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MARKS, M J , L  L MINER, S COLE-HARDING, J B BURCHANDA C COLLINS A genettcanal3stsoJmtotme 
effec t~ on open field at uwty PHARMACOL BIOCHEM BEHAV 24(3) 743--749, 1986--The genetics of the effects of 
mcotme on the open field activity of mice were studied using a 5 by 5 dmllel cross The five inbred strains used were A, 
BALB, C57BL, DBA, and C3H These stratus differ both in basal open field activity as well as acUvlty after lr0ectlon of 
nicotine Analysis of the results of basehne actlvtty indicated that both addmve and dominance variance affected the 
activity of the ammals The dominance was non-directional Likewise, the responses observed after mjectmn of 0 75 mg/kg 
nicotine d~splayed both addmve and dominance components However. after correcting the results for dtfferences in basal 
actlwty, the dominance item was pnmanly directional This directional dominance was towards a more intense response to 
the effects of the drug, that is, a decrease m open field activity 
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NICOTINE,  one of the drugs most widely used by humans, 
affects cholinerglc neurotransmttter systems both m the cen- 
tral nervous system and m the periphery In addition, the 
effects of mcotme are blphaslc m that low doses of the drug 
stimulate nlCOtlmC chohnerglc receptors, while high doses 
lmtlally stimulate and then inhibit them [23] The blphasic 
action of nicotine has been explained by a model involving 
the desensitization of  the receptors [20] The multlstte and 
blphaslc effects of nicotine on responses in whole ammals 
make the pharmacology of  this drug complex Neverthe- 
less, rehable and reproducible responses to mcotme have 
been measured using several behavioral and physiological 
tests [1, 4, 6, 14, 22, 24, 30, 31, 32] 

The effects of nicotine on the locomotor activity of ro- 
dents are influenced by genetic factors Selected hnes of  rats 
are differently affected by ntcotme The locomotor activity 
of those rat lines with lugh basehne activity Is affected more 
markedly than the activity of those lines with lower baselme 
activity [5, 10, 11, 12, 33] Various stocks of rats are also 
dlfferentmlly affected by mcotlne While ntcotlne decreases 
the activity of those stocks with high basehne activity, ~t m- 
creases the acuvlty of a stock with low basehne activity [30] 
The effect of  nicotine on the locomotor activity of mice ~s 
also influenced by genotype Differences among inbred 
mouse strains have been observed both m the Y-maze [14] 
and m the open field arena [24] after the injection of nicotine 
and in the open field after exposure to tobacco smoke [4] 
The differences in behavioral response in mice do not arise 
from d~fferences m brain levels of  mcotme or m the metabo- 
hsm of the drug [4,14] Therefore, differences m tissue sen- 

s~tlv~ty are of  major importance m determining the different 
responses of rats and m~ce to nicotine 

The results of  the strata compansons discussed above 
strongly suggest that genetic factors influence the response 
of  rodents to nicotine However ,  httle has been done to 
characterize the nature of thts genettc influence One method 
which is available to further analyze genetic influences on 
drug response is the dlaUel cross. In a dlallel cross, members 
of mbred strains, which dtffer m the character of interest, are 
crossed with members of every other strain to produce all 
posstble combinations A dlallel analysis of variance can 
subsequently be applied to the results obtained Thts 
analysis has the structure of  a two-way analys~s of vanance,  
where rows and columns detect addmve genettc effects, and 
rows × columns detect the non-additive effects of  dominance 
and gemc interaction In addition, maternal effects can be 
determmed by the difference between the reciprocal crosses 

Diallel crosses have been used to assess the geneUc con- 
tnbutton to differences m locomotor activity m mtce [7, 13, 
17] and the underlying differences have been employed m the 
selection of  hnes of mice that differ markedly in activity 
measures [8] Diallel crosses have also been used to evaluate 
the effects of drugs on locomotor acttvtty [2, 3, 21] The 
results of these drug studies were not subjected to a com- 
plete dlallel analysis of variance and are, therefore, pnmanly  
descriptive m nature Nevertheless,  some indication of 
dominance m the mhentance of response to the drugs tested 
was seen m that the locomotor actlvtty of the F1 hybrids 
resembled that of the less active parent after the administra- 
tion of e~ther amphetamine or scopolamine [2] This pattern 
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T A B L E  1 

CONTROL OPEN FIELD ACTIVITY OF DIALLEL MICE 

Maternal Stram 
Paternal Ro~ 
Strmn A BALB C57BL DBA C3H l'otals 

A 647 915 2209 2246 316 722 1 
(11 8) (189) 1183) (205) 1771 

BALB 109 5 180 8 241 2 166 6 83 9 936 7 
117 8) 131 3) 117 6) (24 7) 118 8) 

