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MILLER, L G , D J GREENBLATT, J G BARNHILL AND R I SHADER DtJ]erenttal modulation of ben- 
zodtazepme receptor bmdmg by ethanol m LS and SS tnt~ e PHARMACOL BIOCHEM BEHAV 29(3) 471-477, 1988 - -  
The LS and SS lines of mice were initially selected based on sedative responses to ethanol, but have been found to differ in 
response to a variety of hypnotics and anesthetics These differences do not appear to be due to pharmacokinetic factors 
and several lines of evidence suggest involvement of the GABAerg~c system To examine an important component of this 
system, the benzodmzepine receptor, we analyzed benzodlazeplne receptor binding m vtvo m LS and SS mice, and 
modulation of receptor binding by three Interventions known to increase binding In other strains pentobarbltal, defeat 
stress, and ethanol Receptor binding was determined by specific uptake of [3H]-Ro15-1788 Receptor binding was in- 
creased m cortex and h~ppocampus of LS mice compared to SS mzce, with the Increase in cortex most hkely due to 
increased receptor number rather than a change m apparent affinity Pentobarbltal (30 mg/kg IP) induced s~milar increases 
m binding m both lines m several brain regions Defeat stress caused increased binding in several brain regions of both SS 
and LS mice, with greater binding in cortex of LS mice In contrast, ethanol at 3 doses (0 5, 1, and 2 g/kg) led to greater 
increases in binding m SS mice compared to LS mice in most brain regions None of the Interventions altered nonspeclfic 
binding Ethanol concentrations were slightly greater in plasma and brain of LS mice 1hese results indicate differences in 
benzodmzeplne receptor binding in LS and SS mice, with differential modulation of binding by ethanol but not by 
pentobarbltal or stress These differences may contribute to differentml pharmacodynamlc responses m the two lines of 
mlce 

LS/SS mice Ethanol Benzodlazepme receptor 

T H E  LS and  SS h n e s  of  mice  were  init ial ly se lec ted  based  on  
di f ferent ia l  loss of  the  r ight ing ref lex ( " s l e e p  t i m e " )  a f te r  
e thano l  admin i s t r a t i on  [21] S u b s e q u e n t  s tudies  r epo r t ed  a 
small  d i f fe rence  in e t hano l  e h m l n a t i o n  b e t w e e n  the  two 
hnes ,  bu t  this  was  no t  suff ic ient  to a c c o u n t  for  effects  on  
s leep t ime [11,12] The  LS  l ine a lso appea r s  to be more  sen-  
s l t lve to hypno t i c  effects  of  pa r a l dehyde ,  t n c h l o r o e t h a n o l ,  
th lopen ta l ,  pen toba rb l t a l ,  p h e n o b a r b i t a l ,  barb i ta l ,  chlor-  
dmzepox lde ,  n i t rous  oxide ,  i sof lurane ,  and  en f lu rane  [6, 7, 
19, 24, 33] The  di f ferent ia l  in sens i t iv i ty  to a b r o a d  var ie ty  of  
hypno t i c  agents  suggests  tha t  se lec t ion  for  the initial 
e t h a n o l - r e s p o n s i v e  p h e n o t y p e  in fact  r e su l t ed  in se lec t ion  for  
a more  genera l  p roce s s  Severa l  h n e s  of  e v i d e n c e  lmphca t e  
the  G A B A  s y s t e m  as a locus  for  se lec t ion  (1) Mos t  of  the  
hypno t i c  agents  h s t ed  a b o v e  exe r t  a t  leas t  par t  of  the i r  ef- 
fects  v ia  the  G A B A e r g l c  sys t em [32,35], (2) LS and  SS l ines 
also differ  in r e s p o n s e  to convu l s ive  agen ts  wh ich  a p p e a r  to 

act  via G A B A  recep to r s  [23], and  (3) LS mice  are  more  
affected by  the  G A B A  agonls ts  T H I P  and  bac lo fen  t han  SS 
mice [20] S ince  whole  b ra in  G A B A  levels  and  G A B A  up- 
take  kinet ics  do not  a p p e a r  to differ  in the  two hnes  [22], It Is 
more  likely tha t  d i f fe rences  exis t  m pos t synap t l c  ac t ions  of  
G A B A  

