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LABORATORY OF NUCLEAR MEDICINE AND RADIATION BIOLOGY 
UNIVERSITY OF CALIFORNIA, LOS ANGELES 

CONTRACT AT(04-l) GEN-12 

U. S. Atomic Energy Commission 
SAN FRANCISCO OPERATIONS OFFICE 

RESEARCH AND DEVELOPt1ENT PROGRAM 

INTRODUCTORY STATEMENT 

Biology and Medicine 
PROGRAM 

The biomedical.program of the Laboratory of Nuclear Medicine and Radiation Biology 
is conducted within the scope of the folloHing categories: Somatic Effects of 
Radiation; Combating Detrimental Effects of Radiation; Molecular and Cellular 
Level Studies; Environmental Radiation Studies; Radiologi~al and Health Physics 
and Instrumentation; Cancer Research; and Selected Beneficial Applications. 

The overall objectives of the Laboratory within these areas of the Biology and 
Medicine Program may be summarized as follo-ivs: 

1. Investigation of the effects of ionizing radiation on systems of 
biological significance and on living organisms. 

2 .. Assessment and study of the immediate and long term consequences 
of the environmental radioactivity on flora, fauna, and man. 

3. Development of beneficial uses of ionizing radiation and radioactive 
substances in medicine and biology. 

4. The conduct of training and educational activities in fields related 
to the biological and medical aspects of radiation. 

The administration of the University of California, Los Angeles, and the Division 
of Biology and Medicine, AEC, have recently agreed on the nominatio.n of 0. R. 
Lunt as Laboratory Director, and it is assumed that the appointment will be 
confirmed in due course by the Regents of the University and the Commissioners 
of the AEC. It is anticipated that considerable review and evaluation of indi­
vidual projects will be conducted in the next fe\v months and that there will be 
some reorientation of existing programs, as well as the introduction of new 
programs, over the next two or three years. Certain shifts of emphasis within 
the overall objectives of the Laboratory have already become apparent, resulting 
in corresponding changes in the level of support among the various categories of 
the Biology and Medicine Program and it is probable that additional shifts will 
occur in the future. However, at this early stage of ~dministrative change and 
the formulation of long-range research objectives, it is impossible to project 
with any accuracy the specific categories that may be involved. 
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At the present time it is expected that the programs in the Laboratory's Nuclear 
Medicine and Environmental Radiation divisions will be strengthened during 
FY 1969 and FY 1970, and that new programs will be introduced in the general 
field of developmental biology. The availability of a cyclotron specifically 
designed for biomedical investigations (previously requested for installation 
during FY· 1969) will permit a significant expansion of effort in these areas 
and will also be a po>verful tool in current studies in radiation bioloey ~nd 
radiation chemistry. 

Based upon these tentative plans~ it appears that there. will be an increase of 
research activity during FY 1969 and FY 1970 in the categciries of Terrestrial and 
Fr~.s}!__,_Water Ecolc;>gy and in .~.!'::~:.ected Beneftcial Applications. 

Re-evaluation and reorientation of programs within the category of Molecular and 
Cellular Level Studies will result in a temporary reduction of .effort during 
FY 1969, bul wilh a return to previously forecast levels during FY 1970 as a 
result of the introduction of the new studies in developmental biology. 

A slight decJ:t;!ase ·Hill occur in the category of Radiological and Health Physics 
during FY 1969 pending completion of current review and re-evaluation of the 
program. 

It is anticipated that all other categories will be continued at approximately 
tlad.r current; levels of P.ftort during FY 1969 ~nd FY 1970. 

The composition of costs and staffing for FY 1968, FY 1969, and FY 1970 arP. 
· suunnarized below for the entire Biology ~nd Medicine Program by major categories 
of expense. 

I. Costs: (Shown in Thousands) 
Salaries and Burden (Direct) 
Supplies, Travel, & General Expense 
Indirect Costs 

Total Operating Costs 

FY 1968 

$1,328.6 
218.4 
993.0. 

$2,540.0 

II. Hanpower: (Shomi as Full Time Equivalence) 
Direct Man Years 118 

Direct Scientific Man Years ·103. 

III. Cost Per Man Year Data: (Shmvn in Thousands) 
Cost per Direct Man Year $ 21.9 

Cost per Direct Scientific Man Year $ 24.7 

FY 1969 

$1,413.5 
229.7 

1,006.8 

$2,650.0 

120 

105 

$ . 22 .1 

$ 25.2 

FY 1970 

$1,556.5 
263.3 

1,080.2 

$2,900.0 

$ 

$ 

129 

114 

22.5 

25.4 

Total Cost and Hanpo\iler data for individual research projects are summarized by 
Biology and Medicine Activity categories in the chart on Page 4. More detailed 
cost and manpower data is given in the :individual .project statements on 
succeeding pages. 

As will be noted in the individual p.roject statements the method used at this 
Laboratory for allocating indirect costs to res~arch projects consists of pro­
rating total indirect costs on the basis of the percentage of total direct 
salary expense that each research group incurs. This method of assigning indirect 
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costs is believed to be sufficiently accurate and appropriate for an organization 
of ·our size and relative uniformity of composition. However, under this method 
of pror~tion indircc~ coGta arc bot ~pccifically identifiab1e under individual 
research projects, and for this reason, the composition of indirect expense for 
the total Program is given below in some detail. 

FY 1968 

Composition of Indirect Expense: 

I. Manpower (Shown as Full Time Equivalence): 

Administrative Services 

Technical Services 

Building Maintenance 

Total Indirect Personnel 

II. Costs (Shown in Thousands) 

Administrative Services 
Technical Services 
Building Haintenance 
Building Amortization 
Utilities 
U. C. Hanagement Allowance 
U. C. Accounting & Purchasing 

Services 

Miscellaneous (Laundry, Postage, 
General Supplies, etc.) 

Tdtal Indirect Costs 

3 

36 

16 

7 

59 

$ 397.6 
208.4 

75.0 
126.7 
. 70 .o 
75.0 

32.4 

7.9 

$ 993.0 

FY 1969 

$' 

34}z 

14lz 

7 

56 

393.6 
206.9 
80.0 

126.7 
75.0 
75.0 

34.0 

15.6 

$ 1,006.8 

FY 1970 

36 

16 

7 

59 

$ 439.2 
222.7 
85.0 

126.7 
75.0 
75.0 

36.0 

20.6 

. $ 1,080.2 
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LABORATORY OF NUCLEAR MEDICINE AND RADIATION BIOLOGY 
UNIVERSITY OF CALIFORNIA, LOS ANGELES~CONTF~CT AT(04-l)GEN-12 

PROGRAM. 060000 COST SUMY~RY . 
(In Thousands) 

AEC.ACTIVITY FY 1968 
·CCSTS MAN YRS 

FY 1969 
COSTS MAN YRS PROJECT TITLE-INVESTIGATOR 

06-01-01 Radiation Effects - General 
Medical Physics Problems (B. Gassen) $ S2.4 3 $ 56.1 3 
Late Effects Radiobiology (L. Bennett) ~5.6 2 37.5 2 

ACTIVITY TOTAL $ 88.0 5 $ 93.6 5 

~ 

06-04-00 Molecular & Cellular Level St:.ldies 
Enzyme Chemistry (I. Harary) $ 150.7 6 1 $ 119. :s '1 

2 52 
Macromolecular Chemistry (N. Simmons) 51.6 3 l.. 

2 80.7 4 ~ 
General Metabolism (J. Mead) 82.6 4 119.7 5 ~ 
Organic Chemistry (D. Howton) 72.1 2 l.. 

2 74.7 2 l.. 
2 

Tracer Synthesis (J. Nevenzel) 46.7 1 l.. 
2 56.6 2 l.. 

2 
Macromolecular Separation Metnods (A. Kolin) 24.7 1 - -
Chemical Radiobiology (L. Myers) 106.7 sl.. 

4 109.5 5 
Sub-Cellular Radiobiology (J. Ward) .30.5 l l.. 

4 53;2 2 
Metabolic Radiobiology (0~ Schjeide) 9'9.1 4 81.4 3 
Developmental Radiobiology (J. deVellis) 49.6 2f 54.5 3 
Cellular Radiobiology (N. deTerra 'to1hittaker) 19.2 3 - -i; 

Physical Radiobiology (H. Strickland) 74.5 4 77.2 4 

ACTIVITY TOTAL $ .goo .o 37 $ 827 .·) 37 ~. 
-

06-05-01 Terrestrial & Freshwater Ecolos~ 
Soil Factors (H. Nishita) $ 93.2 4 ~ 

£1. $ 95.3 4-k 
Plant Factors (E. Romney) 97.5 4 l.. 

4 100 •. 2 4 -~ 
Environmental Factors (H. Hawthorne) 9!L9 5 i 97.9 ' 4t 
Radiation Ecology (N. French) l46.4 6-f; 147.2 6 l.. 

4 

Ecology of the Nevada Test Site (J. Beat ley) 72.1 3t 78.6 4 l.. 
.4 

Radioecology (F. Turner) 101.8 4. t 102.1 41.. 
4 

I 

.. 

$ 

$ 

$ 

$ 

$ 

FY 197.0 
COSTS MAN YRS 

75.4 3 l.. 
2 

38.8 2 

114.2 5 l.. 
2 

124.0 5 l.. 
2 

88.8 5 
130.2 6 l.. 

2 
66;6 2 l.. 

2 
59.1 2 l.. 

2 - -
139.6 6 
57 .o 2 
99.3 4 
60.3 3 
- -

85.5 4 l.. 
2 

910.4 41 i 2 

103.6 4 l.. 
4 

106.7 4 l.. 
4 

93.6 4t 
135.9 5 t 
82.8 41.. 

4 

109.5 . 4 l.. 
4 



I 

. 

Physiology of Mineral Accumulation in Plants (0. R. Lunt) · 30.0 1 t 27.7 1 1.. 
4 40.2 2 1.. 

4 

Radioecology - Arthropods (V. Stern) 46.3 2 1.. 
4 33.4 1 t 35.6 1 t 

Plant Physiological Ecology (A. Wallace) 82.8 3 ~ 112.3 4 1.. 
4 112.7 4 1.. 

4 

Chemical-Problems (R. Wood) 157.0 7 t 155.4 7 t 162.6 7 2. 4_ 

Quantitative Plant Ecology (To Be Named) 22.2 3 56.5 2 - - 4 

I ACTIVITY TOTAL $ 926.0 43 $ 972.8 43 3 $1,039.7 45 1 _4 2 

06-06-01 Radiological and Health Phlsics 
Excited States of Molecules in Radiation $ ·48.0 2 1 $ 30.8 2 $ 31.8 2 2 

Biology (R. Lehman) 
ACTIVITY TOTAL $ 48.0 2 1 $ 30.8 2 $ . 31.8 2 2 

06-06-02 Radiation Instruments 
Medical Physics Instrumentation (B. Cas sen) $ 57.0 2 1 $ 58.9. 2 1 $ 59.7 2 1 

2 2 2 

\ ACTIVITY TOTAL $ 57.0 2 1.. $ 58.9 2 1 $ 59.7 2 ·1 
2 2 2 

06-09-00 Cancer Research 
Leukemia Biology (E. F. Hays) $ 75.0 4 $ 83.9 4~ 

4 $ 89.3 4 1.. 
2 

ACTIVITY. TOTAL $ 75.0 4 $ 83.9 4.!. 
4 $ 89. 3· 4 1.. 

'2 

06..;10-00 Selected Beneficial AEElications 
'Clinical Nuclear Medicine (G. Taplin) $'"133.5 5 1.. $ 153.5 6 $ 150.3 6 4 

Basic Nuclear Medicine (N. Poe) 54.6 3 1.. 58.8 3 1 6.3.0 3 1 
4 4 4 

Hemodynamics (J. Kennady) 77.4 4 55.3 2 t 56.5 2 1 
2 

Nuclide Metabolism _(N. MacDonald) 125.1 5 1.. 
2 107.7 5 113.0 5 

Radiodiagnostic Agent Development (G.Taplin and N.MacDonald) 48.2 1 .!. 76.7 2 1 8·6 .8 3 4 2 
Clinical Studies-Short Lived Isotopes (M. Webber) 46.1 2 59.1 2 1 86.0 3 1 

f 2 
Biomedical Cyclotron Facility (B. Cassen and N. MacDonald) - -· 17.0 2 41.3 l':i-
Mammalian Radiobiology (T. Hennessy) 53.1 2 ~ 54.9 2 1 58.0 2 1.. 2 2 

ACTIVITY TOTAL $ 538.0 24 $ 583.0 25 $ 654.9 27 1 
2 

TOTAL 06-00-00 PROGRAM- $2,540.0 118 $2,650.0 120 $2,900.0 129 
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·sCHEDULE 189 

. ADDITIOK!l.L EXPL.4.N'.ll.TICN FOR OPERA'l'ING COSTS 
RESEARCH AND DEVELOH•iENT ACTIVITIES 

·. 

