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PRIVACY ACT MATERIAL REMOVED

SECTION 1

S3.H. Cohn

QEPARTMENT OF HEALTH, EDUCATION, AND WELFARE LEAVE HLANK
FLUBLIC HEALTH SERVICE

RESEARCH OBJECTIVES

PAROJECT NUMBER

NAME AND ADORESS OF APPLICANT CRAGANIZATION

Associated Universities,

Ine,

Medical Research Center, Brookhaven National Laboratory, Upton, New York 11973

NAME, SOCIAL SECURITY NUMBER, OFFICIAL TITLE, AND DEPARTMENT OF ALL PROFESSIONAL PEASONNEL ENGAGED ON
PRHOJECT, REGINNING WITH PRINCIFAL INVESTIGATCR

S.H,Cohn, Ph.D. -
K.J.Ellis, Ph.D. -
I.Zanzi, M.D.
H.Pate

J.aloia, M.D.
S.,Wallach, M.D. -
M.Roginsky, M.D,-
H.L.Atkins, M.D.-
J.Jowsey, Ph.D. -

- Senier S
- Asst. Sc
~ assgCciat
- Scientis
- Asst. Ch
- Prof. Me
- Chief En
- Senior §

- Director,

ciengist
ientist

a Scientist

c

ief Endoecrin.
d.

docrin Serv.
ciencist

Orthoped. Res.

Medical Dept., Brookhaven Natl. Lab.
Medical Dept., Brookhaven Natl. Lab.
Medical Dept., Brookhaven Natl, Lab.
Medical Dept., Brookhaven Natl. Lab.
Nassau County Medical Center
Downstate University ef N.Y,

Nassau County Medical Center
Medical Dept., Brookhaven Natl. Lab.
Mayo Clipic, Minn.

TITLE OF PROQJECT

Epidemiology of Osteoporosis:

Prevention and Therapy

LUSE THIS SPACE TO ABSTRACT YOUR PROPOSED RESEARCH. DUTLINE OBJECTIVES AND #ETHOOS. UNDERSCORE THE KEY WORDS
INOT TOQ EXCEED 10} iN YQUR ABSTRACT.

The identification of the disease osteoporosis and the evaluarion of programs of
treatment have long been hampered by the lack of 2 sensitive quantitacive measure of
the condition. The following propesal offers such a quantitative measure, and further,
d evelops both prophylactic and therapeutic programs which may be evaluated quantitatively
and hence meaningfully compared.
The quantification rest primarily on the newly developed technique of Lotal-body

neutron activacion anmalysis.

A measure is made of the total-bedy calcium which reflects

the skeletal mass. The normal skeletal mass can be predicted for an individual on the

basis of sex, age, height and lean body mass.

Thus the degree of difference between

the measured and the predicted value can be calculated for each individual.
A prospective study will attempt to define a sub-group in a population of post-

mencpausal women who are considered to be at high risk for developing osteoporosis

(on the basis of low skeletal mass). The effect of prophylactic estrogen supplementation

to this above sub-group will be evaluated in terms of bone mass as well as the reduction

in the incidence and severity of osteoporosis,

Evaluation will also be made of the

effectiveness of various regimens of treatment for osteoporcsis; estrogen, androgen,
fluoride and galcitonin, both singly and in combinarion. Human growth hormone will also

be evaluated as a therapeutic agent.

It acts teo increase skelatal mass by increasing the

bone accrerjion rate, unlike the above agents which act to decrease the bone resorption

rate. Finally, the effects of physical activity on body composition and skeletal mass

will be studied in a geriatriec population.
An essential requirement in all these studies is the establishmeat of normal changes

—- in bodv composition with age.
potassium (lean body mass), as well as sodium,

in a populaticdn of normal subjects.

The total body levels of calcium (skelecal mass) amd
chlorine and phosphorus, will be measured

LEAVE BLANK
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_ . 5. H., Cohn
SECTION Il — PRIVILEGED COMMUNICATION
’ FRAOM THROUGH
DETAILED BUDGET FOR FIRST 12-MONTH PERIOD May 1, 1976 April 30, 1977
CESCRIPTION (ftamizal i o AMOUNT AEQUESTED [Omit centy)
PERSONNEL £FFORT FAINGE
. Ay TOTA
NAME TITLE OF POSITION s | SALA BENEFITS -
5. H. Cohn, Ph. D, PRINCIPAL INVESTIGATOR 257, —_— -~ -
I. Zanzi, M.D. Associate Scientist 50%] 15,500 3,410 18,910
K. J. Ellis, Ph. D, ssistant Scilentist 25% -- e ==
S. Yasumura, Ph. D. Research Collaborator 3% -- == ==
Technician -= 100%Z! 12,000 2,640 14,640
Research Assgciate -- 100%1 12.500 2,750 15.250
J. Aloia, M.D, Research Collaborator 10% - -= --
S. Wallach, M.D. Research Collaborator 5% -- - --
M. Reginshv, M.D. Research Collaborator 107% -- -- --
H., L. Atkins, M.D, Senior Scientist 3% -- - -
C. Abesamis, M.D. Besearch Collaborateor 60% -- -~ -
J. Jowsev, Ph. D. Research Collaborator 5% -- -~ ==
CONSULTANT COSTS
EQUIPMENT --
SUPPLIES General laboratory supplies inecluding calcium supplements 2,000
DOMESTIC 3 trips to scientific meetings 1,000
TRAVEL
FOREIGN T
PATIENT COSTS (See imtructipns)
ALTERATIONS AND RENOVATIONS
OTHER EXPENSES /ftemsze) ___IuStrument maintenance & repalry 2. 000
Machine shop time 1.000
Computer usage and maintenance 1,500
¥-vay & Patholeogy Lab., service 5,000
TOTAL QIRECT COST (Enter on Page 1, ltem §) —— $61,300

INDIRECT
COsT

{See insTructions)

38 % ToC*
"IF THIS IS A SPECIAL RATE [eg off-site), 30 INDICATE,

DATE OF DHEW AGREEMENT:

% S&wW"

10/25/74(Excl.Equip.)

I WAIVED
] UNDER NEGOT!IATION WITH:

MUK 398 (FORMERLY Prs 198)

Rev. 1/73
4004b22

PAGE 3



SECTION Il — PRIVILEGED COMMUN  TIUN S.H. Cohn

SUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED FROM PUBLIC HEALTH SERVICE
DIRECT COSTS ONLY (Omit Cents)
\ST PERIOQ ADDITIONAL YEARS SUPPORT REQUESTED [This appiication aniy!l

OESCRIPTION ‘SAME A5 DE.
) TAILED BUCGET) | IND YEAR IR0 YEAR 4ATH YEAR 5TH YEAR [ 6TH YEAR 7TH YEAR
FERASONNEL [
COsTS 48,800 53,845 59,165

CONSULTANT COSTS - - ! -
{inciude fess, travel, etc.)

