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WESTON, P. F. AND D. H. OVERSTREET. Does tolerance develop to low doses old- and l- amphetamine on locomotor 
activity in rats? PHARMAC. BIOCHEM. BEHAV. 5(6) 645-649,  1976. - An observational study of the behavioural 
effects of chronic regimens of d- and 1-amphetamine was designed to investigate possible mechanisms underlying any 
parallel behavioural changes: ( l )  Accumulation of p-hydroxynorephedrine in noradrenergic nerve terminals; (2) Altered 
sensitivity of dopamiuergic receptors. The study revealed that locomotor activity seen with low doses of both isomers (2.0 
mg/kg d- and 6.0 mg/kg 1-) decreased with chronic once daily treatments. However, this was accompanied by an increase in 
directed sniffing activity and the behaviour came to resemble that seen with higher doses of amphetamine (8.0 mg/kg d- 
and 16.0 mg/kg 1-). Nonsignificant decreases in locomotor activity and increases in directed sniffing to apomorphine 
administration were observed during chronic amphetamine treatment. These findings suggest that (1) p-hydro- 
xynorephedrine, a metabolite of d- but not 1- amphetamine, does not play an important role in these alterations in 
behaviour with chronic treatment and (2) the tolerance to amphetamine observed under these conditions is due to an 
increased, rather than decreased, sensitivity of the rats to amphetamine. 
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C O N S I D E R A B L E  dif ferences  of  op in ion  exist  regarding 
whe the r  to le rance  develops  to the  general  ac t iva t ing  effects  
of a m p h e t a m i n e s .  Some workers  have r epo r t ed  a decrease 
in act ivi ty wi th  chron ic  t r e a t m e n t  [2, 6, 7 ] ,  while o the r s  
have r epo r t ed  no  change [14,  13, 22] or even increases 
[ 10,18 ]. The lack of  de f in i t ion  of  the  an imal ' s  behavioura l  
sta~:es at  d i f fe ren t  t imes  dur ing  each record ing  interval  in 
m a n y  of  these  e x p e r i m e n t s  has  obscured  the  s ignif icance of  
these results.  I t  was t h o u g h t ,  the re fore ,  t ha t  an observa- 
t ional  s tudy  of  the  ef fec ts  of  a m p h e t a m i n e  dur ing  chron ic  
t r e a t m e n t  could  clarify some of  the  issues s u r r ound ing  its 
ac t ion  on  l o c o m o t o r  act ivi ty.  

'While some diff icul t ies  su r round  the  i n t e r p r e t a t i o n  of  
to le rance  to a m p h e t a m i n e ' s  ef fects  on  l o c o m o t o r  act ivi ty ,  
it is clear t ha t  to le rance  to some of  its ef fects  does  develop.  
For  example ,  to le rance  to the  anorex igen ic  and  hyper -  
the rmic  effects  of  a m p h e t a m i n e  has  been  d e m o n s t r a t e d  by  
several l abora to r ies  [9, 11, 13, 19] .  Some workers  have 
p roposed  t ha t  a m e t a b o l i t e  of  d - a m p h e t a m i n e ,  p -hydro-  
x y n o r e p h e d r i n e ,  may  bui ld  up in no rad rene rg ic  nerve 
te rmina ls  dur ing ch ron ic  t r e a t m e n t  and be respons ib le  for  
the  r educed  effects  of  s u b s e q u e n t  admin i s t r a t i ons  [3 ,13]  
bu t  o thers  have d i sputed  its i m p o r t a n c e  in to le rance  to  
d - a m p h e t a m i n e  [ 9 , 1 9 ] .  Since 1 -amphetamine  is no t  m e t a b o -  
lized to p - h y d r o x y n o r e p h e d r i n e  [ 8 ,12 ] ,  i t  was decided t h a t  
the  role of  this  me tabo l i t e  in to le rance  to a m p h e t a m i n e ' s  

effects  on  l o c o m o t o r  act ivi ty could  be assessed by com- 
par ing the  behavioura l  changes  in rats  chronica l ly  t rea ted  
wi th  high and  low doses of  d- and  1-amphetamine .  

