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THE JOSIAH MACY, JR FOUNDATION
CONFERENCE PROGRAM

DuriNG THE PAST fifteen years the Josizh Macy Jr Foundation has
organized more than twenty conference groups each group meeting for
at Jeast two days annually over a period of five or more years Each
meeting 1s limited to twenty five participants (members and guests),

3 - 1 [N - (R

stimulation of creatity among the participants The purpose of the
publication of the Transacttons of the meetings 15 to share as far as
possible the conference process with 2 larger audience than could par
ticipate personally 1n the discussions

These conferences provide an oppostunity for informal grve and take
among the participants To further this purpose the number of presenta
tions planned for each day 1s generally restricted to one or two The
member or guest selected to give such a presentation 15 requested not
to read a paper but rather to highlight 1n an informal manner some
of the more interesting aspects of his or her research with the expecta
tion that there will be frequent mterrupttons by participants in the form
of questions criticism or comment  Such interruptions durng the course
of a presentation are encouraged and form an essential past of the
group interchange

The conference program has always been viewed by the Foundation
s an expenment 1n communication 1n % hich there 1s room for improve
ment and need for frequent reappraisal Sufficient expertence has already
been gamed to justify the conclusion that this type of conference 1s an
effecttve way ¢ ' Pomem e
and allied disc
andof overcor |, |
as the result of this expersment that the major obstructions to under
standing among scientists lie 1 the resistance of human atutudes to
change rather than n difficulties of techmical comprehension  Less
extenstve expersence with non scientrsts has mdicated that the effective
tess of this type of conference 1s not limited to groups of scientists but
will function in any group meeting where more effective communtcatton

~mad aa
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10 Cold Immy

1s the primarty goal It 1s also clear that the same conference technique,
with minor changes, 1s readily adapted to small nternational confer
ences
"The style of publication of the Transactions has aroused considerable
interest and some cuticism  The crticism has been directed prmanly
to editonial permissiveness which has allowed 1n the final text, 1n some
snstances, too many questions, remarks, ot comments which, although
perhaps useful during a heated discussion, seem out of context and
interrupt the sequence of thought in the printed volume A few have
objected to the principle of publishing i this style and would prefer 2
depersonalized summary without interruptions
The Foundation Staff and the Scientific Editors of these volumes wel
come crticism and hope to profit thereby 1n mcreasing the usefulness
of the Transactions to scientists and students of science 1n the country
and abroad
FraNk FREMONT SMITH, M D
Medscal Director



ANIMAL ADAPTATION TO COLD

LAURENCE IRVING
Aretic Health Instunte
Anchorage Alaska

COR THE PAST 10 YLARS I have been enpaged 1n a study of adaptation
o cold This work has been carried on at the Arcic Health Research
Center and 1 shall present a resume of 1t at this time but first perhaps
some ortentation would be 11 order

The 1nterior valley of Alaska (see map) through which the Yukon
River flows from east to west ts bordered on the north by the Brooks
Range Although extreme cold occurs 1o the interior valley occastonally
during winter the mean winter temperature 1s not as low as 1t 1s north
of the Brooks Range Summer temperatures are often hot in the valley
but they are cool north of the Brooks Range There 15 a very sharp
temperatuse gradient marked 1n winter but much more marked n
summer which passes just along the lime shown on the map through
northern and Arctic Alasha and then extends southward more or less
1n accordance with northern himit of timber on the continent

Tigure 1 dllusteates the range of the various chmates of the world
the Arctic regron with its low temperatures which may pass to —60°C
or 50 1n winterttme the temperate region where the wmnter cold may
go to —20°C or so and the tropical reglon in which the unchanging
rather warm temperature 15 the marhed charactenstic  The so called
temperate chimate which to most people who Iive there seems ex
tremely intemperate 2 great part of the time has an annual mean range
of temperature of approximately 40°C  But the Arctic chmates par
ticulacly those 1n the intenor of the continents of Asia and America
are marhed by extraordinary diversity of the winter and summer mean
temperatutes let alone the extremes

In these two diverse climates various forms of warmblooded ammals
have become adapted so that they successtully line there  For example
within Arctic Alasha there are about 30 species of mammals and about
200 species of birds mncluding those which are migratory although
only 20 or 30 bird species are permanently resident

11
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Fiure 1 The range of temperatures 1n degrees centigrade encountered 1n the
climates of the wosld and the raage of adaptation of warm blooded anumals

To such 2 wide range of temperatures, various species of birds 2nd
mammals are thoroughly adapted But man with his natural physio
logic equipment 15 adapted physwologically to only the very meager
range of temperatures such as are charactenistically found mn the mosst
or sea level tropical region

Talbott Are all these btrds nonmigratory?

Irtmg No, about 20 or 30 are resident spectes  The remainder of
those which I indicated, 180 or so, are mugratory

Fremont Smath  When you use the word adapted’ 1a thss sense,
when you say that a man 15 adapted to only this natrow range, would
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you give us a hittle 1dea of how you use the word adapted > What
do you mean by 1t?
Irimg By ‘adapted ammals and I will go 1nto detail presently,

mean 2nimals that are thoroughly capable as individuals and as PO
v ) PR [F A ' o

Fremont Smush  You do not consider that primitive groups who live
i these colder areas are adapted 1n this definstion? The Eskimo 1s not
adapted?

Irttng 1 would not think his physiologtc adaptation ts marked al
w o P T , - = lapta

how

many nonhibernators? Do you have any figures?

Irtmg 1 think there are only two true hibernating mammals the
marmot and the ground squirrel Can you telt us Dr Hock?

Hock  That 1s true north of the Range

Rark Isnt the rate of adaptation of naked aborigmal man a little
wider than that? I am thinking of the Australian abornigtnes who live
m quite cold temperatures without clothes or fire

Irtmg 1 suppose that 1s true since according to my definitron sur
vival or existence 2s individuals and populations naked and without
much shelter 1n a climate which frequently 15 cald n fact near freez
ing 1ndicates that they must bave some adaptation It may be that to
some degree the Aleuts also were significantly adapted

Rennte  Are not many of the anmals exposed to microchmates
which are 2 good deal warmer than the gross temperatures you have
indicated? They would not be adapted to such exceedingly cold tem
peratures

Irtmg A considerable share of the 30 mammals 15 composed of the
smalf antmals The mice and the shrews we have found to be present
1n surprisingly large numbers as a sort of basis of the whole carnivorous
pyramid of larger mammals in Alasha  Those small mammals cer
tamnly are not adapted because without the shelter of thetr burrows
and nests they could not possibly withstand the full Arctic cold That
ts an important reservation

Hervah Dr Inang n these mugratory species don t some indvid
uvals stay occastonally > Do you consider these as speciat examples of
adaptation within that species?

Irttng No although asyou say there are a few species of birds in
which the majority of the indisiduals mugrate southward 2nd 2 few
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stull reman, this situation 1s rather uncommon There are only a few
species of primanly migratory habit among which indviduals semamn
behind duning the winter

Horvath Has anyone banded the individuals that stay and studied
them over a penod of years, to see if they repeat this pattern of remain
g behind? Is there some difference between these mndviduals and
the rest of the flock which goes southward? Of those that stay behind
have any studtes been made which would help m 1dentifying the cause
of adaptation?

Iring No, I dont think so The difficulty 1n all of these studes
1s the poor discimination which our physiologic techniques yet allow
Often 1t 15 very difficult to distinguish the characteristics of an entire
popufation of one species and to differentiate them from another, even
when 1t appears quite different

As for phystologic discrimination of the adaptation or adaptability
among mdividuals within a species, that 15 an eventual goal

Hortath 1 would think since there 1s this individual vamation,
there might be very strking differences between these, much more than
1n the over afl population

Irtmg ‘There may well be

Hock I thunk probably most of these individuals that shouldn t stay
and do stay are just committing sutcide anyway

Fremont Smuth Do they die?

Hortath ‘That 1s the pomt do they die?

Hock That 1s a good question I am not sure

Horrath That 1s the reason I asked the questton—are they banded?

Hock A few occasions of survival through the winter have come to
my attention  The arumals, however, must be 1n a favorable niche 1n
the environment, a hot spring or some other place where they can get
food These places are hard to find and very maccessible to man  Also,
only a very few of the individuals do stay when they should not lve
through the winter If they do there 15 something wrong with them

Fremont Smith Maybe 1t 1s the  something wrong with them’ from
which we can learn Isn t that the point you are making?

Hortath Txactly While it may be pure guesswork as to whether
they do survive or come back agam, 1t seems to me that thrs is « real
and logtcal problem to attach

Burch It has been shown 1n bird mugration that most of the burds
that do not migrate do not survive

Hortath Agam, 1t 1s the problem of whether or not the individual
differences that enable some to survive won t give us a lead as to the
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adaptive processes that go on or that the whole thing 1s 2 matter of
chance?

Hildes As Dr Hock ndicated these mdividuals might not be
adapted to starvation but they still might be adapted to cold

Hock 1had one speafic instance and as far as I know 1t 1s the only
one known When we were at Point Barrow 1 had 2 flock of captne
snow buntings These normally migeate The last one seen 1 the wild
state was 25 September and at that ime the weather was getting qute
wiatry About 25 October when it was full wiater one of them escaped
from the cage and I thought Well he 1s dead  The next spring he
was retrapped 1n the same cage at the same spot he had been caught the
summer before

Fremont Smuth You could identify hun?

Hock He was banded Thss indtvsdual had made a migratory flight
further south really i the dead of wiater when apparently there was
little food anywhere for hundreds of miles These birds are seed eaters
Of course there were seeds An insecttvorous bird could not have done
1t because there were no insects  Thus bird made 1t and I think the only
reason he made st 15 the fact that he was able to fly so fast that he got
out of the uafavorable environment

Hortath Thus 15 an assumption?

Hock I am sure there was no possibility of his lasting there over the
winter Not only that but the terrain 1s just as flat as a table and we
could eastly have seen anything The Lshimos are astute observers of
any unusual phenomenon  They certainly would have told us if that brd
had been anywhere around there So apparently he was fortunate He
made 1t south and came back next year apparently quite all nght Yet
he left at least 2 month perhaps longer after the rest of the population
had departed 1 think he left the area ¥ don't think he stayed

Irmg At Anchorage we were discussing the inadence of cold injury
among people in the North because we cannot always obtain that
evidence Obviously we cannot send questionnaires to the ammals we
have to do expenmentation But we can wnvestigate people by the
stmple method of asking questions and wating letters So Dr Colyar
made some inqueries of the physicians in charge of hospitals 1n North
ern and Arctic Alaska as to the frequency of occurrence of admissions
to hosputals for frostbite

In reply to inquities to three hospitals each one of which served
an estimated population of [shumo people of about 1000 it was i
dicated that there were about two or three admisstons per year for
treatmeat of frostbite which had occurred A case of extensne dis
aster or even a local acadent such as a plane crash might brng out
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a very considerable number of mjurtes from frostbite 1n an Arctic
community but mn general the acute effects of cold are not commonly
a major concern n public health even 1n Arctic Alasha

Talbott You have been studying Lskimos for a long time How
many cases have you seen with digit loss?

Iremng 1 havent poticed any that 1s I havent noticed any loss
marked enough to make an inquiry about 1t I don t know what those
figures are 1 do hnow that the anthropologist Coon (2) feels that the
repeated freezing of digits has eventually brought about the shortening
of the Eshumo s extremities It was partly because of these statements
that we made this inquity Since the mnadence of frostbite 15 two or
three cases per year we cant see that that 1s a prevalent or a common
njury which might be suspected of having an evolutionary mfluence

However our main putpose tn looking mto the sttuation was to find
out just what 1s the magnttude of the frostbite problem 1 matters of
public health

Hortath What 15 the Fskimo population? These figures have no
meaning unless we know

Iresng  The total Lskimo population i Alaska is of the order of
15 000 or 20 000

Meeban When I was a member of this Laboratory I had occaston
to study a number of the Eskimos in the Terrstory and we did not ob
serve digit loss or as a matter of fact any specific evidence of frostbite
injury to the fingers although we saw 2 number of Eshimos with evi
dence of frostbite mjury to the face

Fremont Smuth Were you looking for digat loss?

Meehar  As a matter of fact we were domg studres on finger circy
lation

Fremont Smuth  So you could have seen 1t?

Meeban  Yes

Rodabl 1 saw one Eskimo boy who had both hands frostbitten
This 15 the only certain case I know

Irtmg  1am glad to have those comments because I have been very
much concerned about this Naturally figures of that sort are impor
tant mn the establishment of public health policy in Asctic regions The
fact that these inaidents are rare does niot of course remove then from
smpottance to public health where individuals certanly count But it
means stmply that as 2 major influence  the acute effects of cold myury
do not seem to be apparent

We are particularly grateful to the operatton of conferences such as
this which have brought into proper perspective the very extenstve
information upon the eidence and charactersstics of frostbite in milt
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tary p 1 for there, 1y, frostbite 1s by no means a matter
of mmor concern  Indeed only from the military can we obtam matestal
for scientific study of the problem of acute cold mjury and apply 1t to
cvilian considerations

Hortath Is the madence of frostbite among the non Eskumos
greater here?

Irzmg 1don't think there are any figures to tndicate that

Hortath Ixcluding the milttary

Irtmg 1dont think the figures are sufficient to sndicate that It may
be, with more comprehensive surveys, that more useful data can be
obtained but by aad large, the mcidence of frostbite or the mcidence
of deaths from cold, reported i the vital statistics records, from Alaska,
are only a few more numerous than, say, throughout the United States
at large

Rogzbl { would [ike to add to Dr Irving's rematks Over the last 6
years or so we have had a chance to observe the occutrence of frost injury
1n certain parttons of the population 1n Alasha  Although we have no
figures at this time 1t 15 our feeling that frost injury 15 extremely rare
1n the Eshamo but that st does happen  In most cases the imury 15 i the
face and usually it 15 the result of an accrdent of some hind  Probably
the reason Eskimos do not suffer so much frostbite 1s that they have
superior ability in tahing cate of themselves

Horzath Ts it they stay out of the cold?

Rodahl That 1s partly true because when they are out 1n the cold they
are protected  When they don t have any business being outside, they
cemamn in their bouses

Kart How about the tno who died  the snowstorm? Isn t that
unusual ?

Rodak! 1t 1s one of the few cases where to my knowledge, Eshimos
actually froze to death 1n a snowstorm  An old man Timharo was
camp at Dapok outstde Gambell, when he became dl  His wife and
ten year old son helped him on the sied and started off back to Gambell
but they were caught 1n the snowstorm The man died, howeer, the
mother and the child carrted on Later, the mother became exhausted and
garve up 16 hlometers from the village but asked the boy to continue
alene tonard Gambell for help  He spent the first night sitting n the
snow and by morning his hands were severely frostbitten The next dn
he happened to meet a man who was attending to his traplme Thts man
brought lum to Gambell  The mother was eventeally found dead 1n
the snow

Monsgomery Do you see any snstances of frostbite in amumals 1n the
Arctic or would that be seen perhaps only 1n trapped amimals?
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a very considerable number of injuries from frostbite 1n an Arctic
community, but, 1 general, the acute effects of cold are not commonly
a major concern 1 public health even 1n Arctic Alasha

Talbott You have been studying Eskimos for a long time How
many cases have you seen with digit loss?

Irzmg 1 havent noticed any, that 15, I haven't noticed any loss
marked enough to make an imquury about 1t I dont know what those
figures are 1 do know that the anthrapologst, Coon (2), feels that the
repeated freezng of digits has eventually brought about the shortening
of the Eshimo s extremities It was partly because of these statements
that we made this inquiry  Since the incidence of frostbite 1s two or
three cases per year, we can t see that that 15 a prevalent or a common
injury which might be suspected of having an evoluttonary influence

However cur main purpose 1n looking ito the situation was to find
out just what 1s the magnitude of the frostbite problem 1n matters of
public health

Horrath What 15 the Fskimo population? These figures have no
meaning unless we know

Irtmg  The total Eskimo populatton n Alaska 15 of the order of
15,000 or 20 000

Mechan When I was a member of this Laboratory I had occasion
to study a number of the Eskimos 1n the Tetrstory, and we did not ob
serve digit loss or as a matter of fact, any specific evidence of frostbite
myury to the fingers, although we saw a number of Lskimos with evy
dence of frostbite injury to the face

Fremont Smuth Were you looking for digit loss?

Meehan  As a matter of fact we were dong studies on finger ciecu
fation

Fremont Smuth  So you could have seen at?

Meehan  Yes

Rodahl 1 san one Fskimo boy who had both hands frostbitten
Ths 15 the only certain case I know

Irung 1am glad to have those comments because I have been vety
much concerned about this Naturally figures of that sort are impor
tant 1n the establishment of public health policy 1 Arctic regions The
fact that these mcidents are rare does not of course remove them from
mportance to public health where indtvrduals certainly count But 1t
means stmply that as 2 major mfluence, the acute effects of cold mjury
do not seem to be apparent

We are particularly grateful to the operation of conferences such as
thts, which bave brought into proper perspective the very extensive

.. nformation upon the nadence and charactenstics of frostbite 1n mth
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tary p | for there, unf ly, frostbste 1s by no means a matter
of minor concern  Indeed only from the military can we obtain materral
for scientific study of the problem of acute cold mjury and apply 1t to
avilian considerations

Horearh 1s the madence of frostbite among the non Eshimos
greater here?

Irting 1don t think there are any figures to mdicate that

Hortath Excluding the military

Irtmg 1don t think the figures are sufficient to mdicate that It may
be with more comprehensive surveys that more useful data can be
obtained but by and large the mcidence of frostbite or the incidence
of deaths from cold reported 1n the vital statistics recoeds from Alasha
are only a few more numerous than say throughout the United States
at large

Ragabl 1 would like to add to Dc Irving s remarks Over the last 6
years or so we have had a chance to observe the occutrence of frost injury
1n certain portions of the population 1n Alaska  Although we have no
figures at this time 1t 15 our feeling that frost myury 15 extremely rare
1 the Eskhimo but that it does happen In most cases the injury 1s mn the
face and usually 1t 15 the result of an acadent of some hind  Probably
the reason Lskimos do not suffer so much frostbite 15 that they have
superior ability 1n taking care of themselves

Hortath s it they stay out of the cold?

Rodahl That s partly true because when they are out in the cold they
are protected When they don t have any business being outside they
remain 1o their houses

Kark How about the two who died in the snowstorm? Isat that
unusual >

Rod /!l 1t 1s one of the few cases where to my knowledge Eshimos
actually froze to death in a snowstorm  An old man Timharo was in
camp at Dapoh outside Gambell when he became i1l His wife and

P [T -
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lone toward Gambell for help  He spent the first night sitting 1n the
snow and by morning his hands were severely frostbitten  The next day
he happened to meet 2 man who was attending to his trapline  This man
brought tim to Gambell  The mother was eventually found dead n
the snow

Monsgomery Do you see any instances of frostbrte in animals in the
Arctic or would that be seen perhaps only 1n trapped animals?
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Irtng  Trapped animals, of course, will suffer from freezing Can
bou sometimes, particularly the calves, may, n a cold spell, Jose their
ears or the tips of their ears, from freczing  Sled dogs, 1f forced to work,
particularly at the time of the break up, may cut their feet and injute
them and then sometimes suffer from local frozen spots on thetr feet
There may also be frost injurtes along therr flanks, where the hatness
rubs But [ can t think of any 1nstance of an animal apparently 1n proper
health and uninjured suffering from frostbite

Rodahl Tt does happen that Eskimo sled dogs suffer frostbite occa
sionally undemeath the belly and on the extremities, especially of they
are undernourtshed and 1n poor conditton

Irtmg  Asen t those instances usually a result of the rubbing of the
harness or of the dog s bewng forced to wosk or beng restraned to 2
local area where he can t seek shelter?

Rodahl In a few cases I have personally observed, this was not the
case  But the dogs were 1n a bad nutrstional state

Blan Isnt it true that some animals n the Arctic, developing cold
1yury 2ad not being able to get to warm shelter, will i almost all cases
proceed on to hypothermia and death? So perhaps some frost mjures
you mught see 10 animals or humans are not alleviated by getting to 2
warm place, these animals proceed on to a hypothermic death

Hock We see such cases in the captive state The snow buntings I
referred to previously were on 2 wire floor  Many of them got a frozen
foot condition which was almost mvarably fatal Only one survived
ths condition  All the rest of these small birds which got this frozen
foot condttion wvanably died

Normally 1n the first winter of life bear cubs are with the mother 1
the den but 1f kept outside, they show a peculiarity of molting during
the first winter They therefore have a practically bare ramp and oc
castonally it 1s frozen, however, this does not particularly bother them
In fact we have a few demonstrations of this 1n my captive bears no®
The frostbite 15 not extenstve, but 15 just a local skin lesion  Thus 1t
appears that during the first year of the bear's life 1f, while he 15 undes
captive conditions, he 18 kept outstde he molts and consequemly has
very Light baw caverng, Hence, he often suffers mild frostbite, be
cause, notmally, he s kept in the den with hus mother during this penod

Fremont Sputh  Ts 1t fair to say that this 1s a kind of adaptation by
bear cubs which they do not ordinanly exhibit because they 2re in the
den, but when they are takhen out of the den, they prove they have
adapted to that extent?

Irtmg  Yes, I would say so, they are adapted by their fur and certaint
physiologic, protectne devices
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I'remont Smuth They molt when they are out in the open and survive
petfecily well, with just a little shin lesion

Tracell ‘They are physiologically protected

Fremont Smuth  They call it "adaptation *

Burton This 1s true of animals in general, not just the bear cub In
the first months of Life they have the most extraordinary “resistance *
Dr Adolph (3,4) has investigated the rat and a great many other am
mals In thetr infancy they show this remarkable tolerance to cold

Hortath That applies to dogs also

Hock  The difference between the rat and the beat 1s that the bear at
this ime 1s a normal temp

Montgomery Would you comment on potkilothermic vertebrates?
Atre there examples of their survival 10 the Arctic?

Ir1mg 1am afraid the number and the varety 15 too great for us to
gonto In Alaska, 1n the summer or in the spring jJust as the snow 15
melting, mosquitoes emerge quite uninjured from the wmter

Montgomery 1 was thinking of vertebrates, amphibia for instance

Ireeng  There ate some frogs wn Alaska  How they exist we don’t
know, but they do

Blarr Do any of the fish actually survive 1n solidly frozen streams?

Irtmg  There are stories of sunvival of some fish m frozen 1ce, but
we haven t been able, under expenimental conditions erther to confirm
them or to obtain evidence that looks plausible (5), however, they ase
ntetesting stores

Burch Do the mosquitoes and such ammals actually have ice crystal
1 therr tissue?

Hock Dr Salt (6) at Lethbridge, Alberta, has done a considerable
amount of work on adult insects passtng the winter n states of super
cooling  He has not to my recollection worked on the lacal mosquito
Culiceta mpatrens which is a large mosquito that hibernates as an adult
and 10 the first warm days of spring not warm because of temperature
but because of sun, it emerges  According to Salt, other insects survive
thus by undercooling, and T assume that this 1s true for the mosquito
also

Tremont Smyth  What do you mean by undercooling ?

Hock  Supercoohing

Frentont Smuh Under and super become equal

Houk Tprefer undercooling  This mosquito stays still, the temper
ature drops and he supercools

Tremont Smuth  Does he freeze?

Hoik Apparently he must freeze because the temperature 15 50 low

Frentont Smnh He supercools without crystallization
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Hock 1 think that the temperature falls 1o somen here belon —~5°C
According to Salt (7) most hibernating insects supercool at least 15°C
and crystallization occurs suddenly and rapidly Although heat of
crystallization 15 produced st 1s rapsdly dissipated to the colder sur
mundmgs and 1n a mnute or two at the most the supetcoolng potat ts
agam reached

Burch  Albert Szent Gyorgy:* 15 of the optmon that a great deal of
water of the body of all animals 15 1n a2 type of crystaline state It s
quite possible that the mosquito may have alf of tts water so arranged

Hock 1 should like to add something on so<alied hibernation 1
tnsects  The majonty must dehydrate very markedly This appatently
15 to reduce the dangers of crystallization’ sesuliing from excess water
Thus 1s best known in potato beetles which dehydrate markedly before
entening hibernation

Butch ‘They cannot lose all of their water There must be water 1o
some areas

Hock That 1s koown but I have forgotten 1 think st gets down to
approximately 60 pet cent

Talbott Are electralytes lost as well as water?

Hock I dont know

Fremont Snuth - They must concentrate electrolytes As far as you
Know they don t seeh a little glycern first?

Hock No that 15 entirely man made

Montgomery Is 1t thought that they remain frozen throughout the
snter or that they thaw and refreeze and thaw and still come back to
Yufe?

Hock That I don t recall

Irting  There are certataly many cold blooded ammals 1n which 1ce
does form to a considerable extent as we showed n som= measurements
made while we were at Pomt Barrow {5) By actual measurements
as much as 40 and 50 per cent of the total amount of water was @ the
fotm of 1ce So that many of the invertebrate cells and tissues and even
eature organisms can withstand the actual presence of ice m the tissues
and recover from 1t h

Frentont Smieth  May I tefer to Audrey South s report at the Foutt
Conference on Cold Injury (8}

Irtmg  She has covered that quite well (8)

Hortath Dr Burch s comments about the different forms of water

(polymers) should be looked 1nto more This 15 an old observation

#Dacernal romemain a4 an



Ammal Adapration 1o Cold 21

About 1880 Wiiting* was the first to reason there was as much as 10
per cent of the total 1n the tetrahedral form, which was that of crystal
lice 1ce It may be that certain species remave the other kind of water
and leave this water intact

Burch One must be careful about the term supercoolmg, especially
when comparing a drop of water to the mtact cell We do not hnow
very much about the state of the water in cells

Fremont Smuth  Audrey Smuths study did suggest it (8) because
when the animals suddenly froze and became solid (they were hamsters,
rats and monkeys) then the temperature came up two or three degrees
suddenly

Burch 1 did not mean these ammals, which are different

Tremont Smubh  You are talking about 1nsects?

Burch Yes

Horrath The question 1s whether they had been dehydrated, v hether
this normal kind of water had been removed, and therefore, whether
or not they wouldnt have gone into this state wtthout supercooling

Aark Is this ceystalline water really exchangeable?

Bureh 1dnmotine © o e o d o
state of the v
the chemtcals
by him to be
which interferes with the passages of electrolytes

Leemont Snuth  He 1s talking about mammalian tissues too

Burch Yes

Tremont Smuh  The old story of bound water too enters into this
situation doesn t 1t?

Hortath There 1s the implicatton mn the old textbaok of phystalogy
by Barnes (9) on these vartous forms of water That is the only place
where 1t 15 adequately described In this book Barnes has a very com
plete chapter on this problem 1 think almost everyone has 1gnored 1t

Burch The same problem exists for msects living 1n the desert

Montgonery  Is 1t generally accepted that aqueous solution will
freeze at 2 much lower pomt 1f 1t 15 1 very small quantity? I can re
member the statement made years ago that distilled water in 2 clean
glass capiblary may freeze at as low temperatures as at —10° or —20°C

Burch A drop of water may reduce to a temperature of —70°C af
the preparation 1s proper before 1t crystallizes

Montgomery  Since there 1s no convection i the fine capillany 1t
might be the same phenomenon

*Whitne H A new theory of whesin applied ta the thermodynamis of Tiquids and
schils Then Harsasd Lan 1994 .anul:luhun
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About 1880 Whiting* was the first to reason there was as much as 10
per cent of the total 1n the tetrahedral form, which was that of crystal
line ice It may be that certain species remove the other kind of water
and leave this water intact

Burch One must be careful about the term supercoolng especially
when comparing a drop of water to the intact cell We do not know
very much about the state of the water in cells

Fremont Smuth  Audrey Smuths study did suggest it (8) because
when the animals suddenly froze 2nd became solid (they were hamsters
rats and monkeys) then the temperature came up two or three degrees
suddernly

Burch 1 did not mean these animals which are different

Fremont Smuth You are talking about insects?

Burch Yes

Hortath The question 1s whether they had been dehydrated whether
this normal kind of water had been removed and therefore whether
or not they wouldnt have gone tato this state wrthout supercooling

Kark s this crystalline water really exchangeable?

Burch 1do not know  Szent Gyorgyr considers the phystcochemical
state of the water 1n 2 cell to be important as well as the exchange of
the chemicals in the cell The permeability of the cell to 1ons 1s thought
by him to he related to the shape of the crystalline state of the water
which mterferes with the passages of electrolytes

Frenont Smuth  He s talling about mammalian tissues too

Burch Yes

Fremont Smuth  The old story of bound water too enters mto this
situation doesn t 1t?

Hortath  There s the smplication in the old textbook of physiology
by Barnes (9} on these various forms of water That 1s the only place
where 1t 15 adequately described In this book Barnes has a very com
plete chapter on this problem I think almost everyone has 1gnored 1t

Burch  The same problem exists for nsects Living 1n the desert

Montgomery Is 1t generally accepted that aqueous solution will
freeze at a much lower pont if it 15 1n very small quantity? 1 can re
member the statement made years ago that distilled wates mn a clean
glass capillary may freeze at as low temperatures as at —10° or —20°C

Burch A drop of water may reduce to a temperature of —70°C sf
the preparation 1s proper before 1t crystallizes

AMontgomery Since there ss no convection in the fine capillary 1t
might be the same phenomenon

pled to the theemodynam cs of Liquids and

*Whitng H A aew theory of abewon aE
1 shed)

solids Thess Harrard Un s 1984 (Unpl
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Burch Spatial molecular onentation seems to be related to the phe
nomenon of supercooling

Montgomery It would be easter to supercaol in fine division than in
large volume?

Horiath Not necessarily

Fremont Smuth “What about surface tension? Thus will play an m
portant role in a capillary tube Might that play a role 1 this? There
15 mternal pressure there that becomes great, and vapor tension that
becomes markedly increased Do you know from the physicochemscal
point of view whether this would affect freezing point?

Trarell Where do the mosquitoes hibernate? Are they completely
protected aganst convection currents?

Hock No one knows that The odd thing 1s that they come out so
early in the spring  Presumably they must get under the bark of trees
but there are no scaly barked trees tn this part of Alaska This type of
mosquito has been found elsew here undet the bark of trees That 1s all
I can say

Irving There ate many examples which show that Arctic life 1s quite
practical for warm blooded animals  They form numerous populations
which, by their stability, demonstrate that Arctic exstence 1s certataly
not precarious

Taking as an example the Eskimo population of the Arctic, from
Greenland to Sibena, the Arctic 15 populated by Eskimos who form a
single ethnic group which we hnow to have persisted since 1ts first 1n
troduction to hustory by the Norse settlements 1n Greenland a thousand
years ago  These people have been the exclusive human occupants of
one third of the Arctic circumference for at least one thousand years
The Eskimos demonstrate a stability indicating that Arctic life has not
been precarious for them as a population

T have camped 1n many places while travelng 1 Arctic Alaska and
1 have seldom failed to find signs that the aboriginal people have also
camped in the viciaty One gaws the impresston that the Arctic has
long been populated by people, some of them ancestors of Eshimos, and
some of them far more ancient than that Human existence 1n the Arctic
regtons, i the form of populations which have stability and persistence
has been well established That 15 a common 1f somewhat, to us, t€
marhable fact

1 mentioned that 1n Arcttc Alaska these are about 30 species of native
wild mammals  We have made measurements of the body temperatures
1n about 20 of those spectes

Table I shows that there 15 some evidence for hat I say, dicating



(<61) £99 ‘9 1o¥lqq 1ddy [
SjPaRG pue SpIq amoreqns pue oware Jo soinyeradway dpog [ Fory pur T Fum wosy vorssnasnd dq parasday

S 0F 01,2 L€ == suvaw jo ofurs 98¢ — sa3ds 7z Jo UBW 1), sIFUES PUT SUEIL SIE samfeA

2an

(865016 L§) 88¢ [op— st | deDd3oug

(0 0y 015 8€) 06§ | 9z— 01 21— 1043

sandey 7

(06c08LE) 98¢ [ ozOI0L 048 1
ooy 4

06¢ z 1048

ETN
(z8c0199€) ¢/ |ep—oioz | dwyioug

0TI 03 ¢E

oz1 012y

OF1 %3 0F

900

croy |

S

2PIY

JERTLHEN

noque)

1203 urgyunojy
X0 ysnjy

2y1d

surdnojog

11

[14

8%

s[EUIUELY 9NdIvGUG puE Y Jo sameradudy,

jgcyl:aan



'

22 Cold Injury

Butch  Spatial molecular ortentation seems to be related to the phe-
nomenon of supercooling

Montgomery It would be easter to supercoal 1n fine division than jn
large volume?

Hortath Not necessanily

Fremont Snuth  What about surface tension? This will play an i
portant sole 1n a capillary tube Might that play a role m this? There
15 1nternal pressure there that becomes great, and vapor tension that
becomes markedly increased Do you know from the phystcochemscal
point of view whether this would affect freezing pomnt?

Trarell Where do the mosquitoes hibernate? Are they completely
protected against convection currents?

Hock No one knows that The odd thing 1s that they come out so
early 1n the spring  Presumably they must get under the bark of trees
but there are no scaly barked trees in this part of Alaska Thus type of
mosquito has been found elsewhere under the bark of trees That 1s ail
T can say

Irumng  There are many examples which show that Arctic lfe 15 quite
practical for warm blooded animals They form numerous populations
which, by their stability, demansteate that Arctic extstence 1s certalaly
not precarious

Taking as an example the Eskimo population of the Arctic from
Greenland to Siberia, the Arctic 1s populated by Iskimos who form a
single ethnic group which we know to have persisted since ts first in
troduction to hustory by the Norse settlements m Greenland a thousand
years ago These people have been the exclusive human occupants of
one third of the Arctic circumference for at least one thousand years
‘The Eskimos demonstrate a stability sadicating that Arctic life has not
been precanious for them as 2 population

1 have camped 1n many places while traveling n Arctic Alaska and
I have seldom failed to find signs that the aboniginal people have also
camped 1n the vicinty One gains the impression that the Arctec has
long been populated by people some of them ancestors of Fskimos, and
some of them far more anctent than that Human exstence in the Atctic
regions 1a the form of populations which have stabthity and persistence,
has been well established That 15 a common 1f somewhat, to us, ¢
markable fact

1 mentioned that in Asctic Alaska there are about 30 species of native
wild mammals We have made measurements of the body temperatures
1n about 20 of those species

Table I shows that there 15 some evidence for what I say, ndiczting
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Burch  Spatial molecular onentatton seems to be related to the phe
nomenon of supercooling

Montgomery It would be easter to supercool 1 fine divssion than in
large volume?

Horiath Not necessanly

Fremont Snuth  What about surface tenston? This will play an 1m
portant role 1n a capillary tube  Might that play a role 10 this? There
1s internal pressure there that becomes great, and vapor tenston that
becomes markedly increased Do you know from the physicochemical
powt of view whether this would affect freezing point®

Travell Where do the mosquitoes hibernate? Are they completely
pmtected aganst convection currents?

Hock No one knows that The odd thing s that they come out so
early 1n the spung  Presumably they must get under the back of trees
but there ate no scaly barked trees 1n thus part of Alasha Thus type of
mosquito has been found elsewhere under the bark of trees That 1s all
1 can say

Irumg ‘There are many examples which show that Arctic life 15 quite
practical for warm blooded animals They form numerous poputations
which by their stability demonstrate that Asctic exstence 1s certainly
not precarious

Taking as an example the Eskimo population of the Arctic from
Greenland to Siberta the Arctic 1s populated by Eskimos who form a
single ethnic group which we know to have perststed sice sts first m
troduction to history by the Norse settlements in Greentand a thousand
years ago These people have been the exclusive human occupants of
one third of the Arctic aircumference for at least one thousand years
The Lshimos demonstrate a stability indicating that Arctic Iife has not
been precastous for them as a population

1 have camped n many places while traveling in Arctic Alasha and
1 have seldom failed to find signs that the aboriginal people have also
camped 1n the vicinty  One gams the 1mpeession that the Arctic has
long been populated by people some of them ancestors of Eskimos and
some of them far more ancient than that Human existence 1n the Arctic
regons 1n the form of populations which have stability and persistence
has been well established That 1s a common 1f somewhat to us e
markable fact

1 mentioned that in Arctic Alaska there are about 30 species of native
wild mammals We have made measurements of the body temperatures
n about 20 of those species

Table I shows that there 15 some evidence for what I say indicating
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just slightly warmer than we found for the Arctic birds There 15, how
ever, no distinchion to be found between the mean of the species body
temperature of mammals and birds 1 relation to the Arctic climate
We think that the shight difference among the species 1s undoubtedly
significant, and perhaps more sigmificant to s 1s the difference 1 the
mean homeothetmous level which has been taken up by the birds and
by the mammals a difference there of some three degrees That 1s 2 sig
nificant difference but the approximate sinilanty of the warmth of these
two classes of warm blooded vertebrates 1s impressive and important
For they were derived from potkitothermic vertebrate ancestry, already
quite separated phylogenetically when the ancestral birds and mammals
began to appear So there ate these two examples of the warm blooded
habit setthng about homeothermous levels which are very smilar but
yet significantly different

This suggests to us that there was some precursor or some character
wstic of the ancestral vertebrate stock way back before homeothermism
began to appear which tequired the establishment of the two homeo
thermous class levels at not far different mean body temperatures (12)

Freniont Smath How about marsuptals?

Irzing  They are commonly reported to be somewhat variable 1
body temperature but as examination of them proceeds further, 1 thesr
native habitat and somewhat undistutbed, many examples among them
show excellent temperature regulation

Fremont Snuth Ts thetr mean temperature about the same as that of
mammals?

Irung The mean of the measurements which are reported 1s inchined
to be a little lower but in those averages which are reported from Mer
nson and Ryser quite 2 number of marsuptals have been included per
haps 8 or 10 1 the 60 odd measurements, and they do not appreciably
change the balance from what 15 ordinanly thought of as the normal
mammalian body temperature

Montgomery s there any relation between body temperature and
body size?

Irtmyg Iwouldn t say st 1s at all apparent

Fremont Snuth  Mouse and elephant being about the same?

Burton ‘The elephant 15 36°C and the mouse 1s 38° to 40°C

Irtmg Tt depends upon the mouse This 1s interesting but the pres
ent data afe too scattered I am quoting Morrison on the subject par
ticularly

Horiath Rodbard (13) presented some matenial showing 4 relation
ship betw cen size and body temperature

Irimg He said there was a relationship but 1t wasn t apparent tome

)
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but by the activity of the embryo stself, which climbs actively snto the
pouch, in contrast to the bird This 15 an interesting distinction

Hildes How do you make the nest measurements, Dr Irving?

Irving We placed thermocouples 1n the nests, among the eggs as
they were first laid, and then carried the leads a suffictent distance anay
5o that we could approach frequently and make the measurements with
out disturbing the bird

Fremont Smith These are not mternal egg measurements?

Irtng  No, they were in among the cluster of eggs

Fremont Smith Do you know anything about the mternal egg tem
perature?

Irtng 1 can only feel those might have been, certainly, a little mare
constant

Fremont Smuth Higher from the metabolism of the egg atself?

Irtmg 1 think scarcely in the early stages of development In the
late stages, metabolism 15 ptobably apprectably higher During ncuba
tion there probably 1s a gradual elevation of the actual embryonic tem
perature  So, 1n that sense, there 1s some progressive change n their
homeothermous level But the point I meant to illustrate by thes
example, namely, the requirement of the watm blooded nest or of
warmth for effective operation of mammalian and avian organssms and
tissues 1s evidently something which 1s very deeply implanted mn the
species and presumably represents thetr catrying along the ancestral
substances, reactions, and tissues with all their watm blooded character
1stics, just as the four legged mammals carry along the four append
aged, general vertebrate charactertstic

Fremont Smuth To what extent can the temperature of the egg of
any bird, the chickadee, for example, be lowered and then ratsed agamn
without interfering with the normal, final production of the young?
And does this vary 1 different stages of mncubation?

Irving  Yes, there 15 some p ble variation 1n temp
and the amount by which the temperature can be Jated d
progressively as incubation proceeds

Fremont Smuth  Then doesn t this give some shight evidence of the
recapitulation of homeothermism or mightn t this be because these birds
are much more potkilothermic 10 the early stages?

Irtmg 1 suppose so When I say it doesn t look like recapttulation,
T am again thinking 1t 15 necessary to read quite a lot 1nto 1, and [ am
not sure very much benefit can be derved from tE\e spcculanro:l not

there,
b
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Travell Tsut 1t true that dogs n general grow two coats of hau?
I ratsed springer spantels and collies and I have seen them shed their
fur in the middle of the fall many times I have often wondered about
that without any broad application I think that may be generally true

Meeban Yes 1t 1s generally true It 15 interesting n an ammal of
this type that he should grow such heavy fur in Los Angeles at a time
when the average temperatures are quite high

MMontgomery Has the nsulation of the two types of fur been
studied ?

Meeban  Not quantitatively

Carlson  Hasn t Hammel (18) measuced changes o fur msulaton®

Meeban ¥ dont hnow he has compared the furs between summer
and winter growth

Blar  Amimals with very heavy fur can protect themselves agamst 2
sudden heat stress better than those that do not have such heavy fur
‘We published some work (19) about 15 years ago where we showed
that long haired dogs could withstand a sudden heat stress much better
than a dog with short harr When we clipped dogs actually their ress
tance agamst heat was decreased (19) nstead of being 1mproved
We wondered if two factors wete not present  Long haired dogs had a
more effective panting mechanism already conditioned to perform under
severe heat stress and the heavy fur 1s a very effective microenvironment
against temperature stress

Meehan ~That 1s interesting especially 1n view of some of the pub
lished tdeas of Dr Hardy (20) and Dr Hammel who have studied the
general thermoregulating mechanisms of vartous types of angmals
They have reported that the peripheral vasomotor control of the dog
15 not as great as 1t 1s 1n the case of the human They believe that the
dog has for example some control of the skin blood vessel but not as
much as the human This could be m part why the extra insulation on
the dog 1s of value to lim particularly in a hot environment

I have made this observation many times i a dog that [ have 1can
take him out on the desert 1n very warm weather and he will get along
very well

rglalr After we teported these findings at the Tederation Meeting
some 15 years ago several friends who had been clipping their dogs
during the summer decided they would try not clipping Th? ;“ﬂ‘n
their dogs got through the summer heat much better unchipped il

ed

dlggldej Dr Irving you have made some observations or reported
some recently on pigs and thetr temperature regulation

Irting 1vwas gomng to speak about that a little later
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i ‘ |

Ficurg 5 Large bare surface of the hindfoot of a porcupine (Erethuzor
dorsatus) Repriated by permission frot Ining L and hrog |  Temperature
of skin mn the arctic as a regulator of heat | Appl Phyuol 7,355 (1955)
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Ficure 6 Topogeaphic d stubution of supesficial temp 1n 2 dog Re
Temperature of sk ft 18

prnted by permussion from Irving L and Krog |
the arctic s a regulator of heat J Appl Physial 7,355 (1955)
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Irvmg  Every indication potnts that way I don t see how the tissues
can remain viable and sensitive and nourshed as they do unless that 1s
the situation

Carlson  Scholander told me of a bird, a gull, kept inside most of
the winter at Point Barrow When allowed outside, the gull froze to
the ice  This indicates that the mechanism of controlling circulation
comes on gradually as the animal 15 exposed to cold

Irzing That s true In certasn cases we hnow, a developed adapta
tion, which follows along with the development of cold, 1s lost when
the animal 1s hept 10 2 warm region  That, agamn, I shall discuss later

Quite different 1s the situation of the skin on the surface of the bodj
as indicated 1n Figure 9 which shows some measurements made on the
temperature of a sled dog which had been for 3 hours at —50°C 2
cold chamber and was then brought out and within a few seconds, at
least 1ts shin temperature was measured

At the end of these 3 hours we found that no change had sesulted
1 the body temperature and there was scarcely any change 1n the sub
cutaneous temperature 1n the femoral and tibral regton or n the surface
of the femoral region where the thick fur covers the bady well So
contrast to the extremities, the skin on the body of these well futred

°c
G

40 bo SUBCUTANEOUS

o o RECTAL o

358 099988888 FEMORAL o

TIBIAL ©
0088080 SURFACE

LT $5o000%% FEMORAL ®

30
MINUTES MINUTES

3 HOURS AT-50

f measurements of rectal subcutaneous and skin tempet

1501 O
FiGurr 9 Compar er ev(Pr:nmcntzl ex

atures of a auet arctic sted dog before and immediately aft






Cold Injury

40

L et jad)p 1 4ESR GV S ROSS R S JHAE AR VT VAR 3B SAIRRASREAEA. L ST PR 1 GUTASL TRAE) BOnsiaG Aq
‘parunaday]  saanpesaduwa) SOOMTA TE ATV LT STEUALEW UEYSE[Y SWI0S U1 pAINSTAW Unts put Apoq Jo saimuanduing, 01 ¥NOLY

0, 3UNLYYIJKWIL WV

JALKASLXT 40 IIVIVAS O o ©
MIXS ATOB 40 33ViuNB @ 8° ©
Ago8 0 © ° ]
o1
° ° © -
INIdNIBOL 2! o © ° >
§000L © © oﬂa
©
Yy3IIgNI3y Nl m
o © -
noaiyvo L o oz
WOoY¥d VAVD z
°
m
D
5
og e
X
m
S
(14







42 Cold Ingury

r2

10
. 2 BOARS
T 51-58 KILOS
zo08
N g e
So 6 o « B
-t s
= 8

04

gg& ¢

02

a N N —

-50 -40 -30 -20 -10 O 1o 20 30

TEMPERATURE °C

FIGURE 11 Metabolie rates of two young boars Repriated, by permussion from
Irving L, Peyton L ] and Monson M Metabolism and snsulation of swine
as bare skinned mammals [ Appl Physiol 9, 421 (1956)

declines quite regularly until their temperature 1s around 10° or 12°C,
the skin temperature on the body was as low as 10° or 8°C

This we found to be the natural situation n the animals, the farger
pigs Lving freely 1n the hog house at the expertmental farm hese af
Paitbanks So 1t looks as if the swine, as bare skinned ammals, utiltze
the flexibility of the surface temperature 1n the conservation of heat
and presumably its warmag, for they promptly warm when they be
come active, as 1s shown here, for the dissipation of heat, when that
15 the masn 1ssue

We were rather pleased with the appearance of thes situation i the
swine So, J S Hart (25) and I carried on some observations i the
seals first at St Andrews mn the winterume The hair seals of the
Atlantic Coast live i winter 1n water which 1s nearly at sce temperature,
and the range extends along the entire Arctic Coast of America where
they live throughout the year, mamly, almost exclusively n fact,
water which 1s seldom but a few degrees warmer than the ice Their
thin hair affords them tn asr about one tenth the insulative protection
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TiGURE 12 Relation of temperatures on surfsce of swine to temperature of aur
Reprnted, by permussion, from Irving L Physiological tnsulation of swine as
bate skinned mammals | Appl Physiol 9, 414 (1956)

of the thick hair on a canbou, but 1n water 1t gives them practically no
protection whatsoever, because that hatr 15 completely wetted and the
ur ding water 1s not sep d from the skin by as much as even
a mulimeter

Figure 13 shows the critical temperatute of several seals in water
The small harbor seals which we examined turned out to have a cnitical
temperature, ndicated by the line through the solid circles, probably

about 10°C  In ice water, their metabolism had nsen by about 20 per
cent

A harp seal whach 1s a strictly northern pelagic form of seal, proved,
1 the examples which we saw, not to show any increase in its metabolic
rate, even i 1ce water  And 2 very small seal of the same type as a
small harbor seal which wecalled Runt because that 1s what st proved
to be, proved very poor in conservation of heat, for even at 20°C 1ts
metabolic rate was near double the normal, and 1t increased rapidly
at lower temperatures than that

Tigure 14 begins to suggest some of the reason for the conservational
competence of the seals which, Ining 1n 1ce water or living tn water,
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FIGURE 13 Metabalism and critical temy of seals
= Harbor seals i1 ar
Harbor seals 12 water
Harp seals n air
Harp seals in water
® = Runt harbor seal
Reprnted by permussion from Irving, L and Hast, ] S The metabolism and
insulation of seals as bate shinned mammals 1n cold water Carad | Zool 35,

497 (1957

"0 eo

constantly are exposed to an environment with at least ten tunes the
cooling power of air

The black curcles rep t the of the temy
the skin over the body of the seals, while they were 1n water The
declining temperature of the skin 15 visible, with 2 dechine in the water
temperature to 0° ‘The mean of various, numerous temperatures was
about 20 degrees warmer than the temperatute of the ice water In
water at 2°C, the mean difference between skin and water was about
one degree

Montgomery Intracutaneous thermocouples, or on the skin”

Irting On the skun surface, by application

ture on
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FIGURE 14 Shin temperature of seals Reprinted by permnsion from Irving
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mammals 10 cofd water Camad | Zool 35,497 (1957)

Montgomery The thesmocouple 15 equally exposed to the surface of
the shin and to the water?

Irzmg 1tis applied on the end of a small stick which to some degree
heeps 1t from access to the water

The seal which was d d Runt was distingusshed from these
other seals by tts high shin temperature Instead of only 2 degrees or
so warmer than the water 0 ice water Runts temperature on his
bod) was some 6 or 7 or 8 degrees warmer Even at 20°C 1t was 4 or
5 degrees warmer

‘The hacp seals which I spoke of as showing no elevation of metabolic
rate even 1n ice water proved to have on the average only half 2 de
gree or so warmer shin than the surrounding water We are much in
chinted to attnbute the relation between the difference betneen water
and shin temperature to the heat-conserving abilities of the anmals
These superficial temperatures on the body of the seals are not alone
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FIGURE 13 Metabolism and critical temperatures of seals

O = Harbor seals in air
. Harbor seals 10 water
[n] Harp seals 10 air

= Harp seals in water

© = Runt harbor seal
Reprinted, by permussion from Irving, L, and Hart, ] §  The metabolism and
insulation of seals as bare skinned mammals 1n cold water Camad | Zool 35,

497 (1957)

constantly are exposed to an environment with at least ten times the
cooling power of air

The black ciccles represent the measurements of the temperatuce on
the skin over the body of the seals, while they were i water The
declining temperature of the skin 1s visible, with a decline the water
temperature to 0° The mean of various, numerous temperatures was
about 20 degrees warmer than the temperature of the ice wates In
water at 2°C, the mean difference between skin and water was about
one degree

Montgomery Intracutaneous thermocouples, or on the shin?

Irting  On the skin sutface, by application
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Montgomery The thermocouple 1s equally exposed to the surface of
he shin and to the water?

Iiemg Ttas applied on the end of a small stick which to some degree
eeps it from access to the water

The seal which was designated Runt was distinguished from these
ther seals by its high shin temperature Instead of only 2 degrees or
o warmer than the water, tn wce water Runts tempetature on his
ody was some 6 or 7 or 8 degrees warmer Lven at 20°C 1t was 4 or
5 degrees warmer

The hacp seals which I spoke of as show ing no elevation of metabolic
rate even n e water proved to have, on the average, only half a de
pree or 50 warmer shin than the surrounding water  We are much tn
chined to attbute the relation between the difference between water
nd skin temperature to the heat-conserving abilities of the 2numals
These superfiaial temperatures on the body of the seals are not alone
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that of the supetficial tissue, for Frgure 15 will indicate an example of
measurements made through the underlying tissue

Here, when the seal was in water at a little above 10°C, 1ts tempera
ture increased at depths of 5, 10 mm and so on, until at about 35 mm
or 50, the body temperature was attarned

In air, at the same temperature, the behavior of this subcutaneous
gradient 1s quite different Here, at the contrasting gradients between
air and water at 10°C (thts being the behavior of the superficial tissues
when exposed to air) aur had only approximately one tenth the cooling
power of water

Figure 16 gives an illustration of the extreme situation mn tce water
and i warm atr at 25°C  So the two contrasting gradients of the tem
perature through the underlying tissues are visible The two lmes
represent measurements of the gradients which were made at wtecvals
of about 35 munutes, and they represent, probably, vanation on the part
of the seal rather than on the variability 1 our measurements, because
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closely repeated gradient measurements coinaded much more closely
than do those two lines

This 1ndicates, then, that the change in the superficial temperature

of the maximum attaned 1n the intesior of the seal ¢

In these various measurements, the temperature gradient through the
superficial 30 to G0mm of the seal vartes both 1n length and 1n the
difference between body and skin temperature  To what extent these
two factors are separable, or truly or significantly distingushable, I do
f0t et hnow

Burch By length you mean the thickness of the fat or mean the
depth of the fur?
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FiGurr 17 Relation between gradient length and skin temperature 1n harbor and
harp (H) seals Reprinted by perm ss on from Irving L and Hatt | S The
metabolism and nsufation of seals as bare skinned mammals 1n cold water Camad
] Zool 35 497 (1957)

Irumng No the distance from the surface to the pomt in the mtetior
over which the nising tempesatare occurred unhi the temperature got to
within half a degree of the temperatute of the center of the animal

Montgomery Is most of thus distance through fat?

Irving  Comsnonly st 1s but as 15 evident there 15 not much profit 1
relating that gradient situation to the fat because the fat cannot change
its thickness however the gradient can  What that means I do not
know except that there 15 no advantage i relating the varability m
the gradient to the thickness of the fat

Burch Wouldn t the fur have some nsulating effect by trapping a1t
and water between the fibers of the fur 50 when the animal 1s 1n motion
the convection would be less?

Irimg  ‘That may be

Burch Were these ammals still?

Ireng  Yes but the water was arculating slowly so as to keep unt
forrmuty 1n the water temperature about the antmal s body Even 2 mullt
meter or so of fur 1s undoubtedly not negligible 1n ats insulattve effect
but 1t was so thin that 1t did not seem practical to attempt to measure
it 1dont think we could find any varsation i a gradient 1 mm long
So that although the fur may have some effect I dont see how 1t can
significantly come mto the variability
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purch 1 wondered |f tappind *° and nater 1 perween the fibers of

the fur would tend 10 maintats & warmer atmosphere ‘next to the san

Iremg 1 am sute there would be some ¢! ect but 1 Jon t s€€ how 1t
ea

would be Pos ible ahe S susemen! 1h ble to
make a0y ot quite ma what an 4 Tor that reasott,
1 am ncH pehitle 1S 1mpo e

an

Horath Those CVIves appeat 10 have an :xpomnm\ patare DOss
that swoply represent 2 difference 1n conduction from the deep t© the
su‘:crflcm\ nssues? They 1oohed very much alike 1€ YO8 p\oncd on semt

log
Jremg 1 don ¢ koo¥
Carlson 1t Jooked to M€ 25 though (here wete 0 curves o Tigute
17
Jramg YOO mean o8 the actual gmdlcnt measuxcm:n!s’
Horath 1t looked ke tv0 cxponcnm\ cunes

Burton on t thank, i you cemoved the lines thete woutd be 0¥

1rang  ExCC t that We have don¢ further mcasur:mems 1n the sum
mertime 1 thank, thete 1 abreahor? change sio Actvatly. 1 drew

thad left the™ out because they smply MOrE knowledge about the $1tu?

Fremont Smuth D! 1ving would you s&¥ that the fat 13 not 1Mpor
cant for the \arabihty put mght tye smportant for the totat capacity for
insutation?
[rimg 1am sure it €an ¢ be without nfluence but as¥s2y 1 \anable
ank we can perhaps discard the fat because that 15 the char
actensti of the nsulator which no® appears $0 lm‘:onant tous
Rodahl 18 there a0y ((ference bet™ een 2 hat eal and for seat? 1
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Here are, 1n rather comprsessed form, the insulators, that 15, the gra
Jients of these three seals The charactenstic short gradient i the runt
seal, which actually was very skinny, 15 shown The longer gradient i
Seal No 3 and the longest gradient, which was marked 1n the harp seal,
are also shown

So, 1n this sort of qualitative way, 1t does appear that the conserva
tional ability of this gradient situation vanes with the length of the
gradient

Montgomery  Ts that necessanily a species difference? Isn tat perhaps
wholly a size difference? Would there not be a simdar difference be-
tween a big hasbor seal or a little harbor seal?

Irtmg The actual wesght of the harp seals that we had was about
40 kg, and the harbor seals averaged around that same weight, too
So the difference between the harp seal and the harbor seal we cant
ascribe to stze, although the other could be ascribed to size 1 am con
vinced size must have some influence on heat conservation, only that
we have no reason for refernng to 1t usefully now
changes occutred? The difference in fat thickness would then alter the
pattern of heat transfer

Irsing 1 would think so  Just provisionally, T used a different word
and thunk of the fat as a spacer, but 1t 15 the same thing

* as an obstacle to
- aly ndicate vant

In looking at Figure 18, 1 really cant see anything further to say
about what the nature of the insulator 15 because we havent 2 picture
of the insulator We just have two of its charactenstics in the gradent,
and we haven t the essential dimension of local heat flow which would
be essential for the definttion of the msulator  Whether we could get
tornot Idonthnow It s a difficuit one to try

Montgomery A simple question that has not been answered may
clanfy De Burch s question  Suppose a small patch of fur is tahen off
one of the fur seals and at a gven water temperature, the surface
temperature of haired and exposed shins ate compared Perhaps the
hair should be pressed down as 1t 1s when the seal swims *

Bursh Was the wates moving?

