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DAVIS, W. M., M. BABBINI, S. F. PONG, W. T. KING AND C. L. WHITE. Motility of mice after amphetamine: effects of 
strain, aggregation and illumination. PHARMAC. BIOCHEM. BEHAV. 2(6) 803-809,  1974. - A  locomotor activity study 
in 6 strains of male mice indicated that the BALB/c strain ranked lowest and the C57B1/6 strain ranked highest in 
locomotor excitation after treatment with d-amphetamine. A further study comparing only the BALB/c and C57B1/10 
strains again showed a significant interaction of drug and strain effects. Additional significant determinants of motility 
were lighting and social condition during test (1 or 4 mice). Lighting (dark, dim and full light) also interacted significantly 
with drug, strain and grouping effects. Whereas the C56B1/10 mice showed higher levels of motility, the BALB/c showed 
the greater absolute increases in motility following amphetamine. The BALB/c strain also showed greater lethality under 
aggregated conditions (group of 10 mice) in the dose range used for activity studies. 
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G E N E T I C  var ia t ion  in drug response  b e t w e e n  inbred  s t rains  
of  mice has been  d e m o n s t r a t e d  in several s tudies  conce rn ing  
the  effects  of  d - amphe t am i ne .  One r epo r t  descr ibed a s t ra in  
d i f ference  in suscept ib i l i ty  to  a m p h e t a m i n e  aggregat ion 
le tha l i ty  [ 2 3 ] ,  and  several deal t  wi th  body  t e m p e r a t u r e  
responses  to  a m p h e t a m i n e  u n d e r  aggregat ion [1, 4, 5 ] .  
A n o t h e r  s tudy  prov ided  i n f o r m a t i o n  on l o c o m o t o r  act ivi ty  
responses  of  several d i f fe ren t  strains,  bu t  only  u n d e r  non-  
aggregated c o n d i t i o n s  [ 13 ]. The  la t t e r  s tudy  had  the  l imita-  
t ion  t ha t  it ut i l ized a single h igh dosage wh ich  p r o b a b l y  did 
no t  al low max ima l  m a n i f e s t a t i o n  of  the  h y p e r k i n e t i c  
act ion.  Two recent  repor t s  also have shown  con t ras t ing  
act ivi ty responses  to  several lower  doses of  a m p h e t a m i n e  
b e t w e e n  two inbred  mouse  s t rains  [ 14,15 ]. To invest igate  
ti~e inf luence  of  aggregation,  and  its possible  i n t e r ac t i on  
wi th  strain,  on  the  mot i l i ty  response  of  g rouped  mice to  
a m p h e t a m i n e ,  we c o n d u c t e d  an init ial  s tudy  which  
inc luded  6 s t rains  of  mice. Subsequen t ly ,  we e x a m i n e d  in 2 
inbred  s t rains  b o t h  the  le thal  t ox i c i ty  and  the  non- le tha l  
p a r a m e t e r  of  mot i l i ty  for  the  effects  of  d - a m p h e t a m i n e  on 
single mice or groups  of  4. Dif ferent  c o n d i t i o n s  of  a m b i e n t  
l ight ing c o n s t i t u t e d  an add i t iona l  var iable  in the  act iv i ty  
expe r imen t .  The  2 s t rains  ut i l ized for  the  la t te r  s tudies,  
C 5 7 B 1 / 1 0  and  BALB/c ,  were chosen  par t ly  because  of  the  

results  of  our  ini t ial  s tudy,  and also because of  research by  
o thers  conce rn ing  the  compara t ive  bra in  m o n o a m i n e  levels 
of  these s t rains  [9, 10, 19] .  

METHOD 

Animals and Drugs 

For  the  init ial  act ivi ty  s tudy  ( E x p e r i m e n t  1) 5 inbred  
s t ra ins  were ob ta ined  f rom C u m b e r l a n d  View Fa rms  
( C l i n t o n ,  T e n n e s s e e ) :  C 5 7 B 1 / 6 C u m ,  D B A / 2 C u m ,  
C 3 H / A n C u m ,  C B A / C u m  and B A L B / c C u m .  A n o n - i n b r e d  
Swiss-Webster  s t ra in  (NLW) also inc luded  in these  com- 
par isons  was f rom the  Nat iona l  L a b o r a t o r y  Animal  Co. 
(Creve Coeur,  Missouri).  Fo r  subsequen t  s tudies  of  aggre- 
ga t ion  le tha l i ty  ( E x p e r i m e n t  2) and  of  l o c o m o t o r  act ivi ty  
( E x p e r i m e n t  3) the  C 5 7 B 1 / 1 0 J  and  BALB/cJ  s t ra ins  were 
ob t a ined  f rom Jackson  L a b o r a t o r y  (Bar  Harbor ,  Maine).  All 
mice were males which  were received at 3 0 - 4 0  days o f  age, 
and were 4 5 - 6 5  days old at  the  t ime  o f  exper imen t s .  
Feed ing  was ad lib p r io r  to  all t r ea tmen t s .  All expe r imen t a l  
runs  were c o n d u c t e d  b e t w e e n  0900  and 1600 hours  wi th  a 
l ight  cycle of  0800  to 2000  hours  in the  hous ing  area for  
the  mice. Dosages of  d - a m p h e t a m i n e  refer  to  the  sulfate  
salt. All in jec t ions  were made  in t r ape r i tonea l ly  in a vo lume  

