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MIDDAUGH, L D , W O BOGGAN AND C L RANDALL Sttmulatory effects of ethanol m C57BL/6 rntce PHAR- 
MACOL BIOCHEM BEHAV 27(3) 421-424, 1987 --Although ethanol stimulation is well documented m several species 
including humans, there is some controversy about whether the stimulation occurs in the highly inbred mouse strain, 
C57BL/6 Since inbred mouse strains are frequently used to elucidate mechanisms for mdwldual differqnces in reaction to 
alcohol, the present study was undertaken to more completely characterize the behavioral effects of ethanol and to help 
resolve some of the controversy regarding the drug's stimulatory effect on C57 mice Activity of female C57BL/6cr mice 
was assessed in either a lighted or dark environment for 20 mln after mjecUons of water or ethanol at doses of 0 5, 1 0, 2 0, 
4 0 g/kg Elevated activity (stimulation) was observed in mice injected with relatively low ethanol doses and tested in the 
light The 2 0 g/kg dose produced a transient elevation in activity which declined rapidly across time Animals tested under 
the dark condition were not stimulated by the drug but had activity reductions to high doses of ethanol The detection of 
ethanol-reduced stimulation appears to be related to the performance of control mice rather than a hght-related difference in 
ethanol sensltlwty 

Ethanol stimulation Motor actlwty Inbred mice C57 mice 

A L T H O U G H  a blphasic act ion of  e thanol  on behav ior  
(s t imulat ion-depression) is well  documented  (see [8]), the 
htera ture  is inconsis tent  regarding the s t lmulatory effects of  
the drug on C57BL/6 (C57) mice,  an inbred strain Some 
reports  indicate that  ethanol  does  not  st imulate C57 mice [1, 
2, 4, 9, 10] Other  reports  [3,6] indicate that C57 mice are 
ei ther  s t imulated or  depressed  by alcohol  depending upon 
the dose injected,  the t ime after  inject ion,  and the durat ion of  
the act ivi ty  measure  In our  previous ly  repor ted  study [6], 
act ivi ty  st imulation was observed  under  condit ions when  the 
act ivi ty  level  of  control  mice was relat ively low (during the 
later  s tages o f  a one  hour  test  period) and e thanol  concentra-  
t ions in brains o f  drug-injected mice were  presumed to be 
relat ively low (i e , lower  doses)  A recent  repor t  by Crabbe,  
Johnson ,  Gray,  Kosobud  and Young [3] also descr ibed a 
t ransient  s t imulatory effect  o f  ethanol  (2 g/kg) in C57 mice 
which began short ly after  inject ion The rev iew by 
Pohorecky  [8] suggested that the large repor ted  differences 
in the effects  o f  e thanol  on different species and strains might  
be parhal ly  accounted  for  by dlffenng exper imenta l  condi-  
t ions and methods  o f  behaviora l  assessment  Since the am- 
bient  hghtlng condi t ion and the t ime or  durat ion o f  act ivi ty  
assessment  both influence the amount  o f  act ivi ty  recorded  in 
act ivi ty  test,  these  parameters  might  well  influence the re- 
sults obtained when  assessing the influence o f  var ious drugs 
To help elucidate the apparent  cont rad ic tory  reports  regard- 
lng e thanol  effects  on act ivi ty  o f  C57 lmce,  we comple ted  the 

present  exper iments  assessing the influence of  several  
e thanol  doses  on act ivi ty under  two different lighting condi- 
tions 

METHOD 

Female  C57BL/6cr  mice 90 days of  age were  used They  
were  maintained 4-6/cage in a colony room with lights on 
and off  at 0700 and 1900 hr Food  and water  were  available 
ad lib Act iv i ty  of  individual mice was assessed be tween  
1000 and 1500 hr in a laboratory cont iguous with the colony 
room using a 3-channel Stoelt lng Elec t ronic  Act iv i ty  
Moni tor  (Model  31409, Stoelt lng C o ,  Chicago,  IL) This sys- 
tem is identical to that employed  in two previous  ethanol  
studies [5,10] It essent ial ly consists  of  an oscil lator  which 
genera tes  radio-f requency fields ove r  the surface of  three 
individual sensing platforms,  and e lect ronics  to de tec t  and 
process  voltage changes resulting f rom perturbat ions of  the 
fields The  degree of  voltage change is propor t ional  to the 
degree of  m o v e m e n t  within the field such that  large and/or  
rapid m o v e m e n t s  cause rapid voltage changes The resulting 
analog information can be processed  to provide  a digital 
out-put  which,  in our  sys tem,  was counted  across t ime by 
interfacing the sys tem with an Apple  IIe compute r  using a 
LabLinc  interface (Coulbourn Ins t ruments ,  Lehigh Valley, 
PA) The 3 sensors,  r emote  f rom the osci l lator  and signal 
process ing equipment ,  were  located in a 5 x 6 x 8  ft testing 

