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THE JOSIAH MACY JR FOUNDATION
CONFERENCE PROGRAM

THE JostaH Macy Ja. FOUNDATION has orgamzed and devoted a large
poeton of rts resources to the Ry of s Conference becanse
the officers are cognuzant of the fact that one of the major factors delay-
mg saentufic ad ance 15 the coasiderable obstruction to communxcaton
a0d cutusl understanding across the many drsciplines and speaalties.
It 18 felt that psychologacal as well a3 semantc factort contabute to the
difisculty of communscatson  people, even m arguments, arc too much
inclined to make staterents & rather than to comamimaate wb others.
e tend to forget that the real questson 18 whether of not our words
and statements are those which are Likely to convey to the listener the
whole or even a small part of what we would like to express. I think
we have learned that when communscation 15 dufficult it does not help
1o continue Of to throw an angry note mto onc s voke We frequently
faul to book for the other fellow 3 blind or deaf spoty or the distorteng
lenses he carries, o that sutomabcally everything said comes scross to
him wrong In the conferences conducted by the Foundation we ste
to set the stage for mearungful communcabion.

The mpid growth of new knowledge and the mereaung recogmiton
that nature 13 of one prece makes it evident that the continued solatson
of the many beanches of saence from one another 18 2 senous obstacle
to further progress  Medxal research and practice to be effectrre today
musst embeace data from all decrplines, the 1 and biologeaal sci-
ences on the one hand and the and social saences on the
otber because advances m one field ere frequently dependent upon
know ledge den ed from another duscrploe

We do not wish to compete with the screntific socwetres and pourmals
which have estublished formaes for the presentation of materat  therr
respective fields rather ous aim at the conferences 15 to offer & very
tnformal forum for the exploration of one another s views, feelings
and attitudes and to encourtage the exchange of metbods, concepas,
-nddﬁncuhmmnnmmsphmmnduavemmufml\mdcmmdmg
Although the fertiluy of the multdiapline appmach has been
mmdbydnmmfmmnmipunﬂhwhmh-rvumllyrmm
to one area or field m their coverage these organimtions have not

yet been able to establish adequate coverage of mterdsaplne com-
murcation.



10 Cold Inpery

The Foundation through a series of two-and-4 half day conferences
has endesvored to meet ths need for snterdiscrplinary communscaton
by brioging together 2 small group of actrve imveshgators representing
all the branches of science related to & chosen problem The ipants,
who meet annually m these informal mectings dunng the five-pear
perod which each group 15 actrve, develop feelings of fniendshup trust
and mutual sdmration which promote communscaton, cross-fertilza
tron and cooperation. Because the success of this expenment 1n com-
munication s dependent upon apation by all members mn the
discussion, attendance at any erence 13 limited to twenty five.

Under the gudance of Dr Willard C. Rappleye, Prendent of the
Foundatron smce 1942, the Conference Program has been gradually
expanded and enlarged until 1t now conssts of mne different
which meet annualiy to discuss & wide vatety of problems 1n the field
of medsine and closely related disaplines

In order to share the essence and tepor of these valuable conferences
with a8 wide an sudience 15 possible 2nd give others an 1nught into
the functions of the saentific mund, the mformal nature 20d tempo of
the duscussions are preserved i the published transections.

FRANK FREMONT-SMITH
Medscal Director



INTRODUCTORY REMARAKS

JOHN H TALBOT
Charm.

-

THe THmp CONPFFRINCE ON Coip INJury spomsored by the Josuh
Macy Jr Foundapon, was beld at Fort Chorchil] Manitoba, Canada
(sce map froattspece) because of & sertes of fortwtous curcumstances
In mentiontng the mating fector we have no choxce but to mmplicate
Colone! Blur and Dr Srple, of thus conference, who had spent commder
able bme at Fort il duning the war years, and afterward. They
knew it &3 2 rugged outpost of tar paper shacks, where modern con-
ensences were unknown and where survival was dificult m any season
of the year They also hnew the pew Fort Churchill, with s wamm
nsuated butldmgs, labosatories for work, facilines for play and ser
viced by the best of uttlrties. It was their propotal at the Second Confer
ence, that Foct Churchull should be the nite of the Third Conference on
Cold Inpury

Negotntioms with the Defence Research Board, Department of Na
tional Defence of Canada, were started & year ago through Dr O M
Solsndt As Director of this Board be was largely responsible, from the
bemnaing, for their splendid cooperatson,

Sunce we were pramanly concerned with cold, it seemed advisable to
bold our conference m the severest period of the winter which octurs
duning the last two weeks m February The week of the 213t was selected.
Because the members of the conference, as well 23 guews, compesed
Amencans and Canaduans it was necessary for several persons to obtam
proper securtty clearance for  dmattance to the Canadian M litary Post

On more than one occason dunng the few weeks onmedustely prior
to the meetmg, Mus Rue, of the Macy Jr Foundabon, whmated
that we rmught be forced to bold the conference in New York rather than
at Tort Churchill T rebelled agamst thrs wdea Transportation by arr to
W mnipeg; by commercal aulyres 13 routine from Winmupeg to Fort
Churchull w s best schreved 1n mulitary equipment We owe & debt of
gratrtude to the Royal Canadan At Force for thes of our fiy

Lesder G M haghtley Cmmndmgm‘ahbellg‘l-‘

Fort Churchill greeted us upon arrrval and saw that our plane was
promptly dispatched at the conclusson of the conference. Captain
(hebahuk demonstrated outstandmg skill as the pilot of our plane to

11



12 Cold Inyery

mdmemmpeg.Thcfmd::tvewuc:bl:m-dbmm:wm
schedule permitted us to utilze our bime at Fort Churchull to maximum

advantage

10 order to be a passenger on an RCAF plane fiying 1n the far Nosth,
it was necessary for each of us to have protective cold westher clothing
avatlable 1n We are grateful to Mz, A, C. Jones, of the Defence
Research who made fure that we were proj outfitted with
supenor items of cold weather gear Thete were ent, and petmrtted
us to spend 2 porton of our hime out of doars during the conference
days when sub-zero temperatures, and high winds, were routine. Upon
arreval at Fort Churchull, the servaces of the Post were 2t our disposal
through the courtesy of Colonel H. A. Millan, Commander and Lt
Colonel W E. Bowden, Assistant Commander

Last but oot feast was the Defence Research Northern Laborstona,
where our sexsions were beld. Dr D B W Robinson, Darector of the
Laboratory provided excellent conference facilities, so that the saentific
sessions were beld under suspaces as favorable as though we had assem-
bled in New Yotk Mr C. (. Simpson, one of his asustanty, provided
necessary rtatron on the Post, and attended to the mourerble
details which always arise in connection with the organtzabon of & coo-
f o e f the List would ha

1 have ed out only a few pensons, e

mbemumlmgﬂ?sawmwmmbemhmdwhomdmh
buted to the success of ths enterprse. Our Canadian friends were superh
bosts, 2nd each member and guest 15 deeply indebted to those who made
the conference possible 1a one of the coldest communities 1n the world,
and during oac of the most severe weeks of winter



INTERRELATIONSHIP OF CIRCULATORY
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mﬂmdutcwaumbutpmducbonm&d,wth-momgndml
;:xchmglmuimu‘mwmcwhatbdwcmdxloﬂxmdmdxn 'Ir:
nCrease 1n metabolism ( d 1t control temperatures from
23 030 C)sumall, e 13 to 30 per cent (1 5 6)
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Ficure 1 Sommary f phynolgical changes durmg cold exposure. Esch bae
represents & different functon 10 relation t the days of exposote whach are mds
cated along the abscrma, These are pot necemadly samaltuncous messmrementy,

The second line graph, marhed B summarizes food wntake (4) Food
consumption of rats increases Litle notil the 4th or Sth dey nismg fron
the Sth day to & maximum at the 10th or 12th day at which time they
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resch 2 steady state 1 which energy in equals energy out. Sunller
changes ocour in rabbrts * In line C ace shown the rectal temperature

* Rectal temperature drops rpidly when rabbxts are moved
from 30 to 5 C.-ndr:tuuumnnudyztl,\}hﬂlslh I.ow?;
than the temperature st the ongal 30 i from 6 to 8 days.
2 rabbet which has prewsously beenat 3 € 13 placed at a stll lower
temperature, there will be only a siight drop 1n temperature and then
the recovery pattern wall occur  So dunng thes stage m which the encrgy
outpot rrses sharply and quite early 1.e ahead of the me in food con-
sumption, we have a shift m the central or so-called core temperature—
actally the rectal temperature a3 we measured 1t

Acute exposure of nouacdimatzed (+23 C) mbixts to —435 C
causes & marked drop 1n rectal temperature (7)  After 50 days scdama
tizaton at —23 C such exposure gives no drop in rectal temperatare
from the contro] level gt —23 C

Extrerauty tempersture s depacted sn bine D of Figure 1 A good
example of change in temperature 13 found in the rabbit ear
Tha ¢ used tt a3 an example bere partly becawse | bave serial data
on thus anumal. We find that when the rabbit 15 moved from 30 C. mto
a3 C room, s ear temperature drops markedly then climbs over a
penod of days to settle at a Inttle aborve 13 C 1 think this 13 also true
1 the rat expenments we have done using the tx L, ear and foot Our
data and those of Madkworth (3) and Malcolm Brown (8) mdscate
that ths also happens m man, for example in the buman hand (9)

Herein then s depxcted one of the most interestmg m the
problem of cold exposure  An anumal r its first bours of exposure to
3 C 13 putting out as much heat (see line A Figare 1) certamly wathin
the range of 10 per ent asananmal after 40dapatd C and vet there
s conuderable difference 1n core and peripheral temperatures at these
two tumes  The anmmal exposed one day has low reual and penphenal
temperatures.

Let ut examune the weight change as shown i line E of Figure 1
Although grven food «d libriam these anumals lose weight for ay
mately 8 days when mosed from 30 09 C lngtuwmgmmm:
will be a rather murked weight drop  The data 1n Figure 1 are taken
from the weights of rabbets, althoush the response of rats & urlar
[f they are young grow g anmmals, they will then start to gan werghe,
parallel to other ammals, but 1f they are ofder anmmaly, the weight will
be stabilired at a bower level

W c1ght losy with extreme exposare 13 ilustrated 1 section F of Figare
1(2) Nenaccmatized rabbuts (hept st +23 C) exposed to —30 F

*Cat 0 L D Ubpwblished data,
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for 8 hours, lose les we 6 per cent) than those acclima
days at 25 C(sspughtcmts per =) e for 50

In relation to sarvival tame (7) after severe exposare (section G In
Figure 1) nbbmmovcdﬁum(_)u to —33 c,mfmbm_
while the average survival ime for rabbats acclmunzed ar ~25 C s
93.2 houn

In reviewnng the thyroid change (10) during cold exposure ote notes
thnt,wbenm:uurtdzhounlﬂctmmPentonealm)tchon,P"mm
thyrond decresses m the first 6 bours 1n the cofd, then increases to maxe
mum 10 4 days, and gradually dedines to control level after 40 days m
the cold. These changes are confirmed by the date on gland sze (11)
However data after 14 days 1o the cold mndicate that the thyroxin re
ﬁmtumvu;dymh&dmapommtﬂnpanm:c,ﬂmu,nu

ectly related to metabolic level (12)

The adrena! changes shown in Figure 1 (section J) repretent & general
guess. The adrenal cortex expands with cold exposure but coatracts
with increased ascorbic acid tntake (13)  We bave learned that there
unomcmscmld:malcorbalrcqmrcmmtlﬂu&dapmmld,u
judged by the cortscal extract requicernent or by cosinophul responte
(14 13) The latter ents have been confirmed (16) also, an
immediate and eardy (¢-hour) response m eouncphil level was demon-
strated We also know that exposure to cold canses an mmmedute re-
sponse of the adrenal, a3 eidenced by ascotbic acid and cholesterol
1ndrces and increased requirement for cortical hormone has been demon-
strated with #cute cxposure {17)

Duagal What was the weight of the mats used 10 these expermments?

Cﬂ?}ﬂl They weighed from 300 to 400 grams

Dxgal And they lost weightats C.2

Carlson In thu partscular experiment on weight change, secton E of
Figure 1 we used rabbits T have the figures 1f you like, for the rats a3
well. Wehlveuscdmdcnn.bothmb‘-cgmv?-gphmmdmﬂt
more stable phase sl along the growth carve. The data have been
reported (4)

Horpath Was that 5 to 7 per cent weight loss shown in Figure 1
section E, the maxmnum at days?

Curlson Yes the fall was from 133 to 1.23 bg approxmmately 7 per

t Blaxe (2) showed that sfter eight houn fe (0 scvere
tﬂnpcrlcm Drture. pm)m( )nl moexpncdm;ﬁi fost la:?'::htﬂnuml-
mals exposed to cold for seven weels, Duning thy e, to
the data of Schachner ¢t o) (10) wsmg radso sodine upteke ws an index
the thyrord patsed through & transient change sery rapid and marked
1 thi range, and reverted back to noral.
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ring this penod of cold exposure it & &1, derved from &
mnguba%frdammmlnmmmzhuﬁng‘:mmm effect also
occurs m the adrena! “
Barch Was the rodne uptake an of greater sctrvity of the
mdm‘uwmﬂmﬁmﬂxhdewm
vasoconstriction that blood was shifted to the thyroxd, and therefore
the thyrosd was presented with more sodme? After all sodmne 13 taken
up by other tissucs a3 well a3 by the thyrod

Carlson We sre speahing of the sodine m the gland st the end of two
to four honrs. If the curve 1 extended to 24 hours the same result 1
obtaned.

Bareh. Once 1t 18 incotporated m the gland, it will remam there?
Ca lson Yes If the curve 13 extended to 18 hours, the pacture will
still be the s2me [ thunk the two-hour penod 3 adequate to show the
dufference  This has also been shown with the cell-beight mdex (11)
Dr Burch has a pomt in questionmg this interpretation W e are tynng
to check a3 these dis do not imdscate turnover

Burch, It may not necessenly mdicate increased ectivity

Carson 1 think 1t 1 a reasonable question, but thrs 5 our best data
You may remember the data which were obtuned with
therapy where the throuraul-thyrodectommzed animals required fwice
as much thyrosd bormaoe to marmtein the gland sze 1n the cold (12)
Unf runately those expenments were not carned out at bong-tme
mtervals in the cold and what might be true here mught not be true after
30 daps

e that we are now scquinng data on this phase of the problem
a3 one ot my graduate students s studying the tumover using protem
bound sodme (PBI) as well as thyrowd rodine

L ahould like 1o tum oow t0 ou caboranettc dats to show you what
we bave done We use thermal gradeent cabormmeters which are made
10 te ) seres, one for raty and one fot rabbits  The temperatures can be
vaned by the surrounding bath of the calonmeter and the

:‘m made m term of the temperature difference across the thermal
erer

There are several expersments whah might show the difference we
ha e already mdrated between the adapted and nomadapted snimals
Out procedure a3 first to take an anmmal from 30 C and put st n 2
# € cak nmeter Next an anmmal from 5 C was pat na 30 C
aformeter Thena 30 € amoul was exposed for two hours at 3 C.
fter which tue there was  marked drop 1 rectal tomperature and the
arumul was returned to & 30 C cabosoneter
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One of our onginal hypotheses derrved from our field work was
d:creulchmg:mdxmrt—shdlrdmnmh!psmﬁmmumh,r:;:
gmmcmthudlﬂummthepmpbqﬂh:mpeahur Cunowsly
:nougb,wtdzdmxﬁndd}cdl&'ﬁm\chxdupﬂjtd,butmeoftbe
explanghons are i Figure 2. In an anmal living st 30 C. and placed m
130 C calonmeter ﬂ)ﬂemmmnﬂmmbmmlputwgﬂnm
cssentially the ten minute time lag of the calonmeter  As the anmal
remamed 1n the aldonmeter the heat output gradvally dedined, for the
anumal was oot particularly actve,

CALORIMETER 30 €

HEAT LOSS - ¥ MAXIMUM
&

25 50 75
TIME MINUTES

Fruke 2 Direct calonmetry 1 mabbets  Inttial nse in heat outpat mdcates

to

qummofuh:mamnbbﬁmdxncd{ﬂgt:alo. e

t03 C and m clonmeter  Rabbet (ndicated by X, sdipted to 30 wee

phcedat 3 two hours before teat 1o calonmeter ges it rectad (eperetuoe

are shown 10 msct.

Blaor Was that the first time the anmals were placed m the calorme-
ter or were they conditwoed to 1t? by
conditioned to the caloruneter by many
Carison They were i A ‘m,mm;

B‘ndmumttbchudofcmdwumg-psydw
Quie we feel that we should leave a tme mnderval, usually & week, be

tween the expenments smce these are fastng anmals.
We dd ot see much difference m the heat output of 30 C. anmals
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as compared to 3 C. arumals The heat output was plotted in terms of
100 per cent respoase, 30 that the ansmals could be compared. The 30 C
antmal, placed i the calonmeter at 30 C, bad a very shight change

02 ) m rectal temperature which may not be significant. An arumal

at3 C. for tharty days or more was out of the cold room
and pat directly mnto the calormmeter  You will note m Figure 2, that
for 2 whule the calormeter su the aumal wrth beat, cansing ¢ to
warm along the curve shown by the solid dots. In aimost all of our
experrments, and this ooe 13 representatrre, the curve flattens slightly
and then rises to the maxanum level Durmg this tme the aumal s
rectal temperature rose 16 C.

An anmual taken from 30 C and placed at 5 C for two hours,
showed a drop of oo or more degrees m revtal tem The srumal
was then placed 1n the 30 C. aloruneter Our cannot show sny
ugmﬁcnmdmaﬂubewmuwmcnnuofhutlozmmdynm

g the and tecta] temperatures, we ght these
ok ke v

The general warmumg of this anmal seems to follow the same curve
but the interesting thing 1 that this srumal then reguined most of the
drop 1n rectal temperature | feed thar the reason we do not have a good
dustinguishing picture here, o that this 3 C anmual was essennually
ovetheated when it was placed at 30 C 30 that the ear temperature
was about five degrees higher than that of the 30 C. anmmal

The anumat placed at 3 C. for two hours, when abruptly brought
back to 30 C behaves cxsentnally 23 though there w ere increased heat
wput whch ws not beng d ed  The rise 1n rectal temperature
has elminated the possibility 1 believe of making the distmction be
tween the core and shell amangement

Hortath Thd you say that thes 15 mcreased heat output or inpat into
the apimal It must be all heat nput from the calormmeter

Carlsom One would have to subtract the open dot curve m Figure 2,
bat this s beat input mto the anmmal which was the point we were
nterested in, namely seemg af there were any difference m the cote and
sbell relatiomahup  What we bhad hoped for was that the rectal tempers
tures s.ould not show thus marked change

Hortth Did you get the major rectal remperature change over the
penod of two bours, or m 23 minutes e

Carlsw That 1 cannot answer because we were attempting to use
both drect and mdirect calarmmetry and 1o these calonmicters we were
neser able to hate the rectal thermometer = during the entire trme
From experiments whuch were made in the hot oam itself the mse
rectal temperature seems to be a gradual ope
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Blazr DW you to chart that on semilog paper?

Carlson I have thubynkmgtbcmmmm}atoutpm,md
mmgd:elogofd:cdxﬁmfmmumummdmntcﬂngfordr
lag The curve 1s linear on a semilog gra,

Blarr And if you do not subtract at all?

Carlson. 1 have pot tried that. The curve for the 30 C. aumsl mc-
dentlly 13 the same sort of curve one would obtaln with any mtroduced
heat source. It represents true calormeter lag

Horrath 1 think what Colonel Blarr means 15 that rt looks like &

um(glecxponcumlcunc
rison Not with the flat portion.

Horvath 1t still rses. If one platted it oa semulog paper the dat
mught fit mto an exponental function. s thet your pamt?

Blasr There would be some vanatsons but I mean n & general way

Horsath The flat portson of the curve 15 there only for & short peniod
of time 13 1t not?

Carison Yes. 1f Uaveraged all my data, the curve would not be ac
centusted as 1t 18 bere, and would agam be linear 1 obtain a mrach better
linear curve using the smitiel platean a3 my Re rather than the final
plateau, The linear curve plots the difference, which is the heat bemng
sapplied.

Pagé Do anumals adapted to cold have a larger beat output at 30 C
than nonadapted ones?

Cerison. In mabbets exposed to cold for 30 to 45 days, there was only
# shight difference, which 15 pot statistically signdicant.

Pagé At30 C?

Carlson At 30 C. this would be a standard metabolsm.

Hortath, When you take these ammals ont of the cold, do they show
o increase 1n metabolism dunng the first few boars?

00 increase and that is exing.
Carlsor No there s W Iy the

Horvash Dr Hartman and [ (18) were able to
same thmg 1n 1938 As far as | remember the data showed that there

w3 2 supcrnormal metabolism i the first couple of bours after the
animals had been exposed Have you tred these experiments with rats,
13 well as rubbits?

Carisom There are some real problems here Onoe of them 1 that
when ooe has o temperature change 1n o calormneter the indirect method
18 dovalid

Pagé Are they fasted at room temperature o 1 the cold?

Carlson They are fasted at the temperature at whch they 12 levtcg

Sellers For how long an mterval?

Carlson. For fifteen bouss
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Selfers 1 should think a fast of ﬁftccubcumlnaruohvmgemght
would represent quite & stress 1n the cold, whereas rt does pot at norma
fo0m tem mrjunwwﬂzcr&utwouldb:tmemrheunohhenhbu
1 do not but 1 wonder «f that could affect the results you have
observed

Carison | have also run some of these anmals unmeduately after
feeding. Although there s more vaniaton, exsentally the same effect
wobtamed. The beat outpurt s greater

Hortath X ere these ammals fed once duning the day?

Carlson Yes and always at the same tume  The food was usally
consumed within two bours.

Sterenton They were pot fed od libuzm?

Carlson. Not rabbits because they continue to mcrease in weight We
feed them to maintaen wetght

Cofey How was the sctmity of the rabbrts controlled

Carlson They were refatively confined The calotumeter has a time
responise 30 that any burst of actrvity wall appear on the record, but
shight movements probably will not  The slight changes due to move-
mamhcdmmg:m-cdfmmppcdwdungu There were no
bursts of actrvity on the recond the anemal usaally sat very quietly

DBt » Would 1t not be possible to think of the graph m term of
measurtag the heat debt, the difference betw cen the heat content of the
anumal mequdibeium st $ Cand 2t 30 € That would be the i erted
tnangular arez on F gure 2, would 1t not, between the fraal heat outpat
Line and the heat reactung the calosimeter? At each pomt the difference
between the heat that s beng produced and the heat that goes mnto the
calorimeter 15 the beat going into the gnimal to wam him up  There
1 oo real difference between the soclimatized end nonacclimatized was
mal in the areas grvmpg thes heat debt Is that nght?

Carls w Yes and this 1 dsapy £, from two standp («) the
areas are the same, and () the rise m rectal temperature was observed
m the adapted anmal [ am to onduct the cxperiment 3o that

the rectal temperature w 1 stay fxed, and thereby establish # relaboashrp
hetween core and shell, ’ id

1o 14tk Docs ths suggest that the term sdapeation has 0o mean
mg, and that there 18 0o sich thing s adaptabion or acclmatzation in
these ammals?

Carfion This would require comuderable discussion, and t o the
reason for my preparatory remarks On the bass of my onginal pesenta
tion mn Figure 1 there are differences whach can be discerned 1 themk
adapation 1 wdicated of we romeamher that the 6degree difference
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(Te—T ) 1 from 2 depressed rectal temy
petature 1 ooe angml
another animal actually had & rectal tempersture above 40 C,

1 think Dr Horvath made 1 good pomt 1n lus easlier smatements, and
one that has perplexed me from the standpount of factors regulatiog
metabolsm. The 30 C anmai had a alonc output of sbout 4 klo-
alones while the 3 C anmzl lad an outpnt of § kilocalones When
(hcywﬁrcplﬁmﬂ:ecnlormncttrut}() C,, the heat outputs were identr-
cal, at least wathin 10 to 20 per cent

Barch Is the ordinate percentage of maximel?

Carlton Yes.

Caffey What was the 2 m the calotmeter pure
wher, tmosphere pure oxygen or

Carlson It was a cootinpous cirawt type of mdirect calonimeter  An
oxygen spirometer was used to supply the oxygen removed,

Coffey It was actually pure axygen, BP oxygen, rather than pormal?

Cartsor 1 do not thind ane could say that, because the continvous
arcutt, 1n terms of gas flow 18 a closed system with 8 CO  absotber and
pump, and 2 T out to the sparometer 0 that any change in volume 1
compensated by additrona] gas from the sprrometer

Brows May this not be a matter of the time tavolved? The contribu-
tion the shell makes would vary with the temperature, would tt not, and
after a certan tme it s finished for & goven tempersture, Might you
oot have obtuned different cutves of thete had been 2 different tume
nterval for the second group?

Carfsom The reason I nsed this trme interval was that it gave the
maxmmum change in rectal temperature.

Brown Ican see that But carlier perhaps, doa t you think you might
have obtamned a difference?

Carlson Possibly We ought to make & crlonuneter in which we can
change the temperature and still make calonmetric measurements 5o
that we can keep the animal 1n the calorrmeter 1t 1 very dufficult to do,
wn my ence

Ihx:a:ctbemeacofthu that s, | have tahen au
mals which had been ar 30 C.aod at3 C, and exposed themto 5 C
m the culonmeter ]ndo.\ngth.ulfo-md,urcpo;t;imﬁ ZI;d;:

In o
the level of heat output was very high. tgtc o d.

heat output between the 30 C. and the 3
socaste any sumulus to the metabolism through a difference between the

todicect and the direct metbods But when | lowered the calorimeter
temperature to —10 of —~11 C., and exposed an animat from 30 C
and one from 5 C. a marked difference between direct and indurect

alommetnc messurements appered i each of these two animals.
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adapted (aooft_ch) 11(1:d ncol;l;d.:}?:&i (5 C) anual The rectal
temperature es 1nimal dro 3 y bat that of the 30 C
lmm:libowtdlmxﬂrdde T‘Eaew&ljh;lmmﬂymdumdmn
between heat outpnts  Occasionully the oxygen consumption carves
intersected. This, 1 think, brings 1nto some question our origimal sup-
position based on our studies in bumans  Erom the findings 1 Figure
3B one could say that after one hour metabalism contributed more to
the heat output of the warm-adapted anumal (30lid dots) than to that
of the coid-adapted anmmal. The supposition from the other figures i
that the cxygen consumption curves might eventually interect. But the
sctivity t the calonmeter 15 extraordinaty at this pomnt. You may have
noteced 1 Figure 3B that I occasionally lost the rectal thermometer
dunng the tests and had to termuate them. The difference between
wndrect a0d direct calonmetry again shows up

Although in the 30 C ammals there 15 at least some indraation that
I am stmulating metabolesm, 1 stilt have the problem of the stimulus
to metabolsm in the 3 C anmual which, withun the Limits of my system,
s brought op very quickly to 2 new Jevel At — 11 C the rabo of heat
sutput for the 3 C. animal will be apprommatefly 5 3 and that for the
30 C. anumal, spproxumately 5.2

This 13 & rether provounced increase in heat output. The other dif
ference observed here is that when an anmal 5 moved from 30 C. o
5 C, 1t benehts by vasovoustnction. When the temperature 1 below
treering, heat must be produced to prevent frosthite. Theze was oo
trosthite 1n these expersments

Horvath Just where did the 5 and 30 -adapted animals start In
their oxygen consumptroa?

Cerlsor Tbe 3 C anumals were stacted at 3 4 kilogram calonies per
kilogram 34 per bour

Horvash They have almost a 100 per cent mcrease,

Carlson. Yes The durect and mdrect cformmette valucs ase close to
being 1n durect balance

Horvasth What about the 30 C anamsls?

Carlson They start at about two-thirds of that (2.4) They are off

the scale
Horath The it simulus seems to be of sbout the same magns-
tude 10 both of them.
Carlson }rmumuundgmm#tmty;nmu?mdm ot
Horrath Of the same ma g Tam
18 thus Dr Caslson you are 1 tly making a distmction between
those two sertes of anmmals on the fact that you were not able to
stomulate ome. It appears to me, at least indirectly that you have et
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metabolum of cae st 25 C, yet whenthes Crata
mmbohmduanutmny“methﬂnﬁzi Crﬁml:du o
reduce. It 13 within 30 per cent the mettboluem of 3 25 C. mt m the
tume mterval (ten munets) m which metabolism an be mearared.
Further raty rapidly mcrease their metabolne when plsced at kower
w:,d;k-hltymmmdmmmﬁfbolmbdngm

a bett prodoction which o mder mml.kﬂm
likely oguuste from muoscle,

Canggx b.uymmMonuuLDn.ScumThms,mdSeUm(lB)
1epo, some very interesting work concerfung achon potentals m
muscle, and we have dane some related work with thete rabluts There
mrwoh:uofmdmbere.mdlshdldmmmyapcrhnmnl
technique 50 that you will know 1ts Limitatioos

The first pertainsy to the use of radioiodine to determene the cucula
tion within the cablxt exr and withn 2 muscle of the hind Limb, usually
the hamstrings. The technique, as you know 15 one of introducng
radiojodine and then measuning the time of disappesrance The time
mvolved 18 & of ten, or preferably twenty minutes  Dunng the
nnmmu\mfm(:mnmthnﬂ)emmlsbuﬂdmdnwm
struggling  Data taken when there was obvions struggling were
duscarded

The use of I 1 think must be accepted 23 2 method whach may
show arculation but which 1 also related to the apillary permeability
because the rodioe must get tnto ctrculation e order to be removed

Burch What 18 the preparation of sodine, the quantity and how was
1t injected ?

Cirhon Straight sodium sodide 13 obtained from Abbott Labaratories,
usually 23 mucrocurses per ml  Very tiny quantities must be ingected, fess
than 0 1 ml Itunotcml,ulonguﬂrrtulm‘?;;lm "

1 shall vouﬁmﬂx::g:mcuumtheww shou
be :gév:qd:aumo (Table 1} We always attempted to 1ntroduce
:he["pmmmchc;b.umdmtbcmxdpommufdxnr Some mess-
urements were made at 30 C, others at 3 C., aad othens at —20 C.
Tha s the average of mlm Unfortunately [ do not
have sufhcrent data to feel wbout the $ C. ammals at 30 C
But this 15 2 situation whch 13 worth locking at and discusing beotuse

there ts certanly a marked vasoconstriction when the 30 C. anumal v

faced 2t 5 C.

PAldlbughtunpcnru:cmcmuuncnngmcvdmofLuuwcd
tempesature in the ear the arculation cxpenments above do not beer
this out. Thcon}y:xphmucnlknvcuﬂntdmhmmwﬁmchm
are many arteriovenous shunts and I do not know what AV shunts do
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TABLE [
Rabbet Ear
Origent Experrmenta] Esrvironments
Lrmironment % C 3 C —n C
l‘ o C p44* 0088 0.077
5 C — 0044 0023
Rabint Leg Muncle
—
Orgrmat Experanental Emrvroaments
Fen rovment 3 C s C - C
0 C 093 096 i
5 C — 137 “
k:loa‘CLbﬂcc €y = counts per rrumte st time ¢
Hh, t) Ca = comdts per misate & tme ty (19)

n odine studies. 1 might fm(bcukeofd.tmmmé:!dmmdx
figures which we obtarned from 2 leg muscle, namely hmﬁ(nrg
I was not able to obtamn & figure for the 30 C. anmal at —20
Berause we must suspend the anmal, we were never successful i pre
veneeng strupgling, end had to discard the data

The difference shown above © very marked, and if bomne out by

further wmients, will be a rather interestmg one [ this as
tentatrve only because 1 do not have sufficient data to grve 2
stattical smalyns These are ratory

pepa EXperiments.

To allow Dr Sellers to enter the duscusmion, T should like to mdscate
that st the time we were downg these expermnents we used a pair of
needle electrodes about two centrmeters apart, whach had about a centr
mcter éxposed 0n each. They were thrust into the hamurmgs, and over
a perisd  f an bour o more i samplmgy were taken of the
efrancal achnry m the muxcie differences we obtamned are shown
n Figure 4 which represents the clectromyogeaphic (EMG) data we
have from the muscle sctian potentuals. Those data were collécted from
anmals m thelr acrustomed cages wth the electrodes in place Theee
different experments are shown to mdicate the results

One anumal from 30 C was placed st —10 C. for six hours, You
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metabolsn of onc 0t 25 C yetwhenthe s Comtapaat2s C In
metibolism does not start 4t twice that of 23 Cu’;dmdpdmﬂy
redoce. It 19 withun 30 per cent the metabalism of 1 25 C, fat 1n the
tmme interval (ten montes) m which metabolsm qn be measured.

mwwﬁcﬂwmmmdmmmmmmbmgm
diioned prevrowt exposare temperature This seems to mdwcte
a beat production which o ‘under imemediste control, and would most
ILely onginate fram mosce,

Carison Last year m Montreal, Drs Scott, Thomas, and Sellers (18)
reported some very interesting work cooceming action potentrals in
musde, and we have done some related work with these rabbits There
arc two Lines of evidence here, and T shall discuss my expenmental
technsque 50 that you will know s lmrtatsons.

The first pertains to the use of radwiodine to determune the arcula
ton within the rabbit ear and within a musde of the hind Limb, usually
the hamstrings. The technsque, as you know i onc of mtroduang
radiowodine and then measuning the tume of disappearance The tume
mmlvudx‘sm:lrnodoftm,or preferably twenty numutes. During thu
time our criterson was that the animal should not show obwions
strugghing  Data taken when there was obvious struggling were
dusarded

The use of I'® [ think, must be acc 23 a method which may
show araulation but which 15 also related to the capillary permeability
hecause the sodine must get 1nto arculaton 1o order to be removed.

Barch What 15 the preparatson of sodine the quantity aud how was
1t injected ?

C]crho- Straight sodrum sodide 15 obtatned from Abbott Laboratones,
ususlly 25 mucrocures pee ml Very iny quantities must be injected, less
thmOlmLItunotmtuLuImguthmulml::c_h -

1 shall grve you first the ents on the ear which 1 should
bcmp‘lrdﬁvmytzuu\mm (TableI) We always attempted to introduce
ﬂxl“mstmmthcxhnwdmth:mxdporﬁmofdxur Some meas-
urements were made at 30 C., others at 3 C, and others at 20 [ol
This 5 the average of several Unfortunately [ do nat
bave sufficent data to feel assured about the 5 C. smmaly 2t 30 C
&Jtmuulnt\ntxouwhnchuword:lodnngnmddmmmg,bcaux
there 1 certanly & marked vasocoastricton when the 30 Canumal i

aced at 5 C.

P Althbugh temperstare measutements grve cvidence of mt::;
temperature in the ear thcurcuhbonurpcrmwnnabowdomtm
this out mm!yaphmbonlhavcutbltﬂmumm\bﬂe e
munnym:mvmuu;hnmtx.md[douothnw-hu\.v;hum
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TABLE I
—
Rabbet Ear
Origraal Experimenta] Enmiroaments
Bovuoament w C 3 C -0 C
30 C 0 44 0088 o077
3 C —_— 0044 0023
Rabbet Leg Maxcle
Ougmal Expermmental Bovirooments
Bavuonment 30 C 3 C ~20 C
093 096 —_—
5 C —_ 137 46
l;%C‘ jox G
K= € = counts per mate &t trme t
PR Cy = coumiy per muoqte ot trme ¢ (19)

m ndine studies. T might, for the sake of discusmon, down the
figures which we obtatned from a leg muscle namely hamstry

T was not able to obtan a figure for the 30 C. antmal at —20
Because we must suspend the animal, we were never suaressful in pre
venting straggimg, snd had to drcard the dats,

The difference shown above s very marked, and if bome out by
f\mbﬂexmnmu,mubelmbﬂmtﬂ:wngone Igcscn:dmu
tentatree ooly bectuse 1 do oot have muffient data to give s
statisncal anabyas These are prepanatory cxpeniments.

To allow Dr Sellers to enter the discusson, I should Like to indscate
that st the ime we were domg these expermments we used 4 paur of
needle electrodes about two centimeters spart, which had about & cents-
meter exposed on each. They were thrust into the hamstnngs, and over
perod of an bous o mose, samplmgy were taken of the
electneal actvity 1a the muscle. The differences we obtamned are shown
n Figure 4 whach represents the electromyographac (EMC) data we
bave from the muscle actwon potentials  These data were oollected from
wnumaly in thewr eccustomed aages with the electrodes in place Three
different experuments are shown to mdxcate the resalts

One anmmal from 30 C. was placed &t —10 C. for srx hours You

oo -~

-



Frounr 4. Electramyograms from central pochoa of hamatnng mwoscke m bt
wng two-aeedle clectrodes 2 an. upart, 2.5 om. boag, with destat 1 am, for revord-

ing From top to bottom 30 C anuml (No. 3) 3 Cammi (No.2) 30 C
anmal (No. 1) 3 € aumal (No. 6) after expasmre to 10 C #x hours
to —10 C same anjmal

30 C apimal 3) u wnmedsate exposace
cxpg:tdm—mmgw)ebt:fw anmal (No. 1) after exposare to —20 C
30 days.
will notice on the EMG alternate quiescence and marked activity How
ever the snsmal from 3 C, which was pleced at —10 showed 2
Little more sctvaty in the base Line and yet [ess marked actvity from
shrvenng
On the bottom curve 15 the same relatonship o the 30 C animal
placed at ~20 C fora of weeks You will nobce bere agam
the quiescent penod fol by macked electrical actinity anothes
quiescent period, and agun marked actrvity dunng whach actrvity 1
contimons, with occassonal bunts.

Occastoaslly the record assumes the relatoathips indecated i the
center of the figure. There 13 # long penod 0 which this activity wall

to be less than that of an anuml from Jower temperatures, It

seems to be a prolongetion of the difference we see tnt the base line. An
ansmalat 30 C, to make & compansoo with these two has considerably
less actrvity m the EMG
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th)tDr Sellers will now speak about this the records would be
quite defferent if presented 1 » summated EMG because of the sharp
actrraty bursts of the noaxdapted anmal. The sgnificance of musde
activity lies m the contrast between the backgroand actrity of the 5 C
anmmal, and the silent persod mterrupted by marked actvity 1n the
mancle of the 30 C. anumal acutely exposed.

Our data on crrculetion changes should provole a Little more discus-
10a from this group, whach last ime considered 1n detul the contribu-
toas of the liver to this increased heat resporse 1 think there 15 at
least & possiulity of indicating contributrons of muscle to the heat
response.

Sellers Dr Carlson I should like to ask you whether you did sum-
mated EMG 1, which woald gi e fignres comparable to the results that
we reported 1n Montreal (19§1

Carison No 1am sorry 1 do not have that data

Sellers From looking at the raw datz, I would not say that our results
necessanty duffered. Usually the muscle actvity that we observed m
animals whach were adapted to 30 C and then exposed to cold was
very vigorows  Interspersed i the record were penods of relatrre in-
actmty I think probably our observations on the antmmal adapeed to 2
freexing tom) would not be dssamular to yours. The summed
actrvety we rted did show a significant difference 10 that
the total actrvity of ponacclimatized anmaly exposed to cold was
coassderably preater than that of acclimatzed rats exposed to the same
degree of cold

Recently we have been doing thre same of work 10 humzns. There
we find a difference 10 the appearance of the osaillographic tracing in
that the humen muscle 13 appareotly completely imactive when the
muscle 13 at rest There 18 no nggling up and down of the base Line 1t
n flat. On the other band when the muscle moves, or when shivermg
takes place, there s sometimes the rther  solent actrvity we see m Dr
Carlson s trmangs.

1 should like the views of the and others who ha ¢ had
more expertence than 1 have with el ph, a3 to possble
differences in techmique which w 11 result i the different findimngs in rats
and m man that 1 have qust rted. In the rats we always observed a

‘The type of electrodes are of cbvious wnportance In
£ats we ased the whole lensth of & needle or & safety pm a1 the electrode, |

0 presamably we were measuring the total actmty of & certajn amonnt
of muscle mass rather than the actrvity of a few fibers 1 humans we
bave been usmg murface electrodes. We have used needles, too
toacing 15 just about the same
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FicLan 4 Electroomyognams from central portion of bametrmg mescle fn rabbes
usng bwo-oeedle clectrades 2 am apant, 25 on. kong, with distal 1 am. foe secord.
g Froe top tobottomn 30 € anemal (Na 3) 5 Coenlmal (Na.2) 30 C
snanal (No. 1) 4 C anapa) (No 6) afier expomr to —-10 C ax bours

to —10 C sme animal

30 C spmad (No %) mmedude
£xposed (0 —20 Cooebu:?‘w mnml(g 1) after eposorz to —20 €
30 days

will potsce on the EMU sltemate queescence and marked sty How
ever the ammal from 3 C, whach was placed at —10 showed &
little more activty in the base Line and yet less marked sctivty from

Ombottwmmuthemrdsmsbfpm&\cso C. anwpal
placed at —20 € for 2 petiod of weeks. You will notice here again
the quienent period followed by marked dleircal activity antther
quiescent penod, and agam marked actrvity duemg which actinty 1

conturaous with occesonal bursts
Occaswonaily the record assumes the relatonships indhoated in the

center of the figure ‘There 15 a Jong penod 1o which thes activaty will
apper (o be less than that of an anumai from lower temperatore. It
seems to be a proloapation of the difference we tee i the base line A
ammal at 30 C mm;kucunpubmmd\dmcrwo,hucmydrr
less actmity 19 the EMG
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Stevenson. o the humans, were the muscles you studied completely
at rest? Was the subject Iying down and refayxed?

