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Cax Rid(e, Tenneasee
AC:As 3 June 6, 1958

The University of Tenneseee
Cffice of the Secretary
Knoxvills, Termessee
Attention: Mr. J. P, Fase

Subject: MODIFICATION NOe 1 7C CCNTRACT RC. AT=(LO=1)-1829

Centlemsn:
Irclesed, for your retention, are ocne duly sigmed copy and ome
emforned copy of Modification No, 1 to Contrast Mo, s7-(L0=l)el1329,

Very truly yours,

Jom R, Moore
[irect:r, "ontract : ivision
Cek Ridre xerations

i Ml

Med, 1 1T ~yed

I7: Tr. Frecderick W. lenzemmn, v/cy encl
™e Universitsy of Tennessee
~ | Sehool of Biologieal Sciences
é Divieim of Chenlstry
Mewphis 3, Tennessee

; U1reC yor
orricep Gontract Dive |[Contrdet Diw
surnaME p Brosmearh | JRMocre.
oaE p $=6w08 §-6-08
Form AEC-318 (Rev. 9-83) U, 0. COVERNMENT PRINTING OPPICE  16—82781-3
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THE UNIVERSITY OF TENNESSEE
KNOXVILLE
OFFICE OF THE SECRETARY

June 4, 1958

Mr. John R. Moore

Director, Contract Division
Oak Ridge Operations

U. S. Atomic Bnergy Commigsion
Oak Ridge, Tennessee

Dear Mr. Moore:

Enclosed herewith are two copies of Modification NKo. 1 to Contract
No. AT-(L40-1)-1829 between the Atomic Energy Commission and The
University of Tennessee Medical Units at Memphis, Tennessee. This
modification has been signed for the University by President C. E.
Brehm.

When signed for the Atomic Energy Commission, k¥indly see that one .
fully executed and one-canformed copy of this modification is re-
Twroed to this office for the document files of the University.

Very truly /yours ’

gajichL

LJ/' P. Hess

es

Enclosures - 2

‘A %F

1108b89
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L. M Macrzy, :ircctor
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PO IVIZLCT

Jine 3, 1359

wertn Ve oth, irecter

'CLCiTC ans fviaT,r ot Livisitn
- o — . - . T A c e Tes . P -~ - -
INTOCT Oy ATe{L3el}=1735 = 0TIV D i7Y G 7 ak LT

T.X5 15 L eovisy vew Uhal mors water Controct No. 2T-(4=1)=1329
w¥itr e clwersiic of Tennessee has been completed and that an
Loetigtanss Jinal oo ovd has been submitted. Therelore, ithe
obtli;ations of the Universit; have been concluded and the coniract
shorl: e closel cut.
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THE UNIVERSITY OF TENNESSEE

SCHOOL OF BIOLOGICAL SCIENCES

MEMPHIS 3. TENNESSEE

DIVISION OF CHEMISTRY

ar
wle

Joan X. kooee, Director
Scniract Division

Oak Ricpe Operations

Atoric Znersy vommicssicn
Oak ridge, Tennessee
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Cak Ridge, Temessee

The University of Temnessee
College of Mpdisine
Division of Chemistry
Yeuphis, Teanssses

Attentim: Dr, Presderick W, lsagemann

Sudbjectt MODIFICATION 80. 1 TO COMTRACYT MO, AT-(LkO-1)-1829
Gentleren:

Enclesed, in triplicats, 1is preposed Nodificatiom Wo., 1 to the sudject
cantract whieh provides for additional research snd extensima of the

period, to May 31, 1959, daring which the verk under the eontraet may
be concducted, 4lso enclosed i a Yotice of Research Project form
vhich {s to be used {n sudmittine your summery statement,

If tre modification, as submitted, is satisfactory, will you kindly
sign two of the enclosed coples in the space provided for the Senior
Investigator, have such two sopiee simed by the Proper effielal of
the Iniversity amd retarn them %o this offiee. The remaining copy is
for your retention, After signature an behalf of the Commission, cne
duly signed esopy of the modification will be returned far your files,

The complated summary statemsnt, with the date of its submittal shom
therson, should be returned with the aigned copiles of the modifisatiam.

Yery truly yewrs,

Jokm R, Neere
/ Mrector, Cantract Division
y Oak Ridge Operatiems

/ A
Tne ' ¥

1. Proposed Mod, 1 (in trip,)
2. Netiee of Ressvarch Project Form

KC: Div, of Bio & Medic

Ue o oup
OFFICE p Cozrlf.ract Div
¢ Ak
SURNAME p Brown:arb
DATE p ~13-58 0-13-58
Form AEC-318 (Rev. 9-8) Q. $. SOVIRWMENT PRINTING OFFICE  18—8X781-3
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ST Ly

Jo ¥, Ould, Jr,, sssistant Genersl Co.nsel April @, 1958

John Re Xoore, Director, Combract Tivisisn

PFEPARATION OF WODIFICATION T0 CWMTRA. T AY-(LO-1)-2829 wWITX
UNIVLRSITY OF TEMWESSE:, WR/PRTS,

ACDsRER M /

Plssse prepare an spprepriate medification te the subject eomireet te
provide fer a.iditional research to ts cospleded not later than &y 3},
1959, with aen funds ia the amcumt of $3,580, This action is soversd

by Contireed Authorisation No, BI-S3.38), dated April 21, 1958, in the
I‘Iﬂﬁ .: ”,‘”o

* Kequest for Contract Action dated April 25, 1958, frea the Ressareh
and Nevelopment Mvisi-n, is enolosed fer your us-.

John R, X>oore

Laclosuress £ <<

1, Tequest for Cort, Aotinn
2, PMudoet

3¢ Pesenc’

b. Cent, Auth,

S« HNanewal Proposal

"t lLe Ds ‘®clay

C. 3. Theup
Ao Brown, wfencls, 1, 24& L

Dece Mrz.isr, Directer,

OFFICE p

er3omuame p Lot R

DATEp |5

~
-

Zo. | .Contd-ct T

Jek [eTeS ol

1-23-£3

Form AEC-318 (Rev. 9-63) ©. 5. GOVERNNENT PRINTING OFPICE  16—62761-8
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VTP Jan aldie, lenncsses
Januvary <8, 1558 |

-

v

2r. F. N, Lengesann
sivision of Chenistry
University of Tennessee
Mezphis 3, Tennessee

Subject: CONTRACT NC, AT-(LO-1)-182
o
sear ur. uengecannt

ielerence 1s nmezue tw your letter of vanuary ¢4, iy.€, requesting jper-
sissicn te transler a;,rovimateiy LUV ol v e funis g rcviled in the
oud. et of wentract No. r.=igl=. '=lFgy Under the catezory "-up, lies* to

tiie Yalel Ciélc, Cry 1. oruer icr jou W aliend UWie Fedcration meelings
at i‘hilasel;tla.

ihi. 15 w aavise jou trat x¢ offer no otjection to the traunsler of
funds, &y requecsted, groviled trn:t nc siiitional funds will te required
fre- e - L ror e current ,crioc as a result ¢ tnis iransler.

Your coojeration s «p:reclz g,

/er. wruly _curo,

Le e LIOUL
crlef, slolo.y :ranch .
nesvarch ana .cr/eropment .avision

€C: T. .. Jdpton, Lesris

J. R. Ncere \/

Res. Ser. Br. Bio. br.

Burlescn: ja

1712

1108690



ACC 1 APB Oak Ridge, Tennessee
JAne 7. 1957

The University of Tennessee

0ffioe of the Secretery

Knoxville, Tennessee

‘tmun’ ", Jo P, Hese

Subjeet: COITRACT WO, AT=(40e1)=2829

Centlamem;

Enclosed, as requested in your letter of June L,

1957, yoa will find

e duly sipned copy of the subject cantract and me canformed copy

tvh.r.ﬁfo
Yery truly yours,
L meley
John R, Moare
yal Director, Contract Pivisim
///_A_t(, Osk Ridge Operaticns
lnclé‘zc: (in aap,)
‘:&{i‘g’”lﬁix ector ]
OFFICE » E.Qn Ao Diwg e e - !

DATED |, Q= (~2(

B

Form AMC-318 (Rav, 9-53)

1108b91

8. 5. sovinuagwt PNTING 8FFICT le"I"




THE UNIVERSITY OF TENNESSEE
KNOXVILLE
CFFICE CF THE SECRETARY

June 4, 1277

Mr, John R. Moore

Director, Contract Division
Oek Ridge Operations

Atomic Bnergy Commission
Oek Ridge, Tennessee

Dear Mr. Moore:

Returned herewith are two copies of Contract No. AT-(L0-1)-1829
between The University of Tennessee and the Atomic Energy
Commission covering research at the Medical Units.

Both copies have been signed by President C. E. Brehm and the
Seel has teen aflixed and attested by the writer. When signed
by the Atomic Energy Commission, will you kindly return one_
fully executed copy and orne conformed copy to this office.