1Requests for repnnts should be addressed to Lawrence D Mlddaugh, Room 803 Research Building, Medical University of South Carohna, 
171 Ashley Avenue, Charleston, SC 29425-0742 

421 



422 MIDDAUGH,  BOGGAN AND R A N D A L L  

8o 

° 7  s 

0 7 0 .  
o 

o 

60 

~ / / / / / / / / /  

Z 
DOSE (g/kg) 

80-1 o 
~ 70. 

60 I 
~ 2 3 4 

DOSE (g/kg) 

66 

64 

° o 62 

:> 
~_ 60 

58,. 

68 

6 7  

6 6 -  

_1 
~ 64 

62 

~. 6o 
0 
'~ 59 .  

58 

TIME (MIN) TIME (MIN) 

FIG 1 EffectsofethanolonmotoractwltyofC57mlcemeasuredunderhght(left 
graphs) or dark (right graphs) con&t~ons The upper graphs reflect actwlty gener- 
ated during a 20-ram test after rejections of water or the various ethanol doses 
The lower graphs show the distribution of actlwty at 5-mm intervals across the 
20-mm test for mice injected with vehicle (sohd circles) or ethanol 1 g/kg (open 
circles) or 2 g/kg (squares) Data for the 4 0 g/kg dose (open squares) are shown for 
only the first 5 mm Data are expressed as means-+standard errors of natural log 
transformed data 

room adjacent to the laboratory The testing room contmned 
an exhaust fan which effectively masked sound from the 
laboratory For the present study, the sensors were cross- 
cahbrated for sensxtlwty (Actlwty Level settings 15, 22, and 
24) and threshold reset time was set m the " N o r m a l "  mode 

Ammals were tested with the testmg room hghts either on 
or off which resulted m dlummaUons of  46 vs < 1 ft candle at 
the level of the platform On the day of  testing, mice were 
brought to the test room m groups of three and rejected 
mtrapentoneally (0 02 ml/g body weight) with either the ve- 
hicle (water) or ethanol at doses of 0 5, 1, 2, or 4 g/kg 
Ethanol concentrations ranged from 3% to 25% The mice 
were placed lmmedmtely into 32×21x 13 cm polypropylene 
mouse cages (one per cage) w~th clear Plexlglas tops cen- 
tered on the sensing platforms Activity was recorded for 20 
mm and the data were pnnted out at 5-mm mtervals The 
treatment condltmns were &stnbuted proporUonally across 
the three actwlty sensors All tests occurred m clean cages to 
ehmmate the mfiuence of  odors from the prewous ammal 
The effect of ethanol on the dlstnbuUon of actw~ty across 
time under the hght con&tlon uUhzed 65 mice, 16 per group 
except for the 0 5 g and the 4 0 g/kg dose groups which had 9 
and 8 mice respectively The influence of  ethanol on actlwty 
under the dark condition was determined usmg thirty-two 
additional mice rejected at doses of 0, 1, 2, and 4 g/kg 
(8/group) Data from two ammals mjected with the 4 0 g/kg 
dose were lost due to equipment malfunction Actlwty tests 
m the dark were interspersed w~th tests m the hght under 
similar dosing conditions 

RESULTS 

The effect of ethanol on actw~ty ~s summarized m Fig 1 
To reduce the &fferences m variability of  acUvlty scores 
w~thm each group for statistical analysis, the raw activity 
scores were transformed to their natural log The means and 
standard errors of the log scores are shown m the figure The 
upper graphs summarize mean log scores for actwlty gener- 
ated over  the entire 20-mm test period and the lower graphs 
summarize mean log scores for activity at 5-ram mtervals 
across the 20-ram period Data collected under the hght 
con&tlon are shown on the left and those collected in the 
dark are shown on the right 

