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THRRCIICTION

When food msterisls are bturned, elther in vive or in viiro, thers
in a constznt raticof the volume of CUy produced to the volume of O,
eonsunsd for sach given food stuff, This ratio is known az the reee
viratory quotient. The respiratory cuotient for carbohydrsies is 1.00,
the aversge for vroteins is abeut .8%, and ths averuge for fate is
.707. This constitutes the theoretical runge (.707 = 1.00) of the res~
rirztory suotient and =ll normal metabollisa of o combination ef thess
three snergy yielding food stuffe in the bedy results in a resviralory
quotient within thie renge.

The significance of the resuirstery csuotient hae been the subjisct
of eomparatively recent mnd few investigations, Richardson (60) in
1929 reviewed the availlable knowledge of $the respliratery auctlient., ls
defined it as the ratio of the volume of the COp preductien te the Op
consunption during the same time peried. Xowever, it is now known that
€02 ig not always released at the same rate ss it is produoced in the
btody which resul $s in high or lovw regpiratory oswoitient valuves., Hicharde
son (60) observed that i% was incrsssed by retention or storage in the
body of substances of low respiratory quotient, e.g., fat formed from
earbohyirates. Uscrecsssy wore cuused by retention or storage oi sube
stenees of high ressiratory cuctient. IExamples of this storage were,
hs rervorted, susnr from preteia, suger from glvoerol, keato acids frem
2t and carbohyédrates from fat.

fie outlined the factors which sffect the reeciratory guetisnt. He
renorted nothing which influenced the mezeurement of 0p.  He did,
however, report ssveral things whick could alter the messured GUs prow

duction, It was increczsed by hyrerventilation, lsctie acid znd keto



seids from zetabolisnm, and szeld retentlon in nephridie and uremia, 2131
of which increace the C0p relecse. Factors which could cause a decrense
in the measured 005 wore listed. Uhey were hyvoventilatlon, oxidation
of laectie neld and keto aelds, exersiion of fres acid, synthesie of
Flueoss and glvcogen from lactic acid and vomiting with loes of Hel from
the atomach. He also reported that wdlkallne therapy and 2lkalosis could
dscresss the weansured U0, releansgs.

Conybeare and Feumbrey (11}, 1976, wrote on the significance of the
resviratory snotient. Thelr only exdanation of the resciratory cuctients
sbove and below the theoretical runge of .T07 10 1.00 wme that they
ware dus $o convarsien of fa8 to carbohydrates and curbehydrstes to fuk,
rearectively, Dontcheff, et al. (18), in 1935, reported thai res;yiratory
cuptisnts below the theorstical of JTOT7 in froge munt be due o experie
magntal error.

Host of the date srpearing i the literature on the wespiratory
quotient anpears only incidentally in exveriments concerned ehlefly with
other vproblems. The review of the literature beleow outlines the ywresent
avallatle knowladge. Little work has been dons on the relaticnship ef
the respiratory quotient to some factors such ast pll, ia inepired »ir;
Blood and tissue buffers; body temperature and exyren consumpltion.

The vresent investigitlion was undjertaken as such a siudy. »00s in ine
goircd alr was veried and the resvonse of the mnlmals in al tered roge
riratory cuotients, buffering, znd mwm retention in the bLody vere
noted, Iariny the coursze of the work, interrelationshins tetween
reepirztory guntient, ﬁaam of ipspired alr, and metbolic rate wors
chaerved. In certain suecies, 1t arcesrs that the sigmificance of ths
resnirstory gnotient must be partizlly interpreted in terms of ehunces

in the metabolle vate.



LIV VLM

The lesnirsto tuotiond

The term "rosrpirntory cuotient" ig commonly abbrevisted the X, o,

In further diseussion, the abireviated form may be used for the sake
of brevity.

The influence of the awsunt and tyrnee of food intake on the R, .
hasg deen widely studled. Harly obserwtioneg with the bomb ealoriaetsy
indicated thnt the Re Q. of the eonergy rielding food stuffs differed.
It is not sbrange, then, that much effort has bsen expended in studying
the effects of dlet on the X, G,

The ingmstion of carbehydraztes, esreclally the simple sugars, Po-
sulbed in an increase In the l. . abovs the rasting H. T, of &55,
Bgchmann, ot 21 (2), Carpanter (9, 10}, Hdwards, eb 21.(22), 2nd Halai
and Bachmann (33) have studied the ingesticn of suzere individuslly,
in combination with eech sther and in combinetion with otheyr foed
matoPrisls. They observed incresses in the X. 8. which differed with
Aifferent individual sugere, different combinetions of sugers, and zlazso
with the speclies of the animals.

The amount of fat ingestlon, 2nd zlso fat storsge, have beon fownd
4o affect the B. 0. A high £:t diet was observed (35) to decress the
Re Yo below o 70T, the theorotlicsl lews) for the oxldation of fata., an
adeouate explonatlion of this depression wes not pos 1lble even in the
light of several known factors which decrsased the R, G.:  first, »ro-
daction of Aycogen from proieiny second, productlen of glycogen from
Mycersly and third, ketosis from smmonis formation. Heinbecker (37)
found p similar deprrselon in 7, 2,%s in o study of Sekimos who lived

on & hizh fat dlet. A it deficient dlet resulted inm 2. #.'s above
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temperature. He sugrested that the low R, . 's of hibernating wars-
blodded animale uney be directly asceribed $o the influence of low body
teunsrabures; and oelalmed thut i, “.'s were simllar for active snd hie
ternating animale when body leuperstures were the same., Hyporthermias has
been shown Lo be sccompanied by an imcressed B, Y. {75).

Sitndies of the «ffocis of erercice on the H. 4. bave chown thats
first, Gn saturction of venous bBlood was purtlially resyonaible for the
tnerense of the . 0. during recovery from exercise (43); second, suger
ingeation prececding exercise resulted in an elsvoted R W during exere
eise (1}): a2nd third, thet there wss no correlaztion betwoen musculaer
effieiency and the height of the M. ‘. immedintely before exercise (3H).

The secvationsg of the rltuitary and islets of Lamgerhuns are known
to affect the K. e He “'s below normal have boen observed in depan~
creatized animals (M4, 40), and hypophysesctomy has besn demonsirated to
result in an elev ted H. Q. (4, 26, 62).

A reeiproczl relationshir bebtwsen the H. ©, and the barometric
yressure has been demonsbrated (5, 75}, and correlated with the course

of gaseous exchange in the lungs (23).

Ihe Netabellan of £0, and Abke Hffsct on Zhe fasuiroioxs
For many years, 1t has been know that G*‘l‘? is an end rroduct of
norsal matabolism in memmele. This knowledre has nromrtsd mony investi-

gatlons concernad vith 00p and ite role in netabolism.  Yith the advent
of iazetonie corbon zs a tracer, these studies hove recently incressed in
nanber wnd importance, Some of these studles are revieved undor “Utorage
of ©0," in the discusslon sectlion of this theals. Tn most studlice re-
vigwad hare, the H., %, was not zentioned - the works wers concerncd with

other mreblenn ~ and so thelr lmporitunce in an wdsreltanding of the bl .



exn aaly be conjectiure. In order to be of real vilue in an interpretatien
af the %, 9,, meny of 3he worke would have te be rodone with thic im mind.

“hen Traper and ¥hitehead (19, 20) diccoversd in their studiss of
2iffasion regpiration that doge conld live when the rercentaze of T0p
wae sufficisntly high to csnee = drvom ip dlood »H to 6.7, the study ef
ECpn in metoboligm was given a nev imectus. Spencer, et 21, {72}, studled
the tolersnce of dogs $0 high ©0, and learned that they could live for
se long ae B5 minutes while imhaling MO 00,  Many investigmtors (6, 13,
14, ~;, 2%, 36, 52, 53, 55, 67, 68, Th) have studied the sffscks of 00,
on sulmels st arparsat in shysiologicsl respsngss,

Severzl studles (15, 21, 30, W1, 49, 50, 63, B4) have besn concerned
with the offeet of CO, in the control of Yreathingz., In vi-v of the e¢ffect
of lung ventilation vate on the R. 7,, thelr woris are of otvicus lnterest
in an sypreeintion of the significsnce of the X, %, As o reflection on
the pors=ible noture of A, %, deviatlione in these stndies, 1t is intoresting
te note the work of Fitzgerzla and 0'Connor (27) whe found that 7lCn in
slveclar olr rose with »u incresss in %ha Te He and vies versa. The C0p
tension alsc rose with an inerssse in COp prodnction and ths Op uptake by
the blood fell with a rise in OO0z teasion.

In the pressat studles, the pl0; of insnired alr and duration of
sxposurs vere voried in obeerving ths effecte of CUp on the exypen con-
sumpbion and B, S, four species of anlmels vere used to test for possidle
gpacies 4lfferoncos,

0, has alse becn studled in diving animels (M2, 65), dtitude (13,
45,) and qiffusion respiratioa (19, 20, 65),

In 2 stady of UCp earrying capreity, content and pH chonges uwroduced

by inhalation of COUs, it was important %6 inow the buffer vidlue ¢f dlood.
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CERRONE 2TD BATTRTALS

Flee

Albinn mee of both saves and of ssveral zoee were nzed, The animsle
ware divided ints thrae emearimental grourg., The animsls of two groune
("A% gna "3%) yere visce? individually in closed chambers and ewrirad oy
allnwed to ncoumilnte. Those of the third growr (Grown *17) wers exrnsed
to rebraathing an atmosrhare iniélizlly high in CO0s, In Group "A%®, g mense
wag vlaced in a closed chambar. Consumed On was not rerlaced nor was
produced GO, absorbed, Tims, as the animal bresthed, 00p tension in-
ereased nnd Op tension decrsased., The chavber eontalned avproximately
three liters, Sammles were taken at 20 minute intervals and ansly-ed on
a Hal dane-Fenderson gas znalysie apparatus., A fan was ussd to mix the alr
tefore sammling. The mice were exrosed for s two hour neried in thig
chamber,