. SAN FRANCISCO OPZRATIONS O.F'FICE 
Field Offica 

BIOLOGY AND MEDICHf~ 
Program 

1. Contra.~tor: Lab ora tory of Nuclear Hedicine a..'1d Radiation Biology 
Uriversity o£ Californi~~ Los Ane~1r.8 

C6ntrG.ct No.: AT(04:_l)GEN-12 

2. Projact Title~ 
Medical Physics Pro.blems 

3. AEC Budget Activity No.: 

06-01-01 

4. Date Prepared: 

---~-·-.April- 1968 
5. }1ethod of Reporting: 

Publications, UCLA Reports 
Semi-annual and Final Reports 

7. renon in Cha.:q;,8: 

6. Wnrl<:i ng Location: 

UCLA 

8. Project 'l'erm: 

Benedict Cassen From: 1963 To: Continuing 

9. Han Years 

(a.) · Scientific 

(b) Other Tech. 

10. Ccsts 

Total 

(a.) Direct Salaries 

(b) Hateriala & S::lrvices 

(c) Indirect Expenszs ~-:- · (2%) 

Total 

FY- 1968 

2 

.1 

3 

FY 1968 

$ 31,100 

1,700 

19,600 

$ 52,400 

FY 1969 FY 1970 

2 2 1. 
2 

1 1 

3 3 1. 
. 2 

F'I 1969 FY 1970 

$ 32!000 .. 39!600 
'*'' 

4,000 3,t,oo 

(2%) 20!100 (3%) 32,400 

$ 56,100 $ 75,400 

* Total indirect e:>..-pense of the Cont:..~act pro-rated among individual projects 
on the basis of the percentage of total dir~ct salary expense represented 
by the particular project. 
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11. PUBLICATIONS DURING FY 1968 

Zucker, R. M., Cassen, B., Taplin, G., and Kennady, J. C.: The Size Control 
of Radioalbumin Macoraggregates in Suspension. Abctracto of Program of 
Seattle Meeting of the Society of Nuclear Medicine, 1967. 

Poe, N. and Cassen, B.: Quantitative Scanning. Abstracts of Program of 
Seattle Meeting of Society of Nuclear Medicine, 1967. 

12. SCOPE OF THE PROJECT 

Currently, in this project studies are being made by use of new methods 
and techniques (see Budget Activity 06-06-02) on the effects of radiation 
in vivo and in vitro on mammalian blood cells, especially lymphocytes. 
Under certain.conditions (see 14 below) size distributions and electrophor­
etic mobility distributions have· been changed significantly by irradiation. 
These effects are being studied in more detail and experiments are being 
undertaken to prove or disprove possible explanatory hypotheses. Further 
evidence has been found lo~hich indicates that radiation can stimulate small 
lymphocytes somewhat analogously to their immunological stimulation. Also, 
studies are being made as to the detectability by these new methods of cell 
changes in the blood of cancer patients. 

The new methods are also being applied to the study of bone marrow cell 
suspensions. Besides being able to show that the various precision density 
fractions of bone marrow .have characteristic bimodal size distributions, 
it has been shown that various electrophoretic fractions of these cells 
also show characteristic bimodal size distributions. 

13. RELATIONSHIP TO OTHER PROJECTS 

Dr. M. Ingram, University of Rochester, Atomic Energy Project 
Dr. c. Craddock, UCLA School of Medicine 
Dr. E. Cronkite, Brookhaven National Laboratory 
Dr. Marvin Van Dilla 
and recently many others. 

14. TECHNICAL PROGRESS IN FY 1968 

The perennial problem of the c~ean and efficient separation of leukocytes 
from the overwhelming number of red cells in mammalian or human blood with­
out affecting the viability or measurable properties of the minority pop­
ulation, appears to have been finally solved by a very simple procedure. 
Whole blood is centrifuged in a bovine serum ·albumin density gradient until 
equilibrium is attained. The leukocytes separate from the red cells in 
definite density bands and the lymphocytes separate from other luekocytes. 
The lymphocyte bands show a gradation.of size distributions as determined 
with the multichannel analyzer Coulter aperture system; The lymphocytes 
can be drawn off and rebanded with higher resolution in a less steep density 
gradient. They maintain their viability as can be demonstrated by growing 
cell cultures. Also various fractions can be studied with other separation 
or measurement procedures. A paper is being prepared describing the size 
distributions of various density fractions. 
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It was found that the size distribution determination system showed that 
some of the red cells in new-born mice had over twice the volume of that 
of adult red cells. It is well known that in the embryo, red cells are 
first formed in the liver and .spleen before being formed in the bone 
marrow. A small scale study is being made to use the available size dis­
tribution determining system to study the time course of red cell volume 
changes prenatally and immediately post~natal in the blood of mice foetuses 
and in the new-horn. 

The Hematology group of the UCLA Department of Medicine has shown a renewed 
interest in a cooperative program to apply our techniques (density gradient, 
electrophoresis, size ~istribution, etc.) to the study of blood from 
patients withhcmatological diseases and with cancer. This program is 
getting under. way. 

The multichannel analyzer size distribution system has been used success­
fully to demonstrate the size distribution of macroaggregated albumin • 

. The break up of a tail end of large particulates by ultrasound can be 
readily demonstrated. 

15. EXPECTED RESULTS IN FY 1969 

It is expected that there will be a continuation of thorough and systematic 
measurements of changes in lymphocyte size distributions after in vivo 
total body irradiation through the complete sequence of injury, rebound 
and recovery. It is expected that similar measurements will continue on 
electrophoretic fractions of these ·cells. Experiments will be initiated 
to determine whether or not the survivors of irradiation show the same 
immunological stimulation responses as the unirradiated cells. 

' It is expected that buoyant density methods can be used to separate and 
study the biophysical properties of red cells near the end of their life. 
It is expected that erthropoietic stem cells can be concentrated and 
separated. 

16. EXPECTED RESULTS IN FY 1970 

It is anticipated that in FY 1970 there will be a continuation of the 
development of techniques and methods for measuring properties of lympho­
cytPs ~nrl th~t these will be applied to the ctudy of the complex ph~siology 
and radiation biology of these cells. It is expected th•t a program will 
be initiated to determine the cffccto in vitro and in vivo of various 
agents such as certain pharmacologically active agents, polypetides, etc., 
on cell size distribution and electrophoretic mobility. It is expected. 
that cell size distribution and electrophoretic mobility chariges can be 
observed in animals and in human blood in various disease states. 
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. ·SCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERA'J:'ING COSTS 
RESEARCH AND DEVELOPHENT ACTIVI'J:'IES 

'- . 

. SAN FRANCISC:O OPERATIONS OF'FICE 
Field Office 

BIOLOGY AND HEDICHf~ 
Program 

1. Contra::;torg La.boratory. of Nuclear Hedicine and Radiation Biology 
Urri..versity of California, Los Angeles · 

. Contrc..ct No.: AT(04-l)GEN-12 

2. Project Title: 
Late Effects Radiobiology 

3. AEC Budget Activity No.: 

06-01-01 

5. Hethod of Reporting:· 

Publications, UCLA. Re~orts 
Senii·-annual and Final Reports 

7. Per3on in Chargeg 

Leslie R. Bennett, M.D. 

9. Han Years 

(a) · Scientific 

(b) Other Tech. 

10. Cc.sts 

Total 

(a.) Dire·~t Salaries 

(b) Materials & Services 

(c) · Indirect Expenses ~-

Total 

(1%) 

$ 

4. Date Prepared: 

April ~ 1968 
6. .Working Location: 

·UCLA 

8. Project Term: 
From: 1950 To: 

FY 1968 FY 1969 

2 2 

2 2 

FY 1968 F'l 1969 

19,200 .$19,700 

6,500 7,700 

9,900 (1%) 10,100 

$ 35,600 $ 37,500 

.... 

Continuing 

FY 1970 

2 

.2 

FY 1970 

'· 19,800 ~ 

8,200 

(1%) 10,800 

$. 38,800 . 

* Total indirect e:;.,.-pense of the Cont:.~act pro-rated among individual projects 
on the basis of the percentage of total dir;:ct salary expense represented 
by the particular project. 
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11. PUBLICATIONS DURING FY 1968 

Webber, Milo M.: Allograft Survival Following Antibody Suppression with 
Radioiodine-Labeled Antigen, Transplantation 5:4:2:1198-1203 (1967). 

Lamson, Baldwin G., Billings, Marta s., and Bennett, Leslie R.: Incidence 
of Disease and Cause of Death Following Single and Divided Doses of Total 
Body X-Irradiation in Rats, UCLA Report to United States Atomic Energy 
Commission 12-616 (1967). 

Bennett, L. R. and Connon, F. E.: An Additive Response of Ehrlich Ascites 
Tumor in Vivo to Gamma Radiation.Combined with DL-Glyceraldehyde or Methyl­
glyoxal, kad. Res. (In Press, April 1968). 

12. SCOPE OF THE PROJECT 

The purposes of the research of this section are to study 1) the diseases 
and longevity observed in previously irradiated animals, and 2) the ~ffect 
of local internal irradiation on both the immediate and delayed responses 
of the immune system. Many variables such as age, sex, total irradiation 
dose, fractionation and spacing of irradiation dose, and portion of the 
body irradiated may influence longevity and type of pathology observed. 
Studies are requir.ed to systematically assess the influence of these vari­
ous factors in order to more properly define the conditions of exposure to 
ionizing irradiation that present a long-term hazard. In addition, know­
ledge from such studies '-Jill help define the pattern of .altered physiology 
in the totally irradiated animal which must be explained by any comprehen­
sive theory or model of delayed radiation injury. Basic information related 
to the natural aging process and the problem of tissue transplantation can 
also be expected. 

13. RELATIONSHIP TO OTHER PROJECTS 

No other project in the Laboratory is primarily concerned -.;.1ith longevity 
and the delayed somatic effect of total and partial body radiation. A 
large number of investigators have been, or are nm-.1, concerned with the 
delayed effects of irradi.a tion; among th~rn Rre t.h~ fnllow.ing: Storer 
(Bar Harbor); Mole (Harwell); Hursh, Casarett (Rochester); Busted (UC-D); 
Kaplan (Stanford); Conard (Brookhaven); Upton (Oak Ridge). Studies on 
heavily labeled antigens are related to projects under Campbell (Cal Tech). 

14. TECHNICAL PROGRESS lN F'l 1968 

Based on the previously reported work regarding antibody suppression follo'"­
ing irradiation in rabbits with intravenous injection of particulate antigen 
labeled '"i th radioiodine-:131, ,.;rork has continued in the investigation of the 
characteristics of transplantation antigen as a possible carrier for heavy 
doses of radioiodine-131 in order to achieve ant.ibody suppression. Initial 
work has centered around the technique of separation of transplantation 
antigen from mouse spleens. This has followed the method of Al-Askari, et 
al., and involves maceration of the spleens followed by an ul tra-centrifuga­
tion fractionation of the. spleen components. Transplantation antigen appears 

.to be centered primarily in the microsomal fractions. Radioiodine tagging 
of this material utilizing radioiodine-131 and radioiodine-125 has been per­
formed follm.;ring the iodine monochloride method as suggested by Helmkamp 
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and associates. Blood clearance 'studies using tagged antigen have been· 
performed, and suggest primary uptake of the tracer within the reticuloendo­
thelial system. Gross organ localization studies have also been carried 
out, substantiating this finding .. Hicroscopic localization studies utiliz­
ing the techniques of autoradiography Hith the antigen tagged with radio­
iodine-125 are currently under way. 

