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Desar Dr. Brimhall:

The Committee on Selection end Training of Aircraft Pilots

is pleased to transmit a report entitled Ihg_In_;ggngg_gﬁ_zhxgiglggiggllx
f : Epiner Ve 186

s, by Roy M.

Dorcus.

The study was carried out by Dr. Dorcus at the University of

California at Los Angeles. Dr. G. R. Wendt of Wesleyan University, Micdle-

town, Connecticut, cooperated both in the development of the study and in
the preparstion of the attached report.

In presenting the report, it should be pointed out that the
experiment was not designed to test the whole theory that fear increases
the frequency of &ir sickness. Although meny of the bodily changes in a
natursl stute of fear cen be traced to the influence of epinephrine, and
although the injection of epinephrine in the laboratory reproduces many
such changes, it 1s certain that meny other factors enter into a full~
fledged stete of fear, While the results of the present study suggest
that increased epinephrine with vestlbular stimulatlion does not increase
nausea, it 1s atill quite possible that fear may increase nausea through
the action of other mechanisms.

The results of the study do not lead to any positive pro-
posels for action. The study serves a purpose, however, in testing one
speciflic aspect of a hypothesis of the origin of sir sickness, which has
receiived considerable attention.

Very truly yours,

Morris S. Viteles, Chairman
Committee on Selection and
Training of Aircreft Pllots
Nationel Resesrch Couneil
Washington, D. C.

dolik

§=
¢



S

LATHCDUCTIONT

This report describes tae results of an investigation of the ef-
fects of epinephrine2 on the frequency of vomiting under conditions of
vestibular stimuletion. The purpose of the astudy was to test one es-
pect of & particuler hysothesis of the mechanism of eir sickness, i.e.,
the hynothesis that the nsusss and vomiting of &ir sickness are the
direct result of fear.” This view, widespread among flyers, has re-
cently been endorsed by Armstrong: "The vomiting of eirsiclmess ls
nothing more or less then the natursl rewction of the body to & state
of fear whereby it rlds itself of &ll unnecessery iupedimentea in prep-

lThis work wes carried out with the coopersation &nd essistance of
D. 5. McKinnon, M. D., of the University Health Service, and George
Mount, Graduste Teaching Assistent in Psychology. It was done in the
Psychologicel Leborztory of the University of Californie &t Los Angeles
with the sid of & grant fror the Neticnal hesearch Couneil Committee on
Selection and Treining of Aircreft Pilots from funds provided by the
Civil Aeronautics Administretion through the Committee's project at
Wesleyan University, :lidcletown, Comnecticut, concerned with eir sick-
ness, directed by G. R. Wendt. .

-

2"Epinephrine is the active principle of the adrenel medulla....
In generzel the zctions exhibited in the bhody by epinephrine resemble
those obtained from stimulation of adrenergic nerves....Sweeting end
pilomotor reections, however, are not elicited, and mydricsis is not
obtelned except under speciel circumstences. Perticulerly prominent
are the actions of the drug on the hecrt, blood vessels and certein
smooth muscles....® Quotations from pp. 396~401 of:

Goodmsn, L,,& Gilman, 4. The phermacologicel basis of thera-
peutics. New York: Macmillan, 1941,

3Editor's note. 4&n &ssociation between feer and wvomiting has

© been suggested by nmany observers of enimel and humsn behavior in sit-

vations other then flying. In the cese of flying, of course, the most
obvious cwuse of air sickness is the experience of unusual motions, es-
pecially verticel mccelerstions. Such motion sickness is quite directly
treaced to the impulses from tie vestibure end semicirculer cenals of the
inner esr, with their sense orgens which furnish cues of motion. Vhen
this sensory sguipment is lucking; +$ it is In some aeef individuals,
rnotion sickness does not occur. The vestibuler eguipment is not the
only factor in motion sicimess, however, &8s it 1s kaswma thol aony

other factors such &s suggestion may increase tne tendency to vomit.

L stete of fear might be one such fector.
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aration for fight or i'li,g!:rt.."4 The specific aspect of the hypoth-
esls being tested 1s that the extras epinephrine released in the

body 1n & state of feer might be the agent which would facilitate .
the nauses and vomiting induced by vestibular stimulation.’ If this
should be the case, injections of epinephrine should increase the fre-
quency of nausea and vomiting under laboratory conditions of vestibu-
lar stimulation.

PHOCEDURES

Two groups of meale college students were selected. on the basis of
their response to & series of wvestibular stimuli designed to produce
nausea: 15 non-susceptibles and 15 who were strongly nauseated or vom-
ited. BSeven to ten daya later, after the intramuscular injection of
1 ¢c., of 1:1000 solution of epinephrine hydrochloride, the procedures
were repeated to determine whether there was a change in the frequency
of nausea or vomiting.

Apperatug and method. Bri gfly described, the apparatus and gen-
eral procedure were as follows:® On & rotating chair, hesd bent for-

4Amat.rang, H. G. Principles and practiee of eviation medicine.
Baltimore: Williams and Wilkins, 1939.

