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INTRODUCTIONV

Almost all of our present knowledge and theories of aversive

conditioning are a result of experimental research using electric shock

as the source of aversive stimulation. Historically, little if any

attention has been devoted to experiments using "different" aversive

stimuli such as auditory and visual stimuli; and consequently, few

experiments have employed aversive stimuli other than electric shock. _

If aversive phenomena are general to aversive stimuli other than foot-

shock, then it seems important to determine if those stimuli can be

employed to investigate aversive phenomena.

Several experiments have been reported which demonstrate that

termination of loud noise will reinforce escape behavior (Barnes &

Kish, 1957; Barry & Harrison, 1957; Azrin, 1958; Klugh & Patton, 1959;

Hariisan & Abelson, 1959) and that response contingent noise will sup-

press an ongoing response (Barnes & Kish, 1957; Azrin, 1958; Holtz &

Azrin, 1962; Bolles & Seelbach, 1964). Although white noise is demon-

strably aversive, few experiments have reported acquisition of an

active avoidance response to intense noise.

There may be a variety of reasons why intense auditory stimuli have

not been used in an active avoidance paradigm. However, two explanations

appear particularly plausible. First, it may be that the relative

aversiveness of intense noise is mild compared to electric shock there-

by providing less motivation and less reinforcement for an active avoid-

ance response than is obtained with shock. Campbell and Bloom (1965)

have reported a study which supports this possibility. These investi-

gators placed rats in a two-compartment chamber which allowed the animal
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free access to either side (spatial-preference). In one side of the

chamber rats were subjected to varying intensities of white noise (45 to

115 gb) while in the other side shock was on at all times. They found

that rats preferred to remain in the compartment where shock was present

only when the noise level was extremely intense and the shock was very

mild. Campbell and Bloom concluded that noise was a mildly aversive

stimulus compared to electric shock and that intense noise was of little

value as a motivating stimulus in behavioral research. In a similar

study Woods and c5mpbe11 (1967) found that white noise was less aversive

than cold water. However, Myer (1971) has pointed out a potential con-

found inherent in the spatial preference task used by Campbell and his

colleagues. According to Myer, spatial preference is confounded by the

response-eliciting and motivational properties of the stimuli. For

example, both shock and water imersion elicit an active withdrawal

response whereas noise evokes an inhibition of responding. Therefore,

the marked preference for intense white noise may be a result of the

response elicited by that stimulus (i.e., suppression).

The idea that different stimuli elicit different responses brings

up a second possible explanation for the lack of data using intense

noise as an unconditioned stimulus in active avoidance paradigms.

Bolles (1971) has proposed a theoretical position which suggests that

in order for an organism to learn an active avoidance response, the

avoidance response must be a species-specific defense reaction (SSDR)

or a response similar to an SSDR. According to Bolles, each animal

brings with it into every experimental situation certain innate res-

ponses to fear evoking stimuli. These are: active withdrawal,
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suppression, and attack behavior. Myer (1971) has carried this one

step further and differentiated between those stimuli which elicit

active withdrawal and those stimuli which evoke suppression. Myer

suggests that stimuli which elicit active withdrawal are those which

the source of stimulation is in direct contact with the receptor sur-

face (e.g., electric shock/water) and those stimuli which elicit res-

ponse suppression are those which the source of stimulation is not in

direct contact with the receptor surface (e.g., auditory and visual
A

stimuli). According to Myer, the first unconditioned response to any

aversive stimulus is a stereotyped flinching followed by active with-

drawal in the presence of electric shock and suppression in the pre-

sence of noise. The position that noise elicits suppression is

supported in a study by Montgomery and Monkman (1955). These research-

ers found that if a loud buzzer was sounded while animals were exploring

a Y-maze a freezing response occurred. The generalization that Myer

advances is that all aversive stimuli evoke fear but it is the pattern

of the unconditioned skeletal responses that are elicited in the

presence of these stimuli which differentiate between them.

Although the position held by Myer (1971) deals primarily with

initial unconditioned responses to aversive stimuli, it can be inferred

that avoidance conditioning using intense noise as a UCS would be diffi-

cult to obtain, especially in a shuttlebox situation. For example,

Bolles (1971) has stated that the primary reason for poor conditioning

in a shuttlebox task using shock is that the conflict, resulting from

requiring an animal to return to a place where he has received shock,

elicits a competing response of freezing (i.e., suppression) which
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must be overcome before learning can occur. This problem plus the

addition of a UCS (noise) which elicits an unconditioned suppressive

response could make conditioning of an active avoidance response even

more difficult. Experiment l to be reported here examined aquisition

of a shuttlebox avoidance response to intense white noise and demon-

strated that rats are able to acquire that response. The second i

experiment to be reported related to retention of an incompletely

learned shuttlebox avoidance response.

Kamin (1957) reported that retention of an incompletely learned

active-avoidance response was a U-shaped function of the interval

following original training. That is, subjects that were retrained

either imediately (0 hr.) or at relatively long intervals (24 hr.)

following original acquisition demonstrated better avoidance perfor-

mance than subjects retrained at intermediate intervals (1-6 hr.).

