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T h e  fac t s  are  c o m p a t i b l e  w i t h  t h e  h y p o t h e s i s  t h a t  E T  
a n d  t e r r a m y c i n  c o m p e t e  for  t h e  s ame  or  a me tabo l i ca l l y  
closely r e l a t ed  subs t r a t e .  R e l a t i v e l y  low c o n c e n t r a t i o n s  
of t e r r a m y c i n  m a y  a n t a g o n i z e  t he  ac t ion  of E T  because  
t e r r a m y c i n  is n o t  f i r m l y  b o u n d  to  t h e  s u b s t r a t e  a n d  m a y  
the re fo re  b e c o m e  de tox i f i ed  l a t e r  on. An  a d d i t i o n a l  
p o i n t  in  f a v o u r  of t h i s  h y p o t h e s i s  is t he  f ac t  t h a t  m u t u a l  
a n t a g o n i s m  occurs.  A c o n c e n t r a t i o n  of 200 p p m  of 
t e r r a m y c i n  a lone  p ro longa t e s  t he  t i m e  of l a rva l  deve lop-  
m e n t  b y  3 days,  b u t  ha s  no t  t h i s  effect  w h e n  c o m b i n e d  
w i t h  ET.  I n  t he  c o m b i n a t i o n s  t he  t i m e  needed  to  com- 
p le t e  l a r v a l  d e v e l o p m e n t  is sho r t e r  a n d  co r r e sponds  to  
t h a t  w i t h  E T  alone.  

Zusammen/assung. Sub le t a l e  K o n z e n t r a t i o n e n  v o n  
T e r r a m y c i n  h e m m e n  in Drosophila te i lweise  die t ox i sche  
W i r k u n g  des h i t z e s t a b i l e n  E x o t o x i n s  v o n  Bacillus thurin- 
giensis, wobei  die S te i lhe i t  der  Dos i s -Mor t a l i t i i t sku rven  
n i c h t  ve rAnder t  wird.  Es  wi rd  die H y p o t h e s e  begr t inde t ,  
dass  es s ich u m  eine k o m p e t i t i v e  H e m m u n g  des E x o t o x i n s  
d u r c h  das  A n t i b i o t i c u m  h a n d e l n  k6nn te .  
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Ultrastructural  Aspects  of the Pancreatic Islets in 

I t  h a s  long  been  k n o w n  t h a t ,  d u r i n g  t h e  course  of 
feeding,  cu l t u r e  ca rps  f r e q u e n t l y  show t h e  a t r o p h y  of 
t h e i r  dorsa l  muscles  wh ich  is a wide ly  k n o w n  s y m p t o m  
ca l led  Sekoke  in J a p a n .  A series of pa tho log ica l  an d  
b iochemica l  s tud ies  on  carps  w i t h  such  s y m p t o m s  x-~ 
h a v e  disclosed t h a t  t h e y  are  cases of s p o n t a n e o u s  d i a b e t e s  
mel l i tus .  Accord ing  to  t h e  l i gh t  microscopic  o b s e r v a t i o n s  
o n  t h e  p a n c r e a t i c  islets  of t h e  d i abe t i c  fish, t h e  i n su l a r  
B cells are  found  to  unde rgo  d e g r a n u l a t i o n  a n d  m a r k e d  
g lycogen  depos i t ion ,  a n d  t h e r e  a re  more  c lear  is let  cells 
t h a n  in  t h e  i n su l a r  t i s sues  of n o r m a l  f i sh  1. 

The  a i m  of t h e  p r e s e n t  s t u d y  is to  obse rve  t h e  u l t r a -  
s t r u c t u r a l  a spec t s  of t h e  p a n c r e a t i c  islets  in  t h e  d i abe t i c  
a n d  n o r m a l  ca rps  a n d  to  i n t e r p r e t  t h e  n a t u r e  of t h e  
s p o n t a n e o u s  d i abe t e s  in  t e r m s  of t h e  mod i f i ed  secre tory  
a c t i v i t y  of t h e  is let  cells. 

