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Abstract

The evidence for the occuaence of two side effects of cancer chemotherapy, taste aversions and
anticipatory nausea and vomiting (ANV) was reviewed. It was suggested that both taste aversions
and ANV occur as a result of classical conditioning. Thus, investigation of possible interventions

for the control of these side effects using a rat model was proposed.

First, two pharmacological interventions were tested for their efficacy in the attenuation of CTA.
The compounds tested were 5-HT; and NK, receptor antagonists both of which have been found
to have antiemetic properties. Two 5-HT, receptor antagonists, ondansetron and granisetron, failed
to attenuate cisplatin-induced CTA in rats. Two NK, antagonists, CP-99,994 and L-742,694, were
tested against cisplatin in the formation of CTA. High dose L-742,694 partially blocked CTA,
probably through blocking the activity of substance P in the nucleus of the solitary tract or the

parabrachial nucleus.

A previously tested psychological intervention for the control of CTA in cancer patients is the
presentation of a novel "scapegoat™” flavour before drug infusion, which is thought to overshadow
aversions towards normal dietary items. Using a rat model, it was found that the scapegoat
flavour, in addition to overshadowing CTA to previously consumed flavours, may potentiate an
aversion to the context in which it was presented. However, further experiments suggested that
potentiation may not occur if the flavour presented in the context is varied across each trial.
Therefore, presentation of different scapegoat flavours on each visit to the clinic may lead to a

reduction in CTA with no accompanying increase in the context aversion (ANV).

It was concluded that NK,, but not 5-HT;,, receptor antagonists may lead to an attenuation of CTA,
and possibly ANV, in cancer chemotherapy patients. Further interventions for the control of ANV

and CTA based on leamning theoretic principles were suggested.
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Chapter One

Taste Aversions and Anticipatory Nausea and Vomiting in

Cancer Chemotherapy Patients

1.1: Introduction

Cancer patients undergoing chemotherapy suffer from a number of treatment-related side effects,
most notably acute nausea and vomiting. In addition to direct effects of cytotoxic drug infusion,
patients also develop side effects which are thought to have a psychological etiology. The most
common psychological side effects of cancer chemotherapy are anticipatory nausea and vomiting

(ANV) and taste aversions.

ANV is the term used to describe the nausea and vomiting which is experienced by a large
proportion of chemotherapy patients before administration of the treatment. Patients often
experience ANV on entering the clinic. or while merely thinking about treatment. It is possible
that ANV is a result of heightened anxiety due to the aversiveness of previous treatments; entering
the clinic or thinking about chemotherapy may induce sufficient anxiety to provoke nausea and
vomiting (Andrykowski, 1990). Aliematively, ANV may result from classical conditioning.
According to this hypothesis, previously neutral cues, such as sights and smells which are present
in the clinic, become associated with gastrointestinal malaise. Thus, on entering the clinic on
subsequent occasions, the cues present in the clinic will re-elicit a representation of illness and,

therefore, nausea and vomiting may occur in the clinic before treatment is undertaken.

Some of the tastc aversions cxperienced as a result of therapy are also thought to be a product of
a classical conditioning process similar to that which occurs in nonhuman animals. There is an
extensive animal literature on the cffects of pairing previously neutral flavours with illness. It has
been found that animals which are subject to such a procedure will develop a conditioned taste
aversion (CTA) towards that flavour. as demonstrated by a reluctance to consume the flavour on

test (Garcia, Kimeldorf & Koelling, 1955).

An alternative hypothesis is that the reduction in consumption of foods by patients is a direct,

result of the ongoing expericnce of nausea resulting either from chemotherapy, or from the tumour



itself. This mechanism can be distinguished from that of CTA. In the case of CTA, the flavour
will lead to nausea through a previously leamed association between the flavour and nausea, and,
therefore, be perceived as unpleasant. In the case of the rejection of foods as a result of the
experience of nausea, a general loss of appetite may result. Altemnatively, specific foods may be
perceived as unpleasant as a result of the effect of that food stuff on the gut; although this itself
may lead to the learning of an association between the flavour and nausea, on the first exposure

to the flavour, no such association is present and yet the food is perceived as unpleasant.

The present chapter will present a survey of the findings with respect to ANV and CTA in cancer
chemotherapy patients. The evidence for an associative account of both of these phenomena will

be presented, and potential psychological and pharmacological interventions will be discussed.
1.2: Conditioned Taste Aversion (CTA)
1.2.1: The prevalence of CTA

Two approaches which have been taken in the investigation of the possible occurrence of CTA
in cancer-chemotherapy patients. The first is to take an inventory of the meals eaten at or around
the time of treatment and compare changes in preference for these foods with any changes in
preference for foods eaten at other times. The second is to present the patients with some
distinctive food item or meal before treatment and measure their willingness to consume this food
at a later date. Studies which use the first methodology have assessed the prevalence of CTA in
the chemotherapy patient population. Results of studies of the second kind relate to the cause of

CTAs and will be discussed in section 1.2.2.

Three experiments investigating the prevalence of CTA in chemotherapy patients have used a
longitudinal design (Jacobsen, Bovbjerg, Schwartz, Andrykowski, Futterman, Gilewski, Norton,
& Redd, 1993; Mattes, Amnold & Boraas, 1987b; Mattes, Curran, Alavi. Powlis & Whittington,
1992), rather than a retrospective questionnaire design which might be thought to be less accurate
due to failures in the recall of the relevant events. In these experiments, food consumption
questionnaires were administercd during the 24 hours before treatment and some time after the 24
hours following trcatment. In addition. a food preference questionnaire was presented on each
visit to the clinic in which the previously consumed items were rated a second time. The food

preference ratings were then compared with those made at the treatment session before which the



food was consumed, and a reduction in preference of a pre-specified magnitude was taken to
indicate the development of a CTA. Both Jacobsen et al (1993) and Mattes et al (1987b; 1992)
used a nine point rating scale to measure food preferences both before the foods were paired with

treatment and on test, at the following visit to the clinic.

Although they used different criteria for the development of a CTA (a five point réduction in
preference in the case of Mattes et al (1987b; 1992) and a four point reduction in the case of
Jacobsen et al), these studies showed surprisingly good agreement as to the prevalence of CTA.
Mattes et al (1987b, 1992) found that 55 and 56% of the patients they surveyed developed at least
one CTA, while Jacobsen et al (1993) found a 46% prevalence rate. Among the patients who
developed a CTA, the mean number of foods towards which an aversion developed ranged from
3.0to 3.3 across these studies. Jacobsen et al also found that the majority of aversions developed
across the first two treatment sessions (approximately 75%). In none of these studies was the drug

regime examined in detail, and a range of cancer types were represented in the patient samples.