Arimals of the second grour of mice (Group "P") were vlzced in g
charber vwhich eonteined arprorimntely one liter, The samrles wore taken
at 17 minute intervals and the snimals were srrosed for one honr, PReganse
of the snall aize of the chamber z fan was not ueed to clrenlate the air.
Ta insure sdecunate mxing of sir, the sawrling syringe was flushed ranidly
gsevars) tinmes jJust nrior to samrling the sir for analysla,

Both ehambers were fitted with a ngnometer, thermmonetsy, and burette,
Atmpervherie rregaure was maintaired by revlacing the gam-led aly with
watsr from the burette, Yhen an animnl was evehanging gases =t an R, O,
below unity, 2 sreater volume of Op wae consumed than COp vroduced. This
diffsrence was alse roplaced by water, Care wae avercised in sam~ling %o
make certain that samnles were drawn alightly 2bove publent vrassnre oo ns

to av-oid dilntion of the sammle with atmoevheric alr when the syringe



neafle wag withdrawn from the chamber, Fectrl temmerantures were tnken
with 2 thermomatsr at the beginning and comrletion of the erveriments,
Animale of the third groun of mice {(Orour *¥) were exnosed to re-
breathing an atuosrhers initially high in ﬁeg and data wore onlleetad ne
indicated zbove in frouns "A® and "Y', Theme sxreviments were made in a

thrae 1iter chamber,

Reatn

Albine rats of Bath soxae and several ager wers nsed., The animals
were d4ivided {nto two ewrcorimental srourse. Oroure "% and "2% were treated
in the same mannar excent that A1fferent chazher stzss were ussed, The
experiments with rate wers confneted 23 werse theoe with mice descrided
above., 7, T,%s, mstabolic rates, and body temnarcivres were sgain talen.
Two chamber gizes wers used contsining aprreximately 3 and 7 liters (Grouvws
DR and WEY pegrectively). The alr was szamled at 10 minuts intervsle in
the smaller chamber (Growme *7D") and at 20 minute interwals in the larger
chamber (Groun "E¥), In both chanmbers, the air wae nixed befors samrling
by rapildly fiunehing the samvling syringe in the chavber several times,
Txmerimeats by the author, however, indlieuted that the animal's breathing
and activity nrevented any layering of ﬁ&? which wae measurahle with the
#sl dane-Honderson gas analysis srvaratos. The fan and alxing vrecedure

vere nsed to avoid any nossibility of layering.

Yumana
The vogeareheg on Mamsne were divided intes four exverimental series

(Grourg "F7, W08, A8 apa3 814} Shhiscte in Oroun TV gare studied for
the regronge to robreathing a 1inmited vwolume of sir. Sudbjeets in Geour 49

and "H" were observed for "recovery® after bresthing high €005 gas mirtures,
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Srour "I¥ waz studied for the rasvonee of humanz %o breathing sir initially
high in C0g.

Al t nales betwsen the sges of 20 and 35 were nsed. In Groun 994
humane rebresthed air from a large srirometer., The volunes rebresthed
varled beatween 120 2nd 200 1liters. The 21r was samrled at 10 ninute in-
tervals and tha woluma of imsvired alr was measured on a dry gae test
meter. HMinute readings were taken of insrniratory wolumes. Resnirstory
rate wvas Jetormined by nge of a vazuwmograrh and kymograrh and time was
mzrked with a eignal magnet. Palsge rate and blood rressure by the
angenlatory nethod were token at five minute interwalas,

In Grouns *3* and "HY, R, G, ', netabelic rates, and the resvirstory
and oirevlistory resronses wers chserved on the subiects Auring "recovery®
whieh eonsisted of breathing atmosrherie alr at the termination of 2 meried
of time during which zir wae rebresthed, thus inereasing nercentzre of
00p, Terminstion of breathing high 70, wae 2t the »oint wren the subiect
felt the $0p tension was intolerable. Snbiects in Grour "G rebremthed
from a spironeter which eontained srmroximatsly 100 Titere of zir and the
exrired gpases were collected in five Nenglas bags vich were kort sgarste
for samrling and anslyeis., The length of tine gng was collected in esch
bag devended uren the minute voiume of the varions subjects. Tn Grour "HY,
the gubiscte rebreathed from a Donglas bag which contalined B0 or 17N 1iters,
apired gnses wers not eollected but alveolar samrles wore tnken and
analy-ed, The effeet of recovery on cirenlstion and resniration were agsin
nnted,

in Group "TH, humsns rebresthed sme mlxturss initlally high in 0.,
Hera, a8 in the vrevions exveriments, %, .'s, metaboliec ratea, $1dal wol-
uwnng, regpiratery rates, mimmte volumes, rulss rates, syetolie, Alzetolile,

and vulse rreszures were taken,
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Dogs

In Groun *J%, Qops under surgleal nembutal sodinm snesthesin were
sub jseted te rebreathing 50 litere of iy, The cureen of the B, 7, %
and metabolic ratee were followed Auring the rezecreh by analysis of e
dravn from the Tmaglas dag at 17 aimmte Intervals and ansly-ed nn the
ﬁa&ém&ﬁmé&rmzx gas anzlyels arrapatug, At the terminatien of the ex-
rerimmnts, whieh lasted from 30 to 6" minutes, the "recovery® of the degs
wzs noted an the anlmals inhaled atmosnherie alr and evhaled into NDouslas
bage. The recovery reriod studied was from 27 te 60 minntas, The time
was largely determined by the conditiem nf the animals. A few dogas had
g tendency %o asnirate flnids and some of the doge develored an abnornal
ranting reflex under the anesthesia which was reflected in excasaive
minnte volumes. ZExpired guges were collected during tests for the time
veriosds, aes the eonditiong of the dogs rermitted: 1-7 minutes, 719 mine
ntes, 1N=20 minutes, 20=U0 minntes, snd U060 minntes. The wolumes were
nensured on a dry zas test nmater and the gns samrlos anzlyved ag indlented

ahove,



HASULES
Stﬁrﬁve of Gf}’g in the Bag,z

In Table I are ghown the volumes of COp stored in the bodies of
nen, dogs, rats, an’? mice during rebresthing of air in which the smpired
£0n was allowed to accumulste. ¥hese volumes of stored COp were cel-
culated from the data used in obtaining the £, U.%s and netaboliec rates.
In the csnlonlations, it wes assumed ihat the type of food materizls
being burned 414 net change and that the drop observed in the X, o,
over the course of the cxperiment was a result of the storage of €Oy,

In some experiments, where the initial R, Y. was low, an A, “w. of .85
wne nsed in caleulating the amount of stored CU,. This, of course,
gave larger values for stored COp than would have beeh obtalned by
erleulating from the inltially low H, §. This was done because in sone
experiments, the CO, had socumiiated to a level where it could have
affected even the initial B, 4. If 1% was thought that such were
possidble, an R, G. of .85 wae usod. FThis 1s the average R. {. observed
in active animals. The dabse from which the volumes of stored COp were
ecalculated sypear in Badlee V1. Vil, IX. X, X1, and x1I. 3Beesuse
auantitative d:ta on oxygen consumntion were neot sought, the values
wvere =11 expressed at ssbient conditions, i.e., sbout 760 mm, Hg 2nd
200,

Following is an example of how the volumss of stored U0p vere cale
culated. R. ©. of the initisl time peried ¢ .86, R. Y. at the end of
the veriod of imhalation of COp rich alr & .65. The COp production =
65 1iters :nd the C, eonsumption = 100 1iters. If the . %, hed remeined
conatant and thers were 100 liters 02 consumption, thers would have been
85 11ters of [0y production, e.g., f%‘ B, @, of .85. “he QGE stored

then = 85 - 65 2 21 1liters.
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She Eefest of Inhaltion of Ar Laitially Bigh ia €0
on the gmﬁ;irateg E uotient

The %, C.'s of men during inhaletion of CO5 rick air are shown in
Table 1T, This work was done using alr initizlly high in {0p rather than
vrodneing 0 rich slr by allowing 902 %o accumlate from exvired alr
a8 in moet other testa. This prooccdure wes used te test for the sighi-
ficanoce of the duration of expesure and the changes in pls, both of
which were kept at a minimum in this series. fThe R, 0.'s averaged .56
and only twe were sbove the lowest theoretical H, . of ,707.

The data of the R, Q.'s of miee exresed to rebreathing air initially
rieh in U0, presented in Table XIII are also presented in Figures 5 and
6. The data are repeated in Table XIII becavse the time perieds be~
tween collsction of samples varied with the initial percentuge of COp.
This difference in time could not bBe rresented in Figures § ard 6,

Table XVI 1lsts the CUy and O content of the air inheled by the mice
and Table IT liste the initial CO, pereentages inhaled by men. Zecause
of the effeet of high 0O, on humans, it was not poseible to continue

the runs lonzer than the time necessary for the collection of suffi-
cient gases to obtain en analysis of the respliratory exchanges, The
men voluntarily terminated most of the rune, sometises soon after

10 minutes of rebreathing, thus only initisl XK. “U's are given. In
Figure 13 is shown the relationship that existed between initial GO,
percentages and R, S.'s of mice. From the limited avallable date, there

apreared to be a estritght 1ine relationship.

Recovery’ froz Inhslation of COp Rieh Adr

Tadles I11 and IV ghow the response of humans snd dogs to inhala-

tion of CO, rich air followed by inhalatlon of atmospheric air during a
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120 minute obserwation s a2 "9 of Z 02, Sinflar annlysis for Figure 2
rroduced a "TY of B.Ul; for Figure 3, betuser 10 minuse and 60 minute
snolysis, n % of 2,70; and for Flgure U betveen the 17 minute snd 60
minnte analysis agein a ™% of 7,88, A1l the above "7 waluce indleste
Hiphly elgnificant differences. Figures 3 and ¥ present dats for mice
robreathing in o chamber of 985 m)l, wvolume and Flgures 1 and 2 gre for
mics rebresthing in o volume of 2,778 sl. Two chesber sirzes were used
to test for the influence of tims.

In Flgures 5§ and 6 are shown the K, 4, 's of mice exrosed to re-
breathing a mixture of gases initially higk in CCp. Thls was produced
by the addition of CCp %o normal aimospherie alr. Exrired 00y was
2lloved ¢n socomlsate. There was ne elignificant change in the R, 2,
oveyr the course of the experiment as determuined by the "T" tast.

