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MclNTYRE, T D AND H P ALPERN Thtopental. phenobarbttal, and ~ hlord, azepoxtde mdu¢e the same dtfferent es tn 
hart ott¢ reat tton as ethanol ~n Long-Sleep and Short-Sleep selet ttvely-bred mtte PHARMACOL BIOCHEM BEHAV 
24(4) 895-898, 1986 --Hypnotic effects following admmtstratton of th~opental, phenobarbttal or chlordmzepoxtde were 
evaluated m mtce selecttvely-bred for dtfferentml hypnottc senstttvtty to ethanol For every dose employed, except one 
whtch had no effect, all three agents reduced greater sedation m the ethanol-sens~ttve Long-Sleep (LS) hne than m the 
ethanol-msenstttve Short-Sleep (SS) hne Such findings wtth regard to the LS and SS hnes suggest that the dtfferences m 
sedattve response to ethanol, as well as some barbiturates and benzodtazepmes, may be medmted, m part, by a common 
mechamsm The second experiment showed that age of the subjects can be an tmportant variable influencing hypnottc- 
reduced sleep ttme For thtopental, stgmficant hne dtfferences occurred only wtth 150 day old mtce, whereas chlor- 
dtazepoxtde produced dtfferences tn 50, 75, 100 and 150 day old mtce 

Pharmacogenet~cs LS/SS Alcohol Barbmturates Benzodmazepmes 

TWO lines of mice that have been selectively-bred for d~ffer- 
ent hypnotic reactions to a sedative dose of ethanol may be 
interesting models for elucidating mechanisms affected by 
CNS depressants, because there is a growtng body of evi- 
dence indicating that the LS and SS lines can also be differ- 
entiated by butanol, methanol [8], chloral hydrate, 
trichloroethanol, paraldehyde [1,8], pentobarb~tal [I], barbi- 
tal [1,12], adenosine [71, and nitrous oxide, enflurane, and 
isoflurane [13] A clear picture does not emerge, however, 
with respect to the above findings if one w~shes to generahze 
about CNS depressants. Although it appears that there may 
be a general response pattern to agents classified as alcohols 
or perhaps general anesthetics, a slmdar concluston cannot 
be made about barbiturates For instance, several inves- 
tigators have reported similar ltne d~fferences for barb~tal- 
induced sleep time [I,12], but the reports regardmg pen- 
tobarbltal are not as consistent. Certain studies report that 
the SS hne is more sensitive to the soporific effects of pen- 
tobarbltal in comparison to the LS hne [5,17], whde other 
studtes report the opposite results [1]. It has been suggested 
that the pentobarbital findings are related to hpid solubthty 

[11], or procedural variables such as dose, age, and time of 
day testing took place [I,16]. 

In order to clarify the nature of the response pattern to 
barbiturates, we examined the response pattern in LS and SS 
for a barbiturate with higher lipid solubdity than pentobarbl- 
tal (thiopental), and one wtth a lower hpid solubihty 
(phenobarbital) than pentobarbital. Further, benzo- 
dlazepines are a major class of depressants for which the 
hypnotic response pattern in LS and SS mice has not been 
ascertaaned. Finding similar response patterns m these mice 
for benzodiazepmes and barbiturates would be important m 
view of the recent evidence ~mphcating the GABA receptor 
m the depressant actions of both of these agents [18] Conse- 
quently, we examined the response pattern for chlor- 
dlazepoxide In the LS and SS mice. 

In addition, a salient feature of reports dealing with these 
hnes is that there ts no consistency m the ages of animals 
employed (e g , 45-70 [6]; 50-130 [3], 60-90 [121, 150, vide 
mfra). In the second experiment, therefore, the influence of 
age on comparative hypnotic responses of the two hnes to 
thlopental and chlordiazepoxide was investigated 
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FIG 1 Mean sleept,me---S E M foreach of the independent groups 
of LS and SS trace admtmstered doses of th~opental sodium 
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FIG 2 Mean sleept~me-+S E M for each of the independent groups 
of LS and SS m~ce admtmstered doses of phenobarbgal sodmm 
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FIG 3 Mean sleepttme-+S E M for each of the mdependent groups 
of LS and SS mtce administered doses of chlordtazepoxtde hydro- 
chloride 

EXPERIMENT I 

Method 

A total  o f  240 male  LS and  SS m~ce 150 days  old f rom the  
36th p r o d u c t i o n  g e n e r a t m n  were  ob t a ined  f rom the  Ins t , tu te  
for  Behav io ra l  Gene t , c s ,  Umvers~ty  of  Colorado ,  Bou lde r  
80309. L~t termates  were  h o u s e d  toge the r ,  but  r andomly  d~s- 
t n b u t e d  ac ros s  e x p e r i m e n t a l  g roups  A m m a l s  were  mare-  
t inned on  a 12 hr  l ight /dark  cycle  w, th  food and  wa te r  con-  
tmuous ly  a v a d a b l e  Th~opental  sod ium d~ssolved m 0 9% 
sahne  was a d m i n i s t e r e d  , n t r a p e n t o n e a l l y  m an ~nject~on vol- 

T A B L E  i 

MEAN SLEEP TIME (MIN) -,-S E FOR THIOPENTAL SODIUM 
(80 mg/kg) AND CHLORDIAZEPOXIDE HYDROCHLORIDE (100 mg/kg) 
ADMINISTERED TO LONG-SLEEP AND SHORT-SLEEP MICE AT 51). 