Studies on late effects of irradiation have been continued using salt stress 
to measure the capacity of irradiated rats to do .metabolic t.;rork. On chronic 
salt stress the animals become hyperna tretnic, a condition they tolerate for 
weeks or months. This is follm.;red by a state of metabolic exhaustion charac­
terized by marked weight loss, a general cachexia, and a drop in oxygen 
consumption. The depression of oxygen consumption in these animals under 
a.metabolic work stress has been investigated in some detail during ~he 
past year. The enzymes of the cytochrome chain appear to be intact and 
capable of normal function. The fall in oxygen consumption is now assumed 
to be distal to the respiratory enzymes and to involve a lack of coenzymes, 
substrate, or normal regulatory control of oxygen utilization. 

DL-Glyceraldehyde has been shmvn to have an additive effect to gamma irrad­
iation in ~nrlich ascites tumor in mice. This additive effect has not been 
demonstrated in normal tissues. DL-Glyceraldehyde appears to interfere with 
repair mechanisms since the effect can be demonstrated as long as 90 minutes 
after irradiation. 

15. EXPECTED RESULTS IN FY 1969 

Studies on the distribution and fate of transplantation antigens will be 
continued using I-131 and I-125 tags. Microscopic localization studies 
using radioautography will be continued. It is hoped these studies t'lill 
enable us to have an understanding of the fate of transplantation antigen 
when used as a carrier for radioisotope tracers. In addition to the above 
studies, the giving of repeated doses of heavily labeled transplantation 
antigen will be follm.;red for effect on longevity, incidence of infection, 
and possible induced pathology. 

Late effects s·tudies on salt stressed irradiated animals will be continued. 
It is expected that these studies will lead to a clarification of the nature 
of the defect in oxidative metabolism in these animals. In addition, the 
studies should yield ba~ic information on regulation of oxidative metabolism, 
and the metabolic changes associated with natural aging. 

' ' 
The studies on DL-Glyceraldehyde t-1ill also be continued with experiments 
aimed at elucidating the mechanism of the additive response with gamma 
irradiation, and the possible exploita~ion of this effect as an adjunct in 
radiation therapy. 

16 .. EXPECTED RESULTS IN FY 1970 

Animals receiving repeated doses of heavily labeled antigen will continue 
to be followed for late effects. New experiments t'lill include a study of 
the additive effect of heavily labeled antigen and overloading with trans­
plantation antigen on mouse skin and rat kidney transplants. 

Studies using the irradiated salt stressed rat and appropriate controls 
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will be continued to demonstrate the metabolic defects produced by irradia­
tion. Experiments will be designed to obtain information on the capacity · 
to synthesize protein, nucleic acids, fats, and carbohydrates under stress. 
These studies should also.give information on the regulatory mechanisms of 
these synthetic processes in normal animals .. 

The DL-Glyceraldehyde studies will be followed by a study of the effects of 
other short chain aldehydes (e.g., methylglyoxal) on irradiation sensitivity 
of tumor cells. 

12 
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ADDITIONAL EXPLAHATICN FOR OPERA'l'ING COSTS 
RESEARCH M!D DEVELOPi·'iENT ACTIVITIES 

. SAH FRANCTSGO OPERATIONS OFFICE 
Field Office 

BIOLOGY AND MEDICINE 
Program 

.. 
1. Contraotorg Laboratory of Nuclear Hedicine and Radiation Biology 

Ur~versity of California, Los Angeles 

Contrc;.ct No.: AT( 04-l)GEN~l2 

2. Project Title= 
Enzyme Chemistry 

. 3. AEC Budget Activity No.: 

06-04-00 

5. Hethod of Reporting: 

Publications, UCLA Reports 
Semi-annual and Final Reports 

1. PerBon in Charge: 
Isaac Harary 

9. Han Years 

(a) · Scientific 

(b) Other Tech .• 

10. Ccsts 

Total 

(a.) Direct Salaries 

·(b) Hateriala & Services 

(c) Indirect Expenses * 

Total 

4 . Date Prepared: 

April - 1968 
6. Harking Location: 

UCLA 

8. Project Term: 
From: 1960 To: 

FY 1968 FY 1969 

5 }:z 4 

1 1 % 

6 % 5 ~ 

FY 1968 F'I 1969 

$ 74,300 $ 60,300 

16,700 18,900 

(6%~5917oo· (4%)40~300. 

$ 150,700 $ 119,500 

Continuing 

FY 1970 

4 

1 ~ 

5 ~ 

FY 1970 

.. 60,700 w 
20, 100 

(4%) 431200 

$. 124,000 

* Total indirect e:x.--pense of the Conkact pro-rated among individual projects 
on the basis of the percentage of total dir~:ct salary exper;se represent,ed 

. by the particular project. 
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11. PUBLICATIONS DURING FY 1968 

J. F. Mead, D. F. Haggerty, L. E. Gerschenson, and I. Harary. Recent 
Advances in Polyunsaturate:d Fatty Acid Hetabolism. Biochem. Pharm. 50, 
1 (1967). 

I. Harary. Reversible Changes of Specific Function in Beating Heart Cells 
in Culture. Chapter in Carcinogenesis:· A Broad Critique. Published for 
The University of Texas M.D. Anderson Hospital and Tumor Institute, 
Houston, Texas by The Williams ~nd Wilkins Co., Baltimore, Maryland, 1967. 

I. Harary, L. E. Gt:!t"l:H..:ht:!w;uu, D. F. Haggerty, Jr., H. Desmond and 
J. F. Mead. Fatty Acid Function in Cultured Heart and HeLa Cells. Chapter 
in Lipid Metabolism in Tissue Culture Cells, G. H. Roihblat and 
n. Krit~hevsky, Eds., Wistar Press, 1967. 

I. Harary, Maria Seraydarian, and L. E. Gerschenson. Effect of Lipids 
on Contractility of Cultured Heart Cells~ Chapter in Factors Influencing 
Myocardial Contractility, R. D. Tanz, F. Kavaler, and J. ·Roberts, Eds., 
Academic Press, Nev1 York, 1967. · 

12. . SCOPE OF THE PROJECT 

· We are continuing our study of the relation of specific metabolism to 
specific function using the cultured heart cells as a model. Our project 
is designed to investigate· the control of metabolism as it is designed to 
bring about specific function and synthesis of specific proteins. As 
markers of funct"ion \-7e use the cells ability to beat, the synthesis of 
muscle proteins, such as myosin, and the visible sub-cellular structure 
such as the mitochondria and myofibrils. \~e are attempting to correlate 
these measures of function with levels of certain key enzymes of glycoly­
sis, tricarboxylic acid cycle, and fatty acid oxidation. We seek to de­
termine the control of metabolic function and nutrition and the relation 
of these parameters to specific function in the intact mammalian cell. 

Information of this sort will help us understand how basic information 
from the gene is utilize.d to determine the "function of the cell. Thus 
radiation effects on mammalian cells will be.more adequately pinpointed 
and explained. 

13. RELATIONSHIP TO OTrffiR PROJECTS 

The following workers in other laboratories are investigating similar 
problems: 

H. Green, The Synthesis of Cartilage Precursors by Cells in Culture; 
E. Golchvasser, The Effect of Erythropoietin in Inducing Hemoglobin Syn­
thesis .in Erythroblasts in Culture; _Rabinowitz, The Synthesis of Hyosin 
in Sub-Cellular Heat~ Fractions; Evans et al., Relation of Lipid~ to Heart 
Function;· The Cloning of Chick Heart Cells, Cahn et al.; The Nyogenesis 
and Cell Division in Skeletal Cells, H. Holtzer; Myogenesis in Culture, 
Konigsberg. 

14. TECHNICAL PROGRESS IN FY 1968 

The purpose of our study of single heart cells in culture is to determine 
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the relation of specific metabolism to specific function. 

The close relation of lipid metabolism to function is demonstrated by the 
fact that cells grown in media free of lipids do not beat. Cells grown 
in a medium supplemented with lipids beat for a longer period. 

We no\-1 find that addition of lipids, to cells \oJhich have stopped beating. 
due to lipid deficiency, Hill reinitiate beating. This phenomenon 
occurred also with the addition of fatty acids such as palmitate and to a 
smaller extent by addition of octanoate and acetate. All of these act 
after a lag of 2 to 3 hours. Lecithin, on the other hand, acts more quick­
ly after a lag of only 30 ~inutes. 

The effect of lipids could be due to: 

1. The oxidation of fatty acids which serves as a specific source 
of energy for beating • 

. 2. The role of lipids in membrane function. 

3. The metabolic stimulus of lipids for specific protein synthesis. 

To investigate these possibilities we have initiated these related pro­
grams with the follO\-ling results: 

(1) The investigation of the sources of energy for the maintenance of 
ATP in the heart cell. \ve have underway an analysis of the role of the 
three sources of energy for ATP synthesis, oxidative phosphorylation, 
glycolysis and creatine phosphate transfer. All three are used to main­
tain ATP. When either glycolysis or oxidative phosphorylation is inhibi­
ted, creatine phosphate decreases drastically within 15 minutes and the 
ATP level continues at a somewhat decreased value maintained only by one 
source left. 

(2) The control of' fatty acid oxidation and oxida.tive phosphorylation for· 
the maintenance of ATP is now being investigated directly by examining the 
oxidation of fatty acids.in heart homogenates and investigating the effect 
of glycolysis and the products of glycolysis on the rate and extent of the 
oxidation. The requirements for fatty acid oxidation by the heart homog­
enate have been determined ~nd the shape of the curve for ATP requirement 
indicates that control may be exerted on the first step, the activation of 
fatty acids •. 

(3) He reported that a factor in serum controls the myosin level. We no\-7 
have evidence that this factor is a lipid free serum protein. A protein 
fraction from fetal bovine and human serum can maintain the level of myosin 
without growth of the cells. This effect is not present in either the 
heat· inactivated, or hydrolyzed, serum protein. 

(4) We have also begun an analysis of the kinetic parameters of myosin 
synthesis in the cultured heart cells. Methods have· been perf~cted to 
follm-1 the uptake of radioactive amino acids into the free amino acids in 
the cell and into myosin. 
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15. EXPECTED RESULTS IN FY 1969 

16. 

We expect to ~ontinue these projects. We expect tbat in the next year 
we will isolate the protein in the serum which affects myosin synthesis. 
We also expect to analyze the way the cell controls the myosin level and 
thus investigate how the serum protein acts to maintain the myosin level. 

EXPECTED RESULTS IN FY 1970 
,. •. , •. ..,.,.roo..,__ • ~ ......... """" ____ ----·---•--·- o~•-•-··~ ••--•-J..'.r 

We hope to begin an analyses of the control of messenger RNA synthesis for 
the synthesis of myosin. This \vill require ne'" techniques for analyzing 

·a:nd separating the genetic material and also the various types of RNA. He 
aloo c1cpcct· to look at the mcchoniom of control of myooin oynthcoio in an 
J~ ~i!~~·system. 
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'SCHEDULE 189 

ADDITIOi'JAL EXPLAIL.lTICN FOR OPERATING COSTS 
RESEARCH AND DE\iELOPHENT ACTIVITIE-S 

. SAN FR.A.NCISGO OP.8RATIONS OF'FICE 
Field Offi.ce 

BIOLOGY AND KSDICINE: 
Program 

l. Contra~tor: La.boratory of Nuclear Hedicine and Radiation Biology 
.Uni.versi ty of California, Los Angeles 

Contr-;;.ct No.: AT(04-l)GEN-12 

2o Project Title~ 

Macromolecular Chemistry 
3. AEC Budget Activity No.: 

06-04-00 
· 5. Hethod of Reporting: 

Publications, UGLA Reports 
Semi-annual and Final Repo'rts 

7. PerBon in Charge: 
NormanS. Simmons 

9. Han Years 

(a) · Scientific 

(b) Other Tech. 

Total 

10. Cc.sts 

(a.) Direct Salaries 

(b) Hat.erials & Services 

(c) Indirect E;.."'Pens~s ~· 

.Total 

· 4. Date Prepared: 

April - 1968 
6. Working Location: 

UCLA 

8. Project Term: 
From: 1950 To: Continuing 

FY 1968 FY 1969 FY 1970 

3 3 ~ 4 

% 1 1 

3 ~ 4 % 5 

FY: 1968 F'I 1969 FY 1970 

$ 21,300 $ 371200 .. 
'if. 431100 

. 10,400 13,300 13,300. 

(2%) 191900 . (3%) 30!200 (3%) 32,400 

$ 51,600 $ 80,700 $. 88,800 

* Total indirect e;..~ense of the Cont~act oro-rated runong individual projects 
on the basis of the percentage of total .. dir~ct salary expense represented 
by the particular project. 
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11. PUBLICATIONS DURING FY 1968 

N. S. Simmons and A. N. Glazer. An Analysis of the Tyrosine Circular 
Dichroism Bands in Ribonuclease. J. Am. Chern. Soc., 89, 5040 (1967). 