As well as agreement on the number of CTAs which developed in these samples, the foods which
became the target of CTAs were very similar across the samples. The most common targets of
a CTA were sweet foods (especially chocolate), meats and caffeinated beverages. In a survey of
CTA in normal human subjects, Midkiff and Bemnstein (1985) found that over 30% of aversions
developed towards protein-rich foods such as meat and eggs. This study used a questionnaire in
which subjects were asked to remember occasions on which the consumption of a specific food
had been followed by illness resulting in subsequent avoidance of that food. There are obvious
methodological limitations of retrospective questionnaire studies such as that éam'ed out by
Midkiff and Bemstein. However, the implication that protein-rich foods are more éasily associated
with illness is further supported by both human questionnaire studies elsewhere (Logue
unpublished data) and animal studies (Bernstcin, Goehler & Fenner, 1984). Bemstein ét_' al (1984)
found that rats on a dictary self-selection regime developed aversions towards protein-;ibh foods
significantly morc often than towards carbohydrates. More rccently, it has been established that
the flavour, rather than any post-ingestional consequences of consumption. of protein-rich foods
is the factor responsible [or their increased associability with illness (Brot. Braget & Bemstein,

1987).

14



Although meats are highly represented in both the studies carried out on CTA in cancer patients
and normal human subjects, cancer patients develop a large proportion of their aversions towards
chocolate and caffeinated beverages, while no such tendency is apparent in normal subjects. The
absence of aversions towards chocolate and caffeinated beverages in normal subjects may be due
to extensive preexposure to these stimuli prior to pairing with illness. Preexposure to a
conditioned stimulus (CS) before pairing with an unconditioned stimulus (US) commonly leads
to an attenuation in the strength of the conditioned response (CR) towards the CS on test. This
effect has been termed latent inhibition (Lubow, 1973). It is, therefore, interesting that cancer
chemotherapy patients have been found to develop aversions towards these foods and raises the
possibility that these aversions do not have an associative basis. This possibility will be

investigated further in section (1.2.2).

The final consistent finding related to the prevalence of CTA in cancer chemotherapy patients is
that the aversions which develop have a very short duration. Mattes et al (1987b) found that the
mean duration of CTAs developed after the first treatment session was less than the period
between the first and second treatment. Jacobsen et al (1993) collected data on the duration of
the CTAs developed after the first, second and third treatment session. Each CTA was examined
across the four treatment sessions following that on which the aversion first occurred. It was
found that only 35% of those which occurred after the first infusion were still present four
infusions later. Eighty and 100%, respectively, of CTAs following the second and third infusion

were still present four infusions later.

It would seem that a large number of the CTAs which develop in cancer chemotherapy patients
are likely to be very short lived. In combination with the finding that the number of CTAs which
develop is unrelated to treatment outcome or weight loss (Mattes et al, 1987), it may seem that
further study of the occurrence of CTA as a result of cancer chemotherapy is not warranted.
However, there are four reasons for further investigation of the development of CTAs in cancer
chemotherapy patients. First, there is the unexplained development of aversions towards highly
familiar foods which invites a non-associative explanation and is therefore interesting in its own
right. Second, there are quality of life implications for the affected patients. Third, there may be
a close relationship between the formation of CTA and that of ANV in cancer patients, and a full
understanding of this relationship may lead to the development of a psychological intervention for
both. Finally, evidence will be presented in section 1.2.2 which suggests that the tests used by

Mattes ct al (1987; 1992) and Jacobsen ct al (1993) may have underestimated the prevalence of



CTA as a result of cancer chemotherapy.

1.2.2 The cause of CTA

There are two possible reasons why cancer patients might find a number of foods aversive as a
result of their chemotherapy treatment. The first is that a learned aversion develops as a result of
the pairing of the food consumed before treatment with the illness experienced during and
following treatment. Thus, through a classically conditioned association, the flavour will re-elicit
illness at a later date, and will therefore be rejected. This effect has been demonstrated in rats

using a wide variety of toxins (see Riley & Tuck, 1985 for bibliography).

However, there is also an account which does not rely on an associative mechanism. Since the
nausea cxperienced by cancer patients may last for a number of days, a range of foods may be
aversive due to their direct post-ingestional effects; many of the most problematic items are potent
stimulators of gastric acid secretion (American Dietetic Association, 1981). Jones, Hill, Soukop,
Hutcheon, Cassidy, Kaye, Sikora, Camey & Cunningham (1991) found that, even when receiving
the anticmetic ondansetron, 37% of the patients that they tested, who were receiving cisplatin
therapy, reported nausea eight days following treatment. The protracted nature of the emetic
effects of this drug allow that, across the period during which patients are receiving therapy, some
effect of this drug is always present. Even when there is no reportable experience of nausea, it
is possible that the paticnts have a lower threshold for experiencing nausea as a result of gastric
stimulation. If patients are sensitized in this way, foods which normally stimulate the gut to some

extent may now become aversive and thercfore be rejected.

Since the only food items which were surveyed in the experiments in section 2.1 (Jacobsen et al,
1993; Mattes ct al 1987b: Mattes et al 1992) were those consumed directly prior to, or directly
following, chemotherapy it is not possible to determine whether their contiguity with illness was
necessary for the development of an aversion and, thercfore, whether a non-associative account
is sufficient to explain the development of aversion towards specific flavours in the patients’ diets.
Information about foods eaten at some time other than the period around treatment would be
required to determine whether the aversions recorded were the result of conditioning. The other

foods would then constitute an unpaired control condition.
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Another procedure which has been developed to investigate chemotherapy-induced taste aversions
is the presentation of a specific foodstuff before therapy, which is then offered to the patient
sometime after therapy (Bernstein, 1978; Bemstein & Webster, 1980). If a choice of the paired
food and some other similar food is presented on test, and the patient is found to prefer the non-
paired flavour over the paired flavour, it is clear that the non-associative account of this aversion

outlined above would be insufficient to explain the results.

