VOLUME 49
NUMBER 1

JANUARY 1978

]

AVINTON

SPACE and
ENVIRONAIENTAL
/EDICINE

BIDIRECTIONAL OVERADAPTATION ACHIEVED BY EXECUTING
LEFTWARD OR RIGHTWARD HEAD MOVEMENTS DURING
UNIDIRECTIONAL ROTATION—Ashron Graybiel and James

Knepton

.........................................

RELATIONSHIPS BETWEEN AMBIENT, PILOT, AND COCKPIT
TEMPERATURES DURING ROUTINE AIR OPERATIONS—

INCREASED URINARY EXCRETION OF TRIIODOTHYRONINE
(T;) AND THYROXINE (T,) AND DECREASED SERUM THY-
REOTROPIC HORMONE (TSH) INDUCED BY MOTION SICK-
NESS—J. Habermann, T. Eversmann, E. Erhardt, M.
Gottsmann, G. Ulbrecht, and P. C. Scriba . ........... 58

EFFECTS OF 6 HOURS HYPOXIC AND COLD EXPOSURE ON
URINARY ELECTROLYTE AND CATECHOLAMINE EXCRE-

DEPARTMENTS

President’s Page

M. H. Harrison, C. Higenbottam, and R. A. Righy . ..... 5 TION—T. Purshottam, M. L. Pahwa, and H. D. Brahma
177 R
COMPARISON OF ANALYSIS TECHNIQUES FOR ELECTROMYO- et 62
GRAPH'G nATA—’ohn C. Johnson ................... 14 M;:gg]llo"s l" ERYT“ROGYTE sunv|VAl PARAMETERS |“
AFTER 19.5 DAYS ABOARD COSMOS 782—Henry A.
COSMIC RAY EFFECTS ON THE EYES OF RATS FLOWN ON Leon, Luba V. Serova, Jennifer Cummins, and Stephen
COSMOS NO. 782, EXPERIMENT K-007—Delbert E. Phil- A Landaw ..............c..iiiii e 66
pott, Robert Corbett, Charles Turnbill, Gladys Harrison,
David Leaffer, Sam Black, Walter Sapp, Gloria Klein, RAT LUNG HYPER-REACTIVITY TO STRESS—David L. Beck-
and Loya F. Savik ............... ettt 19 MAR . .ttt ittt ittt eteeeateneaeeteeestaaens 70
CORIOLIS CROSS-COUPI:I!!’lG EFFECTS: DISORIENTING AND
NAUSEOGENIC OR NOT?—Fred E. Guedry, Jr., and Alan
J. Benson .. ........c..ueueueineeneenanensnenennns 29 CLINICAL MEDICINE
LOW ATMOSPHERIC PRESSURE EFFECTS ON WEARING
VISUAL COUNTERACTION OF NAUSEOGENIC AND DISORIENT- SOFT CONTACT LENSES—Weylin G. Eng, Jerry L.
ING EFFECTS OF SOME WHOLE-BODY MOTIONS: A PRO- Rasco, and Joseph A. Marano . ................... 73
POSED MECHANISM—Fred E. Guedry, Jr. ............ 36
PSYCHOGENIC G-FORCE INTOLERANCE REVISITED—Theo-
RADIOBIOLOGICAL EXPERIMENT ABOARD THE BIOSATELLITE dore J. Wachs and Carlos J. G. Perry .............. 76
COSMO0S-690—O. G. Gazenko, B. A. Adamovich, Yu. G.
Grigoriev, Yu. P. Druzhinin, E. A. Ilyin, and V. I. Popov 42 HYPERTENSION IN THE CIVILIAN FLYING POPULATION:
SIGNIFICANT OR NOT?—Michael A. Berry and Robert
VITAMINS LIMITING FOR GROWTH OF SUBJECTS FED A NOR- L. Wick, Jr. . ... ittt iieennnnnennns 78
MAL DIET UNDER HYPERBARIC He-0. CONDITIONS—
C. A. Zogg, S.J. Brumleve, B. DeBoer, and T. K. Akers 47 GUIDELINES FOR DEFINING AND DISPOSING OF MEDICAL
WASTE—Frances S. Norris and B. G. Young ........ 81
INCREASED SECRETION OF GROWTH IIORIggNEi ':’I;‘llol!.EAg“B“Y'
ANTIDIURETIC HORMONE, AND CORTISOL
THE STRESS OF MOTION SICKNESS—T. Eversmann, M. FLIGHT NURSE COMMUNICATION
Gottsmann, E. Uhlich, G. Ulbrecht, K. von Werder, and THE CHALLENGE OF A CORONARY CARE UNIT IN A SMALL
P. C. Scriba .........cuuuiiiiieinnieinnennnnas 53 HOSPITAL—Nancy A. Wagner ............cccuun.. 86
Questions and Answers for AMEs ..................... 90 Wives’ Wing News & Notes .......................... 100
Aerospace Physiologist Report ........................ 101
Excerpts from the Cascbook of Jason Harbro, M.D., AME 91 Space Medicine Branch Report ........................ 102
"""""""""""""""""" 93 News of Members .............covieverevnnnenane... 106
Medical NeWs . ......vtitniiirireiiaeriencneneenanens 94 In MEMOTIAML v v vttt t e e e e e e e 108

