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CRABBE, J C ,  E R YOUNG, C M DEUTSCH, B R TAM AND A KOSOBUD Mwe genetically selectedJor 
differences m open-field activity after ethanol PHARMACOL BIOCHEM BEHAV 27(3) 577-581, 1987 --Starting from a 
population of genetically heterogeneous mice, selective breeding is being used to develop hnes dtffenng m sensmvlty to 
ethanol-reduced open-field actwlty Mice are tested twice for 4 min m an open field The first test ~s between mln 2-6 after 
injection of sahne Twenty-four hr later, a s~mflar test is performed after injection of ethanol (1 5 g/kg) Two independent 
FAST hnes are being selected for ethanol-induced increases in act~vlty, and two independent SLOW hnes are being 
selected for ethanol-induced decreases After four generations of selection, the hnes have &verged slgmficantly These 
hnes should be useful for explonng the neuropharmacological bas~s for the activating and rewarding properties of ethanol 

Selective breeding Pharmacogenet~cs 
Behaworal genetics 

Open-field activity Ethanol stimulation Reward Actlwty 

LOCOMOTOR activity offers an attractive system for the 
study of  ethanol (EtOH) sensitivity in rodents Effects of  
EtOH on actlwty are easily measured and have clear (al- 
though complex) dose-effect characteristics They are highly 
strain-specific (l e , genetically-determined) [12] The effect 
of  EtOH to stimulate actlwty has been reasonably well- 
studied neurochemlcally, and the neurochemlcal substrate 
for ethanol-stmaulated activity is generally attributed to cate- 
cholamlnergic activation [1, 10, 21, 26, 29, 36] This response 
has been suggested to represent an animal model for the 
euphoriant and social stimulant effects of alcohol in humans 
[2,31] An additional interesting feature of  this behavioral 
response to EtOH IS that tolerance does not appear to de- 
velop with repeated doses [14, 27, 28, 37] 

Acute administration of  EtOH to rodents leads to com- 
plex effects on activity This response is typically referred to 
as "blphaslc ,"  m several senses [31] Most studies report 
that low to moderate doses of  EtOH (roughly speaking, 2 
g/kg IP or less) stimulate activity, while higher doses reduce 
actwlty [1, 9, I0, 14, 24, 25] (but see [23]) Another sense in 
which a biphaslc response to ethanol occurs may be detected 
when activity ~s examined continuously after administration 
of  a single dose of  ethanol EtOH may first stimulate and 
thereafter depress activity [14,33] Other investigators have 
found that low doses may directly stimulate activity, while 
higher doses first depress and subsequently stimulate actIv- 

lty in mice tested in groups of  three in a closed apparatus 
[20,29] 

In summary, the acute effects of  ethanol on activity in 
rodents are dose-dependent and often blphaslc Low doses 
of ethanol generally are reported to stimulate activity in the 
period shortly after ethanol administration Higher doses 
may exert only depressant effects on activity or temporally 
more complex effects Depending on the species, strata, test- 
ing and apparatus conditions employed, exceptions to these 
generalizations have been reported However ,  under appro- 
priate conditions, reliable and robust ehcltatlon of  the 
stimulant effect of  ethanol shortly after administration is 
possible in mice 

There are many reports of genetic varlablhty in the re- 
sponse of  mice to EtOH-stlmulated activity Inbred mouse 
strains differ significantly in initial sensstwlty to ethanol chal- 
lenge [ l l ,  14, 18, 30, 32] We attempted to identify the 
possible influence of  a single gene on the stimulant compo- 
nent of activity and so obtained recombinant inbred strains 
derived from the cross of  C57 and DBA inbred mice These 
experiments, and those by others [18], suggested that the 
genetic determination of the response to ethanol activation is 
probably polygenlc [15] 

Rat hnes have been selectively bred for sensitivity 
(Most-affected MA) and resistance (Least-affected LA) to 
alcohol-induced reduction in motor activity in a stablhmeter 

