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Fig. 2. a Regular development; b-d progressive malformation. 

crippled individuals  counted.  To eva lua te  the  results the 
LC-50 and LC-100 methods  were used respect ively.  The 
toxic  effect is represented in Figure  1. I t  was seen tha t  
the fertil ized eggs (as long as the  egg membrane  is intact)  
are re la t ively  insensi t ive;  3-day-old eggs showed LC-50 
values  be tween  8.4 and 11.4 ppm and LC-100 values  be- 
tween 12 and 15.3 ppm.  As deve lopment  progresses, the 
sensi t iv i ty  increases as early as the  4th day (LC-50 
7.3-11.4 ppm, LC-100 10.1-14.5 ppm). The toxic  effect 
shows a sharp increase on the  5th day  (day of hatching),  
when concentra t ions  as low as 3-3.9 ppm are sufficient 
to kill 50~ of t he  yolk-sac larvae wi th in  15 days. In  the 
course of the ear ly  deve lopment  of the  yolk-sac-larvae,  
the  sensivi ty increases fur ther  and reaches a m a x i m u m  
(LC-50 1.5 ppm, LC-100 2.0 ppm) at  about  the  14th day 
wi th  the  end of the  yolk-sac stage. 

In  all exper iments ,  different  degrees of de fo rmi ty  ap- 
peared in the  course of development ,  which in serious 
cases resulted in dea th  even before the  end of the  sac-fry 
stage. The deve lopmenta l  abnormal i t ies  appeared in the 
region of the  abdomina l  ver tebrae  (curvature,  coale- 
scence of ver tebrae,  absence of entire groups of ver tebrae)  
and in the  region of the  anal  and caudal  fins (Figure 2). 
F r o m  the  eggs or yolk-sac larvae dipped on the 3rd, 4th 
and 5th days of development ,  up to 37, 31 and 690/0 of 
deformed fish respect ively  emerged, depending on the 
concent ra t ion  of the  molluscicide. I n  some cases, even  
among  these deformed fishes, breeding and reproduct ion  
was successful. 

The young (F1 and F2 generation) developed in a 
complete ly  normal  way. The growth of the  fish wi th  
serious abnormal i t ies  lagged significantly (p < 0.0002) 
behind tha t  of the  control  fish. The exper iments  show tha t  
there  is a high mor t a l i t y  risk for Tilapia immedia te ly  
after  ha tch ing  and during the following days, if they  
come into con tac t  wi th  the  molluscicide. The  egg mem- 
branes prove a t  first to be a protec t ive  barrier.  Embryos  
art if icially r emoved  from the egg membranes  and exposed 
to the  molluscicide, showed an increased mor t a l i t y  com- 
pared wi th  d ipped eggs of the  same age and wi th  the 
controls (untreated,  normal  eggs and embryos  removed 
from the  egg membranes) .  The  applicat ion of the  mol- 
luscicide should not, therefore,  take  place dur ing the 
early deve lopment  of the  fry in regions where the breeding 
of Tilapia is carried out  on a commercia l  basis. 

The Influence of Early  Nutr i t ion  and Env ironmenta l  Rearing on Brain Growth and Behav iour  1 
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Summary. Preweaning malnut r i t ion  pe rmanen t ly  reduced bra in  size and cellular con ten t  bu t  in spite of changes  in 
the  adrenocort ical  stress response no learning deficit  was observed. Different ial  rearing envi ronments  did not  influence 
the  effects of malnutr i t ion.  

