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ROSECRANS, J. A. AND E. F. DOMINO. Comparative effects of  physostigmine and neostigmine on acquisition and 
performance o f  a conditioned avoidance behavior in the rat. PHARMAC. BIOCHEM. BEHAV. 2(1) 67-72 ,  1974. - The 
actions of physostigmine (0.10 and 0.15 mg/kg) and neostigmine (0.12 mg/kg) given s.c. on acquisition and perfor- 
mance of conditioned pole jumping were studied in rats receiving either 0.9% saline, ( - )  hyoscyamine or atropine 
methylnitrate. As estimated by inhibition of acetylcholinesterase (ACHE) activity, physostigmine but not neostigmine 
entered the rat brain. Even though neostigmine did not significantly alter brain AChE activity in equimolar doses to 
physostigmine, it depressed both the acquisition and performance of a behavioral task, suggesting a predominant peripheral 
action. Although physostigmine depressed behavior mainly via a central action, its peripheral actions also play a role in its 
behavioral effects. 

Physostigmine Neosfigmine Conditioned avoidance Central and peripheral drug action 

P H Y S O S T I G M I N E  is a reversible  chol ines te rase  i n h i b i t o r  
(ChEI )  wh ich  has been  useful  in s t udy ing  chol inerg ic  
m e c h a n i s m s  of  behav io r  [ 1 , 3 ,  4, 6 - 1 0 ] .  Its presence  in the  
cen t ra l  ne rvous  sys t em can be  d e t e r m i n e d  ind i rec t ly  by  its 
e f fec ts  on  bra in  ChE. Because of  its reversible  na tu re ,  one 
can measure  b o t h  the  onse t  and recovery  of  its behav iora l  
effects .  There  is a good cor re la t ion  b e t w e e n  i n h i b i t i o n  of  
bra in  ace ty lcho l ines te rase  act ivi ty  (ACHE), an increase  in 
bra in  ace ty l cho l ine  (ACh) ,  and  behaviora l  depress ion  fol- 
lowing  physos t igmine  [ 3,8 ] .  

While this  a p p r o a c h  appears  valid in s t udy ing  the  behav-  
ioral  role of  bra in  ACh,  there  are p r o b l e m s  associa ted w i th  
the  use of  physos t igmine  and re la ted c o m p o u n d s ,  Aside 
f rom its cen t ra l  e f fec t ,  p h y s o s t i g m i n e  has well k n o w n  
per iphera l  ac t ions .  In view of the  fact tha t  the  b lood -b ra in  
bar r ie r  t ends  to  exc lude  q u a t e r n a r y  n i t rogen  c o m p o u n d s ,  
the  te r t i a ry  and q u a t e r n a r y  analogs of  var ious  chol inerg ic  
agonis ts  and an tagon is t s  can be useful  tools  to  d e t e r m i n e  
relat ive cent ra l  vs per iphera l  effects .  The  add i t iona l  measure  
of  b ra in  AChE act iv i ty  provides  f u r t h e r  ev idence  t ha t  a 
ChEI  has  p e n e t r a t e d  in to  the  cent ra l  ne rvous  sys tem.  

The purpose  of  the  present  s t udy  was to d e t e r m i n e  the  

effects  of  the  chol ines te rase  inh ib i to r s  physos t igmine  (a 
te r t i a ry  amine )  and  neos t i gmine  (a q u a t e r n a r y  amine )  on 
acqu is i t ion  and p e r f o r m a n c e  of  cond i t i oned  pole  j u m p i n g  
and  cor re la te  the i r  behaviora l  ef fects  wi th  b ra in  AChE 
act iv i ty  in the  rat.  Two chol inerg ic  an tagon is t s  were also 
used to  separa te  the i r  cen t ra l  and per iphera l  effects.  One 
was ( - )  h y o s c y a m i n e ,  the  active i somer  of a t rop ine  (a 
t e r t i a ry  a m i n e )  and  the  o the r  m e t h y l  a t rop ine  (a q u a t e r n a r y  
amine) .  A l t h o u g h  similar s tudies  have been  r epo r t ed  [3, 4, 
7, 8 - 1 0 ] ,  the  cor re la t ion  o f  bra in  A c h e  act ivi ty wi th  
behav iora l  ef fects  on ly  rarely has been  done.  