Very truly vours,

Sy

J. P-:, tess
ebs N '

Enclosures - 2

cce-Mr. Cecil Q. Tipton

1108692
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Contract £T-(L0-1)-1829
The University of Tennessee
Distributed: June 7, 1957

Fistribution

Washington

Contract Tiles (2)

“inance

Research & Development (?)
dashington (B & M) (/)
zZxtra Copkes



In Reply
Refer To: ACC:IB

Cak Ridge, Tennessee

May 16, 1957

Gaiversity of Tennessee
Cellage of Nedisine

Divisiom of C

Sehool eof Pielegisal Scimees
FNemphis, Tennessee

Attentiont DIr, Prederisk ¥, lLangesmn
Subjest: CQITRACT N0, AT-(l40=1)-1829
Centlensn

Your researsh prejest, vhish vas subwitted to the Commissiem's Iivisiem
of Biology and Medieine, vashingtam, I'. C., has Deen appreved by that
office in the smaunt of $€,640,00 and has been forwvarded to this office
for preparation of an appropriate contract covering the Comission's
sapport of your prejest.

Enclosed are three coples of a emtract, numbered as shom im the above
subject, vhish incorporstes in Appendix "A" a dessription eof your
project and the budget for the iaitial periocd whish you are to follow
as a general guide, Also enslosed is a Notice eof Research Projeat form
which i3 to be used in submitting your summary statemsmnt,

It is requested that you sign two copies of the emtract in the space
provided for the Sealor Invostigator sad have sush o soplss signed
by the proper official of the UTaiversity, retorning both cepies to this
sffies, The remaining eepy is for your retentim, The summary state-
ment, with the date of its subdmittal shown thereem, should be retwrned
alang with the signed copies of the contract, After signature an

behalf of the Commissien, ene duly signed csopy of the smmtrast will be
retumed for your retentiom,

It will be neted that the comtrsst provides fer payment ia Articls NI
of 3 lump sum in ecamsidsration ef your performance of the researseh
activitiss deseribed in Appendix "i", The first peymmt, represemting
LS per cent of the amemnt of the agreed compenssiiam, will %e paid %o
Jou upan your subdwmission of a properly certified veasher on or befure
the first date established in Artisles II of the smtrast, Another

1108bab



University of Tennesses “2e Kay M, 1957

LS per cent of the agreed compensation will be paid to you within six
aaths from the date of the first payment., The remaining 10 per ceat
of the agreed compensatian will be paid to you upon receipt and accept-
ance of a satisfactory progress report, or the final repart, as the
ease may be,

To assist ym in preparing an appropriate voucher, there is enclosed ma
{nstruction sheet containing mumbered instruotions ocorresponding with
mumbers appearing en a specinm copy of the veusher form, Vewchers
shauld be submitted to the Research and Development Division, Cak Ridge
Opsrations Office, U, S, Atomis Mnergy Commissiom, Post Office Bex B,
Oak Ridge, Tennessee, ia ens eriginal (white) mnd four copiss (Jellew),
It 15 assumed that you will give your tmsiness office the bemefit of
thess instructioms,

Yoar attentiom is called to the reportiag requirenmis mtlined 2
Appemdix "C" to the semtract, especially to Item Wo, ) vhich requires
the submission of a 200-word summary statement descriding the purpose

and scops of your projest, This 200-word summary statemsmt should
show the date of its submittal,

It 45 believed that the remaining portions of the contract are selfs
explanatory, However, i{f you have any questims soncerning the
application or interpretatian of any of the cantract provisions, I
will be glad to furnish you with additienal information,

Very truly yowurs,

s1g=24 by R. 2. Huz.z~'es o< —-*—7
Jom R, Moore
/ Director, Cantract Mvisim
P Oak Ridpe Operations
!nc‘lMu
1. Cont, 'T‘(LO‘I)'IB’? (3 c,‘.)

2. Notice of Research Project Fora
3. Yauchers and Instruction Sheets ‘

BCC: Divisioan of Blology & Medicine,
Washingtan, D, C,
Ce Se Shoup

PN "
ActyDiTectlUO

ofrice» Contpact Div, |G e AV e e SR
=
SURNAME » @mwh-ﬂ bries

oatep | .. 5=16=57 .1 S=16=87 |

i
¢ .
+ +

.

.

i

v

'

1

i

Form APC-818 (Rev. $-48) 0. 0. GOVIRARINT PRINTING OFPiCK

1108045

14—-82781-3



TO + : Addressees Listed Below DATE: Yay 7, 1952

"

FROM ¢ John R. Moore, Director, Contract Division

SUBJZCT: CCUTRACTUAL DOCUMENTS FOR REVIZW, CO2ENTS AND INITIALING

Tne document{s) listed below are forwarded for ycur review, comments and
initials., Upon completion of ycur review, please attach your comments, if

any, and forward to next in turn. Expeditious nandling of this matter will
be appreciated.

CORITTATIAN Mo, 1 - CONTZANT iT-lLOS1).1920

INTYESSITY 0T TINNESS

L
k3

Addressees: Division: Ini D2% s | Remarkss

Iﬁ'gauyéhiﬁﬁﬁﬂhries ) ¥ ,;f

{ = ville Frdzet Qs | 577158

- Z |574 753 :
> 0§, S, 3kour Fes, % Deve " é EZ;Z /o [ v/ |

3 /2,
L, 7. D21z Finance ”’Kx Y] e ‘s }P
S
6

s t IN ,
JV

{ P2

RETURN TO: VAR

. *7~ T, "ontrect Tiv, - L71C

11086950



-~

LW

ST ANDAND PO . B4

Oﬂice Memomndum « UNITED STATES GOVERNMENT

TO

FROM

- ~ r cbamd Tapnan Y e el : Vet~ a3
ve die JULT, ¢TI,y RUZILITANY enIrul O 324 DATE: ltril = 3 132S
. - .

SEDEES S TRy Ll Ty SarIrD ot LIivioicors

FRaPARATION €F LODIICATION TC CONTZACT 47-{L0-1)=12%29 WITx
WNIVERSITY OF TINNISSED, WETPLIS, TOTESSIE

ACD$BSH

Please prepare an approprizte modification to the subject contract to
srovide for aidditional research to be completed not later than ey 31,
1559, with new funds in the amount of #3,530, This action is covered
ty Contract Authorization No, BI-58-383, dated April 21, 1958, in tke
amount of $3,530.,

4 Request Jor Contract Acticn dated april 25, 1953, from tre Zesearch
cnl Devaleorert Diviclon, is e.clc:sxd for vour us:e

- lgIress

i. fecuest Ior lovt, irntian

~ R T

- . A P

Je .esume!

\l .

—_—e CC:‘.. .'....t'..

g ) -7 =

Ze ZIenewzl Pronesal
.I

DR

o Je CHacr
2. Stoun
ae Irowm, w/enels. 1, 2 & L

11080691



Form OR-569 (2/53) REQUEST FOR CONTRACT ACTION (submit in duplicate)

1. Chairman
TO: e . LOCre Conuact Board. Fiom:

It is requested that the Contract Board take the necessary action to process the following described con-
tact action in accordance with the provisions of Bulletin OR-O&M-19:

2. Nature of Action Requested

[ ] selection of New Contractor and [X] Modification of Contract
Negotiation of Contract. No._AT=(1C-1)-182
University of Tennessee
Contactor: =

Memphis, Tennessee
(] Review and approval of Contract, Sub- (] Other (Explain)

contract or Purchase Order.

Number:
Name:

—l .

3. Nawure of Services to be Covered by Contact

L Construction E] Architect-Engineer D Other EC_—_] (Explain) Hesearch
i 4. Fund'ms Amount to be Obligated by this Conwact Action § = ,58 (0,30

Source of Funds

Approved ORO Financial Plan, _________Quarter, Fiscal Year 19__
Project No.________or, Activiry No. ___« 20

Funds to be Obligated: Allpunent No.Oedt/-#/(2Y JF.Y. 19 X Funds)
Procurement Directive No.é%f&;}_x_l__mxed..ﬁ‘d_’_ﬂ
CA P PR
Issuing Office st | &y

Concurrence in Funding Statement: (signed) M

Chief, Budget Branch

5. Project or Acuvity to be Covered by Contract Action:

Location of Work: Consuuction Directive No.
Estimated Cost of Work to be Covered by this Contract Action $
Schedule: Date Work to Start Estimated Completion Date

Description of Project or Activity:

(If more space is required use separate sheets and attach heretos)

1 108b98



8. Contract Board Docket

1. Request Sybmitted By: (si
No. Date: .- Ttle:
(To be assigned by C. s SHOuP.
Board Secreury) CHICF, BiOLCGY BRANCH

RESEARCH AND CEVELOPMENT DIV

8. Complete Description of Services to be Furnished by Contractor:

neaaquarters 1esignated researcn Coniraclt

TITLE: "The .etabolism of Alxaline Tarth letals by Ecne"

(If more space is required use separate sheets and attach heretos)

9. Description of other changes to be covered by Modification:

Modify contract to provide for additional research to be completed not
later than May 31, 1959, with new funds in the amount of $8,580.

