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1986 - -The  present study exammed the discriminative stimulus properhes of amphetamine (AMP) at progresswely lower 
doses m lead-exposed and normal rats In addition, generahzatlon gradients of AMP. apomorphme, methylphemdate, and 
caffeine to both high and low training doses of AMP were determined m these rats Under the hlgh AMP training dose 
condition ( 1 0 mg/kg, IP) generahzatlon gradients of AMP were similar for lead-exposed and control rats When the training 
doses were progressively lowered, the lead-exposed rats tended to reqmre a higher range of AMP doses (0 24-0 49 mg/kg) 
than d~d control rats (0 18-0 32 mg/kg) to maintain discriminative control In parallel w~th th~s, the minimal d~scrlmmable 
doses tended to be higher for lead-exposed rats than for control rats Methylphemdate generahzat~on gradients were 
different for lead-exposed and control rats under the high AMP training condition but became slmdar under the low AMP 
training condition No &fferences attributable to trammg dose or lead exposure were evident for apomorphme or caffeine 
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L O W  level lead exposu re  has  p rev ious ly  b e e n  s h o w n  to im- 
pair  a l e a r n e r ' s  abil i ty to acqui re  s t imulus  cont ro l  by a wide 
range o f  e n v i r o n m e n t a l  s t imuli  (see [4] for  rev iew)  T e m p o r a l  
pa t t e rns  of  r e s p o n d i n g  u n d e r  f ixed- in te rva l  [1, 5, 17] and  
f ixed-ra t io  [15] s chedu les  of  r e i n f o r c e m e n t  and  acquis i t ion  of  
aud i to ry  and  visual  d i sc r imina t ions  [6,9] m ay  be  a l te red  by 
lead exposu re  In addi t ion ,  lead e x p o s u r e  has  b e e n  s h o w n  to 
a l ter  the  behav io ra l  ac t ions  o f  ce r ta in  p s y c h o a c t i v e  drugs  
(e g ,  [16,20]) Par t icu lar  in te res t  m drug effects  in lead- 
exposed  ra ts  has  focused  on  d - a m p h e t a m i n e  (AMP)  because  
of  a poss ib le  l ink b e t w e e n  lead exposu re  in n e o n a t e s  and  
s u b s e q u e n t  behav io ra l  hype rac t iv i ty  [7] Resul t s  of  severa l  
an imal  s tudies  have  d e m o n s t r a t e d  an  a t t e n u a t e d  r e s p o n s e  to 
A M P  fol lowing pos tna ta l  or  chron ic  lead e x p o s u r e  [13, 20, 
22] 

Drug-s t imulus  d i sc r imina t ion  pa rad igms  may  be ef fec t ive  
in d e m o n s t r a t i n g  a l te red  effects  of  d rugs  i nduced  by  lead 
exposu re  Z e m c k  and  G o l d s m i t h  [24] have  r epo r t ed  tha t  am- 
p h e t a m m e ' s  abd l ty  to func t ion  as a & s c r l m m a t w e  s t imulus  is 
a l tered by  lead exposu re  L e a d - e x p o s e d  rats  were  found  to 
be less sens i t ive  to the d i sc r imina t ive  s t imulus  p roper t i e s  of  

A M P  than  were  n o n t r e a t e d  con t ro l s  By sys temat ica l ly  de-  
c reas ing  the  t ra in ing  dose  of  A M P ,  these  inves t iga to rs  
s h o w e d  that  the  th re sho ld  o f  d l s c r immabd l ty  was h igher  for  
l ead- t rea ted  rats  than  for  con t ro l s  The  p r e sen t  s tudy  ex- 
t e n d e d  this  work by  explor ing  g e n e r a h z a t l o n  g rad ien t s  for  
A M P  and o the r  p s y c h o m o t o r  s t imulan t s  in l ead -exposed  
rats  Since bo th  the  a m p h e t a m i n e  d o s e - r e s p o n s e  cu rve  and  
the genera l i za t ion  of  o the r  drugs  to the  A M P  s t imulus  can  
vary  wi th  the  dose  used as a t ra in ing  s t imulus  [23], dose-  
r e sponse  c u r v e s  for  A M P  and o the r  s t imulan t s  were  exam-  
ined b o t h  before  and  af te r  exposu re  to dec reas ing  A M P  t ram-  
mg doses  