EQUIPMENT
SUPPLIES 2,000 2,000 2,000
OOMESTIC 1,000 | 1,000 1,000
TRAVEL
FOREIGN - | - -
|
PATIENT COSTS - - -

ALTERATIONS AND - - -
RENOVATIONS

QTHER EXPENSES 9,500 g,500 9,500
TOTAL DIRECT COSTS 61,300 66,345 71,565
TOTAL FOR ENTIRE PROPOSED PRODJECT PERIOD (Entar on Page 1, /tem 4] ————rr—t= 5 199,310

REMARNXS: Justiy ail costs for the first yoar for which the need may not be obvious. For Yuture yesrs, justify equipment coss, a3 well as any
SIQNIficant increases in any other categovy. If 8 recurring snnusd incresse in personnel codt3 s requastad, give percentage. {Lise continuation

pagse if needed.)

Persounel salaries are increased at an annual rate of 9% for the 02 and 03 years.

WEH 198 (FORMERLY PHS 28g) Page 4
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REMOVE AND USE FOR DRAFT COPY

PRIVACY ACT MATERIAL REMOVED
5.H. Cohn

SECTION I — PRIVILEGED COMMUNICATION |

BIOGRAPHICAL SKETCH

{Give the following informarion for all professional personnel listedt on page 3, beginning with the Principal {nvestigatar.
Use continuation pages ang follow the same general format for eacn person, |

NMANME TITLE BIRTHOATE {Mo., Day, Yr.)
Stanton H. Cochn Senior Scientist
PLACE OF 3iRTH (City, State, Country) PRESENT NATIONALITY {/f non-tLS cirzen, SEX
indicare kind of visa and exprration date}
U.5.a.
T} male {_} Female

EDUCATION (Begin with baccataureate training and incivde pastdocrorall

YEAR SCIENTIFIC

INSTITUTION AND LOCATION DEGREE COMFERRED FIE LD
University of Chicago 3.B. 1946 Biochemistry
University of Chicago SM 19483 Physiology
University of California {(Berkeley) Ph.D. 1652 Radiobiology
HONORS
Sigma XI
MAJCR RESEARCH INTEREST ROLE IN PACPOSED FROJECT
Mineral Metabolism Coordinatoer

RESEARCH SUPPORT (See instructions)

Associated Universities, Inc., Contract Ne. E (30-1)-16 with the U.S. Energy Research
and Development Adminisctration

Armour Pharmaceutical Co.; Effect of Calcimar (Calcitonin) in Patiencs with Primary
Osteoporosis, Auguat 1975-July 1977,362,565,

ARESEARSZH AND/OR PAQOFESSIOMAL EXPERIENCE (Starting wiln present position, Jist trainipng and éxperience rel¢vant to ares of project List ail
or most regretentative publicariont, Do ror sxceed 3 pages for exch individual.)

See attached Curriculum Vitae

ANETEE - 5 z
Aev. 170 rage o
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Born:

I.

11,

EXPERIENCE

1958 ~ to present

Chicago, Illinois

PRIVACY ACT MATERIAL REMOVED

CURRICULUM VITAE

Stanton H. Cohn

Chicago, Ilifinola

Senior Scientist, Medtcal Physica Division
Medical Research Center

Brookhaven MNaticnal Laboratory

Upton, L.I., New York 11973

195C - 19858 Head, Internal Toxicity Branch
Bio-Medical Division
U. S, Naval Radiological Defense Laboratory
San Francisco, California
1949 - 1950 Research Assistant
Crocker Radiation Laboratory
University of California
Berkeley, California
1946 -~ 1949 Biochemist, Bio-Medical Division
Argonne National Laboratory
University cof Chicago
Chicago, Illinois
1943 - 1946 Biochemist, Laboratory of the 203 rd Gen. Hosp.
U. S. Army
Parias, France
1942 - 1943 Chemist, Explosive
Kankakee Ordnence Works
Joliet, Illinois
EDUCATION
1952 Unjversity of California Ph.D., Physiology
Berkeley, California (Dr. Hardin Jones)
1949 University of Chicago S. M.,Physiology
Chicago, Lllinois ' (Dr. Franklin McLean)
1946 University of Chicago . s, B.,Blochemistry
Chicago, Illinois
1945 Sorbonne University French Literature
Paris, France
1941 Il1l4nols Inast. of Technology Engineering Science

Defenge Training

Page 6
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Stanton H. Cohn

III. . OTHER ACTIVITIES, MPMNER OF

A. National Council on Radiation Protection, Scientific Committee 34.
B. Editorisl Board, Rad{ation Research Journal.
C., HNational Committee on Radiation Protectfon, Subcommittee 2.

D. Subcommittce on Inhalation Hazards of the Pathological Effects
of Atomic Radliation Committee, National Academy of Sciences.

E. U. §. Medical Team which provided emergency medical treatment
for the Marshall Islanders accidentally expused to fallout
in 1954. Studfed the internal radicactive contamination of

the exposed Marshallese.

F. AEC Med{cal Team which carried out medical surveys of the
Measured the body burdens

of 200 Marshallese, using a "portable’ whole-body counter.
P y

Mayshallese in 1959 and 1961.

G. Consultznt to Armed Forces Radiocbioclogy Research Imatitute,

Wational Naval Medical Center,

#. Lecturar for Medlcal Education for National Defense,

American Institute of Biological Sciences

Iv. SCIENTIFIC SOCIETIES, MEMBER OF

A. American Physiological Society
B. Radiation Research Soclety
C. Sigma X{

D, Health Physics Secciety

CURRICULUM VITAE {(continued)

S.H. Cohn

1970~
1965-196.

1961-196

1956« 196

1962-15¢

1962-19¢
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Publications (Count’d)

893.

94.

95.

96.

97.

98.

99.

100,

101.

102,

A

S, #. Cohn, Ph.D.

Effect of porcine Calcitonin on calcium mectabolism in 0SLeoporosis.

S. H. Cohn, C. S. Dombrowski, W. Hauser, J. Klopper and
H. L. Atkins., J. Clin. Endocrin. & Mecab. 33; 719, 1971,

Determination of body compesition by neutron activation in patients

with renal failure.

S. H. Cohn, T. J, Cinque, C. 5. Dombrowski and J. M. Letteri

J. Lab. Clin. Med. 79: 978,

1972,

Design and calibration of a broad-beam
body neutron activation analysis.

