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II. LITERATURE SURVEY

Self-administration of drugs by man is not 3 unique phenomenon but
dates back before recorded history (Lewin, 1964). Drugs are used in
two ways - first for their therapeutic effect and secondly in an abusive
manner. Although the use of drugs by man precedes recorded history, the
recognition of the problem of dependence (Opioid) is a comparatively
recent phenomenon (Light and Torrence, 1929). About this same period,
it was discovered that biological factors invoived in drug dependence
could be studied in animals (Tatum et al, 1929). To place developments
in the study of dependence and self-administration of drugs in closer
perspective yet, two of the first review articles on the subject have
been just recently published (Schuster and Villarreal, 1967; Schuster
and Thompson, 1969).

In one of the earliest experiments which suggested that morphine
self-administration might be brought under operant control, Spragg (1940),
demonstrated that physically dependent chimpanzees, who had been deprived
of morphine, would choose a box containing a morphine-filled syringe
over a box containing food. The experimenter then injected the animal
with morphine. If the animal had recently received an injection of
morphine, it would choose the box containing food. In 1955, Headlee
et al presented a study designed to show operant conditioning of drug
self-administration. They have also been the only investigators to use
an intraperitoneal route of self-administration. In their study, re-

strained rats were conditioned to turn their heads Taterally and inter-

rupting a beam of light falling on a photo-electric cell, thus starting
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a pump which infused a morphire solution through e needle inserted
through the body wall into the peritoneal cavity.

Weeks (1962) described a technique for intravenous self-administration
of drugs in the rat. He demonstrated clearly that rats, rendered physiol-
ogically dependent by programmed intravenous administration of morphine,
will then maintain the dependent state by pressing @ lever to obtain the
drug. The self-administration technigue was then extended to physically
dependent monkeys with similar results (Thompson and Schuster, 1964).

Deneau et al (1969) went a step further and were able to demonstrate
that monkeys which were not physiologically dependent upon morphine would
initiate and maintain self-administration of morphine. These results
indicate that the monkeys developed a psychological dependence - a
preference to exist under the influence of the drug - before physiological
dependence could develop. That non-dependent monkeys will self-administer
morphine has a]go been confirmed by Schuster (1970).

Nichols et al and Coppock (1956) conditioned rats to self-ingest
morphine solutions following establishment of physical dependence.
Kumar et al (1968) have shown it is possible to induce a preference for
morphine in rats without making them physically dependent. The method
involved making the rats accustomed to satisfying their normal thirst
during a lTimited time daily, and then substituting morphine solutions
for the water normally given.

Alcohol Self-Administration

The human disease state of "alcoholism" is so complex that even
today it defies adequate description and conseguently adequate therapeutic

procedures. As in most other examples of human disease, many workers have
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results of alcohol ingestion. Rats have been shown to reduce their
feod intake in proporticn to the concentration of alcohol consumed
{Richter, 1953). However, the aversiveness of concentrations greater
than 7% was sufficient to offset the caloric value of alcohol during
severe food deprivation (Myers and Carey, 1961).

(b) Animal Factors

Many factors concerning the experimental animals have also been
described in stucdies of alcohol consumption.

(1) Age - Alcohol preference was reported to be greater in young

rats (2-3 months of age) than in animals up to 2 years old (Parisella
and Pritham, 1964). However, Goodrick (1967) reported that alcohol
ingestion increased in rats 1-5 months old, and was greater at every
concentration in rats 24 months old as compared to rats 15 months of age.
(2) Sex - The question of whether male or female animals drink
more alcohol has yielded results that are contradictory. Mardones (1960)
and McClearn and Rodgers (1959) reported no sex differences in alcohol
consumption by rats; Aschkenasy-Lelu (1960) and Eriksson and Malmstrom
(1967) reported that female rats consume more alcohol than males; while
Schaldewald et al (1953), Clay (1964) and Powell et al (1966) reported
more alcohol consumed by male than by female rats. A wide individual
variation in alcohol consumption within animals of the same strain, sex,

age etc. (Mardones, 1960 and Eriksson, 1969) has been demonstrated.

(3) Genetic Factors - By outbreeding Wistar rats which differed

in their alcohol consumption, Eriksson (1968) has raised two genetically
different lines. Marked differences between the sexes and strains were -

evident, with regard to alcohol consumption, by the eighth generation.
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One related area of particular interest is the metabolic fate of
alcohol. While agreement exists that liver alcohol dehydrogenase is the
major enzymatic pathway for the metabolic degradation of alcohol
(Westerfeld, 1955) the exact relationship of the activity of this
enzyme to the plasma half-1ife of alcohol remains unclear. For example,
in the studies of Wilson et al (1961), two strains of mice, the C57 B1/6J
and C3H/Agautie were shown to have widely differing levels of liver
alcohol dehydrogenase activity. Despite this difference, the plasma
half-1ife of alcohol in the two strains was virtually indistinguishable
(Wilson, 1967). This correlates well with the studies of Asade and
Galambos (1963) who were unable to correlate the rate of disappearance

of alcohol from blood with liver alcohol dehydrogenase activity in humans.

Behavioral Studies

Research 05 the effects of alcohol on laboratory animals has the
disadvantage that one cannot ask the subjects how they feel, but on the
other hand there is much more control and flexibility in animal experi-
mentation than in human experiments. In general, the use of animal
behavioral techniques has provided some information on the effects of
alcohol.

The earliest report of the effect of alcohol on conflict behavior
was made by Masserman et al (1944, 1945), and Masserman and Yum (1946).
Cats were first trained to obtain food and were later subjected to an air
blast or electric shock at the food, resulting in avoidance behavior.
Alcohol, injected intraperitoneally, restored the food approach behavior.

Similar experiments have also been conducted using rats (Conger, 1951;



Barry and Miller, 1962; Grossman and Miller, 1961; Freed, 1567, 1968a).
In an experiment in which rats were induced to drink alcohol, similar
effects were observed (Freed, 1968b).

Experiments have given evidence that alcohol reduces frustration as
produced by extinction (Barry et al, 1962). Rats under the influence of
alcohol (injected intraperitoneally) had faster running speeds during
extinction trials (no food available) than saline treated rats.

A generalized depressant effect of alcohol was demonstrated in a
lever pressing response for water reward maintained by DRL (Differential
Reinforcement for Low Rate) schedule (Sidman, 1955; Laties and Weiss,
1962). The total number of lever presses decreased to less than half the
normal amount.

Several studies report that doses of alcohol causing ataxia ere
required before there is any impairment in avoidance performance in rats
trained to avoid shock either in a shuttle box or by jumping up on a pole
(Walgren and Savolainen, 1962; Chittal and Sheth, 1963; Broadhurst and
Walgren, 1964),

1 (1968) demonstrated that monkeys which were not physio-

Deneau et
logically dependent upon alcohol would initiate and maintain self-injection

of alcohol as was also demonstrated for morphine.

Stimulant Self-Administration

Initial studies of drug self-administration by animals were concerned
with either alcohol or morphine since it was thought that only drugs which
produce a physiological dependence in man would be self-administered by

animals. Yet many stimulants such as cccaine and amphetamine do not
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minute) of each response, discriminated or nondiscriminated, was deter-
mined by dividing the total number of each response by the appropriate
cumulative vaiue (minutes) corresponding to that portion of the session

in which the response was made.

Statistical Methods - A univariate factorial analysis of variance

was performed on the data to test for significance in main effects as
treatment {drugs), dose or concentration, stimulus segment, rat and in
their interactions. A fortran computer program (MANOVA) supplied by the
Biometric Laboratory, University of Miami was used for the analyses. All
statistical analyses were performed on an [.B.M. CDC 6600 computor located
at the research computing center at Indiana University, Bloomington,
Indiana.

The students "t" test was also used to test for differences between
control and experimental groups (Dixon and Massey, 1969). The level of

significance was determined by comparison of "t" values with values from

standard tables.

