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-THE EFFECT OF AGE AND LOW PHOSPEORUS RICKETS ON CALCIFICATION =

AND THE DEPOSITION OF CERTAIN RADIOACTIVE METALS IN BORE.*

D.E. Copp?*JoG}o Hamilton, D.C. Jones, DOMO‘ThOmsony and C. Cramer
.i:{’ - ’ | ,
From the Department of Physiology, Faculty of Medicine, University of
. British Columbia, Vancouver, B.C. and the Divisions of Physiology;
a«} L Medical Physics, Experimental Medicine and Radiology, and Crocker™
; Laboratoryy Rediation Laboratory, University of California,
Berkeley and San Francisco, California.
}. Radioactive isotopes have ma@e poésible new technigues for study of
| mefébdiic turnover in the skeleton. In addition, meny of the radicactive
elements infolved in nuclear fission are deposited in the skeleton, wher§
the chronic effects of their radiations may produce bone étrophy or bone
tumors. The hazard to health;, quite similar to that from chronic radium
poiéonih89 has been emphdsized by ﬁhe growing importance of atomié fiésion
from an. 1ndu-tria1 and military point of view. It was this probiém that
firat led us to investigate the deposition of metals in bone. (l)**  ¥
\;In retabolic behavior, most of these metals appear to fall into one of
the %ollowing groups (2): | |
. ‘ka) Alkaline earthﬁ, such as calciﬁm; strontium, barium and radiuﬁ,
vhich are localized almost exclusively in the akeletonpiand )
~ which are‘géneialiy affected by.the samé conditions which affect
" calcium meta‘bolilmo

(b) Metals such as yttrium and plutonium which show some distri-

bution in soft tissues, but which are chiefly localized in bone.

X

#This paper is based on work carried out under Contract No. W-7h05 eng-48A
Y with the Atomic Energy Commission.

*tPresented paper before the Third Conference on Metabolic Interrelations,
sponsored by the Josish Macy, Jr., Foundation, New York City, January 9,

1951,
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(¢) Metals such as cerium; lanthanum, americium and curium; which
are initially'taken up by the liver in large amounts, as vell as
by bone. These metala'dioappear from the liver within a few

months, but remain quite firmly fixed in the skeleton.

v ' I. EFFECT OF AGE AND LOW PHOSPHORUS RICKETS ON THE RETENTION OF CERTAIN
| 140
RADIOACTIVE METALS IN BONE. (Ca'2, 8:°7°90, a0, ¥%0, ana ce')

Tho-retention of thege mofalo in bone was compared in the following
groups of anima18° |
| (a) Mature adult rats in which bone growth had practically ceased.
(v) Young growing rats, in which there was active growth of new bone .
(¢) Young rats ﬁifﬁ low phosphorus rickets, in which new osfeoid
matrix was forming, but deposition of bono salt did not.take
plece. | |
Al £he aniﬁals useo Qore female rats of the Long-Evans strain. Tho adult
rats were 6712 months 018, and shoved no-appreciable weght gain. .The young
norma} anioalavyere*ﬁqqned'&t’?l“ﬂayu“to“tho“stock*ﬁﬁet;jand«were.7;10 weeks“old'
vhen used for these experiments. The rachitic'rats'had been weaned at 21 days
and reared oo'a syntheﬁic diet‘(ﬁ)" very low in“oﬁosohorusﬂ(01008—00015%‘P),
'valthouéh adequate in calcium (0.43-0.46% Ca). The animals-were 7-10.weeks of
age wheo used and were“x-rayed to determine if fiorid.rickets was present.
The following radioactive ieotopes vere used:
CahsA -5 mlcrocuries of Cah5 with 1.25 mg. Ca 28 calcium chloride, injected
N intravenously, (In theil&ter experiments Cah/ with a higher specific
| ‘activity - 0.0l mg per microcurie - was used )

