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MORROW. E L AND V G ERWIN Cahtum mfluente on neuronal sensmvtty to ethanol m selecttvely bred mouse 
hnes PHARMACOL BIOCHEM BEHAV 2.414) 949-954. 1986 --Senslttv,ty to ethanol, as measured by blood ethanol 
concentration at loss of righting reflex, was increased s~gmficantly tn SS but not LS m~ce following mtracerebrovenmcular 
tICV) admm~stratton of calcmm chloride or A23187. a calcmm tonophore Magnesmm chloride or lanthanum chloride. 
ICV. dtd not alter sens~t~vtty to ethanol m etther SS or LS m~ce. further indicating a specificity for calcmm cat,on Calcmm 
was w~lhout effect on sens~ttvtty to halothane narcos~s m LS or SS mtce Endogenous brain ealcmm content was slmdar m 
these mouse hnes. and ethanol adm~ntstrat~on e~ther m vtvo or m vttro dtd not alter brmn caloum concentration These 
results mdtcate that d=fferences m bram senstt=v~ty to ethanol are mediated, m part, by genetic differences m calctum- 
related processes and support the hypothes=s that ethanol-mduced narcos=s may be due to alterations m calcmm metabo- 
hsm m the CNS 

Calcmm Magnestum Ethanol Halothane Sens~t~wty Selective breeding 

W H I L E  the  neurochem~cal  p rocesses  t h rough  which  e thano l  
e h o t s  tts hypno t t c  ac t ion  tn the  cent ra l  ne r vous  sys t em 
(CNS)  have  not  been  def ined,  e luc tda t ton  o f  these  mech-  
a m s m s  has  been  fac th ta ted  by the  e s t a b h s h m e n t  of  mouse  
hnes  whtch  d~ffer m C N S  sensi t iv i ty  to the acute  narco t tc  
ac t tons  o f  e thano l  [7, 14, 19] S~nce these  l ines,  long sleep 
(LS)  and  shor t  s leep (SS), have  been  se lec ted  for  the i r  sen- 
sit~wty (LS) or  r es t s t ance  (SS) to acute  e thano l  mtoxtcat~on,  
any  measu red  physiological  or  b~ochem~cal d t f fe rences  
which  exist  should be re la ted to the i r  dtfferent ta i  behav to ra l  
r e sponse  to e thanol  Bram senst t tv t ty  d i f fe rences  to e thanol -  
~nduced narcos t s  m these  mouse  hnes  have  been  highly cor-  
re la ted  w~th the  sensi t iv i ty  o f  ce rebe l l a r  purk~nje cells to 
e thano l  [28,29] To date  no c o m p a r a b l e  b tochemlca l  corre-  
la tes  of  the  behav iora l  and  electrophys~ologtcal  ef fects  of  
e thanol  have  been  o b s e r v e d  Studtes  suggest  d t f fe rences  
exts t  ~n cen t ra l  neuro t ransmtss~on ,  ~ncludmg recep to r  den-  
stty [31, d is t inct  e thano l - tnduced  a l te ra t ion  m neu ro t r ansmt t -  
ter  c o n c e n t r a u o n ,  and r ecep to r -coup led  r e sponse  [ 2 . 3 . 9 ,  18, 
22] 

Severa l  aspec t s  o f  n e u r o t r a n s m i s s t o n  are ca lc ium de- 
penden t ,  ~ncludmg m e m b r a n e  p e r m e a b t h t y ,  ~mpulse 
p ropaga t ion ,  s t imulus - sec re t ion  couplmg,  and  receptor -  
med ia ted  r e sponse  [26]. Ear ly  tnvest tgat~ons repor ted  the 
acu te  admmist ra t~on o f  e thano l  dec rea sed  ca lc ium levels ~n 

