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t h e  o t h e r  hand ,  if t he  d r u g  ac ts  to  lower t he  se t  t e m p e r -  
a t u r e  t he  a n i m a l  will avo id  t he  h e a t  l a m p  so as to  'a l low'  
t he  b o d y  t e m p e r a t u r e  to  fall  to  t he  new level~3. 

A l t h o u g h  facil i t ies for t he  m e a s u r e m e n t  of regional  
b r a i n  h i s t a m i n e  t u r n o v e r  were n o t  ava i l ab le  a t  the  t i m e  
of t he  p r e sen t  expe r imen t s ,  s ince McN-A-1293 has  no  
effect  a lone  b u t  reduces  b o t h  t he  fall  in b o d y  t e m p e r a t u r e  

and  t he  assoc ia ted  t h e r m o r e g u l a t o r y  b e h a v i o r  a f t e r  
h i s t id ine  loading,  i t  is r easonab le  to  ascr ibe  these  pheno-  
m e n a  to  t he  on ly  k n o w n  effect  of t he  c o m p o u n d  - inh ib i -  
t i on  of h i s t id ine  deca rboxy lase .  Thus ,  t h e  d a t a  conf i rm 
prev ious  impress ions  7 t h a t  t he  h y p o t h e r m i c  effects  of 
h i s t id ine  load ing  is t he  r e su l t  of increased  b r a i n  h i s t a m i n -  
ergic a c t i v i t y  in t h e  e f fe ren t  h e a t  loss p a t h w a y s .  
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Summary. Ring  fission of p, p ' - D D T  was s tud ied  in t he  r a t  fol lowing a single oral  dose of 0.74 m g / k g  (1.04 ~Ci) of uni -  
fo rmly  r ing- labe led  14C-DDT. E x p i r e d  a i r  was  passed  t h r o u g h  a so lu t ion  of e t h a n o l a m i n e - e t h y l e n e  glycol m o n o m e t h y l  
e the r  (1 : 2) to  t r a p  ~4CO2. 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  a d m i n i s t e r e d  was recovered  in t h e  exp i red  air  col lected 
con t i nua l l y  for  10 days,  i n d i c a t i n g  t h a t  whi le  d e g r a d a t i o n  of t he  p h e n y l  m o i e t y  is n o t  a m a j o r  rou te  pf  p,p'-DDT 
m e t a b o l i s m  ill t h e  ra t ,  i t  is equa l  to  t he  u r i n a r y  excre t ion .  Never the less ,  these  resul t s  r ep re sen t  t he  m o s t  rad ica l  change  
accompl i shed  in v ivo  of a res idua l  insect ic ide ye t  r epo r t ed  in m a m m a l s .  

Inc reased  a t t e n t i o n  has  been  d r a w n  to  t he  ecological 
s ignif icance of p , p ' - D D T  2. Th i s  growing  concern  is 
genera l ly  a t t r i b u t e d  to  t h e  s t a b i l i t y  and  ti le s u b s e q u e n t  
pers i s tence  of D D T - t y p e  c o m p o u n d s  especial ly  D D E  in 
t h e  e n v i r o n m e n t  3, 4. Because  of t he  a c c u m u l a t i o n  of p, p ' -  
D D T  a n d  i ts  me t abo l i t e s  in  t h e  animals ,  t he  p a t h w a y s  of 
excre t ion  are  i m p o r t a n t  to  t h e  a s sessment  of h a z a r d  since 
exc re t ion  is a m a j o r  m e a n s  of p r o t e c t i o n  aga ins t  accumula -  
t i on  a n d  toxic i ty .  I t  is surpr iz ing,  however ,  t h a t  despi te  
t h e  v e r y  h i g h  ra t e s  of usage of p, p ' - D D T  over  the  pa s t  
45 years ,  knowledge  of i ts  d e g r a d a t i o n  p a t h w a y s  in 
biological  a n d  nonbio log ica l  sys t ems  is incomplete .  Meta-  
bol ic  s tud ies  of p,p'-DDT h a v e  been  concerned  a l m o s t  
en t i r e ly  w i t h  t h e  loss of on ly  1 o u t  of t h e  14 c a r b o n  a t o m s  
of t he  molecule  5. This  is exempl i f ied  b y  s tud ies  showing  
t he  convers ion  of p, p ' - D D T  to  D B P  in r a t s  6 a n d  bac t e r i a  ~ 
a n d  to D B P ,  D B H  a n d  D D M  in chicks s. The  c leavage  of 
one  of t he  p h e n y l  r ings  of D D M  to  yield p - ch lo ropheny l  
a ce t a t e  b y  Hydrogenomonas has  been  es tab l i shed  ~176 
The  purpose  of t he  p r e s en t  s t u d y  is to  d e t e r m i n e  w h e t h e r  
t h e  r a t  is also capab le  of deg rad ing  ti le p h e n y l  r ing  of the  
p , p ' - D D T .  
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Daily rate (0) and accumulated (O) 14CO~ in the expired air from rats 
following a single oral dose of ring-labeled ~4C-DDT. 

Materials and methods. WHite ma le  r a t s  (Cheek & 
Jones ,  Hous ton ,  Texas) ,  weighing  a p p r o x i m a t e l y  250 g, 
were p laced  in  i n d i v i d u a l  Cary  a n i m a l  cages (Glass 
Instruments, Inc., Pasadena ,  California) .  The  Cary  a n i m a l  
cage, des igned  especial ly  for s tudies  of exp i red  14CO~ 
c o n t a i n e d  coarse  a n d  f ine mesh  screens to  s epa ra t e  fecal 
m a t e r i a l  f rom ur ine  wh ich  was col lected in a s epa ra t e  
flask. The  exp i red  a i r  was  d r a w n  ou t  t h r o u g h  th i s  f lask 
b y  use of a w a t e r  aspi ra tor .  The  a n i m a l s  were a l lowed to  
a d j u s t  to  t h e i r  e n v i r o n m e n t  for 1 week  subsequen t ly ,  
each  of 12 ra t s  was fed a single 0.74 m g / k g  dose (1.04 ~Ci) 
of 14C-DDT (specific a c t i v i t y  of 5 mCi /mmole ,  New E n -  
g l and  Nuclear)  in a ge la t in  capsule.  14C-DDT h a d  radio-  
chemica l  p u r i t y  of more  t l l an  99.5%. 4 s im i l a r  r a t s  were 
no t  fed p , p ' - D D T  a n d  se rved  as controls .  The  an ima l s  
were r e t u r n e d  to t h e i r  cages and  g iven  free access to  food 
and  water .  ~4CO2 was t r a p p e d  in a so lu t ion  of e thano l -  
a m i n e - e t h y l e n e  glycol m o n o m e t h y l  e t h e r  (1 : 2 v/v) .  
~4C-radioact ivi ty was m e a s u r e d  b y  a B e c k m a n  model  
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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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