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Acute and Chronic Amphetamine Treatment: 
Differential Modification of 
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BRUT(). V. AN[) H. ANISMAN. Acute and chronic amphetamine treatment: l)iJ.]i'rential tm,di/h ation oJ'cxplorato O" 
hehavi,~r m a radial maze. PHARMACOI. BIOCHEM BEHAV 19t3) 487-496. 1983.--Mice permitted to explore an 8-arm 
radial maze displayed high levels of spontaneous alternation .'ts measured by the frequency of visiting (a) the 4 least recently 
entered arms. ~bl the 2 least recently visited arms. and Ict sequences of arms which are adjacent to one another. Acute 
treatment with low doses of amphetamine ( 1.0 mg/kg) eliminated the alternation tendency. Higher doses (5.0-7.0 mg/kg) 
also produced marked stimulus perseveration, such that mice tended to revisit the two arms that had been most recently 
entered. With repeated amphetamine treatment the perseveration tendency was attenuated. The abatement of pcrsevera- 
tion in the radial maze did not appear to reflect simply the reduction in the potency of the drug. That is, the reduction of 
perseveration after chronic exposure to amphetamine was not accompanied by recovery of normal exploratory patterns. In 
fact. the alternation and adjacent alternation patterns typical of naive animals were absent in mice chronically treated with 
amphetamine even when tested in the nondrug state. It was suggested that the attenuation of amphetamine induced 
pcrseveration after chronic amphetamine administration may reflect a breakdown of normal behavior patterns rather than 
the development of a genuine tolerance. 

Amphetamine Acute Chronic I'ixploration Perseveration Alternation 

W H E N  permi t ted  to exp lore  a Y- or T-maze ,  bo th  rats and 
mice exhibi t  a p re fe rence  for the  a rm of  the maze  that  was  
least recent ly  vis i ted [2,3]. This  behav io r ,  t e rmed  spon tane -  
ous  a l t e rna t ion ,  is a s s u m e d  to reflect  hab i tua t ion  to the most  
recen t ly  visi ted a rms  of  the maze .  resul t ing in a p re fe rence  
for the more  novel  a rm [3]. T r e a t m e n t s  be l ieved  to d is rupt  
hab i tua t ion ,  such as an t icho l inerg ics ,  p rovoke  r a n d o m  re- 
sponse  pa t te rns ,  such  that  c h a n c e  levels of  a l t e rna t ion  are 
typical ly  o b s e r v e d  [5, 7, 23]. T r e a t m e n t  with  a m p h e t a m i n e  
will also d is rupt  a l t e rna t ion ,  but  this  effect  can be dist in- 
gu ished  from the behav io ra l  effects  of  an t icho l inerg ics .  Un-  
like an t ichol inerg ic  agents ,  t r ea tmen t  with in t e rmed ia t e  
doses  of  a m p h e t a m i n e  will elicit a marked  pe r seve ra t i ve  
t e n d e n c y ,  i.e.. an imals  success ive ly  visit two a rms  of  the  
maze  [I,  I1, 12. 13]. It has  been  sugges ted  that  
a m p h e t a m i n e - i n d u c e d  s t imulus  pe r seve ra t ion  may be de- 
penden t  on the funct ional  integri ty of  the no rad rene rg i c  sys- 
tem [13] and may reflect e n h a n c e d  a t t en t ion  to se lec t ive  as- 
pec ts  of  the e n v i r o n m e n t  [ 15]. 

In con t ras t  to b e h a v i o r s  such as s t e reo typy ,  which  are 
e n h a n c e d  with repea ted  a m p h e t a m i n e  t r ea tmen t  [20.21], the 
p e r s e v e r a t i v e  t e n d e n c y  is r educed  with chron ic  admin is t ra -  
t ion of  a m p h e t a m i n e  [10, 13, 141. Typica l ly ,  a m o n g  an imals  
that  rece ived  in jec t ions  of  a m p h e t a m i n e ,  p e r f o r m a n c e  is 
ne i the r  cha rac te r i s t i c  of  sa l ine - t rea ted  an imal s  nor  of  an ima l s  
that  rece ived  acu te  in jec t ion of  the drug [10, 13, 14]. Tha t  is 

to say,  the a t t enua t ion  of  the  pe r seve ra t ive  t e n d e n c y  in mice 
chron ica l ly  t rea ted  with a m p h e t a m i n e  did not resul t  in be- 
hav io r  which  re sembled  that  of  pharmaco log ica l ly  naive  
animals .  W h e r e a s  an imals  t rea ted  with sal ine exh ib i t ed  
a b o v e  c h a n c e  a l t e rna t ion  scores  (be tween  65 and  70%/, 
an ima l s  with a h is tory  of  5 to 30 days  of  a m p h e t a m i n e  t reat-  
ment  exh ib i t ed  levels of  a l t e rna t ion  which  did not dev ia te  
f rom c h a n c e  (i .e. ,  a l t e rna t ion  scores  be tween  51) and 55~:). 

It was recen t ly  p roposed  that  the r educ t ion  of  the perse-  
ve ra t ive  t e n d e n c y  with ch ron ic  a m p h e i a m i n e  t r ea tmen t  may 
not  be a c o n s e q u e n c e  of  drug to le rance ,  but  r a the r  may be 
ref lect ive  of  the  in t rus ion  of  o the r  d rug- induced  t endenc i e s  
tha t  are an tagonis t i c  with the pe r seve ra t ion  [15]. It was 
sugges ted  that  ch ron ic  a m p h e t a m i n e  t r e a t m e n t  may p rovoke  
d i s rup t ion  of  a t t en t iona l  abil i t ies  that  may be fundamen ta l  
for the execu t ion  of  bo th  pe r seve ra t i ve  s e q u e n c e s  and alter- 
na t ion behav ior .  Unfo r tuna t e ly ,  this c o n c l u s k m  is t empe red  
owing to the lack of  sens i t iv i ty  of  the a l t e rna t ion  measure  
employed .  More  specif ical ly,  the l imited n u m b e r  of  poss ible  
r e sponses  avai lable ,  and hence  the  l imited types  of  r e sponse  
profi les tha t  can  be expec t ed  in a Y-maze .  of ten makes  it 
difficult  to d is t inguish  b e t w e e n  an imals  explor ing  in a ran- 
dom fash ion  (i .e. .  a l t e rna t ion  scores  be tween  50 and 55%) 
and  an imals  explor ing  the maze sys temat ica l ly  (e.g.,  alter- 
na t ion scores  be tween  65 and 70%). The  purpose  of  the pres-  
ent  inves t iga t ion  was to assess  the acute  and  ch ron ic  effects  
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TABLE I 

