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Endocrine Effects of Altitudc 

I. INTRODUCTION 

It has been establishcd that acute cxposure of man to high altitude 

causes the onsct of a distressing, incapacitating syndrome, termed 

"mountain sickness. 'I (1, 2, 3) This syndrome is characterized by 

impair ed physical and psychomotor periormancc. 

effects of high altitude exposure - thc most dchilitating symptoms - 
scvcre headache, nausca an3 voniiti;lg, cx-trcme fatigue ntid anor exia 

usually lzst up to 5 - 6 days i:i most subjects. 

variable in intensity in different pcople or in the same person at 

differ cnt times. 

Thc transitory 

Thesc symptoms arc 

Various theories have been advanced in the attempt to explain tha 

etiology of mountain sickness. 

with the cvaluatian of cardiopulmonary and acid-base altcrzkions in 

man. Still, all of the reported, established alterations do not explain 

the pbenomcnon of acclimatizztion t?iat occurs in most subjects within 

Research has bccn concerned primarily 

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

in man at high altitude. 

alterations of endocrine function, body fluids and elcctrolytcs in man 

. 
The following sections summarize the obscrvcd 

I at high altitude. There is a wealth of literature 6f similar observations 
t 

conducted on animals which is essentially consistent with the reports 
-:* i 
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Body Fluids and Elcctrolytcs .- in hhn at Hizh Altitude 

\!'hen man asccnds rapidly to high terrestrial locations, thcrc 

is a continuous decrcase in plasma volunic, a decrease in extracellular . 

fluid voluriie, and a risc in intracellular fluid volume. 

watcr increases (15). 

scanning for K4O is noted to be increased by one research group (16) 

but similar measurenients made by USAMRNL show that total body 

potassium decreases (1 5). Exccssive urinary excretion of sodiam, 

potassium and chloride iocs has hcei1 docurnentcd (15, 17). 

a significant rise in salivary sodium to potassium ratio (13) and urinary 

sodium to potassium ratio (17). 

uriw * 

Total body 

Total body potassium obtained from body 

There is 

In addition to elcctrolytc changes, 

volume increases at' high altitude (I 9). 

These observ ecl effects of altitude on tnan resulting in body- 

fluid s hi f t s and e 1 e c t r ol yt c a1 t c r E! t i on s s ug g e s t di mi ni s 11 e d a1 do s t e r on e 

sccretion by the adrenal glands. 

that urinary aldosterone escretion does dccrzase at altitude, approach- 

ing zero within t5ree days of high altitude cxposure (19). 

findings appear to be consistent with the observed pattcrn of urinary 

electrolyte excretion. Additional investigation is necessary in order 

to establish and correlate the electrolyte cliangcs with aldosterone 

Very recently it has bccn reported 

These 

altitude in the face of sodium loss, diminished plasma and extra- 

cellular fluid volumes, the mechaxiam is unknown and is contrary 

to accepted physiological controls of aldosterone secretion. 

Adrenocortical Function in Mzn at HiEh Altitude 

- 
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have observed a rise in the 24hour urinary excretion of 17-kctostcroids 

ancl 17-hydrosycorticostcroicls during acute exposure. 

group did notc a diffcrence in thc excretion pattern of 17-hydroxy- 

corticos tcroids arid 17 - kctostcroids. The lattcr decreascd initially. 

Adrenal function has bccn studied in a group of high aftitudc natives, 

and is the same as a comparablc group living at sca lcvcl (24). 

Oiic research 

Thesc studies are generally consistent with the knovn physiologic21 

control of pituitary adrcnal function during stress. 

adrenocortical function to "mountain sickness" and the rzagnitude of 

environmental adrenocortical steroid secretion and ACTH release during 

strcss require additional invcstigation. 

thesc hornioncs during acute altitude cx?osure can dctcrminc thc dcsir- 

ability of a possiblc therapcutic means of controlling t!ie symptams of 

high altitiidc stress in man. 