75, 100 AND 150 DAYS OF AGE 

Thzopental Chlordmzepox~d¢ 
Age LS SS LS SS 

50 735-+ 186 75 1 _+ 233 1782_+ 71 1 + 2 9 _  + 2 9  
75 793-+ 154 7 2 3 - - - 3 0 8  2124-+-643 t 344-+ 146 

100 83 I _+ 328 32 3 _+ 109 282 5 -+ 747,* 33 5 ± 27 2 
150 1220 _+ 20 6* 39 I -- 158 121 7 _+ 29 2+ 364 ~ 122 

*p<0 01 for r-test comparison between LS and SS 
+p<0 001 for r-test comparison between LS and SS 

ume  o f  0 l ml /gram body  weight  to four  ~ndependent  g roups  
(50, 60, 70 and  80 mg/kg) each  of  LS and  SS m,ce con ta in ing  
8 a m m a l s  each  Us ing  the  same  p rocedure ,  phenoba rb , t a l  
s o d m m  was admin i s t e r ed  m doses  of  130. 140, 150, 160, 170 
and  180 mg/kg, whde  chlord~azepox,de  h y d r o c h l o n d e  was 
a d m m , s t e r e d  m doses  o f S 0 . 7 5 .  100. 125 and  150 mg/kg All 
re jec t ions  were  made  b e t w e e n  0730 and  1130 hr  and  a m m a l s  
were  a l lowed to sleep up to 8 hr  be fore  be ing  re tu rned  to 
the i r  h o m e  cages.  Sleep u m e  was a s se s sed  m the fol lowing 
manne r .  Af te r  re ject ,on,  an ammal  was p laced  on  its back  in 
a V-shaped  (90 ° angle)  Plex~glas s leep t rough untd  It was 
unab le  to r ight  , tself  four  t~mes w, thm 60 seconds ,  at wh,ch  
t ,me ~t was  cons ide red  to have  lost  ,ts r ight ing ref lex An 
a m m a l  was cons ide red  to have  rega ined  ,is r ight ing reflex 
w h e n  ,t could  right ~tself four  t~mes w, thm 60 seconds ,  unless  
,t s lept  8 hr  and  that  was cons ,de red  ,ts s leep t ,me It shou ld  
be no ted  tha t  no  ammal  s u c c u m b e d  to the  drug t r ea tmen t  
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Results 

The results of tlus experiment were unequivocal For 
every dose of  thiopental, phenobarbital, and w~th the excep- 
tion of the 50 mg/kg dose of chlordtazepoxide, the LS mice 
slept longer than SS m~ce (F~gs I, 2 and 3) For every dose 
of  the drugs employed, the Rank Sum test, which ~s the 
non-parametric eqmvaient of  the t-test for two ~ndependent 
groups, was used to stat~shcally verify these results (see 
D~xon and Massey, 1957). A non-parametric stat~st~cai test 
was chosen because many of the groups lacked homogeneity 
of  variance, which could not be corrected by recommended 
mathematical transformattons (i e., within many of the 
groups the scores were ~denttcal) 

For thiopental, d~fferences between hnes were sigmficant 
for all doses (50 mg/kg p <0.001, 60 mg/kg p <0.05; 70 mg/kg 
p<0.05;  80 mg/kg p<0.001), For phenobarbital, differences 
between hnes were s~gmficant for all doses (p<0.001). With 
the exception of 50 mg/kg, for chlordiazepox~de, hne d~ffer- 
ences for all doses was highly stgmficant (p<0.001). 

EXPERIMENT 2 

Method 

S~xty-four m~ce, 32 from each hne, were administered 80 
mg/kg of  thiopental sodium and 64 m~ce, 32 from each hne, 
were administered 100 mg/kg of  chlordiazepox~de hydro- 
chloride. For each drug and each hne there were 4 independ- 
ent groups (n=8) of animals tested at 50, 75, 100 and 150 days 
of  age. It should be noted that two ammals administered 
thiopental were omitted from the experiment because they 
had sleep-t~mes that were over 3 standard deviations from 
the means of their respective groups W~th the above excep- 
tions the methods were identical to those outhned m Exper- 
iment l The doses of  th~opental and chlondazepox~de were 
selected because m Experiment l they had produced nearly 
~dent~cal sleep times w~th~n a g~ven line 

Results 

Upon ~nspectmg Table I ~t ts qmte clear that th~opental 
produced stgmflcant hne differences only in mtce of  150 days 
of age, whereas chlordiazepox~de produced sigmficant hne 
d~fferences for all of the ages tested. For each drug and age 
tested t-tests were used to verify the d~fferences between the 
two hnes (see Table 1 for s~gmficant dtfferences). 