METHOD 

Male a lb ino  H o l t z m a n  rats  f rom 4 5 - 9 0  days of  age were 
used. Acquis i t ion  and  p e r f o r m a n c e  s tudies  were c o n d u c t e d  
ut i l iz ing the  rat  pole  j u m p  response  as descr ibed previously  
[8 ] .  B o t h  in i t i a t ion  and  record ing  of  trials and responses  
was accompl i shed  au tomat i ca l ly .  The CS was a 5 sec buzze r  
wh ich  over lapped  a 5 sec US consis t ing of a 1 ma shock  
sc rambled  t h r o u g h  the  grid f loor.  In te r t r i a i  per iods ranged 
f rom 20 40  sec wi th  a mean  of  30 sec. Responses  dur ing  
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the  in te r t r i a l  pe r iod  were no t  coun ted .  Animals  were allow- 
ed to  h a b i t u a t e  to  the  an imal  r o o m  for one  week pr io r  to  
test ing,  du r ing  which  t ime  t hey  were n u m b e r e d  and  placed 
in a predes igned  g roup  ut i l iz ing a r a n d o m  table.  Exper i -  
m e n t s  were c o n d u c t e d  in b locks  cons is t ing  of  one  con t ro l  
and  five e x p e r i m e n t a l  groups  o f  12 an imals  each. Saline, 
( - )  h y o s c y a m i n e  or m e t h y l  a t rop ine  was admin i s t e r ed  
30 rain pr ior  to  the  a d m i n i s t r a t i o n  of  the  ChEIs physost ig-  
mine  and  neos t igmine .  Drugs were adm i n i s t e r ed  s.c. Dosage 
was ca lcula ted  as base. 

Acquisition Studies 

Prior  to  the  ini t ia l  avoidance  sessions,  naive an imals  were 
placed in the  behaviora l  s i tua t ion  for a five min  accl imit iza-  
t i o n  p e r i o d  and  admin i s t e r ed  the  ChEI.  Chol inergic  
an tagon is t s  were admin i s t e r ed  25 min pr ior  to  p l a c e m e n t  in  
the  e x p e r i m e n t a l  chamber .  Therea f t e r ,  an imals  received 75 
avo idance  trials. The cr i te r ion  for  learn ing  was n ine  consec-  
utive avoidances  out  of  10 trials. All avo idance  and  escape 
data  was expressed as percen t  o f  75 trials. 

Performance Studies 

Animals  were t r e a t ed  in this  e x p e r i m e n t  as in the  acqui-  
s i t ion  s tudy  excep t  tha t  they  were f u r t he r  t ra ined  in two  
add i t i ona l  acqu i s i t ion  sessions pr ior  to drug t r e a t m e n t .  
Pr ior  to the  f o u r t h  session, avo idance  behav io r  ranged 
b e t w e e n  96-+4% ( n =  12) and 98.2-+3% ( n =  14). Tra ined  
animals  received e i the r  m e t h y l  a t rop ine  or ( ) h y o s c y a m i n e  
in e q u i m o l a r  doses and  were p re sen ted  50 trials. Fo l lowing  
the  5 0 t h  trial (30  min  la te r )  animals  were r em oved  f rom the  
s i tua t ion  and  admin i s t e r ed  e i the r  physos t i gmine  or neost ig-  
mine  in e q u i m o l a r  doses, and r e tu rned  for  an add i t iona l  
100 trials. Drug ef fec ts  were c o m p a r e d  on  the  abi l i ty  to  
depress  avoidance  behav io r  by  at  least  50%. The  du ra t i on  of  
t ime  was d e t e r m i n e d  b e t w e e n  the per iod of  onse t  and  
recovery  of  50% avoidance  behavior .  