The correlation of 

The accurate nieasurcmeiit of 

Glucose Tolerance in 1:au at High -4ltitudes 

Studies in xian (25, 26, 27, 2s) have established that there is a 

lowcr fasting blood glucose levd and greater utilization of glucose at 

high altitude. 

secondary to incrczsed insulin secrction or tbc effect of adrcno- 

corticostcroid~ on glucose metabolism, is not known, and should be 

determined. 

Whcther the cause of edianced glucose utilization is 

- : -.. iijj$titt'&=: i--1 ~ QBJZST&V~ . . -I 

The objective sent proposal to study human subjects 

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

of electrolyte altcrations; (2) to dcterminc the magnitude of the strcss 

response at altitude by evaluation of pituitary and adrenocortical function; 

(3) to measure and correlate the aldosterone secretion and excretion in 

relationship to electrolyte changes; and (4) ta investigate the mechanism 

-- 

r increased gfuqose 

-a3 
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The purposc of the study will be to corralatc thcsc findings with the 

severity of mountain sickness syniptoms at 14, 100 fect . 

111. JUST I E'I CA T ION 

Reports concerning the Indian Army (39) have fur:iir?ied alarming 

evidcncc of incapacitating medical and pcrsonncl problems resulting from 

altitude sickness, when a military force attempts to function on mountain 

locatiotis. 

acclimatization and thc relationship of thcse to various mountain sickness 

symptoms m-ight lead to succcssful methods of prc-selecting or prc- 

conditioning troops. 

An under stznding of the physiological alterations during altitude 

Knowledge of the cndocriiic function in man at high altitude would 

shcd'light on thc adaptive clianges that occur during the strcss of hyposia. 

Significantly pstho-physiological a1tcratio:l.s in hormonc secr ction can bc 

dcalt with therapcutically. Rcccnt Ariiiy Rescarch Office conferences 

(30, 31) Iiavc pointccl to a military need for studies on physiology, plisrma- 

cology and performance in high tcrrestrial environmcnts. 

IV. EXPERIMEhTA 

A. The sttbject (19 to 25 years 

old) who have signed 

scope of the proccdu 

bc rccordcd in the subjects'. Army Health Records. The subjects will be 

intervicvec?, exzmincd and selected by a medical officcr 'after review of 

their hcaltli rccords to exclude cardiopulmonary, rcnal or endocrine - 
disorders. -4 medical officer is to be present during the extire study 

and is authorized to terminate the experimcnrat any time continuation 

x$.> : 

-. -4 _I 

-. f . 

i I 

Id be detrimental ct health of the subject. .. 

i- *..$ ! pT+i 1- 1 
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The study will bc conducted for a total period of 21 days 

beginning 11 Septcmbcr 1967. 

on the hsis of available facilitics and voluntacrs. 

the sca level site be located in a temperate climate. 

climate would make el ectrolytc balance studies inaccurate. 

heat cxposurc altcrs blood volumc and this would interfere u.ith studies 

on aldosteronc secretion. Teiitatively, Fort Lewis, 1':ashington has 

been selcctccl as a site mceting these specifications, 

include Fort Ord, California; Fort Dcvons, Massachusetts and Fort 

The sea lcvcl test site is to bc selcctcd 

It is imperative that 

A hot, humid 

In addition, 

Other possibilities 

Wa i nwr i gh t , A la s ka . 

During the sea level test period,' constituting days 1 to 14, the 

subjects will bc started on a constant metabolic diet which will require 

eight days of equilibration of body electrolytes prior to initiating 

balancc studies. This diet will be continued until t?ic cnd of the. study 

on day 2 1. 

or Denver and transferred by Army vchicle to the Xrmy mobile 

On day 15 the subjccts will bc flov:n to Colorado Springs 

laboratory on Pikes Pcak (!4, 100 ft). 

be conducted there with living quarters provided for thc subjccts. 