Malnut r i t ion  retards  brain growth and produces be- 
hav ioura i  abnormal i t iesa-L In  man  undernut r i t ion  is 
inev i tab ly  accompanied by  poor envi ronmenta l  condi- 
t ions which m a y  be de t r imen ta l  to future development .  
Animal  studies have  shown tha t  env i ronmenta l  factors 
induce biochemical  changes in the bra in  and al terat ions 
in learning abi l i ty  s. FRAI~KOVfi~ 9, LGVITSKY and BARNES 10 
and BLIZARD and RANDT 4 have demonstrated that such 
variables influence activity and exploration in malnour- 
ished rats. We therefore decided to examine the inter- 
action of malnutrition and environment on brain growth 

and learning abili ty.  The  long- term effects of ear ly  maI- 
nut r i t ion  in rats  and subsequent  rehabi l i ta t ion  by  re- 
feeding and env i ronmenta l  manipula t ion  are reported.  

P regnan t  "vVistar rats  whose t ime of concept ion was 
determined by  the  examina t ion  of dai ly vagina l  smears 
were r andomly  al located to control  and exper imenta l  con- 
dit ions and placed on a diet  containing 23% protein,  56~ 
carbohydrate ,  11~ fat, together  wi th  salts and vi tamins,  
and wi th  a calculated caloric value  of 4.1 calories per 
g ram 11. Malnutr i t ion,  consisting of 50% food restr ic t ion 
established by  pair-feeding techniques,  was imposed from 
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The effect of early undernutrit ion and environmental rearing on the number of trials to obtain criterionperformance 

1 5 3 9  

50% Food restriction (31) ~ Control diet (35) 

(14) 2.C. (7) S.C. (10) D.C. (14) E.C. (10) S.C. (11) D.C. 

Trials to 24.67 23.63 20.00 26.50 26.00 35.67 23.86 24.86 18.33 26.50 20.40 33.50 

criterion :c7.80 ~6.04 ~4.32 J_9.49 ~13.93 @9.81 n~7.64 •  :}:4.19 El- 2.60 ~2.33 • 

Results expressed as mean i SD. E.C., enriched condition; S.C., s tandard colony; D.C., deprived conditiom 
~Numbers in parenthesis refer to the nmnber of animals i~ each group. 

d a y  7 of  g e s t a t i o n  t h r o u g h  to  28 d a y s  p o s t n a t a l l y  w h e n  
o f f s p r i n g  we re  w e a n e d  a n d  r a n d o m l y  a l l o c a t e d  to  one  of  
t h r e e  r e a r i n g  c o n d i t i o n s  w i t h  food  a n d  w a t e r  a d  l ib :  
e n r i c h e d ;  s t a n d a r d  c o l o n y ;  d e p r i v e d .  L i t t e r m a t e s  we re  
a l l o c a t e d  to  al l  t h r e e  c o n d i t i o n s .  T h e  e n r i c h e d  c o n d i t i o n  
c o n s i s t e d  of an  o p e n  wi re  m e s h  cage  (41 • 24 • 55 cm)  
c o n t a i n i n g  v a r i o u s  m a n i p u l a n d a  w h i c h  w a s  p l a c e d  in  a 
b u s y  l a b o r a t o r y  a n d  h o u s e d  8 a n i m a l s .  T h e  s t a n d a r d  
c o l o n y  g r o u p  w a s  r e a r e d  in  n o r m a l  w i r e  c a g e s  (41 • 24> • 
27 cm)  in t h e  a n i m a l  h o l d i n g  r o o m  w i t h  4 a n i m a l s  p e r  
cage .  T h e  d e p r i v e d  c o n d i t i o n  i n v o l v e d  i n d i v i d u a l  c a g i n g  
in  f l a t  b l a c k  c y l i n d e r s  ( (d iam.)  22 • 30 cm)  m a i n t a i n e d  
in  a d a r k e n e d  s o u n d p r o o f e d  r o o m .  A t  60 d a y s  of  age  a l l  
a n i m a l s  we re  p l a c e d  in  s t a n d a r d  c o l o n y  c o n d i t i o n s .  O n  
d a y  100 t h e y  we re  p l a c e d  o n  a 23 h food  d e p r i v a t i o n  
s c h e d u l e  a n d  a f t e r  a 3 w e e k  a d a p t a t i o n  p e r i o d  we re  t e s t e d  
for  l e a r n i n g  a b i l i t y  on  a s p a t i a l  c o n d i t i o n a l  d i s c r i m i n a t i o n  
t a s k  as  p r e v i o u s l y  d e s c r i b e d  12. A fo r ced  t r i a l  p r o c e d u r e  
w a s  u s e d  t o  e q u a t e  d r i v e  s t r e n g t h  is. C o n t r i b u t i o n  f r o m  
i n c e n t i v e  m o t i v a t i o n  w a s  a s s e s s e d  b y  l a t e n c y  m e a s u r e s  
a n d  t h e  p l a s m a  c o r t i c o s t e r o n e  r e s p o n s e  to  s t r e s s  w a s  u s e d  
as  a p h y s i o l o g i c a l  i n d e x  of  a c t i v a t i o n .  O n  d a y  170 a n i -  
m a l s  we re  g i v e n  a 2 m A  s h o c k  for  2 sec  a n d  s a c r i f i c e d  b y  
d e c a p i t a t i o n  30 r a in  l a t e r .  B l o o d  w a s  co l l e c t ed  a n d  t h e  
p l a s m a  c o r t i c o s t e r o n e  ~ l eve l s  d e t e r m i n e d .  B r a i n s  we re  
r e m o v e d  a n d  t h e  D N A  a n d  p r o t e i n  c o n t e n t  d e t e r m i n e d  15. 
R e s u l t s  w e r e  a n a l y z e d  b y  a t h r e e - w a y  a n a l y s i s  of  v a r i a n c e  

