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ERWIN, V G., W. D W. HESTON, G. MCCLEARN AND R. A. DEITRICH. Effect of hypnotics on mice genetically 
selected for sensitivity to ethanol. PHARMAC. BIOCHEM. BEHAV. 4(6) 679-683, 1976. - It was previously shown that 
the rate of disappearance of blood ethanol was tdentical for 2 lines of mice selectwely bred for differences in sleep-time 
after ethanol admimstration The ED s o values for the loss of nghtung response with ethanol were significantly different at 
3 64 g per kg for the SS line and 1.65 g per kg for the LS hne In the present study the mean sleep ume is 367 sec for SS 
mice and 9342 sec for LS mice The ED s 0 values remain essentially the same as previously reported. Unchanged LD s o 
values for ethanol, however, are not different at 4 8 g per kg for the SS and 4 5 g per kg for the LS hne of mice The ED s o 
value for loss for righting response following administration of methanol, butanol and t-butanol Is approximately 2 fold 
greater for the SS line of mice than for the LS hne The ED s 0 values for sodium pentobarbltal or ether m the 2 hnes of 
mice for loss of righting response are virtually identical In addition, the sleep-time values obtained after the admimstratlon 
of pentobarbital, chloral hydrate, tHchloroethanol and paraldehyde are not significantly different. These data indicate that 
while the SS and LS lines of mice differ in central nervous system sensltlwty to ethanol, methanol, butanol and t-butanol It 
is Implied that they do not differ in central nervous system sensitivity to other hypnotic agents tested. Proof of this latter 
suggestion awaits determination of metabohc rates, and brain levels of these other depressants 

Ethanol Central Nervous System Sensltwlty Genetics Alcohols Hypnotics 

RECENT studies  on the act ions  of  e thanol ,  [4,5] have each successive genera t ion  only  those  ammals  w 
repor ted  on the ut i l izat ion of  2 lines o f  mice which  were longest  sleeping t ime.  Previously,  we repor ted  t] 
derived f rom a genetical ly he te rogeneous  HS s tock by means  actiwtles of  liver a lcohol  dehydrogenase  and the i 
of a selective breeding program The he te rogeneous  s tock b lood  e thano l  d isappearance  were virtually identi 
was es tabl ished by intercross ing of  8 inbred  strains of  mice samples of  the 2 lines of  mice [5 ]. The ED~ 0 values 
(A, AKR,  BALB/c ,  C3H/2 ,  C57BL, DBA/2 ,  ls/Bi and Ri l l )  of  r ighting response  wi th  e thano l  were ap p rox im  
and subsequen t ly  main ta ined  by  a r andom mat ing pro-  fold greater  m the SS ammals  than  in the  LS m i c e  
cedure.  Details o f  this p rocedure  were given previously suggested tha t  the 2 lines of  mice differ  m their  
[11 ]. Af te r  de te rmin ing  the sleep-t ime ( fol lowing 3.4 g nervous sys tem senslt ivl ty to e thanol .  
e thanol  per Kg b o d y  weaght) o f  a large number  o f  mice Prior invest igat ions [14,15]  of  the  enzymes  resl: 
f rom the  he te rogeneous  s tock ,  those  ammals  wi th  the for e thanol  me tabo l i sm d e m o n s t r a t e d  d i f ferences  
shor tes t  s leep-t ime were ma ted ,  and their  p rogeny  was the  activity of  liver enzymes  responsible  for  e thanol  
first genera t ion o f  the short-s leep (SS) line o f  mice. The olism in various inbred  strains of  mice.  Other  inves 
first genera t ion  of  long-sleep (LS) mice was p rod u ced  in a have shown  tha t  mice f rom various inbred stratus d 
comparable  manne r  by mating those  animals wi th  the sleep-time induced by barb i tura tes  [6 ,17] .  Liver 
longest  s leep-t ime.  In subsequen t  genera t ions  o f  the shor t -  somal fractaons xsolated f rom these inbred stratus 
sleep hne,  select ion pressure was main ta ined  by on ly  differed in rates of  hexobarb i ta l  m e t a b o h s m  H 
breeding animals wi th  the shor tes t  sleeping t imes.  Sxmilarly, studies o f  possible d i f ferences  in brain sensiti '  
the long-sleep line was p roduced  by util izing as parents  m barbi tura tes  were no t  repor ted .  It has been not~ 
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ba rb i t u r a t e s  and  genera l  anes the t i c s  as well  as a l ipha t ic  t r a t i on  s h o w e d  no signs of  hypox i a  dur ing  th 
a lcohols  depress  the  re t icu lar  ac t iva t ing  sys tem wh ich  necessary for  test ing.  
subserves wakefu lness  [ 8 , 1 3 ] .  C o n s e q u e n t l y  it appea red  
tha t  the  LS and  SS lines of  mice wh ich  d i f fe r  in b ra in  RESULTS 
sensi t iv i ty  to  e t h a n o l  migh t  be of  value m c o m p a r i n g  the  Table  1 i l lus t ra tes  the  s leep- t ime scores for  the  
m e c h a n i s m s  o f  ac t ion  of  var ious  cen t ra l  ne rvous  sys tem sample  of  an imals  f r o m  the  14 th  gene ra t ion  
depressants .  In the  present  s t udy  we c o m p a r e d  the  hyp-  s leep-t ime se lec t ion lines. A m e a n  s leep- t ime score 
no t i c  po tenc ies  and  d u r a t i o n  o f  r e sponse  o f  var ious cen t ra l  sec for  the  SS line and  9342  sec for  the  LS line is o 
ne rvous  sys tem depressan t s  in the  LS and  SS lines of  mice .  fo l lowing a dose of  3.75 g/kg of  e t h a n o l  IP. These 
Some of  these  da ta  have appeared  in abs t r ac t  f o rm  [4 ] .  can be  c o m p a r e d  w i th  t imes  af te r  admin i s t r a t i on  of 

