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RICHTER, J A , P S HARRIS AND P V HANFORD Stmdar development of tolerance to barbttal-mduced mhtbmon 
of avotdance behavmr and loss of righting reflex m rats PHARMAC BIOCHEM BEHAV 16(3) 467-471, 1982 - - In  order 
to determine ff tolerance develops to the mhlbalon of avoidance behavmr by the barbiturates, the effects of barbital on 
avoidance were determined in rats g~ven barbital m their sole source of dnnkmg water for 7 or 33 days For comparison 
tolerance to the loss of righting reflex was also determined m other rats at the same time All rats were trained by one 
60-mln sessmn m a one-way actwe avoidance task, they were then put on the chromc drug admmmtratlon schedule and then 
tested on the appropriate day after a single IP Injectmn of 250 mg/kg sodmm barbital To assess the degree of tolerance, the 
brain level of barbital found at the bmloglcal endpomt--the loss of avoidance or loss of righting reflex--was compared m 
the chromc barbital treated rats and controls A similar degree of tolerance developed to both effects of the drug and It 
appeared to be as great after 7 as after 33 days of chromc barbital treatment 

Tolerance Avoidance Righting reflex Barbital Barbiturates Brain drug levels Anxiety 
Chromc drug administration Behawor Anxlolytlcs 

T H E  barbi turates  as a class have  many effects in the whole 
ammal  Including ataxia,  sedation,  hypnos~s and anesthesm,  
antI-convulsant  act ivi ty  and ant ianxlety act ivi ty  They also 
disrupt behavior  o f  animals In a wide var ie ty  of  behavioral  
paradigms Including condi t ioned avoidance  behavior  [6] 
The potency of  various barbiturates to cause these effects has 
usually been descr ibed m terms of  the rejected dose We 
have been in teres ted in obtaining a more direct  measure  of  
po tency  to use for compar isons  among the barbiturates Fo r  
th~s purpose  we measured  the brain concent ra t ion  of  the 
drug when a part icular  effect  occurs  This method  Is also less 
subject  to vanab ih ty  than the use o f  injected dose since It 
bypasses  variat ions m absorpt ion and d l s tnbu tmn of the 
drug 

Our  second interest  ~s in the rate and degree of  C N S  
tolerance that can be deve loped  to the var ious effects  of  the 
barbiturates I f  barbi turate  levels  In the brain determine  the 
drug-induced behaviora l  changes,  to lerance  can be defined 
as an increased level  o f  barbi turate  m the brain reqmred  to 
cause a specific behaviora l  change This method  of  measur-  
ing C N S  (functional) to lerance  is unaffected by ei ther  
metabol ic  to lerance  or  by the amount  o f  drug remaining m 
the body from the chronic  dru~ t rea tment  

In previous  studies,  the t ime course  and degree of  C N S  
tolerance deve lopment  (alone or  in contras t  to dependence)  
has not  been fully descr ibed for any of  the several  methods  
o f  chronic  administrat ion of  barbiturates to m~ce and rats 
descr ibed m the hterature  [8,9] Okamoto  and her  group (see 
[15] and references  therein) have done extens ive ,  quantlta- 
twe studies o f  to lerance deve lopment  in the cat using their  
"max ima l ly  tolerated dosing m e t h o d , "  but  this method for 
chronic  admlmstra tmn ~s not  eastly per formed and it is not  
known ff the results obtained will apply to o ther  species 

In the present  studies we compared  two effects of  
barbi ta l - - inhibi t ion of  avoidance  behawor  and loss of  right- 
ing reflex The  mhlbl tmn of  avoidance  may be at t r ibuted to 
an antmnxlety effect  but  we have  used ~t primari ly as a 
readily quant l ta ted act ion of  the drug which would  be ex- 
pected  (and was found) to occur  at brain levels lower  than 
those  needed to cause the loss of  the righting reflex We then 
p roceeded  to determine If funct ional  to lerance deve loped  to 
the effect  o f  the barbiturates on avoidance  behavmr  and If 
the degree  o f  to lerance to this measure  was different to that 
observed  for the effect  on the righting reflex Since Okamoto  
et al [15] have shown m cats that greater  tolerance deve lops  
to the funct ions most  affected by barbi turates  dunng  chronic  
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T A B L E  1 
BEHAVIOR OF SUBJECTS IN ONE-WAY AVOIDANCE TEST 

