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and  pos t abdomen .  These cells con ta in  several  m e m b r a n e -  
bound  e lec t ron-dense  bodies in which  the  ~25I is found  
(Figures 2a and  b). 

In  ver tebra tes ,  s imilar  m e m b r a n e - b o u n d  electron dense 
bodies are found in the  ceils t h a t  make  up the  follicular 
ep i the l ium of the  t hy ro id  g land 11-13. The n u m b e r  and  
size of these  e lectron dense bodies  is re la ted  to  the  
func t iona l  d eman d s  t h a t  are p laced on the  thy ro id  gland. 
Autorad iograph ic  s tudies  show t h a t  iodine is b o u n d  by  
these  e lectron dense bodies  18. 

Memb ran e -b o u n d  electron dense bodies  have  also been 
observed in t he  cells t h a t  make  up zone 7 of the  ascidian 
endostylel~,15. In  spec imens  t h a t  have  been  exposed  to 
~25I for a shor t  per iod of t ime,  silver grains  have  been 
observed over  the  apical  surface and  the  mul t ives icular  
bodies of the  zone 7 ceils. I ncuba t i on  for a longer per iod 
of t ime  causes the  t r ans fe r  of the  si lver grains to  t he  
m e m b r a n e - b o u n d  electron dense bodies  in the  same 
cells14,15. These are the  cells of t he  endos ty le  where 
t hy rox ine  b iosynthes i s  is t h o u g h t  to occur. 

The s t ruc tura l  s imi lar i ty  of t he  m e m b r a n e - b o u n d  
electron dense bodies  in the  t h y ro i d  ep i the l ium of ver te-  
brates ,  the  zone 7 endos ty le  ceils and  the  iodine b ind ing  
blood cells of ascidians,  suggests  t h a t  iodine-b inding  
blood cells m i g h t  e labora te  thyro id  hormones .  

Zusammenfassung. Gewisse B lu tk6rpe rchen  in den 
Oozoiden yon  Amaroucium constellatum n e h m e n  1~5I in 
grosser  Menge auf. Das Cy top l a sms  dieser  Zellen bes i t z t  
membrane ingewicke l t e  e l ek t ronend ich te  K6rperchen ,  wo 
sich die Si lberk6rner  ausschliessl ich bef inden.  Die M6glich- 
kei t  der Biosyn these  des Schi lddrf i senhormons  in solchen 
Blu tk6rperchen  wird  diskut ier t .  
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Fig. 2. a) Electron microscopic autoradiograph showing an iodine- 
binding blood cell which contains several electrondense bodies in its 
cytoplasm. Label (see arrows) is always associated exclusively with 
these electron-dense bodies. • 6,000. b) Enlargement of one of the 
electron-dense bodies which contains radioactive iodine. • 50,000. 
EB, electron-dense body; M, mitochondria; N, nucleus. 
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Effect of D i b u t y r y l  Cycl ic  A M P  on  G l u c a g o n  and Insu l in  S t o r a g e  and S e c r e t i o n  in O r g a n  
Cul ture  of Rat  I s le t s  

I t  is general ly accepted  t h a t  subs tances  which  enhance  
the  intracel lular  level of cyclic A M P  increase insulin 
release f rom endocr ine  pancreas  1-3. I t  has  also been 
sugges ted  t h a t  changes  of t he  cycl ic-AMP value m a y  be 
involved in glucagon secret ion 4-s. We  have  only a t e w  
resul ts  wi th  respect  to  the  cul tured endocr ine  pancreas  3, ~, 
especial ly to  cul tured  islets, which  are charac ter ized  by  a 

cont inuous  d iminu t ion  of release and  s torage  of h o rmone  
wi th  the  dura t ion  of cu l t iva t ion  9-11. 

