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JOSIAH MACY JR FOUNDATION
CONFERFNCE PROGRAM

FRANK FREMONT SMITH
Medical Director

As AN INTROD! CTION to these TRANSACTIONS of the Fifth Confer
ence. on Metal olic Interrelations 1 hould like to outlne what 1t 15 that the
Toundation hepes to accomplish by 1ts Conference Program e are
imterested first of all i furtherin, knowledge about Metabolic Interrela
tions and to this end the participants were brought together to exchange
1deas experiences data and methods In addition to this particular goal
however there 13 a further and perhaps more fundamental aim which 1s
shared by all our conference groups Thi> 1 the promotion of menm, ful
communiation between screntific disciplines

The problem of communication between disciplines we feel to be & very
real and urgent vne the most effective advancement of the whole of suence
being to a large #<tent dependent upon 1t Because of the accelerating rate
at which new hnowledge 15 accumulattng and because discoveries n one
field so often result from mformation gamed in quite another channels
nuust be established for the most effectine dissermnation and exchange of
thiy knowledge

7The ncreasing realization that nature itself reccgnizes no boundaries
makes 1t evident that the continued 1sclation of the several branches of
sclefce 15 a serious ohstacle to screntific progress  Particularly 15 1t true
medicine that the limited view through the lens of ene disciphine 1 no longer
enongh  For example today medicme must be well v ersed 1n nuclear physics
Decause of the tracer techmques and the myury which can result from radia
ton At the other extreme mediune v certamby 4 soca) scence and
throu h mental health must be concerned with economic 1nd socral ques
tions  The answer then 1 not further frarmentation mto mcreasingly
tolated speunlties di ciphines and departments but the integration of
science and scientific knowledge for the enrichment of all branches This
mtegration we feel can e encouraged by providing opportumses for a
muluprofessional approach to given topic

Although the fertiity of the multiprofessional approach 18 recngmized
adequate provi 10n s not made for it by our umiver stres scientific societies
or journals  And perhaps the presence of cther lindering factors mu t be
aduntted  Iartly senantic m nature they may also to some degree be
psycholegienl  Admuttedly at 15 oftentimes diffiult to accept data derned
from methnds with which one 15 unfamthar 1+ makme, iree and tnformal
ot wn the central cere of our meetings W hope to achite an atmos

there which mimmize 15 mitch as pos hle the e emantte and emottonal
tarriers
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that within certain rather ficed limits the serum has the caprcty to carry

much more calcium than it normally does without vrecipitation of calemm
phosphate cver rather wide persods of time  The ultrafiltc rable fraction of
calcrum rises but so does the quantity of caloum pre ent as proteinate {non
ultranlterable) 1n an extraordmarily fixed proportien until a total concen
tration of 20 mg of calutum per 100 cc of serum 1y reached This 15
hown m Table T from Dr Hophins worl wlich has been repeated over
amd over agam  When one progressively rames the serum caleum level
the flterable caluum rises and the serum phosphorus remamns the same
until one gets to the crniticyl pomt of 20 mg At this pomt the percentage
of filterable caluum falls off sharphy and the serum phosphorus percent
age 11l off alsn  This conclusion 15 ba ed on abeut twenty expermments

Shorr  And how 15 ths determmed—n 21 o or 1t tro?

Ho card Ve have not studied this problem i % o up to the present
because I thou,ht the procedure was potentialls dan erous It renunded
us of acute hvperparatlyrordism where the homeo tiic mechamsms  ud
denly tail We have had oppartunity to do two séra over 20 with the phos
phorus level reasonbly normnl nd m both of them this ame phenomenon
held gool However the patients died qrute soon afterward

Shorr  In what form 15 the caloum added

Hoard  As three or four different hmds of calemm salts other thn
phosphate

drmstrong  One other question In the fast two lmc of the data of
Table I at 194 m,, serurm calaum the filterable caluum 15 135 mg  but
when the totl calerum 1s rased sl hitly to 20 3 the filterable caleium drops
to 11 Did the total quantits of filterable caluum decrease trom 135 to 11
sumply by increasing the total scrum calerm content?

Sabel  The trouble 1~ that this was a supersaturited solution

Hocard Well that depends on the d fimton of supersaturation  [is
relationship will hold good far 2 long time

Armserong  This 15 more than a percentage chan,e Tt 15 an absolute
change 1snt1t?

Houwd That s night T thik that what ss held back 1 entirely differ

ent 11 hall come to w 2 munute T will give vou our thests amwi

Solel How mans hours did you wait before filtration®

Ho wrd We have added calaum to serum and wated as Jong as six
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weeks Dr Hastings brought up that question We hept serum frozen for
s1x weeks and found no difference

At and beyond the total concentration of 20 mg ot calewum per 100 cc
of serum the ultrafilterable serum phosphorus falls off sharply and the
ultrafilterable calcium component may or may not be reduced comendentally
Something has happened a critical pomt has been reached at which the
normal relationships of these serum components have heen altered  For
want of a better theory we have assumed the production of a proten
caleium complex which 1s non diffusible  But no visible precypitate forms
and nothtng appears on centrifugation of such sera

THE RELATIONSIIIFS 1N ABNORM AL SCRUM

W hen one starts with a serum bt her than normal in plospliorus content
(artificially produced or pathological sera such as from patients with renal
wsufficsency ) the previomsly mentioned changes i ultrafiltration appear
at lower concentrations of calerum but st al vavs abore the normal un
less one reaches phosphorus levels of 15 mg per 100 cc of serum or more
(Tables 1I and I¥I) We have presumed that when concentrations of
caloum and phosphorus are reached 91 w120 such as to vield altered ultra
6ltration figures 1 2:iro such complexes act as foreign bodies and are
ether preaptated or enguifed by dasmatocytes as shown m the expert
meits of Gersh

TABLE I
The Lffect of an Increased Serum Calcium Levdd m the Presence of a
High Serum Phosphorus T evel on the Ultrafilterable
Caloum gnd Phosphorus

(Total Pr tem = 67 gm./100 ¢cc )

Filtrate Calaum Phosphorus
No pH _
Serum | Thiltrate Serum | Tiltrate
( a/ | (mg/ (19
100" | 106427 | vy | dioed) 1%:’:/) <)
30\ 762 104 65 63 97 101 | 104
30B 752 127 82 65 98 98 | 100
300 743 152 87 |57 ) 98 89 | 9
30D 734 176 | 106 | 60 | 98 83 | 33

Gerh T H str\chemlcal Studws on the Fate of Colloidal Calc um Pho phate 1n
ll e Rat 4nat Rec 70 331
s ; ?S)‘ “'ql'she Tate of Coll da\ Calc um Fhosrhate m the Dog 4m. J Physiol



16 FIFTH CONFERENCE OV METABOLIC 1NTERRELATIONS

TABLE III

The Lfect of an Increwsed Serum Caluum Lesel in the Presence of a
High Serum Phosphorus Lesvel on the Ultrafilterable
Calcium and Phosphorus

{Total Protem = 65 gm /100 cc)

Filtrate Calcrum Phosphorus
Ro pH Serum | Taltrate Serum | Tiltrate
(mg/ | (mgs (mg/ | (mat
160 100 ) 100¢c) | 100¢c) ()
e | 7 | 0¥ |58 GO 6Y | 108
314 | 742 10 | 60 55 16 | 1447 2
31B 748 136 45 33 146 [ 135 | 9
31C 742 156 | 63 40 147 | 123 | &
3ID | 738 183 | 64 35 148 | 1091 74

But perhaps more important than this to the chimen the concept
gamed fiom these experiments that normal serum is not saturated a5 10
caleium—at least 1f either more caleum or phosphorus 18 added to the
serum by some pathological process there 15 no situation mn the seru aeelf
which requires the phosphorus concentration to {1l when the cnlcrum rises
or the calcium to fall when the phosphorus rises If such rectprocal changes
in concentration do occur thev are then the result of physiological wmecha
msms and hence induced by cellular changes or at least by actity SOme
where 1n the cellular compartment s drstinguished from the extracellular
As a matter of tact as will be pointed out hter the serum phosphoru>
level rises when the serum calcrum concentration 15 rat ed by the mjectio?t
of calcium salts

Before comg into the factors which we believe play roles m talﬂ‘l“;
homeosta 15 perhips it would be well to mention a recent ohseriation ©
Dr Yendt' which seems pertinent to our concepts of the calcnm pho>
phorus relitionshyps at the extracellular level In carrymg out some exper!
ments with m 2:tro calafication of rachitic cartifage by ultrafiltrates fflv’lfl"
various normal and pathological ser1 Dr Yendt rewarmed the ultr:d
trates to body temperature m an mcubator 1 unstoppered (cotton plugg! )
bottles To his amrzement within a few munutes 1t of the ultrafiltrates

1ntendt E R Unpublished ob ervations
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tecame cloudy and a precipitate soon formed It was found that the pH
of such ultrafiltrates was 85 If before heatm, to body temperature the
ultranltrate was saturated with 5 per cent CO m O <o that the pH thus
{presumably ) was lowered to 7 5 and then the hottle was corhed no such
precipitate formed and the experiment could be carried out as plannel*

Inc dentally the ultrafiltrates of those sera whch themszlv:s wm cal sfy racl e
artilage have thu far also cau ed the cartil ge to calaify 12 ught mention that
these ultrafiltrates contain no proten by ord narv tests and lhmr mtmgen content
closely approximate that >f tle seram n n protemn mtrogen® Furthermore the
whole serum under such conditi ns (1€ ncubated to body temperature and shak
n) may reach a pH of 93 r igher fromtlel ss of CO and 2 mall precipitate
form but certamly 1t u ually does nt form a precip tate or else the cla s1 al ex
periments of Shiplev Kramer and Howland  could not have been performed

Dr Park tells me—1 see Dr hramer 1s here now—that n their expert
ments they did not use stoppered bottles but did run the test i an ncuba
tor Is that nght?

Aramer e did use stoppered bottles

Ho ard You did* We searched thoroughh mn all of vour artwcles and
could find no reference to th use of a stopper

Park Do you know whether Shipley used stoppered bottles?
Kramer 1 do not know what he used but I used them

Ho card  Since we hve heen visuahzing the mterstitial flurd as essen
tially a plasma ultrafiltrite one would have to heheve from this that from
normal interstitial flurd caloum phosphate will soon preciptate wherever
apH of 85 15 extant

The Homeostasts of Calaum 1n Body Flhuds

Now ince serum nd mterstitial fnd caloum are m dyname equilibriom
(n the bones—gprobably 1 chan g one from one nd of the capillary to

D Yendt found also that if the pH o( the uh aﬁhme 1s hept at 75 by passng
5 per cent L0t rough 1t cilcum can be adid to tle filtrate up to a concentration
greater than X mg per 100 c¢ even in the mcuh:tor \ml\out v1 ble precip tation

2 Shaly PG Rramer Pand 1, tant J  Calafertn of Pachite Rones

IVl to 7 Dis Chid 30 37 (19

b Shile, PG hmmer B and H “iin ] Studies upon Cal ficati n In
to biod 1 2239 (196)
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the other eude wifra) we mav turn to the question of what governs the
extraordmnary stability of the serum calerum concentration wihich McLean
and Hastings® have aptly called one of matures physiological constants
T need not cte to this audience the markedly unph, siological conditions an
experimenter must 1mpose upon his subject 1 order to obtain appreciable
deviations of the serum calcium level An ammal can be subjected to an
overall negative calerm balance by seseral means—deprnation of dietary
calerum * lactation comaident with madequate 1ntahe *® vitamin D defi
ciency™ (where absorption 15 presumably nterfered with)—all for pro
longed periods without producing appreciable hypocalceria One may even
repeatedly bleed and retransfuse with calcium depleted blood and obtan
only transitorv hypocalcemia with quick re toration to normal levels ** The
opposite situation 1s equally well taken care of intravenous loads up to 1
gram of calom given 1n four hours are quicklv disposed of by normal
persons with a rapid return to normocalcena with only 30 to 50 per cent
of the caferum introduced appearing 1n the urine within 24 hours % 1°

142 Boelter M D D' and Greenherg D M Severe Caictum Deficiency in Growing
Rats II Changes m Chemical Composstion J Nutrition 21 5 (1941)
b kramer B and Howland J  Factors which Determine the Concentration of
Calcum and of Inorganic Phosphorus i the Blo d Serum of Rats Bull Johns
Hoprus Hosp 33 313 (1922)

St S R Chu ST SuCC YuT T andCheng T Y Calgum and Phos
phory  Metabolism in Ostenmalacta_ IX  Metabolic Behavior of Infants Fed on
Breast Milk from Mothers Showing Various States of Vitamin D Nutntion J Cimn
In shgation 19 327 (1940)

163 Bauer W Marble A and Clafin D Studies on the Mode of Action of
Irradiated Ergo terol Tts Effect on the Caleym Phosphorus and Nitrogen
Metabolism of Normal Indwtlual J Clin Intestigation 11 1 (1932)

b Nicolaysen R V _ Studies upon the Mode of Action of Vitamin D Influence
af Vatamn D on the Absorption of Calcsum and Phosphorns 1n the Rat  Bro
chem 7 31122 (1937)

"Hastings A B and Huggmns C B Studres on the Effect of Alterations in the
Concentration of Calcum an Cirenlatng Fluids on the Mobils ation_of Cal um
TRANS MACY CONFERENCE ON METABOLIC INTERPELATIONS 3 38
(1951)

18Haylor C H Van Attine H E Keutmann E H and Bassett S H_ TheTate
of latravenomly Admum tered Caloum  Effect of Urmary Caloum and Phosphorus
Fecal Calcrum and Calcium Phosphorus Balance J Chn Inzest jation 29 1167 (19 0)

192 Howard E Hopkms T R and Comor T B The Use of Intravenous
* 3‘l)<‘:‘mm aga Measure of Actity of the Parathyroid Glands Trans Assoc dm

P iyswcians 65 3o1 (1952) e onc e
E. Hophms T R. and Comror T n Certam Physiologs

b gg;g;‘:zsjto Intrasenous Injection of Caloum Salts mto Normal Hyperpara
thysord and Hipoparathvroud Persons J Clin Endocrmol and Metso 13 1
(1933)
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BONE AS A SOURCE OF CALCIUM

The Lones are the only po be source for any sucl q anttes of al
cum as are re ured by the more drast ¢ w tt drawal exper nents s ch as
lataton or Hastngs beedngs T s esother than the bones cartla.e
and teeth conta  but very small quantt es of calcum?® Whetler or not
oler tssues tahe1p calcun under the art i ally nduced h percalcen
smot knowvn tut t seems clear tl at the sheleton has aneclan n to pro

de alc nunler legr aton stress  d t seens altogetl er 1kely that
tle ame trutre acettle) thof the crenent dur g the exper

etsof a ndane Thereare of co e patholog cal c rc m tances

1 el wtldrawal and perhaps al ~dancc are ot net v th such mmed ate
a d hefy ful buffer g respo es tlesew lbene toned laterand tlo t
loult anp fel ntle dscus o of abno maltes n calc um n etabol sn

But fron urel quanttatveandsmyledaa the concept seens escap
alle tlat the sheleto addton to ts fu ¢ of prov 1ng str ctural

a1t the ¢b f factor nstablzng tle cale m oncentraton of tle
etracelufar I 1 Unlr arvn, o ltans nnornal persons tlen tle
1 prsngoertlen croscopc keletal surfaces e ther can lo ¢ or take
ul @l ut noleues And t tle d nan c relato sl | between tle e
fl 1 2 1tlesh letal surfaces whel 11 atel setstlele el of tle ser
el m

TI E CALCIL M RESERVE

He dr ks trguelnenter of tl sgro ptwoy arsagolv 1 s for
ulat  of tie e te t of tle sheletr] urfaces v alat e for eq llrata

M hela 1fsc ohes foumdt ofa 0a 1168 ansof calesm n he bod
sfal “hy3 e Lmnweh g ° that a1 tu
P gam —w eon b bonesad e The knco aned fve of the rems nng
1% ams of cal um Blad and ext a ella  fuds o anaph <ma v 000 g of
cal umw 0 uesoher lan e ske 3 oug 10 be a o
e ¢ fetu andhadya s abefo readym vem ntto le ccte
Incdna hre ane or mg 0 cal uaon o the report b M hell
o f “the abuaeddatapo | moeca m o hebons nd ceth an was
fou 1 n hetoal cada e

’\l ¢ HH Ham on T § Seggeda FP adBa H W TIeChem
*

1 C of ¢ Adu Hu ;1 B anll Ler go Bao y of
(K\v\h]l c 1:.365(
Ho\«z 1] F Tl o Caleum M ab1 madB ePh 1g B

>m
af M T 2 143 (15

Scot ¢ I Tle Local a a( Z\I ne al Sa n C1 f S AL 3

T u b Mool war 4 S 53 g3k | O 0w ian
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with the body fluids and with the notion of the quantity of calaum par
ticles attached to these surfaces but not tart and parcel of the apatite lat
tice and hence readily avatlable to what one might call passtn,, influences
When pressed for an estimate of the amount of such quickly avarlable
calewm Dr Hendricks made a guess of 100 grams or more ** According
to this concept there would be a tremendous reserve of caleum which
could be yielded 1f the concentration m the fluds passmg the surfaces was
too low or cepted 1f too high wrthout parttcipation by breakdown or
build up of the matrsx held apatite at all The homeostasss of the serum
calcwm level under ordinary condittons would be set by these calaum
particles loosely attached to the sheletal apatite In the presence of normal
bone bohism then factors at the sheletal surfaces will be the
major determmants of the level of the serum colctum concentration

It 15 of considerable nterest and importance we heheve that when
Hastings and Huggins repeated therr calcrum withdrawal experiment (fre
quent bleedin, and replacement with calcium depleted blood) using para
thyvrodectomzed dogs the bones were able to yield just as much calerum
as was the case m the normal dogs but the calcum was yielded only at a
lower level of serum caloum  Thus hvpoparathiraidism changed onhy
the letel to which calcuom had to fall before the sleleton began to render
support One could visualize that a change in pH of the fluids would mflu
ence the movement of these loo e calcum particles—acidosis pulling
them off alkalosis tending to push more on—and perhaps the level of 1n
organi. phosphorus mmght have simlar mfluences  a fall sn phosphorus
creating a pull and a rise creating a push *¢

At amy rate 1t seems to us that the evidence points strongly to the skeletal
surfaces as heing the biggest operators in the mechamism of stabilizing the
concentratzan of calcrum w the serum—Dbe this normal or fugh or low
Just haw the parathy rord hormone may accomphish 1ts action on this mecha
msm I do not know  but certain 1t 15 that hyperparathyroidism can cause
hypercalcemia for many years without 2ty roentgenographic or mcro
scopic evidence of mereased ho‘ne destrmtion {1 \m:]out :Ic\;mgn of
serum alkaline pho pha{ nught indica . bone ormAtton)
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Ouly two other thoughts will be mentioned before leaving this matter
of calaum homeostasss 1) I one starts with a perfectly normal organism
and puts it 11 a state of negative caluum balance—for example by dietary
cilerum defictency—at some stage a pownt must be reached at which Hend
ricks calemm particles are used up and the matrix apatite 1s called upon
for further loss of calaium from the sheleton 2) There must be situations
i which the number of Hendrichs calamm particles 1s very few or at
least the avatlability of such partules for support of calcium homeostass
15 reduced  Vitamin D appears to have something ta do with such avail
atihity Paty after three weeks on a Steenhock rachstogenic diet without
vitanun D exfubited a rapid fall 1 serum caloum and nise m phosphorus
when subjected to starvatron Control rats on the same diet but exposed
1o 1rradiations with the mercury vapor quartz lamp and dermung vitamin D
m that manner when starved showed but httle or no fall in serum calerum
and smaller rises in phosphorts  In humans diarrhea sometimes results
i hypocalcemie tetany at an early date even with bones which by x ray
appear normal yet in other patients smmlar degrees of diarrhea mav be
accompanied by normcakenna even with extreme keletal rarefaction as
judged by roentgenogram *

Factors Affecting the Calcium Balance

The system 1 a3 whole 15 affected of course by other factors and the
mterstitinl fAutd caluum content depends ultimately on how much enters
and how riuch departs from it by all routes

TIIE ( ASTROINTISTINAL TRACT AND CALCIUM HOMEOSTASIS

The ntestinnl tract wan he a pathway of both mgress and egress of cal
vum Our knowledge of calcium absorption by the gut 1s rather meager
1t seemn quite certain that a lugh protein diet (if absorbed) and audifica
tion ot the upper tract tend to enhance caluum absorption ! b excess 1n
the diet of either pho pherus or oxalate appears to retard calcium absorp-

Hares n F Unpubli bed data (fu mihed by Dr T' A Park)

Howard J I Sone Current C et on th Mecl
Honand J, T o SOTgLmremt C o it on th Meclanam of Cal st n J B ¢

Mclane R A Wdduson F M and Lehmann H  The LCffect af Prot
Ttake on th Ab rpton of Caf um and Magnesum Brochem J 36 685 (194")

a Telfer S\ Calwmad Ph ph rus Metabclism I The Feccetion of Cal
cuma dPh loru Quat J W d 16
b Telfer § V' Sedes I Calom “d B pbe oM € bel sm 1L The Abso )
yon of Ll (o7 Phowtlo us and Ther Tyt i de Sheleton Qsa ¢
o117
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ton® #d Vitamin D seems a necessary adjmvant fot mawmal caluum
absorption and deficiency of D greatly reduces 1t *

But st appears that mn the normal adult at least the overall pasitive bal
ance of calaum along the entire mtestinal tract 15 very small?* This con
clusion 1s based upon the following reasoning we assume that our normal
2dult 1s 1 general cilaum brlance that tus bones though having an active

/(umover are neither getting larger nor smalfer The only path of egress
of calciun other than 1n the stool 15 m the urme and rarely does one see
more than 200 mg of caloum appearing 1 _the 24 hour_urinary outpst
Therefore the normal positive calcium bilance fron the gut 1s no more than
200 mg per day usually about 100 mg per day There 15 abundant mtes
tmal secretion (Gamble has estimated 8 hitres per day )** from gastric and
succus pancreatic juices and bile and if this 1s essentially a plasma transu
date 1t would contamn 400 mg to 560 mg of crlaum depending on how one
guesses the calatm concentration of plwsma ultrafiltrate (z:de supra)
This calaum would get mixed with the ingested calerum forming a pool of
let us say 1500 m, of caluum m a man on a 1000 mg calcium diet Of
this total 1500 mg of calaum 600 1s absorbed 100 appears 1 the urime
and overall balance 1s maintained (Figure 1)

It has seemed to us remarhable how relattvely Ii#tle one alters the 24 hour
urinary caleinm by radical changes in calaum content of the diet The
studies carried out on normals by hnapp® showed but small reflections of
dietary changes 1n the urine (approximately 100 mg per day with detary
changes trom 03 to 14 gm calaum) When Dr Connor and Dr Haophins
tried simular experiments (on ambulatery subjects) the urinary vanatons
showed an ncrement of 100 to 150 mg of calcium when to a Jow calemm
diet was added one quart of mulk per dav ¥ In bed ndden pattents with
fractures who had considerable areas of their bodies immobihized 1 casts
and henc. wcre excreting much larger than normal quantities of urmary
calerm (clearly from disuse rarefaction) we found no important change
1n calutria resulting from dietary shfts of 200 mg to 2200 mg calcrum—

sic Orr W J Holt L T Jr Wilkins L and B one F H  The Pelaton of
Calcum and Phosphorus 1 the Diet to the Absorpti n of These Elements from
the Intestine 4m J Dis Chld 28 574 (1924)
Farquharson ¥ R Salter W T and Aub J C  Studies of Calcum and
Phosphorus Metabolism  the Effect of Inestion of Phosphates on the Excretin
of Cal wm J Clin In cshgtr n 10 251 (1931)

s Gamble J L Chencal dvatoms Physwol gy and Patholoay of Estra elulsr
Tlwd 4 Lecture Syllabus Boston Harvard Medical School Department of Pe
atrics (Chart 36) (1939)

ssknapp E. L Factors Inflaencing the Uninary Excretion of Calcm T In Normal
Persons J Cln In estization 26 182 (1947)

sHopins T R and Connor T B Unpublished data
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alln the form of nulk  Yyhen amidr addivions of ¢ doum ware made in
the form of letite however thu making 1 great preponderance of wloum
over phospherus such dietary change wes redlected by an ncrea e of 150
myg, or more n the urinary ¢ daum ** We were surpri ed to note no chan, e
1 the quantity of urinary caloum when alkalt such s sodium Iictrhonate
r sodium atrite were adnumstere ] to such patients durin, constant diet
pertods ®

However there s quite defimtne ¢vidence that the utake of i, ested
calenm does dhnge under varying anvaromenta] eirctim tanees In oxpers
mantd vitwmn D porseun,, by perealeent vicartous calaficatenn and renal
dumge are proluced far more vigoroush and rapidly 1f 4 hberal calenum
mtake 15 provided  The cild must absorl much more ealemm from a
duly quart of milk (or lose less of lus secreted ntestunnl yuice ealerum)
than does the nornid adult heet ¢ lus ealerm batance 15 obviously strongly
e atne A eCainee. Wad towson and Lehmmnn found that devation of
the protem m the dict favared al sorption of ealaum s judged In merease

Hu\nr\ ] T 11 s | \\ an) Bghm 1§ “tilies on Pt s Conva

Ir
UL The Un ey Exer tin of Lnlc\um anl bhe pho us
l)‘vﬂlh HNqul 77 1 (194)

Harn 1 ) aniDine J I M The Mode ¢f et nof \tamn D Stule
T Hypinmanin i D The Iiflee e cf the Lakmnllm,m Intahe € ¢
Cur Usdge Inst tite of n al Tath hepo ¢ 2 151 (1),
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m the urinary and reduction 1n the stool caleum Their mterpretatton of
this was that the ammo acids derived fiom the protein fayored caleum
transfer from the intestine Contrarmwise Emerson and Bechman® found
that calaium absorption m nephrotic children was practically nl when
jrotem ab orption was poor but 1 1n mduced remission when stool n tro
gen fell the calcium absorption rose pro1yfth to normal levels

Can excessive al sorption of caleium from the intest nal tract ever result
in hypercalcema® Tt seems reasonably certain that i vitanun D poso ng
jrovision of large quant ties of caleum mn tle d et contributes heavily to
the hypercalcemia and hence 15 harmful But whether excessive mngestion
of calaium to the 7 orntal person can produce hypercalcenmia seems doubtful
The mstances of hypercalcemia reported by Burnett and associates® {mn
which paper the author was 4 part arpant) and those described by Mulha!
land ® were associated with prolonged ingestion of large quant ties of mIh
and alkalt taken for relief of peptic ulcer symptoms In VMulholland s pa
tients the pathological s tuation seemed partiafly at least reversible renal
function improving comncident with return of normocalcemia when the tre
mendots mulk ntake was stopped Can one possibly pile m enough calem
so that Hendrichs system will be comjletely satiated and thus set the
cale ostat at a higl er than normal level? Tlus seems hard to visualize unless
some assouated renal lesion 1s present which restricts the urimary outjut
of caleum

One such patient * of the authors was explored the parathyroids were
found markedly enlarged and m cro copieally hyperplastic a11threeglanls
were ren oved and three fourths of tle fourth glanl Desp te cessation of
milk ar d alkali therapy no fall in serum calerim resulted from this g roce
dure until some four months later when there was abrupt fall to tetanc
levels requiring oral sujport by calcrum salts No reasonal le explanation
for this trerd of events was apparent then nor 15 it now Perhaps there
are sume persons whose intestinal tract is so constitted as to alsorl large
quantities of calaim 1f such 1s provided m the det whereas most of us
absorb but Ittle caleium no matter how much 15 eaten unle » the fones
have a need for 1t But 1t seems to 1 » that one must alsa postulate a red iced
capacity of the hidnevs to respond to hypercalcema 'y increased hyper

s Emerson K Jr and Bechman ¥ Y Calcum Metabolsm m Neplro s
Desce pton of AB ormalty ~ Cal wm Metabol m 5 CI ldren w th Nephross J CI
I stgato 24 564 (1943)

/ABumet € H Commo R R Atbroht E and Howard ] F  Hypercileema
+ thout Hypercalcur 3 or Hypopl osp) atema Calc nos s wd Tenal In uffic ency &
Lngla d 7 M d 240 787 (1349)
o\fylhollanl H B Hypercal ema w t] Renal I suffic ency Trans 1n CI
Ol alol dssoc n yress (1957)

and
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calerana Renal damage may bu of 4 type resulting in retention of sodium
but sume cases are sodium Insers and the same has been reported for potas
swum A renal lesion which results 1 poor calcium excretion to the usual
stimult such as acidosis or hypercalcemia mught then quickly saturate the
sheletal surfaces and a vicious circle be set up  Some of the cases m Bur
nett s sertes may have had such 2 set of arcumstances myohmg the first
chnwal prcture One visuahzes here more or less the opposite of the con
pemtal renal situation 1 which excessive quantities of both calaum and
phospharus are excreted at normal levels of serum ealaum and phosphorus
—resulting m great dramns on the sheletal mmmerals and eventually sheletal
rarefaction and usnally osteomalacia

‘To summarize then 1t may be said that 1 health the factors regulating
the overall uptake of calerum by the gastromtestinal tract are but poorly
understood but amon,, other more lacal factors the status of the bones—
1e how much they remove or vield during passage of the extracellular
fluids past their immedate environment—probably does m some way affect
the absorption of available elements m the upper gastromtestinal tract

SOurthens are of course notonious depletors of sheletal hne salts by wvirtue
of reduced abeorption due to mncreased persstaltic movements probably by
mereased ntestinal secretions (the electrotytes of which are lss resorbed)
and 1n the cases of steatorrheas by the additional vitamin D deficzencs  So
far as we are aware there 15 no evidence that active speaific excretion of
calaum ever ocuurs 1n the colon

THE KIDNEY AND CALCIUM HOMEOSTASIS

Let us turn now to the kidney nd 1ts relation to crlkuum homeastasts
Tt has been mentioned previously that nornnl persons usually excrete about
100 mg of calemm i their unine  1he present concept 15 that glomerular
flwd 15 a serum wltrafiltrate or diffusate and 1f 125 cc are created per mm
ute then 7 § litres of fluid are presented to the tubules per hour or 180 hitres
per day  This would contam 9 grams of caloum or 12 5 grams depending
upon the figure 5 or 7 mg of ultrafilterable of calewm per 100 cc of
serunr In 1ny event more than 99 per cent of the caluum must normnlly
pss bach into the system through the nrnary tubules and the amazing
feature 15 the constaney of the mummseule quantity which appears m the
urme  One wonders whether the premsses on wlich this concept of cal
curit bawd are correct It becomes even niore amzing when sne notes
that i the prosence of hypercaleemn (and we mean by this mcrea ed ultrt
filterable serum caloum) althou,h bypercilemnn mvartably results the
quintitatne mererse mn the urtmry calusm exeretion 1 so exceedingly
small Esen in stiere hpercalcerms of 16 to 13 mg per 100 ce  there
1 rirely more than 1 gram of cilerunt n a 24 hour urmary collection de



26 FIFTH CONFERENCE ON METABOLIC INTERRELATIONS

spite the fact that under these conditions 10 more grams re supposedly
presented to the tubules in the glomerular filtate Converselsy the smallest
tendency toward acidosis®  or the imposition of sheletal immobihity 3541 or
thyrotoricosis!_(all of wluch are accompanied by rarefaction) will with
out detectable hypercalcemma increase the urmary caleium almost as much
as will hypercalcerma itself These thoughts lead us to speculate whether
there may not be a <peaific excretory mechamsm which governs the quantity
of caleium appearing i the urmme and that all the glomerular filtrate cal
cum 15 resorbed or diffused back into the system

It has been said that the parathyroid hormone when given to normal
persons produces an mcrease 1n urinary caleiem hours or even days before
Iy percalcemra 1s mamfest *3 It 15 difficult to be certain of such a statement
because a very small rise 1n the serum calcum (and our methods allow
accuracy only to 02 mg per 100 cc of serum) should resuit i a great
mcrease 1n the total calcium filtered through the glomerul: Some data on
a Inypoparathyroid patient of ours certamnly do not suggest any mportant
direct action on calaium cxcretion by the kadney at least when the serum
cataum 1s fow (Figure 2) The patient had surgical hypoparathy rordism
and on a constant diet was grven 3 cc of parathyroid estract intramusctt
larly every six hours for 48 hours The serum calaum level did not
change nor did the urimiry caluum excretion Meanwhile the serum and
the urinary phosphorus levels showed changes of |reat magnitude as will
be discussed under phosphate homeostasis

Whether or not the height of serum phosphorts per se affects the quan
tity of calcium excreted by the hidney we do not kuow  But during the ex
periments m which phosphate was admimstered intrivenously to patients
1t was noted that though the serum calcium level did not fall (at least 70
more than could be accounted for by dilution as measured by the hematount
and the hemoglobmn) the urmnary caleium excretion did fall during the 24
hour period of elevated serum phosphorus level * Tins was true i the

oAlbright ¥ and Resfenstem E C Jr  The Parathirod Glands and Metal ohe
Bone D scase Sele ted Studies Williams and Witkims Co Baltumore p 251 (1948)

“Detrch J E Whedon G D and Shorr E  The Effects of Bed Rest and
Immobyl zation upon  arious Chermeal and Pinsiologica) Functions of Nome! 1 Men
Ther Modificaton by the Use of the O cillatimg Bed TRA. I

ENCE ON MET4BOLIC 4SPLCTS OI COVI LN WS i)

4 Aub J C Bauer W n C and Eapes M _Stulie of Cal yum and Fhos
phoru Metabehsm 1L Thg Eﬁects of the Thyroid Harmone and Thysoid D sease
7 Gl dn stigatson T 97 (19,

43Albricht F and Reifensten E C Jr  The anlh)mnd Glands and Melabohe
Bone Dis ase Wilhams and Wilkms Co~ Baltimore p 73 (1948)
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and also has been noted by Kyle's 1n a similar pattent This rise 1 the
urmary calcrum excretion occurs despite 4 strong shrft to a positrve caleium
halance and httle or no noteworthy change m the serum calcium concen
tration 47 4¢

Converselv we recently hive noted in several patrents wath hypopara
thyroidism who were bemng treated with vitammm D (100000 to 300000
untts duly)  cith or without large doses of calaum salts orally that the
urmary calaum excretion fins been quute farge (200 to 300 mg per dav)
m spite of a low serum calcium level 1n the range of 78 mg per 100 cc of
serum (and with 4 low ultrafilterable calctum content from the serum)

In am event the kidney appears to be relatt ey, impotent or indifferent
to gross elevations of calcium 1n the body fluids and to play but a muor
role 1n the normal constancy of the serum calcium concentraion  Oners
renunded af a bathtub with a small oyerflaw.outlet  If water_continues to

_flow 1n from the pigots at any hut the smallest rate the water will rise

above the outlet any eventunlly overflow

The State of Phosphorus 1n Body Fluds

Phosphate 15 so much more widely dispersed than caleim i the cellular
compartment (though most does reside with calcum 1n the sheleton)”
and participates 1 such a multitude of metabolic reactions that its move
ments are far more difficult to define So far as we can tell the extracellular
1norganic phosphorus 1s almost wholly ultrafilterable * even m pathologcal
states—eveept when there s comedent eveessiee hyperealeenna® Acd
soluble phosphorus other than morganic phosphate has not been found m
serum lugher than 05 mg per 100 cc even m pathological states *7

Factors Affecting the Phosphorus Balance
THF GASTROINTLSTINAL TRACT AND PHOSPHORUS HOMEOSTASIY

In the normal person on an average diet approximately twao thirds of the
quantity of intahe appears each day m the urine so that absorption must
ordinarily be m heeping—t e two thirds of the ingested phosphorus Vhen
one precipitates the dietary phosphorns by feeding excesses of calaum iron
of aluminum far less phosphorus appears in the urme But though dxur'
nally the concentration of serum phosphorus fluctuates and ts 1n geperaw
lower the fasting serum pho phorus level changes little 1f anv ¢ The situa

shyle L K Personal commum ation
4'Guest G M Personal communication

+Shorr E and Carter A C_ Alummum Ge s 1 the Management of Renal Phos
phatic Caleuls J.1 V4 144 1549 (19:0)
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tion 15 different 1n the patient with renal m ufhciency where usually an
abrupt fall of the elevated serum phosphoris level 15 ebtamed by the simple
expedient of admm tering calaum 1ron or alumnum salts (provided of
course that much phosphorus 1s not bemg added to the system from the
cells by a vigorous catahohic reaction) The kidney of the uremuc patient
seenungly cannot excrete much phosphorus the gut contimues to absorh 1t
and the cellular compartment cannot or at least dues not remove 1t

In this connection 1t 15 of some nterest that m obtmmng control and
corollary olservations on the effects of intravenoush 1dmimstered calaum
we admuustered by the same route a gram or more of phosphorus as neutral
sodmum phosphate over a 4 hour period to four persons In the cases of the
two normal subjects 100 per cent and 71 per cent of the mjected amount
appeared mn the urine within 24 hours and the erum phosphorus level had
returned to normal In a nuld diabetic regulated with diet alone and 1 a
patient with hyperparathyroiism recorery of mjected phosphorus was 68
per cent and 74 per cent respectively VWhen we have been compelled to
give large doses of calcum orally to pitients with sprue and these wre
Jreatly wndernowrished and depl ted persons the serum phosphorus level
sometimes has fallen to 1 mg per 100 cc or lower and for days or weeks
so ittle phosphotus has appeared i the urme that 1t has been barely detect
able Thus tn contrast to its reaction to hypercilkkerma the normal kadnes
appears decidedh interested m the level of the serum phosphorus and
tihes stron,, mewsures to counteract hyperphosphatema

THE RIDVFY AND PIIOSPHIORUS HOMEOSTASIS

Harrison and Harrtson ® have found that m the rachitie puppy vitanun
D increnses the renal tubular absorption of phosphorus and that this mecha
nssm 15 an unportant if not major cause of the 1t e i the serum phos
phorus lesel m response to D adminntration  McCance hhewse noted m
fus case of adult vitamum D deficiency (resistance to vitamm D) that much
1 ss 1 hosphorus was excreted 1o the urine when the patient was recening
adequate doses of the vitamun despite the fact that the serum phosphorus
wa far i her He felt that thus dearly indicated a change i rhosphate
thre hold of the hidney 4

But wn the therapy of Inpoparithvroid: m with vitimm D (100000 to
300000 umt per dwn) the effect on renil excretion of phosphorn appear
to Le just the oppo st Here there 1» otten 2 sharp fall i the dlevated

Tarmison 11 F and Ha n H C Tie Tena) Fxer t f
thitemn Telahato the Acin [ \Vtamp Dat Pamu“'mdonln,:r[;zcnc,Plth»,
s ity 204 (1941)
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serum phosphorus level comcrdent with greatly ncreased phosphataria ®
And this incrensed phosphaturia occurs usually before there 1s an appre
cable rts¢ m the serum calcium concentration (It tnay be that hypercal
cura however induced 1s ssocrated with relatsve hyperphosphaturia under
crcumstances where the parathyrowd glands are hept out of the prcture—
te when therr functional status cannot Le much altered as m hypopira
thyrowdism or prathyrowd adenomata 1%

TUL PAPATISYPOID TIOPMONF AND PHOSPIFORUS HOMTOSTASIS

The evidence appears to us overwhelming that the parathyroid hormone
exerts control over rennl phosphorus excretion In the normal ndividual
admmistration of a smgle dose of the hormone mtravenously results i but
1 nunor increase mn phosphatuna 5 *% %% perhaps because a mumal re
sponse to parathyroid hormone alreads 1s bemng mvoled or Lecause the
patient s own parathyroid glands cease to excrete However a smular dose
of parathyroid hormone ,1ven to the hypoparathyrod patient with normal
hidneyvs 1esults m an mmmedmte huge phospharus diuress® (Table IV)

\nother example of this effect may he demonstrated by an experument
m which 3 cc of parathyroid hormone was injected mtramuscularly every
six hours to a patient with hypoparathyrodism®® (Iigure 2) Over a pe
riod of 48 hours the serum phosphorus level fell from 49 to 15 mg per 100
cc cometdent with an increased phosphaturia of approwmately 800 mg “
If one considers that the absorption of phosphorus from the gut has not
becn altered by the parathvrard hormone (which seems rea onable) then
the urinary phosphorus that 1s ¢xcreted ntore than accounts for the falln
the serum phasphorus level  Tor m this 57 g woman there should hate
heen only 600 mg of phosphorus 1n her entire extracellular compartment

Albrisht ¥ anl Pesfenstemn E € Jr  T/c Paratinrod Gimds and ’j’sl)”"
Pon Disas  Sel cted Studs s Williams and Wilkins Co Baltim re p 130 (12

i
Tl worth T and Howard ] E  Studies on the Phystology of the Parathyror
Glands VII_Ssme Response of Normal Human Kidneys and Blood to Intravenous
Parathyronl Extract Bill Johns Hopkins Hosp 54 290 (1934)
SJaban T oand Patts ¥ F Ffect of Parathyrod on Peml Tubulac Teabsorptt 1
of Phosphate and Calcum  1m J I hasiol 155 42 (1943)
Mine M D Ob ervations on the Action of the Parathyrord Hormone Cin St
e 10 471 (1951 )
sHandler P Coln D v anl DeNMaria W J A Fflect of Farathyrod Extrac
on the Tenal Excretion of Pho rhate 1m J Plysol 165 434 (1951) "
the
55T}us calculition 1 bas d on the quantity of phosphoru excreted m the urne 11
24 hours h:f::c the first intravenou calc um te t 1z given since 1 our "';fr.::::s
the serum cal jum and pho pl orus level and th urmary excretion of the ¢ b: b
retusn £ ba el ne values 24 hours after the mtravenau  calerum test has beer
pleted
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TABLE IV
The Effect of Parathyroid Extract on the Urinary Excretion of
Phosphorus and on the Serum Levels of Phosphorus and
Caleum of a Yatient with Hvpoparathy roudism

Urine Serum

Time | Volume | honphorus Time__ | Phosphorus| Calcium
(mg/ (mg/

(ec) (my /hr ) 200¢ec) | Wwoc }
7 8 AN 475 18 — — —
8 9 AN 165 10 — — —
910 A M 100 12 — — —
1011 AM | 100 17 1100 A M 56 69
Parthyroid Lxtract 40 Units (2 cc ) Intravenously at 11 25 A M
11 12 Noon 0 258 1230 PM 51 67
12 1 PN 112 835 130 PM 53 69
12PM 45 4135 — — —_
2 1PM 40 259 — — —_
341 M 95 200 420 PN 2 67

(when the serum phosphorus level was 49 mg per 100 cc ) and o some
phosphorus must have been provided by the cellular compartment to pre
vent the serum phosphorus concentration from reaching a level of zero at
the end of 48 hours This 15 the sume patent  hown previously who e
serum calerum Jevel and urmary caleim exeretisn were unaffected by the
mtravenous parathyrosd hormone It would appear to us tt parathvroid
hormone exerts a profound effect on the renal excretion of phosphorus
espeenlly manifest m the by poparathyroid indidual

Tar purposes of the discu stwon that we expect will follow 1t mu bt Le
well to include here some abservations on the serum and urmary pho [horus
ralues 1n patients from whom a parathyroid tumor recently has been re
maved Tt has heen observed for a long tine that m snme of these patients
the serum phosphorus lesel will remain tow for months postoperatively
when ! other signs of actsse hvperparathyradism have diappeare [ In
tere tngly enough when we tested two patients withun the first 10 days
after aperation with the intravenous caleum te t Al of the urinary phos
thortt and the erum phosphorus re pon es were the stme as before opera
tion—te  an snsigmficant rise n the serum rho phorus level and a small
fall or even a rise 1 the urmary phosphorus excretion—ju t as though the
pho phnrus metabolism were still under hnperparathyroid control though
the eram calaum and the unnary cilern salues had fallen to normal or
subnormal levels However when rete ted wieral weeks later all of the

=
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responses were 1n the normal range whether or not the serum pho phorus
level had remained Jow or had returned to normal *#

The Homeostasts of Phosphorus 1n Body Fluids

But that the kidney alone sets the phosphastat for the serum (or 51t
self umnfluenced bv other factors m so setting 1t) seems unlthely The
serum phosphorus level of the normal infant runs conswstently higher than
that of the cluld which m turn 15 ngher than that of the adult and m old
age the serum phosphorus concentration tends to fall still lower Albright
has suggested that the growth hormone has somethuing to do with this and
ndeed most patients with actize eostnophilic adenomas of the anterior
pituttary gland do seem to have higher serum phosphorus levels than
other members of their corresponding age group  One gets the m
pression that the cellular phosphate (and perhaps bone tikes part but I
do not as yet see just how) participates in the setting of the serum phos
phorus level The serum phosphorus Jevel tends to be low 1n depleted
persons when they are m wtrogen equilibrium and thus not expending
therr cell substance for energy In the patient recovermg from dibetic
acidosts under nsulin therapy the serum phosphorus values fall to very
low levels with a neghgible urinary phosphorus excretion as if the phos
phorns were rapidly disappearing cellward 75 We get the mpression
that the cells behave toward serum phosphorus homeostasts wn much the
same fashion as they appear to do m regard to potassum—they will sup-
port the serum phosphorus level until their own stockprles reach a cestam
mummum bt thereafter thev stop supporting 1t Perhaps thus thests readih
can be refuted by observations of which I am unaware on rachiic children
for an example 1f studies on total muscle phosphorus have been carned out

In connection with the serum phosphorus level st may be of some inter
est to recall the 7ise n the serum phosphorus concentration which occurs
when the sertm cakium level 1s elevated by the wtrasenous admmstration
of calcium salts This was first noted by Salvesen i the dog ® and later v

5 Reifenstan E_C Jr Riwsell L W  and Albnght I'  Observations on the ’if.i
of the S rum Phosphorus Level as an Index of the Pitutary Growth Hr\réﬂ4 5
Alctjvl)ly the Effect of Estrogen Therapv n Acromegalv J Clur Endocrinol
(1940

sDanowskt T § Hald P M and Peters J P Sodium Potas wum and Phos
phates 111 the Cells and Serum of Blood m Drabetic Acidosts Am J Phisrol 149 657
947)

s Guest G M_ and Rapoport 5 Electrolytes of Blood Plasma and
Acidosss nd During Pecovery Proc Am Dabetes Assoc 795 (194

dmis
saSalvesen H A Hatings A B and Mclntohi J FThe Effect of the A
stration of Caleum Salts on the Inorgame Composition of the Blood J Biol Ch i
60 327 (1924)

Cell 1n Diabetic
9)
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Bassett s group 1t has been <een mvarmably by us m ali normal mdivid

uals " The quantitative aspects and the time relationships of this rise 1
the serum phosphorus level make 1t imposstble to account for the rise by the
small fall 1n the urinary phosphorus excretion which accompames it 1n the
normal mdividual & ¢ The fall in urinary phosphorus excretion following
I percalienma has heen attributed to a cessation or a reduction of parathy
roid function %2 and perhaps the rise 1 the serum phosphorus level also
1s caused by this but 1f so there must have been a reaction 1n some cellular
compartment pha e to provide the PO, to the extracellular compartment
Turthermore 3t seems unlihely that an abrupt shutting off of the para

thyrod hormone excretion accounts for the whole rise 1n the serum phos

rhorus level following hypercalcemia because a sharp rise i the serum
phosphorus level has been seen also n some cases of severe hvpopara

thyroidism where presumably there 15 no parathvroid tissue to turn off

Summary of Calcum and Phosphorus Homeostasts

To summarize these remarhs has proven very difficult and awhward
It may be sard that

1 Calerum s transported mn the serum partly as protenate In
terstinial fimd catoum s norwally somewhere between $5 and 7 mg
per 100 cc of flud as 1t leaves the capillanies  Add:tions to the ar
culting calemm may come from the gut or the bones subtractions
miy go to the bones mto the gut or mto the urnine Additions of
consulerable quantities of calcum can he carried by normal serum
(unless the serum phosphorus 1s well above normal concentration)
Lefore any mechantcal factors within the serum atself disclose changes
m the ultrafilterable fractions of calcium or phosphorus

2 Normnlly the serum calctum concentration 1s a closely guarded
1hysologrnl constant and factors opersting toward this constancy
mclude the gut the kidneys and the benes but In far the largest
potentinl operator m this constancy 1s the sheleton  Hendricks
theory of a va t number of caluum molecules on the surfaces of the
sheletal apatite offers an attractive vi malization of how bones can
function so rapidly to o lar,e an extent in this mechamsm  The
hudneys can and do tahe care of small additions to the system of cal
aum which would otherwice result m hvpercaleerna Lut any large
mgress eannot be overcome completely by the renal excretory mecha
n: ms and bypercalcemia results e kuow of no pathological situ
ation wherein excessive 1l orption of calaum occurs from the gut at
least with absorption of such magnitude as to result 1 hy percalcenun
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3 Thercfore onlv alterations n the sheletal physiolo,y can
change the serum calaium level materially and when one finds abnor
mahties of the serum caloum {hyper or hyvpocalcenma) factors
worhing at the sheletal level have provided the change Thus there
are climeal sbnormahises such as dietary madequacy ntestinal ab-
sorptne defects or disturhances acting through the kidnevs which
can dram the syvstem of calemm so that the sheleton eventually suffers
vevere rarefaction and climeal hvpocalcemua 1s reached Or hypo
caleenita may resnlt at the sheletal level from pathological funchon
erther primary or secondary such 1s 1n nicket or hypoparathirod
1sm  But ypercalcemia (elevation of the mterstitial A calcum)
mitt so far as we are aware ongmnate with an abnormality at the
sheletal Ievel i such 1 as hyperpurathyrordism  de tructive
sheletal cancer disu € atrophy and sitamun D porsomng  We beleve
that the same mechantsm must hold tor the as yet unexplamed hvper
calcenmias that are seen with sarcoidosts and some neoplasms of the
lung

4 The transport a1d serum homeostasis of phosphorus are gov
erned ultimately by the same tvpe of factors as those that play a role
for caleum but the hidney seems to have a con tderably more prom:
nent place 1 determinng the level of the serum phosphorus than i
regulating the level of the serum caluum However here too ome
gets the impression that phosphate metabalism at the cellular el
ultimitely sets the serum phosphorus level probably through some
equilibrium between orgamc and morgame mtracellulir pho;phofua
with the lfatter determumng the extracclular phosphorus concentra
tion Any chinges m serum phosphorus concentration exerted b
extraneous factors stch 1 ,rowth hormone parathvrord horrore
age acdosis and so forth affect the cell metabolism as well as the
renal mechamsms

It should be emphasized agam that the writer 1s well aware of the m
adequrcies and flaws of this revew In it however there hould be
enough material to provohe discussion and clnsficition by others hﬂt\;
qualiied which together with the data on diseases mohun,, pathologica
calaum and phosphorus metabolism should indicate where our present
knowledge 15 madequate and m what directions our efforts hould b oex
tended to achteve a better under tanding of the prohlems

Conference Discusston

drmstrong  Thank vou Dr Howard T think it would be appropriate
now to askh for ome general comments and disctission about pomnts
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One reason for the difficulty 1n acceptimg the simple chemucal equilib-
rium theory 1s that it 15 extraordinarly difficult 2 2370 to bring a solutron
of tricalcium phosphate nto equilibrium with the sohd pha e This has
caused difficulty to a great manv mvestigators and still causes difheulty
so that 1t seems hard to accept the 1dea that the attamment of equilibrm
occurs rapidly n the Inang organism  that 1t 1s possible for the blood
calcium to be readjusted from moment to moment by the sunple process
of halisteresis

Another reason for not believing 1n halisterests 1s that 1f the calum X
phosphate 10n product 15 loweted over a long period of time as 1 the
case 1n experimental rickets one would expect that all of the remammg
bone salt would be dissolved out of the hones in an effort to heep up
the 10n product in the fluds of the bodv Actually we all hnow that this
does not occur  We know that tf a rat 15 made rachitic by putting st ona
diet hiyh i calewm and low m phosphorus the on product 15 greatly
reduced to the extent that the fimds from the anmal will no longer
calafy ractutic cartilage 1 1fro But we also hnow that the process does
not result m the solution of bone salt that 1s left mn the bone at the tine
the ammals diet 15 changed In other words putting an ammal on 2
rachitogenic dret stops new calcrfication but 1t does not reverse the process
and lead to decalcihcation or to the process that used to be hnown as
halisteresis I prefer therefore to thinh—and 1 hope there will be some
further discussion on this pomt—of the equhbrium between the sohd
phase of the bone salt and the Liquid phase in the fluds of the body bem™
medsated by some biological process beyond the simple solubility process
that oceurs 1n the test tube when an morgame salt 15 brought mto equilb
rium with the hquid phase

Of course this 1s not new 1nd many people have the concept of the
equilibrium bein,, mediated constantly by the parathyrord hormone Th
runs mto some difficulty 1 parathyroidectormzed ammals because there
15 still an exchange of caloum between the body fluds and the bones
even though the ammal 15 completely free from parathyroid tissue It rs]
therefore not sufficent to regard the parathyroid hormone as essentid
to an exchange of muneral between the solid and the hiqud phase 1 ;\ﬂ:
hopng that Dr hramer wilt tontmve 4 part of the dscusuon He ::d
been w this particular held longer thin I have and I thinh we shoul
have some clarffication as to just what we are thmnking about when \]\C
consider the equilibrium between the nuneral 1 the bone and that 1n the
flurds of the body

Armstrony  Thank you Dr Rrumer would vou like to make a state

ment now ?
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Aramer Yes 1 have been very much impressed by the work of Hast
ngs and Huggins®® on the replacement of artificially produced calcium
defictency i the serum presumably by solution of calaum from bone
When 1 first read these observations 1 thought of the possible effect of
parathyrowdectomy and that it mught give a clue as to the mechanism of
this mohltzation of caletum which brings about the rapsd reestablishment
of the normal plasma calaum level While the reports of Hastings and
Huggins are very meager as to detai] they do ndicate that m the ab
sence of the parathyroid glands normal calaum lesels frequently are not
attamed and tetany develops m these anmals

While 1t 15 true that i 2270 1t 15 possible to get the serum or plasma
to retamn more caleium or more phosphorus and maintam a lugher Ca X P
product with a certain amount of stability the fact remains that m the
studies of Hastin,s and Huggins the level rose to a certain pomnt to a
normal Ca X I product and then did ot go bevond it and that pomnt
varted dependmg upon whether the parathyroids were 1 or out so that
there scems to e some mechanism which deternines the maxunum level
to which the product can mse 1t 1s probably not entirely humoral and
1 1n part dependent upon mtact parathvroid glinds as well as upon ade
quate Vitanun D intake When we developed methods for
atric acd we thought that the determination of serum atrte acd might
throw some hight on this problem by howing that the plisma calum
could nise because of an increase 1n atric acd and therefore an increa e m

oluble un 1omzed calerum  The hypercalcerma of nirml rabt plasma
11 part due to an ncreased serum citric acxl level This however 1s not
the ¢ ¢ m the do,, or m the cluld with hyvpercakenna I was wondering
whether 1n the dogs that had been u ed for this expertment there was any
evdence I tolsgically of removal of nuneral without simultaneous re
moval of the orgame matrn  Dr \cLean probably can answer this
question

McLean In our experience none

Aramer 1 have 2 few pomts here 1nd there that I jotted down as
Dr Howrd spohe In tudving cerehrospimal flsd U as a possible ex
ample of a physlosseal ultrabltrate of calaum and phosy horus and of 2
Donnan membeine cqulibrum we could never account for the tiny
amount of morgani phosphorws found m the cerebrospinal fland as com
pare! for exungle to the amount of pho rharus that 1s found 1n the ultra

Hasting and Hugpis C B I it 1 H; k Py
Lxpe llml a I \lri 30 45% (1033 permen ypocleema Froc. Sor

$Pncus J B and hamer P\ Compar tve Stuly of the Concrnlralon of
:la.ljcrus Am ns and Cations n Cerch spinal L hod and Serum J B { Chem 57 463
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filtrate of normal plasma I was wondening +f Dr Howard would have
something to sav about that Furthermore m domg ultrafiltation expent
ments we found a strihing change in the pH of the ultrafiltrate this
led to the preciyptation as calerum phosphate of part of the calcum which
failed to preapitate with oalate and therefore we obtamed low valuey
for caleium m the uitrafiltrate When we realized what was happenne
adjustment of the ultrahltrate pH gwve us more nearly nosmal results

Follis May 1 just ash a question of Dr McLean? Dr McLean do
vou then disagrce with the postulate that there need not necessartly be
bone destruction  Is 3t vour pomt that there must he bone destruction
mn order to account for ciloum and phosphorus Lemn, made avaiable’
Or do vou contend a I thmk Dr Howard helieves that there need not
neces arily be bone destruction but that caluum and phosphorus may be
hberated from bunc s1e the bone crystal? In other words one can re
gard 1t as 2 sort of modified halisterests 1n the sense that adsorbed 1ons
come off the crystal which atself as well as the organic matr need not
be destroved

WeLean  Our mmpression 1 that there must be an area of destruction
of bone includin, matrn perhaps very sharph localized i order to
Iiberate the bone salt This realls goes back to the concepts tntroduced
by Roellher eighty years ago He concluded tha the osteoclast erodes
bone by chemical means without specifving further the nature of the
chemical action requred Later others added the suppostion that the
action 15 a combimation of that of 1n acid with that of a proteoh tic enzyme
The acid dwsolves the bone salt and the proteolytic ferment destrovs the
matrix This 15 2 crude 1dea as to how this kind of thing may occur It
15 still our impression that <omething of the sort happens that the bone
tisstte must be torn down actually torn down 1 arder to put ]one <alt
mto solution as rapidh as 1t does et mto solution 1f something happens
to modify the level mn the Llood as m the experiments of Hastings and
Huggins © I <imply cannot picture replacement of serum calaum 25
rapdly as 1t was demomstrated by Hastng and Huggmns on the bass of
re ~olution simple solutton from the solid phase of bone

Newmm 1 want to say that T huve one arca of complete 1 reement

aith Dr Ml ean I have al o one 7rea of disagreement  this m:mel; of
simple re solution It 1 not simple Ve must =ccept the fact that a few
hitres of fluid flow over two acres of mumeral surfaces—

S hoelher A Tle No mal Reso ptv n of Bone T ssic and Its It portance 1o 4le
Formation of Tap cal B ne Forris F'C W Vorel Lepnig (18 3)
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Pov af th ooy tal dor not exs t as an entity then nether does i
cthn s o cladality product anltherciore Tam nit boberedrv e
Tva afos scarsa o vhen the chmrenans report huh calaum 2.4 b
#rphory ¢ Jow caloum and Jov phosphorus I am eomviced
the ery taly pro ent n the avarlable shelctor adju t 1 compo bt
i,y Be Dloveds Ttas truc that st takes years to get final eqelinn
11 zro bec u o the ery tals which are formed immeditely reafjut b
th eolution  w imfimtum Lhey change m size they even chane mda
wier (h Blowd- bone cqmltbnium however 1s dynamuc T behese.

Durn it rrsssion. Dr Robinson and T were serilibling on the e
Vimoditic T ward bathtub o which the body fluds the mpe tuead
the bulin oy comphieated by other actine processes regulate the Joel 2t
cilaum m the bleod  Connected to the blood by a compheated phe ¢+
chemtc ] process 15 the bathtuly the shletal reserve  If the caloum led
m the blyslr dow red of coursc at drans the bathtub

A fuitha g hcaon n this sttuation s the effect of old 2¢ 1+
A 4§ we jxose sad o D rcon gencrator a coohng system which grats)
throughh Bfe irccson the bathtub s contents so that as the patent nh
e1s¢ bec mcs Tlir Toss and less of the hone 15 avaiable for the e
tien of the | fud lovel

[mlly here 1s our pomt of agreement  the unfreezing of Lured m;s
1 eclubie process  m other words to draw sigmficantlv from the @
aum of the bone you hive to invohe cellular processes {0 mahe (hc;
of the Lone wvuhble 1 would not deny the mmportance of the cell 8 b
regulation hut the mmediate response that one gets when “,;Injm"“
cilemm from th hivod as m the classicat Hastmg s eperment” %
5 T concernud 1 not mediated by cellular

Tromont Suuth Y ou mean there 1s no nec ?
Numan There 1s no need to smoke 1 1t a
dromont Smuth - But vour acres would v

IS to operate would they not?

Noman Thats mioht  The walable cry
m them clies but the total contribution 13
the blood level without destroving, m
any tals which are wulble to the fluds
solution process 15 hornbly complicated 1t
cum level the phosphate level and the enr
sodmm the magnes;um and the other jon
the cloum to sodim ratio of blood decre
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bone and caleum will come off Thts 15 not a matter of dissolving an
entity a we ordimartly do with table salt Lut a very complicated exchange
equilibrium 1n a very compliated sohd 1 a very compheated solution
But because 1t 15 complicated and we cannot define it we should not throw
1t out That 1s tmy plea

Shorr Then you have various families of crystals whith are more or
less accessihle

Newman  Actually 1 think the bone crystals are pretty much abke m
all ammal skeletons I think they are alike because the hidney the
testine and all the other homeostatic mechanssms mamtamn such a good
balance that the body fluds are essentially constant in composition
throughout life The crystal form 15 a reflection of that composition and
1f we do observe varalility 1n the bone 1t 15 because we do mdeed observe
vanability 1n the composition of the blood

Shorr  But the crystals are vanously accessible to the body fluds 1s
that right?

Newman  Yes imdeed In the center of a compact shaft as m the
beautsful pictures of Amprino** and—

Robinson  Lingstrom ¢ Zetterstrom ? and LaCrorx *

Newnan The Enropean group yes Thev have shown by mucroracs
cgraphy  that some of the newer Haversian system are relatnely trans
Iucent to x rays Vell those are available to 1satopes w the arculation
Other Hasversian systems appear opaque and have Dhitle water in them
These appear mert unreactne unavaslable

Harnson You would agree Dr Neuman would you not that m the
wfant you have probably the maximum surface of availble caleium?
Newnan Yes
Harnson But 1t 1s particularhy m the infant 1 whom the serum levels

of calerum and pho phorus are so vanable that varations apparenthy are
not hle with 1 simple equls Letween the fld 2nd the Lone

SAmprin T Reconstruction and Ditribut n of Bone Muneral IT Wuth Radro
:ulographlc Techna ¢ / 7 lforsel 1 1 k oskop Anat Abt A 37 40 (19
Frostrm & Fogfeldt B and Zetterstrom R Relation Betw een Collagen and
A vl <atts 11 By Tossue Lepery tua 8 %27 (19°
Zetterstrom R Rene a) of Plosthate m B ne \l nerals T Renewal Rate of
P owpiate wn Relaton 10 the Solubilty of the Bone Mnerals Bioh 1 a of Bo
M)nm deta 8 243 %93 (1927)

SR, T Autoradh graphs of the Spomgy O seous Tussue Lafe entu B 426
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salt ;m tle shelton The yr d ctof Ca X P ntleser n ntle nfa tna
ary fromaslov as 10to as hgt as 80 Tam ref rrng to the con nta
tons of alc m and norgan phosihorus n the serum U lor certan
crcun stan es n nfa cy the level of the serun cale ma lea low as
45 mg per 100 v 1 a serum jlo plort concentrat on of 2 to 7>
ng jcr 100

Tolls Yo lae n dfferent stuaton ther of course You laea
¢ ntantl  ncrea a unt of rganc natngx  h | 1 aklle fo
dejo ton of nmoneral nthe nfat vlc voud otlae nthead!

Harrso 11 % aja  tall joe tack to Dr VcLeans deatlatile
orga cproe e n tle lone arc prolall muck nore mjortat tle
ma tenanc  § tle er m cal m and jhojhor s levels i tle n
organ ¢ | roce sey

Aec a Ma Ig bak tt u,! Youarestll m ol ngasolu It
property Yo are a ng tlat f tle alue are lover tlere ca fe no
tone or tlere loull not {e fone and tle only tme the alwes ¢ nfe
lo er when the lone ,o0e Iht snottre VWekno tlat {lone
s qlaced n water o d ot getthe al esof tlood bt oug tso ¢
thng alot 7 te tl Loth n calcum and n plosphorus of tle 1lood
val es Anl k o also thtyou cxn nx oncentraton of caleun
and {1 1h ru that are ucl greater than fi 1 nylana and tiey
do not jrec p tate e ther

Harrso  Tha I am ureof bt the other part

A a If o thro o ttle levof almted sol 11t tlere mo
rnon tleworklwl thr loldnotleboeataleelof 2 , of
cal u per 100  of eum

Harrso. Wel1eben terested partcularl 1 group of nfan
wtl darrleal d ease hoha eleeng enexe eamount of sodun
salt Tlee fants slow h pokalema 1 pocalcen a and h poflo jfa
ten 2 Tlere s oe le ce of rapd restorato of extracell farca #
and pho 1lor  ir n the sheleto Tle le el seem to be statc

Ne a Hovlo doe ttike toreacl tle statc s tuaton

Harso Tleleel ren lo  for se eral diy 1nd of cour e we
la e to nterr jt tl tate w h theray MWh does ottleshlon p
jort the serum le el of calcu a 1yloghor s more adequatel ? We
l1e seen n lar tates oca omall lur , tle co rse of eere n
fecto s

Ae a VWhatl jje totle excreto of calcum m ucl cae

Harrso Tle ur ar excreto of cal plo plort e

trenel lo
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THE EFFECT OF VITAMIN D ON THE SOLUBILITY
OF CALCIUM AND PHOSPHORUS IN SERUM

ALBERT L SOBEL

Trons the Departnnt of Irochenustry The Jeewsh Hosprtal
of Prooklyn Prooklyn Ne- York

Irmstrong Dr Sohel do you wish to make some remarks?

Solct 1 would Like to 1dd < mething tc the ubject When one 1s dis
cu s, the scrum caluum concentration it 15 worth while to consider the
subject m the ird Under the mfluence of estrone one can get erum
caloum level as high as 600 mg per 100 o 1n the duck and during the
period Of €. laving the serum cilaum level rises tremendouslv 1 most
Inrds  1he exglanation 1s a phy 1cochemen] one namely that i the blood
a compoun | s present which pernut the formation of an un wmzed com
plex with calaum The substance 15 sy} wed to he a protem

Shorr Vitethn

Solcd Yes Whut T wish © pumt out 1 that there must be factors
whith nerease the tetal solubthity of the C1 X I product that are m
flucuced by vtumn 13 Tar ¢ badl slow a tdble dllustrating the relation
lup between the dietary cauum phosghnte and vitamn D and the serum
ciluum and snorgame phosyhte leved 1 the growng rat (Table V) ®
We see that 1n the b ence of vitamm 1D we get certain serum calanm
ant pho phate level whih are related to the dictary calaam and phos
tharu  that + the Je s the calaum in the diet compared te the am unt ot
tho phate the ks calerum an the serum and the tijher the erum phos
thate compared tc the ealemm In the ab ence of vitamm D the product
of the erimi Ca X I s relatnely low Al the time there 15 a2 negatne
lalnee  The Tones are grung off caloum and pho phorus vet maxamal
blood Tevel  sucdva nnght be attuned when vitanin D1 given are not
rewhed Wath st D teth the crum cal wm and the morgame [ hos
phate tevels are i her and partalarhy that member of the parr goes up
wlhic hypens to be 1w All the ume there 1 2 pr e bahwce The
s wre bomg ended with ctiem m and pho 1 hore

Now It us look at nichets groduce ! ou a diet vers Jow 1 pho phnte

bel P oadHanh A Ieficsti nef T b 1 Compe tionin Relat nta
lll ,\and Dl Chem 146 103 (143
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salt mn the shelton The product of Ct X P 1n the serum m the mfant any
vary from as low as 10 to as hi,h 1> 60 T am referrin,, to the concentra
trons of calom and morg,anie phosphorus in the serum Under certam
arcumstances 1 mfancy the Jevel of the serum calemm may be as low oy
45 m, per 100 cc with a serum phosphorus concentration of 2 to 7§
mg per 100 «c

Tollis You have  different stuttion there of course You hnve s
con tantly ncreasng amount of organic matris 3 fuch 1s avulable for
deposition of munerals 1 the mnfant which you do not have i the adult

Harnson 1 thnk agam 1t all joes back to Dr McLean s dea that the
organic processes 1 the bone are probably much more mmportant m the
mamtenance of the setum caleum and phosphorus levels than the m
Organic processes

Aewman M1y 1 o back though? You are stll mvolung a solubihts
progerty You are saving that 1f the values are lower therc can De no
bone or there should not be bone md the only fime the salues cn be
lower 15 when the bone 1 gone That 1 not true Ve know that tf bone
15 placed 1 water you do not get the values of blood but you get sume
thing about - tenth both m claum and m phosphorus of the brood
values And vou hnow also that you can mus concentrations of cum
and phosphorus thit are much jreater than we find m plasm? and they
do not precipitite erther

Harrison That I am sure of but the other part—

Acwman 1f you throw out the ider of < lumted solubilty there t 10

reason an the world why there should not be bone at a fevel of 2 m~ of
¢ dem per 100 ¢ of serum
Harrson We have been mterested particularly m 7~ ,roup of mfants
with diarrheal disea es who hve been given cxcessive amounts of sodum
salts The e intants show hypokalemsa hypocalcenua and hyvpopho pha
terma There 15 no evidence ot rapid restoration of extri cellular everum
and phosphorus from the sheleton The lesels seem to be static
Mewman  How long does 1t take to reach the static situation?
and of cour e ®€
t the shelton suf~

dequately # We
e m

Harrison The levels remun low for several day
have to interrupt this state with theripy Win does nof
port the serum levels of calaum and phosphorus more &
hve sten sumlar states ocersionally durimn,, the course of evere
fections

Newman What happens to the excretion of caleum wn such case ?

e
Harrison The urnary excretion of ¢xluum and phosphorits >

tremely low
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TABLE V
The Effect of Vitamin D on the Relationship of the Serum Calaum and
Inorganic Phosphorus Levels to the Caloum and Phosphorus
Composition of the Diet in Rats

Diet Serum*
Without Vitamin D With Vitemuin Dt
Calaium | Phosphorus il Calesum | Phosphorus || Caleium | Phosphorus

(mg./ (mg / g/ (mg /.
(5) (q) 100¢c) 100¢cc } 100¢cc ) 00¢cc)
120 0121 17 21 133 34
020 0124 94 47 11 60
003 0759 56 75 88 84

Wistar rats 23 days old were placed on the diet for 30 days Each of 6 Jitters wa split
among the 6 grotips

*Mean values for serum

10010 of Vramun D dady

{From Sobel A E and Hanoh A Calaification of Teeth I Composition 1 Rela
tion to Blood and Diet J Bio! Chemt 179 205 (1949) ]

although adequate mn calcrum ? where 1n the absence of vitamm D richets
develops but with a certam amount of new calufication Vhen such
ammals are gnen witamin D the Ca X P product of the blood 15 m
creased and the rachitic condition heals but the total amount of calcrum
and phosphate m the bones actually 1s decreased You recall these ex
periments Dr Harrison?

Harnison Yes The bone 15 redissolved apparently

Sobud Thus there seem to be factors that mantam the solubifity of
calerum and the phosphate n the blood Ve would like to think of these
factors 1n terms of compounds that result 1 un tonized calcium and tn
tonized phosphate complexes Such compounds would permt a igher
amount of calcium to be present wrthout exceeding what we consider to
be the solubility product princtple One compound has received particular
attention that1s citrate and another series of compounds mamely protens
also have recenved some consideration Ve really know very httle about the
dissociation constants of the various calcium protein compleses that are
present m the blood All that we do hnow 15 the dissocration constant of

o Becks H hoh! F.V and Copp D H  Sheletal Changes
S s kirerry 5 he Rat i Metacarpal Bone. Costochondral
Tanction Caudal Vertebra. Aveh Path 50 209 (1950)
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COUNTS 7 MINUTE / ML PLASMA
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TIME AFTER INJECTION {MINUTES)
Fig 3 Arternl DMasma Concentratun Curves of I1lio odmm 1nd
T adiocalemm Injected “imultancoushy mto Fwo Do,s
Th d) wram sltustrat s 0 prmciple of th exg onent and th ar s in the

ot
1rmmd at the relatve manmtud nd it ¢ 0 fmy matofd | bdd
between tl ¢ cempartments of th ¢ body

agrees very well with prevtous daty on wbum tran cipiilany megration
fates In the two anmml m which the odum and caloum tran capillary
nugration vates could be ohtuned multinecu v a very close rgreement
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TABLE VI
The Fractional Turnover Per Minute of Plasma Caleium and Sodwum 1n
Dogs Given Radiocalcium Alene or With Radiosodium

Isotope 1 Number of Dogs , Tumo(x;; Rate
7

6 Ammals

Calerum ' i 519
Ammal 1

Calaum 601

Sodium 564
Ammal 2

Calcrum 303

Sodium 297

w1s found between the rates There may be some reason to guestion the
validitv of tr llary mug rates calculated from artersal plasma
concentratrons If the results are questioned on that score we must 1e¢
ognize that these are nummum rates of turnover But thisis nota point
of partrcular importance to our present discussion

1 have used the same data to caluulate the quanties of calcum and so
diwm turned over per munute by the sheleton (Figure 4) I'have had to
assume here that the calcwm and sodtm not present in the extracelular
flud are present m bone In order to make these calculations we used &
variant of the 1sotope dilution equation shown m Figure 4 What actually 1
done 1s to calculate the quantity of calaum or sodum through which
injected radiotsotope 15 cistributed m order to give the measured acu;m
per muillrgram of plasma calcum or sodmm at the indicated times and then
to substract from thus tot1l quantity the amount of codum or calunr that &
present m the extracellular flud  the remunder that 1 obtamed 1s the
amount which 15 derived from the sheleton The application of thus equad
tion requires the assumption that the speafic activities of the plasma an
of the mtersutial flud are equal at any given tume This assumption m};
tamly 15 not true over the very early munutes of the expertment l:]ut lt‘~0
error mtroduced rapidly lessens with time In the case of sodwm by Be
mnutes we have an equilibrium concentration hence there 15> no er}r‘or o
cause of the rapidity of the adjustment between the plasma and the i

the
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The dogs weighed approxunttely %0 hilogram  The pomt w the trangle g1 ¢s the
mean value for calcum obtamed from studies 1n 6 an mal

ttial fud 1 behere there 1s only 1 smll error m the calaum datt bevond
100 minutes Y ou can <ee at 150 minutes about 09 gram of ealaum had
been exchanged but at th time neacly 9 grams of sodium had been ex
changed  The tmmer! pha ¢ of the heleton 1 abaut 3 per cent calcum
and about 07 per cent sodsum  Here we hive an example of a very much
farger fraction of the sheleton odium than of the <heleton catcium bemg

e
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turned over Thus result 1s T behieve consistant with the general thesis of
Hendricks as to the surface location of sodium 1n the bone salt thus making
1t more readily available for exchange

As I say the real pomnt of showmg these data 15 to mdicate that there
are rapid processes by which calaum does move between plasma and m
terstitial fluid  With the two acres or the eighty acres or whatever the
area of the bone mineral surface 15 processes of solution and precipitat on
as well as of exchange certamnly give an opportumty for rapid adjustments
m the distribution of the mneral parts of the sheleton between the sheleton
and the body fluds I am now gong to call on Dr Rubin becan e I think
he can carry this topic a great deal further

Conference Discussion

UcCance May I oterpose a question or a renyarh here It seems to me
that we are discussing two quite different biological phenomena Tirst of
all there 15 the proceeding which was described by Hastings 1 which 1f
you remos e calcium from the airculating flurd the deficiency 15 rapidly mde
good The second 15 the mamtenance of what I mght call steady states by
hrological processes at various levels of serum caleum and phosphorus
Now until we get quute clear that we are thinking of two separate thigs
1 do not think we are going to make much progress brologically

Armstromy 1 would suppose that those processes are actually toa hih
degree related

McCance  Well thev may be related but they do seem to me to be tso
rather distinct processes Something 15 fining the steady state

Armstrong Tt 1s quite true that we are dealing with n adpustment toba
steady state The wor etrlier referred to was a disturbance of the equil
rium — 1f I am allowed to use equilibrium?

