
15. 11. 1971 Specialia 1323 

Fig. 1. Pericyte (P) surrounded by oedematous astrocytic processes 
(A). x 7 870. Inset: Separation of the fibrillar (f) and granular (g) 
components of the nucleus of a neuron. × 8 000. 

Fig. 2. Cell necrosis 12 h after the injection. The dead cell with pyk- 
notic nucleus (n) is surrounded by unaffected ceil processes. × 14 000. 

h a v e  f r e q u e n t l y  b e e n  classif ied as  o l igodendrog l iomas  18. 
I t  c a n n o t  be  exc luded ,  however ,  t h a t  E N U  m a y  prefe ren-  
t i a l l y  cause  necros is  of p ro l i f e r a t i ng  cells k n o w n  to  pers i s t  
p o s t n a t a l l y  in  t h e  s u b e p e n d y m a l  l ayer  1,. 

All  t y p e s  of gl ial  cells d i sp l ayed  a n  increased  p o p u l a t i o n  
of dense  bod ies  a f t e r  24 h,  i nc lud ing  t h e  f o r m a t i o n  of 
a u t o p h a g i c  vacuoles .  T h e  d e g e n e r a t e  cell  organel les  found  
in  a s t r o c y t i c  processes  were  s o m e t i m e s  s u r r o u n d e d  b y  
c o n c e n t r i c  l ayers  of t h i n  a s t r o c y t i c  l amel lae .  Microgl ial  
cells h a d  n u m e r o u s  dense  bod ies  of v a r i a b l e  size a n d  com-  
p l e x i t y ;  t he se  o f t en  occupied  a large  p r o p o r t i o n  of t h e  cell, 
d i s p l a y i n g  g r a n u l a r  a n d / o r  l ame l l a r  s t ruc tu re .  

T h e  n e u r o n s  of t h e  regions  e x a m i n e d  showed  no  consis-  
t e n t  c h a n g e s  t h r o u g h o u t  t h e  e x p e r i m e n t  w i t h  t h e  excep-  
t i o n  of i r r egu l a r i t y  of t h e  nuc l ea r  prof i les  a n d  of nuc leo la r  
seg rega t ion  (F igure  I, Inse t ) .  Such  s e p a r a t i o n  of t h e  
nuc leo la r  f ib r i l l a r  a n d  g r a n u l a r  c o m p o n e n t s  is r egu la r ly  
seen in c a r c i n o g e n - t r e a t e d  r a t  l ive r  is. 

To summar i ze ,  E N U  causes  e x t e n s i v e  d e g e n e r a t i v e  
c h a n g e s  in  a l l  t ypes  of gl ial  cells, whi le  n e u r o n s  r eac t  less 
o b v i o u s l y  to  t h e  t ox i c  s t imulus .  

Rdsumd. U n e  fo r t e  dose  de  compos6  ca rc inog~ne  
N-6 thy le -N-n i t ro sou r6e  (ENU)  a 6t6 in jec t6e  ~ des  r a t s  

W i s t a r  ma les  adu l t e s :  des  c h a n g e m e n t s  u l t r a s t r u c t u r a u x  
des  c e r v e a u x  f u r e n t  observ6s.  L a  d6g6n6rescence e t  la  
n6crose  des  o l igodendrocy tes ,  l ' oed~me des  a s t r o c y t e s  e t  
l ' a c c r o i s s e m e n t  du  h o m b r e  des  corps  denses  d a n s  les 
cel lules gl iales o n t  6t6 les r6ac t ions  du  ce rveau  ~ c e  s t i m u -  
lus ch imique .  
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Effects  of  V a r i o u s  Inh ib i tor s  of  P r o t e i n  C r o s s - l i n k i n g  o n  the  F o r m a t i o n  of  F e r t i l i z a t i o n  M e m b r a n e  
in Sea  U r c h i n  E g g  

A t  fe r t i l i za t ion ,  sea  u r c h i n  eggs p r o d u c e d  a m e m b r a n e .  
A few m i n  a f t e r  i t s  f o rma t ion ,  t h e  fe r t i l i za t ion  m e m b r a n e  
e x h i b i t e d  a n  inc rease  of i t s  m e c h a n i c a l  r e s i s t ance  t a n d  of 
i t s  s t a b i l i t y  t o w a r d s  va r i ous  chemica ls .  1RUNNSTR6M 2 dis-  
t i n g u i s h e d  2 s tages  in  t h e  d i f f e renc ia t ion  of t h e  fe r t i l i za t ion  
m e m b r a n e :  t h e  a s s e m b l y  s t age  a n d  t h e  so l id i f ica t ion  or  
h a r d e n i n g  s tage.  I t  is sugges ted  t h a t  t h e  2 s tages  corres-  
p o n d  to  t h e  f o r m a t i o n  of va r i ous  t y p e s  of b i n d i n g  ne- 
cessa ry  for  t h e  cohes ion  of t h e  m e m b r a n e .  T h e  increase  of 
t h e  s t a b i l i t y  of t h e  f e r t i l i za t ion  m e m b r a n e  shou ld  i nvo l v e  
new  t y p e s  of l inks .  Two  ways  of s t u d y i n g  t h i s  p r o b l e m  

