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USAMRNL March 1967
PHYSIOILOGY DIVISION PROTOCOL

Project No. . 3A104501B71R Research in Biomedical Sciences
Task No. 05: Environmental Medicine

Work Unit No. 82: Mectabolic Effect of Altitude

Study No. 4: Endocrine Effects of Altitude

1. INTRODUCTION

It has been established that acute exposure of man to high altitude
causes the onset of a distressing, incapacitating syndrome, termed
"mountain sickness.” (1, 2, 3) This syndrome is characterized by
impaired physical and psychomotor performance. The transitory
effects of high altitude exposure - the most dehilitating symptoms -
scvere headache, nausea and vomiting, extreme fatiguc and anorexia
usually last up to 5 - 6 days in most subjects. These symptoms are
variable in intensity in different pcople or in the same person a;‘.

different times.

Various theories have been adva,nceél in th.e attempt to explain the
etiology of mountain sickness. Research has been concerned primarily
with the cvaluation of cardiopulmonary and acid-base alterations in
man. Still, all of the reported, established alterations do not explain
the phenomenon of acclimatization that occurs in most subjects within

-‘= >3

5 - 7 days. Re;ently, in the attempt to dxscover the cause of mountain
ekt?gato;rs have focus

sﬂ:fux\::;; ﬁr‘d {i %ttﬁ;n%ms of adaptation,"

on endocrine function, shifts in body fluids, and electrolyte balance

in man at high altitude. The f;allowing sections summarize the obscrved
alterations of endocrine function, body fluids and electrolytes in man
at high altitude. There is a wealth of literature of similar observations
conducted on animals which is essentially consistent with the reports

on man (4 - 14)
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Body Fluids and Electrolytes in Nan at High Altitude

\When man ascends rapidly to high terrestrial locations, there

is a continuous decrease in plagsma volume, a decrease in extracellular-

fluid volume, and a risc in intracellular fluid volume. Total body
water increases (15). Total body potassium obtained from body
scanning for K40 is noted to be incrcased by one rescarch group (186)
but sirnilar measurements made by USAMRNL show that total body
potassium decreases (15). Excessive urinary excretion of sodium,
potassium and chloride ions has been documented (15, 17). There is

a significant rise in salivary sodium to potassium ratio (13) and urinary
sodium to potassium ratio (17). In addition to electrolyte chézmges,

urine : - volume increascs at high altitude (19).

Thesec observed effects of altitude on man resulting in body”
fluid shifts and electrolyte alterations suggest diminished aldosterone
sccretion by the adrenal glands. Very recently it has been reported
that urinary aldosterone excretion does decrease at altitude, approach-
ing zero within three days of high altitude exposure (19). These
findings appear to be consistent with the observed pattera of urinary
electrolyte excretion. Additional investigation is necessary in order

to establish and correlate the electrolyte changes with aldosterone

.....

7 aecrenon at high altitude by means of lancc g&i s with human

st - _‘:u:‘,_ »‘--,:
¢ excreuon l§

volunteers. If aldoste
altitude in the face of sodium loss, diminished p‘lasma and extra-
cellular fluid volumes, the mechaniam is unknown and is contrary

to accepted physiological controls of aldosterone secretion.

Adrenocortical Function in Man at High Altitude

Va.nous mvestmators using mte-rrmttent cha.mber atUdlea in
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have observed a rise in the 24-hour urinary excretion of 17-ketosteroids

and 17-hydroxycorticosteroids during acute ¢xposure. Oue resecarch
group did notec a difference in the excretion pattern of 17-hydroxy-

corticosteroids aud 17-ketosteroids. The latter decreased initially.
Adrenal function has been studied in a group of high altitude natives,

and is the same as a comparable group living at sca level (24).

These studies are generally consistent with the known physiological
control of pituitary adrenal function during stress. The correlation of
~adrenocortical function to "mountain sickness' and the magnitude of
environment;al adrenocortical steroid secretion and ACTH release during
stress require additional investigation. The accurate measurement of
thesc hormwones during acute altitude exposure can determine the desir-
ability of a possible therapeutic means of controlling the symptoms of

high altitude stress in man.

Glucose Tolerance in Man at High Altitudes

Studies in man (25, 26, 27, 23) have established that there is a
lower fasting blood glucose level and grceater utilization of glucose at
high altitude. Whether the cause of enhanced glucose utilization is
sccondary to increased insulin secrction or the effect of adreno-
corticosteroids on glucose metabolism, is not known, and should be

determined.