Sellers Our subjects have all been uttn in wheel chasrs, with
electrodes insected, or attached tbeyhavcgotnmvedfmnlmfnt:
able sitting posstion.

Stevenson Are your anmmals unanesthehized ?

Sellers Both ancstbetized and unsnesthetzed. Even in the apesthe
nzrcrd;dmmlswecustmulyobacrvcdmbuullmvﬁy of that 15 the
0! term.

Bureh Did the duaphragm contribute to the surface electrodes?

Sellers It certunly did not in the bumans, Dr Burch, 25 the nactrre
muscle 15 silent.

Berch 1 wonder sbout the anmmals

Sellers 1 think m animals 1t depends on which muscle we choose to
measure Ifwcmnnm:musd:-ctmtymthcuppcrlmbsof:nx,w:
usually obtain quite & contribution from beart actroity and probably
from duphragmati actvity  If we record from the hind limbs there 18
0o detectable contribution from the activity of the heart, but 1 am pot
sure shout the duaphragm.

Barch 1f mun 15 pot relaxed, we have encountered ddficulty wath
duphragmatic actrvity partcudarly of the patient 15 orthopaesc or has

when recording our curdiogaphs 10 our studres
on the sopotential reference line or pont.

Sellers 1n the expenments we are doing with bumans, where two
surface dlectrodes are put quite dose together on the gastrocnemius.
the bate Line 15 completely flat

Barion Mr Chaurman, perhaps I should tpeak on this subject, as
many years 1go I studied the electacal acttvity of shiverng muscles in
anmsls with Dr D W Bronk now Drrector of the Rockefeller Instr-
tute for Medical Research, and we leamed a good deaf about 1.

For four or five Dr R. A Snyder now 2 member of the Drvrson
of Biophyna, bcy?;cc Research Medicsl Laboratories, Taroato
Canada, has been studying, not the effects of cold and shivenng and the
electrical actmity of muscle, but the general relationship between the
electrical actmity and tension, and presumably the beat, produced in
muscle Dr Soyder 15 now studying the muscle actrvity m shrvenng
humans, but the work 13 not far enough advanced for me to report oa

It as

A:’::t:bepmltm of the electrodas, I feel strongly that those physlolo-
gmmwmgwbo:mmmatwmmmdtbemglemﬁmmt
m]nm:bycmmmc:lcctmda That method can never hope to tell
us anything aboat the actrvity of the whole muscle. For that, one must
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uxlunflen:cd]:dzmodcnudcmdxbeﬂyofthcumxdc,mdamdxr
fasther down the muscle 10 order to obtam any kind of sample of the
actroty of the whole muscle.

As to the distance apart of the two electrodes, Dt Sayder bas mvess
gated that very casefolly The beat representatrve sample, which be
d:mkxmuu:?rumkahun-dmdofthemnxﬂemuobmmddyou
place one surface electrode tn the beily of the nmscle, and the other near
the tendon. We are convinced that surface clectrodes grve us & much
bctterumplcﬁuncurmuxnccdl:clectnﬂu.whkhpckupm}yl
few unity

I think we will have to use some cautron A profitable field for mem-
bens of thu conference to mveshigate would be the electrical activity of
muscle, bot T would wam you that there are many other f2ctors quite

unnuspected by physiologuts, or even by elec graphery
As to the relaponshlp between the electrical actrvr t out by 2
mcle, which we nrually integrate these are technical ties with

the frequency respoase of the (tegrator it st be very flat and cover 2
large rnge In a grven muscle at & given time, the mtegrated electrcal
actovity bears a very nice to the load, or to the tenson
exerted by that muscle. The shape of the curve relating the integrated
electncal actrvity to the tensson s charactersstic of that partculer masde
The flexor muxcle 10 my left arm gives a slightly ddferent curve than
the nght, and we can tell by lookang at the records which arm ¢t 15 This
an be mterpreted, we think, In terms of thresholds of the motor hom
cells m the spunal cord. But the strikimg thing 1 that, when we go from
one subject to another we find that one subject, 1 hfting the same
weight, will produce only pethaps « third of the iotegrator electrecal
activity in hia biceps mscle as does another
This difference 13 related to the maximum strength of the muscles.
Admatedly 1t o difficult to measure thn strength because pspchologrcal
factors play such an moportant part, but one can try by measunng the
EMImuimh!&li;WMIemm“mgm“m

arms O electrcal actrvity m b the sume weight
thanttmcp:.knh.nvewuknmxdu fong

Horarth 1snt that partly doe to the fact they bang 1o other muscle
grc;:to fement 1t?

on. we have tested that by recor from the supplemen
scles hnmefhwbmywhgn:gheupcmm?udomm{
thnk we cmmot use these musdles very effecuvely amyway

The dufferences between subects are due apparently to the basc
fmmatthedmrnlmmummﬂh:‘g‘jtpigmxxyjcmqu
the surface of the muxcle whereas the tension, xnd 1 thould thenk
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to= toal bert podaed 15 2 fmam o e vidzme o rmplim
When a comsd= 15 eneoped by ey, or = crma ™ somzer tun
a sezihy omde o 2acther zomnl me BT 2 s v e of o
phmmad:m:dt:adnrcﬂxmmm_ﬂ_h::ﬂggmm .
vl corespord gty ovre dectrral acrey

D Soyder did e exprrrmesns on brmye £ by Treeny b Bells £y
3 weeks and bs was 2be to moss The e 1oad F e mm
E- 25 per cent. The dimeter of bes 200 macrersad. b the demal
aarery ded pot ncrexse w2l whoth wosld qofes the merssTa W
havebad There o exvellent correlrneg rovrg 5 buoes ersdos of
medxal stodenss. berwten the toal Yozd, xod the mon of cerod
2ty to boad.

ls«’:vuldhk:nmudzx:z:mﬂo‘ﬂ:tmgu:oﬂx:m:r;fn:m
which comes m =hen we pse thrs mehod 1o 255055 e sde 2ansy
from ol to ammal. It serms o= e ot £0d 20 ol that
grie o only balf the dececal aama of 2aocher, evma Soeth the
mursdes were prodacmg ot as mooch bexr

One also has to 23k the queston wheber the aalenzmzron ey ot
fave prodoced some chunge m the tosds, 59 thr the e sl atmny
agamn decenes us 25 2 measore of the bt 1 = not st
that these things are ngrsficant bet Ttk they shomld be vesnoated

Stetemsum When, for 2oy gromp of sabyrrss, eoe dhrns the moomm
{oad exch ane can Idt. does thar prodie= more or Iess the srme eleaoal
actrrity?

Bart ® Yes. 1t 1s much more constar thas the e Yoad rself
As you know sf people really want 1o Lefr 2 ber more, thee wiil. It
an sccunte physiological measorement. becxoe of psvehologacal factos

Barch 1 agree woh Dr Barton. If the afdise mmadle s 20 rxdex of
the sruxtion for skeletal musde, there 8 50 dogle shat the dheaoaal
sarvity of the carderc musde. as recorded a the serface of the bodym
mamfested potentn] vamzoons, does not comrtlyer wrch the work ectpe!
of the heart. Farthermore. the recorded potraal s m.oeneed br e
fredds around the sonrce of the potential, so thay of there are varumos £

the field doe to edeoma fat, or of 2 suxch as the heart, thert
may be comdersble vanahons m ened e.eoancl

Brrt n The best ‘m!dbcfzf;u;“m-butfh‘
mechrmeal output of the alremates bor the clecnal volase ®

Barch In palsas alternars it 1s the other wyy  Electnal akemitioe
mechamal altermanon.

may correlate with
Ferrer ot aheays, 25 there mav be 00 eletma] alzemutin 2t 2l 8

presence of pulses diermers
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Barch That 88 (X dmﬂl-\mmlmnaodmdﬂylcomﬂnm
um elec

Bart Bustoa?
on. By needle electrodes, 30 ‘mesn sngle pecdle electrodes
onesd

ot ™
sell mc‘wnngung‘:unm{
m"”‘-h“nnkzthcm.-uumo« 1nou15?crlmuun
h:;?“ilufcq?md 3 t ghghcm cﬂrcpu:of
1 oy hummhted,gchuerccmdms.kx\gmwbo\e\mgm
shoald 40 alternation 1 dectneal 1ty o an e
b e dpfublhhty mdxlluch:nge
mi""_;;tkhnotnccuwﬂy of the
dofd\tﬁc\d-,ulvcrirm ceant £actoF
hd;:‘;(h\hnm@,a i
mtf‘-smmhu Sellers that el 26T B T
\Mﬁ‘ ectrnty of ¥ 3 bouucuﬁllmcrdy
ﬁmmmod\ﬂ word of caute rdmzthchckofnhw\m



!

34 Cold Injxry
Certanly the muscle must be producing more heat with more active

grams

Bebrke Dr Caslsoa, what 15 the oxygen consumption m conjencton
with these electrical records?

Carlson T do not have the data for that. One could only sssume that
our calonmetric data would apply and that two sarmals were virtually
the same after two hours

Sellers We hxve done that, Dr Behnke. While the errors 1o estum
tion of oxygen consumption are incressed by the technrcal difficultres of
making muscle messurements there s 0o doubt that the exygen con
sum increases concurrently with the mcrease i electrical actrrty
of the muscle. There 13 no grest difference m the mmedute retponse
of the acchimatized or nonscclimahzed anumsl. T think that rs shown 10

Figure 5
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Bebuke The total clectrcal actroity was greater or equal to that of
the acclrmatized anmmls in Dr Carlson s experiments.

Sellers The total sctvity of the muscle?

Bebmke In the mtegrated record of Dr Carlson, what was the sum-
mution of the electnal actrvity in the acchmatzed rabbets or mts com-
pared with nonacclimatized under the condinons of cold?

Sellers Whether the snimal 13 sccltmatoed or not, when it s placed
10 2 cold enviroament, 1ts muscle actrvity goes up  That = indscated 10
Fignre 5 where the muscle activity at pomt B s greater thao at pamt A
‘The upper lipe 1ndicates the rate of oxygen coosumphion.

I agree with Dr Carlson's data, that durmg the fist week or 0 of
exposure to a temperatore of 1 C or 2 C, there 15 a fusther incrense
1n the tote] oxygen consumption of the anmls m the cold, if they are
metsured at that ambeent temperature  Howerer some of this 15 not 10
complete agreement with Dr Carlson s dats, for if the measurements
of oxygen consumption are carmied out at 30 C., there 13 an 1ncreate in
oxygen comsumpbon which occurs gradually and amounts to about 20
to 23 per cent. Once it has reached that higher level, if the antmals are
kept m the cold 1t remams more or las constent. There are some shight
varistions but these are not signuficant, however long the antmal remams
1n the cold.

After a certamn length of time these anmnals can be contidered to be
acclimatzed, and of the musle actrvities are taken then—and [ am speak

ing of ed actrvity—it 18 found that the muscle acti ity of en
ecel mat, meesuced at 30 C,, 18 lesy than that of the control
unacel d d at the same It 13 found that

nt P
the muscle actrvity of the acclmatized rat measered at the cold tempera
ture, 15 less than the actrvity of the noaacrltmatred rat messured at the
same tempentture  Bat there s always greater muscle activity at low
than at high temperature. Does that answer yoor question letely?

Bebmke Yes 1 was wondering what the correlstion was
exygen consumption and the electrical ectrvity of the muscle

Sellers 1annot grve it to you 1n rmathematical terms.

Bebnk  With egard to basc work on ths subsect, I can cite an
expenment that does not have anythag to do with cold but wath the
basal metabolsm of an ndividual, in which electnaal recordings were
made of the musles of the thigh and the biceps. The oxygen consemp-
0N per munute m a control test wag 256 ml m several successeve rund,
dunng a peood fastmg about an hour and onehalf Then, when the
bead pilow was remoned (that 15 the anly thing that was done) the
body musdes were under shight tenuon and the cotrespondmg electrical
actraty was greatly mcreased. Oxygmmmrptmmnxgﬁmus
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t0293 ml. per munute. Tbelieve cae can quantrtate this electcal actrvty
mtunnukP;rxygmconmmpnm b

Sellers 1 thinl there 13 no doubt about that. However we have had
lhudc(umemourhumxncxpmmtﬂuwbjd:mmtyﬁmmpldc,m
ruling oat extrancous factors of controlling them satrsfactonly

In our experience, if anumals are removed from a cold envirooment,
the metabolic rate falls more y than the rate of mcrease observed
when the anrmals were fiest p 1n the cold, Mezsurements carned
out 8t 30 C,, take from onc to three days, and the messarements remaln
varable for another couple of weeks.

Horrath Doesn t even one day of exposure result m some of that
wcrease, and isn t there & conssderable varuation 1 teme? That s what
we found

Sellers Yes this agrees with your work pretty well. There ts 2 change
even after one day  After four or five days we cannot measure a
statrstacally significant dufference from the normal oxygen consumptron
of & rat of that partrcular size.

The other information grven 1o Figure 5 18 very smmilar to that pee
seoted by Dr Carlson. Before exposure to cold, the change i body
weight 13 represented by 2 curve in the lower half of the fignre when
the antmal 13 placed 10 the cold room there 3 almost always a foss of
body weight which usually lasts for about 2 weel, and then the growth
curve, a3 represented by an incrense in body weight, proceeds at a slower
rate than before exposure to cold. In other words, the rate, In
our expertence is always somewhat slower i the cold. I thinl that
finding agrees very well with those of Dr Catlson, D Dugal and others

who have worked 1n the field

Hortath Isnt the rate slower anyway after a persod of a
couple of weeks mmd:leﬂgmmnmmmumtnmtght
forward indefintte progresaron, 25 these anmmals become older there
it to be 2 decrease 1n the growth rate  Does your growth curve
follow the ordmnary decrease or 1a that a different decrease?

Selless That 1s & different decreased rate If control animmls are kept
at22 C theu growth rate curve might continue gofng up for & conuder
able time before fmmmg a platean In the cold there is a gradual
attainment of a plateau, but it takes & much loager time than st room
temperature.

Carlson They do form a plateau at a lower level, in terms of body
weight.

Sellers 1think you are nght, D Carlson

Dugal Dr Sellers, you said that when a mat 18 placed 1n the cold
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room, there 15 1 loss of weight that lasts for about & week> That would
on the wnibial weight, and on the temperature used, would 1t not?

sllers The smbeent tempestture and the weight of the sammals whach
are pot tn the cold emmironment certanly nflnence the change that takes

Lace.

Plnl-'gurc}[hl ¢ represented this, for purposes of discusuon, a3 an
average findmg of a st of average weight.

Dagal What do you call average weight for a rat?

Sellers We wed rats from 180 to 200 gm. m most of this work. In
our & 1at that 15 placed 1o the cold room, about that
amount, will lose less weight than a rat during the more active growmg
pened when 1t mught wetgh 140 gm., for mstance,

Horrwh What happens to the curve of the rats after bemg
taken out of the cold completety back mto say 22 C? Do they
resumne thewr pormal growth carve and anan the same weight they woald
have attained if they bad not been exposed to the cold?

Sellers We have done that expenment  Apparently the result 13 much
dxum:u-hmmunmﬂugtonmeldvmcdtt'l‘he
curve, after the removal from diet or from the cold, els the
growth curre of control rats that tever recerved the sdverse diet ot
were never placed w the cold.

Blur- We aswered Dr Horvath s question somewhat by acodent
down t the Fort hoox labomtory when we were acclimatinng rats to
2 cold evironment of —3 € We bad at first salumatized rats wergh-
ing about 350 to 400 gm., to cld. Then we recerved & new shpment of
rats to be acclunatized under the same condiions  They were much
smaller 175 to 200 gm., and when under sdentsaal ¢old condrtions
oot hammful to the larger by they to develop cold njury of the
feot, oary, and tals aftes 5 fow days of exposure. The expenments had to
be discontiqued and the rats retumed to room temperature, After several
wetks at room temperature these raty showed the same growth pattem
and body wetght as the rats that had pever been exposed to cold.

As Dr Scllers stated the to cold, in generat depends upaa
the 2ge and body weight of anmals that are used. We cannot
standardize the procedure for 2 350 gm rat and expect the same pan-
EePIL:c:iObOHthO 130 ot 230 gm. mts  Dufferent procedures ot

Pagé 1 thunk 15 even more difficult than that We found that when
expasing rats of the same average body weights to the same temperature
at the ©ame season of the year we obtamed different responses. Some
tumes they required four months to recover thewr ongunal body wesghts,
and sometemes two months, in sprte of ha ing the same deetary hrstory
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Ituahtmpmmmbhmbatthmgwcundobmuxmmhofﬂr
same weights but that does not rule out any chance defferences,

Blaur We assumed that rats of the tame stouun, and under
dentical condittons, would bave approximately the same weight
%t the same degree of matunty that 13 until they reached s growth
plateau at which there was no further wcrease m body weight with
advancing age.

Seliers We have had the same difficulty thet Dr Pagé described.
Sometimes there will be & much greater loss of weight, and a slower
tecovery peniod than others 1do not know baw to explam it It cectualy
mmmcmmmtofmymﬂu,apcamythmemnm
subjects, most difficult.

Dagal Did you notwce any difierence 1o Joss of wesght dunng ex
posure to cold, between large rats and small rats¢ We found that young
growmg s weightng around 60 gm  lase very Litle weight and foc
oaly a day os two when exposed to 2 temperature of 2 C. whetets
adult rats weighmg 200 gm., a3 you have just taid, bose weight at 3 C
for about a week.

Sellers 1 thunk that 1 right although mast of the rats of 60 gm. or
thereabouts, when put af & tempemtare of I of 2 C, do not survive.
There have been exceptions, but the survival rate 15 much lower m rats
of that age and srze.

In our expetience, the food consumptiton shows the same changes that
have been pointed out by Dr Qﬂmthmuagndudh&ruuinf:i
consumption over & pefiod of & week or 30, perhaps o bit bonger
thmthcfoodconsumpuonmmnrhcmwh:gh{:vdmdgndudly
increases concurrently with the tocrease m body weight.

The changes 1o the endocrme glands had been studsed by other people
before we became interested, notably by Selye (21) in the case of the
adrenal and Horvath (18) i the case of the thyroed. Much exslier
1916 Cramer (22) rTom:d the hyperplastic change in the thyrod
during exposure to col Our findings are much the same a3 those of
the other grou,

ﬂm-d}fmliouﬂh:gavmquﬂlymdmmn
the entire pertod ot exposure Atter 18 moaths, sf we kill & nat, 13
adrensly ere stiil very much enlarged. The thyroid beromes hyper
pllxrncwwmcheﬁr!ttbxecwcd:,md;mhbyrachumgmrﬂt
state of hyperplasia at about this twne. thiy perrod, a3 others
have reported, the uptake of radiosodine, Jou measare &t tho
houss of twenty four hours, 13 considerably sbove the control rate

1f we ohserve the thyrord over a very long perod after a year of 30
wcﬁnddmtbeghndhudccmxdmewhumwnght‘rdmmm
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temperature, but I am sure this could be altered if the condtnas were
vared somewhat [ am speakung only of the one temperature, from 1
or2 C Thcnteofoxygmcousumpuoﬂ‘(undermctthmx)xshighu
for an adapted rat than for 2 nonadapted control It u tempting to
suggest that increased metabolic activity of visceral tissues m the case
of the adapted animal 1 responsible for the difference.

In Table T we see another reason for believing that 1 e taker
place 1n the tissues themselves during scclimatization. Some older work
TABLE Il

Effect of Acchmanzation on Survival Time of Rats In a
Cold Fnvironment after Adrenalectonry
(Exposure to Cold 3 Hours after the Operation)

ectomy and of thyrerdectory  Am | Phyriol 165 481 (1931

effect of adrenalectorny 1 illustrated here  If an adrenalectomired
ﬁtﬁzxtmhwdmd}emldmubdomtheldmnlcdmhtbm
placed again 1 the cold errvirooment 1t will Live for a fonger perod
than an adrenslectomuzed rat which has oot been Lept in the cold room
prror to the adrenalectamy 1 2m pot clear on the reason for thus, except
that I think 1t mdacates the tusoes themselves must have been altered i
some way
"The same thing may be demonstrated in the case of thyrowdectomy 2t
shcw-ann.blcl'%v' TLpomuuxdymcmqmstdmxdmmd
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Sellers 1t may be demoastrated ing & small amount of sdreaal
by giving

Fxgure71Humatalsoctzonofrbclrvua[¢n.twhxhbub¢nfcd
a dict low i choline far mne weeks  You can see that the liver cells are
filled with & lasge amount of fat stained red. If 2 shmular anmal is fed
mcmdxegandurhfﬁmtbcmld,bcabtbomjomﬁpﬂm
more than the control gnmat kept at room temperature, but st the end
of mne weels 1nstead of the appessance we have pust seen, the Iver
looh.lmoﬂoomul(ﬁgums)

We recently demoastrated that this type of expersment there 13 an
ncrease i choline oxidase in the brver tissue. Whether this increase 15
mercly another enxpme that shows an added sctvity or whether there
are x few enrpmes in these tussues that are specifically or partully of
fected by the cold 1do not know nor da I know the ugnificance of the
fact that we have seen thes increase 1o choline oxrdase,

Barch Do you know whether sny of the sdrensl hormones will alter
the fatty hiver produced by choline. deets?

Seflers Quite a number of e have done expermments oa that.
Thereucndcncc(m)d\nmmummxddepommofﬁ:h
the liver when cortrone of cortial extract 13 given concorrently with 2
diet fow 10 cholme, slthough the kidneys are partially protected
cortrsone and the typucal renal lesons do not develop 1 do not th
anybody has ever expluned that very well

Pagé What was the proten content oa the choline-defiaent ration?

Sellevs The total protein content was about 20 per cent, Dr Pugé
exvept that methionine was the ooly amino od that was deficent. The
other essential aouno acids were present m amounts estimated to be
adequate.

Pagé [ was wondering whether the excess of sotake 1 the cold would
mpptyzhendd:trcxulmcdmn:mlﬁaaumpmduteﬂ:BPﬂUr:wt
see here

Sedlers Because the anmmals took move food?

Pagé In abeolute quantities they would mgest moce methionme

Setfers We estunsted the amount of methionme the eoimal would
recetve gnd 1t worked out bo be somewhat fess than b daly esnmated

- at room temperature  But, 1 any event, judging from mast
mutntons! expenments, if the food wtake goes ap the amount of etsen-
18} amuno csds that have to be taken a must go up 00, to signs
of defarency  Usually a greater mizke of an hypol diet resls
1 maore procsent sgns of cholsae

Shuwacker Dt lmwbcnyou:pokeaboutmmoflbmn
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5 per cent 1o your studscs, was that true n

you studied or were there spectfic tusue Ui
3diers 1n measusement of axygen consus
Shamacker Yes

Sellers There is a difference from tusuet

ber offband the precise figures for each tisue O
these experzments 15 to know what basis ¢ se

a agrogen. I do not think there 13 any st ¢
o koows whach Is the most appixabl ¢ t
the water content of musdle, or of any ! thewe |

greatly

Shemacker Have or D Calwadne 3

mﬂlauummoﬂﬂumtp:m ftheb 1 1

ents? The reason I ask 1s that I believe tbac D P

(@) in acote cxperiments on anesthetired docy tn |

emptrature decreased approxumately 3 C o or ot

perature. If that i true 1t might be of some 1

v the difficalties which may srise when a ut i

srpal sdpreant.

Hortath. We have been taking those measur me t

% great 1 differential Actmally the highest tea pc ¢

the beputic venous hlood. In these colder animals’ ¢

dtg"“’h‘.ghﬂﬂn.nt:ln:l'l:rnl:-el'lturem'mc ectum Thet] o

mmhkﬂﬂvnghburtodeﬂbart sexath thesane w

% Soes onctenth of & degree contigrade Th o p 4

M'mbeﬁnttbcuxwryblwdmfx t wor

dfferent. OF course i 118 Dot too easy to cathete we th

' 40e of the cold preparations 1t o bad enough i the wmual ¢
e find m oormal aammaly that the temperat 1 f the ¢

;"deuhngeft}un!h.nnfthcmhmby rymg amount |
O, we have had little success with them
w“““ﬂthdumdlbawzwdogsuinmwh:chxdrcm 2

mmﬂ"ﬂsh!hummmmhndmx and otirer areas of the

sl and venous return, and 1 have yet to find 1 sy case that the

SIpetiture of the heact 1 anuch diffeceat fron that of the rectur, that

- tunes. The pattern of change is quite d flerent [ would

X aAE 10 20 150 that because our own aaslyus of the duta s far from

e, 467 The experuments to which 1 referred were acute expen-

and would reflect the changes duning cooling rather thun the
Mate resplyy.

Horrars Acute experiments are difficult to evaluate i tems of these
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t:mpentu:echmguButltlmblepomr,whcteﬂlcymmcquﬂlbn
there 18 certarnly no difference between the t tur:oftbchurtmf
whctbawenpukofbunmuglccrhuﬂbmndthcmpmmm
of the rectum It we had 2 temperature around 22 C. 1n the rectum, the
heart temperatures were, roughly sbout 22 C. also [
or lower than that. S £ meves ugbes
Sellers Twould agree with that, judging from the aporadic work that
our group has done in that fiddd. P
Horvath In the acute stages they may be quite different 1 do not
trust the data we have obtamed in such cases There are other
of cardiac arrest occurring for # short perod of tume, fibellatson, and
that sort of thing, which would alter the temperature measurements
Shumacker 1f such changes occur with cooling, 1 was wonderiag
whether they mght be of importance m the etwology of ventnoular
ﬁhfdht:)ouwbldx.uyuukmw 13 coe of the harards associated with
acute
Horvath We have been trymg to answer that problem but bave not
succeeded a3 yet.

Burch Dr Sellens, when the snmals were moved into the cold, dsd
you change the diet?
Sellers We have done u lot of vanabons of thet expermment In the

one I showed, the snumals were started on the low-choline diet the day
they were pleced in the cold. In case that procedure affected the resulty,
we have also tried the effect of cold on the removal of fat from the lver
by fecding 2 low-choline diet for vansble periods before puthing the
antrals 10 the eold room, and seming whether the fat then disappesred.
It appears that there 15 some decrease in fat coatent, bat the experment
ts not satisfactory because if an anrmal has the amount of fat shown in
Figure 7 sbout 30 per cent hus general condition hay detenorated and
hus reasstance to the cold 1s less than that of the pormal

Thus effect, which 1 thunk dlustrates a change in metabolsm of fat
10 the body 18 « matter of degree In the expenment I referred to » few
mmutes ago the amount of fet was 20 per cent. If the content of fat 11
increased to about 30 per cent we that m the anumals kept in the
cold an this bugh-fat low-choline diet, there 15 a deposttion of stainahle
fat i the liver but 1t 18 elways much less than the level found 1n controls
kept at room temperature.

T thunk 1 the expenment I have just ated, the animals beng grven
the high-fat low-choline diet 1 the cold had an sverage of 12 per cent
fat 1n the livers, and the anmmals kept at room temperature had 32 or 33

cent fat, on the av
P perch lndurwomgtmmuywpmcmed, what was the difference
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 the most waportaat factor governing the amount of food that
sumed. But I would not rule mtr?ﬁl:gpoamlc mportance thi?“m
C'g':fct":;?mﬂfﬂ OF course, the weight of diet 3 moch less if the
grug umltumgh,beumcth:alomvﬂucpmgnmbmm

Horsath Does the amount of fecal fat vary 1n these anlmals? After
all, 1f greater intakes are grven, the amount of fecal fat increases
mackedly Whudxmtdxemumhthnwmiuﬂxmld, wdbt{xt:!
S;Oh;?c-h:gh fat diet, and the anount of fecal fat that they had m thexr

Sellers We did pot estimate that, Dr Horvath,

Stevenson. If we put antmals on 2 high-fat diet made 1socalonc by
wesght with £ high-carbohrydrate diet, they usually eat the same nurmber
of calones,

Pagé On a high-far diet, the calonic intake 1 largee and they will
deposit more fat at room temperature

Stevemson If we put them on an socalonc high-fat diet 1n the cold,
they will eat the same quantity as on other diets and gun wetght as well,
s0 they cannot be losing much 1n the stools.

Horvath Tsnt it generally true that the more fat 1n the deet the more
fat 1n the stools?

Brows Not i man

Paeé I huve never heard of that.

Sellers Dr Pagd do you think « hugh fat diet 13 utihzed better 1
the cold thea tt 15 at room temperature?

Pagé 1 thiok 1t 8 about the same. Forbes and his co-workens (28)
have teported that rusng the fat content of the rabon mereases the
efficiency of food utihization. We have found thi increase to be the
same in the cold as at room temperature It may be more evident m the
cold becuse of the larger food itake

Burch Has anyonc mewsured the pancreatic sctivity on high exrbo-
hydrate and high-fat diets?

Sellers 1 am sure that has been dooe

Bwrch In the cold?

Sellers 1 do oot think anyone has reported data ca pancreatic activity
in the cold. We bave messured msala content, sslet volume and pan-
creatre wesghts 1n the cold on oae ranon oaly the coatrols being kept
2t room temperature Thus was done in collaboration with Dr R. E.
Haust and Mr Donald Baker

There 15 an ucrease tn the weight of the pancreas m the anrmals Lept
1 the cold. “The alteranons 1o islet volume £0d insulin content of the
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METABOLIC STUDIES OF THE EShIMO*

G MALCOLM BROWN
Depertmont of Mederer

Facxlty of Medwems Qseew's Unrersis
Keprton Ontarke Caud

In 1947 THE FRST group from Queen s University went to the Archc,
and since then there have been trips in the summers of 1947 1548 1949
and 1950 there was also one winter trip in 1949 The summer trips, and
the one wanter tnp were to Coral Harbour Soudu.mptonhhni;'mﬂ:-
west Terntories (sec map frontispiece) and 1n 1949 the group elso
went to study & much more wsofated group of Eskimos at Igfoolik Island,
1 the Struty of Fury and Hecla, Northwest Terrtorics There fuve afso
been expertments both with men and anmels carned out in hmgston
Ontano 10 a0 attempt to elucidate the meaning of some of the data we
have obtaned on the Eskimos.

Our work has been chiefly concerned with the effects of cold, but 1t
15 obvious that an important factor to be bor 10 mind when considering
any of cur data, 15 the pecaliar dict of the Eskimo which dict 15 the
result of his peculiar environment and the foods whach are available in
1t It 1s necessary thesefore, for comsideratson of some of the
be outlined by fist

subscquent dats, that the nof
outlfning some of our ohscrvatians on the aalonc intake of the Eskimo

Then I want to muake some comments on thet proten, fat and ascorbic
acid metabolism.

CALORIC INTAKE OF THL ESKIMOS

The data 1n Table V concern a group of eight Eskimos who were ob-

served duning the summer Duriog the expenment large amounts of
tbulfoo&wgucnvambicmd:nn ‘The food which they took from the
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TABLE V
Daily Mensured Food Imakes of 8 Adult Eskimos in Summer
N Calcalated
Mest | Blubber | Bannock | g, Protem
sm o LI ey m
Walras Meas Persod
Family 1
Average 343 114 208 143 89
Minmam 150 33 110 32 32
Maximom 680 243 430 243 133
Famuly 11
Avennge 365 333 1] 146 91
Miumum 167 180 0 87 34
Maxmwm 650 663 ] 309 193
|Car1box Aleat Perrod
Family I
Avennge 904 33 09 224 140
Mmmum 370 o 140 104 [ 5]
Manmom 1110 173 260 320 200

Reproted, by from Brown, G M Chrucal and beochemscal stodues
of the Exlumo Defeac R seavh Board Repert N DR 41 1931

the end of the meal. This procedure limuted them to three meals a day
which constrtuted some interference with ther natural eating habuty, for
they tend to dip mto the pot at whatever tme of the day they wish, 1
bave sawd already that the experiment was carrred out i the summer 2
time w hen thetr activity was at very bow level They were brought to Live
M tents nea  the but in whh we were lmng and the most energetx
actity carned on by them dunmg that penod was & httle oty aarving
There were four males and four females, all 2dults, m the group Four
of them were Inliks, who had come from the western shore of Hudson s
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Bay and the other four were onginally from along Hudson s Strads 1n

t.bcht(sccnup,frmtupgccc)

The first thing apparent 1 Table V 15 the great vanatson 1 ther food
muknmwnkmmatpmodh.neddlmdapmddunngﬂntmm
thcyhldl.cc:ummlmhmmdqummy They could chooss the amomnt
of fat or lean meat which they ate and they were also free to deade
whether they wanted to make bannock.

Horvath What 13 bansock?

Brown Bannodh 13 a bucwt made with flour baking powder with
some salt added to «t If they are flush they will use fo make i, 1f
oo, they will use seal ol It 13 difficult to arrrve at 1 reliable figure—m
fmwuaut~lvtdxcanﬁmnmo[b¢una:kmdmfoodvduc,md
# comservative estrmate will be used when 1t enters 1ato later calculations.

As ] bave said, during the first three-d2y pertod they bad walrus meat.
Durmg the second three-day period there was fresh caribou available and
this was considered to be a treat and therefore some of thetr mbkes were
mhjgh_ For this part of the cxperniment, only the four Iviliks were

The first pomt to be noted then, 13 the great dady vamatson in food
wntake, 20d this o diustrated m a single mdrvidual m Table VI One
man wus followed for ux days and his mhike at each of his meals i
shown. The meals which conssted of raw food when hu wife did not
bother to cook, are mdicated. [t may be scen that for three days be ate
no bannock at a1l In additon to the foods shown tn the table, thess sub-
jects also were allowed to drnk tes, to wisch they sdded sugee and
sweetened condensed milk. They dank large amounts ot tex and are
liberal with both the sugar and the midk, so that even if they drank oaly
three cups a day ooe would have to allow an extra 150 calories over and

ahove what was recorded.

Crismon Do these Eskimos 2dd salt to thewr food at all?

Brows A very small smount. A little salt goes into the bannock at
tumes, but at other tunes just baking powder

Crismon Were mneral analyses made of the food?

Brosrw No Calaulations of the observed food infake m Table VI
indecate that this man s caloric intake varied from 5 400 caforres on the
first day 1o 1330 calones oa the fifth dey for three days there was no
caﬂaobydxncmhud:ctexrrptformmdcgiymgmmddxmgumd
sweetened condensed mulk 0 hus tea, His average aalonc intake was
2760 calaniey, omiting the sugar and mulk m bus tes and over this persod
23pdcmtofmecdonuamcﬁmpmmn,mdapacmt{mmiu
Ia Table VIT the average diet composition 1n the group s as & whole
shown. Generalirations about the Eshimos are to be avoided and I waat,
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TABLE VI
Messured Food Intake for Adult Eskimo
Male Aged 45 Years 144 Ibe
Mesl | Tyoe of Mexr | Lom Fat Banaock

Dey ™ £ & £
1 b Walrus 75 130 o
d Walrus 92 143 0

1 Walrus* 93 391 o

2 b Walras* 0 124 0
d Walrus 123 96 [

s Walrus 133 89 °

3 b Walno 98 36 [5}
d Welnas 194 90 [

s Walrus 112 57 [

4 b Caribou® 302 56 0
d Caribou 404 0 71

3 Canbou 403 n7 117

s b Cartbou 202 o 130
d Caribou 435 0 6

3 Carbou 340 1] 60

6 b Canbou 100 0 0
4 Seal 391 0 84

s Seat 186 0 ™

Faten raw
mﬂﬂlhwmumfmmmmqu Q nucal and ks

Defesc Resewch Bosrd R pors No DR 41 1931
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TABLE vII

Eakimo Dret Compountion
(Average daily values)

ghand Krogh (1
1913 B (1) 2360
Rabixrwitch e ol 250-300 40 @2 600
19% (5 67)
22 2,800
345 2,300

to emphasize that our figures represent the av observed food mtske
during & perrod 1n the summer when this was relatrvely
nactive. During the three-dey mentioned a Table V when they
were cating walrus meat, they on the average, 103 gm. ot protem,
207 gm of fat, and 4 gm of carhohydrate, These foods gave them
about 2,500 calones a day However these figures should be taken a3
having reference only to the p studied In the two places mn the
Cana Fastern Arctic m which we made observations, we found con-
s1derable differences between groups, as well as differences between indi-
viduals and furthermore, vanetions 1 dayto-dsy mtake m the same
mdrvidaal,

Coffey Do these figures all apply for the same scasonal ?

Brown Yes They were all o i the summer in 1947

The other m Table VII are very mierestmg The fi pub-
lished by kurogh and Krogh (1) were really akulstions on nfor
mation which was collected in the 19th century m Greenland in 183
by H. Bunl (2) 1nd 10 1877 and 1900 by H Rk and 8 Rink (3 4
Thetr object was to esumate the deet of the Eslimo before it was
fied too much by the coatact of the Greenland Eslamo with the Danc
Rabsnowitch s figures (3 6 7) are summer fignres. His data are incom-
plete, as be himtelf comments. Hoygeard s figures {8) from East Green-
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land concern more mdividuals than do ours, but the sapervisson of food
intake by individuals was pot always as accurate as it mught have been,
They are all approxunutsons and they should be applied only to the
groups on which the data were collected.

Dxgal How do your gwn observatsons during the summer compare
with yoar observations during the winter trp?

Brow= Foodmkcmnotumu:dcr\mng&\cwmmp We
know howerer that the nitrogen excretion was about the same durnng
the winter a3 1t was dunng the sunmer To the 2,500 adonc estimate of

food intake should be added at least 150 calones for sugar and
milk. The figure of 2 630 caborres aroved at 1o this way corre-
spoads vetry nicely with the estimate of restmg oxygen consumpbion that
was made m theve people, allowing & 13 per cent addibon to the basal
oxygen consumpton for the speaific dynamx action of food, which s 2
geoerous allowance, and adding an allowance for sedentary sctivity (9)
The correlation between the food mtake #nd the energy out
put measured at the same tune of year and calculated from the oxygen
consumption 18 very good

PROTLIN MLTABOLIBM

There are several mteresting ponts 1n our date oo Eskimo protem
metabolam (Table de)lm‘nm average total plasma protein level a3
determined by the kel and copper sulphate methods, was within
oormal lemits The albumen/globulin o was also pormal with each
method wed  Qur average plasma noaprotein mutrogen concentratson
w3 rather lower than that recorded by most of the other works (10 11)
who bave determmted . Rabemow itch (Ql:urmmm:e foand an aver
age level which was coanderably higher 273 mg per 100 mb

The avtsage creatinme excrebon i a group at Southampton liland 1
shown m Table IX and 1t will be notced that the values tre quite low
Fot the males of the group the average level was 107 gm m 24 hours,
20d for the fermles 0 70 gm m 24 hours.

Tratel] What was the average body weight > The ourput of creatmme
B unally related to muscle mass

The average weight for adult males was aboat 140 pounds,
lndfu-dullfmnﬁ:nbg};uip-mds Therr low a erage body
eights oy ha e somethung to do with the low figures foc creatmune

cretion. However bow val oy are also observed in hyperthyrondsm, m
bagh protein feeding and cart drate depavation, cire which
lmbm In subsequent tables there will be presented other data
Which are correlated wth creatmme excrenon, nd the bow creatmine
excretion for 24 bours should be born 1n mmd w ben they are comidered
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TABLE VIII
Plasma Protems m 37 Aduh Eakimos
Averige and D
Total plasms protesn
(gm. per 100 ml )
Kjeldahl method 797 £ 058
Copper sulphate method 762 = 069
Plasma slbumen
(gm. per 100 ml )
Sodwm sulphate method 398 + 067
Methy! alcobol method 3161 = 054
Albumen/Globulin rato
Sodum sulphate method 120 = 039
Methy! alcobol method 110 = 037
Plasais nonprotesn nitrogen
(mg per 100 m! ) 275 = 53

*SD = ttandard devution

The average nirogen excretton at Southampton Island was higher
than that recorded for the subsects 1n Tables V and VI
Those subjects were pretty much at rest, whereas the subjects on whom
these data were collected were at their normal activibes, and tsking food
1n thexr ususl way All of our groups in which we have 24-hour nrtro-
mmmmdnwnhgbalmplwdmddtbtﬁmm
the dietary expermment. At Igloolik falund, where the natrves stull a
more closely to the old culture the nrtrogen excretson was a good deal
igher There were about 400 Exkmos trading st the post and during
the twelve months before we went there i 1949 the post had sold them
less than 1 ton of flour They were & much more isolated group aad the
difference mn thetr diet 13 indxcated by the higher level of mtrogen ex

creton.
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TABLE IX
Urinary Excretion of Creatinine snd Nitrogen in Eskimos
Crestrndne Nurogen
Locron (gro- in 24 bouss) |(pn ™ g, creshmoe)
Sostbavipion Island
29 Subjects
Averuge 086 309
Minmmum 024 156
Moomum 1m 60
Igloolik
40 Subjects
Average - 416
Minmum — 1n2
Maximum —_ N9

The uaniry sulphate excrotwn was also bow (Table X)  When one
caleulates from ather data the sulphate /mttogen excrehon mbo of these
sabjects, ooc finds txtss that run from 1/12 to 1723 matead of the
normal 1/4 to 1/7 We wre pot sute of the explanation for these suiphate
mwhﬁnmdl;mﬁ.ymmgwﬁuultmfmhlnuthr
{ower limst of what o ordinarily thoupht to be normal

Bareh Were the rubserty in posttrve of negatrve protein balance ¢

Browm. At sny af the trimes we measured1t, they were 10 posstive rutto-
B balance

Barch Could that be related to the low sulpbate excretion

Brows Not to my knowledge a3 the dmunutron of sulphate excretson
* 23 munumal,

FAT METAROLISN

The E;;um for the mtake  blubber #nd of alculated fat mdcate
that the fat metabolrsn of the [skimo 1s 3 pretry active sffar We were
Particutarly mterested in @ because of the supgested mportance of fat
metaboltsm m resistance and sdaptaton to cold, Such figares 23 we have
0n the mtake of fat have already been presented (Tables b VIiand VIT)
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TABLE X
Urinary Sulphate Excretion In Fakimos
(g per gm. crestimne)
9 Subpects
Average
Minimum 083 o7t 000
Muxmum 496 480 041
Igfooti

40 Sabjects
Avenage 147 119 009
Mummum 014 035 00
Mammugm 730 341 044

In Table XT are shown the results of some determumtsons of fecal ipid
cxcretion. The first experapent wes doae tn the winter and two groups
were used. Ont was fed 30 gm of blubber rather than fat, and the other
recerved 200 gm. of walrus blubber  Our estimate of the fat content of
walrus blubber was 83 per cent. They were fed these amounts of hlubber

TABLE XI
Eakimo Fecal Lipid Exeretion

Fecal Lipds
Fat m Dnet Sexson {gm. per d1y)
Avernge M
50 gm. Walnn biubber | Winter | 441 372 6.50
200 gom. Walrus blubber | Wmter | 337 360 | 8m2
200 gm Walrus blubber |Summer 4356 119 839
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for days and the feces were collected duning the second fourday
There was no sigruficant difference i the feaal Lipwds of the two
In the summer the experument was done agum and only the
m‘-&mo{blnbbuwund.Thercwumdgmfnmdtﬂmfm
the resalts obtemed o winter and all three arerage fguces for fecal lipid
excrenon were well within pormal Lmits. The great vasaron berween
ndrviduals may be emphaszed here agam It has been seen bow much
food some mdrvr Juals at tumes consurmed darag the dietary
but some of the subyects found that getting 200 gm. of blubber
exch dav for e1ght days was 2 bit of a chore One of the young men saxd
the only way he coutd get t down, even in the winter was to go off mto
an unbeated hut, st down, and mugine he was out on the e foes.

