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ABSTRACT

Classical Conditioning and Immune Reactivity

in Rats

by

Laura Anne Czajkowski, Doctor of Philosophy

Utah State University, 1988

Major Frofessor: Carl D. Cheney, Ph.D.

Department: Fsychology

Fsychoneuroimmunology is an interdisciplinary area that examines
the interaction between behavior, the central nervous system, and the
immune system. Many investigations have utilized a taste aversion
paradigm to examine the effects of classical conditioning on an
immune response. The procedure generally consists of an animal
ingesting a novel flavor, and then being made ill and immuno-
suppressed by injection of a pharmocological agent. The animal is
provided access to that flavor at a later time. The rejection of
the novel flavor on the test day is called taste aversion and the
depressed antibody titer has been labeled conditioned
1MMUNOSUPpPression.

The present research was designed condition a secondary immune
response and expand the evaluation of such conditioning to include
both antibody titer and affinity. The Enzyme Linked Immunoassay was

also introduced as the procedure of choice to quantify immune




X1
reactivity.

A depression in antibody titer and affinity was found following
exposure to three of four test trials. Taste aversion did not
correlate with the immune response as increased consumption of the
novel flavor was exhibited on the third and fourth test trial.

In the second experiment, the dosage of cyclophosphamide was
increased. A depression in antibody affinity was found after the
third and fourth test trials, which was consistent with the results
of the Tirst experiment. Unlike the first experiment, a depression
in antibody titer was not attained on test days. Although taste
aversion was observed in the treatment group on three of the four
test trials, it had extinguished by test four.

The results support the concept of conditioned suppressiaon of an
antigen specific immune response by exposure to the taste aversion
paradigm. An important contribution of the present research was the
use and modification of a precise and sensitive assay for quantifica-
tion of titer and affinity; the demonstration of conditioned suppres-
sion in both antibody titer and affinity; and the demonstration of

conditioned immunosuppression with a single component CS.

(183 pages)




CHAPTER 1

INTRODUCTION

The conditioning of physioclogical activity has been a subject
of continued interest in psychology since Pavlov's (1927) classic
investigations of salivation. In classical Favlovian conditioning an
arbitrary stimulus, that is initially ineffective in eliciting a
particular response, comes to produce that response after being
paired with another stimulus that reliably elicits the response of
interest {Terrace, 1972). The stimulus that produces a measurable
response pirior to conditioning is designated the unconditioned
stimulus (US). The response elicited by a US is labeled the
unconditioned response (UR). The stimulus that initially fails to
produce a response until after it is paired with the US, is called
the conditicnal stimulus (CS). The learned response to the CS is
designated a conditicnal response (CR), and is measured in terms of
latency and magnitude. Favlov’'s original experiments examined the
conditioning of salivation. Meat powder (US) placed on a dog's
tongue elicited the UR of salivation. After a number of pairings
between a bell {CS, a stimulus that did not initially produce saliva-
tion) and the meatpowder (US), the bell {CS) presented alone produced
a conditional =zalivation response (CR).

Since Favlov’'s classic experiments, many investigators have

examined the variablez involved in classical conditioning (e.g.,
Mackintosh, 1983), developed theoretical models to account for this

learning {(e.g., Mackintosh, 198Z; Rescorla, 1978), delineated the
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necessary and sufficient conditions for producing many conditioned

responses {e.g., Damianopeclous, 1982; Rescorla, 1967), and examined
the conditiocnability of a variety of physiological responses (e.qg.,
Davey, 1781).

The control and regulation of physiological responses through
classical conditicning has included the conditioning of immune
reactivity {(Spector, 1987). Conditioning experiments on immune
responses were 1nitially conducted by Soviet investigators in the
early twentieth century. These early investigators suggested that
all physioclogical processes—-—if not directly regulated by the CNS——
did in fact have CNS involvement. A variety of immunological
responses were found to be influenced by classical conditioning.

Recent immunological as well as behavioral and brain science
research supports the concept of an interactive process between the
CNS and immune functicning {(Ader, 1981). Evidence suggests a role
for hormones and neurotransmitter substances in the modulation of
immunolgical reactivity. Extensive documentation exists of sympa-
thetic and parasympathetic innervation of lymphoid structures
(Felten, Felten, Carlson, Olschowka, % Livnat, 1985; Williams,
reterson, Shea, Schmedtje, Bauer, % Felton, 1981). The involvement
of endocrine and neurochemical influence in immune system function 1is
further supported by findings that circulating neuropeptides such as
Beta-endorphins influence immune responses (Smith, Harbour-McMenamin,