for  u n e q u a l  g r o u p  sizes.  P o s t - h o c  c o m p a r i s o n s  we re  pe r -  
f o r m e d  a c c o r d i n g  to  t h e  m e t h o d  of SCHEFF]~ 16, L a t e n c y  
of  r e s p o n d i n g  w a s  a s s e s s e d  b y  a n  a n a l y s i s  of  v a r i a n c e  of 
g r o u p  a v e r a g e s .  

M a l n u t r i t i o n  r e s u l t e d  in  a s i g n i f i c a n t  r e d u c t i o n  in  
w e i g h t  g a i n  d u r i n g  p r e g n a n c y  (t = 3.6255,  p < 0.005) 
h o w e v e r  t h e r e  w a s  no  s i g n i f i c a n t  d i f f e r e n c e  in  l i t t e r  s ize 
or  m o r t a l i t y  be fo r e  w e a n i n g  (p > 0.05). D e v e l o p m e n t  w a s  
r e t a r d e d  in  m a l n o u r i s h e d  o f f s p r i n g  as  d e t e r m i n e d  b y  eye -  
o p e n i n g  t i m e  w h i c h  o c c u r r e d  a t  15 d a y s  in c o n t r o l s  a n d  
18 d a y s  in  m a l n o u r i s h e d  a n i m a l s .  S o m a t i c  g r o w t h  w a s  
m a r k e d l y  r e d u c e d  a n d  b o d y  w e i g h t  w a s  s t i l l  s i g n i f i c a n t l y  
less  in  m a l n o u r i s h e d  a n i m a l s  a t  170 d a y s  of  age  ( F  --  
62.23,  d /  = 1, 69;  p < 0.001).  T h e  e f f ec t  of  m a l n u t r i t i o n  
a n d  e n v i r o n m e n t  on  b r a i n  w e i g h t  a n d  D N A  a n d  p r o t e i n  
c o n t e n t  is s h o w n  in  t h e  F i g u r e .  Al l  b r a i n  g r o w t h  p a r a -  
m e t e r s  m e a s u r e d  in  a d u l t  r a t s  we re  s i g n i f i c a n t l y  r e d u c e d  
b y  m a l n u t r i t i o n  p r i o r  to  w e a n i n g  (Fweight = 52.38, d / =  1, 
5 8 ;  F D N A  - -  6.67, d/  = 1, 47;  F p r o t e i  n - -  9.15, dl = 1, 42;  
p < 0.05). T h e  c o n c e n t r a t i o n  of  D N A  a n d  p r o t e i n  p e r  m g  
of  b r a i n  t i s s u e  w a s  u n a f f e c t e d  (p > 0.05). N e i t h e r  en -  
v i r o n m e n t a l  r e a r i n g  n o r  a n y  i n t e r a c t i o n  t e r m  s i g n i f i c a n t l y  
a l t e r e d  t h e s e  b r a i n  p a r a m e t e r s  (p > 0.05). Sex  d i f f e r e n c e s  
we re  o n l y  f o u n d  in  b r a i n  w e i g h t  w h i c h  w a s  s i g n i f i c a n t l y  
r e d u c e d  in  f e m a l e s  as  c o m p a r e d  to  m a l e s  ( F  = 32.91, 
