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Oemolality snd froeslus point deproesion.

Osmotlo pressuvo io one of tho colligative propowxsics of a solution
Leove it vavies with the total mwber of particlos pregent in solution but nob
on thoin olze ox ghapey, and is clonely »elated 4o the othor colligative
properilen, vise, vapour prossure, frooging polnt doprossion and olevation
of holling polnt. Since the direct meaamﬂ@men%s of ommotle pressure by the
upe of apparatus lnvolving somiperzmosble mombranes presents dAifTiculitlieos aad
lnconvenlonce, in dealing with biologlieal fluids such s soxum, urine otc.,
the osmotic proosurs in slways avwived et indlvectly through tho wse of one of
the abovo pymp@rﬁi@ay and the Tyecping polnt deprossion in oue of the most
acouiate and cosiost method avellaeble fox the detexmminabion.

Bockmonn in 1888 firot dovised o thermometer fow the dotowamination of
Twavaing point with some voomonable aomracy. Sinen then, many Inprovomonts
end advoneos havo beon made dn this £ield. Inotrumense with high dogrsc of
gonesltivity avoe novw avallable for the detormmingblon of froosing point
dopromoion. Home of those instrumente ave oplibrated direotly in unlio of
osmotic progoure l.0. the ogmol, so that the concentration of o solution in
bosme of ogmolellty can be zond off divoctly in the smullor wnlt, the

milliosmol por kg watow.

Qezolide, prosmuro and disiribution of watow ond polute in body fluid

gompartments.

Tho importonce of osmoilc pressurs, in living orgonisms 1o hord o
ovor-omphasine. It is of primary imperianco in the distyibution of woter

and pormeable soluses throughout both animels and plants. Plent ond snimal



tiscues ave compomed of cells containing eimple snd vexry complex wmolecules
enclosed in membrancs which ove essentlelly seomipermesble end theeo cells

are generally surrouwnded by, or suspended in, solubions. These coll membrane
are m@ﬁﬁly pomnoable o water and 4o some of the solutes. They are move or
logs ilmpermesble 0 others and thoreby mwaindein different concentrations of
cortain substonces on the two sides of the mombrone oven though the oemotic
prossure of the external and intornal solubions may be sams. VWater diffusoes
from the wmore dilubte solution to the more congentrated solution in protoplacm
booause the menbranes of the coll are pexmeable to it. Salbs and othor
solutes diffuse from the more concentrated to nore dilute solutions in
protoplesw AF they ocan pass through the membranes. Vhen the blood is
diluted by sheorpiion of water, the diffusion pressuye of water in the

blood is incressed, the osmobtic prossure is lowered, and more watoy passes
from the bleod to the tispuecs. in such cages the diffusion pressure of
wator in the blood through the kidneys is alsgo incrsaged, and bthese organs
put out p moye dilute wrine until tho oewobic pressure of the blood and
tissues is restored bo normal. Simdlerly o pationt may loose much waber
from his tissues and blood as a vosult of Fever, vomiting, or other clinical
disordors, and his blood and tissue Lluids bocome more concentrated than
noxmal. In such circumstences the blood osmotic pressure is high end the
kidneys ere unable to excrebe weter and dissolved pormeable solutes and the
pationt nulfors from oliguria. The bhydrvostatic pressuve of blood im the
kidneys (depending upon the blood prossurs) opevates with the waiter diffusion
progaure 0 cause filtwebion thyough the kidneys glomerular membranes. Forx

fAltration the blood prosgsure must exceed the opposing osmobic prossurs.
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The nogaltude of osmotie fovcon vhich dovelop when blood plagma,
Juntoratlitlal Tluid and eolld fiunlds axo copavatod from puwo veber LBy o
pemiposmopble membrancs aro surprisingly largo; a forco of the ordey of
5900 mme Hge 4o woguizod to prevont tho traunnfor of water acroso thoe menbroano.
Tho momndtudo of thoso foreos ie voponoiblo Loz the rapid distribubtion of
wateor throush tho copillexy wolls ond coll mombronou, and honee this proserves
oqual ocnotic prooouro in all the body fluid comparimonts, oxcept in ronal

SLpense.

Qumolad by ond hlood concontrablons

Tho totael osmotic prossure of novand humon morwn ie one of tho body
sonptonte ond 1% hes an avoerage voalue 0?1289u390 milliocmole (mOom.) por lkg.
wator with o shbanderd dovietion 0f 3e5-4600 Bxtpacolluler oonolelity io
nogligibly affocted by concondration of oxdrocolluler colloido, and it io
dotozainod by tho mmount of oryotolloids por unlt velume. In wowmal humen
pozum. sodivm, ohloride ond biearvonntc lons male up the bulk of tho total
ionn pregent ond an ouch, aro tho lavgost contribuiting factors 4o the totel
omobdie propourde. Tablo X shows the coleulsted contributions of the
various dons end woleculos $0 tho total corum ogmotic prosoura. Tho valuen
have boen btaken for tho moan condributions in millicquivelent por litro (or
mge por 100 ml.) havo boon noscabled From nuwnorous sbtandard scuvcos and
moad of thea hove boon conflimod by the metheds in uweo in this depaptment.
The Pirvot obop in tho caleuwlation o to oonvort those figuves to milliocquivalond
por kge wator basoed om tho fact thad nowmal sorum containg 944 of wabtor

(Millom, (1942), Hold (1946)). Tho ommotic coofficient @, dowived from
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polutions of known concontration and ommolality ip a factor for comrection

of the deviation from the “ldonl® hohoviour of & solube.

1

i

G o

Ogmolelity = @ n e mOmm. por kg watom.
oomotic cooffleiont
munbor of lons into vhich {the molacule dissociatos.

concentrebion In mogs por 1itrc.

Thio ommotlc coefficlont for univelent lons io opproximately 0.92 (Abelo

(1963)).

I the losy colurmn, tho omnobio pressure of cooh constituont io

oxprenssd as o peroontage of tho tobal osmotic prossurc.

Erominntion of tho daba in toble I loads o the following conclusionsg~

(1

(2)

(4)

IZ tho sorua codium, chloride, and bieavbonate (which togothor
account for 92.2% of the totel oomobtic prossuve) end the uvon and
glmaaq@ concenbrations ave all within nomnal limito, thon the sorum
totel osmotlc pressure must oleo be within normal linido.
Convoreoly, 4L the obporved total osmobtic propsupd lion outnide

thoe linite of normality (282-296 mOsmm. gér kzo vwabtar) thors muad

be majon chang@a'im vho coneontration of one oy mozo of thocoe:

fivm gonatituontsy thore may aloo bo a mejor change in the osmotic
proggure duo 50 organle éﬁ&@mm in casod of ketosin.

Mnjor variations dn two or moxe of tho mein five coantituonto moy
compensato oach othor oswoticully, c«ge, chlorido ions woy bo
roplaood by bicarbonato ions with o rooulting osmotic pronours vwhich
Lo within noyanl limito,

Homo of those consbltuonits linted in teble I axe of no omotio

inpoztance. Any change in sexum cnloivm concomtration compatible
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with 14fe, will heve s nogligiblo offoot on the total oomotic prossuro.
(5) The minow constituonto of norum which have been omitted from

Tablo I, may bo dgnored from the osmotie prassure point of view.

Thue, o orveabinine concentration of 2.0 wge por 100ml. is equivalont

30 only 0.19 mDen. pow lug. water.
The sum ealeulated is usually 5 4o 8 wOem. per ke water less then tho
woasurad sovum osmolality in nowvmal eubjects which is aocounted by these
minor constituents of the sorws (Holm (1962)). Howaver, tho sigmificance
of lorge difforoncon botwoen the measured and calculated velues foxr serun
ogmolaldty o still- in doubd. Rubin, Broveman; Doxter, Vonomee; and
Robherts {(1956) compared the measured end the onleulated wvalues in 250
pationte, Sorwn ommolality ranged fyom 220 to 475 wdems por kg wator.
They raporbed that 984 of ‘753 potionts with differencos in poseured and calcuw
lated values ronging from 40 4o 125 mOsme poy keg. water dled within tvwo wedks
of the studys Tho remaining patients wers neild %o have cqual, but not
necoovarily nomal, obsorved and caleulated osmolalitys. Thoe aolutes
consing tho dlfferonces in valuoo could mot he identifled. Discosed shatoo
included uwyacnia, metastotic carcinoma, lympoms, liver ¢ell nocrogis,
myocardicl inforetion, and infection. The chaorvation of Rubin gt al. (1956
o tho significence of these differonces were not confimmed in studles of

t
oimilar clivical conditions by Bdolman, Liecbman, 0 Moara, and Dirkenfeld (1950

Usmotic componsotlon.

The mont intoyesbing situsbions ars howover, bhose inm vhich osmotio

“oomponsation” occurs olthor by the substitution of one icn for aunother
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{chioride jon wopleved by biloarbonabo ion) or the replaccment of ions (sodium
and chloxide) by urca. Porticular atbention hag boen palid to he mole of
sodium lons in the regulation of the ogmobic prossurs. Apaxrt from tho Lfact
that it de of the mont inportent quantidetivo sourco (48.3%) of tho ommobic
pregoure (Table I, P.'é)g it must be halanced by anloms, of which chlowide
and bicarbonato avo the moetv lupertant, in oxder that oleoetyical noubraliiy
bo meinteived. Bdolmon gk al.,(1958) Pound that the total ocmotie pressure
wan o funcbtion of the sodium concenbtrabion provided that appropeicto
gorrootlons weore mado for abnormal concentrations of urep ond gluconcs and
o oimilar roletionshlp was found by Olmobtead and Roth, (1957) in many of tho cosx
of hyponotracnia ﬁhieh thoy gtudieds On tho othur hand, the sorum sodiunm
concontyation ig welabivoly constont both in hoalth and discage, and morked
chonges mey oceny in the lonlce composition of sevun while the sodiwn

concontration ig atlll within the limiis of noymal range, glbelt nooroy

the novmal oxtromos thon the noranl moan.

Chlorido ion is tho second iavgest contributor (34.7%) to tho
total osmotlc prosmurc and changes in tho chlorido concontrabtion oceur for
mora frogquently, and avo of greater imporbance,than ohanges in the sodium
concentration. Tho cormoncat causce of loss of body flulde in vomiting.

In those cames vhoro the gastyic juico io highl& acld the loss of sodium is
omedd yelabive to tho loss of chlorides tho patient is losing woro
bhydrogen ohlozide then sodivm chloridos Anotha® point which is froquently
ovorlooked is that the body has no store of chloxide, vhoreos there are

quito largo storos of sodlum in bone and these can be mobilisod 1P nocessazy.



Qutiinos of prosent worl.

Thin inveptigetion began as o study of petients who wero aduitted
%o this hoopitel =nd who wexro found to have hypochloracmia (serum chloride
leds than 90 meg. per litre) on admicsion. In such cagos, the serum
podiwa conosnbration io nover lovered in proportion. Since the chloride
ions contyvibutes such o bigh percentage of the total osmobtic pressure of
noruay 1t 1le here that the greateat divergencies from the normal osmotic
pressure oo to be expocted, unlose the c¢hlorlde ion is replaced by
bicarbonate ion. Any marked hypochloraemia should theorcticelly lead
to a fall in the serua osmolality, bud this this is not alwaye so, for
more roasons than one. | Thexre appesrs to ho no standard ppttern of serum
chemistry in chloride dopletion, and this study is en attempt to £ind

roasons for the differences which nra found to ogour.
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Subjectas-

All the patients had hypoohlorpenie and many of them wore montely
11l on adnission. My npoientific study of such ocasos must inevitably
labour undoer many bhandicaps. A Yhage line! i nover avallsble and it
hos been accuned that the patient was in ua state of biocheomioal normelity
hefore the cause of chloride depletion begon to operate, In nearly
oll the eamosn, the hypochloraomis was due to vomlting, less oftan o
continuous gastric suotion, and rarely to diarrhoesn or the prosence of
Tigtulao. Specimens of vomitus wors soldom avallable for cxaminotion,
and ofton were of limited valuo for 4% is well known that tho longor
vorniting continues, the less hydrochloric acid is secroted into the Juice.
Tathoraoreo, 1t 48 known that consideyable proportion of elderly patlents
such as eomprises the general hoapdtal populations are permenently
achlorhydric.  Hoat histories of "vomiting® by patients are notoriously
unreligble both in respooct of %h@ avont and the volume of fluild whioch io
ooid to have been lost.  For this roason alone, the state of the perum
hiochemistry la of groat clinlcal importanca. It also happens quite ragulex
that vomibting stops for no appavent yoason as scon as pationt is edmitted,
From $ho hicehemimt'm point of viecw, the primayy ccuse of the ohloride
deplotion is iumaterdal: sluco chloxride can bo neither stored nor
motabolised; o deplebtlon must he due to loass of body filuld by one or
another voute combined with luadequate roplacement. Some of thene
patients woro so dehydrated that they vequired intravenous replacenent

therapy lumediately on adnisnion. The deta given in the followlng tables



rofer in every case to tho blood chenistry on admission and before any
therapy had been atarted.

Thera wos no dlsbetic ouses in this study so thut the offects
of hyperglycaenla and ¢f inoreaned concentration of organlie anions need

not be congldered.
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Dotermination of Osmolality by the method of Froezing Point Dopression.

All the osmolality detexminations in the prosent series were made on
o Fislo Qemomoter model No. G*e  This inotrument essentinlly consists of
two partes=-

(1) Equipment to hold, cool, stir and froeze the spocimen.

(2) A highly stable thermistor capsble of memsuring minute

temperature differoncos.

The disgram of the main operational unit is shown in Figure le The
speeimen is placed in o speclally deaigned teant tube for the osmmometer,
which is then mounted in a special bracket in such a way that the tempeorature
probe i located in the centre of the samples The electrionl reelstonce of
the probe veries directly with the temperature of the sample. This resistanc
is balanced with o Vheatgsbtone bridge. This eleotrical resistance of the
thermistor is directly proporitional to the osmolelitye. The variable resista
of the Wheatotons bridge can he calibrated directly in mllliosmols per Kge
water by using standord solutions, hence the deprespion of froezing point can
read divectly in milliosmols per Kg. wabers

A thin rod adjaoent to the temperature probe vibrates gently, aud the
amplitude of the vibration is so adjusted that an optlmun stirring rate is
obtained which reducos the towmperature gradients within the sample. Thie
whole assembly consisting of thermistor probe, stirring rod and the sumple
holder are mounted on a movable army supported on a verticel rody, hence it
can bo ralsed opr lowered in the froeszing bathe The sample tube is not

immersed in the bath but is suspended Just above its surface and a puapling

* Advenced Instruments Inc., Uxbridge, Mass. U.SeA.
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mechanism throwas Jots of liquid of the cooling mixture on the outside of
the sample tube to cool ite

The eooling mixture consists of 50/ (V/V) ethylene glycol, and the
temperature of the bath is controlled within =6° 1_200 thermostaticallye
Procodura.

All detexminations of serum osmolality were made within 2 ~ 3 hourn
after bthe ¢ollection of bhlood specimens. 20 mle 0f serum was pleced in
the osmometer test tube and mowmted on the bracket, which was then lowered
in the ¢ooling hathes A typicanl Tresging ocurve during the various procedursen
of freezing in shown in Figure 2. The oporational switch 1o set on to
position I+ Tho galvanometer light is switched on and at the sane time the
coolant pump stords cooling tho sample. Initially the heat is removed very
rapldly at o rate of about L.0 ~ 2+0 divisions por second on the galvanometer
gealey, ae shown in Figure 2 fyom 1 to 2 Vhen the galvanometer light reaches
18 divisions to left of the zero tho operationsl switoh is moved to the
position (2), theveby the cooling pump is switehed off and the sample
continues to cool hut at a slower rate which allows the specimen to abtain
o uniform temperature throughoute This poriod of supercocoling ic shown in
Maure 2 from 2 to 3« At the point (3) i.0. 20 divisions to the left of the
zmoro on the gelvanomneter scale, the oporationsl awitab is moved on to the
ponition (3) vhereby o larger pulse of eurrent is sent through the coil
momentorily,; which setsy the stiyeing red into violent motion and the stirrving
action connos after 1 ~ 2 soconds. This onuses large oumbors of nuclei to
be formed in the specimon on which crysballisation bokes placce As the

semple freezes the gulvanometer light swinge rapldly to the vighte On
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) to 4 « fGomperature rises as frozen ssmpla moves to freezing platoau.

4 - freezing plateau
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Frovsing, tho sample voleases its latent heet of fusion snd this chonge in
semporature aliore the resiotoncs of the thoymilctor which, in turn, is
recorded by thoe gelvanomeoter. This 4g »oad off divectly in milliosmols
per kkg. watew by prossing the soneltivity lmob o low position and then
tupning the milliommol lmob to bring the gelvanomoter light to zoro.
Bufficleont time 20 < 40 pocomds im sllowed after the frecging is induced
bofore thic roading ig taken; during this porded of dime tho somplo roachesn

ite plotoou tomporaturc.

Calibration of tho Inotrunent,

The dnotwumont con be ecalibratod oy divect roading for a dosived

vange with tho use of two ptandard solutions. Ag the osmolelity in thoe
propond study wan betweon 200 and 400 millioomel por kg. wabeor, the standapds
chogen wora 100 mlem. por kg walor.and 500 nOmm. pep kg watera' The
stendards consist of agueous solubions of codiuwm chlorido. Anplaw groedo
sodivwn chlorido vas rooryotallised onco fron wobor; deriod in on evon ab

1%&9Q ovarnight and thon kept in o doslceator cver phosphorus pontoxido.

In ell colonlations, duo allowancon wore mado fop the sobtivity of sodium

- ohlerlde abt various @@ma@nﬁwaﬁi@mma The emount of sodiwn chlozlde in granms
per lkg. woter peguired fop a desired ommolelity wap obbtained from tho
intorpabtionel oritieonl tables end for convonionce this was fuvthor convoried
into gremo por litwe of water ob 20°G. Honce the emount of sodium
chlorido wogquirod for two standerd of oomolelity 100 and 500 mOom. por ke

vater was 3.089 oand 15.901 grome per litre ot 20°%¢.,
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Agouraey of tho Inptewienb.
On roponted dotormination the instrzumont froozos the ssuple within

1 mOzme por kgo. wator which covxwosponds bo 0.00186%.

Qthor Betimationa.

. During tho indtiel paTt of tho investlgation, sodium woe ostimeted
by the EBL lamo @hﬂ%@m@ﬁ@r? chiovide by tho mothod of Sohales and Schalog,
(1941) end bicarbonete by the masomebtric methed of Van Slyke(1924).

Lator, all oloctvolyteon were dotemained by the Technicon Auﬁaamalyserfﬁ
Thore wos no pignificant difforonce in tho resulis oblained from the two
mothods of onalysis provided that the sodivm concentrabion wap corvected fop
tho "protoln oprort L.0., 4 moq. por litre wore addod to all thoe eatinationn
done om the flame photomoter. (EEL).

Ures weo ostimoted throughouts by the Technicon Aubonnalysor. Tho
following is o svmnary of the normal mean veluos and nomel rangss for the

gongtituonts moaguredse.

Horum contonts Hooms Bongo.
Ghloride 102 96 « 106 meqg. pez litre.
Soddun 142 136 - 148 mog. per litro.
Biecarbonolbe 27 24 - 31 woqg. per 1itwo,
Uren 30 20 -~ 40  mg. per 100 ml.
Osmolal ity 289 282 «~ 296 mOoms pew kge watow.

* Bvans Blectrosolonivm Ltd., Holobead, Besen, BEnglend.

% Pochnicon Ingtzuments Lid., Chortsey, Surrey, Ingland.
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A1) aasos of hyposhloveonia wope furthey oxomined by detommlnimg tho

somua coneentrations of sodiuvm and bicpsbonoto, tho blood wwoe conconbtrabion,
and the sorun ommolalilty. Although chlorido lonn account Tor over one-
third of tho coxum fotel ogmplolity, tho canen of hypochloracmic could be
dividod into threo groups geserding o whothor the sorwm ommoelelity woo
powmal, doowonsed or Anerongod. Thepe throe groups vwore thon oxonined
poperately, budt bofore dolng co, some juntificabion for grouplng the date
a0 sopavate divislons coemg ROCOSONEY.

Any mase of ﬂa@é cen bo pplit vp into cmolld goctlons but thoe dlviding
Linos muet bo moaningful, ond unlops the seobions ame quite distinct in
at loost ono imporbont proporty they mny bo nothing mors than gradus
trangitions veporetod by arblirary hounderlios. in $ho prosent cngoes the
dividing linog ovo quite dintlnct, ag one group of patlento hep suceceded
in molnteining ono Importont properiy of tho oxtrecellular Fflulds within
poziand Limito in splie of forcos vhich would bomd to upset that sitate of
nowmad by, d.@e in mplto of o doorease in ohlowlde concenbration, the
osmolality is obtill mainteined within tho mommal limito, while in the
other two groups tho sorum opmolality is obnowasl, being low 1ln ono group

and high in the othor.

Group X Nozmol seorun opmolalibye

In oll these cegos, the totel somm owmmotic pressure hao hoen
kopt within the nowmal limite, and in splto of grosely altored blood
chomiatny, ot loass one physicol conetant has been molntained.

In all thogo cosos there is blcesbonelteo motontion, sorum bleazbonote



ig eloveted in oll with the exception of Hwo comos vheore it o Just on Hho uppewr
noxmal limdte. Tho sorum sodiuwa concontration is within the mormal limits

in only four of thome oames; and in nouwrly all of thoso vemaining casos the

gorwn godlum i elthon at the lowor nommal liwmit oy below It Tho

digturbances in the lonic belance due Ho the hypochlorscmin in thoroforo

coxpoected by an incrense im bicaybonnic and o decroage in godium coucontrablons.

However, ovon the casual inspootion of the date wakes it cloor that in no

capo Lo the deoresce in chloride oxactly belonced by an equivalont

incroose in bicarbonate, l.9. quentivativo replacement of ouns univalond

anion by snothos type of univelent anion doos not occur. This doon no%

mean that such a veplaccment is a practienl limposeibility: it is not

blologlenlly nocessary due vo the pimultancous deersoce in the concontration

of ention (modium). Azedn 1% chonld be kept in view bthat thowe aro

many othor lons involved apart fyom sodiwa, ohlorlde, and blcorbonsios and

the Taet that in clmoot every cose thexe ia nitrogon vetontion mokes it

gulte cextaln that clgnificent incveuses bove ocourrod in the concenbtrabtion

of phosphate, sulphaio ota. The point o bo cmphasiped is thebt lonic

balanco end tho osmotle proooure normelddty ave not achloved by tho simple

raplagement of one chloride Aon by one blAcarbonato ion.

The dntereceting thing sbout thoso ceson in that, although all of
vhem avo chlovide deploted, and more thon holf of thowm ave sodium doplotod
as woll, they all have sucocedod in mainteining noragl cerum ocmolaliby.

The lacropnos in blcarbonato eve only small faotors in the prosezvation of
o nowmel serwn osnotic preasure. Finoe no diebetic cagsen ave lucluded

in thepe, urce is the only possible constitucnt of sorum vhich con oupply
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Hypechloveomin with Wommal seywn osmobie pressurc.

s
LA AD RN

No.  Bases.  Osmolaliby. Bodiwms  Chlopido.  Bloszhonste. Upen.
s Jede 205 140 a9 32 84
2e  HoWe 205 135 83 32 111
3¢ E.e 295 130 82 34 106
ho  MolicLa 293 126 87 32 87
Se  CoRa 293 128 64 46 150
6a  MeSo 203 142 8% 37 68
Yo HaHame 202 130 89 EY 118
Bo  HePe 252 140 86 37 55
9, Hda 290 135 82 42 19
10w Ve 289 130 88 36 35
110 CoCo 206 130 a2 32 67
12¢ ol 288 134 84 31 124
13« R.T. 287 130 79 38 158
14s  boho 286 140 82 3% 99
15 Mol 266 134 88 33 76
16, HeBo 266 131 oy 33 42
1Te  Jotls 285 133 81 36 66
18.  BaMoB. 285 §24 82 32 126
19,  JoVe 285 135 89 36 54
20s  E.We 205 135 89 32 99
29e  Iade 285 125 75 Ad, 99
22,  JeGe 685 126 72 32 294
23e  Jofla . 283 130 64 37 66

Bhe  Neliohe 203 129, 84 9. 84

teange 268 138 83 355 99



the defieiency in comotic pressure. The blood uren is elevated in sll of
these cssen, end theye ls a relatlonshdp botweon the decrease in chloride
concantratlon and the inoreage in blouvd uwrea concontration. This is shoun
in Piguwe 3. It is not a very styriliing one bub the coxvelation cocffiicient
(2) i 0.62. This lesds to the possibility that the renel oystem
deliberately retains urea in guch cases in order to zwegtoxe the tebtal ogmetic
pressuxe of the body flunids to nornality. There is no other melabtionship
bebween any of the quenitities set oubt in Table Il.

There is one very lmporiaus cuncluaimn'ta be dvawn Lrom the date in
Table I, The serum osmolaliby canmnobt be used as a goneyal screening tesd
of chemisal nowmolity, because in cases where osmotic compenspation bakes
place, the serum chemigbyy in spite of normal osnotic pressure, may be highly

abnozmal. (Seo Table II for exemplos of this).
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Gxoup IT Aonorpally lov sexum osmolality .

