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ABSTRACT 

Classical Conditioning and Immune Reactivity 

in Rats 

by 

Laura Anne Czajkowski, Doctor of Philosophy 

Utah State University, 1988 

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

Departmen t : Ps ychology 

x 

Psychoneuroimmunology is an interdisciplinary area that examines 

t he interaction between behavior, the central nervous system, and the 

immune s ystem. Many investigations have utilized a taste aversion 

parad i gm to e xami ne the effects of classical conditioning on an 

i mmune r esponse. The procedure generally consists of an animal 

ingesting a novel flavor , and then being made ill and immuno­

s uppressed by injection of a pharmacological 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 

i mmunosuppression. 

The present research was designed condition a secondary immune 

response and e xpand the evaluation of such conditioning to include 

both antibody tite r and affinity. The Enzyme Linked Immunoassay was 

also introduced as the procedure of choice to quantify immune 



xi 

r eacti v it y. 

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 firs t experiment. Unlike the first experiment, a depression 

i n 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 suppression 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 I 

INTRODUCTION 

The conditioning of physiological activity has been a subject 

of continued in terest in psychology since Pavlov's (1927) classic 

investigations of salivation. In c la ssical Pavlovian 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 

in terest (Terrace, 1972). The stimulus that produces a measurable 

r esponse prior to conditioning is designated the unconditioned 

stimulus (USl . The response elicited by a US is labeled the 

unconditioned response (UR). The stimulus that initially fails to 

produce a r esponse until after it is paired with the US, is called 

the conditional stimulus CCS). The learned response to the CS is 

designated a conditional response (CR), and is measured in terms of 

latenc y and magnitude. Pavlov's original e xperiments 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 salivation response <CR). 

Since Pavlov ' s classic experiments, many investigators have 

examined the var i ables involved in classical conditioning (e.g., 

Mackintosh, 1983), developed theoretical models to account for this 

learning (e.g ., Mackintosh, 1983; Rescorla, 1978), delineated the 



necessary and suffic i ent conditions for producing many conditioned 

r esponses (e.g., Damianopolous, 1982; Rescorla, 1967), and examined 

th e conditionability of a variety of physiological responses (e.g., 

Davey, 1981 ) . 

The co ntrol and regulation of physiological responses through 

classical conditioning has included the conditioning of immune 

re activity (Spector, 1987 ) . Conditioning e xperiments on immune 

r espo nses were initially conducted by Soviet investigators in the 

early twen ti eth century. These early investigators suggested that 

all physiological processes-- i f not directly regulated by the CNS--

did in fact have CNS invol vement. 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 function i ng (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, 

Peterson, Shea, Schmedtje, Bauer, & Felton, 1981). The involvement 

of endocrine and neurochemical influence in immune system function is 

further supported by findings that circulating neuropeptides such as 

Beta-endorphins influence immune responses (Smith, Harbour-McMenamin, 

& Blalock, 1985). Behavioral data also exists that supports the 

premise of an interaction between the brain and the immune system 
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(Bar tr op, Laza r us, Luc khurst, Kiloh, & Penny, 1977; Monjan & 

Coll ecto r, 1977; Solomon , 1969 ) . A significant amount of literature 

has been devoted t o the study of stressful events and immune func­

ti on i ng i n animals (Ader & Cohen, 1984; Solomon & Amkraut, 1981). 

Exper i ments which e xami ned the effect in animals, who lacked control 

over ave r si ve s t imulat i on, r esulted in depressed immune reactivity 

and in creased tumor growth (Laudenslager, Ryan, Drugan, Hyson, & 

Maie r , 1983; Vi s intainer, Volpicelli, & Seligman, 1982). Other 

s tud i es have e xamined the association between personality factors, 

l if e events , and e xperimentally induced or spontaneously occurring 

disease pr ocesses in man (Fox , 1981; Plaut & Friedman, 1981; Solomon, 

1987 ) . Interest i n this type of research has continued to expand and 

results suggest the e x istence of a complex interaction between the 

CNS and immune s ystem. These experiments which directly condition 

immune reacti vi ty have supported the position of an interaction 

between the CNS and immune functioning. Current interest in the 

regulation of immune r eacti v ity has resulted in the labeling of this 

fi eld as psychaneuroimmunology (Ader & Cohen, 1975). 

Ader and colleagues have reported that the pairing of an 

initiall y neutral stimulus (CS) with a pharmacological agent (US) 

that produced immunasuppression, resulted in a conditional immuna­

suppressive response (Ader ~{ Cohen, 1975; Ader, Cohen, ~-: Bovbjerg, 

1982; Bovbjerg, Ader, & Cohen, 1982; Rogers, Reich, Stram, & 

Carpenter, 1976). Far this discussion, immunosuppressian refers to 

the depression of immune function in terms of antigen specific 



antibody pr oduc ti on. The initial altering or suppression of the 

immune response i s artificially i nduced by the administration of a 

cy toto x ic drug used as the US (Webb ~ Winkelstein~ 1980). The 

r esu lts of many e xoeriments substantiate the finding of the 

conditionabi!ity of antibody production with a taste aversion 

4 

procedure (Ader ~ Cohen, 1975, 1982; Ader, Cohen, ~ Bovbjerg, 1982; 

Bovbjerg, Ader, & Cohen, 1982; Bovbjerg, Cohen, & Ader, 1980; Cohen, 

Ader, Green, & Bovb j erg, 1979; Rogers et al., 1976; Wayner, 

Flannery, & Sing er, 1978). The antibody titer was reduced when the 

animals were r ee xoosed to the flavor CS after 1t had been associated 

with the c y toto x ic US. 

Taste aversion, or flavor conditioning, was initially reported 

by Garcia and Koelling ( 1966 ) . The procedure consisted of pairing a 

novel flavor i n a liquid (interoceptive stimulus) with an agent that 

produced gastrointestinal distress. In this classic experiment the 

animals subsequently avoided that flavor, and it was concluded that 

the rats had assoc i ated taste with illness. Experiments on 

conditioned immunosuppression frequently utilized the taste aversion 

procedure. A novel flavor (CS) is paired with a pharmacological 

agent that concurrently suppresses the immune response and induces 

gastrointestinal distress CUS> (e.g., Ader & Cohen, 1975). The 

subjects are subsequently reexposed to the CS and tests are conducted 

to measure fluid intake (to determine taste aversion) and, more 

importantly, to measure antibody production. 
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Although the current research provides evidence in support of 

conditioned suppression of antibody titer, a thorough experimental 

analysis has not been completed. The conclusion of a causal relation 

between the conditioning and lowered antibody titer is perhaps 

premature due to the lack of procedural consist ency across studies, 

frequent equivocal results regarding the taste aversion and condi­

t ioned immune response, and the questionable specificity of the 

illeasurement procedure for quantifying antibody titer. Whether the 

r esults of these investigations do in fact demonstrate classically 

conditioned immunosuppression remains to some extent an empirical 

question. The conditioning of an immune response is presumed to 

involve a complex interaction among neurochemical, endocrine, immune, 

and central neural systems (Ader & Cohen, 19851. Assuming that the 

immune response is conditionable, other investigations will be 

required to determine limits, parameters, and the necessary and 

sufficient conditions to produce the response. 

The purpose of this research was to examine the effects of a 

one trial association between a novel flavor (CS) and cyclophos­

phamide <US, the chemical agent that induces both gastrointestinal 

illness and immunosupp ression) on a secondary immune response 

elicited by injection of bovine serum albumin <BSA, the antibody 

inducin g antigen). An alternative and reportedly superior procedure 

(Clark & Engvall, 1980) for accurately quantifing antibody was used 

to measure the conditioning effects on immune reactivity. One 

dependent variable consisted of a secondary immune response to 
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bovine serum albumin, which is a single protein antigen not used in 

prior i nves t igations. BSA was selected to examine the specificity of 

the ~ntibocy response. A secondary immune response differs from a 

primar y immune response in that the animal receives a second antigen 

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

specific as it consists predominantly of IgG, a class of immuno-

globulin (Raitt, 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 

at a specified serum dilution across a range of antigen concentra­

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 e xposed 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 

r esponse and immune reactivity. Finally, control groups were includ­

ed, t hat were not employed in previous research, to demonstrate that 

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



CHAPTER II 

RELATED LITERATURE 

Th e Immune Svstem 

This discussion is restricted to fundamental concepts of 

~mmunology as they rel ate to the present research. For a 

~omprehensive review on the subject, the reader is directed to 

ex cellent texts by Cooper (1 981), Fundenberg, Stites, Caldwell and 

,~elis d=? 3 0), t:i mball (1 983). and Paul (1 984). 

I 

The immune system is a complex network of genetic, cellular and 

molecular components that serves to maintain homeostasis and health 

(Katz, 1980). The term immune is derived from the latin word, 

i mmunis, meaning ex empt (Guralnik, 1980). Immunity implies 

r esistance to attack from infectious agents (Fundenberg et al., 

1980) . 

The ma jor cellular components of the immune system are 

ly mphocytes, plasma cells, and macrophages (Gilliland, 1983; Paul, 

1984). These cell types are found primarily in lymphoid tissue and 

organs, including the thymus, lymph nodes, spleen, bone marrow, 

tonsils, Peyer s patches, appendix and tissue along the gastro-

intestinal tract (Cooper, 1981). Individual lymphocytes are 

committed to respond to a limited group of structurally related 

antigens (Paul, 198 4). Receptors on the membrane of lymphocytes are 

specific for determinants on an antigen (Paul, 1984). The ability 

of an organism to respond to antigens is possible due to the 

exis t ence of a large number of different sets of lymphocytes 
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existence of a large number of different sets of lymphocytes 

2ach bearing receptors specific for distinct antigens (Kimball, 

1983). Lymphocytes differ from one another not only in the speci­

f icity of their r eceptors but in functional properties (Raitt, 

Brostoff, & Male, 1985). Two separate immune systems exist, cellular 

and humeral, f or the differentiation of lymphoid cells that circulate 

throughout the body and are involved in immune reactivity. 

T Lymphocytes 

One set of l ymphocytes are T cells, or thymus derived cells, 

and are effective in c2ll-mediated responses (Kimball, 1983}. Thymus 

lymphocytes derive from stem cells within hemopoietic tissue 

(Eisen, 19801. The T lymphocyte precursors enter the thymus and 

di ff2rentiate as cells with distinct functions <Eisen, 1980). 

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 (Paul, 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 

hypersensitivity reactions, and reject grafts of foreign tissue 

( Paul, 19841. Two major subsets of T lymphocytes include T 

Suppressor and T Helper cells. Suppressor T cells are believed to 
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b loc k t he ci: f ferentiation of B ce11s into oiasma cells and inhibit 

th e ac~i v1y of Helper T c eils (Kimball, 1983 ) . Helper T lymphocytes 

assist o~her Tor B lymphocytes i n re sponoing to antigen stimulation 

(Raitt et a1 ., 1985 ) . The principal subtypes of T lymphocytes 

include: T Helpe r cells, T Suppressor cells, cytotoxic T cells, and 

~atural k iller cells (Raitt et al., 1985). 

B Lymphocytes 

Humeral : mmunity is thought rend ered by 8 lymphocytes which 

prociucE antibodies (Kimball, 1983). B lymphocytes are precursors of 

antibody secreting cells, and are deri ved from hemopoietic stem 

cells (Paul, 1984). The pre B cell i s the initial member of the B 

cell series, an d is found to lack receptors on its membrane for 

particular antigen s. However, within th e cell is contained at least 

one of th e chains of the antibody molecule, the heavy immunoglobulin 

lg chain CRoitt et al., 1985). Pre B cells develop into immature B 

cells t hat do not contain cyotplasmic chains of antibody molecules, 

howeve r th ese cells do e xhi bit surface immunoglobulin (Paul, 1984). 

Mature 8 cells re sult from immature B cells, express receptors for 

antigens on their membrane, and are acti vated as a result of the 

binding of t he antigen to thei r r eceptors (Pa ul, 1984). Once 

acti vated, th e B cell interacts with helper T cells (B cell growth 

factor) and proliferates so as to increase the number of cells 

capable of re acting against th e antigen. Proliferation results in an 

increase in the number of cells that may differentiate into antibody 

secreting cells, and into an e xpanded number of B cells similar to 

the or igi nal pr ecursor that are now called memory B cells 
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(Calabrese, Kl ing, ~ Gold, ! 987). These memory cells are activated 

upon second e xposure to the same antigen, and this results in the 

r apid differentiation i n to antigen specif i c antib ody secreting cells 

,::=·aul, : 984). 

Antibodv Structure 

The products of antibody secreting plasma cells are immuno­

globulins ( Ig), which are groups of glycoproteins with several 

·s imila r structural f eatures (f:oi tt et al., 198 5 ). The 

basic immunoglobulin structur e consists of tw o id ent ical light 

polypeptide ch ains and two heavy polypeptide chains link ed together 

by disulphide bonds (Raitt et al., 1985). Each immunoglobulin 

molecule is bifunctional, with one region of the molecule 

concerned with binding to the antigen, and a different region 

that binds to the host cel l (Raitt et al., 1985). Five distinct 

classes of immunog lobulins are recognized that are determined by the 

heavy polypeptide chains. These classes include: IgG, Ig M, IgA, IgE, 

and IgD. The immunoglobulins differ in structure, in their sites of 

origin, and in th e mode of conferring immunocompetence (Spielberg, 

1974 ) . 

The heavy and light chains of the immunoglobulin are composed 

of a series of domains consisting of amino a ci ds. The aminoterminal 

domain or end lS characterized by sequence variablity (V) in both 

the heavy (H) and light (Li chain and are labelled \lH and VL regions 

(Paul, 1984). The rest of the molecule lS thought to be a r elat ively 

constant structure <Paul, 1984 ). The sites at which the antibody 

binds to th e antigen are located in the variable domains (Paul, 



1984 ) . The~e i o r e , : ne re are two antigen combining sites on each 

an: 1DoCJy moiecule , Foi tt et al., 1985). The determinants 

~aking Gp th e antibody V r egion are termed idiotopes! and the 

determina nts on the antig en molecule are called epitopes (Raitt 

et al., 1985 : . 

Antib odv and Antigen Interaction 

The molecules that activate an immune response are called 

a ntigens. Once an antibody is produced, it binds to a oart1cular 

part ~f the antigen c alled an antigenic determinant or 2p1tope 

(Paul, :9 84 ) . The binding of antigen to antibody occurs by 
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th e form ation of multiple non-covalent bonds between the antigen and 

t he amincacids of the binding site (Pa ul, 1984). The antigenic 

determinant lepitope ) and the antibody combining site Cidiotope) 

must have complementary structures in order to combine (Raitt et al., 

198 5 ). The to tal strength with which the site on the antibody 

~olecule binds to the single antigenic determinant 

i s term ed the a~tibody affi ni ty (Kimball, 1983). The serum that 

contains demonstrable antibody or antibody specific for one or more 

antigens is called antiserum (Stedman, 1982). The specificity 

of the antibody response refers to its ability to discriminate 

between antigenic determinants against which it was elicited, and 

ether antigenic determinants or related structures (Raitt et al., 

1985). The specificity of an antiserum is the summation of 

actions of the various antibodies in the total population each re-

acting with a different part of the antigen molecule (Kimball, 1983). 

The specificity of the antiserum can be increased by immunizing the 



animal with a preparation that ha s been purified !Kimball, 1983). 

~011ow1ng antig en challenge, th e antibody response consists 

cf: a; a 1ag phase - no antibody pres ent; (bl a log phase -the 

ant1tcdy titer ris es logarithmically; (c) a plateau phase -

12 

stabilization of antibody production; and (d) a decline antibody is 

cleared, 2xcept for memory cells (Ra itt et al., 1985). 

After first exposure to a novel antigen, the immune response (wh ether 

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

r esponse 1s termed a primary response and is generally a low level 

response that is sustained for only a limited time period, e.g., two 

weeks (Cooper, 1981). With a thymus dependent immunogen, IgM and IgG 

classes of ant ibodies are initially secreted. IgM is secreted first, 

followed by IgG as IgM concurrently decreases. The antibody response 

reaches a peak in approximately tw o weeks and then declines (Cooper, 

1981 ) . Following a second exposure to the same antigen, a more 

robust =ell or humeral mediated response is observed. This has been 

referred a specificity of memory effect in terms of a secondary 

response (Cooper, 1981; Kimball, 1983). The latency of this response 

is brief compared to the primary re sponse, requiring one to three 

days. A spectacular rise in the level and maintenance of the 

secondary immune response 1s also r eported (Cooper, 1981). The 

production of antibody at this time can surpass that of the primary 

r esponse, and is often 10 to 50 times greater. The antibody is of 

the IgG class and has a greater affinity for antigen than the 

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

summary, th e antibody level following a second antigen challenge 
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app ea rs more qu1c K1y, pr esen t s for a l onger duration, attains high er 

t :ter , and c on sists predominantly of I gG. 

Regu l ation of the Antibodv Response 

The activation of an immune response requires a series of 

c omole x mechanisms th at i n teract to protect the organism from the 

pathogen. The boundar i es between humeral <B cell ) and cellular 

(T cell) divisions of the immune response have become less distinct 

as each component has been shown to be dependent on the other 

(Ca l ab re se et al . , 1987). The interaction of T iy mphocytes 

and B lymphoc yt es in the r egulation of the immune response are 

exceedingly complex (Raitt et al., 1985). One of the 

most important regulatory fu nctions of T lymphocytes is to cooperate 

with B cell ac tivation in proliferation, and differentiation 

into antibody sec r eting cells (Raitt et al., 1985). It is 

thought that E cel l r esponses to most protein antigens are dependent 

upon T c ell assistance (Paul, 1984). The e xtent to which B cells 

are invol ved with the activation of T cells is unclear (Paul, 1984). 

For the purpose of this discussion, a basic model of 

immunoregulation is presented. The activation of a concerted antigen 

speci fi c humeral response is contingent upon the initial recognition 

of the antigen by macrophages, T cells and B cells (Cooper, 1981). 

Initially, the macrophages process the antigen and display the 

antigen determinants to th e T cells (Calabrese et al., 1987). 

The activated T helper cells assist B cells in the proliferation 

and different i atio n of B cells into antibody secreting plasma 

cells. Additional ly, T helper cells also mediate the production 
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of E memory cell s th a t ex p r ess re cep t o r s bea rin g a particular 

ijictc pe -::.,,.1..' T supp r essor cells are 

al s o activat e d an d a ppea r t a inh i b it t he quant i t y o f T heloer 

c211 s t ha t ar e a vailable f or th e a ntibody r esponse. T suppressor 

c eiis ma v ai so ha ve a role 1n t he regulation of B cells with 

che c r e vention of B cell activation or i nhibition of B cell function 

a f t er acti vat i on (Raitt et al., 1985 } . The T suppressor 

~e two r k a l so acts to suppress nonspecif i c T helper cells and 

T c e 11s tha t pa r ti ci pate in c ell ul a r i mmune r e sponses. The subset 

o f th e T sup p r essor netwo rk appea r s t o stop t he immune response, 

a f t e r tn e o r ganism has defended itself against t he pathogen. 

Cycl op ho sph amide and Immune Reactiv i ty 

Cyclop hosphamide (CY) is a relatively potent immunosuppressive 

dru g fo r T cell dependent antigens (Ghaffar, Sigel, & Huggins, 

1985 ) . The timing of the administration of CY and antigen stimula­

t io n appears to contribute to the overall suppressive effect, as less 

supp r ession is observed as the time interval between antigen e xposure 

and cyclophosphamide injection 1s increased (Shand, 1979). CY has 

been r eported to inhibit antibody synthesis, decrease delayed type 

hypersensiti v ity and T cell toxicity reaction, suppress natural 

k iller cell cytotoxicity, and depress macrophage function (Shand, 

1979 ) . Suppressor T cells have been reported to be particularly 

sensiti ve to CY (Ghaffar et al., 1985) . O'Reilly and Exon (1985) 

reported that the slow recover y of T suppressor cells from CY 

i nduced effects can also result in an enhancement of some immune 

r esponses. Although some study has been completed on CY and its 
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mecnan1sms Lnde riyin g its action has yet to be identified (Shand, 

1979) . 

Classical Condi t ioni ng 

Classical conditioning has been vi ewed as the learning of 

relations between conditioned and unconditioned stimuli (e.g., 

Rescorla, :981). The exact nature of the relation among stimuli that 

r esults 1n conditioning r emai ns a controversial issue. Two models 

that att emp~ to e xplain the factors producing conditioning are the 

event contiguity (pairing) model (Gormenzano & Kehoe, 1975) and th e 

conting enc y ~correlatio n ) model (Mackintosh, 198 3; Rescorla, 1967, 

1969, 1978, 1981 ). The contiguity model states that the temporal 

proximit y oetween two stimuli is critical to conditioning. The 

contingency mode l emphasizes th e inf ormativeness or predictiveness of 

the CS-US relation. Damianopoulos recently (1982) reviewed both 

models and c oncluded that contiguity was the necessary and sufficient 

factor in classical conditioning, but a contingent relation between 

stimuli could serve as a modulating fa ctor. Each model suggests 

specif i c control procedures to rule out nonassociative effects in 

classical conditioning. These controls are discussed briefly in the 

following section. 
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Control Conditions 

Two nonassociative factors that may contribute to changes in 

r esponding to the CS are called sensitization and pseudoconditioning. 

In sensitization, the i nitial response to the CS is potentiated by 

prior exposure to the US alone (Mackintosh, 1974). In pseudocondi-

t ion1ng, the prior presentation of a US alone results in the subject 

responding to any stimulus as if it were a CS (Stadden, 1983). A 

variet y of control procedures have been proposed and used to rule out 

these nonassociative effects to ensure that the recorded response is 

explicitly due to the CS-US relation. Standard control conditions 

i nclude: CS-alone presentations; US-alone presentations; backward 

co ndi ti oning (US presented prior to the CS>; explicitly unpaired 

(nearly random pr esentations of the CS with long intervals separat­

ing CS and USl; and differential conditioning (two conditioned 

stimuli are available, a CS+ is paired with the US and a CS- is 

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

as insufficient because a contingency between the CS-US is not 

explicitly removed. Rescorla (1967) favors the "truly random" 

presentation in which the CS and US are each randomly presented, yet 

no contingency exists between the stimuli although pairings may 

sometimes occur 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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ex pe r i men t s th at use class i cal conditioning procedures. 

