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HIGASHIDA, A AND N OGAWA Dlfference~ m the acqut~ttton process and the effect oJ ~copolamtne on tadtal maze 
performance m three strams of rats PHARMACOL BIOCHEM BEHAV 27(3) 483-489, 1987 - -The  acquisition process 
and the effect of scopolamine (SCOP) on the radial maze task were studied m 3 stratus of male rats, Fischer 344 (F344), 
Sprague-Dawley (SD) and Wlstar The pretrammg level of locomotor actiwty was measured and performance was quan- 
titatively and qualitatively evaluated The highest pretrammg locomotor activity was observed m Wlstar rats In this 
experiment, rats were allowed to select each arm successively The changes m the number of correct choices dunng the 
first eight selections, error choice m a trial and the total duration of a trial differed with the strata m the first 5 trmning 
sessions Acqulsmon curve for F344 rats gradually rose Wistar rats made many error choices However, dunng the final 5 
sessions, only the total duration of a trial differed with the strata Wlstar rats took the shortest time to finish a trial, but the 
number of sessions taken to acqmre this task was the fewest with F344 rats, and the most with Wistar rats The effect of 
SCOP dtffered among strains in all the above 3 indexes Generally, the Wlstar rat was the most affected by the injection of 
SCOP Moreover, the change of the choice accuracy and the spatial strategy by the administration of SCOP were investi- 
gated SD and Wistar rats showed a dose-dependent decrease in choice accuracy m the earlier selection The spatial 
strategy was changed m every strain by the mjecUon of SCOP These findings do not support the previous finding that a 
high level of locomotor act~wty yields fast acquisition of this task or that Wlstar rats are better m learning than SD, but 
indicates that SCOP affects not only the working memory but also the motivational factor 

Strain difference Scopolamine Radial maze Spatial memory Spatial strategy Rats 

T H E  radia l  m a z e  t a sk  was  lni tal ly dev i sed  for  s tudy ing  spa- 
tlal m e m o r y  in the  ra t  [12] This  t ask  invo lves  success ive  
se lec t ion  o f  a n u m b e r  of  a rms  rad ia t ing  f rom the  c e n t e r  of  the  
m a z e  to ob ta in  food  as a r e w a r d  The  op t ima l  s t ra tegy  is to 
se lec t  e a c h  a rm  once  and  avo id  r e -en te r ing  an  a r m  f rom 
w h i c h  the  r e w a r d  had  b e e n  r e m o v e d  d u n n g  a p rev ious  
cho ice  [2] The re fo re ,  the  an imal  m u s t  m e m o n z e  or  re- 
m e m b e r  each  cho ice  d u n n g  a tr ial  to pe r f o r m  accura t e ly  
The  m f o r m a t t o n  an  an ima l  m e m o r i z e s  o r  r e m e m b e r s  is on ly  
ava i l ab le  in a tr ial ,  and  the  an imal  shou ld  d i sca rd  tha t  infor-  
m a t i o n  on  the  nex t  or  o t h e r  tr ials  Such  a m e m o r y  p roce s s  
shou ld  b e  r evo lved  in this  maze  so lwng  The re fo re ,  accu ra t e  
p e r f o r m a n c e  is c o n s i d e r e d  to be  m e d m t e d  b y  work ing  mem-  
o ry  [6,13] 

M a n y  r epo r t s  h a v e  s h o w n  tha t  the  accu ra t e  p e r f o r m a n c e  
in this  t a sk  is p ro found ly  impai red  b y  the  d a m a g e  o f  the  
c h o h n e r g l c  n e r v o u s  s y s t e m  such  as IP  re jec t ion  o f  the  ant i -  
m u s c a r l m c  c h o h n e r g l c  agen t  s copo lamine  (SCOP)  [3-5, 15, 
18, 19], I C V  admin i s t r a t i on  of  the  p re synapUc  c h o h n e r g l c  
n e u r o t o x m  A F 6 4 A  [8,17] o r  h l p p o c a m p a l  les ion  [7,16] 

T h e  co r r ec t  cho ices  m the  f irst  e ight  se lec t ions  [2,5], e r ro r  
cho ices  m a tr ial  [7], p a t t e r n  o f  r e s p o n s e  [17] and  cho ice  

accu racy  [4] us ing  an  e igh t -a rm radia l  maze  have  b e e n  re- 
p o r t e d  