the bra~n [23,25] Al though  these  mves t lga t tons  r emain  con-  
trovers~al [8.151, e thano l  exe r t s  an effect  on  m a n y  b tochemt-  
cal p roces se s  whtch  modu la t e  the funct tonal  c o n c e n t r a t t o n  
of  tn t race l lu lar  c a l o u m  [10, 12, 13, 16, 24, 27, 301 O t h e r  
mvest tgat~ons d e m o n s t r a t e d  that  by t nc r ea smg  bra in  ca ic tum 
levels  th rough  m t r a c e r e b r o v e n t n c u l a r  ( ICV) a d m m i s t r a t i o n  
of  thts  cat~on, e thano l - tnduced  narcos t s  could  be e n h a n c e d  in 
genet tcal ly  h e t e r o g e n e o u s  m~ce and  rats  [4, 5, 11]. These  
resul t s  sugges t  tha t  a l te ra t tons  m ~ntracellular ca lc ium me- 
t a b o h s m  m the  CNS may be revolved  m the behav to ra l  man-  
i festat ton of  acute  e thanol  in toxica t ion  

The  purpose  of  thts tnves t lga t ton  was  to e x a m m e  the  m- 
f luence of  exogenous  a d m m t s t r a t l o n  of  ca lc ium as well as 
o the r  ca t ions  on  the sens~t~wty o f  LS and SS m~ce to e thanol .  
These  s tudtes  are especia l ly  re levan t  m hght  o f  the ev tdence  
sugges t tng  a poss ible  re la t tonshtp  o f  the genet ica l ly  deter -  
m~ned d~fferent~al sens t t tv i ty  wt th  m o d e s t  d i f fe rences  tn neu-  
rot ransmtss~on,  s~nce these  d~screte d t f fe rences  may be 
magntf ied by e thano l - r educed  a l te ra t tons  m mtrace l lu la r  
ca lc tum me tabo l i sm 

METHOD 

Ammals 

Male LS and SS mice as well as the genet ical ly  heteroge-  

~Thts work supported by USPHS Grants AA03527. AA00079 and DA07043 
~Requests for repnnts should be addressed to V Gene Erwm, School of Pharmacy. Campus Box 297. Umverstty of Colorado. Boulder, CO 

80309 
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FIG I Correlanon of blood and bra~n ethanol concentrat,ons ~n LS 
and SS m~ce at LRR following adm~mstrauon of ethanol ~7 g/kg. I.S. 
or 10 g/kg. SS) 
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FIG 2 Effect of varying calcium concentrauon on xen~quwty ot IL.S 
and SS m~ce to ethanol-~nduced narco'~s Ethanol wax adm~m~lcrcd 
IG at 7 g/kg ~LS)or 10 ffkg ~SS) ~5 m~n following ICV ~lect~on of Ca 
CI: or 0 ~ NdCI (0 CaCI~) Values are mean~S E M S~gnlfl~antly 
ddt~rent from 0 CaCI~ at p<O 05 

neous  s tock  (HS) f rom which  the  l ines were  de r ived  were  
ob ta ined  from the Ins t i tu te  for  Behav io ra l  Gene t i c s .  Um-  
v e r s a y  of  Colorado .  Boulder .  CO The  an imals  were  of  the 
35th gene ra t ion  and  were  tes ted  at 50 to 80 days  of  age 

M a l e l  ta]~ 

The  chemica l s  and  suppl ies  were  as fol lows Abso lu te  
e thanol ,  Aapen  Alcohol  and Chemical  Co (Shelbyvflle.  KY). 
h a l o t h a n e ,  2 - b r o m o - 2 - c h l o r o - I , l . l - t n f l u o r o e t h a n e .  con ta in -  
ing 0 01r~ thymol .  Ayers t  (New York,  NY) .  ch lor tde  sal ts  of  
ca lc ium and magnes ium,  M a l h n k r o d t  (St Louis .  MO}. 
l a n t h a n u m  chlor ide .  A D M a c K a y  (Dar ien .  CT),  A23187. 
a lcohol  d e h y d r o g e n a s e .  /~-mcotmamlde  aden ine  dmuc leo-  
t~de, S igma Chemica l  Co (St Louis ,  MO),  Ready-So lv .  
B e c k m a n  (Ful ler (on .  CA).  4sCa, N ew  England  N u c l e a r  (Bos-  
ton ,  MS).  l a n t h a n u m  oxide ,  Resea rch  O r g a m c / l n o r g a m c  
Chemica l  Corp  (Sun Valley,  CA).  [ e thy leneb l s  
(oxye thy lene -mt rdo ) ]  t e t raace t l c  acid ( E G T A ) .  E a s t m a n  
Kodak  Co (Roches te r ,  NY)  

