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yfhm  t m a  m a t e r i a l s  a r e  e i t h e r  l a  v iv o  o r  i a  v i t r o ,  th e r e

i a  a  c o n s ta n t  r a t i o  e f th e  vo lum e o f  0 0 3 p ro d u c e d  to  th o  volum e o f  Og 

ooaoaniod f o r  e a c h  g k v m  fo o d  s t u f f ,  t h i s  r a t i o  1© known a® th e  r e s ­

p i r a t o r y  q u o t i e n t .  She r e s p i r a t o r y  q u o t i e n t  f o r  c a r b o h y d r a te s  i s  1 * 0 0 , 

tli«s a v e ra g e  f o r  p r o t e i a s  i s  s h o u t  *$%  a n d  th e  a v e ra g e  f o r  f a t s  I s  

. 707 .  f M i  c o n s t i t u t e *  th e  t h e o r e t i c a l  ra n g #  ( * 7 0 ? *  1 * 0 0 ) o f  th e  r e s *  

p i r a t o v y  q u o t i e n t  an d  a l l  n o rm a l m e ta b o lism  o f  a  c o m b in a tio n  o f  th o s e  

th ro ®  e n e rg y  y i e l d i n g  fo o d  s t u f f s  l a  th o  body  r e s u l  t s  i a  a  r o s p i r a t o t y  

q u o t i e n t  w ith in , t h i s  m ag s*

fh o  s i g n i f i c a n c e  o f  t h e  r e s p i r a t o r y  q u o t i e n t  1m  b e e n  th e  s u b j e c t  

o f  c o m p a r a t iv e ly  r e c e n t  an d  few  i n v e s t i g a t i o n * .  d i s h a r d s o a  {6 0 } i a  

1989  re v ie w e d  th o  a v a i l .a b le  k n o w led g e  o f  th e  r e s p i r a t o r y  q u o t ie n t*  Ho 

d e f in e d  i t  a s  th e  r a t i o  o f  th e  voXua® o f  th e  O0 g p r o d u c t io n  to  th e  Og 

co n su m p tio n  d u r in g  th e  same tim e  p e r io d *  H ow ever, i t  i s  now known t h a t  

GOg i s  n o t  ft&ssqre r e l e a s e d  a t  th© same ra t®  a e  i t  I s  p ro d u c e d  l a  th e  

bo d y  w hich r e s u l t®  i a  h lg b  o r  lo w  r e s p i r a t o r y  q u o t i e n t  v a lu e s *  ftleh& rd* 

00a  ( 6 0 ) o b s e r v e d  t h a t  i t  was i n c r e a s e d  b y  r e t e n t i o n  o r  s t o r a g e  l a  th e  

b o d y  o f  s u b s ta n c e s  o f  low  r e s p i r a t o r y  q u o t i e n t ,  e .g .*  f a t  fo rm ed  from  

c a rb o h y d ra te s *  B ce re n see  w ere  c a u s e d  b y  r e t e n t i o n  o r  s t o r a g e  o f  sub ­

s t a n c e *  o f  h i# *  r e s p i r a t o r y  q u o t i e n t .  I m ia p le s  o f  t h i s  s to r a g e  w e re , 

h© r e v e r te d *  s u g a r  fro m  p r o t e i n ,  su g a r  from  g l y c e r o l ,  k e to  a c i d s  from  

f a t  an d  c a r b o h y d r a te s  from  f a t .

We o u t l i n e d  th e  f a c t o r s  w h ich  a f f e c t  th e  r e s p i r a t o r y  q u o t i e n t .  He 

r e p o r t e d  n o th in g  w hich  in f lu e n c e d  th e  m easu rem en t o f  Og. Be d i d ,  

h o w e v e r, r e p o r t  s e v e r a l  t i l i n g s  w h ich  c o u ld  a l t e r  th e  m easu red  GOg p ro ­

d u c t io n .  I t  w as in c r e a s e d  by  h y p e r v e n t i l a t i o n ,  l a c  t i e  a c i d  an d  kebo
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She te rm  " r e s p i r a t o r y  q u o t i e n t*  t o  eojsiaotily a b b r e v ia t e d  th e  lu  Qm

In further 41 ©erneston, /the abbreviated form msr he used for the sake 

o f brevity*

flhe influence o f the awownt and types o f food intake m  the E* Q* 

has hem  widely studied-* l&rly observations with the bomb calorimeter 

indicated that the H* *̂ o f the energy y ie ld ing  food s tu ffs  differed* 

I t  la  not itm g © ! then* that m eh effort has hem expended in studying 

the effect® of d iet on the &• q>

ffee ingestion  of earbc hydrates, espeeto lly  the simple sugars, re­

su lted  in an Increase in the &• Q. above the resting 1* Q>* of *Sfs?5* 

%.chmaan# e t  s i  <2)* Oarpenber ( f  * 10) * Bdwards# •* tM  Baldi

and Beehfiaoa (33) hare studied the ingestion o f saga?*' ind ividually , 

la  ©offlhinatlon with each other and in combination with other food 

nat-orlsls* $hey observed increases In the ll* %* which d iffered  with 

d ifferen t individual sugarsw d ifferen t eeebliiotlsn* of ssg&rs# and e ls e  

with the specie* of the animals*

$he ejseunt o f  fat Ingestion* .and also  fa t  storage# hare horn found 

to a ffe c t  the B* % 4 hi^b. fa t  d ie t m e observed (35) to depress the

t* t d o v  *707* the 1&*o ret le a l le v e l for the oxidation o f fats* An 

adequate explanation o f th is depression was not possible even in the 

l ig h t  o f several known factors which decreased the B* %*s f i r s t ,  pro­

duction o f ^Lyoogen from protein} second, production of ^Lycogea from 

glycerol} end third, kotos Is fro® azmaeals formation. Helnhecker ( 37) 

found a sim ilar dsprtcolon to B. 0,* to to a study of Eskimo s who liv ed  

on a hi#* fa t diet* A fa t def ie ia a t  d iet re m l ted to 1* |̂* to shove
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temperature* He suggested that the low &* 0,* fs of hibernating mrm- 

Clodded a&lta&Ls m &  1© d irsa lly  meeribed to the influence of lot# body 

tsape vs. fores; add claimed that it* 0.. *s were sim ilar for a c tiv e  and 

beraating animals when body temperature* wore the sane* l^perthersda ha* 

1)#®n shown fc# he eceongwAleid ty  an Increased B* %. (75)*

$ todies o f  the o f f octo o f  exeveits on the It* <4* have ©horn tt& lt  

f ir s t*  Og saturation of venoms blood was p a rtia lly  responsible for  the 

iaoro#!®# of the B* Q* during recovery fro# exprcise 0*3) j second, sugar 

ingestion press©ding exercise resulted la  an elevated R* %♦ during oxer* 

e ls e  Cl) | aad third# that feher# was a© correlation  too tween amsc&ar 

effic ien cy  and the- height of the ii* % iiwedla te ly  before exercise Cjh)*

T im  secretions of the p itu ita ry  and i s l e t s  o f tiongerhans are known 

to a f feet the & . CU  a* H* 9® belev novmal hare been ofcservsd in dspMf* 

cre&ttsed animals (h, ho)# and hyyopfcysectoagr has boon demonstrated to

rosul t  In an elevated d« Q* (h# 26, 6a).

A reciprocal relationship between the a* <*• and tho barofaetrio 

pressure has boon demonstrated (5# 25)* and correlated with the course 

of gaseous esnfc&nge la  the lung* (S3)*

a t  M M l £  M  S%. JM&JLka SSEtai m

for may years# i t  has boon haem that ©0g i s  aa end product of 

nonsal metabolise In mmmml&m % is fernowl edge has prompted msay in vesti­

gations eeneernod with COg and I ts  role in ?n.®tabolia». dith  the advent 

of 1ectopic earhen as a tracer, those studio® haw recently Increased in  

number and liaportnnco* Seaie of these studies are reviewed undos* ^Storage 

of CO^ in  the discussion section  o f th is thesis* la  most studio© re­

viewed here, the H* fl* teas not mentioned -  the varies wore concerned with 

other problems -  and so their Is^ort&nc® in  an under*tending of the B* fP.
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e&n a a ly  be  c o n je c tu r e *  l a  o r d e r  to  b e  o f  r e a l  v a la o  4a  a n  i n t e r p r e t s t i e ®

o f  t h e  -■* , l a a y  o f  th e  w orks w ould h av e  t o  b o  re d o n e  w ith  t h i s  i® a l s l .

r%um IP raper an d  '$bd tehe& d (1 9 , 30) d i s s e v e r e d  i n  t h e i r  s t u d i e s  o f  

d i f f u s i o n  r e s p i r a t i o n  t h a t  d o g s c o u ld  l i r e  when th e  p e r c e n ta g e  o f  COg 

m s  s u f f i c i e n t l y  h ig h  to  cans©  a  d ro p  In  b lo o d  pH to  6 *7 * th e  rstudy o f  

§02  i n  m e ta b o l i s e  m s  g iv e n  & new im petus*  S p e n c e r , e t  a l # (7 2 )  , s tu d ie d

th e  t o l e r a n c e  o f  dogs t o  h ig h  COg a n d  l ® a t 4  t h a t  th e y  c o u ld  l i r e  f o r

a s  l o n g  ©« b5 m in u te s  w h ile  I n h a l in g  0 0 2* Heay I n v e s t i g a t o r s  (S ,  1 3 # 

l £ ,  2 1 , 2d* 36 ,  5 2 , 5 3 * 55* 6 7 * 6S# 7*») h a v e  s tu d i e d  th e  e f f e c t s  o f  C0 g 

on &nt&&L® a s  a p p a r e n t  l a  p h y s io lo g ic a l  re s p o n se s*

S e v e ra l  s t u d i e s  (1.5* 21* 3®* ̂ 1# *0* 59* 6 3 , SH) h a r e  t e e n  o e a e e ra e d

w ith  th e  e f f e c t  o f  COg in  t h e  c o n t r o l  o f  b r e a th in g #  I n  T i ow o f  th e  e f f e c t

o f  In® *  v e n t i l a t i o n  r a t e  on  th e  St* 0 .» t h e i r  vork .s a r e  o f  o b v io u s  i n t e r e s t  

i a  m  t r© e l a t i o n  o f  th e  e l g n l f l e a a e e  o f  th e  ift* %• As a, r e f l e e t  t e a  on  

th® p o s s i b l e  n a t u r e  o f  H, %  d e v i a t i o n s  i n  th o s e  s t u d i e s ,  I t  i s  i n t e r e s t i n g  

to  n o te  th© w ork o f  f i ix g e r a X d  an d  OfC onnor ( 27 ) vd10 fo u n d  t h a t  pOQg i n  

a l v e o l a r  a i r  r o m  w i th  *»  i n c r e a s e  l a  th e  a n d  v ic e  v e rs a *  % e  COg

te n s !c m  a l s o  m m  w i th  an  I n c r e a s e  I n  O0g p r o d u c t io n  a M  th e  Og u p ta k e  b y  

th e  b lo o d  f e l l  w i th  a  r i s e  I n  COg te n s io n *

I s  th e  p r e s e n t  s t u d i e s ,  th e  pOOg o f  i n s p i r e d  a i r  a n d  d u r a t io n  o f  

eocpesure w ere v a r i e d  i n  e b ® e r r in g  th e  e f f e c t s  o f  SC^ on t h e  eaqrgem so n -  

su m p tio n  a n d  &• 0.-* * b ttr  s p e c i e s  o f  a n im a ls  w e re  n e e d  to  t e s t  f o r  p o s s i b l e  

s p e c 1e e  d i f f e r e n c e s *

00^  h a s  a l s o  b e e n  s tu d i e d  I n  d iv in g  an im al®  <H2 , 6 5 ) ,  a i t i t u .d e  ( 1 3 * 

b5 *) s a d  d i f f u s i o n  r e s p i r a t i o n  (19# 30# S S j*

I n  a  s tu d y  e f  $Cg c a r r y i n g  c a p a c ity *  c o n te n t  and. pH c h a n g e s  .p roduced  

by  i n h a l a t i o n  o f  COg, i t  was im p o r ta n t  to  knew th e  b u f f e r  v b lu e  o f  b le e d *
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m m

Albino m ice o f both #«ro# and of s e v e r a l  were used* The an im a ls  

« ®  d iv id e d  la to th r e e  e x p e r t  mental ipmmps* fh ©  an im a ls  of t  wo i ? w i n i

and *B#) were placed in a iv id m liy  la  closed chambers and earpirsd OOj* 

allowed to accuanalnte* Those of th e  third gttQw® (Oreup *^B) wot# exposed 

to  rsbre&thlnft .as atmosphere i n i t i a l l y  M # i  in. € 0 ^  f a  $roup "A** »  some© 

was olased in a d o sM  d a a t« f . Oensumed 0 $  v n  not replaced m r  was 

produced CO,, absorbed* ftais* as the animal hr oat hod, 00^ tension in - 

creased and 0 g  tension, decreased* fhe Shamber contained »i?preximateljr 

three liter s*  Sasgsles were taken at SO minute intervals and. aadywed on 

a Haldaaa-Headeraea gas analysis apparatus* A fan was used to ml* the a ir  

before aaamttag* %hm mice were excusedI for a two hoar period in th is  

ehamb©r*

A nim als o f the second &roup o f m ice (Group *BW) were p la c e d  in a  

chamber w hich c o n ta in e d  app row lm ately  one liter *  fh e  sa m r les  wore tak en  

a t  10 minute in tervals and th e  animals wore exp o sed  for one hour. Because 

o f the sm a ll s ir e  o f  the eh sa b e r  a  fan was not used to e l  r e e l  a t e  the a ir .  

fo in s u r e  adequate ad r in g  of a i r ,  the sn m p lin c  sy r in g e  va* f lu k e d  rau i-d ly  

sew ers  1 tim es  Just prior to sa stp lia d  the o lr  for analysis*

Both, chambers were f it te d  with a manometer* thermometer* and burette. 

