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Alleviating nausea and emesis by Pavlovian
conditioning

Gerald B. Biederman, PhD; Valerie A. Davey,
PhD

Prescribed antiemetic drugs, used to counteract nausea
and emesis from radiation, chemotherapy and poten-
tially life-threatening hyperemesis gravidarum, in-

crease patients’ drug burden and are often only partially ef-
fective. Our laboratory has found that an antisickness re-
sponse — that is, a homeostatic “antisickness” aftereffect of
sickness — can be conditioned, thus alleviating nausea and
emesis without drugs.1 This conditioning is accomplished
by “forward pairing” of a nonemetogenic cue and an emeto-

Fig. 1: Mean number of episodes of emesis during test trials after injections with pentobar-
bital and lithium (left) or pentobarbital and cisplatin (right) in ferrets conditioned to have
an antisickness response (conditioned group) and those not conditioned (control groups).
During the training sessions, the conditioned ferrets underwent repeated sessions of “for-
ward pairing,” during which a nonemetogenic cue (pentobarbital) was given first, followed
30 minutes later by an emetogenic stimulus (lithium); the control ferrets received the drugs
either in a “backward paired” arrangement (the emetogenic stimulus first) or an “un-
paired” arrangement (drugs given 24 hours apart).
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genic stimulus: in other words, subjects do not become nau-
seated and do not vomit in response to a stimulus that is
usually nausea-inducing through the consistent introduc-
tion, in repeated training sessions, of a nonemetogenic cue
(a drug or event that does not cause emesis) followed by an
emetogenic stimulus (a drug or event known to cause eme-
sis). Previous attempts at validation of conditioned antisick-
ness have relied on indirect measures of feeding or drinking
behaviour in rats, a nonvomiting species.2 We report the
first direct evidence that conditioned antisickness alleviates
emesis in ferrets, a vomiting species accepted as a model for
human emesis,3 and have replicated these results in humans.

Five adult male ferrets were conditioned by forward
pairing of pentobarbital, the nonemetogenic cue, followed
30 minutes later by lithium, the emetogenic stimulus, in
each of 5 training sessions. The nonconditioned controls
consisted of 3 ferrets that received the drugs in a “backward
paired” arrangement (i.e., the emetogenic stimulus was pre-
sented consistently before the nonemetogenic cue) and 3
others that received the drugs in an “unpaired” arrange-
ment (i.e., 24 hours apart). On testing, with all ferrets re-
ceiving pentobarbital followed by lithium, the conditioned
ferrets had significantly delayed onset (21.0 v. 8.8 minutes,
p < 0.05), fewer episodes (2.4 v. 5.6, p < 0.01) and less time
in emesis (47.0 v. 158.0 seconds, p < 0.01) than the noncon-
ditioned ferrets. The 2 control groups did not differ statis-
tically on any measure, and so their results were pooled.
Similar differences between the conditioned ferrets and the
control ferrets were seen after testing with the highly eme-
togenic anticancer drug cisplatin4 (Fig. 1).

In a double-blind experiment involving 7 human sub-
jects, we used caffeine as the nonemetogenic cue and virtual
rotation as the emetogenic stimulus. The project was re-
viewed and approved by an ethics committee at the Univer-
sity of Toronto. During half of the 8 training sessions each
subject was given either a high dose (350 mg/kg) or a low
dose (100 mg/kg) of caffeine orally, followed 30 minutes
later by virtual rotation (produced by seating the partici-
pant inside an optokinetic drum). During the other training
sessions the subject was given the other of the 2 doses, fol-
lowed 30 minutes later by sham rotation (accomplished by
instructing the participant to close his or her eyes while in
the drum). In this way, half of the participants had the high
dose of caffeine as the conditioning dose paired with virtual
rotation, and the low dose as the nonconditioning control
dose paired with the sham rotation. Each subject then un-
derwent 2 test trials: one with low-dose and the other with
high-dose caffeine followed by virtual rotation. During
each test trial, subjects completed a questionnaire that as-
sessed motion sickness using a 5-point scale (5 indicating
the highest degree of nausea).5 The mean scores were 0.9
with the nonconditioning dose and 0.6 with the condition-
ing dose (p = 0.059). Six of the subjects showed a reduction
in motion sickness symptoms on the test trial using the
conditioning dose. Future clinical studies should assess the
efficacy of antisickness conditioning using more intense
emetogenic stimuli.
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LOGIE MEDICAL ETHICS ESSAY CONTEST

DEADLINE: JUNE 1, 1999
Once again, CMAJ is sponsoring the Logie Medical
Ethics Essay Contest for undergraduate medical
students attending Canadian universities. The awards
this year are $1500 for the winning essay, $1000 for
second place and $750 for third place, but CMAJ
reserves the right to withhold some or all awards if the
quality of the entries is judged insufficient. The judges,
consisting of a panel of editors from CMAJ’s scientific
and news and features departments, will select the
winners based on content, writing style and presentation
of manuscripts. Essays should be no longer than 2500
words, including references, and should be double
spaced.  Citations and references should follow the
“Uniform requirements for manuscripts submitted 
to biomedical journals” (see Can Med Assoc J 1997;156:
270-7; www.cma.ca/publications/mwc/uniform.htm).
The winning essays will appear in CMAJ and will be
edited for length, clarity and consistency with journal
style. Authors will be asked to provide a computer
diskette containing their essay and will receive an edited
copy before publication. Submissions should be sent to the
News and Features Editor, CMAJ, 1867 Alta Vista Dr.,
Ottawa ON  K1G 3Y6.