J A preliminary communication of this research was made at the meeting of the American Society for Pharmacology and Experimental 
Therapeutics, August 1970, at Stanford, California and was abstracted in Pharmacologist 12: 198, 1970. 
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of  10 ml /kg  b o d y  weight.  Con t ro l  groups  received the  same 
vo lume of  0.9% NaCI solut ion.  

Apparatus and Procedure for Activity Studies 

Three  p h o t o a c t o m e t e r  cages (Woodard  Research  Corp.)  
were used in all cases for  mot i l i ty  recording.  These consis t  
of  a circular  t rack  having inside and  outs ide  d iamete r s  of  
13.5 and 31 cm, respect ively.  Six pho toce l l s  are spaced 
equally a r o u n d  the  ou te r  meta l  wall oppos i te  openings  
( f i t t ed  wi th  red fi l ters) in the  inne r  wall wh ich  serve to 
d i rec t  beams  f rom the  l ight source. Coun t s  f rom all p h o t o -  
cells are registered on  a single digital coun t e r  for  each cage. 
For  the  init ial  s tudy  ( E x p e r i m e n t  1), ut i l iz ing one  saline 
con t ro l  group and  2 dosages of  d - a m p h e t a m i n e  (1.0  and 
5.0 mg/kg) ,  the  ac tome te r s  were loca ted  in a room where  
they  received amb i en t  day- t ime  l ight ing f rom nor th - fac ing  
windows.  Fou r  mice were placed t oge the r  in the  ac tome te r s  
jus t  a f te r  the  inject ion,  and  the  mot i l i ty  was recorded  af te r  
30 min.  In this  s tudy,  as also in subsequen t  tests,  there  was 
res t r i c t ion  of  all ex t r aneous  noise sources  f rom the  vicini ty.  
E x p e r i m e n t  3 ut i l iz ing a saline con t ro l  group and 5 drug 
groups  in a geomet r ic  dosage sequence  (2.0,  3.8, 7.2, 13.7, 
and  26.0 mg/kg) ,  was c o n d u c t e d  e i ther  wi th  ac tome te r s  
exposed  only  to art if icial  l ight ing of  an in tens i ty  approxi-  
mat ing  the  dayl ight  level of  previous  tests,  or wi th  the  
ac tome te r s  enclosed by  ven t i l a ted  enclosures  in to  which  no  
a m b i e n t  l ight  could enter .  Thus,  3 l ight ing cond i t ions  pre- 
vailed: (1)  darkness  (2)  d im light consis t ing of  i l l umina t ion  
f rom a 7.5 W bulb  placed 43 cm above  the  f loor  of  the  
a c t o m e t e r  and provid ing  i l lumina t ion  in tens i ty  of  3 f-c; (3)  
full light, consis t ing of  a m b i e n t  l abo ra to ry  i l lumina t ion  
f rom incandescen t  lamps provid ing  i l lumina t ion  of  15 f-c. 
Mice were placed in the  ac tome te r s  singly or in groups of 
four  jus t  a f te r  be ing  injected,  and  mot i l i ty  then  was re- 
corded af te r  10, 20, and 30 min. The mice were housed  
prior  to  t r e a t m e n t  in groups of  1 5 - 2 0  per  plast ic cage 
having a f loor  area of  app rox ima te ly  1015 cm 2. As the  
f loor  area of  the  ac tome te r s  was 614  cm 2 , the  tes t  condi-  
t ion  of  four  mice toge the r  did no t  impose  crowding,  bu t  
merely provided the  o p p o r t u n i t y  for  ope ra t ion  of  a social 
factor .  

Experimental Design and Statistical Analysis of Activity 
Studies 

E x p e r i m e n t  1 fol lowed a 3 x 6 factor ia l  design. Data  
were hand led  by  analysis of  var iance accord ing  to a fixed 
model .  F u r t h e r  analyses of  s ignif icant  d i f ferences  were by  
means  of  Duncan ' s  New Mult iple  Range Test  [ 6 ] .  In each 
s train-dose c o m b i n a t i o n  6 g roups  of  4 mice were employed  
for  a to t a l  of  72 mice of  each strain. 

