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LEVIN, E D AND R E BOWMAN Stopo/amtne effetts on Hamtlton searth task perfi)rmante tn monl~t,ys PHAR- 
MACOL BIOCHEM BEHAV 24(4) 81%821, 1986 --The Hamdton search task. a test of spatial memory, was gtven to adult 
monkeys after admtmstrat~on of scopolamine Three monkeys had been exposed to lead dunng development and two were 
controls The task consisted of opening e~ght boxes, one per trial, for food remforcement, w~th a 20 second delay between 
mals The monkey had to remember whtch boxes ~t had already opened and avoid them to obtain the remaining reinforce- 
ments Percent correct response, openmgs-to-repeat, trials per session, repetitive index and response latency were meas- 
ured There were no s~gmficant lead-related effects Stgmficant scopolamine-reduced deficits were detected w~th four of the 
measures The low doses of scopolamine (1-3 ~tg/kg) d~d not "affect response accuracy, but 15 and 30 ~g/kg caused 
~mpmrments Only 30 p.g/kg substantmlly increased latency Th~s ~s hke other memory tests m monkeys and rats m that R ~s 
sensitive to ant~chohnerg~c challenge Cogmt~ve performance defiots were detected at a dose (15 ~.g/kg) which d~d not 
cause increased response latency The Hamdton search task ~s a flexible and sensmve memory task for monkeys, anal- 
ogous to the radml arm maze m the rat 

Hamdton search task Scopolamine Memory Monkeys Lead 

T H E  Hamdton  search task (HST) was originally developed 
by G V Hamdton  early m th~s century [5.6] Th~s test of  
spatial memory  was useful m assessing the abdmes  of  a 
variety of  s p e o e s  including monkeys  Despite th~s utthty. ~t 
has not been much used m research.  Meyer  and Settlage [10] 
and Harlow et , I  [7] found that frontal lobe lestons m the 
monkey resulted m ~mpa~red performance on the HST 
Levm and Bowman [8.9] found that aqms~t~on of  HST per- 
formance detected the long-term effects of  postnatal lead 
exposure  The s~mdanty of  the HST to the 8-arm maze used 
w~th the rat provides  a suggestion that It may be a sens~ave 
indicator of  derangements  of  spatial memory  function W~th 
HST not only can the length of  t~me to r emember  can be 
altered,  the number  of  ~tems to be remembered  can be ma- 
mpulated Challenge by the ant~chohnerg~c, scopolamine,  
has been found to ~mpa~r per formance  on spattal memory  
tests m rats [4] and monkeys  [I] The effect of  scopolamine 
on HST performance  was tested m th~s study to determine  
how closely th~s task m~rrors other  spatial memory  tests The 
long-lasting effects of  neonatal  lead exposure  was also tested 
m th~s study Since there were no apparent  effects of  lead on 
any of  the measures ,  th~s report  focuses  on the effects of  
scopolamine 

METHOD 

Stlb/t'~ t.~ 

The monkeys  m thts exper iment  were  originally descr ibed 

by Bushnell and Bowman [3l as the lead I l l  group There  
were  two controls  and three lead-exposed monkeys  left from 
the ortgmal exper iment  They were  ratsed m a primate nurs- 
ery and g~ven lead orally for the first year  after b~rth, first at 
h~gh acute levels and then at lower  chromc levels  The expo- 
sure consis ted of  an acute l0 mg/kg dose vta nasogas tnc  
mtubat~on on e~ther day 8 or  9 after birth and 1.0 mg/kg/day 
for the next five days. Th~s drove  the blood lead values to 
about  80 ~tg/dl, where ~t was maintained by 0 7 mg/kg/day of  
lead acetate g~ven m thetr dady feeding o f m d k  formula The 
monkeys  then received an additional mtubat ton of  i0 mg/kg 
lead acetate on day 29 or  30, fol lowed by 1-3 mg/kg/day for 
the next ten days,  w~th the dose depending on what  was 
needed to reach blood lead concentra t tons  of  250-300 ~g/dl 
The monkeys  were g~ven chromc doses  o f  lead acetate  datly 
m their mdk formula through week 54 after b~rth. The 
chromc dose was started at 0 7 mg/kg/day and was adJusted 
throughout  the rest of  the first year  to achteve a target blood 
lead concentra t ion  averaging 76 p.g/dl ove r  weeks  17-52 post 
partum Th~s lead administrat ion dtd not produce dtscernable 
~mpa~rment m growth or wetght gmn. There  was a transient 
12-15% reduct ion m hematocn t  dunng  the h~gh lead pulse 
which returned to normal after the 12th week 

The monkeys  had prewously  been tested for social behav- 
ior [3], locomotor  actw~ty [2], spatial reversal  learmng [2], 
and Hamdton  search task acqu~smon [9] The lead-treated 
monkeys  showed sigmficant de f io t s  m spatial reversal  learn- 
mg and a marginal deficit m HST acqms~tton At the t~me of  
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RESPONSE PERFORMANCE ON HAMILTON SEARCH TASK UNDER DIFFERENT DOSES OF SCOPOLAMINE. 
MEAN ± STANDARD ERROR OF THE MEAN 

