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mOCOCTZOi ABB ni&t&RlHAL

Xuo* 90, 1S08, flir giwgtufy Z^tt (I) in • l«etuz^ be-

fore the Snglltli Bojal Soeiety stated th«t he hed eueeeeded

in deeoaposiag tbe ei^iiae eerthe. Be stated. "l sluiXl

venture te dmewrilnate the owtels from the slkaline earths

feeviiMi, strontitm, ealeium *

Sinee then eeleiuiB and its abundant eompounds have been

the subjeet of wntih exhaustive research* its phyeieal propr

erties being first aocurately detemined b^ £r<tanmi and

lareh&nd (2) by the igaJitiQB of ealesimr.

Barly analytical work In the field of physiological

^lesiistry soon revealed the presenee of this inportant ele-

aent within the living bedy in severe! forms. It was fouaS

to be the e^or inorganic eonatituent of bone as trl oal-

•im liimipJtMite and ealciias earbcmatej as ealciua fluoride

it has been shown to exist in the teet^; its salt:? are

lauMRt to exist in the tiesaes end it was soon ahown to be

present in soluticm in the plasma. In ea<^ of these it has

been assigned a definite role thou^ isany of these piiysi-

•logieal aotioae are still the mib^eet of research. To

APthns Sttd fmgfi* (d) is assigned the proof that the eal-

eittB salts are essential to the proceas of norawl blood n
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•••gul&tion. Clark (5), MlamB mad others iMtw aliara tlutt

•aleltn ««lts p)Uy • noit iaportt^nt role in c<»uxeotlon vith

tlw Irritability of maela aad nerv*; Increasing sagiouats of

ealclum iaer«a$?« the eontraetlons of the i^art auaela.

Inringiag on so-called ealeiua rigor. luMeroaa investigatore

lia^p* aiio«B that this eleaent is controlled by at least two

(DverBora la ttie body, teiag subject to horaoB* Midi vitmoiii

regolatioa. the reeent vork of iLoxelka^ Itort and Bohstedt

(4) forcefully showing the Interrelatioaship of the horaem

of the parathyroids end vitamin D in eontrolling caloiusi

•eMMatration in the blood.

In 1911 Rob* mtd 7ekaha^i (5) published «n article

in the Moeheaieal SSelteel^ift estebUAhing the nov veil

reco9)ixed fact that ealeiioi in tim plasaa does not all

exist in the fom of siaiple solution. Bs dialyxing eeruwi

in vhioh all laorgAnie salts except ealeiua ewre fully eosi

pensated for in the dialyzing taediuai outside the sMiabrane

»

vhile eeleiua vae present in vsrying aaiountB, the authors

shoved that on the avere^?e only 66^ of the ealelxui in seroB

iws eepable of diffusing ttureuclti • —rtraae. In rapid

sueeeeeion Cushny (6), Mii^ter-<«xiittner (7), Kirk Mid Sinn

(6) ai^ Buasrooa others have studied this pheacmeaon, at-

teaptlng to explain it and to associate it with pethological

conditions, sueh ac rickets, epileps^* etc.
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1
Past reseftrch work oa ttw •filoim eont«cit of the blood

jUi thm ftvea h*s •8tiibli«di«d tiie latefodtlng faot thtit tlM

e«lclum eoneeatrmtion vfiri«« over • large r«a^ in the eentt

of the festele, depending vpon the eetlvlt:; of the overiee.

The total eftlciiw of a productive hea ruae two to two aad

a half tiises aa high ae that la the aoa^i^troduotlve bird.

ftabsequeatls' it is the purpoae of thla tbenis to es-

tablish the asoiMt of diffusible ealeium ia fowl aerum at

ttie im^lnfn oMMMatratloae of total ealeium , heae* to de*

teradlBe lAiether er not the diffusible or aoa-diffusible

porticwk flaetuatea «ad» if poeaible» deduce tfa# eeuiw.

AlVZli ^1 aiERAtlir^X

8#Teral BMthoda have been used bj iaveatigators to de*

teraiine whether the ealts |Hree«at la th« blood are thez^ ia

the totn of eUaplo aolutioa or lAMither they are bouad by tho

proteiae in an *loa>protein" eomplex. Conspleuous astmg llMi

aevomi aettiode is the oovpoaeatory dialyaia uoed by laany

oxperiaeators, ^Stm eleetrocnesiieal atudy of electrolytes

in the blood hae also been ueod, irtiile ultrafiltration of

aerum with j^essure is a third prootieal aethod.

Roan and laluAkaahi (5) in 1911 publiahed an article

l^eviously r9tmprm6 to, in vhich tlwy described their awthod

of subjecting aemoi to oospenaettap; dialyaia* la this way %
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they first showed ealeluB to be present in two forms, since

only 6b% of the total culclum wa^^ capable of pcselng

throuijh a iae«brane. Other inveetlgatore have ueed thle and

•1ml liT methods obtaining results varying somewhat In the

per cent of diffusible calcium found.

In 1919 Cushny (6) published an article describing

a method of determining the colloid constituents of the

blood s«run. 3j their method blood ••rum was filtered

through a carefully ia»epared collodion membrane ct a prea-

•ure of 160 an. of mercury. In this way a clear protein-

free filtrate was obtained. Of the results of this fil-

tration he writes, "When serum is filtered through a collo-

dion BMibrane which retains the colloids, most of the other

constituents, such as salts, sugars, urea, occur in the

filtrate in the ••• i»«oportlon£ as in the original sertim,.

