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ABSTRACT
The influence of methylphenidate hydrochloride
injections on gix male Charlesg River rats displaying sthéd~
ule induced polydipsia wasveaniﬁed in this study. Bar

pressing, licking, and water consunption were measured

'during a total of 63 daily one hour trials conducted with

v,\ ~a variable interval £0-second schedule of bar pressing for
LA ' ) :
w pﬁlleis with water constantly available. The polydipsic

t regponge was acquired by subjects during the first 28 trials.
Eubjebts were then divided into éxperimentai and control
groups. The experimental subjects recieved a 1 mg/kg
injection of methylphenidate prior to regulqr trials 29-49
and extinction trials 50-63. Control subjects were injec-
ted with an equal volume of physiological galine during
regulaf and extinction trials., It was hypothesized that
methylphenidate in 3 ctbns would affect the bar pressing,
licking, and water consumption rates of experimental sub-

s

jects during the lasgt two phases. An analysis of variance

P

vas used to compare the experimental and control groups'

performances for each variable. The analyses included dats

o

for the lagt 14 trials of each of the three phages: ' acquisg-

ition, regular, and extinction sessions, or trials 15-28,

36-49, and 50-63.

e
e
e

330692




Results indicated that there were no signif-
icant differences between experimental and dontrol éub-
jects' rates on any of the variables measured. The only
significant main effects were those of the three consec-
utive phases of the experiment. Possible explanations for
the results obtained from the experiment and indications

for future research are included in a detailed discussion.
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CHAPTER I

INTRODUCTION
A, A Historical Background of Problem
When an organism ingests an excessive, abnormal
amount of fluid, it is described as being "polydipsic”
(Falk, 1961). The condition can generally be traced to
either of ‘two broad physiological sources: (a) metabolic
polydipsia which occurs as the result of abnormal fluid
losses, as in diabetes insipidus, or (b) regulatory poly-
dipsia resulting from a defect in the central nervous
‘gystem which stimulates neural regulation centers for
“thirst.

A polydipsic condition may also be produced by
chemical means such as sodium depletion or the adminis-
tration of diuretics, and through surgical techniques
usnally involving the hypothalamus or loading of the
stomach with fluids.

The problems associated with the production of
polydipsia have long plagued researchers concerned with
investigations of renal disorders, metabolic disorders,
and othér functions whose study necessitated an increase
in the organism’s fluid intake volume. The use of pun-
ishment such as shock or other avoidance contingencies

to produce an abnormally large fluid intake provided an



inadequaté solution to the problem of inducing polydipsia
without introducing the experimental concomitantivaps- -
iables associated with surgical and chemical techniques. .
| Research in alcoholism with animals has been
especially handicapped due to the difficulty of producing
high, sustained rates of drinking without resorting to
the above teciniques. | |
Falk (1961) was the first to describe volun-
tary abnormal drinking at a high, sustained rate in nor-
mal, unrestrained animals. Although Williams and Teitle-
baum (1956) noted that the usual effect of food depriv-
ation in rats is a considerable reduction in fluid intake,
Falk observed the development of polydipsic behavior in
all of 14 food deprived female rats trained to bar press
.forvpellets on-a 60 second variable interval schedule
(VI-60) with water freely available 24 hours a day. In
this study, records were kept of (a) the subjects' (Ss')
.pre-e¥perimental, 24 hour fluid intake, (b) number of
licks from the drinking spout and the ambunt of fluid
ingested during experimental sessions of 3.17 hbﬁrs each,
and (c¢) the volume of fluid consumed in the homekcage
during the remaining hours between daily experimental
sessions.
| A peculiar behavior pattern became evident from
! recordings made during the experimental sessions. The

delivery of each pellet was followed by a burst of pro-



longed licking at the water spout. The S then returned to
g baf pressing until the delivery of the next pellet, after
which the pattern was repeated. Falk reported that the
~post-pellet drinking was prolonged to the extent that
pelletsvwhich were potentially available after shorter
intervals (3 to 10 seconds) in the VI-60 were delayed by
fhe excessive dfinking behavior.

The mean fluid intake during experimental sess-
ions for ali Ss averaged 3.43 times higher than the pre-
experimental 24 hour intake. Falk commented that the
po}ydipsic effect was rapidly developed and evident in
the first or second VI session, and never failed to develop
under the VI-60 schedule. The behavior was classified as
a type of reguiatory polydipsia which would be called
"psychogenic” if it occurred in humans.

The effects of the VI schedule of reinforcement
upon fluid intake in food deprived rats were further
explored by Clark (1962) who observed that: (a) changing
to a fixed rafio;{(FR) schedule produced normal FR rates
of response with only occasional drinkihg and post—pellet
pauses of more than five seconds, (b) substitution of a
dry bottle did not immediately eliminate pausing to lick,
and (c) changing the distance between bar and water tube
from three inches to nine inches eliminated drinking in
only one of‘three Ss. The data indicated that drinking

was developed and maintained by adventitious reinforcement



with the proximity of the water spout and the proportibn
of short intervals in the schedule (less than 30 seconds)
being two relevant factors in the production of polydipsia.
Another possible explanation for the polydipsic
behavior observed with intermittent schedules was offered
by Stein (1964), who conducted four tests designed to
suppoft either the argument for adventitious reinforcement,
or the possibility that thirst Was induced. According to
the results, the argument for adventitious reinforcement;
of drinking was false due to the abrupt disappearance of
polydipsia when milk was substituted for pellets. Bar
press rates also dropped substantially and, although there
was a gradual increase, the rate never recovered to the
level maintained by pellets. Emptying of the water
bottle produéed an abrupt, but not immediate decline in
licking during three sessions with an empty bottle, return-
ing to normal levels when the bottle was full. ‘Bar press
rates were not affected, but a breakdown in temporal dis-
crimination was observed. After polydipsic behavior had
been firmly established, a switch to a fixed interval of
three minutes (FI-180) demonstrated that in all cases
drinking occurred temporally at the beginning of the inter-
val, directly féllowing the ingestion of a ﬁellet. Cess-
ation of drinking was usually followed by an FI pause in
bar pressing,,which supports the idea that drinking is

elicited by dry food as opposed to being an adventitiously..



reinférced behavior. Polydipsic behavior was also devel-
oped with an FI-180 schedule in two of three Ss after a
long latency period. The study concluded that: (a) the
ingestion of dry food induced thirst, (b) rats drank at
the end of each meal, (c) schedules increased the number
of "meals" eaten, and (d) all of the foregoing contributed
to increasing the volume‘of fluid consumed.

Segal and Holloway (1963) in a briéf study of
polydipéia. reported their contention that drinking served
as a mediating cue in time dependent reinforcement sched-
ules.

Thus began the speculation and experimentation
in an effort to find an explanation for the varying degrees
of excéssive drinking behavior observed in conjunction with
intermittent schedules of réinforcement. In general, the
earlier explanations of the phenomenon may be summarized
as follows: (a) thirst resulting from dry food and meal
gize, (b) adventitious or superstitious operant behavior,
~and (c) timing cues associated with time dependent sched-
ules. These basic arguments spawned a profusion of arti~
cles attempting to analyze polydipsia from a variety of
approaches. The’majority took issue with one orlmofe of
.the arguments in an effort to discredit or prove support
fof a particular point of view. Others endeavored only to
clarify some of the variables relevant tothe production

of polydipsia.



1 Numerous suggestions were made describing poss-
ible determinants of “psychogenic polydipsia” (Segal, 1965;
Segal & Deadwyler, 1964a, b; Segal & Deadwyler, 1965; Segal
" & Oden, 1965; Segal,'Odeh & Deadwyler, 1965g, b). For
- example, Segal and Oden (1965) contended that there were
multiple determinants which included all of the preceeding
as well as femotional pacification” and "something to do
while waiting for the next reinforcement”. |

The type of schedule best suited to inducing an
excessive drinking responsé wds of primary interestvfo
investigators who analyzed the data to reveal the most
pertinent aspects of the schedule.

Falk (1966a) investigated the length of the
interpellet interval and stated that the production of
schedule-induced polydipsia{(SIP) was dependent upon inter-
vals of 30 seconds or more between reinforcements. The
. drinking was also found to be reinforcing tb the extent
that it was used on a concurrent bar-press contingency.
Falk suggested that SIP was similar to the aggressive
behaviors produced by Azrin (1965) in pigeons dﬁring |
extinction infervals. Phenomena such as schédule—induced
aggreséion and polydipsia were termed "adjunctive béhav—
iors"”. |

Falk (1966b) also evaluated the effects of

various FI schedules upon polydipsic water intake, con-

cluding that polydipsickbehavior was unrelated to either



adventifious reinforcement or chaining, and again attrib-
uted it to "adjunctive behavior".

With further research in the effects of sched-
 u1es, Falk (1967) reported that the SIP response increased
as a function of. greater VI length or decreased rate of
food acquisition.

Increased FR schedules were used by Schaeffer
and Diehl (1966) to study the effects of meal frequency
and related water intake.' The results were interpreted
as being consistent with Stein’s argument for the thirst
explanafion of poest pellet drinking. It was noted that
drinking followed, rather than preceeded bar pressing and
»eating. Both the number of "meals" and the amount of
fluid ingested incféased és/a function~dof-greater FR
requirements.

However, Schaeffer and Salzberg (1967) suggestéd
that in some instances, SIP might be traéeable to the §'s
inability to disgriminate the experimenter-imposed sched-
ule requirement.

| Colotla, Keehn, and Gardner (1970) suggested that
the unavailability of reinforcement set the occasibp for
drinkihg to begin, with stimuii associated with the
reavailability of reinforcement setting the océasion for
drinkiné to end for interpellet intervals of less than
2 or 3 minutes;

Burks, Hitzing and Schaeffer (l967)vdemonstrated



“that polydipsia could be induced in rats under a free FI-40
reinforcement schedule using 4% sucrose pellets. The data
indicated thét drinking immediately followed rather than

~ preceeded pellet delivefy, suggesting that post-prandial
effects may explain the phenomenon.

