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PREFACE

he material contained m thns monograph was prepared orig-
gnally under a contract between the University of Illinos
and the Quartermaster Tood and Contamer Institute for the
Armed Forces, Chicago, Tlhinors The subject 15 of importance to
the proper rationing of Army personnel in different chmates and at
different altstudes, and most of the experimental and observational
mvestigations dealing with 1t during the period of the late war
were motn ated by such constderations However, the relationships
between nutrition and climatic stress are much broader than this
m their applications to the problems of practical nutrition and 1n
their beanng on the principles of the science of nutrition Hence,
1t was decided to pubhsh the report of the study for general dis-
tribution The authors express their appreciation to Mr George
Gelman, Technical Director of the Institute for releasing the re-
port for this purpose
The ongmal report was submutted to the Institute i July of
1948 and represented hterature coverage up to about April 1,
1948 This report has been thoroughly revised up to about Octo-
ber 1, 1949, n preparng the present monograph, although the
authors realize that, because of the many and diverse avenues of
publication for matenal of this nature, all of the availnble informa-
tion may not have been consulted
In reviewing the mass of pertment literature and unpublished
matenal the authors have had two purposes m mnd fust, to
cover thoroughly and cntically those expenments and observa-
tions dealing directly with the relationships of nutrition and
climatic stress, namely, the effect of climatic stress on nutritional
requirements, and the effect of the food supply upon tolerance to
climatic stress, and, second, to discuss the background mforma-
tion, beanng indirectly, and perhaps only remotely, upon the
nutntion-environmental stress theme The Iatter purpose will, 1t 1s
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viu PREFACE

hoped, a:d m an appreciation of the larger problem of the impact
of chimate upon animal physiology, and will, it 15 hoped, ad to
some extent in explaming the nutritional impacts of chmatie ag-
gression The hiterature on the phystologieal effects of chmatic
factors, referred to m the monograph, has been selected from a
much larger bibliography on the basis of pertmence to the mam
problem It has been discussed m as logreal a fashion as the
limtations of the authors m this broader area of knowledge would
permit

The success of this undertakmg, such as 1t 1, would have been
mpossible without the assistance and connsel of many agencies
and mdwviduals Special acknowledgments should be made of
the assistance of the followmng

Miss Susan Boyer and her associates i the Office of the Quarter-
master General m Washington, D C, for permuttmng access to
and assistance m using the mdex of pertinent research sponsored
by George Washmgton University, meluding confidential and re-
stricted, as well as pubhshed, materal, Mr Martm P McDonough,
technical hibrarian of the Quartermaster Food and Contamer In
stitute, for access to the mdex fle of confidential and restncted
matenal at the Chicago depot, Colonel Jack E Fmks of the Re
search and Development Branch, Mihtary Planning Dwision,
Office of the Quartermaster General, for assistance m securing ac
cess to unpubhshed maternal in the Army Medical Library, the
War Library m the Pentagon Butlding and the Iiterature mdex of
the Quartermaster General m Washington

Eather one or bath of the authors received valuable assistance
and gwdance m personal mterviews with Dr Ancel Keys of the
Umversity of Minnesota, Dr D B Dill of the Army Chcmyzcﬂl
Center, Edgewood, Maryland, Drs R E Johnson and R M Kark
of the Army Medical Nutnition Laboratory, Dr Paul E Siple, Re-
search and Development Dwision, War Deprtment General Staff,
Captain A R Behnke, Naval Medieal Research Center, Bethesda,
Maryland, and Lieutenant James L D Roth, and Dr T W Bob
mson, Airr Mateniel Command, Wrght Feld, Dayton, Chio

H H Mitchell
Urbana, Himos Marorie Edman
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Chapter 1

INTRODUCTION

b/l:m whabits all climatic regions of the Earth, as dwverse as
those of the polar regions and the tropies With the devel-
opment of the airplane, he has estended to a considerable degree
the third dimension of the habitable Earth with its own peculiar
chimatic features ‘These facts testify to the great adaptive powers
of the human orgamsm These adaptive powers can be broken
down mto physiological and constitutional factors on the one
hand, and cultural factors on the other

By reason of purely physiological processes the human body
can mamtam 1ts temperature within narrow hmts under variable
environmental conditions simply by modifying its rate of heat
production, or by modifying the rate at which heat 1s dissipated
from the surface of the body and from the respiratory tract Con
stitutional differences between races of men, such as differences
n body size and conformation, differences m pigmentation and
other properties of the skin, and differences in the efficiency of
temperature regulatory mechamisms may also operate in chmatic
adaptations

By cultural methods man ecan modify lns own immediate en-
vironment and thus mimmize the stress of the chmate i which he
resides The type and quahty of clothmg and of housing, and the
use of artificial heating, and later cooling, devices enable hum to
supplement physiological processes and constitutional character-
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4 NUTRITION AND CLIMATIC STRESS

1stics 1 mantaining his normal body temperature m the face of
extreme chimatic stress

The diet of men lving m dfferent chmabc regions varies
greatly, both mn quantity and 1n the nature of the foods of which
1t 15 composed These differences are dependent upon the avail
ability of foods of different descriptions, obviously The preva
lence 1n the diet of the Eskuno of foods high m protem and i fat
may be largely due, as Thomas (1927) believes, to the unavaila
bility of carbohydrate foods durmg most of the year On the other
hand, Burton and associates (1940) have reported that, m a cool
environment, human subjects prefer foods of ligher calorie value
per gram and lower equivalent respratory quotient, both of
which are promment charactenistics of fats, and that appette plays
a significant role 1n acchmatization to cold This behef derves a
certamn measure of circumstantial support from the fact that pre
vailing diets m hot chmates are so often poor i fats and high m
carbohydrates (Woodbury, 1942 Nicholls, 1938, Lindstedt,
1938) There 1s a possibility, therefore, that men to a certan ex
tent select their foods and acquire food habuts best adapted to axd
them i combating climatic stress

These possible relationships between diet and tolerance to
climate have been studied sporadically and largely upon labora
tory ammals, for many years However, during the perod of
World War II these relationships demanded specific and imme
chate v estigation upon human subjects for the purpose of ration
1ng our service men assigned to different chmatic regions m the
most effective way The vafue of protective clothing 1n polar and
sub polar regions, or mn high altitude flyng, 1s imuted, because,
first the protection afforded agamst intense cold by any reason
able assemblage of clothing 15 a function of time, 1 ¢, each assem-
blage of clothmg has its “tolerance time” (Newburgh and Harrs,
1945) In the second place, an assemblage of clothing reasonably
effective m extreme cold 1s so cumbersome as to mpaur the effi-
ciency of a man mn the performance of such manunl operations as
the piloting or navigation of an auplane, or the mampulation of 'tl
machme gun If certamn dietary modifications would supp]emen‘
clothing 1n protecting aviators or ground troops agamst cold, 1
may be advisable at certamn times to modify army rations for use
m cold climates or cold seasons
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6 NUTRITION AND CLIMATIC STRESS

mals or men, but the stmulation of chmatic conditions m such
equipment, and e particular the simulation of living conditions
m different chmates n restricted quarters, 1s never complete The
dwirnal varations temperature, humdity, air motion and
sulation, both direct and indirect, are difficult or mpossible to
duplicate m an expenmental chamber, hence, the necessity of
cheching laboratory results with actual field tests, before practical
conclusions can be drawn In these checks, questions of food
habits of men and of the acceptability of proposed dietary mess
ures are of the greatest amportance

The information secured from the many esperimental explora
tions mto this, until recently, largely unexplored area of diet m
relatton to chmatic stress may be divided, first, mnto the varous
types of chimatic stress charactenstic of the archic and antarche
regions, the tropics, and Ingh altitude, and then nto two distmct
divistons, one dealing with the effect of chimatic stress on dietary
requirements, and the other dealng with the effect of diet on
tolerance to chmatic stress The dietary modifications that will be
considered under the latter heading wall be modifications of an
already adequate diet as this term 15 ordmanly used Obviously,
a diet madequate 1 one or more nutrents can be improved for
use mn any chimate by correcting 1ts deficiencies

The hterature covelage bearing directly on the relationship of
diet to climatic stress should be farly complete and has been
supplemented by access to unpublished reports of vanous re
search agencies concerned wath tlus subject, especially during the
pertod of the late war The various sections of the report include
also discussions of the physiological effects of the climatic factors
considered The lterature citations here are admittedly meom
plete and have been selected for spectal reasons from a much
more complete file Only those physiologieal responses to climtic
stress have been considered that bear some relationship, direct or
remote, to nutrient requurements or nutritional processes

Nutrient requirements are commonly thought of as beng fune
tions of body size or of metabolic rates The dependence of re
qurrements for vitamin A or for carotene upon body wesght hs
been clearly established by the classical work of Guilbert and hus
assoctates, and confirmed 1 many other laboratonies on mny
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species of ammals The usefulness of the concept of metabolic
body size (such as W) in assessing maintenance requirements
for protem and for energy has been demonstrated, 1ts application
to muntenance requirements for caleum and for phosphorus
seems Justificd The requirements for water and for 1odme are
proportiontl, under non stress conditions, to the heat production
of the ammal, wlile the need for those micro nutrients, both
munerals and vitamins, entering nto the structure of enzyme sys-
tems, or servng as en7yvme activators seems to be proportional
to the amount of work to be done by these catalysts, 1¢, the
amount of orgnic nutrients consumed and metabolized

In what wavs mw these relationslips be disturbed by the
mpact of chimitic stress? The following possibiities are con-
cenable

(1) Chmatic factors, particularly terperature may modify
nutnent requirements by modifs ing the activity of the organs of
digestion and assimilation or of the organs of excretion (gastro
mtestinal mucosa, hidnevs, lungs, shin and sweat glands) through
whicl nutritine materral mav be lost from the body

(2) Clmatic factors particulrly temperature, may disturb the
heat balance of the bods, leading to an elevation or a depression
of deep tissue temperature, with a corresponding acceleration or
deceleration m metabolic reactions mvolving both the assimila-
tion of nutrti e matenal and the destruction of metabolic agents

(8) Chmatic factors may disturb endocnne functions and en-
docrme relationships For example the physiological responses to
cold are mediated by the thyroid, pituttary and adrenal glands
In accordance with the trace substance enzyme thesis of Green,
the hormones produced by these glhnds my be consdered exther
as potential enzymes or as prosthetic groups of enzymes A modi-
fication of their secretion brought about by climatic stress would
concenably change the course of metabolic reactions or their
rates, and thus may modify nutrient requirements

(4) The motnation for ment\l and muscular work may be
depressed or augmented by environmental stress In this way, the
voluntary actinities of the body and the corresponding nutrient
rcqmrements ma) changc

(5) The efficiency of muscular work m1y concenvably be dis-
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turbed at extreme temperatures or atmosphenc presswces The
food energy reguired per umt of work would chinge correspond
mgly

(6) The physical capacity for domg worh, both mental and
muscular, may be mpawed by environmental factors, such as
dunmished atmospherie partial pressure of oty gen

{7) Envwonmental stress may alter the basal expenditures of
energy and of the mdividual nutrients, exther under strictly basal
conditions, mvolving the control of environment, or under habitat
conditions, or both

(8) Another response to chimatic stress may be a change m the
specific dynarue action of food, leadmg to a better or a poorer
utihzation of food energy

The above possibihities represent onc aspect of the relation
between nutrition and chmate Another aspect 15 the effect of
dxetary modifications upon resistance to chmatwe stress, havmg m
rnd only those modifications withm the area of balanced dets
The correction of deficiencies 1n chets madequate under non stress
conditrons would be expected to have favorable effects on resst
ance to any stress, 1t may be a proper subject for demonstration
but hardly for expermmental mquury

Modifications of an adequate diet may conceivably modify
ressstance to chmatie stress by (1) rodifymg heat production of
the ammal, (2) facthtatng or retarding the dissipation of heat
from the body through effects on the vasomotor system or on
the compostion of the perspheral tissues, (3) modifymg the func
tioning of the nervous system and of the special sense organs, and
neuromuscular coordination, (4) econopuzing on a hmited oxy ger
supply by changes 1n the metabolic nutture so that more encrgy
15 hberated per umt of oxygen mspired, and probably m other
ways

The possibility that different spectes of ammals will react differ
ently to climatic stress, esther 1 kind or m degree, 1s 2 constant
hazard, perhaps more so m this field than 1 most others, to the
carry over of observations and conclusions from evpermental
ammals to men For practical appheation to human nutntion,
confirmation of such observations and conclusions with hmman
subjects would seem to be highly deswrable



Clmplcr 1

DICT IN A COLD ENVIRONMENT

THE PHYSIOLOGICAL EITECTS OF COLD

One mght expect that the physiological effects of cold would
be directed toward an increase in the metabolic rate
through voluntary or i oluntary action, and to a decrease m heat
loss from the surfaces of the body through postural and vasomotor
adjustments

1 BasaL METABOLISM  Observations on the metabolism of the
laboratory rat after previous exposure to cold have revealed a
marked stmulation when the measurements are made under basal
conditions (see, for mstance, Benedict and MacLeod, 1929)
However, Treichler and Mitchell (1941) found that tlus elevation
m basal metabolism followmg cold exposure was exhibited only
when the caloric intake of the rat was mncreased m response to
the increase m calorice requirements Hence, the icrease i basal
metabolism 1s a direct dietary effect, and only mdirectly an effect
of a cold environment Sumlarly, the elevated metabolism of the
Lshimo reported by Krogh and Krogh (1914-15) by Hembecker
(1928) and by Crile and Quiring (1939), 15 probably the direct
result of a ugh proten dictary (Hembecker, 1931), not of cold
per se

2 TuE COLD STIMULUS To METABOLISN During exposure to

9



10 NUTRITION AND CLIMATIC STRESS

cold, the metabolism of ammals 1s mcreased mdependent of
voluntary muscular activity so that the “resting” metabalsm may
amount to four times the basal rate (Giaja, 1925) or as much as
five times 1 man during shnerimg (Adolph and Molnar, 1846)
In a moderately cold environment, the metabolic stimulus 15 more
potent on the sleeping than on the wahmg subject (Stillman and
Lawrence, 1925) According to Burton and Bronk (1937) and
Spealman (1945a), shivering occurs when the rectal temperature
descends to some entical level, perhaps charactenstic of the m-
dividual Apparently an mcrease m metabohsm mduced by cold,
unaccompanied by mcrease m muscle tonus or by shivermg, does
not occur to any considerable extent, and 1s not an important item
n the body’s protection agamst cold (Hermingway and Hathaway,
1941) Whether “chemucal regulation” of body temperature i the
Rubner sense of the term actually eusts, cannot be decided from
the results of experiments 1n wlnch vanation 1n muscle tone 1s not
accurately mensured Glickman (see Keeton and Mutchell, 194,
p 38 and chart 2) has found a correlation of 4 0930 = 0012
between the heat production of human subjects exposed to cold
and the action potential of the muscles for a range m heat pro
duction from 43 to 108 cals per m® per hour The regression of one
variable on the other was hmear and the fact that the lmear rel
tionships extended down to metabolic rates approximately basal
m magmitude would lend support to the behef that the elevation
1 heat production brought about by cold 1s traceable to the con
tractile function of the muscles

The metabolic muture from which the energy resultmg from
cold shmulus 1s dernved even when shnermg supervenes, 1s the
same as that prevailing before cold exposure This concluston of
Swift (1932) was based upon careful measurements of the respir-
atory quotients of human subjects, with due regard for the dis
turbing effects on this quotient of the change m respiration that
may follow exposure to cold The very low R Q’s that have been
reported for the dog m a condition of evtreme hy potherma
(Finney, Dworkin and Cassidy, 1927) abviously do not possess .
a sumple metabolic mterpretation The chinges blood sugar
level on cold exposure do not seem to be consistent m the report
of Keeton and Mitchell (1944) no considerable or consistent



DIET IN A COLD FNVIROVMFENT 11

effect was observed, although Leonhardt (1941) noted a dis-
tinetly merensed les el on the local application of cold In eats with
adrenl glinds intact, winch have been rendered hypoglycemic to
the comulsne level by 1nsulin, exposwe to cold mduces shivering
and a nise m blood sugar to normal or even hyperglycemic levels
(Britton, 1928, Onclu, 1941) If the adrenal medull 15 inachie,
the recovery of blood sugar level does not occur, according to
Button, but does accur, according to Onclu In the chichen,
Iivpothermia may result 1 a lowering of blood sugar (Rodbard,
1947a) Hennques, Hennques and Selye (1949) have concluded
from experiments on rats that cold exerts a speaific action m
depressing the production of blood fibrimogen

The physiological response to the cold stimulus 15 evidently
mediated through the thvroid glands (Ring, 1942, Starr and
Roskelley, 1940 nud Leblond et al  1944), the adrenals (Button,
1925) and the pritmtary (Tyslowatz and Astwood, 1942) The
adrenal cortical hormones in the rat seem to function 1 protection
agamst cold through a mechamsm that 1s not developed before
the 16th dav of hfe (Holthamp et al 1949) Dorfman, Horwitt
and Tish (1942) have established the presence 1 human unne of
a cortin like substance cpable of prolongmg the hfe of adrenalec-
tomized rats exposed to cold This substance mav be a cortical
sterod (Dorfman et al, 1946) Cold exposure regularly mncreases
the urmary output of 17 ketosteroids m normal men (Freeman,
Pincus and Glover, 1944) Exposure to cold induced an mcrease
m the lver fat of fasted mice according to Levin (1948), an effect
apparently mediated by the adrenal cortex

The erect posture 1n man 1s mamtaied with greater ease and
with reduced cardiovascular demands after a cold bath at 18°C
(64°T } (Horvath and Botelho, 1949)

8 LOWIR LIMITS OF TOLERABLE TEMPERATURE ~The mummum
temperature to which the body of homeotherms m1y be reduced
by severe exposure to cold especally immersion 1 cold water,
and still perrmt recovery 1n the large majonity of cases on rewarm-
ing has been placed at 77°T" for the dog by Woodruff (1941)
From records of shipwreck survivors 1 the Bureau of Medicine
and Surgery of the U § Navy, Molnar (1946) concluded that
probably no man smmersed in water can sun ive a rectal tempera-
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tare of 75°F (see, also, Schemmss, 1948, and Spealman, 1946)
Obwviously, a time factor should be miolved any such estimates
The merease m metabolic rate mduced by cold may reach a peak
of sis tumes the basal, but when the body temperature falls, the
heat production also falls until at rectal temperatures of 80° to
85°F, the metabohe rate 15 about basal m magnitude according
to Molnar

Penrod (1949) studied the relation m hightly anesthetized dogs
between oxygen consumption and depression m body tempera
ture wduced by mmersion m cold water Oxygen consumption
varted directly with the shivering response untl a rectal tempera
ture 0f 23°C (73°F ) was reached Below tlus temperature shuer-
mng 15 no longer a factor, the ovygen consumption of all dogs felt
to approamately one-tlnrd that of the pre coohng control level
Working with rats, Swinyard and Toman (1948) observed that
the mmmal electroshock threshold vanes directly with body
temperature during cold exposure, as well as dunng evpenmental
hyperthermia

The median lethal temperature of mature rats immersed 1 cold
water for two hours, was found by Adolph (1948) to be about
59°F Resistance fo cold was found not to be modifiable by any of
a number of factors stuched, and apparently depended wupon
delays m the cooling of essential tissues

4 Swearsgcreriov  Although sweating 1s not ordinardy asso
ciated im one’s mind with a cold environment, 1t becomes a serious
problem when men m arctie clothing are required to perform
considerable muscular work Siple (1045) has discussed ths sttu
ation fiom the standpont of clothung, and the great mmportance
of “under dressing” dunng penods of musecular activity 1 oxder
to avord accumulation of sweat m the clothmg Accordmg to
Siple, there are two natural boundaries which it the estreme
rite at wiieh the body can be cooled The fixst 1 when covhng
exceeds 1200 calones {per m®/hr ], causmg human fesh to freeze
UPOD exposure The second boundary 15 when the i tem
perature drops to hetween —50° and ~60°F Then exercise no
greater than fast walking, creatimg deep breathmg, m1y cause
hemorrhage m the hronchual tubes
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The subject 15 further considered by Belding, Russell, Darling
and Folk (1947a, 1947b) Sweating 1s shown to be an mefficient
w1y of body coolng when men arc heanly dressed i the cold,
beemse much of the sweat cvaporated from the shin 1s condensed
n the outer Inyers of clothing The amount of heat thus recon-
tubuted 15 proportional to the ratio of the amount of msulation
Iving outside the pomt of condensation to the total msulation In
subsequent penods of mactiity this condensed moisture smpaurs
the msulting capraity of the clothng Tor men wearmg the
Arctic umform and exposed to a temperature of 0°F , the moisture
loss from the body 15 all ‘insensible perspiration’ until the rate of
energy production 1s equivalent to about 175 cals /m*/hr (37
met) * Thermnl sweating appenrs as cnerg) production nses from
37 met to 50 met, while from the latter pomt to one of 8 0 met,
the relationshup 1s a Imear one At 8 0 met, the sweat production
may amount to 1000 gms per hour The water-soluble nutrients
that are lost i tlus water output will be considered under Chap
ter Il entitled Dtet in a Hot Environment ”

5 WATER SHIFTS IN RESPONSE TO coLp  Exposure to cold
causes certan shufts i the body water that seem important m
adjustment to the new environment A moderate loss i blood
volume occurs, but according to Trazer {1945), blood water does
not migrate to the shin and subcutaneous tissues, since these
tissues become dehy drated on exposure to cold He considers this
deln dration an mportant protective measure aganst freezmg of
the skin

There 15 a dwresis response to cold, simular m character to
water duresis and hence apparently controlled by the pitustary
gland (Bader, Eliot and Bass, 1949} There seems to he na rela-
tion between changes n urme output and plasm volume
(Chot, Bader and Bhss, 1949) MacKay, Hall and Smmth (1934
35) observed a severe renal leston 1n rats exposed to cold

6 Gastnic EvACLATION TIME  In dogs a cooling environment
decreases the gastric emptymg time, according to the observa-

1 met (Gagge Burton nd Bazett 1941) 15 equnvalent to 1 metabohe rte
of 50 cals m* hr the metabolism of a resting subject i a sHtting posttion
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tions of Sleeth and Van Liere (1937a) and of Olevshii, Zelenko
and Kuz'menko (1936) According to the former obserers *ths
work gives experimental evidence for the basis of the recogmzed
fact that an didual often feels more hungry durmg cold
weather and less hungry m extremely warm weather” But
whether these observations apply to man 1s doubtful 1 view of
the report of Henschel, Taylor and Keys (1944) that an elevated
environmental temperature will generally (16 of 17 subjects)
decrease the gastric emptymg time mn man, wlile m the dog a
hot environment will prolong gastrie evacuation (Sleeth and Van
Liere, 1937a)

7 THE paTHOLOGY OF coLp Gosseln (1949) has described
the effects of acute hypotherma m guinea pigs, and has advanced
the hypothesis that damage sustamed durng severe chillng
mparrs the capacrty fo repy a thermal debt’ Delnyed fatalities,
10 to 15 hours after the tmmersion m cold water probably repre
sent controls different from those operating at the lethal tempera
ture during cooling Kreyberg (1949) has published a very com
plete review of acute tissue damage due to cold Horvath and
Freedman (1947) studied the mftuence of cold upon the eff
aency of men The reaction time to visual stimult was not altered
durmg continuous exposure to low temperatures for eight to four-
teen days, but i a short time the deatenty of the fingers and hind
strength werc maikedly dimmushed Muscular fatigue (Gaja,
1932) and nutritional anemma (Manville and Chase, 1937) impur
resistance to cold Uttley (1948) describes the post-mortem find
wgs m the case of three girls who died of cold exposure m New
Zealand The author found that severe cold causes an mereased
permeability of the mmute blood vessels, so that plasma p‘\SSIES
through the walls and the red cells are left tightly pached n t:ie
vessel, formmg a mechantcal obstruction to further flow of bloo
This 1 turn produces anoverma and tissue damage 4

The pathology of cold exposure 1s discussed by Friedman
(1946), Schneider (1946) and Talbott (1944a) Attention T
also be called to the book by Luyet and Gehemo (1940) Life
and Death at Low Temperatures
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‘THE EITECT OF COLD ON NUTRIENT RIQUIREMENTS
ANIMAL EXPTRIMENTS

1 Exerey nroumevents  The energy requirements of ani-
mals are increased 1n response to a cold environment in proportion
to the merease in metabolic rate The zone of thermal neutrahty,
within which temperature exerts no stimulating effect, 15 shafted
downward 1n the temperature scale as the metaholie rate 1s in-
creased by muscular actiaty or the mgestion of food In ammal
husbandry practice, 1t has been well estabhished (see eitations
from Black and Swift, 1943) that fattening steers and well-fed
dairy cows produce as economically from the standpomt of feed
costs, when housed 1 an open shed, with protection only from
wind and ram, as in a heated barn In a laborators cxperiment,
Swift {1944) showed that the cntical temperature of the fasting
mature albino rat 1s lowered 1°C by the consumption of a high-
proten diet in amounts to maintan body wesght In ammals with
a greater speaific dvnamie action of food, the depression of the
cntical temperature by feeding would be expected to be greater

The mcreased metabolism induced by cold 15 associated mn the
rat with a marked Iy perplasia of the thyroid gland, a hyperplasia
that can be prevented by the admmistration of 10dide (Lesser,
Winzler and Michaelson, 1949) Tlus observation strengthens the
suspicion, ongmating from the known relationship between the
thyroid and the metabohe rate, that exposure to cold may merease
the body’s requirement for 10dme

Herrington (1940) has reported observations on the rate of
ncrease m the metabolism of small laboratory animals at tem-
peratures below the entical, n the fasting condition and with
activity restricted only by the small size of the cages Below the
entical temperature the relationship between metabolic rate and
temperature was linear for muce, rats and gumnea pigs, and the
mcrements i metabolism per m* per 24 hours per 1°C drop m
environmental temperature were 46 3, 43 2 and 26 1 cals for mice,
rats, and gumea pigs, respectively It may be computed that the
crease m the fasting resting metabolism per m* body surface



16 NUTRITION AND CLIMATIC STRESS

per day per °C drop m environmental temperature 1s 51 8 cals for
a mature pig (Capstick and Wood, 1922) and 246 cals for the
mature hen with winter feathering (Matchell and Hanes, 1927),
assuming the apphcability of Newton’s law of cooling bodies to
the ammal at 1ts critical temperature

2 Vrramivs  Some recently reported experiments on rats and
gumea pigs indicate that cold exposure of these ammals may
modify their requirements for ascorbic acid With rats, ammals
able to synthesize ascorbic acid, Dugal and Thénien (1947) ob
served a large increase m the ascorbic acid contents of certam
tissues (hidneys, liver and testes) on prolonged exposure to
temperatures of +4° to —4°C , »f the ammals adapted themselves
well to the changed environment, otherwise, a decrease occurred
If the rats adapted to the low temperatures recersed daily supple
ments of ascorbic acid, the increase in tissue ascorbic acid were
much smaller These results were confirmed with gumea pigs,
ammals unable to synthesize ascorbic acid, m that resistance and
adaptation to a cold environment (48° to —8°C) depended
on the amount of ascorbic acid recensed daily 0 the det, which
was vaned from 05 mg to 75 mg Adaptation to cold was meas
ured by body weight changes and 1mproved even up to the high
est vitamin dosage (Thénen and Dugal, 1947) The typical en
largement of the adrenal glands under the nfluence of stress 15
completely prevented m rats and gumea pigs exposed to cold of
they recewe large doses of ascorbic acid The resistance of the
ammals to cold 1s mversely related to the size of the adrenals
(Dugal and Therien, 1949}

The observations of Grab and Lang (1946) concernng also
the problem of the relation of ascorbic acid to cold resistance,
bear a different mterpretation Working with guinea pigs, their
plan molved feeding three groups of ammals, on duets differng
only 1n their contents of ascorbic acd, for four weehs ad libitum
m a room at 20°C, they were then exposed to 0°C until death
The levels of ascorbic acid tested were 3 and 30 mg daly The
daly loss of weight and the survival time were significantly Jess
for the arumals recetving no ascorbic acid than for the other
groups, but mcreasing the daily ascorbic acid supplement from
3 to 30 mg brought about no sigmficant 1mprovement 1 resist-
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ance to cold In these experiments, ascorbic acid was a factor in
cold tolerance only to the cxtent that it was needed to cover the
requirement at moderate temperatures, there being no mndication
that cold exposure ncreases this requrement In these expen-
ments the loss m hody weight during the perod of cold exposure
was correlated with the survinal time In the authors’ opmion a
low rate of weight loss means a relitve mability to draw upon
tissue reserves for energy to meet the mcereased requirements of
a cold environment

A similiar expeniment by the same authors (1944) showed that
a chetary deficiency of vitamin A or of vitarmn B, smpawred the
resistance of rats to cold The effect agun did not scem to depend
upon some mtnnsic preperty of the vitamuns, but upon the ability
to draw upon energy reserves m the tissues

8 ProteiNs  Ap earler study by Lang and Grab (1944) on
growing rats, indicated, though not too surely statistically, that
madequate levels of dietary protem (6 and 9% of the dietary
energy ) were less favorable to cold resistance than more nearly
adequate levels (12 and 15% of the dietary energy) The plan
of the expeniment was similar to their ascorbic acid work In very
well controlled expeniments, Lathe and Peters (1949) showed
with rats that exposure to a moderate degree of cold wall ncrease
the output of urmary nitrogen and presumably the rate of protemn
catabolism, with simultaneous loss 1 body weight This may be
merely an expression of an increased metabolic rate associated
with an madequate calonic intake

THL EFFECT OF COLD ON NUTRIENT REQUIREMENTS
EXPERIMENTS ON HUMAN SUBJECTS

1 Exercy neQumements  The basal metabolic rate of the
nude human body mcreises as the environmental temperature
drops below the entical (Hardy and Soderstrom, 1938), the m-
crease bemng Linear But this relitionship has little sigmificance 1n
practical nutnition, because the human ammnl protects humself
agamst lus emvironment by weanng clothing, and varying lus
clothing with changes m his environment The seasonal vanation
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m basal metabohsm of clothed women 1n a temperate climate 1
meonsiderable (withm a range of 15% ), with the lowest averige
values 1 the winter rather than m the summer (Gustafson and
Benedict, 1928)

The effect of extremes of chimate on the total calonc sequire
ments of man has not been studied 1n a quantitative fashion until
the Jate war In 1946 Dill, Johnson and Kark prepared a critical
review of the nutrition of United States and Canadian soldrers
stationed 1 chimates ranging from the arctic to the tropies For
the purpose of comparing diets in different chmates (Johnson and
Kark, 1847), data were selected only from groups of men recen
g ample rations of wide variety and of such quantity that more
could have been eaten if desired In these selected data, a strkmg
correlation 1s evident between the average voluntary caloric mn
take and the mean environmental temperature to which the
groups of men were exposed The range 1n caloric mtake was from
8100 cals darly in the desert (mean temperature, 92°F ) to 4500
cals daily n the Arctic (~80°F ) The regression of daily calore
mtake on mean environmental temperature was 15 5 cals per °F
change m temperature

According to the authors of the report “This very large differ
ence m caloric itake cannot be explaned mn terms of chwngmg
basal metabolic rates (DuBos, 1936), which vary at the most by
20% between arctic (Greenlind) and tropical (Java) environ
ments (equivalent to only 400 calories/24 hours), nor can it be
explamned i terms of difference n body size (Table I ) orn terms
of different actvities smce the ground troops carried out much
the same tasks 1 all environments We have no crucial evidence
to decide this latter pomt, but we believe that the calore expendl
ture for a grven tash 1s greater m cold than m warm chmates
because of the hobbling effect of arctic clothing and equipment
In addition more heat 1s required 1 cold than mn warm environ
ments to muntam thermal equlbrium ”

In a later report, Gray, Consolazio and Kark (1947) present
direct experimental evidence of the effect of clothing on calone
requrements In these experiments five young healthy men per
formed the same amount of muscular work {pedalbng a breycle
ergometer and clearing an obstacle) at three dufferent tempera
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that the ayerage body weight of the men in the caldest chimate 15
about 8 kgms heavier than that of the men m the hottest climate
The general conclusion of these experiments that a cold environ
ment mcreases calone requirements 15 confirmed by the observa
tions of Swam and assocsates (1949) on the food constumption of
soldiers m the sub-arctic chmate of Fort Churchll, Mamtoba,
Canada However, the crude methods that must be used m est
mating the caloric intakes of large groups of men have nat de
tected correlation of energy mtake with chmate when temperature
differences are not extreme (Schor and Swamn, 1949) Possibly
under these condhtions appreciable differences 1n energy requrre
ments do not exist

The great mmportance of mamtammng an adequate calonc mtake
of men m polar and subpolar regions 1s emphasized by the field
tests on military personnel reported by Kark, McCreary, Johnson,
Melson and Richardson (1944) A ration of high acceptability 15
mdicated in such cases It may be mterpolated here that the evils
of over-weight and over-eatmg that over-burden the heart and
shorten the Iife m a temperate chmate may be mitigated m 2
cold chimate by the extra mnsulation afforded by a thicker layer of
subcutaneous fat

2 WarEn AND SALT RFQUIREMENTS  Besides the effect of cold
on the energy requirements of man, there 1s an effect upon water
requirements m so far as the vaporization of water from skin and
lungs 1s dunmished and, m both water and salt requirements, 1n
so far as the actity of the sweat glands may be suppressed or
stimulated The estimate of Adolph (1933) that n temperate
climates the water requirement of man approvimates 1 cc per
calonie of heat produced, 1s evidently not applicable to an archic
environment.