i t l t l  t i t  (?1 t 'b l  ov l ' t l t l  I( llltll  lllJ('( llo113 

Cat ions  and  the ca lc ium ionophore  A23187 were  adminis -  
te red ,  ICV,  to h a l o t h a n e - a n e s t h e t l z e d  m~ce using gross  
ana tomica l  s t ruc tu re s  for need le  p l acemen t  such  lhat  an 
equi la tera l  t r iangle  was v isual ized  be t w een  the eye,  the ear .  
and  the  apex,  located at in te r sec t ion  of  b regma  wi th  the co- 
ronal  su ture  In jec t ion  was made  I to 2 mm lateral  1o the 
apex  on b regma  th rough  the scalp us ing a 26-gauge needle  
e n s h e a t h e d  wi th  po l ye t hy l ene  tub ing  to a l te r  the d e p t h  of  
need le  pene t r a t ion  Slight d i f fe rences  exis t  b e t w e e n  LS and  
SS m o u s e  lines ~n dep th  at which  the  lateral  ven t r i c le  occurs  
To adjus t  for this d i f fe rence ,  the  ~ ) l y e t h y l e n e  s leeve  length  
was  cut so lha l  the need le  pene t r a t ed  2 5 mm m lhe  LS and  3 
m m  m SS line In jec t ion vo lume  was 5 ~l and  m the  case  of  
mult iple  in jec t ions ,  total  re jec t ion vo lume  did not  exceed  l0 
p.I P l acemen t  o f  the so lu t ions  into the lateral vent r ic le  was  
verif ied rout ine ly  by pos t -mot (e ra  exam i na t i on  CaCl.,. 
MgCL,. and  LaCl~ were  d i sso lved  m 0 9c/~ NaCI A23187 was 
so lubd lzed  m abso lu te  e thano l  and b rough t  to the  des i red  
c o n c e n t r a t i o n  by d ropwlse  addi t ion  of  d e l o m z e d  w a t e r  so 

that  the  final so lvent  c o n c e n t r a t i o n  was  7(F~ (v/v) Doses  of  
ca t ions  and the  ca lc ium ionophore  A23187 were  based  on 
p rev ious  m v e s u g a u o n s  [ 4 . 5 ,  1 I J 

Dltlg Adlllllll~.ltallOll 

M~ce were admamste red  e thanol  ~ntragastr~cally (IGI 
us ing a s ta in less  steel t~ed~ng tube (Poppen  and Son~. I n c .  
New Hyde  Park.  NY)  a l m c h e d  to a I-cc ~yr~nge 15 mm 
fol lowing the m~tml ICV m j e c u o n  of  c a u o n s .  A23187. 0 ~ 4  
NaCI or  7 ~  e thano l  LS m~ce rece ived  7 g/kg and  SS m~ce 
rece ived  10 g/kg e thanol  ( 6 ~  v/v m sahne)  The  t~mc 
schedu les  for ca lcmm and e thano l  admin i s t r a t ion  were ba~ed 
on  a prehm~nary examina t i on  of  the t~me course  of  d ~ t n b u -  
t~on of  ICV admin i s t e red  CaCI~ (2~) nmol)  con ta in ing  '~Ca 
(specif ic  acuv~ty 0 075 ~C~/~mole  CaCI~ ~n final solul~on) 
These  s tudies  were  car r ied  out  ~n bo th  LS and SS mouse  
h n e s  and  revealed  a s~mdar biphas~c d~sappearance  of  lhe 
gal lon An ~mtlal rapid dlsappCaran~ of ca lc ium was ob- 
se rved  fol lowing ICV a d m m m t r a U o n  w~lh only 329~ o f c a u o n  
r e m m m n g  at 15 m~n "l'h~s rap~d el~m~n,mon was Ibl lowed by 
a s lower  ehm~nal~on rale o v e r  Ihe nexl  60 m~n To ~nsure that  
a s i g n i f i c a n t  c o n c e n t r a t i o n  o f ~ a l c l u m  was p resen t  dur ing  the 
a s s e s s m e n t  of  sens~t~v~ty a 15 mm interval  b e t w e e n  ICV cal- 
cram admin i s t r a t ion  and IG e thano l  admin i s t r a t ion  wa~ cho-  
sen "l'h~s t ime was ma in ta ined  m the expe r imen ta l  p r o t o c o h  
w~th o t h e r  c a h o n s  and w~th the  ca lc ium ~onophore be ing  
a d m l m s t e r e d  ICV pr ior  to ca l cmm C o n c u r r e n t  cat ,on ad- 
min i s t r a t ions  were  a v m d e d  m an ef lbr t  to min imize  dras t ic  
a l t e ra t ions  in osmolar~ty 