On the  o t h e r  hand ,  in spite of  m a n y  repor t s  of  the  ef fec t  o f  
S C O P  on  this  maze  p e r f o r m a n c e ,  the  d i f fe rences  in the  ac-  
quis i t ion  or  the  ef fec t  o f  S C O P  in d i f ferent  s t ra tus  o f  ra ts  has  
no t  b e e n  r epo r t ed  H o w e v e r ,  a c o m p a r a t i v e  s tudy  on  two  
inbred  s t ra ta  o f  mice  has  b e e n  r epo r t ed  [1], and  it sugges ted  a 
s ignif icant  co r re l a t ion  b e t w e e n  l o c o m o t o r  ac t iv i ty  and  per-  
f o r m a n c e  in this  t ask  

M o r e o v e r ,  it was  p rev ious ly  r epo r t ed  tha t  w h e n  ra ts  were  
t r a ined  by  a cond i t i oned  avo idance  p r o c e d u r e  r e in fo rced  by  
ave r s lve  e lectr ic  st imuli ,  the  highly ac t ive  Wls t a r  s t ra in  
cou ld  lea rn  f a s t e r  t h a n  the  less ac t ive  Sprague -Dawley  (SD) 
[9,11] The re fo re ,  we e x a m i n e d  the  d i f fe rences  in the  acqui-  
s i t ion p roces s  a n d  the  effect  o f  S C O P  on  this  t ask  in th ree  
s t ra tus  of  ra ts ,  F i s c h e r  344 (F344),  SD and  Wls t a r  

METHOD 

SubJects 

Ten  expe r imen ta l ly  n m v e  male  ra t s  (10 weeks  o f  age) of  
F344, SD and  W i s t a r  were  used  The  an imals  were  h o u s e d  
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T A B L E  1 

DRUG DESIGN 

Strata Order 

Fischer-F344 BL1 SAI 0 5 SA2 1 0 SA3 0 25 SA4 BL2 
Sprague-Dawley BL1 SAl 0 5 SA2 1 0 SA3 0 25 SA4 0 125 SA5 BL2 
Wlstar BLI SAl 0 5 SA2 l 0 SA3 0 25 SA4 0 125 SA5 BL2 

Values represent the dose of scopolamine (mg/kg) 
BL--Basehne SA--Sahne 

individual ly  wi th  free access  to food and  wa te r  in an  illumi- 
na t ion  con t ro l l ed  room (light per iod ,  0700-1900, dark  per iod .  
1900-0700) The  room t e m p e r a t u r e  was kep t  at  25°C and  the  
humid i ty  was kept  at  55% After  adap ta t ion  to this  room.  
t h o r  body  weights  were  r educed  by  food depravat ion and  
subsequen t l y  ma in t a ined  at 80% of  the i r  initial va lues  Dur-  
ing this  pe r iod  ra ts  fed a small  quan t i ty  of  sugar  pel le ts  in 
the i r  h o m e  cage subse quen t l y  were  Utdlzed as re in forcers  

Apparatu~ 

Behav io ra l  t es t ing  was  c o n d u c t e d  m an  e igh t -a rm radial  
maze  made  of  wood,  pa in ted  gray This  maze  was  made  
accord ing  to [5] a f te r  sl ight modif ica t ion  It was  e l eva ted  50 
cm above  the  floor,  and  cons i s t ed  of  an  oc tagona l  cent ra l  
p la t form (30 cm wide)  s u r r o u n d e d  by  eight  equal ly  spaced  
radial  a rms  (60 cm long × 12 cm wide) Small  plast ic  cups  
pa in ted  b lack  m o u n t e d  at the  end  of  each  a rm,  were  1 0 cm 
deep  and  2 0 cm in d i ame te r  At  the  e n t r a n c e  of  each  a rm,  a 
gudlo tme door ,  pa in ted  whi te  on  the  p la t fo rm side and  
pa in ted  b lack  on  the  a rm side, was  set to cont ro l  the  s tar t  and  
f inish of  a trial The  tes t s  were  car r ied  out  in a whi te  pa in ted  
s o u n d - a t t e n u a t e d  r o o m  lit by  three  60 W tubes  Severa l  vis- 
ually d is t inct  cues  (e g ,  desk,  opera t ing  tables)  were  p r e sen t  
m the  room The  maze  was kept  m the same place  th rough-  
out  the  e x p e r i m e n t  