Bemstein (1978) presented paediatric cancer patients with a novel flavoured ice cream (maple and
black walnut flavour: "Mapletoff") before emetic chemotherapy (session 1). Two control groups
were used. In one of these, children due to receive non-emetic treatment were presented with the
ice cream before drug infusion (Vincristine), while in the other, children due to receive emetic
chemotherapy were given a toy with which to play. On test (session 2), two to four weeks later,
all groups were given a choice of either Mapletoff ice cream to eat or a game to play. The results
of this experiment suggested that the experimental group was significantly less likely to choose
the ice cream over the game than the two control groups combined. It must be assumed, since
the control groups were combined for analysis, that neither control group alone was more likely

to choose the ice cream over the game than the experimental group.

A second test was carried out on the same subjects at a mean time of 4.5 months following session
1. On this occasion, a choice was presented to the same patients, this time of Mapletoff ice cream
and a second novel flavoured ice cream Hawaiian Delight. There was no difference between the
groups in terms of total icc cream consumption, but the control groups combined ate significantly
more Mapletoff ice cream than did the experimental group. Although, again, combination of the
data from the control groups was required to show a statistically reliable treatment effect, these
data support the hypothesis that conditioned taste aversions may occur as a result of cancer

chemotherapy.

A weakness of the data collected from the first test (Session 2) in the Bemnstein (1978) study is
that the subjects receiving nausea-inducing chemotherapy, who had been given either a game to
play or ice cream to cat during conditioning, were given a choice between playing the game and
consuming ice cream on test. Thus, a preference for playing the game in the group which received
ice cream during conditioning, as comparced to the group which received the game during
conditioning, might cither be the result of a decrease in palatability of the ice cream in the former

group, or a decreasc in the preference for the game in the latter group. However, it has been



suggested that, in toxicosis conditioning, flavour cues become associated with toxin reinforcers
more readily than do cues from other sensory modalities (Domjan & Wilson, 1972). On the basis
of these data, it would seem more likely that the flavour, rather than the game, acquired aversive

properties as a result of its pairing with chemotherapy in the Bemstein (1978) study.

A second, and possibly more damaging weakness of this study is that no correction was made for
the number of patients who experienced nausea following treatment on session 1; post treatment
nausea was higher in the experimental group (78% of patients) than in the poisoned control group
(67% of patients). Therefore, it is possible that the reduction in consumption of ice cream in the
experimental group was the result of a general suppression in appetite leading to a preference for
playing the game on test. However, these two objections are addressed by the second test in
which a choice between two different flavoured ice creams were presented. Although, in both
tests, combination of the data from the control groups was required to show a statistically reliable
treatment effect, these data support the hypothesis that conditioned taste aversions may occur as

a result of cancer chemotherapy.

This result of Bemstein (1978) was replicated using adult cancer chemotherapy patients (Bemnstein
& Webster, 1980). In this experiment, an experimental group, which received either Maple Nut
or Hawaiian Delight ice cream (counterbalanced) before emetic chemotherapy, and a control group
which also consumed one of these ice creams before either non-emetic treatment, or no treatment
at all (session 1) were compared. On test (session 2), all patients were presented with both ice
creams and asked to taste both flavours and give a preference rating for each flavour. They were
then asked to consume as much of each flavour as they wished. It was found that the flavour
which had been presented on session 1 had no effect on preference scores in session 2 in the
control group; Hawaiian Delight was preferred regardless of which ice cream had been consumed
in session 1. In the experimental groups, however, those patients who had eaten Hawaiian Delight
in session 1 were significantly more likely to reject this flavour on test, in preference for Maple

Nut, than those who had eaten Maple Nut in session 1, and vice versa.

Taken together, the data collected in the questionnaire studies, and those in which a specific target
food was presented to the patients beforc therapy, suggcest that a range of foods show a decline
in palatability as a result of chemotherapy and that it is possible that this decline is the result of
classical conditioning. However, although classical conditioning can be demonstrated in the

chemotherapy clinic (Bemstein, 1978; Bemstein & Wcbster, 1980) the data that are currently
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available do not indicate unequivocally that such conditioning is responsible for the food aversions

that actually develop in the clinic (e.g. Jacobsen et al, 1993).

If there is a non-associative basis for the taste aversions which are experienced by cancer
chemotherapy patients, then this would readily explain the fact that a large number of the
aversions which have been recorded are towards highly familiar foods such as chocolate and
caffeinated beverages. Alternatively, the aversions may be due to conditioning, and the ease with
which the familiar foods become associated may be due to a context change between preexposure
and conditioning. Latent inhibition of CTA in rats is context specific (Hall and Channetll, 1986).
One possible source of such a context change might be the enduring experience of nausea brought

about either by the chemotherapy or by the cancer itself.

In section 1.2.3, a possible intervention for the alleviation of taste aversions is discussed which
is based on leaming theoretic principles. The success of this intervention would support the
conclusion that a substantial proportion of taste aversions which develop in cancer chemotherapy

patients result from classical conditioning.
1.2.3: An intervention for CTA

In a study carried out by Bemstein, Webster and Bemnstein (1982), three groups of paediatric
chemotherapy patients completed a pre-therapy dietary inventory covering the five hours before
arrival at the clinic. The experimental group received Mapletoff ice cream prior to drug infusion,
while control group 1 did not. Control group 2 did not receive emetic chemotherapy or ice cream.
It was predicted that, in accordance with the findings discussed in 2.1, a number of the food items
consumed before therapy would be rated as less palatable on a subsequent visit to the clinic. It
was further predicted that the patients who rcceived the ice cream before drug infusion would be
subject to fewer such aversions. The rationale for the second prediction was that, in animal
flavour aversion learning, if a novel and salient flavour is presented in addition to the target
flavour before the animal experiences illness, the aversion conditioned towards the target flavour
is attenuated. This cffect is known as overshadowing (Mackintosh, 1976). It was, therefore,
expected that the Mapletoff icc cream would overshadow the aversions which developed towards

the food items consumed in the (ive hours before therapy.



Both of the predictions were borne out. On test, the control group receiving chemotherapy tended
to show a reduction in preference for more foods than both the group which did not receive
chemotherapy, and the experimental group in which the overshadowing stimulus (the ice cream)
was presented before drug infusion. In fact, there was no difference between the overshadowing
group and the unpoisoned controls in the number of aversions which developed towards the
previously consumed foods. The implication from this study is that the presentation of a novel
and salient food item prior to drug infusion may serve to alleviate the problem of taste aversions

in cancer chemotherapy patients.

