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HATCHELL, P. C. AND A. C. COLLINS Influences of genotype and sex on behavioral tolerance to nicotine in mice. 
PHARMAC. BIOCHEM. BEHAV. 6(1) 25 30, 1977. - Spontaneous motor activity in a Y-maze was measured in 
DBA/21bg and C57BL/6Ibg mice which had received nicotine or saline injections three times a day for two, four or seven 
days. Both genotype and sex influenced the development of tolerance to nicotine's effects on spontaneous motor activity, 
with DBA males requiring the longest exposure to nicotine and C57 males requiring the shortest drug exposure for 
tolerance development. DBA and C57 females developed behavioral tolerance equally after two days of pretreatment, but 
the C57 females showed a greater degree of tolerance after seven days of injections than did the DBA females. The 
development of behavioral tolerance in DBA males after four days of nicotine pretreatment was associated with the 
development of drug dispositional tolerance, with minimal evidence for a change in nervous system sensitivity. Drug 
dispositional tolerance in DBA females, C57 males and C57 females, however, did not seem to affect spontaneous motor 
activity. 

Nicotine Genotype influence 
Drug dispositional tolerance 

Sex influence Mice Behavioral tolerance Functional tolerance 

T O L E R A N C E  is the  s ta te  in which  a gradual  decrease  in the  
ef fec t  of  a drug is p r o d u c e d  by  its r epea ted  admin i s t r a t i on ,  
or in which  a gradual  increase  in the  dosage of the  drug is 
necessary to  cause the  same ef fec t  as t ha t  p r o d u c e d  by  the  
init ial  dose. To le rance  to n i c o t i n e ' s  e f fec ts  has  been  
d e m o n s t r a t e d  in inves t iga t ions  of  learned  behav io r  [4, 17, 
20, 22 ] ,  EEG and  behaviora l  arousal  [3, 5, 9, 25, 27] and  
m o t o r  ac t iv i ty  [ 12, 19, 23, 24 ] .  

Li t t le  a t t e n t i o n  has  been  given to geno type  or sex in 
s tudies  of  n i co t ine  to le rance ;  m a n y  au t ho r s  do no t  ind ica te  
the  s t ra in  or even the  sex of  the  an imals  in the i r  
exper imen t s .  It is becoming  increasingly appa ren t ,  however ,  
t ha t  these  pa rame te r s  c a n n o t  be ignored  in behaviora l ,  
b iochemica l  or pha rmaco log ica l  s tudies.  Dif ferences  a m o n g  
inbred  s t ra ins  of  mice,  for  ins tance ,  are well k n o w n  for  
a lcohol - re la ted  behav io r  [ 15,16] and  a lcohol  b i o c h e m i s t r y  
[ 11 ,14 ] ,  and  in f luences  of  genet ic  fac tors  or sex have been  
s h o w n  for  behaviora l  response  to n i co t ine  [1, 2, 7, 8, 18] ,  
n i co t ine  m e t a b o l i s m  in liver [21]  and  n e u r o n a l  sensi t iv i ty  
to  n i co t ine  ( research  in p r e p a r a t i o n  f rom this  l abora to ry ) .  

The  p resen t  s tudy  was designed to inves t igate  the  

inf luences  of  g e n o t y p e  and sex on  the  d e v e l o p m e n t  of 
behaviora l  to le rance  to  n i co t ine  in mice. The  d e v e l o p m e n t  
of  to le rance  to n i co t ine ' s  ef fects  on  s p o n t a n e o u s  m o t o r  
act ivi ty was assessed in a Y-maze,  and n i co t ine  concen t ra -  
t ion  in liver and  brain  were measured  to de t e rmine  if 
changes  in the  ra te  of  liver m e t a b o l i s m  or bra in  n ico t ine  
c o n t e n t  were associated wi th  to le rance  deve lopmen t .  The  
use of  two inbred  mouse  s t ra ins  a l lowed the  assessment  of  
b o t h  genet ic  and  sex inf luences  on  these measures .  

