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lemma3. Ev idence  presented here, obta ined  by  the  freeze- 
e tching me thod  of specimen prepara t ion  for t ransmission 
electron microscopy, clearly shows t h a t  the  circular  
features represent  nuclear  pores. 

Spermatozoa  were obta ined  f rom the  uter i  of oestrous 
females af ter  normal  ma t ing  and immedia te ly  suspended 
in a c ryopro tec t ive  mix ture  of 25% glycerol in 0.9% 
saline wi thou t  prior  chemical  f ixat ion.  T h a t  the  sperm 
were still  mot i le  was checked by  observing a sample of 
the  suspension wi th  phase cont ras t  opt ical  microscopy. 
The suspension was then  centr i fuged at  1,000 g for 5 min, 
the  sperm resuspended in fresh c ryopro tec tan t  and cen- 
t r i fuged again. Af te r  r emova l  of the supernatant ,  a l iquots  
of the  paste-l ike sperm concent ra te  were t ransferred to 
small  gold discs which were then  plunged into l iquid 
Freon  22. Replicas were prepared according to the  
procedure out l ined by  THOMPSON 4 using a Balzers 360~  
freeze-etching plant ,  and were v iewed in an A E I  EM6B 
transmission electron microscope. 

This  technique  revealed circular  pores arranged in a 
regular  hexagonal  pa t t e rn  (the usual  consequence of the  
packing toge ther  of circles of equal  size) in the  envelope 
surrounding the  condensed chromat in  of the  sperm 
nucleus (see Figure  1). The  la t te r  was easily recognised by  
its character is t ic  lamellar  appearance,  analogous to t h a t  
seen in bull and rabbi t  spermatozoaS-L Such nuclear  
pores were confined to  t h a t  region of the  nuclear  envelope 
which direct ly  underlies the  basal  surface. This  is shown 
in Figure 3, which also shows clearly the so-called ' im- 
p lan ta t ion  fossa' or basal  plate,  this region of the  nuciear  
envelope being devoid  of such pores. Evidence  t h a t  this is 
t ru ly  the  basal  surface and no t  a region of membranous  
scrolls is provided  by  Figure  2 which shows the  fine 
pa t t e rn ing  usual ly  associated wi th  the  poster ior  r ing of 
the  spermatozoon in freeze-etch e lec t ronmicrographs  5,7. 

Nuclear  pores have  been shown to be present  in the  
region caudal  to the  poster ior  r ing of spermatozoa  of 
humansS, L rabbi ts  6, rodents  1~ and w a t e r  buffalo 7 - 
bu t  s i tuated  in wha t  is usual ly  described as ' r edundant  
nuclear  envelope ' .  This t e r m  is general ly t aken  to app ly  
to  those  par ts  of the  nuclear  membrane  in excess of t h a t  
requi red  to enclose the  sperm nucleus in its condensed 
form (e.g. as in the  membranous  scrolls of the  neck region 
of the  spermatozoon).  However ,  in rodent  spermatozoa  a t  

least, condensed chromat in  is present  wi th in  t h a t  pa r t  of 
the  nucleus enclosed by  the  ' r edundan t  nuclear  envelope '  
(see F igure  3, also, for example,  F igure  11 of STACKPOLE 
and DEVORKIr~ n) and therefore  the  t e r m  ' r edundan t '  
would  no t  seem applicable.  

Therefore  i t  seems t h a t  pores appear  in the  nuclear  
envelope of the  ra t  spermatozoon in a non- redundan t  
region caudal  to the  poster ior  ring. F r o m  freezeCetching 
studies i t  has become clear t h a t  i t  is the  protrus ion of 
in t ranuclear  mater ia l  t h rough  such pores which causes 
the  character is t ic  t opog raphy  of the  basal  surface in 
surface replicas of air-dried smears of spermatozoa.  The  
great advantage of the freeze-etching method of replica 
preparation is that the process is a physical one, eliminat- 
ing the danger of chemical fixation artifacts; although a 
number of other workers do actually fix their material 
(e.g. in glutaraldehyde) before freezing. Also, the pro- 
cedure does not involve a 'drying-down' step, and so 
removes the possibility of any shrinkage of the chromatin, 
resulting from such a process, being the direct cause of the 
origin of the circular features (as has been suggested2). 