TABLE X1
Eskimo Plaems Liphd
{61 sulyeets)
Avcage D
(mg per 100 mb )
Total tiprd 320 118
Total faity acids 39 103
Lipwd phosphons 988 198
Total cholesterol 17 29
Free cholesterol 475 94
Uree choferterol X
100/totat cholesterol 277 3q
Liprd Prtotal cholesterot 072 009
$D = sandard devoton

The average bevels of plasma Table XII) were remarkable 1n
me w3 Tg;cunllqumdzd:x(alhmnugvmnﬁmb‘u
10 average pormal hgures as we boow them The fipid phos-
Phorut (9.8 mg per cent) was rather fow wo and was lower for o
sance than the levet reported by W iiber and Levine (12) from Alaska
Out figutes for fatty acids and total Lpids were also lower than thars
Our total chalesterol figure was atso tower than thetrs althoxgh the Free
holesterol figure was about the same 1t should be stated that these
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Coffey Was the pemmucan prepared the ususl way? That ks, was it
eaten dry rather than moxed up a1 2 stew? i & !
Brown The subjects were allowed to eat 1t anry way they wished Th
could spoon it strarght out of the tin if they cared to ord)qcouldp:
it 23 2 stew  Ihey ate 1 good deal of 1t taw We ourselves thought
1t was rather unpleasant when caten stewed, wrthont anything -di-d
toat.

HELPATOMFGALY IN THE ESKIMOS

1uthcmuneufaumorb1d:fymmym50uthxmptoqhhndh1947
we were very much surprused to find sigaificant hepatomegaly m a pum-
ber of the Eskimos  In more than one-third of those examined o Sputh-
#mplon Islend, the Lver wus palpable more than one finger breadth
below the mght costal masgin a i1 ten per cent of the population 1t
wis three fingers breadth or more below the costal margin At Igloolil,
whete there were indications that the deetary intake was rather different,
the inadence of hepatomegaly was higher and the liver was Lazger Thn
occurs n all groups of the atioa (Table XIV) It does not seem
1nconistent with good health, and we know that it can dssppear within
1 few weeks. We do not know how Jong st takes to develop. Lookmg
over all the dats on 18 madence the only of signuficance 13 that
1t 13 of less frequent occurrence 1 young females and this was more
procounced 1 the group at Igloolik than 1t was 10 the group at South-
ampeoa Island, which 18 reported in Table XTIV It was found amoag
the Iviliks and also among those who came from the Straits {Southamp-
ton Island was completely dm:lntd about 50 years 2go, and was re-
populated by benging 1 I or walrs-eaters from the west and
people from the Hudson s Straits on the exst) It was found among those
who had for some months been cating walrus as theur cheef meat and
some cases a3 their only food among those who had been eating seal
mdmngd:oscwbobadbcmunugcxlrﬂnu. InFngui?SYAngd‘ng,
two subgects with &, cant tomegaly are shown before and after
1d1ctuyaycnment8n:gx:hlmfm28dlp The gubjects are shown
mﬂxcrcctpoﬂtton,butfhtyvdtnctmﬂymmmtdvhﬂtmpwc,ﬂit
Liver edge 15 determuned by palpanon below and percussion abore was
marked, und then they stood for photograpty There have been # large
number of x rav films on these people, ?r;n;:ndu:dg::;?
abnormall l_g-wd]pbngmh‘jlnﬁhngm 0w cater
Wydx Livers  Hepatomegaly has been looked for m Alaskan
but 1t 1 said not to be present. It 1 2150 prosumed oot ta be
resent 1n Greenland Eskimos, but on the other hand Ehrstrom (15)
amdm&:mhndmmodmof}nlpﬂﬂthvmmbrtOMX
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TABLE \IV
Table Sborl.ng the Relation Between Hep-lomep}y
Other Discases, Sex and
Soudump(un Ioland 19 17-18
No. of 118 u
Sabjects M‘:Ed Female | M Fermle
No cluucal
of dsaun‘gun': 67 13 11 23 10
no hepatomegaly
No dinical
of dscase 40 13 11 11 b
hepatomegaly
Clmcnl sigm
of dsease but 77 3 10 31 31
o bepatomegaly
Clinscal signs
of disease and 33 9 1 13 10
Y

Repooied, by permumion, from Browe, G M Clmeal and brochemacal stodses
of the Elimo  Defesc Research Bacrd R port N DR 41 1951

have worked side by sde with those m the Canaduan Arctic who dd
not find it unt | we went back over the ground and then they idenificed
@ ronce
The Eskimoy cooperated with u3 in cur studies to quite an extraords
nary extent, and m thes partcelar probler to the potnt of submuttmg,
mrunchbuqnynfthclmr Esght of them were biopsied at a time when
they had ly Unfortonately we have not a sccond biopsy in
any modn sdual after his In er had retumed t0 normal The sectioas show n
n Figures 10A gnd 0B, ha e been exammed by Dr G T Raplae Asso-
ute Professor of Pathology Queen's Unrveruty and compared with
matenal of bormat In ers which we have avadable His conclosson
the sectiony were enturely within pormal Limats. The appearance
when staned with bematoxylin, phlowine B, and 1afrom, 15 normal and
fat stacns show, ery Intele fat practwcally all of it 13 n a finely dispersed
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TABLE XVI
Glucose Time Carves (Oral) In Nonnabs and Hepatomegalia
{Blood Glucose {Somogy}) mg/100ml )

Fasting | Vo bor | 1 hocr l%}v-nijm

Norals B | 123 | uo | 101 | 93
)

Hepriomegalia I3 162 43 133 96
4

Reponted, by penmamon, (roe Brown, G M Clioca) and beachemice! gtodses
ot the Eskimo Dvfemcr Reresreh Bawd R part No DR 41 1951

groups and the arerzge mn the two groups was the same We also
determmed bload vofuares by 3 dye method, and agam m the two group
the sverage plawna yolume and total red cell vohurne were approxumately
the same  The counts of red and white blood cells, eostaophuls, and
the sedmmentation rate, were the same 1 the two

Ferres Have you soy figures on the hermatocrts m the two groups, se,
sepresentatrve of the mce as & whole? Do these Esimos rua the ussl
bematocrt?

Bronw Thewr hematocrits and Hood counts were a [ittle low x5 may
be seen sn Tablr XVIL We have not found the polpcythema that hay

TABLE XV1I
Aversge Blood Counts in Southampton Irlend Fakimes
Males Temaies
Hemoglohen (gm per 100 ml) 133 127
Red blood cejls (10" percu mm.) 47 43
Hemarocrt (per cent) 4014 ®7N
White blood cells (per wmm.) 8,09 .61
Fosmaphules (pet ceat) 72 1031
Sedimentation rate (Wutmbe) %1 e



L] Cold Imary

TABLE XV
Brochemical Findings 1n Normal and Hepatomegalic Eakimos
Nocmal
Number
of A
Sabjects|
Total plasma protemn 37 757
{gm. pet 100 ml)
Plasima albumen 37 398
(gm. per 100 mL)
A/G ntw 37 | t20
Plasma NP.N 37 | 275
(mg per 100 mL)
Total plasms Uipid 61 520
(mg per 100 ml.)
Total fatty scads 61 329
(mg per 100 ml)
Lipid phaspharns 61 99 57 o4
(mg per 100 ml )
Total cholesterol 61 | 173 ) 37 | 168
(mg per 100 ml)
Free cholesterol 61 | 475 37 | 469
(mg per 100 ml)
Fiee cholesterol X 61 | 277 37 | 84
100/total cholesterol
Lipd P/total cholestero] 61 | 072 57 072
Serum calcium 14 993 10 {1012
(mg per 100 mL)
phosphoras U 344 ) 10} 339
(mg per 100 ml)
Serum alkaline phosphatase 66 | 135 4“4 ] 154
(LA, unds)
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TABLE XV1
Glucoss Time Carves (Oral} in Norroals and Hepatomegslcx
{Blood Glucose (Somogyl) mg/100mL)

&

Fastmg | Yo hoar | hour [134 houry} 2 hows
Nosmals 82 125 110 101 93
)
Hepatomegalics ” 162 14 133 3
)

Repooted, by permetseon, from Beown, G M

Clasal end
of the Eakymn, Dvfewe R carvé Board Report N DR 41 1931

brochemncat sruches

ﬁvupsmddrcmgcmdwmgrmpswnthtum We also
ermmed biood volumes by & dye mtthod, and ggam w the two groups
the average plasms volume and totat red cell rolome were approxanately
the tame  The counts of ced eod white blood celfs, eoxwopluls, and
the sedimeniation e, were the same in the two groups

Faorrer Hrve you any figutes on the hermatocres in the two groaps, Le,
repeesentatrve of the oce o5 4 whole? Do there Edomos run the nroef
bematocrst?

Brows Thew hematocnts and blood counts were & lutle Jow as may
be scen in Table XVII W e have oot found the polycythemua that has

TABLE XVH
Average Blood Lounts in Senthampton Liland Eskimoe

Majer Females
Hemoglobe (gm. per 100 ml ) 133 127
Red blood cells {10 percu mm.} 47 45
Hematoszt (per cont) 013 ¥72
White hlood cells (per ~wmm ) 809 8,61
Eosmoplules (per cent) B2 1031
Sedunentatzon mte (Wintrobe) 1B.1 318
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been reported by others () 10 the Eskunos, but 11 T said before, we
bave studied only two groups. All that can be said is that 5 dod oot
OCCUr 1o Our group

Ferrer Where were the venous smples talen?

Brows The anteconl vein,

Burch Dldymﬁndn:kl:mdmgttcdhmtbchlmd?

Brows No

Brrch Ase the sedimentation rates abnormally hugh there?

B ows The sedimentatzon sate 10 the Eskimo 1 vety hugh as a rale,
and there ase several possible explanations for this ‘The madence of
UpPeT respimtary tract infection 15 very hugh. It 15 hugh whenever they
are being visited, and it was high during our work. Two chacacterstc
mamioftb:&k;raampmdthaﬂmgofﬂxdogx,mdth:wugh
ing spitting o natives Fro y they are practically all coy
ng aod spittmg Thcmucrbcrg;nﬂuu.nym&cuvemm{ufm
clevation of sedimentation rate We have oo fibrinogen determunatons
on these people, but st will be remembered that the plasma globulins
were normal,

Barch No leukncytosts ¢

Browa No but there was an eosinophilu which we have related to
the parasetic infections which they showed.

Sharma her Was the rest of the differential normal?

Broun Yes, it wa.

Crismon Did you compare plasms volumes with thote of » control
group?

Brown We did oaly a few on ounselves to establish the method In
our hands. Prof Magnus [ Gregersen s figures for normal subgects were
used as a basis for comparison.

Crismon. They were not drfferent?

Brown ‘The plasma volumes were not higher s the hepstomegalics
than tn the normals.

Travell What type of parastes did you find?

Brown The ons which created the greatest mtercst was Tricbraella
sprradis (16,17 18 19) dWc found epsmophilis, PO‘T‘;:‘ ’*‘;““’] ;‘;’3
Trichmelle a0 and postive precipit tess serologich
were done by ?)g}aé Kurtunen-Ekbaum, School of Hyghene, Univensty
of Toronto. ’l‘neo(gmxsmnadfwufoundmthcpolubcﬂ

Talbort 1s st the ooly anmnal that carties the Trichaella?

Beows Dt Kuwitunen has found it in other anumals

Shamscker Where do they obtain the tron m the diet? Is it enly
the meat?

Brows. In the meat, organs and mucle.
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Carlion What was the change 1n plasma volume and blood volume?

Brows. It was quite high. 1o Fygure 12 ace hown the average plasma
volume, total red cell volume, and BMR., 1n the Eslimos during the
summet months at Southamptos Island

The plasma volume was determined with T 1824 (Evans blor) and
Gregenen s values for averages m normal subpects were used for pur

poses of coatparson. The plasma volume eardy in the summer was 42
per cent above pormal. The red cell volume was increased to a lesser
extent. All the determunations were made oa moen (9)

Bebwke Do you koow whether or not there 15 2 mard.ed increase of
hemoglobn durmg the wintertime

Brows. We have no hemutocrt or hemogiobun measurements done
durmg the winter We do know mitrogen excretion s the same, and
that thetr plasma lipids are the same m winter as 10 sommer bat we
have not repeated all the biochermical aad hematologial studses during

the winter
Blarr Are pormal white levels used for campanson with the BM.R. 3.

of the Bskumos 1n Figure 12°?
Brous. DuBots standards and charts were used with the usinlly

usumed respreatory quotient. The RQ celculated from our dictary
expexm)cntwuulmlcdlﬁcrem,buinwwldmtuthzmmhsmlyz
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state of mund of the subjects. Our subjects were 50 relaxed that one of
tbcpmblcm:mtnkncptbcmn“ke.ﬂmlppamwulmmm
dmtcuts,mdthcdct:rmmummmemxd:wbmtbcywmmﬂm
their own slesping bags

Bl DtdyoudomyPBIddCrmeuomond:ucmbjtch

Brows No bat Gottschalk (21 has doae that an & group at (hurch-
il and on Exkumos at eld Inlet and Southarmpton Istand. The
average level of serum PBI was hugher at Sonthampton Island than at
any other place

Blerr Were aay such datx obtuned during the winter months?

Broxs No it will be noted that this 13 the reverse of what 13 sem
during short term cold exposure At that ime there 1, of courss, con-
striction of plasma volume, and the total red cell mass also becomes
smaller However Conley and Nickerson (22) found that at the end
of sux days of cold exposure thete was 2 definute retuen to normal Our
suggestion 13 that there 15 a phasic response. Durmg the perod of
vasocoastriction due to cold, there 1s diminuton of the hlood volume
tad during the persod of vasodilatanion, with compatatrve enbancement
of the perpheral arculatson, there 1s an mcrease 10 the arculatmg
plasma volume. At tus stage as we have shown, acufe ald exposure
will canse greater vasoconstriction than in the nonacchmatered subject
(2324252627 28,29) aod changes In the plasma volume are pre
sumed to occur

Ferrer Have you done arculation imes fa those two perods?

Brows No we have not dope that.

Behake How do vou explain the clevated basal metabolism?

Brown to cold. L a2

Bebuke Ace the Eslimo subjects all fat

Brown They are all reasonably well covered.

Horvath What ts the tempereture durmg June in contoast to that in

August?

]ulByr:n‘i Dﬁ\:ggmcﬁmp‘nofjuly 1t &8 pleasantly waem, The aver
age mummann tempesatuse 1 July and August 1538 F apd the ayerage
manmum temperature 33 6° F

Horvath You would have to extrapolate the corve in Figuee 12 w0
1t would be still gher

Caffey Youthmkrtuhlghd“ﬂ“gd?;‘?‘d?‘md; omething like

:rpo-sclmbcctmco et us say for '

fmﬂ;:::uif;:d‘y;, lhcpblnmmlumﬁrﬁh\bmdihmlcn&m
return to oommal  That 55 what Conley and Nickenson (22) have de
senbed. If the cold rs continued my suggestion 18 that the plasma volume
il screase and reech 1 new platesy, the heaght of which 15 10 relabon
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mauntaining visceral arcolation 4t an sdequate tevel despite the en-
hnrcddm:l.mouthmgghthcaﬁunmu If there were no incresse in
Blood volume, we thould have to say there was 4 proportsonate redoctson
in the arculstron to the viscer

Burch Would that be troe of the beart rate change?

Browx There i 0o change 1a pulse rate

Berrh How about stroke volume

Horesth That might change.

Barch. Are those vamations outude the errons of the method for
measanng blood volume?

Brows. Yes The increase m plasma volume i ehout 42 per cent, on
the average.

Ferrer At what trme did you take the blue dye sample on these sub-
?
Fdl;mSpmmunmukmntlo 20 eod 30 memotes.

Barch You sesd the change was 13 per cent  Is that significant ?

Brows. Yes it 1.

Crismom 13 it presumed that duning the exposare to cold, the b
ened blood flow through the skin of hands end feet 13 by
increased blood flow through the skem of the thorax and the rest of the
trunk > 13 all of the sken better ?

Brows Our own work has been oa the hand and forearm only but
1 1ew of the san temperature drnges which have been recorded on
other parts of the body ane would say that there 1 increased blood
flow through the face 20d some of the trunk. Howerer 1 recognure the
possible fallacy 10 drawing conctusions about blood fow from changes
10 sk temperehure.

Pagé That would imply a greater heat loss when adapted to cold.

Brows. Yeas.

Talbott That 1 assocated with normal vescoastriction or vasodils
tabon?

Brows That 1s while they are at rest.
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Talbost If there 18 ter heat loss and blood flow there wll be
vnsod.llmu(mmth:pcgiﬁery

Brows Yes. High plasma volumes were obtuned on a group who
showed greater blood flow through the cxtremities. There 15 amotber
relapoa which mught be mentroned here, and that 13 the coe between
the BM.R. and the blood volume In thyrotooacons, plasma and tota!
red cell volumes are increased With elevation of BMR 10 petients
with thyrotoxicosis of eboat thus level (F, xzemcﬁnd..m
About&xumedmmnofphmmndxﬁmm:ulmbcm
found here (32,33)

Ferrer You have oot dooe cardiec output measurements by blue dye?

Brown No, we have not.

Bebnke What 13 the respiratory quotient?

Brows. Calculated from the observed dictary mtake, 1t was 0 76.

Bebrke 13 part of the elevation of the basal metabolism due to the
high protem m the diet?

Brows We do not know We have not done BM.R. s after the pro-
tem intske was reduced  However, m the expermment of Mc(lel
Spencer and Falk (34) 1t was found that two men put o 8 meat diet
for a year showed no elevation of BMR during the first month,
when 1t was very slight An attempt was made with our data to relate
BMR. to mtrogen extretion, but st was impassible to acrrve at any
definite conclusion.

Bebnbe You calculated the resparatory quotient, but did not messure
the carbon dionde?

Brown That 1s nght

Bebrke Did you use the dlosed system with oxygen.

Brown A Benedsct-Roth tppamtus was

Perrer D;dyoumamremyp{umavolmnuonthcmcdﬂlpa
soanel ?

Brown Yes we found them within the normal nge.

Pagé You sad you found the same fespiratory quotient at three
different persods. 1

Broww No The respiratory ent wat calculated from the ortgmal
dietary experment (Tables V aod VII) We have 5o obaervations
on raspiatory quotient based on gas anafyses.

ASCORPBIC ACID METABOLISM
There are some 1n features to the metabolism of ascorbac add

Fskymo and it may wal be that they are not unrelgted to the
o p y We have first of all & serses of whole

fthbepnmcgd
uﬁ;m:nmmxmeﬂswth;mptmlduﬂln\%7 (Table
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Thmunncacrmonof-smrbtmdmmcddunn‘gdxculdhnn
00 trme did it epproach the lovels seen 1n the Eskrmo  Ther blood and
phmlrv:brmumcdpretzymﬁmdmmgdntpawdofmldapo
sure  In apother of white men 1n the cold (35) a dimuaished
whole blood ascorbic acid was found dunng the early part of an cleven-
day brvouac, and there was an increased excretion in the unne, Dr.
Carlson (36) m his expenment with 2 one hoar exposure of varymg
scventy from subject to subject, found no change 10 blood ascorbic aod.
Dr LeBlanc has receatly done ancther experiment ivolving both calonc
deprrvation 20d exposure to cold and will speak of that later in the
conference

In summary the Eskimos show plasma and whole blood ascorbec levels
which on the average are lower than are conudered normal, and at the
same tume they excrete an amonnt in the urine whrch 15 greater than that
excreted by control groups, both 1n a temperate environment and durmg
4 short term exposuse to cold. There is also the suggestion of u differ
ence 10 this respect between those Fakinos who ase hepatomegalic end
those who are pot.

VITAMIN A AND HEPATOMEQALY

During the past ten years there hrve been occasional reports m the
literature on human chroase hypervitaminotis A One aspect of thes
problem 1 hepatomegaly which disappesrs 1 few weeks after the vitamin
A medscation 15 discoatinued  In the published reports there s nothmg
which sets 1t apat from the conditzoa we have observed In the Esktmo
There are grounds for believing that the intake of vitamun A by the
Eskimos 13 farly high. The importance of the sea mammuls m the dict
13 obvious and of our two groups, the oae at Southampton and the one
at Igloolik, the group which consumed more of the meat of these mam-
mals was the one with the higher incaidence of hepatomegely Heoy,

(8) mede an estmate of the vetamin A intake of the Eskimo and com-
sidered that on the average they ingested sbout 50 000 Internebioasl
Units (1U) per day This will naturally vary from group to group,
and from to place

Impoﬁ,blemblfmg.murhcpumrgﬂymﬂtntby&dmsmhﬂ
waleus or seal mest and the b y 13 lexs m the warm than it 19
10 the cold where the food miuke is greater (Table XX) The cffect of
cold on liver ¢ in asuruls oa an ordmary laboratory dict has been
noted before, the effect oflhlghpmtemdtctltordmﬂy tempert
tures has also been noted  Howerer the effect of & diet of lean saal or
walrus mest «d Irbstum for 28 days, is considersbly grester than the
effect on Lrver srze of lean beef aod this 15 partwcularly the case i the

cold.
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Their unine excretion of ascorbec 2dd increased during the cold bat st
nomncld.ldxtlpproubthelcvclsuenmﬂ:eﬂskmn Theur blood amd
plasma levels remained pretty constant di that period of cold
sure In apother upofwhﬁemmmmifco],dp(cz,r;) .dmjnﬂpo'xdrd
wbolcblooducorﬁamdwufmnddunngtheaﬂyputofudm
daybxvozuc,mdtberewummmcdcxcrdionmthe\mne.[)r
Carlson (36) i his experiment with a one-hoar of
seventy from subject to subject, found no change mmmmbr“ﬁ
Dr LeBlanc has recently done another experiment 1nvolvmg both calone
deprivatson and exposure to cold and will spexk of that later in the
conference

In summary the Eskimos show plasma and whole blood ascorbic kevels
which on the average are lower are coandered pormal, and at the
same time they excrete an amount m the urme which is greater than that
excreted by coatrol groups, both n a temperate environment and dunng
# short term exposure to cold. There 13 also the suggestron of & differ
ence 1n this respect between those Eskimos who are hepatoaegalic and
those who are not

VITAMIN A AND HEPATOMEGALY

During the past ten years there have been occasional reposts m the
literature on human chroni b ummomA.On:fﬂpEOfﬁm
problem s h ly which 2 few weels after the vitamen
Amcdnnonﬁmuzmd. Inﬂ:f:P;EhshcdrePOmlhﬁfu
which sets 1t apart from the condition we have observed m the Edama
There arc grounds for belicving that the intake of vitummn A by the
Eslumos 15 faurly hgh The importance of the sea mammals i the dit
15 obvious, 10d of car two groups, the oae at Southmpton and the ooe
ulgbohhthcgmpwhnhmummcdmreofﬂxmatofd:ucnnﬂ
mals was the one with the higher incidence of ly
(8) made 20 estunate of the vitamin A intake of the Eskimo, and coct
stdered that on the -mgcdrying&cd-baﬁwwolm"m‘l
Usrts (IU ) per dar This wll astanally vary from group to group
and from to place.

Itupomfnblctobf;ngdnut Yfﬂd"mhfmm;:
w-kusor;almu;mdthebepﬂomegﬂyulmiu&:cmﬂndnu :
1n the cold where the food mtake 13 greater (Table XX) ﬂredfﬂ:c;
cold on liver wer, tmnnmzhonmordmryhhnnfﬂfvd‘"h’
noted before, thecﬂcaof-hlghprotemdxtnordmln
tures has also been noted. However t:hee&u:tofldjetOflﬂﬂ"‘lg
walrus meat ad bstam forzsdzy:,ucunndmblygmmmdx
cffect on Lrver size of lean beef and this 18 particalarly the case 10
cald.
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Brows We aan sty then, that ca & diet of lean walrus meat, end
gamm_h.rlym the cold hepatomegaly may be produced in the mt
pute the conswderable amonnt of work that has been dooe an

vimenoss A 10 anmmals, we could find nothing on liver sze.

§37) comuments on the hypertrophy of the adrenals, but we have ot
oand any statement concerning the size of the liver Dz ] 5 McAuley
1 our laboratory at Queen s University bas now done an o
determune the effect of incressing amounts of viteria A on the liver szt
of the rat 1n the cold (Table XXI) The same control dict was used a3

TABLE XX1

Vitamin A Intake and Laver Weight of Rats
Kept at 60 C. for Four Weeks

Du Factificatron
tamun A Food Intske
(LU /gm. rat weight | (gm0 per cat per day)
per day)
Control Diet 476 pes cent
+ 10 482 per cent
+23 476 per cent
+ 30 4 78 per cent
+ 100 512 per cent
+ 250 579 percent
+ 00 6.44 per cent
and it was 1 d by 10 to 500 [U of
e ug,hrtrpcr day The supplement was

P
e Apuﬁu:mf:hhiﬁ:Ameemmﬂtuﬂe,ﬂ)mb

screase 19 Uver size with increasing doses of viamin A With toxc
;I;:uofnu‘:mA the food 1ntake of the ammals fell off and we iotend
to cxplore further the range between 10 and 50 [U per gram naat body

oy mdirect];

2 Do you think that hypervimminosis A could not act y
lemlccreh‘g ’t:l;anCIH? Imdrecu:ﬂyth:tnucmdmun—rm&ch
in Liver weight could be produced m guinea pigs and rabbus with jec
tions of ACTH (38)
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bemltorcdmthc&omdxtcmtbcdukfmfmumdme—hﬂ.fm
Tbc:vmgelmlofvnunmA,uddmnmcdind)oscmbgcmrnh
normal levers, was oaly SO per cent of what 1t was in thase whase livers
had been enlarged at the time these plasma speaumens were collected*

In summary the fo points suggest that 2 high intake of vitemun
A may have something to o wrth the hepatomegaly seen m Eskimos:
() tbemud:nccofhepummcgﬂymmgbamﬂtmybom
more walrus und seal mest (5) y may be produced m rats
by feeding walrus and seal meat (r) hypervtaminoss A 1 chancter
1zed y in m2n aod m the rat (#) the Eskuno s natural
dld(sulmdw:lmmm).!mnh‘:fbvmmAcoutmt (¢)me
gmpofstorcigxummsofﬁshnn ood plasms, twice as vita
min A was found in thase sumples which had come from subjects with
bepatomegaly as in the ones which had come from normal sabjectst

I shall mggest to you sow that there may be 2 relation, not anly
between the high intake of viteun A and the bepatomegaly but also
between the high wntake of vitamun A a0d the metabolism of ascorbac
acid. There are 3 number of suggestsons of mteraction between ascorbsc
cd aod vitemm A The symptoms, sign, and pathologrcal findings, of
hypcrnummomAhnemtxmcommwxﬂzdmscminmvy

cen the ngns of and those of vita
min A defizency Ithsbcmshomthxtd)clcu‘mfumwb
more vulnerable to vitammn A toxecity o 1 e recerving 1
pormal amount of vitamm C.

If Large doses of vitamin C are grven to gumes pigs and raty, they arc
peovided with protectton against aoull end moderate doses of vitemuin
A, but not sgamst very large doses (37) of vitamiz A. Admunustration
cflugedosuofwt-mmAtnnmm:hufnUcwrdbynfllllnblmd
ascorbic acid  Vimun A-defiqent raty, exhibeting some of the sigas of
sairvy may bave these signs relieved by masuve doses of vitemin C
(40) In cattle, the abdlity to synthesme ascorbec acld has been shown
tobem:pumdmcundmoﬂsmwh\cbdxreuvmmm—Adcﬁﬂu:q(ﬂ)
In the Eskimos we studsed there was vitamen C deficiency wath low blood
fevels and low tissoe coatent of ascorbic acid, as shown by the whute
cell studics that were done, but they seem to gét 2long rexsansbly well
m the cold Iutpmublcthxtthcymxmg:mdowmpanbcaukof
thewr vitarun A stake?

Hosz Isn t 1t somewhat peculiar that other Eskimo groups do pot

oade 10 the
*These deterommtons were 0 i
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Horeatk 1 do not see how 1t fits
wsostog o t fits wto thus pattem of & preservng of
Bebuke What 13 the differential diagnosis of enlarged Iir
ﬁsmk;?m mdwh;tmxghtulueﬁmﬁndi?Hanhmﬁqﬂﬁﬁ
Allexn. T do not know whether there are diseases of
in the Eskumo Intbcwbltcpopul:nm‘z:yyﬁ:emmeth?fﬁ
tmportance 15 muumal. 1 thik the data which Dr Brown bas shows
would mndicate that this condition 1s physoolg therefore he was
able to reverse it. We do oat have to go any farther than that.

Tdbont The fact that liver bropstes were dooe strengthens that
concept.

Bebwke Prrastic discases canse enlar, of the Liver would
not mn]ympuﬂnkmmd;vﬂumd:qP e

Horvath T think this docs pot incapecatate at all. These subjects had
pansthc diseases

Sbamacker Hydatd disease of the Liver could occur without increase
1n sze. There conld also be asymptomatc enlasgement of the liver waith
parasitic disease

Horvath What about Dr Allen s questron s to why there 1 such 2
small percentage of ths abnomality ¢

Blar 1s t o tmall percentege? After all, ooe third of the populstion
15 1 rather {arge proportion, especlly among young mdividusls

Barch How do you know that all of them did not have lerge Livery?

Alfen Dr Horvath and I are concerned thet a third of
these people have enlerged livers that s & lutle but for me to
undetstaod.

Horvarbh Especally if it 1 2 physsolograal process They ase all ex
posed to the aame stress stumali of excess of viamun Al

Brows Not quite There 13 perhaps an answer m the incidence of
bepatomegaly m different 2ge and sex groups It i less frequent in
females. parbcularly young females, sod they are the ooes who are
ymbnblygomgmlnvcxmrcbmmck,mdmou.mdlmnlmsmat
and blubber [ have the wdex that thet may explam the age apd sx
dustribution.

Horvath, That diet 15 also avaslable to theur bushands or other mem-
bers of the famuly [t would therefore reduce the exror of medence

Broton. There o a difference 1 the eating habits of adolescent girls
and adult men. There 13 the saroc suggestion i the mcrdence
ofhmmgdyatlgmm:hmkeomehlgb«dnn
u&mﬁnmp%onhhnd.ﬂ:cﬁgu:usugg:ﬁ'dukhhaotdrpmtdnh



the Produce ¢ 20me other . That 44
0 ay hﬁ@mw%@n&%uhmudum
mkcof"mmm/k
HrmSD:d drcktbeln 5 whut the

able,

Taey htb:lddl-nou,.l hctu:ofmldmthelilhm)

Dagw 1, A X perimenty td yoy € any Nargernen, f
the frrey A, 2t roog, ture

Browy i an 'S Cndi by S
llfdn.h-, “huch y, Permyt §, A22lyuy w g oy, Peratures,
two Piotern (tucmmu:h levely of ¢ '
holnthof A mtage We shy) then b, the n\ucrlrrnur

Carfsoy Tbedlh[funf-bcb&-flel -Lndwlruunl Lnlh.vnh
d-tﬁ"‘fttce_WnﬂntductoU)cvolmmc fr At fen hynulhml.
Brow x I may e 23 Dy Stevensin, |, Fwahy gy “ deprrvyg,
Jrver

Brows Yes Tbgbce([ad aommal g, e thay gy the walpy,

not Tenge Vitumyp, A con.

fotumpy S far Wt can

Ii’:]"'-tt.hxtn 20 Catemapyn, that we jy e E L0 Bave ghe resulty
n

as A are £, WRIrus mege
Duger W there P ealtsgemen ¢ e adrenyy, ¥hen the fye,
l;]’:fel: the Inuy feg AMimafs the drenaty were lagge,
S T ST
od 1o f, te and ac, dr:,,., —



58 Cold Inury

showed amy ugns of the vimmm vitamun
o ad meabols. 8 e YA € b

Brown As far a3 1 know that has not been done,

Crim & One possible function of ascorbac acd 15 1ts sole 3 4 re
;luangagmtfor the conversion ot iron from the fernc to the ferrous
o

Travell Dr Brown, do believe thet increase
duetolrrqn:.cdﬂ\ur.{cnmezytfx?l e 1o I e »

Brown 1 thunk that 15 & definite posubility Dr Travell

Ferrsr Drd you, by any chance, make measurements of plasma vol
umes n those who had an enlarged liver and then again at the time
when the [rver was observed, by palpaton, to have decreased?

Brous. No We have no ‘before and after plasma volumes.

SOME VASCULAR CHARACTERISTICS OF THE ESKIMOS

Bwrch Dr Brown, 13 there anything unusual shout the blood peasure
of the Falamo?

Brows Yeu, there 15 Sowme of them, by the way are
and some are artersosclerote Table XXII shows some data on the blood
pressure response to cold. In these experyments, the hand and foreamm
were 1n 4 cold water bath for ooe or two hours during the course of the
plethysmographic studiss of hand and forearm blood flow The pres-
sures in the control subjects were a Little high to with. How much
of that was due to apprebension, I do not know was £ good desl
of nervousness dusplayed by some of the subjects but otbers appeared not
to be too concetned about the expermnent  As can be seen from the
tuble, the pressor response 1s moch greater in the Fakimo.

Blasr What was the difference 1n symptomatec response and subjective
eaction to lmmerston between the Eskimo 20d the control?

Broten. In 3 C. water baths, for instance the Eskimos coarpluned
of severe coldness and of a deep achmg sentation for 2 few mimutes,

but actually two out of three went to sleep during the The
Y " of boring nthe

white men complained of pain a3 well a3 & scomaboa
10 Cw:tnbuﬂn.:ndthmwuwmu&p:mmdbmulug&smmfm
at the

i the 5 C. water bath that the expeniment had to be t
end of 60 minutes (29)

Allex, You mentioned hypertension. Cea you tell us how many sub
Jcmthcrewut,whxn}:bloodprwurcmtheugedmnmmmd
roughlv the valne?

Brows | cnnot grve you all that, but I can make « fow observanons.
At Tgloolih laland for mstance, where we examined 100 Pmpl;:::é

were hypertensive At Southampton Island, in a morbsdity survey




Matabolrc Stwdses of the Evkimo

T+ 16 16 68 omwq s

¢ = ozl ozt 21 osds o M

'S

L

o1+ 101 [{u 16 FoEng N

< $ o

9+ 621 el 1141 womds 3

1+ o8 <L @9 e S

€ o1 o

€1+ Yt <01 101 Mossds N

I

b s

€€ + 16 69 ¥ HjOFEG S

3 <€ 4

1w+ Wt oz1 101 joysds

Buumvm -mﬂﬂu CoMIIIT] .mwnh
BqunN ey ey el aopd ETY

DmA po7) U] ULIROI0 PUW PUS] O U [RWW] JO aITwoly podl(] To PR
Ixx TIgv.L






Metabolse Studses of the Eskomo 91

Blar In most of the Eskmos did you sce thus steedy build-up of
pressure all through the penod of mmmersion?

Broxm Yes. These are averages of all the pressures dunng the period
of tmmerwon.

Blatr The Eskamos pruwekrg;t:.ﬂdmgu 2ll durmg 1immersson,
but the controls, who were not Eski ed with an {nitrl man
oo which fell off during the perrod of mmersion. Is that correct?

Brows Yes, but the mitil change was not a3 great as that seen over
the eatire penod fu the Eskimos

Blarr In whute subjects we have never observed anythmg except the
mitn! manmum respoose, and the ual decrease during continmed
mmemon. This 13 an interesting difference 1n response between the

Brows The blood fiow of the Etkamo 1n these water baths 13 always
bigher in the hand and forearm than in the white man, but the degree of
coastrictian 1s not greater fn the white man than it s m the Eskimo 1
tems of reduction of blood flow per 100 m! of tnssue

Bariox You say the white men put their bands m water at 3 C. for
ooe hour? ‘That 15 a very drastic pressor test Indeed 13 1t not?

Broww. Yes.

Bartow. Two munutes s enough for most pattents

Broxx. Thae were medreal students  Actually we had to cut st short
ot sty mdoates.

Barton That is quite different from the cold pressor test on which
there s 2 Lot of data.

Brows The f; at the time of immerion are somewhat com
parable, but not the rest.

Barton Is that a calculated mean presare change

Broww Yes.
Shamacker The fact that some of the Eskimos ectuslly went to sleep
dating the test 13 because they still bad o ery marked pressor

feaction.  There was no difference in the pressor revponse whether they
vent to tleep or stayed awake?
g{fﬂ!’lNotnf.qukmr' o -
e M mvestigators suggest that the elevation of pressure
tamed In cold pressos studies on frostixte patsents 15 primandy doe to
severe pain upon cold mmernon
Hortath Perhaps there was « different mmpeestson of pain between
two

Brox . Thelr tolerance of pain s much greater than ours, but that is
%, of course, the aame 13 2 pam threshold. However because
e were interested m the rre scnsabions, they were asked from
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tnnctgﬂlz:xc. iurg:gfthscdexpcmnmu, what pam or ducomfort they
were g Aside from discomfort, they reported pain for a shorter
penod of trme than did the controls. 7 pin for e

Horrath Do the Eskumos s a deal of tume
catch 1n the water? el v god vorkng a t

Broun They often work with their hands in ses water which 15 25
cofd as these water baths

Carlson Pecora (43) reported a change in the cold pressor test results,
com| indrviduals at the end of winter m San Antonio, Texas, and
F Alaska

Stevensom Were the tests on the Queen s University students done 1n
the suminer or winter?

Brown la October 20d November

Bxrch How accurtely does the Fskimo know his age? What cater
d;dg?:anploymxmvmgnthcmx!uumthnthqmggmgmt
rapidly?

Brown The ages of those who were adolescents and a lutle older
could be determuned faurfy accurately but beyond that it was more dif
cult We obviously had o rely oo the mformation we were We
were extremely fortunate 10 having the mt we did, because he
had considerable knowledge of the distit  He would, 10 some cases,
relate age m terms of events that the subjects remembered, and the data
of which he knew

Barch What were critena for mpid ?

:f:ufecruxmheizht.

Brown The anly ooe quantitated was
Tatbott That was based on osteoporosis of the spinsl colamn?

Brows. It 13 probably a degenerative affaic

Talbott Do we know from any other studies whether osteopoross
occury at an carlier age in the Eshumo then in the controf subject?

Brows There 13 0o other informaon.

Barfon. 18 1t the decrense 1n heght as the Eakano grows older or is it
the besgbt of the population?

Brows. 1t 13 the height of the populaton.
Brrrow. It 13 concervable, ts 1t not, that short people mught suryree

longer? It may be that you are putting the wrong tefpretabon on it
Brows Asyoussy it n possible, but I think the other cxplanation 1
also a Likely one
Horvath” Pethaps the younger people are geiting better food, aad

more food, than the older ones
Brun Yes. I think that Is more of & ponsibiliy
Shamacker What do the blood vessels in the fondi of these sdult

Eskumos Jook like compared with people 1o your own province?
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Brows There Is some retinal artersosclerons, but we found no very
aboormal funde ' We exemuned all of the adults for ths.

Allen. How about the incsdence of dubetes?

Brows We dud oot see t. Woald you expect it, Dr Allen? The
dubetics might have died out over a long penod of wolehon,
Allen, Yeas, of oourse You are sbout the ehmmaton of
famly groups, burt I had heard it stated, even 1n these conferences, that
Incidence of drabetes 1 very hugh mn the Eskamo
Browrn, All I can say 13 that we have not come across it
Stetemson Would not it be thetr imparred sugar tolerance curve?
Horrath They have temackable sugar tolenance curves
Bebgke In the Exdumo and the control subjects, did you make anmy
temperature mexturement of the skan of the hand d ning, or followmg,
immertion 10 cold water?