Injection Number of Number of Avoidance 
on Trials to Crateraon Fadures to Avoid Efficiency (%) 

Pretreatment Test Day N (mean _+ SEM) (mean + SEM) (mean _+ SEM) 

(1) 33 daysS  W 03 837 + 0 6  } 3 3 _+ 233 } 94_+ 002 
(2) 7 d a y s S & B  W 05 860_+ 1 1 I* 1 0 + 031 /~ 98 + 001 
(3) 33 days S&B W 09 842_+ 0 9  03  + 0 17 94 + 001 
(4) 7days  S B 15 23 1 + 4 4  4 9  +_ 060 66 +_ 005 
(5) 33 daysS  B 13 220 + 5 5  5 I +_ 1 42 63 +_ 005 
(6) 7 d a y s S & B  B 12 203_+ 3 9  4 4  + 003 68 + 004 
(7) 33 daysS&B B 10 155 + 4 3  40_+ 1 25 54_+ 006 

Rats were randomly assigned to groups, given one hour avoidance training and then put on a drinking schedule with sodmm 
saccharin (S) or sodmm saccharin and barbital (S&B) m the drinking water for 7 or 33 days as described m Method 
sectaon On the test day the rats were given 250 mg/kg sodmm barbital (B) or an equavalent volume of dastllled water (W) IP and 
tested m the one-way avoidance behavior for 90 man or untal they ceased avoadmg (number of trials to criterion, see Method 
section) The brain levels of barbital were subsequently measured m these rats and those results are included m Fable 2 
Avoidance Efficiency Is the percent of the total time in the chamber that was spent on the platform The number of fadures to 
avoid equals the number of shocks taken Since there was no difference among the water anjected groups (Rows 1-3) and the 
barbatal injected groups (Rows 4-7), the data were collapsed The * mdacates that the combaned data from the water rejected 
groups was sagnlficantly different from the combined barbital rejected groups at p< 0 05 

t r e a t m e n t ,  i e ,  those  occur r ing  at  lower  b lood /b ra in  concen -  
t ra t ions ,  we an t i c ipa t ed  a g r ea t e r  degree  o f  t o l e rance  to be 
d e v e l o p e d  to the  inhib i t ion  of  a v o i d a n c e  t han  to the  inhibi-  
t ion of  the  r ight ing ref lex H o w e v e r  th~s was not  the  case  for  
these  effects  o f  barb i ta l  in ra ts  made  to le ran t  by  admin i s t r a -  
t ion  of  barb i ta l  in the t r  d rmking  w a t e r  

METHOD 

The  e x p e r i m e n t s  were  done  w~th male  Wls ta r  ra ts  weigh-  
lng 200-300 g at  the  beg inn ing  of  the  e x p e r t m e n t s  and  housed  
In a room wi th  con t ro l l ed  h g h t m g  (lights on  0600-1800 hrs)  
The  ra ts  were  r a n d o m l y  ass igned  to t r e a t m e n t  g roups  and  
p laced  in indtv ldual  cages  wi th  food and  w a t e r  ad lib unless  
o the rwi se  s ta ted  (see be low)  Af te r  3 days  dur ing  wh ich  the  
an imal s  were  gen t led  by  weighing  and  hand l ing  once  each  
day,  the  ra ts  were  t r a ined  m the  a v o i d a n c e  b e h a v i o r  

