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L.
EOTINATION OF CALCIUL 1N BLOGD.

Since variation in the amount of calcium present in the blood has
recently been thought to have clinical significance,it has been made the
subjeet of much study by physiologists snd biochemists. A number of preé-
valent patholegical conditions have been found to be characterized by a
calcium content of the bleood distinetly different from normal, It is evi.
dent that there is need for a good method of estimation. The method must
be accurate, and must be capasble of being carried out with esse and withe
out too great expenditure of time. The time element is espeelally inpore
tant if the estimetion of celcium is to become part of the routine of
blood analysis.

The first purpose, then, of this work wss to study the methods which
have been used and to try them out. Qur aim was to discover imnrovemente
which would make one of the methods completely satisfactory for scourate
estimations snd at the same time suitable for oclinical use.

The second purpose of this study wes to determine whether caleium
estimations should be mede on the serum or on the plasme of the blood.
Aacording to the Kills' theory of the clotting of blood,verisble amounts
of calcium mey enter into the fibrin during the process of clotting.lills
uses &8 & starting point,tissue fibrinogen,This tissue fibrinogen is 2
protein that is capable of taking up or combining with one to thirteen
parts of & phospho-lipin called cephslin. Each cephalin molecule in turn
cen tske up one calcium ion, and finally each calcium ion takes up one
part of blood fibrinogen.If this theory is correct,estimations of cale-
cium should be somewhat higher in plasms than in serum. Alse the differe
ence between the two estimetions would not a2lways We the same,due to the
faet that different amounts of calcium might be used each time in the fore

metion of the fibrin.



REVIEW 02 BLTHODS.
There sre three waye of trénting blood for the estimatian of coleiume

1. By oxidizing or sshing the proteins before precipitating the czloium.

2. By precipitsting the proteins with pieric,tungstic or trichloracetie
acid and using aliguot ports of the filtrate for ealeium vreeipitation.

3« By direct precipitation of csleium from serum or plasme.

The first method tekes considersble time, and is much too troublessome for

routine work.The second method calls for the use of & lerger amount of

blood than do the other two methods and slso involves the use of sn oddie
tional resgent. The method of direct precipitation saves time snd reagents
while giving eguelly good resulis.

There sre three r@cagniisd ways of estimating caoeium:

1. The nephelometrie method by rhich the celeium is chonged into = esleium
soap,which remeine euspended as fine narticles. The degree of eloudines
or turbidity is determined Ly o spegial apporatus called a nephelometer

2. The gravimetric method, by which the caleium is preeipitated as caleium
oxalate,this precipitete ignited and weighed =8 ealecium oxide.

3. The volumetric method, by which the cslecium is precipitated vs calcium

oxelete,the precipitate is dissolved in sulphuric seid end titrsted with

& solution of polassium permengenste,

The first of these methods was one of the esrliest used for blood. Lymen

proposed it in 1917{ 5 ;.Thie method involves considerable difficulty and

expenditure of time,becsuse of having to remove the protein,and because of
the denger of introducing esleium from the filter nsper. There is slso
needed a8 grester aumber of resgents than ere essentisl fng the other
methods. Some cleim,however thst it gives setisfsotory results(1d).

The second method obviously cen not be used bescsuse of the small
smount of blood on which the estimotion must be made. Althoush the third
method hes its dravbacks,it seemed the most 'romising of all methods,so

that we hove tried to make as meny improvements in it os nossible.
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The Krsmer and Tisdall methade% modification of which wes used hwhn

(See Technique of Estimstion), calls for the precipitation of the czlcium
wvith ammonium nxalﬁte,waghing the precipitate three times, centrifuging
ofter each washing, end siphoning off the supernatent liguid.The precinit
tate is then disselved in sulphuric seid ond titrated #ith /100 potassium
permangonste. The modificationby s.P.Clark end J.B.Collipl(/§ ] saves much
time snd iz equally sccurstie.One weshing with 3 cg. of dilute ammonia
water is substituted for three woshings with larger guantities of dilute
emmonie water.The tubes sre then inverted ond sllowed to drain for five
minutes,after centrifuging long encugh to thoroughly peck the precipitste
in the bottom of the tube. These workers found that by draining the tube
the smount of mother liguor left in tne tube was only 0.02 cc., 88 come
pared with 0.1 ec. without drasining. The error due to the traece of oxidi-
zsble meterisls other than the sasleium oxalate left in the tube is balane
ced by the slight loss of csleium due to the selubility of caleium OX&=-
laete in the wsesh solution., By this methed the celeium ¢sn bs estimetsd
#ith an error of not over two per cent as compared with the pasaihility
of an error of five per cent with the originsl EKramer and Tisdall method.
The tubes must be thoroughly clesned with s mixture of potassium dichroe
mate and sulphuric weild to insure uniform dreinsge.

FrUCebUxl POn UBTALUING PLiaoka.