E x p e r i m e n t  3 fol lowed a 2 x 6 x 2 x 3 factor ia l  design 
having repea ted  measures  on  the  same subjects.  The  factors  
for  the  b e t w e e n  subjects  par t  of  the  design were s t ra in  
( C 5 7 B 1 / 1 0  and  BALB/c) ,  a m p h e t a m i n e  (0.0, 2.0, 3.8, 7.2, 
13.7, 26.0 mg/kg) ,  g rouping  (1 or 4 mice)  and i l lumina t ion  
(dark,  dim light,  full light). Six repl ica t ions  were used for 
each fac tor  comb ina t i on .  Thus,  a to t a l  of  540  mice of  each 
s t ra in  cons t i t u t ed  the  expe r i m en t a l  popu la t ion .  T ime (1 st, 
2nd  and  3rd 10 min  per iods)  was the  on ly  fac tor  for the  
wi th in  subjects  par t  of  the  design. Analysis  of  var iance  
( A N O V A )  of  the  first par t  was accord ing  to a comple te  
model ;  for  the  second par t  a reduced mode l  was used, i.e., 
only the  first and second order  in te rac t ions  were cons idered  

while all o thers  were pooled.  F u r t h e r  analysis  of  the  signifi- 
cant  effects  were pe r fo rmed  by  means  of  S t u d e n t ' s  t test  or 
Duncan ' s  test,  accord ing  to w h e t h e r  compar i sons  were 
o r t h o g o n a l  or not .  All a c t o m e t e r  un i t s  were exposed  to 
each level of  all expe r imen ta l  variables,  bu t  as the  vari- 
abi l i ty  a m o n g  ac tome te r s  proved to be  very small,  the i r  
effect  was no t  cons idered  in analyses.  The data  were log- 
t r a n s f o r m e d  before  analysis. 

Procedure for Toxicity Study 

A le tha l i ty  s tudy  ( E x p e r i m e n t  2) was pe r fo rmed  follow- 
ing the  init ial  mot i l i ty  e x p e r i m e n t  on  9-week-old mice of 2 
inbred  s t rains  C 5 7 B 1 / 1 0 J  and  BALB/cJ .  Doses used were in 
the  same range as for  the  second mot i l i ty  s tudy,  ranging 
f rom 3.8 to 26.0 mg/kg for  aggregated mice and f rom 7.2 
to 26.0 for  mice ma in t a ined  singly af te r  in jec t ion  ( isolated).  
Aggregat ion cond i t ions  consis ted  of  t en  mice placed af ter  
i n t r ape r i t onea l  in jec t ion  of  d - a m p h e t a m i n e  in to  a cage 
having  wire mesh  b o t t o m  and f ront ,  bu t  solid meta l  sides 
and  top,  and  having f loor  d imens ions  of  18 x 10 cm and 
he ight  of  12.5 cm. The mice were checked  for dea ths  at 1, 
2, 4, 6, 12 and 24 hr  a f te r  t r e a t m e n t .  Dead mice were 
replaced at those  t imes  wi th  marked,  u n t r e a t e d  individuals  
to  ma in t a in  group size. Calcula t ion  of  LDS0 's  was per- 
fo rmed  on the  cumula t ive  24-hour  mor ta l i ty  data  by  the  
m e t h o d  of  Li tchf ie ld  and Wilcoxon [8 ] .  

RESULTS 

Experiment 1 

Data are r epor t ed  in Table 1 and the  results  of  A N O V A  
appear  in Table  2. The significance of  the  s t rains  x amphe t -  
amine  in t e rac t ion  ind ica ted  t ha t  the  response  of  mice to 
d - a m p h e t a m i n e  varied wi th  the  strain. F u r t h e r  analysis  of  
this  i n t e rac t ion  shows tha t  the  d i f fe rence  con t ro l  vs. d- 
a m p h e t a m i n e  was no t  the  same for all strains, whereas  the  
d i f ference  dose 1 vs. dose 2 did no t  change s ignif icant ly  
f rom one  s t ra in  to ano ther .  F r o m  the  resul t  of  Duncan ' s  
test  it appears  t ha t  the  s ignif icance of  the  in te rac t ion  s t ra in  
x ( con t ro l  vs. a m p h e t a m i n e )  was caused by  the  BALB/c  
strain r e spond ing  to the  drug s ignif icant ly  less t han  the 
DBA/2  and C57B1/6 .  