Broxw. Y es. The observations tn Table XXM were made 10 2 room
at20 C. That temperature was chosen becruse daring July and Angust,
when the experiments were dooe, 1t was found that that was the average
tempenxture of the dwellmgs m which they were living  they were com-
fortahle at 20 C. with woolen shurt, woolen trousers, and mukluks The

sk temperature was higher 0 the Eshimos  Subcutaneous
temp and muscle temp were not differeat. The rectal
temperatures were pot wgnificantly different  Forearm and hand blood
Bow were greater in these crcumstances, that is at rest 10 a room at
20 C The average hand temperature was not & elevated

Bebmke chcn%eyunlso Prof C P Yaglon, of the Harvard School
of Publy Health,* made some mexsarements on the return to normal
of the temperature of the skin on the hand after the hand bad been m-
mersed 10 ice water, and he obtamed some interesting curves I was
wondermg whether or not, m the case of the Eskumo Lhetcmpenfné:
returned to pormal m compared with the temperature o
mlmhﬁaﬁmw

Broww We have done many lmmersion studses, but %o far have not
tollowed them from the cold temperature back to the warm

B'Md'r:yl belicve there was considerable Joss of weight n the Eski
mod, 13 older

Bv‘othE:“

Bebmbs Tt fs of 1nterest that in the average populatson that takes food
o/ betum there will be a gamn 1n weight of about ten per cent from ages
:t?:ll” but in populatons thet have scanty food, for example, 1n some

bexvily populated South Sex lilandy, there 13 a loss rather than
L gun in welght.

Unpebltnd dea
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TABLE XXIII
Blood Flow and Tissue Temperatures at Room Temperature 20 C
Forearm B.umg
C.

Growp [0 | Moan | SEM | P
Temperstures

Skin Controli 33 | 305 }+023
Eslamo| 61 31.2 | 017 002

Subcutanecus Contral] 33 327 | 023
Esldmo| 67 | 329 [+£01B| 049

Muscle Control| 30 344 | 019
Eskimo| 65 346 | +016| 041

Hand Temperature  C. |Control] 3 326 |+089
Eskamo 6 338 |+047| 021

Rectal Temperature  C |Controlj 31 | 373 [+007
Fskrmo| 30 | 371 |+006( 014

Forearm Blood Flow
cc/100ct tissue/minate

Control 4 30 (008
Eslamo| 6 52 |+011) 001
Hand Blood Flow
cc/100cc hissuc/munte
Control] 3 47 [+019] oot
Eskuno‘j 6 86 |*+043
permaa, fro T | Boug
from Beown, G. M,, Blrd- G &,
L Dchzm] D Grern, ] E., Hetcher ] D ad Page, ] The clrcufatron

anuldxdnmnnﬁou. Crrenlatron 9 813 (1934)

Brows That 15 very interesting and may be Leable bere

Allen Inyourcollxmﬂrudmg,whkhmun vebcmv::er{ymmu::
on this expenience with the Eskumod, brve yoa found #ny refesences
anmdar:ohﬂ:cmsdcmmmdxahmo?}{utherebcm;dcqmn
necrops? materal to us any mformatoa?

Bmﬁ No there ulg{ Poﬂmorttm material there have been
few marbidity sarveys of much account.

Sellers %’Lgymcmuywcludunwmdofnmhumthccmmuy
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vessels, gortas, and other tissues of rats which had lrved 1n the eold room
#t1 o2 C for more than a year and during which me hed been
recering the wsual laborstory mton
In 2 hugh propartson of such anumals, we found that in the mtma and
medaa of the coroaarses and 1n the sorta there were definite deposits of
stunshle fat. However Iam not satisfied with our control data At the
momerk, the rats of onr colony that are of equivalent age do not show
samilar changes. [ did not bave a control group run concurrently at room
temperature to compare with the anmals that were 10 the cold
1ibould be mterested to hear from anyone whether or not stanable
f2t 4 common in the vessels of rats, and what 13 thought of the contmu
ous fmposttion of stress on the production of vascular disease
Botox There 13 the work of Constantinides (44) who stated that 1n
the rat thete 13 very Lutle atheroscleross At least it cannot be produced
by feedmg lipeds, mmless something 15 done about the Lasge amounts ot
heparm (43) which are present I think it would be unusual
o xce lipud {nfiltratson 1n the vessels of rats
Sellers Drs Hartroft, Ridout, Best, and I {46) bave produced athero
scerons fa rats by feeding dets low 1n cholme However sur expers
mments were prolonged. In the last year or g0 D1 George W lgram, m
DLl'hrtro{t:mmuofdrB-nﬁ.ngmdButDepumetochdml
Resourch, Unireruty of Toronto bas produced stheroscleross, ar depos
3 0f rpeds at soy mate m the coroasry vessels of rats withm a moath
o 50

Brrion, may be easily produced, according to Constuntinides
g;) md'ﬁh(u 47 48) 1f at the same hime 23 Lipid feeding w
protamine (47) the antagonst of hepann, or rm a thyroie-
"C‘;’_‘W(ﬂ
lbort take unne outputs? What 13 the flud exchange 1n
the Eslame? o
Brows. The urine volumes are high. It = not unnsual to have & 24-
mmmluﬁmofijOOmjfuhtm
Talbost ‘Was drmking water during this study period more avaslable
d““lﬁthcrtxmuofthcyar?
Browx. No, not than at other thnes in the summer In the wintes
tbey bave 15 melt snow and kce. They arc great tea drmkers and take st
"cﬁm"pom.blc not & small but # large cnamel ooe. Further
oo the [nterpreter told me that all Eskamos have nocturm.

Forrer You tioned dotng some radsograph studics to determune
‘c::'ﬂnfthenshtdhphnm In the course of that study did you
any evidence suggesting that the middle or older
“‘EﬂEmﬁat’mr' 8, phy ? You ?‘ﬂ“ﬁ
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conutant cough, expectoration, and respiratory infection. [ wondered
WhBC&my?jl‘}xh.ddl;y aadographic evidence of this discase,

rown radiographic evidence of pulmonary emphysems was not
very strilang Considering the uarelusbilty of radiographsc endence, we
couldnot,antlntba.n.x,makeout:axcforunphy&:unmth:&kmn

Blerr Doca not the coughing continue far only a short penod of tme,
when the wvestigator or outmders are there?

Brows. With some of them 1t 13 4 year round affair 1 chroas cough
with & mucopurulent sputum. When we did the glucose tolerance tests,
for mstance, we of conrse wished the subjects to be lying down while it
was gomng on  When we told them this they looked around and fonad
t10 cans to take to the cots with them as sputum cups. ‘There was 2 spell
of coughmng after they lay down, and again when they got np.

Allen Do the Eskamos smoke ?

Brows. Yes, as much tobcco 3 they can obtn,

Allen. 1s that gmch?

Brows Yes 1 good deal

Sterenson Pipe?

Broum Yes, and agarettes.
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A COMPARATIVE STUDY OF YOUNG ESKIMO
AND INDIAN MALES WITH
ACCLIMATIZED WHITE MALES

M. F COFFEY
Defence Research Nerthern Lebordone
Fort Chavctall Aloxitobe, Comads

WE ARE MAKING & study which 1 really not yet completed, of o
of&hmtndhdmymugumhtthoEww?mmlm
Aklavik (see map frontispicce)

This 13 & very unusual group of subjects and & word s pecetsary to
zghmth:unpomlm;. The country whence they came b qude

erent from the dustrict of which Dr Brown hes spoken, becruse of
the recent muigrations. During the [ast 20 to 23 years a great deal of
moncy has been made in the fur-tradmg industry  Thrs has led many of
the Eskumo and Indian famtlies awny from the reservations and from
thetr own Eskrmo gronps, and they have formed 2 oculture which s
bused manly on fur trading 1n the ares g Allevik.

The Anglican mussions have been 1a the district far a number of years,
and have helped solve one of the problems confrontng the parents,
namely that of dealing with the chul, during the years when they are
of school age Since school wterferes with the family trappeng and
hunting which 13 going oq, it has been the custom of both the An,
lndutholt:dmclgmukcmdltycunﬁ::kdﬁntndlndm dren,
and retuin them on & sort of year round g school bass over tire

perrod from, perhaps six to ten years of age.
As 1 result these young men recerve & completely diffeent type of

diet than they would normally mgest were they living under more
prmmutive conditions, and they soon sequire habuts and customs which
an oaly be alled Aklaviken and are not typscal of the culture from
which they ongiaslly came.
ThuAklxv{E‘:gmupumetoushFortGmrd:ﬂllyaxngo.u

members of the Cansdmn Army

We observed them 1 the field on several mulrtary exercises, when we
Lrved a0d worked with them for several weeks at a time. We were also
able to conduct some studses in the laboratory includimg both metzbolic

d cold-room wok.
mﬂxthmgwcfmmdmostmtﬁmmginbodmdxl‘shmomd]ndnn
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psmdnfmthnﬂryvmﬁmmd:mlbﬂtymmpe
with the cold than any of the accimal white with which we
were working  They not caly showed the thdity to to longer cold

than the white pertonnel, bot they teemed to show shsolutely
no iadence of cold Injury d the loager periods of exposure to

1n the field and m the laboratory quite carefully

Of the ten subjects, four were Loucheaux, both parents being pure
Loncheamx. Three were Eskimo their grandparents had come onginally
from Greenland, bot they were third generation Aklavik. Of the three
others, one was a Slevey whose parents were both of thes breed another
was the son of a Louchesux mother and a Scotch father and mterest

20d, s T pointed out, bad been edocated 1n the drurch

schools We found them very valmble subjects, and casy to work with.
A seties of BM.R. messorements, which [ em sare will be of mterest
to you m light of what Dr Brown has susd, was condocted during the
month of August. We used the Sandborn metabolator and the standard
tables for the normal white popolation were used 1n computing the

hrud.Pu:ﬂxmmthqlcumdmnvmdnhngunymgumm
beverages.
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Observing these people 1n the field we found them far sa to the
white personnel in terms of cold responses. 'Ichu.lldccrtﬁ‘}?mdm
old exposure much longer and there was no indicaton that they
suffered from myury m the cold,

L should like to describe 1 few tests used to measure pecformance o
the cold Thacwr:ctemrdedmm.otmnpﬂu:mmdp‘:fmdmrn
temperatures of —38 to —40 F., with wind speeds of 35 to 40 miles
per hour This transcribed m terms of wind chill 1 somewhere m the
wiaaty of 2,400

The first subject was a purc-blooded Loucheaux Indian and be worked
at a job which consisted of moving « set of bolts from ane side of £
board to aother with bare hands. It was 2 very pomtless task, but we
found 1t a good way to measare cold performance. He used two suzes
of wrenches, & screwdniver and bolts which were 1n three sires. [he
bolts and tools had all been permitted to resch ambent temperature,
having been out at least two bours before the expenment sterted.
Blerr Did you observe any evidence of metal bum, or simdar cold

?

lnpury

Coffey No Thcmb)cctgnfpcdthcwrmdaq\meﬁnnlymdthﬂ'!
wias no suggestion of juggling it. This test contrnued for 61/ minates,
duating which time he pa twice to rewarm his hands by blowing
on them.

Barch How long was he out in the cold before you started the test?

Coffey Immkheameomofdzctmtvhmtbeﬂ?ummtwuw
ready to begin and probably waded just 2 couple of menutes while the

camera wis set up
Innmtbcrttst,twoludummdm]iimolotdcdmgmnabam
banded This required prcking up a cartndge and forcing 1t to &
metsl box. The metal was 2t ambient temperature and hed out of
the tent for st Jeast two hourt. A third test was made with the man
usng antxontact gloves, whach help in reducing the cold
Barch Lud:-ctutmxdelxmhudcd,wo‘ﬂ;lthcm:.nhvesmppcd
taneously before he developed defficulties
'POC‘:,;” )cyl,thqmtxllinmuitdm:topxmmcdumlyxf&tyfdt
any severe pain, ac helieved they were lkely to injure themselves. Thiese
tests of performance were made quite mformally and the sura of an
wus nowhere present
mu Did you say they offered thetr setvices?
Coffey They volunteered after 2 discussion of the problem,
’I‘hencxtcxptdmmtmmth:lxncbﬂnxlndun. Th;:m;eu&r‘e
exposure to cold dunng magaunc loading was something less
minute, Le ot neacly as long as 1 the fist qise, where bolts were
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moved from one side of a board to the other We curefully exammed
the subjects tmmedutely after each expentment and durog the sub-
sequent days we were m the field we checked their hands carefully There
was neves any evidence of cold injury and certamnly nane of the commen
frostburn and skin peeling which one would pormally expect.
Shumacksr Would a dexterous Eskimo who Lived in this nesghbor
houd,mdwhohndnmh:dmymmxtmthdxmmmm,doituvdl?
Coffey 1 am not sure, but 1 have o feelmg that he could certainly

m?ﬁuhv In other words, the fact that they grew up 1n the mnsson
schools had Little to do with the matter

Cogq The maua nfluence of the Anglian and Catholic mussions
would be on thetr dictary habits and perhaps thetr philosophucal sp-
proach, certanly not 0o manual dextenty In conssdeniog the perform-
aoce, it was rather difficult to decude whether the iodrvidusl differences
were achnlly physological or whether there were tracks of the trade
and they were using a cold skil of socts which enabled them to do mace
work and handle cold thmgs ly by jugglmg, by using the more
vascular parts of the hand, and by more careful organimtion of
work.

We poted that they desplayed a tendency to plan their work so that
they did ot expose thetr hands more than wis necessary We saw #lso
that they used & method of rewarmung m which the body usually the
abdocen of the genutals, was used to warm up the hands when they did
become cold.

In questioamng them, we were pot able to find out much from the
men themsetves  All their Irves they had been used to wodang m the
cold had earned their Living by dropping muskrat traps m ky
water all they knew was that this wat the way they had alwxys
doae 1t. In some cases there was evidence of a physiologacal diffesence,
bt it was dufficult to sy just how much or bow rmportant was the cold
skilt contribution.

Accordmgly we planned a series of cold room Leboratory studses (1)
0 which these same ten subjects were first examined and compared w th

imstrument called the Coud screw plate which connsts of a metal
plate contaming » serses of cooresled nuts. Screws are pucked up and
serted ko the concealed nuts in the plate.

We found that the Eskuno-Indan group showed a loss of 3 63 norts
under cold condstom, while the whrte group lost peardly twice that
wnount, 1e. 69 nary.

&mﬁcd\hanh:mvmbakdxﬁnmmﬂmmmﬂnhﬂnylnjv

rd
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cold,weprx:cdodtoldmmmeuuumbcrofmammofmnm
ﬁwﬁunswb:chmgmcnﬂytccrptcdtobempoommdxdcdu
of manual dextenty  Of course we took tem; ture recordmgy of the
wndex fingertip We conducted measures o{(t::tﬂe seonivity oung
Madcworths 'V test, which nr actually o two-point dicrimimabon
mezsurement. We recorded kinesthetic sensumnty took a strengtheof
81p test, and a joint Aexabilyty test which was devel by Hanter (2)
0 anection with hus work on the induction of stiffness 1n the meer
phalangeal jont of the index finger

These measures all indicated that the native groups were defimtely
supenior to the white groups at comparahle temperatures, the dedme
of exch of these functions was for the natrves balf a3 moch 23
that reported by the white personnel However from other tests it was
apparcnt that with the exceptron of kinesthetic sensrtrvity which showed
o change, all of the functions of native group began to decline when
the temperature of the finger tip was between 12 C. and 9 C, which
ga:ilgadmmtclydlcumcpouu at which declise m manual dextenty

A comparison of these two groups indscates that the supensorty of
the natyves to the white 13 definitely a physiologreal thmg and that when
separate functions begin to declive 1n the natrves, mapusl dexterdty also
shows a deteroraticn. Although tirere may be some tricks of the trede
used by the groop bascally the decline occurs when physotogical
changey take place.

Itumtcrunagmnoteﬂnrd:egrw?xbowcdmnndcﬂblylwdedux
1 mezsurements of wterphalangeal jomt Aexibility dhange. Hunter (2)
has postoleted thet changes in foint stiffness 1n the fingers are due toa
change in the viscouty of the synovml flud ot the jomt, and he has
demonstrated that this 13 mdependent of cooling elsewh
that 1 the reduction m flex; uyofth:h‘h: gﬂl)omtbl;?;

ent of cooling at other area e interphelangeal
mfd Ourworklu;gcmedmty;cmﬁmhuﬁndmg:.hztbmmpldngtbc
two under e coodions, the white group showed 2
dechne o 12_25pcrcmt,whcmsinzhcmxmgxmpnwuwlylpu

cent.

Under more severe conditsans for exmmple after two munutes expo-
sure m ambient air at —35 C, the white showed a decline of
28 per cent 1n gount flexibality while the native gromp declised anly 16.7

pet cent,

In the finger temp e, we found that both the white
and pative groups crentuslly seached apprommately the wme waa
temperatore during expasures o —25 C 1 penod of twenty min-
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utes These was & sadden sharp drop at the of the exposure,
which seemed to be & hut moce 1 mmmmm.n

the white group, but 1t was ot 3 y 30 The mesq tem

over the for the white was 6.7 C, while for the

Todun it was 62 C the differences were not ugnificent.
After minutes of the temperature of the Eslamo-Indun
mlqcmbcgmm{naux,znfnﬂowcdtbcgm:nlpmmvhad:m
noted in the white group Ther manuat dextenty curve, and some of
thexr skun sensitroty curves, are much flatter than the curve of the white

p?‘:inﬂduyﬂ:edcdmemdatmtymmm:h:bvﬂmdm@m
el m the Eslkimo-Indian group the white group began to show
eterforation almost immediately and at & higher sk temperature.

Burfow It is not becanse the oatree subjects keep mp thewr tempers
tures and 0 mauntain thewr function it s that they can mamtain ther
functroa at lower temperatures.

Coffey Enuctly Idﬂnkth:lcwuttunpanr\mwelndtbmwmﬂng
-t“{q—ol C. Thetr manml dextertty under those coodrbions ba
declmed to like 4 7 uruts, whch stilf comperes very favorably
with the 2.6 u9 C

The white subjects rted consderable pam at the ambsent e
tempereture of —16 C. It was mposaible to obtam 2 paen report from

Tepo
rapud cooling, at a wind dull of 1 500 for two mumutes, that they woald
admirt they were feeling what they described a3 & singing sensation.
Brown How dud the mutal skun tempertture of the natives compere
with that of the white subjects?
Cofey That was s point we were very mach interested 1, Dr Brown
the Indman

not consustently but on some ocousioas however it was not sgndicantly
lower than that reported from the whrte subjects We checked our
figures against several different experrments that have been condacted
10t both the Uruted States and Canada, and there still was no signuficant
d flerence 10 our group as compared with the whites

Blarr What was the effect of repetition on the over-all performance?
Do you have any dats on the learnng oc trammg factors?

Cofey Other worken have demonstrated evrdence of leamng in onc
of the manual dextenty tests which 1 stightly different than the onc we
employed Btnwemcdh:tb{tcu‘bohld{tm
temperature to 4 pomt they were presumably a3 proficlent s
could be. Butdou‘lthmk,tmreplhmﬂrmmﬂtﬂe.lfz



10§ Cold Inpry

evident

at‘;tigoz%?m;ummm h[rnf:i ;T::m

mbb;:f;‘k;;h;lﬂ;grm were not physologically supenior to the white
Co,

tures

bt oo o o rempere s e B et o

exposure ?

Coffey Yes.

Button Doantdmrumndycucfﬂ)ccondmoffm.ph:nl
perve where fter ¢ an increased resutance to cold block

#itto can be shown? In other words, these Eshimo-Indan subjects are
not dowg this as some of us might have thought, by mantarming &
higher temperature of the finger through a cold-nduced vasodilatatian,
called the "hunting reacton It must be dus to & change occurning m
the nerves and the tissue rtyeff

Carlson What was the inadence of frosthee 1n these groups?

Coffey The Eskimo-Indun group showed no enidence of frostixte oc
cold injury whereas 10 a previous whute study 1t was 36 per cent. These
were two expetrments performed on & group of white personnel who
had undergone a period of scclimatization for I thrak, two weeks, and
who were then exposed to —25 C. for 20 munutes On each occesion
36 pet cent 1n the first case 1 think, and 32 per cent tn the replica, suffered
moor frostbite and were withdrawn from the expenment.

Hotpath Were these men 1 the nude or dothed ?

Coffey 'They were dressed m environmental clothing, and the oaly
exposure was the bare band.

Horsath Dt Freedman and I (3) observed men at temperatures of
~30 C. and 40 C. dunng sumilar tests, in which the subjects took
bolis, and 90 forth apart Even in our poor whute trash, we did ot sec
this tremendous difference 1 resporse as compared with the natives, T
think part of our gronp were Canadun soldiers and they seemed f0 do
fauly well 1 am surpnsed at the tremendous difference yoo bave
observed.

Coffey 1 did not witness the expermment [ mentroned, but I belreve the

demanstration was performed very carefully
Carlson Hlveyouoburvcdmychmgeswhn:hcoddb:cw@md
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with those of Mackworth (4) ? He reposted higher skin temperxtures,

Co, Mackworth s expermments were coadocted under condstons
u{h:g’hqwi.nd,wcr:dxynot? Our studies were all done m ambeent still
nir

Brows Areyou that all this was doe to tusue adaptatron?
Coffey T am afrud I carmot
Betzke 1t was 1f we can use that term.

Sellers Mr Coffey 1f the Eskimo-Indian group showed no evidence of
frosthite, and thar extremies cooled more quickly are you implying
that therr sk does not freere at the same temperature a3 that of the
white ?

Coffer Yes not at the sume ambient tempersture.

Sellers When the temperature goes down below zero the Eskumo-
Indian group should show some endence of frosthite.

Sharmacker You sud there was really no statotically significant
difference tn the mte of cooling.

Coffry No there was pot.

P gé Is there any difference m the thikness of the stratom comneum?

Coffsy We have not dooe any of these exraminations. I thmk that 13
oae are that should be thoroughly srvestigated.

Shamacker Was there any difference 1n the water content of the skin?

Carlson What was the time interval involved mn the temperntnre

?

fe7 1do pot have thy informabon m graph form. It was over a
penod of 20 mtutes.

Bebmhe Pechaps the hands of the natives were calloused. Were the
fingers more chubby than those of the white group?

Cofey There 13 ¢ possibulity that the hand tends to be more ctmbby
Pethaps you have noticed that they bave a fat, pudgy short appearance.
But I believe they were 00 more calloased than the a erage soldiers
hands would be.

Bebwk  How long had the whrte subjects been 1n the north one
season or two?

Cofey Less than that sx weeks at the maost.

Blar Mr Cofley s results may be qurte easily explamed by ref
to sk temperature cool tterns.  That temperatore ofm
E:Lin:nmdvh:tembp:mﬁ 1n the same manner snd to the same
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level, with only ane-third of the white
b by mgmupuhﬂ:mngirm&xtc.bu
‘We subjected many rabbuts to cooling proced; ussng slan temperz
tures of the feet as the cntetron olfmghow ;cv;r:mth: cgld mjury was,
Within ooe hour the temperature of £ll tabbits was reduced 1n a smilar
patten to subrero foot skin temperstures  After this mital cooling
mofmbour some rabbuts will develop severe frosthite after a
hour and-2 half of cooling, although 1n other rabbsts the pro-
Ccdu;emy bclsmnnucd for an sddional fourteen oc fifteen bours
without any ¢old injury whatsoeyer  The latter show at regular
wtervals the hunting reaction a3 o fewarming mﬁ protective devxe.
Horvarh The two groaps were kept st the same temperatures?
Blar Yes, but the pount 13 thus just because the tempenature of an
area of skin cools down to zero centigrade, or even subzero, 1t 8 1o
indication of cold injury Skin temperature may be held at a crihaal
level tor & period of aa hour or for many hours without cold myury Bat
at some pamnt the hunting rescticn fauls, skin temperature falls to near
environmental temperature, and cold myury occurs, We have found the
crtical skun temperature level to be approxmately -3 C. Cold-nduced
vasodilatation (huntmg reaction) will rewarm the skin many tunes at
tempenatures down to —3 C  but once skin tempersture falls below
that level, cold induced vasoddataton xnd subsequent rewarmung never
recurs, The length of time the skin 15 permitted to remain below —3 C
determices the extent and degree of frosthete produced. All of these
subjects would exhilut frosthite tf thet skin temperstures declined to a
pomnt much lower than § C
Shamacker Mr Coffcy has pot recorded tempenatures that low
Blar But of be should follow the temperature pattemn in these 1n-
drwidusls at levels below ¢ C. even though the cooling and
temperature levels may be the sme 1 the Fdamo and the white man,
1 am sure that the Esktmo would show a much more prolonged penod

of the protective funting reactson than the white man.
Brrton It may be that the natrve does pot let hus temperuture fall to

this critical pount.

Blarr Or the matrve s pbcrxlvﬂ?;t;’mlgdnnmmybemﬁ
toned to provide & very penod of 50| protection st
ambrent temperatures which prevents the tismes from falling below the
cutical tempetature level and becomung myured,

Shamacker 1t couldmllbelnsonrir:rrp:lm

Bebrike tissne temperature 15 crtenon.

Blar Lu?;;i Pa;fM: Coffey s they dsd not go to deep
tussue levels. His problem was to explain why with both the Esimo and
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white subjects cooled down to 9 C., coe-third of the white subjects
exhibated c0ld myury but none of the pative sobjects did. There is no

bnen(ommnnd.mtthwnblepmtmemcdnmnmof
the two groups, and the possible prevaous cold adaptatron of the natrve

Bartor. Lo other words, although the temperature curves are dentical
downto9 C, yoa belicve they are not the same bedow that pont?

Bar Ye.

H reath Mr Coffey did you follow them below the critical level?

Coffey In the date ] bave reparted here that was not done, bat we have
reduced the temperature to —02  C, without any enidence of mjury

Shamacker You would not expect them to freexe at —2 C.?

Blar | have seen the temperature of human sabjects 10 cold rooms
repeatedly go lower thao that without any skin injury aad I have often
reduced the temperature of anmmals to —3  C. withoat evidence of cold
10
’;l?mhr Coloodd Blur nysdmcnnyb::ll be .‘chﬂemxem
YRIOMOtOT after peol | the e tests
mmﬁa\;&mumé‘whcgn{x_nrbeuphm:sndﬁmm
nerve conductivity or something of that sort, rather than oo the basis
of arculabon dlone.

Burch 1 should like to mentson some expenments which may throw
some lght o this. Wehxvcmﬂﬁmﬁcmlhulum;unm

cooled to 6 or8 F It wasnot passible
to control the pressure of contact but we ed it a3 well
a3 we could A number of the subjects did not d any freezing,
even at the end of prolonged contact with the cofd copper rod

In another expermment, we submerged an uolated leg of A it m &
frecang muxture and fonnd that of the leg were covered with # lot of
hair o little film of air was trapped between the hairs which acted 2t 20
nmlabon,mdmulttdmnmtxmm&xdeﬁ:‘fcoolm and freezring
3 mezsured with thermocouples n the leg are yarion
msufating materals on and in the skan, such a3 sebaceous material and

Lipsds

Horeath. You are back to the hzthpbl—hr}mnlphcnom
enon a3 opposed to the vasomotor T thisk 1 would agree that the blo-
physcal and biochemeal would be more umportant than the skin

tempenature changes.

Bebrke How can you say beophyscal at all, until v
the real entenon deep skin temperature? There was o
0 Cucago who was exposed to freezing temperatures
tempertture of the shin on the back was that of the _
freeemg but she had no frosthite of the skan in

3
r
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level, with only one third of the white exhi
— by i groop exhibuting frosthite, has
We sabjected many rabbuts to cooling procedur skan tempeer-
huaofﬂ:c[cdutbcaﬁmonofhawmcqtb‘:lgdmmm
Within oe hour the temperatuse of all tabbits was reduced 10 & similar
pattemn (0 sub-rero foat skin temperatuces  After this miel cwolmg
Euodofonebour some rabbits will develop severe frosthte after a
rther hour and a-hulf of cooling, although 1o other rabbuts the peo-
cedure may be continued for an addibwnal fourteen or fifteen hours
without any cold ey whatsoever The latter groap show st regular
tntervals the hunting reactson as & rewarmuny, and protectrve device.
Horvath The two groups were kept at the same temperatures?
Blarr Yea, but the pount 18 thn just because the temperature of an
area of sk cools down to zero centigrade, ar even sub-zero, it &5 00
indication of cold rojury Skin temperature may be held at  cibal
level for a peniod of an hour or for many bours wathout cold wjury But
at some pout the hunting reaction fails, skin temperature falls to oear
environmentsl temperature, and cold infury occurs. We have found the

crbcal skin tempenature [evel to be npi:mmmtf.ly ~5 C. Cold-mduced
vasodilataoa (hunting reaction) rewarm the skan many tmes at

temperaturea down to -3 C., but once skan tempetature falls below
that level cold-induced vasodilatation and subsequent rewarmung never
recurs The length of time the skan 13 permted to rematn below —3 C.
determines the extent and degree of frostbete produced. All of these
subjects would exhibut frosthite if thewr skin temperatures declned to
pomt tomuch lower than 9 C

Shuvracker Mr Coficy has not recorded temperaures that jow
Blatr But if he should follow the temperature pattern in these in-
drviduals #t levels below 9 € even though the cooling pattern and
tempenuture levels may be the tame m the Eslamo and the white man
[ am sure that the Eskimo would show a much more proloaged penod
of the protective hunting reactioa than the white man.

Burton It may be that the natrve does not let hus tempenture fall to
the crttical

Blar Or[:::ﬂ;m" pheral vascular mechanism may be condr
toaed to provide a very Joag penod of physiolo; protectio #t low
ambuent temperatures which prevents the tssues failing below the
ntica! temperature level and becomemg wojured.

Shamacker Itcnuldshllb:lvnmmotmocrul

Bebnke tissue remperature 1 the real cutenoa.

Blar Iuﬁcxpcdmmuof}»{r Coffey o they dud not go to d
tuxsue levels His problem was to explan why with both the Eskimo



A Comparative Stady Among Young Meles 109

white subsects cooled down to 9 C, onetlurd of the white
extubited cold mjury but none of the native mbjects did. There 1 00
duscrepancy here 1f ooe conndens the possible protective mechanisms of
the two groups, and the possible previous cold adaptatson of the natyve.
Barrox In other words, although the temperatuse corves are identsaal
downto9 C, you belicve they are not the ssme below that potnt?
Blar Yeu

Horrath Mr Coffer did you follow them below the cribeal Level?
Coffey In the data I have reported here that was pot doae, but we have
reduced the temperature to 02 C, without any evidence of mpury
Shamacker You would not expect them to freexe at —~2 C.?

Blasr { have seen the tempersture of human subyects m cold rooms
repertedly go lower than that without any skun wjury and 1 bave often
reduced the temperature of anumaly to —5  C. without evadence of cold

ey
Sbmlm&bndmuxnpﬁzrcmymubel‘dnﬁamm
1 4

res, after pasure, but the per e testy,
mmﬁumt‘,wh&mun\xcxph:mdundlﬂmm
oecve conductmity of something of it sort, ratber than on the basus
of arculabon alone.
Barck 1 should like to mention some expenments which may throw

sorme light on ths We bave ed to freeze 2 Joaal circular area
of skan witha bar cooled to 6 or8 F It wes not powble
to control the pressure of contact but we it g3 well

as we could A pamber of the subjects dad not d any freenng,
even st the end of prolonged contact wath the cold copper rod

In anotber experment, we sl an nolated legof a at m
frta;infmm(candfmn:\ddnnfdtlegwm with a kot of
baur o litle Gl of aic s trapped between the hales which scted as an
unsalation, and resulted in vanation o the of cooling 1nd freezmg
a3 measured with thermocouples in the leg There are probably vancas
m;\im\gnumbenmdmdxﬁm,mchuncbxmmmlmd
I

Hortabh. You are back to the calbiochemnscal phenom-
crmuoﬁ:md\o!ﬁuv\fml 1 would agree that the buo-
piaxal and bsochemical would be more important than the skin
temperature changes.

Belmke How can you ray beophysical st all urtil we know? It
the real criterion deep skin temperature? There was 8 woman patient
m Chxcago who was exposed to freezing temperatures overnight. The
temperature of the skin on the back was that of the ground, whxch was
freenng, but she bad 0o frostbite of the skin in that a2 The decp
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temperature subdermally over the trunk was perhaps much by then
:tmatmcpeuphndputof(hebody pemaps gher

Horvath That patient lost her legs,

nhi:bﬂ?h Have you made studies of deep temperature 1 the feet of
3

Burch. We measured the deep temperature of the rats in another
expeniment We severed the leg of the rat allowed it to seach ambeent
temperature, placed thermoconples at vartous d 1n the leg, and
submetged it in 4 freexing maxture  All of the leg did sot freeze, ] think
1t has something to do with the amount of air whuch 1 trapped

Bwrton Mr Coffey s results on differences 10 manipulatrre skill mveas-
ured at much higher temperatuce than these animal expertments, force
u1 t0 a biophysical-biochemucal explanatron, because after all the sensory
nerves nvolved are right in the top of the san. Tt would idicare 2
difference m tissue. However 1n the case of cofd wnjury that explana
tion may not apply 1t may stll be 2 vasomotor difference.

Blarr The buophyscal coocept would not explaun why anmmals ac
dimatired to long periods of cold cxpcnuealfcmmc ng remtkably
resiant to cold jary  As & matter of fact, we can almost ymmuneze an
anmma! agemst cold wyary by previons maximal acelimatizebson to cold.

Sbamecker 1t scems to me there stull remains the possibulity that ot
may be partly vasomotor because uCaptunBcbnkcmd,ptrZ-pﬂhc
group that petforms well and has just as kow & skin tempenature 23 the
other group that performs badly has & decp temperature which s hugher
We do not know sbout thar at the moment.

Barton. The posnt 1 the receptors concerned with the manipulation
are at the surface, 30 thes would not apply

C:?E; Your argoment 13 supported by the decline m temperature of
the unterphalan, junt.

Bmw-\Velgev’idomxxmbloodﬂmonth\kbu and on our
control group of medical students  Figure 13 shaws the sverage hand
blood fows st dufesent wates temperatures fror s C o 45 C. The
bands were 10 the 3 C.bath for only 90 mmutes m the case of the cootrol
group and for two hours 1n the case of the Eskumod, and we saw vasodils
fatwa 10 the bands of the controls but very Little 1n the Eskimos. The
Eslamos mamtamed » bugher blood flow at all imes than was scen
the contrals. In the forearm the curves were different and there was s
dilatztion et 5 C. 1n the Eskumos which did oot occur in the coatrols.
Also at $ C. the deep muscle temperatures 1n the forearm of the
Eskmas were lowet than m the gontrols. The drap in blood flow with
decresting temperature 1, on the average, about the same m the two

groaps
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Pount 13 Aversge forewrm eod hand blood 80w m controls and Eshwmos m
water baths «t temperdiares from 3 C 43 C quntd,m(bﬂpumm fram
Brown, G 3 Bmd, G S Delibrye, D | Greem, | E 1D
Page ] Cold scclimitmation Canad Af A [ 70, 238 (1951)

The detall of events in the 3 C water baths 15 thown in Frpure 14
There o more fluctuation in blood flow 1 the Eskimo than there s 1
the white man at this temperature and the deep muscle temperature
comes down much more quickly 10 the Esksmo than it does m the whrte
man, We think thrs 18 due to the greater blood flow through the hand
and the greater flow of cool blood in the venous spatem of the forcarm

At 10 C the results weee dufferent (Figere 13) At'S C the blood
flow 1 the Eslimo came down rpsdly w its Wowest bevel tur at 10 C
the hand blood flow 1 the Eskino declmed much more slowly thas in
the white man. Again, there was greater fluctustson in hand hisod flow
at all hipes as compared with the white man. Muscle tempenture in
the Edimo was a but lower at 5 C than tt mas st 10 C. Deyprte this
bow muscle tempetature, we have the definte impressson that there was
& maintemance of mamal dexterity which must ha ¢ been n
tome degree, on events 1n the musde of the foream m the It
nau(edmgttunhuviuldﬁmmsmwh»dlt.buemmof
toasue adapation as well ag erence tn the vasculas reyporge
™o groups of subsects, e



Barton, bexﬂr:mmdtbcggmplbommmed;puthx If we take

pieces of the bark of trees ar different seasoas of the year and put them

1n the r or we find & dufference 1n the degree of scute cold they

will stand before the metabolium 13 changed.

Brown. Haven't the Scandinavtaos shown a change in the consistency

of fat 1a the scchmattred person ¢

Horeath There has been a report recently on the sodime number

Brows. As you go down the leg of the snumals who live 1n the notth,

there are changes in the jodine number of the fat In these pssues.

Horrath 1 do not thimk we can eltmunate the vascular compooent 1n
trons of Ms Coffey s findings. We have a fittle more evidence

explanal
for the hiophysical-blochemical changes than we have for the vascular
ent.

compon
Bebrke What are the biophyascal biochemcal changes which would

make for bettet adsptatson to the cold
Barch Less water
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Facnx 13 The effect of immernion of band and forramm m water bath # 10°C,
The resubiy show  were obtamed on of five m the hand eudwey, and 0a
four controls and frre Eskimos 1n the forearm shudies Rm,
from Brown, G M Bad,G § T] Bwg LM 7, 1D Grem,
JE tcher J D and arcolabon
lwren 9 819 (1934)

Barton In the case of the tree bark, there 18 2 definrte change, with
the se230n, 1n the protein content Themdmmmgnamm
August when the temperature i atill rmng, the tree begrms to be
more cold reustant.

Blar It has been observed that as bong a3 the perrpheral vascular
mechannm are functioning efficrently po old inpuey will occur and
130 thet cold ingury occurs only when thes peripberad vascular function
fails. Would you put that on 1 brophyscal-biochemical baszs ?

We have repested anmmal expenments which demonstate that 30 Joag
s the bunting resction 15 present we can never fiet cold mpury but when
the bunting reactson fuls there o atways cold wnjury  The degree of cold
tmyury obtatned upon how long the anmal r cxposed after the
hunting rescton fa'l

Hortab. 1 m afrard I am not a strong belierer in the bantmg reschon.
After many attempty, I ha ¢ not sacceeded e findmg it

Blar We hare ncver had an experimental anmal exposed to cold
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that has oot demonstrated # very effectrve and
very efficrent “huntin
zp-bcﬂmnumﬂ.“ o Mdfolylo:ndmbym cofcoulmgcfthefno(tomz}g

o rer0 en
im0 85 g 14 20 € 1poatancous rewarming of the

Horvath My subjects have always been buman 1 canoot talk aboat
the rat, rabbut, and dog ”

Biarr Humans cannot be expoted to as [ow a temperature a3 rabbds.

Horrarh 1 bave had men cooled down so that the toe temperature was
below 3 C for two to three hours 1n some cases, and sometumes [onger
without much evidence of wjucy

Barch How did you measure the temperature? Was a thermocou
placed 1n the skan? * e

Horvath 1 have dooe 1t both ways The thermocouples have been oa
top of the skan, or threaded through the upper layer of the epsdermus.

Barch You measured the temperature of the interplse between tissuc
temperature and ambtent temperature?

Horrath Yes 1do not know of anyone who has not done that regard
less of the method. The fact that 1t 15 pulled through the epsdennis
reduces that fector somewhat. 1 think there 1 stronger endence that
that temperature 15 more likely to be closer to the sidn tem, than
13 the temperuture which 13 recorded with a thetmocouple oa top of the

skan and underncath
Blar fes may be placed on the tip aof the rabbit s toe on
the base of the toe, at the ankle, and at varwus pornts along the foot.

The thermocouple we use as the criterson for our cold mpury experiments
13 the one at the buse of the toes between the third and fourth metatarso-

phalan, s,
Sbmg:ie’ro There 15 good cvidence from plant studies that water
content influences the suxcepabdity to freeang

Horvath Tbere was Barbour s work (3) on the mt 10 1943

Bavtow Chatfield Lyman, apd Irving s determinations (6) were un-
c«?\uvoalmdaxeofloulmechmga,mim:-tcddntcbencm
of & gull did conduct to 2 lower temperiture after the bird had been
exposed and acelimsteeed than it did before when it was kept 1n the

[abora
lu;:gcofd}cruuluh{r Coffey has told us about, it seems to me

there was unequrvoal evidence of tissue change, that is, biophysial

beocherscal adaptation. For mstance, he sated that even though the

temperatures were the same the oot stiffness vaned,

f Hunter (2) was done with reference to

Co, The original work o
for o temperature was taken at the

external skin-jomnt temperature. The
surface of the pomnt.
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Horvath. And 1n the jownt?

Cofey No
Ho{z:b Jount temperatures ba e been reported for some tme (7)
there is & great difference in these temperatmres.

Coffey We bave suggested that the mtrve and white subjects show
differences in deteroratson. If this 13 due, a3 Hunter points out, to the
m:mcmtcntufrrmwnlﬂuninﬂxb\uu.uﬂrnmymhodby
which changes an occur dunng scclmmatiabon?

Broww Lsat Huoter planning to use 2n emima] large enough to enable
him to obtain samples of synovul flud from the jomts?

Horrath That can be done 1n the rat. You can get enough out of the
jomnt for mcrochemical analysis and also you can messure jomt tempers

ture. These measnrements are relatrvely srmple to make. They can be
donemth:ﬁngerpmnuwdlumthehrepnm

Coffey Do you believe we would find a defference m the synovul flusd
of the Eakimo for example?

Horrath 1 do not believe agything vatil I see the evidence

Shamacker Would pot thetmocouples m the joint wterfere wrth
jomnt mobility? Are these passrre movements of the jomts?