C57BL 212 2 244 5 252 0 282 7 203 3 1444 9 
(20 3) (20 7) (14 1) 115 5) (25 8~ 

DBA 168 9 128 3 272 5 233 1 166 6 1206 0 
(31 1) (22 2) (13 4) 131 01 (37 5) 

C3H 40 5 137 5 237 1 206 2 102 4 837 5 
112 1) (23 5) (20 7) 127 0) (25 3) 

Inbred 88 8 154 7 250 2 230 0 113 9 
Replicates 116 9) (28 9) 118 6) (34 4) (27 2) 

Column 684 6 937 4 1473 9 1343 2 676 7 
Totals 

Mean open field actlvmes (S E M ) after Injection of sahne were determined using 7 
males and 7 females per group Both row and column totals include values for the 
appropriate inbred rephcates 

was observed  ei ther  before  or  after the administrat ion of  a 
foot  shock [3] 

In the study reported here, the influences of  genetic factors 
on changes in locomotor  actavlty reduced by mco tme  were  
es t imated from a comple te  five by five dlallel cross using the 
fol lowing inbred strains A, B A L B ,  C57BL,  D B A ,  and C3H 
The effects of  an inject ion of  saline or  0 75 mg/kg of  mcot lne  
on the open field acuvaty of  the five mbreds and 20 F I crosses 
were  determined The data  obtained were  subsequent ly  
analyzed,by a dmllel analysis of  variance [ 16]. as modified for 
analysis of  a haif-dlallel [19] 

METHOD 

Animals 

Five  inbred strains of  mice were  used as the parental  lines 
In this s tudy A/Ibg,  C3H/2Ibg.  C57BL/6Ibg,  DBA/2Ibg.  and 
B A L B / c B y J  Four  of  these strains have  been bred at the 
Instatute for Behavaoral  Genet ics ,  Univers i ty  of  Colorado for 
more  than 20 generat ions ,  while mace of  the B A L B  strain 
were  obtained from Jackson  Labora tor ies ,  Bar Harbor ,  ME 

Mating pairs for each of  the 5 inbred stratus, as well as for 
all possable combinat ions  of  these inbred strains, were  estab- 
hshed to produce 25 different F1 hybrids F ive  mating pairs 
were  employed  for each cross  Mice were  maintained on a 12 
hr  hght/12 hr  dark cycle  (hghts on 7 a m to 7 p m ) and were  
permi t ted  free access  to food (Wayne Lab Blox) and water  
Mating pairs were  kept  m 17 5 × 5 0 × 2 0  cm ( L × W × H )  metal 
cages and transferred to 21×62×20  cm ( L × W x H )  metal  
cages when  litters were  born Offspring were  weaned  at 25 
days of  age and housed with 1-5 lake-sexed ht termates  

TeMmg 

Both male and female mice,  60 to 90 days old. were  tested 
for the effect  o f  nicotine on locomotor  activity Li t termates  
were  divided be tween  t rea tment  groups After  the mice were 
weighed,  they were  t ransferred to the testing room for at 
least  15 mm but less than 2 hr prior  to t reatment  This room 
was i l luminated with red light 

Test ing was conducted  using an au tomated  open field 
arena  il luminated with red light to mimmlze  problems asso- 
ciated with photophobla  [8] The  open field arena is a square 
(91 4×91 4 cm) cons t ruc ted  of  white acrylic plastic The 
floor area  is divided into 36 equal ly  spaced squares Move-  
ment  be tween  squares interrupts a photocel l  beam and 
thereby act ivates  an e lectronic  counter  The 5-mln period 
was begun 3 mm after injection of  the test solution Dunng  
the 3-mm period prior to testing, the mouse  was placed in a 
plastic cyl inder  In a corner  of  the arena Animals  were  re- 
j ec ted  with nicotine (0 75 mg/kg) or  saline (0 0 mg/kg 
nicotine) Drug was adminis tered by IP injection Injection 
vo lume was 0 01 ml/g The effects of  mco tme  on locomotor  
ac t lvmes  are short- l ived [14] The results obtained reflect the 
max imum drug effect  since onset  o f  act ion ~s similar in all of  
the crosses  

Seven  mice of  each sex f rom each cross were  tested at 
each  dose In addition, seven  additional inbred mice of  each 
sex were  tested at each nicotine dose 