Design

Predrug Session - The first of the two daily sessions was designated

as predrug session. It served two purposes: first, to determine if the
rats were behavicrally fit for the session and, secondly, it served as a

_control for the drug session which followed 4-6 hours later.

Orug Session - The second daily session, following the predrug

session was designated as the drug session. An appropriate drug solution

was substituted for water for the rats to ingest during this session, or





















IV. RESULTS

PREDRUG SESSIONS

As previously indicated in the experimental section, rats were run
on predrug sessions to determine whether there was any carry-over effect
of previous treatment. The decision to run a rat on any given day was
based on responding throughout the 30 minute session of at least 75 per-
cent of normal.

The data of predrug sessions is presented in appendices in the same
sequence data of drug sessions is presented in the results section. This
predrug data has been analyzed by Factorial Analysis of Variance (ANOVA)
in the same way as data from drug sessicns. Wherever a statistically
significant effect occurred between predrug sessions of corresponding
drug sessions, further analysis of the data was made by use of Duncans
Multiple Range Test (DMRT). The statistical significance is seen not
to occur between groups of sessions corresponding to doses or concentra-
tions in any ordered manner (successively increasing or decreasing) but
rather in a random manner indicative of variability in day—to-day

responding of the rats.
AMPHETAMINE

Amphetamine Licking - Two Operant Schedules

Consequential Licking

The effect of ingesting amphetamine solutions of increasing
concentrations is presented for Rat Z-19 in Figure 5. The cumulative

records on the left side are of predrug sessions when water was



























TABLE 4

DROPS OF FLUID DELIVERED DURING AMPHETAMINE SELF-INGESTION UNDER SELF-PRODUCED (SPS) AND PROGRAMMED (PS)
STIMULUS IN NORMAL RATS Z-29, 30, 33.

£-29 £-30 £-33
CONC(mM) _ N SPS PS N SPS PS N SPS PS
0.0 X 8 2025.75 2011.75 7 2567.86  2891.86 5 2355.00 2361.20
SE 204.26 210.39 187.66 149.69 278.27 297.38
0.50 X 6 877.00 969.00 6 957.00  1293.00 7 924.00 845.43
SE 258.45 238.19 267.91 391.27 344.61 356.78
0.99 X 5 472.80 446.80 6 404.67 479.33 5 283.80 265.40
SE 288.01 274.40 309.52 348.16 204.44 189.83
1.98 X 6 49.33 12.83 5 23.00 18.00 5 164.20 138.80
SE 20.05 12.44 9.80 14.37 103.73 128.90
ANALYSIS OF VARIANCE
SOURCE df MSS F
CONCENTRATION (C) 3 37451363.45 102.58%**
STIMULUS SEGMENT (S) 1 122280.91 0.34
RAT (R) 2 1042792.64 2.86
CXS 3 37431.30 0.10
CXR 6 450007 .75 1.23
SXR 2 186650.62 0.51 N
CXSXR 6 30011.83 0.08
ERROR 118 365094.20 -

*Significant at P <0.05
**Significant at P <0.01
***Significant at P <0.001
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64
the rats nor did any of the possible interactions show significant

relationships (P > 0.05).

Effect of Chronic Amphetamine Injection on Amphetamine Lic}ing

The same three rats 729, Z-30 and Z-33 as used in the previous
experiment to determine the effects of amphetamine self-ingestion
were used to determine the effects of a daily intraperitoneal
injection of amphetamine (5mg/kg) given four hours after the daily
amphetamine licking sessions. On days prior to the start of the
experiment, these rats were also injected daily with 5mg/kg of

amphetamine.

Consequential Licking

The effect of increasing concentrations of amphetamine solutions
on cansequential licking rate in these amphetamine treated rats
is presented graphically in Figure 8. Increasing concentrations
produced decreased licking rates, but the major difference between
this experiment and the previous one was that concentrations required
were considerably lower; 0.125, 0.25 and 0.50mM versus 0.50, 0.99
and 1.98uM of the previous experiment. A comparison of these results
is presented graphically in Figure 9. According to ANOVA, the licking
rates were significantly affected (P < 0.001) when increasing
concentrations of amphetamine solution; were substituted for water.

The data and analyses are presented in Table 9. Further analysis

e

by DMRT showed that licking rates under all concentrations of
amphetamine were significantly decreased (P < 0.05) when compared to
water. Under self-produced stimulus, the 1licking rates were not

significantly different (P > 0.05) under any of the amphetamine






























TABLE 11

DOSE OF AMPHETAMINE (MG) DELIVERED DURING SELF-INGESTION UNDER SELF-PRODUCED(SPS) AND

PROGRAMMED(PS) STIMULUS IN CHRONICALLY INJECTED RATS 7-29,30,33.

7-29 7-30 B 7-33
CONC(mM) N 5PS PS N SPS PS N SP3S PS
0.0 X - - - - - - - - -
SE - - - - - - - - -
0.125 X 7 0.70 0.61 7 0.38 0.41 7 0.25 0.25
SE 0.11 0.23 0.21 0.21 0.09 0.10
0.25 X 5 1.43 1.36 6 0.86 1.16 6 0.55 0.72
SE 0.22 0.16 0.26 0.33 0.28 0.29
0.50 X 7 1.32 1.28 6 0.42 0.69 6 1.50 1.72
SE 0.68 0.74 0.25 0.45 0.82 0.99
ANALYSIS OF VARIANCE
SQURCE df MSS
CONCENTRATION (C) T2 T 5.79 §.78%
STIMULUS SEGMENT (S) ] 0.20 0.16
RAT (R) 2 1.95 1.59
C XS 2 0.09 0.07
C X R 4 1.92 1.57
S X R 2 0.17 0.14
C XS XR 4 0.02 0.01
ERROR 96 1.22

*Significant at P <0.05
**Significant at P <0.01
***Sjgnificant at P <0.001
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TAZLE 12 - CONTINUED

DUNCAN MULTIPLE RANGE TEST

SELF~-PRODUCED STIMULUS

CONC 0.50 0.25 0,125 0,00
MEANS 2.84 L.29 Lo6L 20.97

Any two means not underscored

by the same line are significantly different at P< 0,05,

8L






TABLE 13

EFFECT OF AMPHETAMINE SELP-INGESTION ON CONSEQUENTIAL LEFT LEVER PRESSING FOR SECONDARY
REINFORCEMENT UNDER SELF-PRODUCED STIMULUS(SPS) IN CHRONICALLY INJECTED RATS Z-29,30,33.

7-29 ; Z-30 Z-33
CONC(mM) N SPS N 5PS N SPS
0.0 X 7 33,47 6 25.36 5 T £6.77
SE 10.81 5.40 13.79
6.125 X 7 6.19 7 4,13 7 2.46
SE 1.26 2,47 0.97
0.25 X 5 5.80 6 4,83 6 2.41
SE 1.64 1.66 Q.72
0.50 X 7 2.97 6 1.01 6 3.50
SE 1.33 0.57 1.70
ANALYSIS OF VARIANCE
SQURCE df MSS F
CONCENTRATION (C) 3 4332.73 26.61x**
RAT (R) 2 111.971 0.68
C X R 6 187.68 1.15
ERROR 63 162.80 -

*Significant at P <0.05
**Significant at P <0.01
***Significant at P < 0.001
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TABLE 14

EFFECT OF AMPHETAINE SELF-INGESTION ON INCONSEQUENTIAL LEFT LEVER PRESSING FOR SECONDARY RE-
INFORCEMENT UNDER SELF-PRODUCED(SPS) AND PROGRAMMED(PS) STIMULUS IN CHRONICALLY TREATED RATS
1-29,30,33.

