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THE JOSIAH MACY, JR FOUNDATION
CONFERENCE PROGRAM

DuRING THE I asT hfteen yeurs the Josiah Macy, Jr Foundation has
orgimized more than twenty conlerence groups each group meeting
for at lewst tno days annunlly over a pertod of five or more years Each
meeting 1s limited to twenty five parucipants (members 1nd guests)
selected to represent a multidiscipline approach to some urgent
problem 1n the field of medicine 1nd health The goal of this con
ference program 1s the promotion of communication the exchange
of 1dens and the stimulation of crexuvity among the participints
The purpose of the publication of the Transtctions of the meetings
1s to share as far as possible the conference process with a lrger
audience than could participite personilly n the discussions
These conferences provide n opportunity for informal give and
take mmong the pwrucipants To further this purpose the number
of presentatzons planned lor eich dy 1s generally restricted to one
ar two The metaber or guest selected to give such a presentation
1s requested not to read 1 paper  but rather to hughlight m an
nform1l manner some of the more interesting aspects of s or her
tesearch with the expectauon that there will be frequent wmterrup
tons by parucipants m the form of questions c¢riticism or com
ment Such mterruptions during the course of a presentition ire
encourtged and form an essential pare of the group mterchange
The conference prograim has aluays been viened by the Foun
dation 15 an e<periment in communtcttion 1 which there 1s room
for mmprotement md need for frequent reappramsal Sufficient ex
pertence has already been guned to jusufy the conclusion that thrs
type of conference 1s an effectine way of improving understanding
among screntists 1n medtcine and alled disciplines of broadening
perspectives of changing tttitudes wnd of overcoming prejudices
The further conclusion has been rerched s the result of this espert
ment that the mijor obstructions to understinding among scientists
Lie 1n the resistince of human attitudes to change rither than m
difficulues of technical comprehension Less extensne experience
with non scientists has indrcated that the effectiveness of this type

11
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REDUCING A LARGE EFFICIENT HOMOTHERM
TO A POIKILOTHERMIC STATUS

ALLEN D KELLER

Physiology Department

1" S Army Medical Research Laboratory
Fort Knox Ky

IN a1y PRESENTATION 1 @ ILL DISCUSS one test situation and stx expert
mental vanables Figure 1 illustrates the test situation, however,
Figures 1 to 20 {(with the exception of Figures 4, 8, 10 11, and 19)
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Ttouke 1 Core temperatute (deep colonic) response to 4n abrupt moderately heavy
<goling load (air temperature 3°C.) i an unoperated healthy mongrel dog (dog 16)
There was an immediate nise of core temperature from 38° to 39°C after which 1t re
turned 10 and was maintained at 39°C for the duration of the exposure

= shivering

13



14 Cold Injury

will be the same, as fr as ordimates and abscissis are concerned
The end pomnt recorded 1 Figure 1 1s the deep colonic temperiture
of a mongrel dog, after 1t had been subjected abruptly to a heavy
cooling lond, as mdicated at the bottom of the figure

The animal was taken from 1ts cage Jocated in a neutral emssron
ment (24°C ) and placed m a similar cage Jocated m a refngerated
raom n this case 3°C Then 1t was equally abruptly removed from
the cold and returned to 1ts originil cige Durng the anmal’s so
Journ mn the cold, 1t did not hue benefit of food m 1ts gistro-
mtestinil ract nor was 1 benefited by previous condiioning ta
cold

The end pont followed mn all mstances was core temperature In
this case, 1t was deep colonic temperiture, which s reasonably dent
cal with the esophageal temperature, or any other temperiture in
the core atea one mught wish to obsene

As soon as the amimal was placed m the cold colonic temperature
rose to rexch 39°C 1n 30 ymnutes 1n this particular expeniment The
anmal began to shaver, as mdicated by the broken hne between the
pomts (i all the figures that I will show, a broken lme mndicates
shivering), but corc temperature rapidly returned to the homo-
thermic level (38°C) where 1t remaned durmng the 6 hour exposure

Fremont Smuth Is that uunal rise very common?

Aeller Yes However, there 1s conswderable minor vanation m
response from one anmmal to another, and from the same animi on
different exposures The umportant pant 1s that hypothermia 15 not
Allowed to develop, which Figure 2 shows Phang this syme dog 1n
a colder environment (~20°C ) occisioned 1 rise in core temperd
ture to 39° € where 1t was muntuned for the duranion of a 21 bour
exposure When the two responses shown m Figures 1 and 2 are
superimposed (Figure 3) (1), 1t 15 quite evident that the heavzer the
cooling Toad the more vigorous 1s the coordimated physmloglcal Te
sistance to hypothermi

Fremont Sauth He overshoots the mark and really gets an ele
vited temperature

Keller That 15 nght However, 1t 15 not fever, st 15 ph)smlugy

Fremont Smuth The animal uses some of the same mechwmims
to get his fever He shivers and he cuts down yasodilation

Aeller Yes but 1t 1s not the usual integration

Fremont Smuth No

Keller There 1sn t any question about the end yesult of no core
hypothermur wr the healthy dog under coaling loads which are
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16 Cold Imury
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FicURP 3 Superimposed core temperature curves for dog 46 shown in Figures 1 anl
2 1t 15 read ly evident that the heavier the cool ng load the more vigorous is the
physiologicat resistance to a core hypothermia

I thunk the subsequent presentation can best be centered around
the projected question to what extent cw the homotherm's bty
to vesist hypothermia be gradedly wnd permanently impured by
selective surgical ablations? The reason for the words grdedly
and permanently will become obvious as the experiments are
presented

The first surgscal vanable 1s that of total removal of the vertebral
sympathetic chuns (Figure 4) The removal of the sympathetic
chams 1n the dog 1s somewhat difficult (as compared to the human
for instance) because they are so small and fragile, partcularly the



Homotherm to Pothilothermic Status 17

connecting trunks between the ganglia Therefore, our cntena for
complete removal are unbroken surgical specimens

In the case of dog 114, as 1s shown by the surgical specimen m
Figure 4, we succeeded 1n meeting these criteria except perhaps on
the nght side, up just below the stellate ganglion, where 1t appears
there 1s a partial break Yet a small strand 1s visible In such a case,
one ganglion might have stayed 1n place It 1s extremely difficult to
male sure, even by careful autopsy, whether or not all the gangha
have been removed unless the unbroken chain 1510 a specimen jar

The primary reason for executing this surgical varible was to
remove the centrally activated 1asoconstrictor nerve impulses which
travel by way of these chuns to reach the blood vessels, so as to
determine whether or not the total absence of these 1mpulses pro
duces a defictt 1n the animal’s overall resistance to hypothermii

Left Rant
Stelate

Upper
thorack

Lower
thoracc

umbar

HGLRE 4 The vertebral sympathetie chains removed from dlog 143 The entenion for
complete remoral s the unbrohen cham a1 @ surgeal specunen
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The staterment of the problem 13 not uncomplicated because this
surgical procedure also removes the adrenergic nerve supply to the
lner and the cholinergic innervation of the adrenil medulla For
some time the luerature has waplied that both of these organs are
associated with cold sumulated thermogenesis

‘When the animal shown i Figure b was placed mn the 3°C am
bient temperature, for 3 hours 1t m d a core temy a
the 38°C level These amimals do not become hypothermic directly
following operanon when housed m a neutral external emiiron
ment, they actually have a shghtly elevated core temperature under
these condinons Shivering 1s much move wigorons than n the un
operated animal, as first pointed out by Cnnon {2) when he did
this operation 1n the cat
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Fiake 5 Core temperawre tesponse 1 dog 141 duting the second week affer totat
remosal of the vertebral sympathetic chams (Figure 4) when abruptly subjected fo 3
moderate coohing Jaad (3°C) A shght hyperthermia was chident when the dog was
housed 1 a neutral emvironment A core temperature in the normal yange wat ndi
tatmed for § fours after the dog had Deen subjected (o the cooliag Joad  Hypothermid

rapidly developed subsequent o $ hours of exposure
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Fremont Smuth The ammal dud not overshoot the mark in thus
case There 15 no rise n temperiture such as most of the others
showed

Reller That 1s ight The core temperature came back down from
a shightly hyperthermic level and vigoous shnering was m ev
dence but after the tlurd hour a deficit begin to appewr hypo
thermia moved along progressively increasing the rite of descent
with time

Talbott What determined the tne of begwming observations
following sympathectomy? Why did you select the second week
versus the first week or the sixth week?

Aeller When we first did these operations we did them for an
ather purpose

Tatbott Would the reaction be different as a function of time fol
I wing sympathectomy?

Reller Yes In order to produce and demonstrate such a deficie
1t 15 necessary to remove both chains simultaneously or practically
so If you remove one chain 2 weeks previously and the other 2
weeks later the deficit 15 not present or 1s not very strihing Com
pensation occurs very Tipidly and the compensation oceurs without
cold exposure stimulation

Fremont Smith. Would this wimal compensate nfter 2 or 3
months?

KReller That 1s nght He would not show that defiaat

Tatbott This 1s a trinstent phenomenon i other words

Retler That 1s correct

Burton Could 1 1skh whether tlus differs 1n dogs and humans?
Bareroft (3) finds that 1t t1kes 9 months for compensation 1kter sym
pathectomy 1n a human In the dog 1 see that 1n a couple of months
there 15 compensation

Aeller It depends on what the compensation 1s for These wmmals
show permanent deficits i other rerlms Thewr msulin sensttivaty
s permwently lowered which demonstrates a permanent dener
vation of the adrenal medulln They permanently drinl more wter
when subjected to 1 heat 1ond which may e due to the ibsence of
the sasodilators m the sympathetic chuns They permamently ex
hibte 1 hypergusmc SeCretory response to 1 hypo"lycemlc stimulus
Therefore they b perminent symip deficits yet
they effectinely compensated for 1 conling lond

Pace Hue you d epinephnine

Reller N\o we have not

i

pmephnine levels
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Hetrr 6 Core temperature response in dog 141 5 months afier total remoral of tfe
vertebral sympathet ¢ chatns when abruptly subjected 1o 3°C There was no ¢ re bt
pothermia duning il e first 7 hours of exposure but there was 2 deadat core hyper
tenmia subscquent to the first 24 hours of expesure

Figure 6 shous the extent of the compensation 1n terms of tore
temperiture winch obtuned 5 months 1fter sympathectomy 1n dog
144 Core temperiture dropped from 39°C to the normal ievei of
38°C where tt rematned for the first 7 hours Then the following
morning the ammal was overcompensated to the neighborhood of
40°C  where 1t was muntaned for 6 days

Henschel Does this men he muntuns peripheral vascular con
trol?

Keller We don t knew what he has done In wn it attempt to
determine the status of the compensited ammal Lt Frieden 2
Afedical Officer here at the Army Medical Reseirch Laboratory who
1s mterested n cardies iscular physiology mnvestigated the pressor
trchycirdin response to cold 1n 1 few sympathectomized prepart
ttons Some of the 1mnls 1t Freden used uere not yentfied com
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plete sympathectomies He found a pressor tachycardia response to
cold 1 these ammals which was eltminated by adrenergic bloching
drugs

This prelimunary observation tentatively ruses the question s
to the possibnlity of cutaneous visoconstrictors other than by way of
the sympathetic chuns I dont recall whether such 2 possibihity has
ever been suggested or suspected

Burton 1 think that the problem 1s present m humns Accord
ing to Barcroft s (3) data on humans after 1 putently complete sym
pithectomy he tested patients by putung the legs n hot water to
see 1f there ws 1 reflex dilation and he found that after about 10
months there 15 1 return to almost normal reactinity By what med:
ation thes is done sufl remains 1 mystery It v very difficult to con
cenve of 1ts being regenerition of the sympnthetics after this type of
operttion

Aeller \fter total sympathectomy the possibibity of regeneration
of cutineous vasocomstrictor fibers 15 not fewsible because the only
fibers which remun to regenerute are the preginglionic fibers nd
they are cholinergic They w1ll not connect wnd innervate adrener
gic organs which the blood vessels are

Reynolds What about 1 1Xon reflex?

Reller That 15 entirely possible It 15 also possible but not probn
ble that the prevertebril ganglia could serve as peripheral reflex
centers 15 w1s formerly belteved to be the case

Pace The adrentl medullr doesn t atrophy?

Aeller No

Pace So you sull have 1 funcyom] adrenal meduallr Perhps it 1
a strught hormon! effect

Buston An axon reflex in humans 1s ruled out by this method of
testing Thus 15 1 reflex coming from putting the legs 1n hot water
which dilates the vessels of the forewrm

Iyman How long does that rewction take after putting the legs
mn water?

Burton 1t 1s clumed by some m Tnglind tha they ¢ see
effect within 2 few seconds

Fremont Smith Fuen after sympathectomy®

Burton No these workers hnvent studied the ume delay after
sympathectomy i this prrticular set of pauents The general re
action of diwtton of the forewrm 15 1hout 5 ;minutes after purting
the legs m hot water

Fremont Smuth It 1s not delayed as far as you know after the
sympatliectomy?
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Burton No, and 1t 1s almost as complete as in an unsympathecto-
muzed person

Reller It 1s important to Leep 1 mind the fact that most sympa
thectomies 1 humans are wncomplete sympathectomies This must
be total

Burch Kumiz (4) was able to idenufy sympathetic nerve fibers 1in
the mixed nerves of dogs These may be compensiting, don’t you
think so?

Keller 1 don’t recall the detals

Bureh He noted sympathetic fibers m the mixed nerves which
ongimated in the central nenous system, outside the sympathetic
chamn

Keller That 15 the question we are raising I think 1t s worth
considening and, of course, can be imvestigated i this type of prept
rauon Kuntz was a very careful classical descriptive anatomist

In Figure 7, the previous two curies are superimposed, and
the amount of compensition, or whatever oceurs, 1s shown Al
though rather simple 1n type, these experiments dem(msm'te the
tremendous compensatory potential of peripheral processes in th»
particular situation, the recogmuon of which should cause one to
weigh carefully specufatine conjecture bwed on fragmentary and
uniateral formation obtaned from a smgle digst, appendige,
orgn or peripheral process

This 15 using the entire and ntact animal, except for the one
surgical vartable and it alluscrates the fice thae the efficient homo
therm 1s not as valnerable to cold following peripheral denenations
as we have been prone to assume

Horvath Dr Keller, one of the questions 1 have about this reltes
1o the fact that apparently within 2 weehs after sympathectomy these
amimals had temperatures around 31°C , and during that enare time
they shnered Theoretically somewhere around that tume the
shivering should have ceased Have you carnied any of these anmls
down to, say 30°C and had their shiyenng stop?

Keller This particular animal had the most severe defictt we hase
enconntered Out of the several animals observed, anly those which
were tested shoxtly aiter operation hate shown a sizable deficit lr;
our expertence, shivering ss defimitely present 1 the unnncstheuze‘l
dog at a core temperature as low as 28°C We have not mnvestig tted
the level of disappearance of shivering However, [ntton (8) re
ported shivenng 1n cats at a 20°C core temperature

Horvath Somewhere around 30°C The pont 15,
actually go down that far?

can the ammal
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Firtre 7 Supenimposed core temperature curves shown n Figutes 5 and 6 The
marked improvement with postoperatine time n this ansmals resistance to 2 core
hypothermua 15 teadily evident

Ketler If we bad Lept the ammal n the cold longer, the core
temperature certanly would have continued to fall Omnginally,
when these experiments were done, we were still apprehensive about
bringing antmals down to low levels because we dudn ¢ want to lose
thew

Montgomery Were any surface temperatures tihen m this expen
ment?

Keller Not during the experiment

Montgomery Were shin or paw temperatures taken?
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Keller No they were not The shin temperitures of course went
up Blood pressure fell ind wis maintuned at 1 shghtly lower levet
permanently (6) The wimals remun permanently vasodilated to
T certam extent s can ewtly be determined by visuil mspectuion
of the vessels m the ear Also 1t 1s much erster to get nto the vem
and drw blood etc

Fremont Smith Did they overtentilte®

Keller No not to my hnowledge

Fremont Smuth  Humans generilly ovenvenulite when exposed
to cold and the dog of course uses ventslttion as 1 mens of cool
g If the dog were to overventlite n the usual w1y you would
expect hum to lower his body temperiture This would be an rdverse
effect 1t would be rather mteresting to \now whether or not ammals
perhaps mhibit overventiirtion

Aeller They dont pwat not mn the cold

Blaxr Panung and overvennlihon are different

Fremont Smith 'We both pant and overvennjate Many years ago
I studied this on myself by taling cold showers I abso had myselt
fowered 1nto 1 tub of ice water on 1 hot diy overentilition was
quite strihing

Aelles Some of these dogs resent the cold they dont ke 1t
‘These experiments ate 1n some cses complicated by the fact that
the dogs untl they get 1ccustomed to the cage walk around for 3
pertod of time

Montgomery For how long 1 tume postoperatisely were these dogs
studied? Were they m excellent shape postoperatively?

Aeller Yes We have had some of them m the hbortory for a
year ot s They showed no adwerse effects of the sympathectomies as
determned by chnical mspection

Davis Could you tell m which situation the apimals shivered the
most or did they shuer the same rmount?

Aeller Our measure of shivering has been by gross cumctl m
spection We can tell whether shnering 15 present or bsest and
whether vigorous of not very vigorots

Daws In which of these sittattons did the ansmal shiter the most
the ones with the deficit or the ohes that hd compensited?

Reller I cant anst er thit question

Davis In other words here you hve an importmt heit produc
tion method occurring wn both ¢ises wnd 1n ene situatinn you e
getting hypothermia

Reller Perhaps the compensitory mechmmsm s predomaantly
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an ncrease 1 heat producing Abahity But certanly the mauter of
ncreasing the ability to resist loss of body heat ks also had tme to
occur In this regard we know that the smooth muscles in the blood
vessels spontaneously regain some tone following denervation We
also know that cold causes some vasaconstriction by sumuliting the
vascular musculature directly without any neurogenic influence

It has also been reported (7) that blood flow follawing sympa
thectomy 1s regulited by local tissue metabolites Al these factors
are no doubt mvolved But whether or not there 15 increased ther
mogenesis with tume remuns to be determined

Horvath 1 nfer only one ammal out of fifteen has successfully
demonstrated this

Reller This 15 an experiment on one anumal and ny definitive
conclusions drawn should be demved from the dia presented 1n
the figures showing this ammal

Horvath Of those animals on whorn you did perform an adequate
or complete sympathectoray how many demonstrated a stmilr phe
nomenon? Is this a rther unusual animal the one exception to the
tule or s this a typical one?

Another question naturally follows Suppose 90 per cent of the
chan 15 removed and there 15 some small ressduum somewhere
perhaps at L3 actually how much 15 this going to influence the
magnitude of the cold response? Why should the loss or the presence
of say only 1 per cent or § per cent of the sympathetic chain cawse
such a tremendous difference wn the response of the animals?

Reller This antmal 15 not unusual m any sense It showed the
most pronounced hypothermic response of the amimals tested be
cause both chatns were removed on the syme day and 1t was tested
sooner 1fter operation than any of the others 1 cannot inswer your
second question To do so would require a large series of mmls
buving identical graded extirpations and an identictl time testing
sequence Thus approach has not been accomplished

Pace 1t seems to me that you may be dealing with a threshold
phenomenon  You reach the pomt where the heat producing
<apacity of the anmnl to mamtun body temperature 1s exceeded
nd then the body temperiture starts to fall

Keller The compensation as demonstrated n this preparation
w1s certanly 1 surpnse to us nd the how  of 1t remuns to be elua
dated

Burton Could 1t be the cruaal matter 1s the denervation of the
adremls i this opemtion® Hue you tried comparng this wath
strughtforward adrenatectomy?
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Keller The adrentl medulla 15 permanently denersated because
insulin sensinvaty 15 reduced

Burton In il the 1imals?

Aeller Yes

Burton So this would be the crucial point

Reller Yes wmsofar 1s determuming the necessity of the mnervated
adrenal medullr In addition hypothermia 1s not prectpitated under
identical and even heavier cooling loads in the adrenalectomized
amml 1f blood sugir 1s mamtained

Taylor How much shumng of the animal was required 1t the
operting procedure and how quickly does the hair grow back?

Aeller There was a good deal of shaving because the chams are
removed by three incisions on each side one dorsal 1bdominal in
aision and two thoracic wncistons between the ribs Sa practically
the whole side of the animal was shaved m order to remove each
chamn It takes 1 matter of 6 weeks or 2 months I believe before the
<ot 1s entirely regrown

Bass You made a statement 1n passing that these wimals were
overdrmking mn the heat Did you also notice whether dunng the
first 2 hours before they became hypothermic any drurests occurred?
Are you followng this by any chance? I know you are mterested

Aeller 1 don t recall having cheched on cold diurests m these par
ticular ammals The unoperated dog does decrease total body water
by duwmesing during the first several hours of cold exposure The
dinbetes isipidus dog lso decreases total body water but m 2 differ
ent mwner pamely by decreasing the mount of water drunk
while muntaimng the same urinary yvolume

Bass Have you any thoughts 1bout the overdrinking n the heat?

Keller Yes Tt occurs to us that this may be a demonstratton or
vertfication of the existence of vasodilators in the symp’xrhctlc
chuns The existence of such fibers has been postulated for a good
many years 1f this exphination 1s correct 1t would mdirectly demott
strite that the blood vessels cannot ditate maximally without 1aso-
dilator umpulses Therelore the ammal increses its evaporative
cooling to the extent heat loss by conductance 15 decreased due to
submaxim} vwodilation That 15 one possible explanation whach
15 perhaps rather far fetched Another possibility 1s that thirst sati
ation fferents taking onigin from the gistrowmtestmal trct course
m the sympathetic chuns

Horvatl The dog cools only enpor:\mcly from the resprratory
trict?

Reller Predommantly yes
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Horvath 1 dont quite understind your logic

Aeller He doesn t cool so much from s shin  therefore he has
to through his respiratory tract

Horvath How does that prove the presence of vasodifators?

Reller 1t doesnt prove it 1ts sumply 1 possible explanation for
the sympathectomwed dog's mcrevsed dnnking when exposed to
heat

Burelh Are you postulating that the degree of vasoconstriction 1
*he surface 15 the same 1n both types of dag? A moment 1go you
stated chilhing of blood vessel walls produced vasoconstrction

Reller "That has been demonstrated i the isolated hmb of the
dog (8)

Burch Would you say the vasoconstriction i the two sets of dogs
was the same?

Reller No The explination speafies a submaxamal yasodilation
n the sympathectomized dog whereas 1t would be maximal 1 the
unoperated ammal These animals must be studied 1 the crlorim
eter of course to answer all of these questions Otherwise the nswers
must remain specultive conjectures

Travell Isn¢ 1t true that the sympathectomized and the control
dogs daffer m that the sympathectomized group had already expernt
enced a previous exposure to cold lowding® How long was the n
terval between the two exposures®

Reller These sympithectormized dogs were not exposed to cold
previous to sympathectomy

Horvath This was the same dog

Travell 1t 1s the stme dog that was previously exposed so 1t 15
not the sime 1s the control

Fremont Smith You couldnt hie gotten the previous expert
ment

Aeller Not previous to the operation

Fremont Smuth ot immedintely previous but previous to the
operition

Travell Could this be merely 1 vanable from one dog to another?

Reller No Some of the sympathectomized dogs do not show hypo
thermia without any postoperitine cold exposure if sufficient post
operatine time 15 allowed to elipse The recovery from the sympi
thectomy so far as the wmmal 5 tbility to prevent hypothermin s
concerned occurs spontaneously without cold exposure

Montgomery Do my of the dogs not sympathectonuized show any

proportion of thus amount of fll 1 body temperature mn exposure
to cold?
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Kelles A healthy unoperated dog never shous this body tempera
ture fall under the cooling loads sllustrated Following other types
of operations, they do, as we shall now demonstrate Next, I shall
duscuss the second surgical sarable, that of hemisection of the bram
stem ac the level of the pons (Figure 8)

It has long been known that the phvsivlogical ressstance to hypo
therrma, as demonstrated i Tgures | and 2, 15 due to meegratine
actnaty of the central nervous system as evidenced by 1ts complete
disippearance w the absence of certain localized parts of the central
nervous system (9, 10 11)

Frgure 8 describes an expenment involsing two surgical vanables
that Col Blarr and T did years ago (12) The first surgical procedure
was a night hemisection of the bram stem at the level of the pons
and the second complete transection of the brain stem accomplished

Bictkc 8 Tronfal Pal Weigert scctions taken front the serics on 2 tog an which
opposite henusections of the bram stem were placed a3t diflerent Jesels  (4) 15 3 x&
tion through approximately the muddle of the brain stem The lower and right )u'":‘l
sectton passedd through the caudal extent of the pous and 1a addiion crossed the m
hine conuderably to myohie the meddial half of the left sulc of the braw stem T ll:"
upper and left hensection passed through the cephalic portion of the mudbrais &

mohed the nicdial aspect af the Tight sule of the bramn stem onhy shighthy () 1% 2

sentrall siazed section in which the supersor oftes aml substantia nigra ace prons
nent tocaliwg anatomical structures Reprinted by permrsswm fron hetler 4 I
s0d Blas § R Eusther obserations on distabiution at lovel of pons of desembing
Vene fibers subsenng heat regutaung funcions Am § Physiol 147 500 (1916)
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by 1 left hemsection executed months lter 1t the level of the mid
brun
For the present 1 would like to discuss the frontal section on the
left {4; The first 10d loner hemsection on the night ies 1t the
cephlic Tevel of the medullr The hermsection was made by nsert
g 1 No § milliner s needie from above dovnwnard in the mid hne
wnd pulhng 1 lateritly The puth of the needle s shown by the
strughmess of the cephalie edge of the ussue defect
The cawdal enbrgement of the needle path was caused by
anenic infirce resulting from the disturbed blood supply The s
sue defect comprises mare than 1 hemtsection 1t (rossed over to the
Teft side considerably So 1t was roughly 1 thyee quarter transection
of the apper medulla Then At 1 subsequent operation the trn
section wis made complete by an vpposite hemisection but At a
tigher level of the bram wem so thit we wonld know el conld
describie the lesion path in each mstance
Figure 8 B 15 mother section from the series on the syme dog
showing the two hemisections 1t 1 more ventril Jevel at the level of
the pyramulal bundles These bundles were completely severed
Thus here 15 a completely venfied total rransection of the bran
stem  except there wis 1 possibility that Hibers might descend
through the transection by decussating between the two hemy
sections That would he the only possibility of fibers getting through
The cold exposure tuns on the dog shown m Figure 8 following
the Rrst hemisection e shown on the left hand side of Figure 9
One weel after the first hemisection when this mmimal was sub
jected to the environmental test which i this case was 10°C body
temperature fell progressnely from 36° to wound 30°C wn 2 hours
thete 1 as no shivering We were using in thss instance rather than
t1atlkin cold room a targe refrigerutor
Four weehs 1fter the first operanon the body cooled about as
rapidly as 3t did m the st ran for the first hour bot 1t a core
temperature of 34°C shivering was ehcued and coobing was subse
quently less rapid And in 6 weeks the ammals physiological resss
1nee o hypotherrma was newrly normid
The questions 1rises here Was the nmmal s chinge i status from
the nonregnlatory state ohtuming 1 week after operiion 1o the
essehtially normal state 6 weeks after the bram stein hemisection
due 1o teturning function of nnsevered heat regulmning nenve fibers
or to the progressive actnauon of 1 subsidiry meduliwy center®
There hns long been speculation s to whether or nat 2 subuidiary
"‘Edulhry center for eold combatting powners eNsts Shermngton
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HCURE 9 On the left are shown coolg curves obtancd following the night hems
scction shown in Figure 8 Piogressive recovery of resistance to hypothermia is evident
from the first through the sixth postoperatne week after the three quarter transection
through the caudal extent of the pons Cross maiks denote the presence of shiering
On the right side are shown coohng curves obtamed following completion of the
transection by the higher and opposite (I:H) hemtsection There 15 a total absence ol
any recorery n resistance of the

and printed by permission from | keller A D and Blar | R Further obsenations
on distributson at lesel of pons of descending nerve fibers subserving heat reguliting
functions Am ] Physiol 147 300 (1946)

(9) demonstrated 1n a convinung manner that there was no such
subsidiary spinal mechamsm

«
lateral one fourth of the brain stem which were temporanty de
functioned, as we hnow occurs 1n traumatszed but unses ered periph

eral nerves
These questions nere answered 1n a crucial manner by the thnrd
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surgical vanable, mmely, completing the bramn stem transection by
placing an opp and second h 100

There nas no recovery of phystological resistance with postoperatine
tme

Thus, 1o determine the status of a deficit inflicted by a central
neriaus system leson at least § weeks must elapse before an evalu
ation 15 begun If a mechanism 15 intact following an acute leston
that 15 a different matter A conclusion can then be drawn immedt
ately

This expeniment venfies and conclustvely demonstrates that the
phiysiological resistance against cold s mntegrated at a level higher
thw the mudbram, or stated n another way, physiologucal resistance

to hypothermua 1s at pendent upon a pre mdt neural
mntegration
It should be emphasized that there are no compensatory responses
noo. RV DA [

as

The sympathectomy duta were purposely inserted into this pres
entation to demonstrate the difference berween a deficir which re
muns fixed and one which, 10 a sense, refuses to stabilize Grear care
must be taken 1n drawing conclusions from a deficat which fatls to
remn reasombly stanic

Tatbott Died you test this 1 or 2 years later in any of the ammals?

Keller Only weeks later a5 mn the case history just presented
These are bram stem transected animals and a consderable amount
of nursing cane 1 required to heep them ahve

Talbo, been able to do uw?
Blawr 17 or 18 years ago, we
studied romplete We studied

them Iater than 2 weeks postoperatively Some of them we tested
many months after this and there was no return after the second
operanon

Fremont Smith Figure 9 shows 9 weebs

Blarr We had other tests after this that followed the sune pateern
a3 these ammnls

Keller That was a further and importnt reason for domg the tran
section operition n two stages nunely by two successive hem



32 Cold Inpury

sections An xmmal after a three guarter trinsection can be mamn
tained indefinstely with relative evse we hnve for imstance kept such
prepirttons for 1s long 15 9 months Therefore the tssue lymng
caudil to the first hemisection 15 long fully chironic 1t the tims the
second hemusection 15 placed Had the recovery shown by the curves
on the left been due to the wtnation of a subsidiary mechanism
then the second hemsection would not hve occisioned even a
transitory deficst

Fremont Smith What 1s the intersal between the tho operations?

Keller Between the two hemtsecuons m this pirticular expens
ment 8 weeks elipsed

Horvath How much weight had the mimnls lost 1 this process
percentage-wise?

Keller They lost considerable weight during the acute postopera
tive period

Blarr They guned most of 1t back

Horvath The first one 1s incomplete so they have 1 chance to
recover

Aeller These recover well and regain their wesght fully wuh
time In answer to that quesuon Doctor H L Batsel (13) has three
or four such completely transected dogs They 1l go mto negative
nitrogen balance It 1s difficult to get them on full feed because of
the depressed swallowing veflex and a tendency to regurgutate food
1f the stomach 15 filled 1 Iittle too much Most of them are lost hos
ever with hypostitic or aspiranon pneumomia They must be mas
saged at frequent intervals so 1t 15 predominantly a 24 hour nursing
care problem

Pace Is the teduced body remperature at normal unbrent tem
perature fter the second operation charactenisuc of these prepara
tions?
Keller The dog 15 2 homotherm 1nd as will be shown later the
difference between the amt of envir { perature and
body core temperature 1s usually about 8°C if the dog 15 1 good
physical condition

The term that Jsenschmid and Schnstzler (14) useld to designate
the difference between air and core temperature w1s  reguliion
mterval

AMontgomery \re the completely transected dogs kept 1n a cue
fully regulated temperature? If so what? ]

Keller They are kept 1n a warm environment but e hne
learned 1t 1s not necessary to be too cireful about the s

Montgomery Wonld 1 20°C room not allow for any faif i ct;rcn

Keller e Leep them around 28°C  the core temperature the
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being n the neighborhood of 36°C Core temperture does not
worry us except it must not be above the homothermic level We
try to keep the core temperature round 357 to 37°C

Horvath Althongh I don t doubt the importance of the nenous
system m this regulation I wondered if at wny tume you had talen
an ammal and kept him unmobile after the second double tran
section If you hept a control animal for 9 or 10 weeks in the same
immobile state how much of a response pattern which would be
stmilar to this would be present? How much of this 1s actinlly due
to relatnve loss of body weght?

1t has been knwn that 1f animals are put mn a smdl cage so that
they cant move around they will become hypothermic A rabbu
does this the rat does this and several other wimals I dont know
whether the dog does 1t or not

Reller 1 thunk of the rat and even the rabbit as being pirtal
homotherms 4s compared with the dog However 1 suspect body
size and emotioni) reactions associated with restraming are impor
tant factors 1n this steacion [ don t hnow how you would tmmobiltize
an unoperiuted dog without anesthesta Of course amesthesin
molblizes hear requlanion *

Horvath These 1l hume indications of 1mmobilized  temper
ture regulation Your temperiture drops nd 1t was generally lower
than 1t wis 1t 2 weeks

Fremont Smrth Whether or not tus could be 1 result of the
secondary mmmobilization 1s n nteresting pomt

Aeller This antmal w1 completely 1tome for 9 1 eehs following
the second operiion It wis the type of atomaity supposed to occur

ofy after bulbar section But af you do them igher they remam
completely atonmic and reflexes are depressed

Hovtath Dr Henschel suggests a hitle curare

Keller What for?

Horvath For this mmmotnlirttion

Fremont Smath To ymmobilize the notmal dog

Reller We know from Clde Bernard s original experument that
body 1emperiture falls under curare

Daws For the syme reson this does

“B{ ars \ote Dr Aelier wo 1114 to 4df tle folowng aherio gt tols
s s te Gonfere co

U rntupec a 13 can be ompletely nmol Jued by a cenira ners iy syerem
flex wiotmaeralh nparng s resstance to hopotiern a (1 Al e fog
@il ea Iv be traned 0 be moto o except for the shoerng Tlere nt any
q eston a2 phsoligcal ressia € 0 b petherma i e fog 1w conpletely  de
te fetofly aeou  wlar ocmet
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Reller The prinaipal effect of curare 15 to remove shivening 1nt
12

Davis No the movement can be knocked out entirely

Aeller Yes

Davis You immobilize the same way you are here

Keller Yes but under curare the animnl will rewarm himself
after cooling while he 1s still immobile The expenments done 1t
the Naval Laboratory recently by Werner (16) demonstrated that
m the dog Therefore the curarized dog does have hext producing
ability independent of visible muscular mosement

Blarr Metabolism regulates the ability to shaver and to resist most
severe cold exposure

Burch Do you have any data on heat production 1n these dogs?

Keller Yes They do not have a lower basal energy metabolsm

Burch Their oxygen consumption was unchanged?

Reller Their oxygen consumption ts normal at the homothermic
core temperature

Burch What 1bout 1n the cold?

Keller Oxygen consumption falls progressively s body tempera
ture falls

Burch Does the rte of heat production dechine with oxygen con
sumption?

Keller Yes

Behnke Do the dogs lose their sensitivity to msuhn after this
second operation?

Keller Insulin sensiivity 15 not matenally ltered

Hock T would ke to point out that the lowest rectal temperatute
occurring here 1s about the same as that which I find 1n bears 1n the
winter 1 have often wondered whether or not the fall of tem
perature displiyed by bers in winter 15 due merely to mmoability
or perhaps to the more profound causes that appear to operate
species that attamn deep hibernation The bear goes in his den and
Ties down for practically the whole winter My captuve bears are hept
as nearly like wild bears as possible They lie sull for long periods of
time and appear to move about anly once a day or less

The temperature shown here 1s nearly the sime s the lowest
winter rectal temperature 1 hive recorded which 15 31 2°C Actne
bears have rectal temperatures close to 38°C at any time winter or
summer without respect to the air temperature When they e
immobile n the winter dens they have a reduced temperature 17)

Iyman Do they shner when they are immobile?

Hock 1 hme not obseried shnermng n the immobile stite
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\though shivering 1s appirent when the bews are sttl active in
temperitures of —35°C or below

Reller Fxercise 1s the most potent thermogenests we hnow about

Hortath Isnt there sometimes an acadent which prevents your
holding the temperature> Wht 1s the temperature after 214 hours?
Does the temperature heep going down prectpitously?

Keller 1f you let body temperature go ny further you lose them
saon

Horath How long

Reller We hie never mmesugated that stmply becwuse 1t has
taken too much work to keep them and we ve never wanted to run
chances of losmg them

Blair We always kept 1 hot box teady where we could quickly
renwrm them The eritial pont was 30°C because we found by
experience that wis the pomnt where we stood a good chince of
losing the 1mimals Qccasiomlly 1t my have gotten below that but
we quickly rewarmed them They certunly have gone down lower
After 4 weeks they were shivering As their tempertture became
lower they conunued to shiver at no greater rite nd would have
died I am quite sure

Reller We h1ve lost some through carelessness on the part of the
petson responstble

Horvath How did they die of fibrillhtion®

Reller We wre reonably certain that some of them fibnllte
{1) but whether some can be taken down to 1systole hrs not been
determined The fourth surgical varmble 15 the matter of section
mg the nerve fibers that t2ke ongin wnd descend from the hypo
thrlwmic level or thove (Figure 10) We were interested to know
whether severing the descending fibers exiting from the hypothalt
mus would reduce the vmmnl to the completely non heat regulating
status This 15 one of the first things we accomplished 1 this ltbort
tory after we htd 1ppropriate Ficilities for 1ttempting the expen
ment Figure 10 shous 1 sagiteal Pal Weigert secuion tiken from the
sertes on dog 28 and illustriung the surgretl extirpation which we
term a posterior hypothalimectomy (13) The tissue defect was
wcomplished with the conguliting current from 1 Bovie electra
surgical umit administered through 1 ball electrode ntroduced
through 1n opening 1n the prt 4t the cwudal extent of the mam
millry bodes

Fremont Smuth Would you orent us 1 lictle on tlus®

Aeller The optic chinsm lies ventrally on the left The thihwmns
1s dorsal the habenular tract separates the thilamus wd hypothala
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HiRE 10 A sagittal Pal Weigert scction Liken from dhe seaws of dog 28 illustras
the corgulated fisstie defect which s characterized as 2 postenor hypotbataneciom
The large tissue defect 1s relatssely free ¢ f scar tie ue and 16 tm the lacatton previous
occtpsed by the postesior {alf of the hypottialinic gray wlule the ventercular sysict

has remaned sutact anl undwstosted  Repunted by pervusston from helfer A D
the i Tle Plysiology of Induce

) dog
It pather i Natwonal Aca lenry of Scences Pubbeau n Hf 196 (p )

mus from the mudbran which » on the right  the anterior commts
sure 1s 1bove the chursm e the corpus strirtum s to the left Tht
wnterior hypothilamus and the priutary glind tre undistirbed The
hirge tissue defect 1s reltively Iree of scar tissue forms an enluge
ment of the ventriculr system nd 1s located tm the space presously
occupred by the postersor hypothalamic griy mammutlay bodies
and the portions of the fornices and mammitlothilamuc tracts wineh
course through the postertor hypothalimic griy

Figure 11 15 1 cross section tzhen through 1 suular tssue defect
from the series on another mumal dog 35 The thahmic mfwets
which are vissble dorsally comphicated the aperition m this unml
the extirpitton m dog 28 w15 uncomplicated Here also the pinmtary
ws not disturbed and the postersor hlf of the hypothalumic griy
wis corgulated 15 i dog 28

The datr n Iigure 12 dlustrute how such preparations respond
to the test sitwation of 3°C First 1t was necesary to mmngun the
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HoULRe 12 Coolug curses observed during subjection to a 3°C. air temperature i the
o posterior hyp amimals m Figures 10 and 11 Incu
bation at 30°C s necessary to maintain a 38°C core temperature There 1s 2 straght
Line fall mn core temperature from 38° to 28°C in 3 hours and there is a rrz"'““'";
imenal of 8°C at a core (emperature of 38°C, and of 6°C at a core tmperature o
28°C Reprinted in part by permission from heller 3 D Hypothermia i the
unanesthetized poikilothermic dog The Phystology of Induced Hypothermia National
Academy of Sciences Publication 431, 1936 (p 61)

rapidly in the 30°C, and there 15 no danger of overheating, so we
are not concerned

Horvath The only pomt I wish to make 15 that there 15 a sug
gestton of a difference in the recovery time The curves as presenml
mdicate some differences in the cooling rates agunst the rewarming
rates, and this would suggest changes mn terms of heat reguliion
which we cant, of course, get from Figure 12 :

Keller The only part of the curve that you could use there would
be between the 6 and 8 hours That would gne you the rewarnung
rate The other was just 2 matter of the 24 hour reading
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Firtae 19 Cooling curse for dog 112 | month after parual hypothalamectomy There
was the same straight Ime fall i core temperature as exhibited by the control com
plete until 2t a core of 31°C  shiening was acuvated
A = retention and notation of remnantal shuverng

Reprinted 1m part by permsssion from heller A D Hypothernua in the unanes
thetized poialothernuc dog The Pinsiology of Induced Hypotherina Natomal
Academy of Scences Publication 401 1956 (p 61}

Hensche! Have you calculited from metabolism body suifice
relwonshups what this curve should be theoretically?

Aeller No, I have not Dr James D Hardy, of the Department
of Physiology at the University ot Pennsylvanit School of Medicine,
1s observing some of these preparations in the cilorimeter He will
no doubt report precise wnformatton 1n this realm

‘The data tn Figures 13 to 19 1llustrite the cooling curves obtamed
when varying amounts of posterior hypothatamic griy ussue esciped
being corgulated In Figure 13, the cunve with the open squires con
stitutes the control curse, ¢ e, the status when all resistance to hypo
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FrotRe 12 Coolng cunves obsersed durl g subjecti m to 4 3°C air temperature in 1f
two posterior hypothalamectomzed amimals Miusirated in Figures 10 an) 1 Jic
bation at 30°C s necessary 1o matntan a 38°C core \emperature 1 here is a straigh
lure {2l 1 core temperature from 38 to 24°C fn 3 hours nd there 1s 3 segulatic

mtessal of 8C at a core temperature of 38°C and of 69 at a core tmperature o
28°C Reprinted m part by permusion from hellcr A D Hupothernia . th
unanesthetized poihilothesmic dog The Physiology of In luced Hypott eriia Nat na
Acalemy of Seiences Publication 431 19 6 {p 61y

mpidly i the 30°C, 1nd there is no dinger of overheang so we
are not concerned

Horvath The only pont 1 wish to make 15 that there 15 1 sug
gestion of 1 diflerence 1 the recovery tune The curves 1 presented
indic1te some differences 1n the cooling rites agunst the rewrming
rates and this would suggest changes m terms of heit reguhnon
which we ¢t of course, get from Figure 12

Aetler The only part of the curve thit you could use there would
be Letween the 6 d 8 hours That would give you the rewarnung
rate The other was Just 1L mntter of the 21 hour rexding
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Eine 13 Cooling Cune for dog 112 1 month after paruat ypothatamectomy There
23 exh ol comm

\t
i the same straight Wn¢ el core temperatuIe Lo by the contr
plete porkatotber™ wntil av 4 €ore M P are of 31°C meEnTE was actnated
& Tetention and rolation of remnantal ShDERRS
Reprunted 1o patt b permussion_{rom e v D Thpotberath 10 the waancs
R ed potkilothermiic (05 The Plysolon o Tnduced Hypotheom' Natwonat
‘Academy of Sciences ‘Publicavion 431 1936 @ &b

Henschel Have you caleutated from metabolism pody surtwee
reltonships what this cune should be l\\coreucn\ly?
Reller No, 1 have not DT ames D Hardy of the Department
of Physiology at the University ol Pennsylvama School of \Mediine,
15 ohseriing some of these prepirations In the ¢lormeer He witl
no doubt repott prewise nformation 18t thus realm

The datr n Fignres 14 1o 10 ttustrte the cooling cur €S obruned
when yvarying amounts of poster1ot hypot! halamic griy Bssue escaped
beng conguirted In Figure 13 the cunne with the open squres Con
stitutes the control cune € the status when all resistance 1 hype-
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thermia 15 removed, and the closed tringles constitute the cune
obtamed from an ammal that retamed a remmnt of resistince It
cooled at the sime 1ate as the complete poikilotherm, as we arbt
tranily speak of them to a core temperature of 31°C, when shuer
mg was actnated, after whuich the cune moved to the nght Also,
when the animl nas moved to a 22°C room, 1t spontineously
rewarmed The heat produced by shivering was reidily evident
Phystologrcally, this delayed actisation of shivering at a markedly
reduced threshold (31°C) fiscinates us These preparations e
ambulatory, do not need specal nursing care other than a wam
environment and the paticulr defit obtuming in exch prepin
tion remans stible Therefore, features such as thus lovered shier
ing threshold can be mvestigated

Fremont Smuth Do they change the threshold for shiering?

Aeller No, as they warm up, shivering stops at the core tempera
ture at which shivering was actnated while they were cooled

Lymaen Would thit level off at 31° or 32°C, then, and would
they continue to shuver?

Horvath Theoretically, they would hwe to stop

Reller If they stopped shnenng, 1t would Jevel Figure 1 gnes
stmple illustrations Here, m Figure 14, an amimal cooled progres
snely from 37° to 27 5°C without shiermng but 1t took 514 hours
whereas the complete poilalatherm coaled 1t % hours This ammil
also rewarmed spontaneously 1 the 22°C room temperiture

Henschel Were the ammnls the sume size?

Keller Yes, relwvely the sume size The question arises How
was the rewarming accomphshed? Col Blar and I (18) encountered
this parucular type of prepiration for the first time several yers
1go We did not have cilarimetry or oxygen consumption apparius
avaable at thar time, but we interpreted this slower cooling and
spontaneous rewrmmng 1s evidence that the ammnl had the abliy
to produce cold sumulated nonshiverng heat It was reoned tht
1f the slowed cooltng was due ta a slower rate of heat Joss by con
ducinnee thin m the other wmimals vewarmmg should not occur

Ovygen consumption dit1 on these ammls hive venfied thy
concluston (1) An example of this type of evidence is shown by
Figure 15 On the left 15 the control cooling curve for the complete
poilalotherm dog 447 Temperature ponts are marked with (rosses
on the cooling curve for dog 396 It 1s evident that after core u'lm
perature reiched 35°C the cune moved deadedly to the nght
there was no shnering Calortes per hilogrum of dog per hour 2re
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charted at the top of the figure, reading from right to left Heat pro
duction at a gen core temperature 15 shonn by open bars Heat
production plateaned as the cooling curve moved to the night, thus,
the anumal cooled more slowly than the complete poililotherm be
cause 1t possessed a remnintal cold stmulited heat producingability

Burch Is the source of the heat from muscle or Iner?

Kelter We do nnt know We are careful to s1y nonshivering heat
rather than nonmusculwr heat

Burch Have you any 1dev what 1t 1s?

Fiirs 14 The cooling curve for deg 23 4 months after parual hypothalamestomy
(open arncles) 1s contrasted with the curve of a complete porkilotherm {open squares)
There 1s a straight hine fall in core temperature bt at a slower rate than m doy 28
There was no shisering thus s mstance there was 4 tetention and isalation of
rentmantal nonshinerng thesmogenesis Reprinsed 1n part by permission from heller
AD iy Liloth dog The Plysiotogy of In
duced Ifypothernia Nawonal \eadems of Sciences Publication 411 11,6 (p 61)
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CALORIES PER KILOGRAM OF DOG PER HOUR
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Fiotxe 1o Cooling curve and heat production values for different body temperatures
graphed as bars for dog 396 evidencmg retention of nonshinering heat producig
abulity and a definttely ratsed threshold (lower body temperature) for the actnatin
of the nonshuenng heat elaborating process Reprinted by permission from eller
A D I n the dog The Physiology of

Induced Hypothermia Nationar Academy of Sciences Publication 41 19,6 (p 61)

Aeller Yes, we tlunk the Iner 1s involved, that at least some of
the cold strmulated nonshivering heat 1s produced n the Inver How
ever, our evidence s too Immited to make a positive statement We
feel that the way to demonstrate crucnlly that there 1s such a thing
as cold sumulated nonshivering heat production 1s to determine
where and how 1t 1s produced It 15 hoped thus can be acc()mphsh?d
with this type of preparation

Fremont Smuth Do you have electromyogriphs to show 1t w15 not
mvisible shivering? You say, nonshivering  You mught hme asub-
clinical shivering which you couldn ¢ see without an electrical Te
cording

Aeller That 1s correct, but subchmcal or pres!

hrvening electrcl
actnvity always breaks mto visible or palpable shivering 1f the cooling
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samulus contnues and particularly 1f the stimulus 1s intensified
Accordingly 1t seems reisonible not to suspect musible or non
palpable muscular contraction s the heat source 1 such cooling
curses as shown n Figure 15

Davis Why do you discount muscle enurely? It s quite 1 Irge
organ

Aeller Idont discount muscle That 1s the reason we have alw1ys
used the term nonshierng rather than nonmusculir

Davis 1 men as 1 nonshnermg heat producer

Reller 1E 1t 1s muscle tone® Muscle tone could be ¢ contributing
frctor 1n cold stimulited thermogenesis to a limited extent

Dawnis You can pick up muscle tone electrically You cin demon
strate this 1s not present exther

Keller 1 would stull call that preshivering electrical activty
wouldn t you? I dont believe 1t 15 possible to distinguish between
muscle tonus electrict] actinaty md preshivering electrical xchivaty
during cold exposure

Davis Do but 1t ¢ be demonstrited that 1t 15 not present
Therefore there 15 no shivering

Reller 1€ you ful to obtain 1 record of electrienl activity you sy

there 15 no electrical activity providing my pparttus 1s working or
ts sufficiently sensitnve

Davts 1t 15 rather 1 lrge orgn to becomie suddenly mert when
tt stops shrvermg

Hortath 'Whnt contribution 15 made by the muscle mass to the
total heat production?

Dawvis 1 would Iike to know thit myself for both the shivering
state and the nonshnering stite

Aelles You never know when curare 1s working mrxamnlly and
it 1s known to hne effects other than on muscle It 15 seldom that
2 chemical 1gent used 15 1 physiological tool yrelds 1 crucil nswer

Pace The Qo of muscle tissue 15 perfectly respectible when com
pred to that of other tissues

Davts The Qo of muscle certunly rises in the nonshinerng
stite I do not know whether you ¢ draw the concluston that 1t
1s 1 heat producer or not I was Just questioning your discrrding the
idex that muscle 15 not capable of producing heat when 1t 15 not
shnering

Aeller 1 dont discard the tden T simply do not speculte

Pace Do vou postalate 1 these two different prtinl hypothnla
mectonies that you hive destroyed different portions 1n one ¢ase
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Pace 1t 15 concenble that there may be mncreased mitochondrnat
actinity quite apart from the nctomyosin system These tno dont
hve to be related I dont see any problem i visualizing an m
creased heat production by muscle quite mndependent of 1ts me
chanochemical coupling system

Davis 1 dont quite agree with Dr Burton that we cm explun
this tay by 1 tone that we cannot pick up as a tremor I myself
dont think this 15 demonstrible

Behnle Tt can be picked up by measurement of electrical acuvaty
m the muscle If a pillow 15 removed from under the hexd of an 1
dividual whose bisal metabolism 15 being measured while he 15
lying comfortably on 1 cot then muscles are put on 1 stretch and
metabolism will mcrease 25 per cent This incresse metibolism
15 iccompinied by a marked increase 1n recorded electrical poten
tials

Davis This ean be piched up As I interpret Dr Burton s state
ment this exssts and 1t cannot be picked up at 1l on the EMG

Burton No [ meant 1t exists 1t can be picked up with the elec
tromyograph I base thus on my old work with Bronk {19) Iong
before the state of muscle activity which exhibnts tremon 15 reached
the electrical activity increases We studied the mechimsm how the
motor units were cooperatng or fuling to cooperite being out of
phise and found that the eventual shivertng te  the tremor w1s
just the Tt stage of this process of mncrewsed actisity of different
units out of phase

Davts It 1s mewsurible you admut 1t ts mesurable?

Birton Certunly yes

Aelier If there tsm t such 1 process 1s cald sumultted exerimuscu
T themmogenests and two separite ind distinet mechamsms exist
within strited muscle 1w will be extremely difficuit to demonstrite
their separate existences

Burch You sud you thought the fner was one of the orgns

Reller Yes the splanchnic wen

Burch What 15 your evidence for thar

Reller Our evidence 1s as yet enuirely too scant to be certun The
wproach 15 the detenminition of oxygen consumption i the
splinchnic area s the type of preparition described above (90)

Burch Was oxygen consumption noted to 1ise 1n the studies you
hue done so far?

Reller We think so but our dita wre too prelimimry to comment
further

Dauis 1t does nise
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Reller The hyer, of course, 1s an organ that his been suspected on
the basis of presumptive data since Claude Bernard

Davis People maimntain heat dunng sleep

Horvath Werner (16) showed some of this a few years ago

Keller The lner 1s a logical organ to suspect s x nonshnenng
heat source but other tissues, perhaps all tissues, could also he ut
hzed for this purpose

The dita in Figure 16 1llustrate, 1 a parnnlly hypothalmecto-
nuzed preparation, a delyed type of deficit During the first J days
of exposure, the anuimil did not develop much hypothermia but
during subsequent days, the deficit became prominently apprrent
A siable amount of hypothalimic gray remuned mtict 1n fiet the
Jatera) one fourth of the posterior hypothilamic griy remuned un
cisturbed If an anumal does show such a deficat when assessed 9
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HCGRE 16 Cooling cunve for dog 48 3 months after pavtal h\polml.mwr:f;:,)‘
demonstrating a deficrt m this anumals physiological resistance 1o corc fiyputi o
charactenized by sts selatnely sfow onset to uncover ¢he defiar it way nemca;}lr"
subject the ammal to the cooling load for days Tather than for hours The tacra

1 s ammat

ball of the pasterior Mpothalamic gray rematned
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months after the operttion the deficit 15 permanent It 1s there for
1s long as the ammal hies There 15 no compensition such as that
which accurs after sympathectomy

Burch Figures 15 and 16 are interesting Isn ¢ that a phenomenon
of faugue® Do you think the compensiing mechinisms wear out
and exhaust the stores of energye

Keller 1 dont hnow Fither a fatigue ol neurons i the central
remnnt or midequte penipherat fuet supply wouid fit into 1 specu
fative explanation However the latter does not seem probible
becuse these deficits can be precipitated without discermible nssocy
ated endocrine hypotuncuon

Burch It could be sometlung quue different Were they erung?®

Ketler Yes The ammds the fivst day are without food At the end
of 8 hours we feed them The next moming and subsequently they
are fed dasly as per pre exposure routine

Brach Did oxygen consumpuon change with nme 11502

Aeller We hnve not mesured oxygen consumption 10 this type
of prepration

Burch Some mechism seems to brek down rather quickiy

Aeller Qbviously but 1t doesnt break s fast 1s 1 the animad
having a more severe deficit ft 15 just 2 matter of seventy of the
neurological deficit imflicted by the hypothalamac tissue defect Thas
type of deficit would be missed entirely by a 6 hour exposure That
15 the Te1son 1t 15 1mpcstnt o prolong exposures into days i 1 def
it does not become definntely evident it 1 few hours

Fiemont Smuth The atunal wust be dept under stress long
etough for whutever compensition mechwism he has to break
donn

Aelter We do not believe that compensation in s true sense 1s
imrolved rather it 1s i indequacy of the remaning groups of celly
betawse after suflicient postoperanise time elapses for the edema and
neighborbood sequelae to clewr the defici remmns permanent and
does not change n mag ke thes no comp y
tjsperr ta be mioled m this suuation

Burch Do you have data on stevord excrenon?

Aeller No these preparauons re never thrown nto 1 drenal
msufficiency crists by cold exposure or by 1 profound hypothermia
Also cold exposure does not precipitate hypothermii i the adren
dectonuzed dog il Llood sug 18 muntined Blood sugar falls fast
without therapy nd hypothernna deselops after the hypoglycemia
becomes profound A hypoglyrema crisis will preapitne adrenl

P
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EiuRe 1R Core ten perature response for dog 36 4 months alter an essenuially total
antertor hypothalamectomy hal been wnflcted There was mutd hypothermia when
the dog was housed 1n 2 neutral eny ronment whereas exposure to a 3°C a r temper
atuse caused core temperature to be elevated to the normat homotherm c level

1s mtact This constitutes 1 near total antentor hypothalamectomy
and the fifth surgical varable On the basis of this type of tissue
defect we had previously concluded that s long s the posterior hv
pothalamus 1s intact the amimrl s regulauon agunst cold would not
be materally impaired

Horcath Posterior hypothalimectormized 1mimnls must have the
environmenta} temperature at 31°C

Aeller At 28° to 30°C

Horvath Whnt happens to this type of anumal 1f he 15 plwed 1t
30° or 31°C 1nd then put in the cold? In other words will his rectal
temperiture be newrer 37°C?