Pro~ edure 

Pretrammg The rats  were  init ially adap t ed  to the  maze  
E a c h  rat  was  p laced  on  the  p la t fo rm and  30 seconds  later ,  all 
guil lot ine doors  were  ra ised  and  the  rat  was  a l lowed to ex- 
plore and  eat  the  sugar  pel le ts  sca t t e red  in the  a rms  and  pu t  
in the  cups  at  the  e n d  of  e ach  a rm W h e n  the  ra ts  had  en t e r ed  
all the  a rms  and  had  ea ten  all the  sugar  pel le ts  f rom the  cups  
wi th in  10 minu tes  or  less,  formal  t ra in ing  was  s ta r ted  This  
p rocedu re  was  p e r f o r m e d  once  a day,  and  the  n u m b e r  of  
en t r ies  Into the  a rms  wi th in  a trial  and  the  n u m b e r  of  sess ions  
unti l  the  ra t  en t e r ed  all a rms  wi th in  10 minu tes ,  were  re- 
co rded  

Formal trammg procedure E a c h  ra t  pe r fo rmed  one  ses- 
s ion a day  At  the  s tar t  of  e ach  sess ion ,  a sugar  pel le t  (20 rag) 
was  p laced  in all cups  Each  ra t  was  p laced  on  the  p la t form,  
and  30 seconds  la te r  all gui l lot ine doors  were  ra i sed  permi t -  
t ing access  to  any  of  the  a rms  W h e n  the  ra t  had  en t e red  all 
a rms  and  had  looked  into all cups  or  10 minu te s  had  e lapsed ,  
all guil lot ine doors  were  lowered  and  the  ra t  was  t aken  off  
the  maze  and  b r o u g h t  back  to its h o m e  cage The  ra t  chose  
and  en t e r ed  each  a rm spon taneous ly ,  and  w h e n  it en t e red  an  
a rm wh ich  it had  not  en t e r ed  yet ,  and  looked  into the  cup,  
this  se lec t ion  was  def ined  as co r rec t  choice ,  wlule  the  ra t  
tha t  r e - en te red  an  a rm wh ich  it h ad  a l ready  se lec ted  and  

looked  into the  cup  wi thou t  tu rn ing  back ,  was  def ined to 
have  m a d e  an  e r ro r  choice  

W h e n  a ra t  made  co r rec t  choices  s even  success ive  t imes  
m the  first  e ight  se lec t ions  m a trial,  tha t  ra t  was  cons ide red  
to have  l ea rned  the  task  w h e n  it m a m t a m e d  this  pe r fo rmance  
for  five sess ions  success ive ly  [5] 

Recordmg method The  o rde r  of  the  a rms  the  ra t  en te red  
and  looked into the  cup,  and  the  total  t ime e lapsed  before  the  
rat  had  en t e red  all a rms  and  looked  into all cups ,  were  re- 
co rded  The  rats  ate  the  pel le ts  wi thou t  fall w h e n  they  looked  
into the  cups  in the  fo rmal  t ra in ing sess ion ,  bu t  in a few cases  
they  did not  eat  the  pel le ts  w h e n  they  had  b e e n  in jec ted  a 
high dose  of  SCOP.  the cho ices  were  r eco rded  as m e n t i o n e d  
above  

Drug treatment Scopo lamine  h y d r o b r o m i d e  (Wako  Pure  
Chemica l  Indus t r ies )  was  d i sso lved  in physio logica l  sal ine 
The  an imals  tha t  were  cons ide red  to have  acqu i red  the  task ,  
were  in jec ted  var ious  doses  of  this so lu t ion  IP  30 minu tes  
pr ior  to tes t ing acco rd ing  to Table  1 To e l iminate  poss ib le  
ca r ry -ove r  effects  o f  SCOP,  the  con t ro l  sess ions  were  in- 
se r ted  a m o n g  eve ry  S C O P  sess ion  In the  con t ro l  sess ions ,  
the  an imals  were  in jec ted  sal ine in the  s ame  way 