1-29 Z-30 Z-33
CONC(mM) _ N — SPS PS N SPS PS N SPS PS

0.0 X 7 2.60 0.17 6 3.94 0.711 5 1.50 0.00
SE 0.26 0.11 0.21 0.04 0.09 0.00

0.125 X 7 6.79 0.68 7 2.54 0.00 7 3.01 0,28
SE 1.53 0.37 0.54 0.00 1.43 0.25

0.25 X 5 4,87 1.15 6 4.42 0.17 6 5.14 0.34
SE 1.05 0.18 0.69 0.15 1.55 0.22

0.50 X 7 3.68 0.12 6 2.23 0.00 6 4,99 1.29
SE 0.74 0.02 1.06 0.00 1.84 0.69

SOURCE df MSS F
CONCENTRATION (C) 3 10.13 2.58
STIMULUS SEGMENT (S) 1 455,32 116.12%** ,
RAT (R) 2 8.06 2.06 ;
C XS 3 4.96 1.26
C XR b 11.33 2.89%*

S XR 2 2.67 0.68
C XS XR 6 5.84 1.49
ERROR 126 3.93 -

*Significant at P < 0.05
**Significant at P <0.0]1
***Significant at P < 0.001
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92
significant difference (P < 0.001) between the rats and between the

concentration and rat interaction (P < 0.001). None of the other
possible interactions were significant (P > 0.05).

The milligrams of amphetamine sulfate ingested by these rats,
as can be seen in Figure 13, tended to either increase, remain
stable or decrease for rats Z-34, Z-35 and Z-37 respectively, with
increasing concentrations of amphetamine solutions. The data and
analyses are presented in Table 18. According to ANOVA, this was a
significant effect (P < 0.05), but further analysis by DMRT showed
the miliigrams of amphetamine ingested were not significantly
different (P > 0.05) from each other under the various amphetamine
concentrations. According to ANOVA, there was no significant dif-
ference (P > 0.05) and there was a significant difference (P < 0.001)
among the rats. None of the possible interactions showed any

significant (P > 0.05) relationships.

According to ANOVA, the time spent in consequential Ticking

was significantly affected (P < 0.001) by substitution of solutions

of increasing concentrations of amphetamine for water. The data and

analyses are presented in Table 19. Further analysis by DMRT showed

there was a progressive decrease in time spent in licking. There was

no significant difference (P > 0.05) between the lowest concen-

tration (0.0625mM) and water, but all the other concentrations

produced significant decreases (P < 0.05) when compared to water under
“both stimulus conditions. Under self-produced stimulus there was no

significant difference (P > 0.05) between 0.50, 0.25 and 0.125mM

concentrations, while under programmed stimulus there was a significant

difference (P < 0.05) between 0.125 and 0.50mM but not between either


















TABLE 20

DROPS OF FLUID DELIVERED DURING AMPHETAMINE SELF-INGESTION UNDER SELF~PRODUCED(SPS) AND
PROGRAMMED(PS) STIMULUS. IN RATS Z~34,35,37,

WITH FOOD PELLETS AVAILABLE,

1

CONC (mM)

*Significant at P <0,05
**Significant at P . 0.01
***Significant at P 0,001

7-34 B 7-35 7-37
N SPS PS N SPS Ps SPS PS
6 2179.67 1793.17 8 2023.,28 1508, 88 2333.33 1767.33
259.75 363,40 322.48 284,66 397.85 422.41
5 1429.60 1248,80 5 509.60 263.40 1356.33 1011.83
232.50 262.56 134.54 103,56 158.56 232.48
9 749,22 445.44 9 266.89 239,00 1279.62 988.38
100.03 97.81 114.97 125,90 268.18 222.82
7 447.86 399,57 5 250.80 57.60 623.00 261.33
141,05 129,98 153,65 54,62 209.47 110.90
12 446,33 239,25 15 98,00 33,27 257.62 202.62
78.49 51.28 36.83 13.97 84.63 65.02
. ANALYSIS OF VARIANCE
SOURCE df MSS
CONCENTRATION (c) 4 21910465.17 93 56***
STIMULUS SEGMENT (S) 1 3035925.20 2.96%%*
RAT (R) 2 3606481.38 5.40Q%*%*
C XS 4 260367.99 1.11
C X R 8 680652.73 2.91**
S X R 2 45042,94 0.19
C XS XR 8 56277.19 0.24
ERROR 210 234202.31
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100
increasing concentrations of amphetamine for water. The data and

analyses are presented in Table 21. Further analysis by DMRT showed
there was a progressive decrease in inconsequential licking rates
with increasing concentrations with a significant decreasé (P < 0.05)
under all concentrations of amphetamine when compared to water. None
of the concentrations were significantly different (P > 0.05) from
each other. According to ANOVA, there was no significant difference

(P > 0.05) among the rats nor in the concentration and rat interaction.

Consequential Left Lever Pressing

For Secondary Reinforcement

Consequential left lever pressing rate for secondary reinforcement
decreased with increasing concentrations of amphetamine as can be
seen in Figure 14. According to ANOVA, this was a significant effect
(P < 0.001). The data and analyses are presented in Table 22.
Further analysis by DMRT, showed there was a progressive decrease in
consequential Teft Tever rate with all concentraticns except the lowest
(0.0625mM) significantly decreased (P < 0.05) as compared to water.
There was no significant difference (P > 0.05) between the remaining
amphetamine concentrations. According to ANOVA, there was a significant
difference (P < 0.001) among the rats as well as in the concentration

and rat interaction (P < 0.001).

Inconsequential Left Lever Pressing

For Secondary Reinforcement

According to ANOVA, the inconsequential left lever rates for
secondary reinforcement were significantly affected (P < 0.01) by

substitution of solutions of amphetamine for water. The data and

















































































127
Consequentiai Left Lever Pressing

For Second Reinforcement

According to ANOVA, amphetamine injections had no significant
effect (P > 0.05) on consequential left lever rate for secondary
reinforcement. The data and analyses are presented in Table 30.
Further analysis of this data by DMRT showed there was no dose
dependent relationship, but that the 2.0mg/kg dose produced a
significant decrease (P < 0.05) when compared to saline and the other
doses of amphetamine. According to ANOVA, there was no significant

difference (P > 0.05) among the rats or in the dose and rat interaction.

Inconsequential Left Lever Pressing

For Secondary Reinforcement

According to ANOVA, inconsequential left lever rates for
secondary reinforcement were significantly affected (P < 0.05)
by amphetamine injections. The data and analyses are presented in
Table 31. Further analysis of this data by DMRT showed there was
no dose dependent relationship, but under self-produced stimulus,
the 2.0mg/kg dose produced an increase significantly greater (P < 0.05)
than that produced by the other doses while under programmed stimulus
the 1.0mg/kg dose produced an increase significantly greater (P < 0.05)
than that produced by either saline or other doses of amphetamine.
According to ANOVA, there was a significant difference (P < 0.01) in
_the stimulus segments and from the mean values used in DMRT, it can
'Be seen the values for every dose including saline are greater under
self-produced stimulus. ANOVA, there was a significant difference

(P < 0.001) among the rats as well as a significant relationship

(P < 0.001) in all of the possible interactions.
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TABLE 41