In one  expe r imen t ,  m~ce were  admin i s t e r ed  ha lo thane  by 
inhala t ion  15 mm fol lowing ICV ca l cmm admin i s t r a t ion  
M~ce were  placed m a 2-h ter  j a r  into which  ha lo thane  wa~ 
in t roduced  as a I 5f4 solut ion m O2 u~mg an ane~ thesm pump  
(Ohio Medical  Product~.  Madison .  WI) 

~ ~ ~e~ ~lll('lll O[ .~'¢'ll ~tltVtl~ . Rt ' (  l t l l  ] ('DID('I HIIIl l' 

S e n s m v a y  to e thano l  or  ha lo thanc  was measu red  behav-  
iorally as that  t~mc to onse t  o f  the loss o f  r~ghtmg reflex 
~LRR~ tb l lowmg drug admin i s t r a t i on  LRR was measu red  by 
the mabd~ty o f  an a m m a l  to r~ght ~tsclf three  t~mcs m 30 scc 
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FIG 3 Effect of cations and A23187 on sensmv~ty of SS mice to 
ethanol-reduced narcoms Ethanol was adm,mstered (IG, 10 g/k8) 
15 mm following the ICV admtmstrat,on of CaCI., (125, 200, 400 
nmolL MgCI~ ~200, 400 nmol} or 0 9~ NaCI, A23187 125 nmol) or 
70~ lv/v) ethanol (data not shown) followed 2 mm later by ICV 
CaCI., ~125 nmol) or 0 9% NaCI, LaCIt (100 nmol) followed 5 mln 
later by CaCI., 1200 nmol) or 0 9% NaCI. or LaCI~ 1200 nmol) fol- 
lowed 5 mm later by CaCI., (400 nmol) or 0 9% NaCI I .... BEC at 
LRR m LS mice. 0 CaCI_,) Values are mean S E M Number of 
ammals indicated ,n parentheses *S,gmficantly d~fferent from 0 
CaCI., at p<0 05 

when placed on its back in a Plexiglas trough Time to LRR 
was approximately  4 mm in LS mice with ethanol  (7 g/kg), 
whereas  SS mice did not lose righting reflex following IG 
administrat ion o f  7 g/kg ethanol  An ethanol dose of  10 g/kg 
IG was required to produce a loss of  righting response in SS 
mice Halothane- tnduced LRR occurred in SS and LS mice 
within 4 mm At th~s time blood samples were obtained by 
retro-orbltal sinus puncture ,  and the animal was immediately 
sacrificed and the brain removed  for analysis of  ethanol  con- 
centrat ion.  