Sr89 90 5 microcuries of carrier-free radiostrontium (produced by nuclear

-

fission) injected intraperitoneally°
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Balho -5 microcuriec of carrier-free radicbarium (produced by fisaion),
injected intraperitoneally°
Y88. | ; 5 microcmricc of carrier—free radioyttrium (produced in the
o cyclotron) as chloride in isotonic ealine at pH h injected | : 5
o intramncccldriyo | A ” R ' ‘
Cclhh -5 mﬁcrocufies of carrier-free iadiocerium (produced by fission)g“

as chloride in isotonicvaaline at pH h; inJectcd intramuscularly°
vFollowing injection of the recpcctivc radiocactive isotope, the animals
were plackd in {ndividual metabolism cages; and urine and feces wefe collected
aeparatciyo They were sacrificed 8 days later, and tissues and excreta were
andlyzed for mdioicotope° The reeulis obtaincd aio given in Table l. The

h5 8 899909Aand Balho are expressed as per cent of the

88 1hb

administered dose; for Y~ and Ce s they represent the per cent of the isotope

values given for Ca

adgorbed. from thOMBiie~of”intramuccu1ar“injections ‘Bach figure represoﬁts
the average ofcvalues“fYoM‘5=8-aﬂfmﬁlso'
OBSERVATIONS

k5

Ca A significant part of the dose of radiocalcium was retained in the

' skelcﬁon.ofvthe édult cnimalso Since Qc;y'lifﬁie newvw bonc salt is boiogq

formed in ‘these animal.s thic is probably accounted for by ion exchange with

calcium already present in the bone. In young growing animals, the retention

is much greatcfg and may reprcccnt radiocalcium actually incorporated in the
newly formed bone salt. A similar effect of age on the retention of P32

(as phosphate) in bone has been observed by Falkenheim in mice (%) and by

: Weislbergcr and Harris in rats (5) Thcie ves very litfle fadiocalcium remaining

in the rachitic animals when cacrificcdg and this may have been due to inability

to form new bone salt. The radiocalcium was lost primarily in urine, as had

been observed by Weissberger and Harris (6) when radiostrontium wes given to

rachitic rats.
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. TABLE T
EFFECT OF AGE AND LOW PEOSPHORUS ‘RICKETS ON THE BONE UPTAKE OF

Ca, Sr, Ba, Y & Ce IN THE RAT.

- S Per Cent of the Absorbed Dose in

1.25 mg. Cae) ~ Skeleton Urine -  Feces " Liver

ca
Normal-Adult 3.7 b7 3.2
Normal—Yoﬁng - 73.h 12,7 7.2
Rschitic;mow Pﬁ 13.k "  TH LT

Sr8 »90 (Carrier- free)

Norme1-Adult a1 kg 2%6.9

ﬁoml-Young : 71.9 . 16.4 ) 12.8 \

Rachitic-Low P. 20.k - 469.& 1.5
g_gilf_'( Carrier-free)

Normsl-Adult =~ 37.3 252 31.8

Normal-Young 618 2.k 0 - 25.3

~Rachitic-Low P. | 33.9 o820 | 1;.&

Y (Carrier-free)

Normal-Adult 0.5 18.6 52 5.7

Normal-Young - - 76.8 5.1 , k.6 3.5

o Rachitic-Low P, TH1 8.4 - 6.7 - = 6.2
ﬂ (Cerrier- flree )} ' _ o

Normal-Adult 2.6 -~ 82 5.9 1 b3.5

Normsl-Young ~ 6L.5 57 120 218

Rechitic-Low P. 724 &3 5.0 . 18,3
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89 90 The - retention of.. radioetrontium in. bone vas very eimilar to

+

that of Cah5 in these three groupe of animaluo' Hovever, the adult animals
‘excreted almost ten timee B8 umch of the -89 9°,ih'ﬁfine ‘and this was
aaeociated with a. smaller proportion in-the feceeo__

BalhO

.

Although qualitatively similar to radiocalcium and radiostrontium,
‘there was a greater relative retention of radioberium in adplt end rachitic
enimals. This may’pe due to therdecreased eolg?ility and ehiff in ien :
exchange . | |

8
Y8 Neither age nor rickets appeared to have any significant effect

s

on the retention of radioyttrium in bone, euggeeting that its metabolism
'mnst be quite different from that of ‘the alkaline earths, This was confirmed
by the difference in the distribution in radioautographs described below.