Atmospheric pressure was maintained by replacing the sampled a ir with 

*&t<*r from the burette. %en as animal, was crefcam^inif smses at an 1* Q* 

below unityt a greater relume o f Op m s consumed than 00^ produced* fh is  

difference m s a lso  replaced by water* Oar© was exercised to. sampling to 

make c e r ta in  th a t  samples were d r a m  s lig h tly  above ambient pressure so  a s  

to awe Id d ilu tion  o f the sample with atmospheric a ir  when the syringe
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n eed le  m s  wi thdrawn fmm the efcanber* R ectal tesrpsrabare* we?® taken 

w ith a thersom etar a t  the beginn ing ant w e o it l lM i ©f the excerlQMmtc*

M i male o f the third group ©f ©dee (Orcap *0*) were exnosed t© re- 

breathing an atmosphere in i t ia l ly  h!g$t In C©̂  and data were collected  ns 

la  die© ted show ia  Crown© *A* ©ad *b", these experiments war© made ia  & 

three l i t e r  chamber*

la t s

AXMme rats o f  hath e©x#« and several a#res were a set* fh® animal© 

were divided lata  two experimental group©* ©rear© *3* sad *$• ware treated, 

la  the same aanaer except that d ifferent chamber site© were meed, fh© 

esrpertaeiits with rate were ©omtaeted a© were the®# with a lee  described 

above* H. B. *©, metabolic rates * and body t  ©sir era terse were agsin taken* 

$vo eftaafoer ©i see were need ©fmt&ining mprrexlsiately 3 ami T liter©  (dr©are 

*V* and *15* resp ectively ). the a ir  was ©earnled at 10 alamte in tervals ia  

the smaller chamber (droop *»*) and at %0 minut© in term it ia  the larger  

©hasher (droop *1 ®}* la  beth eheab©*©* the a ir  m s mixed before s©©mll*g 

by rapidly flush ing th# sampling gyring® ia  th# chamber s t t t f a l  times* 

Ibrperieeats by the author* however* indicated that the aaimal1# breathing 

end a c tiv ity  prevented any layering ©f 00^ which was measurable with th® 

n®idaae*K©cid«re©a gae analytic apparatus* ft*# fas sad mixing arooedure 

were asset te  avoid any p o ss ib ility  ©f layering.

Yftywaag

fhe research©© ©a human a war© divided la ta  four ex© ©riven t d  «eri#e  

(dreums *F»* *0® * *H*# and •**). Subloot* la  Orrnt© WT** w#r© stu d ied  for  

th #  reenonse to  rebreething a  lim ite d  volume ©f a i r .  Subjects in  Sfosr* *&* 

and were ©beorved for  *ree©very* a fte r  breath ing hi©jh 00*, ga® mixtures*



10

Grewp •I* m * stu d ied  fo r  the response o f  humans to  breath ing  a ir  i n i t i a l l y  

high ia  00^*

M u lt males between th# ages o f  30 sad J5 were used, la  §rouo *T*9 

humans rsbreathed a ir  from a la r g e  so ir ee # ta r . She relumes rtfereathed 

m r ie d  between 100 and 000 l i t e r * ,  file  a ir  wee m ea led  a t  10 minute in*  

io r m ls  sad the volume o f ia  sa l  red a ir  was measured on a dry gas t e s t  

meter* Klimt* readings were taken o f  ia e p lr a to jy  volumes. H esrtratory  

r a te  m e  determined by nee ©f a pneumograph and kymograph and time m e  

marked w ith a s ig n a l magnet. 'Nl** r a te  and b leed  pressure by the  

nuem slatcry method were taken a t  f i r e  minute in tern *! •*

la  Oroups11#® ant *H*, ! .  0 . , *# metabolic rate*, ant the respiratory  

and circulatory responses were observed on the subject® during "reeevery* 

which consisted o f  breathing atmospheric a ir  a t the t  oral nation o f a period  

o f  time daring which a ir  was rebreathed, thus increasing percent##** of 

COg. Termination o f breathing high ^0y w *  at th© point when the ©nthloot 

f e l t  the 00^ tension was intolerable* Subject* la  Orowp #0® refers#thed 

from a spirometer which contained %pp*P*i mutely 100 l i t e r s  o f a ir  and th* 

expired gases were cel looted ia  f i s c  Bonilla# bags which were k«mt separate 

for s a i l i n g  and analysis* The length o f time gas m s co llected  In each 

bag defended upon th# minute volume of th# various subject®. la  0rmtp ®W®, 

the subjects rebreathed from a Ecugdas bag which contained 50 or 100 l i t e r s ,  

tte lred  gases were not c o lle c te d  but alveolar samples were token end 

analysed* The e ffe c t  o f  recovery on circu lation  and respiration were again 

n oted .

In dronp •T**, ftusttmas rsbveatfeed gas m ixtures i n i t i a l l y  In 00-®* 

Here, as in  th# previous cyperiaiea't#* H. *U •* , m etabolic r a te s ,  t id a l r e l ­

umes, resp ira to ry  r a te s ,  minute relum es, p u lse  r a te s , e r s t a t ic ,  d ia s t o l i c ,  

and tuftse p ressu res were taken.
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flogs

In Utwm *1*, dogs wider su rg ica l nesfltattal eo&lnn su es  th esis. m m  

su b jected  to reb rep th ing *50 l i t e r s  o f a ir ,  $he txmrnmn o f  th# H, $ . • #

and matabolfe y » ti«  wer# follow ed during th# research hgr a n a ly s is  o f  git* 

drawn fro® th# Beuglac h#g a t  10 wtirat# in te rv a l#  ant analysed  on th#

Hal dan#-Wonder son gas a n a ly s is  apparatus, At th® termination o f th# er* 

pertmomis, which lusted fro® 50 to  6o alnut#s» th# ^recovery# o f  th® tag# 

m s no ta t a# the animal# inhaled atmospheric a ir  and orhatod Into Bou&las 

hag#, fh# recovery period s t a t i s t  v p  fro® 00 to So minutes. fh# time 

m s largely  d etom laed  by th# condition of th# animals. A few togs hat 

a tendency to a sp ir a te  f in ite  ant so®# o f th# togs developed an abnormal 

panting r e f le x  ia t # r  the anesthesia which m s  reflected  in  excess tv# 

minute vein®®#. Sbrpired gases were co llected  taring te s ts  for th# tins# 

periods, a® the conditions o f  th® dog# pons i t  teds 1~1 n itrates, V 10 min­

utes* ltVSD mi mi to®, ĈVtiO l i i a l p ,  and hCV60 mlnntes, fit# volumes wer# 

measured on a dry gas te s t  meter and th# gas Caspian analysed  as in d ie s  toft 

a b o v e .



m m m m  

i t  £ £  £B z  i n  J & i

la  f&bl# I are «ho«a the volumes o f  0©g stored  ia  th® ho die® o f  

men* d o e s , m is*  auri mice t a r i n g  r*fer*& th ing o f  s i r  i a  w hich  th #  expired  

GOg m s  allow ed to  a c c u m u la te . th ose  volume* o f  stored  COg were e s l*  

e u la tsd  from the date used la  ob ta in in g  th# &* h. ’ e and m etabolic r e ts* ,  

l a  th #  s e l s s l e t io e s t  i t  m s  assumed t h a t  the type o f  f o o t  m a t e r i a l s  

b e in g  hom ed d id  n o t  ch an g e  .end t h a t  th* d ro p  » t s e m d  l a  th e  ft, Q* 

over the c o u r s e  o f  th® experiment m s  a  r e s u lt  o f  the s to r a g e  o f  COg. 

l a  so  me experiments* w here th #  l a l t l s l  ft* Q. m s  low* an  ft* t** o f  .S §  

w&s u s e d  i a  e e l s o la t ia #  th e  araomat o f  s t o r e d  COg. t h i s *  o f  esarss*  

g a v e  l a r g e r  m i n e s  f o r  s t o r e d  COg than w ould  h a r e  been obtained by 

c a l c u l a t i n g  from  th® i n i t i a l l y  lo w  ft. %* S h is  m s  do a#  b e c a u s e  i a  some 

e x p e r im e n ts*  t h e  QOg h a d  a c c u m u la te d  to  a  l e v e l  w here  i t  c o u ld  h a m  

a f f e c t e d  even  th e  i n i t i a l  ft. Q. I f  i t  m i  t h o u g h  t h a t  s u c h  w ere  

p o s s ib le *  « a  E . <1* o f  *£5 w as u sed*  % l *  i s  th #  a v e ra g e  ft* <1* o b s e rv e d  

i a  a c t i v e  a n im a ls*  %*# d a ta  from  w hich  th® vo lum es o f  s t o r e d  COg w ere 

c a lc u la te d  appear la  Sable* VI • VII* IX* 1» XI* sad 111* Because 

q u a n tita tiv e  d a ta  on  oxygen esnsuarptlom w ere  a c t  s o u g h t ,  the v a lu e s  

w©r# a l l  e x p r e s s e d  a t  aaifele&t conditions* i . e .  * a b o u t  f&0 mm. Kg sad

F o llo w in g  I s  a n  example o f  how th® vo lu m es o f  s t o r e d  £0g  w ore C a t-  

e u la t s d *  ft* ci* o f  th® i n i t i a l  t in s  p e r io d  «  *SS* H. i .  a t  th* end o f  

th #  p e r io d  o f  i n h a l a t i o n  o f  COg r ic h  a i r  * .6 $ . th* COg p r o d u c t io n  ~

65 l i t e r s  and th* Op c o n s u l t  le a  ~ 100 l i t e r s .  I f  t h e  ft. Q. h ad  re m a in e d  

con stan t and t h e r e  w ere 100 l i t e r s  Og consumption* t h e r e  w ould  haw* b e e n  

g*§ l i t e r *  o f  COg p ro d u c tio n *  e . g .  S5 »  E* 0 . ©f .$ 5 . 2h* ^ 0 ^  s t o r e d

th o u  r  gg -  65 *  a  l i t e r s .



*ha -S. Q* fs ©f men during Inhalation o f COg rich a ir  are shown la  

f  abl© I t .  fM© work was Jobs using a ir  I n it ia l ly  high ia  COg rather than 

pro tawing COg rich a ir  by allowing COg bo accumulate from expired a ir  

as la  Mfnat other toot** th is  preaedure was used to test fo r  th* sign i­

ficance of the duration of exposure and tho changes ia  pOg, both of 

which wmrm kept a t a eta lvu i ia  th is  ser ie s , th© E. q* ** averaged ♦§€ 

and only two- were above the lowest theoretical ft* q. of .707.

%©■ data of the ft* Q. #» o f a lee  exposed t© rebrea thing a ir  in i t ia l ly  

rich  la  C©g preseated la  fable XIII are also presented ia  figures 5 and

6. the data are repeated ia  fab le XIII because the time periods be­

tween co llection  o f samples varied with the I n it ia l percentage of COg* 

th is  difference ia  tin® could not be presented la  Figures 5 ard 6. 

fab le m  l i s t s  the COg end Og content of the a ir  labeled by the idee 

and fable II l i s t s  the in i t ia l  COg percentage* inhaled by mm* Because 

of the e ffec t  o f  hi^bi COg on humans, i t  m s not pestlb l*  to continue 

the m i  longer than the time accessary for the co llec tion  o f su ffi­

c ien t asset t© obtain an analysis ©f the respiratory exchanges, the 

men voluntarily terminated most o f th# runs* sometime* soon a fter  

1# minutes o f r ©breathing, thus only in it ia l  ft. h. *b are given. In 

figu re 13 i s  shown the relationsh ip  that ex isted  between in i t ia l  OOg 

percentages and E* Q* *s of mice. From the lim ited  available fe ta , there 

appeared t© be a s tr iig h i l in e  relationship .

*Becoregy* from Inhalation o£ 00% Itch  M r

fable* H I and I f  show the response o f humans m& dogs to inhaler* 

tlo a  of COg rich a ir  followed by inhalation of atmospheric a ir  during a



pe
ri

od
* 

ex
pe

ris
ae

at
®

 
we

re
 

oa
de

rt
ak

en
 

to 
te®

t 
for

 
th

©

©t
0&0
f(t

m
i
f•
f
«

u
g J

H  fi»
4*

3 ^
* S
1  «

©

I  I
■° «
I  S»** g
J3 0. I*
1 *
N ©
0  i#4* **

„ * 3
° 5 »

f  4 *

1
43a
*
S t#48

©
«**
4»

s
s
#I
5
4*

I

i»

M

gp4 43 
© *1 
<® &»

cyo©
<fc*
0

£1

1U

i

§
§0

• r*©
4*
3s»
<#

+»

<rCS
%4
O

*SMf

©
§
sS3©s
t
A

#

t£
$
t%
m
f l
#

I
O
0
s»

%-t0

«M

£

a |

© x»

s  II  p

1  I
3 2HI H*.« H

I  «
s i
i

I /*
t
|  •
► a

!  s

>4
* H©
1
«*»

I

*
?.v

506
•»
£

a

i

i
*p fi

ll
ed

 
ho

fo
r©

 
th©

 
tim

e 
or

ig
ia

al
lj

r 
se

t 
for

 
eh

aa
&

ln̂
 

to 
an

ot
he

r 
ha

g 
fo

r

© t©« a
a
©

©

s?o
•HIIS
si
■*»g

•u££
!
1

1 i
§  52

§  ©

*  I  
d *

g

i  1
<H
o

«o
j !

<u
©
©

4 »

8

i  , 4 
I*

i
4*

i
«M

13

0
©

I
«Ia
tr\
H

S
4»
05s
«
0

I
*Cu

i
I
a
•H
*

&
*

*s
4*

i

4»

«
©
&s
»

I*

§
o
Hi

8*

Cr

f©

ia

*
f*

$4
0

® t
I  I
0 ©
•© #*f
£ »
i !
? ®
0 ©* a
1 3© *0
SI 8

© #
*i3  H I4* A,



Pr
o*

? 
of 

Ha
ts 

an
d 

M
ic

e
10 s*

©
4*

•ft
fa©
I
!
fa*0©
©

t
**
«

1

sm4s
*e§
£
g

fa*O
©©S3

©«

4*

I

i  I s *
5  fc

1

fa I* 2
I 3JS O

I  5
6 I«»4

a

««

>
•  fal 
2  «  
S  e

»«
J
Ie

I
!
4»

$
m$

fat0

I
fat©
#§
4*

3

s
■&J

!*■#

i
r*f

0s*©
r t
©S
4*

fa

u©&©
I*

II
I?©s

©
«g

si©1!€

2
#5

«£
I
I
m
&

t
m

fa t
fa*

i
Ik«
#
4»

mr
I
s£
*©

S

©
fa*

H<0
4*
0
i

me#

I»
H

I
.Sf

£
*%
*4

8«4
st

a
g

*u0

1
f t

I0 md
 

th
at

 
fo

r 
the

 
di

ff
er

 e
sc©

 
be

tw
ee

n 
the

 
in

it
ia

l 
md

 
te

rm
in

al
 

te
np

*r
&

ta
?«

©f 
ra

ts
 

1# 
6.