Aeller Such an 1mmal cools very rapudly

Horpath If he stares ac 1 tugher cemperature does fe coof dowit
if hie 15 at 1 lower ambrent temperature?

Aeller If the amimal has been subjected to heat loading just
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taght that the hext regulating center was located mn the corpus
striatum Barbour s (21) work of warming and cooling the brain base
mfluenced this localization to 1 considerable extent

I remember an enjoyible conversition with Barbour hefore he
died Ismd Why did you mtke the mustike of saying the sensitrve
elements for heat 1nd cold were 1 the corpus stritum rather than
i the hypothilamus?

He sad  Well 1t was because [ didn t know any neuroanitomy
I am not an anttomust I had to rely on my friends 1 apparently
consulted the wrong people (L ughter) I 2t first spoke of warming
and cooling the base of the brun Then my anitormst friends said
You should be more speafic If 1 had stuck to the ongmal word
age I wouldn t htve gotten nto trouble

In a sense the data yust presented comprie a vertficition of Bar
bour and others associating the aret of the corpus stratum with heat

[AMB(ENT TEMPERATURE 3]
&

BiinL 2 Core ten evature Tep nse to a maderae colmg 1al {3 L) an dog 303
3 months after be bad teen snfiicted with a large o agulated Gssue defocy tolving
the whole I the preoptic area THe entire hypothalamus proper rem.ined
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regulition beciuse the leston lies ahead of the chiasm and vemtril
to the corpus striatum  the hypothilimus remams undisturbed

Figure 21 veveals that both the hypothilimus and pitwtary are
undisturbed The nssue defect lies entirely cephalad to the hypo
thalamus hatving exorpated the prechiasmal aren

Figure 20 shous the striking deficat exhibited by this muml We
do not know the underlying physiological basis tor this defieit but
abviously erther the preoptic area should be considered pirt of the
fiypothalamus (as some argue 1t should) or we should s1y that other
areas beside the hypothalamus are involved 1n regulation agunst
cold A question which currently looms large in our minds 15 Why
does the anterior hypothalwmectomized anmmal exhibit 1 newr
normnl resistance to cald wherens the animal haang the prechiasmnl
area removed exhibits such a striking deficit?

fyman What 1f you destroy the lippoctmpus? What happens?
Have you ever tnied that?

Reller Not as a specific tpproach I dont recall whether we have
tested 1mmals having mvolvements of this structure i the cold
TOOMmM Or Not

Burton It should be mentioned with regird to your remark
about other ares tahing part that schizophrenic patents who have
had levhotomies do show changes chronically mn temperiture regu
fauon s regards their diarnal thythm 1 think they 1lso have some
deficiency in their defense agunst cold We hue ta admut there
are other et dont we?

Reller When we first obsenved 1 deficat in such n amimal be
fore 1t ws terminated we simply said  tissue defect 1s considerably
further cudal than we mntended 1t to be  but 2t necrapsy it wis
found to be exactly where we thought 1t hid been pliced

The explanation of why observations on this type of preprrtion
are not in the literiture 15 that these 1mimals hue a very stormy
postopertive course for severl days They are wild and dynunic
s deseribed by Fulton and Ingriham (22) yers ago But we have
learned  through expenience how to tide some f these amimals
through the immedinte postoperune penod sfter winch they guiet
down and are subsequently rexsomably easy to muntun This type
of prepariion cin now be made with resonble predictibility

Burton Tefore we move w1y from Dr hellers work 1 would
iike to s1y something which T thimk expresses the feeling of us il
w case he doesn t know 1t We asked 1 lot of critical questions Ahont
fus work but 1t of us have the most tremendons wdnuration for st
and for us very great patience for 30 or was 1t 40 years We receg
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n2e the fact that no one else i the world s the surgwal shill, or
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the panence, or the scienttfic discaphine n histolomical vertfication

thar Dr Keller has We may be critical but we all envy hum wd

wish

we conld do sumilw experiments

Howvath We all agree to that

1)
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PHYSIOLOGICAL ASPECTS OF HIBERNATION
IN MAMMALS

CHARLES P LYMAN
Department of Anatomy
Harvard Medical School

Boston \lass

It 15 NECESSARY at the outset of my presentition to define hiber
nition  Webster defines hibernation s passing the winter in a
torptd or lethargic stite If the phrase true hibernation 1s used for 1
lowering of body temperiture this tmplies that any other type of
hibernation 1s false Therefore we have comed the phrise deep
Iubernation to indicate the condition that I shall describe presently
1 define deep hibernition as a passtve abindonment of the warm
blooded state with body temperature reduced to 1 few degrees
above the environment but with the mmmal retuning the ability
to renarm without heat from external sources With this definiion
wn mnd I shall confine myself entirely to rodents himsters ground
squirrels and woodchucks Smce I have never worked with bats
Also deep hibernators according to the definttion I will not discuss
them I shall describe how rodents react in hibernation how they
come out of hibernation and then how they go back n agn

In the hibermition of rodents there are considerable differences
that can be observed visually All rodents in hibernation are cutled
up tn 1 ball In the case of the hamster the anmmal 1s immobile as
far 15 one can see except for occasional respiration The cerebral
cortex of the hamster 15 electricnlly silent when body temperatures
are below 18°C The ground squurels on the other hand 1n hiber
naton 1t 1bout 5° to 79C  1re not immobile They rock occasion
lly from side to side they shiver occasionally and they sometimes
acturlly seem to stretch but then they go back mto the ball ike
shipe agamn

Henschel Dacs the body tempertture go up during the mosement?

Iyman A very shght tmount

57
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Horvath The rewson for mtting your comments to these three
anmmls 1s for comventence not becse they 1re the only ones tha
are deep hibernitors?

Iyman No there are 1 great mmny others These 1re the only
ones I e worked with so T am on more faminr ground with
them
Fremont Smith When you siy that the cerebril cortex of the
hamster 15 electrienlly silent you mean silent to what?

Lyman Stlent i reference to outputs from brpolr electrodes
with 15 hugh amphficaten s we could get

Keller Is 1t nonexcible or sponttneous electrical activity which
15 tbsent?

Lyman 1t 1s silent unless sumulated m some w1y It 1s pm“b‘f
to obtun 1n evohed potentral much lower down to 9°C m fict W
the c1se of the himster On the othrer hand 7 f1r 15 the woodchuchs
and the ground squirrels re concerned the cerebral cortex s not
sulent spontaneously down to ac least 7°C and even 1t this low body
temperture occasional small electrieal exaitawns 1 the cortex
are observed

Talbost Dght that be 1 funcuon of the size of the ammal> Isnt
the hamster considerably smaller than the ground squirrel?

Lyman The hamster 15 1bont half the size yes but J dont thank.
size 15 the determining factor pirticularly Ground squrrels 17
true squarrels and hamsters 1re nuce

As for vocalizition in libermation ground squirrels will g
sort of groan when piched up I hue never hewd them o€
when undisturbed They e make 1 nase 2t 7°C Woodchucks
gne grunting sighs

Strumwasser (1) working with Cutellus beecheyr which 15 2 pv
ticulr spectes of ground squirrel finds that while they e n
bermtion and undisturbed they actually gise 1 hugh pitched scremn
1t 7°C He finds the cerebrl cortex 1 this amimnl 1s ctne at all
temperitures The hibermtng mimal retuns many of his homeo
Amety mechamstms For exunple the sensitinity to mspxrcd earbe l;
dionide remauns almost norml  Figure 22 shows the number ¢
respirations per minuce wnd the ambrent CO  to which the Jramstet
1s exposed durmg the nbernaning state When the per cent CQ get
around $ per cent n ncrese m resprratory rte results If the "
bient CO 159 to 10 per cent 1 great mcrense 1n respirtory Y“C’:
obtuned 1f the 1nimal continues to breathe ths Ingh CO for lang

ne
hze
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time, 1t actually works so hard bretthing 1t starts the waning process
which I shall discuss presently

Taylor How do you mensure the respiration-

Lyman By observing the breathing movements With very low
rites (3 per 2 minutes), long periods of apner and a Cheyne Stokes
pattern  this measurement becomes difficult The relatonship of
breathing rates to tmbient CO; 15 1llustrated m Figure 23 Actually
the animal 1s nearly as sensigtne to nspired CO at body tempera
ture of 6°C ns Duwvies Brow and Binger (2) found m humw be
ngs with temperatures of 37°C

Carlson That 1s rate of respiraition 1n the hvmster compred to
volume of resprration m the humm

Horvath That 1s night After all CO, does not sumulite respr
ratton until after it attams 1 certun value whereas the respiratorv
rate changes the volume first and ruses a question on Figure 23 he
cause your rate did not mncrease a gret deat unuil after you had
gone pist 5 to 7 per cent CO,

Lyman It w1s lower than 5 per cent

Horvath The response of the respiratory system could hne been
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Fictek 23 Comparsson of effect of nspired CO_ on per cent changes in Iespuatont
olume tn humans (2) and respiratory rate in hibernating hamster Reprinted b\‘
permussion from Lyman € P Effect of increased CO, on respisatron anil heart rate ¢
hibernating hamsters amd ground squirrels Am J Piysiol, 167, 638 (1951)

more adequately esalutted i terms of mmute volume, but diff
culties assoctated with the amumal’s sensitivity to arousal sumult
probably precluded such measurements

Lyman 1 think you will agree nevertheless, the animal 15 senst
tie to remirkably low percentages of CO. Actually, the PCO- 15
lower than normal 1n the hibernating hamster

Bass How do you obtam samples for acid base determunation’

Lyman Actually when the animal 1s 1n hibernation, this 150t
much of a problem It can be done by cardac puncture Where “i
hd trouble was trying to establsh a normmal rnge for an amm?
anake 1 always was doubtful about a normal range We lmtr']l
technique now by which we can intubate the aorta chromically and
remove blood from time to tme I shall talk about that later The
would be the way to get the normal, bt T don’t think anesthetzing
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the nmmnl or restruming htm in any way 1s going to give a true
normal range

The blood sugar of insectivore hibernators such 1s the hedgehog
has been reported to be below norml values Hibernaung hamsters
ground squurrels and Arctic ground squurrels have been reported s
remuning n the normal range Some confusion exists s to the pat
tern to be seen in the 13 lined ground squurrel

As far as temperature control 1s concerned mn hibernation almost
il rodents that I know 1bout that lbernite pissnely follow the
ambient tempertture from 1bout 5° up to bout 15°C If however
the vmbient temperiture 1s lowered betow 5°C  there 15 1 thermo
regulitory action which takes pliwce and the 1ninmnl increses its
oxygen consumption wnd muntains 1ts body temperature 1t tbout
2° or 3°C Thus 1s one of the reactions that ¢an take place

Another reaction which ¢in take plice 1f the tmbient tempert
ture drops too rapidly 1s that the ammal 15 not ble to compensate
for the drop 1nd therefore eventually freczes

The third reaction that < tihe plce is that the mmmnl does
not remun in hibernanion with mereased oxygen consumption but
Actually works so hard keeping wirm that 1t starts the chun of the
waking retction

Table T gives ditt irom 1n expeniment dlustritng this m the
hamster The upper line shows that the chamber temperiture wis
58°C and the cheel pouch temperature was 6 £°C The hamstery
cheek pouches re very uselul 1s they are enormous and thus il
tate the inseruon of thermocouples for mersuning body temperature

In cotumn § oxygen consumption 1s shown to be 60 em* kg hr
I the ambient temperiture 15 dropped to about 1° or 05°C  the
cheel pouch temperuure remuns 1t 36°C  but the oxygen con
sumption rises about four or 1lmost five fold

As 1s shown 1 the wble this ¢ continue for 1 considerible
length of ume 1t 11sted 24 hours 1n the cwse descnibed  md then the
mesurement was ternunated

Tme 4 gues the same 1den with the cheek pouch temperiture
Teminng "bove wmbient i this cwe 22°C  which was the lowest
we ever obtuned m a hibernaung il

Bureh When the oxygen icrewed four or five fold did respira
ton change?

Tyman 1 dont know They were i the metabolism himber
S T stmply mernred oxygen consumption
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Burch Was there more complete extraction of mvygen or more

apud ventilation?
Lyman 1 think there was more raprd venulation

TABLE 1

Effect of Near-Freezing Ambient Temperatire on the
Oxygen Consumption of the Hamster in Hibernauon

Amuna | Duration of | Chamber | Cheeh pauch | 0_Con
Number Date reasurement | Temporature | Temperature | sumption
) °0) {era A br)
132 %w, 2® 1 e s 64
Mar Eand 2 by 1010035 36
1A | Mar 16 ; 8y 34 50
Mar 161017 2 br v% 2730w
Mat 15w 8 f e 181053 331036
17e Nas 19 t2hr 5% 3%
Mo 2162% | 42y 17 441027

|

Rephinted by permussion from Fyman G P The oxygen consumption and tempers
e regulation of hibernatng hamsters J Fxprr Zool 109 35 (1945)

Talbott §s there arenlation of air by means of breathing through

the cheek pouch?

Lyman No

Talbott That 15 an 1solited compartment?

Lynman It 1s wnstde the mouth but 1 15 outside the array

Hock 1 shonid hie to pomnt out that 1 other hibernators the
floor* temperature which causes this rewction may be lower For
eximple, tn bats 1 found roughly the sune values at 58°C as Dr
Lyman shows However, at 2°C there was a lower metabolicrate )

Lyman T suspect that sf you do thus with dafferent geners, you are
gomng to get different sensitive temperatures, but the pownt 1am
trythg to make 1s that there 15 some temperature, and it pmbnbly 15
alvays above freezng where the ammal actually has some hmnr'r
thermusm, some ability to react aguust the cold, so it actually doesn't
freeze In fact, T am quute sure that s the 13 hned ground sqm"ﬂ»
*Fotrons Notr Colloquia) expression probably refering o a cnteal senenving”
reference point (T9)
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nd probnbly n the Arctic ground squirrels this sensitivaty would
be found at a much Jower temperiture

Hock It 15 below 2°C  ind probably near 0° m the Arcuic ground
squirrel

Lyman In this regard we hne worked with 1solited hearts test
tng their ability to beat 1t low temperatures The iolated heart of

3°C The 1solated heart of
—1°C My instrumentation
es below this level

Bass I didnt see the cheeh pouch temperature 1 just s1n the
oxygen ¢ p On an oy phfied basis T would s1y that
ncretsed oxygen ¢ T possibly ref nis 0v pensation
Not being a biophystcsst 1 would have predicted that the cheek
pouch would have increased its tempertture This seems 1 rather
hrge INCTEAsE 1N OXygen consumption percemage wise without an
awcompanying imcrense m cheek pouch temperature considering the
relatively smiall change 1n ambient temperature

Lyman Yes 1t does

Bass Would some of the biophysiusts comment?

Burton The difference between the cheek pouch temperiture
and the ambient temperuture on February 28 1s 06 degree The
difference on March 1 and 2 (tvhng 05) 15 31 which 1s just 1bout
five tunes a3 much difference of temperature Biophysicists would
agree that fise times the production of heat and heat loss corre
sponds to five umes the gradient of temperature

Iyman Throughout the rodents 1s an order this same ability to
regulate 1t low temperiture 1pparently does exast although s far
15 1 know the monstoring of the temperature and the mesurement
of oxygen consumption 1t the same tume that the ambient tempera
ture 15 lowered hwye not been done except 1 the hamster

The wiking process normally tikes place maturilly i all hiber
nitung atmals from tume to ume The anima! will remain m hiber
ntion anywhere from 1 day to possibly 2 or 3 weeks and then 1t
will wake from the lubernating state spontaneously If you stimu
Ite the ammal externily by poking w or pinching 1t for example
the waking process will lso take place This waking process 15 1
very complicited and coordinited sertes of physiologial events
which are ctunlly reltinely easy to study because all that 1 neces
sary 1s 1 lubermting animal Obsenations can he made as 1t wakens

In order to wake some wimils such s the 13 hined ground
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squirrel constderble sumulation 1s necessatv particularly af they
have been in libernttion for a fong time Almost anything will
wike hibernuing hamsters except noise as they apparently are deaf
durmng the hibermung state But ground squirrels must be pohed
tumed etc then the waking process starts

Aeller Have any annlytical observations been made on the deaf
ness whether 1t 15 in the receptor or centrally?

Lyman Yes Rahwma () worked on the auditory nenve of the
hamster when Chatfield nd I were working on the wakimng process
He found that the auditory nerve of the hamster fuled to conduct
below about 18°C A spike potentnil could be elicited from the
auditory wren of the cortex when we shouted t 1 hibernning wood
chuck but ringing a loud alarm for about an hour ner 1 hamster
fuled to waken the anmimal

Reynolds Whnt 1bout bright light?

Lyman It doesn t seem to bother them The ammal 15 curled up
his hiead 18 "imost under hus tul and the head 15 1n shavings L hase
no mdicrtson that turning lights on or turning them off will » e
an ammnd

Reynolds Some experiments were performed at Yale Unnersity
1 few yers ago on the dusappearnce or the elevation of threshold
with the onset of anoxin or different kinds of sensory stimult It
seems to me wisual sumul went out first and zuditory next and
then touch and other responses ke that 1 that order 1 wondered
1f there were any gradations of this type mvolved here In other
words 1t would be hard to test ight T am sure when the 1mmal bd
s head tucked under

Lyman They are quite sensitnve to tactile stumuh :

Reynolds Tactile would be the last you would expect to dis
7ppear m 1y hind of submergence

Lyman The penipheral nerve of the hamster will conduct down
to bout 3°C

VMontgomery Could there be deep body response to handhn -

Lyman There could be Turning hamsters will start aroustl o
sometimes you have to squeeze the 13 lined ground squurrels 1 bit
get them started e

Stple Have you expernimented with varations 1n ridritiont o i
animals in companson to changes i ur temperature?

Iyman Dr Davis and T heated some wmmals with diathermy

Daws 1€ 1 remember nightly they wake up with 1 ugher temper?

197
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ture than when they wake up normally We speeded up this rate of
temperature mncrese to normal temperatures from the usual value
of 4 hours to 11/ hours We found also that their heart rate did not
mncrense as it does when they wake up normally with the rise
temperature but that there was 1 g followed by 1 sudden acceler
aton

Lyman As [r as wiking them 1s concerned we sumulated them
anyway because we picked them up nd moved them to nother
ToOm €tc

Davis We tried to keep the two wnumals we worked on very quiet
We were careful but how successful 1 e were 1 our cire 1s 1
question We did find 1f the waking up process had already started
for stance the heart rate came up normally

Iyman You could warm them without increwsing heart rate In
the waking process the first physiological event that cin be observed
15 1 incretse i heart rite This anucipates any rise 1n body temper
ature

Concurrent with the increase 1n heart rite or following shightly
afterward there 1s n increase m muscular actiuity which can be
picked up with the electromyograph

The top of Figure 24 15 the record of an 1mimal that hnd Just been
fitted with electrodes The heart rate 15 1bout one beat every 3 or 4
seconds which 1s of course fast The heart has already started to
accelerate As the ammal started to wake up temperiture rose ind
the heart rite increwsed and finally muscle action potentiils were
seen So at number 5 on Figure 24 the muscle action potentinls
Amost obliterate the heart rite Tt 1s evident that at the same time
the heart 1s speeding

Hart At what pomt do you notice the ncrcase s oxygen con
sumption? Does that mcrese simultaneously with the ncrewse n
heart rite®

Lyman 1am not too satisfied with the oxygen consumption data
At lower lesels The way 1 dd the experiments ongmally 1 1s to
prek up the animals ind put them in metabolism chambers The
chimber had to equilibrate belore I got good records So the oxy
gen consumption shown 1s not the true oXygen consumption 1t the
start of the wikmg process What should be done 1s to hwe the
anma go min mbernation in the metabolism ehamber and then
hve 1t sumulated 1 some way and observe the oxygen constmption
The number of resprritions 1 nunute starts to chimb very rapidly
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Hart As soon as the mcrease in heart rate?

Lyman I couldnt say exactly 1 suspect very soon afternard #f
not at the same time

Figure 25 shows that the rise in heart rate 1s very dramatic From
a heart rate of 6 to 12 per muute, the rate will sncrease to 550 bets
per minute within 3 hours This curve does not follow the Arthe
nius equatton It ts sunply a physiological curse

Talbott What 1s the normal heart rate?

Lyman About 300 to 350

Molnar You say that you aruficnlly awakened all of these animals
ot which you studied the heart rate?

Lyman That 15 nght

Molnar Have you measured the heart rate mn the ones 1w themng
naturally?

Lyman Not to form 2 graph lile this, no

Alfolnar Ts this acceleration of the heart a response to youl
Ition rather than an ncdent occasioned by the aw1hening
acceleration necessartly a primary event m natural awakemn

Lyman I think the speeding of the heart 15 one of the ess¢!
functtions which start with the waking mmil To turn to W

T stmt
? Is the
2>
g
nual
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chucks for 1 moment when we hue observed them 1n luberniton
and coming out we have seen wn ncrense m heart rite N ncrense

m dlectrical activity m the muscle nd then 1 rise 1n body temper
ture

Vlolnar Is this observed without arufianl anakening?®

Iyman The ammal as dong 1t limsell However this is 1 the
woodchuck and not m the hamster This 15 harder to do m the
hanster beciuse so mny wires are necessiry on the himster And
the nunl 15 small and sat too happy tbout 1t
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Burton The clectromyograph shows these rates?

Lyman In the mtial electromyograph, you do not see shnenng

Burton You could have “subchmcal” shivernmg?

Lyman Yes In the case shawn at the top of Figure 24, the animt
was sumply pohed hightly with a pencil at the pomt where it ss
STIM A burst of muscle actnaty resulted This actisaty was mvan
able, when this was done

Burton You could see thit?

Lyman On the electromyograph

Talbott Were these implanted electrodes or superficial shan elec
trodes?

Lyman They were shin electrodes

Talbott But not smplanted?

Lyman They were seved mio the shin

Talbott Inserted through the shin snto the muscle?

Lyman No they were m the shin

Burton That suggests there are electrical events without mechant
cal events i the muscle fiber I was wondenng 1f that memt there
were electrical events without mechanical events i the fibers tht
were responsible for that

Lyman That 1s what I thought and I stll thimk Certawly, ther
15 no gross chmea! shnenng such as Dr Keller ws tallng abowt

Burton What about the subchimcnl factors you couldn t see?

Fremont Smuth It could be sometric

Burton There also could be active movement wluch you couldst
see
Lyman It my be visible with 1 microscope but 1t 15 not with 3
dissecting scope

Keller It might not be able to get from the pene to t
It maght be motor end plate

Lymarn You mny be right 5

Ketler Yes, but that would be just a muscle, wonldn’t e

Iyman Yes

Carlson 'Was there shuerng? 4 the

Lyman Yes, by the wme ltne 5 of Figure 24 was recorde o
ammal was really shaking This 1s a record of heart and s)mcr";
but I chunk that Figure 26 mry clarify the problem of sarmng “u“
out shivermg The top hne of Figure 26 15 cheek pouch lmxpemu
and the bottom 15 rectl temperature of an eviscerated, mmr‘m
animd waking at 5°C The test of the curarzaton 1 this e13¢

he musche
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Iyman Yes because the animal by this time had started the rapid
temperiture chmb and tte front legs were nctinlly shiking the
whole shoulder 1n the process

Fremont Smuth So this 1s where your heat 1s coming from®

Lyman Yes On the other hind the hindlegs do not shiver Actu
ally 1f an ammal 15 taken out 1t s1y 130 munutes 1t ean cranl with
us front legs but 1t will drig 1ts hindlegs This problem of distry
bution of heat cuused us to Inok into the circulatory condition of
the animal as he was waking from hibernation

Before T contnue v 1th Figure 28 I would Iike to pomt out that
there 15 quite m overshoot of ovygen consumpuon  Actually at
about the time the posterior part of the animal warms the oxygen
consumpuion reaches its maximum level which 15 abo 1t 21/ times
that of the ansm1l under normal conditions 1n the cold roum

Figure 28 1s a study of the distubution of circulation m the
normil nembuttlized ymmal Thorotrist was tjected n the heart
of the nembutilized ammal The ciroud the aorta the coeline 1xs
et the femoral artertes e visible  [he thne of tnjection took thout
1 second This prcture was tiken approximately 3 seconds after the
ngectt n

FoxoA N . ool crula e mral aeletsd ham er Repr el by
“o fe bny C P aulClatel O Mehan 3of 30 sal  the
Pbema glan ¢ 3 # pe 2o 114 40
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Lyman Yes becawuse the antmal by this nme had started the ripud
temperatute chinb and the front legs were actually shiking the
whole shoulder m the process

Fremont Smuth So this 1s where your heat 1s comung [rom?

Lyman Yes On the other hand the hindlegs do not shiver Actu
Ally 1f an animal 15 taken out 1t say 130 minutes 1t can crwl with
1ts front legs but 1t will drag 1ts hindlegs This problem of distrs
bution of heat cused us to look mto the airculytory condition of
the animl as he was waking from hibernition

Before I contmue with Figure 28 T would like to pomt out that
there 1s quite an overshoot of oxygen consumption Actually at
about the time the posterior part of the ammal wirms the oxygen
consumption reaches its miximum level which 1s 1hout 214 umes
that of the amimnl under normal conditions 1 the cold room

Figure 28 15 1 study of the distnbution of crculation i the
normil nembutahized animal Thorotrast was ingected 10 the heart
of the nembutalized animal The caroud the 1ortn the coeliac s
nd the femoral arteries are visthle The time of ingection took about
1 second This picture w1s taken approximately 3 seconds after the
injection

FIcURE 28 N\ ray of crculat  n tfe nor
2l anesticized hatster Repr ted |
1,.1crm won from Lynan C | ard Chatheld 1 O Mechams s of atotsal m llz
ber aung hamser J faf  Zool 114 491 (198 )
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of about 170 minutes, the cheek pouch temperature has reached 15
normal homothermic level, about 37° to 38°C

Fremont Smuth Were there any motions 1 the cheel pouch, wy
muscular movements?

Lyman No

Fremont $muth Have you ever mserted a balloon to see?

Lyman No, I haven’t

Fremont Snuth  Certanly there 15 a lot of muscle there, unt
there?

Lyman There 1s m the case of these ammals, where the o eeh
pouch thermocouple was back over the thorax The cheek pouch
goes way bick over the scapula So, the cheek pouch thermocouple
was actually at the thoracic level Thus, there was considerable
activity of the muscles below the cheek pouch There are very thin
muscles on the outside of the cheek pouch I doubt if they were
contributing much |

Fremont Smuth Could you see any muscular movement t U
thorax?
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Iyman Yes because the ammal by thrs tume had stirted the rapid
temperature chmb nd the front legs were actutlly shakhing the
whole shoulder 1 the process

Fremont Smuth So this 1s where your heat 1s comng from?

Lyman Yes On the other hand the hindlegs do not shiver Actu
ally 1f an anmal 1s taken out at s1y 130 munutes 1t can crawl with
its front legs but 1t will diag 1ts hundlegs This problem of distrs
bution of heat caused us to look mto the arculatory condition of
the mimal 15 he was waking from hibernation

Before I continue with Figure 28 T would hike to point out that
there 1s quite n overshoot of oxygen consumption Actually at
about the ume the posterior part of the animal wirms the oxygen
consumption reaches its mramum level which 1s about 21/ umes
that of the 1nimal under norm1l conditions 1n the cold room

Figure 28 15 a study of the distribution of circulauon m the
normal nembutahized amumal Thorotrast was myected 1n the heart
of the nembutahized ammal The carotd the aorta the coehac 1xs
and the femor1l arteries tre vistble The time of injection took 1bout
I second This picture was taken ipproximately 3 seconds fter the
njection

FORE®8 Npav of ¢ culasto n the nr al anesla
permssan from Lynan € P ant Clateld P O
hberna ng ham ¢ J fxpe 7 114 491 195

L baneen Tay v Ny
Mechan ns of a ou al the
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A sumlar procedure was carned out 1n a hibernating ammal 30
mrnutes after the start of arousal, and the distributton of the thoro-
trast 30 seconds after mjection can be seen m Figure 29 Actually,
with other x rays, 1t 1s possible to see that the thorotrast goes up to the
brain and returns, but, as 1s evident from the outlme of the rortx
thorotrast has not yet reached much beyond the level of the hidneys
So, we postulated there 1s a differenual vasoconstriction m the pos
terior part of the animal and that, during the waking process, the
front part warms because of this vasoconstriction 1n the posterior part
‘Then, when the posterior portion 1s warmed, the yvasoconstriction
cewes, and the temperature of the postertor portion rapidly rises, as
was shown m Tigure 27

Burch I hwve seen this phenomenon before If vasoconstriction
persists for a long penod of time, which thrs would suggest, wouldnt
the smooth muscle require some blood to heep nself alive and
remun constricted?

Lyman Yes

Burch What 1s the source of blood supply?

Lyman The sasoconstriction I am sure 1s not complete

Burch Is 1t mtermattent and a sort of hunting phenomenon®

Lyman I dont think 1t 1s hunting I think there 1s some circk
1ation at all umes Tor mstance, 1f the hind toe 1s cut off, blood swill

r1ss10n
mating

Ficure 20 X ray of arculation in the waking hibernator Reprinted by per
from Lyman C P and Chatfeld P O \lechanwms of arousal mn the hi
hamster J Exper Zool 114 491 (1950)
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seep from 1t very slonly But 1f the front toe 15 cut oft there 15 1
much more ripid flow though I havent done 1ny meisurements

Reller 1 behese the oxygen consumption of smooth muscle 1s
considerably less than striated muscle 1s st not?

Lyman 1 dont know

Burton Is there any hunt of 1 matomiel stricture 1 the aort?

Lyman As Far 15 I know there 1s not I made one complete series
of sections from the posterior portion of the norta night forward
anteriotly as far 15 1t went There w1s no indication of corrcttion
or muscular band or anything like thit which wonld cause a clhimp
ng off at 1 certan level I think 1t 1s penipheral vasoconstriction and
naot 1 more central one

Behnke Dr Iming wsnt this the same type of cutoff that sea
mammals have?

Irong From what Dr Lyman sud 1t wsnt quite the syme be
cause tn divIng \asoconstriction app: ly all of the ure
1s simultaneously involved and the crrculation generally reduced
Here durnng the waling reaction at any rite the distribution of
the peripheral arculition 1s differenuiated s between the front and
the hindlhimbs

Lyman Yes between the anterior portion 1nd the posterior por
tion I am a Iittle bit unhappy 1bout the front imb bectuse 1t 1s
pale during the waking process whereas 1t 15 normally pink T think
there may be some vasoconstriction at the foot but 1t 15 open 1bove
the foot

Irumg Of course the recovery of function m the forehmb ahead
of the hindlimb 1s suggestive Ithewise of 1 difference nnt 1t?

Lyman There 1s certanly some

Hock During arousal 1n the Arctic ground squirrel I have found
deep colonic temperature to be 35° to 37°C  while the temperature
of the hindfoot 15 still 2 5°C In fact the hindfoot 15 not yet operat
g when the colon 15 at normal 1ctive temperature but s at 1bout
the same level at which the colon was at the beginning of arousal

Lyman Figure 30 presents a series of temperatures These tem
peratures  during the warming process show that the antenor
portion 1n general warms early while the posterior portion remtns
ool until some 90 to 120 munutes Iter when 1t starts to rise

Dawis The temperiture of the cerebrum 15 below that of the heart
“nd cheek pouch?®

Lyman Yes The heart 1s the warmest place durmng the waking
process
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HGLRE 30 Ten perature af various areas as am nal wakes from hibernation R'f".n’"«ﬁ
by permission from Lyman C P ani Chatfeld P O ‘Mechamsms of arousa
htbernating hamster J Fxper 700! 114 491 (1950)

Daws 1s this becruse 1t 15 working the hardest? Wch

Lyman 1 think so Actunlly the heart 1s pumpimg agamsst a (”ls
peripheral resistance nd pumping at 1 very ripid rie So :tl’)’
wctually a very mefficient pump and 15 working therefore as 1
elfective het generiting organ

When \xe\\?ng Fxguroe ‘.76g which shouws the eviscertted lelml;'r":l
mml warming we suggested that perhaps 11l the energy o ];\rn\t
ngwis comng from the rapidly beating heart Some indiidut N
leufated the het output and hue indicated that speeding he
essively rpidly bewng heart could not possibly produce
juantity of heat required to induce this 1mmal to become ":i“am

Reller What possible sources of heat would the eviscerate
nal have other than heart?

Hart  Skeletal muscle ate

Aeller But the nonshivering muscle cmnot produce adequ
utntities of heat

Lyman  There 15 no carly shinening Wath the waking PE{":::‘:
1ere 15 1 rpid ncrease tn blood pressure as 15 suggested m FIg
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s the hamster 1s made ont of something Mike 1 high gride of tissue
prper As soon 1s the ammal relly started to shike nd shiser the
artery tore md the experiment w1s terminated Smce that time we
hve been able with the intubating technique to record blood pres
sures throughout the entire nkmg process

Another thing which occurs during the waking process 1s 1 ghyco-
genolysis mobilization of the glycogen 1n the muscle and i the
liver It1s possible to trice this using exther microchemical techniques
or the pertodic 1cid Schuff reagent which 1s specific for glycogen and
tiking smll symples of Iner durmg the wiking process

Three sections tihen from the Iver of wn 1uml durmg the
waking process are shown m Figure 32 The left one ndicates tint
when the il was first rousing the Iner was loaded with ghyee
gen 1n 1bout the muddle of the wakmg process when the nterior
portion of the bedy was about 20° or 15°C  the Iner was more de-
pleted and finally t 35°C  the lner glycogen w1s further depleted

Fremont Smuth At what ume mterval?

Lyman The first sample was taken approxumately 15 mumutes
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the hibernaung heart was about twice as high as in the normnl
heart, and 1t was depleted during the waking process Obyviously, ne
dud not take biopsies of the heart as we could with the lier duning
the waking process, but we did take a sample of the heart in hiber
nanon and a sample alter waking

Behnke Is glycogen formed i the liver during hibernition’

Lyman 1f this occurs, I believe it would be mmm!

Burton Over a long enough pertod?

Lyman Yes Some of the older workers clumed they found a
hifference of 20 or 30 per cent decrease over long periods This was
of course, with different animnls, and the statistics aren’t very good
You obvsously can’t obtain a sxmple when the ammal first staris 10
hibernate because he will arouse

Taylor Wil diabetic ammals bermte?

Lyman 1 don’t know, I doubt it I think they would die

Behnhe What 1s the source of the animals energy dunng luber
nition?

Lyman The R Q 15 07, so presumably they re using fat

Behn!¢ Glycogen 15 just bemng held?

Lyman Yes he
Hock This storage of glycogen mn the heart and other prtsof ¢
hibernating body 15 perhps one of the most significunt drfferences
Detween Mbernators and nonibernators The imibihiy of the homo-
therm to store large amounts of glycogen, especnnlly wn the mn}":\‘
muscle, or more important, to mobilize 1t properly within 1 ‘1
hours hike the hibernators, miy explun why we cannot obtun

long term poikilothermic homotherm

Reynolds Did you do hver fats by any chance?

Lyman No Jent

Reynolds 1 should thunk this would be worth doing, since at e
1n the case of the newborn there are lnrge quantittes of fat ]gdlof
Iner at birth which tend to disappear very slowly over 1 Pel" fiest
several days 1n contrast to the glycogen which disipperrs i1 the Lot
12 hours after birth It seems to me there mught be some hind
prrallehsm 1 this process to the case of the libernttor

Hock The hiver 1n the hibernator 1s extremely fatty

Reynolds When 1t goes mto hiberniion® fauy de

Hock Then and during hibernation It may be almost 11 !
generation

Lyman Itvanes In some 1t 1s more than others

Reller Does a lean animl go into hibernition®
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Lyman Yes 1t does

Keller On Dr Tavlor s questton wbout dabetes lloin dribetes
would work quite well and 1 wovld be very interestng

Fremont-Smuth To see whether they would mbernate®

Aeller Yes

Burton Suwwlirly [ would look at the Itpid 1n the heart muscle
which gtees the stores of energy st fatigue etc rather than the
alycoen Tt nuzhe be wordy while vt some future time to try to
mesure the lypid m the heart muascle and how 1t 15 depleted durng
the waking process

Fremont Smith If we are thinking of htbermuion s returning
to the fetal stwe 1t would be teresting to knaw whether the
younger amumls hrbernie Hive we wny evidence?

Lymen Yes | hnve done an experunent with hamsters putung
them o the cold room 2s saon as wened wnd carrying them along
Hibernation 1 not possible until the antmals ave approxumately
100 days of ige The very young ammals would not bernite 1
don ¢ tiunk there 15 any teal relationstup betueen the fetal state and
the hbernating state The fetal state 1s not organzed whereas the
tubernating state 15 tughly organized with this waking process

Hock Hamsters do not deposit fat on their bodies s do ground
squirsels they store food Ground squirrels are Hhom tbout § June
w Alaska and emerge from the dens wn July weighing 150 to 200
gm About 1 Qctober or at 1 age of about 120 days they weigh
about 500 gm and bernate

Burch Huie you laheled glycozen to see tf there was wny seques
tration?

Lyman No

Burch s there any relationship between the peculinr metibolic
state of using fats in preference to glycogen? Is that also true of the
mugratng birds that stmularly store food 1 preparation for the my
grawon? Do they use fat in preference to the Iiver glycogen?

Hock 1 dont tiunk anyone Anows about ghycogen storige wnd
use during mugration Birds store fat just before migration and use
1t then much as hibernators store and use fat But they appear to
arnse at the northern terminus of mgration in good condition

Jruing Yes They dont exhwst the fie supply 1t lewst durmg
mugrition to the Arvctic because many species of Dyrds arriung
there are about as fat 1s Hicy could he (5)

Iyman How about the golden plover 15 1t far

Irumg Usually 1t s fu
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Burch s glycogen stored?

Iromng I dont know My estimate of fat 1s simply by visusl obser
sation which 15 quite rebble m birds becruse there are certan
tricts in which the fat 1s clearly visible

Behnke Is the bility to store glycogen n the huer one of the
chuef differences between the hibernating and nonhibernating ant
mal? Certunly the hamster or the rat that has fasted for 24 hours
loses glycogen

Hock I thunk this 15 one of the most essential differences

Reller The core temperiture difference there would be a factor
The lubernitor s temperiture 15 much lower and that 1s probably
one of the reasons for the slower disappearince of ghycogen

Hock When he starts to mobilize 1t he 1s still 2t low temperature

Aeller The mobilization factor dunng spontaneous warmne 1
superimposed on the muntenance factor in lnberniion

Behknke There 15 some energy requured at fow temperature Why
i t that energy derived from the glycogen rather than from body
fat?

Reller My pomt 1s that m bernation basal metabolic i
ussue respiration s at a low level

Behnke 1s 1 « we er fied
fatty acid In pro-
gresses 0T doe e

Lyman Y
change overs of fat i hamsters

Iruing Is there 1y mdicauion from the respiratory quotients upot
awilening from hibernanon?

Lyman The respiratory guotient goes up durmg th
process This T havent meisured persontlly but it 15 g
established that such s the cse he

Yontgomery Does withdrwing food a day or two whett te
amimal 1s ready to hibernite throw hun into hibernation mov
mpudly? 4

Lyman This 1s true to some extent in woodchueks nd grow?
squirrels which store large quannties of fat

Montg » 1 supp the env
big samable an induang mbernation

Lyman Yes Hamsters just simply starve They
themselves by gomng mto hibernation

Bartholomew (6) his shown recently that af
membrns the pocket mouse 15 sturved or depr

e waly
uste well

1 stel 2
1 P ure

do not protect
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hicere 33 Effect of ¢old exposute on depot fat of hamsters Newol 1s a saturated
cooking fat Peanut orl 15 unsatutated In every case cold evposure mcreased the sodine
number and lowered the meltng posnt of the depot fat i hamsters Reprinted by
permission from Fawcett D W and Lyman C P The effcet of low environmental

temperatme on the composition of depot fat an relation to hibernation [ Physial
126 235 (1954)

at 70°F , 1t goes mnto a lethargic state So these anumals are appar
ently using this as a mechanism to protect themselves agamnst star
‘auon

Montgomery Are there any generalities about how soon over
eating occurs at the termunation of hibernatton or does thit vary
considerably?

Lyman Ground squirrels and woodchucks grow fat very rapidly
after the mating season Generally, when they come ont of hiber
nation they lose weight for a pertod and then after the breeding
seasun the weight g 1s very rapid

Fremont Smuth  Perognathus longimembris 1s very Interesung,
because 1t suggests that there 15 a mechamism stmilar to hibernation
which 15 not dependent upon temperature

Lyman That is nght

Fremont Smith On the other hand, if thit 1s a different mecha
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techmique I don t think they could be fed through the stomach tube
because 1t would be too inconvenent

Taylor The Iners nere lso removed from your eviscerited am
mals 1 assume®

Iyman The blood supply to the liser was completely cut off

Taylor So the hver glycogen wasn t plymg much of 1 role 1 the
energy processes N rewirming n those mimnls

Lyman Inthiscise we tooh the lner simple 1t the start of wilung
and 1t the end of wiking »nd the lner glycogen remuned the sime
Blood sugr m the normal waking animal stays at 100 or it may sky
rocket up to about 300 to 350 mg per cent In the ese of the eviscer
ated amuml the blood sugar was w a hypoglycemuc level The mt
nnil's temperiture ttmned nearly 37°C and then 1t died

Taylor Was the blood supply to the pancreas also mterfered with
1t the same time?

Lyman The pincreas wasnt there

Taylor What about the 1drenals?

I yman The adrenals nere in

Pace Did you see any evidence of ketosts®

Fyman No As far as 1 Anow 1t has never been reporced

Behnke VWith reference to carbshydrate menbolism 1t has been
reported (7 8) that 1 hypothermic indntduals glhicose rdministered
ntravenously 1 5 per cent solution 1s not uttlized *

Aeller What s the depth of hypothermia?

Behnke In humin hetags it wnuld be about 30°C
I3man In the waking process there 1s peripheral vasocenstriction

.

waking process 1 lar as the central nervous system 1s concerned
tr tt e heat regulatory centers

Dr Chatfield 1nd T (9) did experiments with electrodes pliced
i vartous areas of the brun during the waling process and re
corded from these areas during arousil We found no acuvity m
the hypothalamic area but the electrical ety was confined to

*Fo RsNowr (apta 1B ke woull Thetoatdthe f Il w g alterho ght w1 s
vemstls at he L fe e

T berola ol rat] erpreparat n cool ng fron 38% a3 o 1es Jes n a decrease
Folond g seteclstyat nul as 0 g 100 mb {eg fcom 160 to 110 ng 100
m) Smultanco b there s an crease [ ergleoe © ¢ | 031004 gm/
1A Rm [t sue the extra | er glyeose  lepos ed unler these conl  ns alm at
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82 Cold Injury

nisin, then 1t seems to me the other discusston on hibernation stig
gested we are possibly dealing with rate determinants in which there
mught be differeninl temperature effects on enzyme systems as
apposed to fat and glycogen I wonder whether anything has been
done This could be done 1 miro

Horvath The humming brrd shows exactly this If the supply of
food 15 not avaulable, his temperature drops It 15 related to the gly
cogen carbohydrate stores

Burton Dr Fremont Smuth has raised a point which I was gong
to raise There may be a fundamental phystochemicl rehtionship
here In plint physiology, there 1s a great deal of evidence The over
all resprratory quotient depends upon the temperature and becomes
lower as the tissues cool The lower the temperature, the more trans
formation from fat and carbohiydrate The eqmlsbrium moues
the directton of fat going to carbohydrate rather than carbohydr:
to fat

In the warm blooded mammal, 1t 15 very ey to show cib
hydmte gong to fat, but it has been extremely difficult to shm»c
gotng the other way I suspect there 15 an underlying phystochem:
shift 1 this process

Fremont Smuth On the enzyme basis, probably .

Burck You must do turnover studies The glycogen i 'hcbh“n
m1y be turning over very rapdly and the stze of the stores 15 bel
muntamed -

Tremont Smuth The suggestion was mude that a sudden mL(rMU
m heart rate might be mmtiated because of changes m glye "Lt‘
metabolism within the heart at a very low temperature If this ‘:lu£
pice, 1t would require an enzyme which comverts glycogen “:s It
temperature It seems to me tins 1s entrely a testtble hypothe: ld 2
1t 15 50, 1t would be an extremely interesting thing to hnow, 10
could be eliminated if the enzyme doesn t function

Behnke To account for the sudden increase enon

Fremont Smuth  Yes This 1s a very extriordmary phenom
And apparently 1t 15 a prumiry one mn the reawakeming P"’“;: -

Behnke Have you fed amy anmmals by means of 2 smll tube,
continuously during hibernation?

Lyman 1 dont thik tht would be possible 1t might be Iy for

Behnke Certunly we can feed human beings conlmum\s‘)""h
periods of 24 hours during which ume they are able to sleep
out a grett deal of inconyensence on

Lymg:n They could be fed mtr1arternlly with this ntubiy



Hibeynation in Mammals 85

Lyman Under stmulus Dr Strumwasser (10) at the Natiomil
Institutes of Hexlth gets shivening m Catellus Teecheyr (ground
squtrrel) 1t 6° and 7°C  2nd the shivering occurs synchronousty
with discharges from the motor cortex rither than any other ple
m the bram Cerrunly this 1s not usually constdered the hett
regultory center

Reller Fulore to record electncil nanity m the hypothilwans
doesn t necesstrily mean 1t 1s not wctve does 1t

Lyman No 1 dont really think 1t does This depends consider
1bly on the recording mechanism We did a large series of anmmls
and I would be hippy to find 1t 1 the preoptic area

Reller Also the electrical ctivity you prek up mught be comet
dental with the wakmg rather than the cuse of the walig

Lyman 1t might be

Fremont Smuth It mught be 1 result of the 1ahemng

I'yman Fignre 35 was made quuee 1 few yews ago It shows 1
hamster entering the luberniung stre At zero the hines of oxygen
consumption and cheek pouch temperunre are shown 1 gentle
curves Thrs w1s because the mewsurements were so errte that ne
were not able to determme which started to drop first the oxygen
consumption or the cheek pouch temperature

Later we were able to mike some metsurements on woodchucks
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the so called himbic system that 1s, the cingulum, hippocampus
formx, and mammllary bodies

Fremont Smuith Did you get 1nto reticular formations®

Lyman Yes, and found no activity except at high temperature

Figure 34 1lustrates the type of activity we observed n the hip
pocampal aren are at rather high temperatures with mcrease 10
spike discharge as the temperature rose

Fremont Smuth This 1s the waking anmal?

Lyman Yes

Fremont Smith Spontneously awakening?

Lyman Yes

Fremont Smuth  Under stimulus?
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Lyman Under sumulus Dr Strumwasser (10) at the National
Institutes of Health gets shivening m Cutellus {eecheyt (ground
squirrel) 1t 6° and 7°C and the shivering occurs synchronously
with dischirges from the motor cortex rather than any other plice
m the brun Certamnly this 1s not usually considered the heit
regulatory center

Aeller Failure to record electrical activaty m the hypothalvmus
doesn t necessarily mean 1t 1s not ictive does 1t

Lyman No 1 dont really think 1t does This depends consider
ably on the recording mechanism We did 1 large series of nimnls
and I would be happy to find 1t n the preoptic area

Keller Also the electrical activity you prch up might be cotnct
dental with the waking rather than the cause of the waking

Lyman It might be

Fremont Smuth It mught be a result of the awakeming

Iyman Figure 35 was made quite 1 few years ag» It shows 1
hamster entering the htbernating stite At zero the hines of ovygen
consumption and cheek pouch temperature are shown s gentle
curves This w1s because the metsurements were so erratc that we
were not able to deternune which started to drop fint the oxygen
consumption or the cheel pouch temperature

Later we were able to mike some measurements on woodchucks
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As they are Ingger, 1t 15 possible (o get more apparatus on them
With electrodes, thermocouples, and oxygen consumption (Figure
96), we obtaned some fairly good records from amimnls entermg the
hibernaung state In the case of the woodchuck, when the amml 1
gomg mto hibernation, the body temperature does not generally
follow as a smooth curve, but the animal perodicaily shivers hn
heart rate increases, and the oxygen consumption nises Then the
woodchuck stops shivering and again slides down toward the hiber
naung state The left hand part of Figure 36 shows where the ovygen
consumptron, heart rate, and body temperature rise, stat to drop
r1se once agam, and then start to drop

The iteresting thing to me 1s that in every case the hewrt rte
and the oxygen consumption anticipate the drop i body temperd
ture This Jooks to me as 1f the amimal 1s actively cutung off some
sort of regulatory mechamsm

Burch You mean when entermg hibernation, the heart rate slons
and when coming out, the heart rate mcreases?
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Lyman Yes

Fremont Snuth He sort of alternites between going m wnd com
mg out He 1s reatly domng both of them momentanly

Lyman Yes

Fremant Smuh This 15 analogous to subgects gaven typhoid s1c
cine The temperature rises to about the highest point nd visod:
lation begins suddenly 1 the periphery The next moment they
feel chilly and cold and there will be vasoconstriction and another
shife begins so thit 1 15 mnutes they may be back mn complete
vasodilation They alternate between constriction and vasodiianon

Lyman Ths 1s true mn the woodchuck nd the ground squirre]
but as f1r as I can see 1n the hamster this does not occur There 15 2
smooth curve Once he pulls on the brike or whatever he 15 doing
down he goes We do not have the measurements on the hamster yet
but we hope to have them
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LIVING ON THE SOUTH POLAR ICE CAP

PAUL A SIPIL

Department of the Army

Office of the Cluef of Research and Development
tWashington D C

FOR PURPOSES OF BACKRGROUND 1 shall begin with + brief descripuion
of lining conditions at the Amundsen Scott IGY South Pole Station
The station 15 located 1t the geogriphic South Pole close to the
center of the Antarctic Continent Al of the supplies for that station
had to be sent through MecMurdo Sound more or less m 1 direct
line from New Zealand VMcMurdo 1s as close as supply ships could
get to the conunent and the most suitible locality for 1n airstrip on
ser 1ce for LS Air Force C 124 Globemaster cargo carniers ind the
N\avy shi planes that arrlifted personnel into the Pole Statson

Unutil the Pole Station was established supplysng an mland st1
tion enurely by air was virtually impossible I use the word 1m
possible  adusedly 1n the sense that up to this trme our technology
had not advanced to the pomt that 1t was concesvable for such an
amount of tonnage to be flown 1t The use of Navy and Air Force
equipment that had been developed shortly altes the war made 1t
possible to fly 1n and drop the supplies

Personnel and some of the delicate saenufic equipment went
m on sh1 planes The elevation at the Pole Station was around 9200
feet Howeter as this was estiblished by barometer 1t could be in
error by several hundred feet i exther direction

Dunng the summer period when there was diyhght for approxi
mately 6 months the warmest temperatures weve Just slightly tbove
0°F * 50 the combination of temperatures from —~20° to0°F d the
telatne calm which characterized the summer were not at 2l un
plexsant The greatest difficulty 1n the summertime was reduction
of oxygen nt that elevation

“Eprrons Note These temperatures were not changed to degrees Cent grade ay most

people are accusto ned o a nb ent te nperatures be ng recordedd as degrees Fahsent e t
Tle lowest amt ent temperature of —190°F s cqui alent © ~733 C

89
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In the wintertime, during the 6 months of dirkness the munmun
temperature averaged —73°F One month averiged —80°F The
absolute minimum was —102°F We expenenced as much s 97 con
secutive hours when the temperature remamed below —90°F Al
recall, there were 149 days when the temperature remuned belos
—40°F

In most areas of extreme cold, there 15 also 1 great dedl of calm
This 1s not so at the South Pole On the contrary, the wmd blev
mcessntly all winter long at an average of about 15 knots, er round
17 nules per hour, with 2 maimum velocity of about 47 Anots or
50 mules per hour There was not a single hour of ctlm recorded
outside Therefore, the combmation of wind and temperatute of
the wind chill factor, was extremely igh

Outr Inving cond1tions were superior to those of any previous €Xp¢
dition with which I had been assocrited For example, 1t the South
Pole Station with a complement of eighteen men the heated m(;
was four times the size of the station of I 1ttle America 1, wher¢ S«
years ago forty two men lined This ment that we hud somcthl':5
around ten tumes the floor spice On the first expedition, I in
with seven other men tn a room that was 10 by 10 feet squire How
ever at the pole, we hd almost that much spice per mn nd ‘;"'
able to give the men a choice of individual cubrcles 1n which to ¥ f:é’
and Leep therr personal gewr Actunlly, ten of the men pured off
n each case used the extra room as 1 little siting room .

Our galley, radio room, 1nd meteorological ficilittes were m 0“h
building Another building was a birracks over 52 feet long “h“‘
housed twelse men The other six men hved m a Jamesway h“)l
which looks like 2 Quonset hut but 1s made of fabric, with gl “01(6
nsulation and 1 wood frime 8 feet ngh n the center and aboutt
feet across We used diesel oil spice heaters nd electric fans to “ﬁ
the warm air crrculiting A 30 kv generztor wis put on the ke
the time so there was very httle trouble with electrtcal units pere

There was nothing unusual about our food except thit uen
were 1o fresh 1tems other thn 1 few fresh frozen items for spec
occasions

Burch What was the temperature mside the rooms

Siple The mside temperatures ranged normally from on
65°F , which was comfortable because we wore cotton of cott i
wool undernear, with wool shurts wnd trousers It never gt C[::r
enough to make our fingers suff We were 1ble to sleep 1 "“;'“m
ricks building with only sheets ind blankets mn contrist to the br
fur or feather sleeping bags of the pst

BBe 10
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Blarr How much outside air did you provide?

Sipte There was no prosision speafically for the entruce of awr
except through the cricks 1lthough we made some opemings 1 the
mess hall near the stove The floot of the Jamesway was well below
treezing

The whole camp w1s incorporated 1nside 1 framework of chchen
wire and burlap with necessry lumber to hold up the pissagenys
You could wilk betneen the bmldings without having to put on
additional clothing despate the fact that temperitures m the pas
s1ges dropped down n the muddie of winter to vround ~60° or
-79°F and 1n our coldest peniod 1t probably drapped o —80°F
for 1 few hours at least

Burten How did you metsure the —80°F ¢ What sort of ther
mometer did you use?

Siple We had two types We had both the thenmistors wnd the
toluene thermometers The \Weather Burew provided us with
thermometers <1pable of registering s Tow as ~130°F Qur eleutnt
cal resistance then could have d even lower than
thiy

I will explain later the clothing we used at different times We
hd primarily Army Quartermster clothing which for the aivilian
scientific group was supplemented with some down filled clothing
The Navy personnel mtermixed Navy wnd Army clothing

I was at the pole for exactly 1 year Some of the personnel were
there from 8 to 10 months We had one animal 1 dog that rin
around outside at —90° to —100°F I don t understand this becruse
we hne had dogs m the past whose pans were frozen 1t higher
temperatures

With this background I will start the second phase of my dis
cussion At thas point however I would hke first to rexd 1 set of
conclusions on the ltving conditions The rewon for stating my
conclusions at the beginning 15 to permit you to consider their 11
fdity s I proceed

Farst wind chill is lessencd by Mttude becruse air At the atutude
of the pole w1s less dense nd therefore had 1 lower therml capacity
than ser level ar

Burch What 15 the altunde at the pole?

Stple Tt 15 9200 feet plus or minus 100 feet The second con
clustont s e at derst B a diy of exposure 15 possible nnder
virtually any nataral extreme of cold emvronment We were ble
to be outdoors 1 much 1s 4 hours moving around 1 conditions 1s
severe 15 17e likely to be found in nature
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Fremont Smuth How much 1cclimition does 1 man need before
such exposure 15 possible? Is half 1 day of exposure posstble inmedt
ately upon arrval?

Siple No In fact from my expertence men do not become acch
mated for at lenst 2 weeks

Fremont Smith How much exposure could a person fresh fron
1 temperite climate endure 10 minutes or 2 minutes®

Stple Probably half an hour or so under extreme conditions be-
fore becoming rither miserble Altutude was 1 first considerauon
It masked the effect of other factors The men were mchned to be
uncomfortable and not too efficient for the first couple of neehs

Reller What hind of work were they doing?