Since one of the purposes of thnis study woes to determine whether the
plasma contains more esleium than the serum, one of the first problems wss
to secure the plesma.This necessitated meking o choice of an anti-coague
lant.Potassium or sodium oxslate is suitable when vetimetions of organie
constituents are to be made,but caelecium is prec¢ipitated by both of these,
Fluorides have been used but they also precipitete celeium. Beversl ine
vestigators claim {o heve secured proper casleium sstimstions on sodium
citrate plesme,although thay recommend the use of serum. The direcetions
for using 1 oce. of sstursted sodium citrate solution{over 60 %) for 10 eo.

of blood sre manifestly sbsurd.This method involves meking & dstermination
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of the pleseme volume of the bloed so &s to be sble to calculste ths
dilution fector. We have used this propertion eof citrate snd secured only
& trace of calcium oxslate precipitate, If sodium or lithium citrate is
used, a very small smount should be taken{e.z. 0,02 to 0.05 ¢o., for 5 cec.
of blood),the citrate being reduced to the minimsl gquantity that will
prevent clotting.

de declided to try the substsnee recently ploeed on the merket,
called heparin.This substasnce, & Tine grayish white powder,is ovrodu-
eed in the llver in small amounts snd is extrscted therefrom. It is ecasy
toe hendle and presents no problem of dilution =& does = solution of &
citrate. The gost of the heparim is §10.00 per grem, but since the ex-
tremely small amount of l.1 mg. is sufficient to prevent the cletiing
of 5 ee. of blood, the cost for each estimation is very smell(l.l cents).

Before the use of hepstin could be adopted it wes necessary to dee
termine whether the presence of the heperin affeected in sny wey the de=-
terminstion of the calgcium, Bevarsl estimastions were mede on ox serum,

2 ec. of gerum being used,to which 1.0 mg, of heparin wss sdded.Controls
wers run on the seme serum without heparin.No appreciasble change could be
detected in the finsl titr#tion figure,se it was decided that heparin wass
& very suitable snticosgulant.

TECHNIQUE OF PRUPARING SAMPLES,

Two estimstions were made on each blood a2t the same time,one on the
serum snd one on the plasma, in order to determine sny <ifference in the
caleium content of the twe. About ten cubie centimeters of blood was
drawn esch time. Five cc, of each ssmple was treansferred quickly to &
conical centirifuge tube containing the weighed emount(1.l mg,) of
heparin.The tube wos shaken vigorously to insure the uniform distribution
of the anticosgulont.This wes centrifuged imwmediately for 5 minutes or
until there is & good sepsration of the plasms from the celles.The time

depends somewhat on the rate of speed of the centrifuge.
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de found that the plasme could best be removed by means of & capie
llary pipette to which & small rubber buldb waes attached.By this means the
rlasma cen be almost completely removad without disturbing the cells,
vhich is a2 difficult thing for one person to do with an ordinary pipette,
The plesema wss collected in this wey in & clean dry tube.

The othner 5 eo. of blood wes plaoced in & centrifuge tube snd sllowed
to elot.it wes then centrifuged and the serum wes resoved from the clot
in the sawme menner as the plasms wes removed from the fzlls.

TECHNIQUE GF LSTINATIOH.

Meavure 2 c¢o, of serum or nlssme ino & centrifuge tube,add an
equal volume of redistilled water{Gee Preparstion of Resgents) and
1 cc. of 45ammonium oxslate colution.lix with 2 stirring rod,asnd then
rinse the rod with (wo or three drope of the oxalste solution.Allow
the tube teo stand at least thirty minutes to insure complets precinitatiown
Centrifuge for about 5 minutes or until the precipitate of celoium cxoe
late is well packed in the bottom of the tube.The supernstsnt liquid is
gerefully poured off and the tubes Inveried,resting on 2 pad of filter
paper and sllowved to drain % minutes.The mouth of the tube is wiped dry.
The praecivsitete ls etirred up end weshed with 3 ce. of d4ilute swmonis wat

weter{2 cc. of concentrated smmonium hydroxide in 938 ge. of redistilled

£a)

water),directed in & fine stresm from ¢ wash bottle. Centrifuge agsin and

bé

drain se before.The precipitate is then disselved in 2 cc. of approxie
mately normal sulphurio scid(28 ce. of pure concentrated acid te 470 cc,
of redistilled weter).The scid is blown on to the precinitate from 2 pi-
pette in order to stir up the calcium oxelate ond cause the mat 10 dig-
solve more gquickly.If the mat of precipitste is not broken up by blowing
“the scid upon it,it must be brokem up with 2z stirring r6d.It is undesi-
rgble to have the rod im the tube dur.ng the mein titrstion,and it must
be rinsed cerefully before rexmoval with & few drovps of dilute sulphurie

acid or redistilled water.
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The tube is then placed in & water bath{a large Pyrex besker serves this
purpose nigely) kept st o tempersture between 70 and ?522anﬁ titrated
while hot with /100 poteasesium nermengsnate golution te 2 faint pink
coler which persists )1 minute sfter the laset drop is sdded.VWhen the snd
peint iz slmost reached,that is, when the pink color disappesrs rather
glowly,the solution should be stirred with & red so that the part in the
tip of the tube may come in sonteet with the potassium permengenate, It
usually requires from one to three drops sdditional to reach the end voint
- The @atasaiﬁm permengsnate solution is used in a2 miero burette of § o,
capacity,cach merk representing 0.02 ee. It is fitted with o glass stops
cock and capllliery tip.The tip is oiled frequently to make ihe drops
which are deliveresd as small a3 possible.The drops csn be mads smaller
than 0,02 sec.

in case of shortege of serum or »lsems,l nc. or even leass may be
used for the estimation,slthough 2 ec. is desirsble,
CALOULATION,

Cne ceos of B/100 ¥in§, ie equivelent to 0,2 mg, of celeium

Titration in ceex.2 x 100 « mg.0f Ca per 100 e¢e.
f serum or plasmse used of asrumoy plasma

If 2 ece of plasme or serum is used meltiply the cc. of REny, by

10.1f 1 eco. is used,multiply the titretion figure by 20,
RESULTE,

Port of the work wse done on human blood end part of it oa dog's
bloed.The sversge caleium content of the bleod of normal persons is 10.0
mg. per 1060 ac; of serum and 13,1 mg. per 100 ecc. of plasma. Our estis.
wations thet show very low celcium figures were made on doge which were
being used for experimental purpeoses in physiology resgesreh, The date

obtaines 18 o follows:



TABLE SHOWING RECULTS OF ESTINATIONS OF ERUM AND PLASHA.