Regpiratory Quotient of Hats. -~ The "accummlative® B, 7,'s for
rats rebreathing in a 2,778 uml, chamber ia which C0p was sllowed to ac-
cumilante sre ehown in Flmure 7. The %yrericd® B, 4.'s are cresented in
imre B, 1t is obvious from the shares of the cnrves and $he nature of
the ranges of the determinationg thnat in nelther ¢f the twe gro-he
waz there r statistieal ehange from the beglinning to the ¢nd of the
exrarinent.

The %scoumulztive® sad "eried® R, .'%s for rats rebre:thing in a
7,100 1. chanbsr in which explred cca was slloved o mecummlate are
shown in Pigures § and 10 respsctively., The difference hetwsen the 20
minute znd 100 nlnute anclysis 1s o "™ of 2,32 or & nor- =~simificant

At frorence (level between .1 =nd .05) in Figure § for "uccam tive®

et and a "I of 1.83 or s nen-significant differsnce (level between

Qo and L, 2) in Filgure 10 for "reriod®R, 7.%s.  Biatistles mesn little here
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baennree only § sntmale were usads Fince this wam one ef zeveral grouns
snbiceted 0 the same trectment, sitotistical wrlidityr was not necessary
in a1l exverinents,

Regniratory ~uetlent of Humans, -~ In Figures 11 and 12 sre shown
the "aeouwmlative® and "peried” . L 's for humans rebreathing volumes
of 100 to 200 litars. Ixpired C0n wen zllowed % accunnlate. 4 PT®
test for the “, ¥, drop in Pigure 11 ylelded = value of 4,50 and in
Figure 12 » similar teet gave o "PY walue of 6.66, both highly significant.

The values for "pericd® H, '.'s wers obtained by successive sube
traction of the figures from wiich the "accumulative® R, U.'s were ¢nl=-
culated. Alr sommles were drawn perilodleally and analyzed. From the
dsnta thoe eollected, the total gaseous excohange to the time of sumpling
wat calemlated, The R, %.'s snd the oxygen consumtions for iddividusd
timg reriode were calcoulated by sudiraetiag the walues for the begloning
of the periocd from the vaiues for the end of the pericd, e.z., the 30 nine
utes figures from the M0 minutes 7iswres. The valuss for the “reoriod"
%, 2.' vary mors from the mean than do the veluves for “accummlative®
R, “, %3, This is becaouse the uccuracy of the laldsne-llenderson gns
analysls arparatus is not sufflicient to yleld figures ia 21l anidyses,
which when scbbracted, as sbove indleated, produce preciee . . 's for
trhe individual reriods. The consistent fall in the "accumilatlve®
7, G,'s, Hhowever, indicstes progressively lower " —erioe® i, O, lg
wrich ie sudatantiated by enrves for the "veriocd® B, . 's. Tris ex~
rlenation holds for the relstlionshiy of E”igtxres 1 wnd 2, 3 and 4, § angd

6, 7 and &, @ =nd 10, 11 and 12,



18

ﬁxi Sen 0

In Figures 14 to 21 isclusive, the Op consum-tions are presented
on & vercentagze basls. That is, they zre shown as vercentages of the O,
consunption of the initial time periocd. The Oz consumption of the first
time paricd studied was taken as 100) and subsecuent rates are exyressed
as nercentares of this initial periovd. The ressons for this wethod of
rresentation are vresented under the discuesion section of this paper.

The raw data exvresged in ml. &t amblenlt eonditicns is shown in Tables
r, Iv, vi, vii, viix, IX, X, XI, and X1¥, The statisticsl analysis
below was done using raw date, i.e., the wolumes in wl.

Oxygen Consumption of Mice. - As shown in Figure 1N, there is a
highly signifieant diffsrence between the initial Oy consumpiion and that
mensured batween 100 and 120 sinutes. The value for the "IY test wese
7. T4, It ig noted that the slope of the curve changzed at 80-100 minutes.
In the last part of the run, the animals scemed to respond in twe divergent
mzancrs!  the one group maintsining = 211 in 08 ecnsuny;-tion and the other
group sstadlishing a steady state. Peczuse of the small munber of samples
in esch grour, 1t was impessible to muke 2 sbsatistical treztment of
these appurently divergent resulta. 4 comuarison of the senle of the
abeligsa in Figures 1l and 15 showsthe time to be twice as leng in Figure
1k as in Tigure 15. The slopes of the curves, as drzwn, on the first
part of the graphe are similay but vhen the time is taken into considera=-
tion, it is evident that the glove of the curve in Figure 15 1s twies that
of Figure 14, i.e., the Qp consumr-tion of the mice in Group "B 4n the
snzller chamber drovvned twice as fast as that of the mice in the larger
chamber. The Op consum;tion of the mice in Group "B" (Figure 15) dropped

more than 50% during the one hour run. The "T¥ wslue was 9.41, a highly

-

significant level,
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Fipure 16 indicates the dron in Up consumption of mice exrosed to
rebreathing an atwosphers initially high in CO0sy The *¥¥ wulue for the
i fference between the Up congumnption of the first and fourth time nerlods
is 3.10 o sienificant level. The time periods for individual anivuls,
ae indicated in Teble ¥IIl, was intentionaslly wvarlied with the initisl
C0pn parcentaze, sc as to keer as nearly uniforsm ae possible ithe number of
tins merieds inm o test regardbess of the initial percent CO,.

Oxygen Consunntion of iats. ~- The Uy consumption of rats as affestnd
by inhalation of caz rich aiy is shown in Pigures 17 zwnd 18, PFlgure 17
1s the prosentation of the Op consumption of rats in 5 chanber of 2,778
mi. The drop is highly significant with & "2" wvolue of 5.93. In Pig-
ure 1€ are vresented the Up consumptionsof rats in the larger chember,
7,100 ml. Agrin the drop is highly sigaificant with o T #-1lune of 4,62,
4 gomparison of the slopes of «z.m eruves over the Pirst nart of the run
ghows the dror %o De more than four times as fast in the smaller chamber
(Figure 17, Grour "%},

Cxyzen Consumptbion of lnmang, -~ Thore was no stotisticslly eignifi-
cant change in the On consumrtion of bumans ag o result of rebreathing

sir in which €0y was allowed to acoumulate.

Oxyeen Consumrtion Durine "lecovery” vhile Brespthing itmognheric
Aty ,ggéa ﬁm"%%ﬂgiea of 0o, Righ ALx

The s consumptions of men and dege during retre:thing of rir in
which €05 was allowed to secowninte and durlng the recovery which followed
while breathing atmoschaeric air are siown io figures 17 ard 20, It ie
neted that during the firet few minutes of recovery, thar: wasan incresse
in the 35 eonsumption which in humans was elaeven~-fold more than the norapd

Co consumption. In dogs, over the first three minutes of recovery, Lhe

incresse was nearly three-fold.
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£0p Inorease with Time

Moot He Qo's and Op consumption respomses of the expsrimental
animels are plotted apgeinst time in the above tables and figures. They
ocould have been plotted against mr cent Clp, The inerease in percent
COs in the inspired air is plotted against time in Pigure 22, This

nakes possible a comparison of the parcent COp with the remponses.
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R. Q. of Hen Inhaling Alr Initially
Hich in CO0p -~ Greup I

Initial
ega nercent 5.70 T7.38 &.62 5.42 2.8% 6,11 6.77 9.h9
A, 7. of |

Piret 10 Hia, 36 .59 g B2 LM W50 .77 WuS
Zoricd

Averaze B, G, = 56
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TABLE ¥

Temporaturs Iroy of ilce and Ruts Exyomed to
dedroathing Adlp in ¥hich the axpired CO5
Wan Allowed %o Accumulate

Hige 5 Hate
Group groun D
Temnerature in °F | ‘i’mm’ai%r% in &C
Initisl fTerminal Teap. Drop Initial  Termingl  Teup, lrep
48,2 90,3 Te9 35.0 33.5 1.5
97.4 91.5 £.9 5.5 1.3 4,2
57.9 £9.1 8.8 36.5 30.1 5.4
8.5 B&, L 10.1 35.2 26.5 8.7
57.8 90.3 75 36.2 .2 540
99.0 23.3 et 3549 32,0 3.9
99,5 9%.2 1.2 36.5 32.0 L, 8
160.1 89, 10.5 34.9 3.9 3.0
38,3 92,4 5.9 5.7 29.8 5.9
97.5 90,3 7.2 36.4 33.4 3.0
- = 7.8%8 - = k.6
X or 4,39 x

g, D, initinl W’ = 333 ﬁ, D, initia) tem}!. heediN 209
8. B, torminal ﬁﬂmrfm - l. i‘@s 8. D. tarainsl tenmr, T . g}h%}
% = 13,48 highiy significant t = 6.86 highly signifie=nt
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TABLy V1Y

Nwycen Consumction and Uarbon Mloxide Froduetion
of Hige debresthing Air in Which Rxpired GO,
Yae Allowed %o iceumulate -~ Group B

Animal %§ight

Time : ,
f{io min,J) 28,5 . 23,0 27,0 W8  o7,h 3 305 32 5.4

24,23 18,562 27.97 22.67 Wi 26 25 Z 23
10 28,92 23,26 31.58 26,00 24,35 1% 3 23 h

16,57 18.62 21,17 15.32 18.88 18 2 5.5 19

20 7.2 23.26 2h.80 17.62 22,10 22 2R g o6
13.58 13.00 16,74 10.25 18.8% 13 17 17 18
30 20.77 18.%3 18,87 18.2k 22,79 21 23 o4 23
10,61 9,71 12.68 12,73 13.3 12 12 12 12
Lo 15.72 13.10 22.23 17.91 17.98 15 17 2D 1y
1961 12,02 12.53 10.59 12.71 & 11 g 9
50 25,72 12,18 13,09 14,39 15.61 1% 1€ 13 12
E.27  5.17 7.8 B.08 8.26 1 8 5 6
60 11,50 11,180 9.86 12.99 1%.80 12 9 8 12

