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LISTER, R G AND S E FILE The effect of chlordtazepoxtde on the habttuatton of exploratton Interacttons wtth the 
benzodtazep~ne antagomst RO 15-1788 PHARMACOL BIOCHEM BEHAV 26(3) 631-634, 1987--Rats tested on two 
occasions m a holeboard apparatus showed between-sessmn habltuaUon of exploratory acUwty No habituation was 
observed on the measure of locomotor activity. Admm~straUon of chlordmzepoxlde before the first test reduced explora- 
tory behavior m th~s test and also reduced the degree of between-sessmn hab~tuaUon Admmlstratmn of RO 15-1788 
reversed the effect of chlordmzepox~de on exploration m the first test, but fa~led to reverse the drug's effect on between- 
session habituation It ~s unhkely that state-dependent retrieval could account for these results. The results are d~scussed in 
relation to the effects of benzodmzep~nes on learning and memory 
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Locomotor acUv~ty Hab~tuaUon Learning RO 15-1788 

THE habituation of exploratory behavior has been used as a 
paradigm to investigate animal learning [12]. The paradigm 
relies on the observation that m certain environments 
ammals show higher levels of exploratory activity when the 
environment ~s novel than when it is fam~har. For a detailed 
discussion of the factors affecting exploratory behavior the 
reader is referred to recent reviews [1,4]. The holeboard 
apparatus is particularly suitable for investigating the 
habltuaUon of exploration since it allows exploratory behav- 
ior to be measured independently of locomotor activity [5] 
Chlordiazepoxlde has been found to retard the habituation of 
exploration that occurs between an animal's first and second 
exposures to a holeboard apparatus [3]. The aim of the pres- 
ent experiment was to investigate this phenomenon further 
by examining whether the benzodlazeplne receptor hgand 
RO 15-1788, a drug that reverses many of the behavioral 
effects of the benzodiazepines [2], also reverses the effect of 
chlordiazepoxide on the habituation of exploration. The ex- 
periment was also designed to examine whether state- 
dependent learning effects m~ght account for any of the re- 
sults. The dose of chlordlazepoxlde (5 mg/kg) was the lowest 
that consistently produced behavioral effects in our previous 
studies. A two week interval between the fwst and second 
exposures to the holeboard was chosen on the basis of pilot 
studies. At this time chlordlazepoxide and its active metabo- 

lites would all have been ehmlnated and, therefore, could not 
alter performance during the second holeboard test. 

METHOD 

Male hooded-rats from Olac Bicester, weighing approx- 
imately 200 g at the start of the experiment were housed in 
groups of 8, allowed ad lib access to food and water, and 
maintained on a 11 hr hght-13 hr dark cycle (lights on 06:30). 

Chlordiazepoxide (CDP) was dissolved m distilled water 
to a concentration of 2.5 mg/ml. RO 15-1788 was suspended 
in distilled water to which a drop of Tween 20 had been 
added to give a concentration of 5 mg/ml. All injections were 
made intraperitoneally using an injection volume of 2 ml/kg. 

The experimental design is illustrated in Table 1. Eighty- 
two rats were divided Into 3 groups each containing 28 or 27 
animals. One group received an IP injection of chlor- 
diazepoxide (5 mg/kg), another received CDP (5 mg/kg) + 
RO 15o1788 (10 mg/kg) and the third group received the drug 
vehicles. Thirty minutes after the injecttons the animals were 
placed in a holeboard for a 7.5 minute test. A further 9 
animals received the vehicle 30 minutes before the holeboard 
test and an injection of CDP (5 mg/kg) immediately after 
removal from the holeboard. 

Exactly two weeks after the first test all animals were 
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T A B L E  1 

EXPERIMENTAL DESIGN THE DOSE OF CHLORDIAZEPOXIDE 
(CDP) USED WAS 5 mg/k8 AND THAT OF RO 15-1788 WAS 10 mg/k$ 

Group 

Treatment on Day 1 Treatment on 
Day 15 

30 Mm Immediately 30 Mm 
Before After Before 

Holeboard Holeboard Holeboard 
Test Test Test 

1 Vehicle Vehicle Vehicle 
2 Vehicle Vehicle CDP 
3 Vehicle Vehicle CDP + RO 15-1788 
4 CDP Vehicle Vehicle 
5 CDP Vehicle CDP 
6 CDP Vehicle CDP + RO 15-1788 
7 CDP + RO 15-1788 Vehicle Vehicle 
8 CDP + RO 15-1788 Vehicle CDP 
9 CDP + RO 15-1788 Vehicle CDP + RO 15-1788 