86
, 

a
l«©

 
a 

al
gn

lfl
e&

at
 

d
lt

fe
ra

se
*

I

* »d0  1

I©o44»
©
4

4»
8
*3©«f4+»
I
*rt
©
fa

fa
©

*
5
r 4

f
i

4*
1
I
i
t
flj

l!

>*«
£0
si©

«*»
mm
&

1
4*m«4
r4

§$

1
►<*#
•g0ft
#
JS54*
fa
©fat
a«►

0
A+»
fat6
W"
I

nS
§
&

*0
«d044
fa0

fa©
fat

Si

I
©►
©

*g
©

P,
m
m

$
■s

fat0

n0ft4»
mft4>
sS

m
s
tf t
fa

♦00

a
#0©

•qt 
pwt 

©tTisritt 
CE 

n®@a%@q 
w& 

t 
*&&%& 

rx%



16

ISO ulimte ©baervutlea i s  a **£* of Similar analysis for Figure 2

produced a "T* ©f &«Ul; far Figure 3s between 10 minute and 60 mlsmte 

analysis# a *5* o f 3* ?0t for Flgor* M between the 10 minute sad Go 

minute analysi® again a. *$* o f 3# 08. All th© above *T* values indicate  

highly sign ifican t d ifferences. figure* 3 U present data, for sic© 

rebreathliisg a chamber of 955 ml. volume and Figures 1 and 2 era for  

mice rdbraatht&g ia  a volume o f 2#T?I ©I* f w  chamber olroo war® used 

to too t for th* influence of time.

In figures 5 and 6 ar® shown the 1. <1* *s o f ado* sxposed to r*» 

breathing a atxtare o f gas©© in it ia l ly  high in  00g* fh i*  was produced 

by th© addition o f COg to aonml atmospheric a ir . E&pirod COg v&* 

allowed to There m s a© sig n ifica n t change in th# K. Q*

over the ©curs© o f the espertnent as dot emitted by th* *T* t**t»

a*«?lrato<y ^uetlant o f Hats. ®h# ”*u»iniflnl*tive* It. Q.. fi  for  

rat© rebrenthing In a 2, J IB  isl. c h a m b e r  ia  which COg was allowed t® a*-* 

combiate are shown in  figure 7- ®h* *pert®4* S. <1.*s &r© presented la

Figure g. I t  i s  obvious from, th© shapes o f the carves and th* a©tar* o f  

th# range* o f the determin&tions that la  neither of the two graphs 

was them «\ s t a t i s t  lea l change from th# beginning to th© ead of th# 

eaeperlsent.

the "accumulative" and •period* 1. <1. *s for rats rebrsathing la a

7#100 Jifll. chamber in  which ©aspired COg was allowed to accumulate are 

shorn ia  Figures §  and 10 respectively . The difference 1©tween the 20 

minute and 100 minute analysis i s  a *T* ©f 2*32 or a non-— sign ifican t  

difference ( lev e l between .1 and . 05} in Figure 9 for *&Qcunml a t ir e 11 

ft. f# and a •T* o f 1*&3 ®* & n©»-significant difference (lev e l between 

.1 and .2 ) in Figure 10 for *period*ft. 0. #s. S ta t is t ic s  mean l i t t l e  here



17

boean*® only 5  ssaimals wer© used. 31nee th is  was o n e  o f  several groups 

subjected to the same treatment, s ta t is t ic a l  va lid ity  was not necessary 

la  a l l  iscperlnants#

tla© "eecuanlativ©* and •period* E* 2. *a for hmftaas rehre&thlag volume*

o f 100 to 200 l i t e r s .  Stepired 00^ was allowed to accumulate. A 

te s t  for the i%. cl* drop la  Figure 11 g e ld e d  a v&Xu® of ty.50 and la  

Figure 12 a sim ilar te s t  #ave a value o f 6 .6€ , both highly s ig n ifica n t.

$he m l ties for *peried* B. <•:. *s were obtained by successive sub­

trac tio n  of the figures fro® which the "accumulative* 'It. <£. *» were cal­

culated. Air saispXe* were dram periodically  and analysed# From th® 

data thae co llec ted , the to ta l gaseous exchange to the time of saag&lag 

was calculated. ®he B. *s sad th# ©xygeu eoseusptloas for IddlwidtiaX 

time peri ©fit were calculated by subtracting the mimes fo r the b eglaning 

of the period fro® the mluos fo r the end  of the period* e . g .  * the 30 s in *  

n tes figures f r o m  the bo minutes figures. ffce Valaee fo r the *perlod*

R. o. *« vary »©r® from the mean than do the values for "aecinmiatlve”

R. €t. * s. fb is  i s  because the accuracy of the Sfaldaae-Hendareen gas 

analysis apparatus Is not su ffic ie n t to y ield  figures ‘la a l l  analyses# 

which whom subtracted* as a tom  indicated, produce preeie® R. -a *s for 

the individual periods, fh® consistent f a l l  lu the ^accumulative*

5. Q.. *s# however* Indicate© progressively lower 14 period11 &♦ 2 * *s 

w>: Ich Is substantiated by curves fo r the p e r io d 1* R. Q. #s. fh ls  ex­

planation holds for the rela tionsh ip  of figures 1 .and 2* 3 and b, 5 and

6, ? and S, 9 and 10, 11 and 12.

o f  Braaaft*. — la  F igures 11 and 12 are
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0» ra * a  OM tavia& tlca a *  ir fX a e iM  t a  llL b,ali,t l o a  o f  g %  K ish  &ix

I n  figu re*  lb  te  21 in c lu s iv e , the Og c o n su m p tio n s  a r e  presented  

on a  percentage b asis*  fh a t  i s *  they ar* shown a© p e r c e n ta g e s  o f  the 0g  

consumption o f  the i n i t ia l  t im e  p e r io d *  Tfee Og co n su m p tio n  o f  the f i r s t  

time period stu d ied  m s  ta k e n  a s  100S& and. s u b s e q u e n t  r a t e s  are expressed  

a s  p e rc e n ta g e ®  o f  t h i s  i n i t i a l  p e r io d *  th e  reasons f o r  t h is  method o f  

rre sen ta tio n  a r e  p r e s e n te d  nnder th e  d iscu ss  io n  s e c t io n  o f  t h i s  p«per.

The ram d a te  expressed  i n  ml* a t  am b ien t c o n d i t i o n s  i s  s h o rn  in  f a b l e s  

I I I *  I f *  ¥1* f l l ,  T i l l *  IX , X, XI* m X I I .  f h e  s t a t i s t i c a l  a n a l y t e  

b e lo w  m s  done u s in g  raw  d a te *  i*e*  * t e e  e e lmsses i t  i d .

Qwa*S. CtmaojaKtlgB o f  Higft. — 4b show* In Figaro lb *  there i s  a 

h i g h l y  s ig n if ic a n t  d ifferen ce  b e tw een  th e  i n i t i a l  ©g consumption an d  th a t  

measured b e tw ee n  100 and 120 Minutes* The v a lu e  f o r  th e  * f * t e a t  was

7 . J K  i t  i s  n o te d  t e a t  th e  e lo p e  o f  th e  c u rv e  changed a t  f 0*100 m in u tes*

I n  t h e  l a s t  part o f  th e  rm -§ th e  a n im a ls  seemed to  respond i n  two divergent 

m eaner** the one group m aintaining a f a l l  i n  Og co n su m p tio n  a n d  th e  o t h e r  

group e s t a b l i s h i n g  a  s te a d y  s t a t e .  B ecau se  o f  th e  sm a ll num ber o f  sam p le#  

in  each group* i t  m s  im possib le t o  make a  s t a t i s t i c a l  treatm ent o f  

t h e s e  apparently divergent r e su lts*  X comparison o f  t e e  s c a le  o f  the  

ab c ieee  i n  f ig u r e s  lb  and  15 shew s th e  time to  b e  tw ic e  m  lo n g  in  f i g u r e  

l b  ms in  f i g u r e  1 5 * *he s lo p e s  o f  the c u rv e s*  m  d ra m *  on th e  f i r s t  

p a r t  o f  th e  g ra p h s  a r e  s i m i l a r  but when th e  time i s  taken In to  c o n s id e r a ­

t i o n ,  i t  i s  e v id e n t  t h a t  th e  e lo p e  o f  th e  curve i n  Figure 15  I® tw ic e  t h a t  

o f  f i g u r e  lb *  l * e , , t h e  ©g c o n su m p tio n  o f  th e  s ic ©  in  ©roup *3® I n  th e  

sm aller  chamber d ro p p e d  tw ic e  a© f a s t  m  t h a t  o f  th e  m ice  i n  th e  l a r g e r  

ch am b er. The ©3 co n su m p tio n  o f  th e  m ice  i n  ©roup *B# ( f ig u r e  1 5 ) dropped

m ore than. 5©^ d u r in g  th e  one h o u r  m .  The v a lu e  was 9 *bl*  a  h i # t l y
*

s i g n i f i c a n t  l e v e l *
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flgor# 16 indicates the drop la  ©2 consumption o f sale© exposed to 

refcreathing an atmosphere in i t ia l ly  hi^a in  C0g* l*fc© value for the 

difference between the 0?  consum ption , of the f ir s t  and fourth time periods 

i s  3*10 a sign ifican t le v e l. $fae tin# periods for individual ani^ds# 

as indicated la  Sable f i l l *  m e in tentionally  varied with the in it ia l  

C O p  percentage, so as to keep as nearly uniform as possib le the nussber of 

time periods la  a te s t  regnrdfeeee of the i n i t i a l  percent CQg*

Oioracs Consumption of Hate. —  the Og eoususqptlcm o f r u t s  a s  affected  

by inhalation o f CQg rich a ir  i s  shorn la  figure* 17 and IS. figure 1?

I s  t h e  p resen ta tion  o f  th e  ©g co n su m p tio n  o f  r a t s  in  a  cham ber o f  2#?TS

aim fh »  d ro p  i s  h ig h ly  s i g n i f i c a n t  w ith  a  *** V alue  o f  5*9$* In F ig ­

u r e  I S  a r e  p r o s  on te d  th e  0g  consumptions o f  r a t s  in  the la r g e r  cham ber* 

7 ,1 0 0  s i*  A ^ i n  t h e  drop i s  h igh ly  s ig n if ic a n t  w ith & *itlf v a lu e  o f  *4.63*

4 comparison o f the slopes o f  the craves over the f ir s t  p a r t  of the run

shows tho drop to he mere than four times as fa s t  in  the snailor chamber

( F ig u r e  1 7 * © roup *£*)•

Oaoraoa S o n n » ? t I o n  o f  Humans. —  t h e r e  was no s t a t i s t i c a l l y  s i g n i f i ­

c a n t  ©hang© I n  t h e  0g © onsum ption o f  hozaans a s  a  r e s u l t  o f  rebreathiag 

a i r  i n  w hich  C0 g was a llo w e d  t o  a c c u m u la te .

P a ra n a  C onsum ption  d u r in g  H<%coT©ry* W hile  H rn a th ln g  A tm o sp h e r ic
 M s iE ',j £ ^ s a , i 1J g a  a n  I h i & a k  M £

th® 0g consumptions of men and dog® during refereathlng of a ir  in 

which 00?  was allowed to accumulate and during th e  recovery which followed 

while breath ing atmospheric a i r  are shown in  Figures ly  and 90. I t  i s  

noted that during tho f i r s t  few nlnutes e f  recovery, there was an increase 

in  the Og consumption which in  humans was eleven-fold  more than the normal 

0?  consumption* In dogs, over the f ir s t  three minutes o f  re c o v e ry *  the

increase m s nearly three-fold*



GQg In c r e a se  w i th  Tiiaa

Most lim Q* *» and, Og consumption responses of tho experim ental 

aaismXs ar# plot tod against time in tho above tab les and figures* They 

could have been f la tted  against per oent 00^* The increase in  percent 

0% in the Inspired a ir  i s  plotted against time in figure ZZ» This 

noises p o ss ib le  a  comparison of the percent COg with the responses*
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taro Brop of igiec &&ts jfepoccd te
^©breathing Air in Which the Saepired C02 

%« Allotted to Ae&unl&to

M ice 
OrottB 3

f  euro © ra tar®  ' l a
In i t ia l terminal foam. Brea

98.2 90.3 7.9
9?.^ 91.5 6.9
97-9 S9 .1 8 .S
•^S.5 ss.h 10 .1
S7.S 9 0 .3 7.5
99.0 93.3 5.7
99 .5 92 .J 7.2

100.1 S9.6 10.5
98.3 93.H 5.9
97.5 9 0 .3 7.2

;  s ?.^3T 
o r  ^ .3 9 0

% t@
Qroma 3) 

fea tp o ra ttir©  i a  ®Q 
I n i t ia l  iftmtotoBl f@m* Broo

35.0 33*5 1.5
35.5 31.3 U.2
3 6 .5 30 .1 S.i*
35.2 26 .5 *.7
3 6 .2 3 1 .2 5.0
35.9 32 .O 3.9
3 6 .8 32 .0 ii..g
3 M 31.9 3.0
35*7 29.S 5-9
56. u 33-1* 3.0

9 . 9 . i n i t i a l  tontp. a  .« 3 3  
s . D. terminal torop. s  1 * %5 
t  » 1 3 . 1&  h ig h ly  s i g n i f i c a n t

9* B. in it ia l  tonp. ~  .309 
S. B. term inal t«np. g .6^29 
t  a  6 .9 6  h ig h ly  s i g n i f i c a n t
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§ «
s - f S  8 8

%
eh

 
fig

tsr
o 

re
pr

as
&

ai
s 

ax
ch

aa
ga

 
for

 
th®

 
fa

ra
er

 
3D 

al
im

te
 

p#
ri©

&
* 

fo
lu

ae
s 

ox
pr

ea
so

A 
ia 

«1
. 

at 
&

»M
en

t 
ao

»f
tit

ia
as

 
of 

tea
gw

rf
rt

ar
o 

and
 

pr
os

so
re

i:l
pr

=e
r 

tow
 

of 
f i

gt
sr

oo
 

Is 0
0 ̂

pr
od

uc
ti

on
.