1“
Ty
AN

\

} : !
DROPS OF FLUID DELIVERED DURING ETHANOQL SELF~INGESTION UNDER SELF-PRODUCED(SPS) AND PRO-

GRAMMED(PS) STIMULUS IN RATS Z-41,42,43, WITH FOOD PELLETS AVAILABLE,

7-47 7-42 7-43
CONC(%V/V) N SPS PS N SPS PS N SPS PS
0 X 9 2261.11 2073.171 8 2726.25 2164.12 8 2263.25 1883.38
SE 265.93 336.64 200.85 262.11 355.03 276.74
10 X 5 1250.00 843.80 7 2154.00 1649.86 7 855.14 523.57
SE 267.38 305.30 362.10 373.34 318.45 208.30
20 X 5 663.00 765.60 7 1675.71 1264.14 7 1211.43 924.57
SE 184.80 326.45 275.91 194.51 347.53 266.06
40 X 7 684.43 490.43 6 1407.17 961.67 6 765.17 788.67
SE 62.68 104.91 253,41 183.14 200.57 150.02
80 X 7 498.14 271.14 7 478,71 182.86 5 912.40 809.60
SE 119.50 154.85 62,80 77.55 150.17 172.04
ANALYSIS OF VARTANCE ,
SOURCE df MSS :
CONCENTRATION (cy 4 194859271.86 B4 35%*%
; STIMULUS SEGMENT (S) 1 4322492.08 9,84%%* l
! RAT (R) 2 3716302.79 8.46%**
C XS 4 93301.77 0.21
C X R 8 1367296.04 3.17%%
S X R 2 329573.44 0.75
C XS XR 8 60164.96 0.14
TOTAL 172 439366,90

*Significant at P <0.05
**Significant at P <0.0]

***Significant at P < 0.001
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193
the Teft under "no treatment" are of water and ethanol ingestion

on the day preceeding the start of disulfiram treatment. These

rats were run for five days on ethanol before the start of disulfiram
treatment. The water records indicate the thre= rats were>1icking
for water at a sustained high rate for the entire 30 minute session;
the ethanol records likewise indicate a sustained, high licking rate
?%F'ethanol for the entire 60 minute session. On the right are
records of the effect of the first injection of disulfiram (50mg/kg,
i.p., 60 minutes before the ethanol session) on licking for ethanol.
The three rats under the influence of disulfiram began licking for
ethanol at a high rate, then ceased licking abruptly after about 15~
20 minutes and did not resume for the remainder of the session.

The effect of disulfiram on drops of ethanol consumed during the

60 minute sessions is presented in the lower half of Figure 22.

Day 1 was the last session before disulfiram effects. Days 2 - 7
were consecutive days on which disulfiram was administered and the
amount of ethanol is far beleow that of day 1. Days 8 - 10 were
consecutive days following disulfiram treatment and the amount of
ethanol consumed was similar to that when disulfiram was administered.
The corresponding predrug (water) 30 minute sessions are presented
in the upper half of Figure 22. The amount of water consumed in
predrug sessions on days when disulfiram was administered did not
vary appreciably from day 1 before the start of disulfiram; similar

T

-“results were seen for the three post disulfiram days.
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Figure 24, Effect of withholding daily morphine injection (200 mg/kg,i.p.) for four
consecutive days on consequential licking rates for water, amphetamine
(0.5 mM) and alcohol (80% v/v) under self-produced and programmed stimulus
in morphine dependent rats Z-47 and Z-49. Food pellets were concurrently
available on FI-60'' right lever pressing.
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Figure 26. Effect of withholding daily morphine injection (200 mg/kg, 1.p.) for four
consecutive days on minutes spent in consequent1a1 Ticking for water,
amphetamine (0.5 mM) and a1coﬁ (80% v/v) under self-produced and pro-
grammed stimulus in morphine dependent rats Z-47 and Z-49. Food pellets
were concurrently available on FI-60" right lever pressing.

661
























V. DISCUSSION

Oral self-administration of drugs was studied using rats as exper-
imental subjects. The use of experimental animals as subjects elimin-
ated complications of psychological and personality factors which com-
plicate studies with humans. Oral self-administration of drugs was
studied since the drugs are commonly self-ingested and the results ob-
tained could be more reliably extrapolated to human behavior. Oral self-
administration via licking was selected for several reasons. Licking is
a response in the rats' natural repertoire, is a rapidly acquired response
and is a response which provided optimum high rates of responding. In
addition, licking rates provided reliable and quantitative data with
which to study oral self-administration of drugs.

Since drug use by humans is under the influence of complex controls
as motivation, availability of drugs and availability of funding, the
application of'simultaneous multiple operants as utilized in these
experiments afforded a means by which to evaluate the complex effects
of self-administered drugs in the same subject. The measurement of lick-
ing behavior under two different stimulus conditions provided an indica-
tor of motivation as well as motor ability. During the programmed
stimulus phase, fluid was freely available to the rat while during the
self-produced stimulus phase, the rat had to first perform five presses
on the left lever in order to gain access to fluid from the licking
spout. In some instances the right lever was programmed to deliver
food pellets on a fixed interval schedule of one minute. Responding
or lack of responding on the right lever provided data on the effects
of drugs on food motivated behavior, fixed interval responding as well

as motor ability. Since consequential as well as inconsequential re-
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ment, he attributgd thg increased rate of responding during fixed inter-
val schedules caused by amphetamine to decreased interresponse times
early in the interya] and decreased rate of responding during fixed
ratio schedules to increased interresponse times during the first por-
tion of the fixed ratio.

Drugs are rarely freely available to human addicts. More often than
not, drugs are available at specific times and after completion of a
specific task in order to obtain sufficient money to purchase drugs.
The hypothesis that rats too will perform some task in order to gain
access to drug solutions was tested in this study. The rats were re-
quired to press the left lever (FR-5 schedule) in order to attain an
opportunity to obtain drug solutions. These results were then compared
to the situation when fluid was freely provided. During predrug
sessions when water was available for licking, the licking rates after
lever pressing were always higher than when fluid was freely provided.

This effect was abolished when amphetamine was substituted for
water in rats exposed to the two operant procedure both when they were
normal as well as when they were chronically treated with amphetamine,
but was not changed in rats which were exposed to the three operant pro-
cedure or in rats which were injected with amphetamine. In no instances
were the licking rates higher when fluid was freely provided. Further
examination of the data revealed that significantly more time was avail-
able for licking under the programmed stimulus than the self-produced
stimuTus in all groups of rats except the three operant greoup in which
there was no difference. Also since there were no significant differences
in the number of reinforcements obtained under either stimulus condition,

the observed effects appear due to amphetamines effect on licking rates
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rather than to some aspect of the experimental design. The interaction

between concentration and stimulus was not significant when amphetamine
was available for ingestion, but the interaction between dose and stim-
ulus was significant when amphetamine was ingested, indicating that the
differential dose effect depended upon the stimulus contingencies.

Inconsequential Ticking was decreased in all the studies with
amphetamine whether it was ingested or injected. This appears to be an
exception to the general rule that amphetamine increased irrelevant be-
havior and may be unique to the operant response of licking. Inconse-
quential Ticking could only occur during the self-produced stimulus so
there is no stimulus comparison, but in no instance was there a signif-
icant interaction between either concentration or dose with rats indi-
cating it was independent of any differences in the rats behavior.

Inconsequential 1eft lever pressing for secondary reinforcement
was consistently increased by amphetamine whether it was ingested or
injected. Inconsequential left lever rates were also consistently
greater under self-produced than programmed stimulus. This appears to
be correlated with the fact that left lever pressing on a FR-5 schedule
was an integral component of the self-produced stimulus and even during
predrug sessions there was a significant increase in inconsequential
responses during self-produced stimulus.

Following chronic treatment with amphetamine an apparent increased
sensitivity to self-ingested amphetamine occurred in all responses.
This increased sensitivity was manifested by a shift of the concentration
response curves to lower concentrations. Following chronic treatment,
the variability in responding between rats increased significantly in-

dicating different degrees of animal susceptibility to chronic treat-
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in central nervous system sensitivity in these rats tc barbiturates to

explain the apparent increased sensitivity to ingested amphetamine. An
alternate explanaticn might be an accumulation of amphetamine in these
rats as a result of the combined oral ingesticn and chronic daily in-
jection of amphetamine.

