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REPORT OF THE DIRECTOR

The contents of this annual report will give the reader a good grasp
of the research activities in which the Laboratory staff is engaged.  The
intent of my foreword is to provide a perspective of our multi-disciplin-
ary activities, focus attention on trends and changes in our programs and
call attention to a few significant achievements during the last year.

The Laboratory's research programs are carried out through six div-
isions--each encompassing a discipline area.  The research of these

4           divisions fall into the four major program categories of DBER-AEC approxi-
mately as follows:

Health Studies
Nuclear Medicine 27% of budget

Environmental Studies
Environmental Biology 31% of budget

Biological Studies
Biochemistry 10% of budget

                        Developmental Cell Biology 13% of budget
Radiation Biology 8% of budget

Physical and Analytical Studies
Radiation Measurements 11% of budget

The  maj or application   foci  of our research  are on medical  and  en-
vironmental problems.  An indispensible requirement for progress in these
areas is the generation of new knowledge and insight into fundamental
phenomena.  Therefore, a considerable commitment is made in our programs

"to "basic" research. In general, research under "Biological Studies
contributes to an understanding of radiation effects on biological systems
or to fundamental biological processes.  The program in Radiation Measure-
ments is a new activity for the Laboratory initiated FY 73, and brings
the disciplines of physics and related areas to the problems of radiation
detection and measurement and the application of sophisticated systems
to the solution of medical and biological--particularly environmental--

problems.

Health Studies

Il               We are in an exceptionally favorable environment for the continued
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development of a productive medical program.  The medical research in-
cludes that of the biomedical cyclotron (radioisotopes), radiopharmacol-

ogy (improved carriers), and clinical applications of nuclear technology.

Current changes in the program can best be described as being a further

exploitation of our unique research environment at UCLA and its affili-
ated hospitals in developing multidisciplinary teams involving radiolo-

gists, oncologists, surgeons, internists, immunologists, tissue culture
specialists, etc., for seeking improvement in early cancer detection,
possible new therapeutic regimens and means for stimulating protection
from cancer growth and spread.  Thus, Dr. Herschman (Laboratory of Nuclear
Medicine and Radiation Biology), Dr. Byfield (Laboratory of Nuclear Medi-

cine and Radiation Biology), Dr. Benfield (Thoracic Surgery at Harbor
General Hospital),   and Dr. Simmons (Department of Medicine Pulmonary
Function) will be participating in new studies aimed at early lung cancer
detection and the therapy of broncogenic carcinoma and other lung diseases
such as asthma, chronic asthmatic bronchitis and bronchitic emphysema.
The utilization of immunological techniques may possibly permit the de-
tection of lung tumors only 1-2 mm. in size.  In collaboration with Drs.
Benfield, Byfield and Herschman the collection of tumor specimens and

production of specific antigens is planned.  Antibodies to the tumor
antigens will be labeled with 99m Tc or Indium 113m for the localization
of lung tumors too small to detect by standard roentgenography, i. e.,

less than 1.0 cm.

Continued interaction with colleagues at Harbor General Hospital,

Long Beach Memorial Hospital and Olive View Hospital is planned.  Much
of our work is done at the UCLA Hospital, of course. Dr. Ismael Mena,of
Brookhaven National Laboratories will head the Nuclear Medicine Division
at Harbor General Hospital and we expect to arrange a suitable joint ap-
pointment in the Laboratory to involve him in our research programs.  Dr.

Hajime Morinari, a visiting physician from Japan, will be replaced by Dr.
Oswaldo Estrella from Puerto Alegre, Brazil.  Two new Fellows in nuclear
medicine under IAEA sponsorship will be with us in 1973-74.  Extramurally

supported foreign Fellows will also be working with MacDonald on the
cyclotron, with Huth in the development of a rapid positron imaging de-

vice, and probably in the immunological research.

Environmental Studies

The program in Environmental Biology is undergoing significant tran-

sition.  Several new programs have been started and others terminated.
In the field of animal ecology, emphasis is being placed on the measure-

iV
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ment of physiological processes--particularly the flow of materials and
energy--as they occur in animals in nature.  Knowledge of these functions
forms an essential basis for measuring the effects of pollutants and of
radionuclides on animals as components of the Nevada Test Site ecosystem,

and elsewhere. Studies on both vertebrate and invertebrate animals are
now under way.  Development of techniques for the quantitative determina-
tion of 180, 15N and 13C by charged particle activation is making progress

and is directly supportive of work referred to previously.

The studies at the Nevada Test Site will be characterized by research

in physiological ecology.  A prominent feature will also be studies on
the uptake and transport of radionuclides.  These studies will be most
helpful in assessing the impact of activities at the Nevada Test Site.

Consideration is being given to the development'of research aimed
at evaluating the biological and environmental impact of energy generation

from non-nuclear, as well as nuclear sources. .

.'         I -':

'''

Biological Studies                                                      3.,
.6

The programs in Biochemistry, Developmental Cell Biology, and Radi-

ation Biology are being supported at less than adequate levels through
the AEC contract. Some relief is generated through complementary extra-

mural support but inflationary increases continue to exert severe pressure.

:4

Participation of graduate students and several visiting scientists
have helped maintain scientific productivity at high levels.  A few of
the significant achievements in these areas should be mentioned here.

Thermal bone marrow expansion is being developed as a method of po-
tentiating radiation repair.  Marrow distribution can be altered by
temperature changes.  In other studies it has been found that only drugs
which bind to DNA and alter its conformation inhibit the repair process.

The contributions of all the major aromatic amino acids to near

ultraviolet circular dichroism spectra  have been characterized making  it
now possible to carry out meaningful analysis of the CD spectra of a

range of proteins.

Model systems for the description of radiation damage have been used.

Work on a model for strand break production in DNA has produced results
whose interpretation may modify current viewpoints on radiation induced
damage to DNA in vivo.  Some of the conclusions are:  Most of strand

V
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breaks  measured after alkaline sucrose gradient centrifugation do not
exist as such in vivo. Strand breaks are produced with time after radi-
ation.  The terminal groups of a strand break change with time after
radiation. Several enzyme systems will be required to repair the various

types of damage.

In a model membrane system, segregation of the unsaturated hydro-
carbon chains prevented the radical chain auto-oxidation and probably re-
sulted in products formed solely by the initiation reaction--the reaction
most likely to be of importance in membranes of living cells.

It has been shown that phospholipids (phosphatidyl choline) may pass
unchanged from blood to brain and that they may then undergo alteration
in the brain of a somewhat different type from that normally found in

other organs.

The mechanism of the effect of small temperature changes on fatty
aciddesaturation in certain bacilli has been elucidated. First, as
temperature increases, the time-span of hyperinduction of the desaturating

enzyme decreases, resulting in lower production of the enzyme.  Second,
with increasing temperature, there is an increased rate of denaturation
of the desaturase, resulting  in an increased incorporation of saturated
fatty acids in membrane lipids.  Similar changes, possibly indicating                   I
similar mechanisms, have been found in a freshwater crayfish.  These
findings have important implications regarding temperature effects and
acclimation. i.e., that some organisms have a remarkable ability to suc-
cessfully adapt to significant temperature changes.

A number of important results from the Division of Developmental
Biology are briefly summarized:  A fetal specific protein present in
fetal rats which disappears in the adult animal has been identified using
immunological techniques.  A radioimmunassay has been developed for the
nerve growth and epidermal growth factors from the salivary gland.  The
effect of insulin on liver specific protein synthesis has been shown to

require prior action of dexamethasone on the liver cells.  A new liver
cell line responsive to glucagon has been isolated.  A uterine cell cul-
ture has been isolated which responds to estrogen. Serum factors includ-
ing insulin and the catecholamines stimulate the synthesis of heart pro-
teins including myosin in rat heart cells in culture.  Catecholamines

stimulate the synthesis of metabolic enzymes in the brain.
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Physical and Analytical Studies

The new program in Radiation Measurements with its stress on develop-

ing or applying existing advanced biological or medical instrumental
systems and technologies will be of great value to·the Laboratory.  Spe-
cific mention might be made of the development by this group of a new
computerized transmission scanning system for brain and other diagnostic
radiological application.  It is hoped that this development will signifi-
cantly advance neuro-radiological diagnosis within the UCLA Medical Center.

In the field of biology the development of the heavy ion microprobe

should be of immense value in the future.  Thoughts are already beginning

to appear as to the use of such probes in submicron cellular studies and
even to, at some point in the future, studies of DNA synthesis.  From an

'           instrumental viewpoint this development represents a coalescense of the

fields of nuclear or accelerator physics and biology--a very provacative
and important development.

An example of measurement advances affecting cellular biology in the
nearer term is the articulation of and the initiation of use of x-ray

microprobe analysis in conjunction with cellular measurement.  The spe-
cific facility is an advanced x-ray analysis system in place at the

Livermore Laboratory.  The biological application within the Laboratory
of Nuclear Medicine and Radiation Biology concerns the role of calcium

in heart cell action. It is felt that this role of articulation of the
capabilities of such advanced instrumentation to, for example, the cellu

biology field will be an important aspect of this program.

The third area of mention might be the specific and important role

now beginning to be seen for germanium semiconductor detector technology
in ultra low level radioactive counting as applied to the environmental

area. (The development of such semiconductor detector technology has
been an important part of the Radiation Measurements Program.)  It is in-
tended to draw upon this detector fabrication capability specifically:
1) looking towards the creation of such advanced counting facilities

within the Laboratory of Nuclear Medicine and Radiation Biology, and
2) relating these facilities to radio-environmental problem areas.

0          Summary

The Laboratory is making significant contributions relevant to
medical, biological and environmental problems of the AEC.  Response to
shifting mission priorities as well as recognition of emerging scientific

Vii

-i



opportunities requires that the Laboratory's programs be dynamic.  In ex-
amining our programs over a period of several years, it is evident that

change has been a notable characteristic.

We are deeply appreciative of the support received through the

Division of Biomedical and Environmental Research.
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SCIENTIFIC REPORTS

LIPID METABOLISM IN BRAIN AND MEMBRANES IN DEVELOPMENT AND AGING

The Alpha-Oxidation System of Brain Microsomes
James F. Mead and Roberta S. Hare

Some time ago, in vivo experiments in which carboxy-labeled acetate

was injected into pre-myelinating rats which were kept for 6 months before
analysis of their brain lipids, showed that the very long-chain fatty acids
of the brain sphingolipids are degraded by a one-carbon or alpha-oxidation
system.  The products of the system increase with aging and may be involved

with disposal of certain products of myelin turnover.

In in vitro experiments, it was found that a brain microsomal system
plus a variety of cofactors would convert alpha-hydroxystearic acid into
heptadecanoic acid and carbon dioxide, which could be used as a measure of
the extent of the reaction.  The cofactors were NAD, ATP, 02, a reducing
agent and the 100,000xg supernate from the microsomal preparation.  Dif-
ficulties were associated with the experiments throughout the work, however,
possibly because a non-enzymatic reaction giving approximately the same
products, was often produced.

More recently we have prepared carboxy-labeled lignoceric and cere-
bronic acids and have succeeded in making a stable micellar suspension of
the latter for use in these studies.  This work has shown that the brain
microsomal fraction, oxygen and the 100,000xg supernate are the only abso-
lute requirements readily revealed.  A requirement for Fe2+ was shown since

iron chelating agents inhibited the reaction and the inhibition was reversed
by Fe2+.  All other metals were either inactive or inhibitory.  Fe3+ was
immediately reduced to Fe in the mixture.  By separation of the supernate2+

on a sephedex column it was shown that the supernate factor is ascorbic

acid, which can substitute for it at a concentration of about 10-4 M, the
same as its concentration in the supernate.  It was further shown that the

function of the ascorbate is to keeR the iron in the +2 state and that when
the ascorbate becomes oxidized, Fe+4 is oxidized to Fe+3 and the reaction
ceases. It can be renewed by further ascorbate addition.

Although the system, as isolated, does not show an absolute require-
ment for ferrous ion, addition of this ion does increase the activity 30 -
50% depending on the preparation.  However, decarboxylation is totally in-

hibited by the addition of EDTA or 1,10-orthophenanthroline.  This inhibi-

tion can b5 overcome bx Fe2+ or Fe3+ ions.  Of the metals tested for ac-

tivitys-+Chad,no reactivation activity for the inhibited enzyme,  while FeM-
Ni2+, COL+, Mn2+ and Zn2+ seemed to be inhibitory  Ca2+ and

and Mg
amd Zn2+ could overcome the inhibition, presumably by releasing Fe2+ from
its chelate. The activating effect of Fe3+ appears to depend on its 're-
dution in the system in a reaction involving ascorbate.

4

-



Further studies on the nature of the binding site for Fe2+ reveal
that paramercurichlorobenzoate does not inhibit unless the Fe2+ is first
chelated with orthophenanthroline.  This indicates that the iron is bound
by one or more thiol groups in the enzyme.

Present studies are involved with the mechanism of decarboxylation
as revealed by intermediate products and with the mechanism of oxygen
insertion to form the hydroxyacid.

Interim Report

The Effect of Autoxidative Destruction of Membrane Lipids
James F. Mead, Minerva G. Elepano and Vida Slawson

In a program designed to test the effects of oxidative atmospheric
pollutants on membrane lipids, several levels of studies are under way.
In the cultured liver cells, various gases as hyperbaric 02, N02 and S02
are being tested for their chemical effect on the cell membranes and their

resultant physiological effect on the cells.

Meanwhile, studies of autoxidation on fatty acids monolayers will
simplify interpretation of the results with lipid bilayers.  It was first
shown that stability toward autoxidation of polyunsaturated esters is

markedly increased by adsorption on silica gel.  In an extension of these
studies, oxidative destruction of polyunsaturated esters, as estimated by
disappearance of GLC peaks relative to that of a saturated internal stan-
dard was related to silica/ester ratio, agitation, particle size and metal
content of the silica. It was found that with a ratio of ester to silica
considerably less than that for a monolayer, usual autoxidation kinetics
are not followed and the disappearance of ester follows a first order re-
lationship with rates independent of the number of double bonds.  It seems
evident that, under these conditions, the radical chain reaction is pre-
vented and only the still incompletely understood initiation reaction may
take place at catalytic sites on the silica surface.  It is probable that

autoxidation of lipids in cellular membranes may show similar dependencies.

Interim Report

Transport and Turnover of Brain Lipids
G. A. Dhopeshwarkar, Carole Subramanian and James F. Mead

It has been known for several years that the cholesterol given to
young immature animals is taken up rapidly into the brain and deposited
there for a period as long as two years.  That the radioactive label in
the nucleus remained unchanged over that long a period is not very sur-
prising because although many tissues can synthesize cholesterol only a
few possess the capacity to degrade it.
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However fatty acid can undergo many different possibilities.  For
example it could be degraded to acetate followed by de novo synthesis of
various fatty acids or the acetate could be used for such reactions as
chain elongation of existing fatty acids or de novo synthesis of cholesterol.

In order to study the fate of administered fatty acid during the

period of rapid growth and lipid synthesis in the brain, young rats were              <I
given a tracer dose of 1-14C palmitate.  The results showed that palmitate
isolated from the brain retained most of the radioactivity in the carboxyl

carbon even after 2 months.  The most surprising observation was that the
cholesterol as well as stearic acid isolated from the brain showed con-
siderable incorporation of the radioactivity.  The question that puzzled
us was if the 1-14C palmitate given to young animals was degraded to acetate
giving rise to radioactive cholesterol and the chain elongated product,

stearic acid, why was there no evidence of resynthesis of palmitate?  Per-
sistence of radioactivity in the carboxyl carbon of brain palmitate for
long period proved that there was no resynthesis of palmitate from acetate;
had there been such de novo synthesis the label would be evenly distributed
in the palmitic acid as proved by using radioactive acetate as tracer.

This then is the first demonstration that acetate pool is not homo-
geneous ; exogenously administered acetate is utilized for de novo synthesis

of fatty acids, chain elongation and cholesterol synthesis but the acetate
derived by breakdown of fatty acid although utilized for cholesterol syn-
thesis and chain elongation is not utilized for fatty acid resynthesis in
the brain.

Interim Report

t..

7:   V-  CONTROL
OF LIPID METABOLISM IN BACILLI

The Effects of Temperature and Fatty Acid Structure on Lipid Metabolism
in Bacillus licheniformis 9259
Armand J. Fulco and Norman C. Chang

Temperature of growth or incubation of Bacillus licheniformis 9259
strongly affects the rate and extent of desaturation of palmitate to 10-
hexadecenoate and to 5,10-hexadecadienoate and, in turn, the presence or

absence of double bonds markedly influences further metabolism.

14
In growing cultures, desaturation of added (1-  C)palmitate was twice

as great at 200 as at 350C.  No diunsaturated acid was formed at 350£ but
was synthesized readily at 200C.  Transfer of a culture from 350 to 200C
had the same stimulatory effect on the rate of monodesaturation as did

growth at 200C: but the rate of 5,10-hexadecadienoate formation in the
transfer culture was only 10% of that in the culture growing at 200C.

At both 350 and 200C, esterification of added (1_14 )palmitate or 10-
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(9,10- H)hexadecenoate to neutral lipid (1,2-diglyceride) was rapid. After
initial esterification, however, neutral lipid activity steadily declined
and phospholipid (chiefly phosphatidylglycerol and phosphatidylethanolamine)
increased at the expense of neutral lipid and at a rate related to fatty
acid structure.  Initial esterification to 1,2-diglyceride was more rapid
for the unsaturated acid but palmitate activity was transferred more rapid-
ly from neutral lipid to phospholipid.

Phospholipase A hydrolysis of individual phospholipids from f. licheni-
formis showed that n-C16 fatty acids were concentrated in the 1-position of

phosphatidylethanolamine and in the 2-position of phosphatidylglycerol at
both 350 and 200C, while anteiso-C15 was found almost exclusively in the 2-
position of both phospholipids. Similar experiments were carried out on
Bacillus megaterium phospholipids and several differences between the two

organisms in fatty acid distribution among and within the phospholipids
were noted.

Final Report

In Vivo Substrate Specificities of Fatty Acid Desaturases
Armand J. Fulco and Joseph F. Ouint

In the past year we have completed one phase of our research designed
to determine the factors which control unsaturated fatty acid biosynthesis
in Bacilli.

The apparent, in vivo substrate specificities for 6 Bacilli desaturases,
previously shown to insert a cis-double bond into the 5-position of palmitate
and of one which desaturates in the 10-position were determined in whole cells

by a variety of methods.  In addition, the positional specificity of double-
bond insertion and the rate of temperature-mediated inactivation of these
desaturases were also determined. The results can be summarized as follows:

1.  In 5 .bacilli strains only one desaturase (65) was found while in
one organism ( . licheniformis 9259), both 85 and 810 desaturation were
observed and it was shown that at least 2 different desaturases were in-
volved.

2.  For all desaturases, with the possible exception of the 85-desat-

urase of f. licheniformis 9259, maximal desaturation activity was found
with palmitate (n-C16:0) with activity for the n-saturated substrates de-
creasing in the order (16> (17> (18.  The 810-desaturase of f. licheniformis
9259 showed almost absolute specificity for palmitate while the 85-desat-
urases of the other species showed quantitative variations in their pref-

erences for these 3 substrates ranging from that of f. megaterium 14581,
whose relative desaturation activity was 1.00, 0.57 and 0.16 towards n-C16:0'
n-C17:0 and n-C18:0 respectively to that of A. pumilis 7061 (1.00, 0.81
and 0.74 for the same 3 fatty acids). Pentadecanoic acid (n-C 15·0), tested
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only in the latter two organisms,  ad a specificity relative to palmitate
of about 0.5 in both cases. The 8 -desaturase of B. licheniformis 9259
favored n-C 17:0 over n-(18:0 but, because of competition with the 810-
desaturase, its relative activity towards n-C16:0 could not be determined.
The specificity of desaturation for various branched-chain and monoun-

saturated fatty acids was also determined.  Both branching and the presence
of a double bond tended to decrease desaturation activity for any given                <
chain-length.

3.  The position specificity of desaturation, in all bacilli strains,
was always  the same relative to the carboxyl carbon of.the substrate,

regardless of substrate chain-length, branching or the presence of a
double bond in the 9 or 10 position.

4. From these results, we concluded that the substrate is attached ·
to the desaturase at the carboxyl carbon of the fatty acid and that the
carboxyl binding site of the enzyme 'must be at a fixed distance from the
active (hydrogen-removal) site to account for the absolute positional

specificity of double bond insertion.  On the other hand, the efficiency
of desaturation (substrate specificity) must depend on a second binding
site which anchors the substrate to the enzyme near the terminal methyl
group of the fatty acid.  This site is visualized as a "hydrophobic poc-
ket" on the enzyme surface which may vary slightly in shape from enzyme
to enzyme but which appears to be located about 15 carbon atoms awa9 from
the carboxy-binding site (assuming that the fatty acid substrate is fully              <
extended along the enzyme surface).

5.  Finally, there appears to be no clearly discernible relationship
among 3 desaturase characteristics which presumably depend upon desaturase

structure ··- namely, substrate specificity, positional specificity of
double bond insertion and temperature-mediated first-order inactivation
of the desaturase.  We conclude that these 3 characteristics may vary in-
dependently of each other and that none of the 3 are directly related to
the mechanism of 02-dependent desaturation.

Interim report

€2-2) Hydroxylation of Fatty Acids by a Soluble System from Bacillus
megaterium
Y. Miura and A. J. Fulco

A  cell- free (4)-2) -hydroxylating system which  acts on long-chain fatty                        <
acids has been isolated from Bacillus megaterium.  When palmitic acid is
used as a substrate, the major product is 14-hydroxypalmitate (about 55%
of the total) while 15-hydroxypalmitate (27%) and 13-hydroxypalmitate (18%)
are also produced.  No 16-hydroxypalmitate is formed in this system.  The
effect of substrate chain length on hydroxylation activity was tested with
various saturated fatty acids.  The relative activity of the hydroxylase

8
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with the substrates tested was as follows:  (15 (1.00), (16 (0.89), C14
(0.72), (17 (0.34), (18 (0·17) and (12 (0·08).  When the distribution of
isomeric hydroxy acids formed from C 18 and C 14 was determined, it was
found that the major product from (18 was the (te-2) derivative with the
(u»l)   and ((0-3) components being present in about   the same ratio  as   for
palmitate.  Myristic acid, however, gave approximately equal amounts of

I          the 3 isomers with the (w-1) derivative being slightly favored.  In
neither  case  was the 0,-hydroxy acid detected among the products.

The hydroxylase appears to be soluble, quite stable and relatively
active (compared to W-hydroxylases previously reported) .   All of the hy-
drolylase activity remains in the supernatant when a cell-free preparation
from B. megaterium is centrifuged at 100,000 x g for 2 hours.  The hydroxylase
activity is stable to dialysis but decreases to about 25% of the original

level when the 100,000 x g supernatant is passed through Sephadex, presumably
due to the partial loss of a small protein component.

Free palmitic acid is a much better substrate than the CoA derivative.
Both NADPH and 02 are required for hydroxylase activity but no other non-
protein cofactor seems to be involved.  There may, however, be at least 2
protein components required for hydroxylation.
Interim Report
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6--LIPID COMPOSITION, FUNCTION AND METABOLISM IN MARINE ORGANISMS

Environmental Temperature Effects on Biosynthesis of Phospholipid Fatty
Acids in a Freshwater Crayfish
Tibor Farkas and Judd C. Nevenzel

Poikilotherms must adjust their metabolism to the environmental tem-

perature, and there have been many studies designed to assess the changes
in fatty acid patterns which should accompany adaption to a different body
temperature.  For aquatic animals, in particular fish, the observed changes
are small and subtle, even for phospholipid fatty acids.

During our development of a simplq technique for labelling the lipids
of planktonic crustaceans with 14c or -'2P (Farkas et al·, UCIA-12-915 (1973))
we found more substantial effects of temperature on fatty acid biosynthesis.
This work has been continued with a freshwater crayfish, Orconectes sp.,

because of its availability and hardiness under our laboratory conditions.
Our approach was to focus on the newly biosynthesized polyunsaturated fatty
acids of the phospholipids.  We reasoned that for proper functioning of the

           cells the membranes must maintain a physical state with the correct fluidity,
regardless of the temperature; phospholipid is the membrane component which
can most easily adjust its melting point (and thus fluidity at a given tem-
perature) by increasing or decreasing the degree of unsaturation of the
fatty acid moieties.

After 10 days at either 40 or 220C the phospholipid fatty acid patterns

9



showed the small differences expected, with the (20 and C22 Polyunsaturated
fatty acids making up 35.2% of the total at 40 and 27.9% at 220.  In other
experiments crayfish were adapted to two different temperatures for 3 days;
24 hours before sacrificing they were injected with sodium (1-14c)acetate.
The hepatopancreas phospholipids were isolated, their fatty acid methyl
esters prepared, and the latter separated on AgN03-impregnated silica gel
thin-layer plates into saturated, monounsa turated and polyunsaturated                                                 I
esters.  Each band was located by spraying with Rhodamine G, scraped into
a scintillation vial and counted.  The results are given in the table.
There is a 5-fold greater flow of acetate into polyunsaturated fatty acids
for the animals in the cold compared to warm-adapted ones.  Note that most
of these polyunsaturated fatty acids presumably result from the chain elonga-

tion and desaturation of exogenous 18:2 and 18:3, since crustaceans are not
believed to be capable of de novo synthesis of the essential fatty acids.

Distribution of Radioactivity in Crayfish Hepatopancreas
Phospholipid Fatty Acids after Administration of (1_14)Acetate

In vivo In vitro.-Ill - I

Warm adapted, tissue
Number of Warm Cold incubated at

double bonds Adapted Adapted 250C 50C

% of total radioactivity                            
0 76.0 55.0 78.7 50.7

1 18.0 14.0 7.7    10.8

2 + 3 < 6.0 31.0                                           0
12.3 29.4

14 2.1 9.1

In vitro experiments established that control of relative amounts of
polyunsaturated fatty acids synthesized resides in the hepatopancreas
cells.  When hepatopancreas tissue from warm adapted animals was minced
and incubated with (1-140)acetate for 2 hours at either 50 or 250C the
results were similar to those of the in vivo experiments:  4.3-times as
much newly synthesized polyunsaturated acids at 50 as at 250C.  Time course
studies showed that using hepatopancreas from cold adapted animals, allacids with more than one double bond reach an equilibrium rate of synthesis
in 30 min. at 250C, while at 2 hours the percentage of label going into                saturated acids is still increasing, and that being incorporated into
monounsaturated fatty acids is still decreasing.

Several different enzyme complexes are involved in the observed in-
corporation of labelled acetate molecules into the various fatty acids:
the synthetase leading to 16:0 acid, the desaturase producing the mono-
unsaturated acids, the chain-elongating system (or systems) which gives

10



(18, (20 and C22 homologs, and the desaturase (or desaturases) which can
introduce additional double bonds between the carboxyl group and the C-9

position in fatty acid chains already containing one or more double bonds.
If the adaptation to changing temperature involved synthesis of additional

molecules of any of these enzymes an inhibitor of protein synthesis such

I           biosynthesis to temperature.  Preliminary results with hepatopancreas pieces
as chloramphenicol would be expected to abolish the response of fatty acid

.in vitro are unclear. At both 50 and 250 about 65% "inhibition" of fatty
acid  synthesis was observed;  in  the cold there  was  no di fference  in  the
distribution of radioactivity with unsaturation of the fatty acids, but at
250C less saturated acids were biosynthesized in the presence of chloram-
phenicol.

Interim report
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6/ RADIATION CHEMISTRY OF LIPIDS

Studies of Condensed-State f-Radiolysis of Saturated Fatty Acids
David R. Howton and Guey-Shuang Wu

1.  Formation of Stearaldehyde from Stearic Acid.  Although the cor-
responding aldehydes have been reported to be present among products of
ionizing-radiolysis of several carboxylic acids, the extensiveness of this
transformation has not been determined.  Much recent study of electron spin
resonance of carboxylic acids irradiated at low temperatures has served to
reveal radical intermediates which would be expected to lead to formation
of aldehydes via pathways that appear to be feasible in the solid state,

where agents larger than free electrons or hydrogen atoms must be virtually
immobile. Since fatty acid.decarboxylation is apparently initiated pri-
marily by loss of an electron from the carboxy group, and aldehyde forma-
tion by electron capture, hydrocarbon (or C02) and aldehyde might be expected
to be produced in equivalent quantity, except for some enhancement of hydro-

carbon yield via decarbonylation (CO loss) of aldehyde precursors.  Deter-
mination (by gas chromatography) of yields of n-heptadecane and of stear-
aldehyde (positively identified by mass spectrometry) resulting from exposure
of crystalline stearic acid to 60Co S-radiation reveals that the hydrocarbon

(GO 3.5) is, in fact, produced in.almost 10 times the quantity of the aldehyde
(GO 0.4).  The observation that Galdehyde increases with dose (to maximum
0.7 at 12 Mrads) suggests formation at least in part via some intermediate(possibly RCO912e) that accumulates during irradiation.  That the plot of
G(hydrocarbon) vs. dose exhibits a pronounced, anomolous negative slope
suggests sparing of formation of this product by energy or charge transfer
to remote radiolysis products, including the aldehyde.

Interim Report

2.  Effect af Chain-Length on Decarboxylation in 1-Radiolysis of Normal
9aturated Fatty Acids.  G-Yields of hydrocarbons resulting from 60(0 7-ir-
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radiation of normal saturated (12, C14, (16, (18, (20, and (30 fatty
(carboxylic) acids in the crystalline state (and of the C16 and C18
acids in the liquid state) have been determined.  G(hydrocarbon)'s ob-
tained are in substantial agreement with G(C02)'s recently reported for
the same substance (excepting the (30 homolog) by Jones (Radiat. Res.
41, 35; 48, 447 (1971); 50, 41 (1972)); and his observation that G(C02)
(and hence G(hydrocarbon)) is, in general, inversely related to chain
length is confirmed.  Contrary to the earlier claim of Whitehead et al.
(J. Chim. Phys. 48, 184 (1951)), melissic acid (the C30 homolog) behaves
normally in this regard.  Departures from the inverse chain-length re-

lationship are compatible with and may be rationalized by consideration
of an additional inverse effect of the density of the irradiated material.

Interim Report

3.  Non-Gaseous 7-Radiolysis Products of Stearic Acid.  A number of
products of "l'Co¥-radiolysis (dose: 100 Mrads at 100C) of crystalline
stearic acid have been identified and quantitated by gas-liquid chroma-
tography.  n-Heptadecane, the major (decarboxylation) hydrocarbon formed
(G 2.9), is accompanied by n-hexadecane (G 0.033) and n-tetratriacontane
(G 0.060) in amounts necessitating consideration of the formation of the
C 16 hydrocarbon via a,B bond fission, and of the C34 from geminate pairs

of heptadecyl radicals produced by double decarboxylation of H-bonded
stearic acid "dimers". Di-n-heptadecyl ketone  (G  0.47), a product apparently
exceeded in quantitative importance only by those of dehydrogenation and
decarboxylation reactions, must also arise by closely analogous, simultaneous
formation of two radicals from such "dimers", of which the crystalline acid
consists.  a,a'-Linked dehydrodimers (approximately. equal amounts of the
two possible diastereoisomers) are obtained in quantity (G 0.18) far less
than stoichiometrically equivalent to heptadecane, possibly reflecting
annihilation of a-radicals by H atoms during irradiation; such a-radicals
are not trapped by dissolving the irradiated solid in benzene solutions of
iodine.  Dehydrodimers linked elsewhere (than in the a position) are also
present, but in still smaller quantity (G 0.025).

Interim Report
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1/ ENZYME INDUCTION AND CONTROL BY HORMONAL AND SERUM FACTOR

0 The Effect of Norepinephrine and Dibutyryl Cyclic AMP on Lactate Dehydro-
genase Isozymes in a Rat Glial Cell Line
G. Yu and J. de Vellis

The ratastocytoma cell line RGC6, has retained several characterisitics
of nervous tissue, including cortisol induction of glycerolphosphate de-
hydrogenase and norepinephrine (NE) induction of lactate hydrogenase (LDH).
 The latter but not the former is mediated by cyclic AMP.  The induction of
LDH by NE is blocked by inhibitors of protein synthesis.  It is also in-
hibited by actinomycin D and cordycepin suggesting that the control of
this cyclic AMP-mediated induction is at the transcriptional level.  The
present study was undertaken to identify and quantitate the LDH isozymes
in control and induced RGC6 cells.  The separation of isozymes was carried
out by polyacrylamide gel electrophoresis at pH 10.0.  Stained isozyme
bands Were scanned spectrophotometrically at 643mw.  The relative percent-
age  of each isozyme was quantitated  by  a  Du  Pont 310 curve resolver.    M
and H subunits were calculated from the relative percentage of each iso-
zyme. Three LDH isozymes were found

corresponding  to  LDH5,   LDHB  and  LDH3
of whole rat brain.  The relative percentage distribution for L H   LDH
and LD83 was 45.8%, 39.7% and 13.5% respectively. Induction of LAH by AE,
3 x 10 OM, or dibutyryl cyclic AMP (DBcAMP), 10-3M, resulted in a shift of

the isozyme pattern toward LDH5.  The ratio of subunits, M/H for control,
NE-induced and DBcAMP induced cells (stationary phase cells) was· 4.96 i
0.36, 6.64 + 0.15 and 6.18 + 0.44 respectively.  Even though the M/H ratio
was higher in log than in stationary phase cultures, similar shifts were
obtained in both log and stationary phase cell cultures upon addition of
NE or DBcAMP.  Nor apparent change in electrophoretic mobility of the iso-

-   zymes was noted after NE or DBcAMP treatment, suggesting that the isozymes
in non-induced and induced cells are identical.  These results suggest that
the effect of cyclic AMP on the transcription of M and H genes (and/or their
regulatory genes) is differential.