Blalock, 1985). BEehavioral data also exists that supports the

Qe

premise of an interaction between the brain and the immune system




{Bartrop, Lazarus, Luckhurst, Kiloh, % Penny, 1977; Monjan %

777; Solomon, 1969). A significant amount of literature
nas oeen devoted ioc the study of stressful events and immune func-
tioning in animals {(Ader % Cohen, 1984; Sclomon % Amkraut, 1981).
Experiments which examined the effect in animals, who lacked control
over aversive stimulation, resulted in depressed immune reactivity
and increased tumor growth {Laudenslager, Ryan, Drugan, Hyson, %
Maier, 1983; Visintainer, Volpicelli, % Seligman, 1982). Other
studies have examined the association between personality factors,
life events, and experimentally induced or spontaneously occurring
disease processes in man (Fox, 1981; Flaut % Friedman, 1981; Solomon,
1987y. Interest in this type of research has continued to expand and
recsults suggest the existence of a complex interaction between the
CNS and immune system. These experiments which directly condition
immune reactivity have supported the position of an interaction
between the CNS and immune functioning. Current interest in the
regulation of immune reactivity has resulted in the labeling of this
field as psychonesurcimmunology {(Ader % Cohen, 1973).

Ader and colleagues have reported that the pairing of an
initially neutral stimulus (CS) with a pharmacological agent (US)
that produced immunosuppression, resulted in a conditional immuno-—
suppressive response {(Ader % Cohen, 1975; Ader, Cohen, % Bovbjerg,
1982; Bovbierg, Ader, % Cohen, 1982; Rogers, Reich, Strom, ¥%

Carpenter, 1974). For this discussion, immunosuppression refers to

the depression of immune function in terms of antigen specific




or suppression of the

the administration of a
ytotowic drug used as the US (Webb % Winkelstein, 1980). The

resultis of many experiments substantiate the fTinding of the

conditicnability of antibody production with a taste aversion

a

grocegure (Ader & Cohen, 1973, 198Z:; Ader, Cohen, % Bovbierg, 1982;

a2 A
2

Eovbjerc, Ader, % Cchen, 19823 Bovbjerg, Cohen. % Ader, 1980; Cohen,

Ader, Green, % Bovbjerg, 1779; Rogers et al., 1976; Wayner,
Flannery. % Singer, 1978). The antibody titer was reduced when the

were reexposed to the Tlavor C5 after 1t had been associated
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with the cytotoxic US.
Taste aversion, or flavor conditioning, was initially reported
by Garcia and koelling (1946&6). The procedure consisted of pairing a
novel flavor in a liquid (interocceptive stimulus) with an agent that
produced gastrointestinal distress. In this classic experiment the
animais subsequently avoided that flavor, and i1t was concluded that

taste with illness. Experiments on
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conditioned immunosuppression freguently utilized the taste aversion
procedure. A novel flavor (C5) is paired with a pharmacological
agent that concurrently suppresses the immune respense and induces
gastrointestinal distress {(US) (e.g., Ader % Cohen, 1975). The
cubjects ars subseguently reexposed to the CS and tests are conducted
to measures fluid intake {(to determine taste aversion) and, more

importantly, toc measure antibody production.
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Although the current research provides evidence in support of
ond:ticnad suppression of antibody titer, a thorough experimental
analysis has not been completed. The conclusion of a causal relation
cetween the conditioning and lowered antibody titer is perhaps
premature due to the lack of procedural consistency across studies,
frequent eguivocal results regarding the taste aversion and condi-
tioned immune response, and the questionable specificity of the

surement procedure for gquantifying antibody titer. Whether the

o
2]
u

~esuits of these investigations deo in fact demonstrate classically
conditioned immunosuppression remains to some extent an empirical
question. The conditioning of an immune response 1s presumed to
involve a cocmpliex interaction among neurochemical, endocrine, immune,
and central neural systems (Ader % Cohen, 1985). Assuming that the

immune response 1s conditionabie, other investigations will be

required tc determine limits,; parameters, and the necessary and

-4

sufficient conditions toc produce the response.