The  pos t synap t l c  G A B A ~  recep to r  is a comp lex  s t ruc-  
ture ,  inc luding a G A B A  binding  site, an  al loster lcal ly-  
coup led  b e n z o d l a z e p m e  b inding  site, and  a chlor ide  
l onophore  [10] A r ecen t  r epor t  b a s e d  on  b ind ing  of  [3H]- 
f l u m t r a z e p a m  to b ra in  m e m b r a n e  p r e p a r a t i o n s  tn vitro indi- 
ca ted  no  d i f fe rence  in b e n z o d l a z e p l n e  r e c e p t o r  n u m b e r  or  
affinity b e t w e e n  the  LS and  SS l ines,  e x c e p t  in mldb ram.  
H o w e v e r ,  G A B A - e n h a n c e d  b e n z o d l a z e p l n e  b inding  was  
g rea te r  in cor tex  and  c e r e b e l l u m  of  SS mice  [18] A n o t h e r  
r e p o r t  d e s c r i b e d  no  d i f f e rence  in h igh  aff ini ty  [3H]-muscl-  
tool b ind ing ,  bu t  I nc r ea sed  sens i t i v i ty  o f  LS mice  to mus-  
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cimol displacement of [a~S]-t-butylbicyclophosphorothlonate 
(TBPS), a putative chloride channel hgand [1] In addition, 
chloride uptake m response to ethanol was greater in mem- 
branes from LS than from SS mice [1] These results support 
the presence of  functional, although not structural, differ- 
ences In the GABA receptor complex between the LS and 
SS hnes 

Studies of tn vitro binding to brain membrane prepara- 
tions are commonly used for benzodlazepIne receptor 
analyses, but are potentially limited by membrane prepara- 
tive techniques and temperature and buffer conditions during 
binding assays [29] Techniques employed to remove GABA 
may also substantially affect binding results [8] The recent 
development of methods to assess benzodiazeplne receptor 
binding in VlVO by several groups circumvents many of these 
limitations [9,27] Results obtained from m ~lvo studies may 
not parallel those obtained in ~ too,  as has been reported in 
studies of stress and benzodlazeplne or barbiturate adminis- 
tration [5, 27. 28, 30] We have used m ~tvo binding tech- 
niques to reassess benzodlazepme receptor binding in LS 
and SS lines, including effects of three interventions re- 
ported to modulate benzodmzeplne receptor binding barbi- 
turates, ethanol, and stress 

METHOD 

MateHal~ 

Male LS and SS mice were obtained from the Institute for 
Behavioral Genetics, University of Colorado, Boulder, CO 
Experiments were performed when mice were 6 to 8 weeks 
old CFW mice were obtained from Charles River Labora- 
tories (Wilmington, MA) Mice were housed under a 12-hour 
light-dark cycle and fed water and laboratory chow ad lib 
[~H]-Ro15-1788 (Spec Act 82 8 C1/mmol) was obtained from 
New England Nuclear (Boston, MA) Clonazepam, des- 
methyl-flunltrazepam, methylclonazepam, and Ro15-1788 
were kindly provided by Hoffmann-La Roche, Inc (Nutley, 
N J) All other reagents were obtained from standard com- 
mercial sources 

M e t h o d  

LS and SS mice were compared for the following param- 
eters 
(1) Rotarod ataxia five mice of each line received 
clonazepam (0 02-2 mg/kg) one hour prior to testing, 
(2) Clonazepam concentrations in cortex three mice of each 
line received clonazepam (0 2-2 mg/kg) one hour prior to 
sacrifice, 
(3) Benzodlazepine receptor binding seven mice of each 
strain were evaluated for benzodiazeplne binding m ww~, 
(4) Pentobarbital three mice of each line received pen- 
tobarbital (30 mg/kg) one hour prior to determination of bind- 
ing, 
(5) Stress three mice of each line underwent defeat stress 
immediately prior to binding determination. 
(6) Ethanol three mice of  each line received 0 5 g/kg and six 
mice of each line received 1 and 2 g/kg received ethanol one 
hour prior to binding determination 

Drug  admin is t ra t ion  Benzodmzeplnes and pentobarbltal 
were dissolved m propylene glycol or polyethylene glycol 
400 and diluted to the appropriate concentration with saline 
Drugs were administered IP in a volume of 0 15 ml 
Clonazepam was administered in doses ranging from 0 02 to 
2 mg/kg Ro15-1788 was administered at a dose of  6 mg/kg 