238Pu.Be source for total

S. H. Cohn, ¥. K. Shukla and R. G. Fairchild

J. Nucl. Med. 13: 487, 1972,

Caicitonin Treatment of Osteoparosis.

S. Wallach and 8. H. Cohn

Seminar in Drug Treatment, Vol 2, No.

L {June) 1972.

Zffects of chromic calecitonin administration in the bone disease of

Thalassemia.

F. Shai, S. Wallach, S. H. Cohm and R. ¥X. Baker
In Clin. Aspects of Metabolic Bone Disease, Ford Hospital, Dectroic, .
Michigan (Excerpta Medica) 1972. -

Calcium homeostasis -~ The hard facts about soft bones.

S. H. Cohn, Brookhaven WNaticnal Laboratory Lecture, No. 109, March 1972.

Skeletal calcjum metabolism and body composition Iin acromegaly.

J. Aloia, M, Reginsky, C. S.

Dombrowski and S. H. Cohn
J. Clin. Endoec. & Metab, 35: 5343, 1972,

Decermination of whole-body magnesium by in-vivo neutron activation

in the rat.

C. 8. Dombrowski, 5., Wallach, K. K. Shukla and §. H. Cohn
1: 15, 1973,

Int. J. NMucl. Med. and Biol.

Physiclogical variations of total-bedy potagsium in man.
K. K. Shukla, K. Ellis, C. S, Dombrowski and 5. H. Cohn

J. Appl. Physiocl. 224: 271,

1973.

Body compesition changes in c¢hildren receiving human growth hormaone,

P. J. Collipp, V. Curti, J.
and 5. H. Cohn
Metab., 22: 589, 1973.

Thomas, R.

Page 8
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Publicacions (Conc'd) $.H. Conn, ?h.D.

137

103, Fallout Cs levels in man over & twelve vear period.

K.K. Shukla, €., S. Dombrowski and §, H. Conn
Health Phys. 24: 5535, 1873.

104, Alrerations in elemental body composition in thyroid disorders.

5. H. Cohn, M...8. Roginsxy, J, F. Aloia, X, J. Ellis and K, K. Shukla
J. €lin. Endocrinol. Metab. 363 742, 1973.

105, Alcerarions in skeletal calcium and phosphorus in dysfunctions of the
parachyroid.

S. H. Cohn, M. S, Roginsky, J. F. Aloia, K. J. Ellis and K, K. Shukla
J. Clin. Endecrincl. Mecab. 36: 750, 1573,

106, A.terations in skeletal mass in endoecrine dysfuncrion as decermined by
total-body neutron activation analysis,

S. 4. Cohn, M. S. Roginsky, J. ¥. Aloia, XK. J. Ellis and K, K. Shukla
Proc. Ninth European Symposium on Calcified Tissue, 3aden, Austria

1972, 1973.

+07. Theoretical considerations in che selection of neutron sources for
coctal-body neutron accivation analysis.

S, H, Cohn, R. G., Fairchild ancd ¥, K. Shukla
Phys. Med. Biol. 18: 643, 1973.

148, Formuiation of a stochastic model of long-term strontium data using the
likelihood function,

J. R. Sheer and 5, H, Cochn
J. Thecret., Biol. BNL 13167-1973

109, Effect of calcitonin on calcium metabolism in cthe rac. ph.D. Thesis
St. John's University.

C. §. Dombrowski, K, X. Shukla and §. H. Cohn INL 17784 (1973).
110. Measurement of calcium in rats by total body neutron activation analysis.

¥. K. Shukla and §. H. Conn
Intern., J. Nucl. Med. Biol. l: 73, i973.

111, A multivariate predictor of total-body caleium

§. H. Conn, K. K. Shukla and X. J, Ellis
Int. J. Nucl. Med., Biel. l: 131, 1974



5204000

Publications (Cont'd) S. H. Cohn, Ph.D.

112, Recent advances in whole-body counting.

S. H. Cohn and H., E. Palmer
Int. J. Nucl. Med. Biol. 1l: 1535, 1974.

- 113, Neutron sources, energy, flux density and moderaticn in total-body
neutron acrtivation analysis.
$. H., Cohn, R. G. Fairchild and X X, Shukla
IAEA Panel on In-vive activation Analysis, IAEA P1-493/2, Vienna, 1973,
Lia Comparsion of techniques for the total-body aeucron activation analysis
of caicium in man.
S, H. Cohn, R, G. Fairchild anc K, K, Shukla
IAEA Panel on In-vivo Accivation Analysis, IAEA PLl-493/3, Vienna, 1973,
il5. A toctal-body neutron activation facilicy employing portable (en) sources
developed for medicine research,
3, H. Cohn, X, K. Shukla, C, 3., Dombrowski and R. G. Fairchild
Neutron Activacion Techniques in Life Seiences-Rled Yugoslavia LAEA-1372.
116, Ixperimental particle radiacion therapy in animal necoplasia,
l. Electron wvs x-irradiation,
S. W. Lippinecort, J. L. Montour, J, D. Wilsom, S. H. Cohn and R. E. Flora
Acta Radiol, Ther, Physics & Biol, 12: 541, 1973,
117. A predictor for total-body potassium in man based on height, weight, sex
and age: Applicacion in metabolic disorders.
K. J. Ellis, K. K. Shukla and S, H, Cohn
J. Lab, Clin. Med. 83: 716, 1974,
118. Absolute and relative deficit in total skelecal calcium and radial
bone mineral content in osteoporosis,
5. H., Cohn, K, J. Ellis, 5. Wallach, I. Zanzi, H, L. Atkins and
J. F, Aloia
J. Nucl. Med. 15: 428, 1974,
115,

Alrered Calcium metabolism in chronjic renal failure.

J. M, Letreri, D. Orfine, S, Ruggieri, K. J. Z1llia and S. H. Cohn
Kidney Intern. 6: 43, 1974,

Page 10
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Publications {Cont'd) S. H, Cohn, Ph.D.

120.

123.

124,

125,

126,

127,

128,

Application of coincidence counting techniques in a fixed geometry whole-
body counter.

¥. S. Chen, XK. J. Ellis, H. R, Pate and §. H, Cohn
Inc. J. Nucl. Med. & Biol. l: 175, 1974,

Correlation of radial bone mineral content with total-body calcium
in various metabolic disorders.

S, H, Cohn, K. J. Ellis, I. Zanzi, J. Letteri and J, Aloia ’
Int. Conf. on Bone Mineral Measurements, Chicago, 1973. DHEW (NIH)
75683,

In viveo neutron activation analysis: Clinical poctential in body
compeosition studies.