The purpcse of this research was to examine the effects of a
one irial asscciation between a novel flavor (CS) and cyclophos-
phamide (US, the chemical agent that induces both gastrointestinal
illness and immunosuppression) on a secondary immune response
elicited by injection of bovine serum albumin (BSA, the antibody
inducing antigen). An alternative and reportedly superior procedure
{Clark % Engvall, 1980) for accurately quantifing antibody was used

to measure the conditioning =2ffects on immune reactivity. One

dependent variable cansisted of a secondary immune response to




bovine serum slbumin, which is a single protein antigen not used in
pricr investigations. BSA was selected to examine the specificity of
the antibody response. A secondary immune response differs from a

grimary immune rssponse in that the animal receives a second antigen

challenge, the antibody response appears mare quickly, and is more

i1t consists predominantly of Igh, a class of immuno-

n

pecific a
globulin {(Roitt, Brostoff, &% Male, 1985). In addition to antibody

titer, {(antibody at a particular serum dilution tested at a specific
antigen concentration), antibody affinity (antibody binding strength

pecified serum dilution across a range of antigen concentra-

[«
Vi

tion! was measured. The assessment of both antibody titer and
affinity addressed the possible limits of conditioning to a specific
characteristic of antibody. The subjects in both experiments were
also exposed to multiple test conditions (reexposure to flavor) to
more thoroughly evaluate the specificity of the response to the CS,
and to investigate the association between the taste aversion
response and immune reactivity. Finally, control groups were includ-
ed, that were not employed in previous research, to demonstrate that

the conditioned response was due to the CS-US parameters.




CHAPTER 11

discussion 1s resiricted to fundamental concepts of

resent research. For a
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—omprehensive review on the subject, the reader is directed to

excellent tsxts by Cooper (1981), Fundenberg, Stites, Caldwell and

wl (1984).

1. and F

o

il

The 1mmune system 1is complex network of genetic, cellular and

moi=zcular components that serves to maintain homeostasis and health

- f Oy
{Hatz, 1%80).

he term immune 1s derived from the latin word,

-

immunis, me2aning 2xempt {(Guralnik, 1980). Immunity implies

resistance to attack from infecticus agents {(Fundenberg et al.,

he major cellular compconents of the immune system are
iymphocytes, plasma cells, and macrophages (Gilliland, 19833 Faul,
19843. These cell types are found primarily in lympheid tissue and
organs, including the thymus, lymph nodes, spleen, bone marrow,
tonsils, Feyer s patches, appendix and tissue along the gastro-
intestinal tract (Coopesr, 1781). Individual lymphocytes are
commitizd to respond to a limited group of structurally related

24). Ffeceptors on the membrane of lymphocytes are
specific for determinants on an antigen {(Faul, 1984). The ability

s 1s possible due to the

d
n
]

of an organism to respond to antige

existence of a large number of different sets of lympnocytes




zxi1stence of a large number of different sets of lymphocytes
zach tearing receptors specific for distinct antigens (Kimball,
1982). Lymphocytes differ from one another not only in the speci-
ficity of their receptors but in functional properties (Roitt,
grostofi, % Male, 1985). Two cseparate immune systems exist, cellular

and humoral, for the differentiation of lymphoid cells that circulate

throughout the body and are involved in immune reactivity.

T Lymphocytes

e

One ==t of lymphocytes are T cells, or thymus derived cells,
and are effective in cell-mediated responses (Kimball, 1983). Thymus
lymphocytes derive from stem cells within hemopoietic tissue
(Eisen, 1980). The T lymphocyte precursors enter the thymus and
diffzrentiate as cells with distinct functions (Eisen, 1780).
Once the T cell matures within the thymus, the cell joins the
peripheral pool of T lymphocytes. Several distinct peripheral T
lymphocyte populations exist and can be identified due to the
characteristic antigen receptors on their membrane (FPaul, 1984). T
lymphocytes consist of a series of subtypes, including some that
mediate important regulatory functions. For example, specialized T
cells produce humoral mediators of immunity called lymphokines that
promote the differentiation of B cells into plasma cells and the
secretion of antibody (Calabrese, Kling, % Gold, 1987). T cells also
confer immunity against viral and fungal infections, cause delayed
nypersensitivity reactions, and reject grafts of foreign tissue
{ Paul, 1984). Two major subsets of T lymphocytes include T

Suppressor and T Helper cells. Suppressor T cells are believed to
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21 the differentiation of E cells into plasma ceils and inhibit
the Helper T ceils iHimbail, 1983). Helper T lymphocytes
assist ciher T Or b in responcing to antigen stimuiation
noltt =t al., 1785). The principal subtvpes of T lymphocytes
include: T Helper ceils, T Suppressor cells, cytotoxic T cells, and
natural =iller cells {(Roitt et al., 17839).

B Lymphocytes

;ht rendered by B lymphocytes which
produces antibodies (KEimball, 1983). B lymphocytes are precursors of

antibody secreting cells, and are derived from hemopoietic stem

cells {Faui, 1984). The pre B cell is the initial member of the B
cell and 1is found to lack receptors on its membrane for
particular antigens. However, within the cell 1s contained at least

cne of the chains of the antibody molecule, the heavy immunoglobulin
Ig chain {Roitt et al., 1985). Fre B ceils develop intoc immature B
calis that do not contain cyctplasmic chains of antibody molecules,
However these cells do exhibit surface immunoglobulin (Faul, 1984).

