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p USAMRNL March 1967
PHYSIOL.OGY DIVISION PROTOCOL
K Project No. . 3A104501B71R Research in Biomedical Sciences
Task No. 05b: Environmental Medicine
* Work Unit No. 82: Metabolic Effect of Altitude
% Study No. 4: Endocrine Effects of Altitude

I. INTRODUCTION

It has been established that acute exposure of man to high altitude

causés the onsct of a distressing, incapacitating syndrome, termed
| “mountain sickness." (1, 2, 3) This syndrome is characterized by
impaired physical and psychomotor periormance. The transitory

effects of high altitude exposurc - the most debilitating symptoms -

severe headache, nausea and vomiting, cxtreme fatigue and anorexia

usually last up to 5 - & days in most subjects. These symptoms are
variable in intensity in different people or in the same person at

L—f/ different times.

Various theories have been adva,nce::l in th-e attempt to explain the
etiology of mountain sickness. Research has been concerned primarily
with the cvaluation of cardiopulmonary and acid-base alteraions in
man. Still, all of the rcported, established alterations do not explain

the phenomenon of acclimatization that occurs in most subjects within

. .5« 17days. Re;ently, in the attempt to dzscover the cause of mountam
414 i 3 3
f f'sfigftﬁ%sitgﬂd ig si%\t'thahﬁﬂxs of adapiation, ffves fgato,rs have foeiis

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

in man at high altitude. The fBIIowing sections summarize the obsarved

alterations of endocrine function, body fluids and electrolytes in man
1 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
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Body Fluids and Electrolytes in AMan at High Altitude

When mah ascends rapidly to high terrestrial lecations, therec
is a continuous decrease in plagsma volume, a decrease in extracellular:
fluid volume, and a risc in intracellular fluid volume., Total body
water increascs (15). Total body potassium obtained from beody
scanning for K40 ig noted to be incrcased by one rescarch group {16)
but sirnilar measurements made by USAMRNL show that total body
potassium decreases {15). Excessive urinary excretion of sodium,
potassium and chleride ions has heen 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 changes,

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

These observed effects of altitude on man resulting in body”
fluid shifts and eleétroly-tc alterations suggest diminished aldosterone
sccretion by the adrenal glands. Very recently it has been reported
that urinary aldosterone excretionv does decrease at altitude, approache
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

.....
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_ aecretmn at high altitude by means of 3 g;‘d 3 wlth “human

volunteers _Ifaldostero
altitude in the face of sodium loss, diminished plasma 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 mvestwators using lntermtttent cha.mber studxes in

rnan (20 Zﬂ,_ _:"kctua!*ﬂcll! studies at high aMitude’ 17, 22, 23), <
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have observed a rise in the 24-hour urinary excretion of 17.ketosterocids

and 17-hydroxycorticosteroids during acute ¢xposure. Oue research

group did notc a difference in the excretion pattern of 17-hydroxy-

corticosteroids and 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
environmental 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 Nan at High Altitudes

Studies in man (25, 26, 27, 28) have established that thercis a
lower fasting blood glucose level and greater utilization of glucose at
high altitude. Whether the cause of enhanced glucose utilization is
sccondary to increased insulin-secrc_tion or the effect of adreno- -
corticosteroida on glucose metabolism, is not known, and should be

determined.

FHH74 118 OBJEGEIVE. - & i

The objectives of the present proposal to study human subjects

at high altitude are (1) to evaluate through balance studies, the nature

of electrolyte alterations; (2) to determine thé magnitude of the stress
response at altitude by evaluation of pituitary and adrenocortical function;
{(3) to measure and corralate the aldoste;;nc sccretion and excretion in
relationship to electrolyte changes; and (4} ta investigate the mt.cha.usm

for increased glucose utx!iz&tion.
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old) who have signed a olunteer form indicating their

: of tracer quantities of T ve ateroid compounds and their \\nhngncss
T T2 zﬁn f!‘ Fifs99edebitt oty
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‘The purpose of the study will be to correlate these findings with the

severity of mountain sickness symptoms at 14, 100 fect.

