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LS  250 l iquid  sc in t i l l a t ion  s p e c t r o m e t e r  a f te r  a d d i n g  a 1 
m l  a l i quo t  of t h e  t r a p p i n g  so lu t ion  to  10 m l  of t he  scin- 
t i l l a t i on  so lu t ion  n .  The  r ecove ry  of r a d i o a c t i v i t y  r a n g e d  
b e t w e e n  98 a n d  100~ All ana lyses  of labeled  ma te r i a l s  
were done  in dup l i ca t e  us ing  i n t e r n a l  s t anda rds .  

Results and discussion. The  F igure  shows t h e  accumu-  
l a t ed  t o t a l  a n d  t h e  da i ly  r a t e  of ~ C - r a d i o a c t i v i t y  in t h e  
exp i red  a i r  of r a t s  fed 14C-DDT.  D u r i n g  t h e  per iod  of t h e  
e x p e r i m e n t  t h e r e  was  a s t e a d y  increase  in t he  t o t a l  
r a d i o a c t i v i t y  in  t h e  exp i red  air.  The  da i ly  r a t e  of ~4C 
excre ted  in  t he  exp i r ed  a i r  r e ached  a p e a k  on  t h e  2nd 
d a y  a f t e r  a d m i n i s t r a t i o n ,  t h e n  s ha r p l y  decreased  u n t i l  
t h e  8 th  d a y  a n d  leveled off the rea f t e r .  

These  resu l t s  i nd i ca t e  t h a t  t he  ox ida t i on  of t he  p h e n y l  
g roups  of p , p ' - D D T  to  CO 2 is n o t  a m a j o r  p a t h w a y  for  
p,p'-DDT m e t a b o l i s m  in t he  ra t .  On ly  a t o t a l  of 1.6% 
of t he  r a d i o a c t i v i t y  of t he  a d m i n i s t e r e d  dose was re- 
covered  in t he  exp i red  a i r  w i th in  10 days  of inges t ion  a t  
w h i c h  t i m e  10.5% of t he  ~4C r e m a i n e d  in t he  t issues.  
Most  of t h e  1~C was exc re ted  in t h e  feces (83.8%) and  a 
smal l  po r t i on  (1.6%) was  recovered  in t h e  urine.  Res-  
p i r a t o r y  excre t ion  was, however ,  of equa l  s ignif icance to  
u r i n a r y  excre t ion .  

The  b i o t r a n s f o r m a t i o n  of p,p '-DDT so fa r  r epo r t ed  
involves  deha logena t i on  a n d  h y d r o x y l a t i o n  s teps  t h a t  
do n o t  r e su l t  in  f ission of t he  or ig ina l  p h e n y l  groups.  Fo r  
examp le  t he  m a j o r  scheme  for  p , p ' - D D T  in t he  r a t  is t h e  
conve r s ion  to  D D D  and  D D M U  % D D D  is f u r t h e r  deg raded  
b y  t he  p a t h w a y  D D D  - ~  D D M U  --> DDMS + D D N  U + 