METHOD 

Animals 

Male and  female  mice of the  C 5 7 B L / 6 I b g  and  D B A / 2 I b g  
inbred  strains were m a i n t a i n e d  at the  Ins t i tu t e  for  Behav- 
ioral Genet ics ,  Univers i ty  of  Colorado,  in a co lony  room 
with  a s tandard  t e m p e r a t u r e  of  72 _+ 3°F  and  a 24-hr  
l i g h t - d a r k  cycle (equal  per iods  of l ight  and  dark).  Three  
same-sex animals  were housed  in each cage, and access to  
food and  wate r  was unres t r i c ted .  All animals  were 55 -+ 5 
days of  age at  the  beg inn ing  of  the  expe r imen t .  
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Drug Treatment 

For behavioral testing, nicotine base was dissolved in 
distilled water to a concentration of 0.1 mg base/ml, and 1 
mg/kg body weight was injected intraperitoneally. Control 
animals were injected intraperitoneally with physiological 
saline (0.9% NaCl) at a dose of 10 ml/kg body weight. For 
biochemical testing, 3 H-nicotine bitartrate (Amersham/ 
Searle) was dissolved in distilled water to a concentration of 
0.1 hCi/O.l ml solution. Unlabeled nicotine was added to 
achieve a final concentration of 0.1 mg/ml and was 
administered as described above. This nicotine concentra- 
tion was chosen for behavioral and biochemical assessments 
after testing the effect of several different nicotine concen- 
trations on Y-maze spontaneous motor activity. The lowest 
nicotine concentration which produced consistent depres- 
sant effects on motor activity was 1 mg/kg. 

Motor Activity Measurement 

A symmetrical, Y-shaped runway, 10.2 cm high with 
arms 26.0 cm long and 6.1 cm wide, was constructed from 
opaque, black Plexiglas. Hinged covers over each arm and 
over the center section where the arms join were made of 
clear, red Plexiglas. Each of the three arms of the runway 
was divided by lines marked on the cover into two 13.0 cm 
sections. A 75 W light bulb, 111.8 cm above the center of 
the maze, provided illumination for observation of animals 
within the apparatus. 

Each animal was tested 5 min after receiving an injection 
of either nicotine or saline. The animal was placed in the 
center of the runway, all covers were closed, and movement 
of the animal from one section to another (all four feet 
crossing a dividing line) was recorded for 3 min. Activity 
was expressed as the number of maze sections entered 
during the 3-min period. All mice were experimentally 
naive when tested. 

Estimation of Nicotine 

Animals were decapitated 5 min after receiving an 
injection of radio-labeled nicotine. The liver and brain were 
immediately removed, rinsed with cold saline, blotted and 
weighed. Tissues were homogenized in 5 volumes of cold 
saline and centrifuged at 9500 rpm for 10 min. A 1.5 ml 
aliquot was pipetted into 1 ml of 0.1 N NaOH and 7.5 ml 
of purified heptane containing 1.5% isoamyl alcohol and 
was extracted for 20 min [ IO]. Heptane had been purified 
by successive washings of 1 N NaOH and IN WC1 and three 
washings with distilled water. After centrifugation for 5 
min at 1000 rpm, 5 ml of the supernant was pipetted into 
2.5 ml of 0.1 N HCl. After repeating the heptane extraction 
procedure, the contents of the tubes were shaken for 5 min 
and centrifuged for 5 min at 1000 rpm. The organic phase 
was removed by aspiration, and the acid phase was 
transferred to a glass scintillation vial. Ten ml of Triton 
X-l 00 scintillation cocktail was added, and radioactivity 
was measured by means of a Beckman LS-133 liquid 
scintillation counter. Counting efficiency was determined 
by external standardization. Nicotine content was ex- 
pressed as dpm/g tissue. 

Procedure 

A total of 114 C57 and 114 DBA mice served as subjects 
in the experimental groups. Animals were pretreated with 
nicotine or saline three times a day at 4-hr intervals 

between 8 a.m. and 4 p.m. for 2, 4 or 7 days. On the next 
day (approximately 17 hr after the last pretreatment 
injection), each animal was given a challenge dose of 
nicotine or saline and tested for motor activity. Four 
treatment groups were thus constituted: nicotine 
pretreatment-nicotine challenge (NN), nicotine 
pretreatment-saline challenge (NS), saline pretreatment- 
nicotine challenge (SN), and saline pretreatment-saline 
challenge (SS). The NN treatment permitted observation of 
the development of tolerance, the NS treatment allowed an 
estimate of possible withdrawal reactions and of deleterious 
effects caused by repeated nicotine injections. The SN and 
SS treatments served as controls for possible unrecognized 
environmental variables and harmful effects of repeated 
injections. 