MFAN NUMBER OF ARM ENTRIES (+S.F.M.)  AS A FUNCTION OF DRUG TREATMENT 

1.0 3.0 5.0 7.0 9.0 
Saline mg.'kg mg,'kg mg,'kg mg.kg mg/kg 

56.8 -* 5.3 89.9 * 14.1 126.8 - 5.0 118.3 * 19.1 46.4 - I0.0 39.1 + 12.8 

arm entries minus two. The probability of a perseveration is 
0.125 and thus provides a more stringent index of the perse- 
verative tendency than the 4-arm persevcration measure, le) 
Sequential/adjacent alternation: the proportion of alternation 
responses in which three arm entries occurred in im- 
mediately adjacent arms. For instance, if the arms of the 
maze were labelled I through 8, a pattern of entries such its 
2, 3, 4. 5. 6. 5, 7, 8, 7, 6. would receive a score of four 
adjacent alternations (the italic entries would be considered 
adjacent alternation responses). The proportion of adjacent 
alternation responses was calculated by dividing the number 
of such responses by the total number of arm entries minus 
t w o .  

RESUI.TS AND DISCUSSION 

Locomotor  Activi ty  

As shown in Table I, amphetamine administration 
produced a dose-dependent change of  the number of arms 
visited, F(5,54)=9.64, p<0.001. Newman-Keuls multiple 
comparisons (c~=0.05) indicated that the 3.0 and 5.0 mg/kg 
doses of amphetamine significantly increased the number of 
arm entries relative to saline-treated mice: the 3.0 mg/kg 
dosage was found to be maximally effective in this respect. 
In contrast, neither 1.0, 7.0, nor 9.0 mg/kg of amphetamine 
significantly enhanced locomotor activity relative to saline- 
treated controls. In fact, five of the ten mice tested with 9.(1 
mg/kg showed a decline in activity: these animals exhibited 
fewer than 8 arm entries during the 15-minute test period, 
and this group was consequently not included in the analyses 
of  alternation and perseveration. 

Spottlatt~'otts Alternation 

Independent analyses of  variance were conducted for 
each of the alternation measures. In addition, ,~: analyses of 
each of the group scores were conducted in order to deter- 
mine whether performance deviated from chance. As typi- 
cally seen in the Y-maze [11,12], saline-treated animals 
permitted to explore the radial maze freely exhibited a pat- 
tern of  exploration characterized by a marked preference for 
the least recently visited arms of the maze. In fact, X ~ 
analyses of the total group proportion of alternation re- 
sponses indicated that saline-treated animals exhibited levels 
of alternation which exceeded chance, irrespective of 
whether the 2- or 4-arm alternation measure was considered. 
In contrast, as seen in Table 2, treatment with amphetamine 
was found to reduce alternation to chance or below chance 
levels. Not unexpectedly, Analysis of Variance revealed that 
acute injection of amphetamine reduced the proportion of 
responses to the least recently entered arms, F(4,45)=9.41, 
9.44, p<0.05 for the 2-arm and 4-arm alternation measures, 
respectively (see panels B and C of Fig. I). Newman-Keuls 
multiple comparisons revealed that relative to saline treated 

subjects, acute treatment with all doses of amphetamine ef- 
fectively reduced the proportion of 2-arm alternation re- 
sponses. Predictably, when the less stringent or less sensi- 
tive 4-arm alternation measure was considered, Newman- 
Keuls multiple comparisons (,r =0.()5) indicated that only the 
3.0, 5.0 and 7.0 mg/kg dosages significantly reduced the pro- 
portion of alternation responses. 

In addition to a preference for the temporally most novel 
arms of the maze. saline-treated mice showed a marked 
tendency to sample their environment in a systematic fash- 
ion. As seen in Panel A of Fig. I, saline-treated mice exhib- 
ited sequences of at least 3 arm entries in which they suc- 
cessively entered adjacent arms (adjacent alternation). The 
frequency of such responses exceeded chance (see Table 2). 
Acute amphetamine treatment influenced the proportion of 
adjacent alternation responses, F(4.45)=7.3, p<0.05. 
Newman-Keuls multiple comparisons (~r=0.05) revealed that 
all doses of amphetamine significantly reduced the propor- 
tion of such responses relative to saline-treated controls. 
Moreover, among amphetamine-treated mice adjacent alter- 
nation levels either did not differ from chance or were lower 
than chance levels (see Table 2). 

[)~'r,~'vL'l'LHi{stl 

The frequency of 2-arm perseveration responses as a 
function of drug treatment is shown in Panel D of Fig. I. As 
seen in the Y-maze exploratory task [I I, 12, 13, 14], acute 
amphetamine treatment influenced the occurrence of 
stimulus perseveration, F(4.45)=6.68, p<0.05. Subsequent 
Newman-Keuls multiple comparisons (¢~().()5) revealed 
that, relative to saline-treated animals, 5.0 and 7.0 m~kg of 
amphetamine increased the frequency of perseverative re- 
sponses. X ~ Analyses (see Table 2) indicated that persevera- 
tion scores in these two groups significantly differed from 
chance values. It wil l be recalled that analysis of the 4-arm 
alternation (which is the reciprocal of 4-arm perseveration) 
indicated that 3.0, 5.0 and 7.0 mg/kg of amphetamine signifi- 
cantly reduced 4-arm perseveration. These data are consis- 
tent with the supposition that 2-arm perseveration is a more 
stringent indicator of the perseverative tendency than 4-arm 
perseveration and hence changes are detected within a more 
limited range of doses. Moreover, examination of the effects 
of amphetamine on alternation and perseveration in the ra- 
dial maze suggests that amphetamine-induced decrements in 
alternation (2- and 4-arm) may be distinguished from 
amphetamine-induced perseveration. For example, acute 
treatment with 1.0 mp~kg produced a significant decrease in 
the proportion of 2-arm alternation responses but the reduc- 
tion in the alternation tendency was not accompanied by any 
appreciable increase in 2-arm perseveration. In higher doses, 
of course, the reduced alternation was accompanied by 
marked perseveration. 