Originally, Kamin attributed this U-shaped function (the Kamin effect)

to two opposing processes., He suggested that the descending portion

of the curve was a result of forgetting and the ascending portion was

a result of a time-dependent alteration in the motivational state of

the organism.
4

Although the reliability of the Kamin effect is well docuented

(see Brush, 1971 for an extensive review of the Kamin effect) there

remains a great deal of controversy over the various theoretical inter-

pretations which have been offered to explain this phenomenon. The

major distinction between the various interpretations centers around

the extent to which the Kamin effect is a result of stress—induced

time-dependent changes in the motivational state of the organism, or
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is a result of a memory deficit.

A variety of motivational theories have been proposed to explain

the U—shaped function. For example, Denny and Ditchman (1962) and

others (McMichae1, 1966; Tarpy, 1966; Kumar, 1970) proposed that the

U-shaped function may be a result of a gradual increase (i.e., incuba—

tion) in fear which reaches a maximum by the intermediate interval and

dissipates by 24 hrs. Thus, poor avoidance performance at the inter-

mediate interval is due to an increase in competing responses (e.g.,

freezing and crouching) which accompany the increasing fear and are

incompatible with performing an active avoidance response.

Other investigators (Pinel & Cooper, 1966; Bintz, Braud, & Brown,

1970) have presented evidence which suggests that the U—shaped function

is a result of a decrease in fear. Yet another theory which has been

categorized as a motivational interpretation (Brush, 1971) implicates

time-dependent stress-induced changes in the autonomic nervous system

as the possible underlying mechanisms of the Kamin effect. These

changes have been suggested to involve either the adrenal-pituitary

axis (Brush & Levine, 1966; Levine & Brush, 1967; Levine, 1968) or

parasympathetic rebound (Brush, Myer, & Palmer, 1963; 64). Supposedly

these autonomic changes alter the organism's ability to cope with stress

at the intermediate retraining interval thereby producing poor avoid-

ance performance. .

In contrast to the motivational interpretations, a memory hypo-

thesis proposed by Grossman (1967) suggests that the intermediate

avoidance decrement is a result of the relative instability of memory

resulting from the transference of memory from short to long—term
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storage (i.e., consolidation process). However, there is little

experimental evidence that the Kamin effect reflects changes in accord

with a two-stage model of memory (Bintz, 1970). Klein and Spear (1969;

1970a) have proposed a theory which suggests that the avoidance decre-

ment observed at the intermediate interval is a result of an inability

to retrieve memory of initial training. According to these investi-

gators there are various stress-induced physiological changes which

occur following the acquisition of an aversive task and presumably these

changes are not present at the immediate interval, reach a maximum at an

intermediate interval and dissipate by the 24 hr. interval. Thus, poor

avoidance behavior at the intermediate interval is due to the presence

of novel internal stimuli (memory attributes) which were not previously

associated with initial training. Klein and Spear suggest that the

presence of these altered cues produces a condition similar to that

of the state-dependent learning phenomenon found in pharmacological

research (Overton, 1964). 4However, Brush (1971) pointed out that at the

time of his review there was no direct experimental evidence to support

the memory retrieval model proposed by Klein and Spear. Furthermore,

the available data at that time offered no clear distinction between

either a motivational or memorial interpretation of the Kamin effect.

More recent research (Klein & Spear, 1970b; Spear, Klein, & Riley,

1971; Klein, 1972) has provided some support for a memory retrieval

interpretation of the Kamin effect. First, Klein and Spear (1970b)

demonstrated that if animals were presented with inescapable shock just

prior to the intermediate interval, the avoidance decrement-at that

interval is not obtained. These investigators concluded that the
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presentation of shock reinstated the internal cues (memory attributes)

that were previously associated with original learning. Presumably,

presentation of shock reactivated the adrenal pituitary system which

brought about the release of the adrenocorticotrophic hormone (ACTH),

a key internal stimulus for retrieval of the previously learned avoid-

ance response (Spear, Klein, & Riley, 1971; Klein, 1972). Second,

Klein (1972) has presented more direct evidence which suggest that the

presence or absence of ACTH may be an important internal cue for re-
7

trieval of the memory of original avoidance training. Klein found that

the memory of prior avoidance training could be reactivated if animals

were either presented with water stress, stimulation of the lateral

anterior hypothalamus (facilitates the release of ACTH), or if ACTH

crystals were directly implanted in the lateral anterior hypothalamus

just prior to the intermediate interval. Klein concluded that the pre-

sence of ACTH and other arousing hormones (memory attributes) at either

the immediate or 24 hr. interval is responsible for the improved avoid-

ance performance and the absence of these internal memory attributes

at the intermediate interval is responsible for the deficit in avoidance

performance. Finally, throughout Klein and Spear's experiments they

have used negative-transfer paradigms (i.e., animals are first trained

on passive avoidance and then retrained on active avoidance or vice

versa) to differentiate between a motivational and retrieval-failure

interpretation of the Kamin effect. According to the motivational

interpretations, animals retrained at the intermediate interval on an
‘

opposing task should be different from naive animals trained on that

task. Klein and Spear emphasize the fact that their data consistently



demonstrate that animals trained at the intermediate interval perform

as if they were naive. This equivalence to naive performance is

apparently crucial to the memory—retrieval theory.

