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DUDEK, B. C., M. E. ABBOTT, A. GARG AND T. J. PHILLIPS. Apnmorphine effects on behavioral response to 
ethanol in mice selectively bred fi~r difh~rential sensitivity to ethanol. PHARMACOL BIOCHEM BEHAV 20(1) 91-94, 
1984.--Two lines of mice selectively bred for differences in response to a hypnotic dose of ethanol were administered 
apomorphine alone or in combination with ethanol. When administered by itself, apomorphine produced similar dose- 
dependent depression of locomotor activity and increases in stereotypy in the two lines. Doses of apomorphine (0.5/zM/kg 
and 2 txM/kg) thought to bind only presynaptic dopamine receptors blocked theslight locomotor activation to 1.5 g/kg 
ethanol in the ethanol-sensitive Long-Sleep (LS) mice; in the ethanol-insensitive Short-Sleep (SS) mice which show marked 
activation to all subhypnotic doses of ethanol, these doses of apomorphine only attenuated the activation. A higher 
apomorphine dose (8/zM/kg) antagonized the locomotor depressant effects of 2.0 and 2.5 g/kg of ethanol in LS mice but did 
not alter the shape of the SS ethanol dose response curve for locomotor activity. Apomorphine (2 and 8/xM/kg) potentiated 
ethanol-induced loss of the righting reflex in LS mice in a dose dependent fashion, but did not alter this soporific effect of 
ethanol in SS mice. These findings extend the data base suggesting a role for dopamine both in the mechanism(s) differ- 
entiating the LS and SS mice and the stimulant and intoxicating properties of ethanol. 

Ethanol Apomorphine Genetics Dopamine Locomotor activity Stereotypy 

IT has been argued that the stimulant properties of ethanol cal studies demonstrated a two-fold greater decrease in 
(ETOH), its "euphor ic"  actions, may be a source of its rein- whole brain DA turnover in LS mice than in SS mice follow- 
forcing properties [19,20]. Neuropharmacological work has ing a soporific dose of ETOH [6]. DA stimulation of striatal 
implicated the function of dopamine (DA) neurotransmitter adenylate cylcase was about 25% greater in LS than in SS 
systems in the mechanisms underlying the stimulant effect, mice [7]. Pharmacological studies have shown the two lines 
Treatment with alpha-methyl tyrosine antagonizes the loco- to respond differently to a variety of agents which act on 
motor stimulation effects of  ETOH in mice and rats [4], and central DA systems (e.g., salsolinol, amphetamine, gamma- 
blocks the euphoric properties of the drug in man [1]. This butyrolactone, haloperidol; [5,9]). 
antagonism in rodents is partially reversed by treatment with The present studies examined the effects of apomorphine 
/-dopa [ l 1]. The stimulant action of  ETOH in mice was also on locomotor activity and stereotypy in these mice as well as 
antagonized by treatment with the DA receptor agonist its effects on behavioral response to hypnotic and subhyp- 
apomorphine [22]. Other work has shown apomorphine to notic doses of ETOH. In order to assess the ability of 
antagonize the discoordinating effects of a sub-hypnotic dose apomorphine to modify the locomotor and soporific re- 
of ETOH in rats [2]. sponses to ETOH, it was first necessary to study the effects 