The only exceptions to tills rule are calcium and possibly

a«;nesiiun which pass throu^ the filter in a lower concen-

tration than exists In serum,"

This general method of determining the diffusible

salts, or more appropriately, the filterable salts, has

probably been the most widely used, Qpdegraff , Oreenberg

and Clark (9) describe a method of making the collodion

sacs with two dii^Dlngs of the collodion solution. An in-

genious apparatus using a flask to maintain the proper CO2



tension daring filtration it tetorilsea by Qre«aberg and

(kmtlMr (10). Shih-Eao Liu (11), MeyMnbug, F«pp«nh«ia«r,

£tt«ker and Mttrray (X2)» along witH Many otliar lav»atigatora

tmvm oaad tlaia type of ultrafiltratlc;^! to determine t3m

mineral partition in the blood, fhe diffusible ealeliEB re-

ported by theae intrectigators rangea from 51 per eesit (11)

to around 70 per eent (12).

In 1998 ftlaHolaa (1^} publishers an artiele daaeriblng

« metboA for filtering blood sermi through a filter of

da Pont niimber three hundred oellophace under bl{^ preaaure.

1^ thia method a elear protein -free filtrate ia obteioed

that givea uniform reaulta. It is this type of filtration

that WMB uaed to eolleet data for tbla thetla.

letriMuaea maA larahell (14) la am electroeHamieal atudy

ef the condition of aeveral electrolytee in the blcod 1^

ueiae differ<Kit eleetrodee eaae to the eanoluaiona *'...thet

the eodium amd ehlorlde are present aa in an eqmeoma aolu-

tlom of aodlum ehlorlde (and aodlom biearbcnate) of the

aama eoneamtrati<>n, idnlle oisly about 10 per eent of the

total caleiuza le present In lonle fora.'* timy did« hoiwTer.

^xssreatt diffleulty in determining the ealeium ion doe to

the presenee of other alkali oatlona beaidas the ome for

lAileh Um analoRa is a reveraltle electrode. In a later

publication eeohaosea and Finoua (15) etate that oviag to
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tlw ataiber of ionlo ccnitltvMjnte preawat la th« Mmrvm, only

A f«« of the lonie species cen be det«ralned •leetrooetrleal-

ly and they esgseet: llie Inoreenlc eonctltuente of tlse

••ms say be present In three fome: e> lone, *s uadls-

eocleted moleeulee In equilibrium with the lone, and &8 non-

lonlKable ^tmfiomAn with BP«e of the organic constituent*."

B:r ultreflltttitlon they decided «se ealeltm in pig eerua

aeeiMd to be from 50 to 80 per cent diffusible.

Baeh of the dlaeuaeed nethode of proee^ore •^peare to

have ite ehorteoainge . To dlallKe the serum Is open to

att«ek beeaure of the difficulty in ooapeasitting for all tli*

organic conatituents found In aer^^. Variable results in

the ease of inorganic eonstltuente sre also obtained due

to the exiitenee of a Donnsn ioeabrsne equilibrium ofi the

sides of the collodion nittabrans (16), to obtain unifora

collodion seahraaea has been another difficulty net by theM

Inveatlestors.

fUts sms objection holds for the use of this asatvsas

to obtain ultrafiltratea at lov pressures, iith such lack

of unlforailty la p«nssftblllty of the »s«bFaaes Tar^iag* even

low preaeures, seened lilosly to give seae varisnee In re>

suits. And since the collodion aaea held sons aolsture

ttM first few drops have to be wiped off theat to lasure an

undiluted ultrafiltrate.
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The electrochtmicel method is as stated by users (14)

at best only a measure of the aetiially Ionized salts and

does not neceaaarily give a trte picture of the diffusible

and non-diffusible constituents present in the serum.

The use of hig^ pressures running into tens of atoos-

p^eres to obtain ultraflltrates through Bechold filters has

been criticised by Burian (16) and others on the basis that

labile compounds between the proteins and inorganic iona

Bay have been deeo^iposed by the excessive pressures

According to Cbreenberg and Ounther (10). "This point

of view is not well groxmded. Since from the thermodynaialc

standpoint the only influence thfct pressure can have on

equilibrium in aqueous solution is by changes produced in

the partial molal volumes of the constituents, in the light

of the small compressibility of such solutions it is obvi-

ous that presstares of even several atmosj^eres can have

little effect on the values of diffusible calcium, where

difference c have been claimed as in the low results obtained

by Rlchter-tiuittner with a low filtration pressure, the

results are probably due to imperfect filtering membranes."

Ilcholas (13) has shown that pressiu'es varyiTig froni

50 to 200 pounds per square inch had no effect on calcium

distribution. By using cellophane filters cut frcaa several

different parts of a roll, he showed the uniformity of the
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tllt^Tf «od hf usiftfi • ntsatfcurd solution of ealelum ehloride

ihawtf tliat no caleloa vas adsorbed by the filtsra.

Tbar^fora. tlu» U8« of aa ultreflltar sw^ as ass used

1^ aieholas and ae was used la this resoareh haa Uto dls-

tiact advantagtSy la using du Pont 500 ««XIo]E^iaii« as a fll*

ter, of baing aor6 conveniaatly h«a41«d, aaving tto» prepare*

tloa of eollodioa saca^ baiag m&f uniforaly peraeabla, and

%ba filter Is dry» leaving ao que stloa aa to the eoaeentra>

tioa of Vm filtrate. Kesuits obtai^ted by this aethod seem-

ed to fell vithia ttut aorvel razi^e aeeepted hj experlaent-

flrSf and the veluee obtelr<ed, about 60t &Lffusible ealeiuae.

aceordiag to Bitfielaa (15) ere xoro ecaetent.

fSie aeture aad activity of X3m differeat forae of eel<>

eltiB la the blood •er«i have beea the enhjeets of aueh

•ilMuetive reeeereh, fihe son-diffusible form of eeleiua has

t)e«i au»pe end sMre referred to la the literature as the

protelao-bound ealelua, thoa^ eetual proof of the exiatrnkee

ef eoeh ea errwiiMMnt is still lackiag sod eoMi witlMrs

dispax^ge the uee of aueh e tern.

fbe tens proteia-bouad ealeiuss finds favor la t&e

literature (17} because it is kaowa thet preteine deerease

the diffusibility aad imsreese the aclubilit? of ealeium^

aad heeetue of the relatioa of ealeiast «ad protein ia ear-

teia jpethological eoaditieae*



flM otber for« of Oftlclum is luraalXy referred to sa

icnle eelelun, ihotig^ as «o h«y« seen ell the diil fusible

eeleluis is ssld not to exist in tlie toaised stste; hence

«e reell? have tbree forse.

