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ABSTRACT
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Z : gStudies of erythropoiesis and adrenal gland function were
rﬁr?xed on members of the American Mt. Everest Expedition
chr‘ﬂnzc exposure to severe hypoxia). and on a member of the
?xpe?deon during 4 days exposure to 17,000 ft in a chamber
iacui\.,*hypoma) Twenty-four hour urine collections obtained at
?,lut.uées from 17,800 ft to 28,000 ft showed no erythropoietin
“ardndérmal excretion rates of 17-OHCS, 17-0S, aldosterone,
catecholamines, and electrolytes. Adrenocortical response to
ACTH was normal. Plasma iron turnover doubled at 17,800 {t
and increased 2 1/2 times at 23,000 ft. A rapid fall in hemo-
globin concentration, 0.4 g/Kg-d, accompanying descent from
17,800 ft suggests either a short red cell life span or active
removal of cells from the circulation. The expedition member
acutely exposed in the chamber developed high serum and urinary
concentrauions of erythropoietin that were maximal on the 2nd
day and declined to low levels by the 4th day. Plasma iron
turnover increased with erythropoietin concentration.
Erythropoietin declined with improving actlimatization but.
hemoglobin synthesis remained elevated for some time after
returning to sea level pressure. Urinary 17-OHCS were '
elavated 50% all four days and 17-OS were elevated 50% on 2nd
day only., Serum and urine Na, K, Cl, remained unchanged in

the chamber subject and expedition climbers.
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ora Men engaged in climbing the highest Himalayan peaks are in
o Lg.L 8
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i_‘SQn;"—e -;gsgegts unique subjects for research on the body's regulatory
[ U A -,

£zzi =3

$mechanfefid, Driven by intense motivation to reach high summits,
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climbers subject themselves for extended intervals to levels of hypoxia

for which the human body cannot adequately acclimatize nor perma-
nently endure. At great altitudes physiological responses evoked
spebiﬁcally by pypoxia may reasonably be expected to undergo the
fullest possible development, making their associated regulatory
systems more amenable to investigation. It is also reasonable to as-
sume, a priori, that severe, prolonged hypoxia_. combined with fatigue,
insomnia, anorexia, cold, and psychogenic factors that are inevitable
concomitants of high altitude climbing, would induce decisive evidence
of nonspecific physiological ‘stress." These were the premises for
physiological. psychological, and sociological studies conducted on
members of tﬁe American Mt. Everest Expedition in the spring of 1963, .
The psychological and sociological studies are reported else-

where by their respective investigators, Dr. James T. Lester and

Dr. Richard M. Emerson.

The physiological investigations, which are reported here,
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; s centeréd on erythropoiesis and adrenal gland function. Numerous studies
€ -
g of ery:%ropoxenc actxvxty have been made at altitudes up to 14,900 ft,
o 5 (D
O gy
-E =3 n_ot;kl@ by Hurtado et a] (7), Merino (14), Lawrence and his associates
¢ sz 8 _ .
§ J { ‘(,':) g)b and Reynafarje et al (25). More recent, unpublished findings by
ot g€
€5 .- 28ED
® . ¢ the &unor in studies at 12,000 and 17, 000 ft in the Andes are summarized
R
- Y -~ 2 C
PTEFESE S
in th1s>repor.‘ ‘tnese investigations, consisting principally of determi-

nations of piasma iron turnuver, urinary erythropoietin, and hematological
values, were extended in the studies on Mt, Everest to altitudes of 17,800
21,500, and for erythropoietin, 23,000 ff:.

The assessment of cortical and medullary activity of the adrenal
plands during the course of the Expedition was based primarily on urinary
excretion of cortical sterocids and their metabolites, and total catecholamines.
Twenty-four hour urine collections for these assays and other chemical
measurements were obtained from climbers during prolonged stays at
altitude and in the course of acute stressful episodes,‘ such as the descents
from the summit, 29,028 ft (PO2 = 49, 6 mm Hg), without oxygen. In most
instances, a second urine collection was nbtained following administration
of ACTH. Col-lateral tests of adrenocortical function were necessarily
limited to simple procedures that were practicable under the restrictive
conditions imposed by the environment and expedition activities.

By the time the expedition reached its base camp at 17,800 {t ;m

Mt. Everest, acclimatization was already well advanced as a result of the
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k long approach march and ‘occasional stops for acclimatization

-|e2 Califorma, 94720.

183
= wt inté gx ediate altxtudes. Acute responses to hypoxia were by then
. 2

g .;: = ]
5 5 §a:gge13' gttenuated or superseded by long-term a.cchmatxza.txon processes.
< R e Z £ e
P S
PR A |
?_ & frc)z §s§ i@t in differentiating these responses, a pre-expedition study was
Y
s £ gtq‘;;&r,gtgd in which 2 member of the Expedition was exposed for four days
T3EELEE

to a sm';ulated altitude of 17,000 ft following rapid decompression in a
low-pressure chamber (27). Measurements similar to those to be made
later in the field were applied more intensively and supplemented with
other tests to identify more clearly the transient responses that appear

to take place in the early stage of acclimatization.
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&C B i‘ Subjects for the Mt. Everest studies were healthy, athletic,
8L o 55E

Z g ¢ GaucZsfan members of the Expedition, 24 to 44 years in age. Ages,
s 3% = s 8

S e g 252 - . . :

° g £ gv%eggts; and other particulars are given in Table 4, Eight of the 17 had
L2 3 ag2a

cao2LTesFH

SE3E ﬁ-y@@s climbing experience at altitudes greater than 20, 000 ft,

Expedition member "A" served as subject in the low-pressure=-chamber
study on acute hypoxia. Base=line values of physiological and bio~
chemical quantities were determined at Donner Laboratory, University
of California, Berkeley (sea level) a month prior to the Expedition's
departure.

The blood studies at 12, 000 ft were made on four young male
residents of L.a Paz, Bolivia, whereas the subjects at 17,000 ft were
young indians who were long-time residents at this altitude. The latter
were studied at the Laboratory for Cosmic R;ay Physics, Chacaltaya
¢17, 000 ft), Bolivia, through the courtesy of Professor Ismael Escobar,
and with the assistance of members of the Faculty of the Medical School,
Universidad Mayor de San Andres, La Paz.

Erythropoietin was assayed in 24-hr urine collections that

were processed by the collodion absorption method for extracting

- wrinary erythropoietin (35). Collodion filters were prepared in advance

of the Expedition's departure, stored and transported in distilled water
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-
a uring gollection, the filter was dissolved in ether and centifuged. The
- o
:slépé rpatant was discarded and the solids dried and sealed under nitrogen,
P EC e
rec =8
i Sgr@lgfowere later assayed at Donner Laboratory by the method of
cEtiip> 5
£ :ﬁ)ng\gnge t al (la] (red~cell incorporation of Fe 9 in hypertransfused
(S~ = ) >
mice). In each assay, five mice were given 0.5 ml each of the urinary

concentrate dissolved in 6.5 ml saline.