In the present investigation, intraperitoneal injections of chior-
promazine markedly increased licking of amphetamine solutions. Since
these drugs are presumed to have opposite actions on thz adrenergic sys-
tem, with chlorpromazine blocking (Brodie et al, 1959) and amphetamine
potentiating (Hanson, 1966) the actions of catecholamines these findings
of mutual antagonism might be expected. Schuster and Wilson (unpub-
lished data) showed that chlerpromazine increased the intravenous self-
administration of amphetamine by rhesus monkeys with indwelling intra-
venous catheters. Chlorpromazine has been reported to antagonize be-
havioral depression caused by amphetamine in a food reinforced operant
in the rat (Brown, 1963) as well as in the pigeon (Davis, 1965). Glick
and Jarvik (1969) reported an antagonism between the effects of ampheta-
mine and chlorpromazine on delayed matching performance in monkeys.
Maickel (1968) has shown that amphetamine will reverse the decreasg in
gross behavior and motor activity caused by chlorpromazine in rats.

Self-administration of ethanol via an oral route was also readily
achieved in rats. As with amphetamine, the persistent licking for sev-
eral minutes before depression of behavior suggest that the licking mo-
tivation was stronger than the aversion to taste until a high concentra-
tion of ethanol was licked. Depression of ethanol Ticking seemed to be

due to an intoxication effect since the behavioral depression was grad-

ual and some licking was maintained throughout the session.
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other, indicating different individual susceptibility to the effects of

ingested ethanol. This difference is reflected in the concentration and
rat interactions which were generally significant during ethanol inges-
tion.

A significant difference between the effects of ethanol and amphe-
tamine self-ingestion is reflected in the inconsequential left lever
rate which was significantly increased by amphetamine, but not affected
by ethanol. As discovered earlier, the ability to increase irrelevant
behavior may be unique for amphetamine.

Responding on the right lever which produced food pellets was
either unaffected or increased by ethanol indicating that the rats
had not lost their motor ability and as a resuit continued to obtain
food pellets in spite of decreased responding associated with ethanol in-
gestion.

The effects of oral injections of ethanol were similar to effects
of ingested ethanol except in right lever pressing for food pellets. As
with ingested ethanol, there was an increase in lever pressing for food
pellets, but rather than the number of pellets delivered remaining con-
stant, the number decreased. The injected ethanol apparently disrupted
the rats temporal discrimination for fixed internal responding so while
more responses were made, fewer food pellets were delivered.

The experimental design utilized in the present study provided a
simple, inexpensive model by which to test the effects of disulfiram on
ethanol consumption in the rat. After pretreating the rats with disul-
firam, only a fraction of the normal amount of ethanol was consumed.
These results supported in the rat, the findings of Hald, et al, (1948)

that ethancl ingestion was terminated in humans, after a critical amount
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morphine withdrawal in addicted animals (Thompson and Schuster, 1964).

In addicted rats receiving morphine by lever pressing for intravenous
infusion, nalorphine increased the rate of responding proportionally to
the severity of withdrawal induced. Nalorphine in a dose of 4 mg/kg
reliably abolished responding in three out of four dependent rats, but
in the fourth rat a dose as high as 16 mg/kg was ineffective indicating
varying degrees of susceptibility to nalorphine-induced withdrawal.
Nalorphine in a dose of 4 mg/kg produced no effect or a slight in-
crease in responding in a nonaddicted rat. McMillan and Morse (1967)
have also reported increased operant responding in non-tolerant animals.
Since the mechanism of action of morphine is still unknown,it is
not surprising that the mechanism of action of antagonists as nalorphine
is also unclear. However, since it is generally assumed that nalorphine
acts by displacing morphine from its receptor (Takemori et al, 1969), it
is not surprising that this acute onset of withdrawal has a more severe

effect on behavior than gradual onset of abstinence-induced withdrawal.
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TABLE E4y - CONTINULD

DUNCAN MULTIPLE RANGE TEST

SELF~PRODUCED STIMULUS PROGRAMMED STIMULUS
CONC 0,00 0.99 1,98 0.50 0,00 1.98 0.99 0.50
MEANS 8.25 9,50 9.61 10,05 10,26 11,48 11,58 12,24

Any two means not underscored by tlie same line arec significantly different at P< 0,05,

AN

































TABLE 59 - CONTINUED

DUNCAN MULTIVLE RANGE TEST

CONC
MEANS

SELF=PRODUCED STIMULUS PROGRAMMED STIMULUS
0,00 0.50 0.25 0.125 0.00 0.50 0.25 0.125
265 269 272 278 244 245 25L 261

Any two means not underscored by the same 1line are significantly different at P< 0,05,

eve






TABLE 60 -~ CONTINUED

DUNCAN MULTIPLE RANGE TEST

CONC
MEANS

SELF-PRODUCED STIMULUS PROGRAMMED STIMULUS
0,50 0,00 0.125 0.25 0.50 0.00 0.125 0,25
10,34 10.82 11.32 11.67 12.47 13,68 13,78 14,48

Any two means not underscored by the same line are significantly different at P <0,05,

Sve






TABLE 61 -~ CONTINUED

DUNCAN MULTIPLE RANGE TEST

CONC
MEANS

SELF=-PRODUCED STIMULUS PROGRAMMED STIMULUS
0.50 0,00 0,125 0.25 0.50 0,00 0,125 0,25
2783 2863 3161 3184 3073 3321 3592 3673

Any two means not underscored by the same line are significantly different at P < 0,05,

Lve









TABLE 63

CONSEQUENTIAL LEFT LEVER RATE FOR SECONDARY REINFORCEMENT DURING SELF-PRODUCED STIMULUS(SPS)
IN PRE-DRUG SESSIONS CORRESPONDING TO RESPECTIVE AMPHETAMINE SESSIONS INDICATED BY CON-
CENTRATIONS IN PARENTHESIS.

1-29 Z-30 Z-33
CONC(mM N SPS N SPS N SPS
0.0 X 7 29.10 3 32.44 5 29.74
SE 5.57 4.07 3.80
(0.125) X 7 37 .50 7 36.93 7 39.39
SE 5.43 6.55 5.93
(0.25) X 5 47 .53 6 47.41 6 39.83
SE 6.17 2.03 5.32
(0.50) X 7 21.49 6 25.87 6 23.80
SE 1.51 5.54 5.16
ANALYSIS OF VARIANCE
SOURCE df MSS F
CONCENTRATION (C) 3 1516.93 9,42%**
RAT (R) 2 55.66 0.34
C XR b 46.09 0.29
ERROR 63 161.10 ' - ~

*Significant at P <0.05
**Significant at P <0.01
***Significant at P <0.001
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TABLE 64

INCONSEQUENTIAL LEFT LEVER RATE FOR SECONDARY REINFORCEMENT DURING SELF-PRODUCED(SPS) AND
PROGRAMMED(PS) STIMULUS IN PRE-DRUG SESSIONS CORRESPONDING TQ RESPECTIVE AMPHETAMINE
SESSIONS INDICATED BY CONCENTRATIONS IN PARENTHESIS.