THE EFFECT OF DIET ON TOLERANCE TO COLD
ANIMAL EXPERIMENTS

1 FATS, CARBOM} DRATES AND PROTERNS  Expermmental study ;Jf
a possible relationship between the nature of the food supp )(i
with reference to the three mam classes of orgame nutnents, a5
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tolerance to cold seems to have been largely undertaken with
laboratory ammals, until recently at least Leblond, Dugal and
Therien (1944) noted the free choice sclection of protems, car-
bohy drates and fats made by nearly mature albmo rats when ex-
posed to a temperature of —2°C It was observed, with only six
experimental ammals howesver, that the more fat and the less
carbohy drates voluntanly consumed, the ligher was the tolerance
to cold as measured by bhody weight changes and survival time
The relatise mtake of protemn seemed immatenal provided a cer-
tain mmmum proportion was consumed In experiments on hrge
numbers of rats, Dugal (1944) obsersed that the consumption of
a diet Ingh mn fat was associated wath distinetly lower mortality
rates n the cold (—1°C ) than was that of a dict contamning a
low er proportion of fat In control rats maintained at comfortable
temperatures, the two diets were equally satisfactory In a later
report to which reference has alrexdy been made, Dugal and
Thénen (1947) present evidence that seems to confirm the ob-
vious mterpretation of the previous experiments, that dietary fat
1s much more beneficial than carbohydrate i promoting survival
mn the cold The obsen ation 15 reported that 1n rats the increase m
ascorbic acid content of the tissues 1s smaller with a diet nich
fat than with a diet nch in carbohydrate The sttuation may be
mterpreted to mean that the more difficulty the rat experiences 1n
surviving mtense cold or m adapting to 1t, the greater 1s the n-
crease of ascorbic acid in 1ts tissues

The uncertanty that seems to be inherent 1n the mterpretation
of the results of feeding experiments on ammals m which the ex-
perimental diets are allowed ad Iibitum, 15 sllustrated by a com-
panson of the results secured by Leblond, Dugal and Therien
(1944) wath rats and those of Donhoffer and Vonotsky (1947a)
with mice The purposes of the two experiments were the same,
namely to study the effect of environmental temperature on food
selection The technics were not the same m that in the Canadian
experiments the protems earbohydrates and fats were offered
separately, while i the Hunganan experiments the mice were
allowed thar choice of three dicts, exch contuning one third of
a stindard mivture and two thirds of either starch, casen or lard
In the Can1dim expenments the animnls preferred fit n securing
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extra food energy n the cold, while m the Hunganan expenments
they obtaned their extra calones exeluswely from starch, after 3
transient mtial preference for fat A more mitensely cold eniron
ment was selected for tests m the Canadian (—2°C } than m the
Hunganan (10°—11°C ) mvestigations, and the control tempera
tures were simularly related, 1 ¢, “normal” room temperature and
29°-33°C In both cases the energy requirements and the calore
mtake were markedly mereased at the lower temperature The
mterpretation m the one case, supported by mdependent e
dence, 15 that rats select fatty foods m a cold environment, because
thermal equilibrium can be mamntamed better on fatty than on
carbohydrate or protem foods In the other case, the authors are
more conservatve, merely offermg the suggestion that ths
change m appetite 1s due to : v
mn external temperature and _
roud gland (Donhoffer and Vonotshy, 1947b) In unpublished ev
permments from Keeton's Inboratory, no consistent effect of 1
change n envwonmental temperature from ordmary room tem
perature to 2°C on the free selection of protem, carbohydrate and
fat was noted with adult albno rats

The 1 estigations of Giaja and Gelineo (1934) were concerned
with observations on the survival times of rats m the cold when
fasting and when offered mdvidual nutrrents Protems afforded
practically no proteetion ove: no food at all Fat was considertbly
better m this respect, but carbohydrate gave the best average
survival time-of all Within the zone of thermal neutrality, these
differences did not appear The body weight losses of the different
groups of rats were directly carrelated with the survival tues
The ability to survive seems to depend on the abihity to metabohze
body tissues for the production of heat Unfortunately, for the{?
complete mterpretation of these eaperiments, the food intakes 0
the expertmental rats are not reported

Another approach to the same problem has been referred to
above, 1¢, to observe changes 1n the metabohe micture under
gong oudation m the tissues, mduced by exposure to cold These
changes are revealed presumably by changes m the respx:’iﬂwr)
quotient or by changes m tissue composition However, ev eﬂci
of this type 15 confusing Kagser (1937) obserned m the gun®
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pig a decrease in R.Q. on cold exposure, indicating a preferential
combustion of fat; Herrington (1940) observed no effect of en-
vironmental temperature on the R.Q. of mice, rats and guinea pigs;
working with the tat, Samaras (1939), from observations on
changes in tissue composition, emphasized the importance of
carbohydrate in combating the stress of immersion in cold water,
especially the initial stress; the report of Cohm and Gessler (1925)
indicates the non-participation of protein in the enhanced metab-
olism of dogs induced by cold. The latter conclusion is opposed
to the finding of creatinuria by Samaras in his rat experiments,
unaccompanied by an increase in urinary creatinine.

The reported effect of dictary fat on the thyroid gland, a gland
that seems to be involved in the enhanced metabolism brought
about by cold, is pertinent to this discussion. The Mellanbys
(1921) working with puppies, McCarrison (1922) and McCar-
nson and Madhava (1932) experimenting with birds, reported
Lyperplasia of the gland when the diet contained fat, particularly
butterfat or oleic acid. The results were not confirmed by Reming-
ton (1938) in experuments on the rat, either on an adequate or on
an 1odine-deficient diet. The prolonged admimstration of thy-
rovine to mice greatly increased food intake (Donhoffer and
Vonotshy, 1947b), and free selection provided, mainly, in many
cases entirely, by the extra consumption of starchy foods.

Moya and associates (1948), working with adult male albino
rats, observed a greater adrenocortical stimulation on exposure
to cold when the animals were subsisting on a high-protein diet
than when they were consuming a low-protein diet. After the
removal of one adrenal gland, followed by cold exposure, the
degree of compensatory hypertrophy of the remaining adrenal
was Ingher on the high-protemn diet

The mmportance of fat in the proper nutrition of the skin was
revealed by the observation of Williamson (1941) that rats on a
fat-free diet developed an abnormal skin, the stratum granulosum
becoming especially distinct and the horny layer thick. As the
arca of contact with the environment, the skin is an important
tissuc in mitigating the effects of climatic stress. Its response in

structure and composition to dietary modifications is worthy of
much additional study.
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2 Viramins  Gyorgy (1938) has called attention to the carher
appearance n rats of acrodyma induced by pyndoine deficiengy
1 a cold room at 40°F than at normnl temperatures In partieular
he pomts out the stnhing simlanity betw een this disease m the rat
and the syndrome of clnlblan 1 man, suggestmg to him thit
susceptibihty to clulblamn may be a function of pyridowune reserses
m the body, and that pyndoune medication may be of value
the prevention of chilblam In much the same vem, Champy and
Coujard (1940) associate thiamime and frostbite, m that symp-
toms resembhing frostbite may be produced i thiamme deficient
but not m normal, pigeons by immersing the feet m cold water
May coch (1943), however, could not detect i rats any favorable
effect of thiamine admmustration on survial after cold shock, or
recovery from this condition

Blaizot and Blarzot (1948) have reported that rats exposed to
temperatures of 2° to 12°C develop a marked creatmuna The
admmistration of thramme prevents this effect The authors con
clude that thiamine may etther mlubit the secretion of thyrovne,
or may spare thyroune by famlitating the oudation reactions of
thermogenesis

THE EFFECT OF DIET ON TOLERANCE TO COLD
EXPERIMENTS AND OBSERVATIONS ON HUMAN SUBJECTS

1 FATS, CARBOHYDRATES AND PROTEINS FREQUENCY OF MEALS
The expermments above reviewed suggest strongly that the char
acter of the diet, as well as the amount consumed, may determne
to some extent the capacity of the animal organism to resxstf tfhi
damaging effect of cold In particular, the superior effect 11) Al
and of carbohydrate food over protemn food s rather clearly w
dicated Whether the same distmction ewsts among the m"u;
classes of organic nutrients m human nutntion will be considere
first on the basis of uncontrolled observations of the food habits 0
human populations

VVhl]g sgoutmg the common belief * that people Like fat 1 cold
weather and disike 1t 1 hot" n lus Arctic Manual {1844), Ste
fansson (1944b) summanzes the experience of arctic explorers on
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this pomt as follows “We find, on an exclusnely carnnorous diet,
that 1f you dere less than 609 of your calones from fat you
begn to have a fecling of dissatisfaction, when you dersve only
209% or 3095 of the calories from fat, yon are constantly uncom-
fortable There 15 m the northern woods a term ‘rabbit starvation’
which refers to a sickness and sometimes death, which results
from an attempt to get along on lean without fat * The advantages
and disndvantages n the arctic dict of a lugh fat food, “pem

mican,” first prepared by the North American Indinn, hwve been
debated by Stefansson (1944c) i the affirmative, and Johnson,
Consolazio and Robmson (1944), Kark, Johnson and Lews
(1945) and Lockhart (1945) m the negative, though they are not
talling about the same article of dict cxeept n name Lockhiart
summarizes cencisely the hnsic requirements for a trail ration 1n
the Antarctic lightness, Iugh encrgy value, stability, nutritive
value, tastiness and simphesty Non-fragihity and proper packaging
are emphasized An mereased proportion of fat cilonies 15 recom

mended, not on nutntional grounds ‘ but because observations on
diets consumed m cold climates indicate that a larger quantity of
fat can be consumed with no deleterious effect ’

Trazier (1945) wntes as follows from the experience of the
United States Antaretic Service Expedition of 1939—41 ‘Indi-
viduals who had an ablorrence of fats at home would eat butter
and fat meats 1n great quantities * Skarland (personal communicn-
tion ), Professor of Anthropology at the University of Alasha, from
admuttedly uncontrolled observations 1 Alasha, states “As far as
white people and other recent armvals 1n the Arctic are concerned,
I am convinced that the cold environment modifies the food
haluts to a great extent People Ining out of doors under sub zero
temperatures almost my arnhl} dev e]op a strong fat hunger,
meat hunger” or candy hunger” The only way to satisfy this n
the Arctic 15 to eat more fat food of ammnl ongin, although fats
of vegetable ongm might serve as well Vegetanans huve dif-
ficulties under field conditions although they em do quite well
m the towns where mported foods are avmlble” Howeser,

People who have recenthh armed from warmer chimates have
about the same resistanee to cold as those who have lived for
vears i northern regions” In a temperate chmate, a high fat diet
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{71% of calories) 15 not well tolerated and possesses many ds-
advantages (Consolazio and Forbes, 1946)

According to Corcoran and Rabmowitch (1987), the Canadian
eastern arctic Eshimo, consummg large amounts of meat and fat
possesses not only a very active but also an unusual mechamsm
for utilization of fats, characterized by Jow levels of total hpds i
the blood, a lugh ratio of phospholipids to total cholesterol and
low cholesterol values, after the mgestion of 200 ml of soybean
o1l The absence of ketosis was also noted as unusual

On the other hand, Johnson and Kark (1947), i thew survey
of the voluntary food consumption of Umted States and Canadian
troops stationed m widely dfferent climatic regions, showed that
regardless of environment, the proportions of food calones de
rived from protewns, fats and carbohy drates were much the same
Certamly there was no tendency for these men to consume more
food energy as fat n arche and subaretic regions than m tem
perate regions These observations were confirmed by Iter similar
surveys reported by Swam et ol (1949), and by Schor and others
(1949)

An expenmental approach to the problem of the effect of
dietary modifications on man’s tolerance to cold was carned out
durmg the war m the Research and Educationnl Hospital of the
Unwersity of Hhnois mn Chicago by a group of myestigators
headed by Keeton The expeniments were based upon the prob-
ability rev ealed by the myestigations on laboratory ammals above
reviewed, that the character of the diet may determine to some
extent the capacity of the ammal orgamsm to resist the detnt
mental effects of cold It seemed mmportant to explore thus relation
ship further with human subjects, havmg mmd p’xmculaﬂy the
needs of military aviation The effects on cold tolerance as meas
ured by vanous physiologiea], psychomotor and ntellectne per
formance tests, of modifications m the proportions of protem, a;
and carbohydrate m the diet, were studied on groups of 10or 12
young healthy men, they were conscientious objectors 0 mibtars
service who volunteered as subjects The men were clothed
arctic clothing obtamed mostly from the Office of the Quarit;r
master General U S Army, but m most of the expermments le
clothing purposely was planned not to protect the men completely
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gure 2 Experiments in 4 cold environment (—20°F ) at the Unnersity of
I,

o1s College of Medicine The subject 15 clothed 1 1 umion swt carrying

the thermocouples for the determination of temperature 1t 17 pomts on the
skint (Courtesy of Dr R W Keeton )
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diet, but only 15 per cent decrement on the hugh carbohydrate
dict n the full clothing tests

The authors conclude from these expenments “ The superiority
of a Ingh carbohydrate dict over 2 Ingh protem dict n mcreasing
the tolerance to cold under conditions m wlich the ealoric
requirements are just sitisficd 15 assoctated with, and probably
causnlly related to an creased requirement of food energy and
presumbly an mereased heat production of the man It 15 not
related to the differentil speatfic dynimic effects of the diets as
revealed dunng a si hour period post prandium

The latter point will be considered further later In practical
nutrition, these advantages of the lugh carbohydrate over the
Ingl protem diet must be evaluated m connection with the large
difference 1 diet composition, amounting to some 220 gms of
protem and of carboh drate per 3000 calores

To the reviewers, 1t scems probable that the differences mn
cilonc mtahe betw cen the two diet groups in this experiment can
account for only a part and possibly a small part, of the differ-
ences obsenied 1n tolerance to cold Concervably, the high-protemn
diet may have depressed muscular activity, either voluntary or m-~
voluntiry (increased muscle tension, shivering) or both Possibly
the mamtenance of the ghcogen stores m the liver 1s an importnt
item 1 cold resistance (Fuhrman and Cnsmon, 1947) Burton
and Murhn (1935) reported a gher heat storage durnng the
second and third hours after a carbohydrate meal than after a
meal of meat Although the authors themselves make no pomt of
this difference, a statistical analysis of the data reveals that the
probability that random factors alone were responsible for the
observed difference 15 Jess than 001 and may fairly be neglected

In the second report (Mitchell ¢t al 1946) of the Hlinois ex-
penments on the tolerance to cold as modified by diet, ligh-
carbohvdrate and liugh fat dicts were compared Both expen
mental diets contamcd approumately the sume amount of protemn
(77 gms ) per 3000 calores, but on the sime bisis the high
carbohvdrate diet contuned 374 gms mare of carbohydrate and
the Iugh fat dict 168 gms morc of fat The food cnergy required
to mamtam bodsy waght m the two diet groups averaged less for
the hagh carbohy drate diet but the difference was not statistically
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sigmficant During the exght-hour exposure penods m this dut
comparison either one meal contammg 40 per cent of the davs
calories was served midway m the period or three meals each
contanng 20% of the day’s ealones, were served at two hour
mtervals

The effect of cold exposure on rectal temperature was smller
on the hagh fat than on the Iugh carbohydrate diet, but only when
three meals were served dunng exposure, the deerements m sectal
temperature bemng, respectively, 0 57°C and 125°C durng exght
hours The expernimental results established a hugh probabshty that
a high fat diet 1s supertor to a lugh carbohydrate diet 1 mamtan
mg general psychomotor performance 1nd visual efficiency a5
measured by criical fuston frequency of fheker (P=0046) the
superionty amounting on the average to about 37% With refer
ence to the speed of tapping, the supenonty 15 clewr cut (P=
0022)

Decreasing the mterval between meals durmg cold exposure
had no favorable effect on recta] temperature changes if the meals
are largely carbohy drate m character, but it has a definitel; favor
able effect if the meals are Iugely fat in character (average effect
equialent to a saving of 043°C m rectal temperature P=
000015) The same change m dictary regume progressively and
marhedly mcreases the favorable effect of meals on the mante
nance of psychomotor functiomng, but oblterates enturely the
differential effects produced by diets differmg widely 1w thewr
proportions of carbohydrate and of fat The mprovement i
performance amounts to about 80%, but 1t cannot be entirely i;]t
tributed to decreasmg the wmterval between meals, smee ¢ e{
calonic mtake of the three meals exceeded the calonc mtake 0
the one meal by 50% 5

In nesther this expermment nor the precedng one did the chat
acter of the meal consumed just prior to cold exposure evert :]m)
appreciable effect on cold tolerance, possibly because the  tolel
ance time for the protectne clothng extended over the per
1 which the diet effect would otherwise have been mantfeste A

The authors of the study just desersbed {Mitchell et al, msh ):
conclude The supertonty of Ingh fat menls over high carbo 21
drate meals 1n mamtaming tissue temperature m & cold envird
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ment seems to be related to heat emission rather than to heat
production and mw imolye a temporary deposition of dietary fat
n the subdermal tissues followng a lugh fat meal” This sugges
tion 15 based on the work of Schoenheimer and Rittenberg (1935),
who traced the distribution m the bodies of mice of dietary fatty
actds Inbeled with deuternium The experiments indicate that most
of the dictary fat 15 deposited n the fat depots before it 15 utihzed
The fact that a diet difference in decrement 1n rectnl temperature
n the cold was demonstrated onlv when the meals were spiced
at two hour, rather than four- or five hour, mtervals, conforms
with this suggestion The lower the shin temperature of a man
the colder emvironment, the lower the melting pomt of the pe-
nipheral fats (Schrmdt Nielsen, 1946)

Attention may also be called to the mvestigations of O Connor
(1942) and of O Connor and O Donovan (1942} leading to the
suggestion that regulition of body temperature 1s a consequence
of the properties of a monomolecular laver of palmitic and steanc
acids on the surface of the oudation catalyst

The fasorable effect of multiplving the number of meals and
decreasing the mtervals between meals mav be an important
factor 1n protecting men agamst cold Haggard and Greenberg
(1935) have clearly shown the advantages m physical efficiency
and industnal productivity of mcreasing the frequency of meals

2 Virarnins  The tinrd report of the Ilhnois experiments on
det and cold tolerance (Glickman ¢t al, 1946) was concerned
with the effect of lngh versus low mtakes of thiamine, nboflavin,
macin and ascorbic acid The amounts of these vitamms i the
basal diet consumed by all subjects were generally two thirds, or
less, of the recommended allowances of the Food and Nutrition
Board of the National Research Council (Food and Nutnition
Board N R C, 1945) for the last three months of the experi-
ment the quantities per 3000 cals of diet averaged 83 mg of
ascorbic acid, 122 mg of thinmme 177 mg of nboflavin and
about 11 mg of macin Half of the subjects recesved by capsule
massi e doses of these vitamins

The subjects on the unsupplemented basal diet at no time ex-
Iubited clinical symptoms that could be referred to a vitamun
deficiency and no biochemical evidence was obtamed that the
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vitamin levels of the basal diet were madequate for norm1l nutn
tion for a period of three months However, a single or a multiple
vitamin deficiency in the basal diet definitely impaired the muscu
lar endurance of the subjects i performing a simple manual
operation The addition of the four vitammns under study to ths
basal diet, borderline mn 1ts content of the vitamins, produced no
evident favorable effects on the maintenance of thermal balance,
or of psychomotor or mtellective performance during exght hour
exposures to a cooling environment, 1¢, —20°T with considerable
protective clothmg o1 60°F with httle protective clothing The
supplementary vitamin dosages very probably minimized some
what the fatiguing effects of cold on the retino cortical system
as this effect 15 measured by the entical fusion frequency of
flicker

Observations possessing the same sigmficance have been 1
ported by Blarr, Urbush and Reed (1947) on military personnel
at Tort Churchull, Canada, who were continually exposed to an
arctic environment In the authors” words *Limited observations
under these condtions failed to show any value of vitamn supple
ments 1n the Arctic when the normal diet conforms to the recom
mended dietary allowances of the National Research Council

An mteresting feature of the experiment of Glichman ¢t dl
(1946), 1n view of the prevailing uncertanty concerning the exst
ence of a true acchmatization to cold (Horvath, I'reedman and
Golden, 1947), let alone the mechamism by which it 15 mednted
1s the clear demonstration of acclimatization After exposure 0
—20°F with considerable protective clothing, subsequent ¢
posure to 60°F with very httle protective clothing nduced
smaller decrement m rectal temperature than occurred without
thus pre-treatment

Some study was made by Glickman cf al (1946) of the effect
of cold on the excretion of some of the vitamins m the usme The
results demonstrate that exposure to cold mcreases the excrem‘:il
m the urme of N'-methylnicotinamide n proportion to the co
stress apphied and to the dietary mtake of nicotme anid or amude
The results suggest that, when the cold stress 1s sufficently scwcﬂ":
the output of total meotinic acrd m the urme 1s definitely, though
only shghtly, mereased, but that cold may actually depress the
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urmary output of ascorbic acid The olnious mterpretation of
these observations 15 that cold decrcases the requirement for
meotinie aeid and mereases the requirement for ascorbie acud, but
until more mformation 1s at hand to support the assumption baste
to this interpretation that the wmary output of a vitamin under
properly controlled conditions 1s mercly a “spill over’ of ntake n
creess of use, consers atiem would be 1n order

Greene (1941) m discussing frosthite, trench foot, shelter foot
and immersion foot, hists as possible causes dictary deficiencies of
vitamins A, Cand P The statement 1s made without any evidential
support 1t 1s clear that a deficiency of one or other of these
vitamns 1s capable of mcreasing that exudation from the blood
vessels which 1s the most important damaging factor n frostbite
and tiench foot” According to Bordet and others (1941) the
vascular disturbinces observed after freczing of extremities may
be caused by a Ingh content n the dict of ergosterol, ergotamine,
cholime and acetyIcholne

THERMAL BALANCE IN THE COLD AS AFTECTED BY THE SPECIFIC
DYNAMIC ACTION OF FOOD EXPERIMENTS ON HUMAN SUBJECTS

1 Generan It imnght be epected that the heating effect of
food, a phenomenon that has been studied m a quantitative
fashion for almost 50 vears, would be an item of importance n the
mamtenance of the thermal balance of the body 1n a cold environ-
ment That 1t 15 an 1tem cannot be doubted, smce as much as 15
t0 20% of the energy contamed m a mived meal may be dissipated
from the body as extra heat over the fasting level of production
This extra heat 15 commonls referred to as the specific dynamic
action (SDA) of food, a term ongmally proposed by Rubner
(1902) The production of extra heat 1s accompmed by a rnise
m shin temperature ( Booth and Strang 1936) the elesation beimng
smiller and deferred longer for obese thin for normal persons

The magmtude of the speerfic dynamic action depends upon
many factors, known and unknown The composition of the diet
1s an important one  Protemn alone will rase the lieat production
of a man over the entire penod of its action an amount equn alent
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to about 33% of the contaned calories (Krauss and Rettig, 1929}
For fat alone, the value 15 about 5% {Murhn, Burton and Bar
rows, 1936), with carbohy drate occupying an mtermediate pos
tion

For mixed meals consistmg largely of fat, Benedict and Car
penter (1918) obtaned an average SDA of 2% of the consumed
calonies, for a predommantly carbohydrate diet, a value of 6%,
and for a lugh-protemn diet, one of 129 Essentsally the same aver
age results were reported by Wachholder and Franz (1944) o
many more subjects Most of these values are probably mumunal
because the periods of observation were not sufficiently long to
measure the total effect The speesfic dynamic effects of the hgh
protem and high-carbohydiate diets used by Keeton of al (1946)
were determmed on six subjects each and the total effect es
timated by fittng an appropriate equation to the data and extr
polating to the post absorptive peniad The Ingh proteu diet,
contmning an average of 37% of protem calones, exerted a total
SDA of 17% of the consumed calories, and the high carbohydrate
dret one of about 10% These values pertam to meals contammg
approvimately 1000 cals each The magmtude of the SDA of
food, expressed mn this manner, decreases with the size of meal
(Wachholder and Franz, 1944), until for breakfasts contaming
only 922 cals, the SDA 1s confined to the first hour postprandmm
and 15 almost neghgible (Soderstrom, Barr and Du Boss, 1918)f
In sts effect on the magnitude of the SDA, the protem content };
the diet 1s of paramount mportance m human nutrition (Ja
and Strossenreuther, 1928) ¢

There 15 evidence that the basal metabolism and the SDA}XOt
protemn are mversely related (Baldwin and Shaw, 1939) and t a{
both decrease m old age (Albergo, 1932) Undemaunshmeé‘
seems to affect the SDA of the different nutnents differen {)
{ Tsamboulas, 1939) The SDA of protem s not apprecmbl) kS
fected by moderate muscular work (Bahn, 1927)

2 Tue Irtmors esperments  The most smportant mforn:a
tion concerming the SDA of food, with reference to the mam t:a
nance of thermal balance, relates to the rate of production of ext .
heat and the change m rate with time postprandium The p;ﬂa
of heat production occurs m the early hours and may 162
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height of 405 over the basal rate (Kaplan, 1933) The most
complete mformation of this deseription was obtamed hy the
mathematical analysis of the data on lugh- and low-protem diets
used by Xeeton and co workers (1946), the analysis was made in
a paper by Ghckmn, Mitchell, Lambert and Keeton (1948) The
rate of accumulation of extra ealonies with tune postprandium was
found to follow a sigmord curve with the pomt of mflection (the
pomt of greatest rate of accumulition) occurrmg at about 15
hours postpranduum for the lugh exbohydrate diet and hetween
20 and 25 hours postprandmum for the Ingh protem diet The
accumultion of extra calones above basal beyond the pont of
mflection was very well desenbed by the curve of selfanlibiing
growth (the Jaw of dummishing returns) as formulated by Brody
(1927) Havmg determmed the constants in the equation from
the two sets of data, differentintion of the equations yielded de-
med equations from winch the rate of extra calone production
cn be computed (beyond the pomt of wflection) for any time
postprandium  The following values relating to meals contanmng
approumately 1000 culs  were obtamed by solving for rate of
extra calonie production at even hows (or half hours) post-
prandium—

Extr calorzes per hour above
Hours post basal metabohsm
prandium High protem High carbohydrate
diet diet

15 — 21

20 33 18

25 29 16

30 28 14

40 20 11

50 16 8

60 12 6

70 9 5
80 7 30
90 6 23
100 45 18
110 35 14
120 a7 10
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Above environmental temperatures at which heat enussion from
the body exceeds heat production m the fasting man, the SDA of
food may reasonably be regarded as a wastage of food energy and
even as a burden upon the temperature regulrting mechansm m
a warmmg environment Below such temperatures 1t may senea
useful physiological purpose by spaning body tissues and mereas
ing the tolerance to cold But in exther case 1t 1s a small item 1n the
energy economy of man After a hugh-protemn meal contaming ap
proxmmately 1000 cals, the maximum rate of extra calorie produc
tion for a man weighing 70 hgms 15 83 cals per hour, attained two
hours after eating, decreasing mn five or six hours, the usual period
between day-time meals, to 16 and 12 cals, respectiely, and to
less than 8 cals per hour 1n 12 hours postprandium After high
carbohydrate meals of the same calonc value, the maximum rate
1521 cals per hour, at 15 hours postprandium, and the rates after
five, stx and 12 hours are, respectively, 8, 6 and 10 cals per Tour
Of the many human actwities for which Sherman (1945, Table
XXIIT) ges the caloric equivalent per hour, there 1s none, when
allowance 15 made for basal heat expenditure, with as low a calone
cquivalent as the SDA, even of a lugh proten meal Thus, the
extra calories over basal for standing relaved are 40 per hous, for
hand sewing, 46 per hour, for dressing and undressing, 53 per
hour, and for typewnting rapudly, 75 per hour

The difference i SDA between a high protem and a low pmn
temn meal of 1000 cals 1s even more msigmficant, starting at |2
cals per hour at the peak, and dimwushung to § and 6 cals per
hour, respectively, at five and six hours postprandium It 1 not
surpnsing, therefore, that Pitts, Consolazio and Johnson ( 1944)]
were unable to detect any appreciable mncrease m the therma
load of men working 1n a hot environment mduced by an mmkf_f
of 150 gms of protemn daily, as compared with an mtake of 5
gms , the caloric mtake remaming the same Also, Keeton and c0
worhers (1946) found that the higher SDA of a lugh prote diet
was not the determmmg factor m the effect upon tolerance 10 zu;
mtensely cold environment of men allowed some freedom ©
motion Furthermore, Robmson and Lee (1947), worhing with
domestic ammals, did not secure any evidence that a Tugh propo*
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tion of protem m the ration had any sigmficant cffect upon the
reactions of the animals to heat

3 THe ComneLL FypERIMENTS  Long (1943) has reported the
findings m a rather extensive study on three healthy young men,
carned out at Comell Unnersity, ostensibly to determune ‘The
effect of the protem level m the dict on resistance to cold with
specinl reference to the gascous exchange and the reaction of the
body thermostat at low temperatures” Since most of the data
presented relate to compansons of heat production in the lymg
and standing positions, m the postabsorptve state and one to 25
hiours postprandium, at temperatures ranging from 60°F to 0°F,
and with diets contaimng from 12 to 80% of proteimn calores, 1t
may be considered essentially a study of the effect of the speaific
dynamic action of dicts of varyving protemn content on the energy
metabolism of inactive subjects at different ambient temperatures
Turthermore, since the metabolism studies “ with food” were all
conducted from 1 to 25 hours after the noon meal, the peak
effect of the SDA only was obtamed The two examples of the
noon meal gren m the report contaned approamately 1097 and
1437 cals

The basal metabolism of the men, measured 16 to 17 hours after
food, was not appreciably affected bv the protem content of the
prevaihng diet The metabolism from one to 2 5 hours after food
was, of course, markedly Ingher on the igher protemn diets The
SDA of 220 to 255 gms of protein daly was estimated, from the
change m the mtrogen content of the urme mn fasting and “with
food” tests, to be 22 cals per hour, that for 96 to 104 gms of
protein daily, was eshmated at 10 cals per hour, 12 cals per hour
lower In the mactive state, 12 cals per hour may be a consider-
able item 1 the encrgy economy, but with any considerable
actinaty, uts effect would fade mnto msigmficance Usmg the direct
determinations of the SDA of huigh protein and low-protemn meals
secured from the data of Keeton cf al (1916), the difference 15 12

The method herc used to measure the heat merement of dietary protein
(Table 70 Long 1943) mnphes that all of the energy produced from the
protem catibohized m the body above the fisting proten catabolized, asses
sed at 26 51 els per grim of extri N in the urine ppears s extra heat and
1s 11 fact the heat increment or speaific dynunic wtion, of the protemn
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calories per hour at the peak of heat production, 2 hours after
eating, but steadily dimmushes to 6 or 7 cals per hour at the time
of the next meal

The author concludes “The totahty of data on thermal con
ductivity of body tissues, body heat storage, and heat production
suggests that when eatra heat was needed by the body for man
tenance of vital functions n cold environments, a greater shmulx
tion of the deeper and superficial tissues of the body was obtuned
from the oxidation of the high piotemn meals than was obtamed
from the oxidation of the low-protein meals If the tissues orgins
and glands of the body required stimulation at the low tempera
tures 1mposed 1n this research to mamntam the temperature of the
crculating blood at a normal level, then the extra stimulus ob-
tamed from ingesting the larger amount of protem calones i the
mned diet was always available ”

This concluston 1s well substantiated for mactive men m the
fasting state or wathm 2 5 hours after eating, when the SDA of
the food 1s maximal

The following conclusion, to which considerable prommence
1s given m the test of Long's report 1s much less obvwlols The
experimental evidence obtamed m the lymg tests at 40°F mdt
cates that the body protection afforded by the clothing alone m
amount to about 35% of the total heat mcrement, resulting from
tests m which maximum msulation was combined with Elgh
protemn meals The remander of the total heat increments (6976")
may be attributed to the protem stimulus In view of these de-
termmations, 1t 15 believed that during exposure to cold proter
alone contributes something to the physiological comfort of mat
that 1s not furmshed by clothing or other body msulation alones

Changes 1n rectal and skin temperature during several ht:m
of cold exposure, as important mdices of the effect of die ﬂr])
modifications and variable body wmsulation on the thermal iie
ance, were not made Such temperature recordings were m
durmg the short metabohsm periods (exght to 12 munutes '
tion ), but these were considered merely as ‘secondry mdices O
effects of dietary and clothing modifications ” During the fas!tmng]
and with food’ tests these mdices favored the high pro :e
meals when the subjects were mactive, but durmg w orh on

dura
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treadmull the results of which are only scantily reported and dis-
cussed, the temperature differences secured on different dietary
regimes are generally msignificant i magmtude and they do not
always favor the lugh protemn diet

1t 15 unfortunate that more attention was not grven to measure-
ments of body temperature changes and chinges i physiological
and newromuscular efficiency over considerable periods of tume
during cold evposure and subsistence on different diets Such
measurements are of primary 1mportance in assessing tolerance
to cold, they measure the net response of the body to chmatie
stress, wlile changes i metabolic rate measure only the direct
effects of diet that appenr on only one side of the thermal balance
sheet It may be sigmificant n Long’s expeniment that * Subjective
expressions after mgesting the protemn meals were not indicative
of the measured metabohsm In basal experiments the sensory
expressions corresponded more closely with the measured me-
tabolism

It seems fair to conclude that the Comell experiments afford
Tittle information on the effect of different levels of dietary protem
on resistance of man to cold They do, however, afford important
mformation of the operation m the cold of the differential specific
dvnamic actions of diets contaming widely different proportions
of protem To demonstrate these comparatively small thermal
effects 1t was necessary to mamtamn the subjects m a condition of
nactivity

CONCLUSIONS

From the observational and experimental information above
discussed, certan definite conclusions seem warranted Certanly
a cold environment, 1n proportion to 1its seventy, defimitely m-
creases the calone requirements of man Its effect upon water
Tequirements 3s one of depression except i so far as sweating
may occur durning periods of work of a seventy of four met or
more when l\ea\') arctic clothing iswom The loss of salt, vitamins
and mimerals m thermal sweat will be considered later

Diet modifications may defimitely affect the tolerance to cold
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The Ilhnois experuments prove definitely that a lugh carboly drate
diet, which, as a matter of fact, apprexunates closely what would
be considered a typical American diet, 1s superor m this respect
to one that 1s top heavy m 1ts proportion of protem Whether the
ohserved difference 1 tolerance promoting potency between
these two diets 1s due to the difference 1 protem content or to the
difference i carbohydrate content has not been determmed
However, the fact that varymg reciprocally the proportions of
carbohydrate and fat m diets contammng adequate but not ex
cessive proportions of protemn does not depress the tolerance
promotng effect of the so called Ingh carbohydrate diet, 15 ex
plamed on the prenuse that only protemn among the three mam
classes of organmic nuinents exerts such a depressing effect Dietuy
fat under some condihions 1mproves stll further the relunely
beneficial effects of carbohydrate foods The levels m the diet of
thamne, ascorbic acid, riboflavin and niacin, provided they are
present m proportions adequate m a comfortable enyironment
seem to exert no appreciable effect upon tolerance to cold

