View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Loyola eCommons

LOYOLA

E é Loyola University Chicago
R Loyola eCommons

Dissertations Theses and Dissertations

1972

The Effect of Intermittent Electric Shock on the
Consumption of Alcohol in Rats

James P. Choca
Loyola University Chicago

Recommended Citation
Choca, James P, "The Effect of Intermittent Electric Shock on the Consumption of Alcohol in Rats" (1972). Dissertations. Paper 1171.
http://ecommons.luc.edu/luc_diss/1171

This Dissertation is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It has been accepted for inclusion in

Dissertations by an authorized administrator of Loyola eCommons. For more information, please contact ecommons@luc.edu.
)
@0

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.

Copyright © 1972 James P. Choca



https://core.ac.uk/display/48607769?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://ecommons.luc.edu
http://ecommons.luc.edu/luc_diss
http://ecommons.luc.edu/td
mailto:ecommons@luc.edu
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/

THE EFFECT
OF
INTERMITTENT
ELECTRIC SHOCK
ON THE
CONSUMPTION

. oF
ALCOHOL
. IN

RATS

BY
- vames P. Choca
A Thesis submitted to the faculty of the Graduate
School of'Loyola University in partial Ful-
fillment of the requirements of the
degree of Doctor of
+Philosophy
May, 1972




This study was undertaken with the support of the

Wood V.A. Center, Milwaukee, Wisconsin, during my internship,

1970-1971.




’

Table of Contents

Chapter : Page
I. Introduction and review of the literature
Introduction | ' 1
The Experimental Neurosis Model | 2
The conflict Model: Alley Studies | 4

The Conflict Model: Instrumental Conditioning Studies 12
The Free Choice Model 13
The Present Experiment ' a ‘ 17

II. Method

Subjects _ , ‘ 19
Apparatus ’ | ' | 19
Procedufe | 20
Surgical Procedure . 7 23
Scnring , ‘ 24
III.Results , . ' 26
IV. Discussion — _ - 37
V. References 42

VI. Appendix B ; : 47




’Acknowledgements

The author is primarily indebted and especially grateful
to Dr. william Hunt and Dr. Arthur Wilson for their help,
interest, support and encouragément. Gratitude is also
expressed to Dr. Robert 30150 and Dr. Thomas Parker. Thé
help of Dr. Edward Meyer, Dr. Emil Posavac and Mr. Kenneth
Tetrick was greatly appreciated. The author is also thankful
to numerous others who contributed in no minor way to the

ouicame of the experiment.




Introduction

Alcoholisﬁ is one of the most prominent social probiems
in our society. 1In the year 1965, for example, the city of
Washington, D.C., had an estimated population of 802,000
people. There were 44,792 arrests made for drunkenness
which accounted for 51.8 percent of the total number of
arrests recorded by fhe Washington Police Departﬁent (Pres~

ident's Commission on Law Enforcement, 1967)

In an attempt to understand alcoholism,.odb attention is
focused on the experimental evidence related to alcohol.
consumption. The literature in this field has divided into
three general areas (Clay, 1964; Mendelson et al., 1964).
The first area involves experiments emphasizing the role
of alcohol as a type of food and attempting to correlate
alcohol consumption with nutritional and vitamin deficiencies
{(Mardones, 1951; Righter, 1941, 1953; Westernfeld and Lawrow,
1953; wWilson et al., 1968). The second general area is the
genetié area. It has been suggested that genetic factoré
might be iﬁportant determinants of alcohol consumption and
experimental.evidenée has shown that different strains of
rats have different drinking patterns (McClearn and Rogers,
1959,.1961; Poley et al., 1970; Royce et al., 1970). The
present paper is concerned with some‘of the aspects of the

final category: emotional factors influencing alcohol intake.

¢

3




The Experimental Neurosis Model

Although the hypothesis that alcohol relieves tension is
hardly novel, it was not until 1946 that Masserman}s famous
experiments documented this phenomena in a scientific way.
Masserman and Yum (1946) trained cats to do complex patterns
of behavior. The animals were required in sequence to open
a box during the period a light was on and then to operate
an electric switch to get a pelleg of food. When the animalé
‘were fully trained, they subjected them to a shock or a blast
of air as they approaéhed thé feeding area. Consequentiy
these animals developed an "experimental neurosis" which was
described as "feeding inhibitions, startle and phobic re-
sponses, loss of group dominance and aversive behaviors to
‘food". Pollowing the definite establishment of these symptoms
Masserman gave them alcohol by injection. As the amount of
alcohol injected was increased, the variety and incidence of
the neurotic symptoms diminished. These results are shown
in Figﬁre 1 -taken fromapié study. It also yas.found that
the animals haviﬁg expérienced relief from the neurotic
symptoms through the alcohol injectibn developed a tendency
to consume alcohol voluntarily. Other experiments support
_these conclusions (Smatct, 1§64, 1965) . Masserman then sought
to determine the effects of alcohol if given prior to the
inducemeht of neurotié symptoﬁs (Masserman, Jaques and
Nicholson, 19452'Maéserman; 1959). He procéeded to train

ten cats in the manner described above. By depriving the
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Figure 1l: Masserman's curve - representing the relief
of neurotic symptoms as a function of the amount of
alcohol injected (Masserman and Yum, 1946, p.45).




animals of all fluids Masserman was able to force six of them
to drink a coﬁsiderable amount of alcohol (2,00 to 2.55 cc.
per kg.). The animals were then given a shock or a blast

of air as they ate. The intoxicated animals showed much
milder repulsion to the noxious stimulii. When the trauma
was repeated without intoxication, "neurotic reactions"
developed. _

Masserman explained his results in terms of the complexity
and latency of the behavior. Alcohol, he explained, tends to
disrupt behavior selectively. The more complex and the more
recent the behavior is, the more it.will suffer, "leaving the
simpler, more deeply ingrained'reactions felatively intact".
In his experiments the more complex and recent behavior that
the cats had acquired was the neurotic behavior. This
behavior, he reasoned, would therefore tend to diminish as

his results demonstrate (Masserman and Yum, 1946).

