
j ·v 
~ 

tit .. ,1. 

I 
! 

•' ! . 

. 
\~ 

:h .. 
~ 

·...~,, 

>-w 
_J 
w 
~ 
0:: 
w 
rn 
I 
<( 

z 
0:: 
0 
LL 
_J 
<( 
u 
LL 
0 

>-
~ -
(/) 
0:: 
w 
> 
z 
:J 

UCRL-873 

r ~ '\~ ~. r .. h,' -.. -. . 
l .~ '\". • 

TWO-WEEK LOAN COPY 

This is a library Circulating Copy 
which may be borrowed for two weeks . 
For a personal retention copy, call 

Tech. Info. Diuision, Ext. 5545 

RADIATION LAB-ORATORY 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



!. 

·.d:(,,, ,, 
~ It 

,. 

~~ 

UCRL-8?3 

Unclassified Distribution 

UNIVERSITY OF CALIFORNIA 

Radiation Laboratory 

Contract No. W-?405-eng-48 

A S~J.DY OF THE METABOLISM OF RADIOACTIVE STRONTIUM 

IN .ADULT, YOUNG .AND RACHITIC RATS 

D. C, Jones and D. H. Copp 

August 28, 1950 

Berkeley, California 



Unclassified Distribution 

-2-

INSTALLATION: 

Argonne National Laboratory 
.Armed Forces Special Weapons Project 
Atomic Energy Commissio~, Washington 
Battelle Memorial Institute 
Brush Beryllium Company 
Brookhaven National Laboratory 
Bureau of Medicine and Surgery 
Bureau of Ships 
Carbide and Carbon Chemicals Division (K-25 Plant) 
Carbide and Carbon Chemicals Division (Y-12 Plant) 
Chicago Operations Office 
Columbia University ( J. R. Dunning). 
Columbia University (G. Failla) 
Dow Chemical Company 
H. K. Ferguson Company 
General Electric, Richland 
Harshaw Chemical Corporation 
Idaho Operations Office 
Iowa State College 
Kansas City Operations Branch 
Kellex Corporation 
Knolls Atomic Power Laboratory 
Los Alamos Scientific Laboratory 
Mallinckrodt Chemical Works 
Massachusetts Institute of Technolo3y (A. Gaudin) 
Massachusetts Institute of Technology (A~ R. Kaufmann) 
Mound Laborat'Ory 
National Advisory Committ..:e for Aeronautics 
National Bureau of Standards 
Naval Radiological Defense Laboratory 
New Brunswick Laboratory 
New York Operations Office 
North American Aviation, Inc. 
Oak Ridge National Laboratory 
Patent Branch, WashinGton 
Rand Corporation 
Sandia Corporation 
Santa Fe Operations Office 
Sylvania Electric Products, Inc. 
Technical Information Division (Oru( Rid3e) 
USAF, Air Sureeon (Lt. Col. R. H. Blount) 
USAF, Director of Armament (Captain c. I. Browne) 
USAF, Director of Research and Development 

(Col. R. _J. Mason, and Fred W. Bruner) 
USAF, Eglin Air Force Base (~IDjor A. c. Field) 
USAF, Kirtland Air Force Base (Col. 1~rcus F. Cooper) 
USAF, Maxwell Air Force Base (Col.· F. N. Moyers) 
USAF, 1um?A Office 
USAF 1 Office of Atomic Energy (Col. H. c. Donelly, A.A.Fickel) 
USAF, Offutt Air Force Base (Col. H. R. Sullivan, Jrj 
USAF, Wright-Patterson Air Force Base (Rodney Nudenberg) 

8 
1 
.2 

.1 
.1 

.. 4 
1 
1 
4 
4. 
1 

"1 
1 
1 
1. 
3 
1 .. 
1 
2 
1 
2 
4 
3 
1 
1 
1 
3 
1 
3 
2 
1 
3 
1 
8. 
1 
1 
1 
2 
1 

15 
1 
l 

2 
l 
1 
1 
2 
2 
l 
1 



-2a-

mSTJU.LATION No. of Copies 

u. s. Army, Atomic Energy Branch (Lt. Col. A. w. Betts) 1 
u. s. Army, Army Field Forces (Captain Jt~i1es Kerr) . ·· 1 
U. S. Army, Commanding General, Chemical Corps 

Technical Cor:11ilalld (Col. John A. MacLaughlin thru ·
Mrs. Georgia s. Benjamin) 

u. s. Army, Chief of O~dnance (Lt. Col. A. R. Del Campo) 
U, s. Army, Commao.di.ng Officer, Watertown Arsenal 