~a ste Avers i on Learning 

Research i n taste a version l earning was initiated by Garcia, 

f'.imeldorf , a nd Koelling ( 1955 ) , who demonstrated that when sickness 

~a s art ificially induced in a rat following its ingestion of a novel 

substa nce ( flavor ) , the animal would subsequently avoid that flavor. 

The t aste a version procedure consists of e xposing the animal to a 

no ve l f l a vored substance and, a fter the animal has t asted the 

s ubs t ance, i nducing illness i n the a nimal with an agent that produces 

gastroin t est i nal distress. Taste a version is then determined by 

ree xposi n g the animal to the flavored substance and measuring the 

amou n t o f the s ubstance consumed. This test consumption level is 

t hen compared to precondi t ioning levels or to consumption by control 

anima l s. A prominent characteristic of taste aversion learning is 

t he c onsistenc y of the r esults across species. There is substantial 

evide nce t hat a wide v ariet y of species avoid ingestion of substances 

tha t h a ve been paired with agents that produce gastrointestinal 

distress (e.g., Garcia, Rusiniak, & Brett, 1977). Taste aversion has 

been demonstrated with rats (Barker, Suarez, & Gray, 1974; Garcia & 

Koelling, 1966; Garcia et al., 1955; Miller & Domjan, 1981 and 

others ) ; pigeons (Lett, 1980; Pounds, 1981; Westbrook, Clarke, & 

P r ovost, 1980); coyotes (Gustavson, Garcia, Hankins, & Rusiniak, 

1974); opossums (Cheney & Eldred, 1980); quail (Wilcoxon, Dragoin, & 

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

Gustavson, 1977). 



18 

The int erest in learning mec hanisms 1n tast e aversion was 

spurred by the fin d ing s of tw o inv es tigat ions. Garcia, Ervin and 

Koel ling (1 966) re po rte d that rats acquired an aversion to a novel 

fl avo r ingested prior to drug treat ment or radiation exposure even 

when the int erval b etween th e tast e and cons equent malaise e xceeded 

an hour. Th is app a re nt lo ng- dela y le arni ng rais ed many questions as 

t o whether the ta ste aversion par adi gm repr esented actual classical 

conditioning. For ex amp le, optimal conditioning u sually occurs when 

the tim e int er val betwe e n the CS and US is very short (Fa nt ino & 

Loga n, 1979 ) . The 5econd finding unique to the taste aversion 

ph en omena was obs er ved by Gar c ia and Koelli ng (1 966), who reported 

that flavor stimuli we re more re adi ly associated with toxicosis than 

wit h audiovisual cu es , where as audiovisual cu es were more readily 

associated with peri pheral pain produced b y fo otshock than with 

flavor cu es. These ph enomena were cons equent ly l abeled the 

cue-conse quence specificity effect, an d challe nged the idea that any 

arbitrary st imulus could serve as a CS. In th is experiment, t he 

authors paired saccharin flavored water with light and noise (' 'bright 

noisy water'' ) with either x-irradiation <US>, which produced 

gast roint es tinal distress, or an e xt erocepti ve foot shoc k (USI . 

Flavored water and the x-irrad i ation are in teroceptive stimuli, i.e., 

they impinge upon receptors monitored by the autonomic nervous 

system. Light, noise, and foot shock are e x teroceptive stimuli; they 

impinge upon e xt e rn a l receptor (Terrace, 1972). Garcia and Koelling 

( 1966 ) examined wh ich aspect of the multic omponent CS became 
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ass ociate d with t he t wo ty pes o f aversive consequence s . The findings 

c le a rl y ind i cated th a t fl avor was readily associated with the toxic 

x- i rr adi a t i on (US). However, t he audiovisual signal acquired no 

av e rsi ve pr oper ti es f o llow in g the single e xposure to the 

x- ir ra dia t ion US. When fo ot shoc k (US) was paired with the audio­

visu a l CS, thi s CS acquired aversive properties; yet the flavor of 

sac ch arin was not a ssociated with that US. Garcia and Koelling 

( 1966) demonst r a te d t ha t rats associated the interoceptive CS 

a tt ri but e s (f l av or ) wi th t he in teroceptive US (x-irrad i ation that 

i nduced gastrointest i na l d i s tr es s) ; and conversely associated 

ext er ocept ive CS attribu tes ( light , noise) with an e xteroceptive US 

(fo o t s hoc k) . Oppos it e associations were not made. Other 

i nvest i ga t ors (e . g ., Domjan & Wilson, 1972; Garcia, McGowan, Ervin, & 

Koe lli ng, 1968 ; Mil l e r & Domjan, 1981) have also demonstrated the cue 

- co nsequence s pec i fi cit y effect in adult rats using s i ngle and 

mul t ip l e condi t i oni ng t r ials. 

These fin dings generated debate as to whether the conditioning 

mechanism responsible fo r taste aversion adheres to the general laws 

of a ssociati ve learning (Bi tterman, 1976; Deutsch, 1978; Milkula, 

Leard, & Klein, 1977). Asso c iations learned between the conditioned 

and unconditioned stimu l us over e xtended intervals appeared to 

contradict the notion that optimal conditioning is obtained with 

close temporal contiguity between any arbitrary stimulus events 

(Gormenzano & Kehoe, 1981; Kimball, 1961). Additionally, the 

assumption that any stimulus can be conditioned to a specific 

unconditioned st i mulus, the pr inciple of Pavlovian equi-potentiality, 



was also challenged by the findings of differential conditioning 

between specific cues and consequences in the taste aversion 

l iterature (Schwartz & Gamzu, 1977). Subsequently, some 

inv estigators suggested that a revision of the general laws was 

needed to accommodat e these inconsistent findings (Best & Barker, 
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1977; Deutsch, 1978; Kalat, 1977; Kalat & Rozin, 1973; Logue, 1979; 

Rozin & Kal at, 1971; Seligman & Hager, 1972). 

Pr esently, taste aversion learning is thought to involve 

as sociat iv e 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 

principles of conventional learning such as sensory preconditioning, 

h igher order conditioning, and blocking (Dickenson, 1980). Numerous 

reviews of the issues are available (Logue, 1979; Revusky, 1977; 

Testa & Ternes, 1977 ) . The present discussion is limited to issues 

reg arding similarities between taste aversion and classical 

co nditioning as they relate to mechanisms possibly governing 

co nditioned immunosuppression. 

Taste Aversion as Classical Conditioning 

A question frequently addressed in the literature (Damjan, 1980) 

is whether taste aversion repre sents an association between the 

flavor (CS) and the aversive postingestional event (US). One 

approach e xamined 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 

in vestigations have reported orderly decrements in taste aversion 
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le a rnin g as a function of t he interval between ingestion of a flavor 

and sub sequent tox icosis (Garcia et al., 1966; Kalat & Rozin, 1973; 

Nachman, 1970; Revusky, 1968; Smith & Roll, 1967; Wright, Foshee, & 

McCleary, 197 1) . Such find ings suggest the role of associative 

processes i n taste aversion learning, because the association between 

th e flav or (CS) and th e illness-inducing agent (US) appears necessary 

for aversion lea rning (Domjan, 1980). Taste aversion experiments 

hav e demons t rat ed that '' interfering '' stimuli that are presented 

between the CS and US disrupt learning of the response as in 

traoitional learning exp eriments (Revusky, 1977). Additionally, 

le arning has been demonstrated without toxicosis using conventional 

v isual signal sti muli over l ong delays between CS and US when the 

stimuli are highly salient and interfering stimuli are minimized 

(Le tt , 1975 ). The data suggests t hat taste aversion learning is 

similar to classical conditioning in that optimal conditioning 

results when the CS-US interval is short, and no other stimuli are 

presented within the CS-US interval. 

The observation that ingestion-related stimuli are favored as 

CS'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 observed in other 

experiments (Domjan, 1980). Testa (1975) 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 fl oor. Lolorda (1979) reported that pigeons' responses were 



more reaoiiy conditi oned to auditory stimuli th an to visual stimu li 

in shocK avoidance exper1men~s. It was also reported that visual 

cu es ar e favor ed over auditory cues in conditioning with food. In a 

number of second-order conditioning e xperiments, Rescorla and Furrow 

(197 7) observed that stimuli that were similar in modality or visual 

charac t e risti cs became more readily associated th an stimuli that were 

dissimilar. DomJan ( 1980) concluded t ha t the cue-consequence 

specificity effects observed in 1ngestional le arning with toxicosis 

are not unique, but appear to be a common characteristic of 

asso c iative le arning. 

Other similariti es between classical conditioning and taste 

aversion learning include: conditioned stimul us and unconditioned 

stimulus intens i ty effects; extinction; generalization; 

ove rshadowing ; and blocking (Testa & Ternes, 1977). Research 

supporting these similarities is briefly discussed in the following 

sec tion. 

In c la ssica l conditioning the speed or strength of learning 

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

the reinforcing event, the US (Mackintosh, 1974). This has also been 

demonstrated in taste aversion, where aversion learning is an 

increasing function of the intensity of the taste CS (Nowlis, 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 consequences 

(US) after conditioning (Garcia et al., 1955). Revusky and Bedarf 

(19 67) observed that repeated exposure to the flavor CS without 



av ers iv e consequen ces prior to conditioning ( th e CS becomes fa mil iar 

and safe) re duces the degree of av ers ion acquire d. Pr econditioning 

exposure to the US also int e rferes with subsequent aversion le a rni ng 

!Best & Domjan, 1979 ; Randich & LoLord o , 1979 ). 

Gormenzano 11966 ) id ent ifi ed stimulus discrimination as one 

r equirement ne cessar y for associative mechanisms. The conditioned 

response (CR! occurs to th e CS+ (p aired wit h the US) and fails to 

occur to the CS- (t he stimulu s presented without the US). The 

evidence from the tas te aversion lit erature results 1n differential 

aversion responses (Gillan & Domjan, 1977; Roz in , 1969). S timulus 

generalization gr ad ients were obta i ned whe r e subj ects who had been 

condi~io ne d to avoid one ta ste did not av oid all other nov el flavors 

(Domjan, 1975 ; Nachman, 1963). 

Overshadowing is a phenomenon init ially re ported by Pavlov 

( 1927) . He conditioned a compound CS con sis ting of auditory and 

visu al stimuli, th en te ste d each compone nt and found tha t only one 

component elicited a c onditioned re s pon se . Pavlov conclud ed that 

control was depend ent upon th e r elative intensity of the component 

stimuli. Oth er variables that ha ve been reported to affect 

overshadowing include the predictive value of the components; that 

i s, th e degree to which each cu e p r edicts the US and the amount of 

pr evious elemental training (Kamin, 1969). Overshadowing has also 

been demonstrated with ta ste aversion (Kalat & Rozin, 1973; Revusky 

& Garcia, 1970), and i t appears that the overshadowing of one flavor 

by a no ther i s greater th e more no vel the overshadowing flavor. 



24 

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). 

This blocking phenomenon was initially reported by Kamin (1969). He 

found that when a previously established CS was compounded with 

another stimulus and paired with a US, the conditioned response was 

elicited only by the previously established CS 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 CS. 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; Braveman, 1979; Domjan & Gemberling, 1980; Revusky, 

1977 ) . As in other classical conditioning work, taste aversion 

learning seems to be influenced by the extent to which the flavor 

CS is 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 quantitative differences between taste aversion 

findings and results of conventional learning studies exist; 
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howeve r, the mechanisms involved are not qualitatively dissimilar. 

Recen t evidence suggests that the mechanisms in taste aversion 

l ea rnin g can be in corporated into existing learning theory, and 

r ev ision s are not warranted (Logue, 1979; Testa & Ternes, 1977). 

CS and US Properties 

One of the similarities between classical conditioning and taste 

aversion is that learning 1s a function of CS and US intensity (Testa 

& Ternes, 1977). Several studies have examined the effects of a 

variety of CS and US parameters on the strength of the conditioned 

taste aversion re sponse. Bond and DiGi usto (1975) concluded that the 

strength of the aversion response was related to the amount of 

saccharin (CS) consumed prior to inducing illness. The dosage level 

of the US has also been studied by Wright, Foshee and McCleary 

11971), who r eported that animals receiving high doses of 

cyclophosphamide Can illness inducing drug) learned the aversion 

faster and their aversion response e xtinguished 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 acquisition and e xtinction of taste aversion. The US was 

cyclophosphamide (CY), which was administered by intraperitoneal Cip) 

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 of saccharin consumed on the single 

conditioning trial. An unexpected finding related to the mortality 
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rates of some of the conditioned rats during extinction trials when 

the animals were re-exposed to the saccharin (CSJ. The first animals 

that died came from the group that received the largest volume of the 

f lavored solution on the conditioning trial. Since CY is an 

immunosuppressive drug (it depresses the reactivity of the immune 

system), Ader and Cohen ( 1975) hypothesized that the taste aversion 

that had been conditioned by pairing saccharin and CY also resulted 

i n the conditioning of the immunosuppressive effect of the drug. 

The y speculated that the immunosuppression that occurred in response 

t o t he 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 III 

REVIEW OF THE LITERATURE 

Introduction 

One of the most puzzl in g relationshi ps between behavior and 

the immune system 1s represent ed by the possible influence of 

classical conditioning procedures on immune responses (Ader & Cohen, 

1981 ). The resurgence of interest i n modifying immune reactivity 

ha s be en direct ed to wards clarifying the serendiptous observations 

of Ader and Cohen ( 1975). Conditioning of th e i mmune response has 

been r epor ted in terms of the enhancement of phagocytosis, increased 

nonspecific antiinflam mator y responses, an d in the suppression of 

antibody response s (Ader & Cohen, 1986; Ader & Cohen, 1982; 

Klosterhal fen t Klosterhalfen, 1983). 

Conditioned !mmunosuppression Protocol 

The same general e xper i mental design has been used in all 

c ondi tion ed immunosuppre ssion studies. The protocol of the initial 

e xpe rim ent by Ader and Cohen (1975) is described as the prototype 

example. Ade r 3nd Cohen ' s hypothesis was that the pairing of a novel 

flavor CCS) with a pharmacologic agent that both suppressed an 

immune response and produced gastrointestinal distress, would result 

in a depressio n of immune reactivity when the CS was subsequently 

presented. 
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Rats approxi mately three months of age, were individually housed 

under a 12h light/dark cycle. The animals had continuous access to 

fo od, but only 15 min of free water. This feeding and watering 

r egimen was maintained throughout the experiment. Animals were 

randomly assigned to either conditioned, nonconditioned, or placebo 

groups. On the day of conditioning (Day Ol, instead of tap water, 

the conditioned group received a 0.1% solution of sodium saccharin in 

tap water (CS), followed by an intraperitoneal (ip) injection of 

cyclo phosphamide CCY>, which was the US, 30 min after drinking. Each 

animal's dosage of CY was based on 50 mg per k ilogram of body 

weight. Nonconditioned control rats were provided with tap water and 

injec ted with CY 30 min later. The animals in the so-called placebo 

group received plain t ap water for 15 min and were injected with 

distilled water of a volume equal to the treatment injections of CY. 

All ani mals were exp osed to the regular drinking format over the 

f ollowing two days. On the third day (a test day), all animals were 

administered an ip injection of sheep red blood cells, which served 

as an ant i gen to stimulate immune reactivity. Thirty min following 

t his injection, randomly selected subgrou~s of conditioned and 

control animals were reexposed to either the saccharin or to plain 

tap water followed by an immediate ip injection of either CY or 

saline. The CS consisted of flavored water and an injection of 

saline, making the CS test a compound element. An illustration of 

the experimental procedures is provided in Table 1. 



Table 1 

Exper i ment al Procedures (Ader & Cohen, 1975) 

Day 0- Cond 

Group Sol 

Conditioned 

N = 67 SAC 

Nonconditioned 

N == 19 

Placebo 

N = 10 

Water 

Water 

Inj 

CY 

CY 

DW 

Subgroup 

CSl 

cso 

us 

CS2 

NC 

p 

Antigen 

SRBC 

SRBC 

SRBC 

SRBC 

SRBC 

SRBC 

SRBC 

SRBC 

SRBC 

SRBC 

Day 

Sol 

SAC 

Water 

Water 

Water 

Water 

Water 

SAC 

SAC 

Water 

Water 

29 

3 Day 6 

Inj Sol Inj 

SAL Water 

SAC SAL 

SAL Water 

Water SAL 

CY Water 

Water CY 

SAL SAC 

SAL Water 

SAC SAL 

Water 

Note. SAL - saline SAC - saccharin SRBC - sheep red blood cells 

DW - distilled water CY - cyclophosphamide 
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The experimental groups included the following: 

1. Conditioned animals: All 67 rats in this group were pre­

sented with a single drinking bottle containing the saccharin 

solution, followed by an injection of CY on the day of conditioning. 

Within this group there were four subgroups that were tested: CS1 

animals were reexposed to the CS (saccharin+ saline injection) on a 

single occasion either three or six days after conditioning; CS2 

subjects were reexposed to the CS (saccharin+ saline injection) on 

days three and six; CSO animals were not reexposed to the saccharin 

flavor but received plain water followed by an injection of saline; 

and animals in the US group who received plain water followed by an 

injection of the CY. 

2. Nonconditioned animals: The 19 subjects were presented with 

plain water followed by an injection of CY on the conditioning day. 

These animals were then exposed to saccharin followed by a saline 

injection as the CS on either day three or six. 

3. Placebo: The 10 subjects in this group were exposed to 

plain water followed by an injection of distilled water on condition­

ing day. This group then received plain water during the fifteen 

minute drinking periods. 

All animals were sacrificed on day nine, six days following 

antigen challenge, and trunk blood was collected for analysis. An 

aversion to the flavor was found in all conditioned animals reexposed 

to the SAC on one or two trials. A hemagglutination assay (e.g., 

Kimball, 1983) was used to determine the antibody level, and the 

presence of antibody was expressed in titers. Results indicated that 
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the placebo animals exhibited the highest antibody titer levels, 

whic h was expected since this group did not receive CY. The serum 

from the an imals in the nonconditioned group who received a CY 

injection on conditioning day had a substantial titer level; 

however, probably due to the residual effects of the CY, the titer 

le ve l was lower than that of the placebo group. This finding was 

statistically significant at the .05 alpha level, based an a two­

t ailed t test. There was no difference between titer level of the 

noncanditioned gr oup and the conditioned sub-group (CSO) who were not 

r ee xposed to saccharin. No difference was observed between the 

conditioned animals exposed to saccharin on day 3 and those who were 

exposed on day 6, so this group was collapsed into a single group 

t hat r eceived a s ingle ree xposure to the saccharin. The titer level 

of conditioned animals who received either a single or double 

exposure to saccharin was attenuated as compared to the NC and CSO 

groups. The l ower titer l evel was significantly different from the 

above gr oups at the . 05 alpha level. Ader and Cohen (1975) concluded 

that the association between saccharin (the CS) and cyclophosphamide 

(the US) enabled the CS to subsequently elicit a conditioned 

immunosuppressive response. The investigators also noted that the 

saline injection appeared to be an intergral part of the CS 

test complex. However, the failure to acquire a conditioned immuno­

supp r essed response in the CSO group suggests that the injection was 

not effective in eliciting a conditioned effect. Contrary to Ader 

and Cohen's (1975) conclusion of the necessity of the injection as 

part of the CS, their results demonstrate that the injection did not 
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ac quire ave r sive prope r t i es. This f inding is consistent with Garcia 

an d Koe llin gs' (1966 ) cue-consequence specificity effect, and 

s uppo r ts t he pr emise that flavor alone i s associated with the initial 

t oxic osis and s ubsequent condit i oned effect. 

Rep l ications 

Compara b l e findings of depressed antibody titer have been 

r eported by Roge r s, Reich, Strom, and Carpenter (1976), who replicat-

ed Ade r an d Cohen ' s ( 1975) initial in vestigation. However , i n the 

f orme r s tud y t he method for determining antibody titer was changed to 

a pur po r t ed ly mor e sensitive procedure. The specifics of the 

hemaggluti na ti on microtiter assay were not described within the 

pr ocedur es . Their findings suggested that the antibody titer level 

of the c ond i t i oned group ree xposed to the saccharin+ injectin (CS) 

on one pos t - conditioning trial was slightly higher than the titers of 

noncond i t i oned animals and conditioned animals not reexposed to the 

CS (sa ccha ri n+ injection ) . Only those conditioned animals presented 

with t he CS on t wo post-condi ti oning trials showed a mean titer level 

that was lower than the mean titer level of the conditioned animals 

not reexposed to the CS and that of the nonconditioned group. This 

difference, using an analysis of variance and a one-tailed t-test, 

was statistically significant at the .01 alpha level. Taste aversion 

occurred i n the three conditioned groups presented with the CS on one 

occassion, day 3. Mean consumption of SAC on test day was compared 

to base l ine intake of SAC (day 0), and statistically significant 

diffe r ences were found. An interesting difference between Ader and 
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Cohen (1975i and Rogers et al. (1976) was that the conditioned 

an imals in Ader and Cohen's study who were reexposed to the condi­

ti oned stimulus on two occasions continued to avoid the saccharin. 

Rogers e t al. ( 1976) r epor te d that the animals reexposed to the 

conditioned stimulus on t wo trials did not continue to avoid the 

saccharin. While Rogers et al. ( 1976) observed the taste aversion 

r esponse to e >:tinguish, the conditioned immunosuppressive response 

was only attained when the animal was presented with the conditioned 

stimulus on t wo occasions. An interesting question that had not been 

addresse d is whether the behavioral aversion response is independent 

of the immune response. 

To obtain additional information about the variables controlling 

a conditioned i mmunosuppressive response, Wayner, Flannery, and 

Singer (1978 ) co nducted two e xperiments. In the first study, the 

experimental protocol was similar to Ader and Cohen (1975) with the 

fol lowing exceptions: the drinking period was extended to one hour; 

th e male r ats were three to four months of age; the animals were 

assigned to the various control/experimental groups based on weight; 

t he sodium saccharin solution was changed to .125'l.; a group of rats 

exposed ta the conditioned stimulus on three post conditioning trials 

was added; and this CS3 group was sacrificed nine days after the 

antigen challenge as opposed to six days. Results suggested that the 

aversion response to the saccharin was evident when the animals were 

exposed on one (day 3 ) or two (day 6) post conditioning trials. 