Newnaon T am dehghted I consider it an equiibrium condition
Reifeusters It 1s a disturbance of the steadv state

UcCance  Presumably 1f vou disturb the equilibrinm of the steads statren
adjustments will be made to restore st e to maintam the serum calus
at 1ts old level whatever that may have been

Armstrong  Are you talkmg about the bleeding experiments no% ?
McCance Yes

2
Shorr And 1sn't there a third consideration? If the expenments i 1;!;
that Dr Howard reported are vahd then the steady state 1s mantaine
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have to accept the fact that we do not know We cannot describe the cel
lular effects because we do not know what 1s due to physical chermeal
events That 1s the problem to which I have been devoting my energies
to try to learn what the cell 1s not doing so that what 15 left may be defined

Fremont Snuth  Tgnorance does not have to be hnuted to the hological
sphere [Laughter]

4rmstrong T will say  amen to your comment We have to makez
dizgnosis by exclusion here
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DYNAMICS OF CALCIUM METABOLISM

MARTIN RUBIN " RICHARD D THOMA>
THEODORE A LITOVITZ * and CHARLES T GESCHICRTER

From the Chemo Vediwcat Rescarch Insntute ond th
Departuent of Pathotoyy Georqetorm L m crsin Medwal School and the
Department of Plosics Cathelie U mzersiy of hmensro
I achen jtan Drstret of Cotumbio

frmstrong  Dr hubm you mav talh 3f vou wish on csther or bath af
the subjects upon which sou prepared

Pulm  Well th < a pleasant opportunts to duplav or mnocerne and
our ygnotame We have attemapted to anvwer a number of questions con
cerreng the dvnaanes of calowm metabolism mosth becau e we hnve been
up tr now completehy unaware of the work that hay been done elsenbere
We hatent vet caught up with our re1 g

The studies which we have carrted Jut of potental taterest ¢ this Cem
ference Croup tre divistble mto three cgments  The present dr cussion
siveys same 4 peets of e dynasie metabols mof erfoum as wdievted 1y
stahics with radioctne calasm® In uccee hng papers it may be possit le
to seview <ome appheations of synthetie chelsting, agents {rom a yenerad
pomt of siev 1nd more specthically as apphed to calewm and ma,aesium
metabol sm

Bialogicat Systems and Exponeatal Functiom

Many naturat phenontens an 't cop et B hicleped sy tems fre
quenthy change a< expon atat functions The generalized expression for
uch change 1s gueen b the cquate 0 Cr3) = fe ¥

7 Sapted i part by urznu«m ad feom the LS \txn  brerpy ©omos i
£ rant AT 130 13 R39 1122} The \rnonal Cancer Sn nte the Natenal In 1 tute
c( §iealth Fublic Health Service ant the (o ot kier Tuod £ 1 Me ab b carchs

¢ fasncar )"'( fes tt Ch o try T emn Vied call In sibte Centretomn Canverssty
\ed cal Sehioo!

"“"l: Slr(h L et Denactanat of Fath gy Georget o Leversty \edieal

Tlnseutys Dopastment of Dlases € thal L [ Amerra
¥ Erofeseor of Pathu ey 1 corgetann Laner of
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The changing function may be for example concentration € varying with
time () In the present studies C 15 used to denote the concentratin of rad o
active ealerumd®  The right hand sde of the equation indicates that some quantity
A of the changing matersal 1s being altered at a rate ndicated by the magnitude
of the rate constant b as a function of time (£} It may be noted that while the
A term denotes a factor of quantity (or as it has been termed a compartment
factor ) and may vary with many extermal ciycumstances the  term represents a
rate of change constant and 1s usually typical for a given physicochemcal event
or reaction

1t <hould also be noted that a given biological systcm may show an overall
pattern of change which 1s the sum of a number of mndividual reactions
each having the generalized form presented in the above equation If this
15 the case (and 1t 15 usualls the case m g systems) then rdentification
and separation of the individual components of an overall reaction will
depend on how different the rates of the indnidual reactions may he as
well as on how fine a technique of measurement has been developed While
the successful separation of an overall svstem may thus show a munmum
number of indnidual reactions 1t by no means precludes the possibilits that
several reacttons of the ame rate are occurnng sunultaneously and sadis
t hably With these d n mind we hate attempted to studs
and xdentify the indrvidual components of calctum metabolism using tracer

methodology  The detarls of this study have been recentlv presented ™

Analysts of the Fate of Radiocaleum 1n the Blood of
Adult and Young Animals

The function of the blood as the common carner of metabolic activity
dicated that study of the fate of calerum mn the blood might be of signifi
cance In Figure 5 15 illustrated the decrease 1n the concentration of mtr2
venously adminsstered tracer quantitres of Ca's as a function of tune 1
groups of adult and young rabbits The rapidity of the turnover of ndmd
ual blood calcum atoms 15 mdicated by the fact that about 70 per cent of
the mjected dose of radiocalcum has disappeared from the crculatory
svstem withun five minutes It 15 also clear that the adult ammals retaned
the admin stered dose of tracer matersal i the blood somewhat longer than
did the voung ammals The significance of the difference may be apparent

Iy from our

\athematrcal analysis of these overall curves ® © indicates that 1 realty

79Thomas R O Litowitz T A Rubin, M I and G:sch':ktc)‘r CF .ADVE"d""s’
of Calfcium 1me of I

calaum Am J Phys ol 169 568 5/3 (1922} u
79F ] L B Cowte D B and Vosburgh G J  Studies on Cip
mié.*.ﬂ;' with Tracer Sub tances Cold Sprmg Harbor Symp Quant Bol
(1948)

Per
o713 8

sSm W S [Isotoprc Tracers awd Mud ar Roduattn s with Applications to Buol 93
and Medicine McGraw Hill New York (1949)

¥
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compartment fictors for the last two terms ndicates that m removn,
the caloum from the blood the old ammals use less of the third term
mechanism and more of the fourth term mechansm than the young ammals

TABLE VII
The Equations for the Disappearance of Radiocalctum from
the Blood of Rabhits

Adult C(t) = 0463¢ 136 + 0260177 + 0 113500 # 4+ 0 100 ¥
Young C(1) = 04482176 + 0310 8 + 01660 006 4 0074008

Term by term comparison of the rate con tants b indicates that for a(}l (ﬁtour
individual processes the adult ammals and the joung ammals are conductng
business at rates of the same order of magmitude 1e the nature of the b\»mcI sed.
the physicochem:cal event—iy probably the same 1n each of the proc:ssesl dmvad\mg
While 1t may be true that the nature of the events 1s the same for the ol agf e
young ammal it seem that the quantities mvolved in at least the Jast mom of te
events are of different orders of magnitude Compar: on of the A mm
example of the third component of the equations for old and for ;a:ng i
indicates that some process i the old ammals 13 gettin, less ufhl ebtmm
business than a simlar one 1 the youn, ammals The identity of t § ‘tmuh
dicates that both groups are handling the matersal in the same way ec‘g"g ol
the A factors of the fourth term indicate that the voung ammals z;e} g:‘dhng e
matersal n this process than thesr parents but agam the method g h‘cas:s
material represented by the constancy of the b term 15 the same m bot

The application of the tvpe of datq just presented 15 of utility only withn

the framework of 1ts statistical valdity

Analysis of the Fate of Radiocalcrum 1n the Skeleton
of Adult and Young Animals

The second general aspect of thus study has been an attempt at -'13 l‘ile:"
tification and correlation of the events which we hnow Ly therr re erta !
1 the blood mav be 1n progress in other parts of the organism The :Jt}:" -
of mtravenously adnunstered radicactrve calctum by the sheletal ;};ﬂ "
a function of time 15 illtstrated for young and for old ammals 1 ;; ot
In these studies the femur has been utihzed as an mdex of cﬂ]cmn; u‘{ale»
by the bones It 15 clear from Table I that the adult amnnils plC( n}x)m:ll
caletum 1 their bones than do the young but that both groups 0 adxca(es
employ the same mechamsm for the bone uptahe Further analysi> ]"(T;.ble
that this process 1 represented by the third term in the equation
VII) for the disappearance of radiocalcum from the blood
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TABLE VIII

The Probable Error of the Rate Constants (b} and Compartment
Factors { 4) of the Terms of the Equatton for Radiocalcium
Disappearance from the Blood

Adult Rabbuts Young Rabbuts
A 0483017 0448 £ 0175
by 13601t 176 025
1 026=010 031+009
b 0177 = 0007 028011
As 0113 =001 0166 =002
bs 0024 + 0006 0020 = 0002
Ay 0144 £ 0027 Q074 = 0014
b 00024 = 0001 00026 = 00009

fn Table V III are histed the values of Table \ IT with a determsnation by the usual
statistical methods of the probable error of the caleulat ns It s apparent that
the conclusio s as 1o the parallel wdentity of all of the terms except ¢ compart
me t factors for the third and fourth term 15 justifable

Analys s of the respect ve curves indicates that they may be expre sed by the
trms in Table IX The rate con tant & for botl young and old a11mals are
the same Ths snd cates that the physcal nature of the rad oactne calc um
fixats 1 proces 1s ade teal for the ¢ grours of ammals On tle cth r hari the
compartment factor 1 s less 1n the ca € of the alult ammals

Comparsson ¢ the terms 13 Tatle I\ with the th rd terms preyiou Ty dery e
from tie curves of th e d sappearan e of Cal> from the blood s of mterest The
Tate term b are of the ame rder f magmtule for tle bhd disappearance
event and the bone uptake event Thi axreement 1s presumptive evidence for the
tlentity of the b ne uptake praces with ts reflectin m the bl xd d sappearance
curve ” Furtberm te the Tatiy of e adull/young compariment {actars  for the
blxud d sappearance data 15 of the ame ord ra that fer 1l e femur § ck up datv
The difference between the compartment fact r for the adult ani tlat for the
) wiz anmals s believed €5 cepr sent 'me ma ure «f the phy  Jug ¢ status of
the sheletal sy tem of the ¢ ammal

Tn the above desenption the vamation s the  compirtment factor may
Tean expression of 1 phasial e differance 1o bore metaboli m due to ae
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compartment factors for the last two terms indicates that n removing
the calomm from the blood the old ammals use less of the thid term
mechanism and more of the fourth term mechanism than the young ammals

TABLE VII
The Equations for the Disappearance of Radwocaleum from
the Blood of Rabbits

Adult C(t} = 0483¢ 136 - 0 26,0177t 4 0 113, 00 # 4 0 144000 #
Young Cft) = 0448¢1 78 + 031 © 8t 4 0166, 00 & + 007470% ¢

Term by term companison of the rate comstants b ndicates that for all four
indindual processes the adult ammals and the young animals are conducting
Dbusimess at Tates of the same order of magu tude 1€ the nature of the by iness—
the physicochemical event——1s probably the same m each of the proces e 1V d\‘h
While it may be true that the nature of the event 1 the same for the old auf :h:
young ammal 1t seems that the quantities mvolyed in at least the fast two of e
events are of different orders of magmtude Comparison of the A mmamr
example of the third component of the equations for old and for young ﬂm,abl
ndicates that some process i the old ammal 1 _getting less of the m:“ o
business than a sumlar one in the young animals The wdentty of the b term ¢
dicates that both groups are handling the material in the same way Reciprocily
the A factars of the fourth term sndicate that the young animals are g?;fll‘rr!‘z the
material m this process than thetr parents but agamn the method of Il:an SK
matersal represented by the constancy of the b term  the same m both ¢a ¢

The apphieation of the tvpe of data yu t presented 1 of utihty only wifin
the framework of 1ts statistical vahdity

Amlysis of the Fate of Radiocaloum 1n the Skeleton
of Adult and Young Ammals

n attempt at an 1den
ur reflection
The uptaht

The second general aspect of this study has been a
tification and correlation of the events which we know by thel
11 the blood may be 1 progress i ather parts of the orgamsm o
of mtrayenously admimustered radioactnve calerum by the skeletal systef i
a function of time 1s illustrated for young and for old ammals 1 hé‘“m“
In these studies the fermur has been utilized as an mdex of caleum ﬁ\am’
by the bones It 1s clear from Table I\ that the adul anmals pich “Prnnl
caleium 1n therr bones than do the voung but that both groups of a;calts
employ the same mechansm for the hone uptahe Further analysis ’“(T e
that thiy process 15 represented by the thurd terms i the equatin
VII) for the disappearance of radiocaleum from the blood
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TABLE Vi1

The Irobable Frror of the Rate Constants (b) and Compartment
Factors {4) of the Terms of the Equation for Radiocalcum
Disappearance from the Blood

Adult Rabints Young Rabluts
A 04332017 0480175
b 136=011 176025
A 076 =010 031009
by 0177 + 0007 028011
1 01132001 0166 = 002
by 0074 = 0006 0026 % 0002
A, 0144+ 007 0074 = 0014
by 00024 = 0001 00026 = 00009

In Table V 111 are | sted the values of Table V1T w tha determ ato by tle uswal
stat st cal methods of the probable error of the calcufat ns It 15 apparent that
the conclus n as to the parallel dent ty of all of the terms except 1le con part
ment factors for the th td and fourth term 15 ju t fable

Analys s of tle respect ve curves ndcat s that they mav be expre sed by the
terms 1 Table 1X The rate constants b for botl you g and old anmals are
the same Tt = md cates that the physcal nature of the radoactve ¢ lcum
fixat on process s ident 1t for these groms of anmals On the otler Tand the
compartm nt factor 4 less in the case of the adult an mat

Compar son of the terms 1 Table 1X w th the thrd te ms prev ously der ed
from the cur es of tte d sappearance of Ca%3 from the bl od ~ of nterest Tle
Tate terms b are of the same order f magn tude for tie blood d sappearance
eyent a d the bo e ujtake eve t Ths agreeme t s presumpt ve e dence for the
dent ty of the bone uptake process w th ts reflect m n the blood d sappearance
curve  Furthermore the rat o of the adul /young compartment factors for the
blood d_afpeara ce data 1s of the same arder as that for the femue 1 ch up data
The d fierence between the compartment fact r for the adult and tiat fo the
jounZ a mals 1 bel eved to represent some m asure of the thys olog ¢ status of
the sheletal system of tte e an n al

In the above description the vamation m the con partment factor may
be an expression of a phy siolog ¢ difference 1n 1 e metabolism due toa ¢
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1 the blond i the nurrow  As A matter of fact we can overlook the detuls
anisimply say that whatever the event 15 1t 15 repre ented n this w1 the
o group of anmat  In the adult 1s compared to the voung antmal  the
ratio of these two compartments 1s clear  the adult has much les of
compartm nt asailatle thin does the voung ammil for this phase of tus
Teaction

Analisis of the Exeretson of Radiocalcsum in Adult and Young Ammals

e have exanuncd al o the excretion of culeum®® after t s been ad
munstered by tntravenous injection m rabbuts  In Ligure 7 are plotted the
data for the combined verared urimary and feeal cxeretion of the animals
m this study  Due to the fecad lag and the hort tume penod over which a
correlat on with the blocd data was bemg, souglt the very earhy part of
these curves m1y be constdered to he a repre entation of urinary clearance
Anaby 15 of the curves of radioclaum excretion of adult and of young
2l ndicates that thty sy be de enbed Iy the equatien of Table \
Far the <hort times under consideration onls the tirst terms of these equa
tions come under scrutiny  The agreement i the rate constants agamn
mdicates that the mechanism of excretion for voung and for old ammals
ss the same  The difference between the compartment terms indientes that
the ald anima] excrete more rdiocaleium than the veung 1 urther anadsws
mheates that caleium exeretion 1s represented by the fourth term of the
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Fig 7 The Combimed Lxcretion of Intravenously Admumstered Cal
cm® m the Feces and the Urine of Adult and Young Rabbuts
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TABLE X

The Equations for the Combined Urinary and Fecal Excretion of
Intravenously Injected Calerum * sn Rabiits

Adult SoE(t) = 015000042t 4 () 29, 000018t 4 () 56,-0 000001 ¢
Young GoL(t) = 00700013 4 (93000006t

9 E(t) 1s the percentage of the mjected dose m the excreta at the end of time (¢)

equation (Table VII) for the disappearance of radio calcum from the
blood

Comparnon of these values of Table X with the fourth term of the blood disap-
pearance equations of Table VII 1s of interest It »s apparent from the identity of
the order of magmtude of the exponential terms that we are dealing with the same
physicochemical event It 1s equally clear from the simifarity in the ratios of old/
young for the compartment terms of both blood disappearance and urinary excre
tion that the blood measurement has reflected the excretion process As a matter
of fact it 1 possible to calculate from the fourth blood term what the excretion
values ought to be 1f this term really measures the urmary excretion over the
observation period The calculated and the observed data (Table XI) are m
strihing agreement

Armstrong Are we allowed to draw the inference again that there 1s no.
excretion of radiocalcrum into the gut because your counts refer only to the
urme? I refer here to the application of the fourth term to the urme

TABLE XI

The Calcium*® Excretion of Rabbits after Intravenous Injectron
Calculated from the Blood Disappearance Data and
Determmed by Collection

Adult Young
(7 /24 br) (7 /2% hr )
Caleultted 144 + 27 74 = 149
Measured 150 + 5 70 =4
Rubm No we can not AWl we can do 15 inctude tne  + exchange f voi
want to call it that mmf' term Our 1 later work
would inducate that this correct Wc that what
goes mto the gut goes t quickly v from actual
test as a result of anoth perment done We
mjected the calcium mnto 1 that 3 the sys
ond as

torm anvalent
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bew,, soft tissue distnbution of calerum  Therefote tn the urinary escre
tion study the fourth term does refresent nrnary ecretun wherews the
gut exchange: 1ncluded m the earlier terms

Studies of the Fate of Radiocalcrum in Animals with
Fxpermentatly Altered Calanm Metabolism

We have felt that support for the conclustons 4 veloped above nught be
foand from studies i wiich there was some dehberate expenmental alter
ation an the ealenim metaholism o1 the test ammals  The deviations tn the
12fues derted from «n anshises of the blaod disappearance curves con
conutant with such experimental thanges should be evident

CALCILM LDADING EXPERIMINTY

Inone greup rf expe nments we hare subjected the experimertal ammals
te vigoraus  ealerum loadim, by repeated dmiby intubation of calem phos
phate  After this procedure the blood disappeerwnce curve of radioactine
caloum® was determined i the usual manner ( Tigure 8

The ternt values that resulted from the analyss of this cunve (1rure 8)
are campared fo the norm.} third and fourth term alues m Table \XIY
Severat siomtfivant dfferences tmay be noted between these terms for the
normat and for the experymental ammals  The exponental value { of the
third blood disappearance tertn of the norml ammal 15 the same as that of

TABIE \JI

The Effect of Hagh Calaum Intake on the Blood Disappearance of
Catuem?®® m Rabbits

(1) Normal = 10000 + [0S 00070
C(1) Ca Eacess = 185000 + 100020 91

the experimentat gronp  This 15 an mdicaticn that the phsicochenncal
process by winch calonsm has been depositcd m the hone i the two groups
nsdentical On th other hand the third term compartment factor 4 has
heen st nificantly merea d m the experamental group and it mv be con
chuled that 1he experimental precedure of ¢alomnt toadin  has wmcreased the
area of caluum deposition i the bone Tn thy same expersment 1t 1 ncted
that the expxnential value b of the fourth term 1 diferent n the expent
mental group as compared to that m the normal ammals  This may be
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sLoop 94
£y
7
'
f
'

L

HOURS

Fig 8 The Effect of Excessne Oral Intake of Calcrum on the Duaf
pearance of Intrasenoush Admumstered Calcum® from the Blood ©
Adult and Young Rabluts

Jezum ehminatid®

imterpreted as a prediction that an altered mechani>m of ca
crease m th

has come mto play on a high caloium intake  Likewise an in
compartment of excretion 1s noted

CALCIUM DEPLETING EXPERIMENTS

1 a neyatne dire

Attempts decstvely to influence caluum metabolism
procedures We hay

tron also have been conducted In addition to the usual
utihized chelating agents for this purpuse These svnthetic materals 3
will be described 1n more detul later have a pronounced abality to combirt
with calesm 1 0 After the oral admimstration of one such matenal
ety lenediammetetraacetate TDT 4 we have determined the natare of th
blood disappearance curve for ntravenously myected radiocalcum  As 1
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esident 10 Tigure 9 the oral admintstration of the complesite agent has
nerea ed the Bload isappenrance of traer calow 1o a marhed degree a5
2 tunction of the adnumt (ered do ¢ of chelute

Fig 9 The Tffect of Versent Gen Orally 0% the Ds appearan® of
R

Intrasenously Admum tered Cataumt® from the Blood of Adult Rublnts

Analysis of these cune ndreated that the cange the di tributiont ot
of the tagged calom ®2 due to an meTease n the comprrtment alue of
{he first two blood disappearanee terms  This fuding wples hat a mew
eservore of caloum fixation had developed 1 the soft ssues Data ob
tamed by distnbutions stulies with carbon tagped chelate and supphed by
Dr Harr, Foreman proved (it orally admmstered chelating agent was
not abmarbed from the gastronte umal tract This the 1y pothests of fix
ation of calowm 1 3 newly created Teseri o has some suppart 1™ fact

1n conclusion W€ peheve that W€ have demonstrated chat by hanetic
studues of the fate of radroctive calaum 1 the blood metabolie pool 123
possible to obtatn af aceurate qualitative and quan!l(at\\e measure of PO¥
mal and of p:nho\ugma\ alaum metabohist 7 o

Toreman 11 bier 3 and Magee M 100¢ pubts hed
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Conference Discussion

Armstrong Do vou know whether the calcum that 15 chelated 1s ex
changeable ?

Rubin Yes we have studied that It 1s completely and snstantaneoush
exchangeable i solution I cannot answer for the ohd phases But m
serumm 1t 15 completely exchangeable or in aqueous solution 1t 15 Radio-
actine calaum exchanges completely with the chelating agent But this s
not generally necessary There are same chelates 1 which the metal 1s not
readily exchanged for 1ty 1sotope Tagged 1ron and wron m hemoglobm do
not exchange very eassly DBut caloum 1 this particulas soluble comples
does exchange completely

Aramer Does the chelate stry in the blood 1s 1t excreted or what hap-
pens to it?

Rubtn We will talk about that later but to anticipate our discusston it
depends on the mode of admumstration If the chelate 15 gnen mirnen
ously 1t 15 excreted very rapdly m the urine 3f 1t s gnen orally it 1s ex
creted n the feces up to 80 to 100 per cent This has been shown with
carbon tagged material

Copp Did you measure the fecal excretion in the adult rabbit?

Rubut Yes we have and I have some charte on that pomnt which I would
be glad to show vou

Copp \\as it sigmficantly greater than that n the young ammals?

Rubm Not 1y by our deter We did not find as much
difference 1n the fecal excretion of the votng as compared with that of the
ofd amumals as we did 1n the very early unmary excretion

Copp Well that 1s qmte different from the behavior of rats where the
chief path of excretion i the adult 1s 1 the feces Lxcretion m urine 1(5
neghgible Remember 1t 15 short term work you have been talking ﬂb"’}‘)‘k
up to the first four hours in the rabbit and there 1s a ven considera
lag i fecal excretion in the rabbit X

Aewnan Have vou had any difficulty with re ingestion of fecal materia
by the rabbit?

Rubi Da you mean mechameallv?

Newmman No actually

Rubis No becawse these ammals were placed in metabolic cages i
which the feces drop through immediately

Newman Was the rablut restrained® This 1s not m) obse!
have been hornfied to learn—I do not remember who told me

rvation but §
but I think ot
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way Comar 1t Oak Rudgre~that even in the metabolic ciges the rablut will
re mgest feces dunng mgfit teeding to a considerable extent

Rubin That 1s the reason why 1n the begmmin, we re tricted our rifer
ence to the hrst four hours in order vo sumphfy the <ituation as far 1
posssible

Aewman Ve found with some insoluble ubstante adnumstered to rib
futs that thie mterials scemed to stvy nd sty nd sty ' 1t could not pa
stbly be' The gut wonld have had to have been ten or twelve times as lon,,
3s 1t actnally 15 to account for thns phenonxnon by dilution It mu t have
teen due to re 1n ¢ tion

WeCance 1 behove rabbuts go m for this practice onby at mght ani {
dont suppose any expenments were carrted ont at mght

Rulin We had three ktntzers and one workmin he did not work 1t
melt  {Laughter)

Skorr Has not the <t a considerable cal um content so that 1t hould
be analyzed separatelr ¥

Rubin We il not measure 1t separ aely

drmstrong  Dr Shorr and I were discussing thy polnt a moment 2,0
Lertinly within 1 few dus after gnm  cafoun intravenoushy to rats one
can find several per cent of the injected do e i the pelt T have assumed
and Dr Shorr sav he disagrees with tius that the radwdaleam got onto
the Tan muinly as 4 result of the hbit of the rat of hickme limself smee
the salina has a concentration of caletum very near that of plasma calom
D1 300 want to debate this pomt Dr Shorr

Shore It was my impression tl at there 1 2 fatr amount of calaun that
i present 1n the <hin and more m the older than m the younwer sans Yer
haps somehody can wg phy more spreific data

Tollis Yo refer to calewum n the skan not the harr that 15 to caleum
m the eutheljum*

drinstrong Yes but the caleruro speaine activity of the shin1s very gh
for seseral days after the pecihe activity ot the urine ins fallen

Engel T thnk ore bas to consider that the erloum i the blood and else
Whre 1 essentially 10 equilibum with the caloum in connecte tissue
and that 1t 15 the connective hissue of the shin which binds 1 ¢ rtun smount
of this njected or mgested calaum

Howard W hat fand of connective ussue of 1hie 1

Engel Trmcypally th ground substances 1 1t also the other negatsvely
charged collord 31 the Jon
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drmstrong What was the defintion of ground substance at this con
ference last year?

Tremont Snuth It was never agreed to
Engel 1 knew 1t' [Laughter]

Follis \\e presented three different defimitions of collagen last year

Tremont Smuth Dr Engel do you wish the electron microscopists
defimition or the i tologist s detnition ?

Engel It 15 really not necesary to define ground substance precnsely at
this time 1f you simply con ider that there 15 a negativelv charged collod
11 the shin which has the ability to bind calaum There 15 negatively charged
culloid distributed throughout the whole organtsm

Follis The nuneral content of epithelium 1s higher than that of collagen
Isnt that true?

Engel 1 dont know

Follis That 1s vou can see more on microincineration m the epithelium
than you can in collagen ¢ &

Howard There 15 practically no calcmum m tendon or fascia yon wan
not get enough to analyze

Shorr But 1t 15 true that there 1s an apprecrable amount 1n shin

Hocard Well T have Mitchell s data * here 1f you want them T dd
not include them i the talk The subject a 70 hilogram man was talled on
the street Mitchell analvzed lum from A to 1zzard and added st all up ap-
parently and found ! 126 total grams of caleum n the body Ninetv mne
pr cent all but 12 grams were 1 the bones and teeth and the shin con
tamed 5 of these 12 T thought however that in the other tissues which
contam calcium the calerum 1s exceedingly unbkely to be exchangeable

Armstrong Do nucler contan caleium?

8 A F and Tngman M F_ Mineral Changes 11

“z‘{?ccardle . Iiyeﬁggn;:nA..l. o 150D rmatol and Siphlol 4735

(1943) _—
\fzmmal a

83Scott G H The Localiation of Mimeral Salts i Cells of Some

Tissues bv Micromeineration dm J A at 53 243 (1933)

H W The
a4 ! H H Hamlton T S Steggerda F R and Bean

Clll\cfr‘::(l:‘:l] Composition :;“!he Adult Heman Body and Its Bearing on the Brochemt ty
of Growth J Biol Chem 138 625 (1945)
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Hoaurd Well that 1 what Mitchell finds by the mucromciner tion
techmque

Copp We found defimte amounts of rid ocaloum 1 the <han 1a our
rats 100 but st fell off 1t the same rte s the serum calewm  We have
assumed that this calewm was in the extraceliular space

Armstrong 1 do not helieve there ts any calemm i the cells T think
with red cells you certunly cin show that all the calaum 1s 1n the plsma

Hoard 1 cannot find any m red cclls ether but Mitchell with micro
maneration seems to identify some It certamly appears that wn

Shorr One of the ports that h1s alwavs strack me m the n ¢ of wirm
blooded anmals 15 the difficuity 1 differentiaung between metibohe and
phssicochemical factors Would we not pet scme help of we u ed cold
blooded forms 1 whom the rates of hialogal processes cankl be vareed at
will by changmg the environmental temperature whereas phy icochemmal
pracesses would change with temperature to a much less marhed degree T
hope this suggestion will send you seurryving for the gnt [ otistana bull
frogs which wall permit you to draw enou h blood for vour chemical stud
tes and allow for sctting conditions which would vary metabohic rites

Newman The nearest approach to the bullirog that T ¢in thunk of 15
vutamed mn the studies by LaCroix  and by Arnold I know that
LaCroi has embedded Lone sections in 2 plastic nd then ground the plastic
10 an optically flat surface He dips thus surface in radiocalaum and then
€xposes 1t to obtam 1 radioantograph  He gets exactly the same tustological
piture of 1sotope distribution as when he mjects the ammal with radio
caloum  Atlext this isotope uptake 15 es entrally physicochomical  Now
this immeduately brings up Leblond « * work wlich I am sure s still vahd
where he correlates the uptake of 1sotape with growth processe  Have 1
confused everyhody ?

Copp 1 think both processes are active
Newman Oh yes

'(‘x%:s,;mx P Autoradiographs of Spongy Osseous Tissue epertcita 8 496 423
*Amol{ T S Progress Ieport Rad oautegraply Ato ue Fne gy Report ANL
182 p 75 (1951)

'[,{\);g;ld 1S Calewm Metabohsm of Grow ng an Mature Bose T d Pro 11§

Mabind C P Willins p G VW Belanger L. I and R biton J  Radi
{ipsrapiue Vs zation of Bone Tonaton m ¢ Rat i /1t 86 78) 1
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Copp 1 do not think one or the other 15 exclusne
Tollis There ate three
Neuman Yes at least thrce

Armstrong 1 was very micrested to see how Dr Kubin dissected the
sigmificance ot the four rate contralled pracesses 1n lus equations You can
develop these equations m as many terms s you il ¢ and one may add
terms until the equation fits the data to the deg ree that e wishes We used
four terms he also employed four terms 1 was never willing to mal e any
interpretation as to the proces ¢s mdicated hy the separate terms ¥ on may
remembcr that m the worl of Gellhorn® with sodium two terms were ted
to describe artenial plsma disippearance curves of injected radiosodium
Actunlly the two terms were chosen on a priort grounds I thml thit one
should hwe if possible a priore grounds for the selection of the numler
of terms mn such equations Gellhorn s basts for the sclection of two term
was the findin, that the ratio of raciosodium m tissues to that i plasma
nas such that the tissues distributed themselves m twa different general
proups I think that vour mterpretation of the meaning of the third and
fourth terms 15 quite an ele, ant process Would you speculate on what 15
descrilsed by the first term®

Rubir We deliberately have avoided talking about 3t Ve thinl that
the first two at least seem to represent vascular muxm,, perhaps plus soft
tissue distribution and beyond that we will not ga W e are beginnung to pin
down the second one by retrograde expcrments of grving radioactive cal
cim mto some soft tissue area and then measuring the blood uptake and
we find for example that the rate of pickup 1n the blood of radsoactive cal
ctum given m the gut 1s 1dentical with the rite for the second term This be
gins to argue to us that soft tr sue distributton 15 represented by the second
of the twa terms

4rmstrong Vel 1 would like to say a.un that the rapidity with which
these processes aceur allows 1n appartumity for a change m the distribu
tion and m the location of the mineral part of the bone 15 1 result of pns
wal processes which are biologically affected I hope by that statement o
try to restare some harniony hetween Dr McLean and Dr Nenman

Copp 1 would like to mention an experiment that we carried our‘;:i];
I think supports hoth Dr McLean and Dr Neumwn We found i
animals were gien radoctlaum and were then restricted fo a die t‘"m}]
low m phosphorus there was an tmmedsate increase in calcim excre

prflary
# M ani Paokm P M The Rate of Transcanila
Cobangs. of odnmerrelly ormal ‘and Shocked Doys <m J Physiol 142 407 (19H)
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‘mnm« ¢ ¥ and Copr D y  Bffecy of Aeral Defi_ent Dt O the Fxcre
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Engel Yes

Neownan Yes that 1s tru= but I do not think vou can say that all of the
bone 15 1 equilibrium

Engel But this worl shows it too

Copp No I think that each part of the hone each of the different shel
etal structures almost certainly has its own peculiar behavior  For example
we made a comparison between the behavior of incisors molars and tp-
11l long bones ke femur 1n a condition of marked low phosphorus rickets
where vou get a loss of calaium Each of these skeletal elements behaved
enttrely differently

Neuman 1 would like to bung up not my own studies but some fairly
unknown worl that was presented at the last Federation meetng by Donald
Buchanman® —

drmstrang On CO ?

Newman Yes on CO  He performed some elegant experiments
which he used an atmospherc contaming radiocarbon 1n the form of CO
mamtaimng a constant specthe actrvity  He used very voung rats and very
old rats In the young rats the speufic actnity of the bone carhon dioxde
was essenttally equal to that of the mterna] milieu but m the ofd ammals
1t approached only 30 per cent equilibration mdicatiny, that half of the
bones were out of the equilibnum Edelman presented the same preture
with radiosodwim 1n the adult dog where he felt that some 50 per cent of
the sodium was not exchangeable **

Armstrong We got the same results as Ldelman on the fractton of ex
change

Newman Yes your data support this pont hornberg® i England
with radiosodium experiments on humans and on adult dogs obtamed ﬁ:
ures 1s low as 35 per cent The contnuously growmg ammat such as the
rat never approaches the state of matursty of the adult human 1 think v}\lc
can say therefore that some figure between unity and 03 representsﬂl(e
general overall availabihity of the bone as you go from the very ym““:-l ‘0
the very old These figures 1f you constder all the microscoptc vart ity
(which 15 a horrible hodgepodge) represent the overall average

19
¢ Buchaman D L and Nahao A Bone Carbonate Turnorer I d FProc 11
(19:2)

he Turnover
o A H and Moore F D The Location ani i ot
aiE(t’reulemasrLdme o B “THANS AIC} CONTLRLACE O METAEO
INTERRLL ITIONS 4 240 24/ (1957)

®:hornberg H A Unpubli hed re ults
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Shorr But cant you disturb that by aadification?
Neuman Yes mdeed as in rickets
Shorr Soit1 only relatnely fixed

Aewmar In rickets the bone ts relatnely avulable wotmpared to 2 nor
mal ammal of the same age

Armstrong Dr Neuman as you hnow st has been shown many times
that 1n the epiphyseal region of a Lone even in an adult the calenum and
phosphorus are mare exchangeable than in the dinphyst  Is this because
of a difference 1n the an.tornc locatien which 15 making the mineral phase
more readily availalle to the body flid or could vou su,gest another
reason?

Newman  After harping on this matter of not recognizing ighorance I
cannot get up and gue the data I have bicause the results are only a cor
relation not an explanation For example 1t can Le demonstrated that in
the older bone there 15 no free avaslable water Therefore these areas are
wolated  You cannot demonstrate that the new bone the epiphysent bone
has 4 much higher water content Yet the question still remarns 1n this
case whether the tot1l water content cannot be accounted for on the basis of
hydration of the crystals This provides a physicochemical explanation of
the exchan,e data but why 15 there a difference m the water content” I
am tempted to say this 1s brological

Armstrong  Actually of course we never really explam vers much We
only frame 4 stutement mto other terms

Tollis There 15 a difference m vasculanty 1n the two regions that you
speak of Dr Armstrong

Armstrong That 15 the one obvious factor which may be related to the
point under discussion
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ELECTRON MICROGRAPHY OF BONE* *

ROBERT A ROBINSON and MICHAEL L WATSON

Trom the Departments of Surgery (Orthopedics) and Redation hiolop
Unt ersity of Rochester School of Medwne and Dentistry
Rochester New York

Armstrong No one his sud very much about absorption and excretion
of calaum and the regulation of these processes I know there are people
here who will have somethmg to contribute to these topics but before go-
mg on to them speafically I would like to ash Dr Robinson to show us
somie of his worl having to do with the examination of bone by methods
of electron diffraction and electron micro copy

Robursonr The work which 1s presented here 15 an extenston of that pre
sented at the third Josiah Macy Conference on Metabolic Interrelations m
1951 The first three pictures are included for the purpose of orientation
50 that one may understand the material covered m the electron microscope
1n relation to the usnal light mucroscope pcture of bone (see Digures 10
11 and 12) ®e 7

The Physical Charactersstics of Crystals from Autoclaved Bone

In bone autoclved at 27 pounds pressure for 2 to 4 hours very lutle
remams but the morgamic erystals This crystalfine  sheleton of the onig
mal bone was gitated m water i a Warmg blendor and a draplet of the
suspenston of the crystals was subscquently placed on the spectmen srm:il
of the electron murascope The preture shown m Figure 13 was obtawn

1ACY CONTET
#4Robmson R A Electron \fscrography of Bone T/ INS A
ENIZE" ON MIT {BOLIC INTEPT ELATIONS 3 771 89 (1951) "
h the Unie
o8 based m part on work performed under contract wit N
Sg\helss K"lﬂfﬁu”nmév ‘Commisson at the Umversity of Rochester Atomic Eacre)
Project Rochester N Y s
e
¢ Ham A W Some Hi tophysilogical Problems Peruliar to Calcified T
7 Bor and Jomt Surg 344 701 728 (192)

Ham ’ states  Haversian Systems (as measured w the radu;s‘
erally no more than one fifth of a milmeter m dnmd"utshawc L oner
mechant m that extend out from their central canals does n e b el
dr tance greater than about one tenth, of)a millimetes to supply

outermost layers of the system  (p 7
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72 FIFTH CONFERENCE OV METABOLIC INTERRELATIONS
ELECTRON MICROGRAPHY OF BONE™ *

ROBERT A ROBINSON and MICHALL L WATSON

Trom the Departments of Surgery (Orthopedics) and hadsation Bologs
Unuersits of Rochester School of Medicine and Dentisiry
Rochester Nee York

Arimstrong No one has sud very much abont absotption and excretior
of caleium and the regulation of the e proces es I hnow there are peogl
here who will have sometlung to contribute to these topies but before go.
ing on to them specifically I would like to ask Dr Robimson to show u
some of Iis work having to do with the examination of Lone by methods
of electron diffract on and electron micro copu

Robimson The work which 15 presented here 1s an extension of that pre
sented at the third Josiah Macy Conferen e on Metaholic Interrelations i
1951 The first three pictures are wncluded for the purpose of orentation
s0 thit one may understand the material covered m the electron mucroscope
i relation to the usual hght microscope prcture of bone (see Tigures 10
11 and 12) % o7

The Physical Characteristics of Crystals from Autoclased Bone

In bone autoclaved at 27 pounds pressure for 2 to 4 hours very bttle
rematns but the norganic crystals This crystalline sheleton of the on”
nal bone was 2 itated n water m a Warmg blendor and a droplet of the
suspension of the crystals was subsequently placed on the specimen met;
of the electron microscope The picture shown m Tigure 13 was obtate

CONFER
9Robison R A Ilectron Mlicrography of Pone TR INS ¥ 4CY
LNCE OV MET4BOLIC INTEPRELATIONS 3 271 289 (1931)

f the Loited
#5Th: baed 1n + on work performed under contract wit
SlIte‘ss K‘:S:ICASEH‘:X;\ Cm’fr:ussmn at lh’e‘c(_mvtrsuy of Rochester Atorme Encrgy
Project Rochester N Y
*Ham A W Some Hi tophysiological Problems Peculiae fo Calaified Tas:
J Bone utd Jamt Surg 344 701728 (19 )
gen
Y Ham states  Haversan Systems (as mea ured in th radus of 2 md:gga;:; o
eralty po wore than one fitth of a millimeter n dame © new R'a Herateo era
smecham m that extends out from therr central canal does oty the bone cell wm 1'e
distance greater than about one tenth of a millimeter fo sUPPLY
outermost tayers of the system  (p <06}

sucs



73

ROBINSOY AND WATSON

EE R TP
e

aw 1%
Oﬂ )h.r

¥

roa

>

¥
Ingt: 4
W

Fig 10 Tragment of Bone with the Organic Component Removed Iy

Autoclaving

re Mag

=11 th rectangie 15 shown wn h gher po er

P erared by autoclay ng tlc fragment for 4 hours at 27 p uid of pr

mfication 500 X In T

pic Stuly
< Matrix

xis Relat onsh p to the Organs
]

[Reproduced by perm st n from Robnson P A An Elcctron \licroscoy

ystallise Compon nt ot Pone and
Jbteadlo t Sug 34 A 359434 (195
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of the crystals * These bone erystals have been shown to be tabular 1
habit  When obtamed from this autoclaved matersal these crystals appear
to have average dimensions of 500 by 250 by 100 A The surface area of
a gram of crystals having these dimensions considering thetr specific grav
1ty to be about 3 was caleulated to be 106 square meters *® These erystals
gave a powder X ray diffraction pattern typical of the apatite crystal lattice

The Physical Charactecistics of Collagen Fibers from Decalaified Bone

It was possible to decaloify the bone by placing thin shaungs i 012>
notmal trisodium Versenate solution buffered at pH 70 with Na HPO,-
KH PO, Treatment of thin bone shavings m this solution using constant
agitation required about 24 hours for decalcification The matenal was
then agutated in distiifed water 1n a Waring blendor The collagen fibers of
the extracellubir matrix of bone were thus revealed These fibers when
dried on the speamen screen of the electron micrascope were shadowed
with uramum  Figure 14 shows a small bundle of the fibers obtasned by
the method just outhned Some amarphous matersal appears to remain n
the central area from which the fibers proteude The fihers are seen to be
thicker at the doublet Lands than between

Collagen fibers abtuned as were tha e 1 i ure 14 were stamed with
phosphotungstic acrd In Figure 15 one can detect the five mter period
small spacings 1n each major 630 to 640 A period of the human boe col
lagen

Crystal and Collagen Fiber Relanonships 1n
Hyaluromidase Treated Human Rib Cortec

When fresh human rib cortex was incubated with streptococeal hyaluron
1dase at pH 8 for three hours and blended 1t could be more castly dismte
grated 1 the Waring blendor than could untreated bone Howeser morh
ganc bone erystals were found still chinging to many of the fibers i s(ucd
a sample of bone matrix (Figure 16) and one finds the crvstals :\reb axs
down along the fiber at antervals of about 630 to 640 A As noted al O\If
the crystals are much thinner i one direction than i the other two l“
general 1t was noted that the broad surface of the tablet shaped cn[s;::’ :
was paralle] to the direction of the fibers This was particularly eiide

Bone and Tooth

R, R A and Bihop F W Method of Preparmg

San?\;’l‘:s“;ﬁr Viewmg in the Electron Microscope Sct nce 112 655 (19:0) .
Tnorgame Cor

¢ An Etectron Microscoptc Study of th Crystall ne b

R om0 Tis Resawonshup o the. Orgamc Alstres 7 2 e ond Jornl Sur

34A 389434 (195”)
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Fig 11 Fragment of Bone with the Organic Component Removed by
Autoclaving  High Power Magmfication of Rectangle m Fig 10

Magnification about 5000 X The struct 1 es arc ident fied 1n Fig 17

[Reproduced by pe m ss on (mm Robnon I' A An Elect on Microscop ¢ Study
of the Crystall ne Component Bo ¢ ani Its Relat onship to the Orgamc Matnx
J Boncand Jor t S 7 31 A 13704 (1957))
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Fig 12 Frigment of Bone with the Orgamc Component Removed by

Autoclaving  High Power Magmficatton of Iig 11 Retouched to Show

the Outlines of the Canalicul and Lacunae

Aagmihication about 500 X The collagen fibers have been represented Lﬁagr:mmltyl
cally m the extracellular matrre pace by white vertical fines Tl e approvirate fi I
of the clectron microscope % yrh ng at about “000 X has heen outlined in the centes of
the figure and in this the erystal are represented by white dots The man:
should be noted for m Inin bone these form the system of ster connet!
by which the cells lying m the mud t of the calafied matrix maintamn con

nutrient blood vessels

[Reproduced by perm ssion frem Rob nson R
of the Crystall ne Compenent of Bone and Its Relationship to the O
J Bone ond Jomt Su g 34 A 339434 (192)]

ting canal
tag w1 B
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Fig 13 Tlectron Mi rograph of \utoclwed and Blended Human Bane
Showiny, the Bone Crystals
Magi feation about 64000 K

where the crystals were on edye and apreared as thm black hines The e
black Lnes always poralleled the long a%is of the iiber where the cry tals
were agse ta the hiber

Crystal and Collagen Fiber Relanonstups 1n Undecalaified Bone

At the pomt i onr miestt,, won concerning, the submicro copie struc
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Fig 14 Election Micrograph of \ersene Decalctied and Blended
Human Rib Cortex Showing Shadowed Bone Collagen Fibers
Magmufication about 24000 X

ture of bone one of us develored tisstie sectioning techmques™® *°* so that

Microscopy

100Watson M L A new Microtome for Thin Sectionmg for Electron Bropect

Quarterly Techn cal Report of the Um ersity of Rochester Atome Energy
UR 20> 67 71 (1952) Ny
3Watson M L. A Method for Complete Ftraction of E nbed ling Materual from
Tissue Sections for the Flectron Microscooe Quarterhs T chmical Report of the
Um ersity of Rochester Atomic Energy Project UR 200 60-66 (195%)
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Fig 15 Electron Micrograph of Versene Decalaihed Blended and
Phosphotung tsc Acid Statned Collagen Tibers from Human Rib Cortex

Magn fication about 24000 X

(Reproduced ty permussion from the orig nal of Itgure I v Robmson R A and
Watson, M L.~ Callagen Crystal Relatcn bips tn Bone as Seen in the Electron
Microscope Anat Pec 114 387 197)]

thin sections of Versene decalorfied and undecaleified bane could be ent
(see Figures 17 through 28) The e sections demonstrate the dense col
lagen web in the extracellular matrrx of bone some of the features of the
metfibnllar space and the arrangement of the bone ervstis m relation to
the collagen fibers

[When Figure 22 was projected a photographically negatne lantern
shde was used and st eherted the following qu stion

Faths Wit are tho e dark spots?

Rolmson When you compre Figure 22 to the usual hight microscope
Ticture of bone (Figures 10 11 12) those dark spots (seen as hght
collagen free areas 1 Figure 22 m the text) are so-placed that thev can
be wnterpreted as canaheular apertures 1n other words they represent the
canals which interconnect the lacunae of the osteocytes in the cilafied dense
fibrous matrix of Ining bone

In sections of undecalified bone such as that seen mn 1gure 23 one can
detect the underlying collagen fiber direction stnce the crystals are lad
down 10 rows on the underlying matric  Chese rows of crystals hie at right

,S Rebmson R A and W atson M L_ Collagen Crystal Pelatt nshps m Bone as
cen in the Flectron Microscope Anat Ree 114 383410 (1957)
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-

Fig 16 Electron Micrograph of I'resh Human Bone Incubated m
Hjyaluromdase and Blended

Magnsfication about 62500 X The bands at 640 to 630 & are made by bone crvstal
adherent to the fibers

[Reproduced by permission from Robin on R A An Electron Bicroscopic Study
¢f the Cristalline Component of Bose and Its Relation Inp to the Orgame Matre
7 Bon and Jomt Surg 3% 4 389 434 (1957)]

angles to the directian of the fibers n the underlving matrix  The fibers
are fot apparent m such sections probably for two reasons a} The fibers
are partially mashed by the inorganic cry tals which are not removed of
course 1n undecalctfied preparations (The cement substanice amy also help
to mash the fibers 1 undecalufied sections ) b) There 15 such a great
density difference between the morgame bone crystals and the Jess den e
organic collagen fibers that when one reaches adequate exposure of the
photographic plate 1n the electron microscope for good crystal definition the
film 15 markedls underexposed for fiber defimition

The fiber direction does not show up directly 1 these undecalafied sec

tions except at the periphery where a fiber 1s occasionally ceen encnl;ft::
with crystals (Figure 28)  Such areas on the periphery confirm the fa
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Fig 17 Llectro M crograph of a Seto of Verse e Dcal hel
Omec Acd F el and n Butyl Metl acrylate En bedded H man Rib
Cortex

Magnfi o abowt 000K compae w Fourcs 11 and 17 In the cene a

on f abone h ennan ofcelstuctuecanbeo ¢ ed 1h ough
u hem ~xaesmalape ue nepecdas hes esofcana vl wh hpentaed
e tydnecola er hb rma xbetween the cells
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Fig 18 Electron Micrograph of a Section ot Versene Decalahed

Osmic Acd Fixed Human Rib Cortex High Power Magmification of 2

tion Summlar to Fig 17

Sect

pertures ani the typt al

16000 X Not the canab-ular a

-ation about
e period bandin

Magnific:

ollagen lar;

and

A

Collagen Crysta! Relationshups 1n Bone as Sewn i the Electron

[Peprcduced by permussion from the original Figure 3 s Robm on R
{Sicroscope Amat Rec 114 397 (1922)]

Vatson M L
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Fig 19 Tlectron Micrograph of a Section of Vir ene De alafied
Tornahn wd Osm ¢ \ad Faxed Human Temur Cortex

Mag ficaton abost 8400 % The fnad rrefaraticn vas J gty shadoved with
wamum ard e ty(eal ba)]ng § the collayen fbers va thus dem ostrated A
buatie § garall | runn ng 1 fibets a cut alo st pery ndedhr ¢ it lorg axs

matte wods th bundle u\ “m\n upthr w htfe ectiony b € sthe othe s were
Vst ncarly par Bel to the plane of 1 ¢ sevt on

Uiepr o cof by g oo from b mgmal of F1 2 n Pobnon R 4 and

Wat N 0 tollagen Crvtal £ latindups m } one as Seer nothe Eltclmn
A ro mp tur Fee 144 30 (192711

that the callagen fibers run at rigd € 3agles to the rows of smorgamc erystals
m the © undecakatied sections of com] rainely purallel fibered bare ot hu
mn rib cortex

The Physita} Chazactessstics of Done Crystals

Tn ¢lectron murographs such as that shown in Frgure 24 one e acty
ally see the indnidual erystals  Fhe eryseal fength was (measured n such
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Fig 20 Llectran Micrograph of a Section of Versene Decalafied
Yormahn and Osnue Aad Fixed Hunmn Femur Cortex  High Power
Magnification of 1 Fortion of g 19 Showing the Cros» Cut Bundle
of Collagen Fibers

Magmfcation about 30000 X The space bitween the fibers represents the region
that formerly contame ] the hydrited cement sub tance The morgame crystallime com
ponent 1 the living bone apparently extends out mto the mterfibrillar syace imml the
periph ry of the fibers at th levels of the doublet bands In Fig 21 the rectangle 1s
shown 1 hicher power

sections and the theasurements were grouped into familes differing mn
length by 50 A A plot of the number 1n each family versus the median
length gave a curve with two peahs one at 180 A was four times as high as
the other at 400 A It 15 possible that many of the smaller crystal plagues
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Fg 71 Flecto M ogripl of a Set n of Ver ene Decac fied

To al adOsn \ dF el Hna TFem Cortex Hgh Power
Magnficatonof Te tan e nk, 20

Mag  a bu 78000 \ Con b ne gbdge b e h
6b a el o hedub bado h agn a be

[Rpodu i pm o fomho aoff 4 FPo naT A and
Va ML C gnC aRanhp nBnea$S n heLl n
Toope 4 P 114 9 952]

wee ra flage rsal rkendu g etonn, O th fas
e eleetata mature bome rsa tlese e tonsof h manrbcor
< aale t of 400A the eto ofthe olagena  Many
f the al aefudt besandngo ¢ ea dmea ureme satthe e

1ot a2 | ntheshado at e on ere nd dual plaques a e found
nd acathck es of >5t050A ((eeF, re?5) Tlew dth of tl e plagues
eedf ulttodee nelu manvof theml n, thepaneoftie ecton
appea eltoha ea 1hco paralle oorslghtl less than the r length In
e cas of the 400 A cr sas there a usuall a defintelo gax and
tle dhwas bout 250to 200 A Tt louldtenoelpatc laly thatal
mot one of the cr stal nt ebo e e onsof the cortex of luna ri
weeoer 400 A nlength Tlese d men on are slgltly less than tlo e
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Fig 22 Electron Micrograph of a Thin Section of O mc Acid Fived
but Not Shadowed Bone

Magnsfication about (8000 X W hat appears to be comnectim, bridges between
adja ent fibers at the levels of the doublet bands are observe

[Reprcduced by permission from the original of Fignr 5 m Robmson P A and
Watson M L Collagen Crystal Relationships m Bone as Seen m the Eletron
Miroscope Atat B 114 399 (1952)]

which were ahtuned from pecimens of antoclaved human cortical hone
The preparation methods may slightly alter the morganic cry tat size hath
1n the tissue sections and in the autoclaved preparatton Howeier rara
tions 1 crystal size mn specimens from various parts of the sheleton mat
accur

We wish to emphasize not so much the absalute dimensions of the erys
tals as the fact that the hone crystals observed m all methods of prepara
tion whether fresh blended autoclaved glycol ashed or sectioned were
much thinner m one dimension than m the other two This means that the
surface area to volume relationship was alwayvs very large

Comparison of Undecalafied and Decaletfied Areas of Human Rib Cortex

Sections of a piece of partially decalctfied human rib cortex as shown 1
Figure 26 revealed areas where the boundary between the decalcrfied regton
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and the ndecalc fied re, on could be seen Decal ficat on has spread n
rough! ¢ reular areas around tle ca aleul The harp bo ndary let een
the fuly al fied and decale fied matr \ should be noted The great d ffer
enc ndensty bet entt undecalct dand tle decal hed rego s ind

cates ty n cro,raph of the indecalc fied bone sect ons fa ed to how
collagen and sho d onl ery tal It <lould te notel also that the Ver
ene m1y reno ¢ ot only the norganc cr stals but 1lso tle  terhbr llar
cement sul ta ce Tls e entsub a ce tr tto glt na lel) tomak
the ollagen fibers n undecal fied preparat 01

Foll s Tsthec nents | tance polysaccnar de?

Rol son T)e polysac har de prote n complex called ce nent substance
apparentl {1l up the mterfibr llar spaces n tle extracellular matrx of
conne t et sues It » My pre ent oncept that the tstal le ntls

cement sub tan e n tle bone matni  or project out nto t from the per
plery f the fhers

Sectons of partally d calafied rb vere studed at h gher magn fica
tansasseen nF g re ?7 At the boundary of 1l e decalc hed reg on there
are ponts wl re botl tle cry tals and the underl ng collagen f bers can be
seen Attlese pots tappears that the crystalsleattle loublet bands and
to a much le ser extent or not at all between the ets of loutlets TI s
strong e dence that tlere s a lasc assoc at on between the r gon of the
ollagen band and the overly ng crystals

Tt shoul beme to elattl sponttlat Han® ha sto ntlat vlere
t ne reorpton takn, plae n zo one doe not see ¢ lagen fibers
unnaled as they are d ng the tro decacficat nof lo e Instead
the er tal cement s bsta ce und collagen ma d appear mul aneou 1
o the cement subs ance and cr tals ma 1 releaed ) stprortotheds
appearance of the collag n fibers I otler rord no dr g bone
resorf on flers d appe alnotasrap il as the cenent bstan e and
er tal Unlke th 20 proce © tro decalafica o w th Ver ene
lea e tlecolage fiber mo e orless ntact so that the are read | recog
nzabl nseto s ntle electron mcro ope

The Flectron D firact on Pattern of Undecalc fied Haman Rib Cortex

Us ng a se t on of undecale hed human + b cortex n whch tle fiber d
TeC on was know  (notunly b thedre to of tle fe fiters at the edge
fthesec o buta ob tledrecto of tlerow of er tals tle sec
ton) an electron d ffract on pattern was  ade ( ee k gure 9)

The ele tron d ff act on rat ern (Fgure 20)  tlatg e by te base
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Fig 23 Electron M crograph of a Secton of U decalc fied O m
Acd Fxed a d nBut | Metlacr late En bedded Human P 1 Cortex

Magnfi  onabou 34500 X The o of no an bne y alsaesee They
2aese le etona rgltangle toteund | n co agen fib sof tena
T e ovs eurabou e ey 630 A

[Reprodued by pem o fom heo gnalof g 6 Robno T A al
Wason M L Coagen ¢r al Relh nhp n B See hele o
Mcocore 40 R 114401 (192 ]

cale um pl osplate apatte var ety of crystal structure and s con pat ble
1th 1vdroxyapatte Th s sn lar to tle x ray d firact on pat erns
vhch ha e sugge ted that hydrovyapatte s tle most prolalle central
crystal latt ce of bone cr stals Tle d firacton rng m I gure % To
ntensty aratonms or arcng Tle arcng n the 007 and 004 r as s

Sulle R Concen gthe FneStu ueof Bone I'o adGbd 1
gns ol 57 3173 (1937)
©Bandenbe g¢ E and Shnz H R Co cenong the haucof (a

Man and Anma and he Beha or of Inoganc Bo e Subtane ¢
Deaes fMa H Ud A a(Sp 16)12163 (19)

fica n

¢ 2
M ol
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Fg 24 Flectron \ crograph of « Se ton of Unde al fied O n
AcdTxed and n B tyl Methacr late Embedled Ilunan R Cortex
H h Magnhevto of a Portonof Fg 73

(\ © 2 noabow 110800 X Treelec on opague owsaed und obe mad wp
of be mogan Boecy al Almo nomeof hee 1 n e £ uman
O ex ceded 400K ne h

“Ikeomdu edbypem on om eo ema o [ Pob onl A awd
“a o M 1L Co gnCy ad Rela nhp n Bneas Seen he L
0 ope 4 H 14 403 195 ]

© ented wil respect totle eto na a wlchalle soneto o cl de
latthe ca esof tieer aluntcell o thea erage le paralel r nearly
Otatle eraged rectonof thecol enflera es

I gure30g esonea cle matc o ceptof theunt cell of hyroxyapat te
tsdme 50 Jook gattien tcell fromthetop (4) look gat 1 fro
the sde (B} and the relat e po tons of the calcum §1o phate an}
fyfoxy group gs  tle untcell lattce {C) The orentato of tle
axes of untcel na tablet haped bone crystal sho n n I re 31
i3 Thecavsoftle ntcell thouhttoleorent 1t tletronl
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Fig 25 Tlectron \licroetaph of a Seto of Undecalefied On e
Aad I xed and n Butyl Methacrylate Embe lded v a1 Rb Cortes
St wrto That m I g 74 but Shadowed

Magn fcat on about 94000 X The secton as slado edat anan Jeof 7 1
u an um to determ ne the tl ch e sof t ¢ no ga ¢ ¢ ystal

3 § Robnon R A and
mibeorgmiof Fy ¢ PR

h

[Rep oduced by pe m s on fr
Waton M L = Colla en Crvstal Telastonhp 1 Bone a Seen
pe fiwt R34 403 (1957}

ery tal surfa e for tvo reasors 1) tle broad s rface appeared to be par
allel to the collagen axis (Figure 16) and b) the cofligen av» and te
2% of the apatte unt cell were s)o1n to be neashy parallel on the 1
erage ([ gures 23 29)
The Electron Diffraction Pattern of Calaum Phosphate Crystals

It was felt that the stud es of bone crvstals d d not establ sh witl suf®
cent defnton the crystal habst or the relation of the ¢ ax s of the unt
cell to the Jo g as of the rystal Accord ngly stud es of basc calc um
1losplate erystals prec pitated from water solitons ere underm:;‘n
These ervstal had the Tab t of efongated tablets or laths ° (sce I gure )

VWatson M L and Pabnon R A Unpub! hed data (1333)
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tud >

Fg 26 Flectro M ro,rapl of 4 Secto of a Verse ¢ P el De al
¢ed O cAcdF el adunl t3) Metl acrylate Tniedled bone
Magnfia  about 115 X No aes fdal ed ma o« abou ¢
f aap ue i hapboundaybe eenca fedanid al fiedna xaad
< arnfb d e da e “

Fpod dbyo m onfomteo gralof Fou

A
o W' i S e
P oo 1 114 4% (195 ]

e 1
laonlps nBoneas Se n he E on

I 2 pes Hetoore teheehatl fapedenysal na el p rallel aerty
© arhitereleiofa | firactongrat ng ( ce T ru e 34)

T eletro ¢ fir cton patern shown n I  re 3> as preparet fro
Weor mellas cal un plo plate aputte crystals scer n Fg re 34
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Fig 27 Electron Micro raph of a Section of a Versene Partly Decal
ahed Osmic Aad Frved and n Butyl Vlethnerylate Embedded Bone
High M mfication of 1 Pertion of Tig 26

Magnihcation abuut 49000 X The crystal apparently he at the doublet band of
the callagen and to a much lesscr extent or not at all between the sets of doublets

[Reproduced by permission from the orginal of Figur 1M 5t Pobmson R A
and Watson M T Collagen Crystal Relationships 1n Bone as Seen n the Flectron
Microscope Anrt Ree 114 409 (19:2)F

Robinson  Ihe smaller avstals m1y not be b, enough to show a div
cernible lony axts but the ¢ axes of their umt cells are of course orrented
i relation to each other i the apatste lattice  In bone these umt cells of
the apatite crystals are oriented preferentially m rdation to the collagen
hbers of the organic matrix

The Orentation of Crystals and Collagen Fibers 1n Human Bone

T mught emphastze that the bone crystals seen thus far 1 the tisue
sections of human bone we have are about 4004 long and we have ohserved
what we believed to be crystals that were o small that they were at (h;
lower it of the resolving power of the electron microscope In the mw\Dl
crystals around 180A in length and less no long axis was apparent
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(F'x 28 Flectron M crograg! ot a Secto of L leal fel Huna 11
0 tex

\; i a on about 6900 X
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nfomthe oranlof Fg ¢¥ Rbmonl A
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u
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tho 1 thesnaller crystals werealno tfo rt esa pre lo ta thelarger

Tvsta the l neseto ol er ed tlese secto s ga ¢ astron, 1 €
nomaten ng whet indcated tiat tie cavs of the t <l nearl
1 all ted or paralleled the Irectro of tle colla,e fibers 11 ner a
faraso e cantell tlatst s ot 1me lancal fact r 1l chla ore edtle
uiteel axes wil tleu lerl ng collagen matr x snce o tof tdecr tal
dd1 tlavalo yaxs “one clen cal or plysco len cal reito I
Mutorenttle olecules of theer tal ntcellswil tf e filecolasen
fesoftleorg ne matey

“Ihe collagen Fbers show a definte nole ular ore tat a | g esa
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Frg 29 Electron Diffraction Pattern of the Section of Undecalcified
Human Rib Cortex Shown mn Fig 28

The diffraction rings show i ensity vartation or arcing  The arcing i the 007
and 004 rings 1s ortented with respect ta the ectian 1 a way which allons one fo
conclude that the ¢ axes of the crystal unit cells on the average lie paralle] or nearly
50 to the average direction of the collagen fiber axes

{Peproduced by permussion from the orimmal of Ttgure 16w Dobmson T'
anl Wat on M Collagen Cry tal Relation hips 1 Bone as Seen m the Electron
Micro cope 4nat R ¢ 114 405 (1957)]

>

Fig 30 Schematic Drawmgs of the Umt Cell of Hydrosvapatite to
Shaw Its Dimensions and the Relatne Position of Its Constituents

The dimensions of the unt celt are shown m A and B and the relative position of
the calewym {Ca) the phosphate (PO} and the hydroxyl (OH) groups m the umt
cell are shown n

[Reproduced by permission from Robmson R A An Tlectron Microscopic Stody
of the Crystalhme Component of Bone and Its Relatwnsh p to the Orgamc Katrix,
J Bone and Jout Surg 31 A 389434 (1957)]
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Fig 33 Electron Mirograph of Synthetic Lasi Calenim Phosphate
Crystals

Prepared by [rec pitation from 2 3 ater solution Ma mihcat on ab ut 74000 X

X tay diffracts mn pattern  and since the fibers appear before the crystals
m osteord they mav act as the orentin, tactcr and crystafhan, nudeus
for mor,ame bone crystals \le have shown 1 correlatim between the
doublet bands of the collagen hibers and the position ot the overlyng apatite
cristals m human 1one and this observation adds support to the argument
that the inorgani. molewules depend for their ortentation m bone matrix
on the underlying collagen fibers

Implications of the Organic Inorganic Relatronships 1 Bone

It has been reported that the bone crystals in antoclaved samples from

‘m%;a)r TS The Structure of Collagen Fibrits Adewr ¢ s Prot m Ch mt 7 69 160
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Fig 3¢ Electron Microraph of Synthetic Baste Calem Phosphate
Crystals such as Those Shown in Fig 33 Ortented m Nearly Parallel Array
on 1 Plastic Replica of a Diffraction Grating

Magmfication about 72000 X

humans h1ve an average drmenston ot 500 X 250 X 100 A®® In the sec
tioned matenal from the outer cortex of the human rib the average cryetal
size was smaller ™ and therefore 1t would appear that between 100 and 250
squire meter of exchangeable surfice 1rea extsted per gram of human
bone cristal assunmung that the bone crystals have the specific gravihy of
hvdroxyapatite which 1s about three  This may be true sn samples of 1y
g crystal 1ze from which all the organic matrix has been removed But
as one can see 0 the bone sections the crystals are mtimately associated
with the organic matrrx and the ability of atoms to nugrate from the blood
plasma to the bone crystal surfaces must be governed by the freedom with
which these 1norgame atoms can mgrate through the organe matrx

Table \I11 15 a stmplification of @ table wlich was previously published **
It shows the relative volumes of organic matter plus water and of morganic
bone crystals to the total volume of bone at different ages and sites The
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Fig 35 1leciron Dnffraction Yattern of Onented Santhete Pasie Cal
wum hosphate Cevtals m Tag 34

Tie O and UM rog b owoares These a ¢ ate b el by the fo1p axes of the
ey td kot 1y dlehn s pattt o of the 4 Aract 1 grabne

Arystaby 1t best comiprise only a tlard of the volume  In young bone the

r,mi muter plu water occupaes about 77 per cent of the bone volume
In the ofder bine these consttuents occupy about 72 per cent of the vol
ume and an the st ¢ ompact fone stch as the corex of the daphvss of
the femur the organe, matter and water oceupy about 67 per cent of the
total freh wolame The water solume xs 36 pee cent or more W Loy £an
celtony bone and drops down to £ per cent or less m vlder compact bone
of cortex The aryamie maternl ramam relatniels constant while the
mnrgame material somewhat inereases i volume as the bone becomes older
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TABLE XIII

The Relation of the Volunes of Organic Matter Water and Inorganc
Bone Crystals to the Total Volume of Bone at Different \ges and Sites

Cancellous bone
Compact Bone

Yaug | O
Cor stituent Felation Relaton Relat on
to Total to Total to Total
Volume | Volume [ Volume | V olume || Volume | Volume
(Approx )j(Appro ) (App x)|(App  }f| (Appro )|(Appro )

(cc) ) (cc) =) (ec) (<)
18

Water 30 1 20 810 1 1520
Organc

Matter 29 47 28 52 2577 | 5257
Orgamc \I:;t; 7

plus Water 47 77 39 72 35 67
Inorganic Bone

rgystala 14 23 15 28 17 33

Total in

100 Gramns | 61| 100 54 1100 52 1 100

Amprino and Amprino ard Barat ® have slows tlat the rate of
micro copte recomstructiun 1s gher throughout life m spongy bone of the
ep phyus and of metaphnsts thar 1n co1pact bone of the dphyss Am
1 rino and Engstrom °° showed by historadiograph ¢ techmque of groun'
sectiot ot bone that mmerals are wievenly d stributed 1n its matnx e
the caleum content 15 5 to 20 per ceut lower  bone tisst e of recent form
tion By radioautographs of bore sections taken from anmals that had
been guen labeled ptosphates Figfeldt Engstron a d Zetter trom

of the
A R The Structure of Bone T ssue I egarded as an Fxpress n
D H:"el}x:cz nde Ve?oc 1y of Gro th +4r ] Bol Pors 58 315330 (1947}
b orptcn 1
s, R d Barat A Protesses of Reco struton and Deal
0 G S bgiance of the Bones of o T acch . 3 Bondred Cases rom
Brth unt1 Late T fe Zetsclr ft §  Zellfors | g 28 43) 511 (1936)
05Amp no R and E gstrom A St des o \ Ray Absorpton a ¢ D firact 1
of Bone T ssue o fa Ana on ca 15 1 7? (195%) R
hate m Pone
A and Zetterstron R Pene val of P! ospl
;v‘luf:rigddtﬂs Ra]::ing»z;ggn:an ¢ Studes of the Rene_al of Phc;sphaec n D) flerent
Structures of Bo e Ba/ o ¢ 1 oplys a 4et38 375 3%0 (195%)
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Robunson  They were made with ground bone sections of about 25 to %0
micra thichness T did not make these sections of course This picture is
taken from the paper hy Engfeldt Engstrom 1nd Zetterstrom

Such mvestigations have emphastzed that a) throughout Life part of the
bone 15 newly formed and part 15 old b) 1 the very young amymals most
of the bone 1s new and has a lower cilawm content m relation to its total
volume and a higher water content ¢) m md hfe the new bone that 1s
formed roughly equals the amount of houe resarbed d) m old age bone
destruction exceed bone formation and new bane 1s muunml i amount
relative to the total volume so that the bone assumes microscopually 1

Swisy cheese appearance in senile osteoporosis *** and e) the amount and
physical state of the extracellular organic hone matrrx 1s assoctated m some
way with the availability of the mmorgamc bone crystals for 1sotope exchange

The Effect of Water Content and of Age on the Avatlability of
Boune Calaum for Isotope Exchange

Combmin,, the material from the various sources mentioned above and
the data upon which the Table NIII are based 1t would appear that most of
the bone 1n young ammals 1s new with a water content over 20 per cent
while 1n older ammals there 1s a much smaller proportion of new bone
the majority of the bone or the largest part of the bone probably having a
water content of 20 per cent or less In the new bone with the ligher
water content radwactrve calcium and phosphorns exchange both 11 41 0
and i itro has been shown to take place readilh By the same techniques
1n older bone such exchange 1s noted to be markedly less So that as the
sheleton ages 1t shows a decreastng exchange as well as a fower water coft

tent * 1t

The pout to be emphasized 1s thts  there may be a potential surface area
on human bone crystals of between 100 and 250 square meters per gram
of crystals but the e areas are erther not available for exchange or are only
pathially available for exchange It 1s proposed that when the water content
of the organic bone matrix decreases to some critical level around 20 per

11 Neuman Wm F  The Nature of the Mineral Phase of Bone Chem Re us
i press (1953) )

n
18 tes the following references to experimental work relevant to this cof
cepl;h“'lr:‘ha: [fe‘rccsemage of bone a\axlabIeD{arB Pﬂh exchange 1% "zafd:nc]lo?hatr: ,f’:é u‘l’:

tond uchanan usme o
young rats accordmg to C Leb! | ssine €14 Lound i
Tats the exchangeabl fraction of bon dropped to 2l e 3 e
found the exchangeable fraction varted from

e w11 A Nornberg memg Nati found that the bone avalsbl

for exchange was 0 per cent



ROBINSON AND WATSON 103

cent the number of crystal surfaces svarlable for exchange with the blood
becomes very small In cemle states more and more of the bone comes to
hase a water content of 20 per cent or less and then of the total area of
bone crystals less 15 available for exchange **

Conference Discussion

Armstrong  Twould say to Dr McLean and to Dr Neuman that whereas
the composttion of the bone salt cannot be stated and 15 a vers complex
matertal we certamnly see here that its brologrcal orrentation and pattern
15 quite regular at last we have something re ular  Does anvone wish to
draw Dr Robinson out further?

Shorr Do you think the crystals are related to or are held 1n the ground
substances or are they tuch in some chemucal fashion to the connectiie
tisstie as 1n fibnls? T was not clear as to what you wanted us to mfer

Rolsnson Y ou are ashing me 1f the crystals are n the colagen ot around
the collagen?

Shorr Yes You mentioned ground substances 1 did not know what
\our interpretation was

Robinson Well the di cusion went on here last vear about that
Shorr Yes 1 recall at

Robinson  The collagen fibers are very durable structures Collagen
fibers can be taken out of the mammoth tush wiich has been lying about
for some twenty thowsand years and still be seen 1 the electron nucroscope
as a recogmzable entity Apparently around these fiburs there is inter
fibnllar material and perhaps there 15 ome of this same matenal between
the component fibrils of the collagen fiber It would appear as thou h these
fibers were not always arranged 1n exact spatial register one ta the other
but that there was ome interconnecting hink between the fibers at the most
nearly adjacent 630 & period doublet bands 1 brou ht out i the osmuc
stained and shadowed eluctron micrographs 1t 15 these bnidges and 1f
vou concenve of it 1 a three dunensional view these mterband planes
that connect the fibers It 1 at these same levels that the cristals appear
The crystals seem to le onented so that the ¢ axis of thetr unt cells—and
1f they grow lng enough their fong axis—1 parallel to the colligen fiber
Ttatss our picture of 1t 2t the present tume

Shorr  But do thes just float 1n a medium around them or are they ac
tunfly fixed ughtly 1n this position?

Ampr 13 R, Factors that Regulat 7
™M 34 g T35 Apt Reglate the St uetucal Remodl ng of Bore frdl b



102 FIFTH CONFERENCE 0N METABOLIC INTERRELATIONS

Rolmson  They were made with ground bone sections of about 25 to 50
mucra thichness T did not make these sections of course This picture 15
tahen from the paper by Engfeldt Engstrom wnd Zetterstrom 1

Such imestigations have empl 1 that a) throughout life part of the

bone 1s newly formed and part 1s old b) m the very young ammals most
of the bone 1s new and has 1 lower calcum content 1n relation to 1ts fotal
volume and 1 higher water content ¢) m mtd hfe the new bone that
formed roughly equals the amount of hone resorbed d) in old age bone
destruction exceeds bone formation and new bane 1s mmumal 10 anount
relative to the total volume so that the bone assumes micro copically a

Swiss cheese appearance 1n semile osteoporosts 1 and e) the amount and
physical state of the extracellular orgame bone matrm 15 assoctated tn some
wav with the availability of the inorgame bone crystals for 1sotope exchange

The Effect of Water Content and of Age on the Avaslability of
Bone Calcrum for Isotope Exchange

Combining the material from the various sources menttoned above and
the data upon which the lable \III are based 1t would appear tht most of
the bone m young ammals 1s new with a water content over 20 per cent
while 1n older amimals there 15 2 much smaller proportion of new bone
the najorty of the bone or the largest part of the bone probably havm, a
water content of 20 per cent or less In the new bone with the higher
water content ridwactnve calerum and phosphorus exchange both 1 w20
and 1 170 has been shown to take place readily By the same techmques
m older bone such exchange 1s noted to he marhediv less So that as the
sl eleton ges 1t shows a decreasing exchange as well as a fower water con
tent 114 115

The point to be emphasized 1s this  there may be a potential surface area
on buman bosne crystals of between 100 and 250 square meters per gm]m
of cristals but the e areas are either not available for exchange or are on vt
partially av-ulable for exchange It 15 proposed thnt when the water cggtmr
of the orgnic bone matrix decreases to some critical level around 20 pe!