Plasma iron turnover was measured with Fe59. The radio-
actilvity in serial blood samples was determined with a Nuclear-Chicago
Model 2800 portable scalar and Model DSTS probe equipped with 2 well-
type Na{Th) I crystal that was to have doubled as an in vivo counter for
cardiac output measurements. Serum iron concentration was determined
in samples returned to Donner Laboratory. Earlier tests had demonstra=~
ted that prolonged storage at room temperature would not significantly
affect the measurable Fe concentration. Plasma and red blood cell
volumes were estimated from the radioiron disappearance curves. The
common hemotological values were determined by generally accepted
methods.,

Urinary excretion rates of 17-hydroxycorticosteroids {17-OHCS),
17-ketostercids (hereinafter called 17-oxosteroids and abbreviated IY-QS).

_ aldosterone, catecholamines, and various chemistries were determined

in 24-hr urine collections, usually started in the mornings between 7:00
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the time of collection.

Total urinary 17-OHCS were determined in 15 ml aliquots of
24-hr urine collections by the Few (2) method, modified by Thomas and
Bulbrook (32). Urinary 17-0OS from subject A in the low-preasure
chamber experiment were fractionated by the method of Kellie and Wade
(8) modified by Thomas and Bulbrook (32). Total 17«08 in urine
collections from the Expedition were determined by the method used by

the Biochemical Unit of the Imperial Cancer Research Fund, Royal College
of Surgeons. Briefly, the method is as follows:

To a 10 ml aliquot of urine, 3 ml of concentrated HCl is added
and the mixture heated for ten minutes in a boiling water bath. After
cooling it is extracted with 10 ml of ethylene dichloride, and the extract
washed with water, shaken with a solution of 3 N Na OH containing 10%
sodium dithionite, and filtered, Aliquots of 1 ml to 3.5 ml, depending
on the 24 hr urine volume, are taken to dryness. To the dry residue
are added 1. 5 ml of 1% in-dinitrobenzene and 0,75 ml of 2. 5 N KOH (40}
both reagents prepared in absolute ethanol. An hour in the dark at room
temperature is allowed for the Zimmerman reaction, 3 ml of absolute
ethanol added, and the color read in the Bechman Spectrophotometer at
440, 520 and 600 mu, the Allen correction applied and the data calcu-~
lated in terms of the chromogenicity of dehydroepiandrosterone.

Catecholamines (epinephrine plus norepinephrine) we.e

determined in 15 ml aliquots of 24-hr urine collections by the method of
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© w v 8
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2% 3§ Aldosterone was assayed in 25 ml aliquots of urine by Dr.
G s = 2

22550

= 2 \Ii}l{_ﬁ@ Bigliari, San Francisco County Hospital, who employed the
Z2¥8 etk

TEES %S

° = doablea

~labelling technique.

Serum and urinary Na, K, Cl, and creatinine were determined

by_accepted_ methods in general practice.

Basal heart rates were self-determined on awakening in the
mo.rning. Blood pressures were read after a 10 min rest with the subject
seated and on days when he was not engaged in substantial physical work,

Three-minute step tests were conducted at intervals during the
course of the expedition, primarily to determine if recovery patterns of
heart rate and blood pressure are significantly altered during aécliﬁma-
tization to severe hypoxia., Starting from the conclusi.Qn of the exercise,
heart rate was recorded at 10 sec intervals by one observer while a
second rapidly measured blood pressure and recorded systolic and
diastolic sepafately when they were read. Qualitative changes in the
response were sought rather than close comparison of the results from
the several tests for each subject, A fixed work level could not be main-

tained because of the changes in body weight, variations in clothing,

ambient temperature, and unavoidable differences in step height from time
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experiment except that no ACTH was given and the tests were
conducted continually before, during, and after the four-day exposure.
Erythropoietin CWC, RBC. hemoglobin, and hem#tocrit were determined
every 6 hr, iron turnover every 12 hr, and adrenocortical steroids every
24 lhr. -_Additional tests, omitted from the expedition studies, were made
on the subject in the chamber study to assess his level of functional
hypoxia. The subject received a complete physical examination every 12
hr and a partial examination at interven‘mé 6-hr periods. Raespiration,
heart rate, and EKG were monitored continually on instruments outside
the chamber. Oxygen consumption and pulxﬁoaa.ry function tests were
determined every 12 hr with a Jones Metabolator using air.

Total body water (TBW) was measured with tritiated water that
was given by mouth and assayed in serial urine samples. The measured
TBW was reduced by 1% to correct for hydrogen~tritiumn exchange. The

initial values of total fat (depot triglycerides, not adipose tissue) were
estimated from body density, determined by the helium-dilution metho.d

{28), and TBW using the formula proposed by Siri (29). In the field total

fat was estimated from the widely~-used formula fat % = 100 - (TBW%/0. 13).
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The first two weeks of the month-long trek from Kathmandu

«ley, California, 34720.

. (5, 0D _‘;ft) to Mt. Everest involves exposure to only moderate altitudes

gminates at the Sherpa village of Namche Bazar at 12,000 ft. The
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~rse el
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Sy
tg_ g% weeks of the march, although short in miles, brought exposure

gt
[ =) S
gc258p>
5E gt progressively higher altitudes terminating on March 22nd at a base
PEEZESES '
camp at 17,800 ft at the foot of Mt. Everest. Acclimatization stops of 4

and 5 days were made at elevations of 13, 000 and approximately 16, 000 ft.
Following the expedition's arrival at base camp (17,800 ft), 63

days were spent at this and higher altitudes. Approximately a month of.
this time was spent by each member at an altitude of 21, 500 ft (camp 2}
and higher altitudes. Excursions to 25,000 ft or higher, including the
summit, usually lasted 4 to 10 days. Ten members climbed to elevations
in excess of 26,000 ft, among them subjects B, C, D, E and R who climbed
to the summit at 29, 028 ft. The upper and lower altitudes at which
climbers were located, day by day, are indicated in Fig. 1 and 2.

| Supplemental ox‘)'rgen was almost invariably used in climbing and
for sleeping at altitudes greater than 23,000 ft. Oxygen was supplied by
an open circuit apparatus utilizing an efficient and highly successful mask
recently developed by Dr. Thomas F. Hornbein (5). For climbing, oxygen
flow rates ranging from 2 l/min to 4 1/min were used dei.nending upon tixe
altitude and the needs of the climber. A flow rate of 1/2 to 1 1/min was

used for sleeping beyond 25, 000 ft.
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Subjects C and D, climbing together, also exhausted their oxygen
at the summit and were forced to bivouac over night at 28,000 ft, thus
spending about 15 hr without oxygen between 28, 000 and 29, 000 {t.
Subjects E and R who climbed together, and who pioneered a new route on

Mt. Everest via its West Ridge, spent respectively 6 and 9 hr without

oxygen at 28,000 ft and bivouacked with subjects D and C. Little food,

no fluids, and, during the bivouac, no shelter, were available to the

climbers for about 20 hr. Their descent the next day was aided with

oxygen provided by a support team at 27, 400 ft.

