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1 . 8 N  H2SO~5;  a n y  p ro t e in  which  p r ec i p i t a t ed  was 
r e m o v e d  b y  cen t r i fuga t ion .  The  t u b e s  were t h e n  lef t  a t  
room t e m p e r a t u r e  for 10 rain  to  a l low t h e  yel low colour  
to  develop.  The  colour  wh ich  deve loped  was r ead  a t  
390 nm.  P ro t e in  d e t e r m i n a t i o n s  were m a d e  b y  t he  m e t h o d  
of LOWRY, ROSEBROUGH, PARR a n d  RANDALL 16, us ing  
b o v i n e  s e rum a l b u m e n  F r a c t i o n  V as a s t anda rd �9  

All so lut ions  were m a d e  up  in glass dis t i l led  water .  All  
inorganic  sa l ts  were p r e s en t  as chlor ides  a n d  were A n a l a R  
grade.  His t id ine ,  A T P ,  B S A  a n d  o u a b a i n  were o b t a i n e d  
f rom S igma  Chemica l  Co. I t  is a p leasure  to  acknowledge  
the  gif ts  of R o n t y l  (E. R.  S q u i b b  a n d  Sons), e t h a c r y n i c  
acid (Merck, Sha rpe  a n d  Dohme)  a n d  Lubro l  (I.C.I. 
Dyes tu f f s  Divis ion) �9  

The  resul t s  are shown in t he  Table�9 Cons ider ing  f i rs t  t h e  
p r e p a r a t i o n  o b t a i n e d  b y  t h e  e x t r a c t i o n  m e t h o d  deve loped  
for ne rvous  t i ssue  ( E x p t  I). These  resu l t s  show t h a t  the  
p r e p a r a t i o n  was s t i m u l a t e d  b y  Mg ~+ alone, be ing  un-  
af fected b y  t he  f u r t h e r  add i t i on  of IK+ a n d  s l igh t ly  in- 
h i b i t e d  b y  t he  add i t i on  of N a  + (abou t  25%).  This  bas ic  
Mg ~+ A T P a s e  a c t i v i t y  ~s also r educed  (abou t  10%) w h e n  
b o t h  sod ium a n d  p o t a s s i u m  ions are presen t .  I t  would 
seem t h a t  no syne rgys t i ca l ly  s t i m u l a t e d  Na+-IK+-Mg~+ 
A T P a s e  is p r e sen t  in  t h i s  p r e p a r a t i o n ;  how eve r  t h a t  addi-  
t i on  of o u a b a i n  f u r t h e r  i nh ib i t s  t h e  enzymic  sp l i t t i ng  of 
A T P  w h e n  b o t h  Na+ and  IK+ are presen t ,  a l t h o u g h  i t  d id  
no t  affect  e n z y m e  a c t i v i t y  w h e n  only  one of t he  mono-  
v a l e n t  ca t ions  is p resen t .  Thus  i t  can  the re fo re  be  infer red  
t h a t  a o u a b a i n  sens i t ive  c o m p o n e n t  is p r e s en t  (i.e. a 
Na+-K+-Mg 2+ ATPase) .  I t  h a s  a fa i r ly  low a c t i v i t y  of 
5.3 nmoles  P i / m g  p r o t e i n / m i n  in compar i son  w i t h  t h e  Mg ~+ 
A T P a s e  which  was 29.3 nmoles  P i / ing  p ro te in / ra in .  S imi lar  
resu l t s  h a v e  been  o b t a i n e d  in our  l a b o r a t o r y  f rom s tudies  
on  insec t  muscle  (Wareham,  A.C.,  unpub l i shed )  a n d  
m a m m a l i a n  muscle  (Radcliffe,  M.A.,  and  Pa rk in ,  A.C., 
unpub l i shed )  and  can  be  exp la ined  b y  sod ium ion inh ib i -  
t i on  of t he  basic  Mg ~+ A T P a s e  ac t iv i ty .  Such  i n h i b i t i o n  
would  m a s k  t h e  coupled  s t i m u l a t i o n  w h e n  b o t h  N a  + a n d  
K+ are p r e s e n t  if t he  Na+-K+-Mg 2+ A T P a s e  p r o p o r t i o n  of 
t h e  t o t a l  A T P a s e  a c t i v i t y  is r e l a t ive ly  small .  

