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WILLNER, P. AND K.-A. BIRBECK. Effects of chlordiazepoxide and sodium valproate in two tests of spatial behaviour. 
PHARMACOL BIOCHEM BEHAV 25(4) 747-751, 1986.--The effects of chlordiazepoxide (CDP) and sodium valproate 
(VPA) were studied in rats trained to asymptotic performance on two tests of spatial behaviour, the 8-arm radial maze and 
the 8-choice arena. The task in the 8-arm maze was to locate a single food pellet at the end of each arm. Both CDP and VPA 
caused an increase in errors, an increase in performance time, and the utilization of a non-spatial response strategy. The 
task in the 8-choice arena was to locate a single water bottle from an octagonal array of eight otherwise empty bottles. For 
one group the goal bottle remained in the same place from trial to trial; for a second group the position of the goal bottle was 
cued by a black card over the nozzle; for the third group the goal bottle was uncued and moved randomly from trial to trial. 
VPA had no effect on performance, but CDP impaired performance in all three groups. These patterns of effects suggest 
that VPA may specifically disrupt working memory, but that the impairment of spatial performance by CDP probably 
results from a non-specific perceptual or attentional deficit. 

Chlordiazepoxide Sodium valproate 8-Arm maze 8-Choice arena 
Place navigation Cue navigation Working memory Rats 

Spatial behaviour 

DISORDERS of memory are a well documented side effect 
of benzodiazepine and other antianxiety drugs [2, 9, 33]. In 
animals, benzodiazepines do not usually disrupt the per- 
formance of well learned tasks [37], but impairments are 
sometimes reported in tasks which have complex informa- 
tion processing requirements, such as successive or condi- 
tional discriminations [3, 4, 14, 30]. If the information pro- 
cessing load of these tasks is in fact the feature that renders 
them vulnerable to disruption by benzodiazepines, then im- 
pairments might also be expected in spatial tasks, which re- 
quire the animal to synthesize visual information from di- 
verse environmental sources. The classic spatial task is the 
radial maze, in which the rat locates a reward at the end of 
each of the arms by using the information provided by distal 
room cues [22, 23, 25]. Impairment of radial maze perform- 
ance has indeed been reported with a number of anxiolytic 
drugs, including ethanol [6], pentobarbital [7] and chlor- 
diazepoxide (CDP) [13]. 

The results of radial maze experiments tend to be difficult 
to interpret because in addition to drawing on the animal 's 
ability to process information about spatial arrays, these 
tasks also require an intact working memory: within a single 
trial, the animal must continuously monitor which arms have 
already been visited, and avoid them. The difficulty of dis- 
tinguishing these two factors is illustrated by studies of the 
effects of hippocampal lesions and of anticholinergic drugs. 
Although many studies have demonstrated that both of these 
interventions severely disrupt radial maze performance, it 

remains unclear from the radial maze data whether an im- 
pairment of spatial information processing or of working 
memory is primarily responsible [10, 21, 24, 39]. It has also 
proved difficult to separate these two factors in the effect of 
CDP in the radial maze [13]. 

Attempts to distinguish effects on spatial information 
processing from effects on working memory usually involve 
modifications of the 8-arm maze procedure, by restricting 
the number of rewarded arms and/or by adding local, non- 
spatial (e.g., tactile) cues. An alternative strategy is to turn 
to different experimental paradigms, in which the contribu- 
tion of one of these factors is minimized. An example of this 
approach is an apparatus described by Morris [18,19], which 
consists of a large tank of water containing an ' island' to 
which the rat can escape, using a spatial mapping strategy 
(place navigation) if the platform is sunken and invisible, but 
stays in the same place from trial to trial, or using a cue- 
response strategy (cue navigation) if the platform moves 
from trial to trial, but is visible. We have recently described 
an appetitive analogue of the Morris maze, the 8-choice 
arena. In this task, thirsty rats are required to locate a single 
bottle containing water from an octagonal array of eight 
otherwise empty bottles, using information provided either 
by the constant position of the goal bottle in the array (place 
navigation) or by an associated visual marker (cue naviga- 
tion) [38]. 