D D O H  + DDA.  D D A  is found  p r inc ipa l ly  in  t h e  ur ine.  I n  
chicks  a n d  ch ick  ~embryos a s imi la r  p a t h w a y  also occurs  8. 
p, p ' - D D D  appea r s  to.be t he  p r inc ipa l  p recurso r  for all  o t h e r  
p,p'-DDT metabo l i t e s .  The  convers ion  of p , p ' - D D T  a n d  
D D E  to  D B P  b y  t h e  c h i c k ,  r ep resen t s  t he  p o t e n t i a l  
d e g r a d a t i o n  of p,p'-DDT to  CO 2, b u t  no t  of t he  p h e n y l  
g roups  8. Two o the r  o rgan i sms  h a v e  b e e n  obse rved  to  
deg rade  p h e n y l  g roups  of p, p ' - D D T  comple te ly .  Less t h a n  
1~ d e g r a d a t i o n  occur red  w i t h  t he  cockroach  12 whi le  
Hydrogenomonas c leaved  t he  p h e n y l  g roup  of DDM, a 
p,p '-DDT metabo l i t e ,  to  p - ch lo ropheny lace t a t e ,  CO2, 
H 2 0  a n d  HC1 ~3. Benzene  r ing  fission m o s t  l ikely occurs  
t h r o u g h  o x y g e n a t e d  i n t e r m e d i a r y  p r o d u c t s  ~~ ~4. The  
d e g r a d a t i o n  of t h e  p h e n y l  groups  of p,p'-DDT to  CO~ 
rep resen t s  a p a t h w a y  equa l  to  t h a t  of u r i n a r y  exc re t ion  
r ep re sen t i ng  p r i m a r i l y  D D A  excre t ion .  The  d e g r a d a t i o n  
of p,p'-DDT to CO 2 b y  ra ts ,  whi le  small ,  neve r the l e s s  
r ep resen t s  a s ign i f ican t  de tox i ca t i on  p a t h w a y .  W e  p l an  
to  i n v e s t i g a t e  t h e  p o t e n t i a l  i n t e r m e d i a r y  c o m p o u n d s  
sugges ted  to  exis t  f rom these  obse rva t ions .  
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Summary. The  f ixa t ion  of 3H acrole in  in Dunaliella bioculata was follow.ed b y  m e a n s  of q u a n t i t a t i v e  a u t o r a d i o g r a p h y  
e lec t ron  microscopy.  A f ixa t ion  was o b s e r v e d  m o s t l y  in t h e  nuc leus  where  a ldehyde  l inkage  r e m a i n e d  s tab le  a t  leas t  
for 48 hours .  

P rev ious  s tud ies  h a v e  shown  t he  c y t o t o x i c i t y  of 
acro te in  (CH 2 = C H - C H O ) .  Th i s  wide ly  d i s t r i b u t e d  
a ldehyde  is one of t he  m a i n  c o m p o n e n t s  of t he  gas phase  
of c iga re t t e  smoke  2. I t  is also f o u n d  in v ivo ;  d u r i n g  t he  
enzymic  o x y d a t i o n  of spe rmine  a n d  spe rmid ine  3 and,  
in  v i t ro ,  d u r i n g  t he  d e g r a d a t i o n  of c y c l o p h o s p h a m i d e  a n  
a n t i t u m o r  a g e n t  4. Severa l  a u t h o r s  h a v e  d e m o n s t r a t e d  
t h a t  th i s  a l d e h y d e  i n h i b i t s  t he  nucleic  acid syn thes i s  of 
b a c t e r i a  a, of mouse  k i d n e y  ceils in  cu l tu re  6 and  also of 
hepa t i c  and  p u l m o n a r y  t i ssue  in pa r t i a l l y  h e p a t e c t o m i z e d  
r a t s  v. 

Our  p rev ious  obse r va t i ons  h a v e  po in t ed  o u t  m o r p h o -  
logical  modi f i ca t ions  i nduced  b y  acrole in  in  a n  unice l lu la r  
a lga:  Dunaliella bioculata 8. The  m a j o r  cyto logica l  effects  
h a v e  been  obse rved  in t h e  nucleus.  I n  t he  p r e s e n t  work,  
ou r  i n t e n t  was  to  de t ec t  t he  si te  of f i xa t ion  of t he  d rug  
a n d  to d e t e r m i n e  t he  s t ab i l i t y  of t h a t  l inkage  b y  m e a n s  
of t h e  a u t o r a d i o g r a p h i c  e lec t ron  microscope  m e t hod .  

