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WALLER, M B , J M MURPHY, W J McBRIDE, L LUMENG AND T -K LI Effect of low dose ethanol on 
spontaneous motor a~ttvlty m alcohol-preferring and -nonpreferrmg hnes of rats PHARMACOL BIOCHEM BEHAV 
24(3) 617-623, 1986 - -To  determine tf behavioral arousal may be assocmted wtth ethanol preference, the effects of low to 
moderate doses of ethanol on spontaneous motor acUvlty (SMA) were studied m the selectively bred alcohol-preferring (P) 
and -nonprefemng (NP) hnes of rats as well as m the Maudsley Reacnve (MR/N) and Nonreact,ve (MNR/N) stratus 
Alcohol-natve rats had food and water available ad hb, but food was removed 24 hr before and dunng activity testmg After 
an mtrapentoneal m.lectton of sahne (5 ml) or ethanol (0 12 to 1 5 g/kg), SMA was momtored every three mm for 30 mm m 
an electronic acUvlty momtor The P and MR/N rats exh.btted increased SMA after doses of 0 12 and 0 25 g/kg Both the 
NP and MNR/N rats faded to show increased SMA at any ethanol dose Moderate doses of ethanol, 1 0 and 1 5 g/kg, 
conststently depressed SMA m all hnes/stralns In 24 hr-fasted rats, mcreased SMA occurred within 6--12 mln after 
mjectlon, but free-fed rats exhlbtted tncreased SMA 12-24 mm after an ethanol dose of 0 25 g/kg Free-choice dnnkmg 
scores (10% ethanol (v/v) versus water) for the P, MR/N, MNR/N and NP rats were 6 6-+0 5, 4 9"--0 8, 2 2"--0 7 and 1 4"--0 3 
g ethanol/kg body wt/day (mean-SEM), respectively The data indicate a pos,tlve relaUonshlp between ethanol preference 
and ethanol-reduced motor sumulauon and suggest that hyperacttvlty may be an expression of the postt~ve reinforcing 
effect of ethanol for alcohol-prefernng rats 

Ethanol Low-dose effects of ethanol Alcohol-prefemng and -nonprefemng rats Spontaneous motor acttv~ty 

WE have recent ly  repor ted  that the se lect ively-bred 
a lcohol -prefernng (P) and a lcohol-nonpreferr lng (NP) hnes 
of  rats do not differ in initial sensit ivi ty to the depressant  
act ion of  e thanol ,  but the P rats acquire  acute  to lerance to 
the depressant  effects  of  e thanol  more  rapidly than do the 
NP  rats [31] Al though the more  rapid acquisi t ion of  
to lerance may  facilitate sustained high ethanol  mtake,  it can- 
not  adequate ly  account  for the e thanol  preference  of  the P 
rats, because  blood alcohol  concent ra t ions  (BAC) that in- 
duce thts kind of  to lerance are considerably  higher than 
those  usually at tained with voluntary oral consumpt ion  [15] 
Fur thermore ,  we have  found that when the BAC exceeds  50 
mg%, the P animals begin to curtail their  voluntary  alcohol  
consumptmn [30] These  results have  suggested to us that 
the reinforcing propert ies  of  e thanol  should be sought at low 
blood alcohol  concent ra t ions  

L o w  doses  o f  e thanol  repor tedly  are exct ta tory and 
potenttate  behaviors  such as spontaneous  motor  act ivi ty  
(SMA) in rodents  (for rev iew see [22]) H o w e v e r ,  this act ion 
o f  e thanol  appears  to be task-specif ic  and is more consis- 
tently seen m mice than m rats [22] Studies with mbred and 
se lec t ively-bred mouse  lines have  demons t ra ted  that the 
st tmulatory effect  of  e thanol  is genet ical ly inf luenced [5, 10, 
23, 24, 27] 