Ten animals of both sexes in each strain were used for 
each 2 day pretreatment group, whereas n = 12 in the 4 day 
and n = 5 in the 7 day studies for each sex and strain. For 
the 2 day study these groups are designated 2NN, 2SN, 2N.S 
and 2SS where 2 refers to the days of pretreatment, the 
first letter the type of treatment during these 2 days 
(nicotine, N or saline, S) and the second letter to the 
treatment preceding assessment of Y-maze activity. Only 
the NN treatment was used for the 4 and 7 day studies. 

For comparison purposes, 10 C57 and 10 DBA mice of 
each sex received no pretreatment and were tested for 
motor activity 5 min after an injection of either nicotine or 
saline. These control groups are designated ON (0 = no 
pretreatment, N = nicotine treatment before activity 
measurement) and OS (S = saline treatment before activity 
measurement). 

For all animals, liver and brain nicotine levels were 
determined 24 hr after activity measurement using the 
procedure described in the previous section. 

Data Analysis 

Since the variances of activity scores and of liver and 
brain nicotine levels for most groups were found to be 
non-homogeneous according to Hartley’s F-Max test [6], 
the data were transformed to square root scores. This 
transformation satisfied the homogeneity of variance as- 
sumptions required for performing analysis of variance tests 
[ 261. Analyses of variance were performed on all data, and 
these were followed by the Neuman-Keuls test of post-hoc 
comparisons to distinguish specific differences within signif- 
icant main effects [ 131. 

RESULTS 

Nicotine (ON) and saline (OS) control groups were 
compared to NN, NS, SN and SS subgroups which were 
tested for motor activity on the day following 2 days of 
pretreatment. With respect to activity scores (Fig. I), the 
main effect of treatment and all two-way and three-way 
interactions were statistically significant: treatment - 
F(5,216) = 92.93,p<O.O1; treatment x strain - F(5,216) = 
6.48, ~~0.05; treatment x sex - F(5,216- = 6.07, p<O.O5; 
treatment x strain x sex - F(5,216) = 10.01, p<O.Ol. 
These findings suggest a differential effect of treatment as a 
function of strain and sex. Application of the Neuman- 
Keuls test revealed that the ON and 2NN treatments 
produced significantly different effects in DBA females 
(p<O.OS), C57 males (p<O.Ol) and C57 females (p<O.O5). 
Results of the 2NN and 2SN treatments were significantly 
different for these same strain and sex combinations 
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FIG. l. Spontaneous motor activity in nicotine (ON) and saline (0S) 
control groups and in NN, NS, SN and SS subgroups tested after 
nicotine or saline challenge on the day following 2 days of 

pretreatment (mean + SE). 

(p<0.01 in each case). Thus, the deve lopment  of tolerance 
to the depressant effects  of  n icot ine  on moto r  activity is 
suggested for all but  the DBA males. The degree of  
tolerance deve lopment  was highest in the C57 males, which 
showed an 86% increase in mo to r  activity when scores of 
n icot ine-pre t rea ted  animals were compared  to nicot ine 
control  values. C57 females and DBA females demons t ra ted  
similar degrees of  tolerance deve lopment ,  with 42% and 
48% increases, respectively. 

The 0S-2NS, 0S-2SS, 0N-2SN and 2NS-2SS comparis ions  
revealed no differences that  were statistically significant. 
Thus, nei ther  mult iple  saline inject ions fo l lowed by saline 
or nicot ine challenge nor mult iple  inject ions of  nicot ine 
fol lowing by saline challenge had any effect  upon mo to r  
activity. This suggests that  repeated inject ions produce  no 
adverse effects  upon  mo to r  behavior  and that  wi thdrawal  
f rom nicot ine produces  no change in this behavior when 
activity is measured 17 hr after the last inject ion.  