Copyright © 1978 by the Aerospace Medical Association. Printed monthly at Gibbs-Inman Co., P.O. Box 32030, Louisville,
Ky. 40232. Second class postage paid at Washington, D.C. and at Additional Mailing Offices. Subscription: $35 U.S.; $38

Mexico; $39 other foreign.



Increased Urinary Excretion of Tri-
iodothyronine (Tg) and Thyroxine (Tg4)
and Decreased Serum Thyreotropic
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G. ULBRECHT, and P. C. SCRiBA. Increased urinary excretion of
tritodothyronine (T3) and thyroxine (T,) and decreased serum
thyreotropic hormone (TSH) induced by motion sickness. Aviat.
Space Environ. Med. 49(1):58-61, 1978.

We exposed 35 male subjects to a rotary chair and motion
sickness was provoked by Coriolis effect. This stress caused an
increased excretion of urinary T, and T, and a decrease of TSH
levels in serum. The increment in urinary excretion of thyroid
hormones may serve as a very useful measure for the quantita-
tion of physical stress. Although no statistically significant
change of T,, T,, and TBG levels in serum could be observed
by the employed techniques, the hypothesis is favoured that mo-
tion sickness probably causes an immeasurably small increase of
the free thyroid hormone fraction in serum, thereby increasing
urinary excretion of T, and T, and, in turn, decreasing TSH
secretion. Physical or psychological stress situations involve most
of the endocrine systems. Contradictory results have been re-
ported in the literature concerning the relationship between thy-
roid function and stress.

ORE THAN 99% of the plasma thyroid

hormones, triiodothyronine (T3) and thyroxine
(Ts) are protein-bound; however, only the free
hormone can enter the cell and act directly on its
metabolism. With normal renal function only the un-
bound, free thyroid hormone fraction is filtered by the
glomerulus. The thyroid hormone excretion in urine
may, therefore, parallel the free hormone level in
serum (12).

The aim of this study was to investigate the effect
of stress on the free thyroid hormone fraction in plasma,
by measuring alterations in glomerular filtration and
suppression of TSH secretion. The analysis of thyroid
hormone excretion in urine offers the additional ad-
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vantage of an integrated parameter covering a time
period in which blood samples are unavailable.

Pilots and aircraft crew are especially exposed to
changing acceleration and psychological stress situations.
We were, therefore, interested in the response of the
pituitary-thyroid axis to experimental stress situations
like that of motion sickness.

Hence, the thyroid hormone and TSH levels in serum,
as well as the urinary excretion of T3 and T,, were
measured in soldiers in which motion sickness had been
experimentally provoked by the Coriolis effect.

MATERIALS AND METHODS

Fasting male volunteers (N =35) were exposed from
9 a.m. to increased angular velocity stepwise up to a
maximum of 210°/s on a Stille rotary chair. At each
step, 20 head movements were executed in the four
cardinal directions. Rotation was stopped when frank
motion sickness (fms) became obvious by retching or
vomiting (4). Hormone analyses were performed on
blood samples taken 30 min and immediately before
starting rotation, immediately after cessation, and then
at 15, 30, 45, 60, 90 and 120 min thereafter. Urinary
thyroid hormone excretion was determined in urine ob-
tained from four collecting periods: 6 p.m.-6 a.m. before
the rotation experiment, 6 a.m.-12 noon, including the
test period, and in the two periods, 12 noon-6 p.m. and
6 p.m.-6 a.m. after rotation.

The determination of urinary excretion of T; and
T, was carried out using sephadex columns with which
the extraction, incubation with specific antibodies, and
the separation of antibody-bound and free hormones
was performed (6). The determination of the catechol-
amines in urine was performed by the fluorimetric
method of Weil-Malherbe (13).