Experiment 2 

A compar i son  of  24-hr  mor ta l i ty  (Table  3) showed tha t  
the  aggregated BALB/cJ  mice were cons iderab ly  suscept ib le  
to the  le thal  effects  of  d - a m p h e t a m i n e  t han  were the  aggre- 
gated C 5 7 B 1 / 1 0 J  mice. The respect ive  LD50 values (and 
95% conf idence  l imits)  were 4.1 ( 3 . 8 - 4 . 4 )  and 9.7 
( 8 . 5 - 1 1 . 0 )  mg/kg.  These LD50 ' s  differed signif icantly,  
giving a p o t e n c y  ra t io  ( C 5 7 B 1 / 1 0 J  : BALB/cJ )  of  2.4 wi th  
conf idence  l imits of  2.0 to  2.8. There  were few dea ths  
a m o n g  isolated mice of  e i ther  s t ra in  in the  range of  doses 
tes ted.  

Experiment 3 

Data  are shown in Fig. 1 and  the  results  of  A N O V A  in 
Table  4. All main  effects  were highly s ignif icant  ( p < 0 . 0 1 ) :  
strain,  a m p h e t a m i n e ,  g rouping  and light. In addi t ion ,  the  
first order  in t e rac t ions  - a m p h e t a m i n e  x strain,  amphe t -  
amine  x light,  s t ra in  x light, and grouping  x light - were 
highly significant .  No second order  i n t e rac t ion  was signifi- 
cant.  F u r t h e r  analysis  of  the  signif icant  in te rac t ions  dis- 
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T A B L E  1 

COMPARATIVE MOTILITY RESPONSE TO d-AMPHETAMINE IN SIX STRAINS OF MICE 
MEASURED IN GROUPS OF FOUR 

Mean Counts per 30-Min Period* 

Treatment NLW C57B1/6 DBA/2 BALB/c C3H CBA 

Control 3473 2820 1929 1606 1539 1006 

d-Amphetamine 
1.0 mg/kg 4047 4467 3341 1526 3008 2387 

d-Amphetamine 
5.0 mg/kg 5509 7222 5474 1863 3973 2880 

*Standard error of the means (calculated from pooled variance): +- 526 

T A B L E  2 

S T A T I S T I C A L  ANALYSIS  OF MOTILITY DATA OF 
EXPERIMENT 1 

Source 

A. Analysis of Variance 

df F 

Treatments (17) 9.98 <0.01 

Strains (S) 5 17.02 <0.01 

Amphetamine (A) (2) 31.97 <0.01 

Control vs A 1 44.04 <0.01 

Dose 1 vs Dose 2 1 19.91 <0.01 

S × A (10) 2.05 <0.05 

S × Control vs A 5 2.49 <0.05 

S X Dose 1 vs Dose 2 5 1.61 N.S. 

elror 90 

total 107 

B. Duncan's Test on the Differences Control vs. Drug 

for Each Strain* 

C57B1/6 DBA/2 C3H CBA NLW BALB/c 

3024 2478 1951 1627 1305 88 

*Values not sharing underline differ significantly (p<0.05); 
pooled estimate of SEM: + 644 

closed the  fol lowing:  (1)  The mot i l i ty  response  fo l lowing 
a m p h e t a m i n e  t r e a t m e n t  was d i f fe ren t  in the  two  s t ra ins  of  
mice. The  d i f fe rence  in act ivi ty b e t w e e n  s t rains  seen u n d e r  
con t ro l  cond i t i ons  (s ignif icant  by  t tes t )  d i sappeared  a f t e r  
lower  doses;  however ,  t he  mot i l i ty  of  C57B 1/10 mice again 
was s ignif icant ly  h igher  t h a n  t ha t  of  BALB/c  mice for  the  
7.2, 13.7 and 26.0  dosages (Fig. 2). (2)  The response  to 
a m p h e t a m i n e  varied accord ing  to the  cond i t ions  of  l ight ing 
used dur ing  the  expe r imen t .  As Fig. 3 shows, mo t i l i t y  
u n d e r  con t ro l  cond i t ions  was h igher  w h e n  an imals  were 
t es ted  in the  da rk  t h a n  w h e n  tes ted  in d im or  full  l ight;  
Duncan ' s  test  showed  a s ignif icant  d i f ference  on ly  b e t w e e n  
dark  and  the  o t h e r  two  condi t ions .  This p a t t e r n  of  response  
r emained  w h e n  the  mice were t r ea ted  wi th  2.0 mg/kg  of  
a m p h e t a m i n e ,  bu t  w h e n  they  received h igher  doses, the  
d i f ference  accord ing  to  l ight ing cond i t ions  was no  longer  
s ignif icant .  However,  the  response  was still dose -dependen t ,  
be ing  s ignif icant ly  h igher  a f te r  the  3.8, 7.2, 13.7 dosages 
t han  wi th  26.0  mg/kg. (3) The in f luence  of  a m b i e n t  l ight ing 
u p o n  act iv i ty  was d i f fe ren t  for  the  2 s t rains  o f  mice. In 
fact ,  t he  d i f fe rence  in act ivi ty  be tween  C 5 7 B 1 / 1 0  and  
BALB/c  s t rains  ( the  fo rmer  having higher  mot i l i ty )  in- 
creased a long wi th  the  level of  i l lumina t ion ,  being signifi- 
can t ly  h igher  u n d e r  full l ight t han  u n d e r  dark or d im light 
cond i t i ons  (Table  5). (4)  The effect  of  a social group also is 
in f luenced  by  l ight ing condi t ions .  The d i f ference  in act ivi ty  
b e t w e e n  single and  g rouped  mice was s ignif icant ly  h igher  
u n d e r  dark  t han  u n d e r  the  o t h e r  two condi t ions .  The  basis 
for  th is  is seen to be the  grea ter  response  of  the  g rouped  
mice to t he  cond i t i on  of  to t a l  darkness.  The  per  mouse  
act ivi ty  of  g roups  is cons iderab ly  increased over  t ha t  of  
isolated mice u n d e r  the  dark  cond i t ion ,  while  it is d imin-  
ished u n d e r  full light. Thus ,  the  act ivi ty  to ta l s  for  groups  
c a n n o t  be viewed as s imply  represen t ing  a s u m m a t i o n  of  
individual  act ivi t ies  for  tha t  n u m b e r  of  mice, the  g rouping  
ef fec t  being supra-addi t ive  wi th  darkness ,  bu t  sub-addi t ive  
wi th  full light. 