I0 Vehicle CDP Vehicle 

[]VEHICLE BEFORE TEST 

[]CDP BEFORE TEST 

I CDP ÷ RO 15-1788 BEFORE TEST 

D CDP AFTER TEST 

 50! 
~ 40 

~ 3o 

~ 2o 

~ ~o 

FIG 1 The number of head-dips made by apparatus-naive rats dur- 
ing a 7 5 mln holeboard test 30 min after treatment with CDP (5 
mg/kg), C DP (5 mg/kg) + RO 15-1788 (10 mg/kg) or the drug vehicles 
(n=27 or 28 per group) A final group of 9 animals received CDP (5 
mg/kg) immediately after the holeboard test Scores are 
means-+SEM *Slgmficantly different from animals that received 
CDP Mone before the test, p < 0  01 

T A B L E  2 

TIlE LOCOMOTOR ACTIVITY SCORES OF RATS DURING TWO 
EXPOSURES TO A HOLEBOARD APPARATUS 

(A) Behawor Dunng F~rst Test 
Treatment Before 
First Test 

VeMcle (n=28) 564 _+ 10 
CDP (n=27) 404 _+ 24* 
RO 15-1788 + CDP 613 _+ 15t 

(n=27) 
CDP after test 589 - 16 

(n=9) 

Treatment Before 
First Test 

(B) Behawor During Second Test 

Treatment Before Second Test 

CDP + 
Vehicle CDP RO 15-1788 

Vehicle 626 _ 35 307 - 46* 728 -+ 41t 
CDP 711 --- 37 440 _ 48* 669 ___ 28t 
CDP + RO 15-1788 654 -+ 25 366 _+ 70* 683 --- 38t 
CDP after test 618 --_ 21 not tested not tested 

(A) For the first test ammals were placed in the holeboard 30 nun 
after treatment with CDP (5 mg/kg), CDP (5 mg/kg) + RO 15-1788 
(10 mg/kg), or the velucles A f'mal group received CDP (5 mg/kg) 
immedmtely after their first test (B) Two weeks later animals were 
tested 30 nun after treatment with vehicle, chlondazepoxlde (CDP 5 
mg/k$), or CDP (5 mg/kg) + RO 15-1788 (10 mg/kg) Scores are 
means +_ SEM, n=9 or 10 per group, unless stated 

*Significantly different from vehicle treated animals, p < 0  01 
~'Si$nlticantly d~fferent from animals that received CDP alone, 

p < 0  01 

t e s t ed  again.  A p p r o x i m a t e l y  one  th i rd  of  the  an imals  f rom 
each  group  rece ived  CDP (5 mg/kg),  a th i rd  rece ived  CDP (5 
mg/kg) + RO 15-1788 (10 mg/kg) and  the  r emain ing  an imals  
r ece ived  the  vehic le  The  a m m a l s  t r ea ted  wi th  C D P  af ter  the  
first  t es t  all r ece ived  the  vehic les .  The  an imals  were  t es ted  
individual ly  for  7.5 mln  m the  ho l eboa rd  30 min  af te r  t reat-  
ment .  

The  da ta  f rom the  first  tes t  were  ana lysed  using analys~s 
of  va r i ance  wi th  drug t r e a t m e n t  d u n n g  the  f irst  t es t  as the  
Independen t  measu re  Da ta  f rom the second  tes t  were  also 
ana lysed  us ing  analys is  of  va r i ance ,  d rug  t r e a t m e n t  on  the  
first  t es t  day  and  drug t r e a t m e n t  on  the  second  tes t  day  were  
the  ~ndependent  fac tors  B e t w e e n  group  c o m p a r i s o n s  were  
made  u s m g  D u n n e t t ' s  t es t  un less  o the rwise  s ta ted .  

RESULTS 

In the  first  test ,  the re  were  s ignif icant  drug effects  on  b o t h  
the  n u m b e r  of  head-dips ,  F(2 ,80)=25  4, p < 0 . 0 0 0 1 ,  and  lo- 
c o m o t o r  act iv i ty ,  F(2 ,80)=38.7 ,  p < 0 . 0 0 0 1 .  Rats  tha t  re- 
ce ived  ch lo rd l azepox lde  made  fewer  head-d ips  (p<0 .01)  and  
had  lower  l o c o m o t o r  ac t iv i t ies  (p <0 .01)  t han  veh ic le - t rea ted  
animals .  RO 15-1788 r eve r sed  the  effect  o f  ch lo rd iazepox ide  
on  b o t h  m e a s u r e s  ( p < 0  01), see  Fig 1 and  Table  2 A l though  
an imals  tha t  r ece ived  the  drug  c o m b i n a t i o n  had  m e a n  head-  
dipping and  act iv i ty  scores  tha t  were  above  those  of  vehic le-  
t r ea ted  animals ,  the  d i f fe rences  were  no t  s ignif icant  As  ex- 
pec ted ,  an imals  tha t  r ece ived  C D P  af te r  the  f irst  t es t  did not  
differ  f rom cont ro l s  in the i r  behav io r .  

