
The effects of atropine on 
food-reinforced vs water-reinforced 
VI respondlng 

used, with repeated measures on the fust 
factor. The reinforcement, drug, drug by 
reinforcement, and drug by reinforcement 
by trial block factors were all significant 
(p< .01), as was the reinforcement by trial 
block interaction (p < .05). However, since 
the three-way interaction and the 
reinforcement by trial block. interaction 
accounted for so small a proportion of the 
total variance (w2 

'" .001 and .0005, 
respectively), they will not be discussed in 
detailhere. 
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80th atropine sulfate and atropine 
methyl nitrate (2 mgJkg) were found to 
suppress VI responding for food 
reinforcement, while neither had a 
significant effect on responding for water 
reinforcement. It was suggested that 
suppression of thirst-related behavior by 
anticholinergic substances is a dose-related 
function uf both the central and the 
peripheral consequences of cholinergic 
attenuation. 

Grossman (1960) has suggested that 
cholinergic activity, in a circumscribed 
perifornical area at the same rostrocaudal 
coordinate as the ventromedial nucleus, 
selectively activates drinking behavior. 
While the structures involved in water intake 
have been extended by research involving 
central application of cholinergic and 
anticholinergic substances (Fisher & Coury, 
1962; Levitt & Fisher , 1966), the specificity 
of the relationship between cholinergic 
activity and drinking behavior has been 
maintained. 

Per i pherally applied anticholinergic 
substances have been shown to suppress 
food intake as weil (Stein, 1963;Whitehouse 
et al, 1964). This effect is thought to be due 
to the peripheral consequences of 
cholinergic attenuation rather than to 
c~ntral actions. The quaternary analogs of 
atropine and scopolamine, which penetrate 
the blood-brain barrier only with difficulty, 
are somewhat more potent than atropine or 
scopolamine in suppressing food intake 
(Stein, 1963). Further, Artane, an 
anticholinergic which causes only mild 
dryness of the throat peripherally, has been 
shown to have no effect on the consumption 
of food reinforcement (Keehn & Nagai, 
1969). 

The peripheral application of atropine has 
also been shown to suppress water in take 
(Grossman, 1962), as weil as to affect 
water-reinforced responding on multiple 
schedules (Herrnstein, 1958; Boren & 
Navarro, 1959; Willis & Windland, 1963). 
These effects on thirst-related behavior may, 
however, be dose-dependent (Boren & 
Navarro, 1959; Stein, 1963). 

The present experiment was designed to 
test the effects of a comparatively low dose 
(2 mg/kg) of atropine sulfate and atropine 

Psyehon. Sei., 1969, Vol. 17 (1) 

methyl nitrate on VI responding as a 
function of the type of reinforcement 
employed. The effects of repeated 
administration on response output was also 
investigated_ 

SUBJECTS 
. Forty-two male Long-Evans hooded rats, 

90-120 days of age at the beginning of the 
experiment, were randornly divided into six 
equal groups. The Ss were maintained at 
80% of their estimated growth curve-three 
groups by controlled feeding at the end of 
each day's TUn, and three by timed aceess to 
water at the end of each day's run. All Ss 
were housed in individual horne cages. 

APPARATUS 
Subjects were tested in two Lehigh Valley 

rat chambers, housed in sound-insulated, 
ventilated chests. The left bar in each 
chamber was removed, and its opening was 

The mean suppression ratio for each 
group is shown in Fig. 1. Groups F{AS and 
F / AMN both showed extensive response 
suppression, while there was a 
nonsignificant tendency for Groups W {AS 
and W/AMN to respond at a slightly higher 
rate than Group W/S. The food-reinforced 
Ss tended to decrease their response output 
over trials, while the water-reinforced Ss 
tended to increase their response output. 
Individually, neither trend was significant, 
although the interaction was significant at 
p< .01. The drug by trial block interaction 
was not significant (p> .10), nor was the 
trial block factor(p > .05). 

covered with a metal plate set flush with the DISCUSSION 
wall. Water reinforcements were delivered The present resUlts support previous 
by alehigh Valley Model 1351 liquid research showing that both atropine sulfate 
dipper, and food reinforcements by a and atropine methyl nitrate suppress 
Scientific Prototype Model D700 pellet food-reinforced responding. That this 
dispenser. Electronic programming and suppression is due to the peripheral action of 
recording equipment was activated by a I the drug has been suggested previously 
forceof12goneachbar. (Stein, 1963), and receives same further 

PROCEDURE support in this study from the tendency for 
All Ss were trained to barpress on a the food-reinforced Ss to decrease their 

VI 30-sec schedule for either food (94-mg response output as a function of the number 
Noyes pellet) or water (.04 cc, 4-sec of injection days. Such a response decrease 
presentation) reinforcement. They were run might be expected to occur if the peripheral 
for one 16-min period per day, to a criterion consequences of cholinergic attenuation 
of either 5 consecutive days where the daily result in a decrease in the incentive value of 
total responses fell within ±1 0% ofthe me an the reinforcement pellets. This 
response total for the previous 5 days, or for 
60 days, whichever came first. For 10 days 
following criterion, Ss received i.p. 
injections of either I cc/kg isotonic saline 
(Groups FIS and W/S, i.e., food or water 
reinforcement with saline), 2 mg/cc/kg 
atropine sulfate in isotonic saline (Groups 

1.00 

.'0 

F{AS and W{AS), or 2mg/cc{kg atropine 
methyl nitrate in isotonic saline (Groups S .60 

F{AMN and W{AMN). Injectionswere given ~ 
30 min prior to the day's TUn. ~ 

RESULTS §..., 
~ 
g 
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The data from the first of the 10 drug 
days was judged to be confounded by 
reaction to the injection procedure itself, 
and was discarded. The remaining 9 days 
were grouped into blocks of 3, and a 
suppression ratio (total responses in each 
3-day block divided by the total responses 
for the last 3 criterion days) was computed 
for each S. A 2 by 3 by 3 (reinforcement by 
drug by trial block) factorial analysis was 

Fig. l. Mean suppression ratio as a 
function of drug group. 
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interpretation is supported by the tendency 
of several of the Ss in both Group F / AS and 
Group F/AMN to leave up to 5CYYr of the 
pellets they received uneaten. 

