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A STUDY OF THE METABOLISM OF RADIOCACTIVE STRONTIUM IN ADULT, YOUNG AlD
'RACHITIC RATS* . |
By D. Ce Jones** and D. Ho COpp*i*
(From the Division of Physiology, School of

.-Medicine, and Crooker Laboratory, University
of California, Berkoley and San Francisco)

August 28, 1950

The. radioactive isotopes of strontium.make up an important fraction of
the products of nuclear fission (1). Becauso of thoir long half-lives and

spaecific localization in bone, they presont a serious health hazurd, and even

_rolatively small amounts Of‘Srgo have been found to induce.bone. tumors in

experimontal animals (2). The oase with which strontiun is absorbed from the
intestinal tract .increases tho danger from contaminated food. or water,

In addition, -rdadioactive strontium has been oxtensively uscd as a tracer
for tho study of calcium metabolism. Pochor (3)‘was the first to demonstrate

the close similarity in the biological bohavior of radioactive isotopas of. ..

theso two alkaline earths. Radio=-strontium has boen usod 2s an indicator for

caleiun in investigating tho effects of yrowth hormone (4), parathormono (5)
and rickets (6).

In the following experiments,_a study has beon made of the doposition

~of radio-strontium in the skeloton and its elimination.by tho kidney, particu-

larly during the critical first 24 hours following parentercl administration.
Jonaes and Copp have roported earlior a preliminery study covering the first

hour (7). Thrga typos of animals‘werouusedzy mature adult rats in which

*This docunent is based on work porformed under contract No, W-7405-ong-48-A-I

of the University of California under tho U, S. atomic Energy Commission.,

The authors are indebted to Frescke van N, Kohl, J. G. Hemilton and Ruth Lornor

for valueblo assistance in conducting these oxperimonts.

**Prosent address: Rediological Defonso Laboratory, San Francisco Naval Ship-.
yard, San Francisco.

***Prosent address: Dopartment of PhyS1ology, University of British Columbia,
Vancouver, Cunadd,
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skelotal growth hdd ceasad; &ouﬁg.rapidly growiny rats in’which there was -
activo now bono formation; and young enimals with low phosphorus rickots in
which, dospite formation of ostooid tissue, actusl caleification does not ocutur.

EXPERIMENTAL

The radio-strontium used was carrier-free and- consistod of & mixture of

589 90

and Sr°Y formed by nucieaf fis;ion. i§inée_§r9§'decays %o a radioactive
daughter, Y90, with a 60-hour half-life, all samples wero held fof 24 days
lbeforc counting so that equilibriunm might be attained, tnd’ any Y90 prosont at
the time of thé'expéfihenﬁ would have deceyed. A“dose'of:approxihétely 5 micro=
curies of rédio-strontiun in 0,25 ml, néutral isotonic seline was injooted intra=
peritoneally into oach animal. A %total of 112 animals wero used. ‘Thoy wore'all
female rats of the Léng'EVEhS'éfréip} Tho udult animals were & = 6 months old, '
and ranged in weight from 235 tb'SéO graqs.“-THby were ‘raisod and meintainod on
the regular stock diet. 'The young animals wers 51 days old at the time of the
oxporiment, and ranged in woight fioﬁ’79'fa'109'grams. ' Thoy woré 4lso maintainod
on the stock diet,. | |

“The rachitic rat's wero pfépé?éd'accofding’tb'the’mcthéd doseribod by =
Coloman et al. (8). They wore woaned at 21 days and rostricted to o diot which
was very low in phosphorus (0,015 percent P). ' At the end of 30 days, the animals
werd x-rayed, and thoso showing +3 or +4 rickets wore selectod for thé'expéfiméﬁt.
These animals ranged in’weight from 50 = 80 grams.

Following injection of the radio-strontium, the animals were placed in
large beakers with screens at tho bottom which péfmittéd Sepaféte“cbllootiéﬁ
of urine and fecos... Thoy wore sacrificod with chloroform at time intervals
from 5 minutos to 72 hours following administration of the isotopo. & torminal’
blood éample ﬁés.with&rawn;frqm the infégior vensa cava in & hobayin_rinsdd .
syringe. This was cenf;ifﬁgea; and éﬁ‘aliqugt“of piasma wés_£ékenifof detormi=

nation of radio-strontium. The total amount of radio-strontium in!plaémq;waé
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estimated using the value of 2.4 porcent of body weight reported by Berlin
(9). The bladder was, dpened, .and its contemts were rinsed into the urine
collacted in the besker,. so that. the total amount of radio-strontium axcfeted o
by the kidney could be determinod. . The femur and the residual carocass were
dried and ashed in & muffle furnace at 6509C for 10 hours. ' The ash was dissolved
in 2 N HCl, diluted to volume, tnd & . suitable aliquot was taken for determination
of . radio=-strontiume.