In the ceses of this group, the Yobal osmobtie pressure is below the
lower limits of noymality, and mavkedly so in the great majority of them,
The decreagse in serum opmolality in some of these cages, such ag those
falling in the xauge 277 = 281 mOsm. per Kge vabor was so smell, that they
came vexry close o the cases of group I, and uwust be roganded as horderline
COBAH.

There seoms to have been libtle attempt to replace chloxride by
bicarbonate.' In only 17 of the 63 eases did the patients have an increase
in sexum bicarbonate and even in 5 of these was the concentration just on
the upper normal limit. And furthermore, in 9 of these 63 coses the serum
bicarbonate is below the lower limity of normality. In ondly 6 of thege
cases theroe has been an effort to retain bicaxbonete to replace the loss
of chloride lons and this is rother surpylsing, sinces blearbonate is
continuously and plentifully availg@}g %o the body. Tonic equilibryium
has boen mainbtained by reduction of the sodium concentyabion.

There is no corvelation between the seruvm chloride and the sexrum
bicerbonate, nor has there been much attempt o retein urea in order o
regtore the serwm osmolalily to normel., It will be seen from the data in
Pable IIT that the blood uree is within the nowmal limits in 27 of the 630
coses (43%) and in furthor 11 of the cases (17%) it is only slighily
clovated b0 tho wvaogse 41 » 46 mg. per 900 ml.

There is no corvelation whatever between the serum chloride
concentration and the bhlood ures concentration. As o wesult of falluxe

to compensate, either by retaining blcarbonate or, more espacially, ures,
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Hypochlorzeomia with low sorum osmoble prossuro.

Oemolalitys

261
281
280
200
280
280
279
2719
279
218
278
278
211
217
211
276
215
274
274
274
273
€73
273
213
273
273
273
273
212
271
269

Sodiwmn.

126
134
140
13
139
128
124
130
125
135
140
430
135
133
130
127

134

135
130
133
130
146
124
130
126
133
327
127
134
130
125

Chloride,

87
88
88
89
86
a3
87
86
64
88
81
a1
86
86
89
18
89
87
87
87

Biocarbonatliee

21
32
29
o8
30
21
28
32
26
29
33
33
25
30
27
16
39
31
€9
30
39
27
23
39
A
38
24
28
30
31
24

122
58
91
66
38
94
41
42
68
36
90
42
52
4%
39
65
31
55
g9
31
81
59

100
12

108
41
45
63
26
42
46

Urcae

Contew



Table III contd.

Hoe Cages, Osmolality., Sodium.

32 G411, 269 125
33 ReRe 269 134
34 Tale 268 130
35 GolloFe 268 126
36 (115 8 267 130
37 AdTe 267 130
38 GeBe 267 129
39 BeHce 266 119
40 GoSe 266 129
41 DeH, 264 135
42 CeSe 264 119
43 M. Me. 263 135
44 Relfc. 263 135
4% Jebe 262 135
#46 CeMoGe 262 125
47 TeBo 262 128
48 DeRe 261 125
49 A 261 134
50 DeLie 261 125
51 BaOullen 261 109
52 JeDnohe 261 123
53 JeBe 261, 125
54 MeTe 260 129
59 JeRe 259 135
56 BeCo 258 104
57 Palle 258 130
58 TeDe 256 130
59 BeSe 256 126
60 Hello 255 120
61 Helo 250 109
62 AlC. 243 115
63 BeDe 238 114

# Died

Chloride.
18
88
88
89
87
81
83
81
87
88
87
88
86
85
87
87
89
84
87
68
84
85
85
68
64
82
89
65
89
82
82

19

Bicarbonate.
30
22
30

28
29
29
kY|
19
a7
32
27
29
31
29
26
32
23
30
26
31
31
29
24

21
29
29
25
40
15
22

25
23

Uroa.
35
68
35
44
32
27
38
81
58
27
18
20
29
20
20
35
23
19
60
85
18
16
46
16

170
22
54
n
68
28

37
37
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tho peorum omwmolelity fallw, in oomo cases to e very low levels.

Group f¥T. Abunowmelly hich sorun osmuolallty.

Ao wovld be expected the majority of camen falling into this group
vore casos of advenced wronal disoase and since the biochemisebtry at this
ptoge 49 90 woll lnown, these have not beon included in this atudy. Ao in
Gzoup 11, in gome of thoso canos the gerum osmolality i only vory elightly
elovatod fvom the mérmml ronge, and honoe capos whoro the osmolelity lay
in the rangs 297 to 301 wlsm. pewr g, wabtor avo rogarded as bodowriine casos.
In this group, the merum $otal osmotic prosoure has inoreased beyond bthe
wpper normel 1imit in oplte of o low cerws chlopide concenbration.

Although in a fow casos the ehloride dopletlon hao been partially compensatod
by rotontilon of blcarbonate, but thore is sleoe conpidorablo uyen yoteniion
which vosults in an inovonsed sorum ommolality. In sbout half oi those
caseg, tho bleavbonate concentration io at owp shove the nowmal llmites, but

in only twe instanceos (coses JoL. and WeG.) 45 the incweas in bicarhonabo
chomlcally ocguivalont to the docreass in ohloxids. in throe of thege

oases the uvea concontration is olightly raimeds in all othors it io
markedly ineraancd. Tho total osmotle procsura has boon reicod 1o normal
antl then 4o o lovel cbove nommel by uren wotonblon, bub thero is no
corrolation hotwesn the sewmum chloride concontrotion aud tho hoight to which
the blood urss risog. On tho other hand, thors is quite o good welatlonshilp
( 2 = 0,63 ) botweon the serum todal osmotie prossurs ound the blood urep
soncontrablon, which is shown in Liguwve 4. The ineroase in uros

concontration abeve thoe nownal limits lo relatod 4o the incrosse in corum



Table 1V. Hypoohlorasmia with high serum oswotic pressure.

&q_o (}age » Qamolal itxo SOdiﬁ&s Ghlor;dg. Bicarbonate. Uroae

1 JeF 298 138 88 33 90
2  B.Re 299 140 84 35 114
3 MG 299 128 86 25 53
4 M. 300 132 88 32 107
5 TG 301 134 76 32 195
6  WeTs 302 134 88 25 135
7 CoRe 302 139 86 32 91
8  M.Mcle 303 134 81 29 43
9 CoWe 306 134 86 23 172
10  DMe. 307 140 86 29 117
11 Jellc. 309 145 82 32 129
12 P.Mo. 310 135 82 29 95
13 CoGe 310 134 74 41 189
14 MM, 310 134 38 24 93
15 Golly 311 130 88 26 206
16  IH.R. 317 125 75 25 " 100
1T JuHa 318 104 64 31 231
18 Baloe 319 151 80 24 48
19 VeBe 321 146 86 35 159
20 GeFele 324 140 84 32 282
21 DeBo 328 140 84 24 257
22  JuLe 336 160 83 49 90
23 WeGe 342 150 83 45 207
24  JJI've 348 A 141 82 22 340

lMean 313 137 83 3 148
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FIGURE 9, RELATION BETWIRG INCREBASEH TN SERUM OSNOLALITY AND

BLOOD URES CONGENTRATION ABOVE THE NORMAL LITITS

LATTER HAVING BEGN CONVERTIED TO mOsm. PER Koo VATER.

(QmE DECD P.32)
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osmolaldity an chown dn figues 5 vhore the lnorease in osmotio PrOBsure
above the uwpper linlt of aormal io plotted agalinot the increase in blood
urea ohovo tho upper limiy of némmalﬁ the lattex having becn converted

o mOrme por kg wobor on the basis of each 60 mg. urea poy 100 ml. being
cquivalont to 10 m0sm. por kg, watowr. in other words, the incroase in

porum ormotic proscure io causad by nitrogen retention.



DIBCUSHTION.
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Tho body heo o romarieble ability for maeinbtointing the oamotic prosonrd
of it fluid compartnents within narrovly defined Limlts. A pignificand
deplotion of chloride snd sodiunm long; With subsoquent Lowerlnz of fluwid
osmolality, for oxanple; ic counterbalanced by the renal oxcrotion of froo
wator to relsed finld donle concentratlon and rostors its oosmolality.
Convoraly, Incrogsed concentration of podium and ohlorldo dons in body
fluddo promotos thizet and péinulates owal intake of wabter, Lollowed by
ronal oxcxrobion of ealt and vntor %o rosboro the Fluid volumes.

Various clinicel dicovders assoclated with oxconsive lons of
chlorido long, and with romal vetontion of bloerbonate iong, will ovobuelly
precipliiate hypochlorsemic alkelomio, and dus to tﬁ@ depletion of eletrolybes,
the sorua oswolality will £0ll, vhich should stlmmlato tho compeonsabory
mochoniom of the kidney to rostors the gtglus quo. During the inltlal
one to three deys of gasiric alkelosig, the »enal mechanisn for roabsorption
of bleoarbonaite lons will be noxmal and the patient will oxmoroto an allkeline
urine. Howevew, with sonbtinued ond unvoplaced goastilc losses of chloride
ious, water, end potassium ions, debydvabion will follow resuliing in a
decronsed of glomoruler Lildvration roie. With thiz dooregsed £iltered
load tho bicarbonate don roabgompiion will occur and the urine hocome
acidic.

It i surprising to note that in groat majority of canss studied
thie componsatory mecheniom doos not appear o fuwaction. Apayt Lrom
Caoen ;iwtea in group T (whioh comprises only o small pewvcentage of tobtal
cosos obudied) the majority of tho omsos in growp IT and IIT d4d not ohow

hloasbongte rotentlon and in 0% of tho ossos 4t is well below tho normal

i



limite. There avey, of courseoy other fachors whilch alpo influence the
excratiém of hicarhonate ions. Among them, the most important is the
mointenance of ionic balance of the serume Hinee the ratio of the sodium
ions to ohlordde ions is low in vomitup, sodium ions are not lost in
appreciable amounts in the early stages, hut if the vomiting is marked

and persists for some time without fluid replacement, severe depletion of
podiwn ions is also likely to develop along with chloride ions. In these
circunstances, rotention of bicarbonate ilons cannot make up the deficiendesn
of chloride ions, sinoce this would upset the lonic equilibrium. The total
osmotlc pressure, therefore, should falle In thoss canes, the mean serum
sodiun concentration in the low osmotie pressure group (Group II) is 127 meq.
per litre which is appreciably below the lower normal limitse The majority
of cages in this group did not show componsatory bicarbonnte retention. Two
cases in Group IIT with normal serum sodium had low bicarbonate concentratione.
However, these cases had ursemie and it is probable, therefore, that there
wae renal retention of other anions, ©«ges phosphate and sulphate which might
cause depression of bicarbonate concentratione.

It is surprising to find that uresa and other end products of nitrogen
metabolism are rotained in some cases but not in others. There is controversy
in the literature an regerds the development of uraemia following the oxcessive
loss of gastric seoretions. Some workers believe that azotemia does not
develop as a result of continuous loss of gostric juice (Grantham and Schloorb,
(1963)s Kirsner and Knowlton, (1941)). Kirsner and Knowlton (1941) produced
sovere hypochloraemia in dogs by continuous suction of gastric juice for o

long period, and reached a oritically low plasma chloride value of 47 meqe per



litre, but they failed to demonstrate any appreciable increase in the blood
urea which rose only to 45 mge per 100 mle Kirsner, Knowlton, and Palmer
(1943) ropoated these experiments on human subjeots and again could not
deteat any appreciable change in blood urea. Sinilar observations wore
mady by Granthem and Schloerb (1963) in dogs and they concluded that severe
hypochloraenia is not nocessarily accompanied by uraemiae On the other
handy Dragetedt and Fllis (1930) found an elevation of the urea nitrogen
from 12 to 154 mge por 100 ml. and of non-protein nitrogen from 27 to 187
mge per 100 ml. when the serum chloride was decreused experimentally from
300 to 108 mge per 100 mle MoCane (1938) found that acute salt defioiency
produced by diet and sweating, caused a vedustion in volume of body flulds
by 28 to 38%3 +the subjects were in negative nitrogen balance and it was
maintained that both in clinical and experimental saltb defiociency, the losa
of chloride is followed by a marked loss of body water, and explained the
nibrogen rotention simply on the basis of excessive protein breakdown
agonelated with anhydremlae

It meems that two factors probably play an importent part in the
development of uraemia in hypochloracminge

(1) Dehydration

(2) Abrupt and rapid depletion of ohloride ions

In patlents who develop acute and severe vomiting an abrupt and rapid
depletion of chloride ions ooccurs, accompanied by marked loss of bhody
watere This happens so quickly that the body has no time to readjust

to the new envirorment, and hence these evends probably stimulate some



- 3] -

meghenion of the kiduey vhewveby 1t retains the end product of nitrogen
metabolisn and hence atbempbts to restore osmolaiity of servm to normale

On the obher hand, in patients vhere the vomiting is not so gevero op is
only inteexmittent, ox in thoge vho arve on gasbtric suction, the depletion

of chloride ions is more gradual and this allows the patient o mele

fairly satisfactory adjusptments o the eleclrolyte chenges by the contwnolled
renal excretion of water. However, 4if the vomiting porgisto for sometinme
without proper wmoplacement of fluid and electrolyie; the patients become
gropasly dehydrateds In those cases at Liret therve is some shrinking of

the extracellunlary fluid volumey, but little change in the acid~baso balence,
as the excessive loss of chloxide ilons is compensated by the excvetion of
elkeline urine in which sodium is in excese of chloride iongs As tho
vomnlting progresses, thero is o further reduction in blood volume which
diminishes the wmenal blood flow. The condition is aggrovated by renal
arberioler constriction induced by stress, snd Lfall in the blood volume.

At this stage, the glomernler filtretion rate deorvases, reabgorption ls moxe
complete, and urine output iz decreased with the devolopment of urasmics
Camop_in Group L.

The chlorido depleblon in this group was due to vomiting with onoe
axcopbion {case No. 18) vwhere it was due to & combination of sterold and
diuretic therapy. Only one ol thewme patients subsequently dicd (case
No. 15) end this vas a cepe of severe burne in which toxeemia wag the main
canme of deaths ALl the remalning cases recovored without inecident and
zeplacenent therapy was straight forward and effective. Thirteen of the

cases had lesions of the upper alimentexy btract and most of the wxemeinder
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were cardlec cnses, oxceps ono case of malignant disease (cese No. 2).

The only cozvelation which has been found from the data on this
group io thet which is shown in Figure 3+ The faot that the doerease in
osmoble pressure due to low electrolyte concenbrations has been accurately
counterhbalanced by zetontlon of sufficient uwvea te bring the gexum osmolslity
back to normal, is in itgelf impovbant. However, 1t furlher sugesosits the
posgibilisty thet the retention of uves moy not be a meve coincidenco.

There ave only two weys in which the serum osmolality cen he restored to
nozxmal, namelyg the excretion of sufficiont water (l.e. dilube urine), and
the retontion of non~electrolytes. Wo patient in this group was seversly
dehydrateds Since the urea molecule can cagily penetrate bthe cell membrane,
148 retention in the body would westore to noxmal both the exitracellunlay

and the intrecelluler osmobic pressures and this would assist In maintaining
the normal stete of hydration. Ursa ls the only substance availeble fowx
such & compensabory mechaniom, and 1% has the further advanbtage that it

ig completely non-toxle in the concentrabions which ave ugually encountered
in these conditilons.

There can be no doubt that the maintenance of any body constant is
heneficial to the patient, and there is no reason why the osmobic pregsure
should by euy excepbion to this general atetement. If this were so, then
the nitypgen retention whioch oscurs in bhese cases is a compensabory
machanisme
Oogen dn Group Il.

A higtoxy of voniting sufflecient to sccount fox the chlovide depletion

was obtained in 43 of thoe 63 ceses, of the remainder, there were six cases
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of diarrhoes, two with gellbladder Ffisbtuloe, and fouyr who were heving
intensive diunyeble thevapy. There were seven cesges in which the cause
of ehloride depletion wasp nobt imnedistely apparent, but four of these
nay have been assoclabted with the wse of diuvretiess

Theae patients, genorally speeking, were much moxs geriously ill
than the cages in group I, clinical dehydration being e common feabura
in veexly all of thems The most common diagnosis wes wmallgnont discase
(21 capes) not imfrequently with motastasess 13 cases had vongesbive
gerdiag falluxe, 10 had inbtestinal obotzuction, and the vemainder formed
a group of miscellancouns conditions. As might be oxpected 14 of theso
cages died in the hospitel and meny others could not have survived long
after dlischargos

These patients form a group vhich is guite distinet fyom the casoen
in group I« They eannot, in the eerly develomment of their biochemical
upaet, heve pessed throwgh a stage covresponding to the capses of group I
(iecs nitrogen vebention) for this would imply that as the condition
worsened, the urea concontration return to normel, or neayr normal, in
over helf the casess Indoed if the data in Table IIT ave oxamined (with
tho exceptilon of case 1 and 56 it will be secn that the lower the serum
ogmolality and thoe more abnormal the sodium and chloxide concentratliong,
the move likely is the ures concentration te be within normal limits ox
only slightly elevatode

It die inpossible to avold the conclusion thet the osmotic pressure
abnormallty starts gb initilo and thabt there is little or no abtbemps at

oamotlc compengation by veteining eibher bicarbonete ox urea.
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Reduotion of the merum csmotic pressure due to lowering of the
concentrations of sodium and chloride, without a compensatoxry increase
in vrea, has been deseribed in meny conditions. These have beer summarised
by Rees, Ropalli, and HacLeen (1960). To the conditionsm menbtioned by
Rees gﬁéméi,ﬂmay'he added seme of the less common conditions in whioch
hypochloxaemia is encountered ¢.g cholecystibisc (cesea 15 ond 53),: fraciture
of fomuz (case 57), prostatic obstruction (case 60), and aleoholic sestritis
(czse 50). One is, thexafore forxced to the conclusion that patients
suffgrimg from any type of disecase mey find thelm woy into this group.
Although in most coses, bhe primayy cause of the chloride depletion is
readlly accounted for by excessive loss of hody fluids, in a snall ninority
there is no guch losg. In gome of these cases the depletion is certainly
assisbed by the uvse of dlurebiecs but this does nob account for all of them.
Schwartz, Bennett, Curclopp and Bavtior (19%57) deseribed two such ceses in
vhich the cause appeared o he an abnormal pecrebion of antidiuretic
hozmone: in the cases described by Rees ¢be 8le (1960) the couse wap
attributed to renal tubular demags.
Casen in Gioup 11X

Chloxide depletion was csused by vomiting in 18 of the 24 casesgy
there was one case of diarrhoca and one cage of gallbladder fistula. The
mopt froquent diagnosis wes duodenal uleeration (9 cases), vhile most of
the others were cases of malignency. The moxtality rate whilet in
nospital (7 out of 24) was highex than the ceses in group IT. In this
group, there was sufflclent uren wetentlon to raige the serum ommolalitby

well above the normel upper limit, On the other haand, it is possible thab



o 4] e

the cames of this group avo aluply a biochowicel exiouslon of the cages in
group L

Thowe o o quantitabive volationship (flgure 5, P. 31) betwoen the
inercaso in soyua osunlellty and the incroano in the Hlood uvres concontvation,
the lattor bolng the cause o the foxmewr, and this could well he &
conbinvation of o procoss which is alweady ovident in she group I cones,
vigy uren rotontlon. The passagse from one group to tho obther probably
colncidon with the onvet of rensd dysfunobdon which 3o & woll kuown hesord
of prolonged aoalt doplotlon. The cowbination of hypochlovacmic allalosis
and ronel Insufficioncy hes beon doscribed Steel (1936), Wicol (1940) and
Kironor and Palmer (1942). Howavow, the CauEee of the kidnoy dysfuanction
and the nature of thoe zonel lesions hovo mo% hoon clopxly dofined. Tho
ovidencs suggoents that the kidwoy may suffor considorahle funeitional
dmpairanont es o rogult of hypochloracmic allwlosis, and aubsoguently
reeovoRr complaialye Thig wonal dysfonction which is o roveraible
procens, atloast in the carly stoges, wmust be distinguished frou ronal
diseang. Yhether ox not poxmevents venal domags can rosult from theso

sonditions caymiot bo sodd with corbainty.

The soxum biochemistey of all tho 77 pationts whe survived
(and oven of somo who did not) was vostored 0 nowmal by appropriato
fluid therapy and, as usual, 1% vwas casior to rogtoro the chlorlde Yo nornrlity
thou the ures. It ds common bkuowlodgo that vhen the fluwdd is nepleced in gueh
caneg, the uroa voburns o novmol, Talling wapidly al first, and then moro
glowly os the noymal range is approached. In o serden of five patlonts

vho pocoverad from hypoohlorsomle sllalosis due o pyloric obstuction



Bupnott, Bavrows, and Commons (1950) found that complote vestovation of
nosmal penal function was achleved very slovly over o poriod of montho.

It is a problem %0 decide which of those thode groups peprosont
the “nowaal rosponse’ to chloride deopletions owo would astuvally favour tho
group la vhich such en important body conotond ap the oumolality io
maintainod within tho nowaal 1limits, and thio in tuen, would moen thalt vwren
ratontion is en activo procons bheneficial to Bthe body. Tho comparitive
cone with which 1% is vemoved from the body (once the chlowmide ilowns avo
roplaced) oupporbe this viev. In that aevent, 1t follows that Pfeilure
0 zobtain ures and to meintoin the omuotle prossurs of extracollulaoy
fluid mugtd bo due Yo a dofect in some mechanism presumebly in, or related
0, the ommowrsegulating contyra.

Those chongos showld coxralate with the dogros of dohydration
but unfovtunotoly, this connot be adequately ouprossed quanititatively

and ig lavgely a mattor of clinical jJudpomonb.
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UETRAPILERATION STUDINS ON SURUM CALOTUN,
VAGNESIINT AND_ TNORGANIC PHOSFHATE.

TNERODYCTEION,
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There hog long been interest in the presige nature in whioch calcivm
extints in the extracellular fluids of the body. T4 ig known thab noxmelly
there axre homeostabiec mechanisms which control the, calelum concentration of
the sexum within certein limitss  Rono and Tekshoghi (1911) dielysed sexum
aaaingt water and showed that o pary of the ealceivm vas nob diffusible
tnrough o cenipermeable mewmbranc. They assumed that the nondiffueible
portion was bound o protein. Since then many studios have been underteken
on the partition of calcium iy human serum. Various btechnlques and
inprovements of this detexmination vere evolved. Methods invelving
ultrafil tration have become wumerous becanse of practicsl and theowobtical
advantages over hiological or dielysis bechnigques. Howevew, pyvevioup workers
toolt ne gpeclal precantion to ensure constancy of pH during the process of
ultrafiltration, as this wvas congldeved wolmportant as thet time. It had
boen veported by Moysenbug, Pappenheimex, uker and Mupray (1929), Yevhoupen
and Pilaous (1923)9 and Greenberg and Gunther (1930) that varistions in pH
during wlsrafiliération had no effect on the xesulis obtaineds, Hovevewr, 1%
hos since boon shown by Seekles (9936) aund more wecently by Hoplins, Howend
and Tisenberg (1992) that the ultrafilierable calcium albers with the pll of
gexun. The altevation of pl was cccomplished by these workers with the
addition of aeid or alkali. Ii was found thet relining tho pH of the serum
by adding elkali reduced the calcium goneentration of the nlitrafilirabte
vhilo ecldificabion inovemzed it. The alioragtion of pH wag latew
pecomplished both by equilibrating the serun in the ulirafiliration eppevatus
with 1004 cavbon dloxide aud by the addition of asld hy Poribeve, Terepka

and. Dewey (1957). Theose workemxs could not deteet any appreciable difference
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in the ealoiun concontratlion of the two ultrafilivabos bthus obiolneds
Although the carbon dioxido contond of tho sexum vonld bo diffovont vhon
the pHl is slbered by those bwo difforent melhods, 1% is eppavent Lrom the
rosulte of Tovdbovay ob gle (L957) that the £inal pHl seoms %0 bo tho
impovtont factow in altering the uldtrafilbtorability of calcium rathor than
the meothod of abtioining ite Litile wellance cany thorefons, he placed
upon the earller work whilch ignored this importont factory, end honeoe obtained
ropults signiiiecantly lower than the yecent wozkons for nowrnol humon SOTVMe

In Table T ip wocorded the peresntaso ultratiliterabillty of tho caleium
of normal human serum caleulated from the dabe of carlicer suthors. ITh io
inmedietely apparont with the exesptilon of Moysembug, of ale (1921), Roun
and Mells (1925), Kirk and King (1926), aud Wicholos (1932) 4ho eovly woskers
obtained repults lover theon thoso of tho four most vecent workorze It scomo
most proboblo bhet fellure to control the pH durlng uliralfidbration wan
prodominently rosponsible for the consintontly low values obtalned by the
eorly workorss It is of intevost that tho resultn of Moyoonbug of nl. (1921)
and theso of Rona and Melld (1925) wors oblainod by componsetion diclysis
agalnst distilled webor in a closed syuben whoro the pll wan probably maintained
faivly constant throughout the vhole proccdurces The original Rona and
Takehashl invesbigations of 1911 wore carriced ovt opsontiolly hy tho sowme
nothode  Kiwvk and King (1926) and Wicholao {1932) took no sposiel precauvtions
rogaxrding pil control but tho sppavatus bhey used wos olosed during the enbizo
ultrafiltration procedure and positive alr or nitrogen prossurs wes msindtainod
ovor the sorums Tho ultzafilitration regulis obbained under pl conbtzol by

gomo of the vecont workers are in ¢loss ogveement with cach obhoire
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Tahle T She Foroeubage of Ultralilboroble Golelunm in Nowmeld Humen

Sexum as Calculated from the Daba of Previous Spthorse.

