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IBTRODUCTIOi

The blood serum of the hen is an Interesting medluBi

for the study of mineral partition since it has been tftaxm

that the eonoentrations of both total phosphorus and cal-

eiuDB increase appreciably dxiring the laying seastsi (1, 2,

3)« i^Tiile much work ha« been done in recent years in an

atteapt to detennine the nature of the nonodiffus lole or

boimd calcium in blood serum, little has been done con-

cerning the partition of the phosphorus.

Laskovski (4) has called attention to the fact that

the peresntage of bound (non-ultrafiltorable) inorganic

phosphorus increases along with the increase of boxand cal-

cium in the serum of laying hens, and has suggested the

possibility of the existence of a colloidal calcium-phos-

phorus complex in the sezotm*

Jhls study was made in order to investigate moT©

thoroughly the partition of the organic as well as the

inorganic foma of lAioaphorus In the nwevm of l^'iylng hens.

Hsvisv OP hmmmx

SflB* references are given In the literature in regard



to the Trarious phoaphorua fractions In the blood and soman

of iiuman beia|^f calves, and clilckens, but none as far as

could bo noted in regard to the completo partition of

phosphorus in the serum of the laying hen*

lalan and Qreen (5) noted that in the analysis of

whole blood the total phosphorus is often greater than th«

sun of the lipoid and acid soluble fractions. This they

believed due to the presence of nucleoprotains in the red

blood ©ells, since they found this additional fraction in

the blood of young calves in which aooe nucleated erythro-

cytes were still present. Later on, as the calves gr«v

older and the nucleated cells disappeared, the total phos-

phorus became equal to the sum of the lipoid and total

acid soluble. This phosphoprotein also appears in an

appreciable suaount in the blood of chickens, since in

chicken blood the erythrocytes are typically nucleated.

On plasma, however, the sura of the acid soluble and lipoid

phosphorus is approximately equal to the total phosphorus.

Greenwald (6) concltided that protein phosphorus is

present only in small amounts in human blood, and is

negligible if at all present in the serum.

Steams and Warweg (7) found from their determi-

nations of the phosphorus fractions of ssron and blood of



ehlld»«a and adults tiiat in th© wholo blood, aa in the

serum, the total phosphcama equals the mm of lipoid and

total acid soluble. A table of the results of oth«P

investigators which they include in their publication tends

to substantiate their conclusions.

'Xhe results of Plaee and Toapkins (8), however, indi-

cate the presence of a phosphoprotein in the maternal

serum since the total piiesphorus is hi^er than the sum of

the t»o fractions. 3hey also found the lipoid phosphora*

to be hi^MHP tliett in the serum of nomal wccien. Their

results may be questioned since in several cases the lipoid

phosphorus was greater than the total, and in several tbe

inorganic phosphorus was slightly hi^ber than the total

acid soliible fraction.

SXPERUERTAL PROCEDURE

fhe blood eeruQ of laying hens, non-laying beam* end

roosters was analyzed for total, lipoid, total acid solu-

ble, inorganic, and protein j^osphorus and for calclun.

The ultrafiltrate a£ the serum was analyzed for inorganic

phosphorxis.

In order to <^tain sufficient serum for the snalysis,

the chickens were bled from the heart by means of e



•yrlnge. From 30 to 40 cc. of blood could be taten In this

Mumer without sacrificing the bird* Frora 12 to 15 oc« of

Bwum was required for the coaplete analysis.

The ultrafiltrates of the serum used in the analyswi

««fre obtained by the nethod described by Nicholas (9)#

CaloiiSB vas determined by the laethod of Roe and Kahn (10),

and Inorganic phosphorus by Youngburg's method (11)»

Some difficulty was experienced in determining the

m 1 1 forms of phospiiorus by the ordinary nethod, that of

w«t ashing with sulphuric acid and hydrogen peroxide, since

it is difficult to control the temperature or tliae of heat-

ing. Any variation in the twaperature or tine of heating

would influence the aaoont of acid remaining after oxi-

dation. Since the pH of the final solution as well as th«

concentration affects the intensity of color, it is Im-

portant that the pH of the solution of the sample be mm

near as possible to that of standaz^ when the color is

davttloped.