Lo
we

r 
row

 
of 

fi
gu

re
s 

Is 
O

O
fc

sa
ap

tif
flB

u



27

fA3H> H I

Oisy^ea C o aau s i^ tio a  a a d  O&r'bea o x id e  ^ o d a e t i o m  
o f  MIoo H #ljr#s*tlilag  M r  im W hloh l a p l r e d  <3©g 

% «  A llow ed  to  j& e n a tila t«  —  Group 1

A a la a i
TiSllB .„, .-...,        ,,„

a a ia . 1.. .......jaSU3L.__._2L!«l0L....,27*11,. „ 2^.9 ...32.5. 52 53*.^

2H.23 is*  6a 5T.97 22.67 2*. 35 25 26 23
10 2«*92 23* 26 31.5S 25.01 2*. 35 35 31 23 0%

l£ .* 7 i s .  62 21.17 15 .35 1S.SS i s a 25.5 19
20 21. ai 23. 26 2't.SO 17. 6a 22.10 22 a t as 26

13- 5« 13*00 l6 .7 * 10.25 1S.S* 13 17 17 IS
30 20.7 7 i s .  53 1S.S? IS . 2k 22.79 a 23 2k 23

lO .S l 9 .21 12. 6s 12.73 13*36 12 12 12 12
*0 15-75 13.10 22.23 17.91 17 .98 15 17 m 19

10.61 10 .02 10.53 10.99 12.71 s 11 s 9
m 25.75 12 .19 13*09 1**39 15.61 i * 16 13 12

s .  a? 6.10 7.S9 S.9S s .  26 7 8 6 6
60 11.50 11.11 9.S6 12.99 13. so 12 9 s 12

figure represents exebsjage# for the proxies*# 10 ainute period* 
tfoluae# «xp*e##edl im ml* a t a s t iw t  coatlttea# .
U pper f ig u r e #  l a  e&efe row  © re GOg p r o d u c t io n .
lo w e r  f ig u r e #  l a  e ach  row a r e  0 g e o a m ia p tlo a *
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0« Consumption ant 60g J-'r© duet ion o f Bats ftsfersa, thing
Air fa  Thiels. $ag>ir*l 00  ̂ %ra® Allow#! to Aoetinrcil&ts Oroap- 0

f l a t
in

Ulnntnn .W

Animal height 
(c^ams)

-JSI6.....2 f t .... 190.. ..275.. 181
1X6 9S 55 m i l l 96 S3

10 X|U X|6 S3 123 XkB m m

Ik 50 3a 6s 70 71 55
ao s® 13 J*s $6 90 S? 82

« k i 35 52 57 65 60
30 6§ 51 5% 65 80 8fe 65

*a bih 37 30 S 29
*40 6s 66 3% 5X 10 37

32 3S
50 30 53

25
60 IS

'j"[ i|i,iif'M'1

Inch figure r«pr*s«&t» ssecliang® for pravlmui % m  
m in u te  period, 

folustas axprssssA i n  a l .  a t  a m b i e n t  conditions o f  
t a m p e r a t e r e  a n d  p r e s s u r e .  

tfppm r figure in  aacfe row i s  00g production.
Xowor figar© i n  o a e h  row  i e  Q$ c o n su m p tio n .



$A£2*£ X

Coanuar tion  and 00^ I ro duct ion of Bata E«t*r®&thing a ir  ia  tfhich
l i p i r o d  ©®*| w&® X tlo w o d  to  Aosnsaiilai©  «— troup 3

fiao
in

31?

Animal Walgfet
(g»8MSi#}

190 U21 *m %K

198 11$ 269 'SsljiE 165
2D 16% 803 28% m i m

1*7 130 139 m 1U
%© 16% 1% 19 T 2*& 833

159 131 173 lUL i%6
So 166 15© i«9 1<K 188

n 113 U 5 183 100
60 i l l 13® 1% 15% 155

39 93 80 119 96
100 n 15% 115 13? 133

m s6
120 3? 121

B&oh figure rapraaaats oxaba&ga® for th® pravloaa 
ton ai&ut* par to d* 

folaaaa aapnsaaad-ia ©1* a t aaMoat c o n d itio n # *
%P©r f t  gar®® 1b oach row arc ®®a pro due t t  ©a*
Lower figure# ta aaah row are ©g aoaavaptlaa*
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M U B  M l

, Coasuaptioa aad COg Freduottoa « ! Bogs Jotpoesd to %br»athiag
r l a  Whlc&i th e  $xplr#d S l e w e d  t o  A em B ralaie  — Bmmp $

$la#
la

Hiamies .s i  ...
Bog lumber 

.....Sft...._!ifc_...  M .... ta ....SQL.

•9« 1.03 .93 .6 f .6 7 • 9S
to 1.29 l . f e  1 .3 3 •St • 85 1.3^

1.00 1.30 .75 .55 .56 .96
m 1 .57 1.95 1.18 i.ca • 9U 1.32

1 . 0 s «91 * m .61 .64 1 .06
30 g.OX i.b6 1.13 .91 • 92 1.55

.77 .b l .6 5
1.15 . 9^ •97

•Sfc .65 .61
50 i .m .93 .27

So ■ a• W

Figaros rsprsaaat ©iiimgas for th© previous % m  
aiauts period, 

folmmos sgtprfessed ia  l i t e r s  a t  a f l o a t  conditions. 
%p®r Figaros la each row are CÔ  production. 
Iiowor Figaros la  e ac h  row &r« coasts^ tioa.
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fhe i f f c e l  of GOjo oa the %soir&to*y ® M o tlm %

$he respiratory p astiest i s  the ratio  o f  the yoXtua® o f OGg pro­

duction to the volume of 0g eoasnmptioju I t  Is u@0al.l3r measured from 

tho Festjiratery guseeas exchange. la  ordinary detersdaatloas* the CQ*, 

production i t  measured at the $©g rsie&sed from the body and co llected  

la  expired air sample*. *he oxygen consumption i t  sim ilarly  measured at 

tlit I'iom t of oxygen removed from the inspired air# *«l il# ©. to calcu­

la te d  w ill he refereed to ia  th© following discus ©ion a t ta t  "measured*

»* £;. a.® ^w ssafei*  B. <# may not Indicate accurately the actual COg

sad Og changes produced dor lag  metabolism* I f ,  for instance* oxygen eould 

t e  stored la  the body (end. i t  apparently cannot) them the ^measured* H. Q, 

would d iffer  fro© the actual COg m &  Og exchange* during metabolism be- 

cause some of the oxygen used eosld  h&v# cone from the stored  oxygen. eatA 

th is  amount & act appear in  volumes ao&smred as efcanges in  respired  

case®# $h© li* Q,# of the actual metabolism la  the body w ill be referred  

to a® the 'Hrne* B*

Oaaawtee for low ^Meaawed.11 Aoigim tory ^aotleat*. — $he observations 

on the g n ittd i and tem at were made over periods o f from ^0 minutes to 

%m h o u r s .  P h i l l i p s  an d  <#fcite ( 5 9 ) demons t r a c e d  t h a t  th e  r e s p i r a t o r y  

quotients of mlc© without food dropped slowly during the f i r s t  s ix  hours# 

% is  drop„ however* mas small la  comparison to the decrease la  the res­

piratory quotients observed la  the present Investigation. la  the present 

experiments* the a c tiv ity  ©£ the aaiaala was m %  re s tric te d  sad the only 

chances from a normal environment were ax* Increased pCC ând a decreased 

pOp produced by the g&geom® exehaage of the animals. Utese changes*

mailto:u@0al.l3r
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r e s e r r a  o f  O0 g 1m t i s s u e s  s u f f i c i e n t  to  a f f e c t  re c m ir& to r^  m easu r© acu te  

l a  a l l  a n im a ls  w i th  a  eh sag in i*  a c i d  ba®« b& laaee*  From w ork  w ith  o a t® , 

th e y  o b s e rv e d  t h a t  o n ly  a b o u t t e a  p e r c e n t  ©f t h e  JQO oil* o f  GOg s t o r e d  

l a  t h e  bo ay o f  th e  c u t  o e u ld  hs.ve b e e n  s t o r e d  l a  th e  b lo o d .  The  re m a in d e r  

*aust h a r e  be& a h a n d le d  by t i s s u e  b u f f e r s  %ad e q u i l ib r iu m  r e a c t io n © . As 

m d  t e n t e d  b y  a  e u r r e r  o f  th e  l i t e r a t u r e ,  num erous r e p o r t s  o f  i n v e s t i g a t o r s  

( 1 2 . 39* 7 6 1 7*) WEMggaet t h a t  u n d e r  a p p r o p r i a t e  c o n d i t io n * ,  G-Og

esta e a t e r  l a t e  a s s i m i l a t i o n  r e a c t i o n s  l a  th e  b o ^ p , i . e . *  th e  © q u i l ib r lu t t  

r e a c t i o n s  a f f e c t i n g  th e  p r o d u c t io n  o f  O0g c a n  b e  p a r t i a l l y , t f u ^ r a r i l y *  

o r  r e g i o n a l l y  r e v e r s e d  to  I n c o r p o r a t e  G0g  i  a  to  a o rib c rs  o f  t h e  t r i c a r *  

b e a q r l te  a c i d  c y c le *  i t  i s  s a g  r te d  by  th e  p r e s e n t  a u t h o r  t h a t  t h i s  

s h i f t  l a  © c u illb r i tts a  •  due to  a s s i m i l a t i o n  r e a c t i o n s  o r  s im p ly  to  a  o ld  

b a s e  s h i f t s  a s  a  r e s u l t  o f  b u f f e r i n g  -  1 lim ited  th e  ty p e  o f  f o o t  ma t o t a l s  

t h a t  c o u ld  b e  b u r n e d ,  m i. %lms p ro d u c e d  th e  mem u n ifo rm  a©ta,b e l i e  com* 

d i t i e a e  o f  th e  an im a le*  S in c e  th e  o x id a t io n  o f  f a t s  r e l e a s e e  e e a e id e r a b l e  

e&erggr by  lU o x id a t io i i  b e f o r e  COg i s  p ro d u c e d  by  I n c o r p o r a t io n  o f  compound* 

su c h  a s  a e e t e a e e t l e  a c i d  l a  to  t h e  I 'ra b  c y c l e ,  i t  i s  s u g g e s te d  t h a t  t h e  

d ro p  i n  th e  h* m e  n o t  o n ly  due  to  s t o r a g e  o f  ^Og l a  t h e  bo d y  b a t  

s i  so  to  I n c r e a s e d  o x id a t io n  o f  f a t s  a s  th e  e n e rg y  y i e l d i n g  f a d *  $&t« 

y i e l d  6 . 62$ e a l / l i t e r  ©f G0 g  a s  e n s n a re d  to  5 *Ob-7 c a l / l l t e r  o f  OOg 

d a r i n g  c a r b o h y d r a te  o x id a t io n .  H aw ley , e t  s i .  (3 5 )*  s u g g e s te d  t h a t  in  t h e  

o x id a t i o n  o f  f a t t y  a e i d  c h a in s ,  th e  u p ta k e  ©f Og «©y ©one! d u ra b ly  o u tr u n  

f o r  s  tira e  th e  p r o d u c t io n  o f  0Qg* I f  t h e r e  w as a  s h i f t  to  f a t  m e ta b o lism , 

t h i s  c o u ld  a c c o u n t  f o r  a f u r t h e r  p o r t i o n  o f  th e  c ro p  i n  th e  it* <i* *e 

©be e r re d *

p i r  1 W tto r i# r x'rn'm y  ^ T 'T ^ t S T  
150.9  ■£. ^.707 C^vts)
19;S.X ml* 1 .0 0  (C a rb o h y d ra te * )
1 7 1 .0  .ml. *02$ ( f d t~ c a rb o h y d r& te  m ix tu re )
1 0 2 .0  ml* .9 0  ( F a t^ c a r b e h y d m te  m ix t?sre)
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Th© sh o v e  t a b l e  show s t i l e a r l y  t h a t  m ere © aergy  I s  r e l e a s e d  p e r  volum e o f  

Co,, p ro d u c e d  when f a t a  sare- b u rn e d  than, when c a r b o h y d r a te s  a r e  f e e  c h i e f  

e n e rg y  f a d .  T e s t s  f o r  axo© ss h o to n e  b e& fes  c o u ld  t o e  y i e l d e d  f e t a  w h ich  

w ould  have  s e t t l e d  t h i s  m i n t ,  f h o s e  t e s t s  w if e  n o t  m  I n  t h i s  Inv e# *  

t  l o t i o n .

The S f f - te t  o f  B re a th in g  I n i t i a l l y  E late  £ 2&* s lm e# th e  above  n a la is le  

w h ich  re fe rs  f e e d  a i r  f o r  ?3s r l s d «  o f  from  h© a t n u t o s  to  two h o w s  to  p ro d u c e  

pC©2 s u f f i c i e n t l y  h ig h  to  eaas©  a  d rop  i n  t h e  B . Q* w ere s u b je c t e d  a l s o  

to o th e r . change* ( t in e  .and low  ©g ten sion ) which could hare t « s i  factor®  

i n  t h e  d ro p  o f  t h e  H. *i*» b o th  m lm  m&  s e a  w e re  e t th je e th d  to  r e b re & fe ia g  

a i r  i n i t i a l l y  h ig h  t a  P&% w h ich  re d u c e d  to  a  a in i tm a  th o s e  two f a c to r s *

The ©g te n s  Io n s  w e re  re d u c e d  b u t  l i t t l e  .from # g  te n s io n *  i n  a tm o s p h e r ic  

a i r  an d  the d u r a t i o n  o f  e x p o su re  was o n ly  to  t h e  U r n  o f  s a a ^ l ia g *  u s u a l l y  

to n  m in u tes*  A# i n d i c a t e d  i n  T a b le *  I I  an d  XIi/and f i g u r e *  5 an d  8 * th e  

I n i t i a l  B . 0 .  *s w ere  b e lo w  fe e o  r e t  l e a l  ( # 70? )  when th e  pOOg was fcl^s. a n d  

i n  e t h e r  e m m  w ere  b e lo w  n e ro n l*  1b pOOp i n c r e a s e d ,  the p e r io d  ii. **•*s 

f € l i  a b r u p t ly  to  be lo w  th e  lo w e s t  t h e e r s i l e a l  v a lu e  o f  * 7©7* I n  m ice* a  

l i n e a r  r e l a t i o n s h i p  e x i s t e d  b e tw e e n  fe e  i n i t i a l  1 .  *# e n d  th e  i n i t i a l

pCOgs ( f i g u r e  1 5 ) .  t h e  p e r io d  H. p . 1® f o r  a le®  re f e r e a th in g  a i r  i n i t i a l l y

in  00 p r o s e  s low ly*  tender f e e  c o n d i t io n s  o f  t h i s  in v e s  t i  jg» 11 on * %hm 

r ise  occurred c u r  th e  f ir s t  3© minutes* L a te r  th e  -h. ©•-, e again f e l l *  

Be&rly a l l  H, Q.# values were s t i l l  below the lowest theoretics! vslac, 

how ever* The s i  I g h t  r i s e  i n  th e  &• Li* i s  e x p la in e d  a s  fo llo w s *  *hea th e  

animals wore subjected to an atmosphere containing ^©2 higher than alveolar  

0 ©2 » th e  a n im a ls  s t o r e d  m ost o f  t h e  p ro d u c e d  c a u s in g  low  B. 0* * a .