Siple Heavy physical labor They have to Leep movng

KReller There must be enough exercise n order to yuse bods
temperature?

Siple Yes temporarily but they are not 1ble to matnty
long Working hard at —60°F day nfter dry [ was not able tom ?
tun comfortable body temperatures for more than n hour 1t a ume

Fremont Smuth When people first arrve for how short a um:
would you imnsist that they expose themselves 1t first before coming
back 1nto the warmth agun 10 mimutes or half an hour? ¢

Stple We put some of these men to work the first few days foF
two periods of 2 hour stretches 1t —40°F

Fremont Smith Then 2 hours right away 15 possible?

Siple Yes at —40°F he
Taylor Admiral Dufek and his party landed 1t the pole for ¢
first fime t the end of October 1956 The group had come from
New Zealnd between the 16th and 20th of October and then ‘;’2
about 31 October they flew to the pole These nere umccllﬂ;ﬂ‘fm
people The temperature was 1bout ~55°F They were on dec o
Just a few munutes but they experienced frostbite and severe |
comfort from the combmation of alntude and cold Ccnal}:l:t
—55°F w1s quite warm compnred to their later experience but t Cw
were probably the most unicclimated people who had ever been

the pole Dont you agree?

Stple ActuaII; noge of them was n expenenced cold u::ll‘I::‘;
man Most of them had never experienced such low temP‘:“"n
before the plane crew particulirly They were hterally frightel
by the cold ftie

There was one additional factor which incrensed the stress 0] ne
nttural emrronment—the blwst of the propellers around the p:])n
which added considerably to their discomfort They were

n 1t for
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apprehensne becuse they werent certam that they were gong to
get the plne off the surface In fact they almost didnt they hnd 1
great deal of trouble This w1s a sery good test cxse for s Dr
Taylor mentioned these were completely unacclimated people who
had been dropped for 1 few mmutes mto imost Jethal cold sur
roundings

However under somenhat similar temperatures other groups
of unacchmated men were thle to wark outnde for a couple of
hours at a ttme They hnew however that there was 1 comf{ortible
warm phece avulible

These men performed sery useful work We built 1 farly lrge
Varricks butlding 1 1 pertod of 2 working days The achievement
was remarkible because of the high tltitude 1nd Ik of techimation
of the new men They hid to carty very hewvy building panels

A result of such bewy labar and extensue exposure under palir
conditions was a tendency to loss of body werght deterioration of
strength and joint 1ches

1 will rexd extricts of the notes I made n the Antaretrc at the
ume I realize some of the conclusions now are not the same as those
I wrote down while T was sull cold but { thought these ortginal
notes might be of more significance T will grve 1 somewhat chrono
jogical order the events that seemed to me 10 be important 15 1
went 1long from day to day

1 nonid ble to pomnt out that in these notes there 1re 1 few per
sonal ulments mentioned One w1s pprrently 1n allergy of some
sort that caused nas1l congestion which seemed to be agaruiated by
cold Throughout this ewrly period I was atteempung to refrun
from using nose drops and antihistamine compounds hut the aggra
vatton of the cold r necessitated thewrr continged wse I thought
this might be of some significince as 1 hackground

Blarr How much of that do you think was caused by dryness of
thte quarters m which vou were lving and drymg of the nal
mucost rather than the ctual cold nself?

Siple When I stayed n the quirters which were very dry cien
though we tried to ruse the humidity the conditton mproved Dr
Howard Taylor who wis our medical officer ¢t the pole and whn
had been 1t McMurdo the year before was the first to suggest thae
this v as possibly m allergy which may hue developed over the lang
number of years 1 have heen expased off wnd on to cold Whether
tus 15 1 musleading suggestion or nat 1 lewe to you to sursmse from
some ol the evidence | have gnen

Talbott Did you wear a nose guard or nose msh?
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Siple 1 did not At low altitude 1 had worn one by preference,
when temperatures were —40°F. or lower, but at the pole I pre
ferred whuskers to the mask, simply because I fele I wasn't getnng
enongh air when 1 wore the Jatter. Anything that restricted the feel
ing of getting enough ventilation was dislihed by most of the men
Only two or three men conststently wore face masks when they nert
out The rest preferred to take a chance of getung their frces mpped
or wote their hoods for protection

Burch Did you place thermistors in the nasal prssages’

Siple No

Burton On the matter of allergv, T wonder if hay fever can ot
m dus climate There 15 a lot of evidence mt the old medical hm;s
that people who are hay fever victims suffer an aggravaton m the
cold

Siple Mayhe [ have hay fever I da not know Whateser the s
of the allergy, at least there was an aggravation because of cotd al;

Burton Do you suffer from hay fever in the ragweed season £
summer? cher

Siple T have not parucularly noticed that I suifer the wiy ¢ o
people do In my case, T have noticed a seasonal change, it seems
be a little worse 1n the winter than it 1s 1n the summer e

Burton 1 don’t know where the hay would come from
Antarcnc Some other agent may be the cause e

Stple 1 want to make 1t very clear that I do not know the (e
but the condinion existed and seemed to be aggruated

Horvath You had no other sygns besides the nasal congest
There was no urtixana® Lae 20d

Stple One other sign was a condition of psortasis of the sbl:l e
pticularly the nails It 15 rather interestng that the nuls tim
almost completely cured, better than they had been for 2 of 3y
previously Then the nails deteniorated agamn

Fremont Smith While you were thered asex

Siple While T was there During the first half year when 1% i
posed to the greatest cald, there was an mpros ement N the ll:m"‘
However my nls were not the only ones aftected One of the lm .
that Lecame apparent, as we examined one another’s mxlsbﬂ ol
curiosty, was a reddened line, about an erghth of an inch szl
the quuch Line My own was a very reddened line whidh ngzﬂm
during the whole period while my nails wete improving We were
the same reddened lmes on the natls of many of the men “humm’
especially exposed to the cold In addition, there were also plack
longatudinal dark Lines on the nafs 1 had absersed simiat

10n?
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lines once before after my nails hid been treated by <11y In both
cases the nuls felt a sort of ughtening and tenderness while the blick
lines persisted

Burch Did you have anyone check to see if you hd pernio or
cold allergy? Cold allergic reactions of the shin may be mistiken
for psortasis

Siple Actually the doctor who was treating me for psortasts had
at the time of first acquaintance discovered the work of the Macy
Cold Injury Conferences as well s other cold weather studies and
w1s following up a theory that some 1dult skin ailments were actu
ally due n some cases to cold injury suffered earlier in hfe So 1t
least the doctor was aware of the potentiahty Although such an
assumption 1s not necessanly the reason for my own 1t was not com
pletely ruled out

Actually the first time I ever became aware of this condition par
ticularly the mamfestation of 1t n my scalp I thought 1t was due
to some trapical disease It appeared during the period I was 1t In

dian B - e living out under
stmula on my face prts
of my 1 of the diserse on

my face and most of my body but the scalp has never yielded to
treatment It has been under control but not cured
I menuon these beciuse they are 1diosyncrasies of my own physt
cal condition Otherwise I apparently was quite normal I had
passed specalized medical tests 1 addition to the standard tests
given by the Navy betore going down
Another area of health I would like to discuss s the problem that
came up when the common cold was itroduced at the Pole Sta
uon There was a high degree of contagiousness suggesting an ep1
derme Although we eighteen men at the Pole Station Jtving 1n 150
lauon for 8 to 10 months had become immune to one anothers
cold germs we had apparently no resistance to freshly introduced
exposure to colds The sequence of the sichness and the severity
of the colds may prove of mterest
Horvath This has been the observation made by all previous
Arctic explorers
Stple 1 disagree thit our experience wis typical
Hortath Melville reported 1t at the North Pole It was reported
by Stefansson ¥ When the new wvisitor arrived and he had a cold 1

*Personal commun <at on
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sumibar phenomenon spread with tremendons rapidaty to the restol
the group

Siple Yes Dr Homvath, your remarks apply to the sont of %
quence that happened on three earler wintering oser expeditior
with which T was assocrited Some of the men on these tnps b
mild colds when the ships came mn but no one as recall fa
fevers severe coughs, ind persistence as compnred to the situatio
at the pole when the first pline Joad of men arrived after the wink
night
Blar Another difference m Stefnsson and Mehlle s that e
may have been imterested primanly in the natve abongmal pot
lation The Eshimos were hat hard These sere people from L
Americr who had had cold virns wah self immumiyation 1 2 tany
degree The self imnmunmization then broke down [0 a new remfe
tion by cold virus 1 think that 15 the pownt you arc milng

Siple There were at least two factors which differed from the ‘;
cumstances nvolung the colds on the earher expedittons e
pole 1 assume that the lugh alttude nd Jow temperitures (-6 ¢
1t the ime of the epidemic may hue contributed to the se\t‘;“’m
the 1llness Wath one pirtial exception everyone wis affectet :nz
m some cases the effects lingered as long 15 6 weeks unti the i
rerched warmer climates on their reurn Agun by contrst A

colds on exlier expeditions were confined to 1 small mmoriy
only lsted from 1 day to perhips 1 neek

This prst year one man from Byrd Station w
Antarctic 1nd rushed night up to the Arctic He
He ws the only Negro we had in the saiennfic group
bad been living at an Altstude of 4000 feet Possibly his €
15 my own was caused by the wirulence of the Asin 10
combination with the colds I dont know

Fremont Smith Was 1t chest cold or head cold ? s

Stple It was a combination Qur doctors beheved there »f;nm
lewst three types of colds that were imvolved Tetmegie youl il
of the pertinent excerpts direct from my diiry notes Qur ﬁ!"scr
tacts were with people who flew to the pole rownl 26 Ocmzudm

Burch Did yon send nasa) washings for bactenologietl §
You could have stored the washings easily 2t the pole ket

Siple Nat i my onn case 1 thank Dr Taylor miy ‘“‘: midk
some samples of this type from some of hus Navy personnel He
some speciil scrapings and did some work of that nieure

Burch Of course Astan ifluenzr could be sdentified riton

Pace Capt Charles E VMeyers of the Naval Riological Labo!

as whished ont of th

died 1 few days fatet
Thts @

faenzs ¢
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ollected nasal washings from Deepfreeze personnel last winter
These washings have been brought bach and are being run through
for 1dentification of organtsms present
Siple To continue with notes from my diary On October 17
our first mal was dropped This was 2 big boost to our morile
There was no indicition of colds as a result of opening the letters
et cetera
The mail was brought 1n very fast and was still warm from pack
mg 1t McMurdo Some of the letters were as recent as a week from
the United States So presumably we could have mtroduced germs
but no one apparently had any cold symptoms as a result of the
mail
On the twenty si<th we suddenly got 16 extra people i the camp
because the plane they had come 1n could not take off again due
10 engine trouble Many of the nencomers were suffering with colds
and other related symptoms Withm a day or so the majornty of
them became worse 1nd some were down m bed
Commander Witherell who was one of the leaders i the group
has had a continuous cold Dr Hauck the Navy medical officer that
came 1t with them had a temperature of 102°F Bierning who was
one of the radio operators lost his vorce md was sent to bed Almost
all of the plane crew of the X\ 6 were down —and I listed the names
ot the people here
On the thirtieth of October the mjority of the wintering group
(first 18 men to spend winter at South Pole) had their Asian flu
shots This was four days after the arrtval of the newcomers They
brought the inoculattons with them The new wmntering group had
their Asian flu shots before arrival About half of our winter party
had an enervatmg and general sort of wchy reaction from the shots
Tuck and 1 worked two and one half hours n the snow mine that
same afternoon we had recerved our shots 1 felt rither lousy the
next day and took some time out Remington Osborne and Floyd
Johnson especrally felt worse than I did They had to go to bed
from the reaction to ther shats
All but one of our men had the shot it the end of one week
nearly all of the newcomers hid been sick in one wiy or wnother
and were recovering Almost no one of the first year wintering
group had any real svmptoms of 1 cold Tod1y and yesterday how
ever the cold began to whe efiees This s the thawrd of Movernber
my 338th day 1n residence at the Pole They came m on the twenty
sixth of October
Several of our group 1re under the weather—MacPherson Dr
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Taylor Remington, and myself I worked out of doors and m the
snow mune about four hours today This evenung, while I was Jead
g a discussion, I nearly lost my voice It came on about 7 pm and
steadily got worse It began yesterdry and posstbly even the day bt
fore, as a feeling of tightness and dry cough deep 1 my chest Ths
mornmg the feeling was a httle higher and httle looser Tonight
1t feels like a full fledged cold Bronchial tract raw, and nose o2
nmg Everyone m camp seems to have developed 2 cough’

I neglected to mention that after 26 October we had our first
fresh vegetables (radishes onons, 1nd lettuce) s well 1s mitk and
eggs
“There were several heavy jobs to be done It 1s obvious the new
men are affected by the altitude far more than the old party’ )

We weren t actually consaious of this difference in ourselses unt!
we began to do man hiuling, and things of that nature

On'b November I wrote  ‘My ‘cold started 1 eamest yesterd
and today T used practtcally a whole box of hleenex It 15 rough®
get a ‘cold when one’s nostril edges are Taw from freezing N

To begin with, Remington 15 down with his ‘cold” Jack Trd
seems to be a day or so behind mme Arlo seems to be a bit hmx
Dr Taylor 1s improving Ed Flowers didn't get a flu shot and doesit
hrve a cold yet” "

Fremont Smath  Ed Flowers 1s the one who dudn't get the !
Jection? \ the

Siple Yes Flowers also was the man who was rarely ever SIC
was I guess, busy or purposely avoided taking his mfluenza shot .
think he didn’t want to bother w1th 1t and, being a civallan W a“
to refuse 1t The rest of the civilin screntists all took the shots T
mlitary people had no alternaive § and

On the eighth, I wrote, Iam virtually all over my ‘cold, Jrd o
Arlo at the height of thesrs John Guerrero 1s feeling better M e
Remungton 1s still down He had to go on antibiotics bcraus;m‘
cold went into bronchitis coughed blood didn’t hue sote ti e
that characterizes about half the cases” In other words, ml{ .
cases had sore throuts On 18 November, I wrote I hne been f]:h
ng so miserable with my cold that I have not done nc]l\ w .
my notes The course of my cold’ has been quite pecuhar {P}(i:s(
ently I got more than one type of mfection Back around the anl
or second I begin to feel a ughtenung m my throat and chtsl! d
on the evening of the third I lost my voice, and on the fou"x,(mk
fifth I had a heavy head cold I snapped out of 1t Farly well A
aspirin, and a rest but had a dry hacking cough My throat »*
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sore 1 worked m the snow mine the next week and was outside
some especially on the tenth and eleventh I did a lot of digging
m the cold Being outstde or down 1n the snow mine meins ex
posure to temperatures of ~G0°F
The afternoon of the eleventh my throat began to get sore 1nd
my voice hushy By Wednesday evening the tiurteenth my throat
got worse and after radio contact with home my voice nearly went
out Since then for the past five days my voice has been very bad
My throat 15 Taw coughing moderate head cold returned dn
charge heavy whitish yellow from the nose yellow nd greemish
trom the throat Nose bled three or four times I have used aspinn
and antithistamine Several mights I have used some sleeping pills
also tr1ed a variety of things for my throat ncluding salt grrgles ind
things of that nature
The doctor has been giving a cough syrup to the men made up
of alcohol codene and beiladonn I belteve Also tried some odds
and ends of hiqueurs for throat reliet  Somebody had sent in some
sample bottles of Southern Comfort and Irish Mst
Today my voice 1s shghtly better With the exception of Ed
Flowers everybody m carp has had varying degrees of cold flu or
whatever 1t 15
Siple 1 will contnue to read from my diary 1n the order of
sevenity of reactions Remington was down several days Bronchial
bleeding very weakh used antibiotics
Guerrero down several days heavy cold looked bad Retching
cough
Remmgton stayed on and improved at the Pole Guerrero did
not mmprove until he was actually out and 1in New Zealand for
several days He went out ¢ derably ahead of R
Dr Taylor fever down several diys looked bad 1nner ear
tected
Tuck exceptionally bad cough used sleeping pills and medici
n2l alcohol
1 put myself as fifth 1 oss of voice long durason I wont bore
you with the full detarls but it was almost 6 weeks before I re
covered the use of my voice I was in New Zerland before T Jost the
last feeling of ughtness in my throat I think part of my trouble was
the fact 1 refused to t1ike time off durmng the first symptoms I did
rest but beyond this being in 1 Jeadership role I conld hardly gne
up 2nd take time off T thuak this mty have agaravated my own case
Iandolt had a long siege down some
Hansen was down several diys

¥
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Waldron down several days but did not exhbit prolonged
symptoms

Osborne our Navy carpenter was a hardy individual but bd
1 severe siege but brief Down 4 couple of days but did 1 great deat
of outstde work

Havener onr mechnmic had 1 short stege which [sted only cne
d1y nd he was outside 1 greatr des)

MacPherson rdio operttor hid 1 long siege but not too severe

Segers the cool apparently 2 long pertod but didn ¢ mss any
work

Floyd Johnson meteorologist took 1t 1n Ius strde and kept v o1k

g

Larl Johnson uttlity mn Aways had a cold comung on but t
didut turn out 1o be very bad He lost one day of work bat
Dickey electronics techmician got 1 cold Inter than the rest bu
not cery severe
Bel:zon saentist had a hight cold sore throat Just n the begt
i,
%’Xough sctentist apparently no cold but admuts to a few of the
symptoms
I{"lou ers meteorologist claimed no cold and no s)mpmms—ll;::
only man who didn ¢ take the flu shot  However Iter on mlost
notes 11l of these men had sall more symptoms and Flowers b
his vorce for one day nd had at least a brief cold but his w1
s severe compared to the others
Talbott H(Iu)\\ many of the group that cime mn and s!(;nfd for
dintier wete 5o miserible that they had to tike to their beds ater
Seprle Nearly all of them Some had fever The pline “‘“( hane
coming i did not have much sign of colds but they mus e
been cuching them They had come from the Umted Snl:sul,l P
recently They worked long hours outside trymng very hard 10 §
he pline gomng agun nd were brething ~60°F air
Horvath Was 1t not partly due to the alutude® de my
Siple Yes as I mentioned earher 1 beliese the Iigh lutw
ave hid some effect hink you
Horvath We are sort of losing this myor pomnt now 1t ey
ught o be very clear Maybe these peaple were suffering pr
om alutude sichness he differ
Siple No 1 dont beheve th1t altitude vlone csed the yuor
ce When our oun party arrived the year before there were These
ses of altitude sichness shortness of breath headaches ete SHOTS
ere not the same kinds of ulments 1 refer to When the first vt
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becruse some ot the smoke and greisé from the cook stove w1 (R
i malfuncuon of both the meteom\ng\m\ And ridio equipe!
ery A1y jnside 0 the hu! nd

st winter at f
Siple At (s date 00 1 35 qust BV i

meht {o! second group At the
The health O the duning the wint€ g e b
only 1 few 11 15— had hemo an da ‘;
cusrence of 0 bic dysentery Acqu ¢ southnest a
World Wwarl nother undeter n chronic 168 alme
which dev elope! fore he o the P hese WE! al
ents that hnd Pt 4 othe? e

Airons 11 the pist ed only Vi
Hens hel 1t w ith nteresting see whit happe™® whe?t
group flies o the far st
Siple One of the 1easons why 1 thought 1 mght be 51 iy "
drw auention 0 b e Antarctic sta that t\; of
Annually 150\115(\ groups are comm\ung or at i€ an ‘dy:: o
o md therefore they prot ide M oPpormnuy for designe expe
mentinion e
Fremont smith There ar¢ st etrologes poss\b\c and U e
Alrendy beent nen ned foweser couldn £ P"SS‘my du.‘;‘“\,[
which ones opert r how ™™ enforct o other “’m“
them atler & old Wt rung substan 5 1N ar 10 tr‘ .
which conld be wirus ot L el O bo' cho atic pm\l e: !
and response L@ vace o would be tined 10 uspect o“:md
some 0 suspect others S s rmght U wnh at “(llm )
{dont think we © posst hly more th? st thes! awd B
jan to work hem ¥ e futur® A TE il 410 (:'i“
\ncteno\ogma\ study 1% ne ry as ¥ 1 s studi€ of aif C:; Ot~
nants 1 t ow the Hergy P! em wilt pe sob e‘ ope
an eprdemic of thus sort tas styIt m a group urmbe? Py
will come dov the sy s on chosom2EC oo
1t 15 A very ¢© licated hitde P oblel 4 we ¢3! o
Yist the pmcmm\mes at e v’
Siple § course 1 b Dheen attemp mﬁgcm“é o what Wy

repott 1 hwe sumply been trying 10 g



Sttoyg Whg Aty eq
O have 2 cleap, byt of healrh
haq the Sime n(tcuan ang
e eremgencmls Toup g
1y e
b:'haled the SIme ,, y
® Wasp . the facy thay Your
‘Poseq CAuse thesa
Poseq 4 the Sine
S,

P W

“ haye (Iescnbed N the
Oms yo thay “Otrecy,

Plom In face dy,

Ye umuttm,;»ly g

thy b3

2 Yerg RIS
as subjt'c!t‘d
Ting the firg 1o
el’wneousl

ly SPresg !

mpoxsxble to

Cepe Ne Wera
Nt ap;

SH‘(‘SS

)
53
Py



101 Cold Inpury

The rerson 1 brng up the subject ol colds 15 that espessslly
since World War IF we have wtempted to hne under mare ‘normal
conditions 1n the Polar regions nd mn downg so seetu to be sntraduc
g new problems It 1s my own personl conviction thit Fapn
vated my own wquired cold by breathing extremely cold wr wd
perhaps the decper breathing =t hugh ltitude may hase had sone
additionl effect s

Tius as 1 s1y 1s a personal comaction rather than 2 saephit
statement because T don ¢ recall ever having had 1 cold Iests
my hfe W

Taplor 1 wanted to mke a remark thout our expertence at )
\urdo Sound which was 2t se1 level The people who e ’3 Iu
break our asolation suffered equally as fur as | could tefl ‘1\“ s
with regard to respiratory mfections The siuinon 15 Pey """2"
new one mn thar an yolated group 15 visited by people wh e)m
the States m late summer fly to New Zeilind where it 1s eaﬂx)’g"lm
the season of respiritory anfection there and then within 12 e
fly mio the Antarctic These nere summer human beings g‘;ﬂ -
to the Antirctic who had been exposed to late wrater 51‘3““(
mfections mnt New Zealnd and then they nent mnto an em"i’;‘mm
which obviousty 1s favorible for the propagation and symp
mtenstfication of respiratory wfection

Montgomery What was the longest time you
simtors Dr Siple® 1dte of

Siple Around 8 or 9 months~fram sbout the mudate
ary to 26 Qctober ot

WBM” ‘There 15 one very interesting thing you hven t hm\;i,h: o
as vet When you first took your group of sixieen mlzhc\{:
was the piteern of the infectious cold upon wrrnal? nD“d on has¢
how Iong dud 1t take for il of the colds o die O\It?, ¥ g;stnmr

calds when you first arrned hile these people when they renices
in 1o the pole? Did the colds gradually die out with yed

ust what was the cinenl course? antt
1 Siple Durning the first year the personnel came 1 lh‘f:dselﬁ Jate
wives The first group 1 22 mian constrction orew ;m Fovce S¢7
November after spending a year at McMurdo An ‘;\,clmdhad
gent and I jowned them as recent arm Als to Anparctict old atthe

colds at McMurde but no one s I recill tequired 2 tr Serpeant
pole that first summer The construction rew and the ‘:i 1hmﬁ the
left the pole 1nd the first half of the winter party 3""°[ the winte
beginmng of the year The third group the remunder
party arrised in February

were nshout a

Febrs



Z YRg o ¢ Sousy, Lolyy Zee ¢
Ea, Perre, 0rtn ey e 1y,
Spee . ly duryy, ey €lesse or up, b, uhyy, %
by feap, ¥ orep
One nan o the Tlictyon P, Nty
10 o pleumy Ar asy the ey Were fxmshnw Off o,
I)ruugln Haepy they, £ llr\h de ang thepe Wis 1,
remff‘(tm Ly hﬂh} Otes m he no re[crence 1, Colg,
Here Oqu:rcd ar the Pofe mey cerg nly iy, t
Cleny, n’orthy f te
S © you thiny, thyy I an Tesng, n g
thy Puly tary sylnplolns Cuy Tesupe o, Ty erey,
)re.ztlung n sey ere Cole>
St St thy Ar . e, Hieg
bronclu ! €t ang thay the qu,, Yere er 7canlly froyy
it ey fever ey mpcr:,m s gcnenl]y below ~Glep there
Vere , mzrnber mslmces Where ey, Hoyjy Stary off Fase
gy Fag or Yary hqu‘ they suddenly Yy nould I ¢q
nd Spie 30me b!oad Ting Bag mterpretcd Cing mfury to
rbyee <aplllanes along the brop, huat Tracy Ay fro;m)g Ppay,
SV por day, M0 the 1 gy assocmed g, bxeatlung de,
lum;g; ez, Cteise o, tre dmu’ls tan OCeyy With peh:ure
T s ~30op fAdey Mo, £ \mrkmg rondmo
X to b aroy, ~6Gep be[orc 1 g, t
ey 011 R Wiag N vreg there,
Stple There Bag ughmess or farp Ieelmg Cheg
(hampwn OIympz( T, °rin Dy otr g, Tty 87 up Tany on
the :rmdlmll m 25 Toom, ar hoy, mg Midle 1 finy, Pice Hey, 15
7((mmfned 0 ry, Ning dqy, Uter day for | gpenud T by Ty
ouy Risges £ ~3pop he trﬂdtmll fie 8or Qise op
sy e, ng fiys thegy He Pug k! c.\pemncxm) Senep
T, Bpe face Masg Mene ry & for p, iF ur nnhout
Iunlxer dlfh(ulz The LY ieq thy g, 2% A Tecyyy
the 4, ey, Ting he My g ~3gop s Tuseg @ oy, *60 be
fore be, ng R Y)
"Gty 'S thys heay 2 U ~g foy oy Were
oy wmcmm OF foy ©Stryey Yoy, elf g, e
~olgt arp
Sips, One Of the Noteg I 2 Cribeg “IMi0n
ar \85°F e Wen, Qup m W} Som, empty Ty drum h
Bere o o R Ume & g an the sleq
Here Hory,, Tt Tetthe, N op then,
Mop, e firy, ere



106 Cold Injury

of caold, alutude, and cumbersome clothing, we were 3 deeply
winded at the end of the 100 yards as 1 eer recall obsenmg We
coughed then and for a few days afterward, but we dd not cough
up blood This s part of the evidence that we used to shoy that the
thermal capacity of the awr at that altstude was not as great &t ~§5F
as 1t hnd been at ~60° and — 70°F at sea level, when a number o
the men had actually recerved sufficient damage to cavse bieeding

Fremont Smith  After people have run hard they may hned
cough that tists for several hours Therefore, 1 1s passiite that dhs
cough was a combination of high altstude and 1 resufung condition
of sanosss perhaps it was not necessmly cold It wonid be very
interesting to see 1f this conld be separated out

Siple When the second hnlf of our men were brougit © the pale
they were pressed 1nto service at once We started building the bard
racks Within a few days and the temperature dropped 10 ““’““l‘
~60° to —65°F Most of the new men had never C\pcnenced surb
low temperitures We worked outdoors 2 and 3 hours at 1 “mf:w
tor a total of 10 to 12 hours per day The camp sounded like ote i
consumptives Fach time we went to tower temperatures there “m
an outbreak of coughing, but we seemed to adjust ourselses &Y
levels

Down 1n the spow mine, where the temperature was a cot '
~B0°F we would work very hard and get w mded We "PP“"“«‘\)
gnt accustomed to the level of cold 5o that we didn’t hane t0 o :
On the other hand, 1f we went ontsde i ~§0°F aim, we WO
start to cough agasn or

Fremont Smith Cold evidently does add 1o the other fact

Siple Apparently it does he

Horvnthppl)o you hase any real idea as to the raaguiture of
work levels? What was the calone expenditure?

st

iy
Siple 1 cad consistent work at —60°F , using an 1c¢ a\’ncz;"lgfgm;
1ce out of the wall, shovchng the dense chips mto 2 bag, a 1000

the 100 pound brg out of the way The first bag had to g0 UP
15 steps or be rawsed at least 10 feet

Horvath How many 100 pound bags could
hour? This

Siple Six per mn-—chipping, filling, and thn\'f'g who
optnum 10 a maximum There were only a few o vm‘m;zdv“f"
Leep that pace wd go 2 1o 3 hours without 3 break “C}”m e d
go down 1s a texm of two or three, workmg '%’““:’ ing U3
Jittde rest pertod and permitted us to alternate w “Pg norh 1€
a pick X was the most exhrusung part of the job Such

you fifl and Jife o 2B

15 a8
coutd
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:i{lltmf:olljr‘l"l}: head lamp He was just ambling around dong
nocing d st moving 1 would say that hus level of work oupit
s about 150 caloties per square meter per hour
His torso started to get cold around 9.50, but seemed no colder
At 10 20, however, the wrists and hands were cold The feet got ol
whenever he was not walling At 11 15 he reported thit e i
partly warm and partly cold The bridge of his nose was freenny
ensx{y His whsts were cold most of the ime At 11 39, when he e
1n, it was becanse his wrists and toes and the heel of ns nght et
were cold
Hansen 15 accustomed to going out frequently at these
tures Both hie and MacPherson had been working all the
mght, so they were not fresh It was extracurnenlar acvity
MacPherson, 2 Navy radio operator, was probably one of our lent
well acchimated or cold accustomized men at the station He ofien
compluned about the cold, and hugged the stove 2 great deal He
outlasted Hansen because 1 think he sumply wanted to wit His nudk
werght was 158 Both of these men, 1l you notice, were almost twir
for weight Howmever, MacPherson lost 2 pounds while he was o
When he came back 1, lus nude weight w1s 156 pounds, Fweat
trust the scales Clothing weight was 27 pounds The dressed werhd
checked He weighed 185 pounds when he went out and 188 shed
he came back m Rectal temperature sas 100 4, and 1t #as 99 4 whet
he returned
The 1tems worn Navy cotton waffle weaye underse
long handles,” as we call them Cushton sole socks, Army 1yPe wil
the wlute Army rubber insulated boots, cotton faugue trousets 20
Navy cotton shell wool Iinmng This fellow was renlly orerst
He wasn't accustomed to gomg out, and he put of everythung ¢
could get He also wore an Army wool sweater, an Army vool sbiE
cont style a one prece flying swit, alpaca bined, 2 scard of wool, AT
type, gloves, shell leather, with wool hners, and Arcuc muts parkd
hood detachable, with fur trim Army pile cap, and 3 headlight, 2
battertes As I say, he had been out on mght duty the might be "“z
sshich was an 1ndoor job, of course While he was out a total "f“b(;“
4 hours, the temperature ranged betuneen ~94° and ~93°F ¢
wind was I1 to 16 knots 20
Some of the notes regarding MacPherson are as follows At I
his white insulated boots froze extremely hard m the first & mmul;a
Wrists were cold sn 15 minutes His feet sull felt warm ¢ t [r
wrists were cold He got rid of the leather gloves, But 1t wasa me?

tempect
pYC\ 10U

r These »e¢
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tw hue worn them in the first phce boneser he hnd has own chosce
Hs feet got cold but warmed np agam

At 11 15 the hands stiyed cold most of the tume also the wrists
wnd feer got cold when standing but warmed up when walking

At 12 30 MicPherson guve up and came m beciuse he wis too
ured He hd been up nd working for 15 howns as ind Herb
Hansen when they started He sud s long s he kept on the mose
his hands and feet both stiged wirm

4110 pm I tafked 1o both of them They had gone to bed 1 the
memume Herb complamed that he slept poorly and had a hexwd

v . ve -

)

Davis You mentioned the fact that the boots froze

Siple Ths 1s the rubber msulated type You know them perhaps
as the horen boot but this is the Army Arctic version They will
freeze hard At from ~65° to ~70°F I wore them at ~100°F and they
were reaily yust hike won

Iyman How do you walk in them if they ace trozen?

Siple I had 1o leave the tops loose I had a red nnged mark
round my anMles after my walk m them Although this expertinent
vielded htde that was new 1n respect to the protectise value of
tlothmg or relame to exercise 1t dud provide proot that two men
were able o remun out of doors on the move for an averge of
315 hours m temperwures m the ~90 5 with no great discomfort 1n
261, pounds of clothing nd drop n body temperiture of 1bout
I°F and a water loss of | to 2 pounds

Bass Did they shiver mach?

Siple They did not complun of shnering Becuse of the amount
ot insulatton we wore shivering was mhibied Later at New ey
fand several of us from the Pole Station went out in temperatures
of around 55° to 60°F at a scaside resort close to ittleton We had
all qust changed ta aur lUght cualan clothiag for dinner and sud
denly stepping out from the hotel we al}l immediately started to
stuver We lughed bectuse it was the first shnering we could re
member evpertencng for many manths

Fremont Smith The rite of change of tempertture is very mn
portant for shivering

Sifle Definstely If you don ¢ permit a temperture gradient m
the shin becwse of the contet wath thick clothing you dan t get
the shivening impulse
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Kellen Did you ever try to determine the mmount of exerase
such as a 100 yard dash, that would mamtam het balance’

Siple No, but working down 1n the snow mine, no matter what
amount of clothing 1 tried to peel down to, I could not stop suett
ing the first hour or so T was there After tius, [ then got unmert
fully cold and not because of wetness for I think T have 3 :
clothig discipline as anyone 1 went through the sequence whereht
for the first hour I could work with comfort, the second hour o
tinrd hour 1 became uncomforetble and began to get cold 10©
heels, ears, and an occasional frozen nose OF course, there ¥
wind down there 5

Burch Whll you describe the mine® How deep was it st

Siple. We dug forward 275 feet and downunard 90 feet We
down on an 18 to 20 degree slope

Burch How large was 1t?

Siple Tt :neragegd 8 ar 10 feet 1n crosssection The ;\ﬂ%"&
cross section was 7 square feet and the biggest was probably = We
high at certamn places We had great chambers along the mg:w wp
brought the snow up on little sleds which ne were able to 63
with 1 winch o

Burch Were you producing the mine for specific P‘"'P‘”s“ "

Siple Mainly for glacinlogical study and for camp ““e]r d}l)wm
We comluned the tyo 1n order to get the depth One man ‘“( 0t
gnven the job of diggmg this pit Obviously he conldnt do 1
h1d to assign 1t to everyone

Burton 1 thmk T can settle the question tbout
Iungs * The following 15 from expeniments I did wit e
strong (General Armstrong of the A Force) (1) and ‘:1"0) I’
C E Hall (now president of the Unnetsity of Western On s
1940 We studied the effect of breathing ur which we sul;{"(“‘
from —10° to +40°F We meisured the tissue lEmPeram?sh: 1mg
way down the respiratory trice of dogs, the temperature o (mv e
ussue, and the difference hetween blood entering nd lenits
lungs

We found, perhaps to our astomishment at first,
to calculhuon, that 1t made no detectable difference
tures below the cricoid cartilage, whether the ammal W%
mg air of ~40°, or +40°I" are-

Then, when we had completed the research and had d"; 'i:?:‘( 3
ments on thes. temperatures, T worked out the physics TATE
nunute volume that could be breathed by a man, even w
exercise, and assuming that there was no air conditiomn

* freenng the
h Harry AT

before I got dov"
to the tempe®
breat
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thar the lung blood volume had to supply all of that heat 1 found
that the {ung blood would drop by less than 0 1°C So 1 think there
15 no doubt at all The fct 15 that air has such 1 low speafic heat
particularly high alutude air that there 15 no possihility that one
could suffer a serious change n the lung tissue temperature which
1f 1t happened of course would produce very profound physio
logical effects One does not therefore have any possibility of physt
olagical changes due to temperature changes of the lung tissues or
the exchange of oxygen ete

We have heard some chnical evidence about the effects of breath
g verv cold arr particularly in hay fever vicums 1 think that these
effects must be ascribed 1o reflexes from the upper respiratory tract
which 15 setiously cooled There 15 no possibility that the lungs are
woled apprecibly or frozen

Barquist [ rased the question because the Army Information
program which publishes pamphiets to be given to troops within
the last month has published an on pamphlet about the
Arcuic It sull contuns despite this work you mentioned a para
graph about the dwnger of frostbite to lungs

Horvath In 1948 the Army supported a research program by
Montz (2) who i 1945 reported on the sime work Dr Burton 1s
talking about indicatng that while breathing awr at -60°F or
+40°F adequate adjustment could be made

Marks Is there any difference 1n effect between mouth breathing
mnd nose breathing?

Buiton Not in this respect T am just guessing This was on dogs
The tact 15 that the air hns all the heat it requires to s1se 1n tempera
ture to 37°F before 1t gets down to the cricord carnlage

Before we started this work everybodv told us that 1t was well
knawn thae horses lungs freeze mn the Arctic So we wrote to our
Royil Canadian Mounted Police and to the Ontario 1 eterinary
College for mformation on this 1 got a very definite reply that the
RCMP had been working horses for many many years m the Yu
hon at =40°F  nd had never had any indication of lung freezing
The only thing that happened was occasional freezing of the nostrils
Thus 15 another example of one of the things tht were well known

Burch Was there desiccation of the upper respiratory tract?

Burton There certainly was when very dry arr was msprred

Burch The cold air 1s dry Expired air 15 88 to 90 per cent satu
rited with water

Fremont Smith Your question 15 whether there 15 enough moss
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ture 1n the air by the trme 1t gets doun to the lungs What aboit
drymg i the lungs themselves?

Burton There, again, the water exchinge takes place earlter It
fact, I am a rebel 1 don’c believe there 1s loss of vapor from the hmg
nself, but rather from the respiratory tract above the fungs

Siple 1 don’t hnow whether there 15 any state of deying 12 the
lungs, howerer, there 1s certainly a lat of visible water vapor €€
pelled at every brenth

Henschel Recent work (3) mdicates that the mosture tossm
Arcuic 1s actually not very great Paul Wehbb of the Air Force and our
Iaboratory hns measured this oss 1n expersments at Churchilt by
treezing out the water m expired awr The total nater Joss 1 1k
tremendous 1

Burton Lets get the physics correct Lven af saturated arr ald (;
room temperature were whaled, 1t would still need to be i o
a temperature of 37°C and require further addinon of water
become fully satnrated

So, even i1f you are breathing room temperature ar whi
rated you still hwe to supply the major part of the m hae
expired ar If, however, you ate breatung very dry am Yo 0
to supply a little more moisture It 15 not a major addition, Pﬂm‘g
20 per cent mare, 1f the air 15 bone dry We must remember W€ e
saturate the airat 37°C , not merely saturate 1t at Toom mmpets fiet

Fremont Smuth Nose and mouth breathing rught make 2 XM
ence i this saturation Nose hreathing presumibly would be 2
ter saturated mechamsm than mouth breathing

Horvath Actually, that 1s not the case It makes no 1 thank
Proetz (4) wrote a book on the physiwology of the nose which o
everyone should read He gues a tremendous number fom:)nm:
ments of p ¢ and appr s 0 ¥ rract
humdity 1 the nose and other parts of the upper respiratory fts
This information has been hnown for at least 40 or 50 yeans iht
concerned with the effectiveness of adding water V2por l;‘;‘\ the
upper part of the respiratory tract, it 1s also concerned I\‘Ir o
ability of that part of the mucous membrane to wanm !ht‘; aho 2
very low temperatures to approximately the mddle 30s ar&dlt 305
cool atr from the upper 40's and upper 50 s down to the M ments
All of this occurs, as far as anyone can tell by the mcniu{‘:a and
mde, 1n the upper part of the resprratory tract In the mcof .
bronchioles nothing really happens except the beginnngs
ous exchinge ¢
Fremont Enum 1t 1s hard to see how deep breathing through i#

the

ch 15 st
osture 1?
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mouth can result in ns effectin e 1 saturttton with moisture as sl
breathing through the nnse [t seems to me this 15 1 tug calumn of ux
that hts no chance to be saturited by water 1t 1l before 1t reaches
the uvula

Horvath 1t 1s a tremendously effectne surfice I think we ignore
the capacity of this system

Fremont Sputh Yes but thss 1s the surfrce of a wide open mouth
and thrott s compared to Nwvaw pssages tys 10 the nose and the
turbinates This 1s very difficult to accept

Siple In fact the nose gets full of condensute 1t drips and one
hts ro bretthe through the month

Behnke Symptoms which you described could be reproduced 1n
this Toom dunmng the course of oxygen inhalation i which the
equipment w1s surrounded by dry e Under these condtions onc
expertences nisal congestion and rhinorrhea

With reference to hypenvenuilition in submarine experiments
mn which Dr Pace paruapated carbon dhoxide accumulated 1n the
ambient air to values as high 15 5 per cent and venulation rite mn
creased 10 85 hiers per mumute Ve certunly became cold dudnt
we?

Pace Yes 1 have noticed this v 1th carbon dioxide breathung and
othets htve too There 15 2 defimte feeling of cooling apprrently
15 1 resuft of the hyperventthtion

Fremont Smith A feeling of cooling where?

Pace Just 1 sensation of bewng cold This was 1 common com
plunt

Fremont Smuth This could be drop in shin temperature Vaso
constricton of the shin conld make you feel cold

Travell Does the core temperature hli?

Pace This 15 something 1 thind oughr 10 be mvestigated some
tme In the course of runmng the CO response test which tikes a

LA

pcnodof';;l bo s n CO: subjects char
actertsticatly

Fremont §r
change nd not body temperature
Siple T hwve only scrached the surfce of these problems Some of
you may be interested n the excessive lovs of weight noted when we
first begm to hiye at the pole and the occurrences of aches and pains
possibly caused by some shght anoxin creted by reduced circulrtion
i she Jow temperatures as well as reduced avadability of oxygen
The compiruune losses of v erght between the o nstruction crew

£ skin temperature
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and the wintenng party were rather interesung Dr Taplor
want to mention something about the weight loss of the comstuc
tron crew thar had had a year’s acchmacon at low altatude

Taylor The average weght loss was 10 pounds 1 & neeks \

Siple The wmterng party undergomg acclimation nght ‘“d‘ ¢
pole lost more In my onn case, I could staud the loss of 39 P":;" :;
dropping from 250 to 211 pounds withour deting Tut, mare 'X'“’ :
1as the case of another man who weighed 162 pounds on armal az(‘
lost 30 pounds He nas one of the wdiduals who vnas ou(dooril;:n“
consequently exposed a gret deal during this permd Henasas .
man and he lost that much There were a number of others 'ha:d "
close 0 that amount of wesght “This, 1 dunk meght be Qe 7
part, at Jeast by the alteude This 15 not a typical occurresnce
Tevel, apparent!

Alm,pgr A(l:ms. who was with the Fuchs Expedition, mdx)r:;l;a
that his people experienced some of these jownt aches at 562 m:)anm'
he attributed this to sleeping cold, which restricted their ag; e
durmg sleep We gat the samie symptoms, honever, at altrtu et
working, although we slept warm at rughe and vere comfort
the rest of the day

Travell Was the weight regamned? X about 1

Stple Some people regamed very hutle. 1 gamed bac he et
pounds of werght lost Most of the men gamed during U <
tune, when they nere mndoors and warm most of the umlml the

As a postscript, we notsced, 30 quite @ number of men; s v
shin of therr fingers spht when they were workug Part "m y vt
probably caused by heavy work but aso, agun, I thinh 1t and g%
been caused by the drying of the shan Fisaures opened up
sery sore they siayed sore for quite a while, too

Burch Did you try omntments? o

Siple We ns);d lamY))m and this helped The sphittng was ;mﬂ
matic of abour four or five people 1 the camp They ‘;;lﬂn o
viduals who were evposed quite a b, or had excesstie &

osure to their hands
¥ Belnke What was food consumption in terms of mhgltc;’e [

Siple 1 mdicate my notes at one poiat ¢hat T foun d shich
appeal wasn t too fugh durmng the heavy cold labor periot,
would rmply that maybe 1 wasn’t cung a gret deal

Behnke About 5000 calories®

Siple 1 doubt 1t was that much

Behnke Dl you measure 2t?

for 6000
Taylor No we dudn’t mewsure it but our supplies 1 €7¢
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MEDICAL EXPERIENCES AT McMURDO SOUND

ISAAC M TAYLOR
Department of Medicine
Uniwersity of Nortl Caroling
School of Medtcine

Chapel Hil \ €

PERMIT ME to describe some of the medical expersences 1t McMurdo
Sound while I was there By way of introduction I mught go through
the organizition of the operation of which T was a pirt ind explamn
my role This of course was Operition Deep Freeze I the mitinl
phse of the Navy program in support of the Intermitionil Geo-
physical Year

In the summer of 1955 my 1sagnment was to spend the winter
as the medical officer 1t a base to be bult at McVurdo Sound This
way the year before the Antrctic year which Dr Siple has just de
scribed

We had the problem m the planning phase of the operition of
assembling Il the mtertals and the supplies which would be neces
siry for the construction of two bases mn the Antarctic one at Mc
Murdo Sound and mother 1t or ner the sites of the former Lattle
Amenca Stations These were to be the dvince Dises ot Operarion
Deep Freeze

We were to go 1nto the Antarctic in December of 1955 establish
a camp for unloading the supplies from the ship wnd then go 1head
wnd build the quarters and the faalutes for our winter cimp

Ours was not a scientific expedition It was purely preparttory to
the arrnval of the scientists the year following for the Interntuional
Geoph I Year Our p were m'unly naval officers and
men with a few Awr Force enlisted men and at exh camp there
were one weather bureau observer and one civilian photographer

At McAMurdo Sound we were to build a camp to house 1pproxt
mately minety men over the course of the enstung \ntircuc winter
the winter of 1956 ¥n nddition during that winter we were to build
a runway suttable for wheeled Air Torce Globemasters (C 124 s) so

17
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that they could fly from McMurdo to the Pole m the followng sum
mer to drop by parwchute the supplies for the base which Dr Siple
h1s described earlier

Moreover during the winter we had to prepare 1 the camp all
of the matertal and supplies for the construction of the South Polar
Bse These had to be assembled 1nd packed and parachutes made
ready for the drops from the Globemasters

We had also the problem of carrying out 1 trarmng progrm or
whatever w1s necessary for the twenty four men of the construction
party members of our wmtering over group who were to go m to
the South Pole and actually build the base This was our mission at
McMurdo Sound

The Lattle Amenica Station was to prepare simtluly to butd
the base plnmed for Mane Byrd Land at 80 South Latitude 1nd
120° West Longitude The construction of that Mane Byrd Land
base 1s nother story a really masterful achievement of trins Antarc
tic operation But my expertence w1s strictly m the McVMurdo Sound
are1 and that 1s what I shall talk about Planming for both the 1 utle
Americr and McMurdo Sound bases wis crrried out 1t the USN
Construction Battilion Center 1t Davisville R 1 There Dr E %
Chrlich of Detroit who was to be the medical officer 1t Luttle Amer
1ct wnd T with the advice of tite Task Force Medical Officer and the
assistance of supply personnel at Dunasulle proceeded to assemble
mterinl which we anticapated ne wonld need for the winter we
were to be alone Dr Lhrlich nas going to h1ve about sixty people
1t the Base 1nd I was to hrve 1bout nmety at nune Smnce o gmdi
for outfitting w1s avulible we bised our selection on tnticpated
needs We used 1 modification of a mobile construction bmahor:
medical outfitting list for the conditions which we thought we would
tace .
The most 1mportant unique spects of these two bises were ﬁﬁd
that we had by antarctic standards a large number of men an \
second that 1t wonld be mmpossible for us to evacuate sich or mJuLYC;
personnel between March ind November In generil we lwdxd
small quintity of everything we thought we might need but \\E) "
not take medications to treit amebiasis and tropical diseases Whic

ere
wis unfortunate 15 Dr Siples remarks showed Our guesses »
good mnd we had no really serious deficiencies feld x 1y
{4
dition to our supplies we were provided with a
i pdduon e s drd Armed

unit for use in the sick bay This s a 15 ma umt a stan

ry for
Torces field 1tem Achnally 1t turned out ta be quite satsfrctory
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he uses to which we pur it We were 1lso provided wiih a field auto
lave fired by gisoline and this was very useful We had mstru
ments anesthesia machmnes and other equipment for small operating
rooms

There were to be two hospital corpsimen at each of the stations
that 15 to say two at Iittle America and two at McMurdo Sound
We had 1n addizon 2 Navy dental officer who was 1ssigned to spend
the winter at McMurdo Sound Dr Ehrlich did not hive 1 dentist
at Lattle America

So during the summer of 1935 we assembled the equipment and
supplies These were packed 1n Davssville and put aboard the ships
as cargo In addinon for Lattle America and for the bise 1t Mc
Murdo Sound we prched a field kit which we expected to use dur
ing the mitial phases when we went ashore trom the ships in Decem
ber of 1955

The plan was that the advance party consisting of about forty
Seabees would proceed 1n mid December from New Zealand south
to McMurdo and there go ashore establish a tent cxmp somewhere
in the neighborhood of Capt Robert Scotts old bises on Ross
Island and get estiblished so as to recetve the supplies and
mtenals for the main cxamp We were all quite mexperienced
not only about Antirctica but thout my kind of cold weather oper
ation We hardly knew whit we were getung mto As far as I know
1o one had wintered m the McMurdo Sound area since 1915 when
Shackleton s western party spent the winter there It was with a
sense of excitement and antiapation that we moved south from
New Zealand

The McMurdo Sound base 15 located on Ross Istaind which 1s
directly south of New Zealind about 700 mules north of the pole
The 1sland 15 of volcanic ongin and rises steeply from the sea to
the summit of Mount Lrebus n active volcino over 10000 feet
high The 1sland lies 2t the southwestern corner of the Ross Sex and
1s separated from the munland by McMurdo Sound an arm of
the sea about 45 miles wide The Ross Sea and the Sound are usually
open during the Antarctic summier and ships may penetrate during
the season as far south 1s Ross Island To the south 1nd southest
extends the Ross Ice Shelf on the northern edge of which 400 miley
ewsc of ¥MeMardo s sieceated the T reele Americt Stanon New Zea
land the nerest inhabited Iand 15 over 2 000 rmles north

The first 1ctual operational phase in the Antarctic consisted of
our going ashore 1t McMurds estibhshing 1 bise cxmp nd prepar
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g aurselves to work We didn ¢ know what the temperatures v
be like nor did we know how much 1ce there would be

When we arnived 1 an ice breikes at the 1ce edge w Mcdu
Sound, we found that the Sound was stll completely frozen 1
was 20 December The ice breaker could not come closer than ab
45 asr mules, about 60 mules as 1t turned out, across the surface
tlie 1ce from the site which was eventually chosen for the camp

Our camp the McMurdo Sound brse, was located on Cape Ar
tage, which 15 the southernmost up of Ross Island, and it 1s wit
sight of and virtually the same location as the wintering quirters
Chpaim Seotts expedinion mn 1901 But thns was 45 males from
edge of the ice, which posed a tremeudous problem n transport
materinl to the base site, and a tremendous health hazard or haz
of acadent and 1njury to the personnel engiged o the opertion

We went ashore with our tents and the shups left us, subing ¢
to go on station for awrcraft fiymg m from New Zeahnd We th
undertooh to move some supplies i from the edge of the ce

The fitst event of medical signsficance was a plane cosh whe
occurred at the 1ce edge about 60 mfes from the cump At tha o
we had the first of many wyurtes which the men suffered during o
yetr there One mn had a broken ankle and a broken kne¢ ‘Ther
were no ships 1 at that ame, so we had to brng him back 1o &t
base at McMurdo Sound, vnd wry to cre for nm im a wnt fortt
natefy under summey conditions

Blarr Dud you notwce any dufference mn the way these wyuri
heated, the rapidity of heiling as compared to thewr reparaitt
qulities 1 the States? The suggestion m Greenkand ws thit thet
was some slower healing or 2 slower reparitive process

Taylor I hod heard thus and I obscrved the rate of healing ©
lacerttions and mcistons etc , and also the rie of heling of brokcr‘
bones 1 couldn ¢ see thit there was any dehy Although cncs @
the shin due to drymng and thickening and chpping tended o st
open 1n men whe had to work outdoors a lot

Burch What was the wexther at that tme? b

Taytor In the summer e temperatures at McMurdo rnged )
tween 25° and 35°F On clear sull days the mr temperature nm:c‘
get up to about 357, once even ta £0°F The lonest 1empﬂ““&
duning the summer months were about 5°F 1 thank the k[m o
temperature 1 fiad 1 the hospual tene, hefore we mosed nd [l):dl
mito the permanent winter quarters, ws 19°F Februnry, “\\en‘
w1s gettng on tonard the fall So the temperature cnndmo:l“‘ o
not severe Houeter we did not have floors for the tents e &
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very dufficult to heep the tempertture 1 the tent much above 40 F,
which made the care of the mjured men quite difficule

We had this casualty wath us for about 4 days when the ships
returned and we were able to put the men mn the sick bay on board

After that untl the departure of the ships all of the medical
actvitres had the support of the medicl facilities aboard the ships
of the Task Force which were 1 McMurdo Sound So 1t was only
durmng a few cnitical days that we were without proper medical
support

‘We found 1t Cape Armutage a small shelf like plrtetu about 120
feet abote the level of the sea which was clear of snow Hills to the
et and north some 700 to 1200 feet 1n height afforded some pro
tection to the camp site from the expected winter winds The ground
consisted of volcanic debnis the first 12 or 18 nches of which was
loose rubble below this was permafrost The permafrost made grad
1ng difficult and prevented ditching or the construction of pit la
trines ‘The loose unfrozen foot or so at the surface however pro
vided good natural drainage from the site with relatively little water
actually running on the surface during the summer thaw

By the first of March we had furly well completed our winter
quarters Our sick bay consisted of half of one of our standard buld
ings The butlding was 20 feet i width and 48 feet long and was
shared with the adminstratsve officers of the camp It soon became
obvious ne did not have wdequate room 1 the sick bay ind {rom
extra panels an extenston was improvised which did give us ade
quate room for our wintertime operitions

In spite of the long distinces across the ice that the supplies had
to be moved out of all the materrals which had been packed m
Davisville we lost only one small item which we really didn t muss
The deltvery of supplies was very satwfactory It was warm enough
so that the freezing of perishable supphes was not 1 problem
though tonard the end of the summer and just before we moved
mto our winter quarters the temperatures did begin to go low
enough so that things might freeze We Lept these items in 4 tent
hetted by a Yukon stove and were able to protect the medical sup-
plies 1n that fashion

As I sud the medical depirtment consisted of a dental officer
Dr D J hnoedler two hospital corpsmen and me We had the sick
by set up md operating by the tme the shups left on 9 March After
that we were completely 1solited except for radio contacts until
October when the planes returned

Fremont Smith What was your tota] personnel?
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Teylor We had 1 rotal of minety three n the canp We had 3
tugher proportion of medien! depmtment personnel than » conp
needs s long 15 everything ns going Al nght but when people
began to get hurt or sick then we needed tno corpsmen It seemed
o me that wm wy camp with more than ity men m which evacu
aon 15 not going to be passile for several months 1t a tume 1t s
Umast a requusite to have 1 addion to the medical officer tho
hospital corpsmen mulable o spell earh ather These men should
understand that they aren ¢ going to be busy throughout the ume
nd they should e\pect to be wwgned to other duties as our men
were In my espentence when medicl deparament personuel are
needed dhere 15 1o substitnte

Blasr Was there any special type of packing condionung or
winteniung of the supplies before shipping them out®

Taylor No we did not winterize Biologicals such as vaccunes and
other supplies that we were particularly concerned bout geng
etther too hot or too old we carried m our hands 1t 15 possible 0
da that wath 1small pachage and put w w a refrigerator 1f necessany
on board stup

Burch You e an mtermst Would 1t have been better o hne?
sitrgeon than wn mgermst for that type of nark®

Teylor This was 1 volunteer operation 1 will sy mnwdung;
about personnel ler I am told that no surgeon 1olunteered !
wanted to go and yet 1t was with some musguning on iccount of the
fact that I wag not vsurgeon Lookwg aver the situition 1513
I don t think thar it was too great a mispudgment on the pit o
Navy ta send wn wternust there When we needed 2 surgeon tho!
we really needed one I can sty thar

Burch Were most of the problems us the field of sntern?) meds
cmne?