Brain A cetylcholinesterase Activity 

In a separa te  g roup  of  an imals  AChE act ivi ty  was esti- 
m a t e d  at various t imes  af te r  drug admin i s t r a t i on .  Fo l lowing  
sacrifice of  the  animals  by  decap i t a t ion ,  the  bra ins  were 
qu ick ly  r emoved ,  weighed and h o m o g e n i z e d  in 9 vo lumes  
of  cold saline (0.9% NaC1). A one  ml a l iquo t  of  b ra in  
h o m o g e n a t e  was d i lu ted  to  1 :30 w i th  0.9% saline and  
a l lowed to equ i l ib ra te  to  a t e m p e r a t u r e  of  37 .5°C in a 
wate r  ba th .  Dur ing th is  per iod  (10 min) ,  pH was ad ius ted  to 
7.4. An in vitro c o n c e n t r a t i o n  of  ACh (3 x 10 -3 M based on  
a 30  ml b a t h )  was added  to the  assay m e d i u m  and its 
ra te  of  hydro lys i s  was fol lowed ut i l iz ing the  pH Star 
m e t h o d  descr ibed be fo re  [8 ] .  The  ra te  of  ACh hydro lys i s  
(minus  b l a n k )  was equ iva len t  to , M  of NaOH t i t ra ted .  
AChE act iv i ty  was expressed  as the  uM of ACh h y d r o -  
lyzed /g /h r .  The subs t r a t e  in dose-response  physos t igmine  
e x p e r i m e n t s  was m e t h a c h o l i n e .  This subs t ra te  was ut i l ized 
because ,  in our  hands ,  ACh hydro lys i s  ra tes  were curvi l inear  
when  AChE was i nh ib i t ed  more  t han  60% with  reversible 
inh ib i to r s .  This was no t  so wi th  m e t h a c h o l i n e  as rates  were 
l inear  regardless  of  i n h i b i t o r  or assay e n v i r o n m e n t .  

Brain A cetylcholine 

At app rop r i a t e  t ime  intervals ,  ra ts  were sacrif iced by  
decap i t a t i on ,  bra in  t issue r emoved ,  the  ce rebe l lum excised 
and  the  r ight  ha l f  of  the  ce r eb rum f rozen  in i s o p e n t a n e  

c o n t a i n e d  in a beake r  s u r r o u n d e d  by e thano l  and dry ice. 
Tota l  AChE was d e t e r m i n e d  in the  left  c e r eb rum as describ- 
ed above.  Tota l  ACh levels in the  f rozen samples  of the 
r ight  c e r e b r u m  were d e t e r m i n e d  using the  frog rec tus  
a b d o m i n u s  assay as descr ibed previously  [8 ] .  

RESULTS 

Dose Response Relations o f  Physostigmine on Rat Brain 
A cetylch olinesterase and A cetylcholine 

Our  ini t ia l  object ive  was to ob ta in  fu r the r  i n f o r m a t i o n  
conce rn ing  the  effects  of  various doses of physos t igmine  on 
bra in  ACh and  AChE in animals  p re t r ea t ed  wi th  2.1 mg/kg  
of  m e t h y l  a t rop ine .  The data  presen ted  in Table 1 ind ica te  
t ha t  all doses s tudied  s ignif icant ly  increased  brain  ACh and  
reduced  bra in  AChE activi ty.  A l inear  dose response  effect  
was observed in re la t ion  to ACHE. The slope was m u c h  
more  s teep wi th  bra in  ACh and  leveled off  at doses above  
0.25 mg/kg  of  physos t igmine .  

Maximal  s t imu la t i on  of  the  chol inergic  sys tem was evi- 
denced  at  h igher  doses (1.0 mg/kg)  as ind ica ted  by ex t r eme  
muscu la r  fas ic tdat ion,  c h r o m o d a c r y o r r h e a  (b loody  tears),  
sa l ivat ion and diarrhea.  Animals  receiving be tween  0 .125 
and  0 .250  mg/kg  of  physos t igmine  were no t  overt ly  affect-  
ed. This the re fore ,  was a good dose range for s tudy ing  the  
behaviora l  effects  of  this drug. 