I n  the  second series of e x p e r i m e n t s  (II-V) in which  t h e  
sod ium iodide e x t r a c t i o n  m e t h o d  was used a v e r y  
d i f fe ren t  p i c tu re  emerges.  This  t e c h n i q u e  ha s  been  shown 
to  p ropo r t i ona l l y  increase  t he  a c t i v i t y  of t h e  Na+-I<+-Mg 2+ 
A T P a s e  as c o m p a r e d  w i t h  t h e  Mg 2+ A T P a s e  in o t h e r  
p r e p a r a t i o n s  t4, and  ha s  p roduced  t h e  same  effect  in  our  
work.  Th i s  is m o s t  obv ious  in t h e  Schistocerca prepa ra t i ons ,  
where  t he  basic  Mg ~+ A T P a s e  is a b o u t  5-10 nmoles  P i / m g  

p r o t e i n / r a i n  a n d  t he  a c t i v i t y  s t i m u l a t e d  b y  t he  add i t i on  
of Na+ and  K+ is a b o u t  65 nmoles  P i / m g  pro te in / ra in .  The  
basic  Mg 2+ A T P a s e  ac t i v i t y  is n o t  s t i m u l a t e d  b y  t h e  addi-  
t i on  of e i the r  m o n o v a l e n t  ca t ion  alone. S imi la r  resu l t s  
h a v e  also been  o b t a i n e d  wi t  h Jarnaicana a l t h o u g h  t h e  
s t i m u l a t i o n  due  to N a  + a n d  K + is on ly  a b o u t  100~ . I n  
b o t h  cases, however ,  t h i s  s t i m u l a t e d  ac t i v i t y  was com- 
p le te ly  abol i shed  in t he  presence  of 10 -aM ouaba in .  This  
p r e p a r a t i o n  would  the re fore  seem to  fulfi l l  t h e  requi re-  
m e n t s  of a classicaI Na+-K+-Mg 2+ ATPase ,  t h a t  is i t  is 
synergys t i ca l ly  s t i m u l a t e d  b y  sod ium and  p o t a s s i u m  and  
i n h i b i t e d  b y  ouaba in .  I t  is n o t a b l e  t h a t  e t h a c r y n i c  acid, 
wh ich  is no t  such  a p o t e n t  i n h i b i t o r  as o u a b a i n  ~7-49, 
i nh ib i t s  t h e  s t i m u l a t e d  a c t i v i t y  b y  on ly  a b o u t  30%, t h a t  
be ing  a b o u t  the  same  as descr ibed  for k i d n e y  cor tex  ~9. 
The  add i t i on  of Ron ty l ,  a ca rbonic  a n h y d r a s e  inh ib i to r ,  is 
even  less po ten t ,  a n d  in 1 of t he  2 e x p e r i m e n t s  where  i t  
was used i t  caused  no  inh ib i t ion .  

I t  is t e m p t i n g  to specula te  t h a t  t he  differences  in  t he  
p r o p o r t i o n  of t he  Na+-K+-Mg 2+ A T P a s e  a c t i v i t y  to  t h e  
bas ic  Mg ~+ A T P a s e  in t he  p r e p a r a t i o n s  f rom Schistocerca 
and  Jamaicana m a y  well  ref lect  t he  k n o w n  differences  i n '  
t h e  ab i l i ty  of t he  2 species to  r e t a i n  water .  The  locust  is 
su i t ed  to l ive in  d ry  condi t ions  a n d  ha s  a h igh ly  eff ic ient  
m e a n s  of w a t e r  r e t en t ion .  B y  c o n t r a s t  Jamaica~a requi res  
a regu la r  supp ly  of w a t e r  in  t h e  d ie t  and  p r e s u m a b l y  is 
less well  able  to  resorb  water .  