Again demonstrating the highly motivating effects

of SIP, Roll, Schaeffer and Smith (1969) conditioned an

aversion to a saccharin solution by pairing ingestion of

60

the solution with exposure to Cobalt irradiation. Under
normal conditions, such treatments prodﬁce a decrement in
drinking, however, polydipsic Ss showed no decrease in
schedule-induced drinking. |
The intimate, complex relationships among deliv-
‘ ery}df the food pellet, drinking, the length of the inter-
pellet interval and the numBer of food pellets dispensed
or "meal size" have been scrutinized by a number bf inves-
tigators with varying and occasionally contradictory results.
Stein's (1964) hypothesis that excessive drinking
was due to'thirsf was(supported by Stricker and Adair (1966)
who attempted to isolate the determinants of the onset of
interpellet drinking. The data indicated that a post-
prandial factor such as dry mouth was probébly a faétor
motivating the drinking response.
A slightly different view was offéred'by Keehn

(1970) in'a SIP experiment using an executive and control




subject. The hypothesis proposed that a wet mouth may
have become the'discriminative stimulus for bar pressing
with foed reinforcement, due to the fact that bar pressing
with food in the mouth was frequently not reinforced. The
data showed that reinforcement was»usually obtained when
‘food had been washed from the mouth.

The predictability of drink onset and duration

¢ - was not found to be related to meal size (Keehn and Colotla,

l970b). Drinking was reported to have occurred at‘the
beginning of the post-pellet interval, or at the time when
food became unavailable, suggesting that it depended more
‘on meal spacing than meal size. Further experimentation
V(Keehn & Celotla, 19?1) indicated that SIP was "...occas-i
ioned by the absence of food (extinction induCed)‘rather
than by the first_ stimulus effects of eating” (p. 261).
According to the data, post-pellet drink durations or
kquantities were not systematically affected by meal sizes
of from one to nine pellets. | '

In contrast, Flory (1971) attempted a further
1nvest1gatlon of Falk's hypothe31s that the degree of SIP
‘produced in ratslls related to the rate of food eonsump-
‘tien,'over—all meeh interpellet time, or mean pellet deliv-
ery. The validity of this "consumatory theory” was tested
tover a wide range of delivery rates. Thevstudy‘found that

increasing reinforcement frequency did increase polydipsia
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up to a maximum at FI-120. Also, increasing reinforce-
ment magnitude from one to two pellets decreased poly-
dipsia when total number of pellets for both conditions
was held constant. However, when it was considered that
in the second condition (two pellets) there were fewer
occasions for drinking, water intake or number of licks
per interval showed that the greater pellet magnitude
produced ‘as much or more drinking at FIs of 30 seconds
>or more,

Another possible variable adding to the above
confusion was discussed by Hymowitz and Freed (1972);who
analyzed the data 6f 16 rats previously used in SIP studies

~for the number of licks per quarter experimental session.
The analysis indicated thét/there was a significant

decrease in drinking as sessions progressed from the
first to the last quarter of each.session. This finding
demonstrated that the relationship between SIP ahd meal
size waé mofe complex than previously estimated, and
that the validity of studies assuming lick rate to be
independent of session length must be quiestioned.

' - In addition, a direct relationship was found
between percentage of weight loss and the degree of poly-
dipsia which could be induced (Freed & Hymowitz, 1972).
Two experiments were conducted exploring the effects of
such non-schedule factors as percentage of body weight

loss and magnitude of reinforcer upon the volume of water
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drunk by rats during SIP. The data supported thoSe.theOr;
ies which relate SIP to the aversiveness of intermittent
reinforcement échedules. The data also suppdrted‘Falk's
(1967) finding of an increase in meal size leading to a
decreasé in fluid consumption.

| An explanation for the complex of behavioré
exhibited by the polydipsic rats descriﬁed ih the pre-

ceeding studies continued to elude the best efforts of

researchers in the field. The excessive drinking response

appeared to differ as a function of a number of factors.
Specific variables appearing to have an effect upon the

degree of polydipsia produced were the intermittency

~and frequency of the reinforcemeﬁt schedule or the length

of interpellet intervals, the type and size of reinforcers

used, and the degree of food deprivation. Suggested

‘explanations included thirst dué to an increased number

of "meals", adjunctive behavior, superstitious or adven-
titious feinforcement, something to do between reinforcers,
andithe::aversiveness of the reinforcement schedule.

An interesting and possibly revealing side line
to the study of SIP is that the above conditions may also
prbduCe a number of seemingly analogous, compulsive behav-
iors in animals which bear a startling resemblance to
schedule-induced dfinkihg; '

The earliest incident was reported by Hendry

~and Rasche (1961) who described the apparent "air drinking"
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of thirsty rats. The "drinking” was found to be rewarding
and also reduced the rate of bar pressing under a VI-60
schedule of reinforcement. |
~ Mendelson and Chillag (1970) found that rats

developed post-pellet licking behaviors with an airstream
on a free reinforcement sbhedule of 60 seconds. About
twice as many licks were reported to occur in rats reciev-
ing an airstream aé opposed to those givén water. The
data was interpreted to be in agfeement with félk's sugg-
estion that SIP was due to the frustrating effect of pres-
enting,é food deprived rat with small bits of food.

| A similar case was presented by Taylor and Lester
(1969) who found that "nitrogen drinking" in rats appeared
to be almoét identical to SIP. In this instance, thé data
| waé~interpreted‘as supportiﬁg the argument for adven-
titious reinforcement initiated by thirst.

_ Anothér schedule-induced behavior, Wheel-running,
~ was reported by Levitsky and Collier (1968). The wheel-
fuhning activityfoccurred in.a.temporal pattern analogous
to the SIP response pattern, and was similarly related to
' the intermittency of the séhedule and extinction of bar
pressing. |

Also, Segal (1969), using rats on a freeérein—

forcement schedule, found that when drinking between
pellets was pfeventéd, wheel running~éssumed a pattern

very similar to that associated with SIP. Segal had hypo-
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‘thesized that drinking wés "something to do to pass the
time while waiting for the next food pellet" (p. 141), and
predicted that wheel running and drinking would be. compet-
'itivé behaviors. However, the prevention of licking did
not generally increase the amount of running. The data
did not éupport the 450mething to do" hypothesis.
An additional observation of sﬁch’behaviors

was made by Freed and Hymowitz (1969) who reported that
rats which had developed SIP would essentially stop drink-
ing, but continue to bar press when they could chew or
manipulaté cellulose materials. The data was interpreted
in éupport of the "emotional pacification” hypothesis of
Segal and Oden (1965), and the motivational.property of
-non-reward such as that which occurs in the intermittent
- schedules used for inducing polydipsia,

- All of the foregoing accounts of polydipsia
have occurred in several strains of laboratory bred rats.
However, similar SIP behavior has been demonstrated in
other laborator&kanimals. Schuster and Woods (1966)
attempted t&\show that SIP could be produced in the Rhesus
ménkey and that the drinking was a function of the number
of food periods allowed over a 24 hour duration. fhe |
results indicated that SIP was produced in monkeys under
conditions similar to those which produce eicessive drink-

ing in rats. A manipulation of the schedule showed that

drinking occurred only immediately after food periods,
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thus demonstrating that chaining was not an essential con-
| dition for the production and maintenance of SIP.
| The effects of various intermittent reinforce-

ment schedules upon the production of SIP in a pigeon
were observed.by Shanab and’Peterson (1969)., It was fbund .
thaf SIP could be produced in a pigeon, and additionally, |
that the position of the water bottle appeared to have an
influence upon'the degree of drinking produced as part of
a behavior chain. Also,}it was found that after SIP was
reinstated following extinction sessions, there was a marked
increase over pre-extinction levels. |

| Each of the preceeding studies may be categor-
ized in a nﬁmbér of ways, such as in terms of goals,
methods, or results. The following is an attempt to add
coherency by summarizing the major conclusions, interpre-
tétions, and ﬁethods'used in adding to the accumulation
of information which exists concerhing SIP.

' One of the most obvious factors in the produc-
tion of polydipsic behavior is the schedule of reinforce-
ment imposéd upon the subject.. Polydipsia was not observed
to occur in animals being reinforced for each response (CRF);
The greafest polydipsic behavior was observed undef'infer-
mittent schedulés where the drinking developed very quickly -
in response to the variability of reinforcement.; The
largest increases in fluid intake occurred when inter-

vals greater than 30 seconds and less than 240 secondé
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existed between‘reinforcements. The behavior developed
less fapidly whén fixed reinforcement schedules were used,-
as opposed to variable reinforcement.

The relatlonshlp betwee; the type of schedule
kand'the degree of polyd1p31c response has been explored
by a number of investigators. The temporal relationship
between bar pressing, eating, and drinking has been
examined to show whether or not the drinking appeared to
be part of a behavior chain, or a superstitious behavior
‘being reinforced“by the recéipt of a pellet. A number
of researchers have interpreted fheir data as supporting
the.argumeht‘thatldrinking is an operant-superstitious
behavior which is reinforced by the delivery of a food
“x pellet (Clark; 1962; Schaeffer & Salzberg, 1967; Segal,
1965; Segal;vl969; Segal & Deadwyler, 1964a, b; Segal &
Deadwyler, 1965; Segal & Oden, 1965; Segal, Oden & Dead-
~ wyler, 1965a, b; Taylor & Lester, 1969). Some of these
‘studies also;included thirst as contributing to the
initial acquisition of the drinking response. |

Many other authors examined their results only
to find evidence conflicting with that of the above.

The temporal proximity of drinking, eafiﬁg, and bar
’pressing indicated this: although the drinking may have
been related to thirst, there Was no relationship between
the drinking and the reciept of a pellet. Generally,

manipulations of schedules indicated a break between the
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drink burst and succeeding bar presses and reinforcement,
thus decreasing the probability of adventitious reinforce-
ment of drinking behavior (Burks, 1970; Falk, 1966a, b;
Falk, 1967; Falk, 1969, Freed & Hymowifz,'l969; Hymowitz,
Freed, & Lester, 1970; Jacquet, 1972; Keehn & Colotla,
1970; Keehn & Colotla, 1971; Mendelson & Chillag, 1970;
'Schaeffer & 'Diehl, 1966; Schuster & Woods, 1966; Stein,
1964;'Stricker & Adair, 1966).

k YMeal size” or the number of pellets included
in each‘reinfbrcement and the spacing of meals aiso weré
examined for their influence upon drinking. Stein's
(1964) argument for increased thirst due to the number
of émall,‘spaced meals provided initial evidence for a
number of investigators in support of this basic hypo-
thesis (Jacquet, 1972; Schaeffer & Diehl, 1966; Segal &
Deadwyler, 1964a; Stricker & Adair, 1966; Taylor & Lester,

; 1969).'_SubseQuent'fests of the hypéthesis-that drinking
was increased because of the raté"tendency to drihk
after each méél were not supported. The exact influence
of meal size upon drinking has remained unclear (Falk,
1969; Flory, 1971).

