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APPENDIX 1
Ascorbic Acid Requirements of Men Expossd to Migh Altitude Strem

Arvtyunov (1) hos provieusly reported that vitemin C requirement s increased
in pliots subjected 10 high aititude srem. Since o method to approximate the actual
utilizotion of ascorblc ecid, by the we of C14 labeled ascorbic ocid, In mon hos besn

develapad by this laborotary (2, It Is requested that permimion be grontes to label
humon volumteers with L-ascorbic=1-C 14 acld ot Ft. Devens, Mamachusetts ond ot

the remarch site on the summit of Pikes Peak, Colorado. The subjects to ba used are
the some ones who will be used for the high ol titude study described in Appendix 72,
The cbiect of this experiment is o determine whether or not there is any actusl
changs In vitamin C pool size and rote of utilixation in subjects whjected to high
.d'm‘ .t'd“ Only those volunteer subjects over 21 years of age will be employed
n ese stuaies,

Exporimental Dosign

Four groups of wbjects, oxmisting of 2-3 sbjects per group will be lobeled with
20 we of L-ascorbic=1-C 14 acid ot the start and ot the end of the high cititude study.
The subjects will receive the icbeled ascorbic ocid orolly under the direction of
Le. Col. J. E. Hommon, MC. The subjects will be broken dowm into 4 groups as

fol lows:
Cond!tlonsd
Group lo (sso lowe!)

Fr. Dovens (1) 20 wc doee ot sort of 14,000 fr. study
(D 20 pe dos ot end of sudy (ofter 3 weeks)

Group llla (14,000 ft.)

Piles Pook (1) 20 pc dose @ tims of arivel ot 14,000 f1,
(D 20 pc dose ot end of sudy (after 3 weela)

Non ~Cond |t loned

Growp Ib (e lovel)

Ft. Devers (1) 20 pc dose ot sart of dudy
(B 2 pc deno ot and of sy
Group b (14,000 fr.)

Plisss Pock (1) 20 we dose a¢ tiem of orvivel ot 14,000 1,
(B 30 yo dom ot end of sudy (oPer 3 wenka)




The wbjects will receive the 20 e of L-gscorbic ocid ot 0800 in the moming.
Afver this, they will be required to collect o complete 24-hour urine somple. A
300 m! aliquot will be taken for the isolation of the labeled ascorbic acid and total
anolic acld C14 activity. Whole blood and urinary ascorbic acld determinations
will be made on the day that the sbjects are labsled, then only urinary excretion
of ascorbic acld will be detennined for o 4 to S-day period following the ingestion
of the labeled ascovbate .

As noted previouly, soch swbject will be labsled twice, once at the stort of
ﬂ-MwaoplnmohoddﬂnMy. The total dose of L-ascorblc=1C 14

acid will not axceed 40 pc in eny abject.

Facl litles

There ore excellent facilities avallable ot both Ft. Devens, Momochusetts end
ot the summit of Plkes Peak, Colorado. These focilities are described in detall in
ix 2. The C14 lobsled ascorblc acid will be kept in sealed glos containers
vt l'hnbdnhwudﬂmu\lyemmm'nd.dfoiobl the

T ranaporiat o, Waste Products and Monlitoring

All moterials will be troneported together with the investigators by outomobiie
or alrplons. The isotope will be contelned in o woled glas container (each viel
will corvain @ total of 50 pe). Thess, in tum, will be placed in o smaled plostic
contolner when troraported . Unused portions of the isotope will be retumed to the

in the scms fashion ot the conclusion of the study. All radicactive urine
samples col locted from the subjects wiil be traneported bock to the main Denver

in praper containen. Further, all transportation of the isotope or pecimens
will be properly monitored . Other materials weh s glowwore, pipettes, etc. will
be returned to the main labormatory in Denver for digposol or decontomination as
wecified in Application for Licerse No. 5.46~13(A88). There will be no disposol
of Mbodhlwumlmbndmyoqvwmomm Ft. Devens or of the
summit of Pikes Pock. Further, the experimentol areas at both Ft. Devers ond ot
Plkes Pock will be continuously monitored for radicactivity .