Recent evidence in support of a motivational interpretation of the

Kamin effect has presented some serious problems for the retrieval-

failure theory (Anisman & Waller, 1971; Barrett, Laith, & Ray, 1971a).

Anisman and Waller (1971) exposed rats to inescapabla shock in either a

white or black compattment. Following intervals of either 5 min., 4 hr.,

or 24 hrs. the rats were given oneway avoidance training. Half the

rats were run toward the previous shock stimulus and the other half

were run away from the shock stimulus. They found acquisition of the

one—way response at the 5 min. and 24 hr. intervals to be reliably better

than at the intermediate interval regardless of whether the subjects were

run away from or toward the previous fear condition. A retrieval-

failure theory would have predicted that the intermediate interval group

run toward the previous shock stimulus to be better than the 5 min. or

24 hr. group as a result of an absence of negative transfer. Anisman

and Waller suggested that the results of their research were more con-

sistent with an incubation of fear interpretation of the Kamin effect.

Furthermore, the results of research reported by Barrett, Laith and

Ray (l97la) have also seriously questioned the retrieval-failure theory.

These investigators gave rats 30 training trials in an automated Y-maze

followed by 50 retraining trials either 0, l, or 24 hr. later. The

advantage of using the Y—maze, as pointed out by Barrett, et. al., is

that it not only allows for measuring avoidance responses but that it

also offers the opportunity to measure correct responses (i.e., choice
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of safe arm). The results of this experiment demonstrated the typical

Kamin effect with respect to number of avoidance responses. However,

there were no differences found between retraining groups with respect
1

to recalling the safe arm (i.e., correct escape responses). To incor-

porate these results into a retrieva1—fai1ure framework would require

some additional assumptions regarding the retrieval theory as it is

presently proposed by Klein (1972). Barrett et. al. suggest that their

data are more parsimoniously explained by a stress-induced behavioral
9

inhibition hypothesis.

At the present time, available data offers no clear distinction

between the extent to which the Kamin effect may reflect a memory deficit „

or a change in the motivational state of the organism. Barrett et. al.

(1971) were probably correct when they suggested that the avoidance

_ response may be an insensitive measure of memory. Clearly the use of

a choice situation has provided new and possibly critical information

for understanding the mechanisms which mediate the Kamin effect. Experi-

ment 2 to be reported here determined whether or not the Kamin effect

would be produced following incomplete shuttlebox avoidance conditioning
l

to intense white noise. The use of that stimulus offered the advantage

of enabling escape latency to be recorded, which is not typically re-

ported when shock is used because of the extremely rapid acquisition of

the escape response to shock.- If as Barrett et. al. (1971a) have sug-

gested the avoidance deficit at intermediate training intervals is a

result of response suppression, then that suppression ought to be

evident in longer escape latencies at the intermediate than at either

brief or prolonged intervals after original training (i.e., an inverted
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U should be obtained for the escape latency measure). Furthermore,

the use of intense white noise will determine whether or not the

phenomenon is peculiarlj related to shock.



EXPERIMENT 1

The purpose of this experiment was to determine if rats could

acquire an active—avoidance response when intense white noise is the

unconditioned stimulus (UCS).

Method
4

Subjects
3

The subjects were 10 experimentally naive male hooded rats obtained

from the departmental colony. The subjects were all between 70 and 90

days of age during the experiment, were housed individually under 24 hr.

illumination, and were maintained on ad libitum food and water.

Apparatus
l

Two fully automated shuttleboxes were used in this experiment. The

arms (38 x 12 x 15 cm.) were separated by a guillotine door (Hunter Model

394) measuring 8 x 13 cm. and locked in the up position. Each arm was

constructed of clear Plexiglas sides, a grid floor constructed of .64 cm.

stainless steel bars separated by 2 cm., and a clear Plexiglas hinged top.

White noise (110 db), from a Grason-Stadler (Model 90lB) noise generator,

could be delivered to speakers (8/Ohm, 0.5-w) that were centered over a

2 cm. hole on the end panel of each arm. A Realistic Sound Level Meter

(Model 33-1028 re., SPL .0002 dynes/per cmz) was used to measure the

decibel level. The sound level measure was taken 6 cm. from the speaker

placement. A 7.5-w white light bulb was mounted on the top portion of

each arm and served as the cue light. Responding was monitored by con-

tact relays which were activated when the subject had traversed 15 cm.

of the safe arm. Standard digital counters, relay circuitry, and timers

were used to program all stimulus contingencies and record escape and

ll
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avoidance response as well as escape latencies. The shuttleboxes were

housed in sound attenuated chambers located in a dark room away from

all programming equipment and the animal holding area.

Procedure

A11 trials were programmed with a 30 i_3 sec. intertrial interval

after which the CS (7.5-w cue light) appeared in the arm the subject

was in at the time. Failure to respond within 10 sec. after the CS

presentation resulted in the onset of the UCS (110 db_white noise) after

which a response counted as an escape response rather than an avoidance

response. Termination of the CS or CS—UCS combination was response

contingent. Intertrial crossings resulted in the behavioral contingen-

cies being recycled to the arm occupied by the subject. Avoidance and

escape responses as well as escape latencies were recorded during all

conditions of this experiment.