One plausible hypothesis  is that s t imulat ion of  S M A  m- 
duced by low doses of  alcohol  is an express ion of  the posi- 
t ive reinforcing feature of  e thanol  Such a hypothesis  is con- 
sistent with the not ion that excl ta t ton effects (or euphoria)  of  
drugs are important  m their  dependence  hablhty and the 
possibility that this stimulating effect  might facthtate alcohol  
ingestion in man [25] Accordmgly ,  studies were  per formed 
with several  lines of  rats,  including the Maudsley Reac t ive  
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FIG 1 Effect of repeated saline injections on SMA of fasted (24 hr) 
male P rats At least four days elapsed between each lnjectmn 
Differences across trials at each 6 mm interval were statistically 
evaluated with ANOVA 

TABLE 1 

S P O N T A N E O U S  L O C O M O T O R  A C T I V I T Y  O F  T H E  F O U R  A N I M A L  
L I N E S  D U R I N G  T H E  30 M I N U T E S  I M M E D I A T E L Y  F O L L O W I N G  A N  

I N T R A P E R I T O N E A L  I N J E C T I O N  O F  S A L I N t  

Actlwty Counts 

Sex P NP MR/N MNR/N 

Male 811 _+ 100 955 +_ 122 801 + 62 735 + 120 
Female 1141 + 100*v 879 = 94~- 664 _+ 59 538 +_ 74 

Statistical significance across hnes determined w~th ANOVA fol- 
lowed by Newman-Keuls test, within hne gender differences eval- 
uated with the mdependent t-test 

*Significant difference from P males (p<0 05) 
+Significant difference from NP MR/N and MNR/N females 

qJ<0 05) 
l:Sigmficant difference from MNR/N females Ip¢-0 05~ 
Mean + SEM n 10 

strata m which behavioral arousal has been reported [13] 
The purpose of the studies reported here was to determine 
whether there is an assoclatmn between ethanol dnnklng 
preference and the st,mulatory effect of low doses of 
ethanol 

METHOD 

Antmal~ 

Adult alcohol-prefernng (P), -nonprefemng (NP), 
Maudsley Reactive (MR/N) and Maudsley Nonreactive 
(MNR/N) animals were used The P and NP lines were de- 
veloped through selecttve breeding from a W~star colony 
(Wrm WRC(WI)BR) at the Walter Reed Army Inst,tute of 
Research [17] and malntamed m our facditles The Maudsley 
rats were obtained from the National Institutes of Health 
Aicohol-nawe male and female rats from each hne were m- 
dlvtdually housed in a temperature- and humidity-controlled 
enwronment with a 12 hr day-mght cycle (0700 hr hghts on, 
1900 hr hghts off) At the start of  the experiments, the 
weights of the animals were (male/female) P, 335--416/211- 
280 g, NP, 190-285/103--179 g, MR/N, 250-315/159--182 g, 
MNR/N, 164--253/131-176 g Except where indicated, stand- 
ard laboratory chow (Wayne Lab-Blox, Allied Mills, Inc , 
Chicago, IL) and water were freely available m the home 
cages throughout the experiments An ethanol preference 
score was determined for each rat upon completion of all 
acttvlty testing. The preference test procedure has been de- 
scribed previously in detail [17] 

Apparatus 

Spontaneous motor atttvtty An electromc acUvlty 
momtor (Model 31404, Stoeltlng Co , Chicago, IL) was used 
to measure spontaneous motor acttvlty (locomotion) follow- 
ing an lnjectmn of ethanol or saline The gain was adjusted to 
record slow to moderate gross movement,  such as locomo- 
tmn, and not rap,d movements such as grooming and 

scratching The vahdlty of this gain setting was verified by 
visual observatmn of several ammals not used m the study 
For subsequent experiments, a standard plastic cage 
(43 ×21×20 cm) was placed on the sensor umt and, after the 
rat was placed m the cage, covered with a nonmetallic hd 
The sensor and cage were located m a qmet, d~mly ht room 
All testing m the activity monitor was done between 0900 
and 1500 hr 