3, H. Cohn, K. J. Ellis and §. Wallach
Amer. J. Med. 537: 683, 1974,

Skeletal mecabolism and body composition in Cushing's disease.

J. F. Aloia, M.S. Roginsky, K. J. Ellis, K., K. Shukla and S, H. Cohn
J, Clin. Endo, & Metab, 39: 981, 1974.

An improved radionuclide distribution profile from a fixed array whole-
body counter using a mathemagical analysis technique.

N. 5. Chen and S. H. Cohn
Int., J. Nucl. Med. & Biol, 1: 169, 1974,

Calcitonin in treatment of ostcoeporosis,

S. Wallach, S, H. Cohn, H, L. Atkins, K, J. Ellis and J. F. Alocia
Int. Symp. on Calecitenin, Carle Erba, Milan, 1974,

The correlation between skeletal mass and muscle mass in maun,

K. J. Ellis and S, H. Cohn
J. Appl. Physiol., 38: 455, 1975

Treatment of osteoporosis with growth Hormoue,

J. F. Aloia, I. Zaunzi, K, J., Ellis, M. Roginsky, S. Wallach and

S. H. Cohn.

In advances in Hormone Research (899-916) Ed. 5. Raite, HEW-NIH-74,
al2, 1974,

Skeletal turnover and total body elemental composition during extended
calcitonin treatment of Paget's disease.

S. Wallach, A. Avramides, A. Flores, J. 3ellavia and 5, H, Cohn
Metabolism. 24: 745, 1975,

T Page 11



PRIVACY ACT MATERIAL REMOVED

' 5.H. Cohn
SECTION It — PRIVILEGEQ COMM..ICATION

BIOGRAPHICAL SKETCH

(Give the foftowing informaton for sf! profsssional parsonnsl listed on pags 3, beginning with the Principsi Invetiperor.
Lhe contnuenion peges and foilow the ame geters! formal for sech parton.)

M AME TITLE associate attending Physi- (BIRTHDATE {Ma, Day, vr.)
- cian MRC, BNL Vigsicing ASsOC.
Trcalo Zanzi, M.D. Tt T .
- - ! Seientist, BNL,
PLACE OF 8:RTH ICiry, Siate, County/ PRESENT NATIONALITY I/ non-tU. 5 citizen, SEX
indgicarm kind of vize and expiration dare)
Chile, H-1 (3 yr more) A Msla [} Famais
EQUCATION [Sewn with baccaisurpete [r3ining and inciude postdoctoral)
YEAR SCIENTIFIC
INSTITUTION AND LOCATICH DEGAEE CONFERRED FIELD
School Sacred Hearts. Sanciago, Chilte Race. 1549
Lniv, Chile Medical 8c¢., Santiage, Chile M.D. 1/3/1557 Medicine
Roval Postgraduate Med. School, Londen 1964 Endocrinology
well Univ., Med. Center [BSS), N.Y. A— 1968-69 Mecabolic Bone Diseas
MUNGRS \urds.  "prof. R. Vicuna Foundation" for thesis, 1657

"Ayersc-Chile' 1963, for paper in collaboration
"Ayersc-Chile' 1967, for paper in cellaborazecion

Member-  NIH Sicte Visit 71974 and 19735)
MAJOR RESEARACH INTEREST ACLE IN PROPOSED PHOJECT
Endovrinology (Metdbolic Bone Discases) Climician
Nuclear Medicine

RESEARCH SUPPORT (See inmtnscoonsf
assoceiated Universicies, Inc., Ceontract Ho. E(30-1)-1f6 with the U.8. Energy Research

ard Dewvelopnent Administracieon.

sroour Pharmaceasical £
dscevporesis, Auguss L9

o.; of Calcimar (Caleitsnin) in Patients with Primary
75- 7, 562,365,

ol

RESEARCH ANC/OR PROFESSIONAL EXPERAIENCE (StaTing with prasent poxitan, [5l [ra/ning snd sxperence selevant (o aree of project Ligt aif

or Mol eprmantagee publicatiom, Do nor excoed I pages for sech individual }
EXPERIENCE. :

-Aassociate Attending Physician, Hospizal of the Medical Research Center, Broockhaven
vational Labovatory, Upton, New York, 1973 to present date.

-Research Collaborarer, Medical Research Center, Brookhaven National Laboratory, Upton,
New Tork, 1973,

-v¥isicing Associate Sciencisc, Medical Research Center, Brookhaven Narional Laboratory,
Upton, New York L1973 1974 to present date.
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EPIDEMIOLOGY OF POST-MENOPAUSAL
OSTEOPOROSIS: PREVENTION AND THERAPY

1. Epidemiology of Post-Menopausal Qsteoporosis and its Prevention by Estrogen

Administration

A. Introduction

1. OQbjective: fo study the epidemiology of post-menopausal ostecpaosis and
its possible prevention by administration of estrogens,

2. Background: Although the etiology of primary osteoporosis has not been
¢learly elucidated, a number of possible factors have been identified, Various
investigators have indicated roles for the following factors: reduction of levels of
sex hormones at menopause, inadequate dietary calcium intake, impaired calcium
absorption, high phosphorus intake, hypersensitivity of bone to parathyroid hormone,
physical inactivity, hereditary factors, unresponsiveness to growth hormone, and

aging (1).

Initially it was believed that the onset of osteoporosis represented a
decreased level of bone formaticn resulting from a decrease in the level of geonadal
steroids (2). The present consensus, however, is that an increase in bone resorption
rather than a decrease in bone formation is primarily responsible for the onset of
osceoporosis (1,3,4). When resorption is extensive and of leng duration, the
density of the skeleton may decrease sufficiently to result in the spontaneous
vertebral collapse characteristic of ostecporosis,

The extent of osteoporosis in the population, and the efficacy of therapeutic
programs are both difficult to assess because, at the present time, there exist no
generally accepted quantitative measurements for determination of the degree of
severity of the condition. There is a need for a sensitive measure of skeletal mass
to provide early detection of subtle changes in bone, Radiographic techniques are
useless for detection of any but gross demineralization, Analysis by histolog-
ical, chemical and microradiographic techniques of biopsy samples of bone have yielded
much useful information. These techniques, however, provide infermation on small
localized areas cnly; extrapolation is required for estimation of changes in total _
skeletal mass. Densitometric techniques based on photon transmission are more precise
but again yield essentially localized information on changes in the degree of
demineralization,

The most sensitive and direct measure of total skeletal mass is obtained with -
the recently developed technique of total-body neutron activation analysis (TBNAA).
With this technique the abseolute amount of Ca is measured with a precision of 1%