12. SCOPE OF THE PROJECT 

Investigations into the relationship bet.ween structure and f~nction in 
biological high polymers, such as the nucleic acids and proteins (struc­
tural, enzymic and hormonal) as. \-Iell as small cytoplasmic particles and 
viruses, are rapidly assuming a most important role in biological research. 
The biological function of most macromolecules is largely depende~t upon 
the specific steric relationship of active sites within or upon their sur­
face. Minor changes in the gross configuration of such molecules frequently 
lead to the diminution or destruction of their biological activity. Fur­
ther, Lhe biological properties of small cytoplasmic particles and viruses 
are not only dependent upon the structural integrity of the individual 
molecular species of which they are constructed, but also to a large de­
gree upon the steric relationship of the different molecular species within 
their grosser structure (nucleoproteins, lipoproteins and glycoprotein&) • 

It is the purpose of this Section to study and characterize the macromolecu­
lar configuration of the nucleic acids, proteins, viruses, etc.,· by all the 
physical means at our disposal. Theie includ~ sedimentation, diffusion, 
viscosity, flow birefringence; light scattering, X-ray diffraction, ultra­
violet and infra-red spectrophotometry, rotatory dispersion, etc. It is 
hoped that these investigations will contribute further to the understand­
ing of the relationships existing between structure and biological activ­
ity. 

This is a necessary prerequisite to the investigation and understanding of 
the denaturation, degradation 'or other manifestations of damage by environ­
mental changes or agents such as ionizing radiation. 

13. RELATIONSHIP TO OTHER PROJECTS. 

Related projel:L:; ::;uppurted by AEC funds are too numerous to mention here. 
However, major programs in This area are also being conducted at Harvard 
(Doty, Blout), Cornell (Scheraga), Duke (Tanford) and Univ. of Calif. at 
Berkeley (Tinoco, etc.), Columbia (Beychok), UC San Francisco (Yang), 
UC LaJolla (Singer) etc. 

14. TECHNICAL PROGRESS IN FY 1968 

Macromolecular Structure and Function. This major investigative effort 
has been continued with the purpOse of attempting to relate structure to 
function in ma.cromolecular biopolymers such as the nucleic acids, proteins, 
viruses etc. by the measurement of their optical activity in the ultra-
violet spectral regions. Since the function of most macromolecules is 
largely dependent upon specific steri.c relationships of active sites with­
in or upon .their surfaces (enzymes, antibodies, etc.) minor changes in the 
gross conformation of such molecules might be presumed to lead to the dim­
inution or destruction of their biological activity. If these active sites 
involve aromatic amino acid side chain residues it might be possible to 
detect this by changes in optical activity in the regions of the chromo-· 
phoric absorption. 
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As described in the above publication, the circular dichroism of ribo~ 
nuclease was studied in the .region of the Tyrosine bands along with a 
model compound Nacetyl-L Tyrosinam:i.de. It \vas shm"n that the residu·es 
responsible for the enhanced optical activity in this enzyme are at the 
surface and can be described as shm·7ing normal ionization behavior. Fur­
ther it \·7as shmm that exposure of tne enzyme to sodium dodecyl sulfate 
resulted in the elimination of the negative CD band ascribable to oriented 
Tyrosine residues. From this, the compelling conclusion must be drawn 
that electrostatic interactions play a significant role in the conforma­
tional stability of the enzyme. 

15. EXPECTED RESULTS IN FY 1969 

The conformational analysis of nucleic acids, proteins and viruses will 
continue to be studied by optical rotatory dispersion techniques with the 
purpose of detecting not only gross conformational dependent Cotton effects, 
but also of smaller cut more important effects due to side chain interac­
tions of aromatic amino acids. This will have important implications in 
the relationship of structure to function at the active sites of a variety 
of· enzymes. 

16. EXPECTED RESULTS IN FY 1970 

The following year we will explore this further, as necessary, so as to· 
attempt to formulate a model system: for the pathogenesis -of the acute 
post-irradiation syndrome, based upon this early model of protein inter­
actions. In the event that this concept should prove irrelevant or in­
consequential, it will be abandoned in favor of pursuing such evidence as 
might illuminate the problem from other directions. Whatever the outcome 
it will be pursued vigorously and with real interest. 

It is expected that the confonnational analysis of macromolecules by op­
tical rotatory dispersion made possible by improved instrumentation, will 
occupy an increasing importance in these research endeavors. There is a 
tremendous potential in this approach to the study of structure and func­
tion~ the surface of which has only begun to be attacked. This is a major 
area of excitement not only in These Laboratories, but around the world~ 
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ADDITim!AL EXPL.hHATICN FOR OPERATING COSTS 
RESEARCH AND DEVELOE·lENT ACTIVITIES 

. SAH FR.A.NCISGO OPBRATIONS OFFICE 
Field Offica 
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(a) · Scientific 

(b) Other Tech. 
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(a.) Direct Salaries 

(b) Hate.rials & Services 
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Total 

4. Date Prepared: 

April ~ 1968 
6. Working Location: 

UCLA 

8. Project Term: 

From: 1959 To: Continui.ne 

FY 1968 FY 1969 FY 1970 

3 4 1: 2 

1 1 1 

4 .. 5 lz 6 % 

FY 1968 F'I 1969 FY 1970 

·$ 46,500 $ 64,700 ... w 70,700 

6,200 4,700 5,500 

(3%) ~2.2QQ. ( 'l%) 50,300 (5%) 54,000 

$ 82,600 $ 119,700 $. 130 ''200 

* Total indirect exoense of the Cont:.~act oro-rated among individuai projects 
on the basis of the percentage of ·total .. dir~:ct salary expense represented· 
by the particular project. 
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11. PUBLICATIONS DURING FY 1968 

J. F. Mead and Roslyn B. Alfin-Slater. Toxic Substances in Food Fats, 
Chap. in ToxicanLH O~cu~ring Naturally in Foods, J. M. Coon, Ed. (1967). 

J, F. Mead and M. Kayama. Lipid Netabolism in Fish, Chap. 21 iu Fish 
Oils, Their Chemistry, Technology, Stability, Nutritional Properties 
and Uses, M. E. Stansby, Ed., Avi Publishing Co. (1967). 

R. A. Stein, Vida Slawaon,. and J, F. Mead. Gas-Liquid ChromatogrAphy 
of Fatty Acids and Derivatives, Chap. 9 in Chromatographic Analysis of 
Lipids, G. v. Marinetti, Ed., Marcel Dekker (1967). 

I. Harary, L. E. Gerschen~on, D. F. Haggerty, Jr., W. D~smond, and 
J. F. Mead. Fatty Acid Metabolism and Function in Cultured Heart and 
HeLa Cell~, in Lipid Metabolism in Tissue Culture Cells, G. H. Rothblat 
and D. krichevsky, Eds., Wistar Press (1967). 

Dorothy L. Fillerup and J. F. Mend. The Lipids of the Aging Human Brain. 
Lipids~' 395 (1967). 

Mona E. Fewster, A. B. Scheibel, and J. F. Mead. The Preparation of Iso­
lated Glial Cells From Rat and Bovine Hhite Matter. Brain Research~' 
401 (1967). 

A. J. Fulco. Chain Elongation~ 2-Hydroxylation and Decarboxylation of 
Long Chain Fatty Acids by Yeast. J. Biol. Chern. 242, 3608 (1967). 

A. J. Fulco. Unsaturated Fatty A~ids, The Encyclopedia of Biochemistry, 
R. J. Williams and E. M. Lansford, Jr., Eds., Reinhold Publishers (1967). 

5 A. J. Fulco. The Effect of Temperature on the Formation of 6 -Unsaturated 
Fatty Acids by Bacilli. Biochim. Biophys. Acta 144, 701 (1967). 

12 .. SCOPE. OF THE PROJECT 

Although there is incomplete information on the substances initially af­
fected during irradiation of tissues and living·organisms, the lipids are 
among the prime suspects. They are readily altered by small doses of 
ionizing radiation and, in many cases, the produc~s of their alteration 
are toxic to living organisms and may be produced by a chain mechanism 
which amplifies the effect of the radiation. Moreover, their importance 
in cellular membranes and the possibility that in their ordered arrange­
ment in such membranes, the lipids would be most readily attacked and 
that the results of such attack might be fatal to the cell, necessitate 
studies of their radiation chemistry. There is thus a need to study the 
primary effect of ionizing radiation on the lipids and related substances 
both from the point of view of the fundamental nature of the changes in~ 
volved and from that of their occurrence in living organisms. Th~ pro­
posed studies are to investigate the alterations in unsaturated fatty 
acids and other lipids with irradiaiion both in vitro and in vivo to 
assess the contribution of these reactions in~h;-overall effect of ir­
radiation on living organisms. 
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Not only are the lipids suspects for a primary action of ionizing radia­
tion on living tissues, but their importance as sou~ces of energy and as 
essential metabolites makes necessary a study of alterations of their 
metabolism as a result of ~.;rhole body irrndintion. In particular, ·the 
essential fatty acids are necessary for repair of tissues following radia­
tion or other injury and their ready susceptibility to radiation damage 
makes them of special interest for this type of injury. The proposed 
study includes a study of the function.and metabolism of the essential 
fatty acids in their relationship to radiation injury. Also under con­
sideration are the alterations j.n the brain lipids and their component 
fatty acids during aging and chronic low-level irradiation. The last 
studies are of particular importance since it is likely that only in such 
relative] y met8bolically inert tissuea as the brain will it be possible 
to assess the initial changes occurring with aging and low-level irradia­
tion. 

13. RELATIONSHIP TO OTHER PROJECTS 

There are many projects throughout the country dealing with lipid chem­
istry and metabolism and the relationships of these to ionizing radiation. 
The principle investigators on these projects ar.e generally well-known 
to each other and their research results undoubtedly influence the think­

.ing in an organizations dealiug with the subject, including this one . 
. With the pt:eseuL :;LaL~:: uf cummunications, .it is probably safe to say that 

important results become widely known even before publication. 

14. TECHNICAL PROGR_ESS IN 1968 

. Our previous studies demonstrated that4 with the exception of the ganglia­
sides, the human brain lipids appear to change as a group with aging 
rather than individually, probably indicating a loss of myelin and its 
component lipids. Those fatty acids that could be derived from the diet, 
however, varied so \<lidely among individuals as to mask any age-related 
changes. One class of fatty acids, however, must be entirely sy11thesized 
within the brain and might be expected to reflect any changes in the syn­
thetic enzymes. These very long chain acids of the brain sphingolipids 
have been shown to increase in the older brains. Too little data are yet 
available, however, to ascertain whether this is a steady increase or 
whether it may occur largely in the early or late phases of aging. 

Further studies have sho'm that human myelin 
14c content is approximately 

the same as that in atmospheric C02. This finding, \-lhich is contrary to 
all previous evidence, will require considerable confirmation before 
acceptance. Such studie~ have been initiated. 

The nature of the alpha-oxidation system of the brain microsomes has be­
come some,-1hat clearer. It now appears to be a series of oxidations re­
qui.ring only oxyg.en and ferrous ion. Previous findings of a requirement 
for a reducing agent may stem from the necessity for keeping the iron in· 
the reduced state. ·The nucleotide requirement may have been for a·chelat­
ing agent to keep ferric iron in solution. It seems probable that the 
reaction from alpha hydroxy acid to unsubstituted acid plus C02 closely 
resembles that of lactic oxidative decarboxylase in that the intermediate 
keto acid is not released but is further oxidized by the other product 
of the initial oxidation-hydrogen peroxide. 
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R-CHOH-COOH + E + (G02) ~ R-COOH + co2 
H

2
0 ·+ E 

In further studies on the effect of temperature on the nature of the mem­
brane fatty acids, in vi.tr£ studies using homogenates from fish tissues 
have sho\m that 14c-acetat~ is generally incorporated at a relatively 
higher rate into unsaturated fatty acids as the temperature of incubation 
is decreased. It has also been shown that white muscle from fish is in­
capable of activating fatty acids although the acyl CoA synthetase from 
dark muscle is comparable in this respect to that from the rat. In a 
series of microorganisms, it was found that those that produced ~5-desatu­
ration were under strong influence of temperature, whereas those that 
desaturated in other positions (8,9,10) were not. In this case, the ef­
fect of the higher temperature may be in denaturation of the desaturating 
enzyme. The mechanism of the temperature effect in higher organisms is 
unknown. 

