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ody i s  a remarkably wel l - regulated assemk-y of b io logica ' l  machinery. 

Under ordinary condi t ions  i t  looks a f t e r  the proper balance of i t s  i n t e r n a l  

a f f a i r s  with a p r e c i s i o n  and r e l i a b i l i t y  t h a t  any automation engineer  could 

envy. Within limits, i t  a l s o  a c t i v e l y  accomodates i t s e l f  t o  circumstances 

somewhat removed from the ordinary,  among them cold,  hea t ,  a l t i t u d e ,  exerc ise ,  

and d isease .  

time he f i r s t  evolved human ins ight ,bu t  physiological  r e g u l a t i o n  under normal 

and abnormal condi t ions  s t i l l  remains a compelling s u b j e c t  for  s c i e n t i f i c  

research.  For t h e  most p a r t  only the e f f e c t s  have been descr ibed while  much 

of the  underlying mechanism remains obscure. 

Man probably has been aware of these  elementary f a c t s  from the 

Men engaged i n  climbing the  h ighes t  mountains a r e  i n  some r e s p e c t s  unique 

s u b j e c t s  f o r  research  on the body's regula tory  mechanisms. 

motivat ion cl imbers  v o l u n t a r i l y  subjec t  themselves f o r  extended i n t e r v a l s  t o  

submarginal environmental-condi t ions and discomforts  t h a t  would not  long be 

t o l e r a t e d  by s u b j e c t s  i n  a contr ived laboratory s e t t i n g .  

severe  hypoxia (oxyten de€iciency)  combined wi th  fa t igue ,  cold,  insomnia, dimiaished 

Driven by i n t e n s e  \. - 

Prolonged exposure t o  

a p p e t i t e ,  and psycogenic f a c t o r s  must ul t imate ly  lead to  a 

acc l imat iza t ion ,  and then beyond 'to progressive d e t e r i o r a t i o n  when p h y s i o l o g i c i l  

reserves  f o r  adjustment a r e  exhausted and the c r u c i a l  balances i n  the body's 

s t a t e  of maximum 

. funct ions and chemistry can no longer  be maintained. 

may evoke i n  our  regula tory  machinery Lnformative responses  o r d i n a r i l y  i n a c c e s s i b l e  

t o  rtudy. 

These a r e  condi t ions  tha; 

With t h i s  i n  mind, the s tudiea  on M t .  Everest were designed t o  examine 

some of the c h a r a c t e r i r t i c r  and response8 of two of the body's v i t a l  components, 



WCUMEHT SOURCE 
Universrty of California at Berkeley 

The Bancroh Libraryrhe University Archives, Berkeley CA 
RECORDS SERIUJ n u  

LJ I/ 4S(,-7 ' Hi gvel-c rf / e d 4 D e  - K h A  
@ANCROFTRIARC ID NO 

2 

one of which responds s p e c i f i c a l l y  by a l t i t u d e ,  whereas the o ther  p lays  a key r o l e  

i n  the  adjustments  t h a t  a r e  made t o  meet s t r e s s f u l  condi t ions general ly .  The 

f i r s t  involves  the blood and more s p e c i f i c a l l y  the production of red blood c e l l s .  

The s u b j e c t  of  t h e  second p a r t  o f  the study was the adrenal  gland and i t s  mul t i tude  

of hormones t h a t  he lp  r e g u l a t e  many of the body's funct ions,  metabolic processes ,  

and chemical balances.  

Before the  Expedition took to  the f i e l d ,  two laboratory s t u d i e s  were needed 

t o  g ive  meaning t o  observat ions made on the climbers during the ascent  of M t .  

Everest .  

determined f o r  each member of the team a t  sea leve l .  Without these  #'base line" 

values ,  d a t a  gathered l a t e r  a t  high a l t i t u d e s  would have no poin ts  of re ference  

and therefore  l i t t l e  meaning. 

I n  one of t h e  NO tests, normal values  of physiological  parameters were 

These measurements n e r e  made a t  the Dormer Laboratory, 

Universi ty  of Cal i forn ia ,  a month before  the  teams departure .  

The second test w a s  more e labora te  and somewhat d i f f e r e n t  in nature .  It 
-\: 

w a s  designed t o  b r i n g  out  the different 8 if k&ponses evoked by sudden exposure 

t o  a l t i t u d e  as compared t o  those experi nced by ;'man going slowly to  the same 

a l t i t u d e ,  hence acc l imat iz ing  as he went. - h e  approach march t o  M t .  Everest  t akes  

t h r e e  veeks o r  longer,  long enough. for acc l ima t i&t ion  t o  be w e l l  advanced by t h e  

t i m e  Base Camp i s  reached. 

decompressed t o  17,000 f t  in the  @o&r L a b o r a t o b  high a l t i t u d e  chamber and k e p t  

a t  t h i s  a l t i t u d e  f o r  four  days. 

r e a c t i o n s  were cons tan t ly  assessed wi t t -bo  

t e s t s ,  and c l i n i c a l  observations;  In gene 

t o  a l t i t u d e  a r e  f a r  more dramatic h e  first few days than one encounters i n  climbing 

high peaks, even when the peak fs M t .  Everest. 

brought out  l a t e r .  