Shortly after this work was started, Steaims and

W«r««g (7) published an article giving the results of their

work in which they obtained fairly consistent results using

the wet ash nethod by carefully heating on a hot plate.

This method is no doubt quite time consiming, especially if



only a few samples are run at erne time*

Gx^en (13) obtained fairly satisfactory results by

B»ans of his aethod in which he neutralized the solution to

jdienolphthalein before developing the color* He also

r«Qoved the possibility of any loss of phosphorus by dry

ashing the sample after the addition of a aiaall amount of

calcium acetate which made a distinctly alkaline ash.

It was found that Green's method, while WMdt better

than the method of wet ashing ordinarily used, did not

give ehecks as good as might be expected. This is proba-

bly due to the lack of a sharp end point with phenol-

phthalein when sul];^uric acid is neutralized with mmunixn

hydroxide which is a relatively weak base.

Another objection to Green's method is that ttie ft«h

contains utme carbon particles even with csireful heating*

This necessitates filtering, which is a rather tedious

process since the volisae of the filtrate must be kept

within 60 or 70 cc#

In the method finally used for determining the or-

ganic forms of phosphorus, the Mmple* were dry ashed with

fUestnw nitrate, dissolved in sulphuric acid, and

neutralized with aimonlum hydroxide to congo red» By

MHms of magnesium nitrate a perfectly white ash is ob-



talnedy giving a clear solution which doos not requim

filtering. Congo red givo« a Biaeh raore distinct end point

than phenolphthalein sinea it changaa at a lower

(pH 3 to 5)«

19ha method as developed will be given In mcod detail*

fhe reagents fl«ad«d are prepared aa follovs:

1. Magnesiun nitrate solution. 50^ soluticm of

Sg( 1103)2 • CHgO.

2. 10 H sulphuric acid, 280 cc» of concentrated

•alphuric acid per liter of soluticai.

3« C<mgo red tost paper. Saturate slMMita ot filter

papar wi^ a 1*0^ vater solution of congo red, and allov

to dry.

4. 5 1 WBMinliM sulphate* 330 mmmxiam sulphata

anAe up to eoa liter.

5. Alcohol-ether nixtore. Ttaeim volumes 95^ alcohol

plus one vol\2ise ether.

6. Trichloracetic acid solution. Approxtoately lOjJ

aqaeoos solution.

7. One per cent stannous chloride, prepared freah

each day. Diasolve 0.1 0b. of pure tin foil in 2 cc.

concenti^ted hydrochloric acid, adding a drop of 5^ copper

sulj^ate solution and heating to aid soluti(»i. Dilute to



ifproxteltftly 10 cc, vith cold vater and filter*

8* XolsftxHc-siLLphxirio acid r««9«cit (l)wiig8*s rtt-

agaaat). Dissolve ten grn. of amnionium nolybdat© In 100 cc

water, filter if necwieeapy* Mix 150 cc* concentrated

•ulphxirlc acid with 150 cc, of water. Cool and mix ti e

two 8oluti(ms.

9. Standard plMii^pisMrus solution* Dissolve 0.4380

pure, dry ooapotasal'iHi phoaphate in water sufficient to

aake 1000 cc. " .0 cc*= 0*1 og* of phoapihorus* Add «

few drops of chloroforta t^. prevent mold fornatlon. For

the working standard dilute 10 cc. of the stock aolution

to 100 cc* 1 cc* = 0*01 mg. of phosphorus*

Tbe procedure followed in the analysis is given as

follows:

Total phosphorus* Into a 150 cc* Tuslnsr pipette an

aliquot of diluted serum containing froo 0*05 to 0*15 Bg»

(preferably about 0.10 ng*) of phosphorus. Add 2 cc* <rf

the magnesiu'n nitrate mixture and evaporate on hot plate

«

increeslng the heat until a considerable part of the ai^

lass became white, 15 to 50 minutes at tine highest temper-

sture is sufficient. If a portion of tbm malh becomes

charred it will be necessary to add several cc. of water

and a drop of nitric acid azKl repeat the heatlog* 'Then



tbs mmple Is hamfd. ov«r a free flame (or In «

Bffle) tantll all of the raagneainn nitrate ham hmm

daeweMdy as eTldenced by the absence of brown « nitrous

tnKIt ficies* This aboold leave a pwfectly white ash* If

•B «nMNieiable aaouyrit of oarbon raaalns* it zaust be oxi-

<HUMd I37 adding a acsall aaoant of «ftt«r soft a drop of

nitrie aeld, ax>d rei3«ating* Thm aflb is dissolved in 2.5 ce»