Co ¢7 Actually Hunter s method was to reduce the temperature of

until be obtaned & certam surface Then be

the mibject to flex for a period of ten

ath 1 have had ¢ thermocoaple m my knee jomnt and I have
mlhtdforﬁv:mﬂuvﬂ:humdrm

Bmanllg‘l’l-'twﬁ.hDr S:\md:erthnﬂm:uuncqmvocxlcndm
for brop albrochemsca! and alo for the muportence of
the vasomotor factor Idoqu:mucCohmdBlur-pomof ew
that only one is inportant

Blair 1 agree with yon, Dr Barton, that both may be auportant, but
to place & biochemucal state as the t factor 5 definutely con-
tradictory to the evidence we have e ascular endence, at least in our
experunents, 4 30 impressve to us and to those for whom we have
demoanstrated tt, that we feel 1t must be recognezed at least as 1 very
mmportant factor

Horrath. Let ns merely say that apparently both are invol ed, and
that at the moment wr shall pot sttempt to deaide which 15 the more
umportant.

Broww May they not be connected ? May the amount of vasodilatation
not be related ta the bophyical state of the tissue?

Bebake Why not elunmate the vasomotar cut off the blood supply
and repeat these cxperiments?

Blarr We bave done that, ‘We have put toarnsquets on these animals,
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and then they all freeze 10 approximatel. the same period of tune. On
the other hand, if the vi tupplyuylcftmu.ct,ﬂnmhgmdn-
ucpancymﬁcmugu.mmdfmgpaﬂnm
Barson Then the rabbit does not have o bophyacal 2daptaton.
Travel/ The flexbility of the interphalangeal joint docs not depend
only on the state of the jomt, but also on the conditon of the small
muscles of the hand, the mterosser and lumbecales. Shouldnt you
measure, not onl temperatuse, but also muscle res in
the hand itself? ¥ port tempeny femperkts
Coffey Tt may well be that the method Hunter used for measurements
was not sensutrve enough, but he demonstrated that the joint flexibility
decline was dependent on jomnt moling alone, regardless of whether
there was cooling at the jount, over the whale hand, or of the hand and
wrst, there was 0o difference m flexhility This seems to s that
the friction at the joumnt, duc to the change w1 viscostty o the factor
To sum up I thunk the finding with which we are most concerned 13
the fact that the differences between the natrve and white subjects are
defirutely of & physiologeal nature, and cenpot be attributed to anything
psychological, such as work organmation or efficency 1 the cold.
There 13 one powt | did not mentson. We bad thoaght thete would
be differences between the Eskamo the Indun, and the half-hreed, 1n
terms of the decline of manual dextertty and other functsons. But oa
the basls of the present dats, there was no endence of any maaal pattern
emergmg 10 any of the areas 1 menboned.
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TABLE XXIV
Bane Composition of Rations

N R Y
Casern 130 213
Shortening (Cnsco) 23 250
Whest germ ol 25 50
Com ol a 100
Mineraf salts 40 57
Cellulose 20 29

100.0 1026
Fat content per loogmmj%J / 19%
Calonies us fat 112% 623%

bL;Tymmm,mengé,LmdB:hlnan‘LhL The effects of diet
and cold ca compastson and fat dutribetian 1n the white rat. Cawed J AL

S 31 22(1933)

adequate, and the high fat dict contalned 33 per cent carbohydmate. It
1s far from being & ketogenic diet, even fn man.

The second pomt 1 that we Lept the protein level low namely 13
per cent on the low fat ration  This would not be adequate for young
growing rats but it was suffiaent for the rats we wed, which weighed
about 300 grams. In the cold, where the food mhake 1 doubled, the
mtzke of casern, in absolute values becomes quite high.

Changes 1n body weights of these animals are filustrated m Figure 16
At room temperature, the high-fat group weighed more than the low fat
group at the end of the cxpermment. In the cold there was a small loss
1m body weight 1o both groops on the fist dayorsoat 8 C and then
growth was renmmed. At this pount we Jowered the tempensture to 3 C,
und kept 1t there until the end of the

Thehxgbfunnoﬂobvwmlydndm(unpmmxsundumj;ﬂx
first stage of exposure to cold, but Jater on this group gamed steaddy on
the other one, and the final difference m body weght 1s signuficant. Pos-
sibly of more mterest are the changes tn body composition, which cor
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urs 16 Lects of duct and exposure to cold on body weght m the rat

respond to the differences in body weight observed termunally (Table
XXV

Sba)ﬂmbn Were they mocabocxc?

Pagé Y e, 1n the seme that the amount of protewn, muneral salts, and
rtamuns, was the same m each raton on a calotie baus,

'ﬂlcfmn:mbodyvn at room tempertture amouiked to 96 gt
oa the low-fat raton, 129 gm oa the hugh-fat rahon, a difference
of 33 grams. I we look at the total fat content, the difference 1 of the
order of 29 grmms. It s quite obvious that at room temperature, the
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antmals on the hugh fat dset took more food and became obese. Some
had as moch 13 130 gm. of fat. In the cold the difference m body weights
between groups was smaller, but still ugnificant. It was of the order of
18 gm., the anmmals oa the high-fat diet bewng the beavier anes. Here
the difference did oot to any deposion of fat. Of the 18
gm. of additonal weight, only 4 gm. was fat, 50 we an conclode that
1n the cold the animals oa the high-fat diet actually showed a Jarger
growth of acttve tissues.

Fat dutribotion 1 expressed in Tahle XXV 1n ges of body

We divsded the fat mto three categories fat referstothe

fat in the pelt  skeletal fat 15 that of the dressed carcass, includng the
lungs, heart, spleen, liver and kadoeys  adipose tusue  inclodes the
:cxpuh:mdpelvhnfnbclu.plmnllﬂxhlofthelbdmmmlcxnty
At room the anumals oa the high-fat diets sccumulated
more fat, and the proporbon of fat in each fracton was larger as you
would expect. The same was true m the cold, although the differences
were not significant - As you know 'bcnmmnnxlderpmiuflt,ndou
30 1n preferred reglons, sach a3 the ebdamunel avity

the animal becomes fatter dxpcn:mngtofthemlfulnthedlﬂm
regrors changes it 15 lower m some and m others

In order to arrrve at & troe estimate of at distnbatson, wvolving 2
prog; incresse 10 fat dep we are abliged to resort to regres-
woa Lines, a3 shown 10 Figore 17 In abscissae we have the amount of
total body fat in grams, and m ordinate the amount of fat m esch frac
tion &l30 in grams  The solid line repeesents the high fat group and the

srem T,
i e
-
i
: ;
H - -
o L I 1
t) ) =5 M O3 ML NN MO NI et A3 48 C

L Hian
Pwovxe 17 Fat dotribuban {o cold envionment. Low fat duet  High-fat
et — lcpmxrdbyyamon.fml’-gé,! sand Babenerm, L M. The

effers of deet mdmu composzhon end fat drmbobon In
nr Caal | M S 31 22(1953) the whoxe



122 Cold Injary

iotitdomﬂ:cluwfstgrmp It 15 quite obvious that the nature of the
ng;mmmégmcwmmofm In fact, it 8
g 0 shoald
nmwwmkcﬁmmmﬁmps averlap esch other so well.
Figure lssbothheumesortofmmgforth:xmumntmpm

rao,

-
2.
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SRELETAL PAT

FGULE 18 Fat dutnbutson at room tempersture. Low fat dict High-fat
The

diet ——
effects of diet and cold oa and fat datnbatron m the white rat.

Canad | A S 31,22 (1933)

ture The scale 13 reduced because the fat content it so much higher
but 1f we were to plot the previous values on this graph, they would fall
10 line with the values for the bow fat group Here, again, there was
no ngnificant difference between bigh-fat aod low fat ratons  The
trend, of anry was toward a smal} proportion of the totsl fat under the
skin on the hugh-fat mtion. To conclude, there was no reason to belicre
that 2 high-fat ratson would lead to a prefercatil depositon of fat
under the skin.

F 19 shows the same values expressed in percentages of the total
fat, for rats kept 1n the cold. The mterest of this Les in the finding that
with incressmg fat conteat, the p: found in the dressed carcass
may drop from 63 to 30 per cent, while 1 adipose tusue 1t rives from 25
to 30 per cent. It follows that fat distribution cxpressed m
may be misleading when comparing rats of dufferent fat contents.

Percentage values for mats Lept at room temperature ace dlustrated in
Figure 20 One pomt of interest 18 the fact that the skun fat represents
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T X westraeee

SKELETAL FaT

- SKIN_FAT

FAT CONTEMT OF FRACTIONS
{%OF TQTAL FAT)

L o . PR

0 20 30 40 80 €0 70 80 B0 KO Wy I30 00 WO
TOTAL FAT (GRAMS)

Fruze 20 Pndmnbmmupumgeofmulfnn:mmme Low

fat diet High fat diet —— Repemted, by from E, ond

Babinesn, L M. The cffects of diet and cold on fut destri-
tnbutson 10 the white rate. Caxad [ Al Se 31 22 19}3;

mrun: Dunng that pesiod, chaoges in body weight were the same m
groups at a grven temperature (Table XXVT)

The food inteke s expressed 1n calones day per kilogram of body
weight, and finally per mctetofmymrfncr_Onth:hm::
bans we observe that the food was utiloed & little more efficently oa
the high-fat ration at both enviconmental temperatures. Forbes and his
co-workers |(4) did some very precise mensurements of the efficency of
food utiluation st different levels of dietary fat, and they armrved at
umiler velues when companng fow fat to high-fat mtrons. These
authors suggest that m high carbolydrate diets the energy ex
pense of food utilizstion 18 caused by the syntbess of fat from carbo-

bydeate.

Table XXVII shows the liver wesghts of these same animals. When
we discussed thes earlier it was suggested that oo 2 bugh protein diet the
Liver was larger We found that [ieers were larger on the low fat ration
at esther temperature, and larger in the cold than at room temperatuce.

Barch What type of fat did you use?
Pagé A maxture of wbeat germ oil con oll, and shortening (Casco)
Bebnke Those percentages arc in terms of gros body weght they
mnotnhsolmchverwugﬁ: are they?
Pagé Absolute liver weights are also shown in Table XXVII The
about 100 gm. more, 80 we must

ity at ooMm temperature w
express liver weights oa a weight baus to obtan 2 clear pucture

—
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On 1 fat free bass which we have slso aalculsted, we obun truer
vales became the sctrve tissue mass 13 not duduted with excess fat
This expermment dealt with rats on erther & hiph- or low fat rataon, and
s rather low-protein level  We next doubled the protein mtake oo the
fugh-fat ration, st to make sure that there was 0o advantage to be
from a loan consumptsan of protem. There was oo difference
in body weight grins, erther at room temperature ot 1n the cold (Table
XXV

TABLE XXVIIT

Effert of Diet snd Enviroomental Tempersture on
Body Welght Changes in the Rut
{Average inltlal body weightt 292 gm. for all groupe)

(pruficence
Fraf Canges of
Nemmber | pody o Body | Duffecencen
Rats Weight Weight Betveen
igm) @m)
*)
-
Room temperature
Medm proten 29 0L 134 145X T >6
High protem 29 436 90] 4172
Cold room
Medium protein 24 290 = 790 35 44 >4
High proten 20 {293t 70| —10 % 40

ed, from L sod Babincau L M The effects of diet
e L A T 0
1 23 (1933)

1 should Uike to pomt out that i the previous expenment the raty
too\ about four months to regain ther ungmal bodv weight At the
tume of sxcnfice they were in ery good condition, with aleek fur and

few mmstances of tal necroan lndur:!ﬂ*tuc.ch:rlugumddw
onginl weight in onty 73 days they had the iame mitual body weight as

the others, but thetr Gral condition drd not 10 be 23 good. Here
we determmed body omposton  terms of fat water and [at free dry
fnatter, thmbang that y there might be a partul replacement of

watet by fat in the co
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Pagt 1do not know It has only been messured on portions of pore
ad pose tizue,

Bebuke Thu'mumanthcdrymncndwmldbemi&nm
percentage were higher the percentage of dry materia 1 protem
and muners] matter would be less.

Hortath Lowry (6) and other expenmenters, bave not been able to
d mn a rat, wesghing roughly from 200 to 300 gm., there
unnrhohdnngemlhcﬁl(m%odym

Pagé That1s why | am a bittle wasy of these results. In fact, the
10 the cold ) more nonmal than the ones st normal tempetatuce.
Perh:pivedmknvengwdumple

As we have scen, the faf content of anmmuals Lilled wpitially s the same
»s that of cold-adapted rats nlled later Water content 13 also the same
So there i1 00 clear indicabion, except from the queshomable s! that
there is 8 change 1n water content with aday tocold At differest
trmes, we have also measored the pertrenal fat as an ndicanon of the
total fat cortent.

Figure 21 sthowt the correlation between perieenal and total fat in
three groups of rats. One 15 the mtisl group of the present expenment
(AA4) the second (BB) u the low fat group of the first expen
ment mdthedurggmp (CC) 1 the highefar group of that same
expeniment. Line D refers to the three ps combmed, from which
wduwcd&mfmumblhovanlblc)E&L

As you can see the lines follow each other very dosely whnch inds
cates that pericenal fat s o farly good mdex of total far - Actually the
cocfhaent of correlabon o of the order of 096 for the three groups
corubined.

1 should now like to show a few data regarding penirenal fat at the
beginnmg and at the end of exposure to cold (Table XXXI) If we
lookndwhnmmlmmthn%hi.weunmdm‘hm“
mewsured total fat as well as perirenal far there was very good agree
ment between the estimated snd measmired valoes Series A refers to the
tast expenawent and 13 mermored before the cold-adapted anmals were
00 futter nor were they leaner than the controls sacnibeed mitially In
sercs B we are dealmg with the previous ex Unfortunatety
we did not measure total fat m the controls on the baws of
renal 3t the cold-adsped soumady appea to ha e grown fatter althoush
m ooe mstance they actmally wesighed less The last set of data refers
to much smaller wnumals, some of which were Lept &t 14 C., a much
mulder ennironment Here growth was a3 good 10 the cold as a2 mom
temperature, but the fat contemt was apprroadly greater o the cold
Thu, we have m serwes B whot appears to be a paral replacement of
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Figurz 21 Correlaton between fat e0d tota] fet. A4 fox cxrw BE
D three combined  Repeinted, by

low fat diet CC mgh-far et groups
from Pagé, E and Babineay, L M The effects af dwet and cold on
iroa and fat distribubon w the white rat. Cosad | AL Sc 31, 22

£1933)

wiatey or other constituents by fat, and m series C 1 preferentual depos

tion of fat partially at the expense of actrve tissue growth.

Tbcseucmylkctd:ydlhlndl:mpmcnnngtbmmiyml&mmw

late discussson. § remember Dr Burton s m man
which 1t was found that the calonc itake during the first fe'
exposure to cold was much larger then the calonc outpat. On
o{wxruhulmccmdbodywughr]behmbcmggcnndutthemthn
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ths t by through replacement of water by fat o from
vt o g by ot ongratng

We have no further findings, 13 yet, 1n connectson with fat dustribes
t00 and body compostion. The oaly caaclusion we can draw 1 stmply
that exposure to cold and changes in diet do net affect fat distribation
aqy effect of a high-fat ratson on body msulation regults from a possible
xmmmlfmmdthldxﬂmmddtmzﬂymomdﬁ-
cent dustribution of that fat,

We turn now to intermediary metabolusm, We felt that if a fat
raiton was more benehai in the cofd, 1t mught be because co(dih:ﬂ;hd
oty burn fat preferentlly We thought a study of 1y quotients
might yield some useful dues (8) We used the o
gravioetoc metbod, Measurements were made either 8¢ 29 orat 5 C
over & penod of two bours. Table XXX1I grves the pattem of the cxpen
ment  We compared rats adapted to low or hugh far rations, xnd
adapted, or not adspted, to cold. The rats were fasted for 26 bours at

TABLE XXX

Average Body Weights (in grams)
at Tyme of Reapiratory Quotient Determinations

Low fat diet Multose _oun_
29 C Notadapted | 166 (10) | 215 (19) | 204 (18)
Adapted 238 (13) | 254 (21) | 235(21)

5 C Notadapted | 136 (13) | 204 (17) | 204 (16)

261 (12) | 244 (18) | 246 (18)

Adapted

High fat dsst

29 C, Not adapted
Adapted

5 C, Net adapted

Adapted

Number 1 besckets mdscatrs the pumber of anbmaly per group.

and Chénder LP  Effets of diets a0d
oo oot oo st o i s it et el s WA

@
12 330 (1933}

185 (15) | 184 (16)
183 (13) | 189 (13)
183 (17) | 183 (17)
173 (16) | 189 (14)
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ro0m temperature, even in the case of the arumals Iiving in the cold, We
felt, 83 does Dr Scllery, that prolonged fasting in the cold would wress
themn unduly The pumber in brackets refers to the number of determox
tiors  they were made on different anpmls for & grven expenment,
ahthough the same anumaly were used both in the fasted or fed state. In
the Jatter mstance the rats were faven euther oil of maltose by gevage
one hour before the R.Q determitabions were pude.

Honatp Why dad you usc maltase?

Pagé We felt we mught have 3 more sustained shaocption (f there
were some dipestive work Ivotved, and particularly lexs osmotc du-
turtbance 1 realire now ot would not have made much d ference

Adaptatson conanted of exposing the rat, for three weeks or mare,
to ant envirorment of 8 10 10 C, which was higher than the one we
wed before. There were two reasons for thi first, there was no cold
oom avalable st a diffierent tempeniure second, st this tempetature
the initid phase of body weight los, whych 1 # 3eroos stress and ma
tead to ocersional deaths was elimuated By exponng the ntyto 10
only we svorded thus factor and sull phtamed sdaptation

Toble XX shows the respiratory quotients measured at 29° C.mn

TABLE XXXIH

Effects { Diet, Text Meals, and Aduptation to Cold,
on the Respirstory Quotiems of Rats at 9 C

P M 00
Low fat diet RQ SE RQ SE RQ SL
Not adapeed to cold 072 006 0952 016 0746 003

b <ot 4 <03
Adspted ¢ 0723 003 0970 .01z 0733 .03

I
High fat diet
Notediptedtocold 9722 006 0847 011 Q731 007

g’ 2 < o3 3
Mipttdmcnid 0T 006 0B8R 014 0717 009

by permuion, (1o Pagl, T and Chbrser LP [Hects of duts aoed

€nvironmend on the fesperaioey quotere of the  brte cat. R
12 $0r19344 = sadf o bl
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fats on either diet, and ada or noasdapted to cold. All valnes fall
W*f‘;mﬁwwrdnnsc. lowest being 0 709 and the hughest 0 570

1f we first look st the effect of feeding, we find, 25 be expected
thntndurpnxmﬂ:cKQ occmmdfollcwiugﬂx.g::mmﬁ
maltose from 0 752 to 0952 and from 0723 to 0970 and so forth. Oa
the other hand, the ol had no ugnifcant effect on the RQ aod we
presume that the absorbed fat was deponted without being apprecisbly
transformed,

If we go on next to the effect of the duet itself we see that the RQ s

were always lower in the high fat group for & grven treatment. The
values underlined are those where the difference hetween diets was
statshcally sigmificant It 1g not ugnificant betweea 0 725 and 0 709
forunhnce,pmbublybtauscthelnwfudmvdwmcqumluvm
there was oot much leewsy for & fucther significant lowenng to trke
place.
I must say that this finding 13 completely m accord with those of
Samuels and his co-workers (9? Using different critenia they reported
that amumals bum preferentially the foodstuff which m
the previous diet  That accouats, I imagine, tor the consistently lower
R Q s of the mats adapted to the high fat faproa.

If we move 0a to adaptation to cold whuﬂ]uﬂxmagmfﬂm
work, we find m the fasting anmmal, and 1n those grven ol = RQ
10 the adapted anmmals The differences are ficant for rbctfiav‘;x;

te 0752 compared with 0725 0746 compars

g%?i‘lwymmtugm&:mrmthehxgb—fngmnp’ although the
changes are 1p the stame direction. Here control valoes ase low
enough so that there 11 not much chance to demonstrate a further Jower
10 of any magnaude. If we look at the figures for the maltose-fed
ensmals, after adaptation, we see the reverse. The values arc alwers
hlgbcrmthendaptcdmmls,mdthcmcfmﬁmngvduuu
ugndficantly greater m the adepted rats, 1 every instance and irreapec
trve of diet.

When one has such unsupported a3 these for the RQ  they
may easily lend themselves to contradictory mterpretations We ought
argue, fmm;nnce,thntheammxhhxmcn.rbohydmagz{muhlly
after adaptation to cold and 15 2 consequence will deplete thesr glycogen
stores more exbaustively durmg fasting because they will bave oo choxe
but to burn fat at the time of the R.Q determmation. 1ikewlse, butnmng
carbobrdrates preferentially they will show a hugher RQ folbowrtg
glucose absorption. That 13 one way to {ood. at these datx. We aught

e view that anumals adapred to cold buen fat

also adopt the
pttfamﬂptxﬂy soDP have 1 lower RQ 1 the postabtorplrve state.
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Fo\lovmg&xu!mnmmnmn(mlkeu,dqmaybemmfmmmg
glocose into fat more quuckly hence the greater nse observed.

We thoupht thus Mddabc drucktd.m‘dudmd"eﬂh;whmmmnd faming

valoes m ot 8 to g 1 ion.

ﬁ:(imgemgmmthn hm.::? (dmldhhtoshowycu!}wk_:; sat
3 C for these anmals.

Crismow Dr Pagé what does the RQ of the process of conversion of
£at o tarbobydsate smount to?
. P gé 1n ah ammal that is donp, nothing but convertmp supat wio
at?

Crismen No converting fat to carbobydrate

Pagd That would be below 0 7

Honath 066030

Pagé There u a great deal of arg about the of
fat tnto carbohydrate, bur these 15 more x0d more evadence of gluconeo-
genesss from fat, and 1t 15 4 good post to bear i mmd

Wehave here {Table XXXIV) the RQ  alues st s C Inthe fasting
state ot following the adminntranon of o, we obtamed absolutely

TABLE XXX1¥

Effeet of Diet Test Meals, and Adapiation 1o Cold,
on the Respiratory Ouotients of Rasmt o €

Smmg ke Ol
Low fat dict RQ SE RQ SE RQ SE
Notadapted ocold 0699 002 0814 006 0699 002

P 3 <01 8
Adapted to told OtHt 0O} DASY 007 0658 002

High fat dwet

hotadaptedocokd OGBS 003 0736 010 0683 004
P ¥ <m 3

Adapeed to cold 0686 003 0801 OOR D60 004

from Pagd T and Chinstr LP Efiects of deets and

[
tfm roament oo the ol the
o i TOPLIOry oot shit r Rer comid J Mool
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minimal values mdicative of the exclustve oxidation of fats. This was
in accord with the previous findings of Rayser aa nts (10) hamstens
(11) and gumez pigs (10 11 12) His observatsons were pertups more
conclustve in the sense that he measured the R.Q over three contecntrre
two-hour periods the center one being either 29 or 10 C., and the
outude ones the other temperature In that war be was able to show
alowenng of the R.Q 1n the cold, end s mse at 29 C.

If we are to mterpret Lterally the lowest values obtamed (0 683 and
0686) 1t must mean that there i some conversion of fat meo casholy
drates Howerer an expermental error of 0015 s not unususl 1 sach
determinatrons and I should hesitate to draw say conclusions oa thet

pount.
Follcwm%’givagcwuhnmlmse we found the tame thing 230t 29 C.
there was 2 larger rsc 1 the cold adapted anumals In summary observ
ations made at 5 C. confirmed those at 29 C, with respect to maftose,
whife 1n the tasting state the R.Q s were just as low as they conld be 1n
all cases.

Table XXXV thows the effects of these treatments on the metabolic
rates These are expressed in calories per square meter per 24 houns,
taking tnto sccount the caloric value of the oxygen consumed ut dufferent
RQs
Bartn What did you do between the total R.Q 1nd the ponproten
RQ?

Pagé [ignored the protein R.Q

Burton. You assumed that was & constant proportson?

Pagé Yes. At29 C, the metabolic rates are uoiformly higher in the
adspted anumals, and with one exception these differences are
cant. The differences are not a3 large as those reported by other authors,

ly because we used a higher enviroamental tempersiure 1 the
cld namely from B to 10 C, mstead of near zero

1 might add that we measured the activity of these animals beng
tested for metabolic rate, and found, a3 you might expect, that festmg
anumals are restless they tum around 1n the cige, scrtch themselres,
and otherwise merease therr achvity whereas following & hexvy dose
ofmzuoxod,theymtobeluﬂtdmtonplmmdomgmm
are much quister We cannot expect 1 nse 1 culonc output following
maltose adminustraton whech would represent the energy ed in
digestive and absorptve work I think it would be quite impossible wrth
aty

In the cold, the energy outpnt 15 roughly doubled  this findiag 5
line with other work  For some unknown remson, it 18 8 Iy
lmmdleldxptcdmimhmtbcflmngn-tcnndmtbcla"fz!
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TABLE XXXV

Effects of Diets, Test Meals, and Environmental Temperature, on
the Metabolic Rate of Rats Adapied, or Mot Adapted, 1o Cold

Fazmg Mabese el
Low fat diet Calorses® SE. Calones S.E Calones SE
29 C,Notadapted 1025 360 1044 274 1007 239
P 02 <03 <ol

Adapted 1093 274 1143 317 1153 274
s € Notadapied 2243 385 2184 418 2133 M6

P 09 <03 >0%

Adapted 2252 389 2318 461 2243 350

29 C.Notadapted 100 216 10% 274 919 317
P <ol <ol <01
Adapted 1130 245 1169 243 1143 201
s C Notadapted 2300 288 2243 317 2182 118
P <02 9 3

Ad:ﬁeg 217 302 2291 331 2127 288

*Calanes pot square meter po 24-houn

deet but because of the actrvity factor 1 do not thmk we should attach
toc much mportance to this difference

{ must 53y that we were promanly wnterested in RQ chanees and |
would not like to argue onc way or anather as to changes in beat pro-
duction m the cold following adapistion

3§ Hers What fand of ol was uzed?

Pagé It way Marola O, Le, comn oil

T summarize tns part of our work, adaptation to cold m the animal
frads to fower RQ 3 mn the fastng state and to hugher RQ 1 m the
process of bnorbuig carbohydrate To see whether this was due to
preferentuil use of fat or of carboln drate, w ¢ measured fasting elycopen
tn rats under samulat condihans, and also glucose atworption,

o 7
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Table XXXVI grves glycogen valuces 0 anuals fed a high-fat, or
low fat, ratson &t room temperature and in the cold also shown e the
body weights which are quite sumilar and the liver weights, As we bave
seen before there 13 an increase 1 liver weight in the cold, Livers are
also larger 1a the cold oa the low fat ration than oa the high fat taton
thnSamudsnkrfPhugm;p(sa whom I menttoned before, have shown

n rats kept on 2 hugh fation, the nonfasting liver ghpogen s
lower than on & low fat duet, but hugher m the fasting state. We an
therefore assume that at room temperature liver glyoogen would be
higher on the low fat dict  After fasting, we have on the high-fat ration
a reudual Liver glycogen amounting to 20 mg per 100 gm of body
weight, which 15 the same value 15 Samuels reported. Inadentally oll
rats were fasted at room temperature as previously

We know from Dr Sellers work, that in the nonfasting state, lrer
lycogen 13 higher at room temperature than m the cold. Follow
asting, we found that the Liver glycogen was 10 4 mg 1n cold-ads,
low fat 2numals instesd of 3 4 at room tempertture, which o three tumes
as much lanlgmﬁantmux_ 1 thiok we can assume that anmmls
adapted to cold maintain Liver glyeogen slightly better dunag fasting
and consequently that the lower RQ s 1 adapted anumals re the resalt,
not of 1 lack of glycogen, but of a preferentral ntilization of fat (soce
the R Q 13 lower m ed rats m spite of 2 hugher glycogen reserve,

Funally we have the muscle glycogen. There ts no significant differ
ence between any ps at any temperature there 15 merely # shght
tmd&xyfmdnvﬁtob:hjghumd:ecold.l.c 309 compared wth
557 aod 564 compared with 381

Crismon Dr Pagé, have you any figures showing sctual measurement
of nitrogen excretzon m these groups?

Pagé No I huve never measured st

le;l'ﬂ We have data on that, Dr Criumon

Crismon Does it change m the cold?

Sellers There 15 an incrensed excretion of mutrogen, as soca #3 the
mnmhmphcedmthecold,mgudlmofwbethcxt}w;mmtoffwd
offered 15 increased or oot 1 assume the Increased excretion 1 beorsse
of the stress of the cold, but because of the cold the anmals condition
detertorates if a larger amount of food 14 not given.

IE the antmal 15 then fed «d frbutam tnstend of the sume smount it
wutzhug-tmomrcmpaanuc.mcﬁndubndxrcbnmcmdﬂr
maxmmmgmmﬁmwh@mvbtﬂm“mwl::
obsecved on putting the asumal 1 the cold After equilibraum hss

and the proportion of fat in the diet 18 vamed, 1t 5

established,
MtbcmmgmanﬁmuwndPﬂmP‘lbh’d’"md
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nttrogen taken 10 Thneforc,mzhlghfntdlnt,mvhschthcpuomﬂge
of protetn ts Lept the same as on # low fat diet because the animal takes
m less nitrogen, 1t excretes less nitrogen.

Pagé 1f the proten level s adjusted to the calorc content of the
ration, for a sumuler number of calories consumed the antmal obtaing the
same amount of protein

Sellers The only way it can be adjusted 15 by sdding some inett
material If we do pot dd celluflour ar something of that natare to the
Egh—fn diet the calonic intake 18 higher for the same amount of food

my experience, the caloric 1ntake is the greatest e factoc gover
mg the amount of food consumed. ’I‘bcrefurc,?;gll high-fat dwet,
undxlmcdmthmmmanthccmeumofmnogmulcnﬁnnml
low fat diet.

Pagé 1t 1s lasger because the alonc intake is slightly higher We
bave a low fat ration with, say 15 per cent protetn by werght which 8
the level T used On the high-fat ration I rassed the protein content to
22 per cent, 50 that cach hme 2 rat took 100 calones 1t consumed the
same amount of protem, irrespectrve of the fat content of the mtion. If
they take more on the high-fat rabion they are to conRIME MOTE
asein as well 1 do not think our diets are e

Sellers You have changed the protein percentsge in the dret you
should keep 1t the same

Crismon The question 1 raused has to do with the matter of the RQ
I thiok Drurys studies (13 14) are important in this relation. He
showed that # far greater rtion of proteln 1 potentually convertible
to carbobrydrate than the cijpcIcmtofprotemfounuIyﬁ)wgﬂ
to be couverted. In other words, on materal balance studies i dusbetic
dogs, Drury was able to demonstrate that wirhually all of the caloss
fcf‘l}:dmfomnofprotmcmﬂdbcmmtcdfmumxboﬁzcd“
excreted carbobydrate If the frachon of proten bemg converted to cur
bohydrate 15 a vanable feature of intermedmry metsbolism, then it
&msmmmlgmmﬁxmmgmmmmpbmthﬁﬂﬂ
fixed and always bears 2 constaat relabonship to the totel amount of
carbohydrate

Pagé That is quite true. There is no direct evidence here to ducard
the protein metabolusm and coasider only the fat and casbolrydsate Bat
there s this point I know of no endence that m the cold there is &
greater requurement for protem 10 fact, 1t 13 the other way around.

hﬁtd:dlsworkmm(l)husbown&nthncumgtbcpm
coatent has & depressing effect on resustance to cold. We are not led to
belicve that adaptive changes are duc to mereased conversion of

to carbohydrate.
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Crismon that the difference m Liver glycogen m part,
gwimg to the different mte of conversion of protein to e.
Pugé That has been shown with high-protem diets as well. One
observes this phenamwenon of a higher liver glyrogen on 2 high-proten
dict an the fasting state.

Crusmox  As glyconcogencns of proten proceeds at a greater rate,
doesn t the R.Q change?

Pagé 1 1f the protem were transformed to carbobrdrate, it
lomcrng whach 13 the same effect that we have observed
bere.

There 13 one Jast point tn coanection with the fasting glycogen values
we have measared in beers. They are pot true hibermtons
move around. s were in a wooden house, well caged m,
with no sccess to food. After I thmnk, a three-month fast, we found
that the Lrrer glycogen was of the order of from 2 to 4 per cent for the
group of three bears One my wonder how they can retun such a by
ﬂymgmcommxah:rlrw%wuunyunmh:vumnnmtg the fat
stores w ere still quite hugh  Unless they had preserved the bl glyco-
gen without utidming it for 5o many mooths, which 13 hard to believe
they mrst have tramformed erther protem or fat mto carbobydrate.
Horrath. It may be observed 10 certam msects if they are fasted, and
they start off with a high fat content, the fat gradually dappears If
they are sanmg, o 1 coaverted nto carbohydrate then there s a

P g¢ That 5, a progressne tramsformabion of fat into carbohydrate
Is that fauly well accepted?

Horrath 1 do not thenk it 15 well accepted, but at least there s vt
dence there, and further iovestigations should be made. I have a
tendency to believe st can be done, myself

Barton. I believe there 15 some very old evidence (I have forgotten
the reference) with regard to plants. (

Horrath, The castor ofl bean is one exzmple.

Bartos. In cold dlimates # is very mach favored that 15 m the old
French Literature.

P g 1thmk Bacchus (13) suggested that gluaconeo from fat
under the mfluence of maisone o stmulated by large of ascorb
sad

Table XXXVII retams us to bigh and low fat ratioas. We have
started glacnse absorption 10 anamals adapted to cold, but 5o
ﬁ:hmmdﬁlmmhm:higb»mumn (16)  As you know the
sbeorption mate of gineose ks less than on o high-aubohydate ratoo.
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nitrogen taken in. Thcrefort,mnh;gh-fnd;ct,mwhﬂ;dxpcrmﬁg
oft)mtanukcptthcslm:nounlowfudxdbeczmethelmmaluka
1n less rutrogen, st excretes less nutrogen.

Pagé If the proten level 15 adjusted to the caloric content of the
ratton, for a smular number of alones comumed the anmmyl obtaus the
same amount of proten.

Sellers The caly way it can be adjusted 1 by adding some fnert
material. If we do not 2dd celluflour or somethmg of that aature to the
hugh-fat diet the calonc mtake 15 higher for the same amount of food
In my expenence, the calonc intake 13 the grestest sngle factor gover
ing the amount of food consumed. [herefors, on a highfat dret,
undiluted with iert matenal, the excreton of nifrogen 13 less than on s
low fat duet

Pagé It 15 larger because the alanc intake 1 slightly higher We
have a low fat ration with, say 13 per cent protein by werght whach is
the level [ used On the hugh fat ration [ rtused the content to
22 per cent, 50 that cach tmme 2 rat took 100 calores, it consumed the
same amount of protein trrespective of the fat content of the mnon. 1f
they tele more on the high-fat ration they are going to contume mace
casein as well Idromtti:unkouxd.lctxu‘tcum}:m‘.:glc~

Sellers You have changed the protem percentage ta the det you
should keep 1t the same.

Crismon The 1 raised has to do with the matter of the RQ
1 thiok Drurys studies (13 14) are umportant m this relation, He
showed that a far greater proportian of protein 1 potentislly convertible
toarbobyd:u:thmd:cnmdispcrcmtofpmmntomlydnugﬁf
to be converted. In other words oa materual balance studies m diabet
dags Drury was ble to demonstrate that vurtmally all of the ctbones
fedgmiheformufpmtunmuldbexmum:dbf;;u i of
excreted carboliydrate. If the fracton of protem being coaverd ar
bohydrate 13 a varuble feature of intermediary metabolusm, then &
seems unsound to tgoore the pitrogen excretion oa assumption that £ 5
ﬁxcdxndllwxﬁbanlmnmmfdmomhjptod}ctoul-manﬂof

carbohydrate

Pagé That 13 quite true There 1 no durect cvidence bere to dsaard

the protein metabolesm and conssder caly the fat and gt: EU:
eTe

there 13 this pomnt 1 know of no evidence that m the col

grearer requirement for protem in fact, 1t 18 the other way around.
Mitchell s work m man (2) fas shown that mereasmg the

coatent has o depressing effect on resistance to cold, We re not led to

bdmth:udnptxv:cbmgesmdmmumxdcomuﬂmof

to carbohirdrate.
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TABLE XXXvOI
Effect of Adaptation to Cold on Glucose Abeorption in Rats Fed a
High Fat Ration, and Average Body Weights of the Animak
st the Time of the Determinations

Room Tempersture P Cold Room
Anyrals Anmmaly
GlncooeAbsom
(mg /100 gm. BW /hr )
One hour perod 83::533  <oO1 14o+1311
Three hour pertod 82818 <ol 146713
Combined 85=473 <ol 143 = 699
Body weight (gm )
One hour
absorpon (10)* 395 %113 <02 (11) 344x102
Three hour
shsorption  (10) 381+ 74 <01 (11) 299£93
Combened (20) 388+ 68 <01 (22) 3284
No. of antmals per groap.

permusion, from Pagé, B, und Babinews, LM Tisoe giyrogen
¥/ mm.ag'cdmmm.cﬂujsbmarw

an
32,395 (1954)
1 should Like to menton Senclatr s work (17) at Kmgston, 1 1941 o

the glucose absorption 1n rats fed hugh- or low fat mbons.
?

Horeath Wha.tuycxuta:bmqueou

Pagé We use the dassical Cont methbod very mmor modificeon.
At toom temperature, we measured the sugar sbsorption 2t onc hour
nnd(hmcbount&t(gﬂngctooom:pondmﬁ)cnmcpcmﬂimﬂ“ﬂ
the R Q measurements previously There were ten rats in each group
At room temperatuse, after ooe hour the abso rate was of the
order of 88 mg per 100 gm. of body weight per hour and after three
bours, 82

Incidentally Sunclasr obtained o value of 100 for antmals oo the high
fat ratton. In the cold, the rate after one hour wis 140 mg.,

and after three bours, 146 mg  Agan a very closc agreemwent. If these
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values are combened, we see that the absocption rate goes up from 85
to 143 mg  when the anumals are adapted to the cold. So again I suspect
that efter grving maltose to rats adapted to cold the high R.Q was due
to the fact that they were absorbing sugac st & higher rate, probably
utilizing # more quickly 1 have no evidence a8 to whether this higher
mie of glucose ublnabon after adapiaton means faster oxidation, or
Eﬂly-(mammfomnmmmfu_ I belicve the latter 5 more
Y

Table XXXVII shows measuresnents of glycogen deposriions in
these same animals after they bad been abeo, glucose  The total
Irver giycogen ane hour after absorpton did not differ apprecubly from
the fashng value. After a three-bour absorphon there was, of
course, a larger rise, The amount of gluose absorbed, which was
transformed ioto Iver glycogen, was low 5.2 and 78 per cent. These
values are comparable to those reported by Cort (18) for arumals having
absorbed such small amounts of glocose  There 5 00 evidence here of
m{idjﬂmmUmglymgm fepmmmulrm.\lt of adaptation to
fes)

We have studied the brown adipose tusue which we find between
the shonlder blades of rats (19) Table XXXTIX shows the fresh werght
of this trssoe m coatrols killed mrtially and e groups of rats fed a low
or 2 high-fat ration &t room tempenuture of tn the cold Tt i clear
that there occurs & consderable hypertrophy of the tisue m the
and that the nature of the diet has no parbeular effert on the fresh
weight at exther tenmperature.

Table XL shows the changes 1n the ascorbic scid coatent of the brown
fat with diet and emvironmental e. It 15 seen that at room
tem) the vitamin content 1 oa the high fat ration. Inthe

there 13 a tremendous rise in the ascorbi acd cuntent, bat no
difference between the igh-fat and low fat groups This 13 m Yne with
previow findings of Dugal (20) concermung the Irver and kidoeys,

Actally the vitamm C leved 1n the brown adipose tusue rexches a level
13 hugh 13 that reported by Dugal for livers under comparsble oo

The only conclunion I wish to draw 13 that the extreme acthnty of the
brown fat m aatmals expored to cold grves at feast & hint of the parbicu-
lar unportunce of fat metabolisn m sich sthratrons.

S liers Dr Pagé you ha ¢ shown m the cold, a3 Forbey (4) did ¢
room temperature, that a bugh-fat diet is utilzed more effcsently
atow far dset. But what s the evidence that & hugh-fat diet, at the level
you have stedied, i utiloed more effiaently in cold than the same
high-fat diet at room temperntare?
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Pagé On the basn of food 1ntale, thete is no evidence at all In fact,
the of utilizabon was the same a3 at room temperature The
caly evidence 1 have a1 to the superionty of hugh-fat raons are changes
in toral body weight.

1f s are kept 4t room tempenture, the ones on the hy, fat diet
avereat and eventually become larger and fatter In the cold, the enumls
oa the hugh-fat dret also become larger bowerer 1t 18 oot deponbon of
fat o3 moch a8 it s growth I st say that | am more interested 1 the
fact that Aeally on crther dict, they both scem to utlue far pref

Sellevs There 13 himtle doubt that there 13 an optimum leved of fat for

af any tesoperature. Howerer this can go too
hygh an adverse effect oo growth 1 am to agree
that fat metabolism 13 affected by the process of acclimatizabon, but my
thoughts on it are stll rather confused 1 m spute of the evidence
you have presented, that pedups your are not entirely clear
erther on pust what the processes ase that differ when fat at optimom
level 13 fed 1n the cold compared to the optlmum fed at room tempera

ture.

Pagié 1do not know what would be the optrrmum bevel 1 the cold. Tt
wm\icmmdvbccomemo\:ughnf(hcpm(cmlndmchmgcdu
the same tine There s the case of exclustve pemwmucan feeding, 2 hgh
fat and proten diet wrth little or oo carbohydrate  As to my thoughts
oot bemg entirely clear they wall not be for n fong vme. It beips how
cver to have 2 sort of 2 provenonal scherne by winch to plan experment.