The function of these nuclear pores in the basal region 
of the spermatozoon head is at present open to specula- 
tion, hut it may well be the facilitation of the transport 
of informational and other molecules between the nucleo- 
plasm and the cytoplasm of the sperm cell, not only 
during the various stages of spermiogenesis, but also in 
immature spermatozoa within the epididymis and also 
possibly in mature forms. It is of interest that the basal 
surface is the only part of the sperm head associated with 
the cytoplasmic droplet. 
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Summary.  The chronic adminis t ra t ion  of d ie thyln i t rosamine  in dr inking water  induces l iver  tumors  in the  rat.  The  
preneoplast ic  period m a y  be d iv ided in two phases differing ma in ly  in the  loss of circadian control  of mi to t ic  ac t iv i ty  
in hepatocytes .  

L ' admin i s t r a t ion  chronique de ni t rosamines per o s  
p rovoque  chez le ra t  un nombre  61ev4 de cancers h4pa- 
tiques. L ' appar i t ion  de tumeurs  est pr6c6d6e par  nne p6- 
riode pr6n6oplasique pendan t  laquelle l 'hom4ostasie  du 
tissu h6pat ique  est p robab lement  modifi6e. Nous con- 
naissons peu de choses sur la dynamique  cellulaire du foie 
au cours de cet te  p6riode. Le canc6rig6ne p rodui t  des 
n4croses qui  sont  suivies d 'une  act ivi t4  mi to t ique .  D ' au t r e  

part ,  il appara l t  dans le foie des cellules pr6sentant  des 
d6ficits enzymat iques  en glucose-6-phosphatase e t  en 
ad6nosine t r iphosphatase  1,2. On ignore s i c e s  cellules 
res tent  soumises aux m6canismes qui  no rma lemen t  
contr61ent l 'hom6ostasie  du tissu. 

De tels m4canismes peuven t  6tre mis en 6vidence non 
seulement  en 6tudiant  la capacit6 du foie de r6pondre ~t 
une h4patec tomie  par  une ac t iv i t6  mi to t ique  mats  aussi 
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en v6rif iant  si ce t te  act ivi t~ pr~sente  des var ia t ions  circa- 
diennes.  On sal t  en effet  que r an t  chez le ra t  h@atec tomis~  
que chez le r a t  en croissance, on peu t  d6mont re r  l 'exis-  
tence  de telles var ia t ions  ~, ~. 

Le b u t  du p re sen t  t rava i l  es t  de voir  si les mitoses  sur- 
v e n a n t  darts le foie de ra t s  t ra i t~s  pa r  la d ie thy ln i t rosa -  
mine  su iva ient  un r y t h m e  circadien.  Lorsque  cela a ~t~ 
possible, nous avons  6tudi6 s@ar~men t  l ' ac t iv i t6  mi to-  
t ique  des cellules h~pat iques  normales  e t  les cellules 
p r6sen tan t  une d~ficience enzymat ique .  

Tableau I. La densit~ numfirique Nv (nombre d'amas de cellules 
PAS positives par cm a de role) 

Nodalit~ Nv (par cm ~) D (ixm) Vv (%) 
exp6rimentale 

DENA30jours 2095212 1220 1104- 21 0.174- 0.10 

DENA60jours 1355-~ 530 1774- 32 0.84~2 0.58 

Le diamgtre moyen des areas D (exprim~ en ~m) et la densit~ de 
volume Vv (volume des amas par rapport ~ un volume unitaire de 
foie normal). La dispersion des mesures a ~t~ estim~e par Ia moiti~ 
de la plus grande diff6rence entre les valeurs exp6rimentales regrou- 
p~es ehez 4 rats examinfis. 