DISCUSSION 

The results of  these experiments md~cate that the ethanol 
sens~ave LS hne ~s significantly more sensitive than the 
ethanol msensR~ve SS line to the benzodmzepme chlor- 
d~azepox~de, and to the barbiturates th~opental and 
phenobarbital. The exception to th~s finding appears to be for 
th~opental mammals  up to 100 days of age, where line differ- 
ences d~d not occur W~th that caveat, our results seem to 
support those reports which have demonstrated that the LS 
and SS hnes show s~mdar hypnotic sensit~wties to a wide 
range of sedative-hypnotics and anesthetics (vide supra). We 
have suggested elsewhere [16] that, contrary to earher re- 
ports, ~t ~s probably the case that these hnes were not 
selectively-bred for just alcohol sensR~vRy. 

For instance, we have recently reported [1] that the paper 
most often cRed to support the alcohol-speofic~ty hypothes~s 
for the LS and SS hnes actually supports a different interpre- 
tation. Reanalys~s of these data showed that paraldehyde, 

chloral hydrate and tnchloroethanol ~nduced a s~gnificantly 
greater hypnotic effect in the LS line than in the SS line, 
whde the opposite was found for pentobarbital. This finding 
wRh pentobarbRal, as well as several other reports [5,17], is 
not in agreement with reports showing LS mice more sensi- 
tive than SS m~ce to pentobarbital [1], as well as barbital 
| 1,12] It has been suggested that etther lipid solubd~ty [ I lJ or 
procedural variables [i,16] may be responsible for these d~s- 
s~milar findings. Although it seems plausible that an agent's 
hpid solubility should affect sleep t~me m these two hnes of 
mice, the evidence to date seems equivocal For example, ~t 
has been shown that hpid solubd~ty of long-chain alcohols 
influences narcos~s m these hnes t i l l .  However, ~t has also 
been shown that although the SS mice are less sensitive than 
LS mice to mtrous oxide, ~soflurane and enflurane, no de- 
monstrable relationshtp was d~scovered between sleep t~me 
and membrane phospholip~d, fatty acid and cholesterol com- 
positions [13]. Furlhermore, our present findings wRh 
thmpental and phenobarbital, as well as previous results 
concermng barbital [1,12], ~nd~cate that lipid solubdRy ~s not 
a critical factor influencing barbiturate-reduced hypnos~s tn 
these two hnes. 

With respect to procedural variables, the second experb 
ment was designed to evaluate one of  these factors, and, 
indeed, age was an important factor m determining the re- 
sponse to th~opental Thus, one should exercise caution be- 
fore concluding that a particular depressant does not s~gnlfi- 
cantly dist~ngmsh these hnes, unless age, and perhaps other 
design factors are fully explored. 

It has been suggested that the data on CNS depressant- 
reduced hypnosis m these hnes, as well as those concerning 
suscept~bd~ty to several convulsant protocols, indicates that 
a possible candidate mechanism for the mediation of  the 
d~fferences between LS and SS m~ce may be the GABAergic 
system [ 14,16] 

The ma.lonty of the previous neurochem~cal analyses of 
these hnes have focused on the catecholamines at basehne 
and m response to alcohol. However, we have suggested that 
since the two behav~orai responses which most clearly dis- 
tmgmsh these hnes (depressant-induced anesthesia and 
analept~c suscept~bd~ty) are predominantly mediated by 
GABAerg~c mechamsms in other circumstances, that a s~mi- 
iar mechamsm may be responsible for these distractions m 
the LS and SS hnes Additionally, GABA has been shown to 
influence dopamlnerg~c activity [9] In further support of 
such a GABA hypothesis, ~t has been shown that GABA 
m~met~cs enhance the mcoordmatmg and soporific effects of 
ethanol in LS and SS, whde GABA antagomsts had the op- 
posRe effect [14] 

Using LS and SS m~ce Chart [2] d~d not d~scover any 
s~gmficant hne d~fferences m whole brain GABA content in 
several general regions, even though ethanol does cause a 
marked elevation of GABA levels for both hnes The lack of 
s~gmficant hne d~fferences does not rule out a role for 
GABAerg~c mechamsms, however, since others have re- 
ported equivocal results [ 10, 19, 20] when ascertmnmg GABA's 
response to ethanol m other non-selected ammals, 
and thus, th~s procedure may not reflect subtle cellular 
dynamics. It has also been reported recently that ICV pic- 
rotoxm reduces ethanol-induced sleep t~me m both hnes, but 
since only one dose was employed any possible d~fferent~al 
sens~hvtty was not fully evaluated [15] Further, ~f the par- 
t~cular s~te responsible for these d~fferences ~s the GABA 
receptor ~tself, rather than the allostenc regulatory s~te 
where barbiturates and p~crotoxm brad, then th~s procedure 
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m~ght not  reveal  the  r e l evan t  m e c h a m s m  Al te rna t ive ly .  
d~fferences m r ecep to r  n u m b e r ,  t u rnove r ,  a f f imty ,  c o u p h n g  
d y n a m i c s  or  regu la t ion  m a y  be the  key  factor(s)  which  &s-  
t m g m s h  t h e s e  l ines.  
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