The Conflict Model: Alley Studies

Masserman's conclusions have been subject to controversy.
His theory that alcohol desintegrates complex patterns of
behavior gained an opponent in J.J. Conger. Although Conger
(1951§ believed in the ‘disappearance of the neurotic behavior,
he favored explaining the phenomenon in terms of an approach-
' avoidance conflict. His exPerimentétion utilized a group
of rats thch had been trained to feed at one end of a woodéﬁ

alley. The rats were administered electric shocks while
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eating until they developed an aversion to the feeding areé.
The animals were subsequently injected with an alcohol
solution and returned to the alley. The number of trials
required for the animals to approach the eating aréa'was-
noted. Conger's results demonstrate that animals which
received injections required less trial approaches to the
feeding area before eating. Similér supporting evidence
was reported more recently by Ahlfors (1957). Grossman and
Miller (1961) conducted a variation of this expériment by
injecting a piécebo in the non-alcohol, control animals and
again observed that the alcohol receiving rats resolved the
conflict situation mqre—quickly. Rats which received the
placebo or alcohol injections prior to learning the approach-
avoidance conflict showed no significant diffefénce from those
that were trained and then injected. similarly Cicala and
Hatctley (1967) reported Ehat no signiﬁiéant change acconpaniesf
variations in the injaction-shock sequence. |
“The studies reviewed above essentially represent slightly
varied replications of Masserman's investigations (1946).
'None of these studies were designed to consider fhe various
forces present in the conflict. Conger (1951) postulated
that in order to investigate the situation effectively, some
measure of the approacL-avoidance tendency was necessary. To
obtain this objective he trained some rats to eat at the end
of the aliey. He gave alcohol to half pf'éhem and recorded

the strength of pull exerted by the rats against a calibrated

E iy o
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spring in their effort to reach the feeding area; conger
also trained a group of rats to avoid the end 6f the alley
by shocking them and proceeded, as before, to intoxicate
half and record the s£rength of pull. The résulté, shown in
Figure 2, demonstrate that under the alcohol condition the
avoidance éendency was reduced., The approach tendehcy
remained constant. | |

‘Barry and Miller (1962} conduéted an experiment similar to
Conger's in which they associated variations of shock
.intensity with comparable variations of the length of the
alley as a warning signal. They found that aléohol consump—
tion increased the speed of approach in\the shock trials and
thelproportion of-trials completed. Their findings have
been replicated by Freed (1967). |

In subsequent follow-up studies, Freed (1967a, 1967b, 1968)}
attempted to correct one of the weaknesses of the experimental
design used by Barry and Miller (1962) by providing for a
- measure of the blood alcohol level as an intoxication
indiecator. Althqugh it has been shown that a number of
factors can influence the level of intokication in addition
to the amount of alcohol ingested, factors_such as body
weight, heredity and diet are outside the realm of the
present paper and wilf not be discussed. Leikola (1962) has
shown, however, even stress produced by making the rats swim,
can 1ower.the level of intoxication of the animal. fTaking

this factor into aécount, Freed trained 80 rats in a fifteen

EJ
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FPigure 2: Mean strength of pull (in grams)
of approach or avoidance groups measured
after injections of water (control) or of

alcohol.

From Conger, 1951, p.l3.
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foot alley and presented them with an approach+avoidénce
conflict as in Conger's experiment. Food deprivation and the
intensity of shock were varied and three.alcohol solutions of
different concentrations were administered. Freed noted
deviations in the distance traveled toward the goal and the
nunber of animals that ate. The blood alcohol level proved
to be of negligible value since the relationship between the
blood analysis 1evéls and the concentration of the alcohol
‘consumed was essentially linear. This would indicate that
the alcohol ingestion is direcﬁly proportional to the blood
alcohol concentration, 'Results otherwise confirmed that the
intoxicated rats were able to resolve the conflict and eat.
The increase of concentrations of alcohol, however, was
accompanied by a proportional increase in the distance
traveled towérd the goal only to a certain point as shown in .
Figure 3. After that point, further increases in alcohol tend
to hinder rerformance. |
The‘implication of the curvilinear effect of alcohol just
described is not clear. One possible interpretagion miéht be
that alcohol delivers relief from the conflict situation as a
function of the amount of alcohol ingested ip a curvilinear
mode. It should be noted that this interpretation is in-
consistent with Massérman's results'(l946). In his study
Masserman reported a linear relationship: the more algohoi

the rat drank, the less neurotic its behavior was found to

be (see Figure 1). There is, however, the possibility that
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Figure 3: Relation of the mean blood alcohol concentration

to mean maximal distance traveled after injection.- Taken
from Preed, 1967, p.245. '




Masserman did not administer enough alcohol in order to
observe an uppér’limit and obtain the renewed increase of
neurotic behavior. An alternate interpretation-éf this
curvilinear relationship suggests that the amount of alcoholv
and the amount of relief from tensidn are directly related
in a linear way: the more alcohol,_the more relief. To take
into account Freed's results we would need to distinguish‘
between two effects ofJalcohol: (1) reduced anxiety in the
‘conflict situation and (2) reduced coordination of motor
abilities. Freed demonstrated the firstreffect by showing
that the intoxicatéd animal would eét more often. His find-
ing that after a certain point, increases in alcohol level .
were related to less distance traveled in the maze might be
a demonstration of the second effect. What is suggested here
is that the rats might lack the coordination to perform
appropriately after getting a substantial amount of alcohol.
The effects of alcohol on motor coordination are well
dodumented in the litérature. Baum (1969) trained 120 rats
to avoid an electric shock and injectedldifferent amounts
of alcohol intraperitoneally. He found that the high dosage
group was physically incapacitated and had, as a result, a
higher.re3ponse latenay. The alcohol increased the nunber
of responses made in extinction by oniy the intermédiate
group. Similar findings by Buckalew and Cartwright (1968},
Reynolds and Van Sommers (1960) and Crow (1969) aléo éupporé‘

this hypothesis. Barry and Miller (1962) in an experiment
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described above, observed that large doses of alcohoi
decreased the speed of approach in the maze. This alcohol-
motor coordination limitation must be considered in evaluating
all studies where resolution of the conflict requires movement
on the part of the animal.

Pawloski, Denenberg and Zarrow (1l961l) tried to demonstrate
the effects of alcohol on the learning process. They designed
a two chamber box in which shock could be delivered to the
~animals. A tone indicated the begining of the shock which
the animal could avoid by running into the other chamber.
During the experiment half the animals were given alcohol
and the other half were given saline water to drink. An
analysis of variance shoWed-that the intoxicated rats ran
significantly slower and took significantly shorter time to
stoprrunning in the extinction trialé. Kaplan (1956) and
~Crov (1966) using a similar situation, found again that the
intexicated animals rwde fewer escape responses. Harris,
Piccolino, ﬁdback and Sommer (1964) and McMurray and Jaques
(1959) however, noted no differeﬁce after the alcohol ihjec—.
tions. Weiss (1958) utilized the natural tendency of rats
to keep away from tge-center of an open field as an avoidance
tendency. She found t?at intoxicated‘rats‘were slower to
eat food positioned in the center of the.open area than tﬁe
control group. Thus the hypothesis that alcohol reduces
conflict was not supported in .this case. Again, these find-

ings are difficult to interpfet since they could mean that

Leethedntoxicated animals.shoved. dessfear Jdower learning
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ability or poorer coordination. Variance in the levels of
intoxication might constitute the probable cause for conflict-

ing results.