of 10 n sulphuric acid and 10 to 20 00 • of water, hsfttiag

to insttf» o«s92«tis soluticsi. Cool« add a sosll pisee of

«aaC» x«d tsftt paper, and asntraliss with concentrated

iWMiiiliw li^droxide. transfer the dclutioa to a 100 ee«

volumetric flask through a short stsomsd ftamol containing

A iMsd or some other form of ccHistrictlcHi which will retain

the teat paper* Wsida the bwker and funnel thosttxa^StiXj,

pf>sf6rabl7 with hot wator, and add sufficient watev to

bring the voliaae to 70 to 80 cc. To both stsoisidi sgaft

imlrrawm add from a burette 2 oe« «f the melTbdle-sul*

fliarie acid rsagsnt, mixing ttis •olution by iMUp^ bsfoaps

«nd after aifttBS 19l# traa^t. Dilute to 100 cc.» add 0.5

cc. ox' the stannous chloride solution and mix imediately*

After one or iBiQUtes eiMpi'S in a eolorlnoter, setting

the standard at 30*

I4ysid phosphorus. Into a 50 cc. volieaetrlc flask



oootfliSiiim aSboat 40 cc. of the aloohoX<->9ther mixtwrnp add

2 cc. of scraHf mix, and heat to boiling. Cool, make up

to the aapit with the alcoiiol-ethep mixture, and filter.

Pipette 10 to 20 cc. of the filtrate into a 150 cc. beakMP*

add 1 cc. of nagnesium nitrate solution, and proceed as

for total phosphorus.

Total acid soluble phosphorus. To one volune of

MOPUB add four volumes of lO^j trichloracetic acid, raix,

••atrifUSi* and filter. Pipette 5 to 10 cc. of filtrat*

into a aoall beaker, add 1 oe. of aagBMlm nitrate so*

lution and proceed as for total phosj^iorua. Care should be

Mton to see that all of the trichloracetic acid has been

volatilized by heating on the hot plate before heating

over a trm* flarae, since too rapid heating will cause it

to eliar*

Protein phosphorus. To 5 cc. of serun in a een-

trlfuge tube add 20 cc. of 1Q-* trichlojracetic acid, cen-

trifuge until the supanuit&nt xiquld is clear, and decant.

Vaeh the precipitate three or four tiaes with IC^ tri-

ehloracetlc acid, and three or four tiiaee witai a hot

mixture of alcohol-ether. Transfer the precipitate to a

small beaker, add 3 tn* 4 cc. of nukgnesium nitrate, and

proceed as for total phosphorus except that an aliquot



should be taken In cases of hi^ phosphorus. It will

also be necessary to dissolve t3m Msple in laore than 2,5

ee* of the 10 H suljAiurlc acid, and add an equivalent

amount of amcxiiutn sulphate to tSm standard.

In this procedure the ansBonium sulphate is added to

the standard to coapeaaate for the anaaoniiKj sulphate

formed in t3ae soluti<Hi of the sample. The presence of

snmonium sulphate produces a bxiffer effect which lesTM

tk» pH of ttie solution after the addition of the nolybdic-

Bulphuric acid reagent higher than it would be if no

MMKiiuci suli^ate were present. "Bierefore in order that

the pH of the two solutions be «qual, approxlaately ttm

wmm aDOunt of the salt must be present in the two 80»

lutions

•

The concentration of the standai-d should be chosen so

that the reading of the sanplo will be within throe or

four units of the standard, wiMm the stoadsrd is set at 30.

Unless the approxinate concwtaration of phosphorus in tbm

timjpl I Is laiown a series of standsupds should be made up for

a number of sanples. the oolybdic-sulphtiric acid reagent

should be added to all the soluti(»i8 of a series and the

solutions mixed and diluted before stannous chloride io

added, since the blue color begins to fade soon after it



has l«en developed,

mamas abd Dtscmsim

Data are presented an tliree groups of chicV^ns:

roosters, laying bens, and non-laying hens. The sepa*

ration of the htfns into laying and non«laying groups is

tMUMd chiefly on concontration of calcium in the eerun

rather than on their egg production record. uim»yN»

possible the laying hens were selected from those on the

nest about to lay. However, there are, no doubt, several

hens Included In the group of laying hens ti^iose egg

production is quite low. More will be said later con-

cerning these.