As a consequence of the use of oxygen above 23, 000 ft it is
difficult to assess the actual degree and durati;:n of exposures to hypoxia.
A reasonable estimate for the average exposure however, would be 30
days at 17,800 ft and 33 days at 21,500 ft and, for subjects E, J, K, M
and R, about 8 days at 23, 000 f§. The experiences of the summit climbers
are considered here as acute exposures to the .a.mbient oxygen pressures
of 49.5 - 51.8 mm Hg between 28,000 and 29,000 £t,

Although the level of work performed by the climbers in

ascending Mt. Everest is not directly relevant to the studies, it may have

F1b0524
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Judy
EE Eoéécgmposn:on. Mt. Everest is climbed by stages through a s-eries of
F‘ ’ ;uzc_i% vely higher camps, spaced at vertical distances of about 2,000 ft.
PR -
; }_} gl%noi of 2,000 ft from one camp to the next, which required from 3 to
= > &=
% ér;}';: gwas generally considered a day's work. The ascent from the highest

camp to the summit was the exception and for the two climbers who
pioneered a new route, it required more than 12 hr. Loads carried above
22,000 ft ranged from 25 to 55 lbs in addition to 20 to 25 lbs of clothing,
Out of the 63 days spent on the mountain, the most active member climbed
on A31 days of which 19 were spent ascending and 12 descending. The

total vertical ascent by the most active member of the team was therefore
less than 40, 000 ft in 63 days. The least active member climbed uphill

2 1/2 days, downhill 1 1/2 days during the same period. The average
uphill climbing for the team was less than 15 days, or 30,000 ft, with an
additional 10 days descending.

There can be no question about the intense subjective feelings of
fatigue and, no doub_t-. physiological fatiéue induced by hypoxia in working
at high altitudes. Nevertheless the weekly average work level was
exceedingly small compared to the sustained level of work climbers are
accustomed to performing at lower elevations and to the level of work
performed on the approach march. From the records of the movements

of the team members it is difficult to escape the conclusion that climbing
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£ ; Z¢ 7 592 The erythropoietin was assayed in urine collections obtained
E 5 s = ;. ;’ ;
S 32 9 Sfrompclimbers after they had spent 5 days or more at 21, 500 ft and
O2TESCS: T

23,000 ft. At the time of collection, subjects A, L, and F had been at

the former altitude respectively 5, 20 and 29 days, Collections from

subjects J and K were obtained after 5 days at 23,000 ft. Erythropoietin
w'as also assayed in collections from three of the Bolivian Andean
subjects who had lived at 17,000 ft 2 years or longer. None of the
concentrates prepared from these collections contained detectable
quantities of erythropoietin,

In contrast with the findings in subjects chronically exposed to
high altitude, subject A developed a high transient elevation in serum
and urinary erythropoietin during his acute exposure to simulated
altitude in t_he ldxy-pressure chamba~>.ag gshown in Fig. 3.
Erythropoietin ‘became detectable in serum 12 hr after decompression,
and continued to increase to an apparent maximum on the third day. On

the fourth day the concentration was significantly lower but still clearly

detectable. The erythropoietic activity in samples collected 1 1/2 and 2

days after the subject returned to sea level pressure was slightly greater
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SRR
fodir od m
E '~c9r_npared to a sample of standard "A" obtained from the Division of
L izd
= - ! Biolagical Standards, Medical Research Council of Great Bntam. the
= P -]
3 HCE < g
T ;—rgagugnum serum erythropoietin concentration in the subject was estimated
¢ L 5=
S8 ES=ZP
S 8 5% $e°1.4 "A" units/ml.  The concentration in normal human serurh has

been estimated to be 0,003 A" units/ml (34).

Erythropoietin could not be detected’in unprocessed urine but it
was definitely present in the concentrates of most urine samples collected

after 24 hr exposure, with an apparent maximum in hormone excretion

occurring at 48 hr. One sample collected two days after return to sea

level pressure gave a result identical to the pre-exposure sample, neither

being significantly higher than the saline-injected controls.

Plasma iron turnover ;nd blood volume.
The results of these tests on Mt., Everest climbers and the

Bolivian subjects are presented in Table 1. Plasma iron turnover at

sea level for the climbers averaged 34 mg/d. The rate doubled to 68 mg/d

after a week or more at 17, 800 ft and for the two subjects at 21, 500 ft the

rate was 81 mg/d. The large difference in average body weight between

the Mt. Everest climbers and the Bolivian subjects is reflected in the:
lower average iron turnover rates of 29 mg/d for residents at 12,000 it

and 40 mg/d for residents at 17,000 ft. The effect of differences in
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:”;:é Awei‘ght_’sgare also evident in the plasma and red cell volumes. The plasma
8 f 'volume#® of the climbers appear to be somewhat lower at altitude but the
2 ) = )

o @

T £ floss ih hody weight could more than account for the difference. The
B0 5 ‘

$ & ‘estimates of hernoglobin synthesis are based on the assumption that all

S = T CEQ

p e 20

é‘ _: ga_&'~§§p§asma iron turnover is diverted to hemoglobin, It is well known
EE85%20

® 5 EtBaf thefraction of iron turnover utilized for hemoglobin synthesis is

highly variable and may depend to some extent on the plasma iron
concentration. Hence, the estimates of rates of synthesis in Table 1
are intended only as indications of relative values. On this basis the
av‘era.ge rates of hemoglobin synthesis for the climbers were 10, 20 and
25 g/d at sea level, 17,800 ft, and 21,500 f£. The averages for the
Bolivian subjects were 9, and 12 g/d at 12,000 and 17,000 ft. It should
be emphasized that the Bolivian subjects were lighter in weight. The
responses of subject A to acute 1ypoxia in the low pressure chamber are
shown in Fig. 3. An hour after decompression, plasma iron turnover
was essentially unchanged at 1.04 mg/hr despite a decrease in plasma
iron concentration _from"llz wg/100 ml to 76 ug/100 ml. Eleven hours
later plasma iron turnover wa& distinctly elevated and continued to
increase to a maximum volume of 2,80 mg/hr 2 1/2 days after onset of
hypoxia. During the last day and a half the subject was in the chamber,

plasma iron concentration decreased to approximately 60 ug/100 ml,

and by the end of the four days plasma iron turnover decreased to
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_,; TABLEZl§ -Blood Volume, plasma iron turnover and estimated
s -1 hemoglobin synthesis in Mt. Everest climbers and
% ERR i acclimatized Andean residents at various altitudes.
ETE LG '
ﬁ I -
- t: ¢ Alti- Het  Plasma R.C.V. Plasma Plaema Estimated
E g 2 tude Vol. Fe g‘ggn- Hemoglobin
2 Lr o0l 1000 ft 1 1 ug% mgld 8/d  %/d
g2 2% , ~
§:¢z8¢82
% % 2 § gg 5 Mt. Everest Climbers
A 0 48 2,56 2,36 112 25 7- .8
17.8 57 2.53 3.37 100 75 22 1.9
al 17.0 88 65 19
B 0 46 3.41 2.91 88 39 11 1.1
21.5 62 3.22 5.25 93 817 26 1.5
C 0 45 2.61 2.14 114 29 8 1.1
17.8 50 2.55 2.55 68 49 . 14 1.6
21.5 67 1.82 3,70 167 81 24 1.6
M 0 42 3.24 2.34 142 44 13 1.6
17.8 62 3,00 4,88 82 79 23 1.4
Residents of LLa Paz, Bolivia
Sa 12 50 2.60 2.54 62 29 9 1.0
Pc 12 51 2..14 2.04 117 30 9 1.3
Va 12 51 2.4l 2. 41 83 30 9 1.1
Mc 12 53 1.95 2.16 15 26 8 1.1
Indian Residents, Chacaltaya, Bolivia
Th 17 62 1.98 3.19
Ca 17 62 1.59 2.80 76 33 10 .8
Ch 17 59 1.54 3.18 96 37 11 1.0
To 17 €2 1.70 3.58 94 . 49 14 1.1

lyalues at time (2 1/2d) of maximum plasma iron turnover in subject A
during exposure to simulated altitude in a low pressure chamber (pre-
expedition, when subject was acclimatized to sea level).