Celhh " Age and rickets also appear to have very 11ttle effect on the .

bone fixation of radiocerium The smaller proportion in the skeleton of
the adult animels isfaccounted fon‘by the larger amount in the livera
The proportion of the dose in the Jatter ia extremely variable, and appears

to depend on form and methods of adm.inietrationo

RADIOAUTOGRAPHS - e
Radioautognaphe were prepared from thin undecalcified eectione of

bone byfthe'technique of Axelr.od-,(7)° The bone‘sections end corresponding
radioautographs are sdown in Figs. 1-6. | | R

) - Flg. 1 shews the distribution of radiostrontium in the femd;?ﬁgigd
8 normal young rat. The isotope'is found throughout the bone; with particularly
heavy deposits in the new bone which is forming below the epiphysis.’ lﬁlFigf 2,
the distribution in the femur of a rachitic ret is shown. While considerable
radiostrontium is found in the thin minerzlized shaft of the bone; there is

none in the uncalcified osteoid matrix beneath the epiphysis. Radioautographs
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!

of bones from animals injected with Ca

I .
2 are very similar. The radiocalcium is

found only 1n areaa in which bone =alt is present and none is found in the
uncalcified osteoid matrix of rachitic bone°

This is in contrast to.the behavior of radioyttfium (Fig. 3) and
radiééefium (Fig. 4). Thesé two'elemgnts, in common with plutoniﬁmvzirconium
and manﬁ other heavy métais (l)'show a m;fked concentration in the uﬁcalnified
ogsteoid matrix of rachitic bone. Thefe appeérs to be a specific affinity
of these metals for bone protein,keven in the absence of bone salt. This
is further evidence that their deposition in bone is not analogous to that
of calciun. ' | |

Radiocerium has a peculiar apotty distribution throughout the dense.

~ cortex of bone, which is also evident-in the radiocautograph of the digtribution'

of americium in adult bone (Fig° 5) A high power magnification of the latter
(Fig° 6) shows the radioactive material in the neighborhood of the small blocd

vessels which run in thecortex° Although the cause of this perivaacular

'distribution in cortical bone 1is not known, it ie commonly assoclated with

the lanthanide earths and americium andﬂcurium, which arggusually in the .
trivaelent state and have very similéf phybiéal and chemical profertiesc;-These'
elements are also taken up by the liver 1n large amounts initially (2).
IIo EFFECT OF AGE AND LOW PHOSPHORUS RICKETS ON THE TURNOVER.OF CALCIUM AND
| 'STRONTIUM IN THE SKELETON°

| The marked effect of ‘age and ri&keté on the retention of radioca;cium_
and radiostrontium prompted & ﬁo:e detaiied investigation to study the changes
responsible for theée differenceé;. The original‘work was carried out with
radiostrontium (8), ﬁﬁt was repeated lgtef using«Cah5 (9) since the latter'

18 the element normelly involved in bome metabolism.

\
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EXPERIMENTAL

Isotopes The radiostrontium used was carrierufreeg and consisted of a »

0
mixture of Sr§9 and Sr9 formed by nuclear fission° Since 819

G . A .
a radioactive daughter, Y9O

decays to
R with a 60 hour half—lifeg all samples were
.aheld for 2h days before counting so that equilibrium might be attained :
and any Y9O present at the time of the experiment would have decayed° AJ
dose of approximately 5 microcuries of radiostrontium in O 25 ml neutral
'isotonic saline was inJected intraperitoneally into each animal |

| The dose of radioactive calcium used contained 5 microcuries'
of Cah5 with 1. 25 ng. Ca as calcium chloride in O, 25 cc of solutionov.
‘ This was administered by intravenous in:]ectiono The amount of carrier

