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The coneent-ttation of> lactic atd.d 1n the c1rculnt1ng 

bl:ood of an anima1 .has asim.nled considerable importance in 

the etudyot1 {1} t:he· normal metabolic processes of' the 
animal. organism, {2) the detection or deranged metabolism, 

and, (3) the therap$Utic mefluittras employed to combat 

d1$es!ta •. 

'?he part1ottlar purl)Ose- of. iih1s stttdy was to investigate 

some of thEt faetrors which tnay affect the level of laotie 
•'" 

seicl 1n the blood of the norma;J,, healthy, resting dog. 

These f'aotora are, 

(1) The delayed etfect o~ hemorrhage on the lac- · 

tie .aatd level 'in the b1ood 

(2) The.· effect of diurnal variation 

· {3). tfhe effect ,of &easonal temperature variation. 

Furthe:rmore sinee t hare ts no generally accepted norm 

for blood lactic acld lt was thought that a large series of 

determinations might tu.mi.sh information which would be 

helpful 1n the at.tempt to establish some central figure as 

a norm for the apee1es e' 



REVIEW -OF .EARLY VlORK ON LACTIC ACID 

The fti'st record of the . isolation. of la ctio acid 1s 
found in ff. w. Soheele 's publica·td.ons (1780). .In hie work 

on the whey :f':t".'Om soured 11111.k, he was ab1e to isolate a 
thiokp s~py liquid. which he called the acid of milk. 

Berzel:tus (1848} appears to have been the first to 
:recover laotle aoid fr't)l11 animal. tissues. ' His mater1a1 \V8S 

secured from f'reshl-y killed ··animals. · 

Little · advance with respect to the, sign:tf:icanoe of 
laet :tc an1cf in muscle wrui made unti:1;:t he · re$ea.roh of" 

Fletcher and ·Hopkins (1907). · These investigators proved . 
that ·tlie lactic acid :formed 1n amphibian muscle tissue 

during aetivity can be · disposed of· 07 the ·ille'ehanisms exist-
ing within the muscle i.tself', · provided the oxygen supply 

to the msele is maintained~ 

1,'ia:verhof' (1920) wo!"k1ng on excised frog :mu.sole found 

that glycogen in the musole \vas t1-.e source, of the lactic. 

acid.. R!s work showed, in add:tt1onp- that three-fourths of 
the !aotic acid removed during the oxidative phase was 
synthesized in the mu.sole to glyeogan.. On the basis of this 

and ttirther work ey Meyerhof and bt.be:rs it was assumed that 

the energy liberated by the formation of la ctie-ae:td :from 

glyeoge11 v1as used directly for mttseular eontrnot!on •. 

· This view of the role of lactic seid vms largely held 

· until Lundsga.ard {1930) demonstrated th& contraction of' 

-muscle, even though the formation of la etie acid was pre-



vented by the n:se of mono-iodo-aeet1c ae1d. Lundsgaard 

(1930:). adVanced th~f.hypothesis, now usually held, at least 

for the .aetivity -of 1.so1ated Irnlsole., tnat lactic acid 

formation releases energy used in the resynthesis of the 

compounds·.utilize<;t for direct enet'gization of the mu.sale 

· riber. In a£ldltion,. the earlier· observation that oxida-

tton or somEl of the lactic acid furnishes energy for the 
\ 

re~synthasia of.glyoogan·1s quite genera11y held. 
The ex1atanee .of la ct·1e acid ln blood was indiee.ted 

ey Berze11us, according -to o. Enderle1n (1843} yet he 
(Enderlein) was unable to'donfirm this observation of 

Berzelius. 

Although matty attempts failed -- Enderleln (1843); 

SQ.lom~n (18'18), Jerusalem {1~08) --other investigators, 
Ga.glio (1886}, llerlinerblatt (18817), Frey (1~95~~ Ryffe.l 

(1909). !>. Frtt~-S (19lf) , Barcroft et al {l.915} ~ Clausen ( 1922 ) ~ 

Barr . .t H1mw1ch and. Green (1923) a:pd others found la et.ic acid 

present .in blood 1n. amounts: vs.eying, under more or less 

normal ,oond1tlons, from·.al'>o mgm. per cent (Fries~ (1911) · 

to 32.l mgm., pe:r cent (Olausenj} 1922)0. 

Long (1924) was t·he first to observe conditions of 
strict mu.seular rest in his normal experimental subjects. 
He required his patients to lie down for one-half hour 

before the sample of blood was withdrawne G1yeolys;ia was 

avoided bY the use of ·sodium fluol'ide ·as recommended by 

Evans (1922). In this ser:teti of five determinations; using 

four different subjeots, he obtained from venous b1ood 



hot1e seid value1i! rangL"'lg f~om 1'7' .. 5-35.,6 mgm. per aent. 

The: ll'!etho.d. of' O:tausen {1922) ,ivas employed for. determi11ation 

of.,bl.ood lactate., 

tt. is P at the present ti•.t. aooeptad that la etic. acid 

js a :norm&l eon~iluent of' the blood according t.o Book, 

Dill u and Edwal'lde, (19~2 ), e"lten though 1ta source is no·t 

ant~r¢i:, aceounted. fort 



, lmTHOD OF ANALYSIS 



1J!he b'.toOd was d!'awn into a glas g: 8'.3'1"lnge which had 

been rins-ed with saturated sodium oxalate solution. After 

ejection ot the 1JolutiGn., enough dry sodium oxalate was 

ad.dad to ~sve-nt enagnlatton >Of the blood"' Bod1um oxalate 

has been shown tri retard g1yeo1l"S1S (Maeleod, 1913) and 

not to interfe:isf 1n the determination .of lactic acid content. 
Blood was :sacc~d :from per°!pheral veins 1n th~ legt\,-

. ' 

although O"Ccaai~nally the ··~xteFnal jugule.~ was used. \Vb.en 

the reqttired amount o!" blood had been obtained, 1t was 

emptied -i.tito a gl.ass beaker- and five cu.b1o centimeters ~e:t:'€t .. 
measured by an O!twald · pipette and delivered into a 250 ·~o.b .. · 

Erlenmeyer r1aske- · 

Protein removal was SElCU:red 'by using the Fol:1.n•WU 

t,mgstie s.e1ti method .(l.919) as modified. by Haden (l.923). . . . . N 
. Into the ~ienma'S'9ri flask,. 40 e .. e. of Ta aulfurio acid were 

' ' 

d&l!ve~ed slowly with constant agitation of' the contents of 

the flask. 5 o.e. of lo,& sod1Ulll tungstate solution were 
. ' 

deli:ve:red i:n:ho the diluted, hamolysed blood. The sample was . . 
' ' 

al.lowed to stand flve minutes or 1onge:r t,o allow. complete 

prec1pitation oi' the prote1na. To Temove the protein 

material, the sample wa:a :filtered. 

10 o: .• c. of tba filtrate were pipetted off and delivered 

into a 50 Che .. Erlenmeyer flask. Van Sl:yke's {1917) method 

fo!f removal of" ·oarbol;cydX"ates Yras employed 1n wh!eh !t c.e. 



or 25% cu sQ4wa·s ·~dde~ al®:g with sufficient dcy calcium 

lrydrox!de to make thELso1ution alkalinee The flask was 

shaken frequentl-7 dtt:ring 'Jlt ·least a thirty ~inuta· IX3:P1od. 

· The eontents ·were then ··,centrif:ttged ,, ~popps~od and .pla oed 

in ·t:na •refrigerator. I 1rl~nzoni, and,.:'\f;;1en-Lav;renoe (1927) 

. have shown that standing , st, refrlgat1ator· ,tempal'lo.ture the 

, laot'ie s.oid content , is, _u.naff'ect.ed -during r1 ·t:>er1od 'of· at 

laast saven.ty.-1:rvfr,, hou!'s ,.· . A series of . e:tpariments 1by ue 

(194().) ,o:onfirmed thitr · and ir in add:tt!on, sho,ved no change, 

. in laetio -said -values during a, pari"od of two ,veelrs in the 

ISOLATION AND TITRATION OF LACTIC ACID 

. The l.act1o acid content .. of tm blood samples was 

dete:rmined. by the Friedemnnn, Coton!o and Shaffer (19217) 
,' ,. •: l ~ j ' / , , ,.. . I , • ' 

and Fr1edeinann and Kendall (1929} mod1f1oat1ons of the Von 
' ' 

Flirth.:.Oharrmss (1910} iodonietr:tc pro-cedure as ~eseri~d b"y 
I , '~ ' ' 

Pete:es and Van fJlyke (1932). 
~ ' i ' 

Heating lactic acid with manganese dio:x1de suspension 

oxidizes the 1a'et':tc a:eid to acetaldehyde: 

OH3'' •. OH(OH) ~{ OOOH_ + 0 = OH2-~- ClfO ·+ 002tHiO-~ 

The acetaldehyda is :removed from the· oxidation fln·sk and 
; ,. ... ~ 

driven 1nto sodium bisul:fite by eYnPloy:tng a em"Tent of air . 
r , ' ,¥ i" •• " .·' . . , • ' 

previously v1ashed th!'ough sodium _biault"ite solu.tionc; This 
l ' • < ( 

,PI'el:tminBry washing .s~oure·~·. t:ie ram~va.1 of all_ bi-sulfite 

binding mnterials in the ,air O'lll"rent. With the bisulfite 

in ·the collecting flask; the -aldehyde forms an addition 



'OH3.0HO '+ NalIS03 '·=, OH3~0HO.R~·HS03 

Tb.a . bisulfit~~aldeh:rde ·compound does C not res ct . \Vlth . iodine' .. 

but the .Ulibbund bisulf1te : doest' 
. :. NsHSO:; + 2I'-t ·a20 '= :NaHS04 T '.2:HI~ 

The ·ttnbOU!ld bisulfite 'is removed by Rip:p9r.ta (1900) 

method or adding 01rlli. iodine," using 1 e~e. stiirch solution 

sa 1nd1eat;or, until a slight .. excess of iodi~e i~ 'present.o 

The exea1~a 1od1n~ is r~movad by addition. of one drop of' ·O"lli 

sod1u.m thiosulfate. 0,.,002'N iodine is then added until ·a 
- ' . .: . . 

clearly discernible blue color appears in the colorless 

solut1onc 

. The combined .. bisu~tte-~ld~hyde is set. free by the 

addition or a small. amount o~ sodium bicarbonate :1~ a:tther 

dry form or solution. Tlle bi.sulfite sat free itt then ti-
trated vlith Otf0021f iodine . .,, tfh1s: ·modif1~ation of Ripper's 

rrethod was introduced b4y 01,usen {1922), who thus con-

verted the original method. of· determination by difference 

inter· a direct titration of bound bi-sulfite., 

OALOULATION 

One eub:ta centimeter o:r IN iodine, :ts equ.1:valent t·o 6.5 

rtdllimole or 45. m1111gra;as .of lactic acid •. ·1.Po' obtain the·.· 

number or :m1111.moles··or ·1sct1e acid 1n a l'iter the ·following . 

f ormo.la 1 s used i · 

?ittllimoles of laot·10 acid per liter:: 500 N(A .:... B) 
v 



. .. ' . · rVhere N ,is the: normal.1t:r of the i.od:tne solution used to 
~ltrat~ •. the s.~~ium.'·bisttlt!t~ b~u:ml. ·'by·'ai'dehyde, ·A· is the . . 

tmb!o .. nentimete~s' ·off !odlne . Ut:t~d 1/ B :ta ~he . cubio ~anti~ .. 
meter~. of 1od:!~e- used-.!~. a blank analysis$ a.nd V is the 

cttbie centimeters o:r blood used 1n the sample. 
~meri N 1s O:.OOON' and the sample represents, 5/11 cubic 

cei,itimete1~· of, blood~ tlle ·a:quation· beeOIOOSl' 

or, 

tt1lJ.1raoles lac:t_io> aeid ·per l~ter blood 

.=. :-(500) (0.002)(A- .B) "- , ·. ·11711 
;_ 2.S(A - B) 

. e~press!ng .. the valu&' in: mill!g~nnis par 100 c.a. bl:ood, · 

. Millig:rs.ms ·1aet1-e· acid pal:' 10·0· a~c .• b1ood 

. ~ (45}(0~002 ){A·• B}(lOO) 
,· . '5/l! . . .. . . .-

= 19.,S{A 1l'!t 13),:. 



. DELAn.ID·. BYPE!RtACTACIDEr,O:A 

FOLL0"¥\'ING · SEVERE HEMORRHAGE 



:J:h:ts r.rt:ndy ··I.s·· concemed with the investigation of the 

lact;e ·acid l-a"V'el :in ·the. b-l.ood of other\,:ise normal . dogs 

f~l~ovdng. an. aou.t.e ~- :severe h,~morrhage. lnore J;llrtioularl:r ~ 

t:ha intent wa:s to determine the lactic ao!.d ,eonterlt :of the ,· . 

b1oocl during th~ later- stages of the rec~var,y from the 

severe .hemorrr1:a-ge~ Wo samplea \l\fere taken· u.nt1l ·the end of' 

the first t,venty-fi1u.r· ~our. pe:r·iod .following the b1ood loss•· 

Other workers nave· shown.that _:a1gnif1cnnt blood laotle 

ao::td cyhangea oceu.~ d~r1ng· the first ·twenty.four hour periOd~ 

Riegel -. {192'7 l observed in dogs a q:aiek rise in conoent:rat ion 

of lactic. acid·, _foll.owed_ by -a gradua1 r-eturn to normalt> 

Dm')ing ren.t0va,l of thi~y-one per cent· of the calculated 

bl.Ood volume 'in a typieal. case from Riegel 'a series.,. the 

lactie se:td content had ·1nwaased fl'om 18 mgm. per cent to 
- -

35.,4 :mgm. 1;>er cent. One hott:r after -ce.ssation of blood 

,rithdrawal 1 the laotie ac1d conte'nt was 19.5 mgm.,. per cent, 

o:r back tot.ha normal figure. _ 

Tha magnitude and duration of' the lactic itcid 1.noranse, 

in Riegel 's opinion, depend upon the extent of tha hemorrhage.., 

However,- 1n all hex-- experiments 'the 1actic'e.cid content had 

returned to the no~1 level before the end of the first. 

twenty-tou.r h()Ul't _period follow·ing the blood· 1oss. 