(If more space is required use separate sheets and attach heretos)

10. Negotiated Contracts. (Show why it appears desirable to negotiate new contract or to negotate

modification to existing contract)

Memorandurm frex C. W. Snilling to S. RB. Saririe aated acril 21, 19%8.

(If mote space is required use separate sheets and attach heretos:)

11. Contracts, Subconuacts, or Purchase Orders Submitted for Review and Approval: (Fumnish brief descrip-

tion of action in this space and attach pertinent documents)

N A
Ner

M

12. Dlzzutes:

Attach a statement summarizing the dispute together with pertinent documents and Background
Marerial,

Ncne

110864979



fua.et ror Coniract No. AT-{ul-1)-l-

- -

t Salariss ana wWarces:

Or. F. w. Lengemann (30* of time)

ccasuvlitants

Researcrn Tecnnicians

Administrative and Secretarial
ASsistance

.~ Iquipment:

= Sugrlies:

- Trivel:

N Fuciicsticn ana Ccorunicatien:
{veroinloani “ezirest 1ss:

*Qeeezﬂ*ae that the grcjiect ngz__pce;vc additional
scribed in tbe-p?ep93¢$~ <. il

P

1108100

[N

3L,50uL.0C

1,10C.00
L,29L.20

500.00

fne o 'O cInirizuticn e tne atove cuilst wi_g

.-

o0

i

1,700.00

1,600.00

—e sl e H

1nancialvsuppcrt as ae-
~ .

- . i



TO

FROM

SUBJECT

REFERENGE :

SYMBOL

UNTTED STATES ATOMIC ENERGY COMMISSION
WASHINGTON, D. C.

Contract Authorization No. RM-58-383
APR2 1 1958

S. R. Sapirie, Manager
Oak Ridge Operations Office

Charles W. Shilling, M. D., Deputy/D

FUND AUTHORIZATION AND TRANSMITTAL OF RESEARCH PROPOSA
CONTRACT NEGOTIATION

AEC 102/16 APPROVED OCTOBER 7, 1953, AS IMPLEMENTED BY MEMORANDUM
TO MANAGERS, OPERATIONS OFFICES, DATED OCTOBER 23, 1953, JOINTLY

SIGNED BY THE DIRECTORS OF THE DIVISIONS OF RESEARCH AND BIOLOGY
ARD MEDICINE.

¢ BEMM:JFB
The research proposal described below has been approved by the
Division of Biology and Medicine, funds are available, and you

are authorized and requested to negotiate a contract in
accordance with the following terms and conditions:

N 1. Institution: The University of Tennessee
Y 2. Investigator (s): Frederick W. Lengemann

~ 3. Title: "The Metabolism of Alkaline Earth Metals by Bone™

L. ( ) Yew Contract, ( x) Renewal of Contract No. AT{%0-1)1829

5. Duration: 6/1/58 through 5/31/59
6. AEC Technical Represemtative: John F, Bonner%

7. Funds are authorized for the obligation of this contract
as follows:

\Buget Amount
Allotment No. Category Previous This Action Totel
06-81-91 (24) 6220 $ 8,58 $ 8,58
fasst

1106101



-2-

8. It is suggested that in the best interests of the goverrment
the following type contract be negotiated: Iump-sum

9. t is requested that the title to any c2rital equipment pro-
cured under this contract shall be vested with:

( x) the contractor; ( ) the govermment.

10. If radioisotopes are to be used in this research, it is re-
quested that the savings available to the contractor under the
Redioisotope Research Support Program (Ref. AEC Manual Chapter

~ 7510) be considered in the negotiation of the emount to be
funded under this contract.

.11, Other comments:

12. Security Requirements:

In accordance with the provisions of Chapter 3403 of the AEC Manual
and the requirements of the Declassification Guide, it has been
determined that the following s2zurity trecautions should be %taken
in connection with the proposed research contract:
Since there is esgentially no chance for the development of
restricted data, this project has been placed in Category I
ag defined in Chapter 3403 of the AEC Manual.
13. Reports: ( x) Reports are to ve required as provided for by
"Revised Guide for the Submission of Resezrch
Proposals” dzted@ February S, 195k.

() special reports instructions are =s follcws:

Enclosures: ( x) "A" - Fropcsal, dated March 1, 1958
( x) "B" - Notification letter, dated _pApPR: . <73
( ) "c" - Cther correspondence, none letters
Distribution:

AMdressee: Original (w encl.) Division File: Yellow copy (w encl.)
1st copy (w encl.) Pink copy (w/o encl.)
2nd copy (w encl.)

Branch File: White copy (w encl.)

Program Analysis Branch:

White copy (w/o encl.)

PO #09092

1106102



Renewal Proposal to the A.E.C,

Title: Tre Metaboliam of Alkaline Earth Metals by Bone
Contract No. AT = (LO-1) - 1829
For the period June 1, 1958 through May 31, 1959

Scientifie Background

A review of some of the aspects of alkaline earth metabolism by bons has
been presented previously in the original pmjeét proposal subnifted to the
A.E.C.. Since that time l1little new evidence has appesared in the literature to
elucidate the mechanisms of deposition in and removal of these elements from
bone, Therefore, a revisw of the literature will not be attempted.

However, recently a good deal of work has appeared concerning the metabolism

of strontium=-90 by humans and laboratory animals, A report of the Sr-90
levels in human bone has been published by Eckelmann, Kulp, 2nd Schulert (1)
and a review of the known selsctive processes has been compiled by Comar,
Rugsell, and Wasserman (2), Comar implicates the intestine and the kidney as
being the m:jor sites of discrimination against strontium present in the dist.
Bone is not considered to be inportant, However, he reports that the new
torn human shows a8 greater selection against strontium-90 than can be accountedr
for by the known selective processes of the maternal intestine, kidney, and
placenta. It would seem possible that here is the place where the selective
processes of bone would play an important role., Also, once strontium-90 is
deposited in bone, the discriminatory ability of bone would be important for

its removal, To test the ability of human bone to differentiate between

strontium and calcium is difficult. However, some evidence has been obtained
that selection may occur during the resorption phase of bone metabolism of human

bone and is presented in the accompanying progress report. More evidence is

needed to confim this.

1108103

| o



Beferences

1. Tckelmann, W. ., Jo L. Kulp, and A. R. Schulert
Sci. 127: 266 - 274 (1958)

2, Comar, C. L., R. S. Russell, and R. H. Wasserman
Sci. 126: L85 - L92 (1957)

1108101
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Scientific 3cope

As stated in the original proposal the major ot jectives of the research
orogram are:

1. To compare the metabolism by bone of the members of the alkaline
earth group of elements.

2. To investigate the phases of mineral metabolism by bone to determine
what processes are enzyms influenced.

3. To determine the rates of strontium and calcium removal and to
attempt to alter them,

4, To describe the mechanism by which stable strontium inhibits cal-
cification and increases the discrimination against radiocactive
strontium.

The accompanying progress report details the results obtained to date
in fulfilling these objectives. More work remains to be done. The following
program is planned for the next fiscal year,

1. The Uptake of Strontium and Calcium by Human Bone

Some data has been obtained but more evidence is needed before conclusions
can be made. To this end, an effort will be made to secure more fetuses and to
culture the bones obtained. The Sr/Ca ratio at equilibrium and during removal
can te found conveniently by the methods now in use, The amount of work done
will depend upon the supply and cooperation received. If sufficient numbers
are forthcoming, other alkaline earths may be investigated.

Continuing attempts will be made to obtain human periosteum and to grow'
it in tussue culture to obtain bone.

2. The Effect of Species upon Strontium Uptake

The work to date indicates that the msdium does not function in the se-~
lection but that the mechanism is contained within the bones. The variation
noted between embryonic chick and human bone suggests that species do vary in

their selective ability. To investigate this the Sr/Ca ratios at equilibrim



sand during removal will be investigated for the bones of as many species as
can be obtained, If the results indicate a3 species difference, other alkaline
earths will be investigated,

3. The Effect of the Degree of Calcification wpon Discrimination

In the studies made thus far, it has been noted that the ends of the bones
selected for calcium and against strontium more than did the shafts, This
was observed for both human ard chick bone. Alsc, the human bones were more
calcified than the chick bones and showed much different Sr/Ca ratios. To
investigate this tibias from 7-9-12- and 1lL-day old embryos will be cultivated
for 7 days with activity in the medium. At this time one-half of the bones
will be removed and assayed while the remainder will be shifted to non-labe]__ed
medium for four days before being assayed, Thus, the effect of the degree of
caleification on the equilibrium ratio and removal ratio should be obtained,

If humsn embryos can be obtained the wide variation in their ages should
make comparisons possibles and indicate the effect of the degrees of calcification.