Non-s igni f icance  of  the  s t ra in  × a m p h e t a m i n e  × grouping  
in t e r ac t i on  showed  tha t  the  s t ra in  d i f fe rence  in response  to 
a m p h e t a m i n e  was d isplayed to no  grea ter  e x t e n t  by  the  
single mice t han  by  grouped  mice. Similarly,  the  nonsignif i -  
cance of  the  s t ra in  x a m p h e t a m i n e  x l ight i n t e r ac t i on  
shows t ha t  the  s t ra in  d i f fe rence  was the  same u n d e r  all l ight 
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TABLE 3 

C O M P A R A T I V E  L E T H A L  RESPONSE TO d - A M P H E T A M I N E  OF TWO MOUSE S T R A I N S  
TESTED SINGLY OR IN AGGREGATED CONDITIONS 

Incidence of Deaths through 24 Hr 

Dosage Aggregated Isolated 

mg/kg BALB/cJ C5 7 B l / l  0J BALB/cJ (75 7 B t / l 0J 

3.8 4t20 oil o 

4.2 15/20 

5.0 18/20 

7.2 9/10 3/20 

10.0 9/20 

13.7 10/10 19/20 

26.0 10/10 

Ot 10 O/10 

0/10 0/10 

1/1o 1/1o 

condi t ions ,  accord ing  to the  addi t ive  model  we have 
fol lowed.  

F u r t h e r  analysis of  the  data  conce rn ing  the  na tu re  of the  
dose-response re la t ionship  con f i rmed  the  occur rence  of  a 
s ignif icant  quadra t i c  c o m p o n e n t ,  as well as the  l inear 
c o m p o n e n t ,  across strain,  g rouping  and  l ight ing condi t ions .  
In o the r  words,  mot i l i ty  d ropped  off  s ignif icant ly  wi th  the  
h igher  doses of  a m p h e t a m i n e ,  7.2 mg/kg be ing  the  dose 
which  most  o f t en  gave the  peak mot i l i ty  response.  This 
pa t t e rn  is a t t r i bu t ab l e  to  the  increasing occur rence  of 
s t e r e o t y p e d ,  n o n - l o c o m o t o r  activit ies as a m p h e t a m i n e  
dosage increases. 

The  wi th in  subjects  part  of  the  A N O V A  was pe r fo rmed  
main ly  to see if  t ime  response  to a m p h e t a m i n e  was differ- 
ent  in the  two strains  (Table  5). As the  in t e rac t ion  s t ra in  x 
a m p h e t a m i n e  x t ime  was no t  s ta t is t ical ly  s ignif icant  we 
conc lude  tha t  b o t h  strains have the  same t ime-response  
pa t t e rn  to a m p h e t a m i n e ,  a l t hough  they  differ  in response  
levels as descr ibed above.  The signif icance of  ( a m p h e t a m i n e  
x grouping  x t ime) ,  ( a m p h e t a m i n e  x l ight x t ime)  and 
(grouping  x l ight × t ime)  in t e rac t ions  shows tha t  the  t ime  
responses  to  a m p h e t a m i n e  were no t  the  same u n d e r  differ- 
ent  cond i t ions  of  i l l umina t ion  and grouping.  As such find- 
ings were no t  of  special in teres t  fu r the r  analyses of  these 
in te rac t ions  were n o t  made.  