In addition, this 1nvest1gator 1 ~r results in two expel'• 
iments indicated a seoondaey z>:isa which ocCUI'red some -thirty 
to fort;1-eight hours following tba blood removal, and,. perhaps,· 



rapresent"acr. a ·sequel .to, t119 _ increase during_ the . f.irst 

tw:ent:y--rour hO'"v:r: _peri?d1t Howe.ve-r, · the autllor'~ te~ohnique 

and disous'sfcn· of. r$sttlt·s ·wa:re ;or· suo11· nature as· 'to. fail 
. . . 

rtO '.:lnd1e~Tte if' this re·~pO?lStl _:Wan 0. part 
1

0f th~ 'USUaf l;e-

fJOVery_ period fo1Jtow1nge.xtensfve blood los·a or' .'¥ihether 
it was· s6me ·1neons1?ant'' iaeto~: such 'as· ex·~essive wJ·aken:tng' 

of' ~he artimal _'fol.lowing a part:teu.la:t?ly· ·severe hemorrhagee 

Riegel .sa:ys:~' ft.It 'fS 1nterest1ng to. n.ota th.at ·1n every ca·sa 

'~except. wlierie 'hem~~~hag& ~e:rmlriated iri.: death) on the d'aj' 

follo\rrlng: the 'liainor·rha.ge' t~· aoncentrat1on of lact1e ac1a· 

:tn blo?d' is agiiit?,' ri~r:mal-~~n l i •• 

Fus's .(1934 )'.~, · 1n an· expe:r1merit' 1

0ri 0 two d~gs :noted' that:'. 

·the lactic a'c°fd CO?lt:ent: :,o~·- the blo'od :r-oa~i an.a:than·' fell 

baak to the normal. 'reatirig value "by 'tne end ~f t'he f :h~st 
·twent.y-faur hour pa:r:tocl ·following s~1;ere ·hemorrhage;. He 

fa.ilea tci :rollovr t'he reonv·e~j period. fuFther.~ 

It ,vas the purpose- -of 'the present 1nvest1gat:ton to 

asoertain 1f the seco11da.ry, de1ayed ·1nerea'Se 1n blood· 

·iao:tie ac·id ls a constant paiat . of the L'ecovery period 

fol1ow1ng an a cute., seve~e he:morl'hage .• 

l ce-~111a R!_egel:, nFo~tiO":.tl of lactic acid in the . 
body after a·evere ·hemorrhage. n J'ournal of Biolog-
1cml Ohem1st_17 • 171: 133 ~ 1921711 -



Six dogs were selected,, of· v1hieh tbr'ee ,,e~e mP.le0e and 
three were femalet!e Esch was -eon:f'1ned in an individual 

eagtl throu.ghont' the expe;piment. Tlle same attendant eared 
f:or the dogs during the eourse of the experiment Cl Feeding· 

W8a done twiee daily -• at eleven Ae,l'Jo- and again at four 

P~M. 1.rhe temperature of the room· 1n which 'the _cages wert1 

leapt ranged·· from fifteen to ·twenty degrees .Centigrade. 

ho dogsJt one ma.la and one female, were included as controls. 

All b1ood aamp1es were dl'iswn. at the same hour of the 
day - between seven P.eM. and nine P,,M" Peripheral blood_ 

from the leg veins only wa.s used for laot1e acid deter-

1Ylirie.tion.. The blood wa.s drawn into a g1sss syringe c.on-

ta!n:tng enough dry aodiu.m oxalate to prevent coagulation. 

Exact 5 ·ch(h amounts were d:r-avm into Ostwald pipettes and 
deliv,er~d into d:tluti~g flasks. :tn every easa, the punotttre', 

withdrawal,._ dilution with N/12 sulfuric acid and p:ree1pi-

tat1on of the proteins \Vith ten par cent S'odium tungstate 

were c·ompleted with1n a five 1111nuta period, thus avoiding 

glyool-ys1s. 
The blood filtrates , after removal of oarboh;]'ditates, 

ware placed in stoppered centrifuge tubes· end kept in the 

refrigere.torD The lactic aeid content of each was dete:fi-

m1ned· w1th1n a weeke 

The doge ,,ere well trained and ·la1' quietly on the table 



as the assistant held then;i .in postttio1i.,:· 

Remorrhage wa.e achieved by direct eard1ae puncture 
w:1:thout · ane.sthetl:ztni{ thlJ dog. About thirty per cen:t· · of 

the oe.1on.1atad blood volume vnis :removed during the one 
herrier:tJhago. 

· ·On tha dti;ri,reeeding 'the hemorrhage and on the. same 
day atf the hemrJrrhage·S!'· wt jurit prioi, to the b1o·od loss I a 

sample ~'2& taken from each dog~ These lactic· aoid 'Values 

wem takm1 as the normal, resting value for, each dog~ 
The reeovery peFiod after hemorrhage was' studied by taking 

samples at'the same hour'each day following the blood loss 
uhh11 the end ,of the fifth day.It · Thereafter· a sample was 
taken every tv10 days untn· the end cf the ninth day ... 

In pable l a complete reoord of th&, data is presented. · 

r~~aminstion of the two, la. et1c aeld values obtained from 

~ach. dog before hem~rrhage .reveals th.at thel'e is consider-

able !'ar:lation even .. 1rt these. .samples from normal,. resting 
' ' , • • > ,. ; ' ' 

subjects. Dogs 1 t S, and 5 show higher laetia a eid values 

in the aeoond .samJJl~ th~n. 1n tht:l, first. On the other. hand;, 

de>gs 3 .. · 4, anti 6 show_.~· .. dEH!rease. when_ th~ir second samp1e 

~s eomparod to their . f'ir~t i> . There was only one dog -#3-
vrhich shmvs approximately similar values on the two days, 

although as :noted above,. f;his dog 1 s la ctio acid deel'.'eased, 

yet the deo.raa.ee was only 2% on the seeond day as compared 

to the first. 



Af'tar withd-rawal of blood from ee.ch do£; varying from 

rm% to 32% 11-r ·the o-aleu.lsted blood volume, no samples were· 

drawn. for ·twenty-fmtr hours in oPder to avoid :f:u:rbher 

eompli.erition du.a to added blood loss. Riegel (i92'7) and 

Fu.as {1934) have shown t1Jat there is a rapid incraa:3e during 

hemoW>rhage, or aho:rtly thex-Elafter~ followed b'Y'.a rather 

!)Ilolonged decline, but that in all their $xpe~1ment s the 
',' 

blood le.otta aeid.. lev~; had. retur1ted to. noxamal by the end 

of the ~1rat twenty ... four hO"!.tr period f'ol1-owing the hem ... 

o~hag~. The dete~minat:tone on our series.or dogs showed 

low twenty-four hour value 1:3. ln all dogs except number $ 1 in 
, .• » • • • .• • '·:· - ' . • 

which d<>g tJ.:ie h!tghest peak for that animal of tba aeries 

On ths second day after heri1orrhage 1 . decided increases 

:tn lactic ae1id ,vere f:ou.nd in all dogs except nuraber 6 

whose lact:to acid had, by this tin1e deereased to the normal 

level. 
The third day, pcn1t ... hamoo:Thage 9 gave values slightly 

higher ti:e.11 those of the ·seeond day 1n every- dog exeept 

numbe1, 1,. w'hOse .sample 1.vas lost durii.,g titration." The lae-

t:1.c acid valuea obtained on tm fourth day were generally 
; 

lovrer than any *evioua results., either normal or after-

hemorr-hage. The flfth day gave values generally higher than 

on the previous clay e.nd in one . case, mnnber 4', :the highe at 

value for that animal and also for the series was obtained. 

From tl11s point , .samples were tlra\vn ever,r other da:;r .. 

The next samplss 9 dravm seven days sf"ter the hemorrhage 



gave values wh1¢h, 1n mo$t· eases; were below the 11normale". 
:tn fact, in ell but acgs, 2 and'. 3 the values were the lowest 
of' the whole ser1.es. · Qn t-he ninth dtiy~. the· 1.aotie acid 
eonoantrat1ona hsd ggain ·risen to a.bout the · 0 normal 11 value, 
although i~ _one dog, number s,. the ooncentmit:ton was quite 
high. 

DISCUSSION 

The behavior of le. et1e a cld in dog' a blood followa a 
general ·pattern during the re.eovery period after hemorrhage. 

. ' . . 

This oan ba seen ·by· eompa:i-i!ng Figures 1 and 2. In Figure 
I c ; • 

1 1 v;htle there is .considerable variat101;1·.,, yet~ in general, 
:tt aan ba noted that tm va:r:ta tion befo:rae hemorrh~ge ia at 
random. Tw.enty ... tonr hours e.f't.er hemorrhage the :ta etic 

. . ! . 

acid levels are, with two e:xcept!ona, at the resting level 
f'or -any given dog • 

. !n five or the six dogs, the laetie acid has sharply 
' increased by the end ot f'o-rty-aight hours., Approximately 

f ' • ( ~ • ' . • • • 

the same high level ls prenent at tm end of seventy-two 
,. ,. ; ; ; . '' . 

hours. . Thenli withou.t exception, lower values are' found at 

the end of'· ninty-s:tx hours., flome ·~f' the ninty-s1x-hour 
values a.re lower than the pre .. h,emorrha.ge levels • 

' . .. . 

From t:he n!nty-sixth hour to the end of' the experiment--
\Vhe11e the majority ot the levels approaehed the pra ... hemorr-

. - ·-. . .. 

age · resting values,--the la otie a c~d variations occur 1n 
unison., Some variations al"~. of greateP magnitude than other.a 9 



hovreve%1'." Tfu.ou.ghan.t 'thedura.tion,,of the recovery period 

there 8,;f· periodic rluotu.ations of considers.bl~ extent. 
Figtl.re 2 <shows the trend of the group· as a. whole and 1t .~ ~ . ,_ ' 

can be ;seen that~.· in gemra~·p each dog ref1eots the per-

to~anoe of the w~ole, grajp\1 
' . In somt':) way.,. then, the random behavior of' the lactic 

acid level hmi been modtf'1ed by the hemorrhage so that it 

displa:ya: a periodic nature. 

It is o.bv1ously nt?t totally a :response to a def:lo:i.ent 

oxygen sttpp:t.y to the. t:tssuesi even though this may cause a 
h~:r--laietacicfanda aa has been .shown by' Araki .(1891) and 

could oo adequattrlY supplied with oxygen at the end of. · 

twenty ... four. hem.rs and be inadequately supplied in the 

:fort7 ... elg.hth. hour# although the anin1al waft 1n a state of 

rest during both periods .. 

::1'oub~1es-s 11. a hyper-lacta:cidemia.: such .s.s R1ege1 (192'1) 
•{ 

. . 

deaorfbed. during .or imrnediat.ely f'ollowing hemorrhage is 
' • ;- : <' -

best acerunted for· on a ha.sis of .oXJgen def:1o1eney. Gesell 

et al. {l930s).bave shown 1n snesthetized,. operated animals 

that such a hyper,..laetao:ldemia is found foll.owing a ?>e-
. . 

' duetion in ox:rgen content in the respired a:tr. Similarly 
after hemorrhage Gesell a.nd hls eolleagues (1930b) obtained 

high laetio ae~d values in the bJ.ood. These eltll9r-lments. 

\Vere of short durstion and on an1ma1a under con'11t1ons not 

normal.. Hence ft may be questionable to attempt a direct 

transpos1t1on of results .. 
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J?art1®1arly is this true in view· or the experlments 
. ...... • . • • •• •, !, ,·•,_,. ' 

ot Cook and Httrst {1933). These investigators, using 

healtli'Y b.uman subjects, found that the laetlc aoid content " ' . ' - ' ' ' ' ' . -:·· 

of the blood during rest was the 1!3 ail9 as during a period 

of light to moderate exercise.. ~e3:1 when the1.v, subjects 
' walked at a rat~h·Of · three m.p.h. 1 no increase in blood 

. ' ·1 • ' ' . _-._ ;_ ,. .-, -

lact1o ao1d eould be :found 1n venous blood immediately 

draining the active ma.sole. groups., 
' ~ ' I • 

Jervell (1928} 1n studying t~e la etie acid .eonoentra-

tion :l.n the blood of anemic patients was unable to demon-

strate any eonaist.ent ralat:lonship between hemoglobin per-
,.. ~ -; ' ' . ' ·; . . . ' . 

centage or red cell oo~s and .1n otic actd• Jervell eon-

eluded that deficient oxyge~t:ton 1is s,11:1om, if' ev~r J 

-a:erious enough <in amim1e pauien't.,$.. to prevent the. combustion 

of. the amounts ot· lactic e. <lid norma1).y produced. ' 
. . l . . . ' • 

. Bock~ Dill and Edward~ (1932.} :ea;le~ to f Ind any 

ei6"111f'leant c.hange in bloo,d .lactic acid, of normal men follow-

ing reduction of' inspired. o-:x:rgen to nine par cent,. :tngention 

of sodiwn bicarbonate or ammonJ~:m . eh:tor:tde; . or ts.king 

moderate .e:xaroise.,> These invest:;g1:1.tars demonstrated: f:l 

change in pli,7e:ndt:~lka11ne .reserve 111 sone or tha above pro-.,. .. . ' . 

ceaures, btit they could demonstrate no cons1stent. relation ... 

ship between hydrogen ion concentration and laetioaeld 

changes 1n the blood of' their subjects~ 

Stuinning up _thelr rea~lts,. ;n the light of' wo!'k done 

by· othel' investigators, Bock~. Dill and Edwards (1932) re-

murkt 



'''If moderate muscular exercise in untrained men 
CS:tt be' ''e:Xeeu.ted ·witl:lt>llfi appreciable ehange in· 
tp.e- _ level or blooe l~et!o a cidir :tt appears :tm- _ · 
probable that' the Jac,tle aeid formed· during, rest-
:tnif states has its orig1n only in muscle metab-
ol:tam .. · Taking 1'nto a ceount the relative· ata-

. bi..l!ty of laotto aeid · eoncent-ration during 
rest 11 · :tt sesms bettel:" not to gttempt a speoifio 
explanation 1:n::rt to go 110 further than to regard 
thi$- phfJnomenon as a p3i"'t of th~ general Pl'lOcess 
'as a_whole., __ We suggest, for example, that it 
nm.y -~-- a · spl.it pro~ct in the- oxidation of · 
ttarbohydrate" mohilizei.i J'or the maintenance of 
ge.neral body needs~. Much work vtl th reference 
to glueose oxldation mu.st be done before the 
qti~stion oan be settle~.. Of the _lac.tic ae:td -.. 
pres.ent 1:ri the blood of' a ?testing subject a small 
portion me:y come from muscle aetivlt.y., the rest 
pr-esumabl?from the ac~iv1ty or. the central 
nervous_ systemg various _glarldula?* activities. etc. 

· · ;rt aeems· log1cal _to_ Stlppose th9.t the R'bility to 
· reeonvert . lactic a old t:o· its precursor tray vary 
greatiy at the .seat of lts. formation,. just as 
the rate o'f util:tz~tio~ of oxygen may vary from . 
organ to _ organ in the body.. _ 'l'he :i;roblem re1-n11 ins 
ror study along lines d1.f'fering f'rom those . 
suggested 1n. the past.,.n .. 

