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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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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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F o r t y  Whi t e  Leghorn  adu l t  laying chickens of approx-  
ima te ly  1.5 kg b o d y  weight  were sacrificed and  spinal  
cord sect ions were immed ia t e ly  r emoved  f rom the  cervi- 
cal - thoracic  ver tebrae ,  f rozen on d ry  ice and  s tored at  

90 ~ for a per iod no t  exceeding 4 months ,  before use. 
The specific ac t iv i ty  of the  p repa ra t ion  remained  es- 
sent ia l ly  una l te red  over  th is  period.  Approx ima te ly  5 g 
of spinal  cord were r emoved  f rom storage 24-48 h before 
the  ATPase  assay was conduc ted  and  10% (w/v) homog-  
ena te  was p repa red  using a solut ion of 0.32 M sucrose, 
0.94 m M  iris and 1.28 m M  e thy l ened i amine t e t r aace t a t e  
(EDTA). Homogen iza t ion  was carr ied out  in an ice b a t h  
using a Talboys  s t i r rer  w i th  tef lon pest le  and a chamber  
clearance of 0.010-0.015 ram. The synap tosomal  pellet  
was isolated f r o m  this  homogena t e  by  the  m e t h o d  of 
KUROKAWA et  al. 7, suspended  in a solut ion of ice cold 
0.32 M sucrose- t r i s -EDTA,  and  quickly frozen in a d ry  
ice-acetone b a t h  af ter  d iv id ing  into 3 ml al iquots  con- 
ta in ing 2 to 3 mg /ml  prote in .  These were s tored at  -- 20 ~ 
overnight .  The following day  the  al iquots  were t haw ed  
to room t e m p e r a t u r e  and  0.1 ml  added  to tubes  con- 
ta in ing  reagents  to p rov ide  100 m M  NaC1, 20 m M  KC1, 
50 m M  tris-HC1 buffer  (pH 7.5) and  24 m M  MgCI 2 in a 
f inal  2.5 ml  volume.  For  de te rmin ing  the  ouabain-  
insensi t ive  ATPase  ac t iv i ty  NaC1 and  KC1 were omi t t ed  
and 1 m M  ouabain  (G-s t rophanth in)  was added  to the  
solutions. 

For  the  purpose  of p re incuba t ion  wi th  the  inhibitor ,  
solutions of T O T P  in 70% ethanol ,  or mev inphos  in water  
were freshly p repa red  and  added  to  the  incubat ion  mix-  
tures  5, 15, 30, 60 and  90 rain before s t a r t ing  the  reaction.  
All incuba t ions  were carried out  in a Dubnof f  metabol ic  