I8 2

Pl % unltwafilierable

Apthoze Togee  Contxel. Calolum Hengo.  Moon Remaske.

Von Yeysenbug ©b.. .&¢ (1924) yos 6773 10

Novhausen and P i.mm.rﬂ (1923) no 40-50 46

Rowna and Nelli (1925) yes GAwGS 66

Kizk end King (1926) no 56m8 9 69 guesbione

' ahlo

total
Berun
caloivm.

Updograff gba aln o (1926) no 4=54 46

Horba {1929) 0no 43G9 a9

Snell (1930) 00 45260 59

Greanborg and (unthey (ﬂQEﬁ) no A2=G5 anouming
botal
BOTUm
oalgivm ©
10 wgehe

MoCano and Wacchﬁan (193%) no 44=66 52

Waschoza end MeCono (1932) 00 45=59 50

Nicholos (1932) no 62 64  quegtions
nble
tobal
geTun
enloivme

Hozhort (1933) 70 4650 53

Bonjemin and Hoap (1933) no w 52  dacluded
17 infoni
Potal 21e

Morrison @be ale (1938) no 3wl A2

Anning @be_ ale (1948) 10 o - 54

Hopking b ols (1952) yos 6575 68

Progad ond Flink (1957) yon 57=72

Povibore ghe 8le (1957) yes 61=70 6%

Rose {1957) you 51=63 59

i Ultrafiltration carvied out under negabive prossuwo.

gt Compensation dialysis,.

Al
e e, A

N tambvined ultvafiltration aand compenaadion diolvaio.
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Greenwald (1926) sugsested that tho diffusible fraction of the serum
calcium was pertly ionised and partly complexed with a citeato-like substance.
Most investigators have supported this views It is now recognised that
caloium exiets in the serum in three distinet formse One of these, calcium
bound to protein, comprises the nonfilterable portion of the serum ocanlcium.

The other two forms, are ionic calcium and the complexed oalciume The
"oomplexed! calcium refers to that portion of ealeium whioch is ultrafilterable
but not ionised. HMost of this caleium is complexed to small diffusible lons,
such as phosphate, bicarbonate, but mainly citrate.s Thore have heen considersble
differences of opinion on the proportion of ionimed to complexed forxms in the
diffusible fractions The only acoepted method of determining the ionised
caloiwn of plamma has been the biologlon) method of MceLean and Hestings (1934)

in vhich thoy used the frog heart as an indicator of the calclum ion concentratlor
Using this technique, they found that 4425 to 5.25 mg. per 100 ml. of the total
aerum caloiuwn existe in ionle form while the complexed calciunm wag less than

0.6 mge por 100 mle Unfortunately the frog heart technique suffers from many
of the usual hazards of a hiological method, and may be unsultable for deter-
mination in plasma from patients with cerdain pathologleal conditions such as
uraemia where phosphate or magaesium ions are present im abnormal amounts and
popsibly affeot the frog heart. However, the above findings of Melean and
Hastings (1934) are lower than all tho estimates using purely chemical methodss

Raaflaub (1951) developed a chemical mothed by using murexide for the
determination of lonised caleium in corebrospinal fiuide Thie method is
based upon the fact that If a very small amount of murexide is added to &

solution containing calciua ions at approximately neutral pH, then the change
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in colour of the dye will he propowticnal to the caleiun ion concenbpation.
Smest omnd Seelden (1952) é@yli@& the sape tochnlgue 0 the detemnination

of donised eelolvm dn millk uwlizefilivateg. Lator this nethod was fubhew
nodified by Rose (1957), to pomit tho measuvrement of jonised celeiwm in
perom wlitxefilizates vnder nowmal conditions of pi emd bulfering. To do
this it wap necessexy to use the physiclogical carbonic scldebicverbonate
ffering systen and cach test had to bo read agelnst e blavlk conbaining
congentyations of sgodium, potassiwm, and chlowlde lons egual to found in
noxmel sexum end bleevhonate in concenbtyabtion equel to the sexum gpecimen
under Hest. The test lp compered with two ptenderds contalning two
different caciun concentrationss one lose end one goeoter then the
nitvaiilivate. Again eagh stonderd eontaing sodimm, potassinm and
chlozide in nomel eoncentuations end blcarbonete in concontzetien equel o
that of teab gozom. Fowlar, Fome aud Cooke (1961) nsing this technigue
conld not duplicebe most of thelr zeadings in a number of experiments.
Thedr inprepsion about the method wos that the detemminatden of the ionieed
gaciom fraction by this technigue was move difficult, mere time soncuning,
and legs reliable than the method of determining calelum in on ultesfilbzatos
Since the nommal rangd for ionised celeivm ie covewed by a vexny small
oxtincbion ronge, on exnbremely smell oxror in the spegtrophobonsber resdings
will vepresgent o glgnificant chenge in neasured caleiuvm ion concenbzabtion

14
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and consequently aleo in the value for the comploxed frachion. Late
was found by Fencond end Dose (1958) that in gowe of theiw cases the
measured ionised geleium in the nltrafliltrate excecded the tobtel

ulbrafilioveble caloium and they attwibubted these wreliable wesults to the
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expected exwor of the method. The nean values obtained for the complexed
fraction of caleium axe only of the oxdor of 0,25 mge por 100 ml. (Fenconl
and Rose (1958)) amd 0.3 mge por 100 ml. {Rose (1957)), vhich are nogligiblo
compayed o thoe totel dlffusible Lravtion, so that the whole of the diffusible
STraotlon cen he rvegarded as the physiologicelly active fzaetlon. bgnin
in varions clindeal disoxders a knowledge of the comncentrabion of the
diffusible froction gives the same information as the lonioc caleiuvm, since
the lotter is detommined in serum ultpalfilbtraios. Any inerease in tho
diffuelble fraction will zofleot an ineroase in iauisaﬂlfraeﬁion end
vice vowse. However, o significont diffewvence bobwaen the two fractions
mey bhe encouniered in inetences cuch as rapld onchengo tzanfusions vhers
lorcoe enownts of clivabe ions arve also being vranfuged, or in disorders
vhexe high velues for ecitrate cre found, much ap aftor vitamin D therapy
(Harzison (1954)). 1% is bolicved that cltvic acid mobabolienm is
espentially wndisturbed in olindeal dleorders involving calcium mebabollom,
(Nowmen end Neunan (1958) .

Henee apaxt fzom the ebove mentioned instance, it eaw he concluded

that the Aiflusible fpactlon of cnlcoivm represents the donle caloiuvms

Ulizagiliorohle Mognogium,

I% was found by Rovne omd Takohachi (1911) and by Steoy end
winberaitz (1929) that, 1liko cacivm, serum magnesiuvm vas nobt fvoely
diffugible throngh o semlpormeable nembranc. The magnesiun of the serum
eloo eppears 0 be partly bound bo provein, and exisbs in human sexum ap

ulirafiltorable and non-ulirafilierable fomms. Of thege two divalent dong,
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the proteinebinding propevsy of ealeiun has boen nore inteneively studied
than nagnesinme. Hesnesivm hos also an impovient phyalologleal vole in
meny engymatle eections. Recontly o clinieal gyndrvome wvemulbing from
magnosivn deficlenocy hos been descwibed (Flink, MeColliaster, Precnd,
Yelby emd Doe (1957))« Since magnesivwe end caloivm are the major divelent
cations 1n the body, it wonld oppear pwobable thet the megnesiun would
follow the seme pabbezn o the celclum of the soxum, mmd the dharacterisiics
of protedn binding for megnesivm might be vexy pimilar to thet of coledums
Green and Powor (1931) zopowsed thet in o protein conteining
polubion, the vebio of diffusible to non-Aiffusible megrosivm wap
epproxingtoly equel o the raitlo of diffusible to nop~difinsgible caloiuwm.
Klecnan, Ipstedin, Mokey and Pabovslky (19568) siated thab the dissociabtion

conpbent may actually be the some and mey be expressed ag followsie
( ca™ ) (Protein™) (g™ ) (protein™)

e e
(Ca Proteinpte) (Ug Proteinsie)

The pevcentagse of total sevwn megnooium which diffupes throngh a

pendpermeehble nembrene hes heon neasuved hy sovexal lavesbigobors.

Controversinl velues fow nopnel hmmen gorum hove been reported. The

najowity of carly workere agein zegarded the control of pH during vlitzefilszation
e wainportany end obiained yresulbts vhich swe lower than bthe velues

obtained wdor condivions of conbrolled pH by othew workers. Average

noznal values reporbed for diffusible servm magnesivm manged from %%

(Cope and Wolff (4942)) to 84% (Soffer, Gohm, Cromeman, Jacobs and

Sobotke {1944)), end vosulis within these limits have also boen zeporied



by Blosell (1945), Wabchern and MeGeme (1932), and Laviotes end Dine (1942).

Housver, it was chown later by Hoplkins, ob. al, (1992) that the
vltpalilovable nmagnesivn of the serum alitewad with piH, The velues
zeponted for aoxmal human soyum nagnesivm vwnder controlled pH conditions
by the wecent wvorkers sxe conglstent. Kleeman, lipstein, MoRay ond
Toboroslky (1950) obbained an average value of 74% while Silvermen ond
Gomdnor (1954) ond Prased, Flink, and MeCollisteor (1961) obbteined values
up o F25.

% ip gonerally bhelleved that the protein bound or non-diffwsible
fractlon of megnesivi is of little physiclogicel silgnificance in human
subjocts (Copeland emd Sundormem (19%2)), and that the homeosbeblc
rogulations of magaesiwn, lilke celelum, congern only the ionipod or the
diffusible foxn. On theoretical grounds 1t hap heen voncluded hy
Copeland and Sunderman (1952) thet the complexed froction of meznesivm is so
saell that it can bhe ignoved physiologloally. Therafoze, no abtenpis
heve heen mode for its achbual determination in thise pbudy. It ie
belioved that the diffusible froction of sexum magnesium ie completely
ionined end thet all of this frachion is physilologleolly aochive (Kloemon,

ok al. (1958)).

ORI T B bt

Ylizarilioreble Juorganic Fhosphabo.

In the past, it has been dismated vhoebthew all of the plasma
phosphate is filbtewvoble through o soniperaceble membione or not. Baxly
micropmature studios in Auphlbla indiosted that the concentzavion of

inopganic phosphete in the glomerulaer £ilétwatc wan the seme as thob in
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vhole plasme (Walkew (1933), snd White (1932)). However, when the
Domnea membrane effect and the plasma water content were taken into
socount the concentration of inmorganic phosphste should be more then the
soyum Lteclf, It follows from the concentratiion of the normal plasms
wator content of 940 g. per litve (Miller (1942), and Hold (1946)) and the
theoretical Domipa zabio for dlveleont enions, 0.92 4o 0.93 (since 80% of the
plasme phosphate consists of HPOZ" and only 20% as HQPOZ ) that the
concontration of phosphate in the ultrafilivate would be 1/ 0.925 x 0.94
or 1415 times that in vhole plaswa (Walser (1960)). Henso for complete
Filtexability the ratlo of phosphate concentration in ultrafiltrate to that
in sorum should be 1.15,.
Values clogs to thim xatio have been reported hy Pincus,

Petorson end Kramor (1926) and Grollman (1927) in dogs. Smith, Ollayos
and Winkler (1943) investigated 13 human subjects end found a mear value of
1.05 for the ratio in nine cases, vhile a mean value of 0.99 was obtained
in theo other four cases. Sineco the ultrafiltration studies in these four
copes were oayried cut aftor the prodmctlon of hyperphosphataenia by
intravenons lofugion of phosphate, there ia o posoibility that in these cases
e colloidnl csloiun phosphate complex might have formed vhich zesmulted in
overdng of this m»atio. Hove mecontly, Hopkins, Conner, and Howard
(1953) ultrafiltered, with pi control, sera obbpined from nowmel subjechs
and found that the concentration of inorganic phosphate In the ultrafilirate
alweye excoeded that of original sorum.

They obtoined o mean value of 1.11 for the above xabio. It vos

noticod by those workors that the concentration of inorganie phosphaite was
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fov leoss in the ulbrafiltrate obitained from & pooled gpezum gpecimen whose
caloivm concontrobion was incrveased beyond 19 mg. per 100 ml. by %he
addition of oslelun chloxide in vibro. This reduced ultralilierabllity
of dnorganic phosphate was agein abiributed to the formebion of o
golloidal conplex. This phenomenon could nod bo demonstrated vhen vhe
ooncentretion of inoxganic phosphate was raised in vitzo in tho prossnce of
nozmol servm caloiume Wellach, Bellavie, Schory, ond Reizensbein (1964)
also found reduced ulitrafilberability of inorganic phoasphate by producing
artificial hypercalcaenis in vive in dogs. This was also obgexved in o
mmboy of cases of hyperealosemis without emy pathology of the parathyroid

glands Ly Hopkine, gbs gl (1953).

A TG TR

Diffusiblo Galodun in Hyperoalopemio Statos.
(a) Mypexparathvroidisms

Reioed values for ultvalfilirete celoiwm have heon found in this
condition by Hopking, ebe al. (1953) who siudied nine cases of
hyporparethyroidign and found elevaited velues for ulirafilierable celeium
in eight of them. However, those mesulis vhen oxpressed in terms of
percentage of the totel caleoiun wera‘wi@him the normal limits. Sinece
thon all othor workers roporting on ulirafilterable calcoium have atatod
that the highest concentrabtions of ulbtrafiltersble onloium werc encountered
in this condition. Prasad and Flink (1998) investigoted eight cases of
hyperpavathyroldisn and found raised values of ultrafilteorable celeiun in

all of them and gbnted that the amount of ultrafilievable caleium depended



madnly uwpon the tobtal serxun calelum. However, their results difforod
in one wowpect From that of Hoplkins, gbs al. (1953) in that they obtained
plightly lover values for ultzafiliereble ealceilum both for the normal
controls and hyporparathyroid cases. Thope authors critlcisod the
vosultn of Hopkinm, ots ol. (1953} vho saturated the sorum spocimens with
5% earbon dloxide in ordor to standardise the pH prior to ulitrafilizablon.
Thig, nocording to Prasad and Flink (1958), would wesult in lowering the
pll £ar below the physiological wrange and hence Yo ropponsible for grealor
ultraliltorebillty of calelwin.

he

.
o

Lotor with the developmont of o chemical moethod fox

dotermination of ionised caleium by Rose (1957), the interest shifted to
tho determination of this puwvely ionic Traction. in oasep of
hyperparathyrolidiom, the lonio cslciuvw, as in noxmsl subjects, alro
ppprorimates bo the tobal uliraiilterable caleiwn. Fowlex, Fone, and
Cooke (1961) stated that the detexminntion of whe diffusiblo Pracition would
provide the spomd information an the detormination of lomio coleivm ln theso
coser, and hence from the purely practical sopeet the mowve time-conmualing
and less reliable dotorminetion of the ionised Lyactlon i unnecossary.
Similay obgervations wore mado by Hodgtinson (1963)n Ralpsed valuen fop
ionised calcium heve been mepurteﬂ by Fanconi and Rese (1958) and by
Lloyd and Rose {(19%8).

Gragt wrelimncs in placod upon the sorwm calciva gongomtrablon in the
diagnosis of hyporvpavathyroidicm, but whon this is not raivod the
dlegnosis 1o of%@n gonsidorod 0 be unionable, slthough proven cemon with

nowmal concontrabions of sorum celoium have boen vepowried {CGuiman, Tywmon,
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ond Gutman (1936); Holletrzom (1953) and Mathor (1953)). The absence
of hyporcelcncmia may ho explainod by hypoproteinacmis, renal fallure, op
semporary vemisecion, but all these factors con sonmotimes be oxcluded, as
in = case described by Mather, (1953). In such @difficult casen, the
determination of serum ultrafilterable calcium may be valusble, as
aceording to Lloyd and Rome (1958) the wilirafilitoreble celeiwm is alweys
rodacd with o funationing pavethyrold cdeneme ovon 12 the tolal serum
calcivwa io within nowmel limite.

Flwdlaer findings have been algo degoribed by Fowler, Fone, and
Gooke (1961) and by Praosad and FMink (1958), whewe the detormmination of

diffusiblo esleium Lraction was consldorad 4o be valusble in the dipgnosis.

(b) Diffusible Celcivm in Hypevealoacmin of Comsos obher then

Hypopperabhyroldimme

.
3
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There are a number of other diseases whore hypevoaloncnis
io froguently encountored snd with which primawry hyperparzathyroidism wmay
be confuesd. Thore diessmen include osteopovosis, hypervitoninosls D,
sareoidosis, myolomatosis with bome involvwameont, polycysiic discase of the
leddney, amte@mm&&aiﬁg and the milk alkell syndromo. Ulseafiltrabion
studien on this c¢linicsl material have nol boen extensive, and contlilcting
repoRts have bheen published eoncerning the significonce of ulitrafilierable

caleiun in thowo typos of hypexcalcocmile. Hoplelng, gbs ole (1993)

investigated one case of bhypercaleoacmia duwe 4o hypervitamosis I and
found docrensed veluwes for ulitrelilitorable oevlcelun in spito of p rveised

goxum caleium concontration, and this wan asgocistod with reducod
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ultwaiiltovability of inovganic phospbate as woll. Opponed to thing,
Toropka, gt. sl. (1958) sbudied two ouch coses and found & proportionsie

vige Ia tho ultrefilicrable calolun fracticn. Prasad and Fliak (1958),
investigating capes of hypoxcaleoscuia found deoveased values fow
ultrafiliorable celoium in two of four cases of muliiple myelowa end in

$hreo casos of breast caveinime with socondavies in bone. Hopliney ol alo
(1953) Pound variable resulbs in muliiple myelomatosls; hyporenlcocnia

ves prvesent in six of thelw elght cases, bwt in two of thase the
uleafiltorableo caleium was wveduced. In these two capes & doecvoased

ultrafiltorability of inorgonic pheaphate was aled found.

Diffugible Galelum da Hypocaloaouic Hlatog.

(e)  In Hypoparethyroldisa,

vt

Low valvaes for ulitrvafilteorable cslelum have been woporied
by veriouns workeys in hypoparathyroldism. Hopling, 0bs al. (1953)
invostigated six casens of posb- thyroldectomy hypoparabthyroldicm and two
of tho idlopathic typo. ALY of these pabtlents had boen on vitamin D and

oval ozlodum thewapy, but this wos discontinued Loy soveral deys prior o

the exporiwmont. Low velues for boith serum and ultrafilierable celeiuvm
wore obtained in all of thoese caves. In gome of themy; values as low as
half the womaal averame woxe found with sovore toteny. Yecroased velues

for ultrafiltorablo caloium vere also reporbed by Tewepka, et ale (1958)
in two of their goses. These findlvgs wows later confivmed in five

camos studied by Prased end Plinle (1958), who staied that olthough both
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gorom and uvldrafiliterable calcium weve veduced, the ratle of wlivalfiliewvsble
$0 totoal celeium wemndned within noxmal limits. No correlabion of

the dognao of totany with elither the total sovum calelwm oy thoe
ultrafiliorable caloiun could be found by any of those worlers. A decreased
velue for the lonised caleinm wos alee reported by Pauconi and Rome (1958)

in one sase of hypoparethyvoidism.

(b)  DiZfugible CGelelum in othow Hypoeelcasmic Conditions.

Hypocalenemla is ofton encountorad inm chronic rvenal diseaso
with nitrogon rotention. It occure usually v the leter ptagon of thics
condition and is acsoclated vith, and perheps depondent upon, the incroase
in serum phosphote which ocourse Tobany is vevely encountered in these
slatelsT= However, 1t can and does ocour when mavked loworing of sorum
galodwn ocourn, with ovbsoguont lowering of Alffupible fraction. Absonce
of beteny la thone conep of hypocaleascmia is dwe to tho Fact that no
algniticant chavnges ocour in the diffusible Traction of the seorum calolum.
Panconi aud Rose (1958) investigabted four cnnos of chronie ronel falluve
with nitrogen votention and found that while the total scrwa celceium wag
markedly diminishod, the lonised frection was olthow noexr the nommal limite
or only wlighily diminiched. In o sories of sovon casen of ronol follure
Tavapka, Qb _ale (1958) fouwnd that the ultzafilterable cnleium was within
oy noar the nowasl range and in one instance vap oven groator than nowmal .
Consequently tho povcontage of ultrafilitorable celeium in all the ceoen
wan ohnoxmally high. Hopking, ob. ol. (1953) elso siudied ono easo of

BRI T TR T

chronde nopheitis and found novmel values for the ultrefiltorable caloium



in spite of hypooalcoomiae and normal todtal corum proteins with o nowmsl
ndbunin / globulin eatio. Dagrenped gexum slbumin concontratlon is
frogquently obsorved in chronio menal Teilurs, aund in a small minority of
2000 o very low sorum elbumin coucontrabtion may be founds L% hop boen
ﬁepmw%ad that in neophronis, without veunl falluyo, soium calsiuvm valuos
ranging fzom 6 to 9 mg. por 100 wml. have boen observed. Thio diminution
in sepum calelum conceniration s due enbixely to & docreasne in tho
nen-ditfupibleo fraction which occurs as a yvosult of & mprkod veduction in
the ooncentration of sorun proteins, paviiculerly sorxum albuwnln. in
othor conditlonn such as anagmia and oivrhosis of liver, vhers low oerun
albuain concentrations ore frogquontly obsorved, simlilaw roesulis are found.
Hoxmol wvaluwes Tor wltrafilierablo ealeium vwere found in 27 coses of
hypoalbuminecmie by Prosed and Flink (19%8) end in six coses studled by

Hopliney ©fe ole (1953). In no casse wasg thore any oignificant alteration

BRI T T

in the amount of diffusible calclium and incroased nowromusoulnr oxeitability

vnE noS obeorvod.

Hoxym ond Ultraliltorable Mosnosium.

(a) In Hyperonlesemic Staboo.

BTN AR AR

Thexo s confliciing ovidenco of tho part played by parvathyroid
glands in magnosivwn mebobolism. Groonberg and Macley have observed a
ride in the plagne mognesium concenbtrabtion aifier pavathormono injootion in
doga o On the othor hend Watchorn and VeCano (1932) wveporbed o docrouss

in both total apd wlitrafilieveble magnosivm, while Roberits, Mawphy, Milleow,
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and Rosonthal (1954) found no significant changos Hypomognesasmnis has
haon roporbed in patlents with hypovpavabthyroidiem (Hemson (1956); Agne
and Goldemith (1958))5 +the same condition has been found %o develop aftow
removel of o pavathyrold adowvoms Drom pationis whose pre- oporabive corum
magnosiuwe eoncontrabion wore nowmal (Potts aud Robewts (1958)5 Houna, Norih,
YacInbtyre, and Prager (1961)). Yory 14%41o work has been done on tho
ultrafiltration of magnosium in this condition. Prased, Flipnk and
Mobpllister (1961) studied ouo emse of hyperparethyroidion and found raised
valuos fop both meorum and wlirefiliorsble mognosivme

Noxmal velues were obbtainod by Silvernan and Carxdnor (1954) voth
for total and wlirafiliorable mngnesivm in pre-operotive and post-opezative
hyperpasathyrold cupens Variable vogulte are wveporied by Prosad, el. al.
{1961) in coses of muleiple myelowa. Hypomagnosaenia with low valuosg
for the mltmafi%%xahl& magnesiun wae found in two oul of the five éam@s
which they studiod. Hypesmogneosaonie with high values for ulératfiliterable
magnogiom wen found in only one ocasc.

gilvorman and Gardner {19%54) weported decreased valuos fop
uldralil torablo magnosiun dn two casges of vitowin D intoxiestion, and

Krugor (1932) roported o decromse in magnesium in vitamin D deficionay.

(v}  Sorup end Ultrafilioreblo Magnesiuwn in Mypooslosemis Stobog.

Conflicting €indings for the ultrefilterable magnesivm havo
boen zoported in hypopprabhyroldism. Silverman and Gavdner {1954) have
veported decvoosed values for both total and ultrafilitoreble magnesiwa in

the only case thoy studied. L5 hos also beewn demensbratod by Roberts, ebt.al.
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(1954) that pavathyroidectomy in wowmpl dogs produce Litile ov ne offect on
he magnesiua balance oxoept o winoy decreosnse in the morum conconbration.
Pracud, e ale (1961) found noxmal values for bBobh todal sorua and
wlivafiliorableo magnosgivm in ono cage of hypoparathyroidism.

