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To determine whether physiologic responses to a drug could be changed by expec-
tation, and what role placebo effect might play, 14 medical students were given
either epinephrine or placebo. Measurements of subjective response and response
of plasma free fatty acids, blood glucose, and heart rate were made, Stimulant
expectation was engendered by suggestion of epinephrine-like effects, and sedative
expectation by suggestion of barbiturate-like effects. Of 8 drug subjects, 8 had a
greater FFA response under stimulant expectations, and 7 had greater subjective,
blood glucose, and heart rate responses. In 6 placebo subjects, there was no dis-
cernible effect of expectation in any measure.

THE QUESTION of how expectations (i.e..
set) can influence the action of drugs is
one which is currently receiving a great
deal of attention on a number of differ-
ent fronts.1"8 One model of drug-set
interaction implies that when subjects
have well-defined and appropriate ex-
pectations concerning intended drug ac-
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tion, the resulting observed drug effect
(defined in terms of the superiority of
the drug over an inert placebo) will be
greater than when Ss are not permitted
to have such appropriate expectations.
Thus, evidence now exists which sug-
gests that this model holds in such di-
verse situations as amphetamine and
barbiturate administration in normal Ss,7

treatment of neurotic patients with mep-
robamate,8 and evaluation of an appetite
depressant in normal Ss.5 In the latter
study, for example, no drug effect on
food intake was revealed when the Ss
were told nothing about the intended
action of the medication; with Ss who
were informed that an appetite-depress-
ing drug was being studied, however,
food intake was significantly reduced;
placebo administration did not reduce
food intake under either condition.

All models designed to predict human
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drug response must, of necessity, be ex-
tremely complex, and variables (drug
dose, physician personality, physical set-
ting, and patient or subject population,
as well as many others) influence the
quality of the response; nevertheless, in
most of the studies cited, drug response
was to some degree influenced by set,
usually to a greater degree than was
placebo response. Drug-set interaction
is the phrase used in this report to de-
scribe such phenomena.

The purpose of the present investiga-
tions was to explore the effects of appro-
priate and inappropriate expectations
upon psychological, physiological, and
biochemical measures during administra-
tion of a relatively potent sympathomi-
metic amine. Epinephrine was selected
because it produces well-known changes
in subjective state and also seems sensi-
tive to set factors;9 in addition, it reliably
raises pulse rate, blood glucose, and
plasma free fatty acids (FFA).10

Basically, the questions being asked
here were: (1) Can epinephrine effects
be modified by drug expectations? (2)
If modifications should be observed,
would they be of the same order of
magnitude as those observed when
placebo Ss are given differential expecta-
tions?

Methods
Subjects

The Ss were 14 healthy medical student
volunteers. They were screened for obesity,
diabetes mellitus, and a history of paroxys-
mal tachycardia. Ss were asked to partici-
pate in 2 experimental sessions, 1 week
apart at the same time of day. At the time
of volunteering, they were told that mod-
erate doses of 2 different drugs would be
administered, and that they would be told
more about the particular drugs at each ses-
sion. They were further informed that the
purpose of the experiment was to see how
closely psychological and physiological drug
effects tend to parallel each other. Ss ar-
rived for each session after a 5-hr, fast; they

had previously been instructed to avoid
strenuous exertion on the day of the session
and not to smoke for at least 1 hr. prior to
the session. These 14 Ss were studied indi-
vidually in the same physical environment
by the same experimenters at each session.

Procedure

Upon the S',? arrival at the laboratory, an
indwelling 20-gauge needle was placed in
an antecubital vein and the first blood sam-
ple withdrawn. Additional samples were
drawn every 10 min. thereafter. Immediate-
ly after each sampling, pulse rate was re-
corded and each S completed a symptom
checklist (Fig. 1) describing his subjective
state. After a 10-min. resting (control) pe-
riod, the medication was administered: In
both experimental sessions, 8 Ss received
0.4 mg. of epinephrine HC1 intramuscularly,
and 6 received an equal volume of intra-
muscular saline. Administration was single-
blind, with the experimenter knowing the
actual medication being administered, while
the Ss believed they knew what was being
administered. Ss' expectations about the
medication were controlled in the follow-
ing manner: During the 5 min. preceding
the injection, the experimenter engaged the
subject in an informally structured discus-
sion of the procedures which were to follow.
In a casual manner, the experimenter was
able to induce 1 of 2 differential sets.