Interim Report

Cytochalasin B (CCB) Inhibition of Cortisol-Induced Glycerol-Phosphate

<            Dehydrogenase (GPDH)
and Norepinephrine or DBcAMP Induced Lactate Dehy-

drogenase (LDH) in a Rat Glial Cell Line
K. Bennett and J. de Vellis

The rat glioblastoma cen line, RGC6 has retained several characteristics
of nervous tissue, including cortisol (C) induction of GPDH and norepine-

phrine induction of LDH.  The latter but not the former is mediated by cAMP.
CCB, which inhibits a variety of cell functions:  cytokinesis, endocytosis,
etc., possibly through microfilament disruption, has now been shown to in-
hibit two types of hormonal induction of enzymes.  Inhibition of enzyme in-

duction  paralleled morphological changes (cell rounding and disappearance
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of processes) and was dose-dependent between 3.3 and 25 lig of CCB per ml
o f culture medium.    At  25  Kg/ml, CCB inhibited totally GPDH induction  and
55% of LDH induction. Reversal of these effects was observed after removal

of CCB from culture medium.  Basal level of these enzymel, protein and DNA
content were not affected.  CCB did not markedly affect  H-C entry into cells
but nuclear uptake was inhibited by 80%.  CCB did not prevent the binding of
3H-C to cytoplasmic receptors ill vitro. The uptake of 3H-DBcAMP into cells
was inhibited 50% by CCB. It appears, therefore, that CCB inhibits GPDH in-
duction by preventing the entry and/or binding of C into the nucleus, a re-

quired step for induction.  On the other hand CCB may affect LDH induction           
at the plasma membrane level.

Final Report

Reference: Trans. 3rd Meeting Amer. Soc. Neurochm. P. 145, Columbus Ohio (1973).

Purification and Hormonal Regulation of Brain Glycerol Phosphate Dehydrogen-
ase in Vivo and in a Rat Glial Cell Line
James F. McGinnis and J. de Vellis

Previous results showed that brain glycerolph6sphate dehydrogenase (GPDH)

(1.1.1.8) is regulated by cortisol in vivo and in a rat glial cell line, RGC6.
This enzyme induction is specific to brain tissue.  To elucidate control mech-

anisms, GPDH was purified 14,000 fold from rat brain homogenate.  KM's (mM)
for substrates were:  dihydroxyacetone phosphate, 0.17; alpha glycerolphos-
phate, 0.3; NAD + 0.03; NADH, 0.03; NADH, 0.01.  Molecular weight determined
by gel chromatography and sucrose gradient ultracentrifugation was 72,000.
Brain and muscle GPDH appear to be identical based on the following criteria:
polyacrilamide gel electrophoresis, heat denaturation, inactivation by anti-
sera, pH optima and Km's.  Using GPDH antisera, it was shown that the unin-
duced enzyme is identical to the induced enzyme, both in the intact animal

and in RGC6 cells.  Therefore, the increase in activity during induction
represents an actual increase in the concentration of the enzyme rather than
an increase in the activity of the enzyme molecules.  This is consistent with
our findings that GPDH induction is blocked by inhibitors of RNA and protein
synthesis.

Final Report

Reference: Federation Proceedings 32 (3) 604, (1973).

Regulation of the Tyrosine a-Ketoglutarate Transaminase of RLC Cells by
Dexamethasone and Insulin
L.E. Gerschenson and M. Allen

The enzyme tyrosine aminotransferase was found to be induced by dexa-
methasone and insulin.  The steroid hormone appears to elicit its effect
at the transcriptional level, while the pancreatic hormone appears to do
it at a translational step. Insulin was found not to be effective upon the
enzyme level unless the cells were exposed previously to dexamethasone.
The expression of this insulin effect was found to appear only after 10
hours of inculation with the steroid (while the steroid effect is evident
long before) and at lower concentrations of the corticoids that are

ineffective.  These findings suggest that the steroid might induce
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a factor(s) necessary for the insulin effect.  Such a hypothetical fac-
tor(s) would have a different induction kinetics and half-life than the
enzyme and would be induced by lower levels of corticoid than the ones
necessary for the enzyme induction.  The possibility that insulin recep-
tors were this proposed factor(s) was disproved  a) by the fact that insu-

lin is effective in increasing the general rate of protein synthesis,
without any need for dexamethasone pre-treatment and b) by direct measure-
ments of the number of receptor, using 125insulin binding.  Dexamethasone
was found to increase the incorporation of 3H-uridine in RNA, strengthening
our idea that the steroid operates at a transcriptional level.

Final Report

Insulin and Sepharose-Insulin Effects on Tyrosine Transaminase Levels in
Cultured Rat Liver Cells
Mayer B. Davidson, A.J. Van Herle and L.E. Gerschenson

Sepharose-bound insulin have been found to be biologically active in sever-
al systems.  Therefore, it appears to provide a proof that the hormone might ex-
ert its effect at the membr*ne level.  Several preparations of Sepharose-Insulin
were tested on RLC-GAI cells, adipose and muscle tissue and were found to be
biologically active.  However, under severe controls the preparations were
found to have different amounts of free insulin at all times. This "leak-
age" of insulin make doubtful the interpretation of results using such
preparations.

Final Report

Hormonal Regulation of DNA-Dependent RNA Polymerase in Cultured Liver Cells
G. Austin and L.E. Gerschenson

The activity of liver DNA-dependent RNA polymerase have been found to
be regulated by glucocorticoids. Since the rate of RNA synthesis in RLC
cells was found in our laboratory to increase under the addition, dexamethasone
experiments are being undertaken to a) show hormonal regulation of the enzyme
in RLC cells and b) to develop a cell free system to study the same effect.

4             Interim Repnrt

Mechanism of Action of the Heat Stable Serum Factor
I. Harary, D. Casanello, F. Hoover, B. Farely and E. Sato

Myosin in rat heart cells in culture is maintained by serum in the

             medium both by stimulation of its synthesis and by protection against its
degradation.  A heat stable fraction has been separated from the serum
which increases the myosin level.
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We are now investigating the mechanism of the effect of the heat
stable factor (HSF) by examining its effect on the turnover of myosin.

Changes in the level of myosin can be caused by changes in either the
rate of synthesis or degradation.  With the use of radioactive amino
acids, used either in pulse or long term labeling experiment, and with
protein synthesis inhibitors, we have demonstrated that there is active
synthesis and degradation of myosin.  In order to do this we have devel-
oped an acrylamide gel technique for the estimation and isolation of

small quantities of pure radioactive myosin and have determined the total
and specific radioactivity of myosin in the cultured heart cells.  The
half-life of myosin is about 3 days and the cells are capable of synthe-
sizing myosin for long periods of time in the presence of serum.  Measur-
ing the rate of synthesis and degradation separately it appears that serum
is necessary both to protect myosin against degradation and for synthesis.

However, the boiled serum dialized factor has no protection against degrad-
ation but a powerful stimulation of the synthesis.  Specificity is indicated
by the observation that HSF has little effect on heart lactic dehydrogenase,

creatin phosphokinase or rat skeletal muscle myosin measured in cultured
cells.  HSF has also been shown to stimulate the uptake of radioactive
amino acid into myosin 2 to 5 times higher than in the average heart pro-
tein.  The small size, heat stability and relative specificity of the fac-
tor has led us to suspect that it might be hormonal in nature.

We now have evidence that both the catecholamines and cyclic 3':5' AMP
are active in maintaining the level of myosin.  Epinephrine and epinephrine
analogues maintain the cellular level of myosin up to three fold higher as
compared to cells incubated in their absence.  Evidence that this maintenance
occurs through the normal functioning of the catecholamines is provided from
the observation that inhibitors of the 0-receptor for epinephrine blocks
the stimulation by the catacholamines.  It appears that epinephrine acts

by stimulating the synthesis of myosin as measured by its effect on amino
acid   uptake into myosin. Butyryl cyclic   AMP also affects the level   of   myo -
sin and the effect of epinephrine may be through its stimulation of cyclic
AMP.

The stimulation by these factors is similar to that obtained by HSF

but they are not as great in magnitude and also may not be specific.  The
norepinephrine stimulates the synthesis of myosin, Since it also stimulates
general protein synthesis almost as much; it is not clear whether the nore-
pinephrine effect is as specific as the HSF effect seems to be.  The dif-

ferences in effect prompted us to look at the effect of other hormones on
the myosin livel and indications are that thyroxin and insulin may play
an important role in the control of myosin.  The mechanism of the insulin
action seems different from that of the catecholamines since insulin and
norepinephrine have an additive effect on the myosin level.

Interim Report
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L"- ORGAN SPECIFIC PROTEIN SYNTHESIS

S-100 Protein in Clonal Cell Cultures
B. Grauling and H. Herschman

The clonal cell line (6 derived from a chemically induced astrocytoma
(Pfeiffer, Herschman, Lightbody and Sato, J. Cell Physiol. 75 329 (1970)
does not accumulate the S-100 protein while growing, but only after becom-
ing confluent on the culture plate.  We have recently developed a procedure
for measuring incorporation· of labeled amino acids into S-100 protein, in
order to determine the mechanism responsible for such regulation of gene
expression.  The necessary specificity is achieved by precipitation of

labeled S-100 in antibody excess with carrier S-100 antibody, followed by
acrylamide gel electrophoresis of the solubilized precipitate in the pre-
sence of socium dodecyl sulfate. The specificity of the method is shown
by applying the technique to cell lines which do not synthesize S-100.

Quantitative recovery is demonstrated by a second precipitation from a la-
beled glial cell extract. (Herschman J.  Biol.  Chem.  25  7569  (1971).   In
utilizing this assay procedure, we have demonstrated that stationary phase

C  cells actively synthesize the S-100 protein, while low-density exponenti-
a ly growing cells do not incorporate amino-acids into this protein.  Con-
tactact between cells apparently induces the synthesis of this organ-specific
protein.  The rate of degradation of this protein has been determined in
clonal C6 cells by utilizing the same procedure, and found to parallel that
observed for total soluble protein.

             Interim Report

S-100 Synthesis by Polysomes in Vitro
M. Lerner and H. Herschman

Studies of rat brain with in vivo labeling suggested that S-100 had high
0           rates of synthesis and degradation. However, a reexamination of the turnover

rate of S-100 protein in the whole brain of the rat indicated that the degrad-
ation of this protein in vivo occurs at about the same rate as that of total
soluble protein.  Previous studies with microsomal or ribosomal preparations
from rabbit brain indicated that 15 percent of the labeled, released protein
could be precipitated with anti-serum to S-100 protein.  Because of these

conflicting reports concerning synthesis and degradation, we reinvestigated
S-100 protein synthesis in cell-free preparations with rat brain polyribosomes.

Polysomes were isolated from the brain and liver of adult rats by conven-
tional techniques, and used in an in vitro protein synthesizing system de-
veloped in our laboratory.  The amount of S-100 protein released from poly-
ribosomes was determined by a modification of the method developed above.
Suitable samples of released protein were placed on Sephadex G-15 columns
to remove unincorporated amino acids.  The eluates were analyzed for S-100
protein by the antibody-electrophoretic method described.  Polyribosomes
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from rat liver were also studied to demonstrate the organ specificity of
the radioactive product synthesized in vitro.  The S-100 protein con-               <
stituted 0.15 per cent of the radioactive proteins released from brain
polyribosomes.

Final Report . - Ref: Science 178, 995 (1972)

Production of 14-3-2 (A Second Brain Specific Protein) by Human Neuro-             Iblastoma Cells (Line IMR-32 in Culture
H. Herschman and M. Lerner

Moore and his colleagues have isolated a protein, termed 14-3-2
which has been shown by serological techniques to be specific for neural
tissue, and to be present primarily in neurons.  Stationary phase IMR-32,
HeLa, NB-41 and N18 cells were analyzed by microcomplement fixation forthe presence of 14-3-2 protein.  HeLa cells were included as a control cul-
ture derived from a non-neural human tumor. An extensive complement fixa-
tion reaction between extracts of IMR-32 cells and antisera to beef-brain
14-3-2 protein is demonstrable.  At the same antiserum dilution there is
only a slight reaction with the HeLa extract, occurring at a protein                I
concentration thirty times greater than that of the IMR-32 neuroblastoma
extract.  Cultured cells derived from a human neuronal tumor thus contain
easily detectable amounts of 14-3-2 protein, while cells of a non-neuronal
origin contain at best marginal levels of this antigen, in agreement withanalysis of tissue extracts.  Extracts of mouse neuroblastoma C1300 clones
with N18 and NB-41 do not react with antiserum to 14-3-2 proteins at                Il
appropriate dilutions for the detection of mouse brain 14-3-2 protein.

In several cell culture systems the synthesis of an organ-specific
protein does not occur while the cells are in exponential growth, but only
after the culture has reached confluency.  This type of regulatory phen-omenon exists in the C  glial cell line.  To determine whether a similar
regulatory phenomenon  or the nervous-system-specific protein 14-3-2 occurs
in IMR-32 neuroblastoma cells, we measured the amount of this protein at'

various points in the growth curve.  In contrast to the results obtained
for S-100 protein in

C6 cells, 14-3-2 seems tr> accumulate in growing IMR-
32 cells.  The amounts of 14-3-2 and total cell protein increase propor-
tionally.  The relative amount of this nervous system specific marker is             Il
constant in rapidly dividing and stationary phase IMR-32 cells.  Cell
division and production of 14-3-2 protein are clearly not mututally ex-
clusive phenomena in IMR-32 neuroblastoma cells.

Final Report - Ref:  Nature 241-2 (1973)

Carcinofetal Glial Antigens
H. Herschman and D. Strong

A variety of studies have suggested serologic relationships between
embryonic and tumor tissue.  Recent studies have suggested a similar
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situation exists for the nervous system.  Antisera have been prepared
in our laboratory against neonatal brain fractions and chromatographed .on
appropriate adult and neonatal extract immunoadsorbants. Preliminary
studies suggest unique antigens of neonatal neural tissue have been

found both in a triton extract, and in a PCA soluble extract of neonatal
brain.

Interim Report

Purification of Different Forms of Tyrosine a-Ketoglutarate Transaminase
of Cultured RLC Cells
L.E. Gerschenson and M. Allen

Tyrosine aminotransferase from RLC-GAI was found to exist at least4            in two cytoplasmic forms separated by hydroxyapatite chromatography and
eluted in a phosphate step-gradient.

Both forms appeared to increase under dexamethasone treatment, while
only the second one appears to be under insulin regulation.  Both forms
have different heat stability, the first one is heat labile (65'C).while
the other one is quite resistant to the same temperature.  The first one
becomes more resistant to heat after dexamethasone treatment, suggesting
the possibility of a chemical and/or physical change in the nature of the

enzyme.  Preliminary experiments showed that both forms have different
Kms to 1-tyrosine

  Interim Report

4-01
J- CHARACTERIZATIONS OF CELLS IN CULTURE

A Simplified Tissue Culture Method for Biochemical Assays of Brain Cultures
Ruth A. Cole, Gail A. Breen and Jean de Vellis

A new tissue culture method has been developed utilizing the adhesiye
effect of two perforated cellophane strips in petri dishes to secure explants
of brain tissue.  The sterilized strips, by lightly adhering to each other,
hold the brain tissue in position and permit a three-dimensional outgrowth

which is not disturbed during the simple medium changing procedures.  Direct
cell observations can be made utilizing an inverted phase microscope.  This
method does not require the presence of collagen, plasma or other tissue

attachment substances, therefore protein determinations and other biochemi-
cal assays can be directly carried out on the explants and cell outgrowth.

Embryonic rat explants from cerebral hemispheres, cerebellum brain stem
and colliculi were grown by this technique.  7 to 18 days of cultures were
tested for the nervous tissue specific induction of glycerol phosphate
dehydrogenase (GPDH) by cortisol and of lactate dehydrogenase (DH) by cate-
cholamines.  GPDH induction occurred in explants of all the brain regions.

  Interim Report
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Culture, Selection and Characterizations of Liver Cell Lines from
Different Species
L.E. Gerschenson                                                                    I

Different liver cell lines from rat, rabbit, chicken and hamster
have been established. Selection of functional variants has been effected

by  culture in medium devoid of glucose and/or arginine and/or tyrosine.
Several clones frcm these cell lines have been isolated and are under study
for liver-specific functions such as hormonal responses, isozymic composi-          Il
tion and synthesis of serum proteins.  characterization of their karyotypes

is also under study.  These different cell lines will be used for cell
hybridization studies.

Interim Report

Culture and Characterization of Rabbit Endometrial.Cells
L.E. Gerschenson and Jing Yang

A technique has been developed to culture rabbit endometrial cells.
The freshly isolated cells were found to respond to estradiol and proges-
terone addition b:i changes in morphology and growth rate. Several  cell
lines have been establibhed and are under study for organ-specific markers
and responses to sexual hormones.  The markers chosen for study are the
binding proteins and cytoplasmic receptors for estradiol and progesterone.
A simple and standard technique for this purpose has been developed using
Sephadex-chromatography and labeled hormones.

An interesting and ancillary discovery of this research was the fact
that a synthetic estrogen:  diethylestilbestrol (DES) appears to compete
with the natural estrogens in a peculiar way that suggest that it binds
not only to the same site than 17-B estradiol but also to either of the
site (s)   of  the same receptors  or to other receptor(s) of different nature .
This finding which is still under study might have some bearing on the

described carcinogenic effect of DES.

Interim Report

Cell Hybridization and Chemical Porphyris
M. Kussel and L.E. Gerschenson

The drugs allilisppropylacetamide and ethiocolanolone have been found
to induce fluorescence in cultured rat liver cells.  These chemically are
known to induce experimental porphyria in animals and liver-organ cultures,

through an increased synthesis of the enzyme - Aminolevulinate synthetase
(ALS) . Cell hybrids between the above-mentioned cells and fibroblasts is-         <I
olated from patients suffering of hereditary porphyria are going to be
prepared to study the genetic regulation of ALS.

Interim Report
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Development of Heart Cells in Culture
I. Harary and M.J. Masse

We are continuing our study of the role of cell division and serumin the development of immature heart cells into functioning myosin syn-
thesizing heart cells.  Most of the cells which attach in culture are
non myosin containing myoblasts which proliferate before gaining  the

            ability b synthesize myosin. Inhibition of cell division or selective
killing of dividing cells prevent the increase in myosin found in normal
control cultures.  Separation of the cells on a density gradient has in-
dicated that a heterogenous heart cell population exists representingdifferent stages of development. Analyses of these cells indicates that
the mixture includes primitive non myosin-containing cells capable of
undergoing cell division and also mature myosin synthesizing cells which
have lost their capacity to divide.  These results are derived from ex-
periments on cells separated on a density gradient and also by use of
adult heart cells.

Interim Report
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MEMBRANE FUNCTIONS

Linked Active Transport of Na  and K IN AN ASTROCYTIC CELL LINE
Gary  Kukes, Jean de Vellis and Rafael Elul

A rat astrocytoma cell line which maintains several specialized
functions of glial cells including cortisol induction of glycerol phos-
phate dehydrogenase and noradrenergic induction of lactate dehydrogenase
was used to investigate possible mechanisms of active ion transport in
astrocytes.     5 x  10-4 M ouabain  a*  37'C  for 100 minutes inducejl swelling
and a 60% loss of intracellular K and a 6 fold increase in Na measured
by absorption spectophotometry. This caused the .average untreated membrare
potential of -36mV to decrease by 11mV.  Washout of ouabain resulted in a

rapid loss of Na+ and reaccumulation of K  against an electrochemical
gradient so that ionic concentrations reached control values within 10

minutes.  The membrane potential also increased *0 the control level.
Cyanide significantly increased intracellular Na  and decreased the mem-
brane pote95ia  suggesting that the ionic transport is ener$y dependent.
Efflux of  Na  from the cells in medium containing 4.5mM KT was greaterthan   in   a   K free buffer. These observations suggest linked Na+-K'. trans -
port in astrocytoma and imply that the pronounced swelling seen in astro-

cytes but not in oligodendrocytes or neuronal perikarya in brain in
response to ouabain may be due to inhibition of this transport system.
This swelling ma¥ result in int*acellular accumulation of Na+ and inflow
of water.  The K stimulated Na transport system in astrocytoma makes it
possible that K  released intermittently from active neurons in brain may
act as a modulator of active Na  transport in astrocytes.

Interim Report
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Studies on Membranes of "Differentiated" Neuroblastoma Cells
R. Akeson and H. Herschman

When serum is withdrawn from cultures of mouse neuroblastoma
lines the cells extend processes, termed "neurites." This effect
can also be produced by prostaglandins and cyclic-AMP in some cell lines.
Several laboratories have searched for biochemical and electrophysiologi-
cal corrolates of this morphological phenomenon, and have described con-
flicting results.  We have attempted to characterize the membrane changes
accompadying neurite extension by serologic means.

Antisera were prepared against neuroblastoma clone N18 cells kept on
serum free medium   for   f ive  days. The antisera,   after absorption  with
N18 cells grown in suspension culture (where no neurites exist),  have been
tested against the homologous cells, suspension culture N18 cells, non-
neural cell lines, mouse brain membrane and non-neural membrane preparations.
Both complement fixation and saturation binding of I125-labeled gamma glo-

bulin have been used for these analyses.  Both assay procedures have demon-
strated the following: (1) Serum-free "differentiated" cells possess
antigenic determinants not found on other murine culture lines (2) Serum-
free "differentiated N18 cells possess antigenic determinants not found on
N18 cells which do not have extended neurites and (3) antisera which have
a greater reaction with differentiated" N18 cells react more extensively
with neural membrane preparations than with any other membrane fraction
tested.  These results suggest that the phenomenon of neurite extension is

accompanied by the elaboration of new membrane antigens characteristic              I
of neural tissue.

Interim Report
99-For

,/* DEVELOPMENTAL MICROANATOMY

The Effect of Cortisone and Cuprizone on Mitochondria of Liver Cells in

Culture
J. Berliner

Several investigators have shown that cuprizone and cortisone adminis-
tered in vivo to rats caused mitochondrial enlargement and probably fusion;
the mechanism of this change has, however, been difficult to explore in
whole animals.  We have been able to cause a similar reversible mitochondrial
enlargement in cultured rat liver cells (RLC-GAI) in defined medium.  We are
now studying the cause of enlargement and reversal.  Initial results suggest
that DNA synthesis is not necessary for reversal, however, protein synthesis
appears important. Autoradiography experiments  are in progress to analyze                         0

the rates of synthesis of DNA, RNA, protein and lipid during cortisone and
cuprizone treatment.  Studies on human liver cells will also be performed.

Interim Report
-
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Localization in the Nucleus of Unscheduled DNA Synthesis in Response to UV
Irradiation and Carcinogens

I             J. Berliner

We are attempting to explore the question of whether breaks in hetero-
chromatin in response to x-rays or UV are less easily repaired than those
in euchromatin.  After treatment with these agents, cells are pulse la-
beled with H3-thymidine and the incorporation into the two types of chroma-

tin will be compared by autoradiography and by centrifugal separation of
the two components.  For these studies we are using freshly isolated liver
cells in culture and a skeletal muscle cell line.  We are now solving the
problem of the inhibition of normal DNA synthesis in these cells, so that

unscheduled synthesis can be observed.

Interim Report

Surface Changes in Cultured Liver Cells in Response to Dexamethasone

J. Berlinerand L. Gerschenson

In the light microscope it has been found that cultured liver cells

treated with dexamethasone change their morphology and cell to cell inter-

actions.  We are engaged in a study of this process in the scanning electron

microscope and have found that the difference in surface morphology of
treated and untreated cells is similar to the difference in normal and
malignant cells recently reported; this is of interest because our liver cell

line causes hepatomas in vivo. Further studies are in progress to study the
I              time course of the surface changes and to quantitate the process.

Interim Report
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& SCIENTIFIC REPORTS

  ANIMAL ECOLOGY
)

Experimental Analyses of the Dynamics of Vertebrate Populations

F. B. Turner, R. M. Chew, P. A. Medica, B. G. Maza, D. D. Smith, P.
August and J. Nelson

Survival and reproduction by the iguanid lizard, Uta stansburiana,
was investigated in one-acre enclosures near Mercury, Nye County, Nevada.
Mayhew's hypothesis relating egg production by certain insectivorous lizards
to production of winter annuals was examined in detail.  Artificial
augmentation of normal winter rainfall (by the addition of two inches of

water during November) wa  shown to increase dry matter production by
winter annuals (ca. 8 g/m  vs. 0.5 g/m2 in 1969-70 and ca. 5 g/m2 VS.
0.1 g/m2 in 1971-72).  Analysis of variance showed that lizards occupying

irrigated areas registered greater body weight gains than those in non-
irrigated areas in both years.  We interpret this as direct evidence of
an increase of insect food for Uta as a result of additional winter rain-

fall.  The number of egg clutches produced was increased by irrigation
during November--approximately one additional clutch of eggs was produce#
by female Uta occupying irrigated areas during 1970 and 1972.  Older
females generally produced more clutches than yearling females.  Clutch
frequency (K) can be roughly predicted from November-December rainfall
in cm (R):

F (yearlings) = 0.346 + 0.47

K (older) = 0.26R + 1.55

Analysis of variance involving the size of 46 first clutches laid in

1970 indicated pronounced effects due to both age and irrigation.  A
similar analysis based on 117 first and second clutches laid in 1972
indicated the age effect, but showed no influences owing to irrigation or
density.  Mean clutch size of yearling Uta was 3.19 in 1970, 3.65 in 1972.
Mean clutch size of older Uta was 4.20 and 4.39, respectively, in these
two years.  Annual survival of yearling and older Uta during three years

was analyzed.  There appeared to be differences between years.  Survival
of male and female Uta was very similar, but yearling lizards survived
somewhat better than older individuals.  When data from three years were

combined there was an inverse relationship between percent annual survival
(S) and density (d, per ha):

S = -0.0057d + 0.68
-        -

The   populat ion· dynamics of Perognathus formosus were observed   in   3
enclosures, which initially had densities of this pocket mouse in a
ratio of 10:4:1.  The high density was obtained by adding mice, the
medium density by reducing the natural number by half.  The low density
occurred naturally and was near the extinction level.  Reproduction in
this population began late but continued longer.  Density dependent
effects were observed.  The relative amount of sexual activity (incidence
X duration) was inversely related to density.  The number of young weaned

per successful pregnancy was highly correlated with density (r = -0.999).
At the lowest density all pregnancies were successful and all young were
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weaned.  Survival of resident mice was high and unaffected by density.
Survival of introduced mice was lower and inversely related to density.
The first mice born survived as well as residents, but survival of later
cohorts was less and was inversely related to density.  The integration
of these effects was that the artificial increase was not maintained and
the reduced population quickly recovered.  After the late start the low

density population increased continuously, but never reached carrying
capacity.

-Ref--rfnQU : Annual reports   to the National Science Foundation,   June  1973.
J. Herpetology 7: 79-85, 1973.

4               Hormonal Induction of Color Change in Leopard Lizards
P. A. Medica, F. B. Turner, and D. D. Smith

Follicle stimulating hormone (FSH) will induce red-orange pigment-
ation in non-ovariectomized female leopard lizards (Crotaphytus wislizenii)
in 7-21 days depending upon the season.  Progesterone is judged to be an
important hormone in the process of color change, and will bring about
pigmentation  in the absence of ovarian tissue. Estrogen alone  has ·'no
apparent effect on color change, but when adminihtered before progesterone
it has a priming effect.

Interim Report

Analysis and Modeling of a Desert Ecosystem
F. B. Turner, T. Ackerman, S. A. Bamberg, E. Edney, H. 0. Hill, H. W.
Kaaz, B. Maza, J. McBrayer, P. A. Medica, E. M. Romney, D. Smith, A.
Vollmer, A. Wallace

1                    Various abiotic and, biological measurements were made on a 46.1 ha
(113.9 acres) validation site in Rock Valley, Nye County, Nevada, during
1972.  Abiotic measurements included wind speed and direction, air temp-

erature, insolation, rainfall, soil temperatures, soil moisture contents,
and selected physicochemical attributes of soils.  Biological measurements
included estimates of standing crops of annual and perennial plants, to-
gether with state changes associated with production of new tissue during
the spring of 1971; periodic estimates of the relative abundances of
various ground- and shrub-swelling arthropods; and estimates of densities
and biomasses of selected species of vertebrates.

<                    The validation site was divided into six reasonably homogeneous
zones of vegetation, ranging in extent from 1.41 to 21.21 ha.  In all

zones eight shrubs compose from 94-97% of the perennial populations:
Ambrosia dumosa, Ephedra nevadensis, Eurotia lanata, Grayia spinosa,
Krameria parvifolia, Larrea tridentata, Lycium andersonii, and k. pallidum.
Ambrosia dumosa is the most common species in all zones.  During the
spring of 1972 the validation site was estimated to sustain about 5 million
annuals (ca. 11/m2).  Estimated average density in 1971 was about 7.8/m2.

Although the overall density in 1972 was higher, annuals were much
smaller and standing crops during the spring were lower than in the

33



preceding year.  Production of winter annuals was estimated to range from
1.63 to 5.65 kg/ha, depending upon the zone of reference.  The overall

site mean was 3.2 kg/ha (cf. 4.9 kg/ha in 1971).  Total coverage on a
site-wide basis for nine perennials is about 20%.  About 400,000 perennials
occur on the validation site (ca. 8672/ha), and around 10% of these are
entirely dead.  Overall, the ratio of above-ground standing dead to

living plant material is estimated as about 5:4.  Total live above-ground
standing crop on the site is estimated as around 41,363 kg (ca. 897 kg/ha).       <I
Root biomass has been estimated as roughly 873 kg/ha, which suggests a
total standing crop of approximately 1770 kg/ha for the site as a whole.
The largest contributors to standing crop are Larrea tridentata and
Lycium andersonii.  On a site-wide basis production of new above-ground

tissue (shoots, leaves, flowers, fruits) by perennials in 1972 was
estimated as about 183 kg/ha, ca. 11% greater than the revised 1971

estimate of 157 kg/ha.  Production by winter annuals was about 1.7% of
that by perennials in 1972 (cf. 3.1% in 1971--based on revised production
estimates).

Arthropods were sampled regularly by pitfalls and by vacuuming shrubs

during 1972.  Work began on March 6 and was continued until late September.
Almost 200 species of arthropods were taken by D-Vac.  Ground-dwelling
species exhibited about the same abundances as observed in 1971, or
showed modest increases.  Shrub-dwelling species showed general increases
in apparent densities.  Absolute densities of 12 species of tenebrionids
were estimated fram capture-recapture data and associated dry weight

biomass values were calculated for six species.  Estimated densities
ranged from around 100/ha--or less (Auchmobius subboreus, Coniobiosoma
elongatum, Eleodes armata, Metoponium convexicolle) to 1000/ha or more
(Edrotes orbus in 1972, Trogloderus costatus). Combined dry weight bio-

mass of six species was about 342 g/ha in 1971 and 542 g/ha in 1972.  Theacridid Bootettix punctata, an obli·gate feeder on Larrea, is the most              <
abundant of the chewing defoliators in Rock Valley.  Pseudococcids are
important sap-consuming arthropods--sustaining some of the highest
densities observed on the site.  They extract more sap than used and
excrete the excess as honey-dew.  Membracids are abundant sap-consuming

forms on Larrea.  Larval lepidopterans constitute an important functional
assemblage   in Rock Valley  and are respons ible  for  most   of the Conspicuous                         <
defoliation.  Coleophorids are most common on Grayia, the geometrid
Semiothisa is an obligate on Larrea, gelechiids are major defoliators of
both species of Lycium, yponomeutids dominate on Lycium andersonii and
Krameria parvifolia.  Most of the parasitic hymenopterans taken in 1972
were braconids. These wasps occurred  on the same shrubs (Lycium andersonii,
Krameria) as the lepidopterous larvae they probably parasitize (gelechiids
and yponomeutids).

The most abundant mammal on the validation site is Perognathus longi-
membris.  Spring densities of this species in the three trapping grids

were around 5-7/ha (ca. 13.5-17.5 g dry weight/ha).  These densities were
less than those observed in the spring of 1971, apparently reflecting the          
poor reproduction of 1971.  Other rodents exhibited spring densities of
less than 1/ha.  When trapping data were adjusted to compensate for

likely deficiencies, the overall site density for these seven species was
estimated.at 9.5/ha with biomass of 49.5 g/ha.  Reproduction during the
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spring and summer of 1972 was better than that of the previous year.. With
adjustments for likely deficiencies in the July trapping data, the combined
density (of seven species) was 18.2/ha with an associated biomass of 85.6
g/ha.  Aggregate density and biomass of rodents roughly doubled between the
spring and summer.

The most abundant reptile is the lizard, Uta stansburiana.  In the
spring of 1972 observed densities ranged from 25-to 40/ha (cf. 35 to 45/ha
in 1971), with dry weight biomass estimates of 27 to 40 g/ha.  The
combined spring density of four other lizards was estimated at around
16/ha (72 g/ha).  Two species of birds bred on the validation site in the

spring of 1972:  Amphispiza bilineata and Toxostoma lecontei.  Estimated
breeding densities were about 0.52 pairs/ha 0.52 and 0.035/ha (4.3 and
1.3 g/ha).  Thrasher density was essentially as observed in 1971, that
of Amphispiza was increased about 22%.

Reference:  Annual Report to the National Science Foundation, June 1973.

0               Studies on the Control of Electrolyte Excretion by the Nasal Gland of the
Lizard Dipsosaurus dorsalis
V. H. Shoemaker, K. A. Nagy and S. D. Bradshaw

1. Lizards injected with NaCl secreted more Na+ than K+ via the nasal

gland.  Subsequent KCl loading led to predominance of K+ in the nasal
0               secretion.

2. Aldosterone and dexamethasone abolished the ability of the gland
to secrete Na+, corticosterone and ACTH reduced this ability, and cortisol
had only slight effect.

3. None of these hormones or dexamethasone initiated salt gland
activity or appreciably altered potassium secretion.

4. K acetate,.K2 succinate and KHCO3 stimulated secretion of salts
containing HC03- or C032-, whereas Cl- was the only anion present following

loading with Cl- salts.
5. RbCl also stimulated secretion whereas sucrose and mannitol did not.

Reference:  Comp. Biochem. Physiol. 42A: 749-757, 1972

The Role of Adrenal Corticosteroids in the Regulation of Kidney Function
in the Desert Lizard Dipsosaurus dorsalis
S. D. Bradshaw, V. H. Shoemaker and K. A. Nagy

1. Renal responses of the lizard Dipsosaurus dorsalis to chronic ad-
ministration of water, 50 mM NaCl and 150 mM NaCl were studied.