- - > z  - 9  

- -  

For comparison, - a member of the Expedition w a s  r a p i d l y  

perore ,  during tind a f t e r  h i s  i n c a r c e r a t i o n  h i s  
.- - 

cries of physiological  and b i o c h e d c a l  

1; The responses to  sudden exposure 
- 
c =  

- -  - - 

A few of the  d i f fe rences  a r e  

Among phyr io logica l  rerponser  t o  high a l t i t u d e ,  the llthlckenfng" of blood is 
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probably one of the,rnost f a m i l i a r .  

increase  i n  thenumber of red blood c e l l s  ( e r y t h r o c y t e s ) ;  the  plasma volume. does 

The thickening i s  s o l e l y  the r e s u l t  of an  

n o t  change appreciably.  

the red c e l l s  a r e  replaced per day. 

balanced by removal of old red  ce l l s  from the  c i r c u l a t i o n .  

and ”normal” t o t a l  volume of about 35 cubic  cent imeters  of  red c e l l s  per  kilogram 

of lean body weight is maintained. 

of the  blood volume, and hemoglobin, the  red pigment t h a t  c a r r i e s  oxygen, amounts 

t o  14 to  16 grams per  100 cubic  cent imeters  of blood. 

In the  hea l thy  person a t  s e a  l e v e l  about 0.8 percent  of 

New c e l l s  formed i n  the bone marrow are 

Thus, near ly  a constant  

Ordinar i ly ,  red  c e l l s  make up 40 t o  50 percent  

Under the st imulus of hypoxia, red c e l l  product ion increases .  Prec ise ly  

how t h i s  happens i r  st i l l  obscure except t h a t  i t  i s  known t o  be mediated by an  

e lus ive  hormone c a l l e d  e ry thropoie t in .  The amounts of e ry thropoie t in  n o m a l l y  

c i r c u l a t i n g  i n  the  blood and excreted i n  t h e  ur ine,  even a t  moderately high 

a l t i t u d e s ,  is too small t o  be de tec ted  by -the - r e l a t i v e l y  i n s e n s i t i v e  assay methods 
\. ~ -- 

avai lab le .  However, the hormone is spmetimes fou$’-’in high concentrat ions i n  
- . -- .- 

persons wi th  very severe anemia, and Lt is r e a d i b  d e t e c t e d  i n  labora tory  

a n i y l s  dur ing  t h e  f i r s t  two o r  th ree  days they ire exposed to  high a l t i t u d e .  

A s imi la r  response f o r  man was demonstrated i n  the- expedi t ion  member who w a s  

acutely decompressed to  17,000 f t  in  the high a l t i t u d e  chamber. 

- - -  

- - -  < -  

A s i g n i f i c a n t  
2 ,  L 

r e s u l t  of t h a t  test vas the observgt ion t h a t  &yythropoietin and the  severe symptoms 
. . ‘  

of a l t i t u d e  s ickness  subsided togeiher  a f t& t h r e e  days a t  a l t i t u d e .  
_. - 

I n  pursuing t h i s  i n v e s t i g a t i o n  on M t .  Everest  t h e r e  was no expec ta t ion  of - . -  _ .  _ .  
f inding e r y t h r o p o i e t i n  i n  men accl imat ized to;tlie e l e v a t i o n  of Ease Camp. Climbers 

who ascended from Base Camp t o  camps a t  23,000 f t  w i t h i n  &e space of a few days 

seemed the  most promising candidates  for demonstrating an  acute  response 

we had seen i n  the chamber test. Moreover, in  the  i n t e r e s t  of l earn ing  i f  

e ry thropoie t in  ever  remain8 c o n s i r t e n t l y  e levated,  c l imbers  who spent  extended 

such a s  

I l b 2 9 4 b  
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i n t e r v a l s  a t  21,400 f t  and 23,000 f t  were a l so  tes ted .  For the cl imbers  the  

procedure w a s  simple, they merely co l lec ted  ur ine  i n  a b o t t l e  f o r  a day. When 

the  b o t t l e s  were re turned  t o  Base Camp the  ur ine  was passed through s p e c i a l  f i l r e r s  

t o  concent ra te  the hormone f o r  l a t e r  assay i n  the laboratory.  

Research conducted i n  (L t e n t  is never SO impersonal a s  i t  frequent ly  is i n  

the labora tory .  

p rocess ing  t h e  u r i n e  would t o l e r a t e  n e i t h e r  drying nor f reezing.  

q u a r t  b o t t l e s  of water solved one problem but  more heroic  measures were needed 

f o r  the  o t h e r .  Sharing a s leeping  bag every night  with three  o r  four  hard, cold,  

and sometimes damp b o t t l e s  seemed a t  times an  inord ina te  s a c r i f i c e  i n  t h e  name of 

science.  

