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WILLNER, P. J. AND R. CROWE. Effect of chlordiazepoxide on the partial reinforcement extinction effect. PHARMAC. 
BIOCHEM. BEHAV. 7(5) 479-482, 1977. - Rats were trained to run in a straight alley under conditions of partial or 
continuous reinforcement. Extinction was slower after partial reinforcement. Chlordiazepoxide, administered during 
acquisition only, had no effect on acquisition but abolished the partial reinforcement extinction effect. The results support 
the hypothesis that chlordiazepoxide acts by attenuating the effects of aversive stimuli. 
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RESPONSES acquired under conditions of partial rein- 
forcement are more resistant to extinction than responses 
acquired under continuous reinforcement [19,27]. The 
most satisfactory account of this paradox is given by 
Amsel's theory of frustration [1,2]:  during partial rein- 
forcement, approach responses are conditioned to stimuli 
signalling non-reward; the elicitation of these responses 
during extinction gives rise to the partial reinforcement 
extinction effect (PREE). Non-reward is aversive; hence, 
stimuli signalling non-reward are drive inducing. This 
explains the partial reinforcement acquisition effect 
(PRAE), which is that partially reinforced animals run 
faster during acquisition than continually reinforced ani- 
mals. This interpretation of the partial reinforcement 
effects is supported by the finding that the PRAE and the 
PREE are blocked by barbiturates administered during 
acquisition [11,16],  since these drugs have been shown to 
attenuate other more overt manifestations of frustrative 
non-reward [3, 1 I, 26]. Barbiturates also attenuate respon- 
ses to punishment [9,25]. This common pharmacological 
effect on non-rewarded and punished responses has been an 
important line of evidence in the argument that the effects 
of both are mediated by a common physiological system: 
the fear equals frustration hypothesis [ 10, 12, 32]. 

Like the barbiturates, the benzodiazepines have often 
been found to have disinhibitory effects on aversively 
suppressed behaviour. Thus, response rates may be in- 
creased by benzodiazepines (in the dose range 5 -25  mg/kg) 
following their suppression by punishment [5,8],  non-con- 
tingent shock [15, 18, 23],  non-reward [13, 14, 33],  or a 
decrease in reward value [28,31]. These effects could be 
explained by the hypothesis that the benzodiazepines share 
with the barbiturates the property of attenuating the 

effects of aversive stimuli. This hypothesis leads to the 
prediction that benzodiazepine drugs administered during 
acquisition should block the subsequent appearance of the 
PRAE and PREE. 

Two alternative hypotheses have been advanced for the 
action of the benzodiazepines. It has been argued that they 
exert a disinhibitory effect on any ongoing low-rate 
behaviour, rather than on behaviour suppressed by aversive 
stimuli specifically [20,36] ; conversely, that the benzodi- 
azepines selectively release behaviour suppressed by punish- 
ment, while having little or no effect on behaviour 
suppressed by non-reward [22,24]. Neither of these hypo- 
theses would predict that the PRAE and PREE would be 
attenuated by the administration of benzodiazepines during 
acquisition. 

METHOD 

Animals 

The animals were 32 male Lister hooded rats (Olac, 
Bicester, England), aged approximately 10 months and 
weighing approximately 300 g. They were introduced to a 
22-hr food deprivation schedule several months prior to the 
experiment. This schedule was maintained throughout the 
experiment; animals were tested between 10.00 and 
15.30hr each day, and fed between 16.00 and 18.00hr 
approximately. Water was always available in the home 
cages. 

Apparatus 

Animals were tested in a straight alleyway, overall length 
220 cm, width 15 cm and height 30 cm. The wails and floor 
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were of  grey perspex,  and the roo f  of  t ransparent  smoked 
perspex.  The alley was divided into a 20 cm start box,  a 
160 cm central  section and a 40 cm goal box,  separated 
f rom each o ther  by grey perspex,  hand-opera ted ,  guil lotine 
doors. The food cup was 4.4 x 0.6 cm, and made of  plastic. 
The alley was pos i t ioned parallel to a strip light in the 
ceiling, for even i l lumination.  

Procedure 

On the first day of  pretraining, all animals were 
in t roduced  for 20 min into the al leyway, in batches o f  four,  
with food ad lib in the goal box.  This procedure  was 
repeated on the next  two  days, but  preceded by an 
intraperi toneal  inject ion of 0.9% saline. On  the four th  day, 
animals were injected with saline, and each received two  
rewarded runs in the al leyway;  15 sec were al lowed in the 
goal box with food ad lib on each of  these trials. Animals  
which did not  reach the goal box within two minutes  were 
gent ly pushed down the runway.  