15. EXPECTED RESULTS IN FY 1969 

During this year it may be possible to compare the effects of aging and 
ionizing radiation on the long-chain fatty acids of the brain sphingo­
lipids in a group of very old rats made available in another laboratory. 

The alpha oxidation system will be examined further from the point of 
vie\v of mechanism and the question of \-lhy its products appear to accumu­
late with age. The possibility that myelin itself contains enzymes ef­
fecting the turnover of brain lipids will be examined. 

The mechanism of the temperature effect on desaturation reactions will be 
studied in microorganisms and the effect of temperature on fatty acid 
activation in dark muscle of fish v1ill be examined. 

Further work will be carried out on the metabolism of polyunsaturated 
fatty acids by cells in culture in an attempt to explain the loss of de­
saturating ability of the HeLa cell. 

16. EXPECTED RESULTS IN FY 1970 

Future research will naturally depend on the results obt.ained from cur­
rent efforts. Nevertheless, it can be anticipated that by the end of the· 
fiscal 1970, a good understanding of the effect of aging on the human 
brain lipids will have been achieved. The mechanism of ct-::oxidation and 
the many influence~ on it, such as aging, will be better understood. The 
study of the function of lipids in membranes and the relationship of 
structure and function will have been further clarified. 

The function and metabolism of the polyunsaturated fatty acids in normal 
and cancer cells in culture will be further elucidated and the effect of 
irradiation on these parameters will be investigated. 
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·sCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERATING COSTS 
RESEARCH AND DEVELOFHSNT ACTIVITIES 

SAN FELA.NCISGO OPERATIONS OFFICE 
Field Office 

BIOLOGY AND ~·iEDICINE 
Program 

l. Contrac:torg Le.borato:cy of Nuclear Nedicine and Radiation Biology 
Urtversity of Califo~nia~ Los Angeles 

C6ntl•c;.ct Nu.: AT(04-l)GEN-12 

2. Project Title~ 

Organic Chemistry 

. J. AEC Budget Activity No.: 

06-04-00 

5. Hethod of R~porting: · 

Puullt: a ~lum; , UGLA Reports 
Semi--annual and Final Reports 

7, Pe.r.:;on in Ch2-.rg;;: 

David R. HoHton 
-'9- ·---·------

9. Han Years 

(a) · Scientific 

(b) Other Techo 

Total 

10. Cc.sts 

(c.) Direct Salaries 

. (b) Naterials & Services 

(c) Indirect Exoenses ·~-. .. 

Total 

4. Date Prepared: 

April ~ 1968 
6. Ho~king Location: 

. UCLA· 

8. Project Term: 
From: 1959 To: Continuing 

FY 1968 FY 1969 FY 1970 

'2 2 2 

~ ~ l-: :.! 

2 ~ 2 l: 2 2 ~ 

FY 1968 F'I 1969 FY 1970 

$ 36l900 $ 39,400 '· 39,800 'ii:' 

5,300 5~ 100 5,100 

(3%) 29,900 (3%) 30,200 (2%) 21,700 
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11. PUBLICATIONS DURING FY 1968 

D. R. Howton and Guey-Shuang Wu. Photolysis of a-Iodostearate. Abstracts, 
Joint Meeting, American Oil Chemists' Society and American Association of 
Cereal· Chemists, Washington, v.c., April, 1968. 

12. SCOPE OF THE PROJECT 

The resources of the Organic Chemistry Section are directed toward improv­
ing understanding of changes produced in lipids by ionizing radiation. 
Since lipids exist in t:issue iu couc.lensed phases and in intimate cont.::t~t 
with aqueous phases, both direct and indirect effects are of immediate" 
interest. Inasumch as the usually unbranched cuturated or cis-unsaturated 
hydrocarbon chains they contain are largely responsible for the character­
istic physical and chemical properties of the lipids (and must also be 
intimately involved in the physiological function of these substances), 
related substances containing such groups serve as models for the envisaged 
studies. · 

Insight into the course and mechani~m of changes iu llplds initiated by 
ionizing radiation (with and without the mediation of active fragments re­
sulting from ionization of water) is expected to be provided by isolation 
of products and determination of their structures. Silicic acid column 
adsorption chromatography will be employed extensively as a key technique 
in the otherwise technically formidable task of isolating products from 
starting materials of this kind and from one another. Once isolated, the 
structures of these products are to be determined by study of their infra­
red and ultraviolet light absorption and by unequivocal degradative tech­
niques. Fundamental studies of adsorption and light absorption phenomenon 
and of chemical degradation procedures will, of course, be directly pertin­
ent. 

It is anticipated that investigation of simplified model systems will serve 
to reveal the types of change produced by the impingement of ionizing radi­
ation and thus make possible more facile interpretation of analogous alter-

.ations wrought in more complex systems, including particularly the phos­
pholipid-rich membranous structures of tissue. 

13. RELATIONSHIP TO OTHER PROJECTS 

Los Alamos Scientific Laboratory (H. \·1. Langham): "Behavior of Cell Hem­
brane Hechanisms During and Following Gamma Radiation"; Studies at the 
Unilever Research Laboratory (England) under direction of Dr. Dennis Chap­
man (Head, Molecular Biophysics Unit); Pioneering Research Divn., U.S. 
Army Natick Laboratories (C. Merritt, Jr., ~ al.); Facult"y of Pharmaceu­
tical Sciences, Kumamoto Univ., Japan (K. Kitahara et al.) and at the 
Institute of Physical and Chemicat Research, Bunkyo-ku, Tokyo (E. Fukada, 
et al.). 

14. TECHNICAL PROGRESS IN FY 1968 

Yields of hydrocarbon produced by exposure of saturated fatty acids, 
CH3(CH2)nCOOH, where n = 10, 12, 14, 16, 18, and 28 to about 25 Mrads of 
Co00 y-radiation have been determined by silicic-acid-column and gas­
chromatographic techniques and found to vary inversely with chain-length, 
from 4.lf2 (for lauric) to 1. 87 (for melissic acid); contrary to an earlier 
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claim of \~hitehead ~g. (J. Chern. Phys., Lf8, 184 (1951)), behavior of 
the latter in this regard·is not anomolous. These data are being inter­
preted in terms of various possible modes of referql of initially-impa~ted 
excitation energy to the carboxyl group. 

y-Radiolysis of saturated fatty acids (on the basis of studies on stearic 
acid) leads to extensive decarboxylation but also, quantitatively compara­
bly, to formation of polymeric material \vhich appears to be initially pre­
dominantly dimeric and, 011 the ba::;is of current concepts of mechanisms in­
volved, presumably cross-linked at carbon atoms adjacent to the carboxyl 
group. To substantiate these tentative conclusions, it is highly desira­
ble to know the silicic-acid-column-chromatographic behavior of authentic 
stearic acid dimer (a,a') ·(particularly as the dimethyl ester) and of the 
eorrespondh1g auhyuride and a variety of details of the chemistry of in­
terconvercion of the dimer and its-ueilvaLives. Although such substances 
have been obtained by pyrolysis of dibutyl peroxide in the presence of 
methyl stearate (a reaction which may well be closely similar mechanisti­
cally to the radiolytic dimerization) and by more conventional approaches, 
the ostensibly simple peroxide synthesis is complicated by subsequent 
further reaction of the derived product to yield higher polymers. A ne\v 
approach to the preparation of such substances.has been explored: pho­
tolysis of a·iodo and -bromo esters and acids, expected to yield dimers 
and molecular iodine (or bromine) following homolysis of the C-X bond. 

· Contrary to expectation, stearate· and 2-octadecenoate are produced in im­
portant quantity. Although these are produ~ts expected to arise by dis­
proportionative encounter of the intermediate a-carboxylate radicals, this 
is not expected to be an extensive eventuality with this type of radical 
and is contraindicated (as the mechanism of their formation) by the facts 
that the yield of the unsaturated product is initially greater than that 
of its saturated analog and that no octadecenoate is formed either in the 
dibutylperoxide pyrolysis or y-radiolysis reactions, both of which involve 
the same sort of a-carboxylate radicals. By analogy with studies of ethyl 
iodide photolysis by Hamill (JACS 78, 6228 .(1956)), the olefinic product 
is believed to arise by hydrogen-atom abstraction by iodine atom before 
the latter escapes the cage embracing the homolysis fragments, and the 
stearate by abstraction of hydrogen from the HI thus produced. In accord 
with these views, methyl a-iodostearate yields 4% of the desired dimer 
(at 75% conversion of starting material exposed neat in a quartz vessel to 
low-pressure mercury arc illumination) while 25% dimer is obtained by use 
of the corresponding a-bromo ester, presumably because the more fugitive 
bromine atom hao a highe.r probability of t!s~..:aping from the cage. .l$oth dl-: 
and meso forms ot the dimer are produced and these are identical (by the 
criterion of gas chromatographic Lehavlur) with diazomethane.;.treated pro­
ducts of the y-radiolysis of stearic acid. 

Other studies have presented a need for 9-pentadecynoic acid (in which 
the acetylenic unsaturation is seven methylenegroups removed from the car­
boxyl group, as it is in stearolic acid, the triple-bonded analog of oleic 
acid) and for isomeric substances in which the triple-bond-carboxylic­
groups separation is (instead of seven) either six or eight methylene 
groups. Although the Ahmad-Strong synthesis (JACS 70, 3391 (1948)) makes 
any straight-chain acetylenic carboxylic acid potentially available, few 
have yet been prepared, aside from those (includii.1g stearolic) in the cl8 
series (see Huber, JACS 73, 2730 (1951)). Application of this general 
method to the problems at hand has resulted in a number of technical im­
provements, principal among \vhich is use of dim~thyl sulfoxide as solvent 
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in conver.sion of intermediate acetylenic chlorides to the corresponding 
nitriles (which are then hydrolyzed to the desired acids); this step, re­
quiring about 4 days when. aqueous ethanol is employed, can now be comple­
ted in a matter of minutes. Interestingly: the melting points of the 
pentadecynoic acids alternate strongly with position of the triple bouJ: 
8-, m.p. 220; 9-, m.p. 34°; and 10-, m.p. 25o. This behavior is in strik­
ing contrast \.Jith the 18-carbon homo logs prepared by· Huber (loc. cit.), 
which shov7 surprisingly little m.p. variation, the 8-, 9-, 10-, 11-, · and 
12-octadecynoic acids all melting within the range 45.5 - 47.6°, and the 
7-isomer only slightly higher (48.5- 49.5°). 

15. EXPECTED RESULTS IN FY 1969 

Currently anticipated are studies designed to test a mechanism proposed 
(JACS 89, 516 (196 7)) for y-radiolytogenic decarboxylation of carboxylic 
acids, to determine yields of various products obtained by y-radiolysis 
of oleic acid at low doses, and to establish the relative quantitative im­
portance of several possible routes to polymerization of oleic acid on 
exposure to y-rays. Efforts \-lill also. be directed to,-1ard interpretation 
of the dependence of decarboxylation yield on chain length of saturaLeJ 
fatty acids in terms of the mechanism of referral of primary radiolytic 
attack in the hydrocarbon chain to the carboxyl group. 

16. EXPECTED RESULTS IN FY 1970 

At such time as current studies of the mechanism of y-radioly~is of free 
fatty (carboxylic) acids have progressed to a suitable point, attention 
will be directed tO'\·Iard lipids of progressively greater complexity -
methyl esters, triglycerides, and phospholipids, with the ultimate objec­
tive of understanding the effects of ionizing radiation on the structure 
and function.of the lipids of biological membranes. 
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11. PUBLICATIONS DURING FY 1968 

None 

12. SCOPE OF TBF. PROJECT 

The Tracer Synthesis Section was established to prepare isotopically 
labelled molecules of interest in the biological or chemical investiga­
tions of the Biochemistry Division. To date various naturally-occurring 
fatty acids have been labelled \vith carbon-14 or L.dtium by techniqucc 
developed in this Division: 

A .second field of interest in the metabolism of the non-glycerol lipids 
(i.e., the waxes) in fish and higher plants, with particular emphasis on 
their biogenesis. The initial phase (still in progress) has been the ac­
cumulation of data about the occurrences and composition of the waxes; it 
necessarily has involved the development and testing of new methods for 
the extraction, analysis, and separation of wax constituents. He have 
used adsorption column, thin layer,. and gas liquid chroma.t:ography fur the 
separation and analysis of such constituents. Comprehensive investigations 
can be carried out with a few hundred milligrams of wax - an amount obtain­
able from a fe,., plants or a few grams of fish tissue. The next phase Hill 
be the selection of promising species for in vivo experiments \·7ith carbon-
14 or tritium labelled substrates in order to trace the path-v1ays involved 
in the biosynthesis of the wax constituerits, and to follow their metabolism 
in general. Techniques \vill be developed for the controlled chemical de­
gradation of the labelled waxes. 