.v;t_,,v [N ‘if

‘calcium present was fbund to be sufficient to raise the level of serum
4i‘calcium as much as 25%,'but later experiments with high specific activity
‘.calcium (O Ol mg. Ca per microcurie) indicated that this amount of carrier |
had no significant effect on the distribution and excretion of the isotopeo
Animalsw The adult animals were’mature female rats of the Long&EVans S
lstraing from 6—12 months old° These were raised and maintained on the
regular stock dieto Skeletal grovth vas at a§minimum in these animalaorﬁv
. ‘ The animals with low phosphorus rickets were prepared according
”to the method described by Coleman et al (3) These were weaned at 21 days,
. and fed a diet high in calcium (O h}%) and very low in phosphorus (0 03$)
: for 5 6 weeks° They were 9 weeks old and weighed approximately 90 lOO grams .
‘.at the time of the injection of radiocalcium or radiostrontium° l_ .
| The young normal animals were fed 8 complete diet from weaning

until they were 7-9 weeks old at which time they weighed approximately

200 grams. They were then injected with the radiocalcium or radiostrontium°

0l
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Procedures After inJectfon of the radioactive isotope, the animels were
'placed in individual metabolisﬁ cages, and urine and feces were.collected
separately. The rats %ere sacrificed at various time intervals from a few
minutes up to 16 days after thé inJection; In all, 273 animals were used.

At autopsy, the femur ﬁas removed and analyzed for radiostrontiﬁm
or radiocalcium; the total amount in the skeleton was estlimated according'
to the method described by Jones and Copp (8). An aliquot of serum was
analyzed, and the total serum Sr89?9 oerah5 vag egtimated using the |
value of 2.4% of bod& veight reported by Berlin ét al (10).

The results are shown graphically in Figs. 7-12. Each point
represents the average of values from 4-8 animals.
A. EFFECT ON THE METABOLISM'OF'RADIOCALCIUM°
Serum - Fig. 7 shows . the amountvof.radiocalcium present in the serum
during the first L4 hours following intravenous injection. The fall is
rapid in all three gioups, but is rglapively.slower in the adu1£ animais,
| and remaing at a consietentlyvhighef’level. This reflects the slowérv
removal by skeleton and kidney iﬁvthe"adults,"
Skeleton The radiécalcium.pregepﬁtig‘the<ékeleton during the first four
hours 1§ shown in Figq 8, and'foyjfhe first 16'days is shown in Fig. 9.
It is apparent that‘the.initial ﬁptake by the bones of both normal and
rathitic young animals is vefy'fapid} However, while the isotope appears
to remain fixed in,the~skeletdﬁ of the normsl animals, it is,raﬁidlyvlost
from the bones of the animals with:low‘phosphorus rickets. This agrees
witﬁ'the findings with radiostfontium, and suggests a very labile calcium
Pfraction in hone whiéh rapidly reaches equilibrium with the serum radiocalcium,

and declines as the 156tope is excreted in the urine and the serum level falls.

The ratio of Cahs in bone to that in sérum indicates that some .15% of the
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qugnexeéiéiﬁm is in”thisv"labile".fnactiono . The significance of this fraction in
the calcification mechanism merits further investigation. In the adult _v
animalsy the uptake by the skeleton is much slower; reaching a maximnm at
'2-h houra as1h§s been observgd_by_Norris,et al,(ll),'vIt:then declines
‘slow1y°> The uptake probably‘reflects ion.exchange with. the calcium-alréady
present in?boﬁe salt, since there is little or no new bone formation in
theseuanimalsb Iess than O. 5% of the bone calcium appears. to be involved
1n this reactione o
92329-(Fig,'10) Thé excretion of rgdiocalcium was similar in both younga.
and adult sormal animalsp buﬁ wés tremendously-increased in the rats with
low‘phosphorus rickets. "Renal;Serum-Clearancee",were_calculated,l2:héa;;
after injection'by_dividing the rate of urinary excretion at this timéf%y
the tﬁtal sé;um nadiocélcium,-and exfrgssing»the regult as per.cent-dfftiéf
totalféerum in the-body ”cleared" of 1sotope by urinary ekcretionhperifﬁ
» minute;‘ For normal young animals,. the average value was 0.6% per minute
for the normal adults it was 2 0% per minute vwhile for the group with fﬁ
low. phosphorue rickets the clearance vas lh%g or 0.16 cc/lOO 8Q. Ch, body
surface/mino»