METHOD 

Suble~ t~ attd Apparatus 

Eight  male  L o n g - E v a n s  ra ts  se rved  as sub jec t s  U p o n  
bir th ,  two h t t e r s  were  culled to eight  pups  each  F o u r  pups  
f rom each  l i t ter  were  ass igned  to the  t r e a t m e n t  and  cont ro l  
g roups ,  r e spec t ive ly  F r o m  the  fn'st t h rough  the  twen t i e th  
days  af te r  b i r th ,  ra ts  r ece ived  e i the r  10 mg/kg lead ace ta t e  or  
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equ imo la r  s o d m m  ace ta te  (IP) F o u r  l ead -exposed  and  four  
con t ro l  ra ts  were  r a n d o m l y  se lec ted  f rom these  h t t e r s  for  the  
e x p e n m e n t s  Pr ior  to d l s c n m i n a u o n  e x p e n m e n t s  all ra ts  had  
s imilar  e x p e r t e n c e s  in a n u m b e r  o f  behav io ra l  t asks  [18] 
N o n e  had  r ece tved  any  drug t r e a t m e n t ,  excep t  lead,  pr ior  to 
the  p r e s e n t  e x p e n m e n t  

At  90 days  of  age, e ach  ra t  was  h o u s e d  m an m&v~dual  
cage,  wi th  w a t e r  f reely ava i lab le  At  180 days ,  each  was  
r e d u c e d  to 85% of  its ad lib feeding weight  by res t r ic t ing  
acces s  to food  for  2 days  The rea f t e r ,  each  ra t  r ece ived  ap- 
p rox ima te ly  15 g of  l abo ra to ry  rat  c h o w  daily fol lowing the  
experamenta l  sess ion  or  at  midday  on  w e e k e n d s  The  hgh t  
cycle  in the  an imal  co lony  was  f rom 7 a m to 7 p m Exper -  
imen t s  were  car r ted  out  b e t w e e n  3 p m and  6 p m five days  
a w e e k  

E x p e n m e n t s  were  c o n d u c t e d  m ope r an t  c h a m b e r s  con-  
t a inmg  two levers ,  s t imulus  lamps ,  and  a pel le t  f eeder  The  
levers  were  m o u n t e d  on  e a c h  side of  the  food recep tac le  and  
requ i red  a min imal  force  of  0 21 N to r eco rd  a r e sponse  The  
expe r imen t a l  c h a m b e r  was p laced  in a sound  a t t enua t ing  
cubic le  wi th  an  e x h a u s t  fan P rog ramming ,  record ing ,  and  
da ta  co l lec t ion  were  a c c o m p h s h e d  by  Rockwel l  A I M  65 
c o m p u t e r s  

