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somet imes  quickly  killed by  copulat ion (see discussion 
in ref. 9) and the  new finding t h a t  sens i t iv i ty  is also in- 
creased by  high growth  t empera tu re  fur ther  complicates  
the  in terpreta t ion.  There is some evidence t h a t  sensi t ive 
females are sexual ly  more recept ive  ~2. A recent  observa-  
t ion ~3 t h a t  oogenesis in sensi t ive female is only s l ight ly 
s t imula ted  by  inseminat ion could also provide  a s ta r t ing  
poin t  for fur ther  analysis. 
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Fig. 3. Variation of female sensitivity to copulation with growth 
temperature. 
O, reduction in longevity as compared to virgins; @, relative reduc- 
tion in % of virgin lifespan. 

Behav ior  studies in Drosophila 1~ showed t h a t  usually,  
in strains where males were sexual ly  v e r y  active,  the  
females had a low sexual  r ecep t iv i ty  and reciprocally.  
Our results present  some analogies wi th  such observa-  
tions, a l though the  var ia t ions  are no t  genetic  bu t  epi- 
genetic and ref lect  t i le influence of pre imaginal  environ-  
men t  upon adul t  physiology.  Moreover,  these epigenetic  
effects are much  more ex t reme  than  those obta ined  by  
genetic  factors since we demons t ra te  t h a t  males can be 
indeed harmful  and t h a t  females can even be killed by  
copulat ion s. 

When  bo th  sexes are grown under  the  same t he rma l  
conditions,  ma t ing  p robab ly  does no t  resul t  in v e r y  
harmful  effects because the  physiological  var ia t ions  are 
corre la ted:  when males are the  most  aggressive, females 
have  a m a x i m u m  resistance. I t  is probable  t h a t  the  
reproduc t ive  incompat ib i l i ty  observed when aggressive 
males are ma ted  to sensi t ive females rare ly  occurs under  
na tura l  conditions.  The possible a d a p t a t i v e  significance 
of these var ia t ions  is still  a m a t t e r  of speculation,  a l though 
t h e y  are p robab ly  parameters  of the  individual  fitness 
and could be impor t an t  for insect popula t ion  dynamics .  
A be t te r  knowledge of these var ia t ions  can be useful in 
managing  pest  control  exper iments ,  where l abora to ry  
reared males are released in na tu re  for compet i t ion  wi th  
wild individuals.  
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Summary. l~ats fed an essential  f a t t y  acid deficient  diet  (EFAD) showed a s ta t is t ica l ly  signif icant  decrease in the  
thickness and u l t ras t ruc tura l  a s y m m e t r y  of the  luminal  membrane  and cytoplasmic  vesicles of t rans i t ional  epi the l ium 
of the  u r ina ry  t ract ,  due to a marked  th inning  of the  peculiar  th ick  luminal  leaflet. These changes were reversed by  
adding E F A  to the  diet. This indicates t h a t  the  unusual  EM appearance of urothel ial  membrane  depends on its con ten t  
in E F A .  

We  have  been interested in producing in the  ra t  an 
exper imenta l  condi t ion by  a deficient  diet  in cer ta in  
basic nut r ien ts  which should cause changes in cell mem-  
branes, expect ing  t h a t  this  m a y  cont r ibute  to the  under-  
s tanding  of their  role in membrane  organizat ion and 
funct ion.  The most  promizing model  seemed to be the  
s ta te  of deficiency in the  essential  f a t t y  acids: linoleic, 
l inolenic and arachidonic  (EFA)2, since t h e y  are consti-  
tuen ts  of phospholipids and cholesterol  esters, 2 cons tan t  
components  of biological membranes  a. I t  could then  be 
predic ted  t h a t  membrane  changes migh t  appear  when 
ra ts  were depr ived  of E F A .  Fur thermore ,  since the  con- 
dit4on m a y  occur ill man, this could  be of fur ther  clinical 
in teres t  ~. 