It 1.s Ottl'i· opinion,, to?~ that tm level of:}11ood ·ia·~ic 

acid in the Test!ng subject must be accounted for in B. Way 
' dlffering f'rom any suggested previously. Therefore; we 

venture au.eh a suggestion. 
. . . . . , 

A possible explanation of tha lnctio acid response :ts 

afforded by !inking the lactic aoid level of the subject, 

whether in ordinary rest .or ill rest following severe 
> : ;' • • • • • ' <' > L, " 

hemo'I'rhage . ., with the ahowel's .of leueoe-ytes which are lib-

erated :tnt:o. the blood . strea:mc 

Tha. evidence' at present, ia only suggestive sine.a 

there :ls little 1:n the literature concerning extended 
. ' .. ' ' 

observations of the leueocyte count as related to othe:r 
phys1ologioa.1 variables .. ··'.The observations which have been 

reported ~-althou.gh fragmentary, indicate: that there Till';f be 



soma relation between the presence of leuo:ocytea and la ctio 

acid concentration in b1ood 'Of resting subjeets .. 
!l:11.s is nct to be oonstrued as denying the ,,ell 

established f'aeir.that lactic. acid varies in the blood under 

.e,ondit1ons of ph7s1ca1 stress .. O&;J.r ~pose is to ce.il 
,' 

a.ttsnt1on to some <similar aspects of ·1eueoayte dhanges and 

laetle aeid~ 

Drinker, Drinker and J.uaeutz.mann (1918) in one o:r the 

few e:x:tended $XP,t'iments · on the cellular content of' tha 

blood ~t dogs following large hemorrhage .a how that the 

· 1lbe:1?ntJ.on or leue.oeytes into the pe:v:tpheral blood follows 

a pattern wbieh sho\vs many s1m:tlarit1es to the 1.actie acid 

variations in our experiment.a. 

A typical eeries of leueocyte counts .following a large 

hemorrhage on three of the dogs from Drinker ts (1918) 

~Zpelliments are g:Lven :tn Table 2. 

The data obtained by Jhir1nker, Drinker and Kreutzman. 

(1918) are shown 1n tabular form in Table 2. In Figures 
3 aml 4 the data are plotted" The data from our hemorrhage 

and. laotio acid studies are also plotted. :rn this way the 
striking increases and decreases in both leueooyte counts 

and lact1o aeid concentration aan be compared .. 

It ts easily seen that there is no direot relation 

between a:ny two g :bran la et ie a aid and 1eueocyt;a curves • 

Buch agreement ts not to be expected since tha two var:tables 

. were determined on different dogs at widely separated tines,, 

The experimental conditions were dif:rerent g since leucoeyte · 
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counts ware_ obtained during a study af' the effect of 

t*e.peated hemorrhages--and saline- infusions .under. anes-

thesia, wli:t'le 'OU?' la ct :te -acid values. were tal.$n .roll ow-
. :tng' one sever& b.emol'l'>ruage 011 nor~a1 Ji . restJng_ dogs..,_ 

. ' ·· · ·.· 'J!he a1gnif1oant · point'·· to be obser:v.ed concerning the 

two variables 1.s tl::at tm dbection,nnd rate of ya~1at1on 

are s1itilar.- They sbnply shew. ishe.tt> when tll'l animal is 

rni'bjocteo:·'tr> e. sa'ttar-a blood loss$> the blood .pic·ture, with 

respeot' to either Va'.f"iabla can ·V8.I'Y drastically ;f'";J:!Oln @'9' 

to day_ in the recovery period.· -At. th1e polnt • all that 

eari be .said :ts tbl't futurt>' work may show a rt11at1o~ship 
betwaeif the· 1aet1e -ae1d ,content ·<-Ji' the blood end. the 

leucocyte eount. 

,. . 
1. The blood lactic seid level dm .. ing reaovecy from 

'' . . 

severe, a cute hemorrhage consisting of 25-32% of total 
. ' . 

blood volume in three male and three female dogs was 

studied by talc:1ng daily samp1es of peripheral blood.. Eat,b 

_ dally sampl~ was dra.vm at the same hour., th,e subjects being 

in complete rest. 
2.. Af'te~ hemorrhage h.igh lactic a.old values ·were 

fou.nc1, in five dogs on the.· forty-eighth houza end were st111 
' . . '! '·. . <, ., • • • - • 

present on the seventy-second hon.I>.. ·One dog varied from 

the general 1reot1Qn.se,_ 1n that laotic aeid peak was observed 
I • • ' 'j :, ' '~ ' 

on the twenty-:f'ou.x-th h~. 



·3. From the third ·day tuit11 the end of the. ninth 

day, when the study e,~e'd{the luctfc''aclcf eurve shows well 

def'1ned peaks a.ncl trmigha.#' 1na·1..eating a 'rhytlnn:te variation 

as 0(}!:lpared to thE:J' random blood 1aot1c aoid variation of 

the nor:ina1 resting subject. 

4.. No trigrr!i'ioan'h d.1f':f'ei">ence according to sex was 

o 'bs.e,ned • 
- . . 

5!!! Evidence is given which suggest~th.at the variation 

in leueocytes ma,r ae.eount for :some of the above phenomena~ 
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fABLE II 

Total white cell count in dogf:l_. after seve;re hemorrhase* 

lfulnbel" of Dog 
1 

,-l ·, ~ 

18,000 

35.,500 
'' 

14,500 . ,_ . ~~  

23~?09 
·23~000 

1,?000 
-
~4,000 

15,,000 

29,500 

data is taken 

ltl-eutzmann. 

1 3 

Total Whi'te Blood 0011 Oou.nte. 

· Bil?ORE HEMORRHAGE 
< ~,,., .... 1 

28,000 l.5.,000 26,,500 

AFTER HEMORmIAGE 

28,000 
' ... . . 

43,000 60.~.000 

17,000 ·2rr~~?O 33,000 

18.,500 39~(??0 28,500 ,,. 
' ,. > ' 

l3j500 201000 29~000 

1a.ooo , 27~~00 34,500 

,11!000 
'' 

25,.000 39.7000 

13,000 22,000 s1,ooo 

16,000 34,000 36,000 

22,000··. 

41,000 

33,,500 ·' 

-26 500 · ,. 
41p5oo, 

32,000 

42,000 

26.,000 

31.,000 

from c;} Ko D,;11:nke~ 11 K. R. Drinker, and H. A. 

Journal E~a Y\fod • 2'1: 383-397, 1918. 
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'PitTRNAL VARIATION IM BLOOD LAOT!O ACID 



In Ta'b1e III are given aome· representative b1ooa laot:to 

· .. · ·aeid valu.eS taken fr~:m · ·tha 11tarature · and other• sources.. It 

'ls :'tnte:r1est ing to note the extreme , va~1at1on in values , not 

Ortly .from author fH:> .au·thor but _.also from lmv to high values 

given .·by can,r particular. author. The percentage variation, 

in all bat one ease, "is at least :too~" ' 
Such variations as the above are not the. only ones 

which ought to be, ;oonsidered when evaluating data. dealing 

w1th blood laeti-e a.old 0co:ncent~t1()?1 :tn relution to phjfSio ... 
logieal and expe:riment!3l. ma.ntpulations't! ' The literature 

' . , . . . , . . . . . 

contains 1.1.ttle refel'enea tt"> ;any extended investigation of 

the blt)od lact1e acid eon:esntration ,,1th re.speet to: (l) 

the variation which might be axpaoted in an unanesthetized., 

resting aubjeet from time to time, and 9 (2) the regularity 

of such variation, 1.e., d:turnal variation. Authors roay 

regard e?un;gea in blood la:ctie e.eid concent:t'atfon of the 

roognitude · or· 15-20 per cent. as being .sign1f1eant.. . This 

,vould hardly seem jttst ified if one may expa ct a 100% vnri-
, . '. ,., . . .. , .. 

. at1on in the normal, resting subject 1: as would be indicated 

from the literatu!'e. 

In this 1nvest1ga.t1on an attempt has been made to 

ascertain if there is a a:1u1mt:1.l variation in blood lactic 

acid in the normal, ,resting dog. In addition a study has 
' i'. 

been made of the variation fro~ dog to dog and· ·of the 
' ' ' ' ' . . 

possib:tl:tt:v of' using ,tJome central. figure as a norm in re-



*FABLE III 

~ionl normal 1.1>1ood 1a~ti.e acid values 
from vat"ious auth.orS: 

lfttm.1~ 
of' 

Dete-rm:tn-
ations 

Olausen 
(l.922) 

fJaw ir H!.rtiwioh 
and Green 

(1923)·· 

!,ting . · 
(1924) 

Schultze 
(1926} 

· Gag11o 
(1886) 

Collazo and 
Lewicki 

(1925) 

6 

~-
':o-4GD 

3 

13 
Binet and 
Klukowaki (1933)66 

Edwi:n"ds l!Bt'OUl:uil 
. Joh.'r!son (1938) - .... 

Ivy, Grand.all 
(unpi,1bl1.shoil) 135 

Swan 
(unpu.bl:tshed) 234 

. Dog 

High 

14.0 85.2 

10.0 20.0 

9,,.0 15,,,0 

134.0 

. 5.4 

Ave. 

28.2 

19.2 

--
11.0 

58.5 

28.,0 

12 .. 9 



Three dtt~teri:ns plans of att.aek were employed. in the 

e'xperiments to det~m:tne the ex1stenne of fluctuations in 

blood laat!e aaid of a, d.1Ul"?la1 ch:ara.otar. 

~edure I 

In this prccecmre 1r the d.ogs i.ver-e designated as Group 

A. They were ,selected f'rom th& general dog pen and allowed 
' ' ' . . 

to :r;,eat for :forty-five. '.µrlnut~a before the fh">st sample was 

d~nwn;,, Food wiul withh.f;J1d ·f~pm t:m,. animal. du.ring the twenty-

:four hott!'> pe~iod of smnpl~11g. Every precaution vras taken 

to :tnau:i:•e condi:tions of complete rest-. 

Mal ea and . females were used on alternate test periods.,-

so that thePe should be no prepondex-ance toward males or 

females •.. :tn so far as poastble, a d:1.ff.erent dog was used 

for each teat period •.. However,, it was f.ou.nd necessary to 

u.~e dog #7 for. tmree.test. periods" 

Th:ts se.ries of' expsrimenta wall ~ontinued for s twelve 

month perlod. Each test. period .included. t,irent,r•i"ou.r samples, 

distributed an hour apattt .throughout the twenty-!' our hour 

period.. Each t,,ant-y-fdur hour run was made onea a mont:h 

. on approx:tmatelr cor~espon~L"'lf!; days. 

Proeadure :t:t 

The .dogs. \vere .designated as· G:r.-ou.p B* Seven an1mala 

three females and four :males--wers mo.ludec, :tn this class.". 



One qog died. aft~r two month!:'! Jvh1,ch nee~sa1tated an .. · ,·.-),·- .. . - . - - ·, ,... . ,e. . - ,. ;.,. 

i~ed:late roplaca:roent, thus_• bringing the t(}tsl number to 

seven., instead of the mt,?ltled su._ 
. . . 

T11,e c1oga . .lri t;hi$· grou.p were kept; in indiv;aual cages 
tJwough~t· tlie whf)le pe'r:tod or t111rteen months.,.·· Feeding was 

done a't .:1:':00 P~M .. e:&~h de;-y·, exoept on· the da'Ys:' when test 

tttns wa:re made. at whit>h 'i;irru?J no food wills ·g· 1:ven& . \ .. 

A twar1ty ... fwr hou.r test .run. was _;made only once during 

any given 1110:ntb,. Ea;h. d~g wss; bl.ad just f ou.r times du1"'ing 

a twent:r,~.four hour pertod, .. · The four. samples were spaoed 

s.ix hours apart.,. Whe. t1.ma (')f bleeding of tba a.ix dogs vms 

striggered S\'.) that a. sample vra~ obtained e,rery .hat.'lr due to 

appropriate a:ttel"net1on .of. the e.n1mals 1' Ea.ch- dog wa·s 
. ' 'I , , \.. ';• , ' 

start.a~ on a b1eeding SC"hadule !:n -virhiop. the samplaa were 

talcen slx hours aparte This same schedule was follovrect· eae,.~ 
mi:,nth f'r.01n Dee&mbe'.zt., 1939 through July 1940... Thus, .eve'!"'y 

month, v1han a test run was nnde, a g1.,ren dog fu:rnished blood 
• 1 • • • . 

for the same four h01.1:rs as ln every other month ;tn this 

period .. 

Tl1e . samples f'C>r Jnnua rtJr; 1940 were omitted because. the 

t:tme for analys:ltl of the bloOd f11tNttes v.ras- ·so .fal? removed 

from the t ima of drawing the bl.ood O tmt it was daoidad 

not to 1nelude them in the series.., . Fol! the rest o~ the 
' . 

period, there are twenty-tour runs reco:r>ded ror eonsacu..tlvo 

months., 



ProcedUN ··1:rt 

!he dogs heN· 'fnt,lttded a.re ref'errad to as Group O" . 

Six d:oga - the sante animals whi.ell comprfsed Group BJ) 
'' ·, ' .. 

· e:it~ept the dog whloh c:U:.ei! ... _ were subjaeted to a period 
: , •. r • . 

o:f' '$!xperimentstton f:b! the six months from August., · 1940 

. tiwough Janttar·y9 1941. 
' . . . 

'l.'b.aae anil'!!Bl'l!t war1,;, g!ven tba sr.une care and tree:t; ... 

ment as .. ·.~. · 1Tooodu1te n exuapt .hl. one ·respect" · namely, 

'tl1a: manne:i? .·of· ~ot·atlon ·Of sampif.ng time. Ea~h dog vms 

bled ,every s'i:tt h~~a< atJ ln Froeadu.$ !l, but month by 

month aaeh tlogt'a bleedln.g sehed-tt1e was altered· so that at 

the end. of the f!b-.mcmth period each dog ·had •()ontributed 
. . 

one samp1e fo~ each hO'ttr of the t.w~n.ty ... tbur hou.r period • 

. Th& data· 1nt.U.eate that there are two c11stinet periods 
~ -, . 

of' high lactic a aid conoen~ratlon d.'ttring a given tw:enty ... 

i"Oi.ir '.hour teat". ~xam1na~1on. 01' Tables V~VI!r, inclusive, 

show that one high tide t)ee"Q.rs about ·nqon am the othe1~ 

nbtrat twelve hours later, 1.e.,: near midnight* 
,' '. . ·, 

T'hese tv10 tides '.are shown in all tl1ree groups of' dogs.~. 

In Group A,. as shown h1 Table XVl; and :111 F!gu:r1e 5, the 

ervernge hour1y .values near mid .... day and m:td ... night are around 

three .,mgm., per cent higber than the low '7'alue:s. n :tew hours 

previous .. 