Because the place navigation tasks in the Morris maze 
and the 8-choice arena require only a single response on each 
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trial, they place minimal demands upon working memory. 
An additional advantage over the radial maze is that the use of 
the cue navigation tasks allows an assessment of the contri- 
bution of non-specific factors to any impairment of spatial 
performance. The Morris maze and the 8-choice arena have 
been used to demonstrate unambiguously that both hip- 
pocampal lesions and anticholinergic drugs specifically im- 
pair the processing of spatial information [20,38]. In the 
present study, the 8-choice arena was used to clarify the 
nature of the effect of CDP on radial 8-arm maze performance. 

In addition to their anti-anxiety effects, benzodiazepines 
also have anticonvulsant properties [5,31]. Benzodiazepines 
and anticonvulants are both thought to function by potentiat- 
ing transmission through GABA synapses. In the case of 
benzodiazepines this occurs through the close association of 
benzodiazepine and GABA receptors [1,5], while other anti- 
convulsants are typically GABA receptor agonists or in- 
hibitors of the breakdown of GABA [29]. In general, how- 
ever, drugs that act to potentiate GABAergic transmission 
do not share the behavioural actions of benzodiazepines in 
animal models of anxiety [12, 28, 34, 36]. Sodium valproate 
(VPA) appears to be an exception. This drug is a putative 
GABA agonist, increasing brain levels of GABA [27] and 
potentiating the GABA receptor [15]. In contrast to other 
anticonvulsants, VPA does consistently show benzo- 
diazepine-like effects in animal models of anxiety [16, 
17, 26, 28, 32]. It was therefore of interest to compare the 
effects of VPA on spatial behaviour with those of the ben- 
zodiazepine CDP. 

METHOD 

Subjects 

Sixteen male Lister hooded rats were tested on the 8-arm 
maze and 24 in the 8-choice arena. The animals (NIMR, Mill 
Hill, London) weighed approximately 300 g. They were 
housed singly under conditions of controlled temperature 
and humidity, on a 12 hour light-dark cycle (09.00-21.00 
light). Testing was carried out between 14.00 and 17.00 hr. 
For the duration of the experiment, animals tested on the 
8-arm maze received food for three hours daily, following the 
behavioural tests, with water freely available in the home 
cage; for animals tested in the 8-choice arena, food was 
freely available in the home cage, but access to water was 
restricted to one hour a day, following the behavioural tests. 

Apparatus 

The 8-arm maze was constructed from natural wood, and 
elevated 55 cm from the floor by a central stilt. The maze 
consisted of a central platform (24 cm diameter) from which 
radiated 8 arms, each 10 cm wide and 55 cm long. The 15 cm 
section of the arm closest to the centre was enclosed by walls 
7 cm high, and the remainder by 2 cm walls. Each arm con- 
tained a 5 cm diameter white plastic food cup. 

The 8-choice arena consisted of an octagonal wooden 
arena (minimum diameter 133 cm) surrounded by I 1 cm high 
walls, and raised 80 cm from the floor. Each comer was 
straddled by a wall 8 cm wide and 11 cm high, behind which a 
polythene water bottle was mounted at an angle of 25 de- 
grees to the horizontal, with its spout protruding into the 
arena at a height of 8 cm. The floor and walls of the arena 
were painted semigloss white. 

Both pieces of apparatus were located within small irregu- 
larly shaped rooms, which were evenly lit from above by two 
fluorescent strip lights. Both rooms contained a variety of 

co 
n- 

O 
rr 
rr 
uJ 

6" 

4 

2 CDP 

O---o VPA 

I , I 

0 2.5 7.5 CDP 

0 I00 300 VPA 

DOSE (mg/kg) 

FIG. I. Errors on the 8-arm maze (arm entries in excess of B). Scores 
are means + standard errors. 

visually distinctive cues, including furniture, wall displays, 
and a partial view of the experimenter, who maintained a 
constant position. 