The Conflict Model: Instrumental Conditioning Studies

A nunber of studies have used instrumental conditioning
in the Skinner box. Scarborough (1957) defined anxiety in
terms of bar pressing responses where‘the animals were previ-
ously shocked and concluded that the alecohol served to reduée
énxiety. The Miller group (Barry, Wagner and Miller, 1963)
trained their rats in a similar manner. They found that
alcohol produced slight and non-significant decreases in the
nunber of bar presses during the warning tone and large
decreases during fhe safe period. In this study, as before,
is hard to determine what part of their findings is due to.

a lowering of the avoidance tendency. The results could also
be due to a genérél loweriny of c¢ocordinated mcvement since
this would §roduce less of a decrease in the already low
nunber of bar presses in the danger period.

An equally inconclusive study by Moskowitz and Aséto (1966

using the Skiﬁnerﬁbsx attempted to show that the approaéh and
| avoidance tendencies were equally affected by alcohol. 1In
this study the rats we;e'required to press one lever in the
presence of one tohe to obtain food, and a second lever in
the presence of a second tone in order to avoid a blast of

hot air. Alcohol tended to increase the latency in both
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| administered unavoidable shock while measuring alcohol con- .

situations.

The Free Choice Model

All the experiments discussed up to this point‘used the
forced-alcohol situation. Forced intoxication was accom-
plished in one of two ways: (1) alcohol was forced into the

organism through an injection or via a stcmach tube or (2) the

\1d

animals were kept in cages where alcohol was the only availabls
. fluid. So far the ﬁypical experiment forced intoxication,
pfoducéd a stress, and observed some measure of "emotionality"
or conflict solution as a result of the intoxication. 1In the
light of their findings it would be reasonable to expect that
an animal in a conflict situation would‘prefer alcohol to
‘another fluid, even when the taste {Amit, 19692) and smell
(Kahn and stellar, 1960) of alcohol is aversive to them.

Segal (1959) found that stimulation of a "punishment system
in the brain of rats through implanted electrodes led tov
increased aicohol consumption. Clark and Polish (1960) trained
two monkies in a Skinner box to press a lever in_oréer to |
avoid an electric shock. In one of their experimental condi-.
tions they had'bothlalcohol and water p;esent. Their finding
was that the two animals drank significantly more alcchol and
less water when under-lhis kind of stress. After the avoid-
ance situation the level of alcohol intake decreased for both

monkies although it never returned to the pre-avoidance level.

Casey (1960) followed basically the same procedure. He

-]13-



sumption where water and food were also available ad lib.

He used the first‘sixteen days of Fhe experiment to establish’
a baseline. The animals were then subjected to a continuing
series of shocks on a variable interval schedule averaging
about. one shock each ten minutes. The stress period lasted
another sixteen days. Casey then kept the animal®s in the
same cages until the consumption level returned to the base-~
line. Comparing the baseline periods (days 4 to 6 and 60 to
64) to the rest of the graph, Casey found singnificantly more
drinking during the stress period. These results are shown
in Figure 4.

It is interesting to note that the maximum_alcohol consump-'
tibn, contrary to expectation,-occurs after the shocks have
been te;minaﬁed. Also, in every new siﬁuatian the alcohol
consumption appears to increase and then tends to diminish.

It is conceivable thét the rats are not responding to the
shock alone but also to the onset of a new situation. If this
is true, after the animals become acclimated to the new envif
ronment, alcohol intake returns to the base level. |

Casey's results are further complicated by the conflicting
findings of recent ;tudies. Myers and Holman (1967) conducted|
a similar study'changi?g the position of the water and alcohol|
bottles and‘found no significant difference in the amount of
alcohol consumed under stress. Senter and Persensky (1968)
however, found an increase in alcohol intake when rats stayed

in the cage where the shock was administered after the experi—
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Alcohol percentA

Day within the experiment

Figure 4: Mean percent intake of alcohol during stress (brokezh
line) and non-stress period. Graph taken from Casey, 1960,
p. 211. -
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mental situation. If the aﬁimals were returned to the home
cage there was no increase in the alcohol intake. Most
recently Von Wright and his co-workers (1971) used "conflict”
and “"stress" conditions in replicating Casey's work., The
conflict rats received an electric shock when they pressed
the lever to obtain food. The stress rats were submitted to
random shocks. These invéstigatoré found that the conflict
rats increased their alcohol intake during the conflict situ-
ation, returning to normal drinking shortly afterwards. The

stress animals, on the other hand, showed a non-significant

increase during the stress but drank considerably more alcohol}

shortly after the_termination of the stress situation.. Their
findings are considered to be in agreement with Casey'é '
results.

Several attempts have been made to use something other than
electric shock as the stressing stimulus. Moore and his
associates (1952} concluded that animals increase their alco-
hol'consumption when subjected to intense sonic stimulation..
Cicero (1969) found that rats significantiy increased their
preference for alcohol when they are exposed to the "psycho-
logical stxess" of én unpredictable environment,_ Most recentl:
Geller (1971) placed rgts in an environmént of total darkness
and dbtaiﬁed a significant increase of ethanol intake accom-

panied by a decrease in water intake when compared to the

control animals.

T~

-16~



The Present Experiment ) 3

Casey's rééﬁlts showing that alcohol consumption increases
when the electric shock is discontinued could mean one of
two things: (1) alcohol intake is not directly related to
stress in that situation or (2) alcohol intake is directly
related to stress but the termination of the electric shock
is perceived by the animal as a stressful situation.

The present experimént constitutes an attempt to determine
-which.of the above alternatives is the case by observing
stress through physiological measures. fhe physiologicai
measures used were heart rafe, random movement and the number
of feces excreted. The hypothesis is that alcohol consumption
is directly related to stress. We éxpect then that when the
"electric shock is present, the rats will show a change in the
physiological measures and increase their consumption of
alcohol; -Upon termination of the electric shock we would
expect a further'incfease of both alcochol intake and stress.

The‘first measure of stress is heart rate. In animal
studies the heart rate éeems to decrease at the onset of
a stressing stimulu§ (Brady., 1970; Katcher et al., 1969;
Satingef, 1870). fhis is followed by an increase which is
significantly higher than baseline. Studies deéling-with
electric shock (Ducharme et al., 1961), water de?rivation
(Belanger, 1962; Goldstein, 1970; Granger, 1969), food depri-
vation (Goldstein, 1970) as ‘well as open field situations

(candland et al., 1967) have shown the heart rate acceleratlon

—
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The second measure of stress used was random activity as
indicated by shifts in the baseline of the heart rate record-
ings as described in the Method section. Although this
measure of random activity has not previously been reported
in the literature, there is support for the hypothesis that
random activity increases when the animal is subjected to
stress. Both water deprivation and food deprivation have
been shown to increase mobility (Campbell and Sheffield, 1953;
Campbell, 1960; Campbell et 51., 1961).»