Body temperature  was determined using a te le thermome-  
ter  (Bailey Instruments ,  lnc , Saddle Brook,  N J) The rectal 
probe was lubricated and inserted 2.5 cm into the rectum. To 
determine the effect of  ICV calcium admlmstra t ion on body 
tempera ture ,  measurements  were made ~mmedlately prior to 
the 1CV injection and at 15 mln thereafter .  Animals  were 
maintained at an ambient  temperature  o f  23 ° to 24°C 

AnalysL, of  Blood and Brian Ethanol and Halothane 
Con( entrotton 

Ethanol concentra t ion  in blood and brain samples ob- 
tained at LRR was analyzed spec t rophotometnca l ly  
(Beckman Instruments ,  l n c ,  Model  25, l rvlne,  CA) [17] 
Blood halothane concentra t ion  at LRR was determined by 
gas chromatography (Hewle t t  Packard, Model  5710A, Palo 
Alto, CA) using a head-space technique [6] 

Analysts of Brain Cah'tum Con( entratton 

For  whole brain calcium analysis,  ahquots  of  10% 
homogenates  (w/v m 0.9% sahne,  0.9% saline contatmng 10 -~ 
M EGTA,  or  0.4% ethanol)  were  diluted with one volume of  
HNO~ and La~O~ so that the final concentra t ion  was 10% 
HNO~ and 2% LazO~. The remammg homogenate  was cen- 
trifuged at 150,000 x g for I hr. The pellet obtained was 
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FIG 4 Effect of cations and A23187 on senstUwty of LS mice to 
ethanol-induced narcosis Ethanol was administered IIG, 7 g/kg) 15 
m,n followmg the ICV administration of cations or A23187 as de- 
scribed m legend to Fig 3 *Stgmficantly different from 0 CaCI2 at 
p<0 05 

resuspended and the supernatant  diluted with I vo lume 
HNO~ and La20~ to a final concentra t ion of  10% HNO~ and 
2% La20 ~ Standards were  prepared m the appropriate  tissue 
preparat ions using calcium carbonate .  Samples  were run in 
duplicate and concent ra t ions  of  calcium were determined 
using a Perkln-Elmer  423 atomic absorpt ion spec- 
t rophotomete r  (Danbury,  CT) In one exper iment  animals 
rece ived  4 I g/kg ethanol  lnt rapentoneal ly  and were sac- 
nf iced 5 mln after LRR Brains were  removed  and prepared 
as described 

StattstK al Methods 

The effect of  tons and A23187 on ethanol  sensitivity was 
evaluated with a two-way analysis of  var iance Significance 
was determined using the Scheff(~ test.  Body tempera ture  
and brain calcium concent ra t ion  were  evaluated  by Stu- 
dent ' s  t-test for unpaired data 

RESULTS 

Correlation of Blood and Bratn Ethanol Concentration at 
LRR Following lntragastrw Ethanol Admmtstratton 

As demonst ra ted  by regression analysis,  blood and brain 
ethanol  concent ra t ions  (mg/dl) were highly correlated 
(r=0.898, p<0.001)  at LRR with this mode of  drug admmts- 
t ra t |on (Fig 1). Based on this analysts, brain sensitivity of  
LS and SS mice was defined as blood ethanol  concen t rauon  
(BEC) at LRR.  

Effect of Varying Calcium Concentration on Senstttvtty of 
LS and SS Mwe to Ethanol-Induced Narcosts. Rectal 
Temperature 

In the absence o f  calcium, the d~fferenUai sensitivity o f  
LS and SS mice to e thanol- induced narcosis ts demonst ra ted  
by BEC at which each hne lost its nghtmg reflex, 316.0 + - 10.7 
mg/dl and 517.0+-25.1 mg/dl, respect ively (Fig 2). In LS 
mice,  pre t reatment  with calcium was without  effect  on sen- 
sittvlty to ethanol  at any concentra t ion examined Howeve r ,  
administrat ion of  200, 400, and 600 nmol calc ium,  ICV,  15 
mm prior to ethanol ,  stgmficantly increased the sensitivity of  
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FIG 5 Effect of calcium on senslt~vtty of LS and SS m~ce to 
halothane-lnduced narcos~s Halothane was administered as I 5~ 
halothane 98 5~ O_, at a flow rate of 3 IJmm. 15 m~n following the 
ICV adm~mstratton of CaCI., 120~ nmol) or 0 9~ NaCI Values arc 
mean:'-S E M Number ofammals md~cated ~n parcnthes~s 

