  p r e p a r e d  w i t h  OsO 4 a t  r o o m  
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t e m p e r a t u r e ,  a l t h o u g h  t he  g ra in  loca t ions  were a lways  
i n d i c a t i v e  of n e r v e  e n d i n g  labe l ing ,  

These  r e su l t s  show t h a t  inc reased  r e a c t i v i t y  of t h e  
c o n t e n t s  of c e r t a i n  t y p e s  of b r a i n  s y n a p t i c  vesicles  t o w a r d  
OsO 4 c a n  be  o b t a i n e d  b y  p e r f o r m i n g  t h e  f ina l  f i x a t i o n  
s t ep  a t  e l eva t ed  t e m p e r a t u r e s .  A l t h o u g h  t h e  p r o d u c t  
fo rmed  resembles  super f ic ia l ly  t h e  g r a n u l a r i t y  desc r ibed  
w i t h i n  s y n a p t i c  vesicles a f t e r  K M n O ,  f ixa t ion ,  v a r i a t i o n  
in c a t e c h o l a m i n e  c o n t e n t  occurs  w i t h o u t  d e t e c t a b l e  a l ter -  
a t i o n  in t h e  a p p e a r a n c e  of t he  p r e s e n t  osmiophi l ic  sub-  
s tance .  Moreover ,  t h e  process  wh ich  p e r m i t s  t h e  v isual iza-  
t ion  of t h i s  m a t e r i a l  a c t u a l l y  seems to  e x t r a c t  t h e  ca te-  
c h o l a m i n e  r ad ioac t i v i t y .  Thus ,  whi]e g r a n u l a r  s y n a p t i c  
vesicles m a y  be  a n  i n d e x  to  m o n o a m i n e - s t o r a g e ,  t h e  
g r a n u l a r  m a t e r i a l  d e m o n s t r a t e d  b y  exposu re  t o  w a r m  
OsO 4 does n o t  seem to  be  t h e  m o n o a m i n e  itself.  I f  t h e  
w a r m i n g  p r o c e d u r e  fac i l i t a tes  t h e  ab i l i t y  of OsO,  to  r e a c t  
w i t h  vesicle c o n t e n t s  b y  inc reas ing  i ts  p o t e n c y  as a n  
ox id iz ing  agen t ,  t h e n  poss ib ly  o t h e r  r educ ing  s u b s t a n c e s  is 
k n o w n  to  be  p r e s e n t  w i t h i n  t he  h y p o t h a l a m u s  a n d  r e l a t ed  
to  m o n o a m i n e  neurons ,  such  as ascorb ic  acid,  cou ld  be  
respons ib le  for t he  r eac t i on  o b s e r v e d  here.  T he  exac t  
cause  for  t h e  g r a n u l a r  depos i t s  deve loped  b y  K M n O  4 
f ixa t ion  w i t h i n  p r e s u m e d  m o n o a m i n e - c o n t a i n i n g  ne rves  

a n d  i ts  r e l a t i on  to  t he  osmiophi l ic  s u b s t a n c e  desc r ibed  
he re  m u s t  now be  i n v e s t i g a t e d  1,. 

Zusammen[assung, N a c h  F i x i e r u n g  d u r c h  G l u t a r a l d e -  
h y d d u r c h s t r 6 m u n g  u n d  B e h a n d l u n g  m i t  OsO,  bei 60 °C 
w ~ h r e u d  30 m i n  e r h M t  m a n  im 1Rat tenhi rn  e l e k t r o n e n -  
d i c h t e  Niederscht~ige i n n e r h a l b  de r  k le inen  s y n a p t i s c h e n  
Vesikel.  A m i n - E n t l e e r u n g s v e r s u c h e  u n d  a u t o r a d i o g r a -  
ph i sche  U n t e r s u c h u n g e n  h a b e n  gezeigt ,  dass  diese Nieder -  
schliige n i c h t  m i t  d e m  K a t e c h o l a m i n g e h a l t  des  G e h i r n s  
zusammenh~tngen .  
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Triphasic Intestinal Reaction on Adrenaline in the Rat 

Accord ing  to  AHLQUIST x, LEVY ~ a n d  FURCHGOTT 3 b o t h  
c a n i n e  i l eum a n d  r a b b i t  d u o d e n u m  re lax  a f t e r  s t i m u l a t i o n  
of e i t he r  ~- or  f l-receptors.  KAWAI 4'5, however ,  h a s  found  
a c o n t r a c t i o n  of gu inea -p ig  i l eum ( m a x i m a l  in  t he  t e r m i n a l  
pa r t )  a f t e r  a d r e n a l i n e  (A). T he  p r e s e n t  e x p e r i m e n t s  in  
v i t r o  were  u n d e r t a k e n  to  ana lyse  t h e  effects  of A u p o n  
r a t  i n t e s t i n a l  segments .  