Source Plasma Sermm. Difference Per Cent of increase
of Ca. in Plasma
over that in Serum

Human 13.32 nmg. 8.49 mg. 1.83 mg. 2l.5
Human 10.32 mg. 9.5 mg. 0.82 mg. 8.8
Human 14.00 mg. 11.2 mg. 2.0 nmg 25.0
Human 14.0) mg 10.2 mg 2. 30 ng. 87.0
Human 14.08 mg. 11.97 ng 2009 mg. 17.4
Human 13.91 mg. . 11,68 mg. 2.26 ng. 11.6
Human 15.7% nmg. 1159 ng 2.18 mg 18.8
Human 14,80 ng 14,00 mg. 0,00 mg 5,7
Human 14,60 mg. 15.97 nmg. 0.69 mg. 4.5
Human 15.50 mg, 10,38 mg ©.12 mg S0.00
Human | 12.70 mg. 9.50 mg 3. 20 mg. “Se B
Human 11.90 mg. 9.56 ng. 294 mg., | 24.4
Dog 12,00 mg 11.70 mg. 0.30 mg 2.5
Dog 12.90 mg 18.40 mg 2.10 ng 18.4
Dog 5.32 mg. .56 mg | 1.46 mg 87,5
Dog 11.?’3 mg 9.60 mg 2.10 mg , 21. 8
Dog 3.51 mg .90 mg, 1.61 mg. ROe
Dog 10.60 ng 7.80 mg 2.80 mg. 98.9
Dog . 13.30 mg 12,40 mg. 0.90 mg. 7.8
Dog 8.90 mg 4.7 mg 2.20 mg 46.0
Dog . 6.60 mg 5.50 mg. 1.10 ng 20,0
Dog 7.35 mg 5.52 mg 0.81 ng 02,7
Dog 7.47 mg 6.60 mg 0..7 mg 1,381
Dog 7.30 mg 5.80 mg 1.50 mg 25.8



TABLE SHOWING RESULTS OF BESTIMATIONS OF CHRUM AVD PLASMA (Con#d)

Sourece Plasms Serum Differences Per Cent of increase
of Ca. in Plasma
over %that in Serunm.

Dog 7.30 mg 5.50 mg 1.80 mg 52.7
Dog 7.90 ng 5.60 mg 2.30 mg 40.0
Dog 9.44 mg 9.19 mg 0.20 mg 2,7
Bog 9.18 mg 7.05 mg £2.13 mg . 30.2

In these twenty eight estimations, the variabion in the percentage
incresse of celcium iam the glavﬁa over th&% ol the serum r snges from
1.31 to 46,7, Seven estimatéons showed & percaﬁtage‘incxeaae hetween
1,31 and 8.6; ten showed a percentage increuse between 11.6 and 25,0;

and éheven showed a percentage incresse between 25.3 and 46,8.

Page ~g=
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DISCUSSION CF RESULTS,

1t is to be noted thet there ie s decided ineresse of esleium in the
plosma cver that of thebeserum,but thet the difference is varisble which
indicstes thet the Eille' theory of the varistion in the smounts of
caleium uged in Tidbrin f;rmaﬁiaﬂ may be correct,and that te get the true
culciuwn content of the blood,cstimations should be made on the plasme
rather than om the serum. We cecured no evidence of the adasorntion of or-
genlec substance io the culelum oxalste precipitate in the csse of nleams
vnat dld not ocecur in the csse of serum, so thet we ars convinced that the
difference in titration is due teo szetusl difference in the caloium
contant.

Go.Qlark(R )} chesked the scourasy of the direet method of pre=
gipitation and iitrstion by sdding known amountes of calsium to serum,
Rinety-eignt per cent of the added esleium was recoversd,

Sontrols. |

1., The 2 ce. of approximately normal sulphuric ceid pave 2 titretion
value of 0.04 coc. of E/100 Rlng. This wus deducted from the titratien
figure in e¢zch egtimation.