Frstt fable X it can be seen ^at the results of the

analyses of the senxn of roosters and non-laying hens con-

ferns very well with the results obtained by other investi-

l^tors on various ecMrans in that the total phosphorus is

equal to the sun of lipoid and total acid soluble phosphor-

T2S. There is apparent, however, a tendency for the total

phosphorus to be slightly less than the sm of the lipoid

and total acid soluble phosphorus, indicating a sli^t

over-lapping of the tee fractions.

Tbm momt noticeable difference beU/een the s«raD ef



laying hens and roosters, «• in Table IX» Hhi

appearance of a new fractlwi of phosphorus. The total

phosphorus In the MWB of laying hens is much greater

than the son lipoid and acid soluble phovplMrus. This

can be«t be explained by the existence of a phosphoprotein

in the serum. The protein phosphorua as deterrained agreM

fairly well with the difference between the total phosphor-

us and the mm of lipoid and acid soluble fractions ss is

shown in Table II. Another noticeable difference is ths

large Increase in lipoid phosphorus In the senca of the

laying hen over that in rooster serum*

An attempt was stads to determine the nature of tSis

phosphoprotein in the serum of laying h«ns« This was dons

by subjecting it to acid and pepsin hydrolysis and ts

ionuzioXoglcal tests. The proteins in 5 cc. of seroB was

precipitated with trichloracetic acid, extracted with

trichloracetic acid and hot alcohol-ether mlxt\ire, and

treated with different concentrations of acid under varying

conditions of tine and temperature. Ths pjrotein was then

repreclpltated by ths addition of solid trichloracetic

acid and the filtrate analyzed for phosphorus. The

alcohol-ether extract of the repreclpltated protein gave

no test for phosphorus und«r any condition of hydrolysis.
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the bjndrolysed phosf^oroa af^ffmiriJa^ In tbn acid soluble

fr«CtlCM3.

It vfts feonS that after treating with <me nomal

hydrochloric acid for 2 3/4 hours in bolliag water bath,

about 73 per cent of the protein j^oephorus mm

hydrolysed; after four hours, 85 per cent; and after

tlx hours, 91 #0 per cent. The protein precipitated fr«i

laying-hen serum dissolved entirely in concentrated lijpdro-

cihlorlc acid and, after etanding 3 1/2 hours at room

tinperature, only 25 .5 per o&at of the protein phosphorus

vas hydrolysed, Siis is evidence that the t^hm^ifbmnm is

not Just adsorbed to the protein \xxt must be boond <iuite

firmly in the molecule.

to att^pt vas aade to hydrolyze the phosi^oprotein

Iqr aieans of pepsin, bat it vas found that althou^ tHam

bulk of precipitated protein was muoh less in the pepsin-

hydrolysed serum than in ttie rosr seran taie protein

pinMphorus fracticm remained practically unohMiQtd* Tfat

mMPOB wtm hydrolyzed by aA^big to 5 oe* of seron 0.1 ce»

of concentrated hydrochloric acid, 0»05 gm« of powdered

pepsin, and inci&ating at 40**C« It was found that unless

the sflfrum had stood Mrveral days it was necessary to l^at

the aaaple at 65^ to 70**C. for cMie-half hour befo3?e adding



the pepsin and acid In order to destroy the snti-enjijfiuefl*

It was noticed that the &etiea of ]jepsin and hydro-

chloric acid oaa the pbesphoprotoln of hen Mrm agree*

in general with the properties given by Jukea and Kay (14)

for vltellin. The phoaphor-us of vitellln is held rather

fImLy in the protein, and Is not readily hydrolyaoi by

taydaroehloric aeld at ordinary temperatures. If vitellln

la subjected to pepsin hydrolysis, there rwaains a pepsin-

resistant fraction which contains iron as well as phCMiphor-

U8« the two being present in the ratio of one part of iron

to 18 to 19 parts of phosphorus (15, 16, 17).