Toriehleo findings for ulidrafiltoreble megnesium have been reporied by
Prasad, §§$mgﬁé,(196?) in renel dinonse. Out of elght cases of nephrosis,
bobh bobal ond wiitvafilterable magnesiuwn wore found to e dogreased in two
ingtancen, and the powvcontage of ulitreflltoreble mpgnooduwn vwas in three
epses assecistod wilth the hypoalbuminsenio. OFf eloven patients with
ureonio £ive had increassd tobtel and two hed increased ulitralilitershle
ReSNeBiwE g In the majority of cases of hyposlbuwmineemis assoglated with
vorioug alinieal disonders weported by the sbove authors, the total somua
magresiun was found to be slightly docrcased bub the uldéwafiliereble
mognogiun was within the noxmal limite end houeo vosulied in clevated

poraensage wliraliltorehility.

Quilines of Frosont Voxlk,.

In the proseont study, a now simplified technique fopr
ultpaliliration was dogligned. Various Pactors which affoct the the
ultrafiltorablliity of caleiwn and megnesivm wors investigated. The wole
that ultrafilioreble calelum and inowgonlc phosphote con play lu the
dlagnonis of hyporparebhyroidism was also oxamined. ULl teafilsorable
galoiun, magnepiun and inorganic phoophate vorpe detormined in tho soeyun of
patlonts with parathyreld disorders and in a large grovp withouwt any

pathology of the pavethyroid glandsm. Pariiovlar abtontion was pald to
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sosos of hypercaleaemin withoul parathyrold disordors im the hope of
clarifying the uldraefilberablo caleium and inorganio phosphate rosulis

whioch are found in this condidion.
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Tochnigue of wlitzalfllbrabion.

In the pbeeonce of auy practical methed applicable to the direet
mossurencnt of ionic caloiumy & groat deal of effowrt has gone towawrds the
devolopmont of indivocet mothods of detemination in human permy Le0sy
weesnremont of the uwltrafiltesable caloiuw, which moze o less pofloots
the ionic calelum. A veriety of technlques has boen described,; bud
ulteafiltration nothods have been most nmmerous becouss of the practical snd
theoreticel adventoges over the dislysls tochniques. In principle, all
whirefilévation sochmiquen ubilise o membrens of auall pore gize and some
meann of supplylng filtzation prossurd. Thove ave wmony btechulques desepibed
in the literatuve but detalled otudy chowed thet theoe have one or mowre
dipadvaniagsss Gonoxally the techniques requives—

1) A complicated spparabue, not eesily consbructeds

2) A considovable amount of epecinen (somum) is roquived in opder $o
obtnined sufficiont ultrafilitvato for analysis.

3) A long time lo token for bthe ulteafilbmation, up o 48 houvs.

A mew witrafiliration technioue ip desoribed hera, which lp
simple to conshruct end casy 40 use. Heomless collophone tubing in
used to conbain the serum specimen. This i atteched to glass tublng
suppoyted by o wibber bung, oud o positive prossure is appliod fozx the
ultrafiltration. The complote epparatue seb vup is shown in Pigurs 7 and 2.

A svedp of cellophane Pubing 6 = T luches long is takon and
waghed in ruming water for shout one hour. After thig, the tubing is
woshed 3 4o 4 dimea in diatilled watew. Gne end of the strip is then

tightly lnobtbed twice Lo ensure that wo leaks occurred. 1% wag found on
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Gas 5% CO,
reservoir +95% O,

TIGURE 9. THE G067 UP O THIS APPARATUS USED FOR ULTRAFILTRATION

UNDER 5% CARBON DIOKTLE AWD 957 OXVGEN PRESSURE.
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Air
reservoir

' o
0 © Air pump X

PEGURT 2. THE SEP up or THE APPABRATUS USBD IOR ULTRAFILTRATION

UNDER ATR PRIEGSURE,
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one o two ococasions vhat the membyrane leuked and it ie necespanys thorofors,
$0 check oll ulitrafiltratos for protein by addition of ton pereent
sichloracetic aeid. The eopen end of the collophane tubing is fovesd
through ono 0f two holes bowred in o rubboy buag and is pulled through to

a reasonable length. A glass bend o thewn ineortod mlowly inside the
Subing as Par as possible without denaging it. The gless bend plong with
the eollophone tubdng ig then cavefully forced thwousgh bthe bung hole vabil
the other end of the glass bend protrudes throush the bung. This gives

an alr-%lght jolnt betwoen the ccliophane and glass tublng. The rubbop
bung, careying the callophane Gubing, in clamped flxmly and ths othew ond

of the gloss bend can now he joined by rubber tublwg to the devico Lo
apPLying pronsure. Thio consists olmply of o Litre glose bottle as an

aie rem§$va1m9 Pitted with tvo gluss bends through & subber bung. One

ond is jolned Ly zubbow tubing bo the 5% corbon dloxide cylinder, and the
othor goos 0 the glass bond holding the collophane tubing. Botweon

the aly posoervolr and the collophane beg o precours gauge is iunsersed +o
zogulate tho filtration pronsurc. % wan found bhat the collophono
membrone could withatand e prossuxe vp %o 25 lbe por sg. iuch bofors
burgting. Bxpowriments wore usualldy perfovied ab a pressure of 16 lb. pow
sge dnch, this being a presoure which gave papld ultraliltration with

Littlo danger of bursting the cellophone tubing. As the cellophane tubing
hos been vashed with watown, it io necessary to dry it complotely befovs
ultrafilsoring the seorun speocinon. Afvor £ixing the wet eellophanoe btubing
Yo tho gloss bend and rubber bung, o prossure of 16 lb. por 6g. inch is

applied. The cellophone tubing swells up glightly giving 1% o savsegoe-liko
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shape. This pressure is meintained wnitil the baz is complotely duy.
After thin tventment tho cellophane bag doos 0ot chengo on being lefs, and
hence thosoe dried begs conr oaslly bve shoved for uso ol any btims. Tho
Lilsnation sac ic ghout 12 cne i lengdh and 1 ome. in dlometor.

The somm spoclnen is inbroduced glowly through the glass hond
with o Pegteour plpobie. The speeissn tonds to cocuauleto in the glase

bond but it can be sugked into tho bag hy gently prossing and thon

releasing the collophane hag. A colleeting tube for the ultrafilirvate
is clamped to cuvvouwd tho collophane bage. This o olther an ovdinory

oot tube o® o gyradustod tubo I the vwlume of $the nlitvafiltvote is o he

mnoasurede The sac Lo now comnected o tho prossure dovice ond the olemp
of the 55 caxbon dloxido is opened slovly. hon the progoure gango

noedlo approsches the 16 lb. por sg. inch mavlk the clomp is iwmwediately
clogad tighitly. This prossure is maluteinod by tho wesowrvolr throughous
the wltrafiliration poriod. If $he prosguve dvops due 4o leakoge, it can
bo roodjusted by firot closing the stop cock B (Piguwa 1, Po 64) cad then
slovily openlng the %5 cerbon dioxide eylindor olamp wabtil the prossure is
agedn relged to 16 Llbs pox oge inche The adventase of this stop eoolk
im that 4f the valvo on 55 carbon dloxide cylinder is oo widely opencd the
exooaslve progeurse doos not roach the membrane sud henco tho danger of
bursting the membyane s eliminated.

Wheun it i deslrable to ultrafilitor the spocimon undor alr prosoure
inntead of 5% ocavoon dioxido, the gow oylindor can be veplaced by an alp
pump similoe o ono which is used with the BHL flamo photomotoen. The

edventage of this punp is that the prossuwe caun be adjusited by o volve on
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the pomps Vhen this valve is fully elosod tho pressuxe ¢annot go beyond
16 1bs por s inch, vhiech virtually olininotes any deusex of tho eollophene
tubing bureting.

Uging T=bonds end gliopeocks o mmber of specimons can be handled
gimd bancounly However, frequent adjusiments of pressure have %o be
made, or o mch lazgor reservoir for 5% carxbon dioxide has to be uwsed, It
vos found convondent to handle two spocimens ab o tdmo.

1% tokos ghous 15 to 2 houvs to oblain 7 ml. of nltrafiltmate

fron 2 ml. of somum.

Bebinotiocn of calainm

Bihylenomdienine~tobramacetic acld (B.D.T.Ae) foms comploxes with ncarly
evory metal caxving nowe than one positive chevsge. The pH has o nmadded
offoct on the satabillty of variovs HeD.TaA. motal comploxes and this mokos
the selective titeation of those metals dn the pregence of cach othexy possiblo.

Moverdde {comoniun purpnrato) is uwsed ss an indioator for cololum

vllration. It has a violet blue colour in strongly allkoline solutions
vndeh turne Ho galnon pinkk on addibion of coleiwm dne {0 the formation of
golotunesmvexide complox.  Sinco this complex is lops steble than thatb
botveen eoleinm and N.D«ToAsy, on addiblon of E.DJTefe the £reo coloivm is
complore:d fivet; then iumediatoly befamé the eguivelonee point, the calcluvm
1a vemovad Lron the caloiwnwmmrexrido complex vmh the libration of
uwngomplexod mirexlde, causing o colour chanmge. Ag the chaupge in colouw
in very olight tho end polnt ip dotechod photosloetrically by the EEL
tdbration. A cuxve ag in Flgure 4 i obbtained vhexe the rieing part noar

the end point is o sbraight line, vhich is oxdended o cut the horizentel



branch, the point of intorsection being the end point.

Nognesivm 1s the only metal wnder the chosen experimental
conditions vhich is likely to interforo in the estimobtion of calcium.
This intoxfercnce is eliminsled by caryying oub the titration abt o high
P vhere the magnesiumeB.DeT.As complex is not stable. In addivion,

negnosiun hydroxide is dnsoluble at o pH of 12.

N
RY
e

Apparatngte
The eppaxatus used wos the ERL photowelectyice tdtrotor model no.

=135 with o gelvanomoter which gives direct ronding of extinetion, vhen

using spectzun filter no. 606 (pouk B575=-580 mu).

Hoapontgte

1o Muwexide indicator. (preopared freshly hefore use)

Approxintely 4 mg. pmrexide (ammonium purpurate, B.D.H.) were
dissolved in 100 ml. of distllled water In a polythene bottle. The
extinobion of this solubion, with wabter as the blank, is bebtween TO and 75
divigions on the galvanomeber scale.

2, BaDeTaAs (4480 go por litxve)

The disodiwm salt of othylene~disminebiotra~-acetlo acid (B.D.H.) wan
arded at 110°C for fonz hours and placed in desiocator overmnighte 4480 g
of the salt were dissolved in dlstilled water ond mede up to one litze,
thio solution was stozed in a polythenc bottle.

3« N potespiun hydroxido,

56 g» of A«Re. grade potassium hydroxide wore disgolved in one litre
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GALVANOMETER
READINGS
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———» DIVISIONS OF EDTA ADDED End I)oint
FIGURE 4, CALGIUM TTTRATION WITH W, APPARNIUS,

LUSING MURBKINE A8 TNDECATOR).
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of diegtilled water and adjusbtoed o glve s normal solubion.
4o  CGoloium standerd. (10 mg. pew 100 wl.)

0.250 . of pure dry celeiws carbonede wowrs dismolved 4n 6 mle of
N hydwochlovic acld in o bosker. Tho beokor was pleced on a bWoiling
wober bath to dvidve off oxcess hydwochloric ocldy; coclod, and tho contonits
tranaforred quontltetively %o o one litre flack, ond mado up 0 one Litwo

with distilled watowr.

Hothod g«

265 mle of muwexide solution and 0.2 wml. of H potassclun hydroxide

wore ploced in a 4 wml. cuvetbe vhich was thon placed en the tltzato
platform, the obirrver was swibtched on, and the coneitivity wap odjusted
0 obtaln o gelvanomedor wmeading of T0. The microburetie tip wes thon
immoveed and 0.1 wl. of standard or sorum sposimen was added. Titzation
with EanoTaAé solution was marrie& out odding 8 micvolitres (20 divisions

of tho micromeior serow gonge) oach time and the gelvonometor readings wewd
elpo noted simulteneously, until g pesk was weached, indicstod by wo
furthoy movenant on the galvanomobeory sonle. The gelvenomotor rondings woro
plottad agelnut the divisions of MaD.Tede solution added (Figure 4)s the

polnt of Intopsoction of the btwo otzaight lines demoting the ond poiat,

Hodifloovlongs—

The conconteation of mursexide moluition vwas redused to approximately
4 wge por 100 ml. ingtosd of the vriginel 6 wmg. pex 100 mi., and the

reading corvesponding to this colubion vas usally in the wangs T0 to TH
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Microburette Microguage

DIAGRAM OF WoRaL, PHOTORLEGTRTC STTRATOR
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on the galvenometor scele.

Botimation of Masnenium.

A now dyo, sodlum 1=ago-2-hydvoxy-=3-{2,4=dinethylcarbozanilido )=
naphthal eno-i-( 2-hydroxybongono-d-sulphonate) was found o be opocific
ond sensitive for tho dotozmination of megnesium by Mann and Yoo (1962).
Tn the pH range 8~11 magnosiun Jone cause s colour changs from biue to
purple due to the Fformotion of a magnosium dye complex and the abaowrbanco
ig detormined ot 500 5 asoingt o yoagent hlamko it has been employod
by many vorkezs for the direot detomnination of megnesium in sorum,
cerobrogpinal fluldy and wurine. In the present obtudy nmagnesium wag
© dotermined by the mothod of Rice and Lepave {1964) who measured tho sbsorpbion
of uaroacted dyse ab Gﬁﬂ-mpa Thera e o decroase in the absorption ub
690 Hp as the original blup dyo becomes purple in the presense of magnesium.
The difforence in ghsorbance at 600 ma botweon & "rengent® blank and an
unkknoun moapuros the amount of pink maogpnesium dyo complex formed, This
abé@mpﬁi@m difference ig proportional 4o the magnesium concentrablon.
It is o movo gensitlve procedure than determining abrorbance ab 500 wp
agadngt the reagont blank in the dimect detoxminabtion of magnesiun as
cmployed by Momn and Yeo (1962). Tho mobthoed was found te be eight times

more seneltive then tho $itan yellow method.

Reogontas

1o Dye golubion.

25,0 mg. of tho dyo, godivam 1=080-2e-hydrory=3=(2,4-dinothyl
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sarboxanilido )-nephihalone«i=( 2-hydrorybenzeno=4-gul phonate )

(obtainable Prom The La Wobte Chemical Products Co., Chosbortown, Mde, UsSole)
was discolved in 200 ml. of aboolube othanel in o 250 wml. volumebric

flagk, and wan diluted to the mayic with distilled vater and wmized. The

roagons 48 stored in awbor bottleo and is ptoble for $wo montho.
)

2 0,08 1 Sodium boreie.

30.51 go of sodimm betraborate (ngBaﬂ?a 10 EQO) was Alsoolved
in 500 ml. of hob water, cooled to yoom tempersture and diludted o onc
Litre with diotilled wabew.

3 Blowk dilvent.

Mix 44 wl. of disbtillod wator, 8 ml. of soddum bovabe, and
A8 ml. of absolute alochol.

4s  Unlnown diluont.

Miz B0 mi. 0f Gimtilled watowr, 10 ml. of sodiwa borele, and
A0 wl, of pbsolute aleohol.

Tho appropriste volume of "unknown® diluent vwas prepaved froshly
oaoh doy by mixlng sccurvately 4 volumes of the slesholic borate solutlon
with one volums of the dys wroagenb.
5¢  Masnosduwn pbondavd solution. (10 meg. por 1itra.)

09233 g of mognosivm pulphote (Mgﬁ%a o ?Hgﬁ) van dissolved
in weber ond dlluwted %o exactly 100 ml. with disgtlilled wabow.

6. foxling mbandard masmogiun solubion, (2 meq. per litee,)

A vorking standard was preopezed by diluting aceurately the
sbock standard gelution 1¢5 with distdlled vater. Tho solubions 2:3,4:5

and 6 are sheble indefinitely.
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Glogayare.
M1 glasewere for the mamosiun detormineticn wan soeked in 50% nitvic
a0id overnight, winced with tap wabtow; goaked in glass digtilled webtor

overnight and then dyied.

By moans of a wicyopipetio, 20 mlevolitreos of serum wore added %o

a teat tuvbe containing % ml. of "unknown" diluent. The test tube was closmed
with parafilm and the condonbe mixed thovoughly. Sinllerly, with overy
tost o sexum blenlk was aleo pub up by adding 20 micrelitwes of somm to
4% mbe of blank diluent. With each set of unknowns, a "roagont! blank Hube
end o magnosivnm standard tubo were similerly propaxed by eodding respecbively
20 mierolitres of diaﬁiiléd vaber or otendord magresium soludion to 5 ml.
of waknown diluont.

Afson gbhout 510 minnben, the sbsorbence of oach unknown vos
measured againgt o serum blank at 600 mp.

The absoxbance of the “vroagent' blanl and ctendard wves measured
against distilled water at 600 mpe  The colour was stable for ot loest 24
hownrse

{ebporbence “vesgont® blank) - (absorbanco unlnown) v 0

fobeovbance “reagont” blawk) - {absorbance standerd)
= MOG. magnosium por Libtro,

Othor egbimations.

SR I )

derun inorgenlc phosphate was detormined by the mothod of



Gomord (1942), and serum proteins by the biuret method os deseribed by
Gowmall, Pardewill, ond David (1949).

Ultzalilivatiion wegulin mey bo expressed in twe ways:
{1) Ae the actusl concenbtzation of cmlolum, magnesiun ox inorgenic phosphebe
in mge per 100 ml. in the ultzafilizates, or (2) as the poveentage of the
tobal calelum obcs, in tho sexvm vhich is wlirafiltoxable. The nejorlty
of previous outhors have emphapiced olthew one or the ovhor wey oFf expreasing
the results in thedr weiiing.

Howeven, both methods of expreseing ulitrafilivation vesulis axe
equally meoeningfvl, and in the present gtudy use is mede of both woys end

onyhapis is leid on vhichever ls the moxpe appropricte.
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Many of the enrly workers dotemmined the ultrafilioreble ealeina of sormum
without controlling the ogrbon dioxide tonpion. Thils wan considerod
wniaportont o the time, but more vecontly it has hoon showin by various
vorlers thalt the uwltrafilteovable calciva altors with esvbon dlozido tenmion.

O omposnzre 0 alvy tho plasne or gorum logon gorbon dloxide and
coneoguontly the pll rises. I% o thovofers nocoseary to control tho
pH during ultrariliration. Theno pl chavgos due to the loss of earbon
dioxido woro provontod by ultralilioring the corwn o» plemin in an abmosphore
of %% carbon diozide (the nowmel alveolar tonsion).

Vordous Ractore which influonco the wlitrafiltersbility of ealcium

asad magnosiug woro thon investigatod.

:(‘"l.!‘h"ﬁ

BEfeot of wlivatilisotion with 5% covhon dloxide end 99% onymen, end with

AR

adr prospura, on the wiitraliltorable Fracblon of soxum ealclun.

(1) ‘Twenty Five gpocimens of movum with coleium concensiotlons varying
from T3 50 11e1 mze por 100 wl. vore vwliérafiltoved (1) uslng o mizturs of
5% corbon Aloxido ond 95% oxygen an the prossuro phase, and (2) with oir as
the propenwe phasos The blcod spocimons wors cnllocted without any
ppocial pm@eawﬁi@ma Por the loss of carbon dioxzide, and gonevelly the pH
Bofore ultralfilitration was bobtveen T.55 and T.75 4L the %% carbon dloxide
was not belng bubbled through the somum gpscimens it was uwnllkely that the
opocinong vore soturebed with this gao and the pH wader theso conditlons
will tend towards tho norwal »angs. On the othor hend no signilicont
chonge in pH would be oxpooted whon ultrafiliered uwndeor aly ProBOMrS.

Calolum wan alvays found in pgyeator concentration in the wltrafilizotes
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filtored undor 5% carbon dloxide and 95% omyson proseure than in thed
wlbrafiltored uwndor air propsurs. Rosulls are presonted in Teble IT.
Difforoncoes botuoon the two ranged Lrom 0.5 40 1.4 mge por 100 wl. Tho
valuos of ultrafiliorshle ealeiwn wndor air and 5% earbon dloxide and 95%
oxygon wore plotied against ooch othox Mgurs Yo Thors wes & cloge
rolationship bobveen the two with a coxreleblon coefficlent » = 0.89.

It oppoars, thovefors, that thoro i o welstionship botveen pH of tho
spocimon ond the witrefiltorshle celolun fxachion.

(2)s The ultvefiltoreblo calcoium was then dotemined ab vavrying sorwa pi
TELUOB. The pi chengos wowxe produccd by the addlition of N hydwvochlopic
acid. Tt wan found thet 15 mlorol Ltxos of N hydreochloric acid vhen added
40 2 ml. of gorom produced o chonge of opprowimnbtoly 0.5 pH wnit. Fouw
aldquots of tho some sorun spocimon with a womenl protoin concontration were
bekkon and tho pHE edjusted 4o the voluom shown in Teblo ITX.

Those epsciuons word vhon ulivefiliorod wndor 5% carbon dioxide
andl 957 oxygon pPronsurd. The momulte awo presonted in Teble TXX, The
ultrafiléorshle caloium vouo £rom HeY mg. por 100 mle ot pH 71«05 G0 7.0 mg.
por 100 mle at pi 668, Although the dilutlon introduccd vhen adjusting
tho pH ves negligible, due allowsncos wore mede vwhen calonmlating the vosulia.
The foll ia ultvafiltoreblo caloium vap propowsionsl to tho inoroass in pH
in the roglon 6G.62 50 T.05.

The wltwefiliborable waguosiua shovod o plmiler olight fall vith
incropping soxun piH while the lnorgavic phogphate concomtration did not
chonge with alteration of pHe

Thin oxperimont vas soponted over a much nerrowor wonge of pH chango.
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Tho opocimons wore adjucted bo covor tho imidinl vange of pH T.62 to (52
The effoct of Tilitoring wdor prossure with 50 savbon dioxido and 957

oxygon is 0 lowor tho pll by approwinusoly 03 unit, thoroby bringling the

PH much neewey the nowmel phyniologlesl »Pangd. Ropulte awe sot out iv
Table IV, The ehamg@%in tho porcontogos of wltraliliorablo coloiwn and A

magnopium ovor this narrow pH Tongo ave too sunll o be deteosed.

The offoet of veomying ultrefiltrabion proosues on witeatfiliorablo conloelwn.

Trig williliteres eliquots of tho pomo poyum sSpocimen weyo

wltrafilioned at diffeoront prossuren, varylng fvom 9 to 18 Lbs. per sqe.

inch until one millilitre of Wiralfiltrato wan obtolnod. Goleium, moasnesinm
and iunorgandc phoophate woro dobozmined in enche Rooulde are prosonted in

Poblo V. No changse in ofbther vitrafiltovable calelum, masnomium, op
inorgeanic phospheso was oboorved in these wiitrafilityates obtalned fwom
difforant vltrafilitretlon pProosuros. This mothod 8 not o true voflection
of physiclogleal conditions in towms of L£iltraitlon prossure, as tho
physiologlenl mango of caplllary prossurso is far lower, 1.0e¢, 19 $0 25 mm.
HOPCREY o Thoge rosults indienio thet the inowsame in ultvalfiliration
prossure jin vitzo does wot affect the pariition of cnleimia and magnosivi.
Howovor, inorxoesed vlitrefilitration preosoure geeatly vedueed tho time Powp
adequate wlivafiltration. The time rogquirsd to cbhteinsd an equal amount
of wltralilirate from the poue volwas vas ouh down Prom 25 hours ab o
proooure of 9 lbs. pep sg. inch Ho only one hour at a proassure of 18 lbe.

POR 8Qe INcho



Tablg XV Ultzaflliration of serum over a nerrow pence of pH

Opiginal pH of gerum w7462

Servm caleium = 0.0 mg. per 400 nml.

Sermun megnaeaiun n 2e3 mg. per 100 ml,

Initicl Galeivm ultrafilbrato Mognesivm wltrafilirato

Hos pilo Dfe.Dex. 100 mle o, B BGX, 200 mls  Z»
9 762 50 58 1.8 78
2 756 548 56 1.8 78
3 7405 Do o7 148 70
4 Te52 Dol 58 17 1L
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Bifect of sboreso on Uliwefilterehliity of Gololwn, Masposium ond

dpopeendc phosphato.

Although a1l the ouporiments in thie corlios wors eorried eus immediotely
afteor collocting tho blood spocimons, the effeet of pboving the soxwa
spocimons on wlirafiltorshlo celolwm, magnosiuvn ond Inorganio phoaphato was
javentigatod. Ultrafiltvation was coprled oub undor 5% cavbon dloxide
aud 99% omyaon prossure, the perum spocluons wers stomed in o sefeigerator

L A0
ab 4

@ for up bo tvo doye. A 2ml, allouet of sovum vwas mol up fopr
ultwafiltration within half en hour of withdraring bWlood, ond the ropt of
the norum was copavatod from She ¢ells and siorsd ab 4%u, A fuxthor 2 mi.
of pomum wes uwlbvaPiltorsd é@ She eeme Gino the nexs dey and sinilevly the
folloving day. The ultrafilizetos gollocted from the 1ot. and 2nd.
gpoclnons woro alps obored ab 49@ ond old the osbimpbions wore cewmwled out
sogothor on the socond day. Rogul ¢ gro prosented in Teble VI, o
opprecicble difforonce eould bo demonpbrobod in the concentrodtion of caloium,
mognosium or dnorgonic phoaphote in the thwves wlitraflltratos.

