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LACE, J W., C W SCHNEIDER AND R. A HARTLINE. The ethanol sensmwty of calcium taken up by a 
depolanzanon-dependent process m mouse stratus DBA and C57BL PHARMACOL BIOCHEM BEHAV 24(4) 1137-1139, 
1986.~in v~tro effects of ethanol on calcium taken up by synaptosomes were examined ~n two strmns of nuce, C57BL and 
DBA, that exlub~t marked differences m alcohol sens~t~wty and preference. There were no stgnfficant strata differences ~n 
basal or depolanzatmn-dependent synaptosomal calcmm levels. Ethanol did not reduce the basal calcium level but instead 
reduced depolanzatmn-dependent caloum levels with the same potency m both strmns. These results do not support a role 
for changes of calcmm levels as the bas~s for differences ~n ethanol sens~t~wty in these mouse strmns 

Ethanol sensitivity Depolanzatmn-dependent calcmm levels Strmn differences 

ALCOHOLISM is the most common form of drug addiction 
in the United States, and has become a serious public health 
problem. The etiology of this disorder involves a mul- 
tidimensional array of factors that include genetic, psycho- 
logical, social and cultural factors interacting in a very com- 
plex manner. While genetic factors may play a role [16], it ~s 
not clear how they m~ght be expressed. One possibility may 
be an increased risk because of an inherent difference in 
central nervous system (CNS) tolerance to the effects of the 
drug. However, despite years of research, the mechanism(s) 
of action of alcohol on the CNS remains unclear. 

Mice from the C57BL and the DBA strains possess a 
genetically detci,mned h~gh and low preference for alcohol, 
respectively [10]. While these strains cannot logically repre- 
sent alcoholic and non-alcoholic humans, they apparently 
possess differential CNS sensitivity to ethanol and other 
alcohols [7, 12, 13], and, therefore, may serve as a model to 
investigate CNS mediators of alcohol tolerance. There are 
many avenues an investigator may pursue in studying th~s 
problem. For example, ethanol has been shown, in vttro, to 
inhibit calcium uptake mto synaptosomes isolated from rat 

and mouse brain [6]. Concentrations of ethanol which do not 
alter synaptosomal membrane potentmls show this inhibitory 
effect [15]. Depolarization-dependent calcium uptake has 
been shown to be sinular to the process in intact nerve 
endings, and ~s due neither to nonspecific membrane binding 
nor uptake by mitochondna ~n the synaptosomal prepara- 
tions [2, 3, 5]. Ethanol inhibits the release of a variety of 
neurotransmitters [4]. Since the ~nflux of calcium into the 
synaptic terminal ~s essential for the release of neurotrans- 
mitter after neuronal depolarizatmn [11], changes in the 
terminal ca loum levels could be the mechanism of the de- 
pressive effects of ethanol on neuronal activity [6] and may 
explain differences ~n the two strains. This study tested these 
mouse strains for differences ~n the sensitivities to ethanol of 
synaptosomal calcium levels resulting from calcium uptake. 

METHOD 

A total of 80 animals, half from the C57BL/6J strain and 
half from the DBA/2J strmn, were obtained from the Jackson 
Laboratory, Bar Harbor, ME. They were 10-12 weeks of age 
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FIG 1 Time course of calcmm uptake by synaptosomes Synapto- 
somes from DBA mnce were incubated wnth 4~'CaCI z m either Na-5K or 
Depolarizing solution for different times from 0 25 to 3 minutes (O) 
Basal calcium uptake, ((3) Stimulated calcium uptake, (A) 
Depolarization-dependent caloum uptake The bars represent the 
standard errors of triplicate determnnattons 

at the time of sacrifice by cervical dislocation All were 
housed under standard and slmdar conditions, 6 per cage, 
with free access to water and standard mouse chow. 

Flcoll Type 400, Tnzma Base, HEPES and EGTA were 
obtmned from Sigma Chemical Company. ~'~CaClz was ob- 
tained from New England Nuclear. All other reagents were 
obtained from Fisher Scientific 

Synaptosomes were prepared by the method of  Smith and 
Loh [14] Five brains were pooled for each synaptosomai 
preparation. Synaptosomes were suspended at 1 mg protein 
per ml in Na-5K which was 1.2 mM in CaClz and incubated at 
37 ° for 15 minutes Total protein was 0.3 mg. The Na-5K 
solution contains 132 mM NaCi, 5 mM KCI, 1 3 mM MgCI~, 
1 2 mM NaH~PO~, 10 mM Glucose and 20 mM Tns at pH 
7 4. A 0.1 ml aliquot of  either double distilled H~O (control) 
or ethanol to the final assay concentration was added to six 
tubes containing the synaptosomes and the incubation con- 
tlnued for 12 minutes. To imtltate calcium uptake, 0 5 mi of 
either Na-5K ~sCa (specific activity, 0 2 microcunes/mi- 
cromole nn the final solution) or depolarizing solution with 
~'~Ca (in which KC1 at 137 mM is substituted for NaCI) were 
added to each of three tubes and incubated for 90 seconds 
with the exception of time course studies. Uptake was ter- 
mnnated by addition of  0.5 ml of  ~ce-cold EGTA-hait~ng solu- 
tion (132 mM NaCI, 5 mM KCI, i 3 mM MgCIz, 1 2 mM 
NaHzPO4, 30 mM EGTA, and 30 mM Tns at pH 7.4) plus 5 
ml of ice-cold, Ca-free Na-5K Samples were immediately 
filtered under vacuum over  Ca-free Na-5K premotstened 
Whatman GF/C filters and washed twice with 10 ml of ice- 
cold Ca-free Na-5K The termination procedure took less 
than 20 seconds Isotope on the filters was determined by 
liquid scintillation spectrometry The final synaptosomal 
suspensions were assayed for protein [9]. Basal calcium up- 
take is that measured in the presence of  high external 
sodium Stimulated calcium uptake is that measured in the 
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FIG 2 Effect of ethanol on synaptosomal calcium uptake, compari- 
son of mouse strains DBA (©) and C57BL (O) Synaptosomes from 
each strain were premcubated with different concentratnons of 
ethanol for 12 minutes before assaying calcium uptake (Top) Basal 
Uptake The bars represent the standard errors of 16-18 determina- 
tions (Middle) Stimulated Uptake The bars represent the standard 
errors of 15-18 determinations (Bottom) Depolanzatnon-Dependent 
Uptake The bars represent the standard errors of 6 determlnatnons 