2. & test wes mede to deteruine how much soskege there might be of
the resgente in the celcium pxelate precipitate.A quantity of fine pumice
about equsl to the amount of e eccleium oxelate precipitate wos treated
with the preciplitating reegent,centrifuged,dreined, vashed, centrifuped
sgein snd druined,trested with sulphurie scid and titrested just like o
celoium pregipitate.The result ves thet the titrstion figure wes inerease
by only 8.005 ce. abeve thet for the control{See 1. sbovs).This is
negligivle,

PHREPMATION OF RrAGENTS. KErPING QUALITY OF REACRNMTS,

Considexrsble difficulty wee wet with in the retter of resgents,es-
peeielly the keeping quelity of H/10 snd E/100 notassium rermengsnate

solutions, and aleo of seluticns of recrystelliszed oraiie acid and
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sodium oxalate.We recrystsllized the oxaldé ecid ourselves from C.P.
erystals, in order to be sure of the amount of water of ecrystallizsation.
At first ordinsary once distilled water was used in the preparation of all
golutions.A stock solution of potassium permangsnate ,maﬁe a little
stronger then K/10 was prepered,using distilled weter.This wee sllowed to
stand two weeks. It was titrated against s freshly prepared solution
of ¥/10 oxalic zcid. Tne potessium permanganate was then diluted with
the required amount of distilled water to meke it exactly N/10,and
checked again ageinst N/10 oxslic acid. A fresh solutign\ef the /100
pot&asium p@rmang&ﬁatewas mede each day by dilution Qf\ﬁhé stock H/10
solution. This dilution had to be made by the trial and é?rer method
becezuse exact measurements did mot produce a sclution which whe exactly
K/100, Purhtermore the N/10 stock solution changed perceptibly within 2 m

N

month,
ILLUSTRATION OF THi CHANGE IN K/100 KMnO AND N#100 Kiin6,
Jenuery 12 2 ce. B/10 oxslic scid(fresh)- 2 cc. H/10 KknO,
January 26 2 cc.N/10 oxslic acid(fresh)- 2.07 cec. H/1D KknQ,
Februery 2 2 cc. N/10 oxalic zeid(fresh)- 2.1 cc. XEnQ (E/10)
Tnis shows 2 weskening of the N/10 ﬁataasium nermanganate solutiodn.

1

Illustration of the change in N/100 Kl¥nO,

Januaery 15 2 cec. H/100 oxelic scid{fresh)- 1.86 cc.\E£n04
Januery 19 2 cc. H/100 oxalic scid(fresh)- 1.88 cc. Kino,
larch 25 2 ec. /100 oxalic acid(fresh)- 2,00 cec. KinQ, ' “-
This shows & weskening of the N/100 potassium p@rmaﬁgaﬂate golution
The poor keeping quality of the reagents caused the loss of a great
deal of time in the preparation end stendsrdizeation of materials'each day
when there were estimations to be mede,We decided that this ccéstant
change might Be due to oxidizable substances in the distilled water.
Titrations were made on the weter a2s in the calcium method and lece. was
found to reduce 0.005 ce¢. of H/100 King(freahly prepared).Then to 500 cc.

of distilled water 2.5 ae. of H/100 Kin6,wes sdded snd the mixture nllowad
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to stand a week., It was then redistilled into a special non-sol flask
and tightly corked.

This fedistilleé water was then used in the pressration ef all resge
gents, and for dilutione.Ilt was found that an exact /10 solution of
potassium permengenate could be diluted by eslculastion and an exsect H/100
solution obtained.One sample of N/100 sdlution of potassium permangenste
was found unchanged after two weeks time. The H/10 solution wee exset &
after six we ks time.This wss slso true of the F/10 oxalic acid.

ILLUSTRATION TO SHOW THY KEEPINC QUALITY OF N#F19 AWD N/100 xunaf
April 7 5 cc. H/10 oxalie seid(fresh)- 5§ ce.N/10 K¥n0O,
¥ay 21 5 ce. F/10 oxzlic acid{fresh)- 5 ee.W/10 Kmnaf
May 21 5ce. E/10 Oxelic acid(made April 7)- 5 ce. ¥/10 K&mﬁf

April 7 2 ec. H/100 oxalic acid(fresh)- 2 cc. H/100 Kino,
April 21 2 cc. /100 oxalic acid(fresh)=- 2 cec.N/100 KinoO,
April 21 2ec. N/100 oxeslic acid(made April 7)- 1.9 cc. KinOQ,

The N/10 oxalic scid wes alswo checked sgeinst K/10 NoCH end the
results sgreed.
April 6 5 gec. H/10 oxelic scid- 5 ec. N/10 HaOH
April 14 2 ce. N/10 oxalic scid- 2 ce. H/10 NeOH
April222 5 cc. H/10 oxalic zcdd- 5 cec. N/10 HelH
Eey 21 5 co. H/10 oxelic scid- § ce. N/10 NaCH

The solution of K/100 oxalic acid,however did not retsin its s
strengtn more than one doy.

IKPROVENVENTS IN THE METHCD,

l.The use of hepsrin ss an anticosgulant in securing plasma for
the estimations is & great sdvaniage,

2. Heparin plssms gives more nesrly the true calcium content of than
the blood than does serum,

3. Distilled water which has been sllowed to stand for a wesk with
2 smsll emount of H/100 Kﬁn@,an& then redistilied is used in meking the
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normal sulphuric acid,the precipitating reagent( eammonium oxalate)
"the potassium permangana@e and oxalic acid solutions and the dilute
ammonia water for washing. This greatly =sdds to the keeping qua-
lity of the reagents. The redistilled water is also used for the
dilution of plasme and serum and for all dilutions. This removes
the possibility of introducing organic matter which might re-
duce part of the potassium permenganate used in the titration.
This redistilled water can be made up in large quantities and kept
in special non-sol flasks,tightly corked,snd much time is saved
in the preparation of reagents.

CONCLUSIONS.

l. Specisl technique must be used in the preparstion of rea-
gents. Many of the problems associated with the method are sol=
ved if this type of distilled water is used in the preparation of
all solutions.

