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rgm*mmw OF THE PROBLEM

The {wmeentzaa‘ci@n of lactic secid in the cirtmlating
biwﬁ of an artimal has asmeﬁ considerable mpcm ance in
 the study ofs {.1} the n@mi metabolic processes of the
| aﬁ:{ﬁal &g&ﬁﬁm, {2) the detection of deranged metabolism ,'
and, (3 } the therapeutiec measures employed to combat |
disense, |

- The pérﬁ:‘imlar purpose of this study was to Investigate
some of the factors whiéh, ey é,ff@m; £he level of lactic |
scld iIn the ‘b‘i@a& of the nnml v héaflﬁhy s, resting dog.

These factors are: o : -
- (1) The ﬁelayed effec*b of hemorrhage on the lage '
tic meld level iIn the blsod
(2) The effect of dturnel verliation |
_ {3) The effect of seasenal temperature variation.

Purthermore since there is no generally accepted norm
for Ylood lmctic acid it was thought that a large serles of
&aﬁ&rminationé might furnish information which would be
helpful in the attempt to esteblish some central figure as

a norm for the speciles.



~ REVIEW OF EARLY WORK ON LACTIC ACID

The first record of "t};mxisala‘bim of lactic secld ié
found in C.W, Scheele's ﬁuﬁiiﬁcgtiﬁn& (1780). In his work
on the whey from soursd milk, he was able to isolate a :
thiclk , SyTUpY 1taquid w&idﬁr he calie& the aaid of milk,

‘mrzaliuﬁ (1848) appears to have been the first to
recover lsctic acld from animel tlssues. His material was
' gecured from freshly Kii‘léc‘i”*animis‘. ‘

‘Littla aévance with z«espmi to the: signi""iaance of
l’iaet;ic aeid in rmscle was made until the remarah of
?leteher and Hopkims (190‘7")\. ﬁzase ir}vestigai:crs ‘proved
that the lagtic acld formed in amp?ziibiaﬁ mizscls tissue
during ectlivity cen be disposed of by the mechanisms exist-
ing wiﬁhﬁ.n the mgcle ﬁmeh " pvavided the oxygen supply
‘o the msecle is maﬁ.ntainedq.

Meyerhof (1920) working on excised frog muscle found
%héﬂ; glycogen in the 'msale was the source of the lactic
'a'e‘,ié’i. His work showed, in addition, that three-fourths of
the lactic acid removed during the oxidetive phese was
synthesiged in t’he misels to glvcc}gan. On the basis of ﬁhis
and further wark by ﬁeyarhof and others it was assumed that
the energy liberated by the formation of lactic acid from
glyeogen was used directly for muscular contraction.

| This view of the role of lactic acid was largely held
- until Iundsgasrd {1930) demonstrated the contraction of

mecle, even though the formation of lactic 2¢id was pree-



: 'vaﬁ%;é& b‘y the use of mam-iédafaeetie acid. Iumdsgaard
v(wsa}‘ advanced thé*”hypathss’is; now usually held, at least
for ‘*i:}ie aétriﬁity of 1solated m‘s‘gi{&; that lae‘t;ic acld
fﬁmfiian roleases energy used in ﬁhe resynthesls of the
e@m}}mﬁs utilized for a’i}?eé‘t energization of the mselé |
«fmé;, Iﬁ_ééﬁi*&ién, the earlier observation that oxida~-
tlon of some of the lactlc acld furnishes energy for the
‘fe»syﬂthes*isi cf"'giycagan' is quite generally held.

. The exlatence of I.aatﬁ.c aciﬁ in blood was indicated
by 333?3%111‘19, Bﬁcﬂrﬁing to G, Enﬁerlein {1843) yet he
(Enderl‘e?;.n} wag umble to am}firm this observation of
Berzelius, | N ‘ , } |

o 'Althoug}i many aﬁ%em}ﬁté f'aiieﬂ -~ Enderlein (1843),
S&lomon (18‘?8} Jerusalem (19(38) =-other ﬂ.nvestigators ’
3Gag1§.a (1886}, Berlinerblau (1887), Frey (1895), Ryffor
(1909) Fries (1911) Bax*csrof‘t et al (1915}, Clausen (19.92),
Barr, ﬁimwich and Greeﬂ (1925) and cthers found hctic acid
- present 121 blfocad in ammmtﬁ Yarying, under more or 3.esm
normal sond:itirms s from 6,0 mgm per cont (Fries, {1911)
to .:2 1 mgm., par cenb (clausen, 1928) ‘

.ueng (1924} was the first to observe conditions of
&tric‘b mseular rest in his ncrml experimental subjects. |
He required nis patlents to lie down for one-half hour
be‘;i‘ore the sample of blood was withdrawm. f}lycalyéi?s was
avolded by the use of saﬁium fluoride as recommended by ,
I}vgm (1922). In this series of Pive determinaﬁicms, using

four different subjects, he obtained from venous blood



' laaﬁié a‘aﬁﬂ%iueﬁ ranging from 17.5-35. 6 mgm. per cenb.
The. meﬁh@d of Clausen {1922} was omployed for determinat :'i.on ‘
- of ‘blaﬁd lac{:ate« ‘

, ‘Z‘t isg ai: the present tim, aceepted 'E;hat laectic acid
is ,g;wm}? congtituent oﬁﬁ,thayblmé according to Book,
‘33?;13. i, anc‘i _Eiiwa‘z‘ém {1932), even though its source is not

- entirely accounted for,



METHOD OF ANALYSIS



- PREPARATION OF THE BLOOD .

. The ‘blood was drawn into a glass a_y‘r?ing‘a which had
been rinsed with satursted sodium oxalate solution. After
ejectlen of the m:;‘uticﬁ,; enough dry sodlum oxalate was
added to pfée%ant eaagulatibﬁ of the blood. Sodium axa‘:tat‘e
has beem shnm to reizarﬁ glyaal;ysiﬁ {Maclood, 1913) and
not im imarfare in the éetaﬂmm fon of lnotlc acid content.

,.Blaa& was secured from peripheral veins in the legs,
‘althbﬁgh' éﬂsésiénéll*y the "éxﬁemal jugular was used. Vhen
the required amount af ’blmﬁ haé been obtained, it was R
e*mp‘t:‘ieé inte 8 glass bsak&r and five cubia centimtem WBZ‘G p
meaaumﬁ ‘try an Gstwald pipe’f;te ané &eliverad into a 25(} cacf. ,
 Erienmeyer f’laske |

ana‘s:ein remuval ms smured by ugi:ng the ’E‘elin«%m
’t’tmgﬁ"cic 2eld mothod {.1919) a8 m@é:’ified by Haden (1923).
. Into the %lsnmeyer flask > 4& .0 Of 1’2 sulfuric acld werse
&@111}‘3:*9& slawly with ctmatant ‘agltation of the contents of
the flazsk‘ & ceCe of 123% ‘:scéium tungstate solution were |
delivered into the diluted, hemolysed blood. The sample was
allovea to stend five minutes or lﬂﬁger to allow complete
preeipitatien of the pr'otéina-c To remove the proteln
mater:tal the sgmpla was Tiltersd, |
10 c.c. of the filtrete wOre pipstted off and delive”eé"

into & 50 e.c. Erlenmeyer flaskt, Van Slyke's {1917) method

for removal of carbohydrates was employed in which 1 e.c.



of 25% Cu Saéwma aﬁ&aé aiﬁng'wi%h sufficlent dry calciunm
hydraxiﬁs ta m@ke the aelutian\alkalinau The flask wasg
ﬂhaken frequently during'at least a thirﬁy minute period,
‘1Tha earten%s wera ‘then: aentrifmgeé, stoppored and placed
in th& ?@frﬁgsratap@ gamzenﬁ and.- Wallenwﬁawrence (192?}
xhﬁ?ﬁ &hawn tnat atan&ing at refrigaratar temperature tha
**aetiﬁ &aié aenfamﬁ is unaffseted during a period of ab B
f iea$t %@ven%gwtw¢Ahnu?su.-ﬁ~ﬁari@ﬁ Qf‘awp@rimenﬁq by*uﬁ

- (19&0} ﬁﬁnfirm@d this anﬁ ‘in 8ddl %*an, showed no. change
:inylaetieu&ciﬁAvaluasw&uriﬂg~a:pﬁﬁiﬁdrﬁf-twa*weekﬂ,in tha}:t

frafrigayﬁtﬁ?a'~»w'

ZSQLATIGN ﬁﬁE-TITEATIﬁﬂ GF LAGTIG ACID ‘ |
Ths 1&@%1& aciﬁ santenﬁ ﬁf tha blﬁﬂd s&mplea was > .>’_
ﬁaﬁarm&neﬁ by‘thﬁ Friedsmann, Gatania anﬂ ghaffer (1927)% ' 
and Frieﬂamann an& Kéndall (1929} madificatiuns of the vcni
tFﬁrﬁhpcharnass {191&) iadomstric procaéura as éesaribed hy ,j
Petiors and Van 31'3’35:8 (195:«3). ’ | S
| , B@ating lactia aciﬁ Wiﬁh manganase dicxi&e suspansiﬁﬁ ;
_Aaxidizes the laetic aaiﬂ t@ aestaldehyﬁe* | o B
| 01-13 . Gﬁ(f}}i) 4 m{m + 0 = G‘Hgo cHo + Gﬁatﬁze

ThB acaﬁaldehyﬁe is remsve& frﬂmztha axidatiun flagk and

: driven inte saaium hiﬁulfite by’emplcying a current of air1  '

prgviauaiy washﬁd ﬁhrcugh sadium’bisulfite soluﬁlane ?hia‘
pmeliminary washing saaares the remnval Qf all bisulfﬁ#e
binding ma‘t;erials in the alr m“ent,r With the bisuli‘ite‘ |
in the calleeting flaak the aldehyde forms an Qﬁditiﬁn :



{'ﬁamgmm& S
e 633¢GH@‘+ Eaﬂﬁ@» = ﬁﬁg cgn,ngﬁsag
The bisulﬁ’ite-aldahyﬁe mmpmmﬁ ‘does not resct with 19&5.3:&@,
| bu“ tha ﬂnbeuﬁd bisulfite aaasu o ‘ ST
| NaHSO3 + 2T + Hg@ = }}’agﬂ,aéy— omr.

?ha unbmmﬁ himlf‘ite .Ls rammreﬁ by ’Ripper's (191530)
tme’i:hcfi af aﬁéing GARQ i@éine using 3. C.Ce sﬁareh mlution
as inéﬁ.aaimr, until a alignt excess of fodine s presem:o
‘I‘ha exc&as :I.cu"ine ia remm:red h:sr adﬁi’ti@n of x::ne érap of 0. lﬁ’
mdﬁ.um thiosulfaﬁeb o, 0022@ fodlne is then added until a
clearly &iﬁcemible blue color appears in the ecolorless
solutlon. S ST - |

 he comblned. bﬁsulfiﬁe»alﬁehyde is set free by the
aﬁﬁiﬁiqn of a small amount of sodium bicarbonate in either
dry form or solution. féhe'bisuzfi@e»aet,free fs then ti-
tratod with 0.002K fodine. This modification of Eippar's'
method wag introﬁuae& ‘b‘y Clausen (1922), who thus con- -
verted the original method of ﬁiaize‘rmmatian Vb'yf difference
into e dlrect titretion of bound bl-sulfite.

CALCULATION

One cublc centimster of IN lodine is equivalent to 8.5
millimole or 45 milligrens of lactic acid. ,,"Tﬂ‘.s’btafm the
nuniber OF mlllﬁmalas uf’ Iactic aaiﬁ in a 1liter the i‘allewing
i‘wmla 1a usac‘io ' o h .

Wllimoles oi‘ 136&&:5 acld per liter = 5()6 WA - B)
v




?’hem 3;65 ﬁ.s th@ nsrmality ai‘ tha iaﬁ&ne aelui:ion uaed tn
ti’izmta -the aaaium bi&ulfii:e bmmﬁ by aldehyde s A :‘ls the
mﬂaig nan‘time%;ers of i@dinee zmeé B is the cubie contie .
Iﬁewra ;;:sf i@éina nssa ina bl@nk analygis, and ‘V is the e
mﬁaie aemzim‘mrs ei‘ blam& ﬁaaﬁ in th@ sample. "

@hﬁn }3 ia 6,0823}‘ zma th& eample r*epresants 5/ 11 c.ubie‘

wmﬁ%ﬁtw ' ::si‘ blmé the eq&:sa% izm heccmasv

- Ml}.ﬁ ixsﬁies }.aa'i:iaa ae*?c! per 3iter blaed

_.{5933 {a,aoz)(A -.B)
: a/ 11

= ,‘«3.2{1& - B)

: o, FEE

.expr@ming tha vam@ 'ln mil’iigmms jpe:* 100 Calo blac&
ek Kmlligrama lactic acld per 100 c.c. blood

{45)(6 002) {4 w B)(mo)
. 51’31 -

= 19 8(& - B)w




'DELAYED HYPERTACTACIDEMIA
 POLLOWING SEVERE HEMORRHAGE



" ‘zf’maamcmmﬁ

o ?his a*‘-migr 13 eancemad with the Invest igation of the
lae*’ai?.t& aaia Z’uavel In tm hlcmd cf etherwise normal. dogs ‘ |
fﬁli{mﬁng :m acu*re, wwre hemrrhaga. Iaom ;artiaularly "
the :‘iﬂtant waﬁ to detormine the lactile aaid conten‘c of the
blaaﬁ vﬁmi‘n& t}.;g latsz_?stages of the racovery from the
' éﬁ?e&*@ hé:ﬁamhéga « To Mmpiess wéz’@f ‘taken untll the end of
the fimu ;‘:want‘gafm;m hauz* period fmnmi_ng the bleod loss,
o ﬁtl'»ar* Wem:ars have ﬁhmm *bhai: ‘significant blood Lactic
aci& changes ocour éﬁring the firat twenbty-Lfour hour perieﬁn ‘
‘ Ri@g@l { 1@"‘?) ct‘%sseweﬁ in dogs & qulck rise in congentrat i.on |
of lactic acm, fcllm:aé{ by a graﬁnal return to normal. ‘ B
During m'mval ef thi{rty»ane per cent of i;he ealculate&
blaad voluma in 8 *hypiaal case from Riegal's series, the
Jae‘“ie aa:%.d aentan%; ha& inarameé mom 18 mEHie pez* cent to
35.4 mgm per cent. < One hour after cessation of blood
' withdrawal, the la-ﬁtic'- aecld eaht:aﬁt was 19.5 mgm., per cent,
| or back to the nﬁrma? figure:. . |
Tha magmituﬂe and dxzratifm of the lactic acid :marease, :
in Riegel fg apinﬁtm, depanﬁ upon the e:ztent o:E‘ tha hamem*hagez,,
Kwaver, in al}. her a"{psrim@nts *i;?as Iact: ie aeid content had
ratm*neci ta ‘tha novmal laval b@fsre the end of the first
fswen‘t;smfcnm hcmr perica fnllwing the blood lass. k
In aédﬁ:‘iﬂn, this iavestiga%;or's results in t-va exper=
iments :lnéicxated 8 ﬂaemda%y rlse which occurred same thirty

to forty-eight hours follm:ing the blood removal, and, psrhaps,'



'M’p?és@’;ﬁ:én&f.é sem&iﬁothﬁ Ancreass durlng the first
‘f',tigaﬁt‘y—faﬁf hour peried. . ‘gwmr , the auﬁhbr"s tafchxxique
" aaa:éiéms E.sn ai‘ wwlﬁs werﬁs ‘of suah nature as to. i‘ail
“Esta inﬁimte 3..{‘ thﬁ.s reg’aonss wes & part of the usual z*e-
| ’Werg paz‘*is:s& f’allﬁwing a:xteﬂai?s 'blaed lczss or ‘whe‘bhe:t' |

- At W&‘S’ some incanstant f‘ac?mv such a8 excessive weakeplng

of tqe ani;mal fe:ilwing a partiwlqu'y ‘severs hemorrhage.

