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The p H - D e p e n d e n t  Release  of M o n o a m i n e s  f r o m  
Cell Granules  in vitro 

The cy top lasmic  organelles which  conta in  mono-  
amines  exh ib i t  a h igh  con t en t  of A T P  1, 2, of l ipids and  
RNA ,, 4, of b iva len t  ion 4, 5, and  of soluble and  insoluble 
pro te ins  6. The  basic amino  group of posi t ively  charged  
monoamines  is essent ia l  for f ixing t h e m  by  granulesT, s. 
The complex  of A T P  and  norep inephr ine  (NE) seems to  
in te rac t  w i th  pro te ins  be ing  held  in t he  granule m a t r i x  6, 
b u t  only a pa r t  of N E  is bound  by  A T P  4,9. A s imilar  
s torage form of 5 - h y d r o x y t r y p t a m i n e  (5-HT) by  entero-  
ch romaf f in  and  p la te le t  granules has  been  suggested ~, x0. 

The p H  of the  m ed ium is of impor t ance  for the  s tab i l i ty  
of the  amine  con t en t  of granules  11-14 and  in tac t  cellslS. 
A t  a p H  range of 2-4, 5-HT was readi ly  released f rom ra t  
per i toneal  m a s t  cells w i th  cy top lasmic  morphologica l  
changes  ]5. 

The  p repa ra t ion  of the  monoamine -con t a in ing  granule 
f rac t ion  and  release expe r imen t s  were carried out  as de- 
scr ibed earlier 14. The cow duodenal  mucosa  was homo-  
genized in a P o t t e r - E l v e h j e l m  glass and the  spleen in an 
Ul t ra -Turrax |  homogenizer .  5-HT16 and dopami n e  
(DA) l~,ls were d e t e r m i n e d  spec tophotof luoromet r ica l ly .  
Fo r  electron microscopy (EM) the  b o t t o m  layer  of the  
pel le t  ob ta ined  a t  20,000 g, i.e. the  granule f rac t ion  ~4, 
was f ixed in 3% g lu ta ra ldehyde  in a 0 .1M p h o s p h a t e  
buffer  solut ion (pH 7.2) for 2 h a t  0 ~ The pe l le t  was 
pos t f ixed  in 1% osmium te t rox ide  for 2 h a t  0~ 19,2~ 
e m b e d d e d  in epoxy  res in  21 and  the  sect ions were s ta ined 
by  lead c i t ra te  ~2 and  u rany l  ace ta te  23 before v iewing in a 
Phi l ips  EM 200 electron microscope.  
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Fig. 1. Release of 5-HT from isolated cow enteroehromaffin (O) and 
platelet (A) and that of DA from dopamiue cell granules (0) in vitro. 
Release experiments were carried out in a 0.15 M phosphate buffer 
solution (final concentration) for 30 rain at 0 ~ by using 1.0 ml of the 
granule fraction (10%, wet weight/volume) and 9.0 ml of the ineuba- 
tion medium. The granule fraction was sedimented by a Sorvall| 
SS-1 cold centrifuge at 20,000 g for 10 rain at 2 ~ after incubation. 
The total centrifugation time was 20 min. After addition of 1.0 ml of 
0.1N HC1, the granule pellet was frozen and stored at --20~ for 
not more than 2 days before 5-HT assay, The incubation mediums 
below 5.0 were made by adding concentrated HC1 in a phosphate 
buffer at pH 5.0 until the desired pH was obtained. The release of 
monoamines is expressed on the ordinate, in %. The 5-HT and DA 
values of the granule pellet at pH 7.0 were set at 0% and the amine 
content in various pH was determined. Means and standard errors of 
7 series of each granule type. One serie consisted of 12 aliquots of the 
same homogenate studied at various pH. 