#g/kg Scopolamine 

Measure Sahne 1 3 5 15 30 

Percent f 
Correct 81 6 ± 1 0 82 I ± 2 7 83 4 _+ 2 7 78 9 ± 4 3 7.5 9 +_ 2 7 74 4 ± 2 6 

Openings to ~ 
Repeat 5 1 - + 0 2  5 5 - + 0 2  5 5 - + 0 3  5 0 ± 0 6  4 2 ± 0 5  4 2 _ + 0 3  

Trials per * 
Sessmn 1 2 5 ± 0 6  1 3 0 ±  I I 1 3 9 ± 2 0  1 4 9 ±  13 1 5 1 ±  13 164_+ 12 

Repetitive + 
Index 112 ± 0 9  1 1 0 ±  14 1 0 0 _ + 2 4  136_+ 25  1 4 6 ± 2 1  170-+ 23  

Responsc .-+ 
Latency 2 5 ± 0 3  24__ .03  2 4 _ + 0 4  2 2 - + 0 3  2 7 - + 0 4  4 1 ± 0 5  

*p<007  
,~p<0025 
~+p<001 

FIG 1 Monkey ZSI performs Hamilton search task in a W~sconsln 
general testing apparatus 

the  p re sen t  t e s tmg  the  m o n k e y s  were  five years  old By this  
t~me the b lood lead levels  o f  the  th ree  l ead- t rea ted  m o n k e y s  
had  r e tu rned  to the  con t ro l  level  of  abou t  5 p.g/dl 

Beharmral lPstmg 

H S T  was run  with an  a p p a r a t u s  (Fig I) cons i s t ing  of  8 
gray boxes  a r r anged  m a row,  f rom s~de to s~de on the  
st~milus t ray o f  a Wiscons in  genera l  t es t ing  a p p a r a t u s  
( W G T A )  Each  box had a hd  which  cove r ed  a foodwel l  A 
meta l  s top p r e v e n t e d  the  d o o r  f rom be ing  o p e n e d  more  than  
80 degrees ,  t he re fo re  the  hds  were  self-closing Each  box  
was  bai ted  with a choco la t e  bit at the  beg inning  of  the  ses-  
s ion and  not  r ebmted  the rea f t e r  Eve ry  20 s econds  the  t ray 

was p u s h e d  to within the  m o n k e y ' s  r each  and  the m o n k e y  
was a l lowed to open  one  box  L a t e n c y  to r e spond  was meas-  
ured using a hand  held s t o p w a t c h  Af te r  the r e sponse  or  30 
s econds  wi thou t  a r e sponse  (a balk) ,  the t ray was w~thdrawn 
from the m o n k e y ' s  reach  but remained  visible for a 20 second 
inter t r ia l  in terval  Trials  were  repea ted  until  all of  the re- 
wards  were  t aken ,  50 trials had e lapsed  or  the m o n k e y  
ba lked  on  th ree  consecu t i ve  trials 

The  da ta  were  ana lyzed  for  r e s p o n s e  la tency  ( seconds)  
and  r e sponse  accu racy  The  a c c u r a c y  was a s sessed  in four  
ways :  pe rcen t  cor rec t ,  open ings - to - r epea t ,  t na l s / s e s s , on  and 
repe t i t ive  index Because  the dtff iculty of  ob ta in ing  r ewards  
inc reased  as a sess ion  p rogres sed  and  more  of  the boxes  
were  empt ied ,  sepa ra te  pe rcen t  co r rec t  scores  were calcu-  
la ted for open ing  each  new box O p e n m g s - t o - r e p c a t  indi- 
ca ted  the  n u m b e r  o f  boxes  tha t  were  o p e n e d  at the  beg inning  
o f  a sess ion  before  a box was r e o p e n e d  Tr ia l s / sess ion  were  
coun t ed  for  those  sess ions  in which  the  m o n k e y s  opened  all 
o f  the  boxes  Repet i t ive  index was a measu re  of  repe t i t ions  
o f  box cho ices  It was  ca lcu la ted  for  eve ry  box  o p e m n g  by 
taking the  inverse  o f  the n u m b e r  of  trials tha t  had e lapsed  
s ince  that  box had last  been  opened  Novel  box  o p e m n g s  
were  g iven  scores  o f  zero  All the  scores  for  a sess ion  were  
ave raged  and  mult ipl ied by 100 With this measu re  the less 
repe t i t ive  the  cho ices ,  the lower  the  score  The  data  were  
eva lua ted  for  s igmficance  by  the analys is  of  va r i ance  For  
the  pe rcen t  co r rec t  measu re  the A N O V A  cons i s t ed  of  a 
mixed des ign w~th lead e x p o s u r e  as a be tween  fac tor  and  
scopo lamine  dose  and  box open ing  as within measu re s  
Ana lys i s  of  all of  the  o t h e r  m e a s u r e s  used the  same  des ign 
wi thou t  box open ing  as a fac tor  