Ethanol was diluted to a 2 (~  (v/v) solution with water and 
the appropriate amounts administered IP 

R o t a r o d  ataxta  Rotarod ataxia was performed according 
to the method of Kahr et al [13] Mice were injected with 
varying doses of clonazepam IP (0 02-2 mg/kg) and rotarod 
performance was evaluated one hour after dosage Results are 
expressed as seconds offthe rotarod from a 2 minute period 

Ben~odtasep tne  and  e thanol  ¢on~en t ta tums  tn pla.sma 
and  brain At the approprmte time point, mice were sac- 
mficed by cervical dislocation and decapitation, and trunk 
blood was collected into heparinlzed tubes Plasma was 
separated by centrifugation and stored at -20°C until 
analysis Brains were rapidly dissected on ice and cortices 
were removed In some experiments, cortices were divided 
into approximately equal parts and one half was used for 
receptor binding (see below) Cortical tissue was weighed 
and homogenized in 1 ml 0 025 M borate buffer (pH 8 3) with 
a Polytron (Brlnkmann. Lucerne, setting 7, 15 seconds) 
Clonazepam was determined by gas-liquid chromatography 
by the method of Lister et al [15] Ethanol concentrations in 
plasma or brain homogenate were determined by enzymatic 
methods [16] 

Benz.odtazeptne re¢ eptor  b inding Benzodlazepme recep- 
tor binding was determined by the method of Goeders and 
Kuhar [9] as modified by Miller et al [27] Briefly, after 
appropriate pre-treatment, mice were injected via the tall 
vein with 3 p~Cl [~H]-RoI5-1788 After 20 minutes, mice were 
sacrificed and brains rapidly removed and dissected on ice 
Tissue was weighed and placed in vials containing 2 ml 
Protosol for 24 hours at 40°C Scintillation fluid (10 ml) was 
added and vials were allowed to stand at room temperature 
for 24 hours prior to counting by conventional scintillation 
spectrometry To determine nonspeclfiC binding, mice were 
pre-treated with a saturating dose of clonazepam (5 mg/kg IP) 
30 minutes prior to radioligand injection, and tissue was 
processed as above Results are expressed as specific bind- 
ing total binding minus nonspeclfiC binding Specific binding 
in cortex was greater than 81Y~ regardless of pretreatment 
Administration of  vehicle did not alter receptor binding In 
any brain region evaluated In some experiments, cortices 
were divided and segments were used for receptor binding 
and clonazepam or ethanol determination In clonazepam 
experiments, results were expressed as receptor occupancy 
in percent 

L i c'°nazepdmb'n 'n g ) 1 Nonspemfic bmdmg/g 

I - Total bmdlng/g 
NonspeclfiC bmdmg/g 

/ 100 

These data in combination with clonazepam concentrations 
were fitted to the modified Hill equation y = x X/(B + x x) 
yielding a slgmoldal function from which IC~,, can be calcu- 
lated [27] 

Defea t  atre~a Defeat stress was performed according to 
the method of Mlczek et al [25] Briefly, " in t ruder"  LS and 
SS mice were introduced into the home cages of resident 
CFW mice As previously described, residents attacked the 
intruders in a stylized fashion with bites on the rump Intrud- 
ers were transferred to the cage of a new resident after 10 to 
20 bites, until 100 bites had been sustained Intruder mice 
were then removed and receptor binding was performed as 
described above 

S t a t t ~ t u a l  analysta Comparisons between two groups 
were made using two-tailed t-tests or the Wllcoxon test for 
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FIG 1 Benzodmzepme receptor bmdmg m LS and SS mice Recep- 
tor binding was determined by specific uptake of [~H]-Ro15-1788 m 
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FIG 2 Receptor occupancy versus cortex clonazepam concentration m LS and SS 
mice The IC~0 values for LS and SS mice were similar (22 vs 24 ng/g) 

n o n - G a u s s l a n  d i s t r ibu t ions  C o m p a r i s o n s  b e t w e e n  more  
t h a n  two g roups  were  made  us ing  ana lys i s  of  va r i ance  wi th  
co r rec t ion  for  mult iple  c o m p a r i s o n s  