Tableau II. Index mitotique dans les amas de cellules PAS positives 
et dans les cellules normales 

Modalit6 exp6rimentale Mitoses/1000 noyaux 

Parenchyme normal Nodules 

DENA 30 jours 0.6 =]c 0.2 1.0 2~ 0.3 

DENA 60 jours 1.0-4- 0.2 1.2~2 0.4 

La signification des valeurs a 6t6 estim6e en calculant i'erreur 
standard de la moyenne des mesures effectu6es ehez 5 animaux. 

Mitoses / 1000 Noyaux 

3, 

2- 

1- 

1~ ab sb 
Jours 

Index mitotique mesurg le matin ~ 10 h (@) et le soir ~t 22 h ( • ) 
en fonction de la dur~e du traitement cbronique par le DENA. Lea 
traits vertieaux indiquent I'erreur standard de la moyenne des 
mesures effeetu~es sur 5 animaux. 

Mdthodes .  Des ra ts  Wistar ,  mgdes, de 180 g, son t  soumis 
i ' admin i s t r a t ion  chronique  de d ie thy ln i t rosamine  

(DENA) dissoute dans  l 'eau de boisson ~ la concent ra -  
t ion de 80 mg/1. Dans  nos condi t ions  exp~rimentales ,  la 
dose ainsi absorb~e est  en moyenne  de 1 mg/jour/100 g 
de poids.  Une  telle dose p rovoque  des h @ a t o m e s  mul t i -  
focaux ~ pa r t i r  du 3 e mois de t r a i t emen t .  

Au d6part ,  les an imaux  son t  par tag6s  en 5 lots d ' au  
moins  10 an i mau x  chacun.  Le premier  ne subi t  aucun  
t r a i t e m e n t  et  ser t  de t6moin.  Les an i mau x  des autres  lots 
regoivent  de la D E N A  et  sont  examines  aux  7% 15% 30 e 
e t  60e jours apr~s le d6but  du t r a i t emen t .  A chacune de 
ces 6tapes, un lot  est  par tag6 en deux,  5 an imaux  sont  
sacrifi6s le ma t in  5~ 10 h e t  les 5 autres  le soir 5~ 22 h. 
T o u s l e s  an i mau x  sacrifi~s sont  ~ jeun depuis  18 h. Les 
foies sont  pr61ev6s en vue de d6 te rminer  l ' index  mi to t ique  
et  de mesurer  les areas de cellules capable  s de re teni r  le 
glycoggne 1,2. Ces cellules sont  mises en 6vidence par  
colorat ion ~ l 'acide per iodique Schiff (PAS) apr~s une 
f ixa t ion  par  cong61ation-subst i tut ion.  Ces plages conser- 
v e n t  une  grande  quant i t6  de glycog~ne malgr~ 18 h de 
jeflne ~. Les coupes sont  projet~es sur un  6cran et  leur 
surface ainsi que celle des plages P A S  posi t ives  sont  mesu-  
r6es 5~ l 'a ide d ' u n  planimStre.  E n  app l iquan t  les formules  
st6r6ologiques classiques 5 adapt6es  log iquement  X not re  
mat6riel  exp6r imenta l  pa r  FRIDMAN 6, on calcule le nom-  
bre d ' a m a s  de cellules P A S  posi t ives  par  unit~ de volume 
de foie (Nv) e t  le vo lume relat if  occup6 par  ces areas (Vv). 

Rdsul ta t s .  D u r a n t  les 15 premiers  jours de t r a i t emen t ,  
le Ioie con t i en t  des zones n6crot iques  e t e s t  le sigge de 
nombreuses  mitoses.  Ces divisions cellulaires on t  un  
r y t h m e  circadien normal ,  les valeurs  les plus 61ev6es 
s ' obse rvan t  le ma t in  (Figure). E n t r e  le 30 e e t  le 60 e jour  
de t r a i t emen t ,  l ' i ndex  mi to t ique  d iminue  et  se stabil ise 

des valeurs  plus basses.  D u r a n t  ce t te  derni~re p6riode, 
les plages de n6crose on t  disparu et  aucun r y t h m e  circa- 
dien ne peu t  plus 8tre d6cel6. I1 n ' y  a e n  effet  pas  de dif- 
f6rence significat ive ent re  les index  mi to t iques  mesur6s le 
m a t i n  et  le soir. 