Stattsttcal Analysts Overal l  t r e a t m e n t  effects  were  as- 
ses sed  by  analys is  of  va r i ance  ( A N O V A )  p rocedure s  Ap- 
propr ia te  palr-w~se compar i sons  were  pe r fo rmed  with a 
pmred  t - tes t  A c c e p t a b l e  s tat is t ical  s ignif icance was  es tab-  
h shed  as p < 0  05 

RESULTS 

Pretratnmg 

P r e t r a m m g  was  begun  w h e n  the  a n i m a l ' s  body  weights  
b e c a m e  80% of  its initial va lue ,  and  it a te  sugar  pel le ts  in its 
h o m e  cage The  n u m b e r  of  sess ions  unt i l  a rat  en t e r ed  all 
a rms  and  the  n u m b e r  of  an imals  wh ich  en t e red  all a rms  did 
not  differ  s ignif icant ly  wi th  the  s t ra in ,  F344, SD or  Wmta r  
On  the  o t h e r  hand ,  as at  leas t  th ree  sess ions  were  requ i red  
unt i l  each  ra t  e n t e r e d  all a rms ,  the  n u m b e r s  en t e red  into the  
a rms  in the  f irst  th ree  sess ions  were  ana lyzed  by  the  two- 
way [Strain(3) × session(3)]  A N O V A  Analys i s  of  the  da ta  
r evea led  a s ignif icant  d i f fe rence  wi th  the  s t ra in ,  
F (2 ,81)=6  66, p < 0  01 M o r e o v e r ,  a s igmficant  d i f ference  
was  o b s e r v e d  b e t w e e n  sess ion ,  F(2 ,81)=  15 67, p < 0  01, bu t  
the  in te rac t ion  effect  b e t w e e n  s t ra in  and  sess ion  was not  
s ignif icant ,  F(4 ,81)<1  0 The  Wis t a r  s t ra in  en t e r ed  the  a rms  
the  mos t  f requen t ly  

Formal Trammg 

The  fo rmal  t ra in ing  was s t a r t ed  as soon  as the  an imal  had  
b e e n  able  to  e n t e r  all a rms  As  some an imals  s h o w e d  cr i ter ia  
p e r f o r m a n c e s  on  the f irst  sess ion  and  m a i n t a i n e d  these  per-  
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FIG 1 Correct choice in the first eight selections, error choice In a 
trial and total duration of a trial for the first 5 sessmns m each strain 
Each value represents the mean_+SEM 
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FIG 2 Correct choice m the first eight selections, error choice in a 
trial and total duration of a trial for the final 5 sessions m each strata 
Each value represents the mean_+SEM 

f o r m a n c e s  for  five sess ions  success ive ly ,  the  acqms l t i on  
p r o c e s s  was  ana ly sed  in the  first  f ive sess ions  

H o w e v e r ,  one  ra t  e a c h  o f  the  F344 and  SD s t ra ins  did  not  
r un  in the  maze  in the  fo rmal  t ra in ing  sess ions  T h e s e  
an imal s  we re  exc luded  f rom all ana lyses  One  Wls t a r  s t ra in  
ra t  caugh t  cold  in the  m m a l  s tage o f  t ra in ing  This  an imal  was  
exc luded  f rom the  ana lys i s  in the  t r a lnmg  sess ions ,  bu t  as 
th is  ra t  cou ld  run  s tab ly  in the  f inal  s tage o f  t ra in ing,  it was  
u sed  m the  drug t r e a t m e n t  sess ion  T he  t ra in ing  pe r iod  was 
12 s e s s m n s  a t  mos t ,  bu t  two  an imal s  in SD s t ra in  cou ld  no t  
acqu i re  the  t a sk  dur ing  thns pe r iod  O ne  o f  t h e m  acqu i r ed  the  
task  in the  13th sess ion  T h e s e  an imal s  were  u sed  In the  
eva lua t ion  o f  the  f irst  f ive t ra in ing  sess ions ,  bu t  were  t hen  
exc luded  In  total ,  n ine  an imal s  o f  e a c h  s t ra in  we re  used  in 
the  eva lua t ton  o f  the  f irst  f ive sess ions ,  and  nine  F344 ra ts ,  
n ine  W l s t a r  ra ts  and  s e v e n  SD ra ts  were  u sed  in the  eva lua-  
t ion  o f  the  f inal  f ive sess ions  