Extinction of the polydipsié résponse‘has'been
used'by‘a number of fesearchers (Freed, Carpenfef, &
Hymowitz, 1970; Fréed & Lester, }970; Hymowitz & Freed,

' 1968;kKeehn & Colotla, 1971; Ponicki &”Thompson; l972y
Segall&'Deadwyler, 1965; Segal, Oden & Deadwyler, 1965a, b;
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Segal & Oden, 1965; Stein, 1964) in attempting to dem-
ohstrate whether or not SIP is part of an adventitiously
reinforced behavior chain. The rationale was that cess--
"ation of food delivery would terminate bar pressing and
drinking, or that the unavailability of fluid would
result in a disruption in the bar pfessing. In most
,cases; the results of these studies indicated, againf
; that there was little or no relationship between the bar
pressing and‘drinking responses due to the particuiar ,
temporal pattefn of bar pressing, eating and hrinking
~which was obserVed from the data. Bar pressing was found
‘to'ﬁe;directly related to pellet delivery, whereas drink-
ing was mdre,a’function of the reinforcement schedule. |
Thé post pellet drinking burst was closely

, examined by several investigators (Colotla, Keehn, &
Gardner, 1970; Keehn, 1970; Keehn & Colotla, 1970a, b;
Keehn &’Colotla, 1971) yielding the following observ-
ationgs (a) the drink duration was relatively constant
‘with a particular reinforcement schedule, (b) duration
~varied more as a function of time interval thaﬁ meal size,
(c) the drinking was occasioned by the onset of thé;post-
pellet interval (non-reinforcement) and was generally
‘cbnfined to that period}; Thus, the stimuli aSsociated
‘with the unaVailability of food, non—reinfdrcemeht,for
; "uncertainty" were factors maintaining theySIP»reSponse.

In addition to drinking, a number of other
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behaviors have been reported which appear to be related
to SIP. All were produced by intermittent schedules and

’shOWed'the same distinctive temporal pattern. Included
‘were: wheel running (Levitsky & Collier, 1968; Segal,

- 1969), chewing and manipulating cellulose materials
(Freed & Hymowitz, 1969), nitrogen "drinking" (Taylor &
Lester, 1969), and air "drinking” (Hendry & Rasche, 1961;

| Mendelson & Chillag, 1970).

| Polydipsic behavior has also been produced in
the Rhesus monkey (Schuster & Woods, 1966), and in a

' pigebn (Shanab & Peterson, 1969). '

SIP has proved to be an excellent method for

| producing excessive drinking for purposes of studying
the physiological and behavioral effects of alcohol (Freed,

' 1972; Freed, Garpenter, & Hymowitz, 1970; Freed & Lester,
1970;'H§1mén & Myers, 1968; Lester, 1961). Palatability
as a factor potentially influencing SIP was also examined
(Colotlai&‘Beaton, ;971; Keehn, Colotla, & Beaton,'l970).

| 'B. ‘Statement of Problem . B
- A considerable body of research and theory has
e#olved concerning intermittent or partial reinfofcgment
schedules and their inherent element of extinction. It
is well known that such sbhedules;produce greater resis-
tance tovextinction than does continuous reinforcement;

In addition, it has been noted that non-reinforcement may
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generate apparent emotional and motivational effects
(Milier & Stevenson, 1956; Skinner, 1938). A number of
investigators have related partial reinforcemenr and
“extinction to the production of "frustration” (Rohrer.&
Sheffield, 1949, 1950; Brown & Farber, 1951; Amsel, 1958,
l961,~1962). Other experiments have undertaken to demon-
‘strate the aversiveness of schedules containing extinction
intervais;(and an inferred emotional state or frustration)
by measuring aggression as a dependent variable. For
examp;e; Azrin, Hutchinson and Hake (1966Lkusing pigeons,
reported.that aggression typically occurred at the point
'of.transitiOn from food reinforcement to extinction; The
burst of aggressive behavior during this period was inter-
preted as an indicator of the aversiveness of the impend- |
ing ext;nction interval. The authors commented that
 "many schedules of intermittent reinforcement‘will,pro-
 bably possess aversive properties since;intermittenpy'
necessarily'inVOIVes periods of extinction" (p. 203).
Additionélly, the authors stated that the aversiveness
of the,echedule may be determined through eseape con-
~fditiOning in which the animal must emit a respohse pre—
~ducing a time‘out fran the reinforcement procedure.
One of the most prominent features of SIP is

”that the behavior never has occurred with continuous food
reinforcement, It can be induced by a variety ef inter-
mittent SChedulesQ Much of the research in the preceeding

AR
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gection was devoted to defining limits of excessive
’drinking WhiCh would be evoked as a function of types
of séhedules and lengths of inter-pellet intervals.

The possibility that the apparent cbmpulsive
‘nature of the drinking was dependent upoﬁ an emotional
response evoked by intermitténcyr was suggested as éarl&
as 1961 by Lester in a SIP study with alcohol. Lester

8 SpeculatedA".;.that the unpredictable occurrance of a

food reward is ah énxiéty producing stress‘ih the rat..."
(p. 230). ;

- Later, Falk (1966a) noted that-any schedule
vcontaining inter-reinforcement intervals of 30 seconds or
‘more produced a SIP response in rats. A high probability
of drinking upon meal termination was found. Additionally;

- the motivational property of the drinking was established
by the subjects' responses on a conéurrent FR bar press-

ing contingency'fbr drinking. Falk pointed out fhat
just as punishment produced escape responses which.woﬁld
sustéin concurrent FR responding (Azrin, Hake, Holz, &
HUtchihéon, 1965), sb intermittent schedules would elicit
a drinking response with motivating properties on a con-.
current FR schedule. Thus, SIP was compared with the
schedule~induced aggression reported by Azrin, HutChinsong
and:Hake‘(1966). |

'Freed and Hymowitz (1969) reported agreement
with Falk, stating;ﬂmm’both aggression and polydipsia have

B T A S TR At b
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a common background of exposure to schedules of frus-
trative non-reward;v Mendelson and Chillag (1970) also
found their data consistent with Falk's suggestion that
SIP was due to the frustrating effect of intermittent
reinforcement. !
| Additienal support for the relating of SIP
to the length of the inter-pellet (extinction) interval
| was provided in a study by Keehn and Colotla (1970a).
The data indicated that the absence of reinforcement after
bar pressing appeared to be the stimulus for the onset
of drinking. The authors suggested that the behavior
might be better described as ”preqinterval drinking” due
to its association with the unavailability of food.
Further experimenﬁation (Colotla, Keehn, &

Gardner, 1970; Keehn, 1970;erehn & Colotla, 1970D)
led Keehn and Colotla (1971) to the conclusion that drink-
ing varied as a function of the onset of non-reinforce-
ment (extinction) intervals with a relative constancy
for any particular reinforcement schedule. ‘The drinking
was again likened to extinction-induced aggressive behav-
ior. '

 Beginning with Lester's (1961) idea that sched-
ule-induced drinking might provide valuable inéights
into the nature'ef alcohol addiction and a non-trau-

matic method for its study, there has been a consider-

able amount of research with SIP using alcohol solutions
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instead of water. The importance of emotional states
in creating human alcoholism brought about further spec-
ulation concerning the possibility of extinction-induced
frustration in intermittent SIP scheduies. Lester used
Falk’s technique with a 5.6% alcohol solution and found
that all subjects developed a behavior pattern resembling
compulsive drinking which apparently depended upon the
;‘3; requirement that the subject emit an operant behavior
with reinforcement being intermittent. and with a fluid
being available for consumption. The SIP response for
alcohol was somewhat lower than for water intake under
similar conditions. Lester speculated that the unpre-
dictability of reinforcement may have been an anxiety
evoking condition producing a drive for drinking in the
animals | | |
According to the preceeding explanation of

SIP in terms of frustrative non-reward, (if the emotional
state generated by intermittent reinforcement is wholly
or partially responsible for the drinking,), ‘any .../
change in the subject's organismic state which reduces
the effects of intermittency should decfease the amgunt
of fluid ingested during SIP.

| It has been demonstrated that alcohol can have
an attenuating effect upon experimentally induced neuroses

and conflict behaviors (Conger, 1951; Freed, 1968;

Masserman, 1962; Masserman, Jaques, & Nicholson, 1945;
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Masserman & Yum, 1946; Smart, 1965) with a wide variety
of expefimental designs. Although in some instances,
results have not been entirely in agreement, the var-
iation has generally been attributed to individual sub-
ject differences -in response to alcohol and situational
variables, (including poor definitions of conflict).

3@ Thus, the intriguing possibility arose that
i

i not bnly could schedule-induced drinking provide a clue
to the etiology of human alcohol addiction and other com-
pulsive behavibrs, but it could help to clarify the role
of alcohol in terms of anxiety attenuation.

| Holman and Myers (1967) attempted to determine
whether the behavioral situation associgted with SIP
could create a "drive" for alcohol. Ingestion of var-
ious water-ethanol conCehtrations under SIP and control
conditions was compared, revealing that SIP increased mean
éonsumption only at lower concentrations (3-7% ethanol
by volume); It was suggested that the,noxibus taste of
~ethanol at concentrations above 8% caused a decrease in
ingestion. Also, the caloric value of ethanol to food
deprived subjects was pointed out as a vériable which
may have influenced the results.
‘A study by Freed, Carpenter and Hymowitz (1970)
compared the acquisition and extinction of SIP in two .,
groups of food deprived éubjects, one recieving>Water

and the other, a 5}6% alcohol solution. The SIP response
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was developed in all subjects with a significantly greater

mean consumption for the water group during acquisition.

It was noted that the subjects on alcohol persisted in

the typical bar pressing-eating-drinking pattern for

§n1y about the first half of the sessions. During the

- latter half, bar pressing continued at the same rate;
| however, drinking became very inconsistent. The authors
l$72 ‘SUggeSted‘that this cessation of drinking may have been
‘,éttributable to the attenuation of frustration by the -
alcohol.