1Requests for reprints should be addressed to John C Crabbe, J r ,  Ph D ,  Associate Research Career Scientist, Veterans Administration 
Medical Center, Research Service (151P), 3710 S W U S Veterans Hospital Road, Portland, OR 97201 
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FIG 1 Difference m infrared beam lnterruptlon~ {EtOH minus 
sahne) during a 4 mm test m an open-field apparatus FAST mice are 
genetically selected for increased activity, and SLOW mice for re- 
duced activity Upper panel first rephcate set ofhnes Lower panel 
second rephcate set of hnes 

following a 1 5 g/kg IP dose of ethanol Since the thirteenth 
generation, there has been no overlap between the two lines 
MA rats are generally more sensitive to ethanol than their 
LA counterparts Most aspects of  sensitivity differences be- 
tween the lines have been rewewed [6] The MA and LA 
hnes have apparently not been tested for activity after low 
doses of  ethanol, so it is unknown whether they display en- 
hanced actlwty as described above (Dr E Riley, personal 
communication) 

Selective breeding is perhaps the most powerful method- 
ological tool available to the pharmacogenetlclst Within a 
line, all relevant genes will tend to be forced to the 
homozygous state, whde all non-selected genes will tend to 
retain much genetic variability (although many loci begin and 
remain homozygotlc) In a properly executed selection 
study, differences between selection lines can be attributed 
almost entirely to the effects of genes influencing the 
selected response This is in contrast to the genetm condition 
of inbred stratus of animals While large strain differences in 
a phenotype of interest may be fixed in inbred strains, the 
comblnatmn of genes IS an accidental process of  inbreeding 
In selected lines, those genes specifically influencing the 
selected character are fixed to allow future identification of 
genetically correlated characters A great deal of reformation 
about the inherited bases of ethanol's effects has come from 

studies employing selected mouse and rat lines [17] Several 
hnes of rats and mice have been selectively bred for acute 
sensmvity to CNS-depressant effects of ethanol, or for 
phenotypes relevant to physical dependence on ethanol No 
generic animal model is currently avadable for any stimulant 
effect of ethanol Since ethanol's effect to increase open- 
field activity ~s ubNultous and relevant to sensitivity, 
tolerance and physmal dependence, we felt that it would be 
very useful to have available lines genetically tooled to ex- 
press maximal and minimal response to this effect 

METHOD 

Anunals 

Mine from the HS/Ibg genetically heterogeneous stock 
were purchased from the Institute for Behavioral Genetics 
(Boulder, CO) These mice served as the foundation stock 
for the experiment, and all other hnes were derived from 
them by selectwe breeding All animals are maintained at a 
colony temperature of 24_+ I°C and hghts are on from 0600 to 
1800 hr Mating pmrs are housed m Plexlgtas cages 
(28×17×11 5 cm) with stainless steel lids and wood chip 
bedding Food and water are avadable ad hb 

Behavtotal Te~tmg 

The general procedures we employ for activity testing 
have been published [14] Mice are tested in the colony 
room At time T=0  minutes, the first mouse is weighed to the 
nearest 0 1 g, injected, and placed in a small individual hold- 
ing cage At T=2  minutes after injection, each mouse is 
placed in the middle of  one of two Lehigh Valley open fields 
Testing continues during 4 minutes (minutes 2-6 after injec- 
tion) The diameter of these round open fields is 61 cm and 7 
radially oriented infrared photocells and receptors are dis- 
tributed equally around the perimeter Activity IS electroni- 
cally recorded as the mouse ambulates and interrupts the 
photocells While beam interruptions are also sensitive to 
non-locomotor activity such as grooming, such activity 
makes up a very small fractmn of the total activity displayed 
by the animals during these short tests, since mice typically 
ambulate at a high rate in this apparatus Testing is per- 
formed under dim hght (<5 ft c ,  or 53 8 lx at the surface of 
the open fields) Before each mouse is introduced into the 
field, the field is wiped clean with a slightly damp cloth 
Immediately upon completion of testing, the mouse is re- 
moved from the apparatus 

Each mouse is tested on two consecutive days at an inter- 
test interval of 24 hr On the first day, basal activity ts as- 
sessed after administering the mouse a saline mjectmn Im- 
mediately after testing on Day One, the mouse ~s returned to 
its home cage On Day Two, each mouse is gwen an injection 
of ethanol (1 5 g/kg, 20 percent v/v IP) 