F igure  1 shows  the  changes  in co r r ec t  choices  in the  first  
e ight  se lec t ions ,  the  changes  in e r r o r  cho ices  in a trial and  
the  changes  in the  to ta l  du ra t ion  of  a trial ,  r e spec t ive ly  A 
two-way  [Strain(3) × session(5)]  A N O V A  for  each  index  
was  car r ied  out  In  the  co r r ec t  cho ice ,  the re  were  s ignif icant  
d i f fe rences  wi th  the  s t ra in ,  F(2 ,120)=3  15, p < 0  05, and  ses- 
s ion,  F (4 ,120)=3  56, p < 0  01, bu t  the  in te rac t ion  b e t w e e n  
s t ra in  and  sess ion  was  not  s ignif icant ,  F(8 ,120)=1 03, 
p > 0  05 In the  e r ro r  choice ,  the re  was  a s ignif icant  differ- 
ence  wi th  the  s t ra in ,  F(2,120) = 6  91, p < 0  01, bu t  no t  wi th  the  
sess ion ,  F (4 ,120)=2  17, p > 0  05, or  the  in te rac t ion  b e t w e e n  
s t ra in  and  sess ion ,  F(8 ,120)=  1 05, p > 0  05 In  the  to ta l  dura-  
t ion,  s ignif icant  d i f fe rences  were  r evea l ed  wi th  the  s t ra in ,  
F ( 2 , 1 2 0 ) = 1 8 5 0 ,  p < 0 0 0 1 ,  and  sess ion ,  F ( 4 , 1 2 0 ) = 3 2 4 ,  
p < 0  05, bu t  the  in te rac t ion  b e t w e e n  s t ra in  and  sess ion  was  
not  s ignif icant ,  F(8 ,120)<1 0 A c c o r d i n g  to Fig 1, F344 
m a d e  gradual ly  more  co r r ec t  cho ices ,  and  gradual ly  f ewer  
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FIG 3 Correct choice m the first eight selectmns, error choice in a 
trial and total duratmn of a trial at various doses of scopolamine m 
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e r ro r  cho ices  s e s s m n  by s e s s m n  The  e r ro r  cho ice  inc reased  
in the  o rde r  of  Wls tar ,  SD and  F344 The  tota l  d u r a t m n  o f  a 
tr ial  i nc reased  m the  o rde r  o f  SD, F344 and  Wis ta r  

The  acquis i t ion  p roces s  was nex t  ana lyzed  for  the  final 
five s e s smns  In  these  sess ions ,  all an imals  m m n t a l n e d  the  
c n t e n a  p e r f o r m a n c e s  success ive ly  F igure  2 shows  the  
changes  in co r r ec t  choices  m the f irst  e ight  se lec t ions ,  the  
changes  m e r ro r  choices  in a trial  and  the  changes  m the  to ta l  
du ra t ion  m a trial,  r e s p e c u v e l y  T w o - w a y  [Straan(3) × ses- 
sion(5)] A N O V A  for  each  index  was  car r ied  ou t  s imilar ly for  
the  first  f ive sess ions  In the  co r rec t  choice ,  no  s lgmficant  
d t f ferences  were  o b s e r v e d  wi th  any  factors ,  s t ra in ,  
F(2 ,110)<l  0, sessmn,  F(4 ,110)= l  69, p > 0  05, or the  lnterac-  

T A B L E  2 

ONE-WAY ANALYSIS OF VARIANCE IN SCOPOLAMINE 
INJECTED RATS 

Ftscher-344 
Correct Choice F(4,67)=3 71I 
Error Choice F(4,67)=3 02* 
Total Time F(4,67)=0 95 N S 

Sprague-Dawley 
Correct Choice F(5,71) = 12 475 
Error Choice F(5,71)= 17 435 
Total Time F(5,71)=8 115 

Wlstar 
Correct Choice F(5,93)=21 795 
Error Choice F(5,93)=9 645 
Total Time F(5 93)= 13 265 

Degrees of freedom represented in parentheses 
Each value represents F-value 
N S - -no t  s,gmficant, *p<0 05, 1.p<0 01, 5p<0 001 

T A B L E  3 

TWO-WAY ANALYSIS OF VARIANCE IN SCOPOLAMINE 
INJECTED RATS 

Straan Difference 
Correct Choice F(2,172)= 15 86t 
Error Chmce F(2,172)=6 51t 
Total Time F(2,172)=8 941. 

