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condi t ions  indi(ln(:es, l)isp()sant ainsi  de lndthodcs  p e r m e t t a u t  d ' i ud iv idua l i s e r  avec sdcurit(', t)~lr 
ch ron la tog raph ie  sur pap ie r  morn,- et  b idimensionnel le ,  un ensemble  d ' iodo thyron ines ,  nous ax'ons 
en t repr i s  des recherches p~mr caract( .r iser  cer ta ines  de celles ci dans  la g lande ~m dans  le plasm~ 
sltnguin par  ra(liochr()umt()gral)hie:L 

Des lots de ra t s  ,.j~ de I5O ~ ellvirol/, recex'ant tmr v(fie in t rapdr i tondale  de 5 o fl 7.5 /~t tat I 
(1all Na sans en t ra lneur) ,  (rot dt6 sacrifi('s i2, 24 ()U 4 8 heures  aprbs et n()us av(Hls recherchd la 3:3"- 
d i iod() thyronine  e t l a  3 : 3 ' : 5 ' - t r i i o d o t h y r o n i n e  dans  I ' hydro lysa t  e n z y m a t i q u e  de leur corps thyroi 'de 
(protdinases pancrda t iques  to ta les  et  papaine)  et  dans  leur s('rum sanguin ,  l.a 3: 3' d i i odo t hy ron i ne  
a 6td raise en dvidence (lans l 'un et I ' au t re  12 heures aprbs l ' inject i (m d ' iodures  marquds,  par  au to-  
graphic  et  par  mesure  directe  de la r ad ioac t iv i td  des c h r o l l n l t o g r a n l l n e s  lnolnl-  et l) i(l i lnensi()nne[s 
~)l)tenus avec les so lvan t s  in(li(luds plus haut .  Snn t a u x  cst  de l 'or(lre dc ~o fl _,5()~ tie celui de la 
thyrox ine .  I.a 3 : 3 ' : 5 ' - t r i i o d o t h y  r(mille a (;t6 identifide par  los mdmes mdth()des darts l ' h y d r o l y s a t  
e u z y m a t i q u e  du corps thyroide,  lequel eu reuferme des ( luant i tds  beaucoup  moindres  que celles (lu 
ddriv6 diiodd. Ni l 'un  ni l ' au t re  (le ces ccmst i tuan ts  n (mveaux  de la thyr()glohu/ine ne s(mt ddsiodds 
par  la ddshalogdnase de la g lamle :  ils sen t  donc sdcrdt6s par  celle-ci. Ainsi s ' exp l ique  la prdsence 
d a n s  [e sdrnln  de ]a 3 : y - d i i ( ) d ~ ) t h y n m i n e  ( l t l ' aCcolnl)agne s}lus doute  des t n l ce s  de soil holno]ogt le  
3 : 3 ' : 5  ' - t r i i°dd.  

I / a c t i v i t d  an t igo l t rogbne  de la L - 3 : 3 ' - d i i o d o t h y n m i n e  pure est 6gale h S 5 % de celle de la 
L- thyroxine,  ce qui pe rme t  (le c(msiddrer la prenlibre colnnle ulle nouvel le  hl)l-lnolle thvr~)Mienne 
j o u a n t  un rdle physiol()gique impor t au t ,  l.a I= 3 : 3 ' : 5 ' - t r i i o d o t h y r ( m i n e  ne prdsente ( lu 'une activit( .  
an t igo l t rogbne  min ime  de I'()rdre de Io'!{, de celle (te la L-thyroxine,  mais  elle peut  n'Otre i)as (h"- 
t)(mrvue d ' a u t r e s  propr i6tds  du type  thy rox in ien .  

l.a s(.cr('ti()n hormona le  du corps thy ro ide  renferme au  nloins  qua t r e  ddrivds i()(lds (le la thy, ronine, 
p r o b a b l e m e n t  tous de la sdrie L : la thyroxine ,  la 3 : 5 : 3 ' - t r i iodo thy  r°nine ,  la 3 : 3' : 5 ' - t r i i ° d ° t h y  r °n ine  
et  Ill 3 : 3 ' -d i iodothyr(mine .  I.a mul t ip l i c i td  de ses c o n s t i t u a n t s  6voque celle des p rodu i t s  de Ill sderdtion 
d ' a u t r e s  g landes  endocr ines ;  il cunv ien t  (le rechercher  dans  quelle  mesure chacune  des q u a t r e  hor- 
mones  COUllUOS e x e r c e  une  acti()ll p rd fd ren t i e l l c  vis-fl-vis de 1'1111 (}U de  I ' a u t r e  (le ses r d c e p t e u r s .  
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Cholinesterase content and functional activity 
in the central nervous system 