*Much of my expenence has bern guned o the study of immerston foct in rabbats under
& contract between the Otfice of Naval Reseacch and the Lnuversiy of Pensybvania
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Montgomery s there quite a difference between the two tempera
tures of the shin, with and without the fur?
Iruing  That we haven t observed
Montgomery It mught be considerable
Ireeng 1 have observed the differenice m the sttuation on the back
of a seal, when an area of 10 x 20 em o so emerged above the water
and remamed there for a few munutes at least, the seal bemg i ice
water That part of #ts shin and the underlymg gradient which we
measured corresponded with the general simation in tce water, but
that part which emerged from the 1ce water and was exposed to the arr
temperature promptly rose in temperature, both at the surface and
through the interior  So that there 1s obviously very nice, localizable
control of the operation of the superficial temperatures tn relation to
the heat capacity of the surrounding medium
Burton Dr Trving, T should like to pomt out one or two pitfalls
before leaving this interpretation of the gradients Furst, suppose you
‘ ' deciding where the ttssue tempera
the final, constant, deep tempera
L ner surroundings, you get a total
gradient 1n the tissues from surface to core’ that 1s less [f I havea
fixed criterton of one half degree, m which to decide the depth of the
gradient, then automatically even though the curves of the gradient,
at the two skin temperatures, are the same shape mathematically, [
would decide that the constant temperature 1s reached sooner 1 the
case of the smaller total gradient I would therefore say that the * depth
of the gradient had altered Howeves, if these are mathematically
simtlar curves, the proper criterion to use would be the depth before
the ternperature 1s withtn, say, 5 per cent of the total temperature
gradient from shin to  core e
Then one would find, 1n this hypothetical case where they are the
same shape, that the depth of the gradent was »or changing SO,f ﬁt:t
of all T want to be precise about what we mean by the depth of the
radient
& Irung Do you therefore conclude the length of the gradients does
not change? fiad
Barton Y dont know I would like to analyze your curves to fin
out, but T am not satisfied when one takes a fixed crterion, that there
15 any change 1 depth of the gradient One should plot, on semrfta!tf7
anthmic paper, the percentage of the total that temperature has § :Ic)
change to reach constancy (log scale) vs the depth (linear sc y
The curves for different skin temperatuses could then be compar

disectly
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The second point on which I am not satisfied, 15 whether you know
that there ts 2 variability of msulation  If I were to take 2 purely physt
cal model with heat generated mnside it, and some fixed tsulatton out
side, and I put that first ;n an environment of 0°, then at 20°C, the
surface temperature would nise  Not until one has used the device of
companng the ratio of temp drop from the core to the skin,
to the temperature drop from skin to the environment (the * thermal
crculation 1adex ") can one know if the msulation has changed For
an 1nanimate object 1t will not change, although the surface temperature
will rise when I put the model 1 2 warmer environment Until you
have made the calculation and shown that this ratio (thermal crrcula
tion 1ndex) changes, I don t hnow that I can definttely accept a varable
msutation  If you do, and prove that this ratio changes, then I will
begin to think there 15 a change 1n the blood flow in the layer of fat

Carlson  On the second pomt, the arculation index, you mean the
change 1s merely one of arculation?

Burron It means ths 1s a measure of the msulation of the tissues
over the nsulation of the external environment, whether 1t be the water
or the air  Only if this ratio changes, do we have to thinh of a change
in msulation of the tissue, which could not occur tn a fat layer which
didn t have a change 1 crculation  But 1 don t think you can decide,
sumply from the fact that when you put the animal 1n warmer environ
ment, the shin temperature goes up, that this necessanly implies a van
ability of hus insulation

Irting  Your objection s good tn both cases 1 have, of course, made
these comparisons, but there comes the difficulty of the measurement
because the difference 1n shin and water 15 at most only about 2 degrees,
and the accuracy of our measurements we cannot clam to be much
better than one half degree or so So, we have a rather varable di
mension, and that 1s compared, 2lso, with a rather large quantity So
the very nature of that ratio as well as our instrumental procedure
combene to make that a companson which 1 fee! 15 very shaky

Burton Tt would be a lot better tn air than water In air there 15 a

1 am defending the fact
- R +cause of the wstoumental
difficulties and the consideration which has not alnays been grven to
the natute of these ratios which, when they become of the order of 1
to 10 or so become, anthmetically, extremely inconclusine

Only sf we could keep those rattos about equal can we possibly expect
comparnison to be significant  That, of course, reduces a lot of the
physiologic area It as a still inconclusive conclusion that there 15 a
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change 1 insulation represented there that comes more from the com
panson of the three types of seals, 1 which the thee types of gradients
are charactenrzed  That 15 more compelling evidence [(:er me than the
poot anthmetic T was able to do

Burton 1 would certanly agree that Figure 19, showing cesults from
the three different seals, indicates defirutely a difference 1 the depth
of the gradsent 10 those cases

AMontgomery In general, are these seals distributed differently m
sespect to cold?

Irtng  Actually the harbor seals which we were working with were
obtamed from Boothbay Harbor and the harp seals were obtasned from
the Magdalen Islands There ts a considerable duffesence 1 the normal
enviconmental temperature of those twa

Montgomery So the seal with the higher critical temperature 5 the
one farthet from the pole>

Irimg 'We te examined the seals 10 the summer and found that last
summer the same sort of harbor seals had a catical temperature of about
20°C when they were living 1n the warm water at Woods Hofe (Figure
19) So thus particular type of wmsulation, 1f st be msulation, 15 treated
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brologically like the msulation afforded by fur, namely, the excess 1s
sloughed off in the warm weather, when it 15 unnecessary That does
not give me any explanaton

Having reached this situation I cant momentanly see or go any
further on expermental grounds ‘but we can ook, however, mto some
of the consequences which appear tn the charactenstically cool tissues
which appear to be an essential part of the adaptation of amimals to
Arctic fe  ‘The first T will mention 1s the change in the charactersstics
of the substances of the superficial tissues which are shown m Figure
20 This figure shows the melting pomts of the fats obtained from the
bone marrow of the legs of several Arctic 2numals and from the 1n
tenior of the amumal The marrow fat of a red fox melted at about
38°C, but in the metatarsus the melung pownt was lower In the wolf
we had mace extenswve measurements  The meltiag pomt changed from
ahout 38° to 20°C In the dog a corresponding declme tn” melting
point appeared distally along the leg  And in another wolf there was
a somewhat similar decline  But 2 more macked or better designated
decline 1s shown i Tigure 21 1n which we compare the melting ponts
of the far from the remndeer s leg, that 1s fats taken for convemence
of thetr anatomical designation from the bone marrow  They decreased
from about 50°C 10 the femur to about 18°C i the distal part or 1n
the distal phalanges

1 thought that was a good example of how nature provides softening
of fats of Arctic antmals in order that their cold himbs might be flexible
until ne examned the situation 1 the leg of 2 Panamanian brocket
deer a tropical deer which s practically mdistinguishable 1n the mor
phologic distribution of its fat with regard to melting points from the
Atctic aqumal

Tremont Smuth  That doesn t mean from the evolutionary pomt of
view your onigmal idea may not be correct

Irtmg In evolution jou can say pretty much what you want 1 al
most any company Although I was disappointed by tt at fiest T sad
that after all thts may be the condition which 15 essential for a type
of animal of the deer famuly to extend 1ts range into an Arctic chmate
I“ould’sJ) further 1t would scem very likely that the substantve prop-
. . LR -

many of thase substances such as the fats and certan protemns are
cutically modified by only a fen degrees change in temperature and
yet they apparently senve the natural purposes quite well at tempera
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tures 30 o so deprees loner So I think there 15 an interesting type of
modification or adaptation to be looked for

Hortath 1 thought Dill and Torbes (26) showed quite a long time
ago that there was a difference 1n the fat taken at different times of
the year

Irimg There ss
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Horiath The pattern may be the same, but the degree of the change
15 quite different

Bebnke Were you companng deep marrow fat with marrow fat of
an extremity, or was that subcutaneous fat?

Isimg These were all, for purposes of anatomic localization, mar
row fat Soft tissue fat changes 1n the same way, but it 1s a little more
difficult to destgnate 1ts source

Bebnke Peripheral subcutaneous fat changes i comparison with
perirenal fat?

Irimg You would get the same comparison T shall mention quickly
one other indication of varation or modification which, in very mtet
esting fashion, goes along with the adjustment to Arctic hfe This is
described 1n the studies which Chatfield, Lyman, and 1 (27) made on
the excitation and conduction n the penipheral part of the peroneal
nerve excised from the foot of a sea gull which was adapted to walking
around 1 the cold winter weather of Boston, although Baston 15 ot
excessively cold The nerve from the bare metatarsal portion of the
gull s leg, which 1s commonly cold, continued to conduct at a rather low
temperature, while the central portion of the same nerve failed to con
duct at a temperature 10 to 15 degrees higher, w atmer than that

When these gulls were put n stuctly warm environment, what we
would call adaptation of the nerve to function while cold occuseed,
disappeared and the peripheral part of the nerve from the Limb “hldf‘
was constantly warm had the same properties as the centraf portion o
the nerve

Fremont Smith Does that imply enzyme differences?

Irting Tdontknow We seized upon this method because of course,
the neurophysilogic measurement of exaitation and conduction gives
us 2 rather nice quantitative dimension at any rate and serves as W t}?t
we think 15 a very useful means for the designation of adaptation of the
functional processes which must be taking place in these homeotherm
ous tissues which actually live a heterothermous extstence

Many iteresting charactensstics can be seen from the examinal
these cold tissues 1n which it seems that the hetcmthermotls facuLll‘)’ 1
the essence for the preservation of b ' The "
ous capability of mammalian and avian ttssue enables them to live ﬂus
function over a range of temperature which very few pu11<1lod-xem}r:0vc
amimals can tolerate quickly or even slowly Corals, for example, ha
existed fot the entite evoluttonaty pertod without ever baving been
subjected to more than a few degrees difference i temperature Ml:¥
aquatic potkilotherms have undoubtedly always existed in a range
temperature which 1s much narsower than the difference which can

tion of
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sustammed 1n a 3o called warm blooded anumal as betw een its perspheral
and 1ts central tissues
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temperature falls to a low level closely approximating the ambient tem
perature The heart, metabolic, and respiratory rates, as welk as other
physiologic functions, fall to cotrespondingly muntmal levels It 1s ap
parently the mmumum state or, let us say, 1t 1s the minimum rate at
whch life may be prolonged ‘The state has been called suspension of
vitality, vt latente, and anabroszs but this is apparently not true
There 15 5o suspension of vitality but, rather, a tremendous stowing
down of everything

Fremont Smuth You say at which Life may be prolonged  You
mean spontaneously ?

Hock No The term vie latente was used by Claude Bernard, and
1t means latent life The Russtans used the word  anabrosss  The older
workers called 1t suspended ammation which means that life was
stopped and could be started up again That 15 not right

Fremont Smuth 1 did not make myself clear You said hibernation
was the lowest temperature at which life can be sustaned Isnt it
known that body temperatuce can be artificially lowered and at lower
rates sustain life? There 1s Audrey Smith s work (2)

Hock Yes Pethaps [ should say the natural state

Fremont Smuh  That 1s what 1 sad, spontaneous mednig

natural

Carlson Does 1t really prolong Itfe? If you prevent hibernation 1 a
Iaboratory animal does he live a shorter time?

Hock This 15 a potnt made by many of the older warkers The older
workers say if a hibernator 15 kept from hibernating he wifl lue
through that winter but almost invarsably die the next summer T 15
not correct I have had indrvidual ground squitrels captive for over 4
years, same of these have hibernated very well and some have not

Horiath Hibernatton always seems such a vague, unsatisfactocy
word, and 1t mplies that the organism stays in the latent metabolic state
for pertods of ime  The question really 1s what pertod of time do you
tmean? Is it a matter of minutes 2 matter of days months intermuttent
or continuous? b

Hock Months Depending on the climate of the regton it may b€
as long as an 8 month pertod of hibernatson, which 15 about the Ionngl
pertod known However, they never stay continuously at this low state

Horuath 1 think that 1s the important thing, they really don ¢ stay in
that state

Hock They stay most of the time

Hortath Do we know they stay? There 15

Hock  We know pretty well that they stay 1 hibernatton ;l:“
one great difficulty 1n working with hibernators of course, most hil
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nators in the wintertume are tnaccessible except under our captne
conditions

Hortath They wake up if you look at them, do they not?

Hock They respond vety quickly to stimulr such as a touch or a
loud nose and will then awaken However, they also spontancously
awaken because of stimult which are at present unhnown I should like
to discuss this 1n more detail later

Although st had been previously categorically stated that no bird
could hik; mn 1919 a hib oorwill, a goatsucker, was
found tn California (3) However, there 1s much Iiteratute to 1ndicate
that birds could and have been found hibernating 1n the past  Studres
on libernation 1n birds are now being done by several groups (4)

ven i v VTN

like to describe some other experments that have been done here 1n
Alaska

There 1s a dous volume of 1 on hib I have
a reference file of 4,000 papers watten since Conrad Gesner (3) wrote
on thts phenomenon tn 1551  Although there has been a rather con
tinuous flow of this information, unfortunately, it has never been
synthesized, so I shall discuss the worh that has been done more locally
and tte this tn with the main body of information

1 am not going to be able to cover all the work that has been done 1n
Alaska, esther  There now have been about twenty worhers in this field,
most have been contractors of this Laboratary My own work was
started at the Arctrc Health Research Center n Anchorage More re
cently it has been done here  Stll other work has been done at Pomt
Barrow

A state of hubernation 1s found 1n four mammalian orders, the bats,
Insectivares, carnvores, and rodents  These states are not all similar,
and I shall try to distinguish between them  Among the mammals that
do ubernate are the msectnores, m particular the hedgehog of Eurape
15 2 very well studied species  All bats apparently have a faculty of
f:cmg able to hubernate, although only those i temperate regions do so

A A S o

NS

IS B Lt )
Trom the 10-hg marmot of Lurasia and Alasha to the 10 gm jumping
mouse, more than 20 species of four families have been studied 1n some
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detail The hibernation of ground squuerels, hamsters, dotmce, and
others 1s quite well known Until recently, the European hedgehog and
marmot, the American woodchuck of the east, and the 13 hined ground
squirrel of the midwest were the best studted species of hibernators
More recently, the Arctic ground squirrel has become one of the best
known species This has occurred 1n a pertod of 10 years, because 1 the
fall of 1947 1 made an abortive attempt to study hibernatron at Pomt
Barrow It was the first study attempted on this species but now, as
I say, more than twenty 1nvestigators have added to the hiterature
I'shall turn next to a description of body temperature, the reduction
of which 15 the most striking phenomenon of hibernation (6) Frguce
22 shows the ambsent temperature agamst the body temperature This

e 40
©00 o
‘e ‘ngazﬂ
o ° 8
o
» ° o
E34
5 on
© &
. ¥
€ 8 0
20| 3
H 8
= 2.7
« -3
= .
3
£ &F o
5 &
2 o®
RMNOLOPWIDAE® @
unkuawne ?
o o"ap prEROPIOALe « ¥
& o PHTLLOSTONA
° VESPIATILIONIOAL: O
____‘_—____.\_—\_—-—A—————“_—_'——_‘-.
o 3 10 30 @

ENVIRONMENTAL TEMPERATURE  °C ™
¢
FIGURE 22 Body temperatute of bats plotted against ambient temperature
data are collectedyimmpall available sources The symbols refer to n;?:m‘l! i‘:,:é
lies of bats  Reprinted, by permusston, from Hock R | The ‘metabolic rates
body temperatuces of bats Brol Bull 101, 289 (1951 )



Hibernation 65

15 vety close to a 45 degree Ine until we get up into the region above
30°C, where the animals now have control over their thermoregulatory
abihity by actnsty The group shown at 20°C ambient temperature
with hugher body temperatuce 1s alone aberrant  These were tropical
frutt bats, the most primstive bat  They were hept in Oxford z00s and
maintaned their temperature above ambrent temperature by constant
activity (7) They clambered around the bars of the cages, moved theit
wings, and otherwise hept active at all times

This figure indicates that bats have a close correlation between am
brent temp and rectal temy A bat that has been at 10°C
for a long peniod of time has a temperature of about 10°C  This 1s
untrue of the other hibernators as will be shown later, for they have a
normal temperature duning activity and a low temperature during
hibernation  Figure 22 shows that some of these bats have body tem
peratures below 0°C , and most of them recovered from this treatment
These ate my own data plus all the data I could abstract from the
literatuce  They include four farmlies of bats from the tropical frust
bats to the most highly developed insectinorous bats

Carlson  Daes Figure 22 indicate the extent to which the bat can
regulate temperature?

Hock No, I should add that temperature in flight 1s about 41 5°C
The bats can perhaps maintain this when not flying, but only at the
expense of great muscular activity

Bats, then, appear to be different from the other mammals or, n fact,
the other htbernators They exhibit another phenomenon which has

B I U R

been called * s T Pt .
conditton n ‘- :

body temper. . - .
ety qu:c{’ly lent to the room tempera

a P q!

ture, and perhaps just very slightly lugher This happens every day of
a bats hg:: Trery ume a bat goes out, flies to get his food comes
back, and hangs up i the roost, his body tempetature drops  So, this
ts apparently an aSapmhon of the fact that getting food 15, for a bat,
very expensie because he must fly, and therefore expend a large amount
of calories However, 1 am unable to telt what calonic expendrture 15
tequired during flight  But this phenomenon I would ke to dwell on
abit It 15 apparent from this that bats are different 1n their thermo-
regatatory abthity from aif other mamutals, and 1t occurs to me that the
dufetence 15 that the thermoregulatory basts of the bat 1s not a high
constant temperature of 37° or 39°C or whateser it might happen to
be, but 15 ambient temperature

The distinction betseen hats and pothilotherms 15 that the bat 15 able
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spontaneously and by actity to raise his temperature above that of
the environment, which 2 poikilotherm cannot do Instead of havng
this high and constant and ‘therefore, expenstve thermoregulatory level,
the bat has one which 1s geared to the ambient temperature
Fremont Smuth 1t 15 an altogether different sttuation from the slight
temperature drop we have with sleep If you said the bat goes to sleep
when he hangs up, you could say this drop i temperature toward the
ambent 15 just an exaggerated example of what all of us do n sleep
Hock It may be It 1s very exaggerated One time [ put a bat with
a body temperature of 19 1°C 1n 2 vial and placed it 1n a bath tempera
ture of 13°C In 45 munutes 1ts body temperature was 135°C This
dllustrates the ditect dependence of the bat s temperature on the ambient
temperature  Of course, bats have to stay out of ambtent temperatute
below 0° As a matter of fact in the caves where they exist, the tem
perature never gets below 0° Of course cave temperature 15 close to
the annual mean tempetature of the region We have the same species
of bat 1 warked on n Ithaca here m Fairbanks but they do not stay
here  They apparently mugrate to some other place They Stay out
of places where they would get below 0° body temperature This will
I think, be cleared up presently
Burch Do bats shivee?
Hock  They have a very violent convulsive shivenng dunng aroussi
from hubernation
Burch When they are dipped 1n water, do they fail to shiver?
Hock They were not really dipped 10 water, but were 1 vials How
ever st 15 my mpression that they did not shiver on exposure to low
temperature
Burch Why?
Hock 1 dont belteve they ever shiver when they hang up and statt
dropping thetr temperature
Burch “When they awaken do they shiver?
Hock Yes
Eprror s Nots Dr Hock would like to add the following  after
thought to his remarks at the Conference
The frut bats studied by Butbank and Young (7) did shner vio
leatly when aic temperatuge was 20°C Note on Figure 22 that they
maintained a farrly constant high temperature (33 0° to 37 5°C) o
airt
that
mec
noa
a3 2 means of warming from low body temperatures
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Fremont Smuh  This drop in temperature only takes place when
they hang up

Hock 1t can be produced artificially at any time  Normally bats
shtver when they are about to fly, p bly to raise their temp
You can go wto a cave, with bats hanging all over the ceiling, and in
about 20 minutes to an hour there will be bats flying 1n the case, esen
though when you first go 1n they are mottonless  Soon jou can see
them start to move theic wings

Carlson They warm up before they take off>

Hock  Yes, they do In fact, they must warm, they must get to
30°C n this rather pamful fashion Then there 15 a very quick change
10 temperature, and they can fly 1n a very short tume  In fact, they
have been found flying at temperatures of about 35°C or so, although
the normal flight temperature 1s about 41° or 41 5°C

Burch 1f you dip a bat 1n water, he must try to fiy away

Hock This was m a vial in water He was i the air

Burch Why does he not shiver so he could fly away? I do not under
stand the situation 1€ you awahen a batin a cave he starts shnvening to
elevate hus body temperature so that he can fly away Sull, if you dip
a bat tn water he does not shiner to heep the body temperatuce up so
that be can make a getaway What 1s the difference®

Tratell  You didnt wet the bat?

Hock No, he was in a vial

Burch  He cettanly was disturbed

Frenront Smeth  He could have shivered if he wanted to couldn t he?

Hock This 1s a good question 1 have never seen ane shiver on this
seduction 0 temperature

Bureh It 1s peculiar behavior  Most animals would attempt to
escape under disturbing circumstances

Hock  Pethaps bats are not worried about reduction in temperature,
2s most ammals are

Barch 1t must not be so simple

Burton  The P guk 1o the hypoth center 15
quite daffetent 1n 2 bat 1t doesn t reflexly respond to cold by defense
agamst cold

Hortarh What about the cottical phenomena which have some con
trol over the thalamic areas?

Hock That also would have to be different

Horrath  Your data would suppart that

Belnke It may be that the arculation of the bats peniphery 1s cut
off. and perhaps it 1s the same 1 man and when the bat warms up agam,
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with the blood cireulating to the cold area, temperature 15 reduced, and
the animal starts to shiver

Hock Tt has been shown by Nucoll and others (8) that the wing of
abat 15 a very vascular area There 15 little or 5o blood flowing through
the wing under these conditions When the bats temperature ises
above approximately 41°C (9), there 15 a sudden engorgement of
the whole wing of the bat This apparently 1s a heat loss mechamsm
The coaverse 15 not Anown, but tt appears that as soon as temperatare
starts to fall there 15 a shutting off of the wing asculatson, so that it
almost stops

Hildes The vascularity of the wing doesn’t suddenly increase when
the bat starts to wake up, does 1t?

Hock  Not until he gets way up to high body temperatuse It doesnt
inctease at low temperatures when he 15 starting to bring his temperature
up

Hortath  That raises the question of why he shivers at all, if he
doesn t when you cool him down i your way What 15 the missing
stimulus? In one €ase, 4 minor rise in cave tempemture, consequcnt to
entrance by a man, the bat s costical actvity, exctted by man s presence,
starts him to shiver  Yet here, whete he 1s put under much more severe
sttuation, he doesn t shiver, what 1s the imtuting factor?

Horck This awakening shivering 1s caused by disturbance 1n the cave,
1 am sure

Hortath Yes, but still when he 1s taken from hts vial and suddenly
dumped ito the cold water, he 15 being disturbed somewhat

Fremont Smuth Do they play dead, i that sense?

Hock Not at body temperatuse of 20°C  They are only halfway out
of hibernation

Fremont Smith You put them i the experimental condittons where
you certamnly are distutbing them very much Some animals, \de;
those circumstances, will play dead, so to speak, but do bats do that

Hock 1dont think there 1s anythmg that nvolved 1 bats

Montgomery  Are those at the bottom of the curve 1 Frgure 22

unconscious >
Hock They respond to fatrly strong stimuly, if you touch them
Montgomery In waking up he 1s shevering or 1s that further up the

curve?

Hock They start shivering almost as soon as they start to warm, at

very low body temperatures One of the first things they do 15 to opea

their wings

Fremont Smuth You say, on the one hand, they dont shnver, and
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then, on the other hand, you say almost the fist thing they do 1s to
shiver

Hock They shiver on awakenng but don t shiver on cooling, that 1s,
3 you take a bat with a body temperature of 30°C and put him
0° temperature, he will not shiver

Tremont Smith Then 1s 1t fair to say, really, when they are put into
this situation they are, 1n a sense, undistuched? Otherwise there would
be awakening and shivering

Hock  No, they are awake They are fully awake When they are
put in this zero atmosphere, they drop to zero without shierng

Cotmo Could this be because of the fact they are confined, and 1n

the other condition they are free to move about?
o Pl U vt e

and he did that

Burton Isnt it clear that, in the bath, shivening 1s not part of a
temperature regulation or defense agamnst cold? It 15 not brought out
by the stimulus of putting them 1n cold environment as 1n the homeo
therms, but shiverng 1s elicited by responses to other stimuli, such as
disturbing the ammal and it exssts for the purpose, teleologically, of
warming up the ammal  But 1t 15 not a dtrect response to cold

Fremont Smuth A sort of alarm reaction, when they need to do
something

Hock This comcides with my 1dea that the thermoregulatory level 1s
amblcn( l:mpcmturc

Blarr  What 1s the difference in the rates of fall of temperature?
Because whether hypothermta 1s induced rapidly or graduatly makes a
profound difference 1n physiologic response  The pattern of develop-
ment of hypothermia 1s altered by the speed of reduction of temperature
What 15 the difference 1n temperatures and the time relationship of the
hypothermia?

Hlock  In general, the more difference there 15 between the bats

; and the air temy n which he 1s placed, the faster

will be the fall

Tor example, { placed a bat with an initial tempecature of 217°C
m 1 yul with a temperature of 231 C  In 30 minutes his temperature
fell 10 232°C This s a rate of fall of 003°C per munute, i contrast
with the rate of fall of the case mentioned above of 04°C per munute
As long as this ditference 1s very great, the bat drops—( Table HI)

Blar What s the difference n shuetng response 1 those cases?
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TABLE I

Temperature Change of Litile Brown Bat (Myons lucrfugus)
1 Response to Environmental Temperature

Experimental Bat
Temperature Temperatures Rate of
Length of | Tempes
Expeniment ature
Water Aurr 1 P!
Bath Val | Atsan | AcEad | (M| Ches
(2] (%) (4] °Q)

13 13 191 135 45 —~039
230 231 247 252 30 ~003
302 302 363 312 20 ~005
370 355 357 375 15 +011

Reprinted by permussion from Hock R ]  The metabolic rates and body
temperatures of bats Brol Bull 101 289 (1951)

Hock 1 dont think there 1s a bit I have never observed shivenng
under these conditions

Burch What would happen if the bat were dropped 1n the vial and
sort of agutated with the sturtng rod?

Hock He wouldn t drop his temperature

Burch He wouldn t> Have you tried such an experiment?

Hock No Ihavent

Fremont Smith You sud when you poke them they do warm up

Hock Yes

Bebnke If the environmental temperatute 15 dropped lowet th.’u:
0° then as the body temperature of the bat falls will he start to shiver
Suppose you lower the tempesature?

Fremont Smith Does he shiver below 07

Hock T think 1n a very special case he would I will show you the
reason why later m the discussion because he elevates ba‘s metabolism

Horvath ¥ think the question 1s this If he 1s at -;50 C, let us say
and he keeps on dropping does he get below this 0° or say -3 or
—5°C ? How much further below that will he go without responding
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Hock 1 cant answer that 1 the case of bats, but I can 1n the case of
ground squirrels

Behnke 1ask the question because I am not sure this temperature, as
recorded, at all reflects the temperature of the blood, say, reaching the
hypothalamus, 1t may be much lower When blood from the core of
the body goes through the cold wings, thete 15 another drop in tempera
ture that 1s much lower than what you show, and that may be the
stumulus that causes shivering At least, 1n man that can be shown to be
the case

Hock ‘These are still temperatutes These bats have been 1 this
environment for a while

Behnke What temperature 1s recorded? Is that a rectal temperature?

Hock  Unfortunately, different workers did different things Some
took rectal temperatures

Bebnke What about your experiments?

Hock Icant pick them out

Bebnke What famuly was used?

Hock They are all the open circles In my expersments I sewed the
thermocouple under the skin, using Vernet and Metcalf s (10) method
The thermocouple passed around the back of the body of the bat

Bebnke You wetent deep body temp ?

Hock No

Hortath  That 1s surface temperature

Hock  According to Vernet and Metcalf (10) there is little dufference
between this temp and rectal temp Some of these other
temperatures shown are rectal

Burch  Rectal temperatures of ibernators hase been taken 1 some
expenments at Harvard

Hock That was Lymans work (11} And those were mostly cheeh
pouch temperatures of hamsters, not rectal

Burch  Yes but he took some rectal temperatures

Hock Yes, n comparison to the cheek pouch temperature  He found
the cheel pouch warms more on arousal

Burch He studied vanous parts of the body, as 1t cooled down

Hock Yes Indeep hib there 1s little duff 1 the heart,
fiver, or other temperatures espectally i the smaller ammals  They are
all at app ly the same temp 1 varous parts of the body
1n bats

Montgomery 1 would be interested to hnow what happened just
below the low environmental temperature that you show  Does the
cun e of the body temperature flatten off of rise, with stitl fower emviron
mental temperature?
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Hock 1 am afraid no one knows that

Barton  Dr Paul Nicoll, who 1s Professor of Physiology at the
University of Indiana, showed me his bats  Although everything else
seems to be depressed and the animal 1s torpsd, this shivering reflex 1s
on the job, and shivering 15 a response to cold, once the temperature 1s
below freezing

Hock The bear 1s the most widely known hibernator Yet bears, as
will be shown 1n Figure 23 do not hibernate  Figure 23 15 a graph of
occasons of measutements ‘The lowest line 15 outdoor air temperature,
the mtddle line 1s the den temperatuse, and the top line 1s the rectal
temperature of the bear (12) It 15 a little bit difficult to tahe the
rectal temperatuse of a bear When after about four trials, we finally got
rectal temperatures, on almost every first occaston 1t was 34° or 33 5°C,
despite differences in the den temperature  The den temperature 15 really
the ambient temperature and 1t was always below zero The outdoor
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cub [ ever had The date was approximately May 15 and the tempera
ture was 39°C There are, 1n addition, three figures in the hiterature
without ambient temperature on the European brown bear They also
ate between 37° and 38°C  Another reading was taken at this Labora

tory by Dr Svibla (16), and the other winter black bear temperature 15
one that Mr Matson has sent me of 2 wild bear shot n a den  They are
both very close to my values Thus it appears that there 15 a real break
between active bear temperature and denning bear temperature  This
break 1s not very great The bear does not drop its body temperature
close to ambtent temperature as do the true huibernators It mamtamns
a tugh body temperature 1a relation to the low ambtent temperatute of
the winter dens The bear 15 thus apparently not 2 true hibernator

studies, but 1t appears, from the hittle known, that there 1s no essential
difference between the bear and these other carntvores  So, appatently,
the carnivores as a group cannot truly hibernate, but some of them have
a small reduction 1n temperature which 1s perhaps meanmgful to them
T think they should not be called hibernators n the technical sense
I have used

In contsast, Figure 25 shows some ground squirrels Arctic ground
squirrels are good hibernators and they fit the definstion  These are
temperatures dunng hibernation ‘The line shown on this graph repre
sents the relatronship that would obtawm if the ammal s temperatures
were the same as ambient The figure shows that 1n most cases it 15
somewhat higher

It has been stated in the literature many times that rectal temperature
15 usually two degrees or so above ambient temperature This 15 obvious
ly not always true The figures which show rectal temperature as
lower than ambtent temperature must be some sort of attifact It may
be erther that high respiratory water loss 1s going on, which 1s unlikely,
or that ambent temperatures recently changed and the squirrel s tem
perature has not yet had time to nise  These squitrels duning hiberna
tion are reacting not quite but nearly as dead bodtes

The temperatures that are very close to the Itne we can regard as
bewng wdwatwe of hibernaton Thase that awe quke a few degrees
above the ambtent are apparently those of squirrels in the process of
arousal from or entrance into hibernation They are thercfore not truly
hibernating  The ambient 1s below 0°, and yet the squirrel has main
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cub [ ever had The date was approximately May 15 and the tempera
ture was 39°C  There are 1n addition three figures in the literature
without ambtent temperature on the European brown bear They also
are between 37° and 38°C  Another reading was taken at this Labora

toty by Dr Svihla (16) and the other winter black bear temperature 15
one that Mr Matson has sent me of a wild bear shot in 2 den They are
both very close to my values Thus 1t appears that there 1s a real break
between acttve bear temperature and denning bear temperature This
break ts not very great The bear does not drop 1ts body temperature
close to ambient temperature as do the true hibernators It mamntams
a high body temperatute in relation to the low ambient temperature of
the winter dens The bear 1s thus apparently not a true hibernator

L

studies but 1t appears from the little known that there 15 no essential

difference between the bear and these other carnivores So apparently
r

1 have used

In contrast Figure 25 shows some ground squirrels Arctic ground
squitrels are good hubernators and they fit the definition  These are
temperatures during hibernation The line shown on thts graph repre
sents the relationship that would obtamn if the animal's temperatures
were the same as ambrent The figure shows that in most cases it 15
somewhat higher

1t has been stated tn the literature many times that rectal temperature
1s usually two degrees o so above ambient temperature Ths 1s obvious
ly not always true The figures which show rectal temperature as
lower than ambient temperature must be some sort of artifact It may
be erther that high respiratory water loss 1s going on which 15 unlikely
or that ambient temperatures recently changed and the squirrel s tem
perature has not yet had ttme to s1se  These squirrels during hiberna
tron are teacting not quite but nearly as dead bodies

The temperatures that are very close to the line we can regard as
bewg wndicative of hibecnation Those that ate quite o few degrees
above the ambient are apparently those of squirrels 1n the process of
arousal from or entrance into hubernation  They are therefore not truly
hibernating  The ambient 15 below 0° and yet the squirrel has main
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tarned temperature above 0° 10 most cases  Only 10 one or two cases has
the squirrel s temperature dropped below 0

Fremons Smith Whether the 2mmals hibernate or do not hibernate
15 a relative thing  They have to come close to ambtent temperature to
be called hibernators, but these 1s no real diviston as to how close You
make a sort of arhitrary line and say, This 1s hibernation  If their
temperatures dont get that low, 1t 1snt

Hock Yes Contrast this with the picture in the bear where the
rectal temperature was way above ambient

Fremont Smith Were any ammals halfway 1n between?

Hock 1 shall discuss that presently

Fremont Smuth  This 15 a spectrum, really, and, when you say 1t 1s or
1s not, you ate making a somewhat arbitrary decision

Hock That 1s sight, except true hibernation should be restricted to
these cases where 1t 15 very close

Fremont Smith  How close?

Hock Within a few degrees Hibernators generally have been long
stated to have a more labite body temperature duning activity because
of the fact that they lack true thermoregulatory ability This statement
has recently been challenged by Dr Irving (15)

His studies, which were based on some data collected by Erkson at
Pomnt Barrow, have since been published by Ertkson (17) The thesis
of both papers 15 the fact that the Arctic ground squirrel at Pont
Barrow has a rather steady body temperature Dr Irving recognized
the fact, 1n one of his statements, that this was not necessanly always
true by saying that i September and when not hibernating, these
ground squurrels were competent homeotherms

His data were collected during one month of the year I have been
able to collect new data (18) from the date of emergence of the
ground squirrel, which 15 20 Apul i my study area, to the date of
entrance of the ground squurel into hibernation, which 1s about 10 to
12 October n the same area

These are animals (Figure 26) that have been shot and therr body
temperature taken immediately They may or may not have been highly
actwve but such activity does not seem to make much difference They
are plotted here as to date The earliest emerging ground squirrels are
shown with a faurly constant temperature About the trme the females
come out there 15 a greater labihity of temperature, 1n fact 1t 1s down to
33°C which 1s the lowest I have ever recorded As the season goes on,
1t becomes higher and more constant  Usually 20 June 1s the most per
fect tune of the year m the mountamn area near Anchorage A Septem
ber group 1s shown at 40°C  Thus 15 the trme Dr Irving was talking

T
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about Just before the squisrels go nto hibernation, there 15 2 marked
fail

Kark Wil you read the anumal s cycle legend?

b L o - B s L s Al:..| f,... tha mmnlng and iha
EEETIN 1 -

' i [RERTIE . i a0
June The young ate then 1a the burrow for about 6 weeks and the
females are, of course, lactating About the first of July, the males begin
to fatten but at that time the females ate still nursing About 10 July, the
young emerge and the females care for them for about 10 days to 2
weeks At the end of this time or about 1 August, the females and the
young start fatteming  About 10 September, the females start to hiber
nate and the males start somewhere shortly after this About 10 or 12
October, the entire population has gone 1nto hibemation These points
bear no resemblance to ambient temperature Also these temperatures
are lumped for 4 years and extubit little difference

Bebnke 1 should like to refer to Figure 25 for 2 moment For a
given rectal temperature, let us say, at 10°C , the ambient temperature
varies over @ wide range, doesnt 1t?

Hock  The figure shows 10°C

Behnke Yes, that 1s right, but the ambient temperature, which 1s
plotted along the ordmate, vacses over a wide range for a given rectal
temperature So, the rectal temperature 15 tndependent of the ambient
temperature

Hock No, 1t really 15 not This chart shows all the figures I had
Perhaps I should have selected them Some of these ammals are awak
ening from huibernation, really 10°C happens to be too high a tempera
ture for these ground squirrels Thus ts about the right temperature for
the European squirrel

Bebnke Lets tahe 6° or 4°C One can go up over a wide range of
ambtent temperature and the rectal temperature remamns constant

Cotno It 1s almost up to 8°C 1 one case

Hock From 0 up to 8°C, that 15 night

Hortath  From —2°C

Burch  Have you done a statistical analysts on that?

Hock No

Behnke There 1s no correlation between the rectal temperature and
the ambtent temperature

Bustou  On the contrasy I wonld guess that the coefficient 15 about

35 That 1s perhaps not a bigh correlation but a very definite one

Hortath 1t doesnt follow that line

Burton 1t doesn t follow that particular line he has drawn
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Hock  This Ine 1s just a guide to looking at what would be if
ambtent and rectal were exactly the same Then all the temperatures
would fall to this line  Obviously they do not

Horzath What you have there 15 an admixture of antmals gomg
down and animals coming up

Hock That 1s ught These were taken from many records These
are all levels of actrvity Perhaps the ones that we should look at are
the ones in deep hibernation, but ths 15 2 hard thing to judge The best
cnterton for deep hibemation, as a matter of fact, 15 1f the rectal
approximates the ambrent

Carlson  Has no one used an indwelling rectal thermocouple and
followed the temperature duning the whole pertod of hibernation?

Hock No Rectal thermocouples are quite hard to keep in as the
ground squirrels are quite active Lyman (19) has made studies on
correlation with the cheek pouch temperatures and rectal temy
and finds that they are closely correlated except duning arousal when
the anterior portion of the antmal warms up quickly and the posterior
more slowl;

Carlson " Both Dr Fremont Smith and Captain Behnke are empha
stzing the question as to what 2 hibernating temperatuse 15

Frentone Smath  Also, you say the best evidence you have 1s that deep
hibernation 15 occursing 1f the animals temperature 1s close to the
ambient, but this 1s also your definstion of hibernation So you are
using the definition as evidence Unless you have another defintmon of
hibernation, you haven t any evidence of hiberpation

Meehan 1 agree Is there any other cuterion on which one could
Judge the presence or absence of hibernation®

Hock ‘There are many The most conventent one happens o be
rectal temperature It takes a very few seconds to determine this

Mechan  On the basis of other critetta, conld you define rectal
tempetature that would mdicate hibernation?

Hock This depends entirely upon the ambient temperature nMOSt
of the time the animal house where I did this was kept between 4° and
6°C. Therefore, this group mught perhaps be the best one under these
partcular conditions

Horiath Do these ground squuerels react the same way 1n hxbemmzn
as many other spectes? May they be 1n a state of suspension for peno(s
of minutes or perhaps hours then suddenly become active for a while
and then return to a state of suspension’®

Hock ‘They stay n hubernation up to 3 to 6 weeks Then they

spontaneously awaken
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Horiath Ate they absolutely queet, without movement?

Hock  Yes, apparently so

Horiath 1t 15 my own recollection, every time I have gone down to
see somebody s antmals hibernating, there was a group that was very
quiet, another group moving a lutle bit, and another one moving 2
little more, yet they were all hibernating

Hock 1do not agree with this  Out of one hundred captive anmals
1 have had at a time, there mught be forty that were 1 deep hibernation,
and there might be twenty that were completely active, and another
forty 1n between, either waking up or gotng bach 1 To obtain the
temperatutes shown here, I just went around with a thermometer and
started taking temperatuses on occasion There 1s probably a little dis
turbance gomng on because of this and some of the animals have started
to arouse already

Tremont Smith Have measurements been made, with a recorder, of
acttvity for individual amimals® Such recorders are made

Hock 1 do not think this has ever been done for hibernators

Horzath 1t has been done on the hamsters They go into penods of
activity, even though they apparently are completely 10 deep hibernation

Fremont Smith ~ How often would they go mto periods of deep
hibernation?

Hortath 1 have found no pattern, nor has anyone else recorded one
The animals may be quiet for days or they may go into cyclic acttvity of
very short duration and have a long pertod of quiescence

Hock As Lyman (20) pointed out hamsters have a shorter cycle
than do other hibernators, because they store food According to his
results, about every week they arouse themselves and eat These other
hibernators that store fat on their bodies, like the ground squirrel and
marmot, stay 1n deep hibernation for longer pertods of time

Hortath Benedicts (21) early work on the marmot gave pertods
of time sometimes as short as a few hours, sometimes 2s long as a
couple of days of hibernation

Hock  As long as a month

Horzath What 1s true hibernation? Pertods of activity interspersed
with periods of quiescence? Is that hibernation?

Hock Everyone who has ever kept captive hibernators has found
this periodic awakening over a faicly long cycle, the cycle differing with
different spectes and also differing, apparently, with different indtvid
uals My own data on these ground squirrels indicate the maxamum
period of time they do not fully awaken and eat  Usually the anmals
eat lettuce which we kept 1n front of them as an ndicator of their
actvity  They awakened, perhaps at 6 week mntervals, in one case and
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more commonly at about 3 week intervals The function of this 1
unknown

The animal whose hibernating temperature we will say 15 2°C
(Figure 27), when he arouses will have a near normal temperature of
say 35°C ‘Thus may occur 1n a period of 5 days or 3 hours, tt makes no
difference The amount of energy that 15 required to bring hus tempera
tare from the pomnt of deep hibernation to the pomt of actwity 1s
enough to sustain him 1n deep htbernation for at least one month I
think Kayser (22) 1n France has actually worhed out the energy required
for this transition and finds 1t 1s a Liabiltty to the animal mnyelved

Fremont Smith  So the lettuce doesn t really help him

Hock It doesnt do anything

Hortath He goes back into hibernation, you havent given hun
anything to eat?

Hock  Hamsters physically store food and they do not store fat So
hamsters must apparently awaken at fauly frequent mtervals about 2
week of 50, and eat something in order to live It 15 obvious that it 15 of
benefit to the hamster 1t 15 not of benefit to the ground squrrels, be
cause they apparently do not eat, or at least do not eat much They do
not store much food

Fremont Smith  Wouldn t 1t be helpful to have some continuous

FIAST ENTER NG HIBERNATIQ)
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records of individual amimals? It seems to me the lettuce 1s not a good
indicator as to whether or not they have been up and about

Cotmo Morrison (23) used the heart rate as a craterton and found
that, 1f you take the heart rate over a long period of time, 1t will
fluctuate between 2 and 15 to 20 beats a munute It 15 completely
1eregular

Hortath Ase these aumals 1n 2 continuous state of hibernation?

Cotmo He 1s using the heart rate as the criterion

Rark What happens to the water metabolism? Do they urtnate? Is
that why they wake up?

Hock To the best of my knowledge they do not urinate  However,
1f you examine them during hbernation and when they have had
access to food and water, they do have urine and feces 1n them

a1 AL ta E] .

- -  sLg maabbe AL

L
to the so-called state of hibernation

Montgomery Water 1s offered them?

Hortath It always 15 1n an expenmental sitnation I do not know
whether or not tt 1s available in patural states Certamnly, expent
mentally, 1f water 15 available to them, they do not necessanly drink 1t

Fremont Smuth What antmal are you speaking of ?

Hortath Hamsters, ground squirrels and some other anmal [
cannot remember

Hock In the natural state, these anumals do not drink as they have
o water available to them I once found this quite puzzling, but in the
natural state the animal 1s 1n a nest i the burrow, the burrow 1s under
ground and the animal 1s inside  Presumably he 15 not only getting water
from metabolism but he 1s not losing much water by evaporatton nto
the walls of the den, as the humudity of this small chamber must be
near saturation

Montgomery 1t would not be difficult to make a spring suspended
case to record not only activity but heart rate continuously

Cotmo  Mornison (23) has recorded heart rate

Burch Lyman (19) has made such an observation

Hortath The basic question temains what 1s hibernation?

Hock What you are all saying s that libernation 15 not a steady
state, but 1s cychic It 1s not a contnuous steady phenomenon wherein
nothing changes  This latter concept was very common in the past
among the g of the ph As I sad ly, the
hibermators do arouse  Perhaps others have stmply not recogntzed this
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fact or they were disturbed because they were not getting a steady state
and failed to mention st

Horzath You have made a valuable contribution to the field of
hibernation by making this statement that there 1s no such thing as a
quiet, continuous state, this 1s a fluctuating phenomenon around which
we hang a term which 15 only descriptive and 15 not precise

Hock Yes One thing that comes from this idea 1s that, in the past,
because of this concept 1t has been considered that every hibernator
should equal every other hibernator, and every time one measurement
ts made, 1t 15 equivalent to another man s measute on another animal,
even on another species, under other conditions One man can mahe
his measurements at a high pomnt i the cycle, in fact I can make my
measurements at different times on these ground squirrels at different
points 1n their cycle and the data are not entizely comparable

Bebnke What happens with reference to body water and urine
excretton, 1f these hibernating animals are depnved of water when they
are awake? How long can they go without water and rematn without
food?

Hock During the wintertime?

Behnke No, duting the summertine  In other words, to what degree
can they concentrate the urine?

Hock 1have never studied the urine I have deprived them of watet
under expertmental conditions up to 6 weeks, I have erther depm’td
them of all food and water, or given them just dry food

Behnke Just all food and water? So that they were living off thetr
own body fat and tissue? And they have gone how long?

Hock ~ About 6 weeks

Kark Did they die then?

Hock  They were starving for this period of time If they were
gven dry food only without water they lost weight at the same raledl;
they do when deprived of both food and water They apparently
not eat because of the Iack of water I have not included these dat2 1
my discusston here, but I do have them

Bebnke 1 think these data are extremely tnteresting

Hock 1did ths on three different occasions On the first occasion
1t was performed i the wintertime when I was trying to fo[lowdug‘;:
old 1dea of making animals hibernate by starving them 1 s‘kiarve ber
and they lost up to 50 per cent of their body weight but dr notd {lhe
nate T returned them to full eations after about 6 weeks and hey
gamned this 50 per cent back, and more,

Fremont Smuth  'What was the ambeen
starvation pertod?

i 2 weeks or 50
t temperatuce dunng the
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Hock This was probably at about 3°C  The other two occasions
were during the summertime when I was trying to do something still
different, and there was no temperature control at all The room was
open to the outside atr which in Anchorage would be from 10° to 20°C,
pethaps even higher

Travell These were ground squirrels?

Hock Yes

Kark When taking dry food they died much more quickly

Hock 1 shouldnt say much more quickly It made no difference if
they were getting no food or water ot sunply dry food, they lost weight
at the same rate They appatently did not eat, having no water
available

Burch What was the respiratory rate?

Hock 1 will come to that

Burch What do you think ts the alveolar epithelial surface tempera
ture? That would give some indication of the total cessation of water

Hock 1In my bibliography there 1s almost nothing about water
balance or kidney Knowledge of the whole water phenomenon 1s
completely lacking in hibernators There 1s a chance some work will
be done now

ater

mal
studtes by Schmidt Nielsen (24)?

Hortath 1 would like to try

Bebnke These ammals have a remarkable renal mechanism The
density of the urine must be far beyond any himits we consider normal
for human bengs

Rodabl Isn t the same thing true for the male Pribilof seals, which
apparently exsst up to 2 months during the mating season without
taking food, and apparently they do not drink esther for extremely long
pertods?

Iruing  They take no food and probably no water

Rodabl Yes

Tratell Dr Hock, why didnt the starved amimals you described
hibernate

Hortath They probably did as soon as you gave them food

Tremont Simth You said you kept them at 3°C ambient temperature

Trazell Was it to try to get them to hibernate that you deprived
them of food?

Hock In tius particular case, I think that they were not physically
set up to hibernate at the proper time of the year For one thing there
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were too many 10 a cage They rarely hibernate when there 1s more
than one m a cage In fact, of they do, the others eat the oge that 15
hibernating

Montgomery You can mduce hibernation 10 a ground squirrel?

Hock  Hibernation can be induced 1 hamsters, but I have neve
been able to induce 1t 1n a ground squtsrel  Some have, however

Travell Wasnt it the season m which they hibenate?

Hock Yes It was late 1n the year, 1n fact about February They were
1 quite good condition, and I do not know why they had not hiber
nated In Tebruary I started the starvation experiment, but none of
them hibernated

Fremont Smith You did keep them m large groups?

Hock Not after T started the starvation Then they were m ind:
vidual cages

Fremont Smnth  Even so, they didnt hibernate?

Hock None of them

Irving Dr Hock s figute illustrating the natural sequence of events
of the ground squirrels—and pethaps I am anttcipating what you are
going to say~shows that the preparatton for hibernation 15 a prolonged
affair 1nvolving, for one visible sign, something like a month ot so0 0
tensive fattening These ammals, of course, are not uble suddenfy
to decide that they are going to hibernate They have to make up thei
munds 2 or 3 months n advance and go through a fauly profonged set
of cyclic, metabolic, behavioral, and other changes That can become
very intetesting

Enkson (25) rllustrated one metabolic peculiarity in the pxepnm:f)'
peniod ust before ibernation  He showed that duting that time, whet
the animals are fattening at an rate, the resp ty q
are commonly htgh, indicative of synthesss of fat from carbohycfxa(t;
He also showed that duning the wintertime, animals which were amuscd
from hibernation and were selattvely lean, when offered plenty of foo
still would not overeat nor did the respiratory quotients at any time
nise to levels indcating their ability to synthesize and store an appre
ctable amount of fat !

Hock ‘This indicates, 1 think the point that hibernation 18 2 scnsogﬁ
phenomenon which the ammal must perform 1n a certain mannet (mfl'
Mayer, who s a contractor of this Laboratory, has [ak;’n gmhole
squirrels to Los Angeles He keeps them in a cold room for thewr “lfm i
life and he also keeps the lights on for 24 hours a day Thi;c mwhzt
have no cycle He has destroyed the;’t Q’cl;: They do not know

¥ hat month 1t 15 or anything else
d%:f t;,eo;t:er h:r‘x(c)l, tI try to stud; htbe%nanon as a natural phenome
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non I move my animals outside about the time of emergence, 1n
PR R P e R =

1t a situation that corresponded to that of the wild animals, tﬁey were
not just 1n a cage 1n a cold room, or in an enclosure of some kind and
kept there so they lost their cycle 1 was mterested in the seasonal cycle

Fremont Smuth It 1s very inportant to emphasize both of your pounts,
and also that hibernation 1s not at least for these antmals, an 1solated
phenomenon but rather a past of a cyclic process Therefore, 1t 1s 2
broader thing, it has a preparation, and it has an end

Burch Would you say preparation for hibernation 13 very much like
the preparation 1n a bird for migration?

Hock ‘That was my mntroduction My concept 1s that htbernation 1s
essentially the same as bird migration  Only a few mammals hibernate,
and these are the ones that canoot get their food As mammals are
less mobule than birds, they hibernate instead of mugrate The prepara
tion 15 quite symular [ shall discuss that 1n more detail Jater

Figure 28 depicts temperature variations duning the enttre period of
actwvity n arctic ground squirrels 1 summed the pomnts of the wild
shot squirrels for 10 day pertods Unfortunately, I had to do that
The seasonal cycle 1s shown, with rectal temperature high at emer
gence and dropping down at about the tune the females come out
Some of the low temperatures shown are those of females I have
not divided them by sex The body temperature then mses to be
tween 38 5° and 40°C for the rest of the active period There are
small fluctuations which may not have much meaning Even in Sep-
tember a high temperature s still found, then temperature drops just
before entrance into hibernation 1 must say that this 1s not very good
statistically because there are different numbers represented at each
pont of the graph  For exzmple, on 20 June, there may be 40, and m
September there may be 4‘ or 6, At the same txme‘I s{mt these tn the

same time 1 measured the temperature of long term captives, that s,
squierels that had been captive anywhere from 1 month to 4 years Their
temperatures showed no indication of cycle, 2nd 0 correspondence in
any way with the wild condrtion  This illustrates my pont that it 1s
necessary to hnow the condittons under which the measurements that
you are companng with your own have been made For example, Dr
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FIGURE 28 Comparison of 10 day averages of mean rectal temperature of wild
shot, short term captive, and long term captive Arctic ground squirrels during the
active season

Irving s (15) duscussion of the Point Bastow squuerels may have repre
sented short term captives He compared his data with Gelineo's (26)
tesults on the European ground squirrels which may have been long
term captives  Therefore, these data may not be comparable This s
the fault with much of the literatute on hibernation  You do not Anow
exactly the conditions under which the data that you ate compating with
your own have been collected ‘Therefore, they are not always com
parable

The thermoregulatory ability of ground squirrels 1s another potat 1
would Iike to discuss It has been stated, as I have satd, that hibernators
have a more labile tempesature than other mammals Ths 1s perhaps
true, but certamnly not significantly true, except during these pertods
just before and yust after hibernation

It has been stated that the essence of hibernation s a transposition
from the homeothermic condition dusng the period of actiwity o the
potkilothemic condition duning the period of hibernation I have used
the term heterothermusm  to describe this, and have stated in print
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that this 1s the situation  More recently Suomalainen (27) has said all
hibernators ate primtive, that they lack thermoregulation, and that this
J 4 . from 1 to potkilott

15 because of the primitive thermoregulation T do not believe this is the
case ] believe, rather, that ths ts a case somewhat similar to that i
bats, with the distinction that the thermoregulatory ability of hiber
nators while 1t may be a little less exact than that of true homeotherms,
has two distinct levels One of them 15 the high level of activity during
the summertime and the second 1s a different thermoregulatory basis
dunng hib 1t 1s not pokilott dunng hibernation, 1t
13, rather, a diffetent setting of the thermostat, so that the high fevel
has been tumned down, then thermoregulation goes on but 15 geared to
a different basis It s geared, perhaps, again to ambient temperature as
1n the case of the bats, but 1t 15 certainly geared to a lower level But
the hibernating animal, tn deep hibernation 15 not pothtlothermic  He
15 2 homeotherm, with a different level of regulation of hus temperature

Tremont Smith This 15 an interesting distinction of terms  If the ant
mal was dropped to a new, lower level and remained at that level more
or less, regardless of varmations 1n the ambient temperature, 1t seems
to me you would have your point, but 1f you say that hts new level 15
related to ambient temperature, you are almost saying the same thing
as potulotherm

Hock  He does not stay nght with the ambient temperature

Fremont Smith This 15 the pomt  Would an individual bat stay at
a Faely constant P more ot less, Jless of mn
the ambient temperature”

Hock  No, he will fluctuate with the ambsent temperature, within
limits He will fluctuate back and forth as the ambient goes up and
down, but 1f the ambient drops low, he will not go with st

Fremont Spmsh  Not that far?

Hock  No
Blair 1 agree sith Dr Hock that this 1s ssimply a resetting of the
b the hypothal , for the hib ammal, and 1t 1s

not true porhilothermism

Dr A D Keller (28), of the Army Medical Research Laboratory
Yrees & & nypot! F ition 10 dogs and fheir
body temperatures remain just above environmental temperature  If
you drop enssronmental temperature down to 30°C  the dog s body
temperature wiil be 35°C , 1f you drop 1t to 28°C, 1t will be 33°C, etc
Tt 15 4 case where the hypothaamus 15 nonfunctioning and ene of true
expenmental porhilothermism  On the other hand hibernators do not
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do that because the hypothalamus 1s functioning, but at a different
thermostatic Jevel

Fremont Smuth Nor do the hibernating animals mantain a steady
state, regardless of external environment, the way humans do They
he somewhere 1n between the potkilo and the homeo reset, at 2 nes
level Isnt that correct?