Au 30e jour  de t r a i t emen t ,  les cellules capables  de 
conserver  le glycog~ne cons t i tuen t  des amas  de plus de 5 
cellules. Du 30 e au 60 e jour  de t r a i t e m e n t  (Tableau !), 
le h o mb re  de ces plages (Nv) ne mon t re  pas  de va r ia t ion  
n e t t e  vu la grande  dispersion des mesures  alors que lent  
vo lume  relatif  (Vv) augmen• de fagon consid6rable.  

D ' u n  aut re  c6t6, les index  mi to t iques  mesur~s dans  le 
p a r e n c h y m e  h @ a t i q u e  normal  et  dans  les plages r e t e n a n t  
le glycog6ne ne son t  pas  s ign i f ica t ivement  diff6rents 
(Tableau II).  A c e  mo men t ,  il n ' y  a plus de r y t h m e  circa- 
dien dans  aucun  de ces terr i toires .  

D i s c u s s i o n .  Nos r~sul ta ts  sugg~rent  que la p~riode qui 
pr~c&de le d6ve loppement  des cancers  du foie chez les 
an i mau x  t ra i tgs  par  le D E N A  se divise en deux phases  
dis t inctes .  P e n d a n t  le premiere,  le Ioie est  le si~ge de 
n~croses et les cellules h~pat iques  r~g6n~rent de fagon 
sens ib lement  normale  en r e s t a n t  soumises aux  mgca- 
nismes d 'hom6os tas ie  tissulaire.  E n  t~moigne la conserva-  
t ion du r y t h m e  circadien n o r m a l e m e n t  observ6 dans  le 
foie en r~g6n~ration ~, ~. 
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P e n d a n t  la deuxi~me phase,  l ' ac t iv i t~  mi to t ique ,  sans  
6tre aussi  41ev4e que  lors de la phase  de r4g4n6rat ion,  est  
loin d '6 t re  nSgligeable.  A c e  m o m e n t  p o u r t a n t ,  les cel- 
lules s e m b l e n t  4chapper  a u x  m6can i smes  de r4gula t ion  
no rma le  car  le r y t h m e  c i rcadien est  perdu .  D ' a u t r e s  
recherches  que nous  avons  r4alis6es chez des a n i m a u x  
t ra i t4s  pa r  le D E N A  et  soumis  ~ une  h 6 p a t e c t o m i e  
par t ie l le  c o n f i r m e n t  ce fa i t  (BARBASO~ e t  al., sous presse).  
Des obse rva t ions  a l l a n t  dans  le m~me sens on t  6t6 r6ali-  
s4es r 6 c e m m e n t  p a r  RABES e t  al.L 

Au tou r s  de la deuxi~me phase  de la p6riode pr6n6o- 
p l a s t ique  se d4roule u n  a u t r e  ph4nom~ne  : l ' a u g m e n t a t i o n  
des amas  de cellules p r 6 s e n t a n t  des d4ficits e n z y m a t i q u e s  
et  capab les  de r e t en i r  le glycog~ne. Du 30~ au 60 S jour  
de t r a i t e m e n t ,  le vo lume  re la t i f  de ces areas  es t  qu in tu -  

p14. Le m6can i sme  exac t  de cet  acc ro i s semen t  es t  peu  
connu.  L ' i n d e x  m i t o t i q u e  n ' e s t  pas  d i f f4rent  darts le 
p a r e n c h y m e  n o r m a l  et  dans  les amas  de cellules P A S  
pos i t ives  apr~s le jeflne. I1 es t  difficile de t i re r  une  conclu-  
sion sans  une  mei l leure  conna i s sance  du  cycle cel lulaire  
darts ces d e u x  local isat ions.  Des recherches  son t  porsu iv ies  
dans  ce sens. 