Fditor's note. The quotation is from pp. 238-239. Armstrong's
complete argument is much more complex then this quotatlion suggests.
He feels that experiences of unusual motion and disorientation lead
to an lnstinctive fear of frzlling, which need not be consclous.

5§g;tor'g note. The question might be raised as to whether ep-
inephrine alone produces vomiting snd neusea. There is lititle evidence
to suggest that it does. Vomiting mey accompany hyperadrenis ( & condi-
tion marked by excess epinephrine} end it sometimes occurs in experi-
menteal animals following messive doses., In these cases, however, the
relationship is probably indirect. Doses of the size used in this ex-
periment do not produce nausea independently of rotatiom.

6Apparatus and procedures, including the questionnairementioned
below, are more fully discussed in: _
. Dorcus, R, M. Report on study of air sickness. (Unpublished.)
Washington: National Research Council, Committee on Selection and Train-
ing of Alrcraft Pllots, September 194l.
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wera &nd eyes closed, the subject was rotated clockwise for 25 turns,
during which he was four times momentarily slowed end then agein ac-
celerated (Rotetion I). This was followed by ten counter-clockwise
furns, head forwerd with eyes open, end watching a six-inch wide
spiral line peinted on the floor (Rotetion II). This was followed
by ten clockwise turns under the ssme conditions (Rotation III).

He was then placed in the horizontal, prone position on & tilt table.
Fater at & temperature of 8% C. was injected into the ear for & per-
iod of three mggﬁtes, after which the subject was tilted to the ver-
tical position (Celoric Stimulation).

The above procedure was applied to 38 individuals who had been
selected from 350 cases on the basis of & questionnaire directed at
susceptibility to motion sickness. Eighteen of these seemed from the
questionnaire to have low susceptibility, and 20 to have high suscep-
tibility. On the basis of the laboratory procedure, 30 subjects were
reteined for the full experiment: 15 of them showed no distress or
only slight nsusea, 15 vomited or were very strongly nauseated. (See
Tables III and IV, Appendix.)} All were mele college students, aged
19 to 23. All were given a physical examination and found to be
normal individuels.

Seven to ten days later eech subject received en intramusculsr
injerstion of 1 ce. of 111000 solution of epinephrine hydrochloride.
Blood pressure and pulse rate were tsken at three-minute intervals
uhtil the maximum physiological effect appeared to have been reached.
This time ranged from 4 to 16 minutes with an average of about 10%
minutes. The subject was then again put through the stimulation
procedures described above., The totel testing time wes about 15
minutes with & varietion of two minutes more or less. Observations

- were mads of the degree of nausea and the occurrence of vomlting, -

and eubjective judgments were solicited.

egg. Earlier studles have
of these laboratory proced-

flevencs NI proced -F= ) Ll ekt
given the following d&ta on the relatio
ures to air sickness:

Ten aviators were tested who hed been eliminated at flying cen-
ters beceuse of air sickness. Nine of them becume sick in Rotation
II. All ten became sick when subjected to the three rotations and
caloric stimulation.

A group of 117 primary and secondery avietors with no history
of alr siclmess was tested. Four became nsusectted in the rotation
testa.

0f the preceding 117 men, 31 were put through the combined pro-
cedure. Eight of them became sick. (Of these eight cases, five were
secondary and three were primary flyers. Whether any of these will
subsequently be eliminated in combat training cunnot be stated.)

7Dorcus, op. cit., pp. 10-l1.



RESULTS

results of thie experiment are summarized in Figure 1 end in Teblee
I end ITI. Deteiled results for each subject are presented in Tables
III and IV (4ppendix). Let us examine first the results of the first
experimental sesslon. 0Of the fifteen subjects we have called non-sus-
ceptibles (Group A) only three reported slight nausea symptoms on &ny
of the four teats prior to the Injection of adrenalin, two of these
indicating the symptom following Rotetion III and the other one fol-
lowing caloric stimulation.

In the susceptible group (Group B) before injection of epinephrine
three subjects reported slight nausea following Rotation I. Seven re-
ported slight nsusea followling Rotation II; one reported that he was '
very nauseated; and one vomited. Following Rotation III, two reported
8light nausee; elght reported extreme nausea; and three vomited. Fol-
lowing celoric stimulation, one reported slight nausea; one reported
extreme nausea; end thirteen vomited. It is feirly obviocus from these
resuits that there is a cumuletive effect of the stimulation inscfar
as it influences wvomiting.

The reeulte efter injection of epinephrine were very eimilar to those
before epinephrine. If epinephrine is a causative agent in inducing
neusea, we might expect individuals in Group A to become nauseated after
the injection or we might expect that individuels in Group B would be-
come nauseated earlier in the experimental procedure. In Group A only
one subject who had not previously reported symptoms beccme slightly
nauseated from the celoric stimulation after the injection. The three
who had reported slight nausea in the first session reported it agein.
One of them (subject 8) vomited when given culoric stimulation, which
mey meen thet he was affected to some extent by the drug.