Blarr  Yes

Hock  This 1s the reason I have used the term  hetesotherm ot two
different thermostat settings Earlier in the discusston, Dr Itving used
1t to mean labtlity of temperature  Morrison and Ryser (29) have used
1t to describe the lability of temperature 1n the deer mouse, meaning
ammals with fluctuating temperatutes I would like ta suggest that the
term heterotherm be used to describe different ammals having different
levels of thermoregulatory setting and not mere lability of temperature
According to the dervation of the word, however, 1t can be either one
or the other

Fremont Smuh  1f we speafy each ttme how we are using it, we
can use 1t both ways

Hock Heterotherm 1n my usage, means 2 different setting of the
thermoregulatory basts and 1n Dr Irving s usage it means the lability of
temperature

Fremont Smth Would you agree with my pomnt that the mere state
ment of a different setting 15 not good enough for the description of
hibernation? You have to say both that there 1s a different setting but
that there 15 also within that setting a relationship to ambient tempera
ture which you don t have at the onginal setting of 37° and 38°C

Hock That 1s true

Fremont Smuth 1t would be important to make those two statements
The single statement of heterothermia will not be suﬁicm'n for the
hibernator  If so, he would be g this level regard of the
ambient

Hock With the exception that, 1f the amb1ent temperature goes t00
low, the hibernator will not go with 1t

Fremont Smuth Yes, exactly There 15 2
follow the ambient

Hock 1 ery close to zero

Bur[r/; §slsuv nrc{t a much more complex phenomenon? There must
be cyclic endocrine changes

I?otk Twould ltke tf discuss that lat'er The_xehni 2 fft::.r.al:,cj:;?;:
of
of

Bl v sg o ws g

It to which he will
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define 1t 15 not good enough to descnibe hibernation, as you have de
scrtbed st It 1s necessary to add that there 1s this other factor, too

Burch § wonder whether some of the expenments of Dr Hock were
comparable to the cooling that surgeons use i man  That s not
hibernation

Hock  There 15 a great distinction between the two, which Dr
Covino will discuss

Meeban In spinal man, we see some effort at temperature regula
tion  Theoretically, there 15 little control of the pertpheral vasomotor
system Is there any relation between this and the phenomenon of cool
g that you see m Iubernation?

Hock In the anunal in fubernation, there 1s probably bittle peripheral
curculation

Burch 1t 1s almost zero, if not zero?

Hock Yes

Tremont Smuh  Fever 1s a good example of the thermostat being set
at a new level This may vary considerably, as there are usually two
processes tateracting, but i the case of the person who 15 running a
fever, his thermostat 55 set at a new high and someshat fluctuating
Tevel, which 1s largely irrespecttve of ambrent temperature This 15 not
what the mbernating animal does He 1s set at a new tow fevel bur
also moves with ambient temperature until he gets down to this miat
mum level which you say s close to zero It 15 essentsal to brng 10
1b:v:]r as an example of close to pure setting of the thermostat at a fugh
cvel

Carlton Isnt the distinction the level of setting of the anmais
thermal regulatson? If the animals thermostat was set at 2°C and
he warmed to 8°C,, he would pant to prevent heating  The resettng of
the thermostat prevents freezing, s e, brings about thermoregulation
below 2°C

Burtow 1 dont think we have allowed Dr Hoch to reach the
essential pownt of difference between a potkslotherm such as a frog and

- T ¥

L an aes

there shil s a reflex, and he wakes up, he cannot be frozen

Hortath 1t 1s possible to reduce the temperature of a dog to 24°C
and mantain hum at that temperatuce 1 an enviropment of, roughly
53y, 22°C  He will stay there a fong hme  Suddenly spontaneousty,
he will stact cew aectng Is be a hubernator?

Hock No

Blare 1 the dog 5 a laboratory produced poibtlotherm by means
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of a hypothalamic lesion, he will remain hypothesmic when ambient
temperature 1s fowered

Horvath That 1s not a normal anyma)

Blarr It 15 not a normal animal unless the temperature g5 ratsed or
something 1s done to alter the situation

Hosiath He will do that, he will spontaneously start rewasming

Hock  He will not spontaneously rewarm at much below 24°C

Hortath That, 1 think, 15 unknown at the moment I certainly think,
1f you keep hts temperature at 24°C for pertods of 3 or 4 days, every
once m a whtle, some of these antmals will stast spontaneous rewatmmng
after you have had them, say, more than a day There 1sa't a thing that
can be done about 1t

Fremont Smuth  Perhaps this process has a relationship to the se-
warming process i hibernation, but to ask, 1s be ubernating or not,
1s wrong, because there are no cuteria available that sharply define this
whole cyclic process which 1s included m htbernation

Blazr Dr Burton has stated it It 1s simply that the hibernator his
a protecttve mechantsm available and 1t can work at the ¢ritical moment,
whereas the porkilotherm has no protective mechanism available when
1t needs 1f

Fremont Smith  Does 1t have a protective mechanism in this case?

Cotno  This 1s an artifictal sttuation

Burton 1 suppose that when what Dr Horvath describes happens
1t can be explaimed as a fluctuation m metabolic rate with a relative
mstability of the heat balance, but, definitely, if a dog s taken down
to, say, 18°C, he has no protective mechanysm that will come reflexly
mto play and prevent a lower drop

Blar 1 agree with Dt Burton If that occurs, you have blocked his
protective mechanism from comung into play In our expertence, of you
drug an animal before putting him under a stress you may bloch hss
protective mechapisms agamnst that stress "

Horiath Now you are saying protecttve mechanism What
mechanism are we blocking?

Belnke Would skin temperatures be o
1t, in the hibernating anumal, the skin temperatures are
ambient air temperature  Have you d them

Hock  No, I have not

Montgomery Dr Burtons definition o
a nonhibernator 1s very good, becavse 1t not only
tubernator and potkilotherm but 1t distingusshes between hibernato:
man or even the bear

Hock  Let us say that duning il

£ any help> As I understand
s higher than the

£ 2 hibernator as opposed to
distinguishes betaeen
s and

he process of arousal, the antmal 1
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tn an ambent temperatute of 2°C and his skin 15 very close to 2°C, but
his internal temperature, 1 ¢, the heart, liver, colon, and so forth, may
be close to 4°C As he awakens from this low temperature, the blood
1s shunted antersorly to the bratn and to the interior region of the major
organs It 1s preferential intenior anterior circulation Dr Lyman
(19), who has done this work, says that he has no evidence that there
15 2 teduction 1n the postertor and the perspheral circulation during deep
hibernation

In 1811 Saissy (30) sard that when torpor 15 complete, the blood
vessels on the periphery of the body are almost empty, the larger vessels
are only half full, and the blood appears to be in 2 state of stagnation
Thus it appears that there 18 very little posterior or peripheral arculation
during deep hibernation At any rate duning arousal the circulation 15
preferential in nature  As a result, the cheek pouch temperature as
determined by Lyman may have been 20°C when 1t was only 12°C
the rectum  The amimal arouses by warming the brain and the anteror
portion first and the posterior portion last In fact, I have aroused
animals until they had a rectal temperature of 37°C and then have put
2 needle thermocouple 1nto the hindfoot and found the temperature
thete to be about 2 5°C  which tndicates that this 1s the last part that
warms up

Fremont Smuh What about the front feet?

Hock They warm earlter than this There 15 a very distiert difference
between this process and the process that 1s shown 1n a dog rewarming
from hypothermia or the process shown in the frog rewarming in direct
refation to ambient temperature mcrease

Burch Lymans (19)* expenments on the use of contrast medium
mjected 1nto the circulaticn revealed that nicely  He mjected, at various
stages of awakening, a contrast medum that showed that as awakening
progressed the airculation gradually became re established more and
more to the periphery, the last systems to be fully established were m
the extremities and the tail

Blarr  What 15 the shivering pattern on reawahening?

Hock  The shivenng process starts very quichly, at least mn the
ground squirrels that I know most about In fact «f a rectal thermo
couple 1s mserted when the ammal s temperature 1s 2°C, he starts to
shiver rather quickly after this However what really happens 1s that
the heart rate goes up first Lyman has shown this very well T once
observed that the heart rate went from 4 to 68 beats per minute when
*Lymin C P and Chatfild P O Physt | gy of hbemation of mammals Conference

a8 Hypothernia of the Nationsl Research Cowacil Sxbcommitiee o8 Cardiora calar Syt
tem Washingtin D C Oct 2829 1955 (Not published)
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the ammal s temperature had only ncreased perhaps 1/10 of a degree
The anmal 15 usually curled up and first uncuels and makes gross body
movements During this tume, the body temperature 15 wncreasing very
shightly and then 1t starts mcreasing more rapudly Heart rate of course
mecreases rapidly during this tme and metabolism 13 also tncreasing

Fremont Smith  The heast rate change 1s extraordmary It seems
to me 1t suggests, really, very tmportant and exciting experiments on
enzymes, because this 15 contrary to the chemical law of temperature
1snt at?

Hock Such experiments are the key to understanding hibernation

Travell Do they start to shiver first wath thetr forelimbs?

Blair Yes, was 1t reflex shivering?

Hock Yes

Blasr 1f 1t 15 reflex shivering 1t would be n direct relationship to
the Jimb activity

Horath The animals that I was mentioning do recover thess body
temperature ‘They become perfectly normal In fact, one animal has
been used on five different occastons 2nd with one, the longest tune
that he was mamntained at 24°C was 72 hours

Fremont Smuth 'To be explicit, the ambient temperatute constant was
what?

Horiath It was 23°C

Fremont Smith  The antmal s temperature 15 about 24°C  He then
will start rewarmuing spontaneously

Hortath That spontaneous should be mn quotes

Fremont Smuh  He will start rewarming and warm himself up to
normal 1n spite of the ambient temperature

Horvarh Yes even though we tried to drop the ambient fo help
the animal returned to a stable level When he gets to about 30 C he
starts shivering

Fremont Smith It seems to me that you cannot dismss altogethes the
fact that this 1s protective mechanism

Burton Dr Horvath used curare to get them down to these tempetd
tutes If we say the curare was just weanng off, what 1s hus answet
to that?

Fremont Smuth T would say 1t 1s & secovering process LRt omereet

t
s

unusval situation

retarded this 1s rather an
e e 1c of a pharmacologic mecha

Blarr Are we dealing with a physiolog
nism?
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Hortath ¥ dont hnow whether this 15 2 physiologic protectise
mechamsm or a pharmacologic weaning off

Fremont Smuth Ot both

Hortath  Here 15 a prep which d ret ly close to
ambrent, and sponmneous&y statted up ‘Ttus goes back to my own feel
ing about fubernation, as Dr Hock brought out so nicely, namely,
hebernation 15 not a static but a fluctuating state  Sometimes, 1n spite of
all we do, the animal will spontaneousty get away from us  Thus 1s the
same sost of thing that happens n thus type of preparation

Fremont Smith. Maybe the very fact that he escaped from the effect
of the drng 18 an indication of protective mechanism now betag refeased

r
. - .

Horvath No

Fremon Smith  ‘This was 3 or 4 days later?

Horvath Yes

Carlson  Fat 3 or 4 days they had essentrally no temperature regula
ton The curare must wear off before 3 or 4 days

Horiath ‘Ther rectal temp 15 24°C A of shint

rectal muscle temp and ripht heart

lcmperaturc all remain p\us or minus one or two tenths of a degree of
etach other This arumal 15 persisting at this very constant level

Cﬂl:on Thts s an 1mponant pomnt We teach our students that
d below 33°C Dt Horvath's expert
ments sugpest that a(m 3o0r4 days regulatian occurs

Fremont Smuth 1o a dog

Hortath Yes

Btm’on It cou\d be pharmacolog:c bcc:mse s  true, | lh:x( when a

process When it mggcred every(hmg that happens helps tt ta wear
off more quickly

Horeath  You find uone in the bladder  Very occasionally one of
these animals voids spontaneously

Behnke When do you release these dogs from artifical resprration?

Hortath 1 never have them on artaficial cespuration  The breathimg
fate 18 1 the neighborhood of 1 or 2 every minute  Minute volume 15
30 or 100 m!

Bebrke Corarized?
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Cotzmo There was a recent article (31) on this Dogs were com
pletely curarized and they were able to rewarm
Hotzath The ltver 15 1nvolved m this
Blan Rats whether curanized or not, can be brought down to 10°C
body temperature and will spontaneously tewarm at room temperature
Fremont Smuth At room temperature?
Blasr "When put back at room temperature, they will rewarm from
10°C body temperatute
Fremont Smtth These dogs were rewarming from 23°C and the
temperatare mamntained at 23°C Dr Burton says 1t could be pharma
cologie, and I agree 1t could be
Hock 1t 1s evident from the study on temperature that I have just
described for the ground squirrels, and from several other lines of
evidence, that it 1s not correct to describe hibernating forms as merely
hibernating or active  Nearly the entire year 15 spent 1n prepating
for hibernation, recoveting from it, or 1n hibernation  From the evsdence
of the body temperatures alone tt appears that there are not two annual
periods 1n so far as the temperature of hibernators 1s concerned but that
four exsst These are the low temperatute of hibernation continuiag
i the ground squirrels from early October until late April, a shott
period of variable temperature from emergence until about mtd June,
then a period of relatively high and constant temperatute from mid
June to about mid September, and finally a period of lowering tempera
ture 1n late September and early October preceding hibernation  This
ss an illustratton of the fact that i hebernation as ta many other

phenomena studses made n the laboratory should be correlated with
3 4 3 am mal and to the

refated
eaning

to the animal by making correlations of this type This has not beet
attempted many ttmes in the past and I feel that 1t 15 one of the best
ways we can understand the phenomena of ammal physiology

in the past, for example, it has always been stated that hibegnators
are actwve at one tume of the year and hibernate at another time, and
comparisons have been made on this basts Such companisons may be
wvalid T think 1 have shown that durg the active period, such 2
sunple thing as the body temperature changes It 15 afmost certasaly
true that duning peniods of hibernation which we have heretofore
thought was a steady state, there are cyclic phenomena which go on
throughout hibernation  And n fact, early hibernation and late )ubcrf
nation ase different phenomena There 15 an abundance of evidence ©

thes 1n the Literature
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Next, I should fike to turn to a brief discussion of metabolism  Figure
2915 a graph of the metabolism of the little brown bat, Alyous Jucifugus,
from 2°C at the mimmum metabolism, to the metabolism at the
temperature of flight, which 15 415°C It continues to 44°C where
death ensued very quickly {6) The metabolism was mimmal at 2°C
and on ene occasion, the temperature dropped acaidentally to 0 5°C and
the metabolism increased to a higher level Thus 15 a reflection of the
fact that the animal has what may be called the afarm reaction’ to
prevent 1ts temperature from getting to 0° or lower The amimals
metabolism increases as the temperature falls to near 0° and his tem
perature may go up too, but he will not normally allow the body tem
perature to go below 0°
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tuce Repnnted by permussion from Hoch R ] The metabolic rates and
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98 Cold Inyury

AMontgomery Is he more active?

Hock Apparently there 15 no change 1 have tried to do some expent
ments on ground squtrrels to determine what happens but 1t 15 very
difficult work There ate three things that can happen The first 1s that
as the ambient temperature falls to 0°, the ansmal's temperature will
also fall to 0°, but if the antmal decreases his temperature and allows
1t to stay there vesy long, he will dte  The second sespoase 1s that the
animal may start to awaken because of the stumulus of lowered tempera
ture The third response 15 that the antmal may increase metabolism
and thus mamtain temperature at about the same level as 1t was before
Any one of these three things can and does happen

Figure 30 shows the body temperature and the metabolism of bats
graphed together This indicates that the metabolism of bats, unlike
that of other mammals or other hibernatoss, 15 geared to body tempera
ture and not to ambuent temperature It happens that body e
15, of course, geared to ambient temperature, but one can study the
metabolism of bats at any body temperature One cannot, however,
study the metabolism of ground squerrels at body temperature of 15°C
because 1t 15 a very transitoty thing, for the squirrel 15 either warming ot
cooling when the temperature 1 at this pomnt It thus appears that i
other hibernators, except for bats, there 1s one level of metabolism dut
ing hibernation and another during acttvity, with a transitory phase 1n
between which occurs when they are going mto ot coming out of hiber
nation In the case of the bats there 15 a distinct level of metabolism
at any level of temperature within the normal range

Carlson  There 15 a significant change n temperature

Hock Figure 31 shows the metabolism of ground squirrels These
data are taken from Dt Erkson's (25) Pomt Bartow studses I have
stmply put 1n this figure his means and his extremes of the active, quiet
and resting range Dt Enkson said there 15 essentrally no change 11
metabolism from 10° to 50°C If the active points wete left off, this
would be true  Sullivan and Mullen (32) bave studied the same anima
at Pornt Barrow and satd that there was no change 1n metabohsin from
25° to 5°C 1n active ground squirrels At temperatuses below 5°C, the
metabolism suddenly tises No studies have yet been made on the
hebernating metabolism of the Acctic ground squisel, but abundant
studies have been made on ground squirtels of other spectes

In the bats the ratio between the highest level of metabolism at
41 5°C and the lowest level at 2°C , was 140 to 1, that ss, the metabo
lism durng deep hibesnation at 2°C was 1/140th of that found \vl}x‘ctf:
the body temperature was 41 5°C but the bat was not flying In of]
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hibernators this figure varies from 1/50th to 1/100th of the normal
active metabolism

Thus apparently 1s the real basts of hibernation for it seems that the
ammal benefits from hibernation because he can esther store food
his buerow or on his body 1n the form of fat and then he can for a
period of 4 to 8 months use this food at a tremendously reduced level
of metabolism and thus pass the time of food scarcity safely

I had hoped to do some work on the metabolism of bears during the
denning pertod this past winter but the weather was too mild and the
bears did not stay in their dens for any lengthy period of time However
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I have done metabolism of active bears m the fall and i the spring,
and found (Figure 32), as Dr Irving showed easlier, that 1n the winter-
time there 15 a long thermoneutral zone in which metabolism essentially
does not change Thus zone 15 from about —10°C to somewhere over
20°C

Barton Would you label the axes?

Hock  Yes, one 1s ambient temperature 1n degrees and the other s
metabolic rate as shown by oxygen consumption

In the fall, the thermoneutrat zone 15 a hitle more prease than it s
1 the wintertime and the metabolism ts a little bit higher  Thus has also
been shown to be true in Dr Irving s studies (33) on red foxes and
other large Arctic anumals There 1s no essential difference 1 the
metabolic rate shown by active bears and that shown by red foxes and
other Arctic spectes  However, the pictuse as shown duning the winter
denning period might be quite different  The bear, with his temperature
of about 30°C duning the wintertime, 1s very close to the body tempera
ture produced by hypothermic anesthesia 10 man In fact, bears would
make excellent subjects for students of hypothermia Durng this reduc-
tion of body temperature 1n man from 37° to 30°C there 15 2 con
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TIGURE 32 Metabohsm of an acte black bear in fall and late winter i relation
to ambient temperature -



102 Cold Imjury

comitant reduction 1n metaboltsm of about 25 per cent If the s
holds 1n bears, the small reduction in body temperature will pert
allow the bear a metabolic saving of at least 25 per cent This ap
ently 55 the basis of the bear s abiltty to pass the winter successfi
The phenomenon of hibernation 1 bears 1s, 1n some respects, n
interesting than 15 the phenomenon of true htbetnation as shown by
ground squirrels The bear ts an animal with a small reduction m b
temperature, and we assume that he has a reduced metabolism a!
with 1t Yet for 6 months of the year in Alaska bears ase 1n their d:
they do not eat or drink, and during this time the young are born :
the females must therefore nurse them It thus appears that there
tremendous strain on the metabolic reserves of bears that 15 m
greater than that imposed on the ground squirrels with therr greatly
duced metabolic rate  Thus, the phenomenon ta beats 15 2 much m
demanding situation than tme hibernation

Montgomery When the whole story s known about a great m
different mammals, won t there be a nest of cutves, from man at the
to the ground squurrel at the bottom, with the bear m the high mudd
Won t the phenomenon have to he called by some name other tt
hibernation”

Hock  There 1s abundant precedence mn the lterature for ¢
ating a sertes of terms for slightly different degrees of the same p
nomenon If we must name degrees of hibernatton now, we will h:
the true hibernators those rodents that have been menugned, at |
bottom Let us say that their temperature 1s reduced to 2°C The b:
also mught be 1 this same classification, although I regard them
different Up a little hugher we have the bears with a much [ess pt
found change In between the bears and the true hibernators we h:;
another group of rodents which have been very poorly studied 'I;]
phenomenon has been called pastial hibernation, but this term
two different meanings It has meant, 1n the first place, those anims
that reduce thetr body temperature to a degree less than that of the ta
hibernators

Montgomery It 1snt too little Itisa reduction to 25 per cent ¢
metabolism

Hock We assume This term has also been used to denote anum2
like the eastern chipmunk that presumably hibernate for Shot’; P"l;g:
of time It develops that the pratrie dog of the western plains Ocsa ol
of these things (34) Its temperature has been recorded l:]wn{m o
14 5°C 1n an ambient temperature of 9°C These rodents here! 3::2 o
a reductton 1 temperature to somewhere between 145 I“;; i

So, as you say, there 15 a spectrum, and [ think ths 15 2 valuable po
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to make Unfortunately the word hibernation may stll have to mean
as many things as 1t did before, but 1 would ltke to see more restricted
meanings placed on the termimology

Fremont Smith 1 should Like to make a suggestion for analogy in
terms of temperature control and respiratory control There was a time
when 1t was thought that there was one sespiratory center Now we
recognize there are more than one, and that they control dfferent as
pects of respiration I suspect that there are more than one center 1n
the hypothalamus you mention, Colone! Blatr, and that they control and
regulite temperature regulatton, and 1 also suspect that one of them
might deal — - - P S
the other, {
of body ter | .
different phenomena Perhaps three or four are mvolved And the
reason that we get mto this confusion 1s the fact that we don t have the
same phenomenon but we have the same phenomena operating, and
each operating at a different level of ntenstty

This would give, then, a senies of regulating mechanisms thrown
1nto operation at different levels i defferent animals and would I thiok,

1 -

P [N

causes 1nvolved in temperature regulation mn ‘amumals exposed to cold

Hock We must keep i mind the fact that many anumal phenomena

have not become fully developed I have already said that hibernatton
Te mmm e AL osal 11 I

Anae mnb nammbnbinoc— s o

these rodents that exhibit what may be tesmed partial hibernation are
tn a process of attamning st and that they are haliway Stll another
phylogenetic group of mammals the carnivores are starting in this
directron It 15 a tempting thought to postulate, but I am not sure that
I would ever defend the point

Fremont Smuth 1t fits with the whole organization of the central
nenous system from the evolutionary point of vies

Hock Unfortunately we¢ do not have enough additional evidence on
either of these tno groups to hnow f i other phenomena than tempera
ture and metabolism they are reaching toward the same sort of situatron
found 1n what we call true hibernation

The respuratory quotient tn hibernators has been given many times as
pecultarly low In fact values of 028 and 043 are not uncommon
n the older lerature Benedict and Lee (21) and more recently,
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Dontcheff and Kayser (35) wotked on this and found that these are
artifacts, that the R Q (respiratory quottent) duning hibernation s,
tndeed, 07, as it should be Dr Irving has mentioned Erthsons
study (25) at Point Barrow 1n which he found that active hibernators,
when actively depositing fat had an RQ from 10 to 14 This 1
at ambjent temperature above 5°C If the ambtent temperature fell
below thes, the R Q fell agam to 07

Horuath Why do the antmals have to live on fat? Why can ¢ they
comert to catbohydrate and therefore have a lower RQ ?

Carfson  Arent they the same?

Eremont Smith Would they get a lower R Q 1f they converted?

H/des They would have to convert 1t first, and the net result would
be the same

Burton  If you caught them in the period when they wese converting
and not burning, you would have a low R

Kurk What happens to the blood ketone Jevels when they produce
fat? Do they have high ketone levels?

Hock 1 do not recall any values for these levels

Kark Have they been measured? This swould mply a different sort
of metabolism to those of us who starve and use up fat We build up
Ketone bodies

Hock There 15 a very good question as to whether the basis of
nutritton during hibernation 1s dtrect usage of fat ot of conversion o
fat to glycogen This has not been studied i a direct fashion and we
hope to make such a study here

Behnke Isn ¢ st possible to satroduce gaseous anesthetic into the den
and anesthetize the bear, and then make some of these very impostant
blood studies under condition of anesthesta® Have you considered the
feasibility of this procedure?

Hock  Yes, Dr Swihla (16) attempted this one time on the bear
The bear was taken 1to a squeeze cage and given nembutal A reduc
tion 1n temperature was found during the anesthesra This bear was
outside 10 very cold weather and the rectal temperature fell to 22 C

Bebnke Whth cyclopropane and other anesthetics there are ms?)'
steresting things that could be done, partscufarfy with smaif animals
With wtravenous fat emulsions, anmals could be kept, peshaps, in 2
state of hibetnation and fed slowly over 2 long pertod of ume

Hock 'To me this seems to be a very difficult procedure T do not
approve of as a tool 1n studytng hubernayon beem;tofs
are remarkably finely balanced animals and almost anything that s done
to them causes a cessation of hibernation

Behnke 1 dont mean nembutal
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Hock  Any kind of anesthesta

Bebnke Gaseous anesthesia?

Rodahl Years ago an attempt was made to chloroform a bear here,
and the bear died from causes unknown!

Hock Figure 33 shows the respiratory rate for bats at various tem

As 15 evident, resp y rate also vanes i a dicect fashion

with body temperature until the body temperature gets rather high and
then the respiratory rate nses more rapidly Respiratory rate during
tubernation has been studied many times 1n several hibernators  The
tesptratory level f3lls to 4 to 8 per minute, and there are long pcnods of
apnea, Cheyne Stokes breath and other resy
Often there are several respirations n a minute and then 2 period of
3 or mote minutes without any respiration at ail followed by a burst
of Cheyne Stokes breathing and so on

Figure 34 indrcates heart rate dunng arousal from hbemation It
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FiGtrr 33 Respurations per munute of bats, i relation to body temperature
Data from literature and personal study
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FIGURE 34 Heart rate of Arctic ground squirrel durmg arousal, i relateon to
rectal temperature

may be seen that the heart rate 1 deep hibernation 1s about 4 per
minute  These low levels have been abundantly proven by many other
mvestigators, of whom Dawe and Morsison (23) have been the most
recent  Studies on various animals indicate that the heart rate durng
hibernation may be between 2 and 7 beats per minute

Crismon What antmal 15 this?

Hock Thus 1s the ground squirrel, and 1t 15 duting arousal, stattng
from a beat of 4 per minute and gomng up to 68 as the body temperatute
rose a fraction of a degree Finally, when the ammmal reaches tts
normal body temperature, 1t 15 about 250 or 270 beats per minute
Dawe and Morrison (23) have given a figuze of over 600 beats pet
minute 1n the hamster on arousal from hibernation

Talbott s that a regular rate?

Hock  Quute regular
Montgomery What s the hamster's normal rate? Below 600,
s tat?

Hock Yes 1t 1s The hugh rate 1s the same sort of phenomenon a[s
the overshoot in metabolic level During the eacly stages of arousal,
the beat 15 not regular, but, rather, 1t may come i bursts  Also, there
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ate pertods when there may be no beat at all, or there may be just the
loss of a beat or two

Burch  Was 1t a normal sinus thythm?

Hortath Yes

Burch Even though they come 1n bursts, were they of sino auncular
nodal ongin?

Hortath Yes

Hock Lyman* has also studied the difference between hiberrators
and nontubernators relative to the nfluence of temperatute on the
persistence of the heartheat 1n the 1solated heart He finds that hiber-
nators 1n general differ from all nonhibernators in the heartbeat response
1o environmental temperature The woodchuck heart still shows a beat
at temperatures of +1° to 2°C  The ground squierel heart s still beat
g at —1°C, at which time his apparatus ceases to function The
chipmunk and the hamster show heastbeat at 3°C It thus appears that
1n all species of hibernators the heart 1s beating at temperatures of 3°C
or less In contrast, nontibernating rodents have cessation of heartbeat
at temperatures of 12°C  The only exception to this 15 the cotton rat
which has shown persistence of the heastbeat at 7°C It has been main
tained mn the past, as I have already said, that hibernation 1s a primatnie
condition Lyman wished to check this He was able to secure some
mountain beavers, Aplodontia rufa, which are considered to be the most
pumittve rodent He found that they acted exactly as did the other
nonhibernators, that 15, the isolated heart stopped beating at 12°C
This cessation of beat was not related to the size of the antmal or to
the stze of the heart He feels from this evidence that all nonhubernators
are dsstinct from all hibernators sn this one phenomenon It appears,
therefore, that hibernation ts not a primitive condition, that it 1s, per
haps, an advanced condition It 1s quite distinct from a primutive state

I should now like to discuss the natural history of the ground
squurrel as 1t relates to 1ts hibernation and will start out with the squurrel
10 hibernation at the beginning of the calendar year In the spring, on
21 Apnil, tn my study area near Anchorage, and at nearly the same date
everywhere 1 Alaska, the squirrels begin to emerge By acadent, my
fistyearof = ¢ -~ - - L e
1 was not re . - -
1952 the sc )
Apnl 1 could find no open burrows, but on 21 Apnl some squirrels
emerged  This preaise date appacently holds for 4 years of record
{ am discussing onfy mafes, as they come out first In 1955, there

*Lyman, C P Unpublished This work was done under contract with the Arctic Aero-
medical Laboratory at the Ladd Air Force Base Alaska
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TABLE IV

Dates of Emergence From and Entrance Into Hibernation of
the Arctic Ground Squirrel Over a 5 Year Period
(Remarks on Snow and Normality of Season Are Included)

Spring Fall

1950
Last date appr 2 Oct
No observattons Cold light snow 1 Oct

Notmal season

1951

Furst date appr 22 Apml Last date 5 Oct

3 snow bare spots Cold heavy snow 1 & 5 Oct

Normal season Early season
1952

Furst date 21 Apnl Last date 7 Oct

4l 6 snow no barte ground Warm (4-10°C) rany

3 weeks late season Late season

]

1953

Last date 9 Oct
Warm clear 1st snow 18 Oct
Late season

Furst date 21 Apnl
2 4 snow 14 bare ground
2 weeks early season

1954
Last date 12 Oct

Cool light snow
Normal season

Fust date 21 Apnl
214 4 snow part bare
3 4 weeks early season

1955

None seen until 27 April
Heavy blizzard on 16 Apnl No observations
515 8 snow late season
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was a very heavy blizzard on 16 April so that I was unable to get up
to the mountains to look 1nto the situation By the ume I did get
there, 1t appeared that the squirrels had not emerged until 27 Apnl
I am not posttive about this date because finding emerged squrrels in
the springtime 1s very difficult under any conditions The squirsel comes
up through the snow which may be 4 to 8 feet deep and he may walk
on the snow surface for a few feet, return to the burrow, and perhaps
not appear until the next day, when he emerges for another few mumutes

Table IV shows that regardless of the amount of snow, the amount
of bare ground, whctk}ex the season 15 normal, or late, or early, or other

N . PR

were seen are progresstvely later, but this ts because I was there each
year a luttle later than the previous year Thete were very few squitrels
actwve after about 1 to 5 October, and these all appeared to be young
ones which apparently had not yet attamned sufficient fat to hibernate

The female squirrels appear to go into hibernation 1n September
beginning about the 10th The adult males are 21} 1n hibernatton about
1 to 5 October, at which time they have attained the weight of about
700 to 750 grams  Agaimn, despite the fact that the seasons were entirely
different, esther early or late, ratning or dry, with snow or without snow,
the squrrrels app ly d  1nto hit at about the same
time

There 15 no meteorologic phenomenon that 1s this precise except for
the length of the day This 1s known to be the reason that birds migrate
southward Because the day length decreases 1n the fall, there 15 less
ncident light acting on the pituttary 2nd the bird migrates southward
This appears to be acting mn the case of the ground squirrels

In other species of tubernators, such as the woodchuck of the east,
the animal goes into hibernation at the trme of maximum food abun
dance It 1s not 2t all cold The first postulated cause of hibernation
was cold, the second was lack of food Most hibernators go mto hiber-
nation when there 1s yet abundant food It has been suggested that the
stimulus 15 deyness, however, this cannot hold for the Arctic ground

PP

the controlling date of emergence

Hock  This must be true  The squizrels are at least 8 feet under the
snow and ground in the spning I tried to duplicate these conditions
expenmentally and I took squurrels that had been outside in large cages
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and moved them inside to small cages 1n my hibernating room on 21
June There was no temperature control, and ambient temperature 1o
Anchorage might vary between 15° o 30°C during this time 1 reduced
the day length so that on 1 August, the pertod of light was equivalent
to that on October 1 1n the field ' T also tried several other leadmng
theories culled from the hundred or more that have been advanced to
see 1f these might modify my results It turned out that very few of the
squirrels hibernated under any of the regimes, although they became
excessively fat under the reduced light regime However, the Anchorage
environment 1n which I was operating was not very good, as there was
heavy traffic in the morning and afternoon near the area There was also
an auplane take off stup directly over the apimal house and this, of
course, stopped functioning at dark I hope to duplicate this experiment
here at the Ladd Air Force Base, where the local environment 15 quite
good At any rate, it appears that the emergence from hibernatton 1n the
spring and the entrance mnto hibernation 1 the fall 15 very precise in
nature 1 the Arctic ground squirrels

Horvath Do you have any speculations on this very peculiar pattetn
of events? The female goes mn earlter than the male and comes out
later yet she shows the greater amount of actwvity

Hock Figure 35 15 a graph of the mean weights during the year from

the date of emergence to the date of entrance mto hibernatton When
the squirrels emerge from their burrows they ate quite fat, the males
weighing charactersstrcally over 500 gm and the females somewhat less
There 15 1o food available at this time as the enttre agea may be covered
with snow, however, there may be some bare ground with dried seeds
and plant stems as the only food The whole population, therefore, loses
wetght Females emerge on about 1 May and breeding takes place
almost at once ‘The young are therefore born about the end of May
and the females must begin to nurse and feed them Starting 10 md
summer, after the time of emergence of the young from the nest, the
population rapidly increases 1n weight The young, of course, must gatn
suffictent fat to spend the winter i hibernation

Montgomery You say they have no food Doesn t it seem as though

they have poor food but 2 constderable amount of it, or twigs, of so;m
thing else, since they lost so little weight during the month after
emergence?

Hock They have mostly empty stomachs at this erme 1 had, at one
he rapid increase 1n wetght begmnng
1 mud summer was that the squurrels start eating seeds which are
available about thes tame In fact, I thought that when the squrrrels
fiest emerged from hibernation they ate nothing until some time 10 late

time, thought that the basts for t
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FIGURE 35 Average weights of Arctic geound squrstels i dufferent years, plotted
by date  The dashed Line represents an approxumation to a\erage

May when grass was available, and that grass simply held their weight
at about a constant level, until the seeds were available and thus
allowed the animals to fatten rapidly However, I analyzed about 100
stomachs taken over the entite year of activity and found that the
antmals ate grass during the whole summer If there 15 a difference in
the rate of fat deposition, it 1s not because of the difference i food
stuffs It may be a result of 2 different metabolic rate caused by decreas
ing daylight Or 1t may be that some other factor ts operating 1n this
fashion 1 do not know The only physical finding I have 1s that the
stomach 1s sery enlarged in late summer When the squarrels first come
out, the stomach 1s tiny and thick walled and just before entrance into
hibernatron 1t 1s very large  The food throughout the entire actne
period 15 grass after it has become avarlable

Tremont Smuth  1f one looks at the islands of Langerhans, and 1f
msulin plays 2 past, one might find hypertrophy duning the period of
fat deposition

Hock That 1s 2 good point, but 1 did not imestigate 1t Tigure 36
shows a squircel within a day or two of the tune he emerged, the
squirrel weighed 550 gm at this tme and still had much subcutancous
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TiGLRE 36 An Axctic ground squirel a few days
after emergence from hbernation showing extensive
fat deposits cemaning.
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denning period when she must rely entirely on her own body resources
for the creation of noursshment for the young The offspring weigh
about 14 1b and there are usually two By the time they emerge from
the den 6 to 8 weehs later the total weight of the two cubs 15 pechaps
15 or 20 pounds

The literature does not make any statement about thus fact but it
appears that the marmot at least 1n Alasha also shows discontiuous
development 1 have a record of a marmot taken on 6 May in which
the embryos were 2 5 cm long although 1 had previously thought that
marmots did not even emerge untsl 10 May It appears also from further
field wotk that they emerge about 1 May Obsiously there has not been
time for embryos to have grown to 25 cm 1n length even if fertiliza
tion had occurred on the day of emergence It therefore appears that
marmots may also show this discontinuous development

Tremont Smubh Do marmots store sperm too? That ts the implt
cation

Hock No 1 think fertilization had occurred development had
begun and then stopped This 1s known to happen in other mammals

Ground squirrels appear to show a sulf different type of adaptation
although cell growth 15 not supposed to occur during hibernation and
apparently hematopotests daes not occur It appears that male ground
squicrels on emergence 1n the spring on 21 April have spermatids
peesent Then by 1 May the date on which the females emerge there
are motile spermatozoa  The lumina of the epididymis are completely
filled with them The testes 1n many cases are descended and scrotal
The ground squirrels are therefore capable of breeding at the time the
females emerge The females emerge with enlarged follictes and appear
to be ready to ovulate at that ime They breed within 1 to 5 days from
the ime of emergence  This indicates that cell grow th may be occurnng
duning hibernation at least as far as the gonads are concerned

The question has been brought up as to whether this cell growth
oceurs during the persods of reduced temperature of deep hibernation
of duting the periods of persodic awakening 1 cannot answer this of
course  Atany rate the squirre! naturally emerges ready to breed This
appeats to be the reason why the male squirrels emerge before the
females so as to enable the spermatids to complete transformation to
spermatozoa

The entite Iife ycle of the ground squirrel in Alasha and appatently
the entire Ife qcle af tubernatacs 10 any area 15 geared to the fact
that they must hibetnate Therefore as Dr Inung has pomted out 1t
15 a seasonal change with phenomena occurnng 1n 2 proper sequence
Attainment of sufficrent fat 15 gained 1 response to the change
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length of day ‘There must be many other occusrences 1n the ansmal pre
paring for hibernation It appears that all facets of hus Iife history and
perhaps of his physiology ate geared to the fact that hibernation 15 gomg
to occut

Burton  How many hibetnations does an individual go through
before he dies?

Hock  One for cach year of his life, i normal circumstances This
would be perhaps 5 to 10 1n the ground squirrel as this appeats to be
his potential longevity

Figure 37 shows the normal sttuation dunng arousal from hiber
nation 1n which the ambient 15 rght around 0° Arousal occurred 10
one of these amumals 1n 5 hours, however 214 to 31/ hours are more
normal The only stimulus given to the ammal was the msettion of the
rectal thermocouple A rapid mse of about 20°C s indicated on one
squirtel 10 about that many muinutes This 1s unusual Normally the
rewarming 1s much slower

Tt does not appear that ground squirrels really do hibernate in active
permafrost layers On the Arctic coast of Alaska where the ground
thaws annually to a depth of 1 to 4 feet and freezes in the wintestime,
ground squirrels are not found 1n the active area  They ate found 10
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FiGURE 37 Rectal temperature of the Arctic ground squirrel duning acousal from
Iubernatron when exposed to normal ambient temperature
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the sand dunes or river banks above the level of the sutrounding actne
permafrost area  This ground, of course, freezes also, but 1t 1s not real
permafrost A small sand dune may have a farge number of busrows
with none 1n the low ground nearby However, ! stll wished to sec
what would happen when the squirrels were subjected to very low
temperatures  Figuse 38 indicates an extreme exposure to temperature
where hibernating squirrels had a rectal thermocouple mserted and were
suddenly put outside in air temperatute of ~10° to ~15°C

Figure 38 shows the reaction This 1s a profound exposure to some
thing farbelow 0°  All squirtels showed a drop 1n rectal temperature on
first exposure  One of these antmals shown hete at first dropped his

p , and then suddenl ahened  Another had a rectal tem

petature below 0° and still recovered from the exposure  One squirrel
was completely frozen peripherally with no resultant damage although
the feet did slough off * He hived for 214 years after this inctdent

The third possible reaction 15 that the squirrel may maintain roughly
the same temperatute, and the marmot shown in Figare 38 did pust that
Thts may be because he was a larger animal and therefore cooled less
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rapidly His temperature remained steady for about 6 hours and then
started nising very slowly

Rark 1f you hadn t pulled the animal out when he was down below
0°, would he have died?

Hock Thete 1s another one that went down below 0° on this same
occasion and stayed at that level for 4 hours He did die

Rark Without waking up?

Hock Yes He was not dead when I took him out but he never re
covered Whether some anmals are slightly less resistant because of
lower nutrittve reserves or not I dont know However this is 2 very
severe exposure and it would not narmally happen that an antmal hiber
nating 1 a burrow would be subjected to a temperature of ~20°C

It 15 perhaps more common that the squierels waken w response to
such exposure but st ts possible for them to drop thetr body temperature
to a point slightly below 0° briefly Thts was an exposure of several
hours

Figure 39 shows ground temperatures taken at an nstallation 1n my
study area near Anchorage and there 1s hitle resemblance to the Arctic
Coast permafrost zones as there 18 no permafrost mn these areas On
9 October I began thes study and a few days later there was a very
heavy snowfall “The temperature at the depth of 4 feet the zone where
the squirrels are in burrows never gets below zero during the entuce year
Unfortunately 1 did not make a reading during the summertime and
thus Ihave shown a breah 1n the line  Actually the summertime ground
temperatures may have been higher than shown here  Ambtent temper
ature abore ground 1s shown and also the amount of saow cover which
15 on the averige of 60 to 70 centuneters

Hildes What 1s the turnover?

Hock  The turnover 1s when the deeper ground temperature and the
relatively shallow ground temperature meet and change The tempera
ture at 4 feet depth 15 cooler during the summer and warmer durng
the wnter than that at the 2 foot depth

To summanze my remarks hibernation 1s not a steady state but the
animal yhether he 1s lubernating or actnve 1s undergoing a contrual
frocess of change Therefore care must be exeraised when companng
data from one hibernator with data from another hibernator or even
from the same species at different trmes It 15 important to pomnt out

that Iibernating ammals during their active season are not comparable
to each other at different times because of the possibihity that different
times 1n the qcle are being measured  We cannot thus sy This
13 the active season figure and this 1s the hibemating season figure and
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therefore these are the differences  There 15 a constant change 10 many
respects

There must be some attempt made to correlate physiologic findings
and laboratory studies with field observations, 1 order to make the
results more meaningful from the pomt of view of understanding the
2nimal, the cycle which it may be undergoing and the pont 1 the cycle
at which 1t may be at the time the measurements are made

Physiologtsts and laboratory scientists are interested in phenomena
and often lose sight of the fact that thesc phenomena are being con
ducted 1 an ammal s body On the other hand the field screntist 15 so
engrossed 1n the study of animals as anmmals that he is not interested
1 the more fundamental levels of their functiontng, which are of major
interest to us

From Frgures 29 and 30, I have calculated the total resting energy
metabolism of the bat for one year (Table V) I have assumed that
the bat hibernates for 6 months, that every time he comes to rest his
body temperature falls and he has a lower level of metabolic expends
ture, and that this vanes with different seasons of the year

Burch  Were those hilocalortes?

Hock  Yes, 1t 15 130 kilocalories This 1s not including energy ex
penditure tn flight, but st 15 the metabolism of a resting bat at all tem
peratures to which he would be exposed for a year

Burch \What would be the total number of calortes tn the whole
ammal s body?

Hock This 15 about a 5 gm bat

Burch His body turnover of energy would be many times that repre
sented by 5 gm of amimal tissue wouldn t 1t?

Hock Yes Rubner (41) and others have stated there 15 a rough
correlation between body size and longevity 1am not going mto this
debatable pornt

I hase caleulated from Pearson s (42) figures that 2 3 G6gm shrew
used 2,628 Lilocalones 1 a year There 1s no such thing as a resting
shtew, of course Hamulton (43) states that the life span of a shrew
1516 months Therefore, the total energy expenditure duting the hfe
time of the shrew 15 about 3,500 kilocalories At that ime the mav
mum age of a bat of this spectes was 14 years * and § calculated 2 hife
expenditure of about 1,820 calonies 1 thought that the difference be-
tw.een these two fipures was a result of inherent errors in the assumption
plus the fact that the energy of metabolism duting fight was not taken
into consideration  One of these same bats, then 14 has recently been
found still alnve at the age of 20 years His total resting energy con

*Gufic D R Unpublished
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sumption 15 Now 2,600 calorses on the basis of my assumptions I
we add to this the energy of flight, which 15 undoubtedly quite
high, we may come out with the two figures beng actually quite close
to each other I am not trying to support Rubners hypotbests, but
I stmply say that 1t appears that the phenomenon of hibernation may
act to increase the life of the animal because of the consequent con
servation of energy In other words, as the bat 1s not using much
energy for half the year, he may live twice as Jong I must interject
another caution to myself at this place and say that 1 have tried to
extend this assumption to the ground squerrels T have constdered that
the ground squirrel should live from 8 to 10 years, and yet 1 have
been unable to keep one captive for longer than about 41 years The
most promusing candsdate, nnfortunately, hibesnated early one year and
was eaten up by his cagemates So, I really don't have conclusive
evidence

Barton 1 also wondered whether, 1n the ground squirrel, the same
condition extsts as Bigelow* of the Untversity of Totonto finds tn the
ground hog of Ontarto He says the farmers never find dead ground
hogs except m the butrows The amumals hibernate, several 1n one
burrow, and he thinks that the life of these hibernating animals 15
terminated by their going mnto hibernation and never waking wp Is
thrs true?

Hock It 1s very likely the case I have not mentioned this but there
1s what the older workers called motbid hibernation, by which they
meant that the animal was i such bad condition that he could not
mawntan his high temperature  Such animals went imto 2 state of
hibetnation, even perhaps in the summertime I have bhad this happen
twice and both cases appeared to me to be caused by sunstroke The
ammals did reduce their temperatures to quite a low level, but died
I have recently had six squirrels become torpid while captive m the
field from causes not attributable to sunstroke Stuce this was the perod
of the year (June) when there 1s munmum wesght and poorest condition
1n the squirrels, [ feel that this 1s nearer to the older workers morbid
hibernatton  None of the stx anumals recovered

Talbotr Within how short 2 time?

Hock  About 12 to 24 hours, but there was reduction i temperature
right down to ambient temperature .

Talbort They could be in the dying state, then, when they went 11,
if they died within a pertod of 12 hours, possibly?

Hock  Apparently so It also occurs that if the bear 15

*Bigelow W G Personal communication
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0t sufficiently fat enough in the fall he will not go wnto the den, but
il stay active  Eshumos m the Brooks Range (44) tell about the ice-
nerusted grizzly bears that were actsve in the wintestime - Eshimos were
ery aftad of these n the days when they took bears by means of
Pears because they couldn't hunt them very well

1€ a wild bear 15 not fat, 1t Wil not go into the den in the winterttme
n contrast, 4 ground squirrel that 1s not suffictently fat 10 the falf will
nbernate, but will not be able to pass the winter successfully 1 have
1ad this happen 1n the cages Usually such animals are young and very
mall and they do not yet have suffcient fat to last the winter

Figure 40 flustrates one difference between hibernation and hypo
hermia These two states have been thoroughly confused, pethaps
bcause the Trench unfortunately used the term  artifical hibeenatton
o describe hypothermia  One difference 1s shown here this 15 the heart
ate of a ground squirrel going mnto hibernation It falls from an
nitizf point of 250 beats per minute down to 4 beats per mute, and
1 rectal temperature close to 0°

In contrast, the dog, which 15 a nonhibernating antmal started out

280+
e GHOUNG SQU RWEL [WISER 4-TCRI
2404 e D06 (NCT M EERNATURY
= 2004
N

N 1604
- 4 ™~
<
o 1204
o
[
© &0
<
w
T a0 \

o] \\

40 30 20 10 o

RECTAL TEMP-°C

Lict#e 40 Heart rates of hibernator (Asctic ground squirrel) 3ad homeotherm

{g"i“(btn'm: dog) 1o illusteate one difference betwcen hibernation and hypo-
T



122 Cold Inpury

with an inutial heartbeat of 160, and rectal temperature of about 38°C
At 157 heartbeat has fallen to 24, rectal temperature and asystole or
ventrcular fibnllation will soon occur Thes 1s the difference m one
function between hibernators and nonhibernators

Dr Covino will speak about hypothermia, but I should now like to
redefine hibernation with one addition It 15 2 profound physiologic
state, seasonal 1n nature—

Horvath Why do you use the word “profound®’ What does 1t
mean?

Hock It means everything, but I will leave 1t out There are very
large changes, seasonal 1 nature 15 which the body temperature
approximates ambient temperature and other phystol functions falt
to correspondingly mummal levels

In contrast, hypothermu 1s an accdental state The ammal s not
prepated for hypothermia, whether 1t be surgically induced, snduced in
the laboratoty, or whether 1t be accdental He makes no preparation
whatever for the state He only responds to st

I shall now sum up what I feel to he the tmportant needs i the
continung study of hibernation Despite the fact that there are 4,000
or 50 papers written on the subject over the last 400 years, there 15 still
no very great knowledge of several important maiters We know a
great deal about the natural history of hibernation occurring 1n many
mammals, 1nsects, 2mphibrans, reptiles, and so forth We know qutte
a bit about various phenomena during hibernation, both the physiologic,
biochemical and so on  We know almost nothing about the state stself
I think this has been brought out m this discusston quite adequately

“There are several important questions to be tnvestigated In the first
place, what 1s the cause, the sumulus for hubernation? Is 1t something
like day length or 1s 1t 2 much more complicated matter, and 1s 1t dffer
ent for each spectes?

The great problem 15, what 15 the essental difference betweerfl
hibernators and noshibernators® Is there an essentral difference? I
50, 18 this a difference 1n the tissues, the cells, the enzyme systems, the
hormonal control of the body or, pethaps, all of these?

This 1t seems to me, 1s the most p avemue of o
Until very recently there has been no attempt whatever made to llx[]‘:av:
gate ths particular question Pethaps 1n another 10 years we wil e
the answers  But 1t seems to me thathwe now know ct’;‘l:l:g:“ :b""‘f s
constitutes hibernatio! hat are the p
duning hd:ernat1on~tc attack this central problem of what d‘“‘"S“‘ShC:
a hibernator from a nonhibernator and on what level of oggantzation

Hpation
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mont Srth  Could there be several relative differences, rather
the essential difference?

¢k Yes, there would be degrees of difference

mont Smuth Degrees of difference of different kinds  If there are
t] mterrelated phenomena here, and if one changes profoundly
e animal and another changes more 1n another ammal, there 15 a
shity and varrabihity which 1s what you seem to find in your animal

s
ck It 1s quite likely that not much difference will be found
en a bear and any other homeotherm We may find profound
ences 1n a ground squirrel and—
mont Smuth It 1s possible, on this basts, that there 15 no single
10 the hil which 15 completely absent 1 the nonhib
1t there are degrees, and these factors are grossly accentuated 1n
ibernator and developed to a high degree, but can be found 1n
1l form perhaps in the others
ick  This 15 quite possible It 15 also possible that a hibernator may
something, for example, enzyme systems that are a little different
1 the nonhibernator  That mught be why this curve of the differ
between the dog's heart and the hibernator s heart showed such
ences
'mont Smuth They do come down?
xk  Yes, they do  But it may be that there 1s a temperature pomnt
1d which hibernators can function and nonhibernators cannot I
this 15 the thing to look into at this ttme  The basic difference
een hibernators and nonhibernators 1s the fact that hibernators can
on activities at a lower body temperature  Thts may be simply a
er degree of function at low temperatures, or st may be a very
ent sort of function
Ides Do hibernators sleep i the active pertod® If so, 1s ther
ology during sleep different, say approaching that of htbernation
nonhibernators?
sk Not duting the real actne period
Ides They don't sleep?
ock They do sleep but there 1s nothing different, apparently about
during steep This 15 quite well known In 1870 the French
lemy of Sciences offered a prize for anyone who would find out
undamental nature of sleep, so, quite a few of the great physiolo
of the day did some fine work on hibernation, thinking to approach
»roblem n that manner It turns out there 15 no stmdanty ap-
ntly  Hibernation ts not a profound sleep and the prize 15 sl open
emont-Smuth You say no simularty  That wouldat hold
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Hock I should qualify and say that hibernation 1s not Just a pro
found sleep, 1t 15 much more thag that
Montgomery  More nearly a narcosss?
Hock  That would approach it much more closely
frimg  Patt of our function here 15 obsesvation of Arctic biologic
phenomena, and many thmgs we cannot explain  However there 15 no
apofogy needed for that, for you who live m temperate regtons havent
yet explamned all the phystologic phenomena of those areas
Fremont Smaurh  Tncluding sleep
Iremng Yes I want to call attention to the fact that onme of the
sigaificant points 1 hibetnation 15 not probably the calonfic provision
m putrtion during, the hibernating period but, much greater, bulk of
water provision or escape from utthization of water, because water 15
alw ays consunted for from at least one and peshaps ten times the weight
of actual food which 1s burned
Sa far as I know, no one has constdered explicitly the water require
tment which 15 involved 1n hibernation or, what seems likely, the escape
from the water requirements which we constder to be normal
1 also would like to remark on another thing which these illustrations
of Dr Hock s showed so well The very large population of ground
squirrels 10 Asctic Alaska 15 maintaned with a reproductive rate which
ts certamnly no greater, and perhaps fess than 15 common for stmilar
spectes 1n milder climates  Hence, the reproducttve cost for the man
tenance of Arcuic population there, 25 can be seen 1n many other cases,
1s actually less than 15 the case 1n a temperate climate There 15, then,
mn that particular atea, fio evidence that the Arctic sttuation imposes 2
particular stress upon the existence of populations There s a very
reasonable view that the adaptive procedures outlined serve to obviate
a stress and these ansmals 1n spite of the tertible Arctic climate i which
they exist are fiving 2 peacefut, happy, economucal [ife, more economt
cal reproductively than were they i 2 milder cltmate
Where, then 1s the evidence for stress? There 15 a great deal of
evidence that the perfection of adaptation cbviates stress
Montgomery 1 shovld think bibernation especally useful 1 pre
venting starvation
Iremg  Other ammals are adapted to arctic life with their economy
as favorable 1n respect to metabofism and reproduction as s the case
among ammals 1o other climates
Fresmont Smuth ‘They have, or they wouldn t be here
Iryng  They have too much sense
Eremont Smath Ot they would have died out  Evolution has taught
them how to do 1t
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Behnke 1 think the same analogy holds for life at alntudes It s
2 most interesting adaptation There are glandular changes and other
profound alterations, but once indniduals have become adapted, they
Ine normally at altitudes

Irsmg Without stress

Befnke  And as easily as people do at sea fevel Teats of work, for
example cultivating the slopes of the Andes have not been surpassed by
comparable effort at sea level

Kark You are talking about man?

Bebnke Yes May T ask a question® The hibernating amimal s an
amimal that lives for a long time on a saturated fat diet his own fat
Isnt that true® There are wide vamations 1n weight reduction and
subsequent weight regun  Does the diet of the bears contam unsat
urated fatty aad or saturated fatty acid? What 1s the condition of the
blood vessels tn these antmals as you examine them? Is there athero
scietosts?

Hock 1 dont know

Behnke Who here has performed autopsies on these post mortem
examinations on these animals?

Hock We have never looked into the blood vessels during autopstes

Tremont Smuth Wil you?

Hock Yes

Talbotr You have a vetennary department  They certamly must do
something with the bears occastonally, or some of the natve animals

Burch  Some have been autopsied  Atherosclerosis has not been
found

Trarell 1t15 difficult to produce coronary atherosclerasts in the rat
Sellers (45) has shown that when white rats ate hept 1n an environmen
tal temperature of 1° to 3°C for about a year over half of them hase
caronary atheroscierosis  These of course are ammals that are not
accustomed to cofd they don t habernate This maght be an important
distinguisiung, chatactenistic tn teems of stress an the cotonary <ucula
tion

In relation to the distinguistung features of the tubernating and
nonhibernating animats 1 should like to ash about the temperature at
which conduction in the penspheral nerves and other nenes might cease

Houk Thus has been done sery nicely by Chatfield Lyman and co
wotkers (16) It turncd out that the perpheral nenves of the lub
Shich w1s & hamster n this case conducted down to 2 € and that the
fat which they were using as 2 nonhibernator stopped conducting at a
temperature of 7 € Averages in both cases were 3 1° and 9 €
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Tratell Would thss have anything to do with the temperature Jevel>
at which the heart might cease beating?

Hock These were just isolated nerves However, the heart might
stifl be beating

Fremont Smuth  This might well be 2 factor The hibernator may
heep hus heart beating at 2 uch lower temperature, and  presumably
he needs some nerve conduction to do so

Travell Yes, to maintain the tntrnstc control of the heart

Ireeng  Years ago, John Tait, a former professor of physiofogy at
McGull showed ntcely, 10 a brief sertes of experments, that there was
a distinction between the temperatures at which the excised hearts of
hibernating and nonhibernating mammals ceased to aperate, 1t was quite
a large difference

Hock  What John Tatt (47) found was that the ssolated perfused
heart of the hibernating woodchuck, m Ringers solution, contmued
beating until freezing occurred

Hildes In the experuments you quoted about the nerve conduction,
were the ammals, at the tune the merve was ssolated, 1n a state of
lubernation or not, or have they compared the nerve conduction in the
hubernating woodchuck with the nonhibernating woodchuck, rather than
with a white rat?