Mature B cells result from immature B cells, express receptors for

-

antigens on their membrane; and are activated as a result of the

the antigen to their receptors {(Faul, 1984). Once
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activated, the B cell interacts with helper T cells (B cell growth
factocr! and proliferates so as to increase the number of cells
capable of rsacting against the antigen. Froliferation results in an
increase in the number of cells that may differentiate into antibody

number of B cells similar to

0
L
=

secreting cells, and into an sxpand

lled memory B cells

7]

the original precursor that are now cC
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cld, F87). These memory cells are activated

Antibody Structur

Dasic immunoglobul:

in

ntibody secreting plasma cells are immuno-

are groups of glycoproteins with several

tructure consists of two identical light

polypeptide chain=s and two heavy polypeptide chains linked together

by disulphide bond

oitt et al., 19853). Each immunoglobulin

molecules 1= bifuncticnal, with one region of the molecule

concerned with bind

that binds to the

to the antigen, and a different region

cell {Roitt et al., i983). Five distinct

classes of immunoglicbulins are recognized that are determined by the

classes include: Igh, IgM, IgA, IgE,

igDh. The immunoglobulins differ in structure. in their sites of

origin, and in the mode of conferring immunocompetence (Spielberg,

The neavy and light chaincs cof the immunoglcbulin are composed

of a series of domains consisting of aminc acids. The aminoterminal

the heavy {H} and

{(Paul, 1784). The

cterized by sequence variablity (V) in both

t (L) chain and are labellied YH and YL regions

rest of the moleculs is thougnt to be a relatively

]

ul, 1%B4}. The =ites at which the antibody
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(Fa
e antibody
have complementary structures in

trengih with which

is termed the
ctontains d
antigens 1s called antiszerum {Stedman,

-

~zgponse refers to its

tigenic determinants against

cther antigenic determinants or related structures

produced,

mune response are called

it binds to a
c determinant or spitope
to antibody cccurs by

bonds

ui, 1984. T

combining =si1te (idiotope)
order to combine (Roitt et
the site on the antibody
determinant
i, The serum that

The specificity

to discriminate

ability

which it was elicited, an

{(Roitt =t al.
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particular

and

d

b
1785;. The specificity of an antissrum is the summation of
acticns of the varicus antibodies in the total population sach re-
acting with a different part of the antigen molecule (Kimbail, 1983
The spacificity of the antiserum can be increased by immunizing the

)

:




iogarithmically; i2) a plateau phase -

=tabiliization of antibody production; and id) a decline - antibody

o
1]

985) -

e

Zleared, =zxcept for memory cells (Roitt et al.,
After first exposure to a novel antigen, the immune response (whether

cellular or humoral) is detectsd in several days. This initial

response 15 termed a gprimary response and is generally a low level
respocnse that is sustained for only a limited time period, 2.g., two
weekz ilooper, 1F81). With a thymus dependent immunogen, IgM and Igh

antibodies are initially secreted. IgM 1s secreted first,
foliowed by IgG as IgM concurrently decreases. The antibody response
reaches a peak in approximatz2ly fwo weeks and then declines {(Cooper,
1981:. Following & sscond exposure to the same antigen, a more

robust c=211 or humoral mediatsd response 1s observed. This has been

of memory effect in fterms of a secondary

response {(Cooper, 19813 Kimball, 1983:. The latency of this response

s brief compared to the primary response, requiring one to three

secondary 1mMMUNE response 1S also reported {(Cogoper, 1981). The
groduction of antibody at this fime can surpass that of the primary
response, and is cften 10 to 50 times greater. The antibody is of

the IghG class and has a gresater affinity for antigen than the

antibody synthesized during the primary response (Cooper, 1981). In

summary, the antibody level Tollowing a second antigen challenge




ADPEASS S0PE GUICHIV, for a ilonger duration, attains higher
titer, and consists predominantly of Igh.