ZEstimate assumes complete utilization of plasma iron turnover for
hemoglobin synthesis.
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- & €limbers, was definitely elevated eleven hours after onset of hypoxia and
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gQsom 5
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increase until the third day when it attained a maximum rate
of 7.8 g/d. During the subsequent five days (last day in the chamber and
four at sea level pressure) the rate dropped to about 5.5 g/d, after which
a more gradual decrease toward the initial, pre-exposure rate continued
ciuring ar. additiona: eight days until measurements were terminated.

The pattern of change in hemoglobin concentration during the
Expedition paralleled roughly the chan_ge in altitude, a.s shown in Fig. 1.
However, changes in altitude were not reflected in hemoglobin concen-
tration until 2 to 3 weeks later; hence, the hemoglol?in curves aré delayed
by this span of time relative to the curve for altitude change. The
maximum recorded hemoglobin concentration was in excess of 25 g/100 m}
and a concentratioé of 21 g/100 ml was exceeded in all climbers sometime
during the expedition, depending on their movements up and down the
mountain.

During the first twenty days exposure to altitude, March 20 ?o
April 10, hemoglobin concentration increased approximately

0.25 g/lbo ml-d. The average rate of rise during the succeeding 20 days,
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c cAngxg f;o - April 30, was only 0.18 g/100 ml-d. During this period most
LPeEz E .
: ; 8 flimbers were stationed at 21,500 ft where their hemoglobin was

I | .

C T O

" L 5=8 '06 Erythrocyte counts showed increases comparable to those of
SEriga

2 Ql{exhe:ggbbm concentration but the data are not reported here because rapid
cE&5S 3¢S

evaporation of blood samples in the counting chambers at high altitude
made the precision of the counts doubtful.

No significant changes were observed in plasma or red blood
cell volume, erythrocyte count, and hemoglobin concentration in subject A

during the four-day low pressure chamber experiment.

Adrenocortical steroids.

The results of assays of 17-OHCS, 17-0S, and aldosterone are
presented in Table 2. The altitude and the number of days the subject
was exposed to the indicated altitude at the time urine was collected are
shown in the right hand column. For altitudes of 17,800 ft and 21,500 {t
urine collections were obtained 5 days or more after arrival at these
altitudes to avoid acute responses in adrenal activity.

The daily excretion rate of 17-OHCS at sea level before dz-.
-parture of the expedition was 15.2 mg/d. The average value of 14.8 mg/d

for all urine collections taken on Mt, Everest is not significantly

1150533



DOCUMENT SOURCE
University of California at Barkeley
The Bancroft Library/The University Archives, Berkeley CA
RECORDS SENES TITLE
LAl Sicl . Cuerest /—rmo’, Ann Hbe
BANCROFTRIARC 1D NO.
| ® IR 2R
CARTON NO, = CorY
FOLDER NAME
& - { & f(1, A
0 QR /M7
FOUND BY/DATE FOUND
T 2 5+ani,,,/;f/95

. 20
grrrrte
g S T 2o

5’5 A

Efgerzis |

TR AT é.‘e:r?xt from the base line value. An average of 16,8 mg/d was ob-
§8%. 17858

g :;‘ tain ;d’;éor the four summit climbers in the course of their descent

@ T LTl
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RN

59w t¥0 exceptions the pre-expedition excretion rates of 17-OHCS lie
2% - 3

=85 ncthe range that is generally considered normal for adult males,
387 2

-3

] $3s B and D showed abnormally high excretion rates of both 17-OHCS

and 17-0S. For the most parﬁ stimulation with ACTH brought on a normal
response by increasing the excretion rate of 17-OHCA by factors ranging
from 2 and 4 and 17-0S by a factor of two. Anomalous responses were
observed in subjects A and F whose rate of excretion of cortocoids
increased by more than the factor of 7.5 following ACTH administration.
These high values were confirmed by repeated assays on the same urine
collections. These ano;'xmalous responses were not seen in urine co.l-
lections from the subjects during the expedition. The corticoid excretion
rates during the course of the expedition were markedly elevated in only
two uring collections. Both were in subjects iminedia.tely following
exposure to extreme altitude, These were subject D, who also showed
an anomalously high base line value, and subject H after exposure to
27,400 ft.

With two exceptions the excretion rates of 17-0S were within the

normal range for adults. The exceptions were the base line values for
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bg,egti B and D v~ho were the two subjects who also exhibited lngh base
=70
3 etion rates of 17-OHCS. The average base line excretion rate

'kegy

12 B & mg/d d:.ffers from the average of 9.5 mg/d for all values obtained

N,

eld because of the weight of the two abnormally high base line

of Califgrnj

There is no evidence of significant response in 17-0S to any of

ing i, g

s

The responses to ACTH are normal with the

itions of exposure.

v@sity

t®icre.

exception of base line value of subject C whose corticoids also did not
respond, and probably is attributable to an inactive ACTH preparation.

Results of urinary 17-OHCS and 17-0OS assays for subject A in

the low-pressure chamber experiment are summarized in Table 3. The

end products of the 17-OHCS are chiefly etiocholanolone and 11 -
hydroxyetiocholanolone in approximately the ratio one to four in normal

subjects., The data are reported as the sum of these two 17-0S in

terms of the chromogenicity of dehydroepiandrosterone,

Total urinary 17-0S increased from a base line excretion rate of

8.3 mg/24 hr to a maximum of 13,1 mg/24 hr on the second day in the

chamber. The excretion rates on the third and fourth days were the same

as the pre-exposure value for the subject. The 1leoxy fraction of the

total 17-OS more than doubled on the second day, whereas the 11-deoxy

fraction increased about 50%. The urinary excretion rate of 17-OHCS,

which was 11.3 mg/24 hr prior to exposure, increased about 45% the first

day in the chamber and remained relatively constant at this higher rate

during the four-day test period.
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= TABf,ﬁ 75 17-OHCS and 17-0S excretion rates for subject "A"
s g during acute exposure to 17,000 ft.
5 :
g ¢
Q
2 % 17-08
gz 17-OHCS Total 11-oxy fraction
£ mg/24 hr mg/24 hr % of total
% .
Subject at sea level préaaure
11.3 A 8.3 9.5
Subject at 17,000 ft
0-1 16,2 10.5 9.7
1-2 15.5 13.1 16.0
2-3 16.2 8.6 11.6
3-4 16.9 8.6 11.8
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’I‘he relatively few values for daily aldosterone secretion
resently available are well within the normal range for adult

s for the assay method that was used. The average of 9.8 pug/d

3 be!ey,éJ

ri.

samples is in the middle of the normal ra.nge.