II1. JUSTIFICATION _

Reports concerning the Indian Army {29) have furnished alarming
evidence of incapacitating medical and personnel 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-selecting or pre-

conditioning troops.

Knowledge of the endocrine function in man at high altitude would
shed light on the adaptive changes that occur during the stress of hypoxia.
Significantly patho-physiological alterations in hormone secrction can be
dealt with therapcutiéally. Reccent Army Rescarch Office canfer'enc.es
(30, 31) have pointed to 2 military need for studiés on physiology, pharmao-

cology and performance in high terrestrial environments.

1Vv. EXPERIMENTAL DES
A. The subjects yfll be ten U.S. Army volunteer3\{19 to 25 years

owledge of the

scope of the procedures planned, including the intravenous administration

to serve as sub_;ects. The radicactive concentration o?{ﬁese 13btdpes will
be recorded in the subjects" 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 pré‘sent.during the entire study

and is authorized to terminate the experiment at.any time continuation ]

ould be detrzmeml to. the health of the 3ubject
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" hours day 15,

The stfndy will be conducted for a total period of 21 days
beginning 11 September 1967. The sea level test site is to be selected
on the basis of available facilitics and voluntecrs, It is imperative that
the sca level site be located in a temperate climate. A hot, humid
climate would make e]ectrolyfe baiance studies inaccurate. In addition,
heat exposurce alters blood volume and this would inter fere wi_th studies
on aldosterone secretion. Tentatively, Fort Lewis, Washington has
becn selccted as a site meeting these specifications. Other possibilities
include Fort Ord, California; Fort Devons, 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 uatil the cnd 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 p'ﬁase will

be conducted there with living quarters provided for the subjects.

B. Clinical Study
1. Plan of study
a. Sea. !evel teat penod 09 00 hours day l to 09 OQ ]
b. Travel peried - day 15.
c. Altitude test pex;iod - 09:00 hours day 16 to 09:00 hours
day 21.
2. Diet ' -

A prepared liquid diet cornprising daily consumption of

) 2 800 calorlcs as 53% ca.rbohydra.!e. 15 7o protem. and 30% fat. The

80 mEq of potassmm. 1600 mg of calcmm. and I’OO mg of phosahm us,
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The diet and water content are to be constaut 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

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 -

b. 4-(‘,14- cortisol {luc) and 1, 2- HB- aldosterone {2uc) -
administered intravenously in 10 ml sterile solution of 10% ethanol in
water at 09:00 h.ours on days 9 and 17.

c. Sogium 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‘natc and citrate salts} - to maintain constant daily

potassium intake if mtake of food dmumshes when anorenc.

R R P e g e e

e. Calcium gluconate tablets - ::00 mg 1f 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 racorded.

g. Intravenous mfusmns of isotonic sodium chlonde

inistered if severe von'-itmg occurs in oﬂ!er' o

to maintain electrolyt‘, and water b'\lance

6




S." Collcctions

2. Urine
Total 24-hour urine collections will be obtained
each subject starting at 09:00 hours each day. FEach collection

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

'ction The days of collection arc 8 through 14 and 16 through
h:‘hg.. urine will be stored in large plastxc bottles and kept under
|
iscration at all times during collection. At the end of each

!

bur collection period, all urine collected will be frozen and will

|
f
ﬁ:pt in this state until analysed at the USAMRNL. All specimen

and the starting and

I
les will be labeled with name of subject,
Radioactivity labels will be

e

I
ing dates of the 24-hour collection.
ed to all 24-hour urine samples collected after the administra-

'Lof L:msotopcs to the subjects,
b. Blood
(1} Plasma insulin and glucose
At 08:30 hours on days 6 and 20, 5 m! of