Genetically based variation in the magnitude of the ofapomorphine given by itself to LS and SS mice. Apomor- 
stimulant ETOH effect has been demonstrated in inbred and phine has previously been shown to shorten the latency to 
selected lines of  mice [16,21]. Long-Sleep (LS) mice selec- fluorothyl-induced seizures in LS mice while it had little ef- 
tively bred for extended soporific response to ETOH [17] fect on SS latencies [12]. The slightly greater effectiveness of 
show locomotor depression to most sub-hypnotic doses. The haloperidol to induce catalepsy in SS mice [9] is consistent 
relatively ETOH-insensitive Short-Sleep (SS) mice show with the finding that DA turnover rate is higher in SS mice 
marked locomotor stimulation in response to sub-hypnotic [6]. Experiment 1 examined the dose response curve of 
doses. Part of  the effectiveness of  the selection for these apomorphine effects on locomotor activity and stereotyped 
lines may result from differences in DA systems. Biochemi- behavior in the two lines. Experiment 2 examined the effects 
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of  several  apomorphine  doses  on st imulant effects  assessed A -- --SS 
by the shape of  the sub-hypnotic  E T O H  dose response o---~LS 
curve;  apomorphine  effects  on durat ion of  the loss o f  the ~ 900 
righting reflex fol lowing hypnot ic  doses  were  also examined.  =z 

8 
M E T H O D  >. 

Experiment 1 > 600 

Mice of  the Albany colony of  LS and SS mice are de- z'~ 
scended from breeding s tock obtained at generat ion 18. Male 
and female mice of  the present  study came from generat ions ~ 300 
27 and 29 and ranged in age from 55 to I00 days. 
Apomorphine-HC1 (Merck) was prepared each day in 0.9% 
NaC1 with 0.1% Na  metabisulfi te,  and injected at 3-5°C. 
Mice were  injected IP in a vo lume of  10 ml/kg; each mouse  12 ~ J ~ J ~ J ~ t = 
was tested only once.  B " 

L o c o m o t o r  act ivi ty test ing was done in a circular  open .v. 
field ( L V E  model  PAC-001, 61 cm diameter ,  modified to 10 
have a Plexiglas f loor which could be cleaned be tween  tests). 
No  il lumination was present .  Mice were  placed singly in a ~: 8 o 
holding cage for ten min following injection prior to testing. 
Act iv i ty  was moni tored  for 15 min. ~ 6 

S te reo typy  was assessed in a cage similar to the home 
cage,  with fresh bedding (hardwood chips) present ,  by noting 
the presence  or  absence of  four  behaviors:  sniffing/gnawing, ~ 4 
straub tail, stiff gait, exaggerated posture  (extended limbs). 
Rating was done for 30 sec eve ry  five min for 35 min follow- 2 
ing drug administrat ion.  The  total number  of  behaviors  pres- 
ent  was summed across the seven observa t ion  periods and 

I I 1 I I I I ~ i / / i  
analysis of  var iance was performed on the square  root of  this 0 2 4 6 8 10 12 14 16 32 
score,  taken to diminish proport ional i ty of  means  and vari- APOMORPHINE (~M/kg) 
ances.  

FIG. 1. Panel A: Dose response curves for apomorphine effects on 
Experiment 2 locomotor activity counts for the 15 rain test session. Each data 

point represents 6 or 7 mice of each sex (12-14 total). The vertical 
L o c o m o t o r  act ivi ty was assessed in the same manner  as bar represents a generalized standard error of the mean derived from 

in Exper iment  1. A total  of  516 mice of  both sexes came from the analysis of variance error term. Note that 16/zM/kg is equivalent 
generat ion 30 and ranged in age from 50 to 118 days. E T O H  to 5 mg/kg of apomorphine-HCI. Panel B: Dose response curves for 
was prepared in 0.9% NaC1 and injected IP in a 20 ml/kg apomorphine-induced stereotypy. The maximum possible score was 
volume so that dose  was varied by concentrat ion.  The  range 14. Each data point represents 7 or 8 mice. 
of  E T O H  doses was chosen so that apomorphine  effects 
could be descr ibed in terms of  the shape of  the E T O H  dose 
response  curve.  Apomorph ine  doses were  chosen on the 
basis of  Exper iment  1 data  to represent  (1) the descending 
port ion o f  the " p r e s y n a p t i c "  c o m p o n e n t - - 0 . 5 / z M / k g ,  (2) the min prior to E T O H  treatment .  L R R  durat ion was assessed 
maximal  depress ion of  the " p r e s y n a p t i c "  c o m p o n e n t - - 2  by measurement  of  t ime from loss of  the righting reflex to 
tzM/kg, and (3) a high d o s e - - 8 / z M / k g  which surely involves  spontaneous  righting three t imes within 30 sec. 
postsynapt ic  receptor  effects.  Apomorphine  was prepared 
and injected as in Exper iment  1. Mice were  t reated with RESULTS 
apomorphine  (or saline vehicle) ten min prior to E T O H  ad- Experiment I 
ministration o f  one o f  three doses  o f  E T O H  or its saline 
vehicle ,  and then immediate ly  placed in the circular activity The dose response curve for effects of  apomorphine  on 
moni tor  for fifteen rain. Each mouse  was tested only once.  locomotor  act ivi ty (Fig. 1, Panel A) was the complex 