Ten tats were given 25 trials on each of six consectutive days.

On the first day of training each subject was given a 2 min. exploration

session after which the program was started. Avoidance responses that

occurred before the first escape response were not counted in the first

training session but were counted in subsequent sessions. Only those

trials which ended in either an escape or an avoidance response were

counted in the total trials.

_ Results

The results of this experiment and the remaining experiments to be

presented were analyzed by nonparametric statistical techniques (Siegel,

1956). Two-tailed tests were used throughout. . .

The results of Experiment 1, sumarized in Figure 1, indicate that



13Figure1. Median avoidance responses and median of mean escape latency

over blocks of trials. The median avoidance responses are

represented by open triangles and solid lines. The median

of mean escape latencies are represented by solid circles

and broken lines.
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rats can acquire an active avoidance response to intense white noise.

Initial suppression to noise and a subsequent decrease in escape laten-

cies is equally evident. Friedan two-way analyses of variance revealed

a reliable increase in avoidance responses (X; = 46.51, df = 5,}><:.0Ol)

and a reliable decrease in escape latencies (Xi ä 15.87, df = 5, p<:.01)

across blocks of 25 trials.

Further analyses of escape latency data were performed to determine

if the rats initial unconditioned response to intense white noise was

suppression as indicated by Myer (1971). The first block of 25 trials

was separated into blocks of 5 trials and a Friedman two—way analysis of

variance was used. Escape latencies decreased significantly over blocks

of 5 trials (X3 = 10.24, df = 4, p (:.005). This effect, as expected,

was most evident on the first 5 trials. The means for these trials were:

19.08; 17.00; 11.64; 7.60; and 7.55 respectively.

Discussion

The results of this experiment demonstrated acquisition of a shut-

tlebox avoidance response to intense white noise. The gradual nature of

this acquisition function is consistent with the position taken by

Bolles (1971). For example, Bolles pointed out that the conflict inher-

ent in the shuttlebox produces acquisition which is normally poor and of

a gradual nature, whereas in a one—way avoidance task this conflict is

not present and acquisition is more rapid. However, unlike acquisition

to footshock (Brush, 1966) the range of avoidance responses (see Figure

1) is remarkably consistent over blocks of trials. One possible exp1ana—

tion for this is that the suppression elicited by intense white noise

reduces the response variability typically found with footshock (Brush,
1
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1966). The relatively prolonged escape latencies evident in early

training suggest that the anima1s' initial unconditioned response to

intense white noise is suppression. These results are compatible with

the position taken by Myer (1971) that intense auditory stimuli elicit

behavioral inhibition. _



EXPERIMNT 2
l

This experiment was designed to determine whether or not the

generality of the Kamin effect, typically found in studies using foot-

shock (Brush, 1971), could be extended to intense white noise. The

results of Experiment 1 indicated that this was possible. For example,

analyses of the avoidance and escape latency data (See Appendix A)

for Experiment l from the first block of 25 trials to the second block .

of 25 trials revealed positive transfer (i.e., the direction of the

change). These results provided evidence for incomplete learning, a

necessary condition for producing the Kamin effect (Brush, 1971).

Thus, in this experiment 25 training and retraining trials were used.

Furthermore, the addition of an escape latency measure, a measure

not typically reported in studies using footshock, could be an impor-

tant index of the underlying mechanisms of the U-shaped function. For

example, if the poor avoidance performance found at the intermediate

interval is a result of increasing stress-induced behavioral inhibition

as suggested by Barrett et. al. (1971a), then this inhibition might be

evident in inflated escape latencies at that interval relative to

original training. However, if the poor avoidance performance is a

result of retrieval-failure as suggested by Spear (1971) and Klein

(1972) then the escape latencies should either decrease or be equivalent

to escape latencies in original training.

Method

Subjects and Apparatus

The subjects were 32 experimentally naive male hooded rats similar

to those used in Experiment l. The apparatus used in this experiment

17
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was identical to that employed in Experiment l.

Procedure

Four groups of rats (n=8) were given 25 training trials. Just
·

prior to the 25 training trials each subject was given a 2 min. explora—

tion session after which the program was started. Avoidance responses

that occurred before the first escape response were not counted in the

initial training session but were counted in the retraining session.

The four groups were then given 25 re::a1¤1§g trials either 0, 1, 4, orl

24 hr. following the last trial of training. With the above exceptions

all other procedures were exactly as those described in Experiment 1.

Results U
Training Data

There were no significant differences among groups with respect to

mean escape latencies and number of avoidances (See Appendix B). This

indicated that all groups were equivalent prior to retraining.

Retraining Data

The results of this experiment sumarized in Figure 2 clearly

demonstrated the typical Kamin effect with respect to avoidance behav-

ior and an inverted U-shaped escape latency function. Kruskal-Wallis

analyses of variance revealed that the four retraining groups differed

significantly as a function of the retraining interval with respect to

the number of avoidances (H = 9.67, df = 3, p<< .05) and the mean

escape latencies (H = 8.81, df = 3, p (:.05). Between group analyses

by Mann-Whitney U tests revealed that the 1 hr. group made reliably

fewer avoidance responses than either the 0 hr. group (U S 8, n = 8,

;><:.0l), the 4 hr. group (U = 8, n S 8, p4< .01), or the 24 hr. group
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Figure 2. Median avoidance responses and median of mean escape

latencies plotted across recraining intervals. The

median avoidance responses are represented by open

triangles and solid lines. The median of mean escape

latencies are represented by open circles and broken lines.