Hock The expeniment nvolved nonhibernating hamsters as an dlus
tration of potential ability of hibernators 1n contrast to rats

Talbots Have any blood studies been performed, blood sugar or urea
concentration, as antmals were leaving hibernation?

Hock Blood sugars have beea done quite a bit In fact one of the
older schools thought that the smitiation of hibernation was an ssulin
phenomenon (48}

Talbotr Has this been confirmed?

Hock No

Fremont Sruth  What about electroencephalagraphy?

Hock ‘That has been done by Kayser (49) and that 1s the only paper
1 know about

Fremont Smuth  How does 1t compare with sleep, do we know? There
are rather charactersstic changes as one goes snto sleep It would be
very mteresting to know 1f sumilar charactenistic changes happen on
gong into hibernation or during hbernation

Hock Tcantrecall If you like, T can answer that question Jater on

but I cannot night at the moment
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rorror’s Notr  Dr Hock would like to add the following “after-
thought ' to hs remarks at the conference
Rohmer, Hiebel, and Kayser (49) studied the European ground
squirrel as 1t awahened from hibernation They found 2 progressie
screase 1n frequency and gradual increase i amplitude of electro-

Montgomery Do all true hibernators fail to shwver ductng the de-
crease of body temperature, and shiver dunng at least part of the rise
of temperature, as far as you know?

Hock Thete 1s violent shivening when aroused from hibernation
This 15 always true i my exp e Gong nto hib 15 quite
different in different aumals, and 1t 15 quite hard to study entrance into
hebernatton, although Lyman (51} has dane so successfully The ground
squirrel 15 known to have a persod of greater inactivity preceding hiber
nation  For some days 1t will be lethargic, rarely emerging from the
burrow Temperature 1s presumably very labile at this time  The
squirrel 15 very quiet and appeass to sleep much prior to hibernation
Johnson (34) has said that the thirteen lined ground squirrel goes into
hibernation from a state of sleep In contrast, the hamster, as shown
by Lyman,* has 3 sudden smarhed remperature drop in a few hours and
bibernates I cant answer the first question about shivering during
entrance 1nto hibernation, but 1 do not believe that st occurs 1 should
also think that m the case of the hamster with rapid precipitous tempera
ture drop #t must not occur

Montgomery They all shiver on the way up?

Hock Yes This apparently 15 the main source of heat generation
during arousal It was formerly thought that the thermogenesis site
was Liver heart, or bran It appears to be true that the muscles are
furnishing most of the added heat mvolved in warming

Tremont Smub  Ate you saying that whereas same other aimals

perhaps go mto a good sleep before they hibemate the hamster just
takes a cat nap?

Kark Captain Behnle fefe ne frlinm bhot e o lomicn 0 0
but certamnty, Monge (52). - .
the Peruvizn cnshization ha - e
man could not reproduce properly

Lremons Smal Bt there sk ate some men reproduaing i the
Perustan mountains at over 12,000 feet, even though that particular race
Stymin € P Unpublished
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has deteriorated  Some kind of adaptation seems to have taken place
This 1s something Dr Stdney C Burwell of the Harvard Medical School
15 very much interested in A group may go to Peru, because they do
not understand how 1t 15 possible for the fetus to be provided with
enough oxygen at 12,000 feet to be able to live There are llamas and
sheep tn those environments which have become adapted The group 15
hoping to make a comparative study, to find out what this adaptation
process s The very fact that there are groups of people living there 2nd
reproducing, and that they have been dong this for generations, shows,
tnadequate as 1t may be, that there has been a kind of adaptation, ap-
patently quite an efficient one

Kark  Not a complete one, not fike the Alaskan ground squicrel
which made a complete adaptation

Fremont Sumth 1t depends upon what you mean by complete

Meehan This matter of adaptation should be viewed with respect to
tune required for evolution After ail, our Iife span s very short, m
terms of evolution

Burton We should not neglect the classical literature on this sub
ject  Though the scienttfic details may not be as well controlled and
reported as we would Iike, there 15 a well known report of an actual case
of hypotherm:a 1 a human, and 1t mught even be true nbernation 1t
15 told tn 2 poem titled, The Cremation of Sam McGee by Robert
W Service ¥ It ongmally appeared m about 1900 (53)

There ate strange things done in the midnight sun
By the men who moil for gold,

The Arctic trails have therr secret tales

That would make your blood run cold,

The Northern Lights have seen queer sights

But the queerest they ever did see

Was that night on the macge of Lake Lebarge

1 cremated Sam McGee

Burton ‘This 15 significant  the orsgin of Sam McGee
Now Sam McGee was from Tennessce, whete the cotton blooms 2nd

blows
Why he left his home mn the South to roam round the Pole, God

only knows

He was always cold, but the land of gold seemed to hold hum like 2
spell,

ThOugPh hed often say n hus homely way that he d sooner lIrve 12
hell *

ssion from The Collecied § erse of Robert W Sml:g New York

*Reprinted
B e e o Ryetson Prcss and London Emest Bean

Dodd Mead & Co
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On 2 Chostmas Day we were mushing our way over the Dawson trail
Talk of your cold* throogh the parka s fold it stabbed like a drven

(4 ou:‘:‘;ﬂ we d close, then the lashes froze il sometimes we couldn ¢

It w;:ft' much fun, but the only one to whumper was Sam McGee

And that very night, as we Jay packed tight n our robes beneath the

And :;z“d'ogx were fed and the stars o ethead were danaing heel and
oc

Heturned tome, and Cap  sayshe, 11l cashan this tnp, T guess,
Andif T do I'm asking that you won't refuse my last request.

Well, he seemed so fow that T couldnt say no, then he says with a
sott of moan
Tts the cutsed cold and sts got nght hold tll 1m chilled clean
through to the bone
Yet tant betng dead—it s my awful dread of the icy grave that pasns
So I want you to swesr that, foul or fair youll cremate my last
remans ”

A pals last necd 13 2 thing to heed so T swore 1 would nat fad
And we started on at the streak of dann but God! he looked ghastly

He (rpv’\i:ht\l on the slesgh, and he raved all day of tus home 1 Ten
And before mghtfall a corpse was all that was lft of Sam McGee

There masnt a breath in that land of death and 1 hurned  borror
With ;“r?rpse half bud that T couldnt get od because of a promuse

nen

It was lashed to the slesgh, and 1t sccmed to say  You may tax your
brann and brams

But you promused true and it s up to you to cremate those last remains

Now (nmfromm: made 15 a debt unpard and the tead hay s own stern

e

In the days to come though my bips were dumb i my heart how |
cursed that load

On the long long aught by the Tone firehight, while the huskies tound
LEX:S

Howled out thetr w0es to the hameless snows—O God ' how 1 foathed
the thing

And every day that quiet clay seemed to heavy and heavier grow,
And on [went, though the dogs were speat and the grob was getting

fow,
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The trarl was bad, and I felt half mad, but I swore I would not gwvem,
And 1d often sing to the hateful thing, and 1t heackened with 2 gon
Till I came to the marge of Lake Lebarge, and a derelict there lay,

It was jammed 1n the ice, but I saw in a trice st was called the Alice

2y
And I looked at 1t, and I thought a bit, and I Jooked at my frozen chum,
Then Here, sud I, with a sudden cry, s my cre ma tor eum

Some planks I tore from the cabin floor, and I it the boiler fire

Some coal I found that was lying around, and I heaped the fuel higher

The flames just soated, and the furnace roared—such a blaze you
seldom see

And I burrowed a hole 1n the glowing coal, and I stuffed 1 Sam
McGee

Then I made a hike for I didn ¢t like to hear hum sizzle so,

And the heavens scowled, and the huskres howled and the wind began
to blow

It was xcy cold but the hot sweat rolled down my cheeks, and I dont
know why,

And the greasy smoke tn an 1nky clozk went strezking down the shy

1 do not know how long 1n the snow I wrestled with grisly fear,

But the stars came out and they danced about ete agam I ventured near,

I was stch with dread but I bravely satd, I1I just take a peep mside

1 guess he s cooked, and 1t s time I looked ,  then the door I opened
wide

And there sat Sam looking cool and calm m the heart of the futnace

roar,

And he wore a smile you could see a mile, and he said, Please close
that door

It s fine 1n here, but I greatly fear you Il let 1n the cold and storm—

Since I left Plumtree down in Tennessee, it s the first ume I ve been
warm

‘There ate strange things done 1n the midnight sun
By the men who moil for gold

The Arctic trarls have their secret tales

That would make your blood run cold,

‘The Northern Lights have seen queer sights,

Bat the queerest they ever did see

Was that night on the marge of Lake Lebarge

1 cremated Sam McGee
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The trail was bad, and I felt half mad, but T swore I would not gve

And 1 d often sing to the hateful thing, and 1t heackened with a gnn’

Till I came to the marge of Lake Lebarge, and a derelict there lay

It was[jammed 1n the 1ce, but I saw 10 2 trice 1t was called the Alce
2]

And I locked at 1t, and I thought a bit, and 1 looked at ty frozen chum,

Then Here, sud L, with a sudden cry, * 1s my cre ma tor cum ™

Some planks I tore from the cabin floor, and 1 lit the bouler fire

Some coal I found that was lying around, and 1 heaped the fuel higher

The flames just soared, and the furnace roared—such a blaze you
seldom see

And I burrowed a hole 1n the glowing coal, and I stuffed 1 Sam
McGee

‘Then 1 made 2 hike, for I didn t Itke to hear him suzzle so,

And the heavens scowled, and the huskies howled, and the wind began
to blow

It was scy cofd but the hot sweat solled down my cheeks, and I dont

know why,
And the greasy smoke i an inky cloal went streaking down the sky

I do not know how long 10 the snow I wrestled with gusly fear,

But the stars came out and they danced about ere again I'ventured near,

T was sick with dread, but I bravely said 11 just take 2 peep mside

1 guess he s cooked, 2ad it s trme I looked *, thea the door I opened
wide

And there sat Sam looking cool and calm, ia the heart of the furnace
roar,

And he wore a smile you could see a mule, and he siid, Please close
that door

1ts fine 1n here, but I greatly fear you Il let tn the cold and storm—

Since T left Plumtree, down 1n Tennessee, 1t s the first time I ve been

warm

Thete are strange things done 1n the mudnight sun
By the men who monl for gold,

The Arctic trails have their seceet tales

That would make your blood run cold,

The Northern Lights have scen queer sights,

But the queerest they ever dud see

Was that night on the marge of Lake Lebarge

1 cremated Sam McGee
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SOME OBSERVATIONS ON VENTRICULAR
FIBRILLATION IN ACUTE HYPOTHERMIA

BENJAMIN G COVINO*
Department_of Pl ystology

Arctic Aeromed cal Laboratory

Ladd Awr Force Base Aluka

AT THE FOURTH CONFERENCE ON COLD INJURY Dr Shumacker and
Dr Lewts discussed many of the problems of hypothermta particalarly
as they related to cardiac surgery ‘They ponted out at that time that
the most presstng problem and the greatest hazard 1n hypothermia was
high frequency of ventricular fibrllation

< o T 5

LN Vo
. '

surgery but ventricular hballation as it pertains to acute profound
hypothermia uncomplicated by any surgical maneuver

At the outset 1 would ltke to describe briefly the methods (12) we
used for nducing hypothermia since I think there 1s little doubt that
the various methods used to induce hypothermia do have an effect on
the incidence of ventrienlar fibntlation

Ac tha Anmc g ahom nhb mnp UL —

1
15 necessary to suppress shivering 1t 1s given  The dogs ate placed m
3 water tank the temperature of which 15 5°C  and thent temperature
15 allowed to fall without any surgical intervention Artificial respara
tion 15 started mn all cases at a rectal temperature of 36°C and serum pH
matntained at 73 to 75 so that our dogs are not markedly alkalotic
ot aadotc

Unless I spectfy to the contrary all of our experiments were carried
out under these conditions  From a consideration of Figure 41 we can
get some indication of the frequency of ventricular fibnillation It 1s a

'i’fesem address  Depar ment of Pharmacology Tufts Un ers ty Med cal School Bos on
ass
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Ventrscular Tibrillation i Hypothermia 137

As 15 evident ventrreular fibrillation occurs most frequently within a
temperature range of 18° to 23°C rectal temperature

‘The questton has come up as to why there 1s this high frequency of
ventncular fibrillation 1n hypothermia  Many have stated that the reason
for 1t 15 that the hypothermic ventricle 1s more vulnerable to ventrrcular
fibnllation ‘The statement has been made that the actual ventricular
fibrillatory threshold s probably lower As far as I know there 15 no
actual proof of this

Agan at the Fourth Conference on Cold Injury Dr Lewrs stated
that he and his group attempted to carry out studies of this nature and
were unsuccessful We also have attempted to carry out studtes on this
and T belseve we have been partially successful Our method of measur
ing the actual ventricular fibrillatory threshold m normothermic and
hypothermic dogs has been as follows We use two square wave stumu
lators which are connected 1n tandem  Stimulator No 1 15 used to dnve
the heart 2t any frequency which we desire  Stimulator No 2 then
applies testumpulses to the ventricle at any point 1n the cardiac cycle
This 1s done by means of having a vaniable delay circuit between Strmu
lator No 1 and Stimulator No 2

Electrodes then run from the stimulators and are attached directly
to the ventricles The driving electrode 1s attached to the ventricle
immediately below the atnio ventnicular separation  The testing stumu
lus 15 applied at the apex of the ventricle and 15 anodal n nature Its
duration vanies from 10 to 3 milliseconds Its intensity 1 our hands
varies from 0 to 15 mulltamperes The drving stimulus 15 kept constant
So we can vary our testing stimulus from 15 to 0 ma and from 3 to 10
msec duration

The studies which we have carried out will be shown 1n Figure 42
We first determined the ventricular threshold stself that 15 we de
termined how much af a stimulus would be requtred to produce a single
ventricular extrasystolic beat and took this as a measure of the basic
ventricular threshold At normal temperature we have 2 penod of
absolute refractoriness during which stimuls of 15 mulliamperes at 10
msec duration are not sufficient to produce a ventricular ectopic heat

At approximately 60 msec after the start of the QRS complex the
ventricular threshold falls markedly to about 2 5 millamg falls
gradually to about 1 ma mses shightly and then levels off dunng
diastole at about 0 5 to 1 millampere

If we carry out sumular studies 1n the hypothermc dog we find this
fgeneral pattern  The entire cardsac cycle is prolonged because of ntense
bradycardia at 22°C The absolute refractory period 1s also prolonged
markedly then there 1s the petiod of relative refractonness duning
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Fioure 42 Comparison of excitability recovery curve at rectal temperatures of
38° and 22°C

which the threshold drops markedly, and finally diastole agan with a
threshold of about 1 milliampere

This 1s the type of study which we carried out mnttally We measured
the venricular threshold throughout the cycle first, then we went back,
ratsed put stimulus from 0 to 15 milliamperes, nceeased our duration
from 3 to 10 msec, and attempted to fibrillate these dogs

We found that with normothermic dogs we were unable to produce
venteicular BbeMation ustng stmult of 15 mulliamperes and 10 msec
durabson, although i three cases we were able to produce multiple
ventricular ectopic beats The multiple ectopic beats occurred when we
used tmpulses of greater than 10 milliamperes, and they only occurred
when we apphied the stimuls during that portion of the relative refrac
tory pertod which, { believe, correspands roughly to the vulnerable

period of Wiggers (3)

We cooled the dogs down to a rectal temperature of 30°C and carrred
out the same type of study At 30°C the pictute was exactly the same as
at 38°C We were unable to produce ventricular fibrillation
We then took the dogs on dowa to 22°C and repeated our studies and
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found that 1n ail dogs we were able to produce ventricular fibnllation
when we applied stimuls to this portion of the cardiac gycle

Montgomery The refractory period was prolonged at 30°C 2

Cotmo ‘The absolute refractory period, yes

Montgomery At 30°C ?

Coumo  Yes, but this 15 because of the bradycardia  Figure 43 guves
the mean ventricular fibnilatory threshold and diastolic threshold for
eight dogs at normal temperature (38°C) and at 22°C A marked
difference ss apparent We find that at 38°C the mean diastolic ven
tocular threshold (hatched column) for the eight dogs was approx:
mately 114 ma ‘The ventncular fibnllatory threshold (sobid column)
was greater than 15 ma  We could not produce ventricular fibrillation

L R B e I T T o
t .
ma 1nall eight dogs There 1s little doubt that there is about a fivefold
increase, at least, i the vulnerabibity of the hypothermic ventricle to
fibrillation

Hildes Could you comment a little more on the pH? You were
careful to say you kept the pH berw een certain narrow limats 1 presume
from this that you think this 1s important i the mcidence of fibrilation

=
se%c e

3 were
TeTnasTsTaLE

TIGURE 43 Companison of mean diastolic and ventricular fbnltatory thresholds
10 the normothermic and hypothermsc ventricle
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Cormo Yes, I hope we can get into this 2 little Jater 1 the discus-
sion

In cashng about to determine what was responsible for this m
creased valnerabtlity of the hypothermic ventncle to fibnilaton, it
became obvious to us, as 1t has to many others that siace these dags ace
ali anesthettzed before being rendered hypothermuc, 1t might be possible
that the anesthesia was playing some sole in this frequency of veatnicular
fibrdlation

Therefore, we carnied out a senies of studies 1 which we used various
anesthetic agents On Figure 44 we have plotted on the otdmate the
per cent ventricular fibtsilation under these varnous anesthetc agents

In the first group of fifty-four dogs, ustag peatobarbutal anesthesta, we
found that the mcrdence of ventricular fibrliation was about 92 per
cent If we used thiopental, we found the incidence was reduced to
abaut 55 per ceat tn 3 group of twenty-one dogs The condttions ate the
same 1 all of these categostes

Using a small amount of thiopental, enough so st would not contral
the shuvenng, and then suppressing shiverng wath sucanyl choline, 10
nme dogs we find the inadence of fibnllation ss reduced to about
25 per cent  Using cyclapropane, we find mn eleven dogs the sncidence
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of fibullation 15 about 73 per cent  Using ether, we find in twenty dogs
the incidence of fibrillatron 1s about 25 per cent There 15 obviously 2
difference 1n the incidence of fibrillation as related to the anesthetic
agent used prior to inducing a state of hypothermia

Whether this means that pentobasbital 15 acting n a negative fashion,
that 15, whether 1t 15 increasing the vulnerabihity of the ventrcle to
fibaltation, or whether these other agents are actually protecting the
ventricle agatnst fibrdlation 1s difficult to state

Ferrer In discussing these studies, did you mention the mcidence of
cardtac arrest as well as that of ventricular fibriltation?

Coumo This 1s the incadence of ventricular fibllation In other
words, 1f 93 per cent went mto ventricular fibrillatron, the remaining 7
per cent went into asystole

Montgomery How hypothermic were the dogs?

Coino  The mean range of this group 1s about 18°C mean rectal
te;nperature In other words, the range would be from about 15° to
24°C

Hildes Ts there a difference i the temperature at which the pento
barbital dogs died as opposed to the others?

Coumo  Definitely The dogs 1n which the madence of fibnilation
1s reduced will cool to lower temperatures So that i the dogs that were
guwven thiopental, the mean rectal temperature at which death occurs
would be down around 16° or 15°C, whereas m the dogs that were
guven pentobarbrtal, the mean rectal temperature would be around 18°C
This we have done, compared the difference, and found 1t a stgnsficant
ane

Ferrer What phystologically, charactenzes those dogs whom you
have sard die 1n cardiac atrest? Do they pass mto a stage of electrical
asystole or silence, o 15 there a gradual subsidence of the electrecal
mpulse? What do you mean by the term cardzac arress?

Cotmo A gradual subsiding of the electrical impulse no indication
of cardiac atrest

Ferrer Thus ss important, because what you describe 1s quite 2 duffer
ent situatton than that seen with electrical asystole or cessation of the
electrscal pacemaker I think the term cardiac arsest should always
be clarified by a statement as to the mechanism whereby mechanical
atrest takes place Iam sure that 2 passage from ventricular fibniltation
through a period of slow chaotic ventricular action to final electrical
stlence 15 quite a different phenomenon from a sudden cessation of the
pacemaker

Cotino Thisssa very good point It has been confused 1n the litera
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Cotmo  Yes, I hope we can get anto ths a little Later in the discos
ston

In casting about to determine what was responstble for this m
creased vulnerability of the hypoth ventrcle to fibuilaton, st
became obvious to us, as 1t has to many others that since these dogs ace
alt anesthetized before being rendered hypothermuc, 1t mught be possible
that the anesthesia was plaging some role in this frequency of ventricular
fibrallation

Therefore, we carried out a sertes of studies 1 which we used vanious
anesthetic agents On [igure 44 we have platted on the ardinate the
per cent ventricular fibnllation under these varous anesthelic agents

In the first group of fifty four dogs, using pentobarbstal anesthesia we
found that the madence ot ventrcular fibrllation was about 92 per
cent If we used thiopental, we found the incidence was reduced to
about 55 per cent 1n 2 group of twenty one dogs The condttrons are the
same i ali of these categores

Using a small amount of thiopental, enough so 1t would not contral
the shivering, and then suppressing shivering with succnyl choline, 1n
nme dogs we find the mcidence of fibnifation 15 reduced to about
25 per cent  Ustng cyclopropane, we find m eleven dogs the sncidence
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of fibuullation 1s about 73 per cent  Using ether, we find in twenty dogs
the incidence of fibrillation 1s about 25 per cent There 15 obviously a
difference mn the mcidence of fibrillation as related to the anesthettc
agent used prior to mducing 2 state of hypothermta

Whether thts means that pentobarbital 15 acting 1n a negative fashion,
that 15, whether 1t 1s increastng the vulnerability of the ventricle to
fibrillation or whether these other agents are actually protecting the
ventricle agamst fibrillation 1s difficult to state

Ferrer In discussing these studies, did you mention the madence of
cardtac arrest as well as that of ventricular fibuillation?

Cotno  Thus 1s the mardence of ventncular fibullation  In other
words, if 93 per cent went 1nto ventricular fibsillation, the rematning 7
per cent went 1nto asystole

Montgomery How hypothermic were the dogs?

Covtno  The mean range of this group 1s 2bout 18°C mean rectal
temperature In other words, the range would be from about 15° to
24°C

Hildes Ts thete a difference 1n the temperature at which the pento
barbital dogs died as opposed to the others”

Cortno Defintely The dogs i which the maidence of fibrillation
1s reduced will cool to lower temperatures  So that i the dogs that were
given thiopental, the mean rectal temperature at which death occurs
would be down around 16° or 15°C, whereas 1n the dogs that were
guven pentobarbstal, the mean rectal temperature would be atound 18°C
This we have done, compased the difference, and found it a significant
one

Terrer  What, physiologically, characterizes those dogs whom you
have sard die 1n cardiac arrest? Do they pass 1nto 2 stage of electrical
asystole or silence, or 1s there a gradual substdence of the electrical
tmpulse? What do you mean by the term cardzac arrest?

Cotmo A gradual subsiding of the electrical impulse, no indication
of cardiac arrest

Ferrer This 1s tmportant, because what you describe 15 quute a differ
ent situatton than that seen with electrical asystole or cessation of the
electrical pacemaker I think the term cardiac arrest should always
be clanfied by a statement as to the mechanism whereby mechantcal
arrest takes place I am sure that a passage from ventricular fibnllation
e, 2 penod of Sow diatie verrediar wcion 1o fms decmel
silence 15 quite a different phenomenon from a sudden cessation of the
Ppacemaker

Cowmo This 15 a very good pomnt It has been confused 1a the *
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ture  Both cardsac arrest and electrical asystole have heen used We
should use the tewm electrical asystole

We next decided to do some studses on the relattonship bets een cold
acchimatization and ventricular fibaillation in hypothermua  Earlter m
the discession we described how antmals adapt to severe cold stress
Later we will describe how human ndntduals adapt to severe cold
stress

Taking a lead from some of the work of Dr Sellers (4) and Col
Blair (5) who have shown very nicely that antmals who are exposed
to prolonged pertods of cold are able to tolerate cold mnjury better than
antmals which are not previously cold exposed we decded to render
some dogs hypothermic following varying periods of cold exposure

Figure 45 grves data on five groups of dogs The first group Group
A were controls which were rendesed hypothermuc either during the
summer season in Fatrbanks or during the winter Prior to being ren
dered hypothermic 1 the winter they were kept ndoors n heated
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quarters for a pertod of about 2 weeks, the temperature of those quarters
being between 23° and 27°C

As we pointed out 1n reference to Frgure 44, the incsdence of ventricu
lar fibrillaton was about 92 to 96 per cent

We then exposed a second group of dogs, Group B (Figure 45), to
temperaturcs varying fmm 0° to —40° C for one week and th en
brought them -~ v
a group of five “ . .
late, fourdid ~ .

Burton s that statlst(cally different from the other?

Coimo We have not analyzed 1t I dont think there are enough
dogs m this senes, and I would like to see more

Blarr Was there any difference in the body temperature at which the
dogs fibrillated >

Cotino  That 1s shown n Figure 46 In the third category, Group C
(Figure 45), we exposed four dogs to the same environment for a pertod
of 2 weeks and found that two of the dogs fibnllated and two of them
did not, the mcidence of fibrllation being 50 per cent Agam, I dont
think there are enough dogs 1n this particular seres, although 1t 15 inter
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esting to note that in the control series there were twenty five dogs and
only one did not fibrllate, 1 this series there are only four dogs, and
two did not fibrillate  So, I am sure 1f we add more dogs to this there
will be 2 significant difference between these two groups

In the fourth group, Group D (Figure 45), we exposed eleven dogs
to the same environmental temperature, varying from 0° to —40°C
for a pertod of 4 weeks, and found that only one out of eleven dogs
wn this group fibuilated The one dog tn thts group which fibrillated,
we found upon autopsy, had a ventricular catheter madvertently left
mn us right ventacle We had been taking heart temperatures  Some
of the early work of Dr Hegnauer (6) shows that this 15 2 powerful
stimulus to ventrscular fibrillation

Ferser Where was the tip of your catheter 1n the other mstances?

Coumo It was 1n the auncle 1n the other mstances

In our fifth group, Group E {Figure 45), we exposed five dogs agam
to 0° to —40°C for 4 weehs, they wete then taken mto the heated
quarters and kept there for 5 days = We found that all five fibullated
So, apparently, after 4 weeks exposure to these temperatures there 1s 2
definite protecttve effect

If we just put the same group of dogs indooss for 5 days, they Jose
all this protectrve effect I think this agrees basically with the work of
Colonel Blair and Dr Sellers who found that 4 to 5 days was suffictent
time to deacclimatize animals So this 18 a technique by which we are
able to reduce the incidence of fibrllation, and it may possibly explain
some of the differences which various laboratories get

1 have spoken to 1nvestigators from Miamt and Georga, and they
claim all of thetr dogs fibnllated at all times of the year I know from
my own expertences n Boston and from those of others who have
worked tn northern climates that the tnctdence of fibrdlation g5 not
always 100 per cent, but does vary So, this may he a possible
explanition

Fremont Smith Ate you gomg to talk about the possible mechanssms?

Cotno No In these particular dogs we measured plasma potas
swum, plasma caleum, pH and blood sugar, and noue of these differed
from our control dogs The blood sugar levels remained constant 1a
all groups of dogs The plasma potassium fell to the same level ;n alt
groups of dogs The calctum levels remained about the same m all
groups The pH, as I stated at the outset fell from about 7 4 at normal
temperature to about 72 at 30°C Then we turmned on the arteficeal
respiratton and mamtained 1t between 73 and 75

Fremont Smith  Which anesthesta 1 the last senes, did you use?

Cotmo Ths 1s all pentobarbital sodium



Ventricular Fibrillatton 1n Hypothermia 145

Fremont Smuh That 1s the one that makes them the most susceptible?

Cotmo  Yes

Crismon Werte hematocrits measured 1n the various levels?

Coimo In the control series they have been done many, many tumes
Of coutse, they go up In the dogs exposed we did not measure

Bureh Did you measure sodium?

Cotmo We have measured sodium 1 control dogs and it never
seemed to change Table VI gives 2 summary of all five groups the
control group, the group exposed to cold for 1 week, 2 weeks, 4 weeks
4 weeks plus 5 days ndoors, it shows the number of dogs the number
of dogs fibullating, the termunal rectal temperature and whether there
1s statistically sigoificant difference between the rectal temperature of
these groups as compared to our control group

It 1s obvious that the group exposed for one week did have a sig
nuificantly lower rectal temperature than the control group, in other
words, they did fibrillate at lower temperatures

The group that was exposed for 2 weeks also had a significantly lower

TABLE VI

Companison of Mean Rectal Temperature and Incidence of
Ventricular Fibrillaton i Unexposed Dogs and Those
Exposed for Varying Periods to an Environmental
Temperature of 0° to —40°C

4 Weeks
Controt | 1 eek | 2 Weehs | 4 Weeks | Exposure
onteol | gxposure | Exposure | Exposure | 5 Dags
% Indoors
Number of dogs | 25 4 N 4
Numberof dogs | 24 }\

fibrillating (B6 pec
N

‘Terminal rectal

Cks
v
P 4 Test
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temperatute The group that was exposed for 4 weeks had a signrficantly
lower temperature This would probably be down around 14°C except
for ogz dog which had the catheter 1n the ventricle, and he fibrllated
at 21

In the fifth group, the group exposed for 4 weeks and kept mdoors
for 5 days, the rectal temperature at which fibullation occurred 15 the
same as 1n our control group

Hildes The termnal rectal temperature of all the dogs 1 the group?

Coitno Yes

Hildes Not the ones that just fibillated >

Cotno In this particular group, of course, there were four fibnilfa
tors Even if we omut the one dog that did not fibullate, they had a
stgnificantly lower temperature than the control group

Hildes So that they fibnillate at a Jower temperature?

Cotmo  They fibnllate at a lower temperature, yes

Carlson  Does the temperature in the heart differ 1n these expen
ments?

Cotino  Yes, 1t stayed within 2 to 3 degrees of the rectal tempera
ture at termunus  So 1n one case the mean heart temperature was 2bout
20° ot 21°C, and 1n another about 17°C

Ferrer What would be the difference m temperature between the
nght and the Jeft heart 1n this, approximately?

Cotmo 1 dont know

Ferrer You are hyperventilating the dogs, and you are gong to lose
heat across the lungs

Hortath 1 don t know what this ts

Ferrer 1don t think anybody can say I think this 15 a fairly important
variable Depending upon your heat loss through the lungs the left
heart and, therefore, coronaty artery, temperature of the blood may be
quite 2 large variable and may represent 3 ficto_lr m >these figures

e 1l LHEIE 15 1O LdL JUSS 11U ¢ L a5
Dr iz”l G Armstrong now Sutgeon General of the USAF, and I, dd
this many years ago by putting a thermocouple i the pulmonarl)' vein
and artery and taking lung temperature  Then we dud the calcu atlonl
If we had made the calculation before we had done the cxpcnmcnrs;d
dont think we would have done any If all of the heat requir
to saturate, and heat up the atc were supplied by the lung crreulation,
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and not from up above, as 1t actually s, and calculating from the
cardtac output how much change of temperature there would be,
the fall 1n temperature would only be 1/20 degree In practice, we
found animals breathing air at 40°F and then when switched to atr at
—40°F , showed no difference at all in the lung temperatures

Ths difference between the two sides of the lung, as Dr Horvath
has shown, has somethtng to do with the thermodynamics of the gas
exchangent * . v [ER TR 1
arcumstance
normally It

Horvath . .
warmung inspired air and losing heat would be pastially through the
bronchial crculation  1f there ts any change in the relative volume of
the bronchtal circulation, you could add to the left heart a certain
volume of blood which 1s fairly well cooled So, theoretically, you
could change 1t some, I don t know how much This would depend on
whether the bronchial airculation 15 being maintained or whether 1t 1s
falling

Ve g h gt At se o ey homee Fhabeeen gaba st anfas
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get heat exchange across the alveolar surface but there 15 none there
to speak of

Burch Was tracheal intubation employed?

Hortath Yes, and the statement 15 true even with tracheotomy We
did that followiag Dr Burton s suggestion to us a long tume ago  When
you measure the temperature as far as you can go down 1ato the bron
chioles, the temperature 1s always constant There tsnt any heat ex
change down below or, 1f there 1s any, it 1s very, very small

Burton Dr Covino do you feel this exchange 1n the properties of
the heart muscle, must be medtated either by humoral agents or by the
netves? Because, after all, exposing the antmals 1n the acchmatization
to cold environment does not change the heart temperature It cant be
a local response to 1t

Cotino” We have proof for that We did the same stmulation study
on dogs which were exposed for 4 weeks Thetr ventricular fibrillatron
threshold 15 exactly the same as hypothermic dogs which are not prevt
ously cold exposed So, 1t 1s not any change 1n the ventricular muscula
ture itself

*The major exchange of evaporative heat loss with humudification and warming of the
mspred a occurs in the nasal and laryngeal pharynx and the larynx Minor changes only
are found to take place m the tracheal bronchiolar system
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Burtor You haven't yet cut the vagus?

Cotmo No, we haven t done any denervation studtes or anything of
that nature as yet  As you say, T am sure 1t 15 caused by some humoral
agent or some nervous factos

Next, I should like to discuss what role pH plays 1 the ncidence
of fibullation 1n uncomplicated hypothermia

Horiath When you give an anima), espectally a dog, one of the
barbiturates, the pH drops to 72

Corno Not mn the dogs we have used

Horrarth That 15 intesesting In all the other observations 1 have
seen on thts a pH around 72, 7 19, 7 18, and so on was reported

Coumo In the last 5 years I have run through somethmg Iike 500
dogs with Pentobaxhxtal The dog which has a low pH after being

t with pentobarbital 15 the exception The pH 15 not 743,
st may be 7 38 or 7 4 but certainly not as fow as 71 or 72

Irtmg Why did you select that particular pH?

Covino 1 shall explamn that when we discuss the subject of pH
Around 1953, Dr Henry Swan (7) at Denver pointed out the smpor
tance of maintaming the pH constant i dogs which are beng rendered
hypothermic, pasticularly for cardiac surgery

We were interested in whether pH had some role 1n the production of
fibrillatton 1n dogs which were not subjected to surgical intervention
but just uncomplicated hypothermia

We found that the incidence of fibrllation was about 90 per cent if
we cooled animals allowed them to breathe spf)ntaneo;:sly' untif sutf;

- 1 . -
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but they were not anoxic

If we then took a group of dogs and artificially respired them from
the start, so that thewr pH rematned between 73 and 75 throughout the
enttre cooling procedure, the incidence of spontaneous ventricular fibnl
lation was reduced from about 90 per cent to about 20 per cent

We then madvertently overventilated 1n a small group of dogs s
that their pH s went up to about 77, 78, and all five dogs 1 this
particular group fibrillated This was the reason why we have mam
tained this range of between 7 3 and 7 5, because 1t appears that, f )0\;
get above 75, you get about the same incidence of fibrillation, and ¢
you get below 7 3 you get a high incidence of fibrillation

I think 1t was very mteresting to note, also, that «f we allowed these
dogs to respite spontaneously down to about 30°C, so that their pH
fell from about 74 to 71 or 72, and then started the aruficial sespira

£
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tion and returned thetr pH level to between 73 and 75, they still had
the same scidence of fibrillation at temperatutes around 20°C  So, 1t
was our feeling that this fall in pH was acting as some sost of a trigger
mechamsm It was not the pH atself causing the fibrillation but 1t was
triggening some other mechanism which was caustng the fibrillation

Iriimg Does pH 73 to 75 at 38° and 20°C mean the same thing?

Horvath No pH does change with the temperature

Irsng  And 73 1s near neutral at 38°C but 1t 15 moved away from
neutrality toward the alkaline side?

Montgomery Were the anmals all measured at the same tempera
ture?

Covmo  Yes, we measured them at the blood temperature We
measured the pH at 38° and at 20°C

Fremont Smuth You don t bring the blood up to 38°C ?

Cormo No, we measure at the actual temperature of the blood

Fremont Smith  Then this error remarns, doesn t 1t?

Irsing  Not error

Fremont Smuth  This differential

Couzno There 15 an excellent study by Axelrod and Bass (8), who
found that the fall 1n pH which would occur because of the cold tself
would be very small, a fall from 7 4 to 7 35, at the most

Montgomery These ate reported just as measured at the temperature?

Covino Yes

Montgomery At the dogs blood temperature?

Covno Yes Inview of some of the early studies on the relationship
between pH and electrolytes, we felt that the low pH encountered m
hypothermta might possibly cause some change tn the electrolyte batance
of the heart So, we proceeded to carry out some studies on the elec
trolyte balance of the normothermic and hypothermic myocardum

We had three dsstinct groups of dogs, eight 1n each group Figure
46 shows, on the ordmnate, milltequivalents per liter for calctum, potas
stum, and pH units

In the first group we hyperventilated the dogs throughout the
hypothermic procedure, and thetr pH was maintamed between 7 3 and
75, none of these dogs fibrillated

) .

Taan

74 to about 71,
an group were dogs
wh » about 7 1, none
of the animals 1n this group fibrillated When I state that one group of
dogs fibrillated and one group did not, I do not mean that this was 2
&roup of sixteen dogs 1 which just 50 per cent fibrillated We had to
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work on a great number of dogs before we found etght that did not
fibnllate

We measured sodmm, potasstum, calcum, magnesim, chlorides,
and pH  We measured these 1n the astenal system, and we also meas
ured them 1n the coronary venous system

We found, with tespect to sodum and magnesium and chlorides,
there were no changes either at the normal temperature or at low tem
peratures in any of the three groups

We did find, however, that there were certain changes which did occur
as far as calcum and potassium were concerned and that these changes
could be corselated with the madence of fibnllatton

In this first group of dogs which were hyperventilated throughout the
entire hypothermic procedure, at 38°C there was no difference between
artenial and coronary venous calctum level This 15 a mean negative
difference but, actually, 1f 1t 1s analyzed statsstically, there was no
difference  Again at 24°C there was no statsstrcal difference between
the artenal concentration of calcrum and the coronary venous level The
same held for potassium, there was no difference at 38° or 24°C

In pH there was a slight rise in the coronaty venous pH at low
temperatures, but this 15 seen by most people, and these two were not
significantly different

We then go over to the other group of nonfibrillators In this group
the pH was allowed to fall, and yet they did not fibrilate Agamn we
found the same thing, there was no significant difference between the
artertal and coronaty venous levels of calcum at 38° and 24°C, no
signuficant difference between the artertal and cotonary venous potas-
sium levels at 38° and 24°C and no difference between the pH in
artenial and coronaty venous blood

However m the group of dogs which fibrillated, at 38°C, there
was, agam, no difference between artenial and coronary venous cal
cum At 24°C there was a significant difference between arterial and
coronaty venous calcium, and it was a positive calcum difference, that
15, the calcum in the arterial crrculation was higher than the calommin
coronary venous blood It was higher by a mean of 04 mEq/f The
range was from about 0 1 to 0 8 mEq /1 It was a statistically signtficant
difference

“There was no difference 1n potassum betw een artersal and coronary
venous blood at normal temperature At 24°C there was a negative
dotasstum balance There was more potasstum 1 the coronaty venous
slood than there was i the arteral blood This was statistcally
sgmficant

“The mean difference 1n pH at normal tempetature was about 0 03 pH
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unsts At 24°C the difference was approximately 008 pH units We
found that 1n all of the dogs which fibullated the pH 1 coronary
vepous blood at low temperatures was always 0 05 pH units, or greater
than the pH tn the artetal blood The dogs which did not fibrillate,
whether they were hyperventilated or not hyperventilated, never showed
a pH difference of 005 or greater, 1t was always below 005 pH untts

So, we were faced with the situation 1n which we saw a positive cal
ctum balance at low tempesature 1n 2 dog which fibullated  We do not
see 1t 1n the dogs which did not fibrillate  And there was this tremen
dous increase 1n the pH difference between artertal and coronaty
venous blood

So, 1t appeared to us that 1n the dogs which were about to fibnllate,
the calcum was shafting mto the heart, potasstum was leaving, and
hydrogen 1ons were also apparently shifting into the heart

From some of the work carried out at normal temperature, on
wsolated hearts, one of the easiest ways to fibnllate a normothermic
1solated heart 1s to increase the calcum going into the heart and increase
the potasstum gotng out

So we felt that we had some sort of a cause and effect relationship
between calcum penetration of the heart and potassium exodus from
the heart and ventricular fibuilation at low temperatures

Burch ™! v

Cotmo
ons are g( -

Here at the Arctic Aeromedtcal Laboratory we carried out further
studies on the relationshtp of electralytes to hypothermic ventrcular
fibullatron  We are coming to the pont made earher We did infuse
potassium 1nto the circulation of a number of dogs We found that, sf
we perfused enough potasstum so that the potasstam concentration was
mamtaned between 4 mEq /I and 514 mEq /1, we found no fibrilla
tion This was 1n 2 group of about five dogs

If we overshot this matk and increased the potasstum concentration
of blood to above 5 5 mEq /1, we found either fibnllation or electrical
asystole at high temperature  Obviously, we were running into a prob
fem of potassium ntoxication  If we did not infuse enough potassium
to ratse the potassmum level to at least 4 mEq /1, then, agamn, we got
about 90 per cent incrdence of ventricular fibrillation We tried the
converse We tried to reduce the calctum levels of blood by mfusing
EDTA (ethylenedaminetetraacetic acd), a chelating agent which 15
supposed to bind calcium We found, by infusing this agent, we could
effect a reduction 1n the calcrum level of the blood, and the temperature
to which these dogs cooled was significantly lower
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worh on a great number of dags before we found esght that did not
fibrillate
We d sodm, p caleum, mag chlotde
and pH 'We measured these m the actertal system, and we afso meas
ured them i the coronary venous system
We found, with respect to sodmm and magnestum and chlosides,
there were no changes erther at the normal temperature or at low tem
peratures mn any of the three groups
We did find, however, that there were certam changes whuch did occur
as far as calawm and potasstum were concerned and that these changes
could be correlated with the mcidence of fbaillation
In thus first group of daogs which were hyperventilated throughout the
enttee hypothermic procedure, at 38°C there was no difference between
artersal and coronary venous caleum level This 1s 2 mean negatwve
difference but, actually, if it 15 analpzed statsstically, there was no
difference  Agan at 24°C there was no statsstical dsfference between
the aetestal concentration of calcium and the coronary venous level The
same held for potassum, there was no difference at 38° or 24°C
In pH there was a shight nise in the coronary venous pH at low
temperatures, but this 1s seen by most people, and these twe wete not
significantly different
We then go over to the other group of nonfibrilators In this group
the pH was alloned to fall, and yet they ded not fibullate Agan we
found the same thing, there was no sigatficant diffecence between the
artersal and coronary venous levels of calcum at 38° and 24°C, no
sigmificant difference between the artertal and coronacy venous potas
sium levels at 38° and 24°C and no difference between the pH m
arteral and coronary venous blood
However, mn the group of dogs which fibrillated, at 38°C, there
was, agamn, no difference between astertal and coronary venous cal
clum. At 24°C there was a sigatficant dufecence between acteral 2nd
coronary venous calcrum, and it was a positive calcium difference, that
15, the calcium 1o the astersal circulation was higher than the calenum
coronary venous blood It was higher by a mean of 04 mEq/l The
range was from about 0 1 t0 08 mEq /A It was 2 statsstcally stgouficant
difference
There was no difference mn potassim between arterial and coronary
venous blood at normal temperature At 24°C there was a negatne
otassim balance There was mare potasstum wn the cofonary yenous
blood than there was m the artersel blood This was statistically

significant
The mean difference in pH at normal temperatuse was about 0 03 pH
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However we were able to reduce only the meidence of fibsillation
from 90 per cent to 70 per cent by this procedure, even though we wese
reducing the caletum level from about 5 mEq /1 to 3 mEq /1

In a smalf group of dogs, we made the observation that at low tem
peratures, despite the constant safusion of EDTA, we got a rebound
phenomenon, such that the calaum level fell, as I say from about 5
mEq /1, at normal temperature, to about 3 mEq /I at about 20° or
22°C rectal temperature  Below this temperature, the calcum appar
ently rose agawn It rose to about 5 mEq /1 In some cases 1t overshot
the mark and went up to as high as 7 mEq /1

It would appear that at Jow temperatures the EDTA 1s not binding
the calaum and 15 releasing all that st has bound ‘This may be the
reason why our adence of fibnllation was not reduced  We have not
as yet tried to admunsster potassium and also EDTA to see if we can
completely eliminate fibullation

Burch Have you completed that phase?

Cotmo  Yes
Burch It 1s known in chinical cardiology that ventrcular fibnltation

can be stopped, 1f you do not wait too long, by mjecting potasstum
Sodium versenate which 15 a chelating agent for tontzed calcum, will
also help but 1s not as effecttve as potasstum I would not be too sure
that sodwum 15 not playing a role o this Qur methods ate not seasttve
enough to measute changes 1n sodtum concentration which may be
phystologically stgnificant

Cotino We did measuse sodium n the artersal system and coronary
venous system, at normal and low temperatute, and could see no differ
ence This may have been the madequacy of our method, however, but
we did nat teel it was worth whife gotng on

The one thing we have not done 15 to take samples of ventncular
muscle and actually detetmine the mtracellular levels of potasstum

Burch With radiwsodwum tracers, small changes mught be detected

Cotmo There ts one brief study reported in the Federation Proceed
mgs (9) several years back i which tracess wese used with potassm
and sodium tracers and 1t was found that there was an exodus of
potassium from heatt muscle but not much was found with respect to
sodmum
Crismon  Did you make any attempt to find out whether manpula
tion of pH 1n normothermic animals made a change 1n the arculating
calcrum or its rate of replacement?

Cotmo No, we dudnt

Crismon It appeats to me that pH should make quite 2 difference 1
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the accessibility of calaum from body stores, knowmng the influence 1t
has on solubtlity

Cotno 1 have little doubt that pH has definite effect on the ionizable
calcium 1n the blood  We have not done this

Hildes Dr Burch s remarks suggest to me that perhaps it might be
useful to pretreat the animal by salt depletion and see whether that
makes a difference  Does that fit 1n with your sdea?

Burch The situation 1s quite a complex one  You may have seen the
@ Adan = Mhad b Polagig and Men e (10) and others concerning

1N EEY] N N c, and the associated electro
. closely nterrelated that 1t 1s

4unost tmpossiple 1o ¢hange one without changing one or mote of the
others

Carlion It 15 necessary to disttnguish which are osmolar effects and
which are specific 1on effects

Burch  Osmolarity must be only one factor
Carlson The relationship of sodium potassium and calcum ss of

- PN Lo

e, . . .
the action potential and potassium reductron lengthens it, pH seems to
have no effect over a wide range
Burch  Sodium mught have an inverse refation to potassium
Carlson  Are sodim and potassrum linked due to water shift or by
transfer mechantsms?

Burch 1 do not know what you mean by linkage We know there

15 an inverse rel hip in exchange pt between sodwm and
Ppotassium

Crsmon  Not one for one

Burch No

Crismon 1 think 1t 15 interesting that the rat, which 15 a nonfibrillator
1 hypothermia, can be made to survive and have spontaneous respira
tron and heart rate at 6° to 10°C deep body temperature, 1f you give
wfusions of calcum chloride, which 15 not what you would expect here
Thetr hearts do not appeat to be challengeable by calcium under those
conditrons

Fremont Smuh  Didn t Audrey Smith (11) get them down to the
solid frozen state and resuscitate without nfusion?

Crismon She achieved cardiac standstill

Fremont Smuth This was even more severe than what you spoke
of, and yet no infusion was necessary
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Crismon  Those animals were cooled by the Andjus (11) method
which provides for a very high acsdity owing to tespiratory accumulation
of carbon dioxide throughout the period That of itself, if the pattern
15 the same, contributes toward the mantenance of high tontzed calcum
m the plasma throughout that period

Cotamo  As described at the Fourth Conference on Cold Injury, Dr
Shumacker and a group (12) at Bethesda have shown that, with respect
to hypothermic surgical ventricular fibnllation, this latter can be pre
vented by means of infiltrating the sino zuricular node with procaie
or denervating the heart, removing the sympathettc influence, particu
larly I wonder whether this may be true ventticular fibritlation result
ing from hypothermia There have been some studies done on the
denervated heart lung preparation, which s tendered hypothermic
These hearts continue to fibuillate at low temperatures, despite the fact
that they are denervated

1 wonder whether this may be one of the situations where this pro
cedure will protect the heast at moderate temperatutes of hypothermia
that 13 about 24°C , with cardrac surgery, but will not protect the heart
at low temperatures without any cardiac surgery

So agam, getting back to my origmal thests, the sttuation may be
different when there 15 moderate hypothermia plus cardiac surgery, and
profound hypothermia without cardiac surgery, and it would appear to
be the case 1n this particular mnstance

Ferrer What do you mean by cardiac surgery?

Covmo  Doing venous occlusion and ventriculotomy I think that
1s the usual sham procedure done on antmals He also stated that with
arfonad a sympathetic blocking agent which appears to me to be a
very strange drug, he was able to reduce the ncidence of ventricular
fibrillation In one of our eatlier works (1) we tried dibenamine and
SY 21, a new and supposedly very potent sympathetic blocking drug
and we were unable to alter the incdence of ventricular fibnilation
There was still an inaidence of about 90 per cent

Horvath Cookson (13} got no ventricular fibrillation when he used

arfonad
Covino 'This s the only sympathetic blocking agent which apparently

prevents fibrillation
Horiath He used dibenamme which has 2 different action than

arfonad, and obtamed the same results with that
Cosmo 1 wondered whether the arfonad reaction 15 not peculiar to

the drug N
Horzath It 15 not peculiar to the drug  This reactton can also be

obtained with dibenamune, which 1s entitely different
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Cotmo 1t cannot be obtamned with dibenamine We went through
what we thought were the standard sympathetic blocking drugs, and
using 20 mg /kg, we were unable to produce any marked benefictal
effect

The problem comes up about whether the increase i venous pressute
might be responsible for the incidence of fibullation since arfonad does
decrease the artertal blood pressure  Again this was stated to be bene
ficial by Bigelow and some of the German workers (14,15) So, we
did some studies 1n which we reduced the ctrculating blood volume of

‘These are little points of confusion, but I think they are important

Hortath Quite a few people have only been able to get 30 or 40
per cent, without hyperventilating, without controlling the pH, without
doing any of these other things

Couno  As 1 stated 1ntually, there are many factors mvolved The
acclimatrzation may be involved, the anesthetic agent used

I thunk 1t 15 important 1n speaking about ventrcular fibrillation 1n
hypothermia to define what 1s meant and to define the condittons, be
cause 1t does make a difference

Carlson s your pomnt that domng the same procedure the percentage
18 not 90 but 30?

Hortath 1t 15 such a vanation, 1t 1s hard to tell what these mean

Cotrmo  Actually using the pentobarbital anesthesia and not hyper
ventttating T can t think of any instance where the incrdence was as low
as 30 per cent, offhand

Horiath 1 am not sure

Cottno  Using this as standard procedure I dont know of any

Horeath 1know somewhere 1t 15 50 per cent

Cotmo 1have had that experience, but never below

Fremont Smuth  Your pount 1s that there 1s need for exact specifica
tions of the conditions 1s 1t not?

Cotmo  Yes

Fremont Smubh  This will apply across the board tn many expen
ments, but 1 this complicated situatton it becomes cructal

Covmno Yes very cructal

Behnke What 15 the effect of vagotomy?

Coting Vagotomy has no influence on the incidence of fibnilation

Bebnke Does it affect the heart rate?

Cotino  Very little, actually, at low temperature N

Bebnke Dr Crtsmon, 1sn t there a crittcal range of temperature even,

b

¢
¢
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in the sat? That 15, did not Audrey Sauth {11}, hes experiments, fose
rats at a certamn range of temperature 1 cooltag, between 15° and
20°C deep body temperature?

Crismon 1t 15 difficult to say because she was using the Andpus
method of cooling (11) Ammals were feft i 2 sealed jor 1n the
refrigeratar and, when they were removed, the rectal temperature was
appraxsmately 15°C  Turthermore, the rat heart does not fibillate 10
hypothermea I don t think the companson is easy between the tno
groups

Coumo I think, however, your statement s true because if they
don t fbrillate usually between a temperature of 15° to 23°C, aff of
our control dogs go into electrical asystole

Meeban o talking about fibnflation 1 terms of carduac chythm 2nd
cardsac surgery as practiced m humans, the situation 1 sucgery can be
complicated quste constderably by the amount of dissection that the
surgeon does wathun the thorax  You can distusb the varsous connection”
of the autonomic system tn this atea quute considersbly just by the
process of dissecting and freemng the steuctuses that are to be sepatsed
or altered  This i stself can alter considerably the patentral coutse of
the patient

Ferrer  In the small group that does oot go mto ventricular
fibgritation but slowly declines the rate of smpulse formatson, does this
femain 4 stus pacemaker? Is thete 2 P wave before every QRS?

Cosmo 1n about 50 per cent of the cases it remamns & sinus pacemalct
In the other 50, there s an atrioventrrcular block

Burch  Have you examuned the anncles to see 1f they contracted®

Cotmo  No, T have not This 15 just from the electrocardiogram

Busch We admnsstered potassium stravenously and produced * ap-
parent electrical asystole of the autcles, but they were contrasting sn
1 persstaltec fashion  Electrocardiogeaphically there weee no detectable
P waves Obviously, there was electric acttvity not demonstrable electzo-
cardiographically

Horrath This 1s true of mechanical actssity When the chest 1s
opened, the aurtcles are contracting

Ferrer Dr Covtno was using only peripheral or b leads 1 these
xpertments I believe atrial electrical actvity may not always be ap

nacent ta these leads The proper way to chech on the electrical actuty
s to place electrodes disectly on the atral wall Then it s possible to
Setermine whether atrral fibullation s present or not, a pot 25 yet
iknown 1n thys range of temperatuse 1t 15 possible that the mechanical
sctivity of the atna of which Ds Burch and Dr Honath spoke might
Jot be a result of iatansic ataal contraction, but meght occur as & resolt
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Cotmo No We could rewarm, and 3t would continue to start beat
g agan perfectly fine, no fibeillation Thts may be a species differ
ence  We were interested in this and began to cool some 1ntact rabbits
Out of a small series of five we have done so far only one of those
fibrullated

Cresnton 1t 15 probably a tribute to the excellence of your perfusion
medmm

Tremont Smuth  Maybe you didnt have any pentobarbital

Mongomery Dr Orville Horwitz had the same experience with the
chilled rsolated heart of the rabbit 1t does not fibrilfate It resumes
beating on rewarming

Eprror s Note  Dr Montgomety would like to add the followmng

afterthought to his remasks at the conference

Horwitz and Petrce* wete studytng the effect of cold on the ssolated
perfused rabbit heart They measured coronary flow and by polatog
raphy perfusate and flud recovered oxygen utiluzation The temper
ature range was 5° to 40°C  They shifted temperature 1n both direc
tions The coronary flow was maximum at temperatures between 27°
and 29°C  myaimum at 5° to 15°C  Oxygen utilization was maximal
t 40°C and rummal at 5° to 15°C At the lower temperature ranges
both coronary flow and oxygen utihzation wete reduced to less than
23 per cent of the maximum

Cowno 1 2am not sure whether you can take this as proof that cause
of fibnilation m hypothermua 15 of nervous ortgin ot humoral ongin
This may be a completely different situation

Dr Beavers has been working with me at the Ascttc Aeromedical
1 aboratory and has some extremely interesting results obtamed 1n usiag
glycne 1n hypothermia
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Figure 48 1s a demonstration of heat ptoduction 1n calones /hg /hr
of the two groups

Barton How 1s the heat production calculated

Bearers By the method of Weir (3) The glyane infusion was
started 15 manutes prior to tmmersion  There was an increase 1n heat
production, as shown, which was attributed to glycine, and which was
present from normal temperature down to 28°C rectal temperature
Below 28°C, glyane did not appear to mcrease oxygen consumption
The same 15 tre dunng resarming, 1n determining the oxygen con
sumption and heat production At 30° and 35°C we see an increase
During cooling, the differences 1 heat production were statistically
significant, however, during rewarming, the differences did not attam
significance which we feel was because of the fact that duning rewarm
1ng the animals who had received glycine were changed to glucose and
vice versa  This procedure probably blurred differences sn heat output
seen more sharply duting cooling

Montgomery Was the calonic amount of glucose the same as glycne?

