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Two to four weeks later(session 2) the
acceptance(or rejection)of Mapletoffice
Abstract. Children with neoplastic diseases were offered an unusual ice cream
creamwas measuredby offeringchildren
before their drug treatments. Patients experiencing gastrointestinal toxicity due to in all groupsa choice between eating the
the drugs were subsequently less likely to choose that ice cream again than controls.
ice cream or playingwith a game.
This suggests that taste aversions induced by drug-associated symptoms may conResults (Table 1) indicatethat only 21
tribute to the appetite loss experienced by cancer patients.
percent of patients in group 1 chose
Mapletoff ice cream during session 2
Garcia and others (1) have demon- fractorydisease were excluded. Patients comparedto 67 percentin group2 and 73
stratedthe developmentof specific taste received intravenous doses of chemo- percent in group 3. The difference beaversionsin a wide varietyof animalspe- therapeutic drugs, except as noted. tween the two proportions obtained
cies. In general, these investigatorspre- Drugs considered significantlytoxic to when the control groups were combined
and comparedto group 1 was significant
senteda solutionto rats priorto adminis- the gastrointestinaltract (GI toxic)-for
trationof a drug or radiationtreatment example, adriamycin, cyclophospham- (z = 3.06; P < .001). Therefore, the
that presumablyinducedgastrointestinal ide, and cytosine arabinoside-are gen- consumptionof the ice cream before GI
(GI) discomfort. The animals subse- erallyassociated with a moderateto high toxic chemotherapyresulted in a lower
quently developed significantaversions degree of nausea or emesis at the doses likelihoodof a subsequentchoice of that
to the flavorof the solution, as indicated givenpatientsin this study (6). The onset ice cream again than did the GI toxic
by their reluctance to ingest it. Sub- of these symptomsmay occur a few min- therapyalone or the previous sampling
stantialaversions have been achieved in utes to a few hoursafterdrugadministra- of that ice cream withouttoxic therapy.
It could be argued that a choice bea single trial;these aversionsoccur even tion. Vincristine, a chemotherapeutic
when there are long intervals (6 to 12 agent not associated with these symp- tween eating the ice creamand engaging
in some other activity is not specific
hours)(2) between exposureto the flavor toms, served as a control drug.
PatientsreceivingGI toxic chemother- enough to offer evidence of an actual
and onset of illness. Therefore, the acquisitionof taste aversionsis a persistent apy were stratifiedon the basis of age taste aversion. We thereforeretested all
formof learning.To our knowledgethere and numberof priorGI toxic drug treat- patients that were still coming to the
have been no controlled studies of such ments and then randomly assigned to HematologyClinic, using a blind proceaversions in humans. Several therapies one of two groups: the experimental dure,by offeringthem both Mapletoffice
used in the treatmentof cancer (certain group(group 1) which received a paired cream and another relatively novel ice
chemotherapeuticdrugs; abdominal ra- association between an unusual ice cream (HawaiianDelight: Foremost Ice
diotherapy)are the same as those used to creamand GI toxicity; the controlgroup Cream, Seattle, Washington). During
produce conditioned taste aversions in (group2) which experiencedGI toxicity these retests patientswere asked to taste
laboratory animals (3). We therefore without receiving any ice cream. Pa- both ice cream flavors, indicate which
evaluated patients undergoing such tients receiving chemotherapynot asso- they preferred,and eat as much of each
treatmentsto determinewhether similar ciated with GI symptoms(vincristine)or as they wished. Flavor preference and
learnedfood aversions also occur in hu- no drug at all, were placed in a second amount consumed were recorded. Almans. Since cancer patients frequently controlgroup (group3) and received the thoughthese retests occurredan average
sufferloss of appetite(4), the demonstra- ice cream without experiencingGI tox- of 41/ months after session 1, only 25
tionof such aversionswould suggest that icity (7). During session 1 children in percent(3 of 12)of the patientsin the exfood aversions may be one factor con- groups 1 and 3 were given 80 g of the perimentalgroup(group1) said they pretributingto their anorexia.In the present novel ice cream, Mapletoff (prepared ferredMapletoffwhile 66 percent(4 of 6)
study we investigated whether children with maple and black walnut flavor ex- in group2 and 50 percent(4 of 8) in group
receivingGI toxic chemotherapyfor the tracts), 15 to 60 minutespriorto their re- 3 preferredMapletoff.For each patienta
treatment of neoplastic disease would ceivinga drugtreatment(or for some pa- preferencemeasure based on consumpacquire aversions to an unusual ice tients in group3 priorto a routinecheck- tion was calculated by determiningthe
creamconsumedpriorto drugtreatment. up). Childrenin group2 were not offered percentageof total ice cream consumed
A total of 41 patients ranging in age ice cream duringsession 1 but were oc- duringretest which was Mapletoff.Preffrom 2 to 16 years participatedin the cupiedfor a comparableamountof time erence for Mapletoffice cream in the exstudy (5). All were being treated as out- with a toy prior to their drug treatment. perimentalgroup was significantlylower
patients at the Children's Orthopedic At this time patients, and their parents, than in the control groups (8). Total ice
Hospitaland Medical Center Hematolo- in all groups also filledout diet question- creamconsumptionof the groupsdid not
differ.
gy Clinic. Patients with advanced or re- naires.