Data Analysts 

Results  were  analyzed using the dlallei analysis of  van-  
ance descr ibed by H a y m a n  [16] and as applied to the half- 
dlallel by Jones  [19] Initial analyses were  made on the un- 
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t r a n s f o r m e d  da ta  for  bo th  g roups  T he  ana lyses  were  re- 
pea t ed  on  da ta  t r a n s f o r m e d  as fol lows B = l o g ( A +  1), whe re  
B was  the  t r a n s f o r m e d  score  and  A was  the  or lgmal  open  
field act iv i ty .  S ince  some  original  scores  were  zero ,  it was  
n e c e s s a r y  to add 1 to each  score  to a s su re  tha t  the  m i n i m u m  
log was  zero  Th~s t r a n s f o r m a t i o n  was  p e r f o r m e d  to mee t  
h o m o g e n e i t y  of  va r i ance  r e q u i r e m e n t s  An  a d d m o n a l  
ana lys i s  of  the resul t s  of  the  open  field act lvl ty  a f te r  m c o t m e  
admin i s t r a t i on  was  made  on da ta  t r a n s f o r m e d  as fol lows 
C = ( a c t w l t y ,  n i c o t i n e = 0 7 5  mg/kg) / (ac t lwty ,  m c o t l n e = 0  
mg/kg),  whe re  act iv i ty ,  m c o t m e = 0  75 mg/kg was  the  m e a n  
act iv i ty  score  w h e n  the  mice  were  in jec ted  wi th  0 75 mg/kg 
n icot ine  and ac t lwty ,  mCOtlne=0 mg/kg was the  m e a n  ac- 
t~wty scores  for  s a h n e - m j e c t e d  mice  of  the  same  c ross  Vari-  
ances  were  ca lcu la ted  by  a p p h c a t l o n  of  T a y l o r ' s  e x p a n s i o n  
This  t r an s fo rma t ion  has  b e e n  e m p l o y e d  p rev ious ly  to com- 
pare  the effects  of  mCOtlne m lect ion on  the  open  field act iv-  
i ty of  four  inbred  m o u s e  s t ra tus  [24] 

RESULTS 

The  m e a n  open  field ac t iv i ty  scores  for  the con t ro l  g roup  
are p r e s e n t e d  in Table  1 N o  s lgmficant  d i f fe rences  b e t w e e n  
males  and  females  were  found ,  so the resul t s  ob ta ined  f rom 
bo th  sexes  were  poo led  for  ana lys i s  T he  five cells a long the  
leading d iagonal  con ta in  the  m e a n  scores  o f  the f ive inbred  
s t ra ins ,  w h e r e a s  those  off  the  main  dmgona l  s u m m a r i z e  the  
da ta  o f  the  var ious  c rosses  and  the i r  r ec ip roca l s  Rep l i ca t ion  
o f  the inbred  va lues  is also p rov ided  The  rank  o rde r  for  the  
act iv i ty  of  the  five inbred  s t ra ins  was  C 5 7 B L  > D B A  > 
B A L B  > C3H > A The  m e a n  act iv i ty  of  mice  o f  the  C57BL 
s t ra in  was  more  than  three  t imes  that  of  mice of  the A s t ra in  
Row and  co lumn  to ta ls  ref lect  these  &f fe rences  m a c u w t y  as 
well A c o m p a r i s o n  of  rec iproca l  row and  c o l u m n  totals  
g ives  no r e&ca t ion  of  m a t e r n a l  effects  Final ly ,  e x a m i n a t i o n  
of  the  of f -dmgonal  cells m & c a t e s  tha t  the F I  hybr id  scores  
were  roughly  m t e r m e d m t e  be t w een  pa ren ta l  scores  

The  resu l t s  p r e s e n t e d  m Table  1 were  f u r t he r  ana lyzed  
us ing  a dlallel ana lys i s  of  va rmnce ,  the resul t s  of  w h m h  are 
s u m m a r i z e d  in Table  2 This  ana lys i s  a s s u m e s  a rumple 
a d & t l v e - d o m m a n c e  model  If  th~s mode l  holds ,  the  m e a n  
squa re s  of  the  ~tems in the  analys is  of  va r m nce  can  be  inter-  
p re ted  in s imple  t e rms  Fo r  the  dmllel ana lys is  on  the un- 
t r a n s f o r m e d  data ,  s~gmficant a d d m v e  and d o m i n a n c e  effects  
were  found  and two c o m p o n e n t s  of  the d o m i n a n c e  i tem 
(b., and  b 3  were  a lso s lgmficant  No  ma te rna l  or  o the r  recip- 
rocal  effects  were  found  T h e s e  resu l t s  were  near ly  Ment~cal 
m an  ana lys i s  of  the da ta  sub jec t ed  to a log t r a n s f o r m a t i o n  
(s lgmficant  a, b, b, ,  and  b~ i tems were  ob ta ined ,  resul t s  not  
shown)  The  a b s e n c e  of  any  &rect~onal  d o m i n a n c e  is fu r the r  
s u p p o r t e d  w h e n  the ave rage  act ivi ty  of  the  m b r e d s  (165 2 
c ross ings)  was  c o m p a r e d  to tha t  of  the  F l s  (162 7 c ross ings)  
and by  the  fac t  tha t  e~ght o f  the  F1 hybr ids  s h o w e d  Mgher  
ac t iv i ty ,  e ight  s h o w e d  lower  actw~ty, and  two showed  act iv-  
ity near ly  ident ical  to tha t  of  the appropr i a t e  m~dparent  
va lue  