We  wish to repor t  t h a t  the  character is t ic  thickness and 
u l t ras t ruc tura l  a s y m m e t r y  of the  uni t  membrane  of the  
luminal  p Iasmalemma and the  cytoplasmic  vesicles of 
t rans i t ional  epi the l ium of the  ure ter  and b ladder  (uro- 
thel ia l  membrane)  was no tab ly  al tered by  feeding rats  
on a diet  which was def ic ient  in essential  f a t t y  acids 
(EFAD).  

In  t h e  normal  animal,  the  membrane  is d is t inc t ly  thick, 
showing an asymmet r i c  uni t  m e m b r a n e  arranged in 
plaque zones which are bound  by  short  segments  of 
th inner  and symmet r i c  membrane .  The  luminal  (outer) 
osmiophilic leaflet  of the  p l a sma lemma and the  luminal  
(inner) one of the  vesicles are about  twice as th ick  as t h e  
leaflet  ad jacen t  to the  cy top lasm (Figure 1). In  these 
laminae or  leaflets, subunits,  which main ly  conta in  
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Thickness of lumenal and vesicle membrane of the urothelium in. EFA deficient and control rats 

EXPERIENTIA 32/6 

Lumenal plasmalemma Cytoplasmic vesicle membrane 

Controls EFAD Difference, pb Controls EFAD Difference, P b 
(%) (%) 

Total thickness 110.6 -4- 2.43 100.8 -t- 2.65 -- 8.8 < 0.05 109.0 ~: 2.80 99.2 -4- 3.39 -- 9.0 < 0.05 
Externalleaflet 45.0 4- 1.83 36.2 q- 1.22 -- 19.5 < 0.01 44.6 • 1.92 35.4 4- 1.59 -- 20.6 < 0.01 
Middle leaflet 31.7 4- 1.32 31.1 -4- 0.77 -- 1.9 N.S. 31.7 :h 0.76 31.3 n u 1.11 -- 1.3 N.S. 
Internalleaflet 33.9 _u 0.93 33.5 4- 0.96 -- 1.2 N.S. 32.7 q- 0.54 32.5 -4- 1.25 -- 0.6 N.S. 
Difference (%) ~ 32.7 8.0 -- -- 36.4 8.9 -- --  
pa ~ 0.001 N.S. -- --  ~ 0.001 N.S. -- --  

Results are mean values :t: SEM, expressed in angstrom. 6 experimental and 6 control animals were studied. Values for each animal were 
obtained averaging 15 measurements, made on 4 ElY[ prints of the membrane total thickness and of each leaflet width. ~Control values were 
considered 100%. ~ Statistical significance was estimated by the Student's t-test for non-eorrelated sampIes. ~External and internal Ieaflet 
difference percentage. The mean of the internal leaflet values was taken as 100%. aStatistieal significance of this difference. N.S., non-sig- 
nificant. 

l ipids,  h a v e  b e e n  r ecogn ized  5-9. O n  t h e  free s ide  of t h e  
p l a s m a  m e m b r a n e ,  n e g a t i v e l y  c h a r g e d  s i tes  h a v e  b e e n  
m a d e  a p p a r e n t  b y  ca t ion ic  dyes ,  in  k e e p i n g  w i t h  t h e  
d e m o n s t r a t i o n  of  sialic acid r e s idues  of g l y c o p r o t e i n s  a n d  
g lyco l ip ids  in i so la ted  u r o t h e l i a l  m e m b r a n e s  1% 