3 4Neuman Wm P The Nature of the Muneral Phase of Bone Chem R-1ens

10 press (1953)
his con
315N eyman cites the follovang references fo exper mental work reewaat o ths <0
cept The percentage of bone available for P38 exchange XCIY‘! ‘ry S pt i adult
yeurg vats ‘mccordiig to C Leblond D Bucharan us o CIY found tat 1o 47
Tats the exchangeabl fractinn of bone dropped to about Pt Ry
Na * mn adult dogs found the exchangeable fraction \'an}: T e 0 2 iabte

o T an adult human H A Rornberg 4 mg Na 4 found that the

for exchange was 20 per cent
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cent the number of crystal surfaces zvaslable for exchange with the blaod
becommes very small In sewle states more and more of the bone canus to
fhave a water content of 20 per cent or less and then of the total area of
bane crystals less ts avarlable for exchange

Conference Discassion

Armstrong T would sav to De McLean and to Dr Netman that wheress
the compostion of the bone salt cannot be stated ~md » 2 very comples
material we cestanly ser here that s talogical onentation and pattern
15 quite regular at kst we have somtething segulw  Does amone nish to
draw Dr Robinson out further?

Shorr Do vou think the crystals are relsted to or are held m the ground
substanees or ave they tuck m sonte chenucal fashion 10 the connective
fssue as m Bbeits® 1 was not clear as to whit vou vinted us to wier

Rolmson Yougrea hing me if the ervstal are m the colligen or agonnd
the collrgen?

Shorr Yes You nentoned ground substantes I did not know what
10U MLCrpFLINON Nas

Rolmson \\ell the dsncursson went on here last year about that
Shorr  Yes 1 recall st

Kolwson  The colfagen fibers are very durble structures  Colfagen
fibers ¢ be taken out of the mammath tush which his been luing about
Sor s me twenty thousand years and stll be seen m the elctron ticrnscope
a5 % recogazable entity  Appatenth avound these fibers there v utes
fibnflar merral and perhaps there i some of this same maten] tetween
the component fibrils of the collagen fiber It would appear 2> thou h the e
tlers were not alwans arranged m exact spatral registet one to the other
fut that there was ome wterconnecting, hirh between the fibers ot she most
nerch adpscent 630 A perwod doublet hands 1s brou bt cut w the osme
stined andt shadowed ekctron mucrographs It 25 the & brdges and +f
vou concene of it 10 4 three dmensionl view these mterbaind  planes
it connzct the fibers It » at these same levels that the crvstals ag pear
The entals sceat ta be orwented <o that the ¢ axs of therr smt-cefbv—nd
tf they g7 Tag enongh therr fong vas~1s parillel o the collagen fiber
Fhaty our prctare of e at the present time

Shore Dut do thes yust fvat m a medium 1round them or are thes ac
tuaths fixed tohthy m thus pa ison?

\wprw R Fay
> TR T o N\g;\\ R gubne the St ucturst Renodeing of Bon 4 & 4
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Robinson  The crvstals do not swim around  They are orsented to the
organic matrix on 2 molectilar level It 15 not possible at this time to state
definitely whether this ortentation factor 15 directly or mdurectly exerted by
the fiber on the morganic molecules One cin pomnt out that 1 many places

bridges between fibers seem to connect their doublet hands [hese
bridge e observed m the decaleified sections of bone to he m the same
planes where the rows of crystals 2re seen m sections of undecnlusfied hones

At prescnt we do not hnow just where the fibers end and the coment suly
stance begins on 1 chemical lesel of orgamzation Do the e bridges repre
sent particularly well polymertzed muco-palysaccharide protemn molecules or
do they repre ent proten molecules which 1 2 o belong to the collagen
system 1nd still connect the fibers laterally even after the rigors of tissue
preparation? If the bridges represent regions where the filiers were par
ticularly close and the muco polysaccharide protemn cement substance wa
more resistant  then a muco polvsacchatide protein brid,e  ewsts and
one nught suppose that the crystals form i the cement sulistance  between
the fibers and that they may be onented to the colligen molecules mdirectly
In other words an orientation might be imposed on them by orsented
cement substance molecules which were in turn otsented (perhaps beforc
the hone crystals formed) by adjacent collagen fibers However 1f the

bridges represent protem molecules belonging to the collagen network
then one might suppose that the crystals formed on te protem molecule
of the collagen network and were directly onented by the molecules that
formed part of that system They would then project mto the mterfibrillar
area from the periphery of the fiber



ENGEL JOSEPH AND CATCHPOLE 105

EQUILIBRIUM OF CALCIUM AND OTHER IONS IN
CONNECTIVE TISSUES*"

MILTON B ENGEL NORMAN R JOSEPH and
HUBERT R CATCHPOLE

Trom the Def ts of Dental Therapeutics and Orthodontia of
Ch mustry and of Pathology The Colleges of Dentistry Pharmacy
and Medun Unt rsity of Himors Chicago Ilmows

trstrong I thh Dr Engels work on the interaction of 1ons with

the connectrve t1 ue would fit 1n well at ths point

Tugel  Vhe work that T am going to report has been done m collabora
tion with Dy Norman R Joseph and Dr Hubert R Catchpole my asso
uates at the Unnversity of Illmots

Studies of A 10 the State of
Consttuents of Connectrve Tissues

Various types of connective tissue vary greatly in their water electrolyte
and colloid content and thev miay exlubr rather strihing changes under
the influence of hormones m a very hort mterval of time Yve have
studied these alterations n the state of connective tissues using an electro
metric method and the changes m hydration and plasticity have been cor

MTThs work was supported by grants { om the American Cancer Soctety rec m
mended bv the Committee on Growth of the Nat onal Research Council from the
Craduate Schocl Univers ty of lllnor  and fron the Medical I'esearch and Develop
mnt_Board Office of the bu geon General Department of the A my Contract
No DA 490607 MDI7

1 Gersh 1 ani Catchpole H R Tle Orgamzation of Ground Sub tince and Base

m nt Membrane a d Its Sigmficance 11 Ti sue Injury Disea e and Growth Am J
tnat 8a 457 (1949}

Wigsegh N B Fogel MU B ad

L wenacten of Toms and
Connective Tissue Itrel

Cat bpole ¥

wa ot Bophysica Act 8 575 (195’)
Lochb L Suntz # \ and Burns E L Ch:nges
t Vagim Cerv x and Uteru of the Mou e Prod
Ustrogen and b Advan g \ge, A

Catchpole HH R Joeph N P and Fngel M B The Action of Relaxm on
lsles7l7u(bxc ‘.))myhy s oi the Cunea Pig Studied Flectrometricalty J Endocrnol

1 the Nature of the Stroma

d by Long Co tinued Injection of
n J Canc rl(’.\‘ 33 159 (1239)

]oseplh bI: R Fn;ztl M B and Catchple H T iome sta 15 1n Con ective
1 bl
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related with the density of immobile anomic charges of conncetne tissue
collords In the mteraction of the ground substance with cations there are
ndications that the immobile amons may participate 1n cation exchange
rexctions 1193231 4

Follis Wil you define what you mean by colloid?

Engel  The collowd refers to all immobrle charged macromolecules of the
tissue and I will not be any more specific than that T will say that at m
cludes the mucoproteins of ground substance 1t includes collagen 1t mcludes
all of the extracellular protems as well as the intracellular protems I would
like to leave 1t general at this pont 1f T may

With the electrometnic micthod a Iiqmid junction 15 made 1n the connec
tive ttssue under study and the potential 1 measured T'rom such data the
density of colloidal charge cn be calculated

The cirent may be represented as follows

Hg'Hg [s B Ne} NaCl lYSubcut Experimen Soluuonll\CI |HgCl [“E
(O 15M)| Trssue | tal Tassue | TorIT

Solution I refers to wsotonic NaCl (015X} with which the baseline potential 18
measured _ Solttion I7 denotes either a one tenth dilution of the 1 otome sahne
{0015M NaCl) with which the dilution potentials L or E  are determmed or a
solution of 00IM CaCl plus 1sotorie NaCl which 1s used to equilibrate the u.s;u:l
with calemm sons  For the reference yunctson a *?2 hypodermc needle was msertec
subcutaneously in the abdomen or thigh It was fill d with 1sotonic NaCl a;\d cen
nected to the calome] half cell with a saturated KCl bradge A short # 7 needfe
filled with 1sotonic NaCl was i erted into the connectiye tissue to be studied a3
for example the pubic symphysis of the gunea piz the tibial epiphysss of the
rabit or the sex shin of the monkey

The ewcwt was completed through the other calom 1 half cell and the baseline
potential was determmed | Ths 15 tually dlo & to zera mufinolts 1 e the
ssotomc NaCl at the experimental site 1s replaced by a ane tenth dilution of Na
a dilution potential E 15 obtain

In dense connective tissue positnne patentials of 20 to 30 mullnolts are
found an example 15 the pubic symphysis of normal gume pigs W hen
this tissne Joosens as during pregnancy the potentials fall to zero or negt
tve values approaching a hmuting value of —123 nullolts which corre
sponds to the hiquid junction potentinl of purely 1queous sofution T{i
changes m potential reflect changes m colloid water and electrolyte of 1l
fissue 1191 11 2

Ground Sub
LN } and Rapport M M The Mucopolysaccharides of the
Stance of Conneciive Trooue Sesence 113 596 599 (1951) .
Properties of
W F Bovd k S and Feldman I The Ionbnding Frope g
g;xﬁ::f“m‘iws V(s CONFERENCE O\ METABOLIC INTLRREL
TIONS 4 100 112 (1957)
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1§ one arglies the theo ¥ { Tiqu d junctios potentials as deveSped by Hen fer
sie) an oqsatson 11 derived which §3d cates the amonnt of the mmolile arga
tively charged cofiead in the tissue  This caa be sumpl hed to the expression

Eq= 123 # 21w (D

where 14 refers to the number  { mlhvolts and 3 1s the number af egualents
< tod Frmd ta obtaired thr ugh these pe ertial 3t 13 then possible to cal
culute the number uf equnalents of negatelv-charged collond m arious connective
fisne {t ar aetere tng ob er ation that i forse conrect ve ¢ sue the value
t dy o'y {ys and m bght dense onae tive issue {as tor example n
bove) the valoe £ 1 35 Jigh

The Effect of Calcrum on the Collowd of Connective Tassues

In determuming the effect of caluum on the collord 2 solutton which
ewtan D01 mchr caloum chlorwde i 0 15 molar MaCl s fiest used to per
fu ¢ the tissue we waslt to study (for examqle the epphysis) A baseline
readimy, 1 estalinhed The caloum <olutson s then replaced wath the dilute
Natt {00153, ant we find that cur diution potential 15 lower than the
ongmwal mditmg that the immobsls vegatnely charged collod v has
been decrea od

Th  may be exyressed by a modificat on of Eqt ation 1
Er = 123 + 2ive (2)
This tmphes then thit the caleutn combnes with a part of the callod

nentrihan, ome of the mmobile chasges

Me have teund m general wath the 001 molar lcun chilorde that
appra gmatels 06 of the collord remams unhound and that 04 1s bourd by
the calunm I one mewures the eoflodal charge 1n a number of 11 sues
of the monker {(fer example w the sterrum 1 deatin v mngna or
hiny one gets wale s of negatne charged eollord (Q 168 0 147 0005
00,2 e prtvel ) { Table \IV)

Hondler W hatzee the wts of x 2

tag t Thise are m equnalents

Humdl v Per mulihit v « f matersal?

Fupt Ter ter or per hdoyram of the density 15 cJoce ta one

N W upen perfu i, w1 b 001V calomm the coliosda charge density of
cartilage draps to 0090 the dentin 1o 0 102 the gimgna to 0057 and the
hn to DD Tn gen vl 4 rtio of ahout 06 can be establi hed between
the o ihtrc { ealloncdad charge ind the orginal charge ( Table NIV

& l;:"x'(:’)\y;l.)[’ Thenn dvnam es at Leqa { Cells Z Pk Chem 59 11R (10)
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TABLE X1V

The Electrochemical State of Connectrve Tissues

Density of Collordal | Modified Density of | Ratio
Tissue Charge* Collordal Charget M
(z) (x) .
Monkry
Sternum 0168 0090 054
Dentin 0147 0102 069
Gmgna 0095 0057 060
Skin 0072 0044 061
Ragmir }
Epiphysts 0144 0099 069
Skin 0071 0048 | 067

*Equivalents per liter
FAfter equlibration with 001M CaCl -+ 015\ NaCl

Armstrong  When vou speak of the epiphysts as the site wto which you
put vour needle do you mean the epiphyseal cartilage?

Engel T do mean that because on dissection 1t appears fairly clear that
the needle has penetrated into the epiphyseal cartilage

Armstrong  1f 1 have understood what you hmve done here vou really
have set up concentration cells—am I correct ”

Engel Yes

drmstrong  And you obserie differences in the concentration of the
1ons which veu attrihute 1n some cases to removal by the colloid ?

Engel We observe a fall in the dilution potential after calciumt whih
we attribute to the binding of the calcium by the collord

drmstrony  How can vou be sure that it 1+ the colloid which cau es vour
results® How do jou know 1t 15 not the mineral phase that 1s capturing
<ome of the 1ons? You must have n answer since I am sure you must have
constdered this pomt

Engel Because the tvpe of ddution potential that we get (which »na
positive dilution potential) can be derrved only in the presence of a nega
tively charged colloid  After you mtroduce the caleum salt the dfution
patential falls It approaches more nearh to water values which impltes
combination with 1mmobile aniens  If the calaum were merely combinmng
with another mumneral phase 1t would not affect the concentration of 1
which 1s to say the dilutron potential wonld pot be altered
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4rmstrong  1see That s clear
Folfis What Wnd of readng do you get with yust z blood vessel®

Lnget We have not done that but one would probibh get a reading
which would be very close o the one for water becauve the concentration
m equnalents of sumicbie amon m the blood should be quite low  Our
expersence has been that i consective tissues that are very loowe we get
dilution potentiaby very clo e to those one woukl expect n water

Shorr  Have you added any other di valent ions

Ingd On om or two occasions we haie tred magneaum and we
gut smtac effects bt we are nut I a positson o report on that now
m other words mygnesum will alvo combine w b the colfond

Pant 1 there 15 amiinng hae bound phosphate yom nomtd get the
same resalt wimldnt vou f whad 2 free radicad

Lugel 38 thore wert bound phosph ate

Partt v Yes

Fngel Meann, s an mmobde phosphate *

Fadbr Yes

Fogel Theliese so Lmg  at Jolns Hophins has attributed to boand
phosphate @ sumilar effect m muscle Do son ko v of that work?

Sl I Ves soughh

Inyt Our electrometne studies wese conducted on rabbit epiphysis
wd ratdit shin with simhe results (Table N1y

Irure 37 15 o cune showmg the selationshup batween the diuvon po-
tngal before and after perfusing mith exlomm <olution ad the slape 1
apy rcomrmeh equal to 06

A Dissociation Constaat for Caloum 1n Connectise Tissue

Trom data of this scrt we hne attempted to caleufate a dissoctation won
stant of the hind that McLean and Hastimgs  estabinbed for Hood
The (uhtons are s fallywes

Law L Seesty fome Accumulatin m Mu cle Celt 7 ¢ Pr g 11 95 (195 )

Miar ¥ € antifatngs A B The State of Lalolum n the l'hud of te
? iy 1'&\5")“ Lol o Affeet i the lonast woof Caleum, / 1§ Chom 108 %o
)
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X Equivalents per iter
T T

T
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0 15
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Eq + 123 mivols

Fig 37 The Correlation of the Dilution Potential (E4) and the Modified
Dilution Potential (Eq) for the Normal Connectrve T1ssues of the Pabbit
and the Monhey

The absaissae  E, + 123 millivolts and x equnalents per liter—the estimated
density of negatoe collod1l cliarge and the ordinates E + [23 millnolts and &
equivalents per hiter—the e timated den ity of negative colloidal charge after equili
bration with 1sotonic NaCl + 001 M CaCl

(Catt) (x7)
T (Cax}
Eqation 4 15 molifed to compensate for the Donnan effect which occurs in these

t1 ues due to the presence of negatively charged colloid and the expression for
1omce cafelum of f sue beecom s

=i (4@

3
(CGa) (1 + EE)

Ca++) refers to the oncentration in equivalents of appl ed calcwm and ¥ 15
the modified collodal change In the satact amrmal 1t would comcile tith the
value of serum ton ¢ calcium  From this expres on it can be seen that it den e
t ues where x approaches 015 the cal 1um 1on con entration rav be double that

of blood Eguation 4 then becomes
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© +ﬁ)x

= 1015 (5)
(r—7)

e have fotnd th t the value we get for the constant 15 10162 The
constant that wa established by McLean and Hastings for serum (1022 }
would secn to mdwate a somewhat stronger afimty of blood protemns than
connective tissue collosds for caloum  The blood protewns are then about
12 percent saturated with cileium at the physiological level of caleium ons
that 1» 000125 molal In loos connective t1 sue the collordal charge may
be regarded as approximately 001 equivalents which 1s only about 5 per
cent saturated with calaum In dense connective tissue (v = 0 15) the
collotd 1 Appreumately 8 percent saturated I tried to bring out earler
that one has to concene of all the ¢ connective tissues even the loosest as
contuning 7 certam mount of calomm A part s bound to protemn and a
part exists m a0 ionie tate These forms may be regarded as being n equt
Ihrium  The equilibrium distribution of the molile amons and cations s
given for Inose and dense connective tis wes 1n Figure 38

A Nomogram for Calcmum and Collotd 1n Connective Tissue

From these data and from the estimated equihbrium constant a nomo-
gram (ki ure 39) has been con tructed to represent the state of the tr sue
m reltion to two mdependent varatle namelv blood calcium and collordal
charge i the tissue The nomogram relates the bound caletm to the coltord
m the ti sue and to the other 1oms  In loose connective tissite of course the
wmount of bound crleium 1s relatnely smaller than it 1s 1 dense connectve
toue

i uph and brve A tted lnes >f the 10 gram constitute an envel pe
which del nes tw extreme tat s the > e state and the t ght tate of connective
tsuc These state are 0 equil brum wth tie blood cale um and tley a e also
mcjulbrum witl cach other With a n moeram of thi sort once one has deter
M ed v anlone one ha a al ¢ for the bl od caleium Je el 1t should be possible
—anl T mu t call +3ur attentt n t> the fact that this 15 Just a first approx mation—
t aleulite for ¢ ampl the sodum in the t1ss e the am unt of hound-calcum
the 111c dalciom v fich v 0 oeq Tibrium with that and aiing the two calom
val es b gether the tofal caloium of the tisswe exclusne of course of 1 e trystal
«<r apatte phase

In e e vau are wondering 1t out how the levels for sodiim are of tamed
they are derned by an appronimatien formula for the Donnan correction
The s lwm concentration would be approximately equal to

x
015 + —
2

Follis: What are examples of loo e and tight connective tissue ®
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LOQSE TISSUE TIGHT TISSUE
C
¢
8 g (calcifred)
T
(calcy_!_:_gd) ’-GTF_
il } o N X
i

N
N
Na [ X =
N
N N Na f
i+ [Na {',3\»« - {Bound
™ N 3 ca
N | & o
N N Bound X
\\i “3\1* Ca :3‘
N ¢ Y
X=06 X 036 X 09
N, 5 N, 46 N, 55
E 0O E=-~486 E--20 E 7

Fig 38 The Distribution of Ions as Estimated from the Dilution
Potentials (E4 and Eq)

4—1sotomc NaCl solution 1n which the sodwin 1ons carry 40 per cent of the current
(r 0 N, =04 E, = 1231mn) B — loose connectire t1s ne (& =~ D06
N, =00 E;=0mv) B-Joose connective tis ue after equlibration with 1sotomc
NaCl + Q01 M CaCl (v 0036 N, — 046 E, = ~—46mv) (—d nsecon

nective tissue (x = 015 N; =066 E;=—0mv) and {—densc connective ti stic
after cquiibration with 1 atome NaCl + 00IM CaCl (¢ =009 N, =055
E, =7mv) N

Engel  Loose and tight contiectne tissue rather than akitred?
Folis Yes

Engel A loose tissue would be a tissue Jihe monhey sex skt which s
shightly edematou and 2 tight tissue would be a tissue ke the conuective
tesstte of the pubic sumphysis of the gunea pig or bone pr carilage—the
cartilage of the eprphysis
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—Connect ve t ssug ————f +-Blood ——1
o) r X X (Caxye (co) tCacty)
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® 15
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Fig 39 Connectne Tissue Nomogram Showing the Equilibrium Dis
tribution of the Cations m Relation to the Collowdal Density of the Charge

All concentrations are expres ed m equi alents per Iter The connect e 1 sue
scal s (Ag+)—the 1omc sodum —the Donnan ratto x —the density of the col
L wdal cha ge at equlibrium with the calc um ons of the perfusate v—the mmtal
dnsty fth collodal cla ge as observed \ th calc um free solutons (Cal)—the
b un) calcwm (x ) (Total Ca)—the total calcum and (Ca++) —ile tome cal
wm  Tle blond scale  (CaCly) —the concentration of calcum chl nde of the
equilibrating perfusate 1 equnal nts per liter The phys ologic level 1s 1nd cated

Summary A Two Phase Equilibrium of Colloid Water and
Electrolyte 1n Ground Substance

1 should like to conclude my presentition by pointing out then that the
state represented by epiphysis sternum and dentin (at the npper lmut)
and skin (4t the lower lmut) envelop a family of comverging lines cotre
ponding to all the intermedinte physiological states and that homeostatic
\anations of the collod © 7t constant osmotic pressure but varable water
an 1 electrolyte content have been explaned 1 terms of 1 two phase equ
libriem 1n ground substince  Accordingly all lines comverging from various
salues of r to the Doanan b, dualysate rep
states

Conference Discussion

{rmstrong D> vou know whether Dr Eichelberger s data on cartitage
compo 1tion can be fitted nto v our nomoeram?

Fngel Before 1 came here T went to the library for that s ference but

e
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1 have not had an opportumty to read 1t '* Dut I do know that last year
Edelman'*® and his associates presented data on bone before this group and
their values for sodium for example would fall at the high extreme of the
nomogram If you take the low extreme the values for monhey sex shin
which have been determined by Ogston Philpot and Zuckerman'™ a num
ber of years ago also fall within the values calculated for sodium and
chloride on the nomogram and I would 1ssume the values for calcum also
would approach tht calculated on the nomogram

4rinstrong 1 have one other question I would like to ask Do you think
our explanation of the calufication process which has heen developed over
a period of two or three years at this Conference to explan why tissues
that ought to he calaified hecame calafied and those that do not get caleified
fail to become calcrfied on the basts of the accumtifation of calerum m the
cartilage or bone matnix prior to calufication 1s too much simphified? If 1
have under toed jour discourse correctly we now will have to abandon thry
explanation because you have shown that connective tissue which does not
calafy will accumulate calomm

Lngel T think there are many sides to this prohlem and one that I have
neglected to mention because I do not 1now very much about at1s  what
happens to phosphate? VW hile all of these tissues do contain calaum much
of the calcium exists as a protewnate there 15 nother phase i equilibruum
with that the apatite phise 1 suggested this morrung that one might con
cerve of a system m winch there are multiple phases a heterogeneous sy stem
of phases i equilibrium  that the apatite phase 1+ m equiltbrum with the
caletum collond pha e and that hoth are m equilibrium with blood and tessue

12 We have smce had an opportumty to recal-ulate Eichelbergers  data m order to
convert her values of sod um and cal wum to mlliequivalents per kilogram of tissue
Her values were origmally expressed as mullrequivalents per 100 grams of dry weght
Taking the water content of cartilage as 75 per cent the figures for sodwm and total
calerum agree well with the values for cartilage shown on the nomogram The fati>
of cartilage s fum to serum od um yield 1alues for the Donnan ratio the tonic
calcium of cartilage and for v the density of 1mmobile cofloidal charge The differ
ence between total caloum and 1ome calcium represents bound calaum  Afl these
results al o agree well with the nomogram The values of +* jomic calerum and
bound calcium yteld a value of A the equl brium con tant with which our own 15 11
substanfial agreemernt

129Echelberger L Bruwer T D and Roma M Histochemical Characterizat on
of Tnorgame Constituents Connective T1 sue and the Chondrortin Suffate of Fxtra
Seltutar Cand Intracellular Compartment of Hyalne Cartilages 4m J Pl

166 373 (191)

130Edelman T S Jam
Sodum_of Bone

es A H and Moore F D The Location and the Turno ct
of the TRANS
INTERRELATIONS 4 740

7} CONFEREANCE OV METABOLIC

bservations Related to the
9)

* 1§ O
Iss“og PST}EG:nJR I Endocrinol 1 231 (193¢
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flul When I say equilibrium I refer to the chermcal potential of these
various components the calerum chloride and the various ealeum phos
phates

Harnison Is the concentration of the calaum 1on umform throughout
the sy stemn?

Engel 1 neglected to state that 1 our view the extracellular flurd and
the ground substance are part and parcel of the same svstem  If vou con
sider this to be at least a two phase svstem in which ou have a colloid rich
water poor pha e m equilibrium with a water nich colloxd pror phase which
mcludes the extracellular flid then 1t 15 1l one physicochenucal system
In homcostasts each pha e mamntains 1 constant compo ttion and constant
chemucal potential  \While the chenmcal potentials of all diffustble compo
nents are constant throughout the system the electrolvte concentrations of
the water rich and coll nd rich phases differ from each other

Handler W\ hat was the actual range of calaum concentration?

Lagdd Most of our measurements were made at 001 mols but we also
used a more nearly physiolo,ic olutt n namely 000> mals and got simlar
results

Ho ard  What are the quantiratne aspects of the waleium content 1n
tissues that are not cartilage and bone® For tn tance did vou do tendon?
WWhat would le the calerum content of o certan wer, ht of tendon?

Engel Trom the n mogram (Figure 39) T will take a guess at 1t and
then maybe somebody can check it

Hecard Well we hne analized it and cannot find any T was just
wondering—

Lagel T would expect some to be there

Ho card  But m such amcunts that we could not mcasure 1t by the ordt
nny tedhnique?

trmstrong  \\hat are you ashmg al out>

Ho ard  1he quantitatine a pects of <ilemm mn the shin connectnne
tissue the tendon and sinular suly tances

Enpd Lets st that tendon 1s v relatuely den e tissue 1 thunk st would
protably hinve wound O 1 equnvalent of collod in 1t If vou project a line
through that peint ta the llood level then total caleim shoutd be some
where around 001 equnalent  { Idditronal comment 1y Dr Engdd sid
seqpu at to the Conferenc Sul equent expeniment hmve shown thr estt

mate ) be o error and much too hrh T abbit gustrocnemin tendon



16 FIFTH CONFERENCE ON METABOLIC INTERRELATIONS

showed + values of 001 equnalents of collod per hiter which would gne
calcium levels close to that of blood ]

Ho card  Per what?

Engel Per liter

Bartter  Ten mulliequivalents per hiter

Harrison Of water?

Engdd  Of total tissue 132

Handler  That 15 a lot of matertal It 1s five times the concentration n
plasma

Engel But would you not expect 1t to be high 1f for no other reson
than the Donnan effect and the bindmng of calcwum by the collord?

Handler  There should be at least as much caleum 1n the free flwd
as one can predict trom the Donnan effect That much can be determined
What I did not understand and the reason for my earher question 1s the
concentration as shown I thonght vou sard you had worl ed at values of
approvimately 001 molar but your nomogram runs through an area from
G00lupto 5

Engel The 0001 mols refers to blood

Handler  Yes but the concentrations given for blood here are the same

as tho e presumably They are of the order of magmtude 1f not rdentical
with those expected m the free mterstiial flrd did they correspond to

the medrum r which you made your measurements >

Engel We used 1 rather un physiologie concentration of caleium

Handler \What I do not understand 15 how yout can construct this nomo
gram at these 1alues when you made vour expeniments at d:fferent levels
Did you perform your experiments at these Jevels as well?

Engel Yes wedid We also used 0005 molar calaum with sumilar e
sults The nomogram 15 calculated from the equltbrium constant A

Armstrong  Gentlemen I suggest 11 there 15 no odjection that we Mow
consider other aspects of the transport of mmeral 1ons  Nothing as yet has
come up about absorption and excretion of calaum T understand that Dr
Neuman has some data on a biological proces having to do with clearance

studies n the hidneys R
N ! 1 it ht b
nnectn ut one tle results might be

13 Since the d 1 ot

expressed m el
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Ha dler Mav 1 terject a quest on Dr Armstrong? 1do not qu te see
that these stud es contrad ct tl ¢ hypotle s to whch you referred carler

hiel las 1cen developed at tlese Conferences to descr be the cond t ons
when calc ficat o shall or shall not occ 1

fr stro g Viell tmaybethatt que ton as put because of my avn
lack of ko le lge about exa tly v 11t Dr Engel has descr bed

Ha dler If one thuks of colod the m copnlysacctar des chon
drotnsulfae n)so fo th a exd m,eres nsw th anaffin tv for caleun
1t Dr L gel has done  to quan tate the st at on and the state hov
m ol of such cale mbnd gonemavexpectatag en level of calc umin
tlefludjlae Tl s s nnosensetleres cton of that hspothe »
Ir sro ; N troutle arose from the not on that connect e tss es
1 ¢t donotcalef also ac umulate calc um
Ha dler  There s another po nt to th t hypotles s f you b nd cale um
nto chond ptn Jfne w m twtonn call get apat e format on

Ir stro g W\ 1 ttedfferen ¢ p obabl le nthe quanttat ea pects
of m erlll dn or througt factors wl ch rnav aperate to alter far ex
a {1 posplite o cocenraton ntlet sue What ould ovsayas
tothe relat e order of n *nt le of cilcum bnd nyas ot ha e measured
t let cen artlase 1 d In

L 71 Mell Ithnk t sa atter of sat raton Ithuoh tlattle proten
sl thalfas at sted nshn (Sper ent) as t s cartlage (8 per
cent)

Tollis Yousee n hat Dr Ingel as neasurng he would fa e to
nea enoncal felcartlage an a

Copp Ts there 1 v d fference betveen ord mary cart lage and the 1on
cile elcartlige fo [ ntterd toeppl seal regon?

L g1 Y cannot ns er your queste drect! lut I can tell ou ths
—md t! s sant patng omett nf that T ant to say later— fyoug e
peratt ro 1 extract to annals tvery slort t me you decrease the de

t ofcll Wlclageb botoetltd T magne tlat ma rachic
1o lelectr etreally ou o ldgetthesmesortof re It Tle den
st of negut el clargelcollol o Hleles s! 1 stosay tlen tlat
t edle tnd goeapact o 11 be decrea ed

Hullr Ho long does that take?

I o Ol ttakesplace thnl2lors Itmghtoce r  thna couple
offo rs Welmnenot mea ired st earler than abo t 17 1 ours

Folls That s n<kn?
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Engel 1In the epiphysts In the shin too the abihity to bind calctum 1s
reduced by gnving parathyroid extract 1 other word all of thece con
nectne tissues are affected

Armstrong T think vou had better give us that work now I will ash
Dr Neuman to wart Would vou mund describing to us vour other studies?

Lugel 1 do not want to monopolize this discussion

Armsirong T do not think you are
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THE EFFECT OF PARATHYROID EXTRACT ON GROUND
SUBSTANCE AND CALCIUM OF BONE*
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Fig 40 Sections of Bone and of Kidney Tubule Showing the Lffect
of Large \mounts of Parathyroid Extract

All of the tssues were hwed by freez ng-dry ng and staned for carbxhydrate
conta n ng subslim:ts vith period ¢ acd Teucotuchs 1 Teagent after ethanol denatura
ton mal as given three nyecton of parathyrod extract total g 1150 unts
mn72 hours and k lled 74 hours after the last myect on.

->
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one of the frst to suggest t n a syec fic appl cat on of the h potles of
Gersl and Catchpol  tlat th  falure to sta n reflected 1 nash g of re
act e gro ps nltone such as mght occur £ tle bone collod  ere ery
t gll aggre,aed O the other hand f you nje t parath rod extra t

ratler la ge doses as ela e done i the rats and rabbts do es of
500 ta 1000 u ts o er a ?4 1our per od of t me the organ ¢ matr x of tle
toe dergoes changes and spcules vhch formerly oud sta n only ver
Tgl 1 vtl tleperodcacdle cofucls reagentio tang te ntenselv

Tgue40\slo alonespcule fron ananmal ttat asg nscl a
To e of parattyrod extract Yo can see the fibr llar tr cture of tte con
tg ous connect etsue It appearsthattl st s e as formerly a part of
tebo e anlalarge partof tlegro nls bstancehasd ol ed nnahn,
t lea ng ts fbrllar characer appa ¢ t It s ver smlartottejtoo
nerograjt sho n by Dr Pob nso acerta ense Thed negraton
of ato espc le  shown n F gure 40B
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The Depol g Effect of Parathyroid
Extract on the Connective Tissue of Boae

If you examine the bone and cartilage of these anmals carefully 1t 1
clear that the arclutecture has been changed Ice crystal artefacts (whl
are artefacts of freczing drving) are very promument mdicating that there
has been increased water up-take When these ammals are studied electro
chemically as I have mdicated previously the results show a reduced den
sity of negatnely charged collodd This ts to say that the abilty of the
matrix to bind caleium 15 also considerably reduced Analysis of the bones
(including the marrow ) for water soluble alcohol msoluble mucoproterns
showed these substances to be mncreased following the admmstration of
parathvroid extract  These changes 1n stamability reduced density of nega
tvely charged colloid and the increase in water soluble mucoprotems are
criteria wiich have been regarded as charactersstic of depolvmerized con
flectine tissue 194140

Accompanying these changes 1n the extracellular phsystcochemical phases
are changes in the connective tissue cells and these have been described
particularly carefullv by Heller AcLean and Bloom ' The cells may
undergo transformations imvolving the osteoblasts osteocvtes osteoclasts
and reticular cells The amount of ntracellular glvcogen in ostecblasts
and osteocytes ts reduced The macrophages contain phosphate carbonate
i assocation with aggregates of glycoprotemn Presumably these are
phagocitized residues of bone Some of the cells of the bone and con
tiguous connective tissue appear to be necrotic

We have no mformation about the mtermediate steps of s hormanal
effect but these are two tentative explanations which we are currently 1n
vestigating (1) The hormone stimulates the mesenchymal cells to produce
depolvmerizing enzvmes formung saluble fractions of bone and cartilage or
(2) the hormone alters some other metabolic activity of the cells producing
intermedrate substances which dissolve bone and cartilage

1 might mention at thiy pomt that electrochemcal results show the density
of charged collod of other connective tissue such as shin gingiva and dentin
also to be decreased as a result of the hormone effect This interpretation
alsa 15 supported by histochemical studies 12

1oJoseph N R Engel M B
Ti'sue to be published N
3 iHeller M McLean F € and Bloom W Cellular Transformations 1n Mam
mmahan Bones Induced by Parathyrond Extract dri 7 Anat 87 315 (1950) ,
342Bloomfield ] R and Haves h. An Effiect of Parathyrad Cxtract on the Groun
o el )t "Bl Afn Assoc Sehool of Med cme U of Chcago 8.
19:2)
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and Catchpole H R Homeo tas s m Connective
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The Nature of the M; in Blood and C e Tissue

P

I want to mihke a few about the mucop fically The
mucopsotems as components of both blood and connective tissue would be
expected to be myohed tm the equbibrum between the two  Gersh and
Catchpole  hve suggested that the mcrease of the serum mucoprotemn
level which had heen observed by Siebert  Winzler and associates **
Shetlar and associates ¥ and a number of other people 1 a vanety of
disease states was related to some change that was accurnng m the con
nectnve tssue ground substance  Catchpole © subsequenthy was able to
demonstrate that i mice bearing transplantable tumors the connective
tissue about the tumors contamed more water soluble glycoprotein and the
Vlood levels of mucoproten in these ammals was elevated A similar change
was ob erved m scurvy by Piram and Catchpole #* We thought that 1f
the hane ground substance 1s being dissobved and tf this mucoprotern 14 an
important part of it the blood muceprotern might rise following adnunss
tration of the hormone This was tested m adult 1ats who recerved doses
Aaryng {rom 10 10 1600 un ts over penods up to 96 hours (Table \V)

TABLE XV

The Lffect of Parathvroid Extract on the Serum Mucoprotemn
Level of the Rat

Duration of Serum Mucoprotemn
Dose Experiment as Carbohydrate
(tr1ts) (hours) (na/l00cc)
Control — 16
101330 10 232
100 to 300 24 25 40
00 tn 1600 2496 3573

Sebrt T B Sebert M\ Atno A J and Camgbell H W Varau nm
Ir tein and Polvacchinde Lertent of Sera_n‘the Chto ¢ Dy ea ex Tubercaloas
Sarcod 1s and Carem ma, J (In 1 st aot on 26 20 (1947)

W owler P J and Smyth 1 M Stwd es on the Mucoprotemns of Human Plasma
‘[w}‘l)a ma Mucoprote n Level 1 Lancer Patests J s In stinafion 27 617

r St :;h « MRR <I‘nstgrpj] \ h)\cn Ky 5'\1((1 r L L Br R and
serc e1am od 1 ¢
Tt MR oo foectand 1e ol w Aalignan y ant n Other r:m;

sCat bl I} Seru d Tt ue Gl caprote: AL B
WeTum £ S Taner Bt and Mot 35 20 (ingy D 0 T pia

1 nd Catcd pole 11
SR o Gele 1R Serum Chveort e ns m Expert ental Seurey
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In control ammals the serum mucoprotern level expressed as carbohy drate
was around 16 mg™* In animals treated with masstve doses levels as
high as 4% times this value were recorded One group of adult rats was
given 300 umts and then acrificed at varying mtervals Control values for
serum mucoprotein were exceeded at o to 5 hours The maximum eleva
tron was observed at around 30 hours and at 48 hours the level was still
abnormally high (Tigure 41) Ve found that the kidneys showed severe
damage when the protein levels were very high

Howard What happened to your calcium coinadent with the rise?

Engel 1 do not know I would like to know but we did not make that
determination

The Relation of Mucoprotetas to Kidney Damage

The Lidnev tubules were plugged with a materal which contained car
bohydrate and which has been shown by ultrayviolet light absorption to con
tam protem also It 15 nteresting that the tubule cells themselves showed
large aggregates of glycoprotem granules under the mfluence of this hor
mone Perhaps this represents the precursor of the tubular casts (Figure
40C and 40D)

These Lasts sometimes contam phosphate deposits winch are presumably
calum phosphate One might anticipate here ajain that because of the
Donnan effect this mucoprotein would tend to mcrease the caloum ton
concentration leading to renal caletficatron  Perhaps m other instances
where renal stones are formed elevated levels of serum mucoproteins to
gether with mcreased renal elimination of these substances could be precipt
tating factors Such a series of events mught occur m conditions where
there 15 exten 1ve bone resorption or considerable loosening of the connec
tive tissue

The Excretion of Mucoprotein 1n Unine

Tt occurred to us that 1f this matersal were demonstrable i the hudney
1t mught also occur mn the urine  Recently Tamm and Horsfall**? had shown

3 38erum muccprotems were estimated by the method of Wineler and associates u .

the
149 mzler R Devor A W Mehl J W and Smyth T M Studzes on
Mucoproten ofJ Human Plasma Determination and I olation J Clut In eshigrton
27 609-616 (1948) L

f an Inhibt

150Tamm 1 and Horsfall F L Jr Charactenzation and Separation o s
tor of Viral Hemagglutmation Present m Unne Pro Soc Exper Biol and e
74 108 (1950)
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TABLE XVI

The Excretion of Urinary Mucoprotein by Rats following the
Injection of 1000 Umits of Parathyroid Extract

A
Period of Study Urinary VMucoproten as Carbohydrate ‘
Mean | Range |
(mg } (mg )
3 day control period 1’06 03:x 192
3 day post mnjection period 279 052515

Summary The Effect of Parathyroid Extract
on the Ground Substance Constituents of Bone

Summarizing then we may say that a study of the effect of parathyrod
extract on bone by various methods has indicated responses which we feel
to be sumilar m certam respects to the action of several other hormotes oft
connective tissue  There occurs primarily a disaggregation of the glycopro
tein ground substance with the production of soluble carbohydrate frac
tions  This 1s shown histochemically and by analyncal studies and 15
inferred from the mcreases m the blood and urinary mucoprotem levels

Elsewhere © we have discussed the effects of certamn hormones on con
nective tissties 1 terms of a two phase equilibrium Letween the soluble and
the nsoluble collords The relationship of thiy equilbrium to the dumbl:z
tion of caleiim and sodium 10ns was expressed in terms of the nomogrant®
to which we referred previously (Figure 39) Under homeostatic condt
tions the physical state of the colloidal bone matrix may be represented
then by the hne at the upper it of the nomegram but smce the admmn
istration of parathyroid extract causes an elevation of the blond calcium
level the effects of thuis hormone may mvolve non homeostatic displacements
of equilibrium 1 all parts of the connective tissue continttum

Coaference Discussion

_/ Follis Is there any reason to think that thi 1s spectfic for parathyrold
/hormone or does 1t result from any destructive process m Lones?
Enget 1 think any destructive process of the bone or in connective t
sue generally would lead to these very same results
s sum and
el M B Joah N R ant Gl B, R UPRPRUEE 6V VT
BOLIC INTERRELATIONS 5 000 (1953)
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"/Rabm.ron Mavbe you would not want to answer this but would there
be any relation between the hydration of the mucoprotem or the ground
substance of these conmectsve tissues and their state of polymenzation?

Enge! 1 believe there would be I beheve that the more ghly hydrated
they are the looser they are and the le s hydrated they are the tighter they
are This 1s Just annther aspect of the same phenomenon

Ho wrd Dr Engel may Ia kvoua couple of questions > because what
vou have said appeals to our theoretical concepts about the breaktng down
of matrix and releasmng the matrix the hme salts and everything at the
same time Some vears ago we tried to find a mucopohsaccharide in the
biod of people with hypercalcemm losking for something that would
carrv the extra calaum 1 the blood becau e at that time we thou,ht st
was already super aturated Dr Bacon Chow did an electrophoretic pat

tern for us on the blood of hypercalcemuc people after thexr hypercalcemma
had been cured —(the patients consisted of people with parathvroid tumors

before and after therr remo al people with sarcoidosis who had Igh cal

ums but without protem abnormahtses that we could tell electrophoretically
or by any other methods}—and we could find none of W inzler s mucopoly

saccharide at a pH of 4 electrophoretically and we could not get any tn

creased polvsacchartdes i the blond of these people with parathyrord
tumors as compared before and after the hypercalcermia had disappeared

1 wounder 1f vou could explain that

Then annther thing that we did was that Dr Rubia got some chon
drottin sulfuric acid reasonably pure—I will not sav that 1t was purified
—and we put that agamst caluum solutions 1 the ultrafiter and found
that as expected 1t bound enormous quantities of calcum  But when we
added some to normal serum and put it m the ultrafilter it completely lost
that power to bind 1 other words something withmn the serum negated
1t completels and 1t had no effectiveness whatever to carrv more calaum
so that the ultrafiltrate was exactly the same as before we added the chon
drottn sulfuric acid to the system

Lastly the matenal that \\inzler commented on r1 es m coronary ovclu
ston c2 es to quute high level> as well as in lobar pneumoma and m 21l sorts
of other di ease states m which T have never seen anvbody with hyper
alcerma or any evidence of active bone destruction orver and above the
catabolic reactton that you might expect to go with it I was wondering
if you could put thase theee negatne appearing facts who what vou fane
Just told us

Engel  About the mise i pneumomia 1t has been suggested that 1n a
number of non pecific disease states the connectne tissue 1s being drs

aggrecated a for example 1n the lungs in pneumoma  As a result more
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TABLE XVI

The Excretion of Urinary Mucoprotem by Rats following the
Injection of 1000 Units of Parathvroid Extract

Persod of Study Urinry Mucoprotein as Carbohydrate
Mean Range
3 day control penod (1'”055) 0;:’91)97
3 day post injection pertod 279 0525 13

Summary The Effect of Parathyrord Extract
on the Ground Substance Constituents of Bone

Summanzing then we mav say that a study of the effect of parathyrod
extract on bone by various methods has indicated responses which we feel
to be simular 1 certan respects to the action of several other hormones on
connective tissue  There oceurs primarily a disaggregation of the glycopro
tein ground substance with the production of soluble carbohvdrate frac
tions  This 15 shown hustochermeally and by analytical studies and 15
inferred from the mereases in the blood and urmary mucaprotem levels

Elsewhere' we have discussed the effects of certamn hormones on cont
nectrve tissues 1n terms of a two phase equilibrium between the soluble and
the msoluble collords The relationship of thys equnlibrmm to the distribt
tion of calcrum and sodium 1ons was expressed w terms of the nomogrim s
to which we referred previously (Figure 39) Under homeo tatic condt
tions the physical state of the collordal bane matrix may be represented
then by the Iine at the upper it of the nomogram but smce the admirt
istration of parathyroid extract causes an elevation of the blood calaum
fevel the effects of thts hormone may 1nvohe nion homeostatic displacements
of equilibrirm 1n all parts of the connectiie tissue contmuum

Conference Discussion
/ Follis  Ts there any reason to thunk that this 15 speatfic for parathyrord
Jhcurmone or does 1t result from any destructive process in bones?

Enge! 1 think any destructive process of the bone or m connectiie s
sue generally would lead to these very same result

d
15 Engel M B h N R and Catchpole H P Equ librum of Calcium an
S ot N e “TRANS M 4C1 CONFERENCE OV VETH
BOLIC INTERRELATIONS 5 000 (1953)
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V// Robmson  Matbe sou would not want to auswer this but would there
ba any telation between the hyvdration of the mucoprotem of the groind
substance of these connectrve fissues and thewr state of polvmenzation?

Engel 1 beheve there wonld be E beheve that the more hihiy hydrated
they are the looser they are and the le s hvdrated they are the nghter they
are This 1 just another aspect of the <ame phenomenon

Hotwrd Dr Engel may T askvous a couple of questions >—~because what
sou have said appeals to our theoretical concepts about the breahmg down
of matrrx and relexsing the matrix the hime <alts and everythmy at the
swme tme Some \ears age we tued to find a mucopohsicchanide i the
Heod of people with hyp oskang for b that would
carry the extra calcium m the blood because at that time we thou bt it
was afready supersaturated Idr Bacen Chow did an electrophoretic pat
tern for us on the blood of hspercaleemic people after their hy percaleenya
had been tured —{the panents conwsted of people with parathyrond tumors
before and after thesr removal people with sarcordosts who had high cal
oums but without proten abnormalities that we could tell electrophoretically
or 13 an other methods)—and we could find none of Winzler s mucopoly
sacchande 1t 2 pH of 4 electrophoreticallh and we could not get any m
creased pohvarchandes m the blood of these people with parathyrowd
tumots as compared before and after the hnpercalcerna had disappeared
[ wonder 1f you coutd explam that

Then wnother theng that we did was that Dr Rubm got some chon
drottin sulfuric acd  reasonably pure—I wall not <as that it was punfied
~amd we put that agamst calorum sofutions sn the ultrafilter and found
that as expected 1t bound enormous quantsties of ereum  But when we
addest some to normal serum and put 1t 1n the uitriflter 1t completels fost
that power to bind n other wordy somethang within the serum negated
it completels and 1t had no effectn eness whaterer to carry more caleum
o that the ultrabltrate way exacth the sime as before we added the chon
drotm sulfuric aad to the wystem

Lastls the material that Winzler commested on rises  coronary occlu
wian cases to quite high fevels as well as i lobar pneumonia 2nd 1w all sorts
af ather disense <tates 1 which I have never seen ambody with hyper
calcemn or ny evsdence of actne bone destruction over and above the
catabolic resctin that you nnght expeet to go wath I was wondermg
1% you condd put Yhose three negative appeanng Txcts mto whit vou hne
Just told ue

Eungel  About the nse wn pneumonia 1t has been suggested that m a
number of nonstecific disease states the connective tissue s betng s

aggregated as for example 1 the lungs wn preumonia As a tesult more
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soluble fractions of ground substance are getting mto the blood wher
they are reflected as an elevation of the mucoproten level The serun
mucoprotemn level can be elevated in scurvy also

As to the failure of chrondroitin sulfate to bind calcum 1 the presenc
of serum I do not know the answer Perhaps the chondromin sulfate x
combintng with some protem of the serum which competes with calerum
The material that one deals with 1n bone may be somewhat different from
the degraded tvpe of chondromtin sulfate that one would have—

Folhs  But vou do not know whether or not jou are measurmg chon
drottin sulfate do you?

Engel Where m the blood?
Follis Yes

Engel You hnow that you are measuring a protemn which has been
characterized by Winzler I think there are two peahs demonstrable by
electrophorests It 1s not too heterogeneous a material About not bemg
ihle to demonstrate matertal electrophoretically I have no explanation

Houard 1 can not get verv excted about a small coromary occlusion
giving you enough outpouning from that area The Jung I can not argue
about but I do not see how a ittle coronary occluston could give you enough
ground substance in the crrculation—

Engel Wiell Dr Fremont Smuth encouraged speculation so I will take
advantage of that opportunity Some of us thik that some coronary occl
sions could be caused by elevated sertm mucoprotein levels Perhaps the
serum mucoprotein combines i someway with matersal of the vesset walls
0 1t 15 2 questton of what comes first

Howard But 1t comes right down agam m two or three weehs after
coronary healing

Engel Maybe the initia] disease state has changed too

Armstrong  Of course you get other effects vou get leukocytosts 1
coronary occlusion for example In other tissues that are affected by dis
ease mucoprotemns mught be disaggregated

Engel People are verv sick with coroniry occlustons which means that
there 1s certatnly a non homeostatic state

Rubin 1 would like to suggest the possiility of the mpheation of
Ve have been studving and per

magnesium 1n some of these situations
o p of calenm and

haps we will have a chance to talk about the relationshi] d
magnestum particularly therr ratio and 1t turns out that 1n cardize condt
tions and 1n prenmoma there 1s a shift m the magneswm caloum ratio
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I was wondering whether the two are not related to your binding by muco
protemn n the serum  In hypoxia and anoxta there 15 postulated a change
1n permeability of the membrane which would permut rapid shifts in mag
nesmm which ordmanly you might nuss 1f you analzed the magnestam
directly but when you begmn to consider both caleium and magnesim st
multaneously and examime the ratio of the two the changes becorse a hittle
bit clearer

Engel  Preluminary experiments show that this material will bind ma,,
nestum

Copp Mr Charrman T would hike to comrliment Dr Enge! on this very
stimulating concept of the nature of the ground substance and I hope that
perhaps he mav be able through this to explan two problems n connection
with ground substance of bone The first 15 the difference m the nature of
cartilage which does not alerfy eg articular cartilage as compared to that
m the region of epiphyseal growth whete you do get caluficaion  The
second problem concern the very specific uptake by the osteoid matrix
meluding the uncaloified osteord matrix of the rachitic ammal of heavy
metals such 2s yttrium plutonrum cerum and so forth Ve abo found
that the uptake of pl was d by giving paratl or by
other procedures which attack the bone There may be some explanation on
the basis of this collordal reaction for there 1s something very speafic 1
the ground substance of caloifiable matrrs which makes 1t rect with these
heavy metals

Engel 1 do not know too much about 1t Lut I know that fast year Dr
Neuman reported on th binding of caleum by chondrotin sulfate and
perhaps that 15 the thing that 1s specifically mmplicated here As far as
calcification goes as far as the apatite formation 1s conterned you may
have a difference n the metalohism of phosphate in the articular areas as
compared with the epiphysis

Copp You can follow the bone down from the articular cartilage which
1s not calafied and you run directly nto a regron where active calafica
tion has taken place Both are equally acce sible to the blood stream the
cells took very mmular Lut there 15 a sudden change in the reaction

We also ob erved in connection with plutonium uptake that when we gave
young rat> up to 1000 units of parathormone and combined this treatment
with adminsstration of zircomum citrate there still was no sigruficant effect
on uptake or removal T do not think tius disproves a change 1 the collordal
nature but 1t does indicate that there 1s Iittle notceatle effect on the specific
combmation of matrix with the e heavy metals
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THE RENAL CLEARANCE OF CALCIUM
IN NORMAL DOGS**

WILLIAM F INEUMAN and PHILIP S CHEN R

Tram tlee {tonuc Energy Project The School of ediome
and Deutastry U ersty of Rochester Rochester \ex York

Armstrong  We bave 1n hour sow for exeretion  and 1 am gang to
ash Dr Neuman to open the duscuss on of this topre

Newman T am gomg to state our work sery brefy 1 am goong these
data hunowing full well that they may mean very httle because we are en
tirehy dependent on guesses as 1o the state of ciuum w the blood 1 think
that m this particnlar case the methods emiploved are entremely smportant
The drta cannot e generalized

There 15 very bttle m the Iterature on the renal exeretion of caloum
Probably the primary reason 1 the difficulty m obtarmag suffaentl Jarge
blood samples 10 determune bath the total and the ultrafifterable caluum
and to do 1t wath precision It was the dexelopment of a rather smpl
apparatus for prenarmng uitrafiltrates that led us to attempt the study of
calenum clearance by the hidney

Procedures Employed 1n Current Study
RENAL CLEARANCE

The expersments were performed on three tramed unanesthetized female
dogs after an 18 hour fast durng which water ws afiowed od &bitn
The aterage weight of the anmals was about 83 hslogratns  Cleneance
pentods were run wlnle the dog was foasehy restramed on an amgal board
1 the supune postion L rine samples were obtaned through ar mdwethng
rubber catheter Clearante penods were 10 to 30 mmutes 1n Tength Eath
collectton persod was terminated by at least two rinses with distitfed water
followed by am ar wash exeept duning rapid urme flans when only an
air wash way used  Blood samples were withdrawn at the mid point of 3
clearance period through a yugular e asd centrifuged mmediateh to
obtaen serum  Intsayvenous mfusions nere effected by mserting 3 soft pol

h the United Seates
1397 ts paper 15 _based on work performed under contract wul
Atornc n‘;rm Comsussion at the Ussniersity of Rochester Atore Energy Propeet

Rochester Mew Yock
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ethylene catheter through one external jugular ven and drawimng blood
samples throu, b the other vem

Calaum concentrations 11 blood serum serum ultrafiltrate and urmne
were d by flame pt y using the VWerch Varney
flame spectrophotometer Sodium and potassium conientrations mn the
urine were determined using the same instrument Inorgamic phosphate
levels were determmed by the method of Fishe and Subbarow ®  Inulin
was used to estimate the glomerular filtration rate i some of the early
experim nts and when this was done 1t was admumstered subcutaneoush
m a dose of 25 cc of a 20 per cent solution m 06 per cent saline about
an hour before commencing the hrst clearance period Inuhin levels were
determuned by the method of Roe Epstem and Goldstein Subsequently
endogenous creatimmne as determmed by the method of Hare  was used
for measuning the glomerular filtration rate and n our hands the clear
ances of these two sub tances (inulin and creatimne) were essentrally
equal

THE ULTRAFILTRATION APPARATUS AND ITS QPERATION

Figure 42 shows the ultrafiltrat on apparatus It 15 a smtered g ass filter
which has been closed at the bottom and a side arm attached The small
sample of serum s placed 1 a cellophane bag and the bag 1s made to form
aloop which iy inserted 1n the filter The gas mixture (95 percent 0 5
per cent CO ) 15 passed through until equilibrium 1s reached and by attach
mg the rubber tube the whole ultrafiltrate and the sample that 1s bem,, ultra
filtrated are 1r the same gas nuxture As flud passes mto the chamber the
pressures are equalized This apparatus 1s centrituged at various rates of
speed  Viith thts equipment and the use of the flame photometer we can
obtan values for the total caluum the sodium the potassrum the phos
phate and the ultrafilterable calaum from an amalysis of about 10 ¢c of
blood

Butler Blood or plasma®
Neuman  Serum of course 1 what we have analyzed However the
volume of whole bl>ad tahen at any one clearance pomt 15 only 10 cc

Fske C H and Subbarow Y The Colori etric Determ nat f Phosph
1 et CI 66 3¢5 400 (15 5) ¢ e matier of Fhospho 1

! Roe JH Epten J H andGoldten N P A Ph tom t ic Metl od for th
Determ natin £ Inul 1 in Plasmaand Urin 7 Reol €/ 1 178 83) 84 (1949)

Hare R S ¥nd genous C eatinine in Sert 1and Ur ne P So F
Med 74 148 151 (1950 rne Pro- So Fup Bt oud
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A B

Fig 42 S hematic Drawing of Ultrafiltration Apparatus

meter with
A~Filtration apparatn made from a straight seal ng tube ?{Je r,n;:l mda
2 2) mm fritted di ¢ B—Top and side views of the centering devs
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TABLE XVII

The Ultrafiltratson of Caleum Solutions
{Ca Solutions of 10 to 70 mg per 100 cc )

Ultrafilterable
Solution Revolutions Caleum Caloum Com
Compound pound 1

Only 015 M NaCl
(perm wie) ) )
Caleum chlonde 2000 97 98
Calcrum gluconate 2000 96 98
Calam Versenate 2000 86 100
Calaum citrate 1500 89 —
Calcrum atrate 2000 — 95
Calaum citrate 2500 B4 —

In Table \VII are collected a few data relating to the operation of the
ultrafiltration apparatus 1 should preface my remarks bs citing three facts
abont the particular type of membrane employed 1) 1t does mot pass
detectable amounts of plasma protein 2} 1t does not pass detectable quan
tities of hydrocollord (berylhum hydroside) and 3) 1t 1 permeable to
mulin - Table XVII shows that m the presence of approxmmately physio
Togreal concentrations of sodium chloride diffusible calerum (whether pres
ent as a free 10n or as a complex) was nearly 100 per cent filterable Inthe
absence of saline there was <ome tendency for the larger 1ons to resist
ultrafiltration

Gutman  How long do you centnifuge?
Newman  About three hours
Sobel Are these pure solutions?

Newman  Yes these are solutions which have been synthetically pre
pared from C P reagents

Table WVIII presents the data on the effect of the speed of centrifuga
tion on the ultrafilterable fraction Serum was emploved in these studies
and while there may be 2 slight tendency for the ultrafilterable fraction to
decrease 1t high rates of centrifugation the changes observed are not si_n
ficant

Armstrony  Did you say what kind of membrane vou employed ¢

Newman  Cellophane
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TABLE Xvill

The I'ffect of Centrifugation Speed on the Ultrafifterable
Caleeum n Dog Serum

Revolugans § Ultrafilterable Caluum
(F r mnate) {my per 100 cc
1500 61
2000 61 02
2250 vl
2500 59 59

Total cafoum = 133 mg rer 100 cc 3 hour centetfugston

Harrison s th cellophine commercstlly avarlable?

Howman Yes thes celtsphane w sotd commercially under the traie pane
Vishmg tuhmg

T hae sumrnanzed the technique emploved m the determination of the
nltrafilterable frachon of serum ciloinm  In the subcequent work tno as
sumptiors have been made (1) Tt 15 ssumed that thns techmaque cepro-
dauces the sttuatton occurnin,, w the renat glomerulus  that we oy calewlate
the cafcm filtered I the clomerutus from the mrerage glomerplar filirs
ton rate  determmed by muln us crertmme clarance and the level of
ultrafilterable «2leram as measured by our techmque mr dro (2) Thisas
sttmptior > bised on an early publiertion®®™ winch clums that neacly all
ustrafilterahle calcwsm s n the free jonic tate As will be shown Jater i<
15 2 most maportant factor m determimng the caloum clearance

Results Obtaned w Normal Dogs
EVIDENCE FOR ACTIVF RESORUTIO § OF FILTERED CALCIUM

In Table NI\ are compiled the results of @ mumber of studies m'normJI
dogs It 15 clear cven from these data tht cal™tum s actneh reahsorith
becruse on the average 79 2 per cent of the Gltesed calom was reabsorbed
The vverage calcsam clewwsnce was 937 cc por mmnute I thuk ot 15 7
portat to re emphasize the magmtwde of the cearance ratio The highest

{
17 d Hastng A B A Diofor cal Method for the £ tirdinn ©
e s o Al ‘107 39935 (1334) The State of Gl
m the Thuds of the { &b 1 The Condions Affecting the lovtzation ¢
J Buwl Chem 108 25 37 (1933)
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The Calcum Clearance of the Normal Dog

| Average Range
(c¢ per ) fec prowun}
Urme flow — 001 41
Glomerular filtration rate 377 305 456
Calaum clearance 037 n 014 061
(rgp 100 c) | (mgte 100cc)
Total serum calerum 119 113 12
Ultrfilterable calcium 58 50 70
Ratu Calcium clearance 0008 0004 0016

o— T
Glomerular filtration rate

(mg pers )
Calaum filtered 214
Caloum excreted 0017
Calerum reabsorbed

(mg pe 1 n)
175 274

0007 0032
174 271

TABLE XX

The Cfect of Diodrast and Para ammoluppuric Aad (PAH) on

Calaum Exeretion

Glomeralar
Drug Dose Period || Filtration | Calaum | Clearance
Pate | Excreted | _Patio
fec pe (g p
o) e )
20ce of | Comtrol | 343 00¢ | oo
Diodrast| 3507 oot 358 004 | 0023
Expen || 768 016 | 0107
mental 231 009 0052
290 009 | 0058
50cc of | Comtrol | 355 001 | 0005
paH | 10% Soln 270 043 031
Prme then | Expen | 208 03 | 028
2cc/mm | menal | 161 03 | 033
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excretion observed in the normal dogs amounted to only 1 6 per cent of the
filtered calerum

[FHE CFFECTS OF DIODRAST AND PARA AMINOIIPPURIC ACID

Since the data indicated the occurrence of an active process it was of
interest to study the effect of the administration of diodrast and of para
Amunohtppuric (PAH) acid on the calctum clearance  These data are as
sembled 1n Table XX Both agents increased the excretion of calaum but
of the two PAH was by far the more effective causing a 60 fold increase
1n the clearance ratio Even in this case however with maxumum mhtbition
70 per cent of the calaium filtered was reabsorbed

THE EFTECT OF CALCIUM ADMINISTERED INTRAVENOUSLY

In Figure 43 are presented the results obtamed following a single 1ntra
venous admumstration of calaum gluconate It was of interest here that
the myected caleum seemed to disappear It did not appear m the blood
and 1t did not appear m the urine Ve have assumed that the sheleton had

sonhed up 80 per cent of the mjected dose

Ho tard How much did vou inject?

Newman 60 to 70 mg
THE DELAY IV CALCILM EXCRETION

Another mmportant phenomenon to be noted 1s the pronounced lag m
clem excretton  The urnnary calaum excretion howed the mo-t marhed
increase three to four hours after a single intraienous adm ni-tranon of
cdaum gluconate In sub equent expermments with caletam ehlonde, Figure
A1 1t was found that this lag penod n the calaum escretion could be
<hortened b the prelmmany admen: tra 1on of large amounts ot wa ef
Tyep wub Indration however the peal excrenon was no ob-erved il
two hours after the mntraienous mjection

. EFFECT OF s~ ! APRATE
In Fr ented the d dormg = vimem 01
) JIv 20 there w2s

pho p' 1 the tetal merhallv 22
o 1omal tall e tracoo. The ph=-
™~ o iz, the ez

o 4 &I b, w0 o



CLEARANGE RATIO

NEUMAN AXD CHEN 137

00I5|

0019
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0005
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Ca EXCRETION MG/30 MIN

SINGLE INTRAVENOUS
INJECTION OF
CALGIUM GLUCONATE

HOURS

Fig 43 The Clearance of Calaium followmg the Intravenous Injection

of a Single Dose of Calaum Gluconate
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SINGLE INTRAVENOUS
INJEGTION OF
CALGIUM GHLORIDE
18 8o--vo-- TOTAL
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2
> 2
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02 T 3 4 8
HOURS

Fig 44 The Excretion of Calaum following the Intravenous Inject

of a Single Dose of Calaum Chlonde
Note the mcreased rapid ty 1n caleium excretion following hydration
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surprise so did the clearance of caleium Ve finally concluded that part of
the difficulty rmght be attributed to the formation of a soluble highty
associated complex of calcum phosphate  This complex was descrihed
several ve1rs ago by Greenwald ' ** and 1n our own laboratory Dr Gos
selin'®® nas confirmed 1ts existence

DEDUCTIONS (ONCERNING TIE STATE OF DISSOCTATION OF CALCIUM

From Gosselin s studies we were able to derve a rough dissociation con
stant from which 1t could be calculated that normally orly a small fraction
of the serum calcium could be bound 1n the form of a soluble phosphate
complex

Sobel Do you mean a negatnely charged complex?

Newman  Well T am not sure that 1t 15 negatrely charged but 1t cer
tainly is not posttrvely charged Vhatever the charge the complex ton 1
not adsorbed by a cation exchange resin

Shorr Do you still have those urines?

Aceuman T doubt st very much

{rmstrong If vou have Dr Shorr will mal e some determimations for
you

Shorr 1 would like to determune the citrate content

Neuman  The atrate?

Shorr Yes Or perhaps you did?

Newman No we did not

May T go on? Using the rough dissociation constant 1t was possible to
show that only 20 per cent of the caluum n the excreted urine could be
n the free sonic state It looks very much therefore as though the m
creased calcium clearance resulted from the reduction i the concentration
of Free calemum 1on caused by the excessnely tugh tontentratson of ghos
phate

Kramer Were there any caleium phosphate crystals m the urine?

156Greemwald I The Effect of Phosphate on the Solubil ty of
and of B carbonate on the Solubil ty of Calcum and Magne mm Pl
Chem 161 697 /04 (1945) "
18Greenwald I Redish J and Ribrick A € The Dussociation of Caloum a
Magnesium Phesphate J Biol Ch m 13 6576 {1910)

60Gosseln R Unpublished data

Cal 1um Carbonate
hosphate J Br !
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Newnan T cannot answer that with any real assurance

Houard Dud you do that experiment agam with a lescer load of pho»
phate? You see you have put the levils mto the coliordal range Twelve
mullimols pet fiter of phosphate 1s a tremendous amount of materal

Robmson That 15 milligrams

Ho ard Ts that muiligrams ?

Az umen  The ighest value 1s 25 mg per 100 cc
Hervard  Yes but that s very tugh

Aeman Yes it ss very high

Howard Dhd you do anv at about 10 or 12 mg per 100 cc * Ve did
that 1 the human you see and got exactly the opposite result 1 wondeged
if st was the amount you gve that made the difference

Newman 1 agree this r¢ presents a most un physiological condition

Partter  Could not the effect ot mfused phosphate on calclum excretion
be expluned by a mechansm analogous to that which presumably apphies
to para ammohuppurate? In each case there 1s an amon (lmming excreton
and cafium 1s merely one of the cations used to meet the demands of clec
trical pewtrality

Newnan By all means your suggestion is logical The reason we are
not employing such an interpretation 1s because of the data which are as
sembled an Tigure 4€

TIF EFFECT OF CALCIUM ADMINISTEPED AS THE VERSFN\F COMPLEX

In this experiment calowm was admmstered i the form of the Versene
womplex  In this ease the calaum clearance was tremendousty elesated
At the hugh st fevel only 30 per cent of the filtered calawum was resorbed
Th excretion of calem paratieled closely the excretion of the Versene

Shorr  Dilyou add Versene or calom Ver enate?

Newman  Calaum Versenate was injected It 1s true that by this means
we arnficially rased the calaum level but the caloum s not free to be
teabsorbed since 1t 1y m the form of an undissociated complex

Hondler  Can you evptam the PAH effect on the excretion of caleram?

Newman 1 do not thank so  The findings with PAH 1 believe are the
result perhaps of von speafic competition of tuhufar processes already
worling 4t maumum caprcity because of an artifienal dmresis We ob-
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served that m addition to overloading the tubular capacity any matenal
n the blood which will pass the glsmerulus and form an undissouated
complex of calclum also cin increase the calcium clearance

Present Interpretation

We conclude that the clearance of calcum 1s determmned by the ability
of the tubules to function normallv and by the 1onic concentrattons of cal
ctum 1 the blood and 1n the tubular flud

Conference Discussion

Aramer 1 suppose the caluum 1n the e studies was determined before
and after washing?

Newman  No  Calaum was determined by the flame photometer The
methnd 15 so sensitne that analyses wan be performed directly «n diluted
serum

Shorr  But vou did not determme your caleium as calerum that was com
hined with the Versene?

Newman  No separationt was made The Versene complex may be as
sumed to be 100 per cent undissouated W ould vou agree with this assump
tion Dr Pubm?

Rulin A hundred per cent covers a lot of ,round Ye the degree of
undissociation 1s very high

Neuman Iaoree Thongh even 99 per cent would not be a bad approx1
mation

Rubin T would go fagher than that —99 999 per cent

Newman  Well that 1s satisfactory for our purposes I believe there
fore that the increase 1n the level of wltrafilterable caluum that 15 seen

after the mjection of caloum Versemite 15 due entirely to the material
wyected

Foilts Your figures are lower than the ones which Dr Howard pre
sented thiy mormng

Newman  Somewhat Dr Howard s ultrafilterable fraction was approxt

mately two thirds the total caloum Our fraction was more nearly one
half

Harrison  Have you d any human ultr ble caletum by
your techruque
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Neuman  Yes

Sobel  Maybe the different pH control makes the difference

Newman  In our experments pH is controlled by equilibration with
oxygen CO mrxtures

Sobel The pH 1n your studies 1s consistently 7 47

Neuman Yes

Sobel  And how about 1n vours Dr Howard?

Howard The pH values vary from 738 to 75 We cannot get them
absolutely constant They vary from batch of serum to batch of serum

Newman T did not mean to imply that we did not observe pH varzation
the pH of 7 4 1s an average result

Armstrong 1 think Dr Howard also found that there seemed ta be no
dynamic equiltbrium 1n the filtration

Howard T never could understand that I merely present all of these
observations for vou to explamn

Newman But your ultrafiltration 1s much slower than ours 1s 1t not?

Houward Oh yes 1t 1s much sloner

Neusman How manv hours does 1t take?

Howard Well 2410481072

Neuman  Are you not performng a dualysis?

Horeard  No because the contact 1s very abrupt You see the matersal
rises right to the top of the mercury after 1t passes from the membrane s¢
that the contact 15 immedately cut off from what has been filtered 1t g0€S
right to the top of the mercury column What you obtam in the first tw0
hours 15 the same as what you get m 24 hours 1t 1s the same as what you
get at 72 hours I do not understand this Obviously the matersal that 15
held bach 15 getting more and more concentrated as to protem and calorum
and less and less as to water

Harrison  Ts there any possibility that the mercury could denature the
protemn?

Howard There 1s no protem passing the membrane I do not know

Harrison  1f the serum protemn were denatured by prolonged contact
with mercury 1ts combining capacity for caleim could be changed
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Sobel  There 1o another possitility that oxigen affects it You used
oxvygenand CO  dilnt you mnstead of mitrogen and CO

Nenwman  Yes
Howard Ve did too e used oxygen and CO

Mewman  There appears to be 1 difference 1n the results obtaned by the
two techtuques Which method 15 more arcurate cinnot be decided with
the present information

Horcard \Wlhat 1s the difference”

Newman  The difference 15 10 the percentage winch is uftrahliterable as
determined by the two techmques

Harrison. Dr Neuman gets about 40 per cent ultrafilterable calcum
and Dr Howard obtains about 70 per cent

Aewman Yes That 1s the important difference

Houard  Our studies were under much igher pressure Dr Neuman s
studies were done under just gravity pressure 1nd ours were under 200
mm of mercury

Folits Dr Howard had 8000 G

Tartter Dr Howard did you sav that the caloum comeentration 1 the
material left behund 15 gomg up?

Horard  In the ulteahltrite 1t stuvs the sime 0 1t has to be going, up
snce there is less and less water m the matersal that 1s held tack

Sewrr But st 1s lower m relation to the protemns that 15 the protein
concentration 1« gom,, up 1n relation to the calem

rmstrong  Pesle who are fanuliar with what 15 understood about
wiembranes—and { do not think 1t 15 very much—hnow that the quality of
the membranes can be altered 0 that they are anun permeable of they we
@ton permeable  Although you both might hive been usin, Visking Tam
not at Ml sure that you hoth were actually dethng with the same mem

brane Certunls, the natase of the wembane wold e some wmipotiame
wouldnt 1t?

Ho ard We soaked onr membrane in distlled water Lefore using 1t
We found that there was 1 tremendaus difference 1f we did not do that
Did you do that Dr Neuman?

Newman Yes One hour n distilled water W hat was the difference
you ob erved?
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Hoaard 1 do not remember whether 1t was greater or less I thmk it
was less

Newman  Actually the centnfugation 1s intesrupted and the first few
drops of ultrafiltrate are discarded This procedure munimizes errors due
to contammation or dilution

Hodge 1 wish to make a comment bearing on thi» same filtration ap-
paratus  We began to wonder about how important the bicarbonate com
plexing of calcium might be and we studied this point ustng the same setup
and using a cation exchange tesm with Ca (Neuman W F Hodge H
C Morrow P E and Torsbara T ¥ U of Rochester Atomic Energy
Report UR—275 1953) e cime out with a very clearcut answer Both
of the stortes cheched perfectly or I should say reasonably The bicarbon
ate complex of calclum doss occur to a mumnor extent and I think I can
summarnize the findings by waying that it certamly does not account for
more than 10 per cent of the diffusible caleram so af any of you has
wondered about 1t I thimk you can put the bicarbonate complex down as
one that 15 not very tmportant i calclum transport 1 the blood

Armstrong  How do you hnow that it s a bicarbonate complex and not
the CO affecting the complex?

Hodge The answer to that 1s that we did not prove that 1t was a bicar
bonate complex but we did study the properties under varying pressures
of CO
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STUDIES ON THE PLASMA CLEARANCE VALUES
OF CALCIUM

D HAROLD COPP

Trom the D partment of Phisiology Faculty of Medicone
Unwwersity of Britesh Columlua 1 ancou r Bratssh Columbia

Armstrong Dr Copp do vou wish to make scme comments?

Copp  Mr Charman I would like to present some data on another
species the rit where the clearances were calculated by a much sunpler
and cruder method but where the findings in general confirm the results
shown

RACHITIC § O & PHOSPHORUS)

PER LET L

YOUNG CONTROLS

S

TIME 16 DAYS

Fig 47 Cumulatne I xeretion of Radrocaluum i Urtne (Expressed as
Per Cent of the Admunnstered Dose) followmng Intravenous Infusion

[Rep oduc 1 bv permus won § om ¢ H Hamilton J G

D Jones D C
Thomp cn D M d Cr:lmer L Th Eﬂecl of -\ge and La\» Phospharns Ruckets
n Calerfcati n anl etals  Hor

n Rad ne TRAN:
My L()\!-LI\F'\LL 0\ All'7 {BOLIL l‘vTEkRI:L 1Tl0NS.‘l 243 (1951)]
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In this particuar expenment we plotted the cumulyne excretion of
Cal n the urse (Figure 47) and then deternuned the excrenion mae by
drawing slopes at sartous pomnts on the cure P duiding the excretion
rate by the plasma concentration it was possible to calutate the plasms
clearance salues These are shown m Table N\ expressed as ¢ fer
munute per squave meter of body surface They are exprassed on the
bists so that valies may be comparible despite the differences w size of
ammals  Adult rats and joung rits have 2 rehuneh Jow clearance of
ether Ca*’ ar Sr® with the tubufes rexbsorbing around 90 to 97 per cent
farh close to the values which Dr Newman just reported for dogs In
our rachitic ammals the clearance value was much gher  These ansmals
were fed a diet low m phosphorus but with wnple vitanmun B They devel
oped fow phospharus nickets

Heandler  How was the rulbets produced?