Ciivaticn o7 a;n immune FrEesponse requires 4 Series of

omplex mechanisms nteract to protect the organism from the

pathogen. The boundariss beiween humoral (B ceii! and cellular

he 1mmune response have become less distinct
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been =shown to be dependent on the other

et al 1787 The interaction of T ilymphocytes

smphocytes in the regulation of the immune response are

exceedingly complex (Roitt =t al., 1985). One af the

most important regulatory functions of T lymphocytes 1s to cooperate
with B cell activaticn in its preliferation, and differentiation
into antibody secreting cells {(Roitt =t al., 1985). It 1s

thought that B cell responses to most protein antigens are dependent
upon T cell assistance {Faul, 1784). The exztent to which B cells

, 1984).
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immunoreguliaticn is presented. The activation of & concerted antigen

specific humoral response is contingent upon the initial recognition

of the antigen by macrophages, T cells and B cells {(Cooper, 1981).
Initially, the macrophages processs the antigen and display the

o
n

antigen deierminants fo the 7 cel {(Calabrese et al., 1987!.
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cells. Additionaliy, 7 helper o mediate the production




ot B ceils that = oearing & particular
idictcpe ifoitt 21 al., 1785:. 7T suppressor cells are

21sc activated and appear o inhibit the guantity of T helper
c=ils that are avalliable for the antibogdy re2sponse. | suppressor
—ellis may have a role 1n the regulation of B cells with

7

B cell activation or inhibition of B ceill function

, 1985). The T suppressor

network aiso acts to suppress nonspecific T helper cells and
T cells that participate in cellular immune responses. The subset
of the 7 suppressor network appears fo stop the immune response.

b

atter the organism has defended 1tseif against the pathocen.

Cyclophosphamide and Immune Reactivity

yclophosphamide (CY) 1s a relatively potent immunosuppressive
drug for T cell dependent antigens (Ghaffar, S5igel, % Huggins,

1985). The timing of the administration of CY and antigen stimula-
tion appears to contribute to the overall suppressive effect, as less
suppressicn 1s cbserved as the time interval between antigen expaosure
and cycicphosphamide injection is increased (Shand, 1979). CY has
been reported to inhibit antibody synthesis, decrease delayed type
nypersensitivity and T cell toxicity reaction, suppress natural

killer cell cytotoxicity, and depress macrophage function (Shand,

e
0
~J

?}. Suppressor T cellis have been reported to be particularly
sensitive to CY {(Ghaffar et al., 1985). OD'Reilly and Exon {(i985)
Av3

reported that the slow recovery of T suppressor cells from CY

lso result in an enhancement of some i1mmune
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responses.  Although some study has been completed on CY and its




conditioned and uncondit
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n

fied {Shand,

e relation among stimuli that

The exact nature of

issue. Two models

controversial

N

factors producing condit

il
[a

(Gormenzano

{Mackintosnh,

ioning are the

ity model states that the temporal

to conditioning. The

model emphaszizes the informativeness or predictiveness of

mianopoulos recently

reviewed both

necessary and sufficient

but a contingent relation between

tach model suggests

tlating factor.

nonassociative effects in

discussed briefly in the

following




caontrol Conditions

Two nonassociative factors that may contribute to changes in

responding to the CS are called sensitization and pseudoconditioning.

rn sensitization, the initial response to the CS5 is potentiated by

i

U

prior exposure to the US alone (Mackintosh, 1974). In pseudocondi-
tioning, the prior presentation of a US alone results in the subject
responding to any stimulus as if it were a CS (S5taddon, 1983). A
variety of control procedures have been proposed and used to rule out
these nanassociative effects to ensure that the recorded response is
explicitly due to the CS-US relation. 5Standard control conditions
include: CS5-alone presentations; US-alone presentations; backward
conditioning (US presented prior to the CS); explicitly unpaired
(nearly random presentations of the CS5 with long intervals separat-
ing CS and US); and differential conditioning (two conditioned
stimuli are available, a C5+ is paired with the US and a CS- is

not). Froponents of the contingency model view the above controls

as insufficient because a contingency between the C5-US is not
expliciily removed. Rescorla {(1967) favors the "truly random"
presentation in which the C5 and US are each randomly presented, yet
no contingency exlists between the stimuli although pairings may
sometimes cccur by chance. Most of these control procedures have
been addressed in the literature in an attempt to support the
explanatory models underlying classical conditioning. As the
necessary and sufficient conditions (contiguity vs. contingency) for

conditioning continue to constitute an unresolved issue, a pragmatic

approach is to use as many controls as apply in
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fimeldort, and Eoelling (1955}, who demonstrated that when sicknes
“as artificially induced in 2 rat following its ingestion of a novel
substance (flavori, the animal would subsequently avoid that flavor.
The taste aversion procedure consists of exposing the animal to a
iavored substance and, atter the animal has tasted the
substance, inducing illness in the animal with an agent that produces

cintestinal distress. Taste aversion is then determined by

|
W
Ui
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reexposing the animal to the flavored substance and measuring the

amount of This test consumption level is

then compared to precondificning levels or to consumption by control

-h

animals. & prominent characteristic of taste aversion learning 1s

n

the consistency of the results acress species. There 1s substantial
evidence that a wide variety of species avoid ingestion of substances

that have Geen paired with agents that produce gastrointestinail

Brett, 1977). Taste aversion has
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peen demcnstrated with rats {Barker, Suarez, % Gray, 1974; Garcia %