h y p n o t i c  drugs. B o t h  m e t h a n o l  and  b u t a n o l  cause 
MATERIALS AND METHOD of the  LS hne  to sleep s igni f icant ly  longer  t h a n  thos, 

Mice o f  the  long-sleep (LS) and  the  shor t -s leep (SS) l ine SS line. However ,  the re  is no  s ta t is t ical ly  sig 
of  the  14 th  gene ra t i on  were o b t a i n e d  f rom the  Ins t i tu t e  for  d i f fe rence  a m o n g  the  lines in p e n t o b a r b i t a l ,  chlc 
Behaviora l  Gene t i c s  ( IBG)  and  a f te r  at  least  a week o f  dra te ,  pa ra ldehyde  or t r i c h l o r o e t h a n o l  induced  sle~ 
a d a p t a t i o n  to the  tes t ing  r o o m  in an  ad j acen t  l abo ra to ry ,  The  ED s o for  loss of  r ight ing  response  should  be 
were tes ted  b e t w e e n  9 0 - 2 0 0  days  o f  age HS animals  were def ini t ive  measure  of  CNS sensi t iv i ty  for  these  2 1 
also t e s t ed  m 1 e x p e r i m e n t .  Equa l  n u m b e r s  of  male  and  animals ,  since any  me tabo l i c  changes  wall be  less lm 
female mice were t e s t ed  at each  dose. Doses o f  e t h a n o l  of  m the  few min  requ i red  to p roduce  loss of  r igh t ing  rq 
0 . 0 0 8 - 0 . 0 1 2  ml/g  were in jec ted  IP (25% v/v in sahne) .  The  m the  an imals  t han  dur ing  the  course o f  sle 
mice weighed b e t w e e n  1 8 - 3 4  g. d e t e r m i n a t i o n .  Such  e x p e r i m e n t s  were carr ied ou t  