Copp By feedin, the ammaw a dier very Jow m phosphorus {0034 per
cent phosphorss) but othernise adequate *# The diet contamed adequate
amounts of vitanun D (8 umits per gram) The mubn clearance or fit
ton rate has been reported for the rat as 0.23 to 0 36 cc /mn /100 59 em ™
Actually there are not many rehable figures on filtration rate owing 10
the dufficulty of meastiriag clearance by comeational methods i this small
ammal Our results show that the normal clearance of caloum 1o veny fos
but w low pl osphorus richets the clearance approaches the filtration rae
e also found that ¥ we gave these low phosphorus ammnls sufficent

TABLE XX¥

The Renal Clearance of Radiocalonim and Radiostrontium m Rats

Isotope Admmstered

Podocdorm &
State of Ammal {Ca*} ‘l {517y
U cetm it | ecdmmlsgy
Aduit 2 é r § é
I oung
Rachttic 120 § 130

Tiltrition cate = 23 cc/mmn/ g m

< oo Changes
t Coleman R D Becks H Koht I\ and Copp D 1 Shelets) 1
St:nr:“?hn pharus Dcﬁc‘lrncy ot the Rat T Metararpal Hone Cor toch pdsal
Junction Candal Vertebea ofre! Path o8 209 (G

Renat Function m 1he
* Friedman § M \lackenzie B R and Foedmis, € L
A torntzed Ras Endo r nal 43 125 123 (1998
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phosplate to bung thewr blood phosphate valwe up to normal then the
clearmnce dropped to a low level (00)

Sob ! Wathout vitamua D2
Copp  These ammaly did hree vatoun
Sobel T mean the rachitic animals

Copp They all had vstanun D The conditsan mas one of low phos
phore richets not low vitamm D rickets

Sobel  You produced richets m the presence of vitanun D?

Copp Yes

Sob 1 How much vitamm D did you gne?

Caopp There were 8 umits per ram of diet and since the rats constmed
abait § grams of dret per day thes recen ed about 5G unsts dathy

Putler That 13 2 hig dose

Solel It 33 a smafl dose

Harrison  No 1t 15 a large dose

Copp Its a targe dase

Folis Taght thousand umts per hfogrant of diet

Capp hes BOOO umsts per hifogram that 1> right It contams 8 unts per
pram that 1s a better was of putting it Butas far v Dr Howard s effect
goes the level of {hosphate was o lown that even after the admunistration
of enosgh phospinte 1o brmg the level in the serum to notmad there was
Inttle possihibity of complex formation w the filtrate Ve <lvo gave other
ammals calemint sadism L er enate and we found as Dr Newwan reported

tht there was an mncrease m the ctlenem excretion which approached the
filtration ¥ate 1n both rachti uxd nornnl ammals

Conference Discussion

Tolls It 1 asteresting } think m relation to Schneder and bteen
boch s ohaervations  that 5f vout put more vitamun D an this dset vou get
el stortes

y H € and McColtum F v M neral Afetabe lsm Growth and S\'mp(oma
!g;gg(y 1 Rats on a D et Fxtremely D fioent n Phosphors J 81 f CF

S:lm:d H and Steenbock H on P1 plores Dier and the Propon o of
RustoVtamnD J B I CF 1+ 1’5 IW (l)J)} Calcum  trate Lrolths on a
Low Thowhors Dot J € § 43 339 (194
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Copp 1 would not be surprised The urme contamed practically no

phosphate in these anmmals but there could be calcium oxalate or some
thing else

Shorr  To what extent 1s the Versenate saturated?

Copp  Well 1t 15 the caloium sodium salt prepared so that 1t contams
equnalent amounts of <odum and caletum

Shorr 1 was just wondering whether there was any possibihty that
when Versenate gets mnto the blood 1t does something there to the calcruny
which then affects the capacity of the tubules to reabsorb the caleium

Copp The quantity of Versenate salt used was large and even on the
basis of partition of the radiocaleium between the calcum of the chelate
salt and that of the blood most of the Ca*® would be in the Versenate
fraction

Handler  Are these fiures all referable to the glomerular filtration rate
of 23 cc per minute per square meter?

Copp ‘That value 35 put down for mformation We did not caleulate
tt we looked 1t up m the hterature All of the figures can be compared to
that value though

Handler  So that i rickets the caleaum clearance 1s just about S0 per
cent of the normal glomerular filtration rite?

Copp Yes
Rubmn Were these clearances calculated on the ratio of the serum Ca®
to the Ca®% 1n the unne?

Copp They were all caleulated on the basts of the Ca's 1n the serum to
the Ca*® excretion 1n the urine This 15 a lazv man s method of measuring

clearance

Shorr Was the cilaum sodum Versenate radioactive?

Copp The amumals recerved a tracer dose of Cat? mtiasenously and then
they recenved caloum sodium Versenate intraperitoneally

Harrison  Dr Copp vour calculation would actually nclude the total
calcrum 1 the serum would 1t not?

Copp That 1s nght

Harrison  1f we assume that half of the calcum 1n the sertm 15 not

filtrable the clearances would mdicate that all of the filtered calemm
appears 1n the urme and there 15 no tubular rebsorption of calurunt under

these conditions
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Copp No because the calculation 15 based on the whole serum

Horrison  But the Ca! would be partittoned between the calcrum bound
to protemn and the ultrafilterable calcum and the specific actiaties of both
fractions of the seram calcmm would be the same

Copp ‘Yes that 15 right you are quite right

Harrison  1f that 1s true the caleum clearances are equal to the assumed
filtration rate

Nuwman  Is not the filtration rate m the same terms?

Copp Yes 1tis in the same terms

Harrison  Those are not your own determinations?

Cofp No they are not However I mmght point out that I have seen

values from 17 to 36 cc/mn /sq m for the filtration rate reported by
these same workers

Houard It really shows a perfectly colossal effect by vitamm D on the
rtenal excretion of calaum

Copp Well no

Houard Tverylody who has ever reported cn the amount of calcium
that comes out in the urine m vitammn D deficient richets has commented
on the fact that no calcim comes out at all

Follis Dr Copp 15 discussing a very particular hind of rickets

Copp Yes it 1sa very particular kind of rickets m a very special hind
of animal

Follis Tt 1s a phasphorus deficiency rickets

Hoiard Vel vitamm D deficiency richets 1s phosphorus deficrent
rickets too wntit?

Follis Arent these expermments at varince with McCollum s metabolic
studies?

Copp No He found a very high excretion of calcium in Ius phosphorus
deficient rats even 1 the presence of vitamin D °

Follis Was the excretion from the urine or the gut?

Copp It was i the urine and he commented upon that

Harrison

But even m the absence of vitamm D on the ordiniry Steen
bock dret there 15 a very high excretton of caluum i the urine
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Copp  Yes 1n the rat
Harrison  In other word rickets i the rat 1s quite different from that

in human beings w that it 1s always assocrited with o tugh excretion of
calciim 1 the urine

Ho card  Which 15 the oppo 1te of the human being

Harnison  Exactly

Copp I think these states may not even be the same condition  We call
all these conditions rickets hecan e the hones all Jook the same

Solel  The question 1+ would a rachitic at that has not recetved vitamm
D behave the same way * Have vou any mformaton?

Copp No we hase not—oh ves we did studs rate prepared on the
Steenbock diet They show the same high urmary excretion of radiocalewm
and eafaum  Fut we do not have clearance figures for them

Butler Did vou look at the parathyvroid glands of these rats*

Copp No we did not Howerver we hive given parathyrond extract to
these rats and 1t had no signihcant effect

Aramer What wa the calanm phosphorus ratio there?

Copp  About 30to 1

Bartter Dr Copp da vou hase any data on the sertum calcrum level of
these animals?

Copp It was between 10 and 11 mg per 100 cc The serum phosphorus
concentration was from 1 to 3 mg per 100 cc The rat normally has 1
erum phosphate Jevel of about Smg per 100 cc I think

Harrison  This was probibly a lugh alkaline ash diet was 1t not?

Copp Ye 1t was
Harnson Dr Shorr do you think that these ammal would be excreting
large amounts of utrate® That might influence the c1lelum exeretion

Copp Yes that1s night

Shorr W e have noticed that it ts not the citrate that seems {0 determine
how much calcm 1s excreted but rather that the extent of the caleium
excretion determines the ma,mtude of atrate excretion

Hornson  But atrate can complex caloum m the unne and accordmg
to Dr Neaman anv complexing agent may mterfere with the tubular te
ah orption of calcum nd thereby merease the urmars excrenon of caloam
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Shorr My only reason for doubting this explanation 1s based on the
experiments we have done 1n which we gare mtravenous atrate datly for
fong periods with very large mcreases 1 the excretion of atrate and no
change i the calcium content of the urine

Rubtr  Citrate 15 a poor complexing agent from tin point of view 1tis
metabolized and 1t 15 handled by mam miechamems to which some of the ¢
ather agents are not subyect

Shorr  Yes but it does come out m the urine m excess under these con
ditions without mfluenoing, the cilem exeretion

Harrison Dr Shorr m your studies was the unine pH acd #
Shorr 1 do not remember

Sobel Would the meret e m otrate be suthuent to account feor such a
change

Miorr As T said the essence of our findings was that the atric acd
excretion wcre 1sed durmg us wtratenon admiatstration without wfluene
mg the excretion of caluum

Sabel Tt almost would appear that « certain amount of serum phosphate
protects agamst caletum loss because maximal caloum loss seems to oucur
when the serum phosphate concentration 15 extremely low

Copp  Well as I pomted out 1f vou rai e the serum phosphate level
the Ingh excretion of La'3 disappears ymmediately

Lartter  The ammal hid hypercalc mia didnt they? Did the byvper
cuicena desappear when vou rawed the serum phosphate fevel ¢

Copp The rachitic rits were not very hypercatcense 1 he serum calaum
level was only 10 or 12 m, per 100 cc When vou give phosphate mtra
peritoniealhy  the serum ealoum alls to 6 or 7 mg per 100 cc and the
lem and Ca®® di yppear from the urine

Rramer 1 assume that the nickets heals when vou 1dd phosphate®
Copp Ne st dnes

Aramer  And probabls the caloum s then deposited with the phosphorus
m the bone

Oopp Yes

Sol 1 Ity possble that the mecham m of =t sory tinn requires caloum
ihe phate fer the formation of orgame 1ho phate nd when the phe phate
W onat yresent organe pho phate cmnot be pre duce 17
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Butler Do all the experts of rat renal physiology agree that the glo
merular excretion rate per square meter 15 only 23 ¢ per minute? That
to me 15 just unbehievable m my ignorance I admt

Handler 1t would make the filtratton rate much lower per umt of sur
face than 1t 15 1n the adult man which 1s hard to believe One would expect
quite the opposite 1f anvthing

Copp The factor 15 10 per square meter
Butler Ate you sure you corrected 1t to make 1t 23 cc per square meter
and not per the whole rat?

Copp Yes The value gnen was 023 cc per minute per 100 square
centimeters or 23 cc per tmnute per square meter However 1t should be
pomnted out the values as high as 36 to 40 cc per minute per square meter
have been reported



HARRISON 155

THE EFFECT OF VITAMIN D ON CALCIUM ABSORPTION
IN RATS WITH LOW PHOSPHORUS RICKETS

HAROLD E HARRISON

£ rom the Bal City Hospitals Bal Maryland

drmstrong Dr Harnson would you like to present your material on
the absorption of calcum?

Harrison  In Dr Howard s mtroduction he considered the question of
calerum absorption Tt may be of mterest to discuss the effect of vitanun
D on caleium absorption as deternuned by the feeding of Ca* to rats with
low rhosphorus richets

In our experiments which have been published 10 mg of calerum as
catewm chloride tontammg Cat® was given by stomach tube at smtervals
of 2 4 and 24 hours following mntubation groups of rats were sacriiced
and the amount of Ca'’ remaiming 1n the gastromtestinal tract plus that
excreted m the feces was determmed The percent of the adnumistered
Ca®® absorbed could then be calculated In Figure 48 the data are gnen
as the percent of Ca®’ absorbed at the indicated time and are the averages
of groups of ammals The open crrcles represent untreated rachitic rats
the sold ercles rats gnen vitamin D prophylacticath (100 umts per
weeh) and the open trangles tadutic rats treated with 3000 umts of
Mtamn D 72 hours before the admimistration of the Catt

Vitamin D and Absorption of Radiocalcum

The datr mdicate that m all groups of ammals there 1s an 1mtinl rapid
intestinal ab orption of Ca'  Up to 4 hours after intragastric adnumstra
tion of the calcium  olution there are no differences m the rate of absorption
amon, the three groups of rats  After 4 hours however a difference 15
apparent between the caloum absorption of the untreated rachitic rats and
of the vitamin D treated ammals  The untreated rachutic rats how no
further ab orption of calawm after the 4 hour nterval whereas m the
itannn D treated rats absorption of calcimm continues so that by 24 hours
After the feeding of the calejum chlonide solution the percent of Ca® aly
sorbed 15 sigmificantly greater 1a the rats gnen vitannn D Simylar results

3Ha nienr H T and Harr on B € Stud e with Rad ocal T Inte tinal
Absorpti n of Calewm J B ol Chem. 188 83 (1951';‘ e um e tna

e
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Fig 48 lhe Iflect of Vitamin D on the Intestinal Alsorption of
Calewm by Fed Rat with Low Phosphorus Rickets s Veasured with

Kadocalerum

ALt the rat wert mamta ned on a bigh calouon faw pho plors sachitorene
et At U nme 10 mg of calerum contammg (2% was given as a soluion of La€
by stomach tube {h open oircd s tepresent untreated rachitic ammals fhe sofd
eircl £ represen rat gtven ttamn D prophylactecally ani the apen trian sles repre

ent rachinc rats gaven 3000 untts of vitamin D 72 hours before the start of the

cxpertment

with respect to the effect ot vitanun I have been reported {re Landqurst 1
although s data deffer m certam details

Wilindiost B Ffect of Viasmm D o the Metabal st of Radicalcwum m Rachitre
Rats 1cta [ acdatrr ¢ Uppsala 11 Supp 86 (1922)
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Two Phases of Calaum Absorption

In these experiments the absorption of caleium can be separated nto
two phases There 15 an it rapid rate of absorption followed by a pertod
of absorption at a slower rate The imtial rapid absorption may be due
simy ly to diffusion of the caleum from the mtestinal lumen mto the body
fluds dependent on the Mgh concentration gradient existmg at this time
During this pha e C2* 1 hemg ahsorbed from the proxunal porticn of the
small inte tine

Cutman What portion of the gastromtestinal tract did you ntubate ¢

Harrnison  The solution wa  put mto the stomach

The second phase of calcium ahsorption represents alworption from the
chstal mtestme  Che pH of this portion of the mtestine 15 lugh enough <o
that the concentration of caluum i solution 1s probably very low and
absorption may at this stage depend on an actnve transport mechantsm
requiring cellular actsaty It 1> thus phase of calaum absorption which ap
parently 1~ mereased by \itamun D

trmstrong  How wany anwovls do vou have to bave 1 order to get a
relible stitistical difference?

Harrison  There are ten ammals 1 each group

Aramer  Did you analyze the intestinal contents s a whole or did you
duade 1t up?

Harrison The intestinal tract w1y dinided mto portions the contents
of which were analyzed separately At the 4 hour mterval the stomach
and the proximal small intestine were almo t tree of Ca'  The unabsorbed
Ca*> was 1 the distal third of the small intestine and a considerable por
tion was vlready n the large ntestne A simtlar separation of calcum
absorption mto two phases has been found by Carhson  with the slow
phase al o occurnng when the Ca%% was chiefly 1n the distal small sntestine
and 1n the lrge mtestine

Aramer At the end of four hour

Hurson Yes

1 the Mechan £ th Sk letal T
lh\; , \mni 26 _’m TS m o al vover f1m Salt Aer

o
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The Effect of Feeding on Caleium Absorption

Shorr ere the ammals fasted during this particular period?

Harrison The ammals were not fasted re they were allowed food
through the mght but on the morming of the experiment the food was re
moved If the rats were fasted or fed a low calcum deet before the expen
ment a different picture was seen (Figure 49) In this figure the absorption
of Ca® gnen 2s 1n the preceding experiment was determimed in rats wlich
had been fed a caloum free dret for 72 hours or fasted for 23 bours so
that the ntestinal tract was almost free of calcium before the admmistration
of the Ca®® In this series no difference 15 seen hetween the rachitic rats
and the vitanun D treated rats in the rate of absorp 1on of Ca*  This
compatible with the idea that calctum 1s rapidly absorbed when given m a
soluble form and 1 thrs phase of thsorption vitamin D s nat necessary
In the first senes of experiments the Ca*® mixes with the msoluble dietary
calcium and the absorption of Ca* measures the rate of absorption of the
total calaum  The experiments suggest that under condstions 1n which the
caloium 1 the mtestinal lumen 1s present m an msoluble form vitamin D
1s apparently necessary for maximum absorption of calcium whereas max
mum absorption can occur m the absence of vitamin D if the calcum s
present 1n 1 soluble form

Shorr Do vou think 1t 1s 2 dilution factor that 1f you added some
nonabsorbable butk material you might dilute 1t?

Harrison  Yes

Shorr That 1s the calaium n the first set was mixed with the residue
of the food ¢

Harrison  That 15 corvect 1t was mixed with food residue contatning
large amounts of calcium carbonate so that m the first set of experiments
we were studying absorption of admmistered caluum chlonde plus residual
dietary calium carbonate

Shorr But actually the calaum content of the mixture that was ex
posed to the large mtestine was greater 1 Serwes 4 than m Sertes B am:
vet there was less of the radioactne calerum absorbed 1s that correct
Could there have been just as much total calum ab orbed and less of the
radioactive because of difution?

Aramer You are talking of percentages?

Harrison  Yes the percentage of the admmistered Ca*® Ve are not

tallang of absolute amounts of calcrum
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Fig 49 The Iffect of Vitamn D on the Tutestmal \bsarption of
Calaum by Tasted T ats with Low Pho phorus Rickets as Mea ured with
Rachocatcium

ANl of th rats were mamtaned on a hgh e1lam low phosphorus rach togene
4t The anm 1 were place] o a calc um free dict for 3 davs and tlen fasted for
3 hours bef re the start of l¢ exyeriment i order ¢ emrty the mte tral tract of
cal um At 0 trme 10 ny of cal wum contain g Ca*d was given ay a woluty 0 of
Cally by stomach tuhe 70c pw crcles vepresent ustreated 1 hstic antm | the
s 14 ci'cles vepresent fats given vtamn D preph da deally and tf opes tr i les
Tepresents vachitic rats g1 en 3000 unts of vitamn D /o h urs before tle start of
e exper nent

Shorr - But vou niay be gettmg ju t as much total calaum ab orption
Harrnson  That 1s nght  We were trying to determme how vitamm D
functions n the b arption of calaum

in the latter <et of expenments m which the mtestine was free of cal
cwam before the test dose of calcium chlonde was gnen no effects of vita
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mun D on absorption were obsersed sinlar to those reported n other ty pes
of studies
Handler  But are these differences of a greater order?

Harrison  No not m the rat
Stearns When you have a depleted aumal the ligher the mntake the
highet wilt be the absorptton

Harrison Yes
Exchange of Radiocalaum Aceoss che Iatescraal Wall

Handler  Since your assay 1s entirely 1 terms of radicactive calcum
to what extent would you be nusled just hy exchange? The amount of
matersal 1n the gut mught be quite different m absolute amounts when
equilibrated

Harnison We studied that problem before startmg the absorption ex
peruments  Caleram with a spectfic actevity of approxmmatelv 1000 counts
per second per mg of calcum was adnumistered to rats which had been
on 2 caluum free diet for 72 hours so that their intestmal tracts were freed
of caleium At the end of 4 hours the calerum remaimng in the fumen of
the small mtestine was 1solated and the specific actnvity was found to be
about 900 counts per second per mg of caleum This decrease could be
explamed by dilution of the admimistered calcium with the amount of cal
caum which might have been secreted with intestinal juices nto the intes
tinal lumen during the 4 hour period There 1s no evidence of amy rapd
exchange of calcium across the intestinal wall since 1t the time that the
spectfic actnity of the caleium m the mtestinal lumen was about 900 counts
per second per mg the specific activity of calcinm m the sertm »as less
than 150 counts per second per m,, Ve concluded that the disappearance
of radioactive caletum from the intestine represents absorption of calcrum

Conference Discussion

Handler 1t 15 a one wav passage

Bartter  Is pot f nght to say that 1 dilution effect mught produce the
difference 1n slopes between Tigures 48 and 49 but that it would not ac
count for the mdividual differences (between treatments) 1 Figure 487

Harrison  Yes you mught expect the absorption rates m these t0
groups of experiments to hive somewhat drfferent slopes but the sigmficant
pomnt seems to be that wn one set of experiments an effect of vitammn D
was observed which was not found n the other type of experiment



HARRISON 161

Shorr W\ere phosphate determunatrons made on the washings m the
Tespettive animals?

Harnison  Yes

Shorr What did thev show?

Harrison  There was (otsiderahle vatatwo w phospliate absorptt s
Shorr T meant the total phosphate m the fasted ammals

Harrison  Tn the fasted ammmals the pho phate m the intestuni con
tents was low

Shorr  And m the anmals fed wrs there evidence of a contributtion by
the inner arcwt of phosphate?

Harnison  Yvel) there was 4 conslerable amount of phospliate i the
ntestinal contents 1 am not sure that § understind your question

Shorr Was there any difference between the amount of phosphate m
the tual contents in the racutic ammals receving D and tho e not recery
mg D? T was yust considering the phosphite as a possible factor that tied
ap cfeum

Harrison 1 do not believe that the actual amount of phosphite m the
itestinal contents differed greatly between the rachitic and the vitamm
treated rats

Shorr  And the pH changes?

Harnson e did not do pH determmnations  This subject has been
remvestigated by Steenbock and tus associates * # They found in confirma
ton of older studies by Zucker and Matzner  that vitanun D guen to rats
on a ractutogenic diet does nfluence the pi of the mtestinnl contents In
the di tal inte tine of the vitanun D treated rats the {§H + somewhat fower
thin i the wntreated rachitic ammnls It s i s portion of the intestine

fhat the ab orp tion «f calem eemn to e mfluenced Iy vtwoun D an our
tudie

Park  Wotdd o sty tiat the viamma T offect meglt hane oceurred
when rrdionctne pho phorus was given m conyunction with food ?

Harnson  Yes 1 tlunk so

! Steebock H etn § A sl Waet W G Vatamn D and Us
1 Chem 193 843 (1951) e stamn D and Urinary i J
Zucker T T

anl Matzner M ] On the E‘harmamlm;nzl Action of the Ant
¢ e ve Tamaph of Cod Lier OF 1 Exp T 1 ond Mel 2 14
¢
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Shorr  You mught eminate the phosphate factor by the use of alumt
num gels

Handler  What 1s bothermg me 1 that while there 15 nio doubt that the
data m Figure 48 show statistically sigmsficant differences are these bro
logically meamnaful differences m the sense that they can be a real etto
logical factor 1n the development of richets The presence of 1 lot of food
with the caleum would completely elimmate your two hour effect so that
vour entire scale would be dropped and then you would have 2 50 per cent
difference instead of what looks Ithe 2 5 per cent Is that what you were
thinking about?

Harrisen Tt 1s one pomt
Handler  Of course rats are difficult animals

Harrison Yes rats are not the best ammals for study of vitamn D
effect smee they do not deselop mamfestations of vitanun D deficiency un
less the phosphorus intahe 15 low and the calcim ta phosphorys ratie of
the diet 1s ligh We cannot translate the magmitude of the differences ob
served mto studies on man  The differences fousid between the vitamun D
treated and the raclutic rats with respect to the absorption of Ca® are ot
the same order of magmtude as the differences found hy Nicolaysen' 1n
studies of the effect of vitamimn D on the absorption of calctum from ntes
tnal loops of rits

Gutman  As I understand it the point vou make 1s this 1 the stomach
and immediately adjorming the duodenum where the medmm 1s 1cad ab
sorption of calaum 1s rapid and marked and the svitimin D mtahe nkes
no signtheant difference In the more distal portsons of the intestinal fract
where the pH becomes more alkaline vitamin D does exert a sigmficant
effect bv accelerating and increasing the absorption of caleism which with
out \itamin D mught be slow 1nd mcomplete

Harnison Yes that s nght

Gutman Do you mmpl that the accelerating eftect of vitwnmn D on cal
crum absorption m the alkalne portions of the gut operates through some

actine (enzymatic) transfer mechansm?

Harrison 1 am suggesting that there ire tuo processes :mohed 1n the
absarption of calaum one of which 15 possibly 4 sumple diffusion of cal
cum due to a concentratron gradient  The second process may be an active
absarpttve mechanism requinng celiular activity Vitarmin D may be neces

fode of Action of \stama D ILI The Influ

1 R tucies upon the ¥
en I;I,vg;ﬂi);i;:;m D 3\ the Abpgrpllun of Calaum and Photphorus i the Rat Biochert

c
731122 (1937)
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sarv m this econd tran port mechamsm It 1s also true that a pH change
which pernuts calaum to Temmn m sohstion would fanlitate ~bsorption
by diffu ron

Passcit  Are these soung ammals?
Harnison Yes all very soung ammls
Tass #+ That 15 why you have the very lugh rate of ab orption

Harrson  Yes there 15 a marhed age difference These rats were 6
weeks of age at the tme of the experiment At 3 months of age the rate
of Msorption can be shown to be lower than m the vounger rats This 1gun
confirmy the studies of Nicohysen  who found smular age effects

Rulm \ay 1 show an dlustration beanng on this pont  The chart
(F1ure 50) covers the earlier section of Dr Harrisou s dath - The ammals
are rablnts which have fasted for 24 hours  Caloum s mjected m tracer
quantiies directly mto the upper mtestine and the upper part of the figure
Tiows caletum myerted a calaum chlornde nto the mtestine and measured
m the blond The wgmficnt pomt ¢ that the actnats 1n the blood 1s exethy
the same as you would obtam i vou imected 1he same dose of radictne
calcium n the T1ood 1 other words vou must conie to the con luson that
the ab orption of the tracer quantities under the e con litions 1s total and
complete n the e ammals

On the other hand we hae done the sune experiment usm,, an mjection
of caleum citrate anl an ijection of evcum Versenate and the blood
teet are lower Thi dots not mean however that the ab orption s amy
s It indicate  rather that at takes 1 while for the equilbrium by ex
change to vecur m wle the intestinal tract so that the radiactne calaum
1 then wulable for absorption We hnow that to be the ¢1 ¢ with Ver
senite beeau e we honow that the maternat 1s not ab orhed  Using earbon
tagzed Ver ene we hnow that it gots niht throu h the intestinal tract
unchan,ed nd tmab orbed  Therefore the eleum originally bound here
must finve found ats way mto the Hood after 1t had been released by frec
exchange i the wnte tmal trict Tht would argue that the exchn,e
process took 4 httle while It does not argue that the ab orgtion 15 any
Timer

Harrtson  In this ca ¢ the exchan,e €an be due to the entrance of stahle
1 mta the mtestinal tract which enters mnto combrmation with the Ver
anate by ex hange with the Ca® | xchange in ths direction can oceur
eaw ¢ extracdlulre ealaun enter the nte tmal lumen in the nte tinal
Junes

YNel nof Calsma aluct n fthe By Sawrat n
w th Calum 4 1 IUx ' \m d 5 W (1M3)
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Newnan  The solution has practically no buffermg action at that pH
Gtrate will not buffer effectnvely above pH 6 5

Rubtn Yes that 15 correct
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THE FPROBLEM OF ADAPTATION TO
LOW CALCIUM INTARES

ROBERT A McCANCE

Lrom the Department of Lvpermmental Uedicine
Unitersity of Cambridge Cambridge England

Armstrona Dr McCance has chosen to speah ahout The Problem of
Adaptation to Low Crlaum Intakes  Please proceed Dr McCance

The Case of a Vegetarian with Osteomalacsa

MeCance 1 was invited to see a patrent some months ago by Dr Chatles
L Dent She was a gl of twenty four years a strict vegetarsan and m
the habit of eating 1 1b of Hows (brown) bread per dav  She haid been
2 vegetartan all her hife but for the last six vears her dret had contained no
milk cheese or other antmal products and probably very hittle sitamn D
Ahout esghteen months betore she had had a fall on her nght hip This
was followed by some stiffness and pamn on attempting to get up from &
chair and to start walking She was seen by one or two doctors and was
admitted to several hospitals but she was a difficult patient and discharged
herself on each owcasin before a firm diagnosis was made She treated
herself for a t:ime with about a gram of caluum per day i tablet form
and 500 umits of vitamm D This made her feel hetter hut apparently she
did not persist with this treatment

W hen she was seen by Dr Dent she presented the symptoms and signs
of osteomalacta Her pan and her bones were typial The latter were ex
tremelv decaletfied and contaned multiple pseudo fractures of the Looser
Milkman tvpe  The seram calcrum level was 83 mg /100 ce  the morganic
phosphortts concentration 12 mg /100 cc  and the alkalime phosphatase
level 393 Ring Armstrong untts  The rest of the findin,s are mmaterial
Dr Dent constdered her 1 all probability to be a person who had become
tughly resistant to vitarmn D and he gase her 10000 umts of vitamin D
er day as a pilot dose and 2 grams of additional calaum  After four days
of this treatment her sertm chenustry began to return towards normal and
1n ten days 1t was normal

Her climncal condition did not mmprove s rapdh but 1n less thin three
weeks there was a suggestion that the psendo fractures were begnming t0
fllup Calcium balinces were carried out hefore the treatment was started
and srx days after the treatment had -d {Table \\1I) They
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TABLE XXII
The Calctum and Phost horus Balances Before and During Treatment with
Caloum and Vitamin D an 2 Patient with O teomalacia

n Lxceretion Balance
Intake | e | Teces | Total
/ / (717 (g1/ (p /
CALCIUM (47I| J 2(4‘7!|‘r) ]Iw) thr) 24hr)
Lefore treatment | 066 001 069 070 004
During treatment | 288 009 172 181 +107
PHOSPIIORLS
Before trestment 087 049
Duniny, treatment | Q87 033

030
031

083
06t

—001
+023

showed that before the treatment she was 1 slight negative calcium bilance
but after the admumstration of the vitaymm D and cilaum she began to
have positise batinces of the order of 1 gram of calomum per dav  In six
weehs she was symptom free

Poor Absorbers of Dietary Calciom

Why did she become <o decaleshed® Luoking at st m one way there 15
no problem  QOur experience 1n 1942 was that negatine calcrun falances
were the fate of most of the experimental party (mnv elf included) whenwe
hnd diets ke that of thus girl which contamed 7 lot of hrown breid and
not much calowm ™ The wdnaduals moour party vared greatts n thew
ablity to absorb caleum from 1 gnen diet and I concuded 10 the hrst
place that this Tdy was by naturc ome of the poorer al orbers and had
hecme decalufied for this reason but agunst this 1 had to <et her excel
lent re pon ¢ to tretment with caluum snd vitamn D

Incidentally I alwiys huve teen mtere ted i the svinptomless ww n
which some peaple thes (trf for m tance Lecome declafied T am a very
1 %0r ah orber of etlaum my elf and 1f T Lo on to 1 tu b phntic wad low
alaum dict { Fables NNIIT NNIV) T get tetam ™ Tlis 15 30 un

A TWitlw n F M Al peral Al ulmllsm of Healthy \dults
on \\lu(t znl Br won l!rtu] Detarie J Flys 1101 4 (1M
1 MeCance R A ith M Theln gv\nlco((‘latmmlanl(lel)
Kr’:!h“’ ani Al vpu nof It I‘ tums It andtal um B ¢ J 222
0

Metatce R 4 axd Valtwm C M Tie Dgestble and Ab orpti n of (e
\ﬂl e lz ’l(em, :;urm s Tatand Cal um n W} lemeal Wheaten Breal Brit J
w t
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TABLE XXIII
The Calerum Balances of Subject R A M on Different Drets
E
Intake eretion Balance

Urine Teces | Total

(gm/ {om/ ./
[eF A I 1 I U/ N /i B A
Wihite bread diet 072 022 054 076 | —004
Diet contamming
bread made from
9265 extraction

flour 068 017 066 083 ~015

Dset consisting of
bread made from
10096 extraction

flour 049 022 054 076 ~027
Qatmeal diet 073 — 093 — —

pleasant that I would never go on with the diet long enough to get osteo
malacta The bone calcium of some people must be more labile than mne
and more readily set free by parathyroid hormone to keep up the serum
calaura fevel  This 1s really a side 1ssue to my mam problem but 1t seems
important to remember that there are these individual differences n peo
ple s ahility to absorb calcrum from a given diet and n their response to
a negatne calaum balance

Survnval of Populations on Low Calaum Intakes

Agamnst the behavior of this girl of Dr Dents we have to place the
fact that the greater part of the populations of Indra Africa aud other
parts of the world manage to surviie on diets contammng much phytic actd
and very httle caleum  daets on which most people 1n Britain and the United
States would almost certamnlv go mto a negative balince

Butler \What was her caloum intahe?

MeCance 1t was about 066 grams a day when she was m the hospital
We do not hnow what her calcium intahe was when she was living on her
own self chosen diet outside except that 1t was a good deal lower than that

Bartter Did she expose herself fo suntight for any reason or nct at al?
McCance Not particularly but she was up and about and leading an

active hife



MCCANCE

TABLE XXIV

Calcium Balances on Different Drets

169

Level | Intake Excrebon Bal | Bread
Urme | Feces | Total | ance | Eaten
< Sl (g 4] (gn/
|l s 5
McCance EXPERIMENTS
W hite bread Avg | 0501 018 | 034 | 052 1—002] 460
Max*{ 072 [ 025 | 054 { 076 | +005] 700
Mm*{ 033 | 012|019 } 039 |—-012| —
Prown bread Avg | 056 | 015 (0S50 | 065 [—009] 460
Max*| 068 | 022 ] 066 | 083 |—0011 700
Mm*{ 0501 010 | 036 | 054 [—019] —
McCANCE AND V) ALSHAN
¥ holemeat Avg | 0401 016 | 044 | 060 |—020| 1040
Canadian 2nd {Max*{ 055 | 022 | 066 | 081 |—012f —
English to Mmm*{ 032 | 011 | 027 | 043 |—027] —
gether ‘
QOatineal Avg | 051 — | 082 —_— —
Max*| 072 — 101 — —
Mm*[ 020 | — | 045 — — —
GrrMAN CiviLiaNs UNDERNOURISHED
High extraction | Avg | 083 | 020 | 077 [ 097 (—014] 750
Cerman brerd [Max*; 002 {029 | 096 | 118 {40 05& —
Min*| 066 [ 011 | 060 [ 077 {—030] —
GernAN CTULDREN
Hih extraction | Avg | 075 | 008 [ 059 | 067 |+008| GO0
Cerman bread [Max*) 080 [ 012 | 063 | 078 |4+025] —
IMin*| 067 | 003 [ 041 | 048 {+005| —
Ihgh extraction | Avg | 248 | 013 | 201 | 214 | +034| o000
Germn bread |Max*| 289 | 019 | 247 | 260 | +051] —
and added Min*1 19| 007 | 148 | 158 {+022] —
Calcum f | {

*N\ote that the max mom

(and the m mmum) figures for mtahe urime feces, total

excretion and balance are independent valu s with 1o correlation ta each other becau ¢
thev a e e extremes of variat on i each series of expenments
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The question 1s how do these populations survive? How do the children
ever grow on these diets and how do the adults mamtain caleum equilib-
riwm? As Nicholls and Nimalasuriya'® pomted out many vears a o and
as Hegsted Moscoso and Collazos'™ have re emphastzed recently the chl
dren do grow they do not have rarefied liones and although they seldon
grow as tall as well noursshed Luropeans and Amerscans there 1s no evi
dence that their unfavorable ealeim and phosphorus intakes are the cause
There seems no doubt that these nattve populations are able to alisorh
enongh cilewm from these diets to enable them to grow reasonably well
and to calerfy their bones How do they doit? Would Americans adapt
to diets such as these and 1f so how soon and to what extent?

Adaptation to Low Calctum Intahes

Walker Tox and Irving * have claimed that their subjects calaum
balances improved after a short time on such dicts and that thereafter
they no longer lost more calaum than they mgested Agamst this must
be sct the fact that s1x out of seven undernourished men studred by us
Germny '™ were i negative calerum balance on the diets they were eating
at that tme although they had been havin,, these large amounts of Lrown
bread and very hittle calerum for at least two vears before bem,, seen by
us {Table \XIV) Perhaps two years was not long enough for them o
adapt but the evidence of Walker and his assocrates 1s not very convinem,
VWalker had but three subjects umself and two others and they all appiar
to have been particularly good absorbers of caleium before the experiment
begn  Nicolysen and Njaa 51 expeniments on adaptation 1n adults also
are uncomvincing  To put it bluntly we ourselves have obtamed no evi
dence of adaptation m adults and are disatisfied with the evidence to thrs
effect which has been produced by others

1 d 1 A Ad: to a Low Calcum Intake tn Ref
u.f C:lr;mm of a Tropical Population J Autrstion 18 5h3

erence to
1939)
176 ted D M Moscoso I and Collazos C A Study of the Mimmum Calerum
l‘tt‘]\lle;rg:n:uns of Adult Men J Autritron 46 181 (195?)

Fox F W and Irung J T _ Studies ;n Human Mineral Me
‘"“:‘IL"I ATEe ll‘:ff:cto):zf Bread Rich m Phytate Phospharu on the Metabolism of

‘d’rnzla'.:‘mmeral Salts with Special Reference to Calewm Dbiocten J 42 452 (194%)

d Thrussell L A The Ab 1 Txeretion of Nutro-

:cn“ prohg l&n;\x!lem?xrr‘n and Phosphorus _Studs toton Wy uppertal
130 ) Spec Pep Ser Med 1 ond

Acti on

19\icolyysen P and stigations Thytc Aui

the Absorption of Cal
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A nal experment m fa or of adaptiton are equall uncon ncng
Aellanl s dogs d 1 not adapt s fTcentl to pre ent the r bones fron be
com ng decalc hed by lo cale m letsrch nplytcacdand conta ng

ery Ittle vtan n D It ha been suggested tlat adap aton can tike

rlae nachld nafew tavs ® but hldren may be na d fferent categor
anda orb caleum m 1 better than adult A group of 5 x German ch1l
dren ve tuded howe er abs rbed onlv 160 m, of ¢! u adr and
retanel 80 ng on cal um ntahes of 750 y  leal ntojhosplor s
ratos of 03 (Table \\IV) Tl s doe not eem er m 1 an}thecit

ue ntahe as ery tilglertian eacledtolelee tle cise
among man nat e pop laton A otter Iar group of <l Ilren 1 n,,
n the same o planage andea n a n lar det lut lotalhad eal un
calome adled other bre 1for thepatsxmo t sotiat tler cal
cum ntahes were 500ng 1t 2l orhed4 Ong wndreanel340ng

Quant tative Aspects of Skeletal Rarefaction 1n Osteomalac a

Th wtlattle negat ebala eswhel wel ef nlino ee 'l
tle unde ourshed Cenan ha e bee q ant at el q te nall and
¢ haecalc lteltla tley ould ren e onl ale t4 per cent of the
tod s | n aver Dr Dentspa en hadha! < ear n 1d to
be e 1cl fieladth wase dntl enou! to od ce ad mnced
te nala 1

I Ir Stelad no awrher?
U Ca ¢ Non eatal

Bataa tz lassidtlat 30t SOpercent § lebinecd n ha to
tereno edtef rettera efactonca be Jetectelralolog all Balaantzs
t aemi betoo! t for n hecie hchItae lec bel ralo

lo, 1nyr ennt a1 lee 1le a oujleof echs Of ccure nall
ralol  alcha es w 11 be deectel n | rererlly £t oxrm
t ftteaneyr at Iflerc tst es ereaafatlefr onpar n
ol liel dogragt I ebee then lecal feito 1+ tlenucl
mre e rel fretca be 11 ! eft1 t tolaetahe jha

In 1 ofdel ¢ oftice fecal feat n 1erell o teo

M L] fre  wlhoa ) of S L a
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HAJ een F And O ani ™ n € The r{ranlnm: \
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malacia has been accepted as an accompanmment of the undernutrition that
followed the first World War from diets which did not differ so very much
from our experimental ones although the absolute intakes of calcum and
vitamin D may have been smaller Nevertheless we would expect to find
osteomalacta under these conditions only :f people fatled to adapt The
native populations who have lived on unfavorable diets from the time they
are weaned seem to have managed quite well and some of the other strict
vegetartans also

Through Dr Meihlejohn 1 have found out more about the rigid ve e
tarian sect which we have in the United hingdom He knows of one fam
1ly of a father a mother and two children who are apparently well after
vears on this diet Same have succumbed to anemmuas and signs of subacute
combmed degeneration of the cord but only this girl so far as we know
to osteomalacia

Summary The Problems of Adaptation to Low Calcrum Intahes

We seem to be faced with the problem of trying to reconcile a lot of
evidence that 15 unreconcilable Is some of the evidence wrong? Are all
the Singhalese and Indians and Africans supermen as far as calewm 15
concerned? Perhaps the poor absorbers went to the wall years ago and
have been bred out It m1v even be unnecessary now to struggle to improse
their calcum intakes! Should we think more m terms of vitamm D than
of calaium and phosphorus?

1 do not think we know the answers to the e questions I certatnly do
not but that need surprise nobody Perhaps some of you do and 1f so I
am certatn vou will tell us

Conference Discussion

Kramer  What month of the vear did the patient present herself for
the first time?

WcCance Let me see It was i the Sprimg  But this decalabeation
must have been gomg on of course for a long time

Aramer Oh yes of course I thought perhaps it mught have becomme
acute

McCance 1 think 1t did become acute m the Spring T think 1t was about
a vear ago when she first put 1n an appearance

Bartter 1 think there may be a point about the Central and South An;eﬂ
cans of some mterest The question came up 1 the Pan American Samtary
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Bureau as to why there was not more calaum deficiency m these people
whose diets were completely free of milk and cheese until 1t was discosered
that when they make their tortillas thev leach the corn in caleum chlorde
to start with and then beat it up There 15 apparently a very hugh caloum
content in the tortillas and all of these people eat them

Stearns Don't they use limestone mortars to grmd their corn too?
Bartter  Yes I think thev do

Stearns So they obtamn quite a bit of calcium there But they lose the
thiamin

Pk YWould part af the answer be because they eat leaves too”

McCance My information 1s that the caloum mtakes are low and the
source of my mnformation ts Hegsted s paper '™ He has done calcrum bal
ances on prisoners in [ eru some of whom had been in jail for many vears
they were living on diets which contauned a very smali amount of caleium
and he found them ail in caleum balance

Putler  Did he analyze the diet or dud he estumate the diet?

McCance  He analyzed the diet T have a reprint of his paper here
It 1s m the Journal of Nutrition for February 1952 He found all of tus
subjects i calcum balance and he estimated that a daly caleum mtake
of the order of 160 mg would enable them to remaimn so

Hoccard  Was the calcum content of the water included in that sntake?

MeCance The water was hard and he mcluded the amount of caleium
dersved from it

Kramer  Were the £ calaum Ialances obtamed with or without vita
min D?

MeCance  There were no vitanun D supplements

Buriter  The prisoners must have had 4 fot of sunlight cracking stones
though

MeCance Only same of them were allowed out of prison into the yard
Somte were exerct ed and some were not I saw lum bout this when I was
n Boston and he sard that one of them wa not a Feruvan atall He was
a Gumnn and he was 1 just as good caluum equilibriin as were the
others Of ccur ¢ 1f sou go to any natnve population and study therr cal
autn metbolt m vou are bound to tind the adult m balance  The only
mtere ts the level at which they adueve lalance

Stearns Some vew a,0 I diwu ed the que tion of the marhed differ
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ence in stature between the people of North and South India with 2 plos
cuan from Caleatta  He told me that the reported differences protem
and caleum mtake between the two groups were trge The South Indans
are not onby short of stature but extremels fiely honed The ratio of
width to Jen th in the long bones was much less than m Lauropeans—the
average wrist width sn Calentta 15 2 fingers Yo contrast the Sikbs who
wse midh are 16 heavy Doned as Luropeans 3t eems that generations of
low muteral intakhe do lead to shelernt modifications

In ow oun work T hase been steucl wath the fact that for metasce
2 group of eiht culdren of the same age wnd about the same her bt and
weight may Bme the same mtake but on child may be excrebng 2> my,
of caloum darhy s the unine and another 12> mg and that relitne differ
ence will evtst no matter what the mtake s that s with a nse of & falf
there 1 stilf a five fold difference 1n the amount ot through the urme o
these twer cheddren It kas seemed ta me i these people who hase ensted
o avery low calosm deet for tnam many genertons 1t 1s qunte possible
that those whose endoerme hlance was such that the uruman codoum was
too lugh 1o mamtain olance probably did pot grow up to reproduce and
therefare eventunlhy they would die ont The South Americans are heavser
boned but they are short  They are About three or four vers below Notth
Amertean cluldren of the same age 1n berht esen thoush they huea far
calcwm take  That reduction of stature 1s parthy due or s beyen
targels due to the fact that they have 2 very low protewn stabe T think
3¢ 15 most unfertunate that m the counnes where the calomm wntake 15 fow
the proten mtake 15 always fow also  These two factors seem o hwe 8
good denl to do with determsmay final stature of people 1 have heard that
i Gisatemnala the 12 vear olds are abaut four tears retarded m heght avd
the adult her hts are much less than ours though thor bom stracture
seerms to be of the same general tipe They do ot have the very fine stroc
ture of the 3smucs 1 do not know whether am of these alnertations belp
to answer the question

VcConce 1 thnh thes are of great 7ssstonee  You rcertamly hae
betped by suggestmg, that 1t 1s pesuble that seme of the poor absodhers hase
beent bred out so to speab It 18 miteresting, afso that the Suihnfese shoutd
fiave such small bones T ashed Hegsted particitarls of that was the £1e
w Pert and he sad No  Of course there n no dowly thnt there are
peaple who are very poor alsorber of exloam 1 am one Y out see T oan
never ¢t mto calonm bahince on @ <iforum ntahe whsch mas be quite
adequate for other people I certamby cannot hold an own ot 2 bronn
Dread diet (Table N\FHI} On whole wheat or omnveal thets T lud mure
calensat st the feces than there was mm the food <o that wntlun, 30 th§
wrme was @ dead Joss to me whereas other people i our exprrtmenta
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party at amy rite were able to ab orb some caleium from therr food There
15 an enormous difference between mdniduals

Armstrong  Dr McCance you referred earher to phytic acid and m
dicated that the voung woman patient had probably had a diet with a verv
high phytic acid content betore she sought medical adstce

McCance Yes she had

Irmstrong  Isit not a fact that some mdividuals at any rate can adapt
to sncreaced quantities of phytic acid 1 their food?

McCance \Well that 1> the whole question  Can people adapt? If for
mstance everyone m this room now were to go on a diet contaiung a lot
of brown bread and 1ery lttle caleum—

trmstrong 1 thought you had myvestigated this pomt

:Cance  Not on the members of this Conference! Our evidence 15
that you weuld il be 1n a negatne calewm balance  The question 1s how
tang would vou contmue to be i a negative caloum balance? That girl
of Dr Dent s continued 1n a negative caluum batance untif she got osteo
mlau

Tartter  \When vou put her i the ho pital did vou contenue the high
{hytic nad mtake 1t first 1 the control period ?

McCance o she was on a hospital diet

Partt r Then there 1s no explanatien for the fact that she hal that
Buge calcum dehait when she needed  caloum

UeCance  \athun the hmuts of experimenta] error she was 1n calaum
equilibrim o the hospital diet containtny, 066 grams of calowm 1 day

Stearns Ve found 1 studving cinldren in earhy wdolescence that thse
wh had been poorly nourt hed for a period of vears before the study hat
sery pocr or very mefficent g1 tromte timal tract and that it tcok e to
sy months of good diet before they had vers good retentim whereas
Juliren who were m so cafled 7hundamt health and who ¢ diet had atways
heen od showed {ar hetter retention of cakium and | hosphorts

Handler - There comes to my mind a correlation which mmy be com
tlcteh meammgless The group here has been considering this woman as
ban, i ome en ¢ comparable to certun folk i econonueally underde
velaped portions of the world who Ine on diets low 1 protem and cal
cum  In those peaple however who develop hw hiorhor and wh are
frequenthy corn-cater 1 1s quite common to find hemo idero s and hemo-
chronrte + apparenth due to an exce sine aborption of sron Now we
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pretend we know something about the mucosal mechanism for absorbmg
tron but the mucosal block which ordinarily prevents the absorption of
excess tron does not opcrate 1n cors eaters at least in Africa 1 wonder sf
the same phenomenon mught not be relevant to calawm Why do corn
eaters absorb unusually large quantities of rron? If they can do that per
haps they can also absorb large quintities of caleum If they do the one
I have no abjection a prior1 to their doing the other either

Bartter But m the condition we have heen discussing, the situation 15
just the opposite

Handler The people I was refernn,, to ab orb a large amount of irun
and develop hemosiderosis

Bartter  But the indmvduals described by Dr McCance do not absorh
caleum

Handler ‘The problem of these other folk who subsist on very low cal
cum mtakes 1s that the cluldren grow and the adults apparently must be m
caloum balance At least they are not all osteomalacte so as Dr Mc
Cance said you know they must be 1n balance even without dong a balance
experiment on extremely low calcum mtkes which pomts to a remrh
ably efficient absorptive process The correlation I am suggesting 1s that
a large number of people who have mcredibly efficrent techniques for ab
sorbmg tron may also be unusually efficient in absorbmg calawm T do not
know the answer I just mtroduce this thought for constderation

Folis The hemostderosts mayv be due to a nutritional defictency since
large amounts of 1ron are found n the tissues of pyridoxine deficient ant
mals swine for instance 18

Rubin Tt conld also be due to 2 deposition of tron because of some lack
of protem synthests and therefore because of some defect m the handhng
of 1ron once 1t 1s absorbed One thinks m this case of Wilson s disease and
copper absorption m which recently 1t has been shawn that the mechantsm
of copper transport 1 at fault due to a lach of copper binding protem 11t
the serum

Handler These observations have been made on mdividuals who wire
only moderately anemic and in whom deficient protem synthests w1s not
mamfest

McCance Ewashtorkor as I hnow 1t 1s a disease of infants

Handler ‘True but it 1> now a rather generic term used rather Joosely
13Folis R H Jr  The Pathology of Mutritional Disease Charles C Thomas
Publisher Springfield (1943)
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ta aypls fo 3 form of nnlignint svinutrtron an the trapis 1 per o who
e firgeh em cereal such 2> plantains mamoc or corn \t (ne tune it
was thua it to resen! Je peliagea The name of the diserse comes from the
1t that such sndn wdduals frequenth hae deprgmented hsr

MeCame Yes Tharw Yreath can thom toknow s hittle about hwashy
crhor bicast ne have 7 memd er of car depastment workimg on the sub-
jeer mew m Uganda Bt wroe that those coldren after weamng, do get
farge hvers bt § was not anase that dhey had bemosidesoss The adules
v thest countries certamby have bnormal eess They gt a forms of
~ifere av and thes sometime frie prmars hepit mge

fefre s amarter of fat thes hve nchets m Lpandy dont they
U Cme N 1d antthek s

Tollie 1 was told by ome o f the gent] mun sho t studii,, there that
ther have it They hme rchets becnse of the densits of the falage
11 ughser]

Hrnison Dr McLince sant there seme reason to befieve tht wymfant
wd duhdren there 1s 4 difference m the amotnt of veanun 12 neces
the nummium meunt asde from the prol fum of rewr tant rnkets 1 thae
were t1 hold true i adults st 1 qnte concengble that in our particular
fatent v were desin with a2 noman who not onh had a bw ovlowm
miahe bt who npponed to fuve @ somenhng farger requuremant for vtn
nhn 1) than that of the 1ot ¢ adudt (winch s 1 ankn swn faictor entirely )

Wfane  Thatmth oatueit ssumption Uthuek i one explinatm

Hirreon In ther werd of on her Dw caloum mtvke son bad given
Bee spatnn 1 m ordirres do e nt 10000 but perhaps 1000 or 2000
tconanable tha he mi bt he ad a posstsse balance

Wiwm  Shem e kv polied an a v

Horeoom Vet of s sisTas of v te wabion m Clane ¢ women
ant ot they © old 57 adine po e Baluias of odous even on 7 tow
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Harrison  This patient described by Dr McCance may have suffered
from a relative Jack of vitamm D perhaps due to an increased need for ths
vitamm beyond the normal requirements

McCance That 1s right and that 15 the pomnt I tried to make Ve have
to think here m terms of vitamm D and to think also m terms of caluum
intake  Would some of the people who were talking about the avarlable
and mobilizable caleium 1n bone be able to teli us how much caleim would
be avaslable to maintatn serum caletum over a period of years?

Neuman I do not know and I have no mformation but as a guess 1
should think that over a pertod of years nearly 2lt of the bone might be
mvolved T refuse to accept at the moment anyway a solubility product
and I beleve therefore bone will dissolve whenever there 1s a fall from
previously established equulibrium values If the calcium value fall  some
of the solid that has previously been deposited will dissolve If the level
continues to fall more and more sohd will dissolve s the avatlable bone
disappears then I should expect o teoclastic activity would open up new
areas making them available to the circulation You can get severe osten
malacia You do get 1t

Reifenstern. However Dr Neuman f bone 1> dissohed and osteoclastic
activity opens up new areas 1n order to supply calcium to mawtun the
previously established equilibrium levels of caleym m the body fluds the
usual histologic appearance of the hones 15 that of osteitis fibrosa not that
of osteomalacia

Newman Dr McCance there 1s one question about vour panient At
I right that the caletum level was essentially normal?

MeCanee  In the serum?

Aewman  And the phosphorus was sery very low and vet this wasa
Jow calcium dret?

UcCance This girl had low calerums and low phosphorus levels i the
serum

Aramer T would like to ash Dr Neuman why 151t 1f the calewm 1s <0
readily mobilizable that a child can have 7 low serum cal wm level for 2
long period of time go mto tetany and die of comulsions when thus tre
mendous pool of calctum could save the child by restoring the pla m2
caloum level?

Acuman  The level has been low for a long ime?

Rramer \Well not necessardy It could be a long time it could be
short time
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Solel 1t could he a weck onky

MeCance You should have s en the Claosteh sign 3 b afrer bemg
on a brown hread ¢het for 4 fortm bt and vy hone  were pot dom,,
anthing o sto]

Henneman Did you e vpocileent too

Vetance Tt hippened on 4 Sunda undortunately 1 had been on the
det for a {ortmght and on the Sstardts gunyg, home | Le,an to e very
tad cramps m o fingers particnfaly The interesting, pomt s that they
were guite m hetmganhable chinnath fromy the ommps s ¥ o with wilt
deficiency | cauld nut tell them apart amd I have had 3l deheeniy
crampe T was stupd en u b not to reahze the obvon cru e of thewe
wamy 1 spent 3 veny o miortible eventng becwsse T had ta write twao
Tetters and of cousse the nxoment vt start ts wnte wath ths lind of
crmp vour fin,ers cramy on the pen Y w eannnt kit g o) yoer hmfe
andd fosh esther 1 want to ted and 1 skpt more er feve b e it VWhen
1 got up the next meormn,, { started « shive \ oma 1§ touched my
fae with the rwor | dwcovered that T bad an ab oluteh  magnmibicent
Chvostch sin s it was Sunday sormng 1 trovted anvsedf <hnseatls mther
than scentihioith md € & aft the Tl 1 could find the nextabn my serem
cdanm wis < the crdir £ 9 and Fowas mudh better 7 was et v,
cramp the next b

S aman 1ot w haden b mteryect here ther whede we hpow of a
vunther  § the gre esse ponernmg the thod  bone equbthrum we d>
sot hnm how iy bl ettt we b w o this about 1w dunbng
pwtntiny of the crpane worpume mtereelaticns The clectr monver s
© i pegares thit we saw ot the orvstad directh cn the Gher In addimon
we hn W that the cement vulattice ¢ mosens slnme contict with the
s Certamby the ¢ factors mny bt the ghy scochenscal proces ©
that take gl

T thnd we are grinn, hack te the onantl pomt ot difference bhetween
Ur VM Lewm ud e thats the true story hies somowhers m between an
antrome empin s cn the physseochonnes] et exteen smirha v on the
ol B s vers Cmplioate fasstens wowhich the celt can ther i orgame
mrdmn wnd thesehy affect the Jho wachonucal event and the ¢ s
chemed prces o ke place to 4 bonted degree withcst i mtenven
tom fahe ec 1ot enh 2 hated derer I ur hadeate n caudic even
mah ewer Of bing whert we hnow exchange tihes §lace and therd fure
there 3 bl me gl rcochenncal mterwaon the degree f Randraun
wr much matice than one wenld predict an the has o the ory 3] uze
Wehnd m effeet 5 certa nimiber of 1ms YR wese not Wb v ang m thesr
free e v {swcochermueal way The organic phin ¢ pretathy Imfs me
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thing to do with this This 1s speculation only and at s 1 mughty poor sub
stitute for facts

Armstrong Dr McCance do you rememher whether Dr Dents fa
tient had amy diturbance of acid hase nlance which when corrected
nught have contributed to her sheletal recalaification

McCaince No 1 that way I think che was perfectly narmal She hal
normal stools There was no steatorrhea

rmstrong  Would you mind mdicating what you know =l out the state
of your own sheleton Y ou have mentioned yourself as a pecubar subject
who apparently easily develops a st.tc of low calcrum tetam Do the roent
seno,rims of your sheleton show anything unu ual?

WeCance No T think they re furly normal
Albnight Tlow about doing a bone hiopsy ?

WcCance  You can take one 1f vou hhe if vou can arrange fo have it
done hetore [ ie Queen \ary sails the day after tomorrow

Folhs  What are the varmtions vou have run snto with respect to cal
cium n order to heep the members of vour group in balwnce? There were
variations which were quite extreme weren t there?

UcCanee  The varations were quite lar,e and the mnteresting fomnt 15
how constantly they mamtnned exactly the same rehtionship one to the
other In our party of s1x or ciht there was one man a Spansard why
was alw s by far the hest ahsorher of calerum and 1 was always the wor t
Tt was the same week after weeh [here was a real hiological differ
ence between the two of us 1 am certam that there 1s 2 real hioo, tcal i
ference between everv on¢ of you here Just as people s faces are &
so therr caluum absorptions are different and probably eversthin, e
If vou had worked extenstvely with met holic experiments as I have 104
would know that even peoples feces for mnstance are chanctenshnﬂ;
different When we were domg these metabolism expersments one loo
and T could have told vou whose feces they were [Laughter] This 152t
absolute fact

Hoeard But it 1s more 1 matter of hanes tontit* Your hones do not
support the blood levels the next fellow s do One fellow gets u‘mrrh;;x
and 15 m tctmy within a week  the next one does not get tetans for monx“s
m spite of the diarrhea And vet the latter ndividual has lost znorr;mm
amounts and the firot fellow has nat It still comes back to the bone 12 K
1ot consmced that vitamin D does not have somethm,, to do with it hewua‘
1 was told that Dr Rhoads who studied sprue m Tuerto T ico nc:\'er 5::1‘
whereas m Daltimore 50 per cent of the peop'e ¥ o

fferent

amvone with tetams
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anmumals to muntam the concentrations of caleium and phosphorus at norm!
fevels during fasting 1%

dibright Dr Park were the bones different 1n the two g roups of ant
mals vou have just de cribed ¢

Park el the experimental ammals had richets The controls receny
ng ultraviolet hight did not

dibright 1 was wondering, whether m those ca s of richets where the
blood values are less tahle one finds the trabecnlae completely coated with
osteard  The thought behind this question of course 1s whether the ostecid
tinder certam conditions doe not msulate the bone salt from the Lods

flunds

Par]  The experrmentil ammals had full deselopment of rachutic oste
od the protected controls did not

Dr McColium Dr Shipley and I did an experiment Dr McCance
which was rather snteresting although perhaps not bearmg durectly on the
question you have raised Some rats were placed on a low calcium diet
and the females were allowed to become pregnant and give birth to voun”
The young were reared on the low caleum diet and then they were
alloved to become pregnint and grve birth to a second generation of
voung  In the first generation the amumials on the low calaum diet showed
very Ittle change i the sheleton In the second g neration thet showed
some evidences of low calcium richets In the therd generation the mbs
were so filled with fractures that the bones were tust dotted with them
from one end to the other

Aramer I can add to that because I did the caletum determmations on
those anmnls A progresstve decrea e m the caloum level of the blood
was seen from generation to generation Another mteresting point 1> that
in rats that had been rendered rachitic with 1 high calciun Jow phosophora
diet a few days of starsation produced 2 tremendous rse 1 the serum m
orgnic pho phorus and mitiated very strihing healin,,

WeCance  Dr Sterns has produced some evidence that the poor ab
sorbers 1 these natne populations mav have been bred out and this 1; e‘:
perimental evidence from ammals pomting to the same thin, W ould w
agree on that?

Reifensten Dr Pash T would like to ash about the parathyroid glands

1t of tl ¢ discovery of Dr
265This statement by Dr Park has been revt od as the res br
Harrion s unpubluhed th s At il mecting De Park reposted D Harr o ex)
geruments from mem ry and made the error of thinhing that Dr Harrisen fad b &
the Steenboxk rachitegeaic diet with the pliosrhorus content made up

cum phosphorus ratio was optimal
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n those animats  Was there a deaided difference between the gland of the
two groups?

Parl 1 cannot s1v amything about that T do not konw

Reifenstern 1 am rusimg the question as to whether there 1s a differ
ence 1n the ability of the parathyroid glinds to compensite for a low level
of calcium 1 vanous mdividuals  In the patient that Dr VMeCance de
weribed with the very low erum morgame pho phorus Ivel one wonders
1f there was a considerable degree of secondary parathyroid hsperplasit
with increased hormone production which was hedping to heep the serum
calaum level from fallmg 1 would be mterested n knowin,, the serum
phosphorus level 1n these uther ve,etanns  Ferhaps they were successful
m adapting to low intakes of caloum because they were particulaedy adept
m develeping a compensators parathvroid his perplsia

WeCance T will try to find out

Irimstrong  What 15 a poor absorber of calcium? You sav thit a person
15 1 good absorber of caleium tf he heeps hn - Leleton in that situation which
sou regard as norml  \ctually Dr \lcCance your patient was a ubyect
who overdid supporting bl d cilsm through mobtlization of the caleum
of the skeleton  Can vou be sure that she was really not absorbing caleum
to the normal legree True enou,h  he dil huve a low calcum mtake
her supply of ciloum was 1y but was  he absorhmg that more poorly
than would some other individual on the same diet?

MeCance 1 would tlanh she was Otherwise tte other vegetarans
would have decalaified them elves

Barttr When she wa «n 6 0 mg of calctum every it of 1t came out
i the feces Is not that enou, b to make lir a poor Absorber

Storns Her urnary caloum was very low as low as that of mst ba
bies 10 mg

irmstrony  Thi was after her calaum Ind been depleted

Fellis Dr \Cance how much does yitumm D change vour own ab
orption®

M Came  Notvery much Dut I Inve 2 vers marked scasomal vanation
m o caterum ab orption T followed 1t over a period of two or three
ver and it as sery much better 1n Sumimer and Autumn than 1t s

P MeCuee 1A 2 d Wl
crm ARt oot Mem S 1 Jo s it e e Chaneedn the Cal
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antmals to mamtam the concentrations of calcum and pho phorus 1t nomm!
levels during fasting 15

Ubright  Dr Park were the banes different w the two groups of ant
mals you have just described ?

Park \Vell the expenimental anunals had richets The controls recen
g ultraviolet light did not

dlbright 1 was wondering whether m those cases of richets where the
blood + tlues are less stable one find the trabeculte completely cotted with
osteord The thought belund this question of course 1 whether the osteod
under certamn conditrons does not msulate the boue salts from the bods
flieds

Parl  The experimental animals had full deselopment of rachitic oste
od the protected controls did not

Dr MecCollum Dr Shipley and I did an expenment Dr McCame
which was rather mteresting, although perhaps not bearing directly on the
question vou have raised Some rats were placed on a law caloum diet
and the females were allowed to become pregnant and give birth to soungt
The voung were reared on the low calewm diet and then they were
afloned to become pregnant and gine birth to a second generation of
vouny In the first generation the ammals on the low calonm diet s)mv\eg
very Dittle change m the sheleton In the second g neration they showe
some evidences of low calctum rickets In the third generation the ibs
were so filled with fractures that the bores were just dotted witl them
from one end to the other

Rramer I can add to that becau e I did the caleum deterrminations 01;
those ammials A progressnve decrease 1 the cakaum Jevel of the Moo;
was seen from generatton to generation Another intere ting point 1 thal
m rats that had been rendered rachitre with a agh ealoum low phosophord
diet a few days of starvatton produced a tremendou risé m the serum m
orgamie phosphorus and tmitiated sery striking healin,,

Vccame Dr Stearns has produced some evidence that the poor 2
sorbers 1n these natne populations may have been bred out and thts ‘({ :‘t
perimental evidence from anumals pomting to the same thing Viould w
agree on that? i

Resfenstetn Dr Park I would Dke to ash about the pantin raid glands
;—'Fh.s statement by Dr Parh has been rewi ed as the result of the d covery of Df

s ex
Hartr ons unpubls hed the ¢ At the mceng Dr Park rejorted Ds Hacree 1

Y]
fhat Dr Harrism hat u e
ments from memory and made the error of thinking Jalus
the Steenboch rachitogeme dict with the pho phorts contert made up sa thal

ctum phosphorus ratio was optimal
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1 tho ¢ womal  Wa there a decidedd diference berween thre glnd of the
two groups*

Park 1 carniot s1 amvtiung about that 1 do not bnow

Rofinstrin § am rav my the queshon 2 3 whether there is o differ
ence w the abihity of the parathsrod ghnd ta compen e € vl o devel
of calomm wm vavow  wdnadual  Io the pauent that Dy Midawe de
scribed wish the very Jw erum morgins 13 phorws laed one wonders
§ ther. was 3 considerble degree of ecendary parathviead haperpla 1
with sicrea ed hormone prodiction shich was helping to heep the erum
calum lesed from fathn, 1 would be antere ted m hnowmy, the cum
pho jhores level m thew olier vegetanan Terhyy  they wir neeessial
m adaptin, 1o low ntthes of calomm hocwse they were partentarly adept
w desel piog o compen atory parathirond laperyii

MeConee 1wt trs ¢t find cut

Armstrony What s a poor ab arher of cafunm? Yo sav that 1 person
¢ 3 good ab arber of caleum of he heeps It sheleton a that atnaton whxh
vou regard as rormal Actoallh Dr Adlanee vour patient wa a4 abyet
why overdid supporting hlood esluum through uyalization of the Clenan
of the sheleron Can vtu be nre that e wa reathy ang ab orbmg calonun
o the normal degree True envswgh she did hmve 2 Jow al wm antahe
fee suprds of cal wm wa fow but was e ab orlmg that mere poarh
thas would ome other mdn idual un the ame diet

WeCame 1 would thinh she was  Otherws ¢ ff ¢ other vegetarins
would have dualafied themveles

Taritr Vihen he was w 630 m, of caloum every Int ¢ st came out
m the feces ¥s not that enough to make her a povr Wisorber

Stearns Her urtmary exkoum was vers low as dow s that of mo ¢ by
bies 10 mg

Arustrany This was after hee catoum hid been depfeted

Falis D McCame how much does yatamun I chanee your owe ab
S3rptin?

MeComee ot very mueh 30t 1 have 1 1ery marked sersonal vanavon
momy caloum ab orpton 1 follawmed ot over B pensd § of two or three
years and st s very much better m Swomer and Agtusia than ¢ 16w

McCance R A and W 41 san F M S¢ sa alamt A mual Chasges » e Cat
cum Metabol m of Men J Phsol 1024 (1945)
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Winter mnd Spring But I cansot put i VY snter shsorption 1p to Summer
absorption tevels In talang 2000 umts of vitamin B 7 du

Hayricon Y on mav be vitamun D reststant

MeCance § mav be I mav be all the ¢ things but for all that § an
still able to lead a furh active healthy hfe For mstance I eveled 1%
unles on one dny thes Sprirg T obill regrird mnself as beng within the
Yty of norpakty

Armstrong  \tuch vitanun D hase vou used?

WeCanee ¥ uoed caliaferot for thit experiment

trmstrong  There 1 a difference hetween the sunshine vitawss D and
calasferal at feast whess one compares the chuh and the rar ssnt there?

VeCance  \m | the rat or the hucl en

Irustrong 1 suggest that vou wwe the chicken

MeCarer The chuchen? Splendidt {Laughter}

Folfis s here any evidence that there 1 am relationshp between the
people who are poor abuorbers and those who mat he a little morcrent tant
to sitamun D or dont sou have daty on this pemt?

Helanee 1 do not qairte undeestd what vou mem

Tolls 1 men vou ase a poor absosher and sou sm it you do not
respond as well as others to yvitanun 1)

HeCance  None of our subjects had their erlosum whsnrptions hanged
apprecribhy Ty 2000 nmts «dn 7

>
Arouier  How thont the retentirs W as there 1 difference m retention
\fier ali that i the wmportnt fretor i normal hone growth

MeCanet No e rechoned that sitamin D miade no appreciablc differ

ence to out calutim vetention
f

Roamer 1 would hhe fo ash Dr Stearns what ts the nsual :mxmmlh:;r
calgum and phosphorus that must be retuned dashy I a cluld or
to metre bone growth?

Stearns That depends on the persof to whens you are speah
hramer Lueryone has a dsfferent wea

0§

Aramer  You bave done a lot of metabolic work on this pawf

thought T would ash sou about »

wmg Dr
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COMMENTS ON THE INTAKE OF CALCIUM AND "
PHOSPHORUS REQUIRED FOR BONE GROWTH

GENEVIEVE STEARNS

From the D partment of Pechatrics State Lt ersit of Towa
Tore Gy Toe

Irimstrong  Dr Stearns do vou wish to discuss this pomt

Stearns  The amount of ¢alium and phosphorus that mu t be retamed
dailv to msure bone growth will sary I think with the age of the ciuld
and the rate of grcwth that s normal and customary for thit age o that
o a dav to-d1y requirement calcium retention 1s Jowest at about three vears
of age and hiohest m mfancy and 1n the rpud pre puberal period of growth
Lut +f vou follow children through the entire grawth period as we have
medtodo  * vou finl that they will tend to merease the alcum reten
tion according to the growth in weight rather than the growth m length
which means that they store calaum for a couple of vears 1f they are per
mutted to before the ragid pre puheral spurt of growth If their mtake
does not permut 1t thes do the best they can But appirently regardle s
of the particular mntake they are given the aniount that they retam will
follow the type of curve for rate of growth consistent for their age and
weight that 55 1f vou grse children at different ajes 02 gm of calcium
you will get a curve of retention which tends to parallel roughly what
vou get 1f jou gne them exch one gram of caleum daly  VWath the gram
of calium the whole curve rses  There are many dactors that enter into
1t besides that  Phosphorts retention must cover both calaum and mitrogen
retention

Kram r T was thinl mg about what the limuts are m any one age group

Stearns  Up to 10 or 11 vears a child whe gets three glasses of mull
or three quarters of a liter 1 day will retan an ample amount of calcum
for all the skeletal needs If he 1s yiven more he retans more In balres
and up to about the end of the first year the more you give the hiher
the percentage thev will retain Older children fed cow s milk apparentls
reach an upper It of retention

Stear G The S nficance of th Ret ntion Rat of Cal um Phoplou m
Infa tsand s Chuld en A+ J D CJ id 4 /42 759 (1931)

Stearn G a d Moore D L T Growth n Height and Weiglt and Detent n
£ Ntry en Caleum and Lhosphorus Du g R covery fr m Severe Malnutr tion
T TDus CFid & 774 480 (1031

*



184 FIFTH CONFERENCE ON METABOLIC INTERRELATIONS

Winter and Spring  But I cannot put my W inter absorption up to Summer
absorption levels by takmng 2000 umits of vitamun D 1 day

Harrieon  You may be vitammn D resistant

UcCance 1 mav he I may be all these things but for all that T am
otill able to lead a fairly active heulthy life For mstance I oycled 170
nules on one dav this Sprirg T still regard my elf as bem, withn the
limuts of normahty

irmstrony  Which vitamin D have you u ed?

VWeCanee T used calaferol for that experiment

Armstrong  There 15 a difference between the sunshine vitammn D and
cilerferol At least when one comprres the chick and the rat 1n ¢ there?

UcCance  Am 1 the rat or the chud en?

Armstrong 1 suggest that vou are the chicken

UcCanre  The chicken? Splendid! [Lanughter]

Follis  Ts here any evidence that there 15 any relationship betweer the
people who are poor absorbers and tho e who may e a little more rest tant
to vitanun D or don t you have data on this pomt *

UcCance I do not quite understand what you mein

Follis 1 mean you are a poor absorber and you say that you domt
respond as well as others to vitammn D

WcCanme None of our subjects had therr calcium absorptions changed
appreciably Ty 2000 units 1 day !

‘

Aramer How about the retenticn?® 1\ as there a difference n retention
After all that 1s the important factor m normal hone growth

VcCame No We reckoned that vitamm D made no apprectable differ
ence to our calaum retention

f

Rramer 1 would like to 1sk Dr Stearns what 15 the usual nmoun:! ‘0"
calcum and phosphorus that must be retawed daily by 1 child or &
to insure bone growth ¢

Stearns  That depends on the person to whom you are speakiti,
Kramer Ereryone has a different dea

Dr

1
Aramer You hue done a lot of metaholic work on thys pomt 50
thought I would ask vou about 1t
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38

Total Dorly
Colcrum Retentan

o3 8

[N
A
[

3 8
Age n Years

Fig 51 The Mean Daily Calaum Retention of Children of Varous
Ages in refation to the Dailv Intake of LIk and of Vitarmn D

C re R (1 sold circles) represents the desired da lv calc um retention estimated
from the calc um content of a weil calafied adult sheleton and the normal rate of
growth for each g ven year curie P (the o  triangles) represe ts the dmli calc um
retent: n when one pint of oulk wa ncluded m tle duly det ¢~ P+ D (He
sold ¢ a gles) represe ts the daly calewm fete t on when one pint of mill and 300
to 400 International Unts or 1t mn D were mcluded n tle daly det rrel/
(te opes squa es) represents the daly calcium retentt n when one and a half s

milk  ere included mn the daily diet axd r QO + D {He c osse ) repre ents
tle darly calcum retent on when one qua t ot mih and 300 to 400 International
nts of v tamin D were 1 cluded m the darly d et

vitapyun D dauly they do retan very much more These cluldren were
healthy at the time of the studv Of course duldren lose caloum quite
markedly during intercurrent mfections and that 1s an age when wfections
are common But the three year old fed a low intake retamed less than
the one year old or the twelve vear old and in the same way the three
year old fed the quart of milk never retamed as much as the children wath
the more rapid rate of growth so that the actual rate of growth desirable
at the time does apparently have something to do with 1t

In Figure 52 the data are waleulated m mulligrams per hilogram agamst
the same thearetical curve This group recerved between 25 and 50 mg
of alaum 2 day which 15 a faly wide spread Lhere 1 1 definite rase
with age m the amount retained s milligrams per kilogram daily and the
peak comes at  to 10 years of age which 1y before the age when the chit
dren begin to grow rapdly 1 height 1 have imterpreted thus finding as
more evidenc that there 15 a pertod of storage before thev begn the rapid
pre puberal growth  This 15 ihe the old Stratz theory that you have periods
of fillimg and periods of stretchmg and the calemm data tend to sup
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Unst  Can children depostt bone salt continuously 1 unlimited quanti
ties durmg the period of growth?

Stearns  No A three vear old given a quart of milk will not retam
as much as a six month old or as a twelve year old

McCance  These experiments of yours are very well known, and they
are of course fundamental to all our hnowledge of calem metabolism
I would Ithe to ask one question Where do you picture the caluum 1
being stored* It must be m the bones Therefore when the bones be m
to grow rapidly there must be a redistribution of calciun 1n that bone
Is that how you prcture the process talung place?