SS mice Although a reversal  o f  ca lc ium-induced enhance-  
ment  of  sensit ivi ty appeared  to occur  at 600 nmol calcium, 
this was probably  a c o n s e q u e n c e  of  calcium lOXlClty Mice 
exhibi ted  t r emors  at this calcium concen t ra t ion  The in- 
c rease  in sensit ivi ty at 200 to 600 nmol calcium was man- 
ifested by a slgmficant dec rease  in BEC at LRR At these 
concen t r a t ions  of  calcium SS mice exhibit  an e thanol  sen- 
SltlVlty comparab le  to that seen the LS hne,  approximate ly  
350 mg/dl A significant degree  of  hypo the rmla  was seen in 
the absence  of  e thanol  15 mln following ca lcmm ~200 nmol) 
admlmst ra t ton ,  in both LS and SS mice Howeve r ,  there was 
no di f ference  be lween  mouse  lines in the extent  o f  
hypotherm~a Both lines exhibi ted  a 2 7+_0 4°C decrease  In 
t empera tu re  

l-SJ..tet t oJ Catton,~ a n d  A23187  on Sens i t i v i t y  o.t L S  a n d  S S  
mt~ c to E t h a m d - l n d u (  ed  Nat~ osts 

The results  p resen ted  above demons t ra t e  clearly that 
e thanol  sensit ivi ty of  SS mice ~s significantly enhanced  by 
pre t rea tment  with calcium It was of  interest  to de te rmine  if 
this effect  was  s p e o f i c  to calcium This was  a c c o m p h s h e d  by 
examining  the effect  o f  o ther  cat ions ,  as well as the calcium 
lonophore  A23187 Magnes ium ts a divalent  cat ion which 
m~m~cs the membrane- s t ab lhz lng  proper t ies  o f  calcium This 
ion at equlmolar  doses  was ineffect ive in altering ethanol  
sensi t ivi ty in SS m~ce (Fig 3) Lan thanum which antago- 
nizes  c a l o u m  by blocking calcium channels  120] was  also 
wflhout  effect  on e thanol  sensit ivi ty in SS mice in the ab- 
sence  o f c a l c m m  Fur the rmore ,  concur ren t  adminis t ra t ion of  
lanthanum tn a I 2 molar  ratio with calcium did not reverse  
the ca lcmm e n h a n c e m e n t  of  e thanol  sensit ivi ty (F~g 3) 
Adminis t ra t ion  of  A23187 (25 nmol), ICV. in the absence  of  
added  calcium resul ted m a significant increase in sensit ivi ty 
o f  SS mice to e thanol  Concomi tan t  adminis t ra t ion of  
A23187 (25 nmol) and calcium (125 nmol) also resulted tn 
increased  ethanol  sens~tlvtty of  SS mice The act ions  of  
A23187 and calcium appear  to be addfl~ve since administra-  
tion of  125 nmol ca lcmm m the absence  of  ionophore  did not 
al ter  sensit ivi ty (Fig 3) It should be noted  that A23187 was 
d isso lved  in 70% (v/v) e thanol  as desc r ibed  in me thods  and 
ICV adminis t ra t ion of  vehicle {70% ethanol  v/v) was used as 
a control  Although this concen t ra t ion  of  ethanol  is ex- 
t remely h~gh and some t issue damage ts likely, it was the 
only appropr ia te  vehicle for the calcium ionophore  LS and 
SS mice receiving 5 ~1 ICV, ethanol  (70% v/v) recovered  
from halothane anes thesm in a t ime eqmvalen l  to that o f  