DISCUSSION 

It has been  d e m o n s t r a t e d  t ha t  s p o n t a n e o u s  ( runn ing  
wheel)  ac t iv i ty  of  mice varies no t  on ly  wi th  presence  or 
absence  of  light, bu t  accord ing  to the  color  of  visible l ight 
prevail ing [4 ] .  Moreover,  t he  resul ts  clearly ind ica ted  tha t  
dayl ight  f luorescent  l ight ing cons i s ten t ly  had the  mos t  
i nh ib i to ry  effect  on  act ivi ty  across b o t h  sexes of  2 s t rains  
(C57B1/6  and an RFM-der ived a lb ino  stock),  and for  2 ages 
(6 weeks and 6 mon ths ) .  However,  the  a lb ino  s t ra in  was 
m u c h  more  sensi t ive to  the  i n h i b i t o r y  effect  of  the  dayl ight  
cond i t i on  on  mot i l i ty  t han  was the  b lack  strain.  Similar 
results  were seen in a compar i son  of  open  field act ivi ty of  

one  a lb ino  strain and one  p igmen ted  s t ra in  of  inbred mice 
u n d e r  d im and br ight  i l l umina t ion  [ 1 2 ] .  Seegal and Isaac 
[ 13] also conc luded  tha t  the  presence  of  light inhib i t s  an 
active process subserving l o c o m o t o r  act ivi ty.  In rats they  
found  tha t  abso lu te  levels of  act ivi ty af ter  a m p h e t a m i n e  did 
not  differ  be tween  light and dark condi t ions ,  bu t  the  
increase over  con t ro l  act ivi ty  was m u c h  greater  in the  
fo rmer  case. In our  case also the  mice showed equal  abso- 
lute act ivi ty levels af ter  a m p h e t a m i n e  for  all cond i t ions  of  
lighting, bu t  m u c h  greater  relative i nc remen t s  over  con t ro l  
act ivi ty for  the  dim and full light groups  than  for the  dark 
condi t ion .  Similarly, the  greatest  increase of  mot i l i ty  
among  pen toba rb i t a l - t r ea t ed  mice was found  to occur  wi th  
aggregated mice in a l ighted e n v i r o n m e n t  [ 2 2 ] .  

Because of  the  well-recognized var ia t ions  in spon t aneous  
m o t o r  act ivi ty or exp lo ra to ry  behav io r  be tween  d i f fe ren t  
inbred  strains of  mice [ 11, 12, 17, 18 ], we an t i c ipa ted  tha t  
the  mot i l i ty  responses  of  such strains to a m p h e t a m i n e  treat-  
men t  also would differ.  The data  of  E x p e r i m e n t  1 con- 
f i rmed tha t  there  were p r o n o u n c e d  in ter -s t ra in  var ia t ions  in 
response  to the  same dosage of  the  drug some strains 
showing great ly increased act ivi ty while o thers  showed li t t le 
or no  response.  There  was not  a s imple or direct  relat ion-  
ship be tween  drugged and undrugged  act ivi ty  levels, how- 
ever, as the  th ree  s t rains  ranking  lowest  in con t ro l  act ivi ty 
inc luded s t rains  showing b o t h  h igh and low responsiveness  
toward  a m p h e t a m i n e  t r e a t m e n t .  Despi te  d is t inc t  differ- 
ences in test  cond i t ions  and dosage, there  was general  agree- 
men t  be tween  the  present  results  and those  of  Meier et al. 
for  4 of  the  same strains  [ 1 3 ] .  Namely ,  in b o t h  ins tances  
the  C57B1 /6  and DBA/2  were "h igh  responders , "  whereas  
the  C3H and BALB/c  were " low r e sponde r s "  to  d -amphe t -  
amine.  Moreover,  Oliverio et al. [15]  also found  a s t r iking 
super ior i ty  in the  response  of  the  C 5 7 B 1 / 6 B y  s t ra in  to 0.5, 
1.0 and 2.0 mg/kg  doses o f  a m p h e t a m i n e  over  tha t  of  the  
BALB/cBy  strain.  

T h e  l e a s t  reactive strain (BALB/c )  and a strain 
( C 5 7 B 1 / 1 0 )  closely related to the  mos t  reactive one 
( C 5 7 B 1 / 6 )  of  E x p e r i m e n t  1 were chosen  for fu r the r  s tudy  
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FIG. 1. Motility data of Experiment 3 comparing BALB/cJ and 
C57B1/10J strains under three levels of illumination for single 
raice (Top) or groups of four (Bottom) at several dose levels of 

d-amphetamine. 