2. 2. dorsalis responded to these injections by reducing or increasing
sodium excretion by means of appropriate variations in fractional reabsorption
of sodium.

3. Corticosteroidogenesis increased in response to saline loads but
was unchanged with chronic water loading.

4. Dexamethasone significantly inhibited the normal response to NaCl

loading.
5. Responses to aldosterone and spirolactone injections were negligible

and suggest that aldosterone is not involved in the control of renal sodium
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excretion.

Reference:  Comp. Bioehem. Physio. 43A: 621-635, 1972

Water and Electrolyte Budgets of a Free-Living Desert Lizard, Sauromalus
obesus                                                                             I
Kenneth A. Nagy

1. Seasonal water metabolism in the herbivorous desert lizard Sauro
malus obesus (chuckwalla) was measured with tritinted water (HTO).
Electrolyte budgets were obtained from field and laboratory measurements.
These data describe the roles of various excretory organs in maintaining

balance and permit evaluation of some aspects of the physiological ecology
of these lizards.

2. When vegetation.was succulent, chuckwallas obtained more than
enough water from their food to meet their needs (Table 5).  The excess

was excreted rather than being stored (Table 1).
3. Although water requirements of chuckwallas maintaining constant

weights are low in comparison to some other desert vertebrates, metabolic
water production is insufficient to balance losses.  These lizards must eat
succulent vegetation to maintain water balance.

4.  When vegetation was dry (summer), chuckwallas remained in
crevices most of the day and did not eat.  This behavior resulted in a
considerable reduction in water loss.

5. These lizards did not drink rain water.
6. During drought, chuckwallas became dehydrated (Fig. 2), but fract-

ional fluid volumes were maintained at normal levels (Table  1),  as  were
plasma electrolyte concentrations (Table 2).

7. Chuckwallas entered winter dens in October weighing only two-
thirds as much as in April (Eig. 1).  They did not grow in length during
1970.

8.   The   diet was always hyperosmotic   with K+ predominating,   but   this
load was excreted by the nasal salt glands and as precipitated potassium
urate (Table 7).  These avenues of electrolyte loss require little water
(Table 6), resulting in effective separation of water excretion from

electrolyte excretion.                                                             0

Reference:  J. Comp. Physiol. 79: 39-62, 1972

Behavior, Diet and Reproduction in a Desert Lizard, Sauromalus obesus
Kenneth A. Nagy

Chuckwallas living on Black Mountain in the Mojave Desert experienced
poor conditions for growth during 1970.  After annual plants died and
perennials dehydrated in May, the diet of these strictly herbivorous
lizards shifted from primarily annuals to perennials only.  Chuckwallas

stopped eating in late August or September, and entered winter burrows in          Il
October after having lost 35% of their body weight during the year.  These
lizards did not reproduce in 1970, and male home range sizes and aggressive
behavior were considerably reduced.  Home ranges overlapped extensively,
and did not change in size from spring to summer.  Chuckwallas were abroad

36



for about eight hours per day in spring, but in summer activity was
restricted to about  an hour around sunset. Chuckwallas apparently abandon
costly social behavior and reproduction in years when succulent food
resources are scarce.  This may enhance survival of the population during

relatively dry years.

Reference:  Copeia 1: 93-102, 1973

Temperature Regulation by the Inflorescence of Philodendron
K. A. Nagy, D. K. Odell and R. S. Seymour

The inflorescence of Philodendron selloum temporarily maintaini a
core temperature of 380 to 460C, despite air temperatures ranging from
40 to 390C, by means of a variable metabolic rate.  The heat is produced

primarily by small, sterile male flowers that are capable of consuming
oxygen at rates approaching those of flying hummingbirds and sphinx moths.

Reference: Science 178: 1195-1197, 1972

Daily Activity of Namib Desert Arthropods in Relation to Climate
Erik Holm and E. B. Edney

Timed traps and visual observations were used to measure the distri-
dution of activity of desert insects, principally tenebrionid beetles, in

southwest Africa.  Differences between species as regards seasonal·and
daily cycles were observed.  Summer and winter faunas were almost entirely
different.  Measurements showed how hot and cold extremes may be avoided
and how activity may be correlated with microclimatic variables.  Daily
activity of the tenebrionid Onymacris rugatipennis was bimodal in the

'k.

summer, unimodal in the winter, and the difference could be correlated
·r_

with the temperature regime.

Reference:  Ecology 54: 45-56, 1973

Behavior of Desert Cockroaches
E. B. Edney and Robert A. Wood

<                    Knowledge about the behavior of arthropods that spend at least some
of the time below ground is relevant to problems concerning the movement
of materials, including radio-nuclides, through the soil.  With this in
mind, we have been perfecting equipment which enables us to study the

movements of the desert cockroach Arenivaga through sand in controlled
envi6rnments.  The insects are labelled with technitium 99M (which has a
half Iife of about 6 hours) and followed by means of a scanning g -
scintillation camera.  (The co-operation of the Division of Nuclear
Medicine  in permitting the use of their camera is acknowledged.)  Data
concerning the insects' positions for up to 24 hr. are stored on tape and

subsequently displayed on an oscilloscope screen for photography and analysis.

Results so far show that the insects have a preference temperature
of 25' - 33'C, and that ambient conditions at this temperature are.sought
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by movements either vertically or horizontally through a gradient.  The
mechanism involved appears to be a taxis.  So far as humidity is concerned,
the insects travel either vertically or horizontally to the 'wet' end of

a gradient, but in this case further analysis using constant humidities
suggests that the mechanism is an orthokinesis.

In the field, insects move about just below the surface at night and
feed on plant detritus.  The extent to which the food is transported
downwards through the soil is being investigated.                                 Il

Interim Report

Trophic Relationships of Arthropods
James McBrayer, E. B. Edney and Paul Franco                                       I

The food preferences of Arenivaga have been determined by labelling
different plant species with different isotopes.  Dried leaves of Larrea
divaricata, Atriplex canescens, Dalea fremonti and Ephedra sp., were so
labelled, and there was a slight preference for Atriplex.  Further
definitive experiments on trophic relationships of this and other insects,         Il

using radioactive isotopes and the techniques developed by Crossley and
Reichle, are at present under way.

An arthropod that is frequently caught in pit-fall traps on the N.
T. S. is the isopod Venezillo arizonicus.  We found that this feeds on
living tenebrionid beetle larvae, and we shall follow this up when                 Il

sufficient material can be obtained.  Meanwhile we have carried out feeding
experiments on another isopod - Armadillidium vulgare - and Drosophila
pupae.  By tagging with isotopes we have found that the isopods prefer
live animal food to dead plant leaves (they are normally thought of as
detritivores) and we also have data about amounts eaten.

Interim Report

The Effect of Radiation on Water Balance
E. B. Edney

Arenivaga is one of a small number of arthropod species that absorb
water vapor fram unsaturated air - a highly beneficial adaptation to
desert conditions.  The mechanism of the process is uncertain, but we have
measured the effect of radiation upon it by subjecting nymphs to doses
from 0.5 - 80 kR from a Co source in the Laboratory.  Four out of ten
ins ects died after   80   kR,   but   none   died at lower doses. However,    the                                       Il
ability to absorb water vapor was progressively reduced at higher doses.
Since water balance mechanisms are of crucial importance for desert
arthropods, it is possible that irradiation in certain areas of the N. T.

S. from fall-out may be having an effect on the composition of the
arthropods fauna.  But this remains to be investigated.

Interim Report
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Distribution of Soil Arthropods
                James McBrayer, Paul Franco and E. B. Edney

An analysis of the distribution of soil arthropods in relation to
four species of desert shrubs, and in relation to soil abiotic factors,
has been commenced.  Eventually this will lead to information about biomass
and trophic relationships of the constituent species.  Techniques for

4                                            extracting the arthropods are being developed:      the most promis ing   at
present is a modified Berlese process.  The commonest arthropods so far
are mites (upwards of twenty species) and collembolans.  But the investi-
gation has only just begun.  The soil samples taken are also being used
for root biomass estimations (Dr. Bamberg) and for nematode distribution
(Dr. Mankau of U.C.Riverside).

Interim Report

J PLANT ECOLOGY       ,>04
14

Partitioning of Photosynthetically fixed C in Perennial Plants of the
Northern Mojave Desert
A. Wallace, S. A. Bamberg, and J. W. Cha

In the spring of 1971, 1972 and 1973 several species of desert shrubs
were labeled photosynthetically with 14602 and the partition of the 14C
among plant parts was subsequently determined.  The labeling procedure

Il               involved the release of 14C02 in microcurie quantities within a plastic
bag covering the plant.  The bag was left in place for 2 hours.  At that
point a subsample of the foliage of the plant was taken together with an
estimate for the total quantity of foliage present so that a calculation
of the amount of label in each plant could be made.

14
Shoots of Ambrosia dumosa ( Eay) Payne plants were exposed to   C02

in 1971 and the distribution of C in roots, stems, and leaves was measured
after one week, 2 months, and 5 months.  Only about 12% of the photosynthate
was stored in the root at any sampling time.  Much of that stored in stems
was available for new leaf growth.

Photosynthate was labeled with C for 24 plants representing eight
14

species in 1972. Results showed that after 127 days the mean percentage
of 14C in roots as compared with the estimate of that originally fixed was

11.8; the percentage in stems was 43.8. The ratio of root/root + stem for
14C was 0.212.  This was only half the ratio for actual weights of field
plants.  The correlation coefficient for the above ratio for 14C in roots x

Il               root/root + stem (ratio of dr  weights) was = 0.84.  Small stems were the
major storage organ for the 1 c.

Some comparisons of the .C partitioning data are to be made with actual14

changes in plant part weights for glasshouse-grown plants.  Root growth of
eight perennial desert plants grown in the glasshouse was followed as
plants increased in size.  The mean per cent of whole plant that was root
for the eight species was 17. 7%.  The mean proportion of the increase in
plant weights that went below ground for the eight species was 19.5%.
This corresponded quite closely with the movement of the 14C label.
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Reference: Symposium The Belowground Ecosystem: A Synthesis of Plant-           0
Associated Processes, Fort Collins, Colo., Sept. 5-7, 1973.

Root and Stem Relationships Among Ten Species of Northern Mojave Desert
Plants

Samuel A. Bamberg and Arthur Wallace

Root and stem weights were obtained for field samples for ten species
of perennial plants in the Northern Mojave Desert.  The purpose was to
develop methods for determining below-ground biomass in connection with a
general study on assimilate distribution.  Root and stem weights for all
species were highly correlated and linear regression in most cases adequatelyexpressed the relationship between root weight and stem weight.  Root              0
weight for the total of all plants considered was about 45% of the sum of
stem and root weights.  There.were species differences.  The proportionthat was root was generally independent of whether the plant was large
or small. It was concluded that root biomass can be estimated from stem
weights for a population for some species at least within a possible
error of + 10 to 20%.

Reference: IBP Desert Biome 1972 Annual Progress Report, December 1972.

Vertical Root Profiles of Perennial Plant Species from the Rock Valley
Area of the Northern Mojave Desert

Samuel Bamberg and Arthur Wallace                                                  I

The root systems of 48 perennial plants representing nine species from
the Rock Valley area with Northern Mojave Desert were excavated by 10 cm
vertical increments to determine distribution by depth.  The depth of pene-
tration of all species was relatively small and obviously limited by depth
of penetration of precipitation (about 10 cm annual mean) and presence of
caliche layers.  There were species differences, however, in distribution
of roots.  Even though a sizeable proportion of the root systems was inthe first 10 cm of soil, this portion was largely multiple woody tap rootwith  relatively few small roots.    From  50  to  807.  of the total root systemswere  in the first 20 cm.   In most· cases the majority of small roots were                   between 10 and 30 cm depth.

Reference:  IBP Desert Biome Annual Progress Report, December 1972.

Comparative Photosynthetic Production in Moiave Desert Shrubs
S. A. Bamberg and G. E. Kleinkopf

Plant species in the northern Mojave Desert have a facultative
response to moisture and temperature conditions.  During favorable periods
plants respond with renewed photosynthetic activity within a few days and
continue active gas exchange and growth as long as conditions are favor-able.  The response is variable in intensity and length depending on the
amount of moisture received and subsequent temperatures.

Species specific differences in photosynthetic response do occur
both in rates and duration in the growing season.  These differences are
related to moisture and temperature regimes as the growing season pro-
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gresses.  Most desert plants exhibit plasticity in their ability to
respond to additional moisture, for example, in the late summer or early

fall by either new leaf or reactivation of evergreen species with flowering
and fruiting.  This variable response, we feel, has evolved in these
desert species where, particularily, precipitation is low and variable in

time of year and amounts.

Reference:  IBP Synthesis Meeting, Aberystwyth, Wales, April 1973.

Evidence for Lack of Turnover of Ribulose 1,5-diphosphate Carboxylase in
Barley Leaves
L. W. Peterson, G. E. Kleinkopf, and R. C. Huffaker

Turnover of ribulose 1,5-diphosphate carboxylase in barley leaves
(Hordeum vulgare L.) was fol]owed over time in light and dark.  The
enzyme was degraded in prolonged darkness and was resynthesized after
the plants were returned to light.  Labeling with 14C showed that simult-

aneous synthesis and degradation (turnover) did not occur in light.  In
contrast, the remaining soluble protein was turned over rapidly in light.
Although ribulose 1,5-diP carboxylase can be both degraded and synthesized,
these processes seem not to occur simultaneously, but can be induced
independently by changing  environmental conditions.

Interim Report

Contribution of Salts to the Water Potential of Woody Shoots
G. E. Kleinkopf

Water potentials of a wide variety of desert and nondesert plant
species grown in a glasshouse were measured and compared with cation
contents of leaves.  Part of the variation among all the species was due

to salts (as measured by total cations) and most of it within some halo-
phyte species was due to salts.  For two of the most successful species
in the Northern Mojave Desert, however, their high negative water poten-
tials are due largely to factors other  than salt.  Moreover, these two
species, Larrea tridentata and Kramaria parvifolia, both·are of the so-

<
called Calvin C-3 pathway for photosynthesis. These two species  are
subjects of intense studies concerning their adaptive mechanisms for
survival under harsh desert conditions.

Interim report.

Transpiration and CO2 Fixation of Selected Desert Shrubs as Related to
Soil-water Potential

Bert T. Clark, John Letey, 0. R. Lunt, and G. E. Kleinkopf

In desert plants transpiration rates were decreased before the photo-

synthetic rates were decreased when plants were entering a  period of
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water stress and this phenomenon may have ecological significance.  A
difference of -5 bars in the soil-moisture potential had considerable
importance in decreasing transpiration. In Helianthus annuus (sunflower)
the photosynthetic rate decreased before the transpiration rate in con-
trast to desert plants and the changes occurred with a -1 bar difference
in soil-moisture potential.  Descriptions of three desert plant species
(Artemisia tridentata, Ambrosia dumosa, Larrea tridentata) as soil-water
potential aecreased are given.  Loss of net photosynthesis occurred in
£. dumosa (a summer deciduous shrub) as soil reached -48 bars in the
field, whereas k. tridentata (an evergreen shrub) was able to maintain a
water-potential difference between soil and plant of -10 to -15 bars and
continue net C02 gain well into the summer months.

Interim report

Radioecology and Ecophysiology of Desert Plants at the Nevada Test Site
Arthur Wallace, Evan M. Romney and collaborators

This 440-page book contains reports of a small portion of the
biological work underway at the Nevada Test Site.  It was not designed
as a comprehensive ecological or botanical treatise on the Test Site,
but rather as a base for future studies of radiation effects and radio-
nuclide- and mineral-cycling problems of interest to the Atomic Energy
Commission  and for manipulat ion experiments of interest  to the Inter-
national Biological Program.

Major divisions of subject matter in the book include radiation
effects on plants, radionuclide distribution, autecology of several

plant species, synecology of perennial species, phenology, plant and
animal relationships, aspects of mineral cycling, and water relations.
The book contains about 250 photographs.

Reference:  Published by the Office of Information Services, US Atomic
Energy Commission, 1972, available as TID-25954.

Revegetation in Areas Damaged by Close-in Fallout from Nuclear Detonations
at the Nevada Test Site                                                        I
E. M. Romney and J. D. Childress

Wherever vegetation has been destroyed at the Nevada Test Site,

grasses have grown abundantly in subsequent years.  Experience indicates,
however, that decades are necessary for perennial shrub revegetation on

a disturbed site.  In disturbed areas of the Great Basin, germination
and survival of native shrub seedlings have been sufficient to return
to the original condition.  After severe drought periods many new seed-

lings have disappeared indirectly because of browsing animal activity.
In the disturbed Mojave Desert portion of the Nevada Test Site, germin-

ation and survival of shrub seedlings have been much slower.  Animals
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have destroyed virtually all shrubs which we have transplanted into

distrubed areas unless protected.  Under natural conditions revegetation
in desert areas usually occurs in the relatively fertile islands created
in the desert by colonies of shrubs which occupy a site for decades. or
centuries with turnover within the site.  Organic matter build-up and

concentration of nutrients by cycling make for zones of high fertility.
                          Destruction of these sites makes revegetat ion difficult.

Reference:  Western Society of Soil Science meetings, Salt Lake City,
Utah, June 1973.

 / NUTRIENT AND RADIONUCLIDE CYCLING   - -O1

A. Soil Studies

Edaphic factors play a major role in determining plant distributions
and strongly influence mineral cycling through their own properties as
well as those of plants growing in them.  A series of studies are

providing better insight on soil factors influencing mineral cycling.

Some Characteristics of Soil and Perennial Vegetation in Northern Mojave
Desert Areas of the Nevada Test Site
E. M. Romney, V. Q. Hale, A. Wallace, 0. R. Lunt, J. D. Childress, H.
Kaaz, G. V. Alexander, J. E. Kinnear and T. L. Ackerman

This report is a compilation of data from several interrelate& pro-
jects conducted at the Nevada Test Site as part of a team effort to 6b-
tain more information on soil and plant relationships in the desert ,eco-
system in order to better understand the impact of nuclear testing on
the environment.  It ties together the masses of acquired data into one
convenient volume for use by the funding agency and also to serve as a
basis for the continuing systems analysis work involved with these pro-
jects.

Included are results  from the chemical  and  phys ical characterization                         1-
of soil profiles at 79 study sites located in some Northern Mojave Desert
areas of the Nevada Test Site.  These profiles were characterized under
clumps of perennial vegetation and under bare desert pavement in order
to determine the modifying influence of shrubs on desert soil. Ecologi-
cal attributes of perennial vegetation determined by nondestructive,
dimensional analysis are reported in terms of density, area, volume and
biomass according to the existence of shrubs as solitary plants or as

4           members of a shrub clump.  Mineral element compositions of leaves and
stems are reported for the most common plant species at each studv site.

40 ,Also included are the concentrations of Csl37, and the natural K (as
total K), uranium and thorium found in the surface fractions of the soil
profile.  Abiotic data compiled during a five-year period from nine samp-
ling stations are reported for rainfall, air temperature, soil temper-
ature and soil moisture.
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The cogent interrelationships derived from additional systems analysis
work with these data shall form the basis for future reports.

Reference:  UCLA 12-916, TID-4300, 1973.                                    -

Some Correlations Between Soil Characteristics and Plant Ecology in the
Mojave Desert                                                                        I
E. M. Romney and A. Wallace

Studies have been made 6f two different Larrea tridentata ecotone
lines in Southern Nevada to identify edaphic factors involved in the
gradient present.  Soil characteristics have been determined on both
sides of each demarcation line and include soluble cations and anions,
exchangeable cations, soil organic matter, soil PH and CaCO3, specific
conductance, and mechanical analyses all by horizons.  Transects 500
meters long were established across each site and changes in vegetation
were noted for each 50-meter increment.  Mineral composition of the

plants was obtained.  Most relevant of the data were high specific
conductance values for C horizons, high nitrate contents of the C hori-
zons, a very high percentage of exchangeable K (80% or more) in the A
horizons of soil where L. tridentata failed to grow. In areas where L.
tridentata failed to grow, the k. tridentata was replaced by other species,
Atriplex canescens (Pursh) Nutt., Artemisia spinescens D. C. Eat., and
Hymenoclea salsola T. & G. Within the 500-meter transects the transi-
tions were more or less gradual and varied as did L. tridentata.                      I

Distribution of plant species in a 15 X 500 meter transect across a
Larrea-Atriplex line in North Frenchman Flat

Species Number of plants in 15 X 50 m segments

1234567 8   9  10

Larrea tridentata 0 0 1 0    3   28   54  40  75  55

Eurotia lanata 1 1 2 4    6   25   10  52  84  99

Ambrosia dumosa 0    0 14 23 29   47   16  96 168 263                    0

Polygala subspinosa    0    2    1    1 4 6 11 26 29  59

Atriplex canescens 202 240 192 183 246 149 100  75  47  54

Salsola pestifera     56 44 564254180001
Lycium andersonii 0001001352

Sphaeralcea ambigua  203  256  129  126  121   49  106  50  61  37

Three Lycium species are distributed in the field in a manner related

to mineral composition of leaves.  The gradations in mineral composition
of leaves relate to salinity and are as follows:
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Species Na Ca       K       Mg       Cl

% of dry weight

Lycium shockleyi 4.50 1.68 1.68 0.70 0.99

Lycium pallidum 2.25 3.68 3.93 0.92 1.44

Lycium andersonii 0.19 5.66 6.42 0.93 0.03

Lycium shockleyi Gray grows in semisaline areas; Lycium andersonii
Gray in sodium-free areas and Lycium pallidum Miers is intermediate.

The study plots in Rock Valley of the Nevada Test Site IBP validation

site represent contrasting areas with only slight differences in soil
chemical differences.  One plot has 203, 1136, and 88 Grayia spinosa
(Hook) Moq.,L. andersonii,  and li· pallidum per hectare, respectively,
while another has 2202, 83, and 815, respectively.  Differences for
this pattern of distribution are due to minute differences in soluble
salts in soils.

Reference:  AAAS Arid Lands Symposium, Mexico City, June 1973.

Effect of Shrubs on Native Fertility of the Mojave Desert
A. Wallace and E. 'M. Romney

Edaphic factors are important in the distribution of desert plant

species, but plants also are often important in determining soil
characteristics (Rickard and Keough, 1968, Plant and Soil 29: 205).  For
example, some species (Atriplex especially) which accumulate large amounts
of sodium in the leaves result in a cycling of sodium to upper soil
horizons near shrubs.  There is a gradual redistribution of sodium in
the soil in areas where shrub clumps have been in place for centuries and
where considerable bare area of soil is present between clumps.  The
latter area may include desert pavement, but the roots of the plants do

extend into the bare area.  Potassium has been cycled from bare areas
to shrub areas where Grayia spinosa Hook Moq. is present in the shrub

<            clumps.  Leaves of this species contain as much as 12% dry weight of

potassium and surface horizons beneath such shrubs accumulate high
levels of it.  Soluble K in comparable areas of soil in shrub and bare
areas under g. spinosa are 0.19 and 0.01 me. per 100 g, respectively.
In areas where leaves of flants contain less potassium, representative
values are 0.09 and 0.02 me. per 100 g, respectively.  Large differences

            in soluble phosphorus exist between the two types.of areas.  Soil
organic matter contents are from 2 to 10 times higher in soils under
shrubs than in bare areas. In fact the soil in the shrub zones oftimes
appears to be just as fertile as many productive agricultural soils.
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Some comparative soil analyses are as follows:

Shrub-covered  Depth  Sol K  Sol Ca  Sol P  Organic  Total  Exch K  Exch Na
soil or bare me me             C      N me me

Soil cm 10Og 10Og ppm      %       % 100g 10Og

Near Grayia spinosa

shrub 0-7 0.60 0.28 2.84 1.28 0.134 3.77 0.04

shrub 7-30 0.08 0.09 0.56 0.30 0.031 2.47 0.04

bare 0-18 0.01 0.05 0.20 0.21 0.039 0.81 0.30

Near Larrea divaricata

shrub 0-9 0.59 1.42 3.26 2.12 0.211 4.06 0.27

shrub 9-13 0.08 0.15 0.36 0.48 0.050 3.92 0.71

shrub 13-36 0.05 0.10 0.04 0.38 0.044 3.45 0.42

bare 0-34 0.02 0.12 0.24 0.33 0.035 1.78    0.42

Near Atriplex confertifolia

shrub 0-17 0.14 0.34 0.32 0.52 0.046 7.01 3.39

shrub 17-29 0.06 0.03 0.16 0.24 0.027 8.64 4.55

shrub 29-47 0.07 0.11 0.08 0.18 0.019 9.51 2.83

bare 0-13 0.04 0.03 0.20 0.24 0.025 7.34 1.41

bare 13-30 0.04 0.03 0.04 0.19 0.020 10.66 2.30

A glasshouse study was conducted to compare the fertility of soil               <
from under shrub clumps in the Northern Mojave Desert with soil from
bare areas between shrub clumps.  Such areas have been in place for dec-
ades or centuries and the soil characteristics are considerably different,
especially in content of soil organic matter.  In the first crop of
Hilaria rigida (Thurb.) Benth. ex Scribn. grown in both kinds of soil
yields were higher for the infertile bare-area soil than in the fertile              <
shrub-area soil possibly because of allelopathy (Muller, 1966 Torrey
Bot. Club Bull. 93:332-351); the reverse held for the second and third
crops, however, mostly because of limiting nitrogen.  K, Mg, Na, Cl , Fe,
Mo, and Sr concentrations were higher in soil from the bare area and
this is indicative of problems related to growing crops in such soil.
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Reference:  AAAS Arid Lands Symposium, Mexico City, June 1973.

B.  Sodium Relations

The sodium relations of desert plants deserve special consideration.
<           because of its prevelance in arid environments and the tremendous range

of plant response to sodium -- ranging from an essential requirement to
rather marked sensitivity.

Sodium Relations in Desert Plants. I. Cation Contents of Some Plant
Species frcm the Mojave and Great Basin Deserts

A. Wallace, E. M. Romney, and V. Q. Hale

Leaves of 23 plant species native to the Mojave or Great Basin

Deserts have been analyzed for mineral cations by an emission spectro-
graphic technique.  Some of these species tend to accumulate Na in leaves,

particularly species which grow in areas where salts have accumulated.
Distribution in the field of three Lycium species may be related to
salinity.  Sodium contents of the Lycium species were inversely related
to those of Ca.  Grayia spinosa is an accumulator of large amounts of K
in areas where other species accumulate Na. Several members of the
Chenopodiaceae accumulated Na in leaves, but not all of them did. Plant
species and soils both seemed to determine the cation contents of plants.

4           Larrea tridentata failed to grow where C horizons were highly saline
and where A horizons contained over 10 me/10Og exchangeable K.

Reference: Soil Science 115(2):284-287. (1973).

Sodium Relations in Desert Plants. II. Distribution of Cations in
Plant Parts of Three Different Species of Atriplex
A. Wallace, R. T. Mueller, and E. M. Romney

6. hymenelytra cuttings were grown in Yolo loam soil for 35 days
after addition of three levels of sodium chloride (0, 1, 5 g NaCl each
applied three separate times to 3-kg logs of soil.) Plants were not
injured by any of the salt treatments.  Highest concentrations of sodium
were in shoots with a steep gradient from top leaves to roots.  Chlorine
and potassium behaved similarly.  At the highest salt level, top leaves
contained nearly 10 per cent on the dry weight basis each of sodium,
chlorine, and potassium.  Yields of A· hymemelytra grown in solution
culture responded somewhat to sodium. Root to leaf gradients for sodium
and potassium were similar to the plants grown in soil.  Growth of 6.
confertifolia in the presence of a relatively high level of potassium in
solution culture appeared to respond to sodium when other nutrients were

not limiting. A sharp gradient of sodium content existed with leaves
higher than stems and stems higher than roots.  Yields were also increased
by sodium for A. canescens but sodium and potassium contents were mitch
lower than for 8. confertifolia and the leaf-stem-root gradient for
soditim was poorly pronounced. This species (A. canescens) seemed to be
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plants grown in the field in the Northern Mojave Desert.  The three

(Torr.) Wats. were grown in soil in a glasshouse with different sources

resistant to absorption of large quantities of sodium even though it

tolerates high levels of it.

Reference:  Soil Science 115(5): 390-394 (1973).

Sodium Relations in Desert Plants.  III.  Cation-anion Relationships in               4
3 Species Which Accumulate High Levels of Cations in Leaves.

A. Wallace, E. M. Romney, J. W. Cha, and G. V. Alexander

Three desert perennial plant species (Lycium andersonii Gray,
Atriplex confertifolia (Torr. & Frem.) Wats., and Atriplex hymenelytra

of Na (NOg, Cl-, H2PO&) to evaluate their effects upon cation-anion
balance in the plants.  Each anion greatly increased leaf content of
itself with only minor, if any, interactions with other anions.  The
m.e. sum of anions measured (N, P, Cl), therefore, increased in each
plant  part  with  the soil applications. Simultaneously there were usually                          
modest increases in the m.e. sum of cations.  The cation-anion ratio was
decreased markedly when NaN03 was added. The ratio,was usually over
one which means that considerable bicarbonate absorption and organic
acid synthesis must occur in all three species.  Maximum content of Cl
and N in leaves was with k. andersonii 13.51% and 6.37, respectively
when each was added.  Sodium concentrations were higher for the two
Atriplex species than for k· andersonii.  There were some compensations·               Cl
among other cations as Na was increased so that a somewhat constant sum

of cations was maintained although there were significant differences.
6. andersonii appeared to be an accumulator of Li and 8. hymenelytra of
Cd.

Interim  Report

R. T. Ashcroft and A. Wallace

Sodium Relations in Desert Plants. IV. Cations-anion Balance in Three
Species of Lycium

The presence of any of three species of Lycium (wolfberry or desert
thorn) is an indicator of saline conditions of the soils on which they
grow.  Na, K, and Ca contents of leaves of Lycium andersonii Gray,
Lycium pallidum Miers, and Lycium shockleyi Gray grown in nutrient solu-
tion with varying cation levels were in the same relative orders as for

species of the same genus range from halophytic (It· shockleyi) to
partially halophytic  (k.  pallidum) to nonhalophytic (L· andersonii) .
L. shockleyi accumulated large quantities of Na when supplied irrespective
of the level of Na or of K and Ca in the nutrient substrate. Root and
leaf analyses indicate that k· andersonii is a poor accumulator of Na
and that the other two species transport Na to shoots rather than retain
it in roots.  A high level of NaCl in the nutrient substrate resulted in
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increased total cations in all three species; in k. shockleyi the increase
was dite to increased content of Na, but in L. andersonii it was due to
increased Ca.  There was no overall relationship in total cation contents
of the plants with total contents of N+P+C l (m.e. basis as ions are
absorbed by plants).

  Interim Report

Some Effects of Levels of NaCl on Tamarix ramosissima Grown in Solution
Culture
G. E. Kleinkopf and A. Wallace

Tamarix ramosissima Ledeb cuttings were grown in solution culture
with different levels of NaCl to determine some of its physiological
responses to salinity.  Yields, mineral composition and gas exchange

rates for C02 and H20 were determined.  Levels of NaCl of 10 to 200me/liter tended to depress yields of leaves, stems, and roots. Levels  of
10, 20, and 50 me/liter gave virtually the same results on yields.  Most
of the Na transported to leaves was excreted to the surface of the leaves
via salt glands as revealed by analyses of washed and unwashed leaf
samples.  Twenty-five or more per cent of the K, Ca, Cu, Mn, B, Al, Si,
Ti, Mo, Sr, and Ba likewise was readily washable from leaves.  Na was
accumulated in large quantities when present in high concentrations in the
nutrient substrate and Na appeared to decrease uptake of both K and Ca.

I The concentration in roots and stems was much lower than in leaves. The
gas exchange values indicated little effect of salinity.  This implies
that the yield depressions due to NaCl were the result of energy losses
occasioned by the need for pumping salt.  The transpirational water loss
was not influenced by high salt due to the efficiency of the salt glands.

Interim Report

C.  Chelate Effects

Chelates may alter dramatically the cycling of minerals and therefore
merit study as possible tools in managing mineral cycling.  Furthermore,
the widespread use of chelates in many processes including agriculture,

may gradually contaminate water sources.  The need for a better under-
standing of the effects of chelates on mineral cycling provides the
stimulus for the studies reported below.

Effects of Chelated and Nonchelated Cobalt and Copper on Yields and Micro-
element Composition of Bush Beans Grown on Calcareous Soil in a Glass-
house

A. Wallace and R. T. Mueller

Several levels of chelated (EDTA) and nonchelated Co and Cu were
applied to bush beans (Phaseolus vulgaris L. var. 'Improved Tendergreen')
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grown in a glasshouse in calcareous Hacienda loam soil.  Objectives of
the study were to determine if chelated Co and Cu were more available in
the calcareous soil than were inorganic sources and if chelating agents
contribute to toxicities at relatively high levels of Co and Cu.  CoEDTA
(Co ethylenediaminetatraacetate) and CuEDTA applications caused higher
levels of Co and Cu, respectively, in the plants than did inorganic

sulfate sources.  The applications of both metal chelates caused slight
yield depressions at 50 ppm metal added and CoEDTA behaved similarly at
25 ppm Co.  Each metal chelate was associated with a decreased Fe

concentration in leaves at the highest application level.  The Co concen-
tration in leaves was similar for applications of 50 ppm Co as CoS04 and
2.5 ppm Co as CoEDTA.  The Cu concentration in leaves was greater for an

application of 5 ppm Cu as CuEDTA than for 25 or 50 ppm Cu as CuSO4.

Interim Report

Phosphorous Levels vs Concentrations of Zinc and Other Elements in Bush
Bean Plants

A. Wallace, E. M. Romney, A. ElGazzar and J. W. Cha

Bush beans (Phaseolus vulgaris L. var Improved Tendergreen) were
grown in solution and in soil with different levels of added P.  When
the Zn supply was low in solution culture, increasing the P supply

decreased the absolute uptake of Zn, decreased its contents in all plant
parts, decreased the proportion of total amount of it in roots, but in-
creased the ratio of ppm Zn in roots to that in leaves.  When the Zn

supply was high, increasing the P supply resulted in increased absolute
uptake of Zn and increased the content of it in plant parts, but did not

materially change the proportion in roots compared with shoots.  This
implies that a complex of Zn-P becomes available to the plants.  Iron

contents were usually decreased by the increasing P levels.  When KH2P04
(0 to 2500 ppm P in soil) was applied to Yolo loam soil, yields were not

influenced, but P and Zn contents of all plant parts were.  The 50 ppm
P level decreased Zn concentrations in shoots, but higher P levels
increased them.  Cu, Fe, Sr, and Ba (greatly) contents were decreased by
the high P levels.  Soil pH may partially explain some of the results.