The water group was shown to have ingested
significantly less than the alcohoi group during extinc-_
tiOn;. Although both groups extinguished bar pressing

by the fourth day of exfinction sessions, the alcohol
group's drinking did not exfinguish, wIt continued to
be high during the 10 days of extinction sessions. ’The
aﬁthoré,Suggested that the alcohol subjects’ failure to
extinguish may have been due to the éaloric replenish-
ment prbvided by‘the alcohol.

It was apparent that the variables of taste
and calories confounded research of alcohol and the
emotional state associated with SIP,

, A’further exploration of this problem was
reported by Freed and Lester (1970), who compared the
polydipsic ingestion of water, alcohol solutions, and

acetone solutions in food deprived subjects. The equi-
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intoxicating effects of acetone and ethanol were not a
factor influencing ingestion.' The authors noted that
the influence of the téste and odor of acetone was un-
known. The déta supported the hypothesis that ethanol
was consumed by subjects at least in part for its cal-
oric value rather than for its pharmacodynémic effects
in a frustrative, non-reward situation.

Freed((l972) tested the effects of changing
;‘the nutritive content of food pellets on polydipsic
consumption of water and an alcohol solution. The pellets
usedufbr substitution were equal in size, shape, weight,
and sweetness! but the total nutritional value obtain-
abie during experimental sessions were reduced by 25,
50, 75,'or 100 percent. The results indicatéd that
polydipsic consumption of alcohol solutions were affected
by the caloric value of the alcohol, and that the poly-
dipsic consumption df_any fluid was related to the nut-
ritional property of the reinforcer. |

Because of the calories and taste involveq'in
using alcohol or a similarly intoxiéating fluid, it was
impoésible to assess whether anxiety or frustrationk
attenuationvwas a factor influencing drinking. The
question of how the pharmocodynamic action of alcohol
affected SIP behavior reﬁained confounded due te .the
requireﬁent of’fdod deprivation in producing and main-
tainihg the response.

The influence of other drugs on polydipsic
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drinking was reported by Falk (1964) in an investigatidn
of the effects of pehtobarbitol and amphetamines on water
ingestion} Although amphetamines reduced home cage
drinking and pentobarbitol increased it, both drugs de~
,creaséd drinking under SIP conditions., Bar pressing was
unaffected by cessation of drinking. (The results may be
interﬁreted in support of the hypothesis that an emotional
state produced by intermittent reinforcement was a factor
in influencing SIP.) ,
However, Segal, Oden, and Deadwyler (1965c) in
- a further investigation of the effects of pentobarbitol
and amphetamines on SIP response, reported that pento-
barbitol did not reduce drinking to an extent which could
- justify the conclusion that polydipsia represented an
emotional state depressible by a sedative. In addition,
~the authors stated that because amphetamines reduced
home cage drinking, the drug was inappropriate for use
in testing the hypothesis.

Other studies have confirmed the reduction of
polydiﬁsicfdrinking due to amphetamine administrafion
(segal & Deadwyler, 1964b; Segal & Oden, 1968).

This::study-was designed to continue the inves-
tigation of drug effects on schedule-induced polydipsic
drinking} | |

The drug used was metﬁylphenidaté hydrochlor-

ide, an anti-depressant type of compound often used to

3
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allieviate functional behaﬁior‘problems in children. I%
has also been found useful in treating psychoneuroses,.
chronic fatigue;'drug-induced lethargy, narcolepsy, and
apathetic or withdrawn senile behavior. Its effect be-
comes apparent within lo(to 15 minutes after intra-muscular
injectidn. The most common side effects are nervousness

and insomnia, with occasional reports of hypersensitivity,

" anorexia, nausea, dizziness, palpitations, headache, dys-

kinesia, drowsiness, and skin rash (Physicians' Desk
Refefénce, 1970).

The effects of three dosages of methylphenidate
on behavior in rats were examined by Bindra and Baran
(1959). The dependent variable measured was "general
éctivity“ or responses such as sniffing, grooming, and
lying down. Methylphenidate was shown to cause signifi-
cantly increased sniffing and activity changes. Lying was
significantly decreased and grooming was unaffected; The
degree of effect was proportionafe to dosages with marked
individual differences in response to the drug.

v Methylphenidéte was also reported to causé an
increased rafe of random bar pressing before-cbnditioning
zWith brain stimulation (Tyce, 1968). Rates of bar press-
ing were also increased after conditioning with and with-
out the reinforcing administration of brain stimulation.

~ Bindra and Mendelson (1963) observed that methyl-



28

phenidate had a positive, multiplicative, interaction effect
on rats pretrained to bar press for water a low and high
rates. The drug decreased the rate of response with low
pretraining levels, and the rate of lever pressing in
rats trained to the highest operant response levels did
not change.

This study has investigated the effects of methyl-
phenidate hydrochloride on the water ingestion, bar pressing,

and licking rates of polydipsic rats.




CHAPTER II
EXPERIMENTAL PROCEDURE
A, Subjects
* Six male albino Charles River rats approx-

imately 130 days old at the beginning of the experiment
were used. They were housed individually in a temper-
ature ¢ontrolled and constantly illuminated laboratoryQ
" Each rat had free access to water in its home cage at
all times throughout the study. Animals were randomly
assigned to experimental (al) and control (az) groups
with three in each group.

B. Apparatus

The experimental SPace consisted of a Grason-

Stadler operant conditioning chamber containing a bar
press levér, pellet dispenser, and drinking tube. with
a water bottle suspended outside. All was contained
within an isolation box with an exhaust fan in a dark-
ened room. The drinkometer was located ouﬁside‘of the
isblation chamber. Standard Grason-Stadler automatic
programming felay apparatus, cumulative recorders, and
counters were located in an adjacent room. Data rec-
ords included bar;pregses, reinforcement_intervals,

pellets, and licks per session.

29
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C. Procedure

Subjects were  housed individually with food
and water ad libitum for nine days} Each subject was
then food deprived to 85% of its' free -feeding body
‘weight and underweht daily magazine training sessions
for a two week period. After magazine training was com-
plete, experimental sessions were defined as one hours'’
duration iﬁ which approximately 60~ 45 mg. Noyes food
‘pellets were available on a VI-60 schedule (Falk, 1967).
Maintenance rations were dispensed in the home cages after
experimental sessions to supplement pellets.

The experiment was divided into three consec-
utive B treatment levels as follows: bl treatment was
the acquisition period in which subjects were introduced
to the experimental procedure including the VI-60 bar
pressing for pellets reinforcement schedule, free access
to water in the previously described experimental chamber,
and daily one-hour sessions. The SIP response was grad-
ually developed over 28 sessions. Subjects were not
given drug or‘saline injections during this treatment.

Level b, was identical to b

2 1
minutes prior to each session, the experimental (él)

except that 15

subjects were injected intraperitoneally with 1 mg/kg
. methylphenidate hydrochloride and control (az) sub jects
with an equal volume (0.225 cc) physiological saline

solution. Level bz;conditions continued for a 21 day
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period.

‘Treatment b3 introduced extinction for baf
pressing conditions. All procedures during this treat-
ment level remained idéntical to those in level bz
including drug or saline injections; however, the pellet
dispenser was emptied. (This procedure was preferable
to electrical disconnection due to the audible "click”
emitted'by the pellet dispenser which may have served
as a discriminative stimulus to the subjects.) Level b3
extinction sessions were maintained for a 1k day period.

D. Statement of Research Hypotheses

The purpose of the experiment was to inves-
tigate the effects of methylphenidate hydrochloride
injections on the bar pressing, water consumption and
licking rates of polydipsic rats as compared to the rates
exhibited by similarly polydipsic subjects injected with
physiological saline solution.

| More spécifically, the hypotheses were the
followings

1. The experimental (al group) animals will

exhibit no greater significant differgnces
‘in bar pressing, water consumption, and
licking rates than control (a2 group)
- animals in the acquisition of polydipsia
"(bl) level,

2. The experimental (a; group) animals will
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differ significantly in bar pressing,
water consumption, and iicking rates
from those responses exhibited by the
control (a2 group) animals during the
drug or saline injection (bz) level.

3; The experimental (al group) animals will
exhibit significantly different rates
of bar preSSing, water consumption, and
licking as compared to the response
rates exhibited by control (a2 group)
animals during the drug or saline effect

on extinection (b3) treatment level.

E. Analysls of Results
~ Several experiments (Falk, 1964; Segal & Dead-
wyler;.l96bb; Segal & Oden, 1968; Segal, Oden, & Dead-
wyler, 1965c) indicated that polydipsic drinking could
be reduced fhrough the administration of either pento-
barbitol or amphetamines, both of which affect the cen-
tral nervous system, but in opposite ways.

The drug methylphenidate differs from amphet-
amines in lacking andrenergic action (Miller & Uhr,
1960). It is, however, similar as a "psychic energizer"
(p. 99). |

Cn the basis of these findings, the null form

of each of the above hypotheses were tested with a sep-
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arate split ﬁlot factorial 2.3-14 (Kirk, 1968) anal-
ysis of variéncé at three time intervals which included
sessidns'during the last 14 days of each of the three bj
treatment levels. More specifically, the data analyzed
from treatment b, (trials 1-28) included only trials 15-
28; that from b, (trials 29-49) included trials 36-49;
and that from b3 (trials 50-63) included trials 50-63,
| k The schematic layout of the SPF-2.3-14 design
used in this study is presented in Figure 1. In this

design the two levels of a.

5 correspond ‘to the methyl-

phenidate and saline injection groups; the three levels
of bj refer tos the acquisition of polydipsia, the

effects of drug or saline injections on polydipsia, and
the effects of drug or saline injections on extinction.
The 14 levels of Cy éorrespbnd to the last 14 trials to

occur under each level of treatment,conditions‘bj.
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. The p<.05 level of significance was required
for the rejection of the null form of the research‘hypo-

theses.
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CHAPTER III
Results and Discussion
A. Results
The mean‘bar pressing rates of individual

subgects for the last 14 trials (cl”clb) of each level

~of bJ are presented in Flgnre 2. Tt is obvious that

fairly wide 1nd1v1dua1 rate differences existed through—

out all levels of B. All subjects' rates of bar press~

ing continued to increase across b; and b, treatment

levels and then dropped sharply when b, conditions

_ 3
were instituted.