Pro~ edure 

Training A M P  (1 0 mg/kg) and  sal ine were  e s t a b h s h e d  as 
& s c n m m a t i v e  s t l m u h  for  food -ma in t a ined  r e s p o n s e s  (cf  
[10]) E a c h  sess ion  began  wi th  a 15 m m  p r e t r e a t m e n t  in terva l  
d u n n g  wh ich  the  c h a m b e r  was  dark  and  r e s p o n s e s  had  no  
s chedu led  c o n s e q u e n c e s  Immed ia t e ly  fol lowing the  pre- 
t r e a t m e n t  in te rva l  the  c h a m b e r  l ights were  d l u m m a t e d ,  and  
r e s p o n s e s  on  e i the r  the  r ight  or  left l ever ,  con t ingen t  upon  
w h e t h e r  sal ine or  1 mg/kg A M P  had  b e e n  a d m i m s t e r e d ,  were  
r e in fo rced  by  de l ivery  of  one  45 mg food pel let  d u n n g  15 m m  
sess ions  Fo l lowing  A M P  admin i s t r a t ion ,  r e s p o n s e s  on  only  
the  left l eve r  p r o d u c e d  food,  fol lowing saline admin i s t r a t ion ,  
r e s p o n s e s  on  only  the  r ight  l eve r  p r o d u c e d  food Across  
sess ions ,  the  r e s p o n s e  r e q u i r e m e n t  for  food de l ivery  was  
inc reased  f rom an  initial  va lue  of  1 to a final va lue  of  20 
c o n s e c u t w e  r e s p o n s e s  on  the  app rop r i a t e  l ever  Each  re- 
s p o n s e  on  the  incor rec t  l ever  rese t  th~s r e s p o n s e  r eqmre-  
m e n t  A M P  and  sal ine admin i s t r a t i on  a l t e rna ted  daffy Tram-  
mg c o n t i n u e d  unti l  two cr i ter ia  were  met  for  rune consecu -  
t ive  sess ions  The  cr i ter ia  were  (1) emiss ion  of  f ewer  than  40 
r e s p o n s e s  p n o r  to  the  f irst  food d e h v e r y  and  (2) d~stnbut~on 
of  at  leas t  90% of  the  total  r e s p o n s e s  in a sess ion  on  the  
app rop r i a t e  l ever  InJect ions  of  A M P  and sal ine a l t e rna ted  
d u n n g  the  f irst  f ive sess ions  m wh ich  c r i t e n a  were  met  Dur-  
ing the  final four  days ,  two c o n s e c u t w e  sahne  sess ions  were  
fo l lowed by two cons ecu t i ve  A M P  sess ions  

Dose-Re3pon,se Determmattons 

Once  the  a b o v e  cr i te r ia  were  met ,  d o s e - r e s p o n s e  cu rves  
we re  d e t e r m i n e d  for  A M P  G e n e r a h z a t I o n  tes t  sess ions  were  
tdent ica l  to t ra in ing  sess tons ,  wi th  the  excep t ion  tha t  20 con-  
secu t lve  r e s p o n s e s  on  e i the r  l eve r  were  re in forced  A M P  or  
s a h n e  t ra in ing  sess ions  a l t e rna t ed  wroth tes t  sess ions  If  a rat  
f aded  to m e e t  the  p e r f o r m a n c e  c r i t e r i a  du r ing  a t r a in ing  
se s s ion ,  f u r t h e r  tes t  s e s s ions  were  p o s t p o n e d  un td  two  
c o n s e c u t i v e  success fu l  A M P  and sal ine t ra in ing  sessmons oc- 
cu r r ed  

Af te r  comple t i on  of  A M P  d o s e - r e s p o n s e  g r a & e n t s ,  dose-  
r e s p o n s e  c u r v e s  were  d e t e r m i n e d  for  a p o m o r p h I n e ,  methy l -  
p h e m d a t e ,  and  caffe ine ,  in tha t  o rde r  The  o rde r  o f  doses  of  

' T R E A T E O  
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FIG 1 Generahzanon gradients for AMP, apomorphlne, and 
methylphenldate in rats trained to discriminate amphetamine and 
saline The upper graphs are grad]ents for lead-treated rats (n=4), 
while the lower gradients are for control rats (n=4) Ordinate mean 
drug lever responses, expressed as a percentage of total responses 
emitted during the session Abscissa doses of drugs in one-quarter 
log cycle intervals (e g , for AMP, 0 032, 0 056, 0 1, 0 18, 0 32, 0 56, 
and 1 0 mg/kg) Sohd lines are gradients under the high AMP training 
dose condlt]on, and the broken lines are gradients under the low 
AMP training dose condition Solid and open circles represent per- 
centage of drug lever responses for individual rats under the high 
and low AMP training doses, respectively Left panel Am- 
phetamine generalization gradients The doses tested ranged from 
0 032 to 1 0 mg/kg Middle panel Apomorphlne generahzatmn gra- 
dients The doses tested ranged from 0 01 to 0 18 mg/kg Right 
panel Methylphenldate generahzat~on gradients The doses tested 
ranged from 0 1 to 10 0 mg/kg 

each  drug tes ted  m each  rat  was  u n s y s t e m a n c  The  largest  
doses  used  were  those  tha t  r educed  respond ing  so marked ly  
tha t  f ewer  than  40 r e s p o n s e s  were  emi t ted  or  no re in forcers  
were  d e h v e r e d  