]
i
i
i
i
i
i
!
i
]

ous blood will be drawn into fluoride-oxalate vacuum tubes
lowing oral glucose administration, similar samples will be
120, 240, and 300 minutes. The

en at {5, 30, 45, 60, 90,
The subjects are to

bellabele;l nd the contenta frozen

el be labe
' iﬂﬁ‘m Pﬂ?i‘?“*f"ﬁ«-.

jfram frorﬁ s mcmi
/

ood sa.mp!e is drawn,
(2) Plasma ACTH and cortisol
13, 16, 17 and 18, venocus

On days 9, 10,
Tﬁirty- ml of blood will be

!
:

ood will be taken at 03:45 hours.
rawn into a syringe containing heparin and transferred to

entr"'gc tubcs _a d centnfuged The plasma \u!l be transfern.d




olhcnous blood will be collected through sterile plastic tubing dircetly
The centrifuge tube

into a large centrifuge tube containing heparin
ill remain immersecd in an ice-water bath during the collcction, then
The plasma will be

wi 2
immediately centrifuged at 12 degrees centigrade
" All

transferred to screw-cap tubes labeled "ACTH” and {rozen,

tubes will be labeled with name of subject, time and date

} 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 scrum will be transferred ta labeled test tubes and

frozen,

c. Feces

| Feces will be collected in plastic bags on days 8, 9, 10,
" 1%, 12, 13, 14, 16, 17, 18, 19 and 20, |

; d. Vomitus
o Any vomitus will be collected in plastic bags for

! analysis.
C. Measurcments

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

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

Caleium will be measured by atomic absorntion spactro-
ill be measured by the Auto-

photometry.
Chloride and creatinine w
o mathod will be used for phosphate

? - ﬁ%ﬂmmﬂ HAJ ﬂjﬁ@ﬁh}{

.r"l Analyzer.

’ ) concentrations,
2. Nitrogen

Urinary nitrogen content will be determined by the Auto-:

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

I Analyzer.
in the diet and in the feces
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o * Glucose and insulin
Plasma glucose will be measured by AutoAnalyzer

na insulin will be determined by Captaiu J. Anderson, Metabolic

sion of the USAMRNL employing the method of Morgan and Lazarow

5. Steroids
Plasma cortisol by the Peterson modification (33)

a.
ithod of Silber and Porter {34) using the Beckman DU Spectro-

fl1tomcter.
' b. Total 24-hour urinary 17-ketostcroids and 17-ketogenic

|
roids by the Sobel {35) modification of the Norymberski method

s-liguid chromatography will be used to determine individual

Twenty- four hour urinary aldosterone excretion

_}-ketostcroids.
H
1

Kliman and Peterson

. c.
vy a r ~lification of the double isotope technique of
0} using 1, 2-H -aldosterone, 1, 2- Hs-tctrxhydroaxc.osturone. and

anhydride.
Jhour .
d. Twenty-four/urinary cortisol excretion by the

i'nethod of Erlich (37), using 1, 2-13- cortisol and acetic-1-C!4 anhydride.

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

: 14
Ecctic- \-C
[

6.

i
i
oi Verniaos I)anell:s (33) by means of bxoassay in hypophysectomized

4

rats.
; 7. Plasma and urinc osmolality
‘ Osmolality will be determined by means of the Fiske
: osmometer, . .
1 D. Radioactive Steroids as Tracers -in Human Subjects
E 1. hPur'ification '
.: b 4-014-cortisgl ‘,s.pec:iﬁ_c_ ac_tiv_ity SA 15-30 mic/ millimole)

R *#ﬁmﬁi 4 HE G




H -&dostf.rone {SA 35 curies/millimole} obtained commercially

+ Fngland Nuclear Corporation will be tested for purity by
The purified isotopes will

ography on three separate systems,
slved in absolute ethanol, and sterilized rendering them pyrogen-
The isotopes will be kept as a 10% solution