These results (Bemstein et al, 1982) also suggest strongly that the taste aversions which develop
towards the food items consumed before therapy are the consequence of a conditioning process
similar to that observed in animals. If the reduction in palatability of these food items were a
result of their direct effects on the digestive system, in combination with a lowered threshold for
nausea induced by the presence of toxins in the blood, then it would be difficuit to explain why

the overshadowing stimulus had a palliative effect.

However, it is possible that what was observed in this experiment was a recall effect rather than
an attenuation in the number of aversions presumed to result from a classical conditioning process.
In order to rate the foods on test, some mental re-elicitation of the flavours of these foods would
be necessary; the foods were not presented to the patients on test for consumption, and they may
not have sampled these foods during the period between ‘conditioning’ and test. Balleine and
Dickinson (1991) presented animal data which suggest that the sampling of a flavour which has
been paired with illness is necessary, in order for the animal to ‘know’ that food is unpalatable.
This process is known as incentive learning. If this were the case, then, in the absence of first
hand experience of the flavour, the patients would have to imagine what that flavour would taste

like were it now to be presented.

Patients who received the overshadowing stimulus during training are likely to have made the
assumption that the presentation of the overshadowing stimulus was the important aspect of the
experiment and failed to re-elicit a strong enough rcpresentation of the target food items for a true
measure of their palatability to bec made. This may have led these patients to rate the foods on
the basis of well-cstablished pre-therapy prefcrences. By contrast, the group which did not receive
the ice cream may have been awarc that the important aspect of the cxperiment was the

palatability of the target foods, which might have lcd them to process this relevant information to
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a greater extent and. therefore, rate the paircd foods as aversive. Although it is not immediately
clear that such an analysis provides an accurate account of the pattern of data presented by
Bemstein et al (1982), which was said to suggest that patients in the experimental group were
protected from developing aversions as a result of the presentation of a novel flavour before
therapy, there would certainly seem to be potential problems related to the use of retrospective

palatability questionnaires in the absence of re-exposure to the target flavours.

A further experiment, by Broberg and Bemstein (1987), used a within-subjects procedure. The
measure of taste aversions towards targets in this case was the presentation of the target food items
for consumption on test. All patients received two ‘conditioning’ trials; on one trial, a packet of
novel flavoured sweets were consumed following the last meal before treatment, while on another
occasion no sweets were consumed (the order was counter balanced). On test, the target food
items, the items eaten in the meal before treatment, were significantly more likely to be consumed
if they had been followed by the overshadowing stimulus during training. Interestingly, there was
little correlation between the results of a preference rating questionnaire which was given before
the consumption test was carried out, and the pattern of responding when the food items were
actually presented for consumption. This suggests that, consistent with the hypothesis above,
preference rating questionnaires have limited validity in the measurement of the palatability of
drug-paired foods and, more specifically, may underestimate the level of CTA occurring in this

patient population.

Thus, there is some evidence that conditioning of taste aversions occurs towards normal dietary
items as a result of cancer chemotherapy, and that the use of an overshadowing stimulus may
serve to alleviate this problem. It is not clear, however, to what extent conditioning is responsible
for the aversions which have been documentcd in the questionnaire studies. If the target food is
not presented on test, then it is possible that some of the ratings reflect the sampling of certain
memorics of the palatability of these flavours, and not the preference for those flavours when the

test is carried out.

In combination with a classical conditioning account of taste aversions, an account in terms of
memory rctrieval of some of the taste aversions measured by questionnaire studies might help to
cxplain somc of the data presented in the study carried out by Jacobsen et al (1993). They found
that thc majority of taste aversions occurrcd after the first and second treatment session (75%), and

that these aversions had a shorter duration than those which developed at the third treatment



session. Since many of the aversions were towards chocolate and caffeinated beverages which are
both highly latently inhibited, and stimulate gastric secretion, it is possible that these aversions did
not result from conditioning, but from their ability to elicit nausea directly, due to a toxin-induced
lowered threshold for nausea. If this were the case, then most of these aversions would be
expected to occur after the first treatment sessions, provided that the patients consume these foods
on a regular basis. However, the duration of such gut-sensitivity to these foods may be shorter
than the period between treatment sessions, allowing a window in which, if they are consumed,
they will be found to be palatable. It might be expected that, over a number of treatment sessions,
the patients will become aware of the correlation between treatment and the aversiveness of
chocolate and caffeinated drinks, and therefore rate their preference on test as reflecting their
‘normal’ reaction to these foods, which is to find them palatable. Since the awareness of this
contingency would require a number of samples of the foods, and the aversions do not require
close contiguity of the flavour and treatment, one would expect many such aversions to occur at
early treatment sessions and to decline across subsequent sessions. This is what was found in the
study carried out by Jacobsen et al (1993). Thus, it may be the case that the taste aversions found
by Mattes et al (1987; 1992) and Jacobsen et al (1993) have a combination of etiologies, some

associative, some non-associative.

1.3: Anticipatory Nausea and Vomiting (ANV)

1.3.1: The prevalence of ANV

A large number of studies of ANV have estimated the prevalence of anticipatory nausea and
vomiting (ANV) in cancer chemotherapy paticnts. They suggest that between 25 and 50% of all
cancer chemotherapy patients develop ANV (c.g. Burish & Carey, 1986; Carey & Burish, 1988;
Morrow & Dobkin. 1988), and that a number of factors are correlated with ANV: cxtent of post
chemotherapy nausea and vomiting (e.g. Andrykowski, Jacobsen, Marks, Gorfinkle, Hakes,
Kaufman, Currie. Holland & Redd, 1988), statc anxiety (e.g. Andrykowski, 1990), susceptibility
to motion sickness (Morrow, Lindke & Black, 1991) and the experience of flavours in the mouth
as a dircct result of drug infusion (Nerenz, Leventhal, Easterling & Love 1986). Age has been

found to correlate negatively with development of ANV (Morrow et al, 1991).

All of these correlations have been found using longitudinal questionnairc designs (e.g.

Andrykowski, Redd and Hatficld, 1985). The procedure involves the completion of a
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questionnaire before each of a number of therapy sessions, beginning with the first session, in
which the levels of nausea and vomiting are recorded. In addition, if a variable factor is being
investigated such as state anxiety, this is also measured. In studies in which post-therapy nausea
and vomiting were investigated, a second nausea and vomiting questionnaire is presented following

therapy.