The effects of amphetamine on perseverative behavior 
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T A B L E  2 

X 2 ANALYSIS OF THE "I'OTAI. GROUP PROPORTION OF RESPONSE PATTERNS 

1 reatment 

SAt, 1.0 mg'kg 3.0 mg/kg 5.0 mg, kg 7.0 mg:kg 

Ad jacen t  16.7 '  0.21 6.6(F' 2.77 6.,5(1' 

A l t e rna t i on  

2-arm 19.2 ~ (I.85 4 .32*  0.(15 6.47:' 
Al t e rna t i on  

4-arm 2 I. I* 4.00* 3.24 2.56, 6.76 ~ 

A l t e rna t ion  

P e r s e v e r a t i o n  I. 12 0.57 1.85 50.5 '  128.6 :~ 

In each case. dl 1, ~2 value necessary for p- 0.05= 3.;'.;6. 
*Deviates from chance performance. 
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FIG. I. Mean proportion (%) _+S.E.M. of adjacent alternation, 
2-arm alternation, 4-arm alternation and perseveration responses as 
a function of Drug Treatment ( 10.0 ml/kg saline or 1.0, 3.(), 5.0 or 7.0 
mg/kg d-amphetamine). In each case, the dotted lines designate 
chance levels of responding. 
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FIG. 2. Mean proportiontg,;} "S.E.M. of2-arm alternation, 4-arm 
alternation, perseveration and adjacent alternation responding as a 
function of l)rug History (10.0 ml/kg saline or I(I.II mg/kg 
d-amphetanfine for 5 consecutive days) and Drug Treatment tm Test 
I)ay (10.(1 ml/kg saline or 3.t) mg/kg d-amphctaminc). The dotted 
lines denote chance response rate~. 

appea red  to be i n d e p e n d e n t  o f  changes  in l ocomoto r  act ivi ty .  
As seen  in Fig. 1, max imal  pe r seve ra t i on  was o b s e r v e d  fol- 
lowing 5.0 and  7.0 mg/kg of  a m p h e t a m i n e .  In con t ras t ,  the 
peak drug effect  on  l o c o m o t o r  ac t iv i ty  occu r red  af ter  3.0 
mg/kg, and the 7.0 mg/kg dose  did not increase  act ivi ty  at all 
(see Table  1). 

E X P E R I M E N T S  2a-2c  

It will be recal led that  the  p e r s e v e r a t i v e  r e sponse  pa t te rn  
induced  by a m p h e t a m i n e  is absen t  fol lowing repea ted  expo-  
sure  to the  drug.  Kokkin id i s  and  A n i s m a n  [15] suggested  that  
this  may have  been  due to a b r c a k d o w n  in normal  b e h a v i o r  
pa t t e rns ,  possibly  owing to a t t en t iona l  defici ts ,  r a the r  than  a 
ref lec t ion of  drug to le rance .  The  pu rpose  of  Expe r imen t  2 
was twofold:  first, to es tab l i sh  the p a r a m e t e r s  neces sa ry  to 
p rovoke  the decl ine  in the pe r scve ra t i ve  r e sponse  to am- 
p h e t a m i n e  in the 8-arm radial maze ;  and,  second ,  to compa re  
the  r e sponse  pa t t e rn s  of  sa l ine- t rea ted  an imals  to those  of  
an imals  that  had rece ived  ch ron ic  a m p h e t a m i n e  t r ea tmen t .  
More  specif ical ly,  would the decl ine  in pe r scve ra t ion  in the 

la t ter  cond i t ion  be assoc ia ted  v,.ith an increase  m the fre- 
quency  of  one  of  the forms of  a h e r n a t i o n  or  would the re- 
sponse  pa t te rn  a p p e a r  h a p h a z a r d ?  

MEI t lOl)  

Suhje('ts and AI)l)aratu.~ 

Exper imen t s  2a, b, and c each  involved  411 naive Swiss- 
W e b s t e r  mice• All par t icu lars  regarding subjec t s  and appara-  
tus were  identical  Io those  out l ined in F, xpcr imcnt  I, with the 
qual i f icat ion that  an imals  were  individual ly  housed  from 
c o m m e n c e m e n t  of  the chron ic  drug or saline regimen.  

l)rocc,dlu'C 

in i -xper iment  2a, mice received daily IP inject ions  of  
e i the r  d - a m p h e t a m i n e  sulfate (10.0 mg/kg, sah weight,  m a 
10.0 ml/kg volume)  or  physiological  saline (10.0 ml/kg) on 5 
consecu t i ve  days.  ()n the sixth day,  these  groups  ~ c r e  sub- 
divided such  that  one -ha l f  the an imals  rece ived  a 3.(1 mg/kg 
test  dose  of  d - a m p h e t a m i n e  sulfate ( s a l i ne -amphe tamine ,  
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"IA BI.E 3 
MEAN NUMBER ()1': ARM EN'IRIES ( -%.EM. )  AS A [:UNCTI()N ()F 

l)Rt;( ;  HI%'I()RY AND I)RLiG "IREATMI.IN'I ON DAY ()F I t S r l N ( ;  

Drug Fli,~tou~ 

Drug "1 r e a t m c n l  
on Da.,, of ' l 'c~, t ing 

3.0 mg. kg 
Sal ine  ~nnphctaminc  

It).U ml k# 54.3 118.8 

',;dine day  for l i ' ,c  d,t.~', -6 .2  • 10.t) 

10.0 nag kg fit).7 141.3 

d- i~mphclnminc  dll', l\)r l],.e da) , ,  - 6.3 • g.O 

anlphetaminc-amphetamineL while the remaining mice re- 
ceived saline (saline-saline. amphctaminc-,,aline). This pro- 
cedure v,a~, replicated in Experiment 2b. v, ith the exception 
that a challenge dose t)f 5.1,) mg/kg w as administered prior It) 
testing. In Experiment 2c. animah, received daily IP mice- 
lions of 11,}.1,) mg/kg d-amphetamine ,,ulfate or saline for ten 
consecutive days and received either a challenge dose or 5.(1 
mg/kg or saline prior to testing tan the eleventh day. The 
behavioral testing and ,,coring procedure~, ',~ere identical to 
1,hose prcviot,sly dc~,cribcd in Experiment I. 