The  a v o i d a n c e  t ra in ing  and  tes t ing  was  car r ied  out  in two 
o n e - w a y  a v o i d a n c e  boxes  [1] S t a n d a r d  e l e c t r o m e c h a n l c a l  
p r o g r a m m i n g  and  record ing  e q u i p m e n t  loca ted  m an  adja-  
cen t  r oom was  used  to p rog ram the con t ingenc ie s  and  record  
the  p e r f o r m a n c e  o f  the  sub jec t s  m the  a p p a r a t u s  To begin  a 
t ra in ing  or  tes t ing  sess ion  a sub jec t  was  p laced  on  the  grid 
f loor  and  a c lock  s ta r ted  At  the  end  of  45 sec  the  grid was  
cha rged  w~th a 1 m A  elect r ic  shock  f rom a G r a s o n  S tad la r  
shock  g e n e r a t o r  W h e n  the  s u b j e c t j u m p e d  on to  the  p la t fo rm 
b reak ing  the  pho toce l l  b e a m  (escape) ,  a s econd  c lock  
s ta r ted  At  the  end  of  15 sec on  the  s e c o n d  c lock  the  m o t o r  
con t ro l l ing  the  shield  was  ene rg ized  for  one  comple t e  cycle  
push ing  the  sub jec t  off  the  p la t fo rm W h e n  the  shield  had  
r e tu rned  to the  r e t r ac t ed  pos i t ion  the  nex t  trial  s t a r ted  E a c h  
trial was  one  minu te  In dura t ion  I f  the  subjec t  j u m p e d  on to  
the  p la t fo rm before  the  shock  was tu rned  on  (avoidance) ,  the  
s econd  c lock  did not  s tar t  unti l  the  first  c l o c k ' s  45 sec had  
e lapsed  T h u s  the  m a x i m u m  t ime tha t  the  subjec t  could  
spend  on  the  p la t fo rm in each  trial was  60 sec 

E a c h  rat  was  t ra ined  for  60 min and  t hen  r e tu rned  to its 
h o m e  cage The  ra ts  l ea rned  the  a v o i d a n c e  r e s p o n s e  rapidly ,  
the  m e a n  n u m b e r  o f  shocks  t aken  pe r  ra t  d u n n g  t ra in ing  was 

8 0_+3 6 (mean_+S D N = 6 6 )  With in  a day or two af ter  
t ra ining,  ra ts  were  begun  on  a schedu le  o f  c h r o m c  barbi ta l  
a d m l m s t r a t l o n  in the i r  dr inking  wa te r  accord ing  to the 
schedu le  of  Morgan  et al [14] Barbi ta l  (acid form,  B) in 
c o n c e n t r a t i o n s  r ising ove r  33 days  f rom 1 0 to 4 0 mg/ml was 
d i s so lved  in wa te r  with  sodium sacchar in  (S) In concen t r a -  
t ions  r is ing f rom 20 to 80 #g /ml  and  made  avai lable  to the  ra ts  
ad lib as the i r  sole source  of  fluid until  they were  tes ted  
Cont ro l  rats  rece ived  the  appropr i a t e  sod ium sacchar in  so- 
lu t ions  wi thou t  barb i ta l  Fo r  some e x p e r i m e n t s  drug was 
p rov ided  for  7 days .  the  c o n c e n t r a t i o n s  of  B and  S g iven  on 
days  4-6  were  made  avai lable  for  the addi t ional  s e ven th  day 

On the tes t  day ,  ra ts  were  t aken  f rom the i r  cages ,  
weighed ,  and  in jec ted  IP with e i ther  250 mg/kg Na  barbi ta l  or  
an equ iva len t  vo lume  of  wa te r  (0 5 ml/250 g body  weight)  and 
re tu rned  to the i r  h o m e  cages  for 5 mm They  were  then  
p laced  m the  one -way  avo idance  box  and  a sess ion  was 
begun  as desc r ibed  a b o v e  Each  sub jec t  was  r e tu rned  to the  
same  box m which  t ra in ing had  t aken  place Tes t ing  was 
con t inued  until  the  sub jec t  met  one  of  two cr i ter ia  If  the 
sub jec t  con t inued  to avoid he was r e m o v e d  f rom the appara -  
tus at 90 minu te s  If  the subjec t  had 3 fai lures to avoid m 
trials he was r emoved  from the appara tus  Howeve r ,  If at least  
two o f  the th ree  fai lures to avoid  did not  resul t  in es- 
cape,  the  sub jec t  was d ropped  f rom the s tudy (Only 2 sub- 
j e c t s  were  d ropped  for  this  reason)  All ra ts  re jected w~th 
barbi ta l  ceased  avo id ing  wi th in  the 90 mm test  per iod,  all of  
the  ra ts  in jec ted  wi th  wa te r  c o n t i n u e d  to avoid  for  90 mm 