However, taste aversion extinguished far those animals who were 

reexposed to the CS an the third post-conditioning trial {day 9). The 
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mean SAC intak e of the conditioned animals on test trials was 

compared to the caseline consumption of SAC on day 0. Statistical 

data were not provided to support the conclusions. In terms of the 

conditioned immunosuppressive effect, the titer levels of those 

animals exposed to the conditioned stimulus on one or two occasions 

were lo wer th an that of the control groups. However, the titer level 

of th ose animals exposed to the conditioned stimulus an three post 

conditioning trials was similar ta the control groups. These results 

l eave open th e question regarding th e possible interaction of the 

tast e aversion r esponse with the conditioned immunasuppressive 

response. The results are similar to Rogers et al. (1976) in that 

conditioned suppression was attained after two presentations of the 

CS. The find i ngs are also consistent with Ader and Cohen ' s (1975) 

r esults, a s conditioned immunosuppression was found with one CS 

r ee xpasure. 

An e xperiment by Ader, Cohen, and Bavbjerg (1982) attempted ta 

increase the effects of conditioning on immunological reactivity. 

The experimental protocol was similar to other investigations (Ader & 

Cohen, 1975; Rogers et al., 1976; Wayner et al., 1978). A 

thymus-dependent antigen, sheep erythrocytes was used, the CS 

consisted of a 0.1% sodium saccharin solution and the US was an ip 

injection of 75 mg/kg CY. The following factors were changed in this 

experiment: t he CY dose level was increased; CS (saccharin+ 

injection) reexposure test trials were presented in a preference 

context; antigen stimulation occurred either at ten, fifteen or 

twenty-five days after conditioning for specific groups; and serum 



was collected f r om r andomly selected animals from each group at four, 

s i x or eight days a f ter antigen stimulation. The antibody levels 

were dete r mined using the hemagglutination assay. The results showed 

t hat pairing of saccharin with CY was effective in conditioning an 

aversion t o the f l avor. The CS group consumed significantly less 

(p. ( . 0 1) saccharin than the control groups (Placebo and CSO) on both 

test t rials . In comparison with the nonconditioned animals, the 

cond i tioned animals ree xposed to the CS had lower antibody 

t iters, f ol lo wing antigen challenge, on days four, si x and eight. 

An analysi s of variance was not computed; however, a one-tailed 

t-test revea l ed that these results were statistically significant at 

the . 0 1 alpha level on days four and six, and at the .05 alpha level 

on day eight. The i nvestigators concluded that the findings support-

ed the existence of conditioned immunosuppression. Although the 

findings are suggestive of a suppressive effect, the variables 

r esponsible f or this effect cannot be identified. Experimental 

procedures were radically modified in this study in comparison to 

earlier studies, primarily in that the CS reexposure occurred before 

rather than at the time of, or after, antigen stimulation. 

Additionally, the CY level was increased and the interval between 

conditioning and antigen stimulation was expanded. Therefore, 

without further experimental analysis, the specific factors respons-

ible for the effect cannot be determined. 

In a second investigation, Wayner et al. (1978) used the 

standard experimental protocol except that a T-cell independent 

ant i gen, Brucella abortus, was administered to chall2nge the immune 
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system. The presentation of th is particular antigen differed from 

the previous in vestigations since a T-cell independent antigen does 

not re qui r e T-cells to stimulate antibody production by B-cells. The 

purpo se of this e xperiment was to further delineate the possible 

effects of conditioning primarily on B-cell function and to expand 

the general iz ability of p r evious research by using a different 

antigen. A taste aversion response was reported; however, no 

d if fer ence was found in antibody titer levels between the conditioned 

and control animals . Whil e the r esults suggested that conditioned 

immunosuppression may be li mited to T-cell dependent humeral antibody 

r esponses, other variables such as the sampling time, the influence 

of th e CY, and the antigen dose may have influenced results. A later 

e xpe ri ment conducted by Cohen, Ader, Green, and Bovbjerg (1979) also 

e xamin ed the conditionability of a T-cell independent antigen in mice 

using ha pten tri nitropheny (TNPl. The animals were exposed to a .15X 

saccharin solution followed by an injection of CY at a dosage level 

of 200mg/kg. The antigen was presented fourteen days after condi­

tioning and all animals were sacrificed six days after antigen 

challenge. Additionally, the conditioned animals were reexposed to 

the saccharin solution on two occasions. The findings indicated that 

the CS2 group exhibited a taste aversion response as compared to the 

control groups during the first post-conditioning trial; that is, the 

first reexposure to saccharin. No data were provided on the 

saccharin intake levels during the second post-conditioning trial, so 

no conclusions regarding the interaction between the taste aversion 

re sponse and a conditioned immunosuppressive response can be drawn. 
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The CS2 group ant ibody tit er lev e l was statistically different from 

control groups us ing a one-tailed t-test at the .05 alpha level. The 

authors concluded that th e immune response to a T-cell independent 

antigen can be behaviorally conditio ned in mice. Conclusions from 

this s t udy cannot be confidently drawn as details about certain 

aspe ct of this e xperiment were not g iv en (f or e xample, sample size or 

assay procedures) , nor were graphs included to illustrate experi­

mental findings. The report ed findings cannot be compared to those 

from t he Wayner et al. (1978) investigation, si nce the e xperimental 

procedures and subjects were different. 

O'Reilly and Exon (1985) investigated whether antibody produc­

tion to T dependent keyhole limpet hemocyanin (KLH>, delayed t ype 

hypersensitivity (DTH) to BSA, or natural ki ller cell toxicity to 

tumor cells co uld be altered by e xposure to the conditioning of a 

flavorto an immunosuppress ive agent. Of particular interest were the 

findings relat ed to the conditioning of the antibody response to KLH. 

On th e day of conditioning, ra ts r ece iv ed a .15% sodium saccharin 

s oluti on follow ed by a subcutaneous (sc) injection of 50 mg/kg of CY. 

Fifteen days later, each rat was injected with KLH to induce a 

humoral immune response. The CS (SAC+ injection) was presented 7 

days after antigen challenge. A boost injection of the antigen was 

administered the following day to all animals. Three days following 

the antigen boost, the CS was again presented. The animals were 

sacrificed three days after the second presentation of the CS. The 

serum antibody levels was assessed using an ELISA, and antibody titer 

was the principle outcome measure. The results were indicative of a 
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t aste a vers ion re sponse on both p resentations of the SAC in the 

t reatment g r ouo. These fi ndings were statistically significant at a 

. 05 al pha l eve l . However, the t aste aversion response appeared to be 

unde rg o i ng e xtinc ti on on t he second test trial (day 26), as 

t he consumpt io n of SAC had increased. A conditioned immunosuppres-

sive response was not found, as there were no differences between the 

t reatment group and the relevant controls. The lack of conditioning 

~as a ttribu t ed t o t he residual effec t s of the CY on the control 

anim al s. Th is e xperimen t i s diff i c ul t to i nterpret a s the graphs of 

t he data on a nti bod y t iter do not match with t he figure caption, nor 

with the t e x t. However, i t is in teresting that the taste aversion 

response is presen t and the conditioned immune response is absent. 

Taste Ave r sion a nd Conditioned 
Immunosuporession 

The potential r elation between the behavioral aversion response 

and t he condi t io ned i mmune response has remained problematic. 

Bovbjerg, Ader and Cohen ( 1982 ) reported a disassociation between the 

conditioned taste aversion and the condit i oned immune response of a 

graft versus host response, that was consistent with Rogers et 

al. (1976 ) . A study that e xamined the effect of manipulating the 

interval between the CS and US (McCoy, Roszman, Miller, Kelley, & 

Titus, 1986), reported no differences in the magnitude of the 

conditioned suppression of plaque forming cell responses or in the 

taste aversion response. Bovbjerg, Kim, Siskind, and Wekslev (1987) 

hypothesized that t he conditioned immune response would be stronger 

in those animals that e xhibited a stronger taste aversion response. 
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F i ve week cld mice served as subjects, and the antigen consisted of 

3RBC conj ugated with 2, 4, 6 trinitrophenyl (TNPl. A plaque forming 

cell assay ~a s conducted on individual spleen c ell suspensions. The 

2xoer:m enta l design consisted of a conditioned group p r esented with 

SAC follo wed (60 minute inter val) by an ip injection of CY; noncondi-

~ioned animals given plain water followed by the injection of CY, and 

a placebo group giv en SAC fo llowed by an injection of ~aline. The 

SAC+ inj ect i on of saline (CS ) was presented fourteen days later, 

f ollowed t wo hours la ter by an the chall enge wi th the antigen. Two 

an d four days later all mice were again presented wit h the SAC+ 

in je ctio n of saline The co nditioned subjects were found to 

have signif i can t l y less plaque forming cells per spleen than the 

nonconditioned animals. The conditioned anima l s were also e xamined 

ba sed on th eir total SAC consumption, and divided into two groups 

with weak an d st r ong ta ste aversion. The results indicated that mice 

~ ith th e stronger t aste a ver sion response exhibited less of a 

co ndit ion ed immunosupp r ess1 ve re sponse than the mice wi th the less 

ro bust t aste aversion response. Statistical findings were not 

presented, nor were the r esults presented in graphs or in a tabular 

f orma t . It was concluded that an interaction existed between the 

taste aversion response and conditioned immune response. The 

investigators speculated that the continued avoidance of the SAC 

masked th e conditioned immunosuppressive response, as the subjects 

did not ingest adequate amounts of the SAC. This hypothesis is 

intriguing, however the empirical evidence to support this conclusion 

i s lacking 1 and further re search is warranted. 
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Summary 

The resurgence in research efforts examining the condition­

ability of immune reactivity was generated by Ader and Cohen's (1975) 

initial publication on conditioned immunosuppression. The data 

accumulated on antibody mediated and cell mediated responses appears 

supportive of an interactive process between the CNS and immune 

processes (Ader, Grata, & Cohen, 1987). Subsequent research has 

replicated the findings on conditioning a humeral antibody response, 

however the generalizability of the findings is limited as the 

experimental conditions have varied across studies. As a relatively 

new area of re search, the optimal experimental conditions and 

methodology th at results in conditioned suppression or enhancement of 

immune functioning has not been ide ntified or developed (Elkins, 

1985). The effects of conditioning on the multiple components of the 

immune res ponse have not been identified, nor have the pathways that 

may modulate th e conditioned response been delineated. The measure­

ment of the antibody levels has predominantly been restricted to an 

estimate of titer with the use of the hemagglutination assay. The 

limited sensitivity of this assay may also contribute to the reported 

small magnitude of conditioned effects (Ader & Cohen, 1981). There 

has been variability, within e xperiments across the critical com­

parison groups, on the number of CS presentations (Klosterhalfen & 

Klosterhalfen, 19851. A related is sue is the continued use of a 

compound element CS (f lavor+ injection>, as conditioned 

immunosuppression has never been reported in the CSO group who is 

presented with water+ injection on test trials. It is speculated 
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that the conditioning is probably due to the flavor alone, and the 

inject:on may be red undant. The results have also been equivocal on 

the possible relation between the taste aversion and conditioned 

immune responses . 
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CHAPTER IV 

STATEMENT OF THE PROBLEM 

Introd uction 

~vi dence exists t hat the immune s ystem is integrated with other 

physiological syst ems such as the CNS and endocrine system (Neveu, 

Cresta ni, & LeMoal,1987 ) . Substances under neural control such as 

hormones (Maes troni & Pierpaoli, 1981), neurotransmi tte rs (Hall & 

Gol dstein , i 981 l , and sympathetic nerve fibers (Williams et al ., 

1981 ) contri bute t o a neuro-immune r egulatory network . 

~nv 1r onmental events ha ve been found to influence the act ivit y of 

c en tral nor ep in eph ri ne (Anisman & Skla r, 1979; Cassens, Roffman, 

Kur uc, Orsulak, & Schildkraut, 1980), dopamin e (Herman , Guillonneau, 

Dantzer, Scatton, Semerdjian-Rouquier, & LeMoal, 1982), acetylcholine 

:Hingtg en, Smith, ;hea, Aprison & Gaff, 1976) , an d endorphins 

(Chan ce, White, Kry nock, & Rosecrans, 1978 ) . The findings of Ader 

and Cohen (19 75 ) suggested that immuno lo g ical respons es were 

cond 1ti onable when the organism was e xposed to a taste a version 

par a digm . The possibility that learning processes modified immune 

r esponses pro vi ded additional evidence for the interaction between 

~he environment, central nervous system and immune system (Ader & 

Cohen, 1985; Ros zman, 1985 ). Sinc e the immune system is modulated by 

CNS activity, th en ad vances in psychoneuroimmunology require a more 

det aile d analysis of the mechanisms by which environmental events 

i nfluence CNS activi t y and induce changes in immune processes (Ader 

et a l., 1987) . 



Exp eri ments con ducted in the area of conditioned immune-

5Uppress1on of humeral i mmunity provide evidence that immune re­

activity to an anti gen can be depressed with a taste aversion 

paradigm (Ade r,~, Cohen, 1982, 1975; Ader et al., 1982; 
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Bovbjerg et ai., 1982; Bovbjerg et al., 1980; Cohen et al., 1979; 

Roge rs et al., 1976; Wayner et al., 1978 ) . The e xperimental protocol 

in most studies consisted of a s i ngle pairing between a flavored 

liquid and an immunosuppressive ag ent , i ntroduction of an antigen 

(generall y an inj ection of sh eep re d blo od cells ) , and s ubsequent 

measurement of antibody tit er l evel foll owing reexposure to the 

flavor+ saline inj ect i on (CS) . The hemagglut ina tion assay was 

generally us ed to quantify antibody ti ter. This assay detects 

antibod y to r ed blood cell antigens. 

The report s of conditioned suppression of antibody titer have 

been r eplicated; however, as a relatively new area o f research, 

cont roversy e x ists re garding the mechanisms producing the observed 

effect. For e xample, Kel l ey and Dantzer ( 1986) have generated a 

number of hypotheses to account for the the apparent conditioned 

change in antibody titer. These in clude: mediation by adreno­

cortical stress effects; interaction between brain and lymphoid cells 

that are activated during CS ree xposure; or neuroanatomical pathways 

innervating cells producing hormones or neurotransmitters. The 

consistent r ecommendation in cluded in any analysis of the CNS and 

immune system interaction (Ader & Cohen, 1985) has been the need for 

further resea r ch to: identify the components of the immune response 



effected by cano1tioning, and ta id en tify the neural pathways or 

~ec han1sms invol ved with the change in im rnmune r eact ivity . 

Limitations 

The extant res earch is limited by the following: the non-

specificity of th e immune response that was conditioned, the 

orecision of th e measurement, and the somewhat equivocal results. 

The following discussion reviews each of these factors. 
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Specificity. : ne effects of the cond itioning protocol on the 

elements of the immune response and on the mechanisms that contribute 

to immune reacti v ity have not been def ined . Based upon studies of 

humoral conditioning, it appears that the mechanisms r egulating the 

conditioned immune response are perhaps non antigen specific 

(Ballieux & Heijnen, : 9851. This assumption is supported by the 

observation that exposure to a CS-US combination prior to antigen 

stimulation leads to conditioned immunosup pression. The available 

research is inconclusive as to whether the effects of conditioning 

are confined to a dir ect effect on B lymphocytes. The study conduct-

ed by Wayner et al. i 1978l did not find conditioned effects when the 

T cell independent antigen, Brucella abortus, was used. However, 

additional research on suppression of cell mediated responses 

(8ov bjerg et al., 1982; Gorczynski, Macrae, & Kennedy, 1982) has been 

more suggestive of the possible involvement of T and B lymphocytes. 
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. .. c: nonspec1-fi cit y of th e ccc-;ditioned immune re sponse is also 

2ose ~~ed with th e measurement 8f a primary antib od y r esponse to an 

antigen composed of multiple complex proteins, as the dependent 

,ar1abl2 . The antibody tit er measured, using a less sensitive assay, 

1s mos t probably composed of cla sses o f immunoglobulin s <Ig H, IgG, 

Igi'.i, : gD) with the major proportion being IgM (Raitt et ai., 1985). 

The specific immunoglob ulin effected by conditioning has not been 

determined. The condit i oni ng of a genera l immunoglobulin response is 

~oteworth y , ho wever it contributes litt le to elucidating the 

compon ents of t he immune response effected b y classical conditioning . 

~nt ibody Measurement. A procedural limitation t o th e accurate 

quantification of antigen specific antibody levels has been the use 

of the hemaggi uti nation assay. This ass ay has be en most fr equently 

used 1n th e existing literature to assess antibody titer to sheep red 

blood cell s. Agglutination has served as a qualitative test, 

i ~dicating th e presence o r 3bsence of antibodies !Kimball, 1983). 

Because of :t s simplicity, hemagglutination has been widely used in 

res ea r ch and clinical laboratories ,:r-::imball, 1983). This measure is 

an easy techniqu e to detect antibody in serum, however, it yields 

only a semiquantitative value for the interaction of antibody with 

antigen (Paul, 1984 ). Additionally, due to subjective estimates of 

the endpoint, the titer may vary by a factor of two <Paul, 1984). 

Therefore, the ade qua c y of this assay as a precise measure of 

antibody is questionable. Ader and Cohen (1985) have proposed that 

further study of the effects of conditioning on select aspects of 

immunity also require s a much more precise assessment procedure. 
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The c evelooment cf the enzyme l1nK ed immun oassay (ELISA ) provid es a 

~uantitati v e technique th at i s simple, ex treme ly sensitive, pr ecise , 

ano allows fer t h e assessment of multiple samples (Kimball, 1983; 

~au1, :9 84). Jue to i~s documented sensiti vity , specificity, and 

quantitati v e accuracy, the ELISA was used for the measurement of 

antibooy in the present research. 

Re po rted Resu l ts. Research has supported the premise of condi-

tioneo suopressicn cf antibody t iter. However, the experimental 

condi t: ons h a ve not been uniform across studies, and therefore the 

conoitioned i mmune response has at times appeared inconsistent. For 

example, t ne nu mber of test trials which have resulted in a 

depression of antibody titer have been in consistent. Ader and Cohen 

(1975) f ouno a decrease in antibody titer following a single test 

exposure t o th e CS. However, Rogers et al. ( 1976) did not obtain 

conditioned ~uppression until a second e xp osure to the L~. With 

different e xperimental co nditions O'Reilly and E::on ( 1985 ) were 

unable to a cquire a conditioned immun e response with KLH as the 

antigen. 

The association between the taste aversion response and the 

conditioned immune res ponse has been erratic. Conditioned suppres-

sion of antibody titer has been reported both in the presence and 

in the absence of th e behavioral aversion response to the flavored 

liquid (~ der & Cohen, !975; Rogers et al., 19 76; Wayner et al., 

1978 ) . It is uncertain whether a conditioned alteration in immune-

logical reactivity is contingent upon th e initia l demonstration of a 

taste aversion respons e. 
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3ta t is t ica i l y significant differences between treatment and 

c on~ r o l g r oups nave been small (Ader & Cohen, 1985), and there has 

oeen variab il i ty i n immune reactivity within groups. I t is hypothe-

s 1zeo that the often observed marginal effects may be due to the 

magnit ude cf th e standard deviation and possib l y the accuracy of the 

nemagg lu t i nation assay. The inclusion of a more precise assay could 

resul t in subs t antial difference among the groups. 

Summarv 

Prior r esea rc h has demonst r ated conditioning of antibody titer. 

However, the e nvironmental factors that may produce optimal condi-

tioning and attenuation of the immune response (e.g.,dose response 

r elation of CS and US; in terval between CS and US association); the 

speci f icity of the conditioning effect upon the i mmune response; and 

the multiple pathways by which conditioning may modulate the immunity 

nave not been i dentified (Ader & Cohen, 1985; Ballieux & Heijnen, 

i n ad d it i on, t he sensitivity and accuracy of the measurement 

procedure used t o quantify antibody levels remains an important 

issue. The use of the ELISA, that has been documented (Clark & 

Engvall, 1980; Kimball, 1983) to provide a rigorous and precise 

estimate of antibody presence, can potentially provide additional 

information regarding the magnitude and specificity of the condition-

ed immune suppression. 
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Resea rch Design 

The pr esent re sear cn was de signed to investigate th e effects 

of con di ticn 1ng on an antigen sp ec1T1c antibody response. that was 

T cell d ependent. A repeated mea s ures design (Ferguson. 1981; Winer, 

1971) a cross groups was us ed to assess both immune reactivity and the 

ta ste aversion response. Th e dependent v ariables consisted of: the 

antibody tit e r (a single po in t measurement of IgG at a particular 

a ntigen concentra tion ) and affinity (a measure of IgG a cross a range 

of ant igen co ncentration) of a secondar y im mune respo nse to BSA; an d 

con sumption of a liquid flavor as t he measure of the taste ave rs ion 

r esponse. Data analy sis con si sted of Model I Ano va for means and 

Scheffe ' test to compare differences between all possible pairs of 

means. 

Plann ed Experiments 

Since t aste aversion co nd itioni ng 1s a c lassical conditioning 

pr ocedure (L ogue, 19 79), th e pragmatic controls for classical 

condition ing (Rescorla, 19 69 ) were included to demonstrate that th e 

condi ti oned response was in fact du e to the CS-US pairing. A single 

protein ant igen CBSA> was u sed to generat e an antigen specific 

antibody r esponse. The secondary antibody r esponse to BSA was 

moni t ored over si x weeks to determine any p atte r n of r esponse 

change. Antibody titer and affinity were quantified using the 

ELISA. The animals were e xposed to mult i ple discrete tr ials 

t o evaluate the effects of repeated CS presentations on the immune 

r esponse ov er time, and to fu rther inv estigate any interaction 

between th e taste aversion re sponse and i mmune re ac tivity . The CS 



useo i n t e st tria ls was a sin gle e l ement ( flavor ) r ather t han a 

co mpound eleme nt ( flavor an d i nj ection ) o ften reported in the 

lit e rature (~de r ~ Cohen , 1981 ). 

The pur pose of the f ollowing e xperiments was to evaluate 

t he e f fect of a s ingle trial association between a novel flavor 

(CS ) and c yc l oph osphamide (US) on t he generation of a secondary 
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( lgG ) immune r esponse t o bov i ne serum albumin (BSA) . Lewis male 

a lbi no ra t s (Cha r l es Riv e r ) were c hallenged with two injections of 

BSA to a c tivate a Ig G a nt i bod y r espon s e. The a nimals r eceived a 

sin gle pai ring of a fl a vo r a nd the c ycl ophosphamide, that suppressed 

i mmune r ea ctivity and e l i ci ted gastrointestina l distress. The 

antibody t iter and a f f i nity o f each s ubject was repeatedly monitored 

ove r a 42 day pe r iod. Test tri als wer e i nitiated once the presence 

of ant ibody was establis he d . Te st trials were conducted at seven, 

f ourte en , t went y -e i ght, a nd thi rty -five days after the second antigen 

boa st . Tab l e 2 s ummarizes the general e xperimental procedures. 