The altitude test phase will 

B. Clinical Study 

1. Plan of study 

b. 

c. 

Travel period - day 15. 

Altituclc test period - 09:OO hours day 16'to 09:OO hours 

2. Diet I 

A prepared liquid dict comprising daily consumption of 
* 

alorico as 55% carbohydrate, 15% protein, and 3 

'b'f +I cctrol'yte. 4 -~- - 

a .. 

80 mEq. of potassium, 1600 nig of calcium, and. 1200 mg of plios?horus; 
* -. 

.U 

I 
% *- i i - -c - 

- 
I 
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4 The diet and watcr contcnt are to be constant and analyscd. 

thc day of travel, the subjccts will bc niaintainccl on this dict. 

During 

On 

L 

days 5 and 19, the subjccts will fast from 2l:OO hours until 14:OO 

hours the fol!ov:ing day (glucose tolerance test). 

smoking during this interval. 

There will be no 

3. Water intakc 

Distillcd water will be uscd for drinking purposes. Daily 

water intake wi!I be measured and recorded. 

of water per subject pe'r day is to be consumed. 

A minimum of 1500 nil 

4. Medications 

a. Glucosc - 100 grams in distillcd water aclministcred 

orally on days 6 and 20 at 09:OO hours 
14 3 

b. 4-C - cortisol (lpc) and 1,2-H - aldosterone (2pc) - 
administered intravenously in 10 ml stetile solution of 1Oy0 ethanol in 

watcr at 09:OO hours on days 9 and 17. 

c. Sodurn chloride - 500 my, in gelatin capsulcs in the: 

event of diminished dietary ixtake to zxaintain constant daily sodium 

intake. 

d. Potassium replaccrncnt ejisir (5 ml' contains IO m~q. 

of potassium as gluconate and citratc salts) - to maintain constant daily 

diminishes when anoretic to inaiatain constant 'daily intake of calcium. 
. <- 

f. Aspirin and Darvon - administered orally at the 

discretion of the medical officer for headache. 

of administration are to be recorded. 

The dosage and timc 
- 

g. Intravenous infusions of isotonic sodium chloride 

Aistered if severe vomit 
f.*Z)'i?!*f-q 2 - * -._ -'*? 

iuni ~411 b 
p_olPg? 3 1 i * f t * f$j 

to maintain electrolyte and water balance. . -. .. ' * . 
* ... 8 

-4 

-* ~ . +-*. .6 .. 

----.- _. - -_ 
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b Collections 

a. Urine 

Total 24-hour uriire collections will be obt3iried 

leach subjcct starting at 09:OO hours each dzy. 

/I will ciid on 09:OO hours the fol1owi:rg day with the subjects 

Each collcction 

i' . , 

bg at this time and adcling this specimen to the previous day's 

tion. 

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

Thc days of collection are 3 through 14 and I6 through 

seration at all tirncs during collcctisn. At the end of each 

period, all urine collected will bc frozen and will 

pt in this stato until analysed at the USAMRNL. All spccimcii 

es will be labeled with name of subject, and thc starting and 

ig dates of the ?¶-hour collcction, Radioactivity labels will be 

cd to all 24-hour ur'inc samples collected after the administra- 

of Lioisotopcs to the subjects. 

b. Blood 

(1) Plasma insulin and glucose 

At 05:30 hours on days 6 and 20, 5 ml of 

ous blood will be drawn into fluoride- oxalate vaciiilm tubcs. 