Meording to Merrsok end fbeolrer (iU), "CeXciim fame

en nn-ionixed compound with proteins Hie exeese of

eelcii^ in protein solution is indepen4eat of tbe Mear*

bonete and phosphate coneeatraticn."

At 37 degrees and pB 7.2 to 7.5& tliey give the fol-

lovtag foraalat

Cap - CSc ,,

Cag f^
la ehleh Cep is tlw protein-l»e«it6 ealeim and Ce^ is the

ealeiusn in solution. «hej also stated that, "the exeees of

eeleiuia in the protein solutions is far greater than Use

eaaaen equllibriua will aeeount for That is the dif-

fere-'tfe of concentratlcsi produeed by the I>onnan effect is

eX»ost negligible.*

Qreeodberg snd Ouather (10) also believe thiit the noa>

dlfruslble csleiuat is proteln-boiutd. Using the data of

Loeb and Hiehols corrected for eerust protein volume in the

forts of the Uisi08ttir adsorption Isothem they ehtain

(Ca)p (ci)
s
&2.6 + 29.4 (Ca)



Froa this th»j ooaelikts th&t» "...In blood MMnm i^o Halt-

ing ftsount of calcium thi^t can be bom4 1^ tte jfipoteln,

i.e., the noa<^iffusible o&lclu!^, even if the ealclusa con-

eeatreticn is infinitely increased. Is not cvf nrach greetep

wigaltaae ttum tne aon-cirrueible cslcium alreedy fvesent.

...the XlsitiAg value of prot«in>botmd eeleltea vlien tlie

ionie oeXoiua epproeoiiee ixitlnlty Is of the eeae eMer ee

ie present in noroel blood senaa.*

In eapport of this view Smith and i^>tex*nber9ir (19)

repert on e series of intrevenouel? iojeeted caXclijm eolu>

tions into dogs, in which the? observed no increase in per

eent of tot&l ealeiua beiag diffusible. They write » "tthea

the serim calciua ecmtent of nomal dogs is inereeMd "by

intravenous injection of wholly diffusible calci\eB salts,

ttM relationehip between diffusible and non<-diffusible cal>

«ii» eeetaees epproxiBuitely uwnml proportions, explainable

Iqr an equilibriiei between ealclxas and mmnm protein. This

indicates that the noraiaX sensa protein is not saturated

with ealeiua but under the above ooadltlons 1r capable of

ecaMning with more than the noroal anount." I^ey repro*

(iueed the above finding in vitro ,

Thie view ie further substantiated by the work of

argttlis and Perley (20) in dialyziag blood —rvmk a^aittst

•foal voliMsea of eerebrospioal fluid.
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Aeeording to Or«*ab«]*g *nd Or««Btcurg (21) there ar«

any writers, ineludiag Orft»n»ald» ^ndroy and Hastings,

B»ralMr4 aad Bs«T«r, and Bpull, i^o support & hypothoslft

ttuit • eonaldemble fr&etioa of the dif^iusible ealeiua of

tte blood is pr«8«nt in « cosipl^x^ n«gativ«ly charged ion,

in combine tl on with soae unknown organic subatance^—a

eitrata»Iik» osleiwa oompound. The eutiiort eoiielude» how-

•««r» ttt£t thare la no atrcmgXy poeltlira evidence for tha

•xistanee of such a cospoond, Neuhansen aad Sar^all (14)

«ho£e vork has been e&rJLlcr rolox-rea to, sapport the theory

of an undisoeiated celelua moloeuie,

yrom Uk9 above contributions to tlie literature than it

•ould be eonoluded that the protein-bound calcium and the

diffusible ealclu» are In equllibrlua with aa^ other ai«}

that an inereace la the total cfilcitte swans an inereasa in

both fractions.

Zt Might be estpeetad that ehaagas in the CKl^-^onbining

power and erpaait^ of the blood Mtrvok, by affactiag a oh»nga

in the pB., nn& benee the solubility product, of the inor-

ganic salts in the aerua, would vary the aotouat of diffus-

ible ealeitt^. Though tbaoretlually such an iii|i,iMSiil is

•ouad, ttje results of prectlcelly ell the Invaatigators show

that the CO^- tensicn at filtration BMlces no dlffaranea aa

to the resultE th&t saight be expected, Suoh observationa



h*T« b»«n reported t^ XeyMolmg 9saA ieCann (22). Iterreek

ittd fhaeker (18} have ibovii tb»t the oaleiura ion eoneeatre*

tlon of body fluid it not regttlpted by the eolubillty of

eelcluss oarbonste aad eeletoai s^os^^iite, vhtle Oreeaberg

tmA doatfaer (10) stete thai chujagiag the Cw^"'^^^^^^'* ^*

tweea the reage pi eevea to eight h«ft no InfIttence on the

dlBtPl button of celcltBR bet«e«?i diffusible end non diffusi-

ble in the time allowed for ultraflltretloa.

Xt bee beea « subject of inueh reueurch to detersine

ehieh ealeiua fraetioa ie »oet pathologleally aetlve aad

gibetber one or both diffusible aoA ttoa^diffusible fractioas

•Isei^^ ia petholerieal ea«idltloas.