Defecation, the third measure 6f'stress, has bgen shown to
increase at the onset of a stressful situation (Candland et
al., 1967; Lebo, 1953). As in heart rate, the response seems
to éhange and, as the animals continue to be exposed to the
aversive‘situation, the number of feces decreases when
compared to baseline levels (Candland et al., 1967; Newell,

-

1967; Snowden et al., 1964).
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Method
Subjects
Thirty two male  Sprague Dawley rats, implanted for the
recording of heart rate, were used in this experiment. Their
weight ranged from 322 to 440 grams at the begining of the

experiment,

Apparatus

Twelve modified Skinner boxes, having a grid floor through
which electric shock could be delivergd, and four pigeon
cages housed the animals. The Skinner boxes were modified
by: (a) opening a hole on top for the heart rate cable, (5)
dismounting both the lever and the food dispenser so that the
animals could not aveid shock by ciinging to them, (¢} sus-
pending a wire mesh food box, about four’inches in volume,
from thé’upper edge of the cage in such a way that the animal
could not cling torit, and (d) providing for two bottlies were
necéssary. |

Scranbled electric shock was delivered to the grid fioors
of the cages by two Grason and stadler shock generators (Model
E1064GS) . Each of ;hese generators delivered shock to four
cages. The generétor was activated by a BRS relay.(Model
RY204) which also activated a counter that recorded the total
amount of shocks administered (Grason and Stadler, Model 3700)
The relay, in turh, was closed by a pﬁnched tape reader system

(BRS, Model TRS-3). The tapes fed into the reader were made‘,

e
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according to a probability table that distributed the occur-
rence of the.eiectric shocks arocund an averége of one shock
every ten minutes. Two electronic timers-(Grason and Sstadler,
EllOOH), connected in series, advanced the tape every ninety.
seconds. The shock used was 1.5 volts and variable current,
delivered through the scrambling device to the floor grids
for 1.5 seconds.

The hear rate signals were taken from a plug on top of the
- -cage and sent through a low level amplifier (Tektrohix Inc.,
Model 122). The high frequency noise was removed by means of
a filter (A.P. Cincuit Co., Model APS-~1l). This signal was

then fed to a Grass Model 5 polygraph.

Procedure

Sixteen rats were implanted with elecérodes to measure
heart rate and assigned at random to one of four groups.
They were presented with a fifteen percent solution by
volume of alcohol in distilled water as their only available
liquid, together with Purina Lab Chow block food ad 1ib for
one week., | .

At the end of thé first week differential treatment started.
An illustration of thg different groups in the design can be
found in Table 2. The first group oflrats,adesignated the
"shock-Choice" group, had two identical drinking tubes avail-

able. One bottle contained the 15% alcohol solution, the

other contained distilled water. The position of the bottles

~20-




Table 1. Iliustration of the four
different ' groups present in the

design.

SHOCK

NO-
SHOCK

CHOICE NO-CHOICE
{Algohol and (only water)
water)

Group No.l Group No.2
*Shock~-Choice "Shock-No-
group" Choice group"

- Group -No.3 Group No.4

*"No=-Shock=- "No-Shock=No-
Choice group" Choice group"

E |
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was counterbalanced for the group but was always thersame
for a given animal. The animals in this group were also
subjected to four-day periods of electric shock intermittent
ﬁith similar periods of no shock. The first four-day period
was a nb-shock period. There were four no-shock periods and
four shock peribds in the ex?eriment.

The second group was the "Shock-No-Choice" group. The rats
in this group were subjected to the same treatment givean to
.-the "Shock~Choice" group but had only water available and,
therefore, no choice. ‘

The third group was the "No-Shock-Choice" group. The
animals had two bottles with water and alcohol as in the
.first group but did not-receive electric shocks.

The four remaining rats had only water available and did
not receive shocks. These rats constituted the "No~Shock-No-
Choice” group. |

Heart rate readings were taken twice daily, at 9:00 A M,
and 4:00 P.M. Each rat was sequentially connected to the
equipment through the plug on top of its cage and the heart
rate was recorded for a period of 2.5 minutes. The rat was
not.able to see this operation and every.effort was made to
keep this procedure‘aé silent as possible. The order in
which-the: readings were taken was counterbalanced. During
the shock periods_the heart rate recording was taken five-

minutes ‘after a shock was-administered.
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After the.morning recording .0of the heart rate, alcohol and
water consumpﬁion were measured, feces were counted and the
food receptacles wefe refilled. The animals were weighed
on the second day of every four-day period. \

When these animals were finished the same procedure was

répeated with sixteen more subjects.

Surgical Procedure

For the implantation of the electrodes the animal was
anesthetized using Nembutal (Sodium Pentobarbital). Whenever
necessary, Ether was also used to reinforce the sedation.

Two loops of multistrand, stainless steel wire wefe subcutane~
ocusly sewn less  than three inches appart, into the middle of
the animal's back. Each of these electrodes was connected to |
a single pole, multistrand, insulated electrical cable. The
cable was covered by a flexible spring in order to avoid . |
having the animals chewing on the wires. Three inch adhesive
tape was used then to-cover the implantation.

The wire spring went first thpugh the hdle‘on top of the
cage and then the center hole of a strip of thin metal about
two inches long. The wires were then connected to a‘plug.
When perpendiculat to sthe spring, the-stri§ of metal made it
impossible for the plug to slip back through the hole in the
cage. Due to the flexibility of the spring, this strip of

metal could be held vertically enough to be pulled backinside7

the cage when the rat had to be taken out. This procedure
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also allowed the animals to move freely inside the cage with-
out breaking the wires.

With some ffeduency one of the wires from the electrodes
to fhe Plugs would bréhk. When this occurred, the wire was
fixed as soon as possible. In most cases this was done by
cutting the t&pe that covered the implantation, soéldering the
wire and retaping, without ever taking the old tape off. This
procedure was quick and apparently painless. There were,
hoviever, some exceptions in which the animals had to be

"anesthetized and completely re-implanted.

Scoring

‘The water and alcohol intake and the nunber of feces were
divided daily by the weight of the raf iq that particular
four—day period and multiplied by a hundred. In this manner
a daily weighted score in terms of milliliters or fecal units
per'huﬁdred grams was obtained for these variables taking
into cénsideration the size of the animal.