Isolated Platelet ,  Enterochromaff in  and D o p a m i n e  

5-HT was  l ibera ted  a lmos t  quan t i t a t i ve ly  f rom isolated 
p la te le t  and  en te rochromaf f in  granules (EG) below 
p H  4.0 (Figure 1). The plot  of DA from d o p amine  
granules was  in pr inciple  s imilar  to  5-HT plots  of p la te le t s  
and  EG. The to ta l  DA co n t en t  of the  s u p e r n a t a n t  and  
pellet  was abou t  the  same,  regardless  of the  pH,  whereas  
the  to ta l  5-HT of expe r imen t s  on EG and  pla te le t  granules 
showed a t e n d e n c y  to  decrease in the  alkaline plK range 
(Figures 2, a, b, c). This  k ind of effect  of high p H  on the  
5-HT c o n t e n t  was no t  found  when  pure  5-HT was  in- 
cuba ted  ins tead  of granules.  Below p H  4.0 the  incuba t ion  
t ime  (0-30 rain) had  no essent ial  effect  and even dur ing 
the  20 rain cen t r i fuga t ion  t ime  5-HT was a lmost  to ta l ly  
l ibera ted  f rom the  2 granule  types  s tudied.  

In  Figure  3 a typ ica l  EM field of t he  lower layer  of the  
sed imen t  is ob ta ined  a t  20,000 g. U n d e r  ident ical  condi-  
t ions  to those  used in p resen t  exper iments ,  th is  f rac t ion 
conta ined  the  h ighes t  concen t ra t ion  of monoamines  (ag/ 
t issue protein)14. Af ter  incuba t ion  in a 0 .15M p h o s p h a t e  
buffer  solut ion (pH 7.0) for 30 rain, numerous  h igh ly  
osmiophi l ic  par t ic les  were  seen in the  pellet .  On the  basis  
of the  size, shape,  a f f in i ty  for osmium te t roxide ,  f inely 
granular  inner  s t ruc ture  and  sur rounding  membrane ,  
these  organelles  were i n t e rp r e t a t ed  as der ived f rom 
en te rochromaf f in  and d o p ami n e  cells or from platelets .  
The in tac t  duodena l  nmcosa  and the  spleen of the  cow 
served as controls .  Some osmiophi l ic  par t ic les  of a 
he te rogeneous  size, shape  and aff ini ty  for osmium te t rox ide  
were obviously  lysosomes,  typ ica l  of epi thel ial  cells. 

Numerous  in tac t  osmiophi l ic  granules were seen af ter  
incuba t ion  of granules in a buffered 0.3 M sucrose solut ion 
at  p H  7.0 and in 0 .15M p h o s p h a t e  buffer  at  p i t  9.0 for 
30 rain a t  0~ (Figure 4). Only des t royed  and d i s t ended  
m e m b r a n e s  and  m e m b r a n e o u s  f r agment s  were seen af ter  
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i n c u b a t i o n  o f  g r a n u l e s  a t  p H  2.0 ( F i g u r e  5). W i t h i n  t h e  
p H  r a n g e  1-3 ,  o n l y  o c c a s i o n a l ,  w e a k l y  o s m i o p h i l i c  
p a r t i c l e s ,  s u r r o u n d e d  b y  a m e m b r a n e ,  w e r e  s e e n  ( F i g u r e  
5). P r i n c i p a l l y  s i m i l a r  o b s e r v a t i o n s  w e r e  m a d e  o n  
e x p e r i m e n t s  o t  t h e  sp l een .  

T h e  p r e s e n t  e x p e r i m e n t s  s h o w e d  t h a t  5 - H T  a n d  D A  
c o u l d  be  r e l e a s e d  a h n o s t  q u a n t i t a t i v e l y  a t  0~  f r o m  

i s o l a t e d  e n t e r o c h r o m a f f i n ,  p l a t e l e t  a n d  d o p a m i n e  cell  
g r a n u l e s  in  t h e  p H  r a n g e  ot  1 -3 .  I n  p r i n c i p l e  t h e  p l o t s  o f  
E G  a n d  p l a t e l e t  g r a n u l e s  a n d  t h e  D A  p l o t  o f  t h e  d o p a m i n e  
cel ls  w e r e  i d e n t i c a l .  