in E x p e r i m e n t s  2 and  3. In the  aggregat ion  le tha l i ty  tes t  o f  
E x p e r i m e n t  2 the  BALB/cJ  s t ra in  proved to  be s igni f icant ly  
raore suscep t ib le  t h a n  the  C 5 7 B 1 / 1 0 J  mice to  the  tox ic  
r aechan i sm(s )  o f  d - a m p h e t a m i n e  ac t ion  caus ing  d e a t h  u n d e r  
these  condi t ions .  The  degree  o f  c rowding  for g roups  of  
raice in o u r  a c t o m e t r i c  tes t s  was ins igni f icant  c o m p a r e d  to  
tha t  for  this  t o x i c i t y  test .  However ,  it m a y  be poss ible  t ha t  
an ac t ion  respons ib le  for  l e tha l i ty  u n d e r  grea ter  c rowding  
was su f f i c i en t ly  opera t ive  so as to c o n t r i b u t e  to the  subse-  
q u e n t  f ind ing  o f  a more  p r o n o u n c e d  d e c r e m e n t  in m o t o r  
act ivi ty  o f  the  B A L B / c J  mice at the  2 h ighes t  a m p h e t a m i n e  
dosages  ( E x p e r i m e n t  3). 

For  reasons  tha t  are no t  evident ,  in E x p e r i m e n t  3 the  
B ALB/c  s t ra in  was d i s t inc t ly  more  respons ive  to a m p h e t -  
amin e  t h an  mice o f  the  same  s t ra in  (bu t  a d i f fe ren t  co lony)  
had  b een  in E x p e r i m e n t  1. However ,  the  BALB/ c J  mice  
again sh o wed  s igni f icant ly  lesser act ivi ty ,  excep t  at the  

T A B L E  4 

SUMMARY OF STATISTICAL ANALYSIS (ANOVA) ON LOG- 
TRANSFORMED MOTILITY DATA OF EXPERIMENT 2 

Source d f  F p 

BETWEEN SUBJECTS (431) 

Strain (S) 1 28.7 <0.01 

Amphetamine (A) 5 143.9 <0.01 

Grouping (G) 1 757.7 <0.01 

Lighting (L) 2 24.8 <0.01 

S X A 5 3.8 <0.01 

S X L 2 5.0 <0.01 

A X L 10 6.2 <0.01 

G X L 2 19.6 <0.01 

S X G  1 <1 N.S. 

A X G 5 1.6 N.S. 

S X A X G 5 1.13 N.S. 

S X A X  L 10 < 1  N.S. 

A X G X L i0  1.60 N.S. 

S X G X L  2 < 1  N.S. 

S X A × G × L 10 1.05 N.S. 

Animals within 
treatments 360 - - 

WITHIN SUBJECTS (864) 

Time (T) 2 14.6 <0.01 

S X T 2 7.5 <0.01 

A X T 10 31.6 <0.01 

G x T 2 41.2 <0.01 

L x T 4 8.8 <0.01 

A x G x T 10 2.5 <0.01 

A X L X T 20 2.2 <0.01 

G x L × T 4 7.2 <0.01 

S X A X T 10 1.6 N.S. 

S × G X T  2 <1 N.S. 

S × L X T  4 <1  N.S. 

Pooled higher order 
interactions 794 - - 
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mic. 

TABLE 5 

A N A L Y S I S  O F  S T R A I N  × L I G H T  A N D  G R O U P I N G  × L I G H T  
INTERACTIONS* 

Dark Dim Light Full Light 

Strain 

C57B1/10 2.790 2.656 2.695 

BALB/c 2.745 2.547 2.469 

Difference 0.045 0.109 0.226 

Grouping 

4 Mice 3.197 2.881 2.849 

i Mouse 2.338 2.322 2.315 

Difference 0.859 0.548 0.534 

*Data represent log-transformed 30-min activity counts. Values 
of differences not sharing underline differ significantly (p<0.05). 
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FIG. 3. Dose-effect relationship for the motility response of mice to 
d-amphetamine under different conditions of illumination (O total 
darkness; (]) dim light; O full light) during activity testing. Dosage 

scale is logarithmic. 

lowest  two  doses of  a m p h e t a m i n e ,  t han  did the  C 5 7 B 1 / 1 0 J  
strain.  This  was t rue  also for  the  same two strains  wi th  a 
5.0 mg/kg  dose of  d - a m p h e t a m i n e  in open  field mot i l i ty  
tes t ing [14 ] .  It was especially evident  when  the  tes t ing  was 
unde r  the  " fu l l  l igh t"  condi t ions ,  which  were closest to  
those  prevai l ing in E x p e r i m e n t  1. The lesser act ivi ty of the  
BALB/c  strain a f te r  a m p h e t a m i n e  appears  ini t ial ly to  be in 
accord wi th  the  f inding of  Irwin e t  al. [7] in rats  tha t  a low 
con t ro l  act ivi ty corre la ted  s t rongly  wi th  a low l o c o m o t o r  
react ivi ty  to CNS s t imulan t  drugs (p ipradol ,  d -amphe t -  
amine) .  On the  o the r  hand ,  if one concen t r a t e s  on the  
degree of  increase over cont ro l ,  our  results  also may be 
t aken  to  agree wi th  data  indica t ing  tha t  mice which  had a 
lower  con t ro l  ac t iv i ty  level were more  responsive to the  
l o c o m o t o r  exc i t a to ry  effect  of  m e t h a m p h e t a m i n e  [3 ] .  
However,  in making  such  compar i sons  one  must  bear  in 
mind  tha t  b o t h  of  these  s tudies  [3,7]  compared  wi th in  a 
single genetic  s tock r a the r  than  b e t w e e n  genetically-  
d i f fe ren t ia ted  s t rains  as in our  exper imen t s .  