.is  pCOp i n  f e e  t i s s u e s *  b lo o d *  :m d  a l v e o l a r  a i r  in c r e a s e d  to  above f e e  !>©©g 

o f  i n s p i r e d  r , l r »  th e  B, ^  r o o e  due to  r e l e a s e  o f  ©Op p ro d u c e d  l y  m e ta b o lic * *
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I t  I s  suggested t h a t  the succeed!r.g f a l l  in, the E* f:.. e&n t»  e x p la in e d  

on the? basis o f  storage o f CO2 an d  sh ift  to w a rd  fa t  m e ta b o lism  a s  out*** 

l i n e d  above* Neither th e  r i c s  a o r  th e  f a l l  were s ta t is t ic a l ly  siggaifleant* 

*%r rats In the smaller cfc&nber (I'lgarss ? and there was a© 

s ta t is t ic a l  differeij.ee in the accumulative or period K, p. *su ̂ hi® was

b e c a u s e  th e  r a t s  p r o c e e d ,  COg r a p i d l y  enough to  c au se  & d ro p  l a  ii.

even before the i n i t i a l  analysis* l o r  a n  u n e x p la in e d  cause* th e  E* P . 

d ro p  f o r  rati® w as n o t  a® g r e a t  a s  th e  X. X. d ro p  f o r  n i c e  u n d e r  th e  e o n -  

d i t  t e a s  o f  th e  p r e s e n t  Investigation*

U* %• Value® hare been p lotted  against time rather than p0Og. f i g ­

ure 2 2  shew* the relationship  between COg production and the duration o f  

the axpiariaeats with, rats* mice* and. human® •

B ffcet o f C0.-> on the Owren>ii3ŴiP inmpB.iE* '.vnmtop wKirwingni nmgwi*m<

l a  t h i s  i n v e s t i g a t i o n *  i t  was observed t h a t  h i f h  l a  th e  in *

sp trad a ir  a ffected  the metabolic rate, as measured % oxygen consumption, 

of son© speciec o f iasOBWls* the oxygen con snap tlen* were expressed as 

percentages o f  the oaygaa eo n sttaap tlo n e  of t b s  f i r s t  time p e r i o d s .  She 

volumes of Og coastta^tien are presented in  facies VI » f l i ,  VIII * !>:* X,

XI, and XII, flie osorgea consumptions were expressed la  th is  manor i s  the 

t i g o r e s  b e c a u s e  t h e  a u th o r  f e l t  t h a t  t h i s  r e p r e s e n te d  a  m ore e q u i t a b l e  

e o ia p a r le e a  o f  t h e  osqrgsn c o n su m p tio n s  o f  d i f f e r e n t  in d iv id u a l s *  P h l l l l p »  

a n d  O o ff  ( 5 ? )  h a r e  fo u n d  no  u n ifo rm  e a t b e n a t i e a l  r e l a t i o n s h i p  betw een, 

a n im a l bo  d r  w e ig h t  an d  o ^ fg o a  c o n su m p tio n  l a  a n im a ls  o f  s i m i l a r  s i t e s  a n d  

a g e s ,  f a r t h e r ,  t lw y  h av e  fo u n d  m  m i  fo rm  m & theaiatlc& l r e l a t i o n s h i p  be** 

tw e en  body  w e ig h t  an d  body s u r f a c e  a r e a  l a  a le e *  I t  i s  g e n e r a l l y  r e c o g n is e d  

t h a t  oxygen c o n su m p tio n s  e x p r e s s e d  on  th e  b a s i s  o f  body s u r f a c e  r a t h e r  

th a n  body w i # i t  c o n s t ! t u t #  a m ar®  n a ifo rs a  n o d e  o f  e x p r e s s in g  and



m

comparing the oxygen consumption o f  d i f f e r e n t  m m km m  o f  a  s p e c i e s  ( 3 ) .  

I f e i t h e r  o f  th ese  method© take* i n t o  can® I  d e r a t i o n ,  h o w ev er, th e  con­

d i t i o n  o f  th e  animals* <*& obese s a la s l  c o n ta in ®  adipose t i s s u e  w hich  

m etab olises l o s t  rap id ly  than muscle or glandular t is s u e .  N either in  

t h e  sh ap e  o f  t h e  animal c o n s id e r e d  i n  t h e s e  method® f o r  s p e c i e s  o t h e r  

th a n  th e  hnasa« fo r  these r e a s o n s ,  the oxygen consumptions have hem  ex~ 

p r e s s e d  a s  percentages o f  th e  i n i t i a l  time p e r i o d s .

F h i l l l p s ,  t o f f ,  a n d  B a r t le t t  (5&) h a v e  d e m o n s tra te d  t h a t  m ice and  

r a t s  reae t  to  c e r t a i n  type® o f  s t r e s s e s  b y  lo w e r in g  th e  body  te m p e r a tu r e ,  

an d  t h e r e f o r e ,  a l s o  the o v y g ea  c o n s iu tp t io n . t h e  sc o p e  o f  t h i s  re s p o n s e  

I n  l a r g e r  m am m ls i s  n o t  known* I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  th e  

oxygen eeasu n p tioasof e d c e ,  r a t s #  a n d  hum ans w ere  s tu d i e d  i n  r e s p o n s e  

to  b r e a t h i n g  v a r i o u s  e o n e e n tr&t I o n s  o f  ®0 g*

Oay&ea O o n su a ie tlo n  o f  Humans,  —  Humana ( 0 y0«p I )  re s p o n d e d  to  i n -  

h a la tio n  o f  w i th  a  s t a t i s t i c a l l y  non»®ignlfi®snt i n c r e a s e  in  th e ir  

© aygen eonsunptlons# $he  c a u s e  f o r  th is  s l i g h t  in c r e a s e  m s  o b v io u s ly  

th e  I n c r e a s e d  r e s p i r a t o r y  a c t i v i t y  in d u c e d  b y  i n h a l a t i o n  o f  $ 0 g r i c h  a i r .

0a3teea Sensual t t  on of  ffi<s[*> and % ts . — In con trast to  the above 

response fo r  humans, mice and rat® responded w ith a sharp drop la  Gg 

consumption, f h i l l i p s  -and White ($$) observed a s ig n if ic a n t  drop in  the  

oxygen e s m a ^ U o a  o f  mice kep t w ithout food or water fo r  a  p eriod  o f  

s i r  hour®. $h* s a ln s l s  in the p resen t in v e s t ig a t io n  war# observed, how­

e v er , for  a m rlsm a period o f  two hours, and the drop in  oxygon eoasnssrp-* 

t io n  was such g rea ter  then th at reported by P h il l ip s  and White. I t  i s  

e v id en t, thorn, th a t sea® fa c to r  or fa cto rs  in  ad d ition  t* t in s  sod lack  

o f  food and water were resp o n sib le  for the f a l l  l a  the 1 . h . *b observed  

In th e  present s e r ie s  o f  sxporlas& ts, Seaver* (66) reported that in -

h a la tio n  o f  1 5 #  m ix tu r e s  produced a  prolonged decrease in  0 g
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oxygen co n su m p tio n  m s  d e p re s s e d  an  a v e ra g e  of 50$ b u t  im m  c a s e  d id  

temperature d ro p  w M  10®0 » t h e  averages vsr©,. la  f a c t*  l e s s  th a a  

5 * 0 . I t  i s  therefore e v id e n t  t h a t  t Im 4 r m  l a  body temperature a c t  

the c a u s e  o f  t h e  &ro$ l a  oxygen consumption. ( u n l e s s  th e  fl ^  value m s  

ifif® than U Instead o f  apyroximatd iy  2} b e e a u s e  the la t te r  m s comparer* 

l i f t l y  greater than th e  former on th& basis o f  m  average %q m im e  o f  2* 

I t  a p p e a r s  f r o  is th is , then*  t h a t  t h e  hypothalamus eoat r o l l e d  th e  l e v e l  

o f  metabolism and that -a® metabolism dropped* th e  body temperature 

dro p p ed *  l a  t h e s e  experiments o f  cooperatively s h o r t  duration* th e  drop 

la  body temperature lagged behind the d ro p  la  t h e  metabolic r a t e  f o r  

o b v io u s  p h y s i c a l  reason®  o f  h e s t  d i s s i p a t i o n ,  l a  sumaary* then* i t  

a p p e a re d  t h a t  t h e  hype th a la m ic  c o n t r o l  (or l o s s  of con trol) m s  respon­

s ib le  f o r  the d ro p  b o th  l a  body temperature a n d  l a  m e ta b o lism  end t h a t  

b o d y  temperature d ro p p e d  m  a  r e s u l t  o f  th e  drop l a  metabolism*

F h il l ip s .  9o ff»  and B a r tle tt  CjS) have shorn that drops la'body tem­

perature o f  mice is  not the mmc under a l l  forms of s tre ss . I t  therefor© 

appear* that when, temperature con tro l is  lo s t  sod- body temperature and 

metabolism steadily  trap , th is  lo ss  of coatr®! also occurs in d iffe r e n t  

degrees* Sh is m s  demonstrated In the preeeat in v estig a tio n *  She easy- 

gea consumption of mice la  the smaller eh&sfee* (droop 3* f ig u r e  15) 

dropped a t b v iee  the ra te  o f  the ©sygea eoasmsptiom of mice la  the la rg e r 

chamber (feeopA* Figure lb ) . Also the ra te  of drop la  oxygon consumption 

of ra ts  in the smaller chamber (#roup B. Figure 1?) m s more than five 

times th a t for ra ts  la  the la r g e r  chamber (Or©up t ,  Figure I f )*  over the  

f i r s t  part ©f the experiments in d ic a tin g  c learly  that vhes the hypothsdaaoe 

lo s t  temperature control (or permitted body temperature t© f a l l )  th is  lo ss 

of control occurred la  d if fe r e n t  degrees*
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There m s a lso  evidence in  these experiment# that the hypothalamus 

m s able to change the ra t#  of drop la oxygen consumption. la the graph 

fo r oxygen consumption for rat#  ia  the smaller ehaaiber (G roup X># figure  

IT)* a break is  seen la  the cur to  Indicating a change la  the ra t#  of 

drop in metabolism. la  the la rg e r chamber ($roup A# figure lb)# for mice 

where. OOg increased slowly# the graph indicate# that a t  go minutes# seme 

of tli® animals were able to re-estab lish  a leve l of control, As lad l- 

anted by the hatched lines# some of the animals were able to maintain 

a constant metabolism a t a lower lev e l while %h& metabolic ra te  as measured 

by oxygen consumption of the other group e f  animals decreased a t  the 

rat© established in the beginning o f  th© experiment. Shis difference 

in  responses is  seen oven a t the SO minute analysts by the large range 

and I s  c le a r ly  e v id e n t by th e  two se p a ra te  d i s t r ib u t io n s  a t  120 m in u tes .

As m e n tio n e d  above#  i t  was im p o s s ib le  to  u s e  s t a t i s t i c # !  t r e a tm e n t  on  th e  

d a t a  o f  th e s e  responses, m m *  i f  a d d i t i o n a l  animals show ed no s t a t i s ­

t i c a l l y  s l g a t f l e a n t  d iv e r g e n t  re sp o n se #  © t i l l #  a s  e v id e n c e d  by  ihm  t o t a l  

m ean in  f i g u r e  lb #  th e r e  m s  a  d e f i n i t e  c h an g e  I n  th e  s lo p e  o f  th e  c u rv e  

r e p r e s e n t i n g  0xygam c o n su m p tio n .

A c o m p a riso n  o f  the g ra p h s  f o r  d ro p  la  oxygen co n su m p tio n  of m ice 

( f i g u r e #  lh *  1 5 # 1&) an d  r a t #  (figu res 1 7 * 1 # )  with t h e  g ra p h  f o r  i n ­

c r e a s e  I n  pOOg ( f i g u r e  22) show s that the r a t e  o f  d ro p  i n  m e ta b o l ic  

ra t®  was ro u g h ly  p r o p o r t i o n a l  to  th e  r a t e  o f  I n c r e a s e  i n  p&Og. Most 

fo rm s  ©f s t r e s s  su c h  as b in d in g  o r  c a g in g  u s e d  to  p ro d u c e  h y p o th e rm ia  

a r e  d i f f i c u l t  to  standardise# th u s  p r o h i b i t i n g  a c c u r s t#  q u a n t i t a t i v e  

c o m p art so n  e f  tw o d i f f e r e n t  se r ie s  o f  experiments# S in c e  pOOg i s  easy 

to  p ro d u ce#  to  measure and  t o  c o n t r o l#  i t  1® s u g g e s te d  that ©0 g a#  a  

s t r e s s  f o r  p r o d u c in g  h y p o th e rm ia  could , b e  u s e d  f o r  th e  c o l l e c t i o n  o f  

q u a n t i t a t i v e  a#  w e ll  m  q u a lita tiv e  d a ta .
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and 0xrissn Consumption, —  % th and pOg changed as & m « X  t

o f  refers*thing In the eases o f  a ia  aat anim als CfeM .es XIV to IK). M I  

o f  the changes in  oxygen consumption and In 1* Q. hare b ees a ttr ib u ted  

to changes in  pOQg* ®he p o s s ib le  r o le  o f  pOg s & # t  w ell be suggested .