This may be compared with the . values for inulin clearance or .
glomerular filtration rate of O 23 cc/lOO ch. /min° reported by Friedman
et al (1-2)° It'suggests that the;etia,very little reabsorption of calcium
by the fengl tumules:iﬁ these,agimalspf.

|  fl ‘The'higﬁ urinary excretion,gnd.renal serum clearance in these
Iachitic‘raésy déspite a normal level of blood calcium, suggests that
theré is a direct'effEct on calcium‘gleaxance_by the kidney. This may be

associated with the low level of inorganic blood phosphate in these animals.
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Feces (Fig. 11) The fecal'excfEtion'of'radiocaleium wag low in the yeung
normal animals, and almost ineignificant in the rachitie group. However,

it wvas relatively high in the adult animals, and accounts for most of the

. ks -
Ca 2 loat from the skeleton.

Conclusions: Ion exchange is undoubtedly an important factor in the uﬁfake’

of radiostrontium and radiocalcium by the skeleton, and is perhaps the

only one of sighificance in the aQult animals. However, in the young .
animale, it does not appear,te bebthe only m.echanismo The very fapid .
1nitial uptake in the normal young animals, with fixation and very slow

loss argues against an exchange process, and in these animals much of

the radiocalcium is proba‘bly incorpomted in new bone .salt. In the

Iachitic ratsp the initial uptake is equally rapid, but there is no .

' fixation, and the loae from the ekeleton is also rapid. This suggests_a

small and very-labile caleium fraction in ihese animals.
This labile calcium, which amounts to some 15% of the total

calcium in rachitic bonep may represent exchangeable calcium on the

'surface of the,bone cryetals° Radioautographs of femurs taken 1 hour

after injection, when the Cah5 in rachitic bone is at a maximum, show the
zadiocaleium,only.in areas in which bone salt is present, with none in

k5

the uncaleifiedfoeteoia matrix} Ae the serum level of Ca - continues fo
fall, a8 the isotobe ie poured”ouﬁ in the urine, the Cahs'ln the labile
bone ffaction mill fall with'it;vsince they are in equilibriumo.—

0f particular interest is the relatively hlgh renal_clearance
of calc}um in'the raehitic animale;“ Since previoge expefiments have
indicated actlve absorption ef radiostrontium'frdm'the Intestinal tract

of these animale, 1t would appear that high urinary excretion is & more

important factor in the negative calcium balance in these animals than is
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impaired aheorption from the intestinal tract
ao_ EFF’EC’T oN THE METABOLISM OF RADIOSTRONTIUM
| ;(V ’ The results of these experiments with radiostrontium have been
reported by Jones and Copp (8) Following intraperintoneal injection of -

89 909 the plasma level rises during the first 15 minute59 asg the radio-
/strontium ia absor%ed from the veritoneal cavityo It then falls rather ,
rapidly in the young and rachitic animals, more alowly in the adulte°
In&ee&s the plaema radioetrontium in the latter remaine 5-10 times the
value in the younger animale° This may be explained by slower removal
by ekeleton and kidneyo _ ‘ ‘ |

The level of Sr 89 90 in the skeleton is ehown in Figo 12, Ae..
was obeerve& hy Norrie ana Kisielski (11)9 radioetrontium rapidly concentrates
in the skeletono The uptake was continuous in the adult animals up to 2 hoursg.
‘and reached a maximum value at 2—h hours° Thie may be accounted for br ion
exchange with bone salt (13). In young animale, the initial rate of uptake‘
vas five timee as great and the maximum wag reached within 30 minuteso The
radioetrontlum remained fixed in the skeletong and very little loaa vas
observed even h 8 day- after injection° It is probable that this rapid
vuptake and fixation ie associated with incorporation of the strontium in the
newly fbrmed bone salt, ‘.  .

The game initial rapid uptake’was observed in the raohitic anima199
and the maximum reached was eimilar° Howevergvthie was followed by active
-removal from the ekeleton9 80 that at the end of 24 houreg less than 1/5 of the
radioetrontium originally present at 1 hour vas etill left in the bones.