1

toeiling, 1966; Garcia et al., 1955; Miller % Domjan, 1981 and

sthersi; pigeons {Lett, 1980; Founds, 1781; Westbrook, Clarke, %

-

ustavson, Garcia, Hankins, % Rusiniak,

oy

i}

Frovost, 1980)5 coyotes |

i974}; opossums (Cheney % Eldred, 1980); guail (Wilcoxon, Dragoin, %

tral, 1971), as well as a variety of other organisms (e.g.,




mechani1sms 1n TasTte aversion was

2 1nterest in learning

the findings of two investigations. Garcia, Er

aversion to a

reported that rats acguired an

to

when the

an hour. This

to whether the

conditicning. For example,

the time interval between the TS and US is very short (Fantino
Logan, 1979). The second finding unique to the taste aversion

observed by

n

phencmena wa
that flavor =timuli were more readily associated with
sige

with audiovisual

cues,
assgciated with peripheral pailn produced
These phenomena wers consequently labeled the

«nd chalisnged

ik

o

cue—cocnsequence specificity ertfect,

stimulus could serve as a CS5. In this experiment,

’

paired saccharin flavored

either x—-irradiation (U5}, which produced

(us) .

I

distress, or an exteroceptive foot shock
Flavored water and the x—irradiation are intercceptive stimuli,
they impinge upon re2ceptors monitored by the autonomic nervous
tight, noise, and foot shock
1972)

impinge ugon external receptor (Terrace,

o~

1964} sxamined which aspect of the multicomponent CS became

than with

the

are exteroceptive stimuli;

,“.
u}

/in and
novel
drug treatment or radiation exposure even
interval between the taste and consesguent malaise exceeded
long-delay learning raised many questions as
paradigm represented actual classical

optimal conditicning usually occurs when

who treported

toxicosis than

whereas audiovisual cues were more readily

the i1dea that any

water with light and noise ("bright

1:8a5

they

2). Barcia and Koelling
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associatad with the two types of aversive consequences. The findings
early indicated that flavor was readily associated with the toxic
irradiation (US5). However, the audiovisual signal acquired no
ollewing the single exposure to the
x—1rradiation US. When focot shock (US) was paired with the audio-
visual C5, this TS acguired aversive properties; yet the flavor of
saccharin was not associated with that US. Garcia and Koelling
{176&6) demonstratad that rats associated the interoceptive CS
attributes {(flavor! with the interoceptive US (x—irradiation that
induced gastrointestinal distress); and conversely associated
extercceptive CS attributes {(light, noise) with an exteroceptive US
{(foot shock:. Opposite associations were not made. Other
investigatars {e.g., Domjan % Wilson, 1972; Garcia, McGowan, Ervin, ¥%
roelling, 194683 Miller % Domjan, 1981) have also demonstrated the cue
- consequence specificity effect in adult rats using single and
muitiple conditioning trials.

These findings generated debate as to whether the conditioning
mechanism responsible for taste aversion adheres to the general laws
cf associative learning (Bitterman, 19765 Deutsch, 1978; Milkula,
Leard, & Klein, 1977). Associations learned between the conditioned
and unconditioned stimulus over extended intervals appeared to
contradict the notion that optimal conditioning is obtained with
close temporal contiguity between any arbitrary stimulus events
(Gormenzanc % Eehoe, 19813 Eimball, 1961). Additionally, the
assumption that any stimulus can be conditioned to a specific

unconditioned stimulus, the principle of Pavliovian egui-potentiality,
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lienged by the findings of differential conditioning

-
=]

b4
[s1]
u
W
et
n
0
M
1]

=tween specific cues and consequences in the taste aversion
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literature {(Schwartz % BGamzu, 1977}). Subsequently, some
investigators suggested that a revision of the general laws was
needed tc accommodate these inconsistent findings (Best % Barker,
1977; Deutsch, 1978; EKalat, 1977; Kalat % Rozin, 1973; Logue, 1979;

ralat, 1971; Seligman % Hager, 1972).

o

rozin
Fresently, taste aversion learning 1s thought to involve
associative processes, since many aspects of the phenomenon agree

with existing general laws of learning (Domjan, 1980; Roper, 1983).

it has also been demonstrated that taste aversion adheres to

el

-+

orinciples of conventional learning such as sensory preconditioning,

higher order conditioning, and blocking (Dickenson, 1980). Numerous

sues are available {Logue, 1979; Revusky, 1977;

n

reviews of the 1
Testa & Ternes, 1977). The present discussion is limited to issues
regarding similariti=zs between taste aversion and classical
conditioning as they relate toc mechanisms possibly governing

conditioned i1mmunosuppression.