Ethanol determma.on In some P and MR/N ammals 
brain ethanol content and cerebral BAC were measured The 
brains were freeze-stopped by means of the copper tubing 
method of Slppel [26] Cerebral blood samples were col- 
lected from the blood that f l ied  the cavity made upon w~th- 
drawal of the copper tubing The gas chromatography proce- 
dures for blood and tissue sample preparatmn and ethanol 
determination were the same as those described prevmusly 
[18] 

Statlstt~al analyse~ Analyses of vanance and post-hoc 
Newman-Keuls tests were used to evaluate statistical differ- 
ences between SMA after different ethanol doses and after 
an injection of sahne In experiments using a single ethanol 
dose, a paared t-test was employed to compare SMA after 
ethanol and sahne rejections The results of the act~wty test- 
mg are expressed as the mean (-+SEM) counts per time 
interval above or below the sahne control (sahne=0) calcu- 
lated from the individual ethanol-saline d,fference scores or 
as the mean (-+SEM) actual counts per time interval An 
Independent t-test was used to evaluate mean BAC values 
for statistically significant differences In all cases, p < 0  05 
was taken to indicate a significant difference between scores 

Proc edure 

Expertment I The effe~ t oJ repeated sahne mje¢ tlon~ on 
SMA of  fasted rats Fasted (24 hr) male P rats (n=6) and 
female MR/N rats (n=8) were gwen a senes of four reJec- 
tions of 5 0 ml of  sterile saline (0 9% NaCI m water) The 
reJections were at least four days apart Immedmtely after an 
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FIG 2 Effect of ethanol on spontaneous motor activity of fasted P, 
NP, MR/N and MNR/N male rats in the first six minutes postlnjec- 
tlon The actlvlt~y shown is relative to the saline control (saline=0) 
All mjecuons were given intrapentoneally following a counterbal- 
anced design At least four days elapsed between rejections Differ- 
ences were statistically evaluated with ANOVA followed by a 
Newman-Keuls test *Slgmficant difference when compared with 
the sahne value 

6 M I N  I N T E R V A L S  

FIG 3 Effect of ethanol on spontaneous activity of fasted P and NP 
rats for successive s~x minute intervals postlnjectlon (total time=30 
minutes) for two selected doses of ethanol Differences were statis- 
tically evaluated with a paired t-test *Significant difference when 
compared with the saline value 

injection, the SMA was monttored every three mln for a total 
of 30 min in the acttvlty monitor descnbed above Pnor to 
the senes of salme tnjectlons, these antmals were habttuated 
by repeated exposure to the apparatus 

Erpenment  2 The effe( t o f  repeated ( ounterbalan~ ed in- 
jecttons o f  ethanol on SMA of  fasted rats Smce not all 
possible sequences of ethanol doses and salme could be 
tested, an mcomplete counterbalancing techmque was used 
to control for possible sequencmg effects To the extent 
posstble, each treatment appeared an equal number of times 
m each ordmai posttton and preceded and followed every 
other condmon Before each actlvtty-testing sesston, rats 
were food-deprived for 24 hr and then recetved an mtrapen- 
toneal rejection of ethanol (0 12, 0 25, 0 50, 1 0 or 1 5 g/kg) or 
5 0 ml of stenle sahne Thts volume of sahne was chosen 
because, wtth few exceptions, tt equalled or exceeded the 
volume of the ethanol doses to be used (range 0 13 to 5 2 
ml/ammal) The ethanol for tnjectlon was a 12 0 g% solution 
prepared from 95% alcohol and stenle salme Each rat re- 
ceived an injection of each dose of ethanol or salme for a 
total of stx mjecttons The lnjecttons were at least four days 
apart Immediately following an tnjectlon, the SMA was 
momtored every three mm for a total of 30 rain m the actwtty 
momtor described above 

BACs and brain alcohol concentraUons were determmed 
in fasted female P (n=6/dose) and male MR/N (n=5/dose) 
rats s~x mm after the mjectlon of  etther 0 12 or 1 5 g 
ethanol/kg m order to obtain lnformatton on the levels of 
ethanol whtch produced the observed behavioral sttmulatton 
or depression The antmals used for these determmattons 
had previously completed acttvlty and ethanol preference 
testing 