The result~ of this investigation of the waxes is expected to provide basic 
knmvledge for several types of lipids \vhose biochemistry is currently ob­
scure. Incidental to our main objective, the project may answer such 
questions as what is the function of the \vax esters in fish muscle? Is it 
their chemical properties (e.g., their higher ratio of carbon to oxygen in 
comparison to triglycerides) or their physical properties (e.g., their com­
pressibility relative to that of water) which are more significant for 
this function? The study of the biochemistry of the constituents of leaf 
waxes may illuminate the study of brain lipids during aging now undenJay 
in the General Metabolism Section of this Division, since in both fields 
compounds of chain lengths longer than the usual C16 to C20 are involved, 
and one-carbon degradations seem to be important. Also we expect to 
clarify the role of the cuticle wax in the uptake through the leaves of 
inorganic elements (including those derived from fallout), in the resist­
ance of the plants to attack by insects and micro-organisms, and in the 
regulation of water balance by the plant. 

13. RELATIONSHIP TO OTHER PROJECTS 

In the general areas of synthesis of labelled molecules, lipid biochemis­
try, and new methods in lipid analysis, separation, and degradation the 
Tracer Synthesis Section works closely with the General Metabolism and 
Organic Chemistry Sections of the Biochemistry Division. 

Studies on plant cuticle waxes are in progress in the Department of Botany, 
University of Arizona (E. B. Kurtz, Jr.), the University of Glasgow (G. 
Eglinton), Laboratoire deBiologie Vetetale, Bellvue, France, (P. Mazliak), 
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and Agriculture Research Service, USDA Beltsville, Hd. (H. A. Gentner), 
Department of Biochemistry, the Connecticut Agricultural Experiment Sta­
tion, New Haven, Conn. (P. E. Kolattukudy). \-lax ester biosynthesis in 
marine animals is under investigation at the Harmel Institute, Austin, 
Minn. (H. Schlenk) and Hiroshima University, Japan (M. Kayama). 

14. TECHNICAL PROGRESS IN FY 1968 

Work continued on the lipid samples obtained during the 1966-67 cruises of 
the R/V Swan out of Santa Barb~ra, with attention focused first on the 
fate· of 1-llfC-hexadecanol injected intramuscularly into lantern fish.· 
1.2 - 5.2% of the injP.c.ten r<Jnioat:"tivity \vas incorporated into th>':' 'l1rax 

ester fractions of the lipids. On hydrolysis of the wax esters the de­
rived alcohols were found to have 8-30 ti~es the specific activities of 
the fatty acids. Even so, the specific activities of the latter were suf­
fl~leul tu permit rhe use of unlabelled carrier during their fractionation 
according to the degree of unsaturation, and subsequent separation of pure 
palmitic acid by reversed-phase column chromatography of the total satu­
rated a~l<.l::;. By Schmidt degradation Y4/o of the carbon-14 o·f this palmitic 

·acid was found to be in the carboxyl group, thus establishing that the 
direct oxidation of administered 16:0 alcohol to carboxylic acid does 
occur. 

Calanoid copepods (Glass Crustacea) from the Swan cruises have enabled us 
to confirm Lovern's original identification of long-chain alcohols from 
this source; made 30 years ago, and his recent postulate that \vax esters · 
should be important constituents of these lipids. Mixed copepods from the 
Santa Barbara channel contained major amounts of \vax esters; those collected 
dmvn to 800 m over Rodriquez Dorne, and rich in the deep sea species, 
Gaussia princeps, yielded lipids containing 73% wax esters and only 9% 
triglycerides. 

The technique of labelling polyunsaturated fatty acids \vith tritium by 
Wilzbach-exposure of derivatives in which the double bond system had been 
protected by bromination was judged a success. From 475 mg of irradiated 
methyl hexabromeicosanoate fractional crystallization of the free acid to 
constant specific activity finally gave 254 mg of 5, 6, 11, 12, ll1 1 15-hexa­
bromeicosanoic acid of 9.6 1-JCi/mg specific activity. Zinc debromination 
of a small aliquot and remethylation produced a sample of methyl eicosa­
trienoate of 17.3 ~Ci/mg specific activity, showing a single radioactive 
peak in gas liquid chromatography. · 

15. EXPECTED RESULTS IN FY 1969 

The investigation of the path\vays of carbon in the biosynthesis of the 
wax esters in fish \vill continue, \vith primary attention to working up the 
remaining samples from the R/V S\van cruises. Still to be examined in de­
tail is the fate of injected palmitic and oleic acids. He \-lill attempt 
to compare the path\·lays of 14c-hexadecanol (a) injected in vivo and (b) 
incubated {n vitro with tissue homogenates of muscle or liver. Additional 
in vivo experiments must a\vait the availability of space on a research 
vessel equipped to permit sophisticated,on-board biochemical techniques. 
We would like to study the enzymatic reactions in cell-free systems, be­
ginning with the lipase (or esterase) involved in the hydrolysis (and 
possibly the synthesis) of the wax esters in muscle. 
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16. EXPECTED RESULTS IN FY 1970 

The direction the study of non-glyceride lipids in fish will take depends 
on progress in FY 1969. It is desirable to know more about the physical 
properties of the wax esters iti comparison to triglycerides as affected 
by pressure in order to suggest possible function for the large amounts 
of the former present in the muscles• of some deep-sea fishes. By histo­
chemical techniques we hope to ascertain the location of the wax esters in 
lantern fish muscle as compared to that of triglycerides in other species. 

The biosynthesis of wax esters, long-chain aldehydes, and alcohols in 
plant leaf ''~axes ,.,ill be studied. The changes in the lea[ wax and latex 
enzymes of Ficus species with age \-Jill be explored. Our isolated, rooted 
leaves of F. elastica are now four years old. 
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11. PUBLICATIONS DURING FY 1968 

An Electromagnetic Catheter Flm.;meter, A. Kolin-, G. Ross and J. Archer, 
Clinical Research l£, 110, Jnn. 1968 

Helical Path Particle Ele~truphoresis in Endless Fluid Belts, A. Kolin, 
Biophysical Society, Feb. 1968 

Continuous Flow Electrophoretic Separation and Characterization of Strains 
of Bacteria and Viruses, S. J. Luner and A. Kolin, Biophysical Society, 
1968. 

Electrophoresis in Endless Fluid Belts, A. ·Kolin, American Chemical 
Society, 1968. 

An Electromagnetic Catheter-Flowmeter, A. Kolin, J. Archer and G. Ross, 
Cir~ulation Research ~: 889-899, Dec. 1967 

An Electromagnetic Catheter Flow Meter for Determination of Blnnil 'F'lmv 
in Major Arteries, A. Kolin, G. Ross, J. H. Grollman and J. Archer, 
Proc. Nat. Acad. Sci., (in press) 

Ultraviolet Photography for Visualization of Separation Patterns of Zone 
Electrophoresis and Other Methods, Stephen J. Luner, Analytical Biochem. 
(in press). 

12. SCOPE OF THE PROJECT 

The primary concern of this project is to conceive ne'v principles of 
particle separation. The particles of concern to this proj~ct range 
from medium size molecules to biological cells. Subcellular fragments 
are included in the objectives of ·this project. 

Ne'v principles vrill involve new force effects which have, as yet, not 
found application in this field of endeavor as well as new methods of 
elimination of disturbing factors such as thermal convection. New 
physical properties are to be used \vhenever possible as a basis of 
separation, such as, for instance, the electrical co~ductivity and cell 

. membrane permeability which "tvill be utilized in separations based on 
electromagnetophoresis. Special emphasis \vill be placed on exploit.ation 
of the effect of electromagnetophoresis taking advantage of the. available 
superconducting magnet. Forces exerted upon particles in heterogeneous 
magnetic fields are also to be explored. 

One of the aspects of this work is concerned with separation and indi­
vidual accumulation of different components of mixtures of biologic.al 
particles. Another important objective is concerned with measurement 
of physical properties such as electrophoretic mobility, isoelectric 
point, etc. for the purpose of characterizing biological particles by 
precise measurements to facilitate their identification. 

13. RELATIONSHIP TO OTHER PROJECTS 

One of the most fr~quently encountered operations in the course of 
biological, biochemical, and biophysical research is separation of 
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molecular, subcellular, and cellular components of living systems from 
each other. The aim of this project. is to evolve effective methods for 
the accomplishment of this aim and, hence, is intended to promote, through 
methodological developments, a great variety of projects carried on in 
thi~ Laboratory of Nuclear Medicine and Radiation Biology as well as in 
other laboratories engaged in similar work. 

14. :r'E_~~_ICAL PROGRESS IN FY 1968 

15. 

16. 

The method of endless fluid belt electrophoresis has been essentially 
'\olorked out to completion and described in publications. ·In this method· 
a fluid sheath resembling the shape of a belt, in a vertically mounted 
belt:. !'lendP.,-, i1:: m~int.:d.nl?rl in circ•Jlation b.y electromagnetic forcco 't-Jhi!.c 
a transverse. electric field permits simultaneous electrophoresis. A fine 
jet, containing particles and ions to be separated, is injected and '\olOund 
around the inner iron core in the shape of .a non-circular helix, The 
separated components move along helices of different pitch and can be 
sepal."ciLely cull!::!t:l::l~J. Th:ts method has been applied to separation of small 
molecules, proteins, tissue culture cells, blood cells, yeasts, bacteria 
and viruses. 

Concurrently, methods of blood flow determination by means of electro­
u•<ilgilt:!LlC t:atht:!lE::!i:'!:; w~re developed. It is atit:icipated that such me.thods 
will make it possible to check and standardize circulatory methods l:>ased 
on uses of radioacti~e isotopes. One type of electromagnetic catheter 
device measures blood flow through branch arteries of the aorta supplying 
various organs. A second type measures the blood flow thro~gh the main. 
arterial trunk. 

EXPECTED Kr:SULTS IN FY 1969 

This particular project was initiated on January 1, 1967 and was terminated 
on December 31, 1967. 

EXPECTED RESULTS IN FY 1970 

Same· as 15. 
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11. PUBLICATIONS DURING FY 1968 

Ingalls, R.B., Myers, Jr., L.S., Holmes, D. E., and Glass, J.H.: An ESR 
Study of Reactions of 1,3-Dideuterouracil a~d 1,3-Dideutcro, 5-Bromouracil 
with Hydrogen Atoms, Radiation Research, 31, 545-546, 1967. 

Theard, L.M., Peterson, F.C., Hillson, R.L., Ward, J.F., Myers, Jr., L.S., 
·and Ingalls, R.B.: A High Resolution Pulse Radiolysis Apparat11s - Some 
Initial Studies with Systems of Biological Interest, Radiation Research, 
31, 581-582, 1967. 

Holmes, D.E., Ingalls, R.B., and Hyers, Jr., L.s.: An ESR Study of Free 
Radicals Formed by Re.ar:tion of Nuclcotidcs ond Their ConsLituentc t.Jirh 
Hydrogen Atoms, International. J, Radiation Biology, 12, 41~-426, 1967. 

Holmes., D.E., Ingalls, R.B., and Myers, Jr., L.s.: ESR Spectra of Free 
Radicals .Induced in Nucle.ic Acid Purine and Pyrimidine Bases and Selected 
Analoes by Exposure to Hydrogen Atoms, International J, Radiation Biology, 
(In Press). 

Myers, Jr., L.S., Hollis, Mary Lynn, Hard, J.F., Hillson, R.I .. , Holmes, 
D.E., and Ingalls, R.B.: Effects of r-Rays, H· Atoms, and OH· Free Radicals 
on Nucleic /\cirln nnrl Their Constitu8ulu, I'olymer Preprint:; (In Press). 

