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Deal. Dr. Brimhall: 

i s  pleased to  transmit a report   ent i t led " B e  In  fluence of  Phv&&sIcallv 
Effective Doses of EDinephr ine  on Vestibularlv Induced N6U&&," by Roy M. 
Dorcus . 

The Committee on Selection and Training of Aircraf t   'Pi lots  

The study was c m i e d   o u t  by Dr. Dorcus at the Ijniversity of 
California at  Los Angeles. Dr. G. R. lliendt of  Resleynn  University, Middle- 
town, Connecticut,  coopereted  both i n  the development of  the  study and in 
the  preparation  of the attached  report. 

experiment w&s not  designed to  t e s t   t he  whole theory that fear  increases 
Iu presenting  the  report, it should be pointed  out that the 

the  frequency of air sicknees. Although many of the  bodily changes in a 
natura l   s ta te  of f e a r   c m  be traced  to the influence of epinephrine, and 
although the injection of epinephrine in the  laboratory  reproduces many 

fledged s k t e  of fear. W e  the r e su l t s  of  the  present study suggest 
such  changes, it is certhin that mhny other  factors  enter i n t o  a full- 

thst increased  epinephrine with vestibulu  st imulation does  not  increase 
n&uBea, it is still quite  possible that fear may increase nausea  through 
the  action  of  other mecbniams. 

The r e s u l t s  of the study do not  lehd to any posit ive pro- 
posals for action. The study serves a purpose, however, i n  tes t ing  one , 
specific  aspect  of a hypothesis of the origin of air sickness, which has 
receiited  considerable  attention. 

d d : k  

Morris S. Viteles, Chairman 
Committee on Selection and 
h a i n i n &  of Aircraf% P i lo t s  
Nation61  Research  Council 
Piashington, D. C. 
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This  report  describes t:le resul ts  rS an investigation of the  ef- 
fec ts  of epinephrine2 on the frequency  of  vomiting under conditions of 
vestibular  stimuletion. The purpose of the  study m s  t o   t e s t  one as-, 

the  hr-thesis  that t h  nausea  snd  vomiting of air sickness w e  the  
pect of 6 p a r t i c u l a r   h ~ o t h e s i s  of the mechanism  of air sickness, i.e., 

d i rec t   resu l t  of 'fear.3 Tiiis viev;,  WidaSpeGd among flyers, hhs re- 

nothing more or l ess  t h m  the natur6l re tc t ion of the body to  & s t a t e  
cently been endorsed by Armstrong:  "The vomiting of airsickness i n  

of fear whereby it rids i t s e l f  of a l l  w e c e s s u y  iz.pediment& i n  prep- 

%his work was carrieri  out  with  the  cooperation m a  assistance of 
D. S. WKinnon, M. D., of the  University  Hehlth  Service, +d George 
Mount, Graduate Teaching Assistant i n  Psychology. It w6s done i n  the 

with  the  hid of 6 grant from the  National  hesehrch  council Committee on 
Psychologicil  Laboratory of the  University of Chlifornia st Los Angeles 

Selection anci Training of Aircrrft   Pilots from funds provided by the 
Civi l  Aeronautics  Administration  through  the  Conmitteels  project a t  
Wesleyan University, :.lidriletown, Connecticut, concerned with k i r  sick- 
ness,  directed by G. H. Wendt. . 

I 

2*Epinephrine i s  the  gctive  principle of the   akenal  nedulla.. .. 
In generzl  the  actions  exhibited in the body  by eginephrine  reseable 
those  obtained from stimulation of adrenergic  nerves....Snerting hnd 
pilomotor reoctions, however, are n o t  e l ic i ted,  a d  mydricsis i s  not 
obteined  except under specitl  circumstmces.  ?articul&rly prominent 
are  the  action$ of the  drug on the  hetrt ,  blood vessels 6nd certbin 
smooth muscles. ..." Quoktions  frox ?,p. 3%-L01 of: 

p u t i c s .  Rew York: l\lacnillnn, 19W. 
Goodnhn, L.,& G i l r s m ,  A. The pha-rmcolo&xd  basis of thera- 