dl = 1, 5s;  p < 0.05). 
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Effects of early malnutri t ion and environlnental rearing cotlditions 
on mean adult brain weight, DNA and protein content. Error bars 
represents s tandard deviation. E, enriched environment; SC, stand- 
ard colony; D, deprived environment. Clear histograms represents 
animals on control diet and cross-hatched histograms represent 
malnourished animals. Full lined histograms represent males and 
broken lined histograms represent females. 
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The  n u m b e r  of t r ia l s  t a k e n  to o b t a i n  the  l ea rn ing  
c r i te r ion  of 10 consecu t ive  correc t  responses  is shown  in 
t he  Table.  M a l n u t r i t i o n  did  no t  p roduce  a n y  s ign i f ican t  
effect  on l ea rn ing  ab i l i ty  (F  = 0.53, d / =  1 61; p > 0.05). 
A s igni f icant  sex (/ ;  = 7.27) and  e n v i r o n m e n t  (F  = 3.66) 
effect  was obse rved  b u t  no  i n t e r ac t i on  t e r m  was signifi- 
c a n t  (p > 0.05). Fema les  r eached  t he  lea rn ing  cr i te r ion  
in a g rea te r  n u m b e r  of t r ia l s  t h a n  males  (p < 0.05). Al- 
t h o u g h  the  l ea rn ing  ab i l i ty  of dep r ived  an ima l s  was  
s ign i f i can t ly  reduced  (p < 0.05), t he re  was no s ign i f ican t  
di f ference be tween  enr iched  and  s t a n d a r d  co lony Con- 
d i t ions  (p > 0.05). 

The  lack of a n y  s ign i f ican t  change  in t he  lea rn ing  
ab i l i ty  of m a l n o u r i s h e d  r a t s  c a n n o t  be  a t t r i b u t e d  to  
m o t i v a t i o n a l  differences in te r fe r ing  w i t h  the  t a sk  per-  
f o rmance  since no s ign i f ican t  effect  on l a t ency  of r e spond-  
ing was obse rved  (F  -- 0.67, d / - -  1, 54; p > 0.05). P l a s m a  
cor t i cos te rone  levels in  response  to shock s t ress  were 
s ign i f ican t ly  r educed  in m a l nou r i s hed  an imal s  (F  = 9.73, 
d/  -- 1, 69; p < 0.01). E l e v a t e d  p l a s m a  cor t i cos te rone  
levels were obse rved  in females  (F  -- 29.75, d/ = 1, 69; 
p < 0.01) h o w e v e r  no s ign i f ican t  e n v i r o n m e n t  or  in ter -  
ac t ion  effect  was o b t a i n e d  (p > 0.05). 