($.D.) and the total skeletal mass can consequently be determined,

3, Rationale: In the preseat study the unique Brookhaven neutron irradiatien
facility and the whole-body counter is employed for TBNAA to quantitate the levels of
total-body Ca and P in post-menopausal women, TBNAA is the principal technique used
to quantitate the alterarion in skeletal composition with age or following institution:
of appropriate therapy for the condition, over long periods of time,

1
i
]

Even though estrogens have not proved efficacicus in reversing the accumulated
effects of an osteoporotic conditicn that has been extant for a period of time, ir is
possible that administration of estrogen at mencpause may slow or inhibit the
development of osteopowsis (3,5-8). Thus, estrogens may be useful in a prophylactic
program,

It is proposed first to identify a group of women who are considered to be at
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high risk for developing osteoporosis, and then to treat a portiom of the group with
estrogens administered prophylactically from the onset of the menopause, The women
will be selected on the basis of a high probability that osteoporosis will develop,
in accordance with current theory. The hypothesis is that those women who, before
menopause, have a smaller than average skeletal mass for their age and habitus are

at greatest risk for early development of osteoporosis. Under the hypothesis, it is
assumed that the rate of loss of calcium due to senescence is fairly standard for all
women (9, 10)., 1In that case, the degree of osteoporosis weuld be a direct function
of the size of the skeletal mass at menopause.

B, Specific Aims

The present program was thus designed to facilitate the diagnosis of osteao-
porusis by the development of a set of quantitative measurements for clinical use (in
particular, skeletal mass), and further, to develop and assess specific prophylactic
effects of estrogens, The specific aims of this study are:

1. to identify, by means of the measurement of skeletal mass, a group of
women close to menopause who appear to be at high risk for osteoporosis;

2, to determine, over an extended period of time, whether administration of
estrogens starting at the onset of menopause will result in a significant reduction
in the number of cases of ostecporovsis and furcher, of the degree of severity of
osteoporosis, as compared toc the incidence and degree in a control group,

3. To determine the average rate of loss of calcium for all three groups of
post-menopausal women in the tem year period of study.

C. Methods of Procedure

The skeletal mass will be measured in 100 women who have recently .terminated
their menses. Measurement of the skeletal mass will be made by the technique of
total-bedy neutron activation analysis (11-13), The density of the radius will also
be measured by photon densitometry (15-186), '

The normal level of body calcium will be calculated for each patient, For
this purpose, a mulrivariate predictor by means of which normal calcium mass can be
estimated using height and total body potassium {(measured by whole body counting) was
developed in a study of a normal population (14). With this technique, the normal
total body calcium in any subject can be predicted te within 5% {1 S,D.). Comparison
of the direct measurement of skeletal mass with the predicted total body calcium for
each subject will determine the percent deviation from the normal for each subject,

The original group of women will be separated into two groups on the basis of
their measured calcium mass in relation tfo their predicted normal calcium. The
group with the lowest values of skeletal mass (i.e., lowest total-bBedy Ca) will be
further subdivided into two groups. One group will receive estrogens (2,5 mg
conjugated estreogens per day) and calcium supplements; (0.5 g Ca per day); the other
group will receive only calcium supplements {which have been shown to be of some

benefit, 17). A third group will receive no treatment, and will serve as the contrasd

population,

It is planned to measure the total-bedy caleium in this group of post-meno-
pausal women on a yearly basis for a period of ten years, With the high precision of
the TBNAA technique, differences in total-body calcium can be measured over a period
of years at the 2% level with 95% confidence {2 5.D.).

Baseline Studies: All studies will be performed on an cutpatient basis, 1In
addition to routine history (including dietary history) and a general physical
examination, vaginal cytology will be performed. Blood samples will be obtained for
complete bleood count (CBC), blood urea nitrogen (BUN}, fasting blood sugar (FBS),

F
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serum glutamic oxalacetic transaminase (5GOT}, Ca, P, bilirubin, alkaline phosphatase
and serum protein electrophoresis. In addition a urinalysis will be made, Twenty-
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found an anabolic stercid to be as effective as estrogens in reduction of bone-
resorbing surfaces (3).

¢, Fluoride: Fluorosis has been observed in areas where there is
excessive fluoride in the drinking water (21). This disorder is characterized by
bony exostoses, calecification of ligaments and excessive bone density. However,
many individuals are asymptomatic and exhibit only increased radiodensity. It was
because of this findiang that Rich (22,23) proposed the use of fluoride for treatment
of osteoporosis, Study of bone biopsy specimens from animals and also from human
subjects has clearly shown that the basic effect of fluoride is the stimulation of
osteoblasts by inducing bone crystal growth (24-26), Moreover, the incorporation of
F into the hydroxyapatite crystal of bone is thought te produce mere stable bone
which is resistant tec resorption by parathyroid hormone. There are numercus papers
concerning the efficacy of fluoride therapy, but few researchers have utilized
objective techniques in their investigation, Twe recent studies merit consideration
(27,

- Here, at Brookhaven, the short-term effects of daily administration of 20 mg
of fluoride oun #7Ca tracer kinetics and total body caleium has been studied in an
astecporotic population (27}, The lack of significant improvement was attributed ro
the short period of treatment (2 mouths) and the fact that calecium supplements were
not administered,

A variety of morpholeogic techniques have demonstrated that the newly formed
osteoid induced by F therapy may be peorly mineralized as evidenced by the osteoid
seams (characteristic of osteomalacia) which develop, Jowsey found that adminis-
tration of less than 45 mg of NaF daily (20.5 mg of fluoride) did not consistently
increase bone formation, whereas the administration of 60 mg or more produced
parathyroid hyperplasia and thereby increased bone resorption levels (23).

3, Rationale

It has been known for some time that bone formation and bone resofption are
normally coupled. The objective in the treatment of osteoporosis is to effect
uncoupling -- i,e,, tc increase bone formatiom to a level higher than that of bone
resorption, or to reduce boue resorption to a level less than that of bone formation,
It appears that sex hormones and calcitonin successfully reduce bone resorprion,
However, it is suggested that after several months, the formation and resorptiom
levels become coupled again, thereby limiting the net increase in skeletal massg
that can be attained, Riggs aud Jowsey has provided confirmatory evidence for this
hypothesis in her analysis by quantitative microradiography of bone bicpsies of sex-
staeroid treated ostecporotics (5),

It would appear that a reasonable approach would be to treat patients with a
combination of agents, i.e., te combine an agent that stimulates bone formaticn with
an agent that inhibits bone resorpticn, Preliminary data from Jowsey's group suggest
that this may be most efficacious for long-term therapy. Her group found improvement,
as indicated by bone biopsy, with treatment by fluoride, calecium supplements and
vitamin D (25).