20 „

so A -50R
sc)

cn 9 ~ / \ 27 >-zu 1 \ 0(Q 8 / \24O
/ \ )-

¢1 / <t
(1) 7 [ \ 2l __} .

22 / \ „„
6 / \

‘ na ¤.Lu
5 I5 (Ä

<: /
’ \ nu

0 \
5 4 / \ I2 Z
> / \ „ E,
<t / \5 , 9 E
z O~
q [ \~\ U.
E 4 2

J
\\ 6 O

w 1
‘°

z5 n 3 S( 30 0
0 n 4 24 E

RETRAINING INTERVAL (HRS)



21,(U

= 12.5, n = 8, p (:.05). The 0, 4, and 24 hr. groups were not

reliably different. Analyses of the escape latency data indicated that

the 1 hr. group took significantly longer to escape the UCS than either

the 0 hr. group (U = 11, n = 8, p(: .028) or the 24 hr. group (U = 12,

n = 8, p (:.038). ·No reliable differences were found between the 0, 4,

and 24 hr. groups and the l and 4 hr. groups.

Not evident from Figure 2 is the reliable increase in mean escape ·

latencies (wilcoxon, t = 3, n = 8, pg: .02) from original training to
A

retraining for the 1 hr. group. No other between-session differences

were reliable. Since no differences in magnitude were found at either

the 0 or 24 hr. interval, sign tests were used to determine if the

direction of the change was significant. Reliable positive transfer V

was found at both the 0 and 24 hr. intervals for escape latencies

(p
< .05) and avoidance responses (p

<
.05).

Discussion

The results of this experiment indicate a replication of the typical

Kamin effect. By demonstrating the U—shaped function using white noise

rather than footshock as the UCS, these results have further extended

the generality of the Kamin effect. In addition, the inverted U—shaped

function found with escape latencies suggests that the avoidance deficit

may be related to behavioral inhibition.

The data from this experiment support a response inhibition

interpretation rather than a memory interpretation of the Kamin effect.

Rats in this experiment given original training followed l hr. by re-

training demonstrated longer escape latencies than they did on original

training. A memory interpretation would predict either no transfer



l
22 . _

from training to intermediate retraining due to the absence of internal

memory attributes previously associated with original training (e.g.,

Spear, 1971; Klein, 1972) or some positive transfer due to residual

memory of original training (Grossman, 1967). These results cannot be

explained in terms of a memory deficit.” The data are more compatible

with an interpretation which suggests that the stress of original

training produces a time-dependent change in the motivational state of

the animal. Whether this time-dependent change is a result of either

increased fear (e.g., Denny & Ditchman, 1962), decreased fear (e.g.,

Bintz, Braud, & Brown, 1970),or autonomic changes which produce response

inhibition (Barrett et. al., 197la) or otherwise alter the anima1s'

ability to cope with stress (e.g., Levine, 1968) cannot be determined

from these results.
1 l
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EXPERIMENT 3

Although the results of Experiment 2 support a response inhibition

hypothesis of the Kamin effect, it was not possible from those data to

determine the mediating mechanisms of this behavioral inhibition. It

has been suggested that the Kamin effect may be a result of behavioral

suppression mediated by stress-induced time-dependent changes in the
l
adrenergic-cholinergic system (Barrett et. al., 1971a; Brush, 1971). _

In support of this, Carlton (1969) has summarized a large body of evi-

dence which indicates that a CNS cholinergic system may mediate behav-

ioral inhibition. According to Carlton, exposure to stress and the

subsequent sympathetic arousal initiates a massive release of epinephrine

which in turn produces a time-dependent overreaction of the parasympathe-

tic nervous system. Thus, at the 1 hr. interval this parasympathetic

dominance results in behavioral inhibition (i.e., suppression of

activity). In support of Car1ton's position,it has been demonstrated

that response suppression following epinephrine injections (Manto, 1967)

or shock (Carlton, 1969) follow an identical time course which reaches

a maximum by the 1 hr. interval.

Since most of Carlton's (1969) evidence dealt with research using

anticholinergic drugs (i.e., scopolamine) it was decided in this experi-

ment to use scopolamine and methylscopolamine to determine if the Kamin

effect may possibly be a result of CNS cholinergically mediated response

inhibition (i.e., parasympathetic overreaction). Accordingly, if the

Kamin effect is a result of response inhibition mediated by the CNS

cholinergic system then scopolamine should alter the U—shaped function

and methylscopolamine, an anticholinergic which produces the same

23
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peripheral effects as scopolamine but has little central effect because

it passes the b1ood—brain barrier poorly, should not. Thompson and

Nielsen (1970) demonstrated that scopolamine alters the avoidance

deficit at the intermediate interval whereas methylscopolamine had no

effect on the avoidance deficit typically observed at that interval.