During acquisi t ion proper,  the animals were divided into 
four  groups (n = 8). Two groups were trained under  
condi t ions  of  con t inuous  re in fo rcement  (CR), and two 
groups under  partial  r e in forcement  (PR); PR animals were 
rewarded on 50% of trials (Trials 1, 3, 6, 7, 11, 12, 13 and 
16 of  each block of  16 trials). Half the animals received 
inject ions of chlordiazepoxide  hydrochlor ide  (Roche,  
Welwyn Garden City, England) (15 mg/kg) dissolved in 
0.9% saline (Groups  C - C R  and C - P R ) ,  and half  received 
saline alone (Groups S - C R  and S - P R ) .  The chlordiaze- 
poxide  solut ion was made up freshly every two days. All 
inject ions were given in a vo lume of  1 ml/kg.  

A trial was begun 15 sec after  the animal was placed in 
the start box,  by raising the start box door.  Running t ime 
was measured by s topwatch,  starting when the start box 
door was raised and ending when the animal 's  back feet  
entered the goal box. The goal box door  was then lowered.  
On rewarded trials, the food cup was filled with 40 mg food 
pellets, and the animal was removed 15 sec after  it started 
eating, which after  the first few trials, all animals did 
immedia te ly .  On non-rewarded trials, the food cup was 
empty ,  and the animal was removed from the goal box after 
15 sec. 

Animals received four  trials on each of  the first two days 
of  acquisi t ion (for convenience these eight trials will be 
considered to const i tute  Day 1), and eight trials per day 
thereaf ter ,  for a total  of  nine days. Animals  were run in 
batches of  four, one f rom each t rea tment  group. The 
inter trial interval was approx imate ly  five rain, during 
which the animal was re turned to its home  cage, and test 
sessions lasted approx imate ly  40 min. Inject ions were given 
45 rain before the beginning of  each session. Double  blind 
procedures  were employed  for drug inject ion and testing. 

At the start of  ext inct ion,  the order  in which animals 
were tested was randomised,  and animals were renumbered,  
in order that the exper iment  should be run blind with 
respect to acquisi t ion performance.  Ex t inc t ion  trials were  
run for 15 days, beginning on Day 10. The procedure  was 
identical to that  described for acquisi t ion,  except  that  all 
animals received saline inject ions and all trials were non- 
rewarded.  If the animal failed to enter  the goal box in 
120 sec, it was gently pushed towards the goal box and 
confined there for 15 sec; a t ime of 120 sec was recorded.  
When this happened on three consecutive trials, the animal 
was dropped from the exper iment ,  and a nominal  t ime of  
120 sec was entered for all subsequent  trials. 

Statistical Analysis 

Data were converted to speed scores (1/sec) and the 
results analysed by 2-way analysis of  variance, with two 
levels of  each of  the factors drug t rea tment  (drug/saline) 
and re inforcement  history (CR/PR) .  In the case of  a 
significant overall F-score, the Newman-Keuls  procedure  
[34] was used to test differences be tween means. 

RESULTS 

There were no significant differences among the four  
groups during acquisi t ion;  however ,  Group S - P R  were 
more resistant to ex t inc t ion  than the o ther  groups. The 
mean running speeds for each day of  acquisi t ion and 
ex t inc t ion  are shown in Fig. 1. Analysis of  variance of  mean 
scores on the final day of  acquis i t ion found non-significant 
m a i n  e f f e c t s  a n d  a n o n - s i g n i f i c a n t  in teract ion 
(F(1 ,28)  = 0.7, 1.3, 1.3, all p>0 .25) .  However ,  analysis of  
variance of  mean scores on the first day of  ex t inc t ion  found 
significant effects  of  drug t rea tment  ( F ( 1 , 2 8 ) =  16.1, 
p < 0 . 0 0 1 )  and re inforcement  history (F(1 ,28)  = 4.9, 
p<0 .05 )  and a significant in teract ion (F(1,28)  = 4.9, 
p<0 .05) .  A Newman-Keuls  test showed that  these effects  
were brought  about  by significantly higher scores in 
Group S - P R  (p<0.01) ,  with no significant differences 
among the o ther  groups. 