towing oral glucose administration, similar samples will be 

n at IS, 30, 45, 60, 90, 120, 240, and 300 mimtcs. The 

frozen. The subjects are to 

~~~~~~~~~ 

od sample is drawn. 

(2) Plasma ACTH and cortisol 

On days 9, 10, 13, 16, 17 and 18, venous 

od will ba taken at 03:45 hours. "5irty ml of blood will bc 

awn .into a syringe containing heparin and transfcrred to 

i 

. '-' ..,: -* _. 
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oLnous blood v,pill be collcctcd through sterilc plastic tubing dir cctly 

into a large ccntrifugc tubc containing heparin. 

will remain imtaerscd in an ice-water bath during thc collcction, then 

immcdiatcly centrifuged at 12 degrccs centigrade. 

transferred to scrcc*-cai> tube3 labeled ”ACTH” and frozen. 

tubcs will be labelcd with II~LIIIC of subject, time and date. 

The centriftrge tubc 

Tho plasma will be 

All 

3) Fifteen m1 of vcnous blood will be taken at 15:OO 
I’ I 

hours on days 8, 9, 10, 13, 14, 16, 17, 18, 19, and 20. 

centrifugation, the scrum will be transferred to labeled test tubcs and 

frozen. 

Following I 

I 

I 

I 

I 

c. Feces 

Feces will be col1cctt.d in plastic bags on days 8, 9, 10, 

11, 12, 13, 14, 16, 17, 18, 19 and 20. 

d. Vomitus 

IC, Any, vomitus will bc collectcd in plastic bags for 
* 

analys is . i 
C. Measurc:l:cnts 

1 Elcctrolytcs 

Concentrations of sodium and potassium in the diet, vcnous 

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

photometry. Calcium will be measured by atomic absorption spectre- 

will be measured by the Auto- 

will b 
.- 

concentrations. 

2. Nitrogen 

Urinary nitrogen content will be determined by the Auto- 

The macro-Kjeldal~l tcchriiquc - will bo uscd for nitrogen Analyzer. 

in the diet and in the fcccs. 
’ .* 



L. Glucose and insulin 

Plasma glucoj e wil1 IC nisasurcd by AiitoAnalyzcr. '-:: ..<A? 

tl 
e.. *- . 

.na insulin will be dc-terr.iixicc1 by Captain J. Anderson, hlctabolic 

sion of tlic USAM3iNL ernp1oyi:ig the method of hforgan and Lazarow 

5. Steroids 

a. Plasma cortisol by the Peterson modification (33) 

/hod of Silbcr and Porter (34) using the Becknian DU Spectro- 

1 Itonicter . 
I 

I b. Total 24-hour urinary 17-ketosteroids arid If-ketogcnic 

roids by the Sabel (35) modification of the Norymbcrski method. 

-liquid chromatography will be used to dctcrminc individual 

-ketostcroiJs. 

e. 

.... 
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1 : .' :. c. Twenty- four hour urinary aldosterone excretion 

-dification of the doublc isotope tcchniquc of Klinian and Peterson 

3 3 
g 1,2-H -aldosterone, 1, 2-€I -tctrahydroa:c?osturonc, and 

~"l anhydride. 
hoyr 

d. Twenty- fourZurinsry cortisol excretion by the 

rthod of Erlich (37), using 1,2-~~- cortisol and acetic- ! - Ci4 anhydride. 

6. Plas ma aclr enocor ticot r opic hor monc 

ACTH lcvcls in plasma will be determined by the method 

1 by means of bioassay in hypophysectomized 

~~~~#~~~~~~~~~~ iif ~~~~~~~~~~~~~~~~~~~ 

I* 

7. Plasma and urinc osmolality 
,- 

Osmolality will be dctcrmincd by means of tho Fiske 

08 momctor . . 
D. Radioactive Steroids as Tracers in Human Subjects 

1. Purification 
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H3-hosteronc (SA 33 curies,'nlillimole) obtained comrncrcialfy 

.tr England Nuclczr Corporation will bc tested for purity by 
*e -: , 

.ography on thrcc scparstc systclns, The purified isotopcs will 

.- 

Avcd in absolute ct!is:iol, s:id sterilizeJ rendcring them pyrogcn- 

Milliporc fi!tration. The isotopes will bc kcpt as a 10% solution 

01 in ytcrilc water in a stcri:e, niuiti-dose, stoppered vial. 

ill be adrninistcrscl intravcnously to thc subject3 by a medical 

1 2. Dosase consideratioris and calcu!ations 

It has been determined that ovsr 9070 of injectad radio- 

ly labeled cortisol is escratcd by human subjects via the kidney .. . 