Study of  the effects  of  apomorphine  on ETOH- induced  triphasic curve  previous ly  repor ted  in the li terature [8,18]. 
loss of  the righting reflex (LRR) was made possible by the Since no sex differences were apparent ,  both the figures and 
choice  of  two E T O H  doses  that would  produce  approx- analyses are for the sexes combined.  The drug decreased 
imately the same durations.  This p rocedure  was indicated activity in both lines, F(6,141)=19.46, p<0 .001 ;  the interac- 
since assessment  of  effects of  pre t rea tment  would be con- tion of  dose and genotype  was non-significant;  SS mice were 
founded by the temporal  difference in L R R  durat ions when general ly more act ive  at all doses  including the saline con- 
the same dose is adminis tered to the two lines. Such an trol, F(1,141)=50.99, p<0.001.  The triphasic shape of  the 
approach is warranted because  the rate of  E T O H  metabo- dose response curve,  an initial depression fol lowed by rela- 
l ism is similar in the two lines [13]. The doses  were  4.0 (SS) tive act ivat ion,  and then decreases  at high doses due to 
and 2.4 (LS) g/kg, administered IP in 0.9% saline in a 20 s tereotypy is statistically verifiable by significance of  the 
ml/kg volume.  Mice were  pretreated with 0.0, 2.0 or  8.0 cubic componen t  o f  trend analysis on the dose variable in 
/xM/kg apomorphine ,  prepared as above ,  and injected IP five both lines, F(1,141)=29.94 and 16.47 for LS and SS respec- 
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tively; p <0.001. This complex nature of the dose response tONG SLEEP Apomorl~ine (.uM/kg) SHORT SLEEP 

curve is consistent with reports in the literature which attri- ~ o0 
bute the depression of locomotor activity in rodents at low -- = 0~ O-°-O 20~  
doses to preferential apomorphine binding to presynaptic o - 4  8o 

DA receptors, and the subsequent activation at higher doses 
to postsynaptic receptor binding. The present findings are ~---° 
consistent with the report that spiroperidol binding is similar " 
in the LS and SS mice [7]. / 

The dose response curve for apomorphine-induced looc 
stereotypy was also similar for the two lines (Fig. 1, Panel 
B). The doses of apomorphine could be divided into two ~ , , ' / .  
classes on the basis of the post-hoc comparisons (Duncan's ~ 800 
test c~=0.05). The first class was made up of the three lower 
doses that did not differ among themselves or from vehicle 
controls. The second class was made up of the three highest ~ 
doses which were not different from each other, but were ~' 
different from the three lower doses. The intermediate 4 
/xM/kg dose was not significantly different from the first or 
second class. The fact that only higher doses produced sig- 
nificant stereotypy permits conclusion that the locomotor . . . . . . . . .  "" " 
depression induced by low doses is not due to competing 
stereotyped behaviors, but the secondary depression at 16 -~, 
#M/kg probably is. Taken together, these two studies indi- "'~'--,, 
cate that LS and SS mice respond similarly to apomorphine; ' I ' ' ' I ~ ' 
the study of interactions of ethanol, apomorphine, and DOSE ETHANOL(g/kg) 

genotype in the next experiment could proceed without the 
complications of initial sensitivity differences to apomor- FIG. 2. Mean locomotor activity counts of mice treated with various 
phine in addition to the marked differences in sensitivity to combinations of doses of ETOH and apomorphine and tested for 15 
ETOH. min. Each point represents 7-10 mice of each sex (14-18 total). The 

vertical bar represents the generalized standard error of the mean 
derived from the error term of the analysis of variance. 