Taylor \ost of the problems were 1 ¢
cne nd ofice pricuce psychintry Both
mtertusts But 15 part ot our preparinon § was sent 10
Hosprtal 1t Bethesda to worh on the orthopedic nd surgtc
for % months md Dr Ehrlich to the Newport Marat Hosp
the same thing thus gite us quue a good pretvien 3

Talbott Hue you esumated whit percenrige you used of the tot
drug supphes vou tooks

I":x)loprp We hive usage rites on all the things ne ook purIewt
cute them for vou now

Talbolt Was 1w relitively hugh or relausely low? N

Taylor 1t was much lower during the winter thut we hatk W

hole
£ the
ugh

he Feld of mternal medt
Dr Ehrhich md 1 were
the st
2] 3eTVICES
itat to do
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pated but during the summer thit 15 to say the second summer we
were there 1t was much higher because we had 1n the camp many
more people than we bad anticapated In addition the problem of
respiratory mnfectton w15 more marked than I had thought 1t was go
ng to be

Burton What supphes of blood did you take?

Taylor We took only that which the members of the party carrted
with them and we took crossmatchmg sery and reciptent or donor
sets to draw blood We also had 1 plasma expander dextran along
with us Iwill speak about that in 1 moment

Behnke What about the probabthity of appendraitts developing?

Taylor That was ot course a possibility 1 think that we were
prepared to deal with that Dr Ehrlich had a case of appendicitis
at his bise and successtully removed the offending organ I hid a
case and successfully treated 1t with antbiotics

Burch Was one of the corpsman trauned as an anesthenist?

Taylor Nesther of my corpsmen had any kind of surgical traintng
At Lile Amenica neither of Dr Ehrlichs corpsmen was an
anesthetist or operating room technician I had a neuropsychritric
technician who was helpful My other man had no specialty but had
experience with xray and that also was very helpful

Burch Did he use a spinal anesthetic m the patientr

Taylor He started off with a spinal but st doesn t seem to last s
long 1n cold chimates or 1solited bises 15 it does m the States so he
then changed to ether

Behnke Were there dental emergencies?

Taylor If there were they were so eficiently taken care of by the
dental officer that they never ctme to my attention Dr Ehrlich had
two men 1t I ietle Americt whose dentil problems he didn t feet he
could handle He pulled severil teeth and made some temporiry
fillings m consultation over the radio with the dental officer 1t Mc
Murdo

After the ships departed the work ot the camp continued 1nd the
butldings were completed Ve had five barracks Lunldings 20 by
48 feet 1n size The mess hall was 20 feet wide and 96 feet long
There were tno latrines eich of which had hot and cold running
water About 75 yrrds from the barracks buildings there was 1 Irge
powerhouse 1n which the generators were located wnd here there
were showers for pabang s well @ wshimg wrehnnes md dorhes
driers

Due 1o the high wind velocities during the winter we had rela
tively Iittle snow tccumulation i our camp area Only where 1
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building or a pule of supplies rose abave the ground was there dnft
mng Unlke Little America, our camp was not burted m snon

We stored most of our supphies outdoors All of the food was out
stde Though snow drifted around the food pules 1t was possible ta
bring food n at any time durning the winter The medical supphies
we stored outside, except for the Freeztble items Snow would stit into
the boxes but, of course, there was no thawing, and 1f one took care
to shike the snow out of the medical supplies, before bringing them
mio the sick bay aren the open storage was perfectly swsfrctory

The messing frcilities were perfectly adequate for our use i the
wintertime, when there were but ninety three of us, but mn the
summer, with 300 people m the camp they were quite mdequate
e had 1o mmprovise quite a bit and did not come up to proper
standards of samtation m our messing facthities We didn’t hne dish
washers and we didn't hwve water which was hot enough rerlly to
stertlize the cating utensils This did not concern me prrticularly m
the wanter but m the summer months when we had such overcrond
g and mny trnsients comng and gowng, I think the sitrtion was
hazardous It was really qust luck that we dsdn ¢ have a serious out
break of some sort of gistrointestunl disturbance

The personnel of the cunp, m the winter period, conststed of
tuehve officers of the Navy, two cisalians, seventy s Naval enhisted
men and three Air Force enlisted men who were there in the inter
est of prepning the matenal for the drop at the Pole The ages of the
wintering over people ranged from 18 to 52 The oldest mn “a;
Sergeant Dolleman of the Atr Force who had been with Admin
Byrd He accompanted the U § Antaretic Service Lxpedition to the
Antarctic 1n 1940 and had much expertence m Greenlmd He “ﬂ;
the only one in the camp who had had any experience with hu)-ﬂ:‘
duty 1n cold chimates The average age of this group was about 23
yers
Our nater, of course, cme from melted snow VWhen we first wett
1 m the summertime, we found a melt pool up behind our mm[;;*
11y cymp which furnished pilable water and which conid not be
sud to have had much human contanunition We used this mmr‘)\'!
any 1l effect during the first summer In the winter, of course this
froze and we had to melc snow for all of our » er

Irung Dud you stenlize the water? for

Tayloo No we didnt hne any facthitres for domg so Snon o
melting ws collected 1 an area severt! hundred yards to nmd»;nhP
of the camp by a luge hydraulically operated sconp monnted ot
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front of a self propelled vehicle The snow was then dumped mto
melters located 1t the powerhouse 1nd at the mess hall

In the winterume we used bout 15 gallons per day per mm
This technique of water gathering was quite satisfactory during the
winter We had showers and wishing machines with hot and cold
water 1n both of those Then we had running water for washing
hands 10 the latrines 1nd of course running water m the galley In
1 couple of hours in the winterime 1 mn operating this michine
could get enough snow to provide water for the camp for 1 day

In the summertime with more people to eep the camp supphied
with nater we hxd to have one man per day shift and one man per
mght shift operating the mchine

Burch How did you dispose of the wiste?

Taylor 1shall tell you later The water was palatable there was
a lude voleanic ash 1 1t when we melted down the snow and 1
hittle soot from the diesel fuel that would blow to the top ot the
tnk but 1t was quite satisfactory We were few enough m number
5o there was very litde possibility of contammation of the snow
gathering area 1n the wintertime Dut 1n the summer the situition
was considerably more hazardous because we were overcrowded
there was Always the possibility that someone would walk m the
snow-collection arets Finally we exhausted the local supplies of
snow ind had to move back m the hills which made 1 longer trip
for the snow gathering machine I spent a good deal of time worry
ing about the water s we had no facilittes at 1l for punification
Agun 1 think we were lucky that we didn ¢ have some wter borne
nfection

Barquist What was the water temperiture 1 your snow melter?

Taylor We heated the water agamn after 1t w1s melted 1 dont
know what the temperiture 1 the melter w1s

Barquast In the melters used in Greenland durning 1957 the tem
perature would probably get high enough severil umes t week t»
Nl vegetatnve forms ol bactersn 1f any were present

Pace 1 believe a chlorinttor has been added now

Taylor Thrt was one of our recommendations when we cime out
nd 1t certunly 1s worth while

Siple It probably very seldom got very wirm beciuse 1s soon
as the snow w1s melted 1t was used nd the melter was fitled nght
up agun with more snow

Taylor Cervunly m the summer snCw w1s going 1n all the ume
Our symtaton trcthities consisted of latrme buildings with running
water The lnne refuse was collected in 55 glion fuel drums
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Which fiad peep Sawed 1 half apg placed 1n Position under (e
fatrines A S0OR as these yere fitled, they were hayleq out on a sled
L0 an area aboye A quarter of g 1yl from the camp, donn a hulf, ang
ont the surface of the bay ice, where ye Ttcipated thar preseng;
the we would go oy and these would go wjip them The refyse froze
Yery quickly i the wineey and was handled quite sattsfactontly In
the Simmertime, houe‘er, {reezmg did noe accur, and ths con
tributed 5 considerable hazarg to the problem of refuse disposal

there was ng Snow cover

There are 10 1nsects gy the Antaretic of known ep:demwlogim’
significance <, this was zrenu:udous!y ™ our favor. There are, hoy
e, shua gulls gn large numbers around MchMurdo Sound These
Visit the refuse areas bat then we have no way of Lnoumg where
they go Thys & constituee 5 hazard which ye weren’t able to meet
at the tme § nas there

The dmmage from showers ang from the washing machines went
PHL 10 the slopes thae led down to the bay and, thaugh 1t froze i the
MUK, 1 so0n pap off wuehy thawmg i ¢he Summer and seemed
s.msfauory enough ar the time Durmg the winter, the men were
Tery henhhy, with the exception of mjurtes, some poychrtric ths
orders, and msomnyn

Blair Wpgy type of Preselection, 51 any, was there on the men
comng in, fron, the stindpoins of Physical exammation?

Taylor The Announcement that was sent out mn 1935, requesting
\nlumeers, stated thae volunteer had o have the phystcat quhfi
c@ations for submarime duty Tiys was the basic physical requrre
ment Those 1 ho “ere selected receryeq their orders o Dnml"ff
and xhey worked there for several moneh, :Iurmg the summer o
1955 wth (he officers whi would haye charge of them i the 1\"1'
aretie In addigon o elunate ey, who might not be qualified,
Dr Phrlich ang 1 personally examned aif of these men, givng them
2 complere Physical checl, Up and taking a history We alsa hd PIS’L
Chnatry nterviens of 5 Saeenng type vy yth a1} of the personnel «
WO 0 winteroyer gy three or four mstances, the psycluateit
recommendeq that we nep PUt a mm on the wntering over lm«l

We depareq from Davsyipe With 150 men who had mlunkeﬂyd
to spend the “nter at \fcMurde Sound We all went ashore ﬂ'l
worked there during the swmmer months, from December H‘:"i
Mareh, so that we fiag 81 opportumity to see these men at ;“m
nght on the scene Then, smee “e were gomg 1o keep only abo
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nmety m the camp we had the opportunity to send back to the
States about sixty men Actually except m 1 couple of speciil ¢ ises
alter 2 min had been down there for the summer we gave him the
opportumty to go home 1f he wanted to So we really had a double
selection of volunteers There were about thity who said they
wanted to go home So we had about thirty more optronal places
from which we conld select men on the bass of performance at the
actual scene of operation Thrs sort of double selection gave us a very
good group of men with really only one man not fit for duty

During the winter my sich call would run from five to ten
patients a dty and those were patients whose nimes I entered m
the sick bay log A lot of men would come by just to sit down and
tall for a while I think you could consider this a sort of psychiatric
sick call but we didn t often record these visits

‘The most serious problems were frictures We were able to deal
fanrly sausfactortly wath the frictures we had with the exception of
one man who fell from the roof of a binlding and severely fractured
both elbous at the same time This occurred m Apnl and we
couldnt get him out unul November This was one of the times
when I thought the Bureau of Medicine and Surgery should hne
sent an orthopedic specialist however the rest of the fractures were
easy enough to handle

Another serious life endangering situation was carbon monoxide
porsonmg One man became unconscious while riding 1w @ Weasel
which 15 actually an open vehicle but he was siteing so that the
stream of the exhaust cyme night to him

Insomnia was eprdemic 1 thought that 1t wis due to a combr
nation ot homesickness with shght attendant depression and the
disturbance of the sleep cycle which accompanied the disappearance
of the sun We were able to deal with mny cises of insomnin by
gving barbiturates for s1y 3 nights which would allow the man
to re establish the normnl sleep cycle He would do all nght for
severil weeks and then sometimes get out of phuse agamn

The most chronic problem I had ws 1 psychiatric patient a2 man
2bout whom there was some question prior to lewing the States
but who wanted to sty ind whose services we needed We thought
he could last the winter but we were wrong At the end of March
he developed a frink psychosis and was unable to work for the rest
of the year The patient s condition ripidly improved with the re
turne of lght afeer che winter arght 1d tfeer anly  shore perrod of
hospitahzation m the [ nited Stites he was able to return to full
Naual duty
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Our experzences with this man were mteresting He was deluded
and, occasionally, halluctmitory, but oriented with respect to trme
and place, and able to look out for himself quite well He wasven
unpleasant to assocrates, and yet our facilities 1 the sich bay really
didn t provide the opportunity to care for him as he could have been
cared for in the usual psychiatric environment In addition if he
had been confined, 1t would hive been necessary to hive a watch on
him 24 hours a day, which would have been extremely consuming
of the tot1l man hours of the camp So, we tilked the situation over
with the personnel of the camp at a meeting, and expluned what the
situntion was as best we could We told them we wanted to try let
ting the man go about the camp, he was to take his meals 1n the
mess hall, though sleep 1n the sick by We ashed the rest of the
men to be forbearing, 1f not understanding, 1 thewr dealings with
the pattent Tiis worked very well We had actually to confine the
man to the sick bay only for about 4 weeks during his most excited
pertod

Fremont Smuth This 1s the modern treatment of psychoses The
1s the open door method which has been developed 1n Great Brain
and we are learning from Great Britain fairly rapudly At the last
meeting of the American Psychintric Association, the President sud
the most mmportant thing we can do 1 psychatry 1n thss country
15 to iquidate our mental hospitals So, you were forced to do some
thing which 15 quite modern quite proper, and toward which we
will gradually move 1 think we can learn quite a lesson from the
frct this worked as well as s¢ did The confinement of mental p2
tients, the way we are doing 1t with our so called modemn methods
really outdated

Davis ‘The primitive taces did exactly the same

Montgomery Did drugs help?

Taylor 1 had some chlorpromizine but did not use 1t, s I was
really unfamiliar with 1t However, I think it was good for the
morale of the camp in general to have this man He served as a0
object lesson for many of us and was of course, the butt of m1;')r
remarhks such as, Are you saving that other rack n the sich bay "r
me? My esttmition was that this served as a rather weful outlet fo!
the tensions of the rest of the camp

Fremont Smith He pulled his werght, m other words®

Taylor Yes by not pulling his weight he did

Hock Did the men have enough to do to keep busy? .

Taylor Boredom was not 1 problem for us We nere extremely
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busy alt winter long First we had to finish building the camp then
we had 1o pack the supplies for the South Pole Stition nd finally
we had to build an 1ce runway clear the snow off the runway out
on the surface of the camp

We were 1 the Antarctic for 14 months 1nd there were 6 weeks
during the darkest part of the winter when we were on an 8 hour
day and 514-day week But for the rest of the 14 months our men
wothed 12 hours a day 6 or 7 days a weel It wis a grueling experi
ence for them Fauigue rather than boredom was our problem

Talbott Did you have another major assignment?

Taylor No Tdid not 1 served sumply as the medical officer

Marks When they were on an 8hour day how did the men
occupy their spare time? Did they rend? Did you have films?

Taylor When we were on n 8 hour day we hid movies every
mght The rest of the tume there wasn t mich ume for recrextion
We stopped movies for example when we really went to work on
the runway except for one movie on Satnrdiy mght sumply because
we couldne provide the men with 8 hours of sleeping time and
have movies alsa We had 1n excellent hbrary md the men read
quite a bit We had music on records and tapes and they enjoyed
this Every Swurday might we had wn entertanment 1 hippy
hour i the mess hall at which tme aleohohc beverages were
served This seemed to release 1 good Lt of tension About once a
month the chaplain organized a litle program and the men
Imous huts 1 succession put on 1 hittie show We enjoyed this 1
ot

Burton You didnt have any troubles associuted with lack of
female company?

Taylor This s the sort of thing you forget about I can t remem
ber the emotions assocrated with that Things went pretty smootily
n general

Behnke Did you have any hnd of weekly mspection or dress
period?

Taylor We had no dress pertod and we muntuned a rather loose
hind of disapline 1 have had very lutle nual experience but my
nterpretation is that we relaxed distinctions between officers ind
men We ate 1n the sxme mess nd sat 4t the same table The officers
isited 1 the men s barticks however the men did not come mto
the officers barrils except on busmess They weren t lorbidden to
do 5o but they Just didnt We were on quite 1 friendly basis Once
weel there wis an mspection of the camp by the camp commander
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diy they acunlly put m 6 hours of work They could hardly sty
outside longer than that

Behnfe How many men shaved?

Taylor About 50 per cent The percentage went up nd down
There was enthusiasm for growing beards at first but this pissed
Then when the summer folk were expected they grew more berds

Barquast Wil you tell 1bout the merits of beards versus no beards
at =50 F temperature?

Taylor This 15 1 persomil matter The men who hid bewrds did
not need to cover therr faces they were quite comfortable with the
protection the berd afforded ‘Those who were clein shiven generlly
nripped the lower part of the face with ascarf exther that or took the
hood and buttoned it to make 1 sort of tunnel to give them 1 vest
Dbule 1 which to warm the air before 1t got to the fce

Blarr 1 wonder how much of the value of the berd 1s really psy
chological We had a rather amusing but valuable expeniment 1t
Churchll 1 which 1 Candiin medical officer grew a beard on only
hlt of his fice the other side was kept clean shaven dunng the
winter We put thermocouples on either side of the fice Though
he sud the bearded side of his face wis much warmer and more
comfortable the thermacouples showed the same shin temperitures
on both sides out m the cold Wad the wind We felt thwt maybe
1ot of the benefit was that 1t gave hum a sense of protection more
fortitude to go out m the cold and less anxiety

Burton 1 thnk I un umgque 1 having some calorimetric measure
ments on heat loss from human heids with bewrds nd without
beards For the centenmil of our aity @ Hury Apes Club had
been organized by 1 local business 1 was developing head-cilonm
etry nd mnduced ten of these men to be subjects The results were
that the extra insulation of the bewrd was bardly measurable The
fact 15 that the beard grons on the coldest part of the fice which 1
losing 1 small proportion of the toral heat

I hase no doubt that the areas on which the beard grows are the
plices most swceptible to frosthite So apart from the 1angup
problem with bewrds I would think that they e of some help

Iroeng Dhd you test the temperiture of the skin under the beard
and unbearded surfces®

Burton We stuck thermocouples in the beard wnd compared with
Aternard Under the beard the shin temperature went up Thas
Atss made the beard mther meffective as total nsulwion beciuse
there were correspondingly ngher shin temperatures underneath
which tended to mcrese the heat Is
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thick one If they do start one they shave 1t off quickly to v oid bemg
tersed

" Behnke Whas there 1 tendency for the men to get stale wnd did
you find that they had difficulty m coordmation? Whs there evidence
of deterioration mnd mereased 1cadent proneness®

Taylor 1thinkso 1 thunk our productivity went down s a func
uon of fatigue nd rendly loss of enthusiism The men were ter
1ibly beat s the expression goes by the end of the second sum
mer before we went on botrd the ship It came to be for il of us
simply 1 matter of domng the job somehow or other from day to dvy
to get through so we could get on the ship 1d come home

Behnke You were counting diys®

Taylor Yes we defimtely were doing that

Talbot! Durng your first mght was there a peth period of
actinaty or of efhciency rather?

Taylor 1 think our peak of efficiency occurred before 1t got dark
In the exrly stages when we were lung n tents wnd buldng the
winter quarters we really did 1 tremendous amount of work Then
1s that work was completed and s darkness cime on we were able
to let up a hittle but

Atound 1 July when we rwctually first rethized the magnitude of
the job of bulding the runw1y we had mother little spurt but 1t
Aidn ¢ last sery long We seemed to be dragmng prerty much by 1
October Then the summer was for most of us just 1 grueling
expenience of long hours 1nd hard work 1nd wanung to go home

Befinke How mny would volunteer agun for the experience®
Is wt once m 1 hifetime®

Tayloy 1dont think so Of course when we left we sud  Never
agam but the 150dd months since we departed hue softened
the memory for me 2t my rite As I communicate with my fellows
who were there they two have forgotten some of the emotiont)
overtones of how 1t wis One begins to nonder 1gun what 1t looks
[ike there Dr Siple has done this repentedly Maybe he would mike
a remark about

Sple This Inbit of forgetting the bad things 15 charctersstic
Any men who siy they never would go agun are ready to go 1eun
6 months Jter Out of our eighteen men at the Pole we h1d three
who tolunteered to stiy cu but were not pernutted to do so One of
them wrote me recently e he expeces to go byl nexe yerwr He
Mippened 1o be one of the three who wanied very badly 10 sty «

ccre dlntern kb
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Blair As to the actual temperature on the bare fice and bearded
face, we could see practically no difference, although the test subject
for this study said the bearded side of his face defimtely felt wanmer

Taylor Several of our men shaved m mud winter When they
had to work outside, by preference, they grew beards agun and by
that time, we were at a stage where we weren’t showing off before
each other They found 1t much more comfortable I don't ecall
any frostbite at all under a beard, but we occasionally had touches
of frostbite on exposed shin

FHock Did the beards ever ice up?

Taylor They 1ced up, although the skin apparently was stilt com
fortable under the beard

Hock Icang up might take more than an hour

Taylor Our men stayed out more than an hour We made ke
reconnaissances, for example, from time to time. We would be out
all day, generally working quite bard, walking fast and hauling 2
sledge

Blair Probably 1cing was primanly a problem of a long
a short beard The 1cing on the short beard will go dowin to
and produce maximum cooling Le

Siple At —60°F over a pertod of 2 or 3 hours, a pretty sohd el
of ice gets built up on the beard Sometimes 1t gets frozen (o ones
clothing, and 1t takes mmnutes to get loose after coming mdoors

Tromg Tt gets caught mn the zipper, too &

Seple That 1s possible, too, when 1t gets long and cold cnmll,.k
We found, actually, that a beard 1s extremely messy and undesira! ;u
on the trail, where one 15 Iining out of doors and cannot thaw fl .
beard out unt1l getting into a sleeping bag At the Pole, those of ¥
who frequently got our beards very 1ced up, would go indoors '";"
draw a basin of warm water, put our face down n it, and thw hlﬂ
1ce out quickly This made a beard more tolerable because ﬂ{l o
wise we didn t like the long period 1t took to get the xe meled 0"
of the beard upon coming mdoors after exposure to really low mnpm
atures One of our men shaved half lus beard off, and he )‘Mﬂ!
around for a day or so, trying 1t as an experiment. He felt a dehn!
difference

There was no question of feeling a decided difference O”luml
face after shaving off a year old beard In fact, one fecls an & lmﬂ
shocking cold for a while, right after shrwvng There 15 :lls”‘" o0
siderable difference between the ability of men fo grotw beards oo
Some men do not gron them sumply because they can’t gTow a8

berd o
the shut

yous
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chuch one 1€ they do start one they shnté aoft quickly 0 auod hemg
revsed

- Behnfe W thete A tendency for the men © get stale and did
you find thnt they hind dufficutty 1° (nordm“mn’ Whas there €% wdence
of deteriortion and mcrersed accident pronencss?

Taylor thank so 1 think out product 1Y went down 28 % func
uon of fwgue and relly tow of enthusts™ The men Were ter
nbly beat s the expression goes by the end of the second s
mer before W went on powrd the ship It came to be for it of s
smply T IRET of dong the job somehow @t other from day to ary
v get dhrough 50 ¢ could get OB the ship And come home

Belmbe You were counting ays’

Taylor Yes we defimately wete Amng that

Tatbott Durng your first mght W8 there a perh period ol
Aetivaty OF of efficiency rther®

Teylor 1 thank our peth of efficaency occurred pefore 1t § dark
In the ety stages whed we wre hvng I tents nd Building the
winter quarters we really dida wemendous amount of work Then
T that work w18 anp\elcn\ and as darkness (ame on We'w ere ble

it

Around 1 July when we ctually first rerlized the ngmitnde of

the job of brulding the runwiy W€ had "nother Yartle sputt but 1t

dudn t last very tong We seemed 10 be dragging pretey much by i

Qctober Then the qummer Was for most of us gust ? gruehing

enpenene of long houts and hrd worh and wanung 10 go home
Behnke How many would yolunteer agutt for the expenence

Taylor 1dont dunk so Of conrse when we left we sud  Dhever
gun but the 15 0dd months smee W€ deprrted hne softened
the memory for me My rate M1 communieate with my fellows
who were ther® they 00 hue forgoten some of the emotimt
wertones oL how 1t WS One begins 1© wonder gu0 what 1roks
ik there DF srple by done this repertedly Maybe he would mke
a remath about 1t

\iple Thas habnt of forgetung the bad tngs 15 charetertsti
Ay men who sty they ne er would go ag are rendy to 80 agun
G months ey Quy of our eighteen men au the Pole e hiad three
who \otunteered tO say on but b ¢re not permm:d 0 doso One ot
(hem wrote mMe recently thit he expects 0 B Pack next yerr He
hippened (o0 be O0¢ of the threc who nted very adly © Wyt
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1€ a man has had a reasonably happy expenence, he wsually nants
to go bick agan

Burch What 1s the expected Iife of the buildings?

Taylo» I dont know Do you know, Dr Siple®

Siple It depends on factors such as whether they are occnpied or
what the snow loads on them were We estumate about 10 jers hfe
for the Pole Station buildings, and, because McMurdo does not get
covered over, those burldings might possibly last 15 or 20 years

Behnke Are they hreproof?

Taylor ‘They aren’t fireproof

Belmke Isn't that a danger?

Taylor That 1s a danger We had a fire watch, of course, and fire
alarms 1 al) the buldings, but actually had no fires The clnmie s
so dry that everything burns with great speed The problem of yentt
lation 1 buildings 1s related to this, perhaps Since we werent
covered with snow, we ventlated the building through one end
with electric fans and an this way kept 2 good bit of arr movng
We also had carbon monowde alarms In the garage and other
places where carbon monoxide really was apt to develop, the men
would turn off the alarm because 1t was always ringing It had to be
tusned on about once a day Our metal workers had a shach 1 \\!ud’\
they worked, which was very pootly ventitited I suw a good ded
of metal fume fever, zinc fever

Thss problem of venulation in spaces m which there are 1
fumes 1s a real one The tendency, of course, 15 to close donn atlthe
ventilation to stay warm We Fnally made the men venthte :lht
garage and the metal workers' shop, so they were worhing 0 et
quite favorable condions £ food

Behnke Have you any comments on food? The problem of I¢
supplies 15 a very vnporiant one

I;‘I:I)lar We I:Zd \gf; good food Through the winter lhe“( “;:
fresh meat which was frozen and stored outside A good dexl of ttm
frozen vegetables had been brought down Eren i the Aun;fms
the preservation of frozen foods presents a problem, Tiecause §t e
become warm enough i the summer to spoil the frozen Pr"”‘u
and refrigerators are needed In general, we had a sarted )1;8“ .

1 believe that we were provided with 6000 calones per (a‘y {)\se
man, and T think we probably used almost that amount of ﬂ)l::k\(\“
also gamed weight on thit amount Even with hard work onf eh
our men guned weight I dont hne actnal figures on how

sas guned but 1t was considerable
' Ingthe summer when we had a huge mfux of Viswots the food

oxiont
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supply got rather short and we were using mostly canned goods
The amount of food was not critically low but the variety dimin
wshed considerably

Behnke Could you have hived on canned food?

Taylor 1 think so 1 dont know we didnt have to

Siple ' We did 1n the past

Taylor That 1s true I set out a dish of vitamms 1n the mess hall
and nvited the men to take them as a supplement if they wished
Some did and some didn t These was no difference in the health of
those who did and those who dwdnt as far as I could see

Behnke Not with 6000 calories a day!

Burton 1o return to the matter of fire hazard I don ¢ think 1t 1s
properly appreciated that the fire hazard can be greater at 10 000
feet than at sea level People tend to think that since the ocygen
tension 15 lower the fire hazard might be less but the contrary 1s true

Taylor How 1s that?

Burton The reason 1s that the burning of many substances de
pends 1ot upon the oxygen tension but upon the competition of
the oxygen and the nitrogen molecutles to reach the flame e on
the percentage of oxygen which 15 unchanged at alutude Tapers
or candles burn almost twice as fast at 10 000 feet During the war
there were some fires 1 experimental chambers kept 1t 10 000 feet
which 1llustrated the fact that the fire hazard 1s very great The reason
15 the decreased heat loss at altitnde which riises the temperature of
the flame

I wondered 1f Dr Siple had any observauions on this 1 think the
opposite point of view 1s very dangerous People do not realize the
hazard 15 greater at high alttude than at sea level

Pace This 15 pure oxygen and not m air

Burton This 15 10 asr

Pace 1 have to disagree on the basis of the stmple observation
that a cigarette lighter at 10 000 feet just doesn t burn as vigorously
as at set level

Burton This m1y hive something to do with the igmiung temper
aure of the fuel The expenment his been done by burning a
candle I smoked cigarettes m the chamber 1nd they burned faster
than 1t atmospheric pressure

Talbott It may be true in the chamber but not 1t high alutudes

Burton  As to measurements ot rate of burning I am not speiking
from my own observation Dr Druintker pomted this out

Tatbott That was m a chwmber?

Burton They were all chamber experiments
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Behnke At pressures above one atmosphere, the cigarette bums
much faster Under these condutions the fire hazard 1s great

Burton The real difference at altitude 15 that the heat toss 1 1¢
tarded by the thin air, and therefore the flame 15 at a higher temper
atare Anything which 1> burmng depends upon vaporization nd
vaporization goes up logirithmcally with the temperature of the
flame This ss the veason a taper, or a candle, burns so much fister at
altitude

I think 1t 35 Decause the heat loss 15 very much retarded The
msulation of the arr at 10000 feet 1s only about half what 1t 15 &
ground level This means the flame of the candle has to get 2 good
de hotter Therefore, the vaporization 15 very much faster

Fremont Smuth 1t 15 interesting that we have actually contra
ductory evidence on thus purely physical problem by competent
obserters on both sides 1 hope that someone can obtam ditr on &

Reynolds This was worked on, again in chimbers, m the National
Institutes of Health a number of years ago, where actual messiee
ments for muntenance of fune were made The substince bt"”s’
burned 1s an important fictor m ths, so the candle sa partecularly
good item to demomstrate Dr Burton's point, as i tins case one
wants to mamtan femperiture over a wide enough area to get wax
m a wet enongh condition to be sucked up by capilary mncn(ﬂ;‘
m ik however this is not true of the other situation The wof
at NIH was done with wood, wax, and hydrogen and they 2t
burned differently under low pressure b

Burton There wouldn t be this cntical factar of vapor m the
burning of curtains This 1s a case, like the candle, where the lf";
perature of the curtan the rate of vaporizitton, 1s yery importt

Zrotng 1 had heard 1t sud that people confined n close quaters
cotld so diminsh the oxygen in the air as to cause the extinct
ppe cigarettes and candles aa

It didn t sound quite right to me usul wn burmng candies U '
tent mmpervious to wind we observed the candles go out and e 2
the stoves cease to functton although we, ourselves, hd not (‘ht
experienced any respiratory difficulty Upon amiysis of the mr.‘ Vi
extnction of that prrucnlar candle happened o oceur at abow -
per cent oxygen [hat 15 when only about 5 per cent of the 0%
had been removed (1

Then chinking 1t <m)1ght be a matter of pressure of the ar lnr‘i‘:
s1me degree, we found the candle still burned at that 0&)%"{’; f"m“
sure 10 the air So there 1s certaunly somethmng m » hat br Bl
sad

ton of
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turned his face to the wind unknowngly, or ot the hands where a
mechanic hind to remove Ins gloves m order to do 1 httle job re
quinng fine mampuition That was the extent of 1t

We had a hittle snow bhindness i the summer mostly in people
Just entermg the camp who didn ¢ yet rerlize the tmportnce of pro-
tecting the eyes gunst the rdiation

Lyman What knd of ghsses were used for protection 1gainst
snow bhindness?

Taylor Standard Aw Force 1ssue goggles Capt Hedblom the
Task Torce Medical Officer carried out n extensive comprrison of
different hinds of glisses 1 don t hnow what hus conclustons were
We generlly used the dark aviutor type goggles

Lyman  Just durk brown?

Taylor They were dark brown with 1bout 10 per cent hght trans
nussion I didn ¢ have the data on the glsses but 15 I tested 1t with
my hight meter they cime out 1bout 10 per cent The glasses are just
1 stindwrd pre of ones costume They are put on nith the hat

The men who were to go to the Pole Statton were selected on the
bass of thewr performance during the winter I think Dr Siple will
autest to the fact that they really did 1 excellent job of bulding the
Pole Station base 1n 1 shorter time than had been anticipited

As he sud one man had what was clerly Hlutude siekness and
was mepacirted for 1 few days Another man developed 1 cough
and pleunsy which w1s punful but he didnt hive to come out
He stiyed on the job there

The men reported 1t took 1bout 2 weeks to became a
to the altttude 1nd be able to do a goad day s work When they came
bick to McMurda Sound however they all commented on ho
plersant it was to tike 1 breath of a;r  you could rently get your
teeth 1n or your alvcoli wround  or somethung ke that i

1 haven t sud anything at 2l wbout the operitions of the secon‘
summer but we were very busy m the cimp There was 2 grea
denl of ur actnvaty 1

Qur severest test m the medical department cime 1n Octo )c‘r
1956 when 1 phine crished We had four faalitses one min shightly
mjured ¢ three men very severely mnjured We kept them 1 camip
for bout ¢ drys untl they could be esicuated to New Zerlnd ”

Two of the prncipil problems to which we did not hse $
factory solutions were the transportation i the cold of mem
personnel nd the admimstration of first ud 2t the site of H;J“‘zm
severely myured personnel At the tune of the plhne crish the e
periture was —~20 F We had @ Wanngan the nrsinp new

ccustomed
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site of the accident but 1t was not lurge enough to accommodate all
the 1jured men We were forced to put them 1n sleeping bgs on a
sled and bring them back mto camp behind a tractor This took
about an hour and the dely contributed, we thought, to the death
of one of the men

Fremont-Smith Of shock?

Taylor He died of hemorrhage We tried to administer dextran
at the asrstrip but, of course, this was impossible at —20°F This
problem 1s one which certamly deserves attention

In any hind of mtlitary operation mvolving ictual combat 1n cold
climates, of course the problem of first aid at the scene of mjury
would be a tremendously important one and, as far as I am con
cerned, 1s really deserving of a great deal of ¢ireful study, it such
1s not under way

Our experience with resprratory disease was quite comparable,
I think, with what Dr Siple has reported As I said earlier, the men
who came into the camp m the summer had just as severe colds
as those who had spenc the winter there and as far as I could telt,
suffered even more Our respiratory passages had adapted themselves
to the dryness of the air but this was a great complaint wiih those
who had just come 1n 1n the summer When thss was complicated by
upper respiratory infection, 1t made the men quite uncomfortable

We did not have much i the way of bacteral complication of
our respiritory infection, though we used some antibiotics when
ever there was exudative pharyngitis or fever of more than 102°F
Most of the men simply had coryza or evidence of bronchitts and
were not febrile

1 want to say a lutle about the pursutt of research activities in
1solated stauons such as the one at McMurdo Sound During the
winter I wasn t really very busy most of the ime and I tried to set
up some experiments in which 1 was interested temperature co
efficient of oxygen consumption of the lichens which grew in the
melt ponds around the camp I finally gave it up It seemed to me
that whenever I got the equipment ont and started to work on 1t
1 was sure to mduce a frictured leg or something

The men who relieved Dr Ehrlich and me and the doctors who
were sent to some of the new stations 1n the Antarctic were asked
to do a good deal of medical mvestigation during their period of
1solition I thought this 1 rather poorly concerved scheme because,
1f minety three men re engrged 1n strenuous physical activity, as
ours were there will be enough mn the way of accidents to keep the
attention of the medical officer on cJmical problems rather than on
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1 reserch problem 1 think it would be very difficult to do my but
the stmplest research along with chinical responsibnhtes Last yerr
the Aur Farce sent 1 physiologsst to I 1ttle Americt to pursue 1 spectfic
resewrch progrim

The over 11l wccomplishment [ thunk from the medical and phys
ological point of view 1t McMurdo Sound s noteworthy m tht
we put wshore 1 pirty of very mexperienced people nd we were
ble with modern techmques wnd technology to build a cimp wd
tive there the lugest party ever to have wintered m the Angwctic
quute enmiorcibly wd reasonably happdy with 1 mmmam
frium and virenally no cold myury
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PHYSIOLOGICAL STUDIES IN THE ANTARCTIC*

NELLO PACE
Department of Physiology
Unteersity of Caltformia
Berkeley, Calif

THE STUDIFS THAT WE ATTEMPTED t0 carry out were really ammed at
mking a very general 1ssessment of a diffuse condition that hns gone
under a lrge number of names so I think it would be best to discuss
the nomenclature 1t this ftme We were studying the degree of
stress that may or my not have been present in  Operation Deep-
freeze 1 personnel I would like to define what I call stress and
then show how we hue evolved a techmque of trying to assess 1t
Figure 37 shous some very basic physiological principles 1t 1s hughly
schemttic and 1t brings out some of the problems of trying to est1
mate the performance 1nd effectiveness of human beings in emiron
mentil or other situations

A major difficulty 15 indicated by the dotted lines 2t the top of
the graph labeled performwmce These represent generally speak
ing performance tests of one Aind or another that the psychologists
pirtcularly 1pply in attempting to 1ssess the degree of fiigue or
Inck of ability to perform in a sitwation Usually they show the char
wteristics indicated in Figure 37 Not only do performance tests often
show 1 very smll amount of decrement until the stressor mvolved
m 1 situatton becomes extreme but in addition there may occur
the phenomenon called ftalitation  When mdividuals are pliced
under stress performance of a given tish sometimes 15 actunlly 1m
roved

Horvath s this wn indicanion of fulure to give a good adequate
defimtion of normal?

Pace No 1 dont thik so I think there are many instances in
S The matenial upon wlich the Tillowing discwssion 15 based was obramed with the

support of contracts between the Ofice of Maval Research and fle Unnersity of

Cahforniz and hetween the Victic Tastitute of North America and the Unwsersity of
California

M1
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are imohed but there re 1150 undoubtedly common pathnays that
re shared by the responses even though the responses are tniggered
by different receptors Tlus I believe without belaboring the pomt
15 now generilly accepted The concept of v pithuay from the
centril nervous system through the hypothnlwmus to the pitmtany
and the ultim1te response of the wdrentl cortes his been voiced by
many physiologists Here we see an eximple of how different kinds
of sumul? cn lead 1o 1 common effector—n this case the adrenat
cortex

The cortex not only puts out substinces 1n the form of adreno-
cortical hormones 1ndicated m Figure 39 as the glycotropic ficters
cortisone 1nd hydrocortisone plus the wndrogens and aldosterone
but these compounds  turn result in metabolic chinges of one
hind ma avother The mechanism 1s far from understood at the
present time but 1t has been clearly established that there 1s some
And of correlation between changes mn the Jevel of arculwing hor
mone and pariicular metabolites

A number of these are shown in the box at the bottom of Figure
99 which ts outlined by the double hne For example there ar¢
chnges tn electrolyte levels which seem to correlate with changes
mn aldosterane level There wre changes m glucose level phosphate
urtc 2c1d cholesterol and the other constituents shown that at on¢
tme or another have been demonstrited to be affected by the lesel
of one or tnother of the hormones dicated

The principles upon which our studies hive been based 152 s
one If we wish to find out something about the relatronshy
tneen various stressors and the adaptation that the orginism mrhes
the 1ssumption 1s that by sunply measuring the body flusd consttre
ents listed m the double hined box at the battom of Figure 39 pls
whichever of the hormones that cin be mesured directly nith the
means reacily available it 1s possible to arrie 1t some lund of rsl:‘
mate of the amount of wdaptition that the orgunsm 1s clled up
to make 1 2 gnen situatton This we have done s

Again by way of background—not that I want to get nto 2 it
cussion of the effect of combat at this tme—the dat from 2 com .
sitnation that we studied (1) bring our 1 number of these pm“m
more effectively than some of the other environmental siuo
with which we hne been concerned £ comt

I would Iike to present the dat1 on the phystological efh’ff“; e
bt on mfantrymen m horea 1s though they were rhe resu (ntﬂ
logical development but they are not We hd decrded that o "
the mteresting things to study would be the adrenat cortscl Tespo)

1mple
p be
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m such mdwvidutls and as we did not have much tme for prepara
tion we went thead with the work I would now like to show some
of the dita we obtuned bectuse the more we worked the more we
realized that perhaps this was a w1y of approaching many ensiron
mental sitiations We now have quite ambrtious plins for metsuring
not only as many metabolites but 1lso 1s many hormones as possible
stmultaneously i the same mdiidual The more one thinks about
1t the more one realizes that here are the really controlling sub
stances This makes sense from very elementiry physiological con
stderations ' With a given number of receptors 1t 15 easy to see that
for different environmental situations these various receptors are go
tng to be stmulated to differing degrees depending on the situation
Consequently 1t 15 not difficult then to go one step further wd s1y
that these pathways will result 1 2 response pattern that 1s the sum
mation of the particulir pattern of receptors that hive been stimu
lated

Fremont Smuth 1t may be the product wd not the summation?

Pace Whatever the mtegrition yes So one should not be too
surprised to see 2 difterent and charactersstic metibolic pattern for
ech environmental sitvition 1n which 1n orgamsm finds 1tself

1 like to thimk that 1f we get the important parameters n this sys
tem metibolically—nd tus 15 why the hormones 1re 1 logical point
ot first ttrck—1t will then be posstble to sort out the physiological
response to 1 particular environmentil situation and try to analyze
the integrated response ot the entire amimal in terms of the ndt
vidu1l mechimsms that may or may not be brought 1nto play

What we have done so far 1s only 2 very crude beginning I hope
th ) I

m
be looked at s 1 pattern one should not try to make sense out of
etch mdwidunl component It 1s quite typical of datr one obtuns
when the blood constituents mdrcted are measured m many stress
situttions

In the upper third of Figure 40 e the d1ta from two groups of
norm1l hetlthy soldiers One group w1s mevsured 10 Japwn com
pletely out ot the combat arer All of these dita were obtuned m
1952 while the Korewn War w1s going on The other data m the top
portion of the hgure re from 1 group of front Ime infMntryme
tiken 1 what the Army called 1 guiet sector of the MIR (mn
Iine of resistaince) fang Chinese Communist enemy troops Tt
\rmy defines 1 quiet sector 15 one where not much 1s happenin
There aren t more thw ocstonil mortar rounds commg i Tl
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fom Pace N Sebafler F I Elwadgian Foef of Physialugical studies on )

men wn combat L Ciliforma Pud Physiof 10 1 (1944)

men engage ta such routine duttes as ambush purols at f“?‘:;::
mtervals Ot course, people get hilled once 1n 2 winle, but 1 ‘"d 3
thit even the mintrymen themselves regrd this as not o0 i
sitution who
Compning the metibolic datr from sufntrymen 1 Jipm -
were completely anay from the psychologict problem of "““m:m
danger of combag with datn from soldrers w thus quiet siuaon ;
combat arex—lining m bunkers, eatg food hrought up t 1 "
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Taylor What 1s the signuificance of the dufferent shadugs? For
exwmple under wiute count you have four different shadings®

Pace The first one w1s the day before the action  the second dark
est one 1s immediately 1fter combit the third one 15 5 dus after
combit 1md the fourth 1s 22 days fter

Aeller What 1bout the varmbility? For mnstance tihing eostne-
phils didn ¢ you hase 2 100 per cent eostnopenta i some cises’

Pace No we did not see 100 per cent We have only seen thitm
one sitntion which I will come to a hittde bit her

Keller That 1s not 1 very significant drop

Pace The eosmophl drop w1s right on the border of snstical
sigmficance (P < 005) I will show the constituents that changed
sigmuificantly 1 1 summary (Figure 47 see page 167) hiter Themia
pomnt ¥ wm trying to get \cross now 1s the order of migmtude of the
chinges more than ything else

Bureh Was there dietary control?

Pace We made our control metsurements n sokders eating the
same things lining under 1denucal conditions wath the dufference
of 1ctu1} combu

Burch T was tunking 1bout the urer for eximple Did they et
a big hewy meal when they returned?

Pace No We got them before they even had 1 chince
bath or do anything else

Bass Were they dehydrited?

to tike d

Pace Yes somewhat I think Figure 41 shows 1t i
0
Carlson  Are the four hars correlited horizontally ta the tme
day?
7 careful

Pace Yes This 1s one thing 1bout which one must be very

Bass Did thie sxme twenty men get through the action
cisualty? You sty this represents twenty men? e

Puce Only five of our onigmal twenty subjects came bk S)l )
hd to take fifteen more out of the sune group Then 0 check :l:"
we used the 22 duy Tecovery fignres 13 A compansen sk the o he
controls ta wsure thit we hidn ¢ made 1 mistthe m selccm\gl:J
fifieen others In the companson betneen (ke fiie thn ne o
original datt on and the fifteen we obtuned addiiomlly there
no difference

Figure 42 shows the order of mignitude of the dinrat Hm‘::‘
to be expected 1 some of the constituents ne extmtired s ‘:un!
dent 1t 15 substantral nd one does have to be creful o ('[’mm
ume of diy This 1s a very important frctor We 1lso !n‘lc min T
that dret certunly praduces varmbles but they re relatnely

without
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For 4 days the men are out on their own With clothing nifle
helmet rauions (type C) pack and soon each man 1s carrymg 1bout
75 pounds Most of these Marmes seemed to weigh only about 130
pounds so they are domng a lot of work I couldnt help bemng rm
pressed by the fact th1t there 15 a relatively high inaidence of frosthite
mmong these men which admittedly shouldn ¢ happen but 1t does

For example 1n the group of fifteen men that we studied m detul
three got minor frostbite of the fingers from the usunl thing—pulhng
off a glove not really believing what they had been told So these
ndrviduals got 1 very direct and relistic exposure to cold under a
furly typical mulitary operating situttion

The course has 2 real reputition 1mong the tramees This 15 the
climax of their training Many of the mdividuals that arnive for the
course are exceedingly apprehemsiie about the whole thing So be-
tween the apprehension about the cold itself and the activittes i
which they engage I think 1t 1, 1 re1sonable stmulation of what
mubtary operations would be in a real Iife situation

Figure 44 shows the hind of results we obtuned from these 1ndt
viduals The upper portion of the figure gives the datx several days
before exposure to the cold There are two sets of bars for each
constinent  As mdicated on the figure the cross hatched bars e
mesurements obtained after the ntramuscular injection of 1 dose
of 80 units of ACTH 1 gel So the ction af the ACTH 15 sprexd
out over 1 pertod of tume

This 15 an expansion of Thorns (3) ACTH test 1n effect to
me3sure the responsiveness of the adrenal cortex to 1 massne dose
of ACTH

These indnrdunls reacted m the expected tashion to the \CTH
There were some indications thit the men were not m ideal phys:
ologicil balance before being exposed to the cold For example
sodium nd chlonide excretion rites were somewhat low wherets
potissium output w18 relitinely Ingh Whether this represented some
hind of nldosterone hyperictity 1 dont know But by nd large
the other conditions were quite normal On mjecticn of the A\CTH
the men responded m the expected fishion

Bass Did you follow the pH >

Pace They rm around 05 or so There wis nothmg exciting
1hout them

Keller These are group 1eriges®

Pace Yes

Acller You did AC TH mypections on ¢xch mdmidul?

Pice Yes During the expusure to okl we gnt them tt diy 3
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Keller It 1s, 1f there are no other variables

Pace Atany rate, this 15 the hind of metabolic pattern we obtuned
m the combat study Smce then we have made snmlir studies of
vartous situations where indriduals were exposed to cold

The first of these I shall discuss 15 a study we made early m 1957
on tramee personnel at the U § Marme Corps Cold Weather Trun
mg Base 1 the mountans of Califorma, at a place called Prekle
Meadow Marine tramees slated for assignment to cold weather
areas are routinely sent from Camp Pendleton when they fiush
their combat traming course m the wintertime to recenve a 64y
indoctrination course m cold wether practices before gomg oier
seas *

The men are 1ssued their cold weather clothing and recene lec
tures on its use before leaving Camp Pendleton for a 12 hour bus
ride to Pickle Meadow Generally, when they get out of the bus
there 1s anywhere from 1 to 3 feet of snow on the ground The
station 15 at an altitude of about 6500 feet It was chosen deliberately
as one of the coldest locations m the Sieria Nevada

Talbott What ume of the year 1s 1t?

Pace It 1s m the winter they are m actual winter conditions

Talbott In what sort of ciimate do they undergo therr Cimp
Pendleton traimng?

Pace That 15 m a very temperate locition $n Diego 1s 2 winter
sp

Talbott So they are only acciunated to temperate climte?

Pace Yes They get out of the buses and, as I s1y, there s
feet of snow on the ground They form m purs, puch tents
put on the cold weather clothing Then their indoctrinition begtns

They are gien one day at the base camp, sleeping 11t their 0‘]‘:‘
tents during which tume they recerve additronal lectures On |:
second diy they tike off on tactical problems, and operate as I"l:';)
They are subjected to harassment at might by permnent mem :S‘
of the camp and hwe to defend the perimeter of therr camp agnt
these rauds

Blann What 1> the range of tmbaent temperature?

Pace 1t varies but 1t can be as cold as —10°F , or as
when the weather 15 unfavorable for this kind of rmmng
time we studied the group temperatures r1n from about —

O°F

1109
and

high as 40°F
At the
107 10

CThas st arch Lt
FThrs studs was carvied out m coltaboration with U § Naval Medieal Reee
No Two Lmiversity of Caldornin Berkeley
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N
wihich 1s really their second duy ot exposure to the stresstul siuaty

We caught them agun at diy 5 for 1 repeat, shown by the second lﬂ[:’
Then on dy 6 the last day, we gawe them another ACTH test ©
mewsure the responsuity of the adrenal cortes The rt‘su](sI J\
shown m the middle portion of Igure 4 The 17 Lems:eml( :
cretion was reduced on diy 5, m spite of the fct that the 17 hydroX)
corticotd excretion was shghtly but sigmificantly elevated e
Another interesting thing about this set of daer 1s the fact that e
myection of ACTH on day 6 of the exposure pertod did not €3¢
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Hart s this bised on mantenince of hody weight after adrenal
ectomy?

Pace She examined several factors liver glycogen, blood glucose
plismn electrolytes and survival time, as well as body weight

Keller She examued rate of growth, too, dudn't she?

Pace Not 1n this particular study As Figure 43 shows, the eu
dence we hwe indicates an increwsed excretion rate of hormone
despite the apparent need for more hormone

Keller What 1s your concept of the reason for this response?

Pace One possible explnation 1s that there may have been 1
difference 1 the contribution by the androgens Another 15 thit
there are so many places the intermediary metabolism of the adrenns
terords could be affected, a reduced comversion rate to 17 ketoster
ouds could come almost anywhere

Figure 45 shows some of the results 1 the Antircuc This wasa
study made on some of the Seabees that Dr Taylor discussed exhies
these men were engaged 1n constructing the U 5 Navy buse at Me
Murdo Sound 1n early 1956 In fact, Dr Taylor was there The
blood and urine samples were collected by two men from our Tabe-
ratory, Dr Burton Vaughan and Dr Hownrd Parker Dr Tajlor
was most helpful to them in accomplishing the project
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Henschel But they could still be warm nd expertence frostbite

Pace These are men operating the way they would be 1 a practt
el sination We ashed ourselves the question How much of thewr
physiological reserve are they drawing on?

Davts This has usually proved disappomnting

Burton Have you ever done a simular experiment on someone in
your lahoratory 1t 60°F naked?

Pace 1 am coming to something sumlar although I haven t done
preasely that

Talbott 1 would Iike to sk Dr Siple whether or not he thinks
these individuals were exposed to the cold

Siple Certamly by comparsson to whre they were accustomed to
they were exposed to cold They were surrounded by cold machin
ery On the other hand some of the days during this period were up
to 40°T With average clothing being worn sweating was 1 common
occurrence especially while walking

Pace Not during this pertod This was i December night after
therr arrnal

Stple. That 1s whit I mean I was present at the same peried you
refer to and the temperature was generilly close to freezing but
seldom 1f ever down to zero

Pace They were careful to tike siturtions where the men were
out on cold snow blowy days

Horvath These Cats were enclosed weren ¢ they?

Pace No

Taylor The sides were closed but the roc f hatch was left open fter
one vehicle went through the ice

Pace We simply 1sked ourselves how much of 1 indication of
driwing on the physological reserve they exhibited

Aeller There are duys 1n the kentucky chmate when a Cat oper
aor will not work because of the cold

Burton Dr ‘iple told us that in his siturtson which was much
upire severe they would operate for only one hour ind then go m
the hut How long did these men operate the C ws®

Pace For 12 howrs

Burton It shows the distinction very clexrly doesn t 1t®

Hory ath Is this the sxme type of operition Dr Taylor dexcribed®
They went out for w hour nd then stryed mside tor amother hour

Faylor Not the ones Dr Pace 15 talhing about  Sometmes they
were triveling 12 hours or more

I e This wis m the oft ding of these ships across the shelf e

Buss Dr Pwe 1 recill 1 1ather hrge report that ¢ame out from
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Davts Have you 1 control group i this country?

Pace Yes we got the same men before going down to Antarctica
They were perfectly normal

Horvath  Dhd you get them when they were operiung the
machines downg the stme hind of work at Davisvalle? What happens®

Pace Not much happened to these men

Aeller You feel the predomint stimulus was cold?

Taylor They were hungry most of the time

Horva 7~ msult?
Pace adrendt
cortex 1 nof i

hydroxycorticords was elevated by some 50 or 60 per cent abore
normal This also 15 Teflected m the high blood level of 17 hydroy
corticords 1n thas instance Neather of these yepresents i our expen
ence 1 myor nse n these constituents although agam this 18
highly sigmificant staustically

The eosinophls showed essentnily no response By and farge ";‘
enure pattern 15 one showing what n our opiion 15 1 relatnnely
small response of the rdrenal cortex mn this situation

Taylor Is the normal value here the mean normal
normal {ar the wdndual s tested w Davsvalle?

Pace The results are the same no matter how we compre |hcm‘
becwse the control values at Davisille were very close ta the R0
populition figures

Horvath What 1s the difference 1n interpretation betwee!
thing hughly sigmificant statsucally and something which y
1s minor change?

Pace One 15 the matter of preciseness of the dara The
mtter of the degree of change You can have a small duffe
15 haghly sigmificant 1t has nothing to do with the degre
change you re measuning The significince 15 sumply a me M
the spread of the population about the mean vilue m the B rl,\:\\f
stances and not just the difference between the units So we -
these two cold situations and I must say I was quite dis rPP"’"d‘l
by il thus Here were two farrly rugged real hife situations lh‘;lmJP
not seem to reveal any major response on the part of the ad!
cortex "

Davs Were these people exposed to the cold do you thunk? T
1s was the microchmate under the clothing cold? ™

Pace The Mannes were almost hiterlly dumped off buses
zera werther They were frostbuten

1 value or the
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Femchel But they could still be warm ind expenience frosthute

Pace These e men operatng the way they nwould be m 1 priett
ol sination We ashed ourselves the quesnon How much of therr
phystotogieal reserve are they drinng on?

Daors This has usually proved disippornting

Burton Have you ever done 1 stmilar experiment on someone
your lboratory 1t 60°F naked”

Pace 1 um caming to something sumlbar although I hwen t done
preasely that

Talbote T would Like ta ask Dr Stple whether or not he thinks
these disrduals were exposed to the cofd

Stple Certwnly by comparison to whnt they were accustomed to
they were exposed to cold They were surrounded by cold machsn
ery Qu the ather hand some of the days dunng this penod were up
to 0°F Wuth rverige cdothing being worn sweanig way 1 (ommon
nccurrence especially while walking

Pace Not duning this pertod This was in December nght after
thew armal

Mple That ts what T mean | was present 1t the same pensad you
reler to and the tempernture was generily close to freezng bug
seldom if ever down to zero

Pace They were caretul to tihe situavons where the men were
aut on cold snow blowy days

Horcath These Cats were enclosed weren ¢ they?