The ob.)ecnves of the present proposal to study human subjects
at h;.gh altitude are (!) to evaluate through balance studies, the nature
of electrolyte altcrations; (2) to determine the magnitude of the stress
response at altitude by evaluation of pituitary and adrenocortical function;
{3) to measure and corralate the aldoste;::nc secretion and excretion in
relationship to electrolyte changes; and (4) te investigate the rm.cha'usm

: ior increascd glucose utxlization.
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old) who have signed a yoluntcer form indicating their

. - of tracer quantiﬁes of

‘The purposc of the study will be to correlate these findings with the

severity of mountain sickness symiptoms at 14, 100 fect.

I1I. JUSTIFICATION

Reports concerning the Indian Army (29) have furnished alarming
evidence of incapacitating medical and pcrsonnel problems resulting from
altitude sickness, when a military force attempts to function on mountain
locations. An understanding of the physiological alterations during altitude
acclimatization and the relationship of these to various mountain sickness
symptoms might lead to successful methods of pre-sclecting or pre-

conditioning troops.

Knowledge of the endocrine function in man at high altitude would
shcd.!ight on t‘né adaptive changes that occur during the stress of hypoxia.
Significantly patho-phlysiological .altcrations in hormone secrction can be
dealt with theirapcutiéally. Recent Army Rescarch Office conferenc:es
(30, 31) have pointed to a military need for studiés on physiology, pharma-

cology and performance in high terrestrial environments.

1v. EXPERIMENTAL DES
(19 to 25 years

A. The subjects will be ten U.S. Army volunteer

sfiowledge of the

scope of the procedures planned, including the intravenous administration

rggﬁgﬁtivg ?:.:-;i? c:{;‘??f:‘g' a:t:d: -thcu' t&'z—ll}ngncss

4“‘&-

to serve as subJects. J:The radxoactwe ‘concentration o!”tﬁesé isotopes will ~ 7"

be recorded in the sub_)ccts - Army Health Records. The subjects will be
interviewed, examined and sclected by a medical officer ‘after review of
their health records to exclude cardiopulmonary, rcnal or endocrine-
disorders. A medical officer is to be prééent'during the entire study

and is authorized to terminate the experiment at any time continuation

would be detrxmental to. »the health of the sub,)ect
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"hours day 15.

Vdailﬁy‘plcctrol)te and:' |

The sthdy will be conducted for a total period of 21 days

beginning 11 Scptember 1967. The sea level test site is to be selected

on the basis of available facilitics and voluntecrs. It is imperative that
the sca lcvel site be located in a temperate climate. f\ hot, humid
climate would make electrolyfe baiance studies inaccurate. In addition,
heat exposure alters blood volume and this would interfere with studies
Washington has

on aldosterone secretion. Tentatively, Fort Lewis,

becn sclected as a site mceting these specifications. Other possibilities
include Fort Ord, California; Fort Dcvons, Massachusetts and Fort

Wainwright, Alaska.

During the sca level test period, constituting days | to 14, the
subjects will be started on a constant metabolic diet which will require
eight days of equilibration of body electrolytes prior to initiating
balance studies. This diet will be continued until the end of the st.udy
on day 21. On day 15 the subjects will be flown to Colorado Springs
or Denver and transferred by Army vchicle to the Army mobile
laboratory on Pikes Peak (!4, 100 ft). The altitude test pfxase will

be conducted there with living quarters provided for the subjects.

B. Clinical Study
1. Plan of study
a.r Seat li:el test pcrxod 09 00 hours day i to 09 OQ“‘ ‘ ¥§%§#
b. Travel period - day 15.
c. Altitude test pez;iod - 09:00 hours day 16 to 09:00 hours
day 21.
2. Diet ' —

A prepareci liquid diet comprisinn daily consumption of

The

2, 800 calorxcs as 53% carbohydrate. 15 %o protem. and 30% fat.

80 mEq. of potassium, 1600 mg of calcmm, and 1200 mg of phosono. us,

““f
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: The diet and water content are to be constant and analysed. During
_ the day of travel, the subjects will be maintained on this diet. On
days 5 and 19, the subjects will fast from 21:00 hours until 14:00

hours the following day (glucose tolerance test). There will be no

et aadebas s

smoking during this interval.

‘ 3. Water intake
| Distilled water will be used for drinking purposes. Daily
water intake will be measured and recorded. A minimum of 1500 ml

of water per subject per day is to be consumed.