To tes t  for  loss of  r ight ing reflex,  the  rats  were  taken  f rom 
the i r  cages ,  weighed,  and re jected wi th  Na barbi ta l  as a b o v e  
and  then  p laced  in larger  plast ic  cages  for  obse rva t i on  Tes ts  
for  r ight ing ref lex were  done  eve ry  15 rain by  placing the  rats  
on the i r  backs  They  were  cons ide red  to have  lost  the  right- 
mg reflex w h e n  they  failed to r ight  t h e m s e l v e s  3 t imes in 30 
s e c  

Animals  tha t  had  met  the  cr i ter ion for  loss of  r ight ing 
reflex or  avo idance  (or  tha t  did not  cease  to avoid af te r  90 
rain) were  quickly  t aken  to a n o t h e r  room and decap i ta ted  
Bra ins  were  r e m o v e d  r insed with s ahne  b lo t ted  dry 
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T A B L E  2 

BRAIN LEVELS OF BARBITAL AT LOSS OR RIGHTING REFLEX AND AT LOSS OF AVOIDANCE BEHAVIOR IN CONTROL AND 
CHRONICALLY TREATED RATS 

Pretreatment 

7 day S 7 day S&B 33 day S 33 day S&B 

Brain Barbital Levels 

Behavior nmoles/g nmoles/g ratio nmoles/g nmoles/g ratio 

A Successful 278 _+ 19 7 (5) 480 _+ 29 1 ( 9 )  
Avoidance 

B Loss of 459 ± 12 1 (7) 626 _+ 19 5 (9) 1 37 460 _+ 30 3 (13) 660 _+ 49 5 (10) 1 43 
Avoidance 

Loss of 574 ± 375(5)  849_+ 42 l t5 )  l 48 858 ± 493 (5) 1265 +_ 53 7 ( 5 )  1 47 
Righting 
Reflex 

Rats were randomly assigned to groups, given one hour avoidance tralmng and then put on appropriate drinking schedules with 
sodmm saccharin (S) or sodmm saccharin and barbital (S&B) in their dnnklng water as described in Method section The variable 
N arises because these data are the combined results of several experiments done testing various combinations of pretreatments 
and behaviors Nmoles barbltal/g brain are given as mean -+ SEM (N) A Rats drinking sodium saccharin and barbital were given 
0 50 ml/250 g water IP and tested for abdlty to avoid for 90 mm before sacrifice and measurement of brain barbital levels B Rats 
were given 250 mg/kg sodmm barbital IP and decapitated when they ceased to avoid or when they lost their righting reflex and 
their brains were taken for subsequent assay of barbital as described m Method section Data were not included if the animal did 
not reach the criterion for loss of avoidance 

weighed,  and  placed in vials for s torage at - 7 0 ° C  untd  assay  
Barbi tal  was  ex t rac ted  and  assayed  spec t ropho tome tnca l l y  
accord ing  to the  m e t h o d  of  Brodle  et al [2] wi th  m i n o r  mod-  
i f icat ions [16] 

The  da ta  in each  table  were  sub jec ted  to an  analys is  of  
va r i ance  fo l lowed by F l s h e r ' s  L e a s t  Signif icant  Di f fe rences  
Tes t  [1 I] for  c o m p a r i s o n s  of  the  m e a n s  S t a t e m e n t s  in the  
Resul ts  and  Di scuss ion  sec t ions  to the  effect  tha t  means  are 
the  same or  d~fferent are based  on  this  tes t  at  p < 0  05 