B. Specific Aims

To evaluate the effectiveness of regimes of treatment for osteoporosis that
employ agents both singly and in combinatioan. Evaluations will made on the basis of
serial measurements of skeletal mass by TBNAA and density measurements of the radius
made by photon absorpticmetry,

C, Metheds of Procedure

1. Treatment Groups: Twelve patients with primary osteoporosis will be
included in each of the six treatment groups: estrogens alene (2,5 mg conjugaced),

lanabglic steroid alone, fluoride alope (20 mg/d), fluoride plus estrogen, fluoride
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plus anabolic steroid, fluoride plus calcitonin 50 MRC units, 3 times weekly, All
patients will receive calcium supplements (1 gm/d}.

2, Baseline Studies: In addition to routine chemistry, skeletal survey,
and determination of parathyroid hormone levels and urinary hydroxyproline, the
following will be performed;

a. total body neutron activation analysis;

b. bone biopsy for analysis by tetracycline labeling and quantitative
microradiography;

c. bone density measurement by the photon absorption technique;

d. 47Ca tracer kinetic studies in selected patients. (This study will

be performed only for a few selected patients on a combinaticn therapy regime),

3. Follow-up: Subjects will be evaluated on an outpatient basis at eight-
week intervals, Laboratory data obtained at these times will include C.B.C.,
bilirubin, total protein, albumin/globulin (A/G) ratio. Blood will also be obtainad
for analysis for Ca, P, hydroxyproline and creatinine. TBNAA will be repeated every
three months, along with measurement of bone density by densitometry,

4, Pinal Study Period: At twelve menth intervals, subjects will be
readmitted, and all baseline studies will be repeated.

D. Significance

The impertance of achieving a successful treatment of c¢steoporosis, even one
that may only slow the rate of loss of Ca from the skeleton, is obvious, With six
million post-menopausal women suffering from the effects of osteoporosis, any
effective therapy would be of great value, The evaluation of the effectiveness of
existing treatments by such objective end-peints as skeletal mass would in itself
be important to settle the controversy that now exists in the efficacy of -the current
agents emploved for che treatment of osteoporosis, '

ITI. Effect of Growth Hormone on Skeletal Metabolism and Body Composition in Primary
Ostecporosis

A. Introduction
1, Objective:

a, To determine the efficacy of growth hormone therapy in primary
osteoporosis,

b. To guantitatively determine the effect of growth hormone adminis-
tratien on skeletal metabolism and body composition in an adult population ,

2, Background: Several short-term studies of the effect of human growth
hormone (GH) in adults have been reported. 1In one such study, Reot (28) suggested
that older subjects may be relatively resistant to growth hormene, Rudman and his
colleagues (29), however, have receatly shown that a desage of 0.168 u/kg (BW) is
effective in increasing the retention of Na, K, N and P,

There are several reports on the treatment of osteoporosis with growth
hormone (30-33), The results of these studies are encouraging. In six subjects,
aged 68-83 years, an increase in calcium absorption, positive calcium balance and
reduction in urinary hydroxyproline was achieved by treatment with 2 mg of HGH
daily for 30 days, '

Recently, Harris and Heaney (34-35) studied the effect of 3 months adminis.
tration of exogencus growth hormone in intact adult dogs. Morphometric studies
revealed a marked increase in new bone formation, decreased endosteal resorption

lland i {
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formation increased, resulting in a net increage in skeletal mass. Kinetic studies
were alse performed, on the same dogs, using 7ca and %5Ca as tracers, An increase
in dietary calcium absorption, positive calcium balance, and an increase in mineral
accretion of 21-41% was noted, These dramatic increases in skeletal mass in adult
animals suggest the use of growth hormone treatment of osteoporotic patients,

3, Rationale

The majority of treatments devised to counter osteoporosis have been
directed at the reduction of bone resorption, It would at first seem to be a
reasonable approach, Jowsey (36) has demonstrated, with the techmique of quantit-
ative microradiography, that bone resorption surfaces are increased in primary
ostecporosis, whereas bone formation surfaces are in the normal range. However,
Heaney {2) has argued that bone formation is at least relatively decreased in this
disorder, since under normal circumstances, bone formation and resorption are
coupled. Thus, since there is no increase in bone formation to compensate for
the increase bone resorption in ostecporasis, a disorder of bone formation must be
implicated as well,

Moreover, if any therapeutic measures were able to inhibit completely bone
resorption, only modest increases in skeleton could be expected. This follows from
the fact bone turnover {as measured by kinetic tracer techriques) i{s not high in
primary osteoporosis. The marked reduction of skeletal mass seen in osteoporosis
takes place over a long period of time. Therefore, reduction of bone resorption will
increase skeletal mass by only modest increments over a prolonged period of time, It
is to be noted that patients with roentgenographic evidence of osteoporosis have
lost 25-40% of their skeletal mass. Thus, the limitations of therapy directed solely
at inhibition of bonme resorption can be appreciated.

The studies with calcitonin carried out at Brockhaven confirm the theoret-
ical analysis, Although salmon caleitonin administration thus far appears to
stabilize or increase total body caleium, the changes produced are modest (37-38).

A previous study also indicates that only small increments in teotal body calcium
result from treatments with porcine calecitonin (18),

It appears, then, that therapy for osteoporosis must also be directed at
iacreasing bone formation., Growth hormone is an obvious agent to be utilized for
this purpose,

A study was recently completed at Brookhaven Naticnal Laboratory on skeleta
metabolism and body composition in patients with acromegaly., The disorder was
characterized by markedly increased levels of HGH and total boedy Ca, N, P, C1, Na
and K, In addition, compartmental analysis, with %7Ca used as the kinetic tracer,
revealed markedly accelerated aceretion rates (39),

B, Specific Aims

The aim of this study is to evaluate the effect of long-term administration
of growth 'hormone to osteoporotic patients, The growth hormone acts to Increase
the skeletal uptake of calcium and therby increases bone density and skeletal mass,
This increased skeletal mass should serve to diminish the rate of spontaneous
fracture, bone pain and other ccocomitants of osteoporosis.

C. Methods of Procedure

1. Subjects: Ten patients over 530 years of age with primary osteoporcsis
will be selected for therapy. All subjects will have extensive osteoporosis, l.e,,
vertebral compression fractures,

2, Baseline Studies: Subjects will be hospitalized in the Medical Research

Center for 17 days, and maintained under classic balance conditions, In addition to
routine studies (including skeletal survey, oral glucose tolerance test, and urinary
Page ol T Pruscro: 1970 — sTo-tee
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hydroxyproline), the following will be performed:
a. calcium balance study with controlled diet;
b, compartmental analysis, using Q?Ca as the tracer over a ten-day
period;
c, iliac crest biopsy for analysis by quantitative wicroradiography;
d., total body neutron activation analysis.