Esoh fisure represents exehunges for the nrevicus 10 alnute perisd.
Volumes exprassed in nl. at ambient conditions,

Upper figures in esch row are GO0y rroduction,

Lower figures in euch row a¥e O, consumntion.
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% 4

Consumntion and CO, Froduction of Rats Hebresthing
Alr i" ¥hick Expired COp was Allowed to Accumulate ~- Group D

Time Animal Yelght

in {grams) ;
Hinutes 45300 280 287 390 218 323
116 98 55 89 113 96 83%
10 13 136 83 123 148 178 88
7h 50 32 68 L) n 55
20 98 73 b 85 90 87 g2
ko g 35 52 57 65 &0
65 57 54 65 8 Bk 65
3 L 3 30 35 29
68 66 s4 8 b5 37

32 38

50 30 53

5

60 38

Eneh figure represents exchanpge for previous ten

ninnte paried,

Volumes expressed in ml. a% ambientd conditions of

temperature and presenre.
UYpper figure in esch row is G@@ productien,
Lower figure in s:ch row ie Os coasuamption,
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TABLE X

0, Consumption and €O, Produetion of Rats Rebreathing alr in Which

Expired GGE was Allowed %o Accumulate -- Uroup B

Time
in

20

ko
60
80
100

120

Animal "eight
(grams)
A5_wo k23 o M55
156 178 269 245 185
184 203 288 257 233
17 120 158 179 18)
184 1l 197 2 222
159 127 172 il 146
166 150 189 166 182
£ 113 15 123 100
111 130 165 15 158
39 92 8 119 96
76 1s% 115 157 123
22 g6
32 12

Buoh figure represents exchanges for the previous

ten minute peried.

Volames exrrcssed ia ml. at anblent condltions,
Upper figures in sach row are C0p production.
Lover figures in esch row are O, consumption.
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0, Congumption and GO, Froduction of logs ifxvosed to Hobreathing
4ir in ¥Which the séxpired C0s» was Alloved to Accumlate - Group J

Time .
in _ Dog Huazber
Minuies 5% .58 . M2 W3 W 60

98  1,0% 93 65 .67 .96
10 1.2 1.M3 1.33 L1 8% 1.34

1.00  1.% 75 S5 56 .96

20 1.57 1.95 1.18 1.01 .94 1.32
1.08 5 | <80 b1 LB  1.06
30 2,01 1.6 1.13 91 .92 1.55
77 Bl .65
Lo 1.15 O 97
2% b5 61
50 1.21 93 .27
60 :63

Figures revreseant changes for the previous tem
minute perilod.

Yolumes exprissed in liters at amblent conditions.

Upper figures in each row are CO» production.

Lower figurez in each row are 02 consumption,
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TalE XV

The Percentage of CUp and Op of the Alr Inhaled
by Hice fisbrsathing in a 955 ml. chamber — Group B

Time ' T hniwmel Welght
{in min.) 3 32,5 32 1570 S0 T4 0 - ¢ .. 5. N4 Y.
2.87 2.8 2.8% 2.5% 2.55 2,34  2.36 2.58
10 17.33 17.67 18.78 148,36 18.06 17.76 18,43 18,45
k9 5.aF K71 L.7A B35 3,98 5.24 4,04 W.59
20 1b. 74 18,67 1h.8h 15,57 15.85 16,28 15.15 16.57 16.14
65,55 7.2 7.7 6.77 5.9%  5.42  T.1b 5,22 6.69
%0 12.54 12,06 12.15 13%.00 13.86 1%.27 12.80 1%.69 13.70
.07 G005  Su34 &.30 5,57 8.67 6. 8.26
4o 10.76 9.79 9.90 10,30 12.81 10.68 12.72 11.72
9,137 10.47 10.37 9.45 .61 7.78 9.97 8.00 9.79
50 9.08 7.8 8.z% g.h3 10.04 11.3% 9.1k 11,08 9.92
10.32 11.59 11.32 10.B4 9,68 8.62 10.99 3.5 11.03
60 7.48  6.63 7.18 7.92 8.69 10.03 7.89 9.53 8,17

Hmch figure represents exchanges for the previous tem minute neried.
Upper figures in ezeh row are percentuges SO o*
Lowsr figures in eath row are rercentages Uod
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Fabla XV1IIX

The Percentages of COp and Op of the Alr Inbaled by Hate
Hebreathing in & 7100 mi. chanber - Group B

Tine
in

Hinutes

10

8 & %

o

Aninmal Yalight
15 190 423 50 55
2.3% 2.63 3.96 3.51 2. T4
18.32 18308 16.82 17.2% 17.70
4,53 L. h2 6.29 6.0 5o 6
15.73  15.99 1Lk.01  13.83 1450
5.90 6.1 8.89 8.4 7.67
13.28  13.8% 10.96  11.36  11.85
B.1L 8.0L 10.65 10.72 a,25
11.69 11.98 g.8% 9,10 9,61
8,82 9.46 11.92 12.07 10.78
10.53 9.91 7.15 6.79 778
9,10 10.80
12,14 8.13

Upper figures in esch row are percent COs.
Lower figuree in sach row are perceat Us.
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The Percentages of €0y
by Iﬁegs -

3

g ¥

60

Ta¥hi XX

roup J

and Qg of the 4#ir Hebreosthed

Subjeet
53 58 42 hy o1 60
1.98 2.07  1.B8 1.30 L4355 1.95
18.53  18.32 18.49 19.85 19.36 13,47
4,05 He2h 242 2.50 2.59 4, 24
15.55  1%89 16.25 17.47  17.47  15.47
6.?3 3.2 5.G8 3.93 4,99 7.46
1.86 9.7F 1,05 15,49 15.4%  11.08
6. 7L S.49 5 T8
11.78  13.27 13.17
8.50 7.37 T.54
9.3%5 10.77 10.8%4
%.38
8. 72

Uoper figures in each row are yercent COp.
Lover figures in eca®h row are percent az.
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Figure 2
Group A

The Period Respiratory Quotieants of Mice
Breathing in a Closed Chamber in Whioch
Expired CO, was Allowed to Accumulate

1,00 +

30 < °

® o
L}

«80 ¢

R. Qb

70

.60 L

-

y2

20 40 60 8d
Duration (Minutes)

Dots represent individual determinations,

®
100
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Figure 3
Group B
The Accumulative Respiratory Q&otients of Mice Bresathing

in a Closed Chamber in Which the Expired CO2
was Allowed to Accumulate

1,00 - °*

S0 * i ¢
Re Qs

080 -

.70 -

10 20 30 40 50 60

Duration (minutes)

Dots represent individuel detarminations



Ficure 4

Jroup B

The Period Respiratory Quotients of Mice Breathing

in a Closed Chamber in Which Expired’ COy was
Allowed %o Accumulate

Lk

Duration (rdnutes)

Dots rorresent ivdivid ]l Asterminations

1.00 L4 LA
* L ]
o0
Fe Qo
030
. «70
L]
P L J
«CO - ®
L ]
'
®
[ ]
L J
[J [] L} L] L]
10 20 30 40 50 60
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Figure ©
Group C
The Accumulative Respirstory Quotisnte of MNice Breathing

in a Closed Chamter in Which Expired CO, was
Allovred to Accwudbe. CO0» Initially Figh

1,00
.90 - Be_Qa_of normal mice in this charber __ _ _ __
«80 .
R. Q.. [ ]
) o [ ]
[ ]
*Lowest thoowetical Re Q.
o70 - =" - - - -- .
o® I
[ ]
) L ]
[ ]
.60 -
[ X J
[ ]
50 .
[ ]
1 ] (] [] [} [ ]
1 2 3 4 5

Duration (Time periods vary with initial COp percentarge)

Dote represent individuanl determinations



L6

Pilirure 6

1

Groun O

The Pariod Respiratory Quotients of Mice Breathing
in a Closed Charber in "Thich Ixpired COz was Allawed
to Accwmulate. CO, Initially Hipgh
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Figure 9
Group E
The Accumuls tive Respiratory Quotientsc of Rats Breathing in

a Closed Chamber in Which Expired COp was Allowed
to Accumulate
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Figure 13
Group C

Th2 Eelationship of the Percentares of COy and the
Respiratory Quotient of lice
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Fi-ure 14

2

Group A

onsumption of Mice Briathing in a Cleosed
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Fi-ure 16
Grour C
Oxygon Consumption of Nice Breathing i & Closcd Chaber
in Whiechi Bxpired CO0, was Allowed btn Accurulate, C3s Initiall; Mizh
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The “ffect of U0o on thy Tesniratory “motient

The resviratery suetient is the ratio of the wvolume of i‘a‘ag e
duetion to the wolume of f,}g sonsumption. It is uenslly mecsured from
the resnirvatory goseews exehange. In ordinary determinations, the CCx
production is measured as the L0, releszed from the body wod collected
in expired air samples. %he oxygesn comsumption is similarly measured as
the asount of oxygen removsd from the imspired air. Sa i, 0. zo calouve
lated will be referped o ia the following diseussion as tne aensured”
He Yo  The "measured" H. *, may not indicate asccurately the actual C0n
and Up chanpes produced during molabolliem, If, for instance, oxygen could
be stored in the body (and it apparently cannot) then the "measured® i, Q.
would differ from the actval OUp and Up exchanges during motsabolism Do=
cause some of the oxygen weed cowld have come from the stored oxygen snd
thie amount would not appewr in volumes measured ans changes in respired
gases. The He . of the actusl metabolisa in the body will be raferred
to as the “true” H, 4,