4. Medications

a. Glucose - 100 grams in distilled water administered

orally on days 6 and 20 at 09:00 hours

" o ——— S

b. 4-Cl4- cortisol (lpc) and 1, 2-H3- aldosteron_e (2pc) -
o administered intravenously in 10 ml sterile solution of 10% ethanol in
water at 09:00 hours on days 9 and 17.

c. Sodum chloride - 500 mg in gelatin capsules in the
event of diminished dietary intake to maintain constant daily sodium
intake.

d. Potassium replacement elixir (5 ml contains 10 mEq.
of potassium as gluco.nate and citrate salts) - to maintain constant daily

. potassium intake if intake of food dmumshes when anoretic.
e AR SRR R R E i‘iiiffix-f;“ FEETARRS o

e. Calcium gluconate tablets - 500 mg if food intake

diminishes when anoretic to maintain constant daily intake of calcium.

f. Aspirin and Darvon - administered orally at the

discretion of the medical officer for headache. The dosage and time

of administration are to be recorded.

g. Intravenous mfusxons of isotonic sodium chlonde

ey m&a&\nd po}.,.?§xun1 will bg ;d'?:i';*#’}?;:gg sev'e:rve; von*ifx:;g _ogcyrs in ofdcr

to maintain electrolyt.. and water balance.
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g!/ Collecctions

a. Urine
Total 24-hour urine collections will be obtained

each subject starting at 09:00 hours each day. Each collection

will end on 09:00 hours the following day with the subjects
g at this time and adding this specimen to the previous day's

The days of collection are 8 through 14 and 16 through‘

~
P

he urine will be stored in large plastic bottles and kept under

scration at all times during collection. At the end of each

our collection period, all urine collected will be frozen and will
ept in this state until analysed at the USAMRNL. All specimen

es will be labeled with name of subjcct, and the starting and

ng dates of the 24-hour collection. Radioactivity labels will be

:ed to all 24-hour urine samples collected after the administra-

of bioisotopcs to the subjects,
b. Blood
(1) Plasma insulin and glucose
At 038:30 hours on days 6 and 20, 5 m! of
nous blood will be drawn into fluoride-oxalate vacuum tubes.
llowing oral glucose administration, similar samples will be

cen at 15, 30, 45, 60, 90, 120, 240, and 300 minutes. The

reg. will be labelcd and the contents frozen The subjects are to

-ﬁm.:f;. Ly i P,
frain f ih §
rain from smoki i L&#x 4 ”WM!'&;H,?{?&
ood sample is drawn.
(2) Plasma ACTH and cortisol
On days 9, 10, 13, 16, 17 and 18, venous

lood will be taken at 03:45 hours. THhirty ml of blood will be
rawn into a syringe containing heparin and transferred to

eatr' 'gc tubcs and centrxfuaed ’I‘he plasma wm be transferrecd
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ounous blood will be collected through sterile plastic tubing directly
The centrifuge tube

into a large centrifuge tube containing heparin,
will remain immersed in an ice-water bath during the colicction, then
immediatcely centrifuged at 12 degrees centigrade. The plasma will be
transferred to screw-cap tubes labglcd "ACTH" and frozen., All

tubes will be labeled with name of subject, time and date
3) Fifteen ml of venous blood will be taken at 15:00
18, 19, and 20. Following

10, 13, 14, 16, 17,

hours on days 8, 9
centrifusation, the serum will be transferred to labeled test tubes and

] frozen,
¢. Feces
Feces will be collected in plastic bags on days 8, 9, 10,

12, 13, 14, 16, 17, 18, 19 and 20,

1Y,
d. Vomitus
Any vomitus will be collected in plastic bags for

e

analysis.
=

C. Measurements

1. Electrolytes
Concentrations of sodium and potassium in the diet, venous

blood, stools and urine will be determined by AutoAnalyzer or flame
14 by

Calcium will be measured by atomic absorntion spectro-
ill be measured by the Auto-

§ ﬁﬁ&g Chloride and creatinine w
Anaﬁ‘z;fg {ly ﬁﬁﬂfﬁm{m; method yill be used for phosphate

concentrations,
2. Nitrogen
Urinary nitrogen content will be determined by the Auto-

photometry.

The macro-Kjeldahl techx;iquc will be used for nitrogen

Analyzer.
in the diet and in the feces.

t will be determined by ;oﬁtiue analytical
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\ - Glucose and insulin
Plasma glucose will be moasured by AutoAnalyzer.

ma insulin will be determined by Captain J. Anderson, Metabolic

sion of the USAMRNL employing the method of Morgan and lL.azarow

5. Steroids

a. Plasma cortisol by the Peterson modification (33)

;
thod of Silber and Porter (34) using the Beckman DU Spectro-

'tometer.