Further, umtu.pcmunmmamm.wnd..mmac“
odhltydhrh'bwhnmﬁbyhnﬂnﬂdmmt‘%zisw
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Task No, 01 Military Bovirommental Medicine

Sub-task No. 70 High Altitude Studiss

REVISED PROTOCOL 31 AUGUST 1964

High Altitude Studies

Study No, 4 Physiologic and Biochemical Studies Related to Performance in
Healthy Sea Level Soldiers at 14,000 feet as Affected by
Physical Conditioning, Transient Intermediate Altitude

Exposure and Acclimatization
Authore: Consolazio, C. ¥., J. E. Hansen, and others

1. Packground;

The military need for further studies at sltitude {s apparent (1). Such
studies cannot be done using ges mixturse| large altitude chambers are unavaile
able to us. It appears as if & militarily and scientifically worthwhile study
can be accomplished this year at 14,100 feet on the summit of Pikes Peak,
Colorado, by this Laboratory with the necessary assistance of many individuals

and agencies.

A pilot study in early 1964 from this Laboratory (2), as yet incompletely
analyred, showed many interssting findings:

&. The reduction in maximal physical performance at 11,400 feet
wvas approximately equal in subjects brought from sea level or 5,200 feet and
was greater than in staff members who were generally older and less fit.

b. Subjects brought from sea level had significantly more
symptomatology for several days.

¢. Maximal pulse rates were slightly lower and resting pulse
rates gradually higher during three weeks at altitude.

d. Maximal performence vas significantly higher after return
to sea lavel.

6. The (RS complex of the electrocardiogram shifted rapidly
with altitude changes.

f. Dietary changes were minimal.

8- Closed circuit basal oxygen consumption was slightly increased
at altitude.

h. Maximal bresthing capacity (BTPS) 1is 27% higher at altitude
than ses level.



We also observed in some subjects persistent fingernail cyancsis for as
long as 20 minutes after maximal performance testing and in several individuals
more subjective dyspnea during performance testing after several days at
altitude. We made no measurements of resting or exercise arterial oxygen
saturation, partial pressures of COy or 0y, pH, lactate, or pyruvate. We had
no estimate of maximel serobic work. Recent observations at 14,100 feet
shov a decreased percentage of oxygen extraction during heavy exercise -
falling below resting levels.

A major controversy concerns the alveolar-arterial oxygen gradient
at altitude. Reduction in the gradient would be of value to the altitude
resident. Lilienthal et al. (3) found no difference between altitude and sea
level; Houston and Riley (4) and several others found a decreased gradient at
altitude. Most recently Terman and Newton (5) found & variable but usual
decrease in the same subjects whereas Kreuszer, Tenney, Mithosfer, and Remmars
(6) found a higher gradient in Andean patives than sea level residents.

Many attempts have been made to estimate maximal oxygen consumption
without the actual performance of maximal work and to estimate maximal
serobic work capacity. Wells, Balke, and Van Fossan (7), using rapidly
increasing exercise and venous lactic acid values, found a substantial rise
in lactic acid when the pulse reached 160; with a striking rise in lactic
acid, RQ over 1.0 and no further rise in "oxygen pulse” with a pulse of 180.
Wyndham, Strydom, and Williams (8), using six repetitive exercise levels
and arterial or "arteriolized" lactate and pyruvate values found anaerobic
metabolism (e.g. excess lactate) recurring in well-trained individuals at
55-60% of maximal oxygen intake and 45-50% of less fit individuals. Strydom
(9) states that a 15% increase in aerobic metabolism occurred with only ten
days of extensive physical conditioning. Arterial or arteriolized lactate and
pyruvate measurements have not been reported with simultaneous continuous
oxygen consumption and carbon dioxide output during repidly exhausting

exerciss.

II. Questions to Answer:

Are the symptoms and performance equal im conditioned and
unconditioned subjmacts brought repidly (seven hours) or gradually (two weeks)
to 14,100 feet from ses lewvel?