.(Col. Carroll H. Deitrick) 
u. s. Army, Director of Overations Research 

(Dr. Ellis Johnson) · 
u. s. Army, Office of Ene;ineers (Allen O'Leary.) 
U. s. Army, Office of the Chief Signal Officer 

.(Curtis T, Clayton thru Maj. George C~ Hunt) 
U. s. Army, Office of the Surgeon General 

.(Col, w. s. Stone) 
u. s. Geological Survey (T. B. Nolan) 
USAF, Director of Plans and Operations (Col. R.L.Applegate) 
u. s. Public Health Service 
University of California at Los Angeles 
University of, California Radiation Laboratory 
University of Rochester 
University of Washington 
Western Reserve University 
Westinghouse Electric Company 
Naval Medical Research Institute 
U~ersi~ ef nee~ _ 
California Institute of Technology (R; F. Bachar) 
University of Rochester (Marshak) 

Information Division 
Radiation Laboratory 
University of California 
Berkeley, California 

1 
l-

1 

1 
1 

1 

1 
2 
l 
1 
1 

---- 5 
2 
1 
2-. 
4 
1 
l ;· : 

l ., 

'1 
.. 

4 • .::. 

.• c. 

.. 



UCRL-873 
-3- Unclnssitied Distribution 

A STUDY OF THE UET.ABOLIS!l OF R.iJ)IQ.ACTIVE STRONTIUlil IN .iJ)ULT, YOUNG il.liD 

RACHITIC Rii.TS*. 

By D& c. Jones** and D. Ho Copp*** 

(From tho Division of Physiology, School of 
Uodicine, and Crooker Luborntory, University 
of California, Borkoloy and Sun Francisco) 

August 28, 1950 

Tho. radioactive isotopes of strontium.mako up an inportnnt fraction of 
,,," - ' . . 

the products of nuclear fission (1). Becauso.of thoir long h~lf-livos and 

specific localization in bono, thf.ly pre.sont a serious health hazard, and ovon 

. rolativoly sMall amounts of Sr 90 havo been found to induco.bop.o tumors in 

experinontnl animals (2). Tho oaso with which strontiun is absorbod from the 

intestinal tract .increases tho danger from contaminatod food.or wator. 

In addition, · rridioo.ctivo stron~ium has boon oxtonsivoly used as a tracer 

for tho study of calcium metabolism. Pochor (3) .was tho first to deuonstre.to 

tho closo similority in the biological boho.vior of rudioactivo isotopes of. 

these two alktlline earths. Radio-strontium has boon usod as an indicator for 

calciun in investigating tho offocts of e;rowth hormone (4), puruthorrnono (5) 

nnd rickets (6). 

In. tho following experiments, a study has be~n modo of the deposition 

of radio-strontium in tho skdoton and its oli.minution .by tho kidney, particu~ 

larly during the critical first 24 hours following pa;rentoro.l ndninistration. 

Jones and Copp hayo reported earli9r a preliMinory study,covoring tho first 

hour (7). ThroG typos of animals were usod: mature adult rats in which 

*This docunont is basad on work porforl!lud undor contrEH~t Uo. Vf-7405-ong-48-A-I 
of tho Uni varsity of Co lifornia under tho u. s • .tltomic Energy Commission. 
Tho authors are indebted to Freoke van H. Kohl, J. G. Hamilton and Ruth Lornor 
for vnlue.blo assistance in conducting these oxperimont~. . 

**Prosont address: R~diolo6icnl Defonso Luboratory, San Francisco Navul Ship-
yard, San Francisco. · 

***Present address: Dopur1:;mant of Physiology,. University of-British Columbia, 
Vancouver, Cuno.dn. 
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skeloto.l growth h£id ·- co·nsod; young .rt'lpidly growin.; t£J.ts iil.Which thore was · 

activo now bono fornation; and young animc..:ls with low phosphorus rickots in 

which, despite formotion of osteoid tissue, nctue.l calcification doos ·not oc-cur. 