shaker  b a t h  a t  41~ Control  tubes  were t r ea t ed  in the  
above m a n n e r  except  t h a t  0.1 ml of respect ive  solvent  
was added  in place of the  inhibi tor  solution.  In  atl experi-  
men t s  the  react ion was in i t ia ted  by  the  addi t ion  of 6 m M  
l r i s - A T P  t h a t  had  been p repared  f rom the  d isodium sal t  
b y  the  m e t h o d  of JXRNEFELTS. The react ion was  te rmi-  
n a t e d  by  addi t ion  of 1.25 ml  of ice cold t r ichloroacet ic  
acid af ter  15 min. The tubes  were immedia te ly  t rans-  
ferred to an ice b a t h  for a per iod of 20 min,  cent r i fuged 
at  1700 g for 10 min,  t h e n  re tu rned  to ice ba th .  1 ml of 
clear s u p e r n a t a n t  was d rawn off f rom each of these  tubes  
and inorganic p h o s p h a t e  de t e rmined  9. P ro te in  deter-  
mina t ions  were pe r fo rmed  by  the  m e t h o d  of LOWRY et 
al. ~0. Specific act ivi t ies  of the  control  p repara t ions  var ied 
f rom 5 to 6 ~xmoles P O J m g  p ro t e in /h  for the  Na  +, K+- 
s t imula ted  ATPase  and f rom 6 to 8 p.moles P O J m g  pro-  
t e in /h  for the  Mg++-dependent  ATPase .  Percen tage  of 
cont ro l  ac t iv i ty  was de t e rmined  on the  basis of control  
and  t r ea t ed  samples  t es ted  on the  same day.  Exper i -  
men t a l  values  represen t  averages  ob ta ined  f rom 2 or 
more  exper iments .  The Na +, K + - d e p e n d e n t  enzyme 
ac t iv i ty  was ob ta ined  by  the  sub t rac t ion  of Mg++- 
dependen t ,  ouabain- insens i t ive  enzyme ac t iv i ty  f rom the  
to ta l  ATPase  act ivi ty .  
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Fig. 1. Inh ib i t ion  of Mg++-dependent ouabain- insensi t ive  (left) and Na +, K+-s t imula ted  ATPase  (right) ac t i v i t y  in chicken spinal  cord syn- 
ap tosomal  f ract ion by  Tri-o-tolyl phospha te  (TOTP). All vahles are means  of 2 or more determinat ions .  Numbers  aga ins t  the p lo ts  indicate  
mi l l imolar  concent ra t ion  of the inhibi tor .  
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Fig. 2. Inh ib i t ion  of Mg++-dependent ouabaiu- insensi t ive  (left) and  Na +, K+-s t imula ted  ATPase  (right) ac t iv i ty  in chick spinal  cord syn- 
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T O T P  d e m o n s t r a t e d  a marked  abi l i ty  for t ime  depen-  
den t  inhibi t ion of b o t h  Na +, K+-dependen t  and  Mg++- 
d e p e n d e n t  ATPases  (Figure 1). At  the  lowest  concent ra-  
t ions  used (0.25 mM) Mg++-dependent  ATPase  ac t iv i ty  
was depressed to  a much  greater  ex t en t  t h a n  the  Na  +, 
K+-dependen t  componen t .  At  h igher  concent ra t ions ,  
however ,  the  Na +, K+-dependen t  enzyme ac t iv i ty  was 
more  susceptible.  

Mevinphos  uni formly  inhibi ted  Na +, K+-ac t iva ted  
ATPase  to  a grea ter  e x t e n t  t h a n  Mg++-dependent  enzyme  
(Figure 2). In  all cases af ter  the  addi t ion  of inhib i tor  
there  was a t  f irst  a rapid  decline of ac t iv i ty  for a shor t  
period,  followed by  a gradual  inhibi t ion which appeared  
to  be exponent ia l  wi th  t ime. 

The observed initial  drop in ATPase  ac t iv i ty  produced  
b y  mev inphos  m a y  represen t  a r ea r r angemen t  of the  
ATPase  p ro te in  in the  lipid ma t r i x  of the  membrane .  
The ex t en t  of this  init ial  depression of ac t iv i ty  is grea ter  
for the  Na +, K+-s t imula ted  act ivi ty ,  which  m a y  coincide 
wi th  the  possible locat ion of the  Na +, K+-s t imula ted  
enzyme in the  ex te rna l  p lasma m e m b r a n e  and therefore  
its r eady  avai labl i l i ty  to the  med ium n 

In  the  l ight  of recent  f indings it appears  t h a t  several  
a p p a r e n t l y  unre la ted  repor t s  m a y  well involve ATPase  
inhibi t ion.  BULLOCK et al. 12 repor ted  the  inh ib i tory  ef- 
fects of o rganophospha te s  on axonal  conduc t ion  to  be 
e i ther  reversible or irreversible depending  on the  dura-  
t ion of exposure  and  concen t ra t ion  of inhibi tor .  HOSKIN 
et al. ~a used 3 po t en t  o rganophospha te  acetylchol ines-  
terase inhibi tors  to examine  nerve  conduct ion,  acetyl-  
chol inesterase  inhibi t ion,  and inhibi tor  pene t ra t ion .  The 
au thors  noted,  as observed previously~2, t h a t  i rreversible 
inhibi t ion of axonal  conduc t ion  was concen t ra t ion  and  
t ime  dependen t ,  and  t h a t  the  concen t ra t ions  of inhib i tor  
needed  were far above those needed for acetylcholines-  
terase inhibi t ion.  These workers  proposed t h a t  the  ob- 
served effects possibly occurred due to the  b inding  of the  
compounds  to an unspecif ied m e m b r a n e  componen t .  The 

possibi l i ty  of a mechan i sm of nerve  conduc t ion  inhibi t ion 
which is irreversible,  slower, and  no t  re la ted  to acetyl-  
chol inesterase  inhibi t ion was, therefore ,  broached.  