Expertment 3 The effe~ t o f  repeated ethanol mje~ ttons on 
SMA of  free-fed and fasted rats In addition to determining if 
tolerance develops to repeated mjecttons of ethanol, another 
objectwe of  the present experiment was to ascertam if the 
ABA design could be used for future studies concerned with 
resolving neurochemtcal correlates of the low dose sUmula- 

tory effect of ethanol Free-fed ammals were tested since 
they are more desirable to use than fasted antmals for neuro- 
chemical studies Alcohol-natve male P rats were randomly 
assigned to two treatment groups (n=6/group) Followmg an 
ABA design, the animals received successive injections four 
days apart as follows Group 1 recetved saline (five injec- 
ttons), 0 25 g/kg ethanol (seven tnjectlons) and saline (three 
tnjecuons), Group 2 was stmllarly treated except the ethanol 
dose was 1 5 g/kg The volume of salme given to both groups 
was equivalent to the volume of ethanol given 

However ,  m this expenment  the ttme of the maximal ef- 
fect of ethanol on SMA m Group 1 rats was delayed with 
respect to that observed with the counterbalanced destgn m 
Experiment 1 To assess whether the delay resulted from 
design features (ABA vs counterbalanced) or the feeding 
condttton (free-fed vs fasted), a second phase of this exper- 
iment used 24 hr fasted ammals m the ABA design After a 
mlmmum of two weeks w~thout any rejections, Group 1 rats 
were gtven successive rejections four days apart after a 24 hr 
fast as follows sahne (two mjections), 0 25 g/kg ethanol 
(three injections) and sahne (two rejections) Other 
procedural detatls were s~milar to those described for the 
first phase The data from each phase of this experiment 
were analyzed separately with a wlthm-sublect design 

In separate groups of  stock Wlstar ammals, alcohol 
measurements were made as described above to determine 
whether the brain alcohol concentrations differed in free-fed 
and fasted rats after an mtrapentoneal mjecuon of 0 25 g/kg 
of ethanol 

RESULTS 

Expertment I The Effe~ t o f  Repeated Sahne lnje~ turns on 
SMA of  Fasted Rats 

Ftgure 1 shows the effect of lndwidual successtve injec- 
tions of saline, given at least four days apart, in fasted 
habituated male P rats The data shown are for the entire 30 
mln test penod An analysis of variance across tnals for each 
6 rain interval failed to disclose any statlsttcally stgnificant 
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FIG 4 Effect of ethanol on spontaneous activity of fasted MR/N 
and MNR/N rats for successive six minute intervals postlnjectlon 
(total time=30 minutes) for two selected doses of ethanol Differ- 
ences were statistically evaluated with a paired t-test *Significant 
difference when compared with the sahne value 
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FIG 5 Effect of feeding condition on time of onset of ethanol- 
induced spontaneous motor act~wty of male P rats FREE-FED 
animals had access to food up to the time of testing FASTED 
animals were denied access to food for 24 hr before testing Differ- 
ences were statistically evaluated with a paired t-test *S~gmficant 
difference when compared with the sahne value 

lntertrlal differences in locomoto r  actwIty by these ammais  
These  results demonst ra te  the reproduclbihty  o f  the mom- 
tored behavior  Slmdar  results were  obtained with a group of  
fasted M R / N  female animals (data not  shown) 

Experiment 2 The Effe( t oJ Repeated Counterbalan( ed 
lnle~ttons of Ethanol on SMA of Fasted Rats 

The total act ivi ty  during the 30 rain penod  following an 
mject ton of  sahne in male and female ammals  from each line 
used m the study is presented  in Table 1 The total S M A  for 
the 30 rain period for the male P, NP,  M R / N  and M N R / N  
groups were  not  s~gnlficantly different f rom one another  
H o w e v e r ,  within the P line, females  exhibi ted significantly 
more act ivi ty than did the males An analys~s of  var iance 
across lines revea led  the P females to be more act ive than 
females f rom the o ther  lines and the N P  females  more  act ive 
than M N R / N  females  