The  adequacy  of  the  s tmple  a d d m v e - d o m m a n c e  model  
can  be  t es ted  wi th  v a r l a n c e - c o v a n a n c e  (W-V) analyms [7, 
18, 29] The  W-V analys is  invo lves  the  regress ion  of  the  
c o v a n a n c e  o f  the paren ta l  scores  and  an  a r ray  ( row or  col- 
umn)  on  the  va r i ance  of  the a r ray  T he  re la t lons lup  o f  the  
poin ts  ob t a ined  p rov ides  an  ind ica t ion  of  the re la t ive  n u m b e r  
of  the  d o m i n a n t  al leles c a m e d  by the  inbred  pa ren ta l  s t ra tus  
If  the  a d d m v e - d o m l n a n c e  mode l  holds ,  t hese  points  shou ld  
also def ine  a s t rmght  hne  wi th  um t  s lope If  the  mode l  falls 

T A B L E 2  

DIALLEL ANALYSIS OF BASELINE OPEN FIELD A~IVITY 

Item df MS F 

a Addmve variance 4 30328 2 59 45¢ 
b Dominance variance 10 2285 5 4 48:~ 

bl DirecUonal 1 309 4 0 61 
b2 Unequal gene 4 2883 4 5 655 
b~ Residual 5 2198 4 4 311- 

c Maternal effects 4 944 5 1 85 
d Reciprocal effects 6 225 8 0 44 
Error 395 510 14 - -  

Hentablhty 
Narrow sense 0 59 
Broad sense 0 72 

uv 0 10 
u/v 0 28 
k O0 

Summaries of the analysts of variance of open field activity after 
ln.lectton of saline are provided for the results obtained from the five 
by five dlallel cross Each cell of the cross was composed of 7 males 
and 7 females Rephcate cells for the inbred mtce were included The 
degrees of freedom (dr) for each ttem m the analysis are mdlcated 
Both the mean square (MS) and the F-value are hsted for each item 
The major items m the analysm are (a) addmve genetic variance, 
sum of the average effects of the genes m a genotype, (b) dominance 
variance, differences between the additive genotyp~c value and the 
actual genotypm value, (c) maternal effects, effects dependent on 
the strain of the mother, and (d) reciprocal effects not ascribable to 
(c) In addmon, the dommance variance (b) has been subdlwded into 
three components (bl) directional dominance, deviatton from addt- 
twe value toward the response of one of the parents, (b2) unequal 
gene frequencies, an lndmaUon that some of the parents are carrying 
more dominant genes than are other parents, and (b3 non- 
directional dominance (resMual effects), dominance variance umque 
to each FI Narrow sense hentabdlty ts the fraction of the 
phenotypm variance resulting only from addmve genetic factors, 
broad sense hentabdlty is the fraction of phenotyplc variance arising 
from all sources of geneUc variance The product uv represents the 
cumulative products for the frequency of dominant genes (u) and 
recessive genes (v) The quotient u/v represents the cumulative 
quotients for the frequency of dominant genes (u) and recessive 
genes (v) The values of u and v vary between 0 and I The value k 
represents an estimate of the number of genetic loci with some 
dommance component influencing the trmt 

*p<O 05, ~p<0 01, :~p<0 001 

( the s lope differs f rom 1), a more  complex  model  revolving 
epls ta t lc  mte rac t l ons  mus t  be cons ide red  The  W-V analys is  
of  the  b a s e h n e  o p e n  field ac twt ty  is shown  m Fig 1 The  
s lope of  the line (0 76_+0 09, t (3 )=2  6 7 , p > 0  05) does  not  dif- 
fer f rom uni ty  and  the  s imple  a d d i t i v e - d o m i n a n c e  mode l  
c a n n o t  be  re jec ted  The  o r d e n n g  o f  the  poin ts  on  the  plot  
ind ica tes  tha t  the  C57BL s t ra in ,  wh ich  is mos t  ac t ive ,  car r ies  
the  mos t  d o m i n a n t  alleles and  the  A s t ra in ,  wh ich  is the leas t  
ac t ive ,  car r ies  the  f ewes t  