Siedlar obpervatlons in »oopoet of caloluwm wore wado by Hopkins,
ote_ale (1952). Toriborn, obe ale (1957) aund Rowo (1957). Thooo @‘ﬁam;{va‘%;ﬁ.@m
load ¢o tho convlusion thas whon ultwefiliration 1o capreled oul wador %%
corbon dioxide and 954 oxyson thovs io no nocossity for spocial procautions
in the collechion of blood opscluong, la ordeor to avoid any loes of eavbon

dioxldo.
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The effect of the extent of Ulirefilirotlon on nltrefiltorable Geleiwm,

Mamaosivm and Tvoveanie phosphate.

The following oxperiment was porformed to find how the exbtent +to
which the ulitwafiltration process is caveled out affects the pavrtition of
caloium end megoaosium.  From sepavate 2 wl. allquots of bthe peme sorum
ppecimen, 0.5, 0.8 and 1.1 wl of ulbrafiliratos wore obtained and calcium,
magnosivm and inovgenic phosphate were delermined on all three ultrefiltvates.
No significant diffevence in the concentration of these constitueonts
could he detected. Thoge cbservebions show that as the velume of
ultrafilitvete, and the protein concontzetion of the regiduo, increase during
ultrafiliration; the celeium-protein welatienship remedns unchangsed.

Another exporinent curried out in this comootion was ag followss-
A 6,0 ml. of serum specimen was ultrafiltered snd porial 0.5 ml. sample
of ultrafilirate were sollocted. Again calciunm, magnesium and inorgenic
phosphate concendrations were dotexmined on esch of the six specimons.
Resulis ave shown in Teble VIL. There was no variation in tho concentration
of these congtituonts during ultraTiliération duwe to the incresping protein
concontration of the roesidue.

The offect of increasing the caleium concentration on Ultrefilierable

ot s Bt

Caloiwn, Mognegivm, and Tnorsenic phosphate 1n viiro.

Molean and Hagtings (1935) expromsed the volaitlionship between the ilonised

and protein-bound fractions of ecaloium in normol sorum agg-

( ca™ ) (Protein™)

. , a ¥
( o Proteinate)
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It £ollows fzam this equation thai exive celedwn added %o sorum should also
oboy this polationshlp ond distribute ibsclf accordingly. To check this,
the ealeiun coneentration of a sowvwn specimen was incroased in vityo from
an ordginal concontmation of 0.1 mg. por 100 ml. 40 1449 and 19.6 g
per 100 ml. by the addidion of coleium in tho form of o concentrated
solution of celeilwn chloxidae. These threo specimens affer standing for
one hour wore then ulbdzafiltered uaing 5% carbon dloxide end 95% oxygen
under sinilor conditions. Caleiun, mapnesium and inovganile phosphote
wers detormined in the ultrafilitzates ond the resualis are presented dn
Table VIII. 6.4 nge por 100 ml. (63%) of the total celeiuwn was
ultrafilterable before any addition of caloinm. According to the maas
pobion offect, the 63% of the adllod coleiunm ghould xemedn in the dondo plebo.
Oalenlated on this hasis, the celeiuva concentrzabion in the ultraflilizaben
from the second and third specimsns chould be 9.5 and 12.4 mge pox 100 ml.
respoctively. lHowever, thie was not found to be the casey the caleiun
concentrabions of these ultrafiltrates wore 8.8 and 1143 mge poxr 100 ml.
which showed o gredual dedresse in the ultrafiltemability of cnleiuwnm from
63% in the oviginal sexin to 59% and o 57% in the second snd third specimens.
he other interesting fegture which meoy be noted was in the
behoviour of inorganic phosphete wnder these conditions. The concentrotion
of inorgenic phosphete in the ultrefiltrate from the untreated somm wap
5«1 mge por 100 ml. against 4.1 mge per 100 ml. in tho corun itoolf (124%
ulbrafiliorable).  However, whem the serun celoium concenbration was
redscd Yo 14.9 nge por 100 ml, thero cccurred o gharp drop in ite concenbration

in the ulbrafilirate to 3.7 mge por 100 ml. only 90% being ulirafilitorable,
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and when the seyum calcluvm concentration was yaised to 19.6 mge pexr 100 ml.
there ogourved a still furbthey dwop in itse concenbrabion in the ulirafilirate
to 2.6 ngs par 100 ml. only 63% boing ultrafilterable,

This decxeased ultralfilteroblility of inowxgende phospheto with the
inorcaging seyum caleium gonceniration suggested the fommation of o complex
bound %o proteins, ov an insoluble complex presipitating from the serun.

The latter pegoibhility wes excluded ns followpie

Galelum and ilnorgonic phosphate concentrotions vwere determined in o
perun gpecimen. Caleivm was then added Yo maipe the serum calciuvnm
conoentration above 15.0 nge. pexr 100 ml. and the specimen was then centwifuged
ot high opoeds No sediment could be obssorved alfer cenbrifugation, aud no
difforence could bo detected in onleivm and phosphate concountrations. I
would seom mophk likely, therefore, that the eomplox was bound to the proteino,

It may be nobed that concenbration of meagnesluvm increspod slightly in
the ultrafiltvates from originol 1.60 mge per 100 mle to 1.70 and 1.75 mge
per 100 mnl. vhen the serum calceiwn wes increasads This probebly indiocated
that a gradnal decrease in the protein binding of magnepivm ogcurred to

acoommodato the incressed asmount of caloiume



Ulirefilberable Caloium, Masmosiun, ond Inowcenio Phosphato dn the Normel
oad in Patholociool Gonditionss
Gxoup J. Nozmnl Controlge

Boxe from tweniy noxmal healthy donors werme gubjested o uwliraliliration

using v cavbon dioxide and oxygens The dabta on caleluvm, mognesivm ond
inorganic phosphate is sunmarised in Table IX, the velues boing presented
both in actuel comcentrations in the wltyefiltrateos and op o perconbtagy of
total serum conoentrabion., Tho perun calcium concontration ranged Lrem
9,8 %0 10.06 mg. por 100 ml. with & mean valuo of 10.2 mg. per 100 ml. ond
SeDe 0,20, The ulirafilterablo calclum ronged from 5.5 to 6.3 mg. pow
100 mle. with a mean value of 5.9 mg. por 100 ml. and 8D 40425,  Vhen
expressed as pavoonbteoge of the total servm caloivum concentrabtion, the rewnge
wos 59 to 61%, moon $8%.  The protein bound caleium fraction varied from
440 30 4.6 mg. per 100 nl.

The serun inorganic phosphote varied from 2.9 10 4.2 ng. per 100 ml.
and the ulbtrafilitraic concontration from 208 0 4.9 mge por 100 nl. IH
wag always found in greater concoentration in the uwlitrafilirato than the seorum
itgelf ond represenmted 105 to 1200 ultrafiltorability with a mesn value of
110% for 20 spocimons.

The serun negnesivn concentration renged from 1.8 to 2.4 mg. per 100 ml.
with & moon of 2.0 wge. per 100 mls and S.Ds 10.18¢ The ultrafilterable
concentration ronged from 163 40 1.7 mge. pew 100 mi. with @ moan 1.9 nge por
100 ml. and 8.0 #0112 Uhon expressed ag o porcontege of totel gervnm

magnoginm 1% vanged from TO to T9% with o mean of T4%.
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Gyronp Tie Poblonts with primary ype

Prewoperative sore were obbtained for ultrafilbzation Lrom 12 pationis

with hyporperethyroidiems The oxperiments wore vepeated in 11 of these
capen three days after tho parethyrold adonomap were surglcelly womoveds
The results of ulitvalfillzetions along with obher bLiochemical dobs are
progentad in dablos X, XI, and XIX, JPrimaxy hypexparathyroldisn vas
diagnosed in all of bthe 12 pabtlentsy and in 11 of these ceges the gondition
was shown to bo due %o & single adenomé ab hisbologye. There was evidence
of caveinomotons chenges of the pazathyrold tumor in the case of J.is who
lator died. Severc bomo dnvolvement was demonstrated rediologicelly and
vas avconpanied by raised serum alkeline phosphatese acbivilty in three of
theoo pablonts (JeRsp Selep and M,Tu)e  There wap somo Xervay evidenco of
bone involvement in the cage of Hele althonghb the sorum alkeline phosphatece
activily was epsontially normel.

Renel stoncs were demonsbrated in aix of those ooses (Welle, Fele,Telte,
HaCeyColite; omd SeBe)e  Theme was no ovidencs of oither bone discese or
venal gtones in case of JW.¥Ws and the diaghesis wvos made prinawily on the
serun and vltyvafilierable caloiun eogbilnotiong.

Soxam and uitrafilberablo caloiune

The gerunm and vltrafiliberable ealoiwn wvewe dotermined ropeatedly before
operabion and the higheot colcivm results obiained ave recoended in Table X
The total serum galciwa conceutration ranged fron 10.Q to 17.0 mge por 100 ml,
with 2 mean value of 12+4 mge por 100 nls  %he uwlirafilbdrate calclun ronged
from 6.9 0 10.9 mge por 100 ml. with 2 mean of 8.0 mg. per 100 mlsg vhen

oxprossed as pervcontage ulirafiltezable celeium the rvange vas from 61 to 69
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The ultrafiltorablo calelum coneentration in oach enso was well ghove the
upper normsl limdt of 6.3 mae poy 100 ml., ond again in torms of perconbage
ultrafiltorable cnlodun, 1t ves above the aormel limdts in each caue
oxeopt JeW. whore it was Junt on tho border-line, icoe. 6170 Theso later
Tindinge evro not in agveement with tho obsorvations of Hopkino, ob. ale (1953)
and Tovepln, ote ols (1958)s  Thene worltern eould nob demonstrate any
inorease in the ultrafilterable coleoivm in toxms of porcentage of total
soru caloium dn this condition.

It do elsy interosting to noto thals; in two pationts (T.4. and
MaPo ) with normal sorum ealoium concentration of 10.5 and 10.0 ng. per 100 wl.y
tho consentration of ealelun in the ultrafilirates wos olevated to 7.0 and
6.9 mge por 100 ml., or 67 and 695 witrafiltorability. Case M.T» hod
o olightly low serun albuumin aomcen%xabion due precunably to renal involvement

ans hor blood uren was 169 mge pox 100 wl.

Paatwogprgt%x@wggggggg,

Tho tosts wers voponbted thweo days aftor the remeval of tho adenoma
in 11 of the 12 casoes, except come HeG. vherd the serun vwas onalysod
goven doys post opexativoly. Atter the surgicsl ramoval of the parathyrold
adononng, 3% was found that hoth totel and ultrefiliorable calolum fell
(Teblo X)a The deorease in ultrafilterable caledum was not in direot
proportiim to the btotnl ogalciume in aane Jd.Rey, tho percentage
ultrafiliorable cnloiun showed an inorease to 774 post-cperativelys although

both total and ultrafilterablo caleiwn foll. 4 slightly low nltrafiltexcble

oeleium (537) was found in tho ocasos of H«f. and F.0., and rosulis in all



othor caeos vors within nomal ronge.

Gaon Heds showed hypoosleocnla post-operabtivoly and wae followed
up until vecovery (Figuve 6). Tho totol snd ultrafilterable calcium
foll grodually, but tho percontoso ultyafilterable walediun remained olevated.
Shoe had porpistont tetany and van given repeated ealoiunm bransiusiong
which pra@uee@’onlg Semporary bensfita. Bventuelly she rosponded %o a
high dosago of vitamin B, her seorun and uliyvafilterable caleilum gradually

inereansd and she recovored completely afier about fouxr montho.

forun ond ﬁlﬁrafi‘tar 1o Inorpanic phosphato.

Thoe majority of the patients hed pre-operotive gerum phosphato

" concontrations at, ox below, the lover limits of normal rangs, oxcept in

one case (M.P.) who showod n slight elevation o 5.4 me. por 100 ml.
probobly due to renal involvenonte. The meon serun phosphate concontration
for the 12 pationts wao 2.6 ng. per 100 ul. (Table XI).

Ultrafiléorablo inorganlc phosphote ranged between 100 and 115%
with o moon of 1087, this boing within the normal limite. In none of
these eaaem'waa tho Inorganic phosphate found in less concentration than
in the originzgl serum. lenco the possibility of the oxistence of any
caleiun~phosphato-protein complex, as wos observed by Hopkins, obe al. (1953)
in one of theixr hyporparatbyrold cases, wan ouled oub.

A vory slight increano in tho semum inorganio phosphate vao
obhgorved throo doys after the suvglasl romovel of thoe tumoux. it wos elightly
doopoased in tho caco of J.R. In case HaGsy where the aopecimen was

obtainod poven deys posbt-oporatively, there was an approcicble increase in



PLGURS, 6.

MAGNESIUM
(mg/100ml )
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Oral l.V. Magnesium
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CALCIUM
(mg/wnml)
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W Calcium Oral Calcium
Infusions & Vitamin D
124 T 1 2 1
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POST~OPERATIVE DAYS

SIRUIL AN ULPRAPILFRATE CALCEUM AWD MAGHRSTUM
SERUIL /NN ULTRAPTLERATE CALCEUM AND MAGHRSTUN

CONCGENTRATIONS ATPURR RENMOVAL OF A PARATHYROID TUMOUR

YR WEDH DONE INVOLVEMENY, (PATIENT S.b.).
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gorum inovrganlc phoophetes  Tho wltrafilterahility pettemm remained similar

to tho pro~oporastive rosulis.

gorun_eand ultrafil torable Masmosium.

The pro~operative sorun magnosium concentrations wers normnl in
thone casos and rangod from 1.0 $o 2.4 mge per 100 nl. Tho ultrafiliorablo
magnosium was oleo within normel limite with the oxception of two casos
(Tefio and BaCo) vhore it was doorosncd olightlys Whon exprossed in porcontage
of tho total mognesium all the values fell within the norvmal ronge excopt
in the cost of S«0. whers thin wvalue was also doereaseod.

Ho significent chango could He demonstrated in the concentration
of oither sorum or ultrafiltrate magnopium aftor the surgleal removal of
parathyrold tumour, oxcept in the ease of 8.L. vhoro g drop ocourved iu
both sorum ond uldtralilteroblo mognesium (Pablo AII). fhe wes followed
wp till rocovory ond rosulbs arve showa in Plguro G. This mognesivm
deficionoy ves agsooiated with montel confusion, but sho responded well
to mognesiun supplementes

Apoxt from thio cano (8.0.) the rosults indleato that a parathyroid

adenowa hao no effect on the sarwn or ultrafiltorable magmesinn.

Groun TEL. Cagen of Jwltiple Iyelomoe

Tho sore of oight patiento with myeloumntosia woo ultrafiliered

undor 5% cavbon dioxide and 95% oxygeny and the analysis of tho
uiltratiltratos are presonted in Table XALIT, | Hyperenloaenia {serun calolwn

groater than 10.8 mge por 100 ml. ) was prosond in four cases.
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Hypowprotoineonia vae present in six of the eascs; including all thoe coses
with hypozrcaloponine. Tho peroantege of wltrefiliorable caloiunm was
extremdly varichle, being normal in two enses, waidoed in thice oasen, oud
loworad in theoo oansd. Thowrs in no rolationchip of ony kind betwoon
$he ultwefiltorable enloiumy whothor oxpropsed os o conceniration ov ae

f percontage of the totel, and tho covum protoln, sorum plbunmin, or sorPun
globul in.

The mont abtriling yosults wore tho deercaces im the uwltialilborability
of lnorgenic phosphoto in tho canen 0. and J.M. in vhich the percentasze
of inowgeonic phosphote in the filtrates wao only ebouwt half of tho expected
valuog. Thope hoppen %0 Ho btho Hwo coses with the highesot sorum coleiuwn
conesntrations, and with the lovest poreontagos of uwltraliltorablo caleium.
Thin ageln ousssats the posplble cccuwrrence of o celelun~phosphato=protein
complox {soo ?. 92) e

Tho eserum magnosiun concontration is sub-noymal in five of the
olght onnad. The porcentage vhich was wliraliliorahle was nowveal oxcept
in one caus (J.J.) vhowo the veluo wap 924 s throo days lator, the

poveontosse roge o 100%.

Gzonp IV Bypopoanlenemia due to miseellonocous conditions.

Seopa from sir pationbte vith hyporecalcosmie duo o cawses other
than hyporpovathyroidicn and multiple mysloms wery examinedy +the clinieal
eonditions in themo onses wore as followsg—

JeRe had ptostiorrhoes for many yoars while MoK. developed

d
bhypoperethyroidisn efter total thyrm%?etamys both had boen on high doses
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of vitamin D elong with caloivm supplemnsnbes Tho hypercalcoemin con
bo wogawded due o hypowvitenluosis D in these cosona MoWe hos sevord
ogtooporosis secondary 4o rhoumatold swihritis. Belis hed acuto parelysis
with sensory loos and later developod wryinary rotoniion ond wes iwmobllimed
for somo Hinos ReWe wap initislly cdmiticd fox joundiceo buit on
lopovosomy was Cound 40 had eaveinong of gollbladder with sccondarion.
Ho diod lotor aud ab sutopsy wan shown to heve normal pavethyroids. Ho
comse for tho hyporealoasomia could be amcowteined in tho casse of J.8. n
oxploration of the neek wen carried out vwithout any positive Tindings.
Hig compleints included tivedness of ftwo yeews Auvation and eching discomfPort
in both logp, below %h@'km@@é. |

The vomulis of wlirafilteation nwo progented ian Table XXV, In
gpiteo of the olevaied serum colelum, the uwlitrafilicrablo caleium wan
decransed 50 H.0 ond 5.3 mge por 100 rl. in copds J.Rke and J.S5. and thio
was below the lover nsymel 1imdt of 5.5 mge por 100 ml. ond reprosontod
only 43 snd 44% vitrarilborability. Tn tho capes of MW and MoK,
although the ultrafiltorablo calciun coneceintration wes within nommel Limits,
when oxprossed an o poervcentego of the totel caloium 4t wan deoveamed o 45
ond, 42%e Tha wltrafilioreblo oaleium was plishitly oleovated to 6.8 ond
Ts0 mge por 100 wle in Bl. and R.W. but agein the porcontagd
ulirafiliorebility vap docreasced.

The moet intoroating fepture of those cases wes the dooroased
ultrafiltorebility of tho lnorganic phosphato. The consontretion of
inorgandc phosphato in the wltrefilérates vap elways lesn than that found

in the seyum.  The sovum laorganic phosphate wes olevated in two iustoncos
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and within tho nomaal range in the othera, ronging fron 2.4 0 5.2 mge
por 100 ml. The ultrafilirate phosphoto ranged from 1,5 40 4.0 mge pow
100 wl. pad the poreontoge uldrafilterablo yanged from 62 4o 7T compaved
with 105 to 1207 in nornale. Thin decronsod ultrafilierability of
oclolun ond dnorganic phosphate agaln suggestod tho exiotong? of eslceiune
phosphate~protoin complexs Theoge results pre siuilar to thoso observed
in vitro by inceoass of sorum caloiuwa (moo Table VIL).

The serun mognesiun concontration vas within the normal lindte
in all with the exception of J.8.5 where this was sleo slightly raised.
The pereontage ultrofilterable moguesiwn was olso noxual oxespt in JeRe
whoro thowo was o decreass %o 597 Je8. had inoroased total and
ultrafiltrato mognosium but the peresatage ulbtrafiltorable was in the

nowngl limite.

The offeot of scuboly produced Hypongslgaemis by the infusion of Gnleium
gluconate on ultrafiltechle Goloeium, Mo

Since the olinical conditionsn so fer estudied represent, foy tho
wonte parbs chronde albtovptions in caleiwm and porhops protein metebolism,
it thevefors seemed of interest to compared them vwith an ji vive
hypergplensinie induced by the aduiniptrabion of celeiums One thousand
and ten nge of onleodun (14 mge. per kz. body woight) in the foxm of celeium
gluconate in noxmal saline wap infused Intravonously in s novmal human
aubjoot over o pordod of four hours.

A eontrol opecluon befoxo infusion, o apocimen talen 30 minuten

after cormoncing infusions; and four subsgoquent hourly speocimons wers talicn.
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A futhor cpocimon wap obiained epprozimately 24 hours after infusion. The
voeulto of Wltrafiltration are prosented in Wable XV. Tho total serum
colodun wnp inovcased from 10.5 40 o poak of 13+1 mg. per 100 ml. during
the Infusion, and began to fall afber the infusion was stopped. Tho
gerum cnlelun had returned to the control wolue by the following morning.
It wild bo oeoen thet in epite of the inorvaase in dotal serun calelum,; a
olight grodunl decrease in the wltrafiliorable calolum ocourrod. It
docronged from the control concontration of G.0 mg. poxr 100 ml. to Se1 mg.
poxe 100 nile. when the perum calciun concontration had moached the peak of
13¢1 mges por 100 aﬁ.o, whioh represensed o dogrease in percentage
ultrefiltorobility of caleiun from 5740 39%.  Afer the infusion of
eala:mm was ntopped, tho sorum total cnlolum concentration bogan o fell
and tho vwitrafilterasble eclolun graduelly incrsased and by the following
moxning both the totel and ultzafiltorable calelum word near to the control
values.  I% would appoay from this that oll of the added ealolum wae
boding bouwnd to the perum protelns, slthough there was, AL anything, o
olicht fall in the protein concentratien from Initial value of 7.1 g por
100 nly 0 Gu5 ge por 100 nl. vhon the sorum tobel colelum veached the peak
of 13«1 mge por 100 nml. The zerum proteln concentration waoc hbagk %o
the oontrol value By the foliowing moyninge.

A gradusl ond persistont rise in sorum inorganic phosphato was
oleo oheorved, It increased from the control concontration of 3.0 mg.
per 100 ml. 40 o peak of 5.9 mge por 100 ml.p, this ocourred ono hour after
the highest mocorded caleoiun value, and then it gradunlly decroased.

Howevor, it was sbtill olightly olovatod shove tho conbtrol voluo the following
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noraing. The concontration of inorgonic phoophato in the ultrafilirates
also inecreansd, in the normal porcontage uldrafiltercble pattora, with
the inoroasing serun concentration; untlil the eerum onlcium rogohed e valus
of 115 mge por 100 nl. Howevar, tho peroontags ultwafileeraﬁle inorganie
phosphnto dvopped dramatically ofter this, and remained low 4n zll the
cubgoguont opocimonn, and wap Just within the normal limit on the following
morndng.  Thooo romilip agein supzented the oxistonco of o cnloiume
phopphato-protoin ¢omplol. Thors wao no ovidenced of this oomplox balng
formod when the serum ¢alciun consontration was holow 12.0 mg. por 100 ml,
Sorun nagaosiun grafually dooroossd £rom the control concentration
of 2.0 mge por 100 ml. t0 1.7 mze por 100 ulsy vhon tho serun caloiun
had abttained the maximal volue of 13.1 mge pow 109 wmle, and then gradually
1n§raaaea with the decreasing sorunm enleiun after the stoppage of osleiun
infusion. it was agaln bacl to the control value by tho following
mornings  The ultrafiltorablo mugnociug also deoressed Lrom 1.0 mg. per
100 nle Yo 1.05 mge por 100 ml. waon the seorxun celeiun had roached the
pealz volud. Hgodn, the deoreaso in wlirafiltorshlo nmagnesium was not
in proportion to the deornsano in the total sorun nomuosium and hence thexrs
wao o £oll in poremmtage ultrafilterability of nagnesiua from 80 4o 62%.
The doersase in wltrefilterable magnosiun contlumed in spite of increasing
porun magaosiun ond decrensing sorun eoloiun aftesr the stoppuge of oanloiwm
InPusion. Uhile the sorum mognosium increacsd from 1.7 to 1.8 mg. por
100 wle dn the tvo subeoguent opocimeons tho uwltrafilitrate magacsiuvm
roppod £rom 1405 40 140 mge por 100 mlsp; and honge a furthor dvop to 56%

in poreontose ulirafilioreble mamosiwm ocourved. Howovar, the
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udbrafiltorablo nagrosiun wvas found slightly raiﬂéﬁ abovd tho contrsl veluo
on the following moraing, In spite of the doorsaning total sorun
mogneodun the protein bound fraction rodo Lrom 0.4 vze por 100 wl. to

0eG% mze po 100 ml. (vhon caleium hod reached tho pook valus).

Group Y. Pabionte with Hypopovathyeoldism,

Fhe sora from potients with hypoparathyroidiem wore subjected
o ulteliltration. Theass poiionts included both idiopathic and
pont-thyroidoctony canos of hypeparathyroldimm. The patiento wore on
ozol eplolum pupplemente and vitomin By and this thowapy van discontinued
govoral daye prior to tho initinl ultrafiliration studieo. The reoulto
in Poblo XVX chow that tho total sorum saleium concontrations wanged
£rom 506 t0 8a6 mge por 100 ml. while the ulirafiltorsble colelum varied
feon 3.7 40 ST 1aze por 100 wml. Althoush the totol serun vazlelum wao
roducod dn ovory dnotunce, the ultrofiltoreble calolum was within normal
1dmite in two cason (B.Gys and AJH.), and wao ineroased in one case {B.G.)e

Sorum inorgonie phospbate was oloevatod in all the csson siudled
ozospt caso W.Os whera 4% wao within tho nomal 1limite. Tho pabttern
af.ultrafilterabilavy'waﬂ espentially doxaal .