Svstematt( Lou ermg oJ 7ratntng Dos(' 

Once  all d o s e - r e s p o n s e  grad ien ts  were  d e t e r m i n e d ,  the 
A M P  t ra in ing  dose  for  an m & w d u a l  rat  was  succe s swe ly  
r educed  m d e c r e m e n t s  of  app rox ima te ly  30% (cf  [14]) If  the 
rat  met  p e r f o r m a n c e  c r i t e n a  m 8 out  of  10 sess ions  at  each  
new  t ra in ing  dose ,  the dose  was again  dec rea sed  If not ,  
t ra in ing  c o n t i n u e d  for  an a d d l n o n a l  10 sess ions  If  a f te r  20 
sess ions  the  c n t e r m  were  not  met ,  the t ra in ing  dose  was 
ra ised by 30% and the  rat  r e tes ted  for successfu l  per form-  
ance  in 8 out  of  10 sess ions  

Redetermmatton o f  Do, e-Response (urves at the Lowered 
Trammg Doae~ 

After  an mdw~dual  rat  r e ached  cr i ter ia  at its lowes t  
poss ib le  dose  of  A M P ,  genera l i za t ion  tes ts  again were  con-  
duc ted  for  each  drug,  as desc r ibed  above  

Data Analy~t~ 

The  n u m b e r  of  r e s p o n s e s  emi t ted  on  the  AMP-  
a p p r o p n a t e  lever ,  exp re s sed  as a pe rcen tage  of  the  total  
n u m b e r  of  r e s p o n s e s  emi t ted  dur ing  a 15 m m  sess ion ,  was 
e x a m i n e d  as a f u n c n o n  of  dose  for  e ach  drug tes ted  The  
d is t r ibu t ion  of  r e s p o n s e s  was not  eva lua ted  If f ewer  than  40 
r e s p o n s e s  were  emi t ted  d u n n g  a tes t  sess ion  For  each  sub- 
j ec t ,  the minimal  & s c n m m a b l e  dose  was def ined as the  low- 
es t  dose  of  a tes t  drug tha t  occas ioned  g rea te r  or equal  to 
90% A M P - a p p r o p r i a t e  r e spond ing  The  small  subjec t  sample  
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precluded statistical analysis Therefore, results from indi- 
vidual subjects have been presented in graphic and tabular 
form 

Drug 

d-Amphetamine sulfate, methylphenldate hydrochlortde, 
apomorphme hydrochlorlde, and caffeine (anhydrous) were 
dissolved in saline Stock solutions of d-amphetamine and 
methylphenldate were used for several weeks Apomorphlne 
and caffeine solutions were prepared daily Injection vol- 
umes were generally 1 mg/kg body weight All drugs were 
given IP except apomorphlne, which was given SC Appro- 
priate sahne control injections were g~ven SC during 
apomorphlne testing 

Blood Lead Level Determmatton 

Blood lead levels of rats, taken from the tall veto, were 
analyzed using a model 170-70 Hitachi Atomic Absorption 
Spectrophotometer at 383 6 nM Samples (100/zl) of control 
and experimental blood were diluted with 1% Triton X-100 
Lead concentrations were determined from a standard 
curve 