Experiment 2 

Female mice were significantly more active than males 
across all treatment conditions, but since sex did not interact 
with apomorphine or ETOH dose in the analysis of variance, 
both the figure (Fig. 2) and this discussion refer to data of the in both lines, F(9,452)=2.51 and 4.09, p <0.025, for LS and 
sexes combined. Mice not treated with apomorphine showed SS mice respectively. The genotype-dependent nature of the 
the usual genotype difference as a function of ETOH treat- apomorphine-ETOH interactions described above is re- 
ment. SS mice were activated at all ETOH doses (ETOH- flected in the significance of the three-way interaction of 
linear component: F(I,452)=65.37, p<0.001). LS mice genotype, ETOH dose and apomorphine dose, 
showed some activation at 1.5 g/kg but depression at the F(9,452)=3.96, p<0.001. 
higher doses (ETOH-quadratic component: F(1,452)=21.98, Since the largest dose of apomorphine appeared to antag- 
p<0.001). LS and SS mice receiving neither drug were not onize the depressant effects of ETOH in LS mice, we at- 
significantly different (Duncan's test), tempted to directly assess this possibility by examination of 

Apomorphine treatment markedly changed the dose re- apomorphine effects on ETOH-induced narcosis, the origi- 
sponse curves in both lines, but tbe specific changes de- nal selection phenotype. While apomorphine antagonism of 
pended on genotype. All doses of apomorphine antagonized ETOH-induced impairment of coordination has been re- 
the small activation to 1.5 g/kg ETOH in LS mice. The two ported [2], we thought it possible that in the locomotor ac- 
higher apomorphine doses produced a flattened ETOH curve tivity study reported here, the apparent antagonism of de- 
in LS mice, indicating a partial antagonism of the depressant pression could be due to a "floor" effect since LS mice 
effects of larger ETOH doses. In SS mice both 0.5 and 2.0 treated with both drugs were generally very inactive. LS and 
/zM/kg of apomorphine antagonized the stimulant effects of SS mice untreated with apomorphine lost the righting reflex 
ETOH, but did not eliminate it as was the case for LS mice. for 33.14_+6.51 and 36.73_+4.69 min respectively, indicating 
The linear component of ETOH dose effects was significant that the dose adjustment procedure was successful. LS mice 
for SS mice at both these apomorphine doses, treated with apomorphine lost the righting reflex for 
F(1,452)=21.49 and 8.89 for 0.5 and 2.0/xM/kg respectively, 73.22_+6.74 (Mean_+S.E.M.) and 90.12_+9.52 min at 2 and 8 
p<0.001 and 0.01. The slopes of these curves were clearly /zM/kg respectively. This potentiation of ETOH-induced 
less than for SS mice untreated with apomorphine or mice narcosis was not seen for SS mice where the apomorphine 
treated with the higher dose, 8 /xM/kg. Interestingly, no pretreated animals lost the righting reflex for 36.16_+3.84 and 
apomorphine dose was able to produce much antagonism of the 37.32_+4.80 rain at 2 and 8 tzM/kg. This qualitatively different 
stimulation at 1.5 g/kg ETOH in SS mice. The 8 /xM/kg effect of apomorphine in the two lines was reflected in a 
apomorphine dose which did not alter the shape of the genotype by apomorphine dose interaction, F(2 52)=10.64, 
ETOH curve in SS mice was the dose with the most dramatic p<0.001. Therefore, it seems unlikely that the antagonism of 
effects in LS mice, eliminating both stimulant and depressant ETOH-induced depression of locomotor ambulation seen 
effects. ETOH by apomorphine interactions were significant above actually reflects an antagonism of intoxication. 
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DISCUSSION tion.  Recen t  work  suggests  tha t  chol inergic  sys t ems  may  be 
The  fact  tha t  no  dif ferent ia l  r e s p o n s e  of  the  LS and  SS i m p o r t a n t  for  g e n o t y p e - d e p e n d e n t  E T O H  effects  [10]. Since 