Response  to the  a lcohols  and  the  var ious  seda twe results  p re sen ted  in Fig. 1. The  dose response  h 
h y p n o t i c  agents  was measu red  by  d e t e r m i n a t i o n  o f  s leeping essent ial ly  parallel.  In Table  2 are l isted the  ED s 0 
t ime.  Because awaken ing  f rom a lcohol  is no t  as clear cut  as wi th  the  95% c o n f i d e n c e  l imits  for  these  a lcohols  
awaken ing  f rom o t h e r  sedat ive hypno t i c s ,  t he  a m m a l  was sod ium p e n t o b a r b l t a l  and  e the r  It can be seen fr 
not  cons ide red  awake u n t d  it had  r igh ted  i tself  3 t imes  da ta  t ha t  there  is a p p r o x i m a t e l y  a 2 fold differ, 
wi th in  30 sec. For  the  ED~o s tudies ,  the  a m m a l  was EDs0 for the  var ious a lcohols  b e t w e e n  LS and SS 
cons idered  to have lost  its r igh t ing  response  ff it r ema ined  However ,  t he re  is no  d i f fe rence  b e t w e e n  HS, LS 
on  its back  for  1 min  or  longer.  For  the  LD~o acute  lines in ED 50 for  Na p e n t o b a r b i t a l  or b e t w e e n  the  
tox ic i ty  s tudy ,  the  an imals  were e x a m i n e d  a f te r  24 hr had  LS mice m ED 5 0 for  e ther .  
elapsed and  the  n u m b e r  of  dea ths  at  t h a t  dose  r eco rded  Previously  we had  f o u n d  no  d i f fe rence  m the  
[2 ] .  The  ED 5 o doses were d e t e r m i n e d  b y  the  m e t h o d  o f  m e t a b o l i s m  of  e t h a n o l  in the  2 lines, yet  the  LS lin 
L i tchf le ld  and  Wi lcoxon  [ 9 ] .  m u c h  longer.  Obvious ly  t hen ,  the  SS animals  mus t  

To o b t a i n  ED~ o values for  e ther ,  a m m a l s  were p laced in at h igher  b l o o d  a lcohol  levels t h a n  do the  LS amm~ 
4 1 jars  wi th  air t ight  lids and  e the r  was in jec ted  t h r o u g h  a p red ic t ion  is fulf i l led as i l lus t ra ted  in Table  3. 
r u b b e r  s ep tum.  Animals  tes ted  w i t h o u t  e the r  adminis -  Table  4 lists the  LD~ 0 doses for  e thano l .  The  LS 

T A B L E  1 

LONG SLEEP ILS). SHORT SLEEP (SS) AND HETEROGENEOUS STOCK (HS~ SLEEP TIMES WITH 
VARIOUS HYPNOTIC AGENTS* 

Animal 
Line Drug (n) Doset Sleep Time (sec) p Value 

SS Ethanol l0 3.75 367 (+_547)~: <0 01 
LS Ethanol l0 3 75 9,342 (+--5,969) 
SS Methanol 10 4 5 52 (_+77) <0 01 
LS Methanol 10 4 5 18,456 (-10,750) 
SS n-Butanol 10 0 567 280 (_+384) <0 01 
LS n-Butanol 10 0 567 2,169 (_+890) 
SS Pentobarbltal 70 0 060 2,107 ( ~- 1,678) ns 
LS Pentobarbltal 56 0 060 1,414 (_+873) 
HS Pentobarbltal I0 0 060 2,500 (_+ 1,035) ns 
SS Chloral Hydrate 19 0 45 5,502 (4-1,842) ns 
LS Chloral Hydrate 20 0 45 7,203 ~-+ 1,662) 
SS Paraldehyde 20 1 0 2,766 (+- 1,172) ns 
LS Paraldehyde 19 I 0 3,720 (_+846) 
SS Tnchloroethanol 10 0 225 1,502 (_+ 1,263) ns 
LS Trlchloroethanol 10 0 225 2,542 (+-844) 

*Sleep times were taken as the time from the loss of nghtmg reflex to the time the animal was able to 
nght itself three t~mes within 30 sec. 

t iP  dose m g/kg 
~:Represents +- the standard devmtton 



G E N E T I C S  O F  C N S  S E N S I T I V I T Y  T O  E T H A N O L  

Bu Bu t-Bu t-Bu Et Me Et Me 
SS LS S,S LS SS S,S 

/ j ] /  ! ! 
! I 
I I 

z I I 

IE) 1 ' 
z 80 I 

n 7 0 -  
I I 09 , / , 

/ 
I - -" I i 

I I z 4 0  ! ! 

