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SUMMARY PAGE
THE PROBLEM

One aspect underlying the release of catechols and steroids as indicators of flight
stress which has not previously been investigated concerns the role of the vestibular organs
in such release. The purpose of the present report is o demonstrate that these organs must
be taken into account.

FINDINGS

Six men with labyrinthine defects and eleven normal subjects were exposed to flight
stress in an ADS5 aircraft in an effort fo determine the role of the vestibular organs in the
excretion of catechols and steroids. Chemical measurements revealed that a significant
increase in excretion of these stress hormones occurred in response to fiight stress in case
of the normal but not of the L-D subjects which must have been attributable to the presence
and absence, respectively,of the sensory organs of the inner ear. No significant changes
in release of uropepsin were observed for either group.

It is concluded that the vestibular organs must be taken into account in evaluating
the effects of actual and simulated flight stresses where the gravitational inertial force
environment is a variable.
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INTRODUCTION

The history of investigations on flight stress using catechols and steroids as indicators
is comparatively brief but revealing (2,4;6-10; 14-16; 18-25). It has been demonstrated
that epinephrine, norepinephrine, and secretions of the adrenal cortex are released as a
result of the interactions betweaen the flyer and stressful factors arising out of his task and
environment. Epinephrine, especially that stored in the medulla, may be quickly released;
that its release is mainly dependent on psychological factors is declared 1) by its appear-
ance prior to flight (6), 2) by a sometime lack of proportionality to physical stress (20),
and 3) by the phenomenon of habituation (7). The secretion of norepinephrine, mainly
released at the sympathetic nerve endings, need not parallel that of epinephrine; it is
ciosely related io siressful faciors affecting physiologica! responses but not to anticipation

of or anxiety during flight (6).

These findings are supported by the results of investigations utilizing a human centri-
fuge. It has been shown 1) that "mock acceleration" was equivalent to a high level of
centripetal force for the release of epinephrine but not norepinephrine (10); 2) that the
increase in norepinephrine was proportional fo the level of G force while the increase in
epinephrine was not (9); 3) that on repeatedly exposing subjects to modarate levels of
accelerative force the release of epinephrine declined but no habituation was demonstrable
in the output of norepinephrine (7); and 4) that the affect states anxiety and aggression
were associated, respectively, with relatively low G tolerance~high epinephrine release
and relatively high G tolerance-high norepinephrine release (3, 26).

Investigators utilizing adrenal cortical hormones or their metabolites as indicators
have demonstrated increased secretion in response to such factors in flight as the force
environment (25), amount of danger (18), duration of exposure (25), the degree of res-
ponsibility placed on the flyer (18,19), and his "susceptibility to fatigue (25)." There
is good evidence that a hierarchy exists in rank order of factors affecting these secretions
(20,25). Moreover, there are hints of differential secretions of these hormones and that
they need not parallel the release of epinephrine and norephinephrine (20).

One aspect underlying the release of these "stress hormones" which has not been in-
vestigated concerns the role of the vestibular organs, and it is the purpose of this report
to demonstrate that they must be taken into account.

PROCEDURE
SUBJECTS

The clinical findings and results of functional tests of auricular sensory organs in the
six men with labyrinthine defects, hereafter termed L-D subjects, are summarized in
Table I. The normal group was comprised of eleven men on active duty in the Navy.
Six of the eleven were medical students serving as "summer residents." The remaining
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five subjects had been aviation training candidates but at the time of the experimant
were awaiting release from the flight fraining program; they had not yet entered the
flight phase, and the reasons for their release did not vitiate their use as subjects.

FLIGHT STRESS

The flight procedure (Figure 1) was carried out in an ADS5 aircraft with a veteran
Navy research pilot at the controls. The same sequence was followad an each flight, as
follows: Take-off and climb to 12,000 feet, 360 degree turn at 60 degree bank to left
and right (2.0 to 2.5 G), wingover to left and right, three aileron rolls to the left,
barrel roll to left and right, three aileron rolls to the left, barrel roll to left and right,
and a split S coming out at approximately 5,000 feet at 4Gs. The sequence was carried
out in a continuous manner so that the aircraft was in straight and level flight for only
very short periods of time. If, at the end of the first sequence, the subject was ill, the
aerobatics were discontinued and the pilot returned the plane to the field. If vomiting
was not imminent, the pilot climbed back to 12,000 feet and repeated the same procedure.
These two sequences required approximately thirty minutes.

METHODS

Account was taken of the fact that excretion of adrenal hormones varies widely
among individuals and also has a diurnal pattern. Adrenal activity appears to be lowest
during the night resting hours as measured by urinary levels. Also, from preliminary
experiments similar to the one reported on here, it was observed that practically all of the
increase in amines and steroids was excreted in a six-hour period following the single
stressful incident. In order to take these factors into consideration, the results for the
normal and vestibular defective groups are tabulated separately with each acting as its
own control .

Two urine samples were collected on each of two days as follows: 1) a night "resting"
sample and 2) a six-hour "afternoon" sample on the day prior fo flight and again on the
flight day. Diet was not regulated except that adequate fluid intake was encouraged to
ensure sufficient urine volume. All subjects were instructed to get adequate rest and to
avoid vigorous physical activity during the test and conirol days.