Dosage: Subjects will receive 2 units daily of HGH for a period of one year,

Patients will be instructed in subcutanecus injection techmique so that this can be

performed on an outpatient basis,
Follow~up: Subjects will be evaluated on an out-patient basis at monthly ifntervals.

Laboratory data taken at these times will include BUN, FBS, Serum Ca, P, Alkaline

phosphatase, CBC, reticulocyte count, SGOT, bilirubin, toral protein, and A/G ratio,
In addition, 24-hour urine cellectiocns will be obtained for analysis of Ca, P,
hydroxyproline and creatinine,

At six-week intexvals fecllowing the initiation of HGH therapy, the subjects
will undergo TBNAA for quantitative determination of total body Ca, P, N, Cl, and
Na; 40g »ill be determined as well,

Final Study Period: At the end of one year, subjects will be readmitted to the
research center, and all baseline studies will be repeated (i,e., Ca balance,
compartmental analysis, quantitative mieroradiography, and TBNAA).

At the end of the first year, depending on the progress, half of the patients
will be continued on HGH and the other half will receive synthetic calcitonin in
addition to HGH. The latter procedure is an effort to decrease the bone resorpticn
rate while continuing to stimulate the skeletal accretion rate by HGH. These ’
studies will be continued during the third year with the dose of HGH adjusted,
depending on the results achieved to that time, ’

D, Significance

If the effects of HGH on skeletal metabolism are beneficial in an
osteoporotic population, growth hormone will be a useful therapeutic agent in the
therapy of osteoporosis when it becomes available in sufficient quantity,

IV. Effect of Physical Activity on Body Composition in Osteoporotic Patients

A, Introduction

1. Objective: To evaluate the effect of physical activity on skeletal
mass and lean body mass in 2 geriatric population.

2., Background: The osteoporosis that results from immobilization of
patients is a common clinical problem which serves to emphasize the importance of
physical exercise in calecium homeostasis, The typical osteoperotic patient is a
small, frail dowager, and it has been suggested that the diminished physical
activity of this individual is one of the contributing factors leading to
osteoporosis,

There are a number of ocobservations which suggest that physical activity can
prevent the osteoporosis that develops from immobilization or decreased physical
activity. In the clinical situation Whedon (40) demonstrated that the negative
calcium balance of disuse can be diminished by use of an oseillating bed, Issekutz
(41) showed that simply rising to a standing position diminishes the negative
balance of immobilizaticn.

Donaldson (42,43) was able to demonstrate an increase in the weight of the humer

}
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of rats exercised on drums, Mice exercised on a treadmill also developed bones with
greater ash content that were more resistant to fracture than those of the countrols
(44).

in elderly patients, exercise was shown to increase the bone accretion when
measured with radicactive tracers (45). Smith (46) observed an increase in bone
density in elderly subjects following an exercise program. A 2.6% increase in
bone mineral was determined by photon transmission spectrometry after eight months
of an exercise program. The differences noted between members of the exercise group
and those in the control group, which did not exercise, were not significanc, It
should be emphasized, however, that this technique measures the changes in density
of the radius only, and does not necessarily reflect the entire skeleton, The only
technique that is capable of measuring small changes in skeletal mass 1s TBNAA.

3. Rationale

It is reascnable hypothesis that a program of light exercise or physical
therapy can increase bone mass and ameliorate some of the symptoms of osteoporosis
such as spontaneous fractures, '

B. Specific Aims

The aim of this study is to measure skeletal mass by total body neutron
activation, and bone density by 1251 photon densitometry before and after a one-year
period of physical exercise. By comparing the rate of change c¢f skeletal mass
{and lean body wmass) along with a contrast non-exercising group, the effects of the
exercise on skeletal mass may be quantitated, :

C. Methods of Procedure

All studies will be performed on an cutpatient basis, Patients will be
evaluated in the cliniec of Breokhaven National Laboratory at 3 month intefvals, Thard
will be two treatment groups: one receiviog only calcium supplement, and the other
also. receiving calcium supplement and also exercising. ‘

Patients; Twenty patients will be selected on the following basis;
1. absence of diseases or drugs known to affect bone metabolism;

2, ambulatery;

3. not greatly deviated from ideal weight;

4

osteoporosis diagnosed on the basis of x-ray and/or the Norland-Cameron
densitometer;

5. absence of relative contra-indicatiocns to exercise,

Patients are to be matched in each group for age, sex and race,

1, Regular diet: 1000 mg Ca will be prescribed,

2, Special diet: For 3 days every 3 months patients will be on a low
hydroxyproline diet for urinary collections,

Neocalglucon, 15 cec tid, with meals will be given to each group.

Physical Activity

All patients will be encouraged to remain active. The patients who are in the
physical activity group, however, will participate in programmed physical activity.

Baseline Studies:

L. Routine: CBC, urinalysis, urine and § erum Cs and » alkaline phospharase
T 1
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electrophoresis, thyroxine, BUN, FBS, EEG,
2, Skeletal survey and chest x-ray.
_ 125 ,
3. Bone density using I photon densitometer,
4, Determinaticn of QOK (an index of lean body mass) by whole body counting.
5. Determination of total body Ca, Cl, Na, and P by TBNAA.

Follow-Up

All studies except x-rays and EKG will be repeated every three months
for a period of one year. At the end of ome year the x-rays and EKG will be repeated.

D. Significance

If limited physical activity can increase the skeletal mass in a geriatric
populacion with mild ostsoporosis, this should provide a means to decrease the
incidence of ogdtecporotic sSymptoms such as spontaneous fracture, Such a program of
simple therapeutic exercise may be of benefit to a large segment of our society. The
procedures ta be followed may be very simple.

V. Bodv Composition as a Function of Age in 8 Normal Population

A, Introduction

1. Objective: To characterize the changes in skeletal mass (total-body
calcium) and lean body mass {total-body potassium) in boch a white and 2 black pop-
ulation as a function of age.

2. Background: Several studies have attempted to relate serial changes in
skeletal mass with age (55-57). Data for the assessment were derived from changes in
stature as well as changes in bone density of the appendicular skeleton. Only since
the advent of the technique of total-body neutron activation analysis has it been
possible to measure directly the total-body calcium, and hence, the skeletal mass,
Changes in lean body mass with age have also been measured, butf not in conjunction
with the body composition of other elements such as calcium, phesphorus, sodium and
chlorine., Differences in skeletal mass and lean body mass have been observed
between males and females, A study of a black and white population indicated a
difference in lean body mass when potassium was expressed in g/Kg body weight (58).

