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and of short filaments have been described 7, while micro- 
villi  are recorded on cell surfaces but  are not  known to be 
localized at  any particular site 4. Bacteria may  be adhering 
to areas of the cell surface such as these, since MARCUS 5 
records red blood corpuscles adhering to NAD-{- giant 
HeLa cells by microvilli. I t  is also possible tha t  areas of 
the cell surface to which bacteria adhere have a different 
surface charge, are related to virus binding sites, or are pla- 
ces where new plasma membrane is being encorporated 
into the cell surface. In particular, the patterns of adhe- 
sion may be relevant to cell locomotion s (c.f. adhesion at  
the front end of the cells in the area of the ruffled mem- 
brane) and to surface differences between malignant  and 
ordinary cells s (c.f. the differences in patterns of adhesion 
on the I-IeLa and WI  38 cells). 

Zusammen/assung. Bakterien haften an der Oberfl~che 
kult ivierter S/iugetierzellen in charakteristischer Weise. 
An Krebszellen haften sie nicht nur am Vorderteil, son- 
dern auch an der Zelloberfl/iche und in Kernn~he. 
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The  Effect  of a S ing l e  D o s e  of N - E t h y l - N - N i t r o s o u r e a  on  the  Fine  S t r u c t u r e  of the  B r a i n  of the  Rat  

Resorptive carcinogens were introduced in experimental  
neuro-oncology by DRUCKREV et al.1, ~. One of these com- 
pounds, an acyl-alkyl-nitrosamide derivative, N-ethyl- 
N-nitrosourea (ENU), when given intravenously in a 
single dose to pregnant rats in the latter part  of gestation, 
induced tumours and malformations selectively in the 
nervous system of the offspring (DRUCKREY, IVANKOVIC 
and PREUSSMANN*). The onco- and teratogenic effects of 
E N U  have been studied in recent years 4, 5. I t  is known tha t  
a single dose of E N U  6 or of N-methyl-N-nitrosourea 
(MNU) ~, another nitrosourea derivative, blocks DNA syn- 
thesis almost completely within 6 h, causing a concurrent 
cytotoxic effect on proliferating cell populations, and tha t  
MNU, when infused into the carotid artery, brings about  
an immediate suppression of the electrocortical act ivi ty  of 
the brain 5. However, the possible toxic effects of these 
compounds on the ultrastructure of the brain have not 
been investigated. In  this s tudy we have examined the 
acute toxic effects of a single high dose of E N U  on the fine 
structure of the brains of adult  rats. 

Materials and methods. Male Wistar  rats weighing about  
200 g were given 240 mg/kg (LDs0) of E N U  9 by i.p. in- 
jection. The E N U  was dissolved in citrate buffer at pH 6.0 
and used immediately. Control rats were injected with the 
buffer. The animals were anaesthetized with pentobarbi- 
tone sodium (30 mg/kg) and perfused 6, 12 and 24 h after 
the injection with half strength Karnovsky fixative 1°. 
Blocks from the CA 1 region of the hippocampus and those 
from the anterior part  of the wall of the lateral ventricle 
were post-fixed in 1% osmium tetroxide in 0.1M phos- 
phate buffer after washing overnight in 0.067M cacody- 
late buffer containing 0.25 M sucrose, dehydrated in etha- 
nol and embedded in Epon 812. 

Results and discussion. Changes in the fine structure of 
the examined regions were observed after 6 h. The most 
prominent feature was swelling of astrocytic processes 
around the capillaries and throughout the neuropil. The de- 
gree of oedema varied, but  the plasma membranes were 
usually intact. Relat ively well preserved organelles were 
dispersed in the watery, sometimes floccular cytoplasm. 
The mitochondria were of variable size and shape with an 
increased matr ix  density and irregular cristae. The cis- 
ternae of the rough endoplasmic reticulum were dilated: 
several distended cisternae contained floccular material. 

Astrocytes are especially susceptible to chemical and 
mechanical damage. FRIEDE, HU and CI~CHNER n, investi- 
gating the fine structure and chemistry of glial footplates 
in the bowfin, concluded tha t  the plasma membrane of 
these glial cells is characterised by an exceptionally active 

transport  of sodium ions which renders astrocytes parti-  
cularly sensitive to swelling. A highly toxic compound like 
E N U  may represent the chemical challenge, to which the 
non-specific response of the astrocytes is oedema. Astro- 
cytic swelling as a fixation artefact or post-mortem de- 
terioration was excluded by comparison of the brains of 
E N U  injected animals with those of controls. 

Pericytes showed irregular contours and their extensive 
cytoplasm was occupied by lipid droplets, vacuoles of 
different sizes and by many dense bodies (Figure 1). 

After 12 h many glial cells showed advanced degenera- 
tion and necrosis (Figure 2). Coarsely clumped chromatin 
had accumulated beneath the nuclear membrane, the 
nucleus had become pyknotic with breakdown and dis- 
integration of the nuclear membrane and the cytoplasm 
contained much debris. Cell organelles could hardly be 
distinguished; occasionally mitochondria with broken 
membranes could be discerned together with ballooned 
cisternae of the endoplasmic reticulum. These necrotic 
ceils were frequently adjacent to neurons and myelinated 
fibres. Their  position, together with their  size and shape, 
suggests that  they are probably oligodendrocytes. 

J;iNISCH et al.la have shown recently that  oligodendro- 
glial ceils may react more readily to the carcinogenic sti- 
mulus of MNU than astrocytes. Moreover, brain tumours  
induced by i.v. administration of E N U  to pregnant rats 
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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-  
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