The  an imals  tha t  r ece ived  the  vehic les  before  b o t h  the  
f irst  and  second  tes ts  m a d e  f ewer  head-dips ,  t ( 9 ) = 6  45, 
p < 0  001, dur ing  the  s econd  tes t  than  dur ing  the  first .  The re  
was no  s ignif icant  d i f fe rence  in l o c o m o t o r  ac t iv i ty  b e t w e e n  
the  f irst  and  second  tes t  sess ions ,  see Fig. 2 

Drug t r e a t m e n t  before  the  s e c o n d  tes t  in the  ho leboa rd  
s ignif icant ly  a l t e red  b o t h  l o c o m o t o r  act iv i ty ,  F(2 ,73)=52.8 ,  
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FIG 2 The number of head-dips made by rats dunng a 7 5 mln 
holeboard test (left) and their locomotor actiwties (right) 30 m~n after 
treatment with both the CDP and RO 15-1788 vehicles The animals 
were tested on two occamons, separated by two weeks Scores are 
means_+SEM 

p < 0  0001, and the number of head-dips, F(2,73)=28 0, 
p < 0  0001 CDP reduced both these measures, and RO 15- 
1788 completely reversed the effect (/9<0 01), see Table 2 
and F~g. 3. There was also a s~gnificant effect of treatment on 
day 1 on the number of head-dips, F(2,73)=6.0,p<0.005, see 
F~g 3 Ammals that received CDP during the first test made 
more head-d~ps dunng the second test than ammals that re- 
ceived the vehicle, F(1,49)=10 8, p<0.002. Surprisingly 
there was no indication that RO 15-1788 reversed th~s effect 
In fact ammals that received the drug combination also made 
mgntficantly more head-dips than those that received the 
vehicle, F(1,49)=9 1, p<0.005. Moreover, during their sec- 
ond test, animals that received CDP ~mmed~ately after their 
first test made significantly fewer head-d~ps, t(16)=3.38, 
p <0 005, than those that received CDP before their first test 
The ammals that received CDP after their first test d~d not 
differ m their behavior from the vehicle-treated controls on 
e~ther of the behaworal measures. 

DISCUSSION 
The adm~mstrat~on of chlord~azepoxlde 30 mm before the 

first test ~n the holeboard caused reductions in both explora- 
tory head-d~pp~ng and locomotor activity reflecting the 
sedative action of th~s drug. RO 15-1788 completely reversed 
chlordlazepox~de's effect on both measures, consistent with 
prewous reports that ~t completely reverses the sedative ac- 
tion of benzodiazep~nes, both in the holeboard test [6] and in 
other experimental paradigms [2]. We have previously found 
that the combination of RO 15-1788 and CDP caused ~n- 
creases ~n head-dipping above the level of vehicle treated 
controls [6] In the present experiment, although the mean 
exploratory head-dipping scores of ammals receiving the 
drug combination were conmstently above those receiving 
the vehicles, the d~fferences faded to reach slgmficance 

Our results clearly show that an ammal's behavior on a 
second exposure to a holeboard apparatus can be markedly 
influenced by the drug-treatment before ~ts first exposure. 
Ammals that received CDP before the first test had higher 
exploratory activities ~n the second test than the ammals that 
had received the vehicle before the first test. The ammals 
that recexved CDP in combinauon with RO 15-1788 before 
the first test also showed increased exploraUon ~n the second 
test and behaved hke those that received CDP alone Th~s is 
surprimng because, as noted above, ~n the first test RO 15- 

[] VENICLE BEFORE FIRST TEST 

[] CDP BEFORE FIRST TEST 

• CDP + RO 15-17B8 BEFORE FIRST TEST 

[] CDP AFTER FIRST TEST 

~ 4o 
.~ 
~ ~o 

~ 20 ~ 
lO 

VEHICLE CDP CDP + 
RO 15-1788 

TREATMENT BEFORE SECOND TEST 

FIG 3 The number of head-dips made by rats dunng their second 
7 5 rain test m a holeboard apparatus, 30 mm after treatment w~th 
CDP (5 mg/kg), CDP (5 mg/kg) + RO 15-1788 (10 mg/kg) or the 
vehicles The ammals had been tested m the apparatus for 7.5 rain 
two weeks earlier, and had received CDP (5 mg/kg), CDP (5 mg/kg) 
+ RO 15-1788 (10 mg/kg) or the vehicles 30 rain before the first test, 
or CDP (5 mg/kg) ~mmediately after the test Scores are 
means_+SEM See text for stat~sttcs 