Insert Figure 2 about here

Flgure 3 graphlcally 1llustrates the mean

performances of a, groups during the last 14 trials

i
(ey=cqy) of each b, treatment.
Insert Figure 3 about here
Although some differences existed between
groups, the SPF-2.3-14k (Kirk, 1968) analysis of variance

for barrpressing found the effects of treatments a; to

be insignificant} ‘Levels of treatment bj, however, were

e t . \ ) ERREE . ' , ") .:\‘ ,;\“
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Figure 2.,. Mean bar pressing rates of individual subjects for
the lact 14 trials (c,-c,,) at b, (acquisition), b, (drug),
g 17714 1 2
and b3 (extinction).
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| significant, p<.001, F = 44,5388, df = 2,8. The results
of this analysis are presented in Table 1.
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Insert Table 1 about here
The only significant main effect of the anal-
ysis for bar pressiﬁg was that of the b; treatment levelsl
’From this finding it can only be concluded that subjects
exhibited significantly different responses over trials
15-28, 36-49, and 50-63. A comparison of means by the
Tukey mefhod (Kirk, 1968) gave a more specific illus-
tration of the differences among bj treatment levels:
1) a comparison of‘bz and by levels indicated that the
subjects' mean bar préssing rates during trials 36-49
were significantly greater,cp<:.01, ¥ = 5,74613, than
during,triais 15-28, .:2) a comparison of b, and b3 level
indicated that subjects' mean rates during trials 36-49
were significahtiy‘greater, p<<;01, ¥ = 13.30663,:than
during trials 50-63, and 3) that subjects' mean rates
during bl (trials 15-28) were significantly greater than
during b3, p< .01, ¥ = 7,56021. Degrees of freeqqm'for
all comparisons were 3,8.
The F . test computed for the bar—pressing
data was not significant thus indicating that the homo-
geneity‘of variance of experimental error assumption was

not violated;




Table 1

Bar Pressing

—
o

Analysis of Variance Table, SPF-2,3-14,

EMS

**%* p< .005

SOURCE SS af MS F
1. A 82622. 88 SV 82622.88 126 ' 0.1018
2. B 17204960 2/8 8602480. 8l B, 5388 *
3. C -390104.6 13/52 30008. 04 18 3.0227 **
4. Subj w. groups 3246164, 4 811541.0 42 |
5. AB 595728.0 2/8 297864.0 42 1.5422
6. AC 32923.19 12/52 2532.553 ‘ol2551
7. BC 1894103. 26/10k4 72850.06 - 6 10.3846 *
8. B x Subj w. groups 1545164 8 193145.5 ' ih
»9‘ C x Subj w. groups 516240.8 52 ‘9927.707 3
10. ABC 180180.0 26/104 6930.000 3 0.9879
11. BC x sﬁbj W. groups 729583.2 104 7015.223 1
12, Total 21,110,204 ,87 187
* p< .00l

6€
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Figure 4 represents the mean milliliters of
water ingested by each of the six subjects in each B
Treatment. Agaln individual differences in response

"rate were clearly dlsplayed.
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Group‘means in bj‘treatment levels are illus-
trated in Figure 5.

Insert Figure 5 about here
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An SPF-2,3-14 (Kirk, 1968) analysis of var-
iance indicated that significant differences existed

only for the mean effects of b, treatments, p «.005,

J
F = 11.2082, df = 2,8. Results of the analysis are

presented in Table 2,

Insert Table 2 about here

- - ——— - — - ——————— - ————— - — - -

Application of a Tukey comparison of means

for bj treatments showed that significant differences

existed between b, and b, p<.0l, ¥ = 6313282, and b,

3 P ,
and bg' P .05, U = 5.39362, af = 3,8. No significant
differences were noted between mean scores when bl‘and

| b, lévels were compared.
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Figure 4, Mean milliliters of water consumed by individual
subjects during acquisition (bl). drug (bz)' and extinction
(b3) gessions.
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Water Consumption

Table 2

Analysis of Variance Table, SPF-2.3-1k

af

MS

F

187

Source SS EMS
1. A ‘16.25397‘ 1/b - 16.25397 126 - 0.0161
2. B | 6800. 340 2/8 3400.170 84 11.2082
3. C 59.88882 13/52 4.606833 18 © 1.0571
L, 'Subj w.groups 4027.347 L 1006.837 L2 ' '
5, AB 88.67188 2/8 b, 33594 ) 0.1461
6. AC 37.74576 13/52 2.903520 0.6662
7. BC . 85.64633 26/104 3.294089 6 - 0.6296
8 B x Subj W. groups 2426.919 _ 2 8 303.3647 14
9. C x Subj w. groups 226.6183 - 52 L.358043 3
10. ABC - 132.6448 26/10k 5.101722 3 0.9750
11. BC x Subj w. groups 544.1609 | 104 5.232316
12, Total 777535246

* p<.005
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Calculation of an Fmax statistic demonstrated
that the assumption of homogeneity remained unviolated.

The mean number of licks recorded at bj treat-

"ment levels for each subjects is illustrated in Figure 6.

"Insert Figure 6 about here
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~An SPF-2.3-14 analysis of variance indicated
that bs main effects were significant, p<.05, F = 5.9552,
daf = 2,8; Thé results of this analysis are presented |
. in Table 3. i |
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Insert Table 3 about here
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FPigure 7 graphically represents the experimental

~and control group means at bl, b2’ and b3.

- —— - D e . e S - . - —— -

- A multiple compérison of means indicated sig-

nificant differences for licking rates only when b, and

2

b3 treatment levels were compared, p<:}05, ¥ = 4}5862,

if = 3,8. The Foov which was calculated for this set

of data was insignificant for bj

it did indicate that the homogeneity of error variance

treatment levels, but

assumption may have been violated when subjects nested
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Table 3

Analysis of Variance Table, SPF-2.3-14

Licks

| SOURCE SS af MS EMS F
1. A 46,954,100 1/b 146,954,100 126 0.2899
2. B 362, 500, 600 2/8 181,250,300 8l 5.9552 *
3. ¢ | 9,237,757 13/52 710,597 18 1.4b64
k. Subj w. groups 647,930,900 b 161,982,700 b2
5. AB | 50,0L45,700 2/8 25,022,850 42 0.8222
6. AC 4,757,955 13/52 365,997 9 0.7450
7 Bc 17.506,050‘ 26/104 '673;310 6 0.7893
8. Bx Subj W. groups 243,483,100 8 30,435,390 14
9. Cx Su‘bj W. groups  25,514;6,800 52 491,285 3

10. ABC 214, 332,080 26/104 935, 849 1.0971

11, BC‘ x Subj w. groups 88,716,960 | 104 - 853,048

12. Total 60k,051,202 187

.05

Pl
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in levéls of a, were compared, p<.05. The Geisser-
Gfeenhouse Conservative F Test (Kirk, 1968) also indic~-
ated,an insignificant difference in bj treatment levels,
‘thus supporting the doubt cast upon the data by the Foax®

' The only significant main effects for any of
the variables at the ;05 level of confidehce or‘better
kwére those of treatment bj ievelé, or the acquisifiqn
%hrough eitinction phases of the study.

Due to the lack of significance between al'ahd

a, levels, and for the sake of curiosity, a t-test was
used to dompare the adjusted mean performanées«of'exper-

imental and control subjects during the b, and b3 levels

2
for each of the dependent variables. These comparisons
- were accomplished byi 1) considering éach subject's
mean rate during b, as its baseline rate for each var-
iable, and 2) subtracting the subject's baseline rate

E from its mean rate during bz. The remainder reflected
the mean increase in performance for each subject. This
method decreased the variability due to individual
differehces and the effects of those differences upon
the data to be analyzedQ The same method was usedlto

compare the mean performances of a, and a, subjects at

2

the b leveI; the individuals' mean rates during b

3 2

were subtracted from mean rates at b3, thus yielding
a score reflecting the extent of decrease in pérform~,

ance relative‘to the previous behavior of each subject.
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The only significant difference revealed by
theqt4tests was the comparison of a, and a, subjects’

mean bar presses at level b,, t = 4}44, p<:}01, df7=‘4}

P2

Although this test cannot be considered legit-

imate within the design of the experiment, it does dem-
onstrate the possibility that injections may have had

an effect which was obscured by the individual differ-

" ences of the subjects in this experiment.
| The research hypotheses of this experiment

were primarily concerned with the effects which a drug,
methyiphenidate hydrochloride, would have upon certain
responses which were characteristic of schedule induced
polydipsia. It was apparent that whatever the effects of
the drug at the dosage used in this study may have been,
fhe variables being measured were not’among thoée‘to be
significantly affected.

o The effects of treatments bj_were predictable
and expected as the result of practice and extinction.
As was demonstrated by the multiple comparison of mean
bar pressing rates, the responses per session signif<:
icantly ;ncfeased (p< .01) with the passage of.timg and
with increased practice across levels by and bzl

The differences among means for bar pressing
at levels of-bj are.very clear. However; Water,consum~
ption did not significantly increase with the passage |

of time when b, and b

y , Mmeans were c0mpared:r Signif-
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icant decreases were evidenced when b3 extinction sessions
were compared with bl and b2 conditions. Such a decrease
is consistentiwith the'literature which supports the
association of drinking with pellet delivery}

In summary, the results of the study indicated
that the use of methylphenidate had no significant effect
upon the responses typically associated with schedule
induced polydipsia} The effects of practice and extinction
on these responses are in agreemeﬁt with the foregoing
survey of the literature. The absence of a decrease in
drinking as a result of drug treatment could possibly be
explained by the lack of andrenergic action of methyl-
phenidate as compared to amphetamines, which have been
shown to decrease drinking.l A closer examinatiqn of
this an other tentative explanations is presented in

the section to follow.
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B. Discussion

The main variable to investigated in this
experiment was the influence of methylphenidate hydro-
‘chloride on the bar pressing, drinking, and licking
rates of polydipsic rats before and during extinction
for bar pressing} The animals were compared with a
control group recieving an equal volume of physiolog=
ical saline solution. The acquisition of these respone -
ses, drug influences on the responses, and drug influ-
ences on the extinction of the responses need to be

examined in some detail.

