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Abstract The behavioural trait of impulsivity may beKey words Impulsivity - Rat - Imipramine - Ethanol -
made up of different components, including rapid ded#taloperidol - Chlordiazepoxide - Amphetan:ine
sion making, intolerance to the delay of reward and a
tendency to terminate chains of responses prematurely. It
has been proposed to measure the last of these in rat$nieoduction
ing fixed consecutive number (FCN) schedules. The
present study uses a modified version of the FCN prodd&e behavioural trait of impulsivity may be made up of
dure in which responding was paced by retracting the défferent components, including rapid decision making,
sponse lever for short periods between presses. In thislerance to the delay of reinforcement and a tendency
way, the experimenter could control the maximum rati@ terminate chains of responses prematurely. Evenden
of responding. The procedure was made up of two cofh998) has proposed that it is possible to measure the last
ponents based on an FCN 8 schedule of food reinforoéthese using fixed consecutive number (FCN) sched-
ment. In the Fast component, lever presses were spaded. Under such a schedule, food-deprived rats are re-
by a minimum of 2 s and in the Slow component bycaired to press one lever (FCN lever) in a two-lever op-
minimum of 5 s. The average chain length was signiéfant chamber a fixed minimum number of times before
cantly shorter, and the rats were less efficient in the Slpvessing the other lever (Reinf. lever) to deliver food. If
component. Five drugs were tested on this baseline, ithie rat presses the Reinf. lever before completing the re-
pramine (1.0-10.0 mg/kg), ethanol (300-3000 mg/kg aghonse chain requirement, a brief time-out occurs and it
ministered PO), haloperidol (0.01-0.1 mg/kg), chlordias required to start the chain again. Termination of the
epoxide (1.0-10.0 mg/kg) andd-amphetamine chain by premature choice of the Reinf. lever resulting in
(0.2—0.8 mg/kg). All the drugs reduced responding at timefficient performance can be considered as impulsive
highest dose, but imipramine was different from the othehaviour. In the present study, a refinement of the FCN
ers in that it increased the average number of resporsg®edule was used, exploiting the availability of retract-
in the chain and produced a shift in the chain length dadble levers in the apparatus. This has been termed a
tribution to the right, possibly reflecting a reduction ipaced-FCN schedule. The schedule contingencies are the
impulsivity. The other four drugs reduced chain length same, but after each response the levers are withdrawn
the highest dose, although in the case of ethanol thisfedm the box for a short, fixed period, before being re-in-
fect was very small and, unlike the other three drugs, diefted. The rat can only make one response each time the
not result in a shift in the distribution to the left. Thievers are presented. In this way, the maximum rate at
paced FCN procedure can differentiate the effects of difhich the rat can respond is determined by the experi-
ferent drugs on one aspect of impulsivity, and is likely menter. In principle, it is possible for the rat to respond
be a useful procedure for further study of this aspectrbre slowly, but in practice, the insertion of the levers
behaviour. has a powerful eliciting effect on responding which
maintains good schedule control. As well as limiting the
variability in the rate of responding, this refinement also
J.L. Evenden[]) allows the experimenter to control the rate of responding.
Preclinical Research and Development, Astra Arcus AB, Th'S_Was, exploited in the present' study by dIVId'Ing the
S-151 85 Sodertalje, Sweden session into two components, using an alternating AB-
JL. Evenden ABA design. In the Fast component (A), the minimum
Department of Medical Pharmacology, Uppsala University, time between two lever presses was fixed at 2.5 s, and in
Uppsala, Swede:n the Slow component (B) at 5 s.
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The paced-FCN procedure has been used to exanfiid pellet dispenser. Food pellets (45 mg, Campden Instruments)
the effects of some of the drugs previously tested W§'® de"Ver:ed toa tra)é placed centrr1ally %elgwee” thﬁ tW%r']evfersa
- ess to the tray was by opening a hinged Perspex flap. The foo
Evenden .(1998) using two FCN SCh?dUIeS’ FCN 8. % could be illuminated by a 24 V, 1 W lamp, while a second
FCN 32, in which the rats were required to make eithef'v, 2.8 W lamp placed centrally in the roof of the chamber
eight or 32 consecutive responses on FCN lever. Aérved as a houselight. Each chamber was housed in a separate
though it proved to be more difficult to maintain stabkoundproof box, with a ventilator fan providing low-level back-

i und noise. Each set of chambers was controlled by a Paul Fray
performance under the FCN 32 schedule, the emc'erﬁ&rocomputer using the Spider programming language. Programs

of the rats and the distribution of the chain lengths W@g controlling the apparatus and collecting the data were written
similar to that under FCN 8, and there was no obviobisthe author.

increase in the sensitivity to the impulsivity-increasing

effects of a range of drugs. Thus the FCN 32 schedule

did not seem to have advantages over FCN 8 for assg&eedure

ing impulsive behaviour. Although several of the druggsining

used in that study appeared to increase impulsivity, this

was generally accompanied by a reduction in resporibe food was removed from the home cage of the rats on the day
rate. In this respect, the results obtained by Evendsfpre the first test. Thereafter, they were fed in the evening after

. testing. On day 1, the rats were exposed to the operant chambers
(1998) resembled those of several other reports in the\ﬁﬁh a large number of food pellets placed in the food tray. At this

erature (see Discussion). The broad coincidence of g the levers were retracted. On day 2, they were tested under a
ductions in response rate and increases in impulsivikgd time schedule of reinforcement in which 30 food pellets
calls into question the behavioural specificity of the efiere delivered one at a time every 60 s in a non-contingent man-

; : ; - On day 3 of training, the left lever was inserted into the cham-
fects. Even if a conventional FCN schedule is based , and every press resulted in the delivery of a food pellet. On

response choice, which should minimise the effects i@ following day, the right lever was inserted and the same sched-
general activation or arousal on performance, alteratiams of reinforcement was employed. This alternation procedure
in response rate will still affect the amount of time takeygs continued until all the rats had pressed both levers at least 100

to complete the schedule requirement, thus not entirBjeS in a 20-min session. - .
Fixed consecutive number training was then begun. In this pro-

ellmln_atlng th? potential llnflu.e_nc.e of _tlmlng on ChOIC@edure, the rats were trained to make a certain minimum number of
behaviour. This problem is minimised in the paced-FCbbnsecutive responses on the left lever before pressing the right le-
where the rate of responding is primarily under the corer to deliver food. Responses on the right lever before completion
trol of the experimenter, not the experimental subject. of the minimum requirement resulted in a short time-out, and the
The separation into two components involving diﬁeg:;was required to restart the sequence of consecutive response.