7-29 7-30 7-33
CONC(mM) TN SPS PS N SPS LB N 5PS PS
“(0.0) X 7 3.12° 0.33 6 .66 1.05 5 T.47 0.00
SE 0.55  0.26 0.5 0.86 .32 0.00
(0.125) X 7 2.27 0.10 7 4.53  0.20 7 1.69  0.00
SE 0.34  0.05 0.20  0.08 0.25  0.00
(0.25) X 5 2.90  0.07 6 3.94  0.29 6 2.02  0.08
SE 1.01 0.04 0.37  0.08 0.30  0.08
(0.50) X 7 1.93  0.08 6 3.88°  0.14 6 2.39  0.00
SE 0.23  0.04 0.44  0.10 0.49  0.00
ANALYSIS OF VARIANCE
SOURCE df MSS F
CONCENTRATION () 3 1.5 T.3%
STIMULUS SEGMENT (S) 1 274.78 347.50%**
RAT (R) 2 25.24 31.92%%*
C XS 3 0.05 0.06
CXR 6 1.25 1.58 -
S X R 2 13.11 16.58%**
C XS XR 6 0.78 0.99
ERROR 126 0.79 -

*Significant at P< 0.05
**Significant at P< C.0]
***Significant at P< 0.001
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TABLE 67

DROPS OF WATER DELIVERED DURING CONSEQUENTIAL LICKING UNDER SELF-PRODUCED(SPS) AND PRO-
GRAMMED(PS) STIMULUS IN PRE-DRUG SESSIONS CORRESPONDING TO RESPECTIVE AMPHETAMINE SESSIONS
INDICATED BY CONCENTRATIONS IN PARENTHESES,

Z-34 Z-35 Z-37
CONC(mM N SPS PS N SPS PS N SPS PS
{0.00 X 6 2097 .83 1763.17 8 2322.75 T1783.00 6 2555.83 2356.50
SE 341.04 341.08 236.79 182.56 269.17 322.42
(0.0625) X 5 3115.40 2576.40 5 2241.60 1780.20 6 1937.83 1879.83
SE 552.08 289.36 300.11 304.47 200.28 301.16
(0.125) X 9 2737.11 2366.67 9 3000.67 2343.56 8 2669.75 2271.50
SE 143.55 207.57 122.98 192.20 232.90 224.72
(0.25) X 7 2731.,43 2391.14 5 2989.60 2050.60 6 2619.67 2335.17
: SE 260.75 210.12 151.80 291.90 350.06 390.83
(0.50) X 12 2187.33 2190.33 15 2554.93 2049.53 13 2137.23 2047.15
St 96.21 180.97 189.45 120.03 158.66 145.01
ANALYSIS OF VARIANCE ,
SOURCE dat MSS F
CONCENTRATION (C) 4 1823134.04 4,49%*
STIMULUS SEGMENT (S) 1 7654081.67 18.,85***
RAT (R) 2 319133.31 0.79
C XS 4 211144 .52 0.52
C XR 8 986830.05 2.43%
S XR 2 905732.05 2.23
C XS XR 8 74791.80 0.18
ERROR 210 406022.02 -

*Significant at P <0.05
**Significant at P <0.01
***Significant at P <0.001
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TABLE 68

INCONSEQUENTIAL LICKING RATE UNDER SELF-PRODUCED(SPS) STIMULUS IN PRE-DRUG SESSIONS
CORRESPONDING TO RESPECTIVE AMPHETAMINE SESSIONS INDICATED BY CONCENTRATIONS IN PARENTHESES.

CONC(mM)
10.00)

(0.0625)
(0.125)
(0.25)

(0.50

Z-34 Z-35 Z-37
N SPS N SPS N SPS
6 24.00 8 35.75 6 11.83
7.64 15.85 2.46
5 29.20 5 17.60 6 9.33
6.58 6.80 2.08
9 16.11 9 28.89 8 15.12
3.15 9.97 3.24
7 18.29 5 12.20 6 6.87
6.62 2.89 1.13
12 21.17 15 17.07 13 14.38
2.99 3.28 3.75
ANALYSIS OF VARIANCE
SOURCE df MSS F
CONCENTRATION (C) 4 361.08 1.11
RAT (R) 2 1246.35 3.84*
C XR 8 303.55 0.94
ERROR 105 324.40 -

*Significant at P«<
**Significant at P«
***xSignificant at P«<

0.05
0.01
0.001
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TABLE 70

RIGHT LEVER PRESSING FOR FOOD PELLETS UNDER SELF-~PRODUCED(SPS) AND PROGRAMMED(PS) STIMULUS
IN PRE-DRUG SESSIONS CORRESPONDING TO RESPECTIVE AMPHETAMINE SESSIONS INDICATED BY CONCEN-
TRATIONS IN PARENTHESES.

Z-34 Z-35 Z-37
CONC(mM _ N SPS PS N SPS P N SPS PS
(0.00 X 6 4.22 3.10 8 2.67 4.11 6 2.78 1.30
- SE 1.37 0.72 0.22 0.40 0.90 0.35
(0.0625) X 5 2.50 0.96 5 2.94 1.57 6 2.58 0.98
SE 0.76 0.46 0.99 0.75 0.68 0.40
(0.125) X 9 5.18 3.32 9 2.93 3.62 8 2.56 1.38
SE 0.97 1.38 0.60 0.66 0.60 0.37
(0.25) X 7 7.50 5.05 5 2.61 4.54 6 3.67 2.07
SE 1.41 1.20 0.36 1.38 0.73 0.63
(0.50) X 12 4.35 2.38 15 3.62 2.20 13 3.30 1.31
SE 1.43 0.85 0.61 0.35 0.50 0.48
ANALYSIS OF VARTANCE
SOURCE df MSS F
CONCENTRATION (C) 4 "25.32 F 33k
. STIMULUS SEGMENT (S) 1 77,16 13.2]%**
RAT (R) 2 58,08 9.94%xx*
C XS 4 4.98 0.85
C XR 8 6.98 1.20
S XR 2 20.40 3.49%
C XS XR 8 3.04 0.52
ERROR 210 5.84 -

*Significant at P < 0,05
**Significant at P < 0,01
***xS{ignificant at P < 0.001
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TABLE 71

CONSEQUENTIAL RIGHT LEVER PRESSING FOR FOQOD PELLETS UNDER SELF~PRODUCED(SPS) AND PRO-
GRAMMED(PS) STIMULS IN PRE DRUG SESSIONS CORRESPONDING TO RESPECTIVE AMPHETAMINE SESSIONS

INDICATED BY CONCENTRATIONS IN PARENTHESES.

7-34 Z-35 7-37
CONC(mM) N SPS PS N SPS PS N SPS PS
{0.00) X 6 0.70 0.62 8 0.52 0.68 6 0.62 0.57
SE 0.08 0.12 0.07 0.05 0.13 0.13
(0.0625) X 5 0.64 0.50 5 0.54 0.45 6 0.59 0.47
SE 0.04 0.12 0.13 0.11 0.10 0.15
(0.125) X 9 0.75 0.75 9 0.63 0.82 8 0.68 0.46
SE 0.07 0.09 0.07 0.05 0.08 0.11
(0.25) X 7 0.78 0.79 5 0.48 0.90 6 0.60 0.57
SE 0.08 0.07 0.09 0.19 0.13 0.13
(0.50) X 12 0.60 0.65 15 0.46 0.55 13 0.73 0.51
SE 0.09 0.06 0.0 0.04 0.06 0.09
ANALYSIS OF VARIANCE
SOURCE _df MSS F
CONCENTRATION (C) A 0.19 2.90%*
STIMULUS SEGMENT (S) 1 0.01 0.02
RAT (R) 2 0.21 3.42%
C XS 4 0.06 0.95 -
C X R 8 0.06 1.03
S X R 2 0.43 6.88***
C XS XR 8 0.04 0.69
ERROR : 210 0.06 -
*Significant at P <0.05
**Significant at P <0.01
***Significant at P <0,001
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TABLE 67 - CONTINUED

DUNCAN MULTIPLE RANGE TEST

SELF~-PRODUCED STIMULUS

CONC 0,00 0,25 0,125 0,0625 0.50
MEANS 9,83 13,39 17,82 19,50 19,75

Any two means not underscored by the same line are significantly different at P <0,05,
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TABLE 73

CONSEQUENTIAL LICKING RATE UNDER SELF~PRODUCED(SPS) AND PROGRAMMED(PS) STIMULUS IN PRE-DRUG
SESSIONS CORRESPONDING TO RESPECTIVE AMPHETAMINE SESSIONS INDICATED BY DOSAGE IN PARENTHESES.