The Acquisition of Polydipsia

In the .present sfudy all subjects were allowed
to develop SIP prior to the introduction of injection
for a period of 28 days'with a one hour session perv
day and a VI-60 second schedule of reinforcement (Falk,
1967). It had been initially intended that all subjects
should fulfill a criterion of 10% or less variability in
each response rate over a period of at least seven con-
secutive days in ofder to begin the following bj level.
At no time did the measured responsés vary within the
10% limits to meet this pre-determined criterion level.
Figure 8 illuétrates_the subjects' great variability
in bar pressing rates across the acquisition pefiod;_

sessions 1-28;



G ot e ey G G i e D D G W S W s G G GED NS D WS i S N G G G W wm G S S

‘Insert Figure 8 about here

Oné of the outstanding characteristics of SIP
was its rapid development} Falk (1961) noted that the
effect was "often fully developed” within the second of
his 3}17 hour sessions. The subjects' mean watér intake
during sessions was 3.43 times greater thén the mean
pre-experimental, 24-hour consumption. Falk (1966b) and
others have reported that polydipsic subjects drank one-
third to one-half their body weight during experimental
sessions. | |

On the basis of these results the subjects
of this experiment (in sessions approximately one—third
the length of Falk's) would have been expected to con-
sume between 22 and 50 milliliters of water per séssion;
However, 6nly two of the six subjects, S3 and Su, app# e
roached comparable rates with means of 20.1 and 20;6
milliliters for the 28 one hour sessions. The other
subjéeté' mean intakes during acquisition of SIP were&

Sqs 10.6;5 S,, b.7; Ss, 7.4; and S;, 10.0 milliliters,

l'
The mean consumption for all subjects was 12.2 milli-
liters, a rate scarcely half the predicted value for
one-hour experimental sessions.

Falk (1966b) reported that session length

did not appear to be a major factor in the production
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‘of SIP, but that increased drinking occurred as a function

of the inter-pellet interval length. Thus, the most

likely explanation for the lower water consumption val-

‘ues reported in the present experiment is that too few

long intervals were used in the VI-60 second schedule
of reinforcement; The water consumption rates for all

subjects are presented in Figure 9.

- s - - ——— - — - — = S - - ———-—-— -

The Effects of Methylphenidate on Established SIP
4 As was previously stated, the subjects’did‘

not meet the pre?determined criterion of varying in

‘response rate 10% or less over seven consecutive days.

Generally, the day to day variation in'responses was
approiimately 26% or leés. After 28 acquisition sess-
ions, it was decided by the experimenter that the.réSponse
was well established and stable enough to begin the b2 
lével in which subjects_were randomly divided info'
experimental and control groups for injection purposes}

, ‘During,this treatment level, increased response
ratesbwére noted for bar pressing for both the drug and
controlkgroups}' The mean résponse rate for ali_subjects
during b, aéquisition was 454}6 bar presses’per Session
as compared to ?30;2 during’bz} When comparing mean |

group rates for b, and b2 responding} the drug group
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(a2) bar pressed at a mean rate of 500.5 for bl as com-
pared to 658.2 during b2 sessions. Individual rates
‘again were as widely vafied during this level as during
the acquisition sessioné. In spite of significant in-
creases between bi énd bz responses, differences be-
tween a; groﬁps were not significént, thus indicating
that drug effects were nbt responsibie for the increase
in rate. - ‘ :

The siggificaﬁt difference found by the t-test
comparing indiviaual a, and a, subjects' mean adjusted
rates at levels bl‘andhbéldemonstratéd the possibility
that the a, subjects' responses did increase as the
result of drug administrgtion. Howevér, this difference
was obscured by the gesigh of theféXpe?iment and the
requirement for anaiyéis of vafiance;;and‘can be con-
sidered neither valid nor a legitﬁmateICOnclusion.

It must then be assumed tﬂat increased amounts
of practice at léast in paft were responsiblevfor in-
creased bar pressing rates at the bzkievel. Individual
bar pressing records for sessions,29—ﬁ9 are illustrated
in Figure 10. |

Previous reports of the effects of methyl-

phenidate on bar pressing rates indicated varying results.
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The drug reportedly had a decremental effect on water
reinforced bar pressing when subjects were at two low
drive levels, but had no effect on a high drive level
of responding (Bindra & Mendelson, 1963). Another
study indicated that the dfﬁg increased the rates of
. random bar pressing (Tyce, 1968). Methylphenidate has
also been reported to increase the rate of recohdition—
ing of a response after an extinction period (Miller &
Uhr, 1960). Decreases in low drive condition responding
were noted by Méhdelson and Bindra (1962) with no
effects on high drive condition responding. These
authors stated that they had repeatedly observed that
methylphenidate was decremental to water, food, or
saccharin reinforced responqing with drug doses of_z to
-10 miiligrams per kilogram.. Increased doses yielded
greatér decremehts in the responses. CRF responding
~ was reported to have decreased as a reéult of the effects
of stimulants; hoWevér; incremental effects wéré observed
with partial and extinction schedules.
The drug dosage used in the present stﬁdy,
one milligram per kilogram, was determined on the .basis
ofhfhe previously cited research. This particular dos=~
age was selected for its maximal efficiency'and min-
1mally confoundlng effects on the experlmental varlables.
The effect of methylphenidate on bar pre331ng

with an extinction schedule, according to Mendelson and
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Bindra (1962) was incremental. The non-significant,

 but visible differences between drug groups in the pres-
ent study might then have been due to the rather low

dosage.

‘Individuals' water intake during b, are ill-
ustrated in Figure 11. No significant differences were
noted betweeh b, and bé sessions.

- - - - - - ——— - > - e el -

‘Insert Figure 11 about here

- - - —— 0 " - G e ) G e -

In summary, there was no evidence to support

the pdSsibility that methylphenidate in the dosage used

in this experiment had any influence on SIP unleés the
results of the t-test are taken into consideration.

| | Sevefal authors have hypdfhesized that poly-
dipsia»may'be the product of frustrative non-reward
generated by partialbreinforcement.' The possibility
that an emotional state may have been responsiblé for
exéessive;drinking with pentobarbitol and amphetamine
administration by Falk (1964), Segal, Odén, and Dead-
wyler (19650),‘Sega1 énd Deadwyler (1964b), and Segal
and Oden (1968): Both drugs,attenuatedISIP‘drinking,

but the experimental evidence for the hypothesis of

emotionél factors was confounded by the effects of the -
drugs on the central nervous systém which altered normal

drinking volumes.
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The experimental advantage of using methyl-
phenidate was the absence of the andrenergic effects

which confounded the preceeding experiments} Thus, it

- must be concluded'that~if such an emotional state exis-
~ ted as a motivating factor in the polydipsic subjects,

it was not one which was significantly influenced by

the effects of methylphenidate at a dosage of one milli-

3,gramvper kilogram.

Effects of Methylphenidate on Extinction of SIP

It has been theorized that polydipsic drink:
bursts depend on the delivery of food pellets. The
extinetion of the excessive drinking in the present
study was accomplished by emptying the pellet diSpenser.
Extinction conditions were maintained for 14 conséc-
utive sessions, trials 50—63. During this‘treatment
(b3) the subjects generally conformed to the normal
extinction pattern characteristic of a variable inter-
val reinforcement schedule. Subjects' response rates

decreased during the first extinction session and more

rapidly thereafter. For the remainder of the 14 sess-
'ibns; responding was sporadic and for the most part had

- essentially ceased}

Mean experimental and control group differ-
ences during this treatment did exist, although not

at an acceptable level of signifioance} The mean‘al

~ group bar pressing rate for level by was 120.33, approx-



g1 ¢§ (R
AF

62

imately twice that of the a, group mean of 63.86 per
extinction session. This visible, but non-significant

difference, again, may have been attributable to the

“action of methylphenidate injections.

A non-significant difference was also noted
between a; groups for mean water consumption. Subjects

that recieved drug injections drank a mean 2.52 milli-

~liters of water per extinction session, whereas control -

. éubjects consumed almost half that volume, 1.43 milli-

liters per extinction session.

- The data for individual subjects across extinc-

“tion trials is illustrated in Figures 12 and 13.  From

these graphs it may be noted that the same wide variety

of individual response rates evidenced during pré#ious

treatments occurred again for water consumption.
Insert Figure 12 about here
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The rather low response rates of subject two
were noted,previously in both the acquisitioh sessions
gnd those for drug effect on SIP (bi aﬁd bz)} Durihg~
the following extinction trials; fhis subject again

emitted a puzzling behavior. Although bar'pressing‘was
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extinguished in an ordinary manner, mean water consump-

tion inb

3

sessions showed a small increase over mean

~rates during bl and b2 levels. The mean rates for these

sessidns,were 4}7 and 4.9 respectively, as compared to

a mean consumption of 5:7 milliliters of water during

<extinction trials. To provide a basis for comparison,
, mean consumptlon rates for subaects one and three

- through six during extlnctlon were 0. 43, 1.43, 3421

0.07, and 1.00 mlllll;ters of water. None of these

' means was an increase over those exhibited during prev-

fous treatment levelg. Subject four's higher rate may
be explained by the fact that this ahimal also sustainedv
greater mean consumption rates during prévious treat-

ment levels than other subjects. Decreases for all sub-

jects during extinction, except subject ‘two, appeared

to be related to the volumes consumed during lévels

bi and bz.

Only one case in the preceeding historical
survey of the iiterature reported apparent deviant
behavior in a pqudibsic rat. This instance (Schaeffer
&vSalzbefg, ;967) occurred when one subject out of gix |
?failed to discriminate the experimenter-programmed
schedule"f' The rates of drinkihg, eating, and the dis-
tribution of thése responses were substantially differ-
ent or opposite to those of the five‘other subjects

under a free-fixed intervallof 45 seconds for péilets
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- schedule, and under a number of fixed ratio sqhedules;

 The authors stated that polydipsic behavior for‘such

a subject ".:.may be traced to an adventitious corr-

" elation between drinking and food,delivery..."_(page

1071).