2. The method of direct vrecipitation of the calkcium as Oxa-
late and titrating with potassifim permaengaenate is satisfactdry,both
as & resesrch and as & clinical method of prodedure if good tech-
nique is used.

3. The estimation of calcium in blood should be made on the
plasma ratner then on the serum, as the calcium content of the
plasma ishigher than that of the serum,and epproximates more
closely the true calcium content of the fluid portion of the blood

4, Heparin has proved to be an excellenf substance for pre-

venting coagulation. It is indisvensable for this method.
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ESTIMATION OF CALCIUM IN BLOOD.

Since variation in the amount of calcium present in the blood hes
‘recently been thought to have clinical significance, it has been made the
subject of much study by physiologists and biochemists. A number of preé-
- valent pathological conditions have been found to be charscterized by a
caleium content of the blood distinctly different from normal. It is evi.
dent that there is need for a good method of estimation, The method must
be accurate, and must be capable of being carried out with esse and with-
out too great expenditure of time. The time element is especially impor-
tant if the estimation of calcium is to become part of tne routine of
blood analysis.

The first purpose, then, of this work was to study the methods which
have been used and to try them out. Our aim was to discover improvements
which would make one of the methods completely satisfactory for accurate
estimations and at the same time suitable for clinical use,

The second purpose of this study was to determine whether calcium
estimations should be made on the serum or on the plasma of the blood.
According to the Mills! theory of the clotting of blood,verisble asmounts
of calcium mey enter into the fibrin during the process of clotting.Mills
uses «p & sterting point,tissue fibrinogen,This tissue fibrinogen is =
protein that is cepable of takinglup or combining with one to thirteen
parts of o phospho-lipin celled cephalin. Each cephalin molecule in turn
cen teke up one calcium ion, and finally esch celcium ion tekes up ene
part of blocd fibrinogen.If this theory is correct,estimstions of cal-
ciunw should be somewhat higher in plasma then in serum. Also the édifferw
ence between the two estimstions would not alweys Pe the same,due to the
fact that different emounts of calcium might be used each time in the forw

mation of the fibrin.
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REVIEW OF METHODS.
There are three ways of treating blood for the estimation of calcium’

l. By oxidizing or ashing the proteins before precipitating the calcium.

2. By precipitating the proteins with picric,tungstic or triqﬁloracetic
ecid end using aliquot perts of the filtrate for csleium precipitation.

3. By direct precipitetion of calcium from serum or plasgmae,

The first method tskes considerable time, and is much too troublesome for

routine work.The second method calls for the use of 8 lerger amount of

blood then do the other two methods end also inveolves the use of sn addi-
tional reagent. The method of direct precipitation saves time end reagents
while giving equally good results.

There are three recognized ways of estimeting caccium:

1. The nephelometric methed by which the calcium is changed into & cslcium
soap,which remains suspended as fine particles. The degree of cloudiness
or turbidity is determined by 2 specizl zpparstue caelled a nephelometer

2. The gravimetric method, by which the calcium is precipitated ag calcium
oxalate,this precipitate ignited. end weighed ss calcium oxide.

3. The volumetric method, by which the cslecium is precipiteted s calcium

oxalate,the precipitete is dissolved in sulphuric scid end titrated with

a2 solution of potgssium permangsnate.

The first of these methods was one of the earliest used for blood. Lyman

proposed it in 1917(5 ).Thie method involves considersble ¢ifficulty and

expenditure of time,beceuse of having to remove the protein,and because of
the danger of introducing calcium from the filter paper. There is also
needed & greater number of reagents then sre essential for the other

- methods. Some cleim,however thet it gives satisfactory results(fz).

The second method obviously can not be used because of the small
amount of bleod on which the estimstion must be made. Although the third
method hes its drewbacks,it seemed the most vromising of all methods,so

that we have tried to make as meny improvements in it as possible.
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The Kramer end Tisdell method, e modificetion of which wes used byus

(See Technigue of Estimation), calls for the precipitation of the calecium
with emmonium oxalate,washing the precipitate three times, centrifuging
efter each washing, and siphoning off the supernatent liquid.The precipi«
tate 1s then dissolved in sulphuric =cid and titrated with N/100 potassium
permangenate. The modificetionby E.P,Clark and J.B.Collip( /%) saves much
time snd is equally accurate.One washing with 3 cc. of dilute ammonia
water is suéstituted for three weshings with larger qusntities of dilute
emmonia water.The tubes sre then inverted znd sllowed to drain for five
minutes,after centrifuging long enough to thoroughly pack the precipitste
in the bottom of the tube., These workers found that by éraining the tube
the amount of mother liquor left in the tube was only 0,02 cec. as com-
pared with 0.1 cc. without draining. The error due to the trace of oxidim
zzble materials other than the calcium oxslate left in the tube is balanw
ced by the slight loss of calcium due to the solubility of calcium oxe=
lete in the wash solution. By this method the calcium cen be estimated
with an error of not over two per cent ss compared with the possibility
of an error of five per cent with the originsl Kramer and Tisdall method.
The tubes must be thoroughly clesned with s mixture of rotassium dichro-
mate end sulphuric ecid to insure uniform draincge.

PROCEDURE FOR OBTAINING PLASNA.