The effect o f  e thanol  admtmstered  intraperl toneal ly on 
the S M A  of  fasted male P, NP,  M R / N  and M N R / N  rats is 
shown m Fig 2 In the first six rain after rejection,  low doses  
of  e thanol  (0 12 and 0 25 g/kg) significantly increased S M A  in 
the P and M R / N  rats, while doses  of  0 5 ,  1 0 and 1 5 g 
ethanol/kg had no effect  By contrast ,  act ivi ty of  the N P  and 
M N R / N  rats was unaffected or  depressed by ethanol  (Fig 2) 
Similar  results were  observed  in females of  these four lines 
of  rats (data not  shown) 

The S M A  of the fasted P and N P  male rats at ethanol  
doses  of  0 25 and 1 5 g/kg ove r  6 rain Intervals of  the entire 30 
mm test  per iod is presented  In Fig 3 The increase ,n ac twl ty  
exhibi ted by P rats after 0 25 g ethanol/kg occurred  wzthln 
the first six mm and cont inued for 12 rain pos tmject lon  
Thereaf ter ,  the act ivi ty was similar to that seen fol lowmg a 
saline injection The rejection of  l 5 g ethanol/kg slgnlfi- 

cantly decreased  S M A  of  the P rats by the second 6 mm 
interval this reduced act ivi ty lasted for the remainder  of  the 
30 rain test period The act ivi ty profile for N P  rats was not 
slgmficantly al tered by a dose of  0 25 g ethanol/kg Howeve r .  
an early onset  of  depression of  S M A  of the N P  group was 
induced by 1 5 g ethanol/kg whmh lasted throughout  most of  
the 30 mm test period (Fig 3) 

A slmdar analysis of  success ive  Ume blocks for the fasted 
male MPUN and M N R / N  animals is shown in Fig 4 The 
MR/N rats were  sumulated  only In the first s~x mm penod  by 
the 0 25 g/kg dose and were  not  significantly affected thereaf- 
ter except  for the last interval The dose of  1 5 g ethanol/kg 
had a general ly depressant  act ion on S M A  by the MR/N male 
rats Both 0 25 and I 5 g ethanol/kg tended to lower SMA m 
the M N R / N  male ammais  (Fig 4) 

The free-chome dnnkmg scores,  determined at the con- 
clus~on of  act ivi ty  testing, of  the rats used m these experi-  
ments were 6 6_+0 5. 4 9_+0 8. 2 2_+0 7 and 1 4_+0 3 g 
ethanol /kg/day for P. MR/N.  M N R / N  and NP. respec twely  
The number  of  animals tested for ethanol preference was 
20/hne or  strain Since no sex differences were apparent  in 
ethanol  preference ,  the scores reported represent  both male 
and female animals 

In P female rats. the cerebral  BAC and brain alcohol con- 
centrat lon during the penod  of  max imum sumulat lon of  
motor  act ivi ty were  15_+0 8 mg% and 21___1 5 mg/100 g tis- 
sue. respec twely ,  after the injection of  0 12 g ethanol/kg 
Similar  values .  12_+0 3 mg% and 16-+1 1 rag/100 g tissue. 
were  observed  m MR/N males The depression of  SMA ,n- 
duced by 1 5 g ethanol/kg at six mm post lnject lon was asso- 
ciated with blood and brain alcohol levels of  223_+4 0 mg% 
and 286_+ 14 4 mg/100 g t~ssue, respect ively ,  m P females and 
214_+11 0 mg% and 269_+11 3 mg/100 g tmsue, respect ively .  
In the MR/N males All animals were  m the fasted state 
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SUCCESSIVE INJECTIONS 
FIG 6 Effect of successive rejections of saline and ethanol on spon- 
taneous motor activity using an ABA design At least four days 
elapsed between each rejection The stippled band indicates the 
mean ± SEM for each phase of the design The actual achvlty counts 
for minutes 12-24 are shown 