This was aseociatea with a tremendous excretion of radiostrontimn in the urine°

New bone salt is not formed in these rachitic animaleg 80 that radioetrontium

cannot be incorporated in this forms although ion exchange with existing bone

t
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salt may tske place as it does in the adult. The.evidence suggeats thet'ihe
1nit1al rapid uptake ie due to a labile combination with bone, from which
the radiostrontium is readily released in the rachitic animal. ?his may be
due to exchange with labile calcium on the surface of the crystals of'boneA
ealt, or may be»acginitial step in‘the calcificatioo process. >As with' i
radiocalcium, radioagtographs ehowed that even at the time of maximal
dptakep radiostrontium was depoeited ohly in bone salt, with none in
uncelci"’fied osteold matrix. i

| In the younéﬂanimal, veryilittle radiostrontium was lost in the
urine in ccnfrast to'the rachitics, ic(which avlarge part of the dose was
eliminetedvby this route:ﬁithin 24 hours. Plasma clearances were calculated
by dividing the excretion rate (determined graphically) by the radiostrontium
level in the’plasmeb’ Since there was great divergence in the weights of the
.\aniﬁEls»io the'different groups, consistency was odbtained by expressing the
‘cleafahce'asdiﬁe per‘cent.of the-total blood-blesma "cleared"® of radiostrontium
b}”urinary exCretion.per minute, rather than‘the more usual cc of plasma
"cleared" per minute.

Plasma clearence wes similar 15 both young and adult normal
animals, with approximately l per cent of the blood plasma "cleared™ per
minute. In the rachitic rets, the plasma clearance was 10-15 times greater
than in the norun199 indicating a direct effect of this condition on the
excretion of radioetrontium by the kidney.,vThis_may be associated with the
lov level of inorganic phoephate-in the blood of these animals (5).

SUMMARY - |

1. Radiocglcium and'redioetrontium.ere removed from the plasma much more
slowly iﬂ the adulf’animals thenrin the other two groups. |

" 2. Thelupteke of rediocalcium and radiostrontium.by adult bone is continuous

P
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for the firét 2 hoursp and.reaches a méximum ﬁithin h hours.
3. Skeletal uptake of radiocalcium and radiostrontium is much more xapid
| in the young animalsB reachinélavmaximum within 30 60 minutes° ‘The
‘deposited isotope appears to remain fixed in the bonen | e
b, In rachitic rat39 the rapid initial uptake vas similar to that 1n the h
\normal young animalng but vas fbllowed by active loss from the skeletonyu
so that only 1/3 was left at 2h hoursp and less than 1/5 at 16 dayso
_This suggeets a 1abile combination with boneg possibly due to exchange
with labile calcium on the surface of the crystals of bone salto
55 A large part of the dose of radiocalcium and radiostrontium wasg ex—n‘
/creted by the rachitic rats within the first 2h hours9 and the plasma .
| 5 clearance we.s 10 15 timel al great as in the normal animals, approaching'

the glomerular filtration rateo This appears to be due to a direct '

effect of low phosphorus rickets on excretion by the kidney° e

IIT. ‘EFFECT oF A-LOW PHOSPHORUS: DIET ON.THE EXCRETION OF RADIOCALC;UM‘ANP,_:
| - RADIOSTRONTIUM. | |

Day and M@Collumt(lh) observed. marked. bone resorption and
negativé calcium balance in rats reared on a diet deficient 1n”pposph9£;;;fi
 Théy felt that the bone resorption was necessary to provide phogphorusffor)
the essential needs of ‘the soft-tissues. .So severe was the @ef&cieqpy thgt.
‘the animals died after 8-10 weéks.iroﬁ¢collapse-of the softened ribd cage’
and respiratory. failure. | |

The marked reduction in the retention of radiocalcium and
radiostrontium in rachitic bone has already been discussedo In the fol—
lowing experiments.the_ieotopcs were injected into.normal young 21hdgy old

rats, or into mature adult,raté;_and the-animals vere then changed to a
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diet low in phosphorus.