'om the Do

Values for total catecholamines excretion seem notable for their

itimy fi
ugof Califo!

jd. ctuation. The average of 34 |1g/d for the expadition values is
o =
o

5
ide

'.":’.wn
overs

ical to the average for the base line values. The difference between
these averages and the 45 ug/d for the four summit climbers is not
statistically significant, nor is there a significant change in excretion

rate after ACTH administration.

Serum and urinary electrolytes and creatinine.
The relatively few observations that could be made on serum Cl,
Na, K and creatinine are presented in Table 4., Urinary excretion rates

of these electrolytes and creatinine are given in Table 5.

Blood pressure and heart rate.

Systolic and diastolic pressure relative to pre-expedition values
are charted iﬁ Fig.— 2 along with average relative pulse pressures. The
altitude positions of the members of the expedition are plotted on the
same time scale. By the time an elevation of 13,000 £t had 5een attained
on the approach march, blood pressure had increased significantly, Aver-

va‘ge systolic pressure for the group was elevated about 10% and remained

elevated about this amount during the succeeding two months. The final
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:g It Lgag values taken on May 20th at 17,800 ft represents a selected group
2 ¢ 5=

[~ <

L ¥ \% cts. They were climbers who had returned to base camp ten to
Q. -~

E & 2

“—’; %f, days earlier, following a month-long exposure to higher altxtudea.
'] =3

; E“ Diastolic pressure for the entire group was almost uniformally
& 3

:‘j ; 253 than at sea level and on the average showed an increase of about

g ;:n t persisted throughout the time the expedition was on Mt. Everest.

8 about 25% higher in the selected group that exhibited low systolic
pressure on May 20th. Pulse pressure on thélaverage showed no
significant change from sea level values until most of the expedition
m'embers reached an altitude of 21,500 ft. This was followed by a.
gradual reduction of about 20% in pulse pressure relative to the pre-
expedition average. The five climbers measured at base camp on May
20th had an average pulse pressure that was only 60% of their pre=-
expedition values.

Subject A showed relatively little cha.ngg in his normal systolic
pressure of 120 mm Hg during his four days in the low-pressure chamber.
His diastolic pressure, which was normally 75 mm Hg, increased to
90 mm Hg during the first forty hours but thereafter stabilized at
80 mm Hg for the remainder of the time he was in the chamber.

Basal heart rates of most of the expedition team fluctuated
widely. In general however heart rates increased with altitude at the.
;’utset but after a month showed a decrease with time. Toward the end of

May when the expedition left base camp the heart rates of most members
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m were still somewhat elevéted. These trends however were

, 9372'0‘

d by all members of the team; subjects A, B, C, D, and E

eleyualifdinia

hange significantly during the entire expedition., The heart rates

to
o

- {of éLibge:cts F and N, which increased 50 and 35% respectively, were the

hxgheat and most persistent responses that were observed. Subject A,

B
5= Lo 22
g U . .»who"sg Beart rate did not change significantly during the sxpedxtxon.
=0 x = 6
VL= 52T o
25uus §°b"€dw§-n increase of about 30% after the first day of his exposure in the
< £ .2 = p
Se35E5e5 ¢
low-pressure chamber,

Body composition and weight loss,

Table 6, which summarizes measurements of total body water,
depot fat and other particulars of the climbersr reveals that the group as
a whole is less lean than one might expect.of active athletes. Depot fat
ranged {from a low of 13 to a high of 29% of body weight before the.
expedition's departure. The average fat content of the entire team was
20% of body weight., The total body water measured in 7 climbers a week
after they returned to base camp from protracted sojourns to higher
altitudes on Mt. E—verest. showed an increase in percentage of water but
a loss in volume. Total depot fat estimated from TBW in the subjects
was then 10% of body weight compared to 20% fqr the same subjects before
the expedition. It is apparent from these data that the fat loss does not

" ‘wholly account for the weight loss sustained by these subjects. Assuming

hydration was normal at the time total body water was measured, pa;-t of

F160541
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-2 €7 the: lgsg &ppears to have been lean tissue. This evidence for lean tissue
2foieeg R '

- ; o ) . .

'; @ oply suggestive however because estimates of fat from TBW are
rg s i 3

v mdre; reliable than several kilograms.

&2 ENo

s ¢© zo8 . . : .

€8t * £ =The trends in body weight of the climbers during the course of
s = S

3 ;:3 &dition, shown in Fig. 1, are remarkable for their uniformity.
22 7

1) ] : : . : :
o< ¥ exceptions weights increased measurably during the three weeks

of somewhat over-indulgent living from the time the team left Berkeley
until it started the approach march to Mt. Everest.. During the first 17
days of the march, the climbers, without exception, sustained weight

losses of 5to 10%. Weights then stabilized, remaining essentially

constant, until members of the team ascended to 21,500 ft. As long as

members stayed at this or higher altitudes they lost weight steadily and
without exception until they returned to base camp at 17,800 ft. At base

camp weights again tended to stabilize until the return march when

further weight loss was sustained.

Peripheral blood leucocytes.

Once the expedition reached the relative isolation of Mt, Everest,
and respiratory infections that flourished during the approach march had
run their course, leucocyte counts remained within the range 5,000 to

11,500 cells /mm3. No trends in concentration were evident in either

Differential counts, shown in Table 6,

‘..'—l"".lllll..--

individual subjects or the group.

taken before, during, and after the expedition are essentially identical.
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"; o gyar’x«gf_g‘ gu‘gmg the time.the expedition was on Mt. Everest, and the average
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gEe Ut
2 @ € 3) efinite responses in leucocyte and platelet counts occurred in
g 2 S =
= =
% ‘é Ts&bieftgﬁ%d uring his acute exposure to hypoxia in the chamber. (See
gozee %
O E Op§g? 8); "An abrupt doubling in leucocyte count was seen soon after onset

of hypoxia, followed by an irregular return to the pre-exposure level
during the following two weeks. The proportions of granulocytes and
lyﬁphocytes remained'unchanged (40% lymphocytes}. Eosinaphils (4%
before exposure) fell to 1% by 6 hr and remained at this level for the
following 10 days before returning to the pre-exposure level. The platelét

count rose gradually during the 4~day exposure and remained elevated for

approximately three weeks.

Step Test.

In general the pattern of recovery in blood pressure and heart
rate that was characteristic for each subject following the three-minute
step test remained much the same at the four altitudes, sea level, 13,000,
17,800, and 21, 500 ft, where the test was conducted. The magnitude of
the respons;e.s varied, however, with changes in weight, amount of

- clothing worn, ax;ld height of the step, and perhaps altitude and length of

exposure to it. The response in pulse pressure to exercise may be more
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o B ‘; Cellz Expedition Expedition Expedition
gy L EE s
B2 F T i
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Ty Y
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§eEL5 8
© =0 &S EFshophil 3 2 4
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]
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N
' TABLE 8. Average breath holding times at altitude
Altitude After After
- normal maximal
. Altitude ) expiration inspiration
- ft ft sec sec sec sec
- 6, 400 27.5+ 4.7 86.2 + 10,2
17,800 13,21+ 3.4 3.3+ 9.3
- 21, 500 8.7+1.6 27.2 + 6.2
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cf 5% and a step that was 2 in lower. Values comparable to those at

sea level were also observed at 21,500 ft with a still lower step (12 in
compared to 18 in at sea level} and a further reduction in weight. The
smallest response in both pulse pressure and heart rate (with a 15 iﬁ

stép) was seen in tests at 17,800 ft near the conclusion of the expedition
when climbers returned from high camps and were well acclimatized.