Pace No

Tmylor The sides were closed but the oot katch was lefr apen lter
ot vehicde went through the e

Pace We simply ashed ourselies how much of an wndication of
drvamg on the physiolugied resenve they exhabited

Arller There are days m the hentucky cliatee when a Cat oper
o wiff not work becise of the wold

Buston Dy Sple told as thae m fus sitertton whieh was much
wore severe they could operate for only one hour and then go
the we How long dud these men operite the Caty

Pare For 12 bours

Thaten Tt shows the distinction very ddearty doesnt at

Horcath 1s this the same 1ype ot operton Dr Taylor desnbed?
Ihey went out for au hour md thar styed innide for mother hour

Tayior ot the ones Dr Pue 1s nthing about Sometimes they
nete trneling 12 hours of more

Pace This was w the off loaduag of these dups toross the shell e

Bavs Dy Paue §recall o eather buge teporr tha came ot from
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the Medical Nutrition Laboratory in 1948, by Johnson wd hark (6)
n which they flew men up to Shiloh They posed the same question
to themselves, although they were studymng restricted ratons Idont
remember the results in deta1l However, ] do recall they appeared to
demonstrate some aspects of what they called the alarm reaction
comparable to the general adaptauon syndrome They concluded
that they had demonstrated the situation you were disappointed not
to find

Pace We were only disappomted mn the degree I think it 15 quite
clear there wns a response here

Keller That group had several variables In therr conclusions they
assumed that the change 1n external clunite w1s the predomunt
vanable

Bass One well fed group served as control

Siple It 15 fair to say that Parker and Vaughan took advantage of
the only circumstance they had at the tme to work with The men
they studied were under as great a stress s anyone, atthough this 1s
not to be interpreted as deep cold stress

Pace Deep cold 15 a short term kind of stress

Siple 1t can be extensive

Pace You are himited by definition

Horvath You just called this a stress The imphcation of ths dEEIP
freeze type of stress 1s the thing we worry about more and moreb [l
may be under condition of operation entitled Deep Freeze ul
this m1y not necessanily be a deep freeze situation e

Bass You sty the men complained of being cold Were they shi¥
ng? Were any observations made on that?

Taylor My recollection 1s that they weren t cold enough to shiver

Siple T doubt that they shivered much at all

Bass Were their feet numb?

Reller Were they cold enough to Rail thetr arms t

Davis ' What do you think then metabolic rate was
anything on that?

Carlson Was the estumte a 6000 calorte day?

Pace It was 4000 to 6000, 1t wouldn't be any mo
From measurements that have been made of comparable
would guess 1t was that, roughly

Barquist This raises the problem of many fi
Arctic’ There are a number of varibles 1 the
observed and whether cold 15 even the most significint on
believe 15 estabhished 1 wore

1 hve been more cold this morning wn this room sinee

o keep warm?
> Do you hue

re than that
actrvaties 1
eld studies 11t the

mesurements YOU
e I dont
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short sleeves than I was 1n 200 mules of ice cap travel in Greenland
Jast year My shin didn ¢ feel s uncomfortable s 1t does while T am
siung here

Pace 1 agree whole heartedly In fact that 1s the pomt I would
tike to make When we are dealing with 1 practical situnauon what
we want to know 15 what 1s happening to the total orgamsim not fix
aur nund an one factor 10 the environment that we think @ prion
m1y or miy not be important

Reller 1 would hike to commend Dr Pace for this type of swdy
The person who says there 1sn t any field work to be done these days
15 shartsighted This 15 the sort of work that his to be done before
conclusions ean be driwn relnne 1o fiedd rcuvities

Pace 1 hope I don t leie the impression one does only field work
to understand what 1s occurring ‘1 here 1s absolutely no substitute
for working these things out m the laboratory where the varnbles
e be controlled But both sides of the picture are necessary 1n
order to evaluate a real life environmental situation

Horcath On the one hand 1f one states specifically there 15 na
hittle change here this can lead to the impression this particular
sitwition 1s modified only shightly but not producing serious change

Fremont Smsth This 15 the thought of anxiety This can t be cold
becuse 1t can t be 1 real change

This would be too disturbing to muestigators who hne found
«hanges i cold I think this 15 1n extremely important point If you
fook it the other way you can make all kinds of studies of extreme
cold and bave face bare chest cold They may hme nothing to do
with the practical situavion that the men are gotng o be n

So we must do both sides Then we must find out 1f these inter
digitate

Pace One firm conclusion that e be drawn as that the Army
Quartermaster his done 1 remarkable job of protecting the md1
vidual agmnst cold climates which T think s the \rmy Quarter
nmaster s Job

These studies show thit men operating 1 typicl cold weather
situations cn be expected to perform as effectively as men operatng
m temperue situwons The old werther emvironment from 2n
operitiom]l pont of view  his been largely whipped This has
nothing to do with mterest 1 the phenomenen of cold weather
wclumton

Horvath Tins can only be stated 1f you give 1 very precise defi
mton of the sintons under which these expenments were per
tormed Whit 1s kg, 2t the present tiic 15 1 predise stitement of
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the emvironmental conditions under which these tests were con
ducted

There s some contradiction between the feelings of some who
were there and some statements you have made as to these precise
conditions If we could only agree ns to the precise sitnation the n
terpretation of the results that you have given us could be made much
more logically

Iremont Smith Mild cold weather environment?®

Horvath The kind of environment 1s not important The fact that
amn wis shaken on the machine might hwve been 2 [actor Vibration
15 Just as lmpoﬂant

Pare But nothing happened [Laughter]

Reller There 1s another interpretation other than the one you
gave about the Quartermaster and that 15 cold may not consutute a
direct adrenocortical sumulus 1t may activate the adrenal cortices
only mdirectly such as when facilitation of gluconeogenesis 1s needed
or when 1t 15 sufficiently severe 1o produce actual systemic trauma

Pace A question came up earlier 1n the Conlference about dirnal
sarneon 1n the continuous daylight of the Antarctic We did analyze
urine samples thit had been collected both during the theoretical
mght hours—the usual sleeping hours—nd the daytime hours The
results shown in Figure 16 reveal that the men exhibited the same
kind of drnil vanation after they had been in the Antarcuc for
about 6 weeks that they showed in the United States before gong
there In other words grossly there wis no demonstrable myjor
change 1n the normal diurnal ¥arton 1n excretory rte of the sub
stances shown in Figure 46

Figure 17 summarizes much of the dat1 that we huve obtuned
Those I wish to draw particul1r wtention to are repeated i the lower
and upy -
pattern
swim
anywhere {rom 12 to 20 hours Admrutedly the situation 1s comph
aited by the fict thae 2 large amount of physical exeruon 1s imolved
In this cse 1t s truly very large plus a possible cooling effect

The mam point I wish to emphasize however 15 that this shows
the extent 1o which an emvironmental situition can lead to 1 tre
mendous ingrerse-~omethung like 1 fourfold mcrese—in excretion
of 17 hydronycorticords and other compirable changes In this case
o we did see 1 complete dicapperance of the ecanophals It was
? quite remarkable thing to look at these bloods

In the bottom pornon of higure 17 1re 1150 shown the other two
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suutions 1 mentioned the Pickle Meadow Marines and the Deep-
freeze 1 personnel The response was much smaller 1 these tno
mstances

In the upper portion of Tigure 47 are also repeated the combat
data, for comparative purposes, together with some datt we obtamed
on reltnely acute exposure to altitude The duration of exposure
to the environmental stressor tn all cases was roughly comparable

Carlson  Would you mention agmn the bars that you feel are
physiologrcally sigmificant?

Pace We can focus on the 17 hydroxycorticoids As I snd eather,
1t 15 not good to choose any one substance as a criterson, but this 15
a comentent one and certainly reflects one thing, namely, the
actnaty of the adrenal cortex stself This 1s essentrally the basis for
the statement I made earher, that I don't feel either of these other
two real hife, practical cold weather situations produced much of 2
response 1 the adrenal cortex

Carlson In the case of the English Channel Swim, we will s1y the
adrenal cortex 1s driven but not uuhzed, whereas in the other cases
1t rmght be hughly actnated but not uttlized

Pace 1 think that 15 answered by the White Mountamn situation
where we measured the adrenocortical hormone requirement i
adrenalectomized Tts and demonstrated an increised demand But
m the ntact ammmal, we also see¢, at the same tme, ncresed blood
and urinary excretion levels 1 think the two go hand m hand

Horvath You have here a situation 1 which the plasmi 17 keto-
sterords are very low 1n the Channel swimmers but very high 1 the
urime However I would say that for the Deep Freeze operition they
are higher in plasma than they are n the urme

Pace You are quite nght This 1s precisely why we lu
far more than the blood for esnmating stressful situat
you take a blood stmple, you are getting a representitio
ucular moment, whereas with the urine, you are mntegrit
period of several hours

Keller You are certainly correct 1n your intel
mstance of glucose The presence of glucose and
unie his a spectfic sigmficance

Pace 1 think this principle applies to many or a
uents shown It 15 far more informatne to examine excreyon
1n the urme where one wants & summation of effect oser # pers

of time e biood
Fremont Smuth You will he to huve both a cure of the

Le the unne
tons When
n of a par
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rpretation in the
he amount i the

11 of the conshit
rtes



Phystologcal Studzes i the Antarctic 169

er time and excretion rate of the nune over the same period of
ne

Pace 1deally that 1s exactly ight however in field siuvavons 1t
extremely difficult to collect serial blood samples It 1s fortunate
at 1t 1sn t the other way tround because 1t 15 far easier to collect
e specimens than blood samptes

Fremont Smith It seems to me the organism has certan priorities

homeokinesis It 1s more 1mportant for the organism to keep
rtun structures constant thin others This also may vary possibly
nder different circumstances The orginism also has 1 series of
omeokinetic mechamsms that 1t cin throw into pliy one after
ther under stress That 1s why Tuse the ward  product rather than
summation

I think that the best example 1s I ] Hendersons (7) volume on
Tood and the seven mechanisms operating to mamtun the pH of
se blood constant under stress of acidity That volume brings this
ut very micely

We reilly must content ourselves with the recogmition of the
ery much greater complexity ot the orginism than we have any
wdications of from this hind of study

This 1s an enormously important beginnimng step towtrd a very
omplicated procedure which 1 e will not fully understand for quute
yme time e must see that when one mechanism [1ils another one
thrown in Unless 1t 15 possible to see which one 1s operung 1t 1
wen point the given figure m1y be quite meanngless because 1t
11y be the response to the secand or the third mechanism which s
hrown in and not to the first

Pace Yes By way of amplificatton 1 think the adrenal glnd 15 a
ery nice example of this beciuse it seems furly clear that when 10
wgamsm 15 subjected sharply to 4 stressor the respanse 1s the clissic
mnnon thwm reaction imolung the sympithetic system 1nd
drenal medulln Thas 1s not sustuned howeser It appears that the
drensl cortex seems to represent 1 second mechinism that comes
nto play umewnise It seems to requure of the order of a few minutes
o Mlf 1 hour of exposure to 1 stressor for the 1drenal cortical re
ponse to be detectible

This was brought out 1 think very clearly by the work of George
Thorn and hus coworkers (8) severit years ago when they examined
the effect of exerase on adrenocorticn] actinaty They studied the
Hmard aew during 1 Hhmard hale bow e wd came 10 the
onclusion that exercise fer se id not evoke A mramal adreno-
corticl response
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Bass By the mdex which he used which was bised mamly on
eosinoplil counts

Pace Yes But more recently 1 very nice study by Redfewn et al
(9 1 Britain utihizing the trexdmull for the exercise shoned clently
that there 1s 1 direct correltion between length of exeraise wnd de
gree of rdrennl cortical response From therr d1ey 1t appears that 20
minutes which 1s tbout the duration of 2 4 mile bott race 1s not
enough tme for the exercise effect to be maximal

There 1s still nother response beyond the short response of the
adrenal medulln and the more prolonged response of the adreml
cortex

The thyrowd 15 1 eximple of 1 system thit requires dys to neeks
to be brought fully mto ply So I thik 1t 1s essentil to Keep 1
mund the fourth dimension of time s well 1s intensity 1 character
1zing the response of the tot1l orgmism to enstronmental stressors

Talbott Were you able to carry out wny thyroid studies 12 funt
tion of time?

Pace No not yet We 1re hoping to 1dd protem bound rodine 10
the constituents amlyzed 15 well to try to get at thyrod function
We are 1lso mn the process of 1dding epinephrine norepmcphnl::
and 5 hydrovymdoleacettc acid determmations so that we my m
some hind of estunate of the short term responses

Bass While 1 temporary member of our group Dr Sydne:
n twao separute studies assessed thyrord function m men #
at 60°F nude for 2 weeks We first ssessed thyroid upth .
rte of formtion of thyroid hormone In the second study

y Ingbar
ho I
¢ nd

1e

assessed pertpheral utihization of thyrowin In the first sm';) he

found an mncrease m rate of formaton of thyroid hormone nuon
122!

second there occurred 1 significintly elevated peripheral uul e
For the penipheril uulizauon we used tracer doses of I htd
thyroxin

Fremont Smuth How soon did 1t come into ply? peand

Bass It was mamifested mn 4 diys You menuoned protei! l‘ e
1odine Here you may be gomng up 1 blind 1lley We found no ¢ l:ﬂ;
m protemn bound jodine The men were cold In connecnunlwr
that of course I 1m reporting on some 1spect of these swidies o
but I mention it 2t this time because 1t 15 1propos We also 1mmPu"
to 1ssess adrenal cortical 2ctvity Here we thought we hid lh!el‘lz .
preparatton of cold stress We found no chinge mn eosioph
17 ketosteroids

1f I might 2dd one more comment I am
eosimophuls s used n hetlthy men despite wh

n
o confidence
ostng the

1t you report
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Braush workers found Some yers 1go we reatly heat stressed 1 group
of men and exercised them to the point where they 1lmost collypsed
e folloued the eosnophils immediiely at the end «f exercne m
the hert and at | 2 and 3 hours fter we found no change i eosmo
phals
Behuke You were meusuring relative number not total number
Bass We were counting them divectly
Belinke You mught hate had 1 change mn fluxt volume
Bass We carrected for hemoconcentrition
Pace Hemoconcentration would lexd to mcrerse
Burch Don t you thrak you must do tracer stucies to record rates
of metabolic turnaver®
Lace Thus ts turnener ta the physologienl rckier thm the wety
boli sense
Burch s renlly the excess thit rwccumulates in the blood -
Hyne
Pace The premne 18 tis 1T the concentranon of my substince w
the blood increases 1 friction of 1 15 gong to leal. oy er into the urine
Buwrck The wnount must yvary howeser
Pace [ tiunk 1t 1y true for mny of the orgimc mettbohites There
1w wmwin, pumber of substances m the urme It s @ qute fathful
repher b the plisma
Irceng When 1 look at some of the figures for the speaific grinty
wlume wd electrolytes 1 the urine 1t seems the stress sitnation
mdified them i the same direction as sleep In bringmg up that
amlogy between siress wid steep 1 am not johmg Is there some
compirible machinery or process 1t work there®
Pace No 1 thmk the expltmuon y much snapler thm that §
dnnk st as qust that when these peaple are m wiressfnl sitvations
they don ¢ t3ke tme to drk wuer Generally water 1s not readhly
nuhble I think nos just 4 simple concomstint of sy rugged en
vironmentl simtion
Iromg 1as a0t i mdiniien of genumie stress
Pre 1dont tund so In the White Mountun espensments o
evunple where we 91w 1 very ntce respouse ot the adreml corten
the sabiects were w comdortaible quarters with dequre food and
drmk and diere was to inducwon of reduced nrme ontput
Burton \n unporting pomt that hs come out from the crnicsm
1s the citton we hwve to exerose in using my one index o udge the
phystatogieal actmaty an 1 siuation where there 1t formanon of
substance or inpur af substince ¥ blood tevel wd an excrenion
£ was searchmg nny mond for m nalogy which will make this very
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clear I think a good one would be to take the case of heat stress
Suppose we decided, 1 order to get an idea of the need for water
exchange, to measure the water in the unme If we did that we
would find a great decrease 1n the output of water mn the urme But
unless we hnew that there had been a great mcrense n the output
and utihzation of water i sweat, we would rewch quite the wrong
conclusion I don t believe you can really conclude nything

It 15 a most valuable, mteresting observacion to find this g
change 1n the ketosterowds in the urine n these sttuations, but surely
one cannot, on this d1ta alone and without knowsng the reil wrn
over, conclude this means an increased adrenal cortical actnaty? It
might be a decrease i utthzation

So 1t 1s very diiicult, 1n these steady states and disturbances of the
steady state, to hnow what any one observation really mewns o

Pace Yes This 15 precisely my poin i1 siying that st 15 only ashing
for trouble to use just the 17 hydroxycorticords or just the eostnophils
or just two of them

Buirton Or just the urmary output of anything

Pace In that sense, we have set practical hmis We have to start
somewhere You sce, by looking at these other metabolic constsstt
ents—and this T didn’t get mto—what we are really looking at 3¢
such things as protein metiboltsm, cirbohydrate metbolsny W
purine metabohism, by measuring such things as amino acds urel1
creatmme, uric actd, glucose, and so on, m the nrine Thi B t\w.(lus
why we have included these substances, to make whit attempt we ‘;‘
at our present level of knowledge, to interpret the data from a nw "
fold pownt of view, to try to get at the different turnover ries 1g1m
using this in the physiological sense of turnover rather thn ll
classit brochemical turnover which, 1f 1t could be done practically
certainly, also should be done

Fremont-Smuth If you spealy your assumptions on got
this process I think you are on perfectly safe ground bect
others cannot criticize you Also, they can eximine each 1ssd
to see whether 1t 1s validated by other assumptions Jater on -

The only danger 15 where one doesn t speafly wliat gesumph -
one has made There 15 a whole series here and probably 5""“‘ @
known assumptions hve to be made here These conld be h“[e(ont‘
50 171 15 possible Then you are on very sife ground md exch
cn be tested fater

Reller 1 doln ¢ think we should close this discussion of lh‘ﬂl”'“':"':
brlity that cold per se activates the adreml cortices without me

ng through
g

nse thet

mptioRt
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g the recent and sigmificant work of Egdahl and Hume (10) who
cmmulated and collected blood from the drenal sein i the un
mnesthetzed dog during cold exposure They found that adrenl
cornerl or mednliny efaborinons did not appear m adrenal vein
blooad during cold exposuse

Later Richards (11} from the sime Mbortory found that sulf
wiently severe cold did canse a transient ehiboration of adrenat corts
woids into the adreni] blood but not contimueusly s surgical trvma
does This correlates perfectly nith our finding that exposing the
adrentlectomuzed dog to 1 ~20 C awr temperature for several days
did not precipitate wn adrenal msuffictency custs providing blood
sugar was pot lloned to Pl sufficiently to cause a hypoglycermua
crisis These animals are of course hypersusceptible 1o hypogly
cemua in the cold due I suppose to decreved mate of ghyconeo-
Fenests

Pace 1 thought that Fgdahl and Rachards 2t Beshesda (11) found
the opposte But perhips this was with anestheuzed anmaly?

Keller Ruchards worl, followed Dgdihils work ustag 2 greater
cooling 103 but the wrenal cortich] response nas trnstent 3t wiw
not conunuous 15 occurs follow g surgreal tranma

fyman How told were the Hume dogs®

Keller Hume subjected hus dags to as low 15 =40 € but the core
tempertares ot hts dogs did not change from the homothermic lesel
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The colder enviranment with air temperature at ~10 C but with 2
heat transfer coefficient of only one arbitrary unit could cause Jets

sty munor frostbite In this environment the cooling power %
would be 20 units

In the other environment with the ur temperature +10 G the
cooling power 1s twice as greac because the H 1s twice as great and
vet here we need not have any cold myury This suggests that ve
cannot necessartly obtan a good correlation between a biological
wariable (eg tncdence of frostbite) and wind chull or cooling
paver

To understand a Itttle better what we mean by cooling power 1
thought 2 comprison with electrical units mught be helpful All of
the heat rarables have their electrical analagues and I shall point
out only a few here

Varable Electricity Heat
Clurrent I= % %

= RA(E; - E) - HA(T. ~ TJ)
Current Density % = 1%

=K(E; - Ep) %
= H(T, - T

Power W = I{E, — E)

-2 -5 Qi -T

~ RA(E, —E’ - HA(T, - T’

Tiny
It 15 obvious that what we have been calling atmospheric o0 g

5
power Ag = H(T,-T) analogous to electrical current densty
t
heric
[{ = K(E, ~ E,) and not to clectricil power Hence atmosp
the
cooling power 1s only 1 graphic expression and not pml\ﬂ :Tuguf
sense of rate of dotng work The expression for the thermal aa i
of power contamns the squaire of the temperature dx({crcnct‘hermjl
as I know this expression has never been used m either
physiology or in thermal physics

]
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After the relation of H to wind has been experimentally estab
hshed 4 scale of cooling power for different combinations of wind
and arr temperature can be drawn up on the basis of ealcultions of
Q _

a H(T, ~ T,} This can be done however only if esther
t

T.or % 15 held arbitranly constant Dr Siple chose to heep the
1

bare skin surfice temperature constant at a comfortable 33 C

Dr Burton on the other hind chose to keep % constant at 38 kg

cal /sqm /hr or some multiple thereof Both alternatives are equally
valid 1n theory and 1 choice can be only arbitrary based on con
venience objectives conditions etc Our further inquiry must there
fore turn from theory to 1n examination of the dxta on the bisis of
which Dr Siple and Dr Burton erected their Tespective scales of
cooling power

Dr Siple made his mewsurements 1n the Antarcuc during the
winter of 1940 (1) As shown in Figure 48 he measured the time
required for a volume of water mside a plastic cylinder exposed to
the outdoors to freeze I present this figure because many people
have thought the measurements were made on men instead of on a
physical object Also the object has been misquuted as being a un
c1n nstead of 1 plastic cylinder

Air temperature w1s mesured by means of the electrical resistance
thermometer seen on the nght 1 Figure 48 and wind veloaity wis
measured by means of an stationed somewhere newrby
It should be noted that at least for certam directions of the wind
the pole and crossarms probably mduced wurbulence 1n the flow of
air around the cylinder The wires from the resistance thermometers
and from the anemometer went down to the room helow where the
observers aperited the electrical instruments

There was no digram of the cylinder 1n Dr Siple s report but
we inferred from his description that 1t looked something hile the
outhne m Figure 49 Inside the cylinder was a brass tube which was
the housing for the electrical resistance thermometer The tube was
held 1n the center of the cylimnder by means of 1 large cork (shown
15 M oval in Figure 49) and the water fevel was below the top of the
«yhinder to 2llow space for expansion during freezing

The vanables which htd to be mesured for the calculauon of the
hew winsfer coefficient are indicited by the solution of the heat
transfer eqution for H
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e

LATOTIY, )
1
FicLre 48 The Siple plastic ylinder suspended on the left from the cr:wm:!h:“
pole aboe the Saence Building at Lattle America 11T 1940 On the night o
sistance for air t ‘The cables Ted to lmnrmmm
16 the laboratory below (Photo by Chatles Shitley U § \) Reprnted b)lpcv -
from Siple P A and Passel € 1 Meavurements of dry atmospheric cooling
freczing temperatures Proc dm Phulos Sor 89 177 (1943)

10cm
1492cm

lem

5 74cm——»] e
nee
Hiever 49 The Siple cyhnder (diameter exaggerated for clartty) The rf;::[l‘z‘rxt otk
mometer was in the centrally located brass tube The oval sepresenis the e (0
sphere which held the brass tube n the central position An air o eater dunng
of the water and the top of the cylinder pernutted expansion of the
freezng
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T'o 1scertain the moment of onset of freezing the segment of the
curve below the hump was extripolted hinearly to 0°C  the mnter
section w1s tthen to indicate the onset of freezing It will be demon
strated later that this was an msufficient correction that freezing 2t
the surfice started some time before this mntersection of the extra
polated cooling curse with 0 C In like manner the ternumition of
treezing was tiken to be the intersection with 0 C of the extra
polation upy ard of the cooling curve for ice \gam this correction
w1s 1 error 1t postponed the end of freezing but thereby 1t helped
to make up for the deficit of the correction for the initial onset of
treening Thus the ultimate estimate of time t for use mn the formuta
w1 almost correct

To check 1l these fine pomnts 1bout the cooling and freezmsg of
water we hnve conducted 1n extensive sertes of experiments in a
small wind tunnel in the cold room of the Fort Knox laboratory
We used cylinders approximating Dr Siples 10 size and shape
They were made of nerylate plistic capper ar copper punted black
Temperiture w1s mesured by means of thermocouples distributed
s shown in Figure 51 In some cxpertments the water was stirred
1y means of 1 simple jigghing device

Figure 5% shows sumple temperiture curves obtuned with 1 cop-
per «ylinder The r temperature was bout ~10 C and the v ind

Fowr )0 ke wd delat A voeperaces tecl ler or de defc
fea evratal ! ot 1 fthern x flevsee 11 pot b oaact tral The
lntero tterglefat revaxal | ut y fthern x plesa tites mgle ¢
% horr b bus v athreatatacded ar Thertandac thebe 1 and ypgled
b an or pulley le fthew 10nnel) Heretaglso the wra 1 o«
s Levol hewalls fcaethem jleser enednflat
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T T
COPPER CYLINDER
249 gm WATER UNSTIRRED
20 MILES/HR

2¢m FROM Acm FROM
QCENYER ! CENTER

°

]
~

TEMPERATURE IN°C
‘
>

QUTER SURFACE

L
< CE) ]

TIME IN HOURS
Hiems 52 Example of temperatures wn relation to tme on a radial element 18 ;
surted water Thermacouple distnbution a3 m the Jeft dagram of hgure 31 Cop

:g 20

surface

w1s about 20 miles per hour The outer surface cooled rapsdly ‘”ltl”
1t reached about —4°C., when it suddenly stopped cooling shO;Y)
therenfter 1t started to cool agan but at a very slow rate The sug;f;‘
halt m cooling at ~4°C could hasve been effected only by a su c(
large ncrease in heat flow to the surface at this moment The onlf
source for this ncrement was the latent heat of freezng of Wit
Hence the moment at which the surface cooling suddenly stopb'
s the moment of onset of freezing Thas moment was considertl
eatlicr than the time at which the flusd an the center stirted to f":l‘;‘
Ireezing proceeded from the surface mnward After c')““"‘:‘mm
w1s completed at any pont, the temperature of the point 1hel Igam
ceeded to fail stowly The onset of ice cooling migrated i e T2
the surface toward the center The temperature fall zhc}l{“-‘“
course, dicated the evolution of stored heat from the ice l"‘"m
while the center was freezing the total hewt transfer included
otly the latent heat of freezing but also the stored heat of 1ce od
It 15 esident that the difference betneen surface temperatuf®
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ar temperature was much smaller than the difference between
ceuter temperature and air temperuire It was the smaller (T.~Ty)
and not the Irger (Te—T,) which drose the heat from the cylin
der Aso (Te~T,) wns conunuously dumnishing 1t was not a
constrnt chifference during the tme of freezng as demanded by the
formula This dunmution prolonged the ume necessary for the
transfer of the tot1l heat hence the formui requires modificanon
to take this into wcount
Stple Are you certamn that at that temperature rnge you weren t
se -
the
su In
this example there wis no supercooling We never hnew when to
cxpect supcrcoohing
Siple Where you show temperatures coming up they were flit
tor 1 way 1nd then dropped off Is that corrects
Molnaer Y¢s 1 did not want to dutter the graph with o many
symbols or types ot curves The temperture 2 cm [rom the center
tollowed the curve for the center except that it humped tower
about € therealter it was superimposed on the curve for the
center unul its freczing was completed
Figure 5% shows examples of the course of cooling nd thie onset
ol freezing 7t the center and at the suriice with both stired and
unstirred water When surred the center cooled through the 1C
zone wathout humping and e started to freeze abruptly simultane
ously with the surlice without 1 gridusl 1pproich o 0 C In thys
exuuple there 15 1 unt of supercoolmg When the water was not
stirred the temperature fall e the center showed 1 distnet hump
1d 1lso 1 gridual approich o 0 G The extrapolation mtersected
0C At a pont about § munutes after the onsct of [reening 1 the
surlice
Figure 51 s an example of the onser of cooling 1t the center of 1
solid The temperiture {10l at the canter of 1 sohd always stts
grdually In this example the water i the eylinder was immoby
fized by means of 1gar and the tempenture 1t the begimng, wis
purpasely set wy thove the freezing pont of water just 10 emphn
s17¢ that freczing nd 1ce formation wre not { er se responsible for the
rrduad rounding of the temperiture cune n the end of frewing
Sce wn thas enample conluorg alnately sarted whan e tempan
ture first dropped below the honzontal ine drann thr nghihe mital
temperitre the ntersection with the hotzontal of the upward exira
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BLACKENED COPPER CYLINOER

20 MILES /HOUR

N
)

peer,
UNSTIRRED

\.CENTER
STIRRED

TEMPERATURE

o

0 5 10 5 20
TIME N MINUTES
Hetre 53 Example demonsirating the onset of freenng ot the sutface and % the
central axts when the water was strred and when 1t was nnstirred
be taket as the

polation from the steep segment of the curve cannot
P huch n the &

moement of onset of cooling 1t the center of asolid, ©

of the freezing experuments was ice 15 per
Horvath You sty this 1s representative of a sohd This ss st
cent solution 1sn ¢ ar?
exe wert

Molnar It was a sohid m the sense that in the agT gel th
no thermal convection currents to sur up the water Hence, o
solid, heat could move from center to surfice only by wndnuu:w

We have already seen that the dimmnuon of (T,~T2) ‘}“:‘“:

asnd

®

4

,oal

—T.) durmg freezmg 1ot X b el
about the same quan!

about 244 1M

They show the course of (T,
cyhnder and for a plastic cylinder Although
of heat transferred from both cyhnders, 1t took
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38

TEMPERATURE IN *C
P

. Y
l.a

s © ]
TIME IN MINUTES

biure S Demonstration of the comvexity 1 the temperature cune at the onset of

coaling at the center of a solul cylinder (5 per cent agar 1 plasuc cylinider) \ir
~1079C 20 mles br

T T T
2,
o 6 R
© MEAN/33C
H
=k =
o e
.“_ Al .ra‘wm R — T
T o o, -~
£
5 ;| L

TIME 18 HoURS
Feasr % surlace © aw ten perawre diference during frocnong of unst rrad water
¢ = Hackened copper eshimler 0 miles b 0 = g lastic sdowder 17 10 18 nifes hr
15 lang for the trunfcr 1o ke plce from the plstic as {rom the
metal eyliuber This way due prunapilly to the fict that hecause of
the resstame of phsin w the flow of hent (T.-T,) was on the
werge onhy half 1 gren for the phistic s for the metal gyhinder
This 15 perfectly 2} rghtaf i the erlanbmon of the heat trimster
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coethcient the alue for the surfuwe temperature 15 used m the
formula However the time value obtuned with a plastic cylinder
15 extriordinnly lrge if the central temperature 3t 0 C 15 used 1n
the formul s 1t should not be So the plistic added a great deal of
error by prolonging the whole procedure

To summnize the critique of the dat1 we have tound the follow
mg the values for Q m the numerator of the formula were too small
because they did not include the stored heat evolved from wce the
denomimator w1s too large becruse although the we1 L was under
valued the use of the central temperature nsted of the surfce
temperiture ciused the temperature difference to be too great this
error wis compounded by the large value for the trme for freezing
resultng from the continuous diminution m (T.=T.) nd from
the resistance of plstc to the flow of heat Wath the numer or too
small and the denominator oo large the resulting heat trinsfer
cocficsents or the wind chill factors 2s Dr Siple Cilled them must
be constdered to be too small

The next matter to consider 15 the correliion between the heat
transfer coeffient ind the wind yveloaty Figure 56 1s trom Dr Siple s
report The wind veloaty 1s on the ordinite and the heat ramsfer
coeflicient 1s on the abseissn The dots represent acceptable ditv the
tringles represent datn elinmnated because of wide dnergence or
unrelnibility  The dustering of points between 25 md 35 meters
per second w1s thought to be crused by inemometer dafficulties or by
turbulence nd lacal convection currents The dashed cune indicues
1 correltion with the square toot of the velociy VWV x 100 It
15 obviously quite removed from the dwta So Dr Siple devised an
other formult

=1yW\ x 100+ 1015~ 4

which resulted i the continuous cunve  thrs went through the points
quite well

Figure 57 shows the sune data replotted but with the wind
velocity since it 1s the mdependent varnble on the absasst The
open drcles re points not used m the fittng of the curve The lugh
est veloanty ot the wind was 27 mules per hour

Tigure 58 shows s Dr Siple himself has previonsly mentioned
that extrapolition of the formula beyond the drer will cause the
canve to tun bk on wself Thus 1 suficently fugh wind veloaty
would change the sigh ot the heat trnsfer coefficient The data do
not justify 1 Hinnul which will dy that sort « f thing

Burten Ioat not true that when the wind velacity 1s tbave S0 or
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© s NOT USED BY SIPLE AND
PASSEL IN GURVE FITTING

5

HEAT TRANSFER COEFFICIENT IN kgnt cal /sqm /hr/C*
w
T

MILES / HR
[

[ 20
0
2z [[ 12 14

4 6 8 0
WIND VELOCITY METERS/ SEC

Fiotre 57 The Siple Passel data of Figuce 56 replotted wuh the independent V&
on the abscissa The curve would have followed a steeper course af all of the |

had been wsed 1n the fitung

may be an acudent of

90 miles an hour there 1s this reversal? It
18 A

empirical formula fitted over the range depicted, but this
fact, 1sn t 1t?

Molnar 1 have always heard that 1f the wind 1s fast enough,
wll start picking up heat 1 haven’t been able to find out anyt
about this Do you have any information about 1t2 )

Burton No, sumply that people 1n the Air Force Aerodym
laboratories told me this

Molnar Also, 1t 1s true that meteors burn up because they 1
through the atmosphere too fast 1 thought perhaps tus fort
would be acceptable for that reason On the other hand, 1fne wal
be critical, there 1s nothing m the expermmental data which just
the formultr Also, there 1s no theoretictl reason for thus fortt
Finally, I couldn’t find any stanistical Justification for st thit “dl:
that this formula gave us the best type of curve through the da

Siple 1had one theoretical Justificatton for the shape of the ¢
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Nya = B(Ngo)®

HD DV \»

HD B(—p)
K

k
k(Ry)
H=Bg ( o
The Nusselt ber 18 a d less fraction ¢ m the

numeritar the heat transfer coefharent H and the cylinder dimeter
D and 1n the denomnator the air &lm conductity b The Reynolds
ber 15 also a d pnless fracnon 1 the numertor is the

cyhinder diameter D the wind veloaty V' and the ast density p and
m the denomumnator ts the awr viscosity g B and n are emprical con
stants
By soluing the formula for H we have a comentent means for
caleulning heat transfer coefficients for a series of wind 1elonties
We have used the divmeter of Dr Siple s cyhinder for D The can
sewits b p ind p are available mn standird tables The constants B
and n have been determined by careful experimentation by mam
workers The values published m McAdwms beok (4) and con
sudered to be among the best are those of Hilpert (5} We have used
Hulpert s constanis

The results of our calculations are compared with e Stplesans
n Figure 59 For wind velocities aboye nbont 10 mules per hour the
cilculated curve rises steeply by comparsson the Sipte curie appeart
0 be 1lmost honzontal For wind at 50 mmles per hour the calculated
coefficient 15 almost 214 times the Stple coefficient

The trouble with the cilculated curve howeser 1s that the €8
stants B and n used i the calculation were obtimed frou expert
ments m which the cylinders were equnlent 1o nfimte cylinders
The Siple cylinder however was definitely 1 finve cyinder It would
therefore be destrable 1 order to evalate the error in the Sipte
experiments to have heat trinsfer coeficients obtaned directly from
the Stple type of cyhnder under hus experimental condittons Hijpert
and others obtuned sheir constants under stexdy stite condrcian®
whereis the Siple experiments were not obtuned under such ru;\
dwons Hence 1t was pecessary to derne a formulanon applicable
to unsteady state data

In the steady state the cafferential eqution fi

‘f - AH(T, ~ T

All terms 1n the night member 1re constant In th
howeter (T,~T,) 15 not constant hecusse T, 15 Al

or het tramfer ¥

& unsterdy €
o tys dynnek

~



An Evaluation of Wand Ghnlt 191

250} 4

108
o
1
3

T

® M egs UNITS X
@
8

s L t —t. 7
10 20 30 40 50 €0
WIND IN MLES/HR

HGURE 59 Refaton of the heas transfer coefaent to wind veloaty The coeffcients
for convecton were calculated by means of H lperts empirical constants (5) for a
cyhinder of the same diameter 23S ples cylinder

mg Under certun circumstances the silue of (T,—T.) at any
time t 15 equal to the miral value of (T,~T.) muluphed by a term
which diminishes exponentnlly with ume or

—kt
(T. =TS = (T =T _qo

Herc L is the slope of the sermlog plot of (T,=T1.) versus ime The
differentint equation for heat trnsfer m the unstendy stite 1s then

qQ —kt
T - M -T g T

Solving the integral of this equrtion for H we have
- —— -_.Q

TR
I ~c
) =
t={} N
This equatton ¢mnot be used for the nterval durmg which the
water ws [reezing because duning dus pertod (1,-7T,) diminushed
apparently Iimearly  (Figure 52) and not expomentindly Preceding

\MT, - T,
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Nya = B(Ng)"

HD DV \»
T B(*’)

H=38 3 (Ey—ﬂ)“

The Nusselt ber 15 2 dumenstontess fraction & i the
numerator the heat transfer coefhcient H and the cylinder drameter
D and i the depomunator the arr flm conductisity b The Reynolds

ber 15 also a d mless fraction 10 the numeritor 1 the
cylinder drameter D the wind veloaity V, and the air density p and
m the denommnator s the arr viscosuy g B and n are emptrictl con
stants

By solving the formula for H, we have a comensent meins fif
caleulanng heat transfer coeffictents for a senies of wind seloates
We have used the divmeter of Dr Siple’s cybinder for D The con
stames &, p and ¢ are avaslable i stindard tables The constants B
and n have been determined by careful experimentanon by many
watkers The values published 1 McAdams' book (4) and con
sidered 1o be among the best are those of Hilpert (5) e have ustd
Hilpert s coustants

The results of our calculations are compred with Dr Siple st
m Figure 59 For wind velocities above about 10 miles per hour,
cileulated curve rises steeply, by companson the Siple C““faPP"’;{s
o be almost horszontal For wind at 50 nules per hour, the calculat
cocfficrent 15 almost 214 times the Siple coefficient

The trouble wsth the calculated curve, however, 1s that the €°
stants B and n used 1n the calculation were obtamed frout expert
ments in which the cylinders were equvalent to infinite CYh“dmld
The Siple cylinder, however, nas definitely a fimte cybinder It ‘\ouk
therefore be desirable, 1n order to evaluate the error i the Sip
experiments to have heat transfer coefficients obtamned directly ?ernt
the Siple type of cylinder under hus experimental conditions Hilp! "
and others obtaned their constants under stexdy state mndmo:
wheteas the Siple experiments were not obtuned under such ‘;k
dittons Hence, 3t was necessary to derne a formuhuon applc?
o unsteady stute data -

In the steady state, the differentin} equanon for hett transfe
dQ
dt
All terms n the night member are constnt In the
however, (T,~T,) 15 not constant becruse T 15 1loa

[}

ne
the

= AH(T, ~ TJ
neteady $21°
56 st

~
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(b)
Fioume 62 Turbulence on the lee side of a cvhnder i lanunar flow of & () e
graph striling the cylinder from below) The drawing o ::;ﬁ:-; ;‘! 2 ”l';’numm,,“g
reu

air paths 10 the photograph Reprinted by permission f
son W i lon durch Dfustons he 1erem Deutscher Ingeniew
Forschung Geb Ingemeur 322 46 (1979)

cylinder The air flowed 1n laminar planes from belon around,'l:‘:
cylinder and then swirled into eddies on the Jeeward side T‘l
even with limunar flow there 15 turbulence but decidedly oo ‘or:‘:
one side of the cylinder It 1s possible that m our nrﬂnge"':;‘hm
had turbulence all around the cylinder and therefore obtain onts
transfer coefficients twice as great as those obtaned by phys!
with lminr flow

In our wind tunnel (Figure 63)

ast
the cylinder w1s mounted J
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siderably Therefore, smce the several segments of the hody diffe
n diameter, the heat transfer coeffictents for them will also differ
that s, the body has sevetal and not merely one heat trnsfer co
efficient

Stple What was the diameter of your cylinder?

Wolnar The sune as yours, 1t was 214 inches

Daws Could you have used an aerodynamic shape for the cyhindet
to cut down the turbulence?

Molnar ‘The physiasts used arcular cylinders

Burton Did you compare your data on the cylinder with the data
1 obtuned on the ‘artificial man,” which was the size nd shape of
1 man, because those data would apply to man This effect of the
size of a cylinder has been nicely worked out here at Fort hnox Yol
will remember that this 1s why 1t 15 1mpossible to make a glove tht
fits on fingers with any respectable msulation Hmuent you com
pared these values yet with the standard values which I thought 1
had established for man?

Molnar I will conclude my remarks with such a compirison As
a matter of fact, we are starting out on your 1des next

Dr Burton 1s unhappy because all of our considerations alout
wind chill thus far pertain to the nude surfice and obviously we
are clothed Therefore, our esumate of wind chill should be for ihe
clothed man Perbaps 1t should be noted here thit our consldti‘
ations about the hext transfer coefficient apply to both nude an
clothed surfaces It 15 the value assumed for the surfice temperatire
that makes the difference with respect to wind chill For the nm;
heat transfer coeflicient, the wind clull for nude skin at 33°C \\ml‘l
be considerably higher than for clothed shin at 33°C but w h :‘:
clothing surfice at a much lower temperiture Hence, Dr Gipl ‘I
scale of wind chill obviously cannot indicate the atmospheric CO‘;
g power for a clothed man Dr Burton his attempted to supPY
a substitute scale which would be nformatne for a clothed man

The dervavon of his 1deas 1s shown in Frgure 64 which 15 rfP’:‘*
duced from his book (7) Briefly, H, as used here, 15 the rte of ml)n
evaporative heat transfer and not the heat transfer coefficient 6
sterd of che heac eransfer coctlovens, De Bureon prefers o u’:i' .
reciprocal which he calls insulation There 1re two msulations e
It 15 the clothing wmsulation and Iy 1s the ar nsnlhnion Was
decrement 1n 1, from that of stll ur produced by wind ot 1

However Dr Burton, I couldn’t find the omgm of it "
crleulated forward and bachward to detcimmne at, but with m;;lm
cess I think that 1t 15 an error Actunily, what 1s needed 35 0
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For a thermal steady state using clo units for tasulation and
Met unats for heat proeduction or loss

M_E=on xTe=To o0

Iy + 1,
— T
_ S o °
= 0061 X 1,51, for °F
Smcely=Igy — W o
Ts o
H =011 XI +'T;_4——W
HIy+ I, —W)=011(TS_TO)
H(Iy + I ,) =011 (Ts — To) + HW

=011[Ts— (T" ;gW )]

HW
Ts — | To— =7 ) for °C|
s ° " on
I+ Ig,
i ke 61 Burto 5 formulato s f 1 1le calcula o of tle equvale tstll astn

perau e Repratel by pen o fron Burton A € and Edhol O G Va
aloldZ o ent Lonlo Fla lAroell L 19

or H=011

the numerator to convert W to thermat umts te frem clo value to
thermal unmits *

Carlson 1 remember being able to solve this Dr Burton converts
to other unus H 1s 1 Mets for example

Burton The end result meuss there 15 a possibility of calculating
an equivalent sull ur temperature In other words if 1t 15 —20 C
and there 15 a 5 mile an hour wind this tells you what to subtract
from the ~20 C to find the equivalent temperature for a man in
+ hich he would have the sime degree of comfort nd the same heat
exchinge as 1f the ur v ere stll That 1s that decrement  thermtl

wind decrement  HW X 011 that can be calculated for different
winds

“Eproks N 1: D M larwe liiket alttefollow g aferfouglt tot re
aksa the Co fere ce

Dr Buto scocff ¢ ofD1 1 furnula (Frue O4) sc ret whe Me a @
o u sarewed wl el leckalv adcat 1 fould feused 1 asdd R ga terms
ofcne a4l henm | ¢t aslhie cer? oneacc toned to th Met and
dou s
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The unportant point, which was a new one to me, was that, accord
mng 1o algebra, the amount that must be taken off depends upon the
level of metabolsm, of heat exchange m the mn So, nhen the mn
has a level of 2 Mets of actisity wistead of 1 Met, twice as much must
be taken off for the wind decrement as when he s resting and his
actvity of only 1 Met

fremont Smth Do you mean, literally, taking off clothes®

Burton Subtracting the decrement This dependence on the loel
of actinaey 1s logical In an unheated butldmg wind makes no differ
ence to comiort as Jong as it doesm’t get inside, honever, ;n a heated
building, wind does affect comfort mside So 1t 15 logical that nome-
grams are necessary, depending on metabolic rate for thrs decse
ment, n cilculaung this effective still air temperature  Sepirte
curves are essental for different levels of acmaty, but this does not
apply to this index, as 1t 15 to be used for predictng the degree of
protective clnthing needed Here one must make separate pretic
tons Jor the resung man, for the acene man, and so on But hrs
device does theorenically get around the objection to the Stple wind
chali, which 1s that 1t 15 obviously mpossible to predict the heat Joss
and how 1t 15 affected by the wind, without reference to the amouit
of insulation the man has on If he 15 wearing a lot of clothing 1w
reasing the wind makes itlle difference to the total hert wansfer
1f he s naked, 1t makes a great deal of difference

This effectrve *sullair” temperature 15 [ree from that objectiott
[magine that 1t 1s ~20°C and there 15 a 25 mule an hour wind, and
this 15 equuvalent to a 30°C still aur temperature, it sl sust he
taken mto consideration how —30°C low would affect a mn with
different amounts of clothing T would like to see ths scale adupted
and chmatic maps drawn on the basts of still shade temperinres
which seem to be free from theoreucal ohjections

Molnar What Dr Burton was talking about 1 shown in Figure
65 This 15 a replot of the figure mn his book but with the mdd"l“
dent variable, the wind speed, on the absasna The ordinate 15 Hi
thermal wind decrement, that 1s, the temperature to be subtracted
fram e ambient temperature to get equisalent sl air tempen
ture ¢

As he pointed out, with different lesels of heat input, dnﬂem!‘
amounts of wind decrement have to be subtracted from the amlncnl
temperature 1 feel that 1t would be conlfusing to vead m a sepor
that the ohservations were mde n an equivalent stll arr temper?
ture, of let s say, —18°C Thys could hve been tn an .unhlc!ll‘il;f ::-
—10°C for a sitnng man But, 1f that 1 true, then there rould
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and therefore always used arr flows obtained without the man m the
booth

Is this satsfactory? At least for the so called still air expenments®
I nught point out that the arr flows as mersured were alus very
low, and the highest was something lthe 5 9 mules per hour 1n certun
special experiments Most of them were one mile per hour or less

To get an 1de1 of how n1turil convection currents flow past
object we can look at the results of Schrmdt and Beckmann (12) as
reproduced w Frgure 67 It shows the rate of atr flow (ordimte) prt
a heated vertical plate n the steady state The mersurements were
made by means of 1 quartz fiber 1t several pornts horizontally ditint
from the plate (abscissn) Lach curve represents the measurements
mnde at a paticular height above the base The highest rate of flon
occurred at some 3 mm horizontally from the plite About } e
may, the flon was almost back to zero

In still air experiments, 1t 1s necessary to measure the r flow ven
close to the object that 1s g ing off the heat—3 mm n thus mstance
Certunly 6 inches or 15 cm wonld be too far awty for mesunng
natural convection currents around the human body Winslos
Gagge and Herrmgton admitted this fact

&
S

I s

BATE OF AR FLOW iN CM/SEC
S_&

% 0z 04 06 08 10
HOR(ZOMTAL DISTANCE FROM FACE OF
PLATE IN CM

FiCURF 67 Relaton of wates of oataral comerticn (orcinate 0 ;m/

at right angles (abscissa 1 ¢m ) from a ertical plate (12 x 2o ém ) an the S0 0

Each cune 13 for the gnen height n centimeters above the ulhnum'r‘l_! Rf‘"ﬂ‘" und

printed by permussion from Schoudt E and Beckmann W Das ;W‘nm,,‘hf,

Ceschwindighentsteld vor ciner W frme abgebenden senkrechiten Plane bed

homektion Tech Mech Therriodynamik 1 31 (1970)

sce) ta disame

he stea by 23
and
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Burton The justificrtion for eiling the ur Bon U considerable
distance from the m or without the man depends on the use to
which this sadex will he put If 10 18 to be used for the purpose of
esuminng the mmount of coohing for 1 given wind veloaty m ch
maue sivtions the given datr on wind velouty are presumably
those undistirbed by prosnmity to the body Thus ts why I chunh the
dar without the man would be preferred If you are interested mn
the ntunate physics of the surface of the body then I agree the you
must know whit the wr flow actandly 1s 1t the surface

Molnar That 1s true  That 1s the prictiictl side of mewsurning the
ur flow 1t s very difficuit to mevsure night close to the mm

Blarr 1tk the smportant thing 1s the pracuclsty of the studies
Tt you are actually 1ncerested 1 the effect on man then you re go
ing 10 have the arr flow at the mn

Binten Not fus the purpose of transhiting metearalogrenl daty
mio stress There you want to use the standard dat that the meteor
slogist gives you which presumbly are not modified by the presence
ot objects close to them

Blur In order to esaluate the brological effect

Burten Thu would be purely wcademic for the purpose

Blayr The practivihity of what you want 1 the metearalogical dat
aselt nd us effect on man T thwk tht ss important. The dta thag
Dr Siple his gnven us the wind chill graphs wd charts e 100 per
cent vilid from the standpoint of pathological or Inological effect

Burton 1 agree with you completely The theoretrenl reison ]

think 15 clewr—the hmuting rctor producing pathology 1s the niked
Tce

Blan That 35 correct

Burton Has data should apply to undothed parts of v mm

Blasy Having spent three winters m the Arcuc trying to evtluate
chimatic stress from the stindpoimnt of ns effect on troops m the field
ind ssumung responsibihity for preventton of cold njuries 1 feel
thtt Dr iple has given us 1 tremendous ard i his wind chill daa

In 3 years 1t Fort Churchill not once did I see frostbite occurning
ac ternpertures found i the moderately cold or cold portions of the
chart wlile such incidents were observed 1n the extreme cokd suw
aons The pont on s chart or monograph marhed where shin
freezes 15 approximitely the correct point

In January 1958 here 1t Fort knox there were some 40 odd cases
ol cold myury during 1 severe cold spelt and we were wsked by
Ceneral Rym to prepare 1 directive to prevent tts reoccurrence We
took Dr Siples chire modified 1t so 15 to simplify 1t for the field
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commander, and put 1t out as a commnd directive by General Ry
We hnd even more severe cold, but this chart was folloned ngidly
and not a single case of frostbite occurred 1 think we shouldnt lose
sight of thus practical pot

Burton I agree thoroughly On the other hand, if we should find
out how to mike a fice mask which people would wer, comfortably
immecdiately the wand chill value would not apply

Blmr We don t hnve a face mask that anybody will wear For the
time bemng, we have to rely on Dr Siple’s data which to the Pre-
ventine Medicne Officer 1s all we have If we hidn't had tht di
avanlble to us, I am quute sure we would hne had many mose cises
of cold injuries m Korea

I think Dr Siples datn are of tremendous value Dr Fremont
Snuth brought out the powe earlier about the practicality the
field of these gudes, as compared to the Iboratory drta Here 1s o0¢
good chance to integrate the practical dat1 and the hboratory dr
for field use

Molnar 1 was trying to find what the mnsulion of arr 18 by le;\l
mg at the procedures used by the Pierce 1 aboratory workers 1o m3 :
their measurements I agree that in a practical situation one G"?"}i
measure the flow of air right neat to a man The crittasm here of l! R
Pierce Laboratory experiments, however, 1s th1t i most of them ¢ lr
rate of ur flow was so low that tt should have been mesured r]mt‘
to the subject than 15 cm So 1t scems that we cannot relly nrlff'}""
therr published mensures of air flow But, snce we hue nothind
better lets go thead with what they did present * on

As shown 1n Figure 68 we seck this elustve value for the msuhr(l )
of mr by plotting the data they tibulated m one of thesr papen e/
On the oxlinate 15 the heat transfer by ridition and comection

- -1 b
*EpITors Nort Dr Matnar would ke to add the following afterthought™ 17
remarks at the Conference s shaby
The argument that the Siple scale of wind chill should he rt(zlr\r;l ’«!J“'};':: v
expenmental fonndations because 1¢ has proved ats uatity i the field 4 4 07,
uncomtncing for the reason that the alleged proof is diffcult to find
many fictors molved that personal experiences are not sufl o .
I know of 1o goo obtectise evaluation of the empuical status of the P
for that matter of any good body of facts tpon which to hegin sud 3 few S
1t may even be dificult (o compile the madence of frasibute § hane see? By,
of athletes foot as diagnosed by a surgeon which were eart ef m-'?':‘““m,..ru ears 41
Dy & medical offcer I have 1o scen stghty Trose ien or neatly frowfitil o
the first morning of a cold shap but not therealter cxpericnte 13 3 &

sent to decude the 147
e Sipte scale oF
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In these experitnents, the mean rate of flow nas 71 cm /sec So to
comvert the results to the standard flow rate, the mein I was muln
plted by 7 1 and divided by 10 The result was 0 12, which stilt snt
night Finally multiplymg the mean 1 by the square root of 7 1 1nd
drvaching by the square root of 10 gne 0139 So that 1s how we got
your 0 14, Dr Burton

Burion That formula 1s a square oot formula

Volnar That 1s where we hne to become critical agam Is the
square root telationship really qustified? You will notwce that an these
experiments the range of air flow was very small, 5 3 to 8 7 em /sec
(except for the one at 108 cm fsec, which we excluded from con
siderntion because s pomnt diverged from the trend of the other
pownts) This 1s within the error of measurement and therefore repre
sentable by a men value So these restlts give no mdicanon as 10
whether or not the square toot relationship 1s applicible

One jusufication the Pierce Laboratory worhers huwe used for
adopting the square root formul 1s shown in Figure 69 This 15 taken
trom the prper by Bedford and Warner (13) It shows the comvecine
heat transfer per degree temperitute chiference between the surfice
of a sphere, enther blackened or silsered, nd the ur plotted agunst
the squre root of the air veloctty The pownts fall ou a Iiner trend

Three criasnts mty be made First Bedtord and Warner did not

T T T T
 Blackened gobe
@ Sivered globe

o

Hestig-ta)

0 4 8 12 1§ 20 24

K

Heter 60 Relayon cf the convectnne het transfer cocffaent (0 BER
°F ) 10 the square roct of wind veloaty (in ft/min} The globe was 3 A0
sphere filled with water Unsteady state experiments Repnted b l’"{ hesting
Bedford T and Wamer C C The globe thermonrcter n studics ¢!
sentilaton 1 Ig 34 459 (1934)
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Burton It agrees very well with yours with the large cylnder I
that nighe?

Molnar It 15 quite close except tn the begmning you are rither
tugh by companson

Burton In that region 1t 1s difficult to hnow what the wind velocty
15 when 1t 15 very low

Molnar No 1n that region the velocity 1s about 10 mules per hour
It 15 only below 1 mile per hour or thereabouts that 1t 1s difficult ©
know what the velocity 1s My pomis start at 2 miles per hour
Actually your curve should lie above the 9 inch diameter curve at all
velocittes because the Pierce Laboratory air flow was mrbulem’
Would you tell us Dr Burton what you did with the copper ma

Burton When I was wked by the jomnt committee between the
Unit~d States and Canada to establish standard values of msulatior
of a1t with wind 1 went through all this examinuon of Gagges dus
and formulas I felt that 1n order to make 1t simple 1t would be
necessary to take the power of a hlf z¢ the square root law Ozh;r
wise 1f a different power 15 taken for every different veloaty the
problem 1s too complicated I think the phystcsts data do jwufy ®
the first approximation taking the square root law

T did experiments 1n a cold chimber on an artificial man 0“:
mnde of pipier mache The model was n the posture of 2 sum!:
man and I fitted 1t with heatng coils mside and with thermostd /
With these I could measure the wattage the heat lost Tdid2 sf«ﬂ“:d
experiments both on the ground and at altitude with different ¥ 125
velocities and from these T obtamed smoothed curves for the \a[umi
The values 1 obtuned agreed fairly weil with those Winslow
G-gge had obtaned over ther more himited range (7) fe

Earlier 1n this discussion 1t was mentioned that at alutude tgo
insulation of the air scemed to be better These curves do take m\«
account the increase n 1nsulition values at altiude They ar€ E:jh,
being rechecked by Mr Soper i Toronto and he 15 finding & e
deviation from the values I found at alutude But the \ahxtﬁ(‘] o
not bised merely upon the old data rather they were base
acrual data on 1 model made 1n the shipe of a man der what

I fully agree that the values need rechecking but nan'; " hich
degree of accuracy 1s really required for the crude purpose
we are putung such values

A[ﬂln}:n' 1 tEmL we should all acknowledge that we cant l;ﬂ‘;“:"‘)
exact scale of atmospheric cooling power which would .; P“);m e
conditions For 1 man 1t will vary as we

Lnow nat only st hos
“
turbulence of the air and the diameter of the body but 11
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Fremont Smuth T wonder if we can’t learn something by w uching
the postion of amimals exposed to heit and cold They seem to be
quite anare of the effectny eness of drawing themselves together into
a ball when 1t 15 cold and extending themselves when 1t 1s bot

Blmr Rachet (16) wrote quite a bit on the anmmal’s bebwor m
response to heat or cold as shown by uts body posttion

Stple The majority of them ate clever enough to go 1 out of the
cold nd wind They come out voluntartly usually when 1t 15 ciln

Diemont Snuth They are quue resourceful abiout downg some-
thing 1 nant to call artention to thit smartness 1t hs had 2 long
evolunion

Molnar Earher thus afternoon we san that the thermal analogue
of electrical power was this expresson AH (T,~T.) let's paten
a sunshr expression for wind cnil

WC = LVT?