Aeeordlag tc ::jiih-Jleo Liu (11/ la a<MMi eases diffttsible

ealcium fluetuetea, decrecsing ^^^z** ^'^ ^^ aeo-diffueible

ia tetany* Beeevert mort ertieles seeis to conclafte that ia

jgeaeral aay tfiaage in the total ealeluai eeanot be eredlted

to either freetion. Veysettbus aad VeCaan (S2) state th£t

Beelmd and Marriott (l^^I"?) fount! a sli^t u^^j..mtloa of

the eeniB ealciuat in rickets; the ratio oi the diffusible

to non-diffusible «ee in th« normal raage. Like«ise« they,

tlM«uielTea« fouad in ceres of e»;>€riaQeatal tetany ia dogs

a fluctuation ia the total serum caleii«a. but a eonstanoy

of the ratio of non-diffualbl© to diffusible calciu-j.

larrack and Thackor (l^j state tia^t epilepsy' is aot caused
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by m r«4ittCitlon of c«Iclam ion coneeatntiioa in body fluids.

In a nore p^emnt ertiel* ^njamln and H«8e (17) oon>

aider three form* of ealelus In tb« body, the prot©ln-bo«nd

eftlelira, the ealeiiua ion,» and an adsorbabXe (Mileii»«>plMMi*

phorousr oottplajc j^eoant in both th» diffusitXa and a<m>

diffueibla portl<ma« Thay report th«rt it ia in tibia adaorb-

able fraction of tha aaiainn urtiare tha dimlsnticn in

aaoaaairaticn ia obaarvad in rickets regard laaa of tha lavai

of tba total ealciwi and fheaphoroas.

Banjaadn <S5) alto reports that, "Sba proparfey af

adao bing tha ealaii»-plko»r^oroue cotsplax «aa fotiad to t<a

lialted to tha part of ttie cartllaj^ la which calcifieation

aora«lly oecursf namaly, tha region of the junction of

apiphyaia aad aataphysia. Itastin^, eartilage from the

apii^yaaa of lonp bonaa a« well 6 a noa-ftelclfifing rib

Oirtilaga failed to adaM»b tbiB ecacplax."

file nature and eondition of calcium in the blood aetvm

of ttoa aaea luia been shovm to be quite different "•^tm

norael wunalian blued. Riddell uivS HZieinhari ia^) pub-

liahed a report ahowing that there traa a aarlead riae in

blood calcium in pifaena at the time of ag£ production.

Baghea, titua end ikaita (25) report that young ahiaka,

Mipoaa^ laBature and mtura aoekerela, isBsature pallets axul

•olting hena not in j^oduction all have plaaaa calciiM



eontent* of 18 to U sg. per XOO cc, vhleh is only ell^itjy

hX^f than li •xp«et«ft la Mtamallan plasaa. nwy furtlier

rvport, hcwwver, that Mttur* pull( t« aoci hena la production

haT« ealeiuB ia their plaa«ft ranging from 13 ««• to 36 ag,

per 100 ee. of pleana. Baelmer, aartia eai Bull (26} re-

port simlUr reeulta. ^ey stt^te th^ t the ealeiiffls ia ex*

ere ted sa the crhotmim in the egg ahell, there being a^eat

;>,6 graaa of ealeiua earbonfr te ia fehe abell of a aeraaX

egg« 1%»re are no ealeiua <xp protein storage organa in

tbe aiicken, according to the above. They write, *1ba

actual tine of aeeretlon of theae &«S gtrnmn of oalciaa

earboaate aa mm ^wll ie eatimated at aot nere than aiz-

taea houra. This ealei\£» is delivered try the blood etrewa

to the oviduct vhere it ie accreted principally aa ttaa

agg alMill.* The fluctuation of blood calcium in the hen

oaar large raagea is eoaflraad bgr the reaults of Kttaeell»

Movard and Seaa (87). Tliay report a relationahip betwaan

the blood calcium ia the han and the aise of the aeg in

the omitT, an ovum greater than one eaatimter In diameter

being aeaemp«nied b? a blood celoiiai level between 15,0

ng« to 86*7 Bg« per 100 ee. of serttst, Tbair data indicate,

hovaver, that tbe preaeaee of large ova and high blood

ealeiu-n does not aleaya iadieate active egg |ra<hiotioa«

fiftay aoiMlude by eritlng, *iliether the daealoimeBt of ova
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OMUied the blood Cfe^Ieiuai to rite or whether an loer*«««

in blood celolisa stlgmleted ortk foraetion will liewo to bo

liivootifi»tod further, hat tt shcwild be noted that hifh

blood eeilclum wee n»yntr found unless developed or develop-

ing ove were pre&ent."

CaleluBi eontwit of nofwol WMMMllen blood la vory

•ofltatant, eeldon warylng nore then a mlili|;raa froM 10 ag.

per 100 ec. of blood, exeept in pathologleal eoiKiltl(ma,

and t^ien only a alight variaaee la aecoapaniad by tho «oat

aerloaa roaulta. ^nce. It appotra peculiar that norttttl

bona can have blood eaiclnas, rtuxgfm^ trem Jnat a little

hiipber than that which is found ia MMaalian blood, to

two aad a half to three tiaea ae great and still be per-

fectly nomal fowla.

That the VLood calcium of hena waries ower a wide

raaee while the ealeiua of other fowla is constant ia well

eatablished. So referenet$a, howower, wore foxand ae to the

nftture of ttie partition of this ealoiua in ehielEon reraa,

and as to v^ether the diffusible or aon-diffusible calciua

or both fluctuated wiUi the total. Tberefore, it rMMiilned

to aidto a study of the ealeiua partition in ehieken oovaa,

to detoralne, if poasibla, how the h«n could carry sueh a

hifih ealeiua eontent in her blood, atudying the relation

of the blood proteina and ealeiua fraetitma to the fluctu-

ating total aoruB calciuni.
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via^AWJism

fh« higa jg»mmmsF9 ultrafliter us«d for tiM 4«t«rainft>

tlon of diffusible •craa eftlelum mis of the mum typ« ••

that decerltwd by ltiediol«s (13 }» with sU^t nodlficftticas.