a p p e a r  e x p e r i m e n t a l l y  poss ib le :  in  t h e  f i r s t  place,  t h e  
s t u d y  of effects  of v a r i o u s  c h e m i c a l  r e a g e n t s  on  t h e  m e m -  
b r a n e  a t  d i f f e r en t  s t ages  of i t s  f o r m a t i o n .  T h e  knowledge  
of t h e  p r o p e r t i e s  of r e a g e n t s  c an  he lp  t o  i n v e s t i g a t e  t h e  
n a t u r e  of t h e  l inks  i n v o l v e d  in t h e  s t r u c t u r e  of t h e  m e m -  
b rane .  I n  t h e  second  p lace  t h e  use  of a g e n t s  ab le  to  pre-  

1 B. MARKMAN, Acta Zool., Stockh. 39, 103 (1958). 
2 j .  RUNNSTR6M, Wilhelm Roux'Arch. EntwMech. Org. 162, 254 
(1969). 
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v e n t  prote in  crossl inking can give in format ion  on the  
na tu re  of the  l inks in te rven ing  in the  fo rmat ion  of the  
fer t i l iza t ion membrane .  W e  shall  examine  here  the  effects  
of some inhibi tors  of col lagen and e las t in  crossl inking on 
the  dif ferenciat ion of the  fer t i l iza t ion membrane .  I n  a 
p recedent  paper  3 we have  examined  the  in v i t ro  ac t ion  of 
glycine ester, an  inh ib i to r  of f ibr in  po lymer iza t ion .  Gly-  
cine e thy l  ester,  a t  h igh  concent ra t ion ,  p r e v e n t e d  the  
hardening  of the  m e m b r a n e  in t he  eggs of Strongylo- 
centrotus purpuratus. The  m e m b r a n e  did no t  s tabi l ize  and 
was dissolved by  a su l fhydryl  reagent ,  the  mercap toe tha -  
nol. We  have s tudied o ther  substances  m u c h  more  ac t ive  
t h a n  glycine e thy l  ester,  such as penici l lamine,  isoniazid, 
benzhydrazide ,  benzylhydraz ine .  The  effects  of semicar-  
bazide  were  also studied.  

All  of these  exper iments  were m a d e  wi th  t he  eggs of the  
sea urchin  Paracentrotus lividus. The  unfer t i l ized eggs 
were incuba ted  for 5 min  in t he  solut ion of chemica ls  in 
sea water .  The  fer t i l iza t ion took  place in the  solut ion.  DL- 
penici l lamine,  isoniazid (isonicotinic acid hydrazide) ,  
benzy lhydraz ine  d ihydrochlor ide ,  benzhydraz ide  and se- 
micarbaz ide  hydrochlor ide  were  dissolved in sea wa te r  
and,  if  necessary,  t he  p H  was ad jus ted  to  8.2, correspond-  
ing to  t he  p H  of normal  sea water .  

The  cont ro l  eggs deve loped  a fer t i l iza t ion  m e m b r a n e  
which was dissolved by  mercap toe thano l  (30~/o) only  
dur ing the  iew min  fol lowing its format ion.  Af te r  th is  
point ,  the  m e m b r a n e  was no longer  dissolved by  mercap-  
toe thanol .  

The  eggs t rea ted  in the  presence of penic i l lamine  
(1 × 10-2M, 2 × 10-SM and 1 × 10-3M) produced  a mem-  
brane  as qu ick ly  and as high as in the  cont ro l  eggs. The  
membranes  appeared  th inner  in t he  t r ea ted  eggs observed  
wi th  l ight  microscope and in dark  field. The  membranes  
were dissolved by  mercap toe thano l  f rom the i r  fo rmat ion  
unt i l  several  hours  later.  In  a h igh  percen tage  of eggs, the  
fer t i l iza t ion membranes  dissolved af ter  a few hours  of con- 
t ac t  wi th  penici l lamine.  

W i t h  isoniazid (1 × 10-ZM and 2 × 10-3M) fer t i l iza t ion  
membranes  were p roduced  regularly.  T h e y  were th inne r  
t h a n  normal  membranes .  T h e y  were dissolved by  mercap-  
toe thano l  unt i l  several  hours  af ter  the i r  format ion .  W i t h  
(1 × 10-3M) only 50% of the  m e m b r a n e  can be dissolved 
by  mercap toe thano l  several  hours  a f te r  the i r  format ion.  
The  membranes  ex tended  considerably  wi thou t  dissolving.  
In  cont ras t  to  the  eggs t rea ted  by  penici l lamine,  no 
spontaneous  dissolut ion of the  m e m b r a n e s  was observed 
wi th  isoniazid. 