Beaters Yes We felt we had to do that We couldn t attribute to
ths any particular effect of glycine, otherwise We were stimulated 1n
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our interest 1n glycine by this first effort Later we found that glycine had
been us~d as an antifibrillatory agent Stnce we found 1t had been easily
tolerated by hypothermic animals, we decided to utilize the same com
pound to d its effect on fibrll both sp and that
which 1s induced in the hypothermic animal, which 1s surgically msulted
by ventriculotomy at 25° to 24°C rectal temperature

Table VII1s a companson of ventrscular fibrillation in glycine treated
and control ammals As Dr Covino menttoned we have to state under
what conditions these amimals are  These are all pentobarbitalized ant
mals artsficially respired below rectal temperatures of 30°C In the
control sertes we had 96 per cent fibnllatton These are the antmals
which were cooled to either electrtcal asystole or to fibnllaton The
temperature at which the control antmals were seen to terminate was
186°C In the glyane treated group of ten animals there was no

fibrellation  The average rectal temperature at which asystole occucred
s 17 400

© 2 ¢ on frantl la ar bomnaret e fae bnem n ¢ ae
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TABLE VII

Companison of Frequency of Ventricular Fibrdlation and
Terminal Rectal Temperatures in Treated and
Untreated Hypothermic Dogs

L Control Glyane Glucose

Total number

mn sertes 25 10 4
Number 2425 0/10 4/4

fibnllating 96 per cent | O per cent [100 per cent
Termunal 186 164 181

rectal temperature +088 *156 *18

X x8°C
P+ test* <001 >05

*Statistically signficant when 0 05 or less  Refers to companison with controf dogs

as was glycine as far as calones were concerned  All of the ammals
fibrillated at an average temperature of 18 1°C, essentially the same
level of temperature as controls

Table VIH 1s a comparsson of the madence of fbullaton n glycne
treated and control hypothermic dogs subjected to cardiac surgery Of
fourteen control ammals cooled to a rectal temperature of 24°C and
subjected to right thoracotomy, nght ventniculotomy, and 10 mnutes
total venous occluston, 93 per cent fibnilated OF eight dogs that re
cerved 5 per cent glyane (08 gm /kg ) and were subjected to an dents
cal procedure at 24°C, only one fibrillated The others were success
fully rewarmed and survived at least 48 hours

A third group of dogs also recewving glycine were cooled to rectal
temperatures of 18 5°C and thoracotomy, night ventriculotomy, and 20
mynutes total venous occlusion were performed Three of these six
arumals fibrillated No attempt was made to rewarm survtiors
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TABLE VIII

Comparison of Incidence of Ventricular Fibmllation in
Treated and Untreated Hypothermic Dogs
Subjected to Cardiac Surgery

Control Glycme Glycne
Total number
n series 14 8 6
—
Rectal tempec
ature of .
surgical 24°C 24°C 185°C
procedure
Number 13/14 (93 per | 1/8 (13 per | 3/6 (50 per
fibnilating cent) cent) cent)
Che** i <00

*Statistically significant when 005 or tess Both glyane groups were added together and
compared to control group

Glycine was found to diminish markedly the meidence of fibntlation
m dogs subjected to hypothermuc cardac surgery

We were nterested in the posstble mechantsm by which these animals
were ressstant to fibnllation We determuned potasstum and glucose
blood levels 1n these antmals, and the results are shown Tigure 49
which represents blood sugar levels m milligrams per cent In the
glyane treated antmals, there was a nise m blood sugar as cooling pro
gressed  There was no difference 1n the blood sugars of the control
animals [igure 50 rep P 1 melliequival per liter
Both the control and the glycine treated groups had lower potassjum
levels at a rectal temperature of 30°C Howesver as coolag progressed
i the glycme group, the potassum levels rose 1n contrast to the un
uciltced animals whose potassium levels were even lower at 25° and

0
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These 1s some work concerning tntravenous admimistration of glyane
done by Petersen (4), 1n which there 15 attributed to glycine the ability
to produce glycogenolysis and, hence, elevate the blood sugar levels
These data, indicating creases 1n blood sugar and plasma potasstunt
levels with glycine snfusion, are interpreted as being compatible with
the concept that glycine produces an increase 1n glycogenofysis We feel
that glyane was protectve against ventrtcular fibnllation due at least
pactly to its abiltty to increase serum potassium levels

‘There has been some recent work to indicate that glycine increases
the blood ammonra levels This 15 true of levels which are much
higher than those which we infused which were 1n no case higher than
2 gm /kg But 1t 1s an interesting possibihity that some of this protective
action may be due to small amounts of blood ammont which ase pro
duced by glycane

Montgomery May I ask whether any of the dogs with glyeme, all
of which went into electrical asystole, survived?

Beaters The nonsurgical senes were terminal expeniments We

made no effort to rewarm them
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AMontgomery Tsnt st smportant 1o find that our?

Beaters Yes, we have done rewarming expertments which were
successful  We bave rewarmed animals which have gone to asystole
218° 10 19°C levels

Montgomery Have they all survived?

Beasers Several survived at feast 12 to 24 hours

Montgomery Your implication 1s that this 13 a possible therapy 15
wnot?

Beaters Yes

Montgomery Isn t 1t essentiaf that part of the experiment be that you
see which animals survive?

Bearers We hopeto dothat We have not been well set up, actually,
1o rewarm the 2nimals It takes perhaps 6 to 8 houts to coal them down
1o asystole, and a couple of houts to rewarm them  With the nursing
faclities avatlable to us for nstance we have run wnto trouble with
rewarmed ammals for which we did not have adequate care This ss
vety important to do and I hope, a5 we continue, we will be able to do st

Cotno We have some studies on glyane which we used dunng
hypothermia and did some cardiac surgery ar abour 24°C ‘These am
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TABLE IX

Method No 1
Caloric content = mass X specific heat X mean body temperature

Calortc drfference = mass X spectfic heat X
[temperature (glycine)  temperature (glucose)]

Mass for both groups = 158 Specific heat = 0 83
Mean body temp = 06 X rectal temp + 04 X skin
temperature

Therefore, calortc difference = 158 X 083 X 06 (278 260) =
1416 cal

Method No 2

Caloric difference = tota] caloric expenditure (glycine)  total
caloric expenditure (glucose)

Caloric difference = 409 calonies - 28 5 calories = 12 5 calories

glycogen The glycine, on the other hand, could have been butned
directly

Beaters Dr Todd (5), one of our contractors, has found just that,
that fed glycine actually mcreases during cold exposure, the glycogen
content of rats, that 1s, those animals which are cold exposed and do
not receive glycne have a lower glycogen content tn their Liver than
do those which have recetved glycne This he feels, and with good
reason, indicates that glycine mcreases glycogen storage However, as I
mentioned earlier, Petersen (4), 1n rabbits guen intravenous glycine,
has found a decrease 1n lwver glycogen levels These findings appear to
disagree, however, they may be parts of a cycle Glycine esther in 1eself
or by a stinulating actton may tncrease the two carbon fragments syn
thesis to glycogen and also stimulate glycogenolysts

Drury 1am thinking of the oppostte Glycogen has a higher energy
content than glucose You have to add energy to glucose to convert to
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inadence of fibnllation In other words, this is an ogcurrence that may
be taking place We prefer to interpret the protective effects as due to
the elevation of serum potasstum, but this has come to our attention

Behnte 1 was thunking that possibly the ammonia might have an
adverse effect 1n that 1f you gave argmine, 1t would have beneficial
effect Wouldn't 1t be of some interest to admunuster a Little ammona?

Beaters Yes

Behnke The other point I should like to bring out on the nutrient
stde 15 the possible difference between the chronic exposure to cold and
the acute exposure 1£ X recall corsectly, as a result of chrome exposure,
the heart will not tolerate the low temperatures to which 1t can be
brought down, 1f 1t 15 cooled raprdly It would be of interest to prolong
your experiments ovet 4 pertod of many hours of slow cooling, to see 1f
there was a difference

It might well be that the fevel at which fibnilation takes place 1s
much higher after the prol d exp glib expl of one
of the reasons why the heart 1s more apt to fail in the chronic exposure
was based on the nutrient 1dea

Beaters You are referring to human experiments?

Coumo  You are thinking of longterm hypothermia, not cold
exposute

Behnke 1 meant to say I am not speaking of accimatization taking
place previously, I am tafking about the exposure of the dog, duration
of exposure m the cold water

Burton  The rate of cooling of the heart?

Bebnke Yes

Monsgomery Would you give us the dose?

Beaters ltwas 15 gm /kg

Montgomery Was that per hour?

Beavers That 1s the total dose

AMontgomery Over what period of time?

Beaters Qver the time 1t took to cool them, 1n this case approximately
150 minutes, 214 hours

¥ mught add we have extended the glycine studses to humans i cold
exposure. Gubner (7) 1n 1947 gave a dose of 20 gm of ghyamne to

ghane dutiag cold exposure would increase heat production i man
Horvath Tt goes way back beyond Gubner
AT s o ' IR
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Cotmo No, this would not be a desirable feature There 1s some
work of Bernes (9) that shows 1f you take dogs down to about 20°C
and artificially masntain the heart rate at, say, 20, 30 ot 40 beats per
munute, this 1s the easiest way to fibrillate the dogs

Ferrer How about further down where you might be interested?
Would 1t be of any benefit to the circulation further down to heep the
anmals at 12 per mimute?

Cormo 1 think you ate gong to be taxing the heatt 1f you mncrease
the heart rate over and above its own spontaneous rate Just 12 per
minute may not be bad, 1f you go from sts own rate of 5 per minute up
to 20 per minute, you are overtaxing

Ferrer I wonder 1f you have any wish 1n the dog expenments to
controf externally the rate of impulse formation Such a thing 15 avail
able through the external pacemaker as you know This 15 2 possible
additional variable that you might wish to add some time

Cotno 1 am not sure what the logic 1s behind this  Ate you think
mg of trying to reduce the temperature further, ot to maintain 1t at a
steady rate

Terrer Reduce the temperature further but matntain the animals at
the same heart rate

Cotmo This 1s an mteresting approach My own feeling 1s you are
Boing to run into greater frequency of fibnitlation, 1f you attempt this

Burton  We have evidence to the contrary, even at fower temperature
than this, we do not have evidence that the circulation, small as it 1s,
1s mnadequate  Evtdently anoxia of the tissues 1s not a factor So I dont
quite see why you would hope, by increasing the heact rate and sncreas
tng the carculation, to have any better results

Cottno 1agree I think most of the evidence ts Just the oppostte
The arculation 1s quite adequate at fow temperature and low heart
fates

Fremont Smith However, then you argue the other way Perhaps
you should slow the heart rate, which would be beneficial It would
scem to me the question that has been rassed of expenimentally moving
the heart rate in one direction or the other and seesng what ths did 1s
a perfectly valid approach

Cormo This has been done in certan cases It depends upon what
you are seehing the low temperature for If you just want 1t for cardiac
Cienar T © PIN PR I e

means of surface caoling, and if you dont have heant rate, this 1s
extremelv diffienlt ta de
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HUMAN ACCLIMATIZATION TO COLD

KAARE RODAHL*
Arctic Aeromedscal Laboratory
4 Awr Force Base, Alaska

‘THL DIFFERENT ASPECTS of human acclimatization to cold are of par
trcular interest to us here who are concerned with the study of factors
affecting the health and combat efficiency of mlitary personnel 1n arctic
fields of operations

In view of the changing concepts of Aur Torce global strategy, we
fmay expect to see an increase 1o the Asr Force arctic endearor This will
place gredter emphasts on the human factors Expenence has shown in
arctic operations that success or fatlure 1} depend upon human fagtors
n general, and human tolerance to cold exposuse mn particular

For the accomplishment of the mission, this Jaboratery has five func-
tional departments engaged 1n active research 1n the fields of environ
mental medicine, human and comparative phystology, biochemustry,
psychology and human engmeering and finally, a department which
serves the function of transferning the research acqutred facts and prn
aiples 1nto stems or techniques tmmediately useful to the Air Force
Our intramural research and develop rOZram 15 aug d by
unversity research contracts and consultant service

Under the general heading of environmental physiology, we have
Vatious teams working on different aspects of coid weather physiology,
including human acclimatization to cold  We are also concerned with
the field thermal bafance studses, under a great vanety of conditions,
including vanations 10 heat production, and the different avenues of
heat Joss, etc We are also concerned with the endocrine functions and
changes in pertpheral circulation and, indeed, the sigmificance of physical
fitness 1n cold tolerance and the actual energy cost of \arious activities
under different arctic conditsons

In addition to our program here, smular studses are pow In progress
n the Antarcttc where we have a small field laboratory established for
this purpose ‘The unique feature of this setup 15 that we have access to

*Present address Dicector of Research Lankensu Mncpsta) Phatadelphia Pa
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achieve conservation of body heat by effective vasoconstriction, 1 add:
tion to tecerving heat from the small fires which are surrounding them
while sleeping This 15 something we will come back to later

I should like to pont out that it 1s quite concervable that therr ability
to tolerate reduced skin and body temperatures may be the result of
accustomization to ths kind of hife

I may add that duning my recent tup to the South I was able to
gather further information from a Mr Dalton,* who spent many
months with these people Apparently they ate still ltving there under
extremely primttive conditions, toaming around the McDouald Moun
tains 1 the interior, not in the mountais themselves but 1n the valleys
where the climate 1s rather warm and dry during the day and cold at
night They are extremely primittve weanng no clothing whatsoever
and having o modetn utenstls or tools o weapons of any kind  They
use the boomerang to kill whatever they can They are skinny and
tall At night they sleep nude on the ground, unprotected The only
thing they do 15 to construct what they call 2 pva sra - They ot down
branches and lean them up against the trunk of the trees Under this
they sleep, huddled together Itke animals In the entrance, they usually
have a sma oo
of course
vented by R
fusther the situation of these people with more modern equipment

Ishould also point out that many of the earlier travelers among primt
tave tribes such as the Chukchis in Stberta describe superior endurance
to cold exposure 1 these tribes (5) Many of these descriptions may be
musleading stace often the observer humself was seated wactively on a
sled, sery well clothed but thoroughly chilled 1n the course of a day
This chilled observer would observe the natives running around hightly
clad and workung with bare hands in the cold faling to reall}e (‘h::t

ESkHno 1ves UNGer tropial UL SUDLUPIAL wwi s vy v e =
quoted the Eskumo ts generally speakung considered to be subject to
considerable cold exposute It would therefore be reasonable to assume
that, 1t any modification or any change would occur, you would expc‘ft
to find some change tn these people who have survived successtully
along the shotes of the Arctic Ocean for thousands of years

Since none of the other pnmitive tribes ts available to us here tn
this area for study we have focused our attention on the Alaskan
Eskumo This will then be the subject for my discussion from pow ot

*Dalton R Personal commumcation Melbourne Australiz 1957
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1 should like, for the purpose of this discussion, to compare our find
ings 1 the Eskimo with the rat exposed to 5°C, and with w hite con-
trols, where possibie

In most rat experiments, the animals have been exposed to environ-
mental temperatures of around 5°C,, and 1f kept there for 4 to 6 weeks,
1t1s generally agreed that the following changes occur (7,8)  There 1s
a mathed increase 1n metabolism, up to several times that of the basal
fevel, and about 60 to 100 per cent ncrease i food intake There 1s an
increase in cellular metabolism and increased vasculatzation of muscle

R 1 [ ) ' v

But the most outstanding feature appears to be that the acclimattzed
rat has the ability to maintain a high level of metabolism, and that the
unacclimatized rat does not have this ability and, consequently, 15 unable
to sutvnve

Trazell What were the changes i the ascorbic aad requirement?

Rodahl Increased requirements There 15 an mitial reduction 1n
ascorbic acid content of organs 1n cold exposed rats the ascorbic acid
excretion 1o the unne 15 tncreased  Additional ascotbic acd 1n the diet
increases resistance to cold in anumals (8) Isn't that at?

Travell 'That 1s what 1 was asking

Rodabl "We will come back to the ascorbic acid requurement 1n the
Eshimo later, 1f you wish

Tremont Smuth Rats make their own ascorbic actd

Rodabl Indeed Let us consider the environmental exposure first
It 15 quite obvious that a rat exposed to 5°C 15 probably far more
severely exposed than any of the primutive tribes mentioned so far For,
according to available figures, a comparabl m man would
teality mean the exposure of nude subjects to temperatuces roughly,
3 10 10°C or slightly higher, continuously for several weeks

In the Australian aborig exXpo! to temp of this level
takes place only for short pentods of time and rather ircegularly These
people can £0 to sleep, hnowing that the sun wilf nse and warm them
up 1n the morning It approaches the situation of some of Dr Hoch s
hlbemaung ammals The Eshtmo s clothing has a clo value of 7 to 14
clos, which 15 ceztainly adequate for mantaming thermal balance under

all conditions encountered The fact must also be taken into account
that the Fal mn ¢ asell = 2 ¢~ oL in | nns that he hae na hacinecs
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sleeping and less than 4 clos while active at —40°C This can b
achieved by one to two layers of cartbou fur (. 8,10)

Fremont Smuth Wil you tell us what a clo unit 1s?

Rodabl 1 will ask Dr Burton to define the clo unit

Burton It 15 defined 1n terms of the amount of clothing msulatior
required to keep a man indefinitely at about 70°F with 2 resting metabo
lism This corresponds very much with what people wear, eg, ¢
business sut A light overcoat adds an additional clo uat An Arctic
uniform 1s perhaps 6 or 7 clo units

Rodahl I the case of the arctic uniform or flymng clothing, the
total clo value 15 slightly less than 4 clos, i fact, 1t may be 3 5 clos, the
way most people dress This, according to Dr Burton (8), would be
adequate to protect a man down to —40°F , for practical purposes
Environmental conditions lower than this in the central part of Alaska,
where we have little wind, with temperatures lower than —40°F occur
less than Z days 1n the month of January Here we are able to equip
a man with what he needs, and tf the temperature should go down to
lower than —40°F , he would have to exercise  Here 15 where physteal
fitness comes 1 This, of course, 15 the principle for our walk around
sleeping bag  If the temperature 15 lower than the figures we mentioned,
the survivor will have to get up and exercise By surronading himself
with a sleeping bag where he can put hs feet out through a hole n the
bottom, he can preserve his layers of warm air next to hus body for 2
longer period of time

The sigmificance of heat loss by radwtion 1n clear arctic mghts has
been ponted out by Hardy and Stoll (11) on the basis of wotk done
here 1n arctic Alaska ‘They find by taking into conssderatton the heat
loss by long wave radiation to the night sky, that the exposure may be
constderably more severe than the ambient temperature would indscate

Also, exposure of the face to convective heat radiation lass amounts
to probably less than 10 per cent of the total metabolism in most
1nstances, 1f st 15 assumed that the area 15 about 300 em® The long wave
radiaton under these conditions wauld be, roughly, 0 408 cal Jem */min
at a maximurn

The Eskimo s face 15 surely exposed to rather extreme cold for pro
longed pertods of time This 15 something that escaped our attention
We talk about the fingers and the hands, bat they are usuafly pratected,
the face 15 not

The added heat loss through the exchange of respiratory ait i man
exposed to cold 1s not of great tmportance Webb (12) has shown :1“
Alaska that the difference in respratory heat loss betw een 2 man stan
1ng at 0° and —40°F 1s of the order of 3 calones
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Stnce 1t 15 quite essenttal to know exactly the magntude and the
duration of the environmental exposure the effect of which we are
measuring physiologically we have collected data from time to time

over the last 6 or 7 years p to the 1 exp of
the Alaskan Eskimo
v on o - [P Y
5 ;

N

roughly 70°F  The night temperature agan varses considerably de
peading on the construction of the house and how much fuel the inhabi
tants have As a rule the stoves are let to dre out at night The mean
here 15 50°F  So there 1s a difference of 20 degrees between day and
night temperatures In most whites houses 1n Alasha the temperature
1s the same day and night

We should emphasize that in periods of bad weather the Eskimo
does not spend much time outside unless he 1s caught 1n bad weather
We found as 2 rule his daily outdoor activity often amounts to less
than one hour He will only get out to collect wood ice and so forth

Horiatl  Tell us which 1s the coldest environment out of curiosity

Rodabl As a rule we can put 1t this way on the coast there 15 2
combination of wind and temperature The temperatures very rarely go
down to —40°T  but the average wind speed on the Arctic Coast for
mstance at Wainwright Pownt Hope and Barter Island 15 over 4 mules
an hour 90 per cent of the time So there 15 the combination of wind
chill and cold

In the interior the same thing apphies to the Anahtuvuk Pass m the
Brooks Range Gambell St Lawrence Island agam 1s windy and cold
but temperatures seldom go below —40°F

Kark” Do Eskimos ever change therr dwellings?

Rodahi Yes very often As a matter of fact we notice the change
from year to year When I arrived at Anaktuvul Pass in 1951 they
were living 1n shin tents  Now they are all Ising in sod houses The
Gambell Eshimos all live 1 wooden houses This change was snteo
duced 1n 1910 At Point Hope and Waimnwright they are still living
1n houses of dnftwood and sod In any case the houses offer good
protection from heat loss

In fair weather the daily amount of actrvity outside 1n the summer
amounts to 5 to 9 hours on an average for our Eskimos We arrived at
this on the bists of ttme activity data when we were following the acin
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TABLE X

Temperatures in Different Eshimo Houses During

Various Seasons of the Year

Location

Type of Dwelling

Temperature (of)

Night ‘ Dy

Anaktuvuk Pass
Summer
Wiater

Barter Island
Summer
Winter

Wanwright

Summer

Point Hope
Sumer
Winter

Kotzebue

Summer

Winter

Napaiskak
Winter

Gambell

Summet
Winter

Tent
Sod

Sod covered, wood
Sod covered, wood

Wood

Sod covered, wood

Wood
Tent
Wood
Tent

Sod covered, wood

Wood
Wood

63 (50t0 72) | 75 (65 t0 85)
35 (30t 40) | 68 (60 to 90)

40 (20to 55) | 59 (3810 73)
4p (10to 50) | 60 (35t 75)

48( — )|69(58t079)

63 (48ta73) | 68 (57t0 79)
29 (10t0 63) | 62 (37t0 76)

65 (60t 70) | 72 (68 t092)
55 (48 t0 65) | 80 (50 to 104)
65 (50t0 70) | 80 (55to95§
45 (20 to 60) | 70 (50098

42 ( 0to75) | 72 (60to 85)

60 (450 75) | 70 (60t 105)
55 (20t0 65) | 70 (5010 90)
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FiGURE 51 Skin tent at Anaktuvuk Pass

Pass, constructed over a frame of willow and covered with about 21
undyed canbou skins The door 1s usually of bearskin or canbou This
<an be taken down and moved from place to place The sequence of
events in the recent development 15 that when the Eskimos got a post
office they stasted to become more stationaty, and then they switched to
mote permanent dwellings (Figure 53)

”F‘%u" 54 shows typscal Gambell houses This 1s on St Lawrence
stan,

In the early days the Eshimos lived 1n a dome shaped tent made of
several fayers of walrus shin Then 1n the spring they moved out of
this, opened it, aired 1t, and cleaned 1t while living in the summer tent
next door They then moved bach into the skin tent for the winter
Now we have given them wooden houses where they accumulate the
ditt and filth from year to year  They only use one room anyway The
fest 15 for washing machuaes they can t use

At Thule, Northw est Greenland, the Eshimos hive 1n houses of wood
and sod  One of the houses was nothing but a glider plane During a
storm the glider had been blown away from the air base  The Eshimos
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Foure 54 Esk mo house at Gambell

2 L) s sscismomanih
Figure 55 Dogd er
ho had found t on the ce had hauled t n to the vllage They

havea greatab 14y to adapt themselves to environment and use mater als
that ate ava lable
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FiGurE 53 Log house at Ansktuvuk Pass
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[icure 34 Eskimo fouse 2t Gambell
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Ticurs 33 DOB dnver

who had found 1t o9 the ke had hauled 1w © the village Tl
Tave g preat abihity to 2dTpt themselves t© e tconment and use mater
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We pointed out that the Eshimos have great stamina and that when
exposed they are rather active  Figure 55 shows a typical dog drwver
and the way he runs belind the sled for hour after hour He runs at a
moderate pace so that he does not exhaust lumself He mamtans
thermal balance and that 15 all But his face 1s exposed (Figure 56)

The same thing 1s true for the women (Tigures 57 58)  When fish
ing they have two sticks by which they can Jower the line or bring st
up without touching the line with the hands They wear muteas but
the face ts always exposed

Carlsonr Could you tefl us what the temperatuse might be where the
woman is? She 15 wearing only ordinary gloves

Rodahl This 1s charactensic The Eskimos when out working use
cotton gloves They are quite adequate as long as you are active

F16ugs 56, Eshamo face



Human Acchimatization to Cold 189

~oh I3 W N
ST T S T Sl QA S,
FiGURE 57 Eskimo girls 2t Anaktuvuk Pass

e S5

v

Carlson  She 1s just sitting there

Rodubl Yes, but she 1s dressed n cartbou fur  All she has to do 1s
to pull her hands mside her sleeves, and they do this often She does
not stay there very long, an hour or two, and then goes back to the house
When they sit for 2 long time on the sled, I have seen the Thule Eskimos
use polar bear muttens 1n which they put the whole hand, and they also
have extra mukluks which they put on on top of those they normally
wear, so they can sit there almost indefinttely, very well protected

Figure 59 shows the old Jajok at Kotzebue, who 1s 83 years old
Again, he 15 wearing fur clothing and he uses the cotton mittens, but
his face 15 exposed

Blarr Isn t that a fantastic age for the Eshimo?

Rodabl Not really I would say the Eshimos who survine infantile
mortality and childhood tuberculosts, etc often live to get that old
Of course, acctdents take a lot of lives, too When they get that old,
they dont do much  So, the chance of dymg 1n an acudent 15 not very
Breat

Frgure 60 shows the famous old Ootzh who marched with Robert
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FiGURE 58 Eshimo woman fishing

Peary to the North Pole 1n 1909 He died about a year ago, but whea I
took this picture 1 Thule Northwest Greenland, he was very much
alive indeed He was eighty some years old He 15 covered in fur but
his face 15 exposed completely

In summary, we my say that it 1s hardly justifiable to compare the
Eskamo 1n lus normal environment with the rat exposed to a temperature
of 5°C  When speaking about general acclimatezation to cold If we
want to compare the two we will etther have to expose the rat to more
moderate temperatures or the Eskuno to more severe temperatures

Whereas the rat exposed to a temperature of 5°C has to more thant
double sts metabolic rate to survive, we hase no evidence that the
metabolic rate of the Eshimo exposed to the outdoors s materrally
increased

Carlson 1 once cheched Dr Horvath's rat data wath 4 or 5 clos at
—40°F and the skin temperatures approxmate those of a man at
10°F So, I wonder 1f the temperatures you have on these people sttting
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FIGURE 59 Jajok at Kotzebue
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on the ice really yustify your saying they are completely protected by
the carbou shins Four clo units would requize considerable activity at
—40°F to heep the person warm Do you know anything about the
temperatute distsbution 1n the Eskimo while he 15 out on the ice fishing
for example?

Rodafl  When actually exposed to such temperatures the Eskimos
would have at [east two layers of canbou W e feel from data by Burton
{8) and others (10) that this would amount to at least 12 clos

Fremont Smuh You actuafly have skin temperature measurements
of such Eshimos?

Rolaht Not sitting but Dr Rennie* did some work on an Eshimo
walling on a hard prcked snow surface His encroy expenditure was
115 cal /m */hour

Hortath At —10 T a man can shed down to hts underwear and

*Renne D X Personal commun aton 1933
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TiGuRE 60 Ootah at Thule

still be very comfortable at that metabolic level 1 dont see the com
pamson  This Eskimo is wearing most of hus clothing, although he
probably ventilated It 15 even possible to walk about practically 1n
the nude at —40°F and get along perfectly well

Rodabl The Eskimo sets a pace which 1s just enough to keep him
warm  Turthermore, his clothing offers excellent msulation, so that he
can setain whatever warmth he has, if needed Actually, if you take
the figures published for the clo value of carbou fur (10), assuming the
Eskumno has up to three inches of 1t on him, this would amount to about

12 clos
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Burton 1am astomshed that 1t can be that fugh, but { can well believe
1t We find, with our design of military clothing, when we get up to
G ot 7 clos, the man s mobility 15 so much affected we cant go higher
1 have no doubt that the Eskimo, with his expersence, has solved the
problem of clothing design, so that he could possibly get 12 clos and
stsll be mobile

Rodahi “Thus s the potnt f you accept the clo value for catsbou fur
on the basts of the data of Scholander, Walters, Hock, and 1rving (10),
and if you double that by two layers of canbou fur, which the Eshmos
cestainly have when exposed, you get 12 clos Normally, the Eshimos
will have one parr of wner pants of canbou and one pair of outer
pants of canbou The fur stde of the wnet pants faces 1n and the fur
sude of the outer pants faces out When Eskumos st on the sled, they
sometimes have in addition to their shin socks and fur mukfuhs, extra
mukluks to put on

Horath In the early days of the war, before we began to be milt
tarized in our type of clothing, we did try to simulate the Eshimo type of
clothing  We wore the relatively thick pile, about one inch, and two
tayers, with one piie layer instde and one outside [t was ratber unwieldy
and bulky, no one Itked 1, but 1t was certamnly an efficient type of
clottung

Buston Axery good rule of reckonmg is that the best type of clathng
kas 4 clos per tach 1 can well beltese that the Lshimo woman shown
fishang, m Tigure 58, had as much as 3 inches of fur msulation between
herand the skin That would be 12 clos

Rodabl Yes

Burton  The mulitary don t seem to find they can wear that asount
and perform milstary duties

Rodabl The problem 15 that there 1snt enough canbou fur to go
around  Also, there 1s the problem of cleanmg and there 15 the problem
of molting  Fur fiying around in an airplane might get i the engune
In Greenland I got canbou hair inside my watch®

Our hope 15 to develop artificial material which will be equal to
canibou fut in insulation value and practicabilaty In addition, we should
fearn from the Eskimo tus princsples for clothing design In the first
place, be has these few layers When he gets nto the bouse he can
take off one layer and he s comfortable If he has to go out in 2 hurry,

he only has to put on one layer, and he 1s ready Whereas our saldier,
[ 3. ed L L Limis haem A€ Aahna an oha floor

" - . e total
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.- . . » much
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himself 1t 15 a tremendous load Anything that can be done to 1m
prove this siuation would certamnly be beneficial

Irtimg  Dr Rodahl implied the ntcety of fit 1n the Eskimo clothing
which comes both from the orignal construction, taslonng and destga
and, also, from the constant improvisation and adjustment that the per
son himself applies to 1t

One difference m the way the Eshimo and the muitary man wear
these clothes can be illustrated by an expertence I had as we were walk
ing over to mess 1 spoke to Dr Whaley but he didn t hear me because
he had hus patka up over his face When he turned around to speak to
me, his head turned but his parka didnt We were not 10 a very good
state of communicatton there for a while The Eskima has his parka so
fitted that, when he turns hus head, he can still see  With just a few,
to me yet tncomprehensible flips he can throw the whole thing back
from his face and have his entire head cleared He can stick ont hus
arms, or can pull them back n

The fabric, the fur substance stself, too, 1n contrast with our rather
stiff equipment, drapes close to the body So when he sits he 15 really,
genuwnely sealed at all pomts He can reduce hs bulk considerably
while practically increasing the effectiveness of the thickness of hus
snsulation

All those are tricks, which I am very glad to hear Dr Rodah! s
emphastzing, we must seacch out ta the Eskimo clothing at least for an
understanding of how to get around in the Arctic

Hortath That 1snt the problem That was already searched for
bach about 1942, Dr Irving That kind of equtpment 1s not considered
practicaf for military use  We stacted qut with that concept way back at
that time We were worktng on that kind of clothing, made of pile and
gradually developed this more complex and rather unwieldy thing
However, we statted off with the cotrect basic :dea We know the 1m
postance of this but we just do not have any way of implementing for
the service of the military

Blasr - Of course, the big difference 1n the whole concept of clothing
as applied to the Eskimo and to the military man i the Arctec 15 that
the soldier must adjust hus clothing for different types of tasks m differ

d

ts, whereas the Eskimo puts on a set of cloting an

ent environments, whert Eskn Lf” S o 3 st O g o
sugh
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35 not sufficiently well known Returning to Colonel Blairs remarks, 1
may add that the Eskimo has a fitted umform, not just an sssue The mils
tary man gets something that 1s given to him, and that 151t On the other
haad, the Eshamo s clothing 15 tailor made  His hood fits exactly around
fus face, but his face 1s exposed He will also wear this same clothing
winter and summer Furthermore, he bas the perfect fit Dr Irving
described  In addition, Eskumos can withdraw their atms, if they want to
do something else In this one Limited gasment they have the abulity 1o
adyust for heat loss
Also, the Eshimo clotiung has one advantage which 15 often over-
{ooked by the physiofogist, 1t keeps the skin clean ‘The canibou rubs
the skin continuously, and removes the dity surface epidermus as st
peals off
Hortath We appreaate that but it ts impartant to keep i mind
the fact that the people of our nation have been brought up on the con-
cept that a layer of underwear aganst thete shin 15 necessary, othernise
they are never clean
Burton Tor Dr Horvath s protection, as well as mine, I should hike
to say that the decsion that the features of Eshimo clothing were not
adaptable for miary use was not that of the screntist but of the miltary
eople
F Rr;dabl My remath apphied i general  Maay fundamental prnciples
may have been uncovered without Raving been generally recogmized In
addition to that, Dr Burton s remark 1s of extreme importance It 13
the scientist s job also to educate the military 1n some cases
Tafbott  One of the things we did appreciate was the Estimo cloth
ing The arctic clothing we started out to use in 1940 and 1941 and
abandoned by 1943 was only partially successful 1n providing protection
and mobilty  We had protection wath the arctic clothing and we had
mobilaty of we didn t take full advantage of it but we just couldn t get
the combmnatron of full protection and full mobility or sealty carry on
4 combat operation and perform all the necessary operations that the
mifitary wanted us to wath that type of clothing
Fremont Smuh  Can the Eslamo do all that the mebitary want? Do
they have malitary mobility or only Eslamo mobility, which might be
different?
Talboyt Al they have 1s Eshimo mobibity
Barion Dr Tatbott s temark ts to the pownt It 15 a question of not
only having the equipment, hasing the style of dofhing, but knowing
how tause st This ¢s somethung thiat the Eshimo hnows, and, apparently,
it 15 very difficult to teach to hundreds of thousands of G 1 s
Tatbott  Impossible, probably
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Blarr  The instruments and tools used by the Eshimo have been
developed over centurtes for use with his muttens and type of clothing
whereas military equipment being used 15 not adaptable to that particu
lar type of clothing "We either must adapt the man o use his equip
ment in the Arctic or we must adapt all equipment to Eskimo type cloth
mg It 1s much simpler to adapt the man

Fremont Smuth Let us put it thts sharply The Eskimo clothing
which 1s wonderful for hun really would not make st possible for him to
perform the multtary needs 1n terms of mobility If this 15 true 1t
changes the situation If 1t 1sn t true we ought to be able to use Eskimo
clothing

Horvath Yout statement would be all ight of you substitute the word

maybe for really

Kark The problem 15 not that 1t 15 imposstble to teach G s to use
Eskimo clothing but that there 15 no time or opportuntty It takes a
long time for them to learn This must be done over a fong period of
time and the whole army must be taught

Fremons Smath  Does the Eskimo have mulitary mobibity? Jt seems
to me this 1s the first question we have to settle 1f we know this we
have a base from which to move

At the present tme we have been discussing this on two levels
first that the Eskimo 15 perfectly equipped to do anything he wants
to and therefore we should be able to use his clothing and secon
that the Eskimo cant Which 15 1t?

Rodahl May I say this to help strasghten out some mtsconception
Frrst 1snt st fair to consider the clothing as pact of the weapons sys
tem? Man has to have the clothing as a part of humself Second we
all agree 1t 1sn t practical for the soldier to use the Eskimo fur clothing
That'ss J think settled But the prnciples and some of the things we
can learn from studying the clothing would be applicable

What we hope to find 1n the future 15 artificial matertal whch 15
equal to the fur in 1nsulation value and practicabutty so that these are

two layers of clothtng which would give these clos and so that we can
take off ane layec when warm and put on the other one when cold 1
think that would solve the prablem

1 may 2dd that the Eskimo would probably be useful 1n certain kinds
of arctic patrols because of his superior ability to operate n the cold
In arctic warfare the outcome depends on the indtvidual soldier He
who can operate at one degree colder than the enemy can sneak 1 and
catch hum helplessly trapped i the sleepng bag

Horiath Let me go back into 2 bivalent personality Actually 'fl
becomes somewhat difficult to operate 2 tank or a plane 1n the hind 0
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and let hum try to drnve it around, the fur gets into everything

Rod.bl This problem brought up by Dr Burton 15 essential It 1s
a question of cultination Just 35 you have to cultnate 2 rose, cultnvate
the ground and allow the plant to adjust stself to the environment, so
you have to cultivate those who are to operate 1n the Arctic It 15 2 com
bination of equipment and know how, diet, shall, etc It 1s niot suffiaent
simply to grve a soldier the best equipment, because 1t 15 going to be
useless unless he has the capability of applying st fully It 1s 2 complex
siruation where the whole man s knowledge, s shall his abaty, s
phrsical fitness, etc , must be considered

I suggest the mntroduction of the word cultnaton  rather than
‘acchmatization  because according to the dictionary  cultivation
means to caltn ate, to improve or deelop by study, exeruise, of trmnng

Curre 1 have discussed at length with Srefinsson this question of
arctic clothing 1 have a recent letter i which he summarized his prob-
fems 10 trying since 1919 to get the Amencan forces to adapt the
Eslimo design and speafically he made recommendanons in 1940
He gave me three pages of the difficulties he ran nto while trying to
put these 1deas across [ should like to gne you his conclusion He said
that even these were not his most serious handicaps  His worst hurdle
was mental The human mnd 15 baffled by simpliaity

Meeban The Quartermaster Cotps has an adsisory board on environ
mental protection. I 2m on a subcommuttee of this board, concerned
with hand protection and hand wear m cold Recently, a symposium
wa2s held on the subject at Natich.  The one conclusion from the sym
postum which 1 think 1s unportant to pornt out 15 this  that the clothing
15 only part of the military man's total equipment and has to be inte
grated with all of the equipment that be has to handle or deal with
durng his normal actrities For example, such things as the type of
material that 1s used m a gunstock and m the tngger mav affect appre
aably the amount of heat loss that he w1l expenence from his hand,
when he 15 actually mampulating this equipment i the cold

Rae ~t ot .1

Al tace wie soidier  Much can be done n the design of mibitary
equipment as far as hand wear 1s concemned, by using matenals, for
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Blarr - The mstruments and tools used by the Eshimo have been
developed over centunies for use with his mutfens and type of clothing
whereas military equipment betng used 15 not adaptable to that partice
lar type of clothing "We either must adapt the man to use his equy
ment 1 the Arctic or we must adapt all equipment to Eshimo type clotg
mg It 1s much simpler to adapt the man

Fremont Smth  Let us put st this sharply The Eskimo clothing
which 1s wonderful for hin really would not make 1t possible for him to
perform the military needs 1 terms of mobility I this 15 true 1t
changes the sttuation  If 1t 1sn t true we ought to be able to use Eskimo
clothing

Horiath Your statement would be all right sf you substttute the word

maybe for really

Kark  The problem 15 not that 1t 1s inpossible to teach G1 s to use
Eshimo clothing but that there 15 no time or oppottumty It takes a
long tume for them to learn This must be done aver a long pertod of
time and the whale army must be taught

Fremont Smuth  Does the Eskimo have military mobility? It seems
to me ths 1s the fist questian we have to settle If we know this we
have 2 base from which to move

At the present ttme we have been discussing this on two levels
furst that the Eskamo 15 perfectly equipped to do anything he wants
to and therefore we should be able to use his clothing aad second
that the Eskimo cant Which 1s 1t?

Rodabl May 1 say thts to help straighten out some misconception

Furst 1snt st faus to consider the clothing as part of the weapons sys
£rnf Qagnd we

clothing

things we

can learn from studyng the clothing would be applicable

What we hope to find 1n the future 1s arteficial materral which 15
equal to the fur 1n msulation value and practicabihity so that there are
two layers of clothing which would give these clos and so that we can
take off one layer when warm and put on the other one when cold 1
think that would solve the problem

I may add that the Eshsmo would probably be useful 1n certan kinds
of arctic patrols because of his superior ability to operate in the coll
In arctic watfase the outcome depends on the individual soldier He
who can operate at one degtee colder than the enemy can sncah 1 and
catch hum helplessly trapped 1n the sleeping bag

Hortath Let me go back into a bwvalent personality Actually st
becomes somewhat difficult to operate a tank or a plane m the kind of
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dothmq that the Eskimo has There 45 A step 1n between, Which 55 cer
famly w pay weare really try B L0 get thar Intermedsage Stage where we
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example, that have low heat capacity and low heat conductrvty, such
that the man 15 not gong to mcur great cooling 1 his hand by having
an article that will conduct a fatr amount of heat away from hts hands

The prospects of improving greatly, from the technical standpoint
the materals that we have for insulation, espectally as applied to the
hands, are not too great in the near future The practical solution 35
going to come probably from compromise between the application of
materials that we esther have or can foresee, and, at the same time,
interest the engineers that desiga the equipment that the milttary man
would use, 1n giving consideration to the operational requirement of
these things a little more carefully

Horeath One of the things that impressed me most at Fort Churchult
(Third Conference . c Lo ko the
Eskimo of the load:
between the way he
G1 did st was stupendous I think one of the comments Dr Kodant
made about accustomization 1s really a great part of this

Fremont Smath  Did he load 1t very well or badly?

Horrath Very well

Rodahl This discussion brought out the need of another confetence
on clothing

Irtmg  Dr Rodahl stands as an mdwidual defending the ments of
the Eskimo clothing and the methods for its use Perhaps 1f he will
constitute a commuttee of one, he could better present and further carry
out the study of the genune ments and qualities of Eskuno clothing
and the ways 1n which tt 15 used

Rodab! We have available here the matersal, the people, and finally
also the mstramentation that 1s needed for such studies

Irvmg  You might very well have turned the argument mn 2 quite
different direction had you asked, 10 reply to these questions ilustrating
the mfenor quality of Eskimo equipment and certain multtacy n€c€K5
sittes, Is our solduer able to operate under arctic conditions? Is he able
to move or exist with anywhere near the capability that the Eshimo
even at present possesses?

Rodaki No doubt about 1t e are

Irumg That 1s, for all the ments of clothing which you P&Pbe! 3:0
nghtly « =¢ and still unable
m(}g:d‘; sponent probably
1s worse off than we are and, on top ot that, we aru t $0 padly off at
this moment, depending on what you want our soldsers to do 1l take

We pointed out that our arctic uniform or flying clothing wi






200 Cold Injury

Here we had troops that had been tramned for 2 yeass and yet had not
achteved the bastc principles  In cantrast to this we have seen men who
have achieved quite adequate standards as skt troops tn the course of
one winter

[ would say that 1f you wete really seriously focusing your attention
on what we used to think of as an atctic winter warfare unit, you could
probably achieve all this 1 one year

During the last war, 1 was sk instractor and winter warfate mstroctor
for the 52nd Highland Division which was composed of little Scotsmen
with great courage They did very well

Currie 1 would go one pomt further, in one category We have
some air crews equipped with expertmental clothing that has been de
signed and fabricated here It looks very crude, however, we have tried
to incorporate in this clothing some of the principles that we have
known about, and to adopt these prnciples of msulation and design
from the Eskimo garment These pilots can wear this garment, and
0o training 15 required to use 1t In suiting up for scramble, we can get
them out 1n about the same time, or about one mimute earlier Also,
they are more comfortable while i the alert toom because of the design
of this clothing which keeps them from being wet with petspiration
when they get 1n the cockpt of thetr aurcraft, thus 1s a very important
factor
Fremont Smuth  Why 1sn t the alett room here at Ladd kept cool?
Curme There are people there who have to work with thesr hands

and others who are suited up
Fremont Snuth It was so hot that anyone would be uncomfortable

1n his ordwmary clothing

Currze In the alert room downstairs where the crew chiefs are, there
are people who have to work outside and that room ts cold The prots
go nght from that alert room and get mto the warm cockptt

Talbott Do you have an estimate of the clo value of the expenmental

clothing?

Cutrre We have not been able to estimate 1t, but the pilots prefer
1t to their notmal clothing

Talbott Do you think st 15 much more than 4 clos?

Currse ‘That 1s one thing we have to check

Kark May 1 talk to Dr Rodahls point? I think his point 1s very
well taken He 1 an expert on living tn the arctic and trainng a grovp
of untramed soldters to be comfortable m the cold 1 saw some of ks
troops when they were n Canada  They wete expert skiers and fived

1n the glacier ‘
How many men are there lthe Dr Rodahl to train our soldrers
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there 15 a sudden emergency? If for example the Army suddenly ex
pands to two mullion how many men will there be to train these troops?
The problem 1n wartime ts that you ate suddenly burdened with a large
number of men who hase to be taught bastc infantry maneuvers and
when you try to add to that the problems of learning to live mn the
arctic 1t becomes extremely difhcult

Hortath In the old Inca envihization where there was a high alutude
and a low altitude two separate and distinct armies were maintamned

Blarr W e have overloohed one very important point  The very fine
reports of Dr McCollum (14) from this laboratory show that motiva
tion and psychologic adaptation are very tmporttant  One of the first
things to be considered 15 proper psychologic adjustment of the man to
the Arctic Many boys particularly from Florida and other southern
states come here with a marhed innate fear of the cold Untsl you
alleviate this inborn fear you cannot teach them to use clothing skis
or any other Arctic equipment efficiently

Rodahl 'This 1s part of the whole cultivatton complex Dr Kark
the correct approach 15 obviously to establish an arctic Army skeleton
composed of perfectly tratned capable people who can immedately
PR T o — A L)

are willing to volunteer to such a unit I am afraid that the general
philosophy s now that all men ate althke and that they all should be
able to do these things equally well at short notice Obviously this 15 not
50

Fremont Smuth  In the Air Force the pilots are speaualists You dont
say that everyone has to be a pilot Therefore there 1s no reason why
the same principle can t apply and say that not everyone has to be an
arctic man but there are special asctic corps troops There should also
be tropical desert troops We already have this It 1s really an extenston
of the concept of specialization which has already been accepted with
bmitattons within the military It 1sn t 2 new kind of concept that we
are trying to mntroduce It should be possible to support this pormnt of
view that Dr Rodahl has made and somehow we should be able to
give some vigor to that

Meehan  The requirements between the Army and the Air Force
are somewhat different as the Awr Force has a much greater mobility
Their piots can be as you know in a warm environment at one
moment and very shortly 1n a cold enviconment

In the course of my normal activities 1 have had the opportunity to
consult with the local atrcraft industry 1n Los Angeles on some matters
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One of the major problems that 1s very practical to the arcraft destgner
1s getting pood, concrete 1nformation on the problems that we have dis
cussed here, so that basic 1deas can be incorporated n such areas as
cochptt design There 1s 4 lot of talk about this, but unless this informa
tion actually filtess back down into the hands of the people that ate
doing the most orgmnal design work, the soluttons to these problems
come only as 2 secondary matter, and they are never entrrely satisfactory
This 15 a real problem, and 1t 15 something that the Atc Force should
consider from a very practical standpont I am sure 1t also applies even
to the Army situation in the design of their own equpment
Horuath This all goes back to what Dr Fremont Smith said earher
It 1s 2 matter of communication A lot of mformation 15 avatlable
There are 1n this group at least a dozen men Who were concerned with
doing thss sort of thing dunng the war, who made a tremendous num
ber of contributions 1n that area, which I think could be well utilized
even at the present time These contributtons may be slightly out of
date, but I think the basic information 1s there  Somehow or other we
don t seem to be able to get this information back to the right people
Bebnke The problem 15 complex Let us forget the ground troops
The environment of the aviator 1s very rapdly changing compared with
that of the Eskimo  Also, 1 addition to the usual clothing, the avittor
has the oxygen breathing apparatus, the immersion suit, and other
protecttve equipment These has been too much emphasis on the posst
bility of getting; some kind of a smgle gasment that can be put on and
that would take care of all the rapidlv changing environmental condy
tions within a short time  The concept should be that there are different
types of equipment which, like the control panel board of the atrcraft
the aviator himself must adjust, put on, or take off, and these types of
equipment should enable hum to combat his personal environment It 15
not sumply a matter of a single suit of underwear to do the job
Meehan 'This 1s 2 difficult problem in the cockpat of the F 104
Currie This 15 a group that can contuibute 2 great deal to the solu
tion of Captan Behnke s and Colonel Blair s and our problem i the
futaze But we ate thinking here 1n terms of o stabtluzed warfare such
as we had tn World War Il When we think of destgn of clothing, and
when we think of the prot, let us think of the mulitary pecsonnel, Army,
Navy, and Asr Force, who mught be back m South Carolina or Flonda
or Minnesota who are highly mobile It may be the Army, 1t may be
the Navy, 1t mav be the Air Force But our concept, as General Exs{cn
hower has it planned, 15 a small defense organuation capable Dt_ba
sapid strike and rapid deployment of people back mn the Zone of the
Intertor  So Colonel Blate s men will get tnto an asrcraft and go wmto 2
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ge environment just as rapidly as our pilots do, because they will be
-~ aurplane with our pilots We have to think in tesms of the ground
s and the support troops One of the most important issues that
ome up 1 thes descussion 15 what Captamn Behnhe just saud, s,
an t design an all purpose um‘form ‘f'?r the n’:xlltn‘ry L.

aps have only one bomb With that bomb on the target, he has
his job ‘The operational capabtlsty 1s of foremost importance, the
val comes second
the case of arctic operations, we wilk have to constder the austere
itions under which some of the ground crews will have to operate
aft In the case of a major catastrophe in an all out campaign, you
have to ask more of the people who keep these airplanes flying 1n
s of endurance to cold, physical fitness, stamina, etc While clothing
wrement will change a high level of phystcal fitness 15 always gomng
> 2 basic need, and this 1s something all can do a great deal about
—to make these people physcally it to perform
ark 1 did want to talk about the terrible debacle m Attu 1n World
11, when hard trained desert troops were taken directly from the
fornia desert into the Aleuttan Islands to prevent the Japanese
ston of America Their casualties from frostbite and cold 1njury
* Just fantastic
remont Smith The casualties from neuroses were also fantastic
ik these were probably more fantastic than the ones from the
thite
lortath  That was due partly to the failure of communication to
the nght kind of equipment to these men
ark 1am pust pointing 1t out
fortath It certainly was a sad expersence
ehnke T think Dr Rodahl has some answers
odahl Isnt it true to say that i the technical aspect of arctic opera
s we really do not know many of the basic problems involved ? First
11, we do not know the environmental exposure to which the soldier
| be exposed, or expected to be exposed For mnstance, how often
uld you expect 2 man on the Arctic coast to run into a combination of
peratures and wind conditions of such and such a nature? We do
know this for all of Alaska, not to speak of some of the interior
t of the Polar Basin When we landed on T 3 1n 1952, for instance,
cold was far more severe than anything we expected  According to
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the charts avarlable, we expected 1t to be faurly moderate We were
almost freezing to death

We need data as to the environmental exposure, the degree and
duration of the exposure Finally, we need to hnow spectfically what
a man 15 supposed to do  Thus, of course, will then determine the cloth
ng requirement, dleta[y requirement, etc  So far, 1t seems to me no one
15 able to give us all these answers Isn't that correct?

Talbott You mean the temperature charts* of Paul Siple are not
adequate for this area?

Rodabl Thus 1s not simply a question of temperature and wind chill
We want to know how many hours or munutes of the day the tempera
ture 1s Likely to fall to —30°, —40° or —50°F , without wind or with
wind, in certam areas becanse this would then be the basis for setting
up the requirements for clothing and protection  For sstance, for the
central North Polar Basia we do not have the fignres We have a few
spots only

Burton 1 should ke to support Dr Rodahl I have tred to empha
size (8) that the meteorologic data, even where we have them, are not
1n the form we want They are not frequency data Moreover, we
do not want just frequency data of how often the temperature 15 at
such 2 level, but we want combined double frequency data with the
wind as well

During the war we had the absurdity of commttees laying down re
quirements for buillding, say, Arctic shelters, 1n which they said we must
provide for temperatures of 70°F below, with a 60 mile an hour wind
How often does one expertence a combination of 70°F below and 60
mile an hour wind? Probably never

Progress can be made however, because the British Navy, realizing
this pomnt have prepared charts for the whole of the North Atlantic,
with double frequency data It can be done, and 1t should be actwvated
for areas such as this

Rodabl What about radiatton?

Burton Radiation can be taken nto account We have the basic ways
1 which we can put these together to get the right answer for the stress
on the man, but we haven t the material to do 1t

Rodahl 1 was really more o less emphasizing what you sard n your
book The second thing we have agreed upon s that the Eshimo 15
seally fairly well protected to meet the range from mactivity to actwity,
from warm to cold temperatures

*Unpublished
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and summer, tn the diferent families, by weighung everything that they
ate, on separate plates, for about 5 days each time (15) We found that
the adult male Eshimo s average dady gross consumption of approxt-
mately 3,100 calortes was sufficrent to marntain the bady weight (Table
X1) There was marked vanation 1 caloric intake depending on food
avatlabihity

On the basis of ume-actnuty data, we estimated the dady calonc
expenditure to be roughly 2,700 calones throughout the year There
was no appeectable difference 1n the food ntake between winter and
summer These figures have been verified by more recent abservations
1n this laboratory by Dr Drury (16) who found a mean daily calonc
mtake of 3,000 caiortes i two different vﬂlngts

These figures are also in agreement with studies among Esktmos 1n
Greenland where the caloric wtake 1s 1 the order of 2,800 for adult
males (17} They are also in agreement with our studies among trappers
1 Greenland (18) where the average gross consumption per man
1aned from 3,300 o the summer to 2 100 n the auddle of the winter
In 2 group of miantry soldiers m Alasha the pross consumption of
calortes varied between 3,100 and 3,400 per man per day (Table XI1)

wiater clothing and the greater energy expenditure required by moving
through snow, etc  Qa the whole, these figures are no higher than those
reported for soldiets stationed in temperate chimate

Burch What was the per cent of the calonie intahe from fat?

Rodah!  The percentage of calortes furnished by protein far and
carbohydeate in the deet of the Amertcan troops tving here 1n Alaska
15 not significantly dsfferent from that reported tor United States troops
eating 2 garrson ration 1n temperate or tropical cimates (19) In
auermen, however, we find there 1s 20 mncrease ta the amount of calories
denved from fat ta the winter The Alaskan Eshumo diet is 2 high
protein fat diet, but the amazng thing ss that the amount of fat 1s not
vety much greater than that consumed by our soldiess and armen living
1 Alaska As a matter of fact, the mean percentage of calones from
fat i our whites here 15 37 5 per cent as agamst 35 to 41 per cent m
the Eskimo

Burch The reason 1 asked s that 1 remembered at Tort Churchill
{Thurd Conference on Cold Injury) the Canadian group reported at
least 60 per cent of the caloric mtake as fat

Talbotr Sixty erght per cent (20)

Burch  Maybe there ts a diffecence tn the dietary habuts between the
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Alaskan Eshimos and the Canadian Eshimos The dietary habit would
be on 2 cultural basis rather than on an environmental thermal one

Rodahl Don t you think that 1t depends i the first place on when
you examine the diet second 1t depends on whether you mean total
araount of fat or percentage of calonies furmshed from fat?

Burck 1 was refernng to their report  There may be a difference
between the Canadian Eshimo and the Alaskan Eshimo

Rodahbl Tt s hard to say

Burch I remember the report

Talbott Tt was a much higher percentage of fat

Rodakl Was it the amount of fat eaten or per cent of calories from
fat?

Burch  Percentage of calories from dietary fat

Rodabl The primitive Eshimo used to obtain about 50 per cent of
the calortes from fat and most of the rest from protein but I have not
known of any figure higher than that So 60 per cent of the calorses
from fat would surprise me a little  There 1s a tendency 1n the Alaskan
Eskimo for reduction 1n the fat intahe In many places 1t 1s quite
noticeable We sce the change from year to year

Talbosr Reduction decade by decade generation by generation?

Rodahl Less and less fat

Huldes Ts this being substituted by carbohydeate?

Rodabl Yes Incidentally Ihave noticed the Eskimos being refersed
toas fat or obese We find this 1s not true in the male Eskimo  Obesity
15 very rare in the male He 1s extremely muscular We observed ths
during routine physical exammation and during surface area measure
ments It has also been verified by subcutaneous or skinfold measure
ments by Elsner* 1n hus laboratory

It may be concluded then that contrary to condtions 1n the rat there
15 no evidence of increased food 1atake 1n our Eskimos which can be
attubuted to cold exposure or cold acchimatization  The reason 1s prob
ably that cur Esktmos are not exposed to such cold which would necess:
tate elevation of body metabolism which again would necessitate
creased food mtake

Carlson  Could 1t also be that the activity 15 enough winter or sum
mer so there 1s enough heat produced for what clothing they have> [
agree with you about not comparing them but 1f the rats are run every
day at 28°F they have 2 problem of heat disstpation If they are run
1 the cold room this 15 all to their benefit There would be the same
food consumption in the two groups

*Elsner R W Personal commun cat on (Arct ¢ Aeromed caj Laboratory Ladd A r Force
Base Alaska 1955)
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Rodabl ‘There 15 no question of the relationship between the two
As an example, the food intake of the arctic trapper 15 greatly reduced
in the meddle of the winter when he has to remain mside s cabin
because of long pertods of bad weather We found that his food watahe
went down to 2,000 calortes (18) 1In the early spang his actity 1s
greatly mcreased, and hus food 1ntake goes up Dusing the break up his
activities are again restricted, and his calonic intake 1s reduced

Kark  Are you gowng to gve us a breakdown of the kind of fiving
and activities of the infantrymen that you studied?