Material and methods. D u r  a green  
f lagel la te  volvocale ,  was  g rown on t h e  m i ne r a l  g r o w t h  
m e d i u m  of Miquel  2 a t  24~ u n d e r  a 12-12 l i g h t - d a r k  
cycle, a t  4000 lux. W e  used f resh ly  p r e p a r e d  aH-acrole in  
(25 C i / m M  C.E.A. Saclay,  150 ~xCi/ml of cu l tu re  or  0.6 
10 -5 m M / m l ) .  A t  t h i s  concen t r a t i on ,  acrole in  i nh ib i t s  
cell d iv is ion  of Dunaliella bioculata 2, 

I n  t he  f i rs t  expe r imen t ,  t he  cells in  exponen t i a l  g r o w t h  
were i n c u b a t e d  15, 30 or  60 ra in  w i t h  aH-acrolein.  I n  t h e  
second e x p e r i m e n t  (chase exper iment ) ,  t h e  cells were 
i n c u b a t e d  15 m i n  w i t h  3H-acrolein ; t hen ,  a f t e r  cen t r i fuga-  
t ion  and  washings ,  t h e y  were t r an s f e r r ed  in to  f resh 
m e d i u m  w i t h o u t  t he  d rug  for 90 min,  24 h or 48 h. 

The  algae were f ixed in 4 %  g l u t a r a l d e h y d e  in 0.1 M 
cacody la t e  buffer  (pH 7) for  1 h, washed  24 h in 0.1 M 
cacodyla te ,  t h e n  pos t f ixed  in 2% OsO~ for 1 h. The  cells 
were e m b e d d e d  in a ra ld i t e  and  t h e  sect ions  were p r e p a r e d  
for e lec t ron  microscope a u t o r a d i o g r a p h y  accord ing  to  t he  
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LARRA and  DRoz technic  ~. In  the  f i rs t  exper iment ,  the  
exposure  t ime  of the  au to rad iograms  was 3 weeks, and 
in the  second, 5 weeks. The grain coun t  was carried out  
on cell p ic tures  t aken  a t  the  same magnif icat ion.  The cell 
and organelles areas were de te rmined  by  p l an ime t ry  
(Figure 3). 

For  s ta t is t ica l  analysis,  the  da t a  of the  2 exper iments  
were separa t ly  t rea ted .  The design of t he  exper imen t s  was 
factorial  in 2 ways l~  the  first  way  was the  na tu re  of the  
s t ruc ture  considered (whole cell, cy toplasm,  nucleus and 
plastid),  the  second way  was the  t ime.  The n u m b e r  of 
repl icate  was 42 in the  first  expe r imen t  and 25 in the  
second. Through  this  s ta t is t ica l  me thod  it is possible to 
analyze separa te ly  the  effect  of the  two factors  on the  
labelling. 

Results.  For  each exper iment ,  t he  dens i ty  of the  silver 
grains on the  nucleus, the  plast id,  and the  cy top lasm 
were compared ,  t h e n  the  evolut ion of the  drug f ixat ion in 
the  3 areas was s tudied.  

1. Analysis  of 3H acrolein in re la t ion to the  cellular 
n l t r a s t ruc tu res  (Figures i and 2). In  the  2 exper iments ,  the  
f ixat ion of 3H-acrolein was  s ignif icant ly more  i m p o r t a n t  
on the  nucleus t h a n  on the  p las t id  or on the  cy top la sm 
(p < 0.001). Be tween  these  two areas, there  was no 
signif icant  difference in the  degree of a ldehyde  fixation.  

2. Evo lu t ion  of the  3H-acrolein f ixat ion in re la t ion to  
t ime (Figures 1 and 2). Stat is t ical  analysis  d e m o n s t r a t e d  
tha t ,  dur ing the  hour  of the  first  expe r imen t  (Figure 1), 
the  b inding  of acrolein was increasing s ignif icant ly  
(p < 0.001). The increase was rapid  dur ing  the  f irs t  15 
rain of the  incubat ion  t ime, followed by  a levelling off of 
the  f ixat ion curve. In  the  chase expe r imen t  (Figure 2), 
the  s ignif icant  in te rac t ion  t es t  indica ted  some differences 
in the  evolut ion of the  labelling according to  the  cell 
s t ructures .  The s ta t is t ica l  analysis  showed t h a t  the  radio-  
ac t iv i ty  decreased s ignif icant ly  (p < 0.001) in the  p las t id  
and the  cy top lasm dur ing the  f irs t  90 rain, t hen  the  label- 
ling remained  s t eady  for the  nex t  2 days.  In  cont ras t ,  
the  evolut ion of aH-acrolein f ixat ion on the  nucleus was 
no t  s ignif icant  dur ing  the  48 h of chase. 