Rt-,HUI l'S ANI)  l)lS( ! IN,~l( )N 

/:.~/)~'/'ilHt'/ll 2~1 

/ . ~ , m t . / ~ r  z l ( / i r i lv .  As seen in Table 3. and confirmed hy 
Analysis t)t" Variance, amphetamine administered on lest day 
signilqcantl~ increased h~comolor act iv i ty.  I-(I,361-86.98, 
p. :0.1,)5. Several investigators 1211.211 p0"cviotnsly reported 
chronic :m~phetamine Ircalmenl to cl lh;. tnce the mot,or exci- 
tation induced by subsequent amphetamine treatment. As 
evident in Table 3. suggestion of such an effecl was evident 
in Experiment 2a. Hov, ever. in the absence o|" a detailed 
analysis ta|" h)comotor and slereotypic changes th;tt t)CCtll 
over various time intcrv:ds fl)llowing amphetamine treat- 
ment. it ix diflicuh to determine whether the activity changes 
that occurred in the present investigation ,,ere comparable 
to those previously reported. 

,~'l;t~nl(tn('~lt.~ tl/ l~,rntlli~l/ .  As evident in Panels A and FI of 
Eig. 2. the degree of preference ~ hich animals dcmom, trated 
lt~r the relatively novel arm~, of the maze was only influenced 
by Drug l rca tment  on Day or l'e,,ting. E's[1.36)-11,l. 12. 
16.6()./~¢:t'1.1'15. [tar the 4-arm and 2-arm alternation measures. 
re~,pcctively. Irrespective of drug history, treatment with 3.1'1 
mg/kg of amphetamine on the day or tc~ting reduced the 
proporticm of alternation responses. Animals treated t)lll~,' 
,,~ith saline exhibited ahcrnation score,, which were signifi- 
cantly above chance, whereas chance tar helov, chance level 
alternation was characteri~,tic of those mice tested in the 
drug shtle. Moreover, while injection of 10.0 mg/kg/day tbr 5 
consecutive days did not significantly' inllucnce ahcrnation, 
it i~, note~orthy thai the 4-a,'m allernation scores of 
AMP/SAI. mice did not deviate from chance levels. 
I.ikcwise. ,,ix taf the ten mice chronically treated with am- 
phetamine and tested ,, ith saline exhibited 2-arm alternation 
scores which did not devkde from chance (scc Table 4). 

Analysis of Variance of the proportitm of adjacent alter- 
nation rc',ponscs indicated a signilicant interaction between 

Drug Treatment on day of testing and l)rug History, 
F( 1.36)=5.02./)<1,).05 (scc Fig. 2). Nev..man-Keuls multiple 
comparisons of the simple main effects comprising the in- 
teraction (~-0.1,)5) revealed that. among saline-pretreatcd 
mice, 3.0 mg/kg of amphetamine significantly reduced the 
proportion of adjacent alternation responses relative to mice 
that received sldine throughout. Chronic treatment with am- 
phetamine did not modify the degree o[" adjacent alternatitm 
|csponscs produced by a 3.1,1 mg/kg challenge dose of the 
drug. Regardless of prior drug history, mice tested in the 
:tmphctaminc condition exhibited below chance levels of ad- 
jacent alternation (scc Table 4). Interestingly. adjacent alter- 
nation behavior ~as modified by chronic amphetamine 
:lmong mice subsequently tested in the saline condition. That 
i,,. the adjacent alternation scores of amphetamine-saline 
tleatcd mice v, crc signilicantly lower than those of mice that 
were repeatedly treated v, ith saline. In fact. ,,~.hercas the 
atljaccnt alternation ',cores of the latlcr group exceeded 
chance, those of the former group did not deviate from 
chance (sec rablc  4). 

I~'r~'v~'rul i~m. The proportion of perseveration responses 
its it function of the Drug Treatment ix shown in Panel C or 
Fig. 2. Analysis, of Variance indicated that 3.1,,I mg/kg of am- 
phetamine significantly increased the proportion of pcrsev- 
eration responses relative to saline-treated conlrols, 
I:(1.36) 17.1,.)1,1. p<:1,).1,)5. Pre-cxposurc to amphetamine (10.1,) 
mg/kg} for 5 consecutive days v~a~, ineffective in reducing the 
pcrscveration tendency. In spite of this. however, the persc- 
vcration score,, tff animals pretreated and tested with am- 
phetamine may bc differentiated |'ronl those o| 'the acute drug 
group in thal scores of the latter e x c e e d e d  chance whereas 
those of the former did not deviate from chance (scc rablc 4). 

I:.~ll~'ril/H.'tlt 2h 

1.o( ontrm~r ~l~livi/v. As in Experiment 2a, treatment with 
;mmhctamine tan tcs! day enhanced locomotor activity, its 
reflected by the number of arm entries, F(I.36)=21.25, 
p-: 10.05 (see rablc  5). Repeated treatment with amphetamine 
for five con~,ecutive days did not significantly influence sub- 
sequent activity (sec also the Results and l)iscussion of Ex- 
periment 2c1. 

.~'pop/l~tn~'ott.~ u/l~'rntt l iot t .  Consistent with Experiment I. 
administration o1" the 5.1,) mg/kg dosage tar amphetamine on 
test da~ reduced the proportion of both alternation and adja- 
cent ahcrnation responses, F's(I .36)-19.83. 35.1,18, 28.67, 
p 's .  0.05 for the 4-arm, 2-arm and adjacent alternation 
measures, respectively (see Fig. 3). Amphetamine pretreat- 
mcnt v,,is without effect on any of 1,hose measures. 