The situation in regard to Group B appears in Teble I end Figure ..
There is no higher incidence of nuusea in any pert of the procedure. If
any effect was produced by the epinephrine 1t was of an inhibitory na-
ture, since following Rotation III, eight subjects who had previously re-
ported severe nausea reported only slight nsusea. Most of the subjects
who had vomited before the iInjection, said that after the injection of
the epinephrine they did not feel as badly &s they felt without epineph-
rine, even though they were neuseated and vomited. What this means we
are unable to state.
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FIGURE 1 |
A compsrison of the effects of vestibuler stimulation before and after
the injection of epinephrine (date from the 15 subjects of Group B).
At least Very neuseated
slightly neauseated or vomited Vomited
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TABLE 1
i Sunmary of the effects of vestibular stimulation before and after the
f Injection of epinephrine
|  ROTATION ROTATION ROTATION CALORIC
I I1 ITI IV
. Condition reported |0 * ## V| O * ## Y| 0 % # V|0 * »e v
« Number of cases ‘
8 before Epinephrine {15 0 0 0 15 0 0 0 (13 2 0 O (13 2 0 O©
@g Number of cases
; after Epinephrine 15 0 0 0 114 1 0 0 113 2 0 0 ;11 3 0 1
- Humber of cases
gbeforeEpinephrineRBOO 6 711 2 2 8 3 0 1 1 13
g Number of cases
after Epinephrine lf} 4 G O 7 6 2 ¢ ! 2 8 4 1 Lk} 0 3 14

-t

#Including one case thet would not go through
Part IV who in our opinion would heve vomited.

Symbols:

0

4:#

no symptonms

slightly nauseated
very naugeated but did not vomit
vomited



= Celculations from Tables III and IV give the results
shown in Table II. A moment's inspection of this table will show that,
so far as these subjects were concerned, there were no significent dif-
ferences in resting puise rates or blood pressures. Furthermore, there
were no differences in their reactivity to the autonomic drug, epineph-
rine, insofaur &as these are ggvealed by pulse rate or blood pressure
changes,

Sugceptible Non-susceptibles
Normel  After drug  Normal  After drug
Systolic 123.3 136.6 122.8 135.3
Diastolic 69.3 64.2 69.3 644 |
Pulse Rate 81.0 87.6 , 81.1 85.5

(Averages are based on 15 cases except for the blood pres-
sures of non-susceptibles which are based on 14 casges.)

DISCUSSION

The amount of nausea in the second part of the experiment (with ep~
inephrine) wes about the same es in the first pert (without epinephrine).
The results suggest quite strongly that epinephrine is without effect in
these experiments. :

Such varistions in effects as eppeared might well be due to uncon-
trolled or unknown factors. If there is any faint hint of & trend, it
iz thet symptoms were slightly more evident in the non~-susceptible group
efter epinephrine, end slightly less evident in the susceptible group.
This trend 1s just what would be expected in a retesting without epineph-
rine, however, if thers are daily variations in "susceptibility,” on the
assumption that if a non-susceriible wes feeling unusually well on his

"first test, he stenda a chance, un the whole, of feeling not so well on

the second test.. The opposite situation would hold for the susceptibles.
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& ouesteon nipght be raisen ool i
= without episeonrine shou

It & group »r bLLJccss tenu;; £ 3Ccoand
show lnereased vomitiv* {:overse cootitisning), v results jike the preawuu
night mean that the Jrog hes bone tld ts. If surl. 2 group should
beconme less ill (habLLUQJl{n} then Lhe effect of the divp would seen to
be harwful. Since practice mey reguit In nebituation ol those who do
not becone neusested ard in sdverse conditioning of thosze who do, there
is a possibility thed the drog gwipe0 iz susceptibles. To eveluate

v Foaenmbive crloloe Gl sl uans Cov we v mpned waveisrda by e = a g ek

a retoer eloborete experinentcl deolgn. Thez pregent resulis zlve an an-
gwer to Tne lusediste quesiti-on, ana the mnre elaborate exceriment would

be justified only if it seexed important to prove or disprove & beneficlel
effect of epineparine.

oI AR AL S
: ‘-

i« The obteined results are that epinephrine produces no changes
1n frequency of nauses or vomiting in resporse to vestibuler gtinulation
under the conditions of this experiment.

2. This may safely be interpreted as demeonatrating that vnder these
conditions eplnephrine does not facilitste nausea and vomiting.

3. It does not, however, exclude the nossibility that epinephrire
mey tend to prevent or alleviate nausgesa.

4o It was found, incidentally to the main problem, that the normel
resting blood pressures of those who were subsequently nausested, were
on the average equal to those of the non-susceptibles, znd that their

_ blood pressure changes from epinephrine were equal.

5. Tune ve iz cude waht o orn, copect of il hy.ubheris
motich sickness is & consegiguce of foor, It Fear sebuelly Ingrisass
the frequaency c¢f zir nlLFﬂO'", tae eifect, iagnier as it con be gaugwc
from this experiment, does 20T seem in be = direet physiologicel xe
of the increased secretiun of epincairinz, known e occur during feJ;q




APPENDIX

TABLE III Individual results for Group A
(the non-susceptibles).

TABLE IV  Individusl results for Group B
(the susceptibles).
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