I i i  
0 3 0  , , 

; l 
ILl 2 0 .  / /i . / P , : 

10 : l I 
I I 

5 -  

2 I I , I I I t I I I I I t 

0.,' 0.3 0.4 0.6 0.8 1.0 2.0 3.0 4.0 5.0 

DOSE (gin per Kg Body We,ght) 
FIG 1. Dose response curve for alcohol m SS and LS mice Methanol;  (Me) LS mace 1" . . . . . .  - ) ,  SS 
rmce (A . . . . . .  ~) Ethanol  (Et) LS mice (e e); SS mice (o c) Butanol (Bu) LS 
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T A B L E  3 

T A B L E  2 
BLOOD A L C O H O L  C O N C E N T R A T I O N S  IN SS AND LS 

EDs0 V A L U E S  FOR LOSS OF RIGHTING REFLEX WITH VARIOUS TIME OF A W A K E N I N G  
HYPNOTIC AGENTS* 

Ammal  Sleep Time Blood Alcoh, 
Ammal  EDs0 Ratio Line sec _+ SD (n) m g ~  ± SD ( 
Line Drug EDso (g/kg, IP) SS/LS 

SS 3937 ± 2502 (10) 380 2 -'- 52 6 ( 

SS Ethanol  3 7 (±0.115¢ 2 24 LS 16069 _+ 5443 (125 230 0 ± 43.5 ( 
LS Ethanol I 65 (±0  09) p < < 0  001 p < < 0  001 
SS Methanol  5 0 ( _ 0  24) 1 82 
LS Methanol  2 75 (_+0 11) M~ce of  each hne were given 4 1 g/kg ethanol  as outhn 
SS Butanol 0 535 (_+0.026) 2 18 text This  dose  was necessa ry  to insure loss of  righting re! 

all SS mace At the time of regaining the righting reflex, b 
LS Butanol 0 245 (_+0 011) taken from the retro-orbltal sinus and blood alcohol deter: 
SS t-Butanol 1 39 (±0  065)§ 1 65 gas chromatography  as prevaously described [5] .  
LS t-Butanol 0 84 (±0  0785§ 
SS Na Pentobarb~tal 0.039 (_+0.0028) 
LS Na Pentobarbnal  0 038 (-+-+0 0026) are  o n l y  s l i g h t l y  m o r e  s e n s i t i v e  to  t h e  a c u t e  t o x i c  el 
HS NaPentobarb~ta l  0040(±0 .0027)§  e t h a n o l .  I t  s h o u l d  be  n o t e d  t h a t  a t  t h e  h i g h e r  ( 
SS Ether  1 04 (_+0 26)$§ m e t h a n o l  a n d  t - b u t a n o l  a m m a l s  were  o f t e n  f o u n d  C 
LS Ether  104 (±0.3255§ f o l l o w i n g  d a y ,  even  t h o u g h  t h e y  h a d  n o t  a l w a y s  

los t  t h e  r i g h t i n g  r e s p o n s e .  

*EDso values de termined by the method  of  Litchfield and Wilcox- 
on (n=  10 animals  each at four  different doses)  DISCUSSION 

fRepresen t s  95% confidence hm~ts 
~mM/l  by inhalation In c e r t a i n  g e n e r a t i o n s ,  a s a m p l e  o f  HS m~ce ~s te 
§Tested m the 18th generat ion or con t emporaneous  HS stock e t h a n o l  s l eep  t i m e  c o n t e m p o r a n e o u s l y  w i t h  t h e  LS 



682 ERWIN, HESTON,  M C C L E A R N  AND DEI 

T A B L E  4 It is also of  in te res t  t h a t  the  LD s 0 values for  e th  
not  d i f fer  in the  two  lines indica t ing  t ha t  the  mecl 