The a im of th is  paper  is to  inves t iga te  t he  effect  of 
N6-2 ' -O-dibutyrylcycl ic  adenosine-3 ' ,  5 ' -monophospha t e  
(DB-CAMP) on the  co n t en t  and  secre t ion of hormones  of 
cu l t iva ted  ra t  islets. Collagenase isola ted  islets of adul t  
Wis t a r  ra ts  (s tarved overn igh t  w i th  a b o d y  weight  of 
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1 6 0 - 1 8 0  g) we re  c u l t i v a t e d  a s  d e s c r i b e d l l ,  12 i n  g r o u p s  of  
10 i s l e t s  o n  g l a s s  f i b r e  v l i e s  in  2 m l  m o d i f i e d  T C M  199 
m e d i u m  (Difco  L a b o r a t o r i e s  D e t r o i t ,  U S A )  c o n t a i n i n g  
1 m g  h y d r o c o r t i s o n e / 1  a n d  s u p p l e m e n t e d  w i t h  5~ f e t a l  
a n d  5 %  h e a t  i n a c t i v a t e d  ca l f  s e r u m  (cal led  c o m p l e t e  
m e d i u m ) .  

T h e  i s l e t s  w e r e  i n c u b a t e d  in  c o m p l e t e  m e d i u m  c o n t a i n -  
i n g  5 r a M ,  15 m M  g l u c o s e  a l o n e  o r  t o g e t h e r  w i t h  2 m M  
D B - C A M P  (C. F .  B o e h r i n g e r  & S 6 h n e ,  G m b H ,  M a n n h e i m ,  
B R D ) .  I n  o t h e r  e x p e r i m e n t s  t h e  i s l e t s  w e r e  a t  f i r s t  
c u l t i v a t e d  a t  5 m M  g l u c o s e  for  4 o r  6 d a y s  a n d  t h e n  g i v e n  
15 m M  g l u c o s e  a l o n e  o r  W i t h  2 m M  D B - C A M P .  A t  t h e  

Influence of dibutyryl-cyclic AMP (D]3-CAMP) on the insulin (IRI) 
and glucagon (IRG) release from islets cultivated at 5 m M  glucose 

Age of culture DB-CAMP IRI IRG 
(days) (mM) (ng/10 islets/24 h) (ng/10 islets/24 h) 

2 - 21.5 • 3.09 1.2 q- 0.18 
2 165.7 :t_ 28.28" 1.1 • 0.35 
- 23.8 ~ 2.95 1.9 • 0.22 

3 2 192.6 -4- 45.97 ~ 2.9 -b 0.66 
25.2 :L 3.70 1.0 4- 0.28 

4 2 137.4 -1- 13.66 ~ 3.3 --  0.72 ~ 
- 10.8 4- 1.74 0.1 4- 0.03 

7 2 73.0 4- 11.99 ~ 3.3 =~ 0.90 �9 
15.6 4- 2.42 0.2 4- 0.04 

8 2 124.2 4- 20.01 ~ 6.6 =t= 1.93 ~ 

Values as mean 4- SEM for 7-15 tissue preparations. ~ P < 0.01: 
Effect of D]3-CAMP on hormone release at 5 m M  glucose. 
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Fig. 1. Insulin (IRI) and glucagon (IRG) release from cultivated rat 
islets. Groups of 10 islets were cultivated at 5 m M  glucose for 4 or 
6 days and then were given 5 m M  glucose alone ( �9169 15 m M  
glucose alone (0 - -0 )  or 15 m M  glucose with 2 m M  dibutyryl-eyclic 
AMP (A--A). Values as mean • SEM for 8-10 culture bottles from 
2 tissue preparations. ~, Control value before 15 m M  glucose and 2 m M  
DB-CAMP were given. Effect of DB-CAMP on insulin and glueagon 
release on 7th, 8th and 9th day:  p < 0.01. 

c h a n g e  of  m e d i u m  (1, 2 o r  3 d a y s  i n t e r v a l )  i n s u l i n  a n d  
g l u c a g o n  w e r e  d e t e r m i n e d  r a d i o i m m u n o l o g i c a l l y l ~ ,  ~ .  
T h e  c o n t e n t  of  h o r m o n e  i n  t h e  i s l e t s  w a s  m e a s u r e d  a f t e r  
l y o p h i l i z a t i o n  11. T h e  r e s u l t s  a r e  c a l c u l a t e d  a s  n g / 1 0  i s l e t s /  
24 h ( sec re t ion)  o r  n g / 1 0  i s l e t s  ( c o n t e n t )  a n d  a r e  g i v e n  as  
m e a n  4- S E M  w i t h  t h e  n u m b e r  of  o b s e r v a t i o n s  in  
p a r e n t h e s e s .  T h e  s i g n i f i c a n c e  w a s  c h e c k e d  b y  t - t e s t .  