Procedure 

8-Arm maze. On the first trial in the 8-arm maze, which 
lasted 20 rain, the food cups, each containing four 45 mg food 
pellets, were placed just inside the arms adjacent to the cen- 
tral platform. The animals then received 6 five min trials 
(2/day) in which the food cups were gradually moved down 
the arms away from the centre. During acquisition proper (1 l 
further trials a t / /day)  the food cups were at the far end of the 
arms, each containing a single 45 mg food pellet. The animal 
was placed in the centre of the maze, and the trial lasted until 
all 8 pellets had been successfully located. All animals 
reached asymptotic performance by trial 8 of acquisition. 

On three further trials, at two day intervals, one group of 
animals (n=8) received one of two doses of CDP, or a con- 
trol injection; a second group (n=8) received one of two 
doses of VPA, or a control injection. The three treatments 
were administered to each animal in a random order. On 
these trials, in addition to recording the time to complete the 
trial, the time was also noted after the first 8 arm entries. 

8-Choice arena. Each animal was first given four pretrain- 
ing trials in the 8-choice arena, in which all 8 bottles con- 
tained water: the animal was placed in the centre of the arena 
and allowed to move freely until it located the nozzle of a 
water bottle. It was then allowed to drink for 10 sec before 
being returned to its home cage; latency to locate the bottle 
was recorded. Following pretraining, the animals were di- 
vided into three matched groups (n=8). On subsequent trials 
only one of the 8 bottles contained water. For animals in one 
group (place navigation), the location of the goal bottle was 
held constant from trial to trial; one of the 8 positions was 
assigned at random to each of the animals in this group. For a 
second group (cue navigation), the goal bottle was cued by 
an 8× 11 cm black card placed over the drinking spout and 
against the wall of the apparatus; the position of the bottle on 
each trial was determined by reference to a table of random 
numbers. For the third group (random), the goal bottle was 
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FIG. 2. Time to complete the 8-arm maze (continuous line) and to 
make the first 8 arm entries (broken line). Scores are means_+stan- 
dard error. For clarity, overlapping error bars have been omitted. 

uncued, and its position varied randomly from trial to trial. 
On training trials, the animal was placed in the centre of the 
arena facing a randomly chosen bottle. It was removed 10 
sec after it located the goal bottle and began to drink. A total 
of 14 training trials were administered over an 8 day period. 
During the 30-60 minute inter-trial interval, animals were 
returned to their home cage. Asymptotic performance was 
reached by trial 10. 

After training, the animals were first tested in an unre- 
lated experiment which examined the effects of 
scopolamine, methylscopolamine and vehicle injections. 
Performance of the animals during acquisition of the three 
tasks, and the effects of scopolamine, are described 
elsewhere [38]. Following an interval of 8 weeks, the animals 
were reintroduced to the arena for 10 reaquisition trials. 
Three further trials, at two day intervals, were preceded by 
an injection of CDP, VPA or saline vehicle. All animals re- 
ceived all three treatments in a counterbalanced order. On 
these trials, the animal was always placed in the arena facing 
at 90 degrees to the goal bottle; otherwise, procedures were 
identical to those described above. 

Drugs 

Chlordiazepoxide (Roche, Welwyn Garden City) was 
administered at 2.5 and 7.5 mg/kg for the 8-arm maze and at 
the intermediate dose of 5 mg/kg for the 8-choice arena. 
Sodium valproate (Sanofl, Manchester) was administered at 
100 and 300 mg/kg for the 8-arm maze and at the intermediate 
dose of 200 mg/kg for the 8-choice arena. Both drugs were 
dissolved in physiological saline and injected IP 30 min prior 
to testing, in a volume of 1 ml/kg. 

Analysis 

Results were analyzed by analysis of variance, supple- 
mented where appropriate by tests of simple main effects 
and planned comparisons. 