The amourit of radio-strontium presont in tho skcleton at 24 hours was:
determined as follows. .The animals wore skinned and oviscorated,. leaving only .
muscle and skeleton. The small amount of radio-strontium in-a sample of muscle
was measurod, and from this tho quantity in the total musculature was .computed
from the: ratio of musclo to body woight reported by Donaldson (10). This was
suBtraoedifrom the value for tho eviscerated carcass %o give the amount of
radio-strontium in the skeloton alone. Tho correction was quite small in all -
casuss  The ratio of radio-strontium in femur to radio-strontium in tho total .
skcloton was found. to be quite similar in all .animals, and amounted to 0,040 .
in-the adult animals, 0,044 in tho young normals, and30.,042 in the rachitic rats.
Those ratios were used to estimeto the radio-strontium. present in the -total
skoleton from the values obtained for the femur. '

RESULTS AND.-DISCUSSION.

The results, given in Table I,.show,the'percent:of tho administerod dose
of radio-strontium in plasma (colculated), fomur, skéloton.(calculated) and
urino et various time intervals aftor its administration.  Tho plasma clearance
of ‘radio-strontium by tho kidnoy is also given., Tho data for the three groups
of animals &re shown graphically in Figures 1 - 3, Fach point represcnts the
avaerage of 3 - 10 animals,

- The plasma levol rises during the first ;S ninutoes, as the radio-strontium
is ubsorbed from the peritoneal cavity. It thon falls réther rapidly in the

young and rachitic animals; more slowly in tho adultse. Indced, the plasma
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radio-strontium in tho latter remains.5 - 10 times higheor than in. the younger -
animals, - This may be explained by slowér removal by skoelotor-and kidnoys

As was obsorved by Norris and Kisiclski:(ll), radio-strontium rapidly
concontrautes in tho-skeleton. The uptake was continuous in the: adult animals © -
'up.tO'2'hou;s;«and-fo&chod'a méximum value 6%-2 =-'4 hours.. This moy be accountod
for by ion cxchange with bona salt (12).. ‘In young animals;:tho.initiul?rate of‘
uptako was five times as grout, and tho maximum was reachod within 30 minutes. -

Tho rndio-strontium'reﬁainedvfixed inthe -skeleton, and vory littlo loss was
observed. avon 4.- 8 days after injoection (13): "It is.probsblo that this rapid.
uptako énd-fixotion is aééociatod*wiﬁh’incorporation of “the. strontium in the :-
nowly formed bone salts .

- ‘The. samec- initial rapid uptake:'was obsorved in the rachitic -animals, and. -
tho maximum reached was.similare Howevor;-this Was followod by active removal -

from.the skéleton,:so that at the:ond of 24 hours; -loss than.1/3 of tho radio-

Y3

strontium present ¢t 1 hour romained:in thé bones.: This was asséciatod with: .- ¢
a tremendous excrotion of rudio-stréntium in the: urinos Now 'bone.salt is not
wformcd:in theso rachitis animals,. so that radio-strontium cannot be incorporated
in this ‘form, although ion -oxchange with-oxisting bone salt may take place as .
it docs in tho adult. The ovidonco suggosts that tho initial- rapid upteke is

duc to a labilo combination with bone, from which the radiofstgoat}@mh15 {”HLiA4.
readily roloased in tho rachitic animals .This may be & stop in tho calcification
process, to bo-followodiinﬁthe normel animal by.incorporatioﬁ in now bone salt,

- In‘tho young animal, very little radio-strontium was lost in tho urine -

o

in .contrast to the rachitiés, "in which a largo part of the doso was eliminated

<

by this routc within 24 hours. . Plasma cloarances weoro calculatod by dividing
tho oxcrotion rato (detormined graphically) by the radio-strontium level in tho
plasma. Since-thore was groat divergernce in thé weights of tho animals in the

differont groups, consistency was obtained by expressing the clearancc as the
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porcont of tho total blood plasma "clearod" of radio-strontium by urinary
oxcrotion por minute, rather than the moro usual cc of plasma "cloarﬁd" pef~n
minuto;

Plasma clearanco was‘simiigr in both young aﬁd adult normal animals, with
approximately 1 porcent.§f'the"bléod plasma “qloarod" por minutae. ‘in tho féchitic
rats, the plasma clcarap@e wasvlo_f 15 timés'greaéér than in the no;méls, indicat-
ing & difoéf 6ffoct of tﬁié condition on thé~éxcré£idh of radioJStroﬁﬁium by the
kidnoy. This may bo sssociated with tho iow }Uvol of inorganic phosphato in the =
blood of these animuls (8). |
SUMHARY o |
1, Tﬁé metabolism of'cafrior—froe radibetronbigm_was studicd in #dult,

yoﬁng"énd rachiticifats during the oritical first 24 hours fplloﬁing

intraporitonocal injection.