LDs0 VALUES FOR ETIqANOL IN SS AND LS SELECTED LINES OF MICE* respons ib le  for  sleep are no t  the  same as those  resI 
for even tua l  d e a t h  f rom overdosage  

Sleep t ime  d e t e r m i n a t i o n s  wi th  these animals  are 
Animal Line LDs0~ to a n u m b e r  of  var ia t ions  f rom e x p e r i m e n t  to exp  

as ev ident  in Table  3 and  our  prev ious  resul ts  [: 
g/kg values of  3937  sec vs 1250 sec for  the  SS line and  1 

SS 4 8 ~±0 2)~ 6250  sec for  the  LS line shows the  cons i s t ency  m 
LS 4.5 I±0 2) d i f fe rences  bu t  also i l lus t ra te  var iabi l i ty  m the  a 

number s .  The  reasons  for  the  var iabi l i ty  are u n k n o  
*Lethahty was determined by the number of deaths occurring cer ta in ly  d i f fe ren t  in j ec t ion  t echn iques  and  dIffer~ 

within 24 hr followmg IP injections of various doses of ethanol (n=8 o r a to ry  e n v t r o n m e n t s  con t r i bu t e .  In any  given exp~ 
at each of 5 doses) 

tAccordlng to the method of Ltchfield and Wdcoxon [9] the  age of  all of  the  an imals  was a p p r o x i m a t e l y  th  
~:Represents 95% confidence hmns F r o m  e x p e r i m e n t  to  e x p e r i m e n t  there  were age diff  

and this  may  a c c o u n t  for some of  the  var ia t ions  
mice These  samples  show the  expec t ed  gaussian dis- is also cri t ical  to po in t  ou t  t h a t  the  abso lu te  differ  
t r i bu t i on  of  s leep- t imes t h a t  was p resen t  m the  f o u n d a t i o n  sleep t imes  b e t w e e n  SS and  LS mice is d e p e n d e n t  ul 
s tock HS animals .  The  SS and  LS mice are m a t e d  m such  a b lood  level of  a lcohol  achieved.  This  is bes t  illustr~ 
way t h a t  ma t ing  parrs never  have c o m m o n  g randpa ren t s ,  cons ider ing  the  case where  the  level is so low t h a t  
Thus ,  in d i s t i nc t ion  to inb red  mouse  s t ratus  t ha t  show mice lose the  r igh t ing  response  bu t  the  LS mice 
d i f fe rences  m sleep t imes  similar to those  observed  m t tus subs tan t i a l  t ime.  F r o m  Table  3 it is seen t h a t  such 
repor t  [ 7 , 1 2 ] ,  t he  gene t ic  var iabi l i ty  p resen t  ini t ia l ly  m the  would be  a p p r o x i m a t e l y  327 rag% Given t ha t  the  I 
HS s tock  wi th  respect  to p h e n o t y p e s  un re l a t ed  to e t h a n o l  mus t  r each  230  mg% for hal f  o f  the  mice to awake a 
sleep t ime  is preserved as m u c h  as possible.  This  preser- the  ra te  o f  me tabo l i sm is a b o u t  19 mg% per 1000 
vat ion of  h e t e r o g e m t y  is s h o w n  by  the  fact  t ha t  the  the  LS mice would  sleep a b o u t  5000  sec on  t h e ~  
responses  of HS, LS and  SS mice  to p e n t o b a r b l t a l  do no t  These  ca lcu la t ions  are possible because  of  the  zer, 
differ.  There  is a s ignif icant  d i f fe rence  in ED~ 0 b e t w e e n  rate of  e t h a n o l  e h m m a t l o n  
lines for  loss of  r igh t ing  response  for  m e t h a n o l ,  e t hano l ,  S iemens  and  Chan  [16]  r epo r t ed  tha t  pentol  
b u t a n o l  and  t -bu tano l ,  p roduced  a s igni f icant ly  longer  loss of  r ight ing  retie 