In practical dietetics, 1t would seem that diets m a severel)
cold environment are not benefited wath reference to effects upo
cold tolerance by high mtakes of protem The extra calones 1
quired m the cold, as compared with the warm, environment
mmght better be covered by an mcreased mtake of carbohydrate
and particularly fat, foods The extent to which this recommend»\)
tion can be put mto effect m feeding commumties of men “01:!
depend upon other than nutntional factors, such as acqu
food habus, the etpected duration of residence m an arctic
chimate, the motvation for such residence, and the estent 10
which the mdicated diet can be made acceptable to the palate
and mamtamed acceptable under arctic conditions To the exke;ni
that *fat hunger’ develops m men residing i polar and sub PO);“
regions, the mdicated changes from accustomed diets m?) the
more readily be made

In conditions of mactnity high protem foods m
temporary favorable effect on cold tolerance for a short pe bt
after consumption, due to then lgh speatfic dynanue action, llye
under conditions of normal actiaty they might betier
eschewed

ay evert 2
4!
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There 15 some evidence and considerable rational support for
the belief that decreasing the mtervals between meals, especially
if the foods are nich m fat, may merease therr favorable effect on
the thermal balance mn a cold environment If snacks between
regular meals mduce a greater calorie consumption, this m atself
may be beneficial, but the problem needs further study

Ammal experiments support some of the above conclusions,
particular the neutral or unfavorable effect on cold tolerance of
dictary protemn, but some of the mterpretations of these experi-
ments have not heen shown to apply to man, m particular the
favorable effect of ascorbic acid The apparently contradictory
results of many of these experiments, indicate erther a defectnve
expenimental techme that does not control factors that may dom-
nate the outcome, or the eustence of differences among ammal
species in respect to the relationship of nutrition to climatie stress
It seems certamn that m this field of 1esearch, the information
secured from the best controlled animal experiments should not
be appled to human dietetics prior to actual field tests Tt mav
cien be doubted that animal experimentation 1n this field of re-
search m human nutrition, 15 a profitable undertaking
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DIET IN A HOT ENVIRONMENT

THE PHYSIOLOGICAL EFFECTS OF HEAT

The physiological effects of troprcal chmate conditons upon
man have been reported extensnely by Sundstroem {1926)
with special reference to adaptation The reviews of Machle
(1944), of MacPherson and Lee (1945), of Robmson and Gerhing
(1947), of Machle and Hatch (1947), of Wakim (1948) and of
Winslow and Hernington (1949) may be consulted with profit
We would Iike to call particular attention to the review of Lee
(1940) entitled “A basis for the study of man’s reaction to tropical
chmates ” This review 15 a remarkably complete discussion of the
subject, replete with enttical evaluations of laboratory evidence
The logical development of Iis subject has not led Lee mto the
exposition of those mathematical relationships between the body
and its thermal environment that, however complex, seem stll
to be undue symplifications of the practieal situations that develop
mn the field As Machle and Hatch state “Man as a functioning
orgamsm 1s quite different mn character than any of the s;vslt’ms
into which, in an analytic approach, he may be resolved” In2
later publication, Lee (1949) depicts by a series of diagrams the
mteractions of tropical environment and human performanct,
with both environment and performance broken down mnto ther
ulimate factors

42
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1 Errecine tenernatune  There 1s one relationship, with an
empirical rather than a rational basis, that has proved most useful
espeenily m evaluating tropical chmates The “effective tempera-
ture” scheme was elaborated by Houghton and lus co-workers n
the Research Laboratones of the American Society of Heating
and Ventiltting Engmeers m Pittsburgh, Pa (sce Houghton and
Yaglou, 1923) By exposing human subjects, comfortably clothed,
to varous conchitions of temperature, humichty and air motion,
when at rest, those zones within which sensations of comfort, or
of equal degrees of warmth and of cold, were delneated F'rom the
results of a very large senes of expeniments, an empmcnl nomo-
gram was constructed (Yaglou, 1926, ASHVE Gude, 1947),
permitting the ntegration of dry bulb temperature, wet bulb
temperature and awr motion mto a single term, the “effective
temperature” The effectine temperature (LT ) may be defined
as that temperature of a still, saturated atmosphere that would
produce the same sensations of warmth or cold as the given
combination of drv and wet bulb temperatures and air motion, for
men at rest and comfortably clothed Yaglou (1926) has devel-
oped an effectne temperature nomogram for men at hard work,
stripped to the waist

2 Swear steremion  The exposure of man to a hot environ
ment iduces a senies of adaptn e responses, ncluding, first, those
responses aimed at ncreasing heat loss from the body These
responses nclude elesation of body and shin temperature, vaso
dilatation, mncreased heart rate, water shifts and sweating Man
shares with the Equidae the abihty to ncrease enormously the
loss of body heat as the heat of vaponzation of water by the action
of sweat glands distnbuted over large areas of the body surface
This s an emergency mechamsm thrown mto operation when the
heat emission from the body fails to heep pace with its heat pro-
duction as n a tropical environment, or when heat production
1s elevated by muscular activty to the point where heat loss by
radiation, conduction and comvection cannot muntan thermal
equilibrium

The precise relationslups between the imtiation of sweating
and body and environmental conditions and between the rate of
sweating and environmental conditions 1s obscure It may mvolve
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functioning glands Turther evaporatr e heat Joss may be brought
about, 1f the demands of the situation so 1equire, l)y an mercased
output of the mdmidual glmds

The rates of sweating under mauimal conditions of thermal
imbalance approumate t hiters per hour, though a production of 1
Liter per hour represents many kinds of work carried out under
extreme but tolerable conditions At the same effective tempera-
tures, @ hot dry chimate, accordimg to Lee (1940, Lee et dl,
1941), 1s much more of a thermal load than a hot humid climate
and nduces a greater flow of sweat, at least n acclimatized men
(see also Gerhing and Robmson, 1946) Molnar ¢t al (1946),
from studies n the Cahforma desert and tropical Flonida, assess
the thermal stress of the desert as being three to four times greater
than i the tropics, due n part to the solar encrgy impinging on
the human body n the desert Adolph (1938) estimates the
mavmum radiation impmgng upon seated subjects to be 250 kg
cals per hour, of which about half 1s reflected and about half
absorbed

In unpubhished experiments carried out m the Division of Am
mal Nutrition at the Unnersity of Illnois during the war period,
the average hourly secretion of sw eat for human subjects, nude or
very scantily clothed and at rest m an air conditioned chamber,
was 720 gms under hot hurmd conditions (drv bulb 101°F, wet
bulb 91°F | effectine temperature 93°F ), 414 gms under hot dry
conditions {dry bulb 111°T, wet bulb 76°F, effective tempera-
ture 8783°F ) and onlv 117 gms under comfortable conditions
(dry bulb 85°T, wet bulb 71°F , effective temperature 77 5°F )
A good share of the latter weight loss 1s msensible perspiration
The subjects (six number) of these experiments, though sub
Jected to heat exposure for eight hours daily five daye a week for
many consecutive weehs, and four hours on Saturdays, could not
be said to be as nghly acchmatized as residents of Australia, with
whom Lee worked Vernon's obsersations (1923) also do not
agree completely with those of Lee 1n respect to relathe rates of
sweating 1n hot dry and hot humid enyironments

There are sex and race differences m the response of the sweat
glands to sudonfic substances, such as acetycholine mtroduced by
1ontophoresis or by mjection Females are less responsie than



! Fut
Figure 3 Ay conditioned chamber 1y, the Ammnl Nutntion Laboratory of
the Umvermy of Ihnoys showmg awr cnndmonmg tower amr ducts an md
frigerator machime Thig chamber was used n the study of the mmeral an
vitamin content of SWeat secured under stmulated “tropical and }uﬂglf
condhitions It g also being used to measure the effect of enyironmental
temperature an the vitamyn requirements of pigs

males, and the colored race more responstve than the white race
(Gibson and Shelley, 1948)

When men work 1 » comfortable to warm epy ironment, most
of the extra heqt produced 15 dissipated from the body as latent
heat of water vapor, the emussion of sensible heat bemng but httle
elevated ( Houghton ¢f 47 > 1931) The same nvestigators have
shown that muscular work m g hot environment 1s associated with
a rate of sweat Jogs greater than the sum of the rates of sweating
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produced n that emvironment at rest and that produced by the
same work m an environment wlnch just does not cause sweating
at rest This degree of cxcess sweating vanes with conditions and
reaches a maumum at moderately Jugh effective temperatures
Lee (1940) also gnves an 1illustration of tlis mteresting phenome-
non According to Lehmann and S)ahAll (1987a), the quantity of
swent Tost per minute per kgm m of work accomplished mises
with msing temperature but 1s mdependent of the flud mntake

The sweat glhnds fatgue readily at igh rates of sweating
(Ladell, 1947) A newly recogmzed syndrome termed “tropical
anhidrotic asthemia, or “thermogenic anludrosis” has been de-
seribed by O Brien (1948) This form of heat exhaustion 1s char-
acterized by a complete fatlure of sweat secretion apart from some
sweating of the forehead and face

8 Muscurar acrivim The adaptive responses to heat stress
thus far considered relate to mechanisms for mereasing heat dissi-
pation from the body, pre emnently the sweating mechamism A
second type of response relates to heat production within the
body Sojourn 1 a tropical chimate depresses the will to do work
both mental and phyvsical Lee (1940) considers this question at
some length, with reference to expenimental findings and field
expenences In himself he notes a defimte reduction 1 mental
power and speed in the two chmates with an average effective
temperature of 77°F” [Singapore and Brisbane in summer |

Concerming the effect of the tropics on muscular activity, Lee
concludes “A review of the evidence, however, suggests that we
have three grades of effect—(1) with very hght exercise under-
talen spontaneously there 1s a reduced will to work and reduced
actiuty, a truly adaptative phenomenon, (2) with the most se-
vere forms of evercise eritical phenomena mtervene more rapidly,
resulting 1 fatgue and reduced total energy expenditure, an
occurrence adaptative 1n result though entical in production, (3)
with mntermediate grades of worl, espeanlly those undertaken 1n
response to a demand, there 15 but little reduction of work ca-
pacity and total energy production 1s not reduced The latter may
even be raised owmng to a lowcred mechanieal efficiency In this
last field there 15 no adaptatine chinge The Iugher the effective
temperature, of course, the smaller will become the third category
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of work-tash, and the earher will cntical phenomena make ther
appearance ”

In a discussion of tropical fatigue and warfare, Lee and Mac
pherson (1948) report statstical, phystological and psychologienl
observations on 1507 ground crew stationed 1n southern Queens
land There was no doubt that reduced efficiency was widespread
m RAAF ground crew and there was a Ingh madence of sk
disease ‘While chmatic effects per se can be cited as the major
cause of shin affections and a contributory cause of general m
efficiency, the observers were led to the conclusion that personal
and psychological factors were of paramount importance, and that
much of the mefficiency 1s preventable by realistic handling of
these factors ”

At the National Hospital of the Medical Research Council of
Great Britamn, the limits used for assessing the efficiency for work
m the heat are given by Ladell (1947) as follows rectal tempera
ture 388°C, sweat rate 1250 ml per hour, pulse rate 140 per
minute, and whether one or more of the subjects n the Heat
Physiology Team failed to stay the course for four hours

4 Basal MmeraBoLism  Theie 15 a tremendous hterature on
the effect of a tropical chmate on the basal metabolsm but the
conclusions drawn by different investigators as to the relationship
between climate and basal metabolic rate are divergent To men
tion only a few of the more recent reports on this subject Hafkes
bring and Borgstrom (1926-27), Drnker ( 1936) and Mason
(1934) observed defimte decreases mn the basal metabolic rate 1
tropical environments, of the order of magmtude of 10% Camss
(1938), on the other hand, observed low metabolic rates generally
among individuals who had been under tropical conditions for
only a short period of ime With longer residence mn the tropics,
the basal rate was generally lugher than those reported 1 tem
perate chimates The observations of Cams are directly contraty
to the earlier ones of Knippmg (1923), who states from obser\;
tions on 30 subjects [translation] “In the myonty of cases, the
Dasal metabolism 15 mcreased during the first weeks of residence
m the tropics On longer residence n the tropics the basal meta
olism apparently decreases to the predicted Jevel, and on mon .
or years of residence to significantly lower levels With Europe?
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ressdents of the tropics, Malays and Southern Chinese, the brsal
metabalism remams at these low levels (—2 to —16%) " Knip-
png also reports pereentage valnes for the spectfic dynamie effect
of food m the tropies and concludes that the effect tends to de-
crease on long residence su a hot climate The reported values
lend little support to tiis conclusion, wlile thewr ssgmficance as
measures of the SDA cannot be assessed in the absence of an ade-
quate deseription of the method by winch they were obtamed

With such apparently conflicting evidence before them, re-
viewers of the lterature on basal metabolic rate i the tropics
have balanced the evidence as best they could DeMoura Campos
(1937) concludes that the prcponderance of evidence favors the
conclusion that residence in the tropics, particularly in a hot morst
environment, lowers the Dasal metabolic rate and that this 1s a
measure of adaptation to conditions 1mpeding the dissipation of
heat from the body Albagh (1949}, on the basis of the Jargest
series of basal metalbolism measurements ever made in South
Amertea, concludes that the basal metabolism of normal, well-
nourished mdnduals 1s ndependent of climate, bemg compara
ble to the standards n vogue n the United States and Europe

It 15 nteresting to note that Galvio (1947), from very careful
measurements on 63 adult male dogs in Brazil, weighing from 3 4
to31 8 kgms , reports that in this tropical chmate, the basal metab
olism per umt of body weight 15 more constant than the basal
metabolism per wint of bodv surface He concludes “If the Rub-
ner Richet law 1s true only 1 cold chmates, 1t has a true thermic
sigmficance and expresses a causal relationship between heat loss
through the surface and heat production” There may be some
question whether the relatne mconstaney of the basal metabolie
rates referred to body surface may not hwe been caused part
by the maccuracy of estimates of surface area by the Rubner
formula (sce Cowgill and Drablm, 1927)

Galvio (1948 a and b) has extended lus obsenvations on basal
metabohsm 1n the tropics to lean men and to well-proportioned
men The results are i hirmom wath the conception that the
Rubner-Richet surface arca docs not apply m the tropies With
lean men, the bisal metabolism m the tropics was found to vary
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men with body weight to the 078 power Following the 1deas of
Benedict, Galvdo interprets these body size functions as represent
mg the metabolically active weight of lean and well proportioned
men, respectively The experiments were cairied out on men rang
mng 1n age from 20 to 47 years

Lee (1940, p 27) discounts the significance of differences m
basal metabolism of men observed in different climates on the
ground that they are probably traceable to variations m advent
tious activities,” particularly muscle tone The eustence or non
existence of differences in basal metabolic rates mn diferent
climates may also depend upon the environmental temperature
at the time the measurement 1s made The true ‘basal conditon
i human physiology at least, 1s thought of as mvolving a com
fortable environment within the zone of thermic neutrality For
nude subjects, DuBos (1936, p 191) defines this zone as between
27° and 84 7°C (80 6° and 945°F ) For men fully dressed, Me
Connell, Yagloglou and Fulton (1924) obtamed mimmal meta
bolic rates between 75° and 83°F effective temperature On the
other hand, many of the pubhshed determmations perhaps most
were determmed at “habitat temperature,” to use Benedicts
(1938) phrase Thus changes that Mason (1944) observed m her
basal metabolism as she travelled by ship from San Francisco ‘g
Indra were associated with increasmng ambient temperature ﬂ‘}"
humdity Whether they would have manifested themselves if tbe
measurements had been made withm the comfort zone m a metd
olism ward 1s problematical | me

If the body temperature 15 modified by chmate, the basal "
tabohsm would be expected to change also Using dlatherm}; °
induce hyperpyrexia, Christensen (1933) observed an 'cuertga
rise 1 the metabolism of four men of 10 8% per °C mse 1 relclue
temperature A small part of the elevation 1n metabolism ‘hﬂs o
to the increased activity of heart, lungs and g]ands, qccorhlilge
the author, but the major part was an expression of a heighten
cellular metabolism N

5 APPETITE AND DICESTION In Lee’s experience ( 1940)1’ on
marked decrease mn appetite, oftimes amountmg to revt :za
from food, occurred The revulsion passed away with acchma .
fron, but at no time could the appetite be said to be at temperd
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levels” He beheves a certam reduction of appetite can justly be
regarded as an adaptive phenomenon  there will be some shght
decrease 1n heat production The cyplation of the imparment
m appetite 1 tropical heat 15 not clear Among other authors,
Borchardt (1930) noted that gastric secretion and motility of
both human subjects and esperimental ammals are decreased n
an artificial tropical chmate The longer retention of food 1n the
stomch would be expected to induce a less intense appetite for
a subsequent menl if not too long delayed, but Henschel, Taylor
and Keys (1944) report that, in all but onc of 17 young men under
obsenation, the gastric emptying time was faster at the higher
temperatures Twehe of the subjects exmbited an average de-
crease of 30 m the gastrc emptyng time at 120°F , as compared
with that at 77°F However, the mgestion of meals ranging n
temperature from ~8° to 65°C was found to have no appreci-
able effect on gastric motihity (Henschel, Taylor and Keys, 1949)
6 Hypertesmia  Hvperthermia, expernimentally produced,
has been reported to induce certamn changes n blood composition
that might bear upon nutntie requirements In guinea pigs,
Dobblesten (1940) observed always a lowering of the ascorbie
acid content of the blood m artificial fever an increase of 2° to
85°C m bodv temperature was associated with a reduction of
ascorbic acid 1n the blood to a level one-half (or less) of normal
Parvis (1941) has reported a decrease n the ascorbic acid content
of the organs of gumea pigs mamtamed at 43° to 45°C The
observation of Dobblestem was not confirmed for hum1n subjects
by Osborne and Farmer (1942) Usmg 17 arthnitic patients as
subjects, no sigmficant changes m the ascorbic acid level of the
blood resulted on elevation of the temperature of the body to
104°F and mamtaining 1t there for four hours, using a com-
bination of air conditioned cabmet and mductotherm Aron and
others (1946) reported m a study of 92 patients that elevation of
the rectal temperature to 106°F by phy sically mduced fever was
followed by a depression of the vitamn A and carotene levels m
the blood phsma, irrespective of the chemotherapeutic agents
given before or durng the penod of observation The authors
state “Tlis behavior of the plasma vitamun A 15, to the best of our
knowledge, the first biochemical indicator shown to serve as
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dry bulb, 105°F. wet bulb) as well as men without such evpedi-
ents tolerate an cffective temperature of 92°F, The alleviating
action of water at 86°F. sprayed on the body at high air tempera-
tures is also demonstrated.

The increasing difficlties of men working wnder intolerable
conditions of impaired heat dissipation are deseribed by Gerking

Figure 4 Expenimental pigs m the aw-conditioned chamber shown in
Figure 3 The nboflasmn requirement 1s betng studied at 85° F and agam
at 42° F 1 this chamber

and Robinsan (1946), Ladell, Waterlow and Hudson (1944), and
Talbott {1944b), winle Heslbronm and associates {1846) discuss
the more general topies of heat death, heat mpuny, and touc factor
Readers iterested m this phase of the subject should consult the
publications ested The tolesance limits of men to radiant heat as
administered m therapeuties has been studied and discussed by
Lloyd-Smith and Mendelssohn {1919)

10 Hear sngume Lee (1940) classtfies the mamn syndromes
of heat injury as follows (1) Inperpyreqa, or true heat stroke,
(2} ewculatory msufficiency, or heat exhaustion, characterized by
lowered blood pressure, (3) hypochlorenua, or heat cramps, char.
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acclimtization has been completed Tt 1s our belief that an acute
physiological Toad imposed npon the adrenal cortices (by the
stress of the new adjustments n electrolyte metabohism made
necessars by hfe in hurmd heat) 15 responsible for both findings
(deerease m unme and sweat saft concentrabions and negative
mtrogen balances) After full acclimatization has been
established, and salt and mtrogen cquhbrium are bemng man-
tamed, a sharp drop m salt mtake leads to negative rutrogen
balice Under these cireumstances, the addition of salt to the
diet results 1 a rapid return to mtrogen equiibrium From a prac-
tical pomnt of view, such negatne mtrogen balance 15 quichly
abolished m fully acchmatized man when the dauly total NaCl
miake s rarsed to 7 grams or above’

Conn and Conn (1941) had previously shown that adrenal
cortical extract mereases sodum retention and mcreases the ex-
cretion of mtrogen mn the urine According to Ladell (1945),
desoy corticosterone dumimishes the output of sodwm and chlo-
rine 1n the sweat as well as in the urine In fact, the concentration
of sodium m sweat vares with adrenal cortical activity, bemng
low as cortical functioning rises and lugh as 1t falls {Conn, 1949)
It m1y be used as Conn proposes, m the diagnosis of diseases of
the adrenal cortex such as Addison’s disease, and n the control
of 1ts treatment According to Nichols and Mller (1948), rela-
taely farge amounts of adrenal corticords occur m sweat nduced
by exercise or thermal stmulation

An formative table of the phvsiological responses of acclima-
tized men to mereasing effectnve temperatures, when at rest and
at work may be found mn the 1947 Guide of the American Society
of Heating and Ventilating Engmecrs, page 208 The table gnes
the responses of pulse rate and rectal temperature, the perspira-
tion per hour, and total work accomphshed

THE COMPOSITION OF HUMAN SWEAT AND THE RATE OF
DIRMAL LOSS OF NUTRIENTS

The composition of huun i sweat 1s subject to so much varation
that average values for ats constituents m1y be as meamingless as
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Figure 5 Balance smtable for determining the msensible loss 1n body wesght
at comfortable temperatures and sweat loss 1 a hat environment The
balance will weight a man to 001 gm For sweat loss measurement the
subject would be wesgl ed 1n the nide or with a mumum of clothing

for example m the sweat the smaller its cxeretion m the unne
If the protem metabolism of the body on a constant mtihe of
protem 1s inereased by the conditions environmental or intrninsic
that have mduced sweiting then the output of total mitrogen
both urime and sweat will merewse In paticulr one would
expect an mcrease 1 the total output of ereatimne by both path
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(1931) hv e also reported n iy erse relationship between output
of sweat mtrogen and of urmary mitrogen Talbert, Silvers and
Johnson (1927) nated no relation bhetween the mitrogen m sweat
and m urme, and Berry (1915) observed no relation between
mtrogen of diet and of sweat However, Cuthbertson and Guthrie
(1934) estabhished a clear dircet reltionship betwscen the datly
excretion of sweat mtrogen and the protemn content of the diet,
which was varied from 70 to 180 gms duly At a room tempera-
ture of 15° to 20°C, the output of mtrogen in the sweat ranged
from 0 118 to 0 301 gm per n® per day In the Illnors experiments
(Mitchell et al, 1949), the mtrogen content of sweat averaged
about 20 mg %, mdependent of ensironmental differences 1m-
posed, the hourly output varymg from 16 mg under comfortable
conditions to 180 mg under hot humid conditions Regardless of
their sigmficance to the problem immediately under discussion,
this information of the dermal losses of mitrogen 1n the sweat 15 of
great importance to nitrogen metabolism studies carned out
under conditions such that thermal or emotional sweat 1s pro
duced Metabolism expeniments undertahen under sweating con-
dittons may be seriously vitiated with reference to those elements
and nutnients present n sweat in appreciable quantities, unless
dermal losses are measured and utilized 1m the computation of
body balances

The loss of ammo acids 1n the sweat 1s of immediate nterest to
the problem of the effect of a tropical chmate on nutntion, since
these mtrogenous compounds are not metabolites but unchanged
products of protemn digestion Hangen and Talbert (1928), using
the colorimetne method of I'oln, report values varying from 16
to 48 mg of amno acid mitrogen per 100 ml of sweat 1n 73 expen-
ments upon 23 subjects McSwiney (1934) found an average of
50 mg of ammo acid mtrogen per 100 ml of swe1t for 10 women
and an average of 66 mg for 14 males These values agree well
with the figure of 44 mg of the ten essentin] amimo acids per
100 ml of sweat reported by Hier, Cornbleet and Bergeim (1946),
if one may assume an average mtrogen content of about 166 n
the ammo acid mivture of sweat The Itter myestigators analyzed
“normal swcat for the 10 essential amino acids mdisdually by
microbiological methods In these expenments the sweat was col-
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et al would contan 22 to 26 gm of amimo acids, and 10 liters,
representmg an attamable duly sweat volume, would contain 78
to 86 gm

2 Virammns  The water-soluble vitamms, n so far as they
have been tested for i human sweat, have been found to be
present i detectable amounts The great dispanity existing among
published s alues of quantitatv e occurrence 1s probably traceable
to different anals tical methods and te different methods of sweat
collection The tabulation on page 64 affords a summary of pub-
hished mformation

Selecting from this tabulation the analyses that seem to be the
most reliable, judged on the basis of methods of assay and sweat
collection and agrecment with other results, 1t may be concluded
that the following vitanuns will generally be found i sweat m a
concentration of 20 mucrograms or less per 100 ml thiamme,
rboflavin, meotime aad (total), pantotheme acid, pyndotune
(total), choline, mositol p ammnobenzoic acid and pteroylglutamic
acid (folie acid) Although the human requirements for all of
these vitamms are not known, the concentrations 1n sweat are so
small as to seem msigmficant i practical nutntion The concen-
tration of ascorbic acid 1 sweat 15 extremely vanable and its
presence m detectable amounts seems to be sporadic The occur-
rence of delndroascorbic acid n sweat, while quite vanable in
quantity, my be mgmﬁcant ma pmctlcal sense

In the expenience of most im estigators, the concentration of
vitammns 1n sweat 1s not appreciably, if at all, affected by the
dietary intale, with the exception of that of dehy droascorbic acid
(Kurch et al , 1943), pantothenic acid ( Tennent and Silber, 1943)
and possibh pyndoxine (Johnson, Hamlton and Mtchell,
1945d) The enormous mcreases 1n the thiamine concentration of
sweat on dosage reported by Hardt and Still (1941) have not
been confirmed by others

The hourly exeretions of vitamms m the sweat observed by the
HHmois group (Johnson, Spector and therr associates), even under
conditions mducmng, sweat secretion of 700 ml per hour or more,
were qute mconsiderable compared with known or probable re-
quirements Even the derml loss of delndroscorbic acid under
these conditions would not exceed about 8 mg per day
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8 Mnerats  There1s a dermal loss of minerals from the body
prior to the anset of sweating manly of sodm, potassium, chlo
nde and sulfate sulfur (Irey berg and Grant, 1937) Thss loss 15
medental to the dilfusion of water from the subdermal tissues,
the msenstble perspiration On the mmtition of sweating, the
msensible loss of water and mmerals presumably stops where the
surface of the shin 1s covered with a film of water

The scnsible sweat that supersedes this msensible water (and
solute) Joss apparently contans all of the mmerals found 1 the
blood Besides sodium, potassium, calcium, magnesum, chlonne,
sulfur and phosphorus, copper, manganese, wron { Mitchell, Hamil
ton and Hamnes, 1949), 10dinc (Spector ct al, 1945, and earhier
workers) and fluorine (McClure cf al, 1945) have been 1dent:
fied and concentrations and 1n some cases, Josses per hour, deter-
mmed The presence of considerable amounts of bromine 1n sweat
was observed but not measured by Spector 1 the routine of his
determmations of 1odne m sweat In this discussion we are manly
concerned with those minerals whose losses are of such magmtude
as to possess some nutntional sngmﬁmnce

The copper and manganese are present m sweat m mere traces,
5 to 6 micrograms per 100 ml

Accordmg to Bischoff Maxwell and Il (1931), phosphorus
does not occur n thermal sweat Talbert, Stinchfield and Staff
(1933) report vanable phospliorus contents 1n sweat ranging from
0 to 48 mg per 100 ml Mtchell ¢t al (1949) observed an aver-
age of 0022 mg % of phosphorus i 20 samples of sweat, with
mdnidual concentrations ranging from 0003 to 0042 mg %,
Wintehouse (1931) found only doubtful traces of phosphate in
sweat

The magnestum content of sweat 1s extremely vanable (Hopf,
1935) and bears no reasonably constant relition to caleium con-
tent although on an average, n the experience of Carpenter and
Talbert (1932), the rati0 1s 4 of caleium to 1 of magnesium, the
litter concentrations averagmg 12 mg % Hopfs average for
magnesium n sweat 1s almost three times this figure, namely,
332 mg per cent

Sweat 15 generally much more dilute m cileium than blood
plsmn, though the amounts present my be appreciible from the



66 NUTRITION AND CLIMATIC STRESS

nutrihional pomnt of view Subject to the usual considerable yana
tion, the following concentrations of caleum have heen reported
03 to 15 mg % (Marchiomm and Ottenstem, 1931), 5 to 10
mg % (Bryant and Talbert, 1931), 58 mg % (Borchardt, 1931),
5mg % (Carpenter and Talbert, 1932, Talbert, Haugen, Carpen
ter and Bryant, 1933), 46 mg % (Hopf, 1935) and 1 to 4 mg %
(Mitchell, Hamilton and Hames, 1949) The concentration seems
to decrease as sweatmg proceeds, and values averaging as ngh as
122 mg of caleium per 100 ml of sweat have been reported by
Hopf (1935) for mitial collection Mitchell et al (1949) found
hourly losses of caleum m the sweat over eight-hour penods
averaging 58 mg under comfortable conditions, and 151 mg
under hat humid conditions with sweat losses of 700 to 800 gms
per hour

The potassium m sweat will generally average 45 to 50 mg %
(Talbert, Haugen et al, 1983, Borchardt, 1931, Hopf, 1935),
though much Iugher concentrations have been reported for mtial
sweat specimens Whitehouse (1935) assesses the usual ratio of
potassuum, as chloride, to sodum chloride m sweatas 1to 9

The most smportant mineral component of sweat 15 sodum
chloride and many reports of 1ts quantitative occurrence m sweat
generally measured as chlonde concentration, hve appeared 1n
the literature, extending back mto the last century There 15 htfle
point n citing, or m averagng all reported values Lee (1940)
says “The concentrations given by different workers of chlonde
m heat sweat vary very much In general, they appear to err on
the ligh side, owing probably to evaporation occurring from the
sample Later work has indicated that the sweat seldom, f eves,
becomes hypertome as compared with the blood stream, and 15
usually hypotonic” In view of the vanable chlonde content of
sweat from different areas of the body, the most rehable method
of making this determmation 15 to diide the total chlonde s
creted over the entire body durmg a definite tune, obtamed by
proper washing procedures, by the net loss m body v eght Using
this method Lee obtained chlande concentrations m sweat, under
varied environmental conditions, ranging from 166 down to 49
mg % According to Bock (1944), sweat sodum varies closely
wth sweat chlorde
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The chloride content of sweat, as of many other of 1ts proper-
ties, depends upon the rate of sweating, the degree of acchmatiza-
ton to heat and on nherent charactensties of the mdvidual
Sweat becomes more dilute m chlonde with adaptation to hot
atmosplieres, more concentrated n chlonde as the rate of sweat-
ng becomes more profuse ‘ The susceptibility of some mdividuals
to heat eramps no doubt depends m part on the mability of their
sweat glnds to reduce sodium chlornide loss to a low level (Daly
and Dill, 1937) After adaptation, Dill observed the salt concen
tration of sw cat to drop to about 15 milli equivalents of NaCl per
liter m evtreme dry heat (1933), and to about the same level
(17 miih equn alents per hter) i hurmd heat (1937) Johnson,
Pitts and Consolazio (1944) have defined these and other con-
ditions determimng the salt content of sweat It 1s interesting to
note the clum of Johnston, Conn, Lows and Steele (1946) that
the concentration of chlonide m hand sweat represents that of the
entire body Keys (1943b), however, did not find this to be true
under lus expenimental conditions Ladell (1948) reported a ugh
correlabon (r = 4 073) between the concentration of chlonide
m sweat collected from the arm totallv enclosed m a bag, and
from the entire body

While vanations m salt intake mn the direction of an mcrease
over normal levels does not seem to affect the chloride content of
sweat appreciably {Cuthbertson and Guthrie, 1934, Mitchell et
al, 1943), there can be no doubt that severe restriction of salt in-
take will reduce the chlonde content of sweat to very low levels
(Conn et al, 1946) This conservation of salt by the sweat glands
seems to be mediated by the same endocrmme mechanism that
favors salt conservation by the kidney 1e, desoxycorticosterone,
smce Bock (1944) observed that the admimstration of potent ex-
tracts of the adrenal cortey of cattle to men fully acchmatized to
heat decreased the level of sodium and chloride 1 the sweat The
association of negatine mitrogen balince with low salt intake and
us correction by an meresed salt intake 1n acclimatized men has
already been noted (Conn and Johnston, 1945) and 1s probably
attributable to the same endoerine mechanism

The dermal loss of 10dine m man has been recognized smce
sodme balances were first performed by von Fellenberg 1n 1926
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Spector, Mitchell and Hamilton (1945) studied the concentration
of 10dine m sweat and the hourly loss of 10dine through the skin
under different ensironmental conditions and with and without
dosage of the subjects with potassuum 1odide The results ob
tamed can be briefly summanized as follows

The concentration of 10dine m sweat averaged about 1 micro
gram per 100 ml, mcereasing to 32 meg after a single dose of 2
mg of KI The hourly loss of iodne through the shin durng
eight-hour exposures to controlled environmental conditions
vaned from 1 to 5 meg , and was not consistently correlated with
the environmental conditions or with the rate of sweating

The absorption and excretion of 1odine by normal human sub
jects has been nvestigated more recently by Nelson and co
worhers (1947) In their expenence the concentration of 1odine m
sweat 15 related to that m blood plisma roughly, the concentra
tion of sweat 10dme 15 about one-third that of plasma 10dine

Vannottr and Delachaux (1949) n thew book on wron metab
olism mention (page 29) the important part pliyed by the sweat
glands m 1ron eacretion, eiting 1n particular the report of Cheval
her (1923) However, Chevalher does not m the publication re
ferred to, offer any evadential support for hus thesis that the sweat
glands are important organs of ehmmation of won On the other
hand, Johnston and Hagan (1949) observed only mmmal
amounts of 1ron 1n the sweat collected from five women, averaging
004 mg per hter ® In this connection, reference may be made to
the occurrence of stamable 1ron deposits 1 the apocrine, but not
the eccrne, glands of human subjects (Bunting, Wislochr and
Dempsey, 1948) >