It i» •imply m dlaiintttiT« fom of the tinuil Inrg* •!••

hlgi p^^»^var^ ciltraflltar.

HbkB tvo pletures in Plct« X show the eet up of the

•pperstue. Tbm uppmr picture ehows ih«! filter eompletely

•SMMliled •« it ie when in use. flM picture «t the bottom

givet a vi<'w of the tapper «nd lower eooti^u iluai •eperateds

the filter pieces eim be aeon betveea the tvo,

2t will be eoen th t the apparatua eonaiats of an «r

dioary two ineh gta union vlVti redueera* the upper Y loads

to the foiifi^ nitrogen tank, and furniehea the opening

Uiroui^ vhieh the aomplo ia introduced. The ultraflitreto

is oollooted in a test tube auapondiod trim tbm lower de*

llTery pipe.

ftao ^paoo in the gaa union » ordinarily ooeupiod t^ a

gnaket, vaa allied to hoM the filter pieces. Tvo pins

project froa opposite sidea of the lover rin, paaa throu^^

holes in the odgea of the filteping pioooa, and eater

opposite holes In the rla above. This prevents any twisting

or toarias of the eellof^iaao aoabrane while In Uw proeeaa





1
of ti^tening the ualoa.

A9 Amm In tb« pletoro th0 tlltmr pi«e«s eoasiet of

a solid silver, east plat«, drilled with awMrous holes,

ft silver plated eopper fsos* of ftbout 15 mesh, a piece of

\3kl&k ffmA» ashless filter paper» a eellophfiae osmbrane,

eut froa du Pont 3Q0 plain oellophaas, sad final ly* a rubber

l^ekst*

Xtt ths ultrafilter first used for this work, oxygsa

«as ussd to fwrniA tbm prsssors in plaee of altrogsn,

ths asSb gsass «*s unplated* and an Iron plate was ussd in

plaes of the solid silver one. Use of these parts gavs

rlss to eloudjr and discolored filtrates, tb» solutions

obviously contained some iron hydroxide, and results fros

thess filtrates sere hard to eh*ok» Za eoaperison with

later work all ttie values obtained for diffusible caleiua

en siieh filtrates were several milllgrMW low* To eentri*

f^ge out the forei^ aaterial aided in sttkiac ttis determi*

aatioas^ but did not raise the value of tb» results ob-

tainsdy which were obvicusly lov.

the probability that soise colloidal iron ee^peunda

were adsorbing sose of the ealciuia in the filtrate is

«ade to appear even sMre likely in a reewit article by

Benjasiin and Bess (17) which describss an adsorbable cal-

eiua fraction in ultrafiltrates.
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Slaoo it ««e sassMMted th&t the Iron ix-pSrosldm wAig^t

be ftdsorbing •mm of tlM» eAiciuinsy Uie taak of aitr^gea «««

obtained to furnish th* pr«««are; i^!ill« the eosq^mr mivb aaA

Iron plato «»re sllvor platod. It mis foxiad difficult,

hmmv^r, to silver puts into the holes of the iron piste.

To •llaiaeie this trouble « solid silver plate s«s ailled*

aad very eonstant and satisfaetory results have aeeeopenied

its use*

7o use the filter It is eoapletely asa««bled as mhcmk

and a quantity of eeron introduced into Uie filtering

ilMMiber. flie air la the ehaaiber is blown out» tliea tlw

pr^asar* is raised to about 150 pounda and held arooaA them.

the ultraflitrete eeaes throu{^ water elear, and on eeveral

different oeeasioae the filtrate was teated by the btw«i

teat and it always proved to be protein-free.

UlAL

Caleiiaa deterain^tions were smOs e« the bleed tmrum,

the eabjeet being bled fro^ the bmmrt with a syringe. Be*

tween twenty te ^irty ee. of blood were takan^ eonsiderably

weakening th«> chicken but seldom aacrlfieing it.

She blood was then allowed to stand fifteen to twenty

iimtes to insure eosiplete elottingj the dot was tsrokea

oecasionally by a atirring rod, ttMagH eare was tahsa not
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to lake the blood. Zt ««• olMWnwd that tf mffloient tltam

ma not alIo««d for ooagulatlczii, the s«rvP2 obtaiiMi4 atfllht

its*If clot aad ruin the Mmpi*. <li««ftb»rg ttod 0iinth«r (10}

report that 08«* tHe blood elot ia foraad the tlae of eoa-

taet of the aoFiM with the clot has bo offeot on the total

ooloim or Its diatribatlon for periods of twenty*foiir hct»>a

or evon Icmi^er, Bo«eTor» after eoagulstion the aortas vaa

wniallj aoparatod at onee by oontrlfttglag» tho laatorlaX be-

ing ayiriHoiMNl off into a aaeall teat tube. Tho total eeleiuai

datermlnationa voro oot vp at ocMie and tho roaolalng ooruM

imt in the ieo box for aso on tho alovor diffuaiblo oalolum

dotoraiaatloma •

Total ealolum detoradnsticma voro vottollj atado by tho

ilNMMr end Tlsdall (28) aHithod^ oa siodlfiod by fladall (29),

by Clark and Collip (50), and by Staadford aad Sheatloy (51).

ly thla iMtlwd all the otileiua proMnt in tba aon»« no

Matter hoar it la bound, la preclpitatod aoeordiag to tho

o^putioni

CaXg + {SB^)jfisfi^ » CaC204 + S X84X

Hio OBooBt of oaloiOB proeipltatod ia thoa dotomiaod by

titration vim hwtoodth ni^nwl potooaiooi pomaaganato,

oeoording to the oqaotion:

i fiteO^ "^ • 8g804 + 6 CmCsp^x

ij|SO^ + 2 Mn&O^ + 5 CaSO^ + 10 COg+ SSgO
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Insults obtained in thla wiy ooap«P# iwrj f«vor«bly with

ealeloBi d«t«ralnetloQs obtained by ashing tha aarum.