However, the results of that experiment are not readily interpretable

because animals retrained at the 0 hr. interval were nct retrained

under the drug conditions. Thus, it was not possible to distinguish

if the results of the 1 hr. groups were due to the activation effects

of scopolamine or to the effects of scopolamine on the CNS cholinergic

system. Also, these results indicated that the 24 hr. saline and

methylscopolamine animals demonstrated a deficit in avoidance per-

formance equal to that observed at the intermediate interval. Thompson

and Nielsen suggest that this deficit was a result of stress produced

by the injection procedure. Presumably, the stress produced by the

injection which occurred l hr. prior to retraining reinstated the Kamin
l

effect function. In the experiment to be presented here subjects were

handled, accomodated to injections, and injected 10 min. prior to re-

training in order to prevent a possible reinstatement of the U-shaped

function produced by the stress associated with injections.

Method

Subjects and Apparatus

The subjects were 90 experimentally naive male hooded rats similar

to those used in Experiment 1. The apparatus used was identical to

that employed in Experiment 1.
l

' · „
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Procedure

All subjects were handled for 2 min. per day for five consecutive

days. Handling consisted of lifting the subject and putting it down

every 10 sec. for 2 min. On day five, imediately following the

2 min. handling session, each subject was given an 8 minute exploratory

session in the shuttlebox. On day six each subject was given an addi-

tional 2 min. exploratory session just prior to the start of initial

training. In addition, to accomodate the subjects to the stress produced

by injection (see Thompson & Nielsen, 1970) all rats were injected with

1 cc/kg of isotonic saline on each day of handling.

Nine groups of rats (n=lO) were initially given 30 training trials

followed by 30 retraining trials either 10 min., l hr., or 24 hr. after

initial training. The groups at each retraining interval were further

differentiated according to one of three pre-retraining conditions:

0.6 mg/kg of scopolamine hydrobromide, 0.6 mg/kg of methylscopolamine,

or 1 cc/kg of isotonic saline. Injections were administered intra-

peritoneally (at a constant volume of l cc/kg) 10 min. prior to retrain-

ing. All other procedures (i.e., stimulus contengencies) are identical

to those previously described in Experiment 1.

Results

Training Data

There were no differences among groups with respect to number of

avoidances and mean escape latencies (See Appendix B). This indicates

that all groups were equivalent prior to retraining.

RetrainingDataThe
results of this experiment summarized in Figure 3 indicate that
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Figure 3. Median avoidance responses plotted across retraining inter-

vals for three drug conditions. Scopolamine condition is

represented by open triangles and solid lines. Methyl-

scopolamine condition is represented by open squares and
i

dash-dot lines. Saline condition is represented by solid

circles and broken lines.
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scopolamine alters the avoidance deficit at the intermediate interval

whereas methylscopolamine and saline do not (See Appendik B for data

not presented graphically).

· Scopolamine condition: There were no reliable differences between

retrainingggoups with respect to number of avoidance responses and mean

escape latencies. Wilcoxon tests revealed a reliable increase in the

number of avoidances from original training_to retraining intervals

(T = 0, n = 10, p< .01).

Methzlscopolamine condition: Kruskal-Wallis analyses of variance re-

vealed a reliable difference in the number of avoidance responses among

the retraining groups (H = 13.86, df = 2, p<< .001), however no reliable

differences were found among groups with respect to mean escape latencies.

Mann—Whitney U test indicated that the 1 hr. group made reliably fewer

avoidance responses than either the 10 min. group (U = 3.5, n = 10,

;><: .002) or the 24 hr. group (U = 12, n = 10, p (:.02). No reliable

differences were found between the 10 min. and 24 hr. group. Wilcoxon

tests revealed a reliable increase in the nuber of avoidances from

original training to retraining in the 10 min. group (T = 0, n = 10,

p·<:.0l) and the 24 hr. group (T = 2, n = 10, p<: .01). No significant

difference was found at the 1 hr. interval.

Saline condition: Kruskal-Wallis analyses of variance indicated that

the retraining groups differed reliably in number of avoidances (H = 12.34,

df = 2, p<< .01) but not in mean escape latencies. Mann·Whitney U tests

revealed that the 1 hr. group made significantly fewer avoidance responses

than either the 10 min group (U = 7, n = 10, ;><: .002) or the 24 hr.

group (U = 13.5 n = 10, p<< .02). No significant differences were
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found between the 10 min. and 24 hr. group. Wilcoxon tests revealed

that there was significant positive transfer at the 10 min. interval

(T = 0, n = 10, p<:.0l) and at the 24 hr. interval (T ¤ 6, n = 10,

p·<:.05) in the number of avoidances. No reliable differences were

found at the 1 hr.

interval.Furtheranalyses were performed to determine if the 10 min., 1 hr.,

and 24 hr. retraining groups differed across each drug condition. No

reliable differences were found among conditions for either the 10 min.‘

retraining groups or the 24 hr. retraining groups with respect to

number of avoidances or mean escape latencies. Kruska1—Wallis analyses

of variance indicated that the 1 hr. group varied significantly across

the drug conditions with respect to avoidance performance (H = 20.11,

df =- 2, p< .001) and mean escape latencies (H = 6.68, df = 2, p< .05).