2e quio-sﬁrontium iéﬁromovedlfrom tho plasma much more slowly in tho.adult
animals than in thoiéthq;-two groups. |

B Tho uptako of radibkétrontium:by adgiﬁ bbne';é continuous for tho first

2 hours, Qnd roaéhos a ma#imum within 4 hours. |
4, Skoletal uptake of.radio-étrontiumvisfmuch moro repid in the young aniﬁals,

reaching & maximumgwithin SO‘minutoﬁ; The anbsited isotopo appears ﬁo

romain fixod in tho bone,
Se Invrachitic rats, the rgpid'iﬁitial uptako was éimilar to that in tho

_nérmal_youpg animais, but wds-followod'by actiﬁo loss from thovskoletbn,

so that oniy 1/3 was laft at 24 hours; ;This suggosts‘é ;gbile combination .

with bone. B | " | -
6. A laerge part_af tha dose qfiradi§-str6n§ium wa s excfetnd by'tho rachitic

rats withinitﬁé first 24 hours,}éhd;tha plgsﬁa'clearanco was 10 - 15 timos
as gréat as iﬁ tho normal;animais..>This méy ba dué‘to a'difect offoct of

rickets on oxcretion by tho kidney.
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DISTRIBUTION u.") EXCRETIOW OF ‘RANIOSTRONTIUM IN ADULT, YOUNG AND RuCHITIC RATS DU‘{ING THE FIR"T 24 HOURS*

~ (Percont of:the administorcd dosas of Sr&9,%0)
"Timo Aftor Injoction of Radiostrontium -

i
|
|

30 mi-h. 8 hours

24{hours

5 min. 15 rin, 1l hour 2 hours 4 hours 12 hours .72 hours _
Ae No. of Animals , : ' : f
Adult , 4- 3 © 3 4 .4 4 4 4 4 5
Young 3 3 4 4 : 7 9 8 4 5 P
Rachitic’ 5 10 5 5 3 5 5 o
i1Be Plasma A : !
(calculated) - , - _ . . : ) o i
AQult  4.640.3  6.640,2 4.7+052.  5.440.4  2.9+0,1 2.340.2 L.1s0.1  0.7:0.2  1.0+0,2 *G.
Young  3,7#0.2  3.270.4 1.730,2  0.930.1  0,24+0,01:022+0,02 0.3+0.07 0.1+0,02.: 0,05+0,01
Rachltlc 2.230.2 1. 6:0.2 0.8+0,1 - 0. 24+o 04 0O, 1"' .04 Os 1-___.0.081 0405+0,01 f
Cy Fomur . - - - : N
Edul% - v0,1340,01 = 0.4240,02 O, s7+o 02" 1. 0640418 2.35+0,02 25840.02 2.56+0.09 2.64+0 14 2464730011 . 156340006
Young  0,73+0.08 1.94+0.09 2, 92@0.08 2.84+0,06 3,04+0.32 3.07+0,29 508+0,31 2.74+40.26 3.42+0,39 3 01+o.,09
Rachitic . = - 2.85+0 22- 3. 04+o 13 T . 2,54%0,32 1.64+0.06 1. 40+o,24 0492+o°21 . 008930,17
De Skeloton , . ; . . @
(oalculated) S Do ‘ . : ' C !
Adult 3,240,3° 10.5340s5 16.8+40.4  26.5+4.4 56.2+0.4 .ss;om.e 64.0+2,3 66.143.4. 618427 40,64104
Youhg - 16, 6+1.9  44.0+2.0 66.5%1.8 64.4+1,3 68.9+7.2 69.7%6.6 70.0%7.0 62.0%6,0. 77.5¥8,8 .68,5+201
, Racmtm T 67,?9-‘55.2_: 72,3+ .1f ST 60.6‘;7.5 39.0+1e4 33.235.8 21:8%4.9 16,3+l
Ee Urine . - : ' ’ U ; A ‘ - Ti— . -
SR V.U C 0e8+40,2 . 0464042  2.8+0.9  844+2,7 4,z+o 8 13.1+2.6 13.9+1.2 ° 24034344 2604+1.3
Young C1.4%1,0  3.0%0.9 . 1.270.2  1.9%0.3  2,0%0.7 3.040,0 2.0%0.5 = 5,0+0.7 13.5+2,1
Rachitie, - 9.9+1.9 13.6+1,6 - 28,1+5,8 42,7+3.,6 39,9+8.7 58.6+42,8 '8l.337.4
¥, Plasma Cloaranco o - ‘ - - ¢ R ) s ad
.7 total plasma
cleared/mine : : : . ) :
Adult 1.2 1 - 1.2 0.8 0.8 1ol B g
Young 0,8 Sl.2 L 2.7 "1l 0.8 2.5 - | =
Rachitio - : 12,3 20.3. - /10,6 11.4 14.7 . o &
Flguros arc moan values for 3 - 10 an1mals, fuy ’che standard Orror.: (std. 01'1'01' “/‘/:%1__,_;)"‘) &

@
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