Triiodothyronine (T;) and thyroxine-binding-globulin
(TBG) in serum were measured by radioimmunoas-
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say (7,8) and thyroxine (T,) was determined with a
competitive protein binding assay (7). The Ts-uptake
(TsU) was performed on small sephadex columns (7).

In order to increase the assay sensitivity, the radio-
immunological determination (3) of thyroid stimulating
hormone (TSH) was slightly modified. By prolonging
incubation time and by doubling the amount of serum
in the sample the sensitivity of the assay was trebled.

RESULTS

Normal values: The normal range of thyroid hormone
excretion in urine was measured from 20 healthy, normal
persons. The excretion of Ts was 1.70 *+ 0.40 ug and of
Ty 1.44 * 0.51 pg (mean * S.D.) per 24 h.

The urine of 11 pilots was collected during daytime
over 3-h intervals (6 a.m.-9 a.m., 9 a.m.-12 noon,
12 noon-3 p.m., 3 p.m.-6 p.m., 6 p.m.-9 p.m.) and dur-
ing the night in one 9-h interval (9 p.m.-6 a.m.). The
persons under test were awakened at 6 a.m. and sub-
mitted to a psychological test during the day. The mean
thyroxine excretions after 9 a.m. were approximately
70% higher than the excretion during the night and
remained constant during the day. The excretion of
T, from 6 a.m.-9 a.m. did not differ significantly from
that during the night. A comparable diurnal rhythm for
T3 was not observed.

The normal range of catecholamine excretion in urine
was measured from 10 healthy normal persons. An
excretion of 5.77 * 1.76 ug epinephrine and of 15.25 %
5.38 pug norepinephrine (mean + S.D.) per 24 h was
observed.

The epinephrine excretion showed a clear diurnal
rhythm. The excretion during the day was 115% higher
compared with that during the night. In contrast,
norepinephrine showed only a 38% higher excretion
during the day than during the night.

Rotation experiment: The urinary excretion of thyroid
hormones was determined in four pilots taken off duty
because of susceptibility to motion sickness, four quali-
fied pilots, and 23 normal volunteers. Four of the
volunteers were retested under the same stimulus for
reproducibility and two were tested on the rotary chair
without the head movements as a control. Taken to-
gether, all the candidates excreted 1.51 + 0.67 ug T,
(mean *S.D.) and 0.97 £ 0.60 pg T, during 24 h.
These values were lower than those of the normal
group, but did not differ from the values found in pa-
tients with endemic goitre (6). Therefore, one may
assume that a considerable number of the persons
tested had endemic goitre, which is plausible because of
the high frequency of this disorder in the south of the
German Federal Republic (9).

In order to compensate for the individual differences
in thyroid hormone excretion, the percentage increase
above 100% in hormone excretion was individually cal-
culated taking the night period after the rotation test
as the 100% reference. It was shown (Fig. 1) that the
thyroid hormone excretion was already higher before
the test (T3:61 £ 23%, T,:91 £ 25% above control,
mean * S.E.) and that it increased significantly during
the tests in comparison with the normal diurnal rhythm

increase
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Fig. 1. Percentage increases of T, and T, excretion in urine
(N=35) before 6 p.m. - 6 a.m.), during (6 a.m. - 12 noon) and
after (12 noon - 6 p.m.) experimentally provoked motion sick-
ness compared with the normal diurnal rhythm (N=11). For all
samples, the percentage increase of hormone excretion was cal-
culated in relation to the night period (6 p.m. - 6 a.m.) after
the rotation experiment.

(T3:121 * 26%, T4:268 + 59%, p<0.005, paired Wil-
coxon rank test). The thyroid hormone excretion was
still elevated in the collection period after the rotation
test (T3 by 91 + 21%, p<0.005, T, by 227 + 55%,
p<0.025).

The highest absolute hormone excretion observed in
four persons during the 6-h collection period of the rota-
tion experiment lay between 0.80-1.16 ug T, and
0.72-1.07 pg T,. From this, a daily excretion of 3.20-
464 pug T, and of 2.88-4.28 ug T, could be cal-
culated. These values show clearly an excess thyroid
hormone excretion, which is otherwise found only in
patients with hyperthyroidism (6).

The comparison of the groups tested showed no
significant differences in the thyroid hormone excre-
tions, although the pilots removed from the duty roster
excreted relatively more thyroid hormones in the rota-
tion period (T3 220 + 148%; Ty 297 + 113%) than
the volunteers (Ts: 102 * 23%; T,: 227 * 45%).