Referring again to the data i l lustrated in Fig. 1, the main 
effect  of  strain and all two-way and three-way interact ions  
were statistically significant: strain - F ( 1 , 2 1 6 ) =  93.84, 
p < 0 . 0 1 ;  strain x sex F(5 ,216)  -- 8.74, p < 0 . 0 1 ;  o ther  
values as given above. The C57 animals had lower act ivi ty 
scores than the DBA's  in all subgroups except  2NN males, 
2SN males and 2SN females. For  the 2NN t rea tment  in 
males, the DBA scores were significantly lower than those 
for the C57's  (p<0 .01) .  This finding is consistent  with the 
lack of  tolerance deve lopment  shown in DBA males by the 
0N-2NN and 2NN-2SN comparisons.  

The main effect  of  sex and all interact ions were also 
statistically significant: sex - F(1 ,216)  = 4.88, p < 0 . 0 5 ;  
o ther  values as given above. Males of  each strain had lower  
activity scores than females for each of the six t reatments .  
In the present  study,  DBA males showed significantly less 
activity than DBA females under  the 2NN t rea tment  
condi t ion  (p<0.05) .  This difference points  again to the lack 
of  tolerance deve lopment  in DBA males. 

Figure 2 illustrates liver nicot ine levels in nicot ine (ON) 
and saline (0S) control  animals in all 2xx subgroups. 
Trea tment  effects  were no t  statistically significant for this 
measure, suggesting that  mult iple  inject ions of  nicot ine or 
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FIG. 2. Liver nicotine levels in nicotine (ON) and saline (0S) control 
groups and in NN, NS, SN and SS subgroups tested for motor 
activity on the day following 2 days of pretreatment (mean + SE). 

saline for 2 days do not  alter the rate of  nicot ine 
metabol ism in the liver. That  is, there is no deve lopment  of  
metabol ic  tolerance.  A significant effect  of  strain, F(1,216)  
= 286.46, p<0 .01 ,  and a significant strain x sex interact ion,  
F(5 ,216)  = 61.90, p<0 .01 ,  were found,  indicating that  
strain and sex had differential  influences on liver nicot ine 
content .  When all t r ea tment  groups were combined,  C57 
males showed 21% less liver nicot ine than DBA males 
(p<0.01) ,  and liver measures for DBA females were 20% 
lower than those for C57 females (p<0.05) .  The significant 
effect  of  sex, F(1,216)  = 4.93, p<0 .05 ,  resulted f rom the 
fact that  DBA females had 47% less liver nicot ine than DBA 
males (p<0 .01)  and C57 females had 16% less than C57 
males (p< 0.05). 

Brain nicot ine levels in ON, 0S and 2xx animals are 
shown in Fig. 3. The fact that  t rea tment  effects  were not  
statistically significant suggests that  mult iple  inject ions of  
nicot ine for 2 days do not  alter the level of  nicot ine in the 
brain. A statistically significant strain x sex interact ion,  
F(5,216)  = 3.89, p<0 .05 ,  indicated a differential  effect  of  
strain and sex on brain nicot ine measures. The significant 
effect  of  sex, F(1,216)  = 3.96, p<0 .05 ,  was caused by the 
finding of  22% less brain nicot ine in DBA females than in 
DBA males (p<0.01) .  This difference is presumably attr ibu- 
table, at least in part,  to the faster nicot ine metabol ism in 
the females. 

Comparisons o f  2NN, 4NN ancl 7NN Treatments 

Activi ty  levels and nicot ine concent ra t ions  in liver and 
brain were compared  for groups of animals that  were 
challenged with nicot ine on the day fol lowing 2, 4 or  7 
days of  pre t rea tment .  (Since the comparisons described 
above demons t ra ted  that  repeated saline or nicot ine injec- 
tions had no adverse effects  upon mo to r  activity and did 
not  alter liver or brain nicot ine levels, only the NN 
t rea tment  was used for animals pretreated for 4 or 7 days.) 
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FIG. 3. Brain nicotine levels in nicotine (ON) and saline (0S) control 
groups and in NN, NS, SN and SS subgroups tested for motor 
activity on the day following 2 days of pretreatment (mean + SE). 
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FIG. 4. Spontaneous motor activity in nicotine (ON) control groups 
and in subgroups tested after nicotine challenge on the day 
following pretreatment for 2 (2NN), 4 (4NN) or 7 (7NN) days 

(mean + SE). 