A s  is s h o w n  in  t h e  T a b l e  a n d  F i g u r e s  1 a n d  2, 2 m M  
D B - C A M P  s i g n i f i c a n t l y  i n c r e a s e  t h e  i n s u l i n  a n d  g l u c a g o n  
r e l e a s e  f r o m  c u l t u r e d  r a t  i s l e t s  b o t h  a t  low a n d  h i g h  g l u c o s e  
c o n c e n t r a t i o n s  a n d  i n d e p e n d e n t  of  t h e  d a y  o f  s t i m u l a t i o n  
(a t  t h e  b e g i n n i n g  of  c u l t i v a t i o n :  T a b l e  a n d  F i g u r e  2 o r  
o n  4 t h  o r  6 t h  d a y :  F i g u r e  1). I t  s h o u l d  be  s t r e s s e d  t h a t  i t  
is a l so  p o s s i b l e  t o  i n d u c e ,  b y  e n h a n c e m e n t  of  t h e  g l u c o s e  
c o n c e n t r a t i o n  a l o n e  o n  4 t h  o r  6 t h  d a y ,  a c o n t i n u o u s  
i n c r e a s e  o f  i n s u l i n  r e l e a se  a s  s h o w n  in  F i g u r e  1, a l t h o u g h  
t h e  i n s u l i n  c o n t e n t  a f t e r  s u c h  a t i m e  of  c u l t u r e  is  o n l y  
a b o u t  5 0 %  t h a t  of  f r e s h l y  i s o l a t e d  i s l e t s  11. 

I n  c o n t r a s t  to  o u r  r e s u l t s ,  t h e  i n s u l i n  r e l e a se  of  a t  
3.3 m M  or  6.1 m M  c u l t u r e d  m i c e  i s l e t s  c o u l d  n o t  b e  
s t i m u l a t e d  w i t h  16.7 m M  g l u c o s e  a l o n e  o r  w i t h  t h e o -  
p h y l l i n e  i n  s h o r t  t i m e  e x p e r i m e n t s  ~5, a n d  a l o n g - t e r m  
e f f ec t  of  t h e  g l u c o s e  c h a l l e n g e  a f t e r  s o m e  d a y s  of  c u l t u r e  
m u s t  be  d i s c u s s e d .  

D B - C A M P  e l e v a t e d  t h e  i n s u l i n  s e c r e t i o n  a t  5 m M  a n d  
15 m M  g l u c o s e  b u t  t h e  e f f ec t  a t  h i g h  g l u c o s e  w a s  n o t  so  
d r a s t i c a l  ( F i g u r e  2). T h e  s t i m u l a t i n g  e f f ec t  of  D B - C A M P  
on  i n s u l i n  a n d  g l u c a g o n  r e l ea se  w a s  a c c o m p a n i e d  b y  a n  
a u g m e n t e d  s t o r a g e  o f  g l u c a g o n  in  t h e  c u l t u r e d  i s l e t s  
( F i g u r e  2) w h e r e a s  t h e  i n s u l i n  c o n t e n t  o f  i s l e t s  w a s  g e n e r -  
a l l y  n o t  i n f l u e n c e d  b y  D B - C A M P .  T h e  d r a s t i c a l  e f f ec t  of  
D t 3 - C A M P  on  h o r m o n e  r e l ea se  a n d  s t o r a g e  s u g g e s t s  n o t  
o n l y  a n  e f f ec t  o n  t h e  s e c r e t i o n  b u t  a l so  o n  t h e  b i o s y n t h e s i s .  
T h i s  is s u p p o r t e d  b y  t h e  c a l c u l a t i o n  of t h e  a m o u n t  of  
h o r m o n e  r e l e a s e  d u r i n g  t h e  l a s t  24 h a n d  c o n t e n t  on  t h e  
8 t h  d a y  as  i n d i c a t e d  in  F i g u r e  2. 