presence of high external potassium Depolarization- 
dependent calcium uptake is the difference between the 
means of triplicate assays of basal and stimulated uptake 
performed on a particular synaptosomal preparation 

RESULTS 

Basal, stimulated° and depolarization-dependent calcium 
levels increased linearly with tissue protein from 0 I to 0 3 
mg (data not shown) In all subsequent experiments the 
quantity of  protein used was 0 3 mg 

Figure l shows the time course of calcium uptake De- 
polarized synaptosomes approach equihbnum within 2 min- 
utes of  incubation An incubation time of  90 seconds was 
chosen to measure the calcium levels for subsequent exper- 
iments The synaptosomal calcium levels of 90 seconds re- 
flects the uptake process(es) in effect during the first 90 sec- 
onds Figure 2 compares the two mouse strains, C57BL and 
DBA, with regard to the sensitivnty of  synaptosomal calcium 
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levels  to reduc t ion  by e thanol .  Figure 2 ( top) shows  tha t  the  
basa l  level  o f  ca lc ium IS not  r educed  by e thano l ,  and  is not  
d i f ferent  b e t w e e n  s t ra ins .  H o w e v e r ,  ca lc ium levels  in synap-  
t o s o m e s  depolar ized  in the  p r e s e n c e  o f  high ex te rna l  K + 
c o n c e n t r a t i o n s  is lowered  by  high c o n c e n t r a t i o n s  of  e thano l  
in the assay ,  in ag reemen t  wi th  pub l i shed  resu l t s  [6]. Th i s  
pr imari ly  ref lects  r educ t ion  o f  depo l a r i z a t i on - dependen t  
ca lc ium levels  as seen  in Fig 2 (bo t tom)  No  d i f fe rence  was  
seen  b e t w e e n  DBA and C57BL in the sens l t lwty  of  
depo l a r i z a t i on -dependen t  s ynap t o s om a i  ca lc ium levels  to 
e thano l  as seen  ~n Fig 2 (middle  and  bo t tom)  

DISCUSSION 

The  va lues  ob ta ined  for basal  and  depola r iza t ion-  
d e p e n d e n t  synap to s om a l  ca lc ium levels  are s imilar  to va lues  
p rev ious ly  repor ted  [6]. No d i f fe rences  were  seen  in the 
basal  level o f  ca lc ium b e t w e e n  the  s t ra ins  (Fig. 2, top) We 
ver i f ied that  e thanol  does  not  reduce  the  basal  level  and  that  
e thano l  r educes  the  depo l a r i za t i on -dependen t  level in a 
d o s e - d e p e n d e n t  m a n n e r  (data  not  shown)  No  d i f fe rences  
were  found in the  reduc t ion  o f  ca lc ium levels  by e thano l  

b e t w e e n  s t ra in  C57BL,  the  e thano l  to le ran t  s t ra ta ,  and  DBA,  
the  low to le ran t  s t ra ta  (Fig 2, bo t tom) .  T h e s e  da ta  suggest  
tha t  r educ t ion  of  ca lc ium levels  m p resynap t i c  t e rmina l s  fails 
to a c c o u n t  for  the  d i f fe rences  in neura l  sens i t iv i ty  to e thano l  
o b s e r v e d  m these  m o u s e  s t ra ins .  It has  been  s h o w n  tha t  
d i f fe rences  m neura l  func t ion  may  be  a p p a r e n t  only  af te r  
modi f ica t ion  o f  the in terna l  compos i t i on  o f  the  s y n a p t o s o m e  
[1,8] and  H a m s  and  Hood  [6] showed  tha t  s y n a p t o s o m e s  
isola ted f rom mice  chron ica l ly  t r ea ted  wi th  e thano l  exh ib i t ed  
s ignif icant ly  dec rea sed  up take  o f  ca lc ium tha t  could  be  re- 
ve r sed  by the m vitro addi t ion  of  low c o n c e n t r a t i o n s  of  
e thanol .  There fo re ,  the da ta  does  not  rule ou t  tha t  ch ron ic  
a lcohol  ingest ion,  c o m p a r e d  wi th  an imal  not  inges t ing alco- 
hol,  could  conce ivab ly  revea l  pheno typ lc  d i f fe rences  in the  
d e v e l o p m e n t  of  to le rance  in the  depo la r iza t ion  d e p e n d e n t  
ca lc ium channe l .  
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