A t o t a l  of 20 d i abe t i c  a n d  50 n o r m a l  ca rps  of b o t h  
sexes,  r a n g i n g  in  age f rom 6 m o n t h s  to  1 year ,  were used. 
P r i n c i p a l  is lets  f rom these  d o n o r  a n i m a l s  were f ixed a t  
0°C in  e i t h e r  mod i f i ed  D a l t o n ' s  f i xa t i ve  * or  p h o s p h a t e  
buf fe red  (pH 7.4) 2 %  o s m i u m  te t rox ide ,  d e h y d r a t e d  
a n d  e m b e d d e d  in E p o n  812. Some  of t h e  t i ssues  were  
f ixed  a t  t h e  s ame  t e m p e r a t u r e  in  p h o s p h a t e  bu f f e red  
(pH 7.4) 2.5°//o g l u t a r a l d e h y d e ,  pos t f ixed  in s imi l a r ly  
buf fe red  2 %  o s m i u m  t e t r o x i d e  (pH 7.4) a n d  processed  
as  above .  T h i n  sec t ions  of t h e  islet  t i ssues  were cu t  on  
a P o r t e r - B l u m  mic ro tome ,  d o u b l y  s t a i ned  w i t h  m e t h a n -  
olic u r a n y l  a c e t a t e  a n d  aqueous  lead c i t r a t e  a n d  e x a m i n e d  
w i t h  a n  e l ec t ron  microscope  (H i t ach i  H u  l l A ) .  T h e  
p a n c r e a t i c  is lets  of n o r m a l  ca rps  cons i s t  of 4 t y p e s  of 
g l a n d u l a r  cells, A, B, c lear  a n d  D cells (Figure  1). T h e  
A a n d  B cells are  easi ly  iden t i f i ed  b y  t h e  c r i t e r i a  p r ev ious ly  
p o s t u l a t e d  ~ in t h e  s a m e  species of t h e  te leost .  The  A cell  
is p r o v i d e d  w i t h  a n  i n d e n t e d  nuc leus  a n d  w i t h  a r e l a t i v e l y  
e l ec t ron  dense  c y t o p l a s m  c o n t a i n i n g  200-270 n m  sized 
r o u n d  sec re to ry  g ranu le s  of h i g h  e lec t ron  opac i ty .  I n  
c o n t r a s t  to  th is ,  t h e  B cell is recognized  b y  i ts  200-400 n m  
sized sec re to ry  g ranu les  w h i c h  h a v e  p o l y m o r p h o u s  (crys- 
t a l lo id ,  h o m o g e n e o u s  or  f ine ly  pa r t i cu l a t e )  cores. W h i l e  
TITLBACH5 p rev ious ly  r e g a r d e d  islet  cells o t h e r  t h a n  A 
a n d  B cell t y p e s  as be ing  o n l y  one  cell type ,  t h e  D cell, 
we can  d i f f e r en t i a t e  here,  w i t h  c e r t a i n t y ,  a c lear  cell 
f r om t h e  D cell in  a d d i t i o n  to  A a n d  B cells. The  cyto-  
p l a s m  of such  c lear  cells f ixed in modi f i ed  D a l t o n ' s  or  
buf fe red  o s m i u m  t e t r o x i d e  so lu t ions  c o n t a i n s  v a r y i n g  
n u m b e r s  of vesic les  w i t h  a d i a m e t e r  r a n g i n g  f rom 150 
to  500 nm,  m o d e r a t e  n u m b e r s  of c i s t e rnae  of t h e  g r a n u l a r  
e n d o p l a s m i c  r e t i c u l u m  a n d  a few sec re to ry  granules .  I n  
t h e  c l ea r  cells, occas ional  g ranu le s  a re  found  to  encase  
c rys ta l lo id  cores cha rac t e r i s t i c  of B cells. I f  t h e  islet  