F u r t h e r m o r e ,  t h e  r e s u l t s  s h o w  t h a t  in  B -ce l l s  t h e  
h o r m o n e  r e l ea se  is m o r e  i n f l u e n c e d  t h a n  t h e  s t o r a g e ,  
e s p e c i a l l y  a t  15 m M  g l u c o s e  ( F i g u r e  2) a n d  t h a t  2 m M  
D B - C A M P  in  p r e s e n c e  of  5 m M  g l u c o s e  h a v e  n e a r l y  t h e  
s a m e  e f f ec t  a s  15 m M  g l u c o s e  a lone .  D e s p i t e  t h e  k n o w n  
d i f f e r e n c e s  b e t w e e n  t h e  h o r m o n e  r e l e a s e  f r o m  A-  a n d  
B-ce l l s  in  r e g a r d  to  g lucose ,  g l u c o s e  m e t a b o l i t e s  a n d  f a t t y  
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Fig. 2. Influence of 2 mM dibutyryl-cyclic AMP (DB-CAMP) on hormone storage and release (7th-8th day) of rat islets cultured for 8 
days at 5 mM glucose (D) or 15 mM glucose (~ ) .  Effect of DB-CAMP on insulin (IRI) and glueagon (IRG) release p < 0.01 at 5 
and 15 mM glucose. Effect of DB-CAIvIP on glucagon storage at5 mM glucose p < 0.02. Values as mean ~- SEM for 7 tissue preparations. 

acids, i t  seems l ikely t h a t  b o t h  cell t ypes  show a n  equa l  
b e h a v i o r  w i t h  respec t  to  subs t ances  which  enhance  the  
in t race l lu la r  cyc l ic -AMP level  as hypo t he s i zed  b y  G~RICH 
et  al. ~6 a n d  t{OW~ELL et  al. s. 

The  p re sen t  resul t s  i nd i ca t e  t h a t  i t  is also possible  to  
induce  h o r m o n e  b io syn thes i s  and  release in  cu l tu red  A- 
and  B-cells, even  if h o r m o n e  release and  s torage  are 
a l r eady  d imin ished .  Cyclic A M P  can p r o b a b l y  m o d u l a t e  
t he  h o r m o n e  release and  p r e v e n t  t h e  f u r t h e r  d rop  of 
specific cell func t ions  in cu l tu reds  islets. 

Zusammen/assung. Insu l in -  u n d  G l u k a g o n s e k r e t i o n  
sowie der  t t o r m o n g e h a l t  ku l t i v i e r t e r  L a n g e r h a n s ' s c h e r  
Inse ln  der  W i s t a r r a t t e  w u r d e n  n a c h  Gabe  yon  2 m M  
Dibu tyry l -cyc l .  A M P  (DB-CAMP) in G e g e n w a r t  yon  
5 m M  bzw. 15 m M  Glukose b e s t i m m t .  D B - C A M P  
s te iger t  sowohl  die Sekre t ion  als a u c h  den  G l u k a g o n g e h a l t  

der  A-Zellen, w ~ h r e n d  die B-Zel len  bet  u n v e r ~ n d e r t e r  
Speicherf~thigkeit  d u t c h  eine h6he re  t - t o rmonabgabe  
gekennze i chne t  sind.  Die In su l i n sek re t i on  k u l t i v i e r t e r  
Inseln ,  die 4 -6  Tage  bet  5 m2VI Glukose i n k u b i e r t  wurden ,  
k o n n t e  a u c h  d u t c h  E r h 6 h u n g  der  G l u k o s e k o n z e n t r a t i o n  
auf  15 m M  ges te iger t  werden.  
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The Effect of Short -Term Treatment of Low Dose of Methallibure (ICI Compound 33,828) 
on the Testis  and Thumb Pad of Skipper Frog, Rana cyanophlyctis (Schn.)  