In some r e s p e c t s  t h i s  was r e g r e t t a b l e .  The s p e c i a l  f i l t e r s  f o r  

S tor ing  them i n  

Negative r e s u l t s  a r e  always a n t i c l i m a c t i c  even when they a r e  meaningful. 

This was the  case  f o r  e ry thropoie t in .  

produced measurable q u a n t i t i e s  of the hormone. 

the  s u b j e c t  i n  the  pre-expedi t ion chamber t e s t  produced a high concent ra t ion  of<*- 

e r y t h r o p o i e t i n  a t  only 17,000 f t ,  but he did t h i s  only when symptoms of hypoxia 

v e r e  extemely severe.  

observed i n  the chamber. For reasons tha t  a r e  still 

never experienced the same degree of " t i s s u e  hypoxia", +en a t  the h ighes t  a l t i t u d e s  

on Mt. Everest  when they ran out  of oxygen, t h a t  they might have suf fered  had 

they been brought suddenly t o  Base Camp from sea l e v e l .  

None of the  climbers who were t e s t e d  had 

I n  cont ras t ,  i t  may be r e c a l l e d ,  

- :  
Such symptoms were m e r  ks- severe on Me. Everest  as those  

e n t i r e l y  c lear ,  c l imbers  
_ -  

- - 

Although e r y t h r o p o i e t i n  evaded detect ion,  i t  was unquestionably t h e r e  i n  

g r e a t e r  than normal concent ra t ion  prodding the bone marrow i n t o  ever  g r e a t e r  

product ion of red c e l l s  vitb increas ing  *a 

rate could be measured vith sanewhat g r e a t e r  cod iden*  than the s t i m u l a t i n g  

hormone. 

sixty percent  of the red  c e l l .  

- .  
- L  :- 
i tude.  --'Forkuuately t h e  product ion 

Iron i r  the  key element i n  hemoglobfn, the red pigment t h a t  forms 

When more red  c e l l s  a r e  manufactured, correspond- 



W C U U E N T  SOURCE 
University of California at Berkeley 

The BancroR Libraryflhe Universrty Archives. Berkeley CA 
RECORDS SERIES r im 

- - - 

5 

i n g l y  more hemoglobin i s  synthesized, and more i r o n  u t i l i z e d .  It i s  a long 

b u t  reasonably d i r e c t  cha in  of events  from i r o n  t o  c i r c u l a t i n g  red c e l l ;  hence, i f  

the r a t e  of use of i r o n  i s  measured, a s  i t  can with rad ioac t ive  iron, the product ion 

of red c e l l s  can be est imated.  

om plasma i s  labe led  v i t h  r a d i o a c t i v e  i ron,  i n j e c t e d  back i n t o  h i s  veins ,  and 

then blood samples a r e  taken a t  i n t e r v a l s  f o r  severa l  hours  to  determine how 

r a p i d l y  t h e  r a d i o a c t i v i t y  i s  removed from t h e  plasma to  form new hemoglobin. 

W i t h  a por tab le  counter  generously provided by Nuclear-Chicago Corporation, 

measuring r a d i o a c t i v i t y  on the  s lopes  of M t .  Everest  vas no more d i f f i c u l t  than 

making a pot  of t e a .  

I n  p r i n c i p l e  the method i s  s i m p l e ;  the  s u b j e c t ' s  

This was never a popular t e s t  and the ready v i l l i n g n e s s  of team members 

t o  cooperate  was g r a t i f y i n g ,  

t o  camp v i t h  a four- inch long needle  with a stopcock s e t  i n  a ve in  i n  his a m ,  

much the same as a sp igot  i n  a cask. 

when done i n  a small t e n t  on snow--the experiment vas  h ighly  informative.  

The v i c t i m  spent the b e t t e r  p a r t  of a day confined 

With a l l  i t s  complications and discomforts--  
\. 

It 
- C T  - _ - _  ,- 

shoved t h a t  a t  17,800 f t  man produces red  cei?.snea.rly +%ce a s  f a s t  as a t  sea  _ . -  - L -  

l e v e l ,  and a t  21,100 f t  h i s  production r a t e  i s  2.5 to 3 ti& a s  f a s t .  It a l s o  - - 1  

shoved that t h e  t o t a l  volume of red c e l l  had expanded 3O-percent and t h a t  the  

plasma volume had not changed. 