The p r i ncip l e d i f ferences be tween th e p r esent research and 

the e x is tin g lit erature i nclude: 

1 . The u se of a single protein antigen (BSA) instead of an 

antigen composed of multiple comple xes of proteins, to examine 

the spec if icit y of the response to the antigen. 

2 . The e xamination of a secondary antibody response as opposed 

to a p r imar y antibody r esponse, to evaluate the effects of condition­

ing on a specif i c class of immunoglobulin. 

3. The monitoring of antibody titer and affinity in lieu of 

titer, to inv es tig ate the effects o f conditioning on two parameters 



Table 2 

General Experimental Proced ur es 

Condit. Tl T2 T3 T4 Event 

Days 0 7 10 14 17 21 24 28 31 35 38 42 

BSA 

Flav. 

(CS) 

CY (US) 

Serum 

Sample 

Note. 

250 ug 

chall. 

+ + + 

125 ug 

boost 

SAC or 

NaCL 

inject. 

+ + 

BSA= Bovine Serum Albumin 

CY= Cyclophosphamide 

CS= Conditioned Stimulus 

US= Unconditioned Stimulus 

SAC= Saccharrin 

NaCL= Sodium Chloride 

cs cs cs cs 

+ + + + + + + 
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u , t~ e antibody r esponse over ti me. 

..... ,,, s= Ltse of the ELISA as cpposed to th e hemagglutination 

~r ocedu re, ~e r th e accu r ate quantification of antibody titer 

and af-i=in it y . 

u . ~ sing l e element CS Cflavor1 was use d for the test t rials 

in stead cf a compound element (f lavor+ injection ) . 

=1anned Tests 

The followi ng statements were formulated as guides to this 

Following test trials CCS presentation), the antibody titer 

of the CS-US (t reatment group ) at an antigen concentration of 30 

ng. will be significantly less than the US only group at the . 05 alpha 

level. 

2 . Following test trials !CS presentation), the antibody titer 

of the CS-US (tr eatment group) at an antigen concentration of 30 

ng. will be signif i cantly l ess than t he CS only grouo at th e .05 alpha 

level. 

~. Following test trials (CS presentation), the affinity of the 

antibod y response within the CS-US ( treatment group) will be sig-

n1ficantly less than the US only group at the .05 alpha level. 

4. Following test trials (CS presentation>, the affinity of the 

antibody response within the CS-US (treatment group) will be sig-

nificantly less than the CS only group at the .05 alpha level. 

5. A taste aversion response ( reduced intake of saccharin) will 

be e xhibited by the CS-US ( treatment) group. 
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It was predicted that the CS Only group, who only received the 

injection of antigen, would e xhibit a rapid increase of antibody. 

The US Only group who received the antigen and the CY, would show 

a lower antibody th an the CS Only that was due to the suppressive 

properties of the drug. The treatment group (CS-US), who was pre-

sented with the pairing of the flavor and CY, would initally exhibit 

the same pattern as the US Only. However , with reexposure to the CS 

on test trials, ~he antibody level was predicted to decrease. 

Figure 1 provid es an illustration of the expected outcome. 



Figure 1. Expected Outcome - Antibody Titer. 
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CHAPTER V 

GENERAL METHODS AND PROCEDURES 

Thi s section describes the ccndition s that were common 

t o both e xoeriments. A detaiied d escription of the antibody a ssess-

men t pr ocedure, th e Enzyme Link ed Immunoassay (ELISA ) , is provided. 

E::ceptions and additions to the General Methods and Procedures a r e 

de s cribed in th e approoriate sections. Th e procedures differ in many 

~a ys fra m th e r esearch based upo n Ader and Cohe n (197 5 ) . Th e chang es 

1n met ho ds were consi dered t o oe improvem en ts in ter ms of basic 

~mmun olgy re sea rch ( J. Ros e ! ;ers onal communi ca ti on , Apri l 1986) . 

Antigen 

Th e antigen us ed to elicit th e antibody response was bovine 

serum albumin (BSA) obtained from Calbio chem Laboratory (#12 6615, 

Al bumin,B ovine, Purified-Lot# 5 06787 ) . Purity was assessed by 

mea n s cf a SDS/PA GE 2i ec trochores1s and foun d t o be greater th an 

98% cure. The BSA was dissolved 1n sterile distilled water (SDWl at 

1 mg/ml; al iquoted an d s t ored at -20 C. The same stock solutions 

were u sed throughou~ the immunization and ELISA testing portions of 

the experiments. 

A critical component of thi s r esearch was the identification 

o T an immunization protoc ol that would result in a robust antibody 

r espo n se to BSA. The pro toc ol chosen (Appendi x A> was based upon 

pre-e xperimental findings that tested the BSA dosage and interval 

b etween inj ections with Lewis mal e albi n o r ats. 
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Immunizati on co nsisted of an initial injection of 250 ug of 

BSA. :ne sto ck BSA solution was thawed and emulsified in an equal 

voiume of Fr eund ' s Complete Adjuvant (Sigma Chemical Company). The 

add itio n of mycobacteria within the Freund's Complete Adjuvant (FCA) 

enhances t he immune r esponse (Maurer & Callahan, 1980). The total 

volume i n jec t ed per rat was 0.50 ml. The injections were admin­

iste r ed subcutaneousl y (sc) on multiple (3-4) sites of the back of 

2ac h su b j ec t. An antigen boost (second injection) was administered 

f ou rt een days af ter t he initial cha l lenge in jection. The stock BSA 

s olut io n was t hawed and 125 ug was emulsified in an equal volume of 

Fre und ' s Incomplete Adjuvant <FIA). The injections were administered 

in t he same manner as the initial challenge. This boost generated a 

seconda ry immune response that is characterized by a rapid increase 

in ant i bod y l eve l s consisting mainly of IgG. The total serum 

antibod y l eve l s attained with a secondary response are greater and 

more spec if ic t han that obtained in a primary response (Maurer & 

Calla han, 1980). 

Flavor <CS) 

In the first experiment, a 0.1% solution of saccharin (SAC) 

or a 0 .2% solution of sodium chloride (NaCl) was used as the novel 

flavor. In Experiment 2, a 0.1% solution of SAC was used as the 

CS. Both fla vors have been extensively utilized in the taste 

aversion literature (e.g., Barker, Best, & Domjan, 1977). The 

flavors were prepared in regular tap water and mixed by vortexing. 
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I mmunos uap r essi ve Agent (US) 

Cycloph osphamide CCV) was the agent used to suppress antigen 

speci f ic antibody production and i nduce gastrointestinal distress. 

This drug h as been i nvestigated e x tensively particularly with regard 

t o i t s apparent selecti v ity for B lymphocytes (Turk & Poulter, 1972; 

Kerc khaerdt, Hofnois, & Willer, 1977; Shand, 1979 ) and certain T cell 

subsets !Turk, Parker, & Pou l ter, 1972). CY has been reported to 

su ppress antibod y production to BSA when gi ven with a BSA challenge 

a t a do se of 5 0 mg/k g (Koeller, Exon, Moore, & Watanabe, 1983). 

P rel i minar y r esear c h by this investigator i dentified the dosage of 

CY that would r esult in antibody suppression to BSA. The results are 

included in Appendix B, and show a depression of antibody titer seven 

days after the antigen boost. 

The CY was obtained as a white crystalline powder from Bristol­

Myers Oncology Di v ision (lottt 15-502). The CY was dissolved in 

sterile distilled water fifteen minutes prior to administration. 

The amount gi ven was based on a dosage of 50 mg/kg of body weight. 

The total volume did not e xceed 1 cc, and was administered via an 

intraperi toneal (ip) injection. 

Serum Collection 

A variety of techniques are available for obtaining blood 

samples from rats (Petty, 1982). Due to the multiple bleeding 

r equirements and the small volume of blood required each time, the 

retroorbital plexus technique was selected. This procedure is 

reliable, safe, and conducive to procedures requiring small 

quantities of blood (Kraus, 1980). The procedure involved the 



57 

t he following steps. Subjects were briefly and lightly anesthesized 

with ether. The rat was then manually restrained, and the skin to 

th e eye ti ght ened by the e xperimenter ' s fingers. The tension results 

in constriction o f venous re turn and subsequent engorgement of the 

retr oo rb ital plexus. The tip of a microcapillary pipette was insert­

ed at the media l corner of the eye by gently rotating the pipette as 

it is advanced in order to rupture the venous plexus. Blood flow 

ceases when the pipette 1s removed and normal ocular pressure is 

re stored. The blo od collected in th e pipette was then placed in 

microcapillary blood s erum separators (B-D Microcontainers, #5960). 

The blood was spun in a Damon/IEC centrifuge for 15 minutes, and the 

seru m withdrawn. The sera were then frozen at a 1:10 dilution in a 

phosphate buff ered solution (PBS) and stored until analyzed. 

Multiple time point serum samples were collected from each 

subject in both exper i ments. A pre-antigen serum sample was acquired 

to determine the presence of any antibody to BSA. This non immune 

serum served as a baseline measure and was also used as a negative 

control in the ELISA. A total of twelve samples were collected from 

each subject. A standardized schedule for bleeding was established 

from an earlier study, and used in both experiments. Although it has 

been repo rt ed that suborbital punctures could be taken on a daily 

basis, our findings indicated that multiple exposures to the 

anesthetic resulted in increased mortality, decreased blood volume, 

and increased scar tissue. Due to these limitations, blood samples 

were collected twice per week. Table 3 indicates the schedule of 

serum collection. 
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3cheduleci Serum Sa mples, Antigen E::.P..9~es.,_and Test Trials 

Days 

-1 4 

0 

7 

10 

14 

17 

21 

24 

28 

31 

-:rc­
·~· ..J 

38 

42 

Event 

Subjects arrive, seven day acclimation to environment. 

Pre-immune serum sample 

Initial chall enge of BSA (250ug) 

SerL,m sample 

Serum sa mple 

Exposure to experimental conditions 

BSA boo st (125ug ) 

Seru m sample 

Se ru m sample 

CS Exposure - Test 1 

Se rum Sample 

Serum Sample 

cs E:-:posure Test '") 
..:... 

Serum Sample 

Serum Sample 

cs E:-:posure - Test 3 

Serum Sample 

Serum Sample 

CS Exposure - Test 4 

Serum Sample 
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Measurement of th e Immun e Resoons e 

I~ munoassays hav e r ep laced man y other pr ocedures to detect or 

qu an tify substanc es with bi ological and pharmacological properties 

(ClarK & Engva ll! 198 0; Voll er, Bartl ett, & Bidwell, 1978 ) . The high 

le vels of sensitivity and specificity achieved with immunoassays 

r esu~t fro m th e spe ci fic high affini ty equilibri um binding of 

ant ibody to a low con ce ntration of antigen and the use of sensitive 

detec ted labels to the antibody (C lark & Engval l , 1980; Ki mball, 

198~1. The enzy me li~ked immunoassa y <ELISA) was use d in both 

experime nts to quantify the a ntigen specific a ntibody r esponse to 

BSA. Koe ller et a l . (1 983 ) designated the ELISA as the method of 

choice for quanti fyi ng humeral immune re sponses due to its sensi­

t ivity, reliability , r eproducibility, a nd automated quantification 

procedures. 

The indir ect method of ELISA was employed to measure antibody 

concentr at ion . With this method th e antigen (BSA) is attached by 

passive adsorption to the solid phase surface. A polystyrene plate 

was uti lized (Dynatech !mmulon - Il as it is reported to produce 

opti mal bin ding (Clark & Eng vall, 1980). The diluted test sera 

(rat serum ag a in st BSA> is then in cubated on the plate and attaches 

to the antigen. The plate is then washed to remove unreacted serum 

c omponents. A horseradish peroxidase enzyme conjugated to anti rat 

I gG secondary antibody is added and the plate is again incubated at 

r oom temperature. The immunoglobulin attaches to the antibody that 

is fixed to the antigen (BSA) . The plate is washed again to remove 

any unre acted materia l and an e n zyme co lor substrate (o-phenylenedia-
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mi ne ! :s added. The degradaticn of the color substrate results in a 

col or chan9e that i s an indication of the amount of peroxidase 

conJugated anti r at IgG that is boun d to th e rat antibody attached ta 

the anti gen en the plate. 1ne color generation is therefore an 

indirect measurem ent of the amount of rat antibody bound to the BSA 

an~19en. This p r ocedure is illustrated in Figure 2. 

Extensive work ~as conducted over a six month period to 

systematize the above general procedure to attain a protocol that 

was re p l icable and optimal in it s sensitivity to detect antibody 

tit er and affinity. The initial objective was to determine antigen 

coating t ime and antibody serum dilutions in order to minimize non 

specific color generation. Since the ELISA is based on a color 

reaction, any va r iab le that would contribute to extraneous color 

reaction ~as reduce d. Th e following paragraphs address the steps 

that were adopted during this process. 

~ 96 well polystyrene microtiter plate was used as the solid 

phase carrier due to its reported reliability and adsorbability of 

proteins (Clark & Engvall, 1980). The binding capacity of the 

antigen to the plate was contingent upon: the ratio of the surface 

area ta be covered to the volume of coating solution; the concentra­

tion of the adsorbing substance; the temperature; and the duration 

of the incubation period. It was determined that the maximal amount 

of antigen that adhered to the plate occurred after 72 hours at 4 

degrees Centigrade. The optimal coating range of the antigen to 

generate a linear color development was below 125 mg. The antigen 

(BSA) was dissolved in Voller ' s Carbonate Coating Buffer and 



Figure 2. Indirect Method For Assay of Antibody 

1. BSA (antigen) absorbed to plate 

wash 

2. Add serum - 200 µI/well of antisera 
at 1: 100 and 1: 1000 dilution 

wash 

3. Add enzyme labeled antiglobulin -
200 µI/well GAR-HRP that anaches 
to antibody 

wash 

4. Add substrate - OPD 200 µI/well 

5. Color ... amount antibody present. 

' t-C}-c ... 
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serially dilu te d to a coating range of 90 ng, 30 ng, 10 ng, 

~nd 3 ng. Each se ria l dilution of antigen was then pipetted 

on to tn e respect iv e wells of the plate at a volume of 200 ul/well 

c~ntaining the stated antigen concentration. 

A critical determinant of the reliability of the ELISA was the 

specificity of the antibody binding to the antigen. The inclusion of 

nonionic detergent in the antisera incubation and wash solution 

re duced the non specific binding of the rat antibody or the enzyme 

conJugated anti ra t immunoglobin. PBS with 0 . 05% Tween 20 was the 

detergent that was used to control for non specific binding within 

the assay. 

Preliminary testing ind icated that antisera dilutions of 

1:10 0 and 1:1000 y ielded the most consistent antibody levels with the 

antigen coating range of 90 ng - 3 ng. On the day of the assay, each 

subject ' s 1:10 diluted serum was thawed and diluted with the 

PBS-Tween. The diluted serum was then pipetted onto the plate at a 

volume of 200 ul/well. Each subject ' s serum was evaluated in 

triplicate at each antigen concentration. The plate was covered and 

incubated for two hours at room temperature. 

Three differ ent commercially prepared enzyme conjugates to rat 

antibody were evaluated. Hyclone Affinity Purified Anti Rat IgG 

Horseradish Peroxidase labeled conjugate (GAR-HRP) was selected due 

to its purity and stability. The same lot number of GAR-HRP (lot# 

RDP 004) was used in both experiments. Conjugate was stored in 

concentrated form at 4 C, and diluted prior to usage in PBS-Tween. 

Optimal reactions were found between the rat antisera and enzyme 



linked conjugate at a 1:2000 dilutio n. The diluted GAR-HRP was 

pip etted at a vo lume of 200ul/well. The plate was covered and 

incub a ted for two hours at room temperature. 

The enzyme color substrate utilize d to generate color change 
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was o-ph en ylenedi amine COPDl . Voller, Bidwell and Bartlett ( 1979 ) 

r eported OPD as an optimal peroxidase substrate that yielded a high 

extinction coefficient at 492 nm. Optimal reactions were attained 

~ith 10mg of OPD + 1 ml met ha no l+ 100 ml SOW+ 10 ul of 30 % hydrogen 

peroxid e. A total volume of 200ul / well was added and incubated at 

room te mperature for one hour. The color reaction was stopped with 

50 ul of BN H2S04. Each plate was then r ead in a Micro Elisa Auto 

Reader (Dynatech) at 490 nm. 

Variability in the amoun t of col or generated on different ELISA 

testing days was reduced by including two columns of color reagent 

b lanks on each seri es of ELISA assays. The reagent blank contained 

al l the solution s except the r at ser a. Any e xtraneous color is 

diminished by blanking the ELISA re ader with these control wells, so 

that any day- t o-da y color fluctuations are controlled. Table 4 

reviews th e protocol for assessing antibody levels with the ELISA to 

BSA for both experiments. 

Subjects 

Lewis strain male albino rats from Charles River Laboratory, 

t wo months of age at the onset of each experiment served as 

subjects. Each r at was individually housed in a cage (10 in. by 8 

in. ) in a room with a 12 hour dark / light cycle. Room temperature was 

maintained between 66 and 69 degrees F. The subjects had continuous 



Table L 

Bovine Serum Albumin ELISA Protocol 

1. Coat plate with antigen <BSA). Antigen is diluted in Vallers 

Carbonate Buffer with initial concentrations of 90 ng/ul 

serially dilu ted x 3 to a final dilution of 3 ng/ul. Plate 

is incubated fo r three days a 4 degrees C. 

2. Discard coating buffer solution and wash plate with 200 ul 

of PBS-0. 05% T~een in each well. Repeat five times. 

3 . Add 200 ~l of antisera diluted in PBS-0.05% Tween. Dilutions 

are at 1:100 a nd 1:1000. 

4. Cover plat e and incubate for two hours at room temperature. 

5. Discard solution and wash as in #2. 

6. Add 200 ul of GAR-HRP in PBS-0.05% Tween at a 1:2000 dilution. 

7. Cover plate and incubate for two hours at room temperature. 

8. Discard solution and wash as in #2. 

9. Add 200 ul pf OPD substrate. Dissolve 10 mg of OPD in 1 ml 

methanol + 100 ml SOW+ 10 ul 30% hydrogen peroxide. 

10. Incubate one hour at room temperature. 

11. Add 50 ul of SN H2S04 to stop color development. 
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12. Read in Micro Elisa Auto Reader (Dynatechl at 490 nm wavelength. 

13. Analyze and evaluate data. 



f ree access to Wayne Rodent Blox provided in a container hanging on 

the front of each cage. Fluid was provided in an Oasis ball point 

bottle . Water availability was gradually reduced over a seven day 

period until the subjects consumed all their daily needs during a 

single 30 min period. 

Wat er Presentation 

The rats were individually housed and habituated to the environ-

ment for seven days with free access to food and water. Water 

avail~b ility was gradually redu ced to a single 30 min period. The 

drinking period occurred at 7:00 AM throughout the e xperiment. All 

rats were presented with 100 ml of fluid each day. Daily fluid 

consumption was measured and recorded in milliliters. 

Flavor Exposure 

Rats were exposed to either a 0.1% solution of saccharin 

(SAC) or a 0.2% solution of sodium chloride (NaCl). Low concentra-

ti on taste solutions were used to minimize flavor neophobia (Smith, 

1978; Domjan, 1980). The novel flavor was presented for a 30 min 

period on the treatment day (Day 14, conditioning). The amount of 

fluid consumed for each subject was recorded in milliliters. 

Cyclophosphamide Administration 

In all experiments, CY was administered on the day of condition-

ing (Day 14) within 10 minutes after removal of the novel flavor. 

CY, diluted with sterile distilled water, was administered (ipl at a 

dosage of 50 mg/kg of body weight. 
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Condi tioning 

The single co nditioning trial occurred 14 days after the 

i nitial BSA antige n challenge. Selected experimental animals (CS-US, 

tr eatment group) received a flavor CS during the 30 min drinking 

period. The bottles were removed at the end of the 30 min 

and within 10 minutes an ip injection of CY (US) was administered. 

All rats received a second subcutaneous injection of 

BSA mg) in order to generate a IgG antibody response. The 

antigen boost was administere d on the sam e day approximately 60 min 

after th e conditioning procedure. 

Test Tri a ls 

The effects of tr eatment were evaluated by presenting 

the CS-US group (tr eatment ) the same flavor as provided on the 

conditioning tri a l. Control animals were also offered the flavor. 

During th ese test tri als, the CS was presented far 30 min at the 

usual watering tim e. Access to plain water fo r 30 min was provided 

90 - 120 min after the test trial. This was done to reduce the 

possibility ofdehydration brought on by complete aversion ta the 

flavor. 

Serum samples were taken 8 - 10 hours after the test trial. 

A total of four test trials were administered, on days 21 (7 days 

after the antigen boost), 28 (1 4 days post boast), 35 (21 days post 

boost) and (2 8 days post boast). The general experimental 

proced u res are summarized in Table 2, page 
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CHAPTER VI 

EXPERIMENT 1 

t=·u.rpose 

The purpose cf this experiment was to determine the effects 

of conditioning on an antigen specific antibody response, using a 

t aste a version paradigm. Thi s experiment in vestigated the extent to 

which a pre v1 cusl y neutral stimul us would elicit an immunosuppressi ve 

re sponse f oll owi ng a 5ingle pair i ng with an unconditioned stimulu s 

( CY). 

This 2 xperiment dif fe r ed fro m re searc h procedures re ported in 

t he literature in a numb er of significant ways . First, th e use of 

the antigen BSA, which is a single protein, as opposed to sheep red 

blood cells, ~hich are a complex o f p roteins and glycoproteins. The 

r eason for this alteration was to allow for an eva l uat ion of the 

sp eci ficity of this t ype of immune conditioning. Second, the immune 

r espons e elicited and evaluated was a second ary re sponse to BSA 

( i.e., IgG), as opposed to a primary response utilized in the 

previous re sear ch ( i .e., Ader & Cohen, 1975). Further, the affinity 

of the antibody r espo n se was e xamined in addition t o the titer 

level . Third, t he antibody r esponse (titer and affinity) was 

monitored on a biweekl y basis for six weeks in order to evaluate the 

t i me course or th e effect. Fourth, the CS test consisted of a single 

f lavo r rath er than a compound element (flavor+ injection) used in 

prior r esearch. Fi nall y, t he measurement of the dependent variable, 

th e antibody levels, was completed using a more sensitive and precise 
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CL ISA a ·5sa y . 