Since one of the purposes of this study was to determine whether the
Plesma conteins more calcium than the serum, one of the first problems wes
to secure the plasms.This necessitsted meking 2 choice of an snti-cozgu~
lent.Potassium or sodium oxalate is suitable when estimations of organic
congtituents are to be msde,but calcium is precipitated by both of these.
Fluorides heve been used but they aslso precipitete calcium. Several in-
vestigatore cleim to have secured proper celcium estimstions on sodium
citraste plasme,slthough they recommend the use of serum. The directions
for ueing 1 ce. of saturated sodium citrate solution{over 60 %) for 10 cec.

of blood sre manifestly ebsurd.This method involves making & determination
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of the plesma volume of the blood so as to be able teo calculste the
dilution factor. We have used this proportion of citrate snd secured only
& trace of calcium oxslate precipitate. If sodium or lithium citrate is
used, a very small smount should be taken(e.g. 0.02 to 0.05 cc. for 5 cc.
of blood),the citrste being reduced to the minimsl quantity that will
prevent clotting.

We decided to try the substence recently placed on the merket,
called hepsrin.This substance, @ fine grayish white powder,is produ-
ced in the liver in small amounts and is extrsacted therefrom. It is easy
to handle and presents no problem of dilution as does & solution of s
citrate. The cost of the heperin is $10.00 per gram, but since the ex-
tremely small amount of 1,1 mg. is sufficient to prevent the clotting
of 5 cc. of blood, the cost for esch estimstion ie very smali{l.l cents).

Before the use of hepstin could be adopteéc it was necessary to de-
termine whether the presence of the heparin affected in any way the de-
termination of the calcium. Seversl estimations were made on ox serum,

2 cc. of egerum being used,to which 1.0 mg. of heparin was added.Controls
were run on the same serum without heparin.Ne appreciable change could be
detected in the final titration figure,so it wes decided that heparin wes
& very suitable anticoagulant.

TECENIQUE OF PREPARING SAMPLES.

Two estimaticns were maede on each blood at the same time,one on the
serum end one on the plasma, in order to determine any difference in the
calcium content of the two. About ten cubic centimeters of blood was
drawn each time., Five cc. of each semple was transferred quickly to a
conicel centrifuge tube containing the weighed emount(1l.1 mg.) of
heparin.The tubte was shsken vigorously to insure the uniform distribution
of the anticoezgulant.This was centrifuged immediately for 5 minutes or
until there is @ good separation of the plasme from the cells,The time

depends somewhat on the rate of speed of the centrifuge.
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We found that the plasme could best be removed by means of & capi-
llery pipette to which a small rubber bulb was attached.By this means the
plasma can be almost completely removed without disturbing the cells,
which is a difficult thing for one person to do with an ordinary pipette.
The plasma wes collected in this wey in & clean éry tube.

The other 5 cc. of blood wes placed in a centrifuge tube and allowed
to clot.It was then centrifuged and the serum was removed from the clot
in the same manner as the plasms was removed from the fslls.

TECHNIQUE OF ESTIMATION,

Measure 2 ce. of serum or pleasma ino e centrifuge tube,add an

equal volqme of redistilled ﬁater(See Prepsration of Reagents) and

o
1l cc. of 45ammonium oxelate solution.Mix with e stirring rod,asnd then
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the tube to stand at least thirty minutes‘to insure complete precipitatiown
Centrifuge for about 5 minutes or until the precipitate of calcium oxa-
late is well packedvin the bottom of the tube.The supernatsnt liquid is
cerefully poured off and the.tubes inverted,resting on 2 pad of filter
peper and allowed to drein 5 minutes.The mouth of the tube is wiped dry.
The precipitate is stirred up end washed with 3 cc. of dilute ammonia we#
water(2 cc. of concentrated ammonium.ﬁydroxide in'98 cc. of redistillied
water),directed in a fine stream from =z wash bottle. Centrifuge agasin and
drain ss before.,The precipitate is then dissoclved in 2 c¢c. of approxie-
metely normel sulphuric acid(28 cc. of pure concentrated acid to 970 cc.
of redistilled water).The acid is blown on to the precipitate from e pi-
pette in order to stir up the calcium oxalate and csuse the mat to dis-
golve more quickly.If the mat of precipitete is not broken up by blowing
the acid upon it,it must be broken up with a stirriné ré¢d.It is undesi-
reble to have the rod in the tube during the main titration,and it must
be rinsed carefully before removel with a few drops of dilute sulphuric

acid or redistilled water.
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The tube is then placed in = water bath(allerge Pyrex beaker serves this
purpose nicely) kept at & temperature betweené70 and 75, and titrated
while hot with N/100 potessium permanganate solution to e faint pink
color which persists 1 minute after the last drop is added.When the end
point is almost reached,that is, when the pink color disappears rather
slowly,the sclution should be stirred with a rod so that the part in the
tip of the tube mey come in contact with the potassium permanganate., It
usually requires from one to three drops additional to reach the end point
The potsssiur permengaenste solution is used in a micro burette of 5 cc.
capacity,each mark representing 0.02 éc. It is fitted with a gless stop-
cock and cepillary tip.The tip is oiled frequently to make the drops‘
which sre delivered as small as possible.The dropes cen be made smeller 8
than 0.02 ce.

In case of shortage of serum or plasmae,l cc. or even less mey be

used for the estimat ion,although 2 cc. is desirable,

CALCULATION.
One bc. of N/100 KMnQ’is equivalent to 0.2 mg. of calcium
Titration in cec.x0.2 x 100 - mg.of Ca per 100 cc.
‘ cc. Of serum or plasma used of serumsyplasma

If 2 ¢cc. of plasma or serum is used multiply the cec. of KManby

10.If 1 cc. is used,multiply the titration figure by 20.
RESULTS.