3, Rationale; 1In order to determine absolute deficitg in skeletal mass
(TBCa) and lean body mass (TBK), it ig first necessary to establish normal levels
as a functicn of age, sex and race, The normal range of values for TBCa and TBK can
be established from data taken on individuals covering the adult age span. It should
then be possible to develop a mathematical model for both skelecal and muscle mass as
a function of age. Once the baseline values and cheir variability are determined, it
is possible to determine the deficit of TBCa and TBK in an individual, Hence there
will be available diagnostic criteria for the evaluation of the degree of osteoporosig
and muscle loss in individual patients.

The difference in body composition between males and females has already been
astablished for TBK (50, 59, 60). It should be poasible to establish the differences
as well for Ca, P, Na and Cl, and addiriomally, their inter-relatcionship. 1In like
manner, differences in body composition between black and white subjects can also be
investigated, and further, can be related to age.
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B. Specific Aims

1. A large population or normal volunteers (male and female, black and
white) will be analyzed by total-bady neutron activation analysis.
Their absolute levels of Ca, P, Na, Cl and K will be measured. Five
male and five female subjects will be measured for each decade from age
30 through age 89, in order to cover the span over which normal subjects
lose Ca and hence decrease in stature,

2. From the data, 2 macthematical model will be established toe characterize
loss of TBCa in terms of height, TBK and other significant parameters.

3. Data from an individual could then determine the degree of deviation
from the normal with respect to TBCa, and hence provide a gquantitative

diagnosis of the degree of osteoporesis where iC exists.

C. Methods of Procedure

1. Subjects

The skeletal mass and the lean body mass in 60 white and 60 black males
and females will be measured by TENAA. The average bedy levels of Ca,
P, Na, Cl and K will be determined for these adults from age 30 to age
89, Hence the normal level of bedy calcium, phosphorus, sodium, chloring
and potassium will be establshed with sex, age and race as parameters.

2. Baseline Studies

A clinical examination will be conducted for each subject, Appropriate
history yielding informatiom pertinent to calcium metabolism will be
recorded in a manner easily translated to computer input. An extensive
computer analysis of the relationships of the pertinent parameters of
Ca metabolism will be undertaken.

D, Significance

The cotal body composition of caleium, phosphorus, sodium, chlorine and
potassium will be determined in a normal population for the first time, These
meagurements can be made with the use of the unique technique of total-body neutron
activation (TBNAAY, It will be possible to state the mean value and deviation of
skeletal mass and lean body muscle mass of normals, zs a function of age, sex and
race, This information is of course of basic physiclogical interest. However, it is
addicionally very important in that it provides quantitative measures for the deter-
mination of the degree of osteopcrosis, and can also yield quantitative information
on efficacy of various therapies,
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E. Facilities Available

A 48-bed research hospital with metabolic wards {s available for subjects
in the kinetic studies, and also for the eclinical work-up of all subjects, A
complete chemical laboratory with all standard equipment is available. Further,
the most advanced computer facilities are available for the collation and analysis
of the data.

The two Erincipal techniques employed in these studies on calcium’'metabolism
of osteoporosis-47Ca tracer kinetic studies and total-body neutron activation
analysis (TBNAA) -- were developed and have been in use at Brockhaven National
Laboratory.

1, ¥XKinetie¢ tracer studies with 47Ca are carried out to provide data for
compartmental analyses (47)., These metabolic studies can only be performed on the
metabolic ward of a hospital, The scolution of the differential equations for the
compartmental meodel are performed at high speed by the large BNL computers,

2. The in-vivo neutron activation, a newly developed quantitative technique,
is used to measure the total body caleiuvm and phosphorus. The whole-body neutron
activation technique has made it possible, for the first time, to make an absolute
measurement of total body Ca, This direct measurement of Ca (which is proportiomal
to skeletal mass) provides a quantitative means for assessing the changes induced
by varicus therapies in osteoporotic patients.

There are, at the present time, only two other total-body neutron activacion
facilities in the world, The other facilities (the University of Washington and the
University of Birmingham) utilize a cyelotron for neutreon activacfon. These
instruments were designed for use in physics research, and are not primarily adapted
to medical research (48).

The new BNL patient irradiation facility utiliﬁgg partially moderated 4,5 MeV
neutrons., It 13 composed of 14 encapsulated 50 Ci Pu,Be sources (13). It is
the first neutron irradiation facility designed scolely for medical research (13), It
gives results considerably more precise (17%) than those obtained by previously used
techniques, It also has a number of advantages, For example, the radiacion dose to
the patient in this procedure i{s 0,277 rem, which is approximately 1/10 of the dose
received in the two other activation facilities,

The induced activities are measured with the 34-detector BNL whole-bady counter
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with its on-line computer (49). The counter represents the most significant advauce
in whole-bedy counting in recent years, In addition to having a high sensitivity,
the counter is unique in having an invariant counting response to the geometry and
the attenuation of the emitted gamma radiation, The whole-body counter also permits
the most accurate measurement of total-body potassium (an index of lean body mass,
50). The total body K is used in the prediction of normal total-body calcium in
each subject.

This whole body neutron activation technique has been applied in a number of
clinical research projects which involve skeletal metabolic disorders other than

osteoporaosis (51«54},

F. Collaborative Arrangements

This project is a unique example of an inter-disciplinpary approach to a medieal
problem that could only be undertaken in a large research center such as Brookhaven

National Laboratory,

In approaching the problem of characterizing, preventing and treating the
condition of osteoporosis, the unique facilities and expertise of the staff of
Brockhaven National Laboratory are utilized. The essentfal techniques employed,
total-body neutron activation analysis and compartmental analysis of kinetic data
derived from radioactive tracer studies, were developed ar BNL, The development
and application of these techniques requires the combined talents of physicists,
computer experts, medically oriented scientists, engineers and electronic specialists,
In addition, all of the techniques employed utilize the high-speed computers
available at BNL for the collection, storage and analysis of the data, Further,
the medical aspects of the study require a metabolic ward and the facilities of a
research hospital such as that at 3ZNL with its specialized staff of dieticians,
nurses and health physics specialiscs,

Collaborating medical personnel from other institutions in the area include
endocrinologists, specialists in metabolic bone disorders from Dovmstate Medical
Center, Nassau County Medical Center and the Mayo Clinic, All of these individuals
(with the exception of Dr, Jowsey) hold collzborative staff appointments in the
medical department of Brookhaven National Laboratory,
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