L. Continuation of the Alkaline Earth Study

It is expected that by June all of the alkaline earths will have been com~
pared on the basis of long term uptake, short term uptake, and short term re-
moval of the alkaline earth metals. Howsver, data on the effect of carrier
upon the uptake and removal of these metsls will still have to be obtained.
Also, it would be of advantage to be able to compare these alkaline earths on
the basis of the sites in bone where selsction is occuring. By comparison
it will be possibls to determine if the selection is of the same nature as
occurs with strontium,

For this bones will be labeled and after chancing to a non-labeled medium
will be removed and assayed at 10 and 30 minutes, 1, 2, L, 6, 16, and 2k hours,
and at 2, L, 6, and 8 days. A removal curve would result that should make it

possible to determine the number of compartments in which the isotope is dis-
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5
tributed, their size, and their turnover times, Similar information would be

obtained for uptakes by labelincs bones for the periods of time stated above and
plotting the uptake curves.

S. The Function of Enzymes in Selsction

In testine live and heat killed bone it was determined that only liwe
bone had 2 means of discrimination againat strontium. To see if this is due
to spvecific enzymes, known inhibitors such as beryllium, phlorizin, fluoro-
acetate, flﬁorida, and cyanide will be put into the medium, An inhibition of
the selection mechanism will be looked for, The specific area in which the
inhibition ocecurs will be determined by placing bone in labeled medium for 10
and 30 minutes, 1, 2, L, 8, 16, and 24 hours. One-half of the bones will be
placed in medium containing inhibitor and the other half will serve as controls,
The strontium and calcium contents at each of these points will be determined
and a curve plotted from the data. The equations for the curves should give
the number, size, and mobility of the compartments., 3y comparing control and
test émups an indic2tion of the area of selection should be obtained., X
similar experiment would be run for removal studies., Further investigation
into the exact biocremical mechanisms will be made if the data appear prom=
ising.

6. Hormonal Effects

Bones will be labeled for periods of 24 hours, 2, L, and 6 days and then
transferred to & non~labeled medium containing pasrathyroid extract. Groups of
the bones will then be removed at 30 minutes, 1, 2, L, 8, 16, and 24 hours, and
2, b, 6, and 8 days to attempt to ascertain the effect of the hormone upon the
selection ratio and the removal of radiostrontium and radiocalcium from bone,

7. Effect of Temperature on Sr/Ca ratio in Bones

Data from short term uptake exveriments indicated that selection against

strontiom for the shafts of bone occurred dnly at 39 degrees C. This would

1108701 g S



6
tend to be evidence that a vitsl process is involved, To test this further,
bones will be labeled for a -eriod of S days and then removed to non-labeled
medium. At this time equal sized groups will be placed in incubators at |
decrees, 25 degrees, and 37 degrees Centigrade, The ratio qf strontium to
caleium will be determined at the end of a four day period.« In addition,
bones will be placed in lsbeled medium for several days to determine the Sr/
Ca ratio under the sames temperaturs conditions. If the experiments prove
fruitful, sn attemt will be made to determine the reason for the lack of
selact ion,

Scientific Personnel

Principal Investigator: Iengemann, Frederick W., Fh. D., Assistant

Professor of Chemistry. Thirty per cent of his time to be devoted to
the project.

Information as to experience, training, and publications has been
previously submitted in the original research proposal.

Other Personnel: A full-time technician, Mrs, Stuart Trapp, is to

be employsd and all of her time will be devoted to the project,

A part-time technician, all of his time to be spent on this project,
will also be employved, It is intended to hire a medical or dental student
for these purvoses to perform the more tedious jobs and thus free skilled
personnel for the more exactinc details,

Other Financial Assistance

A prooosed project is being submitted to the National Institutes of Health
that will have as its major purpose the investigation of the effects of fitamin D,
parathyroid hormone, parotin, insulin, and thyroxine upon bone metabolism. It
is intended to stud the uptake of calcium and phosphorus simultaneously with the

disapnearance of sccumulation of metabolites within the bone. None of the per-

sonnel to be employed or materials to be used for that research . w4111 be paid from
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or purchased by funds provided by the Atomic Energy Committee.

Only twenty per cent of the senior investigator's time will be devoted to
that project, thus continuin~ the thirty per cent allocation of his time to be
spent on the A, £, C. contract.

All calculations of the University contribution to the A, E. C. research
project have besn made with the understanding that no project occupies the
research facilities full time, Only that portion directly attributable to the

A. E. C. has been taken as the University contributien.

Equipment and Facilities Available

The purchase of a scintillation counter, a large centrifuge, and a scaler
durine the past few months has materially increased the productiveness of my
laboratory. An order has teen placed, but not yet filled, to purchase a semi-
automatic talancs. The Devartment itself has recently acquired a Beckman X-2,
2 recording spectophotometers, and a Baird infra-red double beam spectrophotom-
eter. Purchase of an ultra centrifuge is under way. These, in addition to
the items of equipment and facilitjes listed in the original proposal, irniicate
that we are well equipped to carry out a research program from many angles; of
attack.

However, we have found that the major block in our research program is the
voluminous amount of countine necessary. Especially during the time studies we
oroduce larce numbers of samples. Separating the bones into ends and shafts
has doubled the amount of counting. To expedite this phase an automatic sample
changer would be extremely valuable. Thus it should be possible to count samples
almost continuocusly. Accuracy would be increased since we could then count for
a8 given number of counts instead of the fixed time system now used. The present
intention is to purchase an automatic sample changer and modify it so that it

will count each sam»nle twice, once without an absorber and oncd with the absorber.
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Travel
The item of "travel" would be for the purpose of exchanging information,
presentine pavers, and to meet others intsrested in bone metabolism., It is

planned to attend the Gordon Research Confersnces and the Federation Meetings.

108110



BUGET
Persopnel ‘
Principal Investigator
(30% of time)
Administrative Assistant
Departmental Secretary
Consultation ($10.00 / hr.)
Dr. Wood
Dr. Williams
Dr. Koeppe
Dr. Cohn
1-1/2 Technicians
(includes 5-1/L% for retirement

and social security)

Part-time Secretary

Eggipment

Automatic sample changer

Fert ile eggs

Serum

Chicken plasma

Rats and feed

Radioisotopes
Be-7

Ca-L5 ( ;
Sr89 ( Based on AEC discount

1108111

University

$1£30.00
200.00

200.00

1400.00
200.00
300,00
200,00

|5

$L294,00

100,00

1700.00



BUDGET
(conttd.)

Supolies
Special supplies (T.C. Jetergent,
G. M. Tube, 8loves, Planchets,
bacteriological pipettes, note
books, data sheets, disposal of

radiocactive waste)

Common laboratory solvents and
reagents

Common laboratory glassware

Travel

Publication and Communications

*Utilities_

#Maintenance

#L1ib rary

#Depreciation

#Loss of income

SUBTOTAL

Owerhead (8%)

TOTAL

—————

Resquested of A, E. C.
8580.00

Universitz

100.00
150.00

942.00
1081.00
752.00
540.00

891.00

7756.00

7756.00

#Ses additional sheets for computation of the se costs.

1108112

$300.00

100,00

100.00

79LL .00
636.00

8580.00



Calculations of Indirect Costs

Schedule I - Personnsl supplisd by Grant
Schedule II- Squipment supplisd by Grant
Scheduls III- Supplies included in Grant
Schedule IV- Travel included in Grant
Scheduls V- Institutional personnel

(Detailed in budget)

Schedule VI - Square footage of building spacs occupied part time
(But computed as full time occupancy by the Project)

Office and Laboratory 740 sq. ft.
Walk-in incubator 36
Sterilising room 100
Shop 20
Cold room 30
Freeser room 1Y
Bulk storage room 20
Rat room 35
Dog and operating rooms 60
Constant tempsrature room 30
Dark room 9
High level isotope laboratory
Division office 50

Adm. School Biological Sciences 90
Institutional Administration 221
Library 172

- 1637

"Dsad Space”

(total x 0.1) 164

TOTAL 1801 sq. ft.

Schedule VII- Cost of Utilities required but not included in Grant

Square footage (Scheduls VI) x cost of heat, light, gas
and water/sq. ft.

1801 x $0.523 . $5L2.00
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Schedule VIII = Cost for Maintenance and Custodial Service

Square footage (Schedule VI) x cost of custodial and
maintenance / sq. ft. 1801 x $0.50 s 31081

Schedule X - Cost of Library x sum of Schedules I, IT, III, and IV
Institutional operating expense
$15,750 x $8000 = § 752
E?,IOE

Scheduls XI - Depreciation on Building Space and Equipment

Square footage (Schedule VI) x net building cost
7!: sq. ft. x 0,02 = allowance for depreciation
on conastruction.