The m!d-da'Y' r:tse in Gttoup A bog ins near 10., o'clock 11 

reaches a peak at 12· noon and 'then sub.sides to below· the 

mean value for .the fWOU.P .lry:0 4 P,,M., The mid-night ri.se· is 

quite :pronou.noed 11 but it lacks .the Ttell -SU-stained Oharacter 
. . 

of· the mid~day -increase,, Its peak is a little higher than 

the mid-da-y peak/ yet 1t exhibits a. somewhat fluot;uating 

natu!"e, atiice the 12: mid,i.r:tlgl:1t value is lower, than the 11 
P.M,,. or the. °a A'.,J/f., val.u-es. ·. 

One 'transient rise oeeu.rs at about 6 P.,M., -It appears 

'and di.aappea11>s qtt1'Ckly s; although its> magnitude is almost 

e(lt?.al 0ho either of t'h.e two previously mentioned h1.gh. tides. 

Wel.1 defined tr<.>U.$hs oceurc~~ou11d ,a F.,M.,· end 5 A.,M .. to 
. . 

8 A.!fl!), These are of' short dtrt."ation and soon give vmy to the 
. . 

strong upward movements previous.ly de.scribed .. 
. . 

Referring to _Tables v ... VIIX1: the ~dividual perform-· 
. . . 

anaes are seen to bear considerable J,'esemblanee to the 
. . . 

variation$ mentioned above. 

A eonsiderat,ion of Group B, which includes the dogs · 

sampled every six, hours thron.ghont the twenty~fou:r hour 

tes:t period, shmvs meh the, same kind of' response as was 

obto.:tned 111 Grdti.p A,1: Referring to Tabla XVI and to 'Figure 

6~ it is seen that$! ,1n.gsnera1., this eu1~ve exhibits the 

same fo-;t>m as the curve for Group A .. 
. · , r, . . ,' ·· . 

As one would e .xpe ot , 
> l • \ 

however., there are greate1"1' .fluctuations f'r•om hour to· _hour 
due to the faot that individual peculiararitioa exert a 
d:l._sp11opo:r,t :ton-ately _ large influence>.. ·_ This arises from the 
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fact that each ·aog was sampled on the. same hoUI"s dm .. 1ng eaeh 

test psr!od throughout the seven months. 

· 'i'he eu.rve exhibits. a .we1l defined lnc:rease which begins 

shortly after 12 :r1oon and :reaches lts· peakt·.at 4 · P.M. 
. . 

Another high tide is seen at 1 · A.ii.~ ihis 1ncree.se 1f3 of 
. . •. . '.. ' . _,. ,.,'· ,-- ' i 

. . . . . ' . '. ' 

quite b:rief duration, <since _it J.asttffor o~..l:y ,an hour ... The 

. :tncr.Peasea at '7 A~}!,.; and . ., P~'t{. Bro of ~ oine :magnitude but 

are probabi*1 best interpreted as refle'cting individual ' . .·.- ' .. / ,- ' .. . .' . . . ' . 
pecru.11.ntri.ties 1'athe~ thnn, dium11l ,vs.4riat 1ona. , 

The trough.,, <>e&uring troin 2 A.Jir. to 6 A.M .. , is well 

de:f'inach A second trough at 9 P.Jf., exhib1.t.s a more transient 
nature-. .. 

By following throu.gh any given individuai•s perforrnanoe.,. ·· 

!t. Cl'lll be seen 'that such an individU.al axh:tb:1ts 1 ·in general, 

. a ¥havior vvhioh. 1d.mnlates the :eompoaite performano:e.J That 

is.; a. dog may have eonsistentlyhigh.lact:te acid vaiue~~ 
but, _ ft soli 1t :Ls seen .that h:ln highest· values lie in the 

high tide phase. of the o.urve •. 
Group O ,... .. Where the dogs wel?e alternated so that each 

dog contributed. a sample fo1"" ee.ch of the twenty:-f'our hours --

shows well defined p~aks around n9on (See Figure 'l) and at· 
--,;: . 

m:td~1ght._; In this regard:,: ,:;.he curve eonfQrma quite well 

to the results obta:tnad tpom· Groups A and B. .. 
. . . . . -. ·. ' _'. . ''l ·. In Figure '1 the late evening rise oec11pying the. f'ou~wi 

hour period from 5 l? .. M .. to 9. P..:t.l .. is observed to; be ex-/· 
. j 

ee9d:tngly well defined., A late af'tel:'noon rise of les~~r .... ·· . . ... ' ·. . . . . ... ... . ....... '. l· 
magnitude can be observed in eaeh of the preceding c~vea.: 

·/. 
( 
' 
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Although these !nerementir vary. in fru:1~a,tton a·rid magnitude* 
. the ti;me of". theS:r· a~aramie·\is of' such tm~ormity as to be 

of' f!igrtifiaa:nt import-. .· lBnreover:$1 · :Jj~ 1a bel:i:aved that the 

e~e~1mental. (londittons to which th-e OrO'tip n dogs. ,vere sub-
. Je.eted W61~ of ·such nature 8:'S to bring 'rut: clearly any true, 

id.gn1f'loant eha:nge in 1aet16 aeid e.oneentration. . . 

!'he:. :eesnlt-s indieate elearl:y- ·ta blood laetle acid con-

oentratlon 1.n the dog that. sh.ifta vrlthin rather wide 11:mite ·. .. . . . ' . 
. . 

under Cfflld1t1onG which !U~hiava a compl.f)te state Oi' rest in 

the an1inal. This Nng.e in-.~- ~erie~. ve:ried :trom 11198 to 

38.80 .mgn'J.i., per· 0¢1nt ... :tn the dos tlh:owing tba widest variiat1on 

-- dog ·_:f!f:, -~ ·tne ·11m1~s we~ 5 ... :tv·to ·3s.·ao mgm~ per oent". 

Th& dog showing the narrowe:st range - dog #9 :-: ... varied f"ro1n 

ll .28 to 22 • 9'7 :rngm.. per cent. . 
· According to the above figuras,i the difference from the · 

lowest value of thaa entire Sel:"ie.s to the highest value 
. . . ' 

:repre,sents a t\venty-fold .. increase"' .. In the CQSEt>Of t.he dog 

wtth the widest range. a twelve-fold lneraase is ev:tdent .. 
The · dog with the narro'trest range exhib_its an iner.ease · of 10~" 

·1'11.ese variat:tons represent changes of unexpected ma.gnitu.dep 

in light of vth1eh all v1ork based on a eomparison with rest .. 

in.g lactic ae.id val.ues ma,' well be re-examined* 

The diurnal va,:aiations, which .embrace Etigntfiei1nt 

elevations in th& twenty-!'~ hour st1..'tdcy near mfd-da-:r, mid-

mid ... night and near 6 P .. l,!.,, are well enough defined to warrant 
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cl~s~ __ 1nspe,etlon. The _mid-day· rise begins- at,. or 

s11ghtl~ be:rorei; noon in flill" of the _three_ groupa and 

reaohaa a erest some two or three hours later. This 1"1ae 

_ it of longer duration than those oceurr:tng at other t 1ma s 

in. the twent-y-t'w.r hottr period. Them1d..;night swell is - ' 

of shorter cluration. 'but 1t YM'f rise to a higher peak than 

tha m!.d~&'Y' erest.. ·The. latE) af'ternoon peak is u.auelly 

of quite short duration, although it nay oecupy aone four 

hours as' in the ()lase of Group o~ These three crests 

constitute ~1gniftaa.nt d:1:nrnal variations :tn the con-

®ntl'.'at1on of a consti"httant &f tm blood which previously 

has bean considered as bEt1ng present in rather non~ 
f'luotuat!ng: amounts while the organ;sm 1s 1n a state of 

rest (l3oek~. Dill and Edws:rds:tt 1932) •. 

Lactic acid in the blood of the resting organ.ism 

has been considered tha result of atd.d production by 

eontl'aot!ng 1nusclee ap.d its subsequent diffusion :trito 

the blood stream.. Recent experiment al work o~ man·. by 

Book, D1Il e.nd Edwa~s- (1932) and Cook and Httrst- (1933) 

falls to aceou.nt for more than a part of tm resting 
blood lac.tata as· due to au.oh course. Bockp D:tll and 

Edwards (I932) suggest tm.t resting blood laetie acid 

nl!JQj" be a split product· of aa!'tbc~firate mobilized for 

the nmintenance.o~ the 1tenefal ·metabolism of the body." . ;,' -' ,.. , ..... ·,,, ·, .,,.. ~ . . '. , ' . . . 

This general1zati,Qn is so vague that 1 t of:fers little 
aid in exp:ts1rt1ng·the facts. 

A comparison of the behavior of blood laetic acid 



wfth the behavlor of othal" constituents of t:tEJ blood 

unds~eond!tit.ms·· 0£ ~om.plate rest rav~als. the ':tnte:rest-
ing .feet that· the only eh:nstituent in the blood whioh 

. . 

. exhibits d!uriial variations of {lompal'S.ble i'requenoy snd 

nmgn:ttud-e is the. :white blood corpuscle~ .Fu~er study 

' of the ciohcsntr~tton of" these·. structural elements suggests 

a st~ik1ng $1mi1.arit~r to the 0;11.cantrat:ton of l.aot ic acid. 

On.a esreftil. twent:r~fo'tll1' hour atudy on the diurnal 
variation of 1eu.eocyttls is that or Shaw (192?) in which 

he f'ol1owed the l.'euoocyt;e· e11,,mges in f 00!' normal human 

subject's by pertorming white cell nou.nts every ho'lll? 
tht'oughout a twenty ... four hour period.. Sab:tn et al. (1925) 

strl.dted the normal rhythm of th~ white eella 1n 1•esting 

imin eove1~L,g the daylight l1oura of' ti A.M. to 4 PoM. only. 

Taahish:tk~\q (l.92ff) st:udied. · the no-called digestion 
' . . 

leuoooyt.osis in dogs and included a au.rve showing the 

rhythm oi' the leuerJeytea in :resting, ~astad dogs during 

the por-iod from 8:20 A~M .. to 9130 P.,M.. Zirm and Bauer .. 

:meiater (1933) more recently followed the leueooyta 

variations on resting hospital patients and obtained 
results quite similar to those published by Shaw (l.927)., 

These authors obtained evidence of diu.rna1 var-
iations !.n the leucoe:y-te. count'" When their values a-re 

. . 
plotted: the ·resulting cu.rv-es resemble the eunes showing 

laetie acid ~hang~s •. In.all studies there is a mid-day 

. 1':tse in leucoeyt·es with ·considerable variation from hour 

to h01.tr .. In tact, Sab:tn et al. (1925) speak·o:f an 



''hou.rlJ" rhwt;'.hln Qf, Jeu.on~e-$.'' h extenae.d stud1es 
. -·· -·. . ,''•". . ' . . . 

tfst;lh1shkow's.,, !'i~e a·~ivas a eompari'tu:m. of' both the 

above·ser:tes. 
In Wable .. XV!I.the e~s madab:i Shaw. on man are 

. listed few each, h~ '1nd t.p.-eir mean values. recorded .• 

'Flgu:re 5 $hows .the. d!.~l varie.tions in laueoaytea along 
' . ,. ,' . •; '·; .',.,_,. '. . ' ' ·, . 

with the laet!e .t;:t.,!d xnean, h~urly values fo~ Group A 
. .··. '. ·:- .-•., ,•' . .• ' ' 

f!,1:n:H1oc#€1a:,1.n tMn-~nd 1aot1e·a~!d 1n ,dogs). 
• ' • > ; • ·, ••• : -, • /<: ' .. --~ :· .-· " ..... ~ .·" 

·, 'lnl~se ~v~s-·'$~&-·!ttl"i;ld.11.gly ___ · .. tim11_e-'r in .. -.. the1:v time . . 

relationships.;., One oUJ."1ts· coincides q~ite well with' the 
. ' . . : ;· ' . ' .. " . --. ' ., . ~ 

other Pl"OV:ided. ·that ·t!'l, la et1e > a.c:J;d. values, .'pe;1 moved one . ' ' ·. -_. '•. . . .· ~-. :·.: .. ·. _. ' . ' ''. •, _· ... , ;~_-.· '. ~-t~·~! .... ' ; ; 
hour l_ ate!!'_. · :An e:xoept1Qn should be · made :tn the case of 

••• ' ' : '' " < .' • •• •• '• ., ' 

' ' . . .. 

th<:r 1 A.,..?Jt .. pea.k v1hich ls !Ldentical foP'11oth variables.: 
. ' ' '· •. : ' ·, . .· . " 

The.smoothed e,urves_ for. ¥th variable~ show the sll'.n1-

la:rit·1 to an e'V~n mo:Pe pronounced degl'ee-., 
. . . ' ' ' ·,· •,' .. ·. ''• . ' . 

. This marked likeness ma:r be tt1EJrely an accidental -

resemble.nee.. WithQU.t . <lf~e-~t evidenc& concerhing . the 
relationship of ,th& two Vfl.ria.blee.1 one. would be tj.njust;tf!ed 

in aas1gn:tng to one. the 11ole of' ca.u,se and to the- otha~, 

· effect J . or. to both the, !'a!nilt. of . a common eause" 
An, attraot~ve hn>oth&1zf1s would' ba to consider the 

. '.! . ", • ; ; . ' . .' .", :·. ". - ' " ,- . • ·. ,' . . . -

la.et ie a eld !:ii the bl(?od of the .resting organism, :1.n .. .. . ,· . ,, •-. ·- . . . --

' part 11 the i'esult of' the glwe-olyt1.o activity. of. the vrhite 
. - .- " .· -· ' .-.. :.' . ' . .·' . 

' , oel:ts ~. !t ;is· we'll .known tµ.a t one of t ha potent1a11t ies 
' . .., .. ' 

of th~ white cell., part1eularly the neutrophil,. is the . ' ' ' . ' 



production o:r lsetlc ae!d from earboh'S'drate. 

: Levene and 1\foye~ (11112) first de111onst:1?atec1 leuco-
, ' ' ' ' ' . '·-.-. · .... ' . ., ' . . ' .-~ ' 

e,t1e splitting of deltt:rose :tn vitro~ Fu.rthsrmb~o., it ·. · 

bas been da111ons-t_t'ated by Glove!'21 Dal.and and s~~z {1930) 

.· that the metabolism of normal w-h1tf:J blood cell~. res_a,mbles 
. ·-. ' . 