2. Is maximm performance measured at sea level in conditioned
or unconditioned subjects remaining at sea lewel for four weeks equal to
performance in subjects living at 14,100 feet for four weeks or subjects
living at 5,200 feet for ons week, 10-11,500 fest for one week, and 14,100

feet for four weeks?



. Can ve astimate accurgtely maximal asrobic work capacity from our
present or modified maximal performance test?

4, Is open circuit basal oxygen consumption equal at ses level and
14,100 feet?

3. What is the A-a gradient for oxygen at sea level and 14,100 feet
at vest and during exercisal?

6. Does arterial desaturation persist after maximal exercise after ths
subject is comfortabls? If so, does voluntary hyperventilation or leg movement

reduce 1t?

7. How long does it take after maximal performance for pulse,
ventilation, oxygen consumption and carbon dioxide output to return "o basal
lavels at sea level and 14,100 faat?

8.  Ave EXO axis shifts equal in conditionsd and unconditioned subjects
at 14,100 feet and sea level?

9. Are there changes in the serum slectrophoretic or fat patterns
vith acclamatization?

I1I. Experimental Design:
A. Subject selection

1. Subjects will be non-obsse, Caucasian males, ages 17-25,
rasidente of less than 1,000 feet altitude and in good physical and mental

health,

2. Fifty potentisl subjects will be oriented and screened by
altitude and medical history questiomnaires. After explanstion, subjects must
sign statement of desire to volunteer.

3. Each wolunteer remaining will be given a brief physical
examination, chest X-ray and salectrocardiogram. Anyons with significant
cardiovascular, pulmanary or neurological dissase or defect will be excluded.
Screening will preferably be done at 2 or 3 posts in the eastern United States,
If this {s not feasible 50 subjects will ba sent to Fort Devens, Massachusetts
for screening. Twenty four subjects will be retained for study.

B. Crouping

1. Subjecte will be divided into 2 sections on 30 August, one
of which will undergo conditioning and one of which will not undergo conditioning.
On 15 September each section will be divided into 3 subssctions, each as similar
as possible. The six subsections of 4 volunteers each will become groups



Ia, Ib, Ila, IIb, IXla, or IIID on the basis of the flip of coins.
No. Subjects Group Conditioning Locale after 20 Saptember

“ Ia yae remain at sea level

o I® 0o remain at sea level

4 1la yes 1 vk 5,200'; 1 wk 10-11,500';

“ IIb Do 4 wks at 14,100' & return to sea level
& IIle yes 4 wks at 14,100' & return to sea level
@ I1Ib no 4 wks at 14,100 & return to sea level

¢, Conditioning program and field condition and aptitude testing)

1. All subjects will leave weekly measurement by field testing
of their condition and aptitude from 27 August until 10 November. After divisiom
{nto groups a and b on 30 August, all group a subjects will undergo intensive
conditioning on & deily basis (excluding Saturdays and Sundays) from 8 Septembaer
to 10 Novembar. No subject will have practice for aptitude testing. Group b
subjects will not be allowed to participate in vigorous physical exercise or
vigorous competitive sports axcept as nacessary to measure their condition and

aptitude weekly.

2. Prom 10 November uutil 29 November it is recommended that
all subjects be on convalescent leave. During this time they wvill be free to
exercise as much or as little as thay desire.

D. Critical mescursmants

1. Open circuit basal oxygen consumption and pulses will be
performed several times at sea level and Pikes Peak in groups II and III subjects.

2. Maximal performance testing with the bicycle ergomater and
accessoriss, to include arterial and venous catheters will measure continuously
or at selected times the pulse, blood presurs, electrocardiogram, cardiac output
by dye dilution, temperature, ventilation, oxygen consumption, carbon dioxide
output, and arterial oxygen saturatiom, ;. pCOy, total carbonate, pH, hemotocrit,
lactate and pyruvate. Subjects will go to bed before 2000 hours the nite bafore
testing and remain fasting until completion of the study. Subjects will bacomse
basal and rest one hour supine after catheters are inserted. After 10 minutes
measuremant sitting on the bicycle, subject will pedal at 60 wattas resistance
for 15 minutes, 90-120 watts (to approximate 501 maximal sea level oxygen
consumption) for 10 minutes and 140-230 vatte (single level selected to cause

@



exhaustion in 5-12 mioutes at sea level). Msasurements will be made for 75
minutes after the end of exarcise. Blood loss will approximate 150 ml per

run. This test will be done initially and finally at sea level on all volunteers
and twice while nt altitude on groups II and III subjects.

