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Accord ing  to  c u r r e n t  v iews,  cent r io les  are  self-re- 
p l i ca t ing  organelles4-% P r e s e n t  s tudy ,  however ,  seems 
to  ind ica te  t h a t  m i t o c h o n d r i a  m a y  serve as p rogen i to r s  
of centr ioles .  P r e l i m i n a r y  f ind ings  sugges t  t h a t  t r a n s -  
f o r m a t i o n  of m i t o c h o n d r i a  in to  cent r io les  is a p p a r e n t  
n o t  on ly  in c e r t a i n  endocr ine  a d e n o m a s  b u t  occas ional ly  
also in n o n - t u m o r o u s  t issue.  The  fac t  t h a t  on ly  a l imi ted  
n u m b e r  of m a t u r e  cent r io les  c an  be  de t ec t ed  in non -  
neop las t i c  endocr ine  g lands  ~-I0 obv ious ly  res t r i c t s  t h e  
i n v e s t i g a t i o n  of sequence  of even t s  of cent r io logenes is  
b y  e lec t ron  mic roscopy  in n o n - t u m o r o u s  mate r ia l .  I t  is  
e v i d e n t  t h a t  in ce r t a in  endocr ine  adenomas ,  cent r io lo-  
genesis is s t r i k ing ly  a b n o r m a l  r e su l t ing  in a c c u m u l a t i o n  
of centr ioles,  i nc lud ing  i m m a t u r e  forms.  No e x p l a n a t i o n  

can  be  offered r ega rd ing  causes  of defect ive  cent r io lo-  
genesis.  I t  m a y  well  be t h a t  in ce r t a in  endocr ine  a d e n o m a s  
centr io logenesis  is accelera ted,  or a l t e rna t ive ly ,  r e t a r d e d  
or  a r res ted .  These  defects  could a c c o u n t  for t h e  accumula -  
t i on  of precursors .  
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Summary. The  hypog lycemic  a g e n t  t o l b u t a m i d e  was t e s t ed  for  i ts  ac t ion  on  t h e  c leavage  a n d  d i f f e ren t i a t ion  of t h e  sea 
u r c h i n  embryo .  T o l b u t a m i d e  effects a s t rong  select ive ac t ion  on t h e  e n d o d e r m  wh ich  becomes  suppressed.  

I n  p rev ious  s tud ies  we i n v e s t i g a t e d  a n u m b e r  o f  sub-  
s t ances  of pha rmaco log ica l  s ignif icance in order  to  es- 
t a b l i s h  a p rec lea rance  t e s t i ng  s y s t e m  us ing  t he  game tes  
a n d  e m b r y o s  of sea u rch ins  as mater ia l1 ,  2. The  p r e s e n t  
s t u d y  is also a c o n t r i b u t i o n  to  t he  knowledge  of t h e  
m o r p h o g e n e t i c  and  subce l lu la r  effects  of drugs,  and  deals  
w i t h  t o l b u t a m i d e ,  i.e. N ' - 4 - m e t h y l b e n z e n e s u l f o n y l - N " -  
b u t y l u r e a  8. Th i s  s u b s t a n c e  is a n  oral  hypog lycemic  a g e n t  
w h i c h  ha s  p r o v e d  to  be  v e r y  useful  as a t he r ape u t i c .  
However ,  ev idence  ha s  been  p roduced  t h a t  hypog lycemic  
d rugs  m u s t  be  inc luded  a m o n g  t he  increas ing  n u m b e r  
of s u b s t a n c e s  w i t h  k n o w n  or suspec ted  t e r a togen ic  
ac t ion  4-~. 