With respect  to  the  m o t o r  act ivi ty  data  i l lus t ra ted  in Fig. 4, 
the  main  ef fec t  of  t r e a t m e n t  and  the  t r e a t m e n t  x s t ra in  
were s ta t is t ical ly  s ignif icant :  t r e a t m e n t  F ( 2 ,98 )  = 3.49, 
p < 0 . 0 5 ;  t r e a t m e n t  x s t ra in  - F ( 2 ,98 )  = 8.90, p < 0 . 0 1 .  
This suggests t h a t  mul t ip le  in jec t ions  of n ico t ine  for  2, 4 or  
7 days in f luence  s p o n t a n e o u s  m o t o r  act ivi ty  d i f fe ren t ia l ly  
accord ing  to  strain.  In DBA animals ,  the  act ivi ty  scores of  
males  were 88% higher  for  the  4NN t r e a t m e n t  than  for  the  
2NN ( p < 0 . 0 5 ) ,  suggest ing the  d e v e l o p m e n t  of  behaviora l  
to le rance  w h e n  l eng th  of  p r e t r e a t m e n t  was increased f rom 
2 - 4  days. The slight increase in act ivi ty  in DBA 2NN and 
4NN females  was no t  s ignif icant .  The decrease be tween  the  
4NN and the  7NN t r e a t m e n t  was no t  s ignif icant  in e i the r  
sex. In C57 animals ,  the re  was a slight decrease in ac t iv i ty  
be tween  the  2NN and 4N N  t r e a t m e n t ,  fo l lowed by a 
subs tan t ia l  and  s ignif icant  increase when  leng th  of  pre t rea t -  
m e n t  was increased f rom 4 - 7  days (76% increase in 
females,  p < 0 . 0 1 ;  73% increase in males,  p < 0 . 0 5 ) .  Thus,  
f u r t he r  d e v e l o p m e n t  of  behaviora l  to le rance  is ind ica ted  in 
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FIG. 5. Liver nicotine levels in nicotine (ON) control groups and in 
subgroups tested for motor activity after nicotine challenge on the 
day following pretreatment for 2 (2NN), 4 (4NN) or 7 (7NN) days 

(mean + SE). 

b o t h  males  and  females,  wi th  a h igher  degree of to le rance  
d e v e l o p m e n t  in females.  

The  main  effect  of  sex was s ta t is t ical ly  s ignif icant ,  
F (1 ,98)  = 36 .18 ,  p < 0 . 0 1 .  Males of  each strain had lower  
act ivi ty  scores t han  females  for  each of the t r ea tmen t s .  In 
the  DBA's ,  the  d i f ferences  were s ta t is t ical ly  s ignif icant  for  
the  2NN, 4NN and 7NN t r e a t m e n t s  (p<0 .01  in each case); 
C57 males  and  females  dif fered s ignif icant ly  on ly  af te r  7 
days of  p r e t r e a t m e n t  (p < 0.01 ). 

Figure 5 i l lus t ra tes  liver n i co t ine  levels fo l lowing 2, 4 or 
7 days of  p r e t r e a t m e n t .  The main  effects  of t r e a t m e n t  and 
sex and the  s t ra in  x sex i n t e r ac t i on  were s ta t is t ical ly  
s ignif icant :  t r e a t m e n t  - F (2 ,98)  = 5.43, p < 0 . 0 t ;  sex 
F (1 ,98 )  = 99.88,  p < 0 . 0 1 ; s t r a i n  x sex - F (1 ,98 )  = 23.90,  
p < 0 . 0 1 .  Liver measures  in DBA animals  showed  a small 
(19%) decrease in n i co t ine  c o n t e n t  in males  when  length  of 
p r e t r e a t m e n t  was increased f rom 2 to 4 days ( p < 0 . 0 1 ) a n d  
larger decreases  in b o t h  males (55%) and females  (30%) 
be tween  the  2NN and the  7NN t r e a t m e n t  ( p < 0 . 0 5  in 
females,  p < 0 . 0 1  in males). These  f indings  suggest the 
d e v e l o p m e n t  of  drug disposi t ional  to le rance  in DBA 
animals.  Females  of  each strain had lower  liver n ico t ine  
levels t han  males  for  each of  the  t r ea tmen t s .  DBA females  
exh ib i t ed  47% less liver n ico t ine  t han  males for the  2NN 
t r e a t m e n t ,  36% less for  4NN,  and 51% less for 7NN 
(p<0 .01  in each case). C57 females  d e m o n s t r a t e d  signifi- 
cant ly  lower  liver n ico t ine  levels t han  males for the  2NN 
t r e a t m e n t  (16%, p <  0.05);  the d i f ferences  for  4NN and 7NN 
(16% and 13%, resepct ively)  were no t  s ta t is t ical ly  signifi- 
cant .  