mice occu r r ed  w h e n  a p o m o r p h i n e  was admin i s t e r ed  a lone  is chol inerg ic  func t ion  may  differ be tween  the  l ines [15], an 
s o m e w h a t  surpr is ing  g iven  ear l ier  repor t s  of  d i f fe rences  in hypo thes i s  of  jo in t  cho l ine rg ic /DA i n v o l v e m e n t  is reason-  
r e s p o n s e  to o the r  agents  wi th  DA ac t ions ,  inc luding the  DA able.  
r e c e p t o r  an tagon i s t  ha loper idol  [9]. T h e s e  da ta  are consis-  While  def in i t ive  ev idence  of  p re synap t i c  DA recep to r  in- 
t en t  wi th  the  r epor t  o f  no  LS/SS  d i f fe rences  in DA recep to r s  v o l v e m e n t  in E T O H - i n d u c e d  s t imula t ion  awai t s  b iochemica l  
as m e a s u r e d  by  sp i roper idol  b inding [7]; this  occu r s  e v e n  s tudy,  the  p resen t  s tudy  suppor t s  this conc lus ion  as d rawn  
t h o u g h  DA s t imula ted  inc reases  in adeny l  cyc lase  are g rea te r  f rom prev ious  work  [4, 1 I, 22]. As is of ten seen in phar-  
in LS  mice  [7]. macology  work  though ,  the  na ture  and  magni tude  of  drug 

In the  s tudy  of  E T O H  effects  on  act iv i ty  in E x p e r i m e n t  2, effects  d e p e n d e d  on  a genet ic  var iable  [14,16], The  genet ic  
it is p o s s i b l e  to in te rp re t  the  change  in the  E T O H  dose  re- tool  p rov ided  by  the  LS and  SS mice has  repea ted ly  poin ted  
sponse  cu rve  for  SS mice  t r ea ted  with the  two lower  doses  of  to DA sys t ems  i n v o l v e m e n t  in the  effects  o f  hypno t i c  doses  
a p o m o r p h i n e  as a s imple shift  o f  the  cu rve  to the  right.  This  o f  E T O H  [3, 6, 7, 9, 12]. The  po ten t i a t ion  of  E T O H - i n d u c e d  
type  o f  in t e rp re ta t ion  was not  poss ib le  in ear l ier  l i te ra ture  of  narcos i s  by  a p o m o r p h i n e  in LS mice  but  not  in SS mice as 
a p o m o r p h i n e  effects  on  E T O H - i n d u c e d  s t imula t ion  [4,22] r epo r t ed  in E x p e r i m e n t  2 r e e m p h a s i z e s  this  point .  The  data  
s ince  E T O H  dose  r e s p o n s e  cu rves  were  not  examined .  Our  f rom a p o m o r p h i n e  effects  on  l ocomoto r  r e s p o n s e  to E T O H  
da ta  f rom the  Shor t -S l eep  mice  which  are a good  model  for  sugges t  a s imilar  conc lus ion  abou t  effects  of  sub -hypno t i c  
the  s t imulan t  effects  o f  E T O H ,  clear ly indica te  tha t  comple t e  doses  o f  E T O H .  
a n t a g o n i s m  of  E T O H - i n d u c e d  s t imula t ion  by a p o m o r p h i n e  
does  not  occur .  The  facts  tha t  no  dose  of  a p o m o r p h i n e  corn- ACKNOWLEDGEMENTS 
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