The  gene t ic  p a r a m e t e r s  u, v, and  k were  e s t ima ted  f rom 
the  v a r l a n c e - c o v a n a n c e  s ta t i s t ics  [7, 16, 28] and  are  sum- 
m a n z e d  in Table  2 The  re la t ive  f r e q u e n c y  of  r ecess ive  al- 
leles (v) is h igher  than  t ha t  of  d o m i n a n t  alleles (u) as indi- 
ca ted  by the  rat io u / v = 0  28 Th i s  rat ,o  sugges ts  tha t  3 to 4 
t imes  as m a n y  r ecesmve  alleles t han  d o m i n a n t  alleles are 
p r e s e n t  in the  m b r e d  s t ra ins  The  unequa l  f r equency  is a lso 
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FIG l Vanance-covarmnce plot for controlopen field acnvlty The 
variances of the Inbred-hybrid responses (W) were graphed as a 
function of the vanances of the inbred responses (V) for control 
open field activity The points are labeled to indicate the relative 
positron of the lnbreds 

suggested by the product uv=0  10 Th~s uv product suggests 
that 12% of the alleles are dormnant The estimate of the 
minimum number of loci (k) involved in control open field 
actlvlty ~S zero 

The mean open field activity scores for mice treated with 
0 75 mg/kg nicotine are presented in Table 3 These values 
confirm what has been reported previously this dose of 
nicotine activated C3H mice (activity 140% of control), had 
little effect on BALB mice (110% of control), and depressed 
C57BL and DBA mice (39% and 59% of control, respec- 
tively) In addition, the activity of the A strata was also 
depressed (34% of control). Thus, the lnbreds chosen for this 
study showed a wide range of nicotine effects Comparison 
of row and column total showed no striking indication of 
maternal or other reclprocal effects The row and column 
totals only approximately reflect relative activity after a 
nicotine dose because they are confounded by an lnteractmn 
between the differences in control activity and drug effects 
In an attempt to compensate for basehne activity differ- 
ences, the ratio between the activity after mcotlne mjectlon 
and control actlwty was calculated for individual sub- 
jects This data transformation has been used previously to 
compare the effects of mcotlne on open field activity in a 
strain comparison [24] 

Table 4 presents the results from the dmllel analys~s of 
variance of  both the untransformed and the transformed 
(ratio) data for nicotine-treated ammals S~gnlficant addmve 
and dominance effects were found (items a and b) In addi- 
tion, all three dominance components were significant A 
somewhat d~fferent pattern emerged from the ratm data As 
w~th the untransformed data, significant addmve and domi- 
nance effects were found However ,  the b~ item was no 
longer slgntficant and the b2 item was reduced Neither 
analysis indicated the presence of e~ther maternal or reop-  
rocal effects 

The adequacy of the additive-dominance model to de- 
scribe open field actlvlty after mCOtlne reJection was tested 
with W-V plots [7, 18, 29] of both the untransformed and 
transformed data These plots are shown m Fig 2 The plot 
of the untransformed data had more scatter (r=0 89) than 
that of the ratm data (r=0 98) perhaps reflecting a basal ac- 
tivity difference by drug effect interaction Since the slope of 
the W-V plot for the ratm-transformed data did not differ 
from umty (0 74_+0 17, t (3)=l  53, p > 0  05), the addRive- 
dominance model could not be rejected for the analysis This 
plot Indicated that the A strain camed  the most dominant 
alleles and the BALB strata the fewest 

TABLE 

()PEN FIELD ACTIVIT'~ OF DIALLEL MICE Ab~YER 
ADMINISTRATION OF 0 75 mg/kg OF NI(OTINE 

Maternal Stram 
Paternal Row 
Strata A BALB C57BL DBA ( 3H I otals 

A 31 0 474 207 243 148 
(77) 1150) (59) (87) 1341 

BALB 16 8 213 5 35 0 18 5 11 0 
16 8) (44 9) 120 6) 17 2) (4 91 

C57BL 41 3 41 6 82 6 53 6 164 1 
118 l) (23 0) 123 0) (25 5) 14"~ 4) 

DBA 5 3 22 6 19 1 130 0 72 3 
(22) 1126) (9 1) (447) (245) 

C3H 103 1184 1569 864 1586 
(5 3) (49 7) (43 4) (27 21 139 7) 

Inbred 164 1857 1106 134 1 1348 
Rephcates (6 81 (46 0) (27 2) (46 2) 131 6) 

Column 121 1 629 2 424 9 446 9 555 6 
Totals 

154 6 

480 5 

493 8 

383 4 

665 4 

Mean open field actlwty (S E M ) was determined after an injec- 
tion of 0 75 mg/kg of mcotme Each value represents data obtained 
from 7 males and 7 females per group 