We shall retun Dr Siple’s term, nind chill We mike 1t equil o the
product of a constant k, wimd velocity V, and the square of mmn‘
perature For convenience, ne can use the wind velocity mesurer
at the nearest meteorologteal staton, ts wnits would be mles pet
tour Instead of a temperature diffevence, we cn use only the art
temperture because surfice temperature \ries considerably
usually not comvemently avalble, and, for a sterdy stte expressnt
would hue to be arbitrarily fixed Actually, howeser, I am 1r\nm§\
1 suggesting the T, should be not wir temperature as such but the
temperature of air below some brologically critical yalue 7y xhal:‘
freezing We would forger about everything above 0°C our »n
chill would apply only helow this temperature

In accordince with the analogy, T, 1s squared Ths
sime as taking the square root of wind relouty, for o ¢
the above expression would become

VWC=VEV ¢ T,

that 15 the square root of wind chill would be pro
square root of wind yvelocty

Agun twecording to the wnilogue, 1t 1s permusstble t
efficsent Lets arbitrarily have a coeflictent k.= 001 tom?
of wind <! s}

As an example 1f the wind 15 blowmng
air temperiture 1s ~10°C, then

1 not the
phtaen s

paruom\ to thr

o hare a &
e the salit

10 nules per hour and the
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wind chull My first empirical version was developed during 1933
and 1939 1 started off, as you have done, by using the 1dea of muln
plying the temperature times the wind velocity, and I was ustng
Centigrade degrees below zero, as you have I did not square it For
wind speeds, I used a scale 1n meters per second *

When we arrived at the Antarctic 1 1940, we tried to apply my
empirical formula but we found 1t bore hetle relrtonship 1o the
comparatnve sensation of cold When we went out 1n the cold, with
the high wmd velocity, 1t obviously wasn’t as much colder than at
moderate winds, as the empirical numbers suggested The squiring
factor 1n your empirical formula may improve your cure oser that
of my early empirical one

Molnar Actually I thought of squaring the air temperature first
and then I back tracked to the electrical analogy to let 1t be my justf
cation

To auswer Dr Burton's question, 1 felt thie problem could be
taken care of by just adding T, or*

WC = VT2 + T,

This would give a salue for wind chill even when the air flow was
zero But tius ts not gond enough because at 0°C 1t would stll g:\t
0 for wind chill So let’s take an arbitrary mr temperature of +30°C
and subtract from 1t the ambient air temperature, or

WC = kV(30 — T)* + T, «

This would always grie a value for wind chall 1 found, howerer "
for really signtficant combimtions ot wind and temperatuse,
elboratton made little difference be

Burton It 1s very easy to get frostbite with just a few degrees
low zero, if there 1s enough wind So, your formnla woild be very
mdequate when you get up toward freezing

Blarr Frostbute can be cawed by a temperature of —
30 mph nind

Burton 1 think you should choose your critical pom!
higher than freezing temperature.

‘Molnar That 1s all nght I don’t care where you choose 1t Lctall

Carlson You are putting a lot of emphasis on freezing w m{)do“
1s 2 kind of cooling poner, and 1t applies above zero as weltas

that

2oC and 3

¢ consderably

n for &
*Carstaw and Jaeger (17) hare presentet another theareticat ‘fm::*:l““.", ecpert
scate of wand clufl hased on the rate of cooling I has ot been suby

mental venfication
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Dawis You could have 2 good curve withaut the Siple curie

Barquust Tt 1s durition of exposure at dufferent lesels of wind chn)
that we are working wuth now, wsu t 1td

Siple 1 would like to congratulate Dr \lolnar on the wnalysis he
has made from a technical standpourt 1 thought I could name alf of
the possible critictsms of wand clull however his exammnations of
detuls of het loss I find fascinaung he grves as well the acual
himinar hext losses and so on I think s work 1s excellent

OfF course our ongwnal work in 1940 was hmuted by the fact that
1t hd to be done 1w the open 1mbient wmosphere Ve d not hae
Iboratory facilittes We had only 1 left oser thermometer avulable
from 1 glactal study progrum that we were ble to comert into the
device we used We even Ind to make the cylinder from flat plastic
A} of which %15 B Achiesement 4t the tune and under the condt
tions of 18 years 1go McAdams Dbook was not nulable Ve had
sirtually no reference books 1 fice Bue on the other hand havng
"ceess to cooling trbles mught even hwe whibited qur utempting e
expersmentation we did try fo cury out

These remarks are not intended 15 defense but rather exphnation
to the graup here Of course when you get something mto hiterature
once you hve to lne wieh 1 For the past 10 yenrs or so 1 hue been
recommending thit my wind chill formula be considered sumph 2
n empurical tble Although the numbers are hbeled as bey nlon:
per square meter per hour they should more appropriately be us
s Dr Molnar suggested just s numbers hat

The only thing thit T question about Dr Molnar s figures 18 lxon
he may hive produced 1 musshapen curve m respect to the sensat
af cooling Perhaps 1t fits closer than 1 believe 7t the momcn!“ ™

The rables 1nd nomogruns we mude np with the wnd-chi] N
have worked out remarkably well i practice ont sn the field (S(IK
empincy) ses of numbers the shipe of aur curte b1 Iu)lm\;lm“y
sens1tions of chall by many who lue put 1t to prrcucal use el
recognrze the himutations of my physteal expermentation hec:l;l "
the parucalar set of circumstinces under which 3¢ w3s dc\c:l:m
1 hme always hoped perhaps that someone would destse sm{l g
of small mstrument that we could both mesure and ched e
simple emptrical formuln There 1s perhiaps nothung »rong s“b““
nomogrim [ think the success of my wind chuil formult ;ﬂm e
largely due to the orgnal nomogram No one erer calcu Jhr e
wind chill from the formuh becruse 1t 15 100 much rouble lnlut
merige user to mhe such caleulrtions With 1 nomogris the



ex, 2n, rnlzzed i Couly LIt
Steney th, Ipieed of heag los, ,;'rcﬂly by mrrmg
055 Tor, the body Shagg be
condumwy (hmugh the Shin
r Tigy 2ng @lleq a Mg tmeg hoy, th face thay
my rurmul.z LT T e Man p agy
er 1]

re, y ong:ml fory, uly,,
Tagp, B Cicyg) becy ¥ may, nouldn t
Hone\er ensmg Co i sually Ahey eq Cithey th b Mgy
T the fre. "2Ugh 1 "Muly g, Casyre Ctug) 5e5 of bogy
freay 't d Feflece the Dz ity of the feelmg Of copg
e afy WY fere thay :-teomlogm a he " qg
deugn therr Strup,, 'S have b W iy de: 181, RGIIN
ey, lo.;ncal mxtl‘umbﬂt fo, 13

ade Omp, © copy
™ xdurmg th A Wy, 1 el d boy, liftep, or
nwmy iffer, tt‘quanon VInably, It ted g, S Congy el
thy he Couly ¢t ep di 25¢ -mytbm‘> thrze Has Mg o b, r-zcncal
bcmu:e 1 togy, n hoy,y L e, £ Mg, et 4y tao},
€Copg to chw"a o, ex;



218 Cold Inpry

I have visualized an mstrument in the form of smnll I- or 2
high cylinders or spheres having no direct relationship to the hum
body, but at least a physical manimate form for which the coolin
charactenistics are hnown It would be possible to set up such a
mstrument within a physiological laboratory, and get an integrate
measurement of the combmations of arr movement, conduction
radition, and evaporation The values of each could be read sept
rately or 1n combination Perhaps some of the hot wire anemometer
devices do this to an extent

I fear that I am skepttcal about the particular solution you suggest
Considering the detml into which you have gone, 1 would like to
suggest that perhaps you could go a little further m your liboratrt}
expertment and devise some standard, simple mstrument which conlid
be used in other laboratories and n the field You could then estib
hish your own formul1 to fit the cooling curve of the mstrument k
doesn't matter, as long as the curve 15 1n the general nelé’hb"d'md
of human sensitivity and reproducible Then 1 think we would ke
something on which we could standardize ble

I would preter to see a wind chill standard based ont a reha :
meteorological mstr ation than on the crude cylmder 3nC
methods we used 18 years ago Based on the things you no Lnu\t\)
perhaps we can make one, and one which might be a famuly of hc:ﬂfm
small, geometric bodies, one sheltered from air movements t\h
others not They could be exposed further to radrtion, shade, "‘l'
dry or wetted surfaces This combination would then permit ¥ Cf!
tons of values out from totals and combinations The msmlm!}':l
might read 1n electrical units snstead of calories that 15, 1t mig!
rexd tn emf or wattage Jabo-

During the late period of World War I, Plummer mde an e‘ e
rate device for measuring cooling It was so sensitise tht J“:\mm
shightest motion of air gomg past 1t would mike an msmmc o
response, turning an internal heating mechamsm This dm(snmr
far too elaborate and expensne I think what we really need "[ -
thing that is stmple, although 1t might well hase a method ©
matic recording

Dr Molnnr,DI was fascmated by your metrculous an-\l)s‘;:::’l;]’i
crude wind chill expersments You supplied answers to g Lod
we had wondered about but were unable to study at the lm;t’“‘ A
ing back we perhaps made a rather too nanve appronch mi“ from
have made assumptions which were a hittle careless Hn“tp:xs beet!
the practical standpomnt I tinnk we evolied a schem

a that
of some use
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Cold Injury

hwnd from a practierl pomnt of view multple sciles would be cum
bersome confusing and perhaps worse than none at 1l When and
1 1 scale 15 finily adopted 1ts limitations should alnays be cleatly
mdicited Whatever the scrle s limited usefulness will require
establishment by empirieal correltions with biological varnbles
If these cannot be performed by critictl mentalities 1t would perhaps
be better for them not to be performed at all
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ausly goes down even though shrvenng tkes plice Ths i a case of
obtuming 1 decrese 1n oxygen consumption with muscular actniy

Davis This 1s true However, 1f I may driw 1n annlogy here ths
15 1 leele ke 4 hull that can be cimbed only by 7 100 hp car 1 the
cr has only 90 hp 1t will run backward 7nd the 90 hp will be
mshed

Horvath Ave the four potts the only points you mesured? Yon
cn t mike ny determination as to the relntality of the curve You
don ¢ know about the oxygen consumption Why have you drwn
thus curve? Is dus wnterpolated?

Davis This 1s mterpolated We don t know the ovygen consump
tion 1 between but with the ponts we do have 1t appears as though
the anuual did not respond by an increased oxygen consumption

Fremont Smyth By the ume you got the second pomt bis body
temperature has also gone down already So I think Dr Honath 15
quite night we missed the crucial pomt i terms of pxygen tof
sumption

Dayis Yes 1

Burton Is your prejudice toward believing you have an ncrens
shivermg without 1ncrexse of oxygen consumption? It would bea
very strange thing to believe unless one had the definite evedence
for 1t dmit
Dauis I wm not trymg to believe or disbelteve 1t however Tadmi
1 am prejudiced

Burton I 1m trying to rewrrange your prejudices .

Dayis T think the pomnt we should remember s Dr Ftemoﬂa
Smth has mentioned 15 tht we xiready hud a degree of hypﬂthﬂ";”u
By the tme we had obtained these pomnts hypothermia hd l;(:d
place These rumals go mto hypothermia as soon as they are pia
n the cold There appears to be no response

Horvath The temperature 1s roughly around 3
you have them mirhed and I would say guite ner 50 per &
duction m metabolism (abor

Hart 1 dunk, the pomt 1s that se do not know the normal me
hism when they are not wn the cold

Daws The Z\orm\l metabolism of these animals 15 14 mi of %}
gen per munute and 1s the mean figure of many ammals

Hart Wit 05 m! at normal terapertare?

Horvath He says his normal 1s 1 4 mi

Hart Then the metabolism w1s not elevated

Daus ¢ ts possible to obtain figures m the col

0°C at the Ume
ent 1

d before the deep
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shivering was dependent upon changes 1n colonic temperature or
upon changes in skin temperature (8) The top part of the ordinate
15 shivenng actnyaty expressed as unuts of electrical actwvity of shner
ing obtained by integrating muscle action potentials recorded with
an EMG The bottom part of the ordmate 15 temperature i degrees
centigrade The abscissa 1s exposure time in mmutes The exposure
temperature used was 5°C The top curve s shering actnay, the
next curve down 1s colonic temperature, the third curse 1s body shin
temperature, and the lowest curve 1s ta skin temperature The tal
shin temperature was obtuned at the bare area between the end of
the hair line at the toot of the tatl and the begimnmg of the hory
character of the tail
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Horvath That lewes you with the V

Davts I muight mention that 1n this situation curves of high and
low actviy are obtuned This constintly changing acuvity seems
unzssocrited with chinging oxygen consumption 1t 1s enttrely ur
ssociated with any apparent change tn skin or colonic temperature

Aeller I would like to comment on Dr Carlson s remark An ex
plnation of that problem would be either that shiverng 1s bemng
drrven by slow adapting receptors or slow dipting central neurons
which would contmue to dischirge without a change m strength of
stimulus

Carlson If you accept Hensels (9) dat1 on sensory endings the
adapration

Keller T

Burton ¢
the tongue 1nd I 1m 1t a loss to see how that 15 related to temper2
ture regulition except for protecting the tongue from bummg’
Dont the datn show they are not complete adapting receptors
‘They do contuue to fire even though the temperature 15 not chang
g any more The rate of change does come 1n but they do contmie
to fire even though the temperature 1s kept at a constant level

Carlson Hensel hs some datr on shin (9) The mun point s that
with a rapid rate of change of temperiture the highest frequency
output (%) 1s obtuned As absolute temperiture sensors cold &
ceptors cover 1 sort of frequency spectrum (9) some firtng ""““‘c
mally at one temperature others 1t 2nother The mrxmum 1mpuls
frequency would occur during 1 chinging tempertture ob

Dayts If anyone has doubts about the EMG we hae treed to o
tun n idex of shivering activity by counting bursts and expﬂ:; :lﬂ
results as number of bursts per minute We obtuned a cunie shigh (Z
to the night of the one depicted here We wnere not sanisfied J‘“:;dc
use frequency since activity 1t any gime 1s 1 product of the ampi ’m"
and the frequency of 1ts occurrence It 15 a tedious chore to me o
the 1mplitude 1t every pomt and multiply by the trme of 15 0<C
rence 1lthough an mtegrated curve can be obtuned this “:iy dop

Figure 74 gives further esidence of the dependency of the :‘f n
ment o} shrering upon shin temperature and shows the effect O s
msulition upon the deselopment of shivering The mdmme:s The
of shrvermg activity The abscissa 15 exposure tyime 17t minut s e
top curve shows the development of shivermg 1n shated ";,mwm
next Tower curve shows the same sn unshased rats and lhtrd from
curve 15 shivering activaty of unshaved rats with tails protect!
the cold with absorbent cotton

ors of
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Fiixe 74 Lurves of shivering actvity mn the cold (3°C) sn rats {ten animals) shaved
unshaved and noshaved with tails protected Reprinted by permisson from Davis
T R A and Maver | ature of the physological sumutus for shierng Am J

Plysiol 181 669 (1955}

In spite of the varnbihity that extsts from rat to rat the differences
among the three groups at the end of 50 munutes were sigmficant
There were ten anmmals 1z exh group In the shaved and unshaved
group visible shivering occurred During the period of exposure
shisering was not ohserved w the unshaved rats with the tuls pro
tected (8)

Horvath Drd you cut off the tails of any of these rits?

Dawvis We thought of cutting the tuls off wnd also of producing 2
nerse block of the t1tl but we did not do 1t In the rat we were able
to obtain typical EMG shnvering records without betng able to see
the ammals visibly shivering In the haman bemng and possibly
Dr hellers dogs the begmning of vinible shivermng or conscious
knowledge of 1 by the subject or EM(G evidence of shinering
usually occurred 2t approximately the same ame It 1s therefore
possible that 1 the dog the appearance of wistble shnering also
marks the actual beginmng of shivering This m1y be due to nothing
mare thart the size of the anumal fa thes parccutse mseance (Frguee
74) it does wppeir tht physiologic shnermg does depend on shin
tempertture A shivering level 1s muntamed even though it 1s mun
tatned 1n wayes of ctivity separated by pertods of quescence

Fremont Smuth On change mn shin temperature?
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Davis Certanly a lowering m shin temperature A shisering level
1s mantained even though 1t 1s muntamed m wases of activity sepa
rated by pertods of quiescence

Tigure 75 shows the effect of diathermy on rectal temperature
shin temperature, and oxygen consumption of rats exposed to cold
The abscisst 1s intensity as measured by watts mput to the final stage
of the radio frequency generator The ordintte on the left side 18
rectal temperature and o¥ygen consumption expressed as per cent of
the cold induced metabolism On the right side of the ordinate s shin
temperature m degrees centigrade As drithermy wntensty 15 12
creased, we find that the rectal temperature starts to change aftet
about 45 watts (10)
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Burton May I ask the ume scale? Is this after a steady state has
been reached or after what hime?

Daws In tlus study, we gue dtathermy for 10 mnutes at ncre
ments of approvimately 10 watts In all studies where we used dia
thermy, the period of applicition was usually 10 to 15 mnutes

Burton Is 1t at the end of 10 minutes that you record how much
1t has nsen?

Dauis Yes

Burton The temperature 1s sull changing, pronbly

Dauts Yes, the effect does depend on duration of application m
so far as colonic temperature 1s concerned This 1s not true m so far
15 o¥ygen consumption depression 1s concerned Since depresston 1s
obrained atmost tmmedintely aiter the beginmng of the application
and remains m the new level provided, diathermy does not Taise
rectal temperature to an excesshve degree

Hart Is this a single amtmn)?

Davis No this 1s a dnigrammntic representation of something lthe
twelve ammals 1 think there were more

Horeath What hand of diathermy was used, long wave, short 1 1ve>

Davts This was 27 21 megacycles We Lept in a band allowable for
physiotherapeutc dsathermy  We chose 27 21 megacycles for the
very reason that we knewn 1t penetrated well and could give us our
response It was the first one we tried, and 1t worked We know dia

P . A

ot this arteficrnl hest producuion the rectal tempesature falls

Burton Could I ask what this intensity means® This 15 no measure
of the heat you are actually delnening to the antmal It 15 some sort
ot cahibration of your diagram

Davis Ths 1s a measure

Burton You are wewally producing 120 watts to a mouse?

Davis No 1 will esplan this witts input 1 put the word m
put —

Burton Thas s the cahbration of the machiune, not the dose of
heat grven to the rat?

Dawvts No v asnt This 1s calibranion of the machine As a matter
of frct ths 1s under our very specific conditions If you change the
conditions shightly you may e to go up to 500 wis In other
words 1t depends on where the ammal 15 1 relation to the wrradat
tng surfces
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Burton Do you know how many watts the tnimal 15 actually
geting?

Davis No

Burton Probably 1 or 2 wans?

Davis We generally believe that the watts mnput as compared to
the watts output has an efficiency of 75 per cent Bur this depends
of course, on the posttion of the animal and the distance of the plates
from the animal since diathermy behaves 1 accordance with the
mverse square law

The effect on the shin temperatnre 15 somewhat different Ft
posure to a temperature of 5°C produces a shin temperituré of
around 11°C As the intensity of diathermy 15 mcreased, we find tht
skin temperature remams 1t low Ievels until 120 watts are reiched
or 2t that point where rectal temperature 1n the upper cune shows
a fall At this point, skin temperature rises sharply to somew here 10
the vicinuty of central temperature indicating an active vasednhu:m
Thns 15 accompamed by a marked mcrease in heat loss to the 5C
environment This, of course, explains the fall in rect) femperatire
shown m the top curve

1 ¢hunk some of us will recogmize this as at Jest part ofa
that occurs 1n malanal fever, or i your expeniments except ne
produce Iowering of shin temperature by cold exposure The ﬂ\)'gf“:
consumption curve shows a furly dramaue f2ll at around 40 \\n\)
of diathermic mtensity to about a level of 56 per cent of the wlqﬂ0
cold induced metabolism, remuning at this new level until \-‘
watts are reached, where 1t shows a tendency to fall tonrd bax:s
levels Ac this pont, 1 should explam the mewmng of EMR Tlus
environmental metabolic rate which I define as the metabolic n\:
above basal metabolic rate produced by thermal stress The et
in Figure 75 15, therefore, the basal fevel how

I think I should mention here thay, to date all attempts zn: lic
that dithermy has effects other thin purely thermnl oncsl “xll
fatled In our own experiments, we find that the mtenstty whic l&\m
produce death 1n 10 minutes at room temperainre will have no © ”
on the ammal 1 the cold, mdicaung that deith was ndeed due

process

hyperthermia bie?
Burton Is this final change on your graph 1l ays 1rres 5%
Davis Not always d drop of

Burion Do this sudden nise of skin temperiture ‘;“
oxygen consumphon represent 1 terminal eient, death

o
Davis No this 1s not dexth The drop of oxvgen consump!
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temperature 15 rused high enough the heat load is such that it must
be dissipited This 1s done by reflex vasodilation

Burch A moment 1go you stited the skin temperature was the
sumulus for heat production It appears to me that the shin temper
ature mcreased secondanly Internal phenomena changed the skin
tempertture and the rates of metabolism and oxygen consumption
Skin temperiture may have had nothing to do directly with oxygen
consumption

Daws 1 m not talking about that prt of the graph 1 was tilking
bout n exrlier part of the work where we chose 50 to 70 watts for
critical 1nvestigation because the skin temperature wis not changed

Hart Skin temperature 15 measured on the tul 1s 1t not?

Daves Yes 1t thrs area of the tad

Hart Do you know about the skin temperatures m other arex of
the amimal?

Dawis Yes we measured the prw temperiture

Hart Other shin temperatures for example ander the for?

Dawis Under the fur? Since 1t didn t produce much change evet
m the shaved wnimals we didn t worry too much 1bout 1t y

I think your pomt 1s that the brre surfaces we were measurl;l,t,
represent % relavely small proportion of the total shin re of ¢
™t
Horvath What sort of diathermy are you talling about? Did yo¥
sty 10 cm or 10 meters?

Dapis 1 sud 10 meters

Horvath As far 2 I can tell from all the Iiterature which h1s beel:
published 10 meters 15 definttely a local effect first and 2 deep effec
second

Dawis In the cold?

Horvath Not 1n the cold

Davts This 15 m the cold

Horvath That 1s what worries me why I emt

Dawns It can be shown m the mouse quite rex T hy
showed 1t first m the mouse 1 think there are several re1soﬂh5 Ty
the skin temperature has remained low The hiterature on dnfrl!m y
shows that 1t hexts up hot treas more than cold arews 13)
one reason n-[c‘(, phf’]omc

by diathermty

quute understind
dity In fact 1

Another reason 1s that vasoconstriction 1s 1 biolog
non It 1s responding to air temperiture not altered
This could be strught visoconstrictuve effect S
Stll 1nother reason 15 that the amount of dithermy requ
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alter rectal temperature may be insufficient to overcome the heat losy
of the skan to the cold environment Thus 15 1n the cold

Also we find that 1f about 10 cm are used which you mentioned
a heaung of skin Tather thin of deeper tissues will result

Horvath To uvnderstand this 1 would have to know what kind of
heat you are using

Burton Are you using condenser plates?

Daws Yes

Burton Then it 15 electrostatic heatng  Are you t1lhing about
that or electromagnenic heating ?

Behnke How long conld you have maintained the low shin tem
perature nd the normal rectal temperature by means of diathermy?
1 am thinking of the ymportant 1pplication of this procedure n treat
g burn patients You have done something which 1s rather re-
markable 1n lonenng ovygen comsumpuon mnd mameuning deep
Lody temperature despite the low peripheral temperature How
long can you mamgam 1?

Davis 1 thind 1t can be muntatned for a long time

Behnke How long have you muntained 1t>

Davts 1 mamntained the obese hyperglycermnic miwce which died 1n
a short time 1n the cold for as long as 4 days

Belnke And the shin temperature was 1mbient temperature?

Dawis Yes shin temperature wis down and there was snll pilo
erection

T ravell Did they shiver?

Dauss I couldn tsee that T didn t imeasure the shivering i obese
hyperglycemse mice I also maintained nonobese muce this way
Stavering ¢n be measured untl that point where vasodiltion tikhes
place 1t the dichermy which mterferes with the EMG 1s stopped

Burton I made some rapid rough calculations From the rise of
temperature 1 10 ounutes you certawnly 1re not putting more than
4 waits of energy into the mouse

Daws I would imagune 1t 1s a very small amount Using thus tech
nique we felt that we could mere adequately imvestigate the re
tttonship of shivening to the therml stae of the core nd the state
of the pertphery 1s measured by shin temperature (8) Admuttedly
this 15 only 1pproiching an old research problem using 1 different
techmque Frgure 76 shows the présence or absence of shivering with
vartous combinitions of core wnd shm remperatures These ate re-
sults obtuned from mice Figure 76 s dinided 1o five sections wm
wcordance with the therm1l state of the core The solid hne m the
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Frcure 76 The anfluence of central temperature and skin temperature on shivering

upper part rep s colontc perature, the interrupted line rep-
resents shin temperature and the solid bars at the bouom mndicite
the presence of shivering

In the first section, shown on the left hand side of Figure 76, the
animals were studied 1n eutherma They were placed in the cold
unti vistble shivering occurred, 1t which ume rectal and skin tem
peratures were recorded In this cse, shivering became nppircﬂ_i at
a mean shin temperature of 15°C, and a core temperature of 37°C
Skin temperature was then rapidly rused with a raduant heat hmp
unul shivening disappered, and agamn rect1l and shin temperatures
were recorded As can be seen, shivermg was abolished at a shin
temperature of 22°C with a very smll change m core temperatire
In the next section of Figure 76 a muld hyperthermza was induced
with dnthermy and the animals were placed 1n the cold untl shn;r
mg occurred, again, core and skin temperatures were refordcd n
tius case, shivering occurred at a core temperature of 39 C with 2
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skin temperature of 175°C Shin temperature was again rused
rapidly with a radiant heat lamp Shivering was abolished at a shin
temperature of 22°C, and the core temperature was seen to remain
at 39°C In the third section, euthermic amimals were put n the cold
until shivering was established with core and skin temperature read
ngs of 37° and 15°C, respectively 1he ammals, while sull in the
cold, were then subjected to a high intensity of diathermy unul
shivering ceased This occurred at core and skin temperatures of 41°
and 32°C, respectively Thus, up to this point in Figure 76, 1t would
annoar that ¢ e or ne 1n tha sotharrars and tha mildle hymartharm ~

lauon inhibinng shivering (8, 10)
Irving Are these also measurements of the tail temperature?
Dawis Yes
Carlson 'What 1s the period®
Davis What determuned the period was the tme of exposure in
the cold required to produce visible shivering and the time of warm
ng required to inhibit shivering
Carlson So the shin temperature 1s given
Davts Yes In the muddle section we find, agan, that, once we had
raised central temperature above 40°C 1n the cold, we produced a
vasodilation with cessation of shivering
Since the obese hyperglycemic muce exhibit shivering and are
caslly made hypothermuc, lhey jvere chosen for the expertments de
f shivering
the mice
duced and
r skin tem
perature Skin temperature again was rapidly raised with a radiant
heat lamp until shivering was abolished This occurred at core and
shin temperatures of 35° and 22°C, respectively In the last section,
1 deep hypothermta was induced in these animals where core tem
peratures were allowed to fall to 28°C and again the accompanying
shivering was i evidence Shin temperatures were then rapidly
mlsed with a radiant heat lamp to a temperature of 40°C The ac
Tise 1 core peratures was shown to be approxi
m:nely a half degree In spite of the high skin temperature shiver
g was not abolished unuil colonic tempertture had reached ap-
proximately 34°C  (8)
The solid hne shows the colonic temperature when we stopped
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producing hypothermur Shivering wis quite vissble at this temper
1ture We rassed the skin tempertture wath the radiant heat limp
10 15 high as 40°C We kept hetmg because we found we couldn t
stap shivering Shivering did not stop unul colonic empertuie \ 3
brought up to round 34°C

It was concluded therefore that i mild hypothermi shivenng
was sull dependent upon shin temg stmulition In deep hy
pothernna shuering pperred to be dependent wpon the low core
temperiture and shnering could not be 1bohshed by rmsing skin
temperature 2lone unul core temperiture hid nsen to 1 less severe
hypothermic stite (8)

We may conclude further that there 15 1 ringe of the therml stue
of the core where shivening 1s primatily simulited by changes in skin
temperiture Above 1 certun degree of hyperthermia m ths crse
40°C shuering cannot be produced becanse heat loss requirements
are puunoune 1 dunk the hypathilamus or wherever tus shiver
ing center 15 takes over nd mhibits shivermg by producing visodt
lwen In the hypothenmc end of the range there 15 1 pomnt below
which no matter how much the shin temperttare 15 tused the
centry temperiure continues to sumulate shuenng

Lyman You mean hypotherm?

Davis Hypothermun I uwant ta pomt out what 1 tried to term the
phystologicrl ringe whereby shuering appears to be sumuhied
mmunly by chages m the shin temperature md bow there 15 1 1nge
of hypothermit beyond which shiering appears to be a centrally
stimuited mechanism

Burton 1 have sud tins many tmes This isu t the only interpre-
tation You m1y 5y the vien T evpress 15 reatly the syme tnng but
1 think 1t 1s more sophusticated 1n a phystological sense

I prefer 1o belteve thu the hypothalamic center 1s ntterly depend
ent on the afferent stmulation from the skin but what 1t does with
that afferent stmulauon depends upon s own temperiure Per
Iaps 1t 1s too crude to say that m one Tge the tempertture of the
hypothilmus s regulaung shuering 1t 1s 2lways regulng It 1s
Iike the switchboard operator 1t the telephone exchange Her eff
cency depends upon how warm or cold she s

Tlus 1 thunk 15 @ much more sophisticited view than the other
+ hch might lead us to look for 1 thermal re;'tpwl' 1 the hypothatz

s wad 1 don t thank such 7 structure exists
" Reller This view also entuls consderible supposttion does n‘llml;

Ireng 1 dont thunk Br Do sud anything abcut the centry
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CURARE AND DIATHERMIC
FRACTIONATION OF RaT

METABOLISM IN THE COLO

SHIVER
ING

TT! m

BASAL  UNTREAT IRRADIAT- CURARIZ CURARIZ UNTREAT-
ED ED ED €0

BASAL

OXYGEN CONSUMPTION 7 100 GMS AT STP

WARM {26°C) coLD (5%} iRRADIAT
coLo(s’c) coLD (s°c) €0coLp (5%)
€oLd (5°C)

l1ath of rat n the cold

huLre 77 Curare and

characteristic depression of oxygen consumption occurred 1n all of
the anmmals In the fourth bargraph, the amimals were curarized and a
depression of oxygen consumption occurred which w1s equnvalent
to that amount of the cold induced oxygen consumption 1n the pre
vious bargraph, which could not be removed by diathermy Thus m
dicates that the part of cold mnduced metabolism which could not be
removed by dithermy represents the metabolic contribution of
shnening (17)

The amount that the oxygen consumptton could be depressed by
curare happens to be equal to the amount of oxygen consumption
wlhich remamed during diathermy These experiments were on
twelve animals and were very reproducible

If this deduction were true then a combination of curare and dia
thermy should remove all the cold induced metabohism The fifth
bargraph shows the results of anmals treated with curare and dit
thermy, and practically all of the cold induced metabolism has been
eluminated We therefore concluded that heat production in the cold
of unacchimatized ammals consisted of three fractions a basal fric
tion, upon which 1s added a shivering fraction, which amounts !3
approximately 55 per cent of the total cold induced metabolism, an:
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a nonshivering fraction contributing about 45 per cent of the total
cold induced metibolism m the rat {17) Our Aindings i mice with
the same technique showed a 50 50 contribution of shivering and
nonshivering heat production {18)

Bass 1 can ¢ speak with any authonty 1t all on curire but some
colleagues of mine who have tried to curarize rats have reported that
1t 15 very difficult almost impossible

Dawts Qur critenia for curanization were as fotlows first that the
ammal be curinzed for a sufficient period to measure oxygen con
sumption second that curire should not produce death after the
experiment and third that the ammal colltpsed s 1 result ot curire
admunistration (10) The dosages must be adjusted to the third 1nd
fourth decimal place per hundred grams of rat This is reproductble

Iyman How do you admimster curare?

Davts Intriperitoneally

Travell What dose?

Dawes In this case 00157 mg per 100 gm of rat Dr Lyman gwe
me some curare which he claims Walter Cannon used He claims
that Cannon must have gotten 1t from scrapwg South Americn
arrowheads

Keller How often did you mnject mto the lumen of the bowel®

Duos 1 dont think this occurred

Keller It never occurs?

Davis 1 have never done 1t 1 humans nor have I done 1t 1n
ammals The bouels move out of the way without difficulty n
normal subjects

Keller Yes 1f you open the abdomen and watch the bowels But
when the abdomen 15 closed 1n the rabbit c¢at and dog cire must be
taken not to puncture the intestine with the needle

Behnke Was the deep temperature maintained normal m all ex
periments?

Davis Yes m all experiments The other criterion was that we
mamtain temperature which we could measure before and after the
curarization and also measure oxygen consumption before nd
fter 1o see that heat production had returned to normal after the
eftect of curare had cesed (10)

Behnke In all experiments the ammals recovered®

Dawis Yes

Irommg Did you have to admunister artificta] respirition i your
stage of curarization?

Davis No We found that if we curinized the 1mmal very fully
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and apphed aroficial respiration, i less than 5 munutes there was 1
fall 1n colonic temperature of up to 2 degrees This, of course, rusned
our experrment This 1s why we retaned these critern, even though
we had to be very careful to have the technique well under contral

Burton What evidence 1s there that mchnes you to feel that di
thermy, by rasing the central temperature, the brain temperature,
;:)h]lbl!s only the nonshivening part? Why shouldn’t 1t be mhuibiting

th?

Davis Because curare removed the part of oxygen consumption
which was not depressed by dithermy

Burton Couldn’t the diathermy hwe been removing part of the
shivering and part of the hypothetical nonshn ering?

Dauis Tt could have

Burton What inchines you to sty that the part removed by dia
thermy wis nonshivering ?

Davis Because you could not depress the oxygen consumption
further by drathermy except by raising the shin temperature or ad
munustering curare, which elimmated shtvering

Buich Were electromyograms obtamed?

Dawvis Yes Is your question answered, Dr Burton?

Burton Iwill have to thank about 1t ‘There has not been sufficient
trme yet for me to know whether or not I find this answer acceptible

Carlson If he had the EMG that 1s the answer

Buwrton Yes, if he had enidence that this dithermy was not re
mos ing the EMG but was removing the hen

Dawms Tlus 15 not complete evidence beciuse of the vanability of
shivertng from one munute to the next and from one amimal to 1t
other So you stll are faced with the origiml problem

Burch The shivering phenomenon would be diiferent

Dawis The shrering phenomenon as I will show Iter, 152 Tighly
variable factor

Horvath Isnt 1t your electromotive energy you 1re smewsuning?
You either did or didn't have 1t

Daws There was the strychnune effect of curire ac the begianing
when curare started ta take effect It was hard to disunguush betueen
this and muscular acuvity, but later, dunng the penod of Lurre
effect, almost all EMG was wiped out

The results just presented were obtamed from unrcclimated i
mnals It was of mnterese to determmne what happened to these thwo
fractions 1 the course of acchmution Figure 78 depicts the clft(ﬂ
of rcchimation upon oxygen consumption ang shivenng Thcdoﬂt(ll
nite represents per cent chinge of shusering nd cold mduc
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metabolism or EMR The abscissa 18 exposure time 1n days Figure
78 depicts results on three groups of tmmals at three different en
vironmental temperatures namely 13° 6° and 2°C The three
upper cuirves are the changes 1n oxygen consumption The two lower
curves represent changes in shivering acuvity for the group exposed
to 13° and 6°C (10)

In 1953 Dr Lyman helped me considerably in obtaing the 2°
and the 13°C curves Facilines failed me for the 2°C curve and I
4 v — © ™ DButthe important pownt here

of continued exposure with
luction

Thus we were seemg what Sellers (19) (who was domng his work
at about the same tume) has already pomnted out that heat pro
duction can occur 1 the absence of shivering n cold acclimated rats

Figure 79 shows the oxygen consumption curves expressed as per
cent of EMR of the syme three groups of ammals when irradiated
with diathermy In all three groups we find that the oxygen con
sumption can be divided mto two phases an early phase wn which
the oxygen consumption curves show a gradual fill and a later
phase 1n which the oxygen consumptton curves show a gradual re
establishment of nutial levels Somehow the enrly phase appears to
be associated with the disappearance of shivering but the correlation
15 at best poor In the second phase oxygen consumption curves show
an increase at a ime when shivering acuvity levels are nearing zero
Since we had previously concluded that the heat production remain
mg during diathermy 1rrdiation 1s cansed by the continued stimu
lation of the low skin T e we further luded that the
mamntenance of these levels of oxygen consumption under dia

21

thove - a -

we should be able to measure the development and contribution of
this fraction by a combination of curite and diathermuc treatraent
10)

Figure 80 depicts our results with curare treated animals as well
as with curare plus diathermy treated animals The curves are oxy
gen consumption expressed agan as per cent of EMR The upper
curve shows oxygen consumption of ammls treated with curare
alone The lower curve shows OXygen consumption of ammals
treated with both curare and duathermy As acclumttion proceeds
the effect of curare depressing oxXygen consumption becomes less
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CURARE TREATED

CURARE + DIATHERMY TREATED

2
3

8
3

20 20 40 5o

OXYGEN UPTAKE AS PERCENT OF EMR

°
.
=3

DAYS OF EXPOSURE

Fllee 80 The effect of curare on nond athermized and dsathermuzed rats dusiog
acchmaton Reprinted by permusion from Davis T R A Johnston D R and
Bell F € The regulation of shivering and non shiverng heat production durng
acchmation of rats Report 36! U S Army Med FPes Lab Fi Knox hy 19:8

and less (10 20) After 30 days curare has no effect upon total me
tabolism 1n the cold even though the critena for curare dosage are
satisfied Simlarly as shown 1n the lower curve the effect of curare
plus diathermy treatment 1n depressing the cold mduced metabohsm
also becomes less and less and after 30 days of exposure curare hasno
effect mn further depressing the oxygen consumption of diathermy
wrradiated 1nimals Thus we can conclude that che lower curve ;m
Figure 80 1s 1n effect measuring the metabolic contribution of 2 skin

stumulated nonshivering thermogenests The upper curve can be tn

terpreted as measuring (by subtracting from the total metabolic
rate) the contribution of shivering heat production The correlation
of these two curves with the disippearance of shivering activity 15
statstically significant (10)

Figure 81 represents a stmple interpretation of what 1s occurring
to shivering and nonshivering thermogenesss during acclimation
The top curve represents the per cent of cold induced metabolism
at any point during the perniod of acclimation The second cur:;
represents the per cent contrsbution of shivering heat production
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NON SHIVERING OXYGEN CONSUMPTION
DUE TO PERIPHERAL STIMULATION
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BASAL DUE TO COLD (6% 6)
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Yitre 81 Fractons of metabolism which contribute (o the cold mduced metabolsm
during cold acchin auon of the rat

cold induced metabolism as a functron of exposure nume The third
curve 15 the per cent contribution of a shin sumulated nonshivering
heat production The bottom curve represents the contribution of
a centrally stimulited nonshivering heat production Thus cold
mduced metabolism At any time during the period of acclimation
1s the algebraic sum of shivering of a shin sumulated nonshivering
heat production and of a centrally sumulated nonshivering heat
production (10)

In these experiments we used something lthe 150 or 200 animals
over 1 period of 4 years In some amimals after acchmation no
depression of total oxygen consumption would occur when trexted
with diathermy During these experiments we gamned the distince
chinical impression that the animals were lest resistant to cold Le
tieen 10 to 15 days of exposure which was the period when most
of the deaths occurred

The obvious thing to do next 1s to show the cold sensitive response
15 1 function of exposure ume We haven t done this Colonel Blur
hns alrerdy shown that the acclimated it 1s resistant to cold
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Reynolds Is 1t shivering you refer to tn that increxse n electro
myogriph or visible shivering?

Daws Incresse in myogriph The question that hsn t been 1sked
I shall answer wnyway It 1s where 1s Al this nonshevering he pro-
duction comung from? Obviously Al we have done 15 index 1ts pos
sible existence

Dr Reller ns others have done unphcated the Iier 1s 1 source of
heat producuon 1 felt thit muscle miy produce—what wis yoir
term Dr Burton?

Burton Nencontrictile

Davis Noncontrctile heat production Figure 82 shouns the ovy
gen uptike of ltver and muscle shces obtned by the Warburg tech
mque (21) Lach point represents ten ammals and five to ten samples
per imuml The Warburg technique 1s 1 most unhappy one beciuse
of the great varability encountered The solid curie represents the
oxygen uptake of ltver shces The interrupted curve represents our
findings on muscle ussue For Diver tisse no sigmificance could be
obtuned between zero and 30 days The 15day pomt howeter 15
significantly low This Jow figure shows the opposite of what one
would expect 1f Iiver mcreses 1ts cipacity to produce heat
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have elevated metabolisin, whether 1t ts warm or cold The stgmf
cant poumt 1s that the cold stmulus 15 what 15 giving the rise m metaly
olism

A second pomnt concerns the worl, of Arnold Hsteh 1 our labort
tory (22, 23) We demonstrated that the curinized rat’s oxygen con
sumption increases with cold exposure Sympathetic bloching agents
and adrenolytic substances prevent this response, while it can be
simulited by epmephrine and norepinephrine It seems to me that
thus would indicate a response to cold that would not be expected to
measure m the Warburg unless the conditsons conld be duplicated

Davis T didn t expect to see 1t happen the way the results show
and as I pointed out, all we have shown 1s the reltrve ability of
muscle to take up oxygen i witro

Hart 1 fully agree with Dr Carlson that we need tn tvo expent
ments We should measure the metabolism of different organs simul
taneously with measurement of whole animal oxygen consumption
Somehow, we must determine the oxygen consumption of the organs
by mewsuning the atrioventriculr difference and blood flow

Davrs The method 1s complicited by flow changes

Hart We have used the ehmiuon techmque Depocas (24) hs
used the method of curarizaton plus funcrional evisceration Even
under these circumstances, 1t 15 possible to obtun a cold induced rise
1 oxygen consumption 1n rats exposed to cold, after they were pre
viously cold accimated We do not conclude that this necessanly
implicates skeletal muscle but 1t virtunlly eliminates an important
part of the viscera, including the liver, as a source of heat productton

Behnke Why not take histological sections of muscle i cownt the
open capillaries®

Davis Hasnt O Heroux of the Defence Reseirch Laboratorses in
Ottawa done this?

Hart Yes There 15 ncreased iasculanty Actually, his most
certun results concern peripheral tissues, the exrs of rats The work
on muscles has been re examined

Keller Interpretation of vasculanty of an organ 1s as difficult as
interprertion of the magmtude of glycogen mn the Iner, hnsmllOgl
cally, beciuse the end result depends so much on several hard to-

uantitate factors
1 The varabulity there may be considerable It 15 difficult to draw
conclusions, except m a rough, semiquanuiative manner e

Dawis If Figure 83 looks confusing, 1t 15 meant 1o It shr:;’sms
shivering pitterns and thetr tunes of onset of nme humtn subj
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Davis The condations were 14°C exposure mn the nude, lymg
down for one hour Actually, we took some of these for maore than
ane hour, but I am gving you the hour data

The charactenistic cycling of shuering 15 also demonstrated where
peaks of actvity occur with periods of quiescence These appear to
be faurly constmt for exch mdvidual but vary i1n persodsctty from
15 mmutes to 45 minutes between peaks Pertods of bursts of 1ctnaty
are chiractenized by an mcrease tn frequency and amplunde of the
short bursts associated with shuvering "The penods of gusescence are
charcterized by a tonic type of contraction At first ghnce, st would
appear that this mechmism of heat production 1s 100 crude to be
rehed upon to wam the hness d with homeo
thermy With the mnstrumentaton avadable, it ws not possible o
relate these pertods of actviey and quiescence with changes ta c0
lomuc or skin temperature

We carried this on i some indwiduals for 2 hours, to see whether
this had a cyclic trend, it does appear to have one For instance, ane
of these mdrviduals 1s 1, I peal every 22 munutes, plus or minus } of
2 munutes, for the whole 2 hours

Henschel Does the paern change if the environmental con
ditsons are changed?

Daws If the environmental conditions are changed, the patters
doces change It also depends upon the ume of the year

Burton It depends also whether 1t 15 after lunch or before tunch

Dawis Yes, st appears to If shnenng is re-established 1 wonter Yry
lowering the temperature of the room, st 15 often possible to clunt
nate these peaks But when shivermg s occurring at the Tughest
period of activity, you usually get these bouts of shiverng sepsated
by periods of relatne quiescence

Fremont-Smith  Shouldn't degree of nemous tension be con
sidered, aiso?

Dawves We are trymg to ehimipate this

Fremont Smath 1E 1t does occur, 1t wall operate to accentuate the
bouts of shrvering? .

Davts Yes We could mhibst shivering for as long a tune as 9
munutes and as short a tsme as 30 seconds, but we could not change
the over all pattern

Figure 84iho“s the effect of immerston m sea water at 1°C 0“:
human subject, msofar as his sectal temperature and s)mcrm‘;g (‘;n
spome are concerned The rectal temperature curse s bse: "
actual me ts The skin ure curve below 1s &
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Rectal temperature changes 1n man dunng and after smmersion to 11°C
sea water

mated and the shivering curve 1s based upon subjective observation
The abscissa 1s tume 1n minutes (8) My lack of concrete data 1s
caused by the fact that my laboratory was a beach my instrumen
tation was an ordintry clinical thermometer and I had nothing else
except my own biased powers of observation

The pertod ot tmmersion occupies the first 25 minutes followed
by the postimmersion period consisting of a dressing pertod a walk
ing period and a resting period This experiment was repeated six.
tmes at somewhat different prevuling sea and air temperatures
but the results were essennially as shown here During immersion
the rectal temperature showed 1 marked rise 1t the end of 5 mmutes
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followed by a muntuned level at temperatures sigmficantly higher
thn preimmerston temperatures During this pertod of hyperther
mi1_there wis violent shivering The estimated shan temperature
was low during this pertod Following immerston the recta! temper
ture fell precipriously to below the pre expertmental level nd it
did not return to this level unel ~bout 2 hours after immersion
Duaring this period of postmmersion hypothermiz no shnering
could be demonstrated objectisely or subjectnely and the estimated
skin temperature had returned to near the pre exposure level There
fore we were led to conclude that under the condinons of the ex
permments shnening 15 primantly simulated by the effect of cold
upon the shin nd that the mmmersion hypertherma s well 1s the
postimmersion hypothermia had little influence m whibiang or
stumulting shavering

Since ths expertment we have found that the human unlike the
rit ceses typted bursts of shivertng as soon as he 1s caken out of the
cold The rat on the other hand continues to exhibit typical bursts
of shuvering for an apprecrable tume after removal to a hot room e
feel that this difference 15 dependent upon differences m sulation
We h1ve not observed postexposure shivermg m a clothed man to
test the validaty of thus premise Although the typical bursts ol shiver
ing activity disippear m the nude man on removal to a wirm room
continuous tontc contractions which are easily wihbited by psychic
stimultion ¢ be seen on the EMG

Siple This s t alnays true 1 extreme cold at lewst Under sucht
conditions a mmn comes in after he has been outdoors workwng for
hours at 1 tume without shivermg~

Davis Remember he 15 msulated by clothing

Siple He 1s adequately dressed but shartly after he comes mndoors
where it 15 warm he begns to shiver

Keller In thac sueatton he can ¢ shaver while working because his
muscles are 1 use

Daves Ths 1s the best inhibrtor of shnenng

siple He didnt feel cold when he was outsde but when he got
mide he felt suddenly very cold Purely as a Jayman 1 nould 53y
that once he hut the wiurm arr actually there was a certun rendency
for vasodilation to commence Circulition of the blood through the
cold surface wrets tends to bning 1bout 1 xapid 1f gunor drop xr‘:
deep body temperature There 15 2 whole series of psychologica
factors that go right tlong with these oo
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[orum:uely, e obtamye, Ctober levels of hear Productsop, Using
the Normaq) clmxcal Metho of measurmg Metabole Tites conslsung
of pure OXygen brcathmg. and 4 Sroup Jeyof of 6o per cen; abore
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ng to pr Burton, breathmg Pure oy 8CN 11y sluvenng Ie
looke, Possibyy, Y but vy, 0t able ¢o Substan e 1t under
the cond our exp, Timent |, 1ch yepa Such ¢hy, breathyy,
pure g OCcurreq y itteng) e of per cene

etab, basaj gn, ﬁcamly high mn levels Obtained
under p, 53] dition, hus, e feel gy A ya € shown the pres
ence nshyy gk Production . momn Sy

1nges leat ductyg, shiver, ng actry ey ndicate gy, Stice
these mzlmduals Teceneg only | hour of dehbemte old exposyre

per Month, these changes could gy} have occurred 4 , Tesult of
8 Y

Hayy Whae IS the e Course of an ndy gy gy EXperimenyay pro-
cedurep In othey ords, there Might pe , hg the Tesponse of feg,
Producyy,, 0 the ¢olq €Xposure Hoy long g,q this tesp Jog, nd

Day,s hese are heay Producyg,,s At the eng of one figyy The
shnermg levels are the mean for the Whole hour
Bass Whae Were the Subjeces domg | Or 2 hours PTIOr 1o exposypes
Dayys The Were brought n the nighe before and pug 1 o basal
a state 4 Was Possible € slept 1 he Were pue 1 5 ¥ rm room
3 30°¢, 4 Stibilyze there fo, 1 hoyr and thep nto the cold fo )
ons

Se our €y, T4

Figure 86 shows the QO ober Means apg the Febnnry mems of
shin ang rectq} nempcramre The closed circles are the October alzd
rcles are o TUALY fionires for these ndnaduals vy,

foung a change M recta] g, Perature betneen October and Febry
Y, bug Mmay mean something

onset of sImenng for October

€

OcCurreq Since mean si,p, lemperature did ng, change betneen Oc
Was 8reater than Go Minutes 1, ppears, thereforc, that 5 shuft of the

1pe Tequured 4, Stimulace gp;y ermg has
Occurreq Snce Mean sk, tempcnlure did noy g
October and Febrmry the fheae loss frop, the skup 5
cInnge Yet ye are faceq wWith an €Xplinayyg, for
per cen; for hee Productro, between

Skin emperamre, on the other hang shows e chinge between
Octo,
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Molnar There was a change 1 one subject I Jooked at very care
fully

Dauvts There was a chwnge He did go down a Iittle and come back
up from month to month We couldn ¢ tell what was happemng It
wasn t assoctated with anything else

Molnar 1 thought we associated 1t with the shin surface temper
ure of the thigh

Dawvis We thought we hd discovered something but, when ne
looked at 1t more critically and tried to apply 1t to a vanble, ne
found 1t was contradictory

Wolnar When I was looking at it, 1t was not contradrctory, but
I am talking from very poor memory, s 1t w1s some tune 130

Dauis This was the indis1dual shown tn Figure 87 I.am using hum
as an exwmple of what happens But, 1f I remember correctly, Br
Molnar, we looked mto this, and we are certamnly gong to look into
1 more We have all the data plotted out for you

34

33

SKIN TEMPERATURE °C
"~ o
© °

o MEAN SKIN TEW?
FOR GROUP
2 G 50
20 30 a0 s
° EXPOSURE TIME IN MINUTES
ubject as 3

Fictre 87 \Mean shn temperature and tune of onset of shivermg in &
function of seasonal change



Shiering and Nonshwering Heat Production 263

Burton When you say that the apparent difference 1s not statis
uically significant did you use the really appropriate kind of statis
ties which 15 pawred statisics? Did you work on the means or
compare the response 1n February and October on the same subject?

Dauvts We worhed on the means as well as the differences

Burton 1 would have guessed that would come out significantly
on paired statistics 1f those were the means

Davis 1 think we got a difference of 5 per cent which I 1m not
willing to thmk 1s signuficant 1 do agree something definutely 1s hap
pening here In our next study I think you will see what the differ
ence is

Burton You dont accept 5 per cent as a workable level of con
fidence?

Daws 1 think we tried paired sample technique but we weve not
mpressed

Figure 87 shows the onset times of shivering and mean skin tem
perature at which shivering orcurred 1n the individual who shivered
throughout the pertod of observation The ordinate gives shin tem
perature the abscissa gives exposure time and the solid line shows
the mean shin temperature for the group In October this subject
shivered after only 4 mumutes of exposure at 1 relanvely high mean
shin temperature As fall and winter progressed the onset time of
shuvering increased with a lower mean skin temperature 1t which
shivering occurred Since the subjects were exposed dehberately to
cold for only one hour each month for testing purposes only these
changes must be due to seasonal acclimation On the basis of these
Tesults we have presumed that the disappearance of shivering during
acclimation 15 accompanted by a shuft 1n the skin temperature
threshold at which shivering 15 sumulated (25)

Figure 88 shows the effect of heit acclimation upon the shivering
levels of the seasonally acclimated individuals used 1n the previous
study We did use additionl subjects and divided them into an
exercise and a nonexercise group We found that even though we
could sausfy the criteria for heat acchmation we could not signifi
cantly show a change between the pre heat and post heat levels of
shivering Such 1 result would indicate that perhaps he1t 1nd cold
acchmation can occur m an ndnidmnl simultaneously and nde
pendensly

Since 1t appears that shivering activity dimimishes as 1 result of
sewsoml cold exposure 1t was of interest to determine the rapidity
with which such change could be effected by an exposure under
controlled conditions Therefore ten nude indwtdunls were exposed
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HGURE 88 The effect of heat acchmation on seasonalfy cold acchmated huntan subjects

m 2 cold xoom at an air temperature of 12°C for 7 hours 1 day for
a total of 32 days, I day a week being allowed for religious attend
ance Shnenng, oxygen consumption, and rectal and skin tempera
tures were measured on each mdividunl after 4 hours of the 7 hour
daily exposure perrod

Figure 89 shows the changes mn shivering and oxygen consumption
that occurred during the 32 days of exposure The upper cune 15
heat production and the lower curie s shiering activity Shivening
activity can be seen to fall rapidly 1 the first 10 days of exposure
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reaching a low point at about 21 days This particular study was
carried out during the wmnter—in March to be precise We found
that ne could re establish the shivering levels to only 50 per cent of
the October levels even though the cold room temperature was
lowered by 2 degrees and the exposure time was increased from 1 to 4
hours for measurement purposes The heat production curve can be
seen to rise on the third day followed by a fall to approximately 33
per cent above basal This level was significantly above basal at the 1
per cent level of confidence indicating the presence of a nonshnenng
heat production since shivering 1s at low levels after the 20th day
(26)

I3
BASAL

MEAT PRODUCTION

ELECTRIGAL ACTIVITY OF SHIVERING — VOLTS / MIN
8
MEAT  PRODUCTION ABOVE

SHIVERING ACTIVITY

PERCENT

)

20
DAYS OF EXPOSURE

Heere 89 Ovygen consumption and shivermg actnity of ten human subects exposed
t0 125°C air temperature for 7 hours daily for 32 davs
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Burch Was the heat production at 49 per cent 1n March?
Davts Yes, but these were basal and were taken at room temper

ature

Burch Did you check the heat production 1n those mdnidual?