3Editorts  note. lin tssociLtion between f e u  and vomitin&  has 

uations  other thm flying. I n  the  chse of flying, of course,  the most 
been suggested by  many observers of animal and human behhvior i n  si t-  

ijecially  vertictl  accelerstions. Such  motion sickness i s  quite  directlg. 
obvious c a s e  of air sickness i s  t i e  experience of unusual motions, es- 

trace&  to  the impulses from tile vestibuie Lnd semicirculw  chnals o f  the 
inner  e&r, wi th  the i r  sense o r g t r ~ s  rhich  furnish  cues of motion. Lhen 
tn i s  sensory sguigmeat is ltckin,, C Y  i t  i s  in  some aetf   iniividuals,  
motion sickness does n o t  occur. The v e u t i h l u  equiplent i s  n o t  the 
only f r c to r  i n  'motion sic:a?ess, however, as i t  i s  kii;lair .LhA ;erg 
other factors  such L S  suggestion msy increhse t i e  tendencp t o  vomit. 
h s k t e  of fear  might be one such f u t o r .  
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ara t ion , for   f igh t  or flight.n4 The specific  aspect of the hypoth- 

body in a s t a t e  of fear  might be the  agent which  would f a c i l i t a t e  , 

esis being tested is  that the extra epinephrine  released in the 

the nausea and vomiting  induced by vestibular  stimulation.5 If this 
ah09 be the case,  injections of epinephrine  should  increase  the fie- 
quency of nausea and vomiting hder  laboratory  conditions of vestibu- 
lar stimulation. 

their response to a series of vestibular stirnull designed to pmduca 
Two groups  of male college  students were selected.on the baais of 

moeax 15 non-aueceptiblea and 15 who were atronkly nauseated or vom- 
ited. Seven t o  ten days later, after the intrmllcular iajeotion of 

were repeated t o  determine whether there m e  a change in the freqwncp 
1 cc. of 1:lOOO solution of epinephrine hydrochloride, the procedures 

of IYLUBBB or  vomiting. 

a 
eral grdzz ~e%%llows:~ On a rotating chair, head bent far- 

. Bri fly desoribed, the apparatus .ad gem- 

4Amstrong, H. G. R inc ip l e s  and practioe of adstion mediahe. 
Baltimore: KFUiams and WFUdns, 1939. 

JWtorls not+ The quotation is from pp. 238-239. drmstrongfs 
complete argument is  much  more complex than t h i s  quotation  suggests. 
Be f e e l s  that experiences of  unusual motion and disorientation  lead 
to an instinctive  fear of f&l l ing ,  which need not be  conscious. 

5JdItorfs note. The question might be raised as to  whether ep- 
inephrine alone produces  vomiting a d  nausea. There is  l i t t l e  evidence 
t o  suggest that it does. Vomiting may accompany Jrmeradrenie ( a condi- 
tion marked  by excess  epinephrine) and i t  sometimes occurs in experi- 

relationship is probably indirect. Doses of the size used in t h i s  ex- 
m e n t d  animals following massive  doses. I n  these  cases, holPBVer, the 

periment do not produoe nausea independently of rotation. 

below, a re  more fully discussed in: 
‘Apparatus and procedures, including the questionnairementionad 

Waehington: National Research  Council, Committee on Seleotion and Train- 
Dorcua, R. Y. Report on study of air sicknees. (Unpublished.) 

h g  of &craft Pilots,  September 19L.l. 
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mara md eyes  closed,  the  subject was rotated clockwise for  25 turns, 
during which he was four  times momentarily slowed and then again ac- 
celerhted  (Rotation I). This was followed by ten counter-clockwise 
turns, head  forward with eyes o p n ,  and matching a six-inch wide 
s@al l i ne  peinted on the floor ( R o b t i o n  11). This was followed 

He WEIS then  placed i n  the  horizontal, 'one position on a tilt table. 
by ten clockwise turns under the =me conditions  (Rotation 111). 