. equences of responses exceeding the minimum also resulted in
ent response rates was intended as a control procegig@delivery the first time the rat pressed the right lever. On day 1,

for the comparison between the FCN 8 and the FCN tB2 rats were required first to press the left lever (FCN lever) only

used previously. By forcing the rats to respond slowgyice and then press the right lever (Reinf. lever) to obtain food.
: ; P ; N 1). On day 2 the FCN minimum requirement was increased

but keep'.”g the FCN requirement at 8’. It Is pOSSIblet c% and, after 4 days further training, it was increased to 8.

vary the time taken to complete the chain to some exten

independently of the number of responses required. An

effect of this manipulation was that the average chaisced-FCN 8

length in the Slow component was consistently shorter ) o _ _

than that in the Fast component. Thus, varying the tirhger five sessions of FCN training, the pacing procedure was in-

. - - -froduced. After each response the two levers were retracted for a
required to complete the eight-response chain, e'tléﬁgrt period so that there was a minimum time between two con-

17.5 or 35 s, using the pacing procedure also provedsafutive responses, but no maximum time. Each time the lever was
effective way of making the task more difficult. extended into the chamber a timer was started for this minimum
time (e.g. 2.2 s). If the rat responded within this time, as was usu-
al, the lever was retracted until the timer ran out, and after an addi-
tional period of 0.3 s it was re-extended into the chamber. If the rat

Materials and methods waited for longer than 2.2 s, the lever was retracted and re-extend-
ed after 0.3 s. The fixed period of 0.3 s was chosen, as it was
Subjects slightly longer than the time taken to retract and extend the lever.

The training of the rats was adjusted to suit each individual. Ini-
The subjects were eight male Sprague-Dawley rats (BK Univergal|ly, the minimum time was set to 2.5 s, and the schedule to FCN
Sollentuna, Sweden) aged 3 months at the start of the experinderifter 2 days, the FCN was gradually increased to 4, 5, 6, 7 and
and about 11 months at the end. One rat died during the coursevehtually 8. Good responding on the paced FCN schedule (2.5 s)
the experiment. The rats were housed in two groups of four, undes obtained after between 1 and 12 sessions. The rats were then
normal light/dark cycle (12:12 h, lights on 0600 hours), with freteained for ten consecutive sessions under FCN 8 (2.5 s) before the
access to water. The rats were each fed 15 g laboratory chow egesgion was divided into two components with differing minimum
day (i.e. 60 g/cage). times. The unexpected finding that the rats did not perform so well
when they were forced to respond more slowly meant that it took
some sessions to establish appropriate parameters. Consecutive
Apparatus sessions were run with the following parameters: three sessions,
2.5/10.0 s (Fast/Slow component, respectively), three sessions
The apparatus consisted of two sets of four operant chamb2es5.0 s, three sessions 2.5/3.5 s, three sessions 2.5/4.0 s, and fi-
(Campden Instruments, Model 4102). The chambers waerally 12 sessions 2.5/5.0 s again. Sessions 10-12 of these have
26.5x22x20 cm, and were fitted with two retractable levers andeen used to calculate the Baseline data (see Results below).
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The final testing procedure consisted of five blocks: an initiaer of responses and chain time. Changes in impulsivity can lead
10 min of FCN 8 (2.5 s), followed by a 1-min time-out. Thereaftéo alterations in response efficiency, particularly if the rats make
followed 20 min FCN 8 (5 s), 10 min FCN 8 (2.5 s), 20 min FCkhany short chains, but this is not necessarily the case.

8 (5 s), completed by a final 10-min FCN 8 (2.5 s). Each block In addition to these measures for statistical analysis, the distri-
was started by the delivery of a non-contingent food and the illustion of chain lengths was also analysed using a “survival” analy-
mination of the houselight, and the blocks were separated by &i$: That is, the proportion of the total number of chains greater
min time-out, during which time the houselight was turned offhan length 1, length 2, length 3 and so on was calculated. Obvi-
Data for the three FCN 8 (2.5 s) blocks were averaged for the pously all chains have a length of at least 1, thus the curve always
poses of data analysis, as were the data from the two FCN 8 (Beg)ins at 100%. Statistical analysis of these data was carried out
blocks. by two-way analysis of variance on cuts through the data at chain
lengths>6, =8, 210 and>12 with factors of treatment and compo-
nent. By the nature of the analysis, it is meaningless to carry out a
Measurements and statistics three-way analysis on these data, including a factor “length of
chain”, since the proportion of chains surviving each length inevi-
First, for each measure, vehicle values were obtained from thbly diminishes. A rat had to have made at least five chains to be
means of the 3 or 4 vehicle treatment days. These were then cimitiuded in this analysis.
bined with the drug treatment data in separate one-way analyses of
variances for the Fast and Slow components. The components
were separated in this way in all but the analysis of the BaselDrigs
data because some rats rarely completed any chains in the Slow
component and, coupled with drug-induced reductions in chdihe drugs employed in these experiments weemphetamine
length and response rate, sometimes no data were available fostifighate (Sigma Chemical Company), imipramine hydrochloride
measures of efficiency or chain time. In this case, the empty d€liba-Geigy), chlordiazepoxide hydrochloride (Sigma Chemical
has been treated as a missing value by the statistical analysis @amnpany), haloperidol (“Haldol” injection solution, Janssen), and
gram, Sigmastat, and the degrees of freedom adjusted accordirgghanol (Kemetyl). Amphetamine, imipramine and chlordiazepox-
Differences between drug treatments and control were tested usitegwere dissolved in 0.9% saline, whereas the “Haldol” solution
Dunnett'st-tests. All comparisons were made at the 5% level. and ethanol were diluted with distilled water. The doses, treatment

The measures submitted to analysis of variance were defitiates and routes of injection are given in the Results section. The
as follows: results are presented in the order in which the experiments were

FCN lever responseghe total number of responses made orarried out. All doses were given in a Latin-square design at 1-
the FCN lever during each component. Since the length of tlweek intervals.
components was fixed, this gives a measure of the average rate of
responding.