Mann—Whitney U tests performed on avoidance data revealed that the l hr.

scopolamine group made reliably more avoidance responses than either the

1 hr. methylscopolamine group (U = 0, n = 10, p<:.002) or the 1 hr.

saline group (U = 0, n = 10, p<< .002). The 1 hr. methylscopolamine and

saline groups were not reliably different. With respect to mean escape

latencies, the 1 hr. saline group exhibited reliably greater latencies

than the 1 hr. scopolamine group (U = 14.5, n = 10, p4: .02). No other

reliable differences were apparent between conditions for the 1 hr.

groups. „

Discussion

It was demonstrated in this experiment that scopolamine alters the

U—shaped function that is typically observed during relearning of an

incompletely learned active avoidance response whereas neither saline
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nor methylscopolamine produced a reliable alteration of that function.

The inverted U—shaped escape latency function found in Experiment

2 was not demonstrated in this experiment. While it is not clear why

this inverted U—shaped function was not observed in the saline and

methylscopolamine conditions, there is at least one explanation that

seems plausible. That is, the increased handling and exploratory

sessions used in this experiment may have reduced the behavioral sup-

pression typically found in the shuttlebox (Bolles, 1971). For example,

Leonard, Tafeen, and Fey (1972) have presented evidence which suggests

that handling greatly facilitates the acquisition of a shuttlebox

avoidance response and Carlton (1960) has demonstrated that preexposure

to the apparatus facilitates the acquisition of an appetitive task. The

increase in the magnitude of positive transfer in avoidance responses

found in this experiment when compared to Experiment 2 does provide

some support for this explanation.

The data from this experiment demonstrated that scopolamine alters

the typically observed intermediate avoidance deficit, whereas methyl·

scopolamine does not. This indicates that the underlying mechanisms

of the Kamin effect may be mediated by central nervous system mechanisms

rather than peripheral nervous system mechanisms.



GENERAL DISCUSSION

Jhe results of Experiment 1 demonstrated that rats can acquire

an active avoidance response to intense white noise. It could be

expected that acquisition of an active avoidance response to intense

white noise would be poor or difficult, if possible at all. For example,

Campbell and Bloom (1965) suggested that intense white noise was mildly

aversive and it was of little value as a motivating stimulus in behav— .

ioral research, however the results of this experiment are clearly

inconsistent with Campbell and Bloom's position. Furthermore, Bolles

(1971) posited that in order for animals to learn a shuttlebox avoid-

ance response to footshock, the competing responses (i.e., behavioral
”

suppression) elicited by the conflict inherent in the shuttlebox task

must be overcome. The gradual nature of the acquisition function found

in this experiment is consistent with this position taken by Bolles,

however the remarkable consistency observed in the range of avoidance

responses over trials was in contrast to the variability evident in

shuttlebox avoidance to footshock (Brush, 1966). One possible explana-

tion for this reduced variability is that the response suppression

elicited by intense white noise might have resulted in more uniform

exposure to the CS-UCS contingencies, whereas avoidance conditioning

to footshock produces either rapid withdrawal or other active responses

(Brush, 1966) which reduce the uniformity of exposure to the CS—UCS

contingencies. In addition, Myer (1971) suggested that an animal's

unconditioned response to intense white noise was behavioral suppression.

Thus, it was expected that this suppression would also have to be over-

come before rats could learn an active avoidance response. Analyses

31



32

of the escape latency data for the first block of 25 trials (i.e.,

over blocks of 5 trials) and especially the first five trials revealed

that escape latencies were initially inflated and decreased reliably

over trials. These results are clearly consistent with positions taken

by both Myer (1971) and Bolles (1971). -

The results of Experiment 2 demonstrated that avoidance performance

was a U-shaped function of the retraining interval and escape latencies

were found to be an inverted U-shaped function of the retraining interval.

These results extended the generality of the Kamin effect, typically

found in experiments using footshock, to intense white noise. Further-

more, the inverted U-shaped escape latency function found in this

experiment suggests that the avoidance deficit found at the intermediate

interval may be directly related to response suppression. In addition

and of greater theoretical interest, it was found that rats retrained

at an intermediate interval following original training demonstrated

reliably higher escape latencies than in original training. This dif-

ference is clearly incompatible with existing memory interpretations of

the Kamin effect which predict either no change or perhaps a decrease

in escape latencies (e.g., Spear, 1971; Klein, 1972). These results

are more consistent with a stress-induced behavioral inhibition inter-

pretation of the U-shaped function (e.g., Barrett et. al., 1971a).

However, it was not possible from these data to determine if the

underlying mechanisms for this behavioral inhibition were a result of »

increased fear (e.g., Denny & Ditchman, 1962), decreased fear (e.g.,

Bintz et. al., 1970), parasympathetic rebound (e.g., Brush et. al., 1963),

or changes in the adrenal-pituitary system (e.g., Levine, 1968). Of
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these alternatives the least likely would appear to be changes in the

adrenal-pituitary axis, especially in light of the data reported which

indicates that adrenalectomized animals demonstrate the U—shaped function

(Marquis & Suboski, 1969; Suboski, Marquis, Black, & Platenius, 1970;

Barrett, Leith, & Ray, 1971b). .