No simple ‘explanation seems to exist for the

 behavior of subject two in the present experiment, A
' clearer picture might have been obtained had the animal

" been observed under a variety of schedules. Although

purely speculative, some conclusions may have been

drawn had there been an opportunity to change and

lengthen the intervals betWeen potential reinforcérs'

for subject two. Such an action would have been‘based

~ on the théofy that polydipsia is a result of the extinc-

“tion intervals inherent to the variable interval sched-

ule. Falk (1966a) pointed out the importance of ihter~
pellet interval length in the production of polydipsié,
stating thatstP was dependent upon intervals of 30
seconds or more}‘.On this basis one might speculatek’
that subject two may have had an unusually high toler-
ance for~long intervals, thus explaining the low res-

ponse rates exhibited furing b, and b, treatments,

2
and the slight increase df water consumption during
level ba} | - |

In summary, the influence of methylphenidate

injections on the extinction of polydipsia produced
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no significant effects. However, the data visually
suggests that the drug may induce increases in both

drinking and bar pressing under extinction conditions.

- Implications for Future Drug Research with Polydipsia

To date the investigation of polydipsia and
similar schedule-induced behaviors has generated a mass

of confusing and often conflicting information mainly

~concerned with possible causes, variations in responses

to schedule changes, distribution of responses, and
drng influences on respdnses. In general, conclusions
as to the source of such behavior have been based on
either physiological, emotional, or apparent learned
factors, all of which have evidence to support them.

’ The weakest argument seems to be that of an
adventitiously or superstitiously learned behavior.
A large number‘of experiments cited in the preceeding
sections of this study pointed out the obvious temporal
rélationship of the bar pressing, eating, and drinking
sequence,which would éeem to rule out the probability
that drinking is totally reinforced and maintained
by the external reinforcement of pellet delivery.

The possibility of simple physiologicai
factors such as that of thirst, originally hypothes-
ized by Stein (1964), has never been positively refuted.
Howevér, the manipulation of meal size and the substit-

ution of fluid nutrients for pelletsvhas cast some
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doubt upon the adequacy of such an argument to answer
the questions:raised by polydipsia. |

Emotional factors engendered by intermittent

“reinforcement have also been posed to solve the pro-

blem. In the opinion of the writer, such explanations

seem to be very speculative and difficult to investi-

- gate scientifically. TUntil investigators can provide

an adequate definition and method for assessment of

a non-specific behavior such as frustration, attempts

tO'éxplain polydipsia in these terms are no better than

~the.casua1 labeling which has drawn practitionérs of
“psychology into the historically used circular explan-

~ations of emotional disturbances. This anthropomorph-

ism renders the argument useless without the means to 
démonstrate,that an emotional state exists beforehand.
Falk (1966a) pas neatly avoided all of these pitfalls
by calling schedule-induced behaviérs "ad junctive"--

a label which is défined in terms of a behavioral des~

cription which does not attempt an explanation beyond

~the limits of‘observation and available technology.

'The use of drugs.and alcohol to clarify the

~nature of polydipsia has hmet with little success to

"date. The greatest problems have been the widespread

effects of drug administration, and the content of
alcohol., When the source of behavior may be an inter-

action of two or more difficult to measure'internal
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systems, and when the administration of drugs or alco-
hol'may have a number of main and side effects,ktheh
the probability of confounding is greatly increased.
Perhaps one answer to this dilemma lies in increasing
~ out knowledge of drug effects and impreving techﬁolOgy’
in. the area of'physiologicai psychoiong
,, N_L_e_‘_tl_l_c_jdoi'LOg;i‘cal Implicationsg | |
| As previously mentioned, the rséffs of;this
experimenf woildl indicate that a low dosage of methyl-"
phenidate has no significant effect upon polydipsic |
consumption ef water by rats. These reSults should by
 no means be considered eonclusiﬁe due to several'poss-m
~ ible variables overlooked by the experimenter in pleﬁ—
ning~the“experimental design of the study. |

As ihiany study which depends on statistical

7

manipulation to imterpret its data, the results herein
_ were analyzed in terms of group means, or‘the aVerage
behavior of particular subjects. These results were
limited by the statistical analysis in thatrelatively
feW-sﬁﬁjects were employed. The probability’of-obtain-
ing;significant findings would have been incfeased,by
inereasing the sample size. In addition the effects
ofvindividual subject variation, which seemed over-
whelming in this experiment, would have been minimized}v
| Another variable which should be considered

was the drug dosage used. The effects or lack of
X :
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;> éffects of drug administration on polydipsia would havé‘»
been much more obvious if dosage levels were varied in

some random fashion so as to increase the probability

of measuring a specific change in behavior which was

; CIéarly due to the:drug} Cdncurrently,'the increase
in tfeatment,levels would have again contributed to W
“fhe power of the statistical data analysis;

Although the expansion of experimentalfdésign
such as was suggested above could beComevcumbéfsbmé,i
considering the time element, the results would be a j 
better indication of.possiblé dfug interaction with:.
‘polydipsic behavior. Very few of the experiments cited : 
previouSly haVe employed.any-analyses‘other,than simple |

~descriptive statistics.
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P ' CHAPTER IV
Summary and Conclusions
The purpose of this experiment was to examine
the influence of methylphenidate hydrochloride admin-
 istration on schedule induced polydipsia in rats.
Six male Charles River rgts approximately 130
days old at the_beginning of the experiment were used
as subjects. They were individually housed with water
\continuously available, maintained at 80% free feeding -
weight, and bar trained on a CRF for 45 mg. Noyes pellets.
The variables measured during experimental |
~ sessions were bar pressing rate, amount of water drunk,
and licking rate including the temporal distribution
of theSe.responses} |
’ Polydipsia was aliowed to develop during level
b, of the experiment over 28 daily one hnur sessions
using a 60-second variable interval reinforcement sched-
ule. Subjects were then randomly assigned and equally
divided into an experimental and centrol group: During.
level bé the experimental group received a 1 mg/kg
injection of methylphenidate, and the control group an
equal volume of physiological saline solution prior to
éach of 21 daily, one hour sessions. All other chditions
were identical to those during bl acquisition trials.
The_bj 1eve1} beginning with trigl 50, init-

- iated extinction with all procedures remaining the same
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as b, except that the pellet dispenser wés emptied. This
level consisted of 14 daily, one hour trials. |
 Data from trials 15-28, 36-49, and 50-63,

or the last 14 trials from each level of bj was anal-
‘yzed for each variable with an SPF 2.3-14 analysis -of
variance. The effects of acquisition, drug, and drug-
éxtinction trials were the only significant effect found
“for each of the analyses. No significant differences
.UWere found between scores of experimental, a,, and con-
trol; 859 subjécts.

A t-test‘was’used to compare the increases in
“rate between levels b, and b, for experimental and con-
trol subjects, using bl mean responses as baselines. A
similar comparison was made of the decreases in rate
between leve1s b2 and b3 for experimental and control
subjects using b2 mean response rates as baéelines{f of
the three variables, only bar pressing was shown to have
increaséd significantly as the result of methylphenidate
admiﬁistfation. No significant decreases in perfdrmance‘
were foﬁnd in the comparisons}

A multiple comparison of the means for eagh
'variable revealed some differenceé.among levels of bj}
All subjects' bar pressing rates increased.sighificantly
from levelg bl and b2 after extinction was introdﬁced
during b3. »

The mean water consumption scores did not
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increase across acquisition and drug trials, but a sig-

"nificant decrease was noted when bl and b2 means were

compared with b means.

3 :

Some doubt was cast upon the assumption of
homogeneity of variance for licking data when an Fmax
proved to be significant for subjects nested in drug

and control groups (a; levels). A conservative F-Test

also indicated some discrepancy in the data for licks

~ when it showed insignificance for B treatment main eff-

ects. A comparison of means indicated a significant
decréase in licking rates only when b2 and b3 meahs
were compared. |

A detailed examination of the‘preceeding results
led to the following conclusions:

;l}: The administration of a one mg/kg injedtion
~of methylphenidate hydrochloride had no sig-
nificant effects on the bar pressing and

licking rates or water consumption of exper-
imentai subjects when they were compared
with scores of control subjects recieving
injecfions of saline. |

2; Significant differences occurred across trials

| including acquisition of the respoﬁse, drug

injection with polydipsia} and drug admin-
 istration with extinction conditions.

3} The data did reveal a significant difference



7

for experimental and control subjects per-
formance on bar pressing when the data was

ad justed to eliminate individual differences

'and analyzed with a t-test at level bz.

- Individual differencés among the six subjects

were wide; indicating that for future studies
it would be wise to include a greater number
of‘subjects to compensate for possible dec-

remental effects on the power of the data

analysis.,
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RAW DATA, SUBJECT ONE

APPENDIX

TRIAL

BAR PRESSES

LICKS MILLILITERS

1 - 385 480 5
2 294 535 3

3 292 797 L
4 237 500 3
5 250 1106 10
6 225 1521 9
7 228 1h4k3 10
8 231 1688 8
9 © 214 1641 9
10 222 2146 10
11 219 2000 8
12 223 1782 9
13 239 2112 10
1k 228 2296 12
15 268 215k 16
16 262 2389 12
17 298 2098 8
18 292 2431 11
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RAW DATA, SUBJECT ONE (CONTINUED)

m

TRIAL BAR PREssEs | LICKS MILLILITERS
19 279 1932 | 10
20 | 272 2188 11
21 277 2116 | 9

“ 22 287 . 2398 . 9
23 288 2189 9
2k 330 2230 11

25 365 2660 ‘ 12
26 - 382 ’ 3107 1n
27 S0k 2963 13
28 587 - 3128 12
29 769 ‘ 4019 1
30 713 4233 15
31 586 4540 16

32 631 2916 9
33 520 306l 13
3h - 695 7k BT
35 639 2942 < 1

36 606 2900 13
37 33 3105 13

38 535 W5 12



RAW DATA, SUBJECT ONE (CONTINUED)

TRIAL BAR PRESSES LICKS MILLILITERS
39 547 3202 14
Lo 714 3360 9
41 830 3876 15
42 1085 3542 14
43 848 3823 14
Ll 828 3880 15
ks 1005 3377 . 1k
16 851 4050 13
by 1968 3589 12
48 813 3327 12
49 1015 3440 12
50 | 924 Lo 0
51 385 101 -0
52 . 289 82 0
53 204 191 1
Sb 70 262 0
55 73 588 0
56 28 689 2



88

RAW DATA, SUBJECT ONE (CONTINUED)

W

TRIAL  BAR PRESSES LICKS MILLILITERS
57 , 35 587 0
58 b2 816 0
59 23 419 0
60 gl 585 0
61 4o 687 1
62 .25 516 1
63 | 50 510 1
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RAW DATA, SUBJECT TWO