Chain time the average length of time taken to complete Ethical comment
chain of eight responses on the FCN lever. This provides a mea-
sure of the local rate of responding during the time at which tliee experiments described here were approved by Sddra Stock-
rats were completing response chains. holms Djuretiskndmnd in accordance with Swedish national law.

Chain lengththe average length of the chain of responses made
on the FCN lever before a response was made on the Reinf. lever.

A reduction in this value indicates a shortening of the average
chain length and an increase in impulsivity, an increase in this fggsults
ue, an increase in chain length and thus a reduction in impulsivity.

Response efficiencythe number of responses made on thBaseline data
FCN lever divided by the number of pellets obtained. This shows

the average number of FCN lever responses required to obtai . .
food pellet, Pridre were marked differences in the performance of the

Chain efficiencythe number of responses made on the Reiffits in the Fast and Slow components, above and beyond
lever divided by the number of pellets obtained. This shows whitlhe expected difference in the time to complete a chain
proportion of chains resulted in food delivery. of eight responsed(1,7)=31.1P<0.001, Table 1]. The

First response foadthe proportion of the total Reinf. lever re- ; £
sponses not preceded by a response on the FCN lever. number of responses made on the FCN lever did not dif

A selective effect on impulsivity would be expected to produd8r  significantly  between the two components
an effect on the chain length in the absence of changes in the nifafd,7)=4,33, NS], whereas the rats entered the food tray

Table 1 The differences between performance in the Fast (2 s differences were observed in all measures except response effi-
ter-response time) and Slow (5 s inter-response time) componeigscy. Results are means + SEMs
of a paced-FCN procedure. After analysis of variance, significe nt

Component  Total FCN Pellets Panel Chain Response Chain Chain % First
responses earned entdes length efficiency efficiency completion resp. on
time food
Fast 141.2+15.7  11.2+1.6 8.6+2.8 7.42+0.5 13.4+0.8 1.6+0.2 29.4+3.3 8.1+2.8
Slow 108.8+18.0  6.3+x1.5 17.3+2.6 5.01+0.5 22.9+5.1 8.2+2.5 46.7£1.F 35.5+11.4

aNote, unlike the other measures, the number of panel entries (P..Because of the large variation in the response efficiency in the
the number of times the rats opened the Perspex door giving slew component, the data was also analysed after log transforma-
cess to the food tray) is not corrected for the difference in thien, in which case there was a statistically significant difference

length of the components (5 min vs 12 min). If this is taken in{@.12 vs 1.31P<0.05)

account there is no difference in the mean number of panel entti€s0.05 vs Fast component after analysis of variince

(1.7/min vs 1.4/min)
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Table 2 Summary of the effects of imipramine, haloperidol andmount of variation between subjects, whereas the statistical anal-
ethanol on a paced FCN 8 schedule of reinforcement. The das was carried out on a within-subject design
shown are the mean * SEMs. Note that the SEM indicates e

Drug Dose Number of Chain Chain First Response Chain
mg/kg FCN time length response efficiency efficiency
responses (s) food
Imipramine Veh 147.7£14.2 28.9+3.0 7.6+0.3 4.9+2.6 12.2+0.3 1.49+0.1
IP 60 min 1.0 144.0£16.3 28.7+2.9 8.2+0.3 8.9+4.8 11.5+0.3 1.41+0.2
Fast 3.0 140.6+£13.8 29.5+2.7 7.9+0.4 7.0£3.2 11.6+0.3 1.28+0.1
component 10.0 100.2+£16.9 43.9+5.5 8.8+0.5 10.1+5.4 12.1+£0.6 1.37£0.1
Slow Veh 110.5£19.8 50.0+4.3 5.41£0.6 24.1+8.5 18.3%£1.6 4.11+0.4
component 1.0 88.6+26.7 47.5+5.4 5.4+0.6 30.5+11.5 16.8+3.0 3.08+0.7
3.0 114.6+25.5 48.7+2.2 5.3+0.8 30.1+10.6 16.7+3.1 3.20+0.9
10.0 89.1+20.4 62.2+6*7  6.1+0.4 19.9+7.0 14.2+10.2 2.43+1.0
Haloperidol Veh 148.1+15.4 29.7+4.1 7.5+0.3 2.1+0.9 11.940.6 1.5+0.1
SC 60 min 0.01 143.5+£14.4 32.1+4.2 7.6+0.3 1.1+0.8 12.4+0.8 1.6+0.3
Fast 0.03 83.1+16%5 31.7+4.2 5.8+0.%¥ 18.3+5.3 15.2+1.6 3.1+0.9
component 0.1 221144 30.6x4.4 3.310.4 30.448.5 27.7+6.3 6.2+2.0
Slow Veh 106.1+25.6 51.4+3.5 5.2+0.7 30.3+10.2 17.1+3.6 2.68+0.5
component 0.01 108.5+£29.2 50.1+3.8 4.7+1.2 36.5+14.4 15.7+1.9 2.51+0.3
0.03 48.6+£16.1 47.9+£3.0 3.2+0.5 50.1+11.4 20.2+2.4 5.45#0.5
0.1 7.1+3.8 - 1.2+0.3 78.1+9.8 - -
Ethanol (5 mi/kg) Veh 135.3+19.3 28.1+3.2 6.9+0.4 7.3£3.8 13.6+1.0 1.76+0.2
PO 15 min 300 133.8£19.4 28.8+2.6 7.9+0.6 2.7£2.7 12.3+0.6 1.49+0.1
Fast 1000 139.1+16.4 29.4+3.5 6.9+0.2 2.5+2.0 12.8+1.0 1.92+0.4
component 3000 63.7+x179 33.0+5.4 5.1+0.9 30.2+9.4 12.3+x0.4 1.54+0.1
Slow Veh 89.9+27.0 - 4.5+0.8 36.5+11.4 - -
component 300 85.8+29.7 - 45+1.0 36.1+£16.2 - -
1000 96.4+35.2 - 4.0+1.1 31.0+15.7 - -
3000 34.4+1714 - 2.3+0.8 43.0+14.0 - -