1£ 1 were to Rrmynarcze ooy present viows, a8 of todsy 1 woald say that
the magor fuels are bumed by way of fat oxidstion Why 1do not know
but if 1t s t0 thuy meams that for a amoant of glacose absorbed
more of ot will be teansformed mto fat. In other there & prob-
ably a0 mereased Lpogenens from carbobydrate, and this might sccount
fot the latger Livers 0o esther & high-carbobrdrate ot & hugh-protem deet.

Amd.pocmu‘whlhnp?uutothclmmlf Does 1t mean that

there are y more P end would that in-
qease the efficaency of beat prodoction? As Dr Horvath sy, ed, we
do pot cven know whether that fat i oodized directly or h the
production of carbobydrate

Barion. In these problems { should like to pat In a plea for Interme
and for direct calonmetry as well, because of the
difficulty Dr Pagé had about the passbaity of anslyang metsbol
My thunking has y been influenced by Werr (21) who analyred
the whole questian of carbon diomide, oxygen, and beat, using the funds
mastal mformanan m our posesson. From the work of the last 60
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years wn beochemstry which has ven us an understanding of

oxygen and carbon diomde uvulgcd when different foodstuﬂoxuﬂ]:
burned, and also from the results with the bomb calonmeter we can
start off with the equation for oxygen 1n terms of the amount of fat,
curbohydrate and protetn that s bumed Swmilacly we hisve an equation
for the carbon dioxide 1n terms of the amounts of the three different
foodstuffs that are burned, The coeficrents & by ¢ 23, by, c2 can be

found wn Weir s paper
O;=1 (F) + b (CH) + &1 Pr
CO =41 (F) +b (CH) +cs. Pr
These equations are based on the assumption that there 15 complete
balance an oxxdation to water and carbon dioxide, and that po meer
conversion s taking place  That 15 to say there 13 not an ioterconvernon
of fat to carbohydeate or vice versa, at the end of the period  As we see,
there are three unknowns the fat, carbohydrate, and protem in the
metabolism, and only two equations That 1 not encugh to solve the
roblem, unless we make some assumption about the proten. As we
mthcaxcofhunnm,wuxthcmuogmnmclmcﬂiumcdn
protetn burped.
Ny=1 (Pr})

That grees us three equations for working wath the three unknowns,
We can ascertan how much of each foodstuff 1s bured m the case of
human subjects. [ bave had no expenence, with this but I assume o
wonld be rather difficult to estrmate the protem metabolism from usmary
1nd feaal nrtrogen i mts, would it not?

Pagé No but every so often we read that protein catabolssm 5 %0
small over such 1 short period that 1t 11 not worth determenung It does
not affect the R.Q apprecably

Barton With the three equations, it 15 possible to know thearecally
what has hap 1n these three foodstuffs, still ca the assumption that

there has ot mtercanyerson
However there 15 another tioa from the fundamental thermo-
dynamucs, that the best i to the sun of some other known co-
efficients times the carbohydrate, fat, and protem burned
H=a (F)+bs (CH) 4 (Pr)
If we comhme direct and indurect calonmetry we have four equanoes
and only three unknowns.
Th:ccqu.mm.theu,wdltdlmwbdhcrmnotdtnmmptm
sbout interconverson 1s correct. L A, MacHattre, 1 my Laboratoy at the
Unuversuty of Western Ontario bas done this. He messures the oxygen,
the carboa droxide, and the calories, although be has pot been measurmg
nitrogen H:ulmhmd)eulompuhmofa:tnndmdc,mdtbx
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aloties per liter of oxygen, and be makex 2 sort of 0 diagnam.
t bas a grven pount oa the dugram, 1ad from there one
can read off the percentage of cafonies from protesn, from fat, and from

Horrath How an 1t be done without measurmg the protetn?

Barton That 13 on the that there 5 no intercormrersion.
If there were the pomt p: ly cught fall outside this dugram. If
the unmry and fecsl mitrogen were messured also the presence or
absence of interconversion could be checked, The analysis 18 30 com-
plicated that [ think we shall pever obtaun the fnal answers until we do
2 great dex! moce wotk oa it

The last 15 for the beat, and ot 13 based oa the lagt 60 years
work on bomb calormetry

If we measure the direct heat from the anumal, as well 25 the res
tory exchanges and nitrogen, we ba ¢ four equatioes and oaly
unknowns.

P g# Dr Carlson, could you tell us about the amount of actrvity that
mﬂéduturbd]ucrd.monshjps 1 wonder o the actraity of the rats
1n the direct calorumetry might not be large encugh to upsct your calcu-
bons.

Horiab One wounld be messuring the beat directly by calonmeter
1 thunk, besscally most of these dats must be avtdlable because certasaly
some data of the very early work of Lusk (22) and those who followed
hum, are available

Barton All the coefbaents 1o the four equations are known. 1 am
Just polatmg out that by having direct calorimetry as well as iodirect, it
13 theoretically ¢ to gobve the whole problem, ignonng ll the
expenments] ddfficalties, of course

Carlson 1with to aall aftention to the expermmental difficoltses which
mvol e an accuracy of one o two per cent in the direct and indirect

Horsath Isa't that the princrpal reason why most of the direct meas-
urements of heat have been dmcarded  One cunnot do much with it m
2 shott perrod of time oue shonld bave at least  24-bour pesiod to work
out the nitrogen frictron, and to do  reasomably sound job

Carlson. That would be necessary to obtarm the nutrogen fraction, but
m the rat, with the calonmeter T think an bour to three hours would be
suffcent

Bartow There are three unknowns ooc can pie three equations, The
oxygen, carbon dsoxide, and heat will provide 2a answer 1f there are oo
roterconversions  The fourth equation 5 needed to check whether that
axumpton i correct,
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Sellers W'bxtl.bourymrummptng Burton, “if there are no
mtercoavernons

Barton 1 am pomting out that we cun check the assumption if we have
the four measurements 1t can only be done by direct analpss of the
crreass sometime later If we do not have all four, we can measuce any
three of them and make the sssumption then we cun ascertain how
much of each fuel way butned. However the sssumption cannot be
checked without all four measurements

Crrmon Itﬁmkwehﬂtendm,mlv:rymplcform,thﬂﬂu
ssumptions are not warmaated m the rat. If they are starved for 24
bours, the Irver gl gen 13 found to be at very low levels If the starm
tion 18 conhiny or an sdditionsl 24 hours, the liver glvcogen s found
to be above the level at 24 hours The conversion from the precursor
must begin long before 1t can be detected as & nse m liver glprogen.
Accumulaton of carbobydrate as lver glycogen represents muffcient
glyeoneo, 1 to provide carbohydrate at a rate 1 excess of the over
all rate of cachohydrate oxidatson.

Bartos That acans that our deductions as to the fuel bumed from
the oxygen, 2nd carbon dioxide alone, and wssuming somethmg aboot
the nitrogen, are quite wrong arc they not?

Crismop It toeans we are merely fortunste 1 having & number of
things going on that ordinanly tend to cancel each other out  Some
unusual utuston may be such 23 plagng ammals oa &
low or hugh fet diet, and subjecting them to cold.

Sellers Ore of the most wnteresting things that Dr Pagé reposted
was the mcreased rate of sbsorption of glucose from the mtegtinal tract
Previously we could guess that more glucose was sbaorbed because more
tood was consumed and mote heat produced, but we are glad to have 1t
coafirmed by the figares

Horsath I [ recall correctly the rates of are much kewer
than at normal temperatures, even in adapted rats? Didn ¢ the sbolute
rate of absor of the glucose have & lower value 1 the cold-adapred
s than in the pormal s 2t 29 C.?

Pagé Absorption was measared at 29 C. 1a rats adapted to cold, £
well s 1n the others
Crusmon Dr Pagd, 1should like to ask sbout the hustological appeat
mofthcbrvwnglt Why 1s brown fat brown do you koow?

Pagé No 1do not know 1 bave dooe no hustology on ¢t 1 wonder
of there 15 2 brown pugment that looks the same as the brown prgment
Dr Brown found in lvers

Crismon Has ¢ any function #3 an endocrme organ?
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Pagé There 18 some evidence. Hook (23) showed that extracts of
the brown fat will lower the basal metabolsm of rats

Crismon. Is that the same as the hibernating gland?

Pagé Yes It s very respomsive to most bormones (24) If we ad
numster thyrown, we obtam 2 large depoution of fat m the brown fat,
while the other farty tissues melt away with increxsed metabolism. The
gipcogen goes up m the brown fat, and goes down in the liver  Cortsone
also causes fat deposstion  The two together ha e & synergustic effect
Epwephniae is the oaly bormoae 1 have tned which reduces the fat
content in the brown fat.

Trarell How long does that effect lagt?

Pagé You mean 10 anymls kept m cold, or removed from the cold?

Trasell After they are removed from the cold,

Pagé Dr Sellers could answer that

Sellers 1 cannot answer 1t except by guenmg from the other related
cdata T thiol ot might pass off rather quickly perhaps within & week, ar
possibly less

Bebmke Why is the growth retarded 1n cold?

Pegé 1 have no 1dea. 1 was interested m the foct tiat when the
anmals took & long time to recover thetr mrtal weight, they seemed to
do far better than those that resumed their inrtul weght more quickly
There are only two sets of data, of course, which are not enough for
geoenlmations. If we have an mcrease 10 heat productron m the cold,
we mught say that we have o mechanism that is quite different from the
metabolic somulus of

Bebmke In the rats, what was the relative percentage of fat at room
tempenuture and 1n the cold?

P gé On a body welght basis?

B'ii-h Ya.

Pagé At room temperature the fat content was 87 gm on the high-
fat ration, and 58 gm. on the ow fat mtion. In the cold st was 29 and
33 gm. respectrvely but the animals were smaller  As regards per cent
of body weight, it was 13 and 20 per cent at room temperature, and 10
a0d 11 in the cold, respectively The rats were pearly twice a3 fat at
oom tem

Barch Was reproductson the sme m the cold a3 at room temperature
Py 1 could not tell yoo

Barch Were matunng and aging influenced m the rats?

P g T do oot know

Berch There may be smaller arumals that go throagh the normal
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Horvath 1f they follow McCays work (25) they oaght to lve

Longer

Carlson Why:houldthcyhvclm%cr?

Horvath He put his ammals on low-caloric ntake 50 growth was
retarded, and they Lived for a much loager period of trme,

Barch By growth, do you mean total body mass?

Horvath Yea.

Buwrch Could they stull be growing matuning, and aging that ss,
through the Life span, in an essentully normzl fasheon? £

Horveth They were not goung through st m the pormal fasheoa, but
m a retarded fashion.

Bxrch 1 mean 1 tetms of having the same number of total cells m

the body

Horath Tthink so At least they Lived # lot longer 1n terms of days,
by 20 per cent and by 30 per cent m some cases, depending on the Level
of growth retardation.

Barch Were the tumnover chemscal phenomena even greater?

Sellers 1 think probably Dr Dugal could comment on and
morbidity m the cold. In our own expenience, the mortality at all penods
m the cold was higher than n our usual rat coloay [ do not hiave precise
figures on that, but on the bauis of work over the last five yeaos I am
faurly sure that 1s the case.

Stevemson 1 would agree, but I thmk we have to be carcful abot
what seem like small differences 1 temperature  In terms of morbidity
and mortality there may be great dufferences 1n the range between 10
and 1 C. We ase then approaching the range where we may observe
penphernl damsge ocousionally  That might make aff the difference. f¢
may be as mmpartant as the presence or shsence of metabolic adjustment.

Barch Why did the anmnals die?

Sellers Within the first week or s0 of exposure, [ thik the comman-
est cause was hypothermm Also within the first couple of weeks, a very
common cause, with rats anyway was that they tended to bte ther tails
and lose & fair bit of blood. I suspect that the loss of blood,
on the stress of the cold, was eoongh to lower their resistance and result
10 death. However nfterdxﬁmcwplcofweds,ﬁndmgxofd:nhfm
hypothermus, or essociated with bemorrhage, were not common. [ thak
probably the incrdence of infection, was hugher than m rats kepe st room

but beyond saying that raty at this stage often bad
poarmoni, [ annot grve you any dehmite figures.

You asked ehout the effect of cold on fertilty We have often beed
anmmals 1n the cold, and 2gam I cannot grve yon 1 statement
on fertitty but 1 can say that between 1 to 2 C, Wistar stam s,
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both male and female, remam fertile for at least a ypear-and a-half of
exposure to that tem However I have never seen them s
ceafully rear their offspring et that temperature, because we do not grve
nesang material to the anumals we tunk it affects the development and
degree of sccdmmtiration. In every case that [ can remember the young
s have pot lasted longer than three or four days.

Barch Was the litter the same nire, end was the se of the offspring
1t buth a5 large?

Sellers They appeared to be, Dr Busch, but sl of these latter remarks
are inardental findmgs, and are impresyons rather than mathematwally

apressed resalty,

Bebmke In the rat expenments, were you wodking at & temperature

that does not produce penpberal fnjury?

Pagé Atbetween 1 and 3 C there s wjury At soch near freezing

tempenttures, there 13 ocrasionally a frosthuten tall and gangrene 1f st

13 bad enough, the rats will bleed to denth

Carlsow In rats that were 60 days old, at § €, we dlmost always

observed pathology of the kidney

Dugal 1 was going to say that we had nephross, especially m the

male, and most of the time we observed edema of the penus, at least

during long exposnres to cold (26

Cm—l:o-,Welnveu-mtha(x the rat, we have also observed an

mmwdum:.dzummeddnmngmcnmedrymm
.

Stesenson That 18 mtercsting because, 10 our expertence, they have

a:;mh—mimadmuumkz.cmuﬂyrd‘hvcmdxlmmtcffood
cat,

Carlson. In the date we had, the nrne output was 30 great that we

tammed every possbility of maccuracy 1n our collection methods
Sterenson. Thd you mensure the water mtake?

Cerlion Yes
Sf":nwn.Wud]u:bomuscd,rdmvetodxumx n food

Carlion Yes,

Stevemson What happened to the other avenues of loss? Was the rat
Iosing ouch less by extrarenal paths, and if so which oaes?

Cerlion. AsT sy we felt that our data required explanation before
they were pablished.

Horrarh Fat 18 preferentully oxddized. If muct water were obtaned
from axdation, one would ba ¢ & slight 10crease tn water With grester
ormmpton of fat, there should be more water avaslable for urine
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and to cold  they have pracixally 0o fat, 1n contrast to the Fskimos,
Have any cxpenments been doue o0 rats 1n whch two stresses were
operating  low-oxygen tension and cold?

Blar Dr M. J Fregly (27 28) did just that. He placed the aats 10
thccoldltlcwatmo:phcncprummmﬂougpcﬂodofumetonndy
the combenation of low-oxygen pressure and cold on the rats.

Bsrton They withstood the low oxygen better when im the old than
when they wete placed 1o the warm?

Blarr 1 thmk that 15 correct, Dr Burton.

Dugal Captawn Behnke, you were ssking what retards the of
nnmtb:mld_lb:nmmmplzt:mmmghltwmdclmmm
ment with growth hormone 2nd we can prevent that situation. The
growth can be normal 1n the cold for rats of 60 gm., if they are myected
duly with 4 mg of STH 1In that case we obtam the same growth curve

a3 at r00m tem

Horvath You mean retard the prtustary cxcretion of growth
l:nrmmcwhcnthcympyl:uccdmﬂ:emld?

Dugal No 1did not say that.

Horsath 1t seems to me that would be the implheation.

Stevenson These were short-term expermuenty, lasting three weeks, at
from 3 o3 C. When we offered rats dicts that were hugh 1n proten,
fat, ot carbohydrate, but made socalonc with celluflour th:alfl))ncu)-
take was approxumately the same o all three diets. The high-protein-fed
uts, however did not mamntan therr welght  Although they were loning
the most they would not increase their calonc intake. Food was
available «d Irbstam but these anmmaly did oot make use of &, in spute

of the weight loss.
Pagé Dr Dugal, would you say it was beneficial to the rats to main-
through

tan weight guuns simdar to mts at room temperature cxcess
growth stinuli?

Dagal 1 do not know We trled less than 4 mg of STH, and it did
not prevent the loss of weight, but with 4 mg t dud. Enhoff (29) tned
15 mg but did not observe any effect in the cold.

Bebmke What 1s the tempenature at which rats begin to lose weight, o
at least fail to grow 10 a normal manner?

Pagé The caly guess [ would dare make is 14 C, for rats of aboot
110 gm. however they bappened to grow as well as at room tempera
nucmdxonewed:um;turhcd.llmwdd.nglthxghangal
tures because | fecl the antmals adapt more quickly and one avoids 1a
unnecessary stress.

Bebwke Someone bas worked with rats at 10 C,, have they not?

Pagé Yes.
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Horvrath Dnd that reterd them?

Pagé The growth curve was not 23 good as at room tempersture.
Dxgal The peculus thing is that a rat of 200 gm may lose werght at
3 C Tor about n week, 2nd a mt of 60 gm. will lose weight 2t 2 C for
only one day

Blarr What eritena are we to use? 1f we take a growing rat and put
tt 1n the cold, it does bose 13 a percentage of weight a3 o fully
matured rat placed m the cold. If we take, say a 150 gm. rat that
growing snd put it m the cold, the per cent loss of body weight m the

same ePeuodumtugratuwu.haBSOD{Mgm.urundu
Ldmrm

Pagé I think 1 mentioned eaclier that the rat has & larger
Evv-ﬂ]sumulmmdcmmmuuwﬂyumodcrmL There may
some antaganestic mechanisms

Blasr The other rat 13 grown and probably bas po growth stunulus.
Ster msow The young rat seems to have the dove to take m calones,
10 order to grow a3 well as to keep warm. The older rat apparently does
Dot 1t 13 apparcntly satrsfied on & high-protewn dret, with a food intake
level pot adequate to marmntain weight.
Blarr The older mat does incresse the calorc intake 1n the cold quite
markedly bat potubly oot as much a3 the growing rat
Steremson. What | menn 15 that the rat on the high-protem diet will
increase ris calane miske m the cold oaly as mach # the rat on a hugh-
arbohydote deet, although at this equal celone mtake t 1 not main-
weight neardy as well as the one on the high-carbotrydrate duet.
1 why 1t does not ent mare
Pagé 1t could, if ot waated to
Carison. 1 should like to retum to the 1dea ehout the change that takes
place m the cold, whch [ gather 13 esseatially that the anfmal sppesns to
metabolrre fats st higher rate Is that correct, Dr. Pagé?
P gé Ttwould seem 3o but if | knew why I would be more certun,
Cerlson 1 was wondering 1f thus 15 b0t Open to a0 expermmental
thd;cruucu:mtcdtoglymgm,ofmxdm:d,ngmthmgl:

the same common i two-carbon It seems to me we
know e lot about of tho change now and we should,
bapa, look for the of the lver to coavert. ber

Pagé 1t would be very profiable, cbviomsly to do that
Crismos What would one look for active acetate, or coemryme A
?
sow Fist of all, m labelng cxpeniments one could determine
the derrvation of the andized products, and analyze the glpcogen for
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tadicacttve carbon, Coenzyme A seems to be involved m this transiton.
Xhzvcnlwxy;tboughtoftﬁ:two—cuboupoolubuuglcrmlpnm
tn the metabolic cpcle, because 15 the animal needs energy 1t can dmaw
from protew, fat, or carbohydrate, and each energy source except
gluzmec aad goes through tus common pomnt. (Glutamxc aad enters
the krebs cycle elsewhere ) Eventually there 1s & change in the enzymes
tequired to mobelize energy

Ilﬂ:ctoﬂ:mkofthcmdocnncmtﬁursyacttoobcmuedudng
the penod of transttion, perhapt these hormones are necessary Ooce
the enzymes have been altered 1n such & fashion as to be adequate for the
ncreased metabolism, then the endocrme response 13 not required.

Coffey Colonel Blar would you tell us a Little mote about the Fort

cxpenment yon mentioned ?

Blar Yes. We brought & group of seven test subjects from Fort koo,
Kentucky who stayed at Fort Churchull for a three-tmonth persod, lymg
and working 10 heated barracks, and eating camp rations m the mess
halls. They gained weight, but they recerved very little stress to cold
Howerer when these Jmmhkcumnmll!—dlybrmx,ﬂvn:g
outside 1n pyramidal tents with little or po heat, and doing 2 controll
amount of marching duly they lost weight Dunng that same penod

were on € field rations, which may not have heen a3 agreeable
and appetizing at the mess mbon,

But the pont | wish to make 15 this just because o person goes to the
North and gains weight 15 no indicabon that he has gooe oo the cold
and guned weight If he goes into stresuing cold, ot may very well be
that he will lose weaght as these anumls have.

Horvath Thete were & combunabon of stresses in the expenment
Colonel Blair cited  1f 2 man 15 grven a fixed diet and a certain amount
ofmmymlmnmwmmmt,mdhﬂam:hjftcdmmto-mld
environment, he does not lose weight if he has adequate calorfes This
has been dooe pwngawoaloﬂubdordnnd..mdﬂn:nmcmmoum
1 the cold,

Blasr Blorpos and many trappets have a fat appearance, and do not
lose weight, Like Dr Pagés anmals, while Ivmg and workmg m the
fasr North. They are not forced to take 1 any amount of utritson, but
voluntanly consume as many calories as they desire. However if these
men were put under the same condtions to whch Dt Pagé subjected
hunmh,uuqunem:dythakd:qwmﬂdfolhv&xumcp;m
and lose weight also

Bebmks Asctic animrals, both land and aquatic, ase ususlly fat, cren
excessrvely fat. Thcxmpharmuth:tcmtwccmdmmvﬂmtbe
old depend upon 2 high fat content of the body But in the lbortoty
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the anmals subjected to the cold environment are not limited to those
with & hugh-fat content.

Blasr The cartbou 13 2 very lean anumal

Horvwzh He 13 fatter at the begmning of witer and becomes leaner
towards the end.

Blasr to the cold causes & decrease in wesght

Carfson. That {3 what happens to the rat.

Horvath, There 13 a lack of avadable food supply m the case of the
cunbou that 1 2 dfferent problecs. Duning the st part of the wiater
when it has enough food from a storage supply 1t does not lose weight.

Blarr Another paunt 13 this m squanc anumls, Like the seal and wal-
rus, a change from & wam to a cold enviroament 13 actually relatively
slight. Water 10 the Arctc do pot vary nearly 30 moch a8
the 30 to30 C that these tal anmals are subjected to
What happens to these rats, £3 Dr Pagé sud s that they are grven such
2 scvere cold stress that they can caly sarvine but cnnot masntam thes
growth of body fat Humans, 1f put under a sumilar degree of cold
streys, may folkow the same pattern of response.

1€ the anmals die, T think the explanation of chewing the tul seems
rather poor You menton the kidoey To wiiat extent have histological
stodses been made of rats exposed to cold?

Carison [ cannot quote them, but there are some 10 the Iterature (30

n
Sellers. Mot of these reports differ in essentul partculans There 13
00 doubt that rats occavoaally onephnt, and also hydro-

which occurs m male rats m the cold It accounts for the death of some
of them

10 cases of mamernon foot that 18 produced experrmentally m raty, #
mmmulwmlmmmn@m
which develops. [ have this and the histologxcal appearance
1 samewhat different from that usuaily seen m other rem)
lesions in that ¢ 13 very By that I meaa a tubule, of group of
tubules, m oee part of Lidoey will thow extensrre degeneratree
changes then there will be an area that appears to be quite normal and
Dext t0 it other tubules will show the degenerative change. Ths conds-
bon does not ocxur copsistently m the ananals that are subjected to our
cxperumental coadtions,

Whether mmmeruon foot o produced 1n anmals 1 which kidney
lcnomuemomn\.mdmp(nmumzddrmmlfmwhxhpmp
tates the disease, [ do ot e to say In long-term experrments of from
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12to 18 mmdn,wefuundlnxmucmugglomcmmdungc there was
8 deposition of fat, etther in the capillanies of the glomerulus, or between
rhccapdluywnllmdtheu:\dodrlulhnmgofdxglnﬂmh;ufuln
itdldno;:dppeutobcmmcmmemughlcﬁonmnoumfox eath
t 15 pot easily scen under H & E staining  There are also fatty degenern
t:vechmgcsmthcmb\m:celh,mddﬂncdmhﬂucmlﬁ{nmgam
Nevertheless on the whole 1 should say that the kudneys of anmmals
which have been 10 the cold 2 loag time are remarably pormal n
appearance. Inedentally there are no vascular changes there that | hane
been able to detect.

Coffey You mentioned a sex difference. In rat mortality s the male
more prone than the female?

Sellers 1 think the reasont more of the males develo prelooephrrts
and hydronephrous 13 becanse the unine 18 improperly ted doc to
inflammation in the penis

We have spent connidemable effort in trying to demonstrate a sex
difference 1n mortality and 1 am still not certain of what the results will
be There 13 some indication that the females have a greater resstance
to cold but I am not convinced that our figures cannot be explained on
some other basis It cannot be & very remackable difference, or 1t would
have been more clearly indicated by the namber of studies we bave
carried out. Pertmps some of the others who have doue ths sort of
work can answer the question.

Hortath What 13 the longest perrod of trme that an anmmal has
been kept at any specific temperature?

Sellers About two years

Horvath At what age did these antmals start the expeument?

Sellers They started st an apprommate weight of from 170 to 180

ams

Horvath Would they be about 100 days old then?

Sellers Yes

Horath Sothqllmostkvcdcuttbcuhfexpu\,vhx:bumgﬂl
from two to two-and-one balf years, under the expermmental condstsons.

Blasr Wemdlﬂmﬂenumnﬁblnnfcoifmnom4”
grams They were exposed 16 bours day for 30 days, at —3 &
10d they were ont of the cold room for eight bours per day for obserre
tion, watermg, and feeding We lost abont ten pcrc:ntofdrmﬂl.
nlmottaﬂofd}cmdunngthcﬁntwtdtofmldia:hmtmmn.c‘“&

Rxbbmw:mexposcdzobwnuchdxyforjod:yglt——i
four bouss out of the cold for observation, watering, and feedmg Al
animals were sedmatrred to cold over an arbetrary 50-day petiod.
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DIET AND SURVIVAL

JAMBS A.F STEVENSON
et of Phynelogy

Fe Modxras Uns ersity of & sters Ontase
iy ef “ "ZIJ:JO-“ Canad

WE HAVE BLEN INTERESTID 10 the respomses of the body to nutntonal
and enviroamental stresses and 1o the effect of previous diet oa these
respomses. The studies I am about to describe have been supported by
our bosts, the Defence Research Board of Canada. They are, m roost
:mhmmtmmmplﬁqhiwbzvem:dmahn:ldd)o’:ttr:
pertinent to tns conference s mterests in cold pliymology 1 have
assosted by Mt R H Rexon, who has done & corsiderable amoont of the
work that we ahall review and also by Mus L. R. Miyata and Mo R
Sauth, all members of the Depariment of Phywology Unuversty of
Western Qntasio

As you remembet 10 1938 Minky, o «f (1) reported that the lver
g\ymgmmb:ﬁurmmuﬁdmm\v?nmmﬂntu,dudngme
st 24 houn, followmg e high-protein than after u fughcarbo
hydrate or high-fat diet. This difterence dua um:?:‘imm
tioued. This proten effect  was absent m & ectormured rats, and
theie workers attribated it to the enbunced gl 23 already
stimalated by the high-proten diet  Sarmuels and hus group (2 3 4, 3
6,7 8) did connderable work on this 10 the 1540 2, and concluded from
studset using eviscerated and nepbrectomured animaly as well as intact
uu,thnhmglycbﬁ:;mnmmncdmm&ymmmnfolbv
mg » hughfat diet the penpheral tisznes are sccustomed to
metabolirmg fat They believe thrs also occum after a high-protein diet
because of the already increased gluconeogeness. They found the

survval doning starvation among the s fed anmaly,

the shortest in the proteir-fed anrmals. wsed forced feeding,

and diets containing only fat ot only carbobydrate m addshon to protemn

1n many of their studses, procedures which thernselves may have sperific
effects upon metabalism.

We have curried out somewhat sumlas svestigations on mats n both
mtmwdémmmmwdmmggmm
of the diets to within mace leely mits The three localorx drets whch
have been regalarty employed are as follows
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Hih<arbohydrate diet.
€ HO 70 per cent casemn 20 per cent, fat 10 per cent (HCD)
) High protein diet
CHO 20 per cent casein 70 per cent, fat 10 per cent (HPD)
) Hlbhhtﬁt
CHO 10 per cent casetn 20 per cent, fat 70 per cent (HFD)
The approxtmate composition of these diets 13 expressed a3 ﬁ!ffu
¢ ot e of total calonies contributed by each foodstuff As you
Lsene cach diet contains some of all three major foodstuffs. The dxts
tre made wsocalorc (42 calonies per gm ) by the addition of cellnfous
All the known mineral r have been mcluded in the salt mx
ture at 4 per cent of the diet by weight. Generous amoants of fat &
water soluble vitamins have also been added on an isocabonc ks
Water has been avasdable st all tunes Sprague-Dawley rats bave beea
used and have been fed fox chaw prior to the actual expenment, Coo-
stant enviroomental temperatures of 22 to 23 C. (72 to M4 F
temperate) and 2 to 3 g?}é’tow F., cold) have been
In the fist expermment that I shall mention, rats wesghung about 300
gm.wexefcdoncofthedlm:dlmmth:ttmm:tcercoldeﬂm
mcnnfoupenodcfthreewec!.:,duxi.ngwhx:hfoodlﬂd“m”nﬂ”zs11
were measured. They were then sacrificed In the fed state, oc after
or 45 hours of food starvation Thcgfoupsnmﬁccdmtheftdm
or after 24 hours of starvation consusted of ten rats each. The g
sacrificed after 43 bours of starvation consisted of 20 rats esch. o0gn
All dictary groups consumed approxmmately 25 calores per 1
°fb°d1"“ghipcrp;t mdncm;cnmmﬁmnmﬂ'dmwz
cent more m the cold. Despite equal calonc and protem intakes
wlttrconaunptIOnml.lwnysgrmu lowzﬂpcrtﬂ“md"aﬁ
fat dict than on the highcarbohydrate dict This may have been et
by the ketonnrua resulting from the high-fat diet. The hygh-protet?
?:nimnqamd-mmudxgrmuwmmukalhﬂmlww

Representateve weight gains for the three weeks on the expenmots!
dmucsbcwnm'l'lb[cm deiﬂglmwulculmtb‘
proten diet, and 1n the cold the greatest welght loss occurred o ol
dttDSpﬂcthuhdzofwughtpm,o«nomxlgmﬂh,the‘ﬂ“’k
mﬁi pmmaummmmmku.%im@“’

on the high-carbohydrate and high fat diets In
ﬂrfooduﬂnkewumnchndym:nlufihvnhalnrkmm
"m‘dxmllmmlncccfgmwd-. pon

In Figure 22 are shown the bodyaweght lots during Rerv

PCﬂOdS‘lDdﬂnhloode" liver Blycogg:ikmd muscle B[W“
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TABLE XLI

Effect of Diet on Body Weight Gain in Temperate
and Cold Emmronments

(Three Weeks)
Number | Temperste Environment | Cold Enviroament
Drt of Rety =z (fram 205 C)
40 4 35235gm 4+ 398 gm.
HFD 40 -} 58.87 gm. + 170 gm.
L 40 4 4013 gm. — 2128 gm.

autopsy In these figures, each group of three columns represents the
fed.szucd,mua-mfmedmmdmsfmlc&mngm
o a perpcular expermental dset The dietrry groups are indecated

by
[ T Y(IYD oy mlunm l

3

meacter
Bl

E 5
=
=

Fictar 22, Eﬂmo’prnhndnmﬂxrupmndtmn ey starvaban
trmperste a5d cold eovironments. 8 any =
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«) High-casbohydrate diet
CHO 70 per cent, casetn 20 per cent, fat 10 per ceat (HCD)
&) High-protem diet-
CHO 20 per cent casein 70 per cent fat 10 per ceat (HFD)
¢) High fa diet
CHO 10 per cent casein 20 per cent, fat 70 pet cent (HFD)
The approxtmate composttion of these diets s expressed as the per
centage of total calorles contributed by exch foodstuff As you 32
observe, each diet contins some of all three mapor foodstuffs. The &S
wre made socalorc (4.2alouapcrgm)bydx:dd.maitdlﬂf°"-
All the known muneral have been mcluded m the st ot
ture at 4 per cent of the dret by weight. Generous amousts of (2 04
water soluble vitamms have also been added on an hocalonc ks
Water has been avalable at all times. Sprague Dawley mxis bve b
uscd, and have been fed fox chow peror to the actual ol
stant environments! tem e of 22 to 23 C (72 o 74 F
temperate) and 2 to 5 (36 to40 F,cold) have been
[ntheﬁmc:xpcmlncutﬂntlxhzllmcmm-n.mswetgilms‘]"""ou

ot 45 houts of food starvation. The groups sacrbced m the fod 22
or after 24 hours of starvation, comsisted of ten rats each. The §P
sacnificed after 43 hours of starvatin consisted of 20 iy excb- 0

All dietary groups consumed approximately 23 calones pet |
Of body weight per day in the tempertte cavironment, snd sboat £
ccnrn:mr':mtbccold!Deq:ﬂecq\:ulcxlonclm:ll’“’tc'n gl
wntucmmpuanwudwxysgrmubylommwm‘mﬂtmﬁj
fat dict than an the bugh-carbohydrate dier Thus may have been
by the ketonuru resulting from the high-fat diet. Ththlsb‘f’”mm‘.d
of coune, caused # very much greater water untake e 73101
cent.

Representative guins for the three weeks o the e
diets are shown 1n Table XLI Weight gan was lax o0 o
protein diet, and 1n the cold the greatest weight loss
d:.et_DapttetlmLﬁcl.ofwe:ghtgﬂn.«:u'r-noﬂ:mlgﬂ""'ﬂ’-&'e
s:;hhl Pmtundlctmnunucdm:howc-]ommf:::'hhw’t

oa the high-carbobydrate and high-fat
the food mukcmmfed:;ly:m'rduegdhid]m
wrﬂxﬁnnn[muunceofgmwﬂx
hﬁmu:mmﬂwwﬂwmdm
perrods, and the blood sugar Irver glycogen, and rmsde £

R

i

H

i
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TABLE XLI
Effect of Diet on Body Weight Gain in Temperate
and Cold Environments
{Three Weeks)
CoMd Errvirocment
D _\ (2 Q) [(lmzms )
HCD -+ 3233 gm. + 398 gm.
HFD 40 + 38.87 gm. + 170 gm
HFD 40 -+ 4013 gm. — 2128 gm.

aatopsy In these figures, each group of three columny represents the
fed, 24-bour fasted, and 43-hour fasted states, readmg from left kdgbx
on a particular experimenta] diet. The deetary groups are indua

L. T A A

e *

R
§
i

roaan

Foure 22. Effect of previoms dwct on the rorpoases danm, strvaton In
temperute and cold environments s ady



1 Cold Inpery

a) High-carbohydrate diet
CHO70pcrccnt,c-sc1.uZDpcrcﬂﬁ,[n10pcrcui(H@)
} High-proten deetr
CHO 20 per cent casemn 70 pet cent, fat 10 per cent (HFD)

) High-fat deet
Cx»IOmpcrceutmcmzoPercmt.mmpcrm(HFD)
The spproximate camposition of these diets is expressed 15 B P2
centags of tofal calorres contributed by each foodstufl A5 yon 38
Lserve ﬁchdxetcoummm:oflllkhr:cmxpffmdﬁ“ﬁkm&u
are made socalosre (4.2 calones per gm.) by the 1ddtioa of ceflafon
All the Jnown mmersl g'namhlvebemhdudcdmﬂtuhm
mm:tlpercﬂnoftbcggctbym@t Generous amousts of (2
uarerwlublcvmmmshavetwbcm:ddcdmmmbﬂb”
Water has been gvailable at all times Spl"lgﬂCDI"lflm’hmhccl
used and have been fed fox chow poor to the C‘:
«tant environmental temperatures of 22 to 23 C (72 o H

temperate) and 2 to5 C (36" to40 F cold) have been
lntbeﬁrstupmmcmdntI:th.lmcm:on,nr!wd.ghm\(“‘"’"30°
gllwmfcdun:ofchzthmcdkbmtbcmpeﬂhmm”"’;::
manfor-pcmdufﬂlm:wccb,durmg‘h:d:foodmd“‘“‘ 2
were measured Thqwmmenga{ﬁccdmtbefﬂdm“m
or 43 hours of food starvation. mwm&dm&em""
orlft:rﬁbwnofmrvmon,mmutadofmubeﬂh-mm
umﬁctdAfterﬁhounohmnummnmmdonOnbﬂd’-lmp
All dietary groups consurned ronmately 25 calones P
of body weight per da mﬂnmtnppimcmmmmdl‘;‘kgz
cent more in the col Deipttecqmlalancmdp‘“‘m e bl
w:tercmmmpmawnlmpgrﬂterbywmlopd“’mm el
Fat dit than g the high carbobpdrate duet. This may b7 b8 7p
by the ketonuria resulting from the high-fat diet. The Joo pet
Ofmumcdnmymud:gjutcrnmmukt-“-ﬁw

protein dit, aod n the eold the grestest werght loss OCTET™ O
dﬁDﬂpﬂcﬁmhﬁkofwd@tglﬂuOfnmmS’mh'drmh
fﬁhh’ ?fﬁdﬂdldcounnucdmdnwcdorkiﬁﬂn—‘:ﬂ
on the high-carbohydmte and b {at
Mfmdmnbvummdmdyaymmmgmhcﬂ“‘@ 8
"'i‘;‘;d;mm‘mmcccfgmwth. p ares®
igure 22 are shown the t foss dutmis o
pcnods.md&xblmdm';flmg ﬁuﬂm’:‘rs‘ﬂ"g‘
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TABLE XLI

Effect of Diet on Body Weight Gain in Temperate
and Cold Environments

(Three Wecks)

Number | Temperste Enrronment | Cold Envrronment

Dt of Rata @ ¢y (from 2605 C)

HCD 40 4+ 3233 gm. 4 398 gm

HFD 40 + 5887 gm 4+ 170 gm.