The  a n t i g o n a d o t r o p i c  effect  of Me tha l l i bu re  has  been  
well  e s t ab l i shed  in  m a m m a l i a n  species 1, whi le  compara -  
t i ve  s tud ies  on lower  v e r t e b r a t e s  are l i m i t ed  to a few 
species only~-% The  p r e s en t  work  was u n d e r t a k e n  to 
i nves t i ga t e  t he  effects of low dose of Me t ha l l i bu r e  on t h e  
tes t is ,  w i t h  reference to spe rmatogenes i s  and  t he  s teroido-  
genic a c t i v i t y  of t he  i n t e r s t i t i a l  Leyd ig  cells, a n d  t he  
a n d r o g e n - d e p e n d e n t  t h u m b  p a d s  of sk ipper  frog, Rana 
cyanophlyctis. 

A d u l t  male  spec imens  of R. cyanophlyctis were o b t a i n e d  
f rom the  s u r r o u n d i n g  areas  of D h a r w a r ,  and  were d iv ided  
in to  2 groups.  The  f i rs t  g roup  spec imens  (10) were 
in jec ted  w i t h  sal ine (0.65%) only, to  serve as the  controls .  
The  second group  spec imens  (10) were in jec ted  w i t h  
sal ine suspens ion  of Metha l l ibure ,  b iweekly  for 4 weeks. 
The  t o t a l  dose be ing  10 m g  for each  of t he  e x p e r i m e n t a l  
frog. All  t he  frogs were au tops ied  3 days  a f t e r  the  las t  
in jec t ion .  The  re la t ive  tes t i s  weights  were recorded  and  
r e p r e s e n t a t i v e  pieces of tes tes  a n d  t h u m b  pads  were 
f ixed in Bou in ' s  f luid for h is to logical  a n d  h i s t ome t r i c  
s tudies .  The  r e m a i n i n g  pieces of tes tes  were used for t he  
h i s tochemica l  assay  of zlS-3fi-hydroxysteroid dehydro-  
genase  (AS-3fi- t lSDH) and  g lucose-6-phospha te  dehydro -  
genase  (G-6-PDH) ac t iv i t i es  as descr ibed  earl ier  ~ and  
also for  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of choles terol  
c o n t e n t  s. 

I t  is ev iden t  f rom t h e  Tab le  I t h a t  t he re  is no appre -  
ciable effect  on  t h e  ave rage  tes t i s -weight ,  tes t i s  d i a m e t e r  

and  t he  t u b u l e  d i a m e t e r  due  to  s h o r t - t e r m  t r e a t m e n t  
w i t h  low dose of Metha l l ibure .  Similar ly ,  no m a r k e d  
a l t e r a t i o n  in t he  s p e r m a t o g e n e t i c  a c t i v i t y  was observed .  
There  was, however ,  s ign i f ican t  decrease  (p < 0.001) in  
the  Leyd ig  cell nuc lea r  d i a m e t e r  (Table  I) in  t he  t r e a t e d  
specimens.  F u r t h e r ,  in  con t ro l s  t he  Leyd ig  cell nucle i  
appea red  r o u n d  in out l ine  and  c o n t a i n e d  coarse  c h r o m a t i n  
granules ,  and  also e x h i b i t e d  a b u n d a n t  A~-3f l -HSDH a n d  
G - 6 - P D H  e n z y m e  ac t iv i t i e s  h i s tochemica l ly ,  whereas  in  
t r e a t e d  spec imens  t he  Leyd ig  cell nucle i  a p p e a r e d  
f l a t t e n e d  a n d  c o n t a i n e d  f ine c h r o m a t i n  granules  and  also 
exh ib i t ed  decreased  As-3 f i -HSDH and  G - 6 - P D H  ac t iv i t i es  
(Table  i),  w i t h  the  c o n c o m i t a n t  rise in  t h e  t o t a l  cl iolesterol  
(18%) c o n t e n t  (Table  II) .  The  h e i g h t  of ep ide rmis  a n d  t he  
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