* P<0.05 vs vehicle after Dunnettsest. Vehicle was 0.9% saline for all drugs except ethanol, in which case it was tap water
— Measure could not be calculated due to insufficient data

roughly twice as many times in the Slow componelmipramine

[F(1,7)=9.73,P<0.05], in proportion to the longer dura-
tion of that component. However, the efficiency of thenipramine (Table 2 and Fig. 2) was administered IP
rats was clearly lower in the Slow component. Th&0 min before testing at 1.0, 3.0 and 10.0 mg/kg. The
earned significantly fewer food pellet$-(L,7)=9.47, average time taken complete a ratio of eight responses
P<0.05], and they made significantly shorter chaingas significantly increased by 10.0 mg/kg for both the
[F(1,7)=16.7,P<0.01], with the result that fewer chaing-ast component F(3,21)=20.7, P<0.0001] and the
resulted in the delivery of food [F(1,7)=6.5B<0.05]. Slow componentH(3,14)=7.78,P<0.01]. The analysis
However, the number of responses per food pellet did nbtchain length revealed a significant effect of the drug
differ significantly between the two components the Fast [F(3,21)=3.99,P<0.05], but not the Slow
[F(1,7)=3,71, NS]. In addition, the rats pressed the Resmponentf(3,21)=1.0, NS]. Post-hoc tests on the da-
inf. lever more frequently without having first pressei for the Fast component revealed a significant differ-
the FCN lever [f(1,7)=6.28]. Thus, making the rats reence between saline and a dose of 10.0 mg/kg, indicat-
spond more slowly decreased their efficiency. A calculi@g that the average chain length at 10.0 mg/kg imipra-
tion based upon the time taken to complete an eightn@ne was significantly longer than that after saline
sponse chain and the average chain length suggeststthatment (see Table 2). The efficiency of the rats was
the rats pressed the Reinf. lever approximately 27 s afieaffected by the drug, measured either by Response
initiating a chain in the Fast component and approfiastF(3,21)=0.91, NS and slow(3,16)=0.35, NS] or
mately 29 s after in the Slow component — a strikingyhain efficiency [Fast,F(3,21)=0.54, NS and Slow,
similar interval. F(3,16)=0.38, NS]. Imipramine did not significantly in-
Analysis of the difference in the distribution of therease the proportion of first responses made on the Re-
chain lengths is shown in Fig. 1. There were significanilyf. lever [Fast:F(3,21)=0.45, NS and Slowk(3,20=
more chains in the Fast component at all of the length85, NS].
examined #6: F(1,7)=10.1, P<0.05, =8: F(1,7)=17.8, Analysis of the distribution of chain lengths after imi-
P<0.01,>10: F(1,7)=15.1,P<0.01 and>12: F(1,7)=7.5, pramine treatment (Fig. 2, upper panel) confirmed that
P<0.05]. the drug shifted the distribution to the right, an increase
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-Q - saline

* —O - Fast component 100 —
100 —@— Slow component 2 g —@— 1.0 mg/kg imipramine
2 g w 5 7 —#— 3.0 mg/kg imipramine
@8 £ T 60— —&— 10.0 mg/kg imipramine
3 £ 60 * 5 g 40 —
(] -}
=8 v . * T2 20
s 20 0
0 T 100 |
0 5 10 15 20 g 80
Response Number 2 E 60 —
£ 8 40
Fig. 1 Comparison of the distribution of chain lengths in the Fast‘\-: § 20 -
(o) and Slow é) components in the absence of drug treatment.® .
The horizontal axisshows the chain length up to and greater than 0
20, and thevertical axisshows the percentage of the total chains 5 Chai:l",_ength 15 20

greater or equal to each length, a so-called “survival” plot. Differ-

ences between the curves were tested at chain leagites, =10,

and =12. Significance at th®<0.05 level after post hoc tests is 100 —
shown byasterisk:: 80 —

—O - saline

—@— 0.03 mg/kg haloperido}
—i— 0.1 mg/kg haloperidol
—A— 0.3 mg/kg haloperidol

9 Chains
at least n long

in chain length and a reduction in impulsivity. There wa
no significant effect of the drug at the two shortest
lengths examined [Main effect of treatment6:

F(3.21)=1.3, NS), an8: F(3.21)=1.9, NS]. The per- Slow Component
centage chaing1l0 was significantly increased in both ,
Fast and Slow components [Main effect of treatment§
F(3,21)=4.8,P<0.05], whereas when the criterion was %
increased to=12, a statistically significant interaction
was obtained F(3,21)=4.6,P<0.05], post-hoc tests re- 0 5 10 15 20
vealing a significant increase in the number of chains on- Chain Length

ly in the Fast component.

at least n long

%

—O - water

~@— 300 mg/kg ethanol po
—i— 1000 mg/kg ethanol po
—A— 3000 mg/kg ethanol po

100 —
80 —
60 —
40 —
2: "|Fast Component

I

100
80 —

F(3,18)=40.1P<0.0001, SlowF(3,18)=12.7P<0.001], £ % w0 |

but had no significant effect on the average time taken t& £ ,, _|

complete a chain in the Fast compond#(3[15)=1.57, 0

NS] or in the Slow componenE(2,7)=0.31, NS). How- 0 5

ever, there was insufficient data at 0.1 mg/kg in the Slow

component to include in the statistical analysis. In con: S . o

. 1g. 2 Distribution of chain lengths after treatment with imipra-
trast, the drug had a marked effect on chain length. Hark%e Upper pandl, haloperidol ¢entre pangland ethanollewer
peridol, at doses of 0.03 and 0.1 mg/kg, significantly rgane). Each panel consists of two graphs showing performance in
duced the chain length in the Fag¥(3,18)=27.1, the Fastand Slow components of the schedulehdhizontal axis

P<0.0001] and at 0.1 mg/kg in the Slow Componerﬁ§9W5 the chain length up to and greater than 20, andettieal
xis shows the percentage of the total chains greater or equal to

[F(3,17)=10.4,P<0.001, see Table.l]‘ At the hl_ghe_r Og ch length, a so-called “survival” plot. Differences between the
these doses there was also a significant reduction in &ffives were tested at chain lengtis >8, 210, and>12. Signifi-
ciency measured by both the Response and Chain efiirce at the?<0.05 level after post hoc tests is shown by the
ciency in the Fast componer#(B,16)=8.6,P<0.01, and hatched rectangle:s

F(3,16)=7.0,P<0.01, respectively], whereas in the Slow

component, where there was insufficient data at the high-

est dose to calculate the quotients, there was no sigrfimponents H(3,18)=8.94, P<0.001, and F(3,17)=
cant effect of the drug on the Response efficien&®.57,P<0.001, respectively].