HPD 40 +4013gm. — 2128 gm.
autopsy In these figures, each group of three columns represents the
fed, 24-hour fasted, and 45-bour fasted states, readmg from left to right

on a parbeular expenmental diet. The deetary groups sre indscated by

ey (] Y
oo e Carvrite eten o b ooy
- - o ot~y

Fiourx 21 Efect fprwmd;umzhmdnnn’aﬂ starrataon
temperate end cold environments ’ "



o F 2 ar, thown elreoeen
e e the weight Joss 4,
Penods the suga, lrverbc.;angef:, "’dm"“ﬂw )
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TABLE XLI

Effect of Diet on Body Weght Gain in Temperste
sud Cold Environments
{Three Wecks)

Nember | Temperate Environment | Cald Enviconaent
Duct of Rets @ C) (from2t03 C)
HCD 40 -+ 5238 gm. 4+ 398 gm.
HFD 40 -+ 3887 gm 4+ 170 gm
HPFD 40 + 4013 gm. — 2128 gm.

xutopsy In these figures, each group of three columm represents the
fed 24-hour fasted, and 43-bour fasted states, reading from left to right
o0 & parhcular expenmental diet. The deetaey groups are indwated by

ot W [ . 5.._.%
s

£ Il ‘
B e i
H t

fL.il S 9 LY RIONE

[T ] o e -
E 3
PLALLEL F bk

(Atare s Corbrarisie Probon od  Bagt oty
- o g ]

Ficury 22. Efext of prevrous dwet o the respores d starvation
termperate and cold emvironments % eariy =
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) lé_gll())-cubo.hydnred.iet
70 per cent, casern 20 per cent, fat 10 per cent (HCD
$) High-protein diet: b per ( )
CHO 20 per cent, casern 70 per cent, fat 10 per cent (HPD
CHO 10 per cent, casesn 20 per cent, fat 70 per cent (HFD)
Thc:ppnmm:tccnmpoazﬁmofthcudmaapmscdutbepﬂ
centage of total calostes contributed by esch foodstuff  As you will
obsetve, cach dict contamns some of all three maor foodstuffs. The dets
are made wsoculonc (4 2 ealones per gm.} by the additron of cellufiour.
All the known mineral have been included 1n the salt mix
ture at 4 per cent of the dict by weight. Generous amounts of fat and
water soluble vitamuns have 2lso been 2dded cn an isocalonc bess.
Water has been availshle at all times  Sprague Dawley rats have been
used, and have been fed fox chow poor to the actual Con-
stant enviroomentsl temperatures of 22 to 23 C (72 to 74 F
temperate) end 2 to 5 ga(ajé'mm F cold) have been cooployed.
In the fitst experiment that I shall mentron, rats weighing about 300
goo. were fed one of the three diets 1n the temperate or cold eaviron-
ments for a perod of three weeks, during which food and water intakes
were measured, They were then sacrificed 1n the fed state, or after 24
or 45 hours of food starvaton The groups sacrificed in the fed state,
or after 24 hours of starvation, consisted of ten ety esch. The groops
sacrrficed after 45 houss of starvatron conusted of 20 rats each.
All dictary groups consumed spproximately 25 calorfes per 100 gm
ofbodywugbtpcrd:{mtbetunpcﬂtemmwm:ﬂk.mddnﬁwpd
Despate equal calonc and protetn intakes the
svater consumption was always greater by 10 to 20 per cent oa the high-
fat diet than oa the high-carbohydrate diet This may have been caused
by the ketonuna resulting from the high-fat diet. The hi dsct,
of course, caused & very much greater water intake, le., 75 to 100 per
cent
Representative wer for the three weeks on the
dxcbepmxbcwnm'lgfﬁl% Weight gain was least on the
protein diet, and 1n the cold the greatest welght loss occurred oa
diet Daprtcdmhdufwughrgnm,o:mnmlgmvﬂl.drmhuhm
the high-protein dset continodd to show calonc intakes almost identical
with those on the high-carbobydrate and high-fat drets. In this instance
Lh:foodlnukcmmomdmdymhmdwﬂhcdommmmtduﬂ
with the maintenance of growth.
In Figure 22 are shown the body-weight loss during starvaton
periods, and the blood sugar liver glycogen, and muxcle glycogen at
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TABLE XLI

Effect of Diet on Body Welght Galn in Temperate
angd Cold Environments

(Threo Weeks)

Namber | Ternperste Eavirooment | Cold Environment
Dt Rty (2 Q) (fom2t03 C)
HD 40 + 5235 gm. + 398 gm.
HFD 40 + 3867 gm. -+ 170 gm.
HPFD 4 - 4013gm — 2128 gm.

autopsy In these figaret, each group of three mlomm
fed, 24-hour fasted, and 45-bous fasted states, mdmgfrunlcftu)n,giﬂ
on « pertcular expenmental diet The dretary groups are mndcated by
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Tiourx 72 Tfect of prenom deet on the respooses danag eardy starvehon
temperate and mid env rooments. T “
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the capttal letters above or below the groups C wdicating the
curbohydrate dict, P’ the high-protein du:i,l.ud F the h:gb—flthéfttb
The results m the temperate environment appear to the left, and those m
the cold environment to the nght 10 each e

A you can ee, the body weight Joss was greater i the first 24 houny
than mn the sccond 24 bours following all diets of course, 1t was peo-
Edmomllymm:hgrwermthccold The avertge cumulatree oy of

y weight aftec 24 hours of starvation was 5 per cent, and
after 43 hours 73 per cent, 1n the temperute environment. o the cold 1t
was about 9 per cent after 24 bours, and about 14.5 per cent after 45
bours. The HFD rats seemed to gain a Little better than the others In the
cold This was oot very procounced, but they were usually s Lttle bt
shead of the carbohydrate fed animals On fasung, however they slways
showed the greatest body weight loss, That us, they ganed more quackly
but their weight loss was more rpid also

Although sacfice by decaprtation may mmpair the accurzcy of muscle
glycogen determinations the sesults are included amce they are farly
consstent In the fed state previous diet and environmental temperature
scemed 0 bave had lirtle specific effect. Sarrabon reduced the level of
all groups slightly at 24 bours but no further drop occnured at 43 hours
of starvahon. The decraase was somewhat greater in the cold at these
tunes, pethaps due to increated muscle actvity In the blood sugars,
although none of the differences was very great, ln the fed statc on all
dicts the blood sugar was lower m the cold than m the tempentte en-
vironment, whereas m the starved state the opposte xutrue, ]l;:;

fed state, both tn the temperate and cold
sugar appeared oa the high fat diet. Thus way also the ause m the cold
fol 24 or 43 bours of starvation.

mFAguvammﬂncthatmd):rc:hld.ﬁ:dymtnhhmwl&drﬂwnf
were shightly but conmistently larger wis true for
absolute weight In starvation the liver thowed a marked decrease m

during the first 24 bouss but Little further decrense at 43 bouns,

In the fed state bothxnt%:gutmmdhcoldmnmnmmb,tbcmﬁn
of Lives 12¢ was always HCD > HPD > HED Upon starvation, how
cver this hicrarchy was obliterated and po particular correlation ap-
peared morgmwggbubawbcmcxprwedunpurmng:ofbou‘y
wughtb:cxuxofd)cgrukumhmm&rehnﬂwﬁhmmm
kidneys were atways larger ahsolutely and relatrrel 0 the cold, prob-
ably an effect of the incrensed food (protein) 10 this wtuation,
for 1n a0y nutntioaal and environmental state the HPD

the ladneys In starvaton the kadney ahowed weight koss more

or lexs proporhanate to the body loss & & whole
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Fung 23 Ffect of prevons diet on the responess dunng esrly starvation 10
remperste 10d cold environments

The cold produced an socrense i beart weight on all diets, about 3
Ycrttnionmnhnol:ﬁc,mdmwvtulmnreonAmhme,mghthm
Hus oaly an mdiation of protectson of the beart under adverse cond-
bont, or 13 1t evidence of cardiac 1 response to fncressed
wotk m the cold? On acute starvanon in the cold the hewrt shawed only
slightly less weight loss than the body as & whole [ gereral, diet and
environmental temperature had Uttle effect oa the absolute or relative
wesght of the spleen. 1o starvatron, weight loss of this organ was pro-
porhonate to that of the body generatly
Ay shown 1o Figure 24, the cotd environment atused an mcresse 1n
adrerml weight of about 23 per cent on all diets and thrs was enhanced,
relateve to body weight, dunng starvatron, hrlyuﬂhourx In
any grven oodition of starvation and en: the emimals oo a
bigh-protem dsct always showed the largest adrenals. The effect of 2
high-protemn daet on adrensl sze hes been onder discrmsion for years, bat
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Touae 24 Effect of previous diet o the reapoases d tioa =
temperate aod cold eovironments i onng carly s

1t 18 interesting to nofe that in this study oot even the marked effect of
cold obliterated this small dietary influence. No dietrry effect on the

typical thyroid h 11 1 cold environment appeared. This gland
showed 1 protection or hypertrophy of some kind on starvation m both
and cold env Its relatree weight increased quite

uu.rf:tdly Wﬁrﬂtu&:mﬁdmemmmm&t
testes maintained & the same relation to body weight regardiess of
environmental tempersture or acute starvaton.

Tﬁed\lngamlrmglymgmnhjuiwﬁncﬁrba:hnbcm:ucd:;
ues

cuspon Alresdy are shown i Figure 25 The

expressed as cent of Irver wet wesght. In the state 1 both the
p mﬁm the conc of glycogen w the

Irver was m the order of HCD > HFD > HPD 1n the cold all were

proportronately lower The rate of fall dunmg the firg 24 bouss of
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Stevemson No the liver was removed within 30 seconds.

Pagé We usually bleed the rats to death before weighing We
find that «f the anmal accadentally dies under anesthesn does not
bleed profusely that we have quute large differences 1n liver werghts.

Stevenson. These aumals were killed by decapstation. The piece of
Liver for glycogen analyss was removed as y a1 possible without
wating for the antmal to bleed, because seconds there make a contuder
able difference. The rest of the organs were removed after the anmal
had bled.

Crismon The time between zero and 24 hours is of some mterest. In
preparing rats for hypothermua studies by starvation, we found the ame
sort of change on an ordinary stock diet, and became curioas
about the pumm the lowest glycogen was reached. It antedates
24 bours

Stevenson What nze were the rats?

Crismon. They weighed 250 to 300 grams

Stevemsor From pilot o s not ad ¢ for statishical par
poses at all our impression is that the smaller the rat (and a difference
of 30 gm. would be important) the faster this chenge in liver giycogen
takes place

Sellers Do you think that ts the lowest polnt reached in your expen-
ments?

Stevemson 1 do pot know

Bsrch Was there some hyperteophyy of the liver?

Stevemson. Yes

Barch Suppose you expressed 1t In total grams of glycogen, was there
any difference between the two lvers?

Stevenson We have not done that as yet, but certamly tatend to.
These resuits are shown 1n Table XLIT Th:rdlzsmdém

are the same 23 when the gl; 18 cxp! in terms of coo-
gt}:’mn bowever the dﬂnmsymﬂ: cold environment are not
ugnificant, at least for groups of the size used

"As 1 mentioned, m the cold we have exsctly the same relations bt at
2 much lower level. Here the carbohydrate diet promides Irver glycogen
onlynhulclhmejpercmz,thcfud.ndlhrdeabcvc4pcrcwt.md
the protem dict a little below 3 per cent.

A:I.Lf)‘en:ucajsccnoa:lltm'mafnl.nt.l:lemldAr::rtn::wt:v:xlly“&1‘1‘ﬁ
cant for the HPD and HFD groups compared with the HCD group aftet

24 bours, but not after 48 houns of starvatron. The conclusion we bare
drawn I8 that after the fisst 48 hours of 50 of starvation 1t does not realfy
unkcmucbdiﬁnux:whstdltttheorgnmynhubcmw.lﬂ”f““

thesc aspects are concerned
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TABLE XLIT

Effects of Previous Diet on Glyeogen Content of
Liver in Early Starvation.

Hours of Stacvation
24 43

Tempente Bavironment
Dret

HCD 130+ 0210* 005 £ 0006 0.08 + 0.006
HFD 080+ 0073 008 = 0009 007 = 0003
HPD 072+ 0104 013 £ 0016 0.07 + 0008

Cold Eamrooment
HD 084+0123 006+ 0012 008 + 0013
HFD 035 £0071 011 £0017  010% 0011
HPD 0330163 018+ 00" 008 0.021

Mo (= SEM) glhogea content expresed o gm per whole lovet,

Another study whach I thoaght might be of interest was one concemn-
1ng dietary nfluences on duratson of survrval Rats which had been fed
one of the three socalonc diets for three weeks 10 the temperate or cold
emvisoaments were submtted to conhimuing starvation i the same en

Water was avaslable of /rbrem through The results are
shown 1n Tables XL and XLIV No appi le difference m dura
tron of survival ot proporon of body weight loss at death was apparent
between the varons dietary groups  Survival 1 the cold was of course
much shorter and the propoction of body weght loss at desth was less,
a3 secn 1o Table XLIV The tables show the body wetght before the
fast,the  erage number of days survived, and the percentage of startmg
body weight lost from the begmnmg of the fast until death A group
previomly fed ordinary laboratory fox chow o also 1acduded. %:e
scems to be Little difference between the HCD HFD and HPD m the
effect on the durmtion of survival in complete stacvetron. You will potue
that these anmals previously consumed almost exsctly the same amornt
of food per day Le, 21 grarps. Here agam, the hugh-protein diet anmmaly
tooknbouzthcumcnumbao(cnlonuuthcmnmhoudxzozbcrdm
desprte the fact that they did not gam weight neardy as well.

‘The offect of restricted amounty of food, survival mtrons, on the
duraon of survival 13 elso shown ia Tables XLII and XLIV The
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Stevensom No the liver was removed within 30 seconds,

Pagé We usnally bleed the rats to death before weighing organs. We
find if the anumal accidentally dies under anesthesia and does not
bleed profusely that we have quite large differences m liver weights.

Stevemson These animaly were lalled by deca The pacce of
Liver for glpcogen analyus was removed a3 y a3 possible without
waiting for the ammal to bleed, because seconds there make a conuder
h-l:il:bcllgm The rest of the organs were removed after the anmal

Crismson The time between zero and 24 hous 13 of some miterest. In
prepacing rats for hypotherma studies by starvation, we found the sime
sort of change occurning oa an ordinary stock diet, and became curioas
lbanhcut[b’cpomtntwhmdmlmgiycogmwumdrd.ltmtdlm
24

Stevensom What size were the rats?

Crisrmon. They weighed 250 to 300 grams.

Stevemson From palot cxperiments not ad ¢ for statishaal pur
poses at all, our tmpression 15 that the smaller the rat (and a difference
of 50 gm. would be important) the faster this chenge in Liver glycogen
takes place.

Saliers Do you think that 15 the lowest point reached m your expen
ments?

Stevemson 1 do pot know

Bwrch Was there some hypertrophy of the liver?

Stevemson. Yes

Barch Suppose you expressed it in total grams of glycogen, was there
any difference between the two Livers?

Stevemson 'We bave oot done that as yet, but certainly intend to.
These results are shown in Table XLII 'Ibcrehbombctvcmd;cm’l

are the same a3 when the 13 m terms of con-
Brwp’cmmbm however the diﬂaufm: cc:&m:n’ednmmuﬁ are not
at least for of the sze used.
ngXxlﬁlc‘m‘mcrmoncd mﬂﬁw:hﬁa&cﬂyhmmbﬂ“
2 moch lower level. Here the carbobydrate diet provides Liver giycogen
mﬂy-lnﬂembcvcipcrcmt,ﬁ)efndmnhtﬂ::bove4pcrcmtmd
the protemn diet & little below 3 per cent.

The differences seen on starvatioa 1 the cold are statistically signdi
cmtfo(dxl{PDmdl{FngpscnmpurdmththeHCDgrDuplﬁ“
24 bours, but pot after 48 hours of starvanon. The concluson we bxve
drewn 15 that after the first 48 boars or 30 of starvation it docs not really
mxk:mxhdﬂcrmcewha&ckdworgimln:btmm‘mmﬁf”

concerned.

these aspects are
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animals were fed 13 calones (3 5 or 30 calones (70 day
ofoneofdledlrcersoalom(dxcugz:;t)ﬂdwh (Togm) pecdar

There wete no marked differences in survieal between the dietary
groups at the same mtake level, cxcept for the longer survrval shown by
the HPD group on 30 calories per day m the temperste enviroament.
However the provision of some food, regardless of 3 source, did m-
crease the dursbon of survival On 15 calones per day the svenge
survival was 14 days o3 agunst 10 days 10 complete starvation, and
there 15 some evidence that even thus restrcted intake permuts the anmmal
to metabolize more of 13 own trssues us a soutce of energy for sarvrral,

Thurty calories are approximately the calculated daily basal require
ment of a mat of 300 gm a1 determuned by the Brody formule (Q=
705 M*™ Q=basal metabolsm 1n calories, and M=body m
kg ) On the other hand, if one takes 90 or 30 Qlorles, the ad Lbitam
mntake of these rats, as the equivalent of 2 400 calores intake for 1
sedentary man (these are more or ess sedentary rats because they rve
10 small indrvidual cages) and reduces them proportsosately then the
equrvalent of 400 caloties for & man would be sbout 13 calorses per day
for the rat, or 35 gm. of one of these pocalonc diets.

When we fed the 7 gm. dict, the so-called basal requireroent by
Brody s formula, or m terms of the proportoms I just mentioaed equivt
lent to 800 calomes for man, we found that the increases m survival
times were much more than double those on the 3 5 gm dset. With the
latter there was an average tncresse of about 40 per cent in duration of
mmwlmdcwzpldcmmmbutwth7grmd)ccwuwl$
increase of from 200 to 300 per cent. The proportion of body
lost at death was also greater indicating that the larger raton had
also permitted & greater use of body insoe

In the cold the beneficial effects of these small amounts of food were
practically obliterated. Here the total requirernent was so much grestet
ud:monmtedbytbedhhunmukawhmhmubmtwrﬂ
greater than m the temperate environment. So the 33 and 7 gm-
moleties provided propostonately very much less, and did not increase
survival to uny great extent three days on strught starvation, four days
035 gm. per day and five deys on 7 gm. per day In cold environments
temperate  survival ratons would qurte snadequate unless body
nsulatson were increased propostionately

LnTgble‘(LVu:xhowntb:orgmwtlzhuoftthnmnuhobuan
st autopsy expressed as perccntage of body weight The only fioding (0
remark on 18 that in the cold, on the restrcted food, the livers were very
smuch heavier relatively and ahsolutely than they were at oom "mP:;
ture. The hearts were also lerger pmporbﬂm‘drb‘“'beud"’p
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TABLE XLV
Effeet of Restricted Dailty Food Supply on Organ Welght
Relatrve 1o Body Weight at Death
Tempente G

Food inteke (gm 0 35 700 3 70
petday)
Hestt (gm pes 1001 030 033 034|040 o042 039
gmBW)
167 173 226|309 13356 279
085 087 097[100 093 089

gt 132 130 129 (138 131 139
IOOgm BW)

<]
D 000

© 10 1
e .

== FED STATE
mm 4th DAY OF STARWATION
OmYZ Ath DAY OF STARVATION {odopted)

REVOLUTIONS /DAY IN THOUSANDS
o

Courr 26 ngm_g‘fmmthefmhdqo{m
® 1nous enviroomentl temperztures

e low tompeniture before being exposed to the pext lower tempersture
others regained body weight et 22 C betwern expenumanty.
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mmmwmmmmmmwu@,umm
tures

Turning to a different as, of the problem, Figure 26 demonstrates
the spontancous actrvity of the rat when deprved of food. In 1944,
Wald and Jackson (9) mpoﬁcdﬂ:nuuwaxdthm?onhnm
actovity when deprived of food and water They consdered this incressed
actovity to be representative of aimless, persistent wandenng, which
the basis of mammalun emigration  Another hypothesss to explamn thy
increased actvity upon starvatton relates both food intake and work out
put to the mamtenance of body temperature, which 1 tuen 15 pertly
dependent upon heat loas to the external environment.

We were wterested 1n determning the effect of environmental tem-
perzture upon the increased actvity whech the rat shows dunng starve
ton. Adult male rats (330 to 400 g ) were grven tmme to become
acrustomed to indrvidual actvtty cages These conuat of & small oage
with an opening to & drum which revolves as the amumal runs When 2
coastant ackvity in the fed state had been achieved at 2ny envronmentaf
temperature used, which usually took about a week, the animals were
then starved, with water «d lrbuam for four days this a ches the
hmofnmvﬂformdnxﬂnmnmgnmm en allowed
to regaun thets origmal body werght before sny studues were
made In Figure 26 the average actvity on the fourth day of sterraton
at varous environmentsl temperatures 13 shown in compatison to the
average spootaneous activity n the fed state. There was litle change
1n the latter a3 the enviroament became colder When food was not
available the activity increased as the environmental tempersture fell
Mmmmfpond)cmmdhrmtb:mmnmcdlmﬂw
there arc probably other Liniting factors. For umstance, 1n vscw of
work of Dr Burton and others, we wonder whether shivertg between
10 and 5 C becomes & more efficient way of producing body beat than
strught muscular exercise

Thus running actrvity steaduly increased wath the duratroa of starvaton
until the fourth day at least. Curves plotted for the first, second and
third days of starvation at the lower temperttures would be smufar m
character to the one shown here, but of lesser degree.

Sellers In [able XLIV didnt you show that enmuls recemog 2
sumilar dict 1n the cold at 2 to 3 C. died in for daya of they were fasted
for that period?

Steremson Yes

Sellers Would that influcace the results you obtained at the bow

tempenature 10 Figure 26?
Stevensor, The mmmmence of exhauston 13, of course, an important
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increase with exercuse, there 15 a tise of Lactic acddd So the curve 5 2t
first flat, and then goes upward.

‘When he puts the same mice in the cold the oxygen consumption rox
to levels comparable with those obtained d exeraise at room tem-
perature. ’Ibcﬂum:thmgutknxmthcucgagbemuldmﬁndm
lactic aad. Thumyhtvcscm,lmtcrpreuﬂmu.hjtxtdoﬂmm
indreate a very great ddference between the mechanism of grester beat
roductton by exercuse and by shivermg

Pagé Did he do any ketone bodies, by any chance?

Bsrton 1 think not.

Sterenson R. H. Rxon (12) has been studying some of the factons
whuch effect movement of water across the cell membase.

(13) recently suggested that the mtertor of the cell was nommally hyper
osmotic to the extraccllular flutd, and that an active oatward trunsport
of water dependent upon oq, mainmuned the normal distobe-
ton of water between the cell and sts environment. Robemson wsed rat
‘udoey and liver slices. We have made stmular studres uung the ot
duphn,gmulsamplcofmusclenme,wdhxvcmculxtcdl;_gm‘l
Krebs-Rin bate medum con 150 mg. per cent of gl
cose. ngumnplmpzmdthelmmtof:?cl:gukm@bythcduphﬂgm
sample when 1t was incubated for 75 minutes n the Warbarg appartus
at vanous temperatures In the studics illustrated here the medium was
always an 1sotoauc (0 3 osmolar) oo You will see 1n Figure 27 that
when the diphragm 18 incubated at 37 C. with an oxygen gas phasc, the

-
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tsoe takes up very litle water It shows & water coatent of about 78
p:(ccnt,whEhpcdn some 1 per cent higher than when it 15 weigh
ed and dried mmedmtely after removal from the body

When it 13 mcubated at lower temperatures, but otherwise mnder the
same condibacs, the water content steadily mcrenses as the tem
falls, to about 83 per cent. The curve has been extmpolated to 0 C.
Having made several atl C,our now 13 that
the mcrease 15 0o longer hnear m this regwoa but falls off sightly We
have dooe muln meanirements of the extracellular fud space wn these
duphregm wmples, and we feel that thu merease 0 weter coatent is
indscative of an mcrease 0 intracellular water
Crismon. 1 think 1t should be pointed out that the ssme thing 19 &c
compamed by a tramafer of pomassium from the cell iterior 2ad a
penetration of sodrom 1nto the mtersor of the cell

Sterenson. In Figure 28 n shown the oxygen consumption of these
draphragm samples under the same conditions. The oxygen consum
decreases a3 tempersture o8 reduced, and thes appeans to be correlated
with the greater mtake of water As Dr Crismon has slready mentsoned,
there is the mportant pount a3 to whether or not the movement of water
B secondary to the well-known effects on oaxc movement under these
condrtioms, or whether as Robinton suggests, if 1s an mterference w th
1 primary metabolic transpoct of water

Crosmom. I think rt 13 of some mterest that sodrum depletion at ords
nary room temperature, induced without otherwise dusturbmg the duet,
#ves mae to 2 distnrbance of total water tumover (14)

The same phenomens, increased water intake and increased unne
volume, are seen m depletion when sodrun mtake s mamn-
ulmdntmnllcvgt(‘:)‘mlftbchyptxbmxofRobmmanug
the primary transfer of water rs responssble for this drfference, then one
bas to coander tt a nocspectfic response to mpury st most be evaloated
tgamst other that propose falure of the sodrum pump
mcd:mmn(m; and consequent upon that the retenton of water

Stevemson Studses of the tunc relation between the water uptake and
the decresse 10 cxygen consumptron lead us to question the sdea that
there 8 an active transport of water directly dependent upon aerobec

4gé What iy conclunon 45 to the best diet for prolonging
suryreal? o P

Sterenson Our concluson at the moment 1 that it doss 6ot make
much difference after the first 24 or 48 hours what the prevaous dlet has
been, a5 loag a3 it has been adequate. The one which grves the
body weight to stact with would secm to be the best m view of the gen-
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enl cotrelation of body werght with length of sucvival, But a3 [ men
hondbcfore,ﬂ.ﬂ:o\:ghnh:gh-fltdmmcumwmnmftmwught
gun, we found that the greatest body weight loss in the first 24 hours of
sarvatioa followed a high-fat diet.

Bsrrh Dnd you study the actity 1o relatoashp to starvation after
the peeviomly high-carbohydrate or high-fat diet?

Stevenson. We have not doae that with & high-far diet The starva
ton sctrvsty studies you saw were done with 2 high-carbohydrate dsct.
The usual or ordemary dset 15 & high-carbohydrate diet It takes about wx
moaths to do these studies because the animals have to be adjusted for
exch change of temperature.

Bartos Do | undesstand from your results that these rats survived
better when starved 1n the cold, 1f they had had a restricted diet rather
thea an «d st dict?

Steremson No In those studies we were comparing survival durmy,
mlﬁcmmhonwﬁj:mnlwhmmc,hnnotmgh,foodwu

e,

Barton A little food grves no better murvival rate than a lot of food?
It that correct?

Stevemson. No The increase 1n length of survival over that m com
plete sturvation approaches & rather than an anthmetical
elationship to the amonnt of food made avaulahle. Practcally speakimg,
we may obtain roce than double an 1ncrease m survival time for doable
the amount of food.

Crismon. Your data showed a grester contribution of body mas to
L é{svethcdlubcmmﬁocttdfortbcuumberofdapfmlvcdi

o that e p3 the total ly taken st the end of the tots|

g you g sumply

Sterenson The figures 1 showed were the totals at the end of the total
survmmal perod. We have corrected the data, as say for the namber
of days of survival It shows that the body weght loss per day 1 less a1
‘htlmmoffmdn;ﬂ.hlebccumgrum bat the loss goes on
Loager t a final greater loss.

Crimos. Were the animals recerving some small food supplements

: ot aod mdwm an theae diet?

Jerenson, were just recerving a smaller amount of the lete
dﬂdl"hhhlmkdnﬂgcbcgmn o

Critmon leﬂvtnotddcmun;ﬁfﬂnxﬂ’lﬂf that over-ail weight
lows 11 water?

Stesenson No, we have not done that, £ yet

Crismon Were they deperved of water or allowed water?
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Stevensom They were allowed water o /ibxm  We have dooe an-
othcrmc&.b\noalyurmmnpcxﬂummfu 1n which we restrcted
the amount of water allowed per day (e g, 25 mL per day 3 ml
day or 10 ml. per day) and m thedummaofmmnl_g:
observed that the amumaly restrcted ther food intake volusterily
although there was always food in the cage. When we worked out the
penodthxtd:cymmvefonmymeof e three isocalonc diets avail-
ahle ad /ibstam it was approximately the seme as 1f therr average volos-
tary food intake under water restriction bad been grven to them as a
restricted diet with water ad lrbriums  In other words even with food
ad libitem these anumals starved themselves to death they dd oot
dehydrate themselves to death.

Bebwke How much difference 1s there between 2 carbohydrate and 2
fat diet with respect to survival?

Stevewson There 18 quite a ddference. On 3 ml of water per day
which 15 about one<quarter of the «& /rbssam ntake of these rats on 2
ugh-carbohydrate or naturat diet, 2 rat will live mndefintely oa the high-
mrbohydntedmt,-lnutwoorﬂ:mmnthsmthcm&bﬁtdﬁ.md
only sbout five weeks on the high-proteen diet. So there i3 0o donbt that
a high-carbohydrate diet 13 the one of chowce for these snmals when
water 13 short. One has to reduce the intake to 2.5 ml., sbout one-tenth
of the spontaneous mtake, to kill the rat on & high-carbolpdrate dset.

Bebrke 1 thought there was a more favorable water balance when
the diet was hugh in fat.

Stevenson Certanly u high-fat diet should provide more metabolx
water I thnk that diets high in fat, that 13, 70 per cent of tbe calones
from fat, embarrass the rat with ketonurie even thoogh st 1 a very
resistant animal to ketosis  Of course, in humans, who gre mach more
senutive to hetous on u high-fat deet or d starvation, there o 00
doubt gbout the value of & high-carbohypdrate diet when the supply of
water is restricted.

Burton It seems to me that the remarks aboat the rats on 2 restrcted
supply of water starving themselves to death corresponds to what Whil
lans and Smith (17) found m humans when they bad himited water
ratons. One group was allowed to mix the water mtton with sea sratet
half and half and the other was not, o that one group had considerably
more flud to doak.

As 1 remember an interesting finding resulting from that expermment
wultutnftcrﬁxﬁmdlyormdnfewhoh:ddwcrmmmd
water ration ust could not eat the solid rations at all, and lost & great
deal of weight compared with the others. Apparntly If onc does not
have water ooe cannot ext food.
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Allen. How ngid was the water restction for those people? Was
there extreme thirst?

Berton It was fairly extreme However the ones who were allowed
o mox half fresh weter and half sea water dud u lot better maunly
becanse they ate better  They doubled the amount of water and added
some sodmm chlodde 23 well

Cofey Was there a0y evidence that the raty with extremely hugh oc
low activity showed a higber mortality rate?

Steremson No, the group was too smail However 1t 15 our mmpres-
500 that when rats do ha e sctrvity cages avaulable, starvation 15 much
barder ca them then when they are starved without the possbidity of
actrvity

Cofey In the sccoust of the Dachay Puson cold expermments (18)
there seemed to be the on that 1n survval, and this 13 of great
importance to fliers forced at sea, hyperachvity was more danget
ous than of was reduced to a bare muaimum, pamely only that
becessary to e the body with food Most of the Dachau work was
done m oold water tanks, 23 1 recall.

Sterewson  Our recent work has confirmed the old studses, which
sbowed that the cardiac glycogen 13 10 coatradistinction to the other gly-
ogens of the body 1t mcreases npon srvanon, donbles, and remaim
high in the rat for a persod up to 2 week, until the anmmal goes mto
mmdmmnwnﬁmmmnmd]ccold,hnmourﬁm
expenment not to such ¢ marked extent as at room ture.
Barch That may explam the hypertrophy that 15 the increase 1n
weight, because with the storage of glycogen thece must be storage of
water

Bebnke It the cardine giyrogen maintamed at 1 hugh level 1n the fece
of strenuoum ?

Sterenson. That I do not know

Bebwke In the restricted diet experiments in the cold, t woald be
inierestng to know whether there would be any dufference m survrval
‘fﬂ‘hmtpﬁcmugeofmdabmrcqnucdmmlym(cd.
Sterenson With regard to the beart, you will remember that Keys
od bs group (19) challenged what they considered to be the textbook
satement that the beart 13 particnlerly protected i prolonged chromc
Marvation, and that s welght 15 mamtuined when all the rest of the
E“*Yhsﬂmgdcwnhﬂ]_

Burton Is he oot familiar with the work m the lsboratory of the
[estrtor 3 Arbeitsphiysiologie 7 1 was tirere m 1943 and they showed

_
Mite v A Acbeurmpiepmologs,
Kawer Wilbetn lomrtet fur Dortwand  Prrsosst



186 Cold Imxry

m:thccvtdemt,w.,xraydndowpnduruofﬂlthcwoﬁmhﬂm.
ind experiments 1n the Iabarstory There were about 120 sabyects at
the ime. { saw them, and most of them were down to almost half ther
previous wesght. They lived 1 a rural mountain area, where food was
very dufficult to obtamn  Therr resting heart rates were down to between
35 and 40 but the hearts had not dectessed 10 sire to an extent com
pacable to the decrease 1n body wesght. Thete explanstion was that there
was less crculstion required now they had lost so mach weght, bat
ﬁ;tchcn.rtmrelmvtlyulug:ubcfar:,sortdldmthnmmbatm
often.

Stevemsom How was the heart weight determined?

Bebnke 1t 13 not difficult to judge from the shadows. What about
the visceral weights in mdrviduals who have been deprrved of food of
who have been starved? What was the expertence of the Institot fir
Arbatsphysrologic? Was the heart weight maintamed, say m cox-
partson with the fall m liver waght?

Burton From my koowledge of the data they had, it would certanly
suggest that the beart size was mamntained m relabon to the loss of body
weight,

Ferrer Were these subjects anemic at thiy phase of starvation?

Burton. 1 do pot know

Ferrer If they were markedly anemsc, there would be 1 change m
plasma volume s0d the whole relationship would be altered consider
bl
);mmv 1 do oot believe they bad data 0n anemm. The subjects wert
oot
B:rcz One has to be careful about judgmg carduac hypertrophy from
2 shadow o0 an x may film. It can be musleading because of didatation.

Crismos Were the pxctures made m 2 recumbent position, of Up-

?
ngll;tm" I am afraid T do pot remember

Crismon. It makes a tremendonts difference, especually m starvation.

Bepmke Considerable data are lﬁﬂlblCOn]::;glc dying of malas-
tnton. Does this group have any information reference to otpas
weights and body sze?

Sterenson. The evidence from keys (19) 15 that the heart detenorates
with the rest of the body certainly m animals, and he seemed to find 0
contradiction to that 1o tus Minncsota expenment, or m the clmas!
Diteratuse which he tccepted The dfficulty with so much staatist
Literature 15 that we have to wart until the 1 dead before we a2
weigh the heart, and there are so many 23 that occar in extrens
thltxtbdxﬁcuhmuyvhntpﬂudnctombon,md'hﬂplnw
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PicURE 29 Vanations in the average skun temperstures of Group I recenag 329
mg. of vitnmun C per day and I recervmg 23 mg. per dry duriag ten diy
mmn roam temnperature of 60 F mdvlﬂkfcdmmnlmgmoﬁw
Repeutted, by from LeBlaoc, | Marer Srwart,
M M%KG Studies on scclimunnban and oo the effect of axori
sad 10 men cxposed to cold Camad | Brockems & Phymel. 32, 407 (1934)

the
tbtyttl)ughtthcybclmgtd,onthehmofcomfnﬂmdtcﬂ‘d— In
high-vitamin-C group we had sex subyects Five said they were fn the
high-vitamun-C group One sa:d he was 1 the low v amm-C group.
the sex in the low vitsmin-C group, four sad they were on low viounm-
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C ntake, one was undecided, 1nd one thought he was on the hugh-vita
mnC intake. The eosinophils were fugher in the moming and sfter
0000 m the high
We nobced, when the subjects came out of the cold room, that they
tad some foot trouble T shail descube bnefly what ta n
both groups, {n the fow vitamm.C group the first subject had pamn m
which afso Lept hun awake at rught and thu lasted fur about
The next subject had gwellmg of the feet, with difiadty m
for about ten days The same thing ba m the third
a0d Jasted for sbout ten days. In the § subgect, frequent
with soreness for about ten days wete reported  The fifth subject
mocular weakness with occassonal pam, for eight days The
wabject had sensations of piw and oeedles for sbout three days The
serage dunabon of the foot trouble was about nine days in this groap
In the bughvtamm-C group the hirst subject had a semsation of prs
and needies for about two days The same thing was observed 1n the
second and third subgects, it fasted two and one day respectovely
The fonrth subsect bad a shight burming senaation for sbout three days
the fifth subgect sorencss of the solas of the feet with some trouble 10
for about scven davs The Jast subrect expenenced some mmuscu
lar w for two davs. The average duration of the foot trouble was
sbout three days 1n thes group compared with mune days i the fow
ninC group
Thu:'ummllmgmdmmlnmxblcmwﬂnngmtheb:gh—
amnC groap  So from these resuits, that 15 the higher skin temper
tre, the sbrective sensanon of being warmer the higher eounophils,
M&Mmmm:mgemo“oﬂmﬂq“mymﬂ\ﬂe
that the offects of laxge doses of vitamin C are benefical to bumany
xposed to cold.
With normal ratons we did not obaerve any beneBiaal effect of vita
Eﬂ‘ﬁ‘lgawuhn we had trouble 1n mas the room at 60 F
way through the tal Tt ma aithough 1t woold
;"mbttmcd Mm :ﬂrq)cﬂrum mm’:mm(‘rwgl?imuu

»
=

ik

E%

1n the experiment whete survival ratlons were used, we observed some
U of acclematization a3 shown m By 30 The urine output de
ceased in the cold and after fmro«i‘n:dapnmdrduphtau

la the Lubothtbe;:d'dhmdlawvmnvc the red
m“ﬁ' groups,

g::dcelhn the white blood cells increased st it 1n the cold, and

e back towards nommal fevels In the aftemoon, the teakogtes
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4 6 8 10 |2 DAYS

COLD EXPOSURE PERIOD
PERIOD
FxURE 30 Segns of scclumatratron observed n men exposed for ten days st
roam temapernstare of 60 thdcfcdua:mulntmufjwmbnap:rdq

repeated the pattern of the morning, but they came back to pormal levels
faster 10 the mommg

The skm temperature changes may be explamed, to & certan extent,
by the fact that the subjects lost weight in the cold, and coasequently
lost some subcutaneous fat. As we have shown m another experiment, &
few millmeters of subcutancous fat may mean the ddference of & few
degrees 1n the skin temperature that 1, less fat would mean & higher

shin temperuture
Bartos What was the normal control urme output in the wanm, be-

fore the expermment ?
LeBlanc The normaf output would be about 2,000 milhilttess

Barch What was the lowest unae yolume during the cold exposare

penod?
LeBlane This would be 400 to 500 ml, and the water mtake would
be between 600 and 700 mulliliters The water miake 13 lower at first,
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hmmLtbc volume 15 about 400 mt, and goes up pradunl t akout
™

Bnrb[hdywdolnybloodch:mmymlmntml 1
smgen, of nonprotem nitrogen, at such a low output

LeBlenc e did some nitrogen ketone body defermin t n 1 un
Barch Bat not 1n the blood?

LeBleme- No

Lesenson. What was the intake?

LeBlort The rations wete excinstvely carbohydrat

Allew What is the duily requicement of viumin € the

LeBlene Twentyfive milligrams o the muumum dese <~ ¢
estaoce, by the Briteth National Research Councal

Broxw Were both groups allowed to drunk all the water e act
LiBlaxc Yes,
&w;%ymitmnmeummw!muwmmhlghbd te they
tent min the cold?

LeBlaxe At first they were not on survival rapons the control period
5% dh pommal rations ' We fasted them completely on the first day 1n
e cold, end for the remainmg days they recerved 330 caton $

Bowen Tuadentand that, but there i no scale there, and you put the

L'EJ"‘ThtPlﬂoftth.ue g to the control period
m&'mghﬂm:;nnﬂd wmnm

Brmua, Stuailarly with the red blood celle. They did ot really sise
the went mto the cold, o the Ime should be holzontal for
e brst twg ey

Evin Lam interested m the polst about skon and sub-
z’“’"’f“- Isthe ¢ sk teruperature of the petson kower
1 of the (ol

Leblaae We had ax subpects We took the thickneas of the sabay-
fat over the trunk 1n 20 lndm.d:ikn&:g‘ﬂﬂmrt

the for sn hoar st erent

gt i, 70 60 s0d 30 F

Pk was that the fat thickness cxplained the regooal

frevion = the skm temperstare, For wstance, the fact that the

a3 colder than the chest, and the front colder than the back,

%u!fnfumbymx_muplmwdbvﬁrdﬁrrmhhtdﬂchm

B

gi
E
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Allen Dldyuute!lcbcmbyecuth.-.tmeoftb:mvmgcmgm
wathstand cofd better than the others?

LeBlenc We told them this ent was to study the effect of yta
mClﬂdthliltmxgbtf hwnm.lcﬁm The plils used m the
two were of different coloes They may have disarssed ths
hw%mm:qudmmmmmmmc

Talbott Dud they have any banus for comparisan, such a3 bewg warm-
cror)co!d.nr? Dud you reverse the procedures of the two groups at any
hine

LeBlenc No I think what they probably did was to therr
degree of warmness o coldnets with the other subjects o

Stevemson Were they concemned about the conditon of theit feet?

LeBlanc They did not have any trouble with their feet before they
ame out of the cold room

Allex Do you think st mught have been better not to Inform them that
they were test subjects taking vitsmin C to deternmune thesr reaction to
cold? Would the data have betn more accurate in that ease?

Horrath. 1t mught have influenced thels reachons.

LeBlans We wanted our mh:vclhseofmmbe
cause they had never an exposure of that nature At
any event I do not think that the sugpested slterative would have mods-
fied the objectrve endence fxvoring the use of high witamm C doses.

Bsrtow You mentxaned the second experiment 1o which you gave an
adequate diet rather than the survivaf dret. 1 think you said you coold
e 0o rve nfluence of vitamm C there. We should be knterested
to knaw whether the subjects on an adequate diet bad #ay foot trouble

LeBlanc No foot trouble was observed m that case. 1 sxy that
with the normal retron we had & postexposure penod. The were
kept 1 the same room 2t 82 F and they did pot walk around as moch.

Aller. Ded the utervcwens of these subpects know whether they had
525 0c 25 mg of vitarmin C? That would make a tremendous difference.
Looking at these le which oncs belonged to vitamm C group
mem,wﬂldmdeﬂgmdﬂwmﬂhglmcdm
quite notxceable

Broses. 1 understand the penpbenil nerves were not eammed in the
fect.

LeBlanc No
Brows Could you tell us 1p what way there was dificulty in walking?

Wias it tendemess or pam in the feet or the calf of the leg duscomfort
on movement of the joints, or musculat weskneys?
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LeBlan: They were examined by thest own medical officers. 1 report
ed all the observatons that were given to us,

Brows They were not under your supervisron, then?

LeBlane Not at thet trme,

Barch Were the clinscal manifestations defferent from scurvy? Did
the people on the 25 mg dose of vitammn C have a mild amount of
scurvy oather than cold sjury?

LeBlexc 1t may be that 1t was 2 combination of two or three factors.
These dmical mandestations may be 1dentrfied, to a certam extent, with
bunger edema, trench foot, or symptoms of scurvy

Alles. 1f the 25 mg were adequate, they could not ha e had scurvy
It 18 not posachle, 15 1t, to develop scurvy n ten days?

Horrath It takes srx months or more

Talbott Even with the sggravaton of cold I do pot thnk 1t would
be posuble to develop scurvy m that short ime with 23 mg of vitamn
C bemg grven.

Horrath One sees numilar symptoms whether » subject 13 0n 2 high-
viamn-C diet or not such as pain 1o the feet. It 15 partally point pun,
and there 15 & hyperesthesia which lasts longer with some people than
with others,

Bartow One sces 1t even 1f they have had an adequate diet?

Hormah Yes these people I mention were being grven 3 600 calorres
Per day and they were doing nothing except to be exposed to cold. 1do
Mkmwwbcﬂxtnuh:lptdormgeloﬂebvnmnommlhcmcm
of the diet, bt at least we do sec pamn m fect 1 npormal indmidinals
when they are given what 13 presumably an adequate dset.

Brows Dr Horvath, what 1s the basis of the edema

Horrath 1 think 1t was because we kept people lying on cots The
ml‘{l;:nmﬂ]qgotupmmordamddmﬁe

o e the to Lie flat 13 the way to devi
ofg:h coptrary poorest way clop

Horuth 1t may have all been due to the cold  We cannot rexch any
ocluuons because we drd not see 1t 1n everyone If it had been ob-
ﬁwdmlnmd:ndulhnoapmcd,wccou]dswemewnofnmule
fm&?'belnmmofcdanawhduppunm&nﬁmdayofmnuon
b quite vauable, Some people may have a marked pittmg edems, while
2 Others 1t s barely perceptible

Broww The edema the first day?

Horruth 1t oocuns ter they have been returned to warm en oo

ment,
Brows It s not a form of cid njury?
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Horsath 1t might be. I thuink t may be similar to immersion
ateptbmxdermgrtmt Y foot

Trasell In these subjects dud the swi oceur d
ot by elling uring the exposare

LeBlanc No after the cold.