FJC.PER!t:ENT 1\L 

Tho radio-strontium used wo.s currier-free and· consisted of .n mixturo of 

Sr89 and Sr90 formod by nuclear fission. Since sr90 decays to a radioactive 

daughter, y90, with a ·so-hour half-life, all samples wore held for 24·dcys 

before counting so that oquilibriun tnight be nttainod, t:lnd any y90 present o.t 
. . 

tho tina of the experiment would have decayed. A dose of approximately 5 micro~ 

curios of radio-strontiun in 0.25 ml. noutrnl isotonic saline was injected intra-

peritoneally" into oe.oh animal-. ·a total of 112.nnirmls were used. :Thoy 'wore all 

female rats of the Long-Evans strr.in·. 'rho udult animals were 5· ~ 6 months old, 

and ranged in weight. from 235 to 320 ·grams. They wore roisod nnd maintairiod on 

the regul~r stock diet~ The young o.nimnis wer6 51 days old ot the time of· the 

exporir.mnt, and runged in weight from· 79 ·to lo9· grams. Thoy wb.ro· also niil.nt::rinod 

' The rachitic ·rat;s were pfepu'red ~:~ccordin'g to tho mothod described· by 

Coleman et al. (8). They wore weaned at 21 days and rostrictod t'o. o. diot which 

was very low in phospho·rus (0.015 percent P). ·:At tho end of 30 days, the nnimals 

we:rcf x.:.royed,· and tho so showing· +3 or +4 rickets wore soleotod for tho oxpetimant. 

These animals ranged in'wolght from· 50 -· 80 grams. 

Following injection of tho radio-strontium~ the azi1zna'is •\rare placed ·iri 

/ large beakers with scrOOns: at tho bottom which permitt6d separate' collootion 

of urine and feces •.. They .wore. sacrificed with chloroform at tiMe into:rva1s 

from 5 minutes to 72· ho\lrs following administration of· the isotope. .i~ torninnl 

blood sonplo w!is withdrawn·· from tho inferior vena cava in a hopa,rin rinsod 

syringe. This wos centrifu~;:;cd, iuid an: aliquot of plnsno was _tn~en for cioto~·rni

na tion of radio- strontium~ The tota 1 amount;' of radio- strontium irLpla sma.' wo. s 
' ,. ·.·, 

• 
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estimated using the vaiue of 2.4 percent of body weight reported by Berlin 

(9). The bladder was. opened, .and its cout~ts wore rinsod into tho urino 

collected in the booker,. so.that. tho total amount of radio-strontium excreted 

by tho kidney could be dotorminod. Tho femur and the residual curou,ss wore 

dried· and ashed in a muffle furnace at 650°C for> 10 hours. ·Tho ush wus dissolvod 

in 2 N HCl, diluted to· volume, ~md a suitl!lble uliquot was token for doterminution 

of. rudio-strontitim~ 

The amount of radio-strontiur.J present in the skeleton at 24 hours wus 

determined as follows. The animals wore skinned und eviscerated, leaving only 

muscle and skeleton. The smull amount of radio-strontium .in a sample of muscle 

was measured, and from this tho quantity in the total musculature was computed 

from tho rntio of muscle to body weight reported by Donaldson (10). This was 

subtraood from tho value for tho eviscerated curcass·to give the amount of 

radio-strontium in the skeleton alone. Tho correction was quite small in all 

casus.· The ratio of .radio• strontium in f0r.1ur to radio-strontium_ in tho total 

skoloton was found to be quito similar in all. animals, and umounted to 0.040 

in the adult animol.s, 0•·044 in th.o young normals. andi0.042 in ·tho rachitic rats. 

Thoso ratios were used to ostime.to tho rudio-s~rontium.prosent in tho ·total 

sk0loton from the values obtained for the femur. 

RESULTS i~IID DISCUSSION. 

Tho results, givon in Table I, show the· percent ··of tho udminist6rod doso 

of radio-stront.ium in plusmu (cnlculotod), fomur, skeleton (calculated) and 

urino at various time intorvnls aftor its adrninistrstion. Tho plasma clauro.nco 

of· radio-strontium by tho kidney is alSo gi von. .Tho datu for tho threo groups 

of anirnuls are shown graphically in Figures 1 - 3. Each point represents the 

overage of 3 - 10 animals. 

·The plasma lovol rises during the first 15 minutes, as tho rndio-sbontiurn 

is n.bsorbod from the peritoneal· cnvity. It 'thon fulls rather rapidly in tho 

young and rachitic animals; moro slowly in tho adults. Indeed, tho plasmo 
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radio-strontium in tho· lottor remtlins. 5 - 10· times higher thon in tho youngor 

animo ls. · This may bo explained ;by slower· romovi:.ll by skolotori' und kidnoy~. 