Material and methods. The  e x p e r i m e n t s  were car r ied  
o u t  a t  ' S t az ione  Zoologica ' ,  Naples ,  us ing  eggs a n d  spe rm 
f rom Paracentrotus lividus (Lamarck)  as mate r ia l .  The  
c o n c e n t r a t i o n  of t o l b u t a m i d e  was va r i ed  b e t w e e n  10 -~ M 
a n d  10 -8 M,  b u t  m o s t  of t h e  e x p e r i m e n t s  were m a d e  in 
c o n c e n t r a t i o n s  of a b o u t  10 -5 M.  The  t i m e  of t r e a t m e n t  
w a s  3 h in  s h o r t - t i m e  e x p e r i m e n t s ;  in long- t ime  exper i -  
m e n t s  we ind ica te  t h e  s t a r t  of t h e  t r e a t m e n t ,  e.g.  h a t c h -  
ing, w h e r e u p o n  t h e  s u b s t a n c e  was ac t ing  on  t h e  l a rvae  
un t i l  t h e  p lu t eus  s tage  of t h e  control .  F u r t h e r  de ta i l s  
a b o u t  t h e  t e c h n i q u e  were descr ibed elsewhere 1. 

Results. T h e  e x p e r i m e n t s  w i t h  t o l b u t a m i d e  ind ica te  
t h a t  th i s  s u b s t a n c e  exe r t s  se lect ive  effects  on  t h e  d i f fe ren t  

Fig. 1. Control. Late gastrulae, x 130. Fig. 2. Larvae from the same female as in Figure 1. Treatment from 
the 32-cell stage in 20 -5 M tolbutamide. The formation of the intes- 
tine is more or less inhibited. One larva shows a tendency to exo- 
gastrulation (E). I, intestine; S, skeleton. • 230. 
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Fertilization rate experiment 1~ Eggs and sperm from Paracentrotus 
lividus 

Fertilized eggs ( % ) 

Seconds after insemination 
5 10 15 20 25 40 

1. Control 
Tolbutamide(2-5):  30 76 94 98 99 100 100 
2. Pretreatment of sperm 
(2•  -4M) 30 73 89 96 98 99 100 
3. Pretreatment of sperm 
(2•  -~M) 45 87 97 98 98 99 100 
4. Insemination in presence 
of 2 •  - 4 M  34 67 91 96 98 99 100 
5. Insemination in presence 
o f 2 •  - ~ M  52 78 92 98 99 99 100 

Concentration of sperm 10S/ml. The spermatozoa were pretreated 
for 2 min in tolbutamide before insemination (Nos. 2 and 3), or 
tolbutamide was added at the moment  of insemination (N0s. 4 and 
5). Each percentage quoted is based on counts of 250-300 embryos. 
For the statistical significance of the method of. ~3. 

g e r m  l a y e r s  of  t h e  e m b r y o  a n d  t h a t  t h e  m o r p h o g e n e t i c  
e f f e c t  is c o r r e l a t e d  w i t h  t h e  d e v e l o p m e n t a l  s t a g e  of  t h e  
o n s e t  of  t r e a t m e n t  a n d  a lso  w i t h  t h e  d u r a t i o n  of  t h e  
t r e a t m e n t .  

The e/#ct on ]ertilization. W h e n  e g g s  or  s p e r m a t o z o a  
we re  t r e a t e d  w i t h  t o l b u t a m i d e  be fo r e  o r  d u r i n g  i n s e m i n a -  
t i on ,  t h e  f o r m a t i o n  of t h e  f e r t i l i z a t i o n  m e m b r a n e  w a s  
n o r m a l  a n d  n o  t e n d e n c y  t o w a r d s  p o l y s p e r m y  w a s  o b -  
s e r v e d .  T h e  e f f ec t  of  t o l b u t a m i d e  w a s  a l so  t e s t e d  in  
f e r t i l i z a t i o n  r a t e  e x p e r i m e n t s  1~ P r e t r e a t m e n t  of  t h e  
s p e r m  for  2 m i n  be fo r e  i n s e m i n a t i o n  d i d  n o t  a p p r e c i a b l y  
h a r m  t h e  f e r t i l i z i ng  c a p a c i t y  of  t h e  s p e r m  e v e n  in  as  
h i g h  c o n c e n t r a t i o n  as  2 • 10 -~ M .  A s i g n i f i c a n t  i n c r e a s e  
in  t h e  f e r t i l i z a t i o n  r a t e  w a s  r e g i s t e r e d  a f t e r  p r e t r e a t m e n t  
o r  in  p r e s e n c e  of low t o  m o d e r a t e  c o n c e n t r a t i o n s  (i.e.  
10 .7 - 5 • 10 ~5 M )  of t o l b u t a m i d e  (Table) .  