Taste Avercion as Classical Conditioning

A guestion freguently addressed in the literature (Domjan, 1980)
is whether taste aversion represents an association between the
fiavor (C5) and the aversive postingestional event (US). One
approach examined the delay gradient between the CS and US and
postulated that extensive delays between events will result in
progressive decrements in taste aversion learning. Numerous

investigations have reported orderly decrements in taste aversion
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function of the interval between ingestion of a flavor

learning as a fu
and subsegquent toxicosis (Barcia et al., 19663 Kalat % Rozin, 1973;

17703 Revusky, 1968; Smith & Roll, 1967; Wright, Foshee, %
processes in taste aversion learning, because the association between
the 7iavor (C5) and the i1llness-inducing agent (US) appears necessary
for aversion learning (Domjan, i980). Taste aversion experiments
have demonstrated that "interfering” stimuli that are presented
between the CS and US disrupt learning of the response as in
tragiticnal learning experiments (Revusky, 1977). Additionally,
learning has been demonstrated without toxicosis using conventional

visual signal stimuli over long delays between CS5 and US when the

stimuli are highly salient and interfering stimuli are minimized

cL

ata suggests that taste aversion learning is

1]

{Lett, 1975). The
similar to classical conditicning in that optimal conditioning
results when the C5-US interval is short, and no other stimuli are
presented within the C5-US interval.

The observation that ingestion-related stimuli are favored as
C5's in association with toxicosis and that audiovisual cues are
favored as CS's in association with peripheral pain has been used to
argue that taste aversion learning has unique properties. However,
similar selective association effects have been cbserved in other
experiments (Domjan, 19B0). Testa (1973) observed that when the US
was an air blast from the ceiling, a visual stimulus from the
ceiling became more readily conditioned than a similar stimulus from

the floor. LoLordo (1979) reported that pigeons’ responses were




avoidance =sxperiments. 1t was zlso reported that visual

ravored gver auditory cues in conditicning with food. In a
number o7 second-order conditioning experiments, Rescorla and Furrow
(1977 observed that stimull that were cimilar in modality or visual

characteristics became more readily associated than stimuli that were
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dissimilar. Domjan (178B0) concluded tha ue—consequence
specificity sffects observed in ingestional learning with toxicosis

are not unigue, Gut appear =0 be a common characteristic of

Other similarities between classical conditioning and taste

aversion learning incliude: conditioned stimulus and unconditioned

Ul
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imulus intensity eifects; extinction; generalizations

-

esta &% Ternes, 1977!. Research

iiscussed in the following
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In classical conditicning the speed or strength of learning

increases with the intensity of the CS5 as well as with the size of

P

[

the reinforcing event, the US {Mackintosh, 1974). This has also been
demonstrated in taste aversion, where aversion learning 1s an
increasing function of the intensity of the taste CS5 (Mowlis, 1974)
and the drug or radiation US (Nachman % Ashe, 1973). As with
classical conditioning, the taste aversion response extinguishes when
the flavor CS is repeatedly presented without aversive conseguences

~

(Ga

-

M

{US) after conditionin 1a et al., 1955). Revusky and Bedarf

1o

{19467) observed that repeated exposure to the flavor CS without
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aversive conseguences prior to conditioning (the CS becomes familiar

and safe! rsduces the degree of aversion acguired. Preconditioning

sxposure to the US alsg interferes with subsequent aversion learning
{Best % Domjan, 17793 Randich % LclLordo, 1979).

Cormenzano (1%464) identified stimuius discrimination as one
requirement necessary Tor associative mechanisms. The conditioned
response (CR} occurs to the CE+ ipaired with the US) and fails to
cccur to the C5- {(the stimulus presentaed without the US). The
dence irom the taste aversion literature results in difterential

yersion responses (5illan % Domgan, 19773 Rozin, 1969). Stimulus

generalizaticn gracients were obtained where subjects who had been

conditioned to avoid one taste did not avoid all other novel flavors
Domjan, 1975; Nachman, 1963).