Rodahl Tt has been reported 1n a technical report (15) from here

Kark The pomnt | want to make 15 your values of 3,200 calores,
and 13 per cent of total calortes from protem are neasly the same 2s
those consumed by troops n the tropics dunng World War II How-
ever, the values for calortes consumed by soldiers 1n arctic regtons, re
ported by Johnson, myself, and others (21), are much higher I think
these need explanation They can be given I believe that the two
situations Dr Rodahl and Johnson and 1 studied were quite different
For one thing, the troops we studied did not have as good protective
clothing as the soldiers have now And also, the type of activity and
the exposure to cold were much more severe, I belteve, than the ones
reported here

For example, 1 the Musk Ox Expedition, fifty soldrers went from
Churchull to Fort Nelson during 3 months n mid winter, they never
had shelter except for a little while at Coppermine They wese always
1n the open, i the barren lands, with high wind velocity and depressed
temperatures They slept at night 1a the open, without any spectal kind
of shelter

Rodah! This 1s a very important point, of cousse In our case, we
were studying the soldsers as they were ltving and operating here, wh;ch
meant they were out every day mn temperatures even befow ~30 F
They were skung, they were taking part in tactical maneuvers and per
formed cross country travel They were served food by a ficld kichen
and we were out there among them weighing the food and so on
"These were the normal activatres of the troops we studied  As a matter
of mnterest, I may mention that Dr Rennie recently conducted an expert
ment n this laboratory with a group of awrmen engaged n very heavy

outdoor exercise They consumed 3,800 calortes daily on an :\ver:\%;
We have covered the ground, as far as the calonc intzhe m co
exposed man 1s concerned  Let us now constder the metabolic response
We pomnted out that 1n the rat there 1s a raptd and marked mcrjla:‘;
1n metabolism when exposed to 5°C It 15 well known that the ;0 C;'l
basal metabolism of the Eskimo 1s matkedly higher than that of whutes,
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when 1t 1s measured for the first time, 1n Eskumos living on the normal
dhet 1n their normal habitat

Several years ago we had the opportunity to study this problem in
great detaul, using four different Eshimo groups 1 menttoned this earlier
dueing the revtew of our nutritional study Over a pertod of 2 years we
made a total of 340 basal metabolism tests among 73 Eskimos of both
sexes, here 1n Alaska In agreement with previous workers, we found
that the basal bolism of the Eshimo d for the first time and
on his own dret, 15 significantly higher than that of whites

T +0 ~~ - emvof this higher metaboltsm

that the high protein diet

per cent elevation, due to

N . factors were eliminated,

the metabolism of the Eshimo was almost exactly the same as in white
controls (22,23)

In this study we used the standard technique The subjects were very
carefully selected on the basis of complete medical examination, to ex
clude any pathologtc conditions, and the fasting was rtgorously con
trolled We admutted the Eskimos to our quarters and had them sleep
there for the mght prior to the test, so we could be sure they were atl
under the same conditrons  In addition, we wetghed the food prior to
the night admitted, to get the protein 1ntake and nitrogen elimination
Also, we carried out nutrstronal surveys among these people Durng
the actual test, great care was taken to avord any distucbance, etc

Then we repeated the same procedure 1n the same subject day after
day, at least 3 days running We used the Benedict Roth metabolism
machine

We found that the average of the first test of all Eshtmos, at all four
localtttes, was 16 per cent higher than the DuBois standard The
BMR was highest among the most primitive groups, such as the
Gambell Eskimos and Anahtuvuk group, lower in the Barter Island
Eskimos, and lowest i the Kotzebue group When we repeated the test
on successive days, while they were still living on their own diet, we
found, 1n some cases, a reduction of up to 20 per cent n the metaboltsm

Fremont Smsith On each day didn t you make two or three runs?

Rodahl Yes

Tremont Stnuth Wasn t 1t always highest on the first run?

Rodabl Not always We found the metabolism to be rather labile
1n these peoples

Fremont Smuth  Doesn t the tncrease due to anxtety show up m a
disproportion between the CO; eliminated and the oxygen absorbed ? If
you measure them both, wouldn t this show up right away?
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Rodabl We did not measure the CO, except 1n 2 few cases when we
measured both O2 and CO.  The old DuBois* standard was estabished
on the basts of one and sometimes two tests He found later that his
standard was about 6 to 8 per cent too high If you repeat the test
you get the subject more completely relaxed

If we use an untraned, normal white subject, his metabolism 15
usually around =0 per cent of the DuBots standatd, as measured with
our techmique hete If we measuse one of our labotatory technicians or
colleagues, who are very familiar with us and our instrumentation, his
metabolism 15 usually $ to 6 per cent lower than the DuBots standard,
even the first time

When repeating the test 1n the untrained whites on three successive
days, as we did 1t 1n the Eskimos, we found that the BM R came down
to an average of about 6 or 8 per cent below the DuBors standard This
of course, has been observed by many workers 1n whites and untrained
people

Trarell Ths bas also been shown pattents with myxedema (24)
In a control sertes of tests the value obtamed for the basal metabolic
rate was apt to become progressively lower in later tests than m the first
one This was all prior to thyrord admunsstration of course

Rodahl Very interesting We were able to run two or three duplicate
tests of 9 minutes length each time, and could observe the tracng as
the test procceded We kept on until we got good records with 2
smooth slope This has one advantage over the method where you
analyze the oxygen content of the expired ait, m which case you dont
see what 1 going on, you get the mean for the whole penod enly In
our case we selected, as a matter of routine, the lowest good records
and compared those Even taking the mean of all duplicate runs we
find the same conclusions ate true but on a slightly higher plane

Burch You didnt give us the exact numbers, or 15 1t 6 per cent
below 02

Rodabl Yes

Burch In other words, 1t 15 negative with respect to the DuBoss
standards?

Rodahl  That 1s correct O per cent wit
standard was usually the resalt in an untrine
same test on 3 consecutive days, you find 1t comes down t
percent, 7 e, G or 8 per cent lower than the DuBors standard
Cornell Unwersity Medical Col

h reference to the DuBors

d person If you repeat the
0 —6 or ~8

*Personal communication 1952 from L F DuBoss of the
lege New York ,
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Burch ‘The reason I raise the pomt 15 that it 1s stated that 1n acchima
tization to a tropical environment, the BM R of the people of the
teopics 1s lower than that of the people of the temperate or northern
areas, but using the DuBous table, we find, 1n New Orleans, for example,
the mean BM R 15 about --8 per cent  Apparently, then, the BMR
of the people of the tropics ts not lower than that of the people of the
arctic The DuBois standards are simply too high

Rodah! The fact that the DuBais standards are too high 1s now
faicly well known

Horwath We teach this ordinanly to our students We tell them to
1gnore the old values

Bebnke InKroghs careful work he poimnted that out also Krogh's
standards are about 6 per cent less than those of DuBous (235)

Fremont Smith  The interesting theng 1s that this s supposed to be
very well known, and yet it has to be brought up again and again

Trarell Even in the metabolism laboratory at the New York Hospt
tal, which was DuBoss , the standards have been revised downward

Rodab! DuBots was up here humself and drd some of thts work with
us The need to revise the BM R standacds 1s well established The
trouble 15, when scientists speak about basal metabolism, 1t 15 one thing,
but when climcians speak about it, it may be 2 different matter Basal
metabolism studies bave to be done very carefully

Behnke Would you gtve us the oxygen consumption or total calortes
per hour?

Rodabl 1wl give you all thes latec

Trarell  Are you going to tell us the lower himuts of the distrbutton
curve? What were the lowest basal metabolic rates, not the mean or
the average?

Rodabl You mean absolutely the lowest?

Trarell Yes

Rodahl TLower than —10 per cent, | think I remember one mnstance
where an Anaktuvuk Pass Eskimo 1o his own environment had a BM R
of 12 per cent higher than the DuBois standard He was brought to
this Jaboratory and at the end of 3 days or s0, his BMR came down to
9 per cent or 10 per cent below DuBoss standard

Montgomery Did you run controls on non Eskimos 1 the same
envitonment ?

Rodahl Yes, [ served as a control subject, and we ran my BMR
both 1n the laboratory here and in the field Furthermore, we had the
good fortune of having Dr DuBots with us, too  He had collected data
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for about 30 years on his own metabolism, and we were able to com
pare our finding here with hus own 1n New York, and they were per-
fectly in agreement

In addition, one of the Eskimo groups that was brought in here was
given large quantittes of walrus meat after having lived on white mans
food for 2 week, and we found 2 nise of the metabolism to 12 per ceat
over the DuBois standard while htving in the same environment but
eating thetr own food We tried to duplicate 1t 1 the whites but we
coulda t, m the first experiment, because we couldn t get the whites to
eat that much meat In a moge gradual second attempt, this was achieved,
and we had a nise of 13 per cent 1n metabolism

Montgomery How Jong after the waltus meat did you do the test?

Radabd From 14 to 18 fiours after the last meal

Buston Are you implymg that the speafic action of protetn lasts
14 houts after the last meal?

Rodabl Krogh (26) found that the Eskimos, after a farge meaf of
meat, elimmate through the urine only about 60 pet cent of the nitrogen
1 the first 24 hour pertod This 15 quite amazing

Burton  So, the curve agamnst time for spectfic dynamic action 1s pot
the true cusve for the Eskimo?

Rodahl At this level of mitrogen  Furthermore, on such a high meat
dict the 1ntestinal flora are different, the rate of digestion and absorption
may be changed It 15 known that the high meat meal stays with you 2
long ime Isn t this a general observation?

Kark  Would you tell us again what the percentage of protemn 15 10
the Eshimo s diet, per cent of total calones?

Horiath About 30 per cent.

Rart Of the ones you stadied?

Rodab!  Yes, but this vacies with the seasons and from village to
village 'We observed there was a distinct relationship between the
BMR and protein tntake, as well as the mtrogen elunination Thus,
the highest BMR s wete observed among the Anaktavek Eskimos,
where the nitrogen elimuations wete as high as 3 gm /hour, followed
by the Gambell group and Baster Island and Kotzebue (Table Xii}

Blarr Did you make any protern bound sodine determinations?

Rodald T am comng to that In order to study the significance of
the specific dynamic action of protetn 10 the high meat diet wath refes
ence 1o the high BM R 11 the Eskimo, foutteen representative subjects
from the four Eshemo groups were first studied on theit normal pative
diet 1n the field, and then brought to our Lboratory at Ladd where the
BMR was agamn tested while the subjects were living entirely on white
man s food We then faund that whereas the average BMR i the
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TABLE XIII

Average B.M.R. and Urninary Nitrogen Elimination

Location BMR N/hr, Fasting
Anaktuvek Pass 463 cal/M*/hr - 165 092
Gambell 429 cal/M?*/hr + 10% 083
Barter Island 397 cal/M?/hr 4+ 295 066
Kotzebue 402 cal/M*/hr+ 3% 062
Eskimos on white mans diet — 8% 040

Repruted, 1n part, by permission from Rodahl, K Basal metabolism of the
Eskimo | Nutrition 48, 359 (1952)

field 10 this particular group had been +8 per cent and the mtrogen
elunination 12 gm per hour, 1t now dropped to —8 per cent, and the
nitrogen elimination was reduced to 04 gm per hour (Table XIV)
Here T thunk the lowest 15 —15 per cent

Hildes How long did 1t take?

Rodabl Tt took 3 days I cant say this 1s 2l SD A Part of the
Vvaniations may have to do with apprehenston and the state of anxtety
The state 1s rather labile, as I pointed out  Often, after a few days, the
Eshtmos want to go home, they get sestless and tmpatient and st may be
difficult to achieve complete relaxation and good reproducible BM R
fecords

Travell s that the effect of successive tests?

Rodahl These ate the final results In other words, after 3 to 5 days
on our diet, these were the final, the lower figures

Trarell Did you then put them on the native diet and do the test
again?

Rodahl Yes We were able to persuade the Gambell group to bring
some waltus meat to the laboratory At the end of the pertod on mess
hall diet, we put them on walrus meat, and the metabolism went up to
12 per cent above the DuBoss standard in this group
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TABLE XIV
B.M.R. in Eskimos on Native and on White Man’s Diet
Location Subject No Natrve Diet th;;lclzim‘s
Gambell 1 +11% — 6%
2 + 1% - 3%
3 + 1% -~ 9%
4 +10% - 3%
Barter Island 5 + 9% —~10%
6 +14% — 1%
7 +13% -~ 49,
8 + 6% —14%,
Kotzebue 9 —16% —14%
10 + 8% - 2%
11 + 7% ~15%
12 - 6% —13%
Anaktuvuk Pass 13 +14% ~ 1%
14 +12% ~ 9%
Average + 8% ‘ ~ 8% {

Reprmted, by permussion from Rodahl, K Basal metabolism of the Eskamo

J Nutriron 48, 359 (1952)

Fremons Smuth By that time they were really mpatient to go home

Rodahi This group was a hittle different  They had never scen &
tree before, and they seemed to enjoy thetr stay here very muc

Burch How did they enjoy the white man’s diet?

Rodabl Not much, they longed to go back to their own

Burch What did they not lihe about 1t?
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We have Just completed a study where we took blood specxmea§
12, 24, 36, and 48 houts after the dose 1n the same subject, and found
exactly the same pattern throughout In other words there was 2
slightly lower level 1n the native group, but this difference 15 not statistt
cally significant The chemircally determined PBI was about the same
and well within normal range in all of these groups In fact, the mean
PBI for the whole year 1n Eskimos was 59 mg per 100 m as agatnst
5 4 1 whites

It may be mentioned sn this connection that the mean blood choles
terol was about 200 mg per 100 mg 1n our Eskimo subjects (31)

Comparison of the results obtamned 1n the same subjects during sum
mer and during winter shows that there 15 no apprectable seasonal
difference n todine metabolism 1n whites, as evidenced by thyroud up
take, utinary elimmation, and blood levels of I'* (Table XV) There
15 00 evidence of any greater thyrord stimulation, as judged by the
above mentioned critetsa, 10 infantry men engaged in extensive outdoor
activities than in arrmen engaged 1 tndoor achivities duning the winter
Nor 1s there any evidence of increased thyrosd stimulation in the whites
at the end of the 4 week severe cold expasure as judged by the thyrod
uptake, urinary elimination, and blood levels of 113

When comparing winter values alone (Table XVI), we find there
15 no statistical difference between whittes, coastal Eskimos, and Fort
Yukon Indians 1n thytoid uptake, urinary elumnation, and blood levels

of I8t

do‘se 'l'heyA had abnormally low uninary eliminations and low saltvary
1odine concentrations (Figures 62,63) They also had rather low plasma
protetn hound I3 levels 24 hours after the dose This was assoctated
with a high madence of thyrod enlargement, and exceedingly fow
todin¢ tntakes As a matter of fact, the jodine intake was probably of
the ordes of 0 1 milligram potasstum 1odide darly Iodtzed salt has beea
used only occastonally, much of the avarlable salt was nontodized salt
and Fskimos do not use much salt anyhow Some of the familtes do ot
use any salt whatsoever

We find that the urnary 10dine elimmation was usually fess than
100 7/day When we gave these people 06 mg of potasstum 10d«de
daily for 3 months, there was 3 statsstically stgnificant reductton s thett

1131 yptake, on the order of 30 per cent
: , : emtc gotter as described by Stanbuty

These findings are typical of end
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TABLE XV
I'*' Metabolism in Whites at Different Seasons of the Year

| \ ' PBI
I 24 hr | PBI
24hr ! 24hr | 24he Chemt
| U‘x‘“”y’ Salwa | Plasma | 24B0 SO0 4100 | gl
Uptake Ehmt Tha | s | PBU Plasma (mg/
\ nation | Count ‘} 100ml)
;

i T | !

Airmen \ \ | ‘

Summer | 23 56 | 15 ' 13 | 10 78 —
Winter | 23 66 12 1,1 08 ! 70 ! 5,7
I

Infantrymen ‘ 1 s
Semmer | 29 59 w12 09 | M | —
Winter | 27 ' 58 11 09 ‘ 06 68 |57

t
Severe 1 | | } |
Cold Exposed | | i | ‘
I
PeExp | 19 64 noo12 09 74 50
| l
Post Exp 19 56 13— 09 | - 5.3

and collaborators (32) tn the Mendoza population This condition has
developed rather recently, ze  since 1952 We did not observe any
enlatgement of the thyroid 1n 1951-52, but since that time at least three
cases of toxic gouter have been recorded from the Eskimos at Apaktuvuk
Pass, and at least that many from Arctic Village, out of a total of 50 or
60 people

The Anaktuvuk Pass Eskimos and the Arctic Village Induns are
Iving under essentially the same conditions  These Eskimos are deviat
ing from the traditions of their ancestors In the eatlier times, the
tmland Eskimos, the Nunamiuts, used to go down to the coast every
summer to get seafood to baster with the coastal Eskimos, to hunt
seals etc They no longer do so They stay s this mountain area con
tinuously throughout the year

Hock In Apnl 1948 T arved m Anaktuvuk Pass the day the
Eskimos first got there They had been nomadic until that time and
they still are to some degree They had not been at Anaktuvuk for some
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years Apparently this was a game conservation mechanism they used
At any rate, shortly after that tme the post office was established at
Anaktuvuk Pass and they have become stationary since that ime  Some
of the older men still take long hunting tops with their families for a
month or longer away from Anaktuvuk, but the majority of the popula
tton stay there

Rodahl Thus has happened since 1935 They left the coast at the
mouth of the Colville River 1 1931, came up to the Kullck Rever, and
eventually moved over to Anahtuvuk Pass and bave stayed here ever
since Thete diet 1s essentially canbou meat  An analysis made by Dr
H F Drury mn this laboratory showed 01 v 1odine per gram canbou
meat collected at Anaktuvuk Pass

Burch Several of you have mentioned the fact that the Eshtmos have
settled around a post office Do the Eshimos first remain 1n an area after
which 2 post oftice 15 established or 15 a post office established first
Eskimos accumulating 1n sts victnaty later>

Irumg  They wete being attracted to that region by the fact that it
was on a mud-course of att route to the Arctic, and there were occastonal
aitcraft stops bemg made So they had come to reside there a little
more regularly than had been the case However the establishment of
the post office was merely recognition of the inclmation to stop where
there was going to be traffic and communication

Barch The Eskimos accumulate 1n an area first?

Rodahl Yes

Talbott What ss the altitude>

Rodabl It 1s 3 000 feet above sea level Altitude 1s known to stumu
fate the thyroid but we feel this 15 an obvious case of endemic goiter

Burton  Are there fish 1n the region?

Rodahl Yes, fresh water fish

Burton i Chatles Hercus (33) of New Zealand said there 15 a
great deal of gotter in the iterior of that country He discovered that
the fish had obvious goiters That might be worth lookng to

Rodahl Yes In fact, someone suggested we look mto the caribou
aswell The trouble 1s the carbou run teo fast for us to do I'** uptake
experiments on them' We certainly can examine them dead, however

These data on the endemic goster among the tnland Eskimos and the
Arctic Village Indians are by products of our study of the thyroid func
tion m men exposed to cold We are recommending to the Public
Health Service that they give these nattves 1odme  Incidentally, T might
also mention that we have seen thyrotoxicosts 1n one coastal Eshimo

On the basss of these studies we feel justified m concluding that the
thyrotd does not seem to play any signtficant role in human acclimattza
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tion to the arctic environment when the cold stress 1s 0o greater than
what 1s normally encountered by Alaskan Eskimos or Indians in the
course of theit normal Uife or activaties, or by soldsers engaged mn usual
arctic setvice

Carlson  There 15 one report by Bass (30) which indicates when
there 1s severe cold the thyroximn utilization 15 sncreased

Rodahl Thus 15 the report I referred to 1 the beginnung, by Ingbar,
Kleeman, Quinn, and Bass (30) Exposing the almost nude man to
13°C for 12 days, they did find ncreased utilization of thyroxin  As [
satd eatlier, our men are not exposed to that kind of cold

Horiath That 1s intertnittent exposure, not contimous?

Rodahl Almost continuous, I understand

Carlson They have done two experiments, I think

Hildes How did they measure therr utihzation ?

Carlson They tagged the thyroxin

Hildes Dr Rodahl s abservations don t include thyroxin

Carlson  Yes, they do

Rodahl We determmed the total plasma I'* and the PBI'®, so we
get the converston factor

Carlson Did you follow 1t long enough? It must be followed for
days

Rodabl For 48 houts

Hildes At 48 hours the convetsion ratio has a large macgn of error

Rodah! When 1t comes to blood values Iam always 2 little skeptical
because of the small difference between the actual values and the back
ground count We have a low background count here, but we have to
e rather high doses 50 microcuries 1 don t know how reliable these
blood values are It 1s interesting that all of our natives, who are more
cold exposed than we are, do have lower PBI'! than our whites
although the difference 15 not statistically significant This would tend
to support the possbility that st ts an increased utilizatron - But 1t could
also mean the oppostte—a slow discharge of thyroxin y

Carlson In rats, conventional methods did not indicate an mcrease
1odine turnover Only a complete turnover procedure demonstrated
this (34)

Rodahl We are just completng this study Dr Bang 1s out at Point
Hope now, he sent me the final results a couple of days ago There 1s
no statistical difference The tnteresting thing 1s, also, 1f you take the
PBI 1 whates, 1t 15 slightly lower 1n the winter than  the sumr!:leé

but, again not statsstically signuficant So, this should probably be fooke

into fusther
Carlson That 15 one of the things that mnterested us because if the
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control systems are working, then the PBI will never get low You will
get an mncreased production of turnover You always have to look for
turnover When you have a normal control system, the PBI just snt
going to drop

Rodah! How 1s 1t, then, with the increased SD A ? Does that re
quire thyroxin? If 50, you expect a greater utilization 1 the Eskimo, 1f
he has 2 higher SD A

Carlson The whole question of utilization 15, I think, an unknown 1
terms of thyroxin

Rodabl ‘This, of course, 1s something 1n which we are very much
interested In summary then, T think 1t 1s fatr to say that the statement
so often found m textbooks, that people who live m cold regions have
an ncreased metabolism and, therefore, consume more food, 15 not
qecessarily true, 0ot is 1t teve always ta say that people Living in narthern
climates have a higher fat consumption than elsewhere In some cases,
yes, but not always

Then the next problem we have been interested 1n 15 that of physical
fitness We poiated out that the success of the surviving rat at 5°C 1s
on the basis of its ability to maintain a high level of metabolism We
have pointed out that the Eskimo can do thes, too, because he 1s physt
cally fit He has the stamtna which he has achteved from childhood, by
tratning

As a matter of fact, Dr Rennie made some measurements of the
state of physical fitness of some of our Eskimos when they were 1n this
laboratory a few years ago serving as subjects for our comparative
sweat study Inctdentally, I might mention here that 1t would be reason-
able to assume that 2 favorable adaptation to a cold environment would
be a reduced tendency to sweating during moderate heat loads which
would permit greater body heat storage and reduce the adverse effect of
excessive sweating on clothing insulation  We found this was not the
case (35)

Ia the course of this study, Dr Rennie measured, by the standard
treadmull test, physical fitness 1 a group of Eskimos compared with a
group of selected, well trained Army soldters and a group of average
armen  He found that the ratio of physical fitness tn the Esktmo the
Aremy soldier, and the airman was of the order of 35 25 1

Fremont Smith What physical fitness test was used?

Rodahl The treadmill test described by Johnson ef a! (36)

Renme  This was the treadmull fatigue test (36) m which the
sndividual runs at a pace of 7 miles per hour on a treadmill 1nclined at
an angle of 81/ per cent The test 15 designed fac 2 5 muqute tun, of
until the runner 1s exhausted, whichever 15 shorter Pulse rates are
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measurced at selected intervals after the run  We extended the time of

running to 10 minutes because all the Eskimos could run the 5 minute

test without difficulty and we wanted to ncrease our spread of fitness
ndices

Fremont Snuth Were you content that the test seemed to represent
what made sense i general phystcal fitness?

Renme 1 believe that 1t separates a well-condiioned man from a
pootly conditioned man I do not think 1t will separate shades of gray
one from another as far as physical fitness because the motsvation
factor becomes increasingly smportant

Horiath You only measured physical fitness for that level of activity

Rennte  That 1s nght

Fremont Snusth 1 am glad you brought m motivation It always
enters cructally mto this kind of test

Rodakl! To give you an 1dea the Eskimo subjects ran until we asked
them to stop at the end of 15 minutes They jumped off and sat down
to a meal as 1f nothing had happened The soldiers were so fatigued
that one of them had to lie down for a couple of hours after the run

Renme He was highly motivated His commanding officer was i
the room

Fremont Smith  This proves your point Perbaps tt didnt make
enough real dstinction

Bebuke 1 think the motvation factor can be evaluated m tests of
muscular endurance of these Eskimos from the pulse rate level

Rodahl We made some tests

Behnke In individuals who are really trying and who run to exhaus
tion the pulse rate will be of the order of 160 or let us say above 140
In a sumple step up test where indviduals continue to exhaustion the
average length of time that normal cadence could be mantained would
be 90 seconds for the average Navy man  Professional baseball players
would go 214 minutes but their pulse rates would be only 120 com
pared with 140 for the Navy men  That 15 to say the Navy men were
trying harder but the baseball players had more endurance  Whenever
they felt a little tired they stopped because 1t was the old story they
were saving themselves for another day of baseball

Fremont Smuth  How about the hemogfobin?

Rodabl 1t was definstely lower 1n the Eskimo

Hildes How much lower?

Rodah! In the order of 7 per cent (37)

Fremont Smath ‘They have to cuculate bl

get the same amount of oxygen 10 J
Burtonn The index of the total ventdation to the oxygen copsume

ood and overventilate to
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15 being talked about as 2 measure of effictency, but it 15 extremely easy,
by stmple 2lgebra, to show that all this measures 15 the pCO; level
which the homeostatic mechanism keeps * Obviously, this must be
different 1n the Eskimo I think it has nothing to do with efficiency

=
=V
Multiply top and bottom by the R Q (CO/Os)
€O _ %CO.

E=v3xq ~Rqg ~®

~ E . PN f 1

Fremont Smth  Would it have to do with hemoglobin?

Burton 1t 1s modified by the RQ It turns out this 1s a measure of
the pCO;

Fremont Smith With anemia, wouldn t they have increased ventila
tion for the same amount of oxygen supply?

Burton No, I don t think so

Meehan A couple of years ago we did some physical fitness tests on
various people from the University of Southern Californta Some of
our subjects were traned athletes For example we had some people
from the football squad, the track squad, and some swimmers One
thing that struck us in these athletes was their ability to tolerate a igh
alveolar pCO: over a longer period of time than the untratned, average
uneversity student

Horrath s this a standard exercise test?

Meeban We were using the Harvard step test

Horrath  Exactly the same thing  The Harvard step test was a
modified form of the field test

Meeban One of the things we observed was that the trained athletes
would work longer, that 1s, the duration of their exercise would be
longer, but they would have, for a longer pertod of time a higher
alveolar pCO; than did the other subjects

Rodab! Whichever way you look at it, the Eskimos are more fit than
the white They can keep trotting behind a sled all day, and 1t doesn ¢
bother them This difference n fitness 1s 1mportant for tt 1s a factor
which may determine life or death t many survival situations where the
temperature drops to levels where one has to keep active 12 order to
survive  This the Eskimo can do 1f he 15 caught without 2 sleeping bag

*50 called Ventilatory Efficiency = O, consumed/ventilation
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by - " ontussled He wl
slec the procedure 15 ge
Pedwu i1y aneady pomnted out, in temperatures lower than —40°F
there 15 no way we can keep an mactive flier o soldter 1 thermal balance
for a long period of time, except by itermattent phystcal exercise 10
arder to increase heat production

Kark  How much energy cost 1s there 1n mainfaintng that kind of
physical fitness? How does this fit 1n with dietary intake of 2,900
calories?

Rodah!  This would be necessary only on rare occasions m the
Eshimo  The Eskumo will travel and hunt and stt quietly for 4 long
time, waiting for the game Thus he can keep up for several days with
out much effort

Travell How does he maintain hus physical fitness?

Rodah! He stasts hus physical conditiontng m childhood and keeps
1t up throughout Iife

Fremont Smsth  Eskimos don't lose thesr training even through an
wterval of rest, whereas we probably would

Rodahl ‘That may be At the same time they are prabably more
efficient When an Eskimo moves over tundra, he probably does st a
much more efficient manner, because of his experience  His movements
are more efficient

Rennre What I believe Dr Katk meant was that the high level of
phystcal fitness observed i the Esktmo ymplies 2 good deal of sustained
physical actsvity and a hugh caloric intake ~ The latter was not obsecved
What level of physical activity 15 required to maintain phystcal fitness
ance 1t has been attamned? It would be af interest and ympottance to
know this

Hortath 'There 1s a paper by Knehr (38), 1n which this was being
done with a group of Harvard men over a persod of around 6 months
to 1 year I dont remember the figures exactly But there 1sut too
smuch one has to do to mashiamn a state of physical fitness once 1t has
been attained The pomt, of course, 15 1f the state 1s lost, then, as always
when ttying to return to this hugh level of fitness, there 15 a certtn
amount of difficulty

Rodahl 'This 1s very important 1 have seen thus 1n people skung and
marching Duging the war we used to walk 30 kilometers every Satur
day This march, once a week, appatently was enough to maintain 1:
hugh and steady level of physical performance I also think that ;t&
umportant that one acquire certamn skills, such as skung, E“LY - o

in oxdet to attain a high degree of efficiency I am sure one who kno
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how to skt wall use much less energy than one who doesn t because the
latter 15 using the wrong muscles ~ All this must be taken mto account
when talking about energy requirement

Hortath Dr Dill who participated 1 every one of the tests could
matntain 2 level of physical fitness as far as the test was concerned
which was supertor 1know 1n many cases to mune although I am sure
he was at least 20 or 30 years older He was 1n much better physical
shape because he was engagmg tn this kind of activity

Rodabl  All you need to do 1s to see a 75 year-old Eskimo drum
dancing and you will be convinced he has something you don t have

Trasell When the Eskimos run behind the dog teams does some of
thetr momentum come from the sled” Do they hold on to the sled?

Rodab! Yes they do it the easy way They stand on the sled until
they get cold then trot along they may stand on the one sled runner
with one foot and kick with the other and so on They turn around so
the wind doesn t bother them

Travell With both vartety and economy of muscle movement?

Rodabl Exactly To him dog drving 1s fun  He will probably sit
mn the house and enjoy himself day aftec day until his wife complains
there 15 not enough food and he has to go out and get st He may
accomplish this in a day and that ss all I think one would be misled
1f one thinks that the Eskimo 1s mamtain ng this high level of actiwity
all the trme  But he does 1t enough to keep fit

Talbost This high degree of phystcal fitness 15 stmilar to that of the
natives 1n the Andes who certainly for generations from burth are able
to do a tremendous amount of physical work Thetr caloric take 1s con
stderably less than that of the white man who went in for short periods
of time yet the amount of work they can do 15 twice ar three times
what we can do They eat very litle sun:enmes every 24 hm;:s

» o T - " I

. '

' '
there 15 2 tendency toward this kind of attitude m the United States
also  And you will certamnly find that organtzed physical traming 1s
common 1n most native groups The Aleuts for wnstance have used
H ! ‘ They

s ’ ook

! oun;
boys were taught by the older men to stand bent mn cold water so that
both legs and hands with the forearms were immersed 1n order to
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enure them to hardship and cold * Both in the coastal and mland
Eshimos, the young boys are exposed early to cold, hardship, and physt
cal truning  As I mentioned, the young boys are often taken out hunt
ing when they are 8 years old, and are made to take part in the struggle
for life This was common practice among the coastal Eskimos at
Wainwright, for instance The women at Gambell St Lawrence Island
were not permitted to wear muttens Whatever they did, they did with
bare hands

We also know that the Tlingit Indrans used to break the ice and swim
about 1 1ce water, as a regular toughentng up procedure §

The Finnish  Sauna  bath 1s commonly used also n Norway and
Sweden Some people think of 1t as a torture chamber [ think of it as
a method of exerastng the perspheral crculation ‘The room tempera
ture may nise to 170°F  you relax on a bench with your feet up in the
air The vasodilation 1s so great that you sometimes can hardly stand
the pain 1n your toes Then you go mnto a cold shower and cool off
gradually .

There must be something to this because all the famous Finns
racers and skiers use the Sauna regularly Comparatively little physio
logtc wotk has been done on the effects of the Sauna We have been
fortunate to have a Sauna constructed here We are plannng to do
some organized phystologic work 1n 1t

Tt 15 quite obvious that n discussing human acclimatization to cold
the factor of exerctse must be considered As I pointed out, very often
1 our experiment we have a combined effect of exercise and cold ex
posure, and 1t 15 quite cancetvable that some of the changes we obsctve
1n the nattves exposed to cold—

Hortath This applies to the men in the heat The more physically
fit, the better off they are as far as certatn aspects of the acchmatization
process are concerned

Rodab! If the Sauna ts a factor, you could concetvably achteve
acclimatization to cold by applying heat

The significance of the state of physical
has been emphastzed already by Adolph and Molnar (39) Itss
concervable that many of the changes that are brought adout by pl'rﬂ;ll "
conditioning and tramning may form part of the so calfed acchmatizatio!
complex

Sfmmmg up the changes as we know them, 1t may be stated r:h;ft
traintng increases the muscle mass causes wncreased vascularizatior
tic Aeromed cal Laboratory Ladd Aur Force Base

I fitness 1n tolerance to cold
quite
col

*Milan ¥ Personal communication {Arct
Alaska 1957} -
tMarsh G H  University of Alaska Personal communication 19!
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muscle tissues, and increases the over all metabolecally active mass The
total blood flow 1s increased by the greater cardiac output Because of
the dilated muscle artertoles, more blood flow 1s diverted through the
active muscle m exercise It should be noted that Heroux (40) also
observed increased vascularization of muscle tissues 1 cold acclimatized
rats
It appears to be quite obvious that we should consider these two fac
tors 1n future expertments of this kind
Let us now turn to the question of the posstble mechanism for the
generalized acclmatization to cold Thus 15, no doubt, a subject which
would be worthy of some discussion
Isnt it quite fair to say that acchimatization to cold should be bene
fictal to the organism, and that the objective of cold accimatization
would nclude such alterations which would favor mamtenance of
thermal balance 1n certarn types of conditions and also, increased oper
oo o v Iy @y

The Australian aborignes apparently, according to Hicks er af
{3,4), achieve such a conservation of body heat by effective vasocon
striction and the toleration of reduced pertpheral temperature While
N/t - e s £ -t~ % - smoof cold acchmatization

order to mamtam 2 high
. 1) reported a marhed drop
1n both central and peripheral temperatures 1n the abongines

Fremont Smith  Those were the mouth tempetatures you mentioned ?

Rodah! Yes

Fremont Smath  They could be confirmed with better observation?

Rodahl Yes, but, at the same time, they were taken morning and
evening in the awake state, so there shouldn t be too gross an error

Fremmont Smuth You are quite convinced that the central body tem
perature does drop 1n the aborigines?

Rodabl Yes, I feel so on the basts of Hicks data

Burton  Ate you taking the oral temperature as being the central one?

Rodabl No, we discussed this at the Cold Physiology meeting mn
Copenhagen 1n 1950 You and Dr DuBots agreed that the oral temper
ature represents roughly 20 per cent external and 80 per cent central
temperature That 1s why I say spectfically oral temperature At
least 1t 15 close to central temperature

Returning to the comparison between the abotigines and Dr Carl
son s hypothests, one wonders whether the difference may be a question
of different degrees of the same ph consideting the pro} d
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cooling of the sleepmg aborsgines In view of the fact that the abo
ugine can rely on the sun to warm him 1n the morntng he can afford to
allow htmself to be cooled, providing he has accustomed humself to
stand this drop in temperature LeBlanc {41), however, observed the
same drop 1n skin temperature 1 both acclimatized and nonacclimatized
men, but he observed a greater drop 1n core temperature 1 acclmatized
than 1n nonacchmatized persons exposed to standardized cold stress,
which indicates that the e of the core temp 15 1ot 50
essentral 1n cold accltmatization, after all
Scholander has, i several of our discusstons, emphasized the need to
study the critical temperature 1n exposed and nonexposed people a5 a
criterton of acclumatization to cold It appears that we may be dealing
with somethmng different here  Isn t 1t true that the cntical temperature
1s defined as the point where metabolism has to ise, 1n order to mam
tamn body temperatute? If you disregard body temperature, you may
find another amibient temperatute at which the metabolism will begi
to mise although the body temperatute has fallen This of course
approached the semihibernating state you talked about earhier
The aborigines 1n Australia adjust themselves to suffer the cooling
without shivering, without a nise 1n metabolism, and without waking up
This 15 a most temarkable phenomenon
Fremont Smtth We do the same thing 1n sleep, also, only toz much
less degree Our body temperature goes down, and we dont shiver
We do a little more sweating, and our temperature 15 down perhaps 1 of
114 degrees They go down 4 5, or 6 degrees But tt1s the same process,
pethaps That 1s why we go back to the question of the relationshup
between sleep and hibernation
Rodahl Except you may question the cause and effect In slecp, your
metabolism 15 lowered and, therefore, your temperatute falls The
abongmne s environment ts so cold, 1t cools his body It may be that this
15 the difference If you took an aborigine tto your home and made him
comfortable, he might react the same way we do Of course, when v}\;e
are sleeping, we are faurly well protected ate we not? Isnt that the
difference? 4
Fremont Smith In order to get our temperature down, we have to l;
a little more sweating  He doesn t have to sweat, because he hasa lC{O
environtment to deal with It seems to me 1t doesn t necessatdly make 2
difference In both cases, the metaboltsm goes down and no shnvenl}!;t:’
crease 1n metabolism takes place, whlere lyou would expect 1t to 1f the
stat had been set at the highet level
th;:;n;;fs? That 1s right The rgemarkable difference 1s, though, ‘}:;t
while we would start shivertng and wake up, the abongmes apparently
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let themselves go into a state of sem: hypotherma  The aborigine
can afford to, because he hnows the morning 1s gotng to come, the sun
1s goiag to nse and with 1t the temperature 1s going to rise to 33°C 1n
the shade, and he 1s going to warm up

Fremont Smuh  Does anybody know if environment of a normal
sleeping person were gradually cooled, could he be brought down to 2
lower body temperature without shivering, than would be possible 1f
he were awake?

Rodahl This I believe 1s possible

Fremont Smth  This would fit 1n

Burton 1 am puzzled, and 1 am not awate of the data on which you
are basing your remarks, Dr Fremont Smith, about the temperature 1n
sleef

Fsemom Smth You mean in the normal situation?

Burton Yes The change 1n skin temperature 1s very stight, from
what I know

Horvath 1t goes down to a degree

Bebnke 1t 1s 114 degrees on many men

2 Wit o aita dak amn o

cnten mdaand Ton b an

1 was there, weartng thermocouples but there was no evidence of vaso
dilation 1n sleep Has 1t been proved there 15 actually extra sweating 1o
sleep?

Fremont Smuh 1 thought 1t had Your data were on children, per
haps they would be a hittle different in adults Do you have the mfor
mation Dr Horvath?

Hortath 1 do not have it but I know we have studied 1t I dont
think we ever ded find there was any change in the amount of sweating
or amount of sweat produced There 1s a gradual weight loss which you
can attribute to the metabolic level

Burton ™ ! ‘
studied th
missions R
Little sleep, hus temperature came up, snstead of dropping Apparently
in the case of tenston or fatigue, what happens 1s the reverse of the
normal

FEremont Smuth 1 can well believe this

Rodahl Tsnt it true we don t know much about sleep anyhow?

Fremont Smith Practically nothing

Rodap! 1understand the metabolism goes up during the first hour of
sleep and from then on 1t gradually drops
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Cormo  Dr Hammel vistted our Laboratory recently and told us
about the experiments he conducted with Dr Scholander (42) n Nor
way 1 which they had men continuously exposed to cold These men

v

whlaclasn we 12

Cotmo Tdontknow hedidnt sa;'

Fremont Smith He probably would have those data?

Cotmo  He said these men were shivering while sleeping

Hortath ‘They show the same cyclic temperature as though they were
out 1n a normal enviranment

Fremont Smuth At a lower level?

Hortath At a shightly lower level

Covmo  They do differ from the aborigines

Harearh That [ think could be questioned  No one knows whether
these did or didn t shuiver We have talked about thus before [ dont
think s data are precise enough to tell us whether or not they shivered
He talks about one case having a fire by the left hip and the next case
by both hips

I'remont Smath Werent Scholander s men sleeping alone?

Rodahl According to Hicks et al (3 4) the aborigines slept two to
gether with at least three fires

Fremont Smuth  And the men close together?

Rodabl Sometumes even mote of them huddled Hucks 15 very
emphatic about the absence of shivecing Someone ought to go back
and look 1t aver with better equipment

Fremon: Smith  Maybe if they put out the fites and let the tempera
ture go down they would shiver

Bebnke Some rather interesting experiments were carried out by Dt
Rlettman (43) on submartne personnel with respect to the drnal
vatiation 1n temperature with reference to the change n watches It was
found that ndividuals sleep when the body temperature 1s low If
the watches of submarine personnel are changed so that they ate
rotated the diurnal vartation in temperatare 15 abolished If however
2 week or more 15 allowed to elapse then the mdtvidual whose tempera
ture previously was low at night now becomes elevated at night Ad
justment to a new cycle takes place and agawn the drurnal varation i3
see
el?remont Smsth So the relationship of low temperatute to sleep 15
maintained even though the dwrnal 1s reversed? .

Bebnke One of the causes of fatigue was the fact that individuals
were trying to sleep when therr temperature normally would be high
“This was compensated for i the Navy by drinking more coffee
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Carlson Isnt this contrary to this pomt> Because 1t says that there
1s 2 dwrmal varation If I try to sleep duning the day, my temperature
doesn t drop

Behnke Until you get adjusted to a new cycle

Tratell In other words, 1t 1s not an essential criterion of sleep, 1t 15
something that follows sleg

Horiath Not all of Kleitman s (43) subjects did this  Some of them
refused to cooperate with his general pattern, and they retaned the
same cycle that they had before So that their temperatures even though

* t s * did when
We have

pecifics
fires gone
out and the ambsent temperature dropped, possibly shivering would
have begun 1n the Australian aborigines I discussed this problem very
recently with Dr J § Hart of the Canadtan National Research Council
Laboratory 1n Ottawa Dr Hart 1s going to Australia in a fewzmonkhs

. ) PR . b

°

ing would begin

Fremont Smrth  The shiverng thermostat was set low

Rennse The rate of change of skin temperature during normal sleep
under blankets may be so slow that fewer thermosensory impulses are
evoked, even though the absolute level of skin temperature ts reduced
This would reduce the shivering drive quite apart from any change 1n
the set of hypothalamus

Hortath Not that T want to disagree but I know when we ran 2
similar sort of expersment years ago  With people i the nude, at +15°
and +10°C  there was considerable drive to shiver In such a situation,
when you are asleep, you wake up shivering

Rennie  That 15 2 different situatton from normal sleep  The rate of
change of skin temperature may be quite great under those condstions
Iam refernng to this diurnal correlation between steep and body tem
perature as being a result of less active pertpheral thermoreceptors con
sequent to relatively slow changes i skin temperature

Horzath This 1s when 1t was falling

Fremont Snuth  He 15 saying that «f you make it fall very slowly, you
get less sensory impulse, and sensory impulse 15 always determned, 1
think, by rate of change

Renmre Among other things
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Burton 1 should like to introduce another constderation that shiver
wg 15, after all, defined as a mantfest tremor brought on as a defense
aganst cold That defirution does not snclude all of the defense aganst
cold which the muscles give you In other words 1f an electromyograph
15 used, 1t 13 found that there s an increase of muscle activity which has
niot yet reached the pont of coordinated shivening o, until this 1s done
with the electromyograph, 1t might be said that they didn t shiver, but
I wouldn t think he had proved that they didnt have an mcrease of
muscle activity or of muscie tenston

Rodahl 1t would be uneconomucal for the aborigines to shiver, being
nude, they would lose heat by convection very fast

Burton The other factor relevant to this 1s that in gotng oves records
of shivering men in which we had the electromyograph sumultaneously
with the shaking of the bed, we discovered that what psychologists
would call psychic factors tremendously affect the appearance of
tremot  The refationship between the muscle actjtvlty and whether 1t 15

. o At

Loee 11 0 any shy

Blarr  May I mterrupt with a posstble psendoscientsfic explanation
One of the most fantastic physiologic phenomena T believe, ts the
described behavior of the Yogis 1n India, who are supposed to have
developed some degree of control over sympathetic responses Where
sympathetic sesponses are discomforting or intesfere with rest o sleep,
the Yogts supposedly have gamed some degree of control over those
sympathetic nervous system activittes

It 1s posstble that shivering 15 so discomforting and saterferes so much
with sleep and rest that the aborgines through many generations have
become able to mhibit shiveting at will  Thus, absence of shivering may
be 2 voluntasy action ta acrease rest and comfort under cestam prevail
ing conditions "

Montgomery These might be an wnportant cortical factor 10 the
Eskimo

Rodati T thmk it 15 too early €9 say muck mere about 1t

Irung  Scholander and Hart* are peculiarly cursous about this sitas
tion because they don t think the present data are sufficient for dcsC:p
tson let alone for speculation upon what may ke 1n operatton In other
words it seems to me the data which Hicks (44) presented are not

1ent for more than a 5] eculative view
suf:;dahl That 1s all the]:y are sufficient for, but they are extremely
lnterestmg as such

*Personal communscation
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Ireng 1t a mice posstbility

Bebnke The startling fact that deep body temperature falls without
the individual s awakening, as reported 1n the aborigines, is something
which has not been duplicated 1n any test we have made on accltmatiza
tion 'We have never been able to acclimatize individuals, and then drop
the temperature slowly so that their deep body temperature falls during
sleep

Rodahl 1 assume you will discuss that further The final pomnt I was
hoping to buung up was local acclimatization but I am sure this wall also
be discussed It would be of interest 10 connection with the discusston
of the abongines to bung m the warm hand of the Eskimo In this
tespect the Eskimo may differ from the aborigine, masmuch as he has
2 warm hand from which he loses a lot of heat This, of course, 15 not
an advantage for the Eskimo 1n terms of thermal balance yet 1t may be
i his snterest as far as manual dextenty 15 concerned

FEremont Smuth  And losing heat during exercise

Rodabl Yes

Fremont Smuth s hts hand warmer for a given level of cold environ
ment than that of the white man? We haven t had those data

Rodahl Dr Meehan s work was done indoors (28) 1 don t know
whether we know enough about the effect of the thermal state of the
Eskumo on peripheral circulation 1 would be mterested tn knowing 1f
he matntains 2 'warm hand when he 15 thoroughly chilled or whether
that 15 just a result of the excess heat he has to lose anyway Perhaps
Dr Meehan can give us the answer?

Meehan 1wl not make comment now because I am gomng to talk
about tt fater, 1n my presentation

Carlson We found that we could bring this change about by con
tnuous exposure, though additional negative heat load will cause
penipheral vasoconstriction  This readjustment does not mnvolve a great
heat loss sice the hands are but 5 per cent of the body surface An
increase of 10°C may require only 2 05°C drop m trunk temperature
to make up the difference (45)

Rodahl” Except 1 cold water, 1t would be more

Carlson Water 15 a quite different problem

Rodabl Certainly in the Aleutians this s tmpostant

There are two obvious explanations for this warmer Eskimo hand
One 15 that the Eskimo has more heat to lose 1n other words his skin
temperature 2s higher becanse of the higher metabolism There ate a
nurmber of potnts which seem to indicate that this 1s the case

At the Third Conference on Cold Injury, Coffey (46) reported on
bis studies of Eskimos living on 2 white man s diet whle working out
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doors Tt appears from his work (46) that the Eskimo has better manual
dextenty than the white even when his finger skin temperature 15 equally
low as that of the white

Burton 1 should think the nerves continue to conduct smpulses down
to lower temperature

Hildes  Our approach to this 15 to use one hand as a control agamst
the other

Rodahbl That 1s not quite fair because some people use the right hand
better than the left

Hildes If you have a few subjects and mix them up between domenant
and nondominant, it can be demonstrated that resistance to finger numb
ness can be ncreased 1n one hand as compased to the control hand just
by exposing that hand, which then has nothing to do with metabolism

Rodab] This 1s exactly what I was going to'say We pomnted out the
one possibiltty 1s that he has mote heat to lose, 7 ¢, a warm body can
afford to lose heat through the warm hands The second possibility 15
that the observed differences 1n the natives are conditioned by tramning
and accustomization tesulting 1n 2 modification 1n the cold patn thresh
old, or 2 modification 1n the vascular response to cold stumuli Con
cetvably the answer lies 1n a combination of the two possibifities
Takahashi (47) has demonstrated that training produces changes in the
curculatory response to cold exposure  When one hand or foot was
cooled 1n 1ce water for about an hous once or twice daily, the shin tem
petature after ten exposures rose more raptdly followtng the snittal dn:p
Voll, according to Hensel (48), exposed the foot to water of 10°C
daily for 15 minutes and observed a desensttization agamst cold that
occurred only i the exposed ltmb and not 1n the unexposed

Montgomery Ts the skin temperature of the two hands equal before
mmetsion ?

Rodah! 1 don t know

Montgomery 1t would be interesting to know whether the skin tcrr:i
perature 15 equal 1n the two hands before immersion, that 1s 1n the han
previously repeatedly immersed and 1n the control Then st would seem
important to know the change i temperature of each hand duriag 1m
messton and the concomitant sensations and dysfunctions of each hand

Rodabl e felt 1t 15 very difficult to put our finger on any speclﬁfi
real evidence of general acclimatization 10 people exposed to the kin
of cold we see here under natural conditions  There may be some clear
cut evidence of local acclimatization, however We thought that the
warm Eskimo hand repeatedly described by arctic travelers 15 4 & -
example We felt that there were two obvious ways of expl.xmmg‘ this
phenomenon  Furst, the Eskimo appasently has more heat to los¢
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morals, and to cultivate to tmprove or develop by study, exercise, or
training

Thus, as I seet, 15 exactly what takes place 1n the successful nhabitant
of the North

Talbott Dr Button you cuticized the term  accustomization in
your book (8) Are you going to accept cultvation as a substitute?

Burton Yes, I like it a lot better It 15 a perfectly good dictionary
word 1snt 1> As long as you dont make st culturization

Fremont Smuh Tsnt cultunization used in the same sense?

Burion  You spoke of evidence that the threshold of pain to heat 1n
the Eskimo 1s different What do you think of the admittedly slight
evidence that Brown (54,55) had that the threshold for injury by heat
n a couple of Eskimos was vety different from that 1n thetr other sub-
jects? They were dotng a study of the blood flow of the forearm n them
selves and everybody has done this routinely on whites m thetr own
laboratories At the high temperature end of the range they used 45°C
baths to cause maximum blood flow, which 1s quite routine 1n our labo
ratortes When they did this on two Eskimos thetr arms came out 1n
blisters I do not think this has ever been seen 1n our white subjects
down south

Rodah! 1 should like to point out the possibility of the sndividual
differences  Colone] Blatr (56) has shown that 1n some rabbits you can
induce frostbite while mn others you cannot [ wonder 1f the difference
1n the reaction to the water bath you mentioned could be a result of
mndividual vatsatsons sather than racial diffesences

Burton They natusaily did not continue with the 45°C wth the rest
of the Eskimos because they did not want to prejudice their cooperation
So they had only these two Then they had to decide they would use
40°C as the highest temperature

Rodab! This 15 interesting but doesn t 1t also potnt out the smpot
tance of tissue adaptatton to cold?

Burton Yes

Meehan 1 have seen the same phenomenon 1 people of Japanese
extraction m the Los Angeles area

Eremont Smuth  Blisters at 45°C ?

Meeban Yes D
Behnke You may have a test for cold acclimatization by heating Dt

Burton It 15 interesting that the point at which proteins coagulate an
the heat necessary to produce injury constitute 2 critical level which 15
very finely set at about 45°C or a Itttle hugher I mean that thus rangé
1s extremely natrow for individuals in temperate zones

Frepont Smith Won t blood flow comé mto 1t> The faster a person
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can adapt by pouring blood through the arm the greater the protection
he would have aganst overheating of the ttssues immediately above
the blood vessels

Burton In this case 1t 1s 1n a well stured water bath  The tempera
ture of the skin 15 practically forced to be that of the water no matter
what the blood flow does

Fremont Smuth  You mean if you cut off the blood circulation st
wouldn t make any difference?

Burton In this experiment the temperature of the skin 1s forced to
£0 10 45°C 1n spite of what the blood flow does

Burch How deep would you say? The skin 15 quite vascular

Burton  Yes 1 am not speaking at all about the gradtents The
blsster 15 superficial

Burch ™

Burton

Fremon
‘We don t know how deep your heat has to go to produce imjury

Burton This was superficial injury a blister

Montgomery In the Gibbon Landis (57) vasodilatation test when
hands are 1immersed to above elbows 1n 45°C water for an hour we
have seen no blistering of hands having intact ctrculation

Burton Tlus ss my point Thus test 1s a rather foutmne one

Montgomery How long were the hands in water>

Burton | think 1t takes a minimem of 20 minutes to measure the
blood flow to their satisfaction however this ss published (54 55)

Bebnke Why 435°C ?

Burton This 15 a standard test for blood flow

Montgomery Ischemic extremities n 45°C water are often pamnful
there 15 msufficient circulation to carry the heat away There 1s some
danger of burn

Hildes  Although I would certainly like to agtee with Dr Rodahi
that local acclimatization 1s probably more mmpottant than metabolic
acclimatization  there are some systemic effects too which may of
course be dependent on the local acclimatezation such as changes 1
blood valume which may be called acclimatszation

Rodah! How much 1s 2 result of exercise rather than acclimatization
to cold? One 15 often a combtnation of cold exp and
exposure to high levels of exercise There may be changes tn blood
volurme resulting from exercise

Hildes; We have some data (58) on medical students who are
sedentary all year round these have an increase 1n their blood volume
1n the summertime as compared to the wintertime
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Rodahl Could this be a seasonal chiange, regardless of temperature?
Hildes It may be but 1t 15 probably a result of temperature change
AMonsgomery Blood volume crease 1n warm weather was discussed
;t tlge Foutth lConference on Shock and Circulatory Homeostasts and
y Loupe ef 4/ (58) and Bazett {59) It even goe
Ban:roff(Go) (58) (59) goes back to Joseph

Meehan One of the best reviews 1s that by Sjostrand (61), who
ponted out that, according to his own data, blood volume actually
creased 1n the wintestime and went down 1n summertsme  This 15 true,
but 1t 1s not separated from the exercise effect, which can be much
greater The effect of exerse on blood volume can be quite considerable
and can be produced rather rap:dly

Burch How accurately do you think blood volume was measured?

Meehan 1t depends on the method

Burch  Let us say chtome 51 ted

Meehan 1 suspect you are probably good within 2 per cent of 1,
=5 per cent of the true blood volume

Hildes von Porat (62) reckoned it to be within 5 per cent by his
Evans blue method, as plasma volume

Meeban If you make enough measurements, you can arnve at the
statstrcal true value, even though the method 15 not statrstically accurate
I think enough work has been done to show that activity alone c2n
cause considerable changes 1n the total blood volume of an mdsvsdual
T have done some work on this, myself

Montgomery What order of magnitude?

Aleehan  Around a maxsmum of 12 to 13 per cent m my own
expettence

Ferrer  Ate these acute expenments?

Meehan No, the sort of thing where you may put 2 subject on bed
rest for a while, then have hum get up and become acttve  The plasma
volume changes first, with the erythrocyte volume following along
The erythrocyte change requires around 30 days for a maxumurn effect
Plasma volume rtself, 1 my own expenience, will change at around 1
week, or pethaps 5 days to 1 week, or at least start to show a change

Kark Fot what?

Meehan Depending on whether or not the subject 15 bed, 1t tends

~drop If the subject 15 put to bed, the plasma volume drops There
an increase 1 the hematocrit  After 2 week, the hematocnt tends to
Yjust to normal  If the individual becomes active, there 15 an mcrea;e
the plasma volume Jt seems fo take about a month to achieve the
rresponding 1ncrease 1a the cell volume ben an
Montgomery It 15 agreed that blood volume ncreases when
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indnidual moves from a temperate to a troptcal cimate  Hemoglobin
falls relatively and then recovers 1 should like to hear about what
happens to blood volume and hemoglobin when an individual moves
from 2 temperate climate to the arctic 1 would expect little change,
and 1f any, 2 change 1n the opposite direction

Meeban  Blood volume 1s something that can be adjusted by the body
to meet 1ts own requirements That ss why these changes occur  The
very interesting work of Dr J P Henry (63) at Wright Field would
lead one to suggest that the body does have mechanism for regulating
its own blood volume In exercise, there ts an apparent need for an in
creased blood volume because of the mncreased vascularity m muscle
tissue It 15 well knawn that increased vascularity in muscle does occur
when that muscle becomes active

Montgomery Climatic changes may produce great changes i cutane
ous vascular volume but T know of no measatements that prove this

Meehan Particularly, I suspect the effect might be greatest in relation
to heat rather than in relation to cold

Carlson 'The change, when you go from warm to cold 1s decreased
blood volume, the change with exercise ts an increased blood volume
Tsn't that correct?