RESULTS 

B e n z o d l a z e p m e  r e c e p t o r  b ind ing  i n  v t v o  was inc reased  in 
co r t ex  and  h l p p o c a m p u s  o f  LS as c o m p a r e d  to SS mice  
(,o<0.05 In e a c h  region,  Fig 1) In  the  o the r  b ra in  regions  
eva lua ted ,  c e r ebe l lum,  h y p o t h a l a m u s ,  and  pons -medu l l a ,  no  
d i f fe rences  in b ind ing  were  o b s e r v e d  b e t w e e n  the  two 
s t ra ins  T h e r e  we re  no  d i f fe rences  in nonspecLfiC b inding  be-  
t w e e n  LS and  SS mice  in any  o f  the  5 b ra in  regions  

C o m p a r i s o n  of  a p p a r e n t  aff ini t ies  for  c l o n a z e p a m  in cor-  

tex  m vlvo ind ica ted  ht t le  d i f fe rence  b e t w e e n  LS and  SS 
mice  (Fig 2) The  IC~0 value  for  c l o n a z e p a m  in LS mice  was  
22 ng/g c o m p a r e d  to 24 ng/g for  SS mice  Thus ,  the  inc rease  
in r e c e p t o r  b ind ing  in cor tex  in LS mice  is mos t  hke ly  due  to 
inc reases  m r e c e p t o r  n u m b e r  r a t h e r  t han  a p p a r e n t  affinity 

Pen toba rb l t a l ,  30 mg/kg IP, c a u s e d  inc reases  m r ecep to r  
b inding  in cor tex ,  h l p p o c a m p u s ,  and  pons -medu l l a  of  SS 
mice,  and  co r t ex ,  h y p o t h a l a m u s  and  pons -medu l l a  o f  LS  
mice  at  one  h o u r  af te r  admin i s t r a t i on  ( p < 0  05, Table  l) 
Specif ic  b ind ing  was s imilar  af ter  p e n t o b a r b l t a l  in LS and  SS 
mice  e x c e p t  for  an  inc rease  in h y p o t h a l a m u s  in LS mice 
( p < 0  05) The  degree  o f  inc rease  in b inding  a b o v e  con t ro l  
levels  due  to p e n t o b a r b i t a l  was  s imilar  in LS and  SS mice  m 
all b ra in  regions  e x a m i n e d  
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T A B L E  1 

R E C E P T O R  B I N D I N G  IN L S  A N D  SS MICE A F T E R  S T R E S S  AND P E N T O B A R B I T A L  

Receptor Binding (fmol/g) 

Pentobarbltal 
Region Control Stress (30 mg/kg) 

LSCortex 8499_+ 59 1" 17816_+ 1069~ 10090_+ 173 
Cerebellum 1227_+ 500 3318_+ 454 1682_+ 72 
Hypothalamus 913 5 _+ 95 4 3049 7 ÷ 109 6 2145 0 _+ 112 
Hippocampus 1109 0 + 54 5* 1477 1 _+ 120 3 1568 0 ± 358 
Pons-Medulla 613 6 _+ 186 3 1563 5 _+ 125 7 1536 2 _+ 259 

SSCortex 6 4 9 9 _  + 364 12544± 695 11363_+ 40 
Cerebellum 163 6 _+ 63 6 313 6 + 136 4 304 5 _+ 139 
Hypothalamus 840 0 _+ 109 1 2608 8 _+ 411 7 1290 8 _+ 136 
Hlppocampus 709 0 _+ 100 0 977 2 _+ 125 7 1545 3 _+ 344 
Pons-Medulla 545 4 _+ 104 5 1350 0 _+ 125 7 1286 2 _+ 556 
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Results are mean ± SEM, n=7 for 
*p<0 05 vs SS controls 
?p<0 05 vs SS stress 
~p<0 05 vs SS pentobarbltal 

controls, n=3 for stress and pentobarbltal 
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FIG 3 Effects of ethanol admlmstratlon on benzodmzepme receptor binding m LS and SS mace CX=cortex, CB=cerebellum, 
HY=hypothalamus, Hl=hlppocampus, P-M=pons-medulla Results are mean_+SEM, n=3 at 0 5 g/kg, n=6 at 1 and 2 g/kg 
SEM are omitted for clarity For comparisons see text 