5elec tlve Bt ceding 

Eighteen families were tested in the foundation popula- 
tion These 18 families were randomly assigned to one of  two 
groups of 9 families, which served as the progenitors for the 
first and second replicate of  the expenment,  respectively 
One male and one female was then chosen from each family 
at random These mice were mated to form 9 breeding pairs 
in each replicate, excluding brother-sister matings These 
lines of mice are the non-selected genetic control lines, and 
will not be further discussed Use of non-selected controls, 
and an example of the breeding scheme described, may be 
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FIG 2 Divergence (FAST--SLOW) in activity across generations of selection m 
both replicates of the experiments 

found m an earlier publication [13] For the remaining mice, 
the difference between Day 2 (EtOH) and Day 1 (Saline) 
activity was calculated The male and female from each fam- 
ily showing the largest difference were selected to form a 
FAST line, and 9 breeding pairs were thus chosen in each 
replicate The male and female from each family showing the 
smallest difference for the greatest reduction in activity) 
were also chosen, and 9 breeding pairs were thus established 
in each of the SLOW lines The offspring of each FAST and 
SLOW line were tested at adulthood as described Each gen- 
eration, the FAST mice most stimulated by EtOH and the 
SLOW mice least stimulated (or most depressed) by EtOH 
were chosen to form the succeeding generatlon's parents 

R E S U L T S  A N D  D I S C U S S I O N  

Figure 1 shows the change from baseline (sahne) activity 
seen in FAST and SLOW mice from each replication over 
the first four generations of selective breeding The differ- 
ence between the FAST and SLOW lines of both sexes was 
tested by two-way ANOVA (Line × Sex) independently for 
each rephcatlon for the fourth selected generation In the 
first replication, lines differed significantly, F(1,116)=6 0, 
p =0 01, but neither the sex difference or its interaction with 
line was significant, F < I  The line difference was greater in 
the second replicate, F(1,115)=20 5, p < 0  0001, again in the 
absence of a sex difference or interaction, F <  1 The gradual 
increase m the separation of the lines is more easily seen in 
Fig 2, where the divergence In activity change scores is 
shown by generation 

We also analyzed activity scores after saline m the two 
replications after four selected generations Since animals 
are being chosen for mating on the basis of the difference 
between EtOH and saline scores, we did not expect to see a 
systematic change in the saline scores between the lines In 
all analyses, the number of mice within a replication, line, 
and sex combination ranged from 22-36 In the first replica- 
tlon, the main effects of line and sex were not significant, 
F <  1 The Line × Sex interaction, however, was significant, 
F(1,116)=6 0, p < 0  05 This reflected the fact that male 

FAST mice were more active than female FAST mice 
(249- + 13 counts versus 226-+8), while female SLOW mice 
were more active than male SLOW mice (245-+ 11 counts 
versus 216___ 11, mean+SEM) In the second replication, no 
significant differences were found, F <  1 5 in all cases Mean 
activity of all mice in the second replication after saline was 
192-+4 counts 

We conclude that the result of selective breeding has been 
to generate mouse lines that differ significantly in their re- 
sponse to EtOH-mduced open-field activity The effect of 
environmental factors unrelated to selection can be seen in 
Fig 1 In the first selected generation, for example, mice 
responded to EtOH on the average with relatively more 
stimulation than in other generations This was generally 
true across genotype, and therefore is due to some unex- 
plained difference (e g ,  seasonal) in the environment affect- 
ing all genotypes The rather small divergence of lines after 
only a few selected generations is typical of experLments 
which employ within-family selection [13, 16, 19] Experi- 
ence with selection for other phenotypes [13,16] has shown 
that continuation of this process for several more genera- 
tions can lead to dramatic separation of the lines as more and 
more gene combinations favonng increased or decreased ac- 
tivation by EtOH are recruited into the lines 