I~'rt'.~'vrrali~m. Analysis o|" Variance of the proportion or 
perseveration responses indicated that mice treated with 
amphetamine on the day of testing showed a significantly 
greater proportion of perseveration responses than did 
animals Ihat received saline. F(I.36)-9.04, p<1,).05. Al- 
though the Analysis of Variance indicated that prior drug 
history did not influence perseveration. X" analyses (see 
"l'ahlc 6) indicated tha! amphetamine prctreatment signili- 
cantly aft'coted the degree of pcrscveration observed after a 
5.0 mg/kg challenge do~,c. Whcrca~, mice in the acute am- 
phetamine group displayed perseveration scores which ex- 
ceeded chance, mice chronically treated with amphetamine 
and then tested in the drug state exhibited perscveration 
score,, which did not deviate from chance. It might also be 
noted that althtuJgh the analysis of variance indicated that 
f i v e  d a y s  O1" pro-exposure to amphetamine did not signifi- 
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TABLE 4 

X2 ANALYSIS  OF THE TOTAL G R O U P  PROPORTION OF RESPONSE PAF'I't ':RNS 

Adjacent 2-arm 4-a rm Persever- 
Treatments Alternation Alternation Alternation ation 

saline-saline 34.8* 1(I.45 *: 21.2" 0.57 
saline-amphetamine 5.23* (I.21 4.0* 5.14" 
amphetamine-saline 0.21 5.33* 0.36 1.12 
amphetamine-amphetamine 7.83" 0.21 2.56 I. 12 

In each case, d r - I ,  X 2 value necessary for/,< 0.05- 3.86. 
*Deviates from chance performance. 

TABLE 5 

MEAN NUMBER OF ARM ENTRIES (_..S.E.M.) AS A FUNCTION OF 
DRUG HISTORY AND DRUG TREATMENT ON DAY OF TESTING 

Drug Treatment 
on Day of Testing 

5.1) mg/kg 
Drug History Saline amphetamine 

10.0 ml/kg 56 _+. 6 115 -+ 15 
saline/day 

10.0 mg/kg 47 = 4 85-14 
d-amphetamine/day 

cantly alter perseveration, half the mice in the 
amphetamine-amphetamine group showed an attenuation of 
the perseverative responding normally observed after 5.0 
mg/kg of the drug. 

Taken together, the results of Experiments 2a and 2b 
indicate that daily injections of 10 mg/kg for 5 consecutive 
days are ineffective in altering perseveration after subse- 
quent challenge doses of 3.0 or 5.0 mg/kg of amphetamine. 
However,  when tested after injection of saline, animals with 
a history of repeated amphetamine treatment do not display 
patterns of adjacent alternation ordinarily observed in 
saline-treated mice. 

Experiment 2c 

Locomotor activity. As seen in Table 7, animals treated 
with 5.0 mg/kg of amphetamine exhibited higher levels of 
locomotor activity than did mice tested with saline, 
F(1,36) = 27.15, p <0.05. Consistent with the results of Exper- 
iment 2a and those of other investigators [20,21] mice chron- 
ically treated with amphetamine exhibited a greater number 
of  arm entries than saline-pretreated mice, F(I,36)=7.46, 
p<0.05. 

Spottltlneous alternation. Panels A and B of Fig. 4 illus- 
trate the proportion of alternation responses as a function of 
drug treatments. The degree of preference animals demon- 
strated for the 4 more novel arms of the maze varied as a 
function of Drug History × Drug Treatment on Day of Test- 
ing. F(I,36)=7.90, p<0.01. Newman-Keuls multiple com- 
parisons (o~=0.05) indicated that treatment with am- 
phetamine on test day significantly reduced the proportion of 
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FIG. 3. Mean proportion (%) +S.K.M. of 2-arm alternation, 4-arm 
alternation, perseveration and adjacent ahernation responses as a 
function of Chronic l)rug Pretrcatmcnt 110.0 ml/kg saline or 10.0 
mg/kg d-amphetamine for 5 consecutive days) and Drug Treatment 
on Day of Testing ( 10.0 ml/kg saline or 5.0 mg/kg d-amphetamine). 

alternation responses relative to mice pretreatcd and tested 
with saline; this reduction was to a lesser degree among mice 
pretreated with amphetamine. Moreover. alternation scores 
of the saline-saline group were higher than those of animals 
in the amphetamine-saline group. It will be recalled that the 
4-arm alternation measure is, in effect, analogous to the al- 
ternation/perseveration index of the Y-maze (where the 
probability of both an alternation and a pcrscvcration is 
0.50). As such the slight increase in 4-arm alternation (and 
thus slight decrease in amphetamine induced 4-arm pcrsev- 
eration) in the chronic amphetamine group tested with the 
drug is consistent with earlier reports using a Y-maze ex- 
ploratory task [10,131. However,  it may be noteworthy that, 
while the acute amphetamine group displayed levels of 4-arm 
alternation which fell significantly below chance, the 4-arm 
pcrseveration scores of the chronic amphetamine group did 
not deviate from chance (see Table 8). 

As evident in Panel A of Fig. 4 and substantiated by 
Analysis of Variance, 2-arm ahernation performance varied 
as a function of Drug History × Drug Treatment on Test 
Day, F(I,36)=8.43. p<0.05. Newman-Kculs multiple com- 
parisons (a=0.05) indicated that irrespective of chronic drug 
history, injection of 5.0 mg/kg of amphetamine prior to test- 
ing reduced the proportion of 2-arm alternation responses 
relative to saline-treated controls. That is, irrespective of 
drug history, mice tested lk'~llowing injection of 5.0 mg/kg 
exhibited 2-arm alternation scores which did not deviate 
from, or fell significantly below, chance (Table 8). 
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T A B L E  6 
~2 ANALYSIS OF TOTAl.  GROUP PROPORTION OF RESPONSE PA' I ' IERNS 

Adjacent 2-arm 4-arm Persever- 
Treatment Alternation Alternation Alternation ation 

saline-saline 12.09" 17.28* 10.2* 0.2 I 
• ,aline-amphetamine 3.86* 4.32 ~ 1.44 16.7" 
amphetamine-saline 8.25* 3.41 3.24 (I.21 
amphetamine-amphetamine 5.14" 1.92 1.44 3.85 

In e~lch casc, ~,~I'= I, ~z value necessary for p - 0 . 0 5 -  3.86. 
*Deviates from chance performance. 