Zusammen/assung. Die Pr~tsenz e iner  c h a r a k t e r i s t i s c h e n  
N a + - K + - a k t i v i e r b a r e n  A T P a s e  (E.C. 3.6.1.3) wurde  
e r s tma l s  in  einer  m i k r o s o m a l e n  F r a k t i o n  des E n d d a r m e s  
u n d  der  m a l p i g h i s c h e n  Gef/isse bei de r  "vViistenschrecke 
Schistoce~'ca gregaria u n d  de r  L a u b h e u s c h r e c k e  Jamaicana 
[lava nachgewiesen .  
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Enzymic and Behavioural Changes Induced in 
Starvation 

Po lych lo r i na t ed  biocides are m a i n l y  s tored  in f a t  t issue 1, 
b u t  a ce r t a in  a m o u n t  is me tabo l i zed  b y  t he  mic rosomal  
c y t o c h r o m e  P-450 complex  2 which  is sens i t ive  to  d i e t a r y  
factors,  i,e. e t hano l  3, 4 a n d  s t a r v a t i o n  4. These  fac tors  exe r t  
e i t he r  a p r o t r a c t e d  or a more  a c u t e  influence�9 Since m o s t  
s tudies  on the  a c t i v i t y  of t he  P-450 complex  due to  deficien-  
cy s t a t e s  h a v e  concerned  p e r m a n e n t  or  s u b s t a n t i a l  lack  of 
one or more  d i e t a ry  fac tors  4, a the  p r e s en t  c o m m u n i c a t i o n  
i n t e n d s  to  re la te  p rev ious  i n t a k e  of po l ych l o r i na t ed  bioci-  
des to  a s y n d r o m e  fol lowing acu te  s t a r v a t i o n  of t he  animals .  

Material and methods. T w o - m o n t h - o l d  female  mice  (33g) 
were d iv ided  in to  groups  and  fed ad  l i b i t u m  for 7 days  on 
a d ie t  o p t i m a l  in  all respec ts :  group 1: w i t h o u t  a n y  ad-  
di t ions,  group 2: was  fed t h e  d ie t  of g roup  1 c o n t a i n i n g  
1500 p p m  D D T  a n d  group 3: fed t h e  d ie t  of g roup  1 b u t  

Mice Fed Polychlorinated Biocides Followed by 

c o n t a i n i n g  1500 p p m  y-hexach lo rocyc lohexane ,  Af te r  7 
days  feeding ha l f  of t h e  a n i m a l s  of g roup  1 a n d  2 were 
s t a r v e d  for 4 days.  The  hexaeh lo rocyc lohexane - f ed  mice  
were k i l led  w i t h o u t  s t a r v a t i o n  a f te r  7 days  feeding due  to 
h igh  m o r t a l i t y  (40%).  

Chemica l s :  G lucose -6 -phospha te  a n d  N A D P  were  f rom 
Boehr inger ,  G e r m a n y .  D D T  (d ich lo ro-d ipheny l t r i ch lo ro-  
e thane)  was f rom S t rue r s  Co., Copenhagen ,  y -hexachloro-  
cyc lohexane  (Lindan)  was f rom F e r r o s a n  Ltd. ,  Copen- 
hagen.  Before  use, these  3 subs t ances  were  rec rys ta l l i zed  
twice  f rom e thanol .  All  o the r  chemica l s  were of h ighes t  
o b t a i n a b l e  p u r i t y  f rom B r i t i s h  D r u g  Houses,  Poole,  U.K.  

Me thods :  An ima l s  were ki l led b y  a b low on t he  neck  
and  c y t o p l a s m i c  f r ac t ion  of l ivers  was  o b t a i n e d  as pre-  
v ious ly  descr ibed  3. The  a c t i v i t y  of t he  c y t o c h r o m e  P-450 
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Liver weights, total protein of the cytoplasmic fraction of liver and the p-nitroanisole 0-delnethylation activity of mouse liver mierosomal 
fraction from animals intoxicated with DDT or Lindan 

Pretreatment Liver weight (g) Total protein of P-450 activity Specific No. of mice Death rates (days) 
cytoplasmic fraction activity (nmoles/min/mg 7 11 ~ 12 b 
(mg) protein) 