Wlitn further analyses were amSe on the MflPW of thm

laying ben, ir<m was also found to be present in tbB pepsin

resistamt fraction but In the ratio of one part of ircsa te

9 to 19 parts ef pheephoros* These results are given in

Table III. The Iron deterrainatlons may be questioned sooe,

hewtwer, since even the same sample did not give consistent

resfolts as can be seen frea tbe ineeulte of eaaplea 34 aai

In order to obtain a cwaparison, a teat for iron was

wmSm on the pepsin-resistant protein of rooster serm. As

can be seen troa Table III, iron was found to be present

to the extent of frora one-third to one-half of ttiat found



n

M

B
i

GO

O

S o
o o

o

«
f-i

94

GO

02 0» O CO b- 00

0> O E>- to H O •<*

H H H H H H

StO 0> 0> 03 to W
E« <0 U3 to <£> (0*••«•••

^ to 6- 1- ca
0^

0> to H 03 «0 O H
to H <«4» CO W f IQ
^ «0 to «> to 00
• ••••••ooooooo

• ••••••

^ &> 03 (O CO CO COH

I

^03tOK) eo

• t

03

S

03

*

o

* •

oo

00

o



in Xtt^ing-hen Mrum. A t««t wm made <m th» pt^Sxi iiMd

•nd an flfpmclable araount of Ircm found to be present,

Wemw&p, since pepsin is soluble even ia triehl«Kr«o«tio

acid, it is doubtful whether the iron is frosa this aourc«,

although MM of the ir<Ma may have been held by the protein

«ven after the trichloracetic acid extractions. Since

rooster blood has a tend«x^ to lake very readily, a part

of the iron aay be frcra ha«aoglobin althcmgh no red color

wmt noticed in the serum.

Sine# the properties of the phosphoprotein of the

2i0D*s msrva ecapEP^d so closely to those of vitellin, the

two proteins were further compared iCTsunologically. Osm

Maa>it received seven intravenous injections of laying-h«tt

senjm in doses of 0,1 cc. Another rabbit received equiva-

lent doses of rooster serum. On the tenth day after

receiving the last dose, both rabbits ««re bled and the

maaemm tested for preeipitins against a solution of egg-

yolk protein with the results shown in Table

egg-yolk protein was prepared according to the

directions as given by Pliooer and Scott (18) for the prepa-

ration of vitellin with the exception that the protein was

not extracted with alcohol and dried, since the alcohol

trea^sent would denature the protein so that it could not b«
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redls solved.

the solution of antigen used in testing the anti-

MToa for precipitins wm made by weighing out tm9 gpe. of

tlMi oentrifuged* undried egg-yolk protein and dissolving

in 10 cc. of a 10^ salt solution. This is equivalent to

about a 1.65^ solution with respeet to purified vltellSn,

A eufficlent aaouat of salt wa* added to the antl-seopuai

mK» a 10^ solution. 1!he precipitin tests were n»fle in

MMlII glass tubes about one inch long aiMi with an internal

diuteter of 1.5 to 2.0 laa. The anti-serua wm put In th«

lever haif «f the tvO^e by tmm of a long pointed tube;

the upper port or tube was filled with the antigen.

The appearance of a white precipitate at the juncticxi

the two liquids indlWited a positive test.

In order to check the results, rabbits were taannized

with egg-yolk protein and the anti-serum tested wfOi liqrSag-

ben and rooster The protein solution injeeted Into

the rabbits was made by weighing out seven giad, of the

pertially purified, oentrifuged vitellin and adding

•Btfficient IQ^ »alt solution to make 10 oc. of solution,

this Is equivalent to about a 4.8';i soluticm of purified

vitellin. Seven doses of 0.2 oc. each were injected

Intravenously. The results are also shown in Table



Ill* 3P<i8uXts of these isBrunologioal tests t^3d to show tlMft

there is pntmat in the aervm of laying hens axui z*oo8ter«

a protein vhidi is similar to a protein fonnd in the egg

yolk. This protein is probably vitellin althoa^ further

wm^ wamt be dssie befom any definite conclusicuxs can be

Bed««

According to the results of Osborne and Caopbell (19)»

vitellin contains 0»94 per cent phosphorus. Thus if all

of the protein phosphorus of the hen's serusi is in Uim

fom of vitellin, the serum of the laying ben would contain

about one per cent vitellin, or in other words vitellin

would constitute at l^ast one-fifth of the total senm

protein, Bot withstanding this, ttio average concentratioa

•f protein in the serun of laying hens is no greater iijffli

the average in rooster serum. In fact an analysis of two

lots of send pooled froa ten gave an average of 4,7 per

eent protein, while an analyai« of two lots of pooled

MKnss of roosters gave an average of 5.1 per cent protein

as detemined by the KJeldahl method.