Mitchell, Hamilton and Hames (1949) have reported ev 1dence
on this problem Taling the proper precautions to avod won con
tammation, and using 4 young men as subjects, 1t was found that
sweat averages about 18 mg of wron per liter, usmg the washing
*In 1 Inter publication from the sime Inboratory (J Nutntion 42 285—296:i
1950) a more complete collectzon of sweat from 4 women subjects mdicate

4 srx fold merease 1 1ron concentration 0 24 mg per hiter, and even ml:hesi
experiments sweat was not collected from the scalp s 1t was m the Dhnox
mvestigations

“Confirming ewher work by H
363371, 1926)

Homma (Bull Johns Hophns Hospmital, 67
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method to secure the dermal loss of iron from the entire body,
and taking the net loss m body weight as measunng the sweat
Joss Tor mdmdual tests, the vanations were not cxtreme, the
cocfficient of varition of 27 weekly averages being 28 1%

The relatncly large amounts of won found in sweat by Mutchell,
Hamlton and Haines (1949) could hardly have been due to
contarmnation, becuse of the precautions taken to avoid it The
fact that the sron content of sweat was not demonstrably affected
by the rate of sweating, 15 objective evidence that the measures
taken were successful Tor sweat produced at rates of less than
200 ml per hour, the 1ron content ayeraged 191 mg per hiter, and
for sweat produced at rates of 200 to 900 m} per hour, the ron
content averaged 164 mg per Iiter The t value of the differcnce
(Tisher, 1944) 15 1464, and the probability that a random com-
Dbination of the uncontrolled factors in the experiment could have
produced a mean difference as large or larger than that observed
15 017 This probabihity 15 too large to be disregarded

The hourly loss of won under different environmental condi-
tions 15 given 1n Table 1, each figure being the average of four
experimental subjects over five experimental days each

TABLE 1

The Effect of Lnvronment on the Hourly Dermal Loss of Iron

Redame Insensible loss Hourly dermal
Temperature humdity m body weight loss of wron
° per cent gros per hour mg
101 69 814 177
100 70 688 480
101 66 584 090
90 94 297 095
90 66 134 023
85 50 113 021
85 49 103 033
85 50 87 017

These hourly Josses of 1ron through the shin are considerable
compared to the duily metabolism of 10 or 15 mg They throw a
rather devastating hight upon the “new theory of 1ron metabo-
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hism,” well epitormzed by Johnston (1943) Accordmng to this
theory, the body finds it difficult to elmmate what won 1s ab
sorbed from the food, erther in the feces or 1n the unne The body
tron 15 thus used over and over agam, and 15 conserved to a very
wmuch greater extent than has been observed for any other mneral
However, the theory neglects entirely the dermal excretion of
won, which may evidently be considerable Its evidence that ey
cretion through the mtestinal mucosa 1s neghgible 15 not convine
mg, and 1ts presumption that the body absorbs from the gastro
mtestnal tract only as much won as 1t needs 15 contrary to the
known ability of the liver, and possibly other tissues, to store wwon,
while the mechanism proposed lor the blocking of won absorption
m the mtestinal mucosa, while ngenious, rests upon a tenuous
basis (Gramch, 1946) *

TEMPERATURE OF FOOD AND DRINK

The temperature at which food and beverages are consumed
might be expected to fluence the digestive processes Eberhard
(1940) has reported that 1ce water and 1ce crenm retard the

‘Since the above statement was made Stewart Snowman Ywile and Whipple
(Proc Soc Exper Biol & Med, 73 473475 1950) have reported farlure to
demonstrate 1 dermal excretion of wron in the dog However Adams Leshe
and Levin {llnd 74 46-45 1950) demonstrated an excretion of won mn
filtered arm sweat m 10 of 15 subjects 1n amounts ranging up to 2 15 meg
per cc Untreated cell ich sweat contamed iron 1n il samples 1n amounts
ranging from 078 to 195 meg per cc Iron contammnation from the rubber
gloves used 1 sweat coflection can be ruled out (personal commurnication
from Dr Adams) The quthors state  From the data obtaned itas concluded
that the Toss of won 1 humnn sweat 1s neghgible Loss of wron from desqua

mution of the epithelum may be conmderable lthough no quanntatve
estimates were made The first conclusion 15 not borne out by therr data

espectally m view of the vanable occurrence of 1ron mn sweat from different
regions of the body In the Tilmois expenments above discussed :}:e iron
content of spot sumples of undiluted sweat vared from ‘10 to 177 (ng

per 100 ce The loss of won by desq 1on was amply d ‘f’llef ¥
Adams et al Furthermore, continuous desquamation of mucosal cells }r{om
the ntestinn} tract demonstrated by Lebland and Stevens (Anat (;‘c

100 857-377 1948) would presumably remove the ferntin gmn\ﬂesw;

posited 1n the mucosal cells (Gramch J Biol Chem, 164 737746 19
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emptying time of the stomach by 80 to 60 minutes, while hot
coffee has no effect Cold dninks, such as may be consumed as
refreshments m the tropies, also affect heart action as revealed
by mierted T wares, and the author suggests a possible correla-
tion of this effect with so called “acute-mdigestion” Gershon-
Cohen and co-worhers (1940) observed that cold meals seem to
speed up gastne cvacuation, while depressing gastne seeretion
during the mitial stages of digestion “Summer diarrhea might be
due partly to 1ce-cold dnnks wlich effect too rapid gastne evacua-
tion of gastric contents not effectively prepared for the intestines
Dbecause of the depression mn gastric seeretions” The reason for
the apparent discrepancy betw een the results of these two studies
needs elnaidation

SOLAR RADIATION AND AIR MOTION

In the construction of weather chambers for environmental
studies on man, two components of weather wind and solar radia-
tion, are most difficult to duplicate as they occur outdoors Van-
able winds of vanable mtensity are charactenstic of outdoor life
and are difficult to duplicate indoors throughout natural ranges
The spectral qualities of sunhght have never been exactly duph-
cated artificially The effect of air motion and of solar radiation on
the heat economy of men under tropical conditions will not be
considered in any detal here, the subject 1s mtroduced merely to
complete the discussion of the physiological effects of a tropical
chmate

Winslow, Gagge and Hernington (1939) have found that the
cooling effect of air movement vanes with the square root of the
reloaty Significant wind effects on evaporation from the shin
through dry fabnes 1s found only at permeabilities above 30,
greater than that of some ymportant Army fabrics (Fourt and
Harns, 1944) “Until permeabihity nises far above 80, fabnic thick-
ness 1s probably the dommant mfluence on physiologic efficiency
m cooling” Gold (1935) has compiled a table of sensations as-
saciated with different wind yvelocities under different dry and
wet bulb temperatures thit should correlate with Houghton and
Yaglou’s effectne temperature nomogram
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The thermal qualities of solar radiation have been referred to
above Au analysis of this heat load has been presented by Blum
(1945b) and seems to be equivalent to 4 kg cals per mmn , two or
three times the restmg metabolism of an average man One m
portant function of clothmg n a tropic environment 1s to cause
the reflection from the body of much, or most, of this heat load
Oppel and Hardy (1987) showed that, of the Tays impingng on
the skin, the more penetrating they ae the less sensitive 15 the
subject to them, and that dermal pigment plays only a small role
m the thermal exchange between environment and man How
ever, n this section of the report, we will be mainly concerned
with the actmic effects of the solar rays, producing biochemter]
changes 1 the body and biochemical damage In this connechon
reference should be made to the excellent review of Blum (1945a)
on the physiological effects of sunlight on man The physiological
actnty of cosmic rays and of cosmic radicarbon (Grosse and
Libby, 1947) may later be shown to be of importance, especially
at lugh altitudes

Sunburn 1s a leston induced by exposure to mtense sunlight Its
mulitary aspects have been well presented by Blum (1943), from
whom the followmng citation 1s taken ‘There 15 evidence that
dietary factors may affect the sensitivaty to sunbum, but to date
this has not recewved adequate mvestigation ™ The possible non
nutnitional protective measures agamst sunburn have beex;
evaluated by Blum, Eicher and Terus (1946) The presence O
sweat on the shin 1s of 1mportance 1 this connection, since 2
sweat film of 1 mm thickness transmits only about 27% of solar
radsation effectn e 1n preventing sunburn according 1o a repoit by
Crew and Whttle (1938) On the suppositon that pellgra may
be a result of tryptophan (or protem) deficiency, based on some
experiments by Chick and Hume (1920) on monkey s, Dawbarn
(1924) attempted to induce hght-sensitvity 1n mce by placing
them upon a tryptophan deficient diet, but without success b as

The consumption of certam plants by farm ammals, such a
buckwheat, and plants belonging to the genus Hjypericum ltna)’
cause an abnormal sensitwvity to hght The excessive consump ll:H
of chlorophyll contammg plants may nduce a photo senstlh(\:e()3
by the production of phylloerythnn m the digestve trac
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Blum, 1941) The dermatitss of pellagra n man 1s exacerbated by
sunlight and by heat (Smith and Ruffin, 1937), wlile there 1s
some suggestion that mcotmamide, the absence of which from
the diet 15 responsible for many of the lesions of pellagra, pos-
sesses a hght-protectne-action as yet mexplamed  (Kuhnau,
1939)

Ultraviolet radiation of wave lengths that produce sunbumn
will cause mjury to the eve the cornea and conjunctiva (photo-
phthalma), the retina (scotoma), and possibly the lens (cata-
ract) (Blum, 18451) According to Jolhffe (1948) from expert-
ments on humans, *hight, withm the degree used m these studhes,
1s without great significance i the production of corneal vas-
culrity ” In the rat, mtense hight from mcandescent lamps does
not modify apprecably the riboflnvmn content of the retina (Bes-
sey and Lowry, 1944), nor modify the eye changes mduced by
niboflavin deficiency (Lowry and Bessey, 19453) Light exposure
m the human does not seem to modify appreciably the carotene
requirement (Booher and Callison, 1939), though vitamun A 1s
mtimately myvolved m the mechames of rod vision A crude esti-
mate 15 gnen by Fnedemald ef al (1948) of the ultraviolet
spectral sensitinity cunves for the corneal epithelum of the rat
m respect to mitosis mhibition, nuclear fragmentation and loss of
tissue CO}ICS]OTI

THE EFTECT OF HEAT ON NUTRIENT RFQUIREMENTS
ANIMAL EXPERIMENTS

Readers of this report may be mterested n a dissertation by
Brobeck (1948), based upon experiments with laboratory ammals,
that “ammals eat to heep warm, and stop eating to present hyper-
thermian” According to Brobeck, food mtake appears to he con-
trolled as sf 1t 15 a mechanism of temperature regulation

1 Vizamms  Mills has performed many experiments on grow -
g rats to determme the relatne vitwmn requirements m a cool
room {65°-68°F ) and 1n a hot room (91°T", 605 retative hunnd-
ity ) The procedure was quite sumlar 1 all eperiments A senes
of dicts 15 prepared that 3s presumably adequate n all respects
exeept for the vitamm under study, wlich 15 ncorporated m the
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diets 1n graded doses The duets are then fed ad Ihitum to groups
of four to si rats, both m the cool room and m the bot room The
requirement 1n each environment 1s taken to be the smallest con
centration of the vitamm that has mnduced the best growth, or
that has av erted sy mptoms of avitaminosis With this techuie Mills
has concluded that the requirements for thiamme (1941), cholme
(1942) and vitammn K (Mills et al, 1944) are sharply mereased m
a tropreal, as compared with a temperate, environment, but thit
the requirements for 1iboflatn, pyndovne, pantotheme acid, p
ammobenzoic acid and mosttol are not affected by the entiron
ment (1943a) The mdicated mcreased requirements for thiamne,
but not for choline, m a tropical environment, and the fadue to
demenstrate differences w requirements for the other B vitamns
were later confirmed on chichs (Mslls e al , 1947) The herghtened
thiamme and choline requirements m tropical heat were also
confirmed for rats (1943b), having particular regard to the pos
sible destruction of thiamme i diets kept mn a hot room

The consistency with which Mills has been able to repeat his
thiamme findings (see also Mills, 1948) 1s impressnve, but the
mterpretation of Ins data 1s none the-less difficult Wide duffer-
ences occurred m the miake of food m the two emvironments,
greater amounts bemng consumed 1 the cold, whle withm esther
room, the gams m body weight secured generally pralleled the
food mtale The ad libitum feeding technic, when used to assess
nutnent requuements, tacitly mmples that the e\rpenmentﬂ ans
mals will consume food m proportion to 1ts nutntwe adequacy
This proposition has never been proved With reference to th
mine n particular, Waterman and Ammerman showed with rats
(19852) and wath pigeons (1935b), that moreasing doses of the
vitamm will stmulate growth, probably merely by stymulatmg
food consumption, far beyond doses that would represent require
ments 160 meg per day for rats and prgeons was still nadegquate
for masimum growth, though far i excess of any reasonable e3§1:
mate of the thiammne requirement Interpretation of the M “S
experiments 1s difficult also because the data have not gene;a 1}
been subjected to an adequate statistical treatment, parbiewar }1
mardence ratios of deficiency symptoms, and where statishea
measures of the operation of uncontrolled factors 1 the expert
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ments hue been gnen, as stwdard errors or other mensures of
vamation, hittle use has been made of them 1n the interpretation
of the data The possthility has not been considered m the -
terpretation of ncrdence ratios that a tropical environment may
merely visualize Intent symptoms of deficiency, as Iight and heat
sene to visualize dermal malnutrition i pellagrins

1t 15 dufficult to concen e why the requuirements for vitamuns per
umt of food consumed should be modified by environmental
temperature, espectally as markedly as Mills’ evidence ndrcates
for thiamme, since the function of thinmine m the body, m so far
s 1t 1s known, relates to the metabolism of food Possibly a tropical
environment will rasse the body temperature of the rat, speed
up the metabolic reactions mcluding those mvolving the destruc-
tion of thinmine and thus raise the thiamne requirement per umt
of food to be metabolized Attempts to confirm Mills’ results on
rats i other laboratones have not been entirely successful, though
the expenmental procedures used have not always been above
criticism

Sarett ind Perlzwerg (1948) approached the problem by study
g the metabolism of the B vitamins n growing rats mantained
at 75°T or 91°T' Growth urmnary excretion (except for thiamine)
and tissue storage 1n the two environments, of thiamine, nboflavin,
pantothenie acid and nicotmic acid were measured on two drets,
one contaiming shghtly above mimmum requirements of the vita
muns and the other contaiming excessive concentrations The food
mtakes of the groups at the lower temperature were restncted to
those of the corresponding groups at 91°F , which were fed ad
Iibitum This procedure penalized the rats kept 2t 75°T because
of their greater calonc requirements The unnary excretion of
nboflavin, pantotheme acid and meotime acd averaged some
what Ingher on both levels of vitamms in the hot environment,
but the statistical significance of the differences between parr
mates was not evaluated At the end of 22 to 25 days, the content
of the several vitamins was determined in lver and 1n carcass At
the higher level of vitamun supply, the retention averaged greater
for all vitamuns, except for mcotinic acid storage 1 the Iner, n the
hot environment, but 1t the lower level of vitamin supply, the
reverse was generally true The results cannot be readily 1ater.
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preted m terms of requirements mn the two environments, mamly
because the obvious mterpretations of the results on the two
levels of vitamim supply are contradictory Williams, Eppright
Cunningham and Mills (1944), using ad hibitum feeding were
not able to detect differences m vitamimn storages m rats at low
and high room temperatures on diets contaming adequate con
centrations of the B vitamms, but higher dietary concentrations of
thiamme and choline were offered to some of the rats m the
tropical environment  *

Robmnson (1943) studied the thiamine requnements of growing
rats at different environmental temperatures by growth and food
ufihization studies and by the output of pyruvate m the urme The
parred-feeding method was used throughout, but only for rats m
the same environment and undergoing the same test on graded
doses of thiamme In determming the thiamme requrement at
different temperatures the most sensitve method was that m
volving determmation of the mmmum amount of thiamme re
quired to prevent an mereased excretion of pyruvate m the urne
Robnson’s results demonstrated a higher thiamine requirement
at the higher temperatures, rangmg from 07 mcg per gm of
food at 15°C to between 20 and 24 mcg per gm of food at
35°C

Failure to appreciate the fact that thramine requirements and
probably the requirements of some other B vitumuns, are related
to the amount of food metabolized, and therefore the food mntake
of the expermental amimal, has mtroduced confusion mto this
problem Khine, Friedman and Nelson (1945), admunustering thra-
mme supplements 1n constant amounts and allowmng food a
hbitum, concluded that thramme requirement m the rat 1s de-
creased with increase 1n environmental temperature and that this
decrease 1s related to a decrease m caloric requrement The
thiamme food ratio was always more favorable for the high
temperature rats, so that at the low levels of thiimune supply, ﬂl}‘:«)’
survived longer after a curattve dose, or giew better, than the
Iow-temperature rats This experiment confirms what Aman]ten
(1933) proved many years ago, 1€, that there is a relationship
between the caloric mtake of animals and the vitamin B, require

ment
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The evperiments of Edison, Siber and Tennent (1945) are
subject to the sume lmitation of interpretation as those of Kline
et al m so far as they admmstered thiumme dosages n constant
amount rrespeetn ¢ of the calonc mtake Most of the expeniments
rcported were carried out with diets contuning 20 meg or more
of thimme per rat per day On such rations there was no sigmfi-
cant difference m the concentration of tlhuamine i the hver,
whether feeding was ad hbstum or equalized, or between tropcal
and temperate rats The conclusion  Thinmmne requirements for
the growth of rats m a tropical environment (90°T" and 70%
relative hurmdity ) are not greater and may be less than m tem-
perate conditions (72°F and 50% relative hurmdity),” must rest
upon those expeniments caurned out at lower levels of thiamine
mtake When the mtake was reduced to 2 meg daily or less, the
weight loss gradient was said to be much more gradual m the
troptes than m temperate conditions, although the weight curves
do not support this concluston solidly In any case, differences m
actiiaty and metabolic rates mn the two chimates complicate the
nterpretation of weight curves The greater mcidence of poly-
neurtis among rats m the temperate environment fed ad hibitum
clearly was due to their smaller thiamine to calore ratio The data
cannot be considered to support the conclusion above stated

Ferrero (1940) has reported that massive doses of mcotinamide
(200 mg } given to rabbits before heat treatment mereases their
resistance to heat and rases the tolerable temperature Such
doses possess no nutntional significance *

Rurokawa (1941a and b) hs reported that avttammosis A can
be induced more speedily n rats m a hot environment than 1n a
cool one and that with rabbits, Ingher temperatures can be
tolerated after massne doscs of vitamm A The reviewers hue
not had access to these reports Salvatore (1949) noted an 1n

“Mitchell Johnson Himlton and Hames (J Nutrition 41 317-338, 1930)
have demonstrated a marked effcct of emironmental temperature on the
nboflavin requirement of the growing pig In two experuments i olving 8
young pigs ech at was shown by body werght gam and particularly by
chinges n blood lcucocyte counts that the requirement for mboflin
approumited 12 (or somewhat less) ppm of dry food at 85°F and
approumately 23 ppm t 42°F
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The esperiments of Ldison, Silber and Tennent (1945) are
subject to the sume Iinutation of wterpretation as those of Klme
¢t al m so far as they admimstered thinmme dosages i constant
amount irrespeetn ¢ of the calone mtake Most of the expeniments
reported were cwrmed out with diets contumng 20 meg or more
of thiamme per rat per day On such rations there was no signifi-
cant difference i the concentration of thrumine mn the lwer,
whether feeding was ad libitum or equalized, or between tropreal
and temperate rats The conclusion  Thinmune requirements for
the growth of rats m a tropical envionment (90°T" and 70%
relative hunudity ) are not greater and may be less than i tem-
perate conditions (72°T" and 5055 relative hurmdity),” must rest
upon those expenments carned out at lower levels of thiamme
mtake When the itake was reduced to 2 meg duly or less, the
weight-loss gradient was sud to be much more gradunl m the
tropics than 1 temperate conditions, although the weight curves
do not support this conclusion solidly In any case, differences m
activity and metabolie rates m the two chmates compheate the
mterpretation of weight curves The greater mecidence of poly-
neuritis among rats m the temperate environment fed ad Iibitum
clearly was due to their smaller thuinmune to calorie ratio The data
cannot be considered to support the conclusion above stated

Ferrero (1940) has reported that massive doses of mcotinamide
(200 mg ) gven to rabbits before heat treatment mcreases their
resistance to heat and rawses the tolerable temperature Such
doses possess no nutritional sigmficance ®

Kurohawa (1941a and b) has reported that avitammosis A can
be mduced more speedily m rats m a hot environment than m a
cool one and that, with rabhits, higher temperatures can be
tolerated after massive doses of vitamin A The reviewers have
not had access to these reports Salvatore (1949) noted an m-

*Mitchell Johnson Hamlton and Hammes (J Nutntion 41 817-338, 1950)
hase demonstrated ~ marked effect of environmental temperature on the
riboflayin requirement of the growmg pig In two experiments imvolving 8
young pigs each it was shown by body weight gan and piticularly by
changes 1 blood leucocyte counts that the requirement for nboflavin
approumated 12 (or somewhat less) ppm of dry food at 85°F, and
approximately 23 ppm at 42°F
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crease m body weight of rats on a vitammn A deficient duet, but
not on a complete diet, lasting three to 10 days, when the room
temperature was changed from 20° to 32°C What change 1 food
mtahe may have occurred simultaneously 1s not mdreated m the
abstract available to the authors of this Brazihian work

The distressing vanation exhibited by different rats m assays for
vitammn D, has led mvestigators to study all possible factors with
reference to the selection of test ammals and to the environment
that mught be brought under better control From a statistical
study of their experiences with this assay Tourtellotte and Bacon
(1935) suggested that room temperature may be a factor, since
thewr results indicated, though not very strongly, that rats are
more sensitive to rickets at room temperatures of 80°F or above
Two years later, Guerrant, Dutcher and Crowthers (1937) sub
Jected this suggestion to systematic study Comparable expen
ments were performed at 73°, 84° and 100°F, usmg a umform
rachitogeme diet and carefully selected test ammals The seventy
of nichets was measured by x-ray exammation of the bones, the
line test, the ash content of the bones, and the calcium and n
orgame phosphorus m the blood serum The mass of data obtamed
led the authors to believe * that environmental temperature 15 not
an mportant consideration m ether the production or the cure
of rickets i the rat”

However, vanable food mtakes~lesser food consumption m the
hotter rooms~complicate the mterpretation of the data, especially
smce the authors admit ‘In our regular vitamm D assays, where
all amimals are mamtamed at a comparable temperature, those
ammals which make the greatest mcrease m body weight [a‘}d
presumably consume the greatest amount of food] mvarxab()i’
show the highest degree of richets” This confirms the recorde
experience of Wathins and Mitchell (1936) When on the mchlt?i
gemc diet, the rats m the warmer rooms, consuming less foo t,
showed shightly severer nchets as judged by the Ine test, but no
by the other cntena, which may bave been less sensitive I}tl 15
probable, therefore, that if the rats m the warmer rooms ?d
consumed as much food as those n the cool room they wou
have extubited 2 more marked difference mn the seventy of nchets
at the end of 21 days of feeding
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The results of Guerrant ¢f al may, therefore, be considered to
support the presumption that the sensitnaty of rats to nichets, and
probably their requirements of vitamin ), are enhanced m a hot
environment

There 15 some shight suggestion that lugh temperatures, m so
far as they mduce hyperpyrevn, may nerease the requirement
for ascorbic acid, 1f one may so nterpret decreases i the content
of the vitamin m the tissues of animals subjected to artificial fever
(Martm and Tordn, 1937, Zook and Sharpless, 1938) Haas
(1939} from cxperments on rats, guinea pigs and rabbits, con-
cluded that ascorbic aeid curbs the ncrease 1 body temperature
mduced by drugs and by hugh esternl temperatures

2 Protern  Mills (1944b), having previously shown to us
own satisfaction that subsistence in a tropical chimate raises
sharpls the required concentration 1 the diet of thiammne and
choline, felt some concern about the matter of protem require-
ments This concern arose from the fact that food Ingh 1n the B-
vitamuns are generally high mn protem, and that lngh protem foods
arc often eschewed n hot weather and climates because of their
high heating effect, commonly referred to as their speaific dynamie
action Hence, he carmned out an expeniment on growmng rats,
using the technic already descnibed to determine the protemn
requirements for growth 1n cool and hot environments The pro-
tewn used was casemn, without and then with a eystine supplement,
and the dietary levels tested ranged from 6 to 86%, with 4 rats to
a diet group

The average data reported are quite irregular for the rats in the
cold room They re interpreted by Mills to mean that, for un-
supplemented casem the growmng rat reques a greater con-
centration 1n the diet 1n the hot than i the cold environment, but
for the supplemented casein, no difference n requirement exists
This anomalous conclusion needs much better evidential support
than Mills” expenmental data afford before any credence need be
gnen to it The protemn requirement of growmg ammals 15 not
directly related to the amount of food to be metabolized, as are,
m all probabilty, the B-vitamin requirements, rather 1t 1s related
to the gamn n weight and the size of rat When Mills” data for the
first three weeks of feedmg are analyzed, 1t will be found that the
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relationship between gan m weight and protem mtake follows
the same curve s both hot and cold rooms

THE EFFECT OF HEAT ON NUTRIINT REQUIREMENTS
EXPERIMENTS ON HUMAN SUBJECTS

1 Encrey A tropieal environment seems to have no con
sistent effect upon the hasal requirement of energy (Mason, 1940,
Spealman, Yamamato, Bixby and Newton, 1948), and where ef-
fects have been noted they are not considerable, bemg of the
order of 10 to 15%, and generally w the nature of o depression of
the rate charactenstic of the temperate chmate Museular actwity
15 reduced, especially the severer forms On the other hand, the
hghter weight clothing worn 1 the tropics permats the perdorm
ance of many types of actvity with a smaller expenditure of
energy per unit of work (Gray, Consolazio and Kark, 1847} Ap-
petite may be adversely affected 1n the tropics, at Jeast unti ac
chmahzation 15 attamed, and the consumption of adequate calo
ries may be dependent more than usnal upon the appetite appeal
and tastiness of the food offered The importance of an adequate
calonte mtake for troops 1 the feld under conditions of severe
work m a tropical environment has been emphasized m many
wntmgs by quahfied observers, among which the report of Brown
and McCreary (1943) may be ated here In another report,
Taylor (1946) says, speaking of dict and flmds “Hat weathes
presents no peculiar probloms other than taste, custom and supply
Palatabihty 1s essential to combat the prevalent anorexa as a$
surance for gaod nutriton”

Van Veen (1942) calls attention to the low fat consumption 3
Java, 5 to 12 gms per day per adult of 50 hgm consuming 2600
calortes, even m the most prosperous section of the population He
15 of the opmon that one should not speal about a “requirement-
norm” for fat, but only of a ‘habut narm” The danger of a de-
ficency of hmolerc acid 15 rmmimized, should such a requrement
be established for man, since the fats from rice and marze, coconut
and peanut, probably contam a sufficiency of unsaturated fatty
actds found to be essential for the rat
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9 VWatrn anp satt  The requirements for water and salt are
markedly affected by a tropical environment and are so mterde-
pendent that they must be considered together The greater the
output of water m the sweat the greater the requirements for
Dboth water and salt, wlile the greater the mtake of salt the greater
the requirement of water

It 1s obvious that the loss of water during sweating will increase
the water requirement by a hike amount minus the compensatory
deerease mn urinary water w ith any correction, one way or the
other, dependent upon changes m the evaporation of water from
the respratory passages These latter factors are probably rela-
trvely mconsiderable under conditions mducing severe sweating
The expenence of traned observers of men working 1n a tropical
enyironment, both m the laboratory and m the field, emphasizes
the importance of replicing these water losses continuously

Putts, Johnson and Consolrzio (1944} express their well founded
conclusion as follows  The best performance of fully acchmatized
voung men on a good daily diet, performing mtermittent hard
work 1n the heat, 1s aclieved by replacing hour by hour the water
lost m sweat Any amount of water considerably less than this
leads i a matter of hours to senous mefficiency and eventually
to exhaustion”

The need for water may actually outstnip the thirst for water
“It should be emphasized that during work men never voluntanily
dnink as much water as they sweat, even though this 1s advanta-
geous for mamtaiming heat balance, but usually drink at a rate ap-
proumating about two thirds of the water loss i sweat Although
cool water 1s more palatable, water at any temperature up to
100°F 1s equally beneficial The deficat 15 made up m the rest
penods following the day’s work’ (Pitts ef ol , 1944)

The experience of the Armored Medical Research Laboratory
at Tort Kno, Kentuchy, 1s described by Nelson and Bean (1942)
m the followmg words for the mild desert conditions

(maximum temperature around 110°T" ) lmitation of water to
four quarts a day resulted within a period of days in operational
meficiency * And further “ water consumption was substan-
tually the same whether water was then only at menl times or taken
when thirsty Those who delayed drinhing until meal time expent-
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enced considerable discomfort, without any apparent advantage
m water economy or physical well bemng Drinking w small
amounts when thirsty would seem to be the adeal prachce

The additional amount of water required 1 a tropical over a
temperate environment will vary widely with environmental con
ditions, with muscular activity and from man toman In areport fo
the Food and Nutrstion Board of the National Research Counerl
Hastmgs and Guest (1944) state that while 4 hters of water per
day may suffice for men at hight work at a maximum temperature
of 95°F , for men at heavy worh at a temperature of 113°F the
requirement may be rawsed to 18 hters

The need for extra water durmg work m the tropics 15 much
more urgent than the need for extra salt Replacement of salt
losses hour by hour, unhhe the replacement of water, his no
demonstrable advantage (Pitts et al, 1944) The salt Joss can be
replaced just as well at meal time Taylor and eo workers at the
Unwversity of Minnesota (1943) studied the effects of three levels
of salt intake on the cardiovascular functions of 48 inaechmatized
men at work and at rest during exposure to hot dry condittons
water bemng allowed ad Iibitum The salt was admmistered with
the meals, and the exposure periods were of short durabion 1¢
two to 35 days each With dny temperatures of 120°F dry bulb
and 85°F wet bulb, and mght temperatures of 85° to 95°F dry
bulb and 65° to 75°T" wet bulb, dmly mtakes of 4 to 8 gms of salt
were found to be madequate, bemng associated with higher pulse
rates and rectal temperatures, poorer postural cardiovascular ad
Justment, greater loss 1 body weight, and a salt defiost of 18 gms
m 3 days On the othes drmd, » kagh wiehe of solt 28 40 2 gws
daily, showed no advantages over a moderate mtake of 13 to 17
gms daily, even though the sweat produced amounted to 5 10 8
hters daily These expenments, it should be remembered were
camed out on unacclimatized men 1w observational penods of
only two to exght days

According to Conn and Johnston (1944), there exists m fully
acchmatized men an adaptive mechamsm whereby salt concen

tration of the sweat 15 * consistently ,dlmmlshed
when the need for salt « ecomes acute’ Their X
perunents " «J balance acchmatized men over

¢
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periods of 50 to 80 days performng hard work (4100 to 4600 cals
per duv ) m a tropieal environment (85°F and 85% relate hu-
midity ), and producng 5 to 9 hters of sweat duly Under these
conditions 1t was possible to mamtam salt equilibrium on a total
s1lt mtake of 6 gms dath  One subject was able to establsh
equilibrium on Jess than 3 gms of salt daily In conclusion the
authors of tlus mterestmg report stater “We beheve that these
studies mdicate that salt supplements are not needed and may
actually be deleterious, that the mverage dict contanmg 10-15
gms of NaCl affords adequate protection aganst salt depletion ”

Certamly there seems to be a wide margin between the usual
ntake of salt and the day’s requirements under moderate environ-
mental conditions These requirements have been assessed at 5
gms daly by Hastings and Guest (1944) and 2 gms daily or less
by Talconer and Lyall (1937)

1f, and when, 1t becomes necessary to supply salt in forms other
than food, the use of salt tablets may be resorted to Consolazio,
Pecora and Tusing (1947) have devised a slow-dissolving non-
wntating salt tablet for use n hot environments However, the
trend 1 modern research and thinking 1s agamst the need, or
advisability, of admmistering salt to men working m the heat
either m tablet form or as salmized drinking water, except pos-
sibly 1n the case of unacchmatized men The modern view 15 well
stated by Pitts, Johnson and Consolazio (1944) as follows “It
would appear from the present experiments that m the case of
well acclimatized young men, whose daily diet 15 adequate, the
best performance of mtermittent worh mn the heat 1s to be achieved
by rc”placmg water loss hour by hour and salt loss meal by
mea

3 ProtEnn  Whether the ithabitants of tropscal or sub-tropical
Tregions vclunt:mly select diets lower n protemn than whabitants
of temperate regions seems to be a controversial question It 1s
difficult to dissociate diet selections based upon economue status
and avalabiity of food supphes from selections based upon
physiological moty ations Perhaps as clear an expression as has
been secured of physwological factors, relatively uncomplicated
by economuc factors, 1s obtamed by studying the diet selections of
college students 1n temperate and sub-tropical sections of the
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Umted States Dems and Borgstrom (1924) stadied the unmrny
nitrogen output of college students in New Orleans and found the
mdicated protem mtahe to be low, 74 gms daly, and to be lower
1 the summer months than w the winter months The later report
by Borgstrom and Bost (1926-27} further confirmed the presimp
ton that climatic canditions affect the voluntary mtake of protein®
However, Youngburg and Finch (1926) found as low an output
of mtrogen n the unne m college students at Buffalo as had been
observed previously m New Orleans, with no observable tendency
for the urmary mtrogen to decrease during the summer months
Apparently, the question whether chmatic factors per se modify
the protemn appetite of man cannot be answered except on the
basis of more extensie statistical surveys

Caspan and Schulling (1920) followed the mtrogen metabolsm
of two mdwiduals at rest and at work m Berhn, and durmg penods
spent on the west coast of Africa The drets consumed m both
localities were quite sumlar, contamng about 11 gms of mtrogen
and 33 cals per kgm body weight per day The subjects were
generally i negative mtrogen balance m all tests, apparently due
to an madequate calonc mtake, but the balances i the tropical
regions (determmed with due regard to dermal losses) are not
dishingwishable from those 1 the temperate regions Also, the
mtestinal utihzation of mtrogen, fat and encrgy was not signii
cantly different m the two chmates The authors conclude that
the body uses food m the tropics as efficiently as elscwhere, and,
n particular, that mtrogen balance can be maintuned as easily m
Afniea as under stmilar dretary conditrans w Berhn