Because of the  role of Na+, K+-ATPase  in the  main-  
ta inance  of t r a n s m e m b r a n e  ionic g rad ien ts  14 and  the  
secondary  invo lvemen t  of th is  g rad ien t  in amino  acid and  
sugar t r a n s p o r t  ~5, its inhib i t ion  by  o rganophospha te s  
could resul t  in extens ive  neurona l  damage.  Also, the  
d is rupt ion  of ut i l izat ion of A T P  by  ATPase  wi th in  the  
synap t i c  area could a l ter  energy  me tabo l i sm of the  nerve  
t e rmina l  by  secondari ly  a l ter ing the  act ivi t ies  of o ther  
enzymes  for which  A T P  or A D P  may  be allosteric ef- 
lectors. The inhibi t ion observed for the  neurotoxic  com- 
pound  T O T P  and  previously  repor ted  for DFP ,  there-  
fore, could conceivably  provide  a plausable  exp lana t ion  
for the  delayed neuro tox ic i ty  found in associat ion wi th  
exposure  to  these  compounds .  The lack of such neuro-  
tox ic i ty  of mev inphos  m a y  be expla ined on the  basis t h a t  
this  c o m p o u n d  does no t  accumula te  in t he  nervous  sys- 
t em ~6. TOTP,  on the  o ther  h a n d  has been shown to  
pers is t  in the  nervous  sys t emlL  In our s tudies  repor ted  
previously,  T O T P  accumula ted  in brain  and  spinal cord 
of chicken af ter  a single effect ive dose to the  ex t en t  of 
90 ag/g t issue (ca. 0.25 m M ) ,  a concen t ra t ion  t h a t  has  
been shown to be inh ib i to ry  to ATPases  in this  report .  
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Summary.  Biopsies of subjects  affected by  ulcerous colitis were s ta ined wi th  ru then ium Red. Al te ra t ions  of the  cellular 
coa t  and glycocalyx of the  epithelial  ceils of the  colon were ident if ied.  

The impor tance  of the  'cell coat '  in m a n y  funct ions  of 
cellular cycle has been  well es tabl ished ~-4. JOHNSON 5 
showed t h a t  mal tase  and inver tase  enzymes  are located 
in the  b rush -borde r ' s  g lycocalyx of the  small  in tes t ine ' s  
absorbing  epi thel ium.  This coat  p robab ly  takes  a prom-  
inent  p a r t  dur ing the  process of absorp t ion  of several  
subs tances  and  is also considered to be the  site of a 
n u m b e r  of ant igenical  cellular receptors.  The digest ive 
enzymes  seem to be s t r ic t ly  re la ted to  the  basal  areas of 
the  glycocalyx and represen t  the  so-called ' coat  s t r ic t ly  
a t t ached ' .  WILLIAMS and  McKENZlE 6 descr ibed signifi- 
can t  cell coa t ' s  var ia t ions  in the  small  and large in tes t ine  
of mice. In  fact,  the  epi thel ial  cells of j e junum-i leum and 
colon regions showed a remarkable  s t ruc tura l  likeness, 
and a grea t  difference was also not iced be tween  the  two 
superficial  glucide-coats.  

Further ,  MORGAN 2, DULBECCO and STOKER 8, MARTI- 
NEZ-PALOMO and WIRBR 9 observed  signif icant  var ia t ions  
of the  polysacchar id ic  subs tance  at  the  surface of cells 
infected by  virus. These var ia t ions  m i g h t  be related to  
the  p h e n o m e n a  showed f rom infected cells, as, for in- 
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