Ii n'est pas exclu pourtant que l'augmentation de 
vo lume  des areas  P A S  posi t i fs  soi t  s i m p l e m e n t  due /~ 
l ' a p p a r i t i o n  d ' a m a s  cellulaires n o u v e a u x  qui  f in i ssen t  
p a r  confluer.  

H. RABES, R. I71ARTENSTEIN et P. SCHOLZE, Experientia 26, 1356 
(1970). 
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A d r e n a l e c t o m y  
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Summary. The  n u m b e r  of mi toses  as well  as t he  n u m b e r  of t he  cells of the  ad rena l  medu l l a  was  d e t e r m i n e d  in the  mouse  
a t  va r ious  ages a n d  a f t e r  un i l a te ra I  ad rena l ec tomy .  I t  was found  t h a t  a decrease  in t he  mi toses  a n d  a n  increase  in t h e  
cell n u m b e r  occurs  up  to 4 m o n t h s .  In  12-month-o ld  rats ,  mitoses,  a l t h o u g h  rare,  are sti l l  p resen t .  No changes  in t he  
mi tos i s  a n d  cell n u m b e r  was observed  a f te r  un i l a t e ra l  ad rena l ec tomy .  

P rev ious  s tudies  showed  t h a t  ch romaf f in  celis of t he  
ad rena l  medu l l a  of a d u l t  r a t  are able  to  undergo  mitos is  ~, 2 
The  a im of t he  p r e sen t  research  was to d e t e r m i n e  t he  
n u m b e r  of mi toses  in t he  ad r ena l  m e d u l l a r y  cells of t he  
mouse  a t  va r ious  ages a n d  fol lowing un i l a t e ra l  adrena l -  
ec tomy,  a cond i t ion  of possible  s t i m u l a t i o n  to prol i fera t ion.  
The  n u m b e r  of mi toses  was r e l a t ed  to  t he  n u m b e r  of t he  
cells of t h e  whole  ad r ena l  medu l l a  to  i nves t i ga t e  w h e t h e r  
t h e  mi to t i c  a c t i v i t y  could be ascr ibed  to t he  g rowth  of the  
o rgan  or to  r enewal  processes of t he  ch romaf f in  cells. 

G r a y  mice of 'Snel l '  s t r a in  m a i n t a i n e d  on  a comple te  
s e m i s y n t h e t i c  d ie t  (Zoofarm, P a d u a ,  I ta ly)  were used. Uni -  
l a te ra l  a d r e n a l e c t o m y  was pe r fo rmed  t h r o u g h  a dorsa l  inci- 

sion in 4 -mon th -o ld  mice .The  an ima l s  were al lowed to d r i n k  
1~o NaC1 and  were sacrif iced 5, 10 or 15 days  a f t e r  t he  
surgical  opera t ion .  All  t he  an ima l s  were kil led a t  noon  ~. 
Some mice were in jec ted  i.p. w i t h  colchicine (in 8% 
e t h a n o l  solut ion)  a t  t he  dose of 0.1 rag/100 g b o d y  wt. ,  
3 h before sacrifice. Adrena l  g lands  were f ixed e i t he r  in  
e thano l - ch lo ro fo rm-ace t i c  acid m i x t u r e  (6 : 3 : 1 v :  v) for 
3 h or  in  a ce t a t e  buf fe r  pH.  5.8 c o n t a i n i n g  fo rmol  10~o a n d  
p o t a s s i u m  b i c h r o m a t e  5% for 12 h. The  l a t t e r  p rocedure  
is c o m m o n l y  used for t he  c h r o m a f f i n  reac t ion .  The  whole  
g land  was cu t  in to  serial  sect ions  (6 [zm thick) .  The  
sect ions  were s t a ined  w i t h  ema tox i l i n  a n d  eosin. E a c h  
sect ion was e x a m i n e d  u n d e r  t he  microscope us ing  a 
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