Conventional blood tests, unl ike  thar  v i t h  rad ioac t ive  i ron,  could be made 
- -  

repea ted ly  to  fol low t h e  changes i n  red  ceZl . concent ra t ion  a s  the team progressed 

t o  higher  a l t i t u d e s .  Hemoglobin, f o r  ex+ple, followed loughly the gross p a t t e r n  

of i n c r e a s i n g  a l t i t u d e  b u t  with a two wee! ! ~ a y . -  y u e y e r  i t  never exceeded 

24 grams percent  (normal: 

on the r e t u r n  march, the response war immediate. Hemoglobin concent ra t ion  

.. - 
, = = -  , c  - _ -  

- I  Z C >  

14 t o  16). 'l%&noment &&Expedition - l e f t  Base Camp 
.- z 

dropped p r e c i p i t o u r l y .  

by the drop in a l t i t u d e  t h a t  w e  were r e t u r n i n g  t o  Kathmandu-where i r o n  in t h e  

The body simply stopped producing red c e l l s  when informed 
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blood i s  needed less than  c a s t i r o n  i n  the  stomach. 
i 

Tne adrena l  glands a r e  two sma l l  f l a t t e n e d  bodies perched, one each, a top  

t h e  kidneys. 

t h e  "panic" horsone t h a t  g ives  us a momentary boos t  when suddenly confronted wi th  

danger. 

more p a r t i c u l a r l y  i t s  mul t i tude  of hormones t h a t  comanded the  a t t e n t i o n  o f  the  

phys io logica l  s tud ie s .  b o n g  the  many hormones secre ted  by the ad rena l  co r t ex ,  

The inne r  po r t ion  (medulla) of these  b i t s  of t i s s u e  s e c r e t e  adrena l in ,  

However, i t  w a s  the ou te r  layer ,  the  co r t ex  of the ad rena l  gland, and 

one of t he  most important i s  the  f m i l i a r  substance hydrocor t i sone .  

The importance of the adrena l  c o r t e x  as a regula tory  organ i s  f i rmly  

e s t ab l i shed .  Tne c o r t i c a l  s ec re t ions ,  some o f  which are c o n t r o l l e d  from t h e  

p i t u i t a r y  gland by ACTH, e x e r c i s e  a s t rong  and o f t e n  c o n t r o l l i n g  in f luence  

over  the  body's chemistry, t he  h e a r t ,  and t h e  c i r c u l a t o r y  and r e s p i r a t o r y  systems. 

I n  response t o  such cha l lenges  as d isease ,  in jury ,  environment, o r  psychogenic 

f a c t o r s  that tend t o  disturb- ' the body's normal phys io logica l  balances,  i t  i s  the  

adrena l  c o r t e x  that acts t o  r e s t o r e  equi l ibr ium.  Unt i l  t he  balance i s  re s to red ,  

accord ing  t o  one v ide ly  he ld  view, a s ta te  of s t r e s s  e x i s t s  t h a t  man i fe s t s  i t s e l f  

i n  phys io logica l ,  chemical, and psychological changes t h a t  may be profound. 

Phys io logica l  r e se rves  t h a t  can be c a l l e  

bu t  they a r e  a l s o  l imi ted . -  If t h e  demand cont inues  beyond the capac i ty  t o  ad jus t ,  

d e t e r i o r a t i o n  and u l t ima te ly  dea th  ensue. 

Himalayan climbing made it keasonabile t b  assume t h a t  Mr. Everest would induce 

i n  he r  assailants an advanced s ta te  O'f 'stress and thus provide t h e  r a r e  oppor tuni ty  

t o  observe how and t o  what e x t e n t  the adrena l  co r t ex  copes wi th  such problems. 

' 

'. * 

- .  

upon to  meet a cha l lenge  may seem l a r g e  

: .  
The extreme condi t ions  encountered i n  

- _  

The c o r t i c a l  hormones are excreted,  some i n  s l i g h t l y  modified form, i n  t he  

. ur ine ,  making t h e i r  c o l l e c t i o n  easy f o r  the inves t iga to r  and p a i n l e s s  f o r  t h e  

sub jec t .  Once more, an in t h e  search  f o r  e ry thropoie t in ,  che ques t  f o r  u r i n e  was 

pursued over  t he  f aces  and r idges  of Mt. Everest .  The Sherpas could  w e l l  
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understand our  us ing  b o t t l e s  i n  c z p  a t  n ight ,  but car ry ing  the  b o t t l e  wh i l e  

climbing perplexed t h e m ,  and ca r ry ing  the  f u l l  b o t t l e s  back t o  Base Canp was 

beyone a l l  comprehension. Twenty-four hour co l l ec t ions  were obtained under a - 

v a r i e t y  of  circumstances,  all of  them, we f e l t ,  involving s t r e s s f u l  condi t ions .  

A t  the  end of the  f i r s t  day ' s  c o l l e c t i o n  the climber received an i n j e c t i o n  o f  

ACTH t o  s t imu la t e  h i s  adrena l  glands to  m a x i m u m  output of c e r t a i n  mernbers o f  the  

hormone group, among them hydrocorcisone. 

then  reveal h i s  ad renocor t i ca l  r e se rve .  

a l l  t h e  sunamit climbers,  their support  teams, and f r o s  men l i v i n g  a t  21,400 

f t  and 23,000 f t  f o r  prolonged i n t e r v a l s .  

accumulation of f l u i d s ,  a few observa t ions  on some of the  c o l l a t e r a l  tes ts  are 

needed. 