RESULTS 

8-Arm Maze 

Both drugs caused a dose dependent increase in the 
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FIG. 3. The number of 90 ° turns made in the first 9 arm entries on the 
8-arm maze. Scores are means+standard error. For clarity, over- 
lapping error bars have been omitted. 

number of errors made on the 8-arm maze (F(2,28)=19.2 
(CDP), 24.8 (VPA), p<0.001) (Fig. 1). The time taken to 
complete the maze was also increased by both drugs 
(F(2,28)= 13.1 (CDP), 16.2 (VPA), p<0.001)(Fig.  2). A simi- 
lar increase was apparent in the time taken to make the first 8 
arm entries (F(2,28)=5.8 (CDP), 7.3 (VPA), p<0.01) (Fig. 2). 
This suggests that the increase in maze completion time in 
drugged animals results from a slower running speed, rather 
than being simply a reflection of the greater number of arms 
visited. In fact, it is likely that measuring the time to make 8 
arm entries actually underestimates the slowness of drugged 
animals: because they make more errors, drugged animals 
spend proportionally less time consuming food pellets, and 
more time running. 

Inspection of the routes taken around the maze in control 
conditions failed to reveal any consistent pattern of turning. 
However, 90 degree turns were very apparent in the records 
of drugged animals. In order to obtain comparable samples 
of data for the different conditions, a count was made of the 
number of 90 degree turns in the first 8 turns (i.e., arm 
entries 2-9; with only one exception, all animals made at 
least 9 arm entries on all three trials). A drug-induced in- 
crease in the number of 90 degree turns was confirmed, 
which was significant at the lower dose of CDP, F(1,28)=6.3, 
p<0.025, and at the higher dose of VPA, F(1,28)=4.4, 
p<0.05 (Fig. 3). 

8-Choice Arena 

In agreement with our previous observations on this 
apparatus [38], under control conditions there were no sig- 
nificant differences in performance time between the place 
and cue navigation groups, F(1,63)=0.1, p>0.1 ,  but both of 
these groups performed better than the random group, 
F(1,63)=11.3, 9.4 respectively, p<0.01. In contrast to the 
similarity in the effects of CDP and VPA on the 8-arm maze, 
in the 8-choice arena CDP impaired performance in all three 
groups, F(1,42)= 15.3, p<0.001, but VPA had no significant 
effect in any group, F(1,42)=0.45, p>0.1 (Fig. 4). 

DISCUSSION 

From the pattern of effects in the two tests, it is possible 
to deduce the nature of the behavioural changes caused by 
the two drugs. An impairment of performance on the 8-arm 
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FIG. 4. Effects of  CDP (black bars), VPA (hatched bars) and vehicle 
injections (white bars) on time It) locate the goal bottle in the 
8-choice arena. Scores are means+standard error. CDP impaired 
performance in all three groups (F( 1,42)-6.7, p<.0.01 {place): 5.9, 
p<0.025 (cue): 3.1, 0.5<p<0.1 (random)). VPA had no significant 
effect in any group (F(I,42) 0.8, 1.4, 0.8 respectively, p>0.1). 

maze could result  f rom an inabil i ty to p rocess  spat ial  infor- 
mat ion ,  f rom an impa i rmen t  of  working  m e m o r y ,  or  f iom a 
var ie ty  of  non-speci f ic  causes .  Howeve r ,  in addi t ion to dis- 
rupt ing  8-arm maze  pe r f o r m ance ,  CD P  also impaired per- 
t b r m a n c e  on all three  of  the 8-choice  a r ena  tasks .  As these  
tasks  involve only a single r e sponse  on each  trial,  they place 
minimal  d e m a n d s  upon working  memory .  F u r t h e r m o r e ,  the 
cue navigat ion  task c a n n o t  be so lved  by using a spatial  map- 
ping s t ra tegy.  C o n s e q u e n t l y ,  ne i the r  the spatial  exp lana t ion  
nor  the working  m e m o r y  exp lana t ion  can pa r s imon ious ly  ac- 
coun t  for bo th  sets of  data .  It is the re fore  likely that  the 
effects  of  CDP  result  f rom non spec i f ic  causes .  In pass ing,  it 
should  be noted  that  this  conc lus ion  d isagrees  with the 
hypo thes i s  I I I ]  that  the bchav ioura l  ef fects  of  ben-  
zod iazep ines  arc func t iona l ly  equ iva len t  to a (partial)  hip- 
pocampa l  lesion.  CD P  impai red  place navigat ion  and cue 
nav iga t ion  equal ly  in the g-choice  areml,  but h ippocampa l  
les ions have been  found in the Morr is  wa te r  maze  to disrupt  