In experments (1949) only partially published, Mitchell, Ham
tton and Hames studied the mirogen metabohsm of four men
under comfortable and under hot-hunud condinons, on different
levels of dietary nitrogen, approximately 13, 15 to 16, and 21 to
23 gms daly The collection peniods were five days m length, o!;
each of which the subjects were confined to the expenmenta
raoms for eight hours The experiments lasted from Jate January
through May At the lowest levels of protem mtahe, the sweat
“However Bost wnd Borgstrom (1926-27) noted that nitrogen m the sweat
could account for 70 of the difference 1 unnary mitrogen betw een summer
and wmnter months
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mitrogen amounted to less than 1% of the intake in the comfortable
environment and to 10 to 119 of the intake n the hot-humid en-
vironment The mtrogen halanees for all subjeets were less under
the latter conditions than under the former by about 1 gm of
mtrogen duly At the lngher ley els of mtake, howcver, no consist-
ent differences i mitrogen brlance were noted m the two en-
vironments

If a condition of pyrev 1s mduced by residence 1 a tropical
environment, an merease 1n the endogenous catabolism of body
protem, as revealed by an mereased output of creatinme m the
urmne, 15 to be expected Such an effect of elevated body tempera-
ture on creatnine output m the unne was clearly shown by Myers
and Volowie (1913) i experiments on rabbits n which hyper-
thermin was duced artifienlly by mfection Both Shaffer (1908)
and McClure (1918) have observed the syme phenomenon mn
acute febrile conditions m humans, together with creatinuria, m-
dicating an accelerated endogenous citabolism of mitrogen Ac
cording to Graham and Poulton (1912) a febnle condition may
or my not crense the total protein metabolism depending upon
the avalability of other sources of food energy

‘While 1t 15 probable that a tropical chimate may mcrease the
endogenous catabolism of protemn 1f 1t mduces an elevation of
body temperature there are no good grounds for believing that
the protemn requirements of men will be appreciably altered m
the tropies particularly after acchmatization

4 Vmmayuns  The concentration of vitamms 1n sweat (see
above) 1s not sufficiently great to modify appreciably the vitamin
requirements of min m a sweating environment, even under ex-
treme conditions of sweiting, with the possible exception of
ascorbic acid However, the observations of Fox (1940), to be
ated at more length below, do not reveal any grounds for be-
lieving that the ascorbie acid requirements of man are mncreased
under extreme sweating

Some suggestions have appeared 1n the hterature that a warm
environment modifies the vitamin requirements of man Holt
(1943) has obsersed a greater urmary excretion of thinmine n
hot weather and the reverse in cool wenther He interprets this
pruralichsm between environmentl temperature and urnary thia-
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mine output as an ndication of a lessened requirement for the
vitamm m a hot climate and hence 2 greater spill over m the
unne However, this parallelism may not be so easily nterpret
able In the Division of Ammal Nutntion of the Unnersity of
Hhnos, m simlar expeniments on pigs m a coutrolled environ
ment, the relative thiamme cutput m the unne m a hot as con
pared with a cold environment may be different on a hugh as com
pared with a low thiamme mtake On a low mtake we checked the
observations of Holt on man, but on a lugh intake, the unnary
thamine was very much less mn the hot than m the cold (un
published experiments) The ratio of thiamine to dhetary calones
was hept the same 1 both environments A decreased excretion of
thiamme m the urne 1n a hot as compared with a ccol environ
ment was also reported for rabbits by Jwamoto (1941)
Williams, Mason, Wilder and Smith (1940) m thexw studies of
the thiamine requirements of psychopathic patients beheved that
they observed a climatological factor A diet restricted to 0 15 mg
of thuamine was tolerated by four subjects for 147 days dunng the
summer months before deficency symptoms developed A srmilar
diet given to four other subjects m the winter months could be
tolerated for only 83 days Since symptoms of thiamume deficency
developed earlier in the winter months, there 15 a suggestion that
the requirement 1s greater in the winter than m the summer How
ever, there 15 no assurance m these expenments that the body
stores of thiamme were the same m the subjects abserved m the
summer months as mn the subjects observed m the wmter months,
that body stores of thiamine were an important determmant iI:
the outcome of fhe expeniments 1s mdicated by the long defermezt
of defimency symptors on a grossly madequate mtake b
An elevated body temperature such as may be nduced by
work i the tropics, has been observed to lower the blood plasmaI
concentration of ascorbic acid 1 man by Daum Boyd and Pﬂlti
(1939) and to decrease the urmary output (see also Zool aﬂr
Sharpless, 1938), Hausherger and Nevenselnvande\'—Lem&ﬂef
(1939) abserved a more rapid disappearance from the b10{7 e‘:'-
mjected ascorbic acid m patients with fever than m norma pre-
sons, Zook and Sharpless (1938) and Falke (1939) have p f
sented evidence of much the same sigmificance, though Craig ¢£ @
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(1946) were not able to demonstrate an effect of fever on the
level of ascorbic acid m the blood of patients m whom fever was
induced by physical mens or by the use of chemotherapeutic
agents

However mdicatn e such observation of the effect of fever on
ascorbic actd requirements of man may be, the reviewers have
found no direct evidence that the requirements are rased n the
tropics even under condihions of severe work The negative evi-
dence obtaned by Tox (1940), experimenting with large groups
of native Iaborers 1 a Witwatersrand gold mine in South Afnca,
15 especrlly sigmificant Having concluded from a entical review
of the literature tht ‘A net duly take of 15 mg appears to be
all that 1s required, not only to protect the average mdividual
from scurvy, but also to muntan him n good health,” Fox (1940)
carned out an extensn e study on two groups of 950 mine laborers
each durmng a pertod of seven months ‘The groups were chosen
50 as to be as comparable as possible m respect to tnibe, age,
physical condition and occupation One group remamed on the
usual mine diet, which was estimated to contan 12 to 25 mgm
ascorbic acid, while i the other, an additional duly ration of 40
mgm vitammn C was admnistered m the form of orange jmee
concentrate” The low order of the reserves of ascorbic acid m
these nati e mmers 1s revealed by low plisma values (less than
03 mg % and generally less than 02 mg %) and by the results
of a saturation test Twelve cases of scurvy occurred i the con-
trol group during the course of the expeniment and one mild case
m the supplemented group

“Otherwise, no sigmficant dsff e could be d ted betw een
the two groups Thus the change i weight was almost identical
and there was no evidence forthcoming that the general health,
physical efficiency, condition of the gums or resistance to infection
had been improved ” The exammation of the gums of the expen
mental subjects was carned out by a dental surgeon and the
physical efficiency tests by persons tramed m physical education
The latter tests aimed at measurmg the mun components of
physical efﬁclenc), namely strength, shill and endurance, were
consistently negative

Although the temperature and hummdity of these Witwatersrand
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gold mmes are not, strange to say, given m Tox's article, from
other articles (Dreost:, 1935-36 Cluver, 1932) 1t 15 evident that
the temperatures and humidities are severe, about 95°F and
close to satwation The expersments of Tox may, therefore, be
mterpreted to mean that the ascorbic acd requirement of men
working m hot hurmd surroundings 1s not elevated appreciably,
and 15 in fact of a surpnsingly low order of magmtude

5 Mmenars  The only evidence relating to a possible effect
of a hot environment on the mmeral (other than common sait)
requirements of man, of wlich the reviewers are aware, were
secured m expenments by Mitchell Hamlton and Hames at the
University of Ilhmors (1949) Such an effect would be expected
largely on the basis of mmeral Josses m the sweat, wiich have
been discussed above In these expenments it was shown that the
10dme, calcim and non Josses m the sweat were of such magn
tade as to modfy requirements apprectably provided compensa
tory conservation of these elements by other excretory chnnels
did nat occur

With reference to 10dme, balance expenments on four subjects
showed that conservation of 10dine by the ladneys compensated
for dermal losses so that the twodine balance was not less 1 a hot
humud than m a comfortable environment (sece Spector ot al,
1945, for most of these data)

For calcium, both at 2 low daly mtake of about 715 mg and
at a Ingh intake of about 1670 mg , compensatory factors thd ot
operate effectively, and the calesum balance mn the hot humd
environment was less than that m the comfortable environment
by 100 mg daily at the low Jevel of mtake and by over 400 mg
at the ugh level These statements relate to average balances for
three or four men The mdividnal balances were somewhit ¥
regular and the obwious mterpretation may not be statishiclly
significant, though strongly suggestive An mcresed fecnl ontput
of calcum, more than an meieased desmal output, determin®
the generally less favorable balwnce of ealeum n the tropren] en
vironment

In the same series of studies sron balances were obtaacd oo
three subjects during two weeks under comfortable conditions
and two weeks under hot hund conditions With wron mtakes
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somewhat lugher m the Jatter environment because of a greater
consumption of tap water, the dermnl loss of won averaged 2 mg
per eight hours under comfortable conditions and 10 mg per
cight hours under hot-humid conditions The won balances mn
five of s possible compansons, favored the temperate environ-
ment, the average difference amounting to over 6 mg per day
The results are aghly suggestne of an mncreased won require-
ment 1 a tropreal chmate due to sweat losses of 1ron, but the
data are madeqmte to establish the pomt with a satisfactory
degree of certamty, the probability of a chance outcome bemng
0040 In these experments the intake of iron was abnormally lugh,
5060 mg duly The relrtiely great prevalence of won deficiency
anemias m the tropies m mfancy and cluildhood (Stransky and
Daws-Lawas, 1948) may mvolse excessive losses of iron in the
sweat

THE EFFECT OF DIET ON TOLERANCE TO HEAT AND HUMIDITY
EXPERIMENTS AND OBSERVATIONS ON HUMAN SUBJECTS

The evidence beanng on the possibility of increasmg man’s
tolerance to a tropical emvironment by dietary modifications 1s
conflicing Foulger (1942) has reported tests on men working 1n
evtreme heat and high humdity indicating a marhed increase
mn the resistance to heat cramps and heat prostration following
the mgestion of vitamin C tablets These tests have not been
reported, 1n so far as the reviewers are aware, in sufficient detail
to permut entical apprasal

The experniments of Tox (1940) on natnye workers mn the Wit-
watersrand gold mines of South Africa, referred to above, revealed
no benefits to men worhing m mtense heat brought about by
ascorbic acid supplementation of a diet of borderline content

Because of claims, widely quoted in the populir press, of
specrl benefits of ascorbic acid for men working at lugh tempera-
tures, workers at the Laboratory of Phy s1oogical y giene at the
Unnersitv of Mmnesota (Icnschel ef al, 1944) undertook an
extensine esperiment to test sucli claims under controlled expen-
mental conditions Torty four normal young men were subjected
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to temperatures up to 192°F, and low humudsty, for penods of
three hours to four days Work on a treadmill equivalent 1 calose
expenditure to seven times the basal metabohsm was mposed
daily m six 10 minute work periods alternating wath rest penods
of 10 minutes The basal diet was restnicted 1n vitamm C content
t0 20 to 40 mg dauly an one serses of experiments and to foods, m
the other series, of low content of the vitamin A supplement of
500 mg of ascorbic acd was given daily to half of the subjects,
the other half receiving placebos

Many observations were made on the test and control subjects
durmg the exposure penods Pulse rates i rest and m work, rectal
temperatures, vasomotor stability tests {Crampton’s blaod ptosis
test), rates of sweating, general observations and subjective re
ports “all faled to demonstrate any sigmficant advantage for the
men recewving supplements of ascorbic acd Psychomotor
tests and strength tests hkewise generally fmled to show any
advantage m the ascorbic acid supplementation There apprrently
was a shight gam mn ficker fusion frequency related to the extra
mtake of vitamin C” This test 1 commonly used as an mdex of
fabigue of the retino cortical system Dwuly sweat losses ranged
from 5 to 8 hiters and contamed only mappreciable quantities of
vitammn C “Heat exhaustion occurred with equal freq’uency m
the vitamin C restnicted and the supplemented groups

The same group of workers (Henschel, Taylor, chl\elseng
Brozel and Keys, 1944) have reported m abstract the results 0t
expeniments sumilar to the above but designed to test the effec
on heat tolerance of combmed dosages of thiamme, rboflavin
and micotinanmde  High mtakes of these witarmns had no appre
cable beneficial effect on the physiological, biochemueal or psy-
chomotor functions measured * The rate and degree of acclimatt
zation, the mardence of heat exhaustion and the ability to do hard
work mn the heat were not mfluenced by the witamin suy;ple-
mentation contrary to the clmms of others” Some details of t lfcslf:
expeniments are contamed m a report to the National Resea
Council by Henschel, Taylor and others (1943) heat a5

In the course of thewr expeniments on work m the hea r;d
affected by mtake of water, salt and glucose, th‘ts, Iﬂhnsonb‘;en
Consolazio (1944) state, with no amphfication We huwe
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unable to detect any adyvantage from admimstening 200 mgm  of
ascorbic acid, 20 mgm of thiumme hydrochlonde, 20 mgm of
nibofly n or Jarge doses of brewer's y east, erther singly or together
erther durmng work or the dry before ™

Expenments possessing a different significinee were reported
by Droese m 1942 from the Kaiser Wilhelm Institute 1 Berlin
Tourteen subjeets were mstructed to pedal on a bicyele ergometer
to complete exhaustion ndicated objectinely by Ingh pulse fre-
quency and by hypoglycemy, under two environmental condh
tions and with or without certan supplements added to their
ordinan freely chosen diet, presumably, since no description of
the basal diet 1s gnen The rooms were mamtaned at 20°G and
57% relatiye humidity, and at 39°C and 309 relative humidity
The dietary supplements consisted of 50 gm of glucose or 50 gm
of glucose + 500 meg of vitamm B, (Betaxin) The supplements
were gnen m cocoa, while during control periods the subjects
recened cocoa with sacchanne added to simulate the sugar sup
plement

Unfortunately only average results are given with no statistical
analysis of the data When the supplements were given m the
work peniod when the subjects felt tired the outcome seemed
clear cut The endurance of the subjects was mcreased 1n the cool
room by glucose alone or by glucose plus the vitamm the m
creases averaging 14 and 24%, respectively In the warm room,
howeser, the glucose alone was without effect, wiile the glucose
plus Betaxm mcreased endurance an average of 23% The work
capacity 1n the warm room was less than half that in the cool
room but the muscular efficiency, expressed m calones produced
per kgm m of work, as well as the rate of sweating, was the same
m both rooms When the supplements were admimstered one half
hour before the work periods, some expeniments were mcon-
clustve

The author concludes that the vitammn B, requirement 1s m-
creased by work m the heat not because of mncreased sweating
nor of a dimmshed efficency of muscular work, but probably
because of some circulatory impairment preventing the rapid
removal from the muscle of intermedinry products of sugar me-
tabolism that accumulate there 1n the abscnce of adequate con-
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centrations of vitamn B, As mdicative of crrculatory mmpaiment
m the heat there was a shght lowenng of pulse frequency after
glucase plus B, as compared with glucose alone However, ths
lowermg of pulse frequency occurred 1n both the cool and the hot
environments

The expeniments of Droese were carefully planned and ewe
cuted The outcome would be clearer if supported by statistical
analysis With no knowledge of the thiamine content of the basal
diet, 1t 1s impossible to decide whether the added 05 mg 15 sabs
fying an mcreased requuwement m the hot, no symptoms of th
amme deficency having been observed, whether 1t 1s alleviating
a non-nutritional condition, such as the favorable effect of macm
i alleviating hepatic damage m the aged (Rafshy and Newman,
1943), or whether st is mcreasing tolerance to heat as dietary
carbohydrates mcrease tolerance to cold (Keeton ct al, 1946)

Patts, Consolazio and Johnson (1944) have failed to detect an)
effect of the amount of dietary protemn on physical fitness m hot
climates Van Veen {1942) has called attention to the very small
content of fat m the diets of some trapical populations, but with
out any unpheation that low fat mtakes favor tolerance fo heat
No mvestigation seems to have been made of the possible effect
on heat tolerance of madifymg the proportions of fat and carbo
hydrates m the diet, simlar to the wark of Keeton ot al (1946}
and of Mitchell cf al (1946) with reference to cold tolerance

CONCLUSIONS

From ammal espermmentation, 1t may be concluded that m a hot
environment the requirement for thiamne 15 defimtely and m(hir
marhedly mcreased while the requirement for nboflavin 1s matk-
edly decreased There are mdications that ascorbic acid reqmre(i
ments may also be mcreased if the body temperature 15 rased, :;nt
that the sensitiaty of anmals to nchets may be enhanced m & ho
environment  However, the methods of mamtaning heat balance
m most of the lower anmals and m man are so different thst
ammal expenimentation may be an msecure guide to human needs
and reachons m this area of science
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Direet expermentation on human subjects, supplemented by
ohsery ations 1 the field, show

1 That energy requirements are decreased m a hot chmate,
as compared to a temperate climate due to a dimnished basal
expenditure of energy, or to greater cffictency 1 certam types of
museculir work, associnted with highter clothing or to a lessened
capacity for work and less motivation or to all three The effect
of tropical heat on the brsal metabolism 15 not a consistent one
and evidence on this item in the above statement 1s conflicting

2 The water requirements are defimtely increased when sweat-
ing 15 mduced and somew hat in proportion to the amount of sweat
secreted The dailv requirement of water may mcrease from 25
to 30 Liters per day m a temperate climate to 13 hiters or more
durmg work m a hot environment Tor the mantenance of physi-
cal fitness under the latter conditions 1t 15 imperative that water
losses m the sweat be covered by water ingestion at short nter-
vals During mtense sweating, thirst 1s not an adequate guide to
water requirements, though »f thirst 1s sabisfied continnously any
considerable dehydration may be avoided for the usual working
penods

3 The salt (NaCl) requrements of man may be greatly -
creased from a level of 2 to 5 gms dailv under non-stress condi-
tions to 15 to 17 gms daily under conditions of profuse sweating
8 to 10 Liters duly Tlus large increase 15 confined to the period
of acchmatization and the salt losses i the sweat need not be
replaced continuously, as mn the case of water losses In fact,
replacement at meal times by the consumption of food seasoned
with salt in the usual fashion may be adequate When acclimatiza-
tion to heat supervenes, salt conservation m sweat and urine
greatly lowers the dietary salt needs, wlich may be but httle
raised above requirements m a temperate chimate In any case,
the need for salt tablets, or salimized water dunmg muscular
work under tropical conditions, so greatly emphasized five or 10
}ears ago, seems now to be restricted to unusual situations prior to
the attamment of acchmatization

4 There 1s no adequate statistical evidence that men volun-
tanly select low protemn diets m a hot climate, regardless of food
avalability and economic status Observations in the field indicate
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no benefits mn body heat economy from the consumption of low
protem diets Laboratory expeniments show that protem require
ments may be mereased shghtly by (a) a sttmulation of tissue
catabolism 1f pyrevia occurs, and (b) by sweat losses of nitrogen
uncompensated by dimmshed losses m the urme Considering
all evadence 1t may be concluded that protem requirements may
be shightly increased n the tropics by some 5 to 10 gms daily

5 The great preponderance of evidence from human expen
mentation shows that, despite small losses of vitamins m the
sweat, vitamin requirements are not appreciably mcreased over
the values m a temperate clunate by residence or by work m a
tropcal climate

6 Due to losses of minerals 1n the sweat, and, in the case of
caleium to farrly consistent mcreases m fecal losses m a hot en
vironment, man’s requirement for won, and less certamly for
calelum, may be mcreased in a tropical environment The problem
deserves further study

7 Attempts to merease man’s tolerance to heat, or to accelerate
acchmatization to heat, by dietary modifications have not been
as extensive as the importance of the problem warrants No evl
dence has been secured to suggest with any assurance that mod:f
cation of the proportions of protem, carbohydrate and fat in the
diet will improve heat tolerance, but little work has been under
taken with well-controlled procedures n this direction Most of
the evidence on vitamms—most of 1t secured with ascorbic acid
—has not revealed any benefits from supplementary doses to duets
presumably adequate m vitammns under temperate conditions
The case with reference to thiamme and exhausting work m the
heat, especially when extra calonies are furnished by sugar, neet;is
further study, m view of the evidence of Droese of a favorable
effect of the vitammn on the capacity for domg work m the heat

Conclusions concernmg the relationship between nutrition and
“tropical deterioration,’ based largely upon extensive observqtlolr)ls
of alhed troops during the late war, have been expressed y
Kark and co workers (1947) The followmng quotation 15 note
worthy “In providing rations for solders at least three consxdel"\f
tions are of prime mmportance Fust, a considerable variety 1:)
food 1tems should be 1ssued Second, the food rtems should be
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much the same as soldiers are accustomed to i ordinary life, but
emphasis should be placed on acceptable foods of igh biological
value Third, calorie deficits must be avoided I'rom the stand-
pomt of military efficiency, ealone deficiency was an important
problem during the war, vitamin deficiencies relatnely umm-
portant 7

The proper pachaging and storing of foods 15 emphasized also
1n these and other reports of a simlar nature, since the prescrva-
tion of penshable nutritionl factors—maunly the vitamins—in the
diet under the unfaorable conditions of the tropies 1s as impor-
tant as the proper selection of foods

Reference my also be made to the article bv Johnson (1943)
on nutrition] standards for men in tropical ehmates In discussing
this subject, the man thesis of this section of the report, one must
guard agamst sweepmg conclusions based upon negative evi-
dence As Van Veen (1942) has pomted out, there 15 much less
certamn knowledge on human nutnitional requirements m the
troptes than on requirements elsewhere
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DIET AT ALTITUDE

THE PHYSIOLOGICAL EFLECTS OF ALTITUDE

he physwlogical effects of altitude are occasioned by dimm
wshed atmaspherie pressure, dummished partial pressure of
oxygen, mcreased intensity of solar radiation and changes m the
proportion of radations of different wave lengths mn the surls rays
These effects are evperenced at hugh elevations on the earths
surface, but partienlarly in Ingh altstude flying
1 CuaNcEes ¥ SOLAR napiaTion  Speaking of the solw specr
trum as affected by altitude, Laurens (1938) states “On entering
the earth’s atmosphere 5% of the total radiation (193 g cal per
sq cm per min ) 15 ultra violet, 529 vistble, and 435 fra red
Owng to extinction and absorption by the time the radiabon
reaches the earth’s surface the relative amounts have changed and
at average heights of the sun with a total radmbion mtensity of
10 g cal per sq cm the distribution 15 ultra violet 1%, vistble
40%, and mfra red 59% Total mntensity 15 primanly dependent
npon height above sca level, as well as upon seasonal and daly
vanations, wiich particularly mfluence the ultra violet Abbot
shows that only 75% of the total solar radiation (the solar con
stant) reaches a level of 1800 meters, and only 50% to sea level
Spring sunhght 1s the strongest and nchest m mnfra red, the

9
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autumn sun by companson bemg richer m ultra violet, the mav-
mum content of which 1s reachied i the summer’ (sce also Blum,
1945b)

The ultra violet rays are responsible for the nutritional value
of sunlight with 1eference to the functions of vitamm D n the
body They are alse responsible, on intense appheation, for tissue
mjury, such as sumburn, and mjuiy to the comnea, retina, and pos-
sibly the Iens of the eve But the visible and mfra red rays, being
more penctrating, exert deep tissue effects The therapeutic effects
of long-waved lummous and short-waved mfra red rays are well
known (Laurens 1936) The efleets of visible radiations of differ-
ent wave lengths on the albmo rat have been studied by Allar-
dce ef al (1942) and of visible and mnfra red radiation by
Luce Clausen and Brown (19391, b) Pigment, either natural or
artificial, does not appear to protect the deeper regions of the skin
from excessn e heatmg due to nfia red irradiation ( Foster, 1935)
Sruth and Ruffin (1937) Dbelieve that the heating effects of the
sun’s ravs (infra red), rather than the visible rays themselves,
are responsible for the exacerbation of dermatitis i pellagrins
eyposed to sunhght Gravbiel Patterson and Pachard (1948)
have shown that sunbum wmpairs circulatory adjustment to ac-
celeratne force and causes a temporary lowermg of blackout
threshold 1n aviators

Kestner (1921) has presented some observations secured upon
dogs ndicating that sunhght not reduced partial pressure of
ovygen, 1s the effectne agent m ncreasing the hemoglobmn con-
tent of the blood at altitude These experiments on the effect of
sunlight upon blood regeneration, recewve support from the obser-
vations of Foster (1931) on the effect of irradiation with a quartz
mereury are of vats recering 2 math diet Whle wradiaton dd
not alter the imtial decline 1 blood hemoglobin, after the fourth
wech on the anema-producing diet when the hemoglobm had
reached 1ts lowest level, the irradiated, m contrast to the controls,
showed a marked recovery However, the outstanding effect of
ultra violet irradiation on blood regeneration relates to the red
cell count, rather than to hemoglobm concentration, m nutrittonal
anenma (Andes and Beard, 1934) mn rats and m hemorrhagic
anemia (Laurens and Mayerson, 1931) m dogs In experimental
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hemolytic anemia (Mayerson and Laurens, 1931) in dogs, the
beneficial effect of radiant energy 1s exerted upon both red cell
number and hemoglobm concentration In previous work (1928),
Mayerson and Laurens showed that repeated iradiation of
normal ammals with the flaming carbon arc stimulates the
hematopoietic system to a sustaned production of a greater than
usual number of red cells The latter finding was not confirmed by
Sinclair (1933) on pigs, nor does the pig, made anemic by milk
feeding, respond 1n mcreased red cell count and hemoglobin
formation to the daily apphcation of radiant energy from a mer
cury vapor lamp over a period of 38 days

2 EFFECTS OF DIMINISHED ATMOSPHERIC PRESSURE  The litera
ture concerned with the physiology of lugh altitude has not been
reviewed as adequately as the importance of the subject would
warrant The earlier literature 1s reviewed by Schneider (1921)
and later contributions are discussed 1n a small book by Gemmll
(1943) Gemmull has also pubhshed a later review (1946) cov
ermg reports printed durmg 1944 and 1945, but unfortunitely
the restricted and confidential material secured by the Army,
Navy, and civihan laboratorses during the war years was not made
available to hmm, although “Most of the unpublished matenal
cannot possibly give aid or comfort to any of our enemues, past,
present, or future” The article by Ivy (1946) on high alhtut}i\e
problems 1n aviation may be consulted to advantage, also Boo ;
on aviation medicme contamn physiologieal mformation too, an
among such books the following may be aited Armstrong (1943),
Joll (1942) and Ruff and Strughold (1942) An Italan mom:i
graph by Tommaso (1946) on fundamentals of physiology an
pathology of man 1n flight has been reviewed favorably a
@ Respiratory heat and water loss  This review will cons]l er
only a few selected topics m the general field of the phystology
of altitude The effect of altitude on the respiratory metabolism
1s of direct mterest to the subject of this report Matthe\}:’s
(1932-33) has concerned himself with the beat loss from the
body through the Jungs and respiratory passages, n vnpol;zﬂllf
water, releasmg CO_ from solution and warmmg the mspire ‘:0
At ground level m dry cold ar, 15 to 25% of the total heat pter
duction 15 lost m this way, while at ligh altitudes a much grea
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proportion 1s so lost, due to the rapid respiration required to ob-
tam the needed oxygen The computations show that “unless the
mspired and expired arr differ m ovvgen tension by about 5 mm,
even iof clothing 15 so perfect that it prevents any heat loss from
the shin, the body temperature cannot be mamtained By extra-
polation from figures for alveolar ar up to 23,000 ft 1t
appears that these conditions will be realized somewhere round
about 30,000 ft " Marshall (1946) considers the respiratory water
loss at ground level and at altitude and finds 1t to be only shightly
Tugher per hter of exhaled air at 80,000 ft than at sea level A later
report by Marshall and Specht (1949), using correlation analysis
of Ins data, suggests that respiratory rate changes are more 1m-
portant m determining aqueous vapor pressures of respired air
than are tidal and munute volumes
b Basal metabolssm  Although the basal metabolism of man or
of ammals 1s commonly, and nghtly, considered as among those
phystological measurements most accuratelv made and most con
stant from day to day, the demonstration of the effects of chang-
ng environmental conditions on metabolism when these effects
are small 15 a difficult technical problem This 1s true because
the possible effect 15 a measurement of a difference between two
much larger quantities, one the measurements sans the effect and
the other the measurement with the effect Hence the expen
mental evidence for such effects 15 50 often confusing and equivo
cal This situation 1s 1llustrated by the discussions above on the
effect of heat and of cold on metabolic rate With reference to
altitude, the problem 1s further complicated by techmcal diffi
culties mherent in low -pressure phystology such as the “blowing
off” of carbon diouide due to an altered type of respiration, and
the respiratory remos al of gascous nitrogen from the hissues The
first phenomenon disturbs the metabolic significance of the
respiratory quotient of the subject and of the output of carbon
dioude, the latter phenomenon would contraindicate the use of
a closed ciremt sprrometer type of mstrument, such as the
Benedict-Roth, because of the accumulation m 1t of expired excess
mtrogen These phenomena, of course, are temporary, terminating
after a penod of adjustment of vanable length

Lewss, Iff and Dusal (1943) have discussed critically the evi-
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dence reported m this country on basal metabohsm at different
altitudes on the earth’s surface, and have concluded, m harmony
with therr own observations, that altitudes varymg from se level
to 7,148 ft are without appreciable effect on the basal metabolic
rate of men and women Where an cffect has been presumed
the mdications pomt to an increased metabolism at alttude Herx
heimer, Kost and Ryjaczek (1933) refer to European work up
to that date and report observations of their own on four subjects
upon whom many basal metabolism measurements were made at
Berhn and at Jungfraujoch at an alttude of 11,384 ft The
Douglas-bag method was used m these studies No consistent
differences m oxygen consumption under basal conditions were
noted at the two localities Quevedo (1947) also has observed
no appreciable effects of altitudes up to 4,517 m on the basal
metabolism of 46 persons living in Peru

Tor ligher altitudes, simulated m decompression chambers,
the evidence 1s not readily reconcaled Clinton, Thorn and Daven
port (1946) observed a decrease 1n basal metabolism (at ground
level) of subjects exposed to 12,000 ft for three hours daily over
a four-weel pertod However, the decrease was shght (4 or 5%)
and was probably m the authors’ judgment 2 result of an wade
quate calonc mtake evidenced by a slow decline m body weight
Also, n unpublished experiments by Eckman et al from the Avia
tion Research Laboratory of Columbia Umversity (1945), and
by Nims and Olmstead (1945), no change m the basal oxygen
consumption at altitude was noted In earler work, Chnistensen
(1937) noted a lnear relationship between work mtensity 1
human subjects and oxygen uptake, undisturbed by alutudes up
to 5,340 m , from which 1t may be concluded that, at the no work
level, oxygen uptake 15 also undisturbed within this altitude range
However, Cook (1945) found that a decrease 1n total pressure,
with no reduction w the partial pressure of otygen, inhibited the
growth of chick embryos, mterfered serously with the mefﬂ;
morphosis of the meal worm, lowered the heat production 0
anesthetized and unanesthetized mice, and depressed the reshl:g
(not basal) metabolism of exght human subjects in proportion h°
the dimmution 1n total pressure The depression human meta
olism amounted to 24% at 88,000 ft In the latter experiments,
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the ime after the meal 1s not indheated and the temperature 1s not
always given The author concludes that

“The evidence derned from 1solated cells and from several
groups of mammals appears to support the thesis that reduction
of total gas pressure, quite ndependent of oxygen tension, alters
the normal oudation metabohsm Coneerning the biophysics of
the process, httle 1f anything can be said at prosent.”