Light Condttton 

The upper left graph of F~g 1 mdlcates that acUvlty 
measured over the 20-mm period m the hght was elevated by 
mject~ons of  the lower doses of ethanol but reduced by the 
4 0 g/kg dose Because the latter dose completely ehmmated 
actw~ty at later t~me periods of measurement, these data 
were ehmmated from statistical analys~s of the total actw~ty 
scores Acttwty of  mice rejected with the 0 5, 1 0 and 2 0 
g/kg doses of  ethanol was 16%, 34% and 24% above that of 
controls An analysis of variance (ANOVA) of these data 
and subsequent comparison of the ethanol group means to 
the control mean wa Dunnett 's  Test supported a s~gmficant 
increase for the 1 g/kg group, t(53)=2 244, p < 0  05 This dose 
appeared to be maximally sUmulatory under condzUons of 
this experiment smce the 2 0 g/kg dose produced no further 
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stimulation The 4 0 g/kg dose reduced actlvlty by 65% com- 
pared to controls and completely ehmmated activity in some 
mice dunng the later periods of  activity assessment 

AcUvity at 5-min intervals dunng the 20-mln testing ses- 
sion in the light is summarized on the lower left graph of  Fig 
1 The single data point at T-1 reflects activity of  mice in- 

jected with the 4 0 g/kg dose during the first five minutes 
(prior to the severe ataxla) Data for the lower doses were 
analyzed across time using a 3 (Dose) × 4 (Time Period) 
ANOVA The distribution of  activity across time was clearly 
different for the three dose groups, F(6,123)=4761, 
p < 0  001, and data were further analyzed to compare each 
ethanol dose with the vetucle Inspection of  the graph 
suggests that activity of the 1 g/kg group was higher but that 
its distribution across the test period was slmdar to that of 
water controls This observation was supported by a signifi- 
cant Dose effect, F(1,30)=9 689, p = 0  004 The activity dis- 
tnbutlon of ammals reJected with the 2 g/kg ethanol dose 
differed from that of controls [Dose × Time interaction, 
F(3,90)=5 537, p < 0  001] Subsequent analysis of  the simple 
mare effects indicated a sigmficant elevation of  activity for 
ethanol reJected animals during the lmtial 5 mm of measure- 
ment [Dose at T- l ,  F(1,60)=7 745, p < 0  01] In addition, ac- 
tivity of  ethanol injected mice declined across time, 
F(3,90)=5 040, p < 0  01, whereas activity of  control mice did 
not 

The data summarized at T-1 of the graph were subjected 
lo a separate ANOVA to include the data for the 4 0 g/kg 
group This analysis and post-hoc comparisons (Dunnett 's  
Tests) of ethanol group means with the vehicle control indi- 
cate that both of  the lower ethanol doses elevated activity 
[t(53)=2 800, p < 0  025, t(53)=4 400, p < 0  005], whereas the 
apparent reduction produced by the 4 0 g/kg dose was not 
supported statistically 

Dark Condition 

The activity of nuce tested over the 20-mln interval in the 
dark is summarized on the upper right graph and was 
analyzed as described above for similar data collected under 
the light condition As noted for animals tested in the light, 
the 4 0 g/kg dose severely reduced activity (81% reduction 
from controls) and the data were excluded from analysis of  
total activity scores In contrast  to the results obtained under 
the light condition, however,  neither the A N O V A  nor the 
Dunnett 's  tests revealed a stlmulatory effect of the 1 g or 2 
g/kg doses of ethanol when activity was measured in the 
dark 

The distnbutlon of activity at 5-min intervals under the 
dark condition is shown on the lower right graph and also 
differs from the distribution obtained under the light conch- 
tlon The data points and analyses are as described above 
The 3 (Dose) × 4 (Time) ANOVA completed on data from the 
lower doses indicated that the distribution of  activity across 
time differed according to ethanol dose, F(6,63)=3 458, 
p < 0  01 Subsequent analyses mdlcated that the activity of  
mice injected with either the 1 g/kg, F(3,42)=2 833,p =0 048, 
or  the 2 g/kg dose,  F(3,42)=5 536, p < 0  01, was distributed 
differently than that of water controls with activity of  ethanol 
injected mice dechning and that of  control mice not changing 
s~gnfficantly across t~me 