The second day ' s  u r ine  c o l l e c t i o n  would 

Such co l l ec t ions  were obtained from n e a r l y  

Before revea l ing  what was found i n  t h i s  

Basal pu lse  r a t e  and r e s t i n g  blood pressure  increased as expected almost 

imnedia te ly  as the  Expedition moved t o  h igher  e l eva t ions  on t h e  approach march 

and they remained h ighe r  than normal f o r  severa l  weeks a f t e r  a r r i v i n g  a t  Base '-. 
Camp. But as a c c l i m i t i z a t i o n  progressed, pu lse  and pressure  slowly r e tu rned  t o  - - .  - -  2 - L  . _  

the va lues  they had a t  sea level.  &.pul&e'or h g t o l i c  pressure,  o r  both,  f o r  
%-. 
\ _ -  

some c l imbers  u l t ima te ly  dropped be&w t h e i r  -&ai va lues  although d i a s t o l i c  

p re s su res  aiways remained higher than-.normal in a 
. .  

- _  
The response o f  t h e  h e a r t  a n d - c i r c u l a t i o n  t o  moderate exe rc i se  was t e s t e d  

blood pressure  fo l lowing  a by observ ing  t h e  rise and recovery Pn both pu l s  

three-minute s t e p  test. 

seem t o  change much dur ing  the couist ,  of %he-expedition, although the re  were 

except ions .  

changed p rogres s ive ly  w i t h  acclimatization. 

symptoms of  hypoxia were most evident,  t h e  responses vere g r e a t e r  than  a t  sea 

l e v e l .  During the two months that f o l l w e d ,  the pulse  and p res su re  responses  to 

The genera l  cha rac t e r  e recovery p a t t e r n  d i d  no t  

;: 1 ; -  

However, t h e  r ise i n j i u l s e  and p r e s t k e  produced by the  e x e r c i s e  
- . -  

Tp she  f i r s t  veek a t  a l t i t u d e ,  when .. c 

I I b 2 t l S 0  
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,/ t h e  e x e r c i s e  decreased s t e a d i l y  u n t i l  they were decidedly smaller  than they had 

been i n  t h e  pre-expedi t ion t e s t .  

important adjustments  t o  meet the chal lenge of hypoxia. 

The card iovascular  system had obviously made 

Crude es t imates  of muscular s t r e n g t h  were made from time t o  t ime  with an 

instrument  t h a t  measured hand gr ip .  I f  changes i n  s t rength  occurred they could 

be seen i n  the maximum force  the  man could e x e r t  and the  dura t ion  t h a t  one h a l f  

the maximum f o r c e  could be held.  SoKe improvement occurred i n i t i a l l y ,  probably 

the r e s u l t  o f  " t ra ining" in t h e  use of t h e  device,  bu t  no s i g n i f i c a n t  i n p a i m e n t  

of s t r e n g t h  a s  measured i n  this manner 

Expedition as had been a n t i c i p a t e d .  I n  c o n t r a s t  t o  th i s ,  m o s t  members of :he 

team f e l t  t h e i r  capac i ty  f o r  heavy w o r k  was s i g n i f i c a n t l y  reduced by the time 

Base Camp was abandoned. Subject ive observat ions of t h i s  kind o f t e n  c o n t a i n  

a l a r g e  measure of t r u t h  but  they a r e  always d i f f i c u l t  t o  assess ;  they a r e  compounded 

of many unweighable f a c t o r s  and s u b j e c t  t o  no small  measure of unin ten t iona l  

s e l f  decept ion.  

a l though t h e r e  i s  i n d i r e c t  support  f o r  i t ,  

developed l a t e r  i n  the course of  t h e  

--.. . We can only r e p o r t  t h e  ex is tence  of t h i s  e f f e c t  as a convict ion,  

Climbers around the worlp a r e  acute ly  conscious of the  need to  ma in ta in  
5 -= . , - . .  

f l u i d  balance because of  the d e k l i & f i & , a n d  hazards t h a t  accompany dehydrat ion.  - 
The American Expedition subscr ibed tQ the  d e  followed by t h e  B r i t i s h  M t .  Areres t  

Expedi t ion i n  1963 a t  the  urging of  Dr.iLgG. C. Pugh that each man must have 

f i v e  t o  seven p i n t s  of  f l u i d  per  day. Apparently t h e  r u l e  w a s  p rac t iced  as v e l 1  

a s  preached because there  were few signs of chronic dehydration. The i n e v i t a b l e  

except ions were acute  i n ' n a t u r e ,  involkng p r i m a r i l y  the summit cl imbers  who had 

.. 