Oversnadowing i3 a phenomenon initially reported by Paviov

{1927). He conditioned a compound CE consisting of auditory and

visual stimuli, then tested =zach component and found that only one
component slicited & conditioned response. Faviov concluded that

r0l1 was dependent upon the relative intensity of the component

stimuli. Other variables that nave been reported to affect

]

overshadowing include the predictive value of the components; that

n
e

, the degree toc which each cue predicts the US and the amount of

previcus elemental training (Kamin, 19469). Overshadowing has aliso

i

been demonstrated with taste aversion (Ealat % Rozin, 17735 Revusky

% Barcia, 1779

—

Pk

7R

, and it appears that the overshadowing of one flavor

by another 1s greater the more novel the overshadowing flavor.




Another observation of classical conditioning is that
conditioning to one stimulus is blocked by the presence of other CS
that are "better” predictors of the US (Rescorla % Wagner, 1972).
inis blocking phenomenon was initially reported by Kamin (196%9). He
found that when & previcously established CS was compounded with
another stimulus and paired with a US, the conditioned response was
elicited only by the previously established CS5 on test trials with
each element of the compound. That is, prior conditioning of a
stimulus prevented a second stimulus from being established as an
effective C5. One explanation for this effect is that a response
does not condition to new stimuli when these stimuli provide no new
information, i.e., are redundant (Rescorla & Wagner, 1972). Blocking
effects have been demonstrated in taste aversion learning with
exteroceptive cues and taste stimuli as blocking stimuli (Bateson %
Best, 1979; EBEraveman, 1979; Domjan & Gemberling, 19B0; Revusky,
19777. As in other classical conditioning work, taste aversion
learning seems to be influenced by the extent to which the flavor
£S5 1s a reliable predictor of toxicosis relative to other tastes in
the environment.

In summary, taste aversion learning remains a prominent field of
investigation. Although some of the characteristics of this type of
learning initially appeared to be unique, it has been demonstrated
that taste aversion learning is more similar to classical
conditioning than dissimilar. In a thorough review, Logue (1979)
concluded that guantitative differences between taste aversion

findings and results of conventional learning studies exist;
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mowever, the mechanisms involved are nct gqualitatively dissimilar.
Fecent evidence suggests that the mechanisms in taste aversion
learning can be incorporated into existing learning theory, and

revisions are ncot warranted {(Logue, 1979; Testa ¥ Ternes, 1977).

CS and US Froperties

One of the similarities between classical conditioning and taste
aversion is that learning is a function of C5 and US intensity (Testa
% Ternes, 1977). Several studies have examined the effects of a
variety of CS5 and US parameters on the strength of the conditioned
taste aversion response. Bond and DiGiusto (1973) concluded that the
strength of the aversion response was related to the amount of
saccharin (C5) consumed prior to inducing illness. The dosage level
of the US has also been studied by Wright, Foshee and McCleary
(1971), who reported that animals receiving high doses of
cyclophosphamide (an illness inducing drug) learned the aversion
faster and their aversion response extinguished more slowly than
animals receiving lower doses. Ader and Cohen (1981) examined the
effects of changing the volume of sodium saccharin flavored solution
(CS) on the acguisition and extinction of taste aversion. The US was
cyclophosphamide (CY), which was administered by intraperitoneal (ip)
injection thirty minutes after the rat subjects consumed one, five,
or 10 milliliters (ml) of the flavored solution. The results were
consistent with earlier findings in that the reduction in saccharin
consumption following conditioning and resistance to extinction were
related to the volume cof saccharin consumed on the single

conditioning trial. An unexpected finding related to the mortality




26
rates of some of the conditioned rats during extinction trials when
the animals were re-exposad to the saccharin (CS5). The first animals
that died came from the group that received the largest volume of the
flavored solution on the conditioning trial. Since CY 1is an
immunosuppressive drug (it depresses the reactivity of the immune

vstem), Ader and Cchen {(1975) hypothesized that the taste aversion

Y

LN

that had been conditicned by pairing saccharin and CY also resulted
in the conditicning of the immunosuppressive effect of the drug.

e

peculated that the immunosuppression that occurred in response

n

hey
to the CS during extinction trials may have increased the
susceptibility of the conditioned animals to pathogens in the
environment. Based on this speculation, the conditionability of an

immune response was, once again, a subject of research in psychology.
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CHAPTER 111

introduction
Cne of ithe most puzzling relationships between behavior and

the 1mmune system 1S represented by the possible influence of

lassical congiticning procedures on immune responses {(Ader ¥ Cohen,
1981). The resurgence of interest in modifying immune reactivity
1as been direcied towards clarifying the serendiptous observations

of Ader and Cochen {(1975). Conditioning of the immune response has

he enhancement of phagocytosis, increased
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