RESULTS 

Blood Lead Level.~ and Bod~ Weight 

The lead exposure regimen used in the present study 
produces a 40 to 50 fold elevation in blood lead levels 
(mean_+SD = 157 8_+26 0/zg/100 ml) at postnatal day 21 com- 
pared to sodmm acetate treated control rats (2 8_+0 3/zg/100 
ml) (Rogmskl, Lores-Ferdinand and Beuthln, Toatcol Appl 
Pharma~ol, submitted) At 180 days of age, adult lead- 
treated rats still showed significantly higher levels of blood 
lead than did control rats (lead-treated mean_+SD=8 0_+2 5 
/.tg/100 ml, control mean_+SD=5 4_+1 4 /xg/100 ml, 
t(13)=5 34, p < 0  001), although these levels can be consid- 
ered within the nontoxic range of control blood levels [8] 

Body weight d~fferences between the groups were not 
apparent At 90 days of age the mean_+SD weight of the 
lead-exposed group was 383 2_+45 8, while that of the con- 
trol group was 382 5_+ 17 6 We have previously reported that 
other rats undergoing this lead dosing protocol showed tran- 
sient weight reductions at 25 days of age, but did not differ m 
weight from control subjects by 50 days of age [18] 

Amphetamine Training Doses attd Generahzatton Gradients 

The groups did not differ in the number of sessions 
needed for acquisition of the initial discrimination (range of 
the number of sessions to reach criterion performance 32-40 
for both groups) However, 1 0 mg/kg AMP severely sup- 
pressed respondmg in two rats, one from each group The 
training dose for these two rats was therefore lowered to 0 56 
mg/kg during lnltml discrimination training Imtlal AMP gen- 
erahzatlon gradients were also similar for control and lead- 
treated rats (Fig 1, left panel, solid lines and circles) AMP 
doses of 0 56 or 10 mg/kg occasioned primarily drug- 
appropriate responses in both groups, while lower doses oc- 
casioned primarily salme-approprmte responses Doses 
higher than 1.0 mg/kg abolished lever press responses in all 
subjects As shown in Table 1 (left columns), the mini- 
mal discriminable doses of AMP for individual rats were 
similar in both groups under the high training dose condition 

When the AMP training dose was systematically lowered, 

TABLE 1 

INDIVIDUAL TRAINING AND MINIMAL DISCRIMINABLE DOSES 
(MDD) OF d-AMPHETAMINE FOR LEAD-EXPOSED AND 

CONTROL SUBJECTS 

H~gh amphetamine Low amphetamine 
training dose training dose 

condition condmon 

Training MDD Training MDD 
dose (mg/kg) dose (mg/kg) 

Lead-exposed subjects 
LT-I 1 0 0 32 0 49 0 32 
LT-9 1 0 0 56 0 32 0 18 
LT-7 1 0 1 0 024 0 18 
LT-4 0 56 0 56 0 32 0 18 

Control subjects 
LT-14 1 0 0 56 0 32 0 32 
LT-15 1 0 1 0 0 24 0 18 
LT-10 1 0 0 56 0 18 0 056 
LT-8 0 56 0 56 0 24 0 10 

stimulus control tended to be lost at higher AMP doses in 
lead-exposed rats than in controls Lead-treated subjects re- 
quired AMP doses of 0 49 to 0 24 mg/kg for continued dls- 
crlmmauve control, while control subjects required 0 32 to 
0 18 mg/kg (Table 1) Lowering the AMP training dose 
also lowered the mlmmal discriminable doses, with lower 
AMP test doses generating drug-appropriate responses m 
subjects who attained lower training doses than m subjects 
who reqmred higher training doses (Table I, right columns) 
Therefore, the AMP generahzat~on gradients generated 
after estabhshment of discriminative control by the lower 
AMP dose also tended to differ between the groups (Fig 1, 
left panel, dotted lines and open circles) Two subjects m the 
control group responded on the drug-approprmte lever at 0 1 
mg/kg AMP or lower, while no subject m the lead-treated 
group did so 

Apomorphme, Methylphemdate, and Ca[[eme 
Generahzatton Gradtent~ 

Under the high AMP training dose condition, a dose of 
0 18 mg/kg apomorphlne occasioned AMP-appropriate re- 
sponses m two control subjects and one lead-treated subject 
(Fig 1, middle panel) However, apomorphlne doses of 0 056 
mg/kg and above severely decreased or abohshed responding 
in one or more subjects in both groups Under the low AMP 
training dose condition, 0 32 mg/kg apomorphme occasioned 
AMP-appropriate responses in only two control subjects, 
and doses of 0 056 mg/kg and above again abolished respond- 
lng in one or more subjects in both groups 