Riegel sa*y*@ ‘ “Ei: is interesting, t o note that in every - case
| ”{sx&ﬁp&; whm»a hemmahage te‘rmﬁ.natec} in ﬁ@ath) on the da‘y ’
f‘allmqing the hem&“?hage ’the @anﬁentrat ton of lacf; 1o aeld
‘m blood 18 again nwmlmm» ML e R |

mas (1@04), in an expazaimmt on tivo aags ncﬁ:ed thaf: "

%;ha laci:ﬁe acsid c:ont;emt :ﬁ' the bEacﬁ rose and. ‘then . foll
‘baeic to the normal mating valﬁs by the end of the first
"bwsn’synfwr hotr périod :i‘a!t} owing severe hembrrhage. Ho |
failea to follow the raaﬂvery period mz*‘cher. f ’ o

Ik wess the parpcae oi’ the pmsent imraabigatian %o
’ascgﬁ;ain 1f the secanéary, delayaéi incresse in blood |
lactic aaifi 3.5 a czmﬁ*tant part of the rscaver‘y' peried o
4 f‘uilmffi:ng an acute s savere hemsrrhagm | o
. 1 Ceocllia megal "Fomﬁatimn of lactic noid in the

body after severe hemorrhage." Journal of Biolog-
leal Chemistry, 74r 133, 1927, S




PROCEDURE

:sé;x{c‘iﬂga were selected, of which throe were males and
three were fema‘iea; Each was eonfined in an individual
cags thrnghmt the a\xpaﬁimsnt o The same ai;.tendant gared
for *Z*;’ize dogs during the cowrse of the sxperiment. Feed-’hﬁg"
wes done twice daily - at eleven A.M. and sgain st four
P.M. The temperature of the room in which the cages were
kepb *zna-:‘age&" from fifteen to twenty degreavs Centigrade.
Two dogs, one male and one Temale, were included ea controls.

A11 bleod semples were drawn ot the 'sé;me hour of tha_k '
dey - between seven P.M. end nine P,M, Peripheral blood
s from i:h‘éi‘ leg veins only wéﬁumd for lactic mcld deter-
V=1§zim&;ﬁ;mn‘.~ The blood was drewn 'm;é a pglass syringe con
talning enough dry sodium oxalete to prevent coagulation.
Exact 5 ‘GsCo amounts were drawn into Ostwaeld pipettes md ,
delivered into dlluting flasks. In every case, the mnatu?f;‘,
withdrawal, dilution with W/12 sulfuric scid and precipi-
tation of the proteins with ten per cent sodium tungstate
were completed within & five minute period, thus avolding
glyeolysis., | ’

The blood filtrates, after removal of carbohydrates,
wore plécea in stoppered centrifuge tubes and kept in the
refrigerator. The lactic acid conbent of each was detere
wmined within a week.

The dogs were well trained and lay quletly on the table



a5 the esaistant ‘héid’/ﬁham in position.

Hemorrhage was aahiaveﬁ by direct cardiac puncture |
without 'aﬁastmﬁgmgf’-ﬁhé dog. About thirty per cenmt of
the calenlated blood volume was removed during the one-
heworrhage, : | B

On tha day i:«‘méédin'g’i’tﬁ& hemorrhage and on 'bhé‘. same
day as the hemorrhage, but Just prior to the blood loss, a
sample was taken from sach dog. These lactic acld values
were taken es the normal , vesting value for each dog. |
- The recovery period after hemorrhage was studied by taking
‘sxampleé at the same hour each day following the blood loss
until the end of the fifth day, Thereafter a sample was
%ﬁkenlé@ry two days until the end of the ninth day. '

masm?s B

| an mabi‘m T a eomplai:e reaaré of the data 1s 'gveserrha&.."zf
}?‘xamina'hian of the two, iactia acid values abtaineﬁ from
each c’{og ’b&fora hemerz'hage raveals that there is aonsider‘-
' ahle variatien aven 1:1 thesa sazrples from xzormal resting
mbjecta. K)eggs i, 2, anét 5 ghow higher lac.tic acld values
in the aemona samﬂla than in the first. On the other handﬁ
‘ dcgs 3 s 4, and 6 shew a aaeraase When thelr secom‘i sample
is cmmparcd te theix* fi:o*ai:, ‘ ?h@re wes only one dog »#3-—
which shows approximat:aly similar values on the two c‘iaya, -
although as nmted above, this dog's hgtig.aoid decreased, -
yot the decrease was only 2% on the second day as acmpamd' '

to the first.



After withérawal of blﬁﬁﬁ frm& each dog varyirlg from
?5? to 232?' of the aalaulate& blaod volume, no samples wers
érawsm for i;wentv-f‘mw hfmra i:n order to avold further
emﬁlﬁ&aticﬁ due to added hlﬁsd 1053«; Riegel »(192’7) and
‘Fuas (l&;ﬁ-} have ghown hhat there is a rapid :S;ncreasa during
h@mﬁr?hage 5 OF ahwtl*y *ghe%eaf’ﬁez*, follﬁweﬁ by a rather
px&siengaa d&elina but that in aifi {'hair emrimnﬁs the
isiand Iaatiﬂ aeiﬁ' 3.@%1 had retnrned to normal by tha end
of tha »i*r*s‘%: _twenﬁy—fmr ;;m,perioﬁfczlommg the heme
, m*rhage. mhe &at&rminaﬁioﬁé on our serles of dogs showed
low twamv»feur htmz* vames in all dogs except number 6, in
wmch ét::g ﬁh@ mghast peal,. for that animal of the Beries |
was r'eachad@ - ‘ . » ‘

Gn i;hs geeond ﬂa‘y ai’mr hemorrhage, decide& increases
in 1&3"1@ acid were found in all dogs exceph number 6
w}mae lactic acid had . by this time éeamaaed to the norml
level, o : , : : ; :
| The f'th;i'rzﬁ' day, post-hemorrhage, gave values slightly
higher than 'ﬁhuaa of the "s;saan& day in every dog except
nunber 1 whosa sample was lost during %:itmtianv The lag-
tic aaiﬁ valuea cbtained on the fourth day were gensrally
10«:«'@11 ;-than any p?e*«v&cmﬁ resul’t;s . either normal or afteyr
h@m@rﬁhagm The £ifth day gave valana ‘generally highoer then
on the previous day smﬂ in one case, mmber 4 ths highest
yelus for that animal and also for the .saris_s was obtained.

From this pc&nﬁ g \.samp’vlyaés Wem drawn :e%xrer'y' ‘other daye

The next samples, drawn seven days after the hemorrhage



gave values ;whi{:hv,; in most @‘a.ﬂes;ffwem below the "normals",
In f‘a&t,m all bz;%wdﬁgaé ‘and’ 3 the values were the lowest
_ ai‘ the whﬁfié series. On the "‘ninth day, the lactlc acld

‘wnamtratians ‘had again rmen to abmﬁ: tha "normal" value,

a:&thcmgh .z.xx one dog mmbsr S f:he cancantrat ion was quite

nighe
E".ESG’GSS?;’Q?@; .

‘.Ehe behaviar af lacbic acm in ﬁag's blnod followa a
' general pati:ezm dmﬁi*ng tha racovesry peried ai‘tex‘ hemorrhage.
This oan ba asan ‘by ﬂcmparing I’:!‘.gtmea 3. and 2. ‘In Fig’ura
1, Whilex tham 13 aonsi&erabler variation s yet, In general,
it can ba ngte& t;}m'b tha Variat 1an before hemarrhage :la at
mnﬁam.. Twentymf‘mr haux*s aftez? hemerrhage the hcﬁie
asid lwelﬁ ar% wi‘bh ’%;*zso exeeptiens s at ‘bhe resting level‘
i‘ar any givan éag, o ) |

In five of ths six &cgs ’ the 1&::1:13 asid has sharpl-y
incmaseé by the em’i cf farty-aight hcursaﬁ ﬁpproximately
’bhe sama Mgh 1eve3. ﬁ.s presem: at ‘t:ba end of seventy«»two
hmwe, 9 'I‘hen, without exaepi;ion, lmver values are feund at‘
i:he end of‘ nﬁmty-six hmm, Seme ef the ninty—six~haur
valuea are 1owar than the premhemorrhaga 1&%13. .

vaam i:he ninty—sixth hour tm the ﬁn& ef the expe“imntm-
where the majority of the stels aypmacheé the pre-hemorrm
age raatmg values--the laﬂﬁﬁ.e acic‘t var-iai;ians occur 1n

unison. uom variat fi.ons are of greatar magnitu&a than others »



hcwévéﬁ;g‘*?héauéhéﬁﬁ’thﬁ5ﬁmra&i6ﬁ'of the recovery period
'thﬂrg are perieéia finetuatians sf cansiderablw extent..
“Figure«ﬁ shuws %hﬁ trené af the graup~as a‘whole and 1t
gan ’i:ta ‘seen *ahat» in g-emral each dog reflects the per-
| i‘armanaa ef the whcla grogpy L
, In smma‘way,,thﬁn,’thﬁ randamﬁbehavisr of the lactic
a@i& Iaval has been maﬁifie& %g’ﬁhﬁ hamwrrhaga 80 that it
disy&ayﬁ a Feriaﬁi& ﬁat&r&.' .
, TE is obviﬁusly>n9k‘tﬁtally a response to = deficient
&xygan m}pplfy to tha ‘tisauas » €ven though this may cause a
hypez%»}.a&taeiﬂama as hes ’baen smwn by Avalki (1891) and
€nmnv gthﬁrﬁ since. Zt ia éifficult to see how' the tissues
cvula k@ a&eq&aﬁely*suppliad With cwygen at ths end of
%wenty»fﬂur ho&rm and be . inadaquataly suppliea in the
fartyheighth.haurg alﬁh&ugh.the animal wag in & state of
rost during both periaés‘f';" . '
ﬁ?ﬁhtlessg a hyper-lantaeiéemia, such ag Biagel (1927)
&@scribeé éuring'or~immsdiatsiy ?ﬂllaﬁing hemorrhage is
'hast accuuntaﬁ for on 8 hasis of oxygen ﬁafieieney; Gesell
et al {190’a) hava ﬁhﬁwn.in anesthetlzed, operated animals
that 3udh‘a_h&p@rwlaataaiaemiavis fannd following a re- |
&ueﬁicn‘in.cxygeg cgnﬁén£ §n th@Araspired-éirﬁ Similarly
aftar-hém@rrhggéfeéaegl.agé his-eailsaguea"{l§5bh} obtained
‘high 1actié~acia #éiues‘infﬁhﬁ blood.,‘Thssa-sxyariﬁahts
were of shart ﬁuration and oﬁ;animals under cord 1tions not
,nﬂrmal. ‘Hence i may be q&estiﬁnable to aﬁtemﬁt 2 direct '

tranapcaitiﬁn cf rasulta@
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NOTE LACTIC ACID LEVEL 1S GENERALLY LOW ON TWENTY-FOURTH HOUR AFTER HEMORRHAGE.
ALSO GENERALLY HIGH VALUE ON SECOND AND THIRD DAYS AFTER HEMORRHAGE.
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Fartimlarly 5.3 thiﬁ tme .’m view of the exper*:? ments
‘of‘ ﬂmk an& Eﬁrsf; (1%3}. Thesa :!.n%stigatom > using
| ‘haal*i:hy humn ﬁubjecﬁs, f‘cmzﬁ thah the lactle acid oonten"c
" af‘ the bisad éuring rest was ‘bha same ag during & period
| mf‘ light ":-#I) mﬂﬁ&raﬁe echige. Evan when their subjeeta
walked s‘!: a wate af‘ three m.pqh., no meraase in hlooc‘i
. iarﬁ:ia aaiﬁ afm‘l& “oe fmnd f:’_n vem}ua blood immediately
kﬁz*aining the aci:ive mscla grovzps. o