The author'observéd that some of the heart rate records
had more baseline shifts than others. It was felt that the
rats that were being shocked were more 1ike1y'to produce a
preponderance of this ehift which was thought to be a muécle
artifact coming from movement in the animal. .A system was
then devised to measure this shift objectively. A piece of

paper, 2.5 by 25 millimeters in size, was marked longitudinal}

<

=24~



ly so as to divide it into ten equal segments of 2.5 milli-
meters each. ‘This paper was placed over the heart rate
recordings on the second page of the rat's graph. The second
page was always recorded with a standardized setting on the
pOlygrabh since the sensitivity of.the apparatus alters the
amount of the shift. Any segment 2.5 millimeters long that
would have a part of the graph showing when the paper was
placed over the recording was counted as "movement". The
movement score of one reading was added to the other reading
taken on that date. A rat had a daily movement score, then,

that ranged from 0 to 20,
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Results

The total number of units of movement_in each four-day
period are shown for each animal in Table 4 in the Appendix.
There was a significant difference between the Choice and
the No-Choice groups during the period prior to the onset of
the electric shocks (days 1-4). This would indicate that
these groups were different from the begining and would ?re—
clude any comparison between them. Meaningful comparisons.
can be made, however,\between the two cﬁoice groups which
showed no significant differences prior to the onset of the
stress. - |

Figure 5 shows the pattern of random movement of these
two groups. Analysis of variance showed a significant differ-
ence (p < .05) between the Shock-Choice and the No-Shodk—Choicei
conditions. The rats in the Shock-Choice condition moved
significantly more duriné the shock periods when theg= were
compared to the no-shock periods (p <.01). There was a
tendenéy in both groups for‘the amount of movement to decrease
as the experimené proceeded (p <.0l). This tendency also
appeared within periods so that at the begining of, for examﬁl
shock peridds, the shock rafs showed significantly more
movement than at the ehd (p £.01). |

The average heart rate of each rat in the qhoice groups
for each four-day period is given in Table 5 in the Appendix.

Figure 6 shows the average heart rate pattern for the two
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Figure 5: Average amount of random movement in each four-day

period. Shocks apply only to the Shock-Choice condition.
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Figure 6: Average heart rate in each four

~-day period for the two
Choice groups. shocks apply only to the

Shock-Choice condition.
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Choice groups. The analysis of -variance indicated no differ-
ence between ﬁhe two groups. The heart rate of the Shock
group during the shock periods, furthermore, was not signif-
icantly different from the heart rate of the no-shock periods.

Table 6 in the Appendix shows the total amount of feces per]
rat in each four-~day period. There was a tendency for the
nunber of feces to decrease as the experiment proceeded. This
tendency was significaﬁt within periods {p «<.05) as well as
across the thirty-two days (p <.01). Therg was no signifi-
cant difference between the Shock-Choice and the No-Shock-
Choice groups as can be seen in Figure 7.

The total amount in millimeters of alcohel solution con-
sumed each four-day period per hundred grams'of body weight
is shown in Table 2 for each rat of the Choice groups.
Figure 8 represents the alcohol intake for both of the Choice
groups. The analysis of variance showed no significant
results. Examination of the data would suggest that what
raised'the aleohol intake of the Shock—choicelgroup were
single individuals that.drabk much higher émounts of the
ethanol solution. However, an F Test showed that the differ-
ence in vafiability was not significant and a second'analysis
of variance done afterfa transgenération designed-to-reduce
variability (log;g(x+1l)} also failed to attain significance.

.Table 3 gives the total number of millimeters of water

intake in each four-day.period per hundred grams of body
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Figuxe 7: Nurber of feces per hundred grams of body weight
in each four~day period. Shocks apply only to the Shock-
Choice group.
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Figure 8: Milliliters of the ethanol solution per hundred
grams of body weight consumed during each four-day period.
. Shocks apply only to the Shock-Choice condition.
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Table 3.

in the Choice conditions.

the period indicates the presence of shock.

shock is only applicable to the Shock-Choice group.

GROUP

No-
Shock-
Choice

Shock-

Choice .

RAT DAYS:

Average

1-4

25.5
57.5
46 .2
39.8
41.2
51.3
44.3
41.1
43.4

38.3
39.0
47.3
41.9
39.3
47.5
39.2
40.6
41.7

5-8

42.7
71.1
56.0
40,7
39.8
39.3
44 .2
40.9
46.8

42.2
21.2
39.1
37.6
38.7
48.6
34.4
33.4
36.9

N

9-12

38.5
49.7
44 .1
35.0
34.7
42 .4
29.8
33.3
38.4

41.0
32.3
39.6
37.3
31.1
52.0
31.2
33.0
37.2

13-16 17-20 21-24 25-28 29-32

29.5
46.3
51.9
31.4
28.0
39.4
30.4

32.8

36.2

31.6
27.5
24.1
29.5
30.2
32.9
26.8
31.9
29.3

26.7
46.5
32.2
32.9
34.0
42.5
31.3
32.2
34.8

29.3
35.0
28.5
42.5
45.2
31.9
21.9
47.3
35.2

18.7
46.3
34.2
31-9
35.4
40.8
31.¢
34.9
34.3

29.6
29‘9
27.0
40.7
38.0
30.8
26.3
35.3
32.2

26.2
43.3

43.3

26.6
31.9
43.3
35.4
38.2
36.0

36.5
41.7
31.3
46..1
34.5
34.7
17.5
32.7
34.4

Total nurber of milliliters of water intake in each
four-day period per hundred grams of body weight for each animal
Underlining of the days comprising
Administration of

23.9
52.6
45.1
32.3
30.2
45.6
31.0
31.7
36.5

36.1
43.8
37.2
50.9-
30.1
35.0
20.5
37.0
36.3

e
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weight for each animal in the choice conditions. Water
consumption levels are illustrated in Figure.9. The analysié
indicated that there was a significant tendency for the
animals to drink less water as the experiment proceeded. This'
ﬁendency was significant ﬁithin periods (p <.05) and across
the length of the experiment (p <.01)..

A'correlational analysis was undertaken in an attempt to
determine if any of the stress measures could predict changeé
in the consumption of alcohol or water. None of the stress
measures showed a significant correlation demonstrating fhat
no single measure could significantly predict the changes
obtained in the alcohol and water intake. A multiple
regression analysis was then tried in oxrder to»judge if a
collective con;ideration of more than one of the variables
was capable of significant prediction. This analysis was
also non-significant.

Although neithe: correlation nor multiple regression
analysis testified to significant relationships, it seemed
possible that a felationship still existed if this relation-
ship changed to its‘opposite during the experiment. It was
possible, for example, that there was a strong éostive
relationship between rundom activity and alcohol intake
during the shock periods if this relationship was strongly
negative.during the no-shock periods. -If this was the case,
the two relation§hips would balance out and the total

coefficient would be low. Because of this possibility, a day-
i aills
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R
Figure 9: Milliliters of water per hundred grams of body
weight consumed during each four-day period. Shocks only
apply to the Shock~Choice condition. : '
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by-day correlation and multiple regression analyses'were
carried out. Neither of them, however, demonstrated signif-

icant relationships.
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Discussion

A four gréﬁp design was used in the present-experiment ih
an atteﬁpt to show that animals experiencing a subjectively
stressful situation demonstrated by physiological measures,
would increase their alcohol consumption. The two No-Choice
(control) groups showed a significant difference from the
Choice groups prior to the experimental treatment in one of
the physiological measures, random movement. The factors
- producing this significant difference aré not readily apparent:
One of these groups, the No~-Shock~No-Choice group, was housed
in a somewhat different cage. It might be suggested that f
perhaps these cages were more similar to their pre~experimen- |
tal cages so that the resulting lo& movément was produced by
a lack of exploratory behavior. This appears to be an unlikelp
explanation since the first readings were taken eight days
after_the animals were introduced to the experimental cage
and the exploratory behavior tends to reach satiation sooner
(Bélene, 1§54). ﬁurfhermore, this explanation can not be -
applied to the Shock-No-Choice group which showed a sighif-
icantly higher -instead of lower- movement level and was
housed in fhe regulér cages. Other hypotheses like differ-
ential animal weights.,seem similarly unlikely.