. thnt <?f .rnal:!gnant t;tsst1.e · as incficated .P'l. Warburg (1986) 

wh<t attributed a100.ll -~ · conanmpt.;on btlt large . aerobic 

and anerobie glyeol-yt!e l,)£>Wfers to mal~gnaµaiea., Me.clean 

.. and Weir (l.91~l demoristrate_d· :t;1:ie-t both er-ythr~cytf3f3 and 

leucooyhes ¢.an .glyoolyze dextro~e, 1ft v!.tr.o but thl:l.t tho 
" ,-• ·-' 1 ·• ., • : .. i ' ·. ', , . ~'\' .," ~. ' i • ,., ,. , , ,._ ,. , 

:i-at10.., of the a.otivit11 of leueocytea to eryt:brooyteit.Ji 
u' f ' •, •. ' / • ~' ,• ,, '  ' • ,; ·• ' ; . • - •··• ·•• '" ' ,•\• ,. ; •' ' 

cell for, cell, varies. roughly from 200:l.UP to lQOO:l 1n 
.· ·. . ..•. · ·.. . c··,:< •' _. , ; .-• . ,- .. • :• - "''. ; -. . . •. .  --· .· 

favor, of the leucotlytes« }1aclean. and We1.~ conclude that·~. 
. , "·· , '' ,· .. ·.· - ·. . ''. ·, '. 

l~ normal blood,. the wh1.te cells p1;1.obabl:y exe~t greater 

glycolytic,effect than the ~~ eelrls evanthcrt:tgh t.h~y are 

preser1t :th 7!1U.Ch emalle;r ni1ml:w~s{". f81con ... :yas:oe.s., (192'7-) 
. . . . ; -· . ' ,\ .. ·,' . . '' . ' . ' . "·," _.. . . . ' . ~ : .- ', . .. ' ' 

proved that leuJramio-blood in. vitro.,. displays greato1~ 
· .. ·, . : . ' ' .. \- -... ,_.: .. ,. : . -· ; -. ,- :·· '.,.._ . ~- _, .~: .. 

gl';Te~l'jl'ti.e activity than normal blood._ 
. . ' '. .,_ . .  . . ·:.. : ,· . ' ' " ..... ., ... : : .. ' .. .'.~-. . . . . . .. 

. Oons;tder;1Jf(,: then . ., .. -the ,aho'!e demontJt3:'sted f'~~i~s 

regard:ti1g leuoooytes and other -variations" oxre· n,ay 1;)& 
• • ;_ •  • ; ;_ ~ .·' •  • • • ' •• e •  • '. 

jiu.rt: 1fied . in e.cl<:>ptfng as a prl?v~siorial hypothe~;s. t_he 

conoeptlon that0 ln.ctic aeid ohan.ges· .:tn tbs .blood _o~ the .· -,',' ' . '. . . ' . . '. 

rest 1ng organism ere i in a D:ia:;ui1.we u dependent npon the 

vaI"iations in tr.J.mbers of letttcoc1ites.. . Tli:ts _hyppt;hesis 

must .be reg~r_ded a$ prov1aional urtt,11 further ,m1 .. k of a 
. . . , . ,-, . . . . ·-.-:: ~ . ' 

direct character determines .wmthe!" or not it ean. be 
' ' . ;· co. . '  ' ' , '' ·, ' ',-

rega:>Jded as valid. ·. 
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1.".· \"lla~e 1s a· well-defined d:f:urnal variation 
·• -' . - - _ . .' ~ ' ' . 

. · in the blood lactic ~etd of the rest1ngp. normal dog~ . 
. . . ' } . ' :. . .. .. , . ,' . ,.· ... ' ' ' - ' ·.' . . . 

~. · ~he twenty-fou~ hOOP period exhibits two 
• - ,- ' - - _, , ' I ,· • • • • - } ' , · .... ' .. ,- "· - .. - . , • '. '• ,• ~ - . • •, 

d~es-*i::tr. · ··Ona at mid-da,- h~ts well into the· afternoon. 
' ' i' . ' • 

shox-ter duration than the en?a fat mid-day~ It may be,: 
• '. • • , ; > ' ~; . •'- ;, ' > ' ,' > • • • I '. > '-' _• ' ' ' • ' •., 

however,~ of gr,ea.tar' magnitude than the ·one at noon. 
, 'I- .. ' - '' - a ,_, I ; ·, . ~ \ . . . ' ·" ,. ! . . . ' I ; . 

3~ A third orest is •· observed :tn late afternoon 
near s to '1 :e._t!~ . Thie peak fa usually miwter ,. more 

•, ' . ' , ' "J ' ' -.. . '~ ' '. ' ·• ' • . . . : ' ' ' 
. . . . 

$piked · 1n e.ppea~ane~:~sncl3:mo~. 1ntronstant ~n ooour-
rence .... 

. . 
4 ... Data !'~om other $i'ttthor.s are pr-esented .showing 

· a sim11a.ri'ty between' the' changes 1'n .. ooneentrat ion of 
,. ·~· .. · ·-.' ... ; . : . ' . '; ' . . ... ' . . _: .. ": .. . . '" ,: " ·- ', : . ·' . -·· . : . . . . ' ' . ' . 

l.eueocrtes and laet.1<, ac~~:during the twenty-f~ hat1r 

period. 
. . . 

5. A p~ovts.ional h7Pothes111 . linking the t,vo 

pbanomena is euggested4i 



'?ABu:l! .ff 
llumoo:r, we!gnt,11 t3e:r; and condition of dogs used in 

study 't>.i' d1'1..Um.al vatsfat.fon of blood. laet;o. aeid 

i10.Qf' 
Dog 

1 

6 

V 
8 

'9 

10 

11 

12 

13 

.14 

15 

16,. 

1'f 

llame or 
Dog 

Beth 
ltech9 

·s1aotde 
Biggie 

Sb.flp 

·Champ 

Br:tng.1e 

Spr,t 

Bl!m})* 

Jaclt 

Bob 

·?}Died . i!./l<J/ 40 · 
#Whelped 8/20/40 

"' ~ ! • ' ' ' ' ' 

G:ronp A. 

\llJt:. 
in 
Kgrns .. 

Fe:male 13.0 

·Me.le 11.s 

Fa:rna1& 9.,8 

Male ?.,6 

?t\ale 9 ... 0 

Maia 9 .. 1 

Condit.ion· 

Very thin 

Thin 

Very thin 

Good 

Good 

Good 

. flood 

Good 

Good 

Very thin 

Good. 

Good 

Good 



TABLE V 

IiO'l1rly 11alues fGr bl<md laetie aeld 
in mgrns "' P8l11 oe:nt 

Dog #1 
'.(;., Feb.. 9- 1940 

.2 

3 

·. :_ -,_ 

· GROUP A 

Dog /16 
Mal'1'tih 7 1; 1940 

-··;;..;.,.: 

P.,llf., 

15.88 

5 11~~ 13.'76 ·o:,o 10 .. 38 

6 9~30 13 .. 154 '7;80 · 26,..,15 
·-·.:·· 

"t 14<)15 15.,64 4.65 10.10. 

a 
9 

10 

11 
12 

Total: 

-·· 
12tJ2f 15-1164 

10.00. 1V?'i93 -- ' -

G.55 15 ... 54 17.2? 

8.,11 10.69 16.04 

Avaraget 

308.59 

12.86 

6.55 
to 

117.22 

210.29 

l'b-98 · 
·-·to 

25~13 

Detg #17 
April 12 8 1940 

A .. ~L, 

?.18 
S.'73 

6.\"f3 

5.34 

~.32 

s.:,i 
8.51 

8.,'7l. 

6 .. 93 

6.'73 . 
5&'70 

10~89 

P.,M. 

2:t,45 

9.82 

5 .. 74 

4';15 . 
5.174 
6~5V 

4.51 

6.59 

...... 
1o~ss 
10009 

11 .. 28 

5.,34 
to 

11~28 



~ourl7 i1aluea fott. blood lactic ao1d 
. :tn mgms.. p:er cent 

Dog //:7 

May · io. l9fO 

3 · :5.'74 '1 .• 82 

4 '1.92 5.34 

5 2 .JJ1 .5 .• 34 ... / 

S 5 .• g~ 4.94.$: 

ff/ 2.37•· . 5.'74 

8 -- 4 ... 15. 

.10 5 ... 94 4 ... 95 

Total: 115~.52: 

Aver,s.get 5.,25 

Range: 2.3'7 
to 

7.92 

··-" ~ 

,·. 

GROUP A ,i ¢o~t. t(i., 

Dog -/12· 
3:ttne_14, 1940 

A .,J;'I • __ ;.::_!; P ,.J,f 
117028 10.}'18 

10.00 11,.68 

'12.417 

-9.30 

8.3'1 

1e.s1 
ll'..$8 

. 14.05 

9.10 

6.173 

.... 
9.72 

e •. oo 

. 5,44 2~ .. 78 

10tt39 9.90 

251.0l 

11.41 

5.44 
to 

24.,,178 

Dog #7 
July 10, 1940 
A.i,.M.~. 
'7 .03 

3.-30 

8,,90 

11.10 

2.eo 
4.80 

-17.80 

2.90 

6090 

611 "10 

,-.92 
G.90 

P.M. 
8.51 

14.r;m 

12.07 

5.'74 

10 .. '70 

--
"'1\30 

3.36 

5 .. 34 

6.14 

9.t?O 

10\,.10 

1170 .. SG 

'1.43 

2.,80 
to 

14.85 

l 



'!ABLE · VII 

Hourly v£J.l~tl for blood lactic acid in . mgms. ·per eent . . 

· GROUP A, e:ont'd. 

Dog 1/3 
. A~st l'f.t1940 

l . 9,.'10 

2 10.03 

.3 ·12.ovr· 

· 5 'I'/ "'12 

. S 1).30 

"l 8.-91 

8 . ""t .1112 

9 11..68 

10 '10 .. 03 
11 . 11.se 

· Total: 

Average: 
'Ranget 

I 

8.31 

.. · '7.52 

4.9l. 

4.16 
3.98 

'9.11 · 

e.91 

1'2 •. 07 
e .• 111 

9.50 

•.,. ·. 
222,.52 

3.96· 
to· 

15"04 

)>og ,#8 

Sept. 11J1940 

3.417 

3.l.'f. 

3.56 

. 3.96 

3 .. 1'7 
" 

2 ./'1"/ 

. ' . 

17e?2 

3.,3'7 

4~55 

1~98 

·2.3a 

2+5'7 

3.,4'7 

2.38 

. '. 

99.,61 
' 4.15 

1.00 
to 

8e'll 

Dog #4 

· Oct., 12 ,1940 

·•,A.?lf .• 

21.,98 

18.81 

19 .. 21 
.,. 

15.93 

18 .. 41 

16.83 

lV.82 .. 
13.2"/ 

P.M. 

16e24 

8.,71 

14.85 

8 .. 32 

17 •. 23 

.. 9.50 

13.66 

·14 .. 06 

. . . . -

'-.. -.·· ' 

8.32 
to 

24.55 



TABLE VIll 
Hl!nl;1;'3l.'Y' values :far bl.nod laetlc· ae:t?i 

·. "' in mgms •. · pel'f cent · · 

GROUP A(J· cont'd.· 

Dog /Jfa· 

]iJov~ 9;!94t} 

. A .. 1.tl) P .. M., 
1 . 2'l.48 l7.,2H 

2· 16>13 l.B.~ 

6 

l'i\,22 18 .• '73 · 

16.63 22~.:~7 
·12:27 21 .. '78 

1:1.2a·20)19 

8 11 .. 2a>26.oo)' 
9 13 .. 5(? l?'.68: 

10 1rr.32 20./79 c: 
11 . 15 .. 43 16,.25 

l.8 lV.82 15.64 

·. . ; 

Tofa1l s 406.13 

Averagf}-1 16.92 
Range: 11. 28, 

to 
22 "9"1 

Dog #5 

DEtc; ,- ;1940 

A.M., P .. M., 
&.53 28.11 
8~31 · 19.99 

6~V3 20~59 

. 7.5'2 117 .. 03 

10 .. 59 9.,12 

.. 8.31 9.1s3I 

. 9·.eo 10.11.1 

e.~2 a!11s 
;.._;.~ a-.11:s 

31' .. 88 3 .. '7G 

. 28~11 5 .14 
-··~' . 

·290,,90 

12 .. 65 · 
• ,. t 

,"';''~ 

3.'76 
to 

51 .. 28 

Dog #10 
Jan., 3 .Pl94l 

. A"M" P .. M. 
. Vf ,.l"/0 5ci10 

",f 
. 5.30 6.90 

. 17.'.50 '7~30 

8.'10 6t1'50 . . 

9~70 .:3.80 

·. 6 .. 10 4 • .iO · 

~.so s~so 
s.,·so a .. ,o 
a.to Sf,90 

.6.90 8,,10 

9.50 9.,30 

s.30 ,.so 

16'7600 

6.,96 

3.eo 
to 

9 .. '10 



Sample 
l, 2 

411.ABtE ll 

Dog tfll. * 
·. 'Lou' 

l<To. 
of 

T<>tlll Sarnplaa 

Dee.. 9.9 · ...... l:"7'°66 is .• 4$ · 9.9 1'7.56 41 .. 02 
v39 (Vpm) ·(,am) .flpm) 

:li15111:- .9. 50 a;:50 12. Btl' 
· · · •fapm l (2run) (Sam:) 

3 

Feb~ ,t~5~66 2?,32 SB.HO .lki.47 16.,47 38,,80 106.l.5 4 
14~0 -(1pml (~inJ (lam~ f'1nmJ 

. ; ~-- ' , . 

Max-,.,,, 8/7 12.4 . l.9.8 10.,69 8.,7 . 19.80 51..59 4 
'40 · (1pm} ('7pml (lam) i,am) 
Am:-.. 9 • .tf2 '7 .• 90 · - . 9.GO ~.90 9,,60 2'7 .. 22 3 
'40 (1pm). (:Vpni) · (7aml 

. wsw.. s.eo s.s-, s;,4 5.011 5.54 a.so 2e ... ?5 4 

.. 940 {1:pml· ('7xmil ,(lam} ·{~am) 

June 10 .. 09 . 6.32 1G~S3 3~7:G 3.it"/6 , 16.83 Sfl.,00 4 
t40 (7am} '(l:pm} (7pm) {1am) . . 

Aug. 19.20 '14~25 11.08 8.31 8e.51 ·. '.t-9~20 52.84 4 
•4o (1pm): '(7pm) (iaml {?am) 

Sept. 16,.6311.2811.,88 15.;64 11.28 16~63 55.~ 4 
140 J12m) (.epm) (12) '(Sam) 

Oct.· 10 .. 69 16.~43 7.52 8,./'/l '7.,52 lG.-43 43.35 4 
"40 {5pm). (llpl (5am) (11a} 

11ov. :is.17 9 .. 50 14.45 11.10 a.,tvr l4e-45 .38;,00 · 4 
•40 {4pm) {10p} (4tt:rn) (.lOa] 

Dee.. ll .. 48 9.90 9 .. 10 10 .• 69 9.,'70 11.48 41.11'77· 4 
'40 (3pm} (9pm) (3am) ~Sam) 

. . ~~-; . 