The genetic parameters u, v, and k were calculated for the 
open field activity after a dose of 0 75 mg/kg of mCOtlne and 
are shown m Table 4 In contrast to the ratio (u/v) obtained 
for the control activity, the ratios ofgene frequencies for the 
activity after nicotine treatment were greater than one for 
both the untransformed (1 524) and the ratio-transformed 
(1 956) data, suggesting that dominant alleles are more fre- 
quent than recessive alleles The products (uv) indicate that 
approximately 75% of the alleles are dominant for the un- 
transformed data and that approximately 86% of the alleles 
are dominant for the transformed data The mlmmum 
number of loci influencing open field activity after nicotine 
administration was estimated to be 2 84 and 6 74 for the 
untransformed and ratio-transformed data, respectively In 
contrast to the basal act~vity, where no directmnal domi- 
nance was found, significant directionality was observed 
after nicotine Injection The mean number of crossings of the 
F1 hybnds (50 1 crossings, 31% of control) was markedly 
less than that of the mbreds (117 9 crossings, 77% of con- 
trol) This result suggested that the dlrectmnal dominance 
was toward depression of activity Figure 3 was constructed 
to further examine th~s result For the untransformed data 9 
of 10 F1 crosses were more affected than would have been 
predicted from the mldparent value The ratio data, which 
may better represent the drug effect by removing basal ac- 
tivity differences, are very slmdar For these data, however, 
all of the F1 hybrids were more affected than would have 
been predicted ff the effects were purely additive 

DISCUSSION 

The dlallel analysis presented here confirms and extends 
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T A B L E  4 

DIALLEL ANALYSIS OF OPEN FIELD ACTIVITY AFTER A DOSE OF 0 75 mg/kg OF NICOTINE 

Results Analyzed 

Untransformed Ratio 

Item df MS F MS F 

a Additive vanance 4 9615 8 12 98¢ 0 461 10 82¢ 
b Dominance variance 10 6453 9 8 71¢ 0 206 4 85¢ 

bj Darectaonal 1 30731 9 41 51¢ 1 487 34 99¢ 
b., Unequal 4 4651 1 6 27¢ 0 126 2 98* 
b~ Residual 5 3036 5 4 10" 0 013 0 31 

c Maternal effects 4 1089 1 1 47 0 051 1 19 
d Reciprocal effects 6 504 2 0 68 0 031 0 72 
Error 395 740 8 - -  0 043 - -  

Hentabihty 
Narrow sense 0 18 0 19 
Broad sense 0 58 0 45 

uv 0 19 0 12 
u/v 1 52 1 96 
k 2 84 6 74 

Results of open field activity of the dlallel mice after injection of 0 75 mg/kg mCOtlne were 
analyzed either without transformation or after transformataon by normalizing the data by defining 
the control activity of the corresponding cross as l 00 to eliminate differences in basal activity 
among the mice Each cell contained 7 males and 7 females Replicate cells of the five inbred straans 
were also included Explanation of the items of analysis as prowded an the legend to Table 2 

*p<O 05, lp<O 01, Cp<O 001 

the observa t ion  that genet ics  are important  in influencing the 
responses  of  mice to nicotine We have previous ly  repor ted  
on strain differences in the effects  of  nicotine on open field 
act ivi ty [24] By extending the analysis from a strain com- 
parison to a dlallel cross,  information on the inheri tance of  
the response  has been obtained Such information can be 
useful in identifying the biological basis of  drug-reduced be- 
havior  While strain differences imply genetic Influences on 
the biological  substrates o f  drug-reduced behavior ,  they 
provide  only a starting point for the invest lgat lon of  these 
differences Fur ther  genetic analyses ,  e g ,  a classical cross  
(F1, F2, backcross)  or  the dlallel cross,  are necessary  to 
provide  more useful information concerning the genetic  con- 
trol of  a trait In part icular ,  the classical  or  dlallel crosses  can 
provide  an es t imate  of  gene number  as well as information 
about  genlc interact ion Once  this information has been ob- 
tained, further  studies such as an assessment  of  the relation- 
ship be tween  nicotine effects  on open field act ivi ty  and brain 
nicotinic receptors  can be designed The data  obtained in the 
diallel analysis o f  nicot ine- induced changes in open field ac- 
tivity indicate that n icot ine ' s  effects on open field act ivi ty  
are regulated by a large number  of  genes (ca [7]) It should be 
emphas ized  that this number  is merely  an es t imate  because  
many assumpt ions  are made  in the calculat ion of  gene 
number  [29] H o w e v e r ,  the observa t ion  that a large number  
of  genes influence n ico t ine ' s  effects on locomotor  act ivi ty  
Indicates that a correlat ional  analysis of  open field response  
and any biochemical trait would not likely be very fruitful 
In contrast ,  we [28] have observed ,  using a classical  cross ,  
that nicot ine- induced seizures may be regulated by a single 
gene and have obta ined ev idence  which suggests that 
nicot ine-reduced seizures may be regulated by the number  of  

h lppocampal  nicotinic receptors  Thus,  the dlallel method,  
or  o ther  such genetic cross methods,  has usefulness in that it 
may serve to aid m the identification of  s impler  drug-reduced 
behaviors  Once  these less complex  behaviors  have been  
identified, the l ikelihood of  successfully testing hypotheses  
which a t tempt  to explain these behaviors  is enhanced 