Treatment (scopolamine lnjectmn) 
Correct Choice F(3,172)=27 331. 
Error Choice F(3,172)= 13 25"~ 
Total Time F(3,172)= 12 741. 

Interaction 
Correct Choice F(6,172)=5 76t 
Error Choice F(6,172) = 1 78 N S 
Total Time F(6,172)=2 66* 

Degrees of freedom represented m parentheses 
Each value represents F-value 
N S - -no t  significant, *p<0 05, 1.p<0 01 

t lon  b e t w e e n  s t ra in  and  sess ion ,  F(8 ,110)< 1 0 Similar ly,  in 
the  e r ro r  cho ice ,  no  s ignif icant  d i f fe rence  was  o b s e r v e d  wi th  
any  fac tor ,  s t ra ta ,  F ( 2 , 1 1 0 ) < l  0, sess ion ,  F ( 4 , 1 1 0 ) = l  74, 
p > 0  05 or  the  in te rac t ion  b e t w e e n  s t ra ta  and  se s smn ,  
F ( 8 , 1 1 0 ) < l  0 H o w e v e r  m the  to ta l  du ra t ion  o f  the  trial ,  
t he re  was  a s ignif icant  d i f fe rence  wi th  the  s t ram,  
F ( 2 , 1 1 0 ) = 1 2 9 8 ,  p < 0 0 0 1 ,  bu t  no t  wi th  the  sess]on,  
F (4 ,110)=2  14, p > 0  05 The  in te rac t ion  b e t w e e n  s t ra ta  and  
sess ion  was also no t  s ignif icant ,  F ( 8 , 1 1 0 ) < l  0 In the  f inal  
five t ra in ing  sess ions ,  i e ,  j u s t  p r io r  to drug  a d m m l s t r a t i o n  
se s smns ,  all s t ra ins  d i sp layed  s table  pe r fo rmance ,  bu t  the  
s t ra in  d i f fe rence  was ve ry  c lear  in the  to ta l  du ra t ion  o f a  tna l ,  
especml ly  the  du ra t ion  was the  sho r t e s t  for  the  Wis t a r  ra ts  

The  n u m b e r  o f  sess ions  r equ i red  to acquire  this  task,  was  
678-+1 75 (mean+_SEM) for  the  F344 rats ,  8 0 0 - + 2 5 0  
(mean-+SEM)  for  the  SD rats  and  9 00-+2 24 ( m e a n _ S E M )  
for  WIs tar  ra ts  A m o n g  t h e m ,  a s lgntf icant  d i f ference  be-  
t w e e n  F344 and  Wis t a r  was  r evea l ed  by  S t u d e n t ' s  t - t e s t  
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FIG 4 The relative frequency of selecting arms various distances 
(clockwise or counter-clockwise) from the arm just exited at various 
doses scopolamine in each strata 

(t=2 29, p < 0  05) The F344 rats acquired this task faster 
than the Wistar rats The SD rat acquired this task in 13th 
sessmns and was included m this analysis 

Drug Treatment 

Drug adnunistratlon was started as soon as each animal 
had acquired the task One F344 and one Wistar rat would 
not run In the maze even on the sahne sessions These 
animals were discarded In total, eight F344 rats, seven SD 
rats and nine Wistar rats were used in the evaluation of the 
effect of  drug adrmnistratlon Figure 3 shows the effects of  
various doses of  SCOP on the correct choice, on the error 
choice and on the total duratmn in a trial, respectively Table 
2 shows the one-way ANOVA between drug and treatments 
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CONSECUTIVE CORRECT CHOICE 
FIG 5 Accuracy of successive correct choice, l e ,  mean percent 
choices of new arms w~thm a trial at various doses of scopolamine 
The diagonals represent the number of new arms which would be 
selected if the choice were a random selectmn Upper line repre- 
sents Fischer 344 strata, middle line represents Sprague-Dawley and 
lower hne represents W]star strmn, respectively 