The A N O V A  and comparison of  group means for data at 
T-1 indicated only a significant reduction in activity 
produced by the 4 g/kg dose of  ethanol, t(26)=2 915 ,p<0  01, 
with no statistically supported differences for the 1 g and 2 
g/kg doses 

Light-Dark Comparison 

To provide a direct companson of  the effect of  ethanol on 
actlvlty when assessed in the light or dark, data for the 
water, the 1 g and the 2 g/kg ethanol groups were subjected 
to a 2 (Light Condition) x 3 (Dose) x 4 (Time) ANOVA 
Thin analysis indicated that activity vaned as a function of  
Lighting CondiUon, F(1,66)=3 058, p = 0  003, and Time, 
F(3,198)=13 444, p < 0  001 As anticipated from the above 
analyses, the activity levels depended on the particular dose 
of ethanol gwen and the time of  assessment,  F(6,198)=5 481, 
p < 0  001 The analysis, however,  provided no indication that 
the influence of ethanol interacted with the hghting condi- 
tion An ANOVA of the T-1 scores, which included data for 
the 4 0 g/kg group, also indicated the influence of Lightmg 
Condition, F(1,78)=11 989, p < 0 0 0 1 ,  and ethanol dose, 
F(3,78)= 13 857, p <0 001, on activity but did not mdlcate an 
ethanol-hghtmg condmon interaction 

DISCUSSION 

The major factors influencing the effect of ethanol on 
motor activity of  C57 mice m the present study were the dose 
administered and the time after injection or time of activity 
measurement In addition, mice were more active in the dark 
than in the light which in turn can influence the conclusions 
about the stlmulatory or depressive effects of ethanol In 
general, activity of  ethanol-injected mice was elevated at 
times when brain concentrations of the compound were as- 
sumed to be relatively low 0 e , doses of  0 5 to 1 0 g/kg or 
early after a 2 0 g/kg dose when maximum brain concentra- 
tions had probably not been attained) and when the activity 
of vehicle control mice was relatively low (t e ,  the Light 
Condition) The stimulatory effect of  ethanol on C57 mice in 
this study differs from several previous reports [1, 2, 4, 9, 
10], however,  is in agreement with our previous report  [6] 
and that of  Crabbe et al [3] The present study demonstrates 
that ethanol can stimulate activity of female C57 mice as well 
as that of males which have been used in previous studies 
The stimulation of motor activity by the 2 0 g/kg dose of 
ethanol dunng the first 5 mm of  testing confirms the report  
[3] that locomotor activity of C57 mice was stimulated by 
this dose for a brief period after injection Thus, the present 
study indicates that ethanol can stimulate the general motor 
acUvity recorded by the radio-frequency field interruption 
techmque in a relatively small enclosure as well as locomotor 
activity The present data also suggest that studies which 
begin testing several minutes after injection [1], which ex- 
clude data during early testing, or which combine data over 
long penods  of time, wdl likely miss the stlmulatory effects 
of  ethanol in C57 mice 

The relationship of  the activity of  ethanol-injected mice to 
that of vehicle-injected mice determines whether one con- 
cludes that ethanol stimulates or depresses activity The 
present experiment indicates that this relationship is influ- 
enced by the lighting condition under which activity is as- 
sessed The stimulatory effect of ethanol was statistically 
confirmed only when activity was assessed m a lighted (45 ft 
candles) environment The influence of  the hghting condition 
on the relationship between vehicle and ethanol activity 
levels is clearly demonstrated during the first 5 rain of  test- 
lng When tested in the light, activity of mice reJected with 
ethanol at the two lower doses was elevated compared to 
controls but that of animals injected with the 4 0 g/kg dose 
was not different from controls In contrast,  when tested in 
the dark, activity of mice injected with the two lower doses 