Oomges for Lov “Heasursd” despiratory

on the snimals and hmans wers mude over pariode of from LD minutes to

s == ‘ihe ohservations

two hours. Fhillivs and White (59) desonsirated that the respiratory
quotients of mies without food dropped slowly during the first slx howra,
This drop, however, was amall ian comsrieocn to the decrease ia tho rose
pirstory gquotisnts cbserved in the present investigeation. In the present
experimente, the activity of the zanimels was not restrieted and the only
changes from a noruwel envivonmunt were an increased pllyend a decrecsed

plp nroduced by the gaseous exshange of the animule. These chenges,
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raserve of G0z im tisouce sullliclent to aflect recpir:lory mewsurcmente

in 211 snimnls with o changling aeid base balance. ¥From work with ents,
they observed that only sbout ten vercent of the TOU ml. of (Up stored

in the body of the o0% oould nave beon stored in the dlood. The remainder
mwaet heve Benm handled Ww tisrve buiters snd eoullibrius recctiong. As
infilested iy & survey of bhe itsr ture, numercus revor$s of lavestisnbors
{12, 29, W7, 86, 75, 78) suggest that voder zpproprizte condiiiens, COp
can enter inte asuimilstion rsaciions lm ihe body, i.e., She esguilibrium
reactions affecting the producvion of U0y cua be parbizlly, tompowarily,
of regicnally rsversed Yo lncorporate mg invo anoubsrs of the tricare
Poxylie acid eyele. It im gugossted by the present suthor thai this

ghift in eguilibriuvm - due o assimilotion remetiions or slimply o acld
hase shilfts ag o result of buifeving « lindted the type of food motedals
thaet eoulé Be burned, savd thus nroinced the more onifor: matobolic cone
ditions of the snimels. Since the oxldstion of fats relesses considerable
energy by B-cxidatlon before 00, is preduced by invorperation of compounds
sneh as acetoscetic acld into the Wreb eyels, 1% iz sugpested thet the
drep in the R, '\, wes not only due to storage of U0y im the body but

zloo to inereased oxidation of fode ze the energy yielding fuel. Fats
vield 6.628 esl/liter of VUn as comparcd %0 5.0HT cslfliter of UUs

doring carbohydrate oxidntion. fawliey, et al.(35), suguented tiut in the
oxidation of fatty acld chuins, the wptake of Up may conelderably cutrun
for » time the productlon of 002. 1f there was z shift to fat metaboliem,

this could zcecount for a further portica of tho drop in the &, Y. 's

obaorved.
BB, vor (milorie . . A Fued )
150.9 mi. « 707 (Fats)
198.1 ml, 1.00 {Chxrteldrstes)
171.0 ml, .82% {(Fat-corbohydrate mixture)

187, 8 wl. .20 {Fateenrbohydrabe mivtars)
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ho nbove Lnble showes elesrly that more anergy iz relensed ver volume of
80, wrnduesd wion £ots are burasd than vhen earbohydr-tes sare the ohief

gnorgy foasl., Tesie for axosos bobons bodics couldl howe ylelded dats which
wortld heve settled this »oint. Those Besbs wers not rm in this inves-
tigetion.

Phe ffaet of Brenthing Initielly Fish 005, -~ Since the above nnimels
wirich reébre fhed 2ir Jor %}:ﬁwiﬂﬁ.ﬁ of from L0 minutes to two hours to produce
pE%s mfficiently high %o eanse = 4drop in the R, K. wers subjected nlso
to ckher changes {time and low Os Sensien) whlch could have been faelors
in the dro~ of the %, Y., both miee and men were subjectasd to rebreathing
eir imitially bigh ia p00, whieh roduced %0 a minilmum thess two factors,
The Oy tenzions wers reduced bab Llttle frem &y tenslons in atmospherie
a2ir and the duration of expoeure wag only te the tlme of ramrling, usuzlly
ton ninutes. As indieated in Tables 11 and Xland Figures 5 znd &, the
initlzl B, “.'s wers below theoretiesl (.707) whaen the p00; war hizb and
in other cates were bolow nsrmsl. 48 »00, incressed, the reriod i. “i.'s
fell abruptly to below the lewvest Lhesrsticsl valne of 707, ¥» wnlce, &
Linear relutionship exicted hebwoen the initlsl R, %.'s asd the initleld
pilas (Plgare 13). She perlod . “.'eg for uice rebreathing ailr faltially
high in 90 rose slowly. Uader the condlticas of this lnvestigtion, the
¥ises osourred over the first 30 minutes. Later the 4, O,%s apnin foll.
Hearly 211 7. %, valuss wrre still below the lowest treoretipul vidus,
however. one slight rize in the K, 't 48 ezrlained as follows, “hen the
anlinie were subjecied Yo on stussphere eontaining ﬁ(}z hiphey than zlveolar
t0n, the animels stored most of the YOn produced osusing lov B “.'e.

As 700, ‘n the ticsuse, Ylood, zpd alveolar 2ir increscsed H¢ aheve the 3;;6‘(}?

of iasviref :1r, the M. . rose dve %o rolecce of 00, yroduced Ly metobolism.
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it 1z mageesbed the wt the suseveding 211 1n the E. ©, ¢cn be ervlatned
on the besie of f:tc}rf,m of CO0n and sh1fY toward £.% metabolisn an onte
lined sbove. Nelthor the rlie nor o £231 were sintledlienily simificant,
For pots in the saeller clumber (Figuree 7 and 8, bhors was no
statisticel dlffersace Lu the sccudgulative or perlod B, . t'a, “nig was
Teeance the rals produced U0p rapidly encugh $o canse & drop in 4, .,
sven before the initial amulyeis. For san unerslained cuuse, the #,
érop for rats was not as grect we the &+ drop for mice under the cvn-
fltiens of the pressat loveutigition.
e Ue values bnve besn rlotied sgeinst time roathe® than 00z, Fige

ure 22 shows bhe reloitlonskiy bet een CDp production and the duratlon of

the exparimente with rsis, mica, and humans,

Effoct of €O, on the Oxyren Comsumrtion

In this dnavestigubion, it woe observed thut high Q-C?E, in the ine
srired nir affected the metabolle rate, s messured by oxygen consumption,
of gsome sueclies of mammmle. The exygen consumctione weres exprocsed as
rergentages of the oxypen consumptions of tho firast time periodes. The
velumes of Up consumption are presented Tatles VI, Vii, VIII, IX, &,
X, and <II, The oxygen comsumptions wers exypressed in this musner in the
fignres beosvce the author felt thal this revressnted & more sgultable
compalison of the oxygen conzum,iions of differemt individusls. Mliips
and Coff (57) have found no uwniform sathematiesl relaticuship between
anlimzl bedy welght and oxygren consuation in animale of siuilar siges and
ages. Further, they have found ne wiform sathemsticsl relabionshir bvew
tween bLody welight ané body surface avrea in nice. It is generally recognized
that oxyywen consumnbions exnressed on the basle of body surficge ratier

than body welght comstitute & mwore uniforn mode of exoressing and
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comparing the oxygen copsumption of different members of o specles (3).
¥elther of theas netheds tales inte consideration, howvever, the con-
dition of the animals. +4n obese animl contxine ndiposs tissue which
metabolizes less rapldly than smmscls or glandalar tissue. Feither is
the shape of the snimsl considered in these methods for especies other
than the buman., For these reasons, theoxygen consumptions have been ex-
nressed as percentsges of the initis) time periods.

Phillinps, Goff, and Bartlett (58) huve demonstrated that mice and
rate reaet to certain typee of atreszes by lowering the tody temperature,
and Shersfore, 2lso the oxygen consumption. The scope of this response
in larger mammals is mnmot kunown. In the present investigmtion, the
oxygen consumptionsof mice, rats, and humans were studied in resronse
to breathing v.rious concentrations of C0p,

halntien of “Op with & statistically non-significant incresse in their

umption of Humang, -~ Humans (Group F) responded to in-

oxycen consumptions. The cause for this slizht inceresse was obviously
the incre:sed respiratory activity induced by inhalation of ©Op rich air.
Oxygen Conmumption of Mice aag Hgts. — In contrzst to the above
response for humans, mlce and rate responded with a sharp drop in Op
consumption. Fhillips and White (59) obeerved a sigaificant drep im the
oxyren consumption of mice kept without food or water for a peried of
six houre. The anlmals in the present investigation were observed, how-
aver, for & maximum perliod of two hours, and the drop in oxygen consum -
tion was much greater than that reported by Fhillive and Yhite. It is
evident, then, that some factor or factors in zddition %o time and lack
of food and water were resnonsible for the £all in the ﬁt. Ge's observed

in the vresent series of exroriments. Zecevers (66) recorted that Su-

hslation of 155 €02 mixturss preduced a nrolonged decrease in 0s
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oxygen consum-tion was derressed na gvernge of 50% but in no case did
temperaturs dron ecual 10020, fThe averages wer:, in fuet, lees than
50C., It iz therefors evident that the dron in hody temersture was notd
the cause of the drep in oxyren congumtion (unlsss the “ip Vvelue wae
more than ! instead of approxiuately 2) beenuse the latter was counura-
tively greater tham ithe former on the basls of wn averssze Gjp wslue of 2,
It apreare from this, then, that the hypothaloazus controlled the level
of metadbolism and that as nmetakollisn drennsd, the body tennerature
dropped. In these experiments of comparatively short duratlen, the drop
in body tewerstare lagsed behind the drop in the metabolic rote for
obvioue physicsl reasons of heat dissipatisa., In summery, thea, 1%
apre-red that the hypothalanic eontrol {or loss of control) was resron~
sible for the drep both in body temperature and in mebabolism and that
body temperature drepped as a result of the drop in metabolism.

Phillirvs, Soff, and Barilett (58) have shown that drops in body tem=
verature of mice is not the same under zll forms of stress. It therelore
avrexrs that wvhen temperalure contrel 1s lost and bedy temperature and
metabolisn oteadlily dron, this loss of contrel sleo occurs in different
degrees. This was Jdemonsirzted in the present investigation., The oxy~
gen consumption of mice in the emaller chamber (Growp 3, Figurs 15)
dropred at twice the rate of the oxygen consumption of mice in the larger
chamber (GroupA, Flgure 1L). 4lso the rate of drop in Oxygen consumpilon
of rats in the smaller chamber (Group D, Figure 17) was more than five
times that for rats in the larger chamber (Group B, Figure 18), over the
first part of the experiments indic:ting clearly that when the hypollmlamus
lost temmerature control (or permitted body tempsraturc to fall) this loss

of control sccurred in diffsrent degrecs.
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Thare was «lgo avidencse in thege exroerimentis thal the hyrothalamus
wags able to change ths rate of droon la oxygen consumption, In the greph
for oxygen consumption For rats in the smaller chamber {(Group D, Mgare
17). 2 Break is seen in tho curve indicatimg a change ia the rate of
drop in setsbolisme Im the lazryer chamber {(Oroup A, Tigure 14}, for mice
where C0p increaczed slowly, the graph indicates that ot 82 mizutes, seuns
of the snimals wsre abls to re~estalliash o level of contrel. As indie
cated by the hatohed lines, soms of the anlimale woare able to maindain
2 consbunt metabollism ut a lower level while the meigbolic rate as rneasured
by oxygen congumption of the other grour of animele dscressed ut the
ratoc established in the beginaning of the experiment. This 4iffercoce
ia responses i seon oven at the &0 minute analyseis by the large range
and is elearly evident by the %wo separate distributieons ot 120 minutes.
Ap mentioned above, 1t was impossible to use statisticsl itrextment on the
data of these responses. sven if additional anlmles showed ac statise
tleally significant divergent response, still, uzse evidenced by the total
menn in Figure 14, there was a definite change in the slope of the curve
rerresenting oxygen consuampiion.