Davis These were checked every day Figure 90 shows this change
of rectal temperature you were looking for, Dr Burton At 15 days
the vectal temperature has fallen quite signuficantly from the control
levels (20, 21)

e

TEMPERATURE

RECTAL

*c

SKIN TEMPERATURE

FictRe 90 Mean rectal and mean shin temperatu

38k

a7

36

30F

25;\/\/—_——.
L . A

% ) 20 e 30

DAYS OF EXPOSURE
re of ten human subjects exposed 10

125°C air temperature for 7 hours dasly for 32 days
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Burton Is this the rectnl temperature after 1 hour exposure?

Dawis In this situanion 1 should explain again that we did not
measure shivering until the person had been m the cold Toom ex
posed for 4 hours and had been lymg down for three quarters of 1n
hour before we made any measurements

Burton Yes but does this rectal tempertture represent what 1t
s reached after the cold exposure or what he was before®

Davts This 15 while he was being exposed after 4 hours

Burton It mght have started 1t a normal level and dropped dur
ng the exposure?

Dauts No we did this 11l at the same ume of the day throughout
the period

Burton 1 would be more interested 1 the measure of drop during
exposure I wondered if these datt represented that or not

Davts No The first record 1s the first d1y of cold exposure and
the next 15 % days the next 8 15 22 31 and 32 days

We notice agam that the skin temperiture had not changed
Actually the changes that did occur were because of the vagrries of
our cold room but the difference between the shin temperitures and
the room environmental temperiture was the same throughout the
experiment Again we see that the heat Joss at least from the skin
surface s the same throughout the period of exposure Having seen
the seasonal response we have to speaify what time of yeir we did
this this is the winter study We mntend to study 1t again m summer
s hen the background of the Kentucly heat acchmation has taken
plce

Reynolds If there were seisonal effect you would expect 1t to
kappen m the spring?

Davis I am not sure When you keep people 1n the hot room 1t
49 C for 3 weeks and do not get a change 1n our parameter one
wonders Essentially these experiments indicate that man appears
to show physiological changes as a result of continued cold exposure
These changes are essentially the stme as those seen 1n the Tt where
n accompinying mncrease 1n resistance to local cold 1njury and hy
pothermia has been demonstrated One perhaps would not be too
finaful 1f one presumed that 2 stmilir mcrease in resstance to cold
15 1lso occurning 1n man as 1 result of continued exposure to cold
especiilly when xe consder she sremendons change A enexgy re
qutrements between wchintted ind nomicchimated individunls
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THE PROBLEM OF EQUIVALENCE OF
SPECIFIC DYNAMIC ACTION EXERCISE
THERMOGENESIS AND COLD
THERMOQGENESIS

] SANFORD HART

Drviston of Applied Biology
Nattonal Research Counerl

Ottaua Onfarto (anada

In av EARLIER rarEr (1) 1 considered the equivalence of specific dy
nimic action 1 therefore now will present only matenal on equina
tence of exeraise and rold thermogenesis We are all in concurrence
with the principle that heat whatever be 1s ongin or mode of pro
duction 15 potentially available for muntaiming body temperuure
n a cold environment However for purposes of temperature regn
fanon 1t 1s quate possible that heat produced as a by product of one
wpe of activity may not be as effectve as heat produced as the by
product of another type of whivity That 1s to say the activities may
not be equivalent or equally eficient It is the problem of equisa
lence of various modes of hewt production that I wish to discuss
Equivalence here will be defined 1n terms of metrbotic replicement
Two sources of heat will be considered equunalent 1f one 15 able 10
substtute metabolically for another in 1 cold environment Under
these conditions there would be a gam of efficiency 1 the sense that
an actnvity helping to mamtun body temperature would at the syme
ume and without increased energy expenditure be performing some
other function such as mechamcal work
Figure 91 will 1llustrate the prinaple involved The upper pnet
of ll\\s figure 1iustrates the classical pnnup‘e of equivalence where
1s refated d walty 10 eny i tempert
ture The metabolism 1 a restng ammal typicnlly shows a thermal
neueral range A ~ B with the critical temperatare at point B and an
merease i heat production B ~ € +long the hne roughly propor
tionl to the temperiture gradient between the central body temper
ature wnd the air

2n
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produced 1n response to cold the subsutution would nmplicate the
same common pithway for the two activittes On the other hand
nonsubstitution seems to disfavor the utilization of a common path
way at least 1n the examples to be given

Carlson Isn t the graph also constructed on the 1ssumption thit
the exercise doesn t change the heat loss 1n the animl?

Hmt Yes s 1 will point out later that 1s one of the 1ssumptions
or one of the conditions that 15 perhaps being overlooked We are
thinking here only in terms of metabolism OF course 1f heat loss 15
changed there will be quite 1 different picture I intend to go nto
this question of what happens to hext loss

Iruing Would not also your lower example necessartly represent
an elevauon of the body temperature?

Hart Yes

Fremont Smith Are you siying that the body can be Kept just as
warm by heat produced 1n one organ as by heat produced 1n another
and that the calories produced in one plice will be 1n adequate sub
streate for calories produced somewhere else to heep the body warm?®
Or are you saying something more than that>

Hart I am saying this could happen

Fremont Smuth That 1s essentinlly what you are saymg could
happen®

Hart Yes

Horvath It depends entirely upon the integrity of the circulauon

Hart In other words on the nsulation

Fremont Smuth 1 was stmphtying 1w provided heat can be trans
ported appropriately

Hart 'What 1 would Like to discuss munly mn this tilk 1s the
question of exercise and cold thermogenesis I hive been working
for 1 number of years on 1t If there 15 time Inter 1 will mention
briefly the question of specific dynmic rction but only to illustrate
the prinaiple further

During exercise the ongin of the heat production 1s from muscu
lar contraction Cold thermogenesis origimates both from muscular
contraction (shivering) wnd from noncontrictile processes I will
deal separately with the interiction of exeraise with shiening and
nonshivenng thermogenests 1 hive been mded of course Ly the
previous speaker who has defined what he means by shinening and
nonshnenmg thermogenesis The meanings to be ghen to these
terms are 1pproximately equivalent to those of Dr Davis

At the outset classica! theory has always favored the idea that
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during exercise, the het produced will substeute for thie which
would be norm1lly produced in a cold entvironment with 1 resultant
gun m efficiency

Thas 1dea goes back to the old views of Rubner (2) whom fen
people seriously question todiy It 1s generally accepted that if
shivering 15 the source of heit in the cold, exercise would mhibit
shivering because both processes origmate from musculr contrac
tion Hence one would logically think that the one would substitue
for the other However, there 1s very Inttle direct evidence for this

Figure 92 provides electromyographic evidence on the elmmation
of shnening by exercise When 1 pigeon was placed m a room at
20°C we obtained the electromyograph shown on the upper left

REST 20° REST -13°

SR

AFTER FLIGHT -13°

bird 3t
Fictre 92 Flectromyograms recorded from breast muscles of 2 Picor © e fight
rest at 20°C (upper left) at rest at —13°C (upper nghy) and ""g‘ "+ ‘” b terated bY
(F) at ~13°C The ECG 15 superunposed on the EMG at 20°C bu
shivering at —13°C After fiight ECG can again be scen
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FlLure €2 Oxygen consumption (upper) and colonic temperatures (lower) of four
indwidual rabbits duning rest (open circles) and work (closed circles)

with marked hypothermia resuluing 1n some rabbits Evidently the
amount of work prescribed was entirely insufficient to preserve heat
bilance and 1t 1s clear that the ammals were much better off not
exerasing at all The crossover temperature for rabbuts occurred at
—20°C on the average so that exercise at lower temperatures was
detrimental

Thus 1llustrates the pownt that the exercise 1s reducing the body
msulation and increasing the heat loss to a much greater extent than
1t 1s increasing heat production, and the effect 15 sometimes detni
mental to the amimal

Burlon Did you find the crossing over more marhed in the smaller
animals? I was wondering whether this might be sery different i 1
large amimal hike man

Hart 1t has occurred m all the ammals 1 have seen up to the size
of 2 rabbit The only difference that I have noticed 1s 1n the environ
mental temperature Jevel at which this occurs

In the smaller ammmals such as mice, 1t occurred 1t temperatures
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about 0°C, while m these rabbuts 1t varied all the way from 0° down
to —40°C

Burton 1 was thmkmg not only of the change 1n the ussue wsu
lation but m the msulation of the ar caused by the moyement 1
would thk, from physics, this would be a very much greater efiect
m the smnil animal than 1n the lrge

Hart 1t should be much greater i a smaller antmal

Burton S0, m man this might not amount to this actual revenal
of body temperature change

Hart 1 have not seen any comprable data for man, but I would
Iike very much to chscuss the human expertments on this later There
are certamn mconssstencies betneen the antmal and human expert
ments which are hard to understand

Burch What happens to the crculation of the colon duning
exercise?

Hart 1 could not say

Burch Was there a shift of blood?

Horvath During exercise i man, I measuted the blood In the aréa
of the right and left hearts and the inferior vena cava Talso measured
1t 1n the rectum a: the same pme As far as exercse 4s concern!
those three temperatures rse at divergent rates, and rectr] temperd
rure follows along quite apprecsably at 1 later snterval It may lagas
much s half 1 degree or eten more than tht, depending upon
severity of exercise It will Ing thae much or more behnd temper
tures measured m the blood, at least 1 the thorax, where there 53
quite a lg Frentually there 15 7 stexdy state The three tempert
tures will become equisalent agun or appronsmately s, ar there
will be the same differential they had before exercise There 15 3
termfic lag 15 far as the rectal temperatures are concerned O
exercise

Burch That state 1s not steady?

Horvath Thns 15 not a steady state erther The last three
3 6, and 8, have crossover ports for body temperatitre On the
uve side of the environment Assoctated somewhat closely 10
pomt 1s the marked decrease wmn the oxygen consumptosnt frced

Hart Dunng exercise, yes, i those tno amimals That s 1:\»
to an actual decrewse m running speed At a centun lev el of hyy
thermia, some ribbits almost ceased runmng -

Horonth Therefore that 15 the reason there 15 a huge drop
temperature

E!t::rtlz When a thermocouple 15 placed in the rectum some h:rﬂ
mast be conducted along the wire Was heat last i that manner

amimals
negh
that
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Hart It 1s not usually considered to be 1 major factor mn cooling
the amrmal 1n most experiments

Burton There 1s a much more mmportant arttfict tn humans md
that 1s the presence of large veins running near the wall of the rec
tum comung back from the legs During exercise one gets vasodi
lation and quite a2 marked drop can be found in the rectal temper
ature at that particular place

A study of the rectal temperature at different depths shows par
doxical drops through a certun region But I doubt whether 1t
pplies to colonic temperatures 1 animals

Hart In the rat to obtun good deep body temperiture one must
gom4orbcm

Burton One does not know whether the next subject has a differ
ent anatomical distribution

Horvath The higher up the better to get away from this posst
biliy

Hart In all of these ammal tests those exercising mn the cold
seemed to be 1ble to draw on extra metabohism for cold thermo
genesis even though the muscles wre working at close to maximum
sustamned effort ‘That 1s to s1y 1n rabbits and 1n some of the other
animals the level of work 1s high 1n relation to what they can sustun
over 1 Jong period of ume Such an addition of metabolism would
not be expected if cold thermogenesis were due to shivering An 1d
dition would not be expected but rither a replacement of shivering
by exercise thermogenesis

Therefore 1t 1s important to determune 1 hether or not ny differ
ences 1n metabolic patterns exist when the cold thermogenesis 1s due
mamly to shivering on the one hand or to nonshivering thermo-
genesis on the other We can potentiate nonshivering heat produc
tion by cold acchmation In the next expernments we will examine
what happens when we compare the effect of exercise on the warm
and cold 1cclimated rats *

In these tests the oxygen consumption w1s measured first duning
rest Then the ammals were placed 1n a trexdmill and run at 1800
om /fmin for about 30 munutes Finally there was another rest
period  Figure 96 illustrates the course of the changes mn oxygen
consumption and body temperature with time 1n warm and cold
scrhmeied ries There were twa groups wd they were botk ex
posed 1o two different temperatures 30° wnd —4°C

An alcohol latnp test was run here to show the pattern of response

T ]S Gipull ted
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of the apparatus to immediate changes 1 oxygen uptthe of the
lamp The lower portion of ths diagram shows the average changes
n body temperature of twelve animals The temperatures were not
meastred at the same time, in the metabolism and body temperature
tests

1 et us first consider the cold acchimated rats There 15 an increase
of metabohsm during exercise which amounts to about 5 ml per
minute, both at 30° and at ~4°C  The starting potnt at —4°C was
roughly equivalent to the exercise level at 30°C bue the exerase
ncrease was about the same In other words, the exerase did not
substitute for the cold thermogenests

In the lower section of Figure 96, we sec that when the exerase
occurred, the body temperiture 1n the cold ncreased slightly How
ever, the nise in body temperature did not inhibie cold thermogeness

In the warm acchmtted rats the situttion s quute different for

COLD ACCLIMATED WARM ACCLIMATED

‘mc\»z..‘_,.

0p CONS ML /MIN

COLONIC TEMP

TiME M
rm agelumated 138
ower grapht
Jeohol tamp

unsumption in cold and wa
and 49 (closed circles) L
work at 30°C and —6°C &

Froure 96 Upper graphs show oxygen ¢
during rest and wotk at 30°C  (open aircles)
show tolomc temperatures during rest and
shows time vesponse of apparatis
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warm acclimated rats, we can only conclude thit the cold thermo-
genests itself 1s inhibited In other words, the shivenng that occurred
before 15 reduced by that amount But in the cold acchmated rats
there w1s addition of exercise to the cold thermogenests, so that there
15 no inhibition at all

Keller 1 don’t see what your distingurshing evidence for that
statement 1s

Hat That there 1s no inhibtion®

Keller Yes 1seem to have a blind spot there

Hart Because the rise due to exerctse is the sune at 30° and —4°C
as has been previously seen n the other speces

Keller You are mewsurmg total heat production without dis
tinguishing where that heat 1s coming from

Hart We cannot hne substitution when addition 15 demon
strated

Burton Yso't Dr Hart swing that 1 * cold acchimated  ammls
there 1ot a substitution of the work or exeraise for the heat of
shivering but 1n the warm 1cchmated animnls there 15

Hart That s what [ am trying to say here

Aeller 1 understand what you are saymg but 1 sufl don’t under
stand why you sy 1t

Pace X think this bies m with the thesis Dr Davis 15 trying t0
establish for nonshivering thermogenesis

Daws 1 think that st1ll could be inhibired by exerase

Hart My point 15 1t doesn’t seem to be

Pace This would fit such a situation very well

Dawts 1 think, taking mnto account the shin temperature changes
that oceur under exercise heat loss 1s going to be greater anyway

Hart Yes

Davis Exercise nself 1s not sumulated by the need for heat n the
cold, and you don t show any skin temperatures on these dunng
exercise

Horvath T think everyone 1s forgetting somethung If you fook 1t
the cold acclimated rats the level of metabolic mcrease due to exer
cise, ether at the —4° or 30°C, 15 essennally equusalent

Hart Yes, that 15 correct f

Horvath And 1 that case you have a definite tise 1ot the recta
temperature of the cold acchmited low temperature exposure gfoug
On the other hand when you go to your wirmer acchmated :mm\:"
the level of metibolic actiity as exemphfied by the oxygen €@
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Hert You could do that

Burch Smce the ammals were larger, doing more work and using
less oxygen, 1t would be greter This could be a possible exph
nation

Hart Figure 97 15 an mterpretation of what 1s happeming m all
of these tests During exercise at any temperature, there 1§ a sub-
stintial reduction n body insulatton, which means tht a greater
hext output 1s required for muntenance of heat balance than danng
rest This added requirement 1s 1lfustrated on the left hwnd side of
Figure 97 In a warm acclunated rat or 1n an animal producing heat
11 the cold largely by shuvering, the exerase will pary or entirely
replace shivering The exercse 15 shown here as entirely replacing
the shivering Therefore, unless the exercise 1s sufficienly great 10
replace not only the shivering but the additional requirement due to
decreased imsulation hypothermsa wall result, as shown in the centet
of Figure 97

On the night hand side 1s shown the situation for a cold acchimated
ammal produung resting heat n the cold by chemical thermo
genests Exercise thermogenesis at the same level as that 1t the center
divgram adds to the chemical thermogenesis to give the total heat
output required by the reduced msulwtion If the toral 15 gremer
than thit required by the reduced insulinon, body tempene
nises until equilibrium 15 again estabhshed

Keller Tt does one thing 1t suggests that nonshiyenng thermo-
genesis 150 t from muscle

Hart That 1s the next problem, and 1t 15 an interesting question

FXERCISE LEVEL e e
=~ FOR THERMAL ™
BALANCE

EXERCISE
®
3
2
£
H
&
&

work
Ficiae 07 The Jeft hand sule shows heat production sequured during cest an w02
to mantam thermal balance the center shows replacement of shuenng by &L
thermogenesis with resulung heat debt an warm acclimated ammafs :v'\,  tamed
hand side shows addinon of exercise to nonshivering thermogenesss Wi
thermal balance 1n cold acclimated anumals



Exererge and Colg T/:ernagcne_ru 289

Hoy ¢, an an 5 mal y gy IS exery, smb U aleve} 2t 15 per; thaps nog
Maximay Sustarnegg effor; but g, Ose lt sxm lnneously add ¢l
thermo'renesu from the m Musclesp Wl this eypr, hex commg
fro

I\‘ eller 1 Twoulg d say y Would be 1oy, her Presumpy o Tither cxrcum
Stantia) ¢y, Vidence, that g 1 1t com, Mg from , the Muscle, wouldn ¢ 55,
when ¢he Muscle g €Xercigy, tng?

Harp Yes the Muscles e eXercys; 'S On ¢he other hang Cinngt

f he,

De
Contrace e Process> Dunng 1cclumuon to cold e noj mruule
gl 156 Jusy sng wh etl ot
Single Muscle fiber m, Y carry out 1he nm s of proccsses stmy]
cously

Kelley W musere fibers pe Not copyy. Ticting mnulnneously of
€ourse Isupp € YOu coyjq d go bek o the ide, %0 differey, 1Tty pes

Burtoy, Therc IS somie g g, dence thae there o, bio rhemlml pPhyy
olo«vucﬂ differe, ences s bety eep the cp M cter o I:he Testing qpg the cop
racyle Metaho)y sm of Muscle There 1S some work by Fisher of

Otontg (1o) abouy Urethap scpnmng Testing apg Hitne e

st) 4 ldenble MMouny of Ciidence S accumy
hnn,r; that ¢he m-umcmn(e Metiholigm, miy bhe of 4 a differey,

e TCIse mety
T thiny, m lxypenh)roxd ndivadiy gy Muscje mmc shons n
cregeq OXygen comumpuon d this ygn tdue ¢ shay €ring

Lace Mt see “hy there <y b mp ere dmmmmn betnecy,
Mmetboly, Mty o the one h-md the Speciy actomy gy
fllnclmn on gy mhcr *

"l There IPpers g |, ’€ 110 reagey, Wwhy these MO fup, uony (qp
hot ), Ceding smmlnnm 15}

1D of g, Meracyje Mechanim g 4 Mmeibey,e N oy,
1o co) pnynlnl by ge ommr w (h effecy I anp opy o Moo ucp,
e " P to

e e 0y n
ary oCumittayy facaate e N RTIA JIIYC ttncy gt 1 ('\('r(ul'
inningy sl oot FEPIOCtable ot L Pl lactare g, 02 50 Oty ry g
Bt ey, 1 o ot g, ) o frth et g e 0tgen gyt Tt duy,,

thre



290 Cold Inpury

75
O 30°%
B o TEMPERATURE
~227¢
50 (— @-27°C .
H
o
9 55—
S2s -
< =
° -,
= T =
g I A R Nl
H wo?(
©
=75 a
o
3
a
S 5o l—
g™ RUNN KRG SPEED
® . o Rest
o x A 8-10 CM/SEC
28~ 4 A 19-23 CM/SES
- X 2732 CMUSEC.
[N
]
d& 1 1 11 |
50 100 150 200 250 300 350

OXYGEN CONSUMPTION ML/HR /MOUSE
Ficure 98 Comparison of the efiect of exercise and cold on elesation of Jacuc aod "
m ce at sarions levels of mctabolism Reprinted by perm sson from Hart J § =:
Heroux O Effect of Jow temperature and work on blood lactic 2ud n deer 1!

Am ] Physiol 176 452 (195¢4)

Bass Is this mcreased hewt production equally dustributed
throughout 1!l cells 1n hyperthyroid patients? I

Horvath Everywhere except the bramn The bramn and the centra
nervous system are not mnvolved i this

Bass Would the Liver be mvolved?

Horvath Liver 1s proporitonally equivalent

Kedler If that 1s the case and 1t was thyrowd o1 orgoT B¢ el
mated animal's basal metabolic rate ought to be Iugher when 1t 18
done mn neutral ensironment

Iruing You have not mdicated i Figure 96 the elevation of the
basal met1bolism of the acclimated rats in 1 neutral environment
Would the introduction of that factor add any further clanfication?

Hart 1 don t think 1t would clanfy the situation in this c1s¢



Exeraise and Cold Thermogenests 291

Carison The significant increase 15 the mcrease in heat production
with the cold stumulas

Reller And of course thyroid had too long a lag It has to be
mamtained

Burton This matter of the increased metabolic rate 1n neutral
environment 1s much more complicated than appeared at first Dr
Sellers ewrly work (12) on it showed an mncrense If you look at the
vest of the graph the activity declines to normal as time goes on
doesn ¢ 112

Hart That 15 correct

Burton 1 dont think we are suggesung this 1s thyroid but we
were citng this thyroid action as an example of disciminatung be
tween resting and active metabolism of muscle

Keller Also 1f an ammal that has been acchmated to cold 15
placed 1n a neutral environment his neutral environment 1s deffer
ent than 1t was before acclimation As Dr Irving has shown m his
ammals 1t the Arctic 1t 1s necessary to redefine what the neutral
environment 1s for the acchmated animl in order to obtain 1 true
basal run

Burch In acchmation to heat 1t would be advantageous to de-
velop a state whereby muscle work could be performed without
generaung too much heat while m cold environment 1t would be
advantageous to develop a stite whereby more heit 1s produced for
the same amount of work

Do you think your dnn tend to support such concepts® This may

ord es m hic pathways It my be

POSSlble 1o shift from one pathway to another and become more or
less efficient with muscle work?

Hart You are thinking in the biochemical sense?

Burch In the physiobiochemical sense

Reller You could determine that by doing myogrims on 1solited
muscles couldnt you before and alter acclimaton?

Pace How do you define efficiency ?

Burch This could be considered to represent the 1bility to do
mechimeal work with less oxygen or metabolic cost

Pace 1 think this 15 1 rather dangerous use of the term  efficzency
although 1t 1s 1 classic term It doesn t make too much sense becruse
for example you can perform wark. wuhaut any axygen amerabae
work that 15 nfinuely efficent

Horvath You hve to pay it back eventually 1f you pay this back
You mesure 1ts cost 1n terms of the eventual energy
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Bass* In connection with acclimation to heat, I beliese Robmson
{13) demonstrated that as men became acclimated, their energy cost
for domg a specific task seemed to go down somewhat I don’t know
whether this has ever been confirmed

Horvath It was confirmed here at the Fort Knox Laboratory in
1943

Fremont Smuth To go back to the earlier discussion, st the
nerve another example of two different hinds of metaboltsm> Nene
firing certainly hs different metabolism from the condition 1 which
the nerve 1s not firing, which also has a metabolism I think you hnve
another perfectly good example. Actually, you will probably find
three or four different levels of sepirate hinds of metabolism that
cells can exhubrt which are relatinely independent of one another

Burton There 15 the work of Liltenthal, before he died, with
Zierler (14) on mammahan muscle, which reveals (this 1s sull beins
argued about, but I can't see any way out) that if a musce »
stretched, 1ts metabohism decreases greatly The oxygen consumption
drops to about one third of the value, as long as you leave the nerght
on We are begmnmg to entertatn the 1dea there are a great mny
factors which can change this “maintenance,” nomcvity metabo
Lism of muscle, which we sy not know about

Hart Nomcontractile?

Buzrton Noncontractile .

Davis A 'V Hill (15) has shown this 1 hypotonie Ringers <&
lution, where he can sumulate the muscle and not hase 1t contrct
but can raise the heat production i the cold by a third of the amount
that 1t was producing before, when 1t was contractng

Keller In the presence or absence of electrical actisty?

Davis He felt there were electrical responses going down to the
muscle but, mstead of contractng, they produced 1 chemtcil ype
of heat production

Burton Then there 15 the latest work from Enghnd, by hitt
(16 22), showing that at synapses there 15 a contmnuous relese of-;
small quantity of acetylcholine, probably coming from indu rd?
cell organelles Only when released all at once does 1t exaite the
action current of the next nerve This contmuous subthreshold ac
tivity mght again change the oxygen consumpton

Pace Also the dmitrophenol effect Certamly, oxygen consump-
tion can increase tremendously without mcreased contrcile activtty

Hart Cahn (23) showed that chemical changes suggestive of these
effects occurred 1 muscle afier dintrophenol administration
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Fremont Smuth The cell 1s 1 factory for several unies which have
some degree of mdependence One may be going fast and another
slow We hive been tilhing as if the cell were a single unitary
funcuion It 1s muluple at least

Burton The latest work from England (16 22) might even suggest
that 1f we could use microelectrodes m the muscle or the neuro
muscular juncture of the acclimated rats we mught find there w1s 1
greater release of these quantt of 1cetylcholine yet insufficient to
produce contrictions unless this release 1s all at once as when
impulse trrives from the nerve

All we are doing 1s speculiting here and opening our minds to the
possibility of this resting metabolism being 1 very vanable thing

Hart We have been discussing the mmplications of another chirac
terstic of nonshivering thermogenests namely that 1t 1s added to the
effect of exercre I would like to conclude by mnquirning whether or
not this charictenistic might be useful in 1ssessing the occurrence of
noncontrictile cold thermogenesis it man by measurement of the
mcreased energy cost of exeraise m the cold

Table V tabulntes some of the results that have been made on man
At the outset 1t should be menuoned that 1 the amimal studies un
like those on mn there 1s already a very efficient thermogenesis m
the cold Heat production 1n rats increases within 3 minutes of ex
posure to the level required to mamntun normal body temperiture
{21) In humns there 15 often 1 lag in shrvering and there 1s 1 con
siderable heat debt Therefore exercise 1s superfluous for muntun
g temperature 1 the cold for rats but 1 valuable tsset for man

Another effect which 1s shown by some of the older dat1 1s that
there seems to be 1 difference between the 1nimal and human studies
1 the way hert production 1s relited to temperrture during rest and
work

In Rubners (2) studies cited by Lusk (25) total heat production
per hour durning work was pricuically independent of temperature 1s
also was thit m Nielsen s working men (26) One of the chirictens
tics of therr study was that bicycling men with pricucally no clothes
on showed 1 constint hett production during work with 1 vanation
of em ironmental temperature from 5° to 35°C This 1s a very remark
ble thing when you recall that i their studies the tise m temper
1ure produced by work was also prictically independent of enviton
mental temperiture

This seems to be 1 marked contrast to the results we hve ob

tuned on wmnls and imdeed 1t 15 very hard to reconule from the
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TABLE V
Energy Cost of Work at Different Temperatures (in Man)

Heat Rectal
Clothing and Temperature Production Temperature
Type of Work (°C) References
Rest | Work | Rest Work ‘
g CO, /i
+ 74 — [ 840 -~ -
- 4155 —~ |85 - - @)
+250 ~ | 784 - -
IR
Light + 50 ~ |50 ~ ] Ruse nde
ndent,
Light +200 ~ 550 - e
Light 4350 —_ 550 - peratute
(Bicycling)
(&
Herningbone 4240 (1hr)| — | 207° -
Twil 33 — 202 Ruse 07°C]
Coveralls 467 _ | g0 Ruse 02°
(Walking)
| _elpy
Light 4250 2h1)| 136 | 260t
Arcuc ~290 208 | 451 sl,ghz Mamte
(Walling) nance
| SR |
Shorts 4200 36 | 1070s - -
Shorts +100 46 | 135 Shght Mamte
{Bieyehing) (1% hr) fall nance

* Exercise started upon ¢ntering room
4 Average of sests duning continuous 8-day exposure
#® Exeraise started after shavering was seen
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changed also, indicating that there was the two step change m both
steps of the wmsulation, from hody to shin and from shin to air

Hart Yes, that 15 night The shin temperature w1s reluted very
directly to environmental temperature in those experiments Would
th1t be sufficient to explam this constancy?

ITroing ¥ don’t think they made that as a conclusion but they
ponted out that that was of probble significance 1n the preserved
heat economy of work production In fact, I thank they sud that it
mdicated that such chinges had to take place 1f the equal economy
of work production was maintawed

Horvath Exercising people m the nude at —~60°C, we were able
to mamtain their body temperature with a lrge expenditure of
calories, around 400

Hart That was higher

Harvatk This 1s m the nude Tt 1s a Tetle it fugher 1 the Arcie
clothed group At ~29°C, they wore Arcuc clothing Wouldn t that
ratse the metabolism, because of the work of carrying that clothing?

Hart In your experiments you had a somewhat grexter energ}
cost of work n the cold (27,28)

Hortath That was explaned very simply becuse of the extrd
amount of work they fiad to do If you ran them at —30°C the
nude and ~60°C 1n the nude their calonc production wis essel
unily the same as 1t w1s at +25°C

Hart In Dr Carlson’s {29) experiments, he appuently ¢
that the energy cost of work 1n the cold was somew hit greiter than
at room temperature Was that yight, Dr Carlson?

Carison Yes, I behieve Dr Honvath's (28) work has such md
cations also

Siple Is this based on the fiting the type clothing ot something
of this sort?

Horvath It was hernngbone twill Actually, the values are abont
the same There s a shight increase

Carlson 1should like to pomnt out that we (29) did hme mforf!llil
tion about heat loss The shin temperatures with the [0°C c\)"%f;"cf
b led the shin peratures reported by Honth 27} 1t ~#
with clothed subjects

Henschel Could the shght increase 1n energy ex
to 1ncrease 1n resplmuon?

Horvath Just what you expect, on t
which 1s roughly about 29 liters per minute

oncluded

penditure be due

he basis of mmute yolume
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the way up after bemng tired out my nose frosted Gomng down I
never frosted my nose but comng back I did 2 number of times
Strming up the air may have mereased the wind chill

Fremont Smuth Isnt there some evidence that the sudden com
mencement of heavy work will imtiate more sweating than mosing
into hewy worl gradually? 1 am aware of this as a natural obser
1ation on myself

Horvath Tt depends on how much clothing the subject 1s weinng

Fremont Smith For any given rate of work and amount of cloth
mg the faster you move into heavy work ?

Iruing In comparing the results of studies of antmals and mn
we forget that clothed man 1s no longer an amimal because he %
wearing an nsulator which 15 melastic inflexible and mvanable
with the exception of such small openings as are permussible Then
as you say the ears and fingertips and so on will freeze [ have
noticed that even Eskimos cannot accommodate thewr clothing 18
spite of their long training and experience so that they can do heavy
work 1n thick clothing without sweating They just can t get a6y
from 1t Their skill and their clothing are probably nerest to pet
fection It just shows that our mvirable clothing 15 not comparable
with the vanable msulauon possessed by 1n ammal Therefore the
region 1 which the metabolic response of man to his eavironment
w1l be ntural or normal either to man as an anmal or comparable
with other apimals will be n that area of temperature m which the
man can become normally and comfortably adjusted to work pric
tically naked That means then that we can scarcely expect norma!
regular metabolic responses to changing temperature from man
except m that very limited narrow range of temperature to whch
man can become comfortably adjusted mn his naked skin

This 15 of course the basis on which Scholander (30) proceeded
to carry his expenmentation to the naked aborgnal people not
bectuse they were aborgmal or different i that respect but
because they were accustomed to running around fiaked

Hocl. The sweat rates in Eskimos are higher than m Caucasians
under comfort zane conditions or warmer At body heat debt cort
ditions no difference m insensible perspiration was found This
greater sweating 15 due to the mcreased heat producuon ““hECsT:
sequent higher skin temperatures and higher sweat rates in the -t
mo compared to the Caucasian 1 am quoting Rodahl and Re:

31
Aeller 1snt there an observable vanaton in mdwiduals?



Exercise and Cold Thermogenesis 299

Hock Yes but the sample 15 too small to allow any conclusions
on this subject except to say that individual vanation was probably
less and certamly no greater than the Caucasian vaniation

Iruing Relative to your remarks Dr Siple I think perhaps we
should also consider 1n relation to your apparent deterioration in
sweating ability 1f that 1s what it was or the gradual cooling that
by the accumulation of sweat 1n your clothing 1ts insulative quahitres
probably dimimshed considerably

Horath Also fatigue of the sweat glands That may also have
occurred

Hock Were you getting dehydrated? You were not drinking
water

Siple Not while we were down 1n the snow mine The pattern of
sweating followed by cooling repeated iself so regularly without
change 1 the work output I got the impression that I might be get
ting more effictent work with less production of heat in my body

Bass Somethmng to be taken 1nto account 15 that a person starts to
sweat at a lower shin temperature when he exercises than when just
resting 1 the heat That 1s correct 1snt 1t?

Horvath Yes

Bass This skin temperature at which sweting starts 1s lowered as
the person becomes acchimated to heat It may 1lso be lowered 1s the
person becomes phystcally conditioned

Horvath Itis

Bass This mught be 1 factor 1n the sweating expertment by Dr
Siple If you start swerting at 1 lower skin temperature 1t may be
that your sense of physical comfort won t permtt you to get that low
A shin temperature unul the work you do

s well 15 the strenuous work You had to keep working or you got
too cold Although there were short rest pertods the rest periods had
to be fitted 1 between catclung one s breath and keeping from get
ung cold

Bass What 1s the effect of high altitude on sweating thresholds®

Talbott I dont think there 1s an 1ppreaible difference It s
essentinlly the amount of work one 1s domng

Horuath Really the basic thing Dr Inung was trying 1o bring out
relites to something else 1 dont think you meant to say We talk
about work both m man and ammals and fail to gie levels or 1n
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tensity of this nctivity We have 1 good scheme that Dr Dill proposed
several years ago for levels of men 1n terms of basal metabolie
measurement From 2 to 4 Met 1s equivalent to ight work $to81s
moderate work nd 1bove 8 Met 15 severe work

You sud the metabolic actinity of these mimals was approximately
? Met and they could not do this work for any 1pprecitble period of
ume

Hart Tt 1s close to mavimum sustumed effort

Horvath So that 3 Met 1n these animnls 15 tpparently equuvilent
to tbove 8 Met 1n the human This 15 what I thunk needs to be cw
fied 1n order for us to get 1 clear cut transterence of concepts from
CYPCT!mEnU on ymmals to mn

Also 1n terms of what Dr Siple smd 1t 15 hard to s1y low much
work he actually did He dug out so many bgs of 1ce which weighed
100 pounds 1piece but he mght hve been able to get one chunk
of 1ce with one stroke 1nd the next tune 1t might have tiken five o
sin Such factors shonld be consulered

Siple There 1s one crterion From the nune to the surface 118
90 feet Climbing these stairs would probably result mn an energy
expenditure 1t 1 level of 11 Met Tius was 1 20 degree slope 1t Jeast
So we could probably establish 1 furly close estimate of the ctuat
worh ourput

1 would assume I was downg 1t least G to 8 Met of work durmg the
whole time 1 was down there with brief pues to catch my bredth
andd stiil nor get too cold
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ENERGY BALANCE IN COLD ENVIRONMENTS

A\USTIN HENSCHEL

LEnuvironmental Protection Research Diytsion
Headquarters Quartermaster Research and
Engineering Command U S drmy

Natick Mass

My Topic FOR DIscussion 1s ciloric balance 1n a cold environment
In order 1o cover all my material 1am arbitrartly presenting certun
conclusions and anucipate that the details will be developed conse-
quent to the q Ener; bolism or caloric expend
everything else being equal 15 increased 1n cold exposure However
the basal metabolism when mesured under the criteria of this test
1s not altered when the indinidual s exposed to cold Resting energy
expenditure measured under conditions where cold exposure 1s
present does increase when compared to the standird metabolism at
25°C It should be emphnisized that the differences noted here are
related to the technical requirements of the two methods of measure
ment

The energy cost of doing a specific amount of work 1 cold envt
Tonments 1s higher than 1t 1s when doing the syme task under con
ditions of normal 1mhnent temperatures It 1s generally agreed that
this 15 becruse more clothes are being worn  the hobbling effects of
clothing the weight of carrying the clothing 1round the dafficulty
of the terran—snow 1ce shpperiness—are 11l things that go into
miking a less efficient operition

Fremont Smith  Are niked persons less efficient in the cold?

Henschel No

Burton It seems to me you are shifting your ground Now you are
assuming that a man wears more clothing when m the cold When
You start off by saying that the energy exchange went up in the cold
you are asssuming other things were equal he did not change his
clothing

Henschel Allow me to present some of the data on which my con

303
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clusions are based Figure 199 comes from Johnson apg hark’s
Sunvey of caloric ntake of soldiers durmg the var, 1911 to 1945
dxﬂerem Places 1 the world, from hot eNvironmengs t0 cold envirg,
Ments The data fa)p Nicely on the Itne, but several questions rema
Unanswereq The daty are based op mess Surveys which tely pn
marly whae has been cooked, byt they don't show whay the men ate
These subjects were not weighed Periodically gyep 2 fixed length of
time to determipe whether they were 1 OF 0ut of caloric pafance
Furthermore, there ;e 1o real knowledge of their wor), output

Henschey From 5 large 8roup Yoy measure what 15 cophed and
what 5 thrown amay and dpyda by the number of mep They are
Probably Within Plus or mypyg 10 per cene

DESERT, MoisT TROPICS

TEMPERATE  ARgas,
- MOUNTAINS (Stmmcr)
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As00 4000 4300 2000
CALORIES PR s peg Dar

-
oo 190 Voluneyyy, o ke North Amerscan Troops Reprmm: .’:,ym‘:-
ronon from Johnson R § B R i and food intate

‘ence 105 378 (1977,
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Burton It 1s a very valuable graph but the meanng 1s not as
simple as 1t appears

Henschel That 15 nght Table VI breaks down the avulable in
formation These figures show a good progression m level of caloric
ntake from cold on the top to warm at the bottom the ¢aloric
take decreased as the temperature went up I have recalculated these
values on the basis of calortes per hilogram of body weight per day
Musk Ox was about 60 kg cal /Ag and the two Pacific arexs were
approximately 50 kg cal /g The dita in Table VII suggest that
the caloric expenditures from the above studies may he somewhat
too high Dr Karks Prince Albert studies (2) show that these men
were quite active They were out from 8 to 12 hours a day and
travelmg overland on foot they took their major equipment with
them actually covering 150 miles in 10 days 1n each of those three
pertods The mean temperatures for the 10 days are given in Table

TABLE VI

Total Calories and Composition of Diet Eaten by Soldiers Operaung
Under Various Envirenmental Conditions

| Percentage of
AveragelAverage Calories provided
Body | Calonc | by
Place 1nd Troops Environment | Wesght |Intake/ -
&g) | Man/ | | G
| Day | Pro- bohy
| temn | Fat |drate
Canada mohile force Arctic and 730 4400 \ n |40 {49
Musk Ox subarctic !

US A ground troops| Temperate | 690 3800 13 | 45 | 44

Colorada Rockies 1 Temperate 695 39%00 13 31 53

fantry | mountain |
(9000 {1y |
Pacific Islands grownd | Tropics 0 300 13 35 68
oo | (
Luon infantry | Tropics 625 3200 12 |31 ‘ 54

Reptinted Ly permss m Inm Jobnwn R F avt Ratk R M Frur nment and fod in
takein man Sceer se 105 378 11947)
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VII The second pertod was fairly cold A mean temperature of
—16°C 1s fairly cold, and 150 miles on foot over Arctic terram n the
wintertime s hard workh These men consumed between 4000 and
4500 g cal per day In thus situation, there was control, because this
was a small group out on the trail and exactly what was happenung to
the men wis known Thus 15 the exact caloric intake level

Dr Molnars (4) data, which were obtained at Fort Churchull,
Canada, 1n 1948, show about 3600 calones per day intake at 06°C
His men were out for 5 or 6 hours a day, at hard, physical work

Ladd Field, Alaska, was very cold, so the men stationed there were
out during the daytime only’ They covered anywhere from 3 to §
mules overiand on foot 1n the coid

Swain’s (5) figures from his work at Fort Churchull i 1947 are
higher than anyone else s 1n spite of the fact that his men were not
dong the type of work that the men at Prince Albert were downg nor
were they doing nearly as much

Rodnhl's (6) data in Table VIIT are from Awr Force personnel
caloric mtake at Ladd Field was $200 Our data (7.8,9) on QMC per

TABLE VII
Summary of Food Intakes During Several Cold Weather Studies
Temper Caloric
Location ature (°F) Intake References
-
Prince Albert, 1944 (I) 20 | 4000 to 4150 2
Prince Albert, 1944 (11) —3 | 4600 to 4700 @
Prince Albert, 1944 (I1I) 9 4450 @
Fort Churchill, 1948 —33 3390 <]
Musk Ox, Canda 3910 —18 | 4400 to 4500 3
Ladd Field 1943 —18 3200
Ladd Field, 1950 —25 | 3850 104500
Fort Churchill, 1947 16 5290 l?
Tort Churchull, 1947 ~20 5650 g
Fort Churcinll, 1947 [} 5250 |




Energy Balance wn Cold Environments 07

TABLE VIII

Summary of Calorsc Intakes for Troops m the Arctic

1 cmperature| Calorties
° per Day Actavaty Method R
=17 5650 Garrison Mess 1nventory %)
—20 5000% | Vehicle trnek | Mess imentory o}
o 1500 | Velolewsil | Mess mveniory @&
-10 3783 | Garnson Servings (plat~
waste) (8)
3200 Garron Serungs (plate
waste) )
~15 3600 | Garnson Servings (plate
waste) e))
—23 1000t | Browac Serungs (plate
waste) ®
"ot corrected for body weight Josy
1Comected for body weight loss

sonnel engging m a girrison type of activity showed a 3600 hg cal
mtake when the men were out on bivouac These men slept warm
but were out in the cold durmg the daytune

These figures were corrected for body loss The men were acturlly
dnng heny physical work and they were on the move all day They
carrted all equipment with them ncluding tents They got up m
the morming packed the tents tr1veled 12 miles overland pitched
camp and cooked their own mesls

\lommg and eveming weights were taken urine specimens were
collected and 1t lecal matenal was collected All intakes were
mexsured and any food not esten w1s measured every day We took
also 2 phing of energy exp: dit for various types of 1ctivity
during thus whole time

Horeath What was actunly the buse devel of ctloric mntike when
you subtricted the actual cost of work? That would compare 1 little
moare precisely with what went on 1n the garnson
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Henschel At the ume, they ran around 3400 kgcal before they
took to the field Pernmit me fo show you some addisont din la
our fist study (Figure 101), the wdnidusls during the prebnowe
tume Ined m the barracks Thas 1s for & 10 day pertod of which they
were out 5 hours each day domng physical work m the cold They
carned a hght type of equipment pauk with them, either puiling t
on sieds or carrymg 1t They were also out for 5 hours durmg the
bivonac penod In the bivouac area the men moved mto tents out
side the barracks The tents were heated m the daytime but utt
heated at mght The post brvouic period 1s when the men came back
into the barracks agan Lach period was about 10 days m duration
This group was bemng fed & fven one ration 1 any amount they
wished It was measured and served to them on plates, and it w3
weighed when it went on the plates as well a5 when it came bk
Also sumples of what was refused were taken for analysts

Fignre 162 shows actually what happened to the calorc intake
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Duning the tme when the men were in the birruks when they first
armned 1t Fort Churcull thetr intake increased 1 httle However
when we took them out wnto the cald for the first 3 or { days theer
alone mtike decrensed hut then it increased 1gum In genery! the
suen hnve mmtimed therr weight turly well on 1 ¢alorre ke of
3500 Durmg the 1ctunl bivousc period miake was 3600 hg el
Horath They lost the most weight when they were enmg the
most That was pronbly because you worked them harder
Henschel Figure 103 ind Table T\ compare four sttuations Fort
Chardult Yumr Nanck and Me Washingron Table T\ also shows
outdoor aminent temperiure dilfferences At Fort Churcnll the
temperature neraged ~26°C for the whole perind At Yuma the
experunent was run hetweent ¥ and 3 weeks s0 actual control and
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MODERATE WORX DATA
FT chuRcHLL rvOvaC 933
8 FY CHURCH LA PRE BYousC 336

€ manicx 333
5
3300 0 YuMA 933%
HEAVY WORK DATA st
e € FY CHORCHLL BVOUAC 1 338
3000 FFT CHURCH LA 8VOUAC B 38
G £ CuURCHLL VOUSCTE 938
a 4200, $ "« JOHNSON AND KARK mmmmme:
4000
3300
3
“ %
¥

2

3
]
/

8
>

CALONK NTAKE N caiom £sCALOR G INTAKE N CALOR E5 PER MAN PER DAY

PEN1g MR BOOT WT PER DAY
°

®
? _do oramenye

N
]
°

oW
AMBIENT TEMPLRATURE F ¢ o ‘e

Fulxg 103 Relat onsh p be ween mean da Iy outdoor amb nt ten perature 3 d mean
daly calorc ntake at two 1 vels of work Reprnted by perm sson from Wyeich B E
Busktk E R a 1lampetro P ¥ Relaton of ¢l mate an1 temperature to food ani
water ntake 1n man Metabol sm 7 14 (1958)

exposure were for that length of time the mean temperature was
34°C for the enure period At Natich the temperiture wis 22°C.
On Mt Washington 1t wis —4°C

Burton Don t you chink you should report the wind velocities 1
well? They are very different sn those different locations

Henschel You are night

Burton There would hywe been 1 very high wind at Fort Church

Hensehe! The wind nas probibly 10 pules per bour 3t Fon
Churchill and from 5 to § miles per hour 1t Yuma The men were
m the woods well down into the umberline on Mt Wshungton so
there wonld hse been httle wind there There would hate teen
httle at Ntick too
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1n il of these sitnations the men Jived oft C rauon &
alloned t© eat 8 much as they wanted 1f they wished ey were
ext

gnen an mdn dud asswit ration 0T ¢ratl Tapon 45 an et
was a Tule that the men had to et b o G ration e

S€
1n Fagure 103 we have tried 10 summarizé our ovi ex‘)cnmﬂm\
dat at Fort Chm'ch\\\ at Natich and 1t yuma Tt

them The moderite work was the BHivouc where

18 € n ten! ut W
day Yuro? and Natich #€ consldeted also 28 falling 100 ths ™

Ate WOTh category
Figure 3 A shows catories PET man per 42Y as agas pes
are Our figures ¥ ge from hot uma downt (o cotd & Fort
Churchilt The: eavy and hght work different a1 be
tween the peing the Qufferenc 1evel of worl evident
calornic ntake PEY n pe decrense! 25 the ¢ are
creased Tigure B shows J on an arks (the futle
hatched hne th mes 4 eeper angle} botto™

art of Figure we have p\oucd ntakes i1t te £ calories e
Latogr: of body ¥ aight per ay of catores per 1log

er day these 1€ pretty well strght® Actu ally ™ hen wand

ohnson teriil WS symtarly reated 1t srangh rened ut thel?
Tine quite well P for he tempe te Tego” he me
in Luzon and the Phlhppmes were acty combat 1ro0p* and the
results ere entirely Aufferent rom those of the others the g-\mso“

troops 0
Burton s the neavy hin€ shown 1f the uppe® gtaph n Figure '
the regression staustically s\gmf\mm? you bne? prcsumﬂh‘y sty

ucly ca\cu\alcd yegression ne
Hemchel That 1s T8

ht
Burton 1am wonderng +f the open arcles pelong * 1t D
Hensche! Those open circles € data tihe™ from some of DT
Adolph § work

Burtoh Have YOU the P yatue

Henschel Do you \'cmembcr seeing ¥

Bass N©

Henschcl Anyw1Y unk the basic conclusio® s tht cﬂﬂ‘::fl
s s or WY other comhum\s are

c(pendm\re n cod env Jronment!
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1 alt of these SituALions ¢he men 1 edon G on and they were
e ch as the’ wanted 1f they wishe they wete
il rauion ¥ an extrd “There

1 a Tale that t men had 10 eat thert C muon before they would

e given Anything [
1n Figure we have U 4 to s marize 0u% wi © penmema
jata 2t F Cl\\\rch\“ at d At Yuo?d ort ‘Church
the a mod ate WOT A heavy ¥ hea! work D ng e
miles § travehng pe day ¥ ~erything they wned with
them he moderite W as th browc ¥ the men dudnt
carry h and where they nts woTk outside € 231
day Yumt and DAt d 1so as fallt s modeT
ate work €A Ty
Figure 103 shows crlories per n per day s Aganst temp
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TABLE X

Relationship Between Food Composition and
Caloric Intake Duning Arctic Bivouac

Percentage of Total Calortes as

Total Calories CHO Fat Protemn
Prebn onac 3614 4804 3821 1375
Briouac No 1 3476 4591 4042 1367
Bisouac No 2 3821 4754 3837 1409
Post Bivouac 3449 4851 36 82 1467

Carlson There seems to be a large caloric dufference from the
percentage figure

Henschel Johnson and hark make the statement that they did not
consider there was any difference Table X 15 from our own data
where the caloric mtake varies somewhat betw een the groups Agaim,
the men took as much food as they wanted, and the composiuon re-
matned constant

Pace T would like to ask how valid the figures we for North
Woods workers, for whom values of up to 7000 and 8000 kg cal per
day have been estimated

Horvath That has been quute well shown by Benedict {11) 1
you worked 14 hours a day at the hind of work some of these men
did 1t s quite conceivable you would eat that much I was always
served the syme amount of food as the men, and 1 ate only 2 small
portion of my serving, but they ate all of theirs

Hock Eskimos do not derive any higher percentage of calories from
fat than we do They derive about 35 per cent, as 1n our diet How
ever, 30 per cent of the calores are [rom protem, and 32 per cent
from carbohydrate, which 15 much different from our diet Agam [
am quoting Drury (10) Rodahl (12) found Air Force troops i
Alaska consumed 2 mean of 2950 Lgcal daily, of which 131 per
cent were protein, 37 5 per cent fat, and 49 4 per cent carbohydrate

Siple Is any excess elminated? d

Hock There are great swings m daily consumption Drury fou®
varitions from 5 per cent of calories dern ed from fat to 85 per cent
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in the daily diet These swings are also found 1n protein and carbo
hydrate Eshimos dont eat balanced meals as we do because of
unavarlability of some foods They may eat a large quintity of biub
ber or other fat at a sitting but not over a long period of time

Horvath Would you comment about feeding schedules?

Henschel On a feeding schedule at —37°C sleeping mn an Arcic
sleeping bag 1f a man eats 500 kg cal just before going to bed he
can keep his toe temperature higher for 5 or 6 hours and his rectal
temperature higher throughout the night than 1f he had not had the
meal
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1 Jomnson R E and harsn R M Environment and food in
take tn man Science 105 378 (1947)
hargk R M and McCreary ] F Cold weather operational
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ing Commttee on Nutrition Department of National De-
fense Canada (Ottawa Dept of National Defense 1944)
Karx R M Observations on a mobile Arctic force health
phystcal fitness and nutnition of exerase Musk Ox ] dppl
Piysiol 1 73 (1948)
Mownar G W Energy expendrture and endurance of men
m an Arctic bivouac Army Med Dept Field Res Lab Fort
Knox ky 1 Apnl 1950 Project 66412 (13)
Swarv H L. Food consumpuon of soldiers in 2 subarctic
chmate J Nutntion 38 63 (1949)
6 Robsmr K Nutritional requirements i cold clmates
J Nutntion 53 575 (1954)
Joussov R E and kara R M Teeding problems 1n man
as related 1o environment n analysis of United States and
Cwnadian army ratron trals and surseys 1941 1916 QM
FRCI Res & Desl Br OQMG Chicago 91p
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TABLE X

Relationship Between Food Composition and
Caloric Intake During Aretic Bryvouac

Percentage of Total Calores as

Total Calores CHO Fat | Pl:lt;‘]
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Carlson There seems to be a large caloric difference from the
percentage figure

Henschel Johnson and Kark make the statement that they did not
consider there was any difference Table X 1s from our own data,
where the caloric intake vanies somewhat between the groups Agan
the men took as much food as they wanted, and the composition &
maned constant

Pace 1 would like to ash how vahid the figures are for North
Woods workers, for whom values of up to 7000 and 8000 kg cal per
day have been estimated

Horvath That has been quite well shown by Benedict (11) i
you worked 14 hours a day at the hind of work some of these men
did, 1t 15 quite concervable you would eat that much I w1s always
served the same amount of food as the men, and I ate only a small
portion of my serving, but they ate all of thers

Hock FEs\imos do not denive any higher percentage of calortes from
fat than we do They derive about 35 per cent, as in our diet Hon
ever, 30 per cent of the calories are from protemn, and 3% per cen;
from carbohydrate, which 15 much different from our dret Agan,
am quoting Drury (10) Rodahl (12) found Asr Force troops n
Alaska consumed a mean of 2950 Lgcal daly, of which 131 per
cent were protein, 37 5 per cent fat, ind 49 4 per cent carbohiydrate

Stple Is any excess ehimmnated? d

Hock There are great swings n daily consumption D“,"y ’Dm:,(
sarations from 5 per cent of calories derived from fat to 85 per <€
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1 the daily diet These swings are also found i proten and carbo
hydrate Eskimos don t ext balanced meils s we do beciuse of
unavailabtlity of some foods They may eat a large quintity of blub
ber or other fat at 1 sitting but not over a long period of time

Horvath 'Would you comment about feeding schedules?