Running speeds on the first trial of  ex t inc t ion  were 
examined for possible effects of  the change in drug state 
between acquisi t ion and ext inct ion.  Scores on the first trial 
of  each day tended to be more variable than on subsequent  
trials; this variabili ty was reduced by subtracting scores on 
the first trial of  ex t inc t ion  f rom scores on the first trial of  
the previous day, and analysis of  variance was per formed on 
the results. There was a tendency for previously drugged 
animals to run more slowly than controls,  but  this was not  
significant (F(1,28)  = 2.8, p>0 .1 ) ;  the effects  of  reinforce- 
ment  history ( F ( 1 , 2 8 ) = 0 . 1 ,  p>0 .25 )  and the in teract ion 
(F(1 ,28)  = 0.7, p> 0.25) were also insignificant. 

DISCUSSION 

There was no evidence for a PRAE in this exper iment ,  
and therefore  the quest ion of  the effect  of  chlordiazepox-  
ide on the PRAE remains unanswered.  The failure to find a 
P R A E  was surprising, and perhaps indicates a failure to 
achieve asymptot ic  performance.  However ,  it should be 
noted  that the absence of  a PRAE makes the PREE easier 
to interpret .  If  both  are present,  then an impai rment  of  
ext inc t ion  in Group S - P R  relative to Group S - C R  (PREE) 
could perhaps be explained as being a consequence  of  their  
superior per formance  during acquisi t ion (PRAE).  This 
possibility is ruled out  in the present exper iment .  

The results demonst ra te  that  a PREE was obta ined in 
groups trained under saline t rea tment  but  no PREE was 
seen in groups trained under  chlordiazepoxide .  The change 
in state undergone by the groups trained under  chlordiaze- 
poxide and ext inguished under  saline did not  appear to 
make a significant cont r ibut ion  to this effect  (al though the 
possibility has no t  been rigorously excluded).  Since all 
groups received saline during ext inct ion,  the difference in 
the PREE must be explained by a differential  effect  during 
acquisi t ion,  which only became apparent  when reinforce- 
ment  condi t ions  changed. Hence, there is no way in which 
the results could be explained by the ra te-dependency 
hypothesis  [20,36] ; any non-specific rate-increasing effects 
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FIG. 1. Running speeds in the straight alley under acquisition conditions of partial (PR) or continuous (CR) reinforcement. 
During acquisition, animals received saline (S) or chlordiazepoxide (C). All animals were extinguished under saline. 
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of chlordiazep.oxide would have appeared during acquisi- 
tion. A carry-over effect of the drug from Day 9 of 
acquisition to Day 1 of extinction is possible, but unlikely, 
since previously drugged animals ran more slowly than 
controls, not more rapidly; such an effect would be a 
facilitation of extinction, which is inconsistent with earlier 
reports that chlordiazepoxide does not facilitate extinction 
[13, 14, 22, 24, 33]. 

The most likely explanation of the results is that 
chlordiazepoxide blocked the PREE by attenuation of the 
effects of non-reward during PR training. The results are 
incompatible with the hypothesis that the effect is specific 
to responses suppressed by punishment, but spares re- 
sponses suppressed by frustrative non-reward, i.e., extinc- 
tion [22,24]. In addition to the present report, there is 
considerable evidence that chlordiazepoxide does attenuate 
frustration; effects include increased resistance to extinc- 
tion [13, 14, 33],  decreased suppression by a reduction in 
reward value [28,31],  delaying of breaking point in a 
progressive ratio reinforcement-schedule [30],  increased 
response rate on a DRL schedule [29],  the impairment of 
successive (go/no go) discrimination [ 17 ], and the attenua- 
tion of the behavioural consequences of insoluble problems 
[4, 6, 7]. This discrepancy has an important bearing on the 
fear equals frustration hypothesis, since a differential 
pharmacological action on punishment a n d  non-reward 
would argue against common physiological mechanisms. 

The solution may lie in the specific experimental situations 
in which chlordiazepoxide did not disinhibit extinguished 
behaviour. These involved a stable pattern of extinguished 
non-responding in part of each session, with reward 
available in another part of the schedule [22,24]. It is 
possible that under these circumstances, non-reward is no 
longer aversive. This would allow the suggestion that, like 
the barbiturates, chlordiazepoxide attenuates the conse- 
quences of aversive stimulation, be it punishment or 
frustrative non-reward, while not affecting non-rewarded 
responses with non-aversive consequences. The finding that 
the disinhibitory effects of barbiturates and benzodiaze- 
pines on punished behaviour are greatly reduced at low 
shock intensity [8, 21, 35] would be consistent with this 
hypothesis. An attenuation of the negative incentive effects 
of aversive stimulation would not necessarily lead to a 
disinhibition of behaviour. Thus, in the present experiment, 
chlordiazepoxide had no acute effect on responding, and it 
has also been reported that in a schedule in which a 
preshock stimulus increased response rate, chlordiazepoxide 
was inhibitory [29].  
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