Previous ly  we had  d e m o n s t r a t e d  t h a t  there  was no  mice t h a n  m LS mice b u t  t h a t  this  was due  to a d 
change m the  ra te  of  a l coho l  m e t a b o l i s m  b e t w e e n  the  2 appa ren t  volume of  d i s t r i bu t i on  of  the  drug m t 
lines [ 5 ] .  We have no t  made  s imilar  d e t e r m i n a t i o n s  for  the  hnes.  In the  present  s t udy  we did no t  observe a stati 
o the r  a lcohols  t es ted  here  However ,  each  a lcohol  t e s ted  is s ignif icant  d i f fe rence  m the  sleep t imes  bu t  did 
m e t a b o h z e d  via a d i f fe ren t  e n z y m a t i c  sys tem.  The  m e t a b -  slightly longer  loss of  r igh t ing  response  in the  SS mic 
olic rou t e  for  m e t h a n o l  m the  r o d e n t  is p r imar i ly  via the  Golds te ln  and Kak lhana  [3]  tes ted the  SS and 1 
catalase sys tem [ 1 0 ] .  E t h a n o l  is m e t a b o h z e d  p n m a r d y  via for severi ty  of w i thd rawa l  a f te r  3 days of  mtoxi  
the  a l coho l  dehyd rogenase  sys tem,  t -Bu tano l  is on ly  s lowly They  f ind t ha t  the  SS mice have more  severe wltt  
me t abo l i z ed  if at  all via con juga t ion  wi th  g lucoron lde  [ 18 ] ,  reac t ions  t han  do  the  LS mice and these  d i f ferences  
a l t h o u g h  o t h e r  possible rou tes  of  m e t a b o h s m  have no t  been  casually re la ted  to the  line d t f fe rences  m acute  
s tudied.  It would  seem u n h k e l y  t ha t  we have selected for  effects .  
similar changes  m several diverse m e t a b o h c  pa thways ,  and  Recen t ly  Coll ins (pe r sona l  c o m m u n i c a t i o n )  fore 
we conc lude ,  t he re fo re ,  tha t  the  select ive b reed ing  p rogram the  inf luence  of  e t h a n o l  on  the  t u rnove r  o f  do 
has deve loped  lines t ha t  dif fer  in b ra in  sensi t iv i ty  to dif fered by  a b o u t  2 fold m the  SS and  LS mice al thc 
a lcohols  m general ,  no t  jus t  to e t h a n o l  d i f ferences  in n o r e p m e p h r m e  or s e r o t o n m  t u r n o w  

It appears  t ha t  we have no t  se lected for  a general  CNS observed  Analysis  of  the  major  s y n t h e t i c  and degr 
sens l twi ty  to  depressan t s  because  none  of  the  o t h e r  CNS enzymes  o f  the  d o p a m m e  pa thways  revealed no  dlff~ 
depressants  show d i f fe ren t i a l  e f fec ts  m the  two lines. This  Ful ler  t pe r sona l  c o m m u n i c a t i o n )  has observed  a dlf 
obse rva t ion  is s o m e w h a t  surpr i smg since all the  tes ted  in the  sleep t ime induced  b y  salsolinol  ( the  conde  
c o m p o u n d s  ( p e n t o b a r b l t a l ,  e the r ,  ch lora l  h y d r a t e  and  p roduc t  of  d o p a m m e  and  ace t a ldehyde )  w h e n  i 
pa ra ldehyde)  are at least  addi t ive  wi th  e t h a n o l  m the i r  in t racramal ly .  F r o m  these  data  t hen  it would appc 
effects  o n  t he  CNS. In par t icu lar  e the r ,  ch lora l  hyd ra t e  and  s tudy  of  the  dopamine rg ic  sys tem migh t  prove fru 
pa ra ldehyde  have long b e e n  t h o u g h t  to possess a s imilar  ff the  search  for  a b iochemica l  exp l ana t i on  of  results  r~ 
not  iden t ica l  m e c h a n t s m  to t h a t  o f  e t hano l  [ 1 3 ] .  These  in this  paper .  
resul ts  p e r m i t  a conc lus ion  t ha t  the  m e c h a n i s m  of  these  
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