J’er*mll ims&} in stu&'ying the Iacﬁic acid concentra~
tion in ‘hha blao& Q..‘f.' s:nemic patients was nnab‘le to. demone
| strate azrg emnaigtsnt mlatianship batween he.mcglobin per-
cem.aga or rad cen aomrts and laatlc acid, Jervell ‘con-
‘cludea that dai’ieimﬁt ezwgenatic}n is aal&em, if ever,
&{arimm anaugh in anemie patiem:a tﬁ prevent the combustion
e 9? i;he ammm:bs of lac’hic ecid namal}:y produced. ©
L Boak }33.11 and Eﬁwarda (193%} failed to find an'y |
signii’icant &hange 1n blaod lactie acid of normal wmen follmn-
i_’ing raéuctian of inapimﬁ etxy gen to nine pe:t- aent, ‘tnge’st% on
of‘ sodium biear‘ocmate or ammnnium ehlar'lds' or taking

moderate exareiae@ Thesa imrestigaﬁws ﬁemonstra?:ed k-3

ceauums,, Em{; they cxould ﬁemapstmte no ratmf'isten’t relation.
shlp butwéen hydrog{m icm eoneentration and lactic acld
mangem ﬁn ‘bhe ‘blood of their subjaci:ss L

Sumning up their re sults in the 1i,g§ht ef' wcrk dnne
by other investiga‘bara Bnck I}ill and Edwards (1932) re~

marks



":Ei‘ maﬁemhe mmmlar exercise in untzvained men
can be executed without appreciable change in
the level of blooe lasctic aeild, it appesrs ime
- probable that the lactic acid fz}rmed during. rest-~
Ing states has its origin only in muscle metab-
. olism. Taking into account the velative sta-
. bility of laetic acid concentratlon during ‘
‘rest, 1t secms bebter not to attempt a specifiec
expfianatian but to go no further than to regard
© this phenomenocn as & pam‘; of the general process
- ag 4 whole. We supgest, for example, that it
may be & split product. in the. axiﬁaﬁlan of
*  sarbohydrate, mobilized for the maintenance of
 general body needs.  Much work with reference
%o glucose oxidation must be done before the
~ guestion ean be setitled. OFf the lactic acid
present in the blood of & resting subject a small
- portion may come from muiscle sctivity, the rest
. presumably from the activi’cv of the central
. nervous system, varicus glardular gctivities, ebe.
- It peems loglcal to suppose that the ahility to
 reconvert lactic acid to its precursor may vary
greatly at the seab of “its formation, just as
the rate of utilization of oxygen may vary from
 ‘organ to orgen in the body: The problem ramins
for study along lines differing from those :
suggeasteﬁ in thﬁ past, A

: Tt 1s owr optnion, -::ec@, that tie 1e~m1 of pblood lastic
aci& i:n t’*‘m raﬂting auhjaci: mist be accmmhed for m a way
Vdiffering :i‘mm an‘y mggested previcusly., ‘I‘herefore_, we
venturs such a suggestionn | : 4 e ,

A pﬁssmble explanaﬁicm ef‘ the ‘}aetic acid response is |
vafi‘cﬁdaa by linking i:he laetie acid level of -‘che sub;;ect
| whather in erdinary rest m* in rest fallawing severe
»hemﬁwhage ,' with the shm.rars of’ leucecytas which ars 1ibe
»erated 5n‘hcf the blcoﬁ stream@ e , ‘

" The eviﬁence at prasant is en}.y suggestive sinca '
there 1is lim:le ;’m *’cha litsratm'a eanceming axtendad R
obseWations of the leuaecy'he cﬁmnt as related to et:ner A
physinlo{;ﬁ.cal variahlss, “The observations which have been
reported, although fragmentary, Indicate that there my be



BOMES réla&iﬁﬁ hatwéén‘thé pr&seﬁce of leucocytes and 133315
| aai& cana@ﬂtvatloa,in blood of resting subjlects.

' This ﬁa n@t to be consbtrued as denying the‘well |
@ﬁtablishaé fact that lactic aciﬁ“varies in the blood under
conditions of physieal stress. Our purpose is to ocall
attention to some similar aspects of“leueﬁcyte ehanges and
1aetia aaiée_ ‘ | |

ﬁrinker, Drinker and Ereuﬁzmann (1918} in one of the
few extended ezﬁerimantsfan the cellular conbtent 0f the
blneﬁqu‘ﬁbgﬂ following large hemorrhage show that the
' 1ibera€ien‘mf 1éuec§yta3=int5:thﬂ:periphayal blood follows
a @atﬁsfn‘which shows many similerities to the lactie acid
Variaﬁiﬂnﬁ %nfﬁuv-axﬁarimﬁnts.v‘ o

A typleal seriles of lauaacyté counts following a large
heworrhage on three of the dogs from Erinker's (1918)
experiments are givan 1n Table 2o

The data obtained by'ﬁriﬁker, Drinker and Kreutzman
(1918} are shown in,tabular form in Table 2. In Figures
3 and 4 the date are plotted. .Ths data from our hemorrhage
and lactic acld studles aere slso plotted. In this way the
| striking inefeasaS'and decreases in both leucocyte cﬂﬁnts
and lactlc acid canaentratioﬁ can be compared.

It 1s easlly seen thet there &s:nﬁ direct relation
between anyftwo given lactic acid andvleusocyte curves.
Such agreoment is not to be expescted gince the two varisbles
were aeterminsd on éiffaraht dogs at wiﬁ@ly-éeparateﬁ times.

' The experimental conditions were different, since leucocyte
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. counts W&re obtained during a study of the effect of

"fép‘e?a%:eé“ h‘&m@ﬁmgﬁa . and faalins infusions under anes-

“‘ "”thesia 3 wh;.la ‘our 3.3%1:: ami& values. were taken follow-- .

’ ing tme savere hemorrhage on normel, resting dogs.

' ‘f”he aignifioant pnint to be observed conscerning the
two ﬁaﬁ?ﬁi&b}éﬁ ‘45 that the dirvection -and rate of varlation
ar’e::;aé'iﬁ:.ila:é;' They simply show. that, when an animal is
Maj‘@%éé: to a severe blood loss, the blood pleture with
: mspeet to ‘either variabla oan vary. drasticelly i‘rom day
to day 1n the recovery perﬂ.ati. At this point, all that '
, ean ‘h@ aam ia tat fumre mﬁ: mey show a ?alawonahip
between' the mct lc acid content of the blood and the

leucocyt:e @mmt "

' SUMMARY

| lu ’l’ha 'b,‘ioed 1&3&:&3 acid 1evel dur :Y.ng reaavary from

2 aevere, acu"ae hamurrhage consigﬁing of 25»52‘% of total |

‘ hload velume im three mala anﬁ thmae female degs was

- studied ’by taking daily aamples af pez*ipheral blood. Eaeh
daily sample was drawn at the same hmxr the subjects beimg
in complete rast. ,‘ '
2. . Aftsr hamrrhage high. 1aci:in acld valnes were
faund .’Ln five dogs on the farty-eighth I:mur anﬁ v:era 51,111
premnt on the sevanty—secnnd houm One aeg varied fmm
the geneml mppenseﬁ :!,n that 1a atiez aeid paaic was observed

on the %wenty—fcurth hcur.



© 8. From the third ﬂay xm%;‘ll the emi of ths n‘inth

. ﬁa'y, wh@n the s%u&'y ended, th@ lae‘bie. ‘deld curve shﬂws woll

| ‘defined peaks and tr%hﬁ, “indicating o ‘s;*hythmic' varia‘h ion

as Gampéréé to tha i“afnéw! blood lactic acld variatlon of

the norm}. resting suhjeci:," R

 TNo aignifiaant aiff‘erﬁnae aecnrding to sex Wsm

abaawaé%. T I |

' 5, ‘Evidence ‘}:s given which snggesi:s that the variauion

in Mucm:ﬁras may account ‘;E‘@”z- ‘some of the above phenomens .



Daily ﬁleaﬁ lagtic a¢i§~valuas in dogs
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... . . MBIEII
Total white cell count in dogs after severe hemorrhage#

Fumber of Dog

1 1 4 3 3 3
Tima Total White Blood Cell Counts
S . DEPORS EENORGUGR . R
1 hr. 18,000 28,000 13,000 26,500 22,000 18,000
. oo ATUER FNORNEAGR . |
1 hr. 33,600 25,000 43,000 60,000 £1,000 28,000
1 day 14,500 17,000 27,000 - 33,000 53,500 21,500
2 days 25,500 . 18,500 30,000 22,800 26,500 27,500
3 days 23,000 13,500 20,000 29,000 41,500 21,509'
4 days ' 17,000 18,000 27,000 34,500 - 32,000 23,000
5 daya 24,000 . 11,000 25,000 39,000 42,000 25,000
6 days 15,000 13,000 22,000 31,000 26,000 30,000
7 deys 29,500 16,000 34,000 36,000 31,000 24,000

# This datae is taken from C, K. Drinker, K. R. Drinker, and H. A,
Ergutzmann, Journal Exp. Med., 27: 383-397, 1918,




. 'DIURNAL VARIATION IN BLOOD LACTIC ACID



»'im}%éﬁﬁﬁ’l‘iﬁﬁﬁ |

« 33:1 Table 23:‘.’& are g:’tven ﬁame ?spresentative blood lactie
Caeld valuas ta’imr& fmm the liﬁara bure and other soumaae It
iﬂ intez*agting to n@ta tha a:d;f@me Variafzion in Value:s , nob
mn‘ly fmm authw to aut}am' ?:ut alsa frem low to high values
givw by ar’sf yamimﬁar au%h@r. The percentage vw:‘{ati@n,
in all bmr {m@ cage, 13 at B.aasi; 16{}% |
Sueh vaz'ia% im‘iﬁ as -hha abmre are neﬁ: thﬁ only ones
whim mght ta ba aﬂnaia@rea vmexx waluai:ing data aszaling
wi‘th blmﬁ laafzm aci& cancentratien In relation to ph-yaic«

Iﬁgical ami axpariman‘cai mnipleatianm : The lﬂ.wature
eon'baﬁ.ns 1’11;?;1«:«3 rsf@mnee ta any ‘extended invest igation of
the blood lacﬁc ae:‘ia aena@ntmtian with respect to: (1)
the varia“im Wh‘lch mig,h‘t ba expaateﬁ :!.n an unancastheti&ed
rosting sa‘#njeci: from time to time, and, (2) the regularity
of such variai;isn s leeey d‘iumal variatinn, Autharné réay
:vegar& chazxges In 6190& lac‘hia aeiﬁ cancem;ration of the
ma&nitude oi‘ 15-20 per wm; as beizxg significanto_ This
. would hardl*y geem juatifiaa i.:. ‘one may expect a 3.00% vari«
| ‘,atizm in the normal resting 5ubject, as wmld be ’inaiaatad
from the literature. f ;

o I:n this imrasi:igation an attempt has 'been maﬁe ta
ascez'tain 1£‘ there 1s & c‘liurnal variatian in blood lactilc
acid in tha ncrmal raeting dag.,, En aadiﬁion a study has
) ‘baen maﬁa oi’ the varfiatian from écg te dog and of th@

poaﬁlbility of‘ us:’tng zmme central figure as a norm in m» |



TABLE TIL

ﬁﬁﬁ%eal nmrm&l biaaﬁ ieatic 2eid values
fr@m.varigﬁm wuthors

= ﬁﬁrmal Blbﬂﬁigaaﬁi@ Aa&ﬁrﬁﬁiuea
- ¥en

Mather 1'§aﬁ?&r © Yalues fn Mgm. %
Determin~ ' o
- ationa | Low - High Ave.
clswsem . - |
aeeey . s elae 0 a2 28,2
Bary, Himwich | | k
and Groen . R j s
T(uees) 6 14,0 25,2 19.2
Tomg - S FRRRREE
(1924} . 10,0 20,0 e

Sehultze R U D S , e e
CQese) - 90 180 310

Dog

‘Ga 1&& - 9{ Ve W0 157.0 . m

(1886} &y B R

Collazo and . ‘

Lewicki Co EERE SRR T
(1928) 3 19.8 134.0 58.5
Houget S E —
'(1@33},,; : ‘15vv ' 10,0 69.0 32,0

" Binet and

Klukowsll (IQSu)ﬁﬁ . — e  28.0

Edwayds ,Brouha o C e

,abhnsan {1938) w0 Dok 14.6 e
Tvy, Crandall = . E -
(unpubliwhaai 188 8.0 25.0 12,9

Swan ‘ - o ‘
(unpublish@&) 25% - 1.98 31.28 10,77



ferring to the expected lactic acid concentration.

’.i‘hwae aif’feriﬁg p:!.ﬁm {yf* at‘t&a}c smre amplayaa in tha
expax*im@m%a 1;0 dat@?mina the @xistaﬂw cf flucktuations in

blasﬁ lae;tia eeld of gi,.éiumal character,

Fm‘mefmra I
| Kn ‘bhiﬂ pmaednm# the dogsa Wem éasigna%ed es Group
Ag,- They gfare selected ‘fzfem the general dog per; and allowed
to vest for forty-five mintbes before the first semple was
drawn. Food was Withhsld from t1s animal during the twenty=
 four hmm pex*’ia& of gampling. Every precaution was taken
to im-mre ;mn&itién& af‘ -a;ﬁm‘gistefres‘bg o ‘
‘Males and ;femaleamigéré"ﬁsad on alternate test periods,
so that »f;hex*a; should be no | preponderance toward males }cir
| f’emalese In so far as paasihlé,,;. a different dog was used
for eac‘h test periea.. However, it was found ne-eessary*‘to
use dog 4,‘?? for three test periods. -
| : 'I’his seriea o:i;* experiments was cantimzsa for a twelve |
mon’ch paricd., , Eaeh test peri-o& incluﬂed twanty«i‘mzrv samples,
diatrimtaﬁ an hour apart thronghmt tha twent y-fmr hour
.period. XZach twent'ymfm hour run waa made'once‘ & month
on appraximately carrespondiﬂg days.
Pracaduve I _
~ The dogs were designated as; G'xitmp B. Seven animalg -

three females and four males-~-wers. &nﬁ;néeﬁ In this class.



