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Fig. 4 6. Sections of ovaries of 48-, 72- and 96-h-old Sarcophaga ru/icornis treated with thiourea. 

become smaller  in size and finally after  96 h they  get 
squamous.  

After  24 h of t r e a t m e n t  wi th  1.5% thiourea,  a sl ight 
general  decrease in the size of ovaries and their  components  
has been recorded. The  follicle cells become more colum- 
nar  and their  nuclei get  somewhat  oval-shaped,  showing 
only 1 or 2 i rregular ly placed nucleoli. The  nurse cells 
and the developing oocyte do not  undergo any marked  

h is to logica l  change. After  48 h the  follicle cells appear  
to have  lost their  cellular ar rangement .  Their  in tervening 
walls disappear,  giving rise to a syncyt ia l  condition. The 
nuclei get  pycnot ic  and appear  as darkly  stained round 
masses. The developing oocyte  and nurse cells show a 
fur ther  decrease in size. The nurse cell nuclei also show 
some loss of chromat in  mater ia l  (Figure 4). After  72 h 
the  most  conspicuous change recorded was the to ta l  
absence of yolk granules f rom the  ooplasm. The nurse 
cells and the  developing oocyte  show a fur ther  general  
decrease in size (Figure 5). The ovaries of Sarcophaga, 
af ter  being t rea ted  wi th  th iourea  for 96 h, show well 
marked  histological  changes. The size of the  ova ry  and 
ovarioles was great ly  reduced as compared  to those 
t rea ted  for 72 h. The oocyte now occupies only less t han  
half  the  follicular space. The nurse cells also get consid- 
erably  smaller, wi th  great  reduct ion of the  chromat in  
mater ia l  in their  nuclei. No trace of yolk granules was 
visible in the  ooplasm (Figure 6). 

Discussion. I t  has been shown by  BORKOVEC 9 that ,  
depending upon dosage and concentra t ion  of the  che- 

moster i lant  used, insects e i ther  do no t  oviposi t  or the  
eggs remain  infertile. In  Sarcophaga ruficornis the  
applicat ion of th iourea  impairs  the  deve lopmen t  of the  
ovary,  resul t ing in the  format ion  of inviable  eggs. 

The  p r imary  ta rge t  of th iourea  in the  ova ry  of Sarco- 
phaga is the  follicle. The t rans format ion  of the  co lumnar  
follicle cells to a syncyt ia l  condi t ion wi th  pycnot ic  nuclei 
is ve ry  significant  of thei r  morphologica l  and funct ional  
degenerat ion.  I t  is well known t h a t  the  foll icular epi the-  
l ium plays an impor t an t  role in the  format ion  of yo lk  
granules in the  ooplasm 1~ The histological  damage  
caused to the  follicle cells by  th iourea  in Sarcophaga must,  
therefore,  be act ing adverse ly  on the  physiological  ac t iv i ty  
of the  oocytes. The  to ta l  d isappearance of the  chromat in  
mater ia l  f rom the  nuclei  of the  nurse cells in t he  th iourea  
t rea ted  Sarcophaga fur ther  indicates the  disrupt ion of 
ye t  another  source of egg nutr i t ion.  Such nurse cells, 
deficient  in thei r  nu t r i en t  material ,  obvious ly  do no t  
a t ta in  their  full morphological  and physiological  develop-  
men t  and the reby  impai r  the  normal  deve lopment  of 
the  oocyte  as well. The consequent  result  is t h a t  the  oocyte  
remains under-developed in size and cytological  organi- 
zation. 

9 A. B. BORKOVEC, Insect Chemosterilants (Inter Science Publishers, 
New York 1966), p. 44. 

10 p. F. BONHAG, J. Morph. 99, 432 (1965). 

Nuclear  Pores  in the S p e r m a t o z o o n  of the Rat 

D. MORTIMER 1 and T. E.  THOMPSON 

Department o~ Zoology, University o~ Bristol, Woodland Road, Bristol BS8 1 UG (England), 11 June 7975. 

Summary. The paper  describes a hexagonal  a r ray  of nuclear  pores in a non- redundan t  region of the  nuclear  envelope 
under lying the  basal  surface of the  ra t  spermatozoon head. I t  is concluded t h a t  in t ranuclear  mater ia l  p ro t rud ing  
th rough  these pores is the  cause of the  character is t ic  rows of circular ' bumps '  found in surface replicas of this region. 

WOOLLEY 2 described a region of the  pos tacrosomal  t e rmed  the  'basal  surface ' ,  there  was no cytoplasmic  
surface of the  ra t  spermatozoon whose appearance  in e lement  be tween  the  nuclear  envelope and the  plasma-  
surface replicas (as more or less regular  rows of circular 
pro t ruberances  about  90 Ilm in diameter)  dis t inguished 1 Present address: Institute of Animal Genetics, King's Buildings, 
i t  f rom the  postnuclear  sheath,  f rom which i t  was sepa- West 1V[ains Road, Edinburgh EH9 3JN, Scotland. 
ra ted  by  the  'poster ior  ring' .  In  this region, which was ~ D. M. WOOLLEY, J. Reprod. Fert. 23, 361 (1970). 
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Fig. 1. A view of the head of a rat spermatozoon clearly showing the posterior ring (P) and the nuclear envelope (ne) underlying the basal 

surface with its nuclear pores (~) surrounded by the cytoplasmic droplet (c). The acrosome-postnuclear sheath junction (j) is also visible, and 

the head has been fractured in an oblique transverse direction showing the arrangement of the acrosome (a) and perforatorium (p) around 

the condensed chromatin of the nucleus (n). 

Fig. 2. A higher magnification view of the posterior ring (P) in Figure 1 showing the fine patterning characteristic of this structure when 

cross-fractured. The plasmalemma has been split along its middle plane over the postnuclear sheath (ps), but completely removed caudal to 

the posterior ring. 

Fig. 3. A view of the posterior region of the sperm head showing the basal surface of the plasmalemma (b) and, beneath it, the nuclear en- 

velope with its pores (~) in hexagonal array lying between the postnuclear sheath (ps) (delimited by the posterior ring (P)) and the basal 

plate or impIantation fossa {if) where there are no nueIear pores. The nucleus has been cross-fractured to reveal condensed chromatin (n) 

within this region. 
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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. 

s L. PIK6, in Fertilization (Eds. C. B. METZ and A. MONROY; 
Academic Press, New York 1969), vol. 2, chapt. 8, p. 325. 

4 T. E. THOMPSON, Veliger 73, 367 (1971). 
5 j .  K. KOEHLER, J. Ultrastruct. Res. 16, 359 (1966). 
6 j.  K. KOEHLER, J. Ultrastruct. Res. 33, 598 (1970). 
7 j .  IK. I(OEHLER, J. Ultrastruct. Res. 44, 355 (1973). 
s j .  K. t~OEHLER, J. Ultrastruct. Res. 39, 520 (1972). 
9 H. P~D~RS~,~, J. Ultrastruct. Res. 40, 366 (1972). 
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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 