Meeban Youwill find for both ways If you read Sjostrand, you will
find an increase 1 the cold

Huldes That 15 agamst all the other evidence on that point

Carlson This 15 why 1 wanted to straighten st out I am sure you said
the toittal was a decrease

Meehan  Bazett (64), who first reported this, followed the blood
volumes of people m the cold room for a relatteely short period of tume
His comment 15 that there s fiest a decrease in blood volume but after
a few days 1t tends to return to normal A later paper s that of Conley
and Nuckerson (65), who followed people for a longer period of time
than Bazett did They reported the blood volume did, 1n fact, return to
notmal

Tremont Smuth  But they promply got increases

Horvath There ase enough reposts that say thete 15 no change On
the basts of over all evidence, the changes that occur appear to be nsig
oificant, and from the ovet all prcture there 1s no change m blood
volume

Hildes That st true m Winnipeg There ts a significant change 1n
alarge number of tndividuals

Kark With It albumia technigue

Hildes Evans blue

Behnke Does that change the total hemoglobur?
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Hildes From measutements of hemoglobin concentration and hema
tocrt, the total hemoglobin and erythrocyte mass seem to fluctuate sea
sonally parallel to the plasma volume

Behnke Did these medical students show evidence of acclmatization
to cold?

Hildes  These pasticular students weren't tested 1n any other way
aside from their regular blood examnation

Horvath Exarmations occut 1n relationshup to this?

Meehsn  How 15 the blood volume change expressed, body weight,
surface area or absolute?

Hildes No regular change occutred 1n body weight over the period
There were some ups aqd downs 1n some of the subjects but, over all,

comment In every
e comes up, we get
1nto exactly this situation  There are data on both sides of the questeon,
and data that show the other data were probably not significant
Burton These expertments were done mn Winmpeg by Doupe and
Ferguson (58) Dr Hildes was assocrated with them The expenmests
are very thorough indeed They have tramed subjects that they have
followed measuring blood volumes for more than 3 years, and at rather
frequent intervals Is that not true? They show a remarkable cyclic
change, from the data [ have seen
Hildes They were studied at monthly sntervals Most of them were
done over a 12 month pertod and a few were done at longer intervals
but over a 2 year period
Rodahl s 1t possible that there was 2 difference 1n activity between
sinter and summer 1 your students? If they had more acttwity and
more phystcal conditioning 1n the summer, this would tend to ratse the
blood volume I wasn t actually sayg anything about the relationship
between cold exposure and blood volume
Meehan 1 thunk this 1s one of the big difficultses 1n measurements of
this type A good effort to regulate the activity of the 1ndividual must
be made
Burch Tt 1s first necessary to decide upon the accuracy of the method
That has been established Certamly, the routine hematocnt ss not
ccurate  Blood drawn from the antecubital vetn does not represent
hat for the whale body [
Horeath If you run the regular one to five hour curve, several o
hose 1t 15 shown repeatedly that there 15 a difference
Fremont Smuth  Dr Hildes, did your subjects have known differences

aactivity?
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Hildes During the school year they were ordinary medical students
attending lectures Duning the summer many did relatively similar
sedentary jobs some were summer students in the laboratory others
had sumilar jobs a few were sleeping car porters

Behnke Many carefully conducted experiments by the Climatic Re
search Laboratory on one of the extracellular spaces 15 of mterest 1n
this connectron It showed no change as I understand n the individuals
that were cold acclimatized and those who were not Do you recall
speufically the tests that were nun?

Meeban At the Quartermaster Laboratory?

Bebnke There was no change 1o the extracellular space

Meehan  Those people didnt feel there was any change n blood
volume

Bebnke That s what I am sayng

Hildes On the pomnt raised by Dr Rodahl whether this was clunattc
or seasonal this change happened definitely 1 2 out of 3 years I think
1t happened 1n 3 out of 3 years but it was less marked in 1 year than in
the others This suggests to me that 1t ts not seasonal but may be
assocated with climate There was no strict relationship with ambient
temperature But the fact that it was trregular—and 1t was quite srregu
lar from subject to subject some subjects achieving thetr maxumum say
2 month ahead of other subjects—seems to me to ndicate 1t 1s not a

winter

They were taking the group as a whole quute sigaificant

Ferrer Was that only a group of male or were there some female
students?

Hildes These were all male students

Rodabl 1 didn t mean to say that there was no use studying the gen
etal changes but I felt from a practical viewpoint that we would prob
ably be more 1nterested in how we can protect and use our hands and
Protect our face duning cold exposure rather than devote all our efforts
to studies within these rather fussy general areas where the varuables
are extremely difficult to control 1 didn t mean to say that we should
forget all about the general acclimatization

Hildes These are probably related The blood volume changes may
be associated with local changes mn the vessels of the pesiphery which
may then lead to the systemic changes

Rodabl Yes

Fremont Smth 1 was very much interested tn one pomt gomng back
to putting the arm into hot or cold water If the arm 1s put into cold
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water, the body 15 up against two different situations which ase sort of
conteadictory It wants to warm the agm to keep 1t from getting too
cold, and so 1t appears that it dilates the blood vessels in the arm On
the other hand, 1t might like to diminish the blood flow through the
arm o as not to chull the body so much, and this might be more what
would take place When you put one arm 1 cold water, there will be
opposite vasoconstriction in the other arm, and heat will be retatned
there 'The reverse dilemma would be faced by the subject by putting
the arm nto hot water, because then he heats the body, 1f he dilates the
blood vessels 1 the arm, and if he doesn’t dilate the blood vessels 1n
the arm, then that arm gets overheated too soon But he can, under
those circumstances, dilate the other arm, as we know he does, and
radsate a lot of heat out that way, and can afford to dilate the am m
the bot water Supposing you put him 1n 2 hot bath, then he 15 going
to be heated on all stdes What will he do then?

Montgomery He will become hypetthermic

Blair  The whole thing 15 further complicated by the pain response to
very hot or very cold wates The pain response may overnide all other
factors

Fremont Smith  Particularly of the rate of change in getting htm hot
1s fast You can get a person ta much higher temperature without pain,
1f your rate of change 1sslow  Am [ not night?

Blarr  Yes, that 1s correct R

Hildes Pethaps the English Channel swimmers are Iike Dr Irving’s
seals and have some sort of general msulating mechantsm that 15 differ-
ent from the rest of us who wear clothes

Blarr Those who swim well 1n the English Channel certamnly have
a characteristic build  Those that tolerate best the cofd water of the
Channel are the very large, heavy set, stocky type rather than the tal,
lean, athletic type That 1s quite true 1n all cases
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FIGURE 64 Weather data taken tn the vicinity of the campsite

study were armen stationed on this Base They a1e more apt to be heat

acclimatized than ¢old acclimatized under ordinary condittons hecause

of the overheated buildings here They were cletical workers who were

unaccustomed to bemg outdoors more than an hour a day dunng the

winter months  They had be‘m 1 Alaska a year, and an equaf number
: B

tle 1dea of the cold expo
as pownted out 15 true for
old stress 1mposed upon

7
man under these conditions 15 gne of the most difficult things to evaluat§
3 al.

of the sleeping hours and from this we were able t wsUuL a wre
thermal balance sheet Duriig waking hours we had to rely on sched
uled actiwity, in the open with specified mtervals for meals ductng
which they could seek shelter

The men were permutted np heat during the time they wece ta the
field with the following exceptions  They buslt 2 small windbreak i
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which they mstailed a wood-burning Yukon stove and n which they
spent three half-hour penods daily, in order to consume thewr meals
"The mean temperature of this sheiter for the pertod of the bivounac was
O°F (SD=8°F) Inaddition, we had a heated observation shelter
the center of the campsite whete we kept recording mstruments  The
men would enter this shelter on occasional mornings, immeduately after
awakening, to be weighed or have thermocouples attached, however,
they were never 1n the shelter for longer than 30 to 45 munutes

They were altowed to work out any way they could to ameliorate the
weather conditions but had to meet certais mimmal standards of activ-
ity, which T shall describe presently  They built snow shelters and sup.
plemented them with spruce boughs and parachute cloth They were
in these shelters mghtly from 8 pm through 7 30 am , that 15, almost
half of the total tume in the field During most of this time they were
1 their sleeping bags enther asleep ot talling  Shelter temperatures
tended to be around 5° to 10°F warmer than ambient at temperatures
dunng penods of extreme cold Ths 18 generally true of snow houses
unless they are very well constructed, when the gradient 15 much greatet
Of course, one doesn’t have such a high winddull factor within the

shelter
Tho erliad tad ek b mnt dedoaAato U L. to o4 1w

. .
gathening for the cook stove, chopping 1ce, improving on shefters and
general KP duty The subjects partiapated to an equal extent in these
chores  Gut own data mwolved considerable soad work on the past of
the subgects, and each man rotated through the observation shelter
whete thetmocouples and the gas meter could be propetly applied on the
average of once every 6 days

Some 1dea of the energy cost of such a bivouac may be gamned from
inspection of the wesght changes of the men and thexr calonc consump-
ton On 11 of the 24 field days, interspersed at random, we carefully
weighed each stem of food that the subjects ingested This was recorded
and convested into calones by Dr Drucy who conducted that past of
the study himself The subjects were weighed nude on 11 mornings
duning the cousse of the expesiment on platform scales seasitive to 5
grams Figure 65 summarizes the results of the calorie intake and body
weight changes

In Figure 65 the sobjects are designated alphabencally Wath the
exception of subject A, who voluntanly sestricted his diet, the subjects
ate as they wished, there was no resteichion on the intake of their food
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FIGURE 65 Weight chart and calculated mean daily caloric intake of each subject
during the field bivouac  Only subject A voluntarily limuted his food ntake

In the next to last column 15 gven the net weight change 1 hlograms
during the period that the men were 1n the field The mean net werght
change was a reduction of 0 4 kg For reasons that I will explain shortly,
1 thetk that most ot atl of this tepesents 2 reduced body Hud volume
The mean daily caloric ntake for each man 15 summanzed in the last
column 1t ranged from 3274 calories per day 1n Subject A, who had
restricted his diet and who lost 4 2 kg, to 4730 calonies per day in sub

ject F, who gamed 14 kg The mean caloric intake of all six subjects
dunng this period was 3946 calortes per day This compares closely
with the results reported by Welch (2) several years ago during a rigor

ous field exercise under subarctic conditions This caloric equilibrrum
does not represent a measure of the thermal stress on the subjects,
he whole environmental stress, including the

cather 1t 15 a measure of tl
factor of cold Obviously, they could have achieved the same calofc

intake and wetght equilibnum 1n a temperate climate

In addttion to this gross estmation of caloric equtlibeiam, we at-
tempted to get the caloric cost of certain specific actrvities durag
camp life We were most successful i sampling the cost of skung,
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snowshoeing, and walking through level snow 1n the vicmity of the
{amp In order to accomplish this, an A-14 A oxygen mask was equipped
with fow resistance Jvalves and fitted snugly to the subjects face
Heat production was db; g OXYZEn Ci p using
open-circuit tndirect calonmetry Explre(} air was metered contunuously

heated by four hand warmers placed about the outside of the meter A
small flap m the pack permitted the meter temperature to be read by
an cbserver at selected intervals The meter 1s equepped with 2 small
diaphragm pump that diverts an aliquot of the total expired air volume
to 2 small outlet We attached 2 heavy walled rubber tube to this out
let leading to a rubber sampling bag (a punching bag bladder) which
was kept instde the subject s shitt  The composition of expired aif in
thxs‘ bag remamed constant over the period of time required before
. Py — aho T Do w .

energy consumptton caleulated from this and the volume of exptred air
This technique has permutted continuous sampling of expired air for
pentods up to one hour at environmental temperatures as low as ~—45°F

1 have expressed the results s Table XVII as kilocatories per kilo-
gram total body weight per mile per hour 1n order to reduce the van
ability resulting from differences in body size and pace Passmore (6)

TABLE XVII

Energy Cost of Locomotion 1 Viermty of Winter Bivouac
(kg cal/kg/hr/mph)*

Broken Trail Unbroken Tral
Crusted Snow Drifted Crusted Snow

Walking  Snowshoemng ~ Skung | Walking Snowshoemg ~ Shung

16140211 1358018 171021 | 4042053 248:£017 243040

*Corrected to exclude basal metabolisra
tStandard deviation
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bas receatly reviewed the effects of body mass and pace on em
of locamotton, and a direct proportionality exists within the rar
one to four mules per hour

To arrtve at the final energy cost, 1t 18 necessary to add to thes
the basal metapolism It 15 difficult to compare these data with
other nvestigators because of unknown factors of snow texture
ment design, skill on skis and snowshoes, etc. Comparing our d
those of Chustensea and Hogberg (7) for skung snowshoer
walking through soft snow, there 15 surprisingly good agreeme

SRS By

figures may have some value sn predicting caloric requisetent:
ever, they are very ncomplete

The estunation of thermnal balance during sleeping and resting
shelters 15 an important field observatton  Almost half of 2 man
ety 1n the field may be spent 1n such a manner  If 1t 15 not possibli
any data from him under such comparatively sdeal conditions
tainly 15 not possible to get anythung meantngful while he 1s st:
around 1n the snow We collected data on body temperatures, n
lism, and evaporative heat loss duning nights spent 1n 2 snow
located near the observation shelter We considered this she
representative of the type of thing the men had constructed, 2
subjects felt that, in general, they had an average nights sleep

1nside
- o sabial m wa awalened the man several

athe 1nto 2 Dougle
lle was analyzed a¢
as (t came mto temperature equilipriitn wuL vur observation shac.
the caloric consumption Was estimated as before
On all mghts when we measured metabolism, we weighed the
Jects before they entered thesr slecping bags and mmmedately
austng the following moming before they vorded This gave
measute of the total evapotative wesght loss from rcspzrauon.and 5
Lastly, we taped fifteen thermocouples to the test subject’s skur
wserted a rectal thermocouple before he entered his shelter 7
were congected to a portable potentometer within Atl_w observ:

4 2nd U0, 1EspRtavLLy, W
pecature and rectal temperature O X
mean body temperatuse and assumed 2 body specific heat of 083
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Table XVIIl summanzes the results The mean metabolie rate
under these conditions was 41 kg cal /hr /M? (standard deviation,
5 kg-cal /he /M") This was not significantly different from the basal
metabolism of these subjects, which was 43 kg cal /hr /M? when meas
ured at the Base laboratory prior to and following the field bivouac
The mean heat debt of the subjects was zero, that is they were
thermal equiftbrium throughout the mghts that these partrcular obsecva
tions were made Some of the subjects actually had a warmer mean
bady temperature just before ansing n the motnimng than upon entering
thetr sleeping bag although our inttial temperature observations were 2
hours after they had fallen asleep The coldest subject lost 35
kg cal /hr /M? over a 9 hour observation period

Hildes Did he shiver?

Rennze He did not complain of shwenng and s metabobism was
only slightly elevated above the mean ‘That rate of heat loss represented
a total heat debt of about 70 kg cal for that partscular man His toe
temperatures dropped from an mitial level of 33 5° to 21°C dunng
the night and he did complain of cold 1n his toes and feet Such a deop
1n toe temperature was an unusual occurrence under these conditions
When we have observed 1t 1n this and other studies 1t has seemed to
provide a relable indication of a general body heat debt

Hildes Did he sleep night through? Was he happy?

Rennte  He was reasonably comfortable I dont want to give the
1mpression that this was always the case, even in this particular study

TABLE XVIIL
Thermal Balance During Sleep While on Bivouac

Mean metabolic rate -

______ - 415 kg-cal/br/M?
(21 observations)

Mean body heat debt - ——-- O, range +25 %0
{7 observations) —3 5 kg cal/he/M?

Mean evaporative heat loss _

. —-—-  14%3 kgcal/hr/M?
(26 observations)

Nonevaporatve heat loss -~ ... 27 kg-cal/he/M?




e

260 Cold tnyury

There were many nights when the men were uncomfortably cold 1n their
owa sleeping bags and shelters, we don t have any heat balance data
on them under those condittons however

Blarr What was the approximate sulation value of the clothing
they wore?

Renme These men had the double mummy arctic bag and they wore
long woolen underwear, 2 woolen shitt, and two patrs of woolen
socks The particular subject mentioned above wore hus patka, appar
ently 1t didnt help hun much The clo value for this ensemble 15
difficult to esttmate  For one thing, 1t 15 compressed on the ground,
where conducttve heat loss would be greatest, and the clo value there
would be less than elsewhere

Blarr The man wearing the patka didnt have any more clo value
because he was n there tight?

Renme 1imagine that was the situation

Ferrer The title of Table XVIII states during sleep and yet thts
was while they were awake Is there reason to believe this 15 a proper
assumption, the awakening has not altered thetr metabolic rate?

Renmie  'The metabolism was measured immediately upon being
awak { at mntervals through the night If it 15 m ertor, 1t should
be somewhat high Awaketung may have mncreased their metabolism

Burton That 15 a misundetstanding of the tile You make the
measurement of temperature when they awaken and before they start,
but the result of subtracting what you got at the end from the beginning
1s what happened dusing sleep Isnt that night?

Remmee Yes but Dr Ferter was worried about the metabolism data
only

Ferrer ‘That ss night

Burch To obtain the evaporative heat loss you wetghed the subject
before he retited to bed?

Rennte Yes
_ Burch And agan when he awakened in the morning?

Renme Yes This is respiratory heat loss plus sweating
Burch That was about 90°F ?

Renme Yes
Burch You used 0 58 calone per gram of water vaporszed for your

calculations ? .
Rennte Yes that 1s correct  All of this heat wouldn t be lost o

course because some of 1t recondenses 1 the bag ‘The mean evapora
tuve heat loss was measured, and nonevaporative heat loss was calcu

lated
Montgomery How would you measure the evaporattve?
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Renme By measuang the change 1n body weight durning the night
Our scales were sensitive to 5 grams The only avenues of heat loss
that these men had were evaporative and conductive There would be
no convecttve heat loss snstde a snow shelter and mmimal radiation
loss, even from the face, since the men slept with their heads drawn
down inside the bag

Barton You did not weigh the bag to s¢e how much of that exapora
tive heat could have been recovered by condensatton 1n the bag?

Renne Yes We weighed the bags with this 1n mind, however we
did not realize how high the temperature tises between the bag and the
snow when we stasted this study  We observed temperatures as high as
+53°F among the spruce boughs beneath the bags at a time when air
temperature 1n the shelter was —~10°F Water enters the bag from
melting snow and we were unable to corsect for this In the future, I
would use a plastic ground cover to present this

Rodabl This 15 a standard techmique for measuring total evaporative
heat loss It 1s the technique used by Adolph and his collaborators (8)

Carlson What was the average shin temperature 10 the bag?

Rennte It ranged between 32° and 33 5°C

Whaley Were they comfortable?

Renme In the observation shelter, yes

Hildes You said the average shelter temperature was 5 or 7 degrees
above ambient Does that apply to this shelter?

Renme Yes, that applies to this shelter

Hildes Not the shelters they built themselves

Drury 'We had +23°F 1a our shelters

Rennse  The shelters that were bult on this bivouac were not the
best snow shelters as we now know It 15 possible to heap up a great
mound of snow, allow 1t to settle and then burtow into the ground and
hollow out sleeping quarters Such a shelter 1s far supernior to one made
of snow blocks (which 1s the kind we constructed) and 1t 1s possible to
have tmside temperatares of 4-23°F when outer air temperature 15
—45° mrio"li without supplying any heat source This 15 the result

i SR A TR

cooperative subject was a 24 hour measured oxygen consumption He
wore the gas meter continuously durng his waking hours and I measured
hts oxygen consumption duning a vartety of activities including wood
choppmg skung sitting atound 1 the cook shack, etc Sometimes, I
would sample his oxygen consumption during a given actrvity, then
temove the mask for the remainder of that particular level of work
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When that was done, the time activity was fnoted and the total ovygen
consumption cafcufated  Dunng the nght, 1 awakened hum four nmes
to measure metabolism as I have previously described I can account
for 97 per cent of the minutes of the day, and the total caloric consump
tion of this subject, on that day, was 3615 kg calottes This 15 1n rough
agreement with the results of the dietary study and I think we can be
fauly certam of the environmental stress on these men in terms of
energy cost

Bremont Smuh  That 18 a rathes remarkable petformance

Rennze  The physical measurements that we took on the subjects are
summarized 1n Table XIX, which shows that the skinfold thickness did
not change appreciably in these subjects I wanted to cite this priof to
gong mto the cold toom work becanse a marked change m skinfeld
thickness mught have accounted for some of our results The body
weght tecarded 1 Table XIX 15 01 kg higher following the brvouac
than before, the discrepancy between this weight and that recorded in
Fagure 65 may be a result of rapid hydration on return from the field
The men ganed an average of 05 kg weight withm the fisst 48 hours
after returning from the field Unfortunately, we have no measure of
fld balance tn these subjects

Hldes Have you some sdea of their food intake and urinary output?

Reéenme No, 1do not

Kark Do you have any measurements of the physical fitness before
and after they were 1n the field, and did you measuse urnary ketones?

Renme No, we have no objective measure of fitness of these men
Naturally, they were more fit when they retutned

TABLE XIX

Physical Measurements of Subjects Before and
Followng Wmter Bivouac

Before

Followiag
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Rark 1 am mterested 1n how fit they were before 1 am sure they
were fit when they came out

Renmre  From previous studies with airmen on this Base I would say
they would have scored around 45 on the treadmull test 1n other words
they were not very fit

Kark It1snteresting that they haven t changed thetr body compost

tion duning tratmning
n 3 o [N

Would dgree that the (hdlige Was [endrKdbie

Kark These are beautiful studtes and they clearly indicate the amount
of food requtred by troops ta do the kind of work required under arctic
condittons 1 wonder 1f Dr Rennie would care to say anything about
water requirements for soldters on the basis of hus study or any other
study he knows about Perhaps I could then make some comments on
them

Renme 1 am not prepared to give any quantitative data on water
balance of these subjects nor am I familiar with any study of the water
requirements of men under arctic conditions It 15 important that
this study be done From my brtef experience here I would consider
that the problem of water supply to troops 1n a cold environment 15
paramount For 1nstance during Operation Moosehorn the winter of
1955 1956 many of the units had some trouble with inadequate water
supply and this was one of the most serious problems they encountered

Kark What do you mean by some trouble? Dud they have dehydra
tton syndrome?

Renmze 1 am not sure of theit clinical condition I behieve 1t was
partly a problem in logisties The apathy that their squad leaders te
ported may very well have been part of the dehydration syndrome

Hock Also the men were appatently apathetic at the end of the day
and d d not like to melt their own snow and 1ce to get water They were
also i fact apathetic about prepating food The medical observers
were worried about the fact that the men were being furnished with
4000 calortes a day or something like that but appeared to be eating
only 1200 They were also not getting much liquid  These were fauly
Inng exercises of several days to 2 few weeks 10 dosatian

Montgomery Wouldnt we feel thisty on shift ng from water to
snow regardless of what weate doing? Isnt there less of a satisfactton
with its bland taste and uncomfortable sensatton of cald to the mouth?
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Rennze T think st 15 just related to the amount of water you can get
from a mouthful of snow

Mornigomery But does one choose to get fus water that way or choose
to be a little thirsty?

Hildes 1t seems that people aren t pacticularly thusty This appas
ently was a very impostant aspect of the Everest expedition accordng to
Pugh (9) Although the mountaineers didn t particularly complam
yet he felt they could easily become dehydrated and had to go actively
after water tather than just alleviate therr thirst

Montgomery 'There ate two reasons why that might be so Snow
water doesn t have any salt in 1t to give taste and 1t 15 sometimes defficult
to obtamn

Blar A third factor may be that thirst ts deadened by breathing
very cold air into the mouth and the resptratoty passages ‘Thts ts prob-
ably true because teports coming from Operation Moosehorn statedp that
soldiers were definttely becoming dehydrated although there were no
complaints of thirst or desire for water

Horvath They drnk water 1f they have water available

Rennte Often they have to be encouraged to drnk water

Baurton 1don t know if we are thinking of dehydration as necessarily
something deleterrous It might be phystologic adjustment I wante
to say that I felt we made a mistake 1 getting involved 1 an argument
abaut what happened to the blood volume because as far as I 2m con
cetned even with all the shillful work done on blood volume determina
tions we still don t know what 1t 15 when we get st For instance none of
the blood volume studies obeys the elementary criterson one would ask
of any method which 1s that recovery studtes should be satsfactory
Evesybody knows 1f you add by transtuston 506 mi to the crculabion 2
a subject you do not find by these methads that the blood volume has
gone up by 500 m! Similarly 1f you bleed 300 ml you dont find
300 ml less m the blood volume

What I should like to concentrate on 15 the very clear evidence of 3
shift in water balance I dont think anybody who has looked for 1t
has farled to find a very great diusests lasting a day and a hatf when
people ase first exposed to cold

If you study as Bazett and I (10) did so many years ago the water
they take 1n and the water they put out i the urine and calculate the
msensible loss you find there 1s 2 very btg shift mdeed 1n the first few
days of goig mto the cold conditions

1 think more studies perhaps should be done
and we shouldn t put too much reliance on blood volume stu
would be very difficult to do 1n the fiedd anyway

on the water balance
dies which
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Renmie 1 feel that the rapid nise in weight on returning to the Base
was presumptive evidence that the subjects were slightly dehydrated
under the field conditions 1n spite of an adequate diet and water supply

Burton  You dont feel dehydration necessartly 15 2 bad thing n
these?

Rennte No

Burton It might be physiologic adjustment?

Renme Yes

Drury We have tred all sorts of different diets, mostly calorrcally
restricted, and participated 1n field studies where I feel there may have
been relative caloric restriction When a man or an organism 1s exposed
to stress, suddenly increased needs for exercise, cold, or some situation
which eventually calls for increased caloric intake, st takes several days
for him to start eating more In fact, 1f men are taken out on, say, a
10 mule hike, they come back too exhausted to eat for a while Only 2
or 3 days later do they begin to increase thetr consumption During
thts early lag period there 15 caloric restriction  When there 15 caloric
restriction, either from reduced tntake ot from increased requirements,
there 1s dehydration In our experience, 1 every case, it 1s self hmited
It 15 all over, 1f the subjects stay on the same regimen, tn a matter of 3
or 4 days There s a loss, I would say, of 6 or 7 pounds, and that 1s 1t

Kark 1am sure you are right, Dr Burton, we need more studies on
water balance I dont think this 1s something that ought to be passed
over rather lightly, especially from a multtary pont of view I feel the
most sertous supply situation in survival in the cold and in active milstary
operations 1s provision of enough water or means of preparing water
Whenever there has been man fatlure in acctic mulitary tests of rations,
1t hasn t been through hunger, but st has been through marked dehydra
tion For example, tramed soldiers, who had spent all their lives 1n
northern Saskatchewan and who were all farm boys, became completely
useless militarily at the end of 36 hours when water was not supplied
and they had to eat snow

Drury We tred to fight the dehydration by forang water and 1t
didn t do anything as judged by weight loss Also, 1n the case of a very
few subjects, of which I~ somore AL e s vy
would hold the water
makes 250 ml of physio . .
pomnt of nausea, practically, and 1t made no difference  We still got this
weight lass which imdicates dehydration

Crismon  Doesn t that mean there 1s natruresis as well as diurests at
this time?

Drary Naturally, whatever goes n has to come out
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Crismon Wouldn t that be tied 1n with the absence of thirst that
has been commented on?

Drary There 15 reduced thiest, even though you are dehydrated
When you stand up suddenly, you get a vasomotor postural response
mdicating reduced blood volume and your lips are dry

Montgomery s that sensation a clear mdication of dehydration?

Drury Probably, but not necessauly There 1s increased hematocnt
and cell count, every mdication that the blood volume, which we have
not actually measured, 15 decreased, a dry mouth, and rapd 1nutial werght
loss It all adds up to dehydration

Travell Did you take the salt tablets with water?

Drury They were taken with water

Travell Enough water?

Drury Yes

Fremont Smuth  Some years ago dilute salt solution was used, salt
was added to the water to the same extent as the sweat This became
very palatable It just occurred to me, if the salt were dissolved mn the
water 1n the same proportion as the loss of salt by sweat, you might
have a water that would be drunk with satisfaction

Kark Dud the salt tablets dissolve? It 1s 2 well known fact that most
of them are pressed o hard they don t dissolve 1n the gut, all they do1s
gve you colic, and pass right out the other end

Drury They didn t come right back out again 1 agree dehydration
does occur, and I strongly agree with D Burton that 1t doesn t make
any difference I don't feel it 1s a bad thing n stself I should like to
add that, i a cold environment, very frequently, the thing that causes
a person to drink 15 not thirst but a destre for something watm to drink
Often you drink 2 cup of hot tea because you want some warmth and
not because you happen to be thirsty  You could get very thusty, but
1 am talking about situations where people have all the water they want
to drank

Iromg Do the soldsers like water?

Drury Woater, tea, coffee, no calones

Irsng  All of these available, warm drinks?

Dogey Yoo

Burch 1t depends upon whether or not the fadure was becoming
worse or better, but they may bebave like the normal That question
cannot be answered satisfactonly until we can determme the volume
of the various water compartments adequately But how does a con
partment ncrease ot decrease to a certain level and go no further
Certamly, when one goes out i the cold, the physiologic state s
changed, but how ate the changes regulated?
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Behnke 1 should like to emphasize the importance of what Dr Kark
said about following the water balance Over the past year, in nutrition
expertments, it was evident that one of the great aversights was failure
to ascertain accurately not only water intake and urtne output but min
eral intake [ am not sure about the cold dmrests at all 1 dont think
we can speak of st until w e know what the meneral intake 15 10 the diet
I think a profitable study on these individuals would be to measure total
body water, using tritum - About 5 liters of water can be lost and then
one approaches a state of ncapacttation  Therefore, 1 should like to
emphasize again the need to know the mineral mtake In diets you
were speaking of were the subjects eating meat bars?

Drury Yes also other things

Behnke They developed ketosss, which 1 our expenience has been
assoctated with a loss of 2 to 3 liters of flud  This 15 a dietary effect
which can be avoided

Montgomery Can you pick up the 500 ml loss or gain that Dr
Burton was talking about, with tritm?

Bebnke Yes, it can be picked up

Montgomery So a more accurate method, according to you, than 2ny
blood volume measutement can be made?®

Bebnke Take a half dozen men and get the mean value The error
there will be £200 ml

Montgomery Yes, Lknow We were talking a little while ago about
blood volume Captain Behnke 15 talking about total body water, and
1 was asking whether you czn pick up that much change 1n total body
water, as Dr Burton supgested, 500 ml 1n or out, 1 this nstance, by
the tattum method  Your answer was  Yes

Bebnke The 500 ml would be a bit close on one tndividual

Montgomery Are you sure your method 1s any better than the blood
volume method?

Behnke Yes

Fremont Smuth 1f yousay better you should say better wath respect
to what

Montgomery Mote accurate, then

Fremont Smith They have different goals, the two methods

Montgomery Yes, water gamned by the blood or outside the blaod

Fremont Smuth Water gained or lost  Blood volume doesn t pretend
to measure that

Montgonery No The argument was to abandon blood volume
because 1t 1snt a good method 1T asked Captain Behnhe whether the

method he has 15 more accurate, admittedly for a somewhat different
PIIKPOS:
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Bebnke ‘There are so many vanables affecting blood volume, but
total body water 1s more stable Secondly, 1t 15 a larger entsty Jt 15 of
the order of 45 liters compared with 6 lifers for blood In half a dozen
ndrviduals, using the mean value, 1t will be +200 ml For any given
indwvidual 1t will be about the standard error of esttmate, which 15 =2
pes cent  This amounts to about 1 liter  Thus 15 well within the range
}'ou are interested 1n because dehydration can be of the order of 3 to 5

iters

Burton  This disparity between water intake and water output from
the unine dunng these fisst few days in people exposed ta cold, will
amount sometimes to 2 hiters So I think one could measure 1t Pethaps
by using the word duresis I musled people tto believing this neces
sanly connotes dehydration Stein e o/ (11 12) looked mto this very
carefully It 15 a salt and water drests So that 1t doesn t pecessarily
mean that 1t would produce dehydration It means there 1s this flud lost
from the body

Tremont Swaty Also we should specify what we mean by dehydra
tion  Some of us are using 1t as meanmng a loss of fiuid which 15 useful
to the body and others of us are using 1t as a loss of flurd which 15 of
benefit tor the body to get rid of Do we mean physiologic debydration
or pathologtc dehydration?

1oran A

7
loss of water, or loss of water beyond what the body should lose tor
adequacy”

Kark  Beyond what the body should lose for mamtaming mulstary
effictency or any kind of efficiency Those are two separate things
Drary What I meant by dehydration was pathologie dehydration
“That 1s harmful of course Imean loss of water 1s not necessantly bene
fictal but I don t believe 1t does any harm
Fremont Smith  ‘That 1s not dehydration sn Dr Kark s terms at alf
Drury 1 dont think we are contradicting each other
Afonigomery 1 snterested o tive somsseran ot accompsaies deby
dration  This probably has some practical value as 2 warning What
does 1t feel like?
Drary Figure 66 shows what we mean and what Dr Kark means by
debydration  because 1t 15 from his own paper
Kark It shows a mixture of dehydration and fatigue That is not
1st dehydration
Drury Dehydratton is a large part of 1t
Kark There 1s ketosis producing involuntaty dehydration
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\ A

FiGURE 66 Condition of traops on third day of pemmican ration study Re
printed by permission from Katk R M Johnson R E and Lewss | S

Defects of pemmican as an emergency ration for wfaatey teaops War Med 7,
345 (1943)

Draury Did those people have water ad lib?

Kark Those soldiers had as much water as they wanted They were
supphed with hot tea Because of their ketosts they had mvoluntary
dehydration

Rodabl Produce 3 or 4 pounds of water 1n half an hour and you feel
wonderful

Fremont Smuth  That won t be dehydration from Dr Kark s pomnt of
view yet there would be a lot of water lost

Barton Dr Kark and others are interpreting  dehydratron as mean
1ng an increase 10 the osmotic pressute of the body flurds, whereas the
word stself connotes just loss of water I want to make clear that I
don t think this cold duuresis necessarily led to dehydration by the phys
ologist s definition because salt 1s lost also It 15 a salt dwresss I think
the physiologist by dehydeation means a loss of water without a
cotresponding loss of electrolytes so that there will be an increase of
osmotic pressure

Fremont Smuuth Would freezing pount be helpful?

Kark Those have been done by Johnson and Sargent (13,14 15) who
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made studies of vartous types of rations, measuring osmolar loads and
osmotic pressure, osmolality of the serum and urine

Fremont-Smeth  In cold?

Kark Yes

Fremont Smuth  This 15 crucial to our point What did they get?

Kark  They have a tremendous amount of data on Atr Force troops
they were studying

Fremont Smuth Do we know what they got from cold alone?

Kerk In terms of what?

Fremont Smuh In terms of this very pomt Was the freezing pomnt
depression lowered?

Kark Yes When troops were on 2 meat bar, for example, there
was marked loss of water, over and above salt So that there wete
defintte changes and detertoration

Fremont Smuth  'That 15 a dietary situation, that sn't cold

Kark Yes

Fremont Smuth  Could they give us data on the effect of cold, which
1s the sssue we are talking about?

Kark Ycantremember Iam sure they have it available

Baurton 1f 1 may com 2 word,—I am confident that they suffer 2

deflwdatton I am not sure whether they get a dehydratton

Bebnke Dr Drury conducted a test with the meat bar ration, m
which he showed there was ketosis and loss of water Our results were
stmilar 1 that there was a loss of 3 liters of water, for example, 1 an
1ndividual over a pertod of a week on a meat bar ration (1,000 calottes)
Thts loss of water was due to the ketosis

Drury Why do you say that 1t was due to ketosts?

Bebnke Tt was associated with the ketosts, because the salt intake
was approximately that 1n the meat bar, 2 gm , which 15 low

Drury Tt was assoctated with 1t, but how do you know 1t was the
cause?

Behnke It wasnt a mineral druresis

Drury How do you know?

Bebnke Because when the subject went on another type of diet, with
fugher salt intake, he gamed ¢ back

Rodabl 1f the expeument 15 carried on the ketoss dimunshes

Behnke This s what I heard

Rodah! Tt was shown by DuBois* when his group studied Stefdnsson
and Anderson on the meat diet After a whole year on the meat dict
they found there was a marked reduction 1n ketosss I think this 1s well

*+DuBois E F Personal commumcation 1951
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exercise, too, however Let s looh at the top curve for 2 minute This 1s
the body weight curve  Notuce that 1t falls off very sharply at the begin
nung of the dietary restriction By about the third day of resteiction, the
rate of decrease has slackened off to a steady half pound per day This
15 just about what one would expect on 2 1000 calorie mtake At the
end of the restriction, on the 30th day, there 1s an abrupt gain 1 weight
which then levels off 1 3 or 4 days 1 belteve that this gam sepresents
the restoration of water lost at the beginning  Incidentally, it 15 accom
pamed by thurst

This behavior ts not restescted to the meat bar diet I suppose there
are mullions of private expeniments performed every year n the United
States with a vazsety of reducing diets Tt is practically unversally found
that almost any diet works beautifully for a few days I belteve this 15
due to debydration Then the werght loss slows down and people get
very discouraged Often 1t goes stepwise too At the end, when a per
son gives up in disgust, a large part of the weight comes rushing bach
agan This 15 a matter of water balance 1 don t know what the expl2
nation 1s Whenever you testrict calortes, you seem to have dehydration
Perhaps deflurdatton s a better wotd tf dehydratton has come to refer
to a pathologtc situation

Eyemont Smith You dont have this for cold?

Drrry 1don t have an illustration for cold  The same thtng happens,
though but m exaggerated form because there 1s a higher calonc
expenditure  Thus 15 not, however, due to the cold as such

Fremont Smith But with adequate calosic intake?

Drury No Iamsorry This ss maltutestion only

FEremont Smith  So that the pomt 15, thes particular kind of expert
ment 15 quite cructal to our discosston We don t have straightforwar
cold experiments as yet Is that fair to say?

Diury 1 am afraid we havent separated the effects of cold and
caloric festriction, because I think that 1n the expersment that Dr Rennie
15 describing there is the possibilty that 1n the first few days they were
relatwvely calogteally restricted  This 15 qust an tdea  Maybe there 15
nothing to 1t

Burch How do you explain the ketosis?

Drary 'The umportant thing 18 to explain why the ketosts stops I
don 't know the answer High fat, whether the fat comes from your
own body or from your food and low carbohydrate—

Behnke The negative mitrogen balance may be an explanation for
watet loss That 15, one 1s losing body protem and with Joss of protern

also a certain amount of water that accompanies it
Rennte The question which remans 15 what effect drd this field ex
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posure have on the cold tolerance of these subjects and on thete physio
logic response to cold stress? The parameters that we measured 1n
attempting to answer this were body temperatures metabolism and
shivening during exposure of the nude subject to an ambient air temper
ature of 50°F for 100 munutes

The men reported for the test 1n the fasting state and rested for 45
munutes clad only tn cotton shorts 2nd 1n a room maintained at 31° to
33°C They were then brought mnto a room at 20°C and covered with
a quilt except for the exposure necessary to tape on thermocouples
Funally they were wheeled 1nto a cold room on a wheel stretcher still
covered with the quilt and rested for an additional 30 to 45 munutes 1n
the cold room while control measurements of temperature and metabo
lism were completed The quilt was then removed so that they were
seddenly exposed and they remained 5o for 100 minutes During the
tume of cold exp temp were recorded on
two recording potentiometers Exprred air was metered conttnuously
and an aliquot of 150 mi /mun was passed through a Pauling oxygen
analyzer The oxygen tension of expired air was recorded each minute
and averaged for each 3 minute nterval The volume of exprred air
dunng that same nterval was recorded and the oxygen consumptton
and heat production wete calculated from these data (5)

Figure 68 summarizes the results of body temperature measurements
In plottisg the results I have used average values Each powmt repre
sents the mean of duplicate observations on all six subjects or twelve
observations m all  The statistrcal analysts was done by using an analysis
of vaniance enterng a table of F and estimating the P value from this
There was no change m the course of rectal temperature n these sub
Jects as a result of the field exposure  After the bvouac the skin tem
peraturesta 7 - - tee ot
before Id '
may Asf
increase of about G hg cal /M? which should not be very tmportant

The average skin temperature was calculated according to the formula
of Hardy and DuBois (16) using sixteen skin thermocouple sites The
declne in average skin temperature was at a lower sate for the sub
jects following the bivouac The skin temperature following the
bivouac remained significantly higher than the pre bvouac values

throughout the first 80 munutes of the test The mean values beyond
thobem - a e e

todal o
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FIGURE 68 Mean rectal average skin and average body temperature dunag the
coatrol perad and cold exposute of all cold tests Each point 15 the mesa of
twelve observations on six subjects Body cooling was almost tdentscal duning

each sertes of tests

heat debt amounted to 81 kg tat /M* dunng the pre bwvooac tests and
86 kg cal /M* duning the post bsvouac tests

Burch What about shiveting?
Rennse 1 will come to that 10 just a moment  As far as regional skin

temperatures were concerned there was a sigmficant difference 1n the
cooling pattern of different regions of the body Figure 69 summarizes

representative data on regional skin temp Trunk temp r
the skin of the face and that of the upper patt of the legs cooled ta the

same degree 1n the men hefore and after the bivouac
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FIGURE 69 Mean skin temperature of the trunk arm and hand areas during the
control and cold exposute periods  Each pount 15 the mean of twelve observatrons
on the six subjects Cooling of the trunk region 1s identical before and fallowing
the field bivouac  Arm and haad temperatures of the acclimatized subjects zre
s gn ficantly warmer than when nonacchmatized

The distal extremittes the arms hands feet lower leg and digits
did not cool as much following the field exposure The refatively small
contribution of these skin areas to the average shin temperature accounts
for the farlure to detect any significant change n average skin temper
ature after 80 minutes exposure

Enror s Note  The followmng bas been added by Dr Rennie 10
place of h s onginal discussion at the Conference

The increase 1n the mean metabolic rate of the subjects dunng the
cold tests 15 sllustrated in Frgure 70 It 1s apparent that no change
occurred 1n the metabolic response of these men following the field trip

Since the heat debt and the metabolic rates were almost identical at
the completion of each series of tests the total body heat loss sustained
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found for still air alone and probably 1s due to the fact that the men
were lying on a blanket covered stretcher that prevented the circulation
of atr over the postetsor shin area

I have indicated 1 Table XX the regional skin temperatures and
the corresponding thermal circulation sndexes for the average subject
at the completion of the cold tests It 1s clear from this that the distal
extremties of the acclimatized men were warmer and that this was most
likely because of an augmented blood flow to these regions These

TABLE XX

Regional Shin Temperatures and Thermal Circulation Indexes
at the Completion of the Cold Tests

Skia Temperature (°C) | Thermal Circulation Indes
Sk Area !
Pre Bivouac Post Bivouac | Pre Bivouac Post Brvouac
—— :
Teunk 312 54 | 348 364
(P>005)
Head 294 288 ‘ 246 250
(P>005) ‘
Thigh 264 263 150 148
(P>005) ’
Calf 240 245 105 113
(P=0053)
Foot 201 213 ‘ 060 071
(P<005) ’
Arm 237 250 100 121
(P<o01)
Hand [ 196 213 [ 055 073
( (P<o01) |
Finges | 136 152 | o1 023
( (P=005) |
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observat - N fm vl
cerntng
acchimat
additional heat that must be supplied to the shin mass of the distal
extremsties 1 the acclimatized men It did not come from smcreased
metabolism as indicated by Figure 70 Rectal temperatutes were not
signtficantly fower 1n the acclimatized men at the end of 100 minutes
exposure although st 1s evident from Figure 68 that a trend 1n that disec
tion was develaping By excluston, we accept Dr Carlson s concept of
a diminsshed  core shell ratio 1n these acchimatized men  Cooling of
subcutaneous tissue and possibly skeletal muscle tissue to a greater
degree 1 the acclimatized men would account for the results, s other
words the body shell sustains a greater heat debt than would be the
case 1 nonacchimatized men without eliciting a greater than usual sse
n metabolism  During more profonged chilling we can only speculate
what this would mean to the acclimatized man Obviously, the capacity
of the body shell to sustain a heat debt 1s lmited ‘The cooling may
extend to far deeper tissues than those we ordmanly consider shell
tissue perhaps even a fall 1n rectal temperature may occur 1n accluma
tized men earlier than 1n nonacclimatized men Dt LeBlancs recent
expenment (19) ndicates that this may be so Eventually, heat flow
to the shin of distal extremttes from deeper tissue must decrease and
extremty temperatuses must fall Heat from metabolic sonrces must
become of wncreasing tmportance during extended chilling and the
ability to elevate metabolism for prolonged penods must be 2 vital
feature of cold acclimatization under these circumstances unless the
entuce body temperature level falls i acclimatized men Our data ate
nat extenstve enough to answer these questions We can say that early
m cald stress heat 15 supphied to the skin of dstal extremipes 1
greater quantity m acclimatized men than 1n nonacclhimatized men an
that the source of this heat must come from body tissue cooling because
metabolism under these conditions does not differ from that of nos
L
many times you made this sertes of
the same subject?
Reunze  Four times

Trarell QOn the same subject?
Remme Yes In other words, a total of twenty four individaal runs

Trarel]l Was there any difference with the passage of time?
Renme No

Tratel] On the same subject?

Rennre No
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Travell They were always the same?

Rennte ‘That 1s correct for the two pre bivouac tests and the two post
bivouac tests When you compare the post bivouac runs with the pre
bivouzc runs there 15 a significant difference

Trarell But you took the same man and made this sertes of observa
tons on him?

Renme That ts nght

Trarell So many days later you made 1t again? You dudn t study the
effect on skin temperature of exposing the skin alf over the body m
the nude state to cold These were areas of the body that are ordinarily
covered?

Rennte In this study we did not determine the effect of cold room
exposute per se We have done that on other occastons and have found
no effect from this degree of exposure

Trarell 1f you exposed the bodies nude 1n the cold room then you
didn t determine what effect that exposure had on the subsequent varta
bility of skin temperature

Fremont Smuth  Dr Travell means 1f you had continued say after
they came back from the bivouac for 4 or 5 days tn successton with the
same ndividual  She 1s asking about acclimatization 1n the cold room
not recovery period

Catlson 'Thus 15 LeBlanc's (19) experiment

Burch 1 should lrke to tell of 2 few experiments we have petformed
which were similar to those of Dr Rennte except that mstead of simply
uncovetsng the individual we removed him from one room to another
toom that had already been adjusted to 12°C 1 was nterested 1n the
effect of cooling on pressure in the veins of the surface of the body
This 15 of 1nterest not only in normal man but also n patients with con
gestive heart failure 1n whom venous pressure 1s already elevated We
know what happens in congestive heart failure 1f venous pressure 15
raised  Therapeutically 1t s advisable to lower the venous pressute
We know that change 1n venous pressure can mnitiate cardiovascular
reflexes 1n normal persons as well as those with high venous tone
We placed thirty medical students in  comfortable room and measured
the pressute 1n their medean basilic vein and also noted the hepato
jugular reflux test The response was normal 'We moved the subjects
nito the 12°C room and let them lie there until they were about to
shiver Just before shivering appeared we found a rather extreme rise
1n venous pressure in the median bastlic vein The hepatojugular refiux
response became abnormal

When we placed patients with congestive heart failure who had an
elevated venous pressure signs of falure and an abnormal hepato
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jugular reflux response in the same cool environment, the venous pres
sure did not change m every instance  Four of them, however, wen!
mto acute cardiac asthma, with rather acute pulmonary edema

The hepatojugular reflux test became so abnormal m one patient, I
think I could have killed the patient 1f I had pressed on the liver hard
enough  This patient had to be handled very gently 1 do not under
stand the entire response to the cooling but I have 1deas about it The
response reminded me of what happens to a patient with a tight muteal
valve who walks out into the water at the beach As you know, when
such a patient walks into deeper and deeper water, he becomes mote and
more dyspnetc, and has to walk out onto the beach again [ think the
water squeezes the superficial veins and displaces blood snto his respiea
tory tract to overfill it ‘This may be the type of mechamsm by which
body cooling causes dyspnea m the patient with congestive heatt farfure
We plan to measure the work of the heart and measure the pressure-
volume diagrams of its chambers to learn what happens to the mant
fested work of the heart, as we did for a hot and humid environment
(20
Carlson Why do you think of squeezing the vens instead of just
vasoconstriction?

Burch Walking mto the cool water may produce both The cool
room produced venoconstriction

Crismon You meant outside pressute rather than muscular

Burch ‘The pressure of the water upon the body

Carlson In the faing heart, I should think vasoconstriction of 2
flushed skin would be a rather heavy load mn the lung

Burch 'The coal soom produced venoconstriction In fact, you know
this occurred by gross tnspection of the veins The veaspuncture in the
cool room 1s more difficult, 1n fact, I have difficulty finding the vem at
tumes ‘The vems are contracted and more difficult to puncture, resem
bling a small artery The potnt X wish to make s that, in the study of the
response to cold, we always think of the normal man, but the abnormal
man 1s another individual that deserves consideration One wonders
how many people develop cardwsascular dfficulty when they acutely
enter the cold We know pattents with heart disease 1n cold areas of
the world will live long provided they lve 1n ‘tropical conditions
which thetr homes and clothing provide If they should become expos
to cold and become chilled, cardiac asthma mght posstbly develop

Carlson Dr Horvath has published data on this pomt (21) It
erroneous to think that when 1 put on my coat and walk into the cold
that T am 1n 2 tropical environment Dr Horvath demcnstmteci hOhW
rapsdly the shin temperature drops 1 clothed individuals While the
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clots defined 45 Lecpmg the skip temperagye 3 33°C the actual faey
i that v her e go out 4y the cold, skyn tempemture drops The Pattern
of skin Eemperapre change 4 D Horvag's Xpeniments 4 Stmulag 4,

doo; tamly clag | do
not know, Whether of 0t his sy, temperapyye declines and ¢o what
te

Carlsoy It May be thae the persop €Xposed to cold Tecerves cyeq from
Xposed paer Such a5 g, and hy
Burch” thin 1 4 2 matter of how weyy he is dressed and the Joye)
of the SMVitonmengy; temperapy e that wjy determyp, what wyfp b pen
to the o\ temperaturc Obwously, if he 5 chilled, o temperatyre will
‘echine |, chxllcd, 1t shoylg not thznge Y1y much It s
ysics

oriath q, depends 20 Whether ho 5 active o 1Nactye
ureh Surely, Whether Of not he drives 10 2 heateq aummobtlc, and
0 steps direcy Y into fus office, or Whether o, 10t he wa s to work, are
factors voly, 5 there are many factors which Must be
to Understang the nagyee of the physxalogtc changes to be €Xpecteq
Hitoy | think 1 would disagree a little yyyy, Dr Carlson thin the
MPortans factor guvemmg the reflex vas&)constncuon, when an indp g
uafs Clotheq o, €Xposed to old, 1s mucy More the 2mouqt of €Xposure
t;rzn the face, the one Pact thag ¢ €Xposed, thay, the sk temperature over

the Teceptors OVEr the regy Of the body
arls fguing the average skin temperatyre drop; he cue

4 be from the face p, the AVerage sk temperature does ¢,

By, Trem 5 early in the war Ng measyre, ents on forty
or ﬁfl}’p ple st VY fying cloth, 12 10 a cof, chamber 23
1 Pressed by yf, fact thay 0ugh their gy, 5e shin temperaty o
dropped, it didy ¢ Carly as muc; 1 they wegas, d 11 2 10, at
6o esult, they, Wwas ng Soconstriction or shy 18 unt afpe,
2 coupf ours, by Which time €Ir core temperayre h. f0pped
Quite g b,y COntrast, y, tted the eype, TENLS 3t aboyy 10°, arge
0d beloy, o > Particuly,y, ith wing Of the face 't Could peye, get
theyy fecta] femperatype down a¢ a1 Just thay X2 amouny of stimula

Yon of g face brought the whofe defense Mechanism g, 1 do fee]
4 Viy clotheq 7130 gowng oup the cold pag reflex mech
angsm, Breatty nhibiteq

Horryy, Iy
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leave the faces unprotected, the temperature drops a lot faster That,
Ibelieve, has been documented a number of times T am sure there must
have been protection  The factal reflex does not actually play as ampor
tant a part as we like to think  Certainly, this 15 an snteresting fact A
fine angmal attack can be tnduced 1 the patient by placing an ice cube
1 his hand or putting one on his forearm or chest” I dont remember
that 1t was ever done on the face I know these other sites are just as
mportant

Burch 1 am not saysng they are not just as important, but the circum
stance of heavy winter clothing on porttons of the body must be con
sidered  If the skin temperature of the body 15 measured, st probably
does not decline very much, whereas shin temperature of the face of the
same individual will decline enormously when he 15 exposed to the cold

Eprror $ Note  Dr Travell would like to add the following after
thought to her remarks at the conference
It 15 pacadoxical that 2 pattent with paa of angma or acute Imyo
aardial mfarction can be relteved of the pan within a few seconds by
application of ethy! chloride spray to the chest We showed ths 100

= b Ands

ferent type of reflex must be initrated

Crsmon T am ympressed by the comment made by Dr Burch be
cause 1t focuses attention on the loose termimology You speak of
vasoconstriction 1n the cold  Actually, that term should be apphied to
the artenoles  From the pomnt of view of hemodynamucs, it 15 2 factor
of resistance added The important aspect Dr Burch brought out was
the emptying of the venous resexvorr of the skin After all, skn 15 about
18 per cent of the body werght, 2nd 1t contatns 2 good deal of blood By
the time that 15 diverted 1nto already engorged venons sesecvasr, this
additronal component makes 2 good deal of difference, but 1t ts not
detectable 1 the ardinaty indevidual whose mternal capactors €an
tncrease theie volume to accommodate it without any wcrease in pres-
sure, usually ,

Fremont Smuh What term would you nse, venoconstriction

Crismon  Yes Hemodynamucally, they are quite different and the
mechamism nught be quite different

Burch Retlﬁnmg tg the temperature effects Dr Caslson mennor;ei
1 agree with what he sad, that temperature can chaage 1f the siual }’3?1 "
1s proper for it, and tt will not sf the sttuatton (s not propes b
the vasoconstriction reflexes vasoconstrichion from chilling can ;; ©
duce fairly raptd and extreme constrictton tn a part before there 15 any
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apprectable change 1n the temperature of the part If thermocouples
are put on fingerttps and another hand dropped ito cold water veno
constriction and arterial constriction will ‘be noted rheoplethysmo
graphucally before the temperature 1s noted to change thermometsically
Horeath Your temperatares must have dropped  You said you car
t ed them to the point where they were about to shiver
Burch 1 am discussing the suuation for a chilled man  We have
experiments of another sort 7¢ where a man 15 covered adequately
and comfortably When hts hand 1s put in cold water and the digital
vascular changes measured theoplethysmographically a quick change
1s noted which 15 independent of any measurable body cooling
Ithink some of the venoconstriction that we encounter t5 not necessar
1ly due to total body cooling of the clothed man 1n this experiment
Carlron_You are temforcing my earlter point
Burch We too frequently pay attention only to the normal mdividual
who can cope with these types of exposure It 1s rather difficult if you
Want to speak loosely to kill a normal man but when you have a person
whose physiologtc state 15 just balanced between rematning alive and
dyng 1t 15 fluctuating 2 great deal In normal man almost 1f not all
biofogic phenomena including brochemical fluctuate within a natrow
1 ust
2 J
h the
Periphery may cause deleterious changes?
Burch 1 dont know the mechantsm of it 1 think part of 1t 15 due
to the lobal filling of the lungs
Carlson It seems reasonable
Behnke 1 would like to call attention to roentgenologic studes in
England 1n which 1n cooled individuals shift of blood from the periph
ery to the core was shown by enlargement of the liver the heart and
Internal organs Ttisa very interesting demonstratron of what happens
You speak of the periphery and the core Where does the core begin
:"dd*m:v much of a shuft 1n blood does 1t zmount to? Who has meas
red 1t
Barch D Rennte has used the term
Renmre Although the terms core and shell create a rather simple
mental image as a basts for discussion I do not think we can be too
precise n dafia . — El hieg anf oo g
gaton |
across 1
Beh N ' r
220°C The skin temperature trunk temperature 15 20°C  The deep
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body temperatuze 15 38°C  How deeply does one go mto the body to
reach a temperature of, say, 36°C ?