T A B L E  1 

EFFECTS OF PHYSOSTIGMINE ON BRAIN ACh AND AChE 
LEVELS IN RATS PRETREATED WITH METHYL ATROPINE 

Dose AChE ACh 
(mg/kg) gmol/g/hr nmol/g 

0 

0,125 

0.250 

1.000 

4.000 

320-+ 7 10.2-+ 1.2 

240 -+ 41 15.2 + 1.0 

( 2 2 % )  (+49%) 

220 _+ 34 24.4 +- 3.9 

( 3 1 % )  (+129%) 

176 -+ 26 26.2 + 2.5 

(-47%) (+156%) 

132 + 38 29.4 + 4.0 

(-59%) (+ 194%) 

All values are means ± S.E. of 6 animals at each dose of 
physostigmine. ACh and AChE were obtained from the same 
animals using one half of each brain for separate assays. Rats were 
pretreated with methyl atropine (2.1 mg/kg, s.c.) 30 min prior to 
physostigmine, and were sacrificed 20 min thereafter. The figures in 
( ) indicate the change from control. Note that in these methyl 
atropine treated animals the decrease in AChE was paradoxically 
less than one would expect. In addition the control levels of brain 
ACh are also lower than usually reported. 
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Effects o f  ( - )  Hyoscyamine and Methyl Atropine on 
Aequisition and Performance of  Conditioned Pole-/umping 

( - )  H y o s c y a m i n e  in low doses ( 0 . 3 0 - 0 , 5 0  m g / k g ) h a d  
l i t t le  ef fec t  on  acquis i t ion .  A b i o m o d a l  e f fec t  was observed  
wi th  larger a m o u n t s  (Table  2). A dose of  0 .75 mg/kg,  s.c. 
s igni f icant ly  fac i l i ta ted  behavior ,  while i n h i b i t i o n  was 
observed  at  1.0 mg/kg.  The  drug had n o  ef fec t  on  per for -  
m a n c e  of  c o n d i t i o n e d  avoidance  responses  in doses up  to 
8.0 mg/kg.  E q u i m o l a r  doses of  the  q u a t e r n a r y  an t i cho l ine r -  
gic drug,  m e t h y l  a t rop ine ,  had n o  ef fec t  on  e i the r  acquisi-  
t i on  or p e r f o r m a n c e  of  this  behavior .  

Effects of Physostigmine and Neostigmine on Acquisition 
of  Conditioned Pole-lumping 

Physos t igmine  in doses of 0 .10 and  0.15 mg/kg  preven t -  
ed ra ts  f rom learn ing  this  task  (Table  3). This was ev iden t  in  
all pa rame te r s  used. The effects  were dose re la ted  i n a s m u c h  
as 0 .15 mg /kg  caused a r e d u c t i o n  in % avoidance  and  escape 
behav io r  a lmos t  twice  tha t  caused by  0 .10  mg/kg.  Af te r  
p h y s o s t i g m i n e  (0 .10  mg/kg,  s.c.) a lone  73.7 trials were 
requi red  for  c r i te r ion  while a f te r  m e t h y l  a t rop ine  plus 
physos t i gmine  67.0  trials were requi red .  An e q u i m o l a r  dose 
of  ( ) h y o s c y a m i n e  p roduced  a m u c h  greater  a n t a g o n i s m  
of  0 . i 0  mg /kg  o f  physos t igmine .  In teres t ingly ,  the  larger 
dose of  0.1 5 mg/kg  of  physos t igmine  was no t  as s ignif icant-  
ly an t agon i zed  by  ( - )  h y o s c y a m i n e .  ( - )  H y o s c y a m i n e  
(1,0 mg /kg )  plus physos t igmine  (0.15 m g / k g ) r e s u l t e d  in an  
even grea te r  suppress ion  of  acquis i t ion .  Trials to cr i ter ia  
were increased to 62.9 -+ 4.7,  while % avoidance  was 
decreased to 25 .0  ± 8.5. 