A comparison of the graphes for drop in oxyzen consuaption of nmilce
{Fizures 14, 15, 16) and rats (Figuree 17, 18) with She graph for iae
crease in pCO, (Figure 22) shows that the rate of drop in metabelic
rate was roughly proportional to the rate of increase in plCa. lHesy
forme of stress such as binding or caging used to produce hypotherais
are d4ifficult to stundordisze, thus nrohibiting accurate guantitaiive
comparison of two different series of exreriments, Ulnce pU0s is enay
to produce, to measure and to control, it is suggested that Clp as a
stress for producing hyrothermis could be used for the celleection of

gquantitntive as well as gualitative data.
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205 2nd Oxygen Consum-tion, -- Hoth 100 and pOy ehenged as = result
of robresthing in the oases of nen and animale (Tables %IV o X)), ALY
of the changes io oxyrmen conswamtlion and ia R, 2. have been aitributed
o changes in @QQQ. The 1oseible role of 3902 uight well be sugzscested.

A survey of the oxygen as:ocistion curve of hemoglobln shows that plg
of TO=170 mw Hg produces nearly uniform (957) saturation of hemoglobia
with oxygen. 1In these scrles of experiments, p0, i@ not dror te 70%
of atmos-herie nntill the middle of the experiment and in nnny cases not
until well into the latter half of the exposure. #lso the high pCo,
sugmented breathing ~ in humsng 2t least, whore lung ventilation rate
was meagured - 9o that even less than 14, 7% (70% of atmosphere) of 0p
in inspired air would hnve czuned nearly complete safurztion of hemnsle-
bin with oxygea. Om the other hand, high COp shifte tho oxygen dleso-
ciation curve of hompzlobin to the right. This foelillto%es relense of
9% to the tlssues and alse inhibite the uptalre of O» in the lunge,
Since CO, seldom increased to over 10§, which would be sbout 76 mm Hg
tension of 0, In alveslar alr, nelther increused rolease mor decremsed
untake was of such impordance in these sxperiments for the shupe of the
dissociation curve is not mach altered at thie 005, It ig therefove
evidant that lovw :;35‘2 eonld noet heve been $he cause of the changes in

oxygen consumptions or A, T.'s on the basis of Op supply %o the tissues.

"Recovery” From Inbalstien of SO, Bich alr

Froun getabliched curves, one ead ealeulate the amount of CO0; thut
c¢an be earried by the Plood, Ian the present series of experiments, us
later discussed, much wore €0, was retained in the bodice of the animals
snd humane than could be wecounted for by blood buffering capvzeity. This

extra must have been stored in tigsmues. There are severzl ways in whieh
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£0, could have been stored in the tissues: (a) it could hove boon stored
s buffersd U0p in the VPlood, (b) it could have been stored by an inhibi-
tlon of 00, »roducing ercles, f2) it could have haen g%orad DY inaororae
tion into such commounds ne manbers of the tricavborylic asid cvele, o
{#) it conld hove been exersted or secrsted. It wos bellsved that some
hint as b0 the nalure of the storsd (05 could be oblalned by followdiag
the eourse of the R, 7. during "recovery" froem inhalatien of 00~ rich

s1lr while Prexthimz atmospheric alr,

Migcovery® gnd fesoiratory Juotient. =- Turing recovsry of hoth men
and dore, the 1nltial respirciory guotiende wers below unity {Tadles I1X
and 17}, In most of the erperiments with humane, the first sawmnle was
Argwn from exnirsd alr collected during the firet 30 saconds of racovery.
Tre M. . '8 calcul:bed frox anslysis of these samvles were unifornly
low - in no ¢ase avproaching the valve of 8265 accented as the steadard
R. G, in the basal state in normal humans. In ons $est, when the 2irst
samrle ¢overed = two minute period, the initial R, &, was highert .85 as
ecmrared to an aver.ge of J76 for the cne~hslf minute samrles. The
initisl camples in the expeviments with doges was drawn froam zases eol=
leeted durtng o three nlnute poftod., The R, Ze'e of these szunles were
somewhat higher than those for the ocne-half minute period of humans,

Thils is uwnderstandably so, #ince by the third aminute, the R. “.'s of
hunane were well above unity. The R, 4. wvalues for the fipst three nmiaute
variod of recovery for the dog, therefore, apparently represented an
sversze of an Initizlly low 2. O, =and a2 kigh R, €. whlch ensued within
three ainutes. After the first few nminutes, the H. UL 's wore above unlty.
Followlng this, aost R, ", 's in ths ceses of Voth humane amd dopgs returned

to a nolint below unity. Thiz was art se in all casesy and hyperventilation



wae undmitbedly ke senee oF the suctalnad high
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The . ete, of oourse, as ueasured by chanes in resnirabory goses, do
ned slweys reflsct the trus . Lo If the doge or huam.ans wore hypsrvzntilaw
ting, the He “lo's wanld have besn Blsh oid 1 they wore hynovenill ting,
the . 7, 's woull hove boen lowe .xcitement or anxletly ofisn iz ree
flocted in zn incrussed pulmonary ventilotion rats.

The rise 98 the L. Y Babove undty during recovery wae sseribed o
rolesse of the GOy, which was stored ia the body during inhel tloa of Co,
rich zir, The time ol onset and the duration of the hipgh f. "'z gave
pome indicntlon as to the form of the gtored UU0p /m explancation of the
Low Ye 7o' during the first minute or so of recovery is discuszed under
rgnaying the Op debt whdeh awppears Lelow.e The rupidity of sguilibration
of 602 tenclons Vetween alveolar alr axd V1004 has been demonstrated.

Any €0p storsd as buffered CUp in the 2lood would be very auickiy re-
izased {rom the blood as alveolar pll, dropped oa inbalution oi norasl
~tmospheric alr, The 4 we 0f humans had solt, ia 211 cuses, rsiuraud to
norassl by ben minudes. The aziatensnee of an de e 2ecve novaal for thls
Longth of time indlcated o source of Clp other than blood. (hal porition
of the COp storaed In the tissues would be expeched ¢ be reloased from
biig Dody more siowly Bhan that storved inm bhe blood.

In ¥igureg 2%, whioch indleztes the resulls of the experimenis on
hwaans, Groun H, ie shown the course of alveolar . Le's during recovery.
It is evident that the course of the alveolar H. “.'e (Figure 21) did not
follouw the course of the 4. Ua'e oz measured frou anslysis of expived
air (Table 111). slveolar samples collecbed at 15 soconds, 49 sceonds,
and ot two winutes all lndlcabed e Wls above ualty. uring he saue

period of recovery, the de. . 's as caleulated from asalysls of expired

zrges indicated M. 4. 's below ths accepted nost absorption resving level
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of .5%. Aslveolar samrles were collected at the end of o forced ew-
piration, The air thus sampled was air that would erdinarily have been
a part of the funeticnal residunal =ly. This alr, before being forced
out of the lunss, was actually in the upper levels of the alveoli wnd
thus in close approximstion %o ths blood. €O, diffuses twenty times
faster then Op. In ordinary R. 0. measurements, this difference in
aiffusion rates does ot cause the alveolasr B, . V¢ deviate far from
the R. . as ealeulated by analysis of expired gases. Thisz is beecause
pG0p of wnous bdloed is about 6 mm Hg higher than pl02 in the lungs and
only a limited amount ¢an be relessed in equilibdration in the lungs,
“hen the pl0s of the blood, howvever, is much higher than that of ale
veolar air, as it was in the subjects of this ilnvestigution, then €O,
release from the bleocd might well ocutrun O, sbsorption. O, absorption
would be 1imited by the Op carrying capaeity of the dloed; COp re-
lease would be lidted only by the time the alr and the bloed were in
close anough proximity for the exchange to oecur. For this reason,
then, the H. Q.'s of alveolar samrles differed from the R, <, as cale
culated by analysis of expired air. In ordinary metabolism, barrving
hyrerventilation, the only COp to be released from the body ie that
~roduced by metabolism. In these recovery experimente, there wus the
additicnal etored 00p tc be released. Vhen functionsl residunl air wae
left in the lungs 2s in norms)l breathing, thlis release was slower than
if the fonctional residual alr wvere reduced by approximately half ss
1t was in & forced expiration used for collection of alveolar samrles.
In the case of the slveolar R. Q.'s, a platean was reached at
about five minutes and was maintained =% an R, %. of sbout .90 over the

