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BUdINGER, T. 
CARDIOVASCULAR FLOW AN0 METABO 

I .  INTRODUCTION TO THE PROGRAM PROJECT 

The mjor underlying t h e m  o f  thls program project Is the perfection of methods 
for the detection and characterization of atherosclerosis and the evaluation of 
Ischemia, particularly in the heart, but also in the braln. The biological and 
medlcal issues which we have been addressing over the past few years are: 

early detection of coronary artery disease by noninvasive methods, 
noninvasive sizing of the volume of infarcted and ischemic tlssue, 

early detection of hypertension, 
evaluation of glucose, fatty acld, and protein synthesis in the myocardium, 
noninvaslve methods for determining the composition of atheromata, !I evaluation of the biological properties of the arterlal wall in the normal 
and diseased states using tracer methods, and, 

8) investigation of, the glycogen and lipid composition of skeletal muscle in 
patient groups with various 1 ipoprotein patterns. 

The methods used Include noninvasive techniques of determining body metabolism 
as well as quantltatively Imaglng flow in three dimenslons using positron emission 
tomography, nuclear magnetic resonance, dynamic spectrometry of exhaled metabolites, 
and HPLC analyses o f  metabolltes of the injected tracer In plasma samples. 
addition to and in support of the blological and medical projects, thls program 
Includes development of new instrumentation and cyclotron based radiochemical 
syntheses. 

The previous program was based on the Donner 280-crystal positron emission 
tomograph. Initially thls instrument was designed to image the spatial dlstrlbution 
of rubidium-82 in the heart as a method for the evaluation of Infarct slze and 
relative perfusion. Rb-82 (a potassium analog) i s  a posltron ernltter available from 
a table-top generator. Because thls cation has a 76 sec half-life, myocardial per- 
fusion imaging can be performed repeatedly over short time intervals. This system's 
design and construction was conceived at approximately the same time as the PET sys- 
tems bullt at Washlngton University by Drs. Ter-Pogossian, Phelps, Hoffman, Mullani 
and others; however, because our plans required the ability to use rubldium-82 for 
sequentlal studles of the myocardium tn transverse section, the deslgn required a 
statlonary system capable of rapid data acqulsition, with special crystal and 
mechanical properties that had to be developed (1). The system was developed under 
NIH as well as DOE fundlng. 

I I. 

than ten years. The speclflc emphasls on the human heart comnenced twelve years ago 
(2) when Program Dlrector Thomas F. Budlnger and chemist Yukio Yano undertook 
studies with radlonuclides that accumulate in the heart. Our studies were directed 
toward flndlng a sultable lmaglng agent for the heart with the objectives o f  
diagnosls of coronary a r t y y  dlsease and quantification of the myocardial region at 
risk. We studied the roperties o f  eight radionuclides (Cs-129, Rb-79, Rb-81, 

years in 80 patients. After each study we analyzed the limitations and moved along 
the path to a solution. Because these former techniques, widely used today in 
practical clintcal studles, told us little about the mechanism of the disease, In 
1972 we lnvestlgated dynamic flrst pass functional gated blood pool imaging (3). We 

evaluation o f  the metabolism of the compromised and normal myocardium, 43A0N3u 7v183ivm Ig\iAgv~,ud 

- 

In 

' 

HISTORICAL BAACKGROUND AND EVOLUTION OF COLLABORATIONS 

Our efforts in remote Imaging and measurement of flow have contlnued for more 

Rb-82, K-43, T1-201, 1 ! NH4, and 11CN) and dlfferent imaging methods over eight 
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turned t o  tomographic methods f o r  evaluat lng perfusion, including the f I r s t  mul t fp l  e 
plnhole Imaging of the human heart I n  1973 4) ,  the f l r s t  gated human heart trnaging 
of 11-201 I n  transverse sect lon i n  1975(5,6 I ,and f l n a l l y ,  the f i r s t  human hear t  
imaglng I n  transverse sect ion before and a f te r  exercise In 1979 (7). w l t h  @Rb. 

t o  ernlsslon-tocnagraphy was also a major basic element o f  our cardlovascular research 
object ives (10). 

Posi t ron Emisslan-Tomography 

our object lves requlred substant la l  changes I n  approach. Now t ha t  we can image 
i n f a r c t s  less than 1 cc I n  volume and understand the behavlor o f  rubldlum uptake, 
our medlcal and b l o l o g l c a l  object lves o f  the past years can be pursued. Thls f s  not 
t o  say we w e  s a t l s f l e d  w l t h  our present instrumentation. Indeed, though the Donner 
280-crystal dynamic pos l t ron emission tomograph i s  able t o  perform the human and 
animal experlments proposed I n  t h l s  program, there are Important l lm l ta t tons  i n  the 
present s lng le  sect lon deslgn. The basic improvement we seek I s  the a b i l l t y  t o  
slmultaneously acquire seven transverse sections o f  t h e  heart. To implement such a 
large Improvement I n  our present system, research I s  required I n  key components such 
as s c l n t l l l a t o r s  and t h e l r  coupling t o  phototubes-or other detector elements. 

The construct lon o f  a mu l t i l aye r  system worrld Involve over $2 m l l l l o n  and the 
devotlon o f  researchers t o  an englneerlng e f f o r t  whlch would exclude them f r o m  
embarking on new research i n l t i a t l v e s  and from appl icat ions o f  the present ly ava l l -  
able Instruments t o  cardlovascular research. Thus we have transferred many aspects 
o f  our technology t o  Indust ry  and have been successful I n  that  The Cyclotron 
Corporation I s  produclng a three-level (two r i n g )  PET f o r  Imaging the thorax. This 
devlce w l l l  be purchased by Case Western Reserve Unlvers l ty  and we w l l l  use i t  t o  
complete our protocols before t rans fe r  o f  the instrument t o  Cleveland. 

A t h l r d  PET devlce fo r  very high reso lu t l on  lmaglng i s  now under construction by 
our group. Thls devlce was desfgned f o r  lmaglng b lo log l ca l  propert ies o f  atheromata 
I n  the carot lds of man, aortas of monkeys and dogs, and hearts o f  dogs. This s ing le 
l aye r  research devlce of 600 c rys ta l s  w l l l  provlde an in-plane resolut ion o f  2 t o  
3 IMI f u l l  w ldth a t  h a l f  m a x i m  (FWHM). 

' 

Development of s t a t l s t i c a l  aspects and mathematlcal, algorlthmr (8.9) applicable 

U n t l l  recently, as each mllcstone was reached, we could see the r e a l l z a t l o n  o f  

PR~VACYACT MATERIAL REMOVED * 

. 

' I n  Vivo Quan t i t a t l on  o f  Physlologlcal  Processes 

The two baslc methodologlcal problems addressed by t h l s  program p ro jec t  are 
f i r s t ,  separation of the reglon o f  I n t e r e s t  from the  background, and second, deriva- 
t l o n  of p h p f o l o g l c r l  r a t e  constants from the accumulatlon data k inet ics .  The f i r s t  
problem I s  I n  good par t  solved by  emlsslon computed tomography. However, success I n  
the  a b l l l t y  t o  tmge dynanicrlly the uptake and washout o f  radionuclides i n  any 

. po r t l on  o f  t he  body i s  not t h e  complete so lu t l on  t o  the stated problem. Within each 
volume element being studied there I s  another superposltion problem: the vascular 
compartment, i n t e r s t l t l r l  f l u l d  space, and h t r a c e l l u l a r  compartment are a l l  
present, thus cons t l t u t l ng  funct ional  as we l l  as spa t ia l  superposition. 

some Independent measure of blood flow or a reference tracer. No s ing le method 
e x l s t r  a t  present f o t  t he  determlnatlon of t he  contr lbut fon o f  flow, metabolism and 
the Input funct ion t o  the amount o f  mater la l  whlch accumulates i n  or passes through 
sane por t l on  o f  t h e  cardlovascular system or target  organ. 

To obta ln  physlologlcal  r a t e  constants, we e s t  use k i n e t i c  models, including 
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mathema t 1 c a l  statement: 
What we measure with In jected radionucl ides can general ly be descrlbed by the 

T 
Q(T) * F E I A( t )d ( t )  . 

0 

Thls equatlon, whlch I s  derlved from a basic statement o f  t h e  conservation o f  mass, 
s ta tes t h a t  t h e  amount accumulated up t o  time T equals f low tlmes ex t rac t ion  tlmes 
amount de l lvered i n  t h a t  t ime in te rva l .  We have learned that t h i s  simple model I s  
too r e s t r l c t i v e ,  perhaps even f o r  a ca t ion  such as Rb+. 

The basic problem I n  the  past was the  need t o  detennine both f low and metabolism 
from the amount o f  an I n e r t  o r  metabollzable substance whlch accumulates i n  some 
organ. The statement of Eq. (1) I s  n a t u r a l l y  modifled by other terms t o  include the 
amount whlch disappears through rad loact lve decay and metabolism. That Is,  t h e  
change i n  t h e  amount o f  a substance which accumulates I n  an organ wlth t ime i s  equal - t o  the  f l o w  times the concentratlon In minus the concentration out, minus the  amount 
t h a t  disappears due t o  rad ioact ive decay and metabollsm. Even w i t h  t h i s  more com- 
p l e t e  model It i s  not  a simple matter t o  deduce flow, metabolism o r  ext ract ion f r o m  
analysis of the  uptake-washout curves I n  some organ. Another term misslng from 
Eq. (1) i s  the  t i ssue blood pool contr ibutlon, and o f  great  Importance i n  understand- 
ing the  meaning o f  our data i s  a knowledge o f  the chemlcal f a t e  o f  the label  i m e d l -  
a t e l y  a f t e r  in ject ion.  For these reasons, more complex models are t o  be examlned 
and HPLC analyses and autoradiogtaphlc procedures are being incorporated i n t o  the 
PPG. 

PR'VACYACTMA7ER'AL 

MR - 
An i n l t i a t l v e  w'hlch comnced  f l v e  years ago with Professor Jerome Singer on NMR 

Imaging o f  f law was n o t  supported durlng the past two years i n  t h i s  program pro ject  
and no work on f l o w  lmaglng using N4R was pursued by the  P.I. However, we have 
focused on t h e  hea l th  hazards o f  NMR (11) and the  use o f  NlR proton Imaging as a 
p o t e n t i a l  t o o l  f o r  t h e  detection and character izat ion o f  ischemlc heart disease and 
on h igh  reso lu t ion  submll l lmeter imaglng o f  a r t e r l a l  wa l l  composltlon I n  an e f f o r t  
t o  understand t h e  na tura l  h i s t o r y  o f  atherosclerosis. I n  addition, we now bel ieve 
we can evaluate nonlnvaslvely the r e l a t i v e  abundance o f  various l i p l d  classes and 
glycogen i n  human ske le ta l  muscle using carbon-13 NMR. I n  order t o  pursue these 
objectives ne are acqui r lng a 30 un, 1.9 T Imaging system from Bruker Instruments 
(West Germany) w l t h  funds made ava i lab le  outside the  program pro jec t  budget. I n  
addit ion, three other  Imaging systems f o r  the whole body w i l l  be avai lable t o  t h i s  
program pro jec t  wi thout  a s i g n l f l c a n t  f i n a n c i a l  burden. 

111. NEW COLLABORATOR3 

others involved In  noninvasive imaglng, and our team a t  Oonner laboratory  are belng 
amalgamated i n  the  fo l low ing  areas: 

Comparison o f  HMR t o  PET f o r  study o f  Ischemlc hear t  disease. Or. Llpton, 
Or. Herfkens, Or .  Schi l ler ,  Dr. Botvinick, Or. Margulis, Or. Kaufman, 
Or. Crooks ( a l l  UCSF); Dr .  R. A l f l d i  (Case Western Reserve Universlty), Or. 

New photon detector systems. Dr. Peschman and Dr .  Boyd (UCSF). 

C o m n  in te res ts  among Un ivers i ty  o f  Cal l forn la ,  San Francisco (UCSF) groups, 

1. 

. Wil l iam Mclntyre (Cleveland C l i n i c ) .  

2. 
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BWlNGER, 1. - 
3, Carbon-13 top i ca l  NMR studles. R. Nunl lst  (UC Berkeley), Or. Nunnally 

( l h i v e r s l t y  o f  Texas Health Science Center, Dallas), O r .  Matwiyoff, 
Dr. London (Lo, Alamos S c i e n t i f i c  Laboratory), Or. H i l l c o t t  (Baylor 
Un iver  si ty) . 
Flow and metabollsm In  the myocardium. Dr,  Renkln (UC Davls), O r .  
Schelbert (UCLA) . 
Composition o f  t h e  a r t e r l a l  w a l l  and t h e  re la t ionships between muscle l l p l d  
patterns and l ipoproteins.  Or. Krauss, Or.  Nlchols (Companion Program 
Pro ject  a t  Donner Laboratory). 

B lo log lca l  propert ies o f  t h e  a r t e r i a l  wa l l  measured by t racer  techniques. 
Dr. Pr l cc  (UCSF), Or .  Krauss (UC Berkeley). 

4. 

5. 
c 

6. 

I V .  SLMMPRY OF PROJECTS AND CORES 

ProJe:t.lp The basic myocardial f l a w  and metabolism Imaging object lves o f  t h i s  
PPG compr se  r o j e c t  1. 
glucose metabolism models uslng F-18 deoxyglucose i n  dogs and mn. A combination o f  
these methods I s  proposed as a new t o o l  f o r  evaluation of myocardial ischemla. 
Amino ac id  studles Include evaluatlon o f  methionine and taur lne k ine t i cs  i n  the 
myocardium w i  t h  PET and w i th  high resolut ion autoradlographic methods f o r  assessment 
o f  t he  c e l l u l a r  l o c a l l r a t i o n  o f  taur ine.  

Projec: 2 The major ob ject ive o f  Pro ject  2 i s  t o  develop a method f o r  the 
measuremen o f  p l a t e l e t  dynamics a t  a r t e r i a l  s i t e s  and f o r  noninvasive measurement 
o f  p l a t e l e t  d i s t r i b u t i o n  i n  man uslng 68Ga-labeled p la te le t s  and a new, high reso-  
l u t i o n  PET device. Animal studies w i l l  be followed by studles o f  pat ients w i t h  
t rans len t  ischemic 'attacks and pat ients  undergolng vascular surgery. 

We w i l l  employ nonlnvasive flow methods using Rb-82 and 

Invest igat ions o f  the e f f i cacy  o f  hyperbaric oxygen and o f  
i n  the treatment o f  ischemic b ra ln  dlsease w l l l  be conducted I n  the 

ca t  using a middle cerebral a r t e r y  occluslon model. Flow and metabolism w i l l  be 
measured using autoradlographic methods i n  the ca t  t o  evaluate the e f fec ts  o f  these 
Interventions. The h lgh  reso lu t i on  PET system w i l l  be used p r lmar i l y  t o  develop f o r  
man, a new radiopharmaceutical, 1221-dlmethoxy-phenylalkyl amlne f o r  measurement 
o f  cerebral blood f law.  Thlr system w i l l  be applied t o  the evaluation o f  cerebral 
vascular disease and methods o f  treatment. 

card ovascu ar research w i l l  be studied: 1) a comparison o f  the r e l a t i v e  s e n s i t l v i t y  
o f  PET and tMR for the detect ion o f  Ischemia i n  the dog and human myocardium; 2) 
development and use o f  a submill imeter imaglng devlce f o r  detect ion and charac- 
t e r i t a t l o n  o f  r t h a o r c \ e r o t i c  lesions i n  animals and man; 3 )  evaluation o f  the pos- 
s i b l e  hazards from induced e l e c t r i c  currents from r a p i d l y  changing magnetlc f ie lds;  
and 4) Invest igat ion o f  t he  C-13 spectra o f  ske leta l  muscle glycogen and l i p i d s  
before and a f t e r  exercise I n  populations with spec i f i c  1 ipoprotein patterns, using 
top l ca l  magnetic resonance techniques i n  man. 

P;oJect S Thls p ro jec t  focuses on new instrumentatlan developments f o r  posi t ron 
m i s s  on tomography. A 2-3 mn reso lu t i on  PET device i s  t o  be completed i n  the f i r s t  
year, and during subsequent years a new sc in t l l l a to r -de tec to r  system appl icable t o  
hlgh  reso lu t i on  PET and s lng le photon tomography w i l l  be perfected. Thls new 
detector asscnbly w i l l  be used t o  b u i l d  a two r i n g  ( three l e v e l )  system f o r  pat ient  
and animal studies of Projects 1, 2, 3,  4 and as a prototype f o r  t ransfer t o  
comnerci a1 devel opers . 

{roject14 Four aspects o f  nuclear magnetic resonance (M) appl icat lon t o  
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P ~ j e c t  6 The computer science and d l g l t a l  e lect ron lcs aspects o f  pos i t ron 
emlss on tomography and MR comprlse t h i s  pro ject .  New high speed e lect ron ics con- 
f lgurat ions and development o f  advanced algorithms and compartment models contr ibute 
t o  Projects 1, 2, 3, 4, and 5 as we l l  as t o  computational sciences o f  noninvasive 
Imaging. 

Core A i s  a r a d l o p h a m c e u t l c a l  development core nhlch serves Projects 1, 2, and 
3. m s  tadlopharmaceuticals have been and are i n  process o f  being developed, 
lnc lud lng a new synthesis o f  carbon-11 taur ine  and already published syntheses o f  
carbon-11 Val ine, carbon-11 p a l d t l c  acid, f luor lne-18 deoxyglucose, etc. The core 
Includes the  contlnulng developnent o f  a rubldium-82 generator f o r  use I n  Projects 
1, 2, and 4. 

, 

- Core B i s  an admln ls t ra t lve core. 

V.' INSTITUTIONAL ENVIRONMENT AND RESOURCES 

Donner Laboratory i s  located on the  Berkeley campus adjacent t o  the  Lawrence 
Berkeley Laboratory. Donner Laboratory I s  dl rected by Professor Edward Alpen who i s  
a lso  Assoclate Di rector  o f  t h e  Lawrence Berkeley Laboratory, a nat ional  laboratory 
o f  about 3,000 employees. The work t o  be done w i l l  be accompllshed through the use 
o f  resources I n  the  Blology and Medicine D iv is ion  *of  t h e  Laurence Berkeley 
Laboratory. Thls d i v l s l o n  I s  general ly known as Donner Laboratory. 

Laboratory are: the  presence o f  the  280-crystal Donner r ing; a new 2 t o  3 mm resolu- 
t l o n  PET under construction; an NMR Imaging system f o r  anlmals and arms and legs o f  
patlents; the Rb-82 generator; the  a v a i l a b i l i t y  o f  a cyc lo t ron f o r  preparation o f  
radlo.nuclIdes; an animal colony w i t h  approprlate surg lca l  f a c l l l t i e s ;  computer 
f a c l l i t l e s  f o r  sophlst lcated k i n e t i c  analysis; microsphere counting laboratory; 
Harmon Gymnasium exerclse physiolugy program; and a convenient c l i n i c a l  se t t ing  f o r  
r e f e r r a l  patients. Figure 1 Is a schematic which shows the general loca t lon  o f  the 
f a c i  1 1 t l e s  avai lable. 

The major l n s t l t u t l o n a l  advantages a t  Donner Laboratory and the  Lawrence Berkeley 

V I .  ORGANIZATIONAL AND ADMINISTRATIVE STRUCTURE OF THE PROGRAM PROJECT 

The organlzatlonal s t ruc tu re  f o r  the most par t  f o l l a u s  na tura l l y  from the 
, 

D i rector  has appointments a t  the  Lawrence Berkeley Laboratory and the Department o f  
E l e c t r l c a l  Engineering and Computer Sciences, Unlvers i ty  o f  Cali fornia, Berkeley. 
I n  addlt lon, he 1s t h e  head o f  the Donner Medlcal Group, which i s  a pat ient  care 
group, and I s  head o f  t h e  Oonner Research Medlclne Group. He reports t o  the  Di rector  
o f  the Donner Labomtory, Professor Edward Alpen, f o r  Laurence Berkeley Laboratory 
r e s p o n s l b l l i t l e s  Md to Professor 6eorge Tur in  f o r  academic responsib i l  i t l e s .  The 
lnlrest lgators o f  Pro jects  2, 5, and 6 repor t  d i r e c t l y  t o  the Program Director. 
Professor P h i l i p  Uelnsteln reports t o  Professor Charles Wllson o f  UCSF and i s  a guest 
s c l e n t i s t  I n  t h e  Research Medlclne Group a t  Donner Laboratory. Professor George 
Brooks has become an associate menber o f  t h e  Donner Research Medicine Group and par- 
t i c i p a t e s  I n  s c l e n t l f l c  studies on l a c t a t e  metabolism. 

Advisory Groups 

w e l l  as Dr. Thornton Sargent. The Executlve Cornnittee w i l l  meet formally monthly t o  
rcvlew s c l e n t i f l c  progress, budget status, and advise on personnel and program 
changes. 

.organizat ion o f  t h e  Research k d l c l n e  Group a t  Donner Laboratory. The Program 

The Executive Comnlttee I s  comprlsed o f  Pro ject  Leaders o f  the  SIX projects as 
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We propose an annual review o f  the  program wlth advisors from other Ins t i tu t ions ,  

1) 

lnc lud lng other  par ts  of the Unlvers l ty  o f  C a l  i fo rn ia .  Proposed advisors are:  

Professor J u l i a n  Hoffman, Unlvers i ty  o f  Cal i forn ia ,  San Francisco 
Professor Gene Renkln, Univers i ty  o f  Cal i forn ia ,  Davls 
Professor M. Paul Capp, U n l v e r r l t y  o f  Arlzona 
Professor Domlnlque Comar, Hopi ta l  0' Orsay, France 

a1 O'BrIen, Los Alamos S c l e n t i f i c  Laboratory 
R. Wil l lam Brody, Stanford Un lvers l ty  
Professor A1 Macovski, Stanford Univers i ty  
Professor Helnr lch Schelbert, UCLA 

Matwlyoff, Los Alamos S c i e n t i f i c  Laboratory 

Managerial Respons I b  11 1 t i  es 

who I s  the Research Medlcine Group admin is t ra t ive assistant. 
appropriate with Mr. Baird Whaley, who I s  the Donner Laboratory Personnel and 
Flnanclal Off icer, and the Donner Laboratory F isca l  O f f i c e r  f o r  N I H  a f f a i r s ,  
Mr. Wendell Hom. 

Relat ion t o  M h e r  Rescarch~Programs 

This program pro jec t  (now I n  I t s  t h l r d  year) involved a consolidatfon of e f f o r t s  
prev ious ly  supported by the Natlonal I n s t i t u t e s  o f  Health (NIH), the Department of 
Energy (DOE), and the  Natlonal k l e n c e  Foundation (NSF). The DOE support of aspects 
o f  the  nuclear chemlstry and nuclear physlcs and mathematics I s  v i t a l  t o  our overa l l  
program. There e x i s t s  a strong co l laborat ion between our group and other DOE 
laborator les i n  the  areas o f  new detector development. For example, the Stable 
Isotopes program a t  Los Alamos S c i e n t l f i c  Laboratory i s  essential t o  a 13C NMR 
pro gram. 

The day t o  day admin is t ra t ive d e t a i l s  w i l l  be monitored by  Ms. Linda Lutgens, 
She w i l l  consult when 

We ant lc lpa te  many o f  our f a c l l l t i e s  and some personnel ta len ts  w i l l  be shared 
with another program pro jec t  extant a t  Donner Laboratory: "Llpoprotein Methodology 
and Blomcdlcal Appl Ications", F. Lindgren, Pr inc ipa l  Invest lgator .  A t  present we 
share c l l n i c  space and the G l l f o r d  autoanalyzer. I n  addltlon, we perform blood 
chemistry analyses f o r  t h i s  program pro ject .  The 2000-patient 1 ipoprotein survey by 
tha t  program pro jec t  was s e t  up i n i t i a l l y  I n  co l laborat ion with Dr .  Budinger. The 
pa t ien t  a c t i v l t l e s  of both programs are formal.ly under the  Donner Medical Group. 

' 

Designation. o f  R e p l a c e m t  f o r  Prosram Oirector 

Should It b u m  necessary t o  appoint a replacement f o r  the  Program Director, 
Professor Edward Alpan,  Olrector  o f  Donner Laboratory, i n  consultat ion w i t h  the 
Executive Comnlttce and t h e  Advlsory Comnittec w i l l  se lect  the  Program Director. 
There are a nunbcr o f  senior s t a f f  a t  Donner Laboratory who are cognizant of the 
overa l l  t h m  and competent i n  both c l l n l c a l  and physiological aspects of t h e  
approach o f  t h l s  program. Dr. Stephen Derento w i l l  lead the instrumentation aspects 
o f  the  program and one o f  t h e  fo l low ing  ind iv idua ls  w i l l  guide the medical aspects: 
Dr. Shlr ley Ebbe, Or. Ronald Krauss, Dr. Jack Fabrikant. 
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fduouing intravenous inject ion has been studied by Jones and Copp (49). 

I n m e d i A t t s  Uptake Of Strontium in the 

anlmals ra8 greater  than in the adult animals. The greatly increased renal 

clearances of strontium in the rachi t ic  group suggeeted an effect o f  r ickets 

upon tubular reabsorption of the element. On the basis  of this work, Jones 

ha8 suggested a hypothetical mechanism for  bone calcification. He has pos- 

tulated an initial labile combination of the strontium in bone, followed by 

fixation a i  bone salt in normal animals. 

bones O f  the young nmml and rachi t ic  

The local izat ion of strontium i n  the areas of ac t in  bone formation 

ha8 suggested i t s  use f o r  the radiation treatment of osteogenic sarcomata 

(%,51). However, such use of radiostrontium in therapy is rest r ic ted ?xy 

diatribtrtion and retention of this eiement in bone, with the 

?-0A84* danger of bone nurro. depression and production of new bone tumors (1,39,U). 
'* C ~ J  3, a u t  1y-1 

2. Other Fission Product8 (Cerium, Columbium, Y t t r i u m ,  and Zirconium) and 

Plutonium 

The element8 cerlnm, columbium, plutonium, y t t r ium,  and zirconium 

am &so depoaited in bone. 

buted in a pa t te rn  differing f r o m  the a l k a l ~ e  

The l a t t e r  loca l ize  in bone salt, wlth o w  traces in the soft t issues;  

on the other hand, cerium, columbium, plutonium, yttrium, and zirconium are 

also found in liver, spleen, and other soft tissues. 

When internally administered, they are distri- 

earths,  radium and strontium. 

They am all charac- 

terized by a high degree of deposition and retention i n  the skeletal  tissues 

of  animals. 

elements is deposited in  bone (37). 

has a skeletal  half-time of 30 days, these elements have biological ha l f -  

timss ranging from one t o  three years (37,46).  

and the long hal l - l lves  present a potential  health hazard from chronic irradia- 

As much aa s i x t y  five percent of an admlaistered dose of these 

W i t h  the excqt ion  of  columbium, which 

The slow ra te  of elimination 
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We have also become encouraged about the investigations 

on the nature of the fundamental abnormality in athefo- 

sclerosis resulting from the ultracentrifugal study of 

blood serum and the studies with radioactive cholesterol, 

and feel that perhaps there will be, In the near future, 

striking advances in the prevention o f  this disease. 

Respectfully submitted, 

John H. Lawrence, M. D. 

. 3 0 0 4 5 9 8 - 5  