The difference in random movement at the onset of the
experlment made it unfeasible to take the Ho~ch01ce groupsl

into consideration. It was impossible, as a result to

determine the effects on the stress measures of the passage

P
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of time and the effect of electric shock in the absence of
alcohol. This obvious setback might be preveﬁted‘in:fuﬁure
experiments by matching the subjects instead of assigning
them randomly.*

Not taking into consideration the unpredicted difference
found at the onset of the experiment, the results on random
movement support our hypothesis. More than any other‘streés
measure the random movement level followed the following
~ expectations: (1) The random movement of the Shock group i
'should be higher than the movement of the No-Shock gréup,

(2) %here should be higher movement levels for the shock
periods when compared to the no-shock periods, and (3)
movement sholld decrease as the animal adapts to the experi-
mental situation. It seems that this procedure represents
an accurate and practical way to measure the effect of
electric shock.

The literature reviewed showed that heart rate decreases
ét the onset of the stressing stimulii but terds to increase
above the baseline if the stress continues. This could be |
viewed in terms of behavior; when the animal is shocked there
is a "freezing" period during which the animal is inactive and]
which might coincide with the lowered heart rate. After a
brief period, the ani&al becomes hyperaétive which might
account for the heart rate increase. The heart rate readings
used in this experiment were mostly taken after.the hyper-

activity had relinquished. The increaséd mobility that was

—— - A! —
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found apparently did not necessitate a Significantly higher
heart rate. It seems, therefore, that heart rate is only

an effective measure of stress during a brief period follow-
ing the stressing stimulus. |

It is possible that the same consideration discussed
regarding heart rate chﬁpges applies to feces. There is
support for the use of feces during brief periods of stress.
Our data indicates thaf when used for longer periods of time,
" this measure is no longer effective. -

A factar that might apply té heart rate but mest especially
to fecal production is thé guestion of the length of time that]
an animal can support an extreme biological state. 2An
increased heart rate could be something that the animal can
produce only momentarily. In the case of the feces, there
is a ceiling on the amount of‘waist material that the animal
can yield. It might be that studies that deal with brief
| periods after the stress are considering the time at which
the animal defecates. 1In the present siudy the observations
were more likely to deal with the amount of defecation since
- feces were counted only once in twenty-four hours. It seems
likely that how much the animal defecates is not as suﬁject
to variation as when the feces are produced.

The main hypothesis of the present experlment stated that
anlmals showing higher levels of stress in the physxologlcal
measures wculd show hlgher alcohol intake. Although our

data suggests that some animals 1ncreased drinking, there

-
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is no support for the hypothesis. At least ‘one aniﬁal in
the No-Shock groﬁp showed a higher level of alcohol intake
and all.attempts to obtaih a correlation or a significant
difference between the Shock and the No-Shock groups resulted
in failure, There is the possibility that if more subjects
were included in a study of this kind, it could be shoﬁn that
significantly more rats in the Shock-Choice group ingest
higher amounts of alcohol. This would imply £he existance of
" an "alcoholic propensity" which produces a . tendency té drink
in some rats. Our data seems to suggest that this parficular
kind of stress has an influence in the alcohol consumption of |
some but not all animals.

Turning to the water consumption, we indicated that there
was a tendency for the animals to drink less water as the
experiment proceeded. This phenomena is probably due to
the unavailability of water during the seven-day preparatory [
period, at léast in part. It seems likely that after this
forced‘abstention the animals would be overly eager to drink
water, accountiné for a high level of water consumption at
the onset of the experiment. As the experiment prdceeded,

their eagerness tended to diminish..

N
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Summary

Physiological measures of séress were used in an atteﬁpt
to show that stress leads to increased alcohol consumption
in rats. A significant difference in random movement at the
onset of the experiment made it unfeasible to consider the
two control groups that had no alcohol available. Of the
‘physiological measures of stress, random movement meésured
through shifts in the heart rate recordings proved to bhe the
most sensitive since it was (1) significantly higher fbr.the
.8hock group, (2) significantly higher in the shock periods
and {3) significantly lowered by the adaptation of the
animal to the stress. The number of feces excreted also
decreased as the animals adapted. The third measure of stress
heait rate, did not demonstrate any of the expectations listed
above. |

Althouéh the Shock group had a higher level of alcohel
intoke, this differeﬁce was not significant. There was also
a non-significant dif’erence between the alcohol consumption
of the shock periods when compared to thé consumption of the
no-shock periéds. Correlatibnal and multiple regressional
analyses between the stress measures and the aleohol and
water intakes were non-significant. The posSibility that
stress increases alcoﬁol intake only in some animals was

discussed.

- -41-



References

Ahlfors, U. "Alkols inverkan pa konflict situationer has
albino~rattor." Alkoholpolilik, 1957, 2, 48-50; 71-72.

Amit, Z. ahd Stern, M. "Alcohol ingestion without aro-
pharyngeal sensations.” Psychonomlc Science, 1969, 15,
162-163.

. Barry, H. and Miller, N. "Effects of drugs on approach-
avoidance conflict tested repeatedly by means of a 'tele-
scope alley'." Journal of Comparative and Physiological
Psychology, 1962, 55, 201-210,

Barry, H.; Wagner, S.S. and Millexr, N. "Effects of several
drugs on performance in an approach-avoidance conflict.®
Psychological Reports, 1963, 12, 215-221.

Baum, M. "pParadoxical effect of alcohol on the resistance
‘to extinction of an avoidance response in rats." Journal
of Comparative and Physiological Psychology, 1969, 69,
238-240,

Belanger, D. and Feldman, S. "Effects of water deprivation
upon the heart rate and the instrumental activity in the |
rat." Journal of Comparative and Physiological Psycholoqgy,
1962, 55, 220-225.

Berlyne, D. "The arousal and satiation of perceptual cur1031-?

ty in the rat."” Journal of Comparative and Phys101qg1¢al
Psvchology, 1955, 48, 238-246.

Brady, J. “Endocrine and automatic correlates of emotional -
behavior"™ in pPhysiological Correlates of Emotion, Black,
ed. New York: Academy Press, 1970.

Buckalew, L. and.Cartwright, G. "General and differential
effects of five ethanol dosages on the albino rat.”
Psychological Reports, 1968, 23, 1l1l51-1154.

Campbell, B. "Effects of water deprivation on random activity

Journal of Comcarative and Physiological Pszchologx 1960,
53, 240-241. .