Discussion.  Our previous biochemical  analysis  on 
Dunal ie l la  bioculata 11 showed t h a t  there  was a progressive 
b inding of acrolein wi th  proteins ,  R N A  and DNA. This  
is in ag reemen t  wi th  our p resen t  au torad iographic  resul ts  

9 F. LARRA and ]3. DRoz, J. Microsc. 9, 845 (1970). 
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(1974). 
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Fig. 1. Influence of the incubation time on the acrolein fixation in the cells. Grain counts on the nucleus (,), the plastid (O) and the 
cytoplasm (0). 
Fig. 2. Chase experiment: Evolution of the labelling on the nucleus (A), the plastid (0) and the cytoplasm (O}. After a pulse of 15 nfin 
with SH-acrolein, the cells were washed and returned on fresh medium at T 0. 

Fig. 3. Autoradiography of Duna- 
liella biocuIata after a labelling 
with 3H-acrolein. a) 15 min of 
labelling; b) 60 rain of labelling. 
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conce rn in g  t h e  inc reas ing  a l d e h y d e  f ixa t ion  on all t h e  
cell s t r u c t u r e s  d u r i n g  t he  1st h of i ncuba t ion .  T h e  a u to -  
r ad iog raph ic  ana lys is ,  however ,  b r o u g h t  add i t iona l  d a t a :  
t h e  p re fe ren t i a l  a rea  of cel lular  f ixa t ion  for acrolein was  
t h e  nuc leus ;  t h i s  f i xa t ion  was  s t ab le  for a t  l eas t  2 days ,  
wh ich  is n o t  t h e  case for c y t o p l a s m i c  or ch loroplas t ic  
f ixa t ion .  

T hese  re su l t s  are in a g r e e m e n t  w i t h  those  o b t a i n e d  on 
r egene ra t i n g  r a t  l iver in v ivo  ~1, where  it  was  d e m o n s t r a t e d  
t h a t  t h e  acrolein was  r ap id ly  f ixed on D N A  and  t he  f ixa-  
t ion  was  s t ab le  for a t  l eas t  24 h. I n  vi t ro,  t h e  acrolein h a d  
a g rea t  a f f in i ty  for the  D N A  p o l y m e r a s e  to wh ich  it  could  

be i r revers ib ly  a t t a c h e d  ~2. Th i s  p re fe ren t i a l  a nd  s t ab le  
f ixa t ion  of t he  acrolein to t h e  nuc leus  m a y  exp la in  t he  
h igh  t o x i c i t y  a nd  t he  i r revers ib i l i ty  of t he  cy to tox i c  
effects  of t h a t  molecule.  The se  re su l t s  ra ise  t he  ques t ion  
of the  r econs ide ra t ion  of ALARCO~'S~3 h y p o t h e s i s  
wh ich  sugge s t s  t h a t  acrolein could  be an  e l e m e n t  of an  
un ive r s a l  s y s t e m  of cont ro l  for cel lular  g rowth .  
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Summary. T h e  d u r a t i o n  of t h e  va r ious  d e v e l o p m e n t  s t ages  of t he  semin i fe rous  e p i t he l i um in d i f fe rent  s t r a in s  of ma le  
mice  was  d e t e r m i n e d  b y  scor ing t h e  f r e q u e n c y  d i s t r i bu t ion  in r a n d o m l y  selected t u b u l e  cross-sect ions .  The  resu l t s  
o b t a i n e d  sh o w a difference in t he  d u r a t i o n  of t he  va r ious  s t ages  be tw e e n  the  d i f fe rent  s t ra ins .  

T he  d u r a t i o n  of s p e r m a t o g e n e s i s  in t he  m o u s e  and  of 
t h e  s t ages  in t h e  cycle of t he  semin i f e rous  e p i t h e l i u m  h a s  
been  d e t e r m i n e d  b y  OAKBERa ~. 