time the samples were collected (15 minutee). In about half of the
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both men and dozs. The initlal rapid consumntien of Op probably indi-
cated the rnayment of the slactacid O, dedt. Durlng this sume time
neriod, the R, ".'s of exrired alr were Low (Table IV for doge and
Table T1I for men). Thiz would sewm to indlcate that the slaotacid
3abt wms renresented by = substones of low R %, In the discussion of
C0p storapge, the author sugzests that an increase of CO, in the bleod and
tissnes might eause z shift te a higher percentage of f.t nmetaholism,
If thias were so, excessive fat metabolism would have produced ketone
bodies faster than the body eould handle them, thue ketone bodles would
have been accumlated during inhalation of 392 rich alr, iven in exer-
clse, there 1s consideradle fat metadolism although carbohyirates
appear to be the preferred fuel material (64). This fat metsbolism im
exercise could result in an accumulation of ketons bodies., Thus the
alactacid debt obgerved in the present investligation c¢ould have hcen of
the same nature as the alactacld debt accummlated during exercise.
Evidence in this present investigation would seem to support the
contention that oxidation of aceumulnted ketons bodles represenied the
alnctecid Op debt, Orollman (persomal communication), from his work oa
the Op debt, suzgested this nomeibility to the author. The first time
period of recovery was characterlized by excessive Op consumption and
also = low R, %4, In 1ight of the faet that the R, % would logicnlly
hnve been high as n result of the release of stored €Oy 1t is evident
that the payment of this alsctacid O, debt must have been due to the
oxidation of a substance of lovw X, %, 1% is therefores suggested by thre
author that the possibllity of a shift Sowsrd fat metadbollem during the
inhalation of CO, rich air and the low i, Ue's observed during the re-

paynent of the alactzeld Oy dedbt strongly suggests that the alaetacid
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Aederaine the ameount of GO@ tims handled by the body, the anthor tosted
for this resrense in the exrerimente on Yrouy & for men end Groun J for
dogn, For thoss eudjects who 448 not obviously hyperventilate, thug
blowing off addltionnl 00, elove that which wae stored, 1t arpesred that
not 811 of the 0O0s stored was rocovered in supired alr. The effcets of
rnesthesia and room temersturs tondsed %o induge & panbing tyre of
bresthing in the unconscisue dogs. This was marked in sone dogs wnd the
recul tant hyperveatil=ztion was correlated with an elewnted R, W,

Beoruee of the effects of the btreathing paticrn on the neusured
Hy *é.. it wns not possidle to obtain gusntitediye duts on the racovery
of $05 It appears to the author that quantitetive dats will Ve ao-
muired only when the vroblem is zrrroached from ancther standpoint,
i.2., vhen %the %03 excreted, ssereted, or incerrorated inte orgunic
compounds is messured. Isotopic carbon could Ve utilized in such
experinentations.

The 2ecuracy of the Haldsune-Yenderson gas snalyels ap arsius ves nod
sufficient to reramlt an asocurate aprraissl of the GQQ relesss 1f this
relezse occourred slowly over an extended period of time. For these
seversl rsasons, then, gquaniiiative dats were not collectsd for the rmie
pf vocovery of stored CCp. In sumusry, 1t appesred from the duta col-
lected thsat most of the reloased C0p was rslewsed im the first few
minutee snd that 1f thers was a continued relcase, as the high 3, 4, 's
indicated, thi§ reloagse was 10w and yprolonged. It furthesr appearcd that

not 211 of the stored 00, was raleased in normally dreathing subjeets.
2

Etorage of 00,

The measured R. %. could 4iffer from the true B. . elther by changes

in the Op consumption or COp production. Heasurement of Op consumption
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iz ast subloet fo many errore. An Up debt in arn organisn or o wossidle
storags of "”2 eould zlter the nezgured B, 4.

hvilously, QE is not stored lo any apvrreciable amounis bul the trus
R, 0, vould 21ffar from the seasured R, . if there were storare In the
tody or rolsase of extra 00p» froam the body. Hypsrventilation iz bnowm
to ralce the R, G. incident Vo the Dlowing off of extra G0y from the
bicurhonate of the blood (21). On the other hand, it is slso possible
that pome of the {3(}2 sroduced by ustabolism could be storsd ia the bodye.
This ecould ooeur, for insdance, ln thres general wayet irct, in belng
bufferad by the blood or tlasue buffers; sscondi, by exoratiosn zs Licar-
bonate in the urine or pancreatic Julea or perspirstion, or dariagz the
gocretion of Fel ia the stomaeh; and third, if omditions were sppro-
priate, it could be stored during a partial reversal of the Kred ayole.

Caleulatlon of COg 3tornge. —- If 1t 1s assumed that the type of foed
mzterials Durned for cnergy rsleagse loces not change during an experiment
with redresthing of alr whers 30, 1s allowdd %o aecwmlabe, then the
amount of 005 " stored or retalined in the animel body mey be calou-
lated from the ralative amounts of C0p and Op. Thic assunstion was made
and therefore the measn ed R, . diifared from the true H. 7. only by
the gtorage of C0,. The difforunoe, then, betvsen what ths volume of expired
302 would have basan, had the B, 1. reousined constant, znéd the voluome of
COn fouad by analysis of expired uir {used in calewlating the "messured®
. .}, Terresented the U0, retalned iz the animal body.

Table I ghows the amcunts of noa stored im the body of mice, raubs,
and humans using this metlhvd of culeulatien., Bafore procesding further
with o dlscussion of the storage of C0p, 1t should be pointed oul agaln

that this metrod of saleuwlatlion asaumes a conmtant "true® M. e, leo.,

that the type of fecd materials burned did not change during the course
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of the exreriments. 4z mentlioned sarlier under discussion on the effects
of ©0, on the R, Z., there wae the roscibility that the inerease inm 00;
uight have forced o shift from rredoninsntly ecarbohydrate to rredominantly
fat motabolism, This 1 soibility was neglected in the ealeulations of
fetored” 0,

G0, Stornpe in Hige. «~ The ~verspge amount of CO, stored in the body

of nice whose average weight was 26.1 grams was 35 ml. If 00, buffering
dat: for humn bYlood are aprlicadle to mouse tlood, less than .5 ml, of
303 could have been affarad by ths Mool of each of trhece mice., This
would hove madc the 8‘!‘32 contant of the blood sousl %o the Sﬁa gapacity.
Ferguzon, sb al. {24), have renorted seversl facteors which indicate a role
of tissues in buffering or storege of COot (a) when radbits were overe
vontilated for 13 hours, sn increxse in the resplratery auotient was
observed snd on the basis of = wniforn "true" R, . 1%t was e:lculated that
250 mi. of extra 00, were blown off; (b) only a small porilon of this
obuid haove cone dlrectly from the bicarbonste of the bloosd; {e) 70O ml.
of ﬁ&*a wers roetained by ents welipghing 1 ¥g. when they breathed sir conw
taining 7.5 perceat C0s (d) bilood buffering eould have sccounted for
less than 10 verednt of thiestorage; (8) bone and connsetive tissue teok
ug carbonic acid; snd (£) 2.8 ml. of CO» ver zram were extracted by
lowered pressure fronm mice which wore eviscerated, skinned, and rlaced in
a2 tute with acid, In view of those observatlons, Fergusen, et z1.{24),
suggested a ladile reserve of U0, in tissues eufficient to affect res-
viration ussguresents. Tosenbaum (61) maintained thet s portion of the
G0n relecsed during hynsrventilation in hummns was giver ur by the tiseves.
i digounszsed below, meore 55“2 wae stored in the todies of umiee in

the ypresent investigntion than conld be accounted for oven in vwiew of the
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Large tleme reperve suggested above. The obowve roferences do, hove
ever, indicate the ilmporlance of tlecue slorags sad resarves of 892
which wers don2tlass fogbors in the storaze cbserved in the mresant

saxperinoent.

Bats of 00, Stornge. ~- 1t seems evident from the data that "0;

storaze is not oaly = function of p‘ﬁﬁ‘? in the insrpired alr but 2ls0 a
function of time., The im-ortance of time is evident la a comrarison
of the COp retention (Table 1) for mice in the 2,778 ml. chambor (Group
4) an? wmlce in the 37 wl. chember (Group B). Although psrceat CUp inm
the smaller chamber lacreassd %o 10,79 as eompored to 7.1 in the larger
chanbar, the amounts of 00z etored by alce in the sueller chasdar wers
less than cne-half of that ztored Yy wlee in the larger chanber. The
duration of each test was two hours in the larger chavber (Grenp 4)
and one hour in the smsllisr chamber (Gvoup B). & ecomparison of the
two groups of experiments with rats {(Table 1, Groups D and ) shows a
sinilar relaticaship, leee, that those rodbreatidng the longer time
stored eorrespendinzly more COn.

tuffering Action of Hlood and Storage 9f (0o. —- The amount of
C0p trandperied by the blood vories with Oy tenslon In the tissues
aud alveolzr alr. Xarpovitelh and Schnelder (64) reported that COz proe
duckicn produces a maximon of 75 ms Ug pressure of Y0y in the tigrues
during strenucus exercise. In the yresent lnvestigatlion, the zectivity
ef humens was only slightly inersased and the metabolism of the ani:als
wen decreased. On the basie of metabelic rate, then, the rrodunotion

C{y should not have beet muich, Lff «b <11, sbove nomisl resting levels.