1801 x $ 11.25 x 0,02 = $405

Square footage (Schedule VI) x equipment cost/sq. ft.
x 0,05 = allowance for depreciation on equipment

1801 x 1.50 x 0,05 = $315

TOTAL $sho

Schedule XTII- Allowance for loss of income for expending funds for

constructing and equipping building Space occupisd
by the project.

Total capital outlay x 0.03 = loss of income
$29,716 x 0.03 = $891

1108714



SUMMARY

Expenditures Required from the Granting Agency for the Project

1. Schedule I -  $139L.00
2. Schedules II - 1700.00
3. Scheduls III - * 1450.00
L. Scheduls IV - | 400,00

Subtotal 79LL.00
S, B8 4 of Subtotal (Overhead ) _63k.00

Total ’ 8578.00

Expenses Representing Institutional Contribution to the Project
" ‘and not included in the Grant

1. University contribution to

consumable supplies 250,00

2. Schedule V 3300.00 |
3. Schedule VII 94L2.00
L. Schedule VIII 1081.00
S. Schedule X 752.00
6. Schedule XI 5L0.00
7. Schedule XII 891.00
TOTAL $7756.00
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Expenditure Statement

Contract number AT-(L0-1)-1829

Periodt June 1, 1957 through Jan. 31, 1958

Expend itures AEC
Personnel 1,538.50
Retirement 154,76
Supplies 1,178.89
Equipment 2,097.81
Travel 21L.20
Overhead 6L0.00
5,024,168
Zatimated .
expenditures
to May3l, 1958 2,815.8L
Grand total 8,640.00

University of Tennessee

5,06L.00

] *

2,532.00

7,596.00

Funds available for the future financing include the contribution of

$7,756.00 by the University of Tennessee and that which ths A.E.C,

contributes to carry on this project.

Submitted March 1, 1958

110871b
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Incident Zsport

No incidents occurred.

Radioisotope Purchase Report

Radioisotopes purchased or to be purchased at discount include:

_I_got ope AEC Price Price Eaid Sa_;viﬁgs
Sr-89 12.00 2.00 8.00

Total $88.00
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TO :+  Addressees Liszed Below DATE: May 9, 1997
FROM s+ John R. Moore, Director, Contract Division
SUBJECT: CONTRACTUAL DCCUMENTS FOR REVIEW, COMMENTS AND INITIALING

The document(s) listed below are forwarded for your review, comments and

initials. Upon completion of your review, please attach your comments, if

any, and forward to next in turn. Expeditious handling of this matter will
be appreciated.

Aauressees: Division: Init:s te: | Remarks:
1. R{IohoRlson EendraTt 7]77:7 ;{ Z
R S L Se———— -, 11T 0] 513 | 66-71-916¢) Ty,
. eruld o,
3. C. s. Shaup Research & Develcpment :"j;?zi :?f?z‘ A
N
L. 7. D. MacKay Finance 0 = R ;
y — o
5. .
- 1~
6. AL
£
RETURN TOs
_ 4lice Brown Contract Division Teleohone: L719
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STANDARD PORM NS. 84

Gﬁice Memorandum . uvniteD sTATES GOVERNMENT
TO 2o de de Quld, Jr., Assistant General Counsel DATE: May 3, 1927
FROM : John R, Moore, Director, Contract Division

SUBJECT: REQUAST FOR FREZPARATICN OF CZONTRACT WITH THE UNIVERSITY OF TENNESSEE

SYMBOL:s ACC$ESH

Please prepare a new contract with the University of Temmessee for
a period of one year beginning June 1, 1957, with Commission funds
in the amount of $8,640. Also desigmate Dr. Fréderick W, lengemarn
as Senior Investigator and include provisions for compliance with
AEC Mamual Chepter 7510,

There is enclosed herewith a Request for Contract Action dated
tpril 30, 1957 from C. S. Shoup, Pesearch and Development Division.

anclosuress

1., Request for Cont. Action

Z. Budget

3, Resume!

L. Cont. Authorizztion

€, Notification of cont. negotiztion
6. Proposal

C: L.D. Macfay
C. S. Shoup
L. Brown, w/encls. 1, 2 & L

3
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Ly

T : 7 = K

‘ ’ ,

Contra :t Board Docket 1. Request Svgaraisxggfy: (signed) / I .
Now . ‘ DatAPR e Liso SRSV

{To be assigned by
. k : C S SHC.P

Boerd secretary) y o U OLCGY BRANCH

i AR DLYELSPMENST SlV)3,w

Complete Description of Servicss (o be Furuished by Contaciof:

feadcusrters desiznated resezrch contract
TITLE: "The retazclizm of Alkaline Zarth etsls =r Zone"

(If more space is required use separate sheets and attach hereto:) .

A

9. Description of other changes to be covered by Modification: C"""
Tupre-
liew contract for 3 period of one year bteginning &sy 1, 1957, with
Commission funds in the amount of %8,6L0. Designste Lr. Frederick .
Lengemann 3s Senior Investizator. Include yfrovisions for compliance ,
with AEC lManuel Chapter 7510. .
(If more space is required use separate sheets and anrtach hereto) 5
10. Negotiated Contracts. {Show why it appears desirable to negotiate new conuact or to negotiate
modification to existing contract)
. Jnorlte . 30iliinc e 3. . Sagirie, dztec Aprii 17, 9:7.
(If more space is required use separate sheets and attach heretos:)
11. Conuacts, Subcontracts, ot Purchase Orders Submined for Review and Approval: (Furnish brief descrip-
tion of action in this space and attach pertinent documents)
lne
12. Disputes:
Attach a statement summarizing the dispute together with pertinent documents and Background
Maternal,
line
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Form OR-56% (2/53) REQUEST FOR CONTRACT ACTION (submit in duplicate)

1. Chairman
TU: Ce Se L2Te Coruact B 4o From: = oa = e 1.

It 1< requested that the Coutract Board take the necessary acuon to process the following described con-

gacl a7uon n accorcance with the provisions of Bulletin OR-0O4M-1%2:

2, Nature of Acuon Requested

"x_ Selection of New Contractor and —__ Modification of Contract
Negotiation of Contract. No.
‘ The tniversity of Tennessee Contactor:
, vlemphis, Tennessee
[ ]} h..view and approval of Conwact, Sub- {1 Other (Explain)
' contract or Purchase Order. .
Number:
Name:

3. Nawre of Services to be Covered by Contact

Construction Architect-Engineer 1 Other [ ¥ (Explain) Zesearch
4. Funding Amount to be Obligated by this Conuact Action 32,£):0,00

Source of Funds

Approved ORO Financial Plan, ____ Quarter, Fiscal Year 19__
Projest No. . or, Activity No. 0
Furds to be Obligated: Allotment Nofé 2% ¥/ (34)F.Y. 1952 Funds)
Procurement Directive No._BM-S2- 393 pated 4-(7-S7
Issuing Office 21 si ¥ 41

C :ncurrence in Funding Statement: (signed) WZ&/

Chief, Budget Branch

5. Project or Acuvity to be Covered by Contract Action:

Locauon of Work: Conswuction Directive No.
Estimated Cost of Work to be Covered by this Contract Action $
Schedule: Date Work to Start Esumated Completion Date

Description of Project or Activity:

(If more space is required use separate sheets and attach hereto:)

f108121



L 2%

Lo
——

1.

Te Fe = Linzerann (37% of time)

Cornsultants

Fesearch tecnnician
Administrative and Secretarial
Assistance

Equipment:

Tyl 3 .
SUTrlliless

Fublicztion =2nd Communications:

[8]

NIRSE

Cverhezd 2nd Indirect czis:

»

— - . . ) .
3 A mtmalcmla A wemi ip S ma
To.e OIS ILONYE CSUnTTLIULICR U
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2,100,00
2,500.00
100,00
300,00

L,RLE.2D

214,234,200



UNIVERSITY OF TENNESSEE
COLIEE OF MEDICINE
NEPARTMENT OF CHEMISTRY
MEMPHIS, TENNESSEE

Dr, Frederiek T4 Lengemann
Projeet Leader,

THE METABOLISM OF ALKALINE PARTH METALS EY BONE

C

The eontractor will undertake studies on the metabolisn of alﬁaline earth
metals in bone, comparing the metabolism of the various members of the alkaline
eatth group of elements, with reference to bone depositicn, atomic structure,
chemical properties of the minerals and bone materials, etc. Phases of the
mineral metabolism will be investigated in growing bone to determine processes
under enzyme influence, the rate of strontium calcium removal from bone and
means tc alter it, and the nechanisk by which stable strontium innitits cal-
cification and increases discrimination agairst radiocactive strentium by bone.
Tnvestigaticns will te made intc initial stages of calciumestrontiue. u take

by bene, and into long=term uptake, turnover, and removal of strontium, Varicus
asscciated work will involve further elucidation of the neans by which strontium
and calcium are muiuwally involved in “he long~term metabolism of important
anirals,

Conbaact P, Ar™ YT YT, 199wt —§06L0uf ARSmoney—en—a—bv ot 26,236 Q.

o
S5 kA

\
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TO

FROM

SUBJECT

REFERENCE :

SYMBOL

UNITED STATES ATOMIC ENERGY COMMISSION
WASHINGTON, D. C.