Experiment 3 The EJJe~ t o f  Repeated Ethanol lnje¢ tton~ on 
SMA o f  Free-Fed and Fasted Rats 

In this study, six P ammals  rece ived  multiple injections of  
saline and ethanol  (0 25 g/kg) fol lowing an A B A  design The 
exci ta tory  effect  of  0 25 g ethanol/kg was consis tent ly  appar- 
ent m the first 12 mm postmject lon  when the animals were  
fasted 24 hr prior to testing (Fig 5) The data shown are the 
mean of  three ethanol  inject ions adminis tered at least four  
days apart  There  was no significant difference m S M A  be- 
tween the pre- and post-e thanol  series of  saline injections 
H o w e v e r ,  when these same animals had free access  to food 
up to the time of  act ivi ty testing, they exhibi ted a similar 
degree  o f  exci ta t ion,  but the maximal  effect occurred during 
the middle thwd (minutes 12 to 24) of  the test period (Fig 5) 
No  difference be tween  free-fed and fasted P rats in the onset  
of  depress ion of  S M A  induced by 1 5 g ethanol/kg was ob- 
served (data not shown) 

Figure 6 shows the results of  individual success ive  injec- 
tions of  saline and ethanol  (0 25 g/kg) using the A B A  design 
These  data fur ther  demons t ra te  that the moni tored  behavior  
was stable ove r  three weeks  There  was no ev idence  of  
habl tuahon to saline inject ions (after the first trial) or  the 
deve lopment  of  tolerance to the exci ta tory effects of  low 
dose ethanol ,  when given success ively  at least 4 days apart  
Success ive  rejections of  1 5 g ethanol/kg,  when given at least 
4 days apart,  also produced no indication of  the deve lopment  
of  to lerance to the depress ive  effects  of  high dose ethanol  on 
S M A  of  free-fed animals (data not shown) 

In male Wlstar  animals,  brain ethanol  concent ra t ions  
were  determined m both free-fed and fasted rats 
(n=6/group/mterval) every  six rain up to 24 rain after an 
injection of  0 25 g ethanol /kg These  results are presented in 
Table 2 There  were  no slgmficanI differences be tween  free- 
fed and fasted animals at any t ime point  

D I S C U S S I O N  

Behavioral  arousal  o c c u m n g  with low to modera te  doses  
of  ethanol ,  as ev idenced  by increased SMA,  is a well- 
established phenomenon  in mice [22] The intensity of  stimu- 

T A B L E  2 

BRAIN ETHANOL CONCENTRATION IN FREE-FED AND FASTED (24 
HR) MALE W1STAR RATS AT DIFFERENT TIMES FOLLOWING AN 

INTRAPERITONEAL INJECTION OF 0 25 g ETHANOL/kg 

mg ethanol/100 g assue 

Feeding 
Condition 6 12 18 24 min 

Free-fed 282-+ 1 3 209_+ 09  168-+ 07 1 5 6 -  1 0 
Fasted 2 8 9 _ + 0 7  2 2 9 _ + 0 7  180_+04  155_+04  

Differences were statlst~cally evaluated at each time point w~th an 
independent t-test 

Mean _+ SEM, n=6/condltlon/tlme point 

latlon differs in different inbred strains, indicating the exist- 
ence of  a genetic influence on this measure  [4, 5, 6, 10, 23, 
24, 27] Stimulat ion of  S M A  by ethanol  has not  been consis- 
tently observed  in rats Whereas  some invest igators  [1, 2, 14, 
19] have seen an increase in S M A  with low to modera te  
doses  of  ethanol ,  others  [3, 8, 10, 12, 16] have not It is 
known that stimulation of  S M A  by ethanol  can be affected 
by a number  of  variables including the concent ra t ion ,  dose,  
route and timing of  e thanol  administrat ion,  the sex and age of  
the rats, and the testing instrument  itself [22] The studies 
reported here indicate in addit ion that, as with m~ce, the 
S M A  response of  rats to low-dose ethanol IS strain or  hne 
specific (Fig 2) In rats, however ,  st imulation occurs  within 
a nar rower  dose range and with lower  doses  than in mice 
These  variables are likely also to contr ibute  to some of  the 
previous  discrepancies  In repor ted  data with rats Moreover ,  
depending upon whether  rats are fasted or  free-fed,  the onset  
of  st imulation may be immedia te  or  delayed (Fig 5) Since 
the brain alcohol  concent ra t ions  in free-fed and fasted rats 
do not differ within the first one-half  hour of  ethanol  injec- 
tion (Table 2), this difference is due to factors other  than a 
change in e thanol  pharmacoklnet lcs  