W h i l e  o u r  o w n  studies included no b iochemica l  
measures,  it is app ropr i a t e  to  consider  the  results  in re la t ion 
to the  l i te ra ture  conce rn ing  brain  chemis t ry .  Brains of  male 
mice of  the  BALB/cJ  s train were found  to show twice as 
m u c h  ty ros ine  hydroxy lase ,  the  ra te- l imi t ing e n z y m e  for 
bra in  ca t echo l amine  synthesis ,  as those  of  the  C 5 7 B 1 / 1 0 J  
s t ra in  [2 ] .  This suggests an  inverse re la t ionship  b e t w e e n  
bra in  ty ros ine  hyd roxy la se  act ivi ty and s p o n t a n e o u s  loco- 
m o t o r  act ivi ty.  Such an  inverse,  and seemingly paradoxica l ,  
r e la t ionsh ip  also has been  d e m o n s t r a t e d  among  six inbred  
rat  s t ra ins  [ 1 7 ] .  Moreover ,  f rom these and o t h e r  f indings,  
the  la t te r  au tho r s  conc lude  t ha t  a " re la t ive ly  high adrener-  
gic r ecep to r  act ivi ty is associated wi th  low levels of  trans- 
mi t t e r  b iosynthes i s  [i.e., low bra in  ty ros ine  hyd roxy l a se l  
and vice versa."  F u r t h e r m o r e ,  they  infer  " t h e  exis tence of  a 
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d i rec t  r e la t ionsh ip  b e t w e e n  s p o n t a n e o u s  behaviora l  ac t iv i ty  
and cent ra l  adrenergic  r e c e p t o r  ac t iv i ty"  [ 17 ]. 

This  c o n c e p t  o f  cen t ra l  adrenergic  r ecep to r  ac t iv i ty  as a 
ma jo r  d e t e r m i n a n t  of  s p o n t a n e o u s  behav io ra l  ac t iv i ty  is 
mos t  useful  for  the  i n t e r p r e t a t i o n  of  our  data ,  in con junc-  
t:Lon wi th  Wilder 's  [24]  pr inc ip le  k n o w n  as the  " l aw of  
ini t ial  va lue"  (LIV) .  Wilder 's  law sta tes  t h a t  the  h igher  the  
ini t ial  level of  a physio logica l  f u n c t i o n  (e.g., h igher  cen t ra l  
adrenergic  act ivi ty) ,  t he  smaller  will be  the  r e sponse  to  
func t ion -ac t iva t ing  s t imul i  (e.g., t he  drug a m p h e t a m i n e ) ,  
and  vice versa. Such re la t ionsh ips  m ay  at t imes  be explain-  
able,  at least in par t ,  to  t he  o p e r a t i o n  of  a ceiling effect ,  b u t  
t ha t  does  no t  seem likely in the  p resen t  ins tance .  F r o m  

previous  s tudies  ci ted above,  it would  be expec ted  t ha t  the  
C57B 1 / 10J s t ra in  and  the  e n v i r o n m e n t a l  fac tors  of  aggrega- 
t ion  and  darkness  should  mani fes t  h igher  cen t ra l  adrenergic  
act ivi ty  (or  arousal)  w h e n  c o m p a r e d  to the  B A L B / c  s t ra in  
and the  cond i t i ons  of  i so la t ion  and d im or m o d e r a t e  i l lumi- 
na t ion .  Therefore ,  accord ing  to  the  LIV, the  abso lu te  
increase  in ac t iv i ty  a f te r  d - a m p h e t a m i n e  should  be less for  
the  b lack  mice,  for  all aggregated mice and  for  all mice 
tes ted  in i l lumina t ion ,  even t h o u g h  the  resul t ing  abso lu te  
levels of  act ivi ty  might  still be  equal  to  or grea ter  t h a n  
those  seen wi th  the  oppos i t e  factors.  Close e x a m i n a t i o n  of  
ou r  data  of  E x p e r i m e n t  3, cons ider ing  d i f fe rences  in ini t ial  
values, shows t ha t  these  expec t a t i ons  are indeed  fulfilled. 
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