- .  
c - c  

no p r a c t i c a b l e  meana of +&curing f l u i d s  dur ing  the  12 t o  20 hours they were 

above the  h ighea t  camps +en f l u i d  io?s, unfortunately,  was g r e a t e s t  and most 

c r i t i c a l .  ~ 

- .  - _  .- 
, -  . .  . -  

- . . .  
N u t r i t i o n  has  received i f  anything more emphasis than proper hydrat ion,  b u t  



/ i t  i s  f a r  more d i f f i c u l t  t o  manage i n  p rac t i ce .  The p r inc ip l e s  a r e  c l e a r  enough 

9 

bu t  they cannot r e so lve  the  p r a c t i c a l  problems of l o g i s t i c s ,  l fmi t ed  a c c e p t i b i l i t y  

of highly p r o c e a s e d  foods, appetites t h a t  b o t h  diminish and become more s e l e c t i v e '  

w i th  i n c r e a s i n g  a l t i t u d e ,  and perhaps c e r t a i n  in s id ious  e f f e c t s  of hypoxia about 

which l i t t l e  i s  known. With more than s u f f i c i e n t  experience i n  semi-s ta rva t ion  

on previous expedi t ions ,  and no d e s i r e  t o  r epea t  i t ,  we were determined t o  have 

ample  q u a n t i t i e s  of food, p a r t i c u l a r l y  foods h igh  i n  pro te in ,  and i n  such limitless 

v a r i e t y  t h a t  even the most jaded a p p e t i t e  could no t  he lp  but  f i nd  something 

appealing. 

on M t .  Everest .  

The r e s u l t  w a s  without doubt t he  most e labora te  menu ever  o f f e red  

I n  s p i t e  o f  an e labora t e  and w e l l  stocked la rder ,  weight loss dur ing  t h e  

Expedition followed a f ami l i a r  p a t t e r n .  

l o s t  on t h e  approach march could we l l  be spared. 

and p r o t e i n  made on members of the team i n  t h e  pre-expedition l abora to ry  tests 

showed that f a t  c o n s t i t u t e d  one-eight t o  more than one qua r t e r  of t h e i r  weights. 

Weights s t a b i l i z e d  before  Base Camp was reached and fo r  a week a f t e r  arrival, 

b u t  once aga in  weight loss resuuedyi t s  p e r s i s t e n t  course when men moved t o  h ighe r  

camps. 

loss would do r e l a t i v e l y  l i t t l e  b;&, but  

became ev iden t  even before  f a t  reserves usted.  The d e b i l i t a t i n g  

e f f e c t s  of l e a n  t i s s u e  wasting on hea l th  

I t  would seem much the wrong condi t ion  i n  =hi+ t o  enjoy climbing M t .  Everest. 

Tne t e n  t o  f i f t e e n  pounds everyone 

Exact measureinents of f a t ,  water 

--.. - 

~ - _  f -  - 
Much of t h e  w e i g h t  loss dur ing  the ascent was unquestionably f a t ,  whose 

I 

ing  s igns  of muscle was t ing  

i c a l  performance are w e l l  known. 

It i s  now evident  that  i p ' r h e  operatioxu above Base Camp everyone s u f f e r e d  

f o r  want o f  p r o t e i n  as well a( total c a l o r i e s .  

p re sen t  d i f f i c u l t i e s  of prepaf iag  foods, and occasional food shor tages  could 

perhaps e x p l a i n  the weight l o s s e s  u i thout ; fkr ther  inquiry.  

f a c t o r s  may be far more important than we have here tofore  r ea l i zed .  

d i e t  f o r  one can have devas t a t ing  results, p a r t i c u l a r l y  under s t r e s s f u l  cond i t ions .  

Depressed appe t i t e s ,  the eve r  
; c  

- j  

However, t w o  a d d r t i o n a l  

Monotony o f  

I l b 2 9 5 2  
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Highly processed concentrated foods seem to have this quality built into them, 

This is less true of some fats and carbohydrates, butter and sugar for example, 

but processed protein foods, especially meat products and concentrates, seem 

with continued use to lose much of whatever acceptability they nay have had at 

the outset. In contrast, unprocessed foods of almost any description, old tough 

goat, eggs of doubtful vintage, and local potatoes were always consumed with keen 

appetites. 

but it is also possible that under hypoxic conditions low acceptability of highly 

processed foods could contribute significantly to the weight loss and debilitation 

suffered by most high altitude expeditions. 

- 

Perhaps it was only the contrast and change that stimulated appetites, 

There remains a second facet of nutrition at high altitude about which 

little is known. This concerns the absorption and utilization of food we do 

manage to consume. 

tract is impaired, or if absorption of digested food in theintestine is impeded, 

then one could starve in the midst of plenty. 

could be a more insidious factor vith greater and more persistent influence on 

If hydrolysis of fats and proteins in the gastrointestinal 

Malabsorption or faulty metabolis2- 

I _  

‘ j -  

and fusyy preferences in food. . - -  health and performance than depressed- ap 

Even forced feeding, as conscientiously 

then be of little avail. 