Two test persons were rotated without the provocation
of the Coriolis effect (control experiment). One of these
showed no change in thyroid hormone excretion during
the day of the rotation test, whereas the other person
showed symptoms of motion sickness with sweating and
pallor during the rotation, although he did not vomit.
In connection with these symptoms, the T; excretion
increased by 71% and T, by 94%. These values were
clearly below those of fully stressed subjects. One subject
of the group of qualified pilots showed only a similar
weak response during the rotation test with sweating,
pallor, nausea, but without vomiting. This pilot had an
increase in Ty excretion of 16% and in T, excretion of
48%.

Four persons were retested in the same way after a
time interval of several months for reproducibility. Three
of these test persons showed a similar increase of Ts
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Fig. 2. Percentage increases of epinephrine and norepinephrine
in urine (N=26) before (6 p.m. - 6 a.m.), during (6 a.m. - 12
noon), and after (12 noon - 6 p.m.) experimentally provoked
motion sickness compared with the normal diurnal rhythm
(N=10). For all samples, the percentage increase of hormone
excretion was calculated in relation to the night period (6 p.m. -
6 a.m.) after the rotation experiment.

% increase T3-RIA

and T, excretion. One candidate showed little stimula-
tion in either test.

The percentage increase of catecholamine excretion
was similar to that of thyroid hormones (Fig. 2). Be-
fore the rotation test, the hormone excretion was al-
ready elevated (epinephrine by 83 * 36% ; norepineph-
rine by 41 * 21%, mean * S.E.) in comparison with
the collection period during the night after rotation. In
the following periods, epinephrine showed a further in-
crease (6 a.m.-12 noon: 219 * 41%; 12 noon-6 p.m.:
181 + 39%) which was not statistically different from
the normal diurnal rhythm. The increase of norepheph-
rine excretion was statistically significant (6 a.m.-
12 noon: 180 = 57%, p<0.025; 12 noon-6 p.m.: 246 +
61%, p<0.01). In the control experiment without
Coriolis effect there was no significant increase of
catecholamine excretion.

In spite of the similarity of urinary increase in thyroid
hormones and catecholamines, no correlation between
these hormones was found.

Serum determinations: Antidiuretic hormone, growth
hormone, prolactin (4), and T;, T, TsU, TBG, and
TSH were determined in the serum samples from the
subjects submitted to the rotation experiment. Although
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Fig. 3. Percentage increases of
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levels (N=6) in serum and of T U
(N=11) immediately before (OI),
immediately after (OII), and 15-
120 min after the rotation experi-

120 minutes ment. For all samples the percent-
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1SH-Decrease
(% from basal level)

90

35
Fig. 4. Percentage decrease of TSH-levels in serum (N=23)
immediately after (OII), and 15-120 min after the rotation ex-
periment. For all samples, the percentage decrease was calcu-
lated in relation to a sample taken immediately before the rota-
tion experiment.

_the thyroxine (N=11), T3 (N=6), Ts-uptake (N=11),
and TBG levels (N=6) of all specimens showed no
statistically significant individual changes during the ob-
servation period (Fig. 3), the levels of TSH in serum
(N =23) decreased to a minimum of 35% of the initial
value of 120 min (p<0.0025) (Fig. 4). During the
control experiment without Coriolis effect, TSH levels
remained almost constant.

DISCUSSION

Contradictory results have been reported in the litera-
ture about the possible connection between thyroid func-
tion and stress. Because of the partially similar hormonal
response of catecholamines and thyroid hormones, a re-
lationship between these two different hormone systems
has been suggested for a long time. In 1949, Eickhoff
described persisting thyrotoxicosis in wild rabbits in-
duced by ferreting (2), with typical symptoms such as
muscle weakness, exophthalmos, loss of weight, tachy-
cardia, and adynamy. Galton (5) found an increased
turnover and deiodination of T, in stressed and thyreo-
dectomized rats, and Winder (14) a shortened half-life
of thyroxine in physically stressed rats. An increased
turnover of thyroxine during acute infection in monkeys
was found by DeRubertis (1), and Rastogi described
an increase of thyroxine excretion in urine of man during
infectious disease (11). Noel (10), in contrast, found
an increased release of TSH, prolactin, and growth
hormone after parachute jumping, and we have now
observed a significant decrease of TSH levels in serum
after provocation of motion sickness.