Reference:  Western Society of Soil Science Meetings, Salt Lake City,
Utah, June 1973.

Responses of Bush Bean Plants to Tin Applied to Soil and to Solution
Culture
E. M. Romney, A. Wallace and G. V. Alexander

Tin  is a common  fiss ion product  and   is an element  that   can  be
toxic to plants.  Our emission spectrographic techniques have permitted

a study of this problem.  Tin as SnC12 was applied to bush bean plants
(Phaseolus vulgagis L. var Improved Tendergreen) grown in slightly acid
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acid Yolo loam (pH 6) and Hacienda loam (calcareous) soils at rates of up
to 500 ppm of dry weight of soil.  Yields were slightly decreased at the
highest application rate.  Tin concentrations in leaves and stems as

determined by emission spectrography were around 1 ppm with leaves
greater than stems.  The presence of the chelating agent, DTPA
(diethylene triamine pentaacetic acid), had no influence on yields.  It

            seemed to increase Sn contents very slightly with the Hacienda soil.  In
the noncalcareous soil Sn resulted in decreased Fe and increased Pb in
leaves.  Bush beans were grown in solution culture with 0, 10-6, 10-5,
10-4,  and 10-3M levels  of  SnCl    with and without CaC03 0 Without CaC03the 10-3M Sn was very toxic.   eaf and stem levels of Sn were increased
only slightly by  the Sn applications.    Most  of the accumulated Sn remained
in roots.

Interim Report

\
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,   SOIL FACTORS

Effects of Some Chemical Treatments of Soils on Their Thermoluminescence
H. Nishita and M. Hamilton

The influence of five chemical treatments of soils on their thermo-
luminescence (TL) were examined.  Three noncalcareous soils representing
different predominant clay mineral types and a nonsaline, highly cal-              Il
careous one were used for this study. The TL of each soil was examined
after the removal of the following main components in a sequential

manner: (a) soluble organic matter and salts, (b) carbonates and certain
exchangeable cations, (c) organic matter  and  Mn02,   (d) iron oxides,
and (e) silica and alumina.  The removal of.components (a), (c), and
(d) enhanced the soil TL, whereas the removal of components (b) and

(e) decreased it.  The removal of iron oxides had a markedly great effect
in enhancing TL.  The removal of the carbonates greatly reduced it.
Among the factors believed to be involved in changing the soil TL are
the removal of "diluting agents", the unmasking of the surface of the
thermoluminescent particles, the dispersion of the particles, the change

of the solid surface characteristics, the dissolution of the thermo-
luminescent material and the change of color.

Reference:  Soil Sci. 115: 30-39 (1973)

Natural Thermoluminescence of Selected Clay Minerals as Influences by
Chemical Treatments                                                                I
H. Nishita and M. Hamilton

The natural thermoluminescence (TL) of four clay minerals as they
are affected by chemical treatments was examined.  The application of
chemical treatments designed to remove various domponents selectively

had variable effects among the minerals.  Depending on the mineral and
the chemical treatment, the mineral TL was enhanced or reduced.  Iron
appeared to have the greatest effect.  The removal of iron oxides
drastically increased the TL of the residual sample.  The saturation
of the mineral ion exchange sites with Fe consistently reduced the TL
markedly more than saturation with Na, K, Mg, Ca, or Al.

Interim Report

Decay Characteristics of Soil Thermoluminescence

H. Nishita and M. Hamilton                                                          ,

Thermoluminescent decay of five different types of soils (soil

No. 4FF, Yolo sandy loam, Hanford sandy loam, soil No. 9RDG, and
Egbert muck) irradiated by (060 photons and in the reactor were
examined.
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Although the glow output and the glow curve shapes differed some-
what among the soils, the shape of the thermoluminescent decay curves,

in general, were quite similar, whether the soil was irradiated by
C060 photons or in the reactor.  Regardless of the soil type, the most
rapid decay occurred within the first 24 hours after irradiation.
After the lapse of sufficient decay time, the isothermal equilibrium

state was approached.  Curves fitted to the decay data by a nonlinear
regression technique indicated that thermoluminescent decay of the soils
were hyperbolic (Y = 0 (8 + X)r + g) innature.

Interim Report

v       SPECTROSCOPY                 

Optical Emission Analysts of Biological Tissues
Geo. V. Alexander and L. T. McAnulty

The optical emission spectrometer system has been used to analyse

over 10,000 samples during the past year.  Each sample is analysed for
the elements Na, K, Ca, Mg, P, Fe, Al, Si, Cu, Zn, Mn, Mo, Cr, Co, Sr,

Li, Ba, V, Ti, B, Ni, Ag, Sn, Pb, Be, Cd, Hg, Sb and As.  The majority
of these samples are plant tissues referred to elsewhere in this report.
Animal tissues have been analysed in three major cateogories: 1) Liver,
kidney and spleen tissues from 220 humans have been analysed and compared
with other clinical and autopsy data to relate the element levels to
hypertension, uremia, and kidney failure, 2) Brain tumors from 135 indi-
viduals have been analysed for trace and major elements--several elements
and element ratios show interesting patterns from one tumor type ·to
another, and 3) Marine tissues from two pilot studies have been analysed
in order to study the relationships between tissue trace element levels

and major sources of marine pollution.

Interim Report

BBIO64<   CHEMICAL PROBLEMS

15      13
Oxygen-18, N and C Analysis by Charged Particle Activation

R. A. Wood, S. T. Wakakuwa and N. S. McDonald

Experiments are being conducted to determine the application of

charged18arti8le actiyation as a simple means of qunatitatively deter-
mining   0,   N and   C in plant and anl al tiss¥ .  The nuclear T9actions
  esently under studyl9re as fTllows: 0(pln)   F(TJ 110 min),   N(Pln)

0(Ti  124 sec.)  and     C(Pln)     N(T* 9.96 min).   All the above refgtions
have Eeen tested and show sensitivifies ranging from 0.1 ppm of   0 to
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15      13                                18
 85 ppm   N and   C.  In preliminary studies of   0 in H 0 samples with
0 concentrations ranging from 0.204% through 0.6047  t.,   e optimum sample

size of H20 needed is from 1-5 lambda.  At present the HpO samples are
drawn into 20 lambda glass capillary tubes and irradiateB on a spinning
wheel (800rpm) target assembly (integrated dose per sample of .068
microamp hours).  The water is removed from the capillary tubes and gamma
counted.  Twelve samples can be run at one time (10 sample and two
comparates).

Nitrogen-15 is determined in tissue samples by first isolating the
nitrogen as N2 using a standard Coleman nitrogen analyzer and then
converting it to a nitride (Ll).  Carbon-13 is converted to CO2 in a
combustion train and irradiated as a gas.

Future research will concentrate on identifying cations or anions
that interfere in the direct analysis of these stable isotopes in plant
and animal tissue.  These data will define the maximum and minimum
sample preparation techniques required for each isotopic determination.           0

Interim Report

Air-borne Contamination in the West Los Angeles Area
A. J. Steen and R. A. Wood

Measurements of atmospheric radioactivity on a weekly average basis
has been carried on over the past 12 years in the west Los Ange159 area.
Gamma spectrometric measurements for certain isotopes  (i.e., Cs , etc.)
have been made as well as gross beta measurements.  These data are being
readied for publication and will be related to other areas of the country

from existing published data.  In addition, analysis has begun to identify
the chemical species contained on the filters (both organic and inorganic).
The initial study will be concerned with heavy metal contamination.  Other
elements to be determined will be sulfur and tungsten.

Interim Report
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Staff Areas of Interest

Taplin, George V., M. D. Development of new radiopharma-
Division Chief ceutical agents and diagnostic

procedures in nuclear medicine

Bennett, Leslie R., M. D. Cardiac and tumor studies

Il            Dore, Earl K., M. D. Clinical applications of nuclear
technology

Hays, Esther F., M.D. Mechanisms of viral induction of
mouse leukemia

S            MacDonald, Norman S., Ph.D. Development and production of
short-lived (cyclotron) radio-
nuclides and their metabolic
characteristics

Poe, Norman D., M.D. Experimental physiologic studies
of the cardiopulmonary system and
myocardial imaging with cyclotron
radionuclides

Robinson, G. D., Jr., Ph.D. Radiopharmaceutical Development

Webber, Milo M., M. D. Clinical applications in short-
lived nuclides

Visiting Scientists

Hajime Morinari, M. D. Pulmonary studies in man and lung
The 2nd Dept. of Internal Medicine transplants.  Investigations in
Faculty of Medicine dogs.
University of Tokyo
Hongo 7-3-1, Bunkyo-Ku
Tokyo, Japan

Juan J. Touya, M. D. RES in liver, the lung, and bone
Centro de Medicina Nuclear marrow studies.

Hospital Maciel
25 de Mayo 174

Montevideo - Uruguay
South America

Post-Doctoral Scholars (NIH Trainees)

Ken Lyons, M. D. Radioaerosol inhalation studies.
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4,4  CLINICAL NUCLEAR MEDICINE

Bronchial Mucous Transport after Lung Autotransplantation in Dogs
Haj ime Morinari, Koi chlro bnlmada, George V. Taplln, ueLores L. Johnson,
and John R. Benfield

The clearance mechanisms of the airways are important in relation to

air pollution and the patho-physiology of chronic bronchitis.  It is well
'

known that mucous transport is related to mucous pr6duction and to ciliary
activity.  There are a few reports suggesting that both of these factors
are impaired after lung transplantation ( Klempfner,    et al). However,                                                        <there are differences of opinion concerning the mechanisms and time course

of recovery.  The present study was designed to investigate mucous trans-
port in the bronchi of the normal versus of the autotransplanted dog lung.

Nine mongrel dogs were studied.  A minimum volume (0.015 ml) of Tc-
99m

albumin microaggregates  ( 150 0 Ci ) was placed  on the bronchial  wall  just
beyond the orifice of the bronchus to the superior segment of the lower
lobe bilaterally through a polyethylene catheter under bronchoscopic observa-
tion.  Localized radioactivity levels in both bronchi were counted at 0, 10,             '
30, 60, 120, and 180 min after deposition using a gamma camera.  The per-
cent retention of activity was calculated, starting with 100% at time zero
for each area.  In addition, perfusion lung scans and roentgenological observa-
tions of lung clearance of barium sulfate paste and bronchoscopic observa-
tions were performed.  Studies were done before operation and at the third
postoperative day, then weekly for 4 weeks and at bimonthly intervals, in

selected cases, until the 250th day after operation.

In normal dogs, rapid removal of radioactive material occurs with 11+7%
retention at 180 min.  On the third postoperative day, all dogs show delaFed
clearance   from the operated   side   ( left), averaging   77+19%   at   180  min.      The
difference between the left and right sides is statisfically significant on
the third postoperative day, and remains so until the 24th postoperative day.

Recovery occurs gradually in all dogs but recovery times differ widely from
dog to dog.  There is a rough correlation between the data of the clearance
study and of the perfusion lung scan and bronchoscopic findings.  Good corre-
lation exists between the radioactive albumin microaggregate clearance study
and the clearance of barium sulphate paste.

We conclude that after lung autotransplantation there is impaired mucous
transport on the operated side in the early postoperative Deriods.  Recovery
occurs within  1  month  on the average. The exact mechanism  s) producing  the
impaired bronchial clearance remain unknown.  Denervation seems unlikely
because of the surprising rapid rate of recovery.  Two possible causes are
the associated interruption of the bronchial and lymphatic circulations.

Reference:  J. Nuc. Med., 14: 432 (6), 1973.
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Use of Inhalation Aerosol Scan for Early Detection of Chronic Obstructive
Pulmonary Disease (COPD)
George V. Taplin and Hajime M6rinari

It is well known that COPD in the early states cannot be detected with
routine respiratory function tests.  There are a few reports suggesting that
measurements of frequency-dependent dynamic compliance, and of early appear-
ance of "closing volume" (Resp. Physiol., 2: 234, 1967, etc.) are the most
sensitive techniques for this purpose.  The present study was designed to
determine whether the inhalation aerosol scan is sensitive and useful to
this end.  Normal volunteers, and patients with suspected chronic bronchitis
and whose results of standard tests of respiratory function were essentially
normal, were selected for this study.  Perfusion and inhalation scans were

<            obtained with the gamma camera, using 99m-Tc albumin macroiggregates and113m-In albumin, respectively. In selected cases, the "closing volume" was
also measured, using 133 Xe as indicator.  About half of the patients selected

showed diffusely irregular distribution of aerosol, as well as perfusion
defects. There   was a rough relation between abnormality of "closing volume"
and degree of unevenness of inhalation scan.  There was no case of false

            positive in normal controls.  For early recognition of COPD, the inhalation
scan promises to be more useful than routine respiratory function tests. This
study is continuing.

Interim Report

Comparison of Radioaerosol with Radioxenon Inhalation Procedures in Obstruc- 1/
tive Lung Disease and Pulmonary Embolism
George V. Taplin, Norman D. Poe, Toyoharu Isawa, and Earl K. Dore

A normal perfusion scan excludes clinically significant pulmonary embolism
and precludes the need for angiography.  Scans showing loss of perfusion to an
entire lung, a lobe, or a segment, together with a,negative chest film, provide
strong evidence for pulmonary embolism-angiography is nearly always confirma-
tive but now seldom used.  A normal aerosol scan rules out chronic and acute
obstructive airway disease with equal or greater reliability than a normal per-
fusion scan which excludes significant arterial occlusive disease.  Perfusion
and aerosol inhalation lung imaging should be performed in rapid sequence when
ever underlying obstructive airway disease is suspected, because in such patients
positve perfusion scans have much less diagnostic significance.  The data from
both perfusion and aerosol inhalation lung imaging permit an accurate diagnosis
and appropriate treatment in all but the most complicated cases within one to
two hours or less.  Embolectomy is now rarely indicated.

Reference:  Clinical Dynamic Function Studies with Radionuclides, Croll, Brady,
Tatem, Honda (Eds.), Appleton-Century-Crofts, 1972, pp. 193-208.

Radioaerosol Bronchography Development

George V. Taplin and K. Lyons. This project was a failure, using west aerosols.  In the next year, similar

attempts will be made using dry aerosols of 99m-Tc labeled cephadex spheres in
a lactose base or some other relatively soluble but non-hygroscopic sugar.

Interim Report
59



Liver  and RES studies  ( G.V. Taplin  &  D.  Elam) were continued to investi-
gate the sensitizing properties of H.S.A. in dogs and to develop quantitative

means for measuring rates and amounts of HSA-Tc 99m microaggregate digestion
function in the normal and sensitized dog.  Circulating antibody and comple-
ment determinations were made simultaneously.  Quantitation will be improved          lD
when we achieve an improved method of sizing which is now well under way.

       Metastatic Liver Disease  - Correlative Studies
George V. Taplin, Robert K. Gray, and Enery Terao                                   *

This work began last year, showing promise in better visualizing liver
lesions when 99mTc-MAA is injected during hepatic angiography.  Studies of

this type will be continued.

Interim Report                                                                        I

      Evaluation of Circulatory Resistance in the Portal System of the Liver with
Radiocolloids
J. J. Touya and George V. Taplin

This project is related to work in the use of colloids and microaggregates
for liver scanning and the measurement of reticulo-endothelial cell function
in liver, spleen, and bone marrow which has been conducted in this Lab6ratory
during the last twelve years.  Dr. J. J. Touya, who recently joined our staff,
has drawn up a program to apply radioactively labeled aggregates to the pro-
blem of measuring portal hypertension in patients.  This program is described
below:

There is evidence from liver scintigraphy with colloids that the ratio
between liver uptake and spleen, or bone marrow, uptake is determined by the
size of the particles and the liver blood flow.  The main problem in measuring
this ratio is the difficulty in preparing particles that are of a proper and            i

consistent size.  Liver, spleen, and bone marrow reticuloendothelial cells
have different abilities in removing particles from circulation.  The liver
has better clearance efficiency for small sized particles, while the spleen
and bone marrow more efficiently phagocytize the larger sized particles. The
extraction ratio between these organs is constant for each size of particles.

Increase of vascular resistance in the liver produces portal hypertension
and decreases the blood supply to parenchymal cells.  Tissue anoxia produces
cellular damage followed by an inflammatory reaction that increases the circu-
latory  disturbance and produces a self-maintained perturbing mechanism.

The well known, and often used, ancillary techniques to evaluate the liver

portal system are not always without discomfort or danger to the patient.
These techniques are too risky for cirrhotic patients with hemorrhagic or
hemostatic disorders.
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The measurement of the ratio between liver colloid uptake and spleen

or bone marrow uptake may be a useful procedure to determine the degree of

liver circulatory disturbance.  As the diagnosis of portal hypertension can
-

not be made on clinical grounds alone, this measurement may be a valuable

ancillary diagnostic procedure.

Il                 The size of the particles in the colloidal indium preparatio
n using

iron hydroxide as the carrier and polyvinyl pyrrolidone as protector depe
nds

upon the pH of the product.  The particles sufficiently large to become

trapped in the pulmonary capillary bed will be removed by millipore filtra-

tion.  The work necessary to standardize the procedure of preparing the rad
io-

pharmaceutical will be completed.  The particle size of each batch will be

tested by a biological procedure measuring the ratio of liver/spleen uptake

in normal rats.

The ratio of colloid uptakes will be tested in laboratory an
imals with

different degrees of liver circulatory disturbances, and t
hose results will

be compared with those obtained in the same animals using routine procedur
es.

The scintillation camera with its information storage system and 'area-

of-interest' selector will be used to measure the liver, spleen, or bone

marrow ratios in both experimental animals and in humans.

Normal human values for the colloid selected will be determined,
 as well

il            as values in different pathological conditions.

Interim Report

Indium Labeled Bleomycin as Tumor Scanning Agent

J. J. Touya and L. R. Bennett

Since the beginning of nuclear medicine, there has always been the hope

that some radioisotopic agent would be developed with a unique affinity 
for

malignancies without regard to tissue origin or histologic type.  Bleomyc
in,

labeled with Indium-111, is a new agent which is showing great promise.

Studies by Dr. Bennett and his group in the nuclear medicine clinic have

demonstrated the good "tumor-localizing" properties of this agent in more
than 50 patients  with a variety of tumor types. Thirty to sixty percent  of
the injected dose was excreted by the kidney in the first two

 hours.  Varia-

tions in the organ distribution and excretion rate obtained from the group

Il            of studied patients were attributed to the var
iations in the radiopharmaceuti-

cal and/or the metabolic condition of the patients.  Further 
investigation

into this problem is continuing and will be directed at the 
following aspects:

(1) Information about organ distribution of bleomycin in no
rmal human beings

will be obtained by extrapolation of data from patients and
 laboratory animals.

(2) Amount of radiation produced and absorbed by the body. 
 (3) Mechanism of

tumor localization.  (4) Possible localization of indium
-bleomycin in patholo-

gic processes other than tumors.(5) Methods of scanning  as a screening  test

to discover primary or metastatic tumors.  (6) Uptake of 
indium-bleomycin in

regard to tissue origin and histologic type of tumors.  (7
) Work will be done

to identify the way in which bleomycins bind to indium; an
d different bleo-
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mycins will be studied in regard to their indium binding capacity, as well
as their ability to detect tumors.  (8) Other drugs from the cancer chemo-
therapy group will be tested as possible radiopharmaceuticals for tumor
scintigraphy.

Interim Report                                                                        0

Cardiac Surgery in Cyanotic Children Assessed by 99m Tc Macroaggregated
Albumin   ( MAA)
Gary F. Gates, Harry W. Orme, and Earl K. Dore

Various palliative surgical procedures are used in treating children
with cyanotic heart disease.  Systemic arterial blood is usually diverted
into the pulmonary arterial system via an operative anastomosis.  Chest

radiograms and perfusion lung scans may not detect early shunt malfunction
and often cardiac catheterization is required.  A method of detecting mal-
functioning shunts with 99m Tc MAA is described.  The procedure quantitates           il
right-to-left cardiac shunting and distribution of pulmonary blood flow.

99m Tc MAA (10-50 micron size) is injected intravenously.  That entering
the pulmonic circuit lodges in the capillary bed; MAA bypassing the lungs to
enter the systemic circulation impacts in the capillary beds of the end

organs embolized.  Scintigrams are taken with a gamma camera to produce a             il
whole-body image. Net "counts"  from the separate scintigrams are summed  to
obtain a total-body count, and the activity in each lung is measured separate-
ly after isolating it as a region of interest.  Therefore, net right-to-left
shunting and relative pulmonary arterial blood flow between the two lungs are
calculated.

Eight children with cyanotic heart disease who had undergone various
operative procedures were studied.  Surgical procedures included Waterson
(ascending aorta to right pulmonary artery) and Blalock (subclavian artery
to pulmonary artery) anastomoses.  Ages ranged from newborn to six years.
The examination was performed 18 times in this group.  Satisfactory pallia-

tion was based on clinical improvement and increased blood oxygen saturation.         I
Malfunctioning shunts were confirmed by surgery or by cardiac catheteriza-
tion.

Results indicate that a well functioning systemic-pulmonic anastomosis
reduces right-to-left shunting by increasing pulmonary arterial blood flow
to each lung nearly equally.  A malfunctioning anastomosis will not signifi-          Il
cantly reduce right-to-left shunting and may result in selective hyperperfu-
sion of the lung on the side of the anastomosis.  While ideally pre- and post-
operative serial studies would be optimal, serial studies in post-operative
patients alone have detected malfunctioning shunts.  Perfusion lung scans may
not detect malfunctioning anastomos*s; it is necessary to determine net right-
to-left shunting plus relative pulmonary perfusion to document an unsatisfac-
tory surgical shunt.

This method is useful in evaluating systemic and pulmonic blood flow

changes following cardiac surgery without resorting to cardiac catheteriza-
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tion.  It is safe, easy to perform, accurate, and can be done serially as
an outpatient.

Reference:  J. Nucl. Med., 14: 398 (6), 1973.

18
Detection of Premature Craniosyhostosis with   F
Gary F. Gates and Earl K. Dore

Premature closure of cranial sutures (craniosynostosis) leads to skull
deformities which are characteristic of the suture(s) involved.  This condi-
tion is usually present at birth and the constricted brain cannot develop
normally.  Neurological disorders with mental retardation or blindness can
occur in addition to grotesque craniofacial deformities.  Early detection and

treatment are imperative if permanent brain damage is to be prevented and
optimal cosmetic repair achieved.  As clinical and radiographic examinations
may fail to detect the earliest closure, skull imaging with radiofluorine
(18-F) was performed in an attempt to demonstrate such premature synostosis.

Cranial imaging with 18-F was used to study suture behavior in 15 children.
Abnormal skulls in children ranging in age from the newborn to 4 years included:
scaphocephaly (2); brachycephaly (2); trigonocephaly (2); plagiocephaly (1);
and Luckenschadel skull (1).  Two of the abnormal sutures were scanned after
they were removed by linear craniectomy (18-F injected just prior to surgery)

and compared to the original 18-F calvarial bone scans.  Exact correlation
between the gross specimen and the radiofluorine image was thus possible; in
the remaining cases confirmation of the abnormality was via radiographic, clin-

ical or direct surgical observation.  Seven normal skulls (ages 7 weeks to 16
years) were studied for comparison.

Normal skull growth occurs perpendicular to the long axis of a suture.
When even a small point of bony bridging occurs across a suture, calvarial
expansion along the entire suture ceases.  The skull deformity which follows

is due to compensatory overgrowth of remaining uninvolved sutures.  Interpreta-
tion of calvarial scans must be correlated with age.  During the first year of
life, the lambda (posterior fontanelle) normally shows increased osteoblastic

             activity due to physiologic closing.  The bregma (anterior fontanelle) hasincreased osteoblastic activity up to 3 years of age while it is closing. By
age 6, the distribution of 18-F is uniform and indistinguishable from the adult.

Premature closure of crahial sutures appears to follow a sequential pattern.

Initially there is a localized increase in osteoblastic activity as bony bridges
across the suture are formed.  As the bridging becomes complete and involves a

longer segment, osteoblastic activity diminishes along the entire length  of  the·
suture.  These early regional differences in osteoblastic activity which are

detected by 18-F may not always be distinguishable radiographically.  Further-
more, children with peculiar skull contours unassociated with craniosynostosis

have normal suture imaging.  Detection of suture growth abnormalities by imaging
with 18-F appears to be a useful tool in diagnosing premature craniocynostosis.

Reference:  J. Nucl. Med., 14: 397-398 (1973).
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Streamline Flow in the Human Portal Vein
Gary F. Gates and Earl K. Dore

Streamlining of blood in the human portal vein occurs when injectionof 198Au-colloid is made in mesenteric vessels particularly in subdivisions           0of the superior mesenteric vein.  Blood from these ilealcecal subdivisions
is predominantly directed to the right lobe.  This process may account for
the preponderant occurrence of right lobe involvement in certain infectious
diseases which embolize to the liver via the superior mesenteric vein.

Reference:  J. Nuc. Med., 14 (2), pp. 79-83 (Feb. 1973).

.1

.
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< CURRENT AND FUTURE DEVELOPMENTS

.,
Since the program review in March 1973 by Drs. Goldstein, Weyzen, and

Minthorn, considerable expansion of the activities and budget are planned
for the next few years.  Dr. Morinari will be replaced by Dr. Oswaldo Estrella
from Porto Alegre, Brazil.  A replacement for Dr. Taplin is being searched for
with the intention of bringing in a suitable candidate in the 40-45 year age
bracket in approximately 2 years, or 2 years prior to Dr. Taplin's mandatory
( administrative) retirement   in   1977.

Currently, we are attempting to persuade Dr. Ismael Mena of Brookhaven
National Laboratories to come to UCLA to Head the Nuclear Medicine Division
at Harbor General Hospital.  We plan to arrange some suitable joint affilia-
tion for him with the Laboratory of Nuclear Medicine and Radiation Biology,
and hope to administer any AEC grants he might bring with him through the
Laboratory, rather than the Department of Radiological Sciences.

In the near future, three new projects will be activated.  One, a collabo-
rative one between medicine, radiology ( pulmonary angiography) and nuclear
medicine, on the early diagnosis of pulmonary embolism by perfusion and venti-
lation scanning, and confirmed by chest films and pulmonary angiograms.  This
project will be under the supervision of Dr. Thplin and Dr. Bennett and be
conducted  by two nuclear medicine radiology'residents  ( 4th year), namely
Drs. Stein and Main.

A second new project will be a joint effort between the Nuclear Medicine
Research Laboratory and the Pulmonary Function Section of the Department of
Medicine under Dr. Daniel Simons.  It will involve studies of asthma,
chronic asthmatic bronchitis ·and bronchitic emphysema by three types of radio-
nuclide lung imaging ( perfusidn,   ventilation, and radioaerosol inhalation)  as
well as the latest methods of lung function and radiography:

The third project will involve studies of non-specific immunity in
Hodgkin's disease and carcinomas of the prostate and lung.  This aspect can
be evaluated by RES function tests.  In addition, we hope to collaborate with
Dr. J. Byfield at Harbor General Hospital and the Laboratory 6f Nuclear Medi-
cine and Radiation Biology, regarding the collection of tumor specimens and
the production of specific circulating antibodies.  The latter can be produced
either in animals, or later in man, for the purpose of detecting extremely
small "hot" tumors  of  the  lung by imaging  and  "hot  spot"   in  a cold field.

 »t If successful, this procedure should permit the detection of lung tumors as
small as 1-2 mm - a size far smaller than that recognizable roentgenographical-

ly.  Additional studies will be made of cellular antigens and their localiza-
tion for application in the transplantation area.  In the long run by learn-
ing more Of tumor immunity, through collaborative efforts with radiologists,

oncologists, immunologists, tissue culture specialists, etc., improvements in
early cancer detection, possible new therapeutic regimens and means for stimula-
tion protection from cancer growth and metastasis, may be achieved by a team
effort here at UCLA where we have all the necessary facilities and interested
personnel.
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6// CLINICAL APPLICATIONS

Variants of the Normal Lung Scan:  Correlation with Pulmonary Function Tests

Webber, Milo M., Victery, Winona K., Resnick, L., and Ben-Issac, F.

This report describes the lung scans obtained in a population with no
evidence of pulmonary or other disease.  A fraction of these subjects

demonstrated perfusion defects.  In order to determine if such defects
correlate with pulmonary function tests, an equal number of subjects who
had normal or abnormal scans were followed up with pulmonary function tests,
including arterial blood gas determinations and spirometric testS.

The study group consisted of 46 volunteers aged 21 to 34 years (32 males,
14 females).  All were nonsmokers.  Each when interviewed denied any history
of asthma, emphysema. or other lung disease.  Lung images in four views
were obtained using Technetium-99m macroaggregates of albumin, on an Ohio
Nuclear dual-probe rectilinear scanner.  The films were evaluated independently
by three physicians. The scans were considered to be abnormal in 10 of the
46 subjects (22%).  Thirteen percent exhibited various perfusion defects, 4%
of which would have been difficult to distinguish from a pulmonary embolus.

These abnormalities included two patients with cresent-shaped defects, two
with apical perfusion defects, one with a wedge-shaped defect, and one with
a basilar defect.  Nine percent demonstrated other abnormalities; e.g., loss
of the normal perfusion gradient, hyperexpanded lungs.  Six subjects from

both the normal and abnormal scan groups were referred for physical examination,
arterial blood gases, and spirometric tests, by a pulmonary function specialist
who was unaware of the scan results.

In conclusion, the pulmonary function test results do not explain the
variation  from the "normal"  lung  scan  in the majority of these volunteers.
Many of these scan abnormalities may be entirely unrelated to any pathologic

process.  Interpreters of lung scans should consider the possibility of
variants in their concept of the normal.  Whether or not the variant scans

may predict future pulmonary disease can only be investigated with long-term
followup.

Final Report

Thrombosis Scanning:  A Reliable and Useful Test for Diagnosis of Intravascular
Clots
M. Webber, W. Victery, and L. Resnick

A simple scintigraphic method for diagnosis of deep venous thrombosis in
the extremities using Technetium-99m macroaggregates of albumin has been
developed (1).  The accumulation of the radiopharmaceutical technetium sulfur

colloid macroaggregates of albumin (used in lung scanning) on fibrin when
injected intravascularly is the basis of the procedure.  The clinical usefulness
and reliability of the procedure were evaluated in patients suspected of
thrombophlebitis and in normal patients. 1) The results of the thrombosis
scan correlated with those of lower extremity venography in 10 of 13 patients.
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Of the three patients with no correlation, all had positive thrombosis scans
and negative venography.  2) Sixty patients with clinical evidence of throm-

bophlebitis or pulmonary emboli, or both, were studied with thrombosis scans
followed by lung scans to determine the correlation between the studies.

Eighty percent of patients with pulmonary emboli had positive thrombosis scans.
Twenty percent of the patients studied had a positive blood clot localization
and negative lung scans, which could indicate pre-embolic diagnosis of venous
thrombosis.  Only 12% of the 60 patients had positive pulmonary emboli and
negative thrombosis scans.  Numerous patients evaluated by this test demonstrate

marked uptake particularly in femoral and pelvic areas.  3) Radionuclide
accumulation in 80% of the ninety normal subjects was minimal.  A limited amount
of uptake (usually in the calf area) occurred in 20% of the normals.  Diagnosis
of deep vein thrombosis with the scintigraphic procedure described here is a
reliable test, correlating well with venography and the presence of pulmonary

emboli.  Thrombosis scanning may be very useful in bedridden patients in
determining the presence of intravascular disease, before clinical symptoms
develop.  A few positive scans may occur in ostensibly normal individuals;
the cause is a matter for speculation.

Interim Report

Radiopacification of Intravascular Clot by Intravenous Injection of Tantalum
Particles

          Milo M. Webber, Winona Victery

We have noted with interest the report of Dumont, et a:l·, of radiographic
demonstration of intravascular clots utilizing tantalum.  In 1969, we reported
our finding that 99mTc macroaggregates of albumin (as used in lung scanning)

localize at sites of endothelial damage.  The initial observation was made on
patients who had previously received intravenous fluids.  Macroaggregates of
albumin injected into the antecubital veins were noted to concentrate in the
axillary regions at the tip of the indwelling catheter, or at its approximate
location before removal.  We have subsequently confirmed and extended these
results. Experimentally created intravascular lesions in animals were demon-
strated without exception by tracer injection upstream from the injury site.
Other particulate radiopharmaceuticals we have studied (e.g., 99mTc microspheres,

stannous hydroxide, and macroaggregates of fibrinogen) exhibit varying amounts
of  uptake on clots   both in vitro  and  1Il  Vivo.

We believe that the mechanism for tantalum particle accumulation on a clot
most likely is the same.  All of the methods that we have been using are con-

<         cerned with particle affinity for fibrin.  There is every reason to believe
from our observations that the uptake phenomenon we have described related to
many types of particles which we have not studied.  Tantalum powder may have
such qualities.

Clinical studies indicate that the procedure based on our observations is
useful in diagnosing intravenous thrombosis.

Interim Report
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Thrombosis Scanning: Its Reliability and Usefulness
Milo M. Webber, Lawrence H. Resnick, Winona K. Victery,-and Michael D. Cragin

A scintigraphic method for diagnosis of deep venous thrombosis using               Il
9901Tc-macroaggregates of albumin has previously been reported.  The accumula-
tion of particles on fibrin is the basis of the procedure.  The clinical
usefulness and reliability of this procedure were evaluated in two groups of
patients suspected of thrombophlebitis and in normal volunteers. (A)  The
results of the thrombosis scan were correlated with those of lower extremity
venography performed subsequently in 13 patients.  (B) Sixty patients with              0
clinical evidence of either thrombophlebitis or pulmonary emboli, or both,
were studied with thrombosis scans followed by lung scans to determine the
correlation between the studies.  (C) Eighty normal subjects with no past
or present history of venous disease were tested to determine the extent of
radiotracer accumulation in normals.

