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CHANGES !N PLASMA CORTICOSTEROIDS AND BICARBOMATE AS A RESV.T
OF PILOTING SUPERSO:MC AIRCRAFY

While flying high-speed military aircraft, pilots frequently hyperventilate to a
degree sufficient to induce marked alkalosis. Psychogenic factors are thouyht t» be
responsible for the hyperventilation. Comparisnn was made of pre- and postflight
plasma bicarbonate (determined titrimetrically) and corticostzcid levels (Sweat's
technic) for 20 instructor pilols and 47 student pilots flying F-190 aircraft for 50
minutes. No differentiation of students and instructors was possible on the basis of
either pre- or postflight values; therefore, the data for the two groups were combined.
The plasma bicarbonate value following the flight was 1.1 =+ .24 mEq./liter (mean
=+ S.E.) lower than before the flight. Free 17-hydroxycorticosterons was increased
658 =+ .70 ug./100 ml, while conjuguted 17-hydroxycorticosterone increasved 5.7 + .75.
The free corticost.rone-like firaction increezed 3.1 = .34 pg./"00 ml, while the con-
jugated corticosterone-like fraction ircreased 3.2 + .36. Each of these changes was
significantly different from zero (P < .001). No statistically significant correlation
was found between the fall in bircsbonate and any of the increuses in steroid fractions.

Balke et al. (1), using respiratory gas
sampling technics, established that the inci-
dence of hypocapnia among student pilots
during flights in jet aircraft varies with the
speed and performance rating of the aircraft
(in T-33, F-86, and F-100 aircraft the incide.ce
was 41, 63, and 78 percent, respectively). Hypo-
capnia in the flying situation is believed to be
the resuit of hyperventilation which is psycho-
genic in vrigin. Balke et al. {2) measured the
decrement in psychomotor perfo..<ance which
results from passive hyperventilation (under
laboratory conditions) and found that it was
gradually lessened in subjec:s who were hyper-
ventilated for 30 to 60 minutes per day for a
period of two weeks. However, the reductions
in plasma bicarbonate concentration induced hy
hyperventilation at the beginning and at the
end of the period of adaptation were not greatly
different, indicating that adaptive mechanisras
involve factors other than those which prevent
respiratory alkalosis.

Balke et al. (3) found that students who
were beginning their training in je: aircreft
(T-33) were, as a group, highly susc--tible to
hyperventilation — exhibiting a marked per.

Receivad for publication on 12 January 1949,

formance decrement whzn passively hyperventi-
lated in the laboratory. While studenis who
had advanced to F-100’s were not tested in this
same manner, it seems safe to assume that they
would have experienced hyperventilation re-
peatedly and wou!d be, therefcre, less suscep-
tible.

In the present study, which is concerned

with hyperventilation in F-100 pilots, plasma _

bicarbonate anr corticosternid determinations
were made immediately before and after rel-
atively short flights. Coinparison was made of
instructors and students to ascertain whether
the difference in flying experience is reflected
by these parameters. Bicarbonate determina-
tions provide a .neans of detecting in-flight
hyperventilation, «nd in theory, corticosteroid
determinations might differentiate the suscep-
tible frora the tolerant ones.

METHODS

Venous blood samples were obtained at ap-
proximately 10 minutes before and after 50-
minute flights in F-100 aircraft at Nellis Air
Force Base, Nev. Twenly instructors and 47
students served as subjects. Plasma bicar-
bonate determinations <vere made promptly by
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use of a titrimetr:: viethod (4). Aliquots of
plasms. were frozen and later analyzed for 17-
hydroxycorticosterone and a corticosterone-like
frection by the method of Sweat (5). After
chloroform extraction (to remove unconjvgated
s-ercids for the above-mentioned determina-
t.ons), the entire aliquoi was incubated with
glucuronidase (6) and then processed accord-
ing to Sweat’s method to provide sn estimate
of conjugated steroids of these same iwo types.

It was not possible to obtain data on both
bicarbonate and steroids in every cese, but this
was done for 22 of the subjects,

RESULTS

Mean ore- and postflight values for plasma
bicarbonate and corticosteroids for instructors
and students are compared in table 1. Since no

TABLE 1
Plagma bicarbonate ond corticosteroids in F-100 pilcts

Variable Group n Preflight Postflizht Change
Bicarbonate (mEq./liter) Student 30 29.6 28.3 ~ 1.3
Instructor 13 28.6 28.0 — 0.6
Difference NS NS NS
Total group 43 29.3 28.5 —1.1 + 24*
Probability <.001
Free 17-hydroxycorticosterone Student 35 12.2 18.0 4 5.8
(»g./100 ml.) Instructor 11 12.6 18.2 + 5.6
Difference NS NS NS
Total group 46 123 180 +58 = .70
Probability <.001
Free corticosterone-like Student 35 5.7 8.8 + 3.1
fraction (ug./100 ml) Instiw.tor 11 5.6 8.7 + 31
Difference NS NS NS
Total group 46 5.7 * 8.8 +%1 % 34
Probability <001
Conjugried .7-hydroxy- Student 15 13.0 188 + b8
corticosterone Instructor 11 13.0 18.3 + 52
(rg./100 ml)
Difference NS MS 8
Totz! group 46 13.0 18.7 .57 % .75
Probbility <.001
Conjugated corticos- Student 35 61 9.5 + 33
terone-like fraction Instructor 11 6.1 8.7 + 26
(ng./100 ml.)
Difference NS NS NS
Total group 46 6.1 .2 432+ 35
Probubility <.001

*Menin 4+ 8.F.
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significani differences between instructors and
students were found, data for the two groups
were combined. For the total group, the reduc-
tion in bicarbonate and increases in steroid
fractions differed significently ficm zero (F <
.001) .2

Computed from mean velues, the ru'in of
free 17-hydroxycerticosterone to free eorti-
conterone-like fracion (F/B ratio) remained
constant (pre- and postflizht values were 2.2
and 2.1, respectively; the correspording ratics
for the conjugated fractions were 2.1 and 2.0,
respectively}. Calculated from mewn values,
the ratio of free to conjugated 17-hydroxycorti-
costerone and the ratio of free to conjugated
corvicosterone-like fraction remained close to
unity.