'Total 581;62 49 

11,,8? 

*Dog whelped 8/20/40 



Jan. 
'41 

.. Mali. · ·4.so 10.s --
t40 · (11am (5pn.,.J 

. ~A:m:;.m ll . ·~,1~· 

18.,l? 
(sa-m)·· . '•, 

· A.pr. 8.1'1 9.06 · 5o'74 B.90 · 
'40 (5pm) (1·;pm. ,(5am) (11am 

No~ 
·of··:. 

tow High Total · · Sampltis 

a •. 3 . 30.ao 4 

ii.SO l~.1'7 2?.4tt 3 

5.'14 9',06 31.,8'7 4 

~'Lll,r 10.33 11.32 4.95 6..53 4.96 10.33 . 28.93 4: 
· '40 ·ttpmJ · (11pm. {5nm) (11am 

;J\n'le:· 11.2a a.11a 4.55- 3._1s 4.55 11.2s 2s.,2 4 
•40 (ihm (5pm) (11pm (5am) · 

July 0~10 6.63 ·8.l"fl $.83 6.63 9.10 31.2?' 4 
~40· .. ·· · .{5}?m) (11pm {5sm) t1;am 

·Aug.·· 12.2'7 15.24 '7 .92' .. 6.93 6.95 15.24 42.36 4 
•4C (11am (5pmJ (11pm <(Sam)· 

. Sept.. 9 .. 10 17 •. 92 3.76 5.54 · 
.. '40 (l~atn i{,4-IJDll -(1':)Pm {4am} 

Oct. 5.34 .11.09 11.as s.:s1 
. '40 (~pml {9pm) {3am l -( 9am) 

3.76 

5.34 

9~10 26.32 4 

11.as 36 .. £32 . 4 

Nov,. l.l.48 21,58 --- B.111 B."11 21.58 . 41 .• 17'7 3' 
! 40 · {2pm) (8pm) (8am) 

nee. 13.0'7 17 •. s2 12.2•t 12.17 12.1'7 17.62 ss.is 4 
'40 (1pm) (11pm) (lam) ('7amJ 

Ranget 3.'76 ---'21.58 Total 

Average . . 9~8 



. ·TABLE x:t 
Dog 1/l.3 · 

No. 
of. 

Sample Low High Total SampJ.ee 
1 ·.·,·2 3 ·. ( . 

. . 
l):ec. 34.45 _,.., l.l.89 15 .. 99 · 11.89 34.45 \ 62 .{~3 3 
139 ·(,tpm.) (4am) (.1~llt, 

Jan. 4.-10 12.--t(J 9.50 . B~l.O 4o10 12 .. 70 · 34.40 4 
'41 (l.+am {5pm) (JJ.pm (5':lml 

It"sb. 2'7.12 17.02 lo.SO 19.,80 15ci80 217012 ~9.174 4 
•40. {4pml (10pm .(i.lam) (loam 

Max-. 11.70 10,98 '9 ... 99 7.56 ''7.56 ll.'70 40 .. 23 4 
'40, (4)?ltl)' (l()pm (4~m} ll9am 

Apr. l.l.78. 6.I¥1' 5.'74 J"/.,68 5.174 ·ll.'78 31.'71 4 
140. (4J?!11) (10pm .(4f:lm) (1i:7am 

May· 11.44 T'f .72 i •. 1a a .. /71 3,,1e 11 .. 44 31· .. 03 4 
'40 · (4~) (lppm {4am} (19am 

June '7.,52 . g·. li'O -- · 4.16 4 .. 16 9,."10 21.38 
t40 ·(l'Qam (4pm) . ··(4~) 

8.40 14.25 32.35 

Aug •. 1~.4'7 12.07 e.51 8.-31 s.31 l~f.4'7 41:.16 4 
140 (lPam. (4pm) (lppm U.~m) 

· $apt. 9.90 . 9 .. 50 5.34 3.;35 3.36 ~.90 28,;il,O 4 
140 (9~m} (3:pm) (9pm) (3~m). 

Oct. · · 4.95 12.'76 l0,,89 8.9 4.95 12.'16 37.50 4 
t40 (2ym) (8pm) (2am) (8am) 

'Nov. a.1224.1513.56 ll.59 s.12 24.15 5t"/,.4l 
t40 flpm} (7pm) (l~m) ('7,sml 

l)eo. 8 .. 'll 15.63 11e28 10.00 s.,1 16.63 45~62 4 
'40 (1,2m) (6pm} (12) .(Sam). 

Total 543.95 49. 

Average 11 .. l 



'J!:ABIB XII 
· · ··•. · . Dogs #14* and 15 · 
Dog 1/14. ,vaa. ~sed · dur:tng Dece:m'J;)er"' 1939 and February 9 

1940. All othe~ samples were f'rom dog #°45 .. 
No .. 

l 

. of 
Low . Htgh · Total: Snmples 

Doe. · 11 .. aa , ...... 
t39 ·.(8pm) 

.4 

2e.01 14:.ss 11.ss 2a.01 · · .. 54.'14 
( 8nml ( 2pm) . 

3 

;Im,;., 3~2 5c1 '7.,5 1().9 3.2 . 10.,9 · <•26 ,/70 4 
'41 (3pm} {9pm) (3am) (9am) 

Fe1'le · l7e56 23.95 17.:6 ·. l.S.,09 
'40 (2pm) ;(Bptn) (2am) :{sam) 

M'alf. 'r/,/7. 12 .. '7 8.11 --. 
140 (~pm) (8?ml. {2si.m) 

'hY/0 12 .. '10 , 28 • 51 

Apr., · 13.76 ,13.60 8.-91 6 .. 65 S .. 63 13.176 42.90 4 
•40 (2)?lll) (B~t). (2em) {8am} 

May 12 .53 !3.ltt 5.,91 't.4:B S~l.'7 12 .53 29.,09 4 
'40 .(2pmJ (Spm_· .. l ... · (2am)· .(8am} 

' •• -'f 

J'Ui."10 5.'74 9~10. 9.50 4 .. 55, ·. ·4.35 9.50 , 28.69 4 
•40 {8am.) (2~m) \S}?ttl) (2f:tm) 

July , 16.5:3 ·. a.s2. 10.90 10.30-
ltl,O {2pm) (8~) (Zam) (Be.ml 

Auge ·. 22.~6 6~C-Z ;3,l5Z. 4~'15 
'40 ' (2~) (8pm) (2am) {8am) 

Sept., 6.,93 , •• . 5.M 4.55 
•40 · ;(lpm) (1am) P1~m} 

Oct fl 6."13 · ti."7S 5.94 17.ls 
140 (12m) · ( 6pm} {12) (~:m) 

Nov •. ·· 13 .46 . , '7 .92 10.10 9. 50 
•40 (11am (5pm) (l.lpm (5am} 

Dec. '7~'72 6.63 9,,"fO 9.11 
140 · · (4pm) (l()pn1 (4am} (10ara 

6.,32 

4~~5 

4,35 

5.9'4 

'1.92 

I #14 ~·. 11 e 88 - 28 e01 
#15, 3e2 _. 22 ... 96 

·, 

* Dog died. 2/16/ 40 

15t153 

22-.96 

,<S.93 

'7.13 

13.46 

46.05 

40 •. ?7 

1.6 .. 62 

26"'53 

4'0 .. 98 

4 

'7 
42 



Sample 

TAB'.tm :XI".ll. 
'.Oog r11a ···· 

l '2 ' 3 

no. 
of· 

Jaow .. High · · Total Samples 

Dec.. 1s.s4 -- s.11:, 9~,40 e"73 15.84 31 .. 97 3 
· .. 1.z9 1 · .(apm) {3am). (9aml 

J'sn... · 6 .. 5. s.9 . 9 .• 1 12.1 .. 6.50 12.,l 217.50 4 
•41 ' (4pm) (t~ (4pm) . ·(l<?am 

Feb. 20.19 2.43 :ll,.48 ll.24 2.43 201t19 45.34 4 
· f40 {3pm) {9pm} (38ml (9nm) 

l.tar. 1i1)0-3 12.·95 s.84 14.sa. 5.84 16 .. 03 49.38 4. 
l40 .(;spm) {9pm) (3sm) (9am) 

Apr.. 8.91. B.91 8.91 ·9 .. 50 
•40 · (3pm) (9pm) (3,ttm) <9mn} 

8,,91 . 9.50 38 .. 23 
- ,··-''.;..:· 

4 

June B .. 51 5.94 5 .• '74 3 .• 96 3.,96 8 .. 51 24 .. 15 · 4 
~40 ·· · (3pm} (9pm) (Sam) {9am} · 

( ' • ' ' -~ ; f '.' ' ,\•. ' 

July 11.08 3.176 12.37 5.S 3,;cre +:2•3'f 32,.51 4 
t40 {3pm) (91;>ml ·(::;~ml (9am) ·,.,,;·,s:: 

!t.tig. 11.49 6,,'73 6.,'75 10,29 6.,'lS 11.48 55 .. 23 4 
140, (.9aml (3:pm.) (~pm} ($a.in) 

Sept•' 4.,35 '7.52 4.15 · 4.75 4 .• 15 · '7~52 20.'77 4 
'40 · , · (2pm} (8pm} (2t1n1} (8am) 

Oct. -10.,eg 12 .4'1 .12.417 117.62 10.sg . 17.,sg 53.25 4 
~40 , ftpmo) (17pin) (la~l (11~m} 

'. . . . 

Nov<) 15.J34 15.94 18.61 13.2'7 13.,2'7 18 .. 61 63 ... 06 4 
•40; {12ml (8pm) (12) (9am) 

Dec:. · ..... 9.30 12.rn 6.J53 6.53 12 .. 07 2a .• eo ;s. 
' '40 · (5pm) (11pm {5am) 

Range: 2., 43 ... 18 ... Gl Tota.1: 480 .. '10 50 



1 ~ rt Jr 

De.c:. 
939 

.,:_- ,t. ;_ 

TAB!iE XIY 

Dog #17 

4e25 11...01 10fl99 11.a2· 
( Gpm) (l.2) {5am) ( 12m) 

Zan. ·'12.30 :12 .. 10 4.50 6~90 
141 (1.pmJ (1pm) (lam) {7am) 

Pel.,. ·2.0 .. 98 11.,2414.25 14~65 
'40 (6pm) (12) (6am) (l2ra) 

Mar .. · 9 .. 00 ·10.50 10 .. 6'9 '7,,,?8 
'40 {12rn) (6pm) (12) .(6am) 

Apr., 8.4'7 '9.i58 5.14 11;08 
· '40 (6pm) (12) {6aml (12m} 

May ; Tf.48 10.29 ~hl6 12.67 
'40- (6prn) (12 ) ( 6ant) (12m} 

June -- '7 .. 92 6~10 a.s1 
'40 {6pm) (12) {6am) 

Jul.y -- · '7'.54 e.111 9.2:0 
'40 (12) ( 5am) (12m) 

Low 

4.25 

4.30 

11~24 

.,,., .,2 
5.14 

3.16 

G .. 10 

're54 

High Total 

.11.01 . 34 .. 0? 

12e30 ~5.60 

'· 

20.98 ·et .. 12 

10,.69 38.13 

11.oa '34{12'7 

12.6'7 ·3s .. ao 

8.31 ·22.33 

·9.20 25 ... 45 

Aug.. 6.,93 6.35 9.10 B.,51 6.33 9.10 30.,87 
'40 (12m) {6pm) (12) {6am) 

Sept"' 8.,12 ·4.55 8.54 4.,'75 
'40 (llamJ(5pm} (11pm {5am) 

Oo1;., 9,, 10 . 2. '1"/ 9.,10 . 8.,11 
140 (4pm) (10pm (4am) {10am 

Nov.. 1'7 .. 22 10.,10 14.,65 9',.50 
140 (3pm) (9pm) (3am) (9am) 

Dec. 13.,3620.,3911.58 10.,09 
'40 (2pm) (8pm.) (2am) ,(eam) 

4.,55 e .. 54 25 .. 96 

2 o'lf"f '9el0 29 .. ea 

9 .. 50 l"f ... 22 51.417 

10.,09 20 .. 39 55.42 

Total: 

Average: 9.,56 

No. 
of' 

Sa111ples 

4 

4 

4 

4 

4 

4 

3 

3 

4 . 

4 

4 

4 



TABIB XV 
SUl.m.A'RY OF Il.TDIVIDUAL A'ND GROUP PEPJ?ORt1A'NCEe 

!Z af tr.l ~ f;· li4 i? ~ ~ ~ ca 21 !Jo Ir;;' 8 ~ 0 ~o 0 ID ;? i:s• 1· 0 
• P.. s., ()d' G • ~ Oct' (l) 

1}. 'CS -~~tli)-. 11 (Jq 'O ~ er ID *1 
0 ~-0 Oi:a 1..i. !...i t\') 0 ~ 1-• 0 O'Q p. f-,J ~ 
H.; ~ al t'b ~ <,i, ('A HJ G t-t, .1-S 0 0~ 

C!l g. (il r;t. ·a @. 
t:1 'ii en> tj - m ~~ 
0 0 0. ~- Q 

(lt) ¥\_~- O':J ()q ~}t 
~~ -

Group A: 

'Fen:ialas _ - l'Ill.les . 
l 15 .. 0 24 508.59 12.as 6 9·.·0 22 .·210~·29 '9.56 

2 13.'7 22 251.01 11 .. 41 VT 24,iO 28 16'7 .. 21 rt .2, 
>%' 
,Q 12.5 24 222 .• 52 ~h28 " 24e"0 22 ll5e52 5 .. 25 

4 13.4 24 3941148 1fh44 '1 '24!PO 23 1'70.,86 7,.43 

5 13 .• '7 23 290.90 12 .. 65 8 23.6 24 99.61 4 .. 15 

9 23-.0 - 24 408.13 16.92 
--- ·-

10 'il.,8 24 16"7.00 6096 

Total 117 1.l'l4GV.,50 12 .. 53 l.62 1,336.62 8.26 

tJroups B and e 
Femal.as Ma.lea 

11 10.2 49 54$.95 11.,10_ 14 tr. 6 7 1Sl .. 9-4 18 .. 85 

12 9 .. 8 50 489 .. 61 9.80 15 10~7 42 · 360.,00 8o5t7 

13 9.8 49 543.96 11.10 16 9.,0 50 480.'70 9 .. '71 

117 9..:1 50 4V'7 .9'7 9 .. 56 

Total 148 1$615.19 10 .. 91 149 li,450.61 9 ... 14 

Ave. :ror all Few.ales ll.63 

Ave. £""or all Males 8"96 Ave. for Grou.p A 10.,05 

· Ave. f'or Group B&C 10.32 -



Average hour values 
from dogs in Group A 

·Hour Ae'M• 

4 

5 

6 
'1 
8 

9 

10 

11 
12 

11.617 
9.44 

9.85 

9.,80 

8~'76 

9,.80 

.8 .. 60 

a.eo 
8./18 

10.30 

11.45 
11.,59 

11"33 

10.$4 

10 .. 61. 

lL,31 

9it2~ . ' 

'10.58 

11.79 

10~13 

TA~LE ·XVJ: 

Average h0t1r values 
from_ d~-~--'~ o_r$UJ? _B (Deo .. ,.~ #'U~:y) .. _ ·-, 

1 

2 

4 

5 

15,,04. 