= ———————

TRIAL  BAR PRESSES LICKS  MILLILITERS
1 2u7 563 3
2 278 702 5
3 353 872 3
L 282 - 591 U
ooy 245 714 4
N 6 311 1007 5
7 312 L 1753 6
8 281 1868 o
9 323 1147 6
10 291 | 1556 7
11 = 217 - 786 "
12 231 .98k 6
13 190 864 L
W 176 91k 4
15 . 152 798 3
16 240 1131 6
17 248 1109 6
18 297 1008 5
19 298 1244 v
20 | 295 992 Iy
el 350 989 Y



90
RAW DATA, SUBJECT TWO (CONTINUED)
.~ TRIAL  BAR PRESSES  LICKS MILLILITERS

22 348 1321
23 : 333 " - 1018
24 328 | 1329
25 338 1015
26 ,‘327 1201
27 23 87k
28 357 -

R R R U IV S

29 | 657 - 760
30 | 776 899

‘e 88k
32 . 533 ‘ 90k

, 33'; e 632 ' 1367

g 34 , 532 | 11196

}v35 e | ‘45u ; 891

NN W oWw

36 554 830
% . s20 o 1256
38 ¢ 509 1921
39 562 1381
b0 663 1091
w5 1906
w2 63 889

NDnM W T e W
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RAW DATA, SUBJECT TWO (CONTINUED)

TRIAL 'BAR PRESSES LICKS MILLILITERS
43 704 1288 oy
by 639 1924 5
L5 716 ‘ 2114 7

46 593 2211 6
47 : 610 ' 3008 "
48 535 | 2974 7
49 458 3080 7

- 50 | 387 2200 5
51 157 2735 5
52 88 3197 7
530 49 " 2522 5
Sk g 51 3541 7
55 29 2776 5
56 31 3036 7
50 30 1919 3
58 16 2679 6
59 18 1269 5
60 17 1282 5

: 61 | 26 ' 4298 8
62l 32 3253 8

6

631 31 3180
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RAW DATA, SUBJECT THREE

- TRIAL BAR PRESSES - LICKS - MILLILITERS

407 1009 8

4§21 o TP 10
w67 2286 12
Wws 2156 13

i Cu3  ho15 | 20
| 450 S 3 21
589 38sk 18

N oW T o R

8v> ' 508 5384' .23
9 . 531 | ( 4802 20
10 586 5080 22
1 608 o s9s1 21
12 sm; e 4006 18
13 e 4816 18
W 6ho | 4299 T

15 . 689 . 5303 23
16 f‘ 686 438l 22
17 BT 3175 1
18 o T T
19 6lely | 113k 18
20 - s89 5096 21
21 557 4567 o2
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RAW DATA, SUBJECT THREE (CONTINUED)

TRIAL ~ BAR PRESSES LICKS MILLILITERS
22 f 572 , 4038 19
23 L9y 3887 17
2  uey 4065 21
25 488 k20 21
26 583 | 4185 \ 20
27 g 513 3748 19

PY: . 561 . 4755 21
29- 626 | 3843 17
30 . 883 _ 4256 ' 18
31 sub b5 17
2 1051 | 3395 14
33 1060 | Loéo | 20
3 1059 3629 vy

35 1030 - 1459 20
36 - 1ok2 3848 18
3 . 107 3629 - 19
38 887 3321 18
39 1108 . 2886 20
v o 1070 3477 20

o or8 3255 22

a2 1043 35k 20
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RAW DATA, SUBJECT THREE (CONTINUED)

PRIAL

BAR PRESSES LICKS - MILLILITERS

43 919 4088 18
Ll 836 ' 3534 23
L5 1001 3485 22
46 1182 3486 20
L7 983 3821 22
48 1303 - 2982 22
49 899 3646 21

50 693 | Ls5o 0
51 290 241 0
52 346 | 775 1
53 176 | 340 0
5k 108 277 0
55 65 ' 506 2
56 53 654 2
‘57 29 ‘ 668 2
58 b2 LBy 2
59 17 | 556 3
60 1k 716 2
61 15 730 2
62 12 - 879 2

63 7 663 2
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RAW DATA, SUBJECT FOUR

TRIAL BAR PRESSES LICKS  MILLILITERS

347 ELLE

290 e e
250 © 1099 7
22 1891 de
303 1905 m
238 2964 18
273 | 3808 k3

LNy e F oW N e

8 286 5268 19
9 22w w79 15
e L 207 . su22 T

L esy ot wpss o ap
12 o2k : . bé27 " | 18
13 - 351 . sp65 18

W 36k 6110 22

15 308 ehss 22
16 b3 29w 9
7 260 5475 17
18 438 3454 e
9 BT 6178 oy
20~ 42p 6989 18
21 410 8881 25
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RAW DATA, SUBJECT FOUR (CONTINUED)

R R R R R R R RO R TR :

BAR PRESSES -

L13

TRIAL LICKS MILLILITERS
22 383 9433 25 -
23 337 10759 29
24 310 10703 29
25 314 9535 21
26 ko7 9600 21
27 - ‘ 395 10264 25,
28 313 10510 23
29 L5l 8960 21
30 436 8827 20

31 b1k 8576 22
35»‘ 410 9683 25
33 Loy 10824 23
3 430 11269 2l
35 L23 10796 23
36 377 10146, 21
57 w72 110005 25

38 353 10545 23
39 22 8940 25
4o 478 8040 22
41 460 8280 18
w2 8808 22
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RAW DATA, SUBJECT FOUR (CONTINUED)

— ——
— —— —

TRIAL BAR PRESSES ~ LICKS . MILLILITERS
43 0 u86 7967 w2l
lily | 456 | 9313 25
L5 h51 19178 23
b6 B 6758 | 20
TR . shez i 20
48 537 Coemiz - 2m
49 | 562 _ 8240 24
50 470 496l 9
51 181 3522 6
52 79 3158 5
83 ke S 8 3
56 26 1866 3
55 28 1035 0
56 | 21 ’ 2290 L
57 0 15 | 1812 2
58 16  6ho 5
59 e 398 o
60 11 L 349 o
61 .. is 790 1
62 10 e 1603 3
ey g 2992 b



98
RAW DATA, SUBJECT FIVE

TRIAL ~  BAR PRESSES LICKS MILLILITERS
1 b1l 602 " 10
2 326 | 1033
3 395 | 13
4 332 2063 1o
5 386 1o 10
6 392 1859 12
7 390 1090 B )
g o7 “ 1976 11
9 . hoy 1695 12
10 4o7 2014 T
100 552 ‘ 1830 il
12 66 1659 S
1 581 1526 8 -
W 603 997 2
i5 o sys 1720 ‘ ;8'
16 | 623 - 1802 : 9
1y 619 1572 9
18 698 1336 o
19 73 1554 o
20 716 B 1091 ‘

21 747 1300
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RAW DATA, SUBJECT FIVE (CONTINUED)

L2

TRIAL . BAR PRESSES LICKS | MiLLILITERs
22 719 1535 7
23 675 1531 D
2l 70k 1831 8
25 745 1334 6

26 872 1367 7
27 823 1309 7
28 799 1302 6
29 879 1694 8
30 791 1336 5
31 - 896 1201 6
32 91k 1817 8
33 911 1522 7
k0 799 2014 9
35 919 1698 8
36 828 1529 7
37 878 , 1822 8
38 - 886 1685 -9
39 877 2377 10

4o 852 1872 , §“
41 11008 11706 8 :

1024 1950 8
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RAW DATA, SUBJECT FIVE (CONTINUED)

e —————
e ———

——

. TRIALS BAR PRESSES LICKS MILLILITERS.
43 979 1330 6
Wl 926 2438 10
L5 1078 2046 10
L6 1042 2354 10

W 99 2406 10 -

48 954 2307 -9

g 816 2673 12
50 542 112 0
51 . 95 143 0
52 50 197 . 0
53 22 11 o

54 33 71 0
55 25 33 0
56! 15 5 0
57 17 24 0
58 19 101 0
59 22 75 0
60 b3 33 0
61 26  127 1
62 16 20 0
63 19 9 0
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RAW DATA, SUBJECT SIX

TRIAL  BAR PRESSES LICKS MILLILITERS

521 g8 5

b6 91

hoo - 1760 i e 12,‘[

w39 2265 4‘:f 1z“‘

333 257 13
36k T pegs g

N oL E W N

L 2100 10
9 Cuss 223 13
100500 ey e 2427 13 e
1  h28 + 2351 e 12
| ‘12,  “ £ s o
13 Ch11  _  oy : 2232 ~ ,'10
ab o itgag Ty 10

15 - 399 2200 11
16 . 378 | 2461 PRy
17 - 355 ‘ 2036 o1
18,’ ‘ Pe 361 | “ 2271 ~ 10
19 33 1876 o 9
20 293 2139 11
2 354 B
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RAW DATA, SUBJECT SIX (CONTINUED)

TRIAL ‘BAR PRESSES LICKS MILLILITERS
22 385 1798 7
23 | 320 1865 8
2L k52 21L4Y iatig
25 ’ 382 2492 i '_ 9
3@;” 26 - 528 | 2732 12
g by 2839 12
28 ‘ 850 ; 5894 RN Iy |
29 652 2477 1

30 536 2379 10y

31 470 2765 11
32 | 685 A 2369 10
33 | 65k 3609 | 11
3 778 2586 10
35 : 700 2905 , 11
36 - 666 2870 11
37 ' 638 2731 11
38 62 253 ‘ 1i
39 s43 2611 )
4o 361 2933 12
B 503 | 3340 . 12

b2 571 3108, 13
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_'RAW DATA, SUBJECT SIX (CONTINUED)

. - ! .

TRIAL BAR PRESSES LICKS -  MILLILITERS
43 609 | 3735 14
4l 558 2726 13
L5 . 826 3038 13
4 578 2996 1w
L7 | 512 2756 . 12
48 5L2 2620 12

- 49 ; 605 2969 12
s0 525 340 0
51 26 ' 32 7
52 93 828 1
5 37 988 1
s 46 1600 2
55 24 571 2

6 1 266 1
57 7 10 133 0
58 i 179 0
59 6 106 0
60 10 | 264 1
61 6 346 0
62 3 - 304 0

'63~’ ' . 1 L26 0
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