A survey o f  th e  oxygen a s s o c ia t io n  c u rv e  o f  hemoglobin shows that pOp 

o f  70-1 .50 tm Hg produce© n ea r ly  uniform (93$) s a t u r a t i o n  o f  hemoglobin 

w ith  oxygen* In these s e r i e s  o f  experim ents, pQg d id  n o t  d ro p  to  ?0y> 

o f  atmospheric u n t i l  th e  middle o f  th e  ©asperiaont an d  in  m a y  c a s e s  n o t  

u n t i l  w e ll  in to  the l a t t e r  h a l f  o f  th e  exposure* Me© t h e  h i #  pCOp 

augmented b r e a t h i n g  -  i n  fea»mn% a t  l e a s t ,  w tier#  -lung--' v e n t i l a t i o n  ra te  

m s  m easu red  -  so  t h a t  ev en  l e s s  than lb .  7$  ( 1 0  o f  atmosphere) o f  °2  

i n  i n s p i r e d  a i r  w ould  h a v e  c a u s e d  n e a r ly  e o a rp te ta  seA ttr& tlen  o f  bemegLe* 

h i  a w ith  oxygen. 0a th e  o t h e r  hand, h i . #  O0 g s h i f t s  th e  oxygen d is s o ­

c i a t i o n  curve o f  homo g lo b  in  to  th e  r ig h t , ' t h i s  f a c i l i t a t e s  r e l e a s e  o f  

Og to  th e  t i s s u e s  and  a l s o  In h ib its  th #  u p ta k e  o f  Og i n  th #  lu n g e .

$ in ce  00g seldom increased  to over 10^, which would b© about ?S tm %  

tension o f ^Og in alveolar a ir ,  n eith er  Increased  r e lea se  nor decreased 

uptake m s of much Importance in  these experiments for th© shape o f the 

d issocia tion  curve i s  n o t  much altered  a t  th is  pOOg. I t  i s  therefore 

evident that low pOg could net have been the cause o f the changes la  

oxygen eoneu&ptioiis or &• %. *e on fee b asis o f Og supply to the t issu es .

*Becov#ryn from Inhalation of Q0g Hoh M r

From established  carves, one cafe calcu late the amount o f COg that 

can bo carried by the blood. In th© preseat series o f experiments, as

la te r  discussed, much mr® COg m s retained In th #  bodies of th e  animals 

and humans than could be accounted for by blood buffering capacity. fh ls  

extra must haw® been stored In t issu es , there are several my® in which
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COg eem ld h a v e  b e e n  s to r e d  i n  th e  t i s s u e s :  ( a )  i t  c o u ld  h a v e  T>©»n s t o r e d

ms b u f f e r e d  COg i n  th e  b lo o d #  ( t )  i t  c o u ld  h a v e  b e e n  © to red  b y  an  

t i o a  o f  COg p r o d u c in g  c y c l e s ,  (©) i t  c o u ld  h a v e  b e en  a to  ro d  b y  iacorporap*  

t i o n  in to  su ch  com pounds a s  members- o f  t h e  t r i c & r b c jg r l t e  s o l d  cy c le#  o r  

Cd) i t  c o tild  hair© h em . e x c r e te d  o r  s e c r e t e d .  I t  w&s b e l l  ©red t h a t  some 

h i n t  a s  to  th© n a t u r e  o f  th e  s t o r e d  COg c o u ld  b e  o b ta in e d  by  fo l lo w in g  

t h e  c o u rs e  o f  th #  It* e .  d u r in g  " re c o v e ry *  f ro a i i n h a l a t i o n  o f  OOg r i c h  

a i r  w h ile  b rem th ifcg  a tm o s p h e r ic  a i r ,

*£©00very11 an d  Heeolratoiy Q u o tie n t*  — D u rin g  r e c o v e ry  o f  both men 

and doge# the In it ia l respiratory f  notionte were below unity (tab les H I  

a n d  I T ) .  l a  m o st o f  th e  e x p e r im e n ts  w ith  humane* th© f i r s t  sam ple was 

d r a ®  from ©aspired a i r  c o l l e c t e d  d u r in g  th® f i r s t  JO s e c o n d s  o f  recovery# 

The R# C|, * t c a l c u l a t e d  from  a n a l y s i s  of t h e s e  sam p les  were m if im s s ly  

lo w  -  i n  no cats approaching th e  value o f #825 accepted a s  th e  s ta n d a r d  

R . 0,. t» th e  b a s a l  s t a t e  i n  normal hum ans. l a  on© t e s t ,  when th© f i r s t  

sam p le  c o v e re d  a  two m in u te  p e r io d #  th© i n i t i a l  K. Q. was h ig h e r :  . 0$ a©

oosip&red to as average o f • f 6 f o r  th e  one-half m in u te  samples. The 

i n i t i a l  ©ample > i n  th e  eaqpmrlMite with d o g s was draw n from gases c o l­

l e c t e d  d u r in g  a  t h r e e  m in u te  paled. Th© R# <L *s o f  th e s e  sam p les  w e r e  

somewhat higher th a n  those f o r  th e  one-half a&nate period of humans# 

flits  i s  tmderetsadabiy so, since by the third minute# th© R. f@ o f  

humans were v e i l  above unity# The R# $# values for th© f ir s t  three is in m te  

period ©f recovery for the dog# therefore# apparently represented an 

average of an  i n i t i a l l y  lev  R# Ql# a n d  a h ig h  1 . o . w h ich  ensued within 

three minutes# I f  ter th e  f i r s t  few minutes# the -H# £• *s w ere  above unity# 

follow ing this# most It# %. ’ s  I n  th e  cases o f  both human® and dogs returned 

t o  a point below unity# T h is  was n o t  so i n  a l l  cases, a n d  hyperventilation



was u n d o u b te d ly  th e  cans© o f  th e  au& tairvsd h ig h  H, *f. 8s 1b few s u b je c t s *  

f l ie  •••* s.*l » , o f  courts® , a s  m easu red  by ch an g es  in  r e s p i r a t o r y  gaeeo* do 

n o t  a lley s?  r e f l e c t  th e  tru©  E« :v* I f  th e  dogs o r  hsutans w ere  h y p e r v e a t l l s r  

t i n g 9 th e  H. Q. 8 a b i t e  b e e n  h ig h  a d d  i f  they  wore IsypOTentil," ti& g*

th #  h .  c> 8 s w ou ld  have  h o e a  low* Date 1 t e a m  t  o r  a n x ie ty  o f t e n  i s  r o -  

f l e e  fe d  i n  a a  in c r e a s e d  p u lm o n a ry  v e n t i l a t i o n  rat© *

She r ise  of tli© L. Cu % a b o v e  unity during recovery was ascribed fee 

release of the COg which whs stored la  the body during iidfel,,ilim of OOg 

rich  air* llie time of onset and the duration of the high E. p* *s gave 

some indication &» t© fe e  form ox th e  stored COg. An e^plana-tilon of the 

low 11* a . ’ s d u r in g  th e  f i r s t  m in u te  or so  of r e e o v e ry  1© 41 © cussed  u n d e r  

r^naylng the Og debt which appears below * fh© rapid ity  of equilibration 

o f  COg t e n s i o n s  b e tw ee n  a l v e o l a r  a i r  an d  b lo o d  h a s  b een  d a ia o n s tra tod*

Any jCQg s t o r e d  a s  b u f f e r e d  GQg i n  th e  b lo o d  w ould  b© v e ry  q u ic k ly  r e ­

l e a s e d  from  th e  b lo o d  a s  a l v e o l a r  pCQg d ro p p e d  m . I n h a la t io n .  ox no rm al 

a tm o s p h e r ic  a i r *  2h« E . p .  o f  fcufl&as ii&d n o t ,  in  a l l  ctuses* r e t u r n e d  to  

n o rm a l by %m m inutes* ill© m ain tenance o f  a a  &* Q,* Efev© n o rm al f a r  t h i s

l e n g t h  o f  tim e  i n d i c a t e d  a  s o u r c e  o f  £Gg o t h e r  f e e a  b lo o d , f h a t  p o r t i o n

o f  th e  COg s t o r e d  l a  th e  t i s s u e s  w ould b e  ta p e s te &  to  b e  r e l e a s e d  from  

th e  body sto re  s lo w ly  fe a a  t h a t  s t o r e d  l a  f e e  b lo o d *

t a  f i g u r e  2 1 1 w hich tn d ls & te s  th e  r e s u l t s  o f  fe e  e s p e r i a e a t s  on

hum ane * d ro u p  H* i s  feow a f e e  c o u r s e  o f  a l v e o l a r  E* h.  *© d u r in g  re c o v e ry *

I t  i s  e v id e n t  f e a t  th e  c o u r s e  o f  th e  a lv e o la r  E* k**e ( f i g u r e  21) d id  a c t  

f o l lo w  f e e  c o u r s e  o f  th e  1 .  C> *s a s  m easured fro m  a n a ly s i s  o f  © sp ire d  

a i r  (t'abl© I I I ) *  h lv ea l& r  sa m p les  c o l l e c t e d  a t  15 secon d s*  bp ©©scuds* 

an d  a t  two m in u tes  H I  in d ic a t e d  ^  ab o v e  u n ity *  D uring fe e  ©am© 

p e r i o d  o f  r eco v ery *  th e  h ,  b* * % a s  c a l c u l a t e d  fro ia  a n a l y s i s  o f  e x p ir ed  

g a s e s  in d ic a te d  H. C£* *» M d v  f e e  a c ce p ted  p o s t  ah s o r p t io n  r e s t in g  l e v e l
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‘both men and dogs* She i n i t i a l  r a p id  c o n su m p tio n  o f  Og probably l»dl«  

c a t e d  th e  p?sy»oat o f  th e  alactaeld  Qg debt* B o rin g  th is  sam e time 

period* the B* o . *s o f expired a ir  w ere lo w  ( f a b l e  ft f o r  doge and 

f a b l e  I I I  f o r  moa)« *his w ould  n& m  to  i n d i c a t e  t h a t  t h e  al&etacid 

d e b t  was r e p r e s e n te d  b y  a  s u b s ta n c e  o f  low li* H. In th e  d i s c u s s io n  of 

storage* t h e  author suggest* t h a t  a n  increase o f  COg i n  the b lo o d  and  

t i s s u e s  m ig h t c a u s a  a  s h i f t  t o  a  h i# e r  p e r c e n ta g e  ©f f a t  m etabo lism *

I f  t h i s  w ere  s o ,  e x c e s s iv e  f a t  m e ta b o lism  w ould  h av e  p ro d u c e d  k e to n e  

b o d ie s  f a s t e r  th a n  th e  body  c o u ld  h a n d le  them* th u s  k e to n e  b o d ie s  w ou ld  

h a v e  b e e n  a c c u m u la te d  d a r in g  i n h a l a t i o n  o f  r i c h  a i r *  Bvsn i n  e x e r ­

c i s e ,  t h e r e  i s  c o n s id e r a b le  f a t  m e ta b o lism  a l th o u g h  c a r b o h y d r a te s  

a p p e a r  to  b e  t h e  p r e f e r r e d  f u e l  m a te r i a l  ( 6 **). t h i s  f a t  m e ta b o lism  i n  

e x e r c i s e  c o u ld  r e s u l t  i n  an  a c c u m u la t io n  o f  k e to n e  b o d ie s*  th u s  th e  

a X a e ta e id  d e b t  o b s e r v e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  c o u ld  h a v e  b e e n  o f  

t h e  same n a t u r e  a s  th e  a l a e t a c l d  d e b t  a c c u m u la te d  d u r in g  e x o r c i s e .

B v id sn se  i n  t h i s  p r e s e n t  i n v e s t i g a t i o n  w ould  vm m  t o  s u p p o r t  th e  

c o n te n t io n  t h a t  o x id a t io n  o f  a c c u m u la te d  k e to n e  b o d ie s  r e p r e s e n te d  th e  

a l a c t& c id  Qg d eb t*  O ro lliaan  ( p e r s o n a l  c o m tm m ie a tio n ) ,  fro m  h i s  w ork o n  

th e  Og d e b t ,  s u g g e s te d  t h i s  p o s s i b i l i t y  t o  th e  a u th o r ,  t h e  f i r s t  t im e  

p e r i o d  ©f r e c o v e ry  v ac  c h a r a c t e r i s e d  by  e x c e s s iv e  Og c o n su m p tio n  an d  

a l s o  a  lo w  H. %  I n  l i g h t  o f  t h e  f a s t  t h a t  t h e  B* H. w o u ld  l o g i c a l l y  

h a v e  b e en  h i # ,  a s  a  r e s u l t  o f  th e  r e l e a s e  o f  s t o r e d  COg, I t  i s  e v id e n t  

t h a t  th e  paym ent o f  t h i s  a l a e t s s l d  ©g d e b t  m u st h a v e  b e e n  d u e  t© th e  

o x i d a t i o n  o f  a  s u b s ta n c e  o f  lo w  R* *-i* I t  i s  t h s r e f e r e  s u g g e s te d  by th e  

a u th o r  t h a t  t h e  p o s s i b i l i t y  o f  a  s h i f t  to w a rd  f a t  m e ta b o lism  d u r in g  th e  

i n h a l a t i o n  ©f C0 g r i c h  a i r  a n d  th e  low  M. *i* *s o b s e rv e d  t a r i n g  th e  r e ­

p ay m en t o f  th e  a l a e ta O ld  ©g d e b t  s t r o n g ly  s u g g e s t s  t h a t  th e  a l a e t a c l d
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determine the amount of COg ImaAXfsd "by the body, 111# author tested

for th is  response la  the experiments o n  0reup S for men end 0reup J for 

dogs. Ibr tho®« sab J sets who Aid not obviously hypervent ilat© , thus 

Mowing o ff additional COg above that which m s stored# i t  appeared that 

net M l o f the OOg stored was recovered in  expired a ir . She effect® of 

anesthesia and room temperature tended to indues a panting typo of 

breathing in the unconscious dogs, th is  m s atarleed In son® dogs ©ad the 

resu ltant hyperventilation m s correlated with an elevated a, Q,.

Boeanso o f  the o ff sots o f the breathing pattern on the measured 

R, * i t  m s not possib le to  o b ta in , quantitative data on t h e  r e c o v e r y  

o f  0Og. I t  a p p e a r s  to  t h e  a n t h e r  that q u a n t i t a t i v e  d a ta  w i l l  h e  a c ­

q u i r e d  o n ly  when th e  p ro b lem  I s  a p p ro a c h e d  fro m  a n o th e r  s t a n d p o i n t ,

I . e . , whan the $0g excreted, secreted, or I n c o r p o r a te d  into organic 

compounds Is measured. Iso topi© carbon eould bo u t i l  l ie d  in such 

asp or tmsa ta tl on®.