Sub .iec t s 

Th irt y-o ne Lewis male albino rats (Charles River Laboratory ) 

appro x imatel y 60 days old served a s subjects. They were individually 

housed as described in the previous chapter. A seven day habituation 

period was provided with free acess to water and food. The watering 

per io d was gradually reduced to 30 min daily. The rats were then 

as s i gned t o t he following seven groups: CS Only ( 1-5); US Only 

(6 - 101 ; CS+/ CS- ( 11 -15 ) ; 2 4 Hour Delay (16-20); No CS Test (21-22); 

Positi ve Cont r ol (23-24); and CS-US (25-31). 

Serum Samples 

Pr ior t o group assignment, a l l subjects were evaluated for prior 

e xposure to BSA. Procedures for serum collection were identical to 

that described in the previous chapter. All samples were collected 

between 19: 00 - 23:00 hours , twice per week. A total of twelve serum 

s amples was acquired from each subject. 

ELISA 

An ELISA was completed for each serum sample ta determine 

antigen specific antibody levels. All assays were conducted at the 

Neuroimmunology Laboratory (Veteran ' s Administration Medical Center, 

SLC). The solutions used for the assay, and all assays were complet­

ed by the investigator. Rat sera that was positive and negative for 

antibody presence was used as an additional control for each assay. 

The procedures for the assay are reviewed in Chapter V and outlined 

i n Table 4. 
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Briefl y , a t otal of nine 96 Nell plates were run for each day ' s 

seru m s amples. J nce each rat's antisera was diluted (1:100, 1:1000), 

t he assa y too k appro x imately 10 hours to complete. A total of 21 

assa ys were conducted for t his e xperiment. Additional assays were 

c ompl e t ed i n o~der to verify the results from the samples taken on 

As a f urther reliability check, a random series of samples 

was rerur, by quali f ied personnel within the laboratory. 

Dat a Ana l ysi s 

Tt,2 planne d co mpar is ons or cont r asts were analyzed using a 

Model I ANOVA for means with a correction i n value f or 

de gr ess cf f reedom in order t o acc ount for unequal sample size and 

possible hete r ogeneit y of variance (Hays, 1973 ) . Post hoc 

compari sons wer e al so c onducted using a One Way ANOVA and Scheffe' 

test to compa r e dif ferences between all possible pairs of means. 

Statis t ical anal yses were conducted using the SPSS/PC+ 

statistical an d i nformation analysis system (Version CP/X IBM/PC, 

SPSS I nc. I . The i mmune response was measured by quantifying antibody 

le vels to BSA using the ELISA. The optical densities for each 

subject at the serum dilution of 1:100 and 1:1000 were entered and 

coded. Each serum sample provided a total of 24 data points for 

eac h subject. This consisted of three reliability measurements at 

each antigen range (90 ng., 30 ng., 10 ng., 3 ng.) and across two 

serum dilutions ( 1:10 0 , 1:1000 ) . All analyses were conducted at 

1:1000 serum di l ution as the specificity of the immune response and 

linearity of the ELISA were best e xhibited within this dilution. 
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The analysis th at con sisted cf antibody titer at 30 ng/ 1:1000 

3erum di lution re qu ired that th e thre e optical densities at 30 ng be 

entered for each subject within a group. The raw data were then 

a nalyzed and a mean titer r esponse calculated for each group. 

An ANOVA of means across groups was th en completed. 

The affi nit y of t he immune response was estimated from the slope 

of a reg ress io n plot o f the binding capacity versus the log 10 

anti gen co nce ntrati on <Hudson, 1986} . The slope was attained for 

e ach subject for ea c h test day by c onductin g a lin ear regression. 

;n e antigen range (90 ng., 30 ng., 10 ng., 3 ng. ) was converted to a 

l og 10 and fix ed as the independent variable across time and 

subje c ts . The dependent var iable was the optical densities attained 

at the serum dilution of 1:1000. It consisted of three replicate 

optical den sit ies at each of the fo ur antigen concentrations for each 

s ubject. Assu mpt ions regarding i ndependence, normalcy, and variance 

arou nd the regression line were met. A mean slope was calculated 

fr om the r egress ion li nes for each subject in a group and a ANOVA of 

slo pes across groups was performed. Additionally, post hoc 

comparisons were co nducted on titer and affinity using a One Way 

ANDVA and Scheffe ' test to compare differences between all possible 

pairs of means. The Scheffe' multiple comparison test was selected 

as it is reported to be a conservative measure CNorusis,1986); is 

a pplicable to groups of unequal size (Hays, 1981); and is relatively 

insensitive to departures from normalcy and homogeneity of variance 

(Hays, 1981). 
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Tr eatment (Conditioning ) 

On day f ourteen, the following protocol was implemented. 

Instead of tap water, appropriate groups were offered water to which 

had been added 0 .1% SAC or 0.2% NaCl. Following 30 min access to 

t his f l u id, rats in the treatment group (CS-US) and differential 

cond it ioning group !CS+/CS-), were each injected with CY (US). 

The dosage of CY was based on 50 mg/kg of body weight. 

The CS Only group (1-5 ) was included to evaluate the effects of 

f amil i arity with the CS. On day 14 , these rats were provided water 

t o which SAC had been added. The US Only group (6-10) which was 

included to control for sensitizatiion by the US, was watered as 

usual f ollowed by CY injection. 

The CS- US Tr eatment g r oup (25-31) was presented with 

SAC a s the CS, f ollowed within 10 min by an injection of CY, 

the US. The CS+/ CS- group (11-15) served as a differential condi­

t ioning cGntro l . Saccharin f lavored water was followed by a CY 

inJect i on for r ats 11, 12, and 13. Salt flavored water consumption 

was followed by CY injection fer rats 14 and 15. The 24 Hour Delay 

group 116-20) was a control for the contiguity between the CS and the 

US. The flavor CS was SAC for this group and it was presented (Day 

13) 24 hours prior to injection of the US (CY). 

The No CS Test group of two subjects (21 and 22) was 

presented with the same treatment protocol as the CS-US treatment 

group. However, these subjects were not presented with the test 

condition. This group became a basis of comparison in terms of CS-US 

pairing and the subsequent nonstressed course of events. The 
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Pos iti ve Contr ol (23 a nd 24) gr oup re cei ved water on day 14 without 

pres entation of t he CS or US. These animais were i ncluded to 

de t e rmine t he patt e rn of t he an ti body response t o BSA without 

further experim ent a l manipulat i on. 

~11 su b j ec ts r ecei ved an in iti al challenge (i njection) of BSA 

on Day O an d a boos t !second injection ) 14 da ys later. All injec­

ti ons were giv en sub cu taneousl y as described i n the General Pro­

cedures . ~11 anim als r ec e i ved t he ant ig en boos t appro ximately one 

hour af ter CY i n je c tion s. Ser um sa mpl es we r e tak en t en t o twelve 

hou r s aiter t re atmen t . Table 5 presents t he procedures for each 

gr ou p. 

Tes t Tr i a ls 

Al l ra ts re ce iv ed access to a single water bottle for 30 min 

each day (0700 hour s ) , e xcept on the treatment and test trials. The 

t es t tr ia l s occured on days 2 1, 28, 35, and 42 . The f irst test was 

s chedu led s even day s after t reat ment because preliminary data 

indica t ed t hat th e ant i bod y r espo nse had increased by that time. 

Tes ts 3 and 4 were cons i dered critical, as the residual effects of 

CY were reported ly e l iminated by this time. 

The t est t r i als for CS Only, US Only, and 24 Hour Delay groups 

consisted of si mple reexposure to the CS <SAC). The CS+/CS- group 

was offered either a CS+ or CS- in an alternating counterbalanced 

sequence across th e f our test trials. The animals in the No CS Test 

and the Posit ive Control groups were not given a flavor, but were 

offered regular tap wate r during the test trials. The CS-US treat­

ment gr oup was r ee xposed to the CS (SAC) across all test trials. 



Table 5 

Experimental Procedures in Experiment 1 

BSA Condition Test 1 Test 2 Test 3 Test 4 

Days 0 7 10 13 14 17 21 24 28 31 35 38 42 

Serum + + + + + + + + + + + + 

Group N Flv CY BSA cs cs cs cs 

cs Only 5 BSA SAC -- BSA SAC SAC SAC SAC 

us Only 5 BSA WAT CY BSA SAC SAC SAC SAC 

CS+/CS- 5 

CS+ SAC 3 BSA SAC CY BSA SAC NaCL SAC NaCL 

NaCl SAC NaCl SAC 

CS+NaCL 2 BSA NaCL CY BSA NaCL SAC NaCL SAC 

SAC NaCL SAC NaCL 

24 HR. 5 BSA SAC WAT CY BSA SAC SAC SAC SAC 

No CS Tst 2 BSA SAC CY BSA WAT WAT WAT WAT 

Pos Ctrl 2 BSA WAT -- BSA WAT WAT WAT WAT 

CS-US Trt 7 BSA SAC CY BSA SAC SAC SAC SAC 

-.J 
w 



Serum was taken on test days between 19:00-23:00. 

Dependent Variables 

The dependent variables consisted of: 

1. The consumption of CS fluid on test days measured in 

mil liters. 
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2. The antibody titer response to BSA at 1:1000 serum dilution/ 

30 ng antigen concentration. 

~- The affinity of the antibody response as reflected by the 

slope at 1:1000 serum dilution/ 90, 30, 10, and 3 ng antigen 

concentration. 
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CHAPTER VII 

RESULTS OF EXPERIMENT 1 

Taste Aversion 

~11 rats adjusted to the restricted water regimen and stabilized 

th ei r int ake and weight. Independent sample t tests were calculated 

to compare the mean consumption of saccharin flavored water between 

the CS-US tr eatmen t and th e US Only group. The assumption of equal 

variances was met as tested by Hartley ' s F Max Test (Hays, 1973). 

A sign ifica n t av ersion to the saccharin solution, (reduced 

int a ke ) , was obser ved in the treatment group (CS-US) on the first 

and second test trials. Statistical significance was attained 

between t he CS-US treatment group and the US Only group at Test One 

(t=4 .84, df=lO, p. { .0011, and Test Two (t=5.822, df=lO, p. ( .0011. 

Statistically significant differences were not attained on Test Three 

(21 days post condition ing ) or Test Four (28 days postconditioning}. 

The increas ed consumption of saccharin on these tests indicated the 

extinction of the t aste aversion response (Testa & Ternes, 19771. 

The mean intake of saccharin flavored water for CS-US group (treat­

ment ) and US only subjects is shown in Figure~ and in Table 6. 

Animals in the 24 Hour group (exposed to the conditioning 

protocol with a 24 hour interval between CS and US presentation), 

showed a mild decrease in the ingestion of the saccharin flavored 

water on Test 1, 2, and 3 (Figure 4). However, a statistically 

significant difference (p . <.05) between this group and the US 

only group was attained only on Test 2. The intake of water flavored 
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Figure 3 . ~ea n Flavo r Ing estion - Exper iment 1 

28 
I 

"O 

~ 
I <l.) <l.) 

~ E I s::::, 
c en 

20 I - c 
c O I ·.:: u 
ro en 

I .c .... 
u <l.) 
u .'!: I ro =-= 12 en:= 
c~ I 
ro - CS-US I <l.) ro • ~o 0 US only I I- CS only 4 c,. 

I 
I 

Days 2 6 10 14 18 22 26 30 34 38 42 
... T, T2 T3 T4 Conditioning 



Table 6 

Mean Flavor Ingestion - Experim ent 1 

Conditioning Test 1 

Group N Day 14 Day 21 

x SEM x SEM 

CS Only 5 20 0.0 21 1.9 

US Only 5 19 1. 9 

24 Hour 5 22 1.2 16 .98 

CS-US 7 24 .81 6 1.9 

Note. X = Mean 

SEM = Standard Error of the Mean 

Tes t 2 Test 3 

Day 28 Day 35 

x SEM x SEM 

22 1. 2 18 1. 2 

23 1.1 19 2.0 

14 . 98 15 1. 2 

11 1. 7 18 1. 5 

Test 4 

Day 42 

x SEM 

27 1. 2 

26 2.0 

26 1.0 

25 0.0 

~ 
~ 
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Figure 4. Mean Flavor Ingestion - 24 Hour Delay Experim ent 1 
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wit h SAC for ea ch animal within t his group is shown in Table 7 . 

A formal analysis was not attempted with the CS+/CS- group 

beca use of th e small number of subjects in each condition within 

th is grou p (n = 3 , n 2), a nd the number of presentations of the 
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CS+ was different from t he other groups. The flavor intake data for 

th is group is provided in Table 8, and visual e xamination suggests 

no consistent differential aversion. Decreased flavor intake is 

obse rv ed in anima l 12 on Tests 1 and 3 compared to the preceding 

tests. Some aversio n is als o observed i n animals 11 and 15 on Test 

1, bLlt not to the e xt ent as a nimal 12. No aversion response is found 

on Test 3 (ani mals 11 and 15), nor on Test 4 (animals 11, 12 and 

15 ). These data are graphed in Figure 5. Animals 13 and 14 were 

exposed to the CS- en th e fir s t te st trial, and the observed decrease 

in flavor may be secondary t o flavor neophobia (Figure 6). However, 

a clear aversion to the CS+ is observed in the second test trial in 

bo t h animals . An increase in the c onsumption of the CS- is observed 

on the third test, and the aversion response to the CS+ is extin­

guish ed by the fourth test. 

Antibody Ti ter 

The means and standard deviations on antibody titer for each 

group in Experiment 1 are presented in Table 9. On Day O, no statis­

tic all y significant differences were present between the antibody 

titer of the CS-US group and various control groups. Differences 



Table 7 

Flavor Ingestion in the 24 Hour Delay - Experiment 1 

Test l Test 2 

Sti>ject Flv Duy 13 Duy 21 l:By 28 

16 SAC 20 15 15 

17 SAC 25 15 10 

18 SAC 20 15 15 

19 SN:. 25 15 10 

20 SN:. 20 20 15 

X = 22 X = 16 X .. 14 

sem = 1.22 sem = .986 sem"' .986 

X = lean 

sem = St.anddcd error of the lredJl 

Test ] 

l:By )5 

15 

15 

15 

12 

20 

R = 15.4 

sem = 1.25 

Tl!st 4 

Cuy 42 

]() 

2'.> 

25 

2'.> 

25 

X = 26 

sera = l.O 

--- - ---

Cl) 
0 



Table 8 

Flavor Ingestion in the CS+/CS- - Experiment 1 

Cbndi tioning Test l+ 

SliJjects Flv I.lay 14 Day 21 

11 SAC 20 JO 

12 SAC 27 5 

15 NACL 20 15 

Test 1-

13 Sl\C 25 15 

14 SAC 20 14 

Test 2- Tcst 3+ 

Day 28 !:6y 35 

15 15 

15 10 

10 20 

Tust 2+ Test 3-

5 20 

10 25 

Test 4-

Day 42 

25 

25 

25 

Test 41-

25 

25 

OJ ,.... 
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Figu re 5. Mean Flavor Ingestion - CS+/CS-
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Fi gure 6 . Mean flavo r Ingestion - CS+/CS-
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Table 9 

Experiment 1 - One Way ANOVA Antibody Tit er 

Boo s l 
Day 14 Day 17 
N x Sil SEM N x SD Si-:11 

CS On I y l'i .ll!l'l6 .01)2 ,()()4 l'i .0607 .014 ) .00)7 
IIS <hi I y l'i .l'll,2 .Ol'i6 .m4 15 .0098 .0072 .OlllH 
'L.4 110111 l 'i .1011 .0207 .006 15 .0 100 .0 10) . IXl27 
l 'u~. ( .11111 ,·o I 6 .l >'H,H .00 54 .002 6 .0)68 .0114 .004 7 
I 'S II'.; 2 1 .IIHlb .0129 .cxn 21 .0099 .01 20 .00 26 

F = 3. 5'J9 f = 43.80 
di 6 d[ = 6 
p. "' t .005• p. = <. 0001• 

T1·:.;t 'lwu 

0.1y 18 Day 3 I 
N x Sil SfM N x Sil SEN 

cs 011ly l 'i .b ... >8] . 1061 . 0274 15 I. 2785 . 1278 .0330 
II S 011 l y l 'i , 74H'I . 24)4 .0628 l'i I. 1434 .157) .0397 
24 1111111 15 . 7013 .1816 .0469 15 I. II 3'i .0377 .0097 ro-. l ',11111 111 6 I. ll74'i .0 58 7 . 0240 6 I. I 76'i .08)8 .0)42 
CS IIS 2 1 .8 497 .1299 .02 83 2 1 .9479 .2378 .0519 

F = 12.664 f' = 16.8315 
<If = 6 d[ 6 
I'· = < .000 1• p. = <. UUUI * 

Test Four 

Oay 42 
N x SD SfM 

CS Oul y 15 1.09)1 .1793 . 0463 
US Only 15 . 9240 .0888 . 0229 
24 lluur 15 .9219 .0475 .0123 
Po$ Control 6 1.0160 . 2127 .0868 
Cl - US 21 . 7405 .1843 .0402 

F • 20.5857 
df - b 
p. • <. 0001• 

~- • Stat i s l ical Sig nifi ca nct> 

Tcs l One 
Day ll 
N x S il SI ti 
l'i . 4027 . (t,J4 .112H2 
15 . 2182 .OHH6 .0224 
15 . 24S6 .07 111 . IJIH6 
6 . 59'i8 . Jlff}h .ll44 7 

2 1 .1940 .Of,Hl .11149 

F = LH.411,11 
di 6 
p . ::: , .llUO I * 

T1·s t Tiu 1.·L' 
Day J'"> 
N x SU Sl·N 
I '> I .OJ lij . I 79J .05b7 
15 . ij(,51 . I 325 .0419 
15 . ')24 J . 1257 .0397 
6 I . 290:l .1268 .0634 

2 1 I . OS'i'i . 1467 .0392 

F • ll.413 
di 6 
p. = <. 0001• 

IJ.1y 2t, 
N x :, IJ :.1}1 

" . '1Hl' J . l'l.'.I .O'lOI 
l 'i .ti!'>• J . L' d 2 . IH14 1J 
I '> .H 1111 . lt>H'} .11.!H I 
b .'111.1 1 . I L'Hi .ll .. 1111 

LI . I J 'I/ . L7 ,~ .ll 'J' Jf) 

I - H , .!/' Ji, 
,II h 
p. - , .no1 • 

;i,,y IH 
N x S il ~ IM 
I '> I .t1Lf1':> . lH L I .04 .!IJ 
I', .I J{.\I . I 1JH4 . ll '1I .! 
15 .HA1'"1 . lh117 .04 I ') 
I, I .114\11 . 11118 .11440 

" .h'10 1J . I lf12 .11:..1·)4 

I - L I . .!'";/ I 
,II ,, 
... · . . lkHJI* 

()'.) 
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between the CS-US group and the CS Only group were expected after 

treatment, sin ce the CS Only group did not receive CY, the 

immunosuppressive agent. There was a similar titer level between 

these two groups until day 17. The antibody titer in the CS Only 

group is graphed in Figure 7. Statistically significant differences 

were found between the CS Only and CS-US groups (Figure 7) on: day 

17, CS Only greater than CS-US (t=ll.253, df=27, p. ( .001}; day 

21-Test 1, CS Only greater than CS-US (t=6.539, df=22, p. <.001>; day 

28, CS Only less t han CS-US (t =4.855, df=33, p.,.001); day 31, CS 

Only greater t han CS-US (t=6.920, df=22, p. ( .001); and at day 42-Test 

4, CS Onl y greater than CS-US (t=5.749, df=31, p. { .001). The results 

of the tests of significance are found in Table 10. 

The critical contrast was between the the CS-US treatment group 

and the US Only group (Figure 7). It was hypothesized that the titer 

of the CS-US group would be suppressed following reexposure test to 

the fl avor. Visual in spection of Figure 7 revealed a similar titer 

pattern between th ese two groups until day 24 ( 11 days post condi-

tianing). At this point, the titer of the US Only subjects showed 

a rapid rise until day 31. A gradual rise in titer is observed in 

the CS-US group until day 35, when the titer decreased. Statis-

tically significant differences were found on days 31, CS-US 

significantly less than US Only (t =2.992, df=34, p. <.00 5}; day 

test 3, CS-US significantly greater than US only (t=3.317, df=21, 

p.{.005); day 38, CS-US significantly less than US only Ct=5.008, 

df=21, p.{.001); and day 42-test 4, CS-US significantly less than US 

only (t =3.963, df=31, p.(.001). Table 11 summarizes the results of 



Figure 7. Mean Anti bod y Titer in Experiment 1 
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Table 10 

Experiment 1 

Result s of Tests of Sig nifi cance - Antibody Ti ter 

CS Only and CS - US 

cs Only/ 
CS-US 

cs Only/ 
CS-US 

cs Only/ 
CS-US 

Boost 
Day 14 

t "' .176 
df = 19 
p. =- • 862 

Test Two 
Day 28 

t ,.. 4.885 
df. 33 
p. - <.001** 

Test Four 
Day 42 

t • 5.749 
df • 31 
p. • <.001* 

Day 17 

t .. 11. 253 
df = 27 
p. "'<.001* 

Day 31 

t • 6.920 
df • 22 
p. • <.001* 

* CS only significantly greater than CS-US 
** CS only significantly less than CS-US 

Test One 
Day 21 

t • 6.53 
df • 22 
p. • <. 001 * 

Test Three 
Day 35 

t • .244 
df"' 17 
p. • .735 
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Day 24 

t • 1.7 56 
df • 34 
p.• .088 

Day 38 

t • 6.920 
df • 22 
p. • <.001* 



Table 11 

Experiment 1 

Results of Tests of Signif i ca nce - Antibody Tite r 

US Onlv and CS- US 

us Only/ 
CS-US 

us Only/ 
CS-US 

us Only / 
CS-US 

Boost 
Day 14 

t • 2. 246 
df • 19 
p. • <. 05 

Test Two 
Day .28 

t • 1.471 
df • 20 
p. • .157 

Test Four 
Day 42 

t • 3. 963 
df • 31 
p. • <. 001 • 

Jay 17 

t • .018 
df • 33 
p. • .98 6 

Day 31 

t • 2.992 
df • 34 
p. • <.005• 

Test One 
Da y 21 

t • .887 
df • 25 
p. • .384 

Test Three 
Day 35 

t • 3. 317 
df • 21 
p. • <.005 .. 