Fat= a t  a ature af go C. was ingc ted   in to   the  ear for a per- 
iod of three Z u t e s ,   a f t e r  which the  subject was tilted t o  the m- 
tical position  (caloric  Stirnuletion). 

I The above procedure was applied to 38 individuals who hhd been 

I 
selected f r o m  350 cases on the  basis of a questionnaire  directed a t  
susceptibil i ty to motion' sickness. E i g h t e e n  of these seemed from the 

t i bFu ty .  On the basis of the  laboratory procedure, 30 subjects were 
i questionnaire to hhve lor susceptibil i ty,  and 20 to have high suscap- 

, retained for the full experlnent: 15 of them showed no distrese ar 
I only alight ~lhusea, 15 vomited or rere very strongly nauseated. (See 
I Tables I11 and IV, Appendix.) AU were male college studente, aged 
I 19 to 23. All were givea a physical ezamination and found t o  be 
I 
! 

iaAiridUel8. 

Smn to tm day8 latar each  subject received an intramuocular 

Blood pressure aad pulse rata were taken at three-minute intervals 
4 e c t i o r . o i  1 cc. of 1:lOOO solution of epiuephrine l@roehlarid@. 

uhtil the marimrrm physiological effect  tippmred to have been reached. 
Thi8 time ranged from 4 to 16 m~rmtes w i t h  an average  of  about la 
cutes. The subject was then  again put through the  stimulation 
procedures  described above. The total tes t ing time was about 15 
minutes with a variation of  two minutes more or less. Observations 
were made of the  degree of musea and the  occurrence of vomiting, . 

and subjective judgments were solicited. 

~ 

~ 

vance of m o w  to air -. Earlier  studies have 

i 

, 
given the  following Yta on the  re la t ion of these  laboratory proced- 

Ten aviators were tested who had been eliminated a t  f lying cen- 

~ . ures to air sickness: 

ters became of a ir  sickness. Nine of them became sick in Rotation 
11. A l l  ten became sick when subjected to the  three rotations and 
caloric  stimulation. 

of a i r  s i c h e a s  was tested. Four becme  nauseated in the  rotation 
A group  of 117 primary and secondesy aviators w i t h  no history 

tests .  

i O f  thu  preceding 117 men, 31 were put  through the combined pro- 
i cedure. Eight of them  became sick. ( O f  these  eight cases, f ive  were , secondary and three were primary f lyers .   mether  any of these w i l l  

subsequently be ellminated in combtit t r h i n i n g  cannot be 'stated.) 
~ 

1 
~ 'Dorcue, op. cit., pp. 10-11. 
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RESULTS 

1. of ves .The 
resul t s  E e x p e r h b T a b l e s  
I and 11. Detailed  results  for each subject  are  presented in Tables 
I11 and I V  (Appendix). Let u0 axamine first the r e su l t s  of the flrst 
experimental session. O f  the fifteen subjects we have called non-sue.-- 
ceptibles (Group A) only three  reported  slight nausea symptoms  .on any ' 

of the four tests prior to the  injection of adrenalin, two of these 
indicating the symptom following Ro t t t i on  I11 and the  other one fol-  
loning  caloric  stimulation. 

I n  the susceptible group (Group B) before  injection of epinephrine 
three  subjects  reported  slight nausea following  Rotation I. Seven re- 
ported  slight musea following  Rotation 11; one reported that he was 
very  nauseated; and one vomited.  Following Rotation 111, two reported 
slight nausea; eight  reported extreme nausea; and three vomited. Fol- 
lowing caloric  stimulation, one reported  sl ight nausea; one reported 
extreme nausea; md  thirteen vomited. It i s  f a i r l y  obvious from these 
resu l t s  that there i s  a  cumulative effect  of the  stimulation insofar 
as it influences vomiting. 