_. ' 

the first 43 hours (3?, 40). Furthermore, no radioactivity 

e dctcctcd in the body fluids in four days (3?). Thc biological 

life of radioactive cortisol in the human bloodstream is 60.- 80 

itcs ). Similarly, over 90% of radioactive aldosterone injected 

human subjects is cxcretcd in the urine witkin 48 hours (42). The 

tion of t!ie tritium and carbon-14 lStels in t!ic steroid nuclecs is 

rctnain an integral part of t!ie compound in thc 

and arc cscretcd intact as steroid metabolites without degradation. 

This factor has enablcd numeraus investigators to employ these . 
opica!ly labeled steroids in c1i:iical rusearch tt.it?iout the hazards 

centration, the random 1sbcli:ig of body water by 

at ion of ca rbn4-4. carbon . -'t i 

Bascd on knowledgc gaiiiccl from rcports 

n make the szfc assumption that thc effective half-life (T 1!2) of 

oe isotopes in m3n is one day (an ofcr-assumptiotr). The total 

dy burden vtoulc! be calculated as follow;: (44) 

ortisol. I pc injected into a 70 kg man assuming 

ion with an effective T 112 of one day. ... 

t 

- 6.. f 10 

-_ 
*- i ___ a 
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Epa 0.050 MeV. for C 

C 1.0/7 0,000 

T 1 day 

D,O CC: 73. '3 x I. 0/70,000 x 0.050 x 1 rads 

Dp 5.27 x IO" rads 

I, 2-H - afdostcrone. 
3 

2. Two pc injected into a 70 kg man 

assu:ning total body distribution with an effective T I /2 of one day. 

- 
Dp % 73.8 s C x E? x T rads 

&3 0.006 Mcv. for H3. 

C ry2.0,'70,000 

T e 1 day 

Dp EJ 72, .3 x 2.0/70,0@0 x 0. OOC x 1 rads 

D,3 1.26 x rads 

During tile control period 1. 0 pc of 4-C 
-1 4 

-cortisol and 2. 0 pc 

3 
of I, 2-11 -aldostcronc will be i:ijectcd simu1tancousIy (6. 53 x IO-' rads). 

This will be rcpcsted oncc at high altitude the following weck. The tof%l:' 

radiation dose reccived by each individual will be no more than I. 3 x 

loo4 rads which i3 considerably bc1ow the limits generally agreed 

upon for an i:iter:ia! ec-iittcr - a:>:broxirn?.tr::y 0. I rcin per weck (5 rem 

per year). 

3. Monitoriilg rldioactivity 

activity arc equal to background lcvcls. 

be disposed of by the Xadioisotope Section of the USAMiiXL as 

outlined in "Proccdures for Use of Xadioactive hfatcrial" (Sce .I\ppenclix 

A11 radioactivewaste will 

E Application for Renewal and Amendment to AEC Byproduct Matcrial 

License No. 5-46-13 (A56) datd June 1956). Periodic \vi?es will be .. .-..- .. 
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taken of all arcas for possible contamination and counted by means of 

a liquid scintillation countcr. 

All rules, regulations ani limitations set forth by Army -4ZC 

and local autlioritics, including t'iose cmbodiccl in .rZR 70-25; AR 40-37; 

Title 10, Part 20, Code of Federal Rcgulations "Standards for Protection 

Against :a.!iation"; and I-Ianclbook 69 of the National Bureau of Standards 

will be cos li>!icd wit?;. 