The previous experiments have shown that a large part of the dose of
C’ah .or Sr89 90 is &eposited in the skeleton of the normal animale within
2-4 nours after injection. Following this pgriod,‘half the animals in
each group were changed to a,Qiét vefy low in phosphorus (O;Ol%) while
the. remainder were retained on the copplete cqntrol diet. The animals
were placed in metaboiism cages ahd the urine and feces were collected
’ 45 89,90

séparately at daily intervals for'BO dayé and analyzed for Ca - or Sr

At the end of tnis ‘timey the animalg were eacrificedo The carcass wag

390 . “

analyzed for residual Ca
| From the;e values, the quantity of radiocaléium or radio-
etrontium'remaining in the skeleton at different times ﬁas calcﬁlated and
plotted on gemi- log paper against timeo The curves are shown in Figs.13-15."
) t;'. Fig° 13 shows the effect of the low phosphorue diet on the
Ca45-rétained by-young rats. By the end of ‘the gecond dayg the excretion
of radiocalcium is higher in the animals fed the low phosphorus diet, and 1t
cqntinues at a much higher rate for the duratign of the experiment. After
two weeks,vfhg biologicai:half-life,of the Ca45'1s 37 days in the animals
on the lovahosphoruS'diét as.compared to 236 days'in:the controls fed
the complete diet. The actﬁaifeXéretion was 5-6 timeé as_great in the
animais on'th¢ $xpcrimenta1\di§fa | |
Siﬁil&r curves féf the adult animals are given in 'Fig. 1k,
The excx;etion during the first week was much greater than in the young;
as vasg ébserved earlier° However, the low phosphorue diet did enhance the
excretionfpf Cahs, aﬁd'the_biological_half-life vag reduced from 164 to
. 62 days. '  | o
The curves for Sr89 90 in ydung animals are shown in Fig. ISc
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The curves are quite similar to those fof Ca ”, and show & mafkedueffeétﬁ E
of the low phosphorus diet on thé excretion ef radiestrontihﬁ; The
exarétibn'ig inéreased'eiﬁOBt:1mmediate1y9 and the biologiéalghalfiiife.ie7 .
reduced from” 350 to L2 dayso’; ; o

The first effect observea when an animal is restricted to a -
phosphorua deficient diet' is a fall in the level of phoephate in serum,‘
and its disappearance from the urine. “The prompt increase in the ufinary:
excretion of radiocalcium and1fadiostrontium suggests that this is related
to the fall in Qerum phospha te end‘may be due to the increased'renel
ciegrance ment;oped'eariierc Tﬁe increaeed remo%ai from bone sugéeete that
exchan_gep at ieast of ﬁ&e~recentlyjdeposited‘Cehs,\maj be affected by theseﬁb
changes in the phosphate level., | |

A similar experiment wae'cafried out in whichp after injeetion
of ra&iocalcium9 the animsls were changed to a diet’ a&equate in phosphete

15

but-very low in calcium, In these anim3159 the excretion of Ca was actually
reduced as compared to the contrblso”'This‘ﬁuggests that & low calcium diet
woul& ‘have little value for increasing removal ‘of such radioactive alkaline

earth metala as’ calcium9 ltrontium or radium from the skeletonox

SUMMARY

1° Many of the radioactive metals formed in nuciear fiseion are deposited .
in skeleton. The mwetabolism of %eotopes_of alkaline earth metals such o
as caléium9 atroﬁtiuﬁ and bariﬁm.ie markedly affected by age and 1ow l;
phosphorus ricketeg while ﬁhe metabolism of. other heavy metals such

as yttrium and cerium is largely une.ffected° - o (
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2. Radioautographs of rachitic femur show that Sr89y90 and Ca > are deposited