For 1 of the experimental sessions, the Ss
were told that they would be receiving a
stimulant drug which might produce such
general effects as increased alertness, anxie-
ty, and nervousness, palpitation, pounding
pulse, tremor, and pressure or tightness in
the chest. For the other experimental ses-
sion, the Ss were told that they would be
receiving a sedative drug which might pro-
duce sleepiness, heavy tongue, droopy eye-
lids, or a "dopey," "washed-out," or slowed-
down sensation.

While from the viewpoint of meticulous
experimental design, it would clearly have
been desirable to balance the sequence of
sets (i.e., sedative set followed by stimulant
set for half of the Ss, with reverse sequence
for the other half), this was not controlled
in the present study. Subjects 4, 5, and 6
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FIG. 1. Checklist used by subjects to indicate symptoms at intervals during tests.

(each of whom received the epinephrine in
both sessions) were the only Ss who were
given the stimulant set in the first session
and the sedative set a week later in the sec-
ond session. All other Ss (drug and place-
bo) were given the sedative set first, fol-
lowed by the stimulant set.

Subjective response was measured by a
20-item symptom checklist. Each item was
scored from 0 to 3, with stimulant items
scored "plus" and sedative items scored
"minus;" a single total score was derived
from the algebraic sum of the 20 items.
Data are expressed as maximum change fol-
lowing injection from the mean of the 2
baseline scores.

Pulse rate was monitored manually every
10 min. Blood was analyzed for glucose by
the Somogyi-Nelson method,11'12 and for
FFA by the method of Dole.13 For each
measure, the data are expressed as maxi-
mum change from the mean of the 2 con-
trol levels.
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Results

Figures 2 and 3 present individual
data under the different sets for drug and
placebo Ss, respectively. Change from
baseline for each subject is shown as a
bar graph for each of the 4 dependent
variables, measured under both the stim-
ulant set and the sedative set.

Subjective State

Of 8 Ss receiving epinephrine, 7 had a
greater "stimulant" response under the
stimulant set (p < .04 by a one-tail bi-
nomial test); 1 drug S had the same re-
sponse under the 2 sets. In contrast, only
3 of the 6 placebo Ss (obviously nonsig-
nificant) had a greater response under
the stimulant set. In general, then, there
is no evidence that placebo Ss were in
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FIG. 2. Results of tests on 8 subjects given
epinephrine.

any way subjectively influenced by their
expectations, whereas drug Ss showed a
consistent tendency to be affected by
these same expectations. Of incidental
interest is the observation that none of
the 3 epinephrine Ss who were given the
sedative set on the second session re-
ported subjective sedation during this
session (Fig. 2), whereas 3 of the re-
maining 5 Ss did report subjective seda-
tion consonant with the set.

Sequence had some effect upon drug
Ss. It is apparent that the only Ss who
responded with predominantly sedative
symptoms following a sedative expecta-

tion were those who had been given the
sedative expectation on the first occasion.
Apparently, the Ss who had been given
the appropriate expectation with epi-
nephrine on the first occasion, were not
so readily influenced by the inappropri-
ate expectation on the second occasion.
Instead of feeling actually sedated, the
other Ss simply were less stimulated. The
effect of sequence on changes in physio-
logic variables was not clear.

Plasma Free Fatty Acids

All 8 Ss who received epinephrine had
a greater FFA rise when they were ex-
pecting a stimulant (p < .005); only 2
of the 6 placebo subjects showed a great-
er rise under the stimulant set.