Z-19 71-20 1-22
DOSE(MG/KG) _ N SPS PS N SPS PS N SPS PS
{SALINE) X 5 230.40 152.60 6 253.33 200.83 4 236.25 204.25
SE 6.45 20.94 15.43 34.58 31.95 21.31
(0.25) X 5 230.66 158.40 4 256.50 203.75 4 167.00 159.75
SE 23.26 5.99 15.38 31.40 18.43 4.85
(0.50) X b 217.00 176.50 4 219.50 186.00 2 156.50 185.00
SE 15.82 10.85 26.16 39.60 29.50 41.01
(1.00) X 3 269.00 223.33 4 286.75 254.25 5 218.80 214.80
SE 13.65 6.84 13.42 13.89 34.17 21.49
(2.00) X 3 261.67 211.33 3 302.67 284.00 3 221.00 178.67
SE 9.26 20.30 21.17 10.50 5.51 27.14
: ANALYSIS OF VARIANCE
SOURCE df MSS F
DOSE gD) 4 13920.43 .95k H*
STIMULUS SEGMENT (S) 1 46195.70 23.06%**
RAT (R) 2 20573.17 10.27%%%
D XS 4 1224.80 0.61
D X R 8 2301.13 1.40
S XR 2 4917.21 2.46
D XS XR 8 436.38 0.22
ERROR 92 2002.84 -

*Significant at P 0.05
**Significant at P < 0.01
***Significant at P < 0.001
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TABLE 74

DROPS OF FLUID DELIVERED UNDER SELF-PRODUCED(SPS) AND PROGRAMMED(PS) STIMULUS IN PRE-DRUG
SESSIONS CORRESPONDING TO RESPECTIVE AMPHETAMINE SESSIONS INDICATED BY DCSAGE IN PARENTHESES.

Z-19 7-20 71-22
DOSE(MG/KG) = N SPS PS N SPS PS N SPS PS
TSALINE) X 5 21371.80 7815.60 6 2094.33 2280.17 4 2125.50 2300.25
SE 281.83 449.69 445.56 684.45 191.97 360.24
(0.25) X 5 2029.00 1725.80 4 2592.75 2558.25 4 1125.75 1489.00
SE 215.53 192.78 223.93 452,50 35.54 181.37
(0.50) X 6 1996.50 2068.33 4 2157.00 2304.50 2 1581.50 2254,00
SE 179.71 138.04 428.75 674,65 450.57 691.10
(1.00) X 3 2907.67 3033.00 4 2941.25 3296.25 5 1914.60 2377.20
SE 233.12 213.52 320.76 352.26 291.55 256.59
(2.00) X 3 2639.67 2772.67 3 3291.33 3698.33 3 1770.00 1879.67
SE 340.41 510.72 240.82 136.73 279.04 513.07
ANALYSIS OF VARIANCE
SOURCE df MSS _F
DOSE D) 4 3340790.14 5. Ga***
STIMULUS SEGMENT (S) 1 583328.66 0.99
RAT (R) 2 5385910.20 9.710%**

D XS 4 126953.78 0.22

D X R 8 988252.73 1.67

S X R 2 479801.46 0.81

D XS XR 8 57693.68 0.10

ERROR 9?2 591858.26 -

*Significant at P< 0.05
**Significant at P< 0.0]
***Significant at P< 0.001
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TABLE 75 - CONTINULED

DUNCAN MULTIPLE RANGE TEST

SELF-PRODUCED STIMULUS

DOSE 0.25 2,00 0,50 SALINE 1,00
MEANS 13,08 16.89 17,50 18,80 19,67

Any two means not underscored by the same line are significantly diffcrent at P <0,05,
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TABLE 76 - CONTINUED

DUNCAN MULTIPLE RANGE TEST

SELF=PRODUCED STIMULUS PROGRAMMED STIMULUS
DOSE SALINE 0,25 0.50 2,00 1.00 SALINE 0,25 0.50 2,00 1,00
MEANS 8.64 8.72 9.50 9.63 9475 10.66 10,88 11,86 12.02 12.27

Any two means not underscored by the same line are significantly differcent at P< 0,05,
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APPENDIX E

Predrug sessions for ethanol self-ingestion in

normal rats.






TABLE 79 ~ CONTINUED

CONC%%V/V!

(10)
(20)
(40)

(80)

MSS

33612
5362,
636.
3260.
7195,
602

1-27
N SPS PS
5 , 284.00 246.04
SE 39.81 31,67
X 6 314.33 319.00
SE 16.84 10,98
X 10 288,40 302.30
SE 17 .41 13.70
X 6 252,50 244,50
SE 27.79 19.99
X 6 282,17 301.67
SE 24.15 21.15
ANALYSIS OF VARIANCE
SOURCE df
CONCENTRATION (Cc) 4
STIMULUS SEGMENT (S) 1
RAT (R) 3
C XS 4
C X R 12
S XR 3
C XS XR 12
ERROR 227

1130

2268.
.82

72

74
66
64
71

.91
.97

1-28
N SPS PS
Z 309.25 2TET?
5.57 14,34
6 301.67 290,17
4.62 7.73
10 299.00 286.60
3.51 6.81
6 303.67 267.50
3.28 5.76
6 288.17 281.33
6.38 4.42
S
2.01
29.72%**
4.74**
0.56
2.88%**
6.36***
0.53

*Significant at P <0.05
**Significant at P <0.0]1
***Significant at P <0,00]
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TABLE 79 - CONTINUED

DUNCAY MULTIPLE RANGE TEST

CONC
MEANS

SELF-PRODUCED STIMULUS PROGRAMMED STIMULUS
0 L0 80 20 10 0 40 20 80 10
283 293 295 296 206 257 261 276 281 286

Any two means not underscored by the same line are significantly different at P <0,05,
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TABLE 80 ~ CONTINUED

7-27 7-78
CONC(%V/V) B N SPS PS N SPS PS
(0) X 5 2966.60 3276. 80 1 2428.00 2927.00
SE 431.11 553.05 260.34 306.12
(10) X 6 3270.33 3936.33 6 2577.00 2829.17
SE 161.33 254,92 136. 44 223.17
(20) X 10 3233.20 4335.20 10 2796.10 3324 .40
SE 161.33 254,92 136.44 223.17
(40) X 6 2793.33 3214.50 6 2576.50 2858. 50
SE 352.82 . 328.00 179.41 188.75
(80) X 6 3110.67 3849.00 6 2377.00 2846.17
SE 291.72 265.79 149.16 125.16
ANALYSIS OF VARTANCE
SOURCE df MSS F
CONCENTRATION cy 4 1223230.57 3. 7ok
STIMULUS SEGMENT (S) 1 9469049 .58 28.79%%*
RAT R) 3 14324004, 80 43.54%%%
C XS 4 223885, 26 0.68
C X R 12 568722,92 1.73
S X R 3 1363959,45 4.7 5%*
C XS XR 12 74075.66 0.22
ERROR 227 328913, 84 -

*Significant at P <0.05
**Significant at P < 0.0]1
***Significnat at P <0.001
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TABLE 82

TIME IN MINUTES SPENT IN CONSEQUENTIAL LICKING DURING SELF-PRODUCED(SPS) AND PROGRAMMED(PS)
STIMULUS IN PRE-DRUG SESSIONS CORRESPONDING TO RESPECTIVE ETHANOL SESSIONS INDICATED BY

CONCENTRATIONS IN PARENTHESES.