Stearns I think so Dr McCance Once we had the opportunity to
study a three vear old child who had been very badly undernourished
He weghed 17 pounds which 1s the average weight for srx months and
he was 17 centimeters under height for three years of age \ve found
that as soon as he be,an to retain he retamed as much calcum per hibo
gram as a young haby during the period of rapid growth I think it vas
about 60 mg per kilogram which 1s very igh for a three vear old Ve
were measurtng his length at weehly intervals He did not grow 1n length
at all until after he had exhibited that high daily retention for a period
of six weeks and then he started to grow i length and grew 7 centimeters
m the next srx weehs Then he stopped growing m length for another
stx or exght weeks In the meantime he kept retammng large amounts of
calomm  He made up his weight loss in three months but 1t took him
three years to mahc up hus height deficiency he did mahe st up but alnays
by alternate periods of apparent saturation and then growth saturation
and then growth

— h
Follis This indicate only that there are two different phases dgfﬂz';:
of cartilage and growth of bone In other words chondrogemc and 0
geme activity Y ou can dissociate the two very easily

Stearns In Figure 51 are shown the data on the retentions we obtlalr:::
with children of these ages given a pint and a half of mulk “thaanr
duplicated our theoretical retention curve which 1s a httle higher ¢t i} e
Mitchell s T think becau e we used as our normal calcium content o oo
the average calcrum content of the bone of ammals fed on kno“g‘emm
rather than usmg the calaum content of the bone of either lhef e
swerde patient or Dr Mitchell s elderly man who died of heart fa o
You see 1f the children are fed a quart of milk and 300 fo 400 un

The Chem
1o 1 Hamton T S Steggerda F R _and Bean H W hent
cal\{t'ttfmh;]os:{;{;nﬂu( thﬂem.:\duu Human Body and Its Bearng on the Biochemisty
Growth J Biol Chem 158 625 (1945)
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Fig 52 The Claum Retentson of Clhuidren i reltion to Age and e
the Theoreticl Calawsm Retention when So Viams DT Added
The retention data are expre sed 1 mg per hg per day with a cala® ;ﬁxcl;‘
range of 23 to Y0 mg peY Ly per dav  Th ohid lme represehty the thwa A
cateium retention It will be noted that the caleswm refentiol tends, 1) 0 € 3t S0
i swgrest U

8 years of age well before she pre puberal growth sprt These
Catemam storage way be & necessaty prefude Lo wnereased bone gront

port this concept ar 10 vears they will retun from the swne a8 e 0‘1‘
per kg mtake almost double the calomm that children undef 8 el “;h
setain from the sune per by mtwhe Fhe period of ripxt skeletal £FOV

comes Along 2t about 12 1ears of age

Conference Discusstont

Retfensters 1 wonld hie to ash about one pomt Does the 1maum10f
aterfied bone present m an adult sav 30 vears of age have re}nhmb\‘g
o the wmount of calomm thit he regmres to stay s equiibrum 1 e
thsh of an adult who s five feet talt 1nd has 2 relatas by small Bome SEUC
ture and I can think of another one ¥ ho 15 66 wath a large bor¢ strue
ture both of them are normal m every respect but one hay mch 2O7E

ety
catafied mase than the oter B the amount of calowm requiscd to B



STEARNS 189
he bt one 1n equilibrium greater than that needed by the smnll?

VcCance 1 could not tell vou It 15 possible But size (s not the ex
planation for all the differences between poor and good

Reifenstern That 1s what I beheve af o
WeCanee T e sy that with confidence

Stearns It was the Iig men who went to preces m the Jipanese ccn
centratin camips and the hittle men who came throu h best 1 am told
The diet was sery Jow mn cakmm and very low wm mamy other thinms but
1t was the by,, framed men who suffered most

MeCance Yes but did thev not suffer from general underputrition
and B vitamun deficrencies rather than speafic crloum dehoency ?

Stcarns But are not their requirements m pioportion to their size
cenerally,  Vihen we were studving urmars caloum excretion we found
that the men who were 64 and big bult propurtionately never could get
down to the urmary exuretion with a low ntake that the very smll the
53 ten could The skeletat size does have somethmg to do with 1t

Sob 1 When we come to the fat soluble vitanuns  especially vitam o
A winch has heen studied simply bhecause there 15 2 method aratlable i 19
well known that there are poor absorbers of vitumn A In the poor
ab exbm,, group yom have the cel 1¢ syndrome and the s> called nontropical
sprue  Nontropical sprue has been studies! comsiderably by a number of
worhers among them Spies and Darby and 1f one does a vitanun A ab
sorption te t hefore any dietary treatment by the test there seems to he
extremely poor abserption I one gives such putients v tamm P complex
(whith 15 Spes s approach) or folic acd (which ts Darhy s aj proach)
the vitimin A al orption 15 improved

After T saw these data m the Diterature 1 tried the procedure on a few
of our (atients who tell mto two categories One was the patient with
the 5o called celac vyndrome who was arbitrarily given multivitamin rlus
fohic acid everv dav and the vitamm A absorption curve tested before
and after such a course of treatment altered considerabls Then we had
cne particular patient who was studied m many mstitutions mcluding the
Presbvtertan Hospatal becausc he had the lowest cholesterol known n an
dult as far as we could discern approxamately 50 m, per 100 cc When
we saw um—he came from a chronic disease hospital—he could not move
s legs and could ju t about move his hand  Well after we had studied

Shel A L The P oblem of the Abs pty n and Transp rtation of at Soluble
Vitamns 1 tamns and Hormon s 10 4 (197)
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Putler  Ts somebody joing to discuss the effect of cortisone on caleum
absorption?

Armstrang  Would you ke to discuss this pomt Dr Butler?
Buller No

VcCance  Are you looking at me with the idea that I am gaing to discuss
1t>—I couldnt

Butler No but I just wondered if the difference 1n calcrum absorption
could be related to that factor Dr Howard tells me he mmproved the
cakium absorption 10 the patient with sprue by givng cortisone

Hervard  Yes that s true but sprue 1s a very abnormal condition which
samehow or other 30u seem to correct when you gne cortisone Ve did
not do calaum balance expeniments on amv of the rheumatord arthritics
or asthmatics treated with ACTH or cortisone  We only measured the
urme and the blood and could find no change mn them  But there are good
experiments m the hterature with large doses of cortt on  and most of
them gne the smpression that at first there 1s really no es ential change
1n absorption as judged from the fecat or the urmary excretion and that
later there 1s perhaps a shght tendency to a negative talince certainly not
very marked as mdicated by shight increases 1n the stool and perhaps in
the unne calaum  Certamly 1t does not give amv one the wmpression that
1f one took 200 or 300 m, of cortisone a day over a period of a couple
of years one would end up with a very rare skeleton

Butler Tt does not give vou that impression?
Howard Not to me no The best experimental data that I have seen

were th ee menth experiments done by some Swedish imvestigators and the
change 1n calerum bilance certamnly was not very impressive

4lbright  In Cushings sandrome which 15 due to the overproduction
of cortisone like steroids osteoporosts of the spme 1s a very common
finding

Homard Fhat 15 a secret of Cushing s svndrome that I would love to
know-—how the patients with 1t rarefy that bone

Henneman  We know that o teoporosts certainly does develop 1n Cush
g s disease medicamentora

Howard Have you ever seen 1t?
Henneman  Yes 1 have seen three cases recenth

Howard Three people who have had rarefied bones duced during
cortisone admmistration ?
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him very ntensively he turned out to be 1 nonabsorber of fats welading
‘uamm A and hus absorption even for cholesterol nas extremeh b
We made a tentatne working hyvpothesss that ke rught be the resutt of
a prolonged fat soluble mamn defisency which went back to his chid
hood and that as a result mam secondary changes had taben place Totet
thss postulate the patrent was gieen large amounts of multnttamms m
agueous dispersion plus folic aod for several weehs and then a second
\tamm A absorption fest was done this tume the viamm A ab orption
bhad 1nprosed considerabh  The test was repeated a few weehs fater atter
he had continsed the same therapy stilf longer and the vitanun A absorp-
tion had contmued to improve m fact the patient seemed to ts fo have
begun to use some of the muscles that he had been unable to we before
but the chimawm m charge sard that ths apparent change was not defimte
Unfortunately the patsent went bach to the chrome disease bospita and
we fost track of bim

1 weuld tihe ta add one more fact Vam rears avo befors we hiew
what vitanun B was and we knew only <bout the vitammn B compley 11
order to satisfs Dr hramer nd to attempt to produce teurable nchets
we destroved the vitammn B complex w the diet and allowed richets 10
develop Suct animals did ot grow at all i fact they lost a httle weseht
But they did develop richets that was quite cistmet T stilf hue the 5de€;
Vihen we gave such ammab fawh large amounts of vitanun D whic!
would cure the richets m the control ammals veny elegantly ma period of
@ davs there was some healing 1 the B complex deficient group but it
was vers mild But since there was some healmg 1 dud not s much about
1t and never published 1t because we did not establish rickets m which these
really was no healing

It seems to me that by dietary means one can alter the nbsorpuanhﬂ
least of vitamm A\ and probabh of \itarmn D and to some meastre thi
change seems to be reversible 1f the fohc acid expenment and 1f Sp;?;:
observations mean anvthing st 1s possible that the hand of patient ;
Dr \cCance obsersed had other deficrencies of profonged standing which
m turn altered the sntestinn} mucosa as well as the et s:cr:nonj
m such a way that caleim absorption was poor merely because there m"
an altered intestine and an altered mnfestinal secretton I am rcftrrf;r;a
particutarh to the bile acid and the pancreatic guices which nught be "::h
enced by a nutritional defect Is 1t possible that 1f vou had xmeéxsclgm
treated the patient wih amino acid hyvdrely sates phes the \»tammwre o
plex plus folie acid you mught i due time have rerersed the pict o
restored her to the category of a person with a 5o mal absarption

cum?
MeCance Tt rs possible
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Lutler Ts somebody ,oing to ciscuss the effect of cortt one on calaum
absorption

Armstrong  \yould you ltke to discuss this pont Dr Butler?
Butler No

McCance  Are vou looking at me with the tdea that I am gong to discuss
1?—1 couldn t

Putler No but 1 just wondered if the difference 11 calctun absorption
could be related to that factor Dr Howard tells me he umproved the
caloum abeorftion 1n the patient with sprue by gung cortisane

Ho-vard Yes that 1> true but sprue 15 a very abnormal condition which
somehow or other you seem to correct when you gne cortisone Ve did
not do calerum balance expertment on amy of the theumitod arthntics
or asthmatics treated with ACTH or cortisone We only measured the
unne and the blood and could find no change 1 them  But there are good
expeniments n the literature with large doses of corti on  and most of
them give the imrression that at first there 1 really no es ential change
m absorption as judged from the fecal or the urimary excretion and that
later there 15 perhaps a slight tendenev to a negatne halance certainly not
sery marked as indicated by sl ht increases in the stool and perhaps in
the urine calaum  Certanly 1t does nat give any one the smpression that
1f ane took 200 or 300 mg of cortisone a day over 1 perrod of a couple
of years one would end up with a verv rare sheleton

Butler Tt does not ive you that impression?
Ho ard Not to me no The hest experimental data that I hve seen

were three month expenments done by some Swedish imestigators and the
change m calcim balance certainhy was ot very mipressne

Albright  Tn Cushings ndrome which 15 due to the overproduction

of cortione like sterords osteoporosts of the spime 1s a vers comman
finding

Hoaord  That 15 a secrer of Cuhmy,  syadrome that 1 would love to
hnow—liow the patients wath 1t rarefv that bone

Henneman  We know that osteoporosis certunly does develop n Cush
ng s disease medicamentosa

Houward Have you ever seen 1t?
Henncman  Yes T have seen three cises recently

Hotard  [hree people who have had rarefied bones induced durng
cartisone admimstration?
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fum very mtensiels he turned out to e 1 nonabsorber of fats wncludn,
suanun 3 ond lus absorption even for cholesterol was extremels tow
\\e made a tentatne workmg hypothess that he rmght e the resilto
a prolonged fat soluble vitammn deficrency which went back to chitd
hood and that as a result mam secondary changes had taken place Totet
tius postulate the patient was gnen large amounts of ol samns 1
aqueous dispersion plus folie acid for several weeks and then 3 second
sitamm A absorption test was done tluy bime the utamm A ab orplin
had wmproved considerably The test was repeated a few weehs Iater after
tie had continued the same therapy sull longer 1nd the vtamint A sbhorr
pon hid contnped to nmprove m fact the tent seemed to us to ¥t
begun to use some of the muscles that he hiad been unable to use before
but the chintoan i charge sawd that tins apparent change »as pot definte
Unfortunately the patient went bach to the chrome & ease fospital and
we fost track of hun

1 would Bke to add one more fact  Mam iews age yefore we huek
what vtamin B was and we Lmew only about the yuawin B complet W
order to satisfy Dr hramer and to attempt to produce incurable Tichets
we destroved the vitamn B complex n the diet and alloned sickets ©
develop Suct amwmals id not grow 1t <f 1w fret they Toat a hittle waiht
But they did derelop nchets that was quite hstmet T still have the sbdbh
VW hea we gue such ammals fairdy large amounts of tanun D wb
would cure the tichets 1 the control ammals very eleganth 10 2 perod of
9 days there was some healing m the B comples defiaent BrOUP but 3t
was very mudd  But since there was some healing 1 did mot 511 much about
st and never published st because we et not establish ruchets 1 which thete
reatlh was no healng

It seems to me that Iy dietary means one can alter the absorpimnhﬂ
feast of witamun \ and probably of \itamin D and to some mexsuétt ‘:
change seems 1o be reversible 11 the folic acid esperiment aud of WC‘; .
observations mean amthing it 1 possible that the kwd of patent t y
Dr McCance observed had other deficrencies of profonged standing \\hlcs
i turn altered the mtestimn] rmeosd as well as the mtestimal secred”
s such 3w that calowm absorption was poot merely becae
an aftered mtestine and an altered mtestinal secretion I A
paracutarh to the bile acud and the pancretic juices whnch might :“d\
enced by 2 nutntonat defect Is ot possible that 3f sou had m!c;mm
treated the patient with anunoe aad hydrolysates plus the v.gamma Ny
plex plus folic acud you naght due tune hase reversed the Py

n of
restored her to the categort of 4 person with a no mal absorptid!
cum?

McConre T8 possible
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Butl.r Ts somebaly 010g to discuss the effect of cortisone on caleum
absorption?

4rmstrong  Weuld you like to discuss this pomt Dr Butler?
Butler No

UcCance Are you looking at me with the idea that T am going to discuss
1t>—T couldn t

Butler No but I just wondered f the difference tn calctum bsorption
could be related to that factor Dr Howard telis me he mmproved the
calcium absorption 1n the patsent with sprue by giving cortisone

Hervard Yes that s true but sprue 1 a very abnormal condition wlich
somehow or other you seem to correct when you give cortisone Ve did
not do calaium balance experiments on any of the theumatoid arthritics
or asthmatics treated with ACTH or cortisone Ve only measured the
urine and the blood and cowld find no change i them But there are good
experiments m the literature with large doses of cortison= and most of
them give the mpression that at first there 1 really no es ential change
n absorption as judged from the feial or the urtnary excretion and that
later there 1s perhaps a shght tendency to a negative halance certanly not
very marked as indicated by slyht mcreases mn the stool and perhaps in
the urine caleium  Certamnly 1t does not give any one the impression that
1f one took 200 or 300 mg of cort: one a dav over a perind of a couple
of years one would end up with a very rare sheleton

Butl r It does not give you that tmpression *
Howard Not to me no The hest expcrimental data that I have seen

were three month experiments done by some Swedish investigators and the
change 1n calerum balance certanly was not very impressive

Albright  In Cushings yndrome which 1s due to the overproduction
of cortisone like steroids osteoporasts of the spine 1s a very common
finding

Howard That 1s a secret of Cushing s syndrome that T would love to
know—how the patients with 1t rarefy that bone

Henneman We know that osteoporosis certamlv does develop m Cush
ing s disease medicamentosa

Ho rard  Have you ever seen 1t?
Henneman Yes I have seen three cases recently

Howard  Ihree people who have had rasefied bones mduced during
costisone admimstration?
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hum very ntensively he turned out to be a nonabsorbes of fats scludn
vitamtn A and his absorption even for cholesterol was extremely low
We made a tentatne working hyvpothesss that he muht be the result of
a prolonged fat soluble vitamin deficiency which went bck to hus child
hood and that as a result many secondary changes had tal en place Toted
this postulate the patient was gren hwge amounts of multnsamuos n
aqueous dispersion plus folic acid for several weehs and then a seromd
vitamm A absorption test was done tius tme the vitamun A sbsorption
had muproved considerably The test was repeated a few weehs ltef after
he had continued the same therapy stiff longer and the vitanun A absorp-
tim Ind continued to wmprove m fact the patrent seemed to us to e
begun to use some of the muscles that he had been unable to use hefore
but the chmcian i charge sard that this apparent change was not defimte
Unfortunately the pitient went back to the chromse disease haspi! and
we lost trck of hem

1 would Ihe to add one more fict Many vers ago before we hoew
what vitamn B was and we knew only about the vitamin B comples 1
order to satisfy Dr hrumer and to attempt to produce ncurable Fichets
ne destroved the vitammn B complen w the diet and allowed richets 10
develop Such ammals did not grow 2t all s fact they losta Httle wewlit
But they did develop richets that was quate distsnet 1 stilf have the stdes
When we gave such ammals fairly Jarge amounts of vitamm D which
would cure the rickets m the control ammals very elegantly 7 3 pertod of
9 days there was some healing 1 the B complex defierent group but it
was very mild  But since there was some heahng 1 did not s qsch abott
1t and mever published 1t because we did not establish richets m which there
really was no healing

Tt seems to me that by dietary means one can iter the absosplson af
fenst of vitanun A and probably of vitamun D and to some measure ths
chan,e seems to be seversble 1 the folic acd evpenment and 1f 91"015:
observations mets amything 1t i possible that the tfand of patient mh
Dr McCance observed had other deficiencies of prolonged standing whid
m turn altered the mtestiond micosa 2% well as the smtestnal secretions
i such a way that caloum absorption was poor merely hecause there w3t
an altered tntestne and an altered imtestial secretion 1am rcferr’xzzﬂ
particularfy to the bile acid and the pancreatic Juices wineh bt be sn .
enced by 3 nusritsonal defect s at possible that 3f vou had mugzs(:;]
treated the pattent with amsno acid by dralysates plus the vitamin D
plex plus falic acud you nught m due time have reversed the plcluo
restored her to the category of a person with a novmal ahsoerption

aum?

MeConce It 15 possible

f cal
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Butler  Te somehody (omg to discuss the effect of cortssone an ealpism
ahosption?

femsstrong W euld you bke ta dsscuss this posnt Dr Butler?
Butler  No

McCance  Are you loohang at me with the wlen that § am gowng 1o dsuuss
1% couldn ¢

Butl v o but st wondered 3f the difference m ealoum abserpnion
could be related to that fator Dr Howard tells me he woprosed the
calaum absorption 1 the patient with sprue by giving cortssone

Howard “yes that 1s true but sprue 13 a very abnormat condinon whuh
somehow or other 1on seem to correct when vou giie cortisone We dud
not do calavm balance experiments on any of the rheumatosd arthratics
or asthmatics treated with ACTH or cortsone  Vie only measured the
gune and the bload and could find ro change m thers  But there are good
expervments mn the hterature with rge doses of cortison  sud most of
them give the unpression that at Brst there 1s really ro es ential change
n abcarption as judged from the fecal or the urmary excretton wd that
fater there 1s perbaps a shght tendency to a negatine balance certzinly not
very mythed as widecated by shight mereases i the stool and pechaps
the usme calowm Certamiv 1t does not gve awy gne the nipresston that
+ one tock 200 or 300 my of cortistme a day over a penod of a conple
of years one would end up with a very rare sheletos

Butfer Tt does not gne vou that mpression?
Hotard ™ot to me no The best experimental data that 1 hase seen

were three month expenments done by some Swedish imestigiiors and the
change i talowm balance certunty was POt Very mpressive

Sibright  In Cy fangs swndrome whick 1s due to the oserproduction

g! rartisone bhe steroids  osteopoross of the spine 1 @ verv common
nding

Howard  Fhat 15 3 seeret of Cushang, < ssndrome that § wonkd love to
kaas~—bow the pagsents with st rarefy that } one

Hennemay  We hnow that o teoporass ccrtawly does deselop 0 € !
g s disease mediamento 2

flonard  Have vou ever seen 3

Hennewan  Yes 1 have seen three cases recently !

Hoowrd  Thees poople who bane bat rarese 1 weo t loced dus
Sortisone adnumstration”
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Hennowran  Yes

Urst Yes 1 tow have een o teoporo 1 mduced be prolomeed trea
ment 131th cortrore

Ho ard Y ou boew what the bones Jorhed Jile before and afterwand *

Urist Onh that they have oteop m o\ ew Liing
treatment with cortt one grien as replacement therapy follaw g adremlec

tomt or for mahgnan tumors or theumatond arthrmn
Howerd Which they did not hase betore

U rgf There was not alwavs an occasion to make a specral pretreatment
 rav exanwnation  The bone changes produced by corte owe ate howeier
pragre ne and quate definire

Hee ard I hme seen that too but nearly all rheunmrtmd arthrines hae
veny rare hones

Henneman  The patients we have seen secenthy present chsea! i tores
mdieatrve of 1elatrel normal bones before treatment  Followmg prolonged
and ntensne treatment with ACTH or coru one thes hve developed
back pun lost heht and developed bone rarefaction and fractures B
<y Futreme osteopoross has developed m one veir of antensne mduced
fsv pera drenocorticism

Harrison  What 15 the mechamsm in those patients v deternuned In
Balance studr® Ts 1t excessne losv an the urme or poor absorption of ¢it
et 1n vour induced Cushung s syndrome?

‘/ Henneman  The admmstration of farge doses of cortisane to pavent

on Imlance studies produces 3 rie m unors cal fron without 1
change 1 fecal calerum excretion or blood c:akxui e befieve thi
seflect snhibtwon of osteogenesis {anti anabolis e destructio
contiauses at 2t unchanged rate

Harrion 1 stion becawse b ats the effe
of cortisone on reabeorption of p <« He
found that cortis the mamtim srption
phosphate CAhe € 1e on hone m Af lo

m phosphory [y}

the phorts and

cornsone does dect bably more <
R berte R oand P\éai! ﬁh

<earch Cenfercuce on
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the pretreatment concentrations of erum phosphorus are igher mn children
than in adults

Henueman  Am T correct that 1 the ACTH studies that you dud Dr
Bartter there was no very constant effect of ACTH on serum phosphorus?

Bartter  The serum phosphorus tended to fall There was a farly
consistent mcrea e of unmany caloum  but in retrospect it appeared as
though that might have been due to contanunating pitressim

Shorr Mav T speak on thuis pomt? We have b en studving a patent
with rheumatoid Arthritts who has been receing 87 5 mg of cortisone
orally for 2 vears and who ha developed protound o teoporosts By m
creasing her intahe of calaam up to 32 gm per day of which 15 gm are
supphed 1 the food her signihcantly ne ative caletum balance 15 not cor
rected  These high calcium los es ate not 1ccounted for by her renal excre
w1on of calom 1t oceurs chiefly m the stools Tt 1v also of erest that
although she 1s 1 strongly negative calcum balance she 15 1 sigmificantly
posttive mtrogen balince

Urist \Why 15 the osteoporosis more pronounced i the spine? Tt 1s
reasonable to suppose that all of the bones of the body wll show some
but the it ot the spine 1s out of 11l proportion to

that of the rest of the sheleton

Shorr 1 cannot offer any reasons for the exnggerated osteoporosis
which 15 s0 commonty seen 1n the spme but I feel sure that the process of
dermineralization 15 general 1n most cases \What I should Iike to comment
on 15 the extent to which our actual metabolic observations on the relation
ot mitrogen to caluum feposition permut us to use overall balance studies
for tlus purpose \With this patient our first concern was to see whether
we could overcome her negative calesm balance by nutritional means alone
an) as T have sud we are unable to do ttus by rar mg her caluum ntake
Ve have attempted also to promote nitrogen storage by rusing her | rotem
mitake without success

Resfenstern May 1 ask what happens to the alkaline phosphatase in
the mduced rarefaction of bone which occurs when you give corti one?
Does the alkaline phosphatase stay the same or does 1t rise?

Shorr It remamns withm the normal range

Ratfensten 1t 15 not elevated whereas i metabolic bone conditions in
which calclum 1s being fesorbed from bone we tend to have a nise in the
alkahine phosphatase level presumably due to an increase 1 compensatory
bone formation
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Ingt Dr Shorr was vour patient adeenalectoniized ?
Shorr  Na this s 3 case of rheumatod arthrits

Bartter Dr Shorr 15 1t so difficult to concene of 1 hegatne bone
matsx mitrogen balance with 3 positive oierall mtrogen batance?

Shorr 1 18 perfect]) concenable but unprovable by the tomventsonal
balance studie>  Let me restate my present opimion The necessity for
the presence of a protemn matrre as a prereq: for calcann def

has been clearl) established for almost 70 years Thé recent efforts to
buttress hs ohservation are based on comentional hatance studies utiiang
imteke and output of caluum witrogen and phosphorns  When such s
ple indwces are wed one finds signsficant discrepancies between mitrogen
storage and caletuny deposiion  one mav be ponimve and the other nega
twe or we tersa Dov example 10 this spectfic case af cartisone ostea
porosrs the patent s» m postne mirogen balance of almost 2 grams a day
and 1 2 negatrve caleiym balance of well over 300 mg a day  Hence
such balance studses cannot be used ag support for this concept There 13
o way to msure from the balmce study that protem 1§ retamed w any
spemtfic tissie when the balance 18 posstive or lost s any speasfic tissue
when the balance 15 negatne

Robison What was the athahine phosphatsse at that time> Was st
done?

Shorr  Yes The alkabine phosphatase semamed withm the normml
sange We do not know her pre vornsone balance 45 she was refersed
1o us lor study when her osteoporosts was well estabfished alter a hitle
more thans about a vear and a haif of cantsnued cortisone admimistration
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Shorr  The alkalne phosphatase level s not elevated m most cases of
osteoporosis

Resfenstern Thus the fulure of the alkaline phosphatase level to nise
1s agamst the suggestion of Dr Harrison that the mechamsm of cortwone
on bone 1s due entirely to mereased loss of calewm 1n the urne from an
effect on the hidnev  Such 1 mechanism would faver bone resorption and
4 compensatory rise m alkaline phosphatase in contrast to what we actually
find

Butler 1 would like to ash agamn with all this evidence that cortisone
tends to cause a negatne calertm balance 1s anvbody gomg to offer an
explanation of why 1t improves the calcium balance m 2 patient with sprue®

Bassett Tt umproves fat absorption in sprue presumably That might
have some bearmg on tt

Butler  Why does cortisone mmprove fat absorpton?

Bassett Nobody hnows

Henneman  Sprue rases a separate problem for 1t 15 primarily a disease
of ntestinal function Cortisone somehow ameliorates the intestwal abnor
mality 1n sprue and restores calaum absorption (or excretron) toward
normal In persons with normal mtestinal function cortisone mered &
urimary calctum excretion and this cannot be accounted for by snereased
calerum absorption from the intestines

Shorr 1 should have to question that because as we mcreased her mtahe
our patient continued to lose more calerum 1 the stool not w the urine

Henneman  You mean that she loses a larger per cent of her calcum
mtake?

Sharr  As we have been rawing her caloium ntake she has been losing
more and more via the ntestial tract

Heunemar Has cortt one mcreased unnary calaum excretion m this
patient ®

Shorr Very mmmally Practically all the Joss was m the stool when
her calcium intake was rassed above 800 mg per day

Armstrong  She has a very high mtake

Shorr Tt 15 niow 32 grams of calaum per day of which 15 grams 5
dietary

Henneman  As far as I hnow if the calowm itake 1 hept ccnskzr::‘
cortisone produces a rise i urmary caloium excretton and no change
fecal calcrum exeretion
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Unst Dr Shore was vour patient adrenalectomized ?
Shorr No this 15 a case of rheumatoid arthritis

Bariter Dr Shorr 1s it 50 difficult to concene of a negatne bLone
matox mtrogen balance with a positine overal mtrogen balance?

Shorr It 15 perfectly concewible but unprorable by the conventional
balance studies Let me restate mv present optmon The necessity for
the presence of a protein matrix as a prerequisite for caloium deposttion
has Leen clearly established for almost 70 vears The recent efforts to
buttress this observation are based on comentional balance studies utihzing
intake and output of caluum mitrogen and phosphorus  When such sim
ple indices are used one finds sigmtcant discrepancies between mtrogen
storage and calaum deposition  one may be positne and the other nega
tve or zice 1ersa Tor example 1 this speetfic case of cortisone osteo
porosts the patient 1s m posittve futrogen balance of almost 2 grams a day
and m a n gative caloum balance of well over 300 mg a dav  Hence
such balance studies cannot be used as support tor thns concept There 1s
no way to msure from the balance study that pratemn 1s retained m any
specific tissue when the balance 1 pesitive or lo t i am speofic hssue
when the balance 18 ne atne

Robinson  \What was the alkahine phosphatase at that time® Was 1t
done?

Shorr  Yes The alkalme phosphatase rematned within the normal
range Ve do not know her pre cortisone balance as she was referred
ta us for study when her osteoporosis was well estabhshed after a httle
more than about a vear and a half of contnued cortisone admuimstration
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DISEASES PARTICULARLY OF BONE, ASSOCIATED WITH
DERANGEMENTS OF CALCIUM AND PHOSPHORUS
METABOI ISM

RICHARD H FOLLIS JR

From the Department of Pathology The Jolns Hopkis Unizersity School
of Uediane and The Jol ns Hophins Hospital Baltumore Maryland

Irmstrong  \\e now come to the discussion of the topics whnch have
feen the real rewson for all that has gone before 1n the e Conferences b
cmse we devre and need practical trevtment for diseases of the <heleton
There 15 a ccond reason winch justifies considerition of bone diseases
which 15 even more important bectuse through a studv of abnormlities
of the shelcton we learn 1 good deal about the normal proces es T m
renunded here of the often quoted statement of Osler that as chmenns
we eximme the expermments of nature I am using we  here 1 the gen
eral sense 1 do not thurh that this deseription applees to me It does apply

Dr Shorr Dr Rabinson and sevcral others As far

to our good fnend
[Laughter]

2s I am concerned [ am ke Dr Sobel Tam 1 rat doctor

Dr Tollss will introduce the subject of bone diseases
Introduction

Fottrs 1 am not gomg to tihe up 2l bone disexses but only those
wlich there are disturbances 1n calemm and phosphorns metabolism - erther
as evidenced by chinges i therr humoral concentrations or by changes
their excretion

Figure 33 15 just a review  \We must keep m nund certam mportant
factors 1n the development of the sheleton m the growing sheleton 15 welt
as that of the adult Tor growth there has to he proliferition and ntura
ton of the epphysetl cartlige cell I the matrs between the hyper
tropluc cefl norgame elements namely calem nd phosphorus e
deposited  Then the cartilage cefls mbedded 1n this calafied matery are
destroved or e This leaves a framework of impregnated arginc carht
Thge matrin and on this scaffoldm s 1t were osteobltsts 1 some v€r
ab cure w1y promote the formation of osteord which 1 the organe mtree
of bone In such osteord 1s vou well hnow morgank matersal then de
poit In order that bone miny not be excessnely dense 1s soon s tt
formed 1 large part of 1t 1 immieduately destroved
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Fig 53 A Schematic Breakdown of the Events Which Occur 1n the
Growth of the Skeleton

A Classificatton of Microscopic Bone Disease

We have classified bone di eases for you on other oicasions Ve can
divide bone diseases with respect to normal formation First there are
those characterized by disturbances 1n the growth of the cartilage second
there may be abnormalities 1n the balance between the destruction and the
formati>n or 11c  erse and third are those diseases which are associated
with disturbances 1n the deposition of morganic materials 1n the cartilage
matrix and n the Fone matrix

Table XXV shows the possibilities that one can see mucroscopically I
placed microscopic 1n the heading of this table so that 1t 15 not necessary
to worry about the which the r t has 1
the tvpe of hone disexse with wiuch he 1 dealing There may be bones
wth detreased devaitn whnth e wrse eaher o o tesolt of decreased
production of bone matrix or of excessive destruction Ve will come back
to thrs condition m a moment  There my be excessive bone formation or
so called osteosclerosts sn which the amount of bone 15 mcreased There
may be excessive destruction and by that I mean mucroscopic evidence
of destruction over and above the normal amount e wall also come back
to that And then there may be disturbances in the deposition of orgame




198 FIFTH CONFERENCE ON METABOLIC INTERRELATIONS

TABLE XAV
Microscapic Bone Disease

A | OSTEOPOROSIS Decreased Production and]
Increased Destruction

Increased Production and

B | OSTEOSCLEROSIS
Decreased Destruction

C | OSTEITIS FIBROSA Excessive Destruction

| RICKETS OSTEOMALACIA | Defect m Deposteon of
D Inorgamc h[ementsJ

materials 1n the orgamc matrix and that of course we call richets in the
growing child and osteomalacia m the adult It 15 prmarily the last two
conditions (Table XXV C and D) that we will discuss m this presentation
In these disturbances in calawm and phosphorus metabolsm manifest
themselves and may lead to disease of bone

The Evolution of Rickets tn the Growing Child

You are familiar I am certan with the changes which one sees 1n nickets
in the growmg child Figure 54 A and B show the earliest changes that
one can detect these illustrations are tahen from 2 scries that Dr Park
and T have been studyng for the last few years?® You see areas between
the cartilage rows where black stamed material (which represents inorganic
salt) has failed to depostt As tume goes on of course the defective de
position becomes greater and greater And so one ends up wath the picture
of excessive or severe chronic rickets This of course 1s the stage that 1>
famihar to all of you who have used the rat m studies of calcification and
so forth

In the shaft one also finds evidence of faulty deposition of morganxs
materials (Figure 55) In the trabeculze one observes hghter Stamm;
areas that represent organic matrix which has not been mpregnated “y'\ﬂd
morganic materials I might pont out also that this coating 1> rather marhe
on one side and not so marked on the other I would bke to sav further
more that 1 do not think that this coating forms a mantle or a barmes
which iterferes with the transport of calaum back and forth

f Richets at
Folls R H Jr Park E A and Jackson D The Prevalence of 3t
Aut:p:y During {he First Two Years of Age Bull Johns Hopkms Hosp 91
(1952)
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Bartter  Why not? *
Follis Vel it 1s not a umform covening 1 the first place
Bartter  But in severe cases 1t might be
Follis We have no evidence actually that 1t would act as an insulator
dllrsght Have you any evidence that 1t would not *
Folis No mnot direet Do vou think so Dr Park?

Pork 1 do not see how What vou know ss that when it 15 present
there al o are smmense amounts of bony surface which do not have it

Engd  Why would not that coating interact with calerum tons ke anv
other tissue anywhere else? There need not be apatite present but you
coul] still have bound calerury and ronic calewm 1 that laver which would
be a function of the colloid there

Shorr  We have evidence also do we nat 1n the i 2itro studies of the
deep penetration of caleium and phosphorus mto the raciitic cartifage ?

Follis That 1 an important pomnt I think Dr Shorr in other words
the inorganic materaly 1n 1 z1fro calcrficat on do not deposit on the surface
As Shipley and hus colleagues ® pownted out twenty five years or %0 a,0
these substances are depostted down deep m the cartilage

Shorr Yes that 1s right
Follis What the reason 1s I do not know

As the chuld ages the cartilage begins to decrease m actsvity Then one
does not detect richets at the cartilage shaft junction 1In Tigure 56 of a
five year old ctuld afl one can find 15 osteord 1n the shaft Therefore the
consideration that was raised previously at this conference s mmportant
that 15 that erowth 15 neces ary for the development of rachitic changes
particulatly those n the cartilage

The Pathogenests of Rickets and Osteomalacia

Now what are ome of the possibulities which mav lead to changes m the

Ba tt r (comment subm tted after the Confe en €) Tf 1t be agreed {as Dr Folls
appears to agree} that bone decal ification ddes not take place 1 1 w thout bone
destriuct o that 15 removal of mat 1x then cviden e that calcification can take place
through o texd seams 5 b sde the pos t The osteosd needs nly protect matr <
from be g removed not t block pas ages of =

Shpley P Gk amer B and H wlanl J Stude upon Caleticaton In ¥4t o
B o hem'J 20 179 (19%)
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Fig 54 Larly Richets at the Cartih,e Shaft Junction of Homan Ribs

errals {no dark staming areas)
B—A more acute and complete b ence of deposition of morgame waterials 1%

4-~An arez of defectne deposiian of 1 argame mat

humoral concentrations® As you recall Dr Kramer and D Howlwad™
showed thirty vears ago the wmportance of the humoral concentrabons the
caloum and pl osphorus product of the serum concentrtions it refationt
to whether or not one could expect to finid nickets 1 growng children In
Table \\VI we have a bauhground of the vanous possbilities I am
certamn I have omutted some but I think we hue corered most of them

MATRIX PRODUCTION IN EXCESS OF MINERAL DFFOSITION
ucuion of maters

1n the first place there nay br a disturbance m the prodi
Tn other wa 45

and the deposition of morgame miteral i that matnix
guen normal humoral concentrations of caloum and phaspharu: can
matrix production outstep the deposition of morg i rmateral mat? T bk
thrs probabh happens \We recogmze at m rapidly growmg children a~d
m rapidh growmn, rats where we find no demonstrable nickets 1t the
cartilage haft junction hut where we dao find as we will see 1 2 moment

SHowlan} J an) hramer B actors Concetned in the Calafication of Pant
Teans tmt Pedat So 34 704 (1972)
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Firg 35 Osteord m the Shalt of Bune m Human Rickets

N te the 5ic 1 un form ry of the osteosd coatng (1 ght stamnn, mat niaty n the boe
fnhich st 28 more darkly)

[Repr duced by permussion from Foln R B It Th Pothology of % trise al
Dursse Charles C Thomas Publisher Sg smgheld, M | 111 (1980

osteond in the shatt Une ol serves probahhy the vime stttation in healing
fractures oran healm, scurvy i whech there 15 10 exces na production
of bone matric and as De Al bt and Dr herensten have panted
U P ope eeo th ame sitwaton 1 henl rg oveits Bbross after the re
moval of a parathy rod tumor

Figure 57 sttustrates the cartiage shaft juncton from a premature
Tty growim, chidd which we prctablv would <av shows 2 normai de
1o stion of morgame matersabs at the cartilage sluft junctron Wien vou
get dovss 4 o the <aft vou tind borders +f osteard  Whether or pot you
3% erpret this as evce sive that 1 whe her r 2 t you can conclinde
that thes wdnaduat had nickets 1 an academic pomt I beleve that Dr
Parkand T wn tl e presvstuse ot thes a,¢ would say thit the s physubopeal
¢ teod 1 thirk Dr McLean and Dr Lloon? have tsed the term “physt
ological o tep o

L:“\br»gm FoardPafe v B C fr  The Paralfy o d Glends and Vetolol ¢
o Dis ase select 43 byects W fiisr's and W thets Lo Balomore p 108 (1948
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T
IS
Fig 56 hacketsint Ine Year Old Cluld

1

L s LS

1—Cartilage shaft junctidn sh wing no eviden e of defectne hme salt dep m"l“
because profilerative actity 1 owmg  ##—Trabeculae of haft shown, i contras!
o teord bor lers

THL RFI ATIONSIIIP OF MARBIF RONF DISFASE AND RICRETS

Now a wurd about nnrble bone disease (Osteopetre 15) and about 3
feature of st that I thmk has not been suggested betore It has been re¢
ogmized that marble bone disease 15 as ociated with richets 1 most cases
(bigure 58) Dr hramer Ins studied the caluum and phosphors me'
tabolism 1 at least two cases of marble bone disea e'** Vie lﬂ‘f"l’"l
marble bone diserse as resulting from virtually the complete cessatton oh
destructron of bone In other words the cartilage matrix lmpregnated “"c
morgame matenals plus the orgame matric impregnated with morgam‘
matersals afe not removed It 15 important to realize particularly 1 an
19 McLean I' C_ and Bloom W__ Calaification and O sification  Caleifiea
Normal Growmg Bone A at Rec 78 333 (1940) fetabe
3sPincus ] B Gittleman 1 F_and hramer B, Juvemle O teopetro Ish \B' p
Studies in 2 Cases and Further Observations on Comipo ition of I ones wn this
Am J Dis Clud 73 458 (1947)

tin o
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Fig 57 Osteard in the Shaft of Bone of a Rapidly Growing Two
Month Old Premature Infant
4—Cartlage shaft junctio1 showing no evidence of defects ¢ deposition of morgan ¢

mater als  B—Cortex of shaft showmn= in contrast a narr w but dehnite bord r of
osteor

studies of caluum and phosphorus metabols m 1 children that the body
has a tremendous store of tnorgame materialy which 1s contmuously heing
made available by normal destruction to be deposited m new matrrc
whether cartilage or bone In marble bone i ease tlus norganie matertal
1> locked up 1 the sheleton In other words 1t 1s not brohen down and
therefore not released to be deposited m new hone matrrx and new carty
lage matrix whih 1 bemng formed and which 1s ready to calufv  1f the
amount of inorganic material which can be absorbed 15 not sufhcient
the face of this lack of the normal turnover which should be pre ent we
ee a marked rachitic change such as 1n the 1ib 1 Figure 58

Shorr  TIs there any evidence of fulure to develop o teaclastic activity
Follis There arc osteoclasts present but not 1n excess

Shorr  Are there any arcumstances 1n which an effort has been made
10 1nduce them by demimerahzation or amy procedure of the sort that would
call them out?

Unist

Yes has an eftort of this sort been made as a treatment of the
disease?
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TABLF XXVI
The Pathogenests of Rickets and Osteomatacia

U Disturbauce 1 Balance of Matriv Production and/or Destruchon
and Deposition of Inorgamc Elements
1) Normal rapid matrix formatton especially i the premature
2) Healing fractures
3) Healing scurvy
4) Healing ostettis fibrosa
5) Marble bone disease
1T Dusturbance i Absorption of Coleuon and/or Phosphorus
1) Calaum
a) Dietary lackh
b) Change 1n pH of mntestinal contents
¢) Tormation of soluble complexes
Oy atrate oxalate phytm)
d) Protemn content of diet
e) Diarrhea
f) Steatorrhea
g) Vitamin D lack
aa) Dietary
bh) Diarrhea
cc) Steatorrhea
dd) Absence of bile and pancreatic yuice
ee) Phytin content of diet
{f) Impamed formation m shin
ge) Increased threshold for effect
2) Phosphorus
a) Dietary lack
b) Change m pH of mtestinal contents
¢} Drarrhet
d) Formation of msoluble complexes
(Ca Sr Be Pb Fe Al)
I Evcess Evcretion of Caletum and/or Phosphorus
1) Renal disease <e not
a) Gllomerulo tubular (pathogenesis of bone disease
clear)

b) Tubular
) aa) Increased phosphate excretion (phosphate 1

betes) with or without glycosuria .
bb) Fancom svndrome (phosphaturia glycosur

amno-actduna)
cc) Renal acrdosis (phosphiaturry haluriz defectne

brcarbonate absorbtion [?])
c) Acdosts
d)} Idiopathic hypercaleria
2) Lactation and pregnancy

IV Ovscure
1) Vitamm D ntoacation
2) Tumor ceils m marrow spices
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Folis T co not thmk so Do you know Dr Park  Has there ever
Deen amy effort made chneally to stmulate osteoclastic re orption? Of
course the bones are 1n 1 deminerahzed state 1 1t 15 The condition ap
parently 1s not leadmg to any excessive destruction (steopetrosts 1 really
the only disease the onlv generahized disease n the human with which we
are fanubiar m which this situation seems to hold However one can and
does produce this same picture 1n certaln peues for instince mn the rat
as the result of either estrogen therapy ° or cortisone therapy The rat
15 a peculiar ammal 1n those two instances and no other species that I
Lnow of responds 1n ths way

Shorr  How related 15 1t to the situatson 1n the bird
Foltis TIn the bird?

Shorr Yes durmg the period when birds merease the density of thewr
bones?

Foliis Well vou see this 1s bone which 1s already formed There s
no new formation at least as we nterpret it 1n marble bone disease
Evervthing that 1s formed 1s normal but none of 1t 1s destroyed

Albright  Ts the mugue or 15 1t characterstic to have osteomalacia with
osteapetrosis?

Follis Patients with osteopetrosis have vatying degrees of richets and
T think this probably 1s related to the varvin, degree of 1nvolvement Some
indrviduals af parently are able to destroy bone m part

Rerfensteon What 15 the effect of mncreased caluum mtahe on the osteo
malacix component of osteopetrosis?

Kramer e showed healing of the rachitic proces

Tollis T should think 1f you could merease the take so that the m
dividual did not have to worry about the lack of breakdown then he could
80 1nto positive balance

Refensten But you do see cases of osteopetrosis without the osteo
malacra component?

Tolbs 1 have never seen osteapetrosts lustologically without osteo-
malacin or rickets mn children

B Day H G and Folli R H Jr  Skel tal Changes 3 Rats Recewing Estrad ol
¢ ute as Ind cated by H tol g ‘al Stude and Dete mmat o 5 0f Po ¢ Ash Sernm
leum and Phosphatase E docr [ 28 83 (1941)

' Foils R H
Effect of
7 TR H e Fffect of Coxt ne on Gowng B ¢ of the Kat Po Sor
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Fig 58 Marble Bone Disease (Osteopetrosts) and Richets

A—Costochondral yunctim showmng marked deformitv as a_result of nickets aM
greatly increa ed dens ty m the haft B—Higher power magmfication of A show:\ﬁ
wncreased density of the shaft and three materials ostend borders (o} bane {r
steocytes) and cartilage matrix (¢f

Bartter Is thns a purely listological observation or do the € gﬂl‘ﬂ“
have the serum abnormalities that go with osteomalacta and richets
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Framer O yes Thev have a moderately low calonm and a very low
rho phorus

Robimsan Y hat about the phosrhatise

Fram r 1 do ot remember off hand

Unst ‘The serum alka'me phosphatase level ts normal
Follis 1 do not know

Cutwar T the adolt form of o teopetross  the strum cal smm and -
morgame phesphite levels are wsually within normal Jumts and the serum
alhlime phosphata e lerel usualh 1 also tugh normd € cu'y moderately
elevated  In some instances there may be 4 shght hut aj } wrenthy sigmficant
increase m serum acid phosphitase acksssty as vet unexplamed

Aramer  Ts that the generalized picture?
Gutmn  Yes with multile bore irvolvement

Fngel How do you deternune that the bone of nrirhle bone di ea e1s
normal hone?

Follis Tt just looks normal  We mght as well stop now wd as we
wdiated Lefore mabke st plun a am that alth o gh we are lookng down
the mt ryseope and thisk we are 1 a position to make the finaf deussion
the changes that we see arc really vers gross ones Obvion ly there are
changes which are gomn,, on lnng tefore one begins to e astea d bike that

n T, ure 38 and before one begins to see evidl nce of excessne destruction
I am certun

Shore My question 13 thus  can the turn over ot bme silts and osteod
tissue going on normally i bone be attrihuted entirely tn osteoblashe

osteotla te activtty or to processes which do not involie the action ot these
cells *

Follis My own persmal feehng i that o teaclasts are nat the onhy
mode of 1ore destruction  osteohlasts de troy bone just w wdll There s
@ balance between constructive and destructine acivsty predhally by the
same cell VWha regulates that halanee I da not know Lt vou sce 1
somewhat analogous swwwtian 1 osteagene 15 waperfecty wlere the asteo
blast does not make anv matnix In that di ease there 1s pler v of cartilage
matx impregnated with tnorgane matenal but there 15 no bone matrix
on that cartilyge matnis framework

eS8 an T § Gatman T B and Gutwan % B Theory and Appl cation of the
Fn.m Acd  Phsihata ¢ I terrmation 1n \letastass g Prostatic Caronoma
arly Effect of La tranon J Urol 48 47 (1997)
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Park T thmh it 1s worth pomtmg out that 1 marble bone disease fra
tures occur very commonh and when these trabeculae are fractured o
see a great deal of evidence of bone destruction

Folhs There 1s another sty four dollar question A smmlar situatio
15 found 1 osteogenests imperfecta s soon a fracture occurs heabn
1s seen The osteoblasts normally cinnot mahe matrx but as soon as ther
15 fracture they are perfectly able to make an excessive amount so c
so that somettmes one may think there 1s a bone tumor present

Aramer There 1s evidence that the bone m marble bone disease 15 dif
ferent from the bone of normal children of the same age

Foll:s However there 1s one pomt wiich I think you have to reals
when vou say that Your chemical analy es of marble bone are mcludine
considerable wmount of cartilige matrnix impregnated with organic ma
terials

Aramer That 1s true but we took preces of bone from different part
of the long bone and 1lso from different parts of the flat bones and I hae
the analyses—

Follis  And the analy es are different from ordinary rachitic bone?
Kramer No they are very much hike ordinary rachitic bone

Folhs Of course smce the patients have richets
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Folis 1donot know That 1» hard to say

To answer Dr Albright s question too Dr Copp showed us two years
ago the depo 1tion of radicactive calemm i rachitic bone and demonstrated
that it went very raprdly right through the osteod borders <o I do not
see why 1t cannot come out alse

Newman  As a matter ot fact the radiocalerum did come out It went
mbut 1t dud not stay

Folhs That 15 might 0 that would answer Dr Albnights question
I think we pornted that out at the time s a matter of fact

DISTUTBANCFS IN ABSORPTION AND FXCKETION OF MINFRALS

Now as Dr Howard indicated 1 lus presentation at this conference
we hase to constder those conditions m which there are disturbances
the ab orption of calcium and/or phosphorus nd abo those sttuations 1n
which there 15 an excessive excretion of cilaum and phosphorus (Table
NAVI) e have placed i this table al o two obscure conditions (v itammn
D intoxscation and tumor cells i marrow spaccs) and I hoje we can get
a little discusston about them at the end of the session I do not think it
1s nece ary to go mto all of these conditions with disturbances 1n the ab
sarption of caleum which I thmk were referred to in large part pre
viously ¥ d> want to sav something abcut rickets as one sees 1t chmically
and at autopsy and to 1y a word 1bout vitamin D Ve shall not take
up m detarl any ot these sitwations wiich have t do with phosphorus
saveone I thought 1t might be mteresting to show you an example of what
18 probably conditioned phosphorus defictency 1n association with lead
ingestion m children

Tor the last few year Dr Park and I have Leen carrying out a study
of the meudence of richets at autopsy Ti,ure 59 summarizes our results
to date on a large series ¢ f autopsies at varying ace periods up to 14
sears Richets begins very early at least there 15 microscopic evi
dence of 1t we have seen lesions as early as the second week The meidence
Tises hit a peak about the exghth menth and then begns to fall But one
finds nucroscop 1c evidence of rickets m the sense of asteord borders such
as m the section I showed of the hve vear old child (Figure 56) even
as late as the fourteenth year of life These children of course have var
1ous dneases which in some mstances do seem to affect the development
of rickets

olhs R H Jr Jackson D Eliot M M and Park E A  Pre alence of
R|ckc;s i )Chlldr:n Between Two and Fou teen Years of Age 4 J D Chld



210 FIFTH CONFERENCE ON METABOLIC INTERRELATIONS

Armstrong Do you have any sdea how Jong would be required for
rickets to develop beginmng with the status of the sheleton which daes
not extibit these h tological abnormalities ?

Follis As I have said we have seen 1t as early 11t nfancy as the thr
teenth or fourteenth dav

Fark You might just point out that vou have never seen it m nesborn
bibres

Follis \We have never ween 1t n newborns or in stillborns 1 this coun
trv Of course 1t has been described at birth 1n China

4rmstrong  So a short period of 1llness might contribute very signfi
cantly to rickets

THE RELATIUNSHIP OF GROWTH AND DIETARY RICKETS

Stearns Do you have the hustory of the growth and feedg of the e
babies? I ashed that Dr Follis because Dr Park will remember back
m the thirttes that when Dr Elliot looked over our x ravs of the normal
infants that we had been studving she declared that all of those with rapd
growth had rickets Ve had the data on the blood values and or their
retention values and if richets 1s a disturbance of mmeral metabolism
they could not have had rukets but merely were growing verv rapuly
I think those < ravs and the data went all over the country and the findl
consenstty eemed to be that for Dr Elliots Grade B rickets you had to
know the history and that otherwise the 1rregularities might be due merely
to rapid growth 1f the child was very well fed and growing ver) rapidly

Follis 1 thmk that ss an mmportant pornt and one we haye already md:
cated In order to have bone di ease at least many of thece diseases 0n¢
has to have growth Tor mstance one does not see changes at the cartilage
shaft junction 1n the older child becau e the child has stopped growing one
does se= evidence morphologically 1n the shaft which one would not see
i the x rav  Ruchets has to he present—and I hope vou will say somethng
about this Dr Park—in fairly severe degree hustologically before 3t mam
fests 1tself radrologicalle

Stearns  But apparently <ome chan.es which stmulate those of ncl\tt;
do mamfe ¢ themselves radiologically m the healthy very rapidly growing
baby who has lugh nuneral stores

Parl I think the x ray method of diagnosing rickets 1s extraordmarihs
fallactous both ways dont you agree Dr Follis»



FOLLIS n

RICKETS IN 1533 AUTOPSIES

a0 P JOHNS HOPKINS HOSPITAL
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Fig 59 The Incidence of Tickets at Autop y m the Johns Hophms
Hosputal Serics

The ¢ finlings are d cu sed m d tail el ewhere

Tollis T would rather hve you 15 1 chmesan say thit

Park Y ou cannot recogmze fichets as Dr Follss by sud unfess 1t has
undergonie a very consideralle degree of development all sorts of vana
tions 1 the outlines of the ends of the hones wre seen in the X ray_which
simulate the changes that take place m rickets T think that Dr Lilots
criteria probably do not hold Dr Stearns

Tollis

Of course we see the opposite as I tlunk vou tndicated Dr
Stearns

H cluldren who mught be expeeted to show nickets from their
dietary lustory do not grow they do not show nichets In a group of m
diduals  who spent most of their hives in the hospita) and 1 whom we
hnew the vitamm D ke or hnew thit the vitamn defimtels bhad not
been admimistered we have scen tase m whih althou h there had been

Tolls P [T fe Parl F A and Jachson D The Pelati nhp of Vtam 1 D
Adma tat o 1o the frevalence o) Fickets Ubs v ef at Aut py Duriig tie furst
Tso Years of Life § 11 John Hoghns Hop tobepubt hd
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no vtamun D grven rickets was not present as one nught have expected
it tobe Many ot such indviduals did have evidence of growth arrest that
15 we could tell under the microscope that the proliferatne activty of the
cartilage had decreased

THE RELATIONSHIP OF VITAMIN D INTARE AND DIETARY RICKRETS

Dr Park and I have been particularly interested m studving a relatnels
small group (although 1t 1s now over a hundred) of children whose vitamin
D mtake was known becatse 1t had been admustered 1n the hospital In
our senes of cluldren who receted no vitamm D aud then came to the
hospital and recerved vitanun D for varying periods we can see the de
velopment of Muller s sign i the costachondral junctions and get some
1dea as to the effectneness of the treatment

Figure 604 15 from a six month old culd who recerved 1000 umts of
vitamin D duly for nine days  The pomnt which has impressed s ts the
variability of the reaction Such an impression fits i very miceh with
the varations m aleum absorption which Dr McCance mentioned earher
at this Conference and probably with the vanations m the vitamn Dre
sponsiveness of the mdnidual There are ali gradations m the way m
which a gnen indntlual reacts to vitamm D and the possiiity ext ts
as 1 pointed out to Dr McCance m a prnate discussion that there mav
be some mdrviduals who probably will behave much Iihe rats (and be agreed
that there were many indiduals who behaved Iike rats!) as far as ther
metabultsm of calelum and phosphorus was concerned In other words
there may be people who ueed very httle vitammn D and therefore are
Iihe rats and there may he others who need much more sitammn D an
fall into the vitamin D resistant richets greup

Figure 60B shows another example of the healing effect that 15 apparent
after 25 days m a chuld 18 months old who receved 2200 umts of vitamid
D datly for that period of time It 15 itere ting that the heahng 1 Jut
beginning to mamfest itself in the \ ravs and not m the chmcal ‘(ira\s
but 1 the postmortem x ravs taken of the hone after ifs remosal from
i b, Wha cam el vup Shaee breling affetts 2 grent many davs earlier
Tistalogically than we can detect them chntally It tahes about three \;eel\s‘
does 1t not Dr Park for the changes to smfest themseles m the chica
% rays?

Pgrk That 1 nght

Follis 1 am certain that we can prck them up 1n much
cally

fess trme hrstologt
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Fig 60 The Lffect of Vitamun D Therapy on Dietary Rickets
Cluldren
~B ne secton from a 1xm ntt old nfa tt atd for 9 day with 1000 unts of

witamin D pe day B—P 1e sect on from 1 15 m ath old ctill teated £ 25 davs
With 2% umits of vitam 1 D rer d y

Park  Tbehere Dr lollis that vou hue te take mnto consideration the
dosage of vitamin D \Wth enormons dosages T thuk we have seen healing
m seven day  VWith about 1200 units ot vitamun D as cod liver o1l we
quite regularly observed 1t about the twenty first day

Follis There are certain stuations as you ohsiously must have thought
hout during previous distussions of this Comference which may lead to
defects m vitanun D alsorption  one of these of course 1s con,emtal
obstruction of the lile ducts Treure 61 15 from = five month old 1

-
~



214 FIFTH CONFLRENCE ON METABOLIC INTERRELATIONS

who recerved daily 2200 umts of vitamm D for all of its bfe You an
see that thit was not enough as one mught have expected to protect it
igamnst the development of rickets

Of course one finds exactly the same situation 1n fibrocystic discase of
the pancreas Such indniduals are not absorbing vitamun D and they prob-
ablv are losing more caleium 1n the stools because of the excessne fat
which 1s present

THE RETATIONSHIP OF LEAD POISONING AND PICKETS

We have had 60 0dd cases of lead punsommyg m chidren at autopst
I do not know why only Baltrmore seems to hve lead ponsomng It
farrly prevalent still because virtually not a Summer goes by without our
having at least one case of lead porsoming at autopsy Figure 62A 1 from
a 24 month old chid showing mrked rachitic changes much more than
1s usual for this age There 15 also 1n exce sne amount of matrrx m
pregnated with morganic materals which Dr Park descrihed * as youall
know a number of years a50 1s a peculianty of lead powsomng In many
cases there 1s richets as well Our theory 1 that lead m the stool combines
with phosphorus to form an msoluble phosphate Tlns may Jerd to 2 low
phosphorus type of rickets Unfortunately we do not have anv metabolic
studies Perhapy Dr kramer has

Armstrong  Ts 1t possible that an amount of fead could be mgested "hﬁh
would bind significant amounts of phosphorus?® This 15 incomprek
to me

Follis  These children have a very large quantity of lead im theu
testines

Armstrong  Yes but thinking of the amount of alumnum hvdroxde
that hts to be given to do this—

it

Foltis 1 just threw that 1dea 1 as a posstbility I do not hnow ho
to explain the richets The children with Jead poisonmg fave a much fughes
madence of rickets than the population as a whole It 1s one of the few
diseases 1 which there seems to be some relation to the presence of rul\efz
1 the ofder chufd There 15 another peculiar situation and mavbe Dr {'ﬂ
will say something about 1t virtually all ot the children with Jead pmsf: mv
who came to antopsy die sn the Summer Thew lead poisoning at autops
at least has a dstinct seasanal vanation

Irmstrong This might be explamed by the source of their lead

E A kson D Goodwin
Grfe:}g Bones P{:f'luced by Lead Their Character tics Cause
part 1n the Bone and Differentsation J Pedwt 3 765 (1933)

X Ray Shadows 1
T C and hadyy 1. X Roy Stabits
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Fig 62 Rickets m a Two Year Old Cluld Dyng of Lead Encephaiitis

A—Co tochondral junction showing rickets whuch 1s acute and very severe fo: ',';.'?
age B— Lead lme zone whih 15 composed of impregnated cartiiage matr:
bone both m excess Note large o teacla ts

that the caletfrability of such hones wm zutro was much less than that of
control bones with richers and the chances are that lead affects the cat;[
fiability of the matrix directly bestdes having some effect on the mtestin
tract
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Folus  Possibly The only pont agamst this 15 that you see nichets
1n only about half of the cases

Sobel  But you have very small concentrations of lead 1n most of vour
cases

Folus 1 do not have the shehtest idea of how much lcad these cinldren
ingest Mavbe you have an estimate Dr Park of how much lead 1
mgested?

Park 1 do not hnow Butit1s a very common occurrence with a haby
w'0 has been accustomed to eat pamt to take an \ ray picture of the abdo
men and find 1t just filled with the shadows wiich are ¢ist by the pamt
This 15 one method used sometimes to recognize pamt ngestion

Follis 1 do not know whether vou see much lead posoning 1n Fngland
Dr MiCance I recall a couple of reports I have noted m the English
literature

MeCaree  What about the hsdney function® What s the level of erum
Thosphorus 1n the e chuldren? Bv amv chance do they have renal richet *

Harrson No the Jevel of serum phosphorus 1 not strilangly reduced
nor are there any changes 1n the level of serum ealoum  The patients do
bave consistent disturbances 1 renal function mamfested by albuminuna
occastonally by some mieroscopic red cells by casts m the urine and some
times by glycosurna But 3f phosphatuna 1 a prollem 1t does not mamfest
stself by a reduction of the level of serum phosphorus

WeCance 1 should expect the serum phosphorus to be ra ed  That ts
what kappens 1n renal sichets

Tollis In these individuals who have 1ad posonin,—and this 1s nega
the evidence of course—there 1s nothing 1 the hdnevs ti tologically
with the exception of meluston bodies

MeCance T am astonshed that you should he able to see lead rado
togicafly 1 the abdomen

Fas Tluoroscopy 1s a favorite way to how 1t in the Harmet Lane
Home of the Johns Horhuns Ho pital 1s 1t not #

DPnrk 1 am not certamn that the shadows ate cast entirels by the lead
* hrarer are there othier products in pant which would be radio
opaque?

pyagiman § S Jv fysramuclear Inclyst o Bod es 1n the K dney and Liver Cavsed
930)

¥ Lead Pasonmg B 1f foh s Hopkms Hosp 58 384 (1
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Harrison  There are othcr substances present besides lead and sery
often the children m,est plaster along with thetr lead and of course the
caleium sulfate casts a very strong shadow

Bartter How many mulliequivalents of lead might you find 1 the whole
grstromntestinal tract of one of these patients Dr Follis?

Folhis 1 cannot answer that Can vou Dr Harnson® How mam mil
liequnvalents of lend might you find 1n the pastromnte tmal tract

Harrison T will tell vou the answer to that m six months There 15 no
answer at the moment

Butler In a child who has recently mgested pamt the x ray shows
little flakes of opaque matenal scattered throughout the bowel I cannot
imagine that these would amount to a great deal of Jead and I duubt
whether the amount would interfere with the absorptton of phosphorus
from the intestme

Shorr  Are these children excreting phosphorus i the urme?

Butler They do not have any renal disease that results in any elevation
of the nenprotein mtrogen or the phosphorus levels m the serum

Harrison  And the serum phospharus levels are not reduced

Follis The trouble 15 of course that these children are admutted with
convulstons and are usually dead m 48 hours (af they are gong to die}
therefore 1t 15 somewhat difficult—isnt that true Dr Harnson?—to do
metabolic studies on them

Harnson Yes that s ight

Butler  Yes 1f they have acute encephahitis But on the other hand,
vou have patients with mild or chronic cases of lead pasoning

Tolhis Then thes do not come to my department of pathology '

Shorr Dr Harrison I would just hike to add with respect to the {xh)::
stbility that 1t 1s the mgestion of the Jead that dnverts the phosphorus ot
unless you have a patient who 1s receiving so much phosphate bmder] "
there 15 no excretion of phosphorus from the urine you can expect at :‘l‘e
on the basis of alummum gel experiments that they wiil remam m pa;lmn
phosphorus balance  You can reduce the urinart phosphorus T]'(;‘" e
from 1000 mg to 200 or 100 mg per 24 hours and the patient w1 e
m positive ptosphorus balance I would therefore questton ery
the diverston you are achieving through the gastromtestimal tract



FOLLIS N9
Folhs  How about the excretion? Have you studied that?
Harrison  In the stool?
Follis No in the urine as was suggested
Hernson: No we have not

Rubin On this same pomt 3t might be well to bear sn mmnd that 1 ex
perimental lead porsoning the transport of Jead 15 trom the intestinal tract
to the soft tscue primarihy the liver within a nnitter of hours and from
there 1o the marrow in the hone over the pertod of the nest few days so
that one would be suspieious 1 thi situation of a direct effect of lead at
the location that you are considering

Follis But this problem concerns chuldren who have been eating lead
for several months

Rubin Exactly [hss 15 just the stuation 1 wiich vou would expect
10 find most of the Jead 1n the bones

Fols Yis of course The scasonal madence 1s very mteresting and
as | suggested may be related s Dr Sobel said to the exces 1ve absorp
tion of lead whith may take place

Sobel No T sud something else  Vitwnun D rasses the blood level on
agwen intake not as a result ¢ ab orption

Fu ts Not due to ab orption®

06 I fhus can happen even when you do not hve fead m the diet
when there 15 lead 1n the bones

You may have read the brok b Ellswarth 1n which he describes 1 dnry
account of the activities of some shipwreched sulors i the Arctic Who
er wrote that diary was a very good chimetan  The men were cating from
U0 eans (which in those dns were sealed with lead) and they were
fetting along weil until along came the six month long day The sulors
“ent out and sunned themselves and for a time felt very good  But the
hanst wites Our Jov did not tst long because we soon came down
¥t the ribies and what not which the ships doctor diagnosed as lead
poisoning The source was not far to seeh because the satlors holed the
fn cans which were lead sealed 1 the pot  Dut the question 15 why did
the fead Powsonung become apparent duning or after the sunshine It 1»
I imterpretation that since the men were trradiated at that time rather
mtensiuely the endo,enous vitamm D formed by the sunslne r ed the
blood lead level we hnow that the arculating blaxd lead concentration and
the toxicrty eem to be related T 3200
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Follis You mean there was no additronal ingestion?
Sobdd At that pomt the mgestion did not suddenly change

Follis Have vou experimental evidence that when there 15 no ingestion
of lead vitamin D raises the blood lead concentration?

Sobel  Yes We have not published that portion of our studies but
we did the others Vitammn D raises the level quite considerably as 2
unatter of fact

Rubin The clmical symptoms are associated with the shift of the lead
from the bone to the soft ti sues This soft tissue and neural fiation of
Tead appears to precede the development of the encephalopathy

Follis That 1s not what kills the e children The brain lesions kil them

Sobel  As far as the madence of lead potsoning 1s concerned I thinh
vou would see more everywhere 1f vou took the trouble to look for st 1
remember when we werc mtensnvely domg lead tmvestigations there were
many cases When you do not look for them there appear to be no cases
or they are difficult to find

Follis Tt does make us wonder why we see so much 1 Paltimore and
nobody elsewhere seems to see nearly as much at least at autopsy

Harrison  These children come from homes that have not been pated
for about twents years

Shorr  But they play about the neighborhood
Harnson  The parents may pamt the cribs
Rubin It 15 mteresting that twenty years 1go people were using lead

paints on the interior of houses i Balfumore

Butler The high mudence may he becawse your houses have not been

I3
panted for twents vears and hence the pamnt that the children are chewng
1n those houses 15 old pamt

Follis You can still buy new pamt in Baltimore
3
Butler Yes but the very good white lead pamt that was o ed m thos
days 15 no longer obtamable
Follis A state law was pa sed but the legisfators had to rescind st

1 tred all over he®

Sobel Dr Butler when my children were vounZ o Shere hould

York to find pant that was lead free  While theoretical
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have been such pants 1 could not get any  Later when we were pamnting
fences we found some white casemn pamt but it was not satr factory
Finally we were forced to u e lead pamnt

Follis It 15 mteresting as Dr Parl has pointed out to me that the
eidence of lead posoning mereases 2t the time the incisors 1ppear

Unst Dr Tolbs evactly nhat 1s the lesion at the costochondral junction
w lead porsoning?

Follis In the uncomplicated cases m the cases 1n which there 15 no
nchets there 15 an extremely dense depo ition of matrix ympregnated with
margamc matenial covered by bone {Figure 62By

Butler Yhat1 the s rum alkalne phosphatase tevel m lead possoming®

Fols Dr Harmson do you know?

Harnison 1 cannot tell you offhand My recollection 15 that the level &
not elevated

Butler  That 1s my recollection  The towic effect might stop the cellufar
activity

Follis 1t 1s not a toxic effect hecau ¢ these pitients are able to make
bone matrix  The osteord mdicates that that matrx apparently has been
deposited or appeared there during the period when they have Leen ingest
mg the lead

Lutl r ‘Then wouldn t you expect to have the serum alhahne phasphitase
level elevated ?

Follis 1 would imagme so
Butler T would too and yet T do not recalt 1t
Harrison 1 do not remember the figures

Folfis Unless there 1s some effect of lead 1on on the phosphatase r¢
actiots 1n the blood such as berylium extubits 22 21tro Do you hnow any
thing about that Dr Gutman?

Cttman No

Henneman  Pot oming of the athalme phosphatase actmity rmght pro
duce the hustological apperrince of rickets

Tolhs In 1o How da vou potson alkaline phosphatase?

Henneman  Ther 15 a recently de cobed®  syndrome of  hypophos

Tathbu n |
pliben 1< (uolgperhoshata i A New Dewtopmensat An ity A J
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phatisia m which the serum calelum and phosphorus levels are normal
the bones are osteomalicic and the alkalne phosphatase content of the
blood the bones nd the mtestime 15 marhedly reduced

Follis Yes 1 am fanular with this report That situation 1s of tn
known etiology T hnow of no way and 1f anyone does T would be mter
ested m hearmg of 1t m which vou can mictnate alhaline phosphatase
1 o Dosvou Dr Gutman?

Cutman No except that mn ridum porsoning the serum athalme pho
phatase level may be low apparently as « result of mactrvation of osteo
blasts

Parl. There 1s reason to think that there 1s 1n hereditary factor m the
c1ses of  hypophesphatasia

Bartter Dr Tollis have vou not suggested that lead niv suppress fhe
Akaline phosphatase actrvity ?

Tollis T i not make that suggestion 1o Please do not put that one
down for me

Henneman But of 1t 1s true that these children with fead mgestion
have normal serum caleum and phosphorus leels and do not have an
elevated alhaline phosphatase level then the possibility exists that lead may
prodiice osteomalacra via porsomng of the alkaline phosphatase

Follis True 1f there are enough studies on stch cases as these with
tickets in which the phosphatase 1» normal

Sobel I think that m lead richets you are dealm, with the mzam\,almr{l
af the local matrix just as with strontsum or bervlimm rickets® 7 3%

3Sobel A E Goldiarb A R ani Framer B § &
Respective Role of the Lu§al Factor and of Vitamun D 1n Healing Proc S

t
Bixl and Med 31 869 (1934)
ble Rickets 1T

2 Sobel A E Goldfarb A R and hramer B Studies of Incural
Role of the Local Factor and of Viosterol m the ¥athuneness of Rickets Due to

I 1 J B! Chm 108 395 (1935)
St AT Colen Tngury to the Calrify
0 (1935)

tud es of Incurabl mcké!‘f,‘;

* Sbel A E Colien J and hramer B The Nature of the
ng I(CItcham m 1 Prekets Due to Strontwm Biock nt J 29 264
+Sohel A E Cohen J and Kramer B Phosphatase Actiity and
in Strontium T ichets B0 hem J 28 2646 (1935)

Sobel A L Goldenberg H and Hanch A  Calaificatio
Slro?mum and Magnesium Iins on Calaficati n In ¥ 1t o Froc Soc
ed T8 716 (1951) o
: Sobel A E_ The Local Factor s Cal ificat on TP°4\S MACY COVFER
ONWETAbOLIC INTEPPELATIONS 2 113 143 (1950) e

NS
: Studee _on the Local Factor of Calaificaton TT
o N EE OV T BSLIE TVTERREL 1170%S 4 113 1% (197

Cal 1fi ats 8

Tnflgence of
E e eeper Bl and



FOLLIS 223

that the con§ton 15 not pece arly due o the remo al of the nte tnal
phosphate The calc fy  nelzx  n s njureliocally so that at the us al
humoral conttons of cale ficato one loes 1ot get the same degree of
n neral zat on

Fol s 1t seem tom alttle stra ge that n ases of Jead po onng
we do not see far nore r chets 11 we do

Sob 1 Ths1sbecau e the ley ecof mact atonof the Lo al Factor
I studed that ear ago wthout jull ! notle i d os— notasg ent
nleadjo onng s nstrontun orbr Il mr kets Tu  defn ely doe
occur  That f we a tempted to cale f 7 ro the racht bones of
anmal! fed leal they would not cal f a readl asthe nor al r ht
bone nlcatng that the calcfyng po er of ul lealaffetelral tc
bo s s not as goad as that of the  ual type of racl t ¢ bones

Egl Thelealcold onfete wth caleun for the ;ro d b tance
andcombne vttt ntead

Folls Trelutst Itlere lead fl sarea It has leenslown to be
Ire ent chem cal y

Sobcl  Ju't the fact tiat tlere s leal n tle area doe not alter the
s taton  fact tmerel provestleposs] ty

Tolls Petlar the lead can suhs  te forcil un D Ne anla
told me that uran mcans | tt tefortvo al v atons Itma letfat
ldalocans  ttute for tho cacun atons

Vew @ Iveuldgues tmust becwn  ts olarge
Seb ! That s n the final crystal 1 t Tefore —
Tolls Noth sonthe rfaccoftlecr tal

Sob! Inthe talproe of cal fiaton ntle cartlae natrx f
lead conlines tf the ane spot that calcum t 11 go tecin  erfere
fosonenea re at least comparat el w th the degree of alc ficato

Tol  Yes lut tlulatn gitnotnece arlyg ejoutlel tolo, al
P tureof rchets Tlebone ould lemncralzed bt two Idte plunb
fird n tead of calc fied

Solel Yesandno I tle case of stron um rcket wl dl McCollun
or g nally reported *® stront um comb nes w th tl e mats < b talso t pre
S‘Sdhpley PG PakT A MCoumEYV Smm d N andKoney E M
™ g on Expe menal R kes XX Effecs of S on um Admn a on on the
Qoo 3 S wue of the G own, Bones Bu  Jo s H pk i Hosp 33216
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vents the dep of eolesum phosph Thuy McCollums obtawned m
curable nichets  Strontrum 13 an extreme cise but with fead you nught
have 2 anld exumyte of the same phenomenon

Handler  Dr Sobel 35 suggesting that st 1s 1 cutabtic spot oitto which
the lead fally a spot which 15 supposed to 1ake care of thomands of cal
cums  Once the lead gets on st does niot came off and ane lead therefore
comgpetes with thousands of clerums

Fofhis  The hstological picture 15 shown m Ergure 628 Just beneath
the cartifage there 18 2 verv very dense band (Dr Parks fead hne )
which vou see an ¥ rays  Thes 1s composed of cartilage matrn which
apparentls s tmpregnated with civium and phosphorus carbonate awt
probably feid surrounded by a dense zone of bone and excessive nunibers
of mant cells (osteoctastsy whick ees to be nrore or Jess impotent as far
a> thewr bemng able to destroy this area 18 concerned and so st persnts
This to some extent resembles the picture I could show vou (sf there were
no gant cells) whirh locks hhe marble bone disease m a ghven wea Once
vou exanune & few fields under the microscope von beg to e the gt
cells and then vou haow that you are dealing with lead posouag Ve
have found cises at autopsy that were not suspected chnscally

Unst Are these foregn body mant ceffs osteoclasts?