Ihe vitellin of the ogg yolk is said to be the souroo

of haemoglobin for the young chick* Kost of the iron of

the egg yolk is found to be caabined in the fom of protein

(14), and Pllonor and Scott (18) have oiaoomd tliat about



fch« fourteenth day of ineubation th«r« ia sudden decpeas©

In the vifeellln content of the ^ yolk along with a rapid

increase in the haemoglobin content of the chick,

Hugouai»r« maA itorel (20) noted that the pepaln-resistant

fraction of vitellln (haenatogen) could be treated to give

substances whieh roMiabXed h^imtin and its derived pig-

•nts.

SSi^e there secKsa to be a close relation between the

vltellin of the egg yolk and the haemoglobin of the young

chick, it seems likely that the vitellln^like protein of

the hen's aemm might he derived by the «dditi<m of

inorganic phosphorus and perhaps sofae protein fraction to

an iroa«K5ontainlng protein envolved in the normal fomi&tlaa

of hMB»globln» This appears mom likely when it is noted

that thei» mtqf be an lrc«i«containlng protein even in

rooster serum, and that the phosphoprotein my constitute

one»fIftti of the amount of protein in tbm Mrm of the

laying hen, althou^ the total amount of protein is no

greater than that in rooster senas.

tamiag that the yolk of the egg contains a lai^

wont of phosphoprotein (vltellin) and of lecithin. It Is

not at all surprising that soae fona of phosphoprotein

makes its appearance in hen serusj or that the lipoid



iMiiUmwi i9 MMb hM^fmr in the seruis of laying ta«Hl«

If the phosphoproteia of the hen's serum ia the pre-

eurscKr of the xritellin in ttut egg yolk« the manner in which

it is transferred frora the eerua to ttie yolk is difficult

to understand. VJhether the protein is transferred un-

eiiMged to the yolk or i^mtinKt It euffers disintegratloa in

tib« mmpam with its fr&cti«is resynthesised into vitellin in

tb» yolk is yet to be determined.

By Gcoparing the lipoid piuM^oras with the oalciiBa

in Table II, it appears that the conc«atrati<»i of lipoid

pbiMphorut in hen s«r«BS itay be a better indicator of

production than the amount of serum calciina. It can be

seen that as the calcium increases in the eearam l^e lipoid

flUMqpbmPtti also is hi^u»r» two twing present in sgqo*

what of a eonstant ratio with iA» «a»eption of hens 30 » 31

«

ttod 32* thtss hens» along with 2B and 29, were reeeiwed

tvtm a local poultry firra on June 9 as nonoproducing hens*

Tb»j were ixaoiediately put on a feed consisting of laying

tasli and oyster slsBll. After five days, staples of blood

wmrm drawn and analysed.

As is shown in Table 11, the ssruei calciura of ths««

Vomm hmm is as hl^jb «s that of normal laying h«Qs

althou^ tiie lipoid phosf^orus is much lower. >• «t9* wm*



Xftid b7 t&eae imem Axrijo^ ttm first vemk of observatlfm and

cmly four in 1^ aecooid WMtk. A^ppax^ntly the h^aa

fnat going into px*oducti<si*

Ihe rasults of the uXtrafiltorable phosphorus in

Tables I and II at first appear to disagree with these «tf

lAalcovski (4) J but with further study it can be seen that

they agree quite closely in so far as the relative amount

of ultrafilterable phosphorus is coaomPa»d»

Laslccnrski found that average concentration of inor-

ganic plkMisborus in the blood plasna of nim-laying hens was

2.9 nig« per 100 cc; and in the ultrafiltrate^ 2«8 mg. p«r

XOQ cc, or in other wsirds 97 per cent of the inorganic

phosphorus was ultrafilterable. In the plasma of the lay-

ing hm, he found an avscufs of 4*1 mg* of inorganic

phosphorus per 100 cc. of plasna, and 2.2 og* p«r 100 ce*

of ultrafilterable, or that 54 per cent of the inorganic

phosphorus of plasma was ultrafIlterable. Prom Table I

the inorganic phosphorus of both rooster and non-laying-hen

s«rm is found to be 67 per cent ultrafilterable, and that

of laying-hen serum to be 36,5 per cent ultrafilterable.