Defeat  s t ress ,  a mode l  of  social s t ress  revolving a 
res ident - in t ruder  in teract ion,  led to Increases  In ben-  
zodtazepine  r ecep to r  binding in cor tex ,  hypo tha lamus ,  and 
pons-medul la  of  both  LS and SS mice ( p < 0  05 in each  re- 
gion, Table 1) Specif ic  binding af ter  s t ress  was grea te r  m 
cor tex  of  LS mice  c o m p a r e d  to SS mice  (p<0  05) The de- 
gree of  increase  in binding relat ive to control  binding was  
similar in SS and LS mice 

Binding was  also examined  one  hour  af ter  three  doses  of  
e thanol  (0 5, 1, 2, g/kg IP) in LS and SS mice (Fig 3). At  the 
lowes t  dose ,  0 5 g/kg, there  were  no significant changes  in 
binding in LS mice in any brmn region examined  In con- 
trast ,  significant increases  in binding were  obse rved  in cor- 
tex,  cerebel lum,  and h Ippocampus  in SS mice  ( p < 0  05), with 
a t rend  toward  inc reased  binding In hypo tha lamus  (t9 =0  14) 
Specif ic  binding in cor tex  cerebel lum,  and h ippocampus  was  
grea ter  in SS than  LS mice at this dose  ( p < 0  05 in each  
region) Af te r  e thanol  1 g/kg, Increases  in binding comp ared  
to controls  were  o b s e r v e d  m cor tex ,  ce rebe l lum,  hypothala-  

mus,  and h ]ppocampus  in LS mice ( p < 0  05) and fur ther  m- 
c reases  in binding co mp ared  to the 0 5 g/kg dose  were  ob- 
se rved  in all brain regions in SS mice ( p < 0  05) At this dose ,  
binding was increased  m SS mice c o m p a r e d  to LS mice m 
cerebel lum,  hypotha lamus ,  and h lppocampus  (p<0  05) At 
the highest  dose  of  e thanol  evaluated,  2 g/kg, there  were  
nonsignif icant  t rends  toward  increased  binding co mpared  to 
the 1 g/kg dose  in cor tex ,  cerebel lum,  and hypo tha lamus  of  
LS mice ( p < 0  15) At  this dose  in SS mice,  binding was 
fur ther  increased  c o m p a r e d  to 1 g/kg in cor tex  ( p < 0  15), with 
nonsignif icant  t rends  toward  increase  m cerebe l lum and 
hypo tha lamus  (p<0  15) Specif ic  binding at 2 g/kg was m- 
c reased  in SS versus  LS mice in hypo tha lamus  and hlp- 
p o camp u s  ( p < 0  05) These  doses  of  e thanol  did not  al ter  
nonspeclfiC binding in e i ther  strain In sum, at 3 e thanol  
doses ,  binding was  increased  in several  brain regions in SS 
co mp ared  to LS mice,  despi te  lower  basel ine binding in SS 
mice 

To ensure  that  these  di f ferences  in r e s p o n s e  to e thanol  
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were  not  due to e thanol  absorpt ion or  del ivery  to brain, 
ethanol  concent ra t ions  were  evalua ted  in plasma and brain 
o f  t reated mice There  were  small but non-significant m- 
creases  m ethanol  in plasma and brain of  LS compared  to SS 
mice at each dose evalua ted  (data not  shown) To assess 
brain uptake of  benzodlazeplnes  m LS and SS mice,  we de- 
termined c lonazepam concent ra t ions  m cor tex  of  these 
stratus one hour  after  varying doses  of  c lonazepam (0 02-2 
mg/kg IP) C lonazepam concent ra t ions  were  shghtly greater  
in LS  compared  to SS mice at each dose,  but these differ- 
ences  were  not sxgmficant (data not shown) We also com- 
pared effects o f  varying c lonazepam doses  on rotarod per- 
formance ,  a parameter  known to be affected by ben- 
zodmzepmes  At each dose,  rotarod a taxm was greater  m LS 
compared  to SS mice,  but  these differences dld not  achieve  
significance (data not shown) 

Differences m receptor  binding as de termined  by specific 
uptake o f  [3H]-Ro 15-1788 might be related to dehvery  of  the 
radlohgand to brain ra ther  than actual differences in binding 
To address  this possibili ty,  we adminis tered saturating doses 
o f  unlabeled Ro15-1788 (6 mg/kg) to LS and SS mice and 
determined cor tex  concent ra t ions  of  this compound  at 20 
minutes [15] Concent ra t ions  of  Ro15-1788 were  slmdar m 
the two stratus (LS 96 9_+6 5 ng/g, SS 86 6_+4 4 ng/g, 
mean_+SEM, n=3 ,  p = 0  4) 