Enclosed and attached to t!?is protocol is the Voluntary Consent 

Statemcilt relating to the intravenous erlminist ratior? of radioisotopically 

labcled steroid compounds as tracers. (See Xppendix I) 

4. 

Aldosterone 

Determination of tlic Secretory Rates of Cortisol and 

a. Cortisol sccrction rdte. 

The cortisol secrction rate v:ill b2 dctcrrnined 

by the niethod of Rogi:isky, et al. (45) iroin the conibined 43-hour 

urine col1cc:io:i follov.*ing isotopc i!ijcctiun 

b. Aldosterone sccrction rate 

This will be determined by the method of Kelly, 

et al. (-16) using the double isotopc derivative method. 

V. AD%<I?JIST :?ATION 

A. The study will be the responsibility of thc Physiology Division 

Qf uSb&fRNI,. 
iii+* - Sti iii i 1 -r- *r+J - 

, -. "* ' B. The personnel and their responsibilities will be assigned as 
-.- 

follow 9 : 
. "7 

-:e23 - 

- ** .. -.;*.3 1. Captain -4. H. Janoski, hfC: Project leader; responsibie 
- 

medical officer. .-'n 
11 

2. . John P. Hsnnon, Ph. D. : ProjeCt Co-leader. 

3. J. L. Shiclds, Ph. D. : Project Co-leader. 
...,-- 
. .. . -* 
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4. Captain R. P. Car3on, MC: Medical Officer 

5. Captain 13. Whitten, XISC: Administrative officer 

6. George J. Klian, Ph. D. : Technical supe.rvisor 

*e-* 7. Major C. G. I,iddle, V. C. : Radiation officer 

* .*e-. 8. One NCOIC: Subject control and dictary supervisor 
.: 

I -. 
a't 6j 

'*; 
* .- -. 9. Four enlisted military technicians 

10. Two civilian tcchriiciens 

C. Conti:iuous physician coverage during the study will be the 

responsibility of Captains ;\.€I. Janoski and R. P. Carson of the U. S. 

Army iMedical Corps. 

D. Cost 

I. Equipcient 

2. Chemicals, including solvcnts 

3. Per dicm for subjects 

4. Travc: for subjccts 

800.00 

$43 000.00 

210.00 

1, 500.00 

5. Dict for subjects 500.00 

6. Air freight (samples collected duriag s'tudy) 700.00 

. 7. Class A Funds 600.00 
.. 
-4 8. Travel for project personnel (7 investigators, 2, IC)O.OO 

* .'#" 
5 cnlisted men, 2 civilians). Includes onc 

round trip to Seattle 

9. Rental truck for equipme:lt (30 days) 900.00 

490, -- ~{$~&qfp r' --; 800. =& 

IT.' 
12. Per diem for investigators ' 2,400.00 

13.. Per diem for enlisted mcn 

a. Sea level site - 14 days(govcrnxncnt 560.0@ 

- -.. quarters available, govcrnmcnt mess 

+ . not availablc). 
. .-,.-- - . .: 
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14. 

15. 

Per diem for civilian technicians (21 days) 

Threc investigators' pcr diem for three- day 

site survey 

Thrcc investigators' travel to Seattle for 

site survey (3 round trips) 

Additionczl pcr diem for 3 investigators for 

four days at sea level site to set up study 

Additioxd per diem for 4 cnlisted me:i for 

four days at sea level site to set up study' 

(govcr nrncnt quarter s available ; govc r nnient 

16. 

17. 

18. 

mess not available) 

19. Miscellaneous expendable items 

Total 

$672.00 

144.00 

450.00 

192.00 

128.00 

$~,200.00 

$18,816.00 

E. Miscellaneous . 

' .I* 

Since the final approval by the .4EC for t?ie use of isotopes 

in human studics rcsts on the approval of the protocol and defi:iitc 

site selection for sea levcl studics, it is requested that filial action 

on this protocol bc no latcr than 5 June 1967. 

approved at tb.is timc, zp?!ication v:ould then be mede to the XEC 

for action on the liccrise arr.endmcnt. Furthermore, final action 

on the protocol at this date would enable the investigators to prepare 

the isotopes for human administration and to obtain thc necessary 

chemical supplies for t1:e ficld study. 