More recen t ly  it has been  suggested t ha t  supersens i t iv i ty  
to  a m p h e t a m i n e  develops  dur ing  ch ron ic  t r e a t m e n t  [ 10,18] 
and  t ha t  an increased sensi t ivi ty  of  dopaminerg ic  recep tors  
may  be involved [ 1 0 ] .  This hypo thes i s  was examined  by  
observing the  effects  of  a p o m o r p h i n e  before  and dur ing  
chronic  d- and  1-amphetamine  t r e a t m e n t  and the  effects  of  
d - a m p h e t a m i n e  before  and  a f te r  ch ron ic  a p o m o r p h i n e  
t r ea tmen t .  

METHOD 

Animals 

The animals  for  all e x p e r i m e n t s  were male  h o o d e d  
Wistar rats  f rom the  Fl inders  Univers i ty  an imal  house .  Thei r  
respect ive ages, weights  and  e x p e r i m e n t a l  h is tor ies  will be 
descr ibed in the  appropr i a t e  sect ions  for  the  var ious 
exper imen t s .  They  were all housed  u n d e r  c o n d i t i o n s  of  
c o n t i n u o u s  l ight  wi th  free access to food  and  wate r  excep t  
for  a b r ie f  t ime  p reced ing  each obse rva t ion  session. 

Activi ty Recording 

All obse rva t ions  of  the  an imals '  behav iour  were made  in 

1 This research formed part of a thesis submitted by the first author in partial fulfillment of the Honours B. Sc. degree in the School of 
Biological Sciences, Flinders University. Reprint requests should be addressed to Dr. D. H. Overstreet. 
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glass rec tangular  open  field chamber s  (50 x 32 cm) in a 
quiet  r oom unde r  a f luorescen t  red light. Observa t ion  
sessions were general ly one min in dura t ion .  

Observa t ion  of the  an imal ' s  behav iour  was faci l i ta ted by  
the  use of a manua l ly  ope ra t ed  Ester l ine-Angus Event  
Recorder ,  which pe rmi t t ed  the paral led assessment  of  five 
behavioura l  parameters :  ( 1 ) l o c o m o t o r  act ivi ty  - m o v e -  
men t  a b o u t  the c h a m b e r  requir ing the ex tens ion  of the 
h ind  l imbs,  as d is t inct  f rom o the r  fo rms  involving move- 
men t  of fore l imbs;  (2) d i rec ted  sniff ing sniff ing act ivi ty 
directed above the animal  or at  the  f loor  or walls of the 
chamber ;  (3) oral act ivi ty - l icking or gnawing a region of 
the obse rva t ion  chamber ;  (4) g rooming  - use of m o u t h ,  

fore or h ind  l imbs to g room any region of the  body ;  (5) 
inact iv i ty  - per iod  dur ing which no m o v e m e n t ,  inc luding 
sniffing, could be observed.  The t ime spent  in any one of 
the above activit ies was calcula ted as a percentage  of  the  
one-min  observa t ion  session. 

Preliminary Studies 

In pre l iminary  expe r i m en t s  doses of 0.5, 1.0, 2.0, 4.0, 
and 8.0 mg/kg  d - a m p h e t a m i n e  sulfate and  2.0, 4.0, 6.0, 
10.0, and 16.0 mg/kg 1-amphetamine  sulfate  were adminis-  
tered to 120-day old, 210 330  g rats, and the  behav iour  
was observed at 15-rain intervals  for  one hour .  On the  basis 
of these studies it was decided tha t  2.0 mg/kg  d- and 6.0 
mg/kg 1- p roduced  similar behavioura l  effects,  which  were 
d i f ferent  f rom those  p roduced  by  8.0 mg/kg d and 16.0 
mg/kg I-. The peak effect  for  the  major i ty  of  the animals  
occurred at 30 rain. Consequen t ly ,  these pa ramete r s  were 
used in subsequen t  exper iments .  

Experiment 1 

Five groups of eight  animals  ( 1 2 0 - 1 5 0  days old, 
210 440  g) were selected f rom a larger group of 60 on the 
basis of  the i r  cons i s t en t  l o c o m o t o r  response  to 2.0 mg/kg  
a p o m o r p h i n e  hydroch lo r ide ,  admin i s te red  IP three  t imes 
over a one-week period,  wi th  at least  one drug-free day 
separat ing consecut ive  inject ions.  Group  1 was subse- 
quen t ly  given chronic  t r e a t m e n t  wi th  i so ton ic  saline; G r o u p  
2, with  2.0 mg/kg d - a m p h e t a m i n e  sulfate;  Group  3, wi th  
6.0 mg/kg  1-amphetamine  sulfate;  Group  4, wi th  8.0 mg/kg  
d - a m p h e t a m i n e  sulfate;  and  Group  5, 16.0 mg/kg  1- 
a m p h e t a m i n e  sulfate. All in jec t ions  were given IP daily in a 
volume of  1 ml/kg.  Doses refer  to the  weights  of the  
respective salts. Fresh solut ions  of  a m p h e t a m i n e  were made  
up at four-day intervals  and s tored in a refr igerator .  