. = :  
eed Fy Hornbein and Unsoeld, would 

:t -_  
- 4  : 
- .  . -  . 

Evidence t o  support this contension, admittedly, is both meager and contestible. 

It consists for the most part of non-specific s i p s  and symptoms such as the 

steadily declining weights even vhen food con&ption seemed adequate; the 

distressingly large quantities of gas in th-e gvtrointestinal tract scan after 

eating, suggesting faulty dige 

even during protracted periods 

that everyone on the Expedition suffered €tom undernutrition, and it i6 likely 

that those who spent much time above Base Camp were also rubjected to malnutrition. 

i 

-. - 
- -  

A. 

‘perhaps abnormal stools daily 

There can be little doubt but 
- .  
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/ Nothing i n  t h e  d a t a  c o l l e c t e d  on K t .  Everest ,  however, makes i t  c l e a r  which of 

t he  f a c t o r s  d i scussed  above i s  mainly respons ib le ;  probably a l l  are involved 

t o  some e x t e n t .  

If for no o t h e r  reason than the  appa l l ing  environment a t  high a l t i t u d e s ,  

one would expect i n  men climbing K t .  Everest  an advanced s ta te  of stress t h a t  a l l  

bu t  exhausted their phys io logica l  resources.  

t h e  slow and pa in fu l  e f f o r t  even the  s n a l l e s t  t a s k  demands a t  high a l t i t u d e  would 

seem t o  a t t e s t  th i s .  Ce r t a in ly  the  appearance of t he  sumnit climbers on t h e i r  

r e t u r n  would sugges t  i t .  Moreover, there  i s  a widespread convic t ion  among 

a u t h o r i t i e s  on t h e  sub jec t  t h a t  t h e  l i m i t i n g  a l t i t u d e  to  which man can a c c l i c a t i z e  

l i e s  somewhere between 20,000 and 22,GW f t .  Beyond t h i s  he d e t e r i o r a t e s  progress -  

i v e l y  f a s t e r  w i th  a l t i t u d e .  No one would argue t h a t  without oxygen l i f e  expectancy 

The f e e l i n g  of chronic exhaustion, 

. 

29,OOO f t  could be  anything but  sho r t .  

Yet t he  pages of phys io logica l  d a t a  from t h e  Expedition seem t o  form a 
'. 

p i c t u r e  somewhat d i f f e r e n t  from t h e  one we  +a$ a n t i c i p a t e d .  

through t h e  t es t  d a t a  i n  v a i n  for  unequ ivog l  w i d e n c e b f  phys io logica l  stress 

that  could be  c a l l e d  severe, and f o r  most of the  meaLevek moderate. 

the whi t e  blood cells t h a t  o f t e n  s i g n a l  t he  ex i s t ence  of stress are unchanged; 

t h e  ca rd iovascu la r  responses to exe rc i se s  are much the.sarne a s  f o r  team members 

who remained a t  t h e  lowest camps, and al1,show good acc l imat iza t ion ;  and the  

We have looked 
- - c  
5 ' 

& -  - -  
J 

Cer ta in  of - 

- 8 :  

- 

key e l e c t r o l y t e s ,  sodium, potassium, and &loride,  &.nLblood and u r ine  are a l l  

w i t h i n  t h e  normal range. 

ad rena l  c o r t e x  seems l i t t l e  d i s tu rbed  by& experiences on M t .  Everes t .  

- . .  
- L - -  

Fina l ly ,  and mdt'damaging t o  -preconceived ideas,  the  - 
The 

L - 
assays  of t he  ad renocor t i ca l  hormones are incomplete at t he  t i m e  t h i s  i s  w r i t t e n  

bu t  t h e  d a t a  a t  hand show l i t t l e  t h a t  i s  abnormal i n  the  excre t ion  rates of t h e  

hormones. The ad rena l  c o r t e x  aloo responds i n  a normal heal thy  manner t o  ACTH. 

Exceptions and d i f f e r e n c e s  exist, but  no one i o  near the  b r ink  of phys io log ica l  

I I b 2 W i  
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d i s a s t e r .  
Conclusions drawn before  the r e s u l t s  of  a s tudy a r e  f u l l y  assessed  a r e  - 

extremely hazardous and r a r e l y  of fe red .  

an  impression tha t  a t  t h i s  po in t  seems t o  sum up t h e  observat ions,  i t  would 

have t o  be t h i s :  the  cl imbers  were phys ica l iy  d e b i l i t a t e d  by the  t i m e  they 

l e f t  X t .  Everest ,  b u t  they exhib i ted  few s i g n s  of  physiological  s t ress .  

Expedition, probably l i k e  those before  i t ,  seems t o  have been the v i c t i m  

mainly of semi-s tarvat ion,  and w e  do not  know why. 