While the results obtained in the dlallel analysis suggest 
that further  invest igat ion of  the genetic  and/or  biochemical  
regulation of  n icot ine ' s  effects  on open field act ivi ty would  
be difficult, the dlallel analysis did provide  information 
which is of  general  biological interest  The  dlallel cross  used 
inbred strains Mather  [26,27] has argued that the genetic  
archi tecture  of  mbreds  may be regarded as a vestigial  form of  
that found in natural populat ions despite the considerable  
select ion that occurs  dunng  inbreeding Thus,  the genetic  
archi tecture for genes controll ing a response seen in inbred 
strams has some implications for the biological impor tance  
of  this trait In natural populat ions of  mice,  outbreedlng ts 
c o m m o n  and consequent ly  most  gene combinat ions  should 
be he terozygous  The F1 mice obtained with a dlallel cross  
will be he te rozygous  at those loci where  their  inbred strain 
progeni tors  differed Thus,  the analysis of  F1 mice may pro- 
vide data  which are more  re levant  to the genetic regulation of  
a trait in a natural population than Is the study of lnbreds  The 
data  obtained in the present  study indicate that dominance  
towards an enhanced  response to mco tme  occurs  

In an earl ier  diallel analysis of  nicot ine- induced 
hypothernua ,  we also observed  dominance  towards an in- 
tense drug response  [25] This type of  direct ional  dominance  
in an F1 populat ion can be Interpreted f rom an evolut ionary  
point of  view The stnking dominance towards sensitivity to 
nicotine effects  seen for both the hypothermlc  response  and 
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FIG 2 Vanance-covarmnce plots for open field actwlty after ad- 
ministration of 0 75 mg/kg of nicotine The variances of the inbred- 
hybrid responses (W) were graphed as a function of the variances of 
the inbred responses (V) for both untransformed data (panel A) and 
ratio-transformed data (panel B) The points are labeled to indicate 
the relative position of the mbreds 

d e p r e s s t o n  of  o p e n  field ac t iv i ty  m ay  be  pos tu l a t ed  to have  a 
se lec t ive  a d v a n t a g e  for  mice  Pe r haps  an m t e n s e  r e s p o n s e  to 
n ico t ine  would  se rve  e t the r  to hmt t  the in take  of  the  com- 
pound  and  p r e v e n t  the  inges t ion  of  a toxic dose  or,  once  
inges ted ,  to dep re s s  the  m o v e m e n t  of  the  an imal  and  t h e r e b y  
r educe  its e x p o s u r e  to p r e d a t o r s  whale It IS ~mpalred 

Only  a single dose  of  n t co t m e  was used  m this s tudy,  and  
the  resul t s  might  h a v e  differed ff o t h e r  doses  had been  used  
In a p rev ious  s tudy  of  the  effects  o f  n tco t lne  on  open  field in 
var ious  inbred  m o u s e  s t ra tus  [24], we d e t e r m m e d  that  the  
n l co tme  d o s e - r e s p o n s e  c u r v e s  for  effects  on  open  field ac- 
t ivi ty are s teep  The  dose  of  0 75 mg/kg was c h o s e n  because  
it d~fferentmted the  pa ren ta l  m b r e d  s t r ams  used  m the pres-  
en t  s tudy  Highe r  doses  (1 0 mg/kg or  more)  resul t  m com- 
p le te  tnh lb l t lon  of  ac t tv l ty  m mos t  s t ra ins ,  whale lower  doses  
(less than  0 5 mg/kg) h a v e  ht t le  effect  m m a n y  s t ra tus  It 
s eems  hkely ,  the re fore ,  tha t  gene t tc  mf luences  on  open  field 
r e s p o n s e  would  be  be s t  de t ec t ed  us ing  a m c o t m e  dose  which  
a p p r o x t m a t e d  the  mxdpotnt  of  the  d o s e - r e s p o n s e  cu rve  for  
the  major i ty  o f  the genet ic  s tocks  be ing  s tudied  It may  be  
tha t  the  conc lus ions  r e ached  f rom the  p r e s e n t  s tudy  are re- 
s t r ic ted  to t hose  i n t e rmed i a t e  doses  wh ich  max ima l ly  differ- 
en t ia te  a m o n g  the  s t ra tus  and  would  be  m v a h d  af te r  admlms-  
t r a t lon  of  lower  or  h igher  doses  of  the  drug  Such  was  the 
case  for  m c o t m e ' s  effects  on  body  t e m p e r a t u r e  [25] 