The radiopharmaceutical used for this study was technetium-sulfur colloid
macroaggregates of albumin.  Injections for either venography or thrombosis
scanning were made in a superficial dorsal vessel in each foot with tourniquetsapplied above the knee and ankle to force the dye or tracer into the deep
venous system. After inj ection  the  patient   exercised   his   leg   for   1  min.

Scintillation camera or Ohio Nuclear rectilinear scanner views of the legs and          Il
pelvis were obtained in the supine position.  Routine lung scans were performed.

The results in each group were:  (A) There was good correlation between
venography and thrombosis scanning in subjects with thrombophlebitis.  The
results of both examinations correlated in ten of 13 patients.  Of the three
patients with no correlation, all had positive thrombosis scans and negative
venography. (B) Of the patients who had lung scans in conjunction with blood
clot localization, 80% of those patients with pulmonary emboli had positive
thrombosis scans.  Twenty percent of patients who were studied had a positive
blood clot localization and negative lung scan, which could indicate preembolicdiagnosis of venous thrombosis.  Only 12% of the 60 patients had positive
pulmonary emboli and negative thrombosis scans.  Numerous patients evaluated
by this test demonstrate marked uptake particularly in femoral and pelvic areas.
The results of the scan were reproducible when the test was repeated in the
same patient. (C) Radionuclide accumulation in 80% of the normal subjects was
minimal.  A limited amount of uptake (usually in the calf area) occurred in 20%of the normals.

Diagnosis of deep vein thrombosis with the scintigraphic procedure described
here is a reliable test, correlating well with venography and the presence of
pulmonary emboli.  Thrombosis scanning may be very useful in bedridden patientsto determine the presence of intravascular disease, before clinical symptoms
of   thrombophlebitis and pulmonary emboli develop.      A few positive scans  may
occur in ostensibly normal individuals; the cause is a matter for speculation.

Interim Report
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MAA-Studies of Electrophoretic Mobility and Charge:  Relationship to Thrombosis
Affinity
Milo M. Webber, and Winona Victery

Particles in solution possess an electrical charge on their surfaces due to
ionization and adsorption of ions (electrokinetic potential).  Movement of a
particle in solution caused by an applied electric field is electrophoretic
mobility.  If other factors remain unchanged, the electrophoretic mobility is
directly proportional to the electrokinetic potential and the surface charge of
the particle can be estimated.

The authors have previously reported a tendency of MAA to collect on the
surface of a thrombus and its usefulness as a clot localization agent.  The pur-
pose of this study was to determine if the surface charge of MAA related to their
ability to accumulate.

               The method of determining electrophoretic mobility makes use of a microelec-
trophoresis cell which consists of a small horizontal rectangular glass cell,
containing platinum electrodes, connected to electrode compartments containing

saturated zinc sulfate.  The cell is positioned under a microscope, with cell
potential provided by batteries.  The speed of movement of particles in the cell
is measured in U/sec.  Since behavior of RBC's is well established, a suspension

1         of RBC's in the several media was used to calibrate the equipment.  Two differ-
ent preparations of macroaggregates of albumin incorporating sulfur colloid were
compared.  One method of preparation uses in particle formation pH 7.4 phosphate
buffer while the other method uses a pH 5.2 acetate buffer.  Final pH of the two
MAA preparations is the same (pH 5.2).  The electrophoretic mobility of a
standard suspension of each type of particle was measured in saline, phosphate
buffer, and plasma.  Electrophoretic velocity expressed in P/sec/volt/cm was
calculated using cell constants, voltage applied, time of travel, and averaged

for each solution prepared.  The averages for several experiments were then
averaged to obtain the overall electrophoretic velocity for particles made by
each method.

1              Erythrocytes possess negative electrical charge on their surface and moveapproximately 1 V/sec/V/cm.  With the exception of acetate-MAA in saline, MAA
prepared in either phosphate or acetate buffer, in all solutions tested, possess
a postive charge and move at 1/2 to 2/3 the speed of RBC's.  Acetate buffered

MAA particles diluted in saline possess a negative charge and move at 2/5 the
speed of RBC's.

The data indicate that when in plasma, as would be the case when injected
intravenously, both types of particles have a charge opposite to that of
mammalian cells. The mechanism of accumulation of such MAA on thrombi is
partially clarified by these experiments.  It is apparent that the electric
field would tend to attract MAA to the thrombus because of unlike charge.
Other possible factors such as adhesive forces remain to be studied.

Interim Report
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Demonstration of Intravascular Thrombosis:  Radiopaque Tantalum Particles
Compared to Tc-99m MAA and Venography

Milo M. Webber, Winona Victery, and Michael Cragin

Radiopaque tantalum particles inj ected intravenously  have been observed   to
accumulate at a distant site of venous thrombus in experimental animals by              Il
Dumont, et al.  In 1969, we reported that Tc-99m macroaggregates of albumin

(as used in lung scanning) and other particles (e.g Tc-99m microspheres,.,

stannous hydroxide, and macroaggregates of fibrinogen) localize at sites of
vascular endothelium damage.  Radiographic venography is an accepted technique
for evaluation of the presence and extent of venous thrombosis.  This study
compared these three methods for demonstration of intravascular thrombosis in           0
experimental animals, and compares the accumulation of tantalum particles to
that of radiolabeled particles.

In a series of dogs, similar venous lesions were prepared in an extremity

using sodium morrhuate.  In one group, a suspension of tantalum particles was
inj ected   one hour later, intravenously. Rad iographs were obtained· at daily
intervals to determine the accumulation and persistence with time of the

tantalum.  Another group of dogs received an upstream injection of Tc-99m MAA.
Daily scintigraphic images were obtained in the third group of dogs.  Evaluation
of the area detected, the duration of detectability, sensitivity, ease and
repeatability of the technique was noted in all subjects studied.

In each dog studied, small amounts of tantalum particles were observed 2
hours post injection either at the site of injury or at the site of injection.
In several dogs, no further accumulation was noted,at 24, 48, 96 hours or 2
weeks after injury.  In other dogs, small additional amounts of tantalum were
observed to accumulate in the first few days after injection.  MAA accumulation
at the damaged area is demonstrable immediately after injury and can be repeated

daily.  The area demonstrated by venography compares well with that of MAA
accumulation except that no damage is visualized immediately following morrhuate
administration.  Use of tantalum particles for intravascular clot localization,

while simple and versatile, cannot easily be justified clinically because of
their long residual time and unknown toxicity.  With both tantalum particles
and MAA, only the interface between the clot and blood flow and not the entire
extent of the clot is subject to particle accumulation.  We believe that the
mechanism for tantalum particle accumulation on a clot is most likely to be the

same as other particulate radiopharmaceuticals we have studied.  These particles
have an affinity for fibrin on the surface of the clot providing the basis for
the observed uptake.

Final Report

Detection of Intravascular Thrombosis with Radiolabeled Streptokinase:: In
Vitro Studies of Mechanism of Clot Localization
Milo M. Webber and Winona Victery

Streptokinase, a fibrinolytic enzyme isolated from streptococci acts as
a potent activator of the vascular system pre-enzyme, plasminogen.  One theory
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proposes that this activator diffuses into the thrombus where gel phase plasminogen
is located, converting it to high concentrations of plasmin within the thrombus.
Radiolabeled streptokinase has been used.increasingly with some success in
demonstrating occult vascular thrombosis.  We wanted to determine if this throm-
bosis demonstration was the result of preferential accumulation of the radiolabeled
enzyme  in  the  clot,   or if ,streptokinase simply increases  the clot permeability.

A circulating 1Il vitro model for determination of the uptake of radiopharma-
ceuticals on clots was devised.  A peristaltic pump was used to circulate fluid

around prepared plasma or. fibrinogen clots. The system consisted   of   two   250  ml
flasks each with an inlet and outlet tube which were connected in series with
the pump.  Plasma and fibrinogen clots of the same size were prepared similarly
and aged in the refrigerator for one hour.  Six to eight clots of one type were

placed in each flask.  The radiolabeled clot localizing agent was added (in a
dose equivalent to that administered to experimental animals) and the system was
filled with saline.  The fluid was circulated for periods of time up to 2 hours.
Duplicate clot and fluid samples were removed at half hour intervals.  Clots
were blotted dry and then placed in weighed counting vials for assay of activity/
gram.  The percent uptake was calculated by the cpm/gm clot/cpm/gm fluid x 100.
Clearance of the streptokinase was simulated by removal of half of the fluid and

replacing it with fresh fluid.

Radiolabeled streptokinase gradually accumulates in either fibrinogen or
plasma clots but the activity in the clot is never greater than that of the

< surrounding fluid. Similar uptake   can be observed using  RISA and non-radioactive
streptokinase in the same dose.  However, when half of the circulating fluid

containing either radiolabeled streptokinase or non-radioactive streptokinase
and RISA is cleared from circulation, replaced by saline, and the new fluid is
allowed to circulate  for  one ·half,   or  one hour before sampling, the clots  do
have accumulations of radioactive streptokinase or RISA greater than the
surrounding fluid.

.In vivo, there  is a rapid clearance of streptokinase  by the liver.     The
clot uptake which is observed, is believed to be the result of rapid clearance

of radiolabeled streptokinase from circulation leaving the clot more active
than the surrounding fluid as we have shown in our experimental model.  There

does not appear to be any active uptake of labeled streptokinase in clots.

Interim Report

Labeled Autologous Fibrinogen Uptake in Patients with Thrombophlebitis

           Erich W. Pollak, Milo M. Webber, Winona Victery, Michael Cragin, and Ewa Witt

The risk of transmitted hepatitis is the main objection to the performance

of labeled fibrinogen uptake studies for thrombosis detection in the United
States.  This communication outlines a procedure which in our opinion overcomes
this objection by implementing the use of the patient as his own donor of
fibrinogen.  Furthermore, the test was evaluated as a method of monitoring the
evolution of thrombophlebitis in patients.

Fourteen patient volunteers were evaluated clinically, with radiolabeled
fibrinogen, and when indicated, by phlebography.  Autologous fibrinogen was
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prepared for each patient and labeled with iodine-125 using the chlora
mine T

reaction.  Controls included assay of clottability and determination of free              ,
iodine.  Each patient received 80-100 uCi I-125 labeled autologous fibrinogen.
One minute profile counts of the lower extremities and of the precordial region

were performed with a scintillation counter.  Results were shown as percentage
of the sternal count.  Repeated counts were performed for each patient at

variable intervals and for periods up to one month following injection.  A
significant increase in activity in one area of the leg or of one leg over the           4

opposite leg was considered indication of fibrinogen accumulation.  Moreover,

clinical followup of the patients was continued up to three months in most of

the cases.

Four normal control patients had negative fibrinogen uptake tests.  Two

patients with known thrombophlebitis had initial positive uptake.  Subsequent

measurements revealed increased uptake of labeled fibrinogen.  Furthermore,
the uptake decreased when the patients were anticoagulated.  Eight patients

with long standing venous obstruction, varices, and venous stasis were also

evaluated.  Initial clinical examination was equivocal and could not demonstrate

nor negate the presence of active thrombophlebitis.  All eight patients had              <

slightly positive fibrinogen uptake counts initially, but the counts did not
increase in subsequent determinations and they actually decreased in five of

the patients.

The use of autologous fibrinogen eliminates the risk of transmitted

hepatitis.  The fibrinogen uptake test may give initial positive results in
patients with long standing venous disease in the absence of acute thrombo-

phlebitis.  Serial profile counting may affort a more reliable method to detect
active fibrinogen uptake by a clot.  Consequently, the test may be useful in

distinguishing the actively growing venous thrombosis from the stable one.
The actively growing venous thrombosis is possibly accompanied by a greater

risk of complications such as pulmonary embolism.

Interim Report

The Rapid Preparation of Technetium Labeled Macroaggregates of Albumin

Milo M. Webber, Michael Cragin, Winona Victery                                                                                                 I

The design of this research was to develop a simplified and inexpensive
technique   for the rapid labeling of albumin aggregates  for lung imaging.                                             , ·;
The technique of reduction labeling of preformed macroaggregates is suggested
for the small clinic and particularly for emergency procedures because of the

rapidity of preparation.

Instant labeled macroaggregates of albumin (ILMAA) for lung imaging were
rapidly prepared by reduction labeling of preformed albumin macroaggregates.
A highly. efficient labeling was accomplished with a minimum of preparation time

and procedural steps, by using an acidified aqueous solution of stannous

chloride as a reducing agent and preformed macroaggregates from a stock solution.

Instant labeling of preformed MAA eliminates the heating and size-checking
steps at the time of radiolabeling as required by previous methods.  Once the
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Il        solution and MAA suspension is prepared,.the dose preparation is much mor
e

rapid and simple.  It is also more economical than other preparations of

radiolabeled albumin aggregates.

A cost comparison of ILMAA wilth other technetium labeled lung scanning

agents has shown that it is more economical than other preparations of radio-

Il        labeled albumin aggregates.  A survey of costs showed that this p
reparation

costs an average of 85% less than presently marketed technetium labeled 
MAA.

Rabbit lung imaging using ILMAA has presented high quality diagnostic

scans and compared favorably with technetium sulfur albumin aggregates for

lung visualization.

Interim Report
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Distribution of Inhaled Grass Pollen and Its Relation to Bronchospasm Production
Archie F. Wilson, Edgar L. Surprenant, Harold S. Novey, and L. Robert Bennett

Typical clinical asthma with associated abnormalities of pulmonary function
testing, arterial blood gases, and regional ventilation-perfusion distribution
has been shown to develop within minutes in atopic subjects following the
inhalation of pollen extract into the bronchial tree.  Yet theoretically,                I
natural grass pollen grains are too large to be inhaled directly into the                  I
bronchial tree.  Therefore we have investigated the mechanism by which pollen
grains   are   able to induce bronchospasm in sensitive   subj ects.

Four normal and five atopic asymptomatic subjects inhaled 99mTc-labeled

pollen grains.      Ang e r camera scintiphotos of their head, chest, and abdomen                                    I
regions were then obtained.  Pulmonary function studies including regional
ventilation-perfusion exams (133Xe); spirometry and arterial blood gases
were obtained before and after the pollen inhalation.  In three of the atopic

subjects the physiological measurements were continued for 4-8 hr.  Pulmonary
function tests only were obtained in seven atopic subjects who inhaled

nonradioactive pollen and six who swallowed pollen in gelatin capsules.  Passive         I
transfer studies were performed on six normal volunteers who were sensitized
with,allergic sera:  four inhaled the pollen and two swallowed pollen suspended
in water.

Most of the inhaled pollen was depositied in the mouth and pharynx.  As
the subjects swallowed, it coursed through the esophagus into the stomach.
The radiotagged material was never demonstrated in the bronchial tree.  Evidence
of mild bronchospasm developed in 15 min in ten of the 12 atopic subjects, but
there was no detectable change in their regional ventilation-perfusion.  However,
4-8 hours later, 11 experienced typical asthmatic attacks with associated
laboratory changes.  No significant changes were induced in the atopic subjects

who swallowed pollen in gelatin capsules.  The sensitized normal volunteers
developed positive skin reactions in 10-60 min after pollen inhalation but not
after swallowing it.

Inhaled pollen grains are too large to reach the bronchial mucosa.  Instead,
they deposit mostly in the oropharynx and produce clinical asthma 4-8 hours
later.  Since pollen introduced into the GI tract did not cause asthma, pollen           I
probably releases antigenic material locally in the para-pharyngeal tissues.
Some slow intermediary process must then occur since the asthmatic attack
does not develop until at least 4 hours later, even though food and dring
completely clears detectable radiopollen from the pharynx within minutes.

Final Report                                                                          I

Quantitative Cisternography with Indium-111 DTPA
Michael Wagner, Robert Morton, L. Stephen Graham, Larry Greenfield, and Leslie
R. Bennett

Quantitative cisternography has been evaluated as an adjunctive method
for the diagnosis of normal pressure hydrocephalus (NPH) and the patency of
neurosurgical shunts.  Qualitative analysis by inspection of cisternal scans

does not distinguish between compensated and decompensated hydrocephalus.  We
report results of a simple method of quantitative cisternography in 16 patients

who had cisternograms with 111-Indium chelates.
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Most cisternograms were performed with 111In-DTPA (Diagnostic Isotopes).
Five patients received 111In-EDTA prepared as follows:  Indium-111 chloride was
complexed with Ca Na2 EDTA.  The pH was adjusted to 7.4 with NaOH and the

preparation was autoclaved.  A dose of 500 uCi was injected by lumbar puncture
by a neuroradiologist after verification of the sub-arachnoid position of the
needle by fluoroscopy.  Sequential quantitative measurements of retained head

<I        and thoracic activity were made with a two-inch scintillation crystal at the
tim- of scanning.  A clearance half-time (T-1/2) with the data fitted to a

single exponential function was obtained on 16 patients.  Previous canine
experiments in dogs with 111In-EDTA showed a biologic half-life of 12 hours
with the same counting system.  The T-1/2 was correlated with pneumoencephalo-

grams, neurologic diagnosis at the time of cisternal scan, and subsequent
clinical course. Images were obtained  with   a dual .probe 5-inch scanner   or
gamma camera at 2, 6, 24, 48, and 72 hours after injection.

The patients were ranked by increasing values of T-1/2, and arbitrarily

divided into three groups.  Five patients had an average biologic clearance
of 13 hours (range 8-15 hours).  One of these patients showed no improvement

0        following a shunt for presumed NPH by scan, but a normal clearance T-1/2.
Eight patients had an average T-1/2 of 27 hours (range 20-35 hours) including
five with a clinical diagnosis of cerebral atrophy.  Transient ventricular
absorption was observed in 3 of these patients.  None of these patients had
surgery on the basis of clinical evaluation, cisternograms, and pneumoencephalo-
grams.  Three patients had an average T-1/2 of 53 hours.  Two of these patients

I        improved clinically after insertion or revision of a neurosurgical shunt.  A
normal T-1/2 (15 hours) was obtained in one patient on a post-operative
cisternal radionuclide study whose pre-operative clearance half-time was 48
hours.  A fourth patient had an indeterminately long clearance time.  Aseptic
meningitis without sequalae was documented in one patient who received
111In-DTPA and suspected in another patient who received 111In-EDTA.

We conclude that quantitative studies with a scintillation probe are of
diagnostic value in patients with suspected decompensated hydrocephalus and
in the evaluation of neurosurgical shunts.

Interim Report

Significance of Choroidal Uptake of 99"Tc-Pertechnetate on Brain Scans

Ramesh C. Verma, and Leslie R. Bennett

This study was carried out to evaluate the significance of 99m c-pertech-
netate (Tc04) accumulations in choroid plexus with particular emphasis on
the increased amount of uptake and its correlation to diseases other than
malignancy.

All brain scans (357) done over a period of four months in 1969 were
reviewed.  No preference was given to any specific age, sex, or disease.  The
patients were scanned either on a rectilinear scanner or a scintillation camera

soon after intravenous administration of 20 mCi of 99mT(04 without choroid
block.  The scans were reviewed by two independent observers and tracer uptake
in the choroid plexus as seen on the lateral views was graded (in increasing
order of concentration) as: 60, *, 1+, 2+; 3_.  To compensate for technical
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differences, the grading was done in the light of the concentration noted over
the cerebralconvexities and the overall quality of the scan.  Seven of the 357
scans were excluded from the study because they were technically inadequate or
had   abnormal "hot" areas   in the general location  of the choroid plexus. Based
on the aforementioned grading, the scans were subdivided into three groups:
Group A constituted 19% of the cases which showed prominent (2+ and 3+) choroid

plexuses, Group B included the faintly visualized (1+) choroid plexuses (200 of
the 350 scans), and Group C (24%) constituded the poorly visualized or non-
visualized choroid plexuses (the - and t group).  Adeuate hospital records of
64 of the 77 and 74 of the 84 patients in Groups A and C respectively were

analyzed in detail.  Analysis of scans in Group B was not carried out since it
constituted the "grey zone" in between the strongly prominent choroids (Group
A)  and the "control' group (Group  C).

In general, patients in Group A were more sick and suffered from more com-
plicated disorders than those in Group C.  Illnesses involving extracranial
systems did not show any significant difference in their occurrence in Groups
A or C.  Systemic sepsis, however, was noted in 6 of the 64 cases in Group A

whereas it was conspicuously absent in Group C.  The CNS disorders were grouped
under eleven subheadings of which local infections and the Chronic Brain                <I
Syndrome-Dementia Complex showed statistically higher incidence (at 95%
confidence level using the X2 test with correction for continuity) in Group A
compared to Group C.  In light of the physiology of the choroid plexus,
twenty other parameters including various neurological investigations and the
medications taken by the patient on or before the day of the brain scan were
recorded.  Of these, the following showed a significantly higher preponderance
(at 95% confidence level) in the group with prominent choroids:  Raised intra-
cranial tension, dilatation of the ventricular system (as demonstrated at
pneumoencephalography, cerebral angiography, venticulography, surgery, or at
autopsy), and suspected meningeal adhesions (as a consequence of previous
surgery, head injury with intracranial bleeds, and previous meningeal
infections).

Interim Report

Indium-111 Bleomycin Scanning:  A New Technique for Detecting Subclinical

Metastatic Cancer                                                                       0
M. J. Silverstein, R. C. Verma, J. J. Touya, L. R. Bennett, and D. L. Morton

One of the major problems with the treatment of solid tumors relates to
our inability to determine the extent of disease.  Many patients with apparently
localized cancers already have systemic metastases and therefore are not
curable by surgical treatment.  The ability to detect systemic metastatic
disease by non-invasive techniques would therefore greatly improve the

results of oncologic surgery.  This study was designed to evaluate the
effectiveness of a new radiopharmaceutical, Indium-111 labeled bleomycin,
which appears to selectively localize in solid neoplasms.

Sixty-five patients with carcinomas, sarcomas, and melanomas havee been
studied.  The results of Indium-111 bleomycin scans were correlated with
roentgenographic studies, liver, bone, and brain scans, as well as operative
findings and the clinical course of the disease.
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Sixty-four of the 65 patients scanned had detectable localization in
the primary or metastatic tumor.  This localization was absent in the post-

operative scans of all patients studied.  Unexpected metastatic lesions were
detected in 10 patients.  Seven of these were confirmed clinically.  In two
cases, a hitherto unknown primary was detected.  Indium-111 bleomycin concen-
tration measured in excised tumor tissue was 6 to 60 times the concentration

in normal skeletal muscle.,

Followup is continuing on all patients.studied to confirm the accuracy
of these scans.  Tumor scanning with Indium bleomycin offers a potential
atraumatic procedure which could supplement or supplant other types of

radioisotopic scans in judging the extent and operability of solid tumors.

Interim Report

A Comparison of Heart Chamber Dilution Curves and Pulmonarv Dilution Curves
for the Diagnosis of Congenital Heart Disease

           Larry D. Greenfield, and L. R. Bennett

Heart chamber dilution curves and pulmonary dilution curves (PDC) measured
by C 2/Cl ratios were obtained using 133-Xe in saline and 99m-Tc-sulfur colloid.
Although these two methods have been independently evaluated for the differen-
tail diagnosis of normal patients from those with left-to-right intracardiac
or extracardiac shunts and those with right-to-left intracardiac or extracardiac
shunts, there are no reports of the two techniques having been compared in the r
same patient.  Thirteen normal patients (2-40 years of age), 26 patients with
left-to-right shunts (10 mos. to 48 yrs. of age), and 7 patients with right-to-
left  shunts   (3  mos.   to  12  yrs.   of  age) were studied. Dynacamera II, equipped
with video tape, data analysis, and area-of-interest capabilities was used
with the camera detector in the modified left anterior oblique position for

optimum resolution and separation of both lungs and the left and right atria
and ventricles. Xenon-133 in saline and 99m-Tc-sulfur colloid were administered
sequentially  as an intravenous bolus;   the inj ection  of each isotope  was
followed by a flush dose of 5-10cc of saline.  The flow of each isotope through
the heart and lungs was recorded on video tape; with video tape replay, areas-
of-interest were placed first over the lungs, then over two heart chambers.
The dilution curves from these areas-of-interest were displayed by a strip
chart recorder.  The obtained C2/Cl values are:  normals, 12.7-45.3 (mean:
31 t 11.5); left-to-right shunts, 33.8-79 (mean: 56.6 * 14.1); right-to-left

shunts, 40-81 (mean: 58.4 * 16.2).  Normals can be narrowly separated from
shunt patients, but patients with left-to-right or right-to-left shunts cannot
be separated.  The explanation is that cyanotic patients, with a presumed
diagnosis of right-to-left shunt, may also have an unsuspected left-to-right
shunt; thereby producing an abnormal lung curve in a patient expected to have

only a right-to-left shunt.  The heart curves diagnosed one VSD where the PDC
failed.  The PDC diagnosed seven patients where the heart curves failed:  Two
had aortic insufficiency, 2 had patent ductus arteriosus, 3 were too young
for placement of heart chamber areas-of-interest.

Previous reports using 99m-Tc-pertechnetate to obtain PDC have separated
normal patients from those with left-to-right shunts; patients with right-to-
left   shunts  were  said   to  have' the  same C2/Cl values. as normals. Our results
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show the PDC measured by C2/Cl ratios can separate patients without shunts
from those with left-to-right intracardiac or extracardiac shunt; but that
patients with right-to-left shunts .were most often found to have C 2/Cl ratios
in the same range as patients with left-to-right shunts.  The greatest diagnos-         Il

tic difficulty of heart chamber dilution curves was encountered in patients
with valvular insufficiency, left-to-right extracardiac shunts, and in patients
less than 1-year old.

Interim Report
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CARDIAC STUDIES

Evaluation of Potassium-43 and Cesium-129 for Myocardial Imaging

Norman D. Poe, Leslie M. Eber, L. Stephen Graham, and Norman S. MacDonald

Access to a medical cyclotron capable of producing usable amounts of
both potassium-43 and cesium-129 enabled us to compare these two analogs
and evaluate their usefulness in myocardial imaging.  In spite of chemical
similarity, cesium is not a perfect substitute for the more physiologic
potassium, differing mainly in its slower myocardial uptake and clearance

and poorer single circulation extraction by the heart.  Fortuitously, radia-
tion dosimetry, imaging characteristics and myocardial-to-background ratios
for K-43 and Cs-129 do not differ significantly after intravenous administra-

tion.

The following observations for intravenously administered K-43 or Cs-129
are based on studies performed in over 50 patients undergoing coronary angio-
graphy:

Normal Variants:  No spedific normal group has been studied but conclusions
are drawn from patients with no demonstrable coronary artery disease.  The
nuclide concentrates predominantly in the left ventricle. In anterior and
LAO projections, a central ventricular defect is usually apparent.  Anterior

and RAO views most clearly delineate the anterior ventricular wall, while
LAO is best for the lateral wall.  The posterior wall is not as easily seen,

although the left lateral is often helpful.  Increased amounts of overlying
tissue, which also contain nuclide, tend to degrade the image.  Myocardial
Infarction:  Most recent transmural infarcts appear to be demonstrable by
imaging if multiple views are taken.  Old infarcts frequently are not
detected.  Some difficulty in interpretation may be encountered because of
the central ventricular pool.  Aneurysms are readily detected because they

contain only about 10% of normal activity.  Coronary Artery Disease Without
Infarction:  Because these ions are not rapidly cleared from the blood and

pass easily through anastomotic channels, even severe arterial disease with
major vessel restriction or occlusion may not be demonstrable.  Non-Coronary

Diseases:  Left ventricular hypertrophy enhances ventricular uptake and
shifts the central defect superiorly.  In this condition, a high posterior
defect is commonly seen on the lateral and is presumably due to cardiac rota-

lion, the left atrium and other vascular structures.  The central defect is
exaggerated in the dilated heart.

In conclusion, no characteristic distributional differences were observed
between K-43 and Cs-129 in patients studied at rest.  The slower clearance and
probable greater potential availability of Cs-129 are advantages for cesium,
while the more physiologic behavior and increased uptake with higher flows make
potassium more suitable for certain investigations.  However, the inability of
either nuclide to distinguish coronary artery disease without infarction is a

major disadvantage, particularly for the use of imaging as a screening test for

coronary artery disease.

Reference:  J. Nuc. Med. , 14: 440-441  ( June   1973).
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Evaluation of Ventricular Dysfunction by Myocardial Imaging
Norman D. Poe and Leslie M. Eber                                                Il

Myocardial imaging after administration of K-43 or Cs-129 offers a

simple, noninvasive method for evaluating certain aspects of myocardial
function.  Imaging in ventricular dysfunction was investigated in 20 adult
patients who demonstrated dyskinesis ( aneurysm), hypokinesis or akinesis
by angiography and ventriculography.  Forty comparable patients without             0
these abnormalities served as controls.  Images were obtained by a scin-
tillation camera with defects most clearly defined after background sub-
traction and computerized redisplay.  Of, 9 patients with aneurysms, 6
showed good correlation with discrete defects containing less than 20%
of normal activity.  Two small aneurysms were not detected and one demon-
strated only moderate activity reduction.  For akinetic and hypokinetic             0
lesions, defects were evident in about   50%.     Many of these patients  had
triple vessel disease and generally poor uptake.

Imaging can localize most large aneurysms but the defect cannot be
distinguished from that caused by acute ischemia.  It is not as reliable
for detecting lesser degrees of ventricular dysfunction, especially at
the normally thinner apex which has relatively low tracer uptake.

Interim Report

Uptake and Clearance of Cesium in Experimental Mvocardial Infarction                0
Norman D. Poe and Carl E. Selin

Cesium-129, injected intravenously, is actively being investigated as
a radiopharmaceutical for myocardial imaging.  To evaluate cesium kinetics
during myocardial ischemia and injury;. animal experiments were carried   out
to determine the following:  (1) The reliability of cesium as a regional
blood flow indicator in areas of injured myocardium.    '( 2)  The.rate  of  ion
clearance following acute cellular death.  (3) Cesium distribution during
various states of infarction.

Cesium concentration in the myocardium is dependent on both blood flow
and cellular integrity.  To explore the problem of ion uptake in the presence       Il
of cell damage with intact circulation, myocardial injury was produced in
open-chest dogs by a 40-minute occlusion of the anterior descending or cir-
cumflex coronary artery.  Following.flow restoration, a mixture of ionic
Cs-129 and Tc-99m microspheres (distribution solely flow dependent) was
injected into the left atrium.  After sacrifice, 1-2 gm sections of ventricle
were counted in a well counter and Cs-Tc ratios established. In half the 10

survivors, ratios approaching 1.00 were found in normal and injured areas.
In the remainder cesium values were significantly lower in the injured sites.

Cesium clearance from acutely infarcted tissue was determined in 16 dogs.
One hour following intravenous administration of radiocesium, the anterior de-
scending coronary and major tributaries were ligated.  Animals were sacrificed
4 to 24 hours later and multiple samples of the ventricle were counted.  No

significant clearance is seen in the first 4-6 hours, but between 8 and 18 hours
a marked loss of ion occurs with equilibration achieved by 24 hours.
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In 28 dogs, infarcts were produced as above.  Animals were sacrificed

4 hours to 6 months later.  Images were obtained prior to termination after
an intravenous dose of Cs-129, and in vitro tissue counts were made post-
mortem.  Only lesions with relative losses in activity of 50% or more, and
which were at least 4 cm in diameter, were consistently detected in vivo.
No distinct differences were evident between acute, healing and healed
infarcts in spite of gross differences histologically.

Conclusions:  (1) Although occasional discrepancies can occur between
blood flow and cellular uptake of cesium, ionic distribution is generally

a reliable indicator of flow, even in acute infarction.  (2) Cellular loss
of cesium in infarction is not immediate but reaches equilibrium by 24 hours.

Therefore, serial scans cannot be performed more often than once daily. (3)

No externally detectable differential uptake of cesium is found during the

acute and healing phases of infarction, eliminating cesium as an agent for

staging.  Similarly, poorly perfused but noninfarcted regions are not identi-

fied, an observation which will limit the clinical usefulness of Cs-129 in

the detection of coronary artery disease without infarction.

il           Reference :  J. Nuc. Med., 14: 439-440 (June 1973).

Mvocardial Extraction of Variously Labeled Fatty Acids and Carboxvlates

Norman D. Poe, Gerald D. Robinson, Jr., and Norman S. MacDonald

The search for improved myocardial imaging agents has renewed interest

in labeled fatty acids for this purpose.  Because of the ideal imaging
characteristics of I-123, an improved method for iodinating long chain fatty

acids was developed which permits production of relatively high specific

activity compounds ( lmCi/mg).     To  date  only  I-131  has  been  used for label-

ing of oleic, linoleic, and linolenic acids.  C-11 oleic acid was synthesized

Il             for use as a biologically active reference.  C-11 acetate and oct
anoate were

produced for similar purposes.  Analogous F-18 labeled compounds (acetate,

hexanoate, and tetradecanoate) were also prepared.

Myocardial extraction efficiency is determined by direct coronary arteri-

al injection.  At present, K-43 appears to be the best agent for myocardial

0             visualization and is used for comparison.  Tc-99m microspheres were used to
demonstrate 100% extraction and I-131 serum albumin or hippuran served as the

nonextractable reference.  Injections in 9 dogs were made through a fine

catheter attached to a small gauge needle inserted into the anterior desce
nd-

ing coronary artery.  A well collimated probe was placed over the exposed

heart.  Three-tenths ml of the investigational compound was preloaded into
the catheter out of view of the detector.  With the recorder running the

catheter was firmly flushed with 0.5 ml saline and a tracing made for 1-2 
min.

Using the peak count rate attained as the 100% value, the extraction eff
icien-

cy was determined by extrapolation of the equilibration phase of the curve

back to 0 time.

The following results were obtained:  For the radioiodinated fat
ty acids

V- extraction ranged between 35-39% dropping to 20-25% by 2 minutes, compared to

69 and 58% respectively for K-43.  C-11 oleic acid and F-18 tetradecanoate
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showed similar initial extraction but much lower 2-minute values suggesting
rapid metabolism.  Results for both C-11 and F-18 medium chain compounds
were inferior to the longer chain compounds.  In contrast, C-11 acetate showed
an almost identical pattern to K-43 while F-18 acetate was slightly lower.