{Bne dog. dfed after two months which necess itated an |
Emme&feat& z’aplaaa*ﬁem: thus bz'?ng‘: ng the tatal mzmbar Lo
sevma, imat@aﬁ of thﬁ ﬁm’f;an&m‘i six.

v Théz é’{:sge: iﬁ tmg t,,rmm were keyt in Individual cages

| %hremgnmt ‘Xma Whesle mriaz‘i of t}zﬁrﬁeen mmnthm F‘eeaing vms
ﬁm«a ak é QQ P'M »aa#h c’ia-y, excemﬁ on the c'ia’vs whmz test
m:ma wa*»e maﬁ@ at which z*‘:imﬁ no ;ﬁ'mﬂ wsxa gwano

A twent y«i‘em* hour tasﬁ; N was mac’ie anly once dwing
‘azs:y L,i.vfen ‘mfmths _ E&ﬁh deg wasg hled just fmw t Imesn éur ing
a ﬁw&nﬁy—fmw hour perieﬁ. The fzmr sgmpxes were spaced
aizz hcmra apax“m The time of ”t;l&saéiﬁg of ‘cm aix dogs was
ai:aggerad B8O ’hhat a. aampla wag abtainea evex'y heur due Bo
azzmmpﬂate alterﬂatisn of. the anﬁ.malsv Each- dog was
atar‘hed Gﬁ a bleedmg sahaduls in whish the s&mplea wers
izakan ﬁix hours apar{:o This sane seheﬁlee was followed eac{i
moni;h .fram Becember, 1939 thrcugh Jtzlv 194& ‘i‘lms » evory
'mon‘sh, wh@n a taa{: Tun was mdey a g;iven dog f‘umi&hed blooﬁ
i‘o:r* the same fcuz* houra as in every at.her month in this :
period, , , | . .

The . aamplm f‘sr Janm ry,, 194{) were. ami*ated baeausa ihe
time for analyaia of the blw& f?.}:tratss was so far r*emv@é ‘
from the time of drawing the Plood, tba’c it was declded

not to include ‘bhﬁm in the ‘s‘er:‘vteiéy - For tf,ha_ 11‘?31“4 of the
period, there sre twenbty-four runs recorded for consecubtlve

monthe .



Pra%dum II?

E‘h@ aagr:; hez«'@ inalﬁd@ﬁ ar& re’?errea to as Gr«mp Cw _
VSix é@gs — i:h@ sams a;nizmls whitﬁm tzrmprimé Grcmp B,
: j@xae% ﬁhe &mg wh‘}.eh ﬁieﬁ e vfa@m ﬁu‘bjeetea te & per*iaﬁ |
Gf' axpari:mntatiﬁﬁ fnz* the :3159: mazﬁ:hs i’ram &ugust 1*3&0
| tlmngh Januar:y‘g 1941«» , o ;
o %ase anﬁm‘m wam ggiven the same cave ami treate
ment; as in ?mmﬁurﬁ iz axc@pﬁ in @na :@esp@c-k " namly, |
m:ta mazm@? of rctatﬁ.en m‘i‘ aamyiing tims. Eaeh aag was
%ﬁac} warz;‘ s:?.:x hmx:»a as #.n Pwaa&uw EZI bu‘b mmz%h b‘y
’mmr’ch sach &mg*a hleeeing aeh@ﬁaia wag aiﬁ;eraﬁ so isha‘b ab
the enﬁ of ’%:he aix»mmth peri@é eaeh ﬁeg haa enntributed

: Q‘% sample faz* aac‘h hfmr of “nhe twenty»fonr hour period.

wSﬁms

The data ?.nc’iica‘ta that there are two d 3.3{: inc:i: neriods
‘0‘5’ high laaﬁic aei& eancamzratiﬂn &m*ing a given tﬂmmva
four hour ‘haa&:,h 'Examinatian ef Tebles Vn?IZI ineluaiva,
show that one hﬂ.gh tme oecurs about noon and the other
abt‘m"* twelve hours later, ‘Le., near mic}nignt., o
These _‘bwe tiées ‘are shown in _sll,threa groups of dogs.
In Group A, ’aéi .ehmém :iﬁ ifable XT{I _and'in,?igﬁre 53 the
average hci;rl:j‘ lﬁa:‘iu»aﬁ near mide-day and mﬁ&migh% \3.?3‘ arbzmd
three mgm. per cent higher than the low values & few hours

previous.



Tha miﬁ-&a*y rigse in Graap A begins mear 10: o’clock
mashgs a peak M; 3.2 nacm fmé thsn ﬁubssic‘iaa to b@low th@
msan valﬁa f’ez* tha gmmzs by 4 Fa‘iﬁ.; The mid—nigh‘h rise 1s
: ~qu§.tﬁ« pz*cnn‘tmcea b‘iﬁ: it 1o cka uha well sustained characi:ev |

raf -t:.ha mlﬁ«&a? i-nm:’eaae, g Ii:s ’p@ak ia 8 15&1&1’1@ high&'" than
: f:hs m’}.usﬂa'y gaak 5 ;y‘ei: it axnibits a ﬁamewimt luc’ruat‘ing
"na’t:m*@, ﬁinca the 12 mm«enighh valne is lower than %he 11
P &io er* 'ﬁhe E. ﬁ.‘}ff* valuese L | |
- Gm "sransmnt riss cwe@ws a*s ahewb 8 P M. ‘It appears
"anﬁ ﬁisappaars auiekl*y,, although i‘w mgnitude is almost
‘squal to a,ither, of the i:m; pmvimsly mentioned high ,tides .

| W&lﬁif E:*éﬁ?’{n@d ﬁrﬁagh@f‘é;aéﬁrsamm& 8 P ﬁo' and 5 A.M. to

-8 i‘u}iq ’I‘hesa ars of short ﬁmati(m and soon give Way to the
gtrong upwar& mavements pravi@asly deseribeéig

Refarz*ing *La ’Eablea Vn?III ﬁhe maiviﬂual peri‘wm«
83."10@*3 ar'e sean ’fm ba&r consiéerabla zvesemblanae to the
vm*iations mentiened ab@ve. o | ‘

, | A conslderatien c,«f Gfeﬁup B whieh 1ncludes the doga
sanplec’i emr? s&x hom's t}zrsughmt the twsnty»fmr hou? |
‘hsst p@r'iz}d,, shsws mch the same ‘kinﬁ ef‘ **esponse asg was
abtain@d 111 Grmlp Ao Refer*ring to Ta’ble KVI and ‘1:0 Figm'*a
68, 1% 15 seen that in g;'anarai ‘t:his curve exhibi‘ss uhs B
same form ,m t‘qe xmrva :f‘ar Group A., As one would ex‘peat,‘ |
hcwever, *Lhe'ma are gmatm:* fluatuauwnﬁ from houz* o htmr L
due tm ﬁh@ i’aet ‘bha’i; in&ivi&ual pexmliararitiee exax"t a |
ﬂlapmporﬁianately 1arge inf u@nceu This arigas fron tha
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FIG. 5 Hourly variation of lactic acid in dog's blood compare( to Hourly
variatlon of leucocytes in men, Data for W.B.C. from Shaw, A.F.B.,
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fact '%;ha‘i; each dag wag sample:ci on the same hourﬂ c}uring each
test permd thrmghmb the seven months. ) '

7  The curva exhibits a wall aefined increase which bagins _
' ” shﬁrtly after 12 noon and reachas its peak, ak & P.M.

" fmo’charv hig‘h tide is maen ai: 3. A,m Thia increase is of
quite briaf dumtian, afmee it “‘*asufr for onl*g an hour. Th@
,inweams at 7 A&h anﬁ ‘7‘ P.,l’@. a:z*a of asma magnitude but

are prmzabiy ‘bes{: int&rpmteé a;s %flect*lngg indivldual

‘ pasuliaﬁ%ies pathey- ﬁhan c‘ziu‘rnal va:aiat- lons.

- ~The tz*ough, Gcming fzvem 2 A, k&. to 8 ﬁ. vs I8 well
d”e'fineﬁ@‘ A seeend trmgh at 9 PuM, exhibﬁ:s a8 more transiemt
natum, o | § - . )

E:\,r fallo'vmg thrimgh any gﬁ.ven 1n&iv idual's performance, )
i‘t eem ke aean i’:hai; ﬁuch an’ individual exhibits ¢ in general
a behavior Which simlates tha tzampasite perfomance, That

ig a dog ma'y have conaistantly high lact*}.c. aeid values,

“im’t: i.f 80, 1‘6 is qaeﬁ that h.’m highest values 1lie in the
: ‘high tme paase of the num‘m
Group 0‘ s Vhere 'i;he dag,s were altamataﬁ 80 that eaeh -
dag cantributad a sampla for eaah of the twenty-four nours - .
show& Wel‘l defined peaka armxmi noon . (See Figgure -"f} an& at’
~ midﬁnighte - In this ‘ragard-f,,the:eurvekQc;zxi‘gms qx_xite well

to ’che results obtained from Groups A and B

, Iﬁ Figura 7 the laté aveningg ‘?‘ise Qﬁm;p*ying tm,’; i‘pﬁ'g

- hour . per'icﬁ from & P&Y. tc 9 P.M. 1s observed i:o be exm_f‘f Sl
gag,l.ingly w@ll\de:f‘.’.magh A 1a{~e aft@rneon rise of lease:r*

magnittude ‘ean be observed in each of the praceding m:ves; »

4{
[
¥

HER
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Figure 6. Diurnal va riation in blood lactlic a cid in dogs. These dogs nmle
_ up Group B. Points are numbered to cérrespond with number of a
particular dog. See text for details,



Although i:h@ss *?ncmmeﬁta vary '}:n ﬁz;mation anﬁ magnitude 2
the time of‘ *hhsir appe aranee :15 @f’ such unifm*mit;y ag to be
‘of signiflcant fmpork. Noreover, It 18 belleved that the
émerimﬁ%éi | éana’i%%am m’ which the ﬂrmg ¢ dogs were sube
B ;}@cmd wers ﬂf such natwg a8 to bring aa‘h a‘.iaa’fly any brus,

'ﬁignificanﬁ ezhsmg@ in laf:ﬁie a&’m cmmentz*atima

3313@3351%}7&’ ’

N The re;mli;s 'ﬁ.ﬁﬁiﬁa%‘a ’aleaﬂvy & blood laef-ﬁ.ﬂ acid con- |
eenﬁmtim fr:::} i:he émg tha*{: shiﬁa within rather wide 1imits
uxxdw wﬁﬁ &ticmﬁ which achieve « mmzsl&ta state of rest in
'hhﬁ ‘animal. This mnga in our series va?&ed from 1,98 to

8 80 xngm. pfa:(' c@mﬁ;e In t}i& t?.c:g ahﬁwing the wiﬁeaﬁ varﬂ.ation
— éﬁgg #& T the 3.imﬂ.ts were B ZW ﬁ{) 38 BO mgma per cenb.
The t‘iz}g shwing the narmwaa*ﬁ: mnge - dog #&‘} . 'mz‘ied fr@m
11,,&1,9 22, inmgm per nen%a‘ 4 o

‘ Aecaraing to the amve .figumg the diffex*enee from the
lav:eat value of the aﬁtire gm’*ias 0 the hlghest value
mpx@aants a *cwen'wafaif.é meremm '_ In th@ case: of f:he deg
with the widest mnga a tw&va-fcslﬁ iﬁcrease is wmsnt,
Ths dog with *bha narrowasﬁ :*angﬁ ezhibits , an incraasﬁ of 100%.
-Thasé'xyraﬁ’ia{:icns miﬁrééeﬁﬁ éhangeg of zm;expsct‘aé magnitude,
in 1:1;3;111: of which all woﬂz msed tm a acmgax*iam*z wiiz‘h res‘&;va
Ing 1&@1.143 aeié valuea may Well be ra-examineé‘xa

e c‘ilumal variationﬁ, whic.h embrace Significsmb
elevations in the twanby«fw hour study near mid-day, mld-

mid~nigh‘t; ami rear 6 P.M. , are well enough &efinaﬁ to vmrrant
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‘close inspection. The mid-day rise begins at, or
, ’slighﬁl‘y hefﬁm, noon in all of the three groups and
m*eanhes a cmst some two or thraez hours later. This rise
is @f 1@11@;8? duration than tha@e ocourring at other tlmos
in the t&ﬁnty—fmm hour psriam The midenight swell is |
of s‘h@zshev &Watian; it 1t mey ?ise to & higher peak than
 the miﬁ-'&ay erest, The lata af”sarnoan peak is usually |
of quite short duration, aslthough it my occupy som four
hours a@s"m the {&a'ﬁa"i)f Group C. These three crests
fccﬁsﬁiﬁuta significant diurnal variations 1n the coN-
centration of a mﬁstﬁmeﬂt‘ of ths blood which Pravi-eualy
hes haaﬁ mn@:iaezwed as baing pras@‘nf; in rather none N
fmci;uating amounts while t’ne ax’ganism is in a state of
rest (Bock, Dill and Eqwards, 1952 Je |
Lactic scid in the 'b:!.:.ct;d' of the resting organism
has been eqhsiae}z*?e& the res’alfs:‘ of acid production by
contracting m&iaeies and 1ts ’subae‘quem:; diffusion into
the blood stream. Recent e:épermen‘b al work en wan by
Bock, D11l and ‘Eﬁﬂaﬁg (1932) and Cook and Hurst. (1933)
~ fails to account for more than & part of the resting
| blood lactate aaf"due to such course. ‘Bocl%: Piil and
Edwards (1932) auggeat tat raatlng blood lactie acid
"may be & spl‘it produet of earha}wdrate mc‘bilized for
the malntenance ni‘ ‘the ganeral mﬁabelism of the ‘bedy. "
This generanzatien 1s 80 vegue’ "bmt it offers 1little
PYLRTS ‘oxplaining the facts.
A comparison of the behavior of blood l&cxﬁia acid