Brain n ico t ine  levels fo l lowing 2, 4 or 7 days of  
p r e t r e a t m e n t  are shown in Fig. 6. The measures  did no t  
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FIG. 6. Brain nicotine levels in nicotine (ON) control groups and in 
subgroups tested for motor activity after nicotine challenge on the 
day following pretreatment for 2 (2NN), 4 (4NN) or 7 (7NN) days 

(mean + SE). 

differ significantly as a func t ion  of  ei ther  t r ea tment  or 
strain. The main effect  of  sex and the t rea tment  x strain 
and strain x sex interact ions  were statistically significant: 
sex F(1,98)  = 18.45, p < 0 . 0 1 ;  t rea tment  x strain - 
F(2,98)  = 5.06, p < 0 . 0 1 ;  strain x sex - F ( 1 , 9 8 ) =  10.71, 
p<0 .01 .  DBA females had 23% less brain nicot ine than 
males (p<O.05),  while brain nicot ine levels were nearly 
identical  in C57 males and females. 

D I S C U S S I O N  

When spontaneous  mo to r  act ivi ty in a Y-maze was 
measured after  2 days of  n icot ine  pre t rea tment ,  the degree 
of  behavioral  tolerance deve lopment  was twice as great in 
C57 males as in C57 or DBA females. However ,  C57 males 
had a slower liver metabol i sm rate and did no t  differ f rom 
either of  the female groups in brain n icot ine  content .  These 
findings suggest that  there is a marked decrease in nervous 
system sensitivity to nicot ine in C57 males after 2 days of  
repeated nicot ine administrat ion.  Females  of  both  strains 
also showed behavioral  tolerance under  this condi t ion,  with 
the degree of  tolerance deve lopment  being greater in the 
C57 animals. DBA males did not  exhibi t  behavioral  
tolerance unti l  length of p re t rea tment  was increased to 4 
days, while DBA females showed no greater tolerance 
deve lopment  after 4 or 7 days of  inject ions than after 2 
days of  pre t rea tment .  Behavioral tolerance was demon-  
strated in bo th  sexes of  the C57 strain after 7 days of  
injections,  with females showing a greater degree of  
tolerance development .  

These results indicate that  both  genotype  and sex 
influence the deve lopment  of  tolerance to n icot ine ' s  depres- 
sant effects  on spontaneous  moto r  activity. DBA males 
required the longest exposure  to nicot ine and C57 males 
required the shortest  drug exposure  for tolerance develop- 
ment.  DBA and C57 females developed tolerance equally 
after 2 days of  p re t rea tment ,  but  the C57's  showed a 
greater degree of  tolerance after 7 days of  inject ions than 
did the DBA's. The change in sensitivity to n ico t ine ' s  mo to r  
effects after mult iple  inject ions can be rank ordered as 

follows: DBA males < C57 males < DBA females < C57 
females. 

The level of  nicot ine in the liver decreased significantly 
after 4 days of  nicot ine p re t rea tment  in DBA males after 7 
days in DBA females, suggesting the deve lopment  of drug 
dispositional tolerance in DBA animals. C57 mice appar- 
ently did not  develop drug disposit ional tolerance,  since 
both male and female liver nicot ine levels were unaffected 
by repeated exposure  to nicotine.  Brain nicot ine levels 
remained the same in all animals after repeated nicot ine 
administrat ion.  