The correlat i (m of hehax ior  in a n im a l s  with the i r  brain enzyme  a c t i v i t y  is an i m p o r t a n t  
approach  to the  s tudy  of neurological  and  m e n t a l  illnessZ,L An e x p e r i m e n t a l l y  control led  t)e- 
hav io ra l  p a t t e r n  m a y  be 1)reduced in r a bb i t s  a by the  un i l a t e ra l  i n t r aca ro t i d  in jec t ion  of an an t i -  
chol ines te rase  drug, d i i sop ropy l f luo rophospha te  (DFP).  Such a p a t t e r n  is mani fes ted  by the 
r abb i t s  con t inuous  compuls ive  circling.  I t  is pos tu l a t ed  in the p resen t  repor t  t h a t  the  level of 
chol ines te rase  a c t i v i t y  in the  cerebral  cor tex  of these  an ima l s  is d i rec t ly  cor re la ted  wi th  the  
fuuc t iona l  s t a t e  of the nerve  tissue. This t issue m a y  funct ion in one of three  possible s ta tes :  
(1) unaffected,  i.e. with in  the  range  of phys io log ica l  safety,  (2) s t imu la t ed  or (3) inhibi ted .  Evi-  
dence for these  s t a t e s  is inferred from a corre la t ion  of the  an ima l s  behav ior  wi th  the  ChE a c t i v i t y  
in the i r  r i gh t  and  left  cerebral  cortices.  I t  should be fu r the r  no ted  t h a t  ex t i r pa t i on  of specific 
areas  of the cerebral  cor tex  evokes  compuls ive  t u r n i n g  t oward  the  in jured  side, whereas  s t imu-  
la t ion of t h e s e  a r e a s  will produce  m o v e m e n t s  of the  h e a d  a n d  e y e s  a w a y  from the  s t i m u l a t e d  s i d e .  
Therefore the  conclus ions  to be p resen ted  are in ag reemen t  w i t h  prev ious  work  which has  impl i -  
c a t e d  t h e  c e r e b r a l  c o r t e x  in  the  p roduc t ion  of forced t u r n i n g  m o v e m e n t s  4. 

D F P  (o.o 5, o. Io or o.15 mg/kg)  was in jec ted  in to  the  r igh t  common ca ro t id  a r t e ry  which 
i r r iga tes  chiefly the  r i gh t  side of the  bra in .  \ V i t h i n  a few minu te s  mos t  of the  r abb i t s  e x h i b i t  
compul so ry  t u r n i n g  m o v e m e n t s  a w a y  from the  side of the  D F P  in jec t ion  (" le f te r s" ) ;  t h e y  m a y  
c o n t i n u e  th is  a b n o r m a l  pos tu ra l  p a t t e r n  for s e v e r a l  hours .  A few an ima l s  circle toward  the  side 
of  t h e  D F P  i n j e c t i o n  ("r ighters") ,  w h e r e a s  s o m e  of  t h e  o b s e r v e d  r a b b i t s  s h o w  no c h a n g e  in t h e i r  
normal  mode  of progression ( "neu t ra l s" ) .  All of the  circl ing r abb i t s  exh i b i t  an a s y m m e t r y  in 
the i r  b ra in  ChE p a t t e r n ;  the enzyme  a c t i v i t y  is much lower on the side of the  D F P  in jec t ion .  
On the o ther  hand,  no a s y m m e t r y  in the ChE p a t t e r n  is noted  in the  r abb i t s  which do not  circle. 
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Although m a n y  brain areas in our prepara t ion have been analyzed for their ChE activity 
only the biochemical lesions of the cerebral cortex appear  to be essential for the product ion of 
compulsive circling. The neurohormone,  acetylcholine (ACh), accumulates when ChE is inhibited 5,6 
and it is this agent  which is t hough t  to produce the observed effects. However,  only the ChE 
data  are available at  this t ime and the correlation of the functional states is made with the 
enzyme activity alone and not  with the neurohormone upon which it acts. 