Cwith %hé”%éhﬁ?&ﬁ?rnf”eﬁhﬂ%‘cénétituénts of the blood
fwnﬂer)aﬁm&itions of camplete rsst reveals the interestw
| ing fact that the only 60ﬁ3tit&8ﬁu in tha vlood which
"QXhigﬁﬁa diurnal variatianﬁ of eﬂmparable frequﬂnsy and
7‘mgmmé@ 1:; th@ white blood em«gmca.e,' Fuﬁ:her study
?ef‘th@ @snagmtwatlﬁn a?’th&se strnctural elemeﬁts sugoaata
a striking similarity to the cenc@ntratiun of lactic acid,
 One careful %%éﬁ%y&féur ﬁaﬁr1stuﬁy'énﬁ%hé.aiurnai'
wariation of leusocytes is that of Sh&w {192#) in which
he fﬁllﬂweé,ihﬁ laueacyte changaﬁ in fcur narmal human
jaubjeata by perfarming white sell caun&s eve?y hour
- tarﬁmghant a twantyafaar h@ur yerin&,‘ Sabin,et al. (1925)
atddled tha normal rhythm of ﬁha'wnite aslla in.reating
’lman asvering thewﬁayiight‘h@urs af k. A, to é P Mg only,
Taa!zishlksw {1@«2?) studied the sa«calle& aﬁ.gest ion
leueaayteais in dogs anﬁ inaluﬂeé a surva sncwing the
rhythm @f the leueacytes in resting,.fasted dogs ﬁuring
the pariea frem 8320 Awgw to g1 30 ?»H, Zirm.ana Bauer~.
maister {lgv5> mﬁre reasntly*f@lleweé the laucwcyta |
varia%iﬁﬁa Oﬁ,resting hasgital patients and ehtaine&
results quiﬁe similar to those pabiished by'Shaw (1927}
These auﬁhors ebtaine& evidanca ﬁf éiurnai var-
iatians In the lene@uyta c@unta ’ﬁhen %hsir values are
plattaﬁ tne resulting wnrve& resaa&&a‘th& eurvss shswing
llaetia aeiﬁ dhang&ao In}allAstnﬁiee thera is a mid»ﬁay
: riﬂe in ¢euﬁoaytea Wiﬁh considerable variatian fr@m,hsuv‘

to hﬁur, En,faet Sabin ot al. {1925) speak'of an -



V_*’hmﬂy z*h’y'ﬁhm of f‘?‘@“@ﬁ??ﬁ ) Tn extended stu&les
thore f:tar.v. ,%j;i;sﬁ a mié’i»nighﬁ 'swal’l; . Z{‘he 1ate aftemoon rise
is present in Shew's aariea but “comes an hcmr later in
Tschishkow's, Flgure 8 gives a gampaxxmqn of both the
abmm s&ez*iﬁea , | . , | , | . -
o In ?ﬁble m}: %he cmmi:s mada by Sahaw on man am |
‘listed i"a?@aﬁh hour and - thair mean values rescmrdea.
‘ ’f"ﬂg‘w@ 5 sh@m the fimrml vaviatﬁﬁns in 1@uc0o3rtaa along :
with '%;Zw .Lag‘i;ia ae:‘iﬂ msazz he&z*ly value% for Grﬂup A
€1aume?,¢es in mn and 133‘%::%@ a id- :’Ln ﬁﬁga}a
''''' “hase) mmvas am atri&ci‘ingl‘y aimi.ls.r in thei‘r tims
z'amﬁﬁmhimo ﬁne ourve: czoi’miﬂes quite well with the
h&m provmed thaﬁ i‘:ha laaf'ia atsi& values ‘be m@ved one
' hmr later. An exaaptien zshou}.d be made iﬁ the case of‘
the 1. A,.’ﬁ’{. paak which is iéentieal faz* beth variao?x‘.c—xsv |
The. smao%hed ourves for 'both variables shmff ‘bhe simi«-
laz»iﬁ'y to . an even nore pmncxxmeeé &egree.
- This marked 15.2{61138«3 may ba rszemsly an aeeidenﬁal

resenblence. iiiﬁh@aﬁ diree‘h eviﬁemc& acncsrning the 5

: "‘f’elatisnship of the two variablea 5 Gna wml& ’oe unjustified_ s

- in assfignmg tc one the rele of cause and te the o’charf,
af‘i‘eci.; or to both the remult af‘ a tmmmﬁn eauae.,

. An a%tractiva hypcrhhasis wamld ba ta e@nsiﬁar “*the
lactic meld in the ’bload af’ ‘she z*a%ting cx'ganismg in
,; »part, the resu}_{: af i:he glymlyhic activity of tha whiﬁe
Ceellg. g wall imcwn i:hat one of thﬂ pctentialities
' of the ‘wahlw ce;l.,. partic;ﬂarly the ,neu{:rophil,‘ ig the._ |



production of laetle acld from carbohydrats.
_ Levene and Meyer (1912) first demonstrated leuco-
cgtia splitting of dextrose In vitro. Furthermore, it -
haa heen_dﬁmgnatrate& by Glover, Daland and Schmitz (1930)
that the mﬁtabulism of normal white blood cells raaamhleﬂ
that Bf malignﬂnt tissue as indiceted by Warburg (1926)
who attributed small Og consumpt10n3but large serobic
and sneroble glyqulyﬁim powers to malignangiag._ Méﬁlean
‘and Welr (1915) demonstrated that both erythrocytes and
léucucyt&s_can glycolyze dextrose in vitro but that the
ratiocs of the activity of leucocytss to ﬂrybhrényfaa;
coll fﬁr cell, varies roughly frqmﬂﬂﬂﬂgl4up_tﬁ ;Qobgl in
favor of the leucocytes. MWaclean and Welr ;unclﬁ%glthat,
in normal blood, thé white éalls probably Eiert greater
.giycﬁlytic.effgct'thaﬁ”thﬂ red colls even though they are
presant_iﬁ mich smaller numbers. Falcon-lesses {lﬂéﬁ}
prn%ad that leukamic blood In vitro, dinp@sgs greater
glycalgfia activit?'th&n normal bloode |
Considering, then, the abuva demonstrated facts
ragarﬁing. lauﬂug;yté_s and other verlations, one may be
juatifiﬂd in adopting as & provisional hﬁpﬂﬁhﬂé;sltha
conceptlon that, 1a¢tic aciﬂ ghanges in ths hlnadﬂaf the
résting ocrganism are, In a neasure, dependent upon the
variations In mumbers of leucccyhtes. This hypothesis
mst be regarded as provisional untll further work of a
dlrect charaetlt_arl determines whether or not it ean be

regarded as valid,
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SUMMARY

“ 3’.;" ﬁm“e is 2 W&ll—-ﬁ@fiﬂ%& éifumnal variet ion |
o izz ths ’%:Ioaﬁ lae;i.ia: aeid faf‘ ths xﬂe:’s‘hing, nornml deg. N

2* i{‘}m twan%y—fmrﬂ hmz:’e mriﬂd -exhibi‘tg two
ema't:a. Qna a% mﬂ.&-&a'v lasta wall inﬁfs th@ af%emcony V_
’E.‘he oi:her a@c‘s:ws apwﬁximatafi’y at midnight anﬁ is of |
aheri‘:ete fmm{:iaﬁ thaxz ﬁha cms a ﬁxﬁ.ﬁ-&a‘y» 'I‘b ma'y ‘be
: hcwevazsg 9&‘ gx*aa%er magai%uﬁ@ ’bh&ﬁ the one a‘a noon.

3, A thiré cresﬁ iﬁ a‘bsarveﬁ in la’be aﬂ:ernoon

near fi i;e ”? F.‘iah A This y@ak iﬁ smually ahcrtex*, mcre
apﬂzea ﬁn szppemranca ﬂami mﬁr@ inmms%ant in accura-‘ |
rence. |

é« Da‘x‘;a fz*cim a‘t:h@r auth@rs am pmaented showing
a gim:ilawl’cy be{;wean ‘bhe ahaﬁges ﬁ.n cfmcen’crat iem ci‘ |
leueacytas anrfi laci;ie acia ﬁuring the i:wenty«faur hmm
peﬂisd. o

A pzmviﬁ:’iﬂnal h*gpm;heais 1§.rﬁc§.ng i;ha two

phenomena is suggﬂateﬁa



A | PABIE IV - e
Tumber, wolzht, sex and condition of doge used in
~ sbudy of diurnal variation of ?}1@,‘ fia@izi;.q acld

Ho.0F C Name . Sex  b. | " Gondiion

“Dog et i
| ~ Deg - Kgms.

Sﬁtﬁ@z@‘ e F@mlex m,a VYery thin

Jean  Temale 10,2 Thin

@%aﬁ‘, © . Pomale 12,5 “Very thin :'
~ Beth Fermals 13.4  Good

Keohs . TFemale 13,7  Good
g ﬁ}a@%ﬁ.@ © el e 9.0 ' Good

Biggie ‘Male 24,0  Good

g}mpn oo %&1@ o 23.8  Thin
‘ | Gﬁgfm@i ‘ Male 23,0 :Tnm
10 Susg  Male | 11.8  Geod

PR T T =

© @ 9 ela

.. . Grows Boand G

e e R  Dackaied Pemnle , 10,2 Good

iz Brinéll@ o Pemale 9.8 | Gosﬁ

13  Spot  Temale 9.8  Good
BT Blimpe  Mele "f'vﬁ  Very thin
15 5 Ja&k N iﬁai’-e{ 10.}? Good
16, bBrownls  Male 9.0  Good

%  Bob Wele 9.1  Good

sDied 2/16/40
#helpod 8/20/40



TABIE V.

Ecmrly valms for blood lactic scld |
dn mgwm por cent '

GROUP A

B&g 1 ‘i?mg #6 N | bag #7
?‘ab, g, :mw  Wavch 7, 1940  April 12, 1940

 Tiwe a,ﬁo PM AL P A, P
| w,z*p ,“13;,;'~,_»-‘;.._'  15.88 732 245
o855 1@0@@ éaé3~‘ f};,;_‘ 637:5 - 9.82
12,00 5. 34 10.%5 s§Vz3 . B4

| _6 .93 114,% 5.4 #15
6 9.0 20.50 sz STk
w0 26,5 BJTL 657
15 4,65 10,10  8.51  4.51
- 11@4 "‘1:;:3,256 - 8,13./, 871 6459
10,09 fz*;r?f,,@:s 3,8@ 8.6 6.75  10.85
| 6‘35:» .1.5,‘-,54 m,gg} aqu . B.70 10,09
12 8,11 10.89 15,04 . 7.2 10.89 * 11.28

- S G G U S WY T LR

‘_g__,
B B

Totel: 308,50 210,20 167,21
Average: 12,86 9.56 | 7,27
Ranges 6,55 o 1.98 B.34

to . -to to
17.22 26.13 11.28



TABLE VI
Eﬁuyﬁyfvaiﬁéé for blood lactic acld
'?ﬁ mgms, per é@ﬁ@
;730$4§? . e ﬁég §2’ ' - Dog #7
Way 10, 1940 June 14, 1940  July 10, 1940

AM. P, AL, P AMS. PuM.
3.52  5.48 17,28 10078 7,03 B.51

wm 895 10,09 11,68 3.50 14,85
BJTE T.82 12,47 V.32 8.90 12,07

2,81 5.4 831 e | 2.80  10.70

5"9997 égﬁ 1881 18,26 ‘4?80 -
‘zgsyﬂi?s;vé'~- | 31;%8' - . 7.80 7,30

— 'é;is_‘ flé.és 9.72 2.90  3.36
3.56 6.3 9.0 8.50 6.90 5.3
5.0  4.95 873 8.31 6.70 6.4
14,95 5.3 54 ame e 070
1 g§g@‘”4,354 o 10,39 9.90 6,90 10.10

O ® @ F @i, W M

ot

 Total: 115,52 - gs01 170,86

Average: 5.25 14 | V.43

R&ng@ H 237 544 ’ 2e 8G
%o - to to

7.2 S zams 14.85

7,92 5.34 9.30 8,11 . 11.10 5,74 .



TABEE VI

ﬁ@uﬂy vafmaa for blood iaetie ae&é
- iﬁ mgma 33@? 3821‘% ‘

Gﬁ@ﬁ? gg cant*dﬁ

Deg#5 . Dog#8  Dog #4
hugust 7,1940  Sepb. 11,1940 - Oct. 12,1940

Ao PM. AN P AN 2t
K [égal hwéééz* fJ:%gm% - 21.98 16. 24

.evif’  4,01 3.7 6.3 fvf19¢21 14.85
Qagéii’ ]é,1§i 5.56 5.54 kfza 83  8.32
w2 5,96 . 5.96 3,76 18,41 17.23
‘"9430if“"'9¢11- 37 27 16,83 9,60
”78¢91f ' 8.91 ;Aé;?# 108 i?zv; 13 aé
| v,vz»ﬁ’ 12.07  3.47 |  2,53 13,27 14,06
11068 81 .is.asf o7  12,57 '1?@82
‘310; 1ﬁ?a¢°7;ﬁ 9.50 ;?ng ﬂ 3P§? 10,50 24.55
11 11.88 "15.94 537 2.8 20,39 20.99
12 .02 15.46 455  3.47  18.27 zs¢va’,

4¢m -1 &_1¢ij##;€#yvﬁ 'H” \

e

Totals ' 1222a52 - 89,61 394 48
Average: | 9.28 4.15 16,44
Renge' :,f; 3. qe<' | 1.98 8.352

/ . 15,04 , '8,‘?},‘, 24,55

19,333};} 7,52 ‘s;;%  4.36 " 18.81 8 vmﬂ o



@&Eﬂﬁ VIIT

Eﬁmrly ?aiﬁeg Tor blood laetie aciﬁ
in mgms yeﬁ~gﬂnh

GROUP A,yaaﬁt?ﬁ.