) b. Total 24-hour urinary 17-ketostcroids and 17-ketogenic

croids by the Sobel (35) modification of the Norymberski method.

s-liquid chromatography will be used to determine individual

-ketosteroids.
Twenty- four hour urinary aldosterone excretion

c.
Kliman and Peterson

‘~dification of the double isotope technique of

y a
l,2- H3otutrahydro aldosturone, and

0) using I 2 HB—aldosterone,

cetic- i~ C anhydrn]e.
hour ] .
d. Twenty-four/urinary cortisol excretion by the

method of Erlich (37), using 1, 2-H3- cortisol and acetic-1-c'4 anhydride.

8

6. Plasma adrenocorticotropic hormone
ACTH levels in plasma will be determined by the method

of Verni&os-Danelhs (33) by means of bioassay in hypophysectomized

7. Plasma and urinc osmolali
Osmolality will be determined by means of the Fiske

osmometer. '

D. Radioactive Steroids as Tracers in Human Subjects

1. Purification
. 4-Cl4.cortisol (specific activity SA 15-30 mc/millimole)
p 3 . .o

R

T L1 s 1,
Eieiiig ;gmﬁjmﬁ«mmﬁ TITTTEITATy {E14s
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}13 &dosterone (SA 35 curies/millimole) obtained commercially

v Fnaland Nuclear Corporation will be tested for purity by
The purified isotopes will

.ography on three separate systems,
ad sterilized rendering them pyrogen-

’»lved in absolute ethanol, '
Millipore filtration. The isotopes will be kept as a 10% solution
nol in sterile water in a sterile, muiti-dose, stoppered vial

ill be administered intravenously to the subjects by a medical

Dosage considerations and calculations

2.
It has been determined that over 90% of injected radio-

ly labeled cortisol is excreted by human subjects via the kidney
Furthermore, no radioactivity

the first 43 hours (39, 40),
The biological

‘e detected in the body fluids in four days (39).
/life of radioactive cortisol in the human bloodstream is 60 - 80

Similarly, over 90% of radioactive aldosterone injected
The

{human subjects is excreted in the urine within 48 hours (42)

ltion of the tritium and carbon-14 libels in the steroid nucleus is
h that the labels remain an integral part of the compound in the

ly and are excreted intact as steroid metabolites without degradation.
). This factor has enablcd numerous investigators to employ these

btopically labeled steroids in clinical research without the hazards

‘ c”?i;lé prganc concentration, the random labeling of body water by
1z

21
itium, or the e~

Based on knowledge gained from reports in the hterature.

LS o
.

an make the safe assumption that the effective half-life (T 1/2) of
The total

ecse isotopes in man is one day (an over-assumption)
ody burden would be calculated as follows: (44)

1. 4 C -cortisol ! pc injected into'a 70 kg man assuming
‘totaudy dxstnbunon \m.h an effectwn T 1/2 of one day.

| ‘muwmas a x Cx' "px'r nds ,
! %.&%}y&; . ,z

10

'ahon of carbon-, !4 carbon dxoxxde in huma'x subjects.




EB~ 0.050 Mev. for C'*

C ~ 1.0/70, 000

‘ T ~ | day

o DB« 73.3 x 1.0/70, 000 x 0.050 x 1 rads

DB~ 5.27 x 107> rads

2. 1, Z-HS- aldosterone. Two pc injected into a 70 kg man

assuming total body distribution with an effective T 1/2 of one day.

| 'w; ‘ DB~73.8xCx E‘S x T rads
r-: EB ~ 0.006 Mev. for H3.
C ~2.0/70, 000
o T & | day
| DB &~ 72.3x2.0/70,000 x 0,006 x 1 rads
D3 ~ 1.26 x 1072 rads
During ti:e control period 1.0 pc of 4-C'14- cortisol and 2.0 pc
\_/ of I, 2-!13-a1dostero:\c will be injected simultaneously (6.53 x 10'5 rads).
This will be repeated once at high altitu‘de the following week. The tofal’

radiation dosze reccived by each individual will be no more than 1.3 x

~
.

10'4 rads which is considerably below the limits generally agreed
upon for an internal emitter - aniroximeataly 0.1 rem per weck (5 rem

per year).