The ChE data  for the left and right cerebral cortices of circling rabbi ts  is presented in Fig. i. 
The left cortex of animals which circle 
toward the left is relatively unaffected 
and even with large doses of D F P  it 
never falls below 5 o %  of normal. I t  is 
postulated t ha t  this is the zone of physi- 
ological safety and the function of the 
tissue is unaffected by the partial in- 
hibition of the ChE. On the other  hand, 
the enzymic activity of the right cortices 
of these animals varies between 29 and 
42 % of normal. I t  is suggested tha t  such 
a reduction in ChE activity results in the 
s t imulat ion of this tissue (Curve B) and 
thereby produces circling toward the op- 
posite side. This hypothesis  is fur ther  
suppor ted  by  the data  presented in the 
figure for the left cortex of animals tha t  
tu rn  toward the right (Curve 13). The 
enzymic activity in this tissue is quite 
similar to tha t  of the opposite cortex 
in the "lefters".  The left cortex in 
" r ighters"  is presumably  st imulated 
thereby producing rabbi ts  which circle 
toward their r ight side. Thus  in both  
instances the concentrat ion of ChE be- 
tween 25 and 5 ° % of normal appears to 
be the level at which st imulat ion of the 
cortical tissues occur. 
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Fig. i. The cholinesterase data  for the left and right 
cortices of circling rabbits.  The animals exhibited 
compulsive circling movements  as a result of the in- 
t racarotid injection of DFP.  A single dose of D F P  is 
o.o5 mg/kg. The control values were obtained by  the 
subst i tu t ion of water  for the DFP.  Each point  re- 
presents  the mean ChE value for at least 7 animals. 

The effect of the reduction of ChE activity below 25 % of normal  observed in the r ight  
cortex of " r ighters"  may  cause an inhibition of neuronal function. This conclusion is warranted  
if conduction in the central  nervous system can be compared to t ha t  in peripheral  nerve in which 
case it has been shownT, 8 tha t  a reduction in ChE activity as low as tha t  of the right cortex in 
our preparat ion will block axonal  conduction. Therefore, the ChE level found under  these con- 
ditions is associated with an inhibition of cortical tissue function (Curve A). The inhibition of 
the r ight  cortex at the same time tha t  the left cortex is being st imulated results in the product ion 
of a rabbi t  which circles compulsively toward its r ight side. 

In  conclusion it has been postulated tha t  three functional levels of activity in the cerebral 
cortex can be associated with three distinct ranges of its ChE content :  (i) the range of physiolo- 
gical safety occurs when the enzyme activity is between 5O-lOO % of normal, (2) the range of 
s t imulat ion is between 25 and 5 ° % of normal,  and (3) the range of inhibition is correlated wi th  
a fall in ChE activity below 25 °/o of normal. Fur thermore,  these ChE levels are associated with 
the postural  behavior  of the animal. 

P .  N A T H A N  

Thudichum Psychiatric Research Laboratow, Galesburg Slate Research Hospital, M . H .  APRISON 
Galesburg, Ill. (U.S.A.) 

1 M. H. APRISON, P. NATHAN AND H. E. HIMWlCH, Science, I I  9 (1954) I58. 
2 D. KRECH, M. R. ROSENZWEIG, E. L. 13ENN~TT AND B. KRUECKEL, Science, 12o (1954) 994. 
3 M. H. APRISON, P. NATHAN AND H. E. HIMWICH, Am. J. Physiol., I77 (1954) 175. 
4 M. A. KENNARD AND L. ECTORS, J. Neurophysiol., I (I938) 45. 
5 W. G. STEWART, Brit. J. Pharmacol., 7 (I952) 27o. 
6 M. MICHAELm, J. E. FINESINGER, F. DE B. VERSTER AND R. ~,V. ERICKSON, J. Pharmacol. Exper. 

Therap., I l l  (I954) 169. 
T. H. BULLOCK, H. GRUNDFEST, D. NACHMANSOHN AND M. A. ROTHENBERG, J. Neurophysiol,, 
io  (1947) 63. 

8 I .  13. W I L S O N  A N D  M .  C O H E N ,  Biochim. Biophys. Acta, i i  (1953) 147. 

Received June  2ist,  1955 