The results of a study by Andrykowski and Redd (1987) indicated that, like taste aversion, the
development of ANV largely occurred across the first few treatment sessions. They found a rapid
accumulation in the number of patients reporting ANV across the first four treatment sessions,
followed by a sudden drop in the number of new occurrences at the fifth infusion. Andrykowski
and Redd separated their patients into two groups on the basis of early and late onset of ANV.
The first group included those cases of ANV which occurred before the fifth infusion, while the
second group included those cases which occurred at or after the fifth infusion. Comparison of
the data from these two groups suggested that their ANV had different etiologies. Early onset of
ANV was associated with stable levels of anxiety across all infusions, while the late onset group
showed an increase in anxiety across infusions. More specifically, the late onset group suffered
a significant increase in both post-treatment nausea and anxiety at infusion minus one (the infusion
before that at which the first ANV was recorded). Furthermore, Andrykowski and Redd found
that, while the two groups showed equivalent post therapy nausea and vomiting, the initial
expectations of treatment side effects were lower in the late onset group. Thus, it is possible that
these violated expectations gave rise to an increase in arousal (Mandler, 1991), and, therefore,
anxiety. Since anxiety has been found to be correlated with ANV, this might explain the
occurrence of ANV late on in the treatment. The possible reasons for the relationship between

anxiety and ANV will be discussed in section 1.3.2.

1.3.2: The cause of ANV

There are two possible explanations for the occurrence of ANV in cancer chemotherapy patients.
Either the stimuli present during therapy (the sights and sounds of the clinic) become associated
with illness through classical conditioning and thus become able subsequently to elicit nausea, or
alternativcly. the anxiety experienced by thesc patients in anticipation of treatment induces nausea
directly. It is not possible to choose between these two hypotheses on the basis of the data that
are currently available. The factors associated with a high prevalence of ANV are consistent with

both hypotheses (e.g. high post-therapy nausca and vomiting, high state anxiety and susceptibility



to motion sickness).

If post-therapy nausea and vomiting were high, then an increase in ANV would be expected if
ANV is the result of classical conditioning or an increase in anxiety. It is widely accepted that
the level of responding to a conditioned stimulus (CS) is, to some degree, determined by the
intensity of the unconditioned stimulus (US) with which it has been paired (e.g. Rescorla and
Wagner, 1972). If ANV is the result of intense anxiety, and the anxiety is due to the expectation
of nausea and vomiting as a result of treatment, then an increase in the post-treatment nausea and
vomiting would lead to an increase in ANV. Thus, the finding that the measured level of post-
therapy nausea and vomiting determines the level of ANV (Andrykowski et al, 1988) is consistent

with both the classical conditioning and the anxiety hypotheses.

Anxiety may lead to an increase in ANV directly, as suggested by the anxiety hypothesis, through
increasing the rate of conditioning (Spence, 1964) or by increasing the salience of the stimuli
present in the clinic through an increase in the amount of attention paid to them during the visit
(Dolgin, Katz, McGinty & Siegal, 1985). In general, it is widely accepted that levels of arousal
have an effect on learning (e.g. Spence, 1964), and it is possible that the level of arousal

experienced in the more anxious patients is optimal for the leaming of this kind of association.

The finding that the susceptibility of a patient to motion sickness is a predictor of ANV (Morrow
et al, 1991) is not surprising. Susceptibility to motion sickness may be the result of a general
sensitivity 1o nausea-inducing cxperiences. It is known that vestibular information passes through
the chemoreceptor trigger zone and into the vomiting centre where it induces an emetic reflex (e.g.
Borison, 1983), thus following a similar pathway to that necessary for other toxins to induce an
emetic reflex. Individuals with a highly sensitive mechanism for the detection of motion-induced
sickness might, therefore, also be cxpected to be highly sensitive to chemotherapy-induced nausea
and vomiting. Again this would lcad to an increase in the level of ANV experienced by such

individuals.

The finding that the experience of tastes in the mouth as a result of drug infusion is a predictor
of ANV is explicable in onc of two ways. It is possible that the experience of these tastes merely
reflects the intensity of the chemotherapeutic drug, the hypothetical US. However. it is also
possible that a flavour in the mouth Icads to an increase in the conditioning of an aversion towards

the context. Such an effcct, known as potentiation (e.g. Durlach and Rescorla, 1980), in which



the presence of a novel flavour increases the conditioning of an association between a second
stimulus and illness, has been demonstrated in animals. This potentiation hypothesis will be

discussed more fully in Chapters 6 and 7.

The final predictor of ANV is age (Morrow et al, 1991). Older patients were found to be less
likely to develop ANV than younger patients. One speculative possibility is that this is due to
latent inhibition in the older patients who are likely to have had more experience of hospital
settings. Thus, the learning of an association between these cues and the consequence of illness

would be expected to be retarded in older patients.

Thus, the findings from studies of cancer chemotherapy patients are consistent with a conditioning
model, which assumes that the cues present in the clinic become associated with illness, and on
subsequent occasions are able to re-elicit nausea and vomiting. However, under an alternative
analysis, they are also consistent with the hypothesis that ANV is a direct result of intense
treatment-related anxiety. If high levels of post-therapy nausea are responsible for high levels of
anxiety, then the predictors of high post-therapy nausea and vomiting would also be predictors of
high levels of ANV. However, under this analysis, it is not immediately clear why age is

negatively correlated with ANV.

Two approaches might allow the classical conditioning and anxiety hypotheses to be distinguished
empirically. A demonstration that cues present in the clinic elicit nausea in the absence of any
expectation of treatment, would imply that these cues have become conditioned stimuli.
Alternatively, if it could be shown that some procedure which induces a comparable degree of
anxiety to that induced by chemotherapy does not lead to nausea and vomiting, then the hypothesis
that therapy-induced anxiety is responsible for ANV would be untenable. The results of two

studies applyving these principles render the conditioning hypothesis more plausible.

Katz, Kellerman and Siegal (1980) tcsted a sample of bone marrow aspiration patients for ANV
and found that only 2% of these patients dcveloped ANV. It has been claimed that bone marrow
aspiration can be as stressful as chemotherapy (Redd, Burish & Andrykowski, 1985) implying that
anxiety alone cannot be responsible for ANV in cancer chemotherapy patients. However, to reach
a {irm conclusion, it would bc necessary to compare cancer chemotherapy and bone marrow

aspiration patients in a single study using a common measure of anxiety.
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Finally, in a study by Bovbjerg, Redd, Jacobsen, Manne, Taylor, Surbone, Crown, Norton,
Gilewski, Hudis, Reichman, Kaufman, Currie, & Hakes (1992), a novel flavoured beverage was
presented to chemotherapy patients before each of a number of chemotherapy treatments and then
later in their own home. It was found that, when given the beverage in their own home, patients
who had received it before treatment experienced significantly higher nausea than those who did
not. These data were argued to support the conditioning model of ANV. This finding is similar
to those of Bemstein (1978) in which a novel flavoured ice cream was found to be more aversive
as a result of its pairing with chemotherapy. However, in light of the relative ease with which
flavour cues are thought to become associated with illness (Domjan & Wilson, 1972), stronger
evidence for the conditioning hypothesis of ANV would be a demonstration of chemotherapy-

induced conditioned nausea towards a non-flavour cue.