• CS-US significantly les• than the US Only • 
.. CS-US •i&11ific:antly greater than the US Only. 

Day 24 

t • l. 065 
df • 32 
p . • .295 

Dey 38 

t • 5.008 
df • 21 
p. • <.0 01* 
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the ANDVA between the CS-US and US only groups. Figure 7 

1s a graphic comparison of the mean antibody titers of the 

CS Only , US Only, and CS-US treatment groups. 

89 

Post hoc analyses were also completed on titer using a One Way 

ANOVA and Scheffe ' multiple comparison tests. The ANOVA indicated 

statisticall y significant differences among all pairs of means 

after day 14. Table 9 provides a summary of the ANOVA for titer in 

Experiment One. The Scheffe' test indicated statistically signifi­

cant differences at the .05 alpha le vel between the CS-US and CS Only 

groups on day 17 , day 21-test 1, day 31, day 38, and day 42-test 4. 

At all of th ese points, the antibody titer of the CS-US group was 

significantly less (p. {.0 5) than the antibody titer of the CS Only 

group. 

Statistical differences between the antibody titer of CS-US and 

US Only groups were maintained at day 31, day 38, and day 42-test 

4. At each of these time points the CS-US group was significantly 

less t han the US Only at the .05 level of confidence. Significant 

differences were also attained between the antibody titers of the CS 

Only and US Only groups on days 17, 21, and 28. The antibody titer 

was greater in the CS Only group. 

Statistical analyses were not completed with the two subjects in 

the No CS Test group. One of the subjects did not respond to the 

second antigen boast and no antibody production appeared to have been 

generated. Significant differences in titer between the 24 Hour and 

US Only groups were not found (Figure Bl, even though a flavor 

aversion was observed on Test 2 (Figure 4 ). 



Figure 8 . Antib ody Titer in 24 Hour Delay - Experiment 1 
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~ach animal i n the CS+/ CS- group was presented with the CS+ a 

total of two times during the course of the experiment. Animals 

11 , 1~, and 15 were presented with the CS+ on Tests 1 and 3; and 

animals 13 and 14 were presented with the CS+ on Tests 2 and 4. 

Figures 9 and 10 illustrate the titer pattern for each animal, 

and Table 12 summarizes the data. On day 17 all titers decreased to 

zero, then increased on day 21. Animals 11 and 12 when presented 

with t he CS+, displayed a titer less than the mean of the US Only 

group. Taste aversion was observed in both of these animals (Figure 

5) . The titer of animal 15 was greater than that in the US Only 

gr oup on day 21, Test 1. On Test 2, animals 11, 12, and 15 were 

presented with t he CS- and a rise in titer was found. Test 3 

showed a beha v ioral aversion response to the flavor in 11 and 12, but 

not 15. Titer in 11, 12, and 15 was decreased on day however 

decreased titer was observed in all groups on day Test 3. 

Animals 13 and 14 were i n itially presented with the CS- (Test l l , and 

a rise in titer was observed with a concomitant aversion to the 

flavor !Figure 6). On Test 2, an aversion to the flavor was found in 

both subjects, and the antibody titer was reduced below the mean 

titer of the US Only group and the CS-US group. Aversion to flavor 

was not seen on Test 3, and a rise in titer was found. By Test 4, 

the taste aversion response had extinguished 1n both animals. The 

titer in animal 14 rose, while little change in titer was observed in 

animal The results from the CS+/CS- group are inconclusive, as 

the depression in titer that corresponds to CS+ presentation is 

observed on Test 3 where all animals display a decrease in titer. 



Figur e 9. Antib ody Ti t e r in CS+/ CS- - Experiment 1 
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Figure 10. Ant ibo dy Titer in CS+/CS- - Exper iment 1 

>, ..... 
'in 
c: Ol 
a, c: 
Co 
-M 
co --~ c: ..... 0 a.·-

0 :i 
<{ :.a 
(f) 0 
-o 
...J O 
UJ -c: .;.:. 
co 
a, 

~ 

1.4 

1.0 

0.6 

0.2 

+ Flavor paired with CY 
- Novel flavor 
a Subject 13 (SAC= + ) 

• Subject 14 (NaCl= +) 

Days 2 6 ... 
Conditioning T, 

26 30 34 38 42 
T2 

+ 

93 



Table 12 

Antibody Titer at 30 ng/1:1000 - CS+/CS-

SUb~t Boaot 'l\!sl .. 

!lily 14 Lloy l 7 Luy ll !lily 24 

sJ x sJ x SU x sJ 

ll Sf£ .1285 .019 . OllO .004 .l~Jl . OOL .J'J16.0ll 

U SIL . 0805 .000 .0000 .ooo .15SJ .OOJ • }lX) .026 

15 IW1 .OIJ.10 . 000 .00) .002 , 247 I .U04 .t.,090 .011:1 

1\.-!,t 1-

i sd x sd x s,1 x sd 

l) ,;.,,,: .26'>0 .o .OJJO .007 . 202J .00'.i .4240 .00~ 

14 NIU. -09J~ .ooo .0000 .000 .240L .Ull .477) .000 
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.4bl) .007 .YU..O .009 .b llS .074 

• l91J .Ol'..1 . IU'JO .OLO .6485 .0 J• 
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Antibody Affin i ty 

The antibody affinity for the CS Only group is shown in Figure 

11. Statistically significant differences were attained between the 

CS-US group and the CS Only group (Figure 11) on: day 17 1 CS Only 

CS-US Ct= 5.472, df=8, p.(.001); day 21-test 1, CS Only> CS-US 

(t= 4.343, df=7, p. { .005); day 38, CS Only > CS-US (t= 4.555, 

df=lO, p. <.001); and day 42-test 4, CS Only > CS-US (t = 2.570, 

df=B, p. <. 051. Table 13 contains a summary of the results of the 

One way ANOVA on affinity of t he antibody response between these 

groups. 

Visual examination of the contrast between the CS-US and the US 

Only groups revealed no differences between the groups until day 38, 

when the CS- US a f finity decreased and the affinity of the US Only 

continued to increase (Figure 11). Statistically significant 

differences were f ound on day 38 with the CS-US significantly less 

than the US On ly ( t= 4.055, df=6, p. ( . Oll; and on day 42-test 4, 

CS-US less t han the US Only Ct= 2.312, df=10, p.(.05). The results 

of the One Way ANOVA on antibody affinity between CS-US and US Only 

groups are presented in Table 14. 

Post hoc analyses using a One Way ANOVA and the Scheffe' test 

were completed to determine differences between pairs of means. 

The .05 alpha level was established for statistical significance. 

The One Way ANOVA showed significant differences among means 

after day 17. Table 15 provides a summary of the exact values. 



Fi gure 11. Antib ody Affinity Experiment 1 
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Table 13 

Results of Tests of Sig ni fica nce - Antibody Affinit y 

CS Onl y and CS-US 

Boost Test One 
Day 14 ::a y 17 Day 21 Day 24 

CS Only / t • . 942 t • 5. i.72 t • <>,343 t " . 898 CS-t:S df • 10 df • 8 df • 7 df • 10 
p . • .369 p. • <.00 1* p. • .005* p . • .390 

Test Two Test Three 
Day 28 Day 31 Day 35 Day 38 

cs Only/ t • 2.263 t • l. 762 t • l. 780 t • 4.555 CS-US df • 9 df • 9 df • 10 df • 10 
p. • .051 p. • .111 p. • .106 p. • <.001* 

Test Four 
Day 42 

cs Only/ t • 2.570 
cs-us df • 8 

p. • <.OS• 

• Ailtibody affinity of the CS Only is sianifieantly greater than 
affinity of the CS-US. 
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Table 14 

Exper iment 1 

Results of Tests of Si gni f ic ance -Anti body Affini t y 

US Onlv and CS-US 

Boost Test One 
Day 14 Day 17 Day 21 Day 24 

t • 2.46 7 t • .001 t • .567 t • .412 
us Only/ df .. 6 p. • . 999 p. • .587 df • 9 
CS-US p. • .052 p. • .691 

Test Two Test Three 
Day 28 Day 31 Day 35 Day 38 

us Only/ t • .364 t • 1.240 t • . 725 t • 4.055 
CS-US df • 6 df • 10 df • 7 df • 6 

p •• • 728 p. • .245 p. • .492 p. • <.01* 

Test Four 
Day 42 

us Only/ t • 2.312 
CS-US df • 10 

p.<.05* 

* Statistically significant differences Yith antibody affinity. 
The affinity of the CS-US significantly less than affinity of 
us Only. 



Table 15 

Experiment 1 - One Way ANOVA 

Antibody Affinity 

cs (h>I y 
US Ouly 
24 Hour 
Pos Control 
C:S - IIS 

CS Only 

us ·~·l y 
24 llour 
Po~ Cont rul 
CS- US 

CS U11ly 
us 0111 y 
24 !lour 
Pos Control 
CS- IJS 

Uous t 
llay 14 

N x Sil 
5 .0'!62 .0 179 

.0780 .0439 

.0%2 . 0446 
,0679 .0346 
.ll 21,) . 0223 

F • I . 5693 
di • 6 
p . = . 1992 

Tl' s t Two 
Day 28 
N x so 
5 . )')18 .0841 
5 .4 797 . 1321 
5 ,4 '11) .1140 
2 . 61)53 .0354 
7 . 504 2 . 0859 

F = 2 .6l!04 
{If "' (, 

p. = .O)<JtJ• 

T(' s l Four 
N 
5 
5 
5 
2 
7 

x SD 
. 7997 . I )5 J 
. 7403 ,1)8)() 
.6 741 .ll51 J 
• 732 1 .0 404 
. 6U1J1 • I IOI 

F • 5 . 406 
df = 6 
p. • . 001 2• 

SFJ1 
.008 
.0196 
.019 
. 0 245 
.0084 

SEH 
.0376 
.0591 
. 0510 
.0250 
.0325 

SEH 
.OW5 
.0371 
.0 229 
. 0286 
. 0427 

Note. • Stat i sl i ca l S ignifi ca nc t• 

Day 17 

N x SD 
5 . 1125 .01 19 
5 .0}85 .0239 
5 . 0482 .0235 
2 . 0916 .0 163 
7 . 0 385 .0329 

F = 5.1, 679 
df 6 
p . = .001 • 

Day 31 
N x SD 
5 . 7619 . 1241 
5 . 704 3 .0743 
5 . 7147 .03 41 
2 . 7392 .0 456 
7 .628 1 . 1371 

F = 3.5256 
di • 6 
p . = .0 12 1• 

Test One 
llay 21 

SEH N x SD SEN 
. 0053 5 . 2868 .0757 . 0339 
.0107 5 . 1358 .0630 .0282 
.0 105 5 . 1606 .0627 .02 80 
.0115 2 .4722 . 1037 .0733 
.0 124 7 . 1162 .0527 .0199 

F • 12.245 
df • 6 
p . • <.000 1• 

Test l11ree 
Day 35 

SEH N x SIJ SEH 
.0 555 5 . 4 388 . 0562 .03 85 
.033 1 5 . 5153 .0349 .0156 
. 0 152 5 . 5667 .046 9 .0210 
.03 44 2 . 6102 . 0198 . 0140 
. 0518 7 • 5552 .1398 .0528 

F = 4 .6598 
df 6 
p. :: <.0 1* 

Day 24 

N x Sil 
5 . JI 70 .1 100 
5 . 34A2 . 1506 
5 . 5382 .0 170 
2 . 529 1 .06 77 
7 • 3844 .1497 

F = 3. 5176 
df = 6 
p . • .0 122• 

Day )~ 
N x \ 0 
5 .067 5 .u654 
5 .6926 . 141 1 
5 . 3920 . 1358 
2 .669) .0883 
7 .4003 .0922 

F = tt.<l5 1 l 
df :a O 

p . • . llUUI• 

SEH 
.0492 
.0617 
.0 165 
.0418 
.0566 

SEH 
. 0,9l 
. 0631 
.0687 
.0625 
.0348 

'° '° 
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Results of the Scheffe' multiple comparison tests indicated 

statistically significant differences between the CS-US group and 

the CS Only group on days 17 and 21 <Test ll. The antibody affinity 

was greater in the CS Only group. The affinity of the CS-US group 

was found to be significantly below the affinity of the US Only group 

on day 38. The affinity 1n the US Only group was significantly less 

than the affinity in the CS Only group on day 17. Significant 

differences between the CS Only and Positive Control groups were not 

found. 

The antibody affinity of the 24 Hour group (Figure 12) was 

similar to the affinity of the US Only group, except for day 38 . 

On that single day, the affinity of the 24 Hour group was signi­

ficantly less than the affinity of the US Only. No aversion to 

flavor was fcund on day 38 within this group. The pattern of 

affinit y of the 24 Hour group was similar to that observed in the 

CS-US treatment group. However, the magnitude of depression in 

a ffinity within the 24 Hour group was less than that found in the 

CS-US group. The minimal changes in the 24 Hour group are perhaps 

a result of the extended int erval between the CS and US. Systematic 

changes in affinity were not seen in CS+/CS- group. 

Summary 

Taste aversion was obtained in Experiment 1, and it persisted 

for the first two test trials. A comparative decrease in both 

antibody titer and affinity was observed in the treatment group 

(CS-US) on days 38 and 42. A composite of the findings for the 

critical comparison groups in the first experiment is provided in 
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Figure 12 . Antibody Affinity 24 Hour - Experime nt 1 
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Tabie 16. 

The results are consistent with the literature in that 

s uppression was attained. The findings are unique in that 

suppression was found with both titer and affinity, and that the 

suppression was not evident until three test trials were 

presented. The decrease in titer and affinity was observed after 

the taste aversion response dissipated. An incidental but 

une xp l ained observation was the depression in affinity and titer 

across all groups on day (Test 3). 



Table 16 

Composite Summary of Results - Experiment 1 

Days 0 7 10 14 17 21 

Groups Tl 

CS Only/ Titer CS> CS> 

CS-US Affinity CS> CS> 

CS-US/ Titer 

US Only Affinity 

Taste Aversion + 

24 28 

T2 

CS< 

+ 

31 35 38 42 

T3 T4 

CS> CS> CS> 

CS> CS> 

CS-US> CS-US> CS-US< CS-US< 

CS-US< CS-US< 

0 0 

f-' 
0 
w 
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CHAPTER VIII 

EXPERIMENT 2 

Purpose 

The results of the first study showed a statistically signi-

ficant depression i n both titer and affinity 1n the CS-US treatment 
. -

animals as compared to the US Only group. However, these 

differences occur red onl y on days 38 and 42. The purpose of 

Experimen t: was t o st ren g then t he possible co nditioning effects on 

antibod y t iter /af finit y to BSA. 

It was hy pothesized that the conditioned immune response could 

be improved by increasing the dosage of CY and thereby e x tending the 

tas t e avers i on r esponse (Wright, Foshee, & McCleary, 1971). The 

administration o f the antigen boost was also changed to 24 hours 

after c onditioning because the BSA boost on the day of conditioning 

may have disr uot ed t h e effects of CY b y promoting antibody stimula-

tion. The p l an ned tests and dependent variables were identical to 

those in Expe ri ment 1. 

Subjects 

Twenty-si x Lewis male albino rats (Charles River Laboratory) 

appro x imately 60 days old served as subjects. The habituation and 

watering procedure was identical to Experiment 1. 

Subjects were assigned to the following g r oups: CS-US (1-9); 

US Only ( 11-18); and Positive Control ( 19-27). The Positive Control 

was used in l i eu of the CS Only group as no statistical differences 

were found between the CS Only and Positive Control in Experiment 1. 
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Antinen 

For thi s e xoer1ment, th e preparation of BSA for both the 

antigen c nallenge and boost was slightly modified. The process of 

emulsif yi ng th e BSA with the Freund ' s Adjuvant was improved by the 

use o f a homoge neizer. Al l other aspects of the antigen administra-

ti on r emained i dentica l to th e first e xperi ment. The initial antigen 

ch allenge was given on day O and the boost on day 14, on e day after 

conditioning. 

Se r um Samp les 

All pr ocedures were i dentical to Experiment 1, e xcept 

th e bl eed i ngs on cays 7 and 10 were eliminated. These two serum 

s amples were deemed unn ecessary based on the findings from Experi-

ment 1, that showed minimal presence of antibody. 

,:and i ti on i ng 

On day 1, .I.·-·' the CS-US treatmen t group received a 0.1% solution 

of saccharin at the r egula r 30 min drinking period. Ten minutes 

aft er termination cf the drinking period, a n ip injection of CY was 

administered to all CS-US animals at a dosage of 60 mg/kg of body 

weight. The US Only subjects received regular tap water during the 

drinking period, followed by an ip injection of CY at the above 

dosage. The Positive Control animals received regular tap water for 

the 30 min drinking period followed by an ip injection of SDW at a 

vo lume based on the CY dosage. Within three hours post conditioning, 

the CS-US and US only animals appeared ill with decreased motor 

activity and ruffled fur. 



All ~n1m a is r eceived reg ula r ta p water on day 14 . The 

anti o en boost was adm inistered th ree hou rs after the drinking 

period. Th e pr ocedu re was identical to Experiment 1. Th e serum 

s a mpie was acquired on day 14 appro xim ately 10 hours after the 

drinking period . Table 17 presents th e procedures for this 

e:-:oer 1men -::;. 

Test Tr i als 
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The test conditio n in this e xp er iment was id entical to th e 

p rocedures described 1n Exp er iment 1 . Te st trial s occur red on days 

21, ~a, 35, an d 42. Th e CS-US group was reexposed to the SAC (CS) 

on each test d a y. The US Only group was presented with SAC as the CS 

flavor also on each test day. The Positive Co ntrol animals received 

the regul a rl y s ched ul ed tap water. 

Pro cedu res for th e assay ar e described in Chapter V, and 

are identical to Experiment • . A to tal of seven 96 well plates 

were run for each day's serum sample. Fourteen assays were 

completed, th at i ncluded a separate reliability check. 



Table 17 

Experimental Procedures in Experiment 2 

BSA Condition BSA Boost 

Days 0 13 14 17 

Serum + + + 

Group N FLV INJ BSA 

CS-US 9 BSA SAC CY BSA 

US Only 8 BSA WAT CY BSA 

Pos Ctrl 8 BSA WAT SDW BSA 

Test 1 Test 2 

21 24 28 

+ + + 

cs cs 

SAC SAC 

SAC SAC 

WAT WAT 

Test 3 

31 35 

+ + 

cs 

SAC 

SAC 

WAT 

Test 4 

38 42 

+ + 

cs 

SAC 

SAC 

WAT 

....... 
0 
-.J 
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CHAPTER IX 

RESULTS OF EXPERIMENT 2 

Experi ment 1 resulted i n a conditioned immune response with 

decreased titer and affinity on Days 38 and 42. It was hypothesized 

that the t aste a ve rsion response and possible conditioning of the 

immune response could be enhanced by increasing the CY dosage (from 

50 mg/kg to 60mg/kg l and by admi nistering the antigen boast 24 hours 

after t he conditioning treat ment se ssion. Dependent measures used in 

this experiment were id en tical to the first experiment, and were 

a nal yzed using at test for means. Past hoc comparisons were 

conducted using a One Way ANOVA and Scheffe ' test to compare 

differences b etween all possible pairs of means. Procedures for 

statistical analys es were identical to Experiment 1. 

Taste Aversi o n 

An independ ent samples t test was calculated to compare the mean 

c onsumpti on of sacc har in between the CS-US and US Only groups. 

Reduced i ntake of saccharin was observed in the CS-US group at day 

21, day 28, and day 35 (Fi gure 13). Statistical differences were 

attained between the CS-US and US Only group on day 21-test 1 (t= 

9.296, d f=15, p. < .OOll; day 28 - test 2 Ct= 15.1, df=15, p. < .001); 

and day 35 - test 3 (t = 3.06, df=15, p. < .001). No statistical 

differences were found on Test 4. 
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Figure 13. Mean Flavor Ingestion - Experiment 2 
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Experimen t Two - Antibody Titer 

The serum taken orior to antigen challenge showed no antibody 

t iter to BSA across the three groups. A review of each subject ' s 

r esponse across time revealed that subject 12 (US Only) appeared not 

t o have been adequately immunized. The titer and affinity at both 

s erum dilutions and all antigen ranges was significantly less than 

other subjects within that group <>2 std. dev.l . A casewise residual 

pl ot !Norusis, 1986) was calculated and the results were consistent 

wi th the i mpression t hat s ubject 12 was an outlier. Therefore, the 

s tati s tical a nalysis presented below does not i nclude the data from 

this subjec t . 

Differences between t he CS-US and Positive Control were expected 

since CY was not a dministered to the Positi ve Control. The titer of 

the CS-US t r eatment g roup was significantly less than the Positive 

Control on da y 17. The dec r eased titer in the CS-US group was 

secondary to the i mmunosupp r essive effects of CY (Figure 14). 

Statisticall y s i gnif i cant differences were found between the titer of 

the CS-US and Positi ve Control on: day 14, CS-US greater than 

Positive Control ( t=3.597, df=44, p.{.001); day 17, CS-US less than 

Positi ve Control ( t= 5.299, df=37, p.{.001); day 21 - test 1, CS-US 

greater than Positive Control (t= 5.167, df=47, p.{.001); day 28 -

test 2, CS-US less than Positive Control (t= 3.530, df=43, p.{.001); 

day 35 - test 3, CS-US less than Positive Control ( t= 3.258, df=32, 

p.{.0051; day 38, CS-US less than Positive Control Ct= 16.014, 

df=30, p. { . 001); and day 42 - test 4, CS-US less than Positive 

Control (t= 9.824, df=30, p . {.001). The results of the tests of 



Figu r e 14 . Mean Antibody Titer - Experime nt 2 
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s ignificance are presented in Table 18. 

As 1n Experiment One, the critical contrast was between the 

CS-US and t he US On ly group. It was hypothesized that the CS-US 

would e xhibit a lower titer than the US Only group following test 

trials. Visual inspection of the data is indicative of a similar 

response pattern until day 28 - Test 2 (Figure 14). At that point 

the titer of the CS-US increased, and continued to be greater than 

the US Onl y . Statistically significant d ifferences were found on: 

day 14 , CS-US gr eate r than t he US Only ( t = 4.041, df=43, p. { .001); 

day 17, CS-US greater t han US Only It= 2.901, df=44, p.(.005); day 

31, CS-US greater than US Only ( t= 6.890, df=38, p.(.001); day 

test 3, CS-US greater than US Only (t= 3.903, df=27, p. ( .001); and 

day 38, CS-US greater than US Only ( t= 3.958, df=41, p. ( .001). 