The e/fect on diHerentiation. I t  a p p e a r s  t h a t  t o l b u t a -  
m i d e  is n o t  v e r y  t o x i c  to  t h e  g a m e t e s  a n d  t h e  c l e a v i n g  

e m b r y o .  O n l y  if t o l b u t a m i d e  w a s  p r e s e n t  in  c o n c e n t r a -  
t i o n s  a b o v e  10 - t  M t h e r e  w a s  a s l i g h t  r e t a r d a t i o n  in  
c l e a v a g e ,  a n d  in  t h e s e  h i g h  c o n c e n t r a t i o n s  t h e r e  w a s  a l so  
a g e n e r a l  d e l e t e r i o u s  e f f ec t  o n  t h e  cell. I n  c o n t r a s t  w i t h  
t h i s  a re  t h e  s e v e r e  d i s t u r b a n c e s  o b s e r v e d  d u r i n g  t h e  
e n s u i n g  d i f f e r e n t i a t i o n  of  t h e  l a r v a .  

D u r i n g  t h e  e a r l y  d e v e l o p m e n t  t h e  f i r s t  g r o s s  d i f f e r e n t i a -  
t i o n  is s e e n  w h e n  t h e  cells  of  t h e  p r i m a r y  m e s e n c h y m e  
i n v a d e  t h e  b l a s t o c o e l  a f t e r  h a t c h i n g ,  i .e .  a b o u t  12 h a f t e r  
f e r t i l i z a t i on .  T h e  i m m i g r a t i o n  of  t h e  p r i m a r y  m e s e n c h y m e  
cel ls  a p p a r e n t l y  p r o c e e d s  n o r m a l l y ,  b u t  t h e  f o l l o w i n g  
i n v a g i n a t i o n  of  t h e  g u t  is d e l a y e d  a n d  is a l so  q u a n t i t a -  
t i v e l y  d i s t u r b e d .  I n  e x t r e m e  c a s e s  t h e r e  is a t o t a l  in -  
h i b i t i o n  of  t h e  i n t e s t i n e  r e s u l t i n g  in  b l a s t u l a e  c o n t a i n i n g  
a m o r e  o r  less  w e l l - d i f f e r e n t i a t e d  s k e l e t o n  ( F i g u r e s  1 a n d  
2). I f  a r e d u c e d  g u t  is i n v a g i n a t e d ,  t h e  l a r v a  m a y  d e v e l o p  
i n t o  a p l u t e u s l i k e  e m b r y o  w i t h  a s o m e w h a t  a b n o r m a l  
s k e l e t o n .  I n  s o m e  e x p e r i m e n t s ,  we  o b s e r v e d  t h a t  a m i n o r  
p r o p o r t i o n  of  t o l b u t a m i d e - t r e a t e d  e m b r y o s  f o r m  e x o -  
g a s t r u l a e l l  w i t h  s t r o n g l y  r e d u c e d  g u t s  ( F i g u r e  2). 

I f  t h e  t r e a t m e n t  is s t a r t e d  j u s t  b e f o r e  h a t c h i n g ,  t h e  
d i s t u r b a n c e s  in  t h e  d i f f e r e n t i a t i o n  b e c o m e  a l m o s t  e n t i r e l y  
c o n f i n e d  t o  t h e  i n t e s t i n e ;  a n d  t h e  c lose r  to  h a t c h i n g  t h e  
t r e a t m e n t  is s t a r t e d ,  t h e  less  a f f e c t e d  is t h e  d e v e l o p m e n t  
of  t h e  s k e l e t o n .  T h e  n e g a t i v e  a c t i o n  o n  t h e  e n d o d e r m  is,  
h o w e v e r ,  a l w a y s  c o n s i d e r a b l e .  