The ra t ' s  beha r iou r  was observed for a one-rain  per iod  
30 rain af ter  the  1st, 5th,  8th ,  12th,  15th  and 19th 
inject ions  of  the  above t r ea tmen t s .  On several days e.g., 
pr ior  to the  3rd, 10th  and 17th admin is t ra t ions ,  2.0 mg/kg  
a p o m o r p h i n e  hyd roch lo r ide  was given IP 30 rain before  the  
observa t ion  session and the  appropr ia t e  agent  in the chronic  
regimen was given af ter  the effects  of  a p o m o r p h i n e  
appeared  to wane. 

In order  to assess whe the r  cross- tolerance to the  isomers  
of a m p h e t a m i n e  could be demons t r a t ed ,  the groups  form- 
erly receiving d - a m p h e t a m i n e  were given 1-amphetamine  as 
thei r  21st t r e a t m e n t ,  while those  former ly  receiving 1- 
a m p h e t a m i n e  were given the d-isomer. 

Experiment 2 

Eight male h o o d e d  Wistar rats, app rox ima te ly  120 days 

old and weighing be tween  204 and 325 g at the start  of the  
expe r imen t ,  were used to de te rmine  if ch romic  t r e a t m e n t  
with  a p o m o r p h i n e  al tered the behavioura l  effects  of am- 
phe tamine .  Each animal  received three  in jec t ions  of 2.0 
mg/kg d - a m p h e t a m i n e  sulfate.  The first and the  second 
were separa ted  by 6 drug-free days; the  second and third,  
by 6 consecut ive  daily t r e a t m e n t s  wi th  2.0 mg/kg apo- 
morph ine .  The rats were observed for 1-min periods 
immedia te ly  before  and 30, 60, and 90 min af ter  the 
in jec t ions  of  d -amphe tamine .  All animals  were pe rmi t t ed  30 
min to h a b i t u a t e  to the c h a m b e r  pr ior  to the  first recording 
and were left  in the  c h a m b e r  unt i l  the  90-min recording was 
comple ted .  

Data Analysis 

Medians were used to summar ize  tha t  data,  ranges were 
inc luded as indices of variabi l i ty ,  and n o n p a r a m e t r i c  statis- 
tical m e t h o d s  [20] were used to test  for significance. 

RESULTS 

Acute and Chronic Amphetamine 

Table  1 summar izes  the effects  of acute  and chronic  
t r e a t m e n t  wi th  d- and  1-amphetamine  u p o n  two measures,  
l o c o m o t o r  act ivi ty and di rected sniffing. It can be seen t ha t  
the low doses of b o t h  isomers p roduced  a comparab le ,  
s ignif icant  increase in l o c o m o t o r  act ivi ty  af ter  the first 
in ject ion.  However,  this  s t imu la t ion  rapid ly  d isappeared  
such tha t  by  the  5th  t r e a t m e n t  and the rea f t e r  the groups 
were no t  s ignif icant ly  d i f fe rent  f rom the  con t ro l  group 
receiving i so tonic  saline. In addi t ion ,  wi th in  group compari -  
sons revealed tha t  the  act ivi ty af ter  the first in jec t ion of 
b o t h  isomers  was s ignif icant ly  h igher  than  tha t  a f te r  the 
subsequen t  inject ions.  The groups receiving the h igher  doses 
of the  two isomers  se ldom showed any measurable  loco- 
m o t o r  act ivi ty  t h r o u g h o u t  the chronic  t r e a t m e n t  period.  
A n o t h e r  feature  of these data  was the  large individual  
variabil i ty in all groups,  as ref lec ted  by the  large ranges. 