It should be noted that  the 5 rain t ime point  used in 
these studies was in the linear por t ion,  as measured on a 
semilog plot ,  of  the n icot ime disappearance curve for each 
of  the four  groups tested (unpublished data). As a result,  
liver nicot ine levels at the 5 rain t ime point  should give a 
reliable est imate of relative nicot ine metabol ism rates. At 
the same t ime differences in behavioral  effects of  nicot ine 
at 5 min should not  be as inf luenced by differences in 
metabol ism rate as these same effects would be at a later 
t ime point.  Since brain nicot ine levels were minimally 
altered by repeated adminis t ra t ion of nicot ine we can only 
assume that  a significant por t ion  of  the decreased behav- 
ioral effects  of  nicot ine seen at 5 rain after inject ion is due 
to behavioral  rather than drug disposit ional tolerance.  

The inf luence of  genotype  and sex on behavioral  
tolerance has also been shown in rats [22] .  Female  CD 
(Sprague-Dawley) and CDF (Fischer) rats developed a 
greater degree of  tolerance to nicot ine than males when 
spontaneous  moto r  activity was measured in a Woodward 
activity cage. CDF females demonst ra ted  greater tolerance 
deve lopment  than CD females, while CD males showed a 
larger decrease in response to nicot ine than CDF males. The 
change in sensitivity to nicot ine 's  mo to r  effects  could be 
rank ordered as follows: CDF males < CD males < CD 
females < CDF females. Strain and sex differences in 
sensitivity to nicotine demonst ra ted  no correlat ion with 
brain nicot ine level. It can be concluded,  therefore,  that  
genotype  and sex influence behavioral  tolerance to nicot ine 
in rats and mice and that  no relat ionship be tween brain 
nicot ine level and behavioral tolerance has been observed in 
either species. 

S to lerman and his colleagues [23,24] found that  the 
t ime interval be tween nicot ine pre t rea tment  and challenge 
affected deve lopment  of  behavioral  tolerance in rats. When 
these investigators measured spontaneous  moto r  activity in 
a Y-maze, they observed a progressive increase in tolerance 
to the challenge dose as the t ime interval be tween  doses 
increased f rom 30 rain to 2 hr. Maximum tolerance was 
exhibi ted at the 2-hr interval, and the effect  had essentially 
disappeared after 8 hr. A comparison of  these results with 
those of  the present s tudy suggests two interest ing possibili- 
ties. First, since we observed behavioral  tolerance (mea- 
sured in the same manner  as in Stolerman 's  research) 17 hr 
after the last nicot ine pre t rea tment ,  it may be that  mice 
retain tolerance for a longer t ime than do rats. Because 
changes in nervous system sensitivity appear to be involved 
in nicotine tolerance,  this suggests that  species comparisons 
between mice and rats might show interesting differences in 
number  of  brain nicot ine receptors  and/or  in receptor  
affinity for nicotine.  Second, it appears that the effects of  
genotype  and sex on tolerance deve lopment  observed in the 
present s tudy might have varied if al ternative t ime intervals 
be tween pre t rea tment  and challenge had been used. For  
example,  the degree of  tolerance demonst ra ted  under  these 
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condi t ions  might  be maximal  for  mice of  a part icular  strain 
and sex, but  less than maximal  for o the r  strain-sex 
combina t ions .  

It has also been  shown [23,24]  that  the dose of  n icot ine  
used to pre t rea t  rats can be a critical fac tor  in de te rmin ing  
the magni tude  of  to lerance that  develops.  It seems that  
there is an opt imal  dose for  eliciting tolerance and that  
larger or smaller doses are less effective.  In addi t ion ,  the 
challenge dose has been shown to affect  sensitivity to 
nicot ine.  If too  high a dose is used before  testing, to lerant  

rats show comple te  suppression of spon taneous  m o t o r  
activity. Thus, the effect  of  the challenge dose itself may 
lead to the conclus ion that  tolerance is weak or absent .  

In view of  these findings, it should be no ted  that  the 
demons t r a t ed  effects  o f  geno type  and sex on the develop- 
ment  of  behavioral tolerance to n icot ine  in mice may be 
specific to the part icular  interval be tween  p re t r ea tmen t  and 
challenge and the part icular  doses used in the present  study. 
We in tend  to explore  this possibil i ty in future  exper iments  
using o ther  n icot ine  doses and schedules of  testing. 
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