St opohzmtne Dosing 

Scopo l amine  b romide  (Sigma Co . St Louis)  was in jected 
IM m a vo lume  o f  0 l ml/kg, 30 minu te s  before  the beginning  
o f  the H S T  sess ion  Each  dose  ( sahne ,  1. 3, 5, 15 and  30 
/zg/kg) was g iven  four  di f ferent  days  in a c o u n t e r - b a l a n c e d  
o rde r  In jec t ions  were  g iven  twice  a week  on  Tuesdays  and 
Fr idays  
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RESULTS 

None of  the five response measures detected stgnificant 
or marginally sigmficant lead-related effects Four of the 
measures detected s~gnificant effects of scopolamine, whde 
one detected a marginally stgmficant effect. The means and 
standard errors for each measure at each scopolamine dose 
are presented m Table 1. W~th percent correct responses, 
scopolamine s~gntficantly ~mpatred performance, F(5,15)= 
4 20, p<0.025. Deficits were not seen at the lower doses of 1 
or 3/~g/kg, but the h~gher doses of 5, 15 and 30 p.g/kg resulted 
an scores which were 3.3%, 7.0% and 8 8% lower than the 
sahne score. A simdar pattern of results was seen w~th the 
scopolamine effect on openings-to-repeat, F(5,15)=4.64, 
p < 0  01 No deficits were seen at the two lowest doses The 
mean score for the 5 ~g/kg dose was only 2 0% lower than 
sahne, whde the scores for the 15 and 30 #.g/kg doses were 
both 17.6% lower than the sahne score W~th trials/session 
each of the ~ncreas~ng doses resulted ~n a greater ~mpmrment, 
however the ma~n effect of  scopolamine was only marginally 
slgmficant, F(5,15)=2 68, p<0.07 The scopolamtne doses 
caused the following percentage ~ncreases over  the sahne 
score" 4 0% for I p.g/kg, I 1 2% for 3/zg/kg, 19 2% for 5 #g/kg ,  
20 8 for 15 p.g/kg and 31 2 for 30 g.g/kg W~th the repettt~ve 
index measure, the mare effect of scopolamine was s~gmfi- 
cant, F(5,15)=4 35, p < 0  025 No impairments were seen at 
the I and 3 p.g/kg doses At the 5, 15 and 30 ~tg/kg doses, 
repetitive ~ndex scores were tncreased by 21.4~, 30 4% and 
51 8% over the sahne score. With response latency, there 
was also a s~gmficant ma~n effect of scopolamine, 
F{5,15)=6 17, p < 0  005. Only the 15 and 30 /.tg/kg doses 
caused any tncreased latenctes The latency at the 15/zg/kg 
dose was only shghtly ratsed at 8 0% over sahne, whde the 
latency at the 30 pg/kg dose was greatly raised at 64 0% over 
sahne 

trials/session measure. The middle dose of 5 ~g/kg caused 
shght effects on the choice measures, whde the higher doses 
of 15 and 30 ~g/kg impaired response accuracy according to 
all of the measures RepetR~ve index was the most sensitive 
of the choice measures at the 5, 15 and 30/zg/kg doses, as 
md~cated by percent decrement from sahne scores Thts may 
have resulted from a more complete accounting of  the data 
by th~s measure. Unlike the openings-to-repeat measure, re- 
petitive index took into account response data from the 
entire session Unhke the percent correct and trials/session 
measures, ~t d~fferent~ally scored incorrect trials Repet~ttve 
tndex was the only choice measure w~th which every trial 
contributed a p~ece of scalar data. W~th response latency 
only the h~ghest dose of 30 ~g/kg resulted m a substanttal 
effect The dose of 15 mg/kg impaired response accuracy 
without s~gnlficantly affecting response latency, demonstrat- 
ing that the dechne m accuracy was not merely a result of 
~ncreased ~ntertnal tntervals 

These data show that w~th a variety of  response ~iccuracy 
measures the HST ~s senstt~ve to the chohnergic dtsruption 
of scopolamine, as has been seen w~th other spatml memory 
tasks such as delayed response m the monkey [I] and 8-arm 
maze performance ~n the rat [4] The HST prowdes a good 
complement to the delayed response task m measunng spa- 
t~al memory ~n monkeys W~th delayed response d~fferent 
delays can be interposed between the sample and choice 
portions of the task so that the decay of memory over t~me 
can be examined. W~th HST d~fferent numbers of boxes are 
left ba~ted dunng d~fferent portions of the session so that 
decay of memory w~th ~ncreas~ng loads of reformation can be 
examined. The examination of the length of memory and the 
numerical capacity of memory prowde assessment of  the 
two pnnc~pal components of memory function HST may 
provide an analog for the monkey of the rat 's 8-arm maze 

DISCUSSION 

Lead treatment dtd not s~gmficantly affect performance 
on any of the measures, nor d~d it alter the scopolamme 
effect m any ~nteractton On the other hand, scopolamine 
had an affect on all of the measures. The lower doses of I and 
3 p.g/kg d~d not cause any changes, except possibly w~th the 
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