Often, bowaver, thla aethod eoald not b« «ead. Soaa-

tliwa not oufflclent aaaple was collectad to parmlt aaparata

calclam and i^otein detawalaations, but still more fraqwrnt*

ly tbe aapun obtained «aa noi claar, straw-colored liquid,

but fi ther allky and cloudy. It contained aoaa unknown

aiiapanalon that eould not ba cantrifuged out. Such a aaap]*

Miihi ba obtained froai tte bl od of any bird, but hena in

prodttctl«Mi nearly alwaya furnlali that type of aarw. fhat

difficulty of thla kind la frequently enaoantarad la In-

dicated by the fact that bactarlologiata often aspreaa dif-

ficulty in running eartaln precipitin testa with poultry

•arwa* the exlatenee of aueh a auspenaion In aany aaaplea

of chicken aerum ie aubatantlated by Wm^»9 in unpubliahad

data, which doea not aatablish the nature of th© laaterial,

but doea report thct it la neither protein or lipin in

aharacter. Wiia wia partially aubatantlated In thla re-

«aarch, as It waa found that protein deterainailona on auoh

•a«plaa ran no higher ttmn normal.

It waa praatioally io^aaible to run total aemiB aal*

aitMa by titratle* m «»•• aaaplea, aa the aaapandad oattw

preclpiUted along with the celclun oxalate, and InterferreA

with the paraanflaaata titration. 4fter titration a white
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»wni—d In ttao tab«.

In eases like tbls total eeleim was d»t«r8iin«d ^ th«

oolorioetrie method of FialM and Subbarow (52). In this

Mtil»<l Vbm •aleiCB vas precipitated as calcium phospiifits*

this ppeclpitata <lissolv6d In a molybdle aeid solution,

taxd the resulting ybospbo aolybdate reduced with alpba*

s«iiio*aapthol-8ulphonic acid reagent* Ybs resulting sola*

tion vaa then eoai^ajred against a standard solution in the

eoloria^ter, and the caleiiso calculated.

To determine diffusible e&lei\Ba» the ultrafiltrate was

obtained as j^reviously described. Filtering st even tea

ateospberes was very elo*. Ihe first two ee. usually ease

throu^ in an h<Kir and a half* bat each additional ec. @sn-

erally took at least one hoar to filter throu^. If tia»

IpMNlitted, a little wore then 4 oc. of filtrate were ob»

tftined. so thftt duplieate 2 ee. samples could be need; other

wise only a little sore than 2 cc. vere filtered, 1 ee.

esuaplea being need to detemine caleiuoi. tlMi ultrafilter

wee Aisasseaibled and a new filter put in between each run.

CaleiuB was determined on ell ultrafiltrates by the modi-

fied Clerk end Collip oeUiod.

em vest of the senplee* thougii not in all eesee, the

aeruB prot«in content was deterained. To do this l^e pro«

teins were preeipitete^ frosi the seruoi by diluting one

oluate of sertsB with fom* oluraes of 10^ triehl<Hreeetio
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acid. The protein precipitate was then filtered free of

serum on a good grade quantitative filter paper. Hext it

was washed several times with water made slightly acid by

the addition of some of the 10;l trichloracetic acid. This

washing insured the elimination of the non-protein nitrogen

of the blood serum, lastly, the filter paper and contents

were transferred to flasks and the nitrogen determined by

the Kjeldahl method. A blank was run on the filter paper

and then the protein content of the serim calculated, as-

auraing one cubic centimeter of serum weighed one gras.

A very few determinations for diffusible calcium were

owde on serum from other animals. The results obtained

compared favorably with similar detorminatiens by other

investigators. This indicates that the data collected in

aaalyxing chicken serum, can be reasonably ccrapared to the

established data on mammalian blood.

RESULTS ABD DISCOSSIOH

Data are presented on three groups of chickens; roost-

ers, hens known not to be in production, end a group of hens

each of which was known to be in cctive production. The

division of the two groups of hens mentioned was on the

basis of their ovarian activity as indicetcd by trap-nest

records. Intermediate types, discuiserJ later, were not

used.
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TAflM; X

ftESUUTc or iMAm&tn OF M'JOSYKS KL&OD.

Kg* C«. 1 Kg. tlttUS" «
«

per ICO : Ifcle C« per : F»r Cent 1 Q.*M Prot«la
ee. ol : ivXi cc. ol 2 i;lflus- : per 100 cc.
S«r«M J UltrafiltMite : Ible C« : of &9rvm

12.20 6*M 48.03
10.^ 6.27 60.00
10.94 6,27 57.31
10,70 «;.«4 €u.lO
14.40 7.56 62.45
13,50 6,16 45.iJ5
ia.20 7.80 65.90
10.72 6.00 40.64 59U
11.14 6»09 M.66 48.1
12.6t> 6.62 44.78
10.W 6.35 67.77
10.74 6.7S 6^.56
10,74 6.49 €0.42
13.09 7.94 i7.2l •

11*3^ 6.60 sa.X4
11.06 6.44 68.28
11.46 6.69 68.57

M««n 11.66 6.57 64.65

AUmAmM
ZtevistioQ ^1.11 iO.79

FoiPibl©
Irror i.0,i8 +.0.15



TABLE II

ii££>UL]:S or ASAJuKioIS. OF bU^Ot fiLuM B^^^ £07 XH F&UDUCTI«^S

aig* Qm» t Mg. Dlffus-
p«r 100 : tble C« per j Per C«nt : 0,«« Protein
ec, of I 100 00. of i Juiffua- ; per 100 cc,
a»nMi I iritr«flltrat« t ible C& : of