Thus aversion to the Mapletoff ice
cream appears to be a specific, learned
Table1. Choicemadeby patientsduringsession2.
responseand not an effect of the GI toxic
drugsalone, since group2 patients were
Patients
Total
not averse to eating the ice cream. That
selectingice cream
number
the Mapletoff ice cream was not disinsession1
Treatment
NumPercenttastefulwas indicatedby the acceptance
paiet
ber
age
patients
of it by patients in group 3, who had
tasted it before. Therefore,these results
Group 1
3
21
14
ice creampairedwithGItoxicity
demonstratethat humans,like a number
Mapletoff
Group2
of other species, acquire aversions to a
8
67
12
GItoxicityalone
novel flavor when it is consumed before
Group3
a treatment which induces GI dis73
11
15
ice creamalone
Mapletoff
comfort.
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Prior experience with drug treatment
markedly attenuates the formation of
conditioned taste aversions in rats (9).
Our results are interesting in that most of
the patients in this study had received
many prior treatments that caused GI
discomfort (the average number per
child was 23). Furthermore, most of the
patients were aware that the cause of
their nausea and vomiting was their therapy. These factors, however, did not
preclude the formation of long-lasting
taste aversions, suggesting that humans
have a strong propensity to form these
aversions.
Further data were obtained through
the use of questionnaires, the results of
which support and extend these findings.
Patients completed diet inventory forms
during sessions 1 and 2 to provide information about their food preferences and
usual diet, as well as specific foods eaten
before drug treatments. These data (10)
revealed that patients receiving GI toxic
chemotherapy were significantly more
likely to report avoiding or disliking a
specific food eaten before a clinic visit
than control (group 3) patients. Thus,
learned taste aversions may occur not
only to a novel food presented by the experimenter just prior to drug administration, but also to foods in the patients'
diets which happen to be eaten up to several hours before treatment. This is consistent with the findings of Garb and
Stunkard (I) that human subjects report
the development of aversions to a wide
variety of foods consumed coincidentally before a bout of illness.
The demonstration of taste aversions
in children receiving chemotherapy
treatments may prove to be of importance to physicians who administer treatments which induce nausea and vomiting. Such aversions may be one of the
factors contributing to the anorexia and
weight loss seen in patients with cancer.
Additional work is needed to delineate
the factors controlling the occurrence of
these aversions in order to develop
methods for minimizing or eliminating
them.
ILENE L. BERNSTEIN

Department of Psychology,
University of Washington, and
Children's Orthopedic Hospital and
Medical Center, Seattle 98195
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GeneticMethodfor the PreferentialEliminationof
Females of Anopheles albimanus
Abstract. Recent field experiments demonstrated the possibility of using the sterile
male method for the control of Anopheles albimanus Wiedemann, the most important vector of human malaria in Central America. Until now there was no practical
method for excluding females from the releases of sterile males. A genetic method
was developed for the preferential elimination of females during any of the four life
stages. This genetic sexing system utilizes propoxur (o-isopropoxyphenyl methylcarbamate) susceptibility as a recessive conditional lethal, a T(Y:2R) translocation,
and an In(2R) inversion. The propoxur resistance allele (dominant) was linked to the
Y chromosome via a radiation-induced translocation, and genetic recombination
was suppressed by inversions. In one of the strains produced, 99.7 percent of the
females are eliminated when treated with propoxur, without male loss.
During an experiment conducted in El
Salvador, Lofgren et al. (1) demonstrated the possibility of using the sterile
male method for the control of Anopheles albimanus, an important vector of
human malaria in Central America. In
view of the widespread occurrence of insecticide resistance in this species, the
development of this alternate control
method is most desirable and appropriate at this time. The success of the sterile
male method relies on the efficient distribution of inundative releases of competitive, sterile males into the natural
habitat of the target species. Therefore, a
sound system must be available for the
mass production of sterile males, but
since the females of anopheline species
are potential malaria vectors, they
should be excluded from the releases.
Also, if the females could be eliminated
during the egg or early larval stages, the
mass production of males could be conducted less expensively.

Since currently available methods for
elimination of A. albimanus females in a
mass production process are only 85 to
95 percent effective (unpublished data),
we undertook the development of a genetic method for the preferential killing
of females. We now describe the synthesis of a female-killing system for use
in a mass production facility.
The genetic sexing scheme utilizes
propoxur (o-isopropoxyphenyl methylcarbamate) susceptibility (prs) as a recessive conditional lethal, a T(Y: 2R) translocation, and an In(2R) inversion. The
locus for propoxur resistance (prr), a
dominant trait, is on the right arm of
chromosome 2, and this allele was linked
to the Y chromosome via a radiation-induced translocation. Adult homozygous
resistant males (prr/prr), less than 24
hours old, were irradiated with 1700 R
(dose rate 212 R/min) from an x-ray machine operated at 90 kV (peak). These irradiated males were crossed to suscep-
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