Control 1.73~0.16 30.4:t:4.3 9.79:1=0.66 (8) 8 0/8 -- 0/8 
Lindan 1.76~_0.05 28.8~1.1 23.58i0.35 (9) 15 6/15 -- -- 
Control starved 0.98/-0.19 19.1:~2.2 9.85=~0.84 (7) 7 -- 0]7 0/7 
DDT 1.84~:0.21 29.1i4.0 11.84• (7) 7 0/7 -- -- 
DDT starved 1.36~ 0.19 27.5=~4.2 14.80=L1.68 (5) 9 <- 0[9 4]9 

7 days diet followed by 4 days starvation b 7 days diet followed by 5 days starvation. Number of animals in parenthesis is the number of 
animals used for activity estimation. Figures represent'mean v a l u e i  S.D. 

complex  was a s sayed  b y  d e t e r m i n a t i o n  ot t he  r a t e  of para- 
ni t roan i so le  O - d e m e t h y l a t i o n  3. Assay  of t o t a l  p r o t e i n  was 
p e r f o r m e d  b y  t h e  Fo l in  r eac t ion  s. S t a t i s t i ca l  e v a l u a t i o n  
of s t a n d a r d  d e v i a t i o n  a n d  of s ignif icance ( S t u d e n t ' s  
t - tes t  ~) was  m a d e  on  p r o g r a m m a  No. 101 (Ol ivet t i  U n d e r -  
wood Corp.) 

Results.  L i n d a n  feeding for 7 days  (Table) increased  t he  
d e m e t h y l a t i o n  a c t i v i t y  b y  140% of t h e  con t ro l  v a l u e  
(s ignif icant  on  t h e  level  p <_ 0.001). Af te r  7 days  on  
th i s  d ie t  40% of t he  an i m a l s  were dead.  D D T  feeding 
led to a 20% increase  in  d e m e t h y l a t i o n  a c t i v i t y  (p < 0.01) 
w i t h o u t  s ign i f ican t  sh i f t  in l iver  weight .  S u b s e q u e n t  
s t a r v a t i o n  of these  mice  caused t he  d e m e t h y l a t i o n  to in- 
crease 50% (p _< 0.001) and  25% (p _< 0.01), respect ive ly ,  
c o m p a r e d  to n o r m a l  cont ro l s  and  to t he  u n s t a r v e d  D D T  
feeding group.  On t he  4 t h  day  of s t a rva t ion ,  changes  in 
n o r m a l  b e h a v i o u r  of mice  were obse rved  in compar i son  
w i t h  t he  con t ro l  s t a r v e d  group.  These  changes  were 
cha rac t e r i zed  b y  u n c o o r d i n a t e d  a n d  s t e r eo typed  move-  
m e n t s  of t he  f ron t  a n d  h i n d  legs of t he  an imals .  All 
an ima l s  in th i s  g roup  (2) su rv ived  t he  f i rs t  4 days  of 
s t a r v a t i o n  b u t  45% died on t he  5 th  day.  I n  t he  con t ro l  
g roup  of s t a r v i n g  an ima l s  no  d e a t h s  were no t i ced  on  t he  
5 th  day.  S t a r v a t i o n  of con t ro l  mice  Ied to  a b o u t  43% 
decrease  in l iver  w e i g h t  a n d  37% (p _< 0.001) decrease  in 
t o t a l  p ro t e in  c o n t e n t  of l iver  c y t o p l a s m  b u t  d id  no t  change  
t h e  specif ic  a c t i v i t y  of c y t o c h r o m e  P-450 complex.  No 
di f ference in l iver  we igh t s  was  observed  due  to  l i n d a n  
i n t o x i c a t i o n  or due  to D D T  i n t o x i c a t i o n  a lone;  t h e r e  was 
on ly  a s l igh t  decrease  in  t h e  s t a r v e d  D D T  group.  