Mater ia ls  and methods. F o r  p r o d u c i n g  t h e  def ic iency  in  
E F A ,  p r e g n a n t  r a t s  f r o m  a W i s t a r  s t r a i n  were  fed f r o m  
t h e  1st  d a y  of  p r e g n a n c y  w i t h  a low-l ip id  diet .  A f t e r  
w e a n i n g ,  t h e  o f f s p r i n g  rece ived  t h e  s a m e  d ie t  11. Con t ro l s  
w e r e  g i v e n  t h e  d i e t  s u p p l e m e n t e d  w i t h  c o r n  oil. Sk in  

c h a n g e s  in  t h e  tai l ,  fo l lowed o f t en  b y  nec ros i s  a p p e a r e d  
in t h e  def ic ien t  a n i m a l s  a t  a b o u t  30 d a y s  of age.  Gas  
c h r o m a t o g r a p h y  r evea l ed  t h e  c h a r a c t e r i s t i c  l ipid p a t t e r n  
of E F A D .  6 of  each  lo t  of 75 def ic ien t  r a t s  a n d  47 con-  
t ro ls ,  we re  s e p a r a t e d  a t  r a n d o m  for  t h e  p r e s e n t  s t u d y .  
A n i m a l s  sacr i f iced  w e r e  140 to  300 d a y s  old. S a m p l e s  of 
u r e t e r  a n d  u r i n a r y  b l a d d e r  were  f ixed  in  3~o b u f f e r e d  
g l u t a r a l d e h y d e  a n d  1% o s m i u m  t e t r o x i d e ,  d e h y d r a t e d  
a n d  e m b e d d e d  in E p o n .  Sec t ions  were  s t a i n e d  w i t h  
u r a n y l  a c e t a t e  a n d  lead  c i t ra te .  O n  p r i n t s  of  t h e  E M  

Fig. 1. Control rat. The characteristic asymmetric appearance of the urothelial membrane in both luminal surface (t) and cytoplasmic vesicles 
(v) is shown. Note the thick, luminal leaflet. • 204,000. 

Fig. 2. EFAD rat. The urothelial membrane is thinner. The luminal leaflet is diminished in thickness in both luminal surface and cytoplasmic 
vesicles. The unit membrane is much less asymmetric. • 204,000. 
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pho tographs ,  es t imat ions  were made  by  2 persons  wi th  
a measur ing  magnif ier .  D a t a  was processed in a Digital  
PD PS/e (Digital E q u i p m e n t  Co., Maynard ,  Mass.). 

Results. In  t he  contro l  rats ,  the  whole  th ickness  of t he  
nrothel ia l  m e m b r a n e s  was abou t  110 A at  the  level of the  
p laque  areas. The uni t  m e m b r a n e  was asymmet r ic ,  since 
there  was a s ignif icant  difference in w i d t h  be tween  outer  
and  inner  leaflets (Figure 1 and  Table).  

In  the  E F A D  rats ,  the  overal l  th ickness  of the  m e m -  
b rane  was reduced,  measur ing  abou t  100 A, whereas  t he  
a s y m m e t r y  was n o t a b l y  d imin ished  due  to  a ma rk ed  
decrease in t he  w id th  of the  thick,  luminal  leaflet  (Fig- 
ure 2). Changes  in the  th ickness  of inner  and  middle  
leaflets were s ta t i s t ica l ly  no t  significant.  Similar  changes  
in w i d t h  were observed in t h e  in te rp laque  areas of m e m -  
brane.  No signif icant  difference was no ted  be tween  
luminal  p l a s m a l e m m a  and  vesicle m e m b r a n e  in contro l  
and  exper imen ta l  a n i m a l s .  

P re l imina ry  observa t ions  indica ted  t h a t  t he  ul t ra-  
s t ruc tu ra l  changes  were reversed by  adding  to  t he  diet  a 
source of EFA,  such as corn oil. 

Discussion. Our observa t ions  are in keeping wi th  da t a  
showing t h a t  po lyunsa tu r a t ed  f a t t y  acids made  up on 
molar  basis 52.3% of t he  to ta l  f a t t y  acid con t en t  of the  
b ladder  luminal  m e m b r a n e  12. A perusal  of the  Table  
indica ted  t h a t  the  3 E F A  gave the  h igh  value of 46.6%. 