Millipore filtration,
hol in sterile water in a sterile, muiti-dose, stoppercd vial

rill be administered intravenously to the subjects by a medical

'
Dosaze considerations and calculations

l z. BE
’ It has been determined that over 90% of injected radio-
1y labeled cortisol is excreted by human subjects via the kidney

Furthermorae, no radicactivity

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 bloodstrearm is 60 - 80

Sumla'ly. over 90% of radicactive aldosterone injected
The

j'xtes \/}

hutnan subjocts is excreted in the urine within 48 hours (-!2}
tion of the tritium and carbon-14 ldbels in the steroid nucleus i3
}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 enabled numerous investigators to employ these

f). Thi
;;:taplca.ily labeled steroids in clinical research without the hazards
gan concentration, the random labeling of body water by

Iw al or

fﬂ‘i fia.,

itiurm, or t‘wc cxmratim of carbom !4 ca.rbon daoxldc in huma'x sub;ects
. IR -?":.“‘—-lw A TR

Based on knowledge gained from reports in the literature, one -~

5
ian make the safe assumption that the effective half-life (T 1/2) of
ﬁxcse isotopes in man is one day {an over- as»umptmu) The total

y burden would be calculated as fpllo-.vs (44)
} uc injected into'a 70 kg man assuming

3od

§ I. 4-Ci4—cortisol.

::totauy dlstnbunon with an effective T 1/2 of one day.
f"‘”?ﬁhm,n.a x(:x' &x%nds .

| 10




Efa 0,050 Mev. for ¢'4

C a 1.0/70, 000

T | day

DB« 73.3 x 1.0/70, 000 x 0.050 x | rads
DB~ 5.27 x 107 rads

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

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

DBa73.8xCxEBxT rads
EB ~ 0. 006 Mev. for H3.
C ~2.0/70,000

T:a 1 day
DB a 72.3%x2.0/76,000 x 0,006 x 1 rads

D3 ~ 1.26 x 1072 rads

During the control period 1.0 uc of 4-C-14—cortisol and 2.0 pc
of 1, 2-113‘aldostcro:xc will be injected simultaneously (6.53 x T rads).
This will be repeated once at high altitu'de the following week., The tofal’
radiation doze received by each individual will be no more than !.3 x
10°% rads which is considerably below the limits generally agreed
upon for an internal emitter - asiroximeately 0.1 rem per week (5 rem

per year).

3. Monitoriag radioactivity

4 R Yord ', . o .
g -...."?—-A_&:,;_.. .

%‘i? F{In&the cxperzmc'\tal stud:es. aft;r the admimstratmn
rad sotobes all axcreta will be colIec‘teé‘ ntil levels o!‘ radior -
activity are equal to background levels. All radicactivewasie will
be disposed of by the Radioisatope Section of the USAMRNL as
outlined in “"Procedures for Use of Radicactive Material™ (See Appendix

E Application for Renewal and Amendment to AEC Byproduct Material

License No. 5-44-13 (A6%) dated June 1956). Periodic wipes will be




taken of all arcas for possible contamination and counted by means of

“k./ a liquid scintillation counter.

All rules, regulations and limitations set forth by Army AEC

v and local authorities, including those embodied in AR 70-25; AR 40-37;
RREX Title 10, Part 20, Code of Federal Regulations ""Standards for Protection

Against ‘a.liation”; and Handbook 69 of the National Bureau of Standards
will be co.plied with,

Enclosed and attached to this protocol is the Voluntary Consent

e Statement relating to the intravenous administration of radicoisotopically
e labeled steroid compounds as tracers. {See Appendix I)
,; 4, Determination of the Sccretory Rates of Cortisol and
: Aldosterone
P : a. Cortisol scecretion rate.

The cortisol secretion rate will be determined
‘ by the method of Roginsky, et al. {45) irom the combined 43-hour
urine collection follovring isotope injectivn
b. Aldosterone secrction rate
This will be determined by the method of Kelly,

et al. (46) using the double isotope derivative method.