S imi lar  results  were ob ta ined  wi th  benzy lhydraz ine  and 
benzhydraz ide  (1 × 10-ZM, 2 × 10-3M and 1 × 10-SM). Se- 
micarbaz ide  hydrochlor ide  is ac t ive  a t  h igher  concentra-  
tions. The  fo rmat ion  of the  fer t i l iza t ion m e m b r a n e  is eli- 
ci ted a t  the  concen t ra t ion  (5 × 10~-M and 2 × 10-~M). The  
th in  m e m b r a n e s  ob ta ined  were dissolved by  mercap to-  
e thano l  un t i l  several  hours  af ter  the i r  fo rmat ion .  

The  normal  fer t i l iza t ion m e m b r a n e  is d issolved by  
mercap toe thano l  dur ing  the  shor t  s tage  of assembly.  This  
resul t  suggested t h a t  t h e  fo rma t ion  of S-S bonds  inter-  
vene  in this  phase of t he  d i f ferencia t ion  of t he  membrane .  
The  resis tance of the  m e m b r a n e  to  the  dissolving ac t ion  of 
m e rcap toe thano l  dur ing  the  ha rden ing  s tage  appears  to  be 

due to the  fo rmat ion  of new bonds. These new bonds 
should be responsible  of the  hardening  of the  membrane .  
The  fo rmat ion  of these  new bonds can be p reven ted  by  
penici l lamine,  isoniazid and o ther  reagents  s tudied  here. 
In  consequence the  fer t i l iza t ion m e m b r a n e  preserved  i ts  
sensibi l i ty  to  the  dissolving act ion of mercap toe thanol .  

The  effects of these  chemicals  on collagen and  elast in 
crossl inking have  suggested the  role of a ldehydes  der ived 
f rom the ox ida t ion  of lysine side chain in the  in termolecu-  
lar  crosslinking. Var ious  mechan i sms  h a v e  been proposed : 
t he  aldol condensat ion  of the  &semi  a ldehydes  der ived  
f rom hydroxy lys ine  and lysine 4,5, t he  fo rmat ion  of  a 
Schiff  base be tween  an a ldehyde  der ived  f rom the  oxida-  
t ion of lysine side chain  and the  e-NH~ of a lysine resi- 
due4, ~, 7. Pen ic i l l amineS  iproniazide L semicarbaz ide  ~o 
h a v e  been shown to  a l te r  t he  s tab i l i ty  of col lagen fibres, 
p robab ly  by  decreasing in te rmolecu la r  bonding.  The  in- 
h ib i t ion  of crossl inking by  penic i l tamine  should invo lve  a 
revers ible  in te rac t ion  w i t h  the  a ldehydes  p resen t  in t ro-  
pocol lagen s Isoniazid,  semicarbaz ide  and  o ther  hydraz ides  
can  reac t  w i th  aldehydes.  A n u m b e r  of these  chemica ls  in- 
h ib i ted  amino  oxidases n.  The  r edu t t ion  of lys ine  oxida-  
t ion  in these  condi t ions  should decrease t he  in te rmolecu la r  
crosslinking. 

On  the  basis of t he  effects  of the  chemicals  s tudied  on 
the  s tab i l i ty  of col lagen and elast in  on the  one hand,  and  
on the  fer t i l iza t ion m e m b r a n e  on t h e  o the r  hand,  i t  
appears  t h a t  some s imilar  crossl inking m a y  be  invo lved  
in the  s tabi l iza t ion of t he  fer t i l iza t ion m e m b r a n e  in the  
sea urchin  egg. 

Rdsumd. La s tabi l iza t ion de la m e m b r a n e  de f6conda- 
t ion de l '0euf de l 'Ours in  Paracentrotus lividus est  inhib~e 
par  la p6nicil lamine, l ' isoniazide,  les hydraz ines  benzyl ique  
et  benzo~que et  la semicarbazide.  Les effets  de ces subs- 
tances  sont  interpr6t~s sur  la base de leur  ac t ion  inhibi-  
t r ice sur la fo rmat ion  de certaLnes liaisons t ransversa les  
intermoMculaires.  Ces l iaisons pou r r a i en t  impl iquer ,  
c o m m e  chez le collag~ne et  l '~last ine,  des groupes ald6- 
hydes  associ~s ent re  eux par  condensa t ion  de t y p e  aldol  
ou avec  de gronpes amin6s avec  fo rmat ion  de base de 
Schiff.  
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Electron Microscopy of a Mucopolysaccharide Cell Coat in Sponges  

D e v e l o p m e n t a l  b io logy has  been g rea t ly  inf luenced by  
the  resul ts  which  h a v e  arisen f rom the  s t udy  of cel lular  ag- 
gregat ion  in SpongesL Analys is  of th is  p h e n o m e n o n  has  
led in i t i a l ly  to  t he  conclusion t h a t  t he  chemis t ry  of t he  

Sponge cell  surface m u s t  be  responsible  for t he  exp lana-  
t ion  of th is  mechanism,  and  subsequen t ly  t h a t  mucopoty-  
saccharides,  no rma l ly  p resen t  a t  t he  cell  surface, appear  to  
d o m i n a t e  this  aspect  of Sponge cell  behav iour  1-8. 