424 M I D D A U G H ,  B O G G A N  A N D  R A N D A L L  

did not  differ  f rom con t ro l s ,  h o w e v e r  t ha t  of  a m m a l s  mjec t ed  
wi th  the  4 0 g/kg dose  was  be low con t ro l  levels  Thus ,  the  
s t lmula tory  effect  of  e thano l  on  C57 mice  ts more  hke ly  to be  
de t ec t ed  w h e n  ac t iv i ty  is a s se s sed  in the  hgh t  w he r ea s  its 
depress ive  effects  are  more  hke ly  to be  de t ec t ed  w h e n  act tv-  
~ty ts m e a s u r e d  m the  da rk  

The  act iv i ty  levels  of  vehic le  con t ro l  mice  u n d e r  the  dif- 
f e ren t  h g h t m g  cond i t ions  h e a w l y  Inf luenced  the i r  re la t ion-  
ship to ac t lv l ty  of  e thano l -mjec t ed  mice  The  act iv i ty  o f  ve- 
h ic le- in jected mice  dur ing  the  f irst  5 m m  of  t es t ing  was 32% 
less w h e n  m e a s u r e d  in the  l ight  than  in the  da rk  Since ro- 
den t s  are n o c t u r n a l  ammal s ,  i nc reased  ac t twty  in a dark  en- 
v i r o n m e n t  is no t  surpr is ing  Indeed ,  severa l  s tudies  (see [11]) 
d o c u m e n t  this  p h e n o m e n o n  The  h igher  act lvl ty  level  in the  
dark,  c o m p a r e d  to the  hgh t  e n v i r o n m e n t  o b s e r v e d  m the  
p r e sen t  s tudy,  conf i rms  a p r e w o u s  repor t  on  acttv~ty of  C57 
mice m an  open-f ie ld  a r e n a  [7] The  d i rec t  c o m p a r i s o n  of  
e thanol - inJec ted  and  con t ro l  m~ce tes ted  u n d e r  the  two hght-  
mg cond i t ions  vta  A N O V A ' s  r evea led  tha t  ac t ,v l ty  was in- 
f luenced  by  the  hght lng  cond i t ion  and  the  e thanol  dose ,  
howeve r ,  did not  indica te  an  in te rac t ion  of  these  two mare  
fac tors  Thus ,  the  effects  of  e thano l  a p p e a r  to be  uninflu-  
enced  by  the  h g h t m g  condtt~on pe r  se Ra the r ,  the  h igher  
actw~ty of  the  con t ro l  m~ce m e a s u r e d  m the  da rk  appea r s  to 
mask  the  de t ec t ion  of  e thano l - r educed  s t imula t ion  The  de- 
tec t ion  of  e thano l  s t imula t ion  w h e n  con t ro l  r e sponse  ra tes  
were  re la t ively  low m the  p r e s en t  s tudy  was also no ted  m our  

p r e w o u s  repor t  [6], howeve r ,  low ac t twty  of  cont ro l s  m tha t  
s tudy  occu r r ed  late dur ing  t e s tmg  a f te r  l ocomot ion  had  
hab i tua t ed  I t  is a lso of  in te res t  tha t  m a n y  o f  the  s tudies  
md tca tmg  no s t lmula to ry  effect  of  e t hano l  on  C57 mlce have  
genera l ly  m c l u d e d  o t h e r  s t r ams  wi th  con t ro l  ac t lv , ty  levels  
subs tan t ia l ly  be low tha t  of  cont ro l  C57 mice  Thus ,  ~t is 
poss ib le  tha t  some of  the  r epo r t ed  s t ra ta  d i f ference  in reac-  
t ion to e thano l  might  be  due to d i f fe rence  m con t ro l  level  
act ivi ty  

In s u m m a r y ,  the  p re sen t  s tudy conf i rms  two p r e w o u s  re- 
por t s  tha t  e thanol  can  s t imula te  ac t iv i ty  o f  C57 m~ce and  
helps  e s t a b h s h  some  cond i t ions  which  f avo r  the de tec t ion  of  
e thano l  s t imula t ion  m th~s s t ra in  S t imula t ion  can  be  ob- 
se rved  at low e thano l  doses  (1 0 g/kg) or  br ief ly  af ter  h igher  
doses  (2 0 g/kg) w h e n  cond i t ions  f avor  low act iv i ty  of  cont ro l  
mice Man ipu la t ion  of  the  hgh tmg cond i t ions ,  u n d e r  which  
ac twl ty  was  measu red ,  was  s u f f i o e n t  to mask  any  e thanol  
induced  s t imula t ion  
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