4
campbell, B. and Shefield, F. “Relation of rapdom activity
to food deprivation." Journal of Comparative and Physio=
logical Psvcholoqgy, 1953, 46, 320.

-42~



Campbell, B.; Teghtsoonian, R. and Williams, R. “Activity,
weight loss and survival time of food deprived rats as a

function of age." Journal of Comparative and Physiologicall

Psychology, 1961, 54, 216-219.

Candland, D; Pack, K. and Matthews, T. "Heart rate and
defecation frequency as measures Of rodent emotionality."
Journal of Comparative and Physiological Psychology, 1967,
64, 146-150,

Casey, A. "The effects of stress on the consumption of
alcohol and reserpine." Quarterly Journal of Studies of
Alcohol, 1960, 21, 2038-216.

- Cicala, G. and.Harﬁley, P. "Drugs and the learning of
performance and fear." Journal of Comparative and Phvsio-
logical Psychology, 1967, 64, 175-178.

Cicero, T. "Self selection of ethanol in rats: behavioral,
physioclogical and neurological mechanisms." Dissertation
Abstracts International, 1969, 30, 1915.

-1
Clark R. and Polish, E. "Avoidance conditioning and alcohol

consumption in rhesus monkies." Science, 1960, 132, 223,

Clay, M. "Conditions affecting voluntary alcohol consumption
in rats."” Quarterly Journal of Studies of Alcohol, 1964,
25' 36—550 -

Conger, J. "The effects of alcohol on conflict behavior in
the albino rat." Quarterly Journal of Studies of Alcohol,
1951, 12, 1-29.

Crow, L. "Effects of alcohol on conditioned avoidance respond
ing." Physiology and Behavior, 1966, l, 89~v9l.

Crow, L. "Effects of alcohol on an operant." Psychological
Reports, 1969, 24, 58.

Ducharme, R. and Belanger, D. "Influence d'une stimulation
electrigque sur le niveau d'activation et la perfermance.”
Canadian Journal de Psicologie, 1961, 15, 61-68.

Freed, E. "The effect of alcchol upon the approach-avoidance
conflict in the white rat."” Quarterly Journal of Studies
of Alcohol, 1967a, 28, 236-254.

Freed, E. "The effect of self intoxication upon the approach-

avoidance conflict in the rat." Quarterly Journal of Studief
Q

1 v

of Alcohol, 1967b, 29, 323-329.

ke |

A - A ‘I‘* =
=43~



Freed, E. "Effects of alcohol on the conflict behav1ors."
Psychologiecal Reports, 1968, 23, 151-159,

Geller, I. "Ethanol preference in the rat as a function of
photoperiod.” Science, 1971, 173, 456-458.

Gibby, R.; Gibby, R. and Townsend, J. "Effects of stress
upon the rate of change of heart rate beat." Perceptual
and Motor Skills, 1969, 29, 463. '

Goldstein, R.; Beidman, I..; Hill, S. and Stern, J. "Heart
rate as a function of deprivation and age in rats."
Journal of Comparative and Physicleogical Psychology, 1970,
72, 360~365.

_Granger, L.; Ducharme, R. and Belanger, D. "Effects of water
deprivation upon the heart rate and running speed of the
white rat in a straight alley." Psychophysioclogy, 1969,
5, 638. ‘

Grossman, S. and Miller, N. "Control for stimulus change
in the evaluation of alcohol and chlorpromazine as feaxr
reducing drugs." Psychopharmacologia, 1961, 2, 342-35l.

Harris, H.; Piccolino, E.; Roback, H. and Sommer, D. "The
effects of alcohol in counter-conditioning an avoidance
response." Quarterly Journal of Studies of Alcohol, 1964,
25, 490-497.

Katcher, A.; Solomon, R.; Turner, L.:; Lolordo, V. and Overmier
J. "Heart rate and blood preasure responses to signaled
and unsignaled shacks: Effect of cardiac sympathectom.”
Journal of Comparative and Physiological Psycholeqy, 1969,
68, 163.

Kaplan, H. "The effect of alcohol on fear extinction.”
Dissertational Abstracts, 1956, 55, 571-572. '

Lebo, D. "A simplified method for measuring emotional
defecation in the rat." Science, 1953, 118, 352-~353.

Leikola, A. "Influence of stress on alcohol intoxication in
rats." Quarterly ¥ournal of Studies of Alcohol, 1962, 23,
369-375. : )

Mardones, J.; Ségov;a,'N. and Hederra, A. "Heredity of
experimental alcohol preference in rats: Coefficient of
heredity." guarterly Journal of Studies of Alcohol, 1953,

14, 1-2 .

v



Masserman, J. "Alcohol and other drugs as preventive of
experimental neurosis." Quarterly Journal of Studies of
Alcohol, 1959, 20, 464-466.

Masserman, J. and Yum, K. "An analysis of the influence of
alcohol on experimental neurosis in the cat." pPsycho-
somatic Medicine, 1946, 8, 36-52.

Masserman, J.; Jacques, M. and Nicholson, M. "Alcohol as a
preventive of experimental neurosis." gQuarterly Journal
of Studies of Alcochol, 1945, 6, 281-2%59,

McMurray, G. and Jaques, L. "The effects of drugs on a
conditioned avoidance response." Canadian Journal of
Psychology, 1959, 13, 186 192.

. Mendelson, J. and Mello, N. "Ethanol and Whlskey drlnklng
pattern in rats under the free choice and the forced ch01cd«
conditions." Quarterly Journal of Studles of Alcohol, 1964
25, 1. L

Moore, W.; Moore, B.; Nash, J. and Emerson, G, "Effects of
maze running and sonic-stimulation on voluntary alcohol
intake of albino rats." Texas Report of Bioleogical '
Medicine, 1952, 10, 59-65.

Moskowitz, H. and Asato, H. "Effects of alcohel upon the
latency of response learned with positive and negative .
reinforcers." Quarterly Journal of Studles of Alcohol
1966, 27, 604-61l.

Myers, R. and Holman, R. "Failure of.stress of electric shock
to increase ethanol in rats." Quarterly Jogrnal of StudieSL
of Alcohol 1967, 27, 132-137. : o -

Newell, T. "Albinism in the mouse: Effect on respenses to
‘ aversive and non-aversive stimulation." Journal of
. - Comparative and Physiological Psycholegy, 1969, 2, 284-288.

~Pawlowski, A.; Denenber, V. and Zarrow, M. "Prolonged alcohol
consumption in the rat: Acquisition and extinction of an
escape response." Quarterly Journal of Studles of Alcohol, 3
1961, 22, 232-240. . : :

Richter, c. "Alcohol as food." Quarterly Jdﬁtnal of studies
of Alcohol, 1941, 1, 650~-662, . A ; ..