Fol lowing b o t h  doses of  b o t h  isomers there  was a large 
degree of d i rected sniffing, which  was s o m e w h a t  greater  
with  the  h igher  doses, in  addi t ion ,  there  was a t endency  for 
the rats receiving the  low dose regimens to show increased 
a m o u n t s  of sniff ing as the  chronic  t r e a t m e n t  per iod 
progressed. Because of the  large individual  d i f ferences  
wi th in  the various groups,  however ,  none  of  the  t rends  
cou ld  be conf i rmed  by stat ist ical  analysis. Every 
a m p h e t a m i n e - t r e a t e d  group always showed  signif icant ly 
more d i rec ted  sniff ing than  the  con t ro l  group.  

A final fea ture  of Table 1 was the  s imilar i ty in effects  
when  the  t r e a t m e n t s  of the  a m p h e t a m i n e  groups were 
al tered;  i.e., when  1-amphetamine  was subs t i tu t ed  for 
d - a m p h e t a m i n e  and vice versa. 

E.[fects of Apomorphine Befbre and During Chronic 
Amphetamine 

Table 2 summar izes  the effects  of a p o m o r p h i n e  on two 
measures,  l o c o m o t o r  act ivi ty and directed sniffing, before  
and during chronic  t r e a t m e n t  with  d- and l -amphe tamine .  
There  was a large variabi l i ty  in the degree to which 
a p o m o r p h i n e  s t imula ted  l o c o m o t o r  act ivi ty.  Thus,  a l t hough  
there was a t e n d e n c y  for  the effects  of a p o m o r p h i n e  on 
l o c o m o t o r  act ivi ty to decrease dur ing chronic  a m p h e t a m i n e  
t r e a t m e n t  there  were no signif icant  t rends  wi th in  any 
group. The s t imula t ion  of  d i rected sniff ing by a p o m o r p h i n e  
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T A B L E  1 

THE EFFECTS OF ACUTE AND CHRONIC HIGH AND LOW DOSES OF D- AND L-AMPHETAMINE ON LOCOMOTOR 
ACTIVITY AND DIRECTED SNIFFING IN RATS 

Percentage of one-min Observation Session (Medians, N = 8) 
Treatment Group* 

Behaviour 

Locomotor 
Activity 

Directed 
Sniffing 

Treat. 
No. 2m g / kgD  6 m g / k g L  8 mg/kgD 16mg/kgL Saline 

1 22.50(64)t 30.00(44)t 0.00(38) 0.00(46) 0.00(7) 
5 7.00(11) 4.00(28) 0.00(0) 0.00(21) 0.00(3) 
8 5.50(28) 7.00(13) 0.00(92) 0.00(0) 1.25(23) 

12 2.00(47.5) 5.25(31.5) 0.00(64) 0.00(25) 0.00(0) 
15 0.50(11.5) 0.50(32) 0.00(56.5) 0.00(11) 0.00(16) 
19 1.50(22.5) 7.75(62.5) 12.00(75) 0.00(0) 2.50(14.5) 
215 3.25(25) 7.50(37) 0.00(15) 0.00(76.5) 0.00(19) 

1 79.50(87)t 89.00(46)t 100.00(0)t 100.00(0)t 0.00(4) 
5 78.85(100)t 100.00(49)t 100.00(16)t 100.00(0)t 0.00(2) 
8 64.00(100)t I00.00(47)t 100.00(0)t 100.00(0)t 10.50(42) 

12 100.00(44)t 100.00(55)t 100.00(0)t 100.00(13)t 0.00(0) 
15 100.00(75)¢ 100.00(0)t 100.00(0)t 100.00(0)¢ 0.00(17) 
19 92.50(96)t 100.00(38)¢ 100.00(78)t 100.00(0)t 12.00(46) 
215 100.00(72) 100.00(99)t 100.00(8)¢ 100.00(0)t 1.75(100) 

*D = d-amphetamine sulfate, L = l-amphetamine sulfate. The amphetamine salts were dissolved in isotonic saline and 
injected IP in volumes of 1 ml/kg 30 min before observation. 

tSignificantly different from saline group of same day according to Mann-Whitney U Tests [20]. 
5On this day the treatments were altered such that l-amphetamine was substituted for d-amphetamine and vice versa. 