Carps of Spontaneous  Diabetes Mellitus 

t issues are  sub j ec t ed  to  doub le  f i xa t i on  w i t h  g l u t a r a l d e -  
hyde  a n d  o s m i u m  te t rox ide ,  vesicles w i t h i n  t h e  c lear  
cell c y t o p l a s m  acqu i re  a h igh  e lec t ron  opac i ty .  F u r t h e r -  
more,  con t iguous  t h i c k  (1 ttm) sec t ions  s t a i n ed  w i t h  
a ldehyde  fuchs in  r evea l  t h a t  t h e  c o n t e n t  of t h e  c lear  cell 
vesicles is r e ac t i ve  for  t h i s  reagen t .  These  cy to log ica l  
p roper t i e s  of t h e  c lear  cells s t r ong ly  sugges t  t h a t  t h e  
clear  cell is a v a r i e t y  of t h e  B cell. T h e  D cell is a r a t h e r  
d a r k  cell t y p e  c o n t a i n i n g  150-220 n m  sized sec re to ry  
g ranu les  a n d  a few s l igh t ly  d i l a t ed  c i s t e rnae  of g r a n u l a r  
endop la smic  r e t i cu lum.  

T h e  p a n c r e a t i c  islets  of d i abe t i c  (Sekoke) ca rps  are  
c h a r a c t e r i z e d  b y  t h e  p resence  of a p p r e c i a b l y  more  
n u m e r o u s  c lear  cells t h a n  t hose  in t h e  ana logous  g lands  

,Y 

Fig. 1. Electron micrograph of part of the pancreatic islet ill a 
normal carp. A cell (A), B cell (B), clear cell (cl), D cell (D). Modified 
Dalton's solution fixation. × 6000. 

I M. YOKOTE, Bull. Freshwater Fisheries Research Laboratory 20, 
39 (1970). 
M. YOKOTE, Bull. Jap. Soe. Sci. Fish. 36, in press (1970). 

3 M. YOKOTE, ibid (1970). 
4 K. YAMADA and M. NAKAMURA, Technics o/ Electron Microscopy 

(Ed. Kanto Branch of Japanese Society of Electron Microscopy; 
Seibundo-Shinkosha, Tokyo 1970), p. 302. 

5 M. TITLBACH, Z. mikrosk.-anat. Forsch. 75, 184 (1966). 



76 Specialia EXPERIENTIA 27/1 

of normal  carps.  W i t h i n  t h e  c y t o p l a s m  of t h e  clear cells 
of t he  d iabe t ic  fish, a huge  n u m b e r  of t i n y  vesicles w i t h  
a d i a m e t e r  c o m p a r a b l e  to  t h a t  of Golgi vesicles are  dis-  
s e m i n a t e d  t h r o u g h o u t  (Figure 2). In  addi t ion ,  t he  ele- 
m e n t s  of g ranu la r  endop lasmic  re t i eu lum in these  cells 
are r a t he r  well deve loped  and  of ten  r ep resen t  lamel lar  
a r r a n g e m e n t s  of the  c is ternae  (Figure 2). I n  view of t he  
p re sen t  resul t  t h a t  t he  clear cell is a va r i e ty  of t he  B cell, 
the  u l t r a s t ruc tu ra l  aspec ts  obse rved  in t he  panc rea t i c  

Fig. 2. Electron micrograph of a clear cell (el) of a diabetic (Sekoke) 
carp. Numerous cisternae of granular endoplasmic reticuIum and 
abundant tiny vesicles are illustrated. × 6000. 

islets of t he  d iabe t ic  f ish can  be conceived to  imply  t h a t  
t he re  is en h an ced  B celt h o r m o n e  syn thes i s  and  release 
in t he  insular  t issues.  The  p re sen t  cytologicM d a t a  in t h e  
carps  w i th  spon t aneous  d iabe tes  should  be eva lua t ed  as  
i m p o r t a n t  for expe r imen ta l  research  on d iabe tes  mell i tus ,  
i n a s mu ch  as s imilar  cytological  changes  in the  panc rea t i c  
islet were  r epo r t ed  to  exis t  in m a m m a l s  w i t h  spon t aneous  
d iabe tes  mel l i tus  6-n .  