Repme ‘That would depend on where you chose to enter the body
Over the liver, the depth would be small compared with what 1t would
be 1 the calf or arm

Bebnke 1 was thinking of Dr Irving s catlier presentation 1 think
he has come close to the kind of answer that would be helpful to me

Irving  With animals, yes

Burton Dr Bazett and McGlone (25}, as far back as 1927, did thus
1n the human, on themselves, for the thigh and the leg and the arm
They give these gradients, but not 1n very cold ctrcumstances As I
remember, before the temperature became constant, they were as far as
115 to 2 inches decp

AMonrgomery Thave never used the term core” Were you tmplying
that core 1s deep in the extremities as well as in the tronk?

Rennze Yes 1 would consider that as part of the core, particularly
the proximal decp portion of the extremities It may extend out nto
the proximal portion of the deep patt of the extremity, it may be very
high in temperature

Montgomery Tt could be defined as those parts of the body having
a temperature close to the highest temperature within the body Its
volume would vary with env wit 1 temp
and with regional metabolisms and regtonal and central crrculations

Carlson 1 am afraid we can t clanfy 1t very much because we know
there 15 1o fixed temperature within the body

Fremont Smuth  Are we clanfying something which 1s not an entity?
Isn t 1t really a mustake to use this term 1 any sharp context, because it
1s obvtously gang to vary? If the whole body 1s i warm water, the
whole body becomes the core  This shows the extreme of the situation
It seems to me 1t 1s much better not to use a term like that, which wll
tend to become dentified with the particular atea of the body, when,
actually, we know the area of the body involved will vary with varying
conditions -

Bebnke How does Dr Burton compute total body heat from his
equation? Isn t the calculatton, cestainly, based on the sdea of 2 core
nd pertphery®
¢ Bz?rtag ﬁ;st beczuse we have to make reservations about the core
and the shell altering thetr rato n different physwologic C’m‘mm;:“s’
that does not mean that 1t 1s not useful to employ these terms IdaVE
been vety grateful to Dr Caslson for supplymg shott, 5‘“‘?‘; ‘Z‘”shsel’?
these concepts 1 find 1t very helpful to talk about the core ant rhe e
As one knows more about 1t, one has to make reservations These 2
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not fixed elements What 1s, in phystology? We were talking earhier
about the blood volume What 1s blood volume? The factor that is
measured 1sn t a geometrscal factor, 1t 15 the arculating blood volume,
if you like  That ss strictly analogous

Monsgomery What 15 the cote except, then, the part of the body that
has, within narrow ranges, the top temperature?

Burtor  Yes, where the temp 1s fausly | geneous

Bebnke For a stable condstion of 20°C, for skin and water tempera
ture, how deeply does one go into the muscle layer to reach a tempera
tare of 36°C ?

Crismon  IE you are willing to select an mstant 1n time, you might
be able to find the point where the transition was detectable, but an
instant later that might have shifted a bit back and forth

Burton Moreover, Dr Bazett (26), in his later experiments, mnves
tigated the gradient You find plenty of circumstances where the gradi
ent even reverses, as you go deeper i the tissue  You would have to
say that as your needle hit part of the core, when 1t got further i, this
was another part of the shell It 15 very complicated Somecne asked
about the formula by which we calculate the average body temperature,
on the assumptton of a core and a shell T hope this calculation 15
never regarded as more than the next best approximation to ustng one
temperature alone, being obviously the way you arbitranily mix skin

P and core temp For the details of this caleulation
should really depend upon the type of mndividual you are working with
(fat or thin) and whether be 15 1n 2 cold or a warm place

But the fact remains, by adding to the calculation this mixture of
core and surface temperatures, you achieve something much better than
Just using, say, core temperatate But «t 1s only a first approximation
Since one should have an exact formula that was different for every
tndividual and, pethaps, different from that individual mn different cir
cumstances, no formula would then be generally useful, would 1t>

Barch  You cannot be atbitrary with ths, 1t depends upon many
circumstances

Irimg  With regard to your question about depth of the gradient,
Edholm (27) has a few interesting figures of very deep and rather
extenstve gradients reported 1n some of his observations on the Channel
swimnmers I haven t considered the gradients sn man  Furst, T didnt
know enough about the situation to bother about going through the
work on myself or anyone else I haven t yet seen the situation 1 man
when the gradient could be measured with any great significance, be
cause of sts small dimensions and our still extensive anatomic
tamty as to what that situation 1s ”
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However, 1 do think in those swimmers there s likelthood that the
gradient would be sufficient so that even with our present [ack of defi
nition of the morphology of the shell and core, some useful observations
could be made Y think that 15 probably what you have n mind

Behnke The swimmer matatams his deep body temperature at about
38°C  The skin temperatute 15 20°C The muscle temperature probably

L Lad bamnarahre
the blood flow to the skin  What
and what 1s the blood flow to the
7

Burton 1f one takes the arcwtation of the finger as representing cir
culation of the shin, we have some 1aformation as to the range There
1s no muscle and very little bone flow n the finger “The range of flow
13 simply enormens - Of course, the range depends, 1f you are expressing
1t per 100m] ¢ Tt e oaedast
two ar three 1%,
1t changes from 05 mi/uun ave N e

than 100
TP e eamaanteresting data on the terminal phalanx, by
* ~ ol

“ b
the mean volume of flow tor 5 gm 01 WL w o
st 1s for 5 gm of hver, 3 gm of bramn, or 5 gm of left ventricle all
tissues with supposedly high rates of mean flow, finger flow 15 five
to six times as high as for the body 2s a whole

Burton This 15 maximum dilation?

Barck No, resting man n 2 comfostable environment

Carfson What temperature” . .

Burch The digital temperature would be about 31° or 32°C The
renal flow, of course, 18 several tumes that for the digtt In cold we noted

flows too low te ~~=a< e The question is, how long can such low flows
~he~nmenon begins

exist hefore the
to develop and 158, ﬂgw 11;
noted to rise pectes

ng started,

thermocouples ate uovw
the digttal flow crease
15 quite vanable, but far i
achieved 1if the experiments are carefully

Carlson The h}:nd blood flow data ml;)r Newburghs (30) book
would indicate the range 1sn t as great 1f you take the whole hand, the
flow would probably be a matter of 20 per cent of this range

Burch I have studied his data Some of the measurements of flos,

2" but not very much  As 11w On satd, it
rly standard expenmental conditions can be
erformed



Energy Metabolism m Cold 287

with only mean flow as recorded 1n the literature, have large errots
them, because of some leakage and other phenomena as 2 decline tn
the A V pressure gradient Dr Burton and I argued about this more
than once I think leakage 1s a large factor for the errors 1 venous
occlustve plethysmography It 15 necessary to study the actual onginal
recordings, 1f they are published, to evaluate the errors

Burton 'To retum to the question of gradients, there 1s a small
amount of data on how gradients may change, as between the white
man and the Eskimo Malcolm Brown and Hatcher, 1n experiments
already mentioned (31,32), got bhisters 1n the Eskimos, and they also
measured some muscular and subcutaneous temperatures There 1s quite
a difference 1n the gradient n the Fskimo  As I remember i, the
muscle temperature 15 much higher than that found in the whate, for the
same skin temperature

Fremont-Smuth  If you watch the capillary flow i the natlbed 1n a
person who 15 getting typhoid or malaria chull, 1t goes from the normat
flow to a complete standstill where you can actually watch a corpuscle
stop and remain stopped for a long time When the flow begins and,
hence, the temperature 15 reaching the top, the shift may be very
dramatic, within 20 munutes, from complete stoppage to capillary pul
sation and the venous blood quite artenal So this 1s an nfimte change
from standstll to very rapid flow In the process of the change, you
can see the individual capillary loops operate entirely independently of
adjacent ones Therefore, the terminal artertoles must be separately
1anervated by the sympathetic, because I have watched this agamn and
agan You can see one loop flowing very rapidly, with adjacent loops
on both sides at a standstill, and then they reverse themselves durng this
transitton, from the complete vasoconstriction of the chill phase to the
complete vasodilatation of the post chull phase I think this just bears
out the fact that you got flows you couldn t measure tn the tip and 10 the
skin you can show 1t just 1sn t moving

Burch  Another interesting observation we noted was that when
flow was measured as the hand was cooled and as the hunting began,
the basal flow, as I call 1t, dechined practically to 0 When the vessels
opened with hunting, farly large pulsations developed, and the basal
flow did not change very much In normal persons, the mean basal flow
1s about 12 mi per 5 ml of finger tip per second But as the tempera
ture declines, 1t decreases to 2 or 3 m!, or less With hunting, 1t may
temain at about 2 or 3 ml per S mi of part per second Apparently
there 15 stasts to warm the tissue

Behnke To conclude what I say, I think we can get more data on
actual measurements of blood flow to the skin 1 environments of 35°

-
"
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AVENUES OF HEAT LOSS AND
PERIPHERAL CIRCULATION

JOHN P MEEHAN

Department of Physiology

Unseersity of Southern Calsfornsa School of Medscne
Los Angeles Calif

IT 15 MY INTENTION to present an over zll theory on which I would hike
to hang many of the phenomena of mans response to cold to cold
adaptation and also to consider this theory 1 relation to the sigmifi
cance of cold injury and predisposition to cold tjury

Frgure 71 sllustrates a single experiment that we did about a year
agon the laboratory It shows a hand-cooling experiment designed to
demonstrate the hunting phenomenon we have just been discussing It
demonstrates the hunting phenomenon m a given subject the expert
ment having been repeated a number of times 1n this same subject The
conditions of the experiment were very carefully controlled The subject
was allowed to rest to come to thermal equilibrum wath the room en
vironment tn which he found himself The dotted hines represent the
type of response that we usually got on this particular subject

Fremont Smith Where are you measuring?

Meehan We are measuring the temperature at the base of the nal
bed of the index finger of the right hand with 32 gauge constant
thermocouple attached with collodion and covered with one layer of
adheswve plaster

The hand 15 immersed 1n ice water bath and carefully and uniformly

stired  We p m the vicinity of the
finger of approximately 4-14°C above freezing This 15 the standard
condition

The three resp of this ndrvidual rep d by the dotted line
show adequate and expected rewarming and cycling  The solid line
mdicatee ah 1 a1 PR Tha £ [t 1P N MY
ature

Bure ' '

i
Meehan Yes This demonstrates the phenomenon that I had antict
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Figure 71 Four separate hand cooling experiments oa o

{ines show the results of expeniments conducted when the subject was 10 hus
normal subjective state “The solid lines show an experiment conducted when the
subject was 10 a state of mashed anxsety

pated and had been looking for ways of demonstratg for some time.
I had seen a ssmular condition 10 WO subjects here 10 Alaska when

was 1n service i this Laboratoty The condition happened to have been
happcncd to be

1n colored subjects This nstance shown 10 Figure 71
1n a Caucastan 1ndividual

The subjective 1esponse of the (ndividual on the occasions indicated
by the dotted line were about as would be expected by any of us who
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are famuliar with this type of expeniment It 15 a pamnful expenment
When the hand 1s removed from the water there 1s much pain until 1t
rewarms However, after the rewarming, the unpleasant sensations from
the hand disappear

After the experiment indicated by the black fine, however, the subject
had extreme pain i that hand He had extreme arthralgia That eve-
ning he required sedation 1n order to sleep  He not only had arthralgia
1 the hand, but he had disturbed cutaneous sensations for 3 months
after the experiment This man, then was a cold casualty to this expen
ment

I would like to fit thes observation into the schema that we will give
later As a way of mtroduction to this, at the Third Conference on Cold
Injury Dr Malcolm Brown (1) presented his findings relauve]to the

P T T

T an 1 -5

somebody else? Was he anxious? Was he nervous?

In reading the literature on response to cold we find this type of
refetence occurnng rather frequently 1 believe that the central nervous
system, as such, plays the major role in determuning the individual s
response to cold, whether this response concerns whole body cooling,
whole body exposure, or local cold exposure This 1s the starting point
of what I should like to discuss now 1 shall show a schema m which
vatious parts of the central nervous system are represented These will
be largely functional descuptions and anatomic locations will not be
assigned 1n every case, however, I may suggest them where this seems
appropriate Further this will have to be rather strictly limited to phe
nomena associated with cold It can be extended I am sure to other
sensory phenomena However, for the purposes of the present discus
ston, and since time 1s lumited, I should like to heep the arez of atten
tion here directed night at the pertpheral sensations that are concerned
with cold

The pertpheral sensations that are concerned with cold and that play
2 part tn an individual s reaction to cold are the temperature receptors
for cold and the pan receptors  These are represented by a block labeled

receptors’ 1n Tigure 72 An arrow connects that block with another
This block 1s called the central nervous system integrating areas It
probably s from an anatomtc standpoint, the cerebral cortex o, at least,
a large part of 1t, so 1t might be called cortical integratmg areas

Opposite this box 1s another that will represent the hypothalamic
autonomic centers, and these boxes are connected by double ended
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Figure 72 A functional schema of man’s reactions to cold stress The dotted
line represents an anatomic pathway, the functional significance of which 1s un
determined 1 the presence of higher central nervous system activity

artows  Also interposed between these two boxes, istead of a square,
15 a rather oblong structure which mdicates that ths involves areas of
the brain that cannot be described with too much accuracy at this time,
anatomtcally, but we do know which functions are there ‘Thss would
have to do with those areas of the brain that determine the subjective
state of the individual By subjective I mean what are normally spoken
of as 1deas the individual has, hus emotional set, his emobional attitude,
hus feelings, etc , all these characteristics that determine the man's affect
toward his environment

This structure 15 connected to both the cortical integrating areas and
the bypothalamic areas by le-ended arrows An effector
outflow for ths schema 15 sepresented by three outflows The first will
be communication to the pitmtary gland and the endocrine system

Montgomery You mean the artow 1s a communication by nerve?

Meeban This 1s a functional connection between the hypothalamus
and the pituttary gland, and 1t 1s probably not nervous It mnvolves the
portal blood supply to that organ So, as I say, my representations are
on a functional basis
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The second outflow from the hypothalamus 15 the outflow to the
medullary autonomuc centers, called medullary autonomics From there,
of course, we go to the various effector organs controlled by the auto
nomic nervous system

The third outflow 15 relative to shivering  Such outflows have been
very nucely described 1 work supported by this Laboratory and work
done by Dr Allen Hemigway* at the University of California n Los
Angeles

As far as cold phystology 1s concerned these outflows will be con
cerned as follows The pitwitary and the endocrine system will certainly
have effects on water balance and distisbution sn the indrvedual

‘The medullary autonomic centers, of course, wll have primary effects
on the cardiovascular system The main response we talk about 1n cold
physiology ts vasoconstriction  The outflows relative to shivering are
perfectly obvious This, of coutse, gives us metabolic heat production

Burton I think many of us agree with you that there should be an
arrow from the receptots directly to the hypothalamic centers, because
we know with a decorticated animal, his temperature regulation may be
disturbed Human operations on costex gtve a kind of fever We do
know a decorticated animal has 2 pretty good temperature regulation

Meeban  Yes Spmal man has some temperature regulation too
Thee .o . f— e T PR

Burton  Functionally, n decorticated ammals the temperatu;‘e tegu
Iation 15 hardly disturbed This was shown way back Many of us feel
Wl wrs

ology, impulses have to go to the cortex whereas these experments on
decorticated animals suggest that, while there may be a pathway straight
to the cortex (we have sensation, of course) the reflex mechanism oper
ates directly theough the autonomic centers, 707 via the cortex

Meeban 1 will compromise with your argument to this extent, in
that T sard cortical tntegrating areas, those areas are probably mn the
cortex I will also state that there are probably subcortical areas also
tvolved, for which there 15 considerable evidence

Carlson T would like to make a plea for the arrow It doesnt
destroy your argument  Your other arrows would modify the tesponse

Barton 1 think we hnow 1t

*Personal communication
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Fremont Smuth We don’t know what his asgument 15 Let s listen
to his argument

Burch Are you explammg thermal regulation and the lack of hunt-
g’
Meehan Y am talhing about the reactions of an individual exposed
to cold

Burch What reaction?

Meeharn  The total physiologic reaction to cold exposure

Blarr You can destroy i anmals the hne going from cold pan up
to the cortical centers without disturbiag temperature regufation, where
as 1f you destroy the arrow gong over to the hypothalamic center
temperature regulation 15 completely destroyed

Aleehan  Let me fimsh my argument Then, after that 15 done, 1
would fike to entet into this type of discussion agan That 15 the pur
pose of this presentation [ want to stmulate discussion 1 also want
to ortent 1t along certain lines

Astde and apart from the arrow we have just heen discussing, st may
be that some of you may desite to draw other arrows on this dagram

Burron That 15 puttrng st very maddly

Meeban  In other words, you have, as we all know, feedback mecha
nisms that connect the endocrine system wath the central nervous system
You may have several feedback mechamsms that conld be indcated on
this diagram

Trarell  Also feedbacks to the cold receptors?

Meehan  Angthing that 15 gowg to affect metabolism 1 general
would probably affect the cold receptors, absolutely So, all of these
things we must realize are mterconnected ‘Thas 15 2 hittle bit idealized,
however, 1t serves as 2 basis for the present discussion

1 was mnterested 10 the response shawn 1 Figute 71 becanse I had
occasion to observe this sott of thing twice 1 people here Alasha
The absetice of the hunting reaction has been related to an mdrviduat s
susceptibilety to cold wury, at teast of the fngees

This wdivadual, nnder one set of arcomstances, had 3 pesfectly fine
rewarming reaction  Under another set of arcumstances the hontag
reaction was entirely oblsterated and he became, for practscal pusposes,
2 cold casual

c"l)’hc dxsﬁergxce 1 the two experiments was this The first three times
the man was tested, he was calm and relaxed, and not at ail apptehen
swve of the expenment However, the time when he failed to s}l‘m&v r;(
warmiag, he had just completed an examination mn whch he had
performed very well, and he was vesy amvious about #1s O“YCOE“:“d by

Advantage was taken of this fact, and hus fears were seinfol
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appropriate suggestions, and the expersment was carried forward  Thss,
et a1 s [ A T

to a very dardized type of cold exp

Fremont Smith This 1s very parallel to Wolff and Mittelmann s (2)
work on patients suffering from Raynaud s disease where exactly the
same thing was done and 1t was found that the pattent could be thrown
into a Raynaud s attack by anxious discussion or he could be thrown
into a Raynaud s attack by lowering the temperature, but that if the tem
perature were lowered on an anxious day on the day after an examtna
tion, when he felt badly, 1t took much less Jowenng of the temperature
to precipitate an acute attack of Raynaud s disease which could also be
overcome by reassuting statements

Meehan Yes The thing to be learned from this type of observation
15 that the normal indrvidual 1n his everyday hife 15 going to have
fluctuations n hss subjective state 1 should like to propose that these
fluctuations in his subjective state are really a part of hts normal physiol
ogy and as such, are gomng to affect the response of any pants of the
diagram 1 have drawn 1n Figure 72

The anxious 1ndividual 1s going to set a certamn tempo for the auto
nomuc activity 1n the hypothalamus which 10 turn s affected persph
erally by disturbances and changes n the various sensory modalities
presently considered It also affects the iaterpretive areas of the bratn
The 1ndividual becomes more sensittve to stimult under some condt
tions, less sensitive under others

To carry this schema a little fusther, the cortical integrating areas
function along at least two man pornts of reference The most impor
tant one 1s going to be the experience of the individual That expertence
can be general expertence or 1t may be experience with a specific stim
ulus under a specific set of conditions

The other pomnt of reference that this mtegrating system wall use
will be what I shall call the area of attenttveness or span of attentiveness
of the individual By that, I should like to cite 2 common expertence
and I am sure most of you have had 1t If you are busily engaged on
@ Project that 1s grossly interesting to you and you are devoting all your
€nergies to it, you can mjure yourself and be totally unaware of the
Injury until you observe 1t visually later You completely abolish the
sensation of pain under these circumstances  You have certamly shmu
lated the pain endings 1 the finger, the hand, or whatever has been
injuted but something has happened to present conscious tecogmition
of the painful strmulus
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Another pomt that brings reference to the discusston we had about
the arrow leading from the receptars to the hypothalamus, 1 do believe
that, generally, all perspheral stimult that are recesved by the body, for
practical purposes, ate subject to interpretation

There 15 information relatve to this, and I think probably some of
the most pertment data that bear on 1t are found 1n the mnformation that
has been derved on pan sensation and how 1t can be altered under the
hyprotic state West, Nell, and Hardy (3) have done experiments m
which they have measured the pain thresholds of subjects that have been
hypnotized and have been given the suggestion that they have had
anesthesta They have shown that the subject has complete anesthes:a,
that 15, N0 conscious sensation of pan, thete 15 no galvamc skin response
to the panful stimulus This 15 one of the reasons I think we must say
that these cortical integrating areas, cortex plus other areas, are gong
to affect functioning, at least the relationship between the perspherally
disposed receptots and the hypothalamus

Carlson 'The relation between peripheral receptors and hypothala
mus has been demonstrated The properties of the central netvous sys
tem which are 1nvols ed here are changes i exatability, 7 ¢ , facthtation
or mhibition

Burton You perhaps, misunderstand  None of us 15 doubting the
tremendous influence of cortical control of autonomic centers, but doubt
whether this 1s essential to the functioning of this regulatory autonomic
mechanism  We know that a decoticated antmal does go on with this
regulation, unmodified by his costex  On the othes hand, 1€ you cut the
pathway directly to the hypothalamus, the regulatton 1s absent This 15

absolutely essential to the whole mechantsm, whereas youe fitst arrow
18 not essentral

Blarr In addition to what Dy Burton says, with which I will agree
under normal citcumstances, there are two abnormal states that have
aothung ta do with the costex 1n which curves can be produced that ar;
identscal m type to those shown mn Figure 71 Fusst, sf a lowerng o
itetnal body temperatares 15 produced, hunting 15 blocked, just as
show sa Prgute 71 And second, ever 2 minor degree of b:matxhs_gte
will praduce the same effect They ate not regulated by and do no!
produce any cortical effect that we ate aware of X

Meeban That1s nght Yoshumura and Iida (4) have done the mos
extenstve study on the gross physiologic variables that affect the huntz}r;gz
Body heat balance 15 one, relationship to meals 1s another factor 11(1
wll grossly affect 1t and, as you say, small hemorrhage than;
blood volue will affect t There are all of these many factors

Hudes Cooling the arm
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Horsath The age of the subject

Blair Repeated exposure to cold

Meehan Repeated exposure only affected a small group of primitive
people Yoshimura was able to study He tried the experniment in people,
1 presume, that were available to him in hts faboratory By cold tramning
dipping hands 1n cold water, and so on, he was not able to demonstrate
any particularly significant modification, shall we say, of the hunting
reaction

Burch Dont you think there are a lot of unknown factors that
ulnlﬂuence the hunting phenomenon? I am certain we do not know them
a.

Meehan 1am sure we do, Dr Burch Iam not denying the existence
of local factors that probably affect the hunting reaction Apropos of
the pount of body heat balance affecting the reaction 1t certainly does
On the other hand, you do not get this very paiful and disabling ex
petience 1n a given subject, every trme he fails to rewarm

Blair But you get cold injury very quickly wa the absence of the hunt
ing tesponse, as 15 shown mn Figure 71

Burton 1 would like to question the mterpretation of the results of
Hardy that you report I don t have any drrect confirct, experimentally,
with Hardy s expenment, because, as you say he was measuring the
psychogalvanic reaction I was measuring the vasomotor response of
the blood vessels of the fingers, 1n a gul who had complete anesthesia
of the forearm, not produced by hyprosis but 2 hysterical, psychiatric
ph To my t all of the
ceflexes were there, even 1n exaggerated form, when you priched the
anesthetic arm

As 10 your general theory of temperature, I dont think the psycho
galvanic reflex, which undoubtedly tells you the response of the peculiar
sweat glands which ate hooked up to the psychic system, (those

psychically  cather than thermally stimulated) 15 so relevant to what
You are saying as 15 the vasomotor response In this gil, certaly,
vasomotor responses were there, even though she had complete hysterscal
anesthesia

Tremont Smuth May 1 support what Dr Burton 15 saying  The
emphasis 1s they were even 1n exaggerated form, because hypnosts or
hystera 15 a decortication, functionally The left upper block 1s out
of function Ttisa quite well known fact that, under hypnosis and under
Psychosomatic conditions, where there 1s amnesta for the emotional con
Huct, the most exaggerated responses are obtained For nstance, 1n the

Patients with Raynaud s disease that were being discussed, Wolff and
Mittelmann, by talking to them, were bringing up distarbing, forgotten
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factors, of which they had no memory, which wete the most potent 0
precipitating the Raynaud s attack

T think that the psychogalvanic does seemn to be very difficult to bung
1, and that the inhibition of the cortical control of the autonomic by
hypnosts, hysteria, or what takes place, of a similar nature, under
neurasts, so to speak, 15 of great significance, becase there are the
exaggerated responses which will, T would think, lead to injury

Meehan 1 have worked with Dr Hardy on one of hus projects hete
He 15 2 very thorough 1nvestigator I might say he has also experimented
with hysterical anesthesta, and the psychogalvanic skin response was
thes 1o hystesical anesthesta In other words, 1f you pamfuily sumulate
the anesthetized Limb, you st get the psychogalvanic skin response

Eremont Smth  Only 1n his particulas hypnotic expeniment

Meeban It was only 1n this

Burton He did not test the vasomotor sesponses in hypnosis?

Meeban You cant

Burch 'The psychogalvanic method 1s relattvely msensitive from the
pount of view of vasomotor response, as Dr Burton said [ should hke
to point out that the vessels of a fingertip are very sensitive to psycho
logic disturbances

Meehan  You are absolutely nght In defense of this hysterical
anesthesia the psychogalvanic skin response does remamn and, as a
matter of fact, it can be exaggerated

Carlson 1 hope Dr Burch will document his assertion that a finger
tip 15 much more sensittve than the GSR to psychomotor drsturbances

Meehan There are expenmental ways of getting at these vartous
mechanisms that take place One of the methods I have tried 1n the last
3 months 15 the application of hypnosts to see what can be done about
modifying these responses We have done experiments both n local
hand cooling and the type I have described here and, also, on whole
body cooling

While | am no expert on the matter of hypnosts and do not pretend
to be, some point should be made about the hypnotuc state An ndmwd
ual wjuring hts hand and not being aware of it, when he 1s focusing
all of his energles on some task, 1s an example of the hypnotic ke state

Another example of 2 hypnotic like state 15 the so-called driver hy};:
nosis that apparently 1s a problem now on our long relatively straight
higliways drivers follow the white line down the road, and lose cestain
contact with thetr surroundings They can be involved 1n very serrous
accidents

These things, perhaps, are

not true hyponatism or true hypnosis but
they are sttuations that ate sumilar Hypnosis stself, then,

sunply nvolies
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narrowing the span of attentiveness of the dividual to very few or
to only directed pertpheral stimult  In other words, when you hypnotize
2 nd A alentbm s ok e e bae = yery small things,

PR N

AN " . e _ > hear something,
he 15 not going to see something, he 1s not gomg to feel something,
except certain expersences that you want him to have  Also, the hypno
tized subject 1s conscious  If a person 15 hypnotized, you do something
tohim  Have him wake up and he can tell you exactly what happened
He has no loss of memory for the event

Fremont Smuth Unless you tell him to have 1t

Meehan Yes 1fa person 1s satisfactonly hypnotized, you can talk to
him, you can have him open his eyes, look around and see things ot do
whatever you wish The extremes, of course are the situations that the
stage hypnotust tries to get hold of for demonstrations 1n front of an
audsence

Hypnosis as an experimental tool can be used to modtfy the func
tional interrelations between the various parts of the central nervous
system 1nvolved 1n man s tesponse to cold

Other points that should be hept 1n mind are  Even the hypnotized
subject will terpret your suggestrons on the basts of his past experi
ences For example I had a subject 1n a cold room and I totd him 1t
Was getting very cold, when 1t wasnt I descrbed all of the sensations
that he should experience very well, and nothing happened He came
out of the trance This man had lived in North Dakota and had had
considerable expertence n bewmg out in the cold, and he knew that,
when ha s 273 1 1 0 . - (s '
pass
cons
noti
ing it entirely, you are just narrowing it down

nother factor that should be kept 1n mind when working mn this
field 15 that 1n additton to the speaific stumulus ot the speaific suggestion
8uven the indivedual, 1t 15 necessary also to know what the content of the
suggestion 15 gotng to be, as far as the subject 1s concerned For example,
you could suggest anesthesta 1n an tmdivsdual and get one response” If
You get complete anesthesra, of course, you will get the effects
described by Dr Hardy (3

You could also tell the individual, Well, now, something may feel
a bt uncomfortable, that 1s, tt may hurt or may feel cold or may feel
hot, but 1t 1sn ¢ gong to distutb you You will not be disturbed by this

expertence  You will reman ¢ ble durtng this exp e
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The other thing, of course 15 you can tell him, * Now, 1t 15 gong to
hurt like the very dichens and see what happens

I would like to restate that I consider that hypnosts 15 only a tool by
which the behaviar of the central nesvous system can be modified i
an expenimental way 1 don t know yet, but I hope that 1t 15 a tool that
can be applied 1n a fauly reproducible way, so that these expenments
can be repeated and confirmed

In giving this information I certainly do not deny the effects of local
control, the local effects of temperature on the body My thesss 1s that
the body s first reactions to perpheral stimult are gomng to be medated
through the central nervous system, and that the central nervous system
will maintain very extensive control on the antonomac system over quite
a range of arcumstances

As you hnow, thts particular band cooling expetiment 15 a rather
pamnful expertence If you want to have subjects repeat for you, some
times you have to do a pretty good selling job in arder to encoutage
them to stay with an experimental progeam of this hind {Figure 73)

1 miught say that another practical use of hypnosss [ found in doing
these experiments 1s that at the very end of the experiment a man can
be hypnotrzed and told he 15 going to forget all about it, and he wont
be bothered by it, he won t remember the expenment, and will come
back indefinitely The expersment indicated by the solid line 1s one that
was done on a man both times he was hypnotized The thermocouples
are placed as I had previously described The upper Lnes mdicate the
response of thermocouples on the contralateral hand Those are actually
a pair of thermocouples parallel together, placed on the index and thud
fingers The solid lines represent one expenment and the dotted fmes
anoth?r el aeeta

He got a very nice rewarming reaction, as 1s evident The contrs
lateral finger temperature first dropped and then actually rose That 15
2 matter of around z 4 degree rise n the contralatera) hand, after the
1utial drop 11 temperature

Travell How long 15 the penod in minutes?

Meehan The whole pertod 15 about 28 minutes 1n time

Hitldes Of unmerston?

Meehan Yes In the dotted line, the suggestion was modified a ln:i
He was told that the situation would be vety disturbing to b :mt
would be unpleasant This time he showed rewatming all nght, but 1



Heat Loss and Perspheral Circulation 303

HAND 1
16E WATER

CONTRALATERAL FINGER TEMP

TEMPERATURE 0EG F

INDEX F NGER IN ICE WATER

TOLD sTINuLYS
50| NOT DISTURBNG

45| ToLD 57 MuLYS

VERY DISTURS NG FINGER
ANESTHESIA
SUSGESTED

© & & &« 2z o 2 @ 4 & 1@ o 22 e4 28

4+ s 810

TIME N M NUTES
FIGURE 73 Two hand cooling experiments performed on the same subject using
hyprosis to demonstrate the role of cortical ntecpretation in determining the
peripheral physiologic response to cold exposure

was of a different pattern The opposite hand showed continued vaso
constriction as the skin temp « d to fall th h the
entite course of the expeniment
Busch What was the time mterval between the two expeniments?
Aeeban A matter of a week, perhaps
Tremont Smith Where would the room temperature be with respect
to this fall 1n the contralateral hand?
Meeban The room temperature would be between 82° and 83°F
Tremont Stk In other words, the contralateral hand came down to
Toom temperature, practically
Meehan Ths actually 1s probably a ittle below 1 have my raw data
plotted, I can check on 1t, but 1t 15 probably about that
Fremons Smuth  Thus 15 what you expect, 1t came night down to
foom temperature ?
Meehan Yes
Tremont Smith  Unless you say room temperature, you don t know
OW much the contralateral hand seemed to move
AMeehan  That 1s ught
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Burton May 1 ask how consistent the curve would be, 1f you sug
ested 1t wouldn’t hurt hum, under the same conditions?

Meeban Tt will follow that curve quite closely under identical
»nditions

Burton You have repeated just the first type of suggestion and 1t
ave very much the same curve as the black line?

Meehan Yes

" f . f 1 '

1n the

expert
rent

FEremont Smuth It could be done

Meehan 1t could be done, certamly The abilities 1n subjects are
reat Thetr imagination can run wild on the type of expeniment you
vant to do

Going back to my diagram, this objective state, agam, will react to
letermine the individual s interpretation of the stimulus It also acts
o affect the level of activity of the autonomuc centers of the central
iervous system, whatever they may be

Hildes' Have you some 1dea as to how painful each of these are to
um at the time?

Meehan  Let me come back to that agamn, 1n a mmute There 15 one
nore point on there I want to bring out An unpleasant sensatron can
voke emotional response in a person, of ttself 1f that sensatron has
ome previous assoctation with unpleasantness to that sndividual In
sther words, 1t depends on his previous expertence

T thenk this 1s digressing a bit to more general terms  This ts the area
hat 15 gotng to have a lot to do with how an mdividual 15 gomng to
teact to an unusuzl sitvation or an unusual environment

His experience, etther with the environment or with related expen
ences, of with situations that have simulanty to the new one will very
rematkably affect his response to that environmental exposure The

PR A T a4 O e ~
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over ai]

This 15 why, 1f people are gotng into unusual environments, the matter
of tramning 15 extremely important We 2ll know that our experiences
under a gven set of circumstances are pleasant, and we like them We
¢an go back to that circumstance, we like it We get along very well
{ think that our physiologic behavior 1s similarly affected  So that, 1if
"€ can enter an environment that we have found to be pleasant, or we
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Fremont Smuith  He started to rewarm, when you suggested anes
thesta?

Meehan That 1s right

Fremont Smith  You removed from hum the nterpretation that it
was cold

Meeban There wasn t any response i the contralateral hand, how
ever

Hildes Maybe that 15 just another cycle

Burch Are you sure that 1s unusual

Meeban  What 15 unusual >

Burch The rate of rewarmm,

Meeban In the light of the expersment yes indeed

Burton Don't you usually find the second cycle? If you have hyp
nosts or not and dont do anything to the subjects you usually find
after that length of time, you start a second cycle?

Meeban We started one

Barton In what way 1s the nse distingurshable from another cycle
that happens to occur?

Meeban 1t 15 a sharper nse, from my own expertence, than I would
expect

Montgomery This expeniment was performed a number of tumes?

Meehan Yes

Fremont Smuh 1 it were carried a little fucther or 1f you were to
mntroduce the suggestion of anesthesiz at different itervals—you always
got the sharp fise within a few munutes after this suggestton—you
would prove your pomt, wouldnt you?

Meerun That 1s nght I have not done very many of these expert
ments yet Thus 15 a potnt that we observed n this particular experiment

Trimg  Might it be of advantage to utiltze the terminology which
developed m connectron with the spinal reflexes and with conditioned
reflexes which, serespective of whether or not the same central mecha
nisms are involved at least permut ways for describing 1n sort of quantt
tatwve 1f arbitrary and familiar termimology, what the reactions are m
relation to the stimulus how the stimulus (s based, and cestan other
circumstantial conditions as well

Blarr Yshould like to see you resolve this question by possibly anather
method, Dr Meehan, and that 1s this  If you wall immerse the foot and
the hand 10 cold water, you will produce the hunting reaction i both,

ut not 1n same cycle or rhythm  But if you produce through hypnosts
a 1ise tn temperature of the hand and foot, it should be simultaneous
and follow the same pattern

Meehan  You have to be very careful of experimental work of this
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type The techmaque of hypnosss is not simple 1 ha
n our own labosatory, ang 1 know that tapdo an eigi?u:e:te Sgntgh:;
requires my devoted attention for quite a penod of tme Though your
production of datx 1 not as rapid as your enthusiasm would ke i to
be, at least that 1s my problem so far

So far I have talked about the effect of the local reactions to cold I
have given a rather starthing example of the effect of a very marhed
change m subjectene state aa the response fo the hand-coofing expent
ment { think that example 15 smpostant 1 thinl, st should always be
bozne 1 mind that a person exposed to cold can expesience this reac
tion If he does, he might be ta considerable difficulty

1 can go on now and discuss some experiments we have done on
whole body cooling along the same general line

Fremont Smnth ~The oppostte of bemng in an unhappy state 1s the
condttion of high morale So that this refates directly to the mulitary,
w the sense jou are trywng to avoid, for people who ate gomg to be
exposed to cold, the condition which would lead them to thss mpury
The converse of that ss you would hke them to have 2 high morale
Is that nght?

Meeban  Absolutely nght  This ss very, very important, I think

Fremont Snuth 1 wanted to put 1t 1n 2 military context

Burch  Qur studies have shown 1t makes a great diffetence as to the
state of mind as we calt 1t of the patient

Meehan  This apphies very specificatly to the militasy stuation 1
think 1t has more general imphication 1n that st apples to our everyday
life actvities  If you want to extend this ty dpc of discussion further,
you can, to tactude other pertpheral stimule and other types of reactions
As Usay we Lumit it here to the considerations at hand

You can also, by whole body cooliag examiae the shiverng response
which s particularly mteresting  As you hnow, hypnosts has been used
or 15 used 1n anesthesia by sotae people ¥ do not know to what extent
all over the country In Los Angeles, we have one very capable anes
thetsst that uses hypnos:s i difficult surgical cases, and has used hypaosss
as the form of ancsthesta m cardiac suegery, and 1w carduac surgery m
which hypothermua ts used

Fremant Sruth A cesacean section was done recently m Chicago
under hypnosss with va other anesthesia

Meehan That 15 nght

Fremont Smirh It was seported 1 the newspapers

Meehan 1 have had some expenience, 2s a result of getting
m this work 1 applymg hypnosts it muar surgscal pracedures as
even tn sotne major procedures 1 think hypothermia would be of 1nter

started
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et to this §1O°P at the present yme 1M
g the matte!
cold exposute 1] nificantly by hypnotic SuBES
around through the Luterature 0 &Y to find \nformation o this

Bearers 1t &30 pe done with 2 suggeston of hatuamatiee of an
expentence which would ordmartly dsop the temperature 1t has been

ot aware Of anyone report
being able 1O dsop 2 subject $ internal remperatute on
1 have tooked

Meeban 112 ted it 1 suspect that 1t would be 2 rathet Aifficult
thing to nduce genera! ty and st coul pmbab\y e done only on cert
afortw 2 subj

O
temperatute © 40°F the following €2 be done by hypnotc Supges
won A mse it rectal temperatur® et grequently seen OO whote body
cooling €A be cevented 0 exyenmcms of this OPe of comersely

Also considerable control €an be exerased OV shavennp Here

been used  He was hypnotized snd was gren 2 smyection of \acane
and was told dunng the control penod that his body temperature was
TSN
Fremont smunb He was m):c(ed with real vacene?

Meehan INO

Tremont Smtth T0e Whote thing ¥4° nyprotic’

Meehan Thatss nght

Fremont Spnth YOO sud he 3% ghen the racane but you ddat
indicate by suggestion

o He was told he W getting very 30 He did not OV
any 4 2s0MOtot zd)ustmcnts n 1espo! se to these suggesnons how ever
We stasted to coot the room His cectal tempeeaties ayed fasly €0
stant His peaipherad remperature started 10 galt n about the vsual
pattern for thns subject

After the expenment had beent carned 00 for about 30 mnutes 1told
fum he was gOINg o haned real shaking chll which he did Then i
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was disappornted 1 had hum all arranged to take his metabolic rate, and
he shook so violeatly the mouthpiece came out and I lost that prece of
data He shivered very violently for approximately G to 8 munutes

The mteresting thing 1s that the sluvering was followed very promptly
by a rise in rectal temperature of about 1° or 114°T The trunk tempera
ture ceased to falf and started to rise The face temperature stopped
fathag and proceeded to sise The extremuties temperature, on the other
hand continued to fall at about the same rate as before the suggestion
of shwvering

Monigomery There was no nse m body temperature before the
shiversng?

Meehan No

Fremont Spierh You gave hun the wrong suggestron  People comeng
down with fever don t feel warm they feel cold IF you told hum he was
gotng to feel cold, you nught have gotten the use 10 body temperature
You dida t give him a physiofogic suggestion  However, perhaps you
id pot mtend to

MMeehan
to react to th
couples paste
some Jength with the subjects and get enough of their background so 1
could use suggesttons that would be acceptable This particular subject
was mterested in going to medtcal school and had a considerable body
of mformation pertaiming to medicine, some of st erroneous  Anghow,
1 found [ had to fit mto hs knowledge and how he iterpreted these
things 1€ I did that I came out all right Bat 1t 1s a demonsteation,
agasn of how evea under hyprosts the subject 1s gomg to mterpret the
suggestions you gve hum

%‘iﬂalf Iywmﬁk‘r whether tus shiserng as you calt at, had anything
Ihe the pattern of reflex shinernng Dr Eugene F DuBos * m:mz‘v
years ago had a subject that teed to smutate shwveting, and he four:h
that the oxygen consumption didn t go up neatly as much as it ded w,h
natural reflex shivering I other words, 1 think by this suggestion h:
was making himself shake subc:}?suousll}:, but th]lss;fa“;}-; ‘:;m fihe ¢

attern of actntty of the muscle that pne has i real shave:
P A\Xe::ﬁarz He s};m ered for 6 munutes When ] termunated the c\'penx
ment he was blue and I thought 1 had better let well enough be i
gave hun the post hypnatic suggeston of amnesia  He smd Gee
feel fine but my muscles feel Ithe I had been working ¢ these

Fremont Smuth  An electromyograph would have shown d
were voluntary I think you are nght they were voluntary

*DuBots £ F Personal communicstion
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Meeban  Very likely they were I found 1n general under hypnosis
1t 15 one thing to tell a subject that the situation 1s going to be entirely
different from what 1t actually 15 and 1t 15 quite something else agamn
to tefl hym the situation 15 going to be exaggerated one way or the
other It 15 relatively easy to exaggerate the situation 1t 1s hard to

to feel warm

ery very mild

1an around 25
to 50 per cent by this type of activity I hope to be able to get metabolic
rate measurements under these carcumstances  However I have a prac
tical problem of collecting the gas sample from the subject On the
other hand you can tell the indrvedual Now 1t 15 getting very cold 1n
here  when 1t actually 15 gettng cold and get a very exaggerated
tesponse Conversely you can tell hun  Now 1t 1s getting warmer
here and warm the room by 14°F and completely inhibit shivering
He may have been shivering violently be opisthotonic and if you telt
hun It 1s warmer 1n here  at that same moment if you warm your

room the slightest amount shivering will stop dead even though the
aphoant o v ¢ Anow
>

My expertence to
date 15 1f you continue this for around 15 or 20 minutes you see the
tecurrence of a little shivering again 1n spite of the fact that you told
them the room was getting a Iittle warmer So that the abiltties in this
direction do seem to be limuted

In the application of hypnosis or anesthesta to be used i hypother
mia I find most anesthetssts do use the curare denvatives to mhubit the
shvering duting the cooling phase However the amounts of drug
fequired are relahvely quite small  Once the 1adtvidual 1s cooled down
to an mternal temperature of around 32°C no fusther medicatton 15
needed and the mndividual can be carrred for several hours under these
<rrcumstances

Beaters Is the hypnotuc state still in effect at 32°C and below?

Meeban It cectamly 15

)Cmmo ‘What do you think the advantage of hypnosis 1n hypothermiz
15

Aleehan  As surgteal anesthesta?

Cotino Yes

Meehan ‘The advantage 1s you don t have to grve the patient chemical
anesthesia 1t g5 a great advantage as anyone will apprectate who has
to deal wath practecal surgical care

Beaters Do you distinguish between the effects of cold per se i
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the hypnotic state> Doesnt 2 person at 32°C have a sort of hypnotic
state? I belteve Dr Talbotr (6) descesbed such behavior man){Pyears
ago The description of indrviduals at these fow temperatures, without
much anesthesta, seems to be very similar to 2 hypnotic state

Meehan  Except that people stll respond to suggestion In other
:;’ o:;is you can have them open thetr eyes and look. at you, or talk to

2

Talbot; We ate concerned with psychiatric patients who were, pro
foundly affected Our studtes were not carrted out upon normal subjects

Bebnke Canyougrve a drug which suppresses shiverng and then
have the patient, under hypnosts, shiver?

Meehan I dont know, I have not tned ths

Fremont-Smuth 1 can teport one expeniment that bears ag your thing
G R Heyer (7) reported an experiment which had been repeated
many times se that a patient under hypaosts was grvea a cathartic
which 1n realtty was 2 large dose of opium, or 2 constipating drug,
w reality, € g, castor oil, and immediately not the medicament, but the
suggestion, took effect

I tuol. that your expenments go s this duection  that they dont
g0 to reversat but will modtfy or duminish 2 physiclogic effect, and
therefore, you would expect them to modify or duntnsh and concervably
reverse a pharmacodynanuc effect, because those also operate through
the phystology

Carison With the exception 1f you choose your drug to operate at
the nerve endings, you expect to have a difference

Fremont Smuth  Yes this would make a real distinction T dont
hnow of any data on that

Burch  Are you suggesting that hypnosts 1s more reliable than drugs
1o the productton of hypothermma® This 1s true oaly 1f you have 2 good
subject 1s that what you mean?

Aeehan  Yes The chances of getting good results are a Jot better
if you can use hypnoanesthesia

Bavoh  Foc the average patent, who must have hypothesmia are
drugs more dependable?

Aleehan 1wl avord answerng your question directly  More study
of the phenomenon of hypnoss 1s needed

Burch 1 mean at the present time

Meehan  Let me follow through a mnute  You are going to find )[;:
can pich up and do under hy phoanesthesia a greater percentage of sul
fects than aow are generany done 5

Fremont Smeathy Isn ¢ 1t possible to pretest the patient for hypnosts
You do this so you souldn ¢ start an operation under the first hypnosis
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but find you have to find st three or four mes and find the patient was
gomng to respond  Am I right?
Meel an That 1s nght  You can't bt the indsvidual
T'remont Smuth  So you can separate the sheep from the goats n
of the 100 would

he percentage of
people you can get at by using mimmal barbiturate sedation prior to
snduction of hypnosis Barbrturates seem to increase the suggestibtlity
of a person 1n smalt dosages This 15 a very useful adjunct
Talbott s the percentage of susceptible mdividuals 1 1 207
Tremont Smuth 1 don t know what it 1s I know a number of studies
'

other than testing for hypnosts itself There may be something you
know that I don t know

Meeban  There ate certain tests of suggestibility that can be per
formed these will give you a rough 1dea

Tremont Smuh  Ate they really reliable?

Meehan  Not really In my experience they are about 80 per cent
good They give a fair amount of insight They are all tests based on
suggestibility

Tremont Smith  About how many 1n 100 people would you expect
could be hypnotized? Have you any 1dea?

Aleehan My own expenience 1s too narrow on a subject group to say
Thave actually been able to hypnotize nine out of ten people

Talbort By random selection?

Meehan Yes but remember these people are volunteer subjects for
an experiment so that they are rather well motivated and selected be
fore I get them On the other hand 1f I used straight population [
don t know where I would be

Burch When you say suggestible do you mean the subject 15
cooperative or suggestible >

Tremont Smuth ~He ddn t ask hum to hold out hus hand

Burch 1 would consider um a very cooperative fellow

Fremont Smuth This was anticipatory

Bure] 1 wondered about the terminolog)

Burton  To get back to hy pothermea anesthetics are used 1n hypo-
thermia not merely to anesthetize for pamn but to break through the de
fenses agamst cold so that st 15 easter to get them cold

Tf you suggest you have hypnotic anesthesi2 do you find that there
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18 any inhibition of this defense agamst cold? Is 1t not more difficult
to get the temperature down than if you use the ordinary chemical
anesthetic? Do you also suggest to them they are not going to shiver
and so on?

Meehan 1 just suggest anesthesta

Burton That automatically seems to depress the defense agarnst
cold?

Meehan Tt 15 necessaty to use some one of the drugs that will block
shivering usually one of the curare dervatives

Burton  You ate using that m addition?

Meehan  Of course that works way out at the end of the scheme

Montgomery Shivering 1sn t blocked with hypnosts

Meehan That 1s the pomnt It cannot be blocked entirely

Fremont Smuth  You said you could diminish

Meeban 1t can be modified diminished 1t can be exaggerated but
1t can t be blocked

Carlson  The drugs are potent vasodilators so the subject cools
rapsdly T wonder if your subjects cool any more slowly

Meeban Cooling rates are all just about the same

Fremont Smub Isnt the vasoconstriction of exposure to cold in
hibited because they don t feel cold because you suggested anesthesta?
Therefore they remain vasodilated yust the way the deug would make
them vasodilated

Burton 1 still have reservations about whether you should say you

are able to modify shiveting  If there were only some way w: could
' ~maababosug

we

It seems to me until we know that we are not mght tn caimy, thes
shivening It might be coming down the pyramidal tract Tiue shiver

1ng 15 an autonomic actwity and it doesn t come down the pyramidal
tract at all -

Meehan That 15 absolutely nght 1 have no direct evidence one n.;)f
or the other that I can show you I have observed these people mysel
10 the cold room rather carefully I know the appearance of the shtve[l
ng 15 quite shivery It does not impress me We have done ex| :t
ments with voluntary shivening and that sort of tl[zéné 1 know abor
what the appearance of tlus type of shivermg would be

Fremnnxpspmzth Would electromyograph distinguish these two Dr
Burton?

Burton 1 heard someone say they are begiang to pick ui f::;::
currents from the cord of the entice man The electromyograp
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suggestion 1tself, which 1s the feature of hypnosis, we ate always gong
to be 1n a fittle bit of dilemma whether the person 1s hyprotized or not
I remember a very experienced hypnotist demonstrating a case of
retrospective memory to me, of reverting to an eatler age The subject
was girl and she put on a demonstration which was certamly a most
thing I was overwhelmed by her, a 20 year old, tatking with
the vorce of 2 12 year old and describing her birthday at 12, etc  About
3 weehs later I recesved a Jetter from the hypnotist saying she was sorsy
o say that after studying the case quute carefully, they could not make
up thetr minds whether the patsent had been under hypnosis or not
Meehan  This 15 a real problem I have an expenment that sort of
demonstrates that when you are making measurements of the autonomic
actvity of a person you can sometimes get some fair 1dea of what might
be occurring
I have been abie to hyprotize a fasc peccentage of subjects but I cant
hypnotize everyone 1 have a record of a man that I cant hypnotize
although he wéuld Itke very much to be
Lremont Smuth  So he says
Meehan  Yes, 50 he says 'This 1s what he tells me On the other
hand he 15 quite suggestible 1n the waking state So, on one occasion
we did an experiment on him, Just to get his average response to an
expeniment of this type
We find for example, that he will ordinatily not show any rise 1n in
ternal temperature and I know about when to xpect to have hum shiver,
and so on On one occasion which is shown i Figure 73, we tned to
hypnotize im  ‘This dotted line represents the finger temperatures of
one hand
Immediately when I statted to try to induce him, he showed pertph
eral vasoconstriction and finger temperature started to drop befose
the cold toom was turned on  When the cold room was turned on he
showed a rise 1n rectal temperature of about 2°F
Talbott Has he been exposed to another hypnotist?
Afeeban No dies?
Talbort  Ate you the only one that 15 responsible for these studies
Alechan Yes
Fremont Smith  This could have been an anxiety reaction over
whether he would be hypnotized or not
AMeeban That 1s ngift’ My observation 15 of that sost In a:: :::‘;sw:f
ment, a subject can go along with 2 gag 1 gave him sugges lmtn o
shlvcnng, and so on, a[nd 1t was apparent he was just being coope:
Shivering was obviously put on
T remagm Smuh By );ul\’d farge, you really doa t have much trouble
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with your own subjects do you m being quite cominced as to whether
they are hypnotized or not?

Meeban No Idont

Hock ‘There 15 an old book by 2 man named James Braid (10) who
appears to have been the founder of a school called Neurypynology
entitled Observations on Trances or Human Hibernation It seems
that he found hypnosts induced a drop 1n temperature

Fremont Smuith Some observations of psychologic shock among na
tives have been reported These pumutive individuals even have gone
to the point of death when they believed they had been bewitched
This 15 obviously i this same category

Ithink there are instances where the suggestion remforces something
which pethaps has a phystotogic basis and 1n which very profound dis
turbances can be observed

Dr Talbott you and Dr Stanley Cobb (11) studied a woman with
hystena at the Massachusetts General Hospital who hyperventilated
to excess did you not?

Talbott  She had profound changes as far as the internal environ
ment I apologize for the use of the word  profound
T blood are reported

v igumery
Talbott  She s nosis
Fremont Smuth related supges
tion which 1s whar hyster 15 will Produce Under (erLdin circurmstances
Yery profound physiologic changes So that this reference made by Dr
Hock to the possibility of a man possibly throwing certain selected per
%ons 1nto a hypothermia situation seems to me not to be dismussed 1t
s stulf within the realm of our phystologic potentialities
Bebuke 1t 15 said that the elderly Samoans are able to induce a
fesignation type of death They just go out and die
Tracell Do they stop eating?
Montgomery They stop dunking
Trarell Stop both eating and drinhing?
Bebnke 1 don t think it 1s a starvation death but they don t eat very
muc]
Fremont Smuth They dse sooner than they would from stanation 1n
4 hours

Montgomery That 1s an example of self hypnosis? How s self
hypnosis sto >
Meeban Ifcct(\lnally I think a lot of these factors including the prac
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tices o|f the yogss, are forms of self hypnosts  As far 25 1 knon and

Ly et vus UL L tLALte, ONCe You are 1n 1t
An mndividual can be put 1 a trance and go to sleeep 1 have seen
this done 1 certain cases of anxety, for example An indwidual can
v . R

Te e s !
5

ume spontaneously wake up, sometimes a matter of a fes mintes or
1t might be a matter of 2 or 3 hours, or perhaps a bit fonger

Montgomery ‘That person wanted to wake up, that person had de
aded he was to wake up?

Meeban  1f you hypuotize somebody and say, " 1 am gong to o away
for a while, he .l stay there and probably go to sleep Then he will
wake up from that sleep

In doing hypnotic expesiments, one pitfall that ss even greater thaa
wotrying about whether or not the subject 15 actually hypnatized, 15 his
tendency to go to sleep In establishing the hypnotic state you use sug
gestions perhaps of comfort, relaxation and so on You may get the
dvidual so comfortable and relaxed that he will go nght to sleep
Once he has done that, he 15 no longer hypnotized The hypnotic state
15 not like the sleep state From informanon available on electro
encephalograph, it 1s like the waking state, not like the sfecp state {12)

Rodahl 1 heard of two Eskimos in Gambell who convinced them
selves that they wete gomng to die, and they died

Talboti “Were they young or ofd?

Rodabl One was fauly young and the other was old

Fremont Smuth Do you know how long 1t took them to die, and
what happened?

Rodabl 1 believe it took a matter of months They faded %3y
Everyone n the vllage hnew this was to happen  They sat 1n bed, they
just didn t eat

Trarell Have you nsxﬂfz:e any "25;‘5
these ? v, ooper
alftesl E:t::‘t‘;e 1sr‘;101'sma[ n lfycsterta The histamine gesponse l; 35:![:‘
posed to depend on axon eflexes but, actually, he has shown ¥

15 consderably modified by interruption of cectan central pathways

sure of the histamuine response
) has shown that the trsple flaze
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Meehan Thete 1s hiterature on this subject as there s on blister for
mation, and 5o on, under hypnosis I looked over a farr amount of this
matertal Unfortunately, the reports have not been examined 1n detarl or
very well described, and unless T had repeated the experiment myself
Twould hold it 1 doubt

Travell The histamne response might be a very simple indicator of
the vasomotor state

Meeban Yes 1t might

Carlson Incorporating the concept of the reticular formation and its
thalamocortical projections adds considerably to Dr Meehan s diagram

Meeban 1 should like to summanze the ponts I leave with you as
a result of thts discussion 1 believe that the bodys first defenses
first reactions to stimuli, pertpherally applied are through the central
nervous system and that they follow functional pathways roughly as
indicated 1n Figure 72

I feel that the response of the indivsdual can be very greatly modified
by this interpretive functron that I have assigned to the central nervous
system 1 also feel that this can be a very very important past of the

v P b . i PR

tuvidual, and this Lkewise 1S VEIy Important It ¢ glediy liodity

Phystolog, P to applied dardized physiologic stimuly

The outflows that 1 have indicated here are, perhaps, only roughly

accurate, but they indrcate that the central nervous system has a very
kabl found chance of ¢ lling the whole of our body

physiology
Burch Don t you think the term  autonomic  has been taken too
literally 1n many of the discussions 1n the past?
o . - N N

caretully avorded dotng that T wanted to heep the discussion more in
the realin of physiology T think 1t belongs there

Fremont Smith So do 1, and I want to tell you how much thss 1s ap-
Preciated It 1 confusmng to others when men 1 2 specialty use lan
f’:’:{;‘;:hgt 1§ precuhar_to that specialty It \‘:as nj}:crr :Te.refﬂfs,t’::t
d
m -
A
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