T A B I , E  7 

MI'AN NUMBER OF ARM E N I ' R [ | ' S  I*S .E .M.)  AS A FUNCTION OF 
[')RUG HISTORY AND DRUG " [REATMENT ON DAY OF TESTING 

Drug Treatment 
on Day of Testing 

5.0 mg,;kg 
Drug History Saline amphetamine 

It)A) ml /kg  42 , 4 101 - 17 

s a l i n e ; d a y  

10.0 mg,"kg 71 _+ 8 140 ' 15 

d - a m p h e t a m i n e , d a y  

T A B I , E  8 
.~z ANALYSIS  OF TOTAl ,  G R O U P  PROPORTION OF RESPONSE PATTERNS 

A d j a c e n t  2 - a r m  4 - a r m  P e r s e v e r -  
T r e a t m e n t  A l t e r n a t i o n  A l t e r n a t i o n  A l t e r n a t i o n  a t i o n  

saline-saline 28.(1" 23.52* 29.2* I. 12 
saline-amphetamine I. 12 5.33* 12.96* 64.2* 
amphetamine-saline 0.02 3.41 9.0* 2.77 
amphetamine-amphetamine 3.86 1.92 1.0 16.7" 

In each case, dr= I, X z value necessary for p<0.05=3.86. 
*Deviates from chance performance. 

Moreove r .  a m p h e t a m i n e  p r e t r e a t m e n t  was found to influ- 
ence  a l t e rna t ion  b e h a v i o r  even  when  tes t ing  was c o n d u c t e d  
in the sal ine condi t ion .  Tha t  is, mice r epea ted ly  injected with 
a m p h e t a m i n e  and  tes ted  with sal ine exh ib i t ed  s ignif icant ly  
lower  2-arm a l t e rna t ion  scores  than  did mice that  were  bo th  
p re t r ea t ed  and  tes ted  with s a l i n e .  Indeed ,  whe reas  the per- 
f o r m a n c e  of  the  la t ter  group exceeded  c h a n c e ,  that  of  the 
fo rmer  g roup  did not dev ia te  f rom c h a n c e  (sec Table  8). 
Thus ,  there  appea r s  to b c a  b r e a k d o w n  of  the  a l t e rna t ion  
t e n d e n c y  fol lowing chron ic  a m p h e t a m i n e  t r e a t m e n t ,  which 
is ev iden t  bo th  af te r  a cha l lenge  dose  of  a m p h e t a m i n e  and 
a f te r  sal ine.  

As in the case  of  2-arm a l t e rna t ion ,  Analys i s  of  Var iance  
indica ted  that  ad jacen t  a l t e rna t ion  p e r f o r m a n c e  var ied  as a 
func t ion  of  the  in te rac t ion  b e t w e e n  Drug His tory  and  Drug 
T r e a t m e n t  on Day of  Tes l ing .  F ( I , 36 )=7 .46 .  p < 0 . 0 5  (see 

Fig. 4). Pairwise  c o m p a r i s o n s  of  the s imple effects  revea led  
that ,  re la t ive  to mice in the sa l ine-sal ine  cond i t ion ,  mice pre- 
t rea ted  with sal ine and  tes ted  with a m p h e t a m i n e  d i sp layed  a 
m a r k e d  reduc t ion  of  ad jacen t  a l t e rna t ion ,  such  that  the pro- 
por t ion  of  these  r e sponses  did not devia te  f rom chance  (see 
Tab le  81. A m p h e t a m i n e  admin i s t r a t ion  pr ior  to tes t ing 
a m o n g  mice that  had been  chron ica l ly  t rea ted  with am- 
p h e t a m i n e  resul ted  in ad jacen t  a l t e rna t ion  scores  which  did 
not differ  f rom those  of  an imals  in the  acute  a m p h e t a m i n e  
condi t ion .  Indeed ,  as seen  in Table  8, X ~ tes ts  ind ica ted  that  
levels  of  ad jacen t  a l t e rna t ion  in the a m p h e t a m i n e -  
a m p h e t a m i n e  group  did not dev ia te  f rom chance .  Moreover ,  
ad j acen t  a l t e rna t ion  r e s p o n s e s  were  less f requent  a m o n g  
mice that  rece ived  ch ron ic  a m p h e t a m i n e  t r ea tmen t  and  were 
tes ted  in the saline cond i t ion  than a m o n g  an imal s  t.hat re- 
ce ived  saline t h r o u g h o u t  bo th  p r e t r e a t m e n t  and  test ing.  
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FIG. 4. Mean proportion (C4) . S.E.M. of 2-arm alternation, 4-arm 
alternation, perseveration and adjacent alternation responding as a 
function of Drug History (10.0 ml/kg saline or 10.0 mg/kg 
d-arnphetamine for l0 consecutive days) and [)rug Treatment on 
Test Day (10.0 ml/kg saline or 5.0 mg/kg d-amphetamine). The dot- 
ted lines symbolize chance response rates. 

Whereas mice in the latter group exhibited adjacent alterna- 
tion levels that exceeded chance, animals in the former 
group displayed adjacent alternation scores that did not de- 
viate from chance. Thus, regardless of treatment on day of 
testing, animals with a history of chronic amphetamine ad- 
ministration did not exhibit the a.bove chance levels of 2-arm 
or adjacent alternation typical of saline-saline mice. 