The  p r e sen t  f indings  d e m o n s t r a t e  t h a t  m a l n u t r i t i o n  
pr io r  to  wean ing  produces  a p e r m a n e n t  and  i r revers ib le  
defici t  in b r a in  s t r u c t u r e  wh ich  c a n n o t  be reversed  b y  
l a t e r  refeeding or e n v i r o n m e n t a l  man ipu la t ions .  Th i s  is 
in  accordance  w i t h  t he  concep t  t h a t  t he  cr i t ica l  per iod 
for b r a i n  g r o w t h  in t he  r a t  occurs  pr ior  to  weaning~L I n  
spi te  of t he  b r a i n  deficits,  no  a l t e r a t i on  in l ea rn ing  ab i l i ty  

was observed .  A l t h o u g h  t he  use of food reward  w i t h  
p rev ious ly  m a l n o u r i s h e d  an ima l s  is ques t ionab le ,  t h i s  
does n o t  a p p e a r  to  h a v e  in f luenced  incen t ive  m o t i v a t i o n  
on  t he  p r e sen t  t a s k  as d e t e r m i n e d  b y  l a t ency  of r e spond-  
ing. The  l ea rn ing  pe r fo rmance  of an ima l s  reared  in de- 
p r ived  cond i t ions  was i m p a i r e d  b u t  no i n t e r ac t i on  be- 
tween  n u t r i t i o n  and  e n v i r o n m e n t  was observed .  W h i l s t  
o the r  s tudies  h a v e  r epo r t ed  b e h a v i o u r a l  deb i l i t a t i on  in 
m a l n o u r i s h e d  ra t s  is-20 these  are of ten  based  u p o n  per-  
fo rmance  in avers ive  s i t ua t i ons  which  depend  s t rong ly  
upon  m o t i v a t i o n a l  var iables .  B o t h  the  p resen t  f ind ing  
and  t h a t  r epo r t ed  b y  ADLARD and  SMART 21 show t h a t  
m a l n u t r i t i o n  modif ies  t h e  ad renocor t i ca l  response  to 
stress. T e m p o r a l  d a t a  are necessa ry  to define t he  form 
and  peak  of th i s  response.  O t h e r  s tudies  ~,1~ ind ica te  
t h a t  m a l n u t r i t i o n  resu l t s  in h e i g h t e n e d  emot iona l i ty .  
Since t he  p r e sen t  t a s k  min imizes  such  influences,  dif- 
ferences in b e h a v i o u r a l  p rocedures  m a y  occoun t  for these  
d i s c r epan t  f indings.  M a l n u t r i t i o n  m a y  affect  pe r fo rmance ,  
howeve r  i ts  p r i m a r y  effect  m a y  be v ia  a c t i v a t i o n  r a t h e r  
t h a n  lea rn ing  ab i l i ty  per  se. 
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S y n a p t o s o m a l  A d e n o s i n e  T r i p h o s p h a t a s e  ( A T P a s e )  Inhib i t ion  by O r g a n o p h o s p h a t e s  

H. R. BROWN a n d  R. P. SHARMA 

Toxicology Program, Department o~ Veterinary Science, Utah State University, Logan (Utah 84322, USA), 77 May  7976. 

Summary. Chicken  sp ina l  cord  adenos ine  t r i p h o s p h a t a s e s  (both  Na+, K + s t i m u l a t e d  and  o u a b a i n  insensi t ive)  were in- 
h i b i t e d  b y  t r i -o- to ly l  p h o s p h a t e  (TOTP,  a neu ro tox ic  o r g a n o p h o s p h a t e  wh ich  is n o t  a chol ines te rase  inhib i tor )  and  
m e v i n p h o s  (a non -neu r o t ox i c  c o m p o u n d  b u t  i nh ib i t o r  of chol inesterases) .  The  i nh ib i t i on  was c o n c e n t r a t i o n  and  t ime  
dependen t ,  w i t h  a n  in i t ia l  r ap id  drop  in ac t i v i t y  followed b y  a g radua l  exponen t i a l  decline. 