In other words the percentage of ultrafilterable phsspLoma

in hen amnm is only slightly over half of that of roostsr

seruQ. This agrees with the results of Landcsssklj^ ainoe



hl8 Insults ahow tSm parcentage of ultrafilt«nNi!»t* iduwphoh*

Tifi in the plMoa of layisg hiH&a to b« about one-half that

of the plasma of xHMsters*

flM two results differ in that Laskotirvkl found a

fedl^r percentage of ultrafllterable phosphorus in each,

Wmmver, this amy be explained^ as Laakocrski has indlcatedy

tjy the fact that he obtained his tiltraflltratos under

fdncod pressurs. This vould OMPta HhM; the filtrates voold

be concentrated "ay eTaporatlon, but since he used BeKftufiMii

of approximately the ssBS rate of filtration hia res^llts

are •«qp«rable to each other.

Tb0 rssulta of the ultrafilterable phosphorus also

agrees quite well with those of Benjatain sad Bms (21) witto

respect to rooster serua but not vith respect to the Manai

of laying lamiBm They found the iAosgsnic phCMEplUHraa t#

be 6»1 mg, per 100 cc. in rooster aermn and 4»S in the

ultrafiltrate . In other -^ords they found the inorganic

phosphorus to be 72 per cent ultrcifilterable. In laying-

hen sertsa they found 4.0 mg. out of 6 .2 mg* or 64.5 per

cent of the inorganic phosphorus to be ultrafilterable

.

This is not in agre«aent vith the results of this work or

vith those of Laskovski. The difference ma^ be due to the

bij^ inca*ganie phcMi^orus content in tibe s«nBa of th«



ehickWAf Indicating a high phosphorus food which may affaot

th0 p«rc«ntage of ultrafiltex^ble phosphorus in the lama

LMkowski (4) haa vii8g«»t«d that th« nonsuitrafliter-

able inorganic phosphoroe has tcfraed a colloidal, calelim-

giuWfjpblWMi eo^plex which would account for the large

anount of bound calcium in the tmem of the laying ben*

It is difficult to see how this relatively small amount of

ptieeghegae could combine with such a lax^ aciount tut

calcium.

SlflM the amount of lipoid aad protein ph^gghorua

inewaeea along with the increase in calciioB in the laying

hen, thei« may be some relation between those organic fonaa

of phosphorus and the bound calciiaa* Sere work will have

to be done on this problon before any definite conclusiOQa

can be made*

mmUKt OD COR^USIOHS

fbe tcAal phosphorus in the serum of roosters and

xMin-laylag tawis was found to be approximately equal to the

wm of lipoid and acid soluble phosphorus.

9he total phosphorus in the serum of laying teni wm

f«ynd to be froiQ 4 to 12 og* per 100 cc* higher then the



mm of thn lipoid and acid soliible phosphosros*

This Indicates the i»reMQe« of a pboi^iH^roMa in

lading seroiB vdiich is alnost negliglt>le if at all

psMMMmt in th* w&svm of rooatera and non-laying bazw*

k protein in the Mfw of laying hi^ and roosters wm

tmuA to \m Iffiifiuaologically almilar to a jn^otein in the

mm jova.

Tbm lipoid phosphorus of roratera and non-laytog heoa

varies from four to ten log. per 100 cc. while that of

laying hmim varies froa 13 to SO xse« per 100 ce«

fhe pero«titage of iooerganic phoai^onui iriiich waa

found to be ultrafilterable in the tmtvm of laying hens

is alDoat onewhslf of that in the sermn of roosters aad

jMn»laylng bens* This is in agreeoMmt vith resulte

Ktiqperted by other investigators.

Additional vttrtc vill be necessary to determine the

relati(»i betveen the increase of lipoid saod protein

pbwphorus and the bound calcium in the mervm of the hen.
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