T A B L E  2 

EFFECTS OF VARIOUS DOSES OF ( - )  HYOSCYAMINE ON 
ACQUISITION OF POLE JUMPING 

Dose Trials to Mean % Mean % 
mg/kg Criterion Avoidance Escape 

0 47 .1±2 .4  57.2±3~0 8 .1±1 .7  

0.30 47 .8±5 .7  58 .5±5 .5  17.3±3.9 

0.50 46 .0+3 .3  57 .9+4 .9  16.6±2.5 

0.75 37 .9±3.2*  69 .1+4 ,1"  10.3±1.5 

1.00 57 .9+6 .4*  38 .0±8 .9  10 .7±2.9  

All values are means -+ S.E. of 12 animals per group. 
*Significant from saline controls at p<0.05 (Mann-Whitney U 

Test). 

T A B L E  3 

EFFECTS OF PHYSOSTIGMINE ON ACQUISITION TO THE POLE JUMP RESPONSE 

Drug Dose of Trials to % % 
Pretreatment Physostigmine Criterion Avoidance Escape 

Saline 0.0 47.5 + 3.2 47.3 + 5,3 12.8 + 2.3 

Saline 0.10 73.7 ± 1.2" 12.9 ± 4.8* 26.1 + 6.9 

Saline 0.15 >75* 3.1 +- 1.5" 14.2 _+ 7.0 

Methyl atropine 0.10 67.0 ± 4.7 22.2 +_ 9.4* 20.2 ± 9.9 
1 mg/kg 

Methyl atropine 0.15 73.3 -+ 4.5* 6.0 ± 3.0 11.7 _+ 4.7 
1 mg/kg 

( - )  Hyoscyamine 0,10 55.4 _+ 5.0 42.9 ± I0.2 t 16.8 ± 4.9 
0,5 mg/kg 

( - )Hyoscyamine 0.15 60.6_+4.1" 35.0± 7.5* 13.4+_ 3.1 
0.5 mg/kg 

All values represent the means -+ S.E. for 12 animals per group. 
*Significantly different from saline alone, p<0.05 (Mann-Whitney U Test). 
~-Significantly different from methyl atropine pretreated animals, p<0.05 (Mann-Whitney U Test). 
Drug pretreatments were given 30 min before the physostigmine. 
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The effects  of  neos t i gmine  in a dose e q u i m o l a r  to 
0 .15 mg/kg  physos t igmine ,  on  the  o t h e r  h a n d ,  could  no t  be 
an t agon i zed  by  any  of  the  p r e t r e a t m e n t s  (Table  4). Bo th  
chol inerg ic  an tagon i s t s  appeared  to al ter  escape r e s p o n d i n g  
w i t h o u t  a f fec t ing  % avoidance  a f te r  neos t igmine .  However ,  
regardless of  p r e t r e a t m e n t ,  n o n e  of  the  36 rats  given neo-  
s t igmine  were able to  learn this  task. While these  animals  
were no t  able to  reach  cri teria (9 ou t  of  10 avoidance  
responses) ,  to ta l  % r e spond ing  (% escape + % avo idance )  
i nd ica t ed  t h a t  these ra ts  had  learned  the  task to some 
degree. In cont ras t ,  an imals  receiving e q u i m o l a r  doses of  
p h y s o s t i g m i n e  ( 0 . 1 5 0 m g / k g )  made  one  th i rd  less to ta l  
responses  t h a n  those  given neos t igmine .  