The .securaey o f the Hal dans-Henderson gas analysis apparatus m s -not 

s u f f i c i e n t  to permit an aeour&te appraisal of the COg re lease i f  th is  

release occurred slowly over an extended period of time. % r these 

severs1 reasons, then, quantitative data, were not collected  fo r the ra te  

of recovery o f stored COg. In summary, i t  appeared from the data col­

lec ted  that most o f the released COg m e released  in the f i r s t  few 

minutes and that i f  there was a continued re lease , as the high E. %. fs  

Indicated, th is  r e l e a s e  m s  slew and prolonged. I t  further appeared t h a t  

not a ll  of the s t o r e d  €0g  was released la  normally breathing subjects.

Banmst, g£ 2S.

S h e  iM » < n ir* A  3 .  *4. e e r a ld  d i f f e r  f r o s s  t h e  i n t .  B .  *>i» e i t h e r  o y  c h a a g e .  

in the 0g consumption or OOg production. Keaaursment o f Og consumption



#0

i t  not subject to m&ugf error®. Mn Og debt in an  organism o r  a p o s s i b l e  

s t o r a g e  o f  C0o c o u ld  a l t e r  t h e  m easu red  B. Q.

C%rtou®ly, 0^ is  not s t o r e d  la  any appreciable amount# but the true
w.

8 . would d iffe r  from the measured B. i f  there were s to ra g e  in  the 

body or release of extra OOg fron the body* lyporreutilatlon  i s  Imo-sm 

to ra ise  the B. Q» incident to the blowing o f f  o f  extra OOg from the 

bicarbonate of the blood ( 3U). On the other head, i t  la  also possib le  

that some of the COg produced by metabolism could he a to red la  the body* 

t h i s  could  occur, for instance, la  throe general m y m  f i r s t ,  ia  being  

h u f f  ©red b y  the blood o r t i s s u e  buffers; second, by e x c re tio n  as bicar­

bonate la  the urine or paaereatio juice or perspiration, or during the 

secretion  o f  He! la  the stomach; and t h i r d ,  i f  conditions were »ppr©~ 

print©, I t  could he stored during a partial reversal of the Kr&b c^oie* 

Qaleulation o f COg —* I f  i t  i s  assumed th a t  the  type of food

material© burned f o r  energy release do#© a c t  change d u rin g  an experiment 

with rebreath in g  o f  a i r  where 30g i s  aHowdd to  mmmX&be, thou  the 

amount o f  OOg n s to r e d 1* or r e ta in e d  in the anim al body 'm y  he oslour* 

lu ted  from the re la tiv e  amounts o f &0g and Og* Chle assum ption  was made 

sad therefore the aoaau-ed B» %. d iffered  from the true 1 . -w o n ly  “b y  

th e  storage o f $0g* the d if f s ir s n e e , then, between what the volum# o f  expired 

00g would here been, had the B* 0* remained constant, and the roXom# of 

COg found by analysis of expired a ir  (ueed ia  calculating the '•measured*

B. <;t . ) ,  r e p r e s e n t e d  the OOg r e t a i n e d  i n  th e  a n im a l body*

f a b l e  I show s the am o u n ts  o f  00g s t o r e d  i a  the body  o f  m ic e , r a t s ,  

a n d  buaeas using t h i s  m ethod o f  c a lc u la t io n *  Before proceeding f u r t h e r  

with a  d i s c u s s i o n  o f  the storage o f  COg, i t  s h o u ld  be -p o in te d  o u t  a g a in  

that t h i s  method o f  c a l c u l a t i o n  assumes a  eons taut "true*1 B. t i . e . ,  

t h a t  th e  type o f  fo o d  m a t e r i a l s  burned d id  act change d u r in g  the course
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o f  ifee e x p e r im e n t# . 4s m e n tio n e d  earlier  m d g r  discussion «& th e  t l f M i t  

o f  0 0 g on th e  B, c .  g there m at th e  p o s s i b i l i t y  t h a t  th e  Increase in  C0-, 

ml^ht h av e  forced a  s h i f t  frosa  predominantly carbohydrate t© p rsd n is liu iA tly  

f a t  ncvfcaJsolifiKt. -h i©  p o s s i b i l i t y  mas n e g l e c t e d  In  th e  © M etals l i e n s  o f  

• e t o r # d rt COr>«
4*>*

00*1 Storuns In Ml©#. — $h® aver&gs amount of 00g stored ia  th@ body 

o f mice mho so a v e r a g e  weight! w as 26.1 gram* mas 35 «&. I f  O0g buffering  

d a t a  for hsma "blood a r e  mppXleah le to  morns# b lo o d #  l e s s  th a n  .5  «0U o f  

COg © c u lt haw te em  "MKfersd by th e  M o o d  o f  e ac h  o f  these mice, This 

w o u ld  h a w  an&c th e  C0 g c o n te n t  o f  th e  M o o d  #<raM to  the COg eap&eity. 

fergueoa, ©t s i .  ( 2&)» k i f e  reported several factors which l a d i e s t #  a  ro le  

o f  tissu es i a  buffering or stor&se o f  COgS ( a )  when r a b b i t s  m ers over** 

v e n t i l a t e d  for 1*| h o u r s ,  as* i n c r e a s e  in  t h e  r e s p i r a t o r y  q u o t i e n t  m e  

observed an d  on the? t a e l s  o f a  u n ifo rm  •true* H, c'l# 1% w as ©®louX&te& that 

250 iH . o f  extra CQg more blown o ff?  (T>) o n ly  a snail p o r t i o n  o f  t h i s  

©hold com# d i r e c t l y  from  the "bicarbonate o f  the M ood? (o )  J00 m1. 

o f  CCg w ere r e t a i n e d  b y  cats w e i r i n g  3 Kg. when th e y  b r e a th e d  a i r  con­

tain ing ?.5 percent COgj Cd) Mood buffering could hare accounted for 

le s s  th a n  10  p e r  ©fat o f  th is  e tc r a g e ;  ( e )  h o n e  an d  connective t i s s u e  to o k  

carbonic acid? and (f)  2.8 tfU o f  C0-, p#r gmn mere extracted by 

lowered p r e s s u r e  from a d c c  w h ich  w ere  eviscerated* skinned* s a d  p la c e d  In 

& tu b #  w ith  a c i d .  I n  v iew  o f  the© # observations* 3P©rgu#©a* e t  s i .  (2b) • 

suggested a la b ile  reserve of COg in tissu es cu ff le i  eat to  a ffec t r e s ­

piration  measurements. H oeenhaua  (6x) maintained that m p o r t i o n  o f t h e  

COg released during fcypervea 1113tIon In hustaae was given up by the t i s s u e s .

ils  d i s c u s s e d  hslow # m ere C$g  v ac  s to r e d  I n  th e  b o d ie s  o f  ta le s  i n  

t h e  p r e s e n t  i n v e s t i g a t i o n  th a n  could, "he a c c o u n te d  f o r  even  in  vi#w  o f  t h e
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In rg cs  i t s  bus reserve suggee  ted above* The above references d o , how-

e v e r ,  ins! l e a  to  th e  im p o r ta n c e  o f  t i s s u e  s to r a g e  and  r e s e r v e s  o f  00^  

w h ic h  w ere d o u h tls s©  f a c t o r s  in  th e  s to r a g e  o b se rv e d  in t h e  p r e s e n t  

e x p e r im en t*

Hat© of 00^ — I t  seems evident fro® the flats, that W *,

storage is  n o t  only a function o f pOOg la  the inspired air hut also a 

function o f time* ^he importance of time is  evident in  a comparison 

of the COg retention (fat-1 e l) for s ice  la  the 5 f JJB ml* chamber (Group 

a) and mice ia  the 355 ml« chamber {Group 3}* Although percent SOg ia  

the m ailer  chamber iacreaeed to 10*3 ad compared to 7*1 ia  the larger 

ch am b er, the amounts o f  00g stored by nice la  the smaller cham ber were 

l e s s  than one-half o f that stored by ?aic© la  the larger chamber. fh© 

duration of each te s t  m s two hour® ia  the larger chamber (Group a) 

and one hour la  the smaller chamber (Group B). ^ comparison o f the

two groups of experiments with rats (Table J, Gretas B md e) show® a 

sim ilar relationship , 1*#,, that those rebrc&thing the l o n g e r  time 

stored correspondingly more OOg.

Eaffertae *.oU.ga a£ H aM  a&fl. S tom a, a t  ?0r  — ®h* amount of 

COg t rm a d p e r le d  b y  th e  B lo o d  v a r i e s  w ith  OOg t e n s io n  i a  th e  t i s s u e s  

a  ad a l v e o l a r  a i r *  X a rp o v itc h  an d  s eh n e l& er (S b ) r e p o r t e d  t h a t  CQg p ro ­

d u c t io n  p ro d u c e s  a- maxiasa® o f  75 *m Kg p r e s s u r e  o f  £0g i a  th e  tissu es  

d u r in g  s t r e n u o u s  exercise* Xu th e  p r e s e n t  i n v e s t  t i o n , t h e  a c t i v i t y  

o f  hum ans was o n ly  s l i g h t l y  in c r e a s e d  an d  th e  © e tab o lla ss  o f  the- s » ls & ln 

wne d e c rea se d *  On th e  B a s i s  o f  m e ta b o l ic  r a t e ,  th e n ,  th e  p r o d u c t io n  

o f 0 0 *, sh o u ld  n o t  h a v e  b een  m ic h , I f  a t  a l l *  ab o v e  n o rm a l r e s t i n g  le v e ls . 

A® CCg in  in sp ir& to g g r a i r  i a a r v a s e d  to  and ab o v e  veaoue  € 0g ,  then pOCp 

i n  th e  v enous b lo o d  in c r e a s e d  and  t h i s  th e n  w ou ld  h a v e  c a u s e d  a



eo rre iro m id ia^ : r i m  i a  i a  th e  t i s s u e s .  $Og l® £0 tim e®  ©ore d i f ~

f u s a b l#  0 ,j. a a d  o Q u lX ib r& iian  i a  ss.de v e r y  r a p i d l y  i a  th e  l w ? s *

b e tw e e n  a l v e o l a r  a i r  an d  b le e d *  $ h i s  I n d i c a t e s *  th a n  t h a t  pCOp i n  th®  

t i s s u e s  was. o n ly  o l l g h t l y  h ig h e r  th a n  pOO^ i n  th e  a l v e o l a r  a i r *  Knowing 

th t® , th e  CO** c o a b im ta g  pow er o f  th e  M e e d  a s  i t  m s o o d  th ro u g h , th e  t i s ­

s u e s  can  b e  c a l c u l a t e d .  Th® f o l lo w in g  c a l c u l a t i o n o  a m  b a s e d  o a  t h e  

d i s s o c i a t i o n  c u rv e  f o r  re d u c e d  b le e d *  T he d i s s o c i a t i o n  c u rv e  f o r  .oay-> 

g e a a te d  b lo o d  i n d i c a t e s  s m a l l e r  v a lu e s  f o r  0 0 g com b in in g  power*

O0g in Inspired a ir  for humans increased to about Jp* Wegleeting 

the pressure of water vapor, pOOg in. Inspired a i r  reached a high level 

of 53.2 mm % . I f  pSOg in the tissue and venous blood varied 10 wm Mg 

from th is  value, p^Og in the venous blood was 63*2 mn Kg. Eefereaces to 

curves constructed by Tan Slyfce as shown in Henderson (3S), indiestes 

th a t normal hua&m bXoo-3 whoa exposed to ty0 mm Bg pressure can carry 

§ § •5  vol. $ 00g | and that normal human blood a t S3 . 2 mn 1% s e n  carry 

Sty vol. h C^g. This is  .an. increase of S .5 vol. K  Hood oam elty of an 

average aa& would not exceed 6*500 ml* the  additional amount then of 

OOg which could have been carried  by the blood of humans tm&er the eon- 

d itio n s of the present experiment, « s  8.5 x 65 or 552 ml. of c0g.

Table 1 l a d !  Or-.tee t h a t  in  only one t e s t  with humane mis stored 00*, 

lea s  than 532 ml* COg s to r a g e  in hum ane, with th e  e x c e p t io n  o f  the 

nl>o veoe& t i o a e d  t e s t ,  varied b e tw e e n  B30 istl. t o  3t&ty0 sal* o f  ^Og. The®* 

v a lu es /w ere  r e c o r d e d  a t  about 760 mm 1% and  a t  £3*0 so actual v -r lu e s  are 

a l i t t l e  lower ( lo ss  than 10f  lower)• The aso u n t of 00-, stored above 

552 sal. m et be a c c o u n te d  fo r, t h e r e f o r e *  la  s to r a g e  r c o e r v e s  o th e r  

th a n  b lo o d *

COg s t o r e d  i n  m ice  and r a t s  d e m o n s tra te d  ev en  a  l e s s e r  r o l e  f o r  b lo o d  

b u f f e r s .  I n  Group A, th e  COg s t o r e d  l a  th® s i c #  a v e ra g e d  35 a l .  The



nk

w e ig h t o f  t h -2 m ice  a v e ra g e d  g ram s. th-:-se m ice c o u ld  n o t  k ? s  e o n -

t a l n e d  e v e r  i  s i*  o f  m o  -Oil C’SC-.i* ■’■■■ vf»«j i-ii. I n s p i r e d  a i r  r e a c h e d  a- as&xiSMa 

o f  7*3. J.H or 5^*^ *%* ®his i s  neglecting m t e r  fi\rcr p r e s s u re *

i g s n a i a g  a 10 ran Hi: d i f f e r e n t i a l  (%rhlch eaeme M ^ h )  b e tw een  a l v e o l a r  a i r  

an d  t i s s u e  f l a . i l ,  tlia  pCOg i a  t i s s u e  f l u i d  a n d  v en o u s  b l e e d  m s  $h*h asm 

Bg* T h is  I n  a n  in c r e a s e  In  &# s e d a t i o n  o f  OOgs en d  u n o ^ g e n a te d  b lo o d  o f  

l o n e  than 9 v e t .  f a t  *40 ©a Kg COg te n s io n . C50g th a t  eo n id  bar#

b e e n  b u f f e r e d  by th e  b lo o d  o f  th e  s&ce m s  l e t s  th a n  .$  s& . Woet* % c n # 

o f  tbs OOg was stored dtowliere la  tbs b o d y . fh@ abort calculation for 

n i c e  i t  b a se d  on d a ta  f o r  h u sa n  b lo o d  a t  r e p o r t e d  b y  H en d erso n  ( 3 8 ) .

Similar calculations of Crroups Bt P, and E (fable I)  indicated, v itii 

m ic e  and fe te  the correspondingly mall ro le played by tb# blood 4a  

s t o r a g e  o f  OOg* f e r g a s o a  CfU) r e p o r t e d  th a t c f th e  TOO m l. o f  00?  s t o r e d  

In oats ye ess than X0p could be accounted fo r by blood

storage* * h ece  figures seem  h lg £  according t& th e  ab o v e  c a l c u l a t i o n  w h ich  

i n d i c a t e s  t h a t  a b o u t  3^ *&• o f  OOg c o u ld  b a r e  b e en  s t o r e d  i n  th e  b lo o d  

of cats of th is  sire* H tetcheff, a t  at. ( 1 8 ) ,  claimed t h a t  frogs retained 

COg ay increase i n  a l k a l i n e  r e s e r v e .  Any storage of CO-5 In t h e  blood 

w h ic h  d id  not a l te r  th e  pH w o u ld  I n c r e a s e  th e  a l k a l i n e  r e s e r v e *

pH %op and Possible Storage In fleene#. <*«■ 8p«neerf et nl# (?2>*

have reported that ©neb increment of 10$ Increase In the COg consoa- 

t r a t i o a  re su lts  in *2 unit drop In pH o f  the blood* 00 & i n  the p r e s e n t  

investigation increased to 5-10f> thus pH drop would hare been , i  to .2  

u n its  i f  th is  data for dogs Is  applicable to sice  end. huntaac* She pH 

drop m et be a p p ro x i  na t e l y  the sane in the tlsm e#  as in the blood* A 

pH drop In th e  tissue# could h a r e  inhibited  the p r o d u c t io n  o f  acid me tar* 

sol lia s  such, as COg and la c tic  acid by In terfering  with equilibrium reac­

tio n s . ^his could h a v e  been a partial cause of the decrease In Op consumption,
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T m  b u f f e r i n g  c a p a c i ty  o f  t i s s u e #  t#  do u b tless?  low er- tfe&n th e  b u f f e r i n g  

c a p a c i t y  o f  th e  b lo o d  w h ich  i s  s p e c ia l  irr©& for t h i s  fimotlon. I f  t i s s u e #  

w e re  m  e f f e c t ! # ®  l a  b u f f e r i n g  &«!&# m  th e  M oo d *  i t  lie - I n t e r e s t ! n g  

to ©peculate on the amount o f  COg that c o u ld  h e  «o buffered. In  a 

25 g ras i m ouse* i t .  w ould a c t  s e u a l  more th a n  & 5  e l*  o f  OOg. As in d i c a t e d  

fro® the data in  t ,  th is was o n ly  a s m a ll  p o r t i o n  of the OOg

s t o r e d  i a  th e  b o d ie s  o f  m ice  i a  Group A* Hi© m ost l o g i c s !  e x p la n a t io n  

for the storage of remaining COg is  i a  disturbed equilibria* or nxcro** 

t f o a  in  s a l i v a *  p e r s p i r a t i o n ,  o r  u r i n e ;  or t h e r e  rem ain©  a n o th e r  p o s ­

s i b i l i t y .  K r e t s e h a s r  u n d 'V e s s e l  {k$5 r e p o r t e d  t h a t  b a th s  in  v s l e r  h a v in g  

a  h ig h  COg c o n te n t  in c re a s e d *  hgr S % ,  th e  COg te n s i o n  o f  M v e s la r  

a i r  and  .a lso  i n c r e a s e d  tfe» a l k a l i n e  th© M o o d . H iey <ft a im ed

t h a t  th e  e f f o c i s  o f  th e  l a t h s  m in t' b e  e x p la in e d  a s  an  i n t a k e  by  th e  

sk in . I f  euch an intake is  possib le, then- -C0i^*di,fftt#ion out through 

K io ts t s k in  i s  a l t o  a  p o s s i b i l i t y ,  m f  a i g ^ f c ^ ^ r b l a l l y  a c c o u n t  f o r  th eV.-T** y

11 a to  r e d 11 COg. ' i  —-

tissu e  b u ffers* i f  as ext ©a give nj^blood buffers, could account for a l l  

•the ©tor©4 COg in. ana. same ia  true for rate in Group 0. For mice In

Groups A and 3 and for rats ia  Group F, i t  i s  ©ean that tissue buffer# 

as extensive as blood buffer© could aot account for a ll  the- COg stored 

in  the body.

OO3 ^ t o r ^ s  i n  the. S reb  £#<&#« —  M i l l e r  (p h )  I s  a  s tu d y  o f  a o d l s a t f e *  

s a t i o n  o f  doge to  c 0 g ,  o b s e rv e d  t h a t  t h e r e  was a n  in c r e a s e  i a  th e  red. 

c e l l  c o u n t  a n d  a l s o  i n  th e  p e r c e n t  h e m o g lo b in . He a ls o  a c t e d  an  i a c r e a e e d  

r e t i c u l o c y t e  c o u n t .  K® c o n c lu d e d  th a t  th e  b o n e  marrow s t i m u l a t i o n  was 

due to  a  tis& u o  a n o x ia  r e s u l t i n g  f ro s t  a  d e p r e s s io n  o f  t i s s u e  o x id a t io n  

c a u s e d  by h ig h  COg* T h is  c o n c lu s io n  s u g g e s t#  to  th e  p r e s e n t  a u th o r  'th a t
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SUGARY AMI) CGROMjSXCBS

As a  r e s u l t  o f t h e  s tu d y  o f  t h e  e f f e c t s  o f  i n h a l a t i o n  o f  COg 

rich  air b y  m io e , r a t s ,  dog® , and humus, th e  f o i l  owing were coo*

e lu d e d  I

(1) A fundamental differenoe between the response of large masxaals 

(dogs and huaaas) and small mammals (mice and rats) was demonstrated, 

l*e« , the oxygen c onaumpt ion of dogs and humans m s  s lig h tly  1no reamed 

Mill® the oxygon consumption of mioe and rata was s ig n ifica n tly  do- 

pressed .*

(2 )  I n h a l a t i o n  of high COg constituted a p h y s i o l o g i c a l  * s tr e ss” 

f o r  mice and r a t s  which r e s u l t e d  i n  lo s s  o f  p ro p e r  te m p e r a tu r e  control 

a s  evidenced b y  a  reduction i n  b o d y 'te m p e ra tu re *

(3 ) fhm  c o n t r o l  of body  temperature and m e ta b o lism  was ( a )  e s ­

t a b l i s h e d  a t  d ifferen t temperature le v e ls , (b) l o s t  o r  im p a ire d  b y  

i n h a l a t i o n  o f  OOg and th is  l o s s  was t o  d ifferen t degrees, and (c)  

d e m o n s tra te d  t o  be o f  s u c h  a  n a tu r e  that some mechanism o f  t h e  a n im a ls  

m s  a b l e  t o  ch an g e  the r a t e  o f  d ro p  o f  m e ta b o lism  as m easu red  by oxygen 

co n su m p tio n *  As th e  recognised s e a t  of tempera-tu r©  c o n t r o l ,  t h e  hypo* 

th a la m u s  i s  assum ed  t©  be t h i s  m echanism *

(4 )  From the c o n d i t io n s  and data o f  th e  p r e s e n t  experiment, i t  

appeared tli& t a  mechanism i n  lo w e r mammals controlled the rate o f  

metabolism and  t h a t  a s  'Y-etabolism dropped, body  tempered; ure dropped 

a s  h e a t  dissipation sxeeeded h e a t  production* The h y p o th a lam u s  i s  

assumed t o  be t h i s  mechanism*

(5 )  As a n  e a s ily  produced and c o n t r o l l e d  "str©®®*1,  pCQg i s  

s u g g e s te d  to  b e  o f as© i n  co llec tio n  o f  quantitative a s  w e l l  a s  quail* 

ta tir e  d a ta  (qu ailta tire  d a t a  i s  the o n ly  ty p e  o f  d a ta  w h ich  c an  be 

co llected  u s in g  m o st o th e r  forms of stress)*
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(6 ) I n h a l a t i o n  o f  GOg r i c h  a i r  r e s u l t e d  i n  a  s i g n i f i c a n t  d ro p  in  

t h e  "m easu red "  E# Q.*e t o  be low  th e  la r ® e t  t h e o r e t i c a l  o f  .7 0 ?  i n  m ic e , 

r a t s ,  d o g s ,  and humans i n d i c a t i n g  t h i s  t o  b e  a  u n i v e r s a l  r e s p o n s e  i n  

mammals*

<7) The above d ro p  o b s e rv e d  in  t h e  "m easu red "  R# Q* #e was th e

r e s u l t  o f  th e  s to r a g e  o f  COg i n  t h e  body*

(S ) The b lo o d  b u f f e r s  a c c o u n te d  f o r  a  s m a l l  p o r t i o n  o f  t h i s  s t o r a g e  

o f  00r

(9 )  T is s u e  b u f f e r s  d id  n o t  a c c o u n t ,  In  m ice  an d  r a t s ,  f o r  th e

stcared  GO^ n o t  a c c o u n te d  f o r  b y  b lo o d  b u f f e r s *

(1 0 )  In  a d d i t i o n  t o  CQg b u f f e r e d  b y  th e  b lo o d  an d  t i s s u e s ,  o th e r  

s u g g e s te d  a v e n u e s  o f  " s to r a g e *  a r e  ( a )  s h i f t s  i n  e q u i l ib r iu m  r e a c t i o n  

w h ich  r e s u l t e d  in  in c o r p o r a t io n  o f C0g i n t o  m em bers o f  t h e  t r i c a r *  

bogy  l i e  a c i d  c y c l e ,  (b )  s e c r e t i o n  o f  o a r b o n a te  by  th e  p a n c re a s  and 

s a l i v a r y  g la n d ,  ( e )  e x c r e t i o n  by th e  s k in  and  k id n e y s ,  (d )  r e l e a s e  o f  

m o le c u la r  COg th ro u g h  m o is t  s k i n ,  an d  ( e )  s h i f t  to w a rd  f a t  m e ta b o lism  

r e s u l t i n g  in  a  l e s s e n e d  C0g p ro d u c tio n #

(1 1 )  T h a t t h e r e  w as a  s h i f t  to w a rd  f a t  m e ta b o lism  in  th e  a n im a ls  

s tu d i e d  was a p p a r e n t  f ro ®  t h e  o b s e r v a t i o n s ; ( 1 ) o f  t h e  p re s e n c e  o f  an  

0g d e b t  r e p r e s e n te d  b y  s u b s ta n c e s  o f  l e v  &# q * , and  ( 2 ) t h e  f a c t  t h a t  

m ore CQg w as s to r e d  in  t h e  b o d ie s  o f mi c e  and. r a t s  than., c o u ld  b e  

a c c o u n te d  f o r  b y  b lo o d  and  t i s s u e  b u f f e r s *  The a n im a ls  w ould  h av e  had  

an o b v io u s  a d v a n ta g e  i s  s u c h  a  s h i f t  fro m  c a r b o h y d r a te  t o  f a t  m e ta b o lism  

w h i le  i n h a l i n g  h ig h  COg b e c a u s e  m ore c a l o r i e s  a r e  r e l e a s e d  f o r  fa t©  p e r  

l i t e r  o f c&g p ro d u c e d  th a n  f o r  c a r b o h y d ra te s #

( 1 2 ) A s h i f t  to w a rd  f a t  m e ta b o lism  a id s  i n  an  e x p la n a t io n  o f t h e  

e s t a b l i s h i n g  o f  u n ifo rm  m e ta b o l ic  s t a t e s  in  th e  s u b j e c t s ,  i * o * ,  r e ­

g a r d l e s s  o f t h e  i n i t i a l  H* Q, f s ,  a l l  s u b s e q u e n t  R# Q**s te n d e d  t o  

r e a c h  a  odaman l e v e l  i n  a  s p e c ie s #  |  TO fJJ'JjN I
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{1$ )  A p o r t i o n  o f  th© GOg "stored" during inhalation of COg r i c h  

a i r  w as n o t  recovered i n  ® x p ired  a i r  d u r in g  a  "recovery* period while 

i n h a l i n g  atmospheric air*

(1 4 )  An oxygon debt w as accumulated during inhalation o f  CCXg r i e h

a i r *

(1 8 )  M ost o f  th® Og debt was r e p a id  d u r in g  th e  f i r s t  f w  m in u te *  

in d ic a t in g  that th is  portion of the d e b t was a la® tael d i n  n a tu re *

(1 6 )  D u rin g  t h i s  same p e r i o d ,  e x p i r e d  a i r  it* €|* *s w ere  low  i s d l *  

e a t i n g  t h a t  th® s u b s ta n c e *  r e p r e s e n t i n g  th e  a l a e t a e l d  Og d e b t  w e re  o f  

low  H* Q*

(1 ? )  In, consideration o f  t h i s  and  a  p o s s i b l e  s h i f t  te w a rd  f a t  

m e ta b o lism  d u r in g  i n h a l a t i o n  o f  COg r i c h  a i r ,  i t  i s  s u g g e s te d  t h a t  

a c c u m u la te d  ketone b o d ie s  r e p r e s e n te d  the alaetaeid  Qg debt*

(18) Th© m ost r a p id  release o f  t h e  COg d u r in g  reoorery w as during 

th e  f i r s t  few  m in u te s*

( 19 ) The p e r s i s t e n c e  o f  h ig h  R* Q**s d u r in g  t h e  f i r s t  10-15 minutes 

o f  r e c o v e r y  i n d i c a t e d  t h a t  some o f  th© e x c e s s  COg w as s to r e d  e ls e w h e re  

then the b lo o d ,  f o r  that s t o r e d  in  th© b lo o d  w ould  hare b q u i c k l y  

g iv e n  up  d u r in g  i n h a l a t i o n  of atmospheric a i r *

(8) U nder t h e  condition of the experiment, R* Q**s varying from.

*25 t o  2*50 w ore recorded t o r  normal s u b j e c t s  i n d i c a t i n g  th e  f le x ib le  

n a t u r e  o f  th® "measured" Tt* Q* and th e  g r e a t  car®  t h a t  m u st b e  exer* 

cised  in measuring and  i n t e r p r e t i n g  th© It* Q,*
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