Us in g  t h e  periodic acid Schiff  t echn ique ,  OAKBERC was  
able  to d i s t i n g u i sh  16 s t ages  of s p e r m a t o g e n e s i s  in t h e  
mouse ,  12 of t h e se  co r r e spond ing  to  1 cycle of t he  semin i -  
ferous  ep i the l ium.  4 cycles  occur  be tween  the .  develop-  
m e n t  of t h e  f i rs t  t y p e  A s p e r m a t o g o n i a  to  t he  s p e r m a -  
tozoa.  Accord ing  to OAKBERG, t h e  d u r a t i o n  of t he  s p e r m a -  
togenes i s  in t h e  m o u s e  is 341/2 d a y s  and  t he  d u r a t i o n  of 
each  cycle is 207 ~ 6.2 h. 

The  f r e q u e n c y  d i s t r i b u t i o n  of t u b u l e s  in r a n d o m l y  
se lected s am p le s  of n on - i r r ad i a t ed  an ima l s  was  used  to t ime  
each  s tage  of t h e  semin i f e rous  e p i t h e l i u m  d e v e l o p m e n t ,  
and  t h e  r e su l t s  o b t a i n e d  h a v e  been  of g rea t  he lp  in t he  
d e t e r m i n a t i o n  of t h e  r ad i a t i on  s e n s i t i v i t y  of t h e  d i f fe ren t  

Table I. Frequency of tubules by stages 

Stage C3H inbred mice 

First scoring Second scoring 
No. of Relative No. of Relative 
tubules per frequency tubules per frequency 
stage �9 stage b 

I 358 0.060 264 0.067 
II 298 0.050 205 0.052 
III 775 0.129 476 0.120 
IV 514 0.086 338 0.085 
V 360 0.060 243 0.061 
VI 285 0.047 195 0.049 
VII 431 0.072 296 0.075 
VIII 796 0.133 447 0.113 
IX 769 0.128 560 0.141 
X 407 0.068 268 0.068 
XI 399 0.066 232 0.059 
XII 613 0.102 433 0.109 
Total 6005 3957 

"500 randomly selected tubules scored in 8 mice + 1000 tubules 
scored in 2 mice. bAbout 500 randomly selected tubules scored in 
8 mice. 

Table II. Frequency of the various stages of the seminiferous 
epithelium in F 1 hybrid mice 

Stage F 1 C3H~ C57 BI~ F 1 ARR~ C3H~ 

No. of Relative No. of Relative 
tubules per frequency tubules per frequency 
stage ~ stage 

I 197 0.066 227 0.075 
II 106 0.035 244 0.081 
III 377 0.125 439 0.145 
IV 193 0.064 290 0.096 
V 155 0.052 232 0.077 
VI 151 0.050 141 0.047 
VII 193 0.064 156 0.052 
VIII 454 0.151 232 0.077 
IX 425 0.141 400 0.133 
X 229 0.076 179 0.059 
XI 222 0.074 188 0.062 
XII 306 0.102 291 0.096 
Total 3008 3019 

~500 randomly selected tubules scored for each of the 6 mice. 

k inds  of s p e r m a t o g o n i a l  cells. No inves t i ga t i ons  h a v e  been  
repor ted ,  however ,  to  d e t e r m i n e  t he  t u b u l a r  f r e q u e n c y  
a nd  to  check  w h e t h e r  v a r i a t i o n s  ex i s t  in d i f fe ren t  s t r a in s  
of mice. 

Materials and methods. Male mice  C3H inbred,  F 1 
h y b r i d  be tw e e n  inbred  C3H 6 a n d  C57 t31 9, a n d  F 1 
h y b r i d  be tw e e n  A R R  ~ a nd  C3H 9, 9 to  12 weeks  old, 
were used.  The  a n i m a l s  were kil led b y  cervical  disloca- 
t ion.  T h e  t e s t e s  were f ixed in O r t h  fluid, e m b e d d e d  in 
para f f in ,  a nd  t h e n  c u t  in 5 btm sect ions.  The  sec t ions  were 
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