At this time two subjects, A and C, had no measurable elevations in heart
rate at the end of the exercise.

Five Sherpas tested at 21, 500 ft with the 12 in step displayed
heart rate responses comparab'le to the American team members, but
their systolic pressure responses were widely divergent. At one extreme,
Sherpa Chotari (120/87 -rest'mg)‘ showed no change in systolic pressure
and a depression of only 6 mm Hg in diastolic pressure. At the other
extreme, Sherpa Tashi, whose resting blood pressure was 177/110, had

a systolic pressure of 235 mm Hg, 30 sec after the test, and 210 mm

Hg at one minute.
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from phenylhydrazine-treated animals, and animals acutely exposed to
sévere hypoxia. In humans, elevated levels of ery'thropoietin are
sometimes found in association with anemia when hemoglobin concen-
tration drops below 4 g/lOb ml; in exceedingly rare instances unaccountably
high concentrations have been found.

Exposure to low oxygen pressure evokes in rats and rabbits an
abrupt rise in erythropoietin- concentration in blood and urine followed by
a rapid fall to low or undetectable levels with continued exposure
(15, 23, 30, 31), The magnitude of the response depends upon the severi-
ty of the hypéxic stimulus (31} whereas the time after onset of hypoxia
when the maximum concentration cccurred in these studies seemed to
depend upon the size of the animal. For the rat, peak concentration
occurred in 12 to 24 hr {15) and for the rabbit, 24 to 48 hr (23). In9 .

human subjects taken from sca level to an altitude of 3990 m (13,100 {t)
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that observed in small animals subjected to low pressure

under comparable conditions. Serum erythropoietin rose at an increasing

rate to a maximum on the third day of hypoxia, then fell to low levels on

P

the fourth day (see Fig. 3). Judging from comparable findings in small
animals, body size would not appear to have an important influence on
the time in which maximum serum concentration occurs. The manner

in which the erythropoietin concentration responded in the first three

days suggests that the rate of increase may be limited by the rapidity with
which the source of the hormone can augment synthesis in response to
acute hypoxic stimulation, and beyond that, the rate may be gove;-negl by
the prevailing level of “functional hypoxia." The fall in serum and
urinary erythropoietin concentration with continued exposure to low
pressure, we believe, is associated with attenuation of erythropoietin
synthesis brought on by reduction in functional hypoxia as acclimatization

progresses. Suggestive evidence for this appears in the physiological

and clinical changes that accompanied changes in erythropoictin.
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i naasea* sﬁbsxded appet1te and capacity for physical activity improved, and
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e and insomnia diminished in severity. On the fourth day. Te-
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om symptormns was almost complete.
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Y .>.A£ter 24 hr the respiratory rate returned nearly to normal from
Et-h‘!; éoﬁbsed rate observed earlier. Minute volume (BTPS) followed a
similar pattern, but when reduced to STPS it showed a drop at 24 hr to
about one-half the pre-exposure value despite the 15% increase in oxygen
consumption. These changes clearly indicate a marked increase in the
subject's ability to extract oxygen from the inspired air and from blood.
The increase in heart rate from a normal value of 72 beats /min to 97
beats/min at 36 hr, together with the return in pulse pressure to the
subject's normal 45 mm Hg, suggests an increase in cardiac output con-
sistent with the respiratory changes.

Among the hormonal changes that were c;bserved. serum PBI
doubled by the second day; urinary 17-OHCS excretion was elevated 50%
throughout thé four—days. Urinary 17-OS increased by 50% on the second
day and then returned to pre-exposure values on the third day.

During the period 48 - 72 hr, evidence of progressive myocardial
hypoxia became apparent from the decreasing amplitude of the T waves

in the left lateral precordial leads and AVL. This effect could not be
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ed to changes in serum electrolytes because none were observed

The greatest attenuation of the T waves

d comcxdentally with the maximum elevation in serum ervthro-
The subsequent reversion to the normal EKG pattern on"the

day correlates well with the preceding evidence of acclimatization.

Collectively, these cardiac, respiratory, and symptomatic

}s characterize in part an early stage of acclimatization in which

the body learns to function effectively on greatly reduced arterial oxygen

tension long before secondary polycythemia is present to augment the

oxygen carrying capacity of blood.

The changes all occurred shortly

before or coincidentally with the maximum elevation in serum erythro-

poietin.

The fall in erythropoietin, therefore, appears to reflect the

reduction in functional hypoxia taking place during the initial acclima-

tization process.

Improved tissue oxygenation, or whatever underlying

process influences functional hypoxia, may also be responsible for

reducing erythropoietin production following its initial stimulation by

hypoxia.

The absence of measurable quantities of erythropoietin in the

urine of Bolivian natives living at 17, 000 ft, and failure to detect the

hormone in acclimatized climbers at 23,000 ft, is in agreement with

more recent observations by Van Dyke (personal communication) on

160558
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. an elevated level of activity in chronic hypoxia. The continued maintenance

of elevated erythropoietin concentration is sometimes observed in severe-
ly hyposic animals that are moribund or nearly so, This has led some
investigators to suggest that erythropoietin may be a '"panic hormone"
evoked only in crisis and that another, as yet unknown, mechanism
normally regulates erythropoiesis. The observations reported here seem
to support this contention.

A final observation on erythropoiesis, which is an outcome of
the study on subject A in the low-pressure chamber, seems significant.

It is well established that a temporary shut-down in erythropoiesis immedi-

ately takes place when a human who is acclimatized to high altitude

descends to sea level (6, 25). In contrast to this, subject A's high rate of

plasma iron turnover and hemoglobin synthesis persisted after he was
restored Lo sea level pressure, then gradually decreased toward normal
values over an extended interval of time {more than two weeks). This

striking difference in re;j.onse may depend upon the presence or absence
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of erythropoietic activity may be governed more by the differ=~
een the actual red cell volume and what it ought to be for a given

an by the level of hypoxia itself,

vegm} otg;amom

The most extensive studies of hemotological changes brought on
by hypoxia have been those conducted by various investigators working at
Morococha (14,900 ft, 430. 6 mm Hg), Peru (6, 7, 10, 14, 25). At this
altitude plasma iron turnover in acclimatized residents is about 25%
greater than in sea level residents (approximately 0,55 compared to
0.45 mg/Kg-d). In contrast, rates of iron turnover nearly twice the sea
level value were generally observed in unacclimatized subjects for the
first few weeks after arriving at altitude from sea level (6, 25). Rates
0f 0.52 and 0.72 mg/Kg-d measured in Bolivian residents ;t 12,000 and
17,000 ft are in good agreement with the value for Peruvian residents at
the intermediate altitude. The Expedition subjects' base line average of
0.43 mg/K.g-c.l is also in agreement with the mean value for Peruvian
residents at sea level. The rates of 0,98 and 1. 40 mg/Kg-d for
Expedition climbers at 17,800 and 21, 500 ft are consistent with what one
would expect for subjects who are not fully acclimatized, or more |

. ;:;)rrectly, subjects whose red blood cell volume has not yet stabilized.