[F(2,7)=0.88, NS] but a significant effect of the dose of The reduction in chain length produced by haloperi-
0.03 mg/kg on the Chain efficiencyF[R,7)=10.7, dol can be clearly seen in the distribution analysis
P<0.01]. The rats also made more first responses on (Rigy. 2, lower panel). A significant reduction in the num-
Reinf. lever at a dose of 0.1 mg/kg in both Fast and Slber of chains of lengths6 and>8 was found at 0.1 and

Haloperidol

% Chains
at least n long

Haloperidol (Table 2 and Fig. 2) was administered SC
60 min before testing. Inspection of the data revealed
that, at the two higher doses, the drug reduced the num-
ber of responses made in both components [Fasté

©

Slow Component

at least n long

10 15 20
Chain Length
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0.3 mg/kg [post hoc tests after significant main effect odsponses made first on the Reinf. lever was significantly
treatment >6: F(3,18)=22.4, P<0.0001 and =8: increased in the Fast componeR(d,15)=6.26,P<0.01]
F(3,18)=21.0,P<0.0001]. There was also a significanbut not in the Slow component. In this component the
main effect of treatment at chain lengths10 overall analysis of variance was statistically significant,
[F(3,18)=3.8,P<0.05], but no individual dose differedbut no dose differed significantly from vehicle. From Ta-
from vehicle after post-hoc tests. There was no signifile 3, it can be seen that there was a tendency for the
cant effect of the drug at chain lengti? [F(3,18)=0.2, proportion of first responses on the Reinf. lever to be re-

NS]. duced at 1.0 and 3.0 mg/kg in this component, but the ef-
fect of neither individual dose reached statistical signifi-
cance.

Ethanol The reduction in average chain length produced by

chlordiazepoxide in the Fast component was mirrored by
Ethanol was administered PO 15 min before testingaasignificant shift in the distribution to the left (Fig. 3,
doses of 300, 1000 and 3000 mg/kg. The number of vgper panel). However, unlike in the statistical analysis
sponses made on the FCN lever was significantly reducédaverage chain length, above, the distribution in the
by the highest dose used (3000 mg/kg) in both the F8kiw component was shifted to an equal extent. This was
[F(3,15)=10.94,P<0.001] and the SlowHF(3,15)=4.31, supported by a significant main effect of treatment at
P<0.05] components. Chain time analysis was only possiain lengths>6 [F(3,12)=53.5, P<0.0001] and =8
ble for the Fast component, and there was no significfia(3,12)=36.2,P<0.0001]. In both cases, after post-hoc
effect of ethanolf(3,13)=2.67, NS]. Ethanol reduced théests, it was the highest dose of 10 mg/kg chlordiazepox-
chain length in both components at the highest dade which differed from vehicle. There was no effect of
[Fast: F(3,15)=4.54,P<0.05 and Slow:F(3,14)=3.88, the drug on chain length=l0 or=>12 [F(3,12)=2.7, NS
P<0.05]. However, this chain shortening did not result andF(3,12)=0.4, NS, respectively].
a decrease in efficiency in the Fast component measured
by either Response efficiency=(B,13)=0.84, NS] or
Chain efficiency F(3,13)=0.92, NS]. The proportion ofAmphetamine
first responses made on the Reinf. lever was significantly
increased at 3000 mg/kg ethanol in the Fast compongiimphetamine was the last of the drugs tested in these
[F(3,15)=8.69,P<0.01], but the drug had no effect in theats (Table 3 and Fig. 2). It was administered IP 15 min
Slow componentH(3,15)=0.17, NS]. before testing at doses of 0.2, 0.4 and 0.8 mgik® ).
Although ethanol reduced chain lengths at the high&$te drug reduced the number of responses made on the
dose in both component, this was not reflected by aRg¢N lever at the dose of 0.8 mg/kg in both components
significant change in the chain length distribution (Fig. frast: F(3,15)=12.3, P<0.001, Slow: F(3,15)=5.3,
lower panel). There was no significant main effect #<0.05]. Only two rats completed any chains greater
treatment at any of chain lengths teste@l F(3,15)=2.8, than eight responses in the Slow component after the
NS, >8: F(3,15)=1.5, NS210: F(3,15)=0.8, NS an&12: drug treatment, so further analysis of that component is
F(3,15)=1.0, NS]. There were no significant treatment liynited. There was no alteration in chain time in the
component interactions, either. Fast componentH(3,12)=1.02, NS]. Amphetamine also
reduced the chain length at the dose of 0.8 mg/kg in
both components [FasE(3,13)=7.5,P<0.01 and Slow:
Chlordiazepoxide F(3,13)=5.4,P<0.05]. Efficiency was not, however af-
fected by the drug where this could be assessed in the
Chlordiazepoxide was administered IP at doses of 1Hast component [Response effF(3,11)=2.79, NS,
3.0 and 10.0 mg/kg 15 min before testing. The high&3hain eff.:F(3,12)=1.3, NS]. Finally, the rats made sig-
dose markedly sedated the rats and affected almostnditantly more first responses on the Reinf. lever, again
measures of responding. The total number of FCN lewr 0.8 mg/kg and again in both components [Fast:
presses was significantly reduced in both Fast and Sl6(8,14)=9.05, P<0.01 and Slow: F(3,14)=4.39,
components §(3,15)=33.0,P<0.0001, and~(3,15)=8.3, P<0.05].
P<0.01, respectively]. However, the chain time was not Analysis of the distribution data for amphetamine
significantly affected in either component [Fastvas complicated by the fact that at 0.8 mg/kg of the
F(3,13)=0.94, NS and SlowF(3,8)=3.28, NS]. The drug, only two rats started five chains or more in the
chain length was significantly reduced by the dose 8fow component. A balanced analysis of variance in-
10.0 mg/kg in the Fas¥[3,15)=22.3P<0.0001] but not cluding all doses was thus impossible. Instead, two com-
the Slow F(3,12)=2.51, NS] components. Response effdementary analyses were carried out — a two-way analy-
ciency was significantly reduced, particularly in the Fasis including the doses of 0.2 and 0.4 mg/kg amphet-
component (3,13)=35.4,P<0.0001] but also in theamine, and a one-way analysis including all three doses
Slow componentH(3,8)=4.40,P<0.05], whereas Chainfor the Fast component alone. The two-way analysis re-
efficiency was only significantly reduced in the Fastaled no significant effect of 0.2 or 0.4 mg/kg of the
componentfF(3,13)=24.7 P<0.0001]. The proportion of drug at chaing6 [main effectF(2,10)=3,2. NS], chains
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Table 3 Summary of the effects of chlordiazepoxide and amphetmount of variation between subjects whereas the statistical analy-
amine on a paced FCN 8 schedule of reinforcement. The dsikawas carried out on a within-subject design
shown are the mean = SEMs. Note that the SEM indicates e