1The results of Experiment 2 provide additional support for the

position of Barrett et. al. (1971a) which suggested that the avoidance

response may be a misleading index of memory. For example, if the
l

avoidance data from this experiment were the only measure recorded then

. the results would offer no distinction between any of the existing

theoretical interpretations of the Kamin effect. However, the addi-

tional escape latency measure recorded in this experiment indicated

that the animals were suppressing to the UCS at the intermediate inter-

val to a greater extent than on original training. This offered a

clearer distinction to be made between a memory interpretation and

other interpretations of the Kamin effect. This distinction was also

made clearer by the addition of the choice response measure reported

by Barrett et. al. (1971).

Experiment 3 demonstrated that scopolamine, an anticholinergic
‘ drug, alters the typically observed U-shaped function whereas methyl-

scopolamine, an anticholinergic which produces the same peripheral

effects as scopolamine but passes the blood-brain barrier poorly,

does not. These results suggest that the decrease in avoidance res-

ponses at the intermediate interval is mediated by a central cholinergic

inhibitory system and are consistent with previous data reported by
“

Carlton (1969) and Thompson and Nielsen (1970). _It is therefore
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possible that the Kamin effect may be.a result of behavioral inhibition
l

mediated by a CNS cholinergic system.

Several results were obtained in Experiment 3 which were not

evident in Experiments l and 2.. For example, the increase in avoidance

responses from first to se¤¤nd block of 25 trials was much greater than

that reported in either Experiment 1 or 2 and there were no systemati-

cally reliable differences found in the escape latency response which

were clearly evident in Experiment 2. One possible explanation for

these differences is that in Experiment 3 animals were given consider-

ably more handling than in either Experiment l or 2. Leonard et. al.

(1972) have demonstrated that handling facilitates acquisition of a

shuttlebox avoidance response, preswmably by decreasing the behavioral

suppression elicited by the conflict inherent in the shuttlebox

situation.

In conclusion, the results of the experiments reported here indi-

cated: (1) that rats can acquire an active avoidance response to in-

tense white noise and suggest that this stimulus may be a reasonable

alternative to footshock in examining the determinates of aversively

motivated behavior; (2) that the Kamin effect is not peculiarly related

to footshock but can be obtained with intense white noise as well; (3)

that due to the inverted U-shaped escape latency function demonstrated .

in Experiment 2 the Kamin effect may be mediated by stress—induced time-

dependent response inhibition; and (4) whatever the underlying mechan-

isms of this phenomenon might be it appears to be related to a centrally

mediated cholinergic-inhibitory system. ‘
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ABBENDIX A

Further Analyses of Experiment l

Post hoc analyses were made to determine if there was positive

transfer with respect to avoidance and escape latency performance from

the first block of 25 trials to the second block of 25 trials. While

no differences were found with respect to magnitude of change, it

was found that the direction of change was reliable for both avoidance
(

and escape latency performance (Sign tests, p4: .05).

39



APPENDIX B

Data From Experiments 2 and 3

Experiment 2
Median of _

Median Avoidances Mean Escape Latencies

Training Retraining Training Retraining

0 hr. group: 6.0 8.5 8.39 . 5.41
1 hr. group: 6.0 1.5

”
8.89 29.01

4 hr. group: 6.0 6.5 8.40 8.29
24 hr. group:

u
4.5 6.5 5.45 5.02

Experiment 3

Scopolamine

10 min. group: 7.5 17.5
U

8.19 ° 2.02
1 hr. group: 5.5 17.0 9.07 1.96

24 hr. group: 5.0 · 15.0 7.12 1.72

Methylscopolamine

10 min. group: 5.0 10.5 8.23 2.25
1 hr. group: 6.0 5.0 7.96 3.71

24 hr. group: 5.0 11.0 8.31 5.94

Saline
~

10 min. group: 7.0 16.0 8.85 3.88
1 hr. group: 6.5 3.5 7.07 4.50

24 hr. group: 4.0 8.5 6.40 2.97
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ACQUISITION AND RETENTION OF AN ACTIVE AVOIDANCE RESPONSE

TO INTENSE WHITE NOISE: KAMIN EFFECT

by

Claude William Brett

(ABSTRACT)*

Three experiments were performed to investigate the acquisition

u

and retention of an active avoidance response in rats to intense white

noise. The results of Experiment 1 indidated that rats can acquire an

active avoidance response to white noise, ~In Experiment 2 retention

of avoidance performance was shown to be a U—shaped function of the

retraining intervals (i.e., the Kamin effect) and escape latency per-

formance was an inverted U—shaped functidh of the retraining intervals.

This suggested that the Kamin effect may be mediated by stress—induced

behavioral inhibition. The results of Experiment 3 demonstrated that

scopolamine, an anticholinergic drug, alters the typical U—shaped

avoidance function whereas methylscopolamine, an anticholinergic which

produces the same peripheral effects as scopolamine but passes the

blood-brain barrier poorly, does not. These results suggested that

the underlying mechanism of the Kamin effect may be behavioral inhibi—

tion, mediated by stress—induced time·dependent changes in the CNS

adrenergic—cholinergic system.
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