2. -5 of vestibular  stimulation and a eahriae . 
The r e su l t s  after injection of epinephrine were very simil,ar t o  those 

nausea, we might expect  individuals in Group A t o  become nauseated after 
before epinephrine. If epinephrine is  a causative agent in inducing 

the injection or we might expect that individuals in  Group B would  be- 

one subject who had not previously reported symptoms  became s l igh t ly  
come nauseated~ ea r l i e r  in the experhenta-l~ procedure. I n  Group A only 

nauseated from the d o r i c  stimulation after the  injection. The three 
who had reported  sl ight nausea in the first session reported it again. 
One of them (subject 8 )  vomited when given cdorlc   s t imulat ion,  which 
may m e a n  that he was affected to m e  extent by the drug. 
There is no higher incideaoe of nausea in any part of the procedure. If 

The s i tust ion in regard t o  Group B appears in Table I and Figure 1. 

any ef fec t  was produced by the epinephrine it was of an inhibi tmy na- 
ture, since  following  Rotation 111, eight  subjects who had previously re- 

who had vomited before the injection,  said that a f t e r  the injection of 
ported aevere nausea reported o w  s l igh t  nausea. Most  of the subjects 

the  epinephrine €hey did  not  feel as badly as they f e l t  without epineph- 
rine, even though they were nauseated and vomited. What this we 
are unnble to state. 



I _c 

A t  least 
slightly nauseated 

Very nauseated 
or vomited vomited 

TABLE I 

Suamary of the  effects of v e s t i b u l a r  stimulation  before and after the 
injection of epinephrlne 

T 

i 1 
1 

ROTATION 1 ROTATION 
I I1 - -- 

T 

i 
t - I 

ROTATION I CALOFJC 
I11 i IV 

_e-- 

o * * v  o * * v  

1 3 2 0 0  1 3 2 0 0  

1 3 2 0 0  1 1 3 0 1  

2 2 8 3  0 1 1 1 3  

2 8 4 1 r l 0 3 W  

#Including one case that would not go through 
Part IV who in our opinion would have mmihd. 

Symbols: 0 no symptoms * s l igh t ly  nauseated 

V vomited 
+, very nauseated but did not  vomit 
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3. -cts of on vomiters a - Calculations from Tables 111 and I V  give the r e s u l t s  
shom in Table II. A moment@s inspection of th i s   t ab le  will ahon that, , 

so far as these  subjects were concerned, there were no significant dif- 
ferences in resting pulse rates or blood pressures. Furthermore, there 
were  no djfferences in the- react ivi ty  to  the autonomic drug, epineph- 
rine,  insofar as these  are Fevealed by pulse  rate or blood pressure 
Chan@teS. , 

TABLE I1 

SusceDtibleg  Non-susceutiblep 

Normal After drug Normal A f t e r  drug 

Systolic 123.3 u6.6 122.8 135.3 

Diastolic 69.3 64.2 69.3 644 
Pulse Rate 81.0 8'7.6 81.1 85.5 

(Averages a re  based on 15 cases except fo r  the blood pres- 
sures of non-susceptibles which are baaed on 14 cases.) 

DISCUSSION 

The amount of nausea in the second part of the experiment ( w i t h  ep- 
inephrine) was about the ~ a m e  as in the first pert (without  epinephrine). 
The r e su l t s  w e s t  quite  strongly that epinephrine is  without  effect in 
these experiments. 

trolled or unknom factors. If there is any f a i n t  h in t  of 8 trend, it 
is that  symptoms were slightly more evident in the non-susceptible group 

This  trend is just .  what would be expected in a retesting  without epineph- 
e f t a r  epinephrine, and slightly less  evident in the susceptible  poup. 

rine, however, if there are daily variations in "susceptibility," on the 
assumption that i f  a non-susceytible tws feeling  unusually well on his 

' f i r s t  t e s t ,  he stands a chance, 65 the.whole, of feeling  not so well on 
the second tes t . .  The op?osite  situation would hold for  the susceptibles. 

Such variations in ef fec ts  as appeared might rell bs due to uncon- 





TABLE 111 Individud  results for Group A 
(the non-susceptibles) . 

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