Three other compounds were also examined:  C-11 methanol and ethanol and N-13
ammonia.  These all behave similarly to K-43.                                        I

In conclusion, the long chain fatty acids, regardless of label, are ex-
tracted with only about half the efficiency of K-43 and will probably be advan-
tageous in myocardial imaging only if they can be shown to behave differently
in various metabolic states or stages of infarction.  While of possible value
as investigational agents, C-11 and F-18 acetate will have little clinical use-

fulness because of. high energies, short half-lives, and the requirement of
cyclotron proximity.

Reference:  J. Nuc. Med., 14: 440 (June 1973).

Mvocardial Turnover Characteristics 6f Labeled Patty Acid Analogs

Gerald D. Robinson, Jr., Norman D. Poe, and Norman S. MacDonald

Long chain fatty acids labeled with gamma emitting radionuclides could
be used to estimate regional myocardial blood flow and to study metabolism
of fatty acids (FA) in vivo. High specific activity FA (FA-I), iodinated at        Il
a  double  bond, and terminally labeled  FA  ( FA-TI) were specially prepared  and
compared to cyclotron produced carbon-11 (C-11) stearate and another useful
physiologic radioactive myocardial tracer, potassium (K) . Myocardial extrac-
tion after direct coronary arterial injection and blood clearance and myo-
cardial turnover rates after IV injection were measured.  Extraction averaged
73% for FA-TI, 71% for K, 67% for C-11 stearate (no significant difference)

but only 37% for FA-I.  Blood retention levels at 5 min ranged from 10% for K

to 35% for FA-I.  K-uptake increased slightly for the first 10 min after injec-
tion, while none of the FA compunds showed further concentration after the
first circulation.  Retention by the myocardium is lowest for FA-I, increasing
progressively to FA-TI, C-11 stearate and finally K.

FA-TI, suitably labeled, is superior to FA-I and probably equal to K for
myocardial imaging.  It appears to be similar enough to C-11 stearate to be a
substitute for the parent analog.

Interim Report
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 ,< RADIOPHARMACEUTICAL DEVELOPMENT

Biological Dynamics of F-18 add C-11 Labeled Carboxylates and Alcohols

G. D. Robinson, Jr., N. S. MacDonald, D. Battaglia, A. Flesher, and
J. Takahashi

Gamma-emitting analog molecules are potentially useful tools for
monitoring specific metabolic processes and for developing improved radio-
pharmaceuticals.  The F for H substitution is attractive for producing
"internally" labeled F-18-analog compounds.  We have synthesized several
carboxylates and alcohols labeled with C-11 and F-18 and have compared the
biological dynamics of these molecules in animals in an effort to evaluate
how  well the fluorine analogs mimic  the "true" natural compounds.

C-11-acetate, -octanoate, and -palmitate were prepared from C-11-carbon
dioxide byithe Grignard reaction in our Biomedical Cyclotron Facility.  C-11-

ethanol was produced by reduction of acetate.  F-18-fluoroacetate, -2-fluoro-
hexanoate and -2-fluorotetradecanoate were synthesized by interhalogen ex-
change between F-18-fluoride and the corresponding bromocarboxylates.  F-18-
-2-fluoroethanol was prepared directly from 2-bromoethanol and by reduction
of fluoroacetate. Tissue distributions were measured in rats and rabbits at
5,  15,  30,  and 60 min. post injection. Early biological dynamics  (0-15 min
post injection) in rats, rabbits, and dogs were followed by gamma ray-camera.

The short chain carboxylates (acetate and fluoroacetate) and the alcohols
il             were found to exhibit similar, generally non-specific, high tissue extract-

abilities.  Higher brain uptakes were observed for ethanol and fluoroethanol
than for any of the other compounds.  The distributions of C-11 and F-18 were
essentially identical for the ethanol-fluoroethanol and acetate-fluoroacetate
analog pairs.  The longer chain carboxylates, 2-fluorohexanoate, octanoate,

2-fluorotetradecanoate and palmitate showed liver specificities which increased
with increasing aliphatic chain length.  This reflects differential uptake of
medium and long chain carboxylic acids, rather than a deficiency in the F for

H analog model.  A loss of total C-11 activity was seen when rats were used
as test animals   for C-11 carboxylates ( particularly acetate).     This  is  pre-
sumably due to metabolism to C-11-carbon dioxide, since this decay corrected
loss was not seen with the F-18-fluorocarboxylates.

Since the F-18-fluorocarboxylates and F-18-2-fluoroethanol show biologi-

cal dynamics which are similar to that of the C-11-carboxylates and C-11-etha-
nol, these simple F-18 compounds can 'serve as useful analogs  for the "natural"
molecules.  This is significant because biological processes which could not

be followed due to the short half-life of C-11 (t* = 20 min) can be monitored
0             using F-18 labeled analog compounds (tj = 110 min).  In addition, clinical

procedures involving the F-18 analogs can be performed in institutions some-
what distant from the F-18 source.  This is difficult, if not impossible, with
the C-11 compounds.  Finally, knowledge of the comparative behaviors of these

compounds is most important in forming a basis for the logical design of more
complex "internally" labeled biologically active compounds.

                            Reference :      J.    Nuc .   Med., 14: 446-447   ( 1973 ) .
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Rapid Synthesis of High Specific Activity, Biologically Active F-18-
Fluoroaliphatic Analog Comp6unds
G. D. Robinson, Jr. and D. Battaglia

Several fluorine containing analog compounds have been shown to retain
much of the biological activity of the natural molecules. Anhydrous metal

fluorides have been used for the preparation of fluoroorganic compounds by          0
interhalogen exchange with a variety of haloorganic compounds.  We have
modified this reaction route by using F-18-fluoride on anion exchange resins
and have begun to prepare several high specific activity, biologically active
F-18-fluoroaliphatic analog compounds.

F-18-fluoride is prepared by the 0-16(He-3,p)F-18 reaction on a water
target in our Biomedical Cyclotron Facility.  The F-18 is absorbed on a small
quantity (= 20 mg) of anion exchange resin (Dowex 1, fluoride form) and the
resin is dried at 40'C under vacuum.  The dry F-18 labeled resin is sealed in
a glass ampule with an appropriate haloaliphatic organic compound (- 20 ul)

for exchange at elevated temperature (< 180'C) for up to 90 minutes.  After
cooling, the ampule is opened and the F-18-fluoroaliphatic compound is iso-

lated by gas chromatography.  The complete syntheses require 90 to 180 min-
utes with specific activities of the final products ranging between 15 mCi/mg
for F-18-fluoroacetate and 3 mCi/mg for F-18-2-fluorotetradecanoate.

Halocarboxylate esters give the corresponding F-18-fluorocarboxylate com-
pounds which are hydrolized to free fluorocarboxylic acids or reduced to fluoro-
alcohols, while halonitriles and haloalcohols give the corresponding F-18
labeled fluoronitriles and fluoroalcohols directly.  In general, the fluoro-
carboxylates are produced in somewhat higher radiochemical yields than the
corresponding fluoroalcohols or fluoronitriles   ( 38,    20, and 16% yields for

ethyl fluoroacetate, 2-fluoroethanol and fluoromethyl nitrile, respectively,
from the corresponding bromo- compounds on 30 min heating at 180'C).  Increas-      Il

ing aliphatic chain length decreases F-18 radiochemical yields within a given
class of compounds ( 38% yield for ethyl fluoroacetate, 30 min at 180'C; 9% for

ethyl 2-fluorotetradecanoate, 90 min at 180'C).  Substituents which increase
the polarity of the carbon-halogen bond favor interhalogen exchange.  Converse-

ly, extended heating intervals and/or temperatures above 180'C promote thermal
decomposition of the anion exchange resin and lower yields result.                  0

The   use of F-18-fluoride   as   a dry "reagent" on anion exchange resins allows
the rapid synthesis of biologically active, F-18-fluoroaliphatic compounds at

high specific activities under mild conditions.  These simple F-18 labeled ana-
log molecules are currently being tested in animals as potential radiodiagnos-

tic agents, primarily as tracers for rapid, dynamic metabolic functions.  Poten-

tially, this same synthetic method offers an attractive route for the rapid,
high specific activity synthesis of more complex, F-18 labeled biomolecule ana-

logs, such as fluoroamino acids, fluorosteriods, fluoropurines and fluoropyri-
midines, etc.

Reference:  J. Nuc. Med., 14: 446 (1973) and IAEA/WHO Symposium on Recent
Advances in Ra opharmaceuticals and Labeled Compounds, Copenhagen,    
March, 1973.
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Radioiodinated Medium and Long Chain Fatty Acids
G. D. Robinson, Jr., A. Lee, and C. Selin

Medium  and long chain carboxylic ( fatty) acids are. present in blood
plasma in concentrations between 2 and 4 mg/ml.  Although, these compounds
represent a relatively large, dynamic pool and their biological fates are
a significant aspect of overall metabolism, little has been achieved with
regard to applying gamma-emitting fatty acids to intravenous studies in
nuclear medicine.

A simple, miniaturized, disposable system for the rapid routine syn-
thesis of high specific activity, radioiodinated fatty acids by reaction
of an unsaturated acid with radio-ICl in diethyl ether has been developed.

Il             Radiochemical yields range from 20 to 40% and attain 80% of the 24-hour
value within 3 hours.  Specific activities of 1 mCi/mg are readily obtained.

Biological dynamics of radioiodinated oleic, linoleic and linolenic acids
have been determined in rats. Potential applications, including brain, liver,
and heart studies with these compounds are currently under investigation.

Radioiodinated fatty acids have also been prepared from I-131-iodide
by refluxing with the appropriate bromocarboxylic acid in acetone solution.
16-Bromo-9-hexadecenoic acid, 11-bromoundecanoic acid and 6-bromohexanoic
acid have served as parent compounds for initial syntheses.  The resulting
labeled fatty acids represent true analog molecules in which the iodine atom
is found in a position normally occupied by a terminal methyl group in the

0 "natural" molecule. Radiochemical yields   from  65   to  90%, at specific activi-
ties  of 2-4 mCi/mg, are obtained  with 3 hours of refluxing ( yields decrease
with increasing carbon chain length).

In preliminary experiments in dogs, myocardial extraction of I-131-16-
iodo-9-hexadecenoic acid administered in 4% HSA solution was found to be
comparable to that Of potassium-43 (= 70% extracted on a single pass).  In
addition, several experimental views obtained following I.V. administration

of the I-131 and/or I-123 labeled compound have indicated that this agent
may prove to be a useful alternative to K-43 and Cs-129 for myocardial imaging.

Interim Report

Tc-99m-Tetracycline:  Preparation, Biological Dynamics and Uptake in Damaged
Myocardium
G. D. Robinson, Jr. and D. Battaglia

Il                  A tetracycline complex of Tc-99m has been prepared by reduction of
deoxygenated Tc-99m-pertechnetate  with Sn( II)-tetracycline complex  in  the
presence of excess tetracycline.  When analyzed by thin layer and/or gel per-
meation chromatography, the preparation is found to contain less than 10%
free pertechnetate and virtually no free, reduced Tc-99m.  The complex is

stable up to several hours at room temperature.  Preparations from freeze
4                         dried Sn( II)-tetracycline "kits" appear to be essentially identical to  the

complex formed from freshly prepared reagents.
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The biological dynamics of the Tc-99m-tetracycline in rats were studied
by tissue sampling at 5, 15, 30, and 60 min. Free Tc-99m-pertechnetate,             Il
Sn( II) reduced -pertechnetate, freshly prepared -tetracycline  and   "kit"
-tetracycline were compared.  The latter two agents showed identical behav-
iors, which are distinctly different from that of either of the former two
species.

I.V. administration of Tc-99m-tetracycline in dogs 1 hr after experi-
mentally induced myocardial infarction have resulted in ratios of localiza-
tion as high as 7:1 in damaged vs normal myocardium at 24 hr post injection.
It is hoped that this agent willprove useful for achieving positive uptake
of Tc-99m in, and subsequent imaging of, damaged myocardium in vivo.

Interim Report

Particulate Radiodiagnostic Agents
G. D. Robinson, Jr. and A. Lee

An automated system for sizing microparticulate agents  ( 5-50 w )is
under development.  This device, which is based upon differential rates of
sedimentation from homogeneous suspension, will allow unattended separation
of processed batches of particles ( macroaggregates, microspheres,   etc. )   in-
to narrow size ranges, prior to labeling with short-lived radionuclides.
Currently, a supply  ( =l g)o f HSA microspheres   in  the   8-12 size range   is
being accumulated.  It is anticipated that these particles will be used for          0
a variety of hemodynamic studies.

Recent emphasis has been placed upon evaluating and improving current-
ly used methods for post-preparative labeling of particulate agents . Micro-
spheres and macroaggregates   (5-700),of  both.HSA  and HSA containing  Al( III ) ,
Fe( III ),   and  Sn( II) hydroxides, have been prepared  and   subsequently labeled
with Tc-99m by several techniques.  These include:  reduction of·pertechnetate
by  ascorbic acid and/or  Sn( II), and reaction of pertechnetate ·in acidified
thiosulfate.  Labeling with In-113m by heating in neutral solution was also
evaluated.

l

In general, composition of the microspheres has little apparent effect          0
upon labeling efficiency for a given method.  This is likely due to forma-

tion of a relatively impermeable HSA surface during preparation of the micro-
spheres by heating in oil.  Macroaggregates, however (which are expected to

exhibit no such surface effect), are quite variable with respect to label-

ing  efficiency. MAA containing  Sn( Ii) label spontaneously  in the presence
of deoxygenated Tc-99m pertechnetate.  MAA containing Al(III) and Fe(III)

show similar labeling behaviors with efficiencies generally higher than for

pure HSA macroaggregates.

I[eating  of  pure HSA microspheres  in the presence  of  Sn( II) and deoxygen-
ated Tc-99m-pertechnetate gives 90% labeling within   15   min.      This is current-

ly our chosen method for microsphere work.  Macroaggregates containing            
Sn(OH)2 are used for Tc-99m-MAA applications.

Interim Report
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BIOMEDICAL CYCLOTRON OPERATIONS

N.  S.  MacDonald,  H. H. Neely,  R.  Wood, R. Birdsall, M.. Thelia, J. Takahashi,
and S. Wakakua

The mission of the new Biomedical Cyclotron Facility is to produce radio-

active nuclides for clinical research and physiologic studies in nuclear
medicine; and to provide a source of charged atomic particles of moderate
energies for other biologically oriented research.  The radioactive materials
are made available to investigators not only at UCLA, but also at several
other hospitals in the community. Another activity is the· development and
application of methods of measuring trace elements in small samples of biolo-
gic and medical interest by charged-particle activation techniques, particular-

0           ly in situations where other methods are too insensitive.  The beams of accel-
erated protons, deuterons and helium ions are also used in collaborative
investigations with other Laboratory and University programs in radiobiology
and radiation chemistry.

During the second year of operation, mechanical performance has contihued
to be excellent and the incidence of malfunctions or breakdowns has been quite
low.  During the period from 1 July 1972 to 10 February 1973, for example, a
total of 263 individual bombardments were performed in 222 calendar working

days.  Targets were being bombarded for an average af 34% of the normal 8 hours
daily shift.  The accompanying table summarizes the production of radionuclides
during this period.  A number of novel targetry devices and appliances were

Il           designed and constructed, and several new chemical extraction procedures were
developed for separations of the radionuclide mixtures.

Potassium-43:  This nuclide was provided regularly on a routine basis to
Dr.   N.   Poe   and his group   for   use in their studies of myocardial   imaging.      This
nuclide was prepared by the bombardment of argon with alpha particles, accord-
ing to the reaction 4OAr(aip)43K.  Argon.gas, confined in a gold-plated, brass
cylindrical tube 9" long X 2" diameter atan' initial pressure of 8 psig, was
exposed to 20 MeV alpha particles.  Following the irradiation,.the inside sur-
faces of the tube were washed with physiological saline and the resulting 43K
solution was then sterilized.  Typical yields were 5 mCi, usable within one
hour after a four-hour bombardment.  These'produtts contained (on a millicurie
basis) about 17% of 12.6 hour 42K, from the competing 40Ar( ,2p)42K reaction,
at time of use.  However, the 42K contributes only about 3% to the gamma flux.

Samples of these preparations were tested for sterility and apyrogenicity and
approved for human use.

Considerable effort was expended in searching for means to improve the
Il          yields.  A totally new technique was devised which utilized liquified argon,

both as the target material and the coolant for the thin stainless steel foil
through which the alpha particle beam enters.  Development is not completed
but preliminary results indicate that approximately twice as much 43K can be

made available per run compared to the yields when gaseous argon is irradiated.

4                Cesium-129:  This radionuclide was prepared by alpha bombardment of sodium
iodide in the manner developed last year, and described in the last annual
report. The reaction  is 127I( a,2n)129Cs. No significant changes  were  made
in the method, which is quite adequate for modest quantities  ( 3-10  mCi),  but
not suitable for large-scale production.  The demands for Cs-129 by Dr. Poe's
group were considerably less than in the previous year.
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Indium-111: This radionuclide has been shown to be useful in clinical
nuclear medicine as a tumor and bone marrow scanning agent, and for cisterno-
graphy.  Dr. L. R. Bennett and his group have found it also to be of great
value in localizing certain types of neoplastic lesions when it is combined
with bleomycin.  We studied three reactions for preparation of this radio-
nuclide and concluded that proton bombardment of natural Cadmium foil of the
proper thickness gave the best compromise combination of yield, target econo-
my, and freedom from undesirable contaminations.  A simple, efficient liquid-
liquid extraction method with diethyl-hexyl-phosphate was devised for isola-
tion of the product.  However, two commercial producers of radionuclides
concurrently developed In-111 as a radiopharmaceutical agent (as the chloride
and as a DTPA chelate complex).  Thus, at least for a time, the research needs
for In-111 at UCLA are being supplied from a commercial source, and our produc-
tion of this nuclide has been curtailed.

Fluorine-18: This positron emitter, of 110 minute half-life, was produced
routinely twice a week for use by Dr. G. Robinson in his development of 18F

labeled organic radiopharmaceutical agents.  This nuclide was prepared by
bombardment of water with helium-3 ions, in yields of 80-100 millicuries per
batch.

Nitrogen-13:  This positron emitter of 10 minute half-life can be pre-
pared in the form of carrier-free, 13N-ammonia.  We have continued our col-
laboration  with   Drs.   M. B. Cohen   and   L. S. Spolter   of the Veteraris Administra-
tion Hospital, Sepulveda, by providing this material for their studies of 13N-

amino acids, labeled by enzymatic means.  All measurements of the short-lived
radioactivity in tissue samples, etc., were made in our facility. The follow-
ing is a summary of this work:

Tumor uptake of L-glutamic acid, L-glutamine and ammonia was investigated
in implanted tumors of mice.

13
NH3 was produced in the UCLA Biomedical Cyclotron by irradiation of

either methane or an aluminum carbide target in a d,n reaction.  The 13NH3
was separated from methane by use of a water trap containing 2 X 10-5 M carrier
ammonium acetate or was separated from aluminum carbide by distillation.  An
aqueous solution of 13NH3 was then added to incubation tubes containing the
enzyme, substrate, buffer and co-factors.  13N-labeled L-glutamine was syn-

thesized after a 10-minute incubation at 370C, and L-glutamic acid was synthe-
sized after a 5-minute incubation  at 250C. L-glutamine synthetase   (E C 6.3.
1.2) and L-glutamic acid dehydrogenase (EC 1.4.1.2) were used in the respec-
tive syntheses.  14C-labeled L-glutamine and L-glutamic acid were also utilized.

The test substance was injected in the tail vein of unanesthetized mice with
the following types of implanted tumor:  Mammary tumor M/C3H/N, Polyoma P/R/N89,
Fibrosarcoma MCA/B/2 or Furth Mast Cell Tumor.  The mice were sacrificed 5

minutes after injection and tissues were counted in either a.liquid scintilla-     tion counter or a well counter with a 1600 channel analyzer. Vil.
Tumor uptake per gram of tissue of NH3 and L-glutamic acid was similar to

that of skin and averaged about 20% of the liver uptake.  L-glutamine showed
good tumor localization, which varied from 53% of liver uptake in mice with
fibrosarcoma to 123% of liver uptake in mice with polyoma.
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These studies are still in progress, but these preliminary results

suggest that there may be a relative lack of the enzyme glutamine synthetaae
in the tumors used in this study and that 13N L-glutamine holds promise as

a tumor scanning agent.

Carbon-11 Labeled Compounds:  Continuing the work begun last year, the
Grignard reaction was used to introduce 20-minute Carbon-11 into the molecu-
lar structure of several mono-carboxylic acids.  The C-11 was made by bombard-
ing flowing nitrogen gas (containing a trace of oxygen) with protons.  The
carrier-free 11C02 so produced was bubbled into the appropriate Grignard

reagent, and after hydrolysis of the reaction product, the labeled carboxylic
acid product was isolated.  Identity was confirmed by thin layer chromato-
graphy on alumina and by gas chromatography of the methyl esters after adding
authentic carriers.  The following compounds, labeled with Carbon-11, were
prepared and delivered to Dr. Poe for comparative study of myocardial extrac-
tion from blood, in dogs:  Acetate, propionate, octanoate, palmitate, and
stearate.  Much effort was devoted to the preparation of oleic acid, labeled
with C-11 in the carboxyl group.  Since, a commercial supplier for the required
starting compound (1-bromo-8-heptadecene) could not be found, we have.had to
synthesize this material.

Simple, rapid methods for making Carbon-11 labeled methanol and dthanol

were also developed.  Identity was established by gas chromatographic tech-
niques after adding authentic carrier alcohols.  These compounds may have
utility in measurements of blood flow to brain, liver, and other organs

4I            because of their very rapid extraction from the plasma, shown by tissue dis-
tribution studies in rabbits sacrificed 10 seconds after injection into the
left ventricle of the heart.

Ruthenium-97 and Technetium-95:  Ru-97 is of potential value in nuclear
medicine for organ visualization procedures requiring measurements at inter-
vals up to 72 hours after injection (2.9 day half-life, 0.22 and 0.32 MeV
gammas, no betas). Possible production methods for carrier-free  Ru-97  were

explored.

Inexpensive discs of natural molybdenum, 1-1/8 diameter and 0.001 inch
thick, were bombarded with 24 MeV alpha particles.  By water cooling, the rear
of the target foil, up to 50 amps could be delivered.  The desired reactions
are (1,2n) on the 15.7% abundant Mo-95 isotope and (d.,n) on the 9% abundant
Mo-94, both leading to Ru-97.  Gamma spectrometry of the irradiated targets
with a Ge-Li detector showed the presence of short-lived Ru-94 and 95 and
their Tc daughters, in addition  to Ru-97. Isolation  o f  the  Ru-97   from ·the
stable Mo and the Tc nuclides was best accomplished 24 hours after bombard-
ment to allow for decay of Ru-94 and -95 and maximum in-growth of Tc-94 and

-95 before chemical separation.  Two methods were developed.  Distillation

from an H2S04 s91ution of the target foil in the presence of an oxidizing
agent (KMh04) yielded an aqueous solution containing 40-70% of the Ru-97,

completely free of Mo, but with a trace of Tc-95.  On the other hand, a

liquid extraction method using a 50% solution of di ethyl hexyl phosphoric

4             acid in n-heptane, provided an HCl solution of Ru-97 free of Tc-95, but con
taining traces of Mo.  Both Ru-97 and Tc-95 can be separated cleanly and
free of Mo with 80-90% recovery.
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SUMMARY OF BaMBARDMENT RUNS   1 JULY 1972 - 29 JUNE 1973

Biomedical Cyclotron Facility:  Laboratory of Nuclear Medicine and Radiation Biology; and Department of Radiological Sciences, UCLA

Number of Requester or Number of Batches Made Approx. iCi
Desired Radionuclide Target  Runs

'

Ultimate Intended Usage Principal User Available to User to User

8   Cesium-129               8       Myocardial Imaging Poe                       8                       26
8:

       Fluorine-18   ·            68         Exchange
labeling-Fluoro- Robinson                67                     6580

Potessiu16-43            73       1*ocardial Imaging Poe                      71                      239

Acetate, etc.

llc-stearate                9
11                                      Myocardial ImagingC-palmitate              24                                        Poe

llc-octanoate 4 Myocardial Imaging Poe
11C-acetate 4 Myocardial Imaging Poe

llc-propionate               2
11

C-oleate                   5
11
C-ethanol                16        Organ Blood Flow Bennett-1.6cDonald

11C-methanol           - 4 Bennett-1.facDonald
13N-ammonia                 47         Improvement of Yields MacDonald-Cohen

§                                       of 11113. 13N-glutamic acid,          34         Enzymatic Labeling of Cohen-Spolter  ( VA)

glutamine Amino Acids

     Potassium-43               39         Target Development Neely-16cDonald 1  JULY  1972  - 29  JUNE 1971

S   Tellurium-121              .5         Tissue Dietribution Studies Bennett-Poe Total target bambardments 417

    Thulium-167                 3         Root Uptake Studies Wood Calendar working days 244
Bombardment days 199

Platinum-195m               3         Tumor Specific-Compounds Wolf-Engele "Down" days                   45

Antimony-117                 5         Tissue Distribution Studies Robinson-1.'acDonald
Actual beam-on time 610 hra
Average portion or 8 hrs.

Cesium-127                   1 Myocardial Imaging Poe shift that targets were
being bombarded 38%

0*yeen-15                    6         Blood Flow; Resolution MacDonald-Graham

Copper-61 2 Tissue Distribution MacDonald-Bennett

Target

Soils                       6         Thermoluminescent Centers Nishita

9    Fails, powders, etc.       22         Development of N-15 Assay MacDonald-Wood-Wallace

    Foile, po,ders, etc.        2         Development of C-13 Assay Mac Donald-Wood-Wallaci ,

           Fnt 18,   nrm,lir,1,   ete. 22 Develooment of 0-18 A.8/V MacDonald-Wood-Wallace

M   Nitrogen-13                  2         Excitation Functions Metcalf-MacDonald
S

Cesium                      1         Assay for Cesium Wood



The by-product, Tc-95, decays by electr6n capture with a half-time of
20 hrs. emitting gamma photons of 0.76 and 0.84 MeV primarily.  Despite
these high energies which would restrict its application in rectilinear

scanning and camera imaging, it might be useful in studies with thick crystal,
heavily shielded, probe-type scintillation detectors.

Three experiments indicated that Tc-95 can be produced readily in excel-
lent yields by bombardment of ordinary Mo foils with helium-3 beams, in which
case   the Ru-97 becomes the "by-product. " Preliminary measurements showed
that the number of conversion electrons accompanying Tc-95 decay is very low.
This information is pertinent in estimation of radiation exposure from
administration of this nuclide.

A number of other radionuclides were made in small amounts for explora-
tory purposes:  Autimony-117 was prepared in carrier-free form for tissue
distribution studies.  Tellurium-121 was prepared for assessment of possible
specificity for heart muscle, Thulium-167 for root uptake studies (R. Wood),
Platinum-195m as a possible tumor-specific complex (Dr. Wolf of U.S.C.), and
Cesium-127 as a possible substitute for Cs-129.  Oxygen-15 was made for
Dr. S. Graham's study of the influence of positron energy on the resolution
of scintillation camera images of annihilation gammas from positron emitting
radionuclides.

Interim Report

9'  11 7
6'  TOTAL BODY COUNTER ACTIVITIES

Metabolic Turnover Rates of Immune Serum Globulins in Humans
N. S. MacDonald, I. Ban, and Anna Mae Flesher

A total of 65 studies of the metabolic turnovel rates of serum immune
proteins (immune globulins, G  and M) were made in patients suffering from
various disorders.  This work was conducted in collab6ration with Dr. Joshua
Levy and others of the Department of Medicine.  The program is aimed at elu-
cidating some of the factors in rheumatic diseases and providing methods for
objective evaluation of the efficacy of therapeutic measures.  Our contribu-
tion consisted in measuring the turnover rates of the two proteins (which
have been labeled with radioactive Iodine-131 and Iodine-125, respectively)
in blood and in the total body over a period of 3 weeks following their

intravenous administration.  These radioassay data from serial blood samples
and from total body counting were combined with other information regarding
serum concentrations, plasma volume, and body weight to calculate the daily

<I            rate of catabolism and synthesis of these vital proteins.

The efficacy of the immunosuppressive drugs, Azathioprine and Cyclo-
phosphamide, in reducing the abnormally high synthetic rates of IgM and IgG
in rheumatoid arthritis patients was confirmed in a number of "new" individu-
als.  The aim is now to collect more cases so that the clinical findings and

observations can be corrblated with the measured alterations in rates of syn-
thesis of these plasma proteins caused by suppressive agents.  The same

technique was applied to a small group of patients with the opposite condi-
tion - namely, deficiency of immune globulins.  For example, in one child
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with fibrocystic disease, the observed hypogamma-globulinemia was shown to

be due to a decreased-rate of synthesis of the IgM and IgG plasma proteins.
The utility of the technique is also being evaluated in patients with dis-
orders having neurological involvements.  Thus, the turnover rates of radio-          Il
actively labeled IgG and IgM in three, well defined body fluid compartments
were determined in several patients with multiple sdlerosis.  The compart-
ments sampled were peripheral blood, synovial fluid, and cerebrospinal fluid.
There was preliminary evidence for.the local synthesis of immune globulins
in the brain, in one case--possibly by migratory lymphoid cells.  During
these investigations, it became evident that a biological test for the quali-
ty of the labeled proteins would be very desireable.  For example, if the
protein is too severely denatured during the labeling with radioiodine, then
the turnover rate of·the product in the body is grossly abnormal.  It would
be advantageous to test each batch in animals before administration to humans.
Preliminary experiments with 24 rabbits indicated that the turnover rates of
human gammaglobulins, labeled with radioiodine were easily measured by sequen-
tial total body counting in the TBC, and were relatively reproducible (of
course, a rabbit must be injected only once with human protein to avoid
sensitization effects).  The turnover rates of different human plasma pro-
teins in rabbits appeared to be readily distinguishable.

Interim Report                                                                        I

Transport and Distribution of Cr-51 Labeled Lymphocytes Administered to
Patients Undergoing Thoracic Duct Lymph Draihage
N. S. MacDonald, I. Ban, and Anna Mae Flesher

This program, initiated in the latter part of FY 1973, is a collabora-
tive effort with Drs. H. E. Paulus and D. Yu of the Department of Medicine.
They are investigating the clinical and immunological effects of depleting
the lymphocytes of patients with "autoimmune" diseases by prolonged drain-
age of lymph from the thoracic duct.  Clinical improvement in the patient's
condition, such as relief from arthritic pain, often ensues.  To clarify
the role of the 1ymphocytes in this phenomenon, Drs. Paulus and Yu label a
batch of the patient's lymphocytes with Cr-51 and return them to the blood
stream.  Our contribution to the program consists in measuring the rate of
disappearance of Cr-51 lymphocytes from the daily collection of drained
lymph, prior to the returh of these cells by intravenous re-infusion into
the patient. Urinary and fecal excretion  of:  Cr-51  is also measured.     Accu-
mulation of labeled lymphocytes in afflicted joints and other body locations
is monitored with a scintillation probe and gamma-counting system stationed
in the patient's room in the Clinical Research Center.  To date, one patient
has been studied in this manner, during a 14-day period of continuous lymph
drainage.  These investigations with labeled lymphocytes are expected to un-
cover important information concerning the role played by these cells in
localized, asceptic inflammations of the joints and other parts of the body.

Interim..Report
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Body Burdens of Cesium-137 in Humans

N. S. MacDonald, I. Ban, and Anna Mae Flesher

The Total Body Counter (TBC) was also used to monitor the gamma radio-

activity in a number of adult residents of Southern California.  Body
burdens of Cesium-137 have been monitored continuously at UCLA since 1959.

During calendar year 1972, the mean quarterly values for Cs-137 contamina-
0             tion in males was 21.2 picocuries per gm of body potassium, and 21.0 pCi/gm

K for females.  A total of 140 measurements were made.  The levels in 1971
were 23.1 and 20.2 pCi/gm K, respectively, and in; 1970,  23.1 and 20.3.   This
apparent leveling-off suggests two possibilitieh:  That human body contamina-
tion with Cs-137 is now in a steady state, with recycling of the radionuclide
back into human food compensating for the decline in atm6spheric fallout;
or that the observed activity has become "buried" in body tissues and rela-
tively unavailable for metabolic   loss. ( Cs-137 in amounts above  the  nano-
curie/gm K range is metabolized by the body and excreted, with the major
exponential "hal f-time" being 1-3 months. )

  Interim Report
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  LEUKEMIA-BIOWGY  9
Irradiation and Viral Lymphomagenesis in Thymic Grafts
Esther F. Hays

60
AKR (AK) neonatal thymus was subjected to 850 and 5000 rad Co ir-           0

radiation 12 vivo before its removal for grafting to thymectomized syn-
geneic hosts.  These irradiated grafts developed lymphoma after being
placed in hosts inoculated as sucklings with cell-free filtrates of Gross
Passage A, virus-accelerated AK lymphoma.  The incidence was slightly
lower and the latent period longer than found in nonirradiated control
grafts in similar hosts.  However, when thymus was exposed to these fil-
trates 18 vitro just before grafting or ill vivo 24 hours before grafting,
but placed in hosts not given neonatal virus inoculation, lymphoma incid-
ence was reduced in the irradiated grafts when compared to that of virus-
exposed nonirradiated control grafts.  Thus, heavily irradiated thymic
grafts could develop lymphoma in virus-infected hosts, but irradiation of
grafts exposed to filtrate 18 vitro and in vivo inhibited the ability of
the virus-containing filtrates to produce lymphoma, probably by reducing
the numbers of cells available for virus replication.

Reference:    J. Natl. Cancer  Inst. 30: 523-528,   1973.

Immune Responses in AKR Mice:  Their'Relationship to the Development of
Spontaneous Leukemia in this Strain
Esther F. Hays

Studies of immunologic capacity of the preleukemic AKR mouse have
shown that this animal is capable of normal humoral immune responses.
Certain aspects of cellular immunity (MMI, GVH reactivity of spleen cells)
have been shown to be defective, whereas other cellular immune functions
have been found to be intact (tumor and skin allograft rejection).