T A B L E 2  

EFFECTS OF APOMORPHINE ON LOCOMOTOR ACTIVITY AND DIRECTED SNIFFING IN RATS PRIOR TO AND DURING 
CHRONIC TREATMENT WITH D- AND L-AMPHETAMINE 

Percentage of one-min Observation Session (medians, N = 8) 
Treatment Group 

Treat. 
Behaviour No. 2 mg/kg D 6 mg/kg L 8 mg/kg D 16 mg/kg L Saline 

Locomotor 0* 30.0(43) 36.0(50) 20.0(44) 30.0(49) 37.0(59) 
Activity 2? 20.5(39) 23.0(54) 0.0(43) 22.0(35) 32.5(66) 

9t 8.5(67) 22.0(54) 6.0(75) 19.0(47) 37.5(70) 
16t 5.5(55) 13.5(46.5) 2.0(54) 23.0(62) 21.0(45) 

Directed 1 * 72.5(38) 86.5(50) 82.0(53) 98.0(38) 90.5(31) 
Sniffing 2t 100.0(0) 100.0(0) 100.0(0) 100.0(89) 100.0(0) 

9t 100.0(12) 100.0(80) 100.0(0) 100.0(84) 100.0(0) 
16t 100.0(12) 100.0(100) 100.0(100) 100.0(100) 100.0(0) 

*Scores are based on the medians of the mean responses of individual animals following three injections of 2.0 mg/kg 
apomorphine hydrochloride. Numbers in parentheses are ranges. 

tScores are based on the medians for individual animals following a single injection of 2.0 mg/kg apomorphine 
hydrochloride. 

was more  cons is ten t ,  bu t  there  were no  d i f fe rences  in the  
degree of  d i rec ted  snif f ing dur ing  ch ron ic  t r e a t m e n t  wi th  
e i ther  dose of  d- and 1-amphetamine .  Thus,  Chron ic  
t r e a t m e n t  wi th  a m p h e t a m i n e  did no t  p r oduce  any signifi- 
cant  changes  in the  an imals '  response  to 2 mg/kg  apo- 
morph ine .  

Effects o f  d-Amphetamine Before and After Chronic 
A~,omorphine 

L o c o m o t o r  act ivi ty  was less fo l lowing the  second and  

th i rd  admin i s t r a t i ons  of  d - a m p h e t a m i n e  t han  the first, as 
i l lus t ra ted  in Table 3, bu t  the  d i f ferences  were no t  
s tat is t ical ly s ignif icant .  However,  there  was a s ignif icant ly  
greater  a m o u n t  of  d i rec ted  sniff ing at  60 and 90 rain af te r  
the second d - a m p h e t a m i n e  t r e a t m e n t .  This increase was still 
appa ren t  fol lowing chron ic  t r e a t m e n t  wi th  a p o m o r p h i n e .  
Thus,  an increase in the effects  of  a m p h e t a m i n e  was 
observed when  the two in jec t ions  were separa ted  by 6 
drug-free days and  this  increase was una l t e red  by an 
in te rven ing  per iod  of  chron ic  a p o m o r p h i n e  t r ea tmen t .  
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T A B L E  3 

EFFECTS OF CHRONIC TREATMENT WITH APOMORPHINE ON THE RESPONSE OF RATS TO 
D-AMPHETAMINE 

Percentage of one-min Observation Session (Medians, N = 8) 
Time after injection (rain) 

Treat.* 
Behaviour No. 0 30 60 90 

Locomotor 1 0.00(24) 17.75(44) 5.50(38) 5.50(36) 
Activity 2 0.00(0) 3.00(53) 1.50(27) 0.00(6) 

3 0.00(0) 11.00(41 ) 6.50(31 ) 1.50(6) 

Directed 1 15.50(66) 88.50(43) 67.50(74) 47.75(72) 
Sniffing 2 3.25(19) 95.50(23) 98.50(33) 99.50(99)t 

3 0.00(0) 100.00(15) 100.00(2) 100.00(25)+ 

*Of 2.0 mg/kg d-amphetamine sulfate. The first and second treatments were separated by 6 drug-free 
days; the second and third, by 6 consecutive daily treatments with 2.0 mg/kg apomorphine 
hydrochloride. 

~'Significantly different, p<0.05, from response after first treatment according to Wilcoxon 
two-tailed test for related samples [20]. 