Each voiding of the urine was split into two approximately equal portions. One was
acidified (pH 1-2) with enough 6N sulfuric acid to stabilize the catechol amines aad then
was quick frozen; the other portion was used for the steroid and uropepsin determinations
and was frozen without stabilizers inasmuch a3 they are stable under these conditions.

The catechol amine determinations were carried out using the method of Crout (5), and
Komel's glucuronidase hydrolysis method (17) was used for the steroids. The excretion rates
of the adrenal hormones weare expressed as micrograms per hour. Anson's method (1) as
modified by Gray et al.(11) was used for the uropepsin determination and these results were
expressed as units per hour.




JON3INO3S 1HOIT4

ONVT ANV 1lv3id3y anv
d731d 0L NYNL3Y '8 00021 OL ovE awIno 2

% sop )

Wbz e _ : S
o} £
. L o2 e e
7704 13¥YvE S

@gm_zc \ X @
ybu 3 s
A= eu 3 ol O Fe-c W/ NV 000°2!
A_%? o} g 209 1V oL EWITD
4 y3r0ONIM € N NYNL 098 2 ANV 440 IMVL

i

L N9l



RESULTS

With regard to the clinical symptomatology, none of the L-D subjects expressed
concern prior to flight and none manifested symptoms of motion sickness during flight.
Four of the normal subjects expresséd moderate concern prior to flight, and in three in-
stances the flight was terminated because of motion sickness; symptoms in the case of the
fourth subject were nil. The remaining seven subjects expressed minimal concern prior to
flight; one became sick and the flight was terminated; four experienced moderate malaise,
and one of these "blacked out" on two occasions; and two reported slight malaise.

The resul'rs of the chemical measurements are summarized in Table |l and Figure 2.
i e ‘uo“nul subjects released a significantly larger amount of catechels and steroids on
fternoon of the flight compared with the nonflight day; there were no significant
.f.erances betwzen the resting samples on the two days. The L~D subjects did not release
a significantly larger amount of catechols and steroids on the two afternoons; they did re-
lease a larger amount of norepinephrine during the night prior to flight than on the control
day. No significant differences in release of uropepsin were observed between flight and
nonflight days for either group. Although Gray and colleagues (11) found that uropepsin
values increased with an increase in adrenal cortical activity in chronic stress or in certain
pathological conditions, there were no demonstrable changes in our experiment where the
stress was limited to one brief exposure.

=
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DISCUSSION

Insofar as the normal and L-D subjects are representatives of their groups, the siriking
difference in response to flight stress must be attributable to the presence and absence,
respectively, of the sensory organs of the inner ear. While our experimental design could
not distinguish between the relative roles of the auditory and vestibular organs, the greater
importance of the latter may be accepted on a priori grounds. If this assumption is allowed,
it follows that all of the flight stresses except those directly or indirectly mediated by the
vestibular organs were insufficient to cause symptoms or release the stress hormones in the
L-D subjects. These stresses included the effects of constraint, slight anoxia, all except
the vestibular effects of the force environment, and whatever effects were generated by
nonphysical factors such as danger and concern over the unknown. With regard to the
force environment, there was an almost continual change in the acceleration pattern
affecting the sympathetic nerves involved in circulatory adjustments, a mechanism to
which von Euler and Lundberg (6) drew attention in attempting to explain the release of
norephinephrine in test pilots. It would also follow that their lack of concern prior to
flight and absence of anxiety during flight were indirectly related to their labyrinthine
defects, possibly on the basis of insusceptibility fo motion sickness (12). The fact that
none blacked out is of interest in view of the possible relation betwzen high blackout
threshold and high norepinephrine level (27).
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Inasmuch as the normal subjects were exposed to the same environmental factors as
the L-D subjects, their response as indicated by the increased excretion of the stress
hormones during flight must have been the result of unusual vestibular stimulation acting
on neurohormonal mechanisms and whatever stresses were generated as the result of past
conditioning. Our experiment does not provide for the separation of these two factors,
but in all likelihood both ware of etiological significance; some of the normals approached
the flight with moderate concern which was not properly explicable on the basis of any
danger involved but was based on anticipation of an unpleasant experience. The fact,
however, that this was not reflected in a measurable release of epinephrine prior to flight
indicates that "anticipation" was not of great significance.

It cannot be assumed that the small number of normal and L-D subjects are fully
representative of their groups. On another occasion the opportunity arose to expose an
L-D subject who suffered from acrophobia to the same test flight. He was extremaly
onxious both before and during flight, but he did not manifest typical symptoms of motion
sickness. The urine epinephrine increased 700 per cent over the control value. This
indicates, if it does not prove, that the release of this catechol may be almost entirely
of psychogenic origin. With regard to normal subjects the relatively small release of the
stress hormones in the case of the astronauts (23, 24) indicates the importance of the
human variable in its interaction with environmental stress. At the other extreme, in at
least two of the normal subjects psychogenic factors were a cause of symptoms under less
stressful conditions in another experiment (13).

The general conclusion from this study is that the vestibular organs must be taken
into account in evaluating the effects of actual and simulated flight stresses where the
gravitational inertial force enviro nment is a variable. Their effects may be the direct
result of unusual stimulation or the indirect result of past conditioning.
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