Ii the protocol is 

,~ 

F. Additional Information 
- i. 

- % q&##j$N gqqd #pfl4?rWrcsni * f : - I - + . "?e?- 
18 

.A. H. JANOSKI 
Captain, hIC 

.. 
14 
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VO LU N T Al? Y C 0 i4 5 E r.1 T 5 TAT E LIE t.( T - ..,.,*.? 
* .>*... 

'" 
Civil i;n Civil ion Potieci t 

-___.-- 
Military Patient Mil itory .1 

:.-L 
, having the capacity to consent, 

_I---- - - '8 - 
voluntarily cnd without forcc or duress c;:i:*>p+ to pcrticipci!c. ;n rcscarch involving the uso 

of trocer amounts of radioisstopes. I have bee:) in!crrr,d cf, and undcrc,!and, thc mture, 

-- 
duration, and purpose of the cxpcrimcnt, tLc mcthoj cnd mcons by which it is to be conducred, 

thc inconveniences ond hazordj to bc expx?cd, ond the clfccts upm my health and Ferson 

which nay pssibly come from prticips!io:. in thc crpelimcnt. I 
> 

. . *-&I 

1, (intra vc r. :; uc, I 1) 
-----_--- Specifically, I ogrcc to receive( o smctl qucntity of 

. I olso agree to furnirh 

urine and stcol sarnplcs for the period folls.vir;3 until 13 dctcctoblc radicoctivity is present 

ond submit to mcasuremcnts of cx;)ircsJ c,a:c: ;f Cahn-14 I:ss L~C? rcceivcd, 

----I----- 

microcuries of containing - 
- I. 

I understond that I may ot ony ticx durinj til:? coiirsc of tllc cxperimcnt revoke my consan: 

ond withdraw from the expcrinent w;thou: preiuditq. 

I do not ot this time have any Fhysi:al d;st.;ws, exccp! for t'1c following 

, or merttcil cJ;5cLi:e, ?a the best of vy ~i~owlebc~e. - 
I, 

'I DATE 5 I G N .AT L'RF 

1. 

I* - I hove psrronatly ascertoincd the,? ti:..! quality or the fo;cc;oing conc.cr.t ;s sufficient to 

permit the volunkeer to po;ticip!c ir. :!x c:.;criment. 

- 
. -7 e 
. r- 1" - --.- 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
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12. COORDINATION 

KL*wo~ Altitude; Adaptation, Physiological; Endocrine: Biochemistry; Stress; 
Physiology; Adrenal Function 

(U) Technical Objective: 
under this work unit will be directed toward evaluation of endocrine changes in 
human volunteers produced by the stress of high altitude. In particular, there will 
.be investigation into electrolyte alterations, pituitary and adrenocortical function 
aldosterone secretion in relation to electrolyte changes and glucose metabolism 
during acute exposure of man to a hypoxic enrironment. Determination of the altera- 
tions in endocrine funtion during altitude exposure will contribute to understanding 
the bbic physiologic mechanisms producing mountain sickness and acclimatization. 
SU) Approach; Biochemical and radioisotope techniques will be utilized to 
measure the alterations in endocrine function in human volunteers. Investigations 
will be conducted at sea level and high altitude with the volunteer8 serving as their 
ovll controls. 
to an altitude of 14,100 feet for six days. 
porition will be maintained during the sea level ad altitude test periods. 
Jlill be concerned with electrolyte ad water balance; rteroid excretion ad 

a@) Progress: Initial report. 

1. 

(Study No. 4 - Endocrine Effects of Altitude). Research 

Emphasir will be placed on the acute stress of continuous exposure 
A constant diet of known chemical com- 
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