These mice have a life-long infection with GMuLV.  They have a gen-

etically determined impaired immune response to this virus and a defec-
tive but ongoing immunity to the cell surface antigens produced by GMuLV.
These factors allow for a continued viral replication, resulting ultim-
ately in levels of virus in the thymus which trigger,the development of
the characteristic thymic lymphoma of the AKR strain„

Reference: In: Virus Tumorigenesis and Immunogenesis, Academic Press,
Inc., New York and London, p. 321, 1973.

.
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The Effect of Endotoxin on Colony Stimulating Factor (CSF) Release from
Granulocytes and Monocytes in Vitro
E. F. Hays, N. R. Forsen, D. Rodensky, and C. G. Craddock

Endotoxin from gram negative bacteria (End.) elicits appearance of
CSF within minutes after I.V. injection into mice.  End. has not been
shown to have any direct CSF action on colony forming cells.  Various
tissues including human leukocytes release CSF into surrounding medium

after several days in culture (conditioned medium).  The present exper-
iments determine   if in vitro incubation  with   End.    (E.   coli,   Difco)    in-
fluences. CSF release from normal human leukocytes.  Blood cells were sep-
arated by ficoll-hypaque density gradient and nylon filtration into gran-
ulocytes, lymphocyte and mixed lymphocyte-monocyte fractions.  Cells in
concentrations of 2 x 106/ml (adjusted to the cell population under study)

were incubated in McCoy's SA with 10% AB or autologous human serum for
7 days with and without End. in two concentrations (5.0 and 10.0 Bg/ml).
CSF activity assayed with £57BL mouse marrow in vitro was consistently

and significantly greater, with a positive dose response relationship, in
conditioned medium containing End. and granulocytes or monocytes.  Lymph-

<            ocyte samples contained no CSF.  The results are consistent with other
evidence suggesting that CSF release is highly sensitive to End. and in-

volves both species of phagocytic cells.  Increased phagocytic activity
per se, stimulated with latex beads, failed to induce increased CSF re-
lease.  Response to End. may provide an additional useful test of blood
granulocyte and monocyte function.

  Reference: Blood 40:949, 1972 (Abstract).

The Effect of Endotoxin on CSF Release from Human Peripheral Blood
Leukocytes
Esther F. Hays, D. Regan, and C. G. Craddock

Initial observations as presented in the preceding abstract indicated
that endotoxin 5 *g/ml stimulated CSF production by fractions containing

granulocytes and monocytes isolated from human peripheral blood.  However,
subsequent studies incubating 2 x 106 cells in 1 ml of medium for 7 days

            showed stimulation of CSF release from granulocytes only when. they had
significant release without endotoxin.  Granulocyte fractions which did
not release CSF spontaneously did not stimulate when endotoxin was added
to theme  Suppression of the effective ability of the lymphocyte-monocyte
fractions to release CSF was caused by addition of 10, 5, 0.5, and 0.05
Ag/ml of endotoxin to the medium and testing for CSF after 7 days incuba-
tion.  By adding endotoxin at various times during the 7 day incubation

and sampling at intervals, we found that 1) maximum CSF activity from
granulocytes is from day 0-2 and endotoxin enhances CSF release during
this period, 2) mnximum CSF activity from lymphocytes-monocytes is from
day 5-7 and endotoxin also stimulates CSF release during this period,
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i.e., endotoxin added to a mature phagocytic cell (the circulating neutro-
phil and the macrophage which we have shown to develop from the monocytes
in culture by day 5) stimulates CSF release.  Endotoxin suppression of

CSF release when in contact with lymphocyte-monocyte fraction cells for
7 days is presumably due to inhibition of normal monocyte-macrophage
maturation.

Interim Report                                                                        

Granulocyte-Monocyte Colony Forming Capacity of Mouse Bone Marrow
Esther F. Hays, D. Regan, and C. G. Craddock

Endotoxin 5 Bg administered intravenously to C578L mice was shown to

produce a prompt rise in colony stimulating factor (CSF) in the serum.
This reaches a peak at 4 hours and falls to normal levels by 17 hours after

endotoxin administration.  Peripheral blood granulocytes reach a low level
at 2 hours post injection and remain low until after 6 hours.  They return
to normal with no overshoot.  Colony forming cells (CFC) in the marrow

reach a peak at 48 hours post endotoxin; at this time the peripheral blood           Il
monocytes are increased.  In summary, endotoxin induced neutropenia is
associated with a rise in CSF followed by return of normal neutrophil
levels and a rise in marrow CFC, thus suggesting a role for CSF as a hum-
oral regulator of granulopoiesis.

Interim Report                                                                        

Development of Lymphoma in the Mouse Thymus

Esther R. Hays and Jeanne A. Carr

These studies are in progress but are still too early for evaluation.
They are designed to look at the effect of metabolic inhibitors on devel-
opment of lymphoma in thymic grafts exposed in vitro to murine leukemia

virus in AKR mice.  The inhibitors are cytosine arabinoside (DNA syn-
thesis), actinomycin D (transcription), puromycin (protein synthesis)  and
three inhibitors of reverse transcriptase (streptonigrin, strepovaricin

complex and AF/APB,   a ri fampicin derivative).      The  e f fect   of these drugs
on lymphomagenesis when grafts are exposed at the time of initial viral
infection and after short (24 hours) and long (3 weeks) established infec-
tion is being ascertained.

Interim Report
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Single Cell Transplants of Gross Virus-Induced Lymphomas
Donna L. Vredevoe and Esther F. Hays

Mouse lymphoma cells which can transplant lymphoma at the single cell
dose were studied.  Single AKR or C3H/HeJ lymphoma cells were isolated in
a gelatin medium and transplanted IP surgically to syngeneic recipients.
Cells isolated from primary lymphomas, accelerated (AKR) or induced (C3H)

0            by neonatal injection of Gross virus or spontaneous lymphoma (AKR only)
were compared to cells isolated from lymphomas which had been maintained
by syngeneic cell passage, a minimum of 20 generations after isolation
from virus-induced sources.  Single cells from cell passage sources pro-
duced fatal lymphoma more readily (11 out of 118 trials in C3H; 8 out of
50 trials in AKR) than virus induced C3H sources (2 out of 100 trials) or
AKR virus-accelerated or spontaneous sources (1 out of 151 trials).  Bio-
assay for virus by acceleration of AKR lymphoma after inoculation of cell-
free filtrates of test lymphoma cells into newborns, showed that lymphoma
was accelerated in mice receiving filtrates from AKR or C3H primary lymph-
omas but not with filtrates of C3H passaged lymphomas.  These studies sug-
gest that single lymphoma cells produce fatal lymphoma upon syngeneic
transfer, but that such lymphomas result more readily if the donor source

has been maintained in cell passage for several generations.

Reference:     Proc. Amer„ Assoc. Cancer  Res.  14: 30, 1973. (Abstract).

#I           Tumor-Virus Relationships in Gross Virus-Induced Mouse Lymphomas
Donna L. Vredevoe and Esther F. Hays

Virus-induced (C 3H), virus-accelerated (AKR), spontaneous (AKR) and
cell-passaged (AKR and C3H) Gross lymphomas were compared in AKR/J and
C3H/HeJ mice in regard to 1) latent periods of lymphoma post isolation
of a cell source for syngeneic cell passage, 2) minimum lethal doses of
cells transplanted to syngeneic recipients, 3) murine leukemia virus
measured by a tissue culture XC cell assay and a newborn virulence assay.
There was a decrease in lymphoma latent periods when the initial isolation
from a virus-induced source was compared to the third cell passage in C3H
(p = 0.001) but not in AKR (p = 0.07) mice. Many generations later, latent
periods of lymphoma remained longer in C3H and AKR transplanted lymphomas.
Minimum lethal doses of lymphoma cells did not appear to be related to the
source of the transplanted cells.  There was a general trend in both AKR

and C3H mice for the LD 80-100 to decrease as generations post isolation
increased.  There was no apparent relationship of virus expression to

1            for all AKR lymphoma lines.  It was positive only for a few virus-induced
success of cell transplantation.  The XC cell assay was uniformly positive

C3H lines and single cell transplant lines derived from them.  The newborn

assay was positive for AKR virus-accelerated lymphomas, but weakly positive
or negative for long-transplanted or spontaneous AKR lymphomas.  The new-
born assay was positive for all C3H virus-induced lines but weakly positive
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or negative for long-transplanted lines. This independence in the XC cell            
and newborn assays allows us to postulate a two virus concept of etiology

of lymphoma.

Interim Report
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SCIENTIFIC REPORTS

TI-IE RADIATION 8-0.IASUR]31UNTS PROGRAB.1

Computerized X-or Gamma Ray 'Transmission Tomokraphy. for Brain Scanning Application      
Z.I·i. Cho; G:C: Ituth, 12:A  Gans
General

The development of the concept of computerized X- or gamma ray transmission

tomography has been initiated. Tliis is based on an advance reported by BlI
Research Laboratories in England who used t]ie concept for obtaining tomogramsof the brain.  It is felt that this advance - which is in essence a breakthrough
in  comlviter  usaee  -   is  of  such  significance  that  it · should be investigated  in
greater depth for potential application to other radiological measurements.

.91 experimental scanning mechanism is being constructed to w]1ic]i can be
attached isotopic or X-ray sources, differing detector types and a variety
of data processing schemes.  In the source area, 2 Ci of a 100 KeV line source
has been obtained from Oak Ridze. The source is Gadolinium-153.  Its use
will be evaluated versus conventional X-ray sources.

Speci fic areas in which progress  lias  been  made  are the following:

Interim Report

Development of the Computer Algorithm for Image Reconstruction'
Z.H. Cho, hi Shick Ahn

Work towards development of the computer solution (or algorithm) for
multiple scanning X-ray tomography has progressed to the stage where
minute di fferences in absorption coefficients   o f   less   than 0. 5% can be
identi fied. Tlie nucleus   of the program   is the algorithm  and  the   understanding
of t]ie behavior  of  the X-ray interactions. A description  of  the  work  can
be   summarized as follows: First, a hypothetical nxn matrix pattern is assumed.
A  set of scans which covers   all the pattern elements   is  made  in  th9 no angle,
thus forming nxn sets of equations.  Each scan with initial intensity Ipl
has the form of Il=Iol e-(UllAX+PlZAX+.....plmAX).   Vll,····,Pim are the
1 inear absorption coe fficients   and   Ax   is the length   of the element. h]ten
the logarithmic conversion is made and the resulting simultaneous equations
are arranged in matrix form, it appears as (11) 01)=(I).  p is the absorption
coefficient matrix, (1) is the weighting factor matrix resulting from the             0
geometrical factor, and (I). is the intensity matrix. Tlie solution of the
matrix which is in large diniension, is the inversion of a multi-thousand
dimension matrix.  This is difficult and will take a large amount of computer
time.  The solution will be obtained when the inversion matrix of tile non-
singular set of equations is made.  In this case the desired W can be obtained
by (11)=04-1) (I) 'Iliis matrix inversion technique is an efficient niethod            0
provided that the set of nonsingular equations are available.  Once the
inverted weiKhting factor matrix is wade, which is purely geometrical., the
repaining operation will be sinple addition and multiplication.

.
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This inversion of matrices of dimension 10,000 x 10,000  is in progress.
T]ie study and formulation of non-singular sets of simultaneous equations
is also under investigation.

Through progress in an efficient calculation and storage methodfor the weighting factor, a new linear superposition technique with compensation
lias been developed. Using this method a large number of simulations have been
made. This method is based on linear superposition and resulting halo intensity
compensated by Il'+1 = Ii(JA/JB)....etc. Where -I +1 is the compensating
intensity, Ii is the original intensity, and JA/B is the geometrical factor.
'Ilie results show a capability for resolving absorption coefficient values
to less than 0.5 percent.  This work id progressing to the end of understanding
the ultimate resolution as affected by the various parameters such as, statistical
fluctuation in counting  rate,   beam uni fonnity and optimization of calculations.
The latest result obtained from an 80x80 pattern with 180 scan angles required
less· than 40 seconds for the complete image reconstruction which in fact,
involves N.,=N , (N)dON 0=80(80x80)180=9.2x107=92 million weighting factorS1
calculations.

Interim Report

High Rate Detection Using CdTe or I IgI2 Detector and Associated Time Variant
Filter Development
Z.II. Clio, C. Tsai, J. Ewins

High   counting rate radiation detection has always   been a problem,    and
is a particularly pressing one in transmission tomography because of the

0           requirement for statistical accuracy...The estimated counting rate for such
a system appears  to  be  in the range  of  Sx106. cps · (with acceptable scah. speed) .
Pulse counting with a conventional  NaI (Tf) crystal is limited by the scintillator
decay time and to some extent by photomultiplier stability.  It is conceivable
that niodern semiconductor detectors of various types would be better suited
for  high rate operation  due to their short charge collection  time.      1herefore
t]ie  study  of  high rate detection was directed towards semiconductor detectors,
namely CdTe and possibly 1 IgI2• Prelinzinary charge collection time observations
and calcul.ations of C.'dTe and IIgI2 indicate that these materials beam suitable  
for hi.g]i rate operation. In aadition, CdTe and H,I; can possess moderately
good energy resolution. Any cryogenic problem cak De avoided since these.,

devices con operate at room temperature.

In view of the above, recently observed pulse risetimes obtained from
CQTe and I I I, detectors (the 1.jaI2 data reported r6cently by Sierkowsky et.al.)
illdicate tfiat tliese materials Are the most favorable candidates for 106 cps
pulse rate operation. CdTe detector c]large collection times have been studied
(with   2 mm tliick detectors)    and the theoretical estimation   of   100 ns confirmed.

0           An effort has therefore begurt to fabricate a suitable CdTe detector optimized
for  iii:,h   100   KeV photon detection efficiency and maximum speed of response.
CdTe material.is available from Hughes Researc]1 Laboratory   and  Tyco   Inc.
Associated time variant filter design for use in conjunction with these
detectors   is  also in prof:ress.

Interim Report
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Positron Emitter Imaging and Utilization. Studies
J. Llacer, G.C. I luth

This lal,oratory operates a Biomedical Cyclotron Facility located proximate
to the UCLA Medical Center.  For this reason it was considered important to

formalize a program in the area of.positron emitter imaging and/or detectionfor dynamic function studies.     It is hoped  that  this  work will further  the
usage of cyclotron produced isotopes   in the fields of Biology and Medicine.

A dual approach was taken. An optimized, "State-of-art" approach was
implemented relative to imaging with the installation of the latest Nuclear
Chicago Pho Gamma Anger System* coupled to a multihole tungsten collimator
of Farper's design.  It is felt that, although quite unoptimum, this represents
the minimum imaging facility one should have to provide for the medical

imaging requirements of such a cyclotron facility.  This system was set-up
initially within Warren I Ial 1 in ad attempt to acquaint radiobiological and
radiochemical disciplines witliin the Laboratory with the potentialities of
cyclotron produced isotopes.  In support of this facility, theoretical
calculations are underway to detennine the roles of t]ie finite positron
range before annihilation, of the scattering of gamma rays in tissue, and
pinhole and multihole collimator performance as an aid to defining the best

possible collimator parameters with this and other presently available detection
systems. Some initial results  of an experimental nature ]iave been obtained
in collaboration with the Nuclear Medicine Division of this laboratory and
have been reported   at   the   Society of Nuclear Medicine Meeting, in Miami,   June
1973.

In the longer term, studies are in progress as to the potential usefulness
of semiconductor detectors and hig]i speed timing to positron imaging and
detection. A paper entitled "Preliminary Study of a Germanium Tliree-Dimensional
Camera for Positron Emitting Radioisotopes" was prepared and presented in the
19th. Nuclear Science Symposium.  Work towards the initial implementation of
a small stibsection of such a camera in order to test the validity of the
principles involved is expected to be carried out in the coming year.

Interim Report

* b.'e are indeed indebted to Nuclear Chicago Corporation for the temporary
consignment of this camera systen.
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Esophageal Probe for Measurement of Plutonium in the Trachdobronchial
Lymph Nodes
I..    bwinth,    *J .    F.wins

A principal route of intenial contamination for workers exposed to
plutonium is via the respiratory tract from which ·the plutoniurn will be
slowly transl)orted  to the t]ioracic lymph nodes. Aesearch conducted  on
dogs has shorgi that 1Ip to 50% of alveolar deposited plutonium may be
translocated to thoracic lprh nodes resiilting in concentratioils 50-100

0                       tinies  that  in  the  lungs. (l j Autopsy sampling ·of  tissues  from  humans  with
a hip,11 potential for plutonium contamination  show  a

medit:9 
concentration

for   the   lymph   nodes al,out seven times   that   of the lungs; · however,
concentration differentials as high as approximately 180 have been reported. (3)

It is apparent that this translocation is an i]q,ortant effect and sliould
not be ignored even if its biological siimificance is trdrown. To determine
t]ieeffect of redistribution on in vivo counting techniques and to estimate
biolopical importance of t],e deposTEEZE material one must be able to 1heasure
tlie p].utonium in the lyr:lph nodes. These nodes are accessible for counting
by placing a detector in the esophagus opposite the tracheal bifurcation where
the major mass of the nodes is located. bleasurement of plutonium in vivo is
perfof, i d by counting the L- ¥s of the urailium daughters and radiations"(60 KeV)
from Am, the daughter.of .PU.

(4)Previous efforts with a probe using avalanche diodes resulted in
detection   limits   as   low  as   15 nCi under acceptable operating conditions.
It was deemed desirable to lower the detection limit to less than 2 nCi and
early efforts with a scintillation probe were reinstituted since it was felt
that systan optimizati.on might lead to a useful probe. Following developmental
efforts a probe was designed and fabricated.  l'his probe consisted of a 2.5 an
long  by  0.48   cm  diameter  NaI (T£) crystal coupled  to a low-noise photomultiplier
by  two  feet of fiber optics. The probe  lias the advantage  over the avalanclie
Frolie of spectral resolution and ]1igher sensitivity. 'I'ests ill a human t]lorax
l,]iantom bdicate a detection limit of about 1 nCi comliared to the 15 nCi of the
avalanclic probe. Presently, efforts are undenvay to initiate measurements on
husans.

'3 Ounts pf560nned at Battelle on dogs experimentally exposed to aerosols
0 

L
Pu and lizi indicated positive counts in the lymph node region including

Il           a dog with an estimated initial lung burden of 44 nCi. A Freliminary calibration
indicates a lyplph node content oreater than expected from previous experiments

..,

(20 nCi vs. 12 nCi).

:Wk.    MRinth   is   tempora.rily   assigned   to   IN  RE  'from   Battelle-Northwest
Laboratories.  This project is a collaboration with that laboratory.
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Future efforts include fabrication of improved probes and evaluation
on humans accidentally exposed to plutoniznn. Human evaluation is awaiting
approval of various human use review committees and selection of appropriate
subjects.

1.   J.F. Park, Health Physics, 22, 803 (1972)
2.   Los Alamos Report, LA-4875 -
3.   I.C. Nelson, et.al., I:ealth Physics, 22, 925 (1972)
4.   K.L. Swint]i, et.al. Health Physics, 2TZ 899 (1972)
Interim Report
1Iigh Atomic Number Materials for Radiation Detectors
J, Liacer

It has become quite apparent in the last year that mercuric iodide
(FIgI2) has a high potential as a good material for the fabrication of gamma
an8 x-ray detectors.  In particular, the needs for a high atomic number material
which   can be operated   at room temperature, offering 11igh stopping power for
those kinds of radiation, with good energy and timing resolution is quite acute
in the areas of nuclear medicine and environmental analysis, to say the least.
For this reason, it becanie clear to our group that a vigorous program of basic
and applied research on H I2 and other promising materials had to. be.pursued.
Such a program has been ifiitiated in our first year of operation and its
development is continuing.  The project can be divided into three complementary
parts:

1. Crystal Growth - This very essential  part  of the project has been undertaken
by EG6G., Goleta, California, in direct collaboration with our Group. .The overall   I
goal of the operation is the successful growth of crystals which are both large
and good as radiation detectors. Initially, however, it is recognizerEHat
obtaining· small crystals by sublimation, as good or better t]ian those reported
by other groups, is essential.  Consequently, vapor purification of starting

materials   of  II   I4   and   BiI:3 (the latter   as a secondary  proj ect   at this tiine)
is at an advan ea stage, and static (leading necessarily to sniall crystals)
vapor growth techniques are being investigated  now  with good initial success,
as indicated below. Dynamic vapor growth techniques (which can lead to large
crystals) are under study and equipment has been ordered by EG66 for this
purpose. In addition to t]zese first preparations, solution growth methods
which can lead to large crystals in the future is proceeding as a longer term         
project. In March 1973, Prof. Michael Schieber, of Hebrew University in Israel,has joined the effort at ECGG, where he will remain for over one year.

2. Basic Materials Research - The first partial year of work on attempting
to   understand the nature of charge carrier motion   in   I IgI 2 has yielded   the
conclusion that a good understanding of. the technical  capabilitieS of the
material (and others of a similar nature) will require a substantial effortin the discipline of applied solid state physics. In particular, tlie highly
excitonic nature  of the crystals  may  play a very:fmportant rolei in. difil:ling
the basic characteristics of 1-IgI 2 as a radiation detector.  It is possible
that very fast desirable scintillators can be made with excitonic crystals,

.
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an idea which  will be explored   in   the near future. Other areas   of research
will be an exploration on the mobility limitations by electron-phonon
interactions, trapping phenomena, and the relationship between trapping and

4* crystal growth methods.     For  the.purpose of carrying out these studies   two
visible light and infrared nonochromators have been set up and the installation
is expected to be completed within the coming fiscal year with additional
equipment.  At that tinte, and coinciding witli the availability of vapor growth
crystals from EGfiG, the basic research  project  will be initiated in earnest.

0                                  3. Applied Detector Researdi   - The final conclusion   of the above efforts
has to be in the application of the materials to practical problems in our
areas of work. This involves, initially, the development of the ability to
Measure   the   characteristics of available crysta ls as radiation detectors    in
terms of familiar parameters like energy resolution, rise times, carrier
mobilities, etc.  This capability, which is relatively simple in nature, is
not completely trivial to implement due to the unfamiliar characteristics of
tile materials we are dealing with.  We have now the first version of the set-
up,   inc].uding  some  computer  progra]iis   for data analysis. The first success ful
crystal from the static vapor growth effort at EG66 has already yielded some
interesting results, which enhance the promise of lioI2   as a radiation detector.
It ]ias been found that hole mobility is not as low Ss indicated by previous
piibli ations.

A lower bound  for both electron  and hole mobility of about
40 cm /volt-sec has been establisTErby analyzing spectra as a· function of
differentiation time constant.  This method and results will be the subject

of our first publication on H I2. The.same measurements also allow us to
readi the initial conclusion fhat electron mobility  may  be   as   high   as   400,
if trapping can be removed from the crystals, although this figure is only

0 tentative. Studies   on the possible   use   of  HgIZ   in   some   of  the  projects   in
which the Group is involved will be initiate8 as soon as possible.
Interim Report

Development of..Proton or. Heavy Ion Microprobe. for Biological Use
Z.II. Cho, M. Singh, A. Mohabbatizadeh, G.C. Huth

Coincident with the start of this program last year the development
of ascannink proton microprobe for biological application was being terminated
within the UCLA Physics Department with the departure of the Principal
Investigator.  This development was very close to completion with even
the scanning circuitry and digital readout display completed.  It was
decided that the system was of sufficient potential significance to the

Il            fields of biological and environmental studies that its development should
be carried to a stage of completion.  The project is a joint one of our
group and the UCLA P]iysics Department.  l'lie near term goal is assessment of
the sensitivity of eq,ial diameter beams of protons (this systeni) and the
state-of-art electron probes. Subsequent ot initiation  of  this  proj ect,
very provocative arguments for heavy ions as probes have been put forward

Il             by the Hniversity of Naryland Accelerator Group. Considering ultimate beam
sizes which might be attainable and X-ray yield considerations they argue
that  it  mirht be possible  to even sequence  DNA by ratioing  C,  Nand 0 X-rays.
It   is i ntercsting that silicon semiconductor detection technology  has
progressed to the point that at least such X-ray detection and resolution is
even now available.
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Tlie system. at present uses a 2 t·leV van de Graaff accelerator as a source
of  ions.     The beain optics traverse three. stories  of the Physics Building
and present computer projections indicate a - lum minimum beam spot size.
Three sets of quadrupole magnetic lens are used for beam focusing and one
bending magnet for enersy selection.  Also employed is an electrostatic

beam deflecting plate pair.  Beam scanning electronics and associated
X-ray detection systews (silicon and germanium) are ready for operation.

fleasurement of beam diameter at the Km level is a difficult problem.
Tecliniqzies   for this purpose are being developed using micron size multiwire                                 I
detectors produced by microcircuitry techniques.  Adjustments of beam optics
from the van de Graaff to t]ie bending magnet and from the emittance point to
the target point are under extensive investigation, both with computer simulations
and  machine  acljustrients.

As indicated above   the major problem  area  will be attainment   of a beani
spot size containing a reasonable current.  Beam optics problems are under
investigation. Preliminary results indicate that the main problem is the
chromatic aberration in the quadrupole lenses whidi is largely dependent on
t]ie energy spread of t]le beam. This limits t]ie smallest beari spot size obtainable.
'llie present UCLA van de Graaff maclline has an eilergy spread in the range of
AE = 10 KeV with 2 MeV proton beam Iwith beam current in the range of 20-50
liA) and has a substantial chromatic aberration contribution.  It is hoped that
with the installati.on of a nei,: corona stabilizer (on order) the energy spread
can bc reduced to AE=1:2 KeV and, consequently to a beam spot size of 1 wn.  With
a new high Voltape 1-nfineering Accelerator  (TIT-2),· t]ie maximum energy spread
could be kept down to i 300 cv, and an order of magnitude decrease in beam spot
size inade.

Interim Renort

Basic·Studies of the Characteristics of X-ray Production and Energy Loss
}\!echanisp:s of Cllarged Particle Interaction
Z.Ii. Chc

Related to the Proton dlicroprobe development a basic investigation of
excitation of cliaracteristic X-rays by c]iarged particles other tlian electrons
was   undertaken.      In   the   general   area of environmental studies   tlie  use   of
protons and high cliarge state heavy ions for this purpose has been receiving
increased attention.  In this work it has been suggested that fluorescent
X-ray yields mig]it be larger with heavy  ions  than  with  electrons or Y.-rays.
It has also been suggested tha,t the ratio of X-ray yield to radiation damage
mifiit be higher  than with electrons. Electron shell vacancy  and X-ray yield
values are relatively well laown for protons and alpha particles. Sonte
experimental values   are also available. However,   the   theory and experimental
results are not well established for heavy ions and in particular in the fieV
energy range in which   we are concerned.

D
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A search for literature concerning the theoretical as well as experinental
studies pertaining  to tlie evaluation  of tlie ultimate sensitivity  has  been  made.
Another important aspect in high sensitivity elemental analysis is the back-

Il experiments. Proton bremsstrahlunE  is also known  as a serious background
ground problem wliich has not been a problem in the past in nuclear physics

problem. A t]ieoretical study on quadrupole and dipole excitations and
related experiments on the bremsstrahlung background as a function of energy
has been undertaken.  It is hoped that through this study tlic optimum ratio
of background to X-ray yield call be establislied as a function of energy with
a given chart:Ied particle.  Tile problem with charned nArtirles will also be

0                                  pursued.
Interim Report                                       :

High Purity Germanium Detector Fabrication and Research
J. Llacer, J. Ewins

The advantages of high purity germanium detectors over t]ie more
conventional lithium drifted ones liave become increasingly apparent in the
last two years,   to the point  that  it  is now recognized generally that
construction of large detector arrays, a virtual impossibility with Li-drifted
gerrianiiini, may be hard but possible with high purity germanium.  Also, the
construction of portable liigli resolution detection systems for field work can
only be done well with higii purity germanium. For these reasons, and recognizing
that in Nuclear Medicine, Radiobiology and Environmental. work both arrays and
portabl e detection systems will become a necessity, a facility   for t]ie fabricatioii,
testing and applied research in higli purity germanium detectors has been assembled.
Vacuum systems, evaporation, etching facilities, water filtering and detector
testing parts of the operation liave 1,een individually designed, constructed or

0            purchased, and tested in order to assenible a highly seliable facility. In the
first few planar detectors, up to approximately 5 cm of volimie liave been
successfully fabricated.  A new procedure for, the' I)roduction of rugged, high
overvoltace surface barriers ]ias been developed, and will be pub].ished shortly.
By such a procedure, planar detectors with 6 iwn. depth., requiring only 50 to
100 volts for depletion (because of very high purity) can be operated between

Il           800 :ind 2000 volts (depending on the individual detector) without resolution
degrad.ation  due  to  leakage  currents. In additio11, clean finishing and vacill.lIli
procedures have allowed repeated Cycling in tenperature, opening to dry nitropen
or   to   air, and changing detectors to different cryostats  with no degradation  o f
characteristics. Preparations to fabricate coaxial detectors iii accordance  with
our new procedures have started by setting up a core drilling facility.

In tlie applications area, a 4.5 cm3 planar detector system has been delivered
to EG80, Las Vegas, Nevada, so that they can start getting acquainted with the
operation of high resolution spectrometers in the environmental areas.  We arc
planning to capitalize on the temperature recycling of3 igh purity germaniuin
detectors  by  preparing, at least,  one low level,·  50  cm or larger, coaxial

Il detector portable facility for environmental work. As mudi of the latest
tecluliques developed for low background work in fixed installations will be
incorporated in the system for field use. Best Reometries for the clinti.nation
of less-than :full-energy counts will be studied mid used. Otlier plans for
t]ie utilization of 1,igh pitrity Rermanizint are under stridy, as for example, iIi
positron imaging.
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Along with the above worl,; low noise, cooled.FET preamplifier technology
for large capacitance detectors has also been implemented and brouglit up to
near state-of-the-art.  Additional work will be carried out and completed in
the coming fiscal year to achieve state-of-the-art in the electronics.

8 Interim Report
4 -&* SE,LIC:01·IDUCTOR DI:rECTOR PROBES FOR BIOI,OGICAL AND

 EDICAL APPLICATI()NS
9

Prostatic Carcinoma

J. Fwins, C.S. farcus

Prostatic carcinoma is second only to lung cancer as the most common             
cause  of  death from cancer  in  the United States for males  over 50 years  of
ape. The nost pressing clinical problem is early detection because both
sureical and radiation therapy give excellent results when the lesions are
small oxl localized.  The most sensitive mode of detection is digital
palpation of nodes by the urologist, but t]iis method is sensitive to nodes of
upwards of 1 cri, and it would be 1'.lost desirable to find tliese lesions when they
arc  sT:ial.ler  thall  t]iis.

Our rationale to advance early diagnosis of prostatic carcinoma was to
inject the patient with a radiopharmaceutical l:nown to concentrate   in
carcinomas,   and to detect sniall lesions   with an appropriate radiation detector.
Conventional nuclear medicine instrumentation (cameras and scanners) are not
appropriate  becnisc the prostate is anatomically difficult to iNage,   and  the
reso] ution of these systems  would  only  be  on  the  order  of  about   1.5   an,   even
if the l,rostate cozild be imaged.  We t]ierefore decided to construct a small
Si(I.i) detector t]iat would fit on the ventral surface of the urologist's
index finger tip. T]ic detector output was to be attached to an audioratenieter
so that the examining urologist could "hear" the hot areas during palpation
and direct a bi OI)sy needl towa.rd the suspicious area.  Diagnosis of malignancy
woul.d be r,adc by standard histological techniques: All appropriate probe was
successfully constructed and mounted in a nicliel ]iousing along with a miniature
preariplifier, and the informatio11 acquisition system was assembled.

The most Efomisinn available radiopharmaceutical wliidi was approved for
]limlan use was Ga citrate.  T]zis has been shown to accumulate in a variety
of cancers, including adenocarcinomas of the type found in prostatic tissue.

Although the ideal radiopharmaceutical woul 7be a positive or negative beta
emitter, and not a pure gamma em. 5ter like   Ga, we pr°Epeded w 5}1

clinical
trials, bearing  in mind  that  if Ga looked· promising,     1Ga or Ga(botli
particle enitters)   might  be even better.

Our clinical collal,orator in this study is t:alcolm ·11. Cosgrove,. M. D.,
Asst. Cliief of Urologic Surgery at Los Angeles County- University of  uthern
C:ali. fornia Medical Center. nventy-tliree patients were studied using Ga citrate
and the finger probe.  fltir results were statistically valid, in that patieiits
,'itb rrosthtic lesions liad  h li,lier  67621  ill,takes  t]ian men witli Iionnal  prostates.
liowevcr,   the  tcchni(ttic  was  not  sensitive  enough  to  be  a  (liar, }8stic  1, cciturc;
that is, a procedure with a sample size: of one.  The use of (m or Ga should

greatly increase our sensitivity.
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Anot]ier result of interest is that patients(5yith benign prostatichypertrophy showed the same increased uptake of Ga as patients witll
67..histologically confirmed prostatic carcinoma. l,a has been shown previou8ly

to  concentrate  in a variety of non-cancerous lesions,  and  so  we are working
on a radiopharmaceutical which we have some reason to believe will be more
specific for malignant than benign lesions.  This agent is diethylstil  troldip]iosphate (Stilphostrol),  and we are presenting iodinating it with
If the appropriate animal trials look promisini., wel'  ll label it with a
shorter-lived, 1:igher energy beta emitter, such as I, and go.into clinical
trials.

The radiation exposure to the patient is sufficiently low that such a
nuclear medicine procedure, if it should prove diagnostically valuable,
could be used   as   a   screening :test   for   large   proups of males.  in the hig]i-risk
ag range for prostatic carcinoma.