9.18 

a .. 4s 

' 10.,93: 

e 12.,?1 

9 9,.60 

-10 111120 

11 9 .. 55 

12 i0./14/ 

Pcl.i., 

il.?14 

15.15 

12.30 

1'7.21 

9~,81 

s.eo 
12.35 

11.99 

6 .. 58· 

10.40 

S/76 

9 .. 50 

Average hour values 
from dogs in Group C 

· (Aug .. ,,. Jan.,) -

!lour A.lit; 

1 9.84 
a a.g~ · 
;3 9~&'7 
4 .91137 

5 ;l!f ~22 

6 10~41 

-1.1.,2 

ll.42 

a.tn 
'. 

'1,/15 

10.,23 
. ··,;-

7 

s 
,10 .. 15 • .. , !'6.12 

g 10~10 a.o4 

10. 10.43 6.61 

11. .'. 9.33. .10.91 ,., . 
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Same dni;a b:ave_ l>een 1'8-p<)rbed in the -fiterattire 

whte11· bears'mo~· or·iasa_d~~ct.lt on' the problem.bf-.. the 
' . ,__ ' .. , ·.' '··, ,. -_. ,· ·/ - ,' . .. . . ,, . . . 

' eti'fetJt, t>f' .f!:entpel:~atura· ·varia:tio~ am the blood 'laetio sold 
' ., 1·,- ·-. ,. ! ' - - ' . ; . 

rabbilis ·tc>~sre:tully; c6htrc1led: temperatur€is tor varying 
~ ' ' _. '' . . . ' ., . . . ' . 

periods o.r tl.l'lie'·. ·• VJ'hen the tempapatto:>~ · ~a 400 ·or 500,. 
• •·• ' •• ', .. ' .. · _-_-.-. '_-_··: . -__ .. :_:··_-_:_- .... ,._: , .• --.. ',·. :· . .-·. -,_ -.1· - .- • •• ':-· _ ... •• ' ; '. -_' . ".' , ' . . ' _ ... • •. ·.• ' -· 

he obtained eons iderable' -'1n.orease in bl:oo (el la ctie -~ cid. 

: Although 't'he'. g!d.ma:ta· ~illa:med .tn· the h!gh. tem:pe'~atures 
. . ,, ' ., . . ' . . . 

~m th:trty fu!nutes to :one :hour:~ it: r·eqUi!'EHl .sQma three 
. . ' '.'' ,., .. - ' . .. ,,- ,•. -. . 

tn· $'~' bouY.s tor the 'laet!o · acid to' return t<o ·the ,rest~ng 

1eva'l-_ 

Trttlm.;.;Tuzon ~lS:40)' ·.mda · t&n to· twen~y · d~terminat ions 
,- . . . . ' . . ' 

of' blobd ·iaotle acid per month on· different. parsons 
' . . . ~ " . ' ·': - . ; ~- . . . 

thr~ghout a n1ne ... month. per:~o~: 'from .septembe1~ through . 

:una,. , 11'.a la ctie· acid values,. averaged by months, cor .... - .·· <. .. . ,· . ~ . ''.. -' ' . . . : . 

related cl.osely'wlth th$· me-an _monthl7 ~emi;eratura, 1n that 

a "reducti~n Ol'' · i1?-Cl'"0&Stl ~ · te1npe~ature r as_ E'.,xpressed l?'1 
the monthly mean,,:was &taaompsnied bye..· d'0oreas:e op u,. ... 

- ' . . . . ' . , .· . . . . . '' .' ,. •· ~ -. : ~,-. . . 

cl-ease:,. ~tfpeoti.valy, 1n laotlc ~a.id, 
, •'.. '• . . .' .. ,, . . . . .. • .. , . ' . 

D.Ul et al .. (1940} :found an inerease in eoneentration 
• ,c'.• ' ,•. • • ., ' ' • • •·• 

. . . . 

of blood 1aetio acid of: spprox!m1.rtely fifty per -eent when 
. . ,- . .- •. ' ,,. • .· .• r- . . 

determined in. Benoit. Mississippi as compared to tha, values . . . '.. , ... ;•- .. . . ,· . ' . ·- , . 

· :found !n th€! same httman SU~je~ts , 1:n Be>ston, ·11assaehusettS,o 

In view. of these .flridinga.,, i.t was thcu.gb.t that in'"" 

vestiga.tion or the laetie acid ccncentPation :tn tba blood 

of healthy dogs might prove ot soma interest. In addiition.,, 



1t wa.s bel.i.av.ed1 subjects wht eh we.,:oe used eontinuousl7 
- . 

t~gh'OU.t the t,nttz-e exper!,mental:. period !would yield 

~. valuable fnfomattOtt tmn .tlifferent subjects eh.Osen 

tor ea.ch sampling. 

!'wo dogs#. a. :male,.mtmber 251 weighing 24 Kgm. and a 

femal.e P number 30" weighing 10.2 Kgm. ,, were confined in 

El mna1l i unh&ated, lnt ful1,y ene1cu,ed house cons trooted 
o:f light wooden aht,;etlng. fh:ta atrueture offered complete 

shel.teF ftlom w1nd 1 rain. and snmv but sf.forded little pro .. 

teet1on to temperature changes~ The inside temperature 

foll.owed with1n · 1:>·,to··.3 degrees centigrade the outsider , · 

tempera.tu.re. 
The thermometer used was the Bristol.Reoord1ng 

'.rhermomet~r. Oont1nnoo..s temperatures throughout the twenty ... 

four hour pe!"iod. we>~e ,t-hus available. This. instrument 

PI'(.IV!das readings which serve as the semi-ott1clal tem-

peratures· tor the ~olm!llm1ty. 

Unlfo;rm f eed.ing and wste1:1ing pFocedures wel'e used. :for 

the dogs. The :rood was a balanced, comme~c1al · product 

which was given -to thenl' onee each day at 5 P.,.l/f& The dogs• 

cond.:tt1on improved dwing the eX1X3r:tmant, indicating a 

healthy state at all times. 
Samples were ts.ken from the peripheral .1eg veins, all 

foui-t lager being use~ :tn rotation. The method used in ob .. 

• tain111g the blood and determ1n1ng the lactate content is 



d$S!)M'bed fu'tlie, sect'tori'on.tlie etf'eet of hemorrnagJ·on 
bio~ lactic:. tte:td:. '.·All sam!)l.ea were taken_ at ·· 11. A.,Jt. 

over:,. dii;r of ·the week 'ex~pt fhmday. and . holidays~ .. APPl."'OX• 
~te:ly' l.a ()~~~,- of blood !$l'llE> rer.ooved. each time a sample 

was obtained. Eaeh dog was bled every other- day. That 

t:moh a bl(S;od 1oss was .in· no way lrijur!.ous was !ndica~ed 

by the, !mprove1Mn~ cf each dogFJ' oonqit~on and vigoro . 
. ' .. :·· ' (. ,!, .· ' : i ,. '. . ' . ' ~ ' ' ' ' ' 

A11 eamplat11 _ were ;ru11 in duplieate, the reau.J;ta a~ 
• ' • • I - , < .·, ', • • •. • ~- ' • ! ,' . .· • 

gr~ei.ng wttt:ntn . two mgm. ,a:rt. eent_ J.n praot!cally al} ~ases .. 

.All 'Qlood f':titratesw~~ analyzed within a week after 
• • ' ~ • ' ' ' ' •• ' • • < _.' •• • ' • • ·: ,, • 

?Jemoval from tb.~ dogi .and in the interim .were k~pt _in 
!' : _, . ...- ', ' ' ' ' ' ' . .• . ' . ~ ·' : . ' . : ' 

'?o tnsure _ a. ,st~te of CO!ftJ?le te ~est 1n .the experimental ' 

an1ma1,·_ooth dogs ware leashed for at Jaaat forty-five 
, .•. ·, -.· l • 1 . . . . 

mtnutea pre,tious to the t.1.me of blood w1thd:rav1al.. 'No form 
C ,• , . ,,, ' 'L• , •, ,' •. H ~· : , ' ' •' , < ',• •, • • ·> , ' ,' '',. •· . • ,,• •• ,•, ' 

of a,ct:tvit7, was ~~it~d_duri~_thls rest per:t_od. 
' - . . - ~ . . . 

· The expa~irt1ent was started early 1n the F1ll when the 
' 1 < • '. ' •.. ' • ' ' • • : • ' . ~ • ' : • -. :: - . - • .• ' 

tem~~ature daily re~ehed a peak almost as· high .as du.ring 
' ' ,, ' ' .·. . . ·- • ' . t •• ' .· . ,- • " ' --~·: .. , . . ',· . ,· . 

t~e llotta_st part of, ~e,;w~. SamplEH! ware taken every 
other day from, eae,h dog for a period of' sh months. During 

' . . .. ' ·. , -· ' . ' . . ' . .·· .. ··- - ~- ·,. . . ' ·- ,. 

this ,inta:rval 1> temperatures approximating those of hot.test 
i ' . ,· .~ . . ' ' ' ,. .' ' ' . ~ . ' ' . . ' • . -; ' . . ·, : . ' _, ; --, ' 

SttlJ1Ii18?" as· we11 aa those of coldest .Winter, .. :were :regis_tered~ . 
,.,·;"'{:-.1..>·, 



, In Tab1e XV!I:E a, ~Qfuprtete record or the ·data ;col-· 

lEioted· ·:hi th:e·,eiper:.tment. is·.·g1ven by -months fo1• each .of··. 

the- tv;o dogs £,.or· the ent-h'e · aix months,· period,. Only the 

11 A~l\f., tampars:~s ·Of ,t·:ne· days on vm.1.ch sample·s were. 

taken ·ere gtven, tw it Wll$ at this h<:11F that all -samples 
: . 

were d:PS.Vill~ . · Duplicate determinations ware ~ on prac~ 

t!ea11'1 :a.n ·aamJ;>les. Each laet,!.e a.o1d :value. liatad 1n 

the:table rirspPeaente :an average. of the two analyses, 

except for a. few t.n w~ioh t.bs dup11cetes welJe loste In 

those cases the single "V'Sluas wel"'e taken, and are so 
. ' ·'· .. ··- ' .. ,· " ' ' -:, ' 

., . 

· · Figure tr· repres~nts ii graphically, the lactic .citoid 
;·,,- ' .:· ,]'.," -, ' ' .. ' . . . . 

and. tempe:r-atttre··Valu.es .oontained 1n Table ·.XVIII.. .On the 

da.7$ when 110 samp1es we.re taken., a notation is ente,red., 

Th~ ~,Ph includes all values taken during the six months' 

period. 
· The· f'.irst impression ts that dog nturibeP 30 exhibits 

a . much. greatexi range of vnr:iation than does dog number 

25·. '·l:t nust. ·~. rsmembe~ad that between ,two given. points 

on, a laeti<1 a.aid curve , there may be an !nterva1 o.f two 

days· 1nate.ad of one. This is due to the fa.ct that no 
. -· ·. ,·,. . -•- . _, ·, . 

samples ,vere taken on Sunday, hen.ea in tm case of' dog 

nttmbe:r 30 a sample was taken on Saturd.ay, September 14 • 
. . . . . - - -· . . . ' . 

and no fu:rther sample obtained,. unti1, Tuesday,.. September 

l ''(., The m1s$ed ~sy is not inc.luded on the . time .soe.1e 1 
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th~?"B:fOr$ .. t;:he ~o~ase _wy 1Seem more abrupt than it 

!)l->obabl:r; r.e!:llly. is e .· 

.hen. though there,_ is,';~ great vnr:tnti.on from_ one aam-

'+,i:ng dsy t;t> 1:1noth~rJ1 '3~et this variation is no g:raater than 
. 

·1s the variatio:n observed when several sueces-siva ssmplae ·' . .. ' ' ,· ·.- . : . ' .. 

-are ;taken f'rbm a. dog du!':tng a twericy ... four hour psriod. 

'In addition to the _greater variability» dog number>. 30 

eontd.stent.ly contained a ld.gher -concentration of' lo. ctie 

acid . in he!" blood .t,han did 11.Ulllbe-r. 25~ . This is well shown 

in Table XIX vrh1eh gives the daily average value in each 

tf the general t~n.ds of tlw two curves are followed, 

a ~Stthel" dafi.nite sltnilarity in crests and troughs ca.11. be 
~ . ;'• . . 

d1stin.guisht1td • ., .. The cloee,at sgre1:nnent ~- in_ this. respect JI 

is obee!lved _dttr-ing September and the first half. of October, 

where there is qu.!te close ag!*eament of even the sharp 

peaka . ., Nowharac else' do these spikes _agree so completely. 

The 1ncre extended swells., as from Novem~r 2-21, also 

show. morG or le~a. of a s!m1la].11.it7 •.. In.most. of these r.101,e 

· ~x~ended swellf.Ltllere :te a -co:mpound!ng or .progressively 

l11creas!ng or de~e-ssing va1.tt$S .mak111g up the a soending or 

·c1osc.end1ng llmb-s l"'espeet1vel~. Trere is no .semblance of 

e plateau at any ti,me du.ring the six monthst per!od.t wb!oh 

should be expected if lacti~ ao1d concentration is stable 

· in nattrre~. 

It is obvious that there ie no relation between the 

blood 1.a.ctio acid changes repre.sented and the absolute 



dail.,r -~em1,erf.tture :~han~es~ 'lleithe·r-· is there a direret 

relatfon batwei~r/ s·verage ~6t1e a:cid:v-alue~ for ·a given 

m.t'.»'..1tll ax1d the a·verage ·11' ll~M" te111parature :dur:!11.g -the . 

month-& RO\'rl&vei\;, e:taminatton ·-of Fi~ e · 10. sho,vs . s. close 
i,,t,rrelation between average monthly , la ctle acid values 

and e( va.r1able which w:a have· ol1osen to des·ignate the 
Yt:&Ve~age d:e~Se difference from the monthly mean. u 

This q;ttantity. and the sta'l;:tst1-aal tt1ean detriation· are 

-identi·eal. · It :t~ a measure o:f" the t., 1spara1on of the daily 

·11 A"M. teniperatttrea'fr-iom the mean 11 A.la. tempera.tu1--e 

for a . given month. Surprisingly t.flose agreement 1 s ob-

served bet,vaen these ·two var:ta-bles for TIJOat of the 

experfma~t.si pe~iod. ·Tbe·re· is soroo d1vergenee,· dur!lng 

Fe·bruaP1 ~· but in ·the ·main the agreement is significant .; 

DISCUSS :rON 

A gei-1eral t;rend in the same_ diredtion \V~_th ~eepact 

~o both dogs :ts observe~·&, .TJ11e ai,m11ar:ttr indicate.a that 

the chang~t3 in }aot1e ~old a:re _b~ought about by_ some 

common agent _or agents. ~t_.e.ny such blood la.et1c ae1d 

response mny be modified, no doubt, by a multiplicity of 
\ 

factors. 