CONC(V/V)
0

(10)
(20)
(40)

(80)

< U» o
m

>

SE

SE

SE

Z-25
N SPS PS
4 7.00 8.53
1.43 1.93
6 8.33 10.13
0.35 0.46
10 9.01 11.20
0.53 0.58
7 9.14 11,20
0.32 0.32
6 0.00 11.58
0.43 0.61

1-26
N SPS PS
7 10.48 12.17
0.94 1.40
6 11.00 13.65
0.31 0.29
10 11.30 13.82
0.23 0.23
6 10.67 12.82
0.47 0.53
6 11.17 13.28
0.27 0.28
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TABLE 83 ~ CONTINUED

1-27 Z-28
CONC(%V/V) _ N SPS PS __N SPS PS
(0) X 5 3.43 0.00 4 2.45 0.64
SE 0.22 0.00 0.49 0.31
(10) X 6 3.98 0.00 6 1.19 0.07
SE 0.50 0.00 0.18 0.05
(20) X 10 4,49 0.00 10 1.84 0.06
SE 0.33 0.00 0.21 0.03
(40) X b 3.86 0.01 6 1.80 0.12
SE 0.38 0.01 0.30 0.04
(80) X 6 4.44 0.00 6 1.75 0.18
SE 8.37 0.00 0.24 0.10
ANALYSIS OF VARIANCE
SOURCE df MSS F
CONCENTRATION (C) 4 0.41 0.99
STIMULUS SEGMENT gsg 1 308.38 748.43%**
RAT R 3 27.88 67.77%**
C XS 4 0.19 0.46
C XR 12 1.14 2. 77***
S XR 3 30.14 73.14%**
C XS XR 12 0.91 2.20% R
ERROR 227 0.4] -

*Significant at P <0.05
**Sjgnificant at P < 0.0]
***Significant .at P < 0,001
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TABLE 84

CONSEQUENTIAL LEFT LEVER RATE FOR SECONDARY REINFORCEMENT DURING SELF-PRODUCED(SPS) STIMULUS
IN PRE-DRUG SESSIONS CORRESPONDING TO RESPECTIVE ETHANOL SESSIONS INDICATED BY CONCEN-
TRATIONS IN PARENTHESES.

7-05 7-76 707 778
CONC (2V/V N 5$PS N $P3S N SPS N S$PS
‘“TéW‘—‘l Y 4 5,77 7 407 5 76,02 } T4, 97
SE 4.92 5.20 6.37 2.97
(10) Y 6 10.91 6 31,94 6 23.23 6 10.41
SE 1.07 4.26 3.98 1.36
(20) X 10 14 .86 10 35,41 10 32.79 10 15.01
SE 2.09 3.12 3.95 1.54
(40) X 7 15.22 6 26.28 6 28.84 6 11.94
SE 1.62 433 4.82 2.26
(80) X 6 18.65 6 31.49 6 23.74 6 10.18
SE 3.14 3.56 3.10 1.44
ANALYSIS OF VARTANCE
SOURCE df MSS F
CONCENTRATION )] I “T30.8T 18T
RAT (R) 3 3478.06 44 . 68%**
C X R 12 86.38 1.10
ERROR 13 77.84 .

*Significant at P <0.05
**Significant at P <0.01
***Significant at P <0.001
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TABLE 85

RIGHT LEVER PRESSING DURING SELF-PRODUCED(SPS) AND PROGRAMMED(PS) STIMULUS IN PRE-DRUG

SESSIONS CORRESPONDING TO RESPECTIVE ETHANOL SESSION INDICATED BY CONCENTRATIONS IN

PARENTHESES.
1-25 2-26

CONC(zV/V _ N SPS PS N SPS PS
0 X 5 0.24 0.00 7 0.00 0.00
SE 0.14 0.00 0.00 0.00
(10) X 6 0.13 0.00 6 0.00 0.00
SE 0.13 0.00 0.00 0.00
(20) X 10 0.06 0.02 10 0.05 0.00
SE 0.04 0.02 0.05 0.00
(40) X 7 0.00 0.00 6 0.00 0.090
SE 0.00 0.00 0.00 0.00
(80) X 6 0.01 0.00 6 0.00 0.00
SE 0.01 0.00 0.00 0.00
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TABLE 85 - CONTINUED

DUNCAN MULTIPLE RANGE TEST

SELF-PRODUCED STIMULUS PROGRAMMED STIMULUS
CONC 40 80 0 10 20 80 40 10 0 20
MEANS 0,01 0,01 0,03 0,05 0,05 6,00 0,00 0,00 0,00 0,00

Ary two means not underscored by the same line are significantly different at P <0,05,
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TABLE 87

DROPS OF FLUID DELIVERED DURING SELF-PRODUCED(SPS) AND PROGRAMMED(PS) STIMULUS IN PRE-DRUG
SESSIONS CORRESPONDING TO RESPECTIVE ETHANOL SESSIONS INDICATED BY CONCENTRATIONS IN
PARENTHESIS.

Z-41 Z-42 Z-43

CONC(%V/V) _ N SPS PS N SPS PS N SPS PS
(0) X 79 2665.33 2533.33 8 3233.00 2668.25 8 2643.75 2321.38
SE 192.51 238.64 158.30 234.12 378.19 260.99
(10) X 5 2366.00 2042.40 7 2749.29 2328.00 7 2126.57 1801.29
SE 347.84 311.00 242.60 229.03 312.98 233.47
(20) X 5 1845.60 1784.80 7 3127.43 2626.86 7 1524.14 1813.71
SE 314.83 386.75 296.63 388.75 312.86 236.18
(40) X 7 2184.00 2083.71 6 3422.33 2586.33 6 1618.67 1719.83
SE 107.58  83.21 255.97 291.90 251.17 206.16
(80) X7 2045.57 1743.57 7 2849.43 1952.29 5 1199.00 1716.40
SE 171.76 24453 170.86 190.90 44.43  39.43
ANALYSIS OF VARIANCE
SOURCE df MSS F
CONCLNTRATION __ (C) 1 3383714.28 TT 7Bk
STIMULUS SEGMENT (S) 1 3833651.41 8.79%**
RAT (R) 2 13049806.06 29,93 %%
C XS 4 110813.46 0.25
C X R 8 617611.46 1.42
S X R 2 1891791.41 4.34%
C XS XR 8 263815.49 0.60
ERROR 172 435933.30 -

*Significant at P< 0.05
**Significant at P< 0.01
***Significant at P< 0.001
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TABLE 89

TIME IN MINUTES SPENT IN CONSEQUENTIAL LICKING DURING SELF-PRODUCED(SPS) AND PROGRAMMED(PS)
STIMULUS IN PRE-DRUG SESSIONS CORRESPONDING TO RESPECTIVE ETHANOL SESSIONS INDICATED BY
CONCENTRATIONS IN PARENTHESIS.

Z-41 7-42 7-43
CONC(%V/Y) N SPS PS N SPS PS N SPS PS
{0) X 9 8.82 .51 8 10.20 T171.75 8 9.76 710.83
SE 0.34 0.28 0.44 0.66 0.48 0.56
(10) X 5 6.67 7.22 7 8.96 9.35 7 7.28 7.93
SE 0.92 0.80 0.87 1.15 0.51 0.56
(20) X 5 6.47 7.68 7 10.76 12.16 7 8.66 9.66
SE 0.33 1.49 0.68 1.04 0.90 0.76
(40) X 7 7.55 9.30 6 10.84  12.43 6 8.38 9.32
SE 0.54 0.94 0.53 0.63 0.15 0.29
(80) X 7 8.68 9.31 7 11.23  12.45 5 10.77  12.26
SE 0.55 0.77 0.29 0.19 0.67 0.92
ANALYSIS OF VARIANCE
SOURCE df MSS F
CONCENTRATION (C) ] 13.58 3.68%*%
STIMULUS SEGMENT (S) 1 47 .55 17.66%**
RAT (R) 2 123.35 37.85%x%
C XS 4 1.09 0.34
C X R 8 5.96 1.83
S X R 2 0.36 0.11
CXS XR 8 0.43 0.13
ERROR 172 3.26 -

*Significant at P < 0,05
**Significant at P < 0,01
***Significant at P < 0,001
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TABLE 90 -~ CONTINUED

DUNCAN MULTIPLE RANGE TEST

CONC
MEANS

SELF-PRODUCED STIMULUS PROGRAMMED STIMULUS

80 20 10 10 0 10 80 20 1O 0
2,15 2,35 2.4 2,46 3,90 0.02 0,03 0,06 0,13 0,28

Any two means not underscored by the same line are significantly different at P <0,05,

gle
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