Drug Dose Number of Chain Chain First Response Chain
mg/kg FCN time length response efficiency efficiency
responses (s) food
Chlordiazepoxide Veh 136.5+18.8 29.9+3.5 7.2£0.4 2.4+2.1 12.3+0.8 1.5+0.2
IP 15 min 1.0 143.9£16.2 29.0+3.4 7.2+0.2 1.4+0.9 11.4+0.4 1.4+0.1
Fast 3.0 129.9+18.6 60.8+31.7 7.2+0.5 4.63.6 12.3+0.6 2.0£0.5
component 10.0 35.2+145 43.9+5.5 3.9+0.8 27.7+11.7  30.1+3.8 6.0+1.F
Slow Veh 87.8+29.8 48.6£3.0 5.2+0.6 41.1+15.8 17.2+2.7 3.4+0.7
component 1.0 100.9+26.0 51.1+3.2 4.6x0.6 31.6%9.3 22.5%¥3.5 3.6x0.8
3.0 103.0+£31.5 56.4+14.6  4.8+0.6 18.2+8.2 29.2+10.7 5.3+2.4
10.0 15.4+6.7 139.6+78.1  3.6+0.8 54.2+14.4 68.0+1%4.0 11.0+1.0
Amphetamine Veh 131.7+17.4 34.6+4.0 7.1+0.3 3.3£1.6 14.7+2.16 1.85+0.3
SC 15 min 0.2 101.8+23.7 29.6%4.0 6.0+0.7 17.3£10.8 13.3+£1.64 1.56+0.2
Fast 0.4 109.2+16.1 31.3+5.3 6.8+0.7 22.2+5.8 13.0+1.24 1.85+0.4
component 0.8 29.8+134 28.6x4 2.8+14 60.9+15.3  21.6+7.1 2.64+1.1
Slow Veh 91.1+30.3 - 5.1+0.9 41.4+15.5 - -
component 0.2 85.3+30.2 - 4.4+0.9 39.3+18.9 - -
0.4 71.6+29.1 - 3.3+0.9 45.2+18.3 - -
0.8 16.3+9.3 - 1.5+1.0 78.3+11.9 - -

* P<0.05 vs vehicle after Dunnettsest. Vehicle was 0.9% saline for both drugs
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=10 [F(2,10)=0.8, NS] or chains12 [F(2.10)=0.4, NS].
However, there was a treatment by component interac-
tion at chaine8 [F(2,7)=9.3,P<0.05] which revealed a
significant effect in the Slow component at 0.4 mg/kg
after post hoc tests. The one-way analysis on the Fast
component revealed significant effects of 0.8 mg/kg am-
phetamine at chainst and chain&8 [post hoc tests af-
ter F(3,12)=7.0,P<0.01 andF(3,12)=6.6,P<0.01, re-
spectively]. There was no significant effect on longer
chains £10: F(3,12)=0.5, NS and>12: F(3,12)=0.1,
NS].

Discussion

The effects of the drugs may be summarised as follows.
Haloperidol, amphetamine, imipramine and ethanol re-

duced the average chain length but only at doses which
also produced a reduction in response rate. The effect of
ethanol was rather small, since there was no significant
change in the chain length distribution. Thus these drugs
did not have a selective effect on response choice. Imi-
pramine also reduced the rate of responding, but this re-
duction was accompanied by an increase in the average
chain length and a shift to the right of the chain length

distribution. Thus imipramine did not have a selective ef-

fect on response choice either. However, there was a dis-

Fig. 3 Distribution of chain lengths after treatment with chlordisociation between the effects on response rates, shared

azepoxide pper panél and d-amphetaminelg¢wer pane). For

further description of the layout, see legend to Fig. 2

by all the drugs, and the effects on chain length, on
which the drugs had different effects.

As noted in the Introduction, the paced-FCN proce-
dure employed here was designed to give the experi-
menter control over the rate of responding, thus reducing
the possibility for drug to influence response choice
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measures (chain length and efficiency of responding) byThe difference between the Fast and Slow compo-
affecting response rate. Evidence that this succeededests is illuminating in another sense, in that the effects
provided by the effect of imipramine, which had no eéf slowing the rats down resemble the effects of several
fect on chain length under conventional unpaced FCNoBthe drugs, haloperidol, chlordiazepoxide, ethanol and
and FCN 32 schedules of reinforcement (Evenden 19%8y)phetamine: the chain length was shorter, the efficien-
but increased chain length in the present study. Splitticg impaired, and the rats made more first responses on
the procedure into two components was designed to thet Reinf. lever rather than the FCN lever. Since the ef-
as a comparison with this previous study, the Fast cdi@ets of the drugs were also accompanied by a reduction
ponent as a parallel to the FCN 8 schedule, and the Siowhe number of responses made, it could be assumed
component to the FCN 32. However, increasing thieat their effects were directly due to slowing of respond-
length of the FCN and forcing the rats to respond slowyg, i.e. sedation (cf. the discussion of the effects on un-
had quite different effects on the pattern of performangaced FCN responding; Evenden 1996). However, two
of the rats. In the former case, the behaviour of the ratservations make this hypothesis untenable: first, am-
was well controlled by the schedule, and clearly resephietamine which is not sedative, had the same effects
bled the normal, unpaced performance at FCN 8 (Evéalthough it did disrupt responding), and second, imipra-
den 1998). In contrast, in the present study, analysisnuhe, which also reduced the number of FCN lever re-
the Baseline data showed that slowing the rats disrupspdnses and increased the time taken to complete a chain
control by the schedule requirements, so that efficienafyeight responses at the highest dose used here, had the
was impaired. In the Slow component the rats made, apposite effect.