The re  is a n o t a b l e  lack of repor t s  invo iv ing  organo-  
p h o s p h o r o u s  c o m p o u n d s  and  A T P a s e  ac t iv i ty .  T he  b u l k  
of t he  r epor t s  t h a t  do exis t  re la te  to  d i isopropyl- f luoro-  
p h o s p h a t e  (DFP) .  The  in i t ia l  r epor t  of ATPase  i n h i b i t i o n  
b y  t h i s  c o m p o u n d  came  in 1964 w h e n  HOKIN a n d  YODA 1 
r epo r t ed  t he  i r revers ib le  i n h i b i t i o n  of renal  Na+, K +- 
A T P a s e  b y  p h o s p h o r y l a t i o n  of ser ine residue.  SACHS e t  al. 2 
conf i rmed  these  resu l t s  us ing  a Na +, K+, Mg++-dependen t  
A T P a s e  p r e p a r e d  f rom pig bra in .  T h e y  also found  s imi la r  
effects  for t h e  c o m p o u n d s  m e t h a n e s u l f o n y l  chlor ide  and  
d i e t h y l - p - n i t r o p h e n y l  p h o s p h a t e .  LAHIRI and  WILSON a 
ques t ioned  t h e  eff icacy of D F P  i tself  in p roduc ing  in-  
h i b i t i o n  a n d  sugges ted  t h a t  the  i nh ib i t i on  be ascr ibed  
in s t ead  to t h e  f luoride re leased b y  hydrolys is  f rom D F P .  
Crit ics of th i s  t h e o r y  p o i n t  to  t he  resu l t s  of SACHS et  al. 2 
b u t  t he  ques t ion  largely  r em a i ns  unanswered .  

I n  v ivo  work  w i t h  D F P  has  p roduced  a p p a r e n t l y  
c o n t r a d i c t o r y  results .  GLow e t  al. 4 found  t h a t  r a t s  t r e a t e d  
w i t h  s u b l e t h a l  doses of D F P  deve loped  an  increase  in t he  
specific Na+, K + - A T P a s e  a c t i v i t y  f rom t he  h e a v y  micro-  
somal  f r ac t ion  of b r a i n  and  k i d n e y  homogena te s .  Since 
t he  a p p a r e n t  increase  in a c t i v i t y  subs ided  a f te r  cessa t ion 
of D F P  t r e a t m e n t  t h e  a u t h o r s  concluded t h a t  n l ic rosomal  
e n z y m e  induc t i on  p roduced  the  increased  ac t iv i ty .  I n  

cont ras t ,  J o v l d  et  al. 5 r epo r t ed  s ign i f ican t  i nh ib i t i on  of 
oxygen  u p t a k e  of ce rebra l  cor tex  f rom r a t s  t r e a t e d  w i t h  
p h o s p h a m i d o n  and  Soman,  respect ively .  

These  r epo r t s  led us to  examine  the  c o m p o u n d s  Tri-o- 
to ly l  p h o s p h a t e  (TOTP),  a k n o w n  neuro tox ic  organo-  
p h o s p h a t e  a n d  m e v i n p h o s  ( 2 - c a r b o m e t h o x y - l - m e t h y I -  
v iny l  d i m e t h y l  phospha te ) ,  a p o t e n t  chol ines te rase  in-  
h ib i tor .  B o t h  c o m p o u n d s  were found  to i n h i b i t  N a  +, K+- 
d e p e n d e n t  a n d  also t he  ouaba in - insens i t ive ,  Mg++- 
d e p e n d e n t  ATPase .  Chicken  sp ina l  cord s y n a p t o s o m a l  
f r ac t ion  was used since th i s  species has  been  used in pa s t  
for i n v e s t i g a t i n g  t he  n e u r o t o x i c  role of T O T P  a n d  t he  
pa tho log ic  lesions are more  p r o n o u n c e d  in t he  sp ina l  cord 
t h a n  in o the r  p a r t s  of t h e  cen t r a l  ne rvous  system% 
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