Suppression of water-reinforced 
responding was not found for either Groups 
W/AS or W/AMN, a result which isin accord 
with previous work (Stein. 1963) showing 
no significant suppression of water in take 
with a dose of 2.5 mg/kg atropine, although 
there was a significant suppression with a 
dose of 5 mg/kg. Thus, the effects of 
atropine on thirst-related behavior would 
appear to be dose-dependent. It is quite 
likely that the degree of suppression is not a 
simple function of the degree of cholinergic 
attenuation in the central nervous system, 
but rather a complex function of that 
attenuation in relation to the amount of 
anticholinergically induced peripheral 
feedback_ At low dose levels, the peripheral 
feedback should induce sufficient activity in 
the cen tral structures involved in 
thirst-related behavior so as to counteract 
the partial inhibition of those structures. As 
the dose level increases, the degree of cen tral 
attenuation should become great enough so 
that the peripher al feedback should have 
minimal effect, and thirst-related behavior 
should show maximal suppression. 
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Sequences of delayed reward and 
extinction confinement: Effects on 
pattern running and extinction 
performance 1 

PATRlCK E. CAMPBELL, Southern 
Methodist University, Dallas, Tex. i5222 

Forty rats were trained in a runway under 
a single-alternation partially delayed reward 
schedule. The trial sequence was either D-I 
or I-D during training and D-D, D-I, I-D, or 
I-I during extinction. During training, the Ss 
leamed to run rapidlyon I trials and slowly 
on D trials. During extinction the D-I 
training sequence resulted in greater 
resistance to extinction than I-D, but only 
on the second daily trial. The extinction 
speeds were also inversely related to 
percentage o{ delay confinement in 
extinction. 

According to Capaldi's (1967) 
sequential-trial theory, one major 
determinant of instrumental performance is 
the sequence of reward outcomes from trial 
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to trial. Within partially delayed reward 
schedules, for example, Wike, Kintsch, & 
Gutekunst (1959) have shown that 
schedules containing transitions from 
delayed to immediate reward (D-I 
transitions) produce greater resistance to 
extinction than schedules containing only 
I-D transitions. Capaldi & Poynor (1966) 
found a similar effect when I trials followed 
long as opposed to short delayed trials. 
Further, Wike, Platt, & Parker (1965) found 
this same sequence effect when blocks ofD 
trials were followed by blocks of I trials. 

An additional consequence of 
acquisition-trial sequence is referred to as 
pattern running. Pattern running results 
when trials with different incentive values 
occur in a predictable sequence. Animal Ss 
learn to run rapidlyon trials with large 
incentive and slowly on trials with little 
incentive. Pattern running is a weil 

established phcnomcnon with single 
alternating partial reinforccmcnt (Capaldi. 
1967). Within thc area 01' partially dclayed 
reward, Cogan and Capaldi (1961) reportcd 
a failure to find pattern running whell a 
20-sec delay occurred in the goal box. Burt 
& Wike (I963) rcplicated the Cogan and 
Capaldi findings but reported pattern 
running when delays were extendcd to 60 
and 100 sec. 

The purposes of the present study were: 
(I) to determine if pattern running would 
occur at 20-sec delays if the delay occurred 
in aseparate distinctive delay chamber, 
(2) to assess the effects of D-( transitions at 
long and short intertrial intervals, and(3) to 
determine the effects of sequence of 
confinement in extinction. 

METHOD 
Forly naive fe male albino rats. 

approximately 120 days old, werc 
maintained on a 23-h food-deprivation 
schedule. Ss were adjusted to the 
deprivation schedule, handled, and tamed 
during the first 10 days of the experiment. 

The apparatus, a 5-ft 3-in. L-shaped 
runway was painted flat black and covered 
with a hardware cloth top, with the 
exception of an unpainted, 
Plexiglas-covered delay chamber that 
separated the run and goal sections. 
Response times were recorded in .Ol-sec 
units for three loft sections ofthe runway by 
means of a system of photo relays and 
Hunter Klockounters. 

Following 4 days of runway exploration, 
all Ss were given two trials without delay to a 
standard reward oftwo .097-g Noyes pellets. 
After the above pretraining, 20 Ss were 
randomly assigned to either D-I or I-D 
acquisition sequences and given two 
trials/day for 16 days. Following 
acquisition, each original group was divided 
into four equal subgroups and given 8 days 
of extinction training at two trials a day. 
During extinction, Ss were confined in the 
delay chamber (prior to entering the empty 
goal box), according to one of the following 
daily sequences: D-D, D-I, I-D, or I-I. The 
design then was a 2 by 4 factorial with two 
levels of trial sequence in acquisition and 
four levels of trial sequen,ce in extinction. 
Delay and goal box confinement times were 
20 sec during both acquisition and 
extinction. Trials were rotated among Ss in 
squads of eight with one S from each cell 
represented. The squads were run in a 
random order each day and fed daily at least 
20 min after the completion 01 training. The 
intertrial interval (ITI) averaged 
approximately 7 min during acquisition but 
gradually increased to approximately 
20 min duringextinction. 

RESULTS 
Response times for the third measure 

'(entering the delay chamber) were 
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