Contract Authorization No. BM=57-293

Se Re. Sepirie, Manager - p
Oek Ridge Operations Office APR 1 4/

Charles W. Sm, M. D., Deputy
Division of Bioclogy and Medicine, Wa

FUND AUTHORIZATION AND TRANSMITTAL OF RESEARCH PROPCSAL
CONTRACT NEGOTTATION

AEC 102/16 APPROVED OCTOBER 7, 1953, AS IMPLEMENTED BY MEMORANDUM
TO MANAGERS, OPERATIONS OFFICES, DATED OCTOBER 23, 1953, JOINTLY
SIGNED BY THE DIRECTORS OF THE DIVISIONS OF RESEARCH AND BIOLOGY

AND MEDICINE.

BM:JFB

The research proposal described below has been approved by the
Division of Biology and Medicine, funds are available, and you
are authorized end requested to negotiate a contract in
accordance with the following terms and conditions:

1. Institution: University of Tennessee

2. Investigator (s): Frederick W. Lengemarmn, Ph.D.

3. Title: "The Metabolism of Alkaline Earth Metals by Bone"

L. (x ) New Contract, ( ) Fenewal of Contract No.

5. Duration: onme year

6. AEC Technical Represemtative: John F. Bonner(:)w

7. TFunds are authorized for the obligation of this contract
as follows:

Budget Amount
Allotment No. Category Previous This Action Total
06-71-91 (2h) 6220 $ 8,600 $ 8,60
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8. It is suggested that in the best interests of the goverrment
the following type contract be negotiated: Lump-sum

9. It is requested that the title to any capital equipment pro-
cured under this contract shall be vested with:

~ ( x) the contractor; ( ) the govermment.

10. 1If radioisotopes are to be used in this research, it is re-
quested that the savings available to the contractor under the
Redioisotope Research Support Program (Ref. AEC Manual Chapter
T7510) be considered in the negotiation of the amount to be
funded under this contract.

11. Other comments:

12. Security Requirements:

N In accordance with the provisions of Chapter 3403 of the AEC Manual
‘\\ and the requirements of the Declassification Guide, it has been
determined that the following security precautions should be taken
in connection with the proposed research contract:
Since there 18 essentially no chance for the development of
restricted data, this project bas been placed in Category I
as defined in Chapter 3403 of the AEC Manual,
13. Reports: (x ) Reports are to be required as provided for by
"Fevised Guide for the Submission of Research
Proposals" dated February 5, 1954.

() Special reports instructions are as follows:

Enclosures: (x) "A" - Proposal, dated December 18, 1956

(x) "B" - Notification letter, dated

( ) "c" - other correspondence, none  letters
Distribution:

Addressee: Original (w encl.) Division File: Yellow copy (w encl.)

1st copy (w encl.) Pink copy (v/o encl.)
2nd copy (w encl.)

Branch File: White copy (w encl.)
Program Analysis Branch:

White copy (¥/o encl.)

GPO 909052
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A PRCOPOSAL TO
The Atomic Energy Commission

Division of Biology and Medicine

For a Grant to Provide Funds for a Project Entitled

"The Metabolism Of Alkaline Earth Metals by Bone"

Division of Chemistry
School of Biological Sciences
University of Tennessee

Menphis

Prircipal Irvestigator ?ZZ

rederick :
Instructor in Chemistry

_
T

Date:-%L«”«;LJK

L™ R i NAAs
0. W. Hyman;rViie-President
in Charge of Medical Units
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Project Proposal to be Submitted to the A.E.C.
Title: The Metabolism of Alkaline Earth Metals by Bone
Institution: Division of Cremistry
School of 3iological Sciences

University of Tennessee
Menphis, Ternessee

Scientific Background

The metabolism of strontium has been of interest for many years. Be-
cause of its position in the periodic_table and its ability to be deposited
in bone, it has always been compared to calcium. Early workers (Shipley
2t al.,19223 Einney and McCollum, 1923) conclusively demonstrated that
strontium could not completely replace calcium as the structural element
of bone. However, during the study of the metabolism of strontium-90,
workers persistently stressed the similarities. Comar, Whitney, and
Lergemanr (1953) reiterated that the metabelic ratterrns differed by show-
ing that dietary calcium was preferred over dietary sirorntium-90 by a fac-
tor of 3.6 to 1.

This firding stimulated research to find the site of the selection
against strontium. MacDonzld and co-workers (1935), Zauer, et al. (1956),
and Comar et al. (1956) found that in aninmals the intestinal tract as well
as the kidney contributed to the overall selection against strontium,
In these experinents, bone did not azrear to have a discernable preference
for either calciur or strontium. Zowever, when bores were grown in the
presence of constant levels of calcium-45 and strontium=89 in an in vitro
culture, Lengemarr (1956) was able to demonstrate that bone did show an
overall selection against strontium, This selection took place with
carrier-free radiostrontium and also when 0.1 mg per cent carrier stror-

tium was added to the mediunm,

1108121



-2 -

Further investigation revealed that 2 hours after exposure to the
lateled medium 1.08 times msre sirontium than calcium was present in the
pores. MNevertheless, 7 days later the Sr%/Ca% ration had equilibrated
at 0.23., 3y replacing the labeled with non-labeled medium it was possible
to determine that about 1.2 times as much strontium as calcium was leaving
bone.

The observation that strontium enters bone in a somewhat greater
ratio than calcium has confirmation, MacDonald et al. (1956) reported
that 2 hours after an intraperitoneal dose the Srx/Ca# ratio in the
femurs of rats was l.l. Van Cleeve (1956) also found more strontium than
calcium in rat femur shafts 15 minutes after intraperitoneal dosage.

Bauer et al. (1956) repérted that barium too appeared to enter bone at

a faster rate than calcium,

That a Srx/Cax ratio grzater than 1 was found in bone would question
that exchange was the principal mecnanism for the entry of radioisotopes
into growing bore since Maclonalid et al., (1556) ard Writrey and Comar
(1952) have shown that radiostrontium and radiocalcium exchange into
powdered bore in a 1:1 ratioc. The evidence would favor the idea, as
expourded by Bauer et al. {195k}, that the incorporation of radioisotopes
in growing bone comes about through the process of accretion of new bone
salt.

A strontium-calcium ratio greater than 1 would also tend to rule out
the tertiary and secondary phosthates of calcium as being the salt ini-
tially precipitated from blood since the strontium salts are more soluble

than those of calcium (Holt et al., 1954). The same results were found

for tne secondary and tertiary phosphates of magnesium and barium except
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that ZaXP0, was more soluble than the corresprording calcium salt, The

¢charachter o7 the Initzl

W
|._l

3

4

ot

preci a

‘3

e c:uld receive some elucidation if
a comparisor was made of tre amount ani the ratio of entry into pcwdered
and growing bone of the elemerts of the second group of the periodic
table,

That more strontium than calcium left tone (Lerngemann, 195¢) was a
new observation that subsequently was-verified by Talmage and Comar
(1956) and shown to occur in vivo. This selection could possibly account
for the data of Norris and Kisieleski (1948) where it was noted that 10
days after deposition radiostrontium aprpeared to leave bone at a faster
rate thar calcium, It is interesting that the rmetabolic behavior of radiun

did rot differ arpreciably from thzt of calciunm,

)]
{h
ot
X

o explain trne greater 1lo ¢l strentium than calcium from tore is

difficult. As merntiocned tefore Lo

(11
‘v

nosgrnate salts of strontium have

2

beer roted zs being more sclnudble than those of calciun. The recrystalla-
tion process. a5 extournied Ty leurman and Neurman (1953). would make it
possitle for a crystal 2 te r=:zzztedly sudjected to the selective pro-

cesses and thus account for the borne ratio chargirg from 1,08 and 0.83.
Solubility differerzes could be the mechanism involved but this not a
necessity. nacDonald et al. (155Z) noted that both strontium and lead
are incorporated into tone crystal Tl that the crystal planes are dis-
torted. This strair possidbly; cculcd aid in the selection by slowing the
process of crystal formatior giving time for a calcium ion to exchange

for that of strontium,
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That strorntium leaves btone in greater armounts than calcium could te

an imnpertant Tzct I 11 was 1tie t¢ acczrntiiate the selection. EHamiltor

'y
O
Ui

Greenbderg, a~d Corr (1745, 1747) have rursued the problem of the removal
of fission products from borne but the results nave not been encouraging.