(base line, saline, SCOP 0 125 mg/kg (only SD and Wistar), 
SCOP 0 25 mg/kg, SCOP 0 5 mg/kg and SCOP 1 0 mg/kg) in 
every index for each strain, respectively Only the effect of 
drug treatment on the total duration of  a tna l  in F344 failed to 
reveal a significant difference Table 3 shows the two-way 
ANOVA between strain(3) and treatment(4, saline, SCOP 
0 25 mg/kg, SCOP 0 5 mg/kg and SCOP 1 0 mg/kg) m every 
index Only the interaction between strain and treatment in 
the error choice failed to reveal significance Above all, the 
number of correct choices decreased significantly by SCOP 
administration in all strains, the effect being greater in the 
order of Wlstar, SD and F344 rats The effect was dose- 
dependent for the Wistar rats The number of error choices 
increased significantly by SCOP administration m all three 
strains, the effect being greater in the order of Wlstar, SD 
and F344 rats, but the tendency of  increment did not differ 
between any strains The total duration of  a trial differed 
with all strains, and was extended slgnLficantly m SD and 
Wistar but not m F344 rats The tendency of extention dif- 
fered with the strain, and was dose-dependent in Wtstar 

Pattern of Response (Spatial Strategy) 

Figure 4 shows the pattern of  response for the first eight 
selections for F344, SD and Wistar rats, respectively Each 
horizontal line expresses the distances (clockwise or 
counter-clockwise) from the arm just exited, and each verti- 
cal hne expresses the frequency of the selectmn In the saline 
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session, most of the rats in all the strains exhibited a marked 
preference for choosing the lmmedmtely adjacent arm, so the 
frequency was the highest for selecting the Immedmtely ad- 
jacent arms However ,  this preference decreased dose- 
dependently with SCOP administration By contrast, the 
preference for choosing the arm of 90 ° direction increased 
dose-dependently 

( b o r e  e A t  ¢ u r a c  y 

Each arm was assigned a number from 1 to 8, and the arm 
number was recorded m the order the rat entered it For 
example, a rat selected arms3, 4, 7, 2, 5, 3, 6, 4.7.8, 2, 3, 5, 1 
before the trial was finished The italicized number was the 
correct choice Until the fifth correct choice, this rat could 
select the correct arm in one choice The accuracy of choosing 
the correct arm was 100% until the fifth selection, but m select- 
mg the sixth correct arm, this rat made one error and selected 
the correct arm at the second choice The accuracy of choosing 
the sixth correct arm for this rat is 5 (~  Stmllarly, since m 
selecting the seventh correct arm th~s rat made two errors and 
could select the correct arm at the third chotce, the accuracy of 
choosing the seventh correct arm is 33 3%, and the accuracy of 
choosing the eighth or final correct arm is 25c~ Thus, the 
accuracy of each correct choice m a trial was calculated fo~ 
each ammal Figure 5 shows the average choice accuracy for 
each correct arm at various doses of SCOP The choice ac- 
curacies, especially the final or eighth choice accuracy de- 
creased dose-dependently for all strains Moreover. the SD and 
Wlstar rats made more errors m the earher selection dose- 
dependently with SCOP treatment In the F344 rats, the final 
choice accuracy decreased with SCOP treatment, but generally 
they were more resistant to the effect of SCOP than the SD or 
W~star rats 

DISCUSSION 

In the pretrainlng session, using sugar pellets scattered m 
the maze, the Wlstar rats showed the highest locomotor ac- 
tivity In the formal training sessions, the F344 rats, espe- 
oally,  made more correct choices, and fewer error choices 
session by session The Wlstar rats had the shortest total 
duratmn of trial, but made many errors (Fig l) During the 
final five sessions, all strains showed stable good perform- 
ance, but the Wlstar strain showed the shortest total duration 
of trial (Fig 2), l e , Wistar rats showed the highest locomo- 
tor activity 

Activity has been reported to be correlated with perform- 
ance on the same task in comparison with the two inbred 
strains of mice [1], but this correlation was not observed in 
this experiment Wistar rats showed the highest locomotor 
activity throughout the training session, but this strata re- 
quired the most trammg sessions and also made the most 
errors The level of locomotor activity might not correlate 
with the performance of this task In these rat strains 