1788 completely reversed the sedative effects of CDP. It 
m~ght be argued that mnce CDP-treated animals explored 
less than controls dunng the first test, the environment was 
less famdlar to them at the start of the second test and this 
caused levels of exploration higher than those of controls. 
However, the ammals that received the drug combination 
before the first test, and that explored no less than the con- 
trois in test 1, also had mcreased exploratory activity dunng 
the second test The increased exploration in the second test 
cannot be due solely to a tangle rejection of CDP two weeks 
earher because the animals that received the drug im- 
mediately after the holeboard test did not show such an ef- 
fect and behaved ~n the second test ltke those that had re- 
ceived the vehicle 

S~nce animals that received the vehicle before the first 
and the second test showed between session habituation, 
one possible explanation of the data is that animals that re- 
ceived a drug before their first test could not ' remember '  
their previous experience as well as vehicle-treated animals 
Benzod~azeplne-~nduced impairments ~n acquisition have 
been well documented ~n human studies (see [8]) and mmilar 
effects may be observed ~n laboratory animals [13]. Prior to 
accepting this explanation, however, several points need to 
be made Firstly, there ~s evidence that RO 15-1788 can re- 
verse the amnesic action of benzodmzeptnes in humans [10], 
although the reversal ~n rodents may not be complete [14]. 
Secondly, th~s would provide ewdence for a dissociation be- 
tween the sedative and the amnesic effects of the ben- 
zod~azep~nes, mnce in the current experiment RO 15-1788 
totally reversed the sedative effect but showed no indication 
of reversing the amnemc effect. The relationship between the 
sedative and amnemc effects of benzodlazepines in humans 
has been the subject of some debate [8]. Thirdly, ~t is un- 
hkely that CDP impaired memory consolidation because the 
animals that received the drug immediately after the first test 
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b e h a v e d  hke  veh ic le - t r ea ted  cont ro l s .  A final  po in t  c o n c e r n s  
w h e t h e r  the  amnesaa  resu l ted  f rom a change  ~n s ta te  b e t w e e n  
the  f irst  and  second  tes t s  

S t a t e - d e p e n d e n t  learning,  or  more  cor rec t ly ,  s tate-  
d e p e n d e n t  re t r ieva l  (SDR),  has  b e e n  extensavely  lnvest~- 
ga ted  in m a n y  b e h a v i o r a l  paradigms.  O v e r t o n  [11] has  das- 
cus sed  m some  de t ad  the  dLfficult~es in d e m o n s t r a t i n g  un- 
equ ivoca l ly  tha t  a drug causes  SD R  ~f at also affects  acqmsa- 
t lon p roces se s  or  p e r f o r m a n c e  In the  p r e s en t  s tudy  CDP 
a lone  a l te red  exp lora t ion  the  first  t ime  a m m a l s  were  exposed  
to the  ho leboard ,  and  the  effects  o f  benzodiazep~nes  on  ac- 
quis i t ion  have  a l ready  b e e n  men t ioned .  I t  as, the re fore ,  im- 
poss ib le  to address  the  assue o f  SD R  for an imals  tha t  re- 
ce ived  CDP alone.  H o w e v e r ,  the  c o m b i n a t i o n  o f  C D P  and  
RO 15-1788 did no t  s~gnificantly a l t e r  p e r f o r m a n c e  Fur the r ,  
t he re  was  no  ind ica t ion  tha t  an imals  tha t  r ece ived  the  drug 

combana t lon  before  b o t h  tes ts  had  b e t t e r  r e t en t ion  ( reduced  
explora t ion)  than  a m m a l s  w h o  rece ived  di f ferent  t r e a t m e n t s  
before  each  tes t ,  see Fig. 2. H e n c e ,  ~t seems  unhke ly  tha t  
s t a t e - d e p e n d e n t  re t r ieva l  can  a c c o u n t  for  ou r  finchngs 

W h a t e v e r  the  exac t  m e c h a n i s m s  invo lved ,  the  resul t s  of  
thas e x p e r i m e n t  sugges t  tha t  the  benzod~azeplne  an tagon i s t  
RO 15-1788, at  a dose  t ha t  c lear ly  r eve r se s  the  sedatave ef- 
fect  o f  ch lo rd lazepox lde ,  fails to r eve r se  the  d rug ' s  effect  on  
b e t w e e n - s e s s i o n  hab i tua t ion  o f  explora t ion .  
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