Bﬁ@ o ~ Dog 5 Dog #i@
Nov, 9, 19&@ ' Dec, 7,1040 Jari. 3,1941
:;}ﬁm» P ;Fﬁﬁa,‘PJ& B, PN,

21.48 17,22 €.55 28,11 7.0 5.10
 ;;1@ "5 18.02  B.3L 19.98 530  6.90
‘f?i? 22 16,73 673 20,50 7,50 “7,50
16.65 gz,g?f‘ 7.2 17,05 64 10' 6,50
c‘xz;zv 21780 10,39 9,12 0,70 3,80
 ﬁ&mm@‘,3ml%ﬁ‘ﬂ£m %m

 i Yi§?8 zﬁ.aﬁ”’ B2 673 ‘OaSQ .70
9 13.5617.62° == 63 8,50 880
10 17.52 2079 slz8 576 6,00 8.0
11 16,43 16,25 28,11 5074 ;é,éé geaaf
12 17.82 15,64 2%}&% 3076 8,30 . 561
Tobals 40&.13 | '290.90 | 1%753@
Averages 15.92.1 12,65 s.ga
Renge:  11.28 378 | 5.60

to . to £0
22,97 31.28 9.0

11,28 15,64 9.60 10,19 3.60 8,50



TARBLE IX

Dog #11 5 ;
PRI P N S ‘  of
Semple = - . Low . High Total Samples
1 e 5 4 : - : -

- Doc. 9.9 e 17.66 13,46 9.9  17.66 41.02 3
S fee (rpm)  {7em) {lpm} | |

C Jame e 9.50 £.30 12,30 8.50 12.30 350,10 3
vl (8pm) (2am) {8am} E hh

Pab, 23,56 27,52 38.80 16,47 16.47 38,80 106.15 4

- 40 {3pm} {?ﬂm) (1&”37} '€‘.‘?%§m§»

 far. 8.7 12,4 19.8 10,89 8.7 10,80 51,59 4
40 ihmifwM}(hm}(%m}_ i S

S Apr. 972 .90 -- 9,60 7.90 9,60 27.22 3
140 - {lpm) {?ﬁm} {*‘fam} | C o

 May. 8.80 5.54 5,74 6,67 5.54 8.80 26.75 4
140 {lpm} {"Fpm) {lam} {Yam) ‘ SRR

'3una-'10€09 6.52 16.83 3.76 3.76  16.83 37.00 &
140 . {7em} (ipm) (7pm) {(Jem} ' e

C July 11.38 6.53 7.13 5,34 5,34 11.38 50.38 4
40 {ipm)} (Tem) {(lem) (7am} -~ -

hug. 19.20 14.85 11,08 8.51 8.51 19,20 55,84 4
140 (1pm) (7pm) (lam) (7em} | ’

| Sept. 16,63 11.28 11.88 15,64 11.28 16,63 55.45 4
140 (13m) (6pm) (12) Teem) ~

 Oct. 10.60 16.43 7.52 8,71  7.52 16,45 43.35 2
120 (5pm) {(1lp) {Bam) (1la} R

Nove .17 0.30 14.45 11,10 3,17 14.45 38,02 4
40 (4pm) (10p) {4am) (10a) - :

Dec. 11.48 9.0 9.70 10,69 0.70 11,48 41.77 4
140 - (3pm} {9pm) (3am) (Sum}) ,

Range: B.17 == 38,80  Totel  58l.62 49
| . Average = 11.87

| sDog whelped B/20/40



TABIE %
 Dog #2 o
| S ‘Yoo
LR P - T o
'S‘agplia’ 4 3 . 4 Low High Total Samplea

Dec. 10,40 12,31 10.37 14. 455 10,37 14,55 a6 4
$59 (bz:m:} {‘&Ipm {Sam) { - Lo

 gen. 6.7 8.5 ‘v; B 8.3 30,80 4
e 129) {6ﬁm} (12) {(cem) : e

| Tabe 18,70 12,67 17.7 14,45 12.67 18,70 63.52 4
140 ‘(5pm) (i”iz:m (agm) {1lam : W '

Mar. 4,50 10,8 -- 12,17 4,50 12,17 27.47 3

| ':m {1lam (ﬁpm) {ng_)‘

CApre  B.17 9.06 5.4 8,90 5,74  0.06 31.87 4
t40  (5pm) (1lpm (5am) (13.am R R

May 10,33 .32 4,95 6.33 4,95 10.35 28.95 4

- '40  (tpm) {ilpm (Sam) (llam P e

. June 11.28 6,73 4,55 3,16 4,55 11.28 25,72 4
140 (1lam (5pm) (1lpm {Sam)} -~
July  9.10 6.65 8,71 6.83 6.63 9,10 31.87 4
140 (55m) (llpm (5em) Qiam T
Bug. 12,27 15,24 .92 6.9 6,93 15.24 42.36 &
14C - {1lam {5pm} {ilpm (5am) - o .' ,
Sepb. 9,10 ¥.92 376 5.54 B.76 0,10 26,32 4
340“"  {10am {4pm) {10pm {4em} . , ' :
Dobe  Bo54 11,00 11.88 8,51 5,34 11.88 36.82 4
140 {(2rm) (9pm) (3am} {9am) ,. o o
Hove 11,48 21.58 == 8,71 8,71 21,58 41.77
140 (2pm) (8pm)  (Bam) - o R
Dec. 13.07 17,62 12,27 12,17 12.17 17.62 B5.13 4
140 (ipm) (7pm) (Iawm) (7an) | o

“ o

Range: 3,76 == 21,58  Total 489.61 50
Average = 9.8

o



- DoGe
129 ;

141

Yeb,.
140

ey,
113.0{

-3

140

'May
- Mo

L} June
140

July
140

hug.
140

‘ S@pt e
tao

. Octe
140

'NOV ®

140

Dec.
140

A
34,45

4'19
{llam

27,12

(4pm)

11,70
{4pm)

1178

(4pm)

11,44
(4pm)

1052

k(lﬁam

14.25
(4pm)

_-12;47
{10an

(9am) -

4,95
(2pm)

8412

(1pm)
(19111) (ﬁpm) {12)

Bange g

12e?ﬂ
(Sﬁm)

17,08
{10pn

10,08
(lepm

BaBT
(10pm
.72
ﬁl§ﬁm
9;#6
(apm)
9,70
{10pm .

12,07
;{4pm)

9,00

9,50
(Spm)

12,78
(apm}

24 15
(‘?;am)

Sample
i

TABLE XTI

- Dog #13

5 4

17,89 15.990
%&am} { iﬁmﬁ

9.50 8.10
11pm (5am)

15,80 19@86
(2am) (10em

9.99 7.58
(éam)‘{lﬁam
BJ7A .62
{4am) {10am
3,16 8,71
{4am) {(10am
- 416
. 4sm)
8.40

{48m)

w2y
E Lt 3

8,51
(éam}

3,36
{3am)

8.31
{10pn
5a54
(9pm)
10,88 8.9
{2am) (8am)

13,88 11l.58
{lam} iVam)

5 11,28 10,00
(6am)

3016 b 34,4:5

- Tow

11.89

-
15;80
.5
s

B.16

4,16

8,40

8,31

3436

'417 95
8,12

8,71

Total

High

B4 45

l2.70

27,12

11,70

’ 3..1 0:’78

11.44

gﬁvﬂ |

14,85

12.4%

9,90

12&‘?6 ) |

24,15

16,63

Average

3;68433

41.16

28,10

37 450
5% 441

46,62

543,96

11.1

Nos
of.

S .

49 .

"“c‘xbal Samnlea
. e



o T&BEE XiT :
o 3)93#}.4% and 18 ©
- Dog #14 was nsmi during December, 1939 and Fabwuarm
' 193&60 Al’}. ethezﬂ aamplaa wore from dog #15.
Iifm

_ ‘_Samym R Low ‘iggh Tcﬂml Snmplea
1 2 B wi; . ,

 Dote ‘11,88 ee 98,01 14,85 11,88 28,01 5074 B
39 {8pm)  {(8em) ({2pm) : SR

‘ 3913» : 5;3 3363- ol l@avg 3.2  10.9 26,70 ; 4 |
R ‘£5;;m3 {%m? vs(zam) {gam) ' '

Feb. 17,56 25,05 17.6 18,00 17.56 23.95 ‘W7.20 4
t40  {2pm} (8pm) {23m§ isam} o - '

Mar, V.7 12,7 Bl =e  TF0 12,70 (28,51 3
140 (ﬁp’m) 58;3“1} (Qm‘i) ‘ .

pr. 15,76 13,60 8.01 6.63 6.65 15,76 42.90 4
140 (2pm) {8pm) {2am} (Bam) Lot

¥ay 12,53 3,17 5.0l 7.48 5,17 12,55 20.00 4
140 {2pm) {893*&} {2em) (Bam} L o

Fume - 574 6.10° 0,50 4.55. 4,35 0,50 :28.60 4
U0 (Gam) (pm) (Bfm) (2em) |

| uly 16.53 8.32 10,90 10,50 8,32 16,53 146,05 4
40 (2pm) (8’;3111) {2 am) {g8am) .,

Mig. 22436 6.07 $e55 A5 475 22,96 40,77 4
140 (2pm) {8pm) €2am) (8am} . | |

Septe 6,93 ‘= . 534 4,35 4,35 8,93 16.62 3
40 Aipm) (Imm} (Tam} R

Oote 6,73 673 5.9 Tu13  5.94 7,15 26.53 4
40 (12m) (6pm) {12) (6em} | 3

Nov. 13.46 7,92 10,10 B.50 7,92 13,48 40,98 4
140 {1lam (Bpm) (llpm {5am} ‘_ e
Doc. .72 6.63 9.70 9,11 6.63 970 33,16 4
40 (4pm) (prm (4em) (lﬁam ok 1

S ebate-

/ Renge: #14, 11,88 - 28.01 #4, 121,94 %
: #15, 3.2 = 22.98 #15, 360.,0 42
Averagas ..
o - #14, 18.85
# Dog dled 2/18/40 #15 8,57



- TABLE XITT

%ﬁg #18 N
| g | Yo
P L l ' of

Sample S TLow - High -~T®tal samplas

| 12 3 4 j Tl

Dec. 15.88 - B3 0.40 6.5 15.84 3L.07 3
et (Eom) o (Gew) feew) o
 Jan. 6.5 8.9 9.1 12.1  6.80 12.1 27,50 4
41" {4pm) {10pm {4pm) (10am g

Feb, 20.19 2,43 11.48 11.24 2,43 20,19 45.32 4
- 140 {3om) (opm) (3zm) (%am) - T s S

Mar, 16,03 12.06 5.84 14,55 5.84 16,08 49.58 4
140 ££513m3 (opm) {3em) (Sam) CoTLE '

Apr. ,8,91 8.91 8.91 9,50 8,91 .50 38.25 4
'ﬁay4 8.1 5,54 10,25 8,71 5,54 10.23 32.50 4
140 4o¥m} {9pum) (3em) (Qam) 1 e -
June  B.51 5,04 5,74 3.98 3.96 8.51 24.15 4
140 (3pm) (9pm) (gam) {Qam)~ : AT T

July 11.08 3.76 12.37 5.3  5.76 12,37 32,51 4
t40 'f&pm) €9pm}'(oam) {9am) | ST e

Buge 11.48 6,73 6.75 10,29 6,73 11,48 355,25 2
140 {Qam),(spn) (¢pm) (3em) : AR

Sepbe 4,35 .52 4,15 4.75 4.15 7,52 20.77 4
'@&»1~(“pm};(BPm§ {2em) (8am) v c : |
Oct. 10,69 12.47 12,47 17.62 10.60 17.62 53.25 4
140" (1pm) (7em) (lem) (7am) =~ T S
Nov. 15.24 15.94 18,61 13.27 13,27 18,61 63.06
40 (12m) {6pm) (12) (9am} I

Doc, == 9,30 12,97 6.53 6.53 12,97 28.80 3
1140 ,;"_{5pm} {11pm {5am} : o > pf

s

Range: 2.43 - 18. 61 Total: 480.70 50

- Average: 9.1



Dog 47
| | Xo.
Sanple o Tow High Tot al Smnplea

*41f. 2 3 4

. Dec. 4.25 11,01 1'¢9§' 7;82* £.25 11.01 354.07 4
139 {epm) {12} {6am) (12m3 . :

| Jeme 12.30 18.10 £.30 6.00 4,30 12,30 35,60 4
141 (lﬁm) (mei {1RM) ivaxﬂ» | | R

Wb, 20,98 11.04 14,25 14,65 11.24 20,98 61,12 4
140 (6pm} ilﬁ) (6am) (12m) S |

Mar.  9.02 10.50 10.60 7.72 772 10.69 38.13 4
140 (12m) (6pm) (12) {6am) |

CApr.  8.47 9,58 5,14 11,08 5.14 11.08 '34.27 4
120  {(6pm) {12}. {6am} {12m) \

Moy ¢ 7.48 10.29 3,16 12.67 B.16 12.67 35.60 4
140 {6pp) (12) (6am) (12m) o

June - ee 7,02 8.10 8,31 6.10 8,31 22.33 3

140 (6pm) (12) {6am) |
CJuly == V.54 8.71 9,80 V.54 9.20 25.45 3
140 | {12} {8am) (12m)

Mug.  6.93 6.35 9.10 £.51 6.35 0.10 30.87 &
140 (12m) (6pm) (12) (Bam} ,

Septe. B.12 4.55 8,54 4,75 4.55 8.54 25.96 4-
- 140 (1lam)(5pm) (1lpm (Sam)

Qot.  9.10 £.77 9,10 8.1 2,77 9,10 29.68 4
140 {4pm) (10pm (4am) (10am : o

Nove 1‘7"22 10.10 14.65 9.50 .50 17.22 51’47 ’ 4
140 (5pm) {(opm) (zam) {9am) M

Doce 13.36 20,39 11,58 10.09 10.09 20.39 55.42 4
140  {2pm) {8pm) ézam) {8am}
Range: 2.;'?‘7 - 20.98 Totals - aTr.97 80
Average: 9,56



TABLE XV

Sﬁﬁﬁﬁﬁf OF INDIVIDUAL AWD GROUP FEﬁFOFWAFGEg

30 “oN
01408
18908

pordusg -
| UG WE o -
edsaeay

¥
proV.
Soq Jo ‘ol

8og ;o'#ag
(3%) auBTen

(%) quSren

~ orouwp A

h Fomales .
15.0 24 B0B.50 12.86
13,7 28 251,01 1l.41

9.0
24,0
12,5 24 282.52  9.88 T 24,0
15,4 24 D948 16.44
13,7 25 290.90 12,68

N < R = T

2356

Lo
@ @ G 4 2 o

10 11.8
Total 117 1,467.50 12.53

| Groups B anakﬂ
- Females
11 10.2 49 ééo.Qov'llalﬂj,14>k 7.6
12 9.8 50 480.61 ©9.80 15 10.7
15 9.8 49 55.96 11.10 16 9.0
| i 9&1

=ﬁaz&még_;

84,0

23,0

)‘Otl "- i)

30

¢ swady up
PEOY OT398]

Males

28
23

g2

23
24
24

210,29

167.21
115.52
170,86

99 61

'406.
16V 00

162 1,336.62

 §a1ea

7

a2

50

50

: 101 04

560 @G
480,70
477 .97

Total 148 1,615,19 10.91 140 1,450.61

Ave. for all Females 11, 63

Ave, for all Males 8.96 ~ Ave. for Group A

- Ave. for Group B&C

o0l

- eFmaeay

0.56
7.2
5@25.