average, shorter chains than in the Fast component, alOf the five drugs tested in this experiment, the most
though the schedule requirement was exactly the sameeresting effect was that of imipramine, since the chain
This suggests that even in this well-trained “ratio-basel@hgth was significantly increased when the rats were
schedule, the behaviour of the rats is at least partly ctneated with this drug, and the distribution of chain
trolled by the passage of time. This is supported by flemgths was clearly shifted to the right. By the definition
observation that the average time to terminate a chpmvided in the Introduction, this effect is proposed to re-
was roughly similar in the two components. Interestinflect a reduction in impulsivity. Note, however, that this
ly, too, the rats did not improve in performance with rehift did not result in improved performance measured
peated training, as might reasonably be expected duéyoa reduction in the number of responses or chains
their continued success and good performance in the Fagtle per pellet delivered. Imipramine (and related
component. Thus it would appear that some fundamerttedgs) has previously been found to improve perfor-
aspect of rats’ operant performance underlies the impairance in the differential reinforcement of low rates of
ment induced by forced slow responding. Loosely, ridssponding procedure (DRL; McGuire and Seiden 1980;
may be that rats use a timing to regulate their behavi@QibDonnell and Seiden 1983), in which rats are required
in this procedure (see discussion in Davis and Pérussewait for 72 s between consecutive lever presses to
1988, p. 575) where counting would be a better strategyaximise the number of pellets obtained. Criticism has
and that they have great difficulty in doing otherwisbeen directed against these findings in the DRL-72, since
Mechner and Guevrekian (1962) manipulated the m@her sedative drugs can sometimes also produce a simi-
sponse rate under an FCN schedule by altering the delari-effect (e.g. haloperidol; Pollard and Howard 1986, or
vation state of the rats. They found that a faster respodszepam; C.N. Ryan, personal communication). A mild
rate did not lead to an increase in the modal in the sedation might be expected to improve performance by
sponse chain length, which suggests that the rats weducing the rate of responding. However, this is obvi-
not using time-on-lever to estimate the chain length. Pasisly not an adequate explanation for the findings here,
sibly a difference between internally and externally gesince there is no link between low response rate and in-
erated changes in response rate is responsible for thésased chain length: quite the contrary. In fact, in the
difference in outcomes. Of course, these results do nontventional, unpaced FCN schedule, where low re-
rule out the possibility that animals responding under ggponse rates appear to be associated with reduced chain
erant procedures can use numerical information undkmgth, the dose of 10.0 mg/kg imipramine shifted the
other circumstances, for example, the elegant work abfain length distribution to the left, the opposite of the
Roberts and Mitchell (1994), carried out in pigeons. Oeffect seen here, although mean chain length was not af-
interesting procedural difference between that study dedted. Furthermore, other drugs which generally reduce
the present is that in Roberts and Mitchell (1994) numaestivity, including haloperidol and chlordiazepoxide, had
ical or timed discriminative stimuli were used to contréhe opposite effect to imipramine in the present proce-
response choice (a single act), whereas in the preshne.