1hk

. only in the presence of bone salt, while Y88 and Ce and other heavy

metalas are also laid down in uncaléifiedvosteoid matrix.
3. Kinetic studies of skeletal uptake and excretion of radiocalcium and
- radiostrontium show considereble mineral exchange, eveﬁ in adult rats.
Skeletal uptake is more rapid and greater in growing animals, and ﬁhe
radioactiye i@o@opes remainvfixed in the skeleton, presumadbly by’
‘ ,_igq?;poy@tion in new bope salts,
b, .4 rachitic :atsg the‘ipitialﬂuptgkg by bone is rapid, but the Cahj
.or Sr§9?99 ig. then rapidly loaﬁjfrom the skeleton and excreted.ip
urine. The "labile" fraction amounts to some 15% of the bone calciuﬁ,
and may fcpresent calcium on the surface of the crystals of bone salt.
5. Rensl clearence of Cah5 and Sr899?9_1s 10-15 times as great as in the
~.normal énimalsg and approaches thg g;omerulgy filtration rqteo This
could be due to a direct éffeét below phosphorus rickets on the kidney.
| | b5 89,90

6. WVhen normal enimsls are injected with Ca -~ or Sr

, and are then fed
a diet low in phosphorus, the ekcretion 9f the radio&ctivé ieotopgs in
‘urine is inéreaaed9 and removal from the skeleton is acceleratedf
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 FIGURE CAPTIONS

“iFemit from & youhig normal rat-injected withwsr89a9°'andwsacrifibed~;7we¢k

later. Note the radiostrontium deposited:in the shaft-and.the calcified

‘dreas below the epiphysis. (From Hamiltoh, Rev. Mod: Phys. 20, 718 (1948)

“ courtesy of American ‘Institute ‘¢f Physicsj Publishefs)s . @ ..

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Femur from a six week old rat with lor pﬁosphorusWridkétsgﬂinjéctéd with

/ o oo :
Sr89’90 and sacrificed llﬁeek later. Note that the radiostrontium is
deposited in calcified areas only, with none in the uncaléified ost eoid
matrix below the epiphysis. (From Copp, Akelrod and Hamilton, do Roentgenolo
58, 10 (1947)).
Femur from a 9.week 0ld rat with low phosphorus'riCkets, injeétéd with Y88
énd sacrificed.l.week later. Note the superficial deposition of radio-
yytrium in the shaft, and the heavy deposits of the metal in the uncalcified
ostepid matrix below the epiphysiso (From Copp, Axelrod and Hamilton;
Am. J. Roentgenol. 58, 10 (1947))-
Femur from a six week old rat with low phorphorus rickets, injected with
Ce]‘L"LP and sacrificed 1 week latero Note the superficial depositioh Of,
radiocerium in the shaft and the heavy deposits in the uncélcified ostgoid

matrix with the shaft. (From Copp; Axelrod and Hamilton, Am. J. Roentgenol.

58, 10 (1947))-

Femur from an adult rat injectéd.with Am2hl and sacrificed 16 days laters
Note spotty distribution of the americium within the shaft, similar to
the distribution of radiocerium. (From Hamilton, Rev. Mod. Phys. 20,

718 (1948)).
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Higher power magnification of the seétion of femur and americium radio-
autograph shown in Fig. 5. Note thevdeposition of americium in the re-
gion around the small blood vellels of the cortex of the shaft. (qum
Hamilton, Rev. Mod. Phys. 20, 718‘, (1948)).

Percent.of thg administered dose of Ca%’ in serum following intervenous
administration. ) |

Percent of the administered dose of Ca

L5 .

in the skeleton following

‘intravenous administration. :

Percent of the administered dose of Cah5 in the skeleton (estimated)

following intravenous injection.
Cumulative excretion of CaAs in urine (expressed as pércent of the

administered dose) following intravenous injection.

“Cumulative excretion of‘,Ca/”5 in feces (expressed as percent of the

administered dose) following intraveﬁous injection.

‘Percent of the administered dose of radiostrontium in the. skeleton

{estimated) foliowing infrapéritoneal injection.

Percent of the administered dése of Cal’ retained by young rats fed a
normal diet and ﬁhose fed a diet low in phoéphorus;

Percent of the adminis£efed dose of Ca’’ retained by adult rats fed a
normal diet, and by tﬁosé'fed a diet low in phosphorus. |

89,90

Peréent of theladminisﬁered‘dose of Sr retained by young rats fed

a normal diet, and by tﬁbse fed a_diet low in phosphorus.
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