On the other hand, Wistar rats have been reported to 
acquire the conditioned avoidance response faster than SD 
or F344 rats when averslve electric shock is used as an un- 
conditioned stimulus [9,11], but this is also m discordance 
with the present observation Wlstar rats made more errors 
in the first five sessions and required more number of train- 
ing sessions than SD rats, but they could maintain good per- 
formance during the final five sessions Therefore, the work- 
mg memory of  the Wmstar rats is not smaller than that of the 
F344 or SD rats Instead of an aversive uncondltmned 
stimulus, a positive food reward was used in this experiment 

This difference of procedure produced a discrepancy be- 
tween previous reports and the present results 

During the SCOP admlmstratlon schedule, all Indexes. 
correct choices, error choices and total duration of the trial 
were altered significantly in the SD and Wistar rats The total 
duration of the trial was not altered m F344 rats (Table 2) 
However,  significant differences among the strains were ob- 
served in all indexes (Table 3) Whereas no significant differ- 
ence was detected with the interaction between strain and 
drug treatment in the error choice (Table 3) Therefore the 
increased error choice accompanied by the increase in the 
dosage of SCOP did not differ with the strain 

In this experimental condition, rats were permitted to 
select each arm successively, 1 e , we did not interfere with 
the rat's choice between each selection Under this condi- 
tion, many animals chose the arm Immediately adjacent the 
arm just exited in the training session, and such animals 
increased session by session regardless of the strain The 
selections were made clockwise or counter-clockwise, and 
the direction did not change in most of the ammals The rats 
that made such sequential selections were not considered to 
require a working memory for the accurate performance, and 
they were considered to respond sequentially intentionally 
Although they intended to perform such a response, the 
number of rats that made sequential selections decreased 
with SCOP injection, and the frequency of choosing the ~m- 
mediately adjacent arms decreased dose-dependently 

Previously rats that made sequential selections were 
noted to resist the effect of SCOP more than the rats that did 
not make such sequential selection [18] However,  this could 
not be observed in the present expemment In all strains 
tested, m some of the rats that made sequential selections. 
correct choices decreased, error choices increased and pat- 
tern of selectmn changed by SCOP admlmstratlon And m 
others that made sequential selections, correct and error 
choices did not change but the pattern changed On the other 
hand. correct and error choices did not change in some of the 
rats that did not make sequential selections by SCOP admin- 
istration However,  when the rats were trained for two 
months with the same procedure, most rats made sequential 
selections for a long period and they became very resistant to 
SCOP as prewously reported I3] 

Many reports have stated that the accurate performance 
in this task Is much ~mpmred by the les~on of the septo- 
hlppocampal chohnerglc nervous system [16], complete as- 
piration of the hlppocampus [7] and hlppocampal rejection of 
kmlc acid [7] On the other hand, this performance has been 
reported to be impaired by an antero-dorsal caudate nucleus 
lesion [10] or the ICV mjectmn of presynaptlc chohnotoxm, 
AF64A [8,17] 

It is well estabhshed that the chohnerglc nervous systems 
in CNS spread mainly in three pathways In the rat from 
septum to cerebral cortex, hippocampus and habenula, from 
nucleus basahs of Meynert to frontal cortex, amygdala, and 
lnterneurons in the smatum By the IP injection of SCOP, 
not only the septo-hlppocampal pathways, but also all these 
pathways, would be depressed The depressed pathways 
may contain the systems which mediate motivational factor 
or memonzmg, and the performance not requiring a working 
memory for behaving would also be depressed 

On the choice accuracy, most of the animals In all strains 
did not make any error choice in the first seven selections as 
in the final five sessions in the saline sessions, and only a few 
animals made error choices In the last or eighth selectmn 
However,  the choice accuracy decreased especially for the 
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las t  se lec t ion  in all s t ra ins  d o s e - d e p e n d e n t l y  wi th  S C O P  
admln l s t r aUon ,  an d  the  n u m b e r  o f  a m m a l s  tha t  m a d e  e r ro r  
cho ices  m the ear l ier  or  eas~er se lec t ion  i n c r e a s e d  Th~s re- 
cord ing  m e a s u r e  ~s c o n s i d e r e d  to be  use fu l  for  the  eva luaUon  
o f  de ta i led  e f fec ts  o f  d rugs  or  ce reb ra l  l es ions  
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