Discussion.  The  p r e s en t  d a t a  i nd i ca t e  t h a t  s t a r v a t i o n  
does no t  change  t he  specific a c t i v i t y  and  t o t a l  a m o u n t  of 
the  c y t o c h r o m e  P-450 a c t i v i t y  in  the  l iver  t issue,  as is t he  
ease w i th  D D T  feeding alone, or fol lowed b y  s t a rva t ion .  
Thus  our  d a t a  s u p p o r t  t he  f ind ings  of HART and  F o u T s  s 
who  found  t h a t  D D T  increased  hepa t i c  d rug  m e t a b o l i s m  
and  th i s  increase  could be  evoked  b y  s t a r v a t i o n  even  2 
m o n t h s  a f te r  D D T  feeding.  The  increased  P-450 a c t i v i t y  
d u r i n g  s t a rv?Mon of D D T - f ed  an ima l s  does no t  seem to 
c o m p e n s a t e  t he  toxic  inf luence  of D D T  which,  du r ing  
s t a rva t i on ,  is mobi l ized  f rom t he  fa t  t i ssue  since the  
s u r v i v a l  r a t e  was 55% a f t e r  4 days  s t a r v a t i o n  of t he  
DDT- fed  animMs.  Af te r  5 days  s t a r va t i on ,  no  mice  in t i le  
con t ro l  g roup  h a d  s t a r v e d  to  dea th .  As a l ip id  soluble  
d rug  D D T  m a y  ac t  on b i o - m e m b r a n e s ,  e,g. t he  m e m -  
b r a n e - b o u n d  c y t o c h r o m e  P-450 complex,  exp la in ing  
t he  h i g h  a c t i v i t y  on  t h i s  e n z y m e  as well  as on  t h e  
ATP-ase  as d e m o n s t r a t e d  b y  MATSUN!URA et  al  9. The  
effect  on t he  A T P a s e  m a y  exp la in  the  b e h a v i o u r a I  ab-  
normal i t i e s  found in t he  p r e s en t  p a p e r  and  th i s  i n h i b i t i o n  
m a y  well  be  t h e  cause  of d e a t h  due, for ins tance ,  to  
r e s p i r a t o r y  insuff iciency.  These  f ind ings  are  ana logous  to 

t he  d e m o n s t r a t i o n  of o rgano-ch lor ine  po isoning  fol lowing 
s t a r v a t i o n  of spar rows  :0 a n d  r a t s  ~:-~8. 

The  tox i c i t y  of l i n d a n  is more  p r o n o u n c e d  t h a n  t h a t  of 
DDT,  since in mice  t h e . a c t i v i t y  of t he  P-450 complex  in- 
c reased  140% a n d  the  l e tha l  effect  was  nea r ly  40% a f t e r  
7 days  feeding. The  l e tha l  effect  was so h igh  t h a t  t he  
s t a r v a t i o n  per iod  could no t  be  su rv ived  b y  a n y  animal ,  

Zusammenfassung .  Gewicht ,  G e s a m t p r o t e i n  der  Cyto- 
p l a s m a f f a k t i o n  sowie die Akt iv i tXt  des P -450-Komplexes  
der  Lebe r  w u r d e n  bei  M~usen  n a c h  I n t o x i k a t i o n  m i t  D D T  
bzw. m i t  L i n d a n  vor  n n d  w ~ h r e n d  e iner  t o t a l e n  H u n g e r -  
per iode  u n t e r s u c h t .  Bei  den  h u n g e r n d e n  Kon t ro l l t i e r en  
war  de r  G e s a m t p r o t e i n g e h a l t  in  de r  C y t o p l a s m a f r a k t i o n  
de r  Lebe r  niedrig.  D D T  u n d  L i n d a n  b e w i r k t e n  eine Zu- 
n a h m e  der  Ak t iv i t / i t  des P -450-Komplexes  n m  50% u n d  
140%. Die L i n d a n i n t o x i k a t i o n  war  s t a r k  ausgepr~tgt, so 
dass  die be t r e f f enden  Tiere das  H u n g e r n  n i c h t  aushie l ten .  
Die h u n g e r n d e n ,  m i t  D D T  ve rg i f t e t en  M~tuse wiesen eine 
wei tere  S te ige rung  der  Ak t iv i t / i t  des P -450-Komplexes  
auf ;  ihre  S te rb l i chke i t  b e t r u g  ca. 45 %. Diese Tiere zeigten 
a m  E n d e  der  H u n g e r p e r i o d e  auch  neurologische  S t6 run-  
gen m i t  E i n s c h r ~ n k u n g e n  der  Bewegung.  
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