We should like to  propose  t h a t  t he  unusual a s y m m e t r y  
of the  urothel ia l  m e m b r a n e  is p r imar i ly  due to its con t en t  
in E F A  ra the r  t h a n  to  the  m e m b r a n e  prote in  or muco-  
p ro te in  ~a. Fur the rmore ,  i t  m a y  be t h a t  E F A  conta in ing  
lipids m a y  have  an a symmet r i c  a r r a n g e m e n t  in the  mem-  
brane,  as has  been shown for phosphol ip id  and  glycolipid 
c o m p o n e n t s  in red blood cells~4. 

The u l t r a s t ruc tu ra l  changes  of urothel ia l  m e m b r a n e  in 
the  E F A D  would suppor t  the  view t h a t  t he  compos i t ion  
of t h e  d ie ta ry  f a t t y  acids m a y  affect  t he  p a t t e r n  of these  
lipids in subcellular  f ract ions xS. Fur the rmore ,  it  would 
seem t h a t  the  higher  the  con t en t  of E F A  in a membrane ,  
the  grea ter  t he  l ikelihood t h a t  changes  will be  induced  
b y  a def ic ient  d ie t  in these  nut r ien ts .  Thus,  l iver mi to-  
chondr ia  and  p l a s m a l e m m a  ~6-~s, as well as red cell mem-  
b rane  ~9, which are rich in E F A ,  showed chemical ,  ul t ra-  

s t ruc tura l  and  phys ica l  changes  in the  EFAD~~ Yet ,  
no var ia t ions  in the  th ickness  of the  m e m b r a n e  of these  
organelles have  been repor ted  in the  E F A D .  

Since i t  has  been  indica ted  t h a t  t he  presence of l ipids 
conta in ing  p o l y u n s a t u r a t ed  f a t t y  acids favours  a loose 
b y  ex p an d ed  a r r a n g e m e n t  of m e m b r a n e  cons t i tuen t s  
and  controls,  cer ta in  physical  proper t ies  such as f luidity,  
as well as funct ional  character is t ics  like pe rmeab i l i t y  2a, 
it  remains  to es tabl ish  the  actual  role of E F A  in the  
s t ruc tu ra l  and funct ional  proper t ies  of the  urothel ia l  
m e m b r a n e  which has  been considered unusual ly  rigid 
and  impermeab le  l~-~a. 
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Character i s t ics  of the  Nucleo l in i  Observed  under  the  Electron Microscope  
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Summary.  Observa t ions  wi th  the  e lectron microscope p e r m i t t e d  us to ascer ta in  t h a t  in molluscs and  ech inoderms  
oocytes  and in mal igna t  t u m o u r  cells, the  nucleolini, a l ready seen wi th  the  p h o n t o n  microscope,  cor respond to  t he  
'clear fibrillar zones' .  These p resen t  fibrils 40-60 ~_ thick,  spread  t h r o u g h o u t  a ve ry  clear mat r ix .  All a round  these  zones 
there  are o ther  closely th ickened  and inter lacing fibrils. 

I n  a previous art icle which was publ ished in th is  journal  1, 
the  character is t ics  of t he  nucleolini  observed under  the  
pho ton  microscope were explained.  These nucleolini could 
also be ex t r ac t ed  b y  mic roman ipu la to r  needles 2. 

In  a f i rs t  series of inves t iga t ions  done  by  one of us a, it  
appea red  t h a t  u n d e r  t h e  electron microscope,  cor respond-  
ing to  t he  nucleolini,  there  were found  dense  masses  of 
granula t ions  w i th  a d iamete r  no t  grea ter  t h a n  50 ~_. 
However ,  t he  researches begun b y  FABBRI 4, and followed 
by  o the r  au thors  ~, have  shown how 'clear  fibril lar zones 
(or centres) '  or s imply  'clear zones (or centres) '  cor respond 
to the  nucleolini.  

Thus  i t  seemed to  us necessary  to  resume our  inves t iga-  
t ions  to  see w h e t h e r  the  previous  results  ob ta ined  by  one 
of us could be conf i rmed or whe the r  t h e y  should be suit-  
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