Blood Glucose

Of the 8 drug Ss, 7 had a larger glu-
cose increase under the stimulant set
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FIG. 3. Results of tests on 6 subjects given
placebos only.
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(p < .04). Blood glucose changed very
little in placebo Ss, with 5 of the 6 show-
ing in fact a somewhat smaller increase
under the stimulant set.

Pulse Rate

Of the 8 drug Ss, 7 had a greater pulse
rise with stimulant expectations than
with sedative expectations (p < .04);
and 3 of the 6 placebo Ss responded ap-
propriately to the different sets.

Discussion

Since it is widely accepted that sub-
jective response to drugs can be manipu-
lated by experimenters and clinicians, it
is not surprising that the effect of expec-
tations was evident in the subjective re-
sponse of our subjects to epinephrine. It
is of interest that the physiologic vari-
ables under observation were equally
susceptible to set effects. The lack of
appreciable consistent response to pla-
cebo suggests that in this particular
model, the presence of epinephrine was
essential to successful manipulation of
response. The population of medical stu-
dents is relatively sophisticated; they
have heard about placebos and have a
high index of suspicion. The degree of
manipulation used in this experiment
was gentle and personal. Subjects had
been told that, because a moderate dose
of drug was to be used, they might or
might not experience symptoms. With
less sophisticated Ss, and/or a more vig-
orous attempt at manipulation, consistent
placebo response might have been
evoked.3 Nevertheless, in the model de-
scribed, the effect of expectation was
seen in the presence of the drug and not
seen in its absence.

The lack of consistent physiologic re-
sponse to placebo, either as a function of
expectation or across measures in indi-
vidual subjects, deserves brief comment.
The placebo itself has no effect on plasma
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FFA, blood glucose, or pulse rate, where-
as epinephrine does. Changes in FFA
were much smaller with placebo injec-
tion, and probably reflect a response
secondary to the anxiety engendered by
the injection itself.14 Changes in blood
glucose and in pulse rate were very
small, usually not exceeding the inherent
error of measurement. Apparently such
small changes are not in themselves sig-
nificant. The major point is that the
changes were small and inconsistent and
therefore could not explain the large and
consistent effect of set upon drug action.

The use of a single-blind must be justi-
fied because the possible effect of experi-
menter bias cannot be denied. In pilot
studies, it became quite apparent that
the experimenter could readily discern
epinephrine effects in Ss 3-10 min. fol-
lowing injection. Since Ss were studied
twice, the experimenter would therefore
be blind in the first session but not in
the second. It seemed preferable there-
fore not to attempt to have the experi-
ment blind on both occasions.

The consistency of drug Ss' reactions
to set influence cannot be overempha-
sized. The actual amount of consistency
across the different measures, however,
is more difficult to estimate; of the 8 drug
Ss, it was not the same individual who
deviated from the group mode on the
symptom check list, blood sugar, and
pulse rate—for each measure, a different
subject was involved. This was even
more pronounced in the placebo group,
where there was no evidence of any re-
lationship across the 4 measures; know-
ing how a placebo subject responded
psychologically told us nothing about
what to expect on the physiological meas-
ures.

In summary, the subjective and physi-
ologic effects of epinephrine were
amenable to manipulation by variation
of S expectation. This could not be ex-
plained additively by placebo response.
If the stimulant set simply added endog-
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enous epinephrine to the exogenous epi-
nephrine to produce the results observed
in epinephrine Ss, the same amount of
endogenous epinephrine should have
been observed in placebo Ss, and a sys-
tematic difference due to set should have
been observed; this was not the case.
This model seems to represent an ex-
ample of interaction between expectation
and drug at the subjective and at the
physiologic levels.

The mechanism of differential physio-
logic response to epinephrine as a func-
tion of expectation is not clear. Further
studies relating higher integrative func-
tion to modified physiologic responses to
drugs may ultimately explain these find-
ings.
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