Port of the work was done on humen blood and part of it on dog's
blood.The aversge celcium content of the blood of normsl persons is 10.0
mg. per 166 ece'of serum and 13.1 mg. per'loo cc. of plasma. Qur esti-
mationé that show very low calcium figures were made on dogs which were
being used for experimental purposes in physioclogy resesrch. The data

obtaines is as follows:



TABLE SHOWING RESULTS OF ESTIMATIONS ON SERUN AND PLASIKA,

e

Source Plasma Serum Difference % Increas %aglfif ‘S;‘;sma

over ‘Sérum
Human 10,32 mg. 8.49 mg, 1.83 mg. 21.5
Humsn 10,32 mg. 9.5 mg. 0,82 mg. 8.6
Human 14,00 mg, 11.2 mg. 2,80 mg. 25.0
Humen 14.00 mg. 10.2 mg. 3.80 mg, 37.0
Human 14,06 mg., 11.97 mg. 2.09 mg. 17.4
Humen 13.91 mg., 11,65 mg. 2.26 mg, 11.6
Human 13.77 mge 11.59 mg. 2.18 mg. - 18,8
Human 14,60 mg. 14,00 mg. 0.80 mg. Ee?
Human 14,60 mg. 13,97 mg. 0.63 mg, 4,5
Humen 13,50 mg. 10.38 mg, 3.12 mg. 30.00
Human 12.70 mg. 9.50 mg, 3.20 mg. 33.6
Human 11.90 mg, 79.56 mg. 2.34 mg. 24.4
Dog 12,00 ng, 11.70 mg. 0.30 mg. 2.5
Dog 12.90 mg{ 10.80 mg. 2.10 mg. 19,4
Dog 5.32 mg. 3.86 mg. 1.46 mg, 375
Dog 11.70 mg. 9.60 mg. 2,10 mg, 21.8
Dog 8«51 mg, 6.90 mg. 1.6 mge 23.3
Dog 10.60 mg, 7.80 mg. 2.80 mg. 35.9
Dog 13.30 mg. 12.40 mg. 0.90 mg. 7.2
Dog A 6.90 mg. 4,70 mg. 2.20 mg. 46,8
Dog 6.60 mg, 5.50 mg, 1,10 mg. | 20,0
Dog 733 mg. 5+52 mg. 0.81 mg. 33.7
Dog 7+47 mg. 6.60 mg. 10.87 mg. ledl
Dog 7.30 mg. 5.80 mg, 1.50 mg. 25.8



TABLE SHOWING RESULTS OF ESTIMATIONS OF SERUM AND PLASHA(cont'd)

Source Plasma Serum Difference %‘Qig;erence(igg;ease
of,plasma over.Serum
Dog 7.30 mg. 5.50 mg. 1.80 mg, o - M
Dog 7.90 mg. 5.60 mg, 2.30 mg. 40,0
Dog 9.44 mg, 9.19 mg. 0.25 mg. 2.7
7.05 mg. 2.13 mg. 30.2

Dog 9,18 mg.

In these twenty eight estimationa;the variation in the percentage
increase of calcium in the plasma over that of the serum ranges from
1.31 to 46,8 .Seven estimstions showed a percentage increase between
1.31 end 8.8;ten showed a percentége inercase between 11,6 and 25.0;

and eleven showed a percentage increase between 25.8 and 46.8.
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DISCUSSION OF RESULTS.

It is to be noted thst there is = decided increase of calcium in the
plasma over that of thebserum,but that the differencevis variable whiph
indicates thet the Mille' theory of the variation in the amounts of
calcium used in fibrin f;rmation may be correct,and that to get the true
calcium content of the blood,estimations should be made on the plasma
rather than on thé serum. We secured no evidence of the adsorption of ore
genic substance to the calcium oxslete precipitate in the case of plasma
that did not occur in the cese of serum, so that we are convinced that the
difference in titration is due to actuel difference in the cslcium
content.

G.W.Clark(i_) checked the acouracy of the direct method of pre-
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Ninety-eight per cent of the added caslcium was recovered,
Controles.

l. The 2 cc. of approximately normel sulphuric acid gave a titration
value of 0.04 cc. of N/100 KlUinO. This was deducted from the titration
figure in each eétimation.

2. A test wss made to determine how much soakage there might be of
the resgents in the calclum pxalate precipitate.A gquantity of fine pumice
about equal to the amount of 2 celcium oxalete precipitste was treated
with the precipitating reagent,centrifuged,drained,waehed,centrifuged
again end drained,treated with sulphuric acid and titrested just like a
calcium precipitate.The result was that the titration figure was inereased
by only 6.00% cec. above that for the control(Sge 1, zbove).This ie
negligible.

PREPARATICN OF REAGENTS. XEEPING QUALITY OFiREAGRNTS.