RESULTS 

Rats  d r ink ing  barb i ta l  so lu t ions  c o n s u m e d  as m u c h  barb i -  
tal  as r epo r t ed  by M o r g a n  et a! [14] and  as found  in ear l ier  
e x p e r i m e n t s  in this  l abo ra to ry  [16]~1 e , 107-+3 6 mg/ ra t /day  
(mean_-_S E M , N = 2 0 )  at  the  end  of  the  33 day  per iod  The  
vo lume  in take  for  the  ra ts  g iven  barb i ta l  so lu t ions  r e m a i n e d  
re la t ive ly  c o n s t a n t  o v e r  the  33 day  per iod  (at a b o u t  25-35 
ml/day)  bu t  the  in take  of  the  con t ro l  an imals  inc reased  so 
tha t  the  barb i ta l  t r ea ted  rats  d r a n k  only  61% of the  vo lume  of  
the  cont ro l  ra ts  by the  end  of  the  33 days  The  d rug- t r ea ted  
rats  a lso did not  gain weight  qui te  as rapidly as con t ro l s ,  at  
the  end  of  33 days  the  d rug- t r ea ted  rats  we ighed  89% of 
con t ro l s  

E x p e r i m e n t s  to tes t  poss ib le  in t e rac t ions  of  we igh t  loss 
and  barb i ta l  on  loss of  r ight ing ref lex and  inh ib i t ion  of  
a v o i d a n c e  b e h a v i o r  ind ica ted  tha t  t he re  was no  effect  of  
weight  loss on  e i the r  ef fec t  of  the  drug  Animals  wh ich  were  
b r o u g h t  to 70-80% of  the  weigh t  o f  a con t ro l  g roup  by  reduc-  
ing the  food  ava i lab le  lost  the i r  r ight ing reflex at  968-+44 
nmoles  barbi ta l /g  b ra in  c o m p a r e d  wi th  862-+31 for  the  con-  
t rols  Similar ly  depraved ra ts  ceased  avoid ing  at 637-+58 
nmoles  barbI ta l /g  b ra in  c o m p a r e d  wi th  561-+90 in the  con-  
t rols  (mean-+S E M , N = 5 - 7 ,  n o t h e r  pair  of  means  was  
s ignif icant ly  d i f ferent  by  S t u d e n t ' s  t - t e s t  at  p < 0  05) 

The  first  t h ree  rows  of  Table  i p r e s en t  behav io ra l  da t a  for  
the  con t ro l  g roups  wh ich  were  t e s t ed  fo l lowing w a t e r  lnjec- 

t lon Rats  in these  g roups  c o n t i n u e d  to avo id  t h r o u g h o u t  the  
90 minu te  sess ion  Only  one  sub jec t  fai led to avo id  on  more  
than  one  trial of  the  82-plus trials t ha t  they  pe r fo rmed  This  
sub jec t  was  one  of  the  3 in row l,  and  his p e r f o r m a n c e  
caused  the  h igh v a n a b l h t y  in the  n u m b e r  of  fai lures to avo id  
for  this  g roup  Rats  in all t h ree  g roups  s h o w e d  the  same high 
level  of  a v o i d a n c e  eff ic iency,  94%-98%,  which  was deter -  
mined  by  dividing the  t ime on  the  p la t fo rm by the total  ses- 
s ion t ime This  indica tes  tha t  the  l a tency  to j u m p  on to  the 
p la t form was un i fo rmly  shor t ,  and  tha t  the  subjec t s  spen t  
mos t  of  the i r  t ime In the  a p p a r a t u s  on  the p la t form 