Smce the results of Cook were enticized because the subjects
were not under basal conditions and because of possible technical
errors, Berg and Cook (1946) camed out Jater expeniments on
the carbon dioude production of men, both under basal and non-
basal conditions, at sca level and at a pressure equivalent to an
altitude of 30,000 ft It 1s to be noted that the tests at altitude
were started a few minutes after the desired altitude was attaned,
and n all tests the subjects breathed pure oxygen With mne
subjects there was an average depression n the basal carbon
dioude preduction at altitude of 6 4%, exhibited by all but two
of the subjects The average depression was sigmficant at the 1%
level Under non basal conditions the depression in CO_ produc-
tion averaged somewhat higher and was ghly sigmficant In
these experiments no attempt was made to determme whether
the depression 1 metabolism 1s caused by reduced total pressure
or reduced partial pressure of oxygen The results would be of
more SIgmﬁCance for t]]e plerOSeS Of t}“S rePOTt ]f s0me assurance
could be felt that the tests were not carried out during a period of
adjustment to the lowered pressure
¢ Aeroembolism  Aeroembohsm or decompression sickness, is
a result of dimmished total atmosphenc pressure and 1s now
known to be caused by the hberation of gases, mamly nitrogen,
from solution 1 the tissues of the body In a strict sense, aeroem-
bolism should refer to the formation of gas bubbles within the
circulatory system, but the term hns been extended to cover
bubble formation n any of the tissues The symptoms of aero-
embolism will depend upon the location of bubble formation,
whether m the jomts (the “bends”), the pulmonary arrculation
(the “choles”), the bran ( ‘staggers”), or elsewhere Smedal and
Graybrel (1948) have expressed the belief that an increase n ense
of fatigability follow mg mild decompression (20,000 ft ) may be
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more ymportant than symptoms occurrmg dunng decompression

There have been many recent contributions to the problem
of aeroembolism, but only a few will be referred to here The
pathogenic factors and pathological consequences of decom
pression sickness are considered at length by Catchpole and
Gersh (1947), the symptomatology by Gray and associates
(1946), the relationship of aeroembolism to traumatic calfica
tion by Allan (1945), and the madence of decompression sich
ness, and 1ts various manifestations (includmg syncope) by
Brown (1946), Motley et al (1945) and Smedal, Brown and
Hoffman (1946), with reference to high altitude faght Houston
(1947a) has studied the occurrence of ‘bends,” scotomata and
hemanopsia at altitudes below 20,000 ft According to the latter
author “Pilots who male repeated rapid ascents, even to moder-
ate altitudes, may be expected to expenience bends, and perhaps
visual defects, even as low as 18,000 feet* Behnhe (194142, 1945
1947) has directed particular attention to the relationship be
tween the inaidence of *bends” and the fat and water content of
the body Obese persons are more susceptible to decompression
sickness following ascent to high altitudes or from dwing depths
than men of normal weight, because of the greater solubility of
mitrogen mn fat than m water The tolerance of vanous species of
ammals to rapid decompression parallels values for basal metab
ohsm per hgm of body weight, according to Behnke ,

The recurrence of decompression sickness on re ascent to hlg;
altitude (38,000 ft ) after variable penods of rest at ground ]Wi1
was reported by Rodbard (1947b), and the effects of cold an
rate of ascent on the disease meidence by Griffin and others
(1946) Hodes and Larrabee (1946) observed a close relationship
between alveolar carbon diouide tension and susceptibility to
decompression sickness, though the cuse of the relutlonshlphls
not known, 1t may mvolve acid-base changes Quoting frorz t :z
paper susceptibility ncreases with pCO, Sul ]ecc
were forced to descend whenever the alveolar pCO. was mord
than 43 mm Hg (seven cases) In contrast no subject was forfciec
to descend when lus alveolar pCO, was less than 38 mm Hg ( d‘e
cases) Between 38 and 43 mm Hg subjects were forced to
scend m 57% of therr tests (61 cases) ”
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Figure 6 The decompression chamber at the Unnversity of Hhoois m Urbana
The pieture shows the entrance to the chamber, the oxygen supply tanks
and mantfold entrince lock, observation port and control mstruments 10
cluding air valves ltumeter and rate of chmb mdicator {Courtesy of Pro-
fessor Mk Fahnestock )

decompression under conditions designed to mmimmize comeident
anovia, noted thoracic and abdominal distention m all ammals,
with hemonhages m the pulmonary and gastromntestinal s)sters
m some With explosive decompression of sufficient sevenly,
bradycardha and a drop m systerme blood pressure occurs Ina
Inter paper (Whitehorn Lem, Ldelmann, and Hitcheoek, 1947},
a nse m cerebrospmal flmd pressure was obser ed to result from
explosive decompression of anesthetreed dogs, the rse 15 con-
sidered to be a reflection of a siular nse in mtrathoracic pres
sure’ Corey (1949) studied the factors m explosne decompres
sion mjury i rats Aeroembolism and anouc anovia were thxe
major factors w the ctiology of the condition, while ntrapu

monary gas expansion was a relatively mmor factor in the cause



DIET AT ALTITUDE 105

of death In evperiments on human subjects, Hitcheock, White-
horn, and Ldelmann (1948) concluded that “explosne decom-
pression exerts no sigmficant effect on the alality of subjeets to
tolerate an altitude of 45000 feet with pressure breathing,” and
that “explosne decompression, withm the rates and ranges used
mn these experiments, does not constitute a serious hazard to
normal human bemgs”
d Abdominal gas Durmg decompression, gases present m the
gastromtestnal tract, whether swallowed or formed there, will
expand and under certamn conditions may cause abdominal pamn,
at times meapacitating m ats seventy Blair et al have rcccntl;.
made an ntenstve study of this phenomenon at the Department
of Physiology, Unnersitv of Rochester, School of Medicine and
Dentistry, under a contract with the Office of Saientific Research
and Development (1943) The gas content of the digestive tract
for adult male subjects 15 about 1 hter (Blair, Dern, and Bates,
1947), but 15 subject to great vanation on account of vanation mn
the amount of air swallowed and the amount of gas produced 1
the tract by fermentation In studies of mtestinal gas m simulated
fhight to 85,000 to 38 000 ft Blur, Dern, and Smith (1947) used
nine subjects and over 109 flights Among the conclusions drawn
from these nvestigations, the following mav be mentioned (a)
Dufficulty with abdominal gas m flhght 1s dependent not so much
on the quantity as on 1ts distribution m the tract, mncapacitating
pan being associated with excessive amounts 1n the lower part
of the small bowel, (b) the only farrly consistent relation of gas
discomfort to particular items of a freely chosen diet 1s found
with carbonated water drunk prior to flight and with the con-
sumption of melons, (¢) while the ordmarv vanations of the pro-
portions of protewm, carhohydrate and fat w the diet seemed to he
unassociated with susceptibility to abdommal gas puns i flight,
extreme \anations presented a different picture 1n that “lgh-
protemn” diets (19% of total calories as protem) with lugh fat
content (53% of total calonies) proved definitely supenor to
))lgh-carboh) drate and narmal diets i low ermg the merdence of
abdominal pun and 1ts severty

The gaseous exchange betwcen the blood and the Inmen of the
gastromntestinal tract was studied by Mclser, Redfield, and Bene-
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dict (1926), who developed exponential equations for predicting
the absorption of oxygen and carbon dioxide under different pres-
sure gradients. This phenomenon was recently reinvestigated by
Pogrund (1947), and Pogrund and Steggerda (1948), using
human subjects. Of special interest to this discussion is the

Figure 7. The decompression chamber at the Umversxt{ of Ilimors, Urbana
t

The picture shows the rear end of the chamber with chamber lcomra(;lf:
mcluding air valves, altimeter, rate of chimb indicator, oxygen supply mem-
fold, ntercommumeation speaker, and observation port. {Courtesy ol
fessor M, K Fahnestock )

demonstration by Pogrund that oxygen inhalation, by )0“’?7;)‘;%
the partial pressure of nitrogen in the blood, will 31}[”]"’““ {
increase the ahsorption of nitrogen from the intestina tm;
Hence, denitrogenation prior to flight will tend to decrease ld.
testinal gases and the incidence of gas pains, as well as the in
dence of aercembolism .
8 SOME EFFECTS OF DIMINISHED PARTIAL PRESSURE OF OXYCEN?
ANOXIC aNOx1A. The profound metabolic effects of altitude are
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due to the low partial pressure of oxygen in the inspired air, lead-
mg to profound changes in the respiratory process, in the oxygen
transport to the tissues and in the capacity of the tissues to per-
form their normal functions under hypoxic conditions. Only bricf

Figure 8 The intenor of the decompression chamber at the University of
Illmois, Urbana, with rechning subject and metabohsm equipment and

standing observer with oxygen supply mask (Courtesy of Professor M K
Fahnestock )

reference can be made here to the Jarge volume of literature deal-
ing with these effects of anoxic anoxia

a. Effects on respiration. Dripps and Comroe (1947) have re-
ported studies of pulmonary and cardiovascular response to the
mhalation of air contaming low percentages of oxygen in human
subjects at rest The circulatory system (pulse rate) 1s readily
stimulated by a reduction 1n oxygen percentage from 21 to 18
Respiration 15 stimulated only slightly at 16% oxygen and
markedly only at §%. “It 1s likely that the vasomotor center is
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the work of respiration (Rahn, Otis, Chadwich, and Fenn, 1946),
1ts effect on the total metabolie rate 15 probably shght (Bateman
and Sheard, 1946) 1In the experience of Ivy, Athmson, Adler,
Burkhardt, and Thometz (1944), pressure breathing i most
cases has no cffect on the total meidence of bends and chokes,
although an occasional indrvidual lughly susceptible to these con-
ditions may show marked improvement during pressure breath-
mg Werko (1947) has published a Swedish monograph on the
miluence of positis e pressure breathing on the cireulation m man,
while Drury, Henry, and Goodmian (1947) have noted a depres-
sion 1 renal function following contmuous pressure breathing
b Some effects on the crenlatory system In mormal young
men, exposures of 10 to 48 minutes to pO. corresponding
to altitades of 38 000 to 28 000 ft does nat induce cardiac dilata-
tion nor affect appreciably the stroke yolume or efficiency (Keys,
Stapp, and Violmts, 1943) As the respiratory rate increases, the
blood pi shfts to the alkaline side due to the washing out of
CO. (Clarke, Marshill, and Nims, 1944) In dogs, the blood-
cloting time 1s shortened 1 hypoxia, sometimes to one half the
normal value (Gnffie, Chardon, and Ruffieux, 194244}, an effect
that does not occur 1 adrenalectomized dogs Quastel and Racker
(1841) showed “that a substance, important m the hmetics of
blood congulation 1s produced with greater ease from tssues
when these are incubated under anaerobic conditions than when
mcubation occurs aerobically, observations that may have a
bearing on the hypovia of high altitude fight Capillary permea-
bility does not seem to be appreciably modified by anoxema
(Hopps and Lewss, 1947) Accordimg to Chardon and Fourrier
(1947), the reflex mechamsm of cardiac acceleration anoxia,
rather than direct central action 1s by far the more mmportant m
mndueng tachycardia

The most important effect on the blood of dimmished oxygen
pressure at high alttudes relates to the oxygen saturation of the
hemoglobin and the ovygen transport to the tissues Arterial
ovigen saturation, according to Houston (19461), 1s extremely
sensiive to even small changes 1n pulmonary ventilahon “In-
creasing the resting ventilation by half, a change of which the
subject 1s scarcely aware, may merease arterial saturation by 10
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to 20% ” But the predomnant effect of mcreasmg altitude is a
oo >bin oy gen saturation
at se1 level to about
89% at 10,000 ft and to 70% at 20,000 ft while breathing arr
While bieathing pure ovygen, these percentages are greatly m
creased, only drapping to 70% at some 45,000 ft These percentages
may fall appreciably at any altitude durmg a short pertod of
moderate to heavy work (Lihenthal, Riley, and Proemmel, 1946)
Starr and McMichael (1948) emphasize the considerable vana
tion in the arterial oxygen saturation of different healthy persons
breathing the same rarefied am, a vanation that could not be
explamed by differences m therr total volume of respiation or
crreulation
c. Effects on energy metabolism 1In a preceding section 1t was
pomted out that, according to available evidence, the basal
metabolism of man 1s not appreciably affected by moderate alt
tudes attamnable on the earth’s surface The evidence for higher
altitudes 15 less complete, but mdrcates erther no effect or depres
stons of 6 to 8%, attributed not to anowua but to low total at
mospheric pressure
The metabolism of energy 1s normally stmulated by the mges
tion of food, the specfic dynamic action, but parhClﬂm’l)’ by
museular worl. These stimulations call for an wereased consump
tion of oxygen Under anoxte conditions the supply of oxygen to
the tissues 1s Iumited An umportant problem, therefore, 15 the
effect of this hmitation m oaygen supply on specific dynume
action and on the metabolism of muscular work Giaja (1938)
classifies the heat-producing ouidations 1n homeotherms mto two
categories, 1 ¢, those that are not affected by a decrease m 0% gen
tension, and those that are In the former category he places the
basal metabolsm and the calougenic actions of certam drugs 1‘;
the second category he places the spectfic dynamne action ;7
protemm  However, m a recent Russian report (Alekseev et aw,
1945), which we have seen only m abstract, the speatfic dzin'\:“n
action of a high-protein meal (broiled lean beef) was teste :\f ar
alatude of 4,200 m The merease w basal metabolsm of 0“s
subjects was not substantial and the specific dynamic ﬂC“""l“e:e
said to be normal The subjects were hept warm throughout th
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tosts and the authors surnse that previous reports of a decrease
m speerfic dynamie action were evidently due to cold exposure

Fuhrman, Fuhrman, and Tield (1945) measured the rate of
ovygen uptake i vitro of the tissues of rats subjected to progres-
swely decreasing pressures until death oceurred When compared
with control tissues, the ovvgen consumption of the Liver and
cardine muscle of the anouic rats was found to have decreased
20% and 85%, respeetn ely, while that of the hidney corte, the
sheletal muscle and the cerebral cortex was essentially unchanged

Whle an oxy gen supply m excess of normal has been shown to
have no favorable effect on the working metabolism of a man or
on the recovern period {Benedict, Lee, and Stnieck, 1934), a
deficient supply of oxygen, as at altitude, has been shown re-
peatedlv to limut the capaaity for muscular work (see, for m-
stance, Toltz and Ivy, 1943, Chnstensen, 1945, and Cook and
Strajman, 1945) and to prolong the recovery period The me
chameal efficiency of work 1s not, however, impaired according
to the very careful experiments of Chnstensen, who showed
further that up to an altitude of 5340 m (17,520 ft ) the unre-
duced ventlation volume increases up to 120 Dters per mm
duning muscular work, while the reduced ventilation volume per
unit of oxy gen uptahe remuns constant Chnistensen believes that
the pulmonary ventilation 1s the factor hmiting work capacity at
altitude, wlile Cook and Strayman conclude that the basic dis-
turbance 1s an increase m the rate at which an oxygen debt 1s
wcurred and a retardation 1n the rate of recovery At altitudes as
Iugh as 40000 ft, however, there may be some mpairment n
muscular efficiency (Hall and Wilson 1944) Van Middlesworth
(1949), using radioactive 10dine (I'), has made the interesting
observation that mn rats exposed to a simulated altitude of 27,000
ft, the protein bound 10dine m the blood plasma undergoes a
sharp reduction This phenomenon “may result from an almost
complete suppression of a portion of the thyroid activity ” Accord-
ng to Blood ef al (1949), thyroxuine admuustration 1s detrimental
to the survival of rats at low oxygen pressures, although thiouraci
m doses sufficient to merease thyroid size three fold was not
protective

Edwards (1936) obsers ed an ncrease m blood lactic acid after
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standard work performance on first gomg to Iugh alutudes, but
that after acchimatization lactic acid values simular to those at sea
level are found for a given performance The following quotation
suggests a reasonable interpretation of the effect of anowa on
muscular metabolsm

“The abihty to perform work 15 lessened progressnely with
mcrease m alttude, hence also the abiity to accumulate lactic
acid Only slight mereases over rest values of lactic acid are found
durng work at 614 hm The mnability to accumulate large
amounts of Jachie acid at gh albtudes suggests a protectne
mechamsm preventmg an already low artenal saturation from
becoming markedly lower by shuft of the O, dissociation curve
through acrd effect It may be that the protectrye mechanism lies
m an madequate oxygen supply to essential muscles, eg, the
diaphragm or the heart”

Rothschuh {1947) has studied the decrease i the metabokc
rate of gumea pigs exposed to decreasing atmospheric pressures
A lowermg of body temperature and a changing behavior of the
anmnals began sunultaneously with the decrease m oxpgen con
sumphion

Accordmg to Schnerder and Clarke (1929) “Healthy unac
chimatized men can do a4 moderate amount of physical work at 2
barometne pressure of 290 mm (equwvalent to an alfitude of
25000 ft ) for a short time without much distress and without
harm ” Karpovich and Ronhmn (1946) have compared the vw'g:f
consumption of men varying m weight from 189 éo 220 p\m‘a‘i s
while working on a special ergometer simulating the cockpit of 2
plane While muscular effictency does not vary with body 512'«;
there are, of course, large differences m lung ventilahion ﬂnd
oxygen consumption The energy expenditures of trmmned ap
student pilots m mampulating an awplane m fight have b(;’)n
measured by Corey (1948) According to Schmudt (19?‘
oxygen deficiency duning muscula work at altitudes of 405 7"‘5
Jeads to complete collapse m 2 short time, mjury to the ner:}og
system, rather than to the muscular system, bemng the deciding
factor of
d Effects on carbobydrate metabolism  Anova in some degmihe
mtensity may be expected to modify metabohe reactions, but
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surpnising thing 1s that the modifications produced are so shght
Smece the cfficiency of muscular work 1s not affected at altitude,
the essential reactions mvolved n muscular metabohsm are not
disturbed, exeept quantitatively m himuting the capacity for doing
work Rosenthal, Shenkm, and Drabhin (1915) have reported
expernimental findmgs on dogs suggesting “that a destruction of
respiratory enzymes or a critical deficiency of co-cnzymes m the
braun 1s not a primary consequence of anovia nor do such factors
account for the devclopment of irreversible functional and Ius-
tological alterations that may follow anoxia ”

In expeniments on fasting gumea pigs, Murray and Morgan
(1946) comprred blood sugar lesels and tissue glycogen contents
at sca level and at 20,000 ft The changes were not as stuking as
previously reported by others, consisting of a significant nise m
blood sugar but no sigmficant increase m hver glycogen and an
actual decrease n total carcass glycogen Wickson and Morgan
(1946) observed a sigmficant increase m blood sugar and hver
glycogen m fasted rats exposed to reduced pressure, but no
change in muscle glycogen Riboflavin deficiency prevented these
former effects, probably by mpairng gluconeogenesis or glyco-
genes:s or both A later report of this work in abstract (Reade and
Morgan, 1949) mdicates an ncreased adrenocortical activity m
niboflavin deficiency, follow ed by adrenocortical exhaustion Exther
cortin or nboflavin seemed capable of restoring adrenocortical
function to normal The previous experiments on laboratory ani-
mals revealing an imtial hy pergly cemia, followed by a moderate
l\)pogl)cemla were reported by Van Middlesworth, Khine, and
Bntton (1844) Exposure of rats for 24 hours to diminished pres-
sure induced substantial mcreases m liver glvcogen according to
Evans (1934) and Nims, Langley, and Clarke (1946) According,
to the latter workers, maximum Iner glycogen was observed at a
simulated altitude of 20,000 ft, with lesser accumulations at
higher and lower altitudes—a truly anomalous obsersation A de-
pletion of lner glycogen on exposure of ammals to low pressures
for 5 hours was also reported by Lewis et al (1942) Thorn et al
(1942) and Reynolds (1947) found that discontmuous exposures
of animals to low er pressures leads also to appreciable reduction
mIiver glycogen stores
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In dogs, anovia mduced at 24,000 £t for 15 mmutes 15 assoctated
with hypeiglycenua (Stickney, Northup, and Van Luere, 1948)
The followmng are offered as possible ctiologie factors for this
elevation m blood sugar and reduced sugar tolerance {1} m
sufficient orygen for the proper functioning of enzymatie systems
mvolved m carbohydrate metabohsm, (2} wercased actwity of
the sympathetico adrenal system, and (3) mcreased adrenal cortt
cal activity (Kelley and McDonald, 1948)

The effect of anova on the secretion of adrenaline has been
stuched recently by Malméjac and Chardon (1947), Bulbung
Burn, and De Eho (1948), and Surtshm, Redbard, and Katz
{1949) The results canuot be summarized in the spice avalable
for this topie

The hypoglycerme effects of msuhn 1 rabbuts are antagonized
by brief periods of anowa, with a quicker recovery of the blood
sugar to normal levels, wlile prolonged anovia Jeads to an aggra
vation of the hypoglycema and a progressue fall of the blood
sugar (Gellhorn and Packer, 1940) Ghckman and Gellhom
{1938) observed n rats that msulin convulsions are greater 1
seventy with a shortened Iatent period under low pressure

Another type of disturbance m carbohydrate metabohsm in
duced by anoxia has been reported by Greig and Govier { 194312
m experuments on dogs In vitra studies on the tissues of anmm
subjccted to anemic anoua or to anowie anovia revealed an e(ttgl
sive dephosphorylation of cocarboyylase, evidently produced by
tissue annerobiosis

In man, the ésturbances of carbohydrate metabolism l;)}
altitude are not so clear cut, posstbly because the recorded 3
servations were generally carried out at the moderate altitul es
obtamable on the earth’s surface Ferraloro (1920) obsene
hugher elevations of blood sugar after a large dose of glllcﬂ5€r Z’e’
a lugh mountam (2,900 m ) than at a Jower Jevel (240 m )d n
sugar tolerance was not modified within this range of altstude o
acchmatized subjects, the effect of alutude (up to 6,140 mf)the
blood sugar was less clear (Forbes, 1936) The beh’mo; o o
blood sugar m work was approumately the same at all altitu \
Baéenho and Krestovihov (1933a) found no relation m a group
of men between elevation (4,200 to 5,633 m ) and blood sugar
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level, wlule Kretenberg and Gerhe (1942) obtamed a decrease
1n the blood sugar in man durmg the mhalation of an owvgen-low
gas minture corresponding to an altitude of 8,000 m The results
arc mterpreted to mean a dimumshed sugar output by the Iner m
anowua

Leipert and Kellersmann (1942) gave a group of young men
50 gms of glucose and then subjected them to altitudes of 5,500
to 6,200 m The height of the hvpergh comic phase of the blood
sugar cunve was httle altered by deereased pressure, but the
hypoghycenuc phase was shortened or completely suppressed
Phosphate metabolism was marhedly affected by hypoua, the
morganic phosphorus of the blood and of the urine was notably
decreased The dechne i morganic phosphorus mn the blood was
compensated by a marked increase m the content of phosphorie
acid ester According to the authors, phosphonlation, a reaction
that under normal conditions 1s independent of oxygen supply,
becomes a regulating mechanism n hypowa making adaptation
to an mcreased carbohy drate turn over possible

Brnan and Ticketts (1944) obtamed no evidence that the
human adrenal cortex 1s influenced by chronic mtermittent anovia,
in contrast to the results of animal experments Pincus and Hoag
land (1943) observed an increased excretion of ketosteroids m
the urine of men after test flights, correlated with flying abihty

An increased lactic acid content of the blood 1 men at altutude
seems clearly established (Baéenko and Krestovmhov, 1933b),
especially at altitudes above 18,000 ft (Friedman, Haugen, and
Kmieciak, 1845) At the ugher altitudes the pyruvic acid level m
the blood mereased also Both changes were prevented by breath-
g ovygen The observations of Hartmann and Muralt (1934)
are not so clear cut Tepperman and Tepperman (1948) observed
that the blood lactate 1s much higher 1 human subjects following
measured exercise at 15,000 ft than at sea level, and that muscular
traming hastens the disappearance of lactate from the blood The
by poglycerme episode following glucose gien 1ntravenously
seemed to be more promment at alttude than at sen Ievel

It 15 mteresting to note that while alcohol absorption 1n human
subjects mcreased at Iugh altitudes, 1ts normal slow rate of re-
moval from the blood 15 simlar at ground level and at altitude
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(Bornstem and Loewy, 1931) However, after alcohol ngestion
the R Q 15 lower at altitude, approaching that of the combustion
of pure alcohol At neither level was a specific dynamic action of
alcohol observed Boer: and Vacea (1948), using dosages of 048
gm of alcohol per kgm of body weight, observed a more rapid
elevation of alcohol levels i the blood at 450 mm of Hg than at
ground level, but also a more rapid disappearance
e Effects on nitrogen metabolism  Certan abnormalities m the
nitrogenous components of urine have been observed at altitude
In young fasting pigs exposed to low percentages of oxygen m
the mspired air (7 to 9% ), Brunquust, Schneller, and Loevenhart
(1924) noted generally (in sic out of seven pigs) an mereased
nitrogen elimmation, an unaltered proportion of urea and am
moma nitrogen, a lowered creatmine output and a greatly i
creased output of creatme mn all cases There was also an mcreased
excretion of organic actds and of acetone The most strking out
come of these experiments, the ncreased creatme output,
suggests a marked acceleration of the endogenous mitrogen metab
olism The observations on rats reported by a group of Japanese
mvestigators (Nahamura, Shumura, and Tachisawa, 1944), seen
m abstract only, indicate an mncreased output of creatmmme up to
an altitude of 4,000 m (13,120 ft ) and then a decrease at ligher
alttudes

In human urme secreted at altitude, Hopf (1929) noted a
greatly decreased proportion of urea mitrogen on total nitrogen
(59%), and Loewy (1930) a percentage of 75 Sundstroems
{1919) observations of the protem metabohsm of men at Qufferent
altitudes are meonclusive Residence m high mountamns has been
associated with an mcreased porphynnuna by Lang (19392, b)
and with an mereased occurrence of mmdazole bodies m the urine
by the same mveshigator 1n the same year
fyAuoxm and as:argbtc acid metabolism  Sacerdote (19383, b)
has observed i gumea pigs and rabbits subjected to low oxyg;ﬂ
pressures a notable mcrease 1 the ascorbic acid content of ;
blood and a decrease (with the guinea pigs) i the ascorbic ﬂc]lzt
content of the adrenals Tepperman et al (1947) noted a shg :
decrease m the ascorbic acid content of the adrenal glands o
adult male rats as the altitude mereased up to 25,000 ft Female
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rabluts kept n an atmosphere of 15% oxygen for two months on
a diet free of ascorbic acd exhibited (Borsuk, 1949) a sharp
reduction of the plasma ascorbic level to zero m 50 to 60 days
with the development of typical scorbutic symptoms, while the
control ammals at normal pressures showed httle changes m
blood plasma ascorbic acid and did not develop scurvy Only the
abstract of this apparently mmportant article was available to the
authors
g Effects on the alimentary tract, Van Liere has been particu-
Inrly active 1n studies of the effect of anova on the alimentary
tract and lus review article (1941) may be consulted to advan-
tage His book on anoua and 1its cffects on the body (1942) m-
cludes discussion of the alimentary tract as well as other mnjor
systems of the body Irom the nature of the problem and the
cxperimental procedures that must be used 1n 1ts solution, most of
the i estigations of the effect of anovia on the digestive system
ke imolved the use of laboratory ammals

The gastric emptyng time of rats fed com o1l and then exposed
to a partil pressure of oxvgen of 53 mm Hg (703% oxygen) for
perods up to four hours was mitinily accelerated, but at the end
of four hours there was no significant difference 1 the amount of
fat remaning 1n the stomach between exposed and control ani-
mals (MacLachlan, 1946) In human subjects, Van Liere (1937)
has observed a defimte prolongation of the emptying time of the
stomach during anoxerma, the altitude threshold for persons at
rest Iy g betw een 6,000 and 8 000 ft Nimeh (1947), also worhing
with human subjects, has confirmed the findings of Van Liere On
the other hand McDonough (1948), usmg a group of 19 men,
noted that bartum sulfate passes through the stomach and pro
gresses through the small mntestime m approumately the same
manner when at simulated altitudes of 38,000 ft for two hours
as when at ground Jevel Anemic anovia m dogs has been found to
accelerate the propulsne motihity of the small intestine while
anovic anemii has an antagomzng effect (Van Liere, Northup,
and Stickney, 1944, see also Van Laere, Northup, Stickney, and
Emerson, 1943) The decrease in the propulsive action of the
small intestine at a simulated alttude of 18,000 ft was confirmed
later on rats by Van Liere, Crabtree, Northup, and Stickney
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(1948) According to Malméjac and Chardon (1912~44), gradual
decompression m dogs caused, first, a short pertod of hypemchvnt)
of the mtestine and then hypotony at the equivalent of 5,000 m
These apparently conflicting results on gastromtestinal motility
under anowia are not readily reconciled

Anovia seems to depress the secretion of saliva (Filippovich
1940) more readily than the basal secretion of the stomach (Van
Liere and Vaughan, 1941), wich m tarn 15 depressed at Ingher
pressures than the secretion of intestmal jmce (Northup and Van
Liere, 1939, Pichett and Van Liere, 1939) Gastric secretion pro
vohed by food responds sooner to the depressing effects of anowa
than does the basal secretion These facts may be iterpreted to
mean a decreasing oxygen requrement gradient In man, also
low oxygen pressures depress the secretion of HCl m the stomach
(Hartiala and Karvonen, 1946)

In cats and dogs, no degree of anotemua compatible with Ife
has any appreciable mfluence on the absorption of water from the
stomach (Sleeth and Van Liere, 1937b), but absorption of water
from the mtestine 1s accelerated at low ovy gen pressures {equnva
lent to 1056% of otygen and less) (Van Liere, Dvid, and
Lough, 1936) Anoxuia depresses the mtestinal absorption of
sodum chloride but not that of sodium sulfate or magnestum sul
fate at pressures of oxygen compatible with ife (Van Lierc and
Sleeth, 1936, Van Liere and Vaughan, 1940, and Van Laere,
Northup, Stickney, and Richard, 1947) Only extreme degrees of
anoxia depress the absorption of fat (MacLachlan and Thac;\fr
1945) or of glucose and glycine (Northup and Van Laere, 1941)
b Anoxsa and renal function A marhed depression m urne
volume at low partial pressures of oxygen has b’een reported fo(;
the dog by Van Liere et al (1935-36), Malméjac (1944), “:r
Malméjac, Chardon, and Cruck (1945) In the mt, ]10\v;:1v r,
Silvette (1943) observed a polyuria on exposure for three 01‘10
periods to low barometric pressures, somewhat 1 proportion ‘
the pressure imposed In anemic anoxia, mnduced by carbon mo
oude porsoning, the urine volume decreased

The effect of anoua on renal function m dogs has
mtensively by Kelley and McDonald (1948) and Me
Kelley (1948) In severe anova, equivalent to an

been studied
Donald and
alttude of
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24000 ft, renal v asoconstriction oceurs to mhe more blood avail-
able to the body The whole mechanism of renal crcula-
tory ad]ustmcnt: to o scems to he set to msure an effective
glomerulw  filtration rate T Under conditions  of
anoua the urman output 1s usually decrensed, but may be ocea-
sionnlly merensed However, as one approaches a eritical level of
atmospheric ovvgen tension (about 45 mm Iig in dogs) renal
blood flow and urme formation cease The normal hdney 1s
remarhably resistant to rather prolonged periods of anown This
abihty of the hidney to mamtun sts viability under prolonged
pertods of anowa 15 coupled with the marked mhubition of ouida-
tne syvstems m the hidney ”

In carefulls controlled experiments on human subjects exposed
three times weekly for two hours to a stmulated altitude of 18,000
ft, Burnll, Freeman and Tvy (1945) noted a temporary nse in
the excretion of sodim potassium and chlorme and 1n urme
volume, followed by compensatory reduced excretions so that
the totals for the 24 hour period were unaltered Durmng pro
longed exposures to 8000 and 10000 ft simulated altitudes, no
appreciable change i total urme output of men was observed by
D’Angelo (19461) under conditions of restricted food and water
mtake, but the renal excretion of phosphorus was sigmficantly
decreased

A general brief discussion of anovia and renal function has been

presented by Maegraith and Havard (1946)
+ Effects on the nerrous system The nervous system 1s most
sensitive to anoxic anovia Barach (1937) calls attention to the
ternble wearmess and restlessness following a day’s mental work
at 11,500 ft, and the ncreased fatigability at somewhat ngher
alttudes and the slowness and clumsmess at all work Brown et
al (1944) descnibe 1n some detail the nervous system dysfunc
tions observed durmg the program of high alutude (38000 ft )
oxygen controlled indoctrination at Maxwell T'eld the severe
symptoms obsery ed n a small proportion of the 40,000 induv1duals
studied occurred not only during the penod of great change
atmosphenic pressure, but also after exposure to ugh altitude and
even after return to ground level

The duration of consciousness at alttudes up to 32,000 ft after
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terruption of the oxygen supply was studied by Mackenze and
others (1946) At 26,000 ft, nme out of 10 men were helpless
within five mmnutes The average tune to helplessness was 220
seconds For each 1,000 ft increase 1n altitude between 26,000
to 32,000 feet, the duration of useful consciousness decreased by
approximately 20 seconds” Hoffman, Clark, and Brown (1946)
report the results of sumlar studies and comelate the duration of
consclousness 1 anowua at gh altitudes with the associated blood
oxygen saturations Lxperimentally induced changes i the oy gen
capacity of the blood modify toletance to altitude when the mam
tenance of useful consciousness 1s used as the cntenon {Hall
1949)

Interesting studies of the effect of anowic anovia on the central
nervous system as revealed by the electroencephalogram have
been reported on the rat by Kessler, Halman, and Gellhomn
(1943) and by Engel, Webb, and Ferris (1945) on man Signifi
cant changes n the records obtaned were demonstrable i human
subjects at altitudes of 10,000 ft * The degiee of frequency chge
at 39,000 feet breathmng 100 per cent oxvgen with the constant
flow system was the same as that found at 10,000 feet breathing
arr Acute alcoholic mntoucation of a degree likely to be ex
penenced by most healthy individuals drnking socially prov ohed
electroencephalographic changes roughly equwalent to those
found at 16,000 feet Severe mtovcation produced more marked
changes Reduction of blood sugar to levels of 44 to 49
mgm % also provohed changes i the electroencephalogran
ronghly equivalent to that seen at 16,000 feet” From similar stu
1es of men subjected to hypoxia Prast, and Noell (1948) ]1";‘9
detected a frequency change that precedes marked mental dis
turbances at an alatude of 25000 ft, by at least 60 seconds 1m
normally reacting subjects

At altitudes of 6,000 m or above, eye-hand coordmation shows
considerable deteroration ( Muwido, 1946) Tunctional and orgame
mjunes to the nervous system mduced by anow m hbamto?]
ammals have been reported by Themune (1940) and by Altman
and Schubothe (1942)

The threshold for thermal pun 15 not sigmficantly mo
breathmg 10% oxvgen, according to Stokes, Chapman, an
(1948)

chified by
d Smth
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nterruption of the ovygen supply was studied by Mackenzie and
others (1846) At 26,000 ft, nme out of 10 men were helpless
within five mmutes *The aserage time to helplessness was 220
seconds I'or cach 1,000 ft mcrease i altitude between 26,000
to 82,000 feet, the duation of useful consciousness decreased by
approuumately 20 seconds’ Hoffman, Clark, and Brown (1946)
report the results of stmtlar studies and correlate the duration of
consciousness 1 anovia at hugh altitudes with the assocated blood
oy gen saturations Expennmentally mduced changes in the ovygen
capacity of the blood modify tolerance to altstude when the mun
tenance of useful consciousness 1s used as the critenion (Hall
1949)

Interesting studies of the effect of anove anovia on the central
nersous system as revealed by the eclectroencephalogram have
been reported on the rat by Kessler, Hailman, and Gellhomn
(1943) and by Engel, Webb, and Ternis (1945) on man Sigmfi
cnt changes m the records obtamed were demonstrable m humn
subjects at altitudes of 10,000 ft * The degree of fiequency chinge
at 89,000 feet breathmng 100 per cent ovvgen with the constant
flow system was the same as that found at 10,000 feet breathmng
ar Acute alcoholic mtovication of a degree hikely to be ex
perienced by most healthy mdniduals dnnking socially prosohed
electroencephalograplic changes roughly equnalent to those
found at 16,000 feet Severe ntouication produced more marked
changes Reduchion of blood sugar to levels of 44 to 49
mgm % also provoled changes m the electroencephilogram
roughly equialent to that seen at 16,000 feet * I'rom similar stud
tes of men subjected to hypoua, Prast, and Noell (1948) hne
detected a fiequency change that precedes marhed mental dis
turbances at an altitude of 5000 ft, by at least 60 seconds m
normally reacting subjects

At altitudes of 6,000 m or above, ey e-hand coordination shows
considerable deterioration ( Muwdo, 1946) Tunctional and orgame
injuries to the nervous system mduced by anow Iaboratory
animals have been reported by Themune (1940) and by Altmmn
and Schubothe (1942)

The threshold for thermnl pun 1s not sigmficanth modified bl‘
breathmg 10% oy gen, according to Stokes, Chapmm, and Smuth
(1948)