[w)
v

LB %’:{.‘52 in Ingplirstory air luercased %¢ and above veaous {IDE, than 334262

in the venoungs Llood incressed and ihis then would hove goused »
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ecorresmonding vise in pfl, in the tisives. 00, 18 20 #imes pore aif-
Poonble than 5‘:&5 and equilitretion iz made very wapidly in the lunrs,
between alvesisr oir and blocd. This indicates, then that »C0s 4 the
$isoues wus only olishtly hizhor than pﬁﬂz in the alveolsr oir., Xnowing
thin, the T0- combining vower of the blood ne 1% vassed throngh the tie-
suzg can be cxlomladed. The fellowing calealstlons sre based on the
diseociation curve for reduced %15&&. The dlssociation curve for oxy-
genated blood indlcates smaller wolues for 00, combining nover,

G005 in inspired nir for humans increased to adbount 7?. Raglecting
the pressure of waler wajor, 3;}9{32 in Insrired alr resched 2 high level
of 53.7 mu Hga I pS0, In the tissue and venous blood waried 10 =m lg
from this walus, pCUp in the venous blocd was 63.2 mm Pz, Hofercuees to
curves constructed by Tan Slyke s shown in Fenderaon (32}, indlicstes
that sormal bhumen bloos when expored to MO ma Hp vressure can ocnrey
55.5 vole > 00,3 end that normsl husen blood at 63.2 m2 Hg con carry
64 vol. [ C0p. This is an increase of 8.5 vol. #. Blood eancelty of an
average mafl woBld not sxceed 5,500 ml, The ndditionsl amount them of

e
1

ip which could have been carried by the blood of homans under the cone-
dltlons of the present cxperiment, wae 8.5 x 65 or 552 mi, of Y0a,

Table T indlc .tss that in only one test with humans wae stored Cﬁg
less than 5572 ml. OO0, storage ia humans, w1th the exeention of the
altovenentioned tset, varied beticen 230 ml. to 33840 mi. of GQQ. These
valueshere recorded b about 750 mn Eg and 2t 220C go actusl volues are
a litile lower {less bthan 107 lower). The suount ef GQE stnred shove
552 ml. must be asccounted for, tierefore, in storage Peoorves other
than blood.

aﬁg gstored in mitce nd rolts fAexonzirated even a legszor role for blood

buffers. In Group A, the cﬂz,tteraa in the mice uversged 35 ml., The
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wvelght of the alee sverased 20,1 srama.,  Those mies could not heve cone
tained ever © @i, of Blood euch, ?Gﬁ in insvirsd zir rosched s maxinmum
0 To137 nr 8L mm Nz This 1e neplecting woter waror nrassoure.
fgeoaings o 10 mr He aifferantiasl (viich peeme hizh) Betvsen alveolar alp
and tieosue flnld, the w;ﬁn in tisoue £luld and venons bleed was Sl It mm
Hige Thie i 2on incresce in ssscclaiion of 70» and unoxysenated blood of
loss than § voi., 7 at X0 m g G&E tension. dxoess ﬁﬂg that eonld have
Been buffersd Ty the blood of the aice was less than B ml. Host, then,
of the ﬁﬁe was stored oleowhers in the bedy., The ghbove calenl:otion for
nice te based on 2nta for humen bBlood 28 reported hy Fenderann (38),

Siniler caleul-tlong of Sroure B, D, and £ (Table I) indicated with
mice =nd rote the gorrespontingly smell role olayed by the blood in
etorage of LUge Tergnson (%) rerorted that of the 700 mi. of GO stored
in cats weighing 3 Zgz., lese than 107 counld be acconnted for by bleod
storage. Chese figures sesnm biph according t& the above crleulation whieh
indientos that ebout 3D wl, of RGZ eorld have Beon ntored in the bleod
of ¢t of this sire. Tantchef?, et al, (18), elaimed that frops retalned
COp by lancrease in alkaline reserve, Any sterage of €05 in the bleed
wihich 412 ned alter the pH would increuse the alkaline reserve,

pi Drop and Foeaidle T0p Storsze ia Tlssnes, « Snencer, ot a1, (72),

have rerorted thet ench inerement of 167 incresse in the 00, concone

tration results ln o7 undt drop in p¥ of the Bleod. 0O, in the present

sstigntion increased o 5-100 thee »F drop wonld have he-n .1 %0 .2

e
i
<
{‘9

unlts 7 this &ite for dogs 1e -rrliczbhble %o mice 2nd humanz. The W
droy must e amroriuately the same In the tiscneg ne in the dlosd. A
pi drep in thg tissues could have Inhibited tha nredunction of a2ld metn-

olites ouch o ﬁwg and loetle sold by lnterfering +ith emmilibriun reso-

tions. This could have been a parilol cause of the decrease in O consumption,
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The dufleriag car oity of filssues Xz doubtless lower then ths buffering
¢rroeity of the blove wilck Is gresislired for thic function., 1If tissves
vere ne sffoctizme in Dnffering sclde as the Blood, 1% ie  interesting
te grecuiante on the asount of ﬂﬁz that could be eo btuffered. In o
25 gram mouse, 1t would net ecusl more thanZ% ml. of 00p,  As fudleoted
from the é~te in Yuble I, this was only = smill vortisn of the 00,
gstored in the bodles of nice in Urowr A. The nost loglesl exrlaznation
for the storage of remcining U0p is in disturbed equilibrisi or evcre-
tion in saliva, pergpirption, or urinef or thers resins zncther rwme-
elbility, Vretgchamor und Vessel {LZ) reported that Baths in weler haviag
s high,OQa econtent increcsed, by 5 ﬁg,’th@ 00, teasion of .iveolar
air and also incraased the g},}:;gﬁip_ﬁ !ﬁ?ﬁe £f the dlosd. Thay clained
that the effectis of tie batBs muat Be srploined az an intake by She
skin. If euch an intake is possidle, then U0y diffusion cut throush
modst sitin is alse = possibility, and %igﬁiﬁnfgéaliy aceaant for the
fatoredt COp. L E—

Tigsue tufferz,if ss cxbenslvs aq;?loa& baffers, could acecunt for 211

.
- S

e stored ﬁﬁa in mon. The same is true for rote in Group L. For miece im
Grours & and B and for rats in Group &, 1% 18 sezn that blzsus buffars
as oxtensive as Biood buliers aaﬁiﬁ.nét account for all the COp stored
in the bady.

£0, Storsge in bhe Ireb Sycles ~- Miller (3h) in o study of acolimati-
sution of dogs te ©0p, obanrved bhat there was an incrcase in the red
cell count and zlso in the percent hemoglobim. Mo also unvted an incrasged
reticalesyie count. Tlg concluded that the Bone zarrow stimalzmtion wus
¢ue to a tlssuo anoxlis resulting from s depreecsion of tissue oxildistlon

caused by higa Clp. This conclusion suggests to the rresent suthor that
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Neteorenoe Lo the adove impresses one with {he uaaa».wwwﬁq. of acm :
storage by reverssl (or at wmﬁn. equiliPriun shifts) in the reagtions of
the KXwd oyocls, a8 well as gm storage by buffering, slkaline resorve

inereans; axerelion, or secrolion,



SUNNARY A¥D COHCLUBIMS

A8 & result of the study of the offscts of inhalation of 303
rich air by mice, rabs, doge, and hwwns, the {ollowing were con~
cluded ¢

(1) A fundamental difference between the response of large manumls
(dogs and humans) and small masmals (mice and rats) was demonstrated,
jeg., the oxygsen consumption of dogs and humens was slightly incrsased
while the oxygen comaumption of nmice and rets was significantly dow
proessode

{2) Inhalation of hizh 20, eonstituted a8 physiolopical "stress”
for miee and rats which rasulted in loss of proper temperaturs control
as aviderced by a raduction in body~tsm@@ratur@;

(3) The control of Lody temperature and metabolism was (8) op=
taplished at different Yemparature lavels, (b) lest or impairad by
inhale%ion of €Uy and this loss was to different degrees, and (c)
denonstrated to be of such a naturs that some meschaniam of the animals
was able to change the rate of drop of smetabolism as measured by oxypen
emsumptione 48 the recognized geant of temperature control, the hynoe
thalamus is asgumed to e this mechanisme.

{(4) From the conditions and data of the present expsriment, it
eppeared thet a mechanism in lower manmals controlled the rabe of
metabollisn and that as ~otabolism 2. opped, body bemperabure droppnd
a8 heat disipation exceeded heat productions The hypothalamus is
agpurmed to be this mechanisme

{5) As an easily produced and controlled "stress", PCO, is
suzrssted to be of use in collectiomm of quantitative as weoll as qualie
tative data (qualitative date is ihe only type of data which can be

collsoted usines most other forms of sLress).
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(6) Inhalation of COp rich sir resulted in a significent drop in
the "mosnsured” T. Je's Lo below the lowest theorotical of 707 in micse,
rats, dogs, and humans indicatins this to be a universal response in
mamalse

{7) The above drop observed in the "measured" L. T.'s was the
result of the storage of €0y in the body.

(8) The blood buffors accounted for a small portiom of this storage
of GOge

(3) Tissus buffars did not aecount, in mice and rats, for the
stored aoz not accounted for by bleod buffers.

(10) In addition to COp buffered by the blood and ticsues, other
su-geosted avenues of "storape® are {(a) shifts in equilibrium reactiem
which resulted in incorporation of C0p into members of the trienr-
boxylic aeid cvels, (b) sseration of carbomate by the pancreas and
salivusry rland, (¢) excrstion by the skin and kidneys, (&) rolsase of
molecular COy throuph molst skin, and (e) shift toward fat neteboliem
resulting in a lessened C@z production.

{11) That thers was a shift townrd fat metabolism in the animals
studied was apparent from the observations: (1) of the presence of an
0, dobb represented by substances of low K 7s, and {(2) the fact that
more (0, was stored in the bodiss of nmiee and rats than could be
accounted for by blood and tissue buffers. The animels would have had
an obvious advaniage in such a enift from carbohydrate to fat metabolism
while inhaling hich CO0p beeause more caloriss ars released for fats por
liter of ©Qy produced than for carbohydrates,

(12) A shift toward fat matabolism aids in an explan&tion of the
estavlishing of uniform motabolic states in the subjocts, 1e0e, o=
rardlessg of the initial R. Ge'8, all subsequent R. Te's tendad to

reach & common level in a spooisse  § RISy
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(13) A portion of ths Gy "sbored” during inhalation of COp rich
air was not racovered in expired air during a "recovery" pariocd while
irhaliny aticogpharic aire.

(14) An oxygen debt was acowmlated during inhdlation of Ciy rich
aire

(15) ilost of the Qn debt was repaid during the first few minutes
indieating that this portion of the debt was alectacid in nabure.

(18) During thissame period, expired air . Ue's were low indi=-
cating that the substances representing the slactacid O, debt were of
low He Tle .

{17) In consideration of thie and a possible shift toward fat
moetabolism during inhelation of G0y rich air, it is sugpested that
nocurmlated ketons bodies represented the alactacid Op debt.

{18) The most rapid release of the COs during recovery wes during
the fivset few minutes.

{(13) Ths persistence of high H. Qe'e during the first 10-15 minutes
of recovery indicated thet some of the excess COp was stored elsgwhere
than the blood, for that stored in the btlood would have been guickly
riven up during inhalation of atmosphsrie air.

(%) tUnder the condition of the experiment, He Ge'8 warying from
25 t0 2450 wore recorded for normel subjects indicating the fisxible
nature of the "mensured" Re (. and the zreat care that must be exere

cised in measuring snd interpreting the He Qe
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