The  next  four  rows  of  Tab le  l p r e sen t  the  da ta  of  the  
subjec t s  tha t  were  Injected wi th  barbi ta l  pr ior  to the tes t  
sess ion  I f  the  barb i ta l  in jec ted  ra ts  are c o m p a r e d  as a g roup  
wi th  the  water - inJec ted  rats  two d i f ferences  immedia te ly  be- 
c o m e  a p p a r e n t  Firs t ,  the  sub jec t s  of  the  barbi ta l - In jec ted  
groups  me t  the  c r i te r ion  of  fai lure  to avoid  before  the  90 
minu te  c r i te r ion  was r eached  This  effect  on  pe r fo rmance  is 
seen  b o t h  in the  n u m b e r  of  shocks  t aken  and  in the  
a v o i d a n c e  eff ic iency A v o i d a n c e  eff ic iency was cons id-  
e rably  and  s ignif icant ly  lower  for  the  barb i ta l - in jec ted  g roups  
c o m p a r e d  to the  wa te r - in jec ted  g roups  This  indica tes  tha t  it 
t ook  the  barb i ta l - in jec ted  g roups  longer  to j u m p  on to  the  
p la t form Indeed  on  m a n y  tr ials  the sa l ine- in jec ted  rats  
would  j u m p  on to  the  p la t form before  the  shield which  had  
b r u s h e d  t h e m  off  had  comple te ly  r eceded  to the  wall  This  
resu l ted  in a zero  t ime for  the  l a tency  measu re  and  a 100% 
t ime spen t  on  the  p la t form T h e s e  da ta  give an indica t ion  of  
the  a v e r s l v e n e s s  of  the grid 

The  rats  which  were  g iven  barb i ta l  and  sacchar in  in the i r  
dr inking  wa te r  for  7 or  33 days  and  t h e n  t e s t ed  for  a v o i d a n c e  
af te r  a wa te r  in jec t ion did not  cea se  to avo id  They  were  
decap i t a t ed  and  the  levels  o f  barb i ta l  in the i r  bra ins  remain-  
ing at  the  end  o f  the  90 mln  per iod  were  m e a s u r e d  (Table  
2A) As  expec t ed  the  bra in  barbi ta l  levels  in these  ra ts  were  
lower  t han  the  levels  in ra ts  in jec ted  wi th  barb i ta l  and  de- 
cap i t a ted  w h e n  they  ceased  avo id ing  ( compare  278 vs  626 
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and 480 vs 660 nmoles/g, Table 2) The bram barbital level 
after 33 days of drinking and 90 mln of avoidance behavior, 
480+29 1 nmoles/g, was lower than that found in an earher 
study for ammals decapitated immediately after 30-33 days 
of dnnklng (700-850 nmoles/g, [ 16]) The lower values in the 
present experiment may be the result of a number of factors 
(a) the result of decllnlng drug levels dunng the 90 minutes 
without mtake, (b) the task--avoidance behavior--may 
somehow have reduced the brain levels or (c) the rats in this 
study did not achieve as high a brain concentration of barbi- 
tal compared to those in earher studies At the present time 
we have no data to distinguish among these factors 

The brain level of barbital in control animals given a 
single injection of barbital and killed when they ceased to 
avoid, was relatively constant (459 and 460 nmoles/g, Table 
2B) In control ammals given a single injection of barbital 
and kdled at the loss of righting reflex, the brain barbital 
level was always higher than the brain level at loss of 
avoidance behavior (574 vs 459 and 858 vs 460, Table 2B) 
The brain barbital level at loss of righting reflex was also 
more variable than the brain barbital level at loss of 
avoidance (574 and 858 nmoles/g, Table 2B) 

Tolerance, defined as a higher brain level required to 
cause a given action, developed to both effects of barbital 
being measured The degree of tolerance can be expressed 
quantitatively as the ratio of the brain level of the drug at the 
behavioral endpoint in the animals receiving the chronic drug 
treatment and then a test dose, over the brain levels at the 
behavioral endpolnt in the control ammals given only the test 
dose A similar degree of tolerance developed to loss of 
avoidance and loss of righting reflex ( 1 37 vs 1 48 and 1 43 vs 
1 47) In addition, there seems to be no increase m the degree 
of tolerance developed to either drug effect between 7 and 33 
days of barbital drlnkmg (compare 1 37 with 1 43 and 1 48 
with 1 47) (Table 2B) 