These last studies are the closest in procedure to those which might answer the question as to
whether ANV is anxiety or conditioning based. However, further studies are required using the
proper stimuli and proper controls in order to provide sound evidence for one of these hypotheses.
An experiment in which bone marrow aspiration patients were directly compared with
chemotherapy patients, in both the aversiveness of the treatment and levels of ANV, woulq allow
an evaluation of the anxiety hypothesis of ANV. In addition, a demonstration of the conditioning
of an aversion towards a non-flavour cue in the chemotherapy clinic, using a procedure such as

that used by Bovbjerg ct al (1992), would support the conditioning hypothesis of ANV.

1.3.3: An intervention for ANV

Since the etiology of ANV is not clear, there are a number of possible interventions which may
or may not be effective in the attenuation of this chemotherapy side cffect. It has been
demonstrated that, cven if ANV is the result of classical conditioning, anxiety may play a role in
its development. Thus, interventions designed to reduce anxiety in the clinic would be expected
to lead to a reduction in ANV and there are, indeed, a substantial number of studies which support
this prediction (see Andrykowski, 1990 for a review). Thus, procedures such as progressive
muscle relaxation and guided imagery have been found to reduce both the development and
expression of ANV (Burish, Carey, Krozely & Greco, 1987; Lyles, Burish, Krozely & Oldham,
1982). However, such procedures are costly and time consuming, and, therefore, if it can be
shown that ANV is duc o classical conditioning, a morc simple, cost cffcctive intervention may

be possible based on lecarning theorctic principles.



Two candidate interventions would be based on overshadowing (Paviov, 1927) and latent
inhibition (Lubow, 1973). Neither of these has been tested for its efficacy. As discussed above,
overshadowing has been found to be effective in the attenuation of chemotherapy-induced taste
aversions. However, since it has been found in animals that the presentation of a novel flavour
stimulus in a novel context (in this case the chemotherapy clinic) can lead to an increase in the
level of the aversion towards that context when it is paired with illness (Best, Brown & Sowell,
1984), the nature of the second stimulus may be important in determining whether it will be
effective in attenuating, rather than exacerbating, ANV. On the basis of other animal experiments,
the presentation of a novel odour prior to drug infusion might be expected to reduce ANV in
cancer patients. Taukulis and St George (1982) found that, in rats, the presence of a novel odour
reduced the level of conditioning towards a novel context when it was paired with toxicosis. The
odours used would have to be synthesized such that they did not resemble odours present in the
normal environment in order to avoid the experience of nausea and vomiting in locations other
than the clinic. In combination with preexposure to the clinic, which should lead to latent
inhibition of the cues present there, such an overshadowing procedure may prove highly effective.
However, initial studies should concentrate on establishing whether such interventions might be

possible through testing the conditioning hypothesis of ANV.

1.4: Conclusions

There is some evidence (Bemstein, 1978; Bemstein & Webster, 1980) that the taste aversions
suffered by chemotherapy patients occur as a result of a classically conditioned association
between certain foods eaten prior to treatment and the nauséa experienced as a result of drug
infusion. This is largely based on evidence (Bemstein et al, 1982; Broberg & Bemstein, 1987)
that such aversions may be attenuated by the presentation of a novel, overshadowing, flavour
before treatment. The data rcgarding the status of ANV is less clear cut. Anxiety has been found
to play an important role in the dcvelopment of ANV, either through inducing nausea and
vomiting directly, or through an interaction with a classical conditioning mechanism. However,
evidence that procedures which are as stressful as chemotherapy (Katz et al, 1980) do not give rise
to ANV suggest that anxiety alone cannot account for ANV. Therefore, it will be assumed that
ANV and a large number of CTAs which develop in chemotherapy are the result of classical

conditioning



It is interesting that most recorded taste aversions occur during the first three visits to the clinic.
It is possible that this is due to many of these having a non-associative basis. However, the
evidence from the studies carried out on ANV suggest another possible cause. Since most cases
of ANV occur across the first four visits to the clinic, it is possible that the reduction in the
number of new taste aversions which develop after this period is due to blocking (Kamin, 1969).
It has been shown in animals that a flavour presented in a context which has been previously
paired with illness shows retarded conditioning (Willner, 1978). Thus it is possible that, following
the fourth treatment session, the clinic is strongly associated with illness, and this association

blocks the formation of further taste-illness associations.

There are, then, two ways in which the tastes (either of foods previously consumed or as a direct
result of drug infusion) and contextual cues present during chemotherapy treatments might interact.
First, the context might block new taste aversions after a number of context-illness pairings.
Second, the presence of novel flavours in the clinic may potentiate an aversion towards contextual
cues in the clinic (Durlach and Rescorla, 1980). This possibility would suggest that further
investigations of the psychological side effects of cancer chemotherapy would be enhanced through
the measurement of both of these phenomena simultaneously. Such an experiment would combine
questionnaires recording the pre- and post-treatment nausea and vomiting across the initial
treatment sessions, and a record of pre-treatment consumption of foods followed by a test in which

these flavours are presented to the patients for consumption.