Hyponarmosnonia wae prosent in only ono case (BeG.) and the
concontration of magnesium in the wlirafiltrato was also Lfound 4o bo
dooronned in this camo.  Apart from one case (B.G.) the sorum proteine wors
within the noxmol limito. Totany wao obgorved in threo of theso casen
(Balay Waliey and Jobs)u

Potiont .l wan studied in movoe doteil during o courss of

therapy for idlopathle hypoparathyroidiom. Troatuont with 3.7 mg. of
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CALCIUM
(mg/100m|)
94
Serum
8 Calcium
7—.
6 -
q
—".
5 ——"’-—
___‘-O'"—— Ulfrafi‘ltrafe
4 _&".._..____....—-0" Calcium
3_
é lb II5 ZIO 215 3]0 3|5 4IO
DAYS
FEGUR ',Z‘! SE!RIJM AND UL';HW"IIMQ_R_{&L};: CALCTINT APTIOR ORAL CALGIUM

AND VITAMIN D THRRAPY TN A PATIEND WITH TDIOPATHIC
HYPOPARATHYROTDISM.  (PATTENT  1aia)
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AT 10 and 6,0 grams of caloeiun gluconate per doy was maintained for

two days. Thoveafter he wae put on 150,000 units of vitamin D per day
and the AWTs 10 was discontinueds  The follow-up results are shown in
Moure T« After two weeks of this therapy, the ultrafilterable calclunm
had inoreased by only Q.4 mg. per 100 ml. while the total caleiwn had
inoveageed by 1.5 mge per 100 ml. The last estimntions, carried out
after four weoks of therapy, chowed an imreasé of 1«5 mge por 100 ml. in
the ultrafitorable oaleiunm with an inorease of 342 mge pex 100 ml. in tho
total serum calelum, so that the porcentage of ultrafilterability fell
Prom 669’5 to 567 after two weeks, and roes agein slightly to 59% after four

woels of treatment.

@Wﬂ{g Vi

Ao the bulk of the non~filterable caleium is bound to serum
albuming, eny decrease in. itn concentration should affect the bound calcium
fraotion. Sera from 14 patients with hypoalbuminaemis due to various
@aem, vere ultrofiltered and the results ave shown in Table XVII,

Vone of these patients had any history of renal insufficlency, and the
blood ures concentration was within the normal limito in every instance.

Serum albumin concentration varded £rom 2.3 to 2.9 g« per
100 ml., the serum globulins were within the normal limdts in eight of
thege patients and slightly decreaned in another four. Two cases with
hypoalbuninsemia from patiento with oirrhosis of the liver hnd inoreased
gsorun globuline. [ypoocalcaemia was present in sll of these canes,
vith serum oalolunm oonoentrations ranging from 7.0 to 8.9 mgs per 100 ml.
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On the other hand ulirafiltorable celcium was within normal limite in 11

of the 14 cases and was slightly olovated in the others. Howevar, when
exprossed in toxme of the percontege uliyvefiltorable calelwn, it was

aluays markedly elevated varying from 65 to 90%e I4 would appoar,
thovefore, thalt the deerease in sorum calcium assoclated with hypoalbuminaemia
ig due 0 deorsase in the bound fracstion, and not to the free ox ioniced
Pracbtion.

There was no dirveot covwolatlion elther hetween total protoins and
botal sorum celcoium (corvelation coefficient (v) = 0.41) or hotweon slbumin
and the wltvefilterablo calcium { = 0.25 )o

The deorsnpe in sorum celoiuwm was associated with elevated inorganic
phosphate in five of the 14 casoes. One case had o decreased inowrgevic
phogphateo concontration and the remginder had normel valuos. The
poreentagd ulitrafiliorable inorganlc phosphate wos within the noxmal range
in all casos.

The hypocslcacmin was élsg associated with hypomagnorsemia in
seven out of 14 casesy it was vory sovore in tho case of 0.3, (with a sorvm
caloiun gongonbration of T.0 mge por 100 ml.) where the sorum magnesium
concentration was only 0.8 mz. per 100 mi. In other seven ocases, geium
magnesivm concentration was within the normel limits, The ulitrafilterable
magnesiun was within novmeld limite excoph croo 0.8, (vho had very low

total seruwn megnesivm as woll), aud the decroase in magnesiun concentrations

whoro 1t ocourred, was again probably entiroly in the protein bound

fraction. Vhen oxprenssod ap a porcontage of the bobal, it was elevated
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in 11 ont of 14 ecanes and was decreosed in one cases the other two wexe

within the noxmal range.

Coup VELe Patients with Chronic Rensl Disessc.

In Table XVIIX ave collegied togathor a group of pabients with
hypocaleacnis secondayry to remal disoose. Sewmum calcium concentration
varied £rom 5.3 o 8.6 mgs por 100 ml. and the ultrafilierable calcium
from 442 40 661 mge por 100 ml. I% is impediately appavent thot the
peveentage of ultrafiltereble caleium in 211 the ¢ases lg sbnoxmelly
high, rogordless of the concentration of total ocleium, and as o consequence,
the concontrebtion of omleium in the serum ultrafilivates was within the
normnal limits in four of these cases. It was elighély decrossed in the
rost of tho oases, bub wms well gbove the velues expected on the basis
of the Holean and Hasbinges (19352) equation. In two of the cases the
probein«bound fraction was reduced te a value as low as 0.7 ng. per 100 ml.
vhile the nltrafilterable fraction approached normal valuveg.

The sexum bobal probein concenbrations were reduced in oanly
half of theso cases, and in all 14 oases the serum globulin conoontrations
woxe within normal limits. The reduction in the total proteln
concentyation vherever it occurved, vwas in the concentration of albumin
which is also respongible for the binding of calcium. Sinee the
perum protein concentrations were within nowmel limits in half of thoso
coses, and gome of these wewxe also apsocisted wilth very low serum

calciun values, some other factors arve slso concorned in the meinbenance
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of ulbtwafiliensblo ocalciun, ce«ge il Aeddogis, as Judgoed fxom tho low
soxu bicorbonate concenbravion and low blood pi (Table XIX.), was prosend
in onch cose oxcopd in onecs M.le and MeDs whore the p¥ wes within the noxsal
limibee Xt dip known that low pi favours less biading of osloium to protein,
theorefone dn those cases the accompenying acidosis probebly ploys em
duportent port in the peintenancs of nltmafilioxeble caledun, Thowe is

& rolotionship bobweon ¥H and ulbdvafiltoxablco enleium (covwvelabion
coefficiont, » & 0.66) and also hotwoen bicarbonateo concontvebion and
ultzofiltexoble caledum { x = 0.78 ).

Othor pexbinent blood chemistyy dotomminations in thoso pabients
ave aleo listed fn Table XVIIY. The blood nrees and gortn inopgonic
phogphote concentrations were elevabed in the mubjocte to verying degreog.
The total ox wlirafilterable coloivm concentrations did not corvelate
~wish blood uros or sorem inorganic ghogphato. in ell of these casop
the concontyation of ulizafiliereblo inorganic phosphoto slvwoye oxcoeded
that of sgomm concenbration thus vepregonting normel pebtorn of
ulinafilteorability of this lon.

Voricble nagnoeivn reswlis wore obtainod. In 6 out of 14
casos the soxum magesiva was decvoased Wt in only one instancs (JeR.)
was ulitrafiltorable nogoosivm aleo deomeased, 9o that tho percontass
wdtraliltorability vas elovated in every case oxcopt J.Re vhere it was
within the nommel linits, Inoveoged values for sorum magnesiwn were
obtained in only two casts (P.D. ond MeD.) and dn the oase of WD
ulszafilicrablo nagnesivm wop elso incroasoed. i the post of the

cases both gemn and uwltvalfilicreble nageesdvn wore within nowmsl lindto.
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Teotany has boen doscvibed in cases of chronic ronal Lalluve with
nitrogen rebtention, bui none of the pationts in the present exhibited
any symptoms of latent bobany at any stage. The implication of thess

#indings will be discussed.
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PART 2

DISCUBSION
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Methodology

Tho witrafilévotion epparetus unod dn the prosont study io vory
epinplo oud yot has many ndvantages ovor the wmost ovmmonly usod mothods
of Tovibara; obs ol. (1957) ond Rose (1957).  Sosplen o emell os 1.5 ml.
aave @ eufficiont volumo of 0.7 ml. ultrafilérede in 1% o 2 houws
compared with the levge volumes of cpooimsn, 16 %0 17 mle, and longew
tine roquiraed; wp w0 6 4o 9 hours, in other methodas

Motheor wajor factowy the mailntonsnco of tho pH during the

vltrafilization procsdurs, van reasoncobly achioved by malnteining a
ocarbon dloxide tonslon opproximntoly oaual 4o that of slwveolar ale over
thoe gpecimons  The conteol of pll during the wlireliltration is ossentilel,
8o 4o ovidont from the date in (Tebloe EX and III, P. 79 and 82) and
that of Tovibare, ¢te als (1997)s Howover, vhen only minor 6hengos VORO
produced dn pH within tho physiologioal mango, no difforoncs in the
ddfTusiblo Lrootion of morun cglolum could be obsmorved, vhich indlontod
vhat minoy changos in blood piH, ouch ap occur in an individual fron day
todoy, probably will not offeot the pavtition of cauloium. Himilar
oboorvations wors nade by Hopkine, ebs ole (1952) ond Towibava, obs als
(1957).  Vhow blood ip oxposed o oir it logos cavhon dioxido and the pH
ziong, but L€ the opoailmen, altor oxposing 0 alvyin kepbt undor an
atnoophord oF gas with o carbon diowide temolon aimilar to thot of moxmal
elvoolar alwr, the carbon dioxide will dissolve and the pH of the spooinon
wild woturn 4o appreximately wnoxmal physiologienl valuos and henes the
partition of calolum will not bo affeated. This van shown when tuo

spooinene, one colloeted wador oll and tho socond exposed o aiw, wore
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utrafiltered under these conditions. Ho difference could be demonatrated
in the caleiuwn concentration of ultrafiltrates thus obtained. Thisg
confirmed the findings of Hopkins, ot. al. (1952) and Toribara, ot. al.
(1957) that when ultrafiltration is carried out wader an stmomphere of

5% earbon dioxide theve was no need for say specisl precaution 4o be

takon in the collection of blood specimen, i.e. colleeting under oil.

Ultrafiltration ond Calclum-Protein relabionship.

In the present study the relationship between ocolciuvms mognosium
and inorgenic phosphate were further siudied by ultrafiltration of these
subatances through a cellophane membrane under 16 lbs. per sq. inch
pressure nt physiolegloal plH. As with all such technlques,; as
ultrafiltrate is formed, the protein gnd cmleium concentrations in the
rocldue rise, and water content folls. However, it is evident from tho
data in Table VII (P. 89) that the concentration of caleium in serisl
ultrafiltrates obtained from a fixed vnlume of serum specimen did not
differ significantly. This faot strengthens the belief that the caleiume
protein relationship romains wnchanged during the uwltrafiltration procedure,
and also vofutes the Lreoquently voiced oritioism (Bennett and Kirby (1965)),
that since ultrafiltration is a dynemic process and concentrates the
seruln proteins, the concentration of oaleium in the ultrafiltrates moy not
roeflect the original conditions in the serum. This oriticism can slao
ba shown to be invelid on theoretical grounds. According to Mcelean and
Hastings (1935a) the relationship between caloium and serum proteins may

be espressod by the simple equations-
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, :g»..}. ) ) kit e o " e
Ca’ " + Protein Y Op~proteinate
posuning that one protein molecule hiunds only one ealeium lon.

The dissoocistion constent of the ealcium complex may be ezprossed agse

{ ta®™ ) ( Protesn " )
. ’ - K

(Camproteinato)
vhore the quantities in the brackets are activities. According to this
equation the watio of bound to udbound caloium is o funchion of the esloelunm
ion activity in the eolution. In serum of total ionio strengbth 0.15,
the protein concentration is egbout 0.001 M and can be coasldered o
contribute o negligible amount bto the totel donic pivength. Thus
relebively lavge altevetions in protein concondrations must be produced
before any chenge in the ionic sirength ccours. Chon and Neumsn (1955)
showed that diffusible formes of calolum In 0415 } sodiun chloride move
through a esllophone menbroue ot tho same rete ns water. Sinilor
hohaviour during wltrafiltration of serun would thon cause no change in
the congonbtvabion of any Aiffumible fone in the free water of the bulk
solublon, an inoroase in the conceniration of hoth foxms of protoin, hut
ondy o negligible change in ionic strength. Since the larvgest factor
governing tho activity coefficient is ionic strength, the activity
coofficiont of pll conobitvenie in the remaining sorum would rempin
ospentlially constant during the awltrafilivation process. Therefors, with
ro chongs in activity coefficiente, calelum ion concentration and the
vetio of the two foxms of proboin do nol chonge.

Tha shove discussion would also apply equally to any yesobion
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involving o fixed muber of one or more calelum ions vith o single protein

molooulo. Thugsw

ot -
nla’ 4 Protein | e Co, ~protoinato

Sug

a g?waﬁein )

K = (0a'™) :
(G&mwpx@tainmte)
The ulteafiliration procedure would not change the oaloium ion conceniration
and the protein / Cn, ~proteinate rotio would vemain constant although
the coneentration of protoin ia continuously increasing.

Large omounts of sorum moy he ultrafilbeved without any approcieble
change in the compesition of the ulitrafilivate, ond tho reduction in the
volune of the serum accompanying the usuel ultrefiltration would not ho

oxpocted to offect the resulis obtained.

Normed Velues, Ultrafilirate Anelvsess

The meen velue for ultrafiltergble onleium in the noxmal
subjects was found to bBe 5.9 mg. per 100 nl. which geve a memwn valuwe of
56% for the percentoge ultrafilterable caloium. Moloan and Hastings
(1934), by their frog heaxrt tochnigue, concluded that about 1.3 wil per
1itre (5.3 mge por 100 ml.) of caleium exists in the lonic foxm in noxmal
sorun, and Rose (1957), by detemmining tho total Aiffusible and lonie
ealoimm, roported that 0.3 mge por 100 wl. of calcium exist as unioniced

citrato obo. Tho sur of these two valuen, 5.6 mge. per 100 ml. 46 very
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cloen 4o the mean velue of 5.9 mge por 100 ml. found in the prosond
exporimontly determined range for normal ulitrafilierable coloium. Theso
values are in closo ggroement with the results obtained by some of the most
racont enbthove ueing Alffevent techniquos undex pH conbrol (Prasad and
FLinmk (1957), Rose (1957), snd Fowler, Fons, and Cooke (1961)). Honce

it is apparens that as long as control of the pH ip maianbained duwring the
vlirafiltration progedure, comporeble values for ultrefilterable celoiuwn
should be obteined regardless of tho ftechnique usod.

A momn of 1.5 mge per 100 ml. of the total moruwm mognosium was
found in the wltrafilivates of nommel subjeots vhioh roprosentod T4%
wltrafiltorshility, Thie value was in closo agroement with the remults
obtained by Kloemnn, @be al. (1958) and that of Prasad, ote ale (1961).
These workors aleo maintained a constont control of pH duving the
ultrafiltration procedure.

I% has boon shown (P. 52) that the inorganic phosphate is complotoly
filtereble vhen the theovetiocal consideration of Domnan membyene offect
end the sorum wator content aro daken into nccount. Howewver, Manery (1954)
has pointed out that the observod Donnan xeblo Loy variouws lous in corua
aro all less than this theorotical value. Greenborg and Gunther (1930)
voported o value of 1.05 im tho premence of 1% protoins. The doviation
is very small in case of the wmonovalent cotions, godium and potossiunm
(Manoxy, 1954), but groster in cane of the anlons, chloride, sulphate,
and phosphate (Swen, Poinstein snd Medisso (1956)). In the proment memies
of mormal subjects o moan value of 3.9 mge per 100 ml. which yoprosented

109% ulirafiliorability of inorgenic phosphato was obiained ond this
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approaches the values caloulated on theoratical grounds. Hopkiney ote ale
(1953) and Smith, ot. al. (1943) roported similar resulitss The present
rosulbts confirmed the findings of Hopkins, ot. pl. (1953) that the inorganic
phosphate is completely ultrafilterable in the sers of normal subjecta.

In oaloulating the protein binding of coleium and magnesium no corrections
either Tor ploswma water or the Donnan factor were applied,; anm, acoording

to Walser (1960), in the cases of divelent oations which are partly bound

to protein these two corveotions are opposite in direction and of
approximately equal magnitude and hence cancel each others Howaver, in
the eose of anions these correoctions ave in the some direction and have

t0 be applied.

Serun Oaloiwn in Hyperparethyroidism.

Tuolve proven oases have heon investlgated. Parathyrold
adenomn was yemoved at operation in 11 of theme casess The twelfth
patient had secondary invelvement of the kidneys with high blood urea and
was not operated upon. The diagnosis was based upon the cheracteristic
radiologicnl signs of hyperparathyroidism in bone or on kidney stone
Tormetion. The serum oalcium was raised in all except in three of the
pationts (3.Bs, Tele, and M.T.) where the totel serum oaleiun never
oxcooded 11«3, 10.5; and 10.0 wg. per 100 wl. respectively. Diognosis
in two of these (S8, and TeA.) was partioularly aiffioult, sines the serum
lnovganle phosphato was also normal, the bones wers noxmal radiologically,

and tho serun alkaline phoshpatase activity was within normel 1imite.
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Witrefilterable and protein bound Calolum.
(a)e  Defore operation.

Tnspeotion of the present data (Table X, P. 06) shows thab
whereas the serxum ultrafiltevabls cnleium is always olevated in patients
with active parathyroid sfevomn, bhe protein bound fraction (in noiuel
concentration) is noxual or only slightly elevated, thus giving inoreased
values Tox the percentage ultrafiltorable caleium. There has been
controversy over these findings of increased diffusible csloium in
hypeorparathyroidism. It in apparent from Molean and Hastings equation
{(Pa 125) that if tho serum protoin remain comstant, sn increoase in the
concentration of the caloiwn ions must be agcompanied by & proportionate
inoveoase in the protein bound Lraction. Inter these workers (1935k)
found that following administration of pavathyroid extract to man and
aninals, the redistribution of caloium in sorum Lollowed the above egquation.
Hoplting, abs al. (1953) from the determination of ulitrafilterable cpleiun
in theseo disease states, supported the findings of Molean and Haptings,
and sbated that the prosence of an elevated ultrafilterable. celoium
concontration was of no importonce in establishing the dizgunosis of
hyporparathyvoidien, Ludowig, Chanuting and Masket (1942) concluded
that the equation was unveliable, and fartord (1955) found that it did nos
apply to hypocelememio conditions in mon. However, most of the rocent
authors ageeo that the diffusibleo poxtion of the serwm gelodum is raised
in this condition. I% is also aceopted thet wltrafiltorsble cnleium
will be found to be raised in coses of primary hypevparathyroidion oven

though the serum Hotal caleium moy be nowmal (Panconi and Rose (1958)
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Lloyd mnd Rose (1958), Fowlex, Fone, and Cooke {1961), and Hodgkinson (1963));

i such cases this may be of even greater diasgnostic importance.

(b)e After operation.

Aftor the surgiocal voemoval of sdonomas the veolativoe fall
in wltrafiltorable fraction was greater than that of the protein-bound
fraoﬂiona The opewation was olwoys followed by a £all in the wlbrafilterable
calclium 4o normal or subnormal concentrations, but the fall in tho protein-
bound fraction was only slight and was nogligible in three of the cages
(HoFay WaRey ond Hels)s Cass JoRe was an oxeeption, where the fall
in the protein~bound fraction was apprecisble. However, o simultaneous
£9ll in the sorum glbumin concentration wam aleo observaed and this factor
was probably wvesponsible Por low protein-hound Leaction in this particuler
cases  Hinee the post-operative serum protein congentrations wero within
the normal limits in ress of the cases, the calciuwm results are uvnexpected
on tho basis of Molean and Hostlngs oquetion. Similar observations
wore aleo made by Lloyd end Rose (1958)s  Theme authors messured ionised
caloiuwn in 17 patleats with hypevparathyroidism before and after removal
of afenomas; the lonic caleium concentration fell in all coses studied
but the protein~bouwnd fraction remalned empsentially unchenged. Hellstrom
(1953) also wveporbed three cases with primary hyperparathyroidism, in
whom the concentrations af‘aerum ealoium were within normal limite, bul
the values for the diffusible caleium fraction were abowe normal. After
sureiocal vemoval of the adenomns in his cases also, the concemtration

of serum diffusible caloium fell, while the protein-bound fraction remained
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vivbuolly the oawme in one case avud was increased in the other two.  However,
Hellstrom Aid not estimate the sexum protein, wnor did he describe the
mathod for the detommination of diffusible calolum. Ta one of the cages
of hyperparathyroidisn rvepovted by Hopkins, et, gle (1953) the surglcel
romoval of the adenoms was followed by o wlight rise in the protein-bhound
feaotion of the sexrum caloiwm, althoush no chonge in the serum protein
congontvation occurrveds Thoxe con he two porsible explenations for this
normal protelun~bound caleium comcentration in bthe preseﬁca of dnoreased
vl trafiliorable caleiuwm, either by reduction in the conceabdration of serunm
proteln or by o decrcars in the capaclty of the sorum protein 4o hind
celoivm.  Since serum proteln concentrations were within the norma) 1limite
iu the prosent serien, bthe pavathyroid adenome was accompanied by a
dearenss in the abilibty of the serum proteins bo hind coleium. Thio
phonomenon seems $9 bo abolished in the post-oporative state, withoudt eny

slemificant chenge in the serun protein canaentratian.

Mechanism of astion of Parathyroid Hoxmone.

It in gonerally accepted thet the parvathyroid glands are initially
concerned with the maintenance of o normal serum caleiun concentration.
Although the precise physiologlesl wmechenism involved is still incompletely
understood, it 48 now helieved that tho glands gre concerned with the
oquilibriua botwoon caloiun in hone and extracellular fluide (Uopp, 1957).
The parathyroid hormone wegulates the lonio culcium homeostasia in
exvracellular fluid by a direct action on bhone tissus. Socondly, it

decropges yenal tubuler reabsorpbtlon of inorgsnic phosphate from the
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glomerulay filtrate: excessive amownts of hoxmone thorefore cnuse
oxcessive loss of phosphate in the urine and o fall in its concentration
in the plasma. It also producss other physiologieal offeots which avo

not ohviously releted to ite ealenemic action.

Paratbyroid hormone and binding of Calolun to Protein.

Since the contentration of lonie caoleiun in the tissue Lluwids is
gontrolled by the secretion of parathyroid glands i% is wory likely to
have some effect on the protein bianding of sorum caleium. It ia known that
artificlel olevation of serum onleium suppressos the parathyroids (Howard,
Hopking, ond Commor (1953); Wordin end Fraser (1954); =nd Kyle, Schaff,
wad Canary (1958)) and pavathyroid size varies inversely with tho level of
serun ooleiun (Ham, Littnex, Irake, Hobertson, and Tisdale (1940), and
Stoenbook ond Dellin (1953))e  Padt and Juelkhard (1942) demonstrated
that an increase in parathyroid hormone seorebion occurred in remponse
to tho pexrfusion of pavathyrold glands with fluidse of low caleiun concenbtrations.
Toliage, Hlliott, and Unders's (1957) ostevolast count, which is believed
b0 moasure: parathyroid activity, rises in response to rapid removal of
caleium from the extracellular fluid of intact rat. However; in the
presence of Punctioning perathyroid adenoma, there is an excessive
secretion of the hormone with an lnerease in concentxation of total and
ionic sorum calcium, while thore is little or no effeot om the protein-
bound Traction. Therefore, it soems possiblc thot exuessive parethyreid
hormone heas modified the sorunm proteins, iw such a woy, which couses

& opange in the cholabing ability of tho atoms situetoed near the
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sarboxylic aeid groups in the molecule (Lloyd and Rose (1948)). I% is

more likely that the parathyroid hormone iteelf has veduced the capacity
of proteins to bind ealeium by blocking the binding eites of eslcium in

the protoin molecule. It seoams unlikely that forwmatlion of new protelns
with different properties could have occurred after the removal of the

adenoma.e

Intravonous Calolwm infusion.

This hypotheslis was furthery tested by the intravenous infumion

of epleium in a normal human subject. Xt wos anticipated that inoresss in
perum caleium will suppress the pavathyroid secretion vhich should result
in o docwvease in the coacentration of diffusible fraction snd an increase
in the proteinw~bound fraction. The precise lonle caleium concentration
vhich stimulate and suppress the parathyroid are not known, but calolium
infusion suzgsst that parathyroid suppression occurs when totel serum csloium
riges above 11.0 mg. per 100 ml. and the stimulation probsbly occurs when
thoe concentration of egleiuvm falls below about 9.0 mg. per 100 ml. (Nordin
(1961)).