Persevera t ion .  Amphetamine treatment on test day in- 
creased the frequency of perseverative responses, 
F(I,36)=49.77, p<0.05 (see Fig. 4, Panel C). Contrary to 
Experiments 2a and 2b. however, chronic treatment with 
amphetamine was found to influence perseveration signifi- 
cantly, F( 1,36)=4.92,p<0.05. Despite the fact that the inter- 
action between these two factors did not reach statistical 
significance, F( 1,36) - 3.0 I, p = 0.09, N ewman-Keuls multiple 
comparisons (c~=0.05) of the simple main effects were con- 
ducted on the basis of a priori predictions. These tests indi- 
cated that among mice pretreated with saline, a 5.0 mg/kg 
challenge dose significantly increased the proportion of per- 
severation responses compared with mice that were tested 
with saline. Pretreatment with amphetamine did not influ- 
ence perseverative responding among mice that were tested 
in the saline condition. Among mice chronically treated with 
amphetamine, a significant attenuation of  the perseverative 
tendency wax seen following administration of the 5.0 mg/kg 
challenge dose. Despite the reduction in amphetamine- 
induced perseveration, X e analyses revealed that among both 
groups tested with amphetamine (i.e., saline-amphetamine 
and amphetamine-amphetamine) group perseveration scores 
exceeded chance. Regardless of the pretreatment condition, 
animals tested with saline demonstrated levels of persevera- 
tion which did not deviate from chance (see Table 8). Sum- 
marizing, inasmuch as the alternation of amphetamine- 
induced perseveration was not associated with an increase in 
the frequency of alternation (2-arm or adjacent ahernation), 
the results of Experiment 2e suggest that the decline in per- 
severation following chronic amphetamine treatment may 
reflect a breakdown in normal behavior patterns, lndeed, the 
profile of 2-arm and adjacent alternation responses suggest 
that the exploratory patterns typical of normal animals are 
not evident among mice chronically treated with am- 
phetamine even if tested in the non-drug state. 

G E N E R A l ,  I)IS('USSI(_)N 

As previously observed in the free running Y-maze ex- 
ploratory task 111,12], animals treated with saline tend to 
visit those arms of  a radial maze that were least recently 
explored (alternation). Moreover, mice frequentl} exhibited 
response patterns, of  at least 3 arm entries in length, in which 
they sequentially visited immediately adjacent novel arms 
(adjacent alternationL As in the Y-maze [I 1,12], as ',,,ell as 
other tests of explorat ion [8,191, acute treatment with am- 
phetamine produced a dose-dependent change of explora- 
tory patterns. Acute administration of low dosages of am- 
phetamine eliminated both ahernation and ad,iacenl allerna- 
lion tendencies. In addition to a disruption of alternation 
tendencies, higher doses of amphetamine produced a marked 
perseveralive tendency, such thai mice frequently re-entered 
the two arms that had been most recently visited. The ell'cuts 
of amphetamine on exploratory patterns v, ere apparentl~ t.n- 
related to the motor changes induced by the drug. "lrealment 
with 7.1) mg/kg, which did not enhance motor activity, and 
5.0 mg/kg which augmented locomotor activity, both 
produced signiticant reductions in alternation and ad.iacent 
alternation coupled with marked perseveration. 

Several of the behavioral changes ordinarily induced by 
acute amphetamine treatment v, ere modified among mice 
with a history of chronic amphetamine administration ~10.0 
mg/kg of amphetamine for 10 consecutive da~s). As in the 
Y-maze. the perseverative tendency typically induced by 5.0 
mg/kg of amphetamine was reduced if mice had received 
chronic exposure to amphetamine. [ 'he behavior of those 
animals chronically treated with amphetamine and given a 
challenge dose of 5.0 mg/kg did not approach the levels of 
ahernation or adjacent alternation lypicall,~, seen in animals 
thai had received saline throughout the experiment. In ef- 
fect, while apparent " ' tolerance" to amphetamine was seen 
on measures of perseveration, the level of perflwmance on 
the alternation measures was not increased by repeatedly 
exposing animals to the drug. In fact, it appeared to be the 
case that repeated amphetamine treatment influenced the 
behavior of animals even when subsequently tested in the 
nondrug slate. Both the 2-arm and adjacent alternation 
scores of the amphetamine-saline group were reduced rela- 
tive to animals that had received only saline throughout the 
experiment. As such. the behavior of animals chronically 
treated v, ith amphetamine was clearl~ distinguishable from 
thai of mice treated after acute injection with amphetamine 
or after saline. 

Several possible interpretations of these data are avail- 
able. For example, amphetamine could have been stored in 
adipose tissue [22], thereby having hmg-lasting effects which 
would have been apparent when mice were subsequently 
tested in the amphetamine condition. However,  it would tid- 
Io,a, from such an interpretation that perseverative tenden- 
cies would be enhanced alter chronic drug treatment when 
mice were tested with a dosage that ordinarily did not elicit 
the perseveration (e.g.. 3.0 mg/kg). The fact thal no such 
effect was evident in Experiment 2a, where a low dosage was 
used in the test, is inconsistent with such an interpretation. 

An alternative accounting t\~r the effects of chronic am- 
phetamine treatment, previously offered by Kokkinidis and 
Anisman [15]. is that such a treatment either directly or indi- 
rectly results in disruption of attentional processes. Thus, it 
would follow from this hypothesis that, after chronic am- 
phetamine treatment, not only would the perseverative ell 
t'ects normally observed after acute treatment be eliminated, 
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but  the a l t e rna t ion  t e n d e n c y  ord inar i ly  o b s e r v e d  af te r  sal ine 
admin i s t r a t i on  would also be an tagon ized .  In effect ,  the be- 
hav io r  of  an ima l s  chron ica l ly  p re t r ea t ed  with a m p h e t a m i n e  
could  be d i s t ingu ished  f rom that  of  acu te ly  t r ea ted  mice or  
saline con t ro l s  in that  the i r  b e h a v i o r  would a p p e a r  
h a p h a z a r d  and low levels  o f  bo th  a l t e rna t ion  and pe r seve ra -  
t ion would ensue .  In p rev ious  Y-maze  s tudies  [10, 13. 14] 
where  the m e a s u r e m e n t  of  a l t e rna t ion  and p e r s e v e r a t i o n  
were  not i ndependen t  of  one  ano the r ,  the reduc t ion  of  perse-  
ve ra t ion  and hence  the increase  of  a l t e rna t ion  af te r  ch ron ic  
t r ea tmen t  could have  been  in te rp re ted  as a r educ t ion  in the  
po tency  of  a m p h e t a m i n e .  H o w e v e r .  in the 8-arm radial 
maze .  ad jacent  and 2-arm a l t e rna t ion  measu res  may be dis- 
soc ia ted  from changes  in pe r seve ra t ion .  As expec t ed ,  
a m p h e t a m i n e - i n d u c e d  pe r seve ra t ion  was e l imina ted  follow- 
ing repea ted  a m p h e t a m i n e  t r e a t m e n t  wi thout  any  indica t ion  
of  r ecove ry  of  the a l t e rna t ion  pa t te rns .  Indeed ,  even  when  
mice ~ e r e  tes ted  with sal ine af te r  a chron ic  a m p h e t a m i n e  
reg imen,  the exp lo ra to ry  pa t t e rns  ordinar i ly  seen in phar-  
macologica l ly  naive  mice were  absen t .  Thus  the  data  
provis iona l ly  suggest  that  repea ted  exposu re  to am- 
p h e t a m i n e  p rovoked  changes  beyond  s imply reduc ing  the 
po tency  of  the drug. 