‘ "7943’ ,

4,15
16,92
6 93"

8.25

18.85
8,57

Y71
9,56

S.74

10,05
10,82



Average hour valueg
from.dega in Group A

Hour

1

RTINS T T R R N

10
11
12

AL,

11.67
s
- 9.85
9,80
: .vs»
7;'49 20

v8 60

8¢60“
8479
10,30
1145
11,59

P,
11,83
0.8
1@.&1‘:v"‘
o.el

9.60 T
| 11 31

9, zv‘
f3e99,:
oda
t}ﬁeséf
11,79
10.13

. TASLE XVI

Average hﬁur values
from dogs Grou E
(Deeé 54

chv A H

1.

woow

© @ a4 e

PP
N RO

15,04T
9. 16'
8.50

8445

BT
881
ﬂ(XQ 93

S 12,71
o0 6
3 11??§;

-éfss

10,74

$a1y

ﬁ“’,

i1, 74

| 13°15,
523250 :

17.21

.81
8.60
12,35:
11, agﬁf
656
10,40
8.6
9,80

Hour
o
8 9"‘(} .

© Mo~ ;e & W

e =

: &»Ish

et
9.
, 7,22:v
1081
3 :leglﬁ?g
TQE, 5:;
‘”‘10,16j}
10643
9.3
10, 16

: ’Avaraga hﬁur valuaa

- from dogs in Group ﬂ
iy (Auga = Jaﬁv )

-,E;ﬁ%%

'11.?2

11.42
7,75
'zaags
16 80
16 12
»15?95

8,04

6.61
10,91
10,85



TABL’E KVIT

ﬁzmzmal va%i&tifm of l@xxa@@ykag fm man

;23,35 Case O Paga 10, . Casesll Gasa 18 Avae
1 BET ‘, "?3586 . W,880 ;.,-@,caa_~ 8,100

8,200 | "s J700 8,50 v, 900
“'Ls,asa g E a vaa»',_ﬁf;v 850 - 7, 800

4 '””‘7"7f‘s 956f  < 6,600

Vsiébéhff f17é;9Qﬁ“ 7,580
’ ’;345@9°‘1;fV‘V'?ﬁﬁ'”\ syvoc

© W ;o st

10 s,
11 “ ‘ 4; .
12 6,5

. 6,5¢ 8750 5,950 6,800 6,500

00 8,200 f?iégéﬁa“w“jg;v,soef;  7,100
6,900 7,00 6,150 8,000 7,200
00 -- . 6,950 8,300 7,500
9,800 - e 6,900 8,200 7,800
¥,200 7,800 7,500 . 7,250 7,400

w oL D
Stm
Ik
o
Q

| 6,7 50 o B080 %5&0 S ‘5 ""765@ 7,240

© @ 4. elG %D
-3
w
3

6,400 7,250 6,200 6,700 6,600

45 ‘? | 6,606 | ‘?,000 - ;,; %{,gﬁﬁa 8,‘?90 - ; 3*355 .
11 V,ﬁd61/?4 ‘é,éﬁﬁ o 5;§§6 ,f_ ‘é,éﬁﬂ” . 6,500
12 ,vo0f5,f;,v,oaojf, | ,B@OGQ,‘; F 8,000 7, vvs',-
.«Shaw, J‘»B,, Jour. Path. &- Bact., 192‘?, 30, 1—19&

B 3 vsa{ﬁ i 97,850 . w,e50 .

?Ql3§¢59"' | 7;300“; . &,me0

5,200 "s ?50*‘°'775,100 gy

' isgvgn__if7,g#ssg*ji.‘ﬁfsggsé;yirt~,v aaa,‘ "'~§gas ey



| SEASONAL TEMPERATURE AND BLOOD TAGTIC ACID



"'iﬁf?i‘;i‘f}mm&ﬁmﬁ

Sz&m@ &m‘;a hava ba&m ﬁ@p@rﬁed :‘Ln '%:he 1:‘5.{:@2*&%11?9

o whieh b&arﬁ mem 03* 1@%3 é&*em‘;ly m the pr@blem ai‘ the

B 1@1“?5{3@3 6““ fsem@e&*atwee variatisn and the blecxﬂ lact:‘i.c aeid

'*’;-saarmantrai:iem, Yamage {193‘7) au‘bjeatec‘l matuz*eg h@a.r.izh:,r
‘ szfabbi’ts i,m aaré"’ully @mt?ellaé temperatures fma vam'ﬁ.ng
> perimi;@ af‘ tim, - When i:,m ﬁammmtwe was 49@ or 50G,
ha cb?;aizzeﬁ ezzmz% iﬁe:ﬁ*aial@ inamaca in bloe ‘@ hcbﬁ.e acld,
A‘ithmg%z ‘i:m, ‘animals vemained in the high temyeratures
'frﬁm *i:h%.wtzr minatea ‘ha tmea htmm ﬁ.i: required soms three
‘to ﬁirx n@m&s fay ‘the }aﬁtie aam %:e return to ‘the- resting )
iwﬁla S | |

: {I’Msz»?uz{m {1940} :mada ten to t%n‘{;y ﬁaterm&nﬂt iana‘
: ‘of‘ ‘blceﬁ lacst:ia aaﬁd per mﬁnth on dﬁ.fi‘aran% parsons
throughout a nine-month Ii?ﬁ?i@é;_fmm,»Sez#t:'mb@.r thwough
| Fone, | }Ig,g lactie seld v’ag@egg:, éﬁg;&agaﬁ_ by wonths, co‘?.-
z*eiat:éa clwew‘w i’b"’h the méﬁ mmiﬂy ‘tempe mme; in that
a raduc'i;mn or imra%a '121 uemperaﬁum, as expressed "py
tha m@n"chly maﬂ, was aee@mpaniad by g ésc}:‘easa or ine
'ereage;, r@sapactivsiy, .’Ln Iac%ia azﬁd. . _ |

. pill et 31. (1940) fmmi an inc:mase in wne@ntration
ﬂf blc«cd lactic aaiﬁ cf appx*exﬂ.mtely fift‘y per aenﬁ when
detarmineﬁ in Bena:‘i:t: Mississ&ﬂpﬁ. as ecmpared to tha valu@a
'fmma in the same htman mbjacts in EBoston, Easaaehumﬁtm

- In view of thﬁse f inﬂinga . 3:%; was thaught that in-
vesi;igatior: of the lactie aeld concaﬁtmtinn in t}—ze blood
of ‘health:y" dogs might prove of Some interest . In aﬁdiﬁion,



it was belioved, subfects which were used contimuously
ﬁhﬁﬂughﬁuﬁ the entire experimental pericd would yleld
m@m va:‘iuabla ini’@mati@n ‘%;han different subjects chosen

' for each samplingg

PROCEDURE

?w@ ﬁﬁggg,’a male, number 25, weighing 24 Kgm, and e
fomale, number 30, w@ié}ziﬂg 10.2 Kgm., were confined in
a small, m@m&, tut fully enelosed house constructed
of lighb #m::%c“zen; '@&;eaﬁing . This ,stme’mm‘ offered eompléte
ahﬁlﬁaé ' f’r@m wind, ‘:;‘a‘i‘nami snow but afforded 1little pro-
o tection to Ai;ampe:*ai:ﬁra ch&nges&-@ The inside temperature
followed 'i?"iﬁhﬁ'n' I-t0:3 degrees centigrade the ou’&s:ide““" '
 temperatuve. | | -

The thermometer used was the Bristol Rscording
Thermometer. GConblimuous temperatures throughout the twenty-
four hour period were ‘thwus availables This instrument
provides resdings which serve as the semi-officisl tem-
peratures’ for the commmity. | | n |

Unifornm feeding and wabering ﬁrg‘c‘aﬁures’ were used for
the dogs. The food was S b»aia’nwﬁ s commerciel product
which was given to them once each day at 5 ».?,;l‘ﬁg The dogs'
condition impx'evea during the exreriment, Indicating =
healthy state at all times. o

Samplaa wore taken from the p@ripheral leg veins, all
four logs belng used in rotation. The mothod used in ob-
taining the blood and determining the lactate content is



éé;s-ﬁr&ibea& in the geéa‘zeﬁ*ﬁn' the .@-f‘fé‘eﬁ“of hemorrhage on
blami lactic Eﬁi@s ALY ﬁamp?{,ezs were talken at 11 A.¥.
avery ﬁfgy of the ’a_afee%: ‘except uunﬁary and holidays. Appr’t}‘:x-
izgét@lﬁl@f“a;ééfﬁf blood ~Wé?€§ xﬁamﬂvs& sach time a s*amp‘is
kww aﬁ%ainaﬁ; Eaa&z é@gg ww bled every other day. That
weh & blﬁa& imzs was iﬁ no way injurious was inaiaate&
hy *bha impr&vamn% x:f eaah &nga' smnr}itien aac‘i vig,cre ;
&11 gamgleg wem rfun in ﬁu*plicat@, the ras‘alta =Ty

gmeing Wﬁ:hin *mm mgm. per cend in prectically all 0&5630
All Wim}é fti%;ra'ﬁes vers anaiyzefﬁ within a week after
?ammral fr@m th@ &ag 5 anél in the interim wers kep‘t Ain |
stoppered tubes in ‘the refrigerator, ‘ o

. To inezure a sf;a@:,e of. cemple *2:3 rent in 'hhe experimental
smimal bcﬁ;’h dogs wers leaqhad for at least furtymfiva
mﬁ.mites pmvims ta the t:’tma af‘ bioaﬂ wiﬁhﬁrawal., No form
of activii:'y was permitt;ad during this rest _period. :

| ‘I‘h@ axperimnt wasg started earl‘y in the ‘ﬁ‘all when the -
temperaﬁaw daily reached a mak aimsat as high &8s auriﬁg |
the hotmet: pzart: of Suwam , Sax?plss wers tak&n every
other day from each dog mm »a period of six maﬁthse | ’Dm’ing
thts interval, tempersbures approxiusting those of hotbost

Summer as well s those of coldest Winter were reglstered.

. fé



. QESBLTS

S In ?ahm HVITL & wmplgﬁe record of the data cole
wleeﬁ*ad m the experiment is given by months for each of -
the two dogs for the entire six months perifod. Only the
11 »&a‘ﬁ:’fa i‘:emm#&t‘ams of the 'd&gﬁ' on vhich samples were
ta%e:e*n are gi*mn,, fo:v ii; was a*i: this hmm tha‘h gll samples
‘wax*a ﬁ?:amg Mplica‘ba éaﬁarminatianﬁ were run on Préage=
,tieaﬁi ;xy 'll samples@~ Each 1a¢;tia &eiﬁ- xaalura‘ listed in
'tha:ﬁah}a ?@5;}%@@3 an ‘avé:?éagé of the ftv}a gﬁnalyaes ,‘v

. ema}ﬁ; i‘orf»a: few i‘n-?rh:ieﬁ th.e. ﬁuplicates we:‘re‘ loste In

i ﬂwse canes *bhe sing&a %mluas wore taken, and are 80

in&iﬁa{,eé in Table X‘VIIL o SRR

‘ﬁ’iﬁum 9 raprwants, gmphﬁ.aally, the lactle.scld
and :'hempﬁrgi;umgvalm s contained in Table XVIII. On the
days when no samples were -ﬁ&'kén » & notation is ,ént»a:‘*edo
Thé’ (gfﬁph\ fi.ngiuc}éasll valxies-i:akanduring the six months!
- period. ~\4 | ,» ’ et - |

The first: 1mprassien is th&t acg mzmbar 30 exhibits
a zmch greatm’f range oi’ variatian than dmas dog numbe::* o
28y ztmai be remembered that between two given points
azz"a‘ 13@%*1&6 aaﬁ.& eurve-'bhe‘r’eumay ve ém interval of two
c‘iays instead nf ones This is éue %o the i‘aa{: tmt fio
samples wore takan on Sunday, Hence in tm case of dog
number 30 a aample was takan on Smur&ay, Septernber 14,
~ and no further sample abtaimd until Tuesday, September
17. The m&%ed day is not iﬂcl‘i:iéeﬁ on the time scale,
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Vi:hamfmaztm inam&gaﬁay,gegag more abrupt than 1t
prabablv maafllxr :‘Ls. o o

Evon though %h@ra ig & great variation fmm on@ 8 8-
fling day ’E*‘;t} r«mﬂ ther, yeb ‘th“is variation 13 nc greater then

g ’bh@ max‘iat:ion @mawed whsn sevoral sucgessive samples

' ;\Hm taken f"‘ﬁ}’m & dog during. a Lwenty«f‘our hour periocd.