Follis T hane no way of differentatimy betweent the two  They are not
phgocvtic although there 1 one i Figure 621 that seems to have placed ity
arms around o spreule wineh nught mdicate that st 15 phagocy tie

INCREASED ENCRETION OF MINERALS WITH RENAL DISEASE

‘The last group of sstuations {Table S N\VI) m which there 15 mereased
excretion 55 uswally 1ssoutted vith rendl dissase I do not think Ihme
to spend mittch time on these possibilities 1 which there 55 glomerular
pulular disemse of vinmg degrees  Fust there i glomerufar and/or
tubular diserse and then primavh tubular disease which my be retated to
excesmve phesphate excreon and posably to screased renstance {0 i
an D In nddion fherc 15 fhe Fancont syndrome {end whieh 1 banw
vou are 2fl famibar) and renat acidoss The possibiiity that thes fﬂ:c!‘
conditton may be relatedd to defectne brcarbonate absorption recenth ;:
been dhiscussed 8 Then there are the cises m alts which Dr Albrg ;
and Dr Regfenstem * described of whopatfuc fnpescaletusia Lasth

Renat Actdon af
d Barturd F I Idiopathe Hyperchiorem ¢ o
Tt e o Snfatum)  Obssrsation c Site amd Dature of L
Duart 7 34t 38 285 (1050
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would like to s1y a word about vitamm D mtoxwation and the presence
of tumor cells 1n marrow spaces

In chronic glomerular nephnitis m children and 1n adults one runs into
excessive amounts of osteord and hence we helese that the terms  renil
richets or renal osteomalacia  are justifitble ones The cause for
this ost oid 1 not clear The patients have deranged serum concentrations
of calcum and phosphorus as vou know with a decrese n caleum and
an merea e 1n phosphorts hut it 15 very very difficult to know which
serum has calcifiable properties and which has not Through the kindness
of Dr Howard and lus assocrates we have been able to study by m ifro
calaificition tl e properties of certain pephritic sera You do not hnow at
a given concentration of caluum and/or phosphorus whether veu are go
mg to get caletfication of the rachitic tibia or not  Figure 634 1s from a
child three years old dying of chronic renal msufhctency with sirtually
pure richets There are all gradations from this picture all the way to that
of cluldren or adults such as Dr Albnight has described  who have
primary exces e destruction or osteitss fibrost 11 hat are the factors that
regulate the type of hone mvolvement e think the duration perhaps and
the degree of renal msufhuency are mmportant although it 1s extremely
difficult to Le certan because chemical studies are not available

Butler How about age®

Follts Y ou mean as to whether 1t occurs more freguently 11 the younger
children?

Butler Yes

Follis 1 thwk that 15 an important factor as we have pomnted out ©
vou do ee osteord more frequently m the younger growing child There
agamn the renal nsufficiency may not have been pre ent very long But
ane d es sec o teaud 11 the adult as well ! so th1t osteomalacia 1s certamnly
present 1 wsociation with renal di ease  Fi ure 63P 1 from a child I
think four or five vears old who has had edemi and evidence of chrome
nephritss for 1 vear and a half 1n addition to the osteord you hegim to see
evidences of ostertis fibrosa

Henneman  Is there osteomalacra there too?

Follis As T sud m 2dditon to osteitss fihrosa there 15 rickets as well
or 1f you prefer the term o teomalicia as well

H Jr Real Rchet and O testis F !
I ” JM “’ g n st o7 ;93 (ZS estis F bro a 1n Ch I en and Adolescents

H Jr and Jadl A Rena] O t 1
" Adull Buil I'1 s Hopks ;lln.\'r 7273 (1943) oo ahacaad Otet Fibroa
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Fig 63 Ruckets i Chaldren with Chrone Nephritis

z osteord from a five year eld mrl dviny, with chrom prelr
ears duration chnwally  f~Trab cule shawm~ (stear
vng of chrone glemerulanephrie  that was of at Teast
0durazmn Noe the beg nmng dacas of astetss fhtasa {arrn} i the

1-~Trabecula shown
nephritss that wa  of one
from a four year old gl 3
30 yeass
trabeculy

Fioure 04 shows that there may be excesste osteord s the adult 1f
bone Irsions are present m adults I would 1y that the osteris fibrosa
comes at a Itee stage than does the osteomalaua *

Cutman Does the oatestss fibrasa imphy i perparathy rodism®

Folls  \\e use the term ostertis fibrosa to men mucroscoy e evidence of

excessive destruction
Gutman But vou do not 1mply tht there s excessive seerction of part

thyvord hormone
Follis  No o tetrs fibrosn mmphes 3 conmdumble amonat of bope
destruction which may be a socated with 2 number of reascns ot cai s

Gutman  Mav T ask one rather sithy question® Ts nchets as <een by

the pathologs t an entity or 15 1t 1 syndrome?

Folis It 1s etremely dufficult to define nichets  Some people 1 thirk
would hike to define rickets (afthough I do not particularh wont 10} as &
Jefeutne munerahzation or a defectne depostion of morgame materals
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Fig 64 Zone of Osteord m the Vertebra of an Adult Dving wath
Chrome Nephritis

as a result of defective dietary intake of caluum or pho phorus or vita
min D 1 flunk 1t 1s mpossible to distingwish microscopically evidence as
to what factors (such as we have been discussing here} may have led to
the condition so nny defimtion of rickets 1 as we have mdicated that itrs
it a state of defectne deposition of morgame mnterals m cartilage
md o bene matrix from any one of the possibihities that we have s
cussed (Table \\VI) At Jeast vou cinnot tell the e conditions apart
under the mucroscope  Would vou Dr Parh cire to comment on that
pant for Dr Gutman?

Tark T tlunk that exacthy what vou have <ard sound  tisfactory to me

Putlir 1 would agree with vour dehmtion but I would Like to add one
powt You talked gbout rend! pickets as wrwing frow the derangement af
the serum calctum and morgame phosphorus levels T would Iike to uggest
that the mam factor in cawsin, remal rickets m chrome nephrits 1s not
perhaps the change n the serum calerm and morganic phosphorus level
Tut 1s the aad ms T make that statement because of the fact that you find
rem! richets m chuldren who have no decrease of the serum caleum level
and no marhed decrea ¢ of the serum morganic phosphorus level Tut who
d hue chiromc acdost  You can correct the actJasis and all of the rickets
het
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Follis 1 put naadosis Dr Butler as a special heading 1n Table \\ VI
mamhy for Dr Retfensten but I see that I have added 1t for vou too

THE RELATIONSHIP OF VITAMIN B INTONICATION AND RICRETS

T think 1t was three vears ago  that we brought up the questton of vita
munn D mtosication and pointed out to tins group as others had indicated
m the lterature that hypervitummoss D s assouated with nichets If you
gne enough witamn D you do not produce changes m the cartilage but
you can produce an excessne amount of osteoid m the metaplhsis (Tig
ure 6>) This osteord appears m the f1ce of high concentrations of caleum
and phosphorus 1 the serum It seemed somewhat pecubiar when we began
to study st and 1t stll does this mornmg 2s far as I am concerned
Dr Harnison has done some citrate determustations on some of our expen
mental ammals and finds I thmk that there 15 no rise —

Harrison \o there 15 an elesation There ts always 1 Inpercitraticemet
with vita wn D mtovication w humnns as well 1s in rats

Fig 65 Netaphyats from a Rat Treated with a Large Amount af

Vitamm D
The section 15 undecalcified and stained with silver nitrate to brine out the wide zone
of ote w

Cartilage
Tofl of Essential Nuteients and T rmoncs o5
1ndF\B}‘(‘:umR H,,{J\rb 1“;1“") uz’ge\rFRE\(L‘ O\ MET 1BOL:iC INTTRALLE

TR
TIONS 2 221 257 (19:0)
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Folis  Rut that would not lead vou to suspect that the calam was
bemng bound m any way

Harrison Mo The nise i serum otrate concentration 15 not sufhuent
to account for the findings

Follis  In other words the possibiity arose thit in the presence of
these lugh concentrations of calelum and phosphorus the ealcum phos
phorus nuht be bound m the serum m some soluble form and could not
depo 1t n the matnix I so 1t 1s pecuhar that caloum phosphate does
precipitate 1n the hidneys and 1 certun arers—the heart and other t sues
—but does not i the matrix apparently  The question may also be rused
Iv there amything unusual about the osteord m vitammn D intoxication® |
think Dr McLen made that suggestion severa] years ago  We have found
that you can calafy ths osteord 1f you use normal <erum and leave the
slices of osteod m 1t long enou, b

Armstrong s st possible that Dr Engel s mucopolysacthartde 1s present
1n the blood »

Follis 1 reseut n the blond? I do not hnow
tripstrong Or m the hadney ?

Fugel T think that one would assume at lest from a speculative tand
point that the matri¢ here 1s altered that ats caleum hinding capaaty 3
reduced nd that the caleum son spill into the serum et sou e
show by u ing the nomoram that at 15 po sible to Jower the calaum 1on
concentration of hone matrix wlule the calemm son concentration of other
ssue s elesated  Thas would be conducive 1o walafication such 1s ocetirs
m the heart

Toltis Tersonally I think o teoid formation 1s due to a direct stimult
ton by vitanan D lecau e you can get it on 4 Dw caloum and low phes
phorus diet

Rolison s you thnk that the rows of «steobla ts in Tigure 65 mean
that there 15 new o teord ?

Loibs 1 think st 15 undoubtedly new ostemd becm e it actuath forms
mh i the metaphva  where growth 1 taking place You do not get
nearly 1s much down in the haft

Unist \re these the Lones of clhildren? How old 1s the patient?
Tollis Oh thi patientisatout 1 O-gram rat  [Laughter]

Stearns  In France and Belum apparentls 15 mg tamn D cap ules
are <old acro  the counter as good for whatever arls vou They are bou, bt
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by the fumlies of suck chuldren and T hase seen some of the % 1135 of sich
clildren  Some of them have had as many dady as two or three of the
capsules orver 2 period of a few months Thu 15 veatly  very farge prob
lem One e s had 20 deaths from these cpsules withes 1 yewr Altof
the pabents showed a consistent ¥ ray prttern They had a very heavy
dense bd of ealerficaion that resmnded me of the Bismth hmes we ysed
t6 see 1n bones of children Lut the osstfication of the crtidige centers was
grenth delwed and the hone growth 1o was retarded

Follis  The cartilagimous bone growth s these ammals certaunhy was
wterfered with

Sebel  Specahtiely we mmv antroduce another concept Dixon s
demonstrated the presence of 1 atric 1ad system m ostead 1 One of
Nicoflavsens co workers this summer gave 1 paper *~Dr Neustan and
Dr hrmer were there—m which lie sud that ssvmm D directls stume
lates aitrac aexd production sn bone  If we combine these two facts stis
posstble the vitamn D causes an sncrewsed production of atrate focilly
1 the bone uad ths presents the proper depostion of munerals  The oitrate
would cause decalosfieation night in the bene and 1t would not manifest
stsetl 1t the Blood to the same degree m other words the loeal effects of
the utrate could cause the pivture rither than the systematic roncentrations
of the ctrate throughout the body fhnds

THE RRLATIONSHIP OF LEUKPMI4 AND RICKAETS

Felfis YWe are gettmg a httle behind and Dr Armstron, probably 13
becoming worned so let us proceed

One sees abo some pecthanties mohang excessne amounts of bone
smatue withont morganic matenal 1 certun diseases and osteord forma
yion 1 these condhittons 1s ~ process the mechamsm of winch 12 unknown
Digure 66 happens to be leukenua m a chuld Dr Park and T m a stads
of feuhent i chuldrenn ® have been mmpressed by the excessne amount
of osteowd winch may be seen We do not know how to explasn st 1 d2

sPixon T F and Pectuns H F Carse And and Bone Metabol m Biock 11 7
52 260 (1823
a\eolaysen R The Interachon of Viamn D a
crum Absorption Remarks on the Mode of Action of
the 2nd Internatnal Congress of Biochemt trv Sy mpos
g e Murphot Basis

d Pak F A  Some Observations on the Vurpiof fic

e e Changes . Cintdbood Leshema Cull Hest Jont D
12/2 67 (1951}

nd the Frdogenous Factor n Caf
Viamm D Peeseoted before
wm on Fat Sofuble V damins
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Fig 66 O teod Borders nlong a Trabecula from a Child with
Lymphtic Leuhema

The find gs are d cu sed 13 detal ef ewhere

not thhk the ¢ 15 anv point m stopping longer than to cnll your attention
to thus phenomenon

Shorr  \vhen you say excessive osteord do you mean the same thing as
dimnsshed caleum deposition?

Iolhs Yes Figure 6615 ricket Lut I do not know how this condition
was jroduced In some of these cses the mdividuals have recened large
or farly large quantities of vitanun D and still showed this condition 1
the bone I thunl that the calaum and phosphorus metabohsm should be
studicd 10 case of leukemia in chifdren D> vou have any data on that
Dr DButler?

Puwtlr No

Folhs Of cour e ane sees excessive rarefaction but why the excessine
asteord maternal also?

Cutman Ivpercalienna occurs 1 some cases of acute leukerua n chil
dren and may be quite marked (12 to 15 mg per 100 ¢ m some of our
cases)  Onc sees evidence of bone rarefaction m roentgenograms of the
bones mn acute leukemia in children particularly the so called juxta-ept
physcal zone of rrefaction

Follis You see rarefaction and then zones of increased density which
are wreas as Dr Park and 1 pointed out a vear or so ago where iractures
have tahen [lace 3
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Park In several ca es at Harnet Lane Home Dr Follis serunt cal
clum and pha phorus determmations were dote and po abnormahties m
the levels were found

Folliy You v ould expect to find hypercalctana m the presence of feu
hensr As I have idicated before m certun cases there ss evidence of
esces tve destruction  In feuhemm particufarly in clufdren ave finds three
sttation m bune 1) ope mas see osteord 2) one may see excessne
destrietion or 3) one may hnd that the bone seems fo have melted anay
You cannot discover amy fur tologucal eswdence for what s happeruny,
the Jast vitetatton except that the bone just 15 not there

Arquicr  There 15 pertostial penetration

Gutman I beliese acute Jeuhemna 35 one of the impostans can es of
Invpereateenma i children Howerer I have not epcauntered g precakenna
m the few vases of Jeuhenna m adults that T hase resteq

Lartier  In Ligure 66 1 nt there really vers Lttle richets?

Follis It1 v conssderabie amonnt for tlus age

Bartter e tenths of that bone 1 quste normal 1 1t not?

ol Yes [Fhe season that I have presented Figure 66 15 ta stimulate
nterest m findin, out how the hone leston 1% produced  how 1t comes ahout
partseularhy of there 1s #vees sve destrunion md morgame matertals are
bemg hberated

Harreson  Here agam you may have the lactor of abpormal metabolisy
of the cell 1n closc contact with sour bone matry

Tofhs  Yes \le suggested once ten vears 1go when Dr Pars and §
were reporting this series * 2 that the leukenuc celly may be steabng the m
argate materials getbng hokl of them lefore they conld reach the matnx

Harr san Ot the letkemnc celfs mwy be changtn,, the conditinns localls
s0 that the factars imvolied in the deposiion of cilcrum m the mmtrix are
altered or whuinted

Jollis Yes o a5 another mstance of the compleitie 1y 3t not D
Netnn that we have to consider i these meetin,s?

Veuman 1 hive been wandering because of the smular morpholegs
of the fbroblasts the osteoblasts and the osteaclists whether or not we
base an these cells a structural form that (s cather undufferenterted ;\nd(
has a good deat of adaptability an terms of ats metaholic gadmats ,-u;
ahat not that 1f the oxygen tension i altered ats metabolic pathaats shift



FOLLIS 233

<o that in one case the cell will put ont a considerable quantits of atnic acid
and m another case 1t will put out alkalt or some such material—

Folis Or Versene

Newman Yes Versene perhaps that 15 a good suggestion This phe
nomenon 15 seen 1n tissue culture work We tned for a long time to get
fiysue cultures of ostechlasts thev would be very useful preparations to
study DBut 1f we obtained a tissue culture that originally contatned osteo
hla ts the osteoblasts either did not grow n which case they remam osteo
blasts or if they did grow they became hbroblasts

Shorr  Does amvone know how well oxigenated this crude bone mar
row 15> You may have a local audosts

Tolis T do not have the shhtest wdea

Rolmson If vou had a fracture with a pece of necrotic bone mn it
which disappeared without cellular activity you could make a critical ob
servation

Folty 1 do not know as T will show you

Rolmson 1 mean 1f vou are considering chemmcal dissolution of bone
without cellular actisity

Follis Tt may be that the leuhenuc cells themselves have some mecha
msm for destroying bore

Henneman The rapid uptake of phosphate by the leukemue cells might
cause a low phosphate richet

Follis That s what we suggested” based on some work which was
done by Lawrence and the Cahforma group  twelve or {ourteen years ago

Hennenan Tt the leuhennc cells tooh up an excessive amount of phos
phorus resulting in focal hone acaleification the calcrum would be free to
enter the serum and produce hypercaliema

Tollis Ve must get this straight We do not think that the presence
of osteord ndicates that something has been withdrawn Instead we be
Leve that something has not been depusited sn the matrix winch has been
formed

THE RFLATIONSHIP OT OTHFR TUMORS AND RICKETS

One sees a similar pucture s various tumors Tigure 67 1y from a car

Lawrence J H Tuul LW _ Scott K G _and Con r C L. tud s on
Nejl ns with A of Rad oactive Posploru [ The Tot | Phu ph)rus \etabol sm
of Normal and Leukemic Mice J Cln I esttgatios 19 (7 (1H40)
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Fig 67 Ostemd (Non Calaified Matrry) i the Vertebral Rody an the
Kegton of Metastatic Carcinoma Cells (Breast)

Th arrous whicate the o teo d

coma ot the breast which has metastasized and the matrre which 15
formed m the presence of these tumor cells docs not ke mor,an ¢ ma
terial in 1t You could sav as T thmk Dr McLean nught say that this abo
15 matres which 15 not ready phystologically tor the depositton of worgan
mteral  This vouldd he trite but we ¢annot prose (s one way or the
other

Urist It also may be that the matres 1s wcompletely calcified rather

than wcilafied  \re the ¢ ections of decalafied bone?

Folhs  Parnally deciloshied at least by our method  We have controlfed
1t with nondecalosied materid  Tigure 67 mdicates as f2r 1s sther mirate
L0t a complete ab ence of ctufication m an undecalerfied steton

Lngel Dr Tolls vhen you av that the matrix does not hnve the min
eral m 3t do vou mean that it does not conmam caloum phnsphate of do
you mean that 1t 15 detoul of catrons

Folis No! I do not thunk 1t 15 devoid of morganic maternd but st t

desord of the nom al complement of inor ante materrt wlich 1s necessan
3 you want to call 1t bone Carthage which is uncalufied contnns calaum
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adploplort |t trelt elylovco etrata taloc ta sd
andotl r organcmateral Th spralnll tr eof teod too There
are all degrces of morgan ¢ impregnat on of cartla e and Lone matr
The clem t w1l tell you tl e opt nal asl content s—what st ~—about 65
per cent?

hra cr e

Ctha Tlat sttleran  qortr tio t Dr ajpe ¥ eranils
2 0 tessome casage Istudesonticre alt s cofratsg ¢ para
tiyro 1lor anca 1 realletoshov ot hrl Vo te 1ts eaal ¢
anlby n croncne atontecd q es 1 tthecale mco tentof tiea ed
N lnev nay be ery consderll n reased tefore i ¢ le demonstrate [
tyord ary tanng nettod o 1 v Tie njlcaton sthatn o
cilcum may be pre ent mtte f m of so ¢ n onzelcale  proten or
atler conplex or whaeer ounav attocll ¢ a [not nafn
wlch takesthe sler tanorewntev alzed  ro ntgenogran  Tle
ab ence of calcum Iy e ta notect que wl 1 eord arl regarl
a nl a ny the yresence of cale m (Dr Toll's correet! po nts out that
the e wre reall phosplate tans) loes mot nean that no e m  jre ent

Tolls 1 agree perfect! Sler tn ) tner tlattiere en h
norgn enateraltogv 1retto  thite tan It fru ctat

@ ¢an otinosteadt aqlzse Ho cer o ngetcartd ge a |

tfal ntw neatl ¢someyearsa tlat o ¢ lerea n
cs gc enmta of alku anlylaojlorn a o g rxt tle
arcaof pro o alcl fiaton

The Pathogenes s of Oste ts Fibrosa

TABLE XAvIl
The Fttoo ne s of Otet T brosa

1) Act seere n ton
Acd s (local )
3) Praar 1 perparatl ¢ dsn
4) Seconlar 1 perparatl 1 1s
3 on a e cal ani/or tlogt v )

S H pertt rod
() logetsd cae
7y T orcell nmarro ¢ t

{M elona leuken a ¢ar nom and o fortt)

D ue N S ganC andPappenern A M T C
Chd e Re e T n e Y e e
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Fig 69 Osteitts Tibrosa from a 17 Year Old Adolescent Child wath
Chromc Renal Insufficiency

This 1s an mstance of pra tically pure o teitts fbro a without exces e osteord

Follis Yes some can be noted 1n Figure 728
Shorr  Are the o teoblasts common or rare?

Folis  Oh thev are fairly common This condition 1s furly easy to
detect Ve now have some 20 cases that we have studied at atetopsy miost
of them an th  pre thiouracil period

Shorr  What 1s the ratio of the first tvpe with osteopoross to the total
madence of bone ivolhvement?

Follis Well a number of < rav studies have been crried out in which
1 do not think 1t was more than 10 per cent even le <

Shorr No I meant in your pathological matersal
Folly T thh that le s than half of them had osteaporo 15
Shorr And not the picture of Figure 72A7

Follis The tllustration I showed m Figure 72A of the excesshe de truc
tron was from our worst case hut we have many others Iike 1t though not
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Fig 70 Chrome 1 enat Diserse 1 an \duit

ared w th

the clear ¢ 1y 1 sertion B {—V estebral bene from the same patient

throa

B—Parathyrai) gland (sam magufea

Nt

1N rrval parathyro d gland of an adult
Bnas n 1) ot a aduls dyiig ¢f chrai g meralar nehnt s to be con

that o f

hoving oste t

Almo t every ca ¢ of active haperthsroidism shows evidence

of mcreasel de tructim of bone

<0 extreme

vou showed two typical pictures one

Sherr  \\lat I meant was this
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was the picture of osteoporosis nd the other was the ucture of osteo
fibrosis W\ fuch 15 more common ®

Tollis Ostestis fibrosa that ss under the nuseroscope These mibdualy
do Bave sheletal mamfestattons chmcally Thes may complamn of bick
pan they may have spontaneous fractures It 1s probabh well hnowa to
you that von Reckhnghausen m his monograph™ descrshed  osteomaliers
m 2 case of Basedow s disease so thiy bone dusorder hrs been hnown for
sixty veors  There 15 very little concernng the fustologier! changes n the
American litertture however One also sees m some of these cues Dr
Sharr evidence of osteonsilacrt as vou sight expect

Robinson  Isat typeal to e the 1reas of bone resarption 11 the center
of the trbeculie?

Teolhs  “tou see this 1 primary hyperparathyrodism  The arews e
not fecessardy 1wy s m the center but the cases of secondary fnperpara
thraidisin which I showed you had the areas of resorption 1n the center
of the trabeculae as the result of reval disease These are just mamfesta
tions of extreme abnormalittes m calenm and phosphorus metabolism
Unfortunatel; we do not hme any determumations m our thvrond serses
of the levels of calamm and phosphorus 15 the serum  In over 20 cases
we have only one \ ray m which 1t 1 anterectsng that Jeukemia was con
stdered becruse the bones were rarefied

Retfenstean. Dr Follis 1s there 1 defference i the appearance of the
parathyroid glands i these two different tyvpes of hyperthyroudise the
ane with bone destruction and the one with osteoporosss as the predomuant
feston?

Tollis Unloriunately we do not have enough parathirosd ghnds to
study 50 I cannot mswer your question

Albright How about the mcrease 1 osteosd on 2 physiological has?
Professor | Erdheim used to mention two catnes for wde ovteond strps
on the surfnces of the trabeculae 1) fardure of calounm to be depossted
in the osteord nd 2) such rapid osteord formatson that cakaficatsen doey
not heep quite abreast of it One sees the fatter wm ostoitss fibrosa gen
erahisata whether due to haperparathy rodism or renal msufficency

Tollis Y ou should not see osteord 2t this age vou really should not
see anty osteowd m an adult 30 or 40 vears oid  In our contro! cases {peaple
who h1ve died 1n acadents nd so forth) yoss do not encounter this amount
of osteotd You do not see 1t s alf cases of hypertinrosdisty De Alhn, ht

ot Deformeng O testis O teomalaa and O te
2 Reckhnghiasen T & Tibrosss efo O teis, @ teomates ot Oy

plastic Carciomatosis m thess Mutual Pelations



Fig 71 Osteoporosis and Hyperthy roidism

1 Nonal vertebra of an adult B—Ve tebra + ath osteoporos s (same magn
on) fanad ltdyng thiyperthyrod sm

THE RELATIONSHIP OF PAGET S DISFASE AND OSTEITIS FIBROSA

Anotler situation i whch there 1s excessive destruction «f bore 13
Paget  disea e (osteitis deformans) 1 think Dr Albnght ant Dr Re:
fentein  have justfication for saving that Pagets disea e 1s primarily
1 hse1 e of 1one destruction Tigure 734\ 1s a very earh instince You
coull n ¢ determ ne from th  ection whether 1t 15 Fagets d case or ju t
i ttle licunae w th osteof lusts from on e other cause  You have to exam ne
more aliance] cases mn wheh tle evilence 1s very much more marhed

hstel qucally for examyle uch as i Frgure 738 m which there 15 ex
ce s e densty

THE RELATIONSHIP OF MULTIPLE M3 FLOMA AND OSTFITIS FIBROSA
Another interestn g question s tht  TTow 1s bone destroyed when enoge

Wefenten T C J ard Albrght T P gets Dseae It Patho gc Phys
of &y and the Importance of Ths in the Complcatons A ng from lract ¢ awl
Im oblzton Net L yo #J Med 231 33 (194)
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Fig 72 O teats Fibrosa and Hyperthrodt m

4~Bane secuon with extreme osteitr fibrosy m an mdnadual dying waith severe
hypesthyrotdise B—Higher power magmfication 0f 4 showeng osterilastic reactn

ttous or new celly are found m the marrow # Tigure 74 18 mstance of
multrple myeloma of the phsma el type  There does seems ta be evideme
of active destruction m other words there are osteochsts with counectine
tissue for ome reasan It Joohs as though the bene 15 Lemg vaten away
I do not e how you cxn sy that there 1s pressure smade the bone  The
usstie 15 1> foose as vou could want and m the bone the plasma cell do
ot appear to be produoing pressure  What they are dong to the mitntion
of the bone as i the case of feuherma we do not hnow
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Fig 73 O tutrs Librost ard Hyporthy rosdism

1P ne ectt n fr m early st of Tspers d s e howig beg g tru bot
o bene trabeculs #—E me et 7 fron lte Ma ¢ of Papets diwsse b w pg marhed
(«ta  nooumbee and ize of trabeculie

In myeloma 1,0m we ee o tend borders We do not see than m all
of the ct e anl unfortumaten we s not 1ave seruny calonnm and phoss
phorous determmations Al of our cases s that we have ny wav of
< vrelating, e pre ency or 3t ence of these o tewrd Worders m multiple
melom with the nnneral Jovel mthe erum

Ho ard 1 that wath or withont remat s uffisency » Does ot have any
connectin with ol insufficency

Folfis fhete T ¢s not cem tr he ditectatle renal m ufficieney~ant
Py diteettle fanean ans il or other Goslence

THE RFTATIONSRIL OF SARCONX §1S AND O TFITIS TIEROSY

Th te 1= one other condisen [ ws bt disns sarcenlo o 1 bope there
willhe ome omment alrutat Wed not ko w where to {lace sarcoutums
and 1t was not wcluderd m ather of the two dhs shations which we have
pre eated 1 2 ccrtam pereentige o cwes of sarertdd iy there v x tay
o uce 1 hone dsase m the formof hitle frcn T trieton pretcularh
1 the g the finger amd d e toes
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Fig 74 Ostettrs Fibrosa and Multiple My eloma

Note the area resembling osteitis hibrosa along the cdge of the trabecufa which
appears to wdicate actne boae destruction

In a series of 48 cases of sarcordosts which we have connrmed histologt
callh we found that there were 32 whase extremmties had been < raved
In these 32 only 4 showed x ray Ic tons which we 2ccept as typreal of
sarcordo 15 Howenver 1n sarcordosts there are disturbances of ¢aluum and
phosphorus metabolismn (cale um particularly)  Of these 48 cases of
sarcordosts that were proved histologicallh & had serum calcsum vafues
above 115 mg per 100 cc \lost of the cases that had hspercalcenua
showed evidence ot calaiication of the hidneys by x ray However there
was 0o evidence of wvolvement of bane by \ ray That makes the preture
even more complicated What 1s going on mn sarcordosis what role the
sheleton plays in the hypercalcenna to me at least 1s not very clear Ore
wauld expect that the by percaloenn represented exees>ne bone destruc
tion but yon cannot find the evidence for thrs In 15 autopsted cases we
have founl only one m which there was extensne sarcoid tissue m the
sheleton Unfortunately as far as I know no myestigator ever has exam
ned the lesions of the hand and fect m sarcordosts hstologreally to deter
rune whether sarcord tissue 1s producing the changes

Tius 3s all T have ta say Dr Armstrong I wm sorry that it has tiken

so long
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THE PROBLEYM OF PARATHYROID ACTIVITY IN THE
FIRST YEAR OR SO QF LIFE

ROBERT A McCANCE

T rom the Department of Evpernmental Vedione
Ut crsity of Combridge Cambrrdge Englond

trmstrong  Dr Metlarce 15 going to continge onr discsston 1 would
irhe to have Jum tell vou bout a new dicease ocourring m miants affecting
the prraty roid gands

Yvidence for Decreased Parethyroad Funcuon at Burth

YeConce  There are observations {rom a rawnber of sources that sug
gest that some aspects of pirathyrosd activsty are Jow at and soon after
tavth We have the absence or vurtusd abser o of phosphate from the unne
of the newbarn * and the ease wath winch the cerum phosphate level can
be raed 1y the admuustratin of phosphates ¥ Ladence of o cumlas
stture has been colleeted by other wmuests stors sterested i tetans of the
newbors 7 The fall m the serum catorum fenel wiuch s thought to be
the cause of the nearolo, real b per exestabiny v explamed Iy most sosests
gators as secondan b the et the serum phosphate level whugh geelf ts
behered to be due to an mrake generalic trom cows mrh greater than
can he depasited in the hones or eltranated thraugh the kadney when para
shavresd fanction v neghigible

There appears to be evidence  that 1o these cases with a hugh serum
phosphorus fevel the parutnrmd show histologreal si.n of over actnatv
and ths has been veparded 16 an attenipt on the part of these ghinds to
yedduce sufficsent famtiomal wetiuty to mamtasn the serum phosphorus

3 \ltCawcc R A anfPock M A v Tie Tuatable Sadsy gft Acmona
mib thr nath erc e v Young Fafant 4 K F7s Chedd _ %00 {1949)

u%ax)u A B OF thgeney  f Tetanv ot NevBws dm J D ChM 54U
Cadir T 1 Naclachlaw I N Peh W Tery M 1 m! Buﬂrr AN
Endagetate aTiam {Need | oalefam F o3 sa2R(

Cwrman 13 ntPoc J B I floene t Dh2on e Oc uee e i"\'ix
phwphat mua avd Hhpwal ¢ 3 n e Neshor dnfant £ dofws B 9 (I

Gardnr £ 1 Tetwny and Iirnh\tml Hyperpla 3 n the \ v barn ln(am In
Ruence of u etany P ph te Load 58 833 (195
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concentrition within normal hants  Snelling %7 has suggested that th
Tise m serum phosphorus Jesel soon 1fter birth may be due m some cve
to a disturbance 1n renal function assocrated with nitrogen retention an
not therefore to parathyvroid under activity

If we constder the serum calcium level it the newborn there 15 normalh
according to Bahwin 2 a fall soon after birth from the high levels usuall
found i cord serum  Ths 15 attributed to the rise m the serum phosphoru
concentratron which usually takes plice about the same time but m adul
ty poparathy rodism by perphosphatemia 3s not alwass the sule althoug!
hypocalcemia 15 one of the most constant nd characteristic features of thi
condition  Except duning the first few dav of life the serum ealetum leve
of the child 15 not normally befow that of dults vet the serum phosphora:
1s usually above the adult level Are we to suppose that the parathyroud:
are at this ime functiomng as they do in dult hfe?

A Syndrome Hypercalcemsa 1n the Infant

1 have presented these facts and constderations as a bachground to the
mterestig cases of patholo,tcally high serum calaium values observed m
the first year of hfe A number of these patients have been described m
England recently by Lightwood of St Mary s Hospital and by Pavne of
Great Ormond Street Hospital and ne hnve ourseles harl the chance of
imestigating & case of Dr Gairdners at Cambnd,e Although T helieve
that Lightwood recognized the nature of these cises without help from
the literature I feel certun that the syndrome has heen described before
eg by Pratt Geren and Neuhw er  and by Chown * T suspect more
over that the cases of chironic hypercalcenna ransed bload level mental and
phyvsical retardation and signs of osteosclerosis should he grouped with
tus ssndrome but the e cases are certamnly more complicated and show
differences as welf as simlarttres °

The chmcal feattires of our own case which 15 1 believe a fairly typical
ante have been as follons

37Snellng C E  Disturted hidney Function m the Newborn Infant Associated with
a Decrea ed Calcium Phosphorus Ratio J Ped at 22 550 (1943)

s Pratt B L Geren B B and Neuhauser E B D Hypercalcemna and Tdiopathie
Hyperplasia of the Parathycord Gland 1n an Intant J Pudar 30 388 (1947)

3 Chown B Renal Rickets and Dwarfism 2 Piturtary Di ease B I Surg
23 552 (1936)
2wFancos G Girardet P Schle nger B Butler N

Hyperglycem:a Combined with O teosclero ¢ Hy perazotera Nan sm an
Malformations H 1 ef Paediat Acta 7 314 (1952}

Dhach J _ Cheonc
agd Black ¥ Conpanaal
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The chil zped 8 nonth wio acdwally bas a pormal tw v s tor was
brought to 1 ¢ hosptal © Noverber 1931 becawe she was ot thry ag and \ a5
atways prone 1 v dng Her weght was 15 S & was Dund fo b ve & mod
erate degree nf anzma 3 swall ovant ty of pus o her ur e a d a sfght fever

he ¢ ¢ Wren, it seems alwars ¢ nd m{x const pated a1d th s one Was v excep
tontothe tue Opadmsson 2 chr cal d agnos s of reval3cd 53 aseaterta ned
tut ¢ e hnckem 4 fod gs faled to onfrm tt s mpressom t Table \NVIY
Whie th pat 18 wa the b ontd he vas tremed W th bl mye (o ant
sutforetiaz oe but aftec 2 elarge Je ortnued t

TABLE »AVill
Panent t 1 with Hypercal en a2 The Findings 10 the
Bload Sernn and m the Lrine m Noyember 1951

Blood Serum
Carlaxtd w1de ¢ m ang power 2483407 4
Chior de ipla may W7 g !
Urea 42 5y 10 <
Lrine
pH TR
Speafic or naty after G honrs withowt flind 1015

O th Zhh of Aprl 1957 the t1od ures was { und ¢ have e 0 to 03 me
per 100 ec Fol w o L ghtwond s report it b s cases at 1) ¢ S nderriere meet ng
of fhe Brr f Fedutre \ssociat 5 May tle seram calowm devel of the chid

a det rtaned 230 as § uod 4o be 153 e 300 ¢ and at th s tme the nar
g0 ¢ phocgh s fevel was d Jmg 01 the s prate n 1 trogen euncentraton
wia 55 mg, /100 ¢¢ and the total groten vl wa 74 gm 100 cc Tle eletiror
pharct e pattern § she e5um proten was wif nmwreal oy O the st of

ul o her weglt v sth 150 3 2 Tleuwnewas merte adount mela
somf amamt € po as pefore

In Vagmet 112 o bolnce s was carried ut with grent d feufe
£Talle \NINY a1 the fit Tnsmcbe Hxd the cendr spinad Busd ant

TABLE \AIX
Tatent k1w th Huperealeomss The Mineral
Balwnces i Sugust 1952

t Lerett
_Lome { Teces t T

Batamee

Mineral ' Intate
"

mr th M omas gl ) fg k)

R L VS W

Caluum 14D L 7 S +56>
Magne nm 133 2 73 9 +3s
Hayhors 75 1 7 o |42 | s

L3
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the urine at that tine are given m Table N\ The cluld was placed ona
sery fow calewm diet which abo contamed onh 2 small quantiy of phos
photus and consisted mostl of orange juce {the onls noursshment she
would take apart from mdh} after four davs the abserations shosn m
Table YNNI were made Attention 1 catied to the smafl {all 1 the serum
calonem fevel which may not be signsficant to the fall i the phosphorus
excretion and to the ahsence of any other notenorthy chiange These hnd
gs suggest to me the presence of a normal mechan sm for the parathyrotd
contro} of the phosphate excretton and also perhaps of the serum calewm
level
A monderstely fow caloum diet was mistituted on the 70th of September Tube
feeding was tried n order to mamtan the catorse ntahe but this had to be aban
doued  The caloum n the foad was derved almost exclusively from muk ard

amounted to 20 to 300 mg per day  On thu treatment the clyid smproved chin
cally and became much brighter but her zppatte &k 7ot mprove On the 8th of

TABLE XX

Pagrent K P with Hypercaitemnn  The Findings i the Blood Serutt
the Cerebrospnal Flwd and the Urnine on August 19 1922

Bfood Serum

Caloum 165 mg f100¢c
Magnesrum 302 mg J100ec
Phesphorus 32 my/10e
Urea 540 mg /100:¢
A\thahne phosphatase S 0% Bodansky wts
Serumy proten electsophoretic pattern. Within normal Tots
Cercbraspmat Turd
Calerum 64 g J100 e

Magnessum 318 mg /100 e

Uring

Citrie Aad
Specten |
Specsmen 1T

114 g /1000
143 g /100 e

#Normal fes st for wfants § to 13 Boda by wnts

Determmed by the method of Hargreaves Abrabams and Vickery
specamens

1 2thun the nosmal range for adults

g tno o hovs

of
tHargreaves € A I Abrahams M 0 and Yuchers H B Determmation
Citree i 4 Toomoe Auds dmalat Chest 33 467 (1951)
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TABLE %XXI

Patient K P with Hypercalcerma
A The Findings 1n the Blood Serum and m the Urine after Four Davs
on 1 Very Low Calcum Diet on September 5 1952

Blood Serum

Calerum 143 mg /100 cc
Phosphorus 52 mg /100
Allaline phosphatase 31 Bodanshy wuts
Total protein 72 gm /100 cc
Albumen 51 gim /100 ¢
Globulin 21 g /100 cc
Urine

Calaum 109 mg /24 hr
agnesium 16 g /24 hr
Phosphorus 148 g /24 ir

B The Findings m the Rlood Serum on October 22 1952

Blood Serum

Citrate 23% g /100
Total caleium 137 ang /100 ¢
Ultrafilterable calewm 77 g /100 cc

Well with n the n rmal range for adults

October 1957 ber serum caleym level was 144 me per 100 cc her blond urea
¢ necntration was 37 mg per 100 ec and he allaline phospl atase level was 22
Bdansky u its

Evidence for Increased Parathyrord Function 1n the Syndrome

Most of the English cases have recovered spontancously and our patient
1s still alive so I can pre ent no postmortem evidence as to the state of the
parathyrords  Pratt and hus assocates * found hustologie signs of parathy
rord over actiaty in their case but Chawn made a areful search and could
find no exudence for # the pirathy rowds 10 s c15e were not by pertroplied
Fancom and hes assocrates ¥ removed two parathyrods from therr case by
operation  The glands were about 2 mm 1n dameter the histologic exanu
nation revealed a large number of almost water clenr cells which the au
thors re,arded s a sign of hipertroply  but the removal of the gland
made httle difference to the chinical progress of the patient and I feet
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the interpretation of the histologic findings must be accepted with some
reserve  Most pathologists T suspect hnow very httle after all about the
appearance of normal paiathyroud glands at this age

Should we regard these cases as disorders resulting from parathyrod
gland over actrvity with secondary but usually shght renal smvolvement?
With such 2 high serum calerum level one would expect to find 1 adults
a very low serum phosphorus level and I find 1t difficult to accept ths
degree of remal farlure—as evidenced by the blood urea concentration—
as enough to prevent a fall m serum phosphate level 1f the parathyroids
were over active  Furthermore Fancom and s associates *© gave 25 units
of parathyroid extract to therr ptients and obtained an mmmeduate fall n
the concentration of phosphorus n the serum a rise 1n the excretion of
phosphorus m the urine and a further ncrease 1n the concentration of
calctum mn the serum  We have repeated this procedure and have obtained
sumular result for the serum but no significant change n the hourly output
of phosphorus m the urmme (Table Y\N\II} I beheve that Dr Pawne
and Dr Lightwood have admmstered parathyrowd extract and have ob
served responses similtr to those i the Fancont case 2 ¢ If the parathyroids
are over active one would expect mn some of the e cases to have found
some evidence of this in the bones and hence m the plasma alkahne phos
phatase level unless the parathyroid hormone does not produce lesions it
the bones at this age or m children with a sufficiently high calcrum 1ntake

2

Possible Mech of Pathols Phystology for the

The whole question to me seems very obscure (Table X\\III) 1 feel
we can rule out over activity of the parathyroids due to a tumor but nodt
functional aver actiity of a normal gland The worhers at Great Ormon
Street Hospital and at St Mary s Hospital tend to regard these patrests
as children who (for some reason or other) are abnormally sensitve to
vitamm D but tht 15 a supposition and so far without any proof

We also have considered whether or not these chldren should be chssﬂ-‘:
with the adults who have been shown to have a somewhat similar Chmﬁ’
picture after an excessne mtake of muth # 4 The nulh dnnkefrs”ii:‘;X
have generally been persons who have taken very large quantitres (; da -
Whether this ingestion of athalt has contributed to their trouble T do

and Metabol ¢

Albriht F and Pefenstan E € Jr_ Tie Paratiyrod Glands i s and

3
Bone Discase_ Selectcd Studs s Baliere Tyndall and Cox Lond »
Wilians Co Baltimore (1948) .
\[cQueen E G Calewm Gout and Milk Poi onimg  Lanc ¢ 11 67
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TABLE XXX
Patient Kk P with Hypercalcenma  Posstble Mechanisms

1 Relea e of too much paraths roid hormone due to
a) a tumor
b) functional overactivity of 2 normal ghnd
2 Abnormal sensitivity to vatamun D
3 Excessive absorption of calcum
4 Renal fatlure mvohing retention of calcium
a) because the ludnev for some reason reabsorbs too much
calcium from the glomerular filtrite
b) becau e the krdney 15 unable to mamntain the serum phos
phorus level within normal limits, hence the serum calerum
level falls and the parathyrowds o er react
§ Abnormal metabolism of aitrate or other substance which nught
terfere with calcium metabolism

know but the children certamly have not been over dosed with alkal and
(far from having high plasma bicarbonate levels) some of the Great Or
mond Street patients have had renal acidosis with therefore very low
figures for therr plasma bicarbonate concentration

We have considered also whether or not the primary leston could be (1
the kadnev but 1f so 1t must be a specific cne Jeading to the reabsorption
of more than the usual amount of calctum ) hether thr 1s the case of
not the output of calcum n the urme seems to be quite normal n spite of
the high serum calcium levels for children of thus age on their tsual mtahes
of calcium and hence positive balances are to be expected

Fmally we have considered whether or not the abnormal metabohsm
of atrate or some other such sub tance might be the underlving causé
but we have not thus far found any evidence for this Some chmeans
with whom I have discussed this question are satisfied by the 1dea thzt;
biological steady state has been established m these chldren at an @ A

ormal level of serum caleum This explans the clmeal findings 1
way but does nat constitute a diagnosts s I interpret the term
blem which will

early lfe seems to be a prol
Parathyroid function i early e and

require a good de.l more mvestigation before we can un
fit 1t 1nto 1ts proper place 1 mfant physiology
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Conference Discussion

drmstrong Tharh vou Dr McCance

Folfis Hare these ca es m England had the ather characters tus of the
syadrome that Dancors has desenbed 9 that v have they had alt ot the
abmormihues

VeCanee No The ca e that Schie mnger desenbed—
Tolhs  “Fhat would be Fancoms Ssudrom A¢ 7 Uguess

HeCance 1 am wlang about the cases desenbed by Fancom Crrarda
Schilesinger Butler and Black ¢ °

Sharr D McCance how old ate the e ctuldren?

MeConre I the first vear of hic Our child 05 erghn months ofd and
E think thay ts faiely typreal

Shorr T am just wondering whethes the prablem of renal development
n children might hase somethin, to eontnibute I under tand that the
fadney m the miant 1s far from bemg 2 hednes capalle of taling lond  and
that there as to be progre sise development that 15 actual merphologic
25 wellas foncnionat developuient Is that correct?

WeCuree T know sometinng about the hduey wm mfaney but 1 do not
know angthing abaut 1t whch will explain these findings

KRramer  How shout the glotrerular filtration and reab arption of pho
pharus 25 a po «tble mdication of paratiissord orer wtinaty ?

Futlir T would Ithe to comment on tht o If vou are tryan,, to de
cide whether or not thry 1s exees ne parithyroid actnaty then the way to
dev that 15 to determme what Urawford and Talbot oW} The 7 araiharond
Trdes nunels the vate of the tabular veab orbed pho phorus to the glo
menular filtered phosphorus That would gne you I think a correct ap-
pras al of the paratinrord function of Your patient Then 1 should theak
305 hanldl use suek 2 measure of renal function as ihe urea clearince

McCanee e have dane the urer clerrances
Putl r - And they were what?

UcCance  Thev were below normal when the crum urea level wy
Rty

Lruf i] Olm MALfe Tal ¢ N B Terp M L oand Morr tf

¥ anan vt b ¥ l
" “'XKNVI(I;;;: Y10 dsand Y phorw Nomeatan J Qln § e ser
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Handier  When you have mdications of rena) msuffictency of moderate
degree I do not think vou should rule aut byperparathyroidom  The fact
that the phosphortis concentration 1s normal 1s an mdscatson that the patient
1s still sufficiently able to respond to parathyroid hormone which has low
ered what otherwise would be an elevated plasma phosphate concentraton
0 1 noymat level s mply taning the caleim conceptration

Aramer Although T do not hnaw ahout chuldren of this age m sen
young mtant  the concentration of serum morganic phosphorus 15 tagher
than the vafues vou have gnen and what vou have w this patient mat
represent a substantial decrease below the normal

Butles 1 would doubt that 1t should e tugher at thus age at ewht
months I think a serum morganic phosphorus level of 5 mg per 100 c¢
1s perfectly normal The level 15 elevated to three weeks of life and then
elevated ondy 1f vou are gning a diet that 15 excessnely high mn phosphate

UcCance In reply to your question Dr Handler I thik that the loss
of renal function m this patient 1s secondary to the rige 1 the serum cal
cum becanse mn some cases which Lightwood has observed there has been
caletfication of the kidnevs and the renal function tends to return to notmal
when the serum calaum falls I wonld regard the retention of mtrogen
and the 1bnormal remal function here as being of the type found m vitanim
D over activity

Shorr Does the renal function return to normal 1f there has been renaj
calcinosts or only m thoye ca es m which there has been no renal calomoses

McCance T canuot tell vou

Shorr  One would wysh that that wete the inevitable outcome of renal
calemnosis

VcCance ‘There 15 generally only a nuld degree of renal caltnosts 1
these cases

Shorr  And how d¢monstrated therefore?

VMcCanee I thiek radwlogially
Shorr A mild degree demonstrated ridiologically ?

\f.Cance Well we may differ i our assessment of mild and seh\;i;
T can speak only of our own case i detatl and our case has not s
any sign of renal calemosts radiologicalls
Harrison The unimny atrate studies mterest me In lnperca&ztm:::ﬂj:\c
to vitamun D porsomng the serum citrate levet 1 fugh and ¢ h‘“ e
citrate excrenon 1 mcreased The same finding 18 seen al o 10 hypel
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cemia due to hyperparathyroidismt as was pointed out by Dr Shorr and
as we found alsa 1 2 few cases In thry patient the unniry atrate excre
tion 1 not increased and tuaily the values of 10 to 14 mg per 100 cc
are on the low side of normal

McCance ‘e were using the method of Hargreaves Abrahams and
Vichery *and we were getting good recoveries

Harrnison  The values are n the low normal range on an ordinary mulk
diet The urinary aitrate excretion dees not fit ;n with our hnmted expert
ence m vitamm D posoning or hyperparathyroidism It would be inter
esting to hnow whether or not the calerum 1 bound m somc unusual fashion
50 that ¢ 1s partitioned in an abnormal manner between the protein hound
and the ultrafltrable portions

MeCance We did mea ure the ultrafilterable calaum fraction too and
of course 1t was raised with the total serum caluum level hut the propor
tion of ultrafilterable calcum wa smmlar to that found in normal adults

Harnson How was the ultrafilterition done Dr McCance

UcCame We did it m a small callodion sw under pressure by the
method described by Greenberg and Gunther Ve equiibrated under
CO and oxygen

rmsirong Dr Howard has some cases which will add to the discussion

Horcard 1 do not th 7k that they will although I had hoped the prot
lem would be brought up Thi syndrome which vou have described 15
significant I thunk 1n relation to one of the pomts which I mentioned
the discussion and which T hoped would call forth comment Tlus 1s the
problem posed by tndividuals who hate hyvpercaleeria and normnl serum
1hosphate levels who obsiotsly do not have an absarptive mcrease to ex
plun the hapercalcenma because when vou elrminate the calcum m the
mtahe nd feed them otherwi e a perfectlv normal diet the erum caloum
level dacs not fll appreciably  The ca es thit we hwe <een m whom this
sitmatinn exists are five patients with cancer of the lung twa of whom
had n evidence at postwortemn «r by X rav of Leletal metasta es or rare
fation anl i whom the serum pho phita e Tevel was perfectly normal
We have ob erved I should sy at least half a dezen patient with sar
o1 losts with this same syndrome

I <an one of these infants that you are describing at Great Ormond
Street Hospatal two years ago The professor of pediatrics at Cuy s Hos
j— -

cenberg D M and Cu ther L. On th r)mm-m ton af D fin ‘tle and Non
Dt e Serum Lat am 1 Bof Che o 8 491 (19,
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prtal took me around and showed me a baby whose serum calcium was 16
mg per 100 ¢c and who had all of the other manifestations that you hase
described  The spinal fluid «aloum of this cluld was measured at my sug
gestion and 1t turned out to be quite fugh so that hyperparathyreidism
scemed rather unlikely But 1 do not think that vou could rule out the
estence of a parithyroid adenoma because we have seen mfarcted para
thyroid adenomas which turned themsehves off and temporanlv at least
completely recovered

I do not see where the calaium comes from n hn percalcerma sarcordosts
as I sard 1n my previous remarks 1t seems to me that it must come from the
bone There must be a situation locally at the skeletal level which keeps
the hypercalcemia gomng because when vou eliminate all of the dietary
calaum  the serum cafcum evel does not fall and the hypercalemiria con
tinues  bone 1s the onhy source I can think of that could support the ab-
normal <erum and urinary calcium values for any long penod of time
Some of the sarcordosts cases we have seen hate had renal calemosis and
others have had renal msuffivency but without calcinosis even at post
mortem Dr Follis can tell you about that

Follis  There have been several cases of chromc glomerufar nephritis
assoctated with sarcoidoss

Houard Well chrenic glomerular nephnti ts tore common i sar
cordosis than 1t should be m the popultion at large In the patient at Great
Ormond Street Hospital I suggested the diagnosis of sarcordosts and Dr
Phulip Erans sard there was no evidence for it but he had not done anv
tubercuhn test at that time If that was not negatrie T suppose 308 could
rule sarcoidoss out But the hypercalcemia of <arcoidosts does turn st elf
on and off spontaneously You may see a person with a normal serum
protem level and a calerem value elevated to 15 mg per 100 cc  then he
will suddenly come back with the sarcotdosts apparenthy having stopped
whatever 1t was doing and the serum calcum level will be normal for 2
tme  One of the most drimatic effects that cortisone has is to bring fle
serum calcium level down very promptly to normnl m patrents with sa“
cosdosts  The response may Jist for two weeks or it may hst for wd
manths with a gngle cour e of cortisone How the cortisone worhs I do
not have the shghtest idea but 1t certamh does work for we have seen
1t over and over agam

Follis Then we have studied at least one case 1 which pressously !herle
must have been a sarcordosis because we found the scars of the sarcor
with the Schatmann s hodies and we assumed that probably there Fad hc]eg
a preceding I percalierma with renal m uficiency  The <arcmdusdxs heale
and the mdnidual went on to develop secandary hy perparaths roudssm
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Tremont Smuth  Ts the cerebrospinal fAlwd serum calemm elevated m
sarcotdosts ?

Hovrd  When the serim caloum is At least we hase seen it in our
cases

Tremont Smuth  So thnt scts this di order apart from hyperparathy
rordism?

Honard el unfortunateh the law of hvperparathyrowdism hyvper
caleemua cases having 2 normat spimal flud caleim tevel was broken by Dr
Charles Dunt dunng this past vear when he found 4 patient with proven
hyperparathyrodistn 1 whom the pinal flsd alerum level was elevated

Fremont Smth But a sigle case—

Hotird Tihn s the only one T hnow about None of our patient has
had tins findmg

Butler  Dr \(ance why do son say that the cases such as the one
vou have deseribed re emble those with acidusts ®

VcCance Chmcally thev are mditmguishable
Harrisos Do they have polyuria®

UcCance Yes 1 thuk that they do e measured the caloum lesel in
the cerebirospinal flurd 1n this case and it was 64 mg per 100 cc when the
erum calctum concentrition was 165 mg per 100 cc  In regard to Dr
Howard s question of where the calerum in the serum comes from we must
remember that we did find very large positive batances If these balances
are correct there 1s plenty of caleium being absorbed to muntain the level
1 the serum

Hercard  That may be The brings up mother question  why do para
thyrord adenomas often produce no rarefaction although we hnow that
they have been pre ent and causing hypercaleemit and hypercalaurta for
serrs s thus a farm of adaptation®

But let us return to the syndrome that vcu hse presented Dr VuCance
T thmnk Dr Thibp Isans did this expenment for me while I was 2t the
Creat Ormond Street Hospital but T wall not swear to st from memory
As Trecall st D Tvans pliced the patient for a matter of some days on
a practically zero calaum intthe  (These patients are a {eeding problem
anywny ) The patient was a five year old nadentalh who evidently
h11 had the caluum d every time 4 hap-
pened and who had had memingtts too T mmight sav  The caluum i the
serum remuned elevated (this mas be a protectine mechamem)  therefore
dietary caloum certunh 15 not the pnimary  ource of the hypercalcernta
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MecCance Dont you think it 15 rather curious i the case I reportec
that there should be so hittle calcium n the urine n spite of the very hot
serum clcium level ?

Stearns  The urinary cilerum 1s about three times that found m the
urine of the normal infant of th s age

HcCance 1t 12 I thought that 1t was within the normal range
Butler The serum level 1s about what vou find m hy perparathyroidism
UcCance  The clearince would be very low

Butler The excretion may he high but the clearance low

McCance  We must certamly determune Talbot s ratio 1 was not aware
of the importance of 1t unnl T cime over here and discussed the case with
Dr Talbot 1 had not had the opportumty to read tus book as 1t had ot
reached England when I left

Butler T would like to know whether tius youngstes was brought up
ou breast milk or on cow s mulk m the first months of life

YcCance  On cow s milk

Butler  The reason that T ash this guestion 1s because feedng an mfant
m the first few weeks of life 1 cows milk formuls of average strength
causes increased function of the parathyroids That might start a cham
of events which could lead to persisting prrathyrord over activity

VeCance  Yes

Stearns Dr Butler we have studied some 300 odd babies fed cuv;:
mulk without ever runmng mto the increased serum calcium level after the
first ten davs

Butler T agree You will not find an increse in the serum ca!cxu;n
level perhaps because the serum worganic phosphorus level 1s merensed
but vou may get hypertrophy of the parathyvroid glands

Stearns T do not helieve that the feeding of cow s milk fer s¢ couh:
start such a trun of events a5 this child has shown or we would obser
it very frequently in Amerscan children

Butler  If vou look at the parathyrord glands during autopsies of babses
fed breast milk and of babres fed caw s mulk 1n the neonatal pertod vou
can tell which baby has been fed wiuch type of milk W e assume that t:t
effect on the parathnroids 15 relatively transient Ve know that after the
child 1s about twe weeks of age the parathyroids can accomplish the excre
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tion of the large amounts of phosphate that are bemg mgested % hether
m some children this hyperfunction would start a chain of events that
nught result m transient but persisting parathyrowd over actrvity T would
have no idea

Stearns  But you would not expect to hnd excellent hone mmeralization
1 an infant with defimte hyperparathy roidism

Butler  You nught 1f vou were having 2 large wtake of caloum The
mfant de cribed by Dr McCance was gnen a4 large mtahe 1 point some
thing grams of caleum a day  For an infant that1s T would say a high
caleium miake

Stearns  These children show the same excretion on a low calcum
mtake

Hovard  Did amy of those patients recenve curtisone or ACTH Dr
McCance?

MeCance No 1 do not thimk that they did We have bheen very con
servative 1n our therapy because onr evidence has indicated that these pa
tients recover spontaneoushy and we felt that the proper procedure was to
Tet them do this 1f they could

Houerd T would hesitate to ,ive cortisone in the presence of renal
in ufficency  Incidentalls I am not certamn—how does the Talbot ndex
worh out 10 the presence of renal insufficrency ?

Butler In renal msutnciency you would have an end organ dehait that
would mask. the paraths rad function

Horard  This mdndual obnicush had renal in ubaency

Butler 1 would think that thi patient had 1 very munor amount of renal
1 ufficiency

UcCance Yes Tthink it was of 2 minor degree

Hocard  But the urea mitrogen ran around 50

VcCance  The blood tita not the uninary urea mtrogen

Howr{ Oh the lood urca' The panent of Dr Phiip Frans had

Vhad urea v tues cf S0 ta 100 my, pxr 100 o a much more ersc s renal
defect

UeCance  The e patients have had all vananions and derees »f renal
moliement

Putl v 1f parathvrond hvperaetnaty per 1ots then that of weelf can
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produce the venal dwsease When vou think of the mumber of thuldren who
have comvulsions durng the age period of s1¢ months to seven years and
hence the number of tunes physicrans measure the serum caferur and mor
ganic phosphorus leels then this type of patient munst be very rase

YeCanee  That may be true but f 50 3t 15 remarhable how many have
turned ap 1n the last eighteen months m England

<
Ar 2y danis has been several times mot ouls
the operung presemiation but zba ur the discussion of thrs svideorte 1tk
Br Gutman hias some personal information on sarcodous 19 that correct
Dr Gutman®

Gutran 1 hase ro data of ms own on sarcodosts other than the usast
expenience of encountering distinct by percalecmua without enough x ray
evidence of bone imvohement to explam the elesaton of serum caloum
sausfactoraly  Dr Kiatskm and Dr Gordou™* of Yale recenth hate 1e
viewed thus whole subject but without bemg able to throw much more Iight
on #t They had two cases of sarcoidosis with by peraalcena so closely
sinulating hyperparathy rordiszy that both patients were explored for pars
thyroud tumor none was found In nesther mstance was there snpressne
 ray evidence of sheletal decaleafication The authors speculated about the
ortgm of hypercalceria i sarcordoss and concluded that the exveess calowm
mutst be derved fram the bones despite the paaaity of evidence for this
They posmted out that marked ympurment of rens! function mas occtr 10
this disease wsualh not due fo sarcord granulomas of the hidney {which
are uncommon) but probably secondary to protea ted Iy percelcenna and
sometimes as acrated with nephrotal and stone demon
strable sn x ays  They doubted that the renal lessons are primary or that
tite hypercaleerna s the result of nmparred renal excreton of calemm

Engel D Foihs could vou sav something about the pathology 8f sar
cardasts®

Tollis 1 do not thinh that vour question 15 gerniane to thus discusson
1f you don t nund

Dugef  The reason 1 ashed the guestion 15 that «f connective fissue 2

general 15 rovohed this agun might be an wmstance where s alnbity 18
fundt calomm would be attered  The calerum would then spill out ato the
sertim

Foifts T thenh that such an mterpretation 3 completely sncorrect bt

s Re
thy

shJatskm, €& and Gordon M Penal Compheations of Sarcodos s and Thess
tatwnsheg to Hypercakema  wath 2 Regort of Two Case Stmulating {1 pespars
voudsm Aw J Med  wpresy
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vou sez exactly the same reaction mn generahired carcordows as vou do m
generahized Hodglins and a vartety of diseases As far as [ know sar
codosts 15 the only conditzon which 15 characterized by this pecubanty
You see involvement of the bone marrow and of the bones i Hodghins
disease and m virtually 100 per cent of the cases You do not ee any
abnormality of caleum metabnlism of this degree m Hodghin s disease

Ho ward e have one patient with Hodghin s and hypercakemia

Tolis Oh ves we see an occasional ore with a cilaum distuchance
but none that 1s as marked as i sarcotdosis

McCance Dr Park did vou not say earher that vou had a ca e silar
to the ene I described ?

Park 1 think the child was about ten vears old  Dr Albright remembers
the patient very well mdeed because we asked him to see the uld and
nothing abuormal ever was found except that the calcum was above 15
mg per 100«

MeCance T did not understand that it was uch an old child

Park Dr Albright was of the opinton that 1t was a case of Iy perpira
thvroidism  The child recovered completely

Hocard \\ell chmrcatly the same picture 1s produced and 1s reversible
Youmny hav it with extensive atrophy  uich as you see m polio

Tho ¢ patients with arcordo 1s who have hy percaleem with a normal
proten level act exacthy the same to ultrifiltration as those indiniduals 1
whom we produce | the hnpercalcenn bh mtravenous myection or by add
ng the calelum e zatro In those cases of arcoidosts in which the levels
of the serum protein and the serum cileium are elevated there w still an
elevated ultrafilterable cakium
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THE TRANSPORT OF CALCIUM IN PLASMA

ALEXANDER B GUTMAN

From the Department of Medicine College of Plsicrans and Surgeons
Colwmbia Unversits  and from the Department of Mediine
The Vount Smat Hospital Neo York Mee York

drmstrong I have prepared a Iist of names according to various dis
eases—I do not men to sav that you have the disease! By Dr Gatmans
name I have mielama hvperparathyroidism and Pagets disease  Any
comments on the e?

Gutman 1 have no comments on these topres but I would fike to pre
voke a little more discussion about the transport of calcrun m the plasmi
When Dr Howard talked on this subject at the begmnmg of thus confer
ence he directed most of hts attention toward the ultrafilterable calemm
motety  Perhaps I could goad some of the physical chenusts here into
discus ing more fully that fraction of the plasma calemm which 15 11 com
bination with the plasma protems

The Nature of the Calcum Prote n Complex

We ur uuly spevh of the protemn hound calcium m the plasar as if it were
present as a smgle caletum protemate comples  In all hkelhood however
there are quite as mamy tndissocrated cleium protemates as there are dis
crete protems 1 plasmy and at the last count I wm aware of there were
at least 30 or 40 different mdsidux! protem components of the plasma of
one includes the various spectfic urculating antibodies  Lach one of the e
proteins presumably has a spectfic chemtcal composttion and presumably
has 1ts own caletum protemate dissociation constant  The total plasma non
diffusible calelum morets therefore should be regarded as the summation
of a Iarge number of different protemn calcium complexes whch f indt
vidually considered weuld pre ent 1 vers complex situation mdeed

Arinstrong Dr McLean whatt the name of the worker at Northwest

ern Unnersity who came out with about sixteen different d:sso‘rmlx:n
constants and suggested that your 10— 7 was an algebraic mean of these

VcLean  Irving Rlotz#  He s m the Department of Chemstry

* Rltz T M The Applicat on of the Law of Mass Action to Binding by Protcins
Interactions with Calc um orch Mochem 9 109 (1936)
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Hoard Dr Cutman that 1s 2 well taken pomt and I did not want to
go mto that problem because we find 1t much too complicated

Cutman It 1s possible however to simpify the eituation I believe
1y making certatn liroad generahzations

The Cakium Binding Properties of Plasma Protern Constituents

In normal subjects and in most di exses In far the largest proportion
of the calaum bound to pla ma protems may be assumed to be bound to
albumins since albumins ordinanly constitute some 55 to G0 per cent of
the total plasma proteins and each gram of albunun apparently combimnes|
with <omething of the order of 08 mg of caluum when the total erum
calaum 15 within the normal range however 1 disorders 1 wlich the
sertm albunun fraction 3 markedly reduced for example in the nephrotu
syndrome  this generahization presumably would not apph It also may be
assumcd that the proportion of protem bound caloum 1 combmation with
gamma globulins ordmany 1y very small smnce the gamma Joluhn frac
tion normnily constitutes only some 11 per cent of the total plasma protems
m man and the gamma globulins appear to hind littfe calcium something
of the order of 01 to 02 mg of calcwm per rm of amma globulm
Tn diseases m which there 1s very marked hypergamma, lobulinema haw
ever this may add up to a sy mficant thou,h still smll hgure  Che remaim
der of the non diffusible plasmn calcium fraction sonx I to 2 mg m normal
subjects (as measured bv the usual ull )
15 bound to the alpha and beta glohulins

foard Dr Gatman where did vou ohtan these hyures for the amount
of calewm that 15 bound by each protem fraction of normal serum? Dr
Hophuns of our group attempted to determne the crlaum Linding, values
of protem fractsuns that were sent t us by Dr Calm We ran mto the
mo t number of d uh as lubthts and how much
hpord mixture wa included wuth these protemn fractions Dr Cohn would
send 1 a carefully labeled fraction one month and another the next month
laheled exactly the same 1nd we found totally differcnt quanttative bind
g, of cldamm Ve lecame contu ed lecan e e of the globulins even
Lhund just as omach as the atbunun

The Calcsum Protern Relanonships i Serum

Cutman  T'he figures that I aited we obtuned oursclves by mathematical
anahh 15 of the rehtionslup letween the erum calerum content and the
albunun and ghtuln content «f ¢me 160 ert obtaned from patints
with discases ascouated with sigmbeanth nurea e o decreased flaswma
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protemn levels unaccompanied by primary disturbances m calcm or rhos
phorus metabolism 2#* These consisted chuefly of cases of the nephrotic
syndrome lymphogranuloma venereum and hepatic cirthosts

The regression equation which gave the best fit in these cases was
Total caloum = 085 albumin + 02 globulin I + 70

In this equation fotal calesum 1s expressed n mg per 100 gm serum water The
guantity 083 1s a constant mdicating mg of calium bound per gram of aibw
The quantity 02 15 a constant representing mg of calcium bound per gram of
globulin when the latter protemn 1s present 1n excess of 30 gm of total globulins
(re ths term 15 omtted as nsigmbcant except w cases of marked hypergamma
globulinerma) The quantity ¢ 0 15 2 constant which 1s the sum of two constants
38 = 02 mg of calerum per 100 gm of serum water which represents the dif
fusible (1om ed} calciums fraction that 1s assumed to be tonstant by defimtion
(through exclusion of cases with a primary disorder of calcium tmetabolsm) plus
10 = 03 mg of calcium per 100 gm of serum water which represents what ap
pears to be a relatively constant amount of nor diffusille (non tont ed} calcium
bouad to alpha  nd beta globulms

I hardly need to add that this type of analysis can give only the most gross

of general approximations

More direct approaches to the problem together with the results obtained
with various serum protem fractions were reviewed m 1944 by Green
berg ° Relevant to this discussion 1s the estimate by Drinker Green and
Hastings #*° using the frog heart method for appromating the caloum
10n concentration of 00005 mM of calcrum bound per gram of the horse
euglobuln fraction P, when (CA*+) = 1 mM per kloyram of HO
This serum protem fraction subsequently was shown by Svens<on ** to con
s st electrophoretrcally of gamma globulins The very low figure for ph.
obtamed for this horse serum gamma globulin fraction by Hastings and
his assowiates 15 1n accord with the deductions drawn from the study of
human sera with marked hypergammaglobulinemia ¢ °

Chanutin and lis assoctates % have apphed the uitracentriftige to this

235Gutman A B and Gutman E B Relation of Serum Caleum to Serum Albu
mm and Globulins J Chn Intestigation 16 903 (1937)
farly
200Greenberg D M The Interaction between the Atkah Earth Cations Particul
Calurum a;g Protems Advances m Protein Ch m 1 171 {1944)
50Drmber N Green A A and Hastings A B Equilibria between Calterom ael
Punified Globulins J Biol Chem 131 641 (1939) - Da
ter Dx
s1Svensson H  Fractionation of Serum with Ammomum Sulfate an af
Iysl:" Studied by Electrophore 15 J Biol Chemr 139 805 (1941) . W The
Sund F W_ Studies mn Serum Electrolytes
aﬁ‘go&nﬁng Fraox;)dm; " the Serum Protems (Multiple Myeloma Lymphograns
Toma Venereum and Sarcodosis) J Chn In estigation 27 82 (1918} cat pectern
Chanutin A and Masket A V__ Studes on the Calcum y
;’S:Ils‘txien\;}lﬁp \S'mh thi"uA::l' of the Ultracentrifuge 11 Observat ons on Serum J [
Chem 143 753 (194)
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problem but the resolung power of the ultracentrifuge m respect to the
separation of the plasma proteins 1s limuted \Mureover these i estigators
&id not make studies over a sufficient range of varation 1n plasma protems
to permit relevant conclustans

Tt wotrld seem that this whole problem of the calcium protemn complexes
m plasma should Le explored further particularly now that refatnely
homogeneous flasma protein fractions are avallable IHowever difficultres
due to the rapid decrease i calewum binding properties as the result of
denaturation especially 1n the case of the albumimns and to the Jack of pre
ciston of the avarlable methiods for estimating the concentration of calerum
10ns among other technical problems stdl mahe for uncertainties

Fremont Ssuth s 1t possible that any calaum could be bound to some
substance other than protemn and might therefore be diffusible tf not tomc?