-a5-



Richter, C. "Alcohol, beer and wine as foods." Quarterly
Journal of Studies of Alcohol, 1953, 14, 525-539,

Santinder, K. "Effects of electric shock, D-Amphetamine
sulfate and chlorpromazine on factors of emotionality in
inbred mice." Journal of Comparative and Physiological
Psychology, 1970, 71, 443.

Scarborough, B. "Lasting effects of alcohol in the reduction
of anxiety in rats." Journal of Genetic Psychology, 1957,
91, 173-179.

Segal, B. "Eksperimental 'nyi alkogolizm," Nauka i Zhizn,
1969, 36, 44-46,

Smart, R. "Effects of alcohol on experimental neurosis in
cats.” Dissextation Abstracts, 1964, 25, 1967.

Smart, R. "Effects of alcohol on conflict and évoidance
behavior." Quarterly Journal of Studies of Alcohol, 1965,
26, 187-205. . E

vonWright, J.; Pekanmaki, L. and Malin, &, "Effects of
conflict and stress on alcohol intake in rats." Quarterly
Journal of Studies of Alcohol, 1971, 32, 420-433,

Weiss, M. "Alcohol as a depressant in psychological conflict |
in rats." Quarterly Journal of Studies of Alcohol, 1958,
19, 226-237. '

Werterfeld, W. and Lawrow, J. "The effest of caloric restric-
“ion and thiamin doficiency on the voluntary consumption
of alcohol in rate.-" Quarterly Journal of Studies of
Alcohol, 1953, 14, 378-384.

Wilson, A.; Bernstein, L. and Turrell, R. "Alcohol selection
in rats with different feeding experiences." Quarterly
Journal of Studies of Alcohol, 1968, 29, 556-570.

N
s




Appendix

Table 4. Total number of units of movement in each four-day
period for each rat. Underlining of the days comprising the
period indicates the presence of shock. Administration of
shock is only applicable to the Shock groups.

GROUP _ RAT DAYS: 1-4 5-8 9-12 13-16 17-20 21-24 25-28 28-32

21 45 12 0 1l 6 6 0 0
22 60 14 0 0 4 0 0 0
No- 23 43 14 o} 1 0 0 0 0
Shock- 24 34 28 2 4 1 0 0 3
Choice 31 0 0 0 0 0 0 0 0
32 1 0 1 (¢] (0] “0 8 0
33 (0] 2 0 0 0 0 0 0
34 0. 6 1 0 0 0 0 0
Average 22 10 L1 .75 1.38 .75 1 .38
25 30 43 27 38 19 19 60 48
26 45 46 21 32 17 33 10 42
27 47 60 43 48 29 40 22 32
Shock~ 28 45 6l 32 20 20 27 7 17
Choice 35 15 15 6 0 13 17 0 2
36 20 26 5 21 12 .9 7 21
37 5 24 23 28 28 33 14 36
38 5 20 1o 9 15 6 14 8
Average 26 37 22 24.5 19%.1 23 16.7 25.7
29 56 47 36 31 28 21 12 17
210 27 55 63 53 56 29 . 15 21
Shock~ 211 66 20 5 28 20 28 10 11
NO- 212 45 45 25 14 21 21 1é 0
Choice 39 died
- 310 29 8 25 3 30 36 47 38
311 15 23 9 17 22 32 15 21
312 40 27 1 21 16 8 11 45
Average 39.7 32.1 23.4 23.9 27.6 25 18 21.9
213 10 8 0 0 0 0 0o 0
214 16 0] 0 5 6 1 2 1
No- 215 6 3 0 1l 0 (0] 1 1l
Shock- 216 2 0 2 4 0 0 6
NO- 313 0 .2 1l 0 0 1 0 0
Choice 314 0 0 0 0 0 0 3 0
315 0 0 0 0 0 0 2 0
316 0 0 1l 0 0 ) . 6 0
Average 4 2 0 1l 1.2 .25 1.75 1
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Table 5. Average heart rate of each rat in the Choice groups in
Underlining of the days comprising the
period indicates the presence of shock. Administration of shock
is only applicable to the Shock-Choice group. ' -

each four-day period.

GROUP RAT DAYS:1-4

21
22
No- 23
Shock- 24
- Choice 31
i 32
33
34
average

25
26
_ 27
" Shock- 28
Choice 35
36
37
- 38 4
average

357
351
331
359
437
399

394
388

377

369
337
352
335
401

- 44)

393
386
377

5-8

317
336
334
350
402
375
362
355
354

310
358
329
329
350
380
368

375
350

9-12 13-16 17-20 21-24 25-28 29-32

355 36l 350 345 337 359
363 353 363 364 368 401
354 343 338 335 351 369
367 347 346 346 354 371
368 373 379 374 380 364
351 336 350 370 398 372
337 353 329 352 360 360
346 349 382 370 376 378
355 352 355 357 366 - 371

339 347 350 369 338 367
354 345 353 348 348 375
357 356 333 365 348 360
372 351 384 368 366 388
334 334 349 341 356 346
350 370 378 348 379 388
348 376 370 360 382 361
355 348 340 341 367 347
352 355 356 356 361 366
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Table 6. Total amount of feces of each rat in the Choidée groups
in each four-day period. Underlining of the days comprising the
period indicates the presence of shock. Administration of shack
is only applicable to the Shock-Choice group. ’

GROUP RAT DAYS: 1l-4 5-8 9-12 13-16 17—20 21-24 25-28 29-32

21 49.2 46.7 40.7 29.3 35.7 '31.5 30.4 30.5

22 45.2 52.1 50.1 29.6 27.9 29.9 37.7 40.8

No~ 23 40.9 39.0 37.7 34.4 30.8 27.4 31.5 31.9
Shock- 24 36.4 38.9 36.4 29.4 28.9 32.6 27,7 31.2
. Choice 31 55.9 55.2 55.1 52.7 40.9 63.8 46.1 50.0
32 42.3 392.3 40.0 39,2 35.9 37.0 36.6 40,2

33 65.5 46.6 62.1 40.4 33.3 34.7 37.6 38.0

34 66.1 45.1 39.2 36.6 37.5 39.2 37.3 33.4
Average 50.2 45.4 45.2 36.4 33.9 37.0 35.6 47,0

25 36.6 38.1 35.4 27.0 27.9 26.1 32.2 32,9

26 32.3 31.5 44.6 40.1 29.5 28.7 30.8 32.0

27 41.5 6.5 42.3 35.6 29.7 29.0 33.8 35.1

Shock- 28 37.6 33.3 37.8 35.1 32.1 35.8 35.6 34.6
Choice 35 52.8 51..6 39.6 38,5 40,5 38.3 37.6 38,1
36 74.2 75.5 77.7 53.8 39.5 39.4 40.8 47.0

- 37 107. 48 4 40.4 40.8 33.2 38.4 36,5 33.3

38 42.7 50.7 39.9 40.3 36.5 37.3 35.2 35.5

Average 53.1 48.6 44.7 38.9 33.6 34,1 35.3 46.1
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