study the information was used to regulate a series ofRecently, Ho et al. (1996) have demonstrated that de-
acts making up a chain. As Roberts and Mitchell (19%ipramine (a selective inhibitor of noradrenaline reup-
point out, the exact influence of either numerical or tintake) and fluvoxamine (a selective inhibitor of serotonin
ing information may depend the subjects previous expeuptake) have no effects in two procedures measuring
rience and on the training and testing procedures diming ability: the fixed interval peak procedure and the
ployed. interval bisection task. Thus neither the effects of imipra-
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mine (which inhibits reuptake of both noradrenaline amgdure (Evenden 1998) and support the suggestion that
serotonin) in the DRL-72 nor in the present procedutds class of drugs appears to increase impulsivity in this
are likely to be due to effects of this drug on timing petest at the same time as they reduce response rate rather
formance. These authors suggest that such compouhds increasing average chain length as suggested by
may affect the animal’s ability to inhibit or postpone Ricker (1988).
reinforced response, and that a task which requires refinally, the effect of amphetamine also resembled that
sponse inhibition but does not entail temporal differenteen in the unpaced FCN procedures with one interesting
ation of responding might be used to verify this hypothand important difference. A close examination of the dis-
sis. The present procedure was designed to fulfil thigution of responding shows little or no gradual shift in
role, although it appears that empirically the rats do ube peak of the distribution as seen under the unpaced
temporal pacing of behaviour in this test, even if it is nBCN schedules. Instead, borrowing from the analysis
explicitly required (the same might also be true of othearried out by Evenden (1998), the rats appear to shift
“omission” procedures). abruptly from “normal” behaviour to behaviour based
Given that it is possible to rule out mediation of th@pon single independent responses, reflecting a prefer-
imipramine effect via changes in response rate and thate for the lever most closely associated with food de-
drugs with related mechanisms of action appear notlitery. The most likely explanation of this is that re-
affect timing behaviour, it is reasonable to concludponse chain shortening, which is responsible for this
that, at least on acute administration, imipramine redwhift in the peak, does not occur during paced FCN re-
es impulsivity in rats. As noted in the Introduction, thisponding, since successive responses must be separated
procedure is designed to assess only one aspechythe withdrawal and extension of the lever. If this is so,
impulsivity, and Evenden and Ryan (1996) did not fintl would support the suggestion that response chain
that imipramine increased preference for delayed reghortening when responding is continuous is largely due
forcers. That test was also based upon lever presstogitelescoping” of two or more responses into one unit
reinforced by food, so that the basic motor response aodthat the animal initiates two responses but in effect
motivation are the same in the two procedures. Instepdrforms only one. Instead, in the present procedure, the
it is likely that the difference in effect of the drug in thprimary effect appears to be a shift in the level of control
two procedures depends upon the different aspectsfrom “pattern” to “act” (Rachlin 1995), with a resultant
decision making involved: in the present proceduneredominance of the preference for the lever most close-
completing a chain of behaviour made up of several ig-associated with reinforcement. This shift in the level
dependent responses, and in the delayed reinforcentgntontrol reflects a qualitative alteration in behaviour
paradigm, choosing which of two responses to mak#ich may be related to impulse control, but which is
depending upon the delay associated with their ontt well captured in the definitions given in the Introduc-
come. tion. Such considerations support the suggestion that
The remaining four drugs, ethanol, chlordiazepoxidgharmacological tools can provide valuable insights
haloperidol and amphetamine, shared the effect of vehen investigating behavioural phenomena such as
ducing the chain length. Chlordiazepoxide, haloperidiohpulsivity.
and amphetamine produced a shift to the left in the The study of impulsive behaviour in animals is as yet
chain length distribution, whereas ethanol had no obin-its infancy, and, naturally, considerable caution should
ous effect on the distribution. On this basis it can Ibe taken in extrapolating concepts derived from human
concluded that the effect of ethanol in this procedurestudies to other animal species. Nonetheless, animal ex-
minimal, and secondary to the general effect of the dgeriments will most probably be needed to contribute to
es used here on motor performance. Interestingly, Evéme study of biological factors influencing impulsivity, in
den (1996) has recently found that ethanol does redwdgch case it will be desirable to develop and validate
preference for a large delayed reinforcer in the task @gpropriate test methods. The paced FCN procedure ap-
scribed by Evenden and Ryan (1996), reflecting an ipears to offer more analytical power than the unpaced
crease in impulsivity in that test. Thus it seems thatrsion of the test since it was possible to differentiate
there is also a dissociation of the effects of ethanol like effects of drugs which all reduced response rate but
tween the two procedures. Chlordiazepoxide has mather increased or decreased impulsivity. For this rea-
been tested in that delayed reinforcement procedure,saln, the test may be useful for further studies of biologi-
though diazepam, perhaps surprisingly, increased predi factors influencing impulsive behaviour, including
erence for the large, delayed reinforcer (Evenden asetotonergic drugs (Evenden, manuscript in preparation),
Ryan 1996). Seen in the context of impulsivity, the shdind a proposed genetic model of attention deficit/hyper-
to the left in the chain length distribution produced kactivity disorder, the spontaneously hypertensive rat
chlordiazepoxide in the present procedure corresporisenden 1997).
better to the effect seen in the T-maze delayed remforGe_nowled ements | thank Christine Ryan, David Jackson and
ment test used by Thiébot an_d colleagues (Thiebot etéie*;]gt Meygrson for their comments on %/he éxperiments and on the
1985) than to the effects of diazepam reported by Evefisn|script.
den and Ryan (1996). The effects of haloperidol report-
ed here resemble those seen in the unpaced FCN 8 pro-
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Appendix 1

Two-way treatment by component analyses were carried outamd percentage first response on Reinf. letstH. The results of
three of the measures used in the main paper for which resthiisse analyse$-(ratio, probability,df) are presented below to sup-
were almost always available for all rats in both componenfdement those given in the main body of the text

number of responses on the FCN levsFk), chain length CL)

Treatment Component Treatment X
component

Imipramine
NFL 4.00 (<0.05)f= 3,21 4.48 (NSypf=1,7 4.07 (<0.05)f = 3,21
CL 3.31 (<0.054df = 3,21 27.31 (<0.09f=1,7 0.36 (NSyf= 3,21
1stR 0.29 (NSyf= 3,21 11.59 (<0.059f=1,7 1.94 (NSyf= 3,20
Ethanol
NFL 6.35 (<0.01df = 3,15 3.65 (NSpf=1,4 0.46 (=0.058)if = 3,12
CL 1.76 (NS)df= 3,12 11.9 (<0.05)f= 1,4 0.81 (NSpf=3,11
1stR 1.82 (NSyf= 3,12 4.12 (NSpf=1,4 3.01 (NSyf= 3,12
Haloperidol
NFL 36.8 (<0.0001pf= 3,18 3.18 (NSyf=1,6 0.58 (NSHf= 3,18
CL 17.1 (<0.0001pf= 3,18 17.9 (<0.01)f=1,6 0.37 (NSyf=3.17
1stR 19.0 (<0.00019f= 3,18 10.4 (<0.050if= 1,6 0.64 (NSpf= 3,17
Chlordiazepoxide
NFL 38.0 (<0.0001pf= 3,15 4.40 (NSpf=1,5 0.52 (NSyf= 3,15
CL 16.0 (<0.0001pf= 3,15 50.8 (<0.0019if= 1,5 0.39 (NSpf= 3,12
1stR 6.05 (<0.01yif= 3,15 8.61 (<0.05df= 1,5 2.23 (NSyf= 3,14
Amphetamine
NFL 9.87 (<0.001df = 3,15 2.64 (NS§f=1,5 1.36 (NSyf= 3,15
CL 7.30 (<0.01df=3,9 7.60 (NSyf=1,3 1.50 (NSpf=3,9
1stR 9.48 (<0.0Lyf = 3,12 6.36 (NSyf=1,4 1.35 (NSpf= 3,12

The major conclusion from this analysis is the relative lack of dénalysis are in some cases rather low, and lower than for the corre-
ference in the effects of the drugs in the two components. Osfyonding one-way analyses in the Results section due to the exclu-
one statistically significant interaction was seen, the effect of insiton of animals with excessive missing values from analysis by the
pramine on the total number of FCN lever responses, and thisstatistical analysis program, Sigmastat. Thus, in a few cases where
flects the lack of the effect of this drug in the Slow componetite F ratio approaches that required for statistical significance,
(see Results). Note, however, that the degrees of freedom in thesgative results should be interpreted cauticiusly
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