V. ADMINISTRATION

A. The study will be the responsibility of the Physiol'ogy Division
1ii1iq:, 9f USAMRNL. |
iR PRAMARNL. e e
B. The personnel and their responsibilities will be assigned as
follows:

1. Captain A. H. Janoski, MC: Project leader; responsible

medical officer. ,
2. John P. Hannon, Ph.D.,: Projegt Co-leader.
3. J. L. Shields, Ph.D.: Project Co-leader.




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

5. Captain B. Whitten, MSC: Administrative officer
6. George J. Klian, Ph.D.: Technical supervisor

7. Major C. G. Liddle, V.C.: Radiation officer

8. One NCOIC: Subject control and dietary supervisor
9. Four enlisted military technicians

0

Two civilian technicians

C. Continuous physician coverage during the study will be the

responsibility of Captains A . Janoski and R. P. Carson of the U. S,
Army Medical Corps.

D. Cost
. Equipment ‘ 800. 00
2, Chemicals, including solvents ' .$4, 009, 00
3. Per diem for subjects 210.00
4., Travel for subjects I, 500, 00
5. Diect for subjects ' 500. G0
6. Air freight {samples collected d.uriag 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 Scottle

Rental truck for equipment (30 days) 900. 00
e 2 ,for Z,l days}, _
i "i li"i%;@#rigl* ! .‘ 1] i LI i £ 3 -. [ - e q SETRTE I S R pidy
rats for bloassay (’50 rats) ' 800 00
12. Per diem for investigators - ' 2,400, 00

13, . Per diem for enlisted men

a. Sea level site - 14 days {government 560, 00
quarters available, government mess
not available). »




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

15. Threc investigators' per diem for three-day 144. 00
site survey '

16. Three iavestigators' travel to Seattle for 450. 00
s site survey (3 round trips)
‘?-_i*r.'f_-? 17. Additional per diem for 3 investigators for 192.00
four days at sea level site to set up study
] 4 . 18. Additional per diem for 4 enlisted men for 128. 00
SRR four days at sea level site to set up study '
N (government quarters available; government
. 7:_‘@_} ) mess not available)
s : 19, Miscellaneous expendable items $t,200. 00
el , Total $18,816.00
- E. Miscellancous
- Since the final approval by the AEC for the use of isotopes
' in human studies rests on the approval of the protocol and delinite
A site selection for sea level studies, it is requested that final action
| \ on this protocol be no later than 5 June 1967. If the protocol is .
S approved at this time, application would then be made to the AEC .
1 for action on the license ameandment. Furthermore, final action
on the protocol at this date would enable the investigators to prepare
. the isotopes for human administration and to obtain the necessary

chemical supplies for the ficld study.

F. Add_itional Information

.A. H. JANOSKI
Captain, MC




o APBPENDIN I
VOLUMTARY COMSENT STATEMENT

Military Military Patient Civilian Civilian Potient

A — et i

————

1, _ ' . having the capacity to consent,

voluntarily and without force or duress cananen? 1o perticipate in research involving the use
of trocer amounts of rodioisotepes. | have bozn infermed ¢f, and understond, the nsture,
R duration, and purpose of the experiment, the method end means by which it is te be conducted,

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

“' - - * L - - L
which may possibly come from perticipution in the erperiment,
T . _Gatraverzusly) .
Specifically, | agree to receive( omg‘;y N o smell quantity of
containing microcuries of . 1 also agree to furnish

urine and stcol samples for the period follewing until no detectoble radicactivity is present
and submit to measurements of expired gazes if Corhan-14 hat baen received,
| understond thot | moy of any time during tha course of the experiment revoke my consent

and withdraw from the experiment without prejudice. .-

| do not ot this time hove any ghysical disezses, excep! for the following

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

| . DATE SIGMATURE

SIGMATURE CF WITNESS

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

permit the volunteer to participete in the experiment,
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