No significant relationship was established
for the fall in bicarbonate and the increase in
each of the stercid fractions in the 22 sub-
jects for whom complete data were obtained.
The correlation coefficients obtained for bi-
carbonate vs. free 17-hydroxycorticosterone,
bicarbonate vs, free corticosterone-like fraction,
bicarbonate vs. conjugated 17-hydroxycorti-
costerone, and bicarbonate vs. conjugated cor-
ticosterone-like fraction were, —0.39, —0.17,
—0.34, and —0.04, respectively.

DISCUSSION

Appraisal of the physiologic state during
fiight in single place aircraft is te« Anicallv dif(i-
cult, since no interference with the pilot's ac-
tivities is permicsible. Cer{ain necessary pro-
cedures both before and afta flight pr:vented
the taking of blood sample: 4t the most desir-
able times. While there is litiln 7eason tu
think t+~t the results would have been Jifferent
if the ) flight samples had been taken at less
thas 16 minutes before take-.*f, the lapse »f
aprruximately 10 minutes between the time of
landing and the time of obtaining the poer
tlight sample certainly contributed to the
results. The variability noted in bicarbonste

! Statlatical analyses were performed by Dr. M. B. Danford,

Department of RBiometries, School of Avlition Medicine, USAS'.

chauge probably represents different degrees
of in-flight hyperventilation complicated by
different ates of recovery. Nevertheless, ou
the basis of reductions in bicarhonate, 21 of
the 30 students (70 percent) and 9 of the 13
instructors (89 percent) may be regarded as
havin~ been hyperventilating. The figure for
the student group ix only sligh'ly below that ob-
tained by other means (1) for F-100 student
pilots, The finding that instructors and stn-
denits gave simiiar results was unexpected, but
perhaps it should not have been, since the
“gtudent’” pilot in the F-100 ia far froin being
an inexperienced pilot — it is only that he is
perfecting his gkill in this particular aircral’t
vhat makes him a “student.”

The lack of correlation between the changes
in corticoateroid fractions and the change in
bicarbcnate may be due in part to the delay
in obtaining postflight samples. During the
early part of the recovery pericd, when there
is an unsteady state, it is impossible under
field cuaditions to decide to what extent post-
flight determinations reflect reversal!s in both
bicarbonate and steroid changes. If the changes
in the stercid fractions ar: dependent upon or
trizgered by the alkalosis. it would seem that
evea in the unstendy recovery state there
shoula Le some evid ¥ace of relationship. There
was & Lint of a correlatior. between 17-hydroxy-
corticosteroid increase (vither free or conju-
gated) and the decrease in bicarbonate, but it
was only & hint, lacking siatistical significar.ce.

Talke o al. (2) reporte that pasaive hyper-
ventilatica for 6¢ minutes under laburatory
conGitions induced in adapted subjects an 8
percent increase in hemat:-:rit and a 12 percent
rise in plasma protein. While it is quite likely
that water loss froin thn blted :ontributed to
the increases in cortivusteroid fractions noted
ja the present study, it *7as net the sole factor,
since these latter changes exceed those due to
hemoconcentration, amounting to 46 percent
for the free anu 44 percent for the wnjugated
17-hydroxycorticosterone and 54 .t/ 52 p.cent,
rexpetively, for the free and conjugated corti-
costerone-lixe fractions. Furthermors, for each
of the ateroid fractions the ratio of free t»
conjugat:d remained -onstant. The faci that
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the ratios of free to conjugated approached
unity is consongnt with the findings of Brrwn
et al. (7) on normal subjects.

We cannot conciude that hyperventilation
was the cause of the increases in plasma corti-
costeroids. It mey be that the mental state
which led to hyperventilation led also to the
changes in corticosterone corcentration, pos-
sibly by the hypothalmic-hypop*yseal pathway,
but this remains to be determined. Persky (8)
found the level of endogenous hydrocortisone
in the plasma of “anxious” patients to be 80
percent greater than that of normal subjects.
This suggests that the psychogenic factor in
flying may be of the nature of anxiety ar has
the same effects as anxiety. In flights lasting
1% hours, members of B-652 crews consistently
exhibited increases in plasma corticosteroids

9).

Whii> entirely speculative, it is possible that
activation f the adrenal medulla or the sympa-
thetic nervous sysstem also may have occurred
and may have caused reductions in splanchnic
ulood fiow, which in turn could have led to a re-
ductien in the rate of removal of steroid sub-
stances from the blood. However, Persky (8)
found a more r:pid disappearance rate of hydro-
cortisone from the plasma cf anxious patients
nfter & test load.

With the same technic for the estimation of
plasma corticosteroids, Hale et al. (10) found
no sigmficant incresse in the free fractions in
subjects who experienced m’ld hypoxia for 26
minutes and who showed a moderate elevation
in the respiratory quotieat, *hus indicating
byperventilation. Thi." apparent lack of agree-
ment between the results of the field »2nd
laboratory studies may be a further indication
of the presence of a psychogenic factor in the
flying situation which was absent in the simu-
lated experiments in the laboratory.

The technical aussistance of Edgar W. Wi liams is
yratefuily acknowledged.
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