In Ap.il, when these measurements were made, the expedition had been

1160560
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noteworthy for its close correspondence with the rise in serum erythro-

poietin concentration. 1If a correspondence exists after the third day, it is
not clear. Although plasma iron turnover rate declined slowly for nearly
two weeks after the subject was restored to sea level pressure, urinary
erythropoietin was no longer detectable after the subject left the chamber
and the presence of serum erythropoietin was doubtful.

Although iron turnover is obviously related to hemoglobin
synthesis, there is disagreement among authorities on iron kinetics
about how it is related and on what fraction of the obs;rved 'plasma iron
turnover is used for hemoglobin synthesis in the healthy human. The
uncertainties stem ?ﬁrtly from biological variability but perhaps more
from varied interpretations of iron kinetics. From a comprehensive
study of iron kinetics in 13 normal subjects, Pollycove (22) concludes that
when serum iron concentration exceeds 92 ug/100 ml only 65% of the iron
turnover is diverted to hemoglobin synthesis but when the concentration

15 less than 54 1.g/100 ml, 95% of the iron turnover is so utilized. Since
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g-d at 17, 800; and at 21, 500 ft the rates were 0.28 and
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g-d. At 12,000 and 17,000 ft, the acclimatized Bolivian subjects

oQ
~
= ver

produced 0.16 and 0, 22 g/Kg-d.

From the initial rate of rise in hemoglobin concentration of
.25 mg/100 ml-d, during the first 20 days when the expedition first
2scended to significant altitude and the initial mean red cell volume of
2. 44 liters, it is apparent that about 14 g were being produced. per day in
addition to that necessary for replacement. A crude estimate of 7 g/d
for the latter is obtained from the red cell volume and a mean red cell
life span of 120 days; hence, the rate of synthesis, at least at the outset
of the 20-day period, was about three times normal for the group. Since
plasma volume doe§ not appear to change at altitude nor with the develop-
ment of polyéythemia, one can, at some risk, project the red cell
volume to the start of the next 20-day period when hemoglobin concen~
tration increased at the rate of 0,18 g/100 ml-d. This interpolation

yields a mean red cell volume of 3. 25 liters, a total blood volume of

‘ ‘6‘.‘20 liters, and an excess hemoglobin production rate of 13 g/d with a

11605062
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Reynafarje (25) observed a rate of decrease in volume that was consistent
with what one would expect for a normal red-cell life span, and in a later
stﬁdy {24), showed by more direct methods a normal life span for cells
formed immediately after arrival at 14,900 ft.

The abrupt and extremely rapid drop in hemoglobin ;oncentratioﬁ,
0.4 g/100 ml-d, that occurred when the climbers left base camp (17, 800 {t)
and descended to lcwef altitudes on the return march, is not consistent
with earlier reports anci raise's doubts about the life span of red cells
formed at high altitude. At the start of the descent, hemoglobin concen-
tration averaged about 21 g/100 ml. Assuming that plasma volume had not
changed greatly, the red cell and to;al blood volumes would have been 4.8
and 7.8 liters. The initial rate of loss of circulating hemoglobin would
therefore have been approximately 2.5%/d. At that point in time, after
63 days at altitude, all but a small fraction of the circulating red blbo;i

cells would have been produced at high altitude as a result of the

1150503
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Fircumn$tances there could be a complete cessation in erythropoiesis with

no substantial drop in red cell volume (or hemoglobin concentration)
until the bulk of the cells had lived out their life spans. 'fhis should have
happened about 30 days after the Expedition left Mt. Everest, but in fact
occurred the n.oment the Expedition descended to lower elevations. It
should be borne in mind that this situation differs from that for which
Reynafarje (25) describes an expected loss in red cell volume on descer:
from altitude. He used in his study a long-term high altitude resident in
whom cell ages were distributed normally, and doubtless the averege cell
life span was normal. In their earlier study, Reynafarje et al (24)
measured cell life spans with radiocarbon - labeled glycine and found
normal values. However, the glycine was given only 10 hr after the
subjects arrived at 14,900 {t and consequently would have labeled only
cells produced before the bone marrow was fully stimulated,

There appears to be no direct evidence that the life spans are
normal for cells produced during the first month or two of severe hypoxis

"Poy e

when erythropoiesis is most intensely stimulated.
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Studies-én énimals show a marked reduction in red celi life
;n the cells are formed during times of intense erythropoietic
Neuberéer a.’nd Niven (18a) found a reduction of 30 - 50% for
Berlin and Lotz (I) also
hat acute hemorrhage produces in the rat abnormal cells with

A similar effect was observed by Fryers and Berlin

cells was given in the initial stage of acclimatization to hypoxia. No

change in life span was apparent in red cells formed in acclimatized

The sudden, rapid drop in hemoglobin concentration observed

circulation., )

Adrenal gland activity.

in the Mt. Everest climbers can only be accounted for by either a

significantly shorter life span for cells formed during the first 60 days at

high altitude, or by active, random removal of red cells from the

There is general agreement that secretion of 17-OHCS and

17-0S is stimulated in the initial stage of acclimatization by hypoxia

but not after acclimatization is well advanced.

Koller and his associates

(9) reported an increased urinary excretion of both cortical steroid

«. Broups, along with a fall in eosinophils at 3450 m (11,300 {t). An

elevated excretion rate of 17-OHCS and 17-0OS was observed by Timiras
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Halhuber and Goble {3) found in newly arrived subjects an elevation in
urinary 17-OHCS excretion and a depression of eosinophils that persisted
for several weeks.
In studies on acclimatized subjects, Moncloa et al (16, 17)
found no significant differences between urinary excretion rates of steroids
in native residents at 14,900 ft and sea level. The adrenocortical
responses to ACTH and Methopyrapone were also much the same in the
two groups of subjects. A similar result for adrenal urinary steroids is
reported by Mackinnon (13} Io;- his subjects at 4330 m, and by Hornbein
(4) for 17-OHCS excretion in climbers exposed to altitudes over 21,000 ft
fotr two to three we?ks.
For the most part the adrenocortical responses observed in the
Mt, Everest climbers, and in subject A during acute hypoxia in the
chamber, are in accord with the findings of others for the effect of less
severe hypoxia. Only 4 values of 17-OHCS, and 2 for 17-0S, are clea..rly

and abnormally elevated. Two of these were pre-expedition when
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S © B #tFefioh rates and the responses o1 both 17-OHCS and 17-08 to ACTH.