The degree of tolerance to the loss of righting reflex fol- 
lowing 33 days of barbital drinking reported here (1 4--1 5 
fold, Table 2) was less than the approximately 2-fold 
tolerance observed previously [16] Even though the drink- 
ing schedule was the same and the amounts of drug con- 
sumed by the rats were very similar, the brain levels of barbi- 
tal achieved in the earlier experiments were apparently 
higher (see above) and the degree of tolerance to the hypnot- 
Ic effect was higher than m the present experiments These 
results might support the reasonable notion that if higher 
brain levels are produced more tolerance will be developed 

DISCUSSION 

We have observed that tolerance develops to the effect of 
barbital on avoidance behavior and the degree of tolerance 
achieved is quite similar to that found for the hypnotic effect 
The tolerance we have measured ~s functional tolerance and 
not metabolic tolerance, since barbital is not extensively 
metabolized and in any case we measured brain levels of the 
unchanged compound Further, it is not behavioral tolerance 
which will not be developed in our studies because each rat, 
after training in the absence of drug, was tested only once 
(see [7]) Other studies of barbiturates on avoidance behav- 
ior have examined the effect of chronic drug admmistration, 
or withdrawal from chronic administration, on the acquis i -  
tion of this task [5, 10, 12, 13, 18] In our approach we looked 

at the effect of the drug, acutely or chronically, on the 
already-learned behavior 

Our finding that the same degree of CNS tolerance devel- 
oped to the two effects of barbital was not what we had 
expected on the basis of the work of Okamoto et al [15] in 
cats They have shown that greater CNS tolerance develops 
to those functions which are most affected by the drug during 
chronic treatment Since inhibition of avoidance behavior 
occurs at lower brain barbital levels than loss of righting 
reflex, it is reasonable to suggest that the avoidance behavior 
is more sensitive to the drug and would therefore have been 
more affected during the chronic treatment Thus we ex- 
pected a greater degree of tolerance to develop to the inhibi- 
tion of avoidance behavior Even if the inhibition of 
avoidance behavior we measured is really ataxia (which we 
don' t  think, see below), greater tolerance to this effect should 
be developed In fact, the finding that greater tolerance did 
not develop might be an argument that we are measuring an 
effect of the drug on some other aspect of the (learned) be- 
havior 

There are many differences in the procedures used in the 
present studies compared with those of Okamoto et al [15] 
including different species, different method of chronic drug 
administration, and different method of tolerance 
assessment Further studies will be necessary to determine ~f 
the rule" for the degree of tolerance development de- 
scribed by Okamoto ct al [15] In cats also applies to rats, 
and If it does, to determine why the effect of barbital on 
avoidance behavior doesn' t  follow this pattern 

The inhibitory effects of barbital on avoidance could be 
explained by a primary action of the drug to cause ataxla and 
sedation or to a drug-induced loss of anxiety Cook and 
Weidley have shown that the barbiturates tend to inhibit 
avoidance and escape behavior at similar doses (in contrast 
to the phenothlazines) and suggested that the effects of the 
barbiturates on avoidance were nonspeclfiC [4] However 
our data suggest that this may not be the case The criterion 
for inclusion in the study was that on the three trlals m which 
the subject failed to avoid, the subjects must escape on two 
of them Of the 52 subjects that were injected with barbital 
prior to the test. only 2 subjects were dropped for not meet- 
ing the escape criterion although a number of subjects did fall 
to escape once This indicates that when the subject ceased 
avoiding they were still capable of jumping onto the plat- 
form, even though they did appear somewhat ataxlc 

Barbiturates and benzodiazeplnes but not neuroleptics 
seem to have clinical anxlolytlc actions and the anxlolytlc 
effects correlated with suppression of punished responding 
[3] However, since phenothiazlnes are able to inhibit 
avoidance fairly selectively, yet are not specifically effective 
in punished responding [3], it is possible that inhibition of 
avoidance is not a good measure of anxlolytic action Our 
demonstration that tolerance develops to the anti-avoidance 
effect of barbital might also suggest that this action is not 
related to an anxlolytlc action if it is true that tolerance does 
not develop to the anti-anxiety effects of barbiturates or ben- 
zodiazepines [17] 
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