Stimulat ion of  SMA was observed  m the P and MR/N 
rats, animals which have high to modera te  degrees  of  ethanol 
preference  By contrast ,  the low preference  N P  and M N R / N  
rats were unaffected or  depressed by ethanol in the low dose 
range It is unlikely that a pharmacoklne t lc  difference can 
account  for the different responses  to ethanol We have pre- 
viously reported that. within 2-3 mln o f  an lntraperl toneal  
mjecUon of ethanol,  the brain ethanol content  is similar in P 
and N P  rats [31] The blood and brain ethanol  concent ra t ions  
at which S M A  stimulation occurs  m the P and MR/N rats are 
in the range that P rats consis tent ly attain on f ree-choice  
consumpt ion  of  10 percent  ethanol  and which do not nega- 
t ively affect or  curtad voluntary  consumpt ion  [30] This pos- 
Itive relat ionship be tween  S M A  stimulation and alcohol 
preference  in the rat suggests that the former  may be an 
important  measure  in the study of  reinforcing mechamsms  of 
a lcohol-seeking behavior  As expec ted ,  all ammals  began to 
exhibit  depress ion of  SMA with 1 0 and 1 5 g ethanol/kg 
(Figs 2-4) There  is, therefore,  a dose-dependent ,  blphaslc 
effect  of  e thanol  on S M A  

A relat ionship be tween  ethanol  preference  and behavioral  
st imulation has been sought also in mice Some Investigators 
[10, 23, 27] in the past  were  unable to demons t ra te  ethanol  
s t imulat ion of  S M A  m the alcohol-preferr ing C57BL/6J 
strain of mice H o w e v e r ,  recent  studies by Crabbe et a! [6] 
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indica te  tha t  they do show a l coho l -mduced ,  d o s e - d e p e n d e n t  
i nc reases  in S M A ,  fol lowed by d e p r e s s i o n  Impor t an t ly ,  as 
wt th  the  P and Mauds l ey  Reac t i ve  rats (Figs 2-3),  s t tmula-  
t lon in the  C57BL/6J  mice  occu r r ed  ear ly  af ter  a lcohol  injec- 
t ion ( < 4  m m  In the  mice)  and  las ted  for  only a b r te f  dura t ion  
( < 8  mm)  Thus ,  low-dose  s t imula t ton  of  S M A  by e thano l  is 
s een  in bo th  a lcohol -pre fe r r ing  rats  and mice  

If  low-dose  a lcohol  s t tmula t lon  of  S M A  ts a ref lec t ion of  
the re in forc ing  p rope r t t e s  of  e thano l ,  one  should  expec t  no  
s t imula t ion  o f  S M A  by a lcohol  in an imals  with  low e thano l  
p r e f e r ence ,  such  as the N P  and  Mauds l ey  N o n r e a c t i v e  rats  
and  D B A  mice  Indeed ,  we found  a comple te  ab s ence  of  
a lcohol  s t tmula t lon  of  S M A  m the N P  and  Mauds l ey  Non-  
r eac t ive  ra ts  (Figs 2-4) Only d e p r e s s i o n  of  S M A  occu r r ed  
wt th  e thano l  doses  of  0 5 g/kg or h tgher  On the o the r  hand ,  
the  D B A  mtce have  been  s h o w n  to exhib i t  s t r tklng s t lmula-  
t ton of  S M A  with  e thano l  [10,27] This  reac t ion ,  howeve r ,  
occu r s  at  all doses  of  e thano l  tha t  do  not  m d u c e  " s l e e p , "  

e , they  do not  show any  dep re s s ton  of  SMA,  only  s t lmula-  
t ton,  unt i l  the r ight ing ref lex is lost  Thts  unusua l  r e sponse  to 
e thano l  m the  D B A  m~ce m ay  r e p r e s e n t  a un ique ly  di f ferent  
p h e n o m e n o n  in this s t ra in  tha t  will requt re  fu r the r  invest iga-  
t ion 