It is ovident from bthe data in Table XV (P. 410) that during the
ealeium infusion period the total serum cnleium rose from 10.5 mez. per
100 ml. t0 o peak level of 13+ mg. per 100 ml. afber about four hours,
and the Aiffusible fraction deorsased from 6.0 mg. por 100 ml. %o S g,
per 100 wl, and the protein<bound fraction roso from 4.5 ng. per 100 ml.
40 8.0 mge por 100 ml. Tnmedintely after stopplng the calocium infuslon

the total serum calelun began to fall and with this the ultrafiltorsble
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Traction hegan to inocrease again, and by next morning both the total and
ultrafiliéerable culolum vers near to the control values.  Sinee the
pavathyrelid hormons promotes the exorstion of phosphate, ite suppression

by eololun infusion might be expocted to raise the serum phosphate
concentration. This wes found to e the dase, oand indicated thot officient
supprossion of hormone occurved: this affect on serum inorganic phosphate
boceme ovident bofore thers was eny change in tho wlitwafiliersble calceivm
fraotions This experiment demonstrated that parathyyoid hovmone has some
definito offect on the protein binding of ealcium. It seems thal aftor
the ouppression of glands , whioch resuld in less sooreition of parathyroid
hoxvinone, the additional binding sites which presumebly hed beon under the
conbrol of pavethyroid hormone were made available to tho additionnl caloiume
However, ofter the sorum calclum hod yeached o conecutration ovar 11.5 mge
por 160 ml. there also ocourred a reduction in the ultrafiltorability of
inovgonic phosphate, which remeined apparvent in tho subsequent specimeng
untll the ealcoiuvm coneontrabtion wéé agaln Below 11«5 mge pexr 100 mi,

This roducad ultrofilierability of bhoth coleiuvm and inergonic phosphate
sugmented the fommblon of o complex hetween these two vhich is bound to

the protoin. This decvesnso ulirafilterability of both caleivm and inorganic
phosphaite were aleo sbeexved in vitro by simply roising the sorum calelum
concentration. It poome lilely that with the deopressien of pavathyroid
aativity the conditions in vivo becomos similawr to thet in vitro. The
agture ond mechanism of the formation of thie complex is unlnown.  The
offect of intravenous caleiuvm on the somum ultraiilierable caloium

in normal humen subjoct was investigabed by Tevepka, gbe ols (1958),
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These workers found that hyporoaleasmia produced by intravenous infusion
of caleium wap accompanled by no alterabtion im the percentage of celoium
that was ultrafilterable, i.o. both total and uwitrafilterable calciunm
incroased proportlonabely. This may be due to the faulty control of
pl during the process of ultrafiltration. Howover, Wallach, ot. al. (1964)
hos chown in dogs that the artificlal production of hypercalcaenmia does
rosulte in g alight fall in the ultrafilterable Traction of caleliwn ond
majubtained that despite hypeorosloaemia, sufficient plasma protein binding
pites wore avallable to accomodate the additional calceivme. They slso
observed a simltancous incregse in serum inorganic phosphnite ond a
significant decromse in its ulitrafilterability.

‘ﬁimilar conclusions were resched that the paxethyroid hormone
roduces the binding capacity of merum proteins, by the administration of

parathyroid exbtract o normal human cubjects (lLloyd and Rose (1958)).

Ul trefilterable Galeiun in Hypercalcaemis of Other Causes.

o

Thore are various condiitlons whers hyporcalcaemia is encountered
without any disoxder of perathyroid ond & diegnosis of primavy
hyporparathyroidisn may sometimes be confused with these diseases. By
cliniecal and leboratoxy observations it is usually pooeible to differentiate
these conditions from hyperparathyreidism. However, when the labtex
gondition is cﬂ@}iu&teﬂ by secondazry ronal involvement, the dlagnosis may
beocome difficult. In such cares the hyperealceanemis present will suppross
the povathyroid glends with leas eoovetion of parathommone and thia

should »esult in decroased ultrafilterehility of caleoium and incresnsed



protein binding. Hence, vresults similar to the artificial hyporoslcaemis
preduced in vivo or in vitro should also be obdained in these conditions.

Pive potionts without cny disorders of the parathyroid glends
wore studied,. % ip Imwmediately epporent from the pesults of wltrafiliration
(Tableo XLV, P. 106) that the hyperealouemia is assooiated in oadh oneo
with decweaned poroentage ultrafilberability. Iﬁ only ono instonce (R.W.)
does this value approach the normnl. In this ongse a deoresnped
soncentration of sexum albumin wam‘aaaa found whioh may be rogponsible.

JeRe Was o case of mteatorehoea on long standing osleiun
supplemonts and high dosage of vitomin Ds Both total eand witrafilterahle
coloiun vere within novmal limite after tho withdvawal of therapys One
case (M.K.) of post thyroidectomy hypoparathyroidism wae included, who
was alse on the same twontment and results similar to sbove wors obiained.

Similer obsorvations wore also made by Hoplking, obs al. (1993) in omo of

thelr two cases of hyperxvitaminosis D.  As hypercealosemis was nolt appocent
in thelr second case, no suob results wers obiained. Torepkn, obe ol.
(1958) inm two of tholr casen of vitamin D intoxicetion could not detect
any difference from neoxmal in the distribution of protein-bound and
ultrafilierable eoledwa fractions, bub agedn this was probably dus to theiw
Lauldy control of pH during the wltrafiltration. As these workers did
not estinate the inoxgenic phosphate, vwhich is not completely filterablo
in those conditions, no conciusions van he dravn Trom their rvesuliso.

Cane Dl had acubte povalysis of the lower limbs vith sensoxy loss
and he lator devoloped uvinary vebeniion. Ropeated serumn coleium

determinatlons showed raiged values associated with reduced ulirefiliorability.
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The seomm esloiom veturned Lo noxnal following a course of corbisone therapy
with subsequent noxrmal values of total and wlitrafilterable cploiom.
Conditionas in vhich hypercaleacnia is encountered without hyperpavathyroidiaon
ore summayised in o paper by Bummets, Commons, Albright, and Howard (1949).
ReWo was adnibied for obstwuctive Jjaundice, & serum caleivm
ogbimation was carried out incidentally end fournd to be elevabed.
Hypercalesenin sspocioted with refuced uwltrafilierability was found in
this pabient on two subsoquent oocasionpe At entopey normal perathyroid
glonds wors Found.

Case J.35. presounbted sa inberesting problem, he had persistent
hypercaleaonis with noxnel or occagionelly slightly reised inorganic
vhoaphabe . Redueced ulirafilieorabllity of caleium was encounbexed on
all eight ocoasions. Farther investigations did not reveal any hone
disease either radiologicelly ox by serum alkeline phosphatase ackivibty.

No opagque kidaney stones could be demonstyated on Xeray. However, the
pervsistent findings of redsed sexum caleium was atbzibubted to o parethyroid
adenoma, bul abt operation no adenoms ovuld be found. The patiend
oombinned to show hyperealezemia. Degpite ell efforis the cause could
not be established. These yesults show that reduced uwltrafiltersbiliby
of both caleivm end inorganic phospheis in the presence of hyperealcacnia
mey be encouniered in conditions other than hyperparabhyroidicn.

In 2ld of these cases the sexum inorgenic phosphabte vas either
slightly reised or within nommal lindts, bt the percenbtege uwlbrafiltorable
was always found to be reduced. This simlbancoung reduction in the

ultrafilberability of both caleium and inorgenic phosphate has been
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abtributed to the fomation of o complex beluwacn the two and perhaps
involving protein as well (CGreenberg (1933)3 Smith {(1934); and Hopkineg,
obs_sde (1952))s  The mechanisn of the fowmebtion of this complex lo
not hnovn. It ig evident from provious giudies thet the suppression
of pavathyroid is atteined at a serum celeium concenbzation of aboub
110 mge pexr 100 nl. ov max-s:ael It is also ewident from the present dabe
end thet of Hopkins, et. als (1952) that the formabion ef this complex
alweye takes place vhen the sexum caleium concentration is above 116 mge
par 100 ml. Therofora, it seems probable that pervathyroid hoxmone has
sone lnhibitory effect on the fometion of this complex. The elevation
of sexvm galoiunm beyond 11.95 mg. per 100 ml. is essentisl for the formation
of such a complexs It has been repoxted that inorcasing the concenbyabtion
of phosphete in vitzo by Hopkine, eb. als (1952) and by intravencus
infusion of phosphate in dogs by Smith (1934), in presence of nommel serum
galedium, did not result dn the fomation of such a complex.

In the present series, one abypical finding (ulibrafiltration
rosults similer to those found in hyperparathyroidiem) was observed in
a patient (M.M.) with hypercalcaemis essecicted with multiple myeloma.
Pour of eight capes of mulbiple myeloma had hypercaloscmia, but 1t was
not weny marked in one coase (C.¥., serum calcium 11+3 mge pex 100 mle)s
Redueoed ultrafilievability -oi’ both caleciun and inovganie phosphate was
observed in twe of the casen. In this connection the hyperproteinaemis
froguently found in multiple myeloma does nob appeey 30 canse reduced

witrafiltorabllity of the serum caleium, snd indeed the soxum of two

potients of this gwoup JuJ. end WM. (Table XIII, P, 104) showed increased
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in the ultrafilibereble calcium, The roagon for this is probably that

the inoreased protoin concentration is due vo an increase in the glohmlin
fraction vhich unannlly has negligible caleivm binding capocliy. in
these parbticular two cases the seyum albunin concentration was markedly
reduceds However, in the third case M.l nltrafiliration resulis
comperable Lo those obtained in hyperparathyroldism woxe encountered.

Thig abypical finding may bo observed somebimes in maligaant disecoses.
Hypercalcacmie and gympioms similar to those found in hyperparathynoldism
vwithout bone metagtases has been deseribed in neoplestic diseases. One
such cope is described hy O'Grady, Mowse, end Les (1965) vhexe the
caxeinona of wight kidney was resgponsible for the persistont hypercalcacmis
without any bone metastasos. The pro-operative hypercalcacmis in

thig case was corvected by the xemoval of tho tumour. The immonologicel
anelyeis of the surgleal apecimen demonstrated the progonce of a
pavathyroidelike hormone. A similer substance (parathyroidwlike hormone)
in non-perathyrold neoplasns assoclatod with hyperenleacenis has algo

been identified immunochemically by Teshjien, Levine, and Munson (1964).
These Dindings are suggestive of axcess pavathyrold hormone or
parathyrold~like hormrone secrebed by the tumour resulting in hyperonlceaemin
vithout bone mebasbases similar o be found in hyperparathyroidism.

Henece, in pregence of a funoctioning parathyroid adenome assoclebed wilh
normal concentration of serun caleium and in majority of oases of
hypercanleaenis withous disorders of parmthyroids, the wirafilirabion resmlis

mey be of pome wee in the differentisl diegnosig.



o 140 -

Sexom and Ulteafiliorable Geledum in Hynoseleosemds of Hypoparathyroidiom.

In goven of the nine pebtients hypopavathyroidism developed after
thyroidectony and in only tvo cases (W, and B.B.) wes 16 idiopathic,
Jol'y and WG, worp studied two days afber partial thyroidectony, The
remedning £ive patients were on caleium and vitemin D thexapy, and
ultvafilization studies wore carrvied out several days afber discontimistion
of this thepapy, except in the case of Al Patient A.H. had
complications dne to Addison's disecase, the appropriate therspy fox
Addinon's disoase, along with ¢sleiwm and vitamin Dy vaes o6ill being given
during the ultyefiliration sbudy,; the sexum total caloium concenbtration
was thexefore, only slishily decreased to 8.6 mg. per 100 ml. and the
ultrafilicrable caleivm was within nowmel limits (Table XVI, P. 112).
Roduced values for ulbtrafiltexable colcium wers obbtained in rest of the
cesas oxeept LG, Ip this case o moxked reduction in sperum protein was
also Tound. It was pregumed that the major loss in the bound frackion
was reflected dn the concentyation of total cnlcivm, as the ultryafilterable
celolum was essentially normal. The serum protein concentration was
within the normal liwmits in the rest of the cases studied. Tetany was
observed in three of these cases (I, JeFs, and E.CGu). Poor correlabion
of the exhont of tebamy with either the botal serum oy uvlirafilierable

caledum has been reported by Hopkine, eb. ole. (1993) and by Fenconl and

Rose (1958). This was found to be trme in the prosent study. Patient
J.Fs had severe carpopedal spasmg associabed with a gorum caleivm of 6.4 mge

pex 100 ml. and uwlivefilterable calelum of 4.0 mge pox 100 mls pabtient B,
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hovever meunifested only labent tetany when the sexum amd wlirafilierxeble
caloium concontrations were lower than this, and ¢ase F.Ge. 2lso chowed
latent toteny with o gorum caloiwm of only 648 mge por 100 ml., while the
nltzafilberable caloium was well within the normel limits (5.7 mg. per

100 mle )e However in this case both serum and ultrafilterable magnesium
veore spprociebly roeduced, and hypomaguesaemic telany has been reponted by
Greonyald, Dubin end Cardon (1963). It ip possible therefore, thet the
tetany observed in this caso may be dus to the latter canse.

Gonflicting regulis have been reported on the effect of vitemin D
on the partition of galeiunm during the course of treaiment of theose cnses.
Anning, Dowson, Dolby, end Ingram (1948) stated thot rise in diffusible
calolum during vitamin D treaiment occurred first. On the other hand
Toxveplka, gb. al. (1958) followed a case of idiopathic hypoparathyroidisn
before and during thorapy and stated that a gradusl rige imn the totel serum
caloivm with a small riee in the uwlitrafiltexable froction ssonarred; so
that the percontage of ultzafiliexeble celeium fell significantly. After
two vieeks of trxeatment they observed an inorcase of 2.0 mge pex 100 mi,
in the totel serum calceivm vhille the inorease inm wltrafilirate celeium
was only 0.5 mg. per 100 ml,  Hopkins gt. al. (1953) reported o
proportionate rise in bhoth wltrafiliterable and protein-bound f£ractions end
thoy steted thet vitamin D does not eppear Ho excrt any direct effect on
the nlirafilberable oaloium of the soxun. One onse of iddopathic
hypoparathyroldien (E.M.) who wee followed up over f£ive weeks, (Figare T)

weg troated with oral calcium and vitamin D 100, 000 wnilbs per doy.

The results obbained in the present study ave in agreement with those of
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Tovapka, @be ols (1958).
Vitamin D eppears to have two actions 1) the antirvachitic achion,

vhich eppenrs to be the promotion of absorpilon of caleium end perhaps

phosphate compounds, 2) +the caloiokintic achion (ox caleiwm moving

acbion) closely mesembles that of pavethyroid hommene; but this effect

appeors only vhen high doses of vibamin D are contimmed for quite a long

times Hence the major paxd of addibtional caloium meade availlable under

the influence of vitamin D by ibts entirachitic sction (vhich is probebly

the nain sobion) i taken up by sexum protein, as the fastor (parathyroid

hormone socrebion ism rednoed) which control the ionic concentration of serum

caleiun is lacking in these conditions. However, later as the tolal

osleoiom concentration rises, il becomes distributed more uwniformly vndex

the mass astion effect.

Ultrafilterable and Proteinebound Caleium in Hyposaloaemis of Othex Causes.

I% is well known that hypocalcaemie is often nssocisted with
¢hronic ronal digease aeccompanied by nitrogen rvetention. However, tebany
is not very ofben noen. Although the serum protein tended to be low
in half the patients etundied in this groupy this 4id not necesserlly
gorrelate with the total caleolum concentmations. In 21) of the patients
sbtudied, the porcentage of tolal serum ealeinm that was wlitrafiltersble
wap abnormelly high (63 to 88%, Table XVIIY, P. 118).  Comsequently, the
concentration of ultrafilterable caleilvm was either norxmel or only
slightly depressed. This probebly accounts fox the olivnicel obsexvation

thet tetany oconrs infrequently in wenel diseasc. While the emount of
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caloiom bound to protelin was deorensed irvespective of tho level of bobal
caledum, the decrease in protein bound caleiun mey be responsible o
sone extent for the hypocsleaemia in cases vhere hypoproteinacnis was also
present. Sinee in half of the patients the seranm proteins wore within
noxmel limits, there must be other faotors which may be responsible for
the decrossed protein bound fraction. A decrease in protein bound caleoivn
nay ooccur bhecouse ofiw

1) & fall in concenbration of sexum protein, 2) e specific elieration
in the hinding ability of the protein emd 3) changos iu pi.
In the present study, the high percentege of ultrafilierable caleium
vhenever aspociated with hypoproteinsenin did not corvelate well with the
concentration of totel protein or slbumin in the serum. In contrast,
hypocaloacnie in patients with hypoalbuminaemie sssocisted with various
other disorders (Table XVII, P. 115), seens to be ontirely due %o the loss
of bound fractlon, as the ultrefilberable calcoium was well within the
normel limits and was even slightly inorcased in three imstonces (up to
649 mge por 100 ml.)s with the development of hypocaloacmie the activity
of parathyroid glands is inoveasod, ond the excess sooxetion of horxamone as
demongtrated in the present study and also by Lloyd and Rose (19%58) should
aleo peduce the binding cepacity of plosms protein. This will 2lso tend
t0 raige the diffusible fraotion. Parathyroid hyperplasie, end presumably
incronsed secrotory activity (secondaxy hyperparethyroidism) ocour
econsistently in chronic renpl diseaso. The accompenied acidosis in these

casos also fovour less binding of calciuvm to protein. ALl of these fastors



w 144 o

are probably concerned in tho maintenance of normal diffucible calciun in
renel A1seaso. The suggestion of Texepke, et. al. (1958) that the
decreased proboin-bound fraction was due to decressed iomiged caleiunm,
cannot be velld, os the ultrafilierable caloimm is equivelent do the ionised

celoium and was not lowered in these cases, Tarthernore, if this was the

case toteny should have been present in majority of such patiento.

Sorum and Ulbrafilterable Vasmesium in Hypowparathyroidism.

The porum and ultyrafillivate magnesium in all the pre~opersbive
spooimens from cases of hypexparethywroidiom in the present study veve
within nomal limitc. loat of the pationlte had renal stones and
radiologicel cxemination rvevenled skoletal deesleification in only thyee
cogon, JeBey Seley, and Ml Afver removal of the paxathyroid tumour
pationt S.Le. doveloped hypomasgneseenin together with hypocalconemis and
teteay. The serum maguesiuvm concentration hegan to £all on the third
dey aftor operabion and declined prograssively to reach o minimun on the
tenth posteoperative day (Figuwe 6, P. 99). A parallel deelino ves also
noticed in the ultrafiltexable fraction of magnegium. At this sbage
oral megnesivn was started, but as this was not well tolerated by the
patlent, it was later administered intravenously. Both sexrum aud
ultrafilterable magnesivm rose proportionelly and rouwained within normal
limits therxeaiteor. The last estimation of serum and ultxafilteroble
magnosium four monthse efter operation revealed normal values. Patient
e was not oporated upon, and in patienty J.R. only & slight £all within

noxmal limits was obsexved postwopevetively, this patient, however, died



a vaek leter. None of the other nine patienis developed hyponegnesaecinia
apexrt from e slight £all in the serum megnesimwn concentzation pogbe
opavastively. Howeven, o decrsesed serum magesivm concentration is
froquently observed the doy after an operation of any kind, vhich is o
part of the genoral metabolic response to surgery, and is quickly coxreoted
(Hoaton (1963)).

Paticnto studied by Potts and Roberts (1958) end Honna, ghe al.
(1961) who weze found to develop hypomagneseemia afber partial
parathyroidectony had ovidence of bone decaleification. As the skeleton
contoing shont 65% of the total magnesivm presont in the body, the
hyponagnesaenie, like hypocalcacmia can be gatisfactorily explained in
these patients hy the tyonsfer of minerel from the extracellular £fluids to
bone during the phese of remineralisation vhioh follows vemoval of the
tumonr. However, as the ratio of calcium to nagnesium in bone is
approximately H50:1, the vequlrement for magnesium is very much less than
for calcium and the hypemammepaemia thewefoxre la more readily correched
thew hypocaloeacmiso. Apexrt fyrom cese S.0. vhere it RO algo that thig
post~operative hypomagnesaemin is an indirvect effect, the pavathyroid glands
do not appeer to have an important function in the mainbenance of noxmel
magnosivm mebabolisme Heaton and Pyrah (1963) porformed magnesivm balonce
stundies before and aftoxr the removel of pavathyroid adonomas., An abhozmelly
high vpineny excrebtion of magnesivm was found in thyee oub of their nine
patients with primery hyperperathyrvoidiem. On this obsenvation, togethez
with £indings of a generel tendency for a reductlon in the weinaxy

mognesion exeretion after pavathyroidectony without a significant chenge
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in the pemwm magnesium concontraidon, thoy sbated thabt an overactive
parethyroid gland mey offect magnesivm metabolism. However, since the
repgulte dn their three cases of hypoparsthyroidism were within the normal
limits, they were forced to the conclusion, as in the present studies, thab
the pacathyroids mpy not be imporbant for the mgintenance of megnegium
metaholigne In patients vith hypomagnesasnis reported by Harmon {1956)
and Agne snd Coldsmith (19%98), the hyporparethyroidism appoars to be moxe
severe than in the present series; as Jjudged from the high serum caloium

valucs.

Sexun ond Ultrafiltorable Namesium dn Hyppxzbalcaemia of Obhor Cemsos.

Hypomagnesacnie was sncounbered in 5 of the 8 casges of muliiple
myeloma and in only four of these five cases wes the ulirafiltereble
magnosivm decreased, so that the percentage ultvafilierebility vewmainad
consbant. In the £ifth case J.J. (Table XIIX, P. 104) hypomegnesacmie ves
associated with norsel uwltrafilterable magnesium, and slovated percentage
ultwofilterability. A mavked veduction in the sorum albumin was also
found. Therefore, hypomaegnegaenis in this case was probebly eabirvely
due o the less of bound fraction. Apart from thip case, hypomagnosgacmia
wag agsocdatod only with those cases vheye hypeorcelcacmis was presenb.

It peemg that this hypomagnesecemie is probebly the dirveet vesult of
hypexrealesenia, as reciprocal relablonship between these two elements has
boen deseribed by Homma, Maclutyre, Maxzison, and Fraser (1960). It
seems likely that the renal excxetion of magnesivm was incrossed, vhich

would tend to decwvease the ulirafiltewable fraction initially. Later,
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gince the mpmoniwa-protein rolatlonthip oboyo the low of waos aobiony the
protoin~bound magnesivm would deenesse to entoblich a now equilibriwe Wit
roapoat o the ultrafiltovablo fraction. TP this provess continmmed o low
wotal and ultrafiliorshle magnosiun would be ogpocied. Thero ip evidencs
w0 svggost that exooss rennl oxorotion of megnosivm may bo expoctod in
hyporperathyroidien, alooholiom, snd in multiple myelomsa with accompanied
hypevealonemde (Prased, ofs sls (1961)),  This expleneiion does promume
that the equilibrinn between uldrafilievchle and bound magmesivm is

being reachod wlowly . This in also eupported by tho rosulis obiained
when hypercalononle wasn aculely produced inm o nowmal hunaw eubjoot by the

| intvavencus infusion of caloium gluconste (Toblo XV, P. 110). With
inoreane in sorum osloium o gradual decropsoe in somun magnesiuvm ceourrede
The lowsst concentration of serxun mesnoniun (1.7 mge por 100 ml. compored
with o condrol concentration of 2.0 mge. por 100 ml.) was found vhon the
gorum onlolun renched the poslt value of 13.1 ng. pex 100 ml. Hoviovow,
the coneontretion of magnosium in the ulitrafilizate wae deoropsed approoiably
{a drop 0F 0.2 mge por 100 mle in sppum magaosivm while 0.5 mg. per 100 ml.
in ulirefiltzeto mpsnopium occcurred), and this doorense was far moro than
oolouladod on the baple of tho mass acblon offects As it hos heon stated
shove,n Aegrense in ulbtralfiltozshle megoesiun will bo oxpected initialy and
aince the oquilibwiun between the protoin~hound and uwltrafiliorshio
Traotion is oached slowly, in msh aoute condidions tho dearenso in
ultrefiltorchle mognesivn chould be evident. Noxsel values of both
peren ond uldvefilierablo megneciun weve found 24 hours lotor.

The eome conclusions con be devawn from the results of Aloock
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aad Meclntyze (1964) who found that magnesivm supplements bo masnssiun
deploted rats increased the urinaxry excrebtion of calolum end produced a
20% depression of plesme concentration of caleium. Similar resulits were
also reporied by Smith (1961). In humems also, the administrotion of
oral magnesium to magnesivm deficlent patients was followed by an increase
in nrinayy coloium exovetion (Hamno, et als (1960)).

In the prosent sexies in cases of hypercalcaemia withoutb
hyperpavathyroidien (TPable XIV, P. 106) the sorum and ulivafiliereble
nognesivm wan within normel limibs excopt in case J.85. vho ghowed & slight
ineronsca In these ceses, resulis similar to above would be expeciad.
There ig cvidence that magnesium abgorpiion is inereesed slightly with
vitamin D therapy (Meintzox and Steenbock (1955)), end it seems likely
that in coses JeRe, M., and M.W. veceiving high doses of vitemin D,
incroased intesbtinel absorptlon of megnesium was presumably adequabe to
compenasete for the increased urinarvy oxerebtion. In cape Ke.H. these
findings may be due to venel Impalriment, as urinary rotention ocecurred ab
one steage. However, these findings could nobt be sccounbed £or in the
case of J.S. and B.W, Renal involvenment may be a possibility bub

appavently there was no such evidence.

i

Sexum _and Ultxafiltoroble Masmesium in Hypocelecaemio St

gbes.