Their methods, as those of Ray et al. (1956), consisted for the most part

of the sare rrocedures used in cases of radium poisoning. Only methods
that resulted in bone destruction seemed to increase the excretion of
strontium that had been in bone more than 10 days.

The selective removal of strontium or other metals from bone can
only be intelligently attempted if the processes involved can be eluci-
dated. These processes may be purely physical-chemical or they may te

under the cortrol of erzymes. Enzymes have teer shown to rarticip

the calcificzsi

-
PN

O

1542; Goldenzerz ard Sctel, 19852; Mark ei zl., 1753).

That parathnyroid

normone acts directl: on tore (Talmage et al., 1953) to remove calcium

o®

suggzests that otrer tharn phrsical-chemical properties are involved in
this phase as well,
An estimate of the importance of enzyme systems and their contribu-

tion to the selective mechanisms of bore is susceptible to solution by the

use of in vitrc cultures of growing cone. Exrloratory work in this labora-

tory nas found that statle strorntium is a potent inhibitor of calcifica-
tion in growing bone, This is in agreement with in vitro and in vivo
observations (Shorr and Carter, 1952; Sobel et al., 1951), 1In addition,

the presence of small amounts (C.1 mg %) of stable strontium in the mediunm

tended to ircrease the selection against strontium-89 by bone.
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Scientific score of the prrovosed reszearch,

The major otiectives are:

A. A comparisor of tne metatolism by bcne of the memters of
the alkaline earth group. This would provide data on the
deposition of important bone-seeking radioelements and make
it possible to relate atomic structure and known chemical
properties to suitability as a bone mineral,

B. Investigation of the phases of mineral metabolisn of grow-

ing bone to determine what processes are under the influence

of enzymes.

C., To determine the rate of strontium and calcium removal from
bone and by various mears to attempt to alter it.

D, To descrite the mecrhanism by which stable strontium inhibits

calcification arnd ircreases the discrimination against radio-

active strortium by tone,

It is unknown at tnis time whether other latroratories

lz2s are erga
ir studying the metatolisn of calcium and strontium with these same objec-
tives in mind. However, it snould te pointed out that the in vitro bone

culturing technique, as used in this latoratory, is <he most direct

approach now possible. The demornstration that strontium is not metabolize:

in bone as is calcium points up the superiority of this method. Thus, it

is felt that it will be possible to make contributions not attainable

by more orthodox procedures,
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Exverimental Plan

The in vitro prccedure to de used ir tnis study will Dasically be
that used in tissue culture, Whole femurs and tibias from 7-day old
chick embryos will be adhered to the walls of a test tube by coating
the walls with plasma, positioning the bones, and then causing the
plasma to clot by adding a few drops of embryoc extract. The nutrient
medium will be added arnd the tubes placed in a roller-tube apparatus
and incubated., The medium will be changed every 2 or 3 days. Using

this technique the following investigations will be carried out:

1. Conparative Metabolism of the Alkaline Earths by Bone

ihe uptake of Ca-45 by bone will te used as the standard and, in doutle
tracer exceriments, will te conpared to taat of Be-7, Sr-39, Ba-140, Ra
and, if arrarngements can be made, Mg-28., The ratio of entry intc bone
(Ca=-L45S= 1) will be determirned by allowirng live and powdered bone to cone
ir contact with the radioisotopes for periods of time varied from 10
minutes to several hours. Tne equilibrium ratio will be found by growing
the bone for several weeks in the preserce of constant levels of i*he
radiocactivity. Removing some of these doubly labeled bones to a radio-
isotope-free medium it will be possible to obtain the removal ratio for
the alkaline earth metal being compared to calcium. Accretion and resorp-
tion rates can then be calculated ard used for comparative purposes.

By growing the embryonic bones in the presence of graded levels of
the different alkaline earth metals (where possible) the toxicity of the
metal for calcification and growth will be determined, as will the effect

of the element upon the selection mechanisms of bone,
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z Comrarative Strontium and Calcium Metavolism of Sones as
L ]

Affected v+ the Tyve of Serum, Ace of Bone, and Species.

The procedures used in Part 1 will also be used in this experiment to
deternine tne initial, equilibrium, and removal ratios. The first phase
would be to see if the type of serum used as the mediunm has an effect
upon the ratios. For this embryonic bone will be grown in the sera from
chickens, dogs, cattle, sheep, and man. Should any differences be en-
countered, the distributions of Ca-LS and Sr-89 in the sera will be
investigated.

The second phase will be to compare calcium and strontium metabolism

in emdbryonic and postnatal borne from chickens, rats, mice, and if specimers

-

carn te obtained, man,

3. Investigations into tne Initial Uptake of Calcium and Strontium

A, To determire the time required to change the initial 1.08 ratio
to the 0.83 ratic at equilitrium, bone will Te placei in the doutly
iateled mediun for 15, 30, and 60 rinutes, and 2, 3, L, 6, 8, and 24 and
ther the Sr#/Ca® ratio will be determined. This should alsc give an
estimate of the ratio at "O" tine,

B, The Srx/Cax ratié éfter a 2 hour exposure to the radioisotopes
will be determined in live bone and will be compared to that of powdered
tone, and bone that has been killed by heat. Shculd the results indicate
that enzyme systems are involved in this phase of bone mineralization ther

known enzyme inhibitors such as Be, phlorizin, CN-, F , and fluoroacetate

will be added to the medium to try to prevent the uptake of the calcium

and strontium,
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C., Tre rate of remcwvzl ¢ *h2 radiolsciorez depesited irn live,
rewisred, ani «xilled tores will T2 estinated by rencving tne labeled

material to a ron-labeled medium, This should estimate the ratio of
removal as applied to the material initially deposited in btone and in=-
dicate whether or not a solubility phenomenon is operating.

D. Several levels of statle strontium will be added to the medium
to try to inhibit the initial uptake>of calcium. The stable strontium
will be added with Ca-L5 and Sr-39 in one experiment and in another
will precede the radiocactivity by several days. After 2 hours of ex-
posure some of the bones will be assayed for radioactivity and the rest
will te placed cn non-labeled medium o measure the rate of removal.

L., Lorc Ter~ Uptake, Turrover, ard Removal of Caleium and Strontiunm

W

A. To determire if the ratio ol removal 1s a constant or is variable,

bore will ve grown for a 7-day reriod in the presence of Sr-89 and Ca-L4S.

[ G}

cme of the tones will ithar te zszaved Zor Ca-Lf and Sr-39 ard the rest
will be transferrei =2 rnern-lzTsled nediun. These bores will be assayed
at 1, 2, L, 6, ard 5 days after ihe transfer.

B, If enzymes are irvoived in the removal of Sr-39 and Ca-L5 from
bore then by puttirg lateled tores that have teer killed by heatirz into
a non=labeled mediurm a differert removal ratio thar that of live tone
should be o6bserved. Should enzymes be involved thern inhibitors will be
added to the systems to try tc stop or alter tae removal of radioruclides.

C. The effect of stable strontium on the ratio and amount of removal

of Ca-I45 and Sr-89 will be estimated. Labeled bore that has been grown
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ir the preserce of statle strertiun for tre ertire growth period will be
comprared to bone to which statble strontium will be added at the time of
trarsfer to trhe ron-radiocactive medium. Estimates of radioactivity will
be made at 1 and 5 days.

5. Preliminary Experimentation

This phase will consist of short experiments to determine the effect
of various hormones upon strontium and calcium metabolism of bone grown

in vitro.

Scientific Personnel

Principal Investigator: Lengemann, Frederick W,; Ph.D.-
" Instructor in the Division of Chemistry. Thirty

per cernt of time to te devoted to project.

Exverierce - 1933-15:%1

Farttime laboratory assistant while at Cornell University. Was
employed cr a project studying the sodium chloride requirements of dair

cattle.

1652-1%%3

Workxed or thesis problen for the Ph.D. dezree at t‘ne~

* The problem irvolved counting and culturing of rumen bacteria,

counting of protozoa, determirnatiorn of the lower fatty acids and the "gn

Iy

vitarir. levels in the rumen cortents of young dairy calves.
19°4L-55

Employed at the U.T.-A.E,C. AGR. RES. PROG. at Oak Ridge as a Research
Associate. The research involved the study of endogenous calcium and

phosphorus in cattle, toxicity of radiochromium and radiezinc in rats,
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w

comrarative ~etatclism of radiostrontium ard radiocalciun in catile ard
comrarison of radiostrorntiunm ari radium ir shesp, and thne metadboism of
131 oy dairy cattle.

July 1955 to rresent:

Instructor in Chemistry at the University of Tennessee at Mexaphis.