Results. A d r e n a l i n e  in  c o n c e n t r a t i o n s  of 5 × 1 0 - g M  to  
1 × 1 0 - 7 M  caused  r e l a x a t i o n  a n d  i n h i b i t e d  per i s ta l s i s  in  
p r o p o r t i o n  to  t h e  a m o u n t  of A in t h e  b a t h .  I t  is c lear ly  
e v i d e n t  t h a t  c o n c e n t r a t i o n s  of 5 × 1 0 - ~ M  to  5 × 1 0 - S M  
a n d  s o m e t i m e s  1 × 1 0 - 5 M  caused  a t r i p h a s i c  c h a n g e  in  
t h e  t one  (F igure  1). A f t e r  r e l a x a t i o n  t h e r e  fol lowed a n  
increase  of t h e  tone,  w h i c h  r eached  or  o v e r r a n  t h e  pre-  
v ious  level, a n d  was succeeded b y  a s e c o n d a r y  r e l axa t ion .  
A t r o p i n e  a d d e d  to  t h e  b a t h  f lu id  in  c o n c e n t r a t i o n  of 
1 m c g / m l  d id  n o t  c h a n g e  these  effects.  T h e  i n t e n s i t y  of 
con t r ac t i l e  p h a s e  was lower  in  d u o d e n a l  s e g m e n t s  a n d  
was increased  in t e r m i n a l  p a r t s  of i n t e s t i n a l  segments .  
T h e  t r i p h a s i c  r e a c t i o n  to  A in  c o n c e n t r a t i o n s  of 5 × 10-TM 
to  1 × 1 0 - S M  was  also o b s e r v e d  in r a b b i t  t e r m i n a l  i l eum 
a n d  in  h u m a n  processus  v e r m i f o r m i s  t issue.  

VChen p r o p r a n o l o l  in  c o n c e n t r a t i o n s  of  5 × 1 0 - S M  to  
1 × 1 0 - 4 M  was  a d d e d  to  t h e  b a t h  a p p r o x i m a t e l y  5 ra in  
before  A, t h e  r e l a x a t i o n  of r a t ' s  i n t e s t i n e  was  p r e v e n t e d  
a n d  t h e  increase  of t o n e  was e v i d e n t l y  a u g m e n t e d  (com- 
pa re  2 in  F igure  1). P h e n t o l a m i n e  in c o n c e n t r a t i o n  of 
5 m c g / m l  i n h i b i t e d  t h e  increase  of t o n e  obse rved  a f t e r  A, 
b u t  e i t h e r  d id  n o t  c h a n g e  or  even  inc reased  t he  degree  of 
r e l a x a t i o n  (compare  3 in  F igu re  1 a n d  C in  F igu re  2). The  
r e a c t i o n  of r a t ' s  i n t e s t i n e  to  h i g h  doses of A a f t e r  p h e n -  
t o l a m i n e  was  s imi la r  to  t h a t  obse rved  a f t e r  low doses of A. 
W h e n  b o t h  a- a n d  Ê-blocking d rugs  were  a d d e d  to t h e  
b a t h  c o n c o m i t a n t l y ,  A effects  were  c o m p l e t e l y  p r e v e n t e d  
in  c o n c e n t r a t i o n s  u p  to  2 × 10 -s M.  Me t hys e r g i de  m a l e a t e  
(deseril) a d d e d  to  t h e  b a t h  in c o n c e n t r a t i o n  of 1-3  × 1 0 - 3 h i  
dec reased  s l igh t ly  t h e  i n t e n s i t y  of t r i phas i c  r e a c t i o n  to  A 

b u t  d id  no t  c h a n g e  i ts  c h a r a c t e r  (B in F igu re  2). Iso-  
p r o t e r e n o l  in c o n c e n t r a t i o n  of 5 × 1 0 - ~ M  to 1 × 1 0 - e M  
caused  r e l a x a t i o n  a n d  d i s t u r b e d  per i s t a l t i c  m o v e m e n t s  of 
r a t ' s  i n t e s t i ne  a n d  d u o d e n u m .  I sop ro t e r eno l  d id  n o t  cause  
t h e  c o n t r a c t i o n  of i n t e s t i n a l  s m o o t h  muscles ,  e v e n  in 
h ighes t  c o n c e n t r a t i o n s  appl ied .  T h e  effects  of i sop ro t e reno l  
were  c o m p l e t e l y  abo l i shed  b y  p r o p r a n o l o l  in  c o n c e n t r a -  
t i ons  of 5 × 1 0 - ~ M  to  1 x 10-4M.  

Since b o t h  i sopro te renoI  a n d  A app l i ed  in low concen-  
t r a t i o n s  caused  r e l a x a t i o n  of in tes t ine ,  w h i c h  was  pre-  
v e n t e d  b y  p roprano lo l ,  i t  is e v i d e n t  t h a t  t h e i r  a c t i o n  
conce rns  f l-receptors.  Howeve r ,  t h e  c o n t r a c t i l e  p h a s e  of 
t h e  r eac t ions  of i n t e s t i n e  to  h i g h  doses  of A m a y  be  due  
to  t h e  s t i m u l a t i o n  of a - receptors ,  s ince i t  is p r e v e n t e d  b y  
p h e n t o l a m i n e .  The  con t r ac t i l e  p h a s e  of A effects  does  n o t  
c h a n g e  in t h e  p resence  of p roprano lo l ,  p o i n t i n g  to  t h e  
s ame  conc lus ion :  a d r e n a l i n e  causes  c o n t r a c t i o n  a n d  n o t  
r e l a x a t i o n  of i n t e s t i n a l  s m o o t h  muscles ,  e x e r t i n g  i t s  
in f luence  b y  s t i m u l a t i o n  of e - receptors .  C o n t r a c t i o n s  of 
t h e  g a s t r o i n t e s t i n a l  s m o o t h  musc les  fol lowing e - r ecep to r  
s t i m u l a t i o n  h a v e  b e e n  obse rved  in musc le  of t h e  b i l i a ry  
t r ee  of t h e  gu inea -p ig  b y  CREMA e t  aL e, a n d  in b o t h  t h e  
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