Sterenson Do culblams appear m a warm ervirontment?

Horvath Yes

Barch Did the pattents manifest a good deal of hyperemiza when they
were bronght into the warm eavironment?

Horsath They showed some but I would not say very much. I thisk
1t 1s vecuble, If we expenment with 12 subjects st 2 tune, we sce &t
three or four of these people, and they vary tremendously 10 degree. In
the one cxpenment 10 which I was 1 subject, I bad edems which was
quite matked, extendmg just above the ankle I would say it wasa good,
strong prttng edema. It disappeared after about etght houss that =,
1t became mmperceptible, but the pain 1n the feet oa walking, and the
hyperesthesa, persisted for four or five days

Sburacker Does numboess of the feet develop when they are ex
poted?

Horvath 1 thunk that 13 2 bitle difficult to answer At an smbrent
tem, cof 60 F i the nude there 13 1 certain amount ot numbness
to all parts, I thmk 1 am sure 1 was cold, but I do not believe I notsced
any particular numboess
Travell Was there decp tenderness of the muscles or only cutaneous
hyperesthesta? The skeletal muscles might be responible for some of
the pain We have found that muscle pun and stiffness are sometimes
benefited by large doses of vitemun C, 1., 500 to 1000 mg per day

Horvath It was all m the foot most of it was deep m the
stages, but 1t gradually becarne less noticeable as tie sent on.

Allen Dud you obscrve changes 1n shun temperature of tiie extremrtres,
since 1t seems apparent that the fluctuations over the trunk would be fess

marked
LeBlanc Iwuﬂdmhk:muymmtmmhcn@mldlu,
but I think changes 1o skin temperature m the trank ratber

than in the extremities
Eorroa s Note Dt LeBlanc would like to add the following com-

ments to his remarks at the conference.

studsed, the icresse m sk termperature wes approxi
it Eroops . the body The difference between the

un.tdytbc-nr{otlﬂ?l.mo(

high and Jow .bm;mupedxﬂycbvmmﬂxdtd,
nppcrmn,ﬂngj:.md A striking simdlarty between these
perts Is the larger emoent of subcutineous fxt foumd these.
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Horiath The frctor 5o far as the extrembies are concerned,
s 1 suspect, & fraction. The weighing fraction for determining
the mean skin temperature makes the extremities small. [ presume
rou would use aboat 0.06 of the total 100 per cent for the extrembes,
would you not?

LeBlane Ye1,

Allen, What | meant was, 1n the arlcnlations would marked changes
n temperature of the extremities be diluted m the total?

Horrath Yes.

Barton Will you be able to retrieve that from the data?

LeBlewe Yeu, 1 think 5o

Barton It seems to me, from the expenence of other people that
changes in skin temperature might be more marked in the extremities.
It would be well worth lookmg for that m the data.

Bebxke Dr Horvath, what 1s the basts for the injury that occurs at
60 F? Is it the result of excessre vasocomstrichon?

Hortath We have scen 3o few subjects that I cannot answer pour
question duectly  The temperatures of the feet and of the hands are
very close to enviroament as you would aoticipate at 60 P [ know there
1 coruderable vasocoastnction mauntained for 24 hours every day dur
Ing those five days. Beyond that I bave no real baus for judgmg

Allen From what you have sad, it 13 quite apparent that changes
m the extremutics were quite marked Ifg::ylppm:chlmbacnttun
pentture, and the sverage shin temperature was retained at 22 C. there
must have been marked changes m the shan temperature of the ex
tremuties,

Horrath, Yes, 10 terms of Fahrenhat, it was roughly aronnd 62
daring the exposure, and peobably in the htgh 80 5 and 50 s part of the
time, depending upon the There was a marked vaso-
constrichon. But a3 1 say 1t does not occur m all md: wdusls

Bebxke In the same of expenment, Newburgh (1) exposed
Wﬂthﬂhdmhmmm?;:cnmﬂumwhmth:mﬂum(mlnpcnmm
1 60 F These mdividuals were up and about Several of them
developed foot mjury ‘The same type of infury may be produced by
somerion m cold water at 6 C for a persod of 30 nunutes, but in one
tndreidual it dud not occur at 10 C. after several expasures of about
0n¢ bour each. Perhaps the baws of the mjury 1s the deprrvation of the
blood suppty n&mtﬂuﬁncoldp«l

Skamacker 1t sounds ery smilar to the muld cold umunes that we
‘*""‘Cqmldnlly You did pot ha e vendes in these, bowever Did
K:‘j’:;ﬂ\hncmphundo{fmnorndlmgdﬂcbpmxulmof
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LeBlexc Not that I know
Horrath The degree of injury seems mild, bat it looks somewhat lke
syndrome,

the type onc sees 1n the mmerston
Barch Will you tell us how you measured tissue thsckness?
LeBlanc Byuhugafoldoflhnmduﬂn’fah We made sure
the two layers of fat were dose together and ap 2 slight postne
pressure.
Thcth:cccunadwwumFxguxcilrepracntthcmmhnm,mCh.
after one-bour exposures at 70° 60 and 50 F At 70 F 13 yoo
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obscrve, the insulation promaded by the fat was pot very hugh, but when
the temperature was lower the body seemed to utilize the fat layer more
cffiaently Thus Is obweons at 60 and mote so at 50 P The indrvidual
with 22 mm. of eprmuscular tissue probably has pot mroch sabrutaneous
fat. In thss subject the insulation was not changed a3 the foom tempern
ture was Jowered from 70 to 50 F In contrast to other subjects wha
barve subcutancous fat 1t may be said that the myulation of the skin was
maxmnm at 70 F

to the findings m Dr Bartoa s ts 10 which
1 mummom blood flow at 70 F was demoastrated. We have calculated
what would be the insalation of one inch of fat at these three different
temperatures. At 70 F ooe inch of fat would provide an wsulation of
about 04Clo #t60 F 12 andat30 F about 2 Clo

Byrton Would you agree that your draftsman has made a mustake in
drawmy the Lines going to the ongm? This index measures the
total lewalaton £rom the core of the body to the surface, aad only pact
of that Is subcutancons fat So those lines for zero fat thackness shoald
oot reach the ongm, but be at some rendual value that 1 the insulaton
of the rest of the tisene, which 15 pot subcutencous fat. I thik they are
ather msleadmg they should be strasght Imes meetmg with an mtet
Copt, which o bulation of the remamder of the tisoes between the
Core and the surface. They do represent the contrbution of mcreasing
mms&:fymbummnhLbutﬂwylhmldnctgndownmﬂxmAgm
should ?

LeBlanc Lagree. But I think the broken line shown on the figure
eocretponds to the insulation of the tkm
hﬂlﬂoﬂ;(Tbehtdummmth:toulmlumofﬂtmmﬁom

core of the where the temperature 13 presumably unifoem, to
H’tlnrflct.Im;hfyolofnﬂoofmbdoremegmupmthsbn,
?:lﬂukhlttbert:stofdncmhtmdepwdjupmﬁ}cmbcumm
ﬁw]tb&m«umﬂhmmzmsan

Are the nsulaton effects of fat due pomanly to the trsue
welf or becane 1t 13 avascular? ’

LeBlanc 1 do not thusnk this change could be attributed to the fact
g‘;““bﬂtmndecrmcdbloodﬁawoc asocomtrction, because the

1S%¢ 13 very poorly vascularzed. 1t i probably a gradient that sets
™ at 60 lndwfgobinwhjdlbno(d:scrvtdltmgf"

thkvlhav:mdaumt}utpmmfmukuhmmochnh
30d Sull (2) which mdseate that the capiilary surfa € in what may be
termed fean fat fissue bs four tumes greater than 1t 1 n fat-rch fat trssoe
Th:xutnuynhehtlnmhtutheblood\nxh,mldmxkdxcﬂ'camy/
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well be a vascular one, In other words if the fat 5 removed coe then

&xposes & gretter pertpheral vascular area to cold  One shonld think of

thcmaﬂzmumtmtemofapwctofdodﬂng,butmhcruth:pm—

tection of the blood transported via blood vessels.

hol:g‘{:tn{ Doymths:k&;iwﬂdapmdnhrgtmnxmmh—
observed when the room temperature was dropped from 70

to 30 F? It was a fivefold increase.

Bebnke No 1merely offer 1t for consideratron. The specific arrange-
ment that affords insulation may consust in Lerge part in the wosulatwon of
penpheral blood vessels

Barton The fact thet fat 15 less vascular than other tissoe would mezn
its tsulatson would probably d more upon vasoconstrction ad
vasoddatation than other tistue, In other tssues where there 13 conseder
sble water and no fat one has the vanable factar the transport of hest
by the blood stream, 50 to speak, n parallel with actual conducton
through the tisue  Therefore, an 1ncrease of blood supply just adds oa
some more tramsport of beat to this physical transport throngh the tssac.
But n fat tissue I think the change mn snsulstion 13 more likely to be
because the tat ttscif 15 a very poor conductor untul st has some blood
supply which lowers the total insulaton

Betause it 18 relatrvely avascular I would have thought that & change
from vasoconstrction to vasodilatahion would be Iikely to produce &
greater change m the msulating power of fat than even in other tsoe.
1 would be inclined to thunk this change in the msulsting power of fat
between 30 end 70 was actually a yascular

Pagt In the sensc of vasoconstriction at 30?

Bartos. Yea but this 15 2 matter of mterpretation. I thuok these curves
are really quite remarkable because from slope, for the first trme In
an 1 p1y0 cxpenment, we can deduce the msulating power of buman

subcutaneons fat
Bebnke These are calculations, are they not, rather than experimental

datat
LeBlanc They are calculations from the renlts we obtamed with

skin temperature measurements
Baxrioxn. Hatfield and Pugh (3) workiugwthDrOGEdbolm,of
the Untversty ot Western Ontario, made 2 good many measurerments ot
fat of apumals, buman fat, and other tisues of humans 1 r1iro? Bat !
thenk this is the first time the experment has been doae o rrro
CoquxLeBlum,Lnﬁgurc}onuvanmuxmdunmpeﬂ
ture a3 the subject spent more trme 10 the cold room Was there asy
m&mep;nofﬂwmb;cmthnd:q-mbmingbdm

sdjusted to the utnabon they were lrving in?
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LeBlene Yes. On the second day of cold exposure we asked them to
estunate the degree of duscomfort awsed by cold, hunger and confine
ment. They all rted cold as being worst, hunger second, and confine-
ment third. But at the end they thooght hunger was worst, cold second
and confinement third. It may be, however that they were hungnier
toward the end of the experiment.

Brown. There 13 an interesting potnt there The dunsnutson of the
duscomfort m same expermments has not paralleled the skin tem
With coatrmumg low skin temperature, discomfort 13 greatly alleviated
wd daappezns.

Cof ey I lave observed between 25,000 and 30,000 man-days m the
culdlktungcnmxu(mm—zoto@ F In examining the cold m-
jury which did occur which was a very small percentage, ot was always
lppu:utdﬂ:thcmprym:ldg:fublyhxv:bcmpmvﬂﬁtdh&dthe
proper precaution been taken. wouald ase3s this as negligence at
the first glance But after looking further into the tpurres a pattern
seemed to emerge which could be assocuated with the fetigue of the
1ndvidual When he becomes fatigued be may Jose the abelity to take

proper precautons for protectson agamst cold mjury  So it is essenbal
that we methods of trainmg and types of equipment that redoce,
2 far a3 e, the fatigue which 1 under Arctic cold

conditions. If some method of measnrement could be devoed which
would gree an cvaloation of the level of fangue that an mdivedual was
upmmn,g,ﬂmﬂdbeofg;ratrﬂm 1 wonder if there &8 any phys+
ologaal measure which could be used for this purpose.

Drged Dud notice any w0 shrrenng, for mstance, from
e e o exposre 1o e s

LeBlaxc They shiveted more at first then towards the end of the
esposure  That was made evident by their subjectrre semations.

Ste1 ensox. When men are m the cold for days, as durmng your experr
ment, 1 there, apart from the shivening, amy change m their ectivity of
they are not under structrons m ths regard? Do move ahout mare
at the begmning or at the end of the penod?

LeBlags They move lexs when comparing the control days with the
ld days. When the cold penod started they became quite iactrre
opecally with the sirvival mbon.

Bartos. Did you find & prog
old with sdequate rations?

LeBlamc As 1 mentioned, we had trouble mamtaining the room tem-
Pperature. We bad to take the subjects to a colder room and allow them
more clothing Up to the muddle of the cold exposure penod, there was
0 Indication that the skin temperature would increase

rise of skan temp m the
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Pagl What were the actval differences 1 temperature between the
cxpermmenty wath the survrval mtion a0d the normal ratsoa? Wes
cold duning the later cxpenment, or was the temperature rather hish?

LeBlanc We started 1t 60 F wath 2 normal ration a5 well as with 2
survival £aton, but we could pot mamntain that tempenatmre m the soom.

Pagé How bigh ded the temperature go?

LeBlanc To70 F Wtdtd—dcdtbﬂ]mmcd]:mhjcmfnrm”
bours 10 the morming and three hours 1n the aftemoon at 5 F They
h:‘;nlllfdothmgm Between these exposures they stayed 1n the room
at 70

Seflers [ agree that measuring the insulat capactty of the sk and
mbcumncmumm:npmbabayofm—-lmﬁ' practical 1mp .
Therefore, I shoald like to know just bow yon measured the tissue thck
ness at the different 3, and whether those points were from
the same wdviduals or different groops.

LeBlamc The same ndviduals were used for the three different
exposures. The three potnts corresponding to 2 fat thackness of 11 mm.
for mstance, were from the same

Sellers What part of the body was used?

LeBlawe The trupk. We made measurements at 20 different places
on the trank,

Berch How did you draw the Lines between the pants?

LaBlanc It was regresuon

Barch Was thus cakeulated?

LeBlast Yes

Brows How was the inruletion mdex calculated?

Berton The detrration of the msulation index Dr LeBlanc used
should be expluned Heat, of amount H, 15 flowing out from the core
of the body to the skun, end the same heat, mpplemented by evaporatree
heat, and totalmg H' 13 going from the skin to the enviroament. I the
environment temperature 13 Ty, the skin temperature Ty, and the core
teriperature T we can witte twO oquations. One 13 for the transfer of
batfmmmmm:km,md&xod)afmml:mmmmgvf

the differeoce of tempenature that 8 drmng b
l21’11‘1_'1') va:demubymcmhwuofﬂnuma—fhemhmn
alldrwxyfmudxaxemmemﬁcr—mdurmﬂtmwtbezhc

heat flow H

From there on 1t Is not quite the same heat flow becanse there 15 2
but 2dded 1o 1t, namely the evaporative heat The total, H' must equal
(T —T ) over the wasulahon of the air from the skun to environment,
Psfups[t}nulduyplmdxmnﬂzuooohhcd bur 1t docs not
2pply 10 this expenment. Were the subjects hghtly clad?
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LeBlawc They were oude.

Barton Let s say that I 1s the total insulation from the skin on. If we
drvide one of the equations by the other we obtarm the ratio L to 1 of
the rato of the insulation from core to shin which 15 the physrologacal
varuble, to the insalatron from the skin oa which 15 « physical varuble,
depending ca the clothing and wind velodty

The equation for beat fow from core to skm 1

I= T-T
—
And for the heat flow from skin to enviroament
T--T

b=
Sothe oo I wall be T — T, which s the wternal drop of temperature,

L
over (T — T ) the cxternal drop of temperature, multiplied by the
nto of H to H, a3 below

L _T-T _(H
r—ﬁxm);
In 1934 thus appesred (n the Jowrwal of Nusriton (4) although there
conductrvity

we were not uung msulation, but the reaprocal the
Th:nrb,_lg_x.fnclnnguno(uhngpucr_unﬂ]crcmmm

becanse a3 you know the propottion of evaporative loss from the skn 13
1 fauly fooed propoction of the total hest boss from the skin. This rtio
s oormally 121 Making the assumption that m these the
fatio did not change, we obtein an index of the canges of insulaon of
the tirsues by Just the ratio or the tternsl drop of temperature to
lhtﬂi‘\:rm.ldmp I thrk, 13 all Dr LeBlanc has used, and he has
turned the equation mto this ratto, whch could be called the 1nsalation
inder, He multiplied by L and asszmed that the constant was 121
Then because he the valve of L from the air movement in the
m Clo unsts, he was able to calculate L

T-T
L_-.l__:.i._x(l.)xul

All we heve to know 5 the rectal skin, and arr temperatures, and
multiply by I,

LeBlawe We used 08

Barton We atsome thrs to be 08 Clo unuts, which 13 perfaps bygh,
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bat correct for fairly sl arr Thes valve I 13 what he
mmmcuutbendulw-ymdumguubﬂ)epbm?;nﬂm
ology and to interpret skan temperature, betause this index autamatically
separates the two and grves us the changes in the physology Noomally
it depends on the arculstion. In this case st depends more on the sob-
cutancous fat. Just by talang the rabo which I aalled the thermal
arculation tndex, w:cmddncpmtetbcphmfmpbynn[ogy

Berch Would you encounter difficulties with these calculatons if
blood were circulated to the subcapellasy vessels of the skin in sach 2
maoger 41 o shunt straght through the msulatiog pad?

Bursom. This over all figure for the insulstoa of the tusues o the
end result of straight physical conduction.

Bwreh In the measurements we have been doing the skim blood
vessels, when diated, would approach the liver temperature or rectal
temperature, and we mught have the impression that perhaps there was
rot very much maulation by the subcutancous tissues, when actually st
would still be there but not functioning as well as had been cabulated.

Berton Any acute changes that a given indrvidual may show heve to
be in as changes 1o the penphenl arculetion. 1did measure the
effect of thermal conductrvity of the skin with different degrees of arcn-
latson This caa be done 1a the finger where the total arculation can be

measured, which 1s the skin crculation. 1t grves # nice correlation. Onpe
t Line with moderate scatter Between vasconstrcton

abtams £
and full ton there 1s apprommstely 2 doubling of effectrre
conductrvity to the outrde of the san.

Barch Have yoo conducted an experiment with a full thickness of
skan, mcudmng the subcutancous fat, wrapped around a source of heat
ta order to study the 1nsulating effects?

Barton No I have not. In your you would probably have
subyects where you could do that, but mn my Laboretory there would pot

be subjects available with sufbaent fat.
Barch 1 meant m sriro studies, using skins obfamed on the autopsy

tuble.

Burion Hatficld (3) has done a Lot of tha sort of thing, hes he not?

Barch Such sk may be readily obtained.

Barton. In m witro there 13 no circulabion. That s why I
think Dr LeBlaoc s expenment 15 30 valuable it 13, | think, the first
ix 10 measurement of the wsulatmg power of fat.

Carlson Drdn t yoa previomly all ths arculatron mdex ? What
nst}rreluﬂmapezmmnhnmzksdxmhwudlht?

Buartow That was my point with Dr LeBlaoc s Figure 31 1 think the
dotted lines should be ted becruse the strught Loes all bave an
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intercept which 1s the 1nralation of the rest of the tissue from the core to
the surtsce. It s only the end that depends on the subcutaneous fat,
and t 18 just that sechon w] inCteases in the fatter subjects

Carlson Suppose you were sble to vasodilate that area, what would
tappen?
Burton The total imsulation of the tissues would go up aboat five or
six times between constiction and didatatson

Burch That s the recorded insulabon, but the actual insulabon
ahould oot cdange

Bersow. 1 am nung womilabon a3 2 measure of the difficulty of heat

transport.

Rarch 1t B3 companable to wnml 2 man by plaang bet s
wound him. He would lose very liile beat under such arcam-
stances became he would be protected by that source of heat placed

Belwbs Why not use the pumerator the difierence between the decp
temperature and the skin temperature 13 the measure? What does the
denominator add?

Barton. The ratao has to be used, if there u any quesbon that the
sctual flow of beat bus changed  For imtance, dunng exercrse or 10 the
cold, there may be three tumes as mach flow of hest H may be three
times 13 prest.

Bebuke Under these cond boas, 13 there any reason to believe that

except a3 the common term chaages

Barton 1 think ¢ change m experiments at different tempena
tures. The rtason for usmg the o 1 to elminate the H, which 15
urknown, unleys one does direct calonmety as Prof Henry Barett
310d 1 did un batbtubs, We made 2 cakulabon of the same kmd 1€ the
H changes two or three times one does not get an idea of the nslating
Power onc must rake 2 rabo. Also between constricton and vasodilasa-
ton, if we take different areas of the body say the trunk and extrematies,
the trunk will be ar 3% even if the mbject 5 cnstricted when be 15 fully
dﬂanduwlllnmgomud:lnghﬂﬁnn}éic.,whdrutheumtdtgmc
of dilatation wall drange the temperature af the tocs from 23 Bp to 33
That does not mean there has been a greater change 1a arculstion 10
the extremrtics than m the trunk  If we take the msulabon mdex, we
find the ratio has changed by about the same amount m the two clsey,
“hich sepanates the phiyixcs from the physology ety neatly | think

Talbott To go back to the vitamin C experument agatn, the subjects,
before the were on house diets or ar ratons. They
Presamubly all stacted off at the same level of vitamin C?

LeBlanc "They were 0n a muxed dict before the experment.
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Sterenson Regular army ratons?

Talbots They are usually fasdy hugh in vitamun C

Stevenson Individusl food preferences might produce defiaenaes
even on 2 gcncnlflz adequate diet. These soldiers probably bad the
same Oﬁf‘uﬁmt’ T proper nutriton that a cvilan ling on &
crvilan has Bt

Allen What 13 the vitamin C content of let s say the wverage duet,
or the camp diet?

Steventon 1 should guess from 75 t0 100 g at least.

Sellers When dictary surveys are carned ont at mstallations Jike ths,
1t always surphises me bow many differences there are between vanoas
sectsons of the country spparently depending on local edmmustratzon,
food supplies, or perhaps cven differences mn the witamun content of the
food. Tmagme everyone here 1s familiar with that sost of data. Atene
place the duly intake will be 50 and another plece st will be 120, 2

Large difference.
Horsatb This ration would prowide o fixed amount of viam:n C,
would 1t not?
such 8

Stevenson. The rabon scule for 1 statx mstullatron
wide chotre of foods for the dietitien making up the meon that all we
can say 13, that each ration, 1f used in chance fashion, over a period of a
month or two will provide an average amount per day of the necessary
food elements.

Horvath In other words, the chances of a C deficency appeanng
would be very stmall.

Sellers Extecmely so

Stevenson One would have to have the worst cook and the queerest
food habuts for this to happen.

Allen. 1t 13 posaible, though.

Sterenson Those things have occurred rogether
Middle West, ooe within 20 miles of Rochester Mionesota. They were

e with peculiar dictery hebits

Pn;f:lm Many years ago [ sow & case m & macket-gardencr you would

thenk that would be the wroag bustmess 1n which to develop 1.
mﬂyuxngnt:rmalmﬁ:nhonmoldpccpkwbah’"

Barch We f
ptCul.llItﬂ:ln s

Stevemson F[{)r LeBlanc, the vitamn C subyects were soldaers Lving 10
Toronto, were they not? they were Canaduan

LeBlexc In the expermment with survrval raton,
Aur Force personnel livimg in Toronto
Sterensor Amyway tquuTomlnduanonChmd\ﬂJ
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Talboit Then there b an even higher probability of obtaming ade
quate vitammn C.

Stevenson In what part of the year was the study doac?

LeBlane The survival ration stdy was done 1 October and the
nommal mton study 1 May

Stevemson Just after 2 good frud season.

Coffey Dr LeBlanc, regarding the sk perature m
Figure 29 on the eighth day [ noticed 1n the two groups that the tem-
penature seemed to coaverge and there was 0o sygmboant difference be
tween them, Was there anvthing unsque about this eighth day? Was
there & break, for cxample, m the exposure?
mﬁ;ﬁ(a: Do you mean why was there po difference between the low

?

highmtamin-C groops
Cofsy Yes the morniog and eventng reposts, § think, were identiceal
l.m:lﬁxnmumcordthttdbﬂly:nnﬁldnﬁm:

LeBlenc- Thete was always 2 difference between both groups mom-
of ey cnrrver| the two tt were
close m Figare 29 dunnglh:remmb:ukg(ﬂxt‘ pom i

LeBlans No, there was continuous exposure

Critmox Do you interpret the mcreased skin temperature m the bigh-
s2mun-C group as representmg some direct effect of visnnm C oa the
abilty of o dilate under the stomuls?

LeBlane 1t 15 probably that. | cannot find oy other reason becawse
they all lose weight at the same rate, and fat thickness probably could
ot explam the difference between both

Allew Are there any data on the effect of blood flow under basal

of let us say the mtravenous injectson of vitamua C?

C:h_:;- Yes, there are anunal-cxpertment data on scorbutic
Pt The phase preceding capilla hage, or at least, h rhagy
mﬁrpmvmuﬁx am?ﬁmn, uqdundmmdhyrdmvdy slugguh
;“'W“lhcmh,mdflﬂummrcrpmvdmt?hﬂmnmm

:;P‘-"P‘H or topically applied ne (3)

o1 n';‘m wi s yn’ﬂfl‘:&l o?mnmg blrod flow m patients
ath perrphieral blood vessels by gng i jections £ ascorbne aad mtra

Allen That was merely supposed

Horab Yes Idonoyttbmk:twu firally determined bt at least
1.2 report on &t an the | terature (6)

Allen. De Crismon, ate there any studses on ontrolled blood flow ?

Crismon No

Allew On skin temperature?
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Crismon. There were some madental chservations of perfuncn nte
muohtcdlegxmkmfmmgunuplgxdmhzdmny 20d from thase
that were normal, 1n which flow rites were higher m the scorbate ank
mals tﬁrydldmtxcvaithcrbythmmxyofﬂowafcydmgdutm
observed in the legs trom pommal angmals. It was oot repaired by the
umple addiion of uscothuc 2ad, but by wsing crude soarces of vrizmn
C ltur:lzred,ldunk,toﬂ:cmxde:mt.Gvaxgle)upomd,m
which some of the flavonods were thought to represent vitamns, The
w;d:lrcfumwudoneby-mmunmvungxm: Selezenena (8)
1M1
Coffey Have you any data on heatt tate or pulse sate over this penod?

LeBienc The mifodmmbothgmupsmthcmld

Coffey Over the twelve-duy continuum, was there anv change m the
rate? Was there  trend up ot down?

LeBlaxc There wis o

Dugal Does the pulse mate go down when normal rattons are grven?

LeBlan. Yes

Cog;ymﬂncdiﬁmubdwmlbcMgwups,dnsgh,wmw
ugo

LeBlenc That 1s nght

Brows Does the akin temperature go down as much with the normal
ration?

LeBlanc 1 thuok 1t 13 comparable at first.

Sellers The expenmental procedure i reatly not companble, 13 #?

LeBlenc Tint s tight.

Crismon A questtoa was rased 1n one of the previous meetings con
cetning the o polated tissues, 15 to whether ot not m sytro studies
couldshowmdmctofmwwdofumfmnforvﬂgp«md;of
time. Comparisons were needed between tusues frozen detachment
£rom the body and those that had been frozen while still sttached to the

ammai,

One of my sssoctates, Dr Fredenck A Fuhrman,* has carded out
such expermments on mts, m which shan from the dorsum of the foot was
remaved and subjected to cold for varying peniods of tmne. Its oxygen
consumption was then measured in the Warburg respirometer He

ed varying levels of temperature.
ﬁugllnh%twuthzthzdmmofthcsﬂﬂofdxfmt?

Crismion Theskmofthedolmaﬂhchmdiwthmﬁo:mlyd\m

cmnmptmmrchuonmth:chmnmﬁu&m»uﬂcd
that 1 oxpgen penetration per nnit cite of metabolrm,

"Watburg lumit  of oxy,
Mltumwmﬁwﬁuﬁbﬂﬂm&mdﬂﬂng&

Fobrtowa, F - Penonal commmnxcsbon
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Buseh There was not any subcutaneous fat o connectrve trssue > Were
d:actmuummcdbyclnxc.m?

Crismon. T did ot see them prepared, but it i my mpression that
there was very little matetial there that could be removed without a good
deal of trauma. That additsonal trauma was svoided,

Table XLV{ refers to skin taken from the feet of rats atter immersion
0125 C freering solation

TABLE XLVI
The Q01 of Skin from Rat Fert Froetbitten st —25 C.
B abl¥s
13 sexonds 3
6 1
6 » 2 207 236
[N 3 210 340
Duration of the frozen state

ﬂtmoffmaingwumummdmucon&xfmmmumdnl
whienmg of the foot was poted The rars were lightly ancsthetized
with pentobarbetal Dr Puheman informed me that brt past expersence
h‘{m‘dl}mt}trwugmlwhmfrmmgarunbynluxdu?nkl
trek this probably correrponds to Siple s ping m the cheek (9)

A“"Yﬂmtheumaupruscdmd\ehmmlumnofﬁb(euw
‘”rmdxumeoffrtmng\mtdthtfmtwurcmovedfmdx
[w%‘dmm'l‘bemmh\mmurmdmtbmagu(ou arym)
nuzsber of houn. Then skin from the normat fot wat compared wit

‘a’fmﬂx{roﬁinnmfootofdxumemnuﬂ The Qo 3 are ex
Presacd m terms of malliiters of oxygen per gm of dry w exght per hour
The rommal vatves of Qgy range from 20 to 237 One da after
frohute tmvot g 60 sevonds immersion m the freezng bath after the
{"‘m{mﬂd,lberumlﬂfmmfmldmmdlnfm
1ostbitten sin. The frosthuten tissoes had & Qan of 2 53 three days
?ﬂl}m&of{m&m;wmnﬁnlfh{mmd

The thing that mterests me 1 this %ok 18 that the Qon values n-

v

ra
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creased over a of three days In antmals wnjured for the same
Iength of time there 13 a progresseve nse of Q04 In the skio samples. This
ﬂue reprcsn:]rumcm from wux samples of skin for each tem,

hme cthing appacently has appeaced 1 the shin sample tilen
that 13 responsible for oxygen uptake at 1 higher rate than 1s
utic of normal skin.

Thus cannot be due to the presence of bacteria (f ft were, the graphs
for oxygen consumption rate over the three-hour of a single run
would show an upward dnft owing to the of bactens. That o
not the case they remain qurte level, but they are consustently higher

Eprror s Note Dr Crismon would like to add the following com-
ments to his remarks st the conference.

The upward dnft of Qoa mght not serve to ind cate the peesence of
bacterus if they were oot undergomg tapld growth Sabsequent work m
Dr Fuhmn:hbo«ﬂmyhumdmtzduxma{;mhm
1ens 10 scrapingy from frombutten dun of rats three days after
The contnbutton of these orpansms metabolum to the
over-all caygen conmmption of frosthtten akin has not been deter
muned.

Crimior Table XLVII shows what happens to skin if it 13 taken from
a normal rat, frozen after it 1s detached and then the oxygen consump-
ton measured Here the tem uwed were 41 —4  and oa
down to —25 C. The hours here represent the dutetion of exposure.

TABLE XLVII
The Q0 of Rat Foot Skin After Cooling tn mutro
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Thete gre mions and plos signs to mdecate whether or not freenng
occurred bn the skin.

At these temperatures +1 and —4 C,, no freenng occurred These
dats ere expressed m per cent of control alue The Qos of normal skin
would be approxmnately 2 00 o 100 per cent at lower tem
ture, and for loager pemods of time d}erculpmgrcumhﬁﬂ;f
oxyRen conMIMptioa,
The increase of Qo that was seen when the skin was attached to the
anmal dunng and after freenng, does not ocour 1o skin frozen after 1t
is removed. There 13 nothing i the skin prior to freezng that responds
tt;;ccolclbyn.nmn:reuev:lm:eofo'xygcncoim.n]:phcm Thnudob-vnuly
declinn en consum| ¢ destruction
- lﬁm phon represented by progressv

Later on we hope to have some date from Dr Fuhrmaa whach will
permut us to identify histological changes in the shin that may help to
saount for the mcreased oxygen consumpton dunng the recovery

In the antmals thet were frosthutten while the tkin was attached, the
ﬁmﬂmevunotievuemoughmpmducegmgrmcmthcdomno{
the foot the toes of the foot from which the samples were taken devel
oped gangrenc and had to be removed

Dr. Fuhrman 1 renning a second senes now with longer freenng
tme to see whether be can find an wojury level that will produce gan-
grene of the domsal foot skun in untreated rats and survival of such
slin when the immeduate raprd wamung treatment o ued.
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APPENDIX AUTOBIOGRAPHICAL
SKETCHES OF PARTICIPANTS

JANET TRAVELL: | have been partrcularly interested 1a cardize acd
the interrelations of mnncmggeruwdnnmmﬁ:?:rrcd

vicers] pun. In the Department of Pharmacology Coroell
Unaversity Medxcal College, we have studied the effects of cold
m the form of ethyl chlonde spray and other rapidly coolmg
agenis, on pun and tngger areay that develop secondary w
trauma or visceral disease This was not 5o much 1 connecton
with the locsl anesthetxc scton of these apenty, 33 with the
cousteniertant or reflex effects of mtermuttent coolmg on
thermal barns, 3o we ha ¢ an interest m cold and tussue mpury
which we are pursing at the present tune

TEFFERSON M. CRISMON: In the Department of Phymology Stanford
Universty we engaged m work on gangrene resulting from
eold mjury durng World Wa 11 Since that ime my interest
n cold mjury has perssted, although actual research m that
mmediate ares has been confined to anallary topsas related
mami; tocuﬁmlofm’ullbbocflwvﬁscb[ T partcipated a3 2

tant in the organzation o! mulitary research
mmmmhomwhmmlnmp(vumdcmgxi
aut some problems m the field My assocute at Stanford Dr
Frederck A. Fuhrman, 1s stil] contmumg with work on cold
mpury my own work 13 in connection w rth caprilary blood flow

EDQUARD PAGH: My wnterest 1n old goes back to the war yeans, when
1 had the lete of jouning Prof Henry C Hazetts team in
Toronto. | worked mostly on protectne clothmg for the Cana
dian Air Foree with Dr Burton of thus Conference and Dr
J A Ratching, now st the University of Bristol, Bngland  From
there I moved to Queber and could pot renist Dr Dugal s fine
animal cold rooms I bave been working on metabolism im
rats 11 connection with adaptation to cold for the last five years

STEVEN M. HOXVATH Dr Talbott 13 partially responsible for my inter
st m cold. The army hus contrmed r;.mnd‘enrclmll wotking
onthcpmblmwon.ﬂg}u]y erent lenel than we did
many years ago Thrs meetmg has partcular sigotbaance for
me because 1 was here at Fort Churchadl about eight or nne

213
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years ago  One observes the tremendous mmprovement thay has
taken place 1o both the facilities avaslabie of research, and m
the protective articles that sre now svailable, 1 thil m the

;p:&mmlnypcoplcﬂudicdm[dcxpammbynlymgmth:
.

HARRIS 8. SHUMACKER, J&. During World War1, 1 had cherge of ooc

of the three vascular centers which the had establish
mdoﬂ‘mdaamd:mbxvtbemdomlgnxymx N
work concerned with local cold injunes We are now
asg (0 qury out experiments i hypothermia 13 to
surgseal procodures  Like Dr Criemon, a3 & consultant to the
Sutgeoa General I had an opportumty to belp plan the cold
wjury study program m Kores and to see it 1n schoa thete,

G MALCOLM BROWN: [ have been mterested in cold injury since the end

of the war when Queen s Unirerstty finst sent s party to the
Arctsc to study the Eslimos. In the intervening years we have
been interested partrcularly 1o the vascular and metsholx
aspects of the process of cold acclmatimation we bave sent
repeated pacties to the North, and also performed a series of
control expeniments oa our own medical studenty at Kingston

ALAN C. RUXTON My mterest 1n cold 1ojury dates from the Hre of my

LOUTS-PAUL DUGAL: | have been interested 1n cold

coaversion from physicsst tofo physiofogist by Dr ] R. Morlu,
of the ctment of Vatal Econcenicy, Unverssty of Rochester
Medial [ Through hus strmulaton I berame
with the heat and energy exchanges of man. Then I had the
privilege of pung with the late Dr Henry C. Bazett, of the
Unuversity of Pennsyivanie, an enthustast the subject of
temperstre tegulation, 2ad the war wis wodang on
problems of clathing 1o cold cha and 1n the field.
the was | have tended more to study the perrpheral circolaboa,
which was the outcome of my Interest m temperature regu
labon, However 1 am glad to say that at long last Tam
retugning to my study of buman calormetry 1 bave had very
Irttle cxperience 1n cold wjury except for some work m gen-
eral

for
sbout ten We have been considermg especually the effects
uﬂd:emrc:“h:bmofnxmbtladinmmh(:fdha&nz.

ta

and monkeys, exposure
e B we ahentooe efecy, v hare
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been the relatiors between ascorbic sad and the
adrem y3ls axm.

M.F COFFEY For the past five years | have been tvolved in research

LOREN D CAMSON: I did not do any actual wotk on cold mpury dunng
World War II although I experrenced frostbite in the face
1 pood many tumes dunng our hugh altitude work My mterest
n cold ml(y after discossions with Bogadier General
O O Benwon, of the U 5. Aur Force, concerning collaboratree
work between our department of the Unrvers ty of W ashmg-
too, and the Arctie Aeromedxal Laboratory at Fa rhanks
Alaka. Sewe 1948 they have very generously supported onr
work, which bas included field trips to Fusbanks, as well &
experiments in our own cold chambers My interest in the cold
Is really a jack-of-alltrades approsch 1 am interested in any
thmg that occurs durmg adaptaton to cold

ARERTR BEHNKE: | am prumarily concerned wath immerssion bypo-
thermma and with the physiologic reactions when the deep body
tem 18 lowered within 2 range of 30 C to 36 C. §
am intetested, also, 1n any therapeutsc applcations that may be
made of lowered body temperatures m range and un cold
therapy partscularly with reference to bumns and other types
of trauma.

HOSEM L MAm Like Dr Horvath, [ am indebted to the Jossah Macy
Jt Foundation, and to the Defence Research Northern Labora
tores for providing thus Fort Churchill bomecoming, for it
was here 1n Now 1946 that my mterests 1o the effects of
cold first began. Tor two years from 1946 to 19148, [ directed
2 ot Ganadun-Batish Amencan medial test program st
Tort Churchill  Following that as Chief of the Cold Injury
Section of the Army Medxal Research Laboratsry at Fort
Knox, T had close assocuatron with the cold mpury prcgram
hotea, and duting the past twn years at Harvard Medwal

s
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GEORGE E BURCH; I bave not cxpertmented extenmrely with cold
Howerer 1did some work for the Office of Saentific Resetreh
and Devclopment during the second world war
on trench foot for sbout & year 1 am interested In
arcalation. Recently I have been studping the ‘bunting re-
actiaq of Thomas Lews, produced by subzero temperatures
spplied locally to the hand

EDGAR V AWEN T have had 1 long and end mtetest 1 the
pheral arcalatoon Myo';gtmduchmu?;gmld mpury mpi:
result of clmgal observations and results of cold myury dur
g World War 1L

JAMES A. F STEVENSON My interest in cold evolved from the genenad
problem of strets in metabolism. Actrve work was begun m

1950 with the support of the Defence Research Bord.

EDWARD A. SELLERS: I became mterested 1o climatic physiology in the
Naval Research Divisron dunng World War 11 perhaps be
cause of a cdose geographical connection with Dry. Bareit,
Burion, and Pagé 10 Toronto. At the end of the war ] secerved
suppart from the Defence Research Bourd of Canada for some
groenal investigations which mvolved a study of the effects of
cold. Most of my work has been in the field of scclimatmation,
and [ am also Adwiser oo Medical Research and Devefopment
to the Medical Director General, Royal Cenadan Navy

and

M. RENE FERRER: My own tnterest is i cerdiovascolac mechanuoms,
although | have done po direct work on cold, 43 you all know
[ serve a3 your Editor and enpoy tha tak very much.

TT 1 am mesested 1a by and the ill effects of
ot g’\lliowclﬂ 1941 [ mvestgated the problem of supplymg
protectree to the Quartermaster Corps, an mierest
which cmnummgb 1946. [ was on the Rorean Frosthite
project three years wnth Colonel Blsu following which
the whole problem of cold njury was under conssderation.
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However 1dud same work for the Office of Scienttfic Research
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EDOAR V AUEN: I have bad 1 Jang snd endunng otesest m the
pher! arculstion. My mtroduction to cold mfmy-mpcz;
resalt of claucal ohservessons and results of cold mpury dur
1ng Warld War Il

JAMES A. P STEVENSON- My mterest 1n cold evolved from the genenl
problem of stress 2 bol Actrve work was bepun m

1930 with the support of the Defence Research Boesd,

EDWARD A. SELES | became imterested m clumatic plysiofogy i the
Nava} Research Drvisron dunng Woeld Wae I gc'bagn::
cause of # close grographieal connection with Do
Burton, and Pagé m Taroute At the eod of the wee | recarred
support from the Defence Research Board of Canada for soe
genenal mveshgations whach invoived  study of the effeas af
cold. Most of my work has been 1o the field of soddimataration,
and 1 am slso Adviser oo Medscal Research and
to the Medical Dicector (remeral, Royal Canadan Navy
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although I have done 00 durect work. on cold, as you all kaow

1 serve a1 your Edutor and engoy this task very much.

JOHN H TALROTT I;muﬁcrmcdmhypdnmu,mdthcdle&r«sa[
cold. Before 1941 1 mvestigated the problem of suppiymg
protective clothing to the Quastermaster Corps, an mterest
which contumued through 1946. 1 was oa the horean Frostbur
project three yeass # with Cotonel Blair fallowiag which
the whole problem o cold tyury was uoder conssderatsad.
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