DISCUSSION 

The present results suggest that  tolerance to the hyper- 
activating effects of d- and l -amphetamine can be observed 
under certain circumstances;  namely,  for relatively low 
doses only and with the use of outward locomot ion  as the 
behavioural parameter.  These findings fur ther  indicate that 
the confusion in the l i terature regarding tolerance to the 
hyperact ivat ing effects of  amphetamine  [2, 6, 1 1, 13] may 
be related to the degree to which the measuring instruments  
record outward locomot ion  versus more restricted, stereo- 
typed movements  such as sniffing. Had a very sensitive 
recording ins t rument  been used in the present exper iment ,  
it is very likely that  no tolerance to amphetamine  would 
have been observed, since directed sniffing appeared to 
increase throughout  chronic t rea tment  with the low doses 
of both isomers while outward locomot ion  decreased. It is 
impor tant  to realize, therefore,  that automat ic  recording 
devices which fail to distinguish between outward loco- 
mot ion and s tereotypy are of little value in clarifying the 
actions of  amphetamine.  

Since directed sniffing increased while outward loco- 
mot ion decreased during chronic t rea tment  with low doses, 
it is perhaps ill-advised to refer to these changes as 
tolerance. A more appropriate  term might be sensitization, 
since the behavioural  pat tern changes from locomoto r  
activity, normally seen with low doses, to s tereotypy,  
normally seen with higher doses. Thus, the present results 
essentially support  the findings of previous workers who 
have suggested that  chronic t rea tment  with amphetamine  
results in a supersensitivity to subsequent  doses of ampheta-  
mine [10,18] .  

The mechanisms underlying this supersensitivity to 
amphetamine  upon chronic t rea tment  require further  
study, but  certain conclusions are possible on the basis of  
the present and recent  related experiments .  Firstly, since 
the behavioural changes for d- and 1-amphetamine were 
comparable,  it is unlikely that  p-hydroxynorephedr ine ,  a 
metabol i te  of  the former  only [8,12] plays any role in 
these. Other recent reports indicate that  this metabol i te  
does not  play a significant role in the development  of 

tolerance to the hyper thermic  effects of  amphetamine  
[19].  Therefore,  other  mechanisms must be considered. 

Recent  evidence suggests that  both  the locomoto r  
activity and the s tereotypy induced by d- and 1- 
amphetamine  are primarily the result of the release of 
dopamine [4, 5, t 7 ] ,  refuting earlier content ions  that 
release of  noradrenaline is more impor tant  in the action of  
d-amphetamine [21] .  Thus, supersensit ivity to ampheta-  
mine during chronic t rea tment  may be related to neuro- 
chemical changes in the dopaminergic system. In particular, 
if it can be conf i rmed that amphetamine  produces a 
prolonged decrease in the turnover  of dopamine [18] ,  it 
might be argued that this neurochemical  effect  will result in 
a functional ,  partial denervat ion of dopaminergic neurons,  
with the consequent  development  of  postsynaptic  or 
post junct ional  supersensitivity [ 1 5,23 ]. 

If this hypothesis  were correct,  it would be predicted 
that the animals chronically treated with amphetamine  
would exhibi t  an increased sensitivity to apomorphine,  a 
directly acting dopamine agonist [ 1 ]. However,  the present 
results provided only slight evidence for this (See Table 2), 
possibly because the dose of  2.0 mg/kg was too high. To 
explore the possibility further other  doses of apomorphine  
(0.15, 0.20, 0.30, 0.50, and 1.00 mg/kg) were given to the 
animals after at least 9 weeks of chronic t reatment .  No 
consistent changes in directed sniffing were observed in any 
of the five groups, thus failing to demonst ra te  a supersensi- 
tivity to apomorphine.  This finding does not  confirm an 
earlier report  [ 10] and emphasizes the need for additional 
work in this area. It is possible that differences in recording 
techniques and/or  species of animal may partially account  
for the lack of agreement  between the present and previous 
[ 10] findings. 

A final point  that must be emphasized is that the 
mechanisms underlying behavioural changes during chronic 
t rea tment  with amphetamine  are undoubted ly  numerous  
and may vary among different  animals. A striking feature of  
the present findings is the large individual differences 
among animals within a particular t rea tment  group (Tables 
1, 2, 3). These individual differences have been observed by 
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o ther  workers  using chronic  regimens of amphe t amine  
[1 6],  but  may no t  have been given suff ic ient  a t t en t ion  by 
o ther  workers.  It may prove frui tful  to use very large 
samples of animals and relate individual d i f ferences  in 
response to a m p h e t a m i n e  to neurochemica l  differences.  
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