I f  compelled however t o  voice at' l e a s t  

The 

A f i n a l  no te  i s  added here on a s u b j e c t  t h a t  w a s  not p a r t  of t h e  

phys io logica l  s t u d i e s  but  i s  never the less  r e l e v a n t  to t h i s  Expedi t ion and 

perhaps a l l  o t h e r s  wi th  6OCC-meter-peak a s p i r a t i o n s .  

the  c e n t r a l  nervous system, p a r t i c u l a r l y  the h igher  b r a i n  c e n t e r s  nay be 

damaged by exposure t o  extreme a l t i t u d e s  is f requent ly  discussed, occas iona l ly  

debated, b u t  r a r e l y  i f  ever  brought under s c i e n t i f i c  s c r u t i n y .  

the h i s t o r y  of Himalayan climbing t h e r e  i s  from t i m e  t o  t i ne  suggest ive 

evidence of  b r a i n  damage, i n  some i n s t a n c e s  perhaps permanent, i n  c l imbers  

exposed to  a l t i t u d e s  g r e a t e r  then 6OGG'(26,25C f t )  meters without  oxygen. 

The e f f e c t s  are s a i d  to  be  expressed as impaired memory and p e r s o n a l i t y  

changes, p a r t i c u l a r l y  chronic  depress ion .  

The p o s s i b i l i t y  t h a t  

Throughout 

The s i x  cl imbers  of  the American Zxpedi t ion who reached the summit 

o f  M t .  Everest  spent  i n t e r v a l s  ranging  from foug eo-twelve hours wi thout  

oxygen above 26,000 f t ,  and four  exhausted the* $xy&n:oa ?tbp summit. 

A l l  to ld ,  e leven  men, excluding Sherpas, climb& ,&igher' &ak~7,,G00 f t .  

Everyone appeared t o  experience acute  psychic  e f f e c t s  of hyp&ia a t  t h e  t i m e ,  

b u t  once the Expedi t ion l e f t  the mountain no apparent  e v i d e e e  of  b r a i n  

damage could be  seen  from casua l  observat ion.  

however, many members of t h e  Expedi t ion have &ported s u b j e c t i v e  s i g n s  of memory 

impairment, and some have experienced per iodsfof  deprestio-n. 

o ther ,  less  wel l -def ined symptoms, have a l s o  been  described. 

t h e i r  r e p o r t s  are i d e n t i c a l :  

once f a m i l i a r  names, and a need now to  s e a r c  

;7 .I - .. - c 

. -. .: 
- . ,  

. -  

, -  . . .I 
During f h i  months t h a t  followed, 

. L  

A v a r i e t y  of 

I n  one r e s p e c t  

they have f r e q u i n t  d i f f i c u l t y :  i n  r e c a l l i n g  - . -  

q f ' w o r d s  %at formerly were - -. . .  . ,  
o f t e n  and e a s i l y  used. . -  

On t h e  b a s i s  of these  s u b j e c t i v e  impressions it i s ~ n o t  p o s s i b l e  t o  

assess the  na ture ,  e x t e n t  and d u r a t i o n  of  c e r e b r a l  in jury ,  o r  even t o  asser t  

unequivocably t h a t  i t  exists.  I f  t h e  evidence i n  c l imbers  i s  less than 



- 
DOCWENT SOVRCE 

Unlverslty of California at Berkeley 
The Bancroft Librarynho Universty Archives. Berkeley CA 

RECORDS SERIES nnE 
- 

overwhelming, t h e r e  i s  s t i l l  reason to  be l i eve  b r a i n  damage i s  poss ib le ,  

even probable, a t  extreme a l t i t u d e  i f  f o r  no o the r  reason than the  we l l  

known in to l e rance  the  b r a i n  has f o r  anoxia. One conclusion i s  incontes tab le :  

the sub jec t  needs more study and l e s s  conjec ture .  I t  i s  one tha t  f u t u r e  

expedi t ions  might w e l l  pursue i n  the i n t e r e s t  of the  wel fare  of high a l t i t u d e  

climbers.  

/ 

As every s c i e n t i s t  knows, i t  takes funds as wel l  a s  e f f o r t  t o  do 

research .  O r  t o  $araphrase. a quota t ion  from "Rum Doodle" o f t e n  used on the  

Expedition, "Gathering 'data- is one  thing, supporting i t  i s  q u i t e  another". 

For the  t a sk  of ga ther ing  phys io logica l  da ta ,  support  was g r a t e f u l l y  received 

from the U.S. Atomic Energy C o m i s s i o n  through the  Dormer Laboratory, Univers i ty  

of  Ca l i fo rn ia ,  and as research  g ran t s  from the  National Science Foundation, 

the  U.S. Air Force Of f i ce  of S c i e n t i f i c  Research, and the National Aeronautics 

and Space Administration. 

. .  -. 
. -  
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