The ef/ect o/tolbutamide on the ultrastructure. F i x a t i o n s  
we re  m a d e  of  s e v e r a l  d e v e l o p m e n t a l  s t a g e s  t r o m  c u l t u r e s  

1 B. E. HAGSTR6M and S. LgNNING, Acta pharmac, tox: 32, Suppl. 1, 
1 (1973). 

2 B. E. I-IAGSTR/JM, Aeta pharmac, tox. 37, Suppl. 1, 99 (1972). 
3 G. ERHART, Naturwissensehaften 43, 93 (1956). 
4 A. BANDER, W. PFAFF and G. SCHESMER, Arzneimit te l -Forsch.  

79, 1448 (1969). 
5 H .  MEHNERT and A. MARBLE, Arzneimittel-Forsch. 8, 435 (1958). 
6 D. B. STONE, J. D. BROWN and C. P. Cox, Am. J. Physiol. 270, 26 

(1966). 
7 M. SMITHBERG and M. N. RUNNER, Am. J. Anat. 713, 479 (1963). 
8 H. TUCHMANN-DuPLESSIS and L. MERCIER-PAROT, C. r. Soc. Biol., 

Paris 757, 1193 (1963). 
9 j .  G. WILSON, Teratology 7, 3 (1973). 

10 B. E. HAGSTR/SM and B. HAGSTRSM, Expl Cell Res. 16, 174 (1959). 
is C. HERBST, Z. wiss. Zool. 55,446 (1892). 

Fig. 3. Part  of a control gastrula 
with wall and primary mesenchyme 
cells. C, cilium; H, hyaline layer; 
M, mitochondrion; N, nucleus; GY, 
granulated yolk granule. • 6,000. 



746 Speeialia EXPERIENTIA 32/6 

t r e a t e d  accord ing  to t he  desc r ip t ions  g iven  above.  The  
u l t r a m i c r o g r a p h s  revea led  t h a t  t he  S t ruc tu ra l  changes  
inf l ic ted b y  t o l b u t a m i d e  are smal l  a n d  in mos t  respects  
t h e r e  are no  dev i a t i ons  f rom the  n o r m a l  s t ruc tu re .  

However ,  t h e  yo lk  g ranu les  seem to  become  c h a n g e d  
a n d  the re  appea r s  to  be  two d i s t i nc t  k inds  ot yo lk ;  one 
t y p e  of g ranu les  is v e r y  e l ec t ron  dense  a n d  appea r s  d a r k  
in t h e  mic rographs ,  whereas  t he  o t h e r  t y p e  of g ranu les  
h a v e  t h e  n o r m a l  grey ish  g r a n u l a t e d  a p p e a r a n c e  (Figures  
3 and  4,  D Y  resp.  G u  

Coun t s  were also m a d e  of t he  d i f fe ren t  cell organel les .  
B l a s tu l ae  t r e a t e d  in 10 -4 M t o l b u t a m i d e  for  4 h before  
h a t c h i n g  c o n t a i n  cons ide rab ly  more  yo lk  g ranu les  t h a n  
con t ro l  e m b r y o s  of t h e  same  age. I n  t o l b u t a m i d e  t h e  
h a t c h i n g  b l a s tu l ae  were found  to  h a v e  a l m o s t  30% more  
yo lk  g ranu les  t h a n  t he  l a r v a e  of t h e  co r re spond ing  con-  
t rol .  Th i s  d i f ference  is en t i r e iy  conf ined  to  t h e  yo lk  since 
t h e  n u m b e r  of m i t o c h o n d r i a  is equa l  in  con t ro l  a n d  tol-  
b u t a m i d e .  

Discussion. The  genera l  impress ion  of t he  ac t ion  
exe r t ed  b y  t o l b u t a m i d e  is in  m o s t  respects  posi t ive .  I n  
c o n c e n t r a t i o n s  be low 10 -5 M t h e r e  is no  de le te r ious  
effect  on  c leavage  and  h a t c h i n g  is e n h a n c e d  and  facili- 
t a t ed .  The  s tud ies  of fe r t i l i za t ion  ind ica te  t h a t  t o l b u t a -  
mide  p r o m o t e s  fer t i l iza t ion.  