DISCUSSION 

LS and SS mice differ both in pharmacoklne t lc  and phar- 
macodynamlc  responses  to ethanol  and a variety of  o ther  
sedat ives [7, 11, 21] In accordance  with prior reports,  we 
found a trend toward increased pharmacodynamlc  effects of  
c lonazepam in LS compared  to SS mice We also demon-  
strated a t rend toward increased c lonazepam uptake in brain 
after acute  administrat ion m LS and SS mice,  analogous to 
the small increases  m ethanol  concent ra t ions  observed  m the 
LS hne 

With regard to benzodmzep lne  receptor  binding, our  re- 
sults are in contras t  to prior studies based on m v t t r o  binding 
techniques ,  which repor ted  al terat ions in [*H]-flunltrazepam 
binding in membrane  preparat ions  only m mldbraln of  LS 
mice [10] We observed  increases in benzod lazepme  recep-  
tor  binding as assessed by [~H]-Ro15-1788 uptake in  VlVO in 
cor tex  and h lppocampus  of  LS mice compared  to SS mice 
The discrepancy be tween  the i n  v w o  binding data  reported 
here and prior tn  v t t r o  binding studies may  be in part due to 
hmltat~ons of  m v t t r o  binding techniques ,  which may be al- 
tered by tissue preparat ion,  tempera ture  and buffer condi-  
t ions, and techniques  to r emove  G A B A  [8, 22, 29] I n  v t v o  

methods  appear  to bypass these hmltat lons,  [9,27] and we 
and others  have p rewous ly  repor ted  that  increases m recep-  
tor  binding in  v t w ~  due to stress or  barbi turate  administrat ion 
may not be ref lected in m v , t t o  binding analyses  [5,28] In 
addit ion,  the m v t t r o  studies in LS and SS lines were  con- 
ducted m female mice,  m contrast  to male mice used m the 
present  study Since there is some ev idence  that steroid 
metabol l tes  may alter benzodmzepme  recep tor  binding [4, 
17, 31], it is possible that different phases of  the estrus cycle  
might confound i n  v i t r o  results 

The observed  differences in receptor  binding might be 
due to al terat ions in receptor  number  or  apparent  affinity 
Our  studies m c lonazepam-t rea ted  mice indicate that appar- 
ent  affinity for c lonazepam m cor tex  is similar m LS and SS 
mice,  suggesting that increases in binding are most  likely due 
to increased receptor  number  An additional explanat ion for 

increased uptake o f  [~H]-Ro15-1788 m LS mice is enhanced 
del ivery of  radlollgand to brain rather  than increased bind- 
ing H o w e v e r ,  concent ra t ions  of  unlabeled Ro15-1788 were  
similar in cor tex  of  LS and SS mice Whale the dose of  un- 
labeled Ro15-1788 was substantially greater  than the t racer  
doses  used in radtollgand studles, uptake of  this compound  
into brain is dose-dependent  [15], making it unlikely that 
changes in dehvery  of  radlollgand can account  for the in- 
crease  in receptor  binding in LS mice Further ,  the lack of  
difference in nonspeclfiC binding in any brain region miti- 
gates against an effect  based on dehvery  of  radlohgand 

To assess possible differential modulat ion of  receptor  
binding in the LS and SS lines, we evaluated  effects on re- 
cep tor  binding of  three in tervent ions  repor ted  to increase m 
vtvo binding in o ther  stratus barbiturates,  stress,  and 
ethanol  [5, 28, 30] Increases  in benzodlazeplne  receptor  
binding have been descr ibed both m v t t r o  and m vtvo after 
acute barbiturate admlmstrat~on m several  mouse  strains 
[14,30] We observed  slmdar mcreases  in several  brain re- 
gions after a smgle dose of  pentobarbl tal  known to increase 
receptor  binding in o ther  strains We found differences in 
pentobarbl tal  effects  be tween  the LS and SS hnes only in 
hypothalamus,  and we found no differences m the degree of  
increase in binding m the two lines Behavioral  ewdence  
indicates that this dose of  pentobarbl tal  has little effect  on 
" s l e e p - t i m e "  in SS mice,  but slgmficantly increases 
" s l e e p - t i m e "  m LS mice [2] It is thus unlikely that differ- 
ences  m benzodmzepme  binding account  for the differential 
response to pentobarbl tal  m these hnes 