At f'irat glane~ i~ _s~e~ tllnt there is no connection 

between blood laetio a e1d and va~iat1on in temperature., 

~is doea;:::·not a~~ee ,:v,1~h .t~e observations of" Truka-Tuzson 

(1940) who .obtai.ned a direct relation \?Stwsen · monthly 

mea.11 temperature and nee.n la ctio acid in ma:tlo Of ·course,. 
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Figure 10. Average values for blood lactic acid and temperA-ture. 



tliere may ba a irpeoiea ·d;:rterenoe hera., ··Ir· sueli •·ll ·dif-

:fiererica een not'be'shovm;,, it ·may·b'e that tlt~ numbe1"'·of 

· a:xper:tma'n.ta.1 anlma1:s 1r1 my aeri~s is 'too ·mna11 to· br:.tng 

. :.Otit su.ch a -raJ.:atitinsh1P~ :It is ' riot ·at a 11 clear from 
;Trulra .. tru.zgo11,ts· ,vbwk whether he' used :twenty to thiity 

'different 'people :eaeh month .or tho same persons month by' 
l 

·month. If' he ttsed the ~orrae~.. auft.'1cient individual 

d:tfferenaes might ·oo !neluded to give sucli results,: al-

though ii:; seems highly ttnl:tke1y tm.t SU® might OCCUl'. 

'At any '!"at~, ·Otu., l?esults tend. to va.fy in :the opposite 

dlreot:ton. t':!"om this au:tllor 1 t.r. 

Table <a and Figure 10 show that· tYJ.r results are 

···,cioself l'elnt~d 'i:ro:ctegre.a ot· variation ·of the temperatui"e 

.. · from a· eent~a'..t mea11 · figure. · Thia variation· 1s '.expressed 

·· b't using the mean devia~i;~ f'o:r a given month. Such be-

havior, is 1nter~etad. to mean that it is not necessarily . . . 

. the vat"':tat:ton from one day to the next that results in a 
,. ·' '· <. : " • 

.. laotio · ao1d cll~ng!,, b':lt more ,lWop~~ly.the ~emperatu!'~ 
i·1uotua.tlen &l"cmrtd a eentnil point • 

·' ..... . . . . --.-' " 

· Pa:rhaps, ·too,, a t-0tal temperature cha,nge m~y i~luenoa 
' .. . ' ... . _: . . . , .. , '.-· "'·. " 

the le.otto acid, since theFebrnary1actic acid values 
• • • • ' • • " ·- ' • • _, . ~ • .·~ •• • : •• • • - ; • ' • ' • • ii ' • 

were hig..1-ier !"or both dogs than the mean deviation woltld 

~eem to · ,vsrrant. Tite mean temperat--ure dur:tng this n1onth 
' ' 4 . • ' ' ' 

. w~s ~he lowest of the 1rhole ~r~?d• Therefore, it may be 

that, 1n {add1t:ton'to th& deg1-ee of variation as a factor" 
• • ,! ' .• ·~ • . ' . .• • • - • ;, • 

a large temperature oh~ge of oont:lnu.ous natura.1s an 

add:tt1ona.1 fa.oto.r.~ 



' with respeet 'to tm 'Nfa!*ch yalues,"' ,d!sa'g~eeroent here 

:ts a~en. ,, !t "is: felt,, hov;o'tterJr ,that .tqo fev~ value a ,are 

. represa~t;,ed.-to bas~ ··. e.ri:i, def'1W:1te < o.onclusionn·. 

1,e·• ;t!"taybe' 'that · the. ;l!'ieohsri1am operat 1ng to bring 

'. fibotrt sticih 1J8t!ipocr1S0S ;is ::of' a. llel"VO'UtS -m~ai> :tnvolv1ng 

tlie itr-i..ttitm,a'll ·uaually aoting in temperature. regulntion11 

Yamada (1940) ruxt shO'!lttl that, '1111-isbbits, after bilateral. 
I . . - ' - -~ 

splaneltrd:ootmny there · is nt11t ·ohtainsa tha usual . h~r-.. 

. laetaci.demia. following· te~ra~· changes .. ' This' ,vould 

1nd.1oate a ·~osa:tble 1nV'olvement of the at1rena.1 medulla, 

t:he secrat_ion ·~·- ,vn:toh haa been shoTn_'l to influence the 

blood lacit:ta ae1d level (ao~i,. 1925}~ . 

1n Blood. lactic acid 1n dogs doea not seem to vary 

with the dsy ·b:r day fluctuation in 11 A ... M. temperatures •. 
; ~ • - '.. • . - ' - I -- ·- • 

2. 'No direct relation can be shown bet-ween monthly 

· mean tem~erat'ur& and monthlr me~n blood Jn et:i.e ac1d~ · 

· $<• ·. A• elose correlation does . erlst between. monthl7 

-mean lacti.e acid m!d tempa1 .. e:ture mean deviation.· 
' . . . ' . '. ' .. " 

411 Ii; is suggested tna t a nervous mechanism may be 

·. resp-onsibl~ for the regulation of tbase var:te.tiona., since· 
- ' . . . 

other ,vork has shown, in the :rabbit at least rt that 
. ' . . .. . . ; . - ' ' . 
. bilatera':;L aplnaohn1ootonr,r ean check la.et io acid pro-

.. '.' ..... -' •- . . . " ' .. 

d·r.u,t±ou' J?llmv~ large temperature changes• 



]) Data 

Sept. 
15 
16 
18 

· 20 
23 
25 
2'1 
30 

Oot. 
2 
4 .., 
9 

11 
14 
16 
18 
21 
23 
25 
28 
30 

liov. 
l 
4 
6 
8 

11 
15 
18 
20 
22 
25 
2'7 

TABLE XV!tt 
COMPLETE DATA FOR SEASONAL· 'J.lE'MPERATURES 

AND BtoODLACTIO AOID .. 

Dog ,J/25 Dog #30 

Mgm~,t· dent1grade Mgm.~ Centigrade 
Lact:te 'Te:m.perat.-ure· Date Lactic Temp, 
Aoid at.·11 A .. li .. Aoid. at 11 A~M .. 

- Sept. 
··8;.91 23 .. 3 14 12.4"/ 25.0 
·,5;04 24.4 l?· 30.60 217.8 

12.a9 29 .. 4 19 21 .. 42 21.8 
19 .. 11 217;3 2l. 16t-33 28 .. 9 
.~.,5.;94 24;,4 24 ,,:6.63 22 .. 2 
·•:6~93 13.3 .·26 '1.13 15.5 
5. "14 17~8 28 6.,14 20.0 
·a.s2 23~3 

Oct. 
11.~19 21 •. 1 1 '7.?2 19 .. 4 

'1.43 26.1 3 5.94 22.2 
11.48 16,:'1 5 5.94 25.6 

8.91 21.1: ·a. '7 .. 92 18.9 
,.~.32 18.9 10 13.66 18~9 

12e4'7 11 .. '7 12 22.917· 25~6 
11~98 16 .. 1 15 20~96 13.3 
10.69 1a;~ 1'1' 21~38 l'1;2 

8~51 29~4 19 14~85 23.3 
6."13 20.e· 22 21.58 23.,9 

2li'l8 25~6· 24 13.55 25.0 
9~84 15~6 26 15.64 25.0 
17.92 6 .. 1 29 19.20 15.6 

31 14.85 11.'7 

NQVti 
6.53. 13~3 2 18.4:f 19.4 
17 •. 62 15.6 5 16.63 5.6 
5;64* s;.o 7 18.,'71* 10.0 
'7 .oo 1z.a 9 22.17 8.9 

10.,89 -4.4 12 23.95 -'7.8 
12~8'1 ... 5 .. 0 14 23.96 •7.8 
13.36 16~1. 16 26 .. 93 5.,6 
14.,85 2.2 19 28.91* 16.l 
12.617 5.6 21 33~26 5.0 
10.,l)19 0.6 23 2'7.32 2.,8 
13.4!> lcol 26 1'7.03 1 .. 1 

30 26.33 10.6 

1f No du:p116ate 



2 
4 
:tr 
9 .. 15 

16 
18 
20 
23 
2'7 
30 

a. 
6 
8 

10 
13 
15•. 
1'7 
20 
22 
24 
2'1 
29 
S1 

'TABrn XV!II, cont 'it. 
COMP~ DATA Fl':R SEASONAL TEMPERATURES 

. . . . Al\TD BLOOIY LIH.'PJ:Ia ACID. . ' 

·~~~··'.#2s 
Mgrn.,f · (ient.igraae 
Laet1..c · .·· Tempex,e.;bure Date 
Acid: tat 11 A .. M: •. 

. ·:to'~93 .... 
13~66 
·.9~60*' 

10.69* 
8.,'75 
6~53 

10.ii 
.-12i5 .. 
. 11·?1 

· l'f.92 
1:·'7.92· 

15.3~;} 12.'0 ·. 
11/'1 

.. 13;1 
'7.9 
'1.3 
9-~1 

.a;,3 
10.-5·· 

Eh,93 
10 .. 1rr 
9.1 
-9.-6 

o a· 
·4:4 

12~2 
13 •. 9 
-9 .. 4' 
-2~2 
2~2 
3.3 

-ll~l 
2'~2 2.e 

.3.J~ 
..4 •• 4 
3~'9 
Ae-3 
e;11 
5.0 

...4..5 
lo'1 

... 1.~13 
... 3;3 
... 3.3: 
.. 1 .. e 
4.0 

3 
5 

. *"I 
10 
12·· 
14 
1'7 
19 
24 
26 
28 
31 

2 
4 
. t'/ 
9 

1:1 
is· 
18 
21. 
23 
25 
30 

Dog 'IPoO 
llfgm.%.. Centigrade 
Leet ic Temp; 
Aoid at 11 .A' .. 1.1 • 

. 25.J..t!* 
2ff.S4'* 
1'7.82 
141186 
15.56~• 
16.4,l} 
19 .. 8 
12.9 
1'7~6 
12.s · 
16.4* 
13.l 

14;8 
18~0. 
is.a*· 
18.8 
18.0 
11.11 
15-~8;~ 
ltt.2 . 
11. "t . 
U;1 
14.'3 

-5 ·"' l7.2 
6.1 
3.3 

.o~~ 
'.""5&6 
_,;.7 .2 

3.5 
. l2ii2 

3.3 
1.1 
6.1 

l~.J? 
... 5,,5 
~1;1 

.... 2;-2· 
5.6 
2;.a 

~12.0 
'7 .. -2 

."-2.13 
Q.:5 
·2,.2 . 



Date 

Feb, 

3 
5 
'1 

10 
12 
14 
1'7 
19 
21 
84 
26 
28 

3 
5 
t"/ 

10 

TABLE XVIII, ,cont ta~ 
COMPLETE DATA FOR SEA801H\.L TmtPERATURES 

AND BLOOD LACTIC AO!D. . . 

. 1·fog #25 
' 

a., 
11.·9 

13~3 
'1.17 

· 9 .. 9 
10 .. ,1 

. · 11.si>o* 
· 10.9 . 
· 13~'7* 

. · 12.5 . 
'13 .. 5 
' 9 .. 5 

1.0 .. l ' 
12.1* 
14~2* 
12.5 . 

(;entigradG · 
Tempe·:rature 
at 11 ·A,.M., . 

.. 2.2 
l~G 

-s~·3 
3.9 

12.2 
-2.2 
6.0 

-6 .. 6 
-4.0 
0.56 ~o 

· -3.3 

.o 
2.2 
.o· 

1 .. 7 

Feb. 
1 
4 
6 
8 

11 
13 
15 
18 
20 
22 
25 
2'1 

Mar. 

l 
4 
6 
8 

'Dog #30 

'Mgm .. %, 
Tiactie 
Acid 

Centigrade 
Temp. 

at ll A .. 1,i. 

12.·1 
16 .. 2 
12.1 
15.5 
16.6 

. 12.3 
· 13.4 
'18,,6* 
. 16.,0 
'22.6 
. 22 .. 2 
. 19e3* 

, 16 .. 43* ·. 
16~23* 
12.3* 
12.111-

6.1 
1 .. 1 

-4 .. 4 
-4 .. 4 
. 4 .. 4 

.. o 
1.7 

-1.6 
-'7.2 -e.o 
-3o3 

.. o 

5.0 
-1.? .o 
. 1 ... '7 



TABIB XIX 
SUMMARY ·BY· MONTHS · 

Moan·· Total · Ntonber ' llttmbe:r, ·1.tean Mean · 'ltfonth fllotal Menn 
11 AM Dall,:: Mgm.% ot ·ot Mgni.% Dail,: 11 AM 

.Temp,; l!gm.,~. Lactic Sam~ Sam .... Lactic !!gm .. J· Temp .. · 
· Oenti- Ieotie Acid ple,s. pl.ea Acid Lactic Centi-
grade Acid Acid grads 

Dog #25 ·Dog #30 

23.9 14.59 10Q!cr2 '7 . Sf?:pt. · -e ,a.es. .. 9~21 22.9 
....~. 

20,,.4 14.t'71 205 .. 9"/, 14 Oct. 13 136.25 10.48 1~.o .. 
5.8 23.'33 283,68 12 Nov. 11 116.20 10.56 5.7 

2.1 1'7.13 2Q5,61. 12 Deo'!I 11 111.00 10.09 3.7 .. 
-0 .. 28 15.56 l-Tl.20 ll Jan .. 13 129.45 9.95 1.1 

· .. 
~0.'73 16.41 196.90 12 Feb. 12 129.20 10 .. "/6 Oo26 

" •' ,!,. i.. •• ~ .• -
1 .. 1 14.26 .·s11:1oa 4 ·-Mar •. 4 49 .. 90 12.20 o.,gs, 



. - . 

TEMl?ERATO'RE MEAN DEVIATION VAWES •. 

·Feb. 

l'V'6rage.· mgm .. 1' 
Uct:ioa<J1d per 
month for dogs 

112s ··.ana. #3<J 

11 .. 62 

12~00 

1'1.38 

13.'77 

12.52 

13.59 

13 .. 24 

Average d~groa 
difference from 
monthly ·mean 
{centigrade) 

s.so 
4~25 

6.11 

4.t'/0 

3.95 

1.4'7 
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