Henschel On a feeding schedule at —37°C  sleeping 1n an Arctic
steeping bag 1f a man eats 500 kg eal just before going to bed he
can keep his toe temperature higher for 5 or 6 hours and his rectal
temperature higher throughout the might than 1f he had not had the
meal
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TABLE X

Relationship Betneen Food Comp and
Caloric Intake During Arctic Bivouac

Percentage of Total Calories as

Total Calories CHO l Fat 'Pm[em

Prebrounc 3614 48 04 3821 1375
Briouac No 1 3476 4591 4042 1367
Bnouic No 2 3821 4754 3837 1409
Post Brvouac 3449 4851 36 82 1467

Carlson There seems to be a large caloric difference from the
percentage figure

Henschel Johnson and Kark make the statement that they did not
consider there was any difference Table X 15 from our own data
where the caloric intake varzes somewhat between the groups Agan
the men took as much food as they wanted, and the composition Te-
mained constant

Pace I would like to ask how valid the figures wre for North
Woods workers, for whom 1alues of up to 7000 and 8000 Lg cal per
day have been estimated "

Horvath That has been quite well shown by Benedict (11)
you worked 14 hours a day at the hind of work some of these men
did 1t 15 quite concervible you would et that much I was nh\nﬁ
served the syme amount of food as the men, and I ate only a sm2
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ever 30 per cent of the caloiies are from proten, and 32 per ¢ \
from carbohydrate, which 1s much different from our diet Agm"'m
am quoung Drury (10) Rodahl (12) found A Force troops o
Alaska consumed a mean of 2950 hgcal daily, of which 13; P"_
cent were protemn, 37 5 per cent f, and 494 per cent carbohydr2

Siple Is any excess eltmmated?
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METABOLIC AND ENERGY BALANCES
OF MEN IN A COLD ENVIRONMENT*

DAVID E BASS

Plystology Branch

Headquarters Quartermaster Research anid
Ingineertng Command, U S Armny

Natick Mass

THE RESULTS OF This CONFERENCE show quite clerly that man 1
cold emvironment 1s not necessarily 1 cold mm I would Iike to re
port the results of some studies done on men who were demonstrably
cold (1,2) T shall borrow a page from Dr Siple and Dr Henschel
by statting with my summary and conclusions

We studied men who were Iining nude at 15 6°C for 12 consecn
tve days The questions we asked ourselves were not those which are
the most logical to ask, 1n terms of cold stress, such 15 What hap
pens to shin temperature rect1l perature oxygen ption
and so on We were munly mnterested 1n the more ubiquitous bodily
balances, those general metabolic balances which nevitably must
support any physiologial changes resulting from stress We there
fore measured mitrogen phosphorus potassium. chloride, and water
balances There 15 one other balance we studied simultaneously m
men exposed to cold under metabolic ward conditions te con
trolled energy balance We also attempted to assess adrenal cortical
function and body composition manly with reference to body fluids

Tshall list our conclusions There 1s nothing dramatc about them
but the data show the following preture

Under conditions when men are really chilled for 1 lwge per
entige of the time, 1 ¢, for as long as 12 days, there 15 a marked m
crease 1n turnover of food and of energy expenditure This of
course, 15 well known The food intike mcreased 1pproximately 25
per cent, and the energy expenditure inciersed approximately that

*The data on metalolic halances and acid base balance prescnted here have not
hutherto been published The rescarch was performed with the tallaboraunn of ¢ R
Meeman and M Quinn Thyrou funcuon studses described hete were carned out by
$ Inghar The omiswion of quanttaune data from these Jater studies 13 deliberate since
Dr Ingbar 15 preparing detaitedd papers for the open literature

317
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much mn this sitartion These incidentally are macuve sedentary
men

However despite 2 marked turnover in mput and output the
balances are essentially unchanged We found no evidence of ny
citibolic response and the body does very well It just muntuns
bilance The body 1lso muntuns its core temperature very well in
thus srtuttion

These changes or rther Ik of changes occur m the presence of
what might be called an mcrewsed thyrod balwnce  The thyrod
glind mncrenses its uptake of 1odme and increses the rite of form
tion of hormone nd rte of releise At the other stde of the thyrord
balance there 1s 1 mncrewsed persphertl utilization of crculiing
thyroxin

We attempted to 1ssess adrenl cortical activity and found no ext
dence of mcrevsed 1ctivity by the admittedly crude methods 1 € used
These were eastnophil counts and 17 keto steroid excretion There
w1s very Itttle change 1n tcid base balance I wall present some dart
which are suggestive though not stastically sigmficant  that there
my be an interesting ltertion m reml response to 1cid bse re
quirements

We performed two studies In the first (3) five men who were
volunteer soldiers lived m 1 temperiture regulited chimber for 7
weeks They did not lewe the chimber except on three ocisions to
t1he showers For the first 3 weehks the room was muntawned 1t about
26°C This was our control pertod Then the room temperature V 2
dropped to 14°C wath about a 3 mle wind The men Ined there
for the next 12 d1ys Recovery pertod followed that—2 weeks—agun
at bout 26°C

The activaty of the test subjects was constant throughout alt th;se
pertods They led a sedentary existence During the cold penod for
4 hours n the moraung the men reclined on beds wearimg shorts
and socks For 4 hours m the afternoon they 1gun recined m thest
beds but were permitted T shirts In the eveming they were P";
mitted to walk around the room 1nd visit with each other dunn:
this ume they were permitted to wear only T shirts and ii‘l ;]‘“
oclock they were given 1 blanket and reured We have Iauél Izaze
1t 15 lmost 1mpossible to maintam men 1M essentially a nubi ;m
for 12 days under these conditions without permuiting a :lully
during the sleeping hours In summary then our men were )
for 16 hours of the day dunng the cold pertod Test some o l)am
thunk 14°C 1s not chully I will show some examples ho ever
sure most of you rethze that 1t 15 coid
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Fictre 10§ Typical posture of test subject dunng cold penod

Figure 104 15 an unposed picture of one of our subjects 1 a typical
posture His T shurt was well fitting and reched down to lus waust
As 15 evident he tried to moid the cold but wasn ¢ too successtul

Figure 105 llustrates one of the informal attempts to renarm Soon
after we saw this happening, we mstituted a new rule no more than
one per bed

The men tried alf sorts of dodges There was a rewding lamp on
the bed so one fellow suddenly becime an avid reader We found
he was trying to read under the blanket late at mght We then did
avay with the reading lamps

Pace Are these men nude or lightly clothed?

Bass They are nude except for shorts, socks, and the T shirt

Pace So, they are hightly clothed

Bass If you want to call 1t that In the second study 1 shall de
scribe, they are wearing just shorts

Blair When exposed to a 3 mile wind, whether they are clothed
or unclathed 1s smpostant

Bass That wind really bothered the men

Blar There 15 1 tremendous difference betneen whether you are
completely bare or have something on
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Fiot#e 105 Informal ( illegal ) atiempt to rewarm duting cold period

Bass In the second study, where we had better control of the wind
and 1t was less than 1 mile per hour, the men wore just shorts

Horvath 'The sheet and the excellent mattress, which must be at
least two mches, adds protection

Bass The men were reclining The pont we were after wa
get, shall we say, a pure” cold preparation

Figure 106 shows the caloric mtakes of these men
weights The men were served C’ rations, and they w
for each meal, an entire menu which had been annlyzed Inciden
tally, all the rations served came from the sune lot, and we amlyzed
representative cases, by menu and by component All rejects \*;2‘;
stored and analyzed also So we knew as precisely as passlble, u? py
these conditions, what they were tihing in For the first 2 “eel\sﬂl l;
control period, 1t was difficult to get the men (o nuntan m;ly
weight However, by almost pleading with them, se got them to € "
even though they did not lihe the C” rtions We felt this was pcw
fectly valid You can see, 1n a sense, we sncceeded 1 muntunms

s to

and their
ere offered,
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Bass No In the recovery pertod the men, agun, lost their 1ppe
trites, and nothing we could do would mnke them et adequately
They were m caloiic deficit They knew they only had 2 weeks to go

Blarr Actually, caloric mtake 1s almost 1dentical here and n the
control pertod It may even average a httle higher That was the
pomnt that made me wonder 1f 1t was water

Bass 1t wasn’t water

Fremont Smuth They lost their motivation to et I want to keep
emphasizing “motivation ”

Bass They lost their appetite and motnanon

Fremont Smuth The experiment w1s over, and there was nothing
more to be gained

Bass They had nothing to gun night at the begimming

Blair. Dr Fremont Smuth, the data don’t show quite that On the
graph they are sull eaung at as high a rate or higher The mittal
peniod 1s 2000 calories or less, and during the recovery peniod there
are several peaks higher and several lower, averaging about the sxme
But they are markedly losing weight That 15 what 1 couldn’t under
stand

Bass The water blance did not change appreciably m the re
covery pertodd However, 1n the end there were negtuve nitrogen,
potassium, and other balances

Fremont Smath That will average out a little lower caloric intake

Davts Food intake, when they went mto the cold immediately
went up, which 1s different from the situation found 1n anpmls

Reller It 1sn t different from the dog That 1s exactly the way the
dog responds

Daws It 15 a matter of temperture?

Bass It 1s a matter of increased appetite, for some rewson
Throughout the course of my presentation I mike no Ancmpt) l‘:
relnte these findings to antmals My sole purpose here 1s to show whal
happened to our men

Daves 1 am just pounrting out the difference not between
but between your data and data from rits 275

Henschel Duing the recovery period, the men lost about 27
calomes a dx

Burton I);m interested m that sudden werght drop thit :IPPZ"“
near the first vertical dotted hne, when they went into the cok .
would like to find out whether that really represents a drop, ‘0
whether the draftsman driwing it jouted up the pomnts in !‘;‘ﬂ(:: ‘)“
Because, m a similar experiment on {ar fewer subjects, and

amimals
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TABLE \I

Metabolic Balances During Continuous Cold Exposure*

Balance Weight
Peniod Vater| Na N Y P [Change
(ml) | (MEq} | (mEq) | (gm) | (gm) | (kg)

Days 104 -278 | —25 19 ~03 [-0048} 010
Days5t08 853 | —56 -13 -27 0314 036
Days9to12 | ~281 29 9 26 0193) -018
Cumulagve

12days 206 | —52 15 -04 0465) 028

* Averages of five men

of the oft repeated obsersation of negatne balances during the first
day 1n the cold

The over all picture especially 1n the cumulanive 12 day balance
shows that the men were 1n remarkably good balnce

Burton Will you explan the first column water? Is that watet
mtake?

Bass That 1s water balance intake minus output

Burton Was 1t very different from the weight change?

Bass Yes We were not 1ble to find any relanionship between
wesght changes and any of these balances

Reller In the weights shown previously were they corrected for
the water negative water balance?

Bass No those were the raw nude weights We had them get up
allow them to void and then weigh them

Reller If you corrected for w iter balance

Bass We dont think the negative water balance 15 a meanmgful
water bilance except for the transitory negative bilnce on the first
dvy
Burton Calculited on the water mntike?

Bass Calculnted on the water intike water of oxdation nsenst
ble water loss and water sn the food and stools which we analyzed

Durton 1 did this myself 1n experiments with Bazett years 250 ]
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I satisfied myself that one has to mke assumptions about certain
factors being 1n balance 1n the 24 hour period If you make the same
assumptions then the weight change 1s equally as good as fluid
balance

In my opimion  this elaborate calculation of flurd exchange wasn ¢
worth while because the weight change would hwve the same vahdity
a3 your cilcudation

Bass Except for this when we begn this study we didn t know
what we were gomg to find in terms of ussue breakdown We might
have gotten algebrarc canceling out of factors m water balance which
would not tell us anything about what had occurred i the body
We were trymg to be 1s complete as possible and although 1t n
valved a lot of pedestrian work we felt 1t wis worth while smce
probably we wouldn t get another opportunity

Burton 1 quite appreciate your wanung to do 1t In using this cal
culatzon 3f the assumptions under which you are making 1t are
exanuned carefully if 1t 1s to mean anything at all one will realize
that those same assumpuions would mean that the weight change
represented the flud change Therefore I doubt whether maling
this calculation really adds anythung at 1l to our real imformation
1feel that body water should be measured even though 1t 15 difficult

Bass We did that I shall come to that in a moment The picture
o this pomt i one of no physiologically meamngiul change n
balances of these substances m the cold In other words the body did
nicely higher intake and higher output but well muntained
batances

Figure 107 shous our attempt to find out what the blck box
was domg 1n the face of no change in balance We measured plasma
volume thiocywnate space and antipyrine spice We found very
little change tn our four subjects The small ncrease 1 plasma
volume noted at the fourth day in the cold would not be regarded 1s
meamingful since thvo men went up and two went down That was
the pattern of all the body Auid measurements—two went up nd
tho went down shghtly

Henychel That 15 withun the rehabiirty of the techmque

Bass Yes So along with no change 1n water balance s we cilen
Tated 1t there was no change n body flud compartments

Burton 1n spite of the [t the cilculation of mput and output
indicates there was 1 large change 1 water?

Bass The data on Table X do not indicate 1 large change It s
welt within the experimentil error of the methods
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Reiler Except for the first day when water dmrens occurred
but there was recovery from thus

Bass Another batnce 15 vad bise batance (Table X11) This
has not been very extensively studsed 1n man nnder these condinons
although Dr Hornvath may know of some work on 1t Here the three
controls show gmite 1 normal preture & 1th regard (0 the varions can
stituents When they went mnto the cold on the morning of the first
diy we obtamned another control Then we put them mto the cold
where they reclined for 4 hours as 1 have descibed At the end of
those 4 hours né took another blood sumple As 15 evident there
an alklosts

Horvath 1s this artenal pH or venous?

Bass Venons

Horwath With or without stasts®

Bass Without stasts We could not ar!
since repented this i which we artert
no effect

teralize the blood We have
hized the blond and found
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of the artenahization We were not able to reproduce this pattem
1 have merely shown 1t as a pomnt of mterest

Durmg the remaning cald period, the acsd base picture gives the
impression that there was a shght acsdosis Tins, however, was not
consistent for any given day, m th1t on no one day, of days 2, 9, and
12 did aill the men show an acidosis Howerer, & ery i on at Jeast
one of those days showed a lowered blood pH What this mewns we
don’t know

We did not notice any change 1 serum sodim, wheres chlondes
decreased There was a general tendency on the part of the men at
one ume or another during the cold 1o have decreased serum chlo-
Tide, but there was no consistent 1rend The potassium mcrease on
day 2 was shown by every man But, agan, we did not find that ptt
tern reproducible on all the men on the other days

‘We nterpret this to mean that 1n terms of the aad buse pucture
wn che blood, tiere was not 3 marked chinge from the controls There
15 a suggestion of acidoss

Table XUI shows the uninary pattern We collected unnies on 2
24 hour basss Thas 1s something winch, agan, myy not be statstacally
provable but, 1f 1t ever attams the dignity of statsticrl sigmficance

TABLE XIHY
Renal Aad Base Regulation Dursng Contnnous Cotd Exposure?

[ Tratable
Unipary Aoy Ammonin
Period pH | (mEq/24 hr) | (m\M/2tbe)
S SRR ST
6 controls 620 178 296
Cold

M3 401

134

Dayslteod 5143
Daysh108 662

|
( ST 1
DnsOtol2 | 659 ; 126

351

Recovery
Diysitod 618

|
135 ? 338
|

Days5iwo8 &5 13) St 4

* Averages of fire men ‘
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might lead to some interesting conclusions regarding remil function
in the cold

As far as urmary pH 15 concerned, and as far as titratable acidity
15 concerned, 1t appeats as though the kidneys are on the defensive
against an alhalosis yet, sf anything there may have been a shight
acidosts Howeser, there 1s an appreciable increase in ammonia ex
cretion So, the total titratable acdity, plus ammoma 15 actually
greater 1n the cold On the firse 4 days, this was shown by all men
What we have, therefore, 15 a picture of the titratable activity para
doxically not responding to acid base defense requirement whereas
the ammomia does This 15 contrary to the usual rennl defense mecha
asm where utratble acidity 15 the more readily evoked mechanism

Horvath Why does this turatable actd stay down during recovery?

Bass [ can’t answer that However, 1t may be due to the reduced
food intake But I point this out as a good possibility for future study

In this study, we were forwunite to have, as a collaborator, Dr
Sudney Ingbar, who was in charge of the thyroid function studies I
shall merely summarize the results of this aspect, since Dr Ingbar
1 preparing the detailed paper for publication Briefly, using I}!
e found durning the cold period 2 more rpid loss of thyroidal 113
and an accelerated appearance of organic I'* in plasma These re-
sults indicated that a more rapid release of glanduhir hormone took
Place m the cold period

Fremont Smith How soon was the prchup?

Bass 1 was gomg to come to that By how soon was the pichup *
do you mean when did we find the change?

Fremont Smith The detectable increase in deposit of radioactive
1odine How soon after exposure to cold did you detect the change
1 thyroid function®

Bass We conld not determune 1t precisely because of the Limita
tons of the number of 1njections that could be made

Fremont Smuth Ts 1t $ days or 2 hours?

Bass We dont know Since we were ongmnally hmted to three
njections of 191, we had planned one injection n each period This
Posed the question of when 1n the cold and recovery periods, would
be the most profitible time for thyroid measurements It was arbi
tranily decided to do this on the morning of the 4th day 1n the cold
and on the 4th recovery day The thyroidal 10dine accumulation on
the 4th cold day was not significantly different from controls It
2ppeared therefore, that the thyroid results were negative However
0 order to be more positive of these negatve findings we decided
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to proceed with the recovery measurement There w1s a tuofold
increase m glandular accumulatton of 1odme on the 4th recoren
dav. Obviously, another mesurement was indicated, and we were
fortunate to obtam permission for one more myectron of I, This
was done on the 14th day of recovery, and 1t revealed that thyrotdal
accurnulation had returned to control values

The general trend throughout the cold period was a decrease m
protem bound 10dine, n the face of 1 ncrease s thyroid hormone
manufacture and release This suggested to us that 1t might be of
salue to study peripheral utihization, which we did m the next study
I shall describe

Montgomery This 1s the mean of all subjects?

Bass Yes, this1s the mean of all subjects

Burton What 1s the 1odine intake on the G ruone I dhunk 1t s
tmpoitant in these studies to know what the level of exchnge of the
body with environment of todime might be

Bass That 1s true

Burton Did you not measure mtake of todme m this siuton®

Bass Unfortunately, I don't have the figures on that This, by 1t
self, 1s suggestive, certamly In connection with what I will report en
the second study, I think we hve a picture which 1s more than sug
gestive 5

Belnhe The subjects were on G rations during the control pertod

Bass Yes and they mncreased therr intthe by 20 1o 30 per cent

The picture presented by this first study was, at the nsk of m“l‘
g repetitious, mcrease 1n meake and increase tn onrput nith litele
change 1n the metabolic biwnces But one of the most imporant
balances in any situation of continued cold stress 1s encrgy balance
We only fad one half of that, calortes taken m If you want to con
sider thyroud function as a bilance sitnation, we also only had one
end of that axs, the thyroid gland

To make up for these deficiencies we performed
m which we concentrited on caloric bilwnees, thit 15 foo
and energy output, and peripheral wtlization of thyroid )mnn:m‘?
And, to make 1t a littie more sophisticated 1n terms of thermat p );
ology, we deuded finally to make 1 measure of thermat reguinio
The une we chose was rectal temperature wlest, 1

Tigure 108 shows one of our subjects by no means uur,cn 4 ;;';C.
a typreal posiion In this study, the room n 18 unmm;‘mb?ll1 ey
with very little wind We gave no T shirts and no socks, i ot
thing else was essentsally the syme as the first study The men ¢

i another study
d mtike
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Ficvke 108 Topacal post n dineg sec 11 cold st

eat C ritions here but fortfied milk drinks supplied to us by Dr
Spector at the QM Food and Contunter Institute

We measured resting oxygen consumption nd rectal temperiture
four umes during the day e had rewons of 1 ancillry nature
for doing this These meisurements were at eight n the morning
12 noon four 1n the afternoon and at eight 1n the eveming We dud
this during the control cold and recovery persods The rewon we
wanted 1t this way was that previous work had shown that there 15 a
darnal increase 1n resting oxygen consumption and m rectal temper
ature during the day We wnted to see tf m this cold situation this
dwrnal pattern during the dty mught be in wny wy altered

Figure 109 shows us the oxygen consumption The two bottom
lines which appear to be practically superimposed are the control
and the recovery that 15 the 2 week perod before gomg mnto the
cold and the 2weel period afterward Apparently there 1s no re
sdual effect on the pauern of diurnal vanation The higher curve
shows what we got 1n the cold This 1 the mean of Il the dys
measured 1n the cold We exammed the data for any changes which
mught be nterpretable as acclimatton 1nd found none We there
fore felt justified i Jumping these Just to show the diurnal pattern
Here we find the diurnal pattern of oxygen consumption is 1n
creased It looks s though the whole curve has been elevated How
ever there 1s a shght difference At 0800 the increase 15 relunely
greater It 15 about 20 per cent oter that of the controls wheres 1t
§e> down to about 15 and 11 per cent over corresponding controls
dunng the diy However I wont go into that at this time
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Aeller Did they take the regulir meals?

Bass Yes These mewsurements were made just prior to 2 me1l
with the men having lun quuetly for three quarters of an hour be-
fore the mexsurements

Keller There 1s heat production from food

Bass Yes, of course However we had exactly the same condittons
throughout the experiment 51

Aeller Couldn t you correct for the heat produced from food® It
w1s only 4 hours after the previous meal

Bass We dudn t
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Datis When your BMR s were waken, were the subjects on C
rations?

Bass The BMR 15 shown by the squares, there was no change
either durag the cold or after the cold

Davis Were these also taken®

Bass They were done under ngidly defined canditions

Davis How long was the fasung?

Bass Onermght

Burton These BMR's are just the pre-cold’ and  post cold @
The symbols in the graph don’t tefi us

Bass 1115 not too clexr

Burton You tidn t take them dunng the cold?

Bass We measured them duning the cold period and found no
changes We took them out of the Cold Room at the end of the first
ueel, and let them rest in a warm room for 2 or 3 hours prior to
measurement

Horvath That does not follow the critera of the BMR They
were overmght 10 the cold room?

Bass Yes, they were Remember, they were sleeping with a blan
ket They weren't excessnvely cold I wili grant you, Dr Horvath
that «f we had found a change, particularly an mcrease, that mighe
have been used as a enticasm for iterpreting the change as vahid

Montgomery Did you sy anything about shiering?

Bass We did not study shivering

Monigomery Dhd they shuver?

Bass Yes On some occasions, however, they were able to bie with
aut perceptible or frank shivening

Montgamery Stuvering might have accaunted for all the increased
Tequirements.

Bass Yes, although we prefer to say shivering or some other form
of heat producton

Horvath It 1s anteresting that the prep for tiling the
metabohsm of men who are shivening violently has a tendency to
<alm them If the degree of shivening 15 measured crudely there does
seem to be a decrease while the metabolic records are being made

Travell Dhd they seem to shiver less at the end of the 12dwy
period 1 the cold?

Bass We attempted to assess thus In three ot four of the men we
didn ¢ prek this up on of oxygen P All we
£9t W15 a very crude subjectine evaluation Four of them felt they
were doing a fittle better i the cold They sull were not too happy
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tumover with mtake bitanced by output Inadentally the mcrensed
OXYEEN CONSWIMPLION Was  percentigenise approxumitely equal o
the calonc mtake 1n the frce of thus merersed turnaver the body 1s
sehatisely unchanged with regard to the parymeter we are most con
cerned with at Teast m this cse~core temiperature

Fremont Smith H1d you obimned the recial temperatures m the
mormng before you toak off the blwket and helore they vonded
you probibly would huve had 1 Jover rectal tempernure

Bass Yes I dont bue the shde but we studied the men during
sleep That 1s the suliject for < piper 1haut ta be sulnmitted lar pub
banon (5) \cully they nere lower This is dhvaenstie of the
steep pattern

Behnke Are you gomg to show 1ny other shin temperttures?

Bass o

Behnke Do you hiase the big 10 semperyture

Bosy We bad that dunng sleep Nocturnal toe temperitures were
mamtained approxumately 15°C hugher on Iter mghts m the cold
period thmn on esrlier nights

Behnke In a ssmilar type of experiment by Spealmin (6) with
subjects exposed over 1 pertod of 30 dyys 1t was brought to my at
tention that one of the mdn duals certunly developed <okt mpury
(paresthesia) of the nes

Bass We got somettung of that sort

Behuke Were they baretoot the whole time?

Bass In thys study shey were We got (mlblain bike symptoms

Belinke Wall temperatures were 15 6°C

Bass They wore sindals on the floor

Puare These men had a blanket

Bass At mght they had 1 blanket

Behuke Why didn t you tike shin temperatures®

Bass We just didnx

Behmke Tou dont bnow how (old these penple werer

Bus No \ot o terms of the beat content of the body That 1s
true We dont know hou wold but we know they were cold whih
wis what 1 sud we were mterested 1n

Horath In terms of days thetr temperiture fuctitions re
sumlr ta the norml pattern of fAuctuttion but they do occar 1
fower fevel 1 didnt Hrmg the sfides Dut we fave conunuaus
metsurements of rectal temperuure md ahout filteen shin temper
atures

Tt s mteresting and I Tive never quite agreed to 1hs before
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especnlly m Dr Burtonss presence, that they do hwe hunung dur
mg the mght

Bass We have some data on that It 1» being published (5)

To go back to the problem of thyrowd activity, we mjected rdie
thyroxin, and, from disappetrance curves, we were able to assess
pertpheral utihizatton aof thyroid hormones This 15 the method de-
scribed by Ingbar and Fremhel (7) Briefly, duly degridiuon of
thvrowun increased 1n four of the five subjects during cold exposure,
and decresed to less than control values during recovery To illus
trate 1 one of these four subjects, the hnlf time of degridition was
56 days, 1n the control pertod, 4 4 d1ys m the cold, and 7 2 days in
recovery The one man who showed no change throughout the study
was by far the most uncomfortible of the subjects Whereas the other
four men were uncomfortably chilly, this man was appirently ader
going an ordeal of cold discomfort Fortunately, he was highly mtel
hgent and well motivated to continue despite this

The results of the second study, therefore, show agun, this tme
in terms of energy bilance, an incresed turnoser In terms of core
temperature, the body was successfully resistaint to hypothermia
despite the fact that the men were uncomfortably cold for 16 hours
of the day for 12 to 14 days

Pace May I ask, Dr Bass, how your s1lues would compare withy
N . . . Yo e + en mar the scale?

Bass By thus techmque hyperthyroid subjects hne half tmes
something ltke 2 or 3 days, compired to an merage of 5 to & by this
technique

Carlson Would you tell us a little more about the meth:
mewsuring the rate of disappearance from the blood?

Bass Yes

Carlson Did you make any analysts of feces or urine’

Bass Yes urtne was anilyzed feaugh

Horvath Did you do feces® Most of the thyroxin goes out thra :‘
the bile That 15 the major source by wiich 1t goes out of the org!
1sm

Bass That 1s a good pomt In this study we did not col)cc‘l i;f(;&
I wall say this, the feces were almost nonexistent mn that seconc s“m ¥r
because of the iquid diet However, 1n this method, & bsic asss ]D};
tion 1s that fecal collection of ¥ proceeds at the swne rate a

od> Is this
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of ridioactive thyroxin from plisma Ingbar and Freinkel have pre
sented data to support this (7)

Carlson Van Muddlesworth's (8) work has shown that the amount
of material gmng through the tract clers thyroxin An amimal s thy
ro1d requirements ¢1n be increased just by having bulk 1 the diet
because of the clearing

Burton The amount of radtoctive thyroxin 1» mimimal? So there
1s no question of 1ts affecting the homeostitic control mechanism of
the pitustary There 13 a very minimal amount of 1dded thvroid to
the endogenous thyrord hormane

Bass Yes Inaidentally in thiking of thyroid we dont know to
what extent physical activity mcreased thyroid activity It certunly
might be expected to increase penipheral utilization We hope todo a
study 1n which we have a similar gronp which 1nstead of living 1n
the cold will be on a regimen of exercise equnalent to shivering 1n
cold to see 1f this 1s a factor

Regarding the thyroid two questions arise Fust what s the rely
tionship between the increased thyroxin production and mcreased
Pertpheral utilization? Which comes first On the basis of past animal
experiments and on the basis of our data one can speculate that the
ereased production 1s 1 consequence of the increased peripheral
Utdization Another question 15 what 1s the relationship of the alter
aton of thyroxin degradation to the change n energy turnover?
That 15 15 the mcreased utihzation  cause or consequence of the
Creased energy expenditure? There agamn we can only suppose that
the increvsed degrdrtion 1s a result of the mncreased energy expendi
ture

Travell Twould hike to pomnt out that a fall n the seram protem
hound 10dme during cold 15 quite compauble with increased
Peripheral utihization of thyroxin bectuse tr1 1odothyronine lowers
Tather than rases the binding capaaty of the serum protein for 10
dine Thus would be important

Pace Where are the adrenal cortex data?

Bass 1 don t have a shde showing them but we measured eosino
phils and 17 keto-sterords  and lenkocytes Eosinophils by direct
‘tounting method did not change significantly throughout the entire
€Xperiment Nor were there any sigmficant changes n 17 Leto steroid
excretion

Belnke Did you change the diet during the course of the expert
ment?

Ba's No except o let the men ext more ad ib
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Belule When did they get the mulh diee?
Bavs In the second study Tight from the begmng of the contmol

pertod

Behnke From the begmnung of the control period through?
Bass Yes
Behne Did you 1dd silr? The mulk diet 55 pracucally 4 sale free

diet

Bass Thys 15 1 fornfied mik 1 might dd we did give them toast
1nd salted butter We do hne an estimnite of the silt meake It ws
adequite

I
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FIELD STUDIES ON COLD ADAPTATION

1 AURENCE IRVING
Arctie Health Research Genter
U S Public Health Service
Anchorage Alaska

W HEN ADAPTATION 15 DIscUsseD 1 different set of circumstances must
be considered than when discussing phystological mechanisms 1lone
\ccording to the dictionary defimtion adaptation s applted in the
biologicrl context 1mvolves a modification that fits an organism
more pertectly for existence under the conditions ot 1ts ensvironment
adaptation 15 appled especially to a process of evolutionary change
m structure nd function

So when we study wdaptive physiology we must consider not only
the physiologicl veferences and the environmentat situation but
also the fact that the word adaptation carries an evoluuonary con
notation

We must also keep m mund the fact that the study of environ
mental adaptation can be switably carried on only when 1t 1s mide
with reference to the fully developed adaptability of the ammals or
people under consideration For undeiveloped adaptability may be
quite obscure unless 1t 15 developed by use to 1ts re1t full and per
fect expression

Full development of adaptation requires not only the develop-
ment of an ability but motivation For example the diving of a seal
® a regular exercise 1n suspended breathing which 15 carried on
continuously nd 15 part of its normal pursuit of food escape from
dangers and ordinary travel All seals then are truned to the full
extent of their ability for holding their breath Ordimary eximples
of men could not properly be comprred with seals to find out our
adaptability to diving

The magnificent Australian mile runners 1t the present time are
showng that man 15 rdaptible to run = mile i 4 mmnutes Further
the most amzmg thing hout these trained men 15 that they can

330
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run a mile m plus or minus ene second of the predicted time when
they are fully trained and motnated to do so

I think that 1llustrates some of the advantages to be derved from
utilizing fully tramed and motnvated people and ammals n expert
mental work, and probably 1t 1s a necessity when adaptation 15
volved 1n the study

We have carried on 2 number of studtes of the reactions to cold
n Arctic populations, because 1t seems a safe conclusion that Arctic
populations are, by reason of their successful exstence in that en
sironment, truly adapted to Ine mn a cold emvironment

A thermal environment can be very complex I have noticed that
mny people speak of “environmental” temperature when they knon
only the temperature of the air To dress up a simple and often quite
nadequate measurement of the temperature of the air by the desig
naton of “environmental’ or even ‘ambient” covers the ammals
thermal situation with confusion

The essential way 1n which we looked at adaptation to cold, as 1
presented 1t at the preceding Conference, emphasized the fact that
the antmal mamtuned 1ts body temperature with a fair degree of
constancy and that modification of internal body temperature, as a
form of adjustment to chimate, was not found to be of any grett im
portance Likeuwise, the basal metabolic rate seemed to be an operat
mg charactenstic of the metabohic machinery which couldn’t carry
out much varation successfully and permanently, such as would be
likely to suit an ammal population or a normal human population
to continued existence 1n the cold (1)

The consptcuously vartible and therefore adiptive function m the
description of the animal as a heat machine 1s the factor of insulation
At first because 1t was obvious we spent a considertble amount of
time 1n the examination of fur as the msuliion of the northern
amimals But the fur becomes one of the less interesting parts of the
msulttion system when you consider that 1t 15 imanable within 2
brief period At least we can t see how 1t can vary, as the require:
ments for the escipe of heat or retention of heat change so rapidly

So we were mterested 1 finding that the cooling of the e\n:mme;
w1s 10 some amimals (2), quite consptcuous and that i bare shinned
ammls such as swmne (3} and the rther thinly fur corvered l;m’
seal (4) the entire body surface could vary 1ts temperture and thus
inducate the means for consersatton or inereased relese of heat

Although we considered those examples of the msulting S)ls:f:;
Inst they nevertheless probably represent the simplest ex1mp!
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the physiological mmsulation and are certamnly the most easily ob
served and mesured
That, of course, has brought us to the point of how we are going
to look at humin adaptatton to cold One of the obstacles to the
determination of true humn adaptation to cold 1s that people don’t
Iike cold, and none of us 1s commonly willing or even m a positton
to become adapted to cold
We have confined soldiers to cold rooms, and, just as Dr Bass did,
we have found some of the acute effects or responses which 1 man
makes when suddenly exposed to cold But soldiers are not mottvated
to become adapted, nor do they represent what should be considered
s a population
It 15 strange, when you think how much of our physiology 1s de
nved from observations made upon oursehves, our colleagues, and
upon such other examples as we can order about 1n the laboratory
that none of them s normal 1n the sense of being normally adjusted
to the type of conditions which are 1mportant m molding the char
acteristics of a natural population
We have tried to determine what kind of people might be truly
adapted to cold We were convinced that the cold to which they
could become adapted by their physiological mechanism alone cer
tanly would not be Arctic cold, but only the sort of moderate cold
which appears 1n a warm temperate situatson or even an actually
cool tropical one
The methodology of setting up an expedition for finding people
who, as a population, were really adapted to cold, was quite complex
But with his charactersstic energy and skill, Scholander devised
methods and aroused the enthusiastic nterest of a number of young
colleagues and tramned them 1nto teams which could operate effec
tively as task forces 1n a number of areas I am simply summarizing
some of his experiences and results rather than presenting any con
tribution of my own It would have been better had Dr Hare done
this because he has Just returned from participauon 1n one ot the
field expeniments
In early studies, Scholander and his Norwegian colleagues showed
thit the critienl temperature for the elevation of metabolism by cold
%as the same 1n nude Norwegans and Lapps (5) Lapps occupy a
simlar chmate pasitien and weat ahout as excellent, warm Arctic
dﬂthmg as do Fshimos There 1s no sign, with regird to their essen
1l basal metabolism or therr critical temperature, that Lapps and
Lskimas duffer from Norwegians
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The next project Scholnder (6) arranged w15 to motnate 1 group
of young universty students from Qslo for the des elopment of their
adaptabihity to cold by offering them the opportumty to spend about
6 weeks m one of the areas above the tmber hine nhere m August
and early September, trosty mights and frequent chilly dus 1re the
regular regume These young men were to wear only very hight cloth
ing and to spend thesr ume n fishing, hunting, hiking brologcal
field studies and whatever active plesures they enjoyed Since they
esciped from the unnersity for this freedom, they were devoted to
tts pursit At the end of about 6 weelks, these young men were
exumined for some ot therr thermal rewcuons and metabohic re
sponises

Figure 111 mdicates the sitwnton which was found These young
men were certunly exposed to cold and they were chilly But ther
regime had to be conssstent with health and good spirits or they
would not ve provided a pracucal experiment

Figure 111 gnes the records of temperture measuremenis made
1t various places over the body, while the men were asleep 1 a thin
sleeping bag at a temperature about 3°C There are sever! reasofis
for the utihzition of a cover I thmk Dr Bass indicated some of them
One 15 that crvilized man s somehow comforted by covering for the
nthed condition 1s not esthetically or physiologictlly a happy one n
which adaprabidity could be fully deyeloped

The bag provided less than 1 clo of protection wd wis not nearly
suffictent to keep the unicchmited men comfortibly warm, 15 15
shown by therr recorded temperitures Thetr body temperitire de-
climed a Tietle, as 15 shown by the rectil temperatures but not much
differently from the cold adapted men More declne w1s shown m
the shin temperature on the shoulder, on the tingh and on the feet
of the men untccustomed to exposure There wis remwhably good
muntenince of the cutaneous temperatures by the men who nere
accustomed to exposure

Figure {12 shows the metabolic proviston of tor
groups of men When they were niked at 20°C, which ss ratl &c
chlly for the ordinary person their metabolic rates scattered 2&11:0
vanously But tn general, the men who had been earlier expos ot
cold had appreciably higher metabolic rtes and that w18 smuc\; >
more consistently demonstrated by what was gong on m "‘““
attempts to sleep m the sleepiug bag at 3°C It turned out, 13 ;an
mrizing these data that the wetholic rite of the men who ha it
exposed to cold was significantly greater while asleep than W%

heat by the twa
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he men fresh from the ity That seems to be the rexson for their
hty to sustawn the temperature of their shin at levels which were
too uncomfortable which didnt obuate shivening but which
ertheless pernutted the ncchimated men to obtun adequate rest
mg the cold nights  Although as they thought bout 1t later
¥ recalled that they sometimes did teel chully
fart 1 am going to object here 1 am not convinced tht there is
evidence of 1 difference i metabolic rate between the acclimated
| control subjects when the varability 1s trken mto account
Ting You hwe 1 pomt there all night 1 am repewing Scho-
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Jander’s conclusions and tnclined to agree with them for reasons other
than are now apparent
Burton 1 emphasize the fict that a presentation of mass data 1
<uch a srturtion must be by  parred statistics * The same man should
Dbe compared before and after The scatter will not gne ihe answer
However, 1t might not apply if one used mdidual groups, with
pured statistics nstead of ‘group stavsties
Irping 1 thunk that would be 2 supertor demonstration
Pace 1 think also 1t may be important that, m the cold adapted
group the vapance seems o be much fess than 1n the notadapted
group
Tromg 1 would be prequdiced to search for that comstency after
traimng but I am not convinced that statistical treatment could
etther confirm or deny my opimtons
Daves These are the sume mdvidunls, are they
Iruing No they are not
Burton Then of course, my potnt doesn t apply

>
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Irung They were not the sime individuals examned before 1nd
after acclimation They were simultaneously examined groups of
men who had been accustomed or unaccustomed to exposure to cotd

The group on the left hand side of Figure 112 are sumply untrained
men and perhaps part of their varnability comes about from that
because we can usually recognize unpredictability in the perform
ance of untramed men or animnts

Horvath Dont some of those contrals later become the cold
adapted men?®

Irving They didnt stick at out long enough They were only
there for a short tume since they were busy about other occuprtions
Figure 112 also shows the period through the mght beginning at
clesen and extending to about eight n the morning These are

nts of oxygen ¢ ption or bolic rate from oxy
gen CO2 measurements

Burton Every hour?

{rumg No Sampling was more frequent The men slept with their
heads 1n a sort of plastic cosered box throngh which air was continu
ously ventilated mto measuting spirometers and at about half hour
mtervals samples from the spirometer were removed and analyzed
for oxygen and carbon dioxide

I'think Dr Harts and Dr Burton s comments are pertnent here
In Figure 111 the difference 1 the foot temperature of the two sets
of men was quite inescapible and the difference teported m the
ability to sleep whuch early became established as these men con
tnued thesr experimental exposure to cold and the control subjects
B35 very marked Because although the comrol subjects thrashed
2round and shivered and shook and put out nearly as much heat s
dud the adapted people they nevertheless were completely miserible
and quite unable to obtain rest

Carlson 1 think we should point out the fact that the temperature
data as well as these data confirm sex eral other studses such as Bafke

{7) dd many years ago This 13 a common observation oft groups
“ho lise 1n the cold

frumg OF their developing adaptation?

Carlson Yes

Irving There are mny convincs
sonal expersences of developing comfort u
100 severe and if 1t 25 within the range 0
become adjusted

ng examples of that kind per
srt under exposure 1f 1t 1s not
which the indivicuals ean
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Fremont-Smuth There was difference also 1f the unad2pted group
did not sleep wnd the others did You are measuring one group awake
and uncomfortable and the other sleep and comfortable

Irytng ‘The remarks that people make about how they drdn t get
2wl of sleep the might before are often found to be only about 5
Pper cent correct

Dawis Was there a shivering difference between the controls and
the cold 1dapted?

Tromg There was less savering m the cold adipted but they did
shiver nevertheless That was their opinion 1t the times when they
amohke and 1t was confirmed by examining these syme indiiduals
with the electromyograph and electroencephalogriph immediately
on their return to Oslo The electrical records showed therr frequent
shisering while they vere sleeping 1n a cool room

Dayis They were of course relitively warm when they slept at
3°C 1n the bag weren t they?

Irging The cold adapted people d 1 fair temp
but 1t was still sufficzently cool to induce some shivermg

Carlson It was a l-clo bag

Iroing They shivered and slept the controls shivered and didnt
sleep

Davts You don t know the relative quantity of shrering You s1y
they shivered and didn ¢ sher

Irving 1 wouldn t know how to esimate 1t m the field

Pace The foot temperature dropped 1n Figure 111

Daws Yes

Irvang It shows the imbility to sustun comfortable temperature

Dawes Heat loss from the adapted men 15 greater by virtne of the
higher extremity temperatures than the unadapted

Irumg The means of this sort of 1djustment to cold re apparent
It 15 indicated that 1t 1s accomplished by an increasing ability of the
metibolic machinery to produce heat while stll permitting the
other functions of the resting to continue

There w1s no reson to thmk that this chnge which was brought
out in the matter of 1 fen months represented other i1 putd)
development of the adaptability latent m people and 1t might ven
1 ell not show the full limit or even the mens by which man could
be best 1djusted ta a cold condition

So Scholander figured on going to a p!
been ccustomed not only for ther hfetime
the past to existence m the naked conditron And that was &

tace where a people had
but for generauions 11
a be
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found 1n the mntertor of Austraha, among the abonginal people
there who had also been examined some years ago by Sir Stanton
Hicks and his colleagues (8) But there were some questions about
the meaning of the results of the studies of Hicks and his colleagues,
which 1t was evident could now be better resolved by the methods
which Scholander and his associates had prepared

Figure 113 shows the sleeping habits of the native people wiio m
that particular group n Central Australia were quite accustomed
to sleeping entirely nude at mght Dr Hammel 15 shown going
through the maneuvers of application of the thermocouples to the
skin surfaces This shows the cover for the head through which anr
was arculated, and 1t also shows the natives custom of constructing
a small brush shelter and how they often put a little fire by each
man Sometimes two men sleep side by side between two fires Thus
while they sleep naked they obtain both shelter and warmth by then
normal sleeping habits

R ““\{%\’; 1'“\
Eas ]!& L E_Ag
tris

- 7

Hictre 113 Natie lymg bewween fires Flis head 15 being fitted into respiratory hood
(note thesmocouples) Right hand side 15 an empty hood showing ample rubber sleeve
for neck fit Reprinted by permission from Scholander P F Hammel H T Hart
]S LeMesuner D H and Steen ] Cold adaptation 1n Austraban aborigines
I Appt Physial 13 211 (195%)
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Figure 114 shous the results of some comparisons of the metabo-
Iism and temperature i the white group who served as the control
or perhaps, the bad example, and the native who 1 1s the regular and,
1t turned out, adapted person There wasn t any marked difference
between the otygen consumption of the white and the natwe under
these conditions

The temperatures were somewhit simtlar on the tup, not at all
ifferent as regards the rectal ‘The temperatures of the foot ficing
the shy and of the hip facing the shy were quute different from the
temperatures of the shin which faced the fire With the great viriety
of environmental condittons for heat loss, the fire heaung on one
side, and radtation loss to a cold sky on the side anay from the fire,
1t was quite 1mposstble to measure the effect of cold

How the two sets of indnviduals met the situatron 15 best demon
strated by the face that four tumes during the might the Australim
awakened and replenished the fire while the white men woke up ten
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1 two nates
Fictze 114 Shin temperatures and metabolic rates  two whites and ’
sleeptng  proper bush  te naked between fires Upper panel surlace mrr;:;rlal:‘r:‘
facing Gires open curcles facing sky Gilled curcles rectal iemperatares % m‘th al b
arranged 1n groups of three represent from left to Tight measurements from e
and foot raken at the samec hme Lower panel O consumption  Wir (e med
dropped from +45° to 0°C durmg the might Radiation nempcra;|ur=“n(r.xyll-:§ i
—20°C Reprinted by permission from Scholander P 1 Hammel | ot L
LeMessupper D H and Steen ] Cold adapiation in justralian aborgnes
Physiol 13 211 (1938)
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or fifteen times 1n fact they sud they couldn t sleep at all This
illustrates the economy n behavior of the two groups Not only was
the white man less accustomed to cold but he was unskilled 1n the
maintenance of his fire 1nd wis morily and mentally unprepared
for the whole performance

Fremont Smsth Was the heat of the fire applied mostly to the
lower extremities?

Irning The natnve 15 apprently able to rotate himself periodically
1n order to make more efficient use of the heat available from the
fire So there 15 a combination of habit and probably some physiology
here but the physiologtcal «djustments could not be clearly demon
strated However ligure 115 indicates how some of that was ac
complished

Bass Is the body size of the whites comparable to that of the
native?

Irving They are not incomparable but the natives are usually
more slender and a little lighter As I recall the figures the difference
1n the average was not more than a few kilogrims

Hart Whites were 60 70 71 and 85 kg natives were 55 54 55
58 59 and 67 kg

Bass 1 was thiking of the oxygen consumption

Hart Per unit body size the resung metabolc rate of the native
was slightly greater than that of the white These results are for two
individuals not averages of many

Montgomery When the white man got up he also had a fire and
he also did something about the fire Where 15 his foot temperature?

Iruing These are a few 1llustrative measurements made 1n feeling
out the tactical situatson m order to develop what kind of exper
ment would give significant phystological results

I thunk this 1s sufficient to indicate that sigruficant or clear physi
ologial evidence could not be dertved under these conditions So
they went to the other situation i which the people simply stept
naked without fires Then at least the thermal gradients could be
farrly well defined

Figure 115 shows the results of the shin temperature measure
ments i some of these cases The top set of figures shows how rectal
temperature declined in both sets of subjects The chest tempera
tares showed no clear difference

Graduatly down toward the feet the temperature on the surface
of the native subjects dummished It 1s difficult however to make
that conclusion even from quite a Iirge number of spot determ:
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Ficure 115 Rectal and skin temperatures of whites and natnes during same bag tests
as i Eigure 116 R ted b; from der ¥ F Hammel H T
Hart J § LeMessurter D H and Steen J Cold adaptatron 1n Austrahian 2borigimes
J Appl Physiol 13 211 (1955)

nations, because any means of summation appltes arbitrary weight
g to the significance of one area as agamnst another

By the most careful method of summation which could be applied,
as will be shown later, 1t was indcated that the periphery of the
native subjects cooled considerably more than did the peniphery of
the white subjects

Figure 116 shows the metabolic records for the two groups of
people Again, the regularity of the mative with regard to his meta
bolic rate and the marked 1rregularity of the white man are eudent
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These records mean 1n the one case, that the natve was sleeping
peacefully and relaxed The evidence for relaxation was reported to
be the audible record of snoring, which 1s not now presentable
Siple Is 1t safe to assume that the white man was not accustomed
to lymg on the same hard surfaces and condttions of that nature?

€€ Os /PN WHITES <corsrire NATIVES
— ~

T3 4 56 [ SR Y
Tint Timt

HIGURE 116 All n ght 0, consamption in Whites and natives resting wn slecp ng bags at
a1 temperatures decreasing from average of 5° 10 7°C in the late evening to 2° t0 0°C
at dawn

RMR = resting metabolic rate

DBS = DuBois standard

©

Reprinted by permussion from Scholander P ¥ Hammel H T Hart J 5 LeMes
surier D H and Steen ] Cold adaptation tn Australian aborigines J Appl Physiol
13 211 (1038)
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Irving That 1s prabibly a factor Altogethes the white man was
nuserable

Siple 1t may hive been m 1ddition to the cold the hirdness of
the ground and things of that nature that affected his sleeping heat
production loss etc

Iroing Yes Dr Hart e probably tell you that

Hart "The white man was in the sleeping bag

Siple Was the natwve m the sleeptng bag too?

Iroing Yes agam an 1 thin bag You will see 1 spite of or probt
bly because of Ins threshing about there was more than gust shiver
ng actvity on the part of the white man but wn spute of hts elevated
metabolism he still could not sustatn the temperature of his extremt
ues to 1 comfort level

Horvath It 15 1mazng that these whites were so much more irreg
ulir they were so mn Austritir and Norway where the temperitures
were of somewhat the sume order of migmitude Therefore the re-
sponse must be more closely relited to the type of situation

Hart Y do not think thr the whites 1 Austrilia were more var
able than those 1n Nornay

Irving Dr Hast you have called our attention to the wregularey
or the scatter of the pomts representing the metabolism of the Ner
wegns They were not connected to represent the individul vart
atsons as these are Lach line represents the record of one indnidul
and shows the persods of his metabolic Buctuations

Stple What was the bag lymg on?

Hart The bag w1s on the ground outside

Seple Solid ground?

Hart That 1s correct

Siple 1 stress this becruse unless the winte man had slept an the
ground or was 1ceustomed to sleepmg on the ground the hardness
and the pan of pressure didn ¢ correspond to normal leepung con
duttons and so may hive contributed a gre deal to lus uneasmess
while going to sleep

Hart Hard ground was a contnibuting factor but not the main
discomfort

Burton This does not 1pply to Dr Schofander wnd Dr Haut
They re 1ccustomed to lymng m sleeping bags on hard grm;ﬂd

Carlson  Ave the temperatures we saw temperitures m s’ecg"g
bags or were they taken while the men were lymg out by the fiv

Hart These were taken 1 sleeping bigs ,

Carlson In Figure 116 were the men 1n sleepmg bags
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Hait That 1s correct

Lyman Did they get up and poke the fire?

Hart There was no fire

Behnke The natives were stretched out 1n the bag and on the
ground, too Were the whtte men curled up 1n the sleeping bags®

Irving 'What was the actual situation there Dr Hart?

Hart The sleeping bags were tapered so that 1t was very difficult
to do much curling up

Irsing An effort was made to forestall cutling up by shapimg the
bag so that the occupant couldn t move around much

Davis This might be a parameter of adaptation, mightn t 1t?

Irning It 15 certanly a behavioral factor Figure 117 presents a
summary of the contrast of the two types of adjustment in the re
sponse of the unadapted white man to cold exposure Increase n
metabolic rate, but mability to mantain the temperature particu
larly in the feet, are evident The acclimated Norwegians showed, on
the whole, a greater elevation of nocturnal metabolism and retamed
for some little trme an ncreased resting metibolic rate By that n
creased expenditure of metabolic energy the acclimated Norwegians

WHITE WHITE
%RMR  yuaces madeo ace MaTED
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Fictre 117 Examples of two known modes of general acchmation to cold in man as
evilenced by all mught bag tests
Left = unacchimated white controt
Middle = metabohc acchmation of whites in Norweglan mountain experunents
Roght = smsulatsve rooling an Austrahan abosiges
Reprinted by permussion from Scholander P F Hammel H T Hart J S LeMes
surier D H and Steen ] Cold adaptauon in Australian aborigines | Appl Pt ysiol
13 217 (1958)
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maintained the temperature of therr feet at a comfortable lesel, so
that they could sleep quute well

The metabolic rate w the abongme not only didn't mcrese
during the cold sleeping condstions, but 1t actually declined, as one
mught rather normally anticipate m 2 condition of true sleep Hou
erver, he altowed his feet to cool and didn’t seem to mind

Fremont Smith He had better msulating qualitses

Irning He utihzed ussue cooling as part of his means for a heat
economy which mide unnecessiry the expenditure of more meta
bolic energy Of course, tolerance of such a degree of cooling by the
foot 1s remrkadle to obserie i a humn subgect

Horvath You would hue to s1y the white man neser becomes
acchmated, and that there 15 no such thing as an acclimated whiee
man I the nawuse 15 buit with the sime structure and formation as
any other humtn orgamsm, he 15, therefore, an example of true
adaptation to the environment He has the deal adiptation There
fore, 1t can never be sud that a white man s so Iibeled as bemg
acchmreed

Fremont-Smuth  Just patially acclimated

Iruing 1 am not sure that the term acchimation Tequires the de
velopment of that Ficulty to 1ts utmost 1 thn 1t would be foolish to
set any limit on acclimationt because you would have to expose a min
for an entire lifettme before you knew what the himt of hus adapt
ability was Then you would begin to run 1nto other difficultres
For example, 15 tits the development of wante or acquired adpl
bility? T don't think 1t worth while to pursue these distincuons
definitrons much further

Travell Tsnt there a difference 1 the thickness of the shin of the
foot 1n the white ran and the nave? Is there, perbaps, a difference
n the depth of the sensory receptors below the shin surfwce m these
two groups?

Iromng I don't know The skin of such people apperrs to be st
like our shn, doesn’t 1t, Dr Hart?

Hart It doesn t appear to be different

Talbott The nitse doesn t wear sandals or shoes? N

Irving No The bottom of the feet might be more catlonsed [)’
walking without shoes, but the white men smght have had corns an
calluses We

Fremont Smth 1 thk Dy Travell mde a real pont

g ¢ tld bring

shouldn't dismuss 2t because we don’t know We should bring it o1t
and emphasize and study 1t
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amined

Immg No ¢ €Te Wasyy Much Aifference The Nonvegnns durmg
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oun case that I cant get to sleep untid my feet warm up It also
seemed to be a charactenstic of many of our men They could toler
ate Jon sk temperatute all the ume they were up and around, and
they were obiviousty 1n a vasoconstrictive state Thesr foot temper
tures mught go quite Jow Howeser, whien they tred to relxtogo o
sleep they had difficulty unul the feet warmed up This was 2 com
plamt expressed ume after tme by some of our trail men Whereas
the men we considered the poorest acclimated, did not seem to hne
cold feet when they went to bed and they apparently conld go to
sleep more eastly

Figure 118 gives H T Hiymmels summary of heat conduction
from the skin Although the summatton of heat conducted from
temperature measurements requires werghting and fxctors which
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cause me to be dubious about 1ts precision, 1 think that the sum
mation gues a fair representation of the difference m thermal and
metabolic responses of the white and the native

The rectal temperature of the native commonly fell a hittle lower
than that of the white The estimated temperature of the body as a
whole, taking these arbitrary assignments of the temperature as in
drcated from surface spots and rectal temperature, indicated that the
native allowed for greater cooling of his tissues than did the white

So, by assigning to spots indications about the full shin area, the
skin of the native cooled to a marked degree more than did that of
the white The metabolism of the white man was high and 1t was
erratic, whereas that of the natve was rather steady and consider
ably lower

If, then one makes from the whole sitnation as was significantly
accomplished by H T H; 1 the conduction of heat from the
surface, 1t turns out to be considerably higher from the white than
1t does from the native Altogether these indications are quite con
sistent with each other and with the behavior of the people, and they
seem to indicate the nature of the adaptation of the native

Figure 119 shows problems of adaptation It was destrable to see 1f
the adaptation ot these Central Austrahian natives remained the same
i the summertime, when the temperatures were during the day at
least considerably warmer or hot So H T Harumel went again with
an expedition to examine the natives from Central Australia 1n the
summer and, i substance obtamned results comparable with the
winter records showing no sign that the adaptation that appeared n
winter wis duntnushed by summer heat However his results also
brought out the fact that the summer nights are by no means without
some cool stress So 1t may be possible that this does not conclusively
demonstrate that 1t 15 a racial rather than acquired adjustment to
cold

Fremont Smuth Racil and acquired because the men have been
Ihing i this environment for many generations

Irumg That very important 1ssue seems almost within our grasp
and yet we haven t quite heen able to seize upon 1t However, to go
further into this area they went to the tropical part of Australia, in
the vicinity of Darwin and examined some of the native people
whose hifetime and presumably that of their ancestors bad been spent
1 a truly tropical climate

The results shown n Figure 119 w1ll indicate that the white and
tropical natives, when examinced 1n the summertime, did not show
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Fiure 119 The average thermal and metabolic tesponses of four cor trol whates and
six_Central American nates i winter Each sariable for the natives 1s sigmf cantly
diffesent from the same sarable for the control whites at the 01 Jerel for eack penod
from the 3rd hour to the end Reprinted by penmssion from Hammel H T et al

Thermal and metabolic responses of the Australan aliorig ne exposed 10 moderate cold
1 summer | Appl Phynol 14 605 815 (1958)

what are probably signsficaint differences m their responses while
sleeping cold and that the troptcal natve while better than the
white was not so competent not quite so economical s the nune
of the cooler central regions

This agun 1s not conclusise that the difference 1s 1 rienl trait
because 1s the mvestigators remarked natves iving in the vty
of Darwin 1re quite sophisticated nd commonly wear clothes So
by habit 1lone they may have lost some of the faculty of mamtain
ing comfort and phystological economy whie sleeping m a cold
pertod

‘These experiments correlate 1n an nteresting and consistent
fashion They indicate methods of obsery wtion which lend to signifi
cant studies of icchmition and possibly toward physiological disunc
tions wmong various groups of the human species We my be Jook
ing at true adiptition as compired with what we commonly call
acchmation

Since a number of people have alrexdy puuapated mn these €8
pedronary methods of expenmmentation and they are enthusristic
bout that sort of operation further tests of this sort will be con
tinued m other situattons We can fortunately leave the nlumate
decision as to whether ths is true wdaptation i the biologrcal sense
to empurical studies which will be carrted on during the next few
years

Bass How would you classify the Fskamos reltie to these 1bo-
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rigines as an acchmated group? Would you put them in the same
category?

Irving 'We haven t satisfactory evidence yet That 15 something
for Dr Hart They are lus Eskimos The Alaskan Eskimos are a little
hard to manage

Hart There 15 a rather striking racial comparison recently re
ported from the Arctic Aeromedical Laboratory where the white
subjects were compared with Negroes and Eskimos during the sum
mer This study as I recall tends to show the Eskimos compensate
by greater heating of the periphery during exposure to cold (10)

Bass That 15 greater difference?

Hart That would contrast with the adaptation n the aborigine

Barquist This adaptation of the Australian would be iappropri
ate 1f he were 1n danger of frostbite It seems to me the adaptation
of the Norwegian would protect his extremuty from frostbite at the
expense of a metabolic rate 1ncrease whereas the Austrahan would
allow himself to cool

Fremont Smith Maybe he doesn t frostbite at the same tempera
ture especially if there 15 a difference 1n nervous sensitivity

Irvmmg There 15 a difference 1 the rection to cold of superficial
uissues after they are adapted to cold
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