The analysis above would suggest that, if both ANV and CTA result from classical conditioning,
then patients will fall into one of two distinctive categories on each of two dimensions. First,
individual differences in the susceptibility to post-therapy nausea and vomiting (as a result of
levels of anxiety, susceptibility to state anxiety and age) may lead to overall differences in the
conditionability of patients to both tastes, and exteroceptive cues present in the chemotherapy
clinic. Second, patients may develop CTAs early on in treatment which may lead to the
potentiation of the context in which that flavour is consumed, or ANV might develop quickly in
its own right and, therefore, block the development of CTAs. Thus, there is the possibility that
the occurrence of CTA and ANV is determined by a complex interaction of the predisposition of
the patients and the salience of the stimuli presented before treatment. The first would determine
the general level of conditioning, while the second would determine which stimuli (flavours or

contextual cues) become associated with illness.
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In the chapters which follow, both pharmacological and psychological interventions for the control
of CTA and ANV are investigated. In Chapter 2, a background for the pharmacological studies
is presented, which is followed by a series of experiments in which a range of compounds are
tested for their effect on CTA in rats (Chapters 3 to 5). In Chapters 6 and 7, the possibility that
a scapegoat intervention, such as that used by Broberg and Bemstein (1987), may lead to the
potentiation of a context aversion, and therefore ANV, is investigated. The findings from both

the pharmacological and psychological experimentsarethen discussed in Chapter 8.
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Chapter Two
The Efficacy of Antiemetics in the Attenuation of CTA

2.1: Introduction

Since ANV and CTA, the psychological side effects of cancer chemotherapy reviewed in Chapter
1, are thought to be the result of treatment-induced nausea, reduction in the severity of this nausea
by antiemetic drugs, should result in the reduction of CTA and ANV in this patient population.
CTA, and the effect of antiemetics on CTA have been widely studied, whereas no work has
addressed the issue of the effect of antiemetics on the conditioning of context aversions.
Therefore, the discussion below will be limited to the possibility of pharmacological interventions
for the control of CTA. Implications for ANV of the effects of antiemetics on CTA will be

discussed in Chapter 8.

There are a large number of pharmacological interventions which have been used in the control
of chemotherapy-induced nausea and vomiting (Revusky & Martin, 1988). Of these interventions,
the most effective are corticosteroids such as dexamethasone, and 5-HT, receptor antagonists such
as ondansetron (Jones ct al, 1992). In addition to the drugs which are used in the clinic, NK,
receptor antagonists such as CP-99,994 and L-742,694 have been found to block emesis very
effectively in the ferret (Bountra, Bunce, Dale, Gardner, Jordan, Twissell, Ward, 1993; Tattersall,
personal communication). The review presented here examines the possible role of 5-HT; and
NK, receptor antagonists in the attenuation of cisplatin-induced CTA. The focus of interest is the
receptor systems, rather than any particular antagonists at these receptor sites. However, the
experiments which follow use the 5-HT, receptor antagonist ondansetron, and the NK, receptor
antagonists CP-99,994 and L-742,694 in order to block these pathways, and therefore reference
will be made to these compounds in particular rather than to 5-HT, and NK, receptor antagonists

in general.

Dexamcthasone and ondansetron have both been tested for their ability to attenuate CTA in the
rat. Using one procedurce, dexamethasone, but not ondansetron, was found to be effective in the
attenuation of cisplatin-induced CTA (Mele, McDonough, McLean & O’Halloran, 1992).
However, the procedurc uscd was not necessarily appropriate to the demonstration of ondansetron-

induced CTA attcnuation (scc Chapter 3 for a full discussion of this issue). Ondansetron has been

30



found to attenuate nicotine-induced CTA (Mitchell & Pratt, 1990) and, although few
methodological details were given for the experiment, this provides some evidence that
ondansetron is able to reduce CTA. CP-99,994 has not been tested for its ability to attenuate

CTA.

This chapter examines the evidence, from human and animal studies, favouring the prediction that
the novel antiemetics, ondansetron, CP-99,994 and L-742,694, will reduce the level of CTA
induced by one common chemotherapeutic drug cisplatin which is known to induce nausea and
vomiting in approximately 90% of patients (Jones & Cunningham, 1993). Three lines of evidence
are considered. The first two concern the identity of the US in CTA, while the third is an
examination of the binding site density of the two antiemetics. Since the emetic drug which is
injected is a ‘stimulus’ in this procedure, it may be inappropriate to refer to the illness that results
from drug infusion as a US rather than a unconditioned response (UR). However, it is common
to use the term US in discussion of the question of what effective property of the drug is

responsible for the formation of CTA (eg Grant, 1987) and this convention will be used here.

The first candidate for the role of the US in CTA is emesis (Garcia, Hankins & Rusiniak, 1974).
The strongest prediction from this theory is that vomiting and CTA are the result of the action of
the same mechanism. It is clear that, if this were the case, then any drug which reduces vomiting
(eg ondansetron and CP-99.994) will also attenuate CTA. A second and related claim has been
made that, more specifically, nausea is the US in CTA (Revusky and Martin, 1988). If so, drugs
that reduce nausea (¢.g. ondansetron) should also reduce CTA. Finally, since ondansetron and CP-
99,994 are both highly specific antagonists at the 5-HT, and NK, receptors respectively, the
binding site density of these two receptor types, in areas which are known to be important in CTA
formation, will be outlined. High receptor-site density in areas which have been found to be
involved in CTA formation would imply a possible role for these receptors in CTA formation, and

therefore antagonists at these receptors may attenuate CTA.

It will be argued that the reduction of nausca, but not vomiting, by a drug may be an indication
that that drug will also attenuate CTA. In addition, the brain localisation of the receptors at which
the two drugs in question bind, implies that ondansctron, CP-99,994 and L-742,694 should
attenuatc CTA induced by a wide range of drugs. Although the specific route of action of
cisplatin in the induction of CTA is not known, many drugs share common pathways in CTA

formation. It can bc infcrred from this evidence that ondansetron, CP-99,994 and L-742,694 may
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attenuate CTA induced by cisplatin as well as by drugs which have a known route of action.
2.2: Emesis as the US in CTA

Garcia et al (1974) claimed that if a stimulus, such as a toxin, is detected by the "gut-defense
system", then a hierarchy of emetic responses will result. This hierarchy is composed of CTA,
nausea, retching and vomiting. CTA is the most sensitive and emesis is the least sensitive
response; most emetic substances will lead to CTA, but only the strongest will give rise to the
vomiting reflex. If this relationship could be demonstrated, then any drug which blocks vomiting,
such as ondansetron, CP-99,994 or L-742,694, since it suppresses the gut-defense system, should
also attenuate CTA. Some evidence against Garcia et al’s (1974) claim comes from antiemetics
which do not affect CTA but are used to control vomiting in the clinic (Revusky and Martin,
1988). However, it is possible to argue that a drug which blocks the vomiting reflex to a strong
emetic drug, may not block the more sensitive response of CTA formation due to a difference in
the threshold of activation: complete suppression of the emetic system may be required to attenuate
CTA. A dissociation of this sort would not indicate that different mechanisms are responsible for
vomiting and CTA. In order to discount the claim that there is one mechanism which is
responsible for both vomiting and CTA, a double dissociation must be demonstrated in which one

procedure leads to CTA but not vomiting, and another leads to vomiting but not CTA.