T A B L E  I 

T O T A L  L E V E L S  A N D  D I S T R I B U T I O N  O F  C A L C I U M  IN LS ,  
A N D  S S  M I C E  

Calctum:~ 

Mouse Homogemzmg Super- 
L~ne Medium* Total't natant Pellet 

loS Sahne 1 10 0 22 0 80 
1 20 0 36 0 88 

LS EGTA 1 09 0 70 0 62 
1 15 0 72 0 59 

SS Sahne I 07 0 25 0 80 
1 10 035 084 

SS EGTA I 05 0 20 0 79 
1 09 0 49 0 69 

*Either sahne 10 9~ NaCI) or 10 s M D~sod~um EGTA ~n sahne 
was used as the brain homogemzmg medium 

tAhquots of homogenate were taken for total caloum assays, and 
remaining homogenate was centrifuged at 150,000 × g for I hr Cal- 
oum content of the resulting supernatant and resuspended pellet 
was then analyzed 

~tValues represent ~.moles calcmm ton per g brain wet weight 
measured by atomic-absorption spectrometry Values represent 2 
separate experiments using brains from 8 m~ce (LS or SS) pooled for 
each experiment 

T A B L E  2 

E F F E C T S  O F  E T H A N O L  IN VIVO A N D  IN VITRO C A L C I U M  
L E V E L S  IN H S  M O U S E  B R A I N S  

Calcmm~; 

Homogemzmg Ethanol Super- 
Medmm IP* Total natant Pellet 

Sahne - 1 15 0 26 0 78 
I 10 022 089 

Sahne + 1 25 0 26 0 93 
1 30 0 27 I 03 

Ethanol - l 20 0 17 I 05 
I 24 0 19 0 98 

Ethanol + 0 96 0 16 0 83 
I 05 0 20 0 81 

*Brain homogemztng medium was eflher sahne (0 9e/~ NaCI) or 
0 4% ethanol m sahne 

+Ethanol 14 I g/kg) was admmtstered. IP. and ammals were sac- 
nficcd and brains homogemzed 5 mm after loss of nghtmg response 

~-Values are expressed as ,amoles calcmm ton per g brain wet 
weight and represent 2 experiments with brains from 8 ammals 
pooled for each experiment 

animals receiving ICV sahne BEC at LRR in both mouse  
lines adminis te red  e thanol  (IG) subsequent  to ICV ethanol  
adminis t ra t ion did not differ from that obta ined in ammals  
adminis te red  ICV saline prior  to ethanol  (data not shown),  
indicating this concen t ra t ion  of  ethanol  ICV was  not of  func- 
tional c o n s e q u e n c e  in producing  LRR 

Adminis t ra t ion of  magnes ium or lanthanum as well as 
calcium was without  effect  on the sensit ivity o f  LS mice to 
e thanol  (Fig 4) However ,  A23187 increased e thanol  sen- 
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sttlvtty when admmtstered tn combmat ton  with calcium (125 
nmol),  but had no significant effect  on sensitivity of  LS mice 
when administered alone (Fig. 4) 

E f f e c t  o f  C a l c i u m  on  S e n s i t i v i t y  o f  L S  a n d  S S  M w e  to 
H a l o t h a n e - l n d u c e d  N a r c o s i s  

The generahzablhty o f  the effect of  calcium to potentiate 
anesthesia  m SS m~ce was examined by de t e rmmmg the in- 
teraction of  this ion with haiothane-lnduced narcosis  Previ- 
ous studies have demonst ra ted  that LS and SS mice do not 
differ ~n sensitivity to halothane-tnduced anesthesia  I l l  This 
finding was confirmed m the present  study by observing 
stmdar blood halothane concentra t ions  at LRR m LS and SS 
mice (Fig 5) Administrat ion of  calcium 15 mtn prior to halo- 
thane exposure  had no effect on sensitivity to halothane 
anesthesia  m either mouse  hne (Fig 5) 

Bra in  Ca l t  turn C o n t  e n t r a t t o n  tn L S .  S S .  a n d  H S  mIt  e 

Total  bram calcium concentra t ion  was identical tn LS and 
SS mice (Table I) Fur thermore .  distribution o f  bram cal- 
cium between bound and free form appeared to be similar 