T A B L E  4 

EFFECTS OF NEOSTIGMINE ON ACQUISITION OF THE POLE 
JUMP RESPONSE 

Drug Trials to % % 
Pretreatment Criterion Avoidance Escape 

None + saline 
instead of 
neostigmine 50 .0+3 .3  55 .3±3 .2  17.4±1.6  

T A B L E  5 

EFFECTS OF NEO,STIGMINE AND PHYSOSTIGMINE ON 
AVOIDANCE PERFORMANCE IN TRAINED RATS 

Pretreatment 

Duration of Behavioral Depression 

Neostigmine Physostigmine 
0.12 mg/kg 0.15 mg/kg 

Saline 25.4 ± 2.5 37.3 + 2.4 

(6) (6) 

Methyl Atropine 26.5 + 2.9 14.6 ± 4.5 * 
2.1 mg/kg (18) (6) 

( - )  Hyoscyamine 21.9 -+ 6.2 0.07 
1.0 mg/kg (6) (6) 

All values are means _+ S.E. (min) with the number of animals 
indicated in parentheses. The duration of behavioral depression was 
calculated from the onset of 50% avoidance to recovery of 50% 
avoidance. % avoidance was determined at 5 min intervals of each 
6 7 trials. 

*p<0.05 
t p <  0.001 ,, 

Saline 74.0 ± 0.9 14.5 + 3.0 35.4 ± 6.8 

Methyl atropine 
1 mg/kg 73.0 ± 1.4 12.2 + 0.7 28.7 ± 7.1 

( ) Hyoscyamine 
0.5 mg/kg 71.1 + 1.8 17.8 + 3.9 21.0 +_ 5.4 

Each value represents the mean + S.E. of 12 animals per group. 
All values obtained with neostigmine were significantly different 

from saline control data at p<0.001 (Mann-Whitney U Test). 
Pretreatments were given 30rain before neostigmine, 0.12 

mg/kg. 

Effects o f  Equimolar Doses o f  Physostigmine and Neo- 
stigmine on Conditioned Pole-jumping Performance and 
Correlations with Brain A cetylcholinesterase Activi ty 

As ind ica ted  in Table  5, the  d u r a t i o n  of  depress ion  of  
p e r f o r m a n c e  on  pole j u m p  avoidance  lasted 37.3 min fol- 
lowing 0.15 mg /kg  of  physos t igmine .  This ef fec t  was 
reduced  by  60% wi th  m e t h y l  a t rop ine  and  was comple t e ly  
an t agon ized  wi th  an equ imo la r  dose of ( ) h y o s c y a m i n e .  In 
con t ras t ,  the  effects  of neos t i gmine  (0 .12  mg/kg)  could  
no t  be  b locked  by  e i the r  chol inergic  an tagon is t .  

Neos t igmine  p r o d u c e d  a severe behaviora l  depress ion  
wi th  n o  ef fec t  on  bra in  AChE act ivi ty.  On the  o t h e r  hand ,  
the  behaviora l  effects  fo l lowing an  e q u i m o l a r  dose of  
physos t i gmine  cor re la ted  ini t ia l ly  wi th  a r e d u c t i o n  of  b ra in  
AChE act ivi ty  bu t  no t  dur ing  recovery  as ind ica ted  in Fig. 
1. The la t t e r  f ind ing  is qui te  surpr is ing and  suggests some 
a d a p t a t i o n  to lowered  brain  AChE act ivi ty .  

DISCUSSION 

The basic  new i n f o r m a t i o n  of  this  s tudy is tha t  neo-  
s t igmine can dramat ica l ly  depress  behav io r  in reasonable  
doses c o m p a r e d  to physos t igmine .  This depress ion is no t  
associated wi th  any  s ignif icant  changes in brain AChE activ- 
i ty.  Wi thou t  measures  of  bra in  AChE act ivi ty and the use of  
selective te r t i a ry  and  q u a t e r n a r y  chol inergic  antagonis ts ,  
one  might  conc lude  tha t  equ imo la r  a m o u n t s  of these two 
agonis ts  act  to  suppress  behav io r  by  a similar mechan i sm.  
( - )  Hyoscyamine  is an effect ive an tagon i s t  of  physo-  
s t igmine in doses which  do no t  af fec t  neos t igmine .  Al- 
t h o u g h  neos t i gmine  did no t  a l ter  bra in  AChE act ivi ty ,  it did 
impai r  b o t h  acqu i s i t ion  and  pe r fo rmance ,  p resumable  by its 
marked  per iphera l  act ions .  In cont ras t ,  the  behaviora l  sup- 
pressan t  effects  of  physos t igmine  are associated wi th  a 
decrease in b ra in  AChE act ivi ty  and seem to be due primari-  
ly to  its cen t ra l  ac t ions  as has  been  suggested by others .  