One of the more Interesting features of ethanol-stimulated 
locomotor activity is the question of tolerance development 
to this effect The existing data are consistent in reporting 
that tolerance does not seem to develop to the effects of low 
doses of ethanol to stimulate actlvlty in mice [14, 27, 28, 37] 
This suggests that ethanol-stimulated activity is mediated by 
a neuronal substrate distinct from that or those underlying 
the development of tolerance to depressant effects of higher 
ethanol doses Since tolerance develops to the effects of caf- 
feine and two enkephalln analogues to stimulate locomotor 
activity m rats [7,22], this fadure to develop tolerance after 
chronic ethanol treatment cannot be mtnnslc to the motor 
response system Itself, but must reside m the effects of 
ethanol on the response system 

Although the depressant effects of ethanol are considered 
to be its principal defining features, stimulant effects analo- 
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gous to the  low-dose  s t imula t ion  o f  act ivi ty  have  been  re- 
por t ed  in man  [2,5] P o h o r e c k y  [31] has  r ev i ewed  the  evi- 
dence  s t rongly  indica t ing  tha t  e t h a n o l ' s  ef fects  m m an  are 
b lphas tc  wi th  r e spec t  to dose  L o w e r  doses  elicit  euphor ic  
r e sponses ,  inc rease  t a lka t iveness ,  and  exe r t  s imilar  " soc i a l  
s t i m u l a n t "  ac t ions ,  while  h igher  doses  can  have  oppos i te  
emot iona l  and  behav io ra l  effects  She  rev iews  some s tudies  
Implicat ing ca t echo lamine rg l c  effects  of  e thano l  in the  
s t imulan t  p roper t i e s  o f  the  drug in man  [31] One  group [2] 
admin i s t e r ed  a lpha -me thy l -pa ra - ty ros ine  to vo lun t ee r s  and  
repor ted  tha t  th is  CA inhib i tor  b locked  ela t ion,  ta lkat ive-  
ness ,  happ iness  and  a le r tness  and s h o r t e n e d  the  dura t ion  of  
euphor i a  as sco red  by o b s e r v e r s  b l inded  to cond i t ion  As-  
suming tha t  f ree  cho ice  c o n s u m p t i o n  o f  e thano l  by  rats  may  
serve  as an  index  o f  e t h a n o l ' s  re inforc ing  p roper t i e s ,  Aml t  
and  his c o w o r k e r s  [3, 4, 8, 34] s h o w e d  tha t  b lockade  of  cen-  
t ra l  no rad rene rg ic  syn thes i s ,  or se ro tonerg lc  syn thes i s ,  re- 
duced  e thanol  in take  Rats  deve lop  gradual ly  h igher  ra tes  of  
self- infusion o f  e thano l  at  low, bu t  no t  high doses  [35] A 
lively c o n t r o v e r s y  su r rounds  the  sugges t ion  tha t  a l coho l ' s  
re inforc ing  effects  are due  to specif ic  s t imula t ion  of  a norad-  
renerglc  brain  r eward  sys tem [3] 

In s u m m a r y ,  the re  is a var ie ty  of  ev idence  general ly  con-  
s i s tent  wi th  the  no t ion  tha t  low-dose  effects  of  e thanol  are  
r eward ing  in h u m a n s ,  these  effects  are a c c o m p a n i e d  by  cat-  
e cho l ammerg i c  ac t iva t ion ,  and tha t  the  s t imulan t  ef fec t  on  
act ivi ty  m roden t s  seen  soon  af ter  admin i s t r a t ion  of  low 
doses  o f  e thano l  may  serve  as an  an imal  model  of the effects  
m h u m a n s  While  this  hypo thes i s  is any th ing  but  f irmly sub- 
s tan t ia ted ,  it suggests  tha t  the  ac t iva t ing  effect  of  e thano l  in 
roden t s  may  h a v e  some re l evance  for the  even tua l  under-  
s tanding  o f  compul s ive  se l f -adminis t ra t ion  o f  a lcohol  by  hu- 
mans ,  par t icu lar ly  g iven  the  fai lure to de tec t  to l e rance  de- 
v e l o p m e n t  to this  effect  It  is ou r  hope  tha t  the  F A S T  and  
S L O W  lines will p rov ide  a c o n v e n i e n t  gene t ic  animal  model  
for d i scover ing  the  neu rochemlca l  subs t r a t e  o f  E t O H -  
induced  ac t iva t ion  
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