As measured in HS m~ce. ethanol  m v tvo  or  m vi tro did 
not appear  to alter total endogenous  calcium levels in brain 
or  the distribution of  calcium be tween  free and bound forms 
(Table 2) 

DISCUSSION 

Administrat ion of  calcium ICV enhanced the sensmvl ty  
o f  SS but not LS mice to ethanol- induced narcosis The abil- 
ity o f  ca lcmm to potentiate the response of  SS m~ce to 
ethanol  was mdtcated by a dramatic decrease  m BEC mea- 
sured at LRR.  SS mice become  virtually LS-hke with respect  
to BEC at loss of  righting response.  Increasing calcium con- 
centrat~on did not result tn a further enhancement  of  sen- 
stt~v~ty, indicating maximum sensitivity had been attained 
The resistance of  LS m~ce. in abd~ty of  calcium to augment 
sensit ivity,  also seems to ~ndtcate a maximum level of  sen- 
s~ttv~ty. 

The  potentiat ion of  ethanol  sensttwlty was unique to cal- 
o u m  and appeared due to a specific rather than non-specific 
mechamsm Magnesium. which, as calcium, has 
membrane-s tabdlz ing propert ies  [26]. did not alter ethanol 
sensitivity The enhancement  appears to occur  through a 
channel  independent ,  tntracellular process,  masmuch as the 
calcium ~onophore A23187 m the presence or  absence of  
ca lcmm augmented ethanol  sensitivity tn SS mice and lan- 

thanum was unable to antagonize it. These  results are com- 
parable to those of  o ther  mvest tgat tons which have  demon-  
strated an increase in e thanol -mduced sleep t ime In response 
to calcium admmtstrat ton [4, 5, I I]. Howeve r ,  these studies 
found no significant difference be tween  sex, s tram, or  animal 
species In contrast ,  we have demonst ra ted  a differential re- 
sponse to calcium pre t rea tment  tn LS and SS mouse  lines. 

Calcium elicits hypothermta  in rodents  when adminis- 
tered centrally,  and the hypothermla  acts tn synergy w~th 
anesthetic agents to enhance  anesthesia [21] In this mvest~- 
garcon, no difference in degree of  hypothermta  evoked  by 
calcium was observed be tween  LS and SS mice and there- 
fore does not appear  responsible for differential enhance-  
ment of  ethanol  sensitivity Another  mechamsm which m~ght 
be revolved in the differential response ~s dtstmcttons in en- 
dogenous  bram calcium levels  be tween  LS and SS lines 
However ,  ca icmm concentra t ion or  d~strtbutton o f  calcium 
be tween  free and bound forms was s~mtlar tn LS and SS 
brains Fur thermore .  ethanol ,  m VlVO or  ~n vi tro,  d~d not alter 
endogenous  calcium levels  It should be noted that small 
changes (p.M) ~n calcium concentra t ions  or  ~n its mlcroenvt-  
ronment  would not have been detected by this method of  
analys~s 

Calcium administrat ion was without effect on sensitivity 
to halothane-tnduced narcosis.  Since LS and SS mice do not 
exhibit  different~al sensitivity to halothane [I]. this lack of  
response to calcium suggests that the differential effect of  
calcium on ethanol- induced narcosis is in some way related 
to the genetic determinat ion of  differential sensitivity o f  LS 
and SS mice to ethanol 

Demonstra t ion o f  modulat ion o f  ethanol  sensitivity by 
calcium suggests that the mechanism by which ethanol 
causes  mtoxtcatton ts through an alteration m the moblhza-  
t~on of  ~ntraneuronal calcium pools,  especially those integral 
to neurotransmtsston or  membrane  permeabthty The differ- 
ential effect of  calcium m modulat ing ethanol  sensit ivity tn 
LS and SS mice suggests that brain calcium metabohsm in 
these hnes ts distinctly susceptible to interaction w~th 
ethanol Investigation cont inues  m the laboratory to eluci- 
date potential sites of  interaction of  ethanol  with calcium- 
related processes  ~n the CNS 
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