The adrenocortical activity of subject A showed no changes
during the expedition that were statistically significant. His

adrenocortical response to acute hypoxia in the chamber, however,

appeared to be more definite. The increase of about 50% in both

17-OHGCS and 17-0OS we believe is significant evidence of an
adrenocortical response in this subject, based on measurements made

occasionally over a period of several years. Two aspects of the response

are noteworthy. First, the changes in excretion rate of 17-0S did not
parallel those of 17-OHCS. The excretion rate of 17-0S attained a

maximum on the second day but returned to the normal, pre-exposure
rate on the third anx;l fourth days, The 17-OHCS were uniformly ele-
vated on all four days of the test. Second, the l1l-oxy fraction of the
17-0S increased about twice as much as the 11-deoxy fraction,

The depression in subject A's eosinophil count from his normal

“ ‘level of 4% to 1% during his {our days in the chamber is consistent with
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Catecholamine response to hypoxia has not been extensively

ated. Pace et al {19] observed no increase in epinephrine

%Calimniu, Bor

n in six men taken from sea level to 3,800 m (12,500 ft) during

ys the subjects were observed. In contrast, norepinephrine

vegxty

increased two-fold during the two week period, starting on the second
day at altitude. If it is assumed that adrenocortical activity in these
su.bject.s was also increased, P'a.ce's findings would seem to conflict, at
least on superficial examination, with Luft and von Euler's (12} obser-
vations that administration of ACTH, Cortisone, and
desoxycorticosterone acetate greatly reduce norepinephrine excretion.
Our findings do not appear to be in accord with either of these obser-
vations. The Mt. Everest climbers showed no change in catecholamine
excretion with altitude or ACTH administration.

It should be noted that our values for daily excretion rates are
about one half the values generallyl found in the literature, but we believe
this to be due to a systematic difference in the assay that would not have

affected the relative values,

. -Miscellaneous observations.

Leucocytes. Healthy persons acclimatized to moderate altitudes (less

1150568
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R 5 5
ledcBcytgsis, however; has been observed in the early stage of acclima-
I3 E
tiz_ég’iq%%h 38). The findings from the Expedition and the chamber study
T =
ZUEES
13e:'ar; oé}tgthese observations. No meaningful changes in either total or
LEEED

ri

ﬂx.gfe-enﬁal leucocyte counts were seen during extended stays at 21,500 ft
nor in climbers who made excursions of several days to much higher
altitudes. In contrast, subject A on acute exposure to severe hypoxia
developed moderate but significant leucocytosis and thrombocytosis, with
a mvarked depression in eosinophil concentration,

Van Dyke et al (36) demonstrated that concentrated but
impurified urinary erythropoietin from a human donor (cne of only
several known to excrete large quantities of the hormone) pfoduced in
normal subjects a leucocytosis and thrombocytosis in addition to the
expected reticulocytosis. The .similarity between the pattern of the
responses in the subjects given large doses of erythropoietin and that
observed in subject A (See Fig. 3) raises the possibility tiaat high
concentrations of erythropoietin may act as a generalized hematopoietic
stimulant. The absence of lepcocytosis and thrombocytosis in chronic
exposure to hypoxia may mean only that production of these cell forms
is insensitive to erythropoietin at the relatively low concentrations

{and possible absence) that prevails after acclimatization is well advanced.
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i & varied conditions under which such observations are made. A wide
i range in response was seen in the Mt. Everest climbers, but several
' distinct patterns seem to emerge. In general, basal heart rates were
i elevated during the 60 days at or above 17,800 ft. Although the rates
; were highest during the first month and decreased thereafter, there was
E. no clear tendency to return to sea level va.l(:es. No heart rate was
. consistently less than at sea level, but five climbers exhibited no change
from base-line values during the course of the expedition. '

» Resting diastolic pressures were uniformly and chronically
elevated. Systolic pressure was also elevated, but more labile and
showed a tendency to diminish after a month of acclimatization. The
heart rate of. subject A showed no consistent change during the first 24

' hr in the low-pressure chamber, but thereafter it increased about 20%.
" After a day and a half his systolic and distolic pressures increased

: slightly. He also maintained a somewhat higher than normal blood

N

n

- e

pressure during the expedition. These observations are somewhat at
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“:‘S' HBeagt rate for altitudes up to 5400 m (17, 750 ft), although a marked
- - D Q
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= nErease at 6400 m,
€ S0 ‘»:
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§ . ge :rg The general character of the recovery pattern for heart rate and
o 2o
© - O
& @ pressure following light exercise (3-min step test) did not change
v = =
® 14 S5
’gppr;ec?iably with altitude and acclimatization. The rise in heart rate and

pulse pressure produced by the exercise seemed to diminish progressive=
ly with acclimatization. In the first week, when symptoms of hypoxia
were most pronounced, the responses were greater than at sea level, if
weight changes and step height are taken into account. During the two
months that followed, pulse pressure and rate responses to the exercise

at 17,800 ft seemed to decrease steadily.

Weight loss. The weight loss of 5 - B Kg sustained by all members of v
the Expedition team during the 4~week approach ma;ch is not surprising
in view of the daily high work level, high ambient temperatures, and
initial average fat _laurdén of 20%. It indicates, however, that pre-
expedition pl-;ysical training was less than wholly adequate for the task,

but it should be added that this was one of the purposes served by the

approach march.

The persistent loss of weight in climbers at 21, 500 ft and hiéher

elevations cannot be attributed to a calorie imbalance caused by work,
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§ ther low. It is generally assumed that weight loss at high altitude
v 2 ©i8 3nidevitable consequence of depressed appetites, the ever-present
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‘;’. F @fgésxlgxes of preparing food and occasional food shortages. These
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3 55
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Eaﬁe'quitely explain the loss in weight, Nevertheless, two additional
factors may have more significance than heretofore suspected. The
exclusive, but necessary, use of highly concentrated, processed foods

led to a monotony of diet that seemed to have more impact on appetite

than did hypoxia. In contrast, fresh foods of any description, including

tough goat meat that would have been rejected as inedible under normal

conditions, were eageriy consumed at all altitudes. There was no evi-

dence that fats were less acceptable than at sea level. Bacon and butter
always remained in demand, If the diet shifted more toward carbohydrates

at higher altitudes, it was because they were more accessible, required
no preparatidn and —were in familiar forms that are part of the ordinary
diet at sea level, Sherpas, who su:bsisted on their normal d;iets.
supplemented with expedition food, showed little evidence of v.veight loss at

high altitude.

A possible second factor in weight loss relates to digestion and
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g this one, that a sprue-like syndrome occurred with large
volumes of flatus and bulky, steatorrheic stools, Whatever the cause of
weight loss, it seems likely from the losses in TBW that members of
thé expedition were subjected to malnutrition as well as under-nutrition.
Evidence for lean-tissue wasting admittedly is meager, but it is worth
noting that if lean tissue were los‘t, it occurred while substantial depot
fat still remained. It is clear from the work of Picon-Reategui et al
{20, 21) and Nevison et al (18) that no change in body compisition occurs
during prolonged exposure to 14,000 ft (permanent residence) and
19,000 £t (9 months). At both altitudes, body weight and TBW remained
nearly constant. It_.appears probable from these observations that the
highest altitude at which body weight can be maintained lies between

19,000 and 21, 500 ft,

Electrolytes. Much has been said about physiological reaction to hypoxia
.. .brought on by excessive renal excretion of pbtassium ion as a result of

respiratory alkalosis and a potassium shift from intracellular space.
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