In the expe r imen t s  r epo r t ed  here ,  to l e rance  was not  ob- 
s e rved  e i the r  to the d e p r e s s a n t  or  to the  s t tmula to ry  ac t ion  of  
a d m m t s t e r e d  e thano l  (Fig 6) This  is hke ly  due to the exper -  
Imenta l  des ign  o f  spacing the test  in jec t ions  at least  four  days  
apa r t  Thts  e thano l - f ree  in terval  was de l ibera te ly  c h o s e n  to 
min imize  c a r r y o v e r  effects  wi th in  the  c o u n t e r b a l a n c e d  de- 
sign It should  be  noted ,  howeve r ,  w h e t h e r  to le rance  devel-  
ops  to the  low dose  s t tmula tory  effects  ts still u n r e s o l v e d  
R e c e n t  s tudies  in mice have  failed to de tec t  to l e rance  to 
e thano l - s t imu la t ion  or  have  o b s e r v e d  " r e v e r s e  t o l e r a n c e , "  

l e , m c r e a s e d  s t imula t ion  [20,27] On the  o the r  hand an 
o lder  s tudy m rats  [11] repor ted  tha t  to le rance  deve lops  1o 
bo th  the  exc t t a to ry  and to the  d e p r e s s a n t  effects  of e thanol  
T a b a k o f f  and K l m n m a a  [27] have  suggested that  d~flerent.e~ 
In expe r imen t a l  design,  wt th  emphas t s  on  the possibil i ty of  
learned  c o m p e n s a t o r y  r e sponses ,  could  accoun t  for  confltct-  
mg resul ts  Clearly,  addt t ional  s tudies  are needed both  in 
m~ce and in rats  to add res s  this tssue 

If  one  a s sumes  that  the low-dose  s t imula tory  effect  of  
e thano l  ts a par t  or an  e x p r e s s i o n  of  the post t tve  re inforcing 
m e c h a n t s m  of  e thano l  and tha t  the seda t lve -hypno t t c  effect  
of  e thanol  is ave r s lve ,  an a t t rac t tve  hypo thes i s  for e thanol -  
seeking  b e h a v t o r  can be fo rmula ted ,  s ince to le rance  to the 
s eda t tve -hypno t t c  effects  does  deve lop  with chronic  e thanol  
in take  [28] Thts  c o m b i n a t i o n  of  r e s p o n s e s  to e thanol  can  be 
env i s ioned  to sus ta in  and e n h a n c e  d r m k m g  ove r  t tme, until 
phys ica l  d e p e n d e n c e  b e c o m e s  e s t a b h s h e d  It has been 
s h o w n  in ra ts  that  e t h a n o l - d e p e n d e n c e  can induce  the  self- 
admin i s t r a t i on  of  large a m o u n t s  of  e thano l  in an imals  tha t  do 
not  exh ib i t  this b e h a v t o r  in the e thano l -na ive  s tate  [7] How- 
ever ,  as we have  repor ted  recent ly ,  the  P rats  wdl self- 
admin i s t e r  large a m o u n t s  of  e thanol ,  even  by the m t r a g a s t n c  
route ,  w i thou t  first h a v m g  been  forctbly made  e thanol -  
d e p e n d e n t  [29] Thus ,  the re inforc ing  ac t ions  of  e thanol  m 
n o n d e p e n d e n t  an imals  will be clear ly ev iden t  only when  
an tmals  tha t  have  been  se lected for e thanol  p re fe rence  are 
emp loyed  for  study 
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