3, Maximal performance testing with the bicycle ergometer
without blood sampling will be done approximately 8 times on each volunteer.
After resting for 5 minutes on the bicycle, subject begins pedalling with
wattage at 60. Wattage is increwsed by 10 watts every 30 seconds until the
subject stope pedalling from exhsustion or medical interventions. Pulse,
ventilation, oxygen consumption, carbon dioxide output are measured bafors and
during exercise and for 20 minutes after.

4. All blood specimens required for othar analyses (protein,
fat, sndocrine) will be taken thru catheters, thus avoiding any other vesi-

punctures.

S. WVital capacity, 1 second vital capacity and maximal
voluntary ventilation will be measured before sach maximal periormance test

without blood sampling.

6. The Harvard step test with measurement of time up to 3
minutes and pulss 1-1%, 2-2§ and 4-4§ minutes after exercise will be done
weakly on all subjects.

7. The alveolar 002 will be determined twice daily with changes
in altitude and as necessary to determine the change theresafter. Expired
(Heldave-Prisetly) and rebreathing (Campbell-Howeli) methods will be used to
indirectly measurs arterial and mixed vencus pC0,.

8. All subjects will fill out standard symptomstology
questionnaires nightly after supper.

9. Wude body weights will be measured every wmorning bafore
breakfast. '

10. EXGe will be done before altitude exposurg early and late’
in altitude exposure and 3x after return to sea level,

E. Other desireable measurements

1. If s standard ration can be furnished, food and fluid
intake will be recorded and complets stool and urine collections will ba
wadse., Volums of urine will be measured and an aliquot measured for pH,
total COy and specific gravity from 14 Septesber to 10 November. 1If a
standard ration cannot be furnished these messuremants will not ba made.



2. Peychometric testing as determined by Dr. Wayne Evans.

3. Tilt table studies by Dr. Loren Carlson, University of -
Kentucky.

¥. Staff sugmentation required

. 1, Cowpacy grade Army officer with Ranger training, physically
fit, to administer and supervise a vigorous physical conditioning program for
subjacts.

2. Three non-comsissioned officers or specialists .elected or
approved by officer above, each one cepable of supervising 8-12 subjects and
administering vigorous conditioning ::ogram to half of their subjects.

G. Precautions

All subjects will be voluntesrs and will be able to terminate
their participation in this study at any time without prejudice. No subjects
vith known significant cardiovascular, pulmonary, or neurologic disease or
deficit will ba accepted. A physician will be present at all times during
maximel psrformance testing and will have the suthority and responsibility te
terminats any portion of the study at any time he considers any unnecessary
or significant danger to exist. Oxygen and resuscitative drugs will be
available at all times.

H. Discipline

Discipline necessary to accomplish the objectives of the study
and consistent with proper military behavior will be maintained.

I. Dates

Participation in the Fort Bragg study by many members of USAMRNL
in August and early Septamber prevents initial performance messurements before
31 August 1964, Because of the uncertainties of the autumn weather on the
summit of Pikes Peck, all measurements on Pikes Peak should be completed by
30 October 1964.

1. Interview and select company grade officer as soon as possible -
bafors 15 Angust. Presence required 24 August - 13 November 1964.

2. Interviev and salect threa NCO's. Presence required 24 August -
13 Bovember 1964,

3. Notification tc ome or wore ses lewel posts in early August 1964
Tequesting volunteers.




4. On 24-26 August interviev and screen 50 volunteers.

5. On 27 August measure on all remsining voluntears field test
condition and aptitude and om 28-29 Auguet maximal performance ou bicycls
ergometer without oxygen consumption or blood sampling.