A laboratory has been outfitted and a technique of growing bone in vitro

developed. This method has been successfully employed with studies of
calcium ard strontium metabolism,

Summer of 1956:

Summer Participant at the Oak Ridge Institute of Nuclear Studies,
Medical Divisior. The studies consisted of determiring the the absorp-

ticn of calciurm from milx, strentiuzn-38

m

azsor

ry

tiorn irn humans, tre trans-

ral wall, tne absorption radioiron and

[ N

fer of calcium acrcss tne irtest
radionickel, ard the comparative metabelism of calcium and strontium in
lactating gezts.

Furlications

1. THES TCZNAL CELORIDE CCLCEUTRATZON OF BLOOD FLASKEA, MILKI, AND URINE
OF DAIRY CCWS
F. W. Lengermarrn, P. D. Aines, 2ard §, E. Smith Cornell Tat. L2;
1 -9 (1952) ,

2. BLOCK VS. LOOSE SALT CCMETMPTICI ZY DAIRY CATTLE
S. E. Smith, F. W, Lengemarn and J, T. Reid J. Dairy Sci. 3i;
762 - 765 (19%3)

3. THE DEVELOPMENT OF RUMEN FUNCTION IN TEE DAIRY CALF
F. W, Lengemarn Thesis Univ. of Wis. (1953)

L. THE DEVELOPMENT OF RUMEN FUNCTION IN THE DAIRY CALF I. SOME
CHARACTERISTICS OF THE RUMEN CONTENTS OF CATTLE OF VARIOUS A3GES

- 2wy

F. W, Lengemann, and N. N, Allen J., Dairy Sci. 38; 651 - 656 (1955)

Se COMPARATIVE UTILIZATION OF SR-90 AND CALCIUX BY DEVELOPING RAT
FETUS AND THE GROWING RAT

C. L. Comar, I. B. Whitney, and F. W, Lengemann Proc. Soc. Expt.

Biol. and Med. 88; 232 - 236 (1953)
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Publications (cornti.)

O,

7.

THE SECRETION CF Z-131 IN MILK

F. W, Langemanr, X, A, korrce, ard 2, W, Swarson J. Dairy Sci.

38; 619 (1755)

THE SECRETION OF THZ MINERALS OF MILK AS STUDIED WITH RADIOISOTOPES

F. W. Lengemann and C. L. Comar Conf. on Radicactive Isotopes
in Agric. (Jan. 1956)

Submitted for Publication:

8.

Fe

THE COMPARATIVE METABOLISM OF SR®° and CA*S BY BONE GROWN IN VITRO
F. W. Lengemarn Proc. Soc, Expt. Biol. and Med. (in press)

ABSORPTION OF CALCIUM AND STRONTIUM FROM MILK AND NON-NILK DIETSB
F, W, Lengemann, C. L. Comar, and R. H. Wasserman J. Nutr.
(submitted for publication) .

T=E EFFZCT OF SIZIASON ON TrE SECRETICY OF IODINE IN MILK
F. W. Lengemann, F, W, Swanson, and R. A. Monroe J. Dairy Sci.
(submitted for rputlication)

SECRETICN OF ICDIKZ IN MRILK OF DAIRY COWS USZI5 DAILY CRAL DOSES OF
131

F. W. Lengenarn, ard F. W. Swarson J. Jairy Sci.,

(submitted for publication)

Other Persornrel I

Fulitime Technician = all cf time on rre¢

Other Financial Assistarce

None

11081319



- 14 -

Equipment ard Facilities Availsble

Those items available for this project consist of rollertube apparatus,
drying ovens, pH meter, aralytical balance, survey meter, microtome, micro-
scope, embedding oven, aitoclave, radioisotope fume hood, dishwasher, ster-
ilizing oven, and a clinical centrifuge. The laboratory is well furnished
and in addition there is a walk-in refrigerator, walk-in incubator, dog:
room, rat rooms, dark rooms, ard a high level radioisotope laboratory.

For this research a scintillation counter and a large centrifuge would
need to be provided, Since many of the isotopes plarned to be used in this
project are gamma emitters a scintillation countef is a necessity. Tnere
is none availatle for this project. The centrifuge is needed in the prep-
aration of blood serum for medium, ir the production ¢f the chick embryo
extract, and for determirations of statle calcium. The level of activity
plarned for this project would make it a nscessity.

Travel and Other Itens

The item of "Travel™ would be for the purpose of exchnanging information
ging )

rresenting papers, and tc meet otiaers interested in tone metatolism, Its

}-2e

Y

s plarred to attend the Zordon Research Conferences zrnd the Federation

Meetings,
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BUDGET
Perszcrrel University
Principal Investigator (30¢
of time) 1690.00
Administrative Assist. 150.00
Departmental Secretary 200,00
Consultation ($10.00 / hr.)
Dr. Wood 400,00
Dr, Williams 200,00
Dr. Perkinson 300,00
Dr. Cohn 200.00
Technician

-

(includes 5¢ retirement)

Partime Secretary

Equipment

Scintillation Counter

Centrifuge (SB-2) and Accessories

Supplies
Fertile Eggs
Serum
Cricken Plasma
Rats and Feed
Radioisotopes
Mg=-28
Ra
Be-7
Ca=L5S

Sr-39
Ba-133
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3150,00

100,00

1¢30,¢CC

1100,00

400,00
300,60
50.00

100,00

500,00
200.00
100,00
50,00
50,00
200,00



Personnel

Special Supplies (T.C. Detergent,
G, M. Tube, Gloves, Planchets,
Bacteriological P. Pettes, Note
Books, Data Sheets, etc.)

Common Laboratory Solvents
and Reagents

Common. Laboratory Glassware

Travel

Publication and Communications

#Utilities

#Maintainarnce

xLibrary

wDepreciation

#Loss of income

SUSTOTAL

Overhead (8%)

TOTAL

Regquested of A.

%+ See additional sheets for computation of these co

1108142
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BUDGET
(Contd.)

University

100,00

150,00

942 .00
1081.,00
752,00
- 540.00

891.C0

7596400

759&.00

B, C, $3640C,00

o>
&3]
O

300,00

300,00

100,00

§GCC.0C
640,00

8640,00

4

sts.
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Calculations of Indirect Costs

Scrnedule I = Persorrel Surrzlied by Grant
Schedule II - Equipment surrlied by Grant
Schedule III - Supplies included in Grant
Schedule IV= Travel included in Grant
Schedule V- Institutional Personnel
(Detailed in Budget)
Schedule VI = Square Footage of Building Space occupied parttime.
(But computed as fulltime occupancy by the Projgctj.
Office and Laboratory 7LO sq. ft.
Walk=-in incubator 36
Sterilizing roonm 100
Shop 20
Cold room 30
Freezer roomnm 1k
. Bulk storage room 20
Rat room 35
Doz and operating room 60
Constant temperature room 30
Dark room 9
Figh level isotope laboratory ~l
Division office 50
Adm. School Biological Sciences 90
institutional Adminisiration 221
Libtrary 172
2637
"Dead Space"
(total x 0.1} 16L
TOTAL 1801 sq. ft,
Schedule VII ~ Ccst of Utilities Required But not Included in Grant

Square Footage (Schedule VI) x cost of heat, light, gas, and
water/sq. ft.

1801 x $0.523

$5L2.00
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Scheiule VIII - Ccst for Mzinmtainzree arnd Custodial Service

Square footaze (Schedule VI) x cost of custodial and mairtairance/sq.f-

1801 x $0.60 = $1081

Schedule X - Cost of Litrary
Operating @xvense of library x sum of schedules I, II, III, arnd IV

Institutional operating expense

15,750 -
%5_7_:_1_6): x  $8000 3752

Schedule XI - Depreciation on Building Space and Equipment
e Leciege, (Bepedtin TR Bk buiising o e o x 0002 =
1801 x § 11.25 x 0. 02 = QLOS

- Square fcocotage (Echedule VI) x equipment cost/sq. ft. x 0.05 =

allcwance fcor derreciation on equipment

1301 x 1.50 x 0.05 = g319

TCTAL 2540

I - Allowarnce fer loss of income for expending funds for
ructirg and equiping buildirgz space occupied oy the project.

Total capital outlay x 0.03 = loss of income
$29.716 x C.03 = §351
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SUMMARY

From the Granting Azercy For the Project

Experses

1res ReGuired
1. Schedule
2. Schedule
3. Schedule
L. Schedule

I -
II -
III

Iv -

Subtotal

Se 8 % of Subtotal (Overhead)

Total

3250,00
2100,00
2350,00

300,00
8000.00

61,0.00
8640.,00

Ierresenting Institutional Contribution to

the Project

and not Included in the

Grant

1. Uriversity certribtutier to
cernsumable supplies

2. Sckcedule
3, Schedule
L. Schedule
5. Schedule
6. Schedule
7. Schedule

1108TUS

v
VIiI
VIII
X

X1

XII

TOTAL

250.60
3140.00
9L2,00

1081,0¢C

[
1

\n

¢ .00
£4,0,00

891.00

$7596.00