Fig. 4. Larva from the same female 
as in Figure 3. Treatment from 
before hatching in 10 .4 M tol- 
butamide, fixed 18 h later. Gastru- 
la with primary mesenehyme cells 
forming a syncytium (Sy) and a 
cytoplasmic stolon (St) 12. Two 
kinds of yolk granules (dense 
yolk, DY; granulated yolk, GY) 
can be identified. • 6,000. 

W i t h  th i s  b a c k g r o u n d  i t  is the re fo re  of i n t e r e s t  t h a t  
t o l b u t a m i d e  h a s  a clear de le ter ious  inf luence  on t h e  dif- 
f e r en t i a t i o n  of t h e  endode rm.  The  fac t  t h a t  t h e  f o r m a t i o n  
of t h e  ske le ton  t akes  place more  or less u n h a r m e d ,  
whereas  t h e  i n t e s t i ne  is c lear ly  affected,  i n t i m a t e s  t h a t  
t h e r e  is a select ive ac t ion  of t o l b u t a m i d e  on  t h e  endo-  
derm.  T h e  ske le ton  develops  in a fa i r ly  n o r m a l  way,  
whereas  t h e  endode rm,  wh ich  is d i f f e r en t i a t i ng  a l i t t l e  
a f t e r  t h e  a p p e a r a n c e  of t h e  p r i m a r y  mes en ch y me ,  be- 
comes  reduced .  W e  the re fo re  conc lude  t h a t  t o l b u t a m i d e  
ac t s  specif ical ly on  t h e  g r o w t h  a n d  t h e  d i f f e r en t i a t i on  of 
t h e  endode rm.  Th i s  is r a t h e r  except ional ,  since, as a rule, 
m o s t  subs t ances  h a v e  an  unspecif ic  i n h i b i t i n g  effect  on 
d i f fe ren t ia t ion ,  whereas  o b s e r v a t i o n s  of a specific effect  
on  some c lear ly  def ined p a r t  of t h e  e m b r y o  are u n c o m -  
mon.  

I t  is s t i l l  unc lea r  if t h e  t e r a t o g en i c  ac t ion  of t o l b u t a -  
mide  in w a r m b l o o d e d  an i ma l s  is inf l ic ted  b y  t h e  d rug  or 
a m e t a b o l i t e  of t h e  drug,  or if i t  is r e l a t ed  to  a genera l  
me tabo l i c  change  in t h e  p r e g n a n t  female.  I n  our  exper i -  
m e n t s  t h e  ac t ion  of t o l b u t a m i d e  is p r o b a b l y  a d i rec t  one 
exe r t ed  b y  t h e  d rug  itself. 

12 ]3. ]~. HAGSTR()M and S. L/SNI4ING, Protoplasma 68, 271 (1969). 
la E. HULTIS and B. E. HAGSTR6M, Exp1 Celt Res. 10, 294 (1956). 

O E C O L O G I C A  H U M A N A  

Redactional remark. The  founde r  of t he  E x p e r i m e n t a l  Geron to logy  F r i t z  Verz~r  gives to E x p e r i e n t i a  for t h e  rubr ic  
'Oecologica" h u m a n a  some f u n d a m e n t a l  ref lec t ions  conce rn ing  t h e  p h e n o m e n o n  life - dea th ,  evoked  b y  t h e  10th  
I n t e r n a t i o n a l  Congress  of Geron to logy .  
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The  concep t  of bas ic  research  is an  express ion  of t h e  
m o s t  i m p o r t a n t  t a s k  of t he  biological  sciences for t h e  
fu ture .  B u t  i t  c a n n o t  be  said to  descr ibe  t he  p r e sen t  d a y  
p r o g r a m  of those  sciences. Over  4,000 t i t les  in t he  Yea r  

Book  of t h e  biological  pub l i ca t i ons  show an  i mmen se  
d i v e r s i t y  of t h e m e s  of a phys ico -chemica l  n a t u r e  of ever-  
inc reas ing  complex i ty ,  as a ref lec t ion  of t h e  d a y - t o - d a y  
p u b l i c a t i o n s  in  t h e  d i f fe ren t  scient if ic  journa ls .  