As :wos observed by Norris and· Kisiel ski' (11) ,. radio-strontium rapidly 

concontrntos in tho skeleton• Tho uptako wfi. s corltint10us in tho. adult animals · 

·up to· 2 hours~. nnd rocch·od· a mt1ximum vuluo at 2 - 4 hours. This may bo uccountod 

for by ion· oxchant;o with bono salt (12) •· In young animals,: tho. initiuLra·te of 

uptuko was five times as grout, aru1 tho maximum wus rouchod within. 30 minutes. 

Tho rndio-strontiuril rcm;Hnod fixed in··tho ··skeleton, and vory little loss was 

observod,·ovon 4.- 8 days aft or. ·injection {13) ~ It is probc.blo thut this rnpid 

uptoko ·,fl.nd··fixation is associated• with incorporation of tho- strontium in tho •· · 

newly formod·bone salt. 

·Tho same:. initial rapid uptnko ~was observed in tho rtichitio animals,· o.nd · 

tho maximum roached was .. similnre Rowcvor;·this was followcid_by activo removal· 

froril.the·skoleton,·so that at tho ond of 24hours~·-loss·thon.l/3 of tho radio-· 

strontium present ct 1 hour remained :in· tho bones.· This ·was ass6CiHtod with 

o tremendous oxcrotion of ndio-str61itium in the: urino. Now 'bono .snlt is- not 

,.formed in tho so ruohitio animals,. so that radio..;stroritium .cannot bo incorporuted 

in this form, although ion exchange with ·oxistint; 'bone salt muy tuko ·place as 

it docs in tho adult. The ovidonco sugt;osts that tho initiulrapid·uptako is 

duo to o lobilo combination with bone, from which tho ro.dio~strontium is 

readily. rolo~ sod in tho rochitic animnlo . This mtiy bo a stop in tho calcification 

process,; to be-followed in,-the normal ari,imal by incorporation in now bono salt. 

·In •tho young unimo.l.; vary little radio-strontium was lost in tho urine. · 

in"contrc.st to tho rnchitics,·inwhich D. lorgo pnrt of tho dosowas·elimizio.ted 

by this routo within 24 hours., Plasma cloo..roncos woro calculo.tod by dividing 

tho oxcrotion roto (dot8rmined graphically) by the rudio~strontium lovol in tho 

plusmo.. Since .thoro was grout divorgorice .in tha weights 'Of tho animals in tho 

different groups, consi·stoncy was .obto.inod by expressing tho clearnnoo as tho 
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porcont of tho total blood pla smu "cloo rod" of radio-strontium by urinary 

oxcrotion por minute, rather tbnn tho mor~ usual co of plasma "cloo.r·oci11 por ' 

minute. 

Plusma clearunco was similar in both young and adult normal animals, with 

upproxirnatoly 1 percent of the blood plasma "cloarod11 por minute. In tho rachitic 

rats, the plasma clearance was 10- 15 timos greo.tor than in the normals, indicat

ing n diroct offoct of this condition on tho oxcrotion of rndio-stro~tium by tho 

kidnoy •. This may bo ussocio.tod with tho low lovol of inorgnnic phosphate in the ~' 

blood of those onimu ls (8) .. 

SUMI'tA.RY 

1. Tho metabolism of cnrrior-froe radio-strontium was studiod in !ldult, 

2. 

youngund rachitic rats during the critical first 24 hours following 

intraporitonoal injection. 

Radio-strontium is ,romovod from tho p1asma much moro slowly in tho adult 

animals than in tho othe.r two groups. 

3. Tho uptako. of radio-strontium b;r adult bono is_ continuous for tho first 

2 hours, and roaches a maximum within 4 hours. 

4. Skeletal uptnko of radio-strontium is much mora ·rnpid in tho young ::mimals, 

reaching a rnaximum~within 30 minutes. The deposited isotope apponrs to 

remain fixod in tho bono. 

s. 

6. 