Tenn (1946} conclude that acapnia and anoua are additive rather
than antagomstic m therr cffects on contrast discrimination and
steadmess At each altitude there eusts an optimum alveolar ar
composttion for each type of performance, optima that may differ
for different types of performance ‘Performance imparment
most mdniduals breathng natwally at air-hreathing altitudes 1s
essentially a matter of anoua alone ™

j Effects on the eye The cye has been shown to be extremely
sensitive to anouit, and the importance of good vision, especially
scotopic vision to awrplane combnt has furmished the stimulus for
alarge volume of expermiental study of the eye at different partial
pressures of oxsgen Tor general discussions of the subject, the
reader 1s referred to an article on “Ophthalmic aspects of acute
owgen defictency” by MecTarland, Evans, and Halperin (1941),
to Gellhorn and Hulman’s (1943) article on ‘ The effect of anoxvia
on sense organs,” devoted mainly to the eye, and to Harthne’s
(1946) “Problems of visual physiology during the war”

Dark adaptation 1s defimtely impared by anovic anova at
partial pressurcs of ovvgen where other sensory tests have failed
to show rehable changes (McFarland and Lvans, 1939) The
authors state ‘However, these effects are probably of no great
practical sigmificance mn relation to mght bhindness m a pilot until
altitudes of approumately 10 000 to 12,000 feet are attamed ” The
opmion 15 expressed ‘that the changes are not concerned with the
photochemieal substances of the retina but with the neural ele-
ments of both the retina and the central nervous system” Me-
Donald and Adler (1939} induced an anemic anovia in their sub-
Jects by the inhalation of a mixture of equal volumes of mtrogen
and of arr The rod and cone thresholds were rased equally n
this state of anoxerma but the rate of dark adaptation was un-
altered The impurment 1n the visual thresholds of both rods and
cones induced by vitamm A deficiency and by anoxerma were
additive and therefore the lesions 1n the two cases are probably
different Anoxemma mduced by CO poisonung 1s sumlar m its
effect on the eye The formation of carbon monoude hemoglobin
has the same effect on visual thresholds as an equal loss of oxy-
hemoglobmn at Ingh altitudes (McFarland, Roughton, Halpern,
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and Niven 1944) Inhalation of CO from a cigarette caused an
appreciable mcrease m the percentage m the blood of carbon
monoxide hemoglobmn These changes m visual threshold are all
reversible by oxygenation Dyofdk, Kopechy, and Mikula (1948)
reported a nise of 9% 1n the visual threshold for white, red, and
green hights at a pressure of 355 mm of Hg (6,000 m ) as com
pared with normal atmospheric pressure (seen mn abstract only)

Other papers on the same general problem have been publshed
by McFarland and Halpenn (1940) and MecFarland, Halperm,
and Niven (1944, 1945) In 1940 McFarland and Forbes showed
that hypoglycemma as well as anovia affect hight sensitinaty of the
retina, probably by slowing oxidative processes * Consequently,
the effects of anovia may be amehorated by giving glucose and
the effects of hypoglycemia by mhalmg oxygen’ The relation
between anovia and brightness discrimmation has been discussed
by Hecht et al (1946) and the respiratory effects upon visual
threshold by Wald et al (1942), both semor anthors bemg spectal
1sts 1 visual physiology Gellhorn and Hailman (1944) observed
a parallehsm between changes in visual function under anovi2 and
changes m the electroencephalogram A nse m retmal artenal
pressure occurs at low altitudes and then slowly disappears {Du
guet and Bailliart, 1947) A fall 1n retal artersal pressure under
anowua 15 charactenistic of non-tolerant subjects Anovia also pro
Tongs the latent pertod between stimulus and visual after image
{ McFarland, Harvich, and Halperim, 1943) and acts as a mydnatie
{Hoorens, 1948)

The ocenrrence of a restniction i the visual feld at alutude was
noted by Wilmer and Berens in 1918 Smith, Seitz, and Clark
(1946) showed quantitatively the development of the peripheral
bhind area (angioscotomata) at partial pressures of oxygen equiv
alent to an altitude of 10,000 ft According to Houston (1947a)
scotomata can also be produced by aeroembolism withmn ’the
retmal artenies At ground level Simonson, Brozeh, and I\e)é
(1948) did not find that lugh carbohydrate meals, as comp?re
with “standard meals and high fat meals, were beneficial 1n therr
effects on wisual performance and fathgne during appropnate
work mvolving eye hand coordination i
E Acclimatizatian to anoxia The nmmedrate responses and a
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Justments of the body to anovic anowia have been brefly outlined
above Those adjustments that occur only slowly over a peniod of
time at altitude or durmg mtermittent fghts to gh alutude
constitute acclimatization to anown The reality of such acclimati-
zation has been well established Its features have been discussed
by Haldane (1927), by Gemmill (1941), by Houston (1947b),
and by Grandjean (1948) Comprehensne mvestigations of ths
phenomenon hay e been reported by Merény, Korényt, and Gordon
(1944), Houston (1946D) and Houston and Riley (1947) on man,
and by Reynolds and Plullips (1947) on the rat The latter authors
observed a regression of adaptation on interruption of altitude
exposures, leaving the ammals less tolerant to anovia than un-
exposed animnls

Monge (1948) has published an mteresting and scholarly bool.
on acclimatization n the Andes, using mamly the historical ap-
proach to the subject The documentary evidence discussed testi-
fies to the importance of * climatic aggression” in the development
of Andewn man Whether the abstention when young from the use
of fat, honey, cluh, salt, and vinegar, according to the records,
contributed to the tolerance of Andean man to the ugh altitudes
at which he Ined (up to 17,000 ft ) may be questioned 1n view of
recent experimental work to be discussed below

Keys, Matthews, Torbes, and McFarland (1938) studied the
ndvidual vanations m a group of 10 men n the ability to ac-
chimatize to high altitude They found that vouth, slow pulse, low-
normal blood oy gen capnaity, low alveolar oxygen pressure, high
alveolar carbon dioude pressure and high alkalme reserse at sea
level are favorable to acclimatization at igh altitude

Perhaps the most commonly observed and the most sigmficant
factor 1n acchimatization to anoxia 1s an ncreased ovy gen carryng
power of the blood, due to mcreased content of hemoglobin and
of enythrocytes, accompamied by an increase m myohemoglobm
m some muscles (Hurtado, Rotta Menno and Pons, 1937, Poel,
1949}, but with no mercased affimty of hemoglobin for oxygen
(Hall 1936, Aste-Salizar, and Hurtado, 1944) Whether or not
anom ancreases myohemoglobn concentration m a speeific
striated muscle, according to Poel, depends on the clmnge n
actiaty of that muscle due to the effect of the anoue environ-
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ment Poel worked with rats Working with dogs, Bowen (1949)
obtamed results mdicating that exposute to a simulated alutude
of 18,000 ft causes no merease 1n the my chemoglobin content of
the gastroenemius and soleus muscles m contrast to the response of
the blood hemoglobn Bone marrow studies by Mermo and
Reynafarje (1949), on human subjects ving at 14,400 ft altitude
revealed hyperplastic changes, mvolving the erythroid cells much
more than the myeloid cells Recent evidence of increased hemn
toporetic activity during acchmatization to altitude has been re
ported by Hurtado, Mermno, and Delgado (1945) and Lews et al
(1943) m experiments on men, by Stickney and Van Luere
(1942b) 1n studies on the dog, and by Bancroft (1949) on the
rabbit

Ruff and Strughold (1942) have recorded the changing blood
picture of a man who stayed for two months at altitudes varymg
from 18,000 to 28,000 ft The hemoglobin content of the blood
rose from 18 3 to 24 5% and the red cell count from 564 to §32
mullions per mm® On return to sea level these values returned to
normal, the hemoglobm content withm one month and the red
cell count some time later Other references of the same import
are, on men, Sanharan and Rajagopal (1938}, and Vannotty and
Marhwalder (1939), and, on gumea pigs, Gordon and Klemberg
(1937) and Jensen and Alt (1945) Contmuous residence at an
altitude of 11,000 ft (Smth, Belt, Arnold, and Carrier, 1924-25)
mereases m man the volume of plasma as well as of corpuscles

In the dog accordmg to Stickney and Van Laere ( 1942a), The
usual delay m gastric emptying time produced by anovia has been
found to be gradually reduced 1n every case’ during discontinuous
exposure to pressures sumulating altitudes from 12,000 to 18,000
ft One mteresting phase of acchmatization to altitude, accordmng
to Van Liere, Stichney, and Northup ( 1948), 1n experiments on
dogs 15 the return of blood sugar to normal levels

ACCELERATION

Acceleration 1s not 1 factor mn chmatic stress, but it 1s a }nzard
i military and naval aviation and 1t may not be out of place to
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consider 1t briefly here Wood, Lambert, Baldes, and Code (1946)
lave discussed the effects of acceleration on the cardiovascular
sistem mereased weight of bloed and tissues, decreased blood
pressure at hicad leved, which are the key to the orderly pattern of
changes m exr opacity, ear pulse and heart rate The function of
the cercbrospinl flmd m protecting the cerebral crculation
agamnst radial acceleration was studied m cats by Rushmer, Beck-
man, and Lee (1947) The biochemstry of gravity shock, induced
n rabbits by suspending them i the vertical position, was found
by Nastuk (1947) to depend upon a arrculatory deficiency leading
to tissue hypoua “ The data suggest that tissue hypova produced
Dby suspension of the rabbit results m loss of energy rich phosphate
bonds of muscle, and m smpurment of the mechamsm which
generates these bonds Under these conditions, production of
cnergy from carbohydrate metabohsm may fall to levels nsuf-
ficient to sustam the ammal ” Protective aids agatst evposure to
acceleratory foree were tested by Britton, Pertzoff, French, and
Kline (1947)

The effect of food and drink was found by Clark and Jorgenson
(19452, b) to mncrease G tolerance 1n human subjects “The simlar-
ity m results between the mgestion of water and mmlk and food
largely rules out hyperglycemic effects Flmd and food mgestion
mereases cardiac output without evolung vasomotor mechanisms
or displacement of blood from somatic tissues to the visceral or-
gans ncrease in wtra-abdommnal pressure remams as the only
explanation of G protection” In another report, Clark, Gordmer,
MelIntyre and Jorgenson (1845) present the results secured on
three human subjects on the effects of hyperglycemia, induced
by sugar mgestion, and of hypoglycemia mduced by msulin m-
jectwom on G tolerance Shght effects (02 G) only were noted

The trend toward a shght posive effect of blood sugar con
centrations on G tolerance suggests the possibility that extra-
cellular sugar may, by actng as a substrate n anaerobic glycolysts,
alleviate somewliat the brief bran and retinal anoun associted
with the acute bramn anemia imduced by blood displicement dur-
g radal acceleration ”

In the Jast year or so there have been many reports on the
physiological response to acceleration and on protective methods,
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of which the following are samples protection agamst accelera
tion by CO, mhalation (Van Middlesworth and Klme, 1948) and
by abdommal pressure (Britton, 1949, Britton and French, 1949),
effect of body position on incidence of motion sickness by Man
ning and Stewart (1949}, flnd shifts durmg exposure to accelera
tion by Stauffer and Hyman (1948), acceleratory effects on renal
function (Silvette and Bntton, 1948) and on respiration (Lom
bard, Roth, and Diury, 1948).

EFFECT OF ALTITUDE ON NUTRIENT REQUIREMENTS

There seems to be little reason to evpect, and scanty evidence to
support, a behef that altitude and its associated low ovygen
tension will disturb the nutrient requirements of man The low
oxygen supply at altitude will depress, rather than stmulate,
metabolic processes, and, even more surely than a hot humid
environment, will discourage the performance of muscular worh
and Tower the capacity for work Bronshtein (1944) has reported
that hypoxena lowers the level of ascorbic acid 1n the blood of
gumea pigs and hastens the development of scurvy on a norm1l
diet Borsuk (1949), whose report has already been referred'(o
(see page 117), has confirmed these observations of Bronshtein

The extensive dephosphorylation of the tissues that Greig and
Gowvier (1943) have demonstrated 1n animals exposed to anemic
anoxia or to anovic anovia may, accordmg to Govier (1944), ex
tend to dephosphorylation of cocarboxylase, which may be vend'
largely mvolved and leads to a nse m the blood thiamine an1
probably an ncreased spill over mto the urme The end result
might be an mereased tlhamme requirement Gusman et nd
(1945) have noted a rise i the pyruvic acid content i the bloo
of aviators, somewhat 1n proportion to the altitude attamed, an
observation that ties in with the findings of Govier The problem
deserves further study

Hypervennlahon may mcrease the water requurements !;ly e;
pediting the loss of water from the respiratory passages Tbe‘!‘s
crease may not, however, be large (Marshall, 1946, Matthews,
1932-83)
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EFFECT OF DIETARY MODIFICATIONS ON THI' TOLERANCE
TO ANOXIA ANIMAL LAPFRIMENTS

1 Tastne A entienl test of the question whether tolerance
to anowi1 can be mochified by dict, 1 to compare fasting with feed-
g of 1 well balwnced diet This was done with rats by Leblond,
Gross, and Laugier (1943), who found that fasting for 12 to 24
hours defimtely depressed resistanee to anown, but that fasting
prolonged beyond thus period was accompanied by a recovery of
resistance What may be a second report of the same experiments
was published by Laugier and Leblond (1948}, with the same
outcome In the expenience of Smuth, Oster, and Toman (1944),
the under feeding of cats increase greatly their resistance to low
ovygen tension

The Iners of fasted rats when exposed to an atmosphere of
mitrogen for 70 nunutes showed a 75% depression 1 oxvgen up
take, wlile the lvers of fed rats showed only a 25% depression
(Craig 1943) Whether the glycogen content of the liver, or some
other factor m the experiment, determmed the results was not
established Mjylon and Wilhelm (1945) confirmed Craig’s re-
sults on rats, using subsistence on a low protemn igh carbohy drate
diet 1 comparison with fasting On this det, the Iiver glycogen 1s
Ingh (4 to 7% ) and may be an mmportant contnbuting factor to
mcreased resistance to anoxia Van Middlesworth (1944) has
reported that Iner glycogen of rats 1s reduced m anovic anova
even n the presence of excess blood sugar induced by sugar feed
mg The marked hyperglycemia and glycosuna of glucose-fed rats
under reduced oxygen pressure, accompanied by a diminished
cardiac and hner glycogen, has been called a condition of “ancuc
diabetes” by Van Middlesworth (1946) Under the same conds-
tions adrenalectomized rats exlubit a hypoglycemn (Van Md
dlesworth, 1944)

2 Carsomprate rerpine The effect of carbohydrate feed-
ing on the resistance of ammals to anoxia was studied as early as
1907 by Pachard Using minnows {Tundulus heterochitus) as sub-
Jects and producing anoxia by plicing the fish m unaerated sea
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water, he showed clearly that mtrapenitoneal myection of fructose,
glucose, or maltose, but not sucrose or lactose, definttely pro
longed hfe during oxygen lach On the other hand, the survival of
Fundulys fasted prior to anovia was not improved by the feedmg
of a Ingh-protemn food, mussels The favorable effect of the
monosacchanides 15 attributed to a type of anaerobic ovdation
promoted by sugar, m which the sugar acts as a hydrogen ac-
ceptor m accordance with a theory of oxidation proposed by
Mathews (1905) Many years later, Selle (1944) secured evidence
that the marked tolerance of young rats to anoxia 1s due pnmanly
to an anaerobic source of energy and that this source of energy
1s replentshed by glucose adrumistration and depleted by wmsuln
Followmg decapitation of the young rat, gasping of the 1solated
head may continue for 30 mmutes or more The mjection of gh
cose mto the rat prior to decapitation ncreases the survnal of
respiratory activity of the isolated preparation by 30%, while
myection of msulin results m a shght to moderate reduction 1n the
duration of the aerobic gasps, an effect that can be counteracted
by glucose Fazekas and Himwich (1943) have studied further
the anaerobic devclopment of energy from carbohy drate cleavage
for the maintenance of cerebral function

Britton and Kline (1945), working with rats, reported that
glucose admumstration, especially parenteral, mmproves greatly
the resistance of rats to low barometric pressure Fully fed an
imals survived somewhat better than fasted controls, whie m-
sulin markedly reduced the ability to withstand anoxa An item
of maidental importance m this report 1s the observation that
survival time under anoxia 1s mversely related to environmental
temperature For a 10°C drop, survivals were mcreased about
50% Smuth and Oster (1946) noted with cats also that msulm
decreases reststance to hypowa, winle decreasmg posthypovic
hyperglycema, but they observed no general correlation between
anovie tolerance and post-hypovic-hyperglycema  Accordmg to
Himwich, Fazelas, and Homburger (1943), hypergly cemia pro
tects anovc mfant rats but not adults

Studymg the mechanism for the mantenance of Iife m the new-
born rat dunng anoxa, Humwich et ol (1942) mjected the ani-
mals with vartous substances modifyng carbohydrate metaboltsm
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and noted the surunal times after exposure to an atmosphere of
mtrogen Todo-acctate and msulin shortened the survival period,
while glucose prolonged 1t considerably, demonstratmg the 1m-
portance of glucose m serving as a source of cnergy under an-
acrobic conditions

Busmg and Kauff (1942) obsersed a shghtly favorable effect of
a pre-feeding of fructose on the tolerance of rabbuts to low ar
pressures Prior obsersations of Busing, and of Torster (1940) had
mdicated a favorable effect of massive doses of vitamm B, on
rabbits exposed to low ovygen tensions These findings interested
Busing and Kauff m the effects of sugar and of thiamne on the
blood creatine and creatimine, m view of the intimate relationship
of creatine phosphate m the carbohydrate metabolism, particu-
larly m muscle It was found that on exposure to dimmished pres-
sure equnalent to altitudes of 9 500 to 10,000 m , the total creati-
nme of the blood mereases during the first half-hour, and then
falls, but not to 1ts pre exposure level A pre-feeding of fructose -
creases tlis clevation of total creatinine, while a pre feeding of
vitamm B, depresses it The whole picture conforms with the
theory that anovia disturbs the oudation of carbohydrate, the
disturbance bemng aggravated by sugar feeding and amehorated
by administration of vitamin B,

But the results of glucose admimistration on tolerance to anova
m laboratory anmals have not been concordant Dohan (1942)
tested the effects of high carbohydrate and ngh fat diets on the
survval of adult rats exposed for 155 to 23 hours to air pressures
ranging from 380 to 235 mm Hg Three of 8 rats fed the high
carbohydrate diet and four of nme fed the high fat diet survived
until the end of the experiments Exposure of the rats for more
than two days to low pressures produced a sigmificant merease m
adrenal weight and a sigmficant decrease mn the weight of thymus
and testes, but agan no differential diet effects were noted The
authors state “However, in connection with the lack of effect of
diet 1 our expenment 1t 1s well to pomt out the long time mter-
vals between feedings™ The rats were tube fed a daily calone
supply adequate for the mamntenance of body weight at atmos-

pheric pressure but only m the mntervals between low-pressure
esposures
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In a seres of five expeniments reported by Ivy, Friedemann,
and Grodns (undated report), 170 male albmo rats were exposed
to lethal degrees of anovia, one half of the ammals bemg fed 1
gm of sucrose the hour before exposure No protectn e effect was
observed there was 41% survival of the treated ammals and 46%
swrvival 1n the controls The failure of carbohydrate to prolong
lfe may be due to the amount given, the lack of detectable re
sponse of a very anouc-resistant ammal, or the mashing of any
favorable effect of carbohydrate upon the R Q by the mcreased
need of oxygen i mcreased metabolism Langwill, King and
MacLeod (1945) also falled to notice a beneficial effect of 2 gm
of sucrose grven to adult male rats prior to exposure to moderate
degrees of anowia In these experiments anoua mduced a marked
dwresis and an mcreased alkalntty of the unne

8 ProTEIN AND FAT FEEDING  The effect of a dietary protem
supplement (5 gms of raw horse meat) on the survival of nearly
mature adult rats when exposed to severe anovia (5% oxygen,
95% mitrogen) was studied by Langwill, King, and MacLeod
(1945) The basal diet was a commercial mixed feed contamning
26 2% protem and 54% fat The meat supplement appeared to
exert a shght detrimental effect on tolerance to anona six of 15
rats on the unsupplemented det survived, while only two of 15
survived on the supplemented diet However, application of the
X test, fails to establish any sigmficant effect of the protein sup
plement (P=017) Ivy, Friedemann and Grodins (undated) re
ported a somewhat similar test with larger numbers of rats m
which a protemn free and a igh-protemn diet (48%) were com
pared, the results mdicated clearly (P==ca 0017) by the same
statistical test, a less favorable effect on survival to anovia of the
Iugh protem diet But whether the difference 15 due to a variable
protemn mtake or to a variable carbohydrate intake 1s not clear In
neuther case 1s the total caloric mtake given, although this may be a
factor mn tolerance to anoxia, as indicated m the discussion above

Evidence of the effect of fat feeding on tolerance to anova is
conflicting and meonclusive With exght and nine adult mAle rats
to a group, Dohan (1942) was unable to detect 2 difference m
tlus respect between a hugh carbohydrate and a Iugh fat diet, the
protem content remamming constant On the other hand, the ex-
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periments of Hove, Hichman, and Hams (1945), also mvolving
small groups of rats, mdicate that even 12% of fat i the dict of
amimals exposed to sciere anovia equivalent to about 170 mm
Hg total ar pressure 1s defimtedy detnmental to survival But
agun caloric mtakes are not recorded

4 Vrraviy suprerwvieNts  The hypertrophy of the adrenal
ghnd mduced by anowua suggests that anovia disturbs the metab-
olism of ascorbic acid, and that the physiological effects of anoxia
m be alleviated by ascorbie acid admimstration It 1s well estab-
Lished that ascorbic acid 1s mtimately mvolved m adrenal func-
tion, the ascorbic acid content of the glnd beng extremely lagh
In fact, the vitamin was first crystalhized from this source T'rom
expeniments on human subjects that will be discussed later,
Krasno, Ivy, Athinson, and Johmson (1943) 1cceived the impres-
sion that exposurc to altitude causes a retention of ascorbic acid
m the body, wlich 1s later released during mtervals between
evposures They mestigated this possibility by exposing guinea
pigs for 12 hours to a simulated altitude of 18,000 ft, after intra-
muscular mjection of 100 mg of ascorbic acid Control animals,
similarly mnjected, were not evposed to diminished pressure Two
to four hours after decompression of the test group, the plasma
ascorbic acid level i both groups was determned and a few
hours later all animals were sacnficed The ascorbic acid content
of both blood plasma and muscle tissue was higher m the exposed
ammals These experiments were considered as confirming the
suggestion obtamned from the observation on men, though m
themselves they fail to indicate any possible favorable effect of
ascorbic acid adminstration on tolerance to anoxia

Expenimenting with an animal, the albmo rat (male and nearly
full grown), able to synthesize ascorbic acid m 1ts tissues, Lang-
will, King, and MacLeod (1945) studsed the excretion of the
vitammn 1 the urine under conditions of mild anoua mduced by
exposure at atmospllerlc pressure to a gas mixture contaming
77% of oxygen and 923% of mtrogen for two or three hours
The subsistence diet was Purina Dog Chow alone or with supple
ments of raw horse mcat or sucrose Exposure to anoxaia diminished
the output of ascorbic acid n the urme n all groups and expern-
ments, somewhat n proportion to the concomitant rise i urine
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pH The nature of the detary supplements seemed to have ne
offect on the magnitude of tus reduction m urmary ascorbie acid
Although the suggestion 15 not directly made by the anthors o
this report, one may mfer from thew discussion that, of the de
crease 1 urmary ascorbic acid m anova may be mterpreted a
the result of a retention of the vitamm 1 the tissues, 1t may b
considered a protective mechunsm avatlable to the anmmal agams
agents or condhtions that suppress resprration of the central nerv
ous system In a bnef note, Peterson (1941) reported that m
traperitoneal admuustration of ascorbic acid (or of methylene
blue) imcreased the resistance of rats and mee to low ovygen
tenstons, presumably, accordmng to the author, by making oxygen
more avatlable to the tissues

Harlman (1944} studied the effects of some of the water soluble
vitamins, particularly riboflavin, m modifying the disturbances m
tissue functions and m mtact arumals mduced by anowa The
expermments were mspired by published evidence (Dietnich and
Pendl, 1937) “that perfusion of the 1solated frog heart with low
oxygen concentrations causes a weahenmg of the contractions
which are promptly restored by physiwological oxygen pressure
or by adding a mmnute quantity of rihoflavin to the perfusion
medium ” Halman faled to confirm this antt anowe effect of
miboflavin, but obtawmed positive results with this vitamn m pre
venting the anowc effects on the spontaneous rhythmical con
tractions of smooth muscle from the frog’s esophagus Large
doses of the B vitamuns to male rats did not, m lis expenence,
prevent hypertrophy of the adrenal cortes when the :mima}s
were subjected to a pressure of 294 mm Hg for 48 hours “Ina
series of 12 experiments on seven dogs 1t was found that nboflavin
1mgm per hgm gven mtravenously, prevented the depression of
the Iinguo mavdlary refles duning the inhalabion of low ovygen
rmxtures” Wollf and Karlin (1947) failed to find, 1 mice recein
g a normal duet, any correlation betw cen survaval to Jow oxygen
tenston and the rboflavin content of the hver

Rabbats exposed to air pressures equivalent to alstudes of 9,500
to 10,000 m , show some shght favorable cffect of a pre feedmg of
fructose, and a further, and shght, favorable cffect of thuamme
feeding, according to Busing and Kauff (1942) The mcreased
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tolerance afforded by the Iatter supplement 1s presumed to relate
to the proper metaboltsm of the fructose supplement Iwatare
(1944), noted a favorable effect of vitamin P, but not of thiamine,
riboflvvin, and ascorbic acid, on the survival of nuce exposed to a
pressure of 205 mm IIg equivalent to an altitude of 10,000 m, or
82800 ft In the absence of a statistical analysis of differences
mean group sunnval times, 1t 15 impossible to draw positive con-
clusions from the evidence presented

It 15 known that resistance to reduced atmosphenic pressure 1s
decreased by the administration of thyroid matenal and 1t 15 sus-
pected that some of the vitamms esert an anti-thyrogenie effect
Henee, Chanpper, Goldsmth, and Gordon (1915) performed
some expeniments “to ascertan whether an abnormal vitamn in-
take, deficiency or oyverdosage, would influence the resistance of
rats evposed to lowered barometnie pressures ” Dietary con-
centrations of riboflavin, pyridoine or pantothenic acid that were
defimtely deficient were without demonstrable effect on tolerance
to decreased pressure, as were also supplements of thiammne,
ascorbic acid, and calelum pantothenate to such deficient syn-
thetic diets On the other hand, a diet deficient m thramine seemed
defimtely to mcrease tolerance an effect that could be obliterated
by the admimstration of 1 mgm of thiamine shortly before low-
pressure exposure, a most anomalous result A restricted mtake of
a complete diet also favored ncreased resistance to anovia An
merease 1n resistance to anovia 1 thiamme deficiency was also
observed with cats by Smith Oster, and Toman (1944), but the
effect may have been caused by a decreased mtake of food, which
m atself was shown to be effective If the tissue anovia induced by
hemorrhagic shoch 15 analogous to that mduced by low atmos-
pheric pressure, the findmgs of Govier and Greer (1941) on dogs
are at variance with those just discussed These authors observed
an ncrease m blood keto acids (which m1y melude pyruvic,
acetoacetic,  hetoglutaric and oxalorcetie) m hemorrhagic shock,
on thiamine admmustration the blood keto acids decreased and
the survival ime was prolonged

From the known functions of some of the B vitammns 1n ouda-
tion reduction enzyme systems, one mlglxt expect that under con-
ditions of severe anovie anowa, part of the coenzyme contuning



134 AN MaTye STRE,
the y, amm vy, © trappeq m the Ice because of
ack of Oy ( Calder, 1948 ) 1ch g gy, 1ation ¢ 1dmm1stm
tion of a tamy,, Such a4 Meotiy,, d, “my gment g,
Wailaple ly of Coenzyme thus, £ correg, this
ticed deg, eney » he “Umulatigy, of Y, ebt 1
Useular vy, be 4 Othey Mstance e Sttuatgy, In
1S conpe 27 be nogeq that Trant gy, ) hag Teporteq
 Serjeg imentg , 8rounq ; my Plemeny of
Nicoty, de he -, al” g Plysicajy ung
Tesult Crease [ mency m e, t CVere test 1y
vol g Plysie, Tt and atiop onditiopg
of se 7 de Vs at pres, s fanging <0 to 13
nm op Mereyry, Decbamem (1933 ) founq with 8ume, DIgs they
Img of th thylamg, of tinie 5 (corapy, ) per 199
g ody v, WMyjecte tra uscuhrI) deforpeq th ) Mptomg
f anoyy, { Cheyne es Tesprrapy, N Vulsiong and €ventyq]
deat], ) Cq (19 as cop anty-qy, \C yalye of
Meotine acid or yg amde o, Tats y, g from 12 g
ie tre, Nimals Mtrapey eally ) Withstood lower
Pressyp, exlnbyge, ! Seve YPhea gt 4 ame Jor
Pressyy, han g, Direated Stanstxcnl analysis o
e datg |, tled oy, hating og- f the ed factors
mn Timent,

The observatxons of Ho, e, chlmzzm and Hapy,g (1945 ) on the
f:womble effect of |, tocopheyoy 1 tolerape, to dccompresswn
seem Clear.cy; eXcept fo, the Possibl, dxsturbmg effects of var

ey

g 809 a4 Ompareq With eop, rols o, an Lo, and Joy, f,, diet
The Tespectyye diets were fo, O two to 4, ree el Prior to g,
“OMpressiop, Mection of Massy, o Sigle doses of dg tocophery]
Phosphag, 80 g, Pigson, rabhyg chow gy 8reat]y ncreased
1€ surviy,g time ¢, anova, py,, 10 sy} effect yyaq Secured yyp,

5 Carnoy FEEDING In 1938 Cam bel] djscovered that rag
Subsigtyy, 1 a sole diet of Carrotg, ctther pyy, or boileq, cougd
Withstan g anox;, Much Ionger than o a normg] diet, althoug},



DIET AT ALTITUDE 135

losing weight The correlation between weight loss and survival
was not close, however The factors underlying the heneficial
cffect of a carrot dict are considered hy Camphell (1949) to be
the low-protemn content, the presence of fiber, the presence of
glutamme and of some unknown factor The different protem-
ogenous ammo acids were found to have varable effects on sur-
vival 1n low pressures On the basis of his extensive experiments
on rats, not rcadily interpretable, nor very consistent among
themselves, Camphell offers the followmng comment “On the
above evidence, swtable articles of dict for subjects exposed to
the effects of ovy gen want due exther to disease or to high altitude
are zem (but not whole muze), carots, parsmips, beetroot,
apples, bananas, starch, glucose, fat (lard), vitamns, and salts
Gelatin and gluten (flour) might be used also 1 very moderate
quantity and milk m small quantity ”

This seems to be a rash extension to human nutrition of results
obtained upon a laboratory ammal, but has been quoted with
approval by the British Medical Journal (Editonial, 1940), from
which a more conservative attitude might be expected

Campbells results have been amply confirmed on the rat by
Wetzig and D Amour (1943), Nelson, Goetzel, Robins, and Tvy
(1943), Langwill, King and MacLeod (1945), and possibly by
others The results of the latter authors are particularly note-
worthy Thev found that when the consumption of dog chow by
therr experimental amimals was regulated 1so-calorically with the
consumption of dehvdrated carrots, ammals on the two diets sur-
wned about equally well 1n severe anoxia (30 mmn at 40,000 ft )
under some conditions of feeding, ‘but m other tests, with an
opportumty for adaptation by repeated exposures and more
gradual ascent, there was evidence of added protection as a result
of the carrot diet The mcreased alkalinty, lugh potassium content
and low protemn content of the carrot diet afford a tentative basis
of accounting for the mcreased tolerance ” The assumed fax orable
effect of a lngh potassium ntake 1s based upon the findings of
Dion (1940) that, n cerebral cortes tissue 1 t1tro, the addition
of excess potassium 10ns marhedly mhibits the production of Jnctic

acid and the destruction of glucose resulting from oxy gen depriva-
tion
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gestion at Ingh altitude of 80 gms of sugar helped n combating
fatigue and the tendency to sommolence A sugar drink, forti-
fied with mimerals, was found by Blsis and Bauereisen (1942)
to compensate for the changes mn carbohydrate metabolism m-
duced by anowin Improvement m tolerance was also revealed by
a wniting test, by the clinical behwior and by the ability to tol-
erate longer an altitude of 7,000 m The 1mproscment n tolerance
seemed greater for those subjects, thirteen n all, whose tolerance
to altitude was imtally greater

The rehtionship between the consumption of carbohy drate
foods and tolerance to altitude was thoroughly studied during the
war period m several lnboratories throughout the country, gen-
crally m projects sponsoted by the Committec on Medical Re-
search of the Office of Saientific Research and Development The
results obtaned are i good agrcement and furmish a most 1m-
pressive solution of the problem

King, Bickerman, and associates (1945) have reported the
results of a very thorough study of the effect of the composition
of pre fight and m flight meals on tolerance to altitudes of 15,000
to 17,000 ft The acquired tolerance was measured by 13 separate
tests, but 1 the mterpretation of the data, two tests only were
sclected for primary emphasis, 1e, the block placement (Um-
versity of Minnesota) test and angioscotoma records, as cnteria
of psychomotor performance and of corticoretinal function
(Chleﬂy penpheral vision), respectively The report contams 1llus
tratine records companng 65 hour fast with breakfasts and
lunches carrymg 600 to 800 calories and contamming high propor-
tions of carbohydrate, protem, or fat Diet groups of 10 men each
were employed Tasting beyond four to five hours was found to be
least favorable to altitude tolerance and ugh-carbohydrate meals
most favorable Dietary protem merements from 10 to 20, 30, and
40% of the total calories were accompamed by decrements m
altitude tolerance Tats were mtermediate m therr effects In
terms of equnalent altitude (or gain mn “ceiling”), carboly drate
showed a saving over proten of approximately 2000 ft n the
12,000 to 17,000 foot range (King, 1946) The authors arc careful
to state “These findings pertan to immediate pre-fight and -
fight feeding and do not connote departures from normal re-
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similar m purposc and n outcome to those of King et al The
critena 1 thus case were changes m bload gases, n the composi-
tion of alveoler air and m psychomotor and psychological per-
formance Unfortunately the vahidity of average changes 1n test
measurement was not tested statistically, contrary to King's prac-
tice The presenibed test meals contamed 750 cals each and were
Ingh m carbohydrate or lugh m both proten and fat In some
tests the subjects were permutted to choose the quantity and type
of food consumed Again, there was an indicated gam m altitude
tolerance on the lugh-carbohydrate meal over the high-protein
Iugh fat menl, estimated to range from 1,000 to 2,000 ft at an
altitude of 17,000 it It 15 important to note, however, that when
the subjects were permitted to choose their pre-flight meals their
altitude tolerance was decreased compared with the high-carbo-
hvdrate meals by only some 500 ft The authors also comment on
the fact that, 1n so far as this increase m altitude tolerance m-
duced by carbohydrate food 15 traceable to an elevation 1n the
respiratory quotient, 1t would not be expected to appear under
condstions of oxy gen mhalation