There are many studies in which the neural substrates of CTA and vomiting have been investigated
through the lesioning of specific brain areas. From these it should be possible to determine
directly whether CTA and vomiting develop as a result of activation of the same physiological
system. A problem which arises in the comparison of the effects of brain lesions on CTA and
vomiting is that most CTA lesion studies have been carried out on rats which do not have a
vomiting responsc. The studies of vomiting have, in the main, been carried out on cats, dogs and
ferrets. It may be argued that this sort of cross-species comparison cannot be valid. However,
the brain areas which have been found to be responsible for both of these responses are present
in all of the species which have been tested, regardless of whether or not that species has the
vomiting reflex. Therefore, it might be argued that it is the response. not the mechanism which
gives rise to that response. which differs across species. In the absence of the necessary within-
species comparisons of the vomiting and CTA reflexes, the similarities in brain structures across
species will be taken as evidence that these species share ncural mechanisms for the detection of

toxins.
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2.2.1: The physiology of the emetic system

Garcia's (e.g. Garcia ct al, 1974) gut-defense system was derived from a model of the emetic
system first proposed by Borison and Wang (1953), and now widely accepted. The Borison-Wang
model is comprised of four elements (see Figure 2.1): emetic receptors located in various parts of
the body, including the gut and the brain, which detect toxic chemicals; afferent nerve fibres,
including the vagus nerve, which transmit the information from the receptors to the emetic centre;
the emetic, or vomiting, centre, thought to be located in the nucleus of the solitary tract (NST),
which receives input from the afferent neural circuitry and integrates the emetic response syndrome
(Borison and McCarthy); the output generated by the emetic centre (nausea, retching and
vomiting). The receptors which detect the presence of toxins are located both centrally and
peripherally. Central receptor areas include the chemoreceptor trigger zone which is associated
with the area postrema (AP) and is probably the primary site of blood-borne toxin detection; the
AP has no blood-brain barrier. Since the AP is located near the floor of the fourth ventricle,
cerebrospinal fluid may also be monitored. There are also other receptors in the CNS which are
linked directly to the cmetic centre. Peripheral rcceptor areas include the gastrointestinal tract,
which is connected to the emetic centre via the vagus nerve, and the vestibular apparatus of the

inner ear which is linked to the emetic centre via the AP.

In summary, toxins may be detected in the CNS, in the blood through the AP, or in the gut, while
motion stimulates the vestibular system. Information [rom these areas passes along the afferent
nerve fibres to the emetic centre where the emetic response is produced. It is Garcia’s claim that
CTA is the most sensitive of the cmetic responses, and is the result of stimulation of the emetic
system in exactly the same way as are nausea, retching and vomiting. This hypothesis predicts
that a manipulation which reduces vomiting will also reduce CTA, since it must be acting on the

emetic system which is responsible for both of these responses.

2.2.2: Testing the emesis hypothesis

Since there are a number of emetic substances which induce vomiting as a result of the stimulation
of one or more of the receptor arcas in the emetic system, it is possible to test for concordance
between the brain arcas which detect a toxin in order to stimulate vomiting, and those which give
rise to the formation of CTA. Grant (1987) rcviewed the literature on lesions of the emetic system

and their effects on vomiting and CTA, to dcterminc whether lesions that lead to a blockade of
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Figure 2.1. The Borison-Wang model of emesis. Toxins are delected in the gut by the vagus
nerve, or in the blood by the area postrema (AP), while motion is detected by the vestibular
system. Information is passed to the nucleus of the solitan, tract (NST) which gives rise to the

vomiting reflex.
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the vomiting response to a particular toxin also lead to the blockade of CTA and vice versa. Any
exception to this would disconfirm the emesis-as-US hypothesis. Of the studies which she

reviewed, those in which copper sulphate (CuSO4), and those in which morphine were used as the
emetic are of particular interest in the evaluation of the emesis-as-US hypothesis; work using
copper sulphate as the toxin indicates that there are some parallels between vomiting and CTA,
while the data from morphine studies provide strong evidence that these parallels are likely to be

toxin-specific.

Intragastric (IG) injection of CuSO4, at moderate doses, gives rise to emesis mainly through the
vagus nerve. Lesions of the AP have no effect on CuSO4-induced emesis (eg. Wang and Borison,
1952) and, although sympathectomy alone results in no attenuation of emesis, simultaneous
sympathectomy and vagotomy attenuate emesis more completely than does vagotomy alone (Wang
and Borison, 1951). Very high IG doses of CuSO4 behave differently to moderate IG doses of
the same compound in that they activate the chemoreceptor trigger zone (CTZ) in the AP, and
vagotomy is ineffective at high doses unless the AP is also lesioned (Wang, 1980). It would seem,
therefore, that CuSO4 is absorbed into the blood at these high doses. This is substantiated by the

finding that intravenous (i.v.) CuSO4-induccd emesis is attenuated by AP lesions (Wang, 1980).

Coil, Rogers, Garcia et al (1978) found that vagotomy leads to attenuation of CuSO4-induced
CTA, but Rabin, Hunt and Lee (1985) found the converse, that IG CuSO4 failed to give rise to
CTA unless vagotomy had been carried out. In addition, Rabin et al (1985) found that no CTA
was formed if rats were given both vagotomy and AP lesions. They concluded that, although the
vagus nerve may mediate CuSO4-induced CTA, vagotomy itself delayed stomach emptying, thus
allowing more time for the CuSO4 to be absorbed into the blood, and hence detected by the AP.
One final result relevant to the present issue is that removal of the celiac ganglia (which cuts off
sympathetic input to the brain from the gastrointestinal tract) has been found to attenuate CTA to

IG CuSO4 (Martin, Cheng & Novin, 1978) whereas sympathectomy alone does not affect emesis.

The results of CuSO4 studies therefore suggest that the vagus nerve may mediate both CTA and
vomiting, although therc are some contradictory results in the experiments on CTA. The
experiments in which the AP has been Icsioned showed strong support for the hierarchy of
responsc in the emesis-as-US hypothesis. Low dose CuSO4 induced CTA through the AP, whilc
only high-dose CuSO4 induced vomiting through this arca. This would suggest that CTA is a

morc sensitive responsc than vomiting, but is mediated by the same ncural mechanism. However,
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the sympathectomy data suggest that CTA and vomiting are mediated by two distinct neural

pathways.

In t