17. SCOPE OF THE PROJECT 

Information about the action of radiation on simple molecules and macro­
molecules is. essential for an understanding of the effects of radiation on 
living organisms and for rational development of means of modifying these 
effects. Accordingly, the mechanisms by which radiation produces chemical 
changes are being investigated with emphasis on systems likely to give 
information pertinent to biology. Substances suitable for these studies 
include many inorganic,. simple ·organic, and macromolecular compounds. They 
may IE in the solid or pure liquid state, dissolved in solution, dispersed 
as colloids, spread as monolayers, or organized into membranes, depending 
on the type of mechanism or reaction under investigation. Attempts to 
apply information gained from these and related studies to biological systems 
are conlluu~lly und~r way. '!his section is also responsible for the 
Labor~tory Radiation facili~y. 

13. REJ..ATIONSHIP TO OTHER PROJECTS 

This work is closely related to investigations in this Laboratory under J. 
F.Ward, R.L. Lehman, D.R. Howton, and E.H. Strickland, and generally so 
to those under O.A. Sc:hjeide, J.F. Mead, and others. Many other Laborator­
iei throughout ~he world are conducting studies in radiation chemistry and 
biochemistry. Those most closely related are: 

J, Weiss and G. Scholes, University of Newcastle-upon-Tyne, England; B. 
Ekert, Paris, France; l-Jarren Garrison, ·University of California, Berkeley; 
Cyril Ponnamperuma, Ames Research Laboratories, l'Ioffet Field, Palo Alto, 
California; Peter Riesz, National Institutes of Health, Bethesda, Maryland: 
Richard Holroyd, Atomics International, Canoga Park, California; A. Mueller, 
Karlsruhe, Germany; R. Sh1,1lman, Bell Telephone Laboratories; vl. Gordy, Duke 
University, Durham, North Carolina; Leslie Theard; Gulf General Atomic, Inc., 
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San Diego, California, and R.B. Ingalls, Edgerton, Germeshausen, and Grier, 
Inc., Goleta, California. 

14. TECHNICAL PROGRESS IN FY 1968 

Studies of the mechanisms by tvhich ion~z~ng radiation causes changes in 
DNA and .DNA constituents have been continued. Substantial progress has 
been made as follmvs: 

Development of Improved Apparatus for Pulse Radiolysis: Members of this 
Section and of the Sub-Cellular Radiobiology Section (J.F. Ward, Section 
Head) have cooperated with rir •. Leslie M. Thea~d in the development of high 
speed pulse radiolysis equipment at Gulf ~eneral Atomic, Inc., San Diego, 
California. The equipment has the combined advantages of large radiation 
dose per pulse, excellent signal to noise ratio, and high light intensity 
for kinetic spectrophotometry. It can be used to study rates of radiation 
induced reactions which are completed within a microsecond, and by suitable 
adjustment, slmver reactions as tvell. Specific applications are described 
bel ow. 

Pulse Radiolysis Studies of the Reactions of Radiation Produced OR· Free 
Radicals with DNA, Nucleic Acid Constituents, and Related Compounds: Rates 
of formation and decay, and absorption spectra of transients produced by 
reaction of OR· free radical tvith DNA, nucleic acid constituents, and re­
lated compounds have been determined. Dilute. aqueous N2 0 saturated solu­
tions were exposed to 2-500 nsec 10 mev .electron pulses. Radiation doses 
were 750-1700 rads per pulse. Concl~sions ~ere: (1) Decay of transients 
formed by reaction of OR· with thymine, uracil,_deoxyribose, and thymidine 
is complex. More than one transient species is formed in nearly every 
system investigated. Parent-daughter relationships appear to occur in 
some cases. (2) Uracil and thymine transients follow different patterns in 
their decay, particularly in alkaline solutions. (3) Observations of the 
spectra of transient absorptions have confirmed the hypothesis of stationary 
state radiation chemistry that the site of.attack by OR· free radical .on 
thymine and 5-methylcytosine, but not on uracil, changes with pH. The pH 
at which the change occurs corresponds to the pK for ionization of the OR· 
free radical. (4) Similarly, observations on thymidine at pH 7 and 12.4 
have confirmed that attack partially shifts from the base to the pentose as 
the pH is increased. (5) Comparison of spectra of thymine, thymidine, deoxy­
ribose, and DNA suggests that under physiological pH conditions OH· attack 
on pentose part of the DNA double helix is a major reaction patht-1ay. (6) 
The transient formed by reaction of OR· with DNA has been shmm to have a 
·long life time in comparison with speeds of chemical reactions, and to 
suryive without observable changes in radical structure. These observations 
suggest the feasibility of chemical reversal of the action_of OR· radicals 
provided that irreversible changes do not occur in iess time than we can 
observe. (7) Preliminary studies have been made on the rates of formation 
of transient absorptions. These have given information on: a) comparison 
of rates obtained by direct observation of transient formation with rates 
obtained using the CSN- competition method, b) effects of ionization of 
thymine and OR· on rates, c) direct comparison of rates of addition to 
thymine and abstraction from dihydrothymine to obtain a similar radicai, 
d) some effects of pentose substituents on rates, and e) rate of reaction 
of OH• with DNA. 
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An ESR Study of Free Radicals Formed by Reaction of Nucleotides and Their 
Constituents with Hydrogen Atoms: Cytosine, pentoses, pentose phosphates, 
nucleosides, and n~cleotides were suspended on quartz wool by freeze-
drying and exposed to hydrogen atoms at room temperature inside an ESR 
cavity. Stable free radicals were observed in every case. Spectra of 
sugar radicals do not change shape during the course of the reaction. 
Those of cytosine radicals show a loss of'resolution as the exposure pro­
gresses, suggesting that side reactions involving the arnino group oc.cur. 
The spectra of nucleoside and nucleotide radicals change in shape as the 
exposure progresses. The initial spectra resemble those of the constituent 
bases, whereas late spectra ~ontain a large component of a sugar radical 
spectrum. Comparison of spectra induced by hydrogen atoms with those 
induced by deuterium atoms suggests that atoms add to tlte bases, abstract 
from the sugars, and bring about both types of reactions '1-lith the nucleo­
sides and nucleotides. The nucleosides and nucleotides appear to form 
hydrogen atom addition products on the base moiety initially; and on further 
·exposure to giVe radicals \vhich resemble sugar radicals by a process depend-
ing in part on the presence of base radicals. Thus hydrogen atom attack on 
bases appears to be in effect transferred to the sugar. This process may 
bt:: important in bringing about damage to the polymer backbone \~hen nucleic 
acids are exposed to ionizing radiation. 

~R Spectra of Free Radicals Induced in Nucleic Acid Purine and Pyrimidine 
Bases and S.ele.cted Analne~ by Exposure to Hydrogen A toms! Purine canu 
pyrimidine bases, selected to permit determination of effects of structure, 
were exposed to hydrogen or deuterium atoms \vithin an ESR cavity. Spectra 

·were recorded at intervals during the exposure. Conclusions about pyrimi­
uines are: atoms add to all pyrimidines tested; addition is to the 5,6 
double bond of 1 ,3-dideuterouracil; methyl groups on carbons 5 or 6 exert 
a dominant directive effect on addition; dihydropyrimidinyl rridicals appear 
to have a near planar confornwtion at room temperature, but 1,3-dimethyl­
dihydropyrimidinyl radicals are non-planar; steric blocking of H atom 
addition appears unimportant; and oxo and amino groups on carbon 4 have 
slightly different effects on the electronic structure of the radicals. 
Reaction of H atoms \vith 5,6 dihydropyrimidines gives the same radicals by 
abstraction as are formed by ~ddition t6 the corresponding pyrimidine. All 
purines tested give radicals with nearly identical electronic structures. 

An ESR Study of Reactions of OH· Free Radical with Simple Mercaptans and 
Aminothiols of Biological Interest:. The initial reaction of cysteine and 
related sulfhydryl compounds '1-lftii ·the. OH· free radical in aqueous solution 
has been observed by ESR spectroscopy. The OH· radicals were generated by 
reduction of hydrogen peroxide with titanous chloride. These were mixed 
with a flowing solution of one of the sulfhydryl compounds just prior to 
its entry into an ESR cavity. Cysteine, cystine, cysteamine, and cystamine 
gave similar spectra, probably due to the RCH2 S· free radical. Pencillamine 
gave a different spectrum which probably is due to the RC(CH3) 2 S· radical. 
These results agree well with conclusions based on reaction mechanisms 
deduced from stationary state experiments. Successful competition of 
sulfhydryl compounds for the OH· radical has been observed in mixtures 
containing methanol. This result illustrates the possibility that the 
protective effects of sulfhydryl compounds in biological ·systems may be 
due to their action as scavengers of the OH· free radical. 
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Other Studies of Radiation Effects on Nucleic Acids and Their Constituents: 
·Preliminary investigations have been made of ~adiation effects on DNA 
containing carbon-14 labeled thymine. The DNA was synthesized by Escherichia 
coli 15 TAU, extracted by the phenol method, ~nd j.r.r<~r:l:i.;:~tecL Onl". major and 
at least. two minor labeled radiation products have been found. Attempts to 
identify these products are in progress. 

Studies of the formation and decomposition of the thymine dimer by ionizing 
radiation have been continued. Stationary state radiolysis experiments 
have shown that the decomposition yields are extraordinarily dependent on 
conditions. Highest decomp<:>sition yields appear to be obtained Hhen the 
hydrated electron is the attacking species. Pulse radiolysis and stationary 
state experiments have thus far not provided unequivocal evidence that ex­
citation processes alone are responsible for dimer splitting in irradiated 
solutions~ 

Operation of the Radiation Facility: This Section has continued to operate 
the 10,000 curie cobalt-60 source and the 250 kvp x-ray unit for the entire 
laboratory. 

15. EXPECTED RESULTS IN 1969 

Investigations of the radiolysis of nucleic acids and their constituents 
will be continued. Emphasis will be on studies of the initial reactions 
of OH·, H•, and e- aq \vith these compounds. Pulse radiolysis will be used 
in attempts to determine the rates of the reactions, the sites of attack, 
the kinetic properties of the transient species formed, and the possibility 
of protection of nucleic acids by substances which compete for OH·, etc. 
ESR will be used in attempts to identify products formed by OH· and H·, and 
if techniques can be developed, e-aq· Attempts will also be made to identify 
and study the properties of organic radicals formed when nucleic acids absorb 
ionizing radiation directly. Stationary state studies of the radiolysis of 
carbon-14 labeled DNA ~1ill be continued, and the importance of excitation 
processes ,.,ill be investigated. Emphasis on nucleic acids·, as compared with 
nucleic acid constituents will be increased. 

16. EXPECTED RESULTS IN FY 1970 

A continuing effort will be made to obtain information about radiation effects 
at the molecular level which will provide a basis for understanding the bio­
logical effects of radiation. Studies of nucleoproteins, their constituents 
and related compounds will undoubtedly continue to be of primary importance, 
and extension of the experiments. to the virus and bacteria level of biological 
organization will probably be attempted. -The particular problems to be 
investigated and possible consideration of other biologically important com­
pounds will depend on the results of the preceding year's \-lork. Increasing 
use will be made of ESR spectrometry and pulse radiolysis, and it is hoped 
that apparatus for measuring circular dichroism Hill be useful for investi­
gating radiation induced changes in secondary structure of macromolecules. 
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11. PUBLICATiONS DURING FY 1968 

Theard, L.M., Peterson, F•C· Willson, R.L., Har-d, J.F., Myers, Jr., L.S., 
. and Ingnlla, R.B.: A High Resolution Pulse Radiolysis Apparatus- Some 
Initial Studies with Systems of Biological Interest, Radiation Research 31, 
581, 1967. 

Ward, J.F.: ·The Effects of Chloride Ions on the Radiation Induced Degrada­
tion of Pyrimidines in Aqueous Solution, Radiation Research 31, 651, 1967. 

Ward, J.F. and Urist, M.M.:. r-Irradiation of Aqueous Solutions of Poly­
nucleotides, International J. of Radiation Biology 12, 209-218, 1967. 

Myers, Jr., L.S., Hollis, Mary Lynn~ Ward, J.F., Willson, R.L., Holmes, D.E., 
and Ingalls, R.B.: Effects of r-Rays, H· Atoms, and OR• Free Radicals on 
Nucleic Acids and Their Constituents, Polymer Preprints (In Press). · 

12. SCOPE OF THE PROJECT 

This project encompasses various approaches to the assessment of damage to 
biological molecules produced by r-irradiation both in vivo and in vitro. 
Particular attention is being focused on the g~netic-;aterial - DNA and its 
constituents. It is the aim of the project to correlate chemically observed 
changes with effects measured in living cells. 