At the Smoly Hill Army Air Field at Salina, Kansas, Green,
Butts, and Mutholland (1945) remyvestigated the relationship of
anoua suscepubility to diet, using 50 subjects and exposures of
two hours to a simulited altitude of 17,000 ft without oxygen
The two pre fight meals tested contamed 69% carbohy drate,
21% fat, and 10% protemn n one case and about equal propor-
tions of these classes of organic nutrients n the other The tests
employed for the evaluation of anovic effects were a single
dimensional pursuit test, a vision demonstration card test, an arith-
metic test, a cube-placing test and an angtoscotomata test Statis-
tical methods were used m mterpretmg the data secured The
advantages of the high carbohydrate meal were evident gen-
erally, although the magnitude of the mdicated et differences
(ranging from 4 to 50% ) and the degree of confidence n their
reality differed Contrary to the expenence of King and associates,
the angioscotomata test was the least sensitive to diet effects In
commenting on their findings, the authors say—

“In the operation of awrcraft small differences m mental fune-
tioning and psychomotor co ordmation may produce errors m
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quirements or good practices relative to the food mtake as «
whole ™ The authors, n commenting on the advantages of carbo-
hydrate foods, emphasize the mmportance of mamtaning the
glycogen reserves of the body at altitude In a private communica-
tion, King expresses the opimion that the evidence of these expen
ments favors the view that carbohydrates, as compared to protein
foods, also afford some protection agamst syncope at altitude In
a later publication, King, Bouvet et al (1945), show that pre-
flight carbohydrate meals hold their advantages for six hours over
Ingh-protem high-fat meals In all of these tests the distortton
1 the test meals of the proportions of the various organic nutnents
was rather extreme

McFarland, Halperin, and Niven (1945) found that anova
(simulated high altitude ) 1mpairs the differential intensity thresh
olds for vision at low bnghtness levels, and that the ingestion of
50 gms of glucose durmg exposure to low-ovygen tension results
m a considerable decrease mn the imparment due to anoxva In
three subjects, this decrease amounted to 42, 25, and 48% Under
ground level conditions, sugar ingestion does not merease visual
sensthivity n dim hight At altitude, the anti-anoxic effect of sugar
on this function parallels the concentration of sugar i the blood,
and seems to depend upon blood sugar level From the work of
King and of McFarland and therr associates, one may conclude
that anoxia restricts the field of peripheral vision and depresses
visual sensitivity in dim hight, and that with prior sugar feedmg
both impairments 1n visual efficiency are considerably lessened

A possible adverse cffect of sugar feeding pnor to alttude
ascent 1s pomted out by D'Angelo (1946b) who noted that the
ingestion of glucose at moderate altitude “can cause the develop-
ment [within a 10-hour period) of secondary hypoglycemic re-
actions sumlar to those induced at ground level, and sufﬁcxentlx
marked to affect adversely well-bemg and efficiency m fight
While sugar tolerance 1s not apprecinbly altered at moderate altr-
tude (8,000 to 10,000 ft ), ‘There 1s suggestive evidence
that the homeostatic mechanism controlling blood sugar level is
affected ”

The expenments of Echman, Barach, and others ( 1945), while
mnvolving fewer subjects and different critena of tolerance, w.ere
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sumlar m purpose and m outcome to those of King et al The
entenn n this ease were changes in blood gases, m the composi-
tion of alveolar air and 1 psychomotor and psy chologieal per-
formance Unfortunately the vahdity of average changes n test
measurement was not tested statistically, contrary to King's prac-
tice The preseribed test meals contuned 750 cals each and were
ugh m carhahydrate or Iugh i both protein and fat In some
tests the subjects were permitted to choose the quantity and type
of food consumed Agun, there was an mdicated gun n alutude
tolerance on the Ingh carhohydrate meal over the hugh protem
Tugh fat menl, eshmated to range from 1,000 to 2,000 ft at an
altitude of 17,000 ft It 15 important to note, how ever, that when
the subjects were permitted to choose their pre-fight meals their
altitude tolerance was decreased compared with the hugh carbo-
hydrate meals by only some 500 ft The authors also comment on
the fact that, 1n so far as this increase n altitude tolerance in-
duced by carbohndrate food 15 traceable to an elevation 1 the
respiratory quotient, 1t would not be expected to appear under
conditions of ovy gen mhalition

At the Smoky Hill Army Air Tield at Salna, Kansas, Green,
Butts, and Mulholland {1945) remvestigated the relationsiup of
1o susceptibility to diet using 50 subjects and exposures of
two hours to a simulated altitude of 17000 ft without oxygen
The two pre fhght meals tested contaned 69% carbohydrate,
219 fat, and 10% protemn m one case and about equal propor-
tions of these classes of orgamic nutrients in the other The tests
cmployed for the evaluation of anovic effects were a single
dimensional pursut test, a vision demonstration card test, an anth-
metic test, a cube placmg test and an angloscotomata test Statis-
tical methods were used m nterpreting the dath secured The
advantages of the hgh carbohydrate meal were evident gen-
erally, although the magnitude of the indicated diet differences
(ranging from 4 to 509 ) and the degree of confidence m their
reality differed Contrary to the cxperience of king and assocates,
the angroscotomatn test was the least sensitne to diet effects In
commenting on their findings, the authors s1y—

In the operation of arcraft small differences 1n mental fune-

tioning and psychomotor co ordmntion may produce errors
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Judgment and reaction responsible for mnaccurate bombing, poor
marksmanship or loss of the amrcraft

“Consideration of these factors suggests that the anthmetical
advantages of hugh carbohydrate feedmgs may be indicatise of
more significant gains to be had in the form of safety and efficiency
mn flight ” Subjective 1mpressions of efficiency generally favored
the high carbohydrate meal although 1t was the less prlatable

The authors conclude “Suscephibility to anovia may be reduced
by the feeding of diets hugh m carbohydrate prior to ascent The
magmtude of this effect 1s sufficient to justify 1ts employment in
the feeding of personnel engaging m flight under conditions of
actual or anticipated Jowered ovy gen pmtial pressure’

A dufferent approach to the problem of the relationship of diet
to altitude tolerance was taken n the experiments of Riesen
Tahmisian and Mackenzie (1946) The distinctive features of
thewr plan were to superimpose beverages contamnmg 80 gms of
glucose or smulated drmk contaming saccharme to a diet of
chorce, 80 to 50 minutes after the supplemental beverage, the
subjects were decompressed to 27,000 ft, where fulmmaitmg
anovia rapudly leads to unconsciousness and death, the oy gen
mashs were disconnected and the time till unconsciousness super
vened was taken as the measurement of the effect of the supple
mental feeding, unconsciousness was 1evealed by the mability to
contmue writing dictated dittres Taking the pooled data from 39
tests without glucose and 38 tests with glucose, the prolongation
of consciousness mduced by glucose feeding aveiaged 73 5 sec
onds, representng an edvantage of 30% aver no glucose The t
value of 43 testifies to the lugh sigmficance of the difference At
80,000 ft the advantage of glucose feeding, while sigmficant at
the 5% level, amounted to only 17% When the tests are made
60 to 80 minutes after ingesting the test beverages, the sugar ad
vantage 1s not evident for tramed fhiers but 1s still Tughly sigmf
cant for untramed fiers The authors note mn this connection that
the protection afforded by sugar agawst this extreme degree of
anoxia parallels the blood sugar level .

In emphasizing the mmportance of thewr findings, Riesen etbﬂ
pomt out ‘In entical sttuations such as bail out, loss of cabm
pressure, or fallure of oxygen systems additional seconds of con
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100 gm of glucose had hitle effect on the phosphate excretion
Polonovsk: {1948) reported some shght effect of sugar, but the
excretion of total base m the urme at alhtude was not shown by
Beyne, Boy, Leduc, and Polonovshi (1945) to be conssstently
modified by pre-feedmg with sugar

McFarland and Forbes (1940) hwe reported some very sigmfi
cant stucies on the relationship of alveolr ovvgen tension and
blood sugar level to visual dark adaptation The former was vared
by varymng the oxygen concentration m an experimental chamber
mamtamed at about 70°F , with constant ventilation and constant
total barometric pressure The latter was vaned by glucose mges
tion or msulin admmistration The background of the study 1
well stated by the authors 1n the following words

“The functioning of the central nervous system appears to de
pend upon a contnuous and adequate supply of onygen and
glucose When the concentration of esther of these substances m
the blood 15 Jowered to approvimately one-half of its usual level
there 1s sigmficant imparment n cerebral function At one third
or one-fourth of the normal level, the individual lapses mnto eoma
The effects of mild, intermediate, and severe degrees of anowa on
sensory and mental functions have been extenswvely studied In
the case of hypoglycemia however, only the relatively severe
effects have recewved attention, mostly m connection with the
treatment of diabetes and more recently i relation to the msulm
shock treatment of schizophrema ™

Using 10 subjects varying m age from 25 to 87 years and meas
uring light sensitiaty with the Hecht adaptometer, both the rod
and the cone portions of the dark adaptation curve were elevated
by anoxa and by msuhn, while the mgestion of glucose (70 to 80
gms ) largely counteracted the anoxic effect withm six to eight
mmnutes High correlations were demonstrated between changes
m the visual threshold (A log I) and the aheolar oxygen tension
(r=-089 % 003) and between Alogl and the glucose con
centration of the blood (r = —0 87 = 004) The lughest correll
tion was obtamed between A logI and the product of alveolr
pO. (mm Hg} and the sugar concentration of the blood {mg %)»
with r== ~0 96 = 001 Agamn quoting the authors

“The experiments reported above lend support to the hypothesis
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been noted above Since this impairment 15 corrected (partaally
or entrely) by puor glucose feeding, 1t seems unlikely that a
pre-feeding of vitamin A would also exert an ant anovie effect,
smce the relation of sugar and of vitamm A to viston are so en
tirely different McDonald and Adler (1939) showed the anovce
effect and the vitammn A effect on dark adaptation to be addiive
King (1943) did not observe a significant disturbance mn the con
centration of vitamin A m the blood plasma dunng mild ancwa,
the data secured being extremely variable

The effect of ascorbic acid on alatude tolerance m man has
been studied 1n a number of laboratories with 1ather mconsistent
results The experiments of Ivy and assocrates (see Krasno, Cilley,
Boutwell, and Ivy, 1945) at Northwestern Umversity were con
cerned, among other things, with the cffect on human subjects of
the degree of ascorbic acd deficiency induced and of the disturb
ance of the metabolism of the vitamm by mild anoxia Groups
of seven ta 11 subjects were exposed repeatedly to 18,000 ft wth
out supplemental oxygen, and to 85,000 ft with pure oxygen for
one hour The basal diet was adequate and contamed about 90
mg of ascorbic acid per day Dumng several weehs of repeated
exposure to mild anoxia, the urmary output decreased from 34
mg to 12 mg per day, and the blood plasma level of the vitamm
dropped from 078 to 058 mg % These changes are mterpreted
as mdiwcative of mereased utilization of ascorbic acd mn anoua
On exposure of the men to 35,000 ft with oxygen for one hour,
the urnary excretion of ascorbic acid and the blood plisma level
mereased The urmary excretion of total fixed base first mcreased
at altitude, and then decreased, leaving the total output unaltered
In mterpretmg their findings, the authors state

“In view of the role that ascorbic aead plays i cellular ouida
ton-reduction reactions, its presence normally m 2 reltnely
high concentration m the adrenals, and the observation that the
vitamin may be depleted by repeated exposure to anoxia, \wluc};
also depletes body base, 1t 15 suggested that liberal quantities 0
frunt or frut jutces be supplied m the diet of aviators and pitients
who may be subject to exposure to discontinuous or contmuous

anova” .
Tt has been suggested that the decreased wrme content O






>
afforded no 1mprovement.
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mended allowances of the Food and Nutrtion Board of the
National Research Couneyl, the subjects remauned m good health
on this diet for four to almost seven months without any evidence
of physical deterioration as measured by phystological responses
to standard exeraises as on the bicycle eigometer, with bar bells
and with dumb-bells, by clnscal abservations and by analyses of
blood and urine

Exhaustve work (66 to 77 cals per mm ) on the bieycle
ergometer was performed twice each weel at a ssmulated altitnde
of 15,000 ft and three times weekly at ground level Although
the work capacity of the men on the basal diet averaged at alt
tude only 60% of that at ground level, mereasmg supplementation
of the diet with thiamine and riboflavin up to 275 to 8 mg duly

The authors concluded that * Thiarmm or nboflavin restnction or
supplementation had no apparent effect on the work output m
any of the subjects”

Another mteresting observation 1s described by the authors of
thus report as follows ‘Traming did not appwently ncrease the
tolerance to anovia at comparative rest However, the observa
tions on the herght and rate of return of the pulse rate, togethe:
with the data on the work output, pownt definitely to an mereased
tolerance to anovuia dunng and 1nmediately after work as the
traming progressed

Our observations demonstrate that a program of physical
tramng conducted at ground level can contnibute to ncreased
efficiency for work at hugh altitude They suggest that such a pro
gram of tramnmg may 1 a measure tahe the place of acchmatiza
tron wn mountamous regons ”

FOOD ACCEPTANCE AT ALTITUDE

The problem of rationing aviators and troops stationed at h\gl;
alatude 1s not by any means determmned solely by nutntiona
considerations As Dove (1946)well says “Lach food must be
cvaluated not by what 1t possesses but by what it gives to the
consumer, and 1t gives to the consumer 1 gross value 1ts per
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cent value per umt waght times the weight of food accepted”

Caperiments on fuman subycets reviewed above hve shown
conclusinely the value of carbolw drate foods consumed pnor to or
dunng fhelt m rasing alitude tolerance But unfortunately
actual practice the problem 15 not so eimple Quoting from an
unpublished mwuseript (1946) rssued by the Army Awr Force
entitled “Diet 1n relation to pilots fatigue * “Diets Jugh m carbo-
Ihdrate and vers low 1n protan are not particularly the type that
hav e the most appetite appeal Actunl tests made i feeding
Arr Crews these Ingh carbohydrate Jow protem menus showed
very poor consumption of the Ingh carbohy drate foods van-
ety and quality of the Ingh carbohydrate food items my merease
their acceptability In the meantime the mclusion of ngh
crboln drate “snachs” such as the Air Crew Lunch’is a step i the
nght direction”

The factors affecting food preferences have been discussed by
Lppnght (1947) and some of the charactenstics of human appe
tite by Goet.l and Stone (1946) Approaching the latter subject
expenmentally, the authors observed a defimte correlation of
threshold values of the sense of smell one factor m appetite, with
the energy content of the food consumed i all subjects
and at all imes meals were preceded by a period of sigmficantly
dechmng and followed bv one of sigmificantly nising threshold
values of the sense of smell

But the pertinent problem for tins section of the report 1s that
concerned with the cffect of altitude and anowia on appetite and
food acceptance The Naval Medical Research Institute (1945)
has reported eapenments designed to ascertam  whether rats
will select an optimal diet with respect to salt for the satsfaction
of nutnitional requmrements under conditions of alutude anova
No difference was noted between the mtake of st (or of water)
at ground Jevel and at alitude Gellhorn and Halman (1943)
i their discussion of the effect of anovit on the sense orgns aite
data by Hingston (sn turn ated from Barcroft) mdicitng a
dimmution of taste sensations and mability to tiwte ontons and
peppermunt at an altitude of 16,500 ft Irniedemann (tndated)
has made further aitations from the expenences of Major Hing-
ston as medhcal officer of the Mount Lyverest Expedition of 1924
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se of our literature coverage Swnce it may be of value to the
ers of this book, 1t has been condensed n tabular form and
ented on page 152 without further comment

CONCLUSIONS

he effects of altitude on animal metabolism are due predom-
I to a diminished partinl pressure of ovygen m the nspired
wd 1n the alvecolar ur The anoxia thus produced may not
+t the basal metabolic rate appreciibly, though the evidence
nflicting on this pomnt, nor the efficiency with which muscular
L 15 done, but 1t clearly depresses the mental facultes, the
ty of sensory impressions, the will to work, the endurance of
hing and the work capacity The respiratory effort required
ansfer 2 unit of oxy gen from the ambient air to the alveoh 1s
onrse nereased, and the hyper-ventilabion mduced will in-
sc to some extent the evaporation of water from the respra-
passages Under greatly dimmished partial pressures of oxy-
the renal function and the motor, secretory and absorptive
tions of the gastromtestinal tract may be impawed The
abolism of carbohydrates 1s definitely disturbed, though the
srimental evidence as to the direction or the extent of the dis-
ances 1s not unequivocal, except possibly for the induction of
ctaciderma
hese disturbances m body functioning mduced by anoxic
x1a are not known to mcrease nutrient requirements with the
sible exception of water, and here the mcrease would not be
siderable There are suggestions that the requrements for
tbic acid, for thiamne and for mcotinie acid may be m-
ised, but there 1s nothing approaching a demonstrahon m
nan nutrition
ertain dietary alterations m pre-flight and m flight meals have
n shown to increase tolerance to altitude, equnalent 1 human
Jects at altitudes of 15 000 to 17,000 ft, to about 2,000 ft This
rease m tolerance relates to the difference between hugh-
bohydrate and lugh protem meals The difference m altitude
rance associated with presenbed lngh carbohy drate meals and
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to post-flight meals In fact, m view of the apparent preference
of men for sweet foods at Ingh altitudes and ther distaste for
Ingh protem foods, free choce meals may serve the purpose
Candy sncks, preferably sugar eandy, mught be » wsely provided
for prolonged fhights

1t should be noted m particnlar that the favorable effects of
curboln drate foods on tolerance to anoua hase been obsenyed
under conditions of aw breathing but at altitudes where normalth
pure oxigen would he provided There 1s some reason to behieve
that much of the favorable effccts of carbohy drate foods would
not be cvident during ovy gen mhalition exeept at very ugh alt-
tudes Direct mi ostigation of this problem 15 needed

The experiments on anmmals concerned with albitude tolerance
and ts modification by dietany means are often conflicting among
themseh es and 11 contrast to human experience As an example,
the unammoush favorable effects of carbohydrates observed on
human subjects have, as often as not, not appeared 10 ammal
ewpeniments These discrepancies mdicate erther that the technic
of ammal experiments of this type 1s imperfect, or that nforma-
tion secured on anmals 1 frequently mappheable to man or both
A common fault m anmal experiments 15 to disregard and to
leave uncontrolled the food intake of the experimental ammals,
mn spite of the fact that the level of food mtake, particularh when
madequate, 1s {and has been shown to be) an important determs
nant of alttude tolerance
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Chapter V

PRACTICAL CONSIDERATIONS

he cxperimental and observational findings presented and
discussed n the varous sections of this book have estab
lished certan facts clearly and certam probabilities that need
further exploration These facts and probabilities relate to (a)
physiological effect of chmatic factors, (b) effects of chmate
stress on nutrient requirements, and, (c) effects of dietary mod:
fications on tolerance to chimatic stress In the followang discus
sion, we shall consider the last two items only Basing judgment
upon human experimentation and experiences only, 1t seems clear
that chimatic stress may modify greatly the body’s requirements
for food energy (calories), for water and for salt It 1s less cer
tam, though probable, that under conditions of excessive sweat
ing the requirements for on and for calcium are mereased, there
1s still less assurance that m anouc anoxia mduced by alttude
the need for ascorbic acid, for thiamme, and for meotue acd,
may be rased
On the other hand, 1t can be said confidently that certain
dietary modifications merease man’s comfort and efficiency under
chmatic stress, and Ius abilty to tolerate such stress Carbohydrate
and fatty foods are more beneficial than protemn foods 1n com
bating the damagimng effects of cold on heat balance and on tl}c
efficiency of neuromuscular and psychomotor performance, while
carbohydrate foods are outstanding as compared with both fat;y
and protem foods 1 promoting tolerance to altitude, particularly
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PRACTICAT CONSIDFRATIONS 169

the anonie effects, but also the ssmptoms of decompression sich-
ness (acroembohsm) The favorable cffect of sugar m combating
the mpuments of vision nduced by anoua are pasticularly note-
worthy  These imp urments mvolve a restrichion i the fiddd of
penipheral vision and the acuity of vision m dim hight The effect
of dictary carholivdrates 1s quite otherwise w alleviating ahdann
nal g1s puns at alitude These symptoms can, however, be pre
1ented or alleviated v certam dictany precauhions, not very well
defined, and v mimmizing air swallowmg Tor men only mod
erately actnve, the speeific dyvnamie action of food 15 a relatnely
smill item both m withstandimg heat and i resisting eold, and
beeomes even Jess sigmificant as actinity mercases The “glamor
nutnients,” the vitamins, seem to confer no clearly marked or con
siderable effects on tolerance to clmatic stress when consumed
m amounts exceeding the demonstrated requirements 1 a non
stress environment A possible exeeption to the latter statement
mw be thiamme under conditions of muscular work n severe
heat, supplements of which mwy exert a favorable effect on en-
durance

The effect on tolcrance to ensronmental stress of the dictary
modifications mentioned abos e was demonstrated gencrally wath
diets (or with meals) invol mg considerable distortions of the
usul proportions of carbohy drate proten and fat Furthermore,
n order to demonstrate the effccts more clearly, they were ob-
tamed under condstions of mcomplete protection by usual pro
cedures agamnst the stress studied, 1e , n the cold experiments the
subjects were deliberately underclothed to mduce a cold damage,
or at altitudes where oxygen nhalation 15 ordinanly practiced,
the subjects mspired ambient air to mduce anouc damage These
are Justifiable experimental procedures but procedures neverthe-
less, that modify the practieal appheability of the observations
secured

Where climatic factors mercase the appetite for those classes
of foads shown to be hencfiaal to tolerance, such as an mcrcased
appetate for fatty foods 1 a cold environment (if such an wncrease
oceurs generally ), or for sweet foods at altitude, the presenption
of appropriate” dicts for dhiferent chmites n accordince with
expenmental findings becomes more feasible
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PRACTICAL CONSIDERATIONS

he cxperimental and observational findings presented and
discussed 1 the various sections of tlus book have estab
lished certamn facts clearly and certam probabilities that need
further exploration These facts and probabihtes relate to (a)
physological effect of chmatic factors, (b) effects of chmatic
stress on nutrient requirements, and, (c) effects of dietary modt
fications on tolerance to chmatic stress In the followng discus
ston, we shall consider the last two items only Basing judgment
upon human experimentation and expenences only, 1t seems clear
that chmatic stress may modify greatly the body's requirements
for food energy (calortes), for water and for salt it 15 Jess cer
tam, though probable, that under condhtions of excessne sweat
g the requirements for won and for calcum are mcreased there
1s still less assmance that i anovic anova mnduced by altitude
the need for ascorbic acid, for thiamme, and for meotmc acid,
may be raised
On the other hand, 1t can be sard confidently that certaw
dietary modifications mncrease man’s comfort and efficiency under
chmatic stress, and his ability to tolerate such stress Carbohy drate
and fatty foods are more beneficial than protem foods m COY;:
bating the damagmg effects of cold on heat balance and o8 tde
efficiency of neuromuscular and psychomotor performance, while
carhohydrate foods are outstanding as compared wath both fﬂi;}
and protem foods m promoting tolerance to aliitude, particularly
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the anovie effects, but also the symptoms of decompresston sich-
ness (acroembolism). The favorable effect of sugar in combating
the impurments of vision mduced by anoua are particularly note-
worthy  These impairments muolve a restriction in the field of
penipheral vision and the acuity of vision m dim light The effect
of dietary carboln drates 1s quite otherwise m alleviating abdom-
nal gas puns at alutude These symptoms ean, howeser, be pre-
vented or alleviated by certawn dictany precantions, not very well
defined, and v mimmuzing air swallowing Tor men only mod
erately active, the speerfic dyvnamic action of food 15 a relativels
small stem both i withstanding heat and i resisting cold, and
becomes even less sigmifiemt as activity nereases The ‘glamor
nutnents,” the vitamns, seem to confer no clearly marked or con-
siderable effects on tolerance to chimatic stress when consumed
m amounts exceeding the demonstrated requirements mn a non
stress enmvironment A possible exeeption to the latter statement
m1 be thiamme under conditions of muscular work 1n severe
heat, supplements of wlnch may cxert a favorable effect on en
durance

The effect on tolerance to environmental stress of the dictary
modifications mentioned above was demonstrated generally with
diets (or with meals) mvolving considerable distortions of the
usual proportions of carbohydrate protemn and fat Furthermore
m order to demonstrate the effects more clearly, they were ob
tuned under conditions of mcomplete protection by usual pro
cedures aganst the stress studied, 1 ¢, 1 the cold experiments the
subjects were deliberately underclothed to mduce a cold damage,
or at altitudes where oxy gen mhalation 1s ordmanly practiced,
the subjects mspired ambient arr to induce anovic damage These
are justifinble experimental procedures, but procedures, neverthe
less, that modify the practical applicability of the observations
secured

Where climatic factors merease the appetite for those clisses
of foods shown to be beneficl to tolerance, such as an mecreased
ppetite for fatty foods mn a cold environment (if such an mcrease
occurs generally), or for swect foods at alutude the preserniption
ol appropniate diets for different climates m accordince with
cxperimental findings becomes more feruible
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At Varoyg DPlaces 1, this report (seq Pages 41, 92, ang 151),
as been noted thy ammg] evpemnentahon has furmished an
unsafe gy to humg, Tesponses to chmatye and dietary changes

and Mteractions Somar Y anma] fals o Tespond
come - vanably eyert , definite
r “Udll, but mere often the Iabomtory anma] rg

Sponds tq 4 dietary, change g s withoyt appreciable effoo on
the humap Often the results of anmmg] e¥pertments dealing vy
the same dletaxy and climgy,,, factors aye Seemmngly confusing ang
contradzctory Posg; Iy some of tins Apparent dtscrepancy be-
tween the results of aMma] apg human CXPerimentatigng 1s due
to the fact that the chmatye stresg apphed 1 ¢he former expernt
ments ;¢ often gore Severe, especxaHy anoxie stress, than that

tion tg ¢q Problem of the relatxonsbzp B man of nygrpe, and

chmatie stress Ho“ever, amma] ePermentatygy along these

Iines, when Perfecteq, will afforg valuable contributions ¢, gen

eral apg COMparatyye plxysxology and to COMparative nutrtion

Some Problemg within the area under discussion may, from ther

very Nature, Tequire anmga} e\’perlmentatxon because of the pro
m

To the authors, the evaluatioy of human dietares, under exther
Stress or Non-stregg condmons, b animaj e‘:penmentatwn, espe
eally by yeo of the ubiquitoys albine Tat, cannot he ]ustlﬁeld:
althoughy ¢, 2 1ot uncommgy, Practice ( Wilhams, 1947) Qual
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genertlly responds so differently, m kind or degree, from the
human as to render comparison difficult

It would therefore seem reasonable to recommend that the
problems 1 the field under discussion to be noted below be
studied with human subjects, and that the Jaboratory ammal be
used only n “pilot tests Turthermore, we agree wath Dill (1947)
that “Laboratory myestigntions that concern man i Ins everyday
hfe, whether at work or at war, require an accompwniment of
field stuchies 1f they are to have reahsm and vitality ”

Information on the followng problems in the relationship of
nutntion to chmatie stress 1s needed

1 The quantitatne effects of chmatic factors on the nutritive
requirements of men 1s almost an unexplored field of study, even
the vartions of energy requirements with chmate and weather
changes Current textbooks on mutrition, by their omussion of
reference to such effects or their madequate treatment of them
convey the mmpression that nutnitive requirements are the same
for all env ironments, with onc or two notable exceptions Changes
m energy requirements should modify the requirements of all
those micronutrients, mineral or vitamm 1n nature, whose func
tions are concerned with the liberation of energy from the macro-
nutnients, the carbohyvdrates, fats and protems The solution of
the problem whether nutnti e requirements prevailing m a pro
tected environment are modified 1n a stress environment has not
proceeded very far

2 The cffect on tolerance to mtense cold of {a) dimimshing
the mten als between meals with meals of different character and
(b) wserting snacks of different composition (sugar candy, sind
wiches, ete ) between the regular meals There 1s reason to believe
that such extra meals or snacks, m proportion to therr contents of
carbohydrate and fat would exert a favorable effect on tolerance
to cold (Mitchell et al , 1946), as well as contrnibute to an ade-
quate calone consumption, which 1s so often difficult to attamn
under field concitions

3 The losses of mmerals n sweat and particularly the mineral
balances and requirements of cileium and of ron under condi-
tions of profuse sweatmg (sec pages 88 and 89), need further
study Before such losses can be assumed to represent mcreased
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requirements, 1t must be shown that they are not associated with
compensatory decreases n losses by other channels, such as
Ldney, or mtestmal mucosa

4 The effects of carbohydrate, fat, and protem meals (or
snachs) on the tolerance to anovia under conditions of axygen
mhalation at very Jow pressures, equvalent to altitudes of 40,000
ft or more Are the effects of sugar supplements and of ovygen
mhalation on tolerance to anovia additive?

5 The effect of the character of the diet, the distnbution of
meals, and of dietary supplements between meals on the rate of
acchmatization to heat and to anoxa

6 The effect of mtense heat, mntense cold and hypova at alt
tude on preferences for different kinds and classes of foods and
for different methods of food processing and preparation The
techmie of such tests should be perfected with reference to ther
physwological aspects and then statistical mterpretation (see
Henderson, Bean and Ashe, 1945, for example)

7 The relative acuity of the senses of taste and smell under
different condttions of chimatic stress

8 The comparative effect on tolerance to cold, to heat and to
hypoxia of those diets shown to be most favorable m these cl
mahc situations with those rabions n current use 1 regions where
such stresses prevail or recur penodically From the mihtary
standpomt, a companson of these expenmental rations with
rations which, m the expenience of the OQMG, have proved to
be most satisfactory m the Army

9 Tundamental phystological mformation concermng the
effect of diet under conditions of chmatic stress on those organs
and systems of the body most mtimately concerned with tolerance
to such stress, because of their functions n regulating the heat
economy, the body tempeiature and the transfer of myg]en from
the atmosphere to the tissues These systems are the pu mOmr‘eY
system the cardiovascular system, the blood, and the shg, :epen
senting the mam area of contact between the body ;m 3 Sqter
vironment The properties of the shin to hold and to release ;: p
under cimatic variation, to msulate the deep tissues of the 1? })‘(’
to protect 1tself agamst the damaging effects of direct suniig
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and to combat parasitic mvasion (bactenal, fungal and 1nsect),
mny possibly be mfluenced by diet”

RECOMMENDED INCLUSION IN FEEDING PRACTICES OF
INFORMATION DISCUSSED IN PREVIOUS CHAPTERS

Certam facts on the interrelations between diet and climatic
stress have been clearly established Whether these facts warrant
modification of rations for traops, or non-miltary expeditions,
ar resident communtties m different climates or subjected to dif-
ferent clhimatic stresses, 15 a matter inolving many other consid-
crations Any merease i the number of standard rations for
Army or other use should offer distinet and considerable advan-
tages over present rations 1 greater efficiency of personnel under
the conditions for which they have been designed The proposed
additional rations should be Inghly acceptable so that thesr con-
sumption i adequate amounts would be assured Therr pachaging,
transportation and preservation should be possible 1n a practical
and satisfactory manner

The advantages of certamn tvpes of diets m certan chmatic
situations have been shown to be distinet, but as compared with
prevaiing Army rations there 1s no assurance, from evidence at
present available, that these advantages would be considerable
In the field of aviation, the engmeerng and technological ad-
vances in combating bends and anovia (pressure breathing, pres-
sunzed cabwmns, pre fhght denmitrogenation, improved oxygen
equipment) are so much more effective than dietary (or menu)
modifications as to render the latter of Lttle, 1f not msigmficant,
importance 1n most situations, combat or otherwise

Reference might be made here to the studies of Haldi, Giddings and
Wynn (1942) on the dietary control of water content of shin of Edwards
and Duntley (1939) on shin pigments of Mayr (1943) on cutaneous nutrn-
tion and bolism and therr 1nfl on the healthy and the diseased
shin of Amersbach et al (1941) on the effect of vitumin deficiencies toue
agents and cosmetics on skin respiration of Radsma and Nizar (1938) on
dermal production of lactic acid and of Burtenshww {1942) and Corubleet
(1933) on the shin’s capacity for self disinfection
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It is conceivable, however, that certain critical situations may
make it advisable, or even imperative, to take advantage of every
available expedient to supplement engineering and technological
equipment in promoting personnel efficiency. In polar or sub-
polar missions, appropriate dietary modifications may reduce to
some extent cumbersomeness of the protective clothing that need
be wom; in airplane flights at extreme altitudes appropriate pre-
flight and in-flight meals may well contribute significantly to
operational efficiency, or may reduce significantly the hazard of
explosive decompression resulting from combat, when seconds
of prolongation of effective consciousness may mean the differ-
ence between life and death.

In these situations all available information on the interrelations
of diet and climatic stress, as well as the information to be secured
from future research, should be valuable to the OQMG, for
example, in discharging its functions in the Army. It may be put
to good use in devising special rations (or meals) for critical
situations and in the indoctrination of personnel with regard to
on-duty feeding practices.
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ADDENDUM

Since the above abliographsy was compiled an mmportant series of
reserrch bulletins has appeared from the Missount Agneultural Expen
ment Station under the general title Lnttironmental Physiology with
Special Reference to Domestic Ammals by Dr Samuel Brods and lus
collaborators The research bulletin numbers are 423 425 433 436
449 430 and 451

Attention should also be ealled to 1 revies of eusting knowledge on
The Lffects of Temperature Humidity Arr Motement and Solar Radia
ton on the Behavior and Physiology of Cattle and Other Farm Ammals
b Dr 1 D Pindly and published by The Hannih Dairy Research
Institute Karklnil Ayr, Scotlind
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