3. Monitoring radioactivity
i,mf the cxpenmc'\tal studles. after the admzm;tratxow
3

s i toved S

oisotobes all’ ’\crcta \mll be colIected uwtxl levels of radio-

e activity are equal to background levels. All radioactivewaste will

be disposed of by the Radioisntope Section of the USAMRNL as
outlined in "Proccdures for Use of Radioactive Matcrial™ (See Appendix
E Application for Renewal and Amendment to AEC Byproduct Material
“ License No. 5-46-13 (A6%) dated June 1966). Periodic wipes will be

RN
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. Captain R. P. Carson, MC: Medical Officer

. Captain B. Whitten, MSC: Administrative officer

George J. Klian, Ph.D.: Technical supervisor

One NCOIC: Subject control and dietary supervisor

4
5
6
7. Major C. G. Liddle, V.C.: Radiation officer
8
9. Four enlisted military technicians

0

ot 10. Two civilian technicians

C. Contiauous physician coverage during the study will be the

responsibility of Captains A .. Janoski and R. P. Carson of the U.S.

Army Medical Corps.

L D. Cost
| ) | l. Equipment . 800. 00
! 2. Chemicals, including solvents ' %4, 000. 00
._‘ 3. Per diem for subjects 210.00
- &./ 4. Travel for subjects 1,500. 00
'___! 5. Diet for subjects ' 500. 00
| 6. Air freight (samples collected during study) 700. 00
7. Class A Funds ~ 600.00
8. Travel for project personnel (7 investigators, 2,100.00

5 enlisted men, 2 civiiians). Includes one
round trip to Scattle

Rental truck for equipmeat (30 days) 900.00
o 2 for &1 days) e
2 ii i 1 g 1%1@§¥3§§ ‘ 6 } £ E T2 E& 33 EGA - “, AN _':‘:.'_;..;’..if,::l:. PR S
rats for bloassay (’90 rats) 800. 00
Per diem for investigators - . 2,400. 00

13.. Per diem for enlisted men

a. Sea level site - 14 days (government 560. 00
3 quarters available, government mess
< : not availablec). >




14. Per diem for civilian technicians (21 days) $672.00

15. Threc investigators' per diem for three-day 144.00
_— site survey '
16. Three investigators' travel to Seattle for 450. 00
v site survey (3 round trips)
f‘.r"-;.'f.‘,-’ 17. Additional per diera for 3 investigators for 192.00
: four days at sea level site to set up study
p 4 . 18. Additional per diem for 4 enlisted men for 128.00
K. four days at sea level site to set up study
TR (government quarters available; government
! :'”-.‘:;i . mess not available)
A : 19. Miscellaneous expendable items $1,200.00
" Total $18,816.00
- E. Miscellanecous
. Since the final approval by the AEC for the use of isotopes
in human studies rests on the approval of the protocol and delinite
3 site selection for sea level studies, it is requested that final action
' \ on this protocol be no later than 5 June 1967. 1If the protocol is .
e approved at this time, application would then be made to the AEC .
| for action on the license amendment. Furthermore, final action
on the protocol at this date would enable the investigators to prepare
i the isotopes for human administration and to obtain the necessary

chemical supplies for the ficld study.

F. Add_itional Information

- -~ Seb} Appkhiia fiand AppenidicHi 1 it g
; .A. H. JANOSKI

Captain, MC
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 APPENDINI
VOLUMTARY CONSENT STATEMENT

Military Military Patient Civiliza Civilian Potient

PR W ———————

1, ‘ ' . having the capacity to consent,

voluntarily and without force or duress csnsent to perticipate in research involving the use
of tracer amounts of radioisotopes. | have bzan infermed ¢f, and understand, the nature,

duration, and purpose of the experiment, the method end means by which it is to be conducted,

" the inconveniences and hazords to be expected, ond the effects upon my health ond person

which may possibly come from participation in the erperimeat.,

. lintravenzucly)
Specifically, | agree to reccive( nom!‘iy YN o smell quentity of

containing microcuries of . | olso agree to furnich

urine and stcol samples for the period follewing until no detecrable radicactivity is present
ond submit to measurements of expired gases if Carban-14 has b2en 1eceived.

I understond that | moy ot any time during tha course of the experiment revoke my consent
ond withdraw from the experiment without prejudica. o

| do not ot this time have any physical disezses, excep? for the following

, or mental diccace, to the best of my knowledge.

DATE SIGNATURE

SIGMATURE CF \WITNESS

kit
ot

T
A e
e
s

L2011

| have personally ascertainad that the quality of the foregoing contert is sufficient to

permit the volunteer to participate in the expuriment.
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