Severa l  s tudies  have  d e m o n s t r a t e d  that  mCOtlne has  more  
p r o n o u n c e d  effects  on the  acttv~ty of  ra t  s tocks  wt th  high 
basel ine  act ivi ty than  on s tocks  with low basel ine  activity 
[5, 10, 11, 12, 29, 32] This  suggests  tha t  the effects  of  
n ico t ine  are mf luenced  by  the  basa l  ac t tv l ty  of  the  a m m a l  
H o w e v e r ,  m the p r e sen t  s tudy  the A s t ra ta ,  wh ich  is mos t  
s ensmve  to mcot lne ,  also has the lowes t  basel ine  activity.  
whi le  the  more  a c t w e  s t ra ins  have  m t e r m e d m t e  r e s p o n s e s  to 
the  drug  Thts  resu l t  suggests  tha t  n tco t lne  effects  on  open  
field ac t iv i t ies  are not  necessa r i ly  d e p e n d e n t  on  the  basal  
ac t iv i ty  of  the  ammals  t es ted  

The  gene t ic  con t ro l  of  open  field acUvlty of  saline- 
in jec ted  mice  appea r s  to be  pr imar i ly  addi t ive  (see Table  2), 
i e ,  t he  ac t lw ty  of  the  F1 hybr ids  t ends  to be  i n t e r m edmte  
b e t w e e n  tha t  o f  the  two pa r en t s  Those  n o n - a d d m v e  (domi- 
nance )  m te r ac t t ons  tha t  o c c u r r e d  were  non-d i r ec t iona l  Thts  
o b s e r v a t i o n  is s~mdar to o b s e r v a t i o n s  made  m severa l  o the r  
dlallel c ross  ana lyses  of  l o c o m o t o r  ac t iv i ty  [7, 13, 17] These  
resu l t s  sugges t  tha t  no  se lec t tve  a d v a n t a g e  for  e~ther h~gh or  
low basehne  locomotor  acuvl ty  IS hkely 

A U n t r a n s f o r m e d  D a t a  B I  R a t i o  D a t a  
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FIG 3 Comparison of actwlty of FI hybrids to the parental inbred 
strains Panel A shows the relative activity of the FI hybrids after 
administration of 0 75 mg/kg of mcotme and Panel B shows the 
relative activity after ratio transformation of the data The mean 
actiwty of the FI hybrids is represented by the point (D) at the apex 
of each triangle The activity of the FI hybrid is compared to the 
activities of the parental strains, which are the values at the base of 
each triangle The vertical line m each diagram is the appropriate 
midparent activity The strains have been identified by the following 
single letter codes A by A, BALB by B, C57BL by C. DBA by D. 
and C3H by 3 A tilt of the triangle to the left indicates that the FI 
was more affected by nicotine than predicted by the m~dparer, t 
value 

W h e n  the  n u m b e r  of  genes  which  regulate  basal  open  field 
ac t iv i ty  was ca lcu la ted ,  an e s t ima te  of  zero  genes  was ob- 
ta ined The  ca lcu la t ion  of  gene  n u m b e r  IS based  on  dlrec- 
t tonah ty  of  the  r e s p o n s e  and,  as a c o n s e q u e n c e ,  an  es t tmate  
of  zero  for  the  n u m b e r  of  genes  inf luencing  basal  open  field 
act ivi ty is not  unexpec ted  in view of  the obse rva t ion  that  
the  d o m i n a n c e  re la t tonsh lps  were  non-d i rec t iona l ,  i e ,  some 
o f  the  F l  hybr ids  were  more  ac t ive  and  some less ac t ive  than  
would  be p red tc ted  f rom the  m l d p a r e n t  value  The  oppos ing  
di rect ions  of  these effects p resumably  cancel led each o ther  m 
the  ca lcu la t ton  of  the  gene  n u m b e r  

In s u m m a r y ,  the  gene t tc  regula t ion ,  in the  mouse ,  of  basal  
open  field ac t tv l ty  and  m c o t m e - l n d u c e d  changes  m this  
m e a s u r e  IS different  While  the F1 crosses  appea red  to be 
l n t e rmed ta t e  b e t w e e n  the i r  pa ren t s  for basal  ac t iv i ty ,  they 
r e sembled  thei r  more  sens i t ive  paren t  af ter  the  admlms t ra -  
t ton of  0 75 mg/kg n ico t ine  The  s t rong d t r ec t lonah ty  for a 
more  in tense  r e sponse  to n ico t ine  suggests  se lec t ive  advan-  
tage It  would be  of  in te res t  to conduc t  s tudies  on  o the r  
na tura l ly  occur r ing  drugs  or  toxins  to d e t e r m m e  ff an in tense  
r e s p o n s e  to the  effects  of  o the r  c o m p o u n d s  occurs  and 
t he r eby  d e t e r m i n e  w h e t h e r  a g e n e r a h z a t t o n  of  the  resul ts  
p r e sen t ed  here  to o the r  c o m p o u n d s  to whtch  wild popula-  
t ions may  be  exposed  is poss ib le  
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