Gutman  There 1s some suggestion I believe that cephaln lands cal
cum I do not know whether that report has ever been cheched

Newmon  Rased on s acdic properties cephihn shonld Lind cafumm

Handler  The amount of cephalin 15 so smll that 1t should be msig
mheant m this regard

Newman  That 1s one aspect and another 1s that I rather doubt w hether
1t would pass through the ultrafilter It 1s probably protem bound

Butler  Dud 1t bother you that m most of the di eases with high total
protem and high total caloum fevel 1t 15 the globulin fraction that »
fugh not the albunm® In liver tumor mulnple myeloma kale azar and
so forth the albunin 1s Jow the gl bulin 1s hith and the calaum s lngh

Crtmran 1 shall discu s thn pont 0 a moment Dr Butler
The Calaum Protein Relationships 1n Mualtiple Myeloma

In multiple nnel ma as ociated with hypergichulmenna (or Bence Jones
proteinemin) and by poalbuninemn there « ften 15 a comcrdental rise 1n the
serum cloum Jevel Honever of e plots the iotal serum calovem o
centrition agaimnst the otal erum protem concentration in such cases of
nltiple enveloma with both hvperprotemuma wnd hy percalienma no liner
or other relationship can be discerned { te Jiqure 4 of Gutman and
Cutman ' wlich hows the distribution of 7> pomt  representing the
avathitle data from the Iterture) complete scatter 1 obtamed And of
cour ¢ there are mny «a es of multifle myeloma m wlach hypercalcerma
w25 eoated with nornnl scrum protem tevet md e whidh hyvperprotern
emiaisa «cated with normal erym el wm leved
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Ho ard  1hat holds tor arcordosts too I think

Gutman  Under these arcumstances st seems to me hhely that the
hypercalcemia of multiple myeloma reflects the mobilization of calcium by
myeloma cells imading the skeleton sinmlar to the hypercaleemia seen
i association with extensive ripdly progressive osteolstic metastases
(usundly not accomp by hyperpr ) and does not represent a
pulling out ot calerum from the bones by excessive concentrations of
plasma protens Ordimarsly marked hyvperprotememna 1s due to by per
gammaglobulmemia and as I have pomted out the affmty of gamma
globulins for caluum at the pH of the plasma appears to be very small

The Calcum Proten Rel. ps 1n Lymphog: Venereum

Certamly 1 mo t diseases characterized by hyvperglohuline:ma Iy percal
cema 15 not found unless there 1s as m multiple myeloma some mohe
ment of bone by the underlving disease process Ve first became aware
of this prinaiple m the ecourse of studies on the hyperprotemema of
Iymphogranuloma venereum a disease which often 1» associated with
narhed hypergammaglobulinemia hut wh ch does not affect the sheleton
In spite of the presence of serum protem levels as high as 112 gm per
100 ec with serum total globulin contents as lugh as 78 gm per 100 cc
the serum calctum levels invariably remamed with normal [imtg 48 234 253
Normal <erum calcium levels are regularly obscried also n association
with the hyperglobulmerma of hepatic airrhosts hala azar granuloma
gumale dissemumnated lupns erthematosts and other disorders Sarcondosis
posstbly 15 1n exception since as has already been pointed aut lttle or
no sheletal decalctfication can he detected m mamy cases exhibiting hyper
calcenma with ar without marked hyperglobulmemia

Terhaps T can make this pomt mare clearly b reference to Fi ure 75

Here the total serom protesn level expres ed i gm per 100 gm of serum water
1s (lotted apam t the t tal serum calewum level expresse m mg per 100 gm of
serum water The straight line repre ents the regresson equation d velored
the classic studies of Ha tng  Murray and Sendroy

2 Wilams P an) Gutman A B Hyperprotemema \ut‘l:| g:;:széx:'f ;'111;

D
Alburrin Globulin Ratio m Lymphogranuloma Inguinale Proc So
)

Ved 34 91 (1936
5Gutman A B and Gutman E B Calewm Protem Refation in Hyperprotememia
Total and Diffusible Serum Calcum wn Lymphogranuloma Ingumale and \fyeloma,
Proc Soc Exper Bol and Med 3> 511 (1936)
f

36 A B 2D C D and Sendroy J Jr  Studes of the Solubs] ty of
Cnlg?;nunsgashs I The ‘é‘;;ﬁybll 1y of Calowum Cariw nate n Salt Salut vas and Balog cal
Tluds J Brol Lh m TL 723 (1977)
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Total Ca = m e total praten 4+ h

where o the slope of the line 15 a constant which defnes tl e amount of calcium
t udper tmt of t tal prote:n anl b the intercept on the ord nate 1s a_constant
wheh defines the d fu e £ r 11 ed) calesam It wil) be noted i F gure S
that there 15 excellent agreement m re pect to the pen e cles whch represert the
e of se um protewn 1 vel givn by nethr tic panents who have marked
hypoprotenemia due to hypoalfumitemia and by norm 1sibjects ay the serum
protem levels fall there 15 a ¢ ncomitant Jecl e w the s rum calaum le efs
i ots b ever whch rep esent patient v 1l lymph granu! ma vencream
and byperpr temem A @1 1o marhed hype § immag] buhnemia foacther with b
t mally normal serum albumm levels d ot 1ail oa the Ine but rather wm
formly heloy t there 1 n sigmicant mcrea e 1 the erum calowm le o
the erum prt n level re
The explanation for the discrepmt behwvior of the twn sets of datn in
Figure 75> ke T believe m the different catlemm bding properties of the
plstnn proteins in question  In the case of nephro t  the fall in the erum
protem conc ntration 1s due to 2 dechne n the serum aff wmans which
arperr to tand appreciable quintities of ¢ laum henwe the erum cakim
levet hows 1 correspondingly 4y preciable drop In the ca ¢ of hmpho
grinuloma venerenm the increa ¢ mn the setum protem concentration 1
not due to an ncrea ¢ n the albumms (I kncw of no di ewse characterized
by hyperalhummemsn except for hemoconcentratin) but t) n increwse
the ganuma glof wlms wiich appear to bind vary little ¢ataum hence the
erum caluum lavel shows no> igmfient ne

The Calcium Protein Relationships 1n Hepatc Cirrhosts

It difference 1» hown even more tehangly m Ligure 76 m wihndh
the datr on mam 1 ¢ of hepatic arrha 15 have teen added t the plet
In whvanced airrho 1s ot the Iner bath mrke 1 hypergsmmnglof ubnenu
and defimte s polbunugnemn are 2yt to dovelop concurrenth o that the
total ph a1 protein concentration ¢ vally remtams within naennl it
«r hws some cleviion The serum claam concentritin however 1
aither s normat 1 (1f the Wpoalt unumemin 1 marked)  omewhat de
pre ed

Tigue s ryab that the pont l:lll Sell el w e Toe cenr sent o
xr wmeratnbhaclon asglefcoe mofor the t tal scrum [rote
Bl Frgure 77 and 78 how the di tntution of the pomt when
the totd crum caluum concentrat non the e ca ¢ 1 plotted agun t the
tetit fevel of <erum glotuhn ani erum affununs re pectinely  The dan
mhieate that vers httle of the cilaum 1 bounl to the gamma globuln
n contra t tn 1 s,mificant am unt of the caleun that s bound to the
albumins

Whilethee cadratl cattembol garh t  apra ert that the 1ge
of alne through tt ponts  Faue woallagpr xmar zen mn! atmgy rv
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Fig 75 The Kelauonshsp of the Toual Serum Caloum to the Total
Serum Proteins in a Condiion With Nosmal Protemenma  (Nopniad
Subje ts1 tn 1 Dt esse Presenting 1yporibununenna Woathout Fyper
globulmensia (The Nephrotse Syndrome) and i 2 Prsease fre entrg
Hyperglobuliremua ( Hypergammag lobulinenua) Without Syntficnt Hy
poatburunenna (Lympho,ranalomg Venereum)

The open tr les represent the data from {ne normai subseces amd from the papets
with the nephrotic gyndrome and the sofid ot cles represent the data from the
patien s with hmphogranaloma venereym Note the fmear v tebuton of th dats
Srom the normal subjects ard from the pateents wih the vepheati syndrome aoi
the dive gency tiw the tmear distrebution ot the data fram the patiens wth
himphogsanuloma venereum

[Repeaduced by permn sicn from Guiman A 1 and Guim
Serum Calawns o Serum Albumins and Globubns 7 Chn

(193711

» ¥ R helatrnof
In eshoatom 16 907

it le of the calem s bound to the yamma glebulins 3 hereas a pe tiowh
the g~ s 10§ tgure 72 would sho v a distinrt sleoe andicating a sigo neant amount

of the caloum ss #ound to the albumins
Bufler 1 am quite certam 3 can rememher cises of lier disease with
7o metastrses with hgh serum calewm salues fitbng w vtk the kugh
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Fig 96 The helation ip of the Total “erum Caloum to the Total
“Serum § rotens n & Condibor \nth “ormat 1 roremenuz {Normat Sab
Ject ) gn 1 Drsea e I resenting, Yhporlbummena W nthout 1 perglobulm
el {The Nephrotic Ssndreme) m 4 Ds case Precenting Haper
Llolulinemna  (Hsperyunnnglcbubnerart)  Wathout  Sigmnaant Hypo
affwminenua (1 vnpho, risdoon Vegereurmyy and ma Deer e §ore enteng,
Marbed Hypergh Puhnernns {Thvpeeganmg lubnemat Witk Dy et
Hapoall wmenna (ot Larrhioy )

The p 4 bexrerr sent the lata from the n rewab ol gects ap ) frem the pate s
Wb the mmybr & sy drome Jesdd flarpr ent e dita frm t patents wth
WY gransl ma vencrenn and ¢he Balf 3 11 ¢ rles ¢ pre ent the daa fram te
ptet s tpt oml onoad {rom th palente wth o sellancous disos dess
% Mmghghqrte ra Noethatthsasbie Swd ot allt n f the dam
Irmah patert wih Yep ac arsbes  atd w th musceflamews discrder 6 oy

B e ae s Nte tn dpe ot maly low serum cak om e § ot b et
Tiw

ERic doced by perm dndemlutman A B adCam 2 f B Relng of
\;r‘sml\ Pw ot Srom Aftuwoant thtuby J CH 1 vt aton 16 M3
13

t 1l provesn wndd Tk ftal gl tulin devel

€ whwaal

{am oncr fwmbar with . May § male une other pemnt
however? -
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Fig 77 lhe Relationship of the Total Serum Calcm to the lotal
Setum Clobufins m the Same Indnaduals Shown m 1, 76

Note the roughly lmear distersion of the data with a lope apfroximating zero

[Reproduced by perms sion from Gutman A B and Gutman ' B Pelation of
%:gaé;lncﬂcmm t S rom Albumun and Gl bulm  J Clm In stigtion 16 %03

The Calcrum Binding Capacity of Plasma Protetns

The amount of protem normally present m plasma 15 sufhcent to enter
mnto combmatson with much more calaum than 1 ordinzrily present il
the blood Thi 15 readily shown by the mam expenments m which
calemtm salts were added to serum ws witro or 1 2120 and the amount of
non flterable calaum was then found to be mcreased % The same
thing happen i 2 o when excessive calcn 15 mobnhized from the bines
there 15 a redistribution of caloum with hijher Jevels of both protein
lLound and 1omzed <aluum 1 the serum

Conference Discussion

drmstrong  \vhen you mject serum albumm mtravenously does the
cerm calcum level respond promptly by elevatron *

1Smuth P G and ©
Calem I ctlwsng

(1932 %
5 on C L wm of Calcum Yr tewate ant
Coﬁ;ﬁ;‘!beéglca ‘|he r cum n the Blood Stre m J
Physcal Chem

berger H R te an1 Non Diffus ble Blood Serum
Injectr St Salt J Bist Chem 96 %45

d+ ltrafiltravon Stud es on Cal
n;thp ‘xm ng Hosp Bt 1 (195%)
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Hennemman  The occasional concurrence of hyperalbununerma and hyper
calcermia n Burnetts syndrome ® 1s another facet of this problem In
this condition we believe that the hypercalcemia results from excesstve
calcium mgestion plus decreased urinary calaum excretton  Lhe cause of
the hyperalbunuinemta 1s not apparent

Gutman  Perhaps 1t 15 associated with some degree of dehvdration

Henneman Yes 1t nnght be

Cwome Icemsa

R R Albrght F_and Howard J E Hyperad
\::tgt‘;l:?“;{]ﬁur‘zalc\?g:m:::nsﬂypophosphakmm Catcinosts and Renal Insufficiency
Mew England J Med 240 487 (1949)
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SOME BASIC CONCEPTS CONCERNING CALCIUM

FRANRIIN C. McLFAN

Trom the Department of § hysology Unrersity of Chica jo
School of Medicne Chycago fHmors

drmsieonq  Ur Mdean do you wih ot nethe a wommwent <t the
pont?

Base Bound to Protein

Melean 1 would bihe to start first wath some of the s concegits
Dr Caton b referred to the fact thit caloum 1 bound 10 vinou
substances i the plasmn particatariy 2 vanety of proteins 1 would hke
€ exinine the coneept of  base brund to protem  since s term b
ted to considerable confuston in the st It appears to have amsen s
abbrevinted metho { of referrning o the combining power of protems for
cations and 1t actwally expres es the number « f negatne valences free to
neatrilize electnicthy  the positne valetwes of catins  In the usunl
tance such e that of odimm and protemn there 1+ comylete or nearh
cmplete dis ouatm in such 4 solution s that represented In plasma
and refurince 1 odmm 15 bound to proten 1 tusleading Thus term

1 popdar 4 generatien ago  eems to be fostn,, ground 1 do not heas it
amy more i Conference and T hope that 1t will disappear from the
Taterature

Crlawm on the other hin forms undissoented comylexes with mam
e ads mduding yroen The & sooton eonetant dffer a great
ded neecr hing to the aud The one 1hat bas the ghe t dis oo son
ot for ats trfoium comyfex 3 tar a §hnow 1 ooine aod tut of
ne examine  cther ot ad one tnd Al o that erlonm forms
an unhs oonted fruum with mam pertry all of them  There 1s 4
o lerble vrets of o obstanee o the blond of wiuch man
are yable f fwmung unh oonted complexes with eafoum fut for
m ot e diedh ooavon ¢ ntant s such that onfy 3t fretion
f e il wim jre ent e be held n un b soented form with the re uft
that not v than 1 te 2 (ar 1t the most 5 to 10) per cent of the total
calorum of the §las na o be accommed forn this was

Jonizanion

Moreover there fias been an intere ting change i the vews of the

e
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morgame chenust with respect to wonization 1 am certamn that eversone
here was twoht that all salts are strong electrolytes m the sense that it
was believed that thev were all completely dissocated m solution That
1dea 1s losing ground to the extent that 1t ts now generally recogmzed
that at least salts of divalent tons and parttcularly where two divzlent
1005 posittvely and negatively charged e present m solution together
are not vompletely dissocrated  Such a salt s calerum sulfate for example
1s now hnown not to be completely 1omzed 1n solution  Instead there 1
some undissocrted ciloum sulfate and the st althoush v rlatech
strong electrolste has a di ouation constant just as does a weah electro
hte Ve were tallung carfter m this conference ~bout a complex of cal
aum and carbonate or bicirbonate  In this respect we nught hetter refer
to this complex as an undissocrated fraction of calcum carbonate when
these two 10ns are present

But such fractions as this althou h of much mterest are hardly of
quantitative sigmificince under physiological condiions It stll remains
true that there are onlv two mmportant contributors to the formation of
undissocrated calaum combmattons 1 the plasma  These are protem and
atrate and citrate 1s wnportant only under certam special cireumstances
The rabbrt and perhaps m addiion some other herbniorous ammals has
enough crtrate m tts blood to result i a furly large fraction of an unds
s0 11ted caum ctrate complex

Nomogram for Calcrum Protein Relationships 1n Serum

Let me substitute for Dr Gutmans curve (Figure 75) a nomo.ram
(Figure 79) similar to one published by Mcl ean and Hastings * which
actually represents 1 tamuly of curves of which Dr Gutman s 1s a special
case

Each of these curves represents the equation v = mr + 1 as idicated by
Dr Gutman but with different values for the comstants m and I It will
be recalled that the constant b represents the Cav+ concentration and
Dr Gutmns cunve 1s for the ca e i which the Cat* concentration 1
Kept relatrvely constant by phystological regulation In order for ome of
these curves 1o Tepresent the condrons m the plaswn ot only o t the
Cat+ concentration be hept relattvely constant but the dissoctation of
calestm proteinate mu ¢ be characterized  at least statistiealli by the smgle
constant m which determines the slope of the curve It will be recog

he State of Cafoium s Ftaxds  { the B ly

T
2 \cLean I C and Hastngs A B e o T B T Chens 108 285 (1935

I The Conditions Affecting the Ionization o
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mzed  thercfore that the ma < 1w equation as appled to ciloum and
jretem i pla ma 1 cnlv an apjroamiton wd that it hold onh n so
far s the s soctation wonstnt and the €A ¥ comentratien  approach
constancy It certunly falls far short of de unbmg the wondions n
multip le myeluma for example when the di sacation con tant as dernved
from the protem  of normal {12 m1 no longer pnes a correct character
123t < f the cilium protun relation hyps

Conference Discussion

Neuwmin 1 want to mike certain hef re the conferame s over that
we afherlly vecc mze o the record the my wtance of the work gu t
discy cd—the evidence of etlaum peotem mteraction I thuk very few
of u reahze the rgmbicance of the tme when that cencept was formu
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morganic chemst with respect to tomzation I am certan that eversone
here was tauoht that all salts are stron, electrolytes m the sense that it
was believed that they were all completely dissocited m solution That
wea 1s lowing ground to the extent that it 1s now generally reco,mzed
that 1t lewt salts of dinalent 1ons and partiularly where two dntlent
on  powutivelv and negatively charged re present m solution together
are not completety drssoctated  Such 1 stlt as caletum sulfate for example
ts now known not to be completely 1omved i selution  Instead therc 15
some undissovated calaum sulfate and the salt althou h 1 relat 1
strong electrolyte has 4 dissocition constant just 1 does 1 wetk clectro
Iyte We we ¢ talhing earher m thes conference about a comples of cal
cun and carbontte or biarbonate In this respect we nught hetter refer
to this complex as an undrs ouated fraction of calerum carbonute when
the e two 10ns are present

But such fractiens as thiy although of much mterest are hardly of
quantitative significance under phystological conditions It shll rematns
true that there are only two mmportant contributors to the formation of
undsssociated calcium combinations m the plasma  These are protemn and
atrate and citrate 1s important onhy under certain spectal crrcumstances
The rablit and perhaps m addition some other herbivorous ammals has
enough citrate 1n 1ts blood to result m a turly large fraction of an undis
saciated caloum ctrate complex

Nomogram for Calaum Protein Refationships 10 Serum

Let me substitute for Dr Gutmans curve (Pigure 7>) a nomo,ram
(Figure 79) smular to one published by MeT ean and Hastin,»! which
actually represents a farmlv of curves of which Dr Gutmansis a spectal
case

Eich of these curies represent the equation v = mv + b 1 mdicted n
Dr Gutman but with different values for the constants m and b Tt will
be recalled that the constant b represents the CaT+ concentration and
Dr Gutmans curie 15 for the cise m whe h the Cr++ concentration 13
Lept relatnvely constant by physiological regulatron  In order for one of
these curves to represent the conditions m the piism mot only wa ¢ the
Ca*+ concentration be hept relatnely con tant but the dissactatron of
caleum protemate mu t be charactertzed at least statistecally by the s le
constant am which determines the slope of the curve Tt will be recog

turis of the By
a1 d Hastigs A B The State of Calcwum i Fi
L s A et Lomuzation o} Calcnam /B | Ch w108 285 (193)
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mzcd therefore that the mas fan equatt 0 a8 apphed to calaum nd
preten m pilasma - onhy an agrroamaton and that 1t hold  enlv n so
far as the dis wiaten constants and the €1+ concentraty ns approach
censtancy [t certunty fafls far shost of de enting the condiicns m
multirle myveloma for example when the dt ocnitien constant a8 derned
from the protem of normal ylasmn no binger g1ne a carrewt character
ation § the calaum pr tem relaonslap

Conference Discussion

Newman 1 want to make certamn befure the conference 1 over tlat
we officially rece mze for the recerd the smportance ¢f the work jut
discussed—the evtdence ab alaum proton interaction | think very few
of us realize the siuficance «f the tme when that concept was formu
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lated Tiis worh anteceded by o number of years the physicochemcal
knowledge and techmques we now possess At fhat time when that con
cept was adianced it wa reatly umque I uthermore st has stood the test
of time

The other comment T wish to make 15 that yndeed the cancept of dis
s0ctation 15 now unclear awed the word complex 15 used Jooshy We
have sodsm chlonde on the one extreme and 1tk calowm Versenate
35 very Jose to the other extreme Between them we hive no termunalo,s
that mdicates the degree of dissoration  Amblan, that 1 relatnely un
dissocrated i called 1 complex

MeLean Dr Gutmwm m Ins discussion sud somethmg about the
capeiy of protem to carry ciloum m combunation and stated thar thy
property 35 not fulh wohacd This of course 1o true amd i can be
demonsirated wers easthy  The McLews Hasttn, mass Jan cquation »

{Lat+] X {Prot=}
[CrProt] -

m which A s the somrzation constant of the weak efectrolvte Calror Tor
onr present purposes what this mews 1 that 15 the Ca* ™ concentration
changes the amount of calowm bound to amy given ameunt of profen
changes proportionatehy  Or to state st sn avother way the amaunt of
caloum that amy amoun of proten can carry n undissoctated form 15
directly proportsonal to the (a*+ concentration  If the (1F+ concen
tration were m a positon to rme ndefintel wiich v not the ease 1
the hyving orgamsm then the amount of calewr bound fo proten conkt
also meriase to mmm tmes the amount actuath found m the blood o
phystologicat Cat+ levely or the sahe of classty Jet me emyphasuze 258t
that when I am speahmg of calerum bound to protem I am refernn, to
the undissociated calerum protest comples  This complex dissppates 10
stantaneously as calwnt sons are removed fram plisma or serum €
sequently the additon of oxalate to the serum leads to precipitation of
alf the calensm present wcluding, that previously prescnt s the undisso~
aated form
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frmstrony;  We will hear now the report which Dr Henneman and
Dr Albnglt Lring, to w an the effect of the wtravenon dnmw teatien
of serum albumm

Hensemnr We have divided our {resentation mte three parts

1 The b Fates of Int: ly A d Albumin

The intravenaus wdnmm tritwn of hwman erum albunun to patients on

Work d crihed 0 thy pape vas dot wder grant fron e Amencan Cancer
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’ Altright B Fnrbt A l’ a l Partter © C  Furtler Stud es on the Tate oi
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“Etmor Surgeon USPHS DPresent address  Natioral Beart Insutute Bethesda
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a constant metal olic regmen 15 followed 1v a r1 e 1 the serum lovel of
all umin decreases i the urinary excretior s of phosphoru  potass um an|
cilaum and a somewhat tardy rise in the urmary nitrogen excret on
wldition the serum calerum level rises and salt and water are reta e
with a gamn m weight and a fall m the hemo, lobin concentration I most
msta ces there 15 1 fall in the serum alkiline phosphatase level
As descrited previously  we tdentify 1n the foregoing metal o ¢ altera
tions three possit le fates of mtravenously ¢ 1 terelall tum  lurred
comverted and unchanged
1) A porton of fle albumn s catabol zed a d ts 1 trogen e cret d 7 narl
as urea Ths fate las bee termed & 7 g and s measured 1n these st 1cs by

tle ncrea e nthe troge excreton abo e tl ¢ average ntroge excret  of the
control per ods

2) Anotler fate of tle album njected 1s co zers04 to protoplam S nce
protoplasm s pho plorus r ch whereas serum albur n 1s pho plorus free th
process w thdravs pto p orus from the m tabolc pool and he ce d creases
bl osphor 1 excreton Tle dey aton of tl e phosphorus balan e fron tle a erage
of the co trol balance levels s corrected fo changes n the ph spto  bala ce
vl ¢l can be accounted for by the alterat ns n the cale um balance Ths cor
rected pl o phorus bala ce s fl en expressed as ts protoplasn ¢ equ alent i gran s
of ntrogen by mult pymg by 14 (tle rato of phosphorus to 1 frogen
protoplasm)

3) Tf one add the ntrosen of bunn, to the ntrogen equ valent of the
pto phorus of ¢ erson and the subtracts ti s um from the total ntro €1

Jected tle rema der rejresent the ntoge of cdag !l albwn tls
co ttutes tle 1l rd fate of ntra ¢ ou album

Th s
BUINLD CONELPTTD UNCHANGLD
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In ¥ gure 80 these changes are represe: ted schematically s 1 u,h they
o curred sequer t ally rather than concurrently /¢ block at tl ¢ top re[Te
sents the mitroqen of tle altumin admnstered mtravenot sy Tleredd
t o jripls yresent hypothet cal lalince data as they n ght oatr for
host harus and n troen Next e plosplor sa 11 fro/ lal 1ees [arn
latted as desrations fro the avera,e ! tlance of the crntrol persc 1 rat t;’
than as ab olute values Ve fear 1 ed lor est s chosn d cates the tota
trogen 1dmur istered and to be accounted for 77¢ 1 froges eqezale |
of the plosplorus reta «d durngallu 1 adiw stralion)s plotted down
wards from above as albumn converted while t/ e 2 strogen of Lur g
1s plotted upwards from below Between these two areas 1o tere 1; r(ill-r
(the t1]atcled arca) of tlc 1irogen which represents unchange

burmin
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I AC of Oral and Iat Albunun Ad

£

Figure 81 presents datr trom parallel studies on 2 31 year old femnle
pattent with whopithic osteoporass treated with sdenticai quantities of al
bumin first intravenously and then orally I igures 82 and 83 present mter
pretations dersved from these data With oval admumstration (see Digure
82} all of the albumm right from the first day was accounted far by

burmng  plus comversion  wath mtravenous admunsstration (see Tigure
83} a large fraction remamed unchanged It 15 this unchanged  frac
tion which undoultedly accounts for the rse m the serum protess leved
wath ntravenous albumin (see Digure 85) 1t will be noted further that
conversion was of the same order of magnitude m the two studes

Pror to discussing the calawm balance data n these tha experiments
let us consider the onganaf expenment of this senes which emphasized
the refation between the serum protem level and the calerm exeretion

11 The Relationship Becween the Serum Protein Level
and the Calcum Balance

A EFFECTS OF PREGNANCY INTRAVENOUS PLASYMA AND NITROGE
INTARE 1M A PATIFNT WITH IDICPATHIC OSTEOPOROSIS

ET 2 28year ofd housewife (MG #359508) presented herself m 1947
because of par n the back and feet In 1938 she jumped from a fence and
thereaiter noted @ dull ackung an her feet on rrol nged stand ng  During her first
pregnancy m 1939 she noted backache for the frst time In 1941 she fractused
her toft hip s a {21l down three steps At the time of ad mission she presented
chenucal findings charactersshic of osteoporosss sn that her serum caluim  phos
phorus and athalie phosphata e levels were normmal  [By osteoporosss we mean
deficrent bone mass due to a failure af bone matrix formatian as apposed ta de
Raent bane mass due tc an excessie rate of hone dostenction or to a defaent

} Tays extensive with collep & af nmf
taple vertebrae snd 2 heafed fracture of the left femur In 1944 she agam became
pregnant and x low total serum proten level with a norma cx elevated gl hubn
fraction was noted

Figure 84 illustrates the metabolie data obtaned on patent L L while
she was preghant 1n 1933 and following a therapeutic abortior  Before the
abortion she was wn nitrogen equbbrum bt negatne caloum balance and
had a Jow serum protem level Foflowmn, the termunation of the pregnucy
the serum protewn tevet 7ose wd the wnwary ko exRuon el The
admumstration of plsma further elewated the serum protun safue and
produced an addiional slight decrense m the caleru exereton so that equi
hrmem was acuened A low pentein et Jed to 3 f4ll i the serum protem
level and a return toa ve calou subseqquenthy a hih pro-
temn the dud the op strthy ship betneen the serum

protein level and th 10 rdditional stuchies t0
be presented

tuce



ALBRIGHT BARTTER DEMP EV FORTE MENNEMAN RFIFENSTFIN 281

«‘u‘*”
lL"&(

7 |
2z
4

Lr,mf
e =
Ll

[ZEF PN TR ST EEEY)
1

)
.

Lo
Ry
17 75

T

-
R 1 —]

e +

Fig 81 Parallel Txperiments with Intravenous and Oral Albumin
Admmstration on £ T a Temnle Patient with [dicp athie Osteoporosts
Metaholic Data for Nitrc,en Phosphoru  Calaum and Serum I rotems

N te the fature of the serum albumm 1 vel to mc cae w th the cral albumm
admimi trat n The calciom data £r th e exgeriments ae givn m Fg 85 Tle

ecr ased mtake on days 1 and 27 of the or | albumin exper ment was due to a
£a tric upset

© 12 DAys OF ALBUMIN ADMINISTRATION IN A ITMAIT PATICNT
WITH IDJOPATHIC OSTFOPOROSIS

Tigure 85 presents the calaum excretron durmg the 12 days of mtra
venous albumin adnumstration i this same patient ' L Note the pre
faundfatan the calaum excretion assoctated with a n g serum dbumin
level The constancv of tlus rclationship plies the fact that essentially all of
the bods caluum oceurs 1n bone and tecth suige t that mtravenously ad
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€ 30Da S OF ALBUAIN ADY NIIRAT ON N A BF AL PAT ENT
WIT IDIOPATI C OSTFUPU OS §

The extexper ento 1t ssanejate LT w1 f peal ert
Je tse the pat e ¢ was g ven the alt tr v ] for30 tav 1
then dfe10da sof wl chsterec edas alla tratler pote td
age of cort sone acetate oralls In T gure 8G are qre ¢ ted tle thr e fnte
of t e ntravenou lyadn n tered 1Mlun n n ths experme t In F, re
87 note the n al nega vecalcum? lan e ttenarhel fall tleur ary
¢ Mexcre o realn zero tle 5tl d1 anitleattanne tof a
Po t ecaleun lala ce wheh pers ed for at le t 15 da s after tle al
Jum e was dscontnued  Note al o the na ked r e n the fe ¢l of the
Serumpoen especalytheab n n

o
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Fig 8¢ Dletabolic Balance Data on I L a Fenmle Patrent with Idio
pathic Osteopoross Durmg Preguancy After a Therapeutc Abortion
Durmg the Intravesous Admunstranion of Plasma ang During Two Levels
of Nutrogen Intahe

This ss Trpervment 1 A4 w the text Mote the Jow forel of the s rum protem
durng preynancy the rise n the stam protem cuncentzan n after the fermimatt @
of the pregnancy and the improvement m the calcism balante wath the 73 ing serum

protesn fevel

D 30 DAYS OF ALBUMIN ADMINISTRATION IN A FERNALE PARIFAT
WITH OSTEOGENESIS IMPERFECTA

A 24 year old woman LF (M GH $723271) with 1 congenal defect
an bone formauon hnown 2s osteo.enesiy smipesfecty was gnen mtrmc:
austy 88 grans, of albummn nitro,en dah for 30 days Calculation of the
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Fig 8 Metalolic Balance Data for Calaum and Serum Protems on
L L a Female Patient with Idoptluc Ostcoporosis Durin,, the Intr
venous and the Oral Adnunistration of Albunun

See Fig 81 ThsssLrpr  + I B nithe test For furtherd cuso  eetest

{Reproduc d by p rmissi o 1om Alh ight £ Furbes & P Rafen tem T ¢

Jibnat D Cox L D and Dempsey E T Stules on th Fate f Lita

venwsly Adm  tered Humas 1lasma Irotemns m I1ofathic Hypproteriemsa anl

m Oste por 33 ot Sy poste o Mutritiw Vol 11 Pla ma Prtetss (p 135 194

R et ‘(le)-l\g&{estnrch‘ unlan n In Chal € Thmis Tublihr 5y ghd
8

three fates of the mtrivenous Athumn 1 shown 1n Iigure %% In Figure
89 are grven the data pertatmng ta the catoum metabolsm  Nate that the
unnary calemum excretion a,am fell in 2 step-like manoer until at reached
zer0 on the 16th day of the albunun admimstrition  Ncte that 1n the con
trol periad followtny, the admmustration there wis 4 tmihr gradual
crease in the uninary caluum excretion

E 12 DAYS OF ALKUMIN ADMINISTRATION IN A MALE PATITNT
WITII IDIOPATIIIC OSTFOPOPOSIS

Figures 90 and 91 |resent 2 smrlar sty m | I (MG H #601118)
a2 41 yeac old mile patrent with 1 hiog it osteeporosss The fate chast

-
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i oseny sty to those of the fwo precedin, studes The fiudengs are
seff explanators and suppurt the previons obsert tony

F 12 DAYS OF ALBUMIN ADMINISTRATION I\ 1 PATIENT WITH
POST MENOLAUSAL OSTEOPDROSIS COMPLICATED
BY IAGFT > DISFASE

Tigares 92 93 and 94 dhastrate the smet iholic effects of 12 dms of mira
venous Albunun admsstration to S B a 60 vear old pattent (MCIH
F430G64) wath pust menopansal vsteoporosis and Paget s Doease Of par
tenlar mterest 1 the marked retention of phosphorus and calerum super
wnposed upon an already Jowered phosphorys and calom excretion
bruaght “hout by stitbestrol theraps  Note the falt m the serum athalme
phosphatise level from 60 1o 31 Podanshy Usits during the lbunun ad
wunstrason nd the rcturn of the Jevet to higher salues after the ajbunnn
was stapped  The  fate chart from this study (¥r,ure 94) sllustrates
2wy the murked swadarity of response m these patients with osteeparows

¢ CLOBIN CERSTS ALBLMIN ADUINISTRATION IN A TTWALF PATIENT
WITH IDIOE ATIHIC OSTEOPOROSIS

In Tigures 95 and 96 are presented the data ohtuned i another expert
ment on LL  the female pnent wih adiopathie osteoparasts She se
cened mtravenously 38 grams of mtragen as Globm 7 (derssed from
human hemoglobin) for six davs and somewhut later 83 grams of af
bhupun mtrogen dasly for 12 dns The fall m (he unnany oiloum et
ton obtamned with the Clobm was of the arder of wuagattude of that ob
tamned with the albumm  Tiis ruses some doubt 15 to the specificty of
At > 1 precursor of hone matrx

Discussion
A QUANTSTATISE SHONIFICANCE OF CALCIUN RETENTION

The panent i £rperonent 111 D retamed durmng the 30 dass of tsltnqli
ment phus the 18 dins of after control 1078 mg of calawm in e‘(;cr :h‘
the shghth, pasitiie balance of the fore control period Ve bchme; z( -
represents a simficant { de uifra) sumulition of esteogencsts :u, o
fet wy conader Mow much caluum retention ean be explawed el
storaee m plisma wnd extrwelllar fad
1 The Glebu used an this expermment was supphed through the eourtesy of Dr W1
1 Boger of Sharp an ! Dohme
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Fig 86 Tate Chart for the Intravenous Admimstration of \tbumn
for 30 Days on £ I a Lenmale Pattent with Idiopathic Osteaporosis

"lTl'us 15 Feperment JJ1 C an the text N te that there was an am ed ate ann arance
boy S versior which dsagycared when Fun n reachel a hgh de el Note tht
et of the arject @ lbmmn had b en burncd by the nd of the mject on reriod

at hinm vmately 20 per cent vas coiested anl thatalrg porhon remamed
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oh o rus b Yance
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Fig 8y Metaboly, Brhnce Data for Calerum and Serum Proteins for
the Experiment Shawn 1n Fig 86onk 1 a Female Patwnt with Idio
pathie Osteoporass Durmg the Intravenous Admimsteation of Atbumin
for 30 Days
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etion
This ys £, coness 111 C i the text, Note the falt i the utinary caleum excre

to zero the ll:rk of change in the feca) eqf yalR exCrencn and the tendency for Fgg:
SEUM protemn leyels 10 Dlateau after 29 days of the albumn admmistration

t

further discussion  ep texd
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Fig 89 Metabolic Lalwce Data for Crluum and Serum { rotems for
the Lxperiment Shovn i Iog SSonl T a female Patent “'""“(;"ﬁ
genests Imperfecta Dunng the Intruenous Adsmmstration of um!
for 30 Dass

This L Expersient H1 D m the text Note the simlany of the dita to thowe
i Fig 8
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Fig 97 \Metbohe Bat
ance and Other Data on
S B alemile Lanent with
Post Menopausal Ostes
forosis Comphicated by
Tagets Dmecase mcluding
Daty Obtamed During the
Intravenous Adpumstration
of Albumm for 12 Days

Ths s Lyte s e t J T
the text  The chart include
(f m et pt the b tton)
the data for  the mitregen b 1
anc  the 1h rh ru halanc
the serum pho phisru § vel the
eram ¢ lowm lo § te cal
um halance the erum alk line
phy phatase level the ur nary
11 oxy terord <er tion the wurt
nary 17 ketoster d excret unt
and the urmary f 1l cle st mu
lating hormone  x rett 1 The
effect are shown of the admm
sstration  f an orcl e extract

mtraveno1 ly on these data
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Fig 93 7The Unnary Calanm Excretion ind the Serum Albumn I evels
m the Experunent Shownin Fig 92on S I a Female Patient with Post
Menopausal Osteoporosis Comphieated by Pagets Diseasc  Durnn,, the
Intravenous Admiustration of Albumimn for 12 Duys

This 1 Lepet ent I T the text Note that 3 mg of ulfestrol by mouth
aily had es eatnally the ame effect cn the calerum excret n as dil 30 mg of stl
bestrel by mouth daily and that the metabohc effect of the albummn was ad] tive to

Wik Bl e woaugem

[heproduced by permission from Albright F Forbes A P Reifen tem I C
Jr Boamt D Coc L D and Dmpey £ F  Studies on the Fate of Inira
{enously Admunstered Human Plasma Protems m Id opatiue Hypoprotemem a and
1n Osteoporo 1w dymposia on Nutnitior Vol Il Ila ma Proteins pp 155 194
Robert Gould Re earch Foundation Inc Charles C Thomas Publisher Springheld

Tlinoss (19507
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The foll win,, crleulittons  are an analvsts of the possible mechrm ms
of caluun retentron 10 Fi pervnent I D

1 1 Fis s Serum Calcus Concentraion

Z mg X 40 kg Body Wt
( art wn m u e (n € age rlu:r T orsewn |=  Simg
o Ll onie ot w) »)

2 Calenom Contamed 1 Lapanded Plasma b ohume
The ob erved fall in hemaglob n concentration from 13 to 9 gram
per 100 ¢ would occur with an fncrease mn plasm olume from a

tormal value of 70 L. to 35 L Then 1ile cal vlations re as
follows

mg /L
(ot ,uc e s, i :al wmen w1 |= 16t mg
Hama ¢ ton ol rd e sernm)

v Fase ws Extracellular [ lud Colenun Concentration

27 mg/L
(assu dris m'etaclia 0 X 40 hg Dody Wt
fid calc concentat 2 | X | (1eag treellrfi 1 [=  Wmg
Lased on v se 11 seru vl e)

calt conce traft n)

4 Ltpansion of Fxtracellntar [lmd 1 ohome

Sodt m retaned durng albumin therapy

m excess of control = (59 mFq
Sodium 11 15 L increase n plasma volume
Cee Caleylats » 2 atx ye) 775 mkq
p IT: e eamuttof sxdum i nedin
L of ext acellular fuid) = 4B wF;
] olell ¥ e (masun 1 e rllular fli d cal =
' m acell Ia corcentration tas d or 0 f e | mR
flad o e serm calevtmn oice ot on)
" dota Calewum Accounted for [\ Storage
i Plasima and Ttraceliular Thad = 655mg
G lotal Calaum Aetually Rt ttned = 108 mg

¢ InDatisa umed that the fall in hamoplob n conc trati nwa d e ent rely to dilu
@ b an expanded pl sma volume It Cit1sa umed that all the norea 1 serum
cale um was due to an »n rea ¢ in diffu e calonum and tat ext scelfuar fud cle um
yould ncrease by 3 sumlar val ¢ In Lup £ {11 G are pre_nt d simultane u
mtcnm at0 s of dflastic a d fotal se um calesum durmy alb mn the apy In D
? cent of the max mum concentration of erum al m 1 s ued as the oncen
1ran " of calcium in the expand d extracell fir fid. 10 accordance with Howard s
en strat on that as mu has 70 pe cent of sercm ¢ I um n ay be d fu ible
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Fig 94 Tate Chart for the Intravenots Admmnstration of Albumn
for 1I2ZDwson S B alemale Patient wth Post Menoj ausa} O teoporosts
Complicated by Paget s Disease

Thas 15 Evpernent 11T T sn the text The data for the frst tno days of albumin

admim tration have buen omutted Yecan e of 2iomplete wmtihe and eoflechons on
these days

Swumlar caleulations n the other experiments reported Deremn provide
comparahle data
deral e calemm was retned as

Tt a 1! that o
a consequence of ncrensed osteogenesss  Amy form of binding, of calcum
by serum protem wonld not explam the step-hihe progressne fall w the
uninary caleium excretion during the albunun admimstration or the sim

b Stud, the Rﬂaunnsh p of the Sernm Calerum Level 1o I%:
et G B o B T el (N WA fhod1c 1
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Fig 95 Metaholic Balance Data for Caluum Serum Protems and
Body Weight on L L 2 Temale Patient with Idipathuic Osteoporosis
During the Intravenous Admmstration of Glolm for 6 Davs and of
Albumm for 12 Days

}:ﬂus 35 Btbe ment I G m th text Th exper ment 1 on the same patent
Whose previous studes a ¢ hov n Fig 81 to 87 Note th marked lower g of

¢ urinary calcum excrets n with C1 bin together with tie fa lure of the serum
Protein levels ta r1_e and with the falure of the pate t to ga n weiht The decrease
19 ntake on day 17 and 18 was due to0 2 reaction ¢ the Globm
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Fig 96 Metabolic Balance Data for Nutrog
and Serum Levels of Caleruny I hosghorus anl I'rot
ment Shown m Fig 95 on & L 2 Female Pattent w &
porosts During the Intravenous Adm nustratron of Glolm
of Albumm for 12 Dys
Thsis Expe s ent 1] G ntbe text Tle serum Tfusil cal um corcentrat ™

(serum d ff Ca) was determ ned by ultrafltrat o
~
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tlar gradual rise on discontimung, the Albunun  If albunun bindin, were the
sole factor accounting for the decrea ¢ in the uninary (laum exeretion one
would expect 2 maximum depression ot the urinary calaum exeretion m
the hirst dav of albumin admmistration less depression the longer the al
bumin were admimstered and an increase above the eontrol excretion (re
bound) mmeduately on stopying the albumin admimstraticn The shape
of the calaum exceretion wurve durin, the albunn therapy and the fulure
to account for the retrined ¢aluun on the Insts of torage m plisma or
extracellular fluid stron,ly faver the view that ntravenous tllnumm ad
mm traton stmulates o teogenests  Indeed the posstabity 1 ruserd th
allumit may be a tran port form  f bone matrx precursor !

R DEIRESSION 0J SFRLM AlAALINF PHOSPHATA F

If mcrer ed osteogenesis occurred m these experiments one nught ex
vect an mereise in the serum alhahme | hosphatase level the pparent fall

appears paradovicd  The alhalme ph platase daty are collected m Fig
ure

€ SIMILARITY OF FATE OF ALBUMIN IN PATIENTS WITH OSTEOPOROSIS

Fuyure 9% summarizes the cumulative fates of albumin 1w percentages of
tetat athurmn admumstered In the fifth and tenth dayvs of infuston 1 the
group of patients with o teoporost that has becn stuched Nete the sum
lanity of pattern 1n all of the intravenous albunun expermment  nd the dis
simslarity of the oral alhumin and the Gl bin experiments

D URINARY ITCAL PARTITION OF (ALCILAM

In these studies there was 1o demonstrable effect of the mtravenous al
bumim on the fecal caluum excretion Irom ths 1t follows that the lout
of effectrveness of albumm must be the height of the urmary calerum ex
cretion (see T'igures 87 and 82) In thus respect serum atbumum ss less ef

ficacious than e tromen which decreases the fecal as well as the urinary cal
€um excretir ns.

Conclusions

Tour patients with thin bones due to faults matrix formation when
treated with mtravenous albumin demonstrated a marked calcm retention
which 15 thought ta reflect 1ncrea ed hone formation The possibility 1s
Taned that serum all umin 1 a transport form of hone matrix precursor
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4 parg EFFECT CF INTRAVEMOUS ALE N
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Fig 97 The Lffect of Intravenously ddmmmstered Albumma on the
Serym 4fkaline Phosphatise Level

The wpper three sete of dota ase on F L a female patient with wlinathuc oster
porosis ft[/\xc medfle s t cofrrcsponds 1o the stud es charted 1n Eig 8 fhe left Imx:-rr
set of dats1s on E T a female patient with asteogen 1s tmperfects ard m"“p;zk
ta the studies charted w Fig 89 the onddl Jowr set of data s on P EFa b
patient with whopaths osteoporisis and corresponds o the studses chasted »gmqs
and the sight lowwey set of data s on S B 3 temale with post mz-m’;musa) us;mp;ﬁn“
ard Pagets disease and correspond to the studies charted 12 T g 97 Note the d

n the scale for the phosphatase on th s last set of data on
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Fig 98 The Cumuline Tate Data of Onifly and Intravenou Iy
Admimstered Albumm and of Intraxencush Adunm tered Clobin on the
1sfth Dy and on the Tenth Day of Admimsteation

solu n represents 100 per cert of tle ot} ritr men adrumstered by the

F eh
Rith or By th tenth day  The cotumns cortespond 1f ni 0 ff fo 1yht} ¢ the stud es
farted 1 Figs 87 85 66 £2 90 ard 94 resgects ey

Rebuttal

In evaluating the sigmncance of the ciloum sefention 1 these expers
fient at must be recatled that the albumin was wdmuntered for relatively
brief periods of time  In the morc lengthy expenments the depression of
the unnary eslemm excreticn persisted as long as the Wburn adanmstra
©on was continted we presume that thus effect would contiuc far vear
i th aluoun wese contirmed thys fone the trabecutie actin,, as a store
fisuse for Fon i bore  The ob erved dep ession of the wrmary claum
exeretion revched the low vidues of 76 74 75 199 wd 41 mg iy ady
respectively in the five experuments reported It he album o wdmm tra
tion sere tontinued such ealen m tetentian wonld ameat to 2% 27 22 73

Tiis sect w which was prepared sfter she Co fesence represents ti e re ult of th
stmulat on by the & ey on 1k % isflows
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and 15 grame of caletm or 13 10 6 3% of the total buely el @ veark!
Swme the plisme yolome the csiriceliubir Burd solome and the seram Gt
unm level did not contimtie to mcretst After the first 20 drys of the rliumn
adummstratros (when  burmng,  had mcreased to the extent of accounting
for all the nstragen admmstered dulyv) the caloum storage 1 these com
partments would not be greater than that computed abasve and would sepre
sent o mss mficait frrction of the calowm retasned durmg vesr lon
atbunun adnumstration \When reduced to thece termys afbumin compares
favorabl  wath estroen w s alubts o stmutite calowwm retention and
bone growth

Canference Discussson

Irmstrong Over how lon, 4 pessod wis the 1078 m, of peutne il
unm halance obtuned ®

Henuemon  Yorty five davo

Armstroug s 15 € guralent to about a gram and a half of bone 11
w? That 15 the difference Iutween the accounted for 700 mg and the 2c
anlly retuned 1000 m, would giave coough o douns for thout a gram vl
+ Tl of hone?

Henveman Yes

Shorr May 1 ash at this time whether these represunt everall bnfances
ar st urinary caloum exeretion chages? W hat tbout the tor cleum
infance?

Heupewaw  Lhe step hihe pritern w that of the nnnary crleum exeretion

Shorr  And what was 3t agun m o1l (ilomsn nbnce detecmineid

by the fectl and the urmry exaretion®

Heupoman The 1078 my, mennoned previousiy 15 the tad pomitive ol
<ums balsce based on the alerom s the urme and the feees

Haudler My T sk what 1 the cevor of vour anhtieal determumtion
of catonsm?

Hepnanan Fwo per cent

Handler ¥ mean the pereentage error m the determmng
call whether sou mcntioned 1t bt assummg for the toten
more or lse ane grum af exloram per day tht i~ one grut jur e
45 davs—

23
2tShold Alfredt T Man r3F Mrtalsl 44 Rewholl Eub € rp Dew 3 (101

o §drnotse
t <n mtake of
Wy fof
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Hennemon These patients were not on such large calorum mtihes  In
most mstances they recenved 200 to 350 mg per day

Handler Well that would be approxitmatels 15 gram 1045 duyy There
fore this positiee lalance 15 6 per cent of the total mtahe which s wathn
the analytical error of amy mdvidunt deternunition

Henneman T am not certam that T follow vou

Handlcr T just wondered what the amilstical error s vour determma
tion was and Tow real an event the mdrcated positve hihnce actually 15

drmstrong  Lyven assuming no analytial error 1f vou ubtract the 700
from 1000 approsmatel you have 300 my, of calcum that have been re
tamed over and above that in the plasma or extracellular flnd If we take
the large hyure of 20 per cent for the calcium content ot bone this reten
tion then 15 equinalent to only a gram and a half of extra bone 15 1t not
Are my figures wrong ?

Rolmson No you are nght There are about 6800 ym of hone n the
body on the avera, e

Solul How much?

Newnon Nearly 7000 grams

Harrison Of boue? Oh yes

Acuman This 1 one and a half tumes this

Bartter  Dr Handler you are assunung that all of the errur 15 m the
same direction You have all the dasly values varving by s\ percent plis

Handi'r All that T was gettin,, at was how siygmficant 15 this number
T am not challengtn,, 1t I want to know the actual sigmficance of this
olsenation

bartter Ycu veed 1 standard error of the two means to be able to ests
mate the reasomble error

Hudl v Agrad 1 was beng su piciouy that 1§ we had such 2 compu
tati n we would find that we are discussing a very small phenomenon of
Iittle biologtcal meamng

Ho:imd The pomnt that strikes me as most odd m these observations 15
the change 1m the renal attitude toward calorum after the admmsstration of
albumm You showed Dr Henneman that the total calaum m the serum
Toes and presumably therefore the diffusible fraction also mses Lut the
caloum which appears m the urne falls That must mean then that the
hidney has changed 1ts method of handlng caleram  Is that ight?
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n mun botcther stuces confiem

L et cdaum concentratior

~rtona tha e et mvohe 4 separate
B ANt gt decrease 1 the unman

H owre bhae was no chnage mothe
woradtntzen 4t the dhwnnn?  Fhe urine
kel mty or the Duerbumate content cid
ther hax that

Hoermn Wb not folfowed the 1
wwuld b atcred By the albunun mfuso

Howerd Yon e sting that the il
that were 1 prosanted to the hudnes ar
et thas nasnl?

Honn aman Y

Ao oustgn Dr o Heomen what 2bop
sounted tar In tie btra,en hdame B
v o Bobine ¥

o muerean bhe posttise phospharus
photas tuteston which can be atommt
Wl

Hoand Thes s evacth the opposte ¢
wplitass T de not hnow what occurs w
Wil sephtoss but when sou get a sponta
the w i atbuimm fovdd nses then the cal
b ath iater gquntities after havang
that s 1 the opposite of Dr Hesnemar

v mam {Hws imone hnow why th 2
o phros? 3

Hownsd b osam to geall it Lavers
o v dvobad Hie staol clewm a
L RDRIURSY I8y ]

Mopas P this patient gun S kilogran

Houw o he pitlent 1 T whose
dersd yuend b hidoprams dunty, the atbu

Wimers n ko Je ant Be hpan WO W
sensption uf Abn lmuhlg Bt Ol dum Metabed
h shgauow L1 564 {
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the adminustration of 50 gm of salt poor albunun to patients with normal
serum albumin levels results m a duly weight gain of 03 to 04 kilograms
This 15 almost entireh accounted for by retention of salt and water

Butlr  You cid not make am  tudies on what happened to glomerular
filtrationt renal plasma flow 2nd so forth?

Heuneman  No

Copp T shuuld think this evidence mdicates that the effect f any 15 on
the ludnes  there 1> 2 decrensed exeretion with 3 hagher serum level

Stezenson  How hugh did the serum albunun go
Henneman - Above 7 grams per 100 cc 11 some mstances
Irmstrorg  \Were the patients edematous

Hemmeman  None of our prtients developed overt edemn or symptoms
of pulmonary congestion  all of them had normal hearts and kidnevs T be
heve Dr Bassett s observed some evidence of oy rloading of the erreufa
tion with tray enous albummn

Bassett Two of our patients developed edema and one developed a
father acute pulmonary edema one mght As I recll it n regard to the
ludnev function there w1y an merease m the glomerular filtration rate m
at least one of our Dtients after several mjectians of albumin presumably
asouated with the mcrease 1n plasma volune

Shorr  How do 3ou tnterpret the decrease tn the alhaltne phsphatase
Tesel® As 2 cessation of repur? I calculate that the amount of calcrum
absorhed in the bones was 7 mg a day Would that be enough to halt a
fepirative process 11 bone ?

Henn man 1 do not know what the exq lanation s Does any body know
whether ar not alkaline phosy hatase 15 present m the extracellular flud?

trnstrony  Plasma s an extracellular flud

Homuman Well does this enzyme readily pass from the extravascular
flurd to the tlasma?
Hamdl r Tty present 1 ascitic Amd  This 1s as close as T can come

Hemi man 1§ gikaline phosphatase occurs 1n ascitic and other extra

;a:cular fludy dilution of the plasma by such fluids would not explam the
2l the serum alkalne phosphatase level

Howard e made one ultrafiltration experiment and found i 1t that

allahine phosphatase did not pass the ultrafilter
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or mneet od g wrom 2he T rhwrineaee Jevel
- l~“n_ zm? e oo int Qdomest = b voerirme B
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Set 1 To evzlsz » the s aliatne phsphorase dnnoes v woel
61 t2ve © know what the e ec 01 2l 23 L ot 2N
measete ihe phowotriase cheoly Hure wo dowzosd 1™ hoam
chance

Honr run Na welavero dvath 2 ver ™

So*el It1 quie preibe thut the alroun a™e P phosphivase deter
mmanen por s¢ and a corectton would kave 10 be rds tor th effect.

Henneman Do von know aben that, D- Ceman

Gutran I do not know of am effec of serrm alrrzm o the afkalee
pho~phatase determrmnen  In respect to the ©f raperal' i o1 alkatre
phosphata.e 1t shonld be recalled that preszmabh it 1 atter all a ven
large protem molecule like all enzvme. The few wterrps I have made to
ultrafilter alkahine pho-platase extract have indwcated that the emrvme will
not pass through a colledion membrane

Hennoman  Perhaps the phenomenon we b erved @ ali diln 1on then

Shorr But how does he alkabre pho phatase et from the bone to the
blood®

Hemneman  The came wan that :he/ get trom the blood to the
bone [Laughter} 1

Shorr Somehow or other 1t m through the cap
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THE REI ATIONSHIP OF VITAMIN D AND
PARATHYROID HORMONE TO CITRATE METABOLISM,
THE TREATMENT OF HUMAN RICKRETS WITH CITRATF®*

HAROLD F HARRISON

From the L oltanore Caty Hospitals 1o tanore Yaryl od

Armstrong  Let us hear about another su jeet now 1 refer tc the treat
ment of nichets with ctrate—~work which ¥ thunh 15 fasonat o, Dr Horn
sm would vou present your studies?

Harrson This work wa stimulated Ty Dr Tark who his ashed us
repeatediy to explain the mecham m of acton uf vt B Any approwch
that can Ve made to the under tanding of the 1 by 1clogy of vitamin D may
be of salue 1 the understanding, of the problem of the wflue nee of aated

ter st and steronds e {unctions
Uneo wle ot action of vitamin D was the sty
of M~ may fluence cafium distnbu

f undissociated cilaum catrate
vears 1go that the adnun

a rather unusuil B odu g
concomtant drop of the

nued fow fevel ot the

sm 10 Rickets

wt'd bhe to pre
mifan s treated
 rmmation of
average serum

= per 100 cc

ne and
ckets

1
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churman Does Serum alkalipe pho:plulase sually paco throygh, the
Ultrafilge, >

Homearyg The Particyly, Patient paq a sery, alkatn, 105phatyce level
0t 145 o 150 tuts ang e conjy N0t obtayy, M the uhral’ihralc But
that 15 onh ope ubsenatmn

Sobe} I raluage the Serum, alkalpe Phosp) tase chang, You woyp
01 effect of albumyy, addition 15 0n the ability 4,
Measyre the phmphatase (’K‘Im("l"j Hae You determmcd ths 1, am

Hr/mcnmu No we have no, done gy as et s

Sobet It Quite DPossthle that he albtimyg affects the phosphatase deter
Minatyep ter 5o nd g ¢, Tetion ould hne to be Made for thrs effect

Hmnrmrm Do vy knoy, aboyg that Gutnyyy >

Cutingy, T do ngt know of M effect of seryp, Ubtinyy, on the alkaline
phospharase derermmatton In fespect 1o the uhraﬁlrmlulm of alfapne
phoﬁphahse 1t shoyjq be recalleq that Presungsr ter aff 5 tery
large Dbrotey, Molecyle hhe o N2y mes The e made gy
tltrafijpe, alkaline phosph'mse CXtracts have . n2yme
B0t pag, through 1 collodion Membrane

'
Hl‘l!llt‘ﬂlrlll Per!nps the phenomen N

Shorr But oy, does pe lkalipe
blood

Hmnrman The Same v 3, that 4
bone [nghter]

Shory Somehay Of other 4 mus

"Prehmm €XPeriments ndicate tha, t
itthibypg alkalz;e phospharzse This nhybygy
normay Phosphaeso! ALY ang gy p Sera
ither ¢ hyer disease o 10 bone diseqer Th
20 sodyyn €2pry late g N0t infypyy Phosph
album free of these stap lizers. does kbt
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THE RELATIONSHIP OF VITAMIN D AND
JARATHYROID HORMONE TO CITRATE METABOLISM
HE TREATMENT OF HUMAN RICKETS WITH CITRATE *

HAROLD E HARRISON

Trom the Baltunore City Hospitals Paltintore Mavland

Armstrong  Let us hear ahout another subject now I refer to the treat
ment of rickets with atrate—work which I think 1 fasunating Dr Harn
on would yout present vour studes?

Harrison  [lus work was stimulated by Dr Park who s asled us
repeatedls to expla n the mechamsm of 1ction of vitamm D Any approach
hat ean be made to the understanding of the phveiclogy of vitannn D iy
he of value in the understanding of the problem of the mfluence of 1ctivated
sterols and steronds 1] on tisstte functions

One obyvious approach to the mode of action of vitamin D was the study
of its effect upon citrate metabolism  Citrate mav influence calaum distribu
tion 1n the body by virtue of the formation of undissociated caluaum atrate
cemplexes  Butler and Shohl  showed many vears ago that the admm
stration of citrate to rachitic infants produced a rather unusual finding
namely that healing of the rickets occurred with a concomtant drop ot the
serum calcwm to fpocalcemic levels and with contmued low levels of the
serum phosphorus

The Effect of Vitamin D on the Citrate Metabolism m Rickets

Befare considermg the effect of aitrate on richet I should like to pre
sent sume stadies on the sirum atrate levels of ridutic infants treated
with utamn D (Tigure 99)  The method tt ed tor the determmation of
citrate was that of Natelson Pimcus and Lugovev ¢ The average serum
aitrate concentration mn normal control infants 1 about 25 mg per 100 cc

°Th se stule we e supported by g ants from the Nutritior Toundatior Inc anl
lhe Pla)’(e'( Park Re earch Fou dits

T and Butle A M Ctrates m the Treat1ent of Infantile Rickets
I\H Ex]l &S Aed 220 515 (1939)

3 Natelson S P cu J B andLugovo J A Mer tsl maticn of Cit ¢ Ac
A New Colonmetric React: n fo P ntab omoacetone J Bal Cic 175 /4> (1943)
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SEAUM  CITRATE  OF RADHITIC INFAN

s ,l N RELATION  TO VITAMIN D THERAPY
.
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Fig 99 The Concentration ot Citrate m the Serum of Ten Ra hutsc
Infants Before and After Traatment with Vitamm D

The vitanun D vas grenas a sngle myection of (00000 unts

[Reproduced by permssion from Harmson H E and Hamoen H C Y
min D and Crtrate Metabolt m }ale J Bul and Med 21 203 (1952}

In the group of 10 miants with vitamm D deficiency richets the average
concentration ot serum eitrate #3s low before treatment atter vanin I
was udimmistered the level rove m every subject and m some tases react el
supernormal fevels  The vitamun B was grven wtran usculacly as 00000
wnts of vitamn D snad Ta Ty,tre 100 15 shown an attempted correlation
of the serum citrate and caleym concentrations  Befure treatmrent there
was a wide variation 1 the concentration of the serum calenm fron 3 M5
per 100 ce to about 105 mg per 100cc  The serum citrate ferels were low
1 il of these wmfants without ant correlation with the serum calo Jet ef
Tollowmgs treatment with sitanyn D the levels of caluum and mr::
1o e together so that there was a prrtd cacrelation between the scrl;t
wtrate and calom concentrations  There does nat serm howeter 1

2 simple relationship bety een the atrate and the cddoum m the <cl;‘1;;‘
although procedures which mcrease the serum caleum Tevel abo ten
rarse the serum oitrate Jevel
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Fig 200 The Rehnonslip ot the Corcentration of the Serum Cirate
10 That of 1he Serum Calcrum 1 Raclutie Infants Before and After
Treatment with Vitamsn D

The ap 5 sJua et represent the vatues before treatment the sof d ¢ reles represent
% values after treatment The vitamm D was g ¢ as a2 swgle smyection of
5 s

{Revs du ed by penmisson from Harrson H T anl Harrson H ¢ Via
0 1 and Citrate Metaha tn Yate J Bol and Med 4§ 273 (1% 3

The Effect of Citrate Admwoistration on Vitamun D Deficiency Rickets

In Figure 101 1s summant ed the effect of cttrate mn the treattment of
an mfant with vitanun D deficsency nichets  Tefore tseatment the con
centration of cvfm was about 9 mg per 100 cc and the serum phospho
5 Ievel was approwinmatels 3 my per 100 co although the serum citrate
hneen ration was 2 mg per 100 ec winch 1s i the normal range

Litrate was given oralfy as a selution of citnic acid and tnsodnn ctrate
(s equmolar amor n s} madisaee of 50 mM of arteate per day Followiag
the feeding of otrate the serum calenm Jevel dropped rapidly to a mim
mum value of 65 mg per 100 cc without any appreciable change n the
concentrations of the serum pho phorus ot citrate  The concentratton of
the serum calium then 10 e to between 8 and @ mg, per 100 cc and re
maied at thys fevel while the serum thospho us concertration \ared
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between 25 and 30 mg per 100 c¢ During this 4 week period < ray
evidence of calafication of rachitic cartilage was observed In Figure 101
1t can be seen that throughout this time the excretion of calqum ia the urine
remained extremehy low the unmary excretion of pho phorus showed no
consistent change whtle the excretron of citrate rose gradually

The pomts to be emphastzed are 1) that the tnial response of the
rachific nfant to the feeding of a atric actd sodium citrate mixture was
a drop m the serum cateum level and 2) that deposttson of bone salts 10
rachutic cartilage s visuahized by < ray occurred despite concentrations
of calernm and phosphorus n the serum constderbly below the levels
usually considered necessary for caletfication Roth of these phenomena
cant be expluned by the hipothesis that one effect of feeding the ctric
acd sodim citrate mixture 1s to make the rachitic cartilage more calcifiable
so that calcium salts re rapidly removed from the hody fluds

Hoard Dr Harrison do the balances of caloum wnd of phosphorus
chainge durmng the afritc admunistration even thou h the serum fevels
do not?

Harnison 1 cannot answer that question \ve were not able to do et
rate balance studies 1n these nfants

Ho card Do you hnow Dr Butler

Butler We did not do halance studies erther

frmstrong  You are gnng 1 con iderable tmount of other substances
as well s aitrate

Hmrison  Yes 1 consderable quntits of sodiutet

{rmstrong 1 suppose vo 1 controlled this factor

Harreson  Not m the snf ot There are studies i rats n which 1t has
heen shown that sodim alone does not cause healing of mchets Care
actd alone al o causes little or no healing of richets In contrast the :<

ture of the two cau es a very decided healmg of nichets For these mfants
however we have not had 1 control period on sodwum alone  That 15 an

mportant pomnt

trmstrong To coutrol the study properly vou wimhf fine to pue the
o hum with a metahohzahle ton I should mmgme such 15 the lactate
Tartar ¢ acid sodum fa t2t
ther organic
have

Harrison This has been dope m rats
mnxtures also can produce healing of nicket  but nixture of o
acids with theyr sndium salts such as malore malic and sucemie acids
not can ed healing, of richets in rats
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Fig 101 The Effect of Gitrate Feeding 1n an Infant with Richets

Th colun ns rep ¢ ent the urmary excret on of phosphorus and of citrate the open
ireles represent the se um crtrate jevel  the open Squa es repre ent the serum phos
vhorus level e crasses represe ¢ the erum alkal ¢ phosphatase le el ( n Bodanshy
Unts) the op n t angles represent the serum cal wm levels the open blo & at the
boltom of 1h" fiure eprese s the period of fecdi g 50 mM _per day of citrate as an
equmolar mixture of aitn acid and frsod um it ate and eac] of e o ous
the bottom of tl ¢ figire represents an mection of 600000 umts of vitamin D

s [Reproduced by permsst n from Harison H E_and Harion, H C  Further
tudies of the Effects of Citrate Freding on the Caleum Phosphorus a d Citrate
tabol sm of Rachitic Infants J Ped 41 756 (1952)]
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Acuman Do these mixtures improve miestnal aborytson? Tartrate
of course forms a complex with ealaium

Harrison  Presumably ves but no actuai determinations have been made

Unst Our experience has been that the parenteral admuatsteation of
atric aud will produce healing of nchets 1n rats but much Je s effectnely
than sodium aitrate

Harrisen Curic aad 1s much fess effectine It our awn studies m mts
atre wid alone has had httle antr rachitic effect In the hternture there
15 ome disagreement In some studies atric acd without added sadum
has produced healing of richets m rats but has been Jess effec ne than mix
tores of atrate and sodum or otrite and petwssum  The findin, that
wterested us was the rapid irop m the serum caloum levels when the ut
rate was fed If etrate acts 2s a complexine agent m the intestine and ths
mptoves the absarption of calanm how can one expiun this decrease 1
the serum walciwm concentranon®

Sebel  Thd the drop take place alter the hexling or befo et

Harnson  The fall took place before we conld demonstrate healing
ISR Y

Sobel T ashed the question because w following the course of healng
by stochemica) method  one finds this equence  the cafcwum and phos
phorty product keeps fisin,  then just at the tme when you can detect
tustological heahing the product drops and after thot af goes up agam

Hornson  In these mfants the serm caloum concentration decreased
as earhv as 24 hours atler starting the otrate feedwmg It wotld not be
possible to demonstrate heahing as early asths

Follis 1 do not wish to set a definte number of days for the appearance
of healing but it 1s quite posuble that the  rasy eviderce s about two
weehs late

Harnison Oh ves the x ray evidence 1s late  But the changes Thne
mentianed occurred witlin 24 hours after the otrate admmtration Was

tarted Y ou made the same ob ervation Dr Butler

ental anmuals we found

Iinst  In unputh hed expenments on experin
“ k citrate 1oms mtroduced

a positine Time test after four das of tretment wit
parenterally

Harnson  Yes that s carrect

Unst  Ths treatment produced erlafication w1z comparable to 2
four plus hne test
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Shorr  Dr Harnson did you measure the urnnary caleram excretion

Harnison  Yes the urmary calaum excretion was measured It was
very low throughout this period and remuned unchan,ed It wis so low
T did not put the values on the chart (Tigure 101)

Butl ¥ Was there a drop m the erum calaium level when vou gave the
patients vitarmn D?

Harnson  We have not detected a decrease i the serum calcum values
when ne gave large doses of vitamun D Dr Stearns some vears ago te
ported a marked drop 1n the serum caleium levels of rachiti cluldren gren
small do es of vitamin D

Figure 102 llustrates 1n another rachitic wfant given the atrie acd
sodim ertrate mixture findings which are simalar to those 1 the previou
case  Agan there was an almost mmmediate drop in the values for the
serum calem Jevel with no change m the serum phosphe rus level  Depost
ton of bone salts m the rachitic cartilage was seen by ¥ rav dunng the
period when the serum calcrum Jevel was about 8 mg per 100 cc and the
serum phosphorus concentration was about 3 mg per 100 cc  The Jevef ot
the alkahne phosphatase activity which was extraordinanily high at the start
(180 Bodnshy umsts) decreased progressively durmg the period of aitrate
treatment The artrate feeding was continued for a period of 40 davs with
out evidence of an elevation of the serum phosphorus levels Howeser
Dr Park has stated that 1f the extrate treatment 15 conhnued  the serum

h
thosphorus and calemm con eventually do nse

These studies do not answer the question as to the mechamsm of action
ot vtamn D We are not certain that the mise n the serum citrate levels
following vitanun D therapy or the effect of the otrate on the healng
of the rickets are evidences of a direct role of vitamin DD 1n the ster
me hary metaboly m of atrate It should be possible to determme how
vitamin 13 does influence the ceflular metabolic processes and whether or
ot the changes in the aitrate level are mmfestations of this effect We
have hoped that the studies of Zetter trom?®  which mdicated that phos
phonylated vtamin D could be shown i ifro to wfluence cell enzyme
sistem  might Le the answer but we haive not been ahle to obtun 2
sample of phosphorylated vitamm D which has tle propertie described
by Zetterstrom

Falts Have vou attempted to make this preparation of vitamm D?

Zette strom R Act vation of Ae ofsc Oxd tonm hdar Mtocht 1t al FI3x _owwn
phorylated Vtamn D Acta Clem Seard 5 343 (1951)
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Harrison Not ourselves An orgame chemist assoctited with 2 com
mercnl Ihoraton has been trying to prepare it without succe s

The Tifect of Paratbyrord Extract and of Vigarnn D on the

Metabol, 1
Citrate an Hjpop y

1 should hike to report some studies on eirate metabol m m Wpo-
parathvrordism Freure 105 sllustrates the changes i the serum aloum
phosphorus and atrate levels and in the urmany excretion of citrate m a
chrld with hvpoparathvroidism  The serum citrate values wuhialhy were
found to be below the nosmt fevels When 10 cc of parathyvrod extract
were wjected mtramuscutarh datls for 4 days a sharp merease m the
urnmny citrate excreton was obsersed and @ rise m tle serum atrate
coneentrtion from the mibalh low level to the normal range occenrred
along with the expected mcrease 1 the serum caleum concentrabon The
urmars excretion ot caloam did not chinge from the low fevels of 1010
15 mg per day  AVhen parathvrow extract was discontinued the sevunt
calaum levels qmichly returned to the pre treatment values the urmary
excretion of utrate decregsed but the concentration of serum otrate did
not drop A prolo jed perod of Penernd treatment foloned We wert
unable to tonfirm the obsertations of Hoffnin®s that m hypoparathyroul
subjects Benermd increa ed the urnary excrenon of phosphate and de
creased the concentration of the sernm phosphorus  VWhen vtamwa D
therapy w1s given i larce doses u increase 1n the urmary atrate exere
tion agan Wes found with a further rie n the scrum Gtrate levet and &
rpid ncredse m the concentration of the serum calem to the narmal lexel

The Citrate Metabolism 1n Renal Tobular Acdosis with Rickets

Some studies on the utrite metaboltsm of an intant with renal tubular
acdosts and nckets also may be of wtercst The miant had 1 persistet
hyperchlorem ¢ acidosis with polyura and 2 wane pH that always was
dose to7 Y shown g Fagure 03 the sernm ralusum yalues were normd
but the serum phosphorits concentratsons and the serum citrate levels “tre:
fow  Two mmjections of vitanun I totalling 1200000 wts had va cﬂ:“
upon either the serum phasphorus or atrate level  When 30 cc of molT?
sodwm lactate and 50000 umts of vitamm D were grven duly the srru:ﬂ
phe sphorus concertranions rose to the normal range 15 did the serw™
atrate valyes The upnary atrate exerenon was neghgible before tredt
ment and interestinghy enough did not ncren ¢ with the comttined 1t

: Hoffman W § Fascale L. and Dubw A Fifect of Beremi 1 on Phosohate
Tcretion n Tarath rod Tetany Frd Proe 31 23t (1952}
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Fig 102 The I fiect of Citrate Feedmg in an Infant with Rickets

Tllc ol jtns rep esent the un ary excret n of plosrloiy and of citrate #f oper
r;: Tepresent tle serum utrate fevels th squa cs repre nt the se v pho
M{:)l vels 1/ e crosses rep esent the erum atkaline pho phatase level (i Bodan ky

Ye open triangles tep esent the serum calowum levels ¢t/ open block at He
bottom of ty

H of He figu e repre nts an mection of 600000 umts of ystamn D and
ed #dblock at th Lottom ot te fiy ¢ rep esents the period of the oral adm
Staton of \ tamn D at fir t 50000 unts per day and later 5000 unt per day

St[Rqﬂmdurcd by permuss n from Ha sn H E_ and Ha 10on H C  Further

fiudies of the Efects of Citrate Feedr g on the Calcum Phosphorn and C trate
etabolt m of Tachutic Infauts J Ped 41 756 (195)]
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Harnison  Not onrsehes  An organic chemist associated witl 1 com

mercnl laborttory has heen trying to prepare 1t without success

The Effect of Patathyroid Extract and of Vitamin D on the
Citrate Metabolism 1a Hypoparathyrosd:

I should like to report some studies on citrate metabolism m hypo
parathyroidism  Figure 103 illustrates the changes 1n the serum calcum
phosphorus and atrate levels and m the urmary excretion of ctrate m a
cluld with hypoparatiyrordism  The serum aitrate values mitally were
found to be below the normal fevels When 10 cc of parathyrod extract
were mjected mtramuscularhy datlv for 4 days a sharp increase i the
urinary cirate encretion was obsersed and 2 rise i the serum ofrate
concentration from the imtially low level to the normal range occurred
along with the expected mcrease m the s rum cakum concentration  The
urmmary excretion of calaum did not chan,e from the low levels of 10 to
15 mg per dav \When parathyroid extract was discontinued the serum
calaum levels quickly returned to the pre treatment values the unnarv
excretion of eitrate decreased but the concentration of serum atrate did
not drop A prolonged period of Benemnd treatment followed Vve were
unable to confirm the observations of Hoffman?* that 1n hypoparathysoid
subjects Benemid increased the trnary excretion of phosphate and de
creased the concentration of the serum phosphorus ¥ hen wtamn D
therapy was given m large doses n increise in the urinarv citrate exere
tion agan was found with 1 further rise in the serum atrate level and 2
rapid mcrease m the concentration of the serum calawm to the normal level

The Citrate Metabolism 1n Renal Tubular Acidosts with Richets

Some studies on the citrate metabolism of an mfaut with renal tubular
acidosts and rickets also may be of mterest The mfant had a persistent
hyperchlorem ¢ acdosis with polyuna and a urne pH that lways \m?
close to 7 A shown in Figure 104 the serum calorum values were norm?
Lut the serum phosphorus cuncentrations and the serum citrate Tevel \;l’i
low Two mjections of vitanun D totaling 1200000 umts had n? e ;ir
upon erther the setam phosphorus or atrate Jevel Vi ben 40 cc of mol

m
sodim lactate and 50000 umts of vitamm D were given daily t:e ::r\'“um
phosphorus concentrations rose to the normal range as d‘ie ; e o
atrate values The unnary citrate excretion was negligible ore

a1
ment and interestingly enough did not merewe with the combmed

hate
2 sHoffman W S Pacale L. and Dubm A Lffect of Benenud on Phosp
Frcretion m Parathyrond Tetany I d Proc 11 231 (1932)



HARRISON Hs

€8
a
10) s
p AA " AA a b
L
3 % x . o0
& a e
8 M a2 160
%7 ] 400
24 —|30§
L x X x X Q00
« xx X o W
[ x Jaoh
“"d 0 o ooO . L - o =
& o B o8 o8 - e
a
2 ° o ° 40
] X q20
URINE CITRATE
400
20,
200
< 10
o
> PHOSPHORUS
3 soq
4001
200/

5 10 13 2025 30 35 4045 50 55 GO 63 70 90
DAYS

-8 - 0 T

T

Fig 102 The Fffect of Citrate Feedwg m an Infant with Pickets

. Tlf ! 115 represctt th ur nary excreti n of pho phoru and { cit ate the open
hr § Tepresent the serum itrate fevels th  pe st 5 epresent the serum phos
I{ orus level e sses ep e ent the se um alhal tie ph sphata e levels (in Bodan ky
¥ r’ll’tx) He oper tra gles represent the serum calcium levels the open block at tle
anfoms of e fig re epes nts the p riod of feeding 50 mM per day of c trate as
bquequm far mi ture of citric acd 2 d t sodum ctate eac f the arroas at the
o ?1‘ of He figu ¢ repre ents an myection of 600000 wnts of wtamn D an
fdottd blok 't t botto 1 of th fiyn e represent the per od of the oral admn
tation of Vtamn D at first S0000 u ts per day and later 5000 unts per day
S"[lgtp oduced by permis won from Harron H E_ and Harnson H C F_the
Nugies of the Lffects of Cirate Feeding on the Cal um Phosphoru and Citrate
etabol m of Rachitic Infaits J Pef 41 756 (1957)1
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Huarrisor  Not oussehes  An orgume chenmst 1ssouted waith 2 com
mercitt fhorators his heer trying to prepze it without sueeess

The Effect of Parathyrord Extract and of Viamin D on the
Cueeate Metabolism 1 Hypoparathy rosdism

1 should like to report some stucies on ostrate metiboln m hipo
parithyroidism  Prgure 103 lustrates the changes m the serum cakaun
phosphorus and citrite Jevels and m the urmary excretion of atraten 2
chald waith hypoparatmyrohism The serumr atrate values wntradh wese
found to be below the normal levels When 10 co of pirithyrond extract
were mjected mtramuseulrrh dath for 4 days = sharp ncrease 10 the
ufinary atfate escretion was observed and 1 rise i the serum atrate
concentrztion from the mtaihy low level to the normal rnge eceurred
along with the expected merease  the serusn calosuny concentrweon The
wrinary excretion of caletum <hid not change from the low leveds of 1010
15 mg per dav  When parathyrond extract was dicontinued the serum
calemm levels qmekh, returned to the pre treutment \ilues the unnary
excretion of aitrite decreased but the concentration of scrum aitrate dd
nat drop A prolanged period of Benewnd treatment followed Ve were
wmble to confirm the observations of {offman®® that w by popathyrad
subjects Bencmd mereased the urman excretion of phosphate nd de
creased the concentsation of the serum phosphorus  When vitanun D
therapy was gnen m large doses an mcretse 10 the urmry atre evese
tion agan w.s found with 4 further rise w the serum atrate level and 3
raped merease i the concenteation of the serum calaum to the normmat levet

I'ie Citrate Metsbohsm tn Renal Tubular Aadosis with Ruchets

Some studies on the citrate metabobsm of an mfant with rendd tubulat
acidoss and rickets also may be of interest  The mfwnt bt 2 persistent
fiy perchlorem ¢ acidass with pohura and a unne pH that alwavs \\";
close to 7 A shown i Ligure 104 the serum caluum 1afues were nornr "
bt the cerum phosphorus concentritsons and the serutn entrate levels ‘(‘Til
fow  wo ingections of vitvmn D totallng 1200000 umts had n? ef -
upon either the serum phosphorus ar atrite ey ¢l When 40 e of 10! "
sodim lactate and 50 000 unsts of vitamun D were gren daly the scr\:m
phiosphorts concentrations rase to the normal range a3 did the scrxm
atrate values The unnary citeate encrehott Wis neghgmble before mn
ment and imterestinghy, enough dsd not mcrerse with the comnoed v

Hoffman W S Yascale L. gud Dul
1 ~cretien m 1 arathyrod Tetany Led Fror

tan A I flect of Ben mud o Phosphate
11231 (1952)
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Fig 102 [he Ffiect of Citrate Feeling in an Infant with Rickets

T ¢ 1y u represcnt the urmnary excrett n of plosphoru and of citrate th pn
'h"' 5 Tep esent the se um « trate levels the open sq a ¢s represent the serum phos
{horus levels the cros s repres nit the serum alkal < phe phatase level (n Bodanshy
Dot ) tia gl s repre ent the serum aleum level /e op n 8l ck at the

ottom: of #e figr e repres nt the persiod of feedno 50 mM per day of ait ate as
:n equmolar mixture of ¢ tr¢ acid and tri odwm citrate eacl of e a ous at the
bottom of Hle fig e represent an amyecto of 600000 unts of vitammn D anc

e d 11d block at fle L tta ¢y the fitur represents the pe 1 d of the oral ad tn
Bstration of Vitamm D at fi st S0000 wmts per day @ late 5000 uts per dav

S (Reproduced bv perm 1 % from Harrs n H E_a d Harmos H € Further
]\Eud es of the B cts of Citrate Feed g on the C leum Phospho u and Ctate
etabal m of Pachtc Infa t J Ped 41 756 (195 }]
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Harnson  Neg aursehes  pn orgamic chemrst tssaciafed with a com
merant Mborutary has been trying to brepare it without success

The Effect of Patathyrod Extract and of Vitanmun I3 on the
Citrate Metabolism 1 Hj poparathyrordism

I should hhe to Feport some studies on ateate tietsbolism m hypo
paruhsroidism  f 1gure 103 dhustrates the changes m the scrum calewm
phosphorys and wtrite fevels and w the urmary excretion of ctrate i a
child with s poprathy rowdis The scrum aitrate values ity were
found to be below the normm} fevels When 10 cc of rarathyrad extract

not drop A prolonged period of Benenud treattnent followed We were
unible to confirm the observations of Hoffman?™ that w hypaparathyrod
subyeets Benenud wereased the urmary ecretion of phosphiate and de
creased the concentration of the serum phosphorus  When vitanun D
therapy was gnen 1 farge doses an inerease m the uruary atrate exere
ton agan wos found with 4 further rise in the serum atrate Jesel and 2
Tapid 1nerease in the concentration of the serum caleum to the nornif level

The Citrate Metabolism yq Renal Tubular Acidoss wich Richets

Some studies on the itrate metabolism of an tnfant with renal tabular
acidosss and rickets abo may be of mterest  The smifant had a persistent
By perchiorem ¢ acidosis with pohura and a unne pH that alwavs \m;
cose to 7 4 hown in Thgure 104 the serum calcsum valies were normal
but the serum phosphorus concentrations and the serum ostrate levels ‘I‘T::
Iow  Fwo iwmjections of vitrmm D totalling 1200000 sty had n{n e "
wpon exthier the serum phosphorus ar aitrate fesel  When 40 cc o mum
sodimm lactate and 50 000 umty of vitasin D owere gnven dahy the >¢T“J‘m
phosphorus concentranions rose to the normal range as did the 5;;“
cirate walues  The urmary atrate excretion was neghible b"{"'ex wa
ment and mterestingh enoucht did not mcrete with the combmet

hate
¢ Woffman W 8§ Pascale L. and Dubin \’ Fﬂeg of B aeru! on Plo pha
I xeretion Farathyrod Tetany Fod Froe 11 231 (1952)
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Th coli 115 reyre A the unnary xeretion of phosphor and fclate the apar
ércles vep escit the <erum ¢ ate {e €l #¢ ape) s ares renresert Yo sery 3 phos

rosle ols tle ¢ osges ep es nt the serum alkal ne 1o rha asc Jev s { n Bodamsky
Unite) the open trarotes represert the serum calowm levels o on blo k on the
uorioms of e fiyy ¢ yepres whs Yz prvd of e Une 80 M per day of ewm s
© e molar mikture of nitric aci{ and trs odu ¢ ate ra / f the @ rocsat the
ol i of (' figu ¢ repre ents an raecy n of G0N unes of Y tamn D W
the dit d blo k' ar the Lotto v of the i tepre erts th period of the oral admim
Btraton of \ tamn Dt frst 50000 unts per dav and b2 er SON0 umts rer da

IReproduced by permss n from Harr n H | 202 Mars oa H C  Further
ilud\es of the Effects of Ctrat Frelag <3t m Phoploru  nd Ctrate
Mttabot sm of Ra Farc Infax S Ped 41 056
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T ¢ o tsrepeentthe seumc aelee opnsgw s epe n he
eumpophousleels feop t ang s eneent he eum a umlees ah
of heopn o @ he boton of ¢fiy ¢ epeens n mecton o 600000
unsofyam D and h ho / d ou nat hebo onof fge  epeen a
P of camen wth mola sodum lacae 40 c p day plu vamn D
0000 un s per day)

B tler Supposeyouhad do el study vtho ttle tam Dadwd
Jutsolum lactate  Fat would la e happened?