13. RELATIONSHIP TO OTHER PROJECTS 

This work is rcl~ted to the investigations carried out under the direction 
of L.~. Myers, Jr., D.R. Howton and R.L. Lehman in this Laboratory., Studies 
related to this project are being carried out throughout the world .. Most 
closely related are: J.J. Weiss and G. Scholes, University ot Ne,.,castle 
upon Tyne, England; A.Pihl, Norsk Hydro Institute for Cancer Research, Oslo, 
Norway; K.G. Zimmer, Institut fur Strahlenbiologie, Kernforschungzentrum, 
Karlsruhe, Germany; F. Hutchinson, Department of Molecular Biology and 
Biophysics, Yale University, Neto~ Haven Connecticut; H. Garrison and J. 
Holian, Lawrence Radiation Laboratory, Berkeley, California. 

Others include: National Institute of Health; University of California, 
Berkeley and Los Angeles; University of Notre Dame; University of Toronto; 
Brookhaven National Laboratory; and several· laboratories in England, Russia, 
France, Australia, Sweden and Japan~ 

14. TECHNICAL PROGRESS IN FY 1968 

2'-Irradiation of Aqueous Solutions of Polynucleotides: The radiation­
induced degradation of aqueous oxygenated solutions of. the polynucleotides 
of adenine, uracil, cytosine and hypoxanthine has been examined by chemical 
methods. Adjustment of pH and temperature enabled random coil structures 
to be compared with double helices. Measurements of the amounts of base 
destroyed by irradiation shm.;red little difference b~tween random coil struc­
tures and mononucleotides. In the double helical structure the base moie­
ties are protected to varying extents, and this protection appears to be 
related to helix stability. The mixed double helix of poly-U-poly-A is 
exceptional in this. respect. Both bases are more sensitive to radiation 
when involved together in thi~ structure. Measurement of single-chain 
breaks shov1ed no dependence on macromolecular structure and only slight 
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dependence on the base constituent of the polynucleotide. Hyperchromicity 
measurements of irradiated solutions. sho'\oJed a marked dependence of the 
double helix stability on the bases involved in the structure. The poly-A 
double helix is very stable, loJhereas the poly-U double helix breaks down 
readily. · 

Effect of Chloride Ion on the Radiation Induced Destruction of Py~imidines 1 
Jurines, Nucleotides, and Nucleosides are Inve~tigat~d: Previous work has 
shown that the extent of destruction of pyrimidines -depends on pH, chloride 
concentration, pyrimidine concentration, and oxygen concentration. Abnormal 
destruction yields (7 times normal yields) occur only in pyrimidines with 
no substitutes in position 5 and 6, such as uracil and cytosine. Subsequent 
experiments with purines and nuclcosidcs and nucleotides, (adenine, guanine; 
adenylic, cytidyl ic, guanylic, uridyl ic; uridine, cytidine, thymidine, adeno­
sine, guanosine; deoxyadenylic, deoxycytidylic, deoxyguanylic and thymidylic) 
have shown a different effect. Except for thymidine and thymidylic acid, 
chloride ion shows a protective effect, i.e. yields for purine nucleoside 
and nucleotide destruction are decreased. The changes in yield show a pH 
dependence which closely follm·JS that calculated for Cl2 formation. It 
seems that reaction of c1; with pyrimidine or purine is important in 
determining the extent of base destruction. 

~ation of DNA: Measurements of the radiation. induced destruction of DNA 
at neutral pH have been carried out. The double helical DNA is ·irradiated 
at constant ionic strength in the presence and absence of chloride. The 
hyperchromicity of DNA in the absence of chloride is destroyed more readily 
than that in presence of chloride. The decrease in h.yperchromicity is 
produced by base destruction, breakage of sugar phosphate backbone, and 
destruction of hydrogen bonding. Preliminary experiments to study the 
damage on the conformation of DNA in the presence and absence of chloride 
have been carried out using circular dichroism spectroscopy. Preliminary 
results suggest that the secondary structure of DNA in the absence of 
chloride is more readily attacked than that in presence of chloride. 

Development of Improyed Apparatus for Pulse Radiolysis: Members of this 
Section and of the Chemical Radiobiology Section (L.S. Myers, Jr., Section 
Head) have cooperated l-7ith Dr. Leslie M. Theard in the development;: of high 
speed pulse radiolysis equipment at Gulf General Atomic, Inc., San Diego, 
California. Details are given. in the report of the Chemical Radiobiology · 
Section. 

J>ulse Radiolysis of Aqueous Solutions of DNA Cotls.!_ituents in the Presence 
of Chloride Ion: The role of Cl ~ · ion in. the radiolysis of. DNA and i-ts 
constituents is being studied by the pulse radiolysis technique. N2 0 
saturated solutions are used so that OR• free radical is the only signifi­
cant reactive species produced by radiation. Under these conditions Cl-
is believed to react with OH · to form Cl~: .OH • + It' + Cl- ~ Cl· + H2 0 and 
Cl· + Cl- ~cl~. c1; has a strong absorption at.340-360 nm arid hence its· 
formation and disappearance can be monitored during and following a short 
radiation pulse·.by kinematic absorption spectroscopy. From such data rate 
constants can be determined for reactions of the type: c1; +X ~products 
where X is a DNA or RNA constituent. Results have shown that ribose, deoxy-
ribose, adenine, adenylic acid and deoxycytidylic acid are relatively un­
reactive with c1;. Other purine and pyrimidine bases, nucleosides, and 
nucleotides are reactive, however. Results have shmm that the rate con­
stants vary over a wider range than •OH reaction rates for similar compounds. 
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Thus, it is possible for c1; to show a specificity of attack. Further 
experiments have been carried out to determine the nature of Cl2. Reaction 
r~tcs of Cl2 with ferrous ion were measured as a function of ionic strength, 
IL· The thenr~~{~al slope of a plot of the log of the rate constant 
~giinst ~~/(1 + ~~) should be -2, but experimental results give a slope 
of -1.6. This ~haws that the identity of c1; is questionable. 

Pulse Radiolysis of Polynucleotides: Pulse radiolysis and kinematic absorp­
tion spectroscopy have been used to determine the absorption spectra of 
transient species produced in the radiolysis of 0.01 M NaCl solutions of 
polynucleotides. Solutions .. were saturated <vith N2 0. Systems studied were: 
polyadenylic acid double helix, poly.:1denylic acid random coil, polyadenylic­
polyuridylic acid complex in double helix form, polyuridylic acid random 
coil, and uracil. Results show that the transient observed is associated 
with the organic compound (it is not Cl2), uracil and polyuridylic acid 
give different spectra, the poly U + A double helix gives a spectrum which 
is different from that of the poly A double helix, and poly A double helices 
and random coils give entirely different spectra. The base moieties appear 
to be partially protected by the douLle helix ~LLuctur~. 

15. EXPECTED RESULTS IN FY 1969 

Increasing use will be made of pulse radiolysis.to test radiation mechan­
isms deduced .from steady state work. Emphasis will be on radiation effects 
on genetic systems, and examination of possible re.:1ction mechanisms leading 
to the observed effects. Circular dichroism <-iill be used to study changes 
in conformation of DNA and polynucleotides on exposure to radiation. It 
is anticipated that emphasis on in vivo systems will be greatly increased. 

16. EXPECTED RESULTS IN FY 1970 

In vitro studies using pulse radiolysis, EPR, and circular dichroic spectro­
~try will be continued along lines .suggested by the previous year's work. . 
Extension of the studies to in vivo systems using bacteria and bacterio­
phage will be accelerated. Attempts will be made to correlate the results 
of chemically measured radiation induced changes with changes observed in 
bacterial systems. 
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11. PUBLICATIONS DURING FY 1968 

Schjeide, O.A. and Lin, R. I-San: In Vitro Syntheses by Coated Vesicles 
(SynthesnmPs), J. Cell Biology 35, 121A, 1967 (abstract). 

Schjeide, O.A.: Effects of Estrogens on Lipid :HetaboU_sm in the Chicken, 
Progr. Biochem. Pharmncol. 2, 268-275, 1967. 

de Vellis, J. and Schjeide, o. A.: Effects of Estrogens, Irradiation, and 
Actinomycin D on Enzymes Concerned with Lipid Metabolism,. Progr. Biochem. 
Pharmacal. 2, 276-282, 1967~ 

Schjeide, 0. A., Lin, R. I-San, and de Vellis, J.: :Holecular Composition of 
Myelin Synthesized Subsequent to Irradiation, R~d. Res. 33, 107~128, 1968. 

Schjeide, o. A., Lin, R. I-San, and de Vellis, J.: Changes in :Hyelin 
Elaborated Follov1ing X-Irradiation, Rad. Res. 17, 1967 (abstract) 

de Vellis, J., Schjeide, o. A., and CJeme.nte, C.D.: Protein Synthesis and 
Enzymic Patterns in the Developing Bra in Follmving Head X-Irradia tion of 
Nev1born Rats, J. Neurochemistry. 14, 499-511, 1967 .. 

de Vellis, J. and Schjeide, 0. A.: Time-Dependence.of the Effect of X­
Irradiation .on the Formation of Glycerolphosphate Dehydrogenase and Other 
Dehydrogenases in the Developing Rat Brain, Biochem. J. (In Press), 1968. 

12. SCOPE OF THE PROJECT 

The primary objective of the Metabolic Radiobiology Section is to study the 
perturbations of intracellular systems by ionizing radiations, to determine 
how these changes are brought about and tu relate the effects to the total 
organism. The systems that have received primary attention in this section 
include metabolic and organelle patterns of cells undergoing development 
or differentiation. 

In preparation for - and in conjunction \·1ith studies of effects of radia­
tions in the cells of developing or differentiating organs, study will be 
directed toward normal parameters of certain phenomena - such as membrane 
synthesis - v1hich are basic to the knov1ledge of biological systems in 
general. It is reasoned that such information should ultimately· prove to 
be of value in the elucidation of radiation-induced effects and to the 
amelioration of such disturbances. 

Specific Areas of Investigation: 

1. Isolation and chemical analysis of developing myelin from different 
areas of the brains of head-irradiated neonatal rats. 

2. DNA-P~A hybridization studies on: a) liver cells and oviducal cells 
forced into new differentiations by estrogens and progesterone respectively, 
b) embryonic liver cells which do not yield overt responses to estrogens, 
c) liver cells exposed to both estrogens and x-irradiation, d) areas of 
brain prior to and during myelination, e) areas of brain in hypophysectomized 
rats, f) areas of brain in rats exposed to x-irradiation. 
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3. Isolation and chemical and metabolic analysis of 3 important organelles 
from the avian oocyte. These include coated vesicles (which are especially 
numerous in small avian oocytes), transosomes (bags of ribosomes contributed 
by follicular cells surrounding the oocyte), and a rapidly labeling, high 
molecular \-Ieight RNA that is affixed to membranes tvithin the cell and is 
probably a masked messenger Pu~A. 

4. Study of parameters of membrane synthesis, es~ecially the synthesis ~nd 
apparent self-replication of elements of the plasma membrane (coated vesicles) 
and synthesis of endoplasmic reticulum as stimulated by estrogens in avian 
liver cells. 

5. :..;tudy of vassage ol J:Jl."ulelm; inLu the cells and transport of proteins 
2nd lipide by co3ted veaicles. 

13. RELATTONSHTP TO OTHF.R PROJECTS 
. . 

This work is related to studies of radiation induced derangements of intra-
cellulir organelles, proteins and lipids which are being carried out on 
adult organisms in the Biochemistry Division of this Labo~atory. Related 
investigations are also being carried out at Rochester, Ar.gonne, Western 
Reserve, and Oak Ridge· in the United States and in Englanci, France, and 
Russia.· 

The most unique feature of these investigations is that they are being per­
formed on developing cell systems. 

Collaborative studies are unden-1ay t<li th: Dr. Hill iam Hahn, University of 
Washington; Dr. Lester H. Morrison, Lorna Linda University; Dr. James Head, 
U.C.L.A.; Dr. Jean de Vellis, U.C.L.A.; Hr. Edt-1ard Grellert, U.C.L.A.; 
Dr. Gary Lai, U.C.L.A. 

14. TECHNICAL PROGRESS IN FY 1968 

DNA and RNA of Coated Vesicles: Coated vesicles have been isolated from 
small oocytes (2-6 