It is n o t e w o r t h y  at this  j u n c t u r e  that  b e h a v i o r  of  an imals  
in a radial maze  has been  used to a s sess  spat ial  m e m o r y  [16, 
17. 18]. H o w e v e r ,  it shou ld  be e m p h a s i z e d  that  the way in 
which  the radial maze is uti l ized in the spat ial  m e m o r y  exper-  
iments  is fundamen ta l ly  different  f rom its use in the p resen t  
s tudies .  As such,  d i rec t  c o m p a r i s o n s  b e t w e e n  these  two 
ser ies  of  e x p e r i m e n t s  may be t enuous  at best .  In the case  of  
spat ial  m e m o r y  s tudies ,  the par t icu lars  of  the test  s i tua t ion 
were  des igned  to max imize  the animals"  use of  spatial  cues  
relat ive to in t ra -maze  cues.  In addi t ion ,  an imals  were  food 
dep r ived  and the a rms  of  the  maze  bai ted with food. As such.  
the animals"  use of  spat ial  in fo rmat ion  to minimize  visits to 
a l ready  en te red  a rms ,  to a t ta in  food r e in fo rcemen t ,  was  
max imized .  In con t ras t ,  mice in the present  e x p e r i m e n t s  

were  ne i the r  food dep r ived  nor  was any food placed in the 
maze :  mice were  s imply  a l lowed the  oppor tun i ty  to explore .  
It c a n n o t  be d e t e r m i n e d ,  on  the basis  of  the  p resen t  data ,  
w h e t h e r  the a l t e rna t ion  and  pe r seve ra t i on  t endenc i e s  were  
d i rec ted  by spatial  cues  or  by in t ra -maze  con tex tua l  cues .  It 
has  been  d e m o n s t r a t e d  that  in bo th  Y-maze  and  T - m a z e  ex- 
p lo ra to ry  tasks ,  intra- and  ex t r a -maze  cues  can  be ef fec t ive  
in inf luencing a l t e rna t i on /pe r s eve ra t i on  b e h a v i o r  [4. 9, 14]. 
In the con tex t  of  the  p resen t  inves t iga t ion ,  the  ques t ion  of  
the  relat ive i m p o r t a n c e  of  spat ial  and /o r  in t r a -maze  cues  in 
inf luencing exp lo ra to ry  pa t t e rns  was of  s e c o n d a r y  impor-  
lance .  The  crit ical c o n c e r n  was to c o m p a r e  the  b e h a v i o r  of  
an imals  chron ica l ly  t rea ted  with a m p h e t a m i n e  with that  of  
sa l ine- t rea ted  animals .  The  8-arm radial maze ,  by vir lue of  
its many  a rms ,  s imply p rov ided  a more  sens i t ive  in s t rumen t  
than  the Y-maze ,  with which  to assess /gauge  the s t reng th  of  
the s p o n t a n e o u s  a h e r n a t i o n  and pe r seve ra t ion  t endenc ie s  
(see In t roduc t ionL  

I n a s m u c h  as mice exhibi t  a t e n d e n c y  to en t e r  sequent ia l ly  
a ser ies  of  immedia te ly  ad jacent  a rms ,  it is poss ib le  that  the 
ad jacen t  a l t e rna t ion  t e n d e n c y  ref lects  a r e sponse  bias quite 
apar t  from cue ut i l izat ion p rocesses ,  i.e., a ser ies  of  consis-  
tent  right or  left turns  will p roduce  ad jacent  a l t e rna t ion  re- 
sponses ;  see ana logous  d i scuss ion  of  r e sponse  s equences  
and spatial  abil i t ies  in E c k e r m a n ,  Gordon ,  F~dwards. Mac- 
Phail,  and  Gage [6J, and  in Wat t s ,  S t evens ,  and  Rob inson  
[24]. In addi t ion ,  it is not c lear  w h e t h e r  the ad jacen t  a l terna-  
t ion t e n d e n c y  acts  to minimize  en t r ies  to recen t ly  en te red  
arms.  As such it might be a rgued that  chron ic  a m p h e t a m i n e  
t r ea tmen t  may disrupt  animals"  p re fe rence  for the novel  
a rms  by vir tue of  its e l imina t ion  of  ad jacen t  a l t e rna t ion  quite 
apar t  of  any  change  in s t imulus  sampl ing.  The  o b s e r v a t i o n s  
that  a l t e rna t ion  and ad jacen t  a l t e rna t ion  t endenc i e s  can be 
d i s t ingu ished  from one  a n o t h e r  a rgue  against  such  an in- 
t e rp re ta t ion .  I ) i s rupt ion  of  the ad jacent  a l t e rna t ion  t e n d e n c y  
can occu r  in the a b s e n c e  of  a c o n c o m i t a n t  d i s rup t ion  of  
4-arm a l te rna t ion  (see Exper imen t  2). 
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