Hanso Theacdo would ha e been corrected and o er a per od of
t ¢ the rchets yrobally would ha e heaed altho gh I am not certan

Uat tle rachtc leso vo Id fa e healed completely w thout extra v a
mnD

Butle 1 o der why we su often g e huge does of fan D

Uese pa ents I 1o not hnow thata o ela pro e that th ey are neces
ary

Slorr T can co firn all of ur ob er aton on tle relat onsh p be
tween tle loud cale n and ctrcacd leels Tle lane ntle ame
Lrect v 1 great resularty the t cac lle o folows 1 cla ge
Ntlecal u leeltl tare d cel for exa tle 1y the ren  al of a
paratl rod tnor As you d ate Dr Harr o thee relatonst p
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Harrison  The urmary excretion of calerum was not unusually high
Ho ard These pitients usually have 1 very latge excretion of cakum

Harrison  Yes they usually have a very high urmary caleum value
In this patient the urmarv cilaum excretion was not very striing as I
remember it but I do not have the figures here
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STUDIES ON THE PURIFICATION OF
PARATHYROID EXTRACT™

PHILIP HANDLER DAVID V COHN and A F DRATZ

From the Departments of Biochenmstry and Nutriteon
Duke Um eraty School of Medicine
Durlass North Carolina

drmstrong 1 thunk this would be a good powmt to hear from Dr Philip
Handler who I understind has some exutmg results about the pursfica
tion of parathyrod extract or at least the separation of st mnto more than
one component

Handler Qur study of these prablems arose primarthy from an mterest
m senal physology 1nd biochemustrs rather thas from the fact that the
pirathyroid hormone 15 related to the metabolsm of bone Some years
1go we embarhed on an svestigation of the behavsor of the hudney from
vinous stindpomts Ve have been imterested  renal hyperteasion {or
some time  We also hme been cotcerned with the metabolsm of the
hidney per se and have studied the htter from several approaches

The Problems m Renal Physiology Which Resulted 1n the
Present Investigauons

Perhaps manely we thought that we nught be able to get at the natare
of the mechanssm whereby phosphate retbsorption occurs m the hsdney
weang tracer stadies with P Thus was o rather ambitious project Ve
had hoped that we could do one expertment and sshe several problems
w ponit of fact we obtamed a great deal of data and succeeded 1 seh
g 5o problems whatseever

The problems were a) Is the scheme of glycolysis which has beent
worked aut by mr witro experimentation appheable to events occurnng i
amy organ 1 ire? b) Can the rate of turnover of adenosme trsphospfnite
n the kidney be related to the actual thermodynanue work which the organ
15 being asked to perform at any gven tme? ¢) What is the mech:mJSn'fl
of glucose reabsorption wn the hdney? d) What s the mechansm 0
phosphate reabsorption m the hidney ?

* This work has been supported by the U S Atomic Energy Commission vndes €09
tract AT (40 1) 289 with Duke Unsversity

s3\Much of the work was performed durmng the tenure of Dr Cobn 28 an Atomic
Energy Commussion Pre Doctaral Petlow
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These studies were performed with Dr A T Dratz The chief ditheulty
proved to he i the fact that events n the kidnev occur with enormous
rapidity  If we could slow them down 1f by some meins we could get the
tidney to operate at perhaps 10 instead of 37 we nught <olve some ot
these problems but at 37  the processes m the hadnen accur so rapdh that
solution of these problems by available techmiques seems 1mpossible

The Incorp of Radiophosph (from 1 Orthophosphate)
wnto Organte PhosPhate Compounds 1n the ludney

-

our conststed of g P¥ as morganic
orthophosphate mtra\enousl) to a series of lapamtumlztd dogs and of fric
tomting their hidneys for inorgame phosphate adenosine triphosphate
glucose 1 phosphate and glucose 6-phosphate as well as a number of
fractions irrelevant to this discussion  The spectfic activity of each frac
ton was then determmed kadneys were tahen for analysis 2t mtersal
from 5 to 120 mnutes 1fter PS adnumistration These results have been
published ¢

An active reabsorptive process for phosphate i the kidney (and we all
believe 1n 1ts existence) 1mphies the conversion of morganic orthaphosphate
m the glomerular filtrate mto something which 1s not morgamic ortho
phosphate as 1t goes through the cells of the tubular epithehum with a re
comversion to sts ongihal form before 1t emerges on the other side The
only substance which we could find with 1 spcclﬁc 1ctivity high enough tu
sene such a function was ad tr h: No other comy
that we obtamed fulfilled the necessary criter;a  These eniten probably
are hnown to most of vou and were published by Zilversmit 7 some tume
aga Uni, triphosphate present i the hidnev was
demonstrated formerly to be not a <ingle entity but 1 mrxture of two or
mare forms of adenosine triphosphate existing i different peols which
turn over at different rates Thi may reflect merely the cellular hetero
genenty of the kidney or 1t may reflect the fact that within any cell you
have ndependent pools such as those n the mitochondria and outside the
mitochondria turning over at different rates

With respect to the problem of glucose rewbsorption our efforts have
been rewarded only by the finding that 1f glucose 6 phosphate formation 15
obligatory to this puspose only a nunute fraction of the total glucose 6
oA L and Hindler R Penal Phosphate and Carboin drate Metabol sm

phosph rus J Biol Chem 197 419 (1957)
T’Zvlvtrsmn DB Emewan C and F bler M C On Cal wlatm of Ty ncyer

1'Cen Ph;:m' Gvscraﬁ(zlle 3){\'011\ Expersments Iny lving U e of Label ng Agents

4
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phosphate of the kidney 15 <0 engaged “The bulk of this matersal m the
kednes turns over 1t a rate entrrely 1nadequate to meet the demands for
glucose reabsorption  We cannot of course rule out the possibility of a
minute fraction turning over 4t an extremely rapid rate

‘The Fffects of Parathyroid Extract on the Renal Excretoty
Mechantsms for Phosphate

At the sarre time we were engaged in another study in parallel with
this %8 We thought that 1f we could establish how the hidney reabsorbs
phosphate w. mght then observe what the effect of parathyroid hormone
1s on the actine system thus engaged Imtally we set ont to demonstrate
to our own satisfaction that there 1s <omething 1n parathvrord extract which
does nhibit tubular reabsorption of phosphate At the time we started
this work 1t was not clearly established n the literature that this process
really does occur Perhaps our chowe of the dog as the subject for these
studies was unfortunate However 1t did lead Dr David V' Cohn and me
mto several situations which proved to be 1musing

The first event which occurred 1f a dog was grven more than 100 umts
of parathyrod extract intravenously was an almost complete shutdown of
glomerular filtration This lasted from 10 minutes to 30 minutes during
tlis time the anmmal was anuric and there beng no filtration there »3s
1o reabsorption either  After that m most of our ammals there occursed
a rebound with glomerular filtration mcreased ahove the control baseline
The increase was usually of the order ot 20 per cent above the onginal
talte and persisted for a period of time that varted all the way fromt
30 munutes to 5 or 6 hours with no particulsr consistency not even withm
the same animal 1 different runs  Under these conditions there was als0
a phosphaturia (Figure 105) Howeser the phosphatuna generally was
not the result of the imparrment of tubular reabsorption but was caused by
the increase m glomerufar filtration  thus we frequently obtamed 2 phos
phaturia 1 such ammals m the presence of an absolute increase i tubular
phosphate reahsorption

Continung such studies however we were able to demonstrate that lnf
mstead of giving the maternl mtravenously we gave it m!ramuscu]:\rv:
in the same dosage then we obtamned a perfectly satisfactors hibition o

88Qur thanks are due to Aemour and Co and Fh Lidiy and Co  for generous sup
phes of parathyroid glands and parathvrosd extract re pectively

hyrotd Extract
289Handler P Cobn D V and DeMara W J A Effect of Parat
on P::glc;iv(cre(mz of Phosphate Am J Phystol 165 434 (1951)
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tubular phosphate reabsorption % The hemodynamic effect after the mtra
venous njection of parathyroid extract 1s a rather startling and dramatic
one There are very few procedures indeed which rame glomerular filtra
tion The fanuliar phosphate diuresis which for a long time has been known
to occur after the admunistration of parathyroid extract now seems to us to
be the result of this increased glomerular filtration rather than to alterations
1 a mechamsm relating to phosphate metabolism In consequence we have
sought to estabhish whether or not the two effects were induced by a smele
agent 1n the matertal which was being gnen

Because we happened to be interested i renal hypertension and could
convemently measure the blood pressure of rats we mnjected parathyrod
extract into such ammals and were able to ehicst 2 very impressne hyper
tenston which required about 30 minutes to develop and wlich persisted
for 30 minutes to an honur The systolic valtes increased from about
103 mm to approximately 160 mm of mercury

Shorr In this last experiment was the parathyroid extract given mtr2
venously ?

Handlir  No 1t was admimstered intraperttoneally

Wintever the materral 1s which elicits this effect 1t can be removed very
aumply by dilysis of commercial parathvrod extract The responsible
agent 15 not 1dentical with that which affects the phosphate reahsorption
the renal plasma flow or the serum calcium Jevel >

Attempts to Fractionate the Biologic Actrvitses of Parathyrosd
Hormone into Separate Compounds

We have never succe sfully separated the materal which causes the
hemodynamic alteration frem that which causes the rise m the serum
caleum level or the mhibitton of tubultr phosphate reabsorption ve
Deheved that the time was right to engage m such studies In the fast ten
or fifteen years much has been learned about procedures to separate anz
punify protens and we thought 1t was time that someone went T
to the parathyroid glands and started all over agan Ve have now em
ploved practically every device which has Leen used m other studies 1:
separate protems witl 1o stccess whatsoerer Ve have data which loo
excellent For example the data which look most impressive and et
winch are almost meanmgless were obtuned by Dowex chromamgmph\d
We succeeded m putting the material on the Dowex column 1 the ac
form and then eluted 1t with buffers of vartous sorts

s0Handler P and Cohn D V  Effect of Parathvroid Fxtract on Renal Function
Am J Physol 169 188 (1952)
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The protemn concentration of the elutates was measured by the charac
tenistic absorption due to tvrosine mn the Bechmann Spectrophotometer A
tvpical set of resu'ts 15 shown mn Figure 106 Here are perfectly clean
separations of protem fractions In no cace was the eluting buffer changed
until 1t had removed all the protem that was possible Each fraction was
then assaved for its abtlity to raise the serum calaum concentration s the
dog (that 1s by the Pharmtcopoera 1ssay) and the results were expressed
as umts per milhgram of mtrogen But the actrity so expressed proved
to be essentralhy the same 1n all fractions! Thy procedure required a great
many asswvs 2 large number of dogs and a considerable quantity of para
thyroud glinds from Armour and Co2* Thrs same lack of concentration
or separition of Diologie activity also has been obtamed w simple counter
current distribution stuches these data are questionable however as 1t
was difficult to find surtable sets of solvents to operate the system

Ihe pos ibiities which we can suggest at the moment are 1) As
the case of the adrenocorticotropic hormone the actne materal m the
gland actwally may be a large protem which 1n the course of the isoltion
15 de,raded nto frictrons of varymg size eich of which still has activity
2) The acttve matersal may not be a large molecule =t all but mstead 2
small molecule which adheres to each one of these fractions It 1s rather
surprising 1f this 1s so that the small molecule elutes cleanly with each
one of them neverthele s this 15 an alternatrve posstbility

Ve are trying other approaches now but none of them thus far s
come to amything We have carried out simple procedures such as dioest
mg the actine material enzymatically with sarious protealytic enzymes
every case n which we have succeeded m destroving the ability of the
matersal to rawse the serum cafoum level of the dog we have lost 210
the abihi 3 to increase the glomerulr Rltrate rate of the ammal W hether
this effect on renal hemodynamics reflects any normal physiofogical prop-
erty of the matern! which emerges from the parathyroid gland normally
I do not hnow It 1y true that the phosphate dusresis and the nise 1 the
glomerular filtratton rate are much more dramatic when the evperments
are performed in parathyrordectomized ammals that are mamntamed on
elam than when they are carred out m normal anmals

The hterature which we have exammed carefully 1s replete with dJlta
indicating the same phenomenon —a relativeh tervial (and ordinarity

Carb — carbonate fraction The material shown as emerg ng from the n\f;(c {‘:::"
tion 1n 4 constitutes the imual breakthrough Thr was appled toa sm“l‘ t:
with the re ults shown i B The bretkthrough from the second colum:

applied to a third column with the results shown i
[Unpub! shed data of Cohn D v and Handler Pl
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perhaps ns gn ficant bu nevertheless real) dmnuto n the ¢ omeruar
filtrat on rate after parathyro dectomy The marhed jhosphatura wl h
has been chser ed so frequently when h poparathyro d pat erts are g en
parath ro d extract I suspect  at least n jart due to the dure a d
the ncreased glon erular filtrat on rate of phosplate ratler than a
metabol ¢ effect on the k dney That dures ao e ca produce n reaed
phosphatur a by the way we have ob er ed n other expermen  h h
were not performed for the purpose ot es gatng ths pr o Ina
stud of the fate of gl ne (whch was carred nut 5 ollabo ato wtl
Dr Henry hamn) vhere the a terat ons n ur na y phosphate ex reton

ere folo ed dur ng Jarge cale nf sonsof g ne the er m phospha e
concentrat on went down wh le the ur nar pho phoru exc et on nereased

e finall succeeded n lower ng the se um pho jlate co ce traton t
0€ mg per 100 cc (T gure 107) These nan fe tato s 0 ¢ rre | w thout
the adm nstrat on of paratl rod extrat smpl a a con eyuen e of
ghyene dure 1 an certan therefure that n pat some of tie
effet  hch la e been ob er ed mn the pat after the admn trat on of
parathyro d hormone (so called as obta ed commercall ) Ta e leen just
the resut of dures and actually ma not represent tle nornal man

festat ong produced by ths 1ormo e

We are cont nu ng these stud es of the parath od gland and our at
temp s to fract onate t w th the hope that e can obta n a substance wl ch
mo e clo ely approx mate the act ve mater al

Conference Discuss on

Slor Co1d you ay son eth ng about formaldehvde nrea  to hs
problem

He der 1know only what I read a fe v weeks ago n a paper 1 Endo
inology by S ewart and Bowen  They treated commercal paratl tod
extract wth formaldel yde and repo ted that they had nact vated tle na
“ralwthre jetto tsab ty tora e the serum cale un of the dug w
out affectng ts ablty to cau e pho phat ra It ma  vell be that they
have mict ated the serum calcum ra no 1rneple and pertaps also tle
b ty of tler materal to nl b the tul ular reab orpto of jlosplae
¥ suspect that the Lemod nan ¢ effect goe on nchan,ed under oec
cum tances becau e fore gn prote n n general also can el ¢ t such an effect

Hade P Ramn B
and Ha S TleMesab! mof Paeneally Ad
M0 ecdAm o Acds I Glyene J B 1CI 179 b3 (1949)

S wa G S and Ro £
nHF TheUnayPepacEx eonFato

Ta2 yodGandLx at AHomoeoranArelat kd no 51808 (1) Vo
R
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Fig 107 The Effects of a Constant Infusion of a Solution of Glyene
n an Anesthctized Dog

The solution contained 4 orams of glycme m 03 per cent sodum chlorde and was
guven at the rate of 037 ml/Lg /mmn_ the dog weighed 14 Lalograms and was under
Dial anesthesia  Note that the flow of urine was of the same order of magn tude as
the rate of mnfu 1on after the first 90 munute  Note also the sweep ng out effect on
phosphate and the remarkably low concentration of serum phosphorus that was found
S mular re ufts were obtamed by Na SO dmuresis2 t

s figure 1s sindar to one gmiven elsewhere  but las not been published
previously |

If that be the case then these mvestigators b succeeded 1n demonstrating

that the hemodsnam iple of does not require pre
cwsely the same ¥ ture as calom raising of
s) B f Stevnart and Bowen

phosphate reabsc
most defimtely

e

s eud atersal which ra1 es
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the serum calcum level 1s dufferent from that which inhibits the tubular
phosphate reabsorption  Therr criterion phosphaturia was much too
crude since we have shown some time ago that such extracts as thes
used may elicit phosphaturia by two entirely different mechantsms

Inadentally our work has been started with raw parathirord glands
becanse our yields were somewhat better when we used the glands instead
of commercal extract

4rmstrong T was very much impressed by vour findin,, that the actine
principle was associated with at least three different protemn tractions

Handler  No not just three fractions but perhaps an mfimite number
of fractions

dristrong  But you obtained three

Handler  We found three pharmacologically different properties Two
of these are associated with five fractions obtamed hy Dowex chromatog
raphy

Arinstrong  Are the fractions continuously distributed over the column
or are the fractions separated ?

Handley  This 1s partstzon chromatography at first everything 1s on top
of the column  then you elute with bufters of ncreasing pH and for each
one you get a peak of material from the column When no more mitrogen
comes out of the column then you change the pH of the eluting flmd and
you get ancther peak and so on We collected five fracttons I m certam
that we could double that number hy narrowing the pil ranges

drmstrong  You indieated that the active substance mught be somethimn
that just goes along m association with the proteins

Handler Yes with ench of them
Armstrong It seems to me that that 15 1 very good idea

Handl v 1f 5o 4t 15 rather unusual because wt means that whatever
this materral 1y that 1 coming oft 1t 1s a substance which cannot tself be
fract by partition cl Ly That 15 1t 15 a substance which
1s totally insensitive to the pH of the buffer that 15 bemg used to remove it
and n some way (we have been usmg the word bound for two days
00w and 1 can use 1t perhaps for the last trime) bound to protem or pro
tanaceous maternals

Tolis Do the protems that come off the columm have molecules of ahcut
the same size or of different sizes?
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Handler No each one of these fractions was heterogeneous when put
1nto the ultracentrifuge  Lach frachion was obtained by virtue of its acdic
products not because 1t represented umgque molecular species as it were
We have no single species 1n these fractions We have tred 1n addition the
trick of ultracentrifuging and removing several fractions as we ultracen
trifuged the material These fractions also had exactly the same amount of
nologic actrvity per milligram of mtrogen

Armstrong  Have you tried alkahne hydrolysis?

Handler  Yes If you carry out alkaline hydrolysis to a sufficient de
gree you destroy everything If you carry 1t out less mtensively T do not
know what happens
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THE EFFECT OF INTRAVENOUS PARATHYROID
EXTRACT ON A PARATHYROIDECTOMIZED DOG

FREDERIC C BARITER

From the Natwnal Heart Institute Bethesda Marsland and
the Untted States Public Heatth Sermce Hospatal Baltsmore Marpland

Armstrong  Dr Bartter will vou please present your data

Bartter  The one difference that I have noticed between the phosphate
hsm of t 1 and of d dogs 15 11 the maximum

tubular reabsorption of phosphate It 15 clearly lower under anesthesia

1 want to retan for us a ray of hope that parathyroid extract gnen
mtravenously tmay not always be heterogeneous mn its action  Figure 108
shows the results of a study on a parathyroidectormzed dog

During the control period there was almost no phosphorus i the urine
Parathyroid extract was given ntravenously (100 umits over a 3 minute
period followed by a sustaner of 5 umts a minute) The sequelae nere
1) 2 very shight nise in the glomerular filtration rate (the amount of phos
phorus filtered never sigmficanthy exceeded that i the control period) 2)
a tenfold nse 1n the urinary phosphorus excretton and 3) a fall in th
serum phosphorus level The urinary phosphorus excretion even after the
tenfold increase was only a small fraction of the amount filtered but the
increase was sufhctent to produce a fall 1n the serum phosphorus level from
35t022 mg per 100 cc

Conference Discussion

Butler This 1s 2 good demonstration of the effect of parathyrod m
decreasing the ratio tubular resorbed phosphate/glomerular filtered phos
phate (TRP/GFP)

Bartter At least 1t shows an ncreased excretion due entirely to failure
of reabsorption The ratio TRP/GFP throws no hght on mechamsm
It would fall whether the parathyroid extract produced phosphaturia by
decreasing the reabsorption of phosphate by increasing the filtratson of
phosphate or by both mechanisms

Handler How consistently do the sequelae you have reported occur ?

Bartter 1 do not have a great manv experiments It happens consst
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Fig 108 The Glomerular Filtration Rate the Serum Inorgame Phos
phorus Levels the Serum Caleum Ievels the Utinary Phosphorus
Excretion and the Calculated Amounts ot Phosphorus Filtered and Real
sorbed Before and During the Intravenous Admmustration of Parathvrod
Extract to a Parath rordectomized Dog

C F R —glomerular fltratisn rate The parathyrod extract wa given mtravenously
m 2 dosage of 100 umt over a 3 munute period followed by a sustumny d se of
5 smyts ver mmute The cal ulat d amount of phosphorus filtered per minute 1 repre
sented by the total hewght of th columns the amount that appeared n the urire

1 plotted downward (¢t [ @ area) from the top of the columns Thus the amount
reabsorbed aprears as the hatched a " a wn the bottary of the colums

ently n this dog I suppose 1t has something to do with the particular
Datch of parathyroid extract

Handler Yes 1t nught

Butler 1 note that Dr Bartter used Lilly extract Did yotr use Armour
preparations Dr Handler?

Handler We u ed Lilly extract but Armour glands The glands were
exceflent and we made the protet muitare from them However out
imtral observations of these differences were all made with Lilly extract
which also contamns an assortment of prateins and poly peptides

Solel Where does dihydratachy sterol fit into this picture?

Harrison  1f you are mterested I hve some charts showing how vitamnt
D compares wath paraythroud etract i the human beng



HARR SON AND K E N 333

A COMPARISON OF VITAMIN D AND PARATHYROID
EATRACT IN MAN

HAROLD E HARRISON and ROBERT RLEIN

Iro tleBalt oc Ciy Hospt! Palt ore Mar la {

Ar sro g Dr Harrson tellus alout ouro evato s

Harr 0o These studes vere: ade ona buy vth dopathc hypopara
th rodsm Tgure 109slo stle rate of the  ar pho phate exc eto
at d flerent level of tle serum pl ospl ate before treatment fol 0 v ng the
first  ect on of p ratl yrod extract and then after the admn trat on of
large loses of tan D The ser m phosphorus le e  were n reased
graduall n each study !ty the ntra enous njecto of an O 1M solut on
of sod um pl osphate at { H 74 Tle excret on rate at any le el of erun
plosplorus » hgher follow ng the admn trat on of parathyro d extract
or tamnD as vould b expected Themechan nm by wl cht!  ncrease
s produced 1y these two suh tances appears to be d flerent love er whcl
nay answe Dr So els uesto The fi dng ae Ilu trated n F gures
110and 111

Tn Faue 110 and 111 fepo shate load p e e ed fo he tubuks e he
pho phae i ed th ongh the g o lotted n n of acl

1 gan e concenta n of the se um pho pha b Thc pho pha e ced
nlheuncspotedsmzl a:l!u po of es T Inghof
he 1 of wno po (re esen g le plo of the
pho pha e lmd ad he plot o( lhe u na v phosphae ex eton s hee maed
amount of tubua reab p nof pophae In thee expe mns the end
genous ¢ ea nne cleaane was u d as a measue of t e glomeu r fil a o
a¢ and he pho phate load wasca uaedbynu p ngthe ea nnecleaane

Te se um pho pho u value

In Fgure 110 the pho phate loads at any level of ser m phosphorus
(tle pper jonts) are aj prox mately the san e before and after tle njec
ton of the paratl yrod extract S nce the rate of excreta of pto phate
s ncreased fter the parih rod extract adn n traton { ¢ tle lo er
ponts are hgler tlan tho e before therapy) tle tubular reab orpt on of
floplate s lecreased after the njec on of t!e parath rod extract

In Fgure 111 slo nasmlarstud folow  the alm nstrat on of
vian nD Tlesurrr ng findng e marked ncrea e n tl e glomerular
fi trat on rate after treat ent th vtwr n D so tlat the pho plate load

Theesude w csppo edbygransfo 1eNu onFuda In adle
Playtee Pa h Pecachloud o
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Fig 109 The Effect of Parathyroid Extract and of Vitanmn D on the
Rate of Excretion of Phosphorus m the Unine at Various Levels of
Phosphorus m the Serum of a Child with Idopathue Hypoparathy roidism

The open circles represent the values before treatment the crosses represent the
values following parathyroid extract therapy (10 cc per day for 4 days) and
the opes tnangl s rerresent the values followin, witamm D therapy (150000 units
per day for 10 days) The erum phosphoru levels were mereased gradually 1n each
gortiont of the tady by the wmtravenons myecton ot a 01 [ solution of sodium
phosphate at pH 7 4

{the upper ponts) are greatly mncreased The urmary excretion of phos
phate 15 mereased following vitamm D theripy (1¢ the lower pomts are
higher than before therapy) and this 15 due to the mcreased phosphate
load so that the renal tubular reabsorption of phosphate 1s as high as i
the untreated state

The end result of parathvraid extract or of vitarmn D admuistration
upon the urmary excretion of phosphate 1s the same but the mechamism
whereby the increased excretion 1s produced appears to be different e
have repeated thes= studies m another child with hypoparathy roidism with
similar results These experiments were made in collaboration with Dr
Robert hlen who 15 now at Pittsburgh He has mdependently studed 2
patient with hypoparathyrodism using wuln clearance as a measure of
filtration rate and also bs thus procedure has found an sncrease 1n the glo-
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Fg 110 The Effect of Para hyro d Extract on t! e Penal Excret on ot
Phospt ate of a Ch1d w h Id opatl ¢ H poparathyrod sm

T o o he ausbefoe eaman peen he
aue foown paahyodec ac beay (I0c pe da fo s’

po rtepe theph paeloada cah nd acdle ¢ of the e um pho pho us
hoox pon epeen thew mayex ecnofphophousa oh nd 2 dleel
of he umoph ph u and e ngh o ubt
ma O WS peens bec acdam un of phophae cab o bed by he
s ulue a'ah admed e of he cun ghop "u T ¢ seum phopho us
ecswee n cased gadua neah po on of he ud a enous
o onof a0l M ou nof sddum pho aea pH 74 Thcphophaeload
wa a uwaed fom hefo w gfomua

serum P g 100 ) X GFR !
100

Plad nj mn

GFR g meua f aonae

merular filtrat on rate of phospl ate after tamn D wasg en
Conference D scuss on

Ha dler The d stance bet veen the upper and the lo ver ponts repre
sents phosphate h ch has been reab orbed

Harnso  The upper pont represents the calculated pl osphate load
and the length of the Ine nd cates the tubular reabsorpt on of pho phate
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Fsg I1I The Liffect of Vitamun D on the Renal Picretion of Phos
phate of 2 Child with Tdiopathie Hx poparaths rowhsm

The gpem circles represent t1¢ alves before freatment ff open trungles represent
the values folloy g vatammn D therapy (150000 unus per day for 10 days) the
upper pomts rence €nt the phosphate foad at each indicated level of the serum ph
phorus  the lorcer portts represent the unnary excrevon of phosphorus at each dr
cated lesel of the serum phosphorus and the length of the  erficol bues connecting
£hiz upper amd the focer patnts represents the estimated amonnt of phosphate reabsorbed
by the renal jubules at eact mdicated level of the erum Pho phorus  The serum
pho phorus le els were ucreased gradually in each portion of the studv by the mtra
venous wypecton of a 01 W solution af sodwm phassha(c at pH 74 The phosphate
load 12 calculated from th formula given i Fug 1Y

Handlcr 1 do not see what looks to e lthe a difference m Figore 110

Harrison 1 think that there ts a difference  The pho phate Joad 1 about
the same before and after parathyroid extract admmstration but the tuby
lar real orption of phosphate ss less after parathyroid extract mjection

Handler Oh 1 ee! I was makung the wrong comparison

Shorr  Dr Harnson son attribute the tncreased unmary phosphate
excretion after \itamn U admsustration enticels to the mcreased fltratron

rate?
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Hurnison  Yes m ths particular patient and at this particular time
1 effect was abserved after ten days of vitanun DD therapy

Handler Has this effect of vitamun D on the filtration rate been oby
erved previously ?

Harnson Dot o my hnowledge

Handler You had no mdiatren of the renal plasma flow when vou
were making, the e studies

Harrison No

Sobel  These obsersatims arc very mtere tm,  Neverthele s [ still
wish to repeat my question \Where does dibydrotachvsterol (AT 10) fit
mto this picture®

Harrison  Dilydrotachnsterol ha the -me effect s vitamin 1D
Solel You beheve it 15 the same?

Harrnison At the dosage level of vitanun D used 1 the treatment of
hivpopar ihyrodism every effect of dihydrotachysterol can be dupheated
by stamun D Interestingh enough m a case of refractory rickets we ol
served healing, of the rickets when dibyvdrotachy sterol was given 1 amounts
by wesght comparable to the amounts of vitamin D that are necessry to
produce heahng There are diffcrences in the molecular structure of the
two compounds of course but n this unphvsiological losage range their
effects probably e medhated throw b the ame mecharasm

Rvanter  Parathvraid estract mnd dihvdrotachysterol exiutit the <ame
effect m hypoparatiyrowdism but not 1n pseudohyq oparatinroidism  In the
latter condition parathvrord extrict has nd effect upon the excretion of
pho phoru 1 the kidney but there 1 a respon ¢ to dihvdrotachsterol

Harrntson  And al  to vt D We have not performed experuments
such o T have reposted with dihvdrotahy terol but it 3 probable that
the effcets of th o mpound would be the same

Sotel s 1 understand it dbivedrctachy wrol 1 partelarls 4 tent i
rum, the crum aaloum lesed

Hirmson Tsa?

Sotel 1 thought vitamin D and dihsdr stachy sterol behaved differently

Handler  Dr Mclean what 15 your ecmment on that pownt ?

MeLean  \s far 2s we were able to find owt 1 our own experimental
worh and frem the hitera ure the cffect of dihvdrotachysterol and vitanun
D map roprate de ¢ wasadenticil Certunly i the trextment of I puymae

‘
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parathyroidism there 15 no reason to believe that dihvdrotachysterof 15
better than vitamin D Vitamn D got a bad name early because of some
of the impurities 1 vitamin D from over 1rradiated ergosterol and it was
believed for a time that 1t was much more toxic than dihydrotachystero]
but I think there 15 no evidence at all for that at the present tume with the
preparations of yvitamun D that are now available

Shorr We use vitamn D exclusively

Butler We do too We found that 1f we used as you say the same
mulligram dose of vitamin D and of dihydrotachysterol we ot the same
result  But wn the last fuw years we found great variation mn the batches
of dilvdrotachysterol I wonder 1f anyone else has observed this? e have
therefore given up using dihvdrotachysteral altogether and sse vitarnin D
nstead

Shorr We gave dihydrotachysterol up a long time ago for this vers
reasorn

Harrison  Calerferol (vitamin D ) 1s <o much cheaper than dibvdro
tachysterol

Shorr ‘There 15 one pomnt I might add here by way of a warming  that
15 that although one seems to be gning vitamin D 1n accordance with the
daily needs of the patient one often 1s surprised by the amount of storage
that has taken place In patients with pseudohypoparathyrodism and i
patients with sur,teal hyp hyrordism we have d 1 vitamin D
therapy for well over two jears and have observed a persistence of normal
serum calcium and phosphorus levels even 1n patients who exhibited 1n
their blood levels during the course of the therapy no evidence that an
excess of vitarmtn D had been gren It makes the evaluation of the rela
trve effectiveness of dihydrotachystercl and of vitarmn D difficult

Gutman T mght say 1n that connection that the hypercalcerm produced
bv vitamin D also may persist for a very Jong time many months after
discontinuance of the drug

Bartter Dr Shorr we had an evpertence sumtlar to vours i Boston
Ve had a patient with very well documented pseudohy poparathyroihsm
who left our chnsc and turned up finally 1n a mental hospital where she
still had normal serum Jesels although she had not heen taking therapy
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THE QUESTION OF TWO OR MORE FORMS OF
PHOSPHATE IN PLASMA®*™*

PHILIP HANDLER and DAVID V COHN *

From the Departments of Biochepustry and Nutrition
Ditke Umt ersity Schoof of Medicune Durham North Carolina

Armstrong  Dr Handler will pre ent some addstional studies which are
pertinent to the discussion

Handler Most of the di cussion this afternoon has concerned the be
havior of phosphorus  All of the calculations ncluding our own assume
that the problem which exists with respect to the serum cilaum (2e  that
there are at feast two forms) does not hold true for the serum phosphorus
and that 1t 15 a simple morganic orthophosphate

As most of you probably know Jean Govaerts a Belgian has published
1 serres of pipers dicatmg that the morganie orthophosphate of plasma
exists 1 at least two forms one of which 15 not as readily flterable as 1»
the other This work was done with P* and the essential procedure was
to gne morgamc P3 as orthophosphate and to compare the specific ac
tvity of the urine with that of the plasma during onsecutrve mtervals of
time He found that the specific actvity of the pho phate 1n the urine was
Ingher than that 1n the plasma during the same pertod of time

Partter The specific actruty 1s high m the unine I would Like to discuss
that pomnt

Hand! r  Gowvaerts observations were absolutely correct The explana
tion for his unexpected findings (as we discovered after several experr
ments u g b procedure) was that he was 1ignoring the lag time 1 the
ladney If lus data were corrected by about three mmutes one could just
ignore the whote problem This 15 shown 1n Figures 112 and 113 A large
dose of P* (i counts per nunute not mn absolute amounts) was given to
Doy 4 Note the Govaerts effect After 100 minutes the plasma and the
unne had equihbrated n his terms and by hrs concept and therefore
the two forms of plasma phosphate al o had achieved equilibrium At this

h's work has been supported by he U S Atom ¢ Fnergy Comm sion under con
(ract AT (40 1) 787 with D ke Unmive sity

Mu1 of the s ork was performed d 11g the tenure of Dr Cobn as a1 Atomic
Trergy Comm 1on Pre Doctoral Fellow
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Frg 112 Companison m Dog A of the Specific Activity of Phosphate

i the Urine with That of Phosphate i the ¥ lsma Durm., Con ective

Intervals of Time Following the Intrtvenous Adm nntration of Radw

phosphorus as Inorgame Orthophasphate

At zero ime 5 mc of P were grven mtravenously a morgame orthophosphate
Tour 30 minutes the specific activity of the urinarv phosphate exceed d that of the

plasma ph sphate At 985 munut s bl d wis withdrawn for transfust n mt> D B
(see Fig 113)

[Reproduced by perm: sion from Handler P and Cohn D v ULse of Radio-
thosphary mn Studies of ( Jomerutar Perm ability  § Flasma In ngame Pho g hate
T T Plase ! 184 040 (1951)]

point plasn from Dog 4 was mjected mto Dog B Note that the entire
phenomenecn reappeared! These expenments entarled a smgle imyection of
P3  therefore from time .ero the speuific activifv ot the plasma phosphate
was falling loganthmically  1f however 4 stexdy infusion of P$ was gen
so that for some time the specific activity of plasma phosphate was rismg
the Tesults were the converse of those previausly found that 1s the activaty
of the phosphate m the plasma exceeded that of the phosphate mn the unine
(Figure 114) I a lar,e priming dose 1> ,iven followed by a contmuout

infusion which 15 suddenly stopped the Govaerts phenomenan dramatually
seappears (Figure 115)  There 1s httle doubt but that thrs indicates merely
the lag time of the kidney The urmne that can be collected at any guen
moment 1> dertved from the plasma that passed through the glomerulus
3 to 5 minute erlier If this iterpretation 1 vahd we en return com
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Fig 113  wan 1 D g b fthe Spech Aty or T phate
u the Urne with That of 1ho jlate m the Flasiia Durn € n cotive
Iitcrnals ¢f Time Toll wit Tra fust nwith Ral tho jhorus Contani,
HannfronD A (B 112)

Mzer tme e of plama froml) teebg U2) o g7

1emout sected ta cnously n Doy B Note tie 5 ppe rance of th

o “erep 1ty between the sp ¢ f 2ty y of 1 ~ ary p o plate a d that of the

pla ma oho rlate If the data® Fg 13 refic ted epuihaton of ¢ of vms Of

plasma pho {1 te then the data 3 Fg 113 stoud ot have shown tl  same effect
cc the two of  te { rms slre dv would have b en cquibated 0 the adm

stered plana

[Pep oduclhvp Ha ller P a | Co U t Pad >
|l syh rus n Stud t (z!nm lar Pernab t of Pla ma l ganc P) osghat
JEhs 0 lﬁl be (150

tortalh t 1ilenn that (lam 1y moorttorh phate s jut that
antnth jelc ®

Tartt 7 Dr Stawkey Pradley ddthe an tie §eguerment wib o
nun ber of laleled substances and fou d that {l ere was a ratl er mcredil Iy

3Ha !l r adloln DV Lseof T':ld pho phorus a Stud s of Gl me ular
Prrm::\bl{y of Plasm:l ln rgan ¢ Pla plate /350l 161 646 (1931)

Prfly § I Nehel J I and Lefer, E The D t buton of Derh af n
e o fese 1 P ses 147 15 (195 )
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Frg 114 Companson 1n a Dog of the Speafic Actnity of Phosphate
1n the Urine with That of Phosphate 1n the Plasma when Radiophosphorus
Is Gnen so that the Specific Actrvity of the Phosphate m the Plasma Is
Rising Throughout the Pertod Studied

At zero time the ammal was gyven a primune dose of radiophosphorus mtrayenously

and this was followed immediately by a censtant tafusion of radiophspharus through
out the perind studied Note that the renal la= time results mn a reverse Govaerts

Phenom non

[Reproduced by permssion irom Handler P and Cobn D\ Use of Radwo
pho phorus 1n Studies of Glomerular Permeabilty of Plasma Inorganic Phosphate
“Am J Physiol 164 646 (1951)]

igh Iag period of the order of 45 minutes before the specific activity of
the urime fell to that of the plasma (when the fatter itself was falling}
Sumdlar results were obtaned with sodmm pofasssum ures and (vsig
certamn assumptions) nuln  Presumably the dead space of the hednev
was supphung over all of this time urme higher i actne material thant
the plasma

Armstrong  The same worher with radiocalcium did not find the same
d 1 the plasma 1 have never

selection between calcrunt n the urine an
he wontd obtawm 10 or

been "ble to understand s experiment because
15 c¢ of unne per nunute from a small dog
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Fig 115 Comparison i a Dog of the Speufic Actvity of Phosphate
m the Unine with That of Phosphate m the Plasma when Radiophosphorus
Is Given so that the Spectfic Activity of the Phosphate in the Plasma I»
Both Rising and Falling during the Period Studied

At efo time the an mal was given a wigle dose of rad ophosph ru 1 travenously
After an wterval of 15 m wtes w thout injections the animal was gven a onstant
nfusi 0 of rad ophosphory for 45 minutes At 60 mimutes after the start of the
expernment the i son was dscontnued but the ob ervatins were continued for
another 30 minutes

{Peproduced by pe mi sin from Handler P and Con D V' Use of Radie
phosphorus 1n Studie of Glomerular Permeab bty of Plas a Inorganc Ph sphate
Ar J Pinsiol 184 646 (1951)]

Shorr How small a dog?

Armstrong  Tive or eyght kilograms
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APPLICATIONS OF CHELATING AGENTS™

MARTIN RUBIN

Trom the Chemo Vedical Research Institute: Ceorqiter n Unizer iy
W ashington Distrut of Columbia

4ristrong  Dr Rubtn tell ps abowt the Landing of metzl W chelbing
agents

Rubip The name chelate dernes from the Creeh chel a claw
The chelating agents under discusston today function 15 claws m holdmg
on to cations mn sofutton  Metals hound 1 this way are m the torm of salu
ble undissociated physiologically unaymlable camplexes

The Nature of the Combination of Chelating Agents
with Metallrc Cations

The nature of the combination of a typical chelating 1gent ethy lenedia
minetetraacetste * (EDTA Verscne or Versene Reyular) with a typcal
cation caleium 1s sndicated m Figure 116 Calcium 15 bound an this strue
ture not only by the ordinary iomic valences to the carhoxyl groups Iut
also by secondary valence bonds to the mtrogen atoms % fule this 15 an
example of a relatively weak chelate the calerum ton an equiihrizm with
this structure 1s less than that 1n equilibrium with calemm oxalate  In other
words calewm would not be preciptated from I'D I A solution with oxalate

Other types of chelate structures are hnown 25 mayv be aflustrated 10
Figure 117 The stren, th of the lundm,, of the metal 1n these combinations
15 a function of both the structure of the orgamc component 1n the sy stem
as well as or the particular metal under consideration The e metal
chelate bond trengths are of the greatest significance m attempts directed
toward biological or therapeutic apphcations of this group of materals A
relative order of the stren,th of combinitton of LDTA for some cation
15 grven i Table NXXTV It chould be noted that the metals highest on

5These studics were supported by a rescarch g ant from The Bersworth Chem cal
Co Frammgham Ma sachu et
#99Trade mame for ethylenedinunctetraacetate The Bersworth Chemucal Co Ira
rmungham Massachusetts

Aartell A _and Cabvm M Tie Clpinstry of Vel Chlu
Prentice Hall New Ycrh (1)52)

Conpmnte
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TABLE %X\IV

The Relative Order of Catton Combinations with
Ethylenedianminetetraacetic Aad* (EDTA)

Chrommum Calcum
Copper Magnestum
Nichel Strontium
Lead BRarium
Cobalt Radwum
Calaum

*Versene Regular

the lst will displace those below them from a combination with the
chelating agent

Brologic Application of Calaum Binding Chelating Ageats

Whet chelating agent are mtroduced imto the physiological environ
ment their primary gross action 15 on the divalent cation present greatest
degree namely calaum A detatled discussion of these effects 1> given 1ft
the nevt presentation  However as a consequernce of this calaum camba
ing action certain other therapeutic possibudittes have been developed which
can be mentioned The dissolution of caloum nd magnestum urinary
calcult has beert described 2 3°  The use of EDTA as an s ifro antt
coagulant for the preservation of whale blood recently has attracted con
derable attention 3% ¢ In a promsing study calafic opacities in the eye

313 Raymond § _and Gehres R F Eahylenedwmtriotetrascetic Aad as Solvent
for Urmary Caleals Proc Sor Evper Biol and Mcd 74 715 (1
b Gehres R F 5 7L ew Chemeal Approach to Di sofution of

and Raymond
Urinary Calcul: J Urol 65 474 (1951)

o Abeshouse B S and Wewberg T Expennmentsl Study of Selvent Action
of Versen on Urinary Calcuh J Urol 63 316 (1951)
1 sDycherhoff H  Mary R_ and Bayerle B Comparative Studies of the Biol gv
of Conserved Blood / ges Erp Med 113 291 (193)
30 Rlapheke M A and hubmn 3 Sod um Ediylened:
coagulant_for Routine Laboratory Procedures 7he Bi
Medical Center 5 33 (1931)
205Proescher F Anti congulant Properties of Ethy;
Sac Erper Biol and Med 76 619 (1951)

Separat onConcentration

Ddtard G H L Brecher G and Crovhite E P Segar
oDultard G N ¥ bisteiets Proc Soc Exper Bol and Med 78496 (1951)

(amnetretraacetate as an Anb
lletn Georgetoun Unt ¢ sily

ylenebs iminodiacetic Aad Proe
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have been dr sohed by zrrigation with EDTA solution 7 In addition t
these pas ible therapeutic apphuitions of the walerum combimng acton of
the chelating ngents tins property has been utfized 1 a means ot preparing
bone for hystologacal study ¥ ¢

The injection of the preformed metal chelates of 1 lower order of sta
ity than the calcrum contplex results in dwpla ement of the cation by
calatim accordmg to the equation MeV + Ca*+ ~» CaV + Met+ Thus
when the magnestum EDT A chelte was admnistered to rahMt  dogs or

humans  there occurred ot the nnag on H v
with 2 Jonenng of the svstermic calewm levels ( l'abk NANY) The un
talaneng of the calcum, et by Iy rasmg the

magoessum Jevel and lowering the cal am level resulted s marked en
tncement of the pharmacalagial ity of ryignesmm m o The
known b potensise action of magnessum m b h dosige was amphhed and
hypoten ve effects of chrcal igniheance were shown to ovcar tnder these
condtttons (Fi ure 118) ¢

TABLE XXXV

The Displacement by Caletunt of Magre sum i ComLination with
Ethyleneduartunetetraacetic Aad® (EDTA)

Serum
Aaguesiuny { Caloum z Prosphorus
(mg 100cc 2 fmg /100 } H o M0ec)
370 1390 | 52
Infuston of Magnesum CDTAY
060 { 13 52
1056 | 610 44

*\essene
Magnes um V r nate

Cramt W M (Harvard Medical Sehooly  Personal ¢ mmunreation

Srecbry L M and Nibaforok G _Dem neralizstion of Hard Tis uc by Orpanic
Chelat ng Agrn!s e T3 G0 Coshy e o ve by

3 Birg
WPl A Iohoff € F Versemat a5 & Decal dyuns Ageat fc Bion

u ¥ Popovis A lt;chv“ ter C F ani Patm M The Treatment of Fs ental
ymertension by Ma oes um Chwlate Solntion The Bull 10 G or7 toun Utt ¢ sy
Wiieat Cent £ 5 K)bllﬁ(‘).:l) e
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Fig 118 The Hvpotensne Action of Magne wm Versenate m Man

Chelating Substances as Therapeutic Agents for Intoxications
with Metals Such as Lead

Appliation of the reverse displicement reaction (aV + Met+ —
MeV + Ca+t+ has allowed the utiization of the phystologrcally mert cal
aum EDTA complex (caleium Versenate) as a means of mohihzing and
excreting toxic metals #' Thus 1n the case of experimental 1nd of clinical
lead toxication the exchange reaction of lead for ctlcrum occurred
21 ¢ and restlted m the marked elmination n the urme of the lead EDTA

chelate (Figure 119) ¢

Hundler How much walaum was admmstercd m tht way 2

Rubmn

In this case a half gram a day of the cakim chelate over o

pertod of five days then two days without medication then five days of
caletum chelate then two davs without medication and so on  This would
correspond to about 50 mg /day of calatm

311Pybin M

and P
Chem Soc Mxh\,aukce \\lscon m p 31

%1 Bessman, S P Ried H

'opov1 1 A Abstra ts of Spring M etng Am
(19

and Rubm M Treatment of Lead Encephalopathy
fa Case Med Ann Dusirict of Colunbia

with Calaum Disodwm Versenate Report of
%)

21 312315 (195
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Tolhis  Gven subcutaneously ?

Rulin In this case 1t way grien mtravenously  Our experience indicates
that 1t can be given orally subcutaneously or intramuscularly with the same
result

Tollis  You sy that the cilomum Versemate 1f Jiven 1y meuth would
not be absorbed?

Rubmr - That 1s exacth nght

Toilis 1f vou want to get 1 of the lewl weuld vou have to give caloum
Versenate parenterally ?

Rulm  No vou can give it arally accordmg t) Dr Sidbury of Atlanta
Ceorgia m which ¢t ¢ the Tead 1 the blood presumably gets mto the gas
trntestina) tract s picked up v the Ver enate and 15 exereted  In that
way cne maintams a continuon  clear e ot tead from the bleod which
ma vers remarkably short trme removes all of the lead n the soft tissue

Cutman  There 1» no precipitation of 1cute lexd colic 1 1 result of this
ra) ut mohihzation of lead ?

Rults Nome at all  [he lead under these circumstances 15 completely
soluble 1t 15 excreted i toto  This piccedure seem to he an excellent
method for teating lead pusomun,,

Rramcr Tsthete no dan er m molnhzing lead from the tissues

Rubut - No be ause the lexd m combination & without toxiaty  The
lerd Versenate for example 1 so non taxic thit we hase u ed 1t 2s n
fpue contrst agent for drgnostie \ rav work

Aramcr D ey the concentration of lead ocewn 1 the ga tromtestinal tract
when the calelum Versenate 1» given orlly ?

Rulti The lead Versenate comples when given In mouth s rapidh
ab orhed an | exereted 1 the urme

Rramer  Tut the flow of lead 1» from the tissues to the mtestine  Dur
g thi process 1s there 1y danger from an acute rise in the lead level in
the bl od

Rulis No becw ¢ the lead pre umably 1s complexed m the mtestine
and the bload lead level never 11 es lugber than the level that 1t 1¢ ordmarily
m these patients

Rrant r That 1 the questim—Thow hi i does the blcad Tead level actu
gt
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Fsg 119 The Unmary Excretion of Lead Induced by the Intravenous
Admnistration of Calaium Versenate

Robmson  Once von have cleaned the lead out of the tissues do you
have another equilibration of lead between the <oft tissues and the bone
0 that you have to repeat the treatment at a later date?

Rubin  Apparently not m the patients studted to date In rabbits how
ever repeated mobilization of large doses of intravenously admmstered
lead by treatment wath calctum Ver enate causes equilibration between the
urine and the bone

In future studies we plan to use the decaleifying action of the non
complexed compound to clean out the bone simultaneoush Ve have abo
done this m antmals but it has not yet been tried 1n humans I thk 1t will
be attempted mn the light of further work on calaum metaholsm which I

shall report later
Chelaung Agents and Iron

Shorr T hnow that you have done work on rron Dr Rulan are vou
ready to talk about 1t?
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Rubm  Dr Foreman’ 4t Los Alamos has reported on tus work with
tagged iron  We are working with amimals studving the effect of chelatin,
agents on 1ron metabohsm Thus far these chelating substances have not
been used chmeally For combination with iron one uses a different com
plexing agent for which the pharmacologv 1s not completely known There
1s much work to be done on this problem 1f anyone wishes to do 1t

Armstrong  Is this the Sequestrene that T see advertised m Screne ?

Kubin  The same compound 1s called Sequestrene ¢r Versene How
ever there 15 2 whole family of other amno acids which have a selective
affimty for different cations

Armstrong But T understand that the manufacturers have a substance
that 15 supposed to be ighly selective for rron

Rubii 1t 1s called Versene Fe 3 Speaific
Chelating Agents and Radioactive Metals

Stmilar results have been obtamed m the removal of jlutomum and
mercury from man (Figures 120 121) ¢ ¢ and of cohalt and mickel
from other species %% In an analogous manner the mjection of a chelating
agent with trong complexing properties for tron has been shown to result
n marked excretion of radiwactive sron (Figure 122) Depending on
the interval between the admnistration of a metal and the treatment with
caloum LDTA the extent of tissue fixaton and even the dntribution
between tissues may be controlled Thus the ewretion of radioactive
vttrium m rats has been altered (as indicated 1n Table X\ XVI) as a func
tion of the time relationship hetween the imjected radiosotope and the
therapeutic agent®? In human bemigs the retention of radioactne lan
thanum has been controlled n a smular manner {Figure 123) Thesc
experiments rse the possibility of the more intensnve ultthzation of certam

*Fareman §I (Unsersity of Calforne Los Alamos New Mexico)  Per onal
commun cat ons

3 Sdbug J (Grady Hoptal Atlanta Georgia) Personal commumication
*Rubin M and Gynee S Personal comman cation

S Foreman I Fuff R L Qda J M and Garcra J  Use of a Chelating Acent
:Kil;si_})cctlcrat ng Excretion of Rad o-Iron Proc Soc Exper Biol and Med 79 520
MCoin § (US Radiol gical Defense Lab San Francisco Californa)  Personal
commu cation.

BMlart H and Las lo D (Montefiore Ho pital Mew York City)  Personal com
murication
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Fig 121 The Uninary Excretion of Mercury by Man Tollowmg the
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Fig 123 The Unnary Lxuetion of Radioactive Lanthanum by Man
Followmng the Intravenous Admmstration of Caleum Versenate

1sotopes at higher radioactnaty levels for the purpose of productng mternal
radiation therapy

This brief survey gives some indication of the range of applicability of
the synthetic chelating agents
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CHELATING AGENTS IN THE STUDY OF
CALCIUM METABOLISM

MARTIN RUBIN

From the Chemo Medical Rescarch Institute Georgetown Unmitersity
W aslington Dustrict of Columlia

Armstrong Dr Rubin will now tell us more of the use of chelating
agents in the of calem metabob

Rubi Tt has heen mentioned 1n the previous presentation that the intro
duction of ethylenediamunetetraacetic acid (EDTA Versene or Versene
Regular) mto a physiological environment results tn the combmmation of
this sulstance with the airculating calaum * * Measurement of the extent
of tlus combination 1s facihtated by the failure of the chelate bound cal
cum to be precipitated by oxalate and hence the changes in the calaum
level as usually measured yteld an index of the degree of calctum binding
by EDTA

Factors Affecting the Degree of Calcum Binding by the Chelating Agent
Ethylenedamnetetraacetic Acid (EDTA Versene)

Depresston of the physiologically avatlable serum calcum levels has been
found to Je a function of the route of admmustration as well as of the
fapdity of adnumistration of the chelatin, agent (Figure 124)  Rapul
mtravenous adnunntration of CDTA to rablats resulted in an mmmedrate
lowening of the effectye serum calerum levels with death as a consequence
from by pocalcemnc tetany  Intrapentone] mtramuscular or sut cutaneous
admunistration of the compound was followed by less raptd changes 1n
the arculating calaum levels  Continued mtravenous infusion of Versene
m rabits and dogs resulted m a progressive decrease m the serum cal
«um Jevels when the rate of mifusion of the calcum combnnin, agent was
more raprd than the ability of the sheletal system to replce in the circulat
g fluds the crlerum that was being removed by combination with chelate

.
Newman  When you svy  drop the serum caloum level  are vou speak
ing of culuum that can be precipitated as an oxalate?

Rubm  That 1s correct The total calctum 1 unchanged—no that 1s

‘CI‘opmm A Gechchter C F Pemnvsky A and Rut o N[ E per mental
(10;25';‘ EseemCalensaLex 1 Indeo Frie Se Frp b ladied 4415
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not entirely true—the total calaum decreases due to the independent excre
tion of the calcium Ver enate comples However we are talling at the
moment about the oxalate precipitable calerum and the decreases I refer
to are in this fraction

Of interest was the consistent observation that the serum phosphorus
levels decrea ed concomitantly with the fall 1n the oxalate precipitable
caleunt

Species Varation 1n Caleum Metabolie Mobalsty

[he raprdity of the return to the normal range ot the systemi caluum
levels after primary hypocalcerna had been induced bv the above proce
dure varied with the species under study Table \\XVIT Lists the changes
1 the caluaurt levels of the rabbit after intravenous mjection of various
doses of EDTA Table \\XVIII presents analogous data for the dog
In Table XX\T\ smmlar results are recorded for the chick from studies
to he published by Professor Sturkie and his students at Rutgers Unver
sity*  \Vhil these data are not strictlv comparable because of the differ
ences 1 the route of admunistration there 1s a general indscation from these
and from other studies that the clucken the rabbit and the dog m this
order exhibit an mcreasing degree of calcum metabolic mobality

TABLE XXXVII

The Effect on the Systemie Cralaum Levels m the Rabbit after the
Admmstration of Ethylenedranunetetraicetic Aad* (EDTA)

pn Trme
Dose Koute Calaum Interval

( gitq) ) 1n tes)
125 mtravenous 3
25 intravenous 46 15
30 intravenous 61 2
100 intrayenous 85 2
300 intravenous (mfusion) 20
oo mtraperitoneal 56 8
200 intramuscular 25 42

Versene Regular

eueke P D a1 Polln D (Putgers Unversity New Brun w ck New Jersey)
Yersoral commuueat on
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TABLE XXXVIII

The Effect on the Systeme Calcrum Levels 1n the Dog after the
Intravenous Admim tration of Lthylenedanunetetraacetic
Aad* (EDTA)

Dose | Drop in Caleum Time Interval
(1 4/ks) | ) (s mutes)
25 33 20
S0 48 10
400 (infuston} 30 180

*Versene Regular

TABLE XXXI\

1he Response of the Serum Calcium Levels m Chickens to tle
Intramuscular Injection of Ethylenedraminetetraacetic
Aad* (EDTA)

Dose Result
)43
« JZOJ) very little drop

30 86¢0 chan, e within 10 minutes of mjectron

30 37¢ change withm 30 minutes of njection

50 15 260 change within 5 minutes of wjedtion

50 129¢, change within 10 mmutes of mjection

50 37¢0 change within 30 nunutes of 1njection {1 erd)
50 15 7¢¢ change withm 50 munutes of njection {2 bards)
150 500, change within 5 mmutes of smjection (6 birds)
150 6 3¢ change within 10 munutes of mjection (2bud )
150 13 8¢, chan,e within 15 minutes of mjection {1 trd)
150 & 7% change wathim 20 minutes of injection (8 birds)
150 21 7% change withm 25 minutes of mectron @trd)
150 306 change within 30 minutes of inyection {3 rrds)
150 24 5¢% change within 3> minutes of 1njection (2 bird>)
150 8367 change within 40 mimutes of myection (7 birds)
150 13 0% change within 60 mmutes of mjection (12 birds)

*\ ersene Regular
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Quantitative Aspects 1n Man of the Equilibration of Calaum
Between Bone and Cuzculating Fluids

Aun effort was made to utihze the hypocalcemuc properties of EDT \ as
a means of lowening the systermc calerum levels m patients with hyper
calcema  Table XL from a study by Dr Gellhorn and Dr Sahagian
Edwards® records the calaum level changes 1t a patient after the intra
venous snfusion of 20 grams of EDTA ouver a period of 15 mmnutes This
quantity of Versene 1s equivalent 1n combinmg power to about 2 grams of
caleum or approximately three times the total amount of calewum 1n the
patient s serum  In a period of 15 minutes therefore this patient replaced
the quantity of arculating caleim three times It 1o possible to calculate
from these results that this patient was able to replace the crreulating cal
cum from the lalnle stores 1 the sheletal system at a rate of 50 mg of
calaum per minute It may be recalled that two years ago 1t was reported
at this conference that simultaneous exangumation and transfusion of a
dog with calaum depleted blood could not be carried out fast enouyh to
mduce i the ammal symptoms of hypocalcemic tetany If the dog 1s
as efficient as the human n replacing the calcium of the blood 1t 15 clear
that 1t would have been necessarv to re mtroduce the caleium depleted blood
at a rate of about a liter per minute to have produced symptoms of hypo-
calcemie tetany

TABLE XL

The Serum Calcium Level 1n Man after the Intrasenous Admumstration of
20 Grams of Lthylenediaminetetraacetic Aad* (EDTA)

Time Calaum
(119 /100¢ )

Start 250
15 mn 137
30 s 82
1hr 88
3 hr 166
24 hr 162

*Versene Regular
'é Gellh m, A and Sahagan Fdward A {Tranas Delafeld Ho ptal New York
¥} Person 1 communi ation,

* Hastngs A B Studies on the Lffect of Alteraton n the Concentration of
aleum 1n Cirenlating Flud on the Mob! aton of Calcum TRAAS WAC)H
COAMTLPENCF ON MAT IROLIC INTERRELATIONS 3 38 50 wn
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The Relatonshup Between Calosum and Magnesum Homeostasts

It has been hnown for some time that hy pocaleene tetany may be efims
nated by the admmstration of magnesium salts  An acute experiment of
this type 1s sHustrated i Digure 125 \Whereas the control anunals treated
with Versene mtraxenoushy exhiorted the charactersstic drop m the serum
ealcium levels and consequently tetany 2 sumddar gronp of anuls guer
a magnesium sulftte mfusion simultaneously with the LDTA showed 2
rapid restoration of the scrum calomm levels  These data indicate a divect
ister action between caloium and magnesium homeostasts

The relationship of calcrum and magneswn m normal and pathologieal
states recenth has been the subject of more extended study This woth
has been facs) d by the derelog m our lab 1es of 2 raped con
vement and accurate tirametne provedure {or the sumultaneous analyss
of the serum caleum and magnesum fevels * 2 The ratio of the serwm

1

23 ool w3
1

w o ceu or

LT
eesnd e

0 ) £3 ] % % 7 C]
Fig 125 The Lffect of the Sunul Intrmvenous A

of Magnesium and Versene on the Ability of the Versene to Lower the
Serum Level of Physiologcally Avadadle Calerum

oede dn
Winedman, B The Swgmficonce of e Vagesie cla/lgalcu « Ral

il it
yundtso . of Vlagres um @ um o By logeal T
l"‘!!filgm'rl{f; "’c'mﬁ'éifi Depirtment of Chemustry Georgetown Loners 8y (€20
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levels of magnes um/calc um has been fou d to be a sens e nd ator of
the metabo c status of these d ale t ons Of nterest tle find n, that
a low magne un calcum rat o 15 u ually the re ult of a lov erum mag
nesum le el and a nornal or h,h erum calcum le el In contrat he
le el usually are re ersed when tl e serum magnes n ser mealcum a o
sabo e normal (Table \LI and \LII)

The Fate of the Intravenously Formed Chelate Complex of Calc um

The quest on may be ra sed as to the fate of the cal m LD[A com
pex that  formed after the parenteral adm n straton of tl s clelat «
agent The work of Dr H Forenan at the Unv rst ot Cal forna anl
at Los Alanos wtt rad oact ve carbon tagged EDTA estab hed tlat
nra the materal was rapdl excreted n the u e af er ntra enou

TABLE XLI
The Serum Magnes un and Calc um Values w th a Mg/Ca Rat o
Below il e Normal Range

No {[Magnes um*| Calc um*|| Rat o* D agnos
6 028 >8? 00> Acute nte tnal ob tri ton
7 08 587 007 | Common du t st ne
8 033 601 006 | Pror to paracentes s
9 068 559 01 D abet ¢ coma
10 110 650 017 | Multpen eloma
1 103 545 019 Acute ellow atropl
12 119 643 019 | \ultpe eloma
13 095 489 019 f{ Crrhss
14 112 545 021 | Hepa ts nfecton m o
1 cleo s
15 120 5 0 1 | Acute ntest nal obstru t on—,
after paraceness
16 115 494 073 || Cloley tts—
pre operat e
7 110 465 074 || Conmon duct stone—
post operat e
18 151 571 025 Cholecyst(i
post operat €

.
VO ntn nrmalrangeacg noa

N man and Magee M (Un syof Cafo a Los Aam
M\(e‘ :) Tle‘\leah m of C * Lal cedam ¢ aaeac la
r
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TABLE XL

The Serum Magnesium nd Caloium Values with a Mg/Ca Ratio

Ahove the Normal Range

No |Magneswm*) Calown*|| Rawo* Dragnosis
75 282 448 085 Toxenua pregnancy
76 367 426 086 Acute nephritis
77 306 3254 087 Viral hepatitis
78 584 {51 089 Prepartem edema
79 456 515 069 Acute testmal obstruction
80 309 257 092 Pneumonitis
81 292 298 098 Cardiac emphysema
82 417 447 093 Acute intestimal obstruction
83 331 352 100 || Pulmonary congestive heart
84 305 306 100 Esophageal varices
S5 374 374 100 Cardiac emphysema
b6 v 65 354 103 Carbon tetrachloride porson
ng
87 i 365 358 108 Toxemia pregnancy
88 375 349 108 § Hypertension
89 371 R3] 109 Diabetes
444 407 110 Acute intestmal obstruction
91 388 222 120 {| Cirrhosts
92 +57 149 131 Chronic nephnitis
93 302 287 137 Ulceratnve colitis
94 294 282 140 Peritontrs
5 433 277 155 Carcinoma of stomach
macrocytic anemia
96 580 557 162 |l Uremna
97 518 217 163 Umbiheal herna
98 635 266 173 Chrome nephritis
99 394 206 191 Toxemia pregnancy—
post partem
100 299 165 242 Nephritis terminal

*V alues not 1n the normal range are given m stahc
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mpection The recovery was quantitatve  In the human it was demon
strated by the metabolic studies of Dr D Laszlo and fus colleagues® * that
up to 80 per cent of the caleutated amount of complexed caloum was found
w1 the urine withn 24 hours (Figure 126) VW fien these studies wre anahzed
together the enidence mdicates that the caloum chelate complex ss e
creted unchanged as the complex It should be noted that the calcrum that
was elimnated was excreted m the urne as part of an anome complen
rather than as 2 cation  This shuft 1 the physieal state of the crloum
resulted 10 a shunting of the hidney mechanisms for controlfing the excre
von of calewm  The regulating } which d at norma!
fevels the caloum excretion before and after the expenimental period did
nat regulate the exeretion of the DD TA chelated caloum

The patient studied by Dr Laszlo and his assocntes had been pre trested
with radsocalensm?® some davs prior to the EDTA admmstration The
fxet thit the speafic actiusty of the caloum® m the unne was mantamed
during the periods of Versene wduced calaum loss proves that the tadio
actine calerem was drawn from the same areas as the non radiosctise cal
cum m the bone hsis mduced by the admuustration of EDTA Ths
expertment supports the view that the muntenance of the systemmue exloum
lesels by the sheletal svstem 1» the result of the physicochetnical equilibra
uon of the bone area with the areulating flusds

Conference Discusston

lIrmstrong  Can you really tell us what the pharmacological effects are
that are produced by the 1ntratenous admmistration of 20 grams of etn

tate? Is 1t tnnocw

Rubm T would not want to use 1t ndiscrmmatels  Versene ks beess
gren a number of tmes n doses as hgh as 9 grams without sequefae of
any hind  In the study of Dr Gellborn and Dr Sahagian dwardy the
dose of 20 grams was discontinued at the posnt at winch the patient began
to comp ar of frontal headache and other ble effects  But note
aloo that the e festations oceursed H Iy with 2 serum cal
cum leved of 8 pomt sometlung 2 concentrafson at widh vou anght evperd
s0me symptoms to appear

trmstrong \WWas the matersal with the C* label gren to any humn
subjects ?

Rubm  No 1t was sot gsen to man but to rats  The Versene was

3 Beln ] and Laszlo D (Mantefiore Hosptal New York City)  The Metabols
of Caloum®s m Huamans o be pubhshed
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radiocarbon methylene lahefed Tts distribution in terms o1 calaum there
fore was different than that of exchangeable radealoum tagged material
The compound was given intravenously was detected by 1ts radixarbon
actiaty and then was id d by paper cl hy a5 unaltered
materia) Therefore 1t 1s completely correct to say that Versene 1 not
utslized Inologcally

Solel Do you think that with Versene viu miht remove e ential
traces of copper alumnum and zinc?

Rulin We have completed two year toxiaty tudies at low dasige
fevel and found no striking abnormalities There was some evidence that
sugeested that there was a derangement 1n fat metabolism in the rats ob
served for a two year period  This chsturbance was inicated In the gros
appearance of the antmals rather than by in tologic or other findings the
hemical levels were normal but there was a complete tbeence of fat m
the albdomen  Agamst thiy mterpretation however 15 the fact that the e
ammal had had a considerable amount of diarrhes and 1t 1s known that
concomitantly with diarrhea there may e a change i the fat deputs simt
lar to that observed 1n these ammals

Siorr You employed the oraf route ot admumsterng Versene m the
mestigations of toxicity ?

Rubin The two year toxicity studies were carnied out by oral feeding
We hive conducted toxiaty studies for approximately four months by
aning daily injections in rabbits and rits Hhe results were about the same

Hemnonan In what form did you give the Versene oraily® Doesnt
1t burn the Ips? Doesnt Versene burn 1f vou jut a drop of 1t on vour
fongue?

Autir The ncid ves Tut the ten odm salt has 2 pH o olutron «f
whout 7 and 15 completehy annocuous Tt 15 mildly nesthetie as 1 matter
af ft Weu ed 1t at the beach Tast yenr for sunburn

Buller How about calaum Versenate?

Anlit - Caluum Versenate m contrast to the uncomplexed sodmm
matenal 15 completely mert In Cleseland 1t has lxen given in dosases
4 t6 100 grams over g pertod of 20 dave 1n a ¢1 e ot hery flum por oning,
thcalaum Ver enate was without effect on the por oming but that mght
ke tewn antiapited There were no idieation of any hind of toxiaty
frm the chelatin, agent One would antiay ate this back of tovaty from
the recent daty on the clearance and dt tnbution of the radiactively labele 1
matertal

Twiler Tent there an myestigator m | e, ham Mavachu et whe
e worked exten wely with the ¢ 1 ents?
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Rubit Yes Dr F C Bersworth

Sobel Do you not predict that there wall be a magnesium deficiency
as a con equence of the continuous admimistration of the calcium salts?

Rubiz In other words jou are suggesting that simultaneously with
the excretion of calerum there may be a magnestum loss?

Sobel Yes Is there an exchange to magnesium?

Rubiz No We have done u zitro studies m which we have shown that
mngnesium 15 not bound 1n the presence of calcium  [he pont 1s that the
differentral in the equilibrium constant 15 roughly of the order of 100 to 1
which means that none of the magnesium 1s hound when there 1s caluum
present to be taken up as 1s always the case i1 120

Shorr Do you know what Versene does to tissues 1 zo? I am won
dering about the possibility of using it for rachutic cartilage studies and
whether one could remove calaium from compact hone without damaging
the preparation

Rubin Well Versene 1s bemng u ed to decalcifv bones and teeth as we
have pointed out

Shorr 1 was wondermg whether the chelating a,ent damages living
structures

Rubm  The morphology after Versene reatment appears to be excellent
The compound 1s beng used as a matter of fact m a procedure for count
ing platelets because 1t gives 1 umque preservation of morphologic and
staimng characteristics

Shorr  Are the platelets fixed or iving?

Rubtn Thev are Itving

Newman  After Versene?

Rubin The counting 1s done on drawn blood

Handlcr How much Versene was used ?

Rubin I cannot answer that questron

Vewman Tf you are decrlerfving vou will hall all of the cell
Rubm  The counting of platelets 1 done 1n whale hlood
Handler Versene will prevent the blood from clotting

Rubm Yes 1mg per cc 1 all that 15 needed
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Handler And the red cells will not ghcolyze at all

Armstrong  Let us return to Dr Shorr s question  Can a bene decal
afied with Versene be made to recalafy th witro?

Rubin T do not know

Meuman Ve have done a little work with Ver ene and we certanl
have been able to find all kinds of alterations after 1t has heen used 1he
cells are dead and mv guess at the moment 1s that recalcrfication will not
oceur

Handlr Versene m reasonable quantity 1s an excellent mhibitor of
gheohsts 1n any system I do not think that this mhibition 1s very readih
reversed

Shorr  Versene has constderable usefulness 1f 1t can be emploved m
amounts low enough to elmmnate damage to the cells \Vhat concentrations
of 1t will inhibit glycolvsis?

Handler T do not remember but I have the figures and can send them
to vou

Unst Does Versene produce a lesion m the sheleton that m any way
resembles that found i the Fancom syndrome?

Rubin 1 cannot answer that
Aramer  What Fancom syndrome?

Folis Versene does produce excessive destruction very soon  That 1
all Tknow about 1t

Sele! The Fancom if 1s tially a loss of phosphate rather
than of calcium

Follis The destruction would depend on how much of 1t you give for
how Tung, a period of time

CLOSING REMARKS

Armstrong 1 think 1t 15 approprrate that we end the Conference on this

ey mteresting note  Before we close I wish to mahe certamn achnowl
edgements

Furst T would Iike to say to Professor McCance how much we appre
ate bis having Leen here and how much we have profited from his visit
to this Conference We know that the impact of vour visit to this country
has been even broader than that which vou bronght bere 1o the Conference
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because you have been able to visit several centers of research in the Umted
States We wish onlv that you could stay longer but we realize that the
satling of The Queen Maryis not entirely under vour control!

I want especrally to thank our other guests who have contributed so much
to the Conference I should lihe also to thank the members who have at
tended all five Conferences especsally those who have undertahen the sery
difficult and arduous t sk of preparmg the introductory presentations

I am gomg to single out only two of these persons for special mention
Furst Dr Rerfenstein who has served so capably as the Editor of our
TRANSACTIONS I know that the labor he has put into this tash has been
tremendous I do not understand how he can spare the time required to do
the work m such a capable and thorough fashion [Applause]

The second member to whom I wish to give special thanhs 1s Dr Iphra
1m Shorr who has been our house doctor [Laughter] He has had the
problem of taking care of me when I had renal colic and just last m,ht
he had to treat Dr Copps fracture—both cases vou see relating to cal
crfication processes

Shorr A phyetman has to heep in practice you hnow

Hodge Mr Chairman may I speak not to you but to our host for just
a moment? Dr Fremont Smuth as a memmber of the fifth Conference and
of some of the others and also because I believe I can speak for the guest>
I would like to tell you how much we have enjoved and apprecited the
expert chairmanstup of Dr Armstrong [ Applause]

Solel And mav I say as a constant yuest for the last four vears that
while we cannot pay mn currency for the privilege of attending this Con
ference we can pay mn a com that we all can give to both Dr Fremont
Smuth and Dr Armstrong namely by a rising vote of thinks for conduct
ing the e Conferences o well and for makmng us all feel so much at eae

[The members and guests arose and applauded)

Fremont Smuth  May 1 thank you all very much mndeed and c>peu.x]l]vl
our Chairman and Dr Rerfenstemn for the noble work he has done and wi
do as Editor

4rmstrong Ladies and Gentlemen the Conference on Metabolic Inter
relations has adjourned sue die

— Adjournment —
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