Defeat  stress has been shown to produce increases in 
receptor  binding m several  brain regions in C F W  and B6AF1 
stratus [28] Defeat  stress led to increases m binding m cor- 
tex,  hypothalamus,  and pons-medul la  in both LS and SS 
lines Binding m cor tex  was greater  after stress m LS versus  
SS mice,  al though the degree of  increase in binding com- 
pared to control  levels was similar m all brain regions eval- 
uated Thus,  the responses  of  SS and LS m~ce to pentobarbl-  
tal and stress are similar to o ther  mouse  stratus and s~mllar 
be tween  the two hnes,  w~th increases m specific binding m 
response  to both stlmuh only m single regions in LS mice 

Ethanol  increases  benzod lazepme receptor  binding m 
ww~ in several  strains of  mice [5] The  effects of  ethanol  on 
the LS and SS lines are of  part icular  interest,  g iven the 
differences in pharmacodynamlc responses to ethanol m these 
lines and ev idence  from several  studies indicating that 
ethanol  exerts  at least some of  ~ts effects  via the 
benzodmzep lne -GABA complex  [34,35] Prior studies Indi- 
cate that the ED~0 for ethanol on loss of  the righting reflex in 
LS mice is 1 65 g/kg, and m SS mlce,  3 64 g/kg [11] Litt le 
effect was seen m either line at doses  less than ! g/kg [2], 
while a substantial  increase in s leep-t ime was observed  at a 
dose of  2 g/kg We observed  no change m benzodlazepme 
receptor  binding in LS mice at 0 5 g/kg, but significant in- 
creases  were  found at 1 and 2 g/kg corresponding to doses  
which increased sleep-t ime In contrast ,  binding was m- 
creased in SS mice at 0 5 g/kg and markedly  increased at 
doses of  1 and 2 g/kg, despite little effect  on sleep-t ime at 
these doses  These  data do not support  a simple correlat ion 
of  benzodiazepine  receptor  binding and increasing sleep- 
t ime in the two lines It Is more likely that differences exist  in 
the benzod lazepme  receptor  complex  be tween  LS and SS 
mice such that ethanol  effects both receptor  binding and re- 
cep tor  funct ion differentially 

As discussed above ,  prior studies repor ted  m v i t r o  differ- 
ences  in benzodlazeplne  receptor  coupling to G A B A ,  in 
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G A B A  couphng  to the chlor ide ~onophore, and m chloride 
flux in r e sponse  to e thanol  b e t w e e n  the LS and SS hnes  [1, 
10, 18] H o w e v e r ,  G A B A  concen t ra t ions  were  not dffferen- 
ttally al tered by e thanol  m these  hnes  [3] Our data  indicat ing 
increases  m b e n z o d l a z e p m e  r ecep to r  binding m vtvo m LS 
mtce suggest  s t ructural  as well as funct ional  d i f fe rences  in 
b e n z o d l a z e p m e  r ecep to r s  m these  hnes  We have  also 
demons t r a t ed  modula t ton  of  b e n z o d m z e p m e  recep to r  brad- 
mg m VlVO m LS and SS mice by pentobarbl ta l ,  s t ress  and 
e thanol  These  data  suggest  that  both  r ecep to r  numb er  and 
affimty can be increased  m LS and SS hnes ,  since pen tobar -  
b~tal appears  to increase  r ecep to r  affimty [30] and s t ress  in- 
c reases  r ecep to r  number  [28] The d~fferentlal modulat~oh of  
r ecep to r  b m d m g  by ethanol  but not by pentobarb~tal or 

s t ress  may md~cate that  these  hnes  d~ffer not  only m general  
charac ter i s t ics  o f  the b e n z o d m z e p m e - G A B A  complex ,  but  
also m specific r e sponses  of  th~s complex  to e thanol  D~ffer- 
entml modula t ion  of  r ecep to r  binding may contr ibute  to the 
d~ffenng s ed a t w e  r e sponses  to e thanol  m LS and SS mice 
Fur the r  s tudies  m se lec t ively-bred hnes  may shed  hght  on 
the effects  o f  b e n z o d m z e p m e  recep to r  modulat ion,  and 
pe rhaps  on the structural  de te rminan t s  of  r ecep to r  funct ion 
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