Zusammenfassung. Elek t ronenmik roskop i sch  k o n n t e n  
in d e n  Lange rhansschen  Inse ln  im Pan k rea s  yon  nor-  
ma len  u n d  d iabe t i schen  F i schen  b e s t i m m t e  T y p e n  yon  
Drt isenzel len d i f fe renzier t  werden ,  n/ imlich A-, 13- und  
D-Zel len  sowie klare  Zellen. Bei d i abe t i schen  F i schen  is t  
vor  a l lem die  sehr  s ta rke  V e r m e h r u n g  sogenann te r  k la re r  
Zellen typ isch .  
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Growth of Fetal Organs after Maternal Partial Hepatectomy or Unilateral Nephrectomy 

Resul t s  are  conf l ic t ing  as to  w h e t h e r  t he  pa r t i a l  abla-  
t ion  of a m a t e r n a l  o rgan  in t h e  p r e g n a n t  r a t  can  inf luence 
t h e  g rowth  of fe ta l  organs.  

W i t h  reference  to  t he  fetal  k idney  a f t e r  b i la te ra l  or 
uni la tera l  n e p h r e c t o m y  in p r e g n a n t  m a m m a l s ,  no signifi- 
c a n t  change  was  observed  1-8. On the  o the r  hand ,  BAL- 
LANTINE 4 was  able to  show t h a t  t he  fetal  l iver  was 
heav ie r  7 days  a f te r  par t ia l  h e p a t e c t o m y  in p r e g n a n t  
ra t s  as compa red  wi th  sham opera ted  an imals ;  4 days  

a f t e r  t h e  same opera t ion  on a r es t r i c t ed  n u m b e r  of ani-  
mals,  we did  no t  f ind a n y  di f ference  be tween  exper i -  
m e n t a l  a n d  s h a m  an imals  ~. As regard  the  lungs of t h e  
fetuses,  w h e n  one  lung is r e m o v e d  f rom the  m o t h e r  a 
126% increase in we igh t  over  cont ro ls  was r epo r t ed  b y  
VYASOV et  a l . t  

In  o rde r  to clar i fy th is  re la t ion  be tween  a h y p o t h e t i c a l  
h u mo ra l  g rowth  fac tor  in t he  m o t h e r  and  the  g ro w t h  
of t he  fetal  organs,  5 i n d e p e n d e n t  series of e x p e r i m e n t s  

Table I 

Series Experi- Operation Sham operation Experimental 
mental No. of Weight No. of Weight 
period • fetuses (g) fetuses (g) 

1 11-17 Hepatectomy 229 F 0.4163 4- 0.0024 b 320 0.3825 -4- 0.0025 9.46 
L 0.0314 -1- 0.0003 0.0270 4. 0.0003 10.05 

2 13-20 Hepatectomy 137 F 3.1767 4- 0.0205 164 2.7360 ± 0.0339 11.14 
L 0.3120 -4- 0.0039 0.2249 4- 0.0051 13.54 

3 13-2t Hepatectomy 78 F 4.4421 4. 0.0254 76 4.0019 + 0.0319 10.79 
L 0.4128 ± 0.0051 0.3195 4- 0.0065 11.32 

4 1 3 - 2 1  Nephreetomy 89 F 4.3211 4. 0.0278 93 4.0704 -t- 0.0378 5.34 
L 0.4011 :t: 0.0082 0.3648 -¢- 0.0072 3.32 

5 1 3 - 2 1  Nephrectomy 137 F 3.8800 =1= 0.0250 143 3.7402 4. 0.0269 3.80 
L 0.3198 4. 0.0033 0.3051 -t- 0.0036 3.02 

Day of pregnancy, b Standard error of the mean. F, fetus; L, liver. P is in each series < 0.01. Weight of fetuses = fetal wet weight/liver wet 
weight. 