Associated with the TSH decrease during and after
the rotation experiment, an increase of thyroid hormone
excretion in urine was found in this study, whereas the
serum levels of T3, Ty, and TBG, as well as T;U
remained unchanged. Because the excretion of T3 and
T4 in urine with normal renal function depends upon
the concentration of free, unbound hormones in serum
(12), it may be concluded, that motion sickness effects
an increase of the free hormones in serum. Apparently,
this increase is too small to affect the T3U result, but
is sufficient to suppress TSH secretion. The unchanged
levels of TSH and of thyroid hormone excretion in the
control experiment without the Coriolis effect suggest

that the change of thyroid function is, in fact, induced
by motion sickness. The reproducibility of the increment
of thyroid hormone excretion in the same test persons
show that this excretion may be used as a further in-
tegrated measure for the quantification of stress. The
results suggest that stress situations, such as motion
sickness, lead, via an increase of the free thyroid
hormones in serum, to their increased excretion in
urine. In spite of unchanged levels of T3, T4, and TBG,
this also effects a suppression of TSH secretion. This
alteration of global function of the pituitary-thyroid axis
represents a fourth independent endocrine system which
may be studied—when stress-situations are to be quanti-
tated using endocrinological techniques—taking the
catecholamine response, the posterior pituitary and
ADH, and the anterior pituitary with growth hormone,
prolactin, and ACTH-cortisol as the other three systems.

ACKNOWLEDGEMENT
We gratefully acknowledge the technical assistance of Miss
RothenfuBer and Miss Kubiczek, and the help of Dr. Roewer.

REFERENCES

1. DeRubertis, F. R., and K. A. Woeber. 1972. Evidence for
enhanced cellular uptake and binding of thyroxine in vivo
during acute infection with Diplococcus pneumoniae. J.
Clin. Invest. 51:788-795.

2. Eickhoff, W., and C. Herberhold. 1968. Die Lymphbahnen
der menschlichen Schilddriise. Springer Verlag.

3. Erhardt, F., I. Marschner, R. C. Pickardt, and P. C. Scriba.
1973. Improvement and quality control of the radioim-
munological TSH determination. J. Clin. Chem. Clin.
Biochem. 11:381-387. -

4, Eversmann, T., M. Gottsmann, E. Uhlich, G. Ulbrecht, K.
von Werder, and P. C. Scriba, 1978. Increased secretion
of growth hormone, prolactin, antidiuretic hormone, and
cortisol induced by the stress of motion sickness. Aviat.
Space Environ. Med. 49:53-57.

5. Galton, V. A. 1965. Thyroid hormone-catecholamine inter-
relationships. Endocrinol. 77:278-284.

6. Habermann, J., K. Horn, G. Ulbrecht, and P. C. Scriba.
1976. Simultaneous radioimmunoassay for urinary thy-
roxine (T,) and triiodothyronine (Tg). J. Clin. Chem.
Clin. Biochem. 14:595-601.

7. Horn, K., J. Henner, O. A. Miiller, and P. C. Scriba. 1975.
Simultaneous column chromatography for the automatic
determination of hormones. J. Clin. Chem. Clin. Bio-
chem. 13:173-178.

8. Horn, K., Th. Kubiczek, C. R. Pickardt, and P. C. Scriba.
1977. Thyroxin-bindendes Globulin (TBG): Préparation,
radioimmunologische Bestimmung und klinischdiagnos-
tische Bedeutung. (Submitted for publication).

9. Horster, F. A., G. Klusmann, and W. Wildmeister. 1975. Is
goitre an endemic disease in the German Federal Re-
public? Dtsch. Med. Wschr. 100:8-9.

10. Noel, G. L., R. C. Dimond, J. M. Earll, and A. G. Frantz.
1976. Prolactin, thyrotropin and growth hormone release
during stress associated with parachute jumping. Aviat.
Space Environ. Med. 47:543-547.

11. Rastogi, G. K., R. C. Sawhney, and K. K. Talwar. 1976.
Serum and urinary thyroid hormones during infective
fever. Horm. Metab. Res. 8:409-410.

12. Shakespear, R. A., and C. W. Burke. 1976. Triiodothy-
ronine and thyroxine in urine. I. Measurement and appli-
cation. J. Clin. Endocrinol. Metab. 42:494-503.

13. Weil-Malherbe, H., and L. B. Bigelow. 1968. The fluori-
metric estimation of epinephrine and norepinephrine: An
improved modification of the trihydroxyindole method.
Anal. Biochem. 22:321-334. .

14, Winder, W. W., and R. W. Heniger. 1973. Effect of exercise
on degradation of thyroxine in the rat. 4m. J. Physiol.
224:572-575.

Aviation, Space, and Environmental Medicine « January, 1978 61

-