6. On 30 August select 26-26 volunteers and divide into sections.

7. On 3 September and weekly thereafter until 10 November
(Pridays or Saturdays) measure field test conditionm and aptitude on all subjects.
In addition test will bs mumn one extra time on the Monday or Tuesday immediately
after groups II and III arrive at Pikes Peak. (Concomitantly once extra for

group I at Devens)

8. On 31 August to 5 Beptember messurs omna bicycle ergometer
performance tast with arterial snd venous cstheters and one maximum bicycle
srgomster performsnce test without blood sampling on 12 wolunteers undergoing

conditioning.
9. On 8 September bagin the daily conditiouing program.

10. On 8-15 September weasure one bicycle drgo-.tcr performance
test with arterial and venous catheters and one maximum bicycle ergometer
parformance test without blood sampling on 12 volunteers not undergoing

conditioning.

11. On 14 September begin balance study om all volumteers.
Balance terminstes approximately 10 November.

12, On 17-18 September msasure one bicycls maximm ergometer
performance test without blood sampling on all volunteers.

13. Oun 20 September fly group Ils and IIb subjects to Demver
to stay at USAMRNC.

14. On 27 Septembar drive group Ils and IIb subjects to Camp
Hale.

15. On 27 September fly and driwe groups IIla and IIIb subjects
to Pikes Peak.

16. On 28 September to 2 October maisure oue bicycle ergometer
performance test with arterial snd wemous cathaters and two tests without blood
saepling on groups IIla and IIID subjscts.

17. On & October drive groups Ila and IIb subjects to Pikes

Paak.




18. On 5-9 October measure one bicycle ergometer performance
test with arterial aod venous catherters and two tests without blood sampling
oo groups Ils and IIb subjects.

19. On 12-16 Octobar repeat #16.
20. On 19-23 October vepsst #18.

21. Prow 28 September to 23 October do six bicycle ergometer
performance teste om group 1 subjects. Length of ride and end of exerciss and
recovery pulse will be recorded.

22. Om 26 October drive and fly groups IIla and IIIb subjects
to Fort Devens. ’

23. On 27-31 October measure oms bicycle argometer performance
test with arterial snd venous catheters and one test without blood sampling om
groups IIIa and IIIb subjects.

2. On 1 November drive and fly groups Ila and IIb subjeuts to
Fort Devens.

25, Om 2-10 Movember measure ons bicycle ergometer performance
test with arterial and venous catheters and one test without blood sampling on
groups la, Ib, Ila and IIb subjects.

26. On 10 Novamber terminate balance study and recommend sending
volunteer subjects vn convalescent leave until 29 November.

27. On 30 lov-bor'to 2 December measure field test condition
and aptitude and s single bicycle ergometry without blood sampling on all
volunteers.

IV,  Logistice:

A. Fort Devens, Massachusetts (ses leval). Arrangements are to be
made with Col. Moring, the C.0. of the USA Hospital at Fort Devens, Massachusetts
with the assistance and support of Lt. Col. Hall, the C.0. of USARIEM, Natick,

Massachusetts.

1. Housing and food is necessary for up to 50 volunteers 26~29
August; 24-26 on 31 August to 20 September, 16 on 21-27 September, 8 on 28
September to 25 October, 16 on 26-31 October, 26 on 1-10 November and 24 om 29
November to 2 December. Housing should {include bede, mattressss, blankets,
sheets, pillowcases, wall lockars, tablse and chalve.



!

2. Housing and food is nacessary for enlisted staff men
varying from one to nine in mmber frow 24 August to 12 November.

3, Housing (BOQ or civilisn motels) are needed for civilian
and officer investigators varying from one to seven in number from 24 August

to 12 November. '
k2 .