Statistical anal ysis did not support a suppressive effect (Figure 

14). The r esu l ts of the One Way ANOVA between the CS-US and US Only 

groups a r e presented in Table 19. 

Post hoc analyses were conducted to determine differences among 

pairs of means. Results of the One Way ANOVA found statistical 

differences among means on all points after day 14, except day 24. 

Table 20 provides a summary of the data on titer for Experiment 2. 

The Scheffe ' multiple comparisons tests were also completed, 

and statistically significant differences were found at the .05 

alpha level. Statistical differences were found between the CS-US 

and Positive Control at all time points except day 28 - test 2. 

Statistically significant differences were also present between the 

CS-US and US Only groups at days 14, 31, 35 (test 3), and day 38. 
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Table 18 

Exper i ment 2 - Results of Tes t s of Sig ni ficance 

An tibo dy Tite r - Posi tive Contr ol a nd CS- US 

Posit i ve 
Ctrl ./ 
CS-US 

Positive 
Ctrl./ 
CS-US 

Positive 
Ctrl./ 
CS-US 

Boost 
Day 14 

t • 3.597 
df • 44 
p. <. 005** 

Test Two 
Day 28 

t • 3.530 
df • 43 
p.• <.005* 

Test Four 
Day 42 

t • 9.824 
df • 30 
p. • <.001* 

Day 17 

t • 5.299 
df • 37 
p. ,. <. 001* 

Day 31 

t • 1.437 
df • 49 
p. • .157 

Test One 
Day 21 Day 24 

t • 5.167 t • .212 
df • 47 df • 38 
p. • <.001** p. • . 833 

Test Three 
Day 35 

t • 3.258 
df • 32 
p. • <.005* 

Day 38 

t • 16.014 
df • 30 
p. • <.001 

** Antibody titer of CS-US significantly greater than 

titer of Positive Control. 

* Antibody titer of CS-US significantly less than 

titer of Positive Control. 



Table 19 

Experiment 2 - Results of Te sts of Significance 

Antibody Titer - US Only and CS - US 

Boost Test One 
Day 14 Day 17 Day 21 Day 24 

us Only/ t • 4.041 t • 2.901 t • 1.997 t • .453 
CS-US df • 43 df • 44 df • 42 df • 44 

p. • <.001** p. • <.01- p. u .052 p. • .653 

Test Two Test Three 
Day 28 Day 31 Day 35 Day 38 

us Only/ t • 1. 764 t • 6.890 t • 3.903 t • 3.958 
CS-US df • 31 df • 38 df • 37 df • 41 

p. • .087 p. • <.001- p •• <.005- p. • <.001-

Test Four 
Day 42 

us Only/ t • 1.530 
CS-US df • 25 

p. • .138 

- Antibody titer of CS-US significantly greater than titer 
of US Only. 
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Table 20 

Experiment 2 - One Way ANOVA 

Antibody Titer 

CS-US 
us Only 
Pos. Ctrl. 

CS-US 
us Only 

·Pos. Ctrl. 

CS-US 
us Only 
Pos. Ctrl. 

Boost 
Day 14 
N I SD Sat 
27 .2289 .1298 .0250 
21 .1085 .0744 .0744 
24 .1219 .0790 .0790 

F • 10.881 
df • 2 
p •• <.ooos• 

Test Two 
Day 28 
N I SD SDI 
27 1.168 .1448 .0279 
21 1.065 .2347 .0512 
24 1.294 .0942 .0222 

F • 8.881 
df • 2 
p. • <.OOOS• 

Test Four 
Day 42 
N I SD SDI 
27 1.295 .0974 .0188 
18 1.230 .1624 .0383 
9 1.487 .0170 .0057 

F • 14. 776 
df • 2 
p. • <.0001• 

Dey 17 
H I 
27 .1607 
21 .1098 
24 .3114 

SD SDI 
.0742 .0143 
.0469 .0246 
.0205 .0246 

F • 33. 73 
df • 2 
p. • <.0001• 

Day 31 
N X 
27 1.317 
21 .9932 
24 1.265 

SD SEH 
.1404 .0270 
.1762 .0385 
.1193 .0244 

F • 32.264 
df • 2 
p. • <.0001• 

Test One 
Day 21 
N X 
27 .6817 
21 .5836 
24 .4772 

SD SDI 
.0742 .0316 
.1722 .0376 
.1168 .0238 

F • 11.t,04 
df • 2 
p. • <.0005* 

Test Three 
Day 35 
N X 
18 . 6286 
14 .4709 
16 .7476 

SD SEl1 
.1085 .0256 
.1171 .0313 
.1043 .0261 

F • 23.800 
df • 2 
p. • <.0001• 

l)ay 24 
N X Sil SH I 
27 I .OD .nm .0414 
21 I. UhL • 2114 l . II!, ', I 
24 J.tll4 .1041 .II ~ I ~ 

f = . 2'>17 
df = L 

p. = .77HL 

Day 38 
N X 
27 1.204 
21 I. 098 
9 1.486 

Sil '.,1-:M 
.UHHO .lllli 'l 

.ow,1 .11241 

.014'> .IIOL,11 

F = &fi.Hl4 
df ~ L 

p. = <. UII I• 
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The CS-US was found to be greater than the US only at these time 

points. Statistical differences were also attained between the US 

Only and the Positive Control. The US Only was significantly less 

t han the Positive Control on day 17, and days 28 through 42. 

Experiment Two - Antibodv Affinity 

Prior to antigen treatment, no differences in antibody affinity 

were found between the groups. Visual inspection of the data 

revealed differences between the CS-US group and Positive Control 

on days 17, 33, 38, and 42 (Figure 15) . The CS-US was less than the 

Positive Control on days 17, 33, 38 and 42. Data analysis resulted 

in statistically s i gnificant differences between the affinity of the 

CS-US g r oup and Positive Control on: day 14, CS-US greater than 

Positi ve Control Ct= 2.567, df=lO, p. ( .05); day 17, CS-US less than 

Positi ve Control Ct= 2.176, df=10, p.(.05); day 21 - test 1, CS-US 

greater than Positive Control ( t= 2.909, df=15, p. <.01); day 31, 

CS-US greater than Positive Control (t = 

day 38, cs-us less than Positive Control 

~ ~~~ 
J .JJL, df=S, p. { .01>; 

I~­, ~- 5.074, df=B, p<.001>; 

and day 42 -test 4, CS-US less than Positive Control (t = 6.361, 

df=10, p. <.001). The results on the contrast between CS-US and 

Positi ve Control on affinity is presented in Table 21. 

Visual inspection indicated that the antibody affinity of 

the CS-US and US Only groups were similar until day 38 and 42 

(Figure 15). A comparative depression in affinity was observed at 

that time in the CS-US group. Statistical analysis show significant 

differences between the CS-US and US only on: day 31, CS-US greater 

than US only It= 3. 034, df=13, p.<.Oll; day 35 - test 3, CS-US 
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Table 21 

Experiment 2 - Resu lts of Tests of Significance 

Antibody Affinity - Pos iti ve Control and CS-US 

~4 

Positive 
Ctrl. / 
C3-US 

Positive 
Ctrl./ 
CS-US 

Positive 
Ctrl./ 
CS-US 

Antibody 

affinity 

** Antibody 

affinity 

Boost 
Day 14 

t . 2.567 
df . 10 
p. . <.05 *'* 

Test Two 
Day 28 

t • 1.751 
df • 14 
p. • .102 

Test Four 
Day 42 

t • 6.361 
df • 10 
p. • <.001* 

Affinity of the 

of the Positive 

Affinity of the 

of the Positive 

:-est One 
Say 17 :lay 21 Day 24 

t . 2.176 t • 2.909 t • 1.252 
df ... 11 df . 15 df • 14 
p . :a .OS* p. • <.os- p. . .222 

Test Three 
Day 31 Day 35 Day 38 

t • 3.332 t • 1.374 t • 5.074 
df • 9 df • 14 df • 8 
p. • <.01** p. • .191 p •• < .005* 

CS-US significantly less than 

Control. 

CS-US significantly greater than 

Control. 
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greater than US Only ( t = 4.109, df=lO, p.{.002); day 38, CS-US less 

th an US Only (t 2 .864, df=14, p<.01); and day 42 - test 4, CS-US 

only less th an US Only ( t= 5.380, df=13, p. { .001). Unlike the 

findings on titer, statistical analysis revealed a suppression of 

antibody affinity 1n the CS-US group on days 38 and 42. Table 22 

co ntains a summary of the statistical data on antibody affinity 

between CS-US and US Only groups. 

Post hoc analyses were also completed to evaluate differences 

among all pairs of means at a .05 alpha level. Calculation of the 

One Way ANOVA resulted in statistically significant differences 

between pairs of means after day 14, with the exception of days 24 

and 28. An overview of this analysis is provided in Table 23. The 

Scheffe' t est showed statistical differences at the .05 level 

between the CS-US group and Positive Control group. The CS-US 

group was found to be greater than the Positive Control group on days 

21 and 31. The CS-US group was less than the Positive Control group 

on days 38 and 42. The contrast between the CS-US and US Only groups 

also resulted in statistically significant differences on days 31, 

and 35. The CS-US treatment group was found to be greater than the 

US Only group. On days 38 and 42, the CS-US group was significantly 

less than the US Only group. These results are consistent with the 

findings from the planned test between the CS-US and US Only 

groups. Scheffe ' analysis also resulted in statistical differences 

between the US Only and Positive Control groups on: day 17, 35, 38, 

and 42. The US Only group was less than the Positive Control 

group. 



Table 22 

Experime nt 2 - Result s of Tests of Sig ni fica nce 

Ant ibody Aff in i t v - US Onl y and CS- US 

Boost Test One 
Day 14 Day 17 Day 21 

us Onl y/ t • l. 953 t .. 1. 588 t ,. 1.156 CS-US df,. 14 df • 12 df • 21 
p. • .07 p. - . 138 p. • .261 

Test Two Test Three 
Day 28 Day 31 Day 35 

us Only/ t • .086 
t - 3.034 t • 4.109 CS-US df • 10 df. 13 df • 10 

p. • .933 p. • <.01- p. • <.005** 

Test Four 
Day 42 

us Only/ t • 5.380 
CS-US df • 13 

p. • <.001* 

• Antibody affinity of the CS-US significantly less than 
affinity of US Only • 

Day 24 

t • 1. 761 
df • 13 
p. • . 102 

Day 38 

t • 2.864 
df • 14 
p. • <.01* 

.. Antibody affinity of the CS-US significantly greater than 
affinity of US Only. 
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Table 23 

Experiment 2 - One Way ANOVA 

Antibody Affinity 

CS-US 
us Only 
Pos. Ctr:l. 

CS-US 
us Only 
Pos. Ctrl. 

CS-US 
us Only 
Pos. Ctr:l. 

Boost 
Day 14 
N X SD 
9 • 2006 • 1241 
7 .0942 .0938 
8 .1324 • 0368 

F • 3.790 
df • 2 

St11 
.0414 
.0355 
.0130 

P• • <.OS* 

Test Two 
Day 28 
N X 
9 .7697 
7 • 7772 
8 .8657 

SD 
.1332 
.1970 
.0980 

F • 1.118 
df • 2 
p. • .345 

Test Four: 
Day 42 

St11 
.0444 
.0744 
.0321 

N X SD St11 
9 ,6452 .0687 .0229 
7 .8348 ,0708 ,0268 
8 1.000 .1439 .0509 

F • 26.441 
df • 2 
p. • <.0001* 

Test One 
Day 17 Duy 21 
N x SD S~1t N x SD St11 
9 .1194 .0580 .0193 9 .4845 .1003 .0334 
7 .0844 ,0277 .0105 7 ,4277 .0957 ,0362 
8 .2104 .1050 .0371 8 .3458 .0962 .0340 

F • 6.293 F • 4.294 
df • 2 df • 2 
p. • <.0 1* p. • <.OS* 

Test TI1ree 
Day 31 Day 35 
N x SD St11 N x SD St11 
9 .8916 ' .1696 .0565 9 .4788 .0360 .0120 
7 .6885 .0948 .0358 7 .3811 .0'.>43 .0205 
8 .7018 .0232 .0082 8 ,5057 .0 436 .01'>4 

F • 7.903 F • 16,089 
df • 2 df • 2 
p •• <.005* p •• <.0005* 

• Statieticel •ianificance, 

Day 24 
N x Sil SHI 
9 .6421, .1141 .(IJHO 
7 . 7l'.ll .U&41 .Ull.J 
8 , 7010 .tl70H .02'itJ 

F = I . 7111 
oil ~ 2 
p. ~ . I ')2 

llay :18 
N x S il SFM 
9 .640'> ,04'.,2 .lll'd 
7 .64'>4 .OJ14 .lll l ' l 
8 . 9081 . I 4J ll .0',11 1, 

F = 20. H'i4 
<II = '1. 
p. = ( .0001 • 
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N 
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Summar y 

Taste avers i on i n this experiment was extended for three 

t es t t ria l s. A conditioned immune response was not found with 

a ntibod y t iter. However, a suppression in antibody affinity was 

observed on days 38 and 42 that was consistent with the 

f indings of Experiment 1 (Table 24). The depression in antibody 

titer and affinity was again observed across all groups on day 35. 



Table 24 

Composite Summary of Results - Experiemnt 2 

Days 0 14 17 21 24 

Groups Tl 

Pos. Ctrl/ Titer PC> PC< 

CS-US Affinity PC< PC> PC< 

CS-US/ Titer 

US Only Affinity 

Taste Aversion + 

28 

T2 

PC> 

+ 

31 35 38 42 

T3 T4 

PC> PC> 

PC< PC> PC> 

CS-US> CS-US> CS-US> 

CS-US> CS-US> CS-US< CS-US< 

+ 

~ 

N 
w 



CHAPTER X 

DISCUSS I ON 

Int roo uc tio n 

~he immune s ys t em i s intergrated with other physio l ogical 

processes an d 1s subject t o regulation and modulation by the 

CNS 1Ader e t al., 1987 ) . A large body of evidence supports the 

pr emi se of ct b idi r ec t ional r e l ationship between the CNS and the 

: mmun2 s yste m 13o l omon, 1987 ) . Communica ti on between t he i mmune 

124 

sy s tem a nd th e CNS i s t hought t o occur by direct neuronal connections 

t o immune r elated organs, and through the endocrine system 

(Schne i der , Cohn, & Bullock, 1987 ) . A variety of methodologic 

app ro ac hes have been used to elucidate s peci f ic pathways of 

communication between the CNS and i mmune s ystem (Neveu et al., 

1987 : . Electrica l stimulation or l esions of different 

hy po t ha l amic a reas have bee n shown to modif y immune reactivity 

1Cr oss, Markesber r y, Brooks, & Roszma n , 1984). Recent data also 

in dicates t hat the r elat i onship between the CNS and the immune system 

may be mediated by hormones from the hypothalamopituitary axis 

(Cosma, Leonhardt, & Weberle, 1982 ) , and by the sympathetic nervous 

system t hrough activity at the level of lymphocyte receptors 

(Besodo vsk y , Del Rey, Sorkin, Da Prada, & Keller, 1979) . I mmune 

s ystem activity has also been shown to produce changes with corti-

coste r one and norepinephrine levels (Shek & Sabiston, 1983). 

Conversely, the immune system has been found to modify the 

acti v i ty of the CNS. Lymphoc y tes have been reported to produce 



ACTH and endorphin like substances (Smith et al., 1985 ). 

~dditionally, th e 5ctivation of the immune system results in 

tra nsient cnanges in the brain, such as th e firing rate of neurons 

within th e ventromedial hypothaimus (Besedovs ky, Sorkin, Felix, & 

Haas, 1977) . An extensive review of the neuro-immuno-

regulatory s;stem is beyond the scope of this paper. However, 

the current evidence supports the existence of a bidirectional 

r elationship between the immune system and the CNS. 

Psychoneuroimmunology is described as the study of interactions 

between the central nervous system and the immune system (Ader & 

Cohen, 1985). The influence of classical co nditioning 

procedures on immune functioning can be traced to investigations 

by Metal 'n ikov and colleagues at the Pasteur In stitute between 

1920 - 1930 (Spector 1987). New interest in the conditioning of 

immune activity was generated by Ader and Cohen's (1 975) publication 

on conditioned immunosuppression . The use of classical conditioning 

procedures to modulate cellular and humeral immune re sponses 

r epresents a single track of research devoted to the examination of 

the interaction between t he immune and c entral nervous system (Ader 

al., 1987 ). 

The re search on conditioned immunosuppression has generated many 

question such as: th e factors contributing to the conditioned 

effect; the mechanisms underlying the conditioned alteration of 

immune reactivity; the effect upon cellular int eractions that result 

in the synthesis and rele ase of antibody; the relation between taste 

aversion and conditioned immune response; and the effect of 
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manipulating environmental factcrs (e.g., stimulus sequencing 

effects, extinction tri als, dose response relation between CS and US) 

on th e acquisi tio n and r etention of a conditioned immune 

r esponse. The presen~ research efforts addressed the following 

i ssues: the specificity of the antibody response, the accuracy and 

3ensitivity of the ELISA to detect subtle changes in antibody 

production, and the effects of multiple CS test trials on the taste 

aversion 3nd conditioned immune response over time. 

The specificity of the antibody response was e xamined by 

co nci1tioning an antibody r esponse that was specific to a particular 

antigen, assessing a secondary antibody response predominantly 

consisting of IgG, and finally by t esting for antibody affinity as 

well as titer. The sensitivity and accuracy of the assay was 

addressed by the use of the ELISA, which is an optimal procedure to 

quantify antibody production (Voller et al., 1978). An essential and 

important contribution of the present research was implementing and 

systematizing the ELISA pr otocol for the accurate and selective 

determination of a secondary response to BSA. The present 

investigation addressed the effects of classical conditioning in the 

follow ing manner. First, the conditioned antibody response was 

evaluated over a six week period to identify the pattern of the 

response. Second, multiple CS test trials were presented to examine 

the taste aversion re sponse and the conditioned immune response. 

Third, the effects of an extended interval between the CS and 

the US were investigated by inclusion of a 24 Hour Delay group. 

Finally, the presentation of the CS test trial consisted only 
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=f flavo r, ~a ther than 11avor 2nd a superfluous saline injection. 

7a ste Aversi on - Experiment 1 

Rats ~hat received the paireo presentation of SAC and CY showed 

a significant r1avor aversion (p . ( .001) on tests 1 and 2. As 

a n t icipated, conditioned rats (CS-US) showed a signifi-

cantly r educed intake of SAC co mpared to control groups (CS Only 

and US Only ) . 

~re gressive decrements in taste av ersion learning have been 

repor~ ed as a funct :on of the i nte rva l between the ingestion of the 

fl a vo r and subsequent to x icosis (e.g., Kalat & Rozin, 1973 ) . The 

association between the f l avor and illness inducing agent appears 

necessary for aversion learning (Domja n, 1980) . The animals in the 

24 Hour delay group did not show a significantly reduced preference 

f or SAC as occurred in the CS-US group. This finding is consistent 

with the taste aversion lit era ture, as the extended 24 hour in terval 

inh ibited the association betw een th e CS and CY. 

~nimals in the CS+/ CS- group were presented with a flavor paired 

with the US, and a novel flavor not associat ed with the US. 

Differential conditioning to the flavor (CS+) paired with the CY, 

was shown in one of fiv e subjects. The other four subjects e xh ibited 

a decrease in consumption of the CS+ flavor only on the first test 

trial with their particular CS+. The increased consumption of the 

CS+ 1n those animals presented with the flavor on test 3, was 

probably secondary to the prior flavor exposures without aversive 

con sequences (Garc ia et al., 1955). Additionally, individual diffe­

rences in the metabolism of the drug could have also produced 
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different associations (Ba ch, 1975). If drug effect onset varied, 

:he different int erstimulus intervals among rats could have occurred 

and produ ced re sponse variability within the gr oup. The animals 

e xposed ta the CS- en test 1, showed an av ersion to that flavor that 

may be cue to flavor ne ophobia (Domjan, 19771. The aversion to the 

CS+ on test 2 A~ due to the association of that flavor with the US on 

the conditioning day. 

In summary, a conditioned flavor aversio n was found in the 

t rea~men~ animals 1CS-US) . The response pe rsisted for two test 

tria!s, prior to exhibiting an extinction pattern by test 3. A 

possible explanation for its extinction by test 3 was the repeated 

exposure to the flavor CS without aversive consequences, and the 

marginally intense CS or US used. Dragoin (1 971) and Garcia, Ervin 

and Koelling ( 1966) have shewn that th e strength of a conditioned 

taste 3versicn is a direct fun ction of the intensity of both the CS 

and US. A 0 . 01% solutio n of SAC, as used i n the present study, has 

been frequently used in taste aversion research with a behavioral 

aversion exhibited. However, as a US, CY dosage has varied between 

50 and 75 mg/kg with rats. It might be that the conditioned taste 

aversion response could have been enhanced by increasing the dosage 

of CY. 

Antibadv Titer - Experiment 1 

It was hypothesized that CS-US and CS+/CS- groups would 

show a decrease in antibody titer compared to relevant control 

groups. Further, it was assumed that animals who did not receive 

the CY (CS un1y, Positive Control) would e xhibit a higher antibody 
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titer th a n thos e rec ei v ing the cytotoxic agent. 

The CS Gnly e xhibited a gradual rise in antibody titer with a 

p lateau on days 35 thro ugh 42. The Positive Control subjects (n=21 

s howed a similar pattern i n antibody production. However, a 

significant difference between these groups was found on day 28. 

The Positive Control animals had higher titer than the CS Only 

animals. Due to the small number of subjects in the Positive 

Control, it is possible that the i ncrease in titer could have been 

due t o sampling error or variabi lity in the achievment of better 

i mmuni~ation in these two subjects. Since this was the only data 

point at which significant differences were found, it is unlikely 

t hat the decrease in titer in the CS Only was due to the CS eliciting 

a response. 

Rats not inje cted with CY, showed a higher titer than animals 

who r eceived the CY injection. This finding was expected and 

observed on days 17 and day 21. This finding complements the results 

of prior investigations (e.g., Ader & Cohen, 1975). The present data 

also presented titer measured for 28 days following initial treat­

ment. Such e xt ended post treatment testing has not been reported 

previously in the literature. Although significant differences were 

not attain ed, the titer of th e animals given CY (CS-US, US Only) was 

found to be higher th an that of the CS Only on days 24 and 28 (Table 

9, Figure 7). This finding could be partially accounted for by the 

degenerati on of the CY induced suppression. The suppressive effects 

of CY terminate seven to ten days after CY administration (Shand, 

1979). Therefore, the cessation of the effects of CY which 
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contribu~es ta tn e inhibition of antibody pr oduction, could result i n 

a fa i rly rap1a incre ase of antibody titer. 