Conesldersble difficulty was met with in the mstter of reagents,es-

pecielly the keeping quality of N/10 and N/100 potassium permenganste

solutions, end 2lso of solutions of recrystallized oxalic acid and
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sodium oxalate.We recrystallized thé oxeldt scié ourselves from C.P.
erystals, in order to be sure of the amount of water of crystallization.
At first ordinsry once distilled water was used in the preparation of zll
solutions.A stock solution of potassium permangenate ,made s little
stronger than N/10 wes prepered,using distilled water.This was gllowed to
. 8tend two weeks. It was titrated sgainst a freshly prepared solution
of N/10 exalic zcid., The potassium permenganate was then diluted witn
the required emount of distilled weter to meke it exactly N/10,2and
checked again sgeinst §/10 oxalic acid. A fresh solution of the ¥/100
potassium permangsnatewss maede eacﬁ day by dilution of the stock N/10
solution. This dilution had to be made by the trisl and error method
because exsct messurements did mot produce a solution which was exactly
N/100. Purhtermere the N/10 stock- sclution crienged perceptivly within a
month, '
ILLﬁSTRATION CF THE CHANGE INJH/lGB-KanLAND NZ100 Kln@,

Jaauvary 12 2 cec. N/10 oxalic acid(fresh)- 2 cc. N/10 KEnO
Jenuvary 26 2 cc.N/10 oxalic acid(fresh)- 2.07 cc. N/10 KinO
February 2 2 cc. N/10 oxalic secid(fresh)- 2.1 cec. KNnO (1i/10)

This shows & weakening of the N/10 potassium vermenganate solutién.

Illustretion of the chenge in N/100 KMnO,

Januery 15 2 ce. N/100 oxelic ascid(fresh)- 1.86 coc. KNnO,
Jenuery 19 2 cc. N/100 oxalic ecid(fresh)- 1,88 cc. KinO,
March 25 2 cc. N/100 oxalic scid(fresh)- 2.00 cc. KNMnO,
This shows & weskening of the N/100 potassium permaenganate solution
Thne poor keeping quality of the reasgents caused the loss of & great
deal of time in the preparation and standsrdizetion of materisls eszch day
when there were éstimations to be mede.We decided that this constant
change might Be due to oxidizable substences in the distilled water.
Titrations were made on the water as in the calcium method snd lcc. wos
found to reduce 0,005 cc. of N/100 Kanéfreshly prepared).Then to 500 cc.

of distilled water 2,5 cec. of K/100 KMnGﬁL was added snd the mixture allowed
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~to stand a week. It wes then redistilled into 2 special non-sol flask
and tightly corked,

This redistilled water wes then used in the preparation of all reége
gents, and for dilutions.It was found that an exact N/10 solution of
potassium permangenste could be diluted by celculation and an exact 3/100
solution obtained.One sample of N/100 solution.of potassium permengenate
wae found unchanged after two weeks time. The N/10 solution was exact &
after six wecks time.This was also true of the N/10 oxslic acid.

ILLUSTRATION TO SHOW THE KEEPING QUALITY OF N¥10 AND N/100 KMnO
April 7 5 cec. N/10 oxalic scid(fresh)= 5 cc.N/10 KinO,

Mey 21 5 cc. N/10 oxelic acid(fresh)= 5 cc.N/10 KMnO,
May 21 Scec. N/10 Oxalic acid(made April 7)= 5 cec. N/10 K1inQ,

April 7 2 cc. N/100 oxalic acid(fresh)z 2 cc. N/10C KlUnO,
April 21 2 cc. N/100 oxalic zcid(fresh)- 2 cc.N/100 K¥nO,
April 21 2cc. N/100 oxelic ascid(made April 7)= 1.9 cc. KMnO,
The N/10 oxeslic acid was also checked sgainst K/10 NaOH and the
results sgreed.

April 6 5 cc. N/10 oxelic acid= 5 c¢c. N/10 NaOH

NI

April 14 2 cc. N/10 exslic ecid- 2 ce. N/10 NaOH

MR e

April?22 5 cec. N/10 oxalic scid- 5 cc. N/10 NaOH

May 21 5 cc. N/10 oxelic secid= 5 cc. N/10 NaOH

wn

The solution of N/100 oxalic acid,however did not retain its s
strength more than one dey.
IMPROVEMENTS IN THE METHOD.
1.The use of heperin as an enticoagulant in securing plasma for
the estimatione is & great advantage.
2, Heparin plasma gives more nesrly the true calcium content of thex
the blood than does serum.

e

3. Distilled weter which has been sllowed to stsnd for a week with

e small amount of K/100 Kth*and then redistilled is used in meking the
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normal sulphuric acid,the precipitating reagent(ammonium oxalate),
the potassium permangenate and oxalic acid solutions and the dilute
emmonie water for washing. This greatly adds to the keeping quality of the
reagents. The redistilled water is also used for the dilution of plesma
end serum end for all dilutions.. This removes the possibility of intro-
ducing orgsnic matter which might reduce part of the potassium permanganate
used ih the titratiop.nThis redistilled water cen be mede up in large
quentities and kept in special non-sol flasks,tightly corked,and nmuch
time is saved in the preparation of reagentd.
CONCLUSICNS.

1.Special technique must be used in the preparetion of reagents,
Msny of the problems sssociated with the method are solved if this type
of redistilled wa e%f?édﬂééd in their preparation,

2. The method of direct precipitation of the calcium as oxalate
and titratfﬂ% with potassium permangenate is sagtisfactory,both as a re=
search and as & clinicel method of procedure if good technique is used.

3. The estimetions of calcium in blood should e made on the nlasmea
rather than on the serum.as the calcium content of the plésma is nigher
than that of the serum,and approximates much more closely the true
calcium content of the fluid portion of the blood.

4, Heparin has proved to be en excellent gubstance for preventing

coagulation of blood.It is indispenssble for this method.
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