In rachitic r<;ts, the rapid initial uptnko wo.s similar to that in tho 

normal young animals, but was followed by activo loss from tho skoloton, 

so tha.t only 1/3 was loft at 24 hours. This suggosts a la.bilo combination 

with bone • 

.J.\. lurgo part of tho dose of radio-strontium wo.s oxcrct,,d by tho rnchitic 

ro.ts within tho first 24 hours, .and tho pl!).sma- cloo.ranco was 10 - 15 times 

ns groat ns in tho normal o.nimuls. This ~ay bo duo to a direct offoct of 

rickets on oxcrotion by tho kidnoyo 
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DTSTRIBuri01l ,UTI) EXCRE'I'I01·T OF ·RAT)IOSTROlJTIUM IN ADULT, YOUNG 1\.J.'ID RaCHITIC R..:\TS DURTITG THE FIRST 24; HOURS* . ~ 
. · (Poroont of:tho administered do~e of Sr89,90) 

Time After Injection ofRadiostrontium 

5 min. 15 rr.in. 30 min. 1 hour 2 hours 4 hours 8 hours 12 hours 24.hours ·72 hours 

A. No. of Animals 
Adult 4-
Young 3 ·. 
Rachitic· 

3B. Plasma 
(ca lculat~d) 
Adult 4.6+0.3 
Young 
Rachitic· 

c. :Fomur. . 

3. f+o. 2 - . 

P I 1± 
.t~ault '"0.13+0.01 

Young 0. 73+0.08 
Rachitic 

3 
3 

6.6+0.,2 
3.2+().4 
2.2+0.?. 

3-· 

4 
5 

4~7+~.! ·_ 
1.i+o.2 
1.6+0.2 

0.42+0.02 0.67+0.02 - --
1.94+0 .. 09 2.~2i0.08 

2;85+o .. 22 

4 
4 

10 

3. 4 -tO • .;t 
0.9+0.,1 

· :O.S+O,.l 

4 
'· 8 

4 
7 
5 

4 
9 
5 

2•9+0.1 2.3+0.2 1.1+0.1 
0.24+0.01·0~:2+0.02 0.3+0.07 
. 0.24~0.04 0.16+0.04 -. -

4 
8 
3 

4 
4 
5 

0.7+0~2 1.0+0,.2 
o.1+o.o2. : o.os+O.o1 
o-.16+0.08 0•05+0~0l .· 

5 
5 
5 

1.06+0.18 2.35+0.02. 2.68~0.02 2.56+0.09 2.64+0.14. 2o·.47+0oll . 1o63+0o06 - - - - - - .. -
2.84+0.06 3~04+0.32 3.07+0.29 308+0.31 2.74+0.26 3.42+0 0 39. 3 0 01+0o09 

D. Skeloton, 
{oaloulat·od}' 

3.04+0;13 - . 2.54"+o.,32 1.64+0.06 i.40+ 0.24 Oo92"+0o21 . Oo69+0o17 
. . - , - I 

Adul"t; · 3.2+0 .. 3 .· 
Youhg · ·~ is.s+l.9 
Rachitic 

E. Urine 
Adult 
Young 
Rachitic: 

F. Plasma Cloaranco 
. % total plasma 

cloarodfmin. 
Adult · 
Young 
Rachitic 

. 10.5·+o.s 
44.0+2.0 

0.8+0.2 
1.4+1.0 

16o8+0o4 
66o3'+1.,8 
67.9:;5.2 --

0•6+0.2 
3~o+o~9 
9.9+1.9 

1.2 
. ~--

Oo8 '. 

26.5,+4.4 . 
·s4 .. 4+1.3 
72.3+3.1' 

. .. ·-- .~ 

2.8'+0.9 
1.2+o.2' 

13.6"+1.,6· 
. ·-:... 

··1;.1 
1.2 

. (P' 

I 

56.2+0o4 .68.0+0.6 64.0+2.;3 66.,1+3.4. 61e8+2. 7 40:_,6-l•lo4 
68~9+7 .. 2 69.776.5 70.0"+7 .o 62.0~.0 .. 77.5+8.8 G8o5+2ol 

60.6+7 .s 39.0+1.4 33.2"+5.8 21•8+4 .. 9 ,16.,3+4~1 

8.4+~.,7 4.2+0.8 13.1+2.6 13.9+1.2 '24~3+3.4 . 26o4·+lo3 
1.9+0.3 2.o+o.1 3.o+o.o 2.o+o.5 5.,0+0.7 13c5+2 0 1 

28.1+5.8 42.7+3•6 39.9+8.7 58.S+2o8 Blo3"+7 •4 

1~2 o.s o.8 1.1 
2~7 1.1 o.8 2.5 

12.3 20.3 ,10.6. 1104 14.7 ··~) 
Figures aro moan va1uos for 3 - 10 an-imals, -+ tho standard·, orror. :~(std. orror =- ( . ) ) . 

· -· · .n n-1 

.} ..)' 

"' -~· 

...... 
' 

f 

' iii 
/ 

~l. 

I 

g 
~ 
I 
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'l 
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