4. Llaboratory epace of spproximately 1000 square feet is needed.
An ares of 300-400 squatra feet must be air conditicned to 20-24 degrees centi~
grade for maximal performance testing. Also nacessary in this area are &
latrice, hot and cold water, showers, sioks for weshing glassvare and surgical
equipment, 110 and 220 volt outlets and reasonable light. Ten 4'x8' tables,
20 chairs, 30 cubic feet of refrigerator space, 12 cubic feet of freezer space,
2 vheeled litters, iatravenous stands (2), & tabla lamps, 2-4 waste barrels,
cleaning equipment (brooms, mops, pails), 1 portable surgical operating room
light, two eurgical etands (Mayo) are needed.

8. Expendable supplies desivable are 5 gellons of 95% ethanol,
2 gallons of Westcodyne and 60 liters of normal intravenous salive.

6. Laundry facilities are necessary for EM whites and so that
we can have 2 clean blankets and 10 clean scrub suite per day, 3 arterial
packs per day, 10 pairs of size 7% surgical, and other surgical supplies -

the latter items requiring auto-claving. (We can bring 100 clean scrub suits,
30 pairs of gloves, 100 towels, 1 dozen blankets if necessary).

7. Pive type E tanks of standardizing gas are needed: one
wvater pumped nitrogen, one 5% CO, in air, ome compressed air, and two still to
be specified. One large tank of medical oxygen is nesded.

8. An arss of several acres only for field conditiouing and
condition and aptitude testing is needed. Three telephone poles, 4 sav horees
and rope only are nacessary.

9. Chast X-rays will be needed on all volunteers 24-27 Auguet
and again 27 October or 2 Novembar.

B. Denver (USAMRNL) (5200 fest). Pood &nd houeing is required for 8
subjects 20-27 September. Space and supplies for conditioning and aptitude

testing are necessary.

c. Camp Hale (9800 feet). Food and housing is required for € subjects
and 2 enlisted man 27 September to & October. Space and supplies for conditioning

and sptitude testing are nacessary.



D. Pikes Paak sumsit (14,150 feet)

1. Arrengemsents are being finalised with Mr. Roen /nderson,
District Ranger, Pike National Fores:, Forestry Service, U. S. Department of
Agriculture; Mr. Jack Sullivan and Mr. C. L. Hendersom, officiale of the city
of Colorado Springs which operates and maintains the toll road to Pikes Peak
and owns the nev sumsit house; Mrs. Marther Dobbie who controle the wooden
cabin on Pikes Peak swmit; and Mr. William Carla, who operates the nev summit
house a8 & concession. All are aware of our plans and have been most cooperative.

2. The swmit of Pikee Peak, 4 mcres in area, ie¢ reached by a
toll road and cog railway, both of which will ba open until the end of October.
Mr. livan will definitely keep road gpen, although sarly storms may
cause temporary closure. There will be no toll charged members of this study.
There are three major buildings ov the sumsit: the old summit house which is
being resed; the new summit house, & mugnificant ona etory stone structurs 55' x
110", built at & sost of over $600,000,00, unequalled snyvhere in the U. 8.
above 12,000 fest, with excellent heat, water, sewmgs, and electricity; and a
very sturdy one story wood cabin, 20' x 30' with heat and electricity.

3., Communications and transportation to Denver - two-way radio
commmications will be used. Supplies and specimens will be transported 3-7
times weskly (2-3 hours from summit to USAMRNL).

4. Mr. Carle will furnish meseing, sleeping and laboratory
facilities for 16 subjects and 15 staff members if we supplement space with
one or two additions]l rented trailers. There is no space for indoor recreational
activities except for sedentary games. The cost of room and board and & fev
necessary utility alterations on Pikes Peak has not been finalized.

E. Transportation

1. There is frequent, rapid air transportation for subjects,
staff and equipment betwsen Denver and Boston by United and Trans World Airlines.

2. Vehicle rental is necessary in Boston.

3. Motor pool support perhaps supplemanted by vehicle rental
is necessary at Denver.

&. Hellicopter service for smergency use only will be requasted
from Fort Carson,

¥. Religious Services

1. Bubjects may attend religious services {n Boston, Denver
and C-p Eale.

2. At Pikes Peask, subjects will be allowed to go to Colorado
Springe on Sunday mornings for religious services. :

10
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