12.40 6.10 49.19
13*80 7.66 57.19
11.8? 6.96 as.as 45«6
9,66 6,01 62.73 51.5

1:^.15 6.85 52.09 55.0
12.15 6.91 &e.87 49.4
11,43 7.23 63.25 36.9
11.84 i>.2i 44.17 4c.

i

13.35 8.30 64.68 62,5
13.15 6.10 46,38 39.4
11.10 5,77 51.98
12.80 5.92 46.25
11.94 6.8? 52.51
10.60 6.47 61.04

ite«i 32.00 6,55 54.58 48.S8
St«adfird
Deviation J.1.08 +.0.78 iT.«8
Possible
i*ror io.ia i0.14 J.X.81
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fABUS III

RESULTS OP A!" -^^ yr ..- i'x\uia HESS

ag, Ca. : Sg. Diffus-
per 100 : ible Ca per : Per Cent : G. »s Protein
cc. of : 100 ec. of : Dlffua- ; per 100 cc.

Serum : Ultrafiltrate : ibie Ca : of Serua

22.46 6.00 2to.72 66.3
29.10 6.75 23.19 55.6
26.20 6.60 24.30 96.3
25.30 5.60 21.73 61.9
23.55 5.46 ii5.i4 60.0
22.50 7.60 34.08 68.1
22.93 6.60 2o.72 66.0
24.70 7.90 31.98 59.4
21.57 5.70 2i5.42 55.6
28.56 6.76 23.66 55,6
18.18 6.02 3o.ll 66.3
24,25 6.55 27.01 56.9
26.40 6.66 20.53 64.2
36.86 7.46 20.24
18.60 6.07 32.63
36.68 5.57 14.64
IS. 16 6.97 31.17

XmU 25.11 6.40 26.49 60.86

Stendard
Deviation i,5.22 + 0.75 111.08

Possible
Error 1.0.85 i0.12 i.2.08

,i



fable I gives th» AmtM obtained froa th» analysis of

roo8t«r bleed. It vtll be sa«n that the total ser^SB eal

elu» raagas bat«««n valuas of lO.M mg. as a Blolsmm to

14«40 Kg* of oaleium as a naxtvott* ftia aritlxietieal avsrago

la 11.66 Bg. +, 1»11 sg. of total calclaa par 100 cc, of

«ai«R, ftea diffusible ealeivn varim! from 5*00 atg* to 7«94

Bg«y avaragini; 6,57 ag, i 0.79 ««• par IDQ ce. of ultrafil^

trata. ttms it is obsanrad that from 4& to 63 par aaat of

the total caleiun is diffusible, or oa an avara^s 64*6 par

aent of the ealeitca la rooster 8en» la of ti» diffusible

t7pa» while 4S»4 per eent is bei»d in suah a way as to be

non-filterable.

ftinae aeat of tHa raattlts of tba detarttiaations of

ealeitai in the rooster had been obtained before it «aa da*

•idiNl to alao atudy the protein valvule ia blcod aar^Si. only

fevo lapotein deterainaticne arc shewn. This paueity of

valuaa swices it Sapoaalble to eoapara the protein acmteat

of the rooster with tha other chickenes, thomidi the simi-

larity of thaae two valuaa to ttioaa given for the a<m- laying

hmi ahonld be obaarwed.

Hefarenmi to Table IX » giving the data frosi the analy*

aia of blood of hens not ia production, will show a likeness

to the waluas Jast MeBn in ^able I. 1th9 total ealeim

iraluaa range bat«>eea 9«68 sig* to IS.ft ii^« per 100 ee. of
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i« th« ATltiMMtieal «T«p«g« belag 12.0 ag, ^ 1.02 ag.

of ealeluB, or only slightly hlcSier thaa the sip»i«0» tot

roosters*

niM diflttslble oftlolun vttliMst fall bot«»«n 5«83 «g« and

6.50 ag., vitli «a ftfovago of 6*55 ng« j: 0.78 ng. per 100 eo.

of ultrafiltrate. das it «111 be noticed that i>et«eea

44,1 to 64.6 per eeat of the total calcium in tbe semn of

this type of hen will filter throu^ a maaarune, w^le

45.42 per eeat of the oaleiua is aoa-difiusible.

Wrem eii^ht deteraiaatlons of tbe jporoteia value in l^tie

•eraa, it ic e»ea that the aan»produeing hen has aa average

of 48.52 iTWis +, 7.68 g. of protein per 100 ee« of serum.

flM ^t« ohtalned in tbe aaalysls of the blood of hens

lA aetive production ar« given In Table 111. Bern the total

•er«n oaleiua values fall betveen tbe liaite of 16.18 mg.

to S6.86 itg., having an arithmetic&i average of 2&.11 ag. ^

5.22 ag. per 100 oe. of amrim. It will be readily noted

that this value for total ealeiKn ia mot® th«a (fiottble the

values obtained for the b]^od of roosters and noaolaylng

hens.

SiM diffusible ealeluiB values ia tihe lairing hen run

frea 5,»7 as* to 7.90 tag,, with an average of 6.40 ag. i

0.73 ag« per 100 eo. of ultra filtrate, 'i*hifi means that

la a lajing hea between 14.64 to ;»4.JU per cent or the



total ealeiiiB la diffuslbla or mn average of 25*49 per eeat.

flma 74.51 per cent of the ealeltaa is acn<-dlffu8ible*

Protein deterslnatiooa fell wltialn tite boiiadarlea of

50*0 g. to 96»5 g« or there ««• aa avemiga of 60,86 g. ^

11*08 g. par 100 oe. of aartaa.

flia reaults of traatlag the valtwa given In fablaa Z»

21 and XII atatlatlaallj &ra given In fable IV. 9hia ea~

tabllsfaaa aathaaatleaXly the plaeea atiere al0iilfi<Mait dif-

ferences wmy be aaauMkd.