TN 1 A S RS Srinate o e

An elready discugsed uvnder hyperparsthyroidism, the perathyrold
glands are not concerped in megnesium metabolism 0 the sone oxbent as
in cololum metaboliom. In hypoperathyreidism, normal valuos for both

sexum end ultralilirate megnesivm wors encountered in oll the cases studied,
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axoept cone K.Ge. (Pable XVI, P. 112), vhere decrsased valuea for both
sermn and vlitrafilitereble magvesium wero obtained. In this case the
deorense dn gerum megnesium was probebly meinly due to a murked decrease
in the bound frechion; as the serum elbumin concenirabtion was slso grogely
rodnced. Toteny was also presont end sinee the ulirafilterable celoivm
wvas within normal limits, this was vegarded as due to the hypomegnesacmiso,
Totany was algo present in one cage 0.8, of the group of patients with
hypoalbuninacniea froﬁ various couses (Table XVII, Po 115)s In this case
also the ulbrafiltorsble caleiun was within nommel limits but the scvum
ond uwltrafilterable megnesinm wexre gressly reduced 0 048 and 0.7 mg,
per 100 nl. respectively. The tetany was agein vegerded as dne to the
hypomagaesaenia, parbicularly ss bhoth eases responded well to the magnesium
supplenents. In the reet of cases in this group the vlitrafilterable
magnesiwm wes wilithin normel linits and ag serum totel megmesium wes slightly
decroased due to the loss of proteinsbound freotion the percentage
ultrailltorability was elovated in some of theso cases. Detexrmination
of gerum end ultrafilierable magiesiuvm and subsequent megnesium thexapy ney
be worthvhile in these cages. The serun mammesiun concenbration 4id not
correlaic well with sorum albumin concentrations. Although the hypoalbmmingomd
effoots the percentage ultrefilbterability of megnesium, the absolute
concentration of magnesium in the ultrafiltrate de also influenced by other
factors such as vensl function, thyzoid function and diebomy intake
(Prosad, obe als (1961)).

Vozieble rosulis were obtained in the group of pabients with

chronlc vonal discago. In gix of the capes serum nognesivm was decreased
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but the ultzafiltorable megnesiun wos within noxmal limita. This
docronse in serum megnesium has beon attributed partly to the reduction
in the protein-bound fraction due to the deocrease in serum albumin
concontzation (vhere this ocour) and paritly to the wonal tubuler damege

which might intexfere with mognesiuvm reabsorption (Prasad, gb. ol. (1961)).

The maintensnce of altrafilierable mamesium con again be explained
by low pH as in cape of caleium.

In the other elght cases the sormwm magnesium renged from normel
o slightly elevaled values. Inoreased gencentiraiion of wlitrefiltercoble
nagnesivwn ves always sssociated with incrossed gerum magnoesiuwn.
Hypornagnessenia hes beon desexibed in renal disssse and hasg been abdributed
0 the neduction in glomernlay filtretion rate (Hobinson, Murdaugh, end
Poschel (1959))s wsimilar resulds in nephrosis in children end chronio
glomoruler nephritis has beon reported hy Silvermen end Gaxdner (1954).

Henee s@vemél factons seema to be responsible for the

niantenence of mnagnepium concentration in the serum and the nltvafiltrates
1.0 serun protein, thyreld, and repsl function are importent factors in
the presonce of noxmel dietary intake. Howvever, sppavently in addition
to gbove mentioned faotors, obher unlmown factows ave opereting to
malntain the concentzation of ultrafiliorable magnesiwnm within o narrow

TENES
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Tho serum osmolality hes been dotexmined in 107 ¢azes of hypechloracmis
The geueo of chloride depletion was due to vomiiting, less often %o
continuouns gantric suction, and ravely to Aiwrrhocs oy Tistuleo, associated
with vamions clinical disoxrders. Pobients were divided inbto three
gronps sccording to vhether the serum osmolality was nomal, decveased ox
increcasod.

The patients in group I succeeded in meintaining the osmotilc
preseure within normal limits in spite of chloride depletion hy the
compenpabory rotonbion of bicarbonaic and urea.

This compenssbory mechanism failed to operate in the group IX
pabients whexe the loss of chloride eventuelly rosulted in lowering the
OsHOLis PressuLe.

In group III patients, the sexrum osmolality woe clevated in spite
of low ohloride, parbtly due to bicarbonete retention but mainly due o
uran retontlon. There wap o relationship between the incmaaéo& gexyun
osmolality end wrea concentrablon.

Although the chloride ions combribute 35% of the total
osmotic pressure, thore was no rolationship between tho gorum chloride and
the osuobie pressuve in any of the thres groups.

Tho potionts in group 11X may piuply be the extension of group 1
L3S The trangition of ome group to the other probebly coinoiden
with tho onget of ronel dysfunction. Thip kidney davolvement is a
reversible process and, therefore, must be dlstingulished from renald
disoase, The patienbs ia group II ape quite disptinet fxom the casen

in the othex two groups; ond were notv in the early stages of biochemical
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upset; ond had not passed through the stages corresponding to other groups.
Fallure 40 robain uwren aud to malntain tho osmotic prossure of exbracellulexn
fluids may bhe due to & defecht in some meohamism presumably related to

osmorogulatory centres; abnormal sccrotion of anbidiuvreitic hoxmone or 4o

renal tubvlay demage.
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A now gimple ultrafiltvebion technique haop boon described and the
procadure ounbtlined for wlizafilivation of blood pexune.

The imporbtopce of bthe method of senple collection, duration of
ultrafiltzation and P was investigabed. The ulirafiltration rosulis
voxs affected considerably by laxge chenges in pi, vhile durvation of
altralilization had no offect,

Pow 20 healthy human subjects, the xange for ulirafiliezable caloiunm
vas found 40 he H5«667 of the btobal serum osloiun,

Ttrefiltzotion data on sera from pabients with hyperpvarethyvoidism
bofore and ofter vemoval of poaxathyroid afonomas, hypopavathyrolidism,
vitenin D thorepy, mulitiple myelons, hypercaleacmie due b0 obher conces,
and repel discase has heon presonbed.

The sormw uwiltrafiltorable coleiuwm was reised before opomration in
evexy patient with a functioning perathyroid adenome even though the sexunm
total celoivm was within the noxmal limite. After removal of the adencna,
the sermm vlizafiltersble ecaleoivm alweys fell below noxmel. This £all
wag proporvionsiely grestor than the fall dn the protein bound fractlon,
It was dnferred thet povethyrold hormone reducos the ability of sexum
provein o bind ealelvm. This was supporbed by the chsepvabtion of the
affect of intravonous csloium on o hunen mbject vhere the supproosion
of pavathyrold glends rosulbed in en dancroage in the binding 2billby.

The ultrefllterable calcium wap veduced in onsss of hypoweslenenia
fne o consen obhor thon hyperpavethyroidisms. This was sloo assoclated
with weduced wltrafiltorabiliby of inomgenic phosphate, poosibly dne to

the fomation of nonefiltorable calelumephopphaote-protein complos.
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Hence dAifficult coses such as these with fenctioning perathyroid adenoma
apseeiated with normal calcivm valves ond cages with hypercalencmio
withont pavaihyroid adenona, the ultrafilirvabtion resulis may be of some
ald in the differiential disgnosis.

The sexum ulirefilbexable calcium was found to he dimimished in
hypoparathyroidism, bub poor corrvelation of the extent of tetony with
either tobal sezum caleiuvm ox the ultzafilterable galoium was found t0 exist.

Hypoproteinacmia was generally associated with hypocolcasmia,
which was sccompanied by noxmal ow, more Lregquently, & high percentage
uliérafilierability of calcium. The hypocalceemia pregent was due to the
loss in the bound fraction.

In ronel digesse although the total sevum cealeium was low the
percentage of ultrafilierable geleium was aimost inverisbly high, regardless
of the concentration of serm protein. The absence of tetany in these
cases wes not dwue to acidopls alone. Other factors e.g. hypoalbuminaemio
and the specific sliereiilon in binding capacity of sexum protein by the
oxcess seoxetlon of perethyrold hormone also conbribube.in mainbtaining
the ulbrafilierable caleium. |

Hoxmal. values for both serum end ultnafilieroble magonesiuvm viore
found in byporparothyroidism and in hypoparethyroidism. It was concluded

that pevathyroid glends play no part in magnesium mebabolisom.



BIBLIOGRAPHY.



- 158 «

Aboley Jofle {1963) Araore Je Hlostrzonies  82s ;ii%

Agnng Telloy ond Coldewithy Rele (1958)  Now Bngle Je Mode
258 282

Alcodly Wy omd Maolnbyze, To  (1964)  Glime Seie 268 219
Avmdngy SaTey Dowson, Jey D000y, DaBley and Ingvem, JoB¢  (1948)

thaile Je Mode ug?; 202

*F

Doclmann, Be  (1688)  Bbockws Phyos Choms 638

Bonjaming .I‘zwﬁwg ond Hoaa, AP, {1933) Ja Diol. Cheme Jdoos 27
Bennoatty, TaVe, and Kivby, el (19685) Jo Labe ond Cline Meds

86y 721 | |

Bisaoll, Go%W  (1945) MEoRe Jo Hods Sod. 2105 195

Burnott, C.loy, Baprows, B.Aey ond Commons, HeRe (1950)

Je Clin. Invonb. 2393 169

Burnotly Celle, Commons, H.Re, Albright, Fm;; ond Howawdy Jel (1949)
Now Bogls Je Mode 2408 707

Chony, Pe8le (J2e), ond Houman, .P {1955) finore Ja Phyﬁiélo

aBo: 623

Gopoy Coliey VoIET, Bs (1942)  DBiocheme Jo  36s 413

Copoland, Bolle, oud Sundomman, Yeile (1'9552) Jo Biode Gheme

d97:  3M |

Coppy Bele = (1957) Maoze Jo Hod. 228 275

Drosstodty LeRes aod Illig, J.C. {1930) Amage Je Physiol. 93z 407
Bdolmany Yo.8ey Lolbmany Jey ()fl‘a%(@amg Mo¥ey and Bivkonfeld, L.W. (1958)

do Cline Invembe  37s 1236



uﬂﬁgv‘-

Fanoonds Ae, and Rose, Gil. (1958) tuars. J» Med. 218 463
FLinlky Beb., McOollinteyry Re, Prasad, H.S., Melby, J.0s, and Doe, R.Ps
{(1957) Mnne Imbern. Med. 47 986

Towler, Delay Fono, D.d., and Coole, W.T. (1961)  Lancet  lic 204
Gonoriy Co (1942)  J. Lab. and Clin. Meds  27r 955

Goxnall, NeG., Bardawill, L.J., and David, M., {1949) Js Biol. Chems
17 751 |

Granthomy Jedsy and Schloorb, P.R. {1963) Poda Froc. 22s 679
Gracn, C.He, and Power, MeH. (1931) Je Dlols Cher. 91 103
Groonbergy D, (1933)  Proo. Hoec. Bxpe Biol. Meds 30z 1005
Groonbers, Do, and Gunthopy L. {1930) Je Diole. Cheme 855 491
Greonbers, DeMep, and MacKay, Hede (1932) 4+ biol, Chems 983 1765
Greenwald, .  (1926)  J. Biol. Chome  Gfs 9

Groonwalds JeH., Dubing As; ond Cardon, L. (1963) Mmere Jo Hode

e 854 |

Grollman, Hs (1927)  F. Biol. Cheme. T2 565

Guiman, AB., Tyson, T.l., and Guinsn, H.5. (1936)

Aeche Tntown. Med,  5Ts 379

Hald, P.MH, {1946) Je Biols Chem. 163s 429

Homy AeWo, Likbtnoy, Noy Drake, MNe(., Hobortson, B.0., and Tisdale, F.0,
(1940)  Amowr. J. Path. 16x 2717

Honna, ., Macintyre, I., Harrisony M.y and Fraser, I. (1960)

Loncet  iis 172

Honnng Sep North, Kedele; MaoIntyres I,, and Fraser, L. {1961)

Brits Jo Mode  ids 1253



w 360 -

Hexmon, Mo (1956)  fmew. J. Dig. Childe  91: 313

Moxrigon, M8  (1994)  Padiatries 343 285

Hoabon, FeWe, and Pyzah, L.  (1963)  Clin. Bei. 253 475
Hellabrom, J. (1953) Clevelaad Clin. Quart, 208 253

Herbert, F.Ko (1933)  Biochem. Jd. 27 1978

Hombz, We  (1929)  Zbtachwee £+ Kindexh.  A7: 215

Hodglkinson, A (1963) Brite Jo Urole 353 445

Holm, JeHo (1962) Amexs S0c. Cline. Patho

Hopking, TeRe, Howard, J.B., end Bisenbersg, He (19%2)

Bull, John Hopkins Hosp. 218 1

Hopkins, TeRe., Gonner, T»B., and Howard, J.B. (1953)

Pull. John Hopking Hospe 93s 249

Howard, Jels, Hopking, Tele, and Conmex, TeBe  (1993)

Jo Clin. Endoowr. ond Metabolism  43s 1

Kixk, Psl., and King, C.G. (1926) Jo Labe ond Cline Med. 11: 928
Kivenew, J.B., and Knowlton, K. (4941) Jo Cline. Investe. 208 303
Kirvsnex, J.B., Knowlton, K., and Palmox, Wele (1943)

Jde $line. Invosk. 22: 95

Kirvener, J+B., and Palmer, Wele (1942)  Arch. Inbern. Meds  69: 789
Kleoman, GeRe, Epsbedn, F.H., Nokay, Des ond Taborsky, e (1958)

Je Clin. Indoor. ass 1

Kruger, B (1932) sboohz, f£o Kindexhs 53 63

Kyle, LeHa, Scheff, M., ond Canaxy, Jedo (1958)

Amex. Jo Hode 24y 240

Laviates, PeHs, and Dine, L. (1942) Jo Clin. Invest. 21: 781

LA



o 6% =

A Llyod, Helle, snd Rose, Gelbs (1958)  lancet  jijs 1258

Iudowig, Sey Chanubing As, and Moskeb, A.V. (1942) Jo Biole Cheme
d43s 753

Manery, Jefe (19%4) Physiol. Reve  34: 334

Mexm, CeKe, and Yo, Jo.  (1962)  Aaal. Chem.  28: 202

Mather, Hetho  (1953)  Bedi. Ju Mods i3 424

MeCane, Rebo, and Wabtchorn, B {1931) uext. Je Hed. 248 371
HoCane, Rebo (1938) de Physiol. 928 208

Molean, FeCs, and Hagtings, A.B. (1934) Je Biole Chem. a07s 337
Melean, FoCo, and Hashings, A8 (193%a)  J. Piol. Chem.  108s 285
Holean, 1eCo, and Hastings, A.Bo (19350)  smer. J. Mod. Sci.

a89s G0V

Yointuer, BeB., and Steenbook, H. {1955) Jo Hotrition 56 285
Meysenbug, hL., Poppenheimer, Adi., Zukexn, TF., and Moryay, M.d.

(1921)  J¢ Biol. Chems  47s 529

Miller, All. (1942) Je Biole Cheme 435 65

Moxitz, AeRs  (1925)  J. Biol. Chem.  64: 81

Morrison, R.S., Mclemn, Es; and Jackson, K.B. (1938) Jde Biol. Choms
d22s 439

Neuhausen, B.Se, and Pincus, A.B.  (4923)  J. Biok. Cheme  57¢ 99
Neunen, Welo, and Nowsem, MW (1958) “The chemieal dynanice of bone
ninerals" University Chiceso press, Chicago, Illinois.

Wicholas, HeOa (1932) Jo Biole Chem.  97: 457

Nicol, B.M. (1940)  Guawt. J. Mods 93 91



w 108 w

Houddng BeleCo {1969) Advs Clime Cheme Vol. 4 XNew York: Acedemic

Props Inee

OV Cwaly, Aedes Homae, Ledoy and Iooy Jebs {1965) Avn. Inboumn. Klode
63 63

Dimotoad, BeGs, and Roth, Deldo  (1957)  Ameows Jo Meds Sode 2331 392
Pabb, Hells, ond Inckhand, Adis  (1942)  Bndocwinology 348 384
Pinous, JeBs, Potorson, Hole, tnd Keomowr, Belde (1926)

Je Bioke Chemo 685 601

Pobhy d.Te, omd Roborts, B  (1958)  Mmews Jo Mode Scie 2358 806
Peaond, LS.y and Fliolk, B.B. (1957) Je Appl. Phyoiol. A0 103
Puopad, AeSe, and Flinl, E.D. {1958) Je Labs ond Clin. Mode

220

Prosad, AeSe, Flink, B.B., ond MoCollistew, Re (1961)

Jo Lobe end Olin. Med. 585 534

Reafleub, Je {19%54) %e Physiols Chems 20885 288

Roog; JeRep Rosalltd, SeBs, ond Macleoon, AsDeW. (1960)

Lenoot dis 1005

Rice, BaWe, oud Ioparay Cele (1964) Clime Chim. Acba 403 360
Roborba, Be, Mumphy, Jede, Millow, Is gad Rosonthal, O. (1954)

Suwg. Formm 53 509

Robinson, ReRey, Mundamgh, H«V. and Poschol, B. {1959)

Je Tabe. znd Clin. Mode 3&3 572

Rone, P end Melld, G. (1925)  Biochem. Zimchz. 166 242
Rone, P. ond Palabashil, De {1991)  Dilochom, Z. 318 336

Romo, Gele (1957)  Clim. Chim. Aebn 25 227

o



- 163 =

Rubin, A.L., Brovomeny WeS., Dexber, Relw, Vanamee, P., and Robexrtsy K.B.
(1956)  Glin. Rese. Procs 43 129

Sertord, L, (1955)  Helv. Paediab. fAota 103 123

Scheles, 0., and Schales, S.8. {1941) Jo Biols Chem. 140: 879
Schvarts, WeBoy Donmett, We, Curelopp, S, and Bartien, F.C. (1957)
Mmexe Jo Med. 235 529

Seckles, L.  {1936)  Axche Weerl., Physiol.  2}: 526

Silvermem, S.H. and Gardner, Laile (1954)  New Engl. J. Med.

230 936

Smeeb, Wels, end Seokles, L. (1952) Wature  169: 802

Smithy, Pele, Ollayos, ReWe, and Winkler, AW (1943)

Js Clin. Invegh. 225 143

Smith, MeGo  (1934)  Pioohem. J. 28 1615

Smith, R«H. (1961) Natuzre 191 184

Snell, Adl (1930)  Proc. Mayo Clin. 53 17

gofflew, ledey Cohm, G, Grogsmon, F.B., Jacobsn, M., and Sobotka, H.
(1941) 203 429

Steal, JeMe  (1936)  J.hdLAe 106t 2049

bttt

Stecttbocls, Hey and Bellin, Seh. (1953) 2058 985

Sweny ReCop Folnstoln, Hele, ond Madisso, H. (1956) Jo Cline Invest.
35: 607

8brey, Ze, and Winteraits, Re (1929) % Physiols Chem. 1823 107
Telmage, RoVe, Bllioth, J.R., ond Tnders, A.Q. (1957)

Fndoexinology (1 256



w 164 =

Pashjian, Ad., Levine, L., and Munson, P.L.  (1964)

Je Bxpe Medo 1198 467

Porapkn, AsRe, Toribara, Te¥., and Dewoy, Pl (19%8)

do Cline Invest. 31: 87

Toribaza, Te¥s, Torepka, Pube, and Dowey, P.b. (19%7)

Je Cline Invest. 36t 738

Updograff, H., Greenbeng, Del., end Clark, G.W.  (1926)  J. Biol. Chem.
i 87

Van §lyke, DeDsp and Neidll, Ji. (1924)  J. Biol. Chems 613 523
Walltor, Adide (1933) Je Biols Chem. Jois 239

Wallach, Se, Bellavia, VeJ., Schorr, J., end Reizenstein, D.L. {1964)
Anmoxre Jeo Physiol. 207: 553

Valser, Me  (4960)  J. Clin. Invest. 398 501

Wabchomm, B., and MeCane, Reld. (1932) Diochome Je 26: 54

Waito, Hale (1932)  Amex. J. Physiol.  102: 222



PART 1.

The serum osmolaelity has been detemined in 109 cases of hypochlovacmia.
The couse of the chlowide depletion was due to vomibing, leas often to contim
gastric suotion, and warely o dlarrhoes ox fistulae, associabed vith various
clinlonl dlsoxderg. Pobients wewe divided into thyee gvoups agcording o
vhether the gerum osmolality was nommal, decreaged or increaged.

The patients in group I sucoeeded in mainteining the comotic pressuwe
within normel limits dn spite of chloxide depleblon by the compensatoxny
retention of bicarbonste and nrea.

This compensatory mechanism failed to operate in the group II patients
where the loss of chloride eventually wepulted in lowewing the osmotic pressu

In group IIT pobients, the serum osmolality waes elevated in spite of
low chloxide, paxrtly due to bicarbonete retention but mainly due to uxres
vetontion. Thore wes & relationship between the incressed seruwn osmolaliby
end uroa concentration.

Although the chloxide long contwlbube 35% of the total osmotic pressur
there was no relationship bebween the serum chlozide concentzation and the
psmotic pregeure in any of the thiee groups.

The patients in growp IXX may simply be the exbension of group I caneas
The tranpition of one group 0 the other probebly colneldes with the onsel of
»enel dysfunction. This kidney inveolvement is a reversible process and,
therefore, must be distinguished from xenal disease. The patients in group
were quibte dlstinet from the cospes in the other two groupss end were not in
the early steges of biochemical upset, and had not passed through the stages

corresponding to othewr groups. Failure to wetein uren and to meintain the



osmobic prepsure of exbracellular f£fluilds may be due to a defect iu seme mecha
pregunably related to osmowvegulotoxny cenlbres, abnommal secretion of anbidiure

hovmone orx to renel tubulay denage.

PART 2.
A new simple uwlitreliliration technique has beon degoxibed and the proced
ontlined for ultrafiliration of bhlood sexrum.
The importence of the method of sample collection, duration of ulizae
filtzobion end pH was investigatod. The vltrafiltration rvesulis wero affec
congiderably by lomge changes in pli, vhile dupation of ulitzefilivation had no

effact.
Por 20 healthy humen subjectsn, the ronge Lor wltrafilierable calaium

ves found to be H5=061% of the total serum caleiuvm.

Ulsrafiltration date on sera from patients with hyporparethyroidien
baefore end aftewr vomoval of perathyroid adenomes, hypoparethyroidism, vitemin
therapy, multiple myeleme, hypercolooemin due to other cemses, and renal
diseese has been progentod.

The sexum ultrafiliterable celolun wag weised before operobion in eve
potiens with o functioning pexebbhyvoid adenoma even though the gerum total
caleoivm was within the noxmel limits. After removel of the adenoma, the sex
ultzafiltereble celsivm slweys foll below noxmel. This fall weo
proportionately grestor them the Lell in the pwotein bound fraoction. It we
inferved that parvathyrold hovwmone reducos the capaclity of wezum protein to
bind ealoivm. This was supported by the observation of the effect of

intravenous coleiun on o human subjeot where the suppression of parathyrold



glands vesulted in an increase in the binding capacity.

The ultrefilterable calcium was weduced in cases of hypewealooemis due to
conpes obhexr than hyperxpepathyroidimm. This wap elpo associated with roduc
nltzafiliovebility of inorganic phosphate, possibly due to the formation of
non=Lilteroble caloinmephosphate-protein compleit. Henge difficnlt coses su
o thope with functioning pavabthyroid sdenome assocloted with noznel serum
celoivn values and coses with hypercelcsemia without parathyrold adencme, the
ultrafilizotion veogulis mey be of some ald in the differientlial dlagnosis.

The serum ulbtrafilterable caloium wes found to be diminished dn
bypopavathyroidisn, but poor corrvelation of the extent of teteny with either
total sexum cealeiwm ox the ulitrafilitexable ealeium was found to exisb.

Hypoprotoinacnmia wes genexally associasted with hypoealcsenie, whidh wac
acconpenied by normal or, morve frequently, a high peroentage ulirafilierabili
of oelelum. The hypocaleacmia present vwes due to the loss in the bound fiact

In wenal diseage although the total sexum caleium wes low the percontas
of ultrafilternble caloivm wos almost invariably high, vegemdless of the
congentration of serum probteins. The ebsence of tetany in these ceses wap ¥
due Lo acidogle alones Othew foctors e.g. hypoolbumineemia and tho speclfic
altexvabtion in binding capacity of sexum protein by the excess secvetion of
pavebthyxoid hoxuone also contribute in malntalning the ultralfilterable caleiv

Noxmel values for both serun and vltxaifiltorable megnesium were found
in hyperpervathyroidism ond in hypopavethyroidism. It was concluded that

perethyrold glends pley noe poyt in wegrosium notabolism.