N E  c o u l d  be  r e l e a s e d  a lso  f r o m  i s o l a t e d  b o v i n e  s p l e n i c  
n e r v e  a n d  r a t  h e a r t  g r a n u l e s  u n d e r  m i l d e r  a c id i c  c o n d i -  
t i o n s  o f  i s o t o n i c  s a l t  a n d  s u c r o s e  s o l u t i o n s  ~,~3. T h e  
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Fig. 2. "/he amine content of the pellet (O), supernatant  (O) and the total amine content (A) of one experiment, (a) after incubation platelet, 
(b) enterochromaffin and (c) dopamine granules in identical conditions to those presented in Figure 1. 

Fig. 3. Electron micrograph of the bottom layer sedimented between 800 and 20,000 g for 20 min from the cow duodenal mucosa 
homogenate after incubation in O . 1 5 M  phosphate buffer solution (pH 7.0) at 0~ for 30 rain. The roundish highly osmiophilic granules, 
interpreted as being monoamine-carrying enterochromaffin and dopamine cell granules, are readily identifiable (arrows). • 13,500. 

Fig. 4. The same experimental conditions as for Figure 3 but  incubated at pH 9.0. Several highly osmiophilic organelles are to be seen. 
• 40,000. 

Fig. 5. The same experimental conditions as for Figure 3 but  incubated at pH 2.0. Numerous destroyed membraneous formations 
but  only a few weakly electron-dense destroyed organelles (arrows) with an identifiable surrounding membrane are to be seen. Note the 
abseence of highly osmiophilic particles. • 40,000. 
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s imi la r  t e n d e n c y  of all  3 g ranu le  t ypes  of t h e  p r e s en t  
s t u d y  and  of t he  N E - c o n t a i n i n g  granu les  t o w a r d s  t h e  
acidic  r eac t ion  is especial ly  in t e re s t ing  in v iew of t he  qu i te  
d i f fe ren t  a r ch i t ec tu re s  of these  var ious  g ranu le  t ypes  34-27 
a n d  suggests  a non-specif ic  effect  of acidic  m e d i u m  on 
these  organelles .  

T h e  d issoc ia t ion  c o n s t a n t s  a n d  t he  t i t r a t i o n  curves  of 
t he  m o n a m i n e s  ~, 8 sugges t  t h a t  t he  p H  effect  in  t he  r ange  
of 1-3  is no t  d e p e n d e n t  on t h e  r eac t ion  of t h e  t e r m i n a l  
a m i n o  or r ing  h y d r o x y l  groups.  The  e lec t ron  microscopic  
obse rva t i ons  on  t he  granule  pel le t  showed t h a t  in  t h e  p H  
area  of 1-3, no  iden t i f i ab le  organel les  were seen, b u t  on ly  
f r a g m e n t s  a n d  d i s t ended  m e m b r a n e o u s  fo rmat ions .  The  
absence  of h igh ly  osmiophi l ic  g ranules  ind ica tes  t he i r  
lysis, a p p a r e n t l y  p reced ing  t h e  release of 5 -HT a n d  D A  
regis te red  in t he  same  exper imen t s .  The  m i t o c h o n d r i a ,  
lysosomes,  osmiophi l ic  par t ic les  a n d  va r ious  k inds  of 
regu la r  vesicles seen in t he  pel le t  a t  p H  7.0 b u t  n o t  a t  
p H  2.0, sugges t  a non-specif ic  p ro t e in  d e n a t u r a t i o n  effect  
of t he  low pH.  A t  p H  2.0, t he  b o n d s  f ix ing  t he  a m i n e  
d i rec t ly  to  t he  m a t r i x  of specific o r g a n d i e s  or t h e  b o n d s  
b e t w e e n  t h e  i n t e r m e d i a t e  c o n s t i t u e n t  a n d  t h e  g ranu le  
m a t r i x  m a y  be  affected.  The  change  of t h e  so lub i l i ty  or 

t h e  charge  of t h e  i n t r a g r a n u l a r  p ro t e in s  m a y  p rev ious ly  be  
possible  e x p l a n a t i o n s  of t h e  a m i n e  release a t  h igh ly  
acidic pH.  