Xt illl be aoted that no algnlfleant dlffareaee la

evident In the total oaleiua or dlffualble ealolvoB of tha

roestar aad aaa^laylng inen. This table also ahove the

Intereatlng faat that ahaoltttaly no aignlfleant dlffaraaaa

exleta In the attouat of diffusible »%ir\m oalelus la tiM

rooster y the non-ltiytag h«B« or tha hast In sotlvc produetloa

In contrast to thla» the dlfferenee of tifte arlthaatical

mm*tm of ld.4& mg. +^ 0«9 »g« la total ealeluai batavon tha

laying hen and rooster la vary algalfleant. The laying hm
ahoaa a a^aller algnlfleant advaata^ over tha noa-laylng

han In total aeraa ealelun, thalr aean dlffaranoaa being

13*11 ag* X 0.9 aif*.

If tha pretela valuea of the Xayiag hen and non-laying

hMt era acsipared It vlll be M«n that tha dlffereaea of

thair Mans Is 12,34 g. ^ 2.6 g.t this llkevlaa
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•ignilicani* lo eoapttrlMtta eould im mmim with tli» roMit«p»

MlAtm tl)»re »»# net suTfieleni d«te or the protola •oAUat

A gi«plii« AcMiq^ritoa mi the datii givca la the t«bl««

1« thcnm in Figure 1. Eere e^la it will be noted thet the

total calcltai &m& protein la the laying hen ris^e «eXl

ftbove tho«e in the roo«t*r end non^layiai; bea« On the ether

head the diffueibJle eeloiuoi velues rise tc the eeiMi hei|^t

in OAeh type oX <dEiielaiQ«

fhia eeeeataetee the Intereetiag feet tlMit ao aetter

ihet etete of overiaa eetlvlt; , In r«g«rd to egg yroduetlon,

th<^ hea My be la» ^e etlll selnUiac e eott^eratlvely eon-

•teat eseiat of difftMibU ealolua* fhet ie^ it is the aoa«

Aiffatihle freetl a that rieee ee the total eeragi eeleim

iaereeMe. This explelne ho« e hea eaa be perfeetly nonMl

aad yet have a ealaiuai ewMf^atrati^a ia her hleedi that veaia

he faUl ia eti^h ^aaatltiea ia M»MBeliaa blood.

It ie latereetiag %e m^ that thoaiih the hi^^et total

ealeiim valuee are ia the table for laylag heae, yet Che

hi«h*«t iadividoal value for diffusible ealoiua ie in the

table for roaetere, Xt eiioitld aleo he aatad that one de»

tenaiaetioa for earua protein ia the laylaf heae ie up to

M*S «g* ahieh appaare to be o«t of Une «ith tlM mt^r

vaaaltc, withoat that value the average for the protein of



Uji&g iwaa «oul4 Iw onl? aU^tl? higher than that givea

for noR-laying JMrn**

Bo« this iiiereaMd Mim» ealeiua is boimd is undecided,

As previ<»i8ly reviewed^ aost authors hold that the non-

diffusible fraetioa is protein bound, and is la equilibrium

with the diffusible oalciua fraction, end hy experiments

in whieh ealeiun chloride was injected intravenously they

«oacli}4»d that the diffusible and ncn-diffusible ealeiia

fractions went up together* Work of this artificial type

will have to be done with roostere, and hens in different

•tages of ovarian aetlvliy befor« uaj conclusions can be

dr&wn as to hew ti» exeess ealeitm is bound. Siaee the

total ealeioa iaereases up to nearly 200 per eent when the

protein value apparently inereases no arore than %%, it ean

hardly be said that they inore&se together. 9li«re ai^t,

however, be ease speeial saall eoBpoaent of tiie eertm

protein whleh holds the noa*diffusible celeiua, siid whliA

inereases as the total ealeluia inereasee.

As stated in introducing the tables laying h«na and

non*laying hens are best segr«gi?te^ by trap-nest records,

the ealciiBS value in hena' blood rises and falls, depeading

on several factors. As reviewed froa Russell^ Boward and

Bees (r7), substantiated by l&i^ies, the «M«uit of ealcim

to be found in hens* blood is depeaAent upon tbs else of
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•ggt in the o^mrj, TauB a hen rs&j have a oompiratlvely

hl|^ calciiuB value and yet just be going into or oooing out

of active Ftroduotion. This intermediate type of hen vaa

not used as a basis of arguaaent for this thesis | yet« aa

Ight be expected fpcoi th© reaults presented, the diffusible

calcium fraction in this type is likewise a ooaitant, the

non->diffusible calcium increasing as the total calciun goes

up.

SUMMARy ASD CONCLUSIONS

fti9 arithmetical mean value of diffusible calcium aC

roosters was fotmd to be 6«37 mg. ^ 0.79 mg, , that for non-

laying hens 6,55 mg. ^ 0.78 mg., and that for hens in active

production, 6.40 mg. + 0.73 mg*

These reaults show that the diffusible calcium in

chicken serum reoains constant regardless of ovarian activ-

ity.

The total calcium for laying hens was found to be two

to three times as hi^ as that for non-laying hens or

roosters, which is in accord with previous reported results.

The ratio of diffusible to non -diffusible calcium does

not remain constant as the total calcium in laying hens

increases.

Since this ratio is said to remain constant in mam-

malian blood, when the total calcivim is increased in any



St

my, it woiUd App*«r tint tb* non^diffusible ealeiias i« b»ld

ClT^T*atlj la the blood of lajlag hmnm froai 1Eb« vmy it is

h»lA in wiiwwiliaa blood.

JuMltionitl work vtll bo a^ooMnry to dotwrnine IAm

attttre of thia bonaatd cmi«iuBi in tin* blood of laying Imnm.
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