place naviga t ion  specif ical ly wi thout  affect ing cue navigat ion  
[2O]. 

If CDP dis rupts  pe r fo rmance  non-specif ica l ly ,  it is possi-  
ble to specula te  fu r the r  on the type of  impa i rmen t  involved:  
some cand ida tes  arc d i so rders  of  pe rcep t ion ,  a t t en t ion ,  
r e fe rence  memory ,  mot iva t ion  or  mo to r  sys tems .  Of  these ,  a 
mot iva t iona l  or m o t o r  deficit  is unlikely.  These  fac tors  could 
explain  the s lower  speed of  runn ing  af ter  CDP,  but could not 
easi ly a ccoun t  for the increase  in e r rors  or  the use of  a non-  
spat ial  r e sponse  s t ra tegy.  F u r t h e r m o r e ,  the lowest  dose ol 
C D P  used (2.5 mg/kg) is at the bo t tom end of  the dosage 
range in the behav ioura l  l i tera ture ,  and impa i rmen t s  in ap- 
pet i t ive  tasks  are c o m m o n l y  e n c o u n t e r e d  only at high doses .  
This  fact would also argue against  a memory  disorder .  By 
exc lus ion ,  a perceptua l  or  a t ten t iona l  exp lana t ion  of  the be- 
hav ioura l  deficit  s eems  the most  likely. A sensory  disor ien-  
ta t ion is a plausible  hypo thes i s ,  given that  CDP exhibi ts  
p r o n o u n c e d  s t a t e -dependen t  effects  181. 

The same reason ing  appl ied It) the effects  of  VPA leads to 
very  different  conc lus ions .  The  hick of  effect  of  VPA in the 
8-choice  aremi,  and in par t icular ,  the absence  of any impair- 
ment  of  place naviga t ion ,  rules out  an accoun t  of  the disrup-  
t ion of  g-arm maze pe r fo rmance  in te rms e i the r  of non-  
specif ic  impa i rmen t s  or  of  an inabil i ty to p rocess  spatial  in- 
format ion .  By cxch i s ion ,  an impa i rmen t  of  working  n lemory  
remains  the only plausible  exp lana t ion .  This  conc lus ion  is 
cons i s t en t  with the rcsul ts  of  a s tudy in h tunan  vo lun tee rs ,  in 
which  VPA was found pr imari ly  to impair  menta l  process ing  
speed ,  par t icular ly  in an intel lectual ly  d e m a n d i n g  task [351. 

The  inost  s t r iking o t t t come of this s/t idy is the close simi- 
larity of  CDP  and VPA in thei r  cffccts  on the g-arm nlaze,  
c o m p a r e d  with thei r  ex t r eme  diss imilar i ty  in the g-choice 
a rena .  Al though only a single dose of  each  drug was tes ted  in 
the  8-choice  a rena ,  the doses  were chosen  to be mid,a, ay 
be tween  the two doses  used in the 8-arm maze,  lind f lom the 
g-arm maze data  a p p e a r  to be roughly equipo ten t .  The  fact 
tha l  s imilar  pa t t e rns  of  resul ls  can bc ob ta ined  on the g-arm 
maze  for drugs  which  clearly opera te  th rough different  bc- 
hav ioura l  m e c h a n i s m s  suggests  that great  caut ion  should be 
exerc i sed  in in te rpre t ing  the effects  of  drugs or  o the r  manipu-  
la t ions on radial maze pe r fo rmance .  
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