Zusammenlassung. 5 - H y d r o x y t r y p t a m i n  u n d  D o p a m i n  
k o n n t e n  y o n  d en  P a r t i k e l n  der  e n t e r o c h r o m a f f i n e n  u n d  
d o p a m i n e n  Zellen u n d  B l u t p l ~ t t c h e n  in den  p H - W e r t e n  
1-3 gel6st  werden .  Gleichzei t ig  wurde  die Auf l6sung  und  
das  V e r s c h w i n d e n  de r  Osmiumaf f in i tA t  der  P a r t i k e l  
festgestel l t .  
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C h i a s m a t e  T y p e  o f  M e i o s i s  i n  the  R o a c h  Nauphoeta c i n e m a  ( O l i v e r )  (Farn: B la t t idae )  

MATTHEY I was t he  f i rs t  to  r epo r t  t he  absence  of 
c h i a s m a t a  in t he  roach  Pycnoscellus surinamensis. E v e n  
t h o u g h  SUOMALAINEN 2 also could no t  obse rve  a n y  
'v is ib le '  c h i a s m a t a  in  a n o t h e r  roach  Blabera, he d id  f ind  
clear  c h i a s m a t a  in t he  genera  Lecucophaea a n d  Phyllo- 
dromia; he also gave  convinc ing ,  t h o u g h  indirect ,  proofs  
r ega rd ing  t h e i r  occur rence  in Periplaneta australasiae a n d  
P. americana. JOHN a n d  LEwiS 3-5, however ,  s t rong ly  
ru led  ou t  t he  c h i a s m a t e  meiosis  in  ce r t a in  roaches  inc lud-  
ing P. americana. L a t e r  JOHN et  al. s m e n t i o n e d  a b o u t  t h e  
occur rence  t e r m i n a l  ch i a sma ta ,  in P. americana, b u t  t h e y  
d id  no t  n e g a t e  t he  ear l ier  h y p o t h e s i s  of ' n o n - c h i a s m a t e  
meiosis '  p roposed  b y  JOHN a n d  LEWIS for these  ' o u t  
b reed ing '  an imals .  I n d e p e n d e n t l y ,  meiosis  in P. americana 
was s tud ied  in I n d i a  b y  RAJASEKARASETTY a n d  
RAMAMURTHY 7, and  t h e y  also r epo r t ed  c h i a s m a t a  in  th i s  
roach.  I n  t he  p r e sen t  ar t ic le  I a m  descr ib ing  a case of 
n o r m a l  ch i a sma te -me ios i s  in  a n o t h e r  roach  Nauphoeta 
cinerea (Oliver).  

Males of th i s  roach  were sacrif iced for t h e i r  tes t i s  
s q u a s h  p r epa ra t i ons .  Gonia l  m e t a p h a s e  c h r o m o s o m e s  
show t h a t  some of these  are me tacen t r i c .  The  hap lo id  
n u m b e r ,  n, is 19 (18A + 1X). The  sex d e t e r m i n i n g  me-  
c h a n i s m  is of X O  type .  Pa i r i ng  is i n t i m a t e  d u r i n g  p a c h y -  
tene,  a n d  soon t he  b i v a l e n t s  s t a r t  open ing  ou t  a n d  revea l  
t he  c h i a s m a t a  clearly.  A t  d ip lo tene ,  of t he  18 b i v a l e n t s  9 
(rings) show 2 c h i a s m a t a  each, whi le  t he  r e m a i n i n g  9 

(rods) show 1 each.  A n d  a t  d iak ines i s  some of t h e  r ings 
open  o u t  a t  one end  (Figure  1). F r o m  obse rva t ions  on  25 
cells a t  d iplotene,  t h e  c h i a s m a t a  f r equency  works  ou t  to  
be  1.5, while  t h e  same  a t  d iak ines is  is r educed  to 1.27 
sugges t ing  t h e  open ing  o u t  of some b i v a l e n t s  a t  one end, 
t h e r e b y  r educ ing  the  c h i a s m a t a  n u m b e r .  Te rmina l i za t i on  
is a l m o s t  comple ted  a t  m e t a p h a s e  I (Figure 2). A n a p h a s e  I 
is a r educ t iona l  d iv i s ion  (Figure 3) while  a n a p h a s e  I I  is 
equa t iona l .  
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Fig. 1. 18 bivalents and an unpaired sex-chromosome during early 
diakinesis. • 2000. 