The cr itical contrast, t o ascertain any conditioned suppressive 

effects, was betw een th e CS- US g ro up and the US Only group. Since 

t he r esidual suppr essi ve effects of CY should have been cl eared by 

day 28, th e test tri a l s af t er this point were of particular interest. 

The data r evealed a suppression in titer i n the CS-US group on days 

31 , :8 and 42 when co mpared with t he US Only group. The attenuation 

of t~ter app ears to be asso ci at ed with exposure to the CS. This 

~inding is cons is t ent wi t h r esul t s of pr ev ious research (e.g ., Ader 

& Cohen, 1975 ) . !t extends the literatur e by demonstrating depres­

sion in titer fo llowi ng CS r ee xposure after th e cessation of the 

r es idual effects of CY. 

Of interest was the decr ease in titer in the CS Only and US 

Only groups on day 35. As th e antibody titer t o BSA had not been 

p r eviousl y examined bey ond 14 days, it was thought that th e decrease 

may be assoc i ated with the immunization proc edure. By test 3, the 

an t i body titer is outside th e duration of CY suppressive effects. 

As th e decrease in titer is also observed in groups not receiving CY, 

t he change with titer is probably not associated with CY. There was 

no appa rent changes in e nvir onmental conditions or e xperimental 

protocol at th is time. It is reasonable to speculate that the 

decreased t it er may be due to the time course of the immune response 

t o BSA. Howeve r, until re search is conducted on the subclasses of 

immunoglobulins involved in the response over an extended period, 

this conclusion remains tent ative. 
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No attenu a tion of antibody tit er was found in the 24 Hour grou p. 

These animals 2xhib1t2a the 1mmunosu ppressive effects of CY on day 17 

as co mpared to the CS Only. A depression in titer related to the CS 

was not observed in subsequent test trials. The failure to obtain 

conditioned suppression 1n the 24 Hour group was predicted. This 

failure is explained as a function of the e x tended interval between 

the ingestion of flavor and subsequent toxicosis . The pairing of the 

:sand US appears to require a shorter interstimulus interval. 

The an1mais 1n th e CS+/ CS- group (Figures 9 and 10) also show 

an att enuation of t iter on day 17 d ue to the immunosuppressive 

effects of CY. Animals that ~ere pr esented with the CS+ on tests 

or=, do not show a depre ssion in titer. Attenuation of titer 1s 

obse rv ed en test 3, 1n those animals presented with the CS+. 

However, these effects cannot be att ri buted to the CS as decreased 

antibody titer is fo und in the control groups. Therefore, the 

r esults appear inco nclusive as depression in titer is only observed 

on day 35. The failure to attain systematic conditioned immune 

response might be explained by the marginal taste aversion found 1n 

this group. Animals only exhibited an aversion to the flavor paired 

with the US on the first presentation of that CS. 

Antibody Affinity - Experiment 1 

As with antibody tit er, it was assumed that antibody affinity 

would be greater in those animals not given CY (CS Only, Positive 

Control). The affinity of the CS-US group was predicted to be less 

than the affinity of the US Only and CS Only following CS test 

trials . 



The data on af fin ity was generally consistent with the findings 

on t iter . As ex pe c ted, no d ifferences were f ound between CS Only 

an d th e Posit i ve Con t r ol gr oups. This f inding i s cons i stent with 

r esu l :s fr om p r io r in ves tig a t ions (e.g., Ader & Cohen, 1975), that 

r eport e d no a tt enuation of ti ter due t o flavor a lone. The affinity 

rlas gr eate r 1n th e CS Onl y as c ompared to US Only and CS-US groups 

on days 17 a nd 21 . Thi s fi nding was e xpected since the CS Only 

was not ex pos e d t o t he CY i ndu c ed s upp r ession. As with titer, the 

a ffinit y of th e CS-US and US Onl y g r oup s was g r eate r t han the CS Only 

on da ys 24 and 28 . It is ar gued t hat the increase in affinity was 

due to th e ce s s ation of t he s uppressi ve effects of CY. 

The r esu lt s fro m co mpar ing the CS-US group and US Only were 

also simil ar t o th e fin d in gs with t iter. A suppression in antibody 

af f inity was found in the CS-US group on days 38 and 42, as compared 

to the affi n ity of th e US Onl y group. As with titer, i t appeared 

t ha t th e suppress io n was due to the CS e xposures, that is a condi-

t io ned s upp r essio n was ob tained. 

A decrease i n affin i t y was observed on day 35 in the CS Only, 

US Only, 24 Hour, and CS-US groups. These results complement the 

fi nd i ngs on t i ter, and, as noted earlier, may be associated with the 

i mmmunization protocol. 

The affinity results in the 24 Hour group differ from the 

findings with titer in that affinity was significantly less than the 

af fi nity of the US Only g r oup on day 38 (Table 15, Figure 12). The 

patter n of the affinity response in this group was similar to that 

obser ved in the CS-US group from day 31 through day 42, e xcept that 
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th e ~ag n 1~uae o f the suppression was l ess. Statistical significance 

~as cnly at tai ned at this s i ngle t ime point, and the magnitude of the 

d i ff e r e nce was not as g r eat as t he difference between the CS-US 

a n d US Onl y gr oups. The finding r emains compatible with the evidence 

t ha t 2p :imal conditioning occurrs with short delays between the CS 

a nd US p r esentation ( eg., i alat & Rozin, 1973; Smith & Roll, 1967 ) . 

Summar v - Experiment 1 

-h i s e xperiment demonstrated several f indings of interest to 

tt 1is a rea of r esearch. First, a t aste aversion response was found 

in t he CS-US gr oup. The relation between t aste aversion and the 

conai t ioned immune response remains unclear, as the depression in 

tit er a nd affinity is found after the extinct i on of taste aversion. 

Second, a conditioned suppression in t i ter was found. This result 

complements t he existing literature, and extends current knowledge by 

showing t hat a c onditioned response could be attained after the 

s uppressi v e e f fects of the CY had e x tinguished. Third, the condi-

tion1n9 effect was not limited to antibody titer, but was also 

e xpanded to t he conditioning of antibody affinity. Fourth, the use 

of the ELISA was demonstrated to be effective in assessing an antigen 

spec i fic response. Fifth, a conditioned suppression was found using 

a single element CS (test trials), which is different from previous 

studies. Finally, the findings of weak taste aversion and condi-

tioned immune response in the Hour group appear to be consistent 

with principles of learning. Areas that were problematic in this 

experiment i ncluded the failure to attain a taste aversion response 

and conditioned immunosuppressed response in the CS+/CS- group, and 
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th e interesting ~!nci ing of decreased tit e r and af fi nity on day 

acr~ss all groups . 

Taste hversior , - ::::,~periment 2 

Giv en the re s ults obtain ed in Experiment 1, th e dosage of CY 

was incre ased cy !O mg to 6U mg /kg of body weight. The ourpose of 

th is change was to increa se an d e xtend the duration of the taste 

aversion i n the t~e atmen t gro up . An a ve rsion to th e fl avor was found 

in the CS- US grouc on Tes ts 1, 2, and 3; and the response had 

extinguished by t he fou rth tes t . It appeared tha t the increas e 1n 

the dosage of the US r esulted 1n a prolonged avers io n to the flavor 

in the t reatme nt group. 

An tibody Titer - Experiment 2 

This e xperiment also diff ere d from Experiment 1 as the antigen 

boost was given 24 hours after th e single conditioning trial. The 

t iter of the Positiv e Con tro l was predicte d to be greater than the 

tit er of the CS-US an d US Only groups. The CS-US group was also 

expected to have 3 decrease in titer a s compare d to the US Only 

group, fo llowing t est trials. 

A depressio n in titer was found on da y 35 (t est 3) in all groups 

independent of CY injection. The r eplication of this finding from 

Expe r iment 1 necessitates an extensive examination of the antibody 

r esponse to BSA ov er t ime, and on variations of the immunization 

prot ocol. 
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The r esults on t iter were different from the first experiment as 

s uppression was not f ound 1 n the treatment group. The titer of the 

CS-US g r oup was greater than that of the Positive Control on Day 14 

(c on di tionin g da y) . This was une xpected as the increased dose of CY 

sh ould ha ve greatl y suppressed antibody production. The increase in 

dosage could have resulted in a lysis of plasma cells with a massive 

rel ease of antibod y on day 14. The effect was short 1n duration 

as t h r ee days l ater (da y 17 1 the titer of the CS-US group was less 

th an th e tite r o f t he Posi t i ve Contro l . This result was expected, 

co nsistent wit h t he findings of Experiment 1, and indicative of 

s uppression induced by CY. On day 21, the titer is higher in the 

CS- LIS gr oup as compared to t he Positive Control. This rebound 

effec t was possibl y due to t he effects of CY on the T lymphocytes 

(O' Reilly & Exon, 1985 ) i n which the T suppressor cells are inhibited 

r esulting i n an enhan c ement of immune reactivity. Following day 24, 

t he t iter of the Positi ve Control was greater than the CS-US treat­

ment group which is compatible with the findings from the first 

s tudy. The US Only was also generally less in terms of titer than 

the Positive Control. As in the CS-US treatment group, increased 

t iter on day 21 was f ound. 

The critical comparison was between the titer of the US Only and 

the CS-US treatment group. Unlike Experiment 1, a decrease in titer 

was not found in the CS-US group. The titer of the treatment group 

was generally found to be greater than the titer of the US Only 

throughout this e xperiment. This finding was inconsistent with the 

assumption that the increased dosage of CY should have resulted in 
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ma rk ec s uppression of antibody production. The varia bles accounting 

f e r ~he aifferences between the result s of these two experiments in 

r ega rd s ~w t i t er r emain obscure. The timing of CY administration 

i S cri tical t o attain max imum suppressive results (Duker & Dietrich, 

197 0) . The literature i ndicated that CY administration induced 

~a x imai suppression ~hen antigen stimulation is given with CY until 

four d ays a fter CY administration (Bach, 1975) . In the present 

stu dy , t he an t igen was given one day following CY administration, 

a nd sh ould ha ve r esulted in a robust i mmunosuppression. Therefore, 

th e ch ange i n t he timing of the antigen boost to 24 hours following 

exposu r e ~o the flavor and cyclophosphamide, was not thought to 

effect the change with titer. 

Th e mechanisms explaining the changes seen in the CS-US group 

may have r esulted from the increased dose of CY. Cyclophosphamide 

i s one of the most potent inhibitors of antibody production in most 

spec i es (Bach, 1975 ) , i ncluding the rat (Harrison & Fuquay, 1972). 

Admin i st r ation of CY shortly before or after antigen immunization 

inhibits subsequent antibody responses. Ghaffar, Sigel, and Huggins 

( 1985 ) f ound that secondary immune respons es were susceptible to CY 

administration, when given before the secondary challenge. The 

titer o f the CS-US was generally found to be greater that the US Only 

from day 17 through 42, with significant differences on days 17, 31, 

35, and 38 (Table 19, Figure 14). This finding could be related to 

the effects of CY on suppressor T cell functioning. Controversy 

exists regarding the mechanisms involved between CY and T lymphocytes 

(Shand, :979). However, there is some evidence that CY affects T 
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su ppresso r cell s t ha t r eg u late humeral responses (Paul, Ghaffar, & 

Si ge l, :? 82 : Shand, 19 7 9 ) . Th e in hibi t ion of T suppressor cells 

could re su it 1n an e l e vat 1on of ant ibody l e vels. Therefore, the 

h i gher ti ter rn the CS- US trEatment group could be e :-:plained by the 

in it i al effe ct o f CY on t he inhibit i on of T suppressor cells. The 

mul ti p l e e xpos ur es to t he CS may e xtend this e f fect on subsequent 

tes t tr ials . Th is e xp l anation is ce r tainl y speculative, and as such 

re quire s emp irical evid ence to e xamine the effects of various doses 

o f CY on T su pp r essor c e l ls a nd t i t er . 

In su mmary , t he r e sul t s do not show conditioned suppression of 

tit e r in the CS-US tr ea t ment g r oup following multiple presentations 

of t he A possible variable that may account for this change is 

t he i ncrea s ed dDsage of CY, with i nduced alterations on the T 

supp r essor c e ll population. 

Ant i body Affin i tv - Exoe r1 ment 2 

~si n Expe ri ment 1 , i t was predicted t hat the affinity would be 

greater i n t he Positive Control than i n animals receiving CY 

(US Onl y , CS-US >. Antibody a f finity was also postulated to be less 

in the CS-US tr ea t ment group, than in the US Only or Positive Control 

grou ps. 

The affinit y was found to be decreased on day 35 in all groups 

including the Positive Control. This finding is similar to the 

results with titer, and i s consistent with the findings of Experiment 

1. As described earlier, t his depression on day 35 is thought to be 

related to the time course of the immune response and/or the 

i mmunization pr o t ocol. 
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Th e affinity was fauna to be greater in the Positive Control 

grouo on day .7, ~s compared to the CS-US and US Only groups. This 

find ing is consistent with titer, and was expected. The affinity 1n 

th e CS- US and US Only grouos was larger th an the Positive Control on 

day 21. As with tit e r , the increase in affinity could be due to the 

increased dose of CY and its effects upon ! suppressor cells. 

Differences between the affinity of the CS-US treatment group 

and the US Only were not found until days 31 and 35. The affinity 

wa s E19nifi cantly (p. { .05) greater in the treatment group, and the 

re sul t· ~ similar t o the findings on titer. Unlike the results with 

titer, an immunosuppressed response was found on days 38 and 42 

(Figure 15). The affinity of the CS-US treatment group was less than 

the affinity fo und in the US Only group, following exposures to the 

CS. The result is congruent with the findings from Experiment 1. 

The suppresion i n affinity but not in titer, can be resolved as 

~ffin1ty is mor e r epresentative of the immune r eaction. The 

assessment of affinity incorporates multiple data points across 

the entire range of antigen, while titer was limited to a measure 

of antibody production at a single antigen point. Therefore, 

the finding of no suppression with titer may be related to the 

limitations of examining a single aspect of antibody, rather than 

the complete range of the response. 

Conclusions 

The present inv estigation was significantly different from the 

prior research and produced several important outcomes to 

the area of psychoneuroimmunology. First, the results support the 



~r emise that an env ironmental stimulu s paired with an immuno­

su ppress1ve agent can subsequ ent ly elici t immunosuppression. A 

conditioned immuno s upp res sed re sponse was f ound with titer and 

e x tended to affinity . Second, th e effects of conditioning were 
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broadened to include an antigen speci fi c s econdary response, not 

p re viou s ly inv estigated. Third, t he demonstrated immune suppression 

was ext ended to a response predominantly composed of I gG, and 

f ound aft er t he r esidual effects of CY had been theoretically 

deplete d . Fo urth, the immunosuppress io n was shown following 

multiple expos ur es t o a sin gle element CS (f lavor). The compound 

CS (f la vor+ i njection) used in pr ior r esearch is contrary to 

the fin dings o f Garcia and Koel li ng (19 66). Flavor stimuli 

have been shown to be more r eadily ass ociated with toxicosis than 

exteroc epti ve cues. The cue-cons equence specificty effect appears 

to app ly in the present research, and it is suggested t hat the 

i njec ti on of saline does not acquire av ersi ve properties. Fifth, 

the acquisi t ion of taste aversion and co nditioned immunosuppression 

appear t o adhere t o gene r al learning principles. The response 

was not fo und by exposure to flavor alone, nor was it obtained 

in the condit i on with an e xt ended interval between the CS and US. 

Sixth, th e e xamination of the immune respone for an extended period 

r esulted in find ings not pre vi ously described. The attenuation of 

titer and affinity on day 35, across all groups, was unexpected. 

The change wit h titer and af fi nity may be secondary to the time 

course of the i mmune response to BSA, the immunization protocol, 

or th e e limination of c ertain subclasses of immunoglobulins at this 
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time po int. Thes e e xplanations ar e tentative un til ad ditiona l 

r esea rch is completed on t he lymphocyt e respon se t o different doses 

of BSA, ~nd on th e quantification c f i ndiv i dual antibody producing 

cells to this antigen. Fin all y , th e present r esea rch was incon­

cl usi ve on th e possible relation between taste aversion and the 

conditio ned immune r esponse. 

Although a ta ste aversion was fo und in both e xperiments, it 

did no t para ll el changes in immune reactivity. Depression in 

antibo dy titer and affin it y were obser ved after the taste aversion 

r esponse ha d e xt inguished. Speculation on the relation between these 

two r esp ons es ha s r ecei ved minimal at tention within the l iterature. 

Howeve r, it could be impo rta nt in identifying the experimental 

condi t ions that may r esult i n opti mal immune conditioning. 

McCoy, Roszman, Miller, Kelley, and Titus (1986) varied the 

interval between t he CS and US, and did not re port changes in the 

magni t ude of the ta ste av ersion or conditioned immune response. 

Bovbje r g et al . ( 1987) foun d that mice with a weaker taste aversion, 

exhibited a str onger c onditioned immunosuppressive response. It 

may be i mportan t to note that in t he present study, depression 

in titer and affinity was shown only after the consummption of 

the CS increased. Bovbjerg et al. (1987) suggested that taste 

aversion and the conditioned immune response may be interdependent. 

It could be that th e successful avoidance of flavor on early test 

trials, r esul t ed in suff icient avoidance to ree xposure to the 

CS such that only weak immunosuppression was elicited. Perhaps, 

the minim al int ake of the CS flavor was not sufficient to 
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induce immune suppressi on. Add itio nal investigations are 

needed to test such a concept, su ch as v arying the intensity of 

the u se d .u, test trials. 

A further contribu tion of this research was the demonstrated 

effectiv e use of the EL I SA to quantify antibody production. The 

adoption of thi s procedure allowed for the accurate and precise 

quantificat i on of antibody titer and affinity. The continued use 

of this assay could result 1n a more accurate quantification of 

r esuits and facilitate the com pa riso n of r esults across investi-

gations. 

In conclusion, th e present r esearch supports the existing 

literature for an interaction between the CNS and immune system. 

This re search has also generated a dditional questions regarding 

the v ariab les con tro lli ng the conditioned immune response. As 

this fi el d evolv es, ri go rou s study is required to 

i dentif y the n ecessa ry and sufficient c onditions to elicit 

a co ndit ion ed immune response. Research efforts should continue to 

focus onelucidating t he mechanisms that contribute ta the response 

and on refining procedures to reliably quantify the effect. 
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Appendix A. 
Immunization Protocol 
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IMMUNIZATION PROTOCOL 

,:c,ntigen - Bovine Serum Albumin (Calbio chem 126615, lo t 506787) 

Procedur e 

The in itia l challeng e of Bov ine Serum Albumin <BSA) is 250ug 
emuis1fied in Freund's Complete Adju vant. The total amount inj ected 
i s. .'.:/)ml and is a subcutaneous injection on multiple sites of the 
back. 

The first boost is administered fourteen days later at 125ug 
emulsified in Freund's Incomplete Adju vant. The t otal vo lume of the 
inj e ction i s .5 0ml and is a sc in jection on multiple sites of the 
back . 

::;·ationale 

The 3bove orocedure is based upon data collected with Lewis male 
albino rats tCharles Rivers ). In tha . t e:.:periment, the above 
immunization crocedure was tested to determine optimal antibody 
response~ time course of th e response, and the effects of 
cyclo phosohamide (50mg/k g) on t he response. 
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Appendix B. 
CY Induced Suppression 



ELISA: Titer 

Animal - Charles Rivers Antisera Dilution - 1:100 Antigen Range - 90ng 

Conditi:m Animal Non Immune 14 day ch all 7day boost l4day boost 
21 day chall. 28 day chall. 

Opt. D. I Opt. D. x Opt. D. x Opt. D. x 
Immunized 

Clt .084 .564 1.197 l. 231 
.081 .!50 1. 191 i..119 
.080 .081 .544 .552 1.153 1.18 1. 206 1.18 

CR 2 .078 .684 1.295 l.238 
.080 .636 1.222 1. 216 
.086* .079 .663 .661 1.298 1.27 l.212 1.22 

CR 3 .082 .579 1.071 l.039 
.077 .551 1.068 l.037 
,078 .079 .579 .571 1.044 1.06 .996 l.02 

Immunized+ CY 

Clt 5 .081 .236 .670 .610 
.077 .242 .661 .658 
.078 .078 .206 .228 .566 .632 .607 .625 

CR 6 .079 .313 • 750 .816 
.076 .282 . 743 .826 
.083 .079 • 291 .295 . 763 .752 .782 .sos 

07 .079 .333 .549* .737 
.081 .325 .521* .709 
.079 .080 .330 .329 ,SSS ,555 .674 • 706 



ELISA: Titer+ Affinity 

animal: Charles Rivers Antiaera dilution: 

Condition animal Non-ionune 14d challenge 

IMMUNIZED slope r2 slope r2 
CRl .0013 --:008 .245 .91 
CR2 .0018 .002 .305 .87 
CR3 .0015 .oo .264 .93 

HIMUNIZED + CY 
CR5 .0022 .04 .087 .93 
CR6 .0022 .05 .114 • 91 
CR7 .Oil • 21 • 132 . 93 

immunized HEAN (SEH) • 001 (±, 002) .271 (t.018) 

immunized + CY .005 (!.003) .111 (±.013) 

Probability: between antieera ·, vs. time 

immunized p < .00005 
innunized + CY P( .0007 

Probability: immunized vs. immunized+ CY 
P( • 1 .00095 

slope• multiple linear regression 
r2 • multiple r2 (straight line• 1.00) 
probability• students t-test (comparison of means) 

1:100 Antigen range: 90,30,10,3 n) 

7d boost l4d boost 
2ld challenge 28d chall1;nge 

elope r'/. elope 
,L 

r 
. 536 :i1 • 567 .96 
. 598 .96 .577 .96 
.545 .99 .520 .98 

• 337 .96 .328 .99 
• 379 .82 .396 .92 
.261 .91 .349 .94 

.559 {f.019) .555 (.t.O 17) 

• 325 (t.034) • 35 7 (±.020) 

.00002 .4 

.002 .2 

.0002 .0009 

t-' 
(j\ 
(X) 
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