These  results  also ind ica te  tha t  acquis i t ion  of  avoidance  
behav io r  is a m u c h  more  sensit ive e n d p o i n t  t han  perfor-  
mance .  The  depressan t  effects  of  physos t igmine  seem to be 
mos t  clearly cor re la ted  wi th  its cen t ra l  ac t ions  in reducing  
bra in  AChE act ivi ty  and  increas ing ACh levels. These f ind- 
ings con f i rm  and  e x t e n d  our  earlier s tudies  which  indica te  
an i m p o r t a n t  role of  the  chol inerg ic  sys tem in behavior .  

One might  have expec t ed  t ha t  m e t h y l a t r o p i n e  would 
an tagon ize  some of  the  effects  of  neos t igmine  on behavior .  
The data  ind ica te  it did no t .  Hence,  it appears  tha t  the  
b e h a v i o r a l  e f f e c t s  of  neos t igmine  are pr imar i ly  n- 
cholinergic.  The  per iphera l  m-chol inergic  effects  of  neost ig-  
mine  would  be  expec t ed  to  be  b locked  by such a pre t rea t -  
m e n t .  A n o t h e r  u n e x p e c t e d  f inding was tha t  wi th  
m e t h y l a t r o p i n e  p r e t r e a t m e n t  physos t igmine  caused f rom 
22 to  59% i n h i b i t i o n  of  bra in  AChE (see Table 1 ) d e p e n d -  
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FIG. 1. Effects of an equimolar dose of neostigmine and physostigmine on brain 
acetylcholinesterase activity and the performance of pole-jumping avoidance. All ani- 
mals were pretreated with atropine methyl nitrate (2.1 mg/kg) 30 min prior to a 
dose of the cholinesterase inhibitor. The dose of neostigmine was 0.12 and physo- 
stigmine 0.15 mg/kg, s.c. The behavioral data are given as the mean ± S.E. in 
groups of 6 - 1 2  animals. Chemical estimations were conducted in 3 - 6  animals at 
each time interval. Control AChE activity was 859 ± 40uM/g/hr.  In the physo- 
stigmine treated animals, brain AChE levels were significantly lower than control 
levels at 20, 40 and 60 min following each dose. Group comparison tests were run 
comparing each to the control. * p< 0.01, *** p<0.001. 

ing u p o n  the  dose given. D o m i n o  and  Olds [3]  previous ly  
r epo r t ed  t ha t  re la t ively  small  a m o u n t s  of  p h y s o s t i g m i n e  
a lone  (0.1 mg/kg,  s.c.) p roduced  a 56% decrease  in b ra in  
ACHE. It may be  t ha t  e n o u g h  m e t h y l a t r o p i n e  was p resen t  
in the  b ra in  h o m o g e n a t e s  in vitro to par t ia l ly  p r o t ec t  AChE 
f rom inhibition by the  physostigmine. The p o i n t  needs  to 

be e x a m i n e d  f u r t h e r  for  this  d i sc repancy  is d i s turb ing .  
The  behav iora l  consequences  of an increase in bra in  ACh 

are pr imar i ly  a r e d u c t i o n  in r e s p o n d i n g  (no-go behav io r )  in 
spi te  of  be ing  awake  [ 2 ] .  The  present  f indings suppo r t  the  
da ta  of  Grossman  [5] which  also suggest tha t  the  cen t ra l  
chol inerg ic  sys t em is i n h i b i t o r y  to mos t  behaviors .  
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