Under the high AMP training dose condition, methyl- 
phenldate (3 2 or 5 6 mg/kg) occasioned complete AMP- 
appropriate responses in all control subjects, but in only 3 of 
4 lead-treated subjects One control subject generahzed to 
methylphenldate doses as low as 0 32 mg/kg For control 
subjects, lowering the AMP training dose did not alter the 
methylphenldate generahzatlon gradient appreciably How- 
ever, the gradient for lead-treated subjects shifted left under 
the low AMP training dose condition, so that the final 
methylphemdate gradients were similar for both groups 
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Overa l l ,  t he re  were  cons i de r ab l e  d i f fe rences  a m o n g  indi- 
v idual  sub jec t s  in the  lowes t  doses  of  m e t h y l p h e n t d a t e  tha t  
m a i n t a i n e d  d rug-appropr i a t e  r e spond ing ,  resu l t ing  in sha l low 
d o s e - r e s p o n s e  c u r v e s  

Caf fe ine  (3 2 to 100 mg/kg) did not  occas ion  AMP-  
app rop r i a t e  r e s p o n s e s  u n d e r  the  h tgh A M P  t ra in ing  dose  
c o n d m o n  U n d e r  the  low A M P  t ra in ing  dose  c o n d l t m n ,  
doses  o f  3 2 to  100 mg/kg o c c a s i o n e d  A M P - a p p r o p r i a t e  re- 
sponse s  in one  or  more  sub jec t s  in b o t h  g roups ,  bu t  the  
pa t t e rn  o f  such  g e n e r a h z a t I o n  bo re  no  c o n s i s t e n t  re la t ton  to 
dose  (da ta  no t  shown)  

DISCUSSION 

In a g r e e m e n t  w~th Zen lck  and  G o l d s m t t h ' s  [24] r epo r t  of  
l e a d - m d u c e d  changes  in A M P  d l sc r tmmat lon ,  l ead -exposed  
rats  m the  p r e sen t  e x p e r i m e n t  r e q m r e d  0 24 to 0 49 mg/kg 
A M P  to ma in t a in  d i sc r imina t ive  b e h a v i o r  u n d e r  a s t imulus  
fading p r o c e d u r e  H o w e v e r ,  t hese  doses  were  on ly  shght ly  
h~gher t han  those  r equ i red  by  cont ro l  ra ts  (0 18 to 0 32 
mg/kg) Th i s  c o n t r a s t s  wi th  the  app rox ima te ly  2-fold differ- 
ence  m lowes t  d i s c n m m a b l e  doses  r epo r t ed  by  Z e n i c k  and  
G o l d s m i t h  

The  lack o f  a large d i f fe rence  b e t w e e n  groups  in the  pres-  
en t  s tudy  m a y  h a v e  resu l ted  f rom the  sub jec t s '  more  lengthy  
e x p o s u r e  to the  mtt ial  h igh A M P  dose  t ra in ing  cond i t ion ,  as 
c o m p a r e d  to the  ear l ie r  r epor t  Indeed ,  the  d i f fe rences  ob- 
s e r v e d  by  Z e m c k  and  Go ldsmt th  [24] were  no t  a c c o m p a n i e d  
by  d i f fe rences  in acquis i t ion  o f  the  init ial  h tgh dose  dtscr iml-  
na t ion  Ins t ead ,  the  init ial  d i f fe rences  appea red  only  in re- 
s p o n s e  to a t ra in ing  cha l lenge  (cf  [3]) By ex t end ing  the  
mltml t ra in ing  per iod  to a l low for  genera l i za t ton  tes ts ,  we 
may  h a v e  min imized  the  ex t en t  to which  this  cha l lenge  could 
revea l  d i f fe rences  b e t w e e n  the  g roups  

F o r  a m p h e t a m i n e ,  lowes t  t ra in ing  doses  and  min imal  dts- 
c n m l n a b l e  doses  for  mdlv idua l  ra ts  in bo th  g roups  were  not  
p red ic ted  by  d i f fe rences  in acqu i s i t ion  of  the  m~tial A M P  

d l s c n m l n a t m n  or  in lnltlal g e n e r a h z a t i o n  g rad ien t s  Any  
d i f fe rences  b e t w e e n  groups  a p p e a r e d  only  In r e s p o n s e  to a 
t ra in ing  cha l lenge  F o r  m e t h y l p h e n l d a t e ,  lower ing  the  A M P  
t ra in ing  dose  dtd not  sys temat ica l ly  shift the  g e n e r a h z a t m n  
g rad ien t  in cont ro l  rats ,  bu t  sh i f ted  tha t  in l ead-exposed  rats  
to the  left As  a resul t ,  final m e t h y l p h e n l d a t e  grad ien ts  were  
s imilar  in l ead -exposed  and  con t ro l  ra ts  Ne i t he r  apomor -  
p h m e  nor  caffe ine p r o d u c e d  u n e q m v o c a l  s t imulus  gener-  
ahza t l on  to caffe ine u n d e r  any  cond i t ion  

Any  a p p a r e n t  d i f fe rences  in l ead -exposed  subjec t s  may 
h a v e  resu l ted  f rom g rowth  r e t a rda t ion  r a the r  than  lead expo-  
sure  i tsel f  H o w e v e r ,  ra ts  r ece lwng  an ident ical  lead expo-  
sure  r eg imen  s h o w e d  only  t r ans ien t  dec rea se s  m body  
weigh t  at  25 days  of  age [18] Addi t iona l ly ,  m the  p re sen t  
s tudy ,  body  weights  of  the  l ead -exposed  and  con t ro l  g roups  
did not  differ  at  the  t ime of  tes t ing  A l though  in te r fe rence  
wi th  somat i c  g rowth  may  c o n f o u n d  the effects  of  lead with 
t hose  of  nu t r i t iona l  fac tors ,  St lbergeld and  Go ldbe rg  [21] 
sugges t  tha t  the  effect  of  lead on  g rowth  ra te  may  be  v iewed 
as a l ead- re la ted  effect  and  not  s tr ict ly as a c o n f o u n d m g  
va rmble  

C o n s t d e r m g  the con t ro l  ra ts  a lone ,  lowering the  A M P  
t ra in ing  dose  shif ted the  g e n e r a h z a t l o n  g rad ien t  for  am- 
p h e t a m i n e  i tsel f  left, bu t  did not  un i formly  a l te r  tha t  for 
m e t h y l p h e n l d a t e  T h e s e  resul t s  are m genera l  a g r e e m e n t  
wi th  S to l e rman  and  D ' M e l l o ' s  [23] sys temat ic  examina t i on  
of  the  role of  t ra in ing  dose  m m o d u l a t m g  A M P ' s  quan t i t a t ive  
and  quahta t~ve genera l i za t ion  profi le,  and  rephca te  p r e w o u s  
repor t s  of  g e n e r a h z a t l o n  b e t w e e n  A M P  and m e t h y l p h e n l d a t e  
(e g ,  [11]) In con t r a s t  to S to l e rman  and  D ' M e l l o ' s  repor t ,  
h o w e v e r ,  a p o m o r p h m e  sha red  s t imulus  p roper t i e s  with  bo th  
the  h igher  and  the  lower  A M P  dose  m those  ra ts  able to 
r e s p o n d  T h e s e  resul t s  thus  add  to the  n u m b e r  of  repor t s  
showing  widely va ry ing  degrees  of  g e n e r a h z a t l o n  b e t w e e n  
A M P  and  a p o m o r p h m e  (e g , [2, 12, 19, 23]), con t ro lhng  var-  
iables  r ema in  to be d e t e r m i n e d  
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