Interim Report

Renal Blood Flow
J. Ewins

Today's urologist requires a direct clinical measurement of renal blood

flow in the dia,onosis of renal ischemia, impairment of renal functiOIl,
liypertension,   fluid   and  electrolyte inibalance, honnonal metabolic disturl)ances,
etc. 'Ilie present technique for estimating renal blood flow  in the conscious
patient is derived from renal functionl .idies and is therefore only an indirect
measurement.       A   tec]inique   utilizing Xe for measuring renal blood flow has
been available for a decade but has been mainly employed as a research tool
by physiologists. Clinically, patients selected for' renal bleod flow measurements
are sdieduled for renal arteriography, ahigh speed X-ray-contrast media procedure
that reclizires the insertion of a catheter through the femoral artei33and into therenal artery. After the contrast study is completed a bolus of Xe is injected
t]irough the sane catheter into. the renal artery and the 81 K 3gamma rays are
detected by an external detector beneath tlie kidney.  11,e Xe cozint rate from
the kidney is recorded as a function, of ti.Ine and yields a niulticomponent curve
from wi zich the pertinent data is extracted.

One  of  the  major   limitations   for this procedure   is tlie detection
equiliment available. T]ie present progrwn undertook the fabrication of a
silicon detector which offered the physician a reducsion in complexity
and bulk but z·dlich achieved only lipited sliccess because of the low countins
efficiency for 81 KeV  amma. Seven patients have been. studied and useful but
statistically limited data have been Obtained. The reason for the lin:itation
is quite obfious and will be rectified by the use of cadmium telluride in
place of the silicon detector.
hiteriiv Report

11. I.TE Transactions on Nuc. Sci, NS-20 No-1, Feb. 1973
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Study  of  the  Radioburden  of  Human  Lung and Tracheobroncliial Lymph Nodes
at Autopsy
G. Huth, 6. Swinth, C.S. Marcus, J. Berliner

In order to assess radiobiologic risk realistically, it is essential to
have good data upon which to draw. The problem of evaluatinr risk from

. .

radioactive particulate matter, especially that which is inhaled, is of
pressing, practical concern since this route lias largely been ignored in
past  environmental  studies.     Thercforc,  the  purpose  of this i.nvestigation
is to study the dynamics and radiobiological importance of the respiratory          0
lymph nodes in relation   to the .accumulation  of inhaled insoluble particulates.
A small program has been started to radioassay liuman tracheobronchial lymph
nodes obtained at autopsy.  It will be determined. (a) which radioactive
(and stable) elements are present, (b), at wliat levels, and (c) in what
type of distribution within the cellular eleinents of · the lymphoid tissue
itself. 111is will yield inportant infonnation about the fate of inhaled
particulate niatter  in  hilmans .

This  proj ect will provide information about concentrations of eiivironmental
radionuclides at present environmental levels and will provide a means of
appraising the significance of the respiratory lymph nodes in relation to
nuclear accidents or increased use of reactors. Tlie project is unique iii
its cr:piiasis on lymph nodes and, in addition to the above, will give important
information on the dynamics of t]ie respiratory lymph system (both gross and
microscopic) and on tl'.e ipplicati.ons of irradiation of the immune response
systes.

Recent da.ta on the biological fate of inhalcd plutonium oxide in
dogs has shown that after an interval of ten years, more thall hal:f of the
inhaled  plutoniuni  lia.s  foilnd  its  way  to  the  tra.cheobronchial lymph nodes, where
it appears to have become permanently deposited.  Work on thorium dioxide
(lliorotrast) urtake and accumulation in liumans has shown tlia.t much of the
colloidal material is deposited i.11 the regional lynrph nodes. The implication
of 1 'mph nodes as an essential target tissue for evaluation of radiocolloid
deposition is not at all surprising, in view of the fact that lyr,ph nodes act
as the final :filter for insollible systemic particulates. What is somewhat
sun,risinsr  is the paucity  of data concerning tlic actual amounts of various
raterials wliich arc deposited in lyi,ip]i ·nodes throughout t,ie lifetime of
individuals.

Mc arc particularly interested in tlle potential accumulation of radio-
nuclides iii tracheobronchial lynip]i nodes because of the 1)otential effect on
the proposed surveillance system of the body.  Radiation damage to the various
leu]<ocytes that continually cycle through the lymphatic circulation (and
thus would be periodically exposed to this radiation source) would result in
a wcal,eninv of the bmmuiosurveillance system, which might, according to
current theories increase the probability of cancer development.  At the
end of this reporting period approximately 20 autopsy samples had been obtained
from l:CIA t·:edical Center and the Veteralls Adnlinistration Wadsworth Hospita.l
in liestwood. Arranlier,imits .for low level galmna (and alpha) couliting are being
colm,].etccl i,'i.th liC-L.iverlilorc

Interi 19   1:eport
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  RADIATION CHEMISTRY OF NUCLEIC ACID CONSTITUENTS

Pulse Radiolysis in Molecular Radiation BioloRY

L. S. Myers,.Jr.

During the past ten years pulse radiolysis studies have made a major
contribution to our understanding of early events in radiation biology.           0
They have given extensive information   on a) rates of reactions of hydra ted
electrons, hydroxyl free radicals, and hydrogen atoms with biologically
important compounds, b) stabilities of the organic free radicals formed
by these agents, c) rates of decay of the organic radicals, and d) rates
of reactions of organic radicals with small molecules such as 02·  This
information has been obtained with relatively simple chemical systems
and usually a microsecond time scale.  At present, the range of pulse
radiolysis experiments in radiation biology ·is being extended to m6re
complex systems and shorter time periods with the result that major ad-
vances are being made in areas previously inaccessible to experimentation.
Studies of secondary reactions such as protonation of anion radicals,
electron transfer, and radical-molecule reactions have been reported
recently.  In this symposium we shall discuss recent advances in several
areas: picosecond time scale measurements of biologically important

processes; electron dissociative attachment reactions; radiation in-
duced intramolecular reactions in bio-macromolecules; reactions in
micelles, which in some ways serve as models for biological membranes;
and studies of enzyme reactions using pulse radiolysis to generate the
substrate. (Introductory remarks as Chairman of a Symposium.)

Reference: Abstracts of Papers. 21st Annual Meeting of the Radiation
Research Society (Apr. 29-May 3, 1973) St. Louis, Mo.
Cb, p. 18 (Abstract).      '

\
Radiation Damage in Living Organisms - Inixtial Chemical Changes and Their
Modification .\.

L. S. Myers, Jr.                     \

A major effort has been made to critically review studies of radia-
tion effects on nucleic acids and their constituents, to develop a unified
picture of nucleic acid radiolysis, to understpnd mechanisms by which
certain radiation modifiers  act,  and to begin  to  use the results  to
understand nucleic acid radiolysis in vivo.  Several aspects of this work
have been presented in invited talks at National Meetings of the Radiation
Research Society and the American Nuclear Society, and at the Symposium
on Physical Mechanisms in Radiation Biology sponsored by DBER-AEC.  The
following abstract of the talk given to the American Nuclear Society
summarizes some of the ideas:
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0 "Several convincing lines of evidence suggest that damage of DNA
is  a major factor  in the responses  of  1 iving organisms to ionizing
radiation.  The initial damage can occur when energy from radiation is
deposited directly in DNA, or when reactive species produced by energy
deposition in water diffuse to DNA and react with it.  The result is
formation of DNA free radicals.  These radicals can be conveniently
studied in vitro with the aid of model compounds: purine and pyrimidine
bases, nucleosides and nucleotides. (DNA can be regarded as a linear
phosphodiester polymer in which the carbon atoms of the main chain are
parts   of a deoxyribose   unit, and.a purine   or pyr imidine   base is attached
to each deoxyribose to form a short side chain.)  Hydrogen atoms and
hydroxyl free radicals, produced from water,  add  to the bases  and  ab-0 stract hydrogen from the deoxyribose units to give free radicals on
the portion attached.  The yields of base radicals are approximately
proportional to the relative amounts of each base in the nucleic acid.
These radicals are stable with respect to rearrangement, and in pure
aqueous solutions decay much more slowly than do radicals on small
molecules. The principal results of this kind of damage are formation

I                           of al tered bases and breaks  in  the main chain. Either result  may  have
serious consequences for living organisms. Free radicals formed by
deposition of energy directly in DNA have not been characterized with
certainty; temperature, base composition, moisture content, and possibly
secondary structure appear to be important parameters, but their role
has not been defined· precisely. Proposed chemical mechanisms for theI              sensitization of nucleic acids to radiation by 5-bromouracil and N-
ethylmaleimide and for protection by sulfhydryl compounds will be de-
scribed. In addition, the relevance of this work to the overall bio-
logical response to radiation and attempts to protect mammalian organisms
from harmful effects of radiation will be discussed."

Il Interim Repor t

9,3-2-1-,
6+  RADIATION BIOCHEMISTRY OF NUCLEIC ACIDS AND THEIR CONSTITUENTS

Radiolysis· of DNA in Aqueous Solution
0             J. F. Ward and I. Kuo

In previous work (Ward and Kuo,  Int. J. Radiat.  Biol. 18, 381  (1970)),
we showed that there is a shoulder in the radiation induced base destruc-
tion of DNA irradiated in aqueous solution. It was suggested that the
bases are protected from OH' free radical attack while inside the double
helix of native DNA. This hypothesis was tested by simulating radiation
induced strand breakage using DNase treatment: DNA (dilute aqueous solu-
tion 150 ugm/ml, 10-1 M Na(104) was treated with DNase (0.4 ugm/ml) for
varying periods of time prior to radiation. The shoulder of the dose
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response curve is removed by this pretreatment.  The number of strand
breaks necessary to produce a linear dose response was of the order of
1-2  per 100 nucleotides  (for both radiation and DNase treatment). Another
measure of base damage - the formation of fluorescent radiation products -
shows a similar lag in the dose response curve which is also removable by
treatment of the DNA with DNAse prior to irradiation.  However, the pro-
duction of strand breaks by irradiation is linear with dose. These results        0
confirm the original hypothesis that some initial breakdown of the DNA
structure is necessary before the bases are available for reaction with
diffusible radical species but that sugar moieties are immediately avail-
able for reactions which cause strand breaks.

Reference: Abstracts, Radiation Research Society 21st Annual Meeting,
St. Louis, Missouri (Apr. 29-May 3, 1973), Abstract Ec-4,
P. 49.

7-Radiation Induced Strand Breaks in DNA - In Vitro Studies
J. F. Ward and I. Kuo

.In vitro studies of DNA and of model compounds indicate that as well
as causing actual strand breaks, radiation damages other sites which cause
strand breaks on post-irradiation incubation. With the model compound  ,«-
(thymidine 3'5'-diphosphate) reactions'which would produce immediate
strand breaks occur in yields (G values) of 0.09 in 02 and 1.10 in N2.

1 .
Products which subsequently break dodn in neutral solution to cause a
strand break are formed in yields of G = 0.16 in 02 and 0.08 in N2•
Similar products which are labiIe only in alkali are also formed, G =
0.9 in 02 and 0.35 in N2•  Strand break production in DNA by irradiation
was measured as the release of TCA soluble oligonucleotides and "free
bases" (damaged nucleosides). The yield of strand breaks do.ubles on

_Past-irradiation incubation   for   2-hrs.   at   250C.      The   yield-of        ree
bases  also doubles in 2 hrs. (from G = 0.05 to 0.1 for each base) and,
even though the strand break yield has reached a.maximum, continues to

increase - doubling again in 24 hrs.  This latter increase is caused by          j
the slow hydrolysis of the second sugar-phosphate of the damaged nucleoside
originally involved in strand break production.  Thus two post irradiation          
effects occur: the strand break yield doubles and, one of the newly
created termini loses a damaged nucleoside.  These effects are of great
significance in any consideration of enzymatic repair of radiation dam-
age to DNA in yivo•

Reference: Abstracts, Biophysical Society 17th Annual Meeting, Columbus,           0
Ohio (Feb. 27-Mar.  2, 1973) , Abstract WPM-F6.
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0             Mechanisms of Radiation-Induced Strand Break Formation in DNA
J. F. Ward

The mechanisms by which 7-radiation produces strand breaks in DNA
were investigated using model systems: breakage of the sugar phosphate
bond of deoxynucleotides irradiated in aqueous solution was equated to
a reaction which would produce a strand break in DNA.  Release of in-
organic phosphate from 5'deoxynucleotides is caused by a radiation-
produced hydroxyl radical abstracting a hydrogen atom from the deoxy-
ribose moiety.  Decay of the sugar radical so formed leads to phosphate

release.  After release of inorganic phosphate from deoxycytidylic acid
two products are formed which consist of the cytosine base moiety attached

0             to two or three carbon atoms of the sugar. Radioprotective sulphydryl
compounds can repair the sugar radical by donation of a hydrogen atom
to the damaged site.  In thymidine 3'5' diphosphate, reaction of OH'

radicals with the base moiety as well as with the sugar can lead to
inorganic phosphate release, both reactions leading to breakage  of  both
3' and 5' sugar phosphate bonds in the same molecule.  When thymidine

0                    3'5' diphosphate is irradiated in the presence of oxygen, labile phos-
phate esters are produced in yields which are large compared to the

inorganic phosphate yield.  Reaction of 5-bromouracil moieties in DNA
with hydrated electrons can also lead to strand break production.
Transfer of the electron to 5-bromouracil from the thymine anion Eadical
was found to be an efficient reaction.  Other species such as HCO2'

02,   and the cytosine anion radical   can  also  dona te electrons to 5-bromo-
uracil.  The results and conclusions of these experiments are discussed
with reference to reactions which could occur in DNA.

Reference: Israel J. of Chem. 10, 1123-39 (1972).

Deoxynucleotides - Models for Studying Mechanisms of Strand Breakage
in  DNA. II. Thymidine 3'5' Diphospha te
J. F. Ward and I. Kuo

Reactions which cause release of inorganic phosphate from thymidine
0                        3'5'  diphosphate are equivalent to strand break producing reactions  in

DNA.  Upon irradiation of the former in dilute aqueous solution, reactions
of the OH' radical induce the liberation of inorganic phosphate. Three
types of phosphate release are distinguished: 1. Immediately after

irradiation, G = 0.17 (02), G = 0.21 (N2); 2. On standing in neutral
solution, G = 0.46 (02), G = 0.12 (N2); 3. On treatment with alkali

4            G = 1.8 (02), G = 0.7 (N2)· The sites of OH' radical attack responsible
for these three processes are identified.  Chromatographic separations
indicate that in all cases both sugar phosphate bonds of the parent
molecule are broken and no monophosphate products are formed.
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The yields of formation of strand breaks produced by irradiation of
DNA .in vivo and the mechanisms by which they are repaired are discussed
in terms of the three processes by which sugar phosphate bond breakage
occurs in thymidine 3'5' diphosphate.

Interim
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6/'  RADIATION BIOCHEMISTRY OF PROTEINS AND AMINO ACIDS

Interactions Contributing to the. Tyrosyl Circular Dichroism Bands of
Ribonuclease S and A
E. Hardin Strickland

The near-ultraviolet circular dichroism (CD) bands of ribonuclease
(RNase) S and A are examined theoretically by using the coordinates of
crystalline bovine pancreatic RNase S.  The tyrosyl CD is assumed to
arise principally from coupling between the near-ultraviolet (1Lb)
tyrosyl band and the A-K* transitions located on other moieties.  The
calculated tyrosyl CD bands give about 70% of the CD observed for RNase
S at 275 nm.  The remaining CD is attributed mainly to.a negative di-
sulfide band having its extremum located below 270 nm. Part of the
disulfide CD results  from the inherent dissymmetry 'of .the four disulfide
bridges in RNase S.  Most of the tyrosyl rotatory strength arises from             
interactions between Tyr-73 and Tyr-115; i.e., the far-ultraviolet aro-
matic transitions of each tyrosyl couple with the 1Lb transition of the
other.  In addition, coupling between their 1Lb transitions causes a
small exciton CD component, which affects the shape of the spectrum.
Smaller exciton CD components result from interactions between tyrosyl
pairs 92-97 and 25-97. A portion o.f the to,tal tyrosyl rotatory strength
arises from coupling with the peptide transition at 190 nm.  In the case
of RNase S, the rotatory strength calculated for Tyr-25 is small.  The
calculations suggest, however, that an altered orientation of the Tyr-25
side chain may give a strong CD band due to coupling with the aromatic
transitions of Phe-46 and His-48.  Such a conformation change could
account for the negative CD band (288.5 nm) given by Tyr-25 in RNase A.

Reference:  Biochemistry 11 (18), 3465-3474 (1972).

Effects of Hydrogen Bonding and Solvents upon the Tryptophanyl 1La
Absorption Band. Studies Using 2,3-Dimethylindole

E. Hardin Strickland, Carolyn Billups, and Ernest Kay

To gain information about the spectral properties.of tryptophanyl
side chains buried within proteins, the absorption spectra of 2,3-di-
methylindole were examined in a variety of solvent systems.  Comparing .
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the   spectra of 2,3-dimethylindole and 3-methylindole indicates   tha t
methylation at the 2 position causes the 0-0 1La band to red shift away
from the 0-0 1Lb band even in the nonpolar solvent methylcyclohexane.
Thus  2,3-dimethylindole  can  be  used to measure  the red shift  of  the ·1La
band due to hydrogen bonding the indolyl >NH group in a nonpolar solvent.
At low concentrations of hydrogen acdeptor molecules, the 1La red shifts

are: 3-5 nm for 1-butanol or ethyl acetate, 6-8 nm for N,N-dimethyl-
acetamide, and 7-9 nm for 1,2-dimethylimidazole.  Hydrogen bonding
either indole or 2,3-dimethylindole causes only a 0.5-1.5-nm red shift
of the 0-0 1L6 band.  With 1-methylindole, which cannot.form a hydrogen

bond, no significant spectral shifts occur at low acceptor concentra-
tions. Altering   the bulk solvent    (wa ter and perfluorocarbons), however,
shifts the absorption bands of both >NCH3 derivatives (1-methylindole,
1,2-dimethylindole) and >NH derivatives (indole, 3-methylindole, 2,3-
dimethylindole). Interestingly, water shifts   the  1La  band to longer
wavelengths and the 1Lb band to shorter wavelengths, whereas perfluoro-
hexane shifts both bands to shorter wavelengths relative to their posi-

tions in methylcyclohexane.  The results from studying model compounds
suggest that in proteins the .1La band may be red shifted by about 3-10
nm due to hydrogen bonding the indolyl >NH to other protein moieties.
The largest red shifts are expected for the following hydrogen acceptors:
carboxylate ions, - N- of histidyl   side   cha in,   and the carbonyl oxygens
of the peptide backbone and of side-chain amides.  Even when an indolyl
ring is not hydrogen bonded, the wavelength of the 1La band may be shifted
due to the local polarizability and due to nearby polar groups of either
the protein or the solvent.

Reference: Biochemistry 11 (19) , 3657-3662  (1972).

0 Circular Dichroism of Modified Tryptophan Residues. 0-3-Oxindolyl-L-
Alanine
E. Hardin Strickland, Meir Wilchek and Carolyn Billups

The near-ultraviolet circular dichroism (CD) spectra of 0-3-oxindolyl-

L-alanine (B-[3-(2-indolinone)]-L-alanine) and a-N-acetyl-0-3-oxindolyl-
L-alanine ethyl ester have been studied. The longest wavelength CD band
is centered at 280-285 nm. Another band occurs at 245-254 nm.  In the
case of 0-3-oxindolyl-L-alanine, the intensities of these CD bands are

affected by pH; both bands are positive at pH 1.5 and negative at pH 7.
a-N-Acetyl-B-3-oxindolyl-L-alanine ethyl ester has negative CD bands in
a variety of solvents (8<M about -3 at 252 nm and about -0.4 M-lcm-1

a t   283   nm).

The CD spectra anticipated from tryptophan oxidized in a protein are
discussed. Depending upon which tautomeric  form of oxindole is produced,
the modified tryptophanyl side chain may exhibit one of several different
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types of CD spectra.  In all cases, the modified side chain may have CD
bands that overlap the naturally occurring tryptophanyl CD bands.

Reference:  Biochim. Biophys. Acta 303, 28-35 (1973).

Radiation Effect on Lvsozyme                          :
Ernest Kay

60
When lysozyme in an aqueous solution is exposed to · Co gamma-rays,

enzyme activity decreases exponentially.with increasing doses of radia-
tion.  The predominant mode of lysozyme·inactivation by radiation has
been shown to be by OH radical attack.  Thus N20 enhances the radiation
damage on lysozyme by converting hydrated electrons to OH radicals.
When KCNS is included in N20-saturated irradiation medium, generated
OH  radicals  can be effectively scavenged by thiocyana te   ions and radical
anions (CNS)2 are formed. (CNS)2 is highly selective towards tryptophan
and provides a useful means to produce proteins altered at selected site(s).
When the N2O-saturated lysozyme solution is irradiated, the lytic activity
of lysozyme decreases at a faster rate in the presence of KCNS than in

its absence. The radiation damaged lysozyme has an appreciably different
near ultraviolet absorption spectrum and diminished tryptophanyl CD bands.
Apparently, tryptophans at the active site are altered by (CNS)2 anion
radicals.  N-acetylglucosamine, a competitive inhibitor for lysozyme,
will protect lysozyme from radiation inactivation when included in the

irradiation medium.  This finding is consistent with the suggestion that
(CNS)2 anion radicals react with tryptophans at active site.  X-ray dif-
fraction data indicate that of three trypt6phanyls situated at the active
site of lysozyme, tryptophan-62 and -63 are fairly exposed and may be
easily accessible to (CNS)2 anions.  Tryptophan-108 may also react with
(CNS)2 but less readily.  Tryptophan-123 is also exposed but it is located
at non-active site.

In ter im Report                                                                                                           1$<
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&/<   CELLULAR  AND  MAMMAL IAN STUDIES IN RADIATION BIOLOGY

Inhibition of Colony Formation by Cytotoxic Antibodies in Cervical
Epidermoid Carcinoma
John E. Byfield, Isaac Weintraub, Ivana Klisak, and Leo D.  Lagasse

Complement-dependent cytotoxic antibodies have been demonstrated                
in patients with epidermoid carcinoma of the cervix. These antibodies
can prevent clonogenic cell proliferation by six malignant lines tested

but not by a normal cell line.  No relationship to the clinical stage of
a  disease  has been found. Radiation thera py  does not inhibit  this  po-
tentially beneficial humoral response.

Reference: Radiol. 107, 685-686 (1973).                                  0
122



Inhibition of Replication and Differentiation in Malignant Mouse Neuro-
blasts
John E. Byfield and Ulf Karlsson

Two specific inhibitors of DNA synthesis, cytosine arabinoside and

0                        methotrexate, are shown to induce morphologic differentiation  in  a
malignant murine neuroblastoma line. This differentiation occurs in
full serum concentrations and allows the cells to be viably maintained
for up to one month.  Coincident with differentiation is an arrest in
the production of a cytoplasmic virus found in all cells.  Arrest,of

cell cycling is a simple means of inducing differentiation in murine
I neuroblastoma cells.

Reference:  Cell Diff. 2, 55-64 (1973).

Effects of Antibiotics and Cellular Differentiation on Repair of Single
I                                   Strand DNA Breaks in Human   and Murine Cells

Y. C. Lee, P. Y. M. Chan, J. F. Cooper, and J. E. Byfield

Previous experiments have shown that the rejoining of radiation-
induced single strand breaks by murine leukemia cells is affected by
temperature and Act. D in a fashion suggesting a possible link to Elkind-
Sutton repair. We have now extended these studies to two varieties of
human cancer cells, an epidermoid strain and a prostatic adenocarcinoma
line, and to an additional murine line, the C-1300 neuroblastoma line
which undergoes morphogenetic differentiation when cycling is suppressed
in culture; using previously documented alkaline sucrose gradient condi-
tions it has been possible to study the effect of Act. D and its pharmaco-

0 logic homologies in culture.  The data uniformly suggests· that antibiotics
capable of interacting with cellular DNA can block single strand rejoining
in  cul ture. This inhibition is concentration dependent  but  can be demon-
strated at concentrations equivalent to in vivo levels attained with
acceptable systemic toxicity.  Since intercalating antibiotics can quite

conceivably affect sedimentation patterns when slow lysis methods are
0                   used we studied the effect of cellular differentiation as well, hypothesizing

that differentiation might 'be accompanied .by reduced levels of DNA repair
enzymes.  Utilizing the murine C-1300 system, in which differentiation
can be induced by serum reduction, we observed that cultures predominantly

containing neuron-like cells showed significantly impaired single strand
break rejoining. Thus lack of rejoining is not dependent per se on inter-
calating antibiotics or low temperatures.

Reference: Rad. Res. (Suppl) 53, 21 (1973) (Abstract).
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Thermal Bone Marrow Expansion: Applications to Radiation Biology

J. E. Byfield, P. E. Byfield, I. Klisak, and £. R. Bennett

An increase in ambient temperature to constant values approaching
body core temperatures has been shown to permit extensive granuloerythro-

poiesis in peripheral bones in mammals ("thermal marrow expansion,"
Byfield et al., PSEMB, in press; Huggins et al., op. cit).  Such areas

are ordinarily not treated in contemporary radical radiatial therapy
regimens but are not available for experimental or clinical use because
of normal body temperature gradients. The phenomenon of controlled
thermal marrow expansion may now allow anatomic marrow manipulations
such as regional marrow hypoxia, circulatory exclusions or shunts, etc.              4
which are otherwise precluded because  of ana tomic inaccessibility.
Experiments to test these possibilities are now in progress. To evaluate
the potential role of regional hypoxia we have studied the effects of
ligature-induced hypoxia in variable.portions of tail in mice.  The re-
sults indicate that survival of mice following systemic marrow insult
(e.g., systemic radiation) is proportional to the volume of marrow ex-         /           
cluded by ligature.  Split dose radiation experiments indicate local
marrow stem cells are responsible for such rescue effects.  Spleen stem
cell assays in normal and thermally-expanded femurs suggest that the
basis for thermal marrow expansion lies primarily in induced stem cell
differentiation rather than an increase iIi ("new") stem cells, since
significant increases in marrow function are accompanied by only slight              
increases in the number of colony-forming cells.  These experiments
together with their potential applications in man will be briefly
reviewed and discussed.

Reference: Rad. Res. (Suppl)  21, 29 (1973) (Abstract).

Repair of Low Dose Radiation Damage in Human Epidermoid Carcinoma Cells
John E. Byfield

The most valuable application of radiation lies in the control of
epidermoid carcinomas (EpCas). Many treatment failures in EpCas stem              <
from the repair of radiation damage but little is known about the quanti-
tative role vari6us repair processes play in the recovery of tumor clono-
genic capacity.  We have studied the repair of X-ray induced DNA damage
in a series of 10 cervical EpCas, comparing their radiation survival
characteristics and the quantitative ability of various drugs to block
radiation repair.  The two most relevant repair assays for EpCas in the              
context of clinical dose range radiation are inhibition of single strand
break rejoining and recovery during split dose radiation (Elkind-Sutton
repair).  Repair replication (non-conservative DNA synthesis) could only
be detected after high doses which yield large numbers of irreparable

.
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strand breaks.  All repair modalities could be inhibited by clinically
att:ainable levels of antibiotics which intercalate with DNA (Act D,
daunomycin, adriamycin etc.); other classes of agents were largely
ineffective.  Significant variations in the chemo/radiosensitivity of
specific EpCas from different patients could be detected.  The results
suggest  tha t this approach  may be useful in identifying and elaborating

0                         a new group of radiosensitizing drugs, those that inhibit single strand
break rejoining.

Reference:    Proc.  Amer..Asso.  Ca.  Res.  14,  61 (1973) (Abstract).
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32.  Finklestein, J. Z., J. E. Byfield, K. Tittie and D. T. Imagawa:

Studies of Inhibition of Tumor Cell DNA Synthesis and Immune Cells
in Gross Virus Induced Leukemia.  Europ. J. Clin. Biol. Res. 1Z,

287-292 (1972).
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1.   Gates, G. F., E. K. Dore and G. V. Taplin:  Detection of Premature

Craniosynostosis with 18-F.  SNM 20th Annual Meeting, June 12-15,
1973, Americana Hotel, Miami, Florida.

2.   Gates, G. F., H. W. Orme and E. K. Dore:  Cardiac Surgery in Cyanotic            Il
Children Assessed by 99m Tc Macroaggregated Albumin (MAA).  SNM 20th
Annual Meeting, June 12-15, 1973, Americana Hotel, Miami, Florida.

3.   Verma, R., J. J. Touya, R. F. Riley, L. S. Graham and L. R. Bennett:
111In-Bleomycin.  A New Agent for 'Tumor Scintigraphy.   SNM 20th
Annual Meeting, June 12-15, 1973, Americana Hotel, Miami, Florida.
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HONORS AND AWARDS

Norman D. Poe., M. D.

Dr. Norman D. Poe was elected to membership .to the International Society
on Diseases of the Chest, The Fleischner Society, June 1973.

Special Recognition

S. A. Bamberg, Ph. D.

Invited Speaker, IBP Synthesis Meeting, Aberystwyth, Wales, April, 1973.

J. de Vellis, Ph.D.

Invited Lecturer:  Department of Pharmacology, University of Virginia.
Invited Lecturer:  Division of Neurosciences, City of Hope Medical Center,

Duarte, California.

Invited Lecturer:  University of Texas Medical Branch at Galveston, Texas.
Invited Lecturer: Symposium on "Development and Aging  in the Nervous

System," University of Miami.
Speaker and Session Chairman, Symposium on "Neurobiological Aspects of

4              Maturation and Aging,"  State University of New York, Brooklyn.
Session Co-chairman, Annual Meeting Society of Neurochemistry.
Panel Chairman and Speaker, Sixth Annual Winter Conference on Brain Re-

search, Vail, Colorado.
Member site visit teams for National Institute for Child Health and De-

velopment and National Cancer Institute.

Reviewer for:  Clinical Orthopaedics and Related Research.
J. Neurochemistry.

E. B. Edney, Ph.D.

Invited Speaker, Department of Biology, Texas Technical University,
Lubbock, Texas, April, 1973.

Invited Speaker, Biology Department, University of New Mexico, Albuquerque,
New Mexico, April, 1973.

Invited Paper and Section Organizer for American Institute of Biological
<              Sciences Symposium on Desert Adaptations, June, 1973.

Armand J. Fulco, Ph.D.

Invited Session Chairman (Metabolism and Function of Membrane Lipids)
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and speaker at the Gordon Research Conference on Lipid Metabolism,
June 11-15, 1973, Kimball Union Academy, Reriden,.New Hampshire.

L. E. Gerschenson, M. D.

Reviewer for Cancer Research, Science and Journal of Experimental and
Molecular Pathology.

Isaac Harary, Ph.D.

Member of Editorial Board, Journal of Molecular and Cellular Cardiology.
Visiting scientist and invited lecturer, National Institute of Cardiology,

Mexico City, two weeks, October, 1972.

H. R. Herschman, Ph.D.

Invited speaker, Department of Psychobiology, University of California,
Irvine.

Invited speaker, Department of Neuropathology, Palo Alto Veterans Hospital.
Invited speaker, Department of Neurobiology, City of Hope, Medical Center.
Invited speaker, Department of Biology, University of California, River-

side.

Faculty Lecturer at NATO Conference on Chemistry of Nervous System                    <
Specific Proteins, Cortona, Italy.

Workshop Chairman, Winter Brain Research Conference, Vail, Colorado.
Outside reviewer of grants for the National Science Foundation.

0. R. Lunt, Ph.D.

Election to Fellowship, American Society of Agronomy.

Member of panel, Departmental Review, Cornell University, December, 1972.

James F. Mead, Ph.D.

Member of Research Committee, Institute of Environmental and Evolutionary
Biology.

Member of Planning Committee, Gordon Research Conference on Aging.
Invited Sole Speaker:  The Chemistry of Aging, at Orange County American

Chemical Society Meeting, April 19, 1973.
Vice President and President-elect of Sigma Xi, University of California,
Los Angeles, Chapter.

Lawrence S. Myers, Jr., Ph.D.

Invited to organize and chair Symposium on "Pulse Radiolysis in Molecular          
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Radiation Biology at the 21st Annual Meeting of the Radiation Research

Society, St. Louis, Mo., May, 1973.

Norman D. Poe, M. D.

Invited Speaker, IAEA Symposium on Medical Radioisotope Scintigraphy,
Monte Carlo, Principality of Monaco (October 23-28, 1972). Topic:  A
Critical Evaluation of Potassium-43 and Cesium-129 for, Quantitative
Myocardial Scanning.

G. D. Robinson, Jr., Ph.D.

Invited Speaker, IAEA/WHO Symposium on New Developments in Radiopharma-
ceuticals and Labelled Compounds, Copenhagen, Denmark (March 26-30,
1973).  Topic:  Biologically Active F-18-Fluoroorganic Compounds: Rapid
High Specific Activity Synthesis of F-18-Fluorocarboxylates and Deriva-
tives.

E. M. Romney, Ph.D.

Invited Program Element Manager, Plutonium Studies, Nevada Applied Ecology
Group, USAEC Nevada Operations Office.

Invited Participant, Workshop on Survival of Food Crops and Livestock in
the Event of Nuclear War, USDA Training Center, Front Royal, VA, uctober

1972, sponsored by Defense Civil Preparedness Agency, USDA and USAEC.
Invited Member, Review Committee on Research and Ecology Program, Dow

Chemical Rocky Flats Plant, Golden, Colorado, January 30-February 1,1973.
Invited Participant, Capon Springs Workshop, National Research Council Sub-

committee on Geochemical Environment in Relation to Health and Disease.
Capon Springs, West Virginia, May 6-11, 1973.

E. H. Strickland, Ph.D.

Reviewer:  Biochemistry
Reviewer: Can. J. Biochem.

Reviewer:  Biochim. Biophys. Acta

George V. Taplin, M. D.

Member, The Fleischner Society, participant in the Symposium on Diseases
of the Chest and the course following, Boston, Mass. (May 26-29, 1973).
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F. B. Turner, Ph.D.

Invited Panelist, Statistics and the Environment, a symposium on the ap-

plication of statistical techniques to the analysis of environmental

problems, University of Southern California, January 1973.

John F. Ward, Ph.D.

Invited Review, "Advances in Radiation Biology 1973" Vol. V. - Molecular
Mechanisms of Radiation Damage to Nucleic Acids.

Invited Participant: Symposium on Radiation Chemistry of Aqueous Systems,

Academy of Sciences USSR. December, 1973.
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