In aé@ﬁ:im +5. the g;‘matez' variability, dog numbar* 30
| aeangimeutly eaﬁ%ained a high@" cmeantrat ion of 1a ctie
aeld in hw ‘h @:}ﬁ then diﬂ nunbsr 25, Thiza ia well mhm:rvﬁfa
in Tsabie XZE’ which gives ﬁh@ éaily aversge value in each
‘m‘m*' : R , ,
| - If the gm&r&l i:remia of the twe curves are i‘ollewed, :
& rather -ﬁaﬁnﬂ;e similapity in crests and trmgha can be
| ﬁistinguis}zﬁzd. The elosest agreement, in this respect,
g ab%rveﬁ éurimg Sem:ambsr anc‘i the f‘irat half of October
?'where there 1is qu&ts clwe agreement of even the sharp |
pea!m..,‘ Nowhers elge do these spikasagree 80 cemplately.‘
The mors axtendeﬁ swalls, as from November 2-21 also |
5 s}«mz mcf:r'a or mss of a. aimi’lapi'tyr In.most of tm se more
‘-exi:enéad sweuls thsx*a i& a -compounding. of mcgressivaly
ﬁ" -,iner&ms?nﬁ or d@creasing val«aes making up i‘he ascen&ing or
‘.‘c}aaganéiing ‘iimha espeetf{velyg Trors is no aemblancs ei’ _
a piateaa &t an'y time dw&ng ths six monthst mriod which
:should be ezpected if laci;ie acid concentration is stable
in naturm,- SR S o
e 6 is nmioua that fhhere 1@ no relatien between the

“ yblomd lactic aeﬁ;ﬁ changes reprosented and the absa?m;a



@aily temperaturo changos. Teither 1s thore o dfrect
relobicon i}atﬁa‘é@ %é"wéragﬁ lagtic & cld v alues for a given
month and the average 11 A M. jmmpméa&wé during the
month. However, oxamination of Figuwre 10 shows a closs
sorrelation ’iﬁétf'@reeifi average monthly Iactic acld values
und & verisble which we heve chosen to designate the

| "fa&%@?éaga degree difference from the monthly mean."

~ Thils qua?ﬁ;i vy and th@ gta’z:.xstigal mean deviation are

i &da‘zﬁ:imi@. :E%;Visj& m&gm@ of the ﬁiaiparsﬁan of the dail’j
11 A‘Jﬁ; :*gém};}eﬁaﬁmrég’fﬁm the mean 11 A M. | temﬁsr&tm»a
fsx’ 5 glven monkh, ’Sﬁfpﬁ?ig ingly clode 'agrs}emem: i Obe=
served botween these two varishles for most of the
@xpariﬁwﬁtal pariaé, There 1s some divergence during

Pebruary, but 4n the main the agreement is significant.

DISCUSSION .

A g@snez*ai tr'en& in thé 'same ﬁira@tion vzith z"@spect

to both doge ié ebsewaa, This similerity indicates that
the changea :'!.n 1&%:{@ am.d are brc:ught about 'by some
’ eamman agemu or ageni:s. But ausr such blce& laetic acld
response ma'y be mac‘i‘?f’ied s 1O ém‘bt , by & mltipliﬁity of
fac’corm A g D - |

| Ai: firai: glance 1@ ‘geems that there ﬁ.s no cormeaticn
batweem 'bloed laetia aciét ané% va:ﬁiaticn in temperature.
‘fhis dcea not. agree w:ﬁ:h the obgervatisns of ‘I’rxzka-—“‘uzsen :
: {1940) W}m &htaineﬁ & direui; relatitm Tbotwoen msnthly

mean temperature and mean Iaetic gcld in men. Of course .
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Figure 10. Average values for blood lactic acid and temperature.
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'ﬁﬁerﬁ'may”%@La‘ﬁgeéiéﬁ‘ﬁi“farénce'he”e;“1f-sudﬁ“a'ﬁif-
ueranca can zmt be showri, it way be that the Tumber of

: r'e:zz}erm@:zta‘i animsls in my aries-‘ms»tcgv small to 'bring

g:m%: such & ?ﬂlﬁﬁimahip, Tt 1s vioh a8t all clear from
tien %‘vaaan?’s worl whether he used’ twenty to thirty

‘“ﬁiffereﬁ% gaopla ‘esch month or the Same perscna manth vy
| fmamzht: If he used the foruwsr, sufflcient individual |

‘aifferences might be included o give such results, ale

tiimgh it '3§éma; higm?unlmelytmt such might occur.

o &t eny ra‘&e‘, :cm ':*eau;"tts"%en& ’s?a very in .:‘tl‘lé 6pposite |

| -éirea&i@n from this authorfts. |

| %ms XX and 'ﬁ“?.gm*a 1@ show that our results are
"*,elosely z‘e}.ateé taxaagrea of variatlcm of the temp@ratum

from & -eénﬁfsl‘ ﬂmén“figu?ée;-“ f‘i-‘his variebion is expressed
*;‘b*y using, the mean ﬁwiatisn for a givem month. Such bo=
_havic s ﬁx:t@rpratad to mean that 1t is ncst necessarily
: tha variati@'n fz*am cma da';,r te the nexi: {:hat results in a
Alaetw aecld ehange, bat mm*a probabl‘g’ the temperaturs

: 'flue tuation, around & eantral polnt. |

Pes*ﬁhaps s teo 5 8 toﬁal tempemture ehange ‘may 1nf1uence

‘vvtha laetﬂ.c aeld, sinc@ tha F@brnary lac’tic acid valne’-z

‘ vwem hﬁ.gher for both ﬂcgs '{:han the man devietion would

se6m ta warrant.r_ ‘I‘he mean temperature during t:his mcnth
) was the 10@35‘5 of the wh@le ‘peried. Therefore » 1t may be
_that i!l acldi‘bicm Lo the degres of variation as a fac*ar;
! 13;‘@6 ‘i:emp@rature shgmgg of cmﬂ:imms nature is an

edditional factor.



Wi th I“@’é’pufﬁl ta tl% HMarch ’mhws, &magreeman{: here
im j“aéﬂem . ,f.t is fel‘h htme?erg that too faw valms are
vzv‘?ﬁ}?‘?@ﬁfﬁ;’i‘iﬁa{! to :hasgzamy é@f’imﬁm :~c.§nelus:.i0ﬁa.’, SRR

| It xmy be that tho mechanism operabing to bring
‘ﬁhﬁﬁt such r&éﬁaﬁfgvéé ismfa “vnér%mx&‘ nebure, inﬁolving
ﬁh@ f g‘me‘tm’m asually ‘aéi;fizag ‘in temperature. regulstion.

Youada {3&5‘@} hag shown that, in pabbits, afber bilat eral,

' ”"szzslanm,niﬁ@qug thare is not obﬁaimad the usmal hyparm .

“,}.aci;a-ci&emﬁ;a fﬁl lowlng temperature changes. This would
indicste a possible involvement of the adrenal medulla,
the sscretlion of which has beon shown to influence the

blood lactlc acld lswvel {Cori, 1925)s

. i.. Eieﬁéi lact:‘x‘.c aciﬁ ﬁn &@gs éeezg ncﬁs ssem ta vary
with th@ ﬁa‘y b’y aay fluctuation in 11 AJE. temper&tumq. .
' :2._ ﬁc direat z*alatixm can ’oe shmm batween monthly
v’;mean tamnerawra and mont}zly mean bloo& lactic aeﬁ_d. )
o 5 A. eloae corr*elatlm d{}eﬁs exﬁ.sx‘; between movzth.lfy
msan lac.tia aeid smd tempara“imre mean &eviatiﬁm. |
: f& I‘L i&: suggested that a rervous meehanism ma‘y be
' rsasponsibla far the regula ion cf tmse variamons " since 3
- other Work has shmm, :1n the zvab’olt a‘c least that
AA ‘bilateral aplnaﬁlmieetcmy ﬂan check la cx.ia acid proa-
‘duc‘tien fsllmﬂng 1&3:‘;3& ‘bemparatum ehangese
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- Bevk. -

13
16
18
20
23
25
ay

Qﬁ;“

2

£

Dog #25

¥gm.? - Géntigrade

TABLE XVIIZ

COMPLETE DATA FOR SEASONAL TEMPERATURES
"~ AND BLOOD LACTIC ACID.

Tactle Temperabture ‘B&ta

~8.91
G.04
12,89
©aen1y
~5,04
8,98 T
o B4

1119
T ‘?ué?’ S
. 11.48
8.91
.52

12«‘:“?? :
11,98

- 10.88
© B.BL
- BLY75
21.78

 G.84
' ’?&gg

762

Se64%

Te92
10,89
12,8%
13,36
14,85
12,67
10,79
13.46

# No duplicate

‘mem§§}gmgg‘l

feid st 11 AM.

24.4
29.4

ov.8

24,4

133

17.8

23,3

21,1
26,1

16,7
21l.1

18.9
13,7

18.1
18,9

20.4
20,6
25,6

15.6
Gal

e

LN Y

®x @ 88

L]

¢ £ 3 .
HMOONMIORODOOW -

- 19

Sept .
14
X7
19
21
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LB

¥

Oet e
1
3
B

R
10
12
1B
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Dog #30

Wgme %
- Lactie
Aeold

12,49
30,60 -
21.42
16.33
" Ge B3

o Rel3
] 6:1‘5.:

,'v; 2
 B.94
5,04

- 13.66

22,99

20.96
- 21.38
14.85
21,58

- 13.36

15.64
19.20
14.85

18,41
16.63

18,71

22,17
23.96

23.906.

26,93
28.91%
33426
o
17,03

26433

Centigrade
Tomp.
at 11 AM.

25.0
27.8
27.8
28,9
22.2
15.8
20.0
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22,2
25,6
18.9
18.9
25,8
1303

.
e &

)

OHBOGNITDONO
L.}

OHOOHRODOOGWN

i
.

)
s & @ o

il



TABIE XVIiI, -cenﬁ'ﬁﬁ‘

ﬁiﬁ?ﬂﬁ?ﬁ QAEA FOR SEASONAL TEMPERATURES
ﬁﬁﬁ BLOOD LﬁGTI& ACID.

I}t}g 4@5 cr et Eog #50

L MpmeR - C’an'sigraaa R Memed g Osntigmﬁe
. Date lﬂﬁ*“ie ‘Tempsrature Date Iactic Tempe
i ‘ Afﬁd et 11 AJM. 0 Aeld  at 11 AM.

2 10.93 0.6 3 25,14% =57
4 13,66 4.8 5 25,542 V.8
8 9.50% 19 R A 17.82 8.7
9 10.69%  13.9 10 14,85 3.3
13 875 w9, 2 1 13.56% 0.6
16 . 053> ‘“'2 32 o 3.4: 1644% "‘5 6
1 10,8 0 g.2 17 19.8 a2
20 12,5 3.3 19 12.9 BeS
23 119 1.1 24  17.6 = 12.2
7T 7,92 - 2.2 26 12,5 . BB
50 %.92 2.8 28 (16.4% . 141
CET | 1 13.1 . 6.1

3 3..;.5’*', 3.9 2 i4.8 177
6 12.0 wd b 4 18.0 =58
8 1.7 3.9 : i 19.8% =11
lg . 13 01 ' 3 03 N 9 18 0'8 w2 ;’2
13 7,9 6.4 13 18.0 5.6
15 7.3 5.0 16 11.7 2.8
127 9#1 ‘ .ll v5 18 1508% ‘ mlg 00
20 . 8@3_ lel 21 }}?02 ) ‘732‘
22 10.5 w18 23 1.9 2.2
24 6,95 ~3.3 25 11,1 0.8

a9 10.7 . 343 30 . 14.3 2.2
29 Fo1 «l.6 ‘ - ’ ,
31 9'« 5 4 o’g

#No duplicete



TABLE XVTII; ccnt'a.

ﬁ@ﬁ?ﬁETE DATA FOR SEASOWAL TEﬁPERATURES
AND BLOGD LACTIC AﬂID.~

| .ﬁbg»gzs,, . ,; . u'f‘Dog #30

‘ ,mgm»ﬁ .'rﬁenkigrada“  o Egm.% Centigrade
Date  leetic  Temperaturs Date  lactic - Temp.
rﬁcid et 11 AM. ' Aeid at 1l A.M.

ng,w ; o  ;: B - TPob.

5 8.7 =22 1120 8.1
5 7.9 1.6 4 - 16.2 1.1
v 1543 =33 8 12.1 b4
10 R 3.8 8 15.5 4,4
12 © 9.9 iz.2 ' 11 16,6 4
14 10.1 -2 - 13 12,3 .0
1 11,8+ 6.0 15 18,4 1.7
19 $ 10,9 =8,6 18 " 18.6% -le8
21 C1B.7% 4,00 20 16,0 7.2
24 12,8 0,85 - - 282 '82.6  =6.0
26 ‘13,5 . L0 BB 22,2 . wBe3
28 ) §n5 : ‘“395 ) 2‘7 ‘ 1905* ) . 00

0.1 - - L0 1 “16.43% 5,0

T 5 12 cl% ‘ 2 02 ' é ' 16023’15’ -1 .’7
7. 14.2% ; S 8. 12..3% .0
O 12,8 1.7 8 12,1 1.7

#* ¥o duplicate



" PABIE XIX
RS A M‘st:mmw BY mm o o | o
Mean . Moan  Total ‘«~ﬁﬂmﬁeﬁll ¥onkh Number> Tbtél‘ ' Hean Mean
11 A Deily Mgm¥d = of Cef - Mgm.% Deily 11 am
Temp. = Mgm.% ~ Lactie Sam= Sem-  lLactic Mgm.%  Temp.

Centi~ Tacktie  Acid ples . . ~ ples  Aeid Tactle Centi-
grade '>Acid A , o R T T Aaiﬁ , greas

vog #25 . . Dog g0

23,9 14,39 100,72 7 - Sepb. - 8. ?3,8311':};9,21_' 22,9
20.4 1471  205.97, 14  Oct, 15 136,25 10,48 19,0
5.8  25.63 283,62 12 Wov. 11  116.20 10,56 BT
2.1 7,15 208, 61 12 Des., 11 111,00 10,09 3.7
-0.28 '15,559 . 17, 20' 11 Jan, 13, \ 12$,43 - 9?95 1.1
073 16,41 106.00 12  Fev. 12 120.20  10.76 0.26
1.1 14,26 57208 A . Mar, '_4 ; ée.go 12.20 0.97



TABLE XX

AVERAGE MONTHLY LACTIC ACID AND
TEMPERATURE MEAN DEVIATION VAIUES.
ﬁvérage”mgmg% Average dégree
Isotic seid per difference from

~ month for dogs monthly mesn
- #25 and #50  (oentigrade)

Bept. zzf%z | 3;80
oet. - 12,68 l~ 4.25
Tov « C 0 17.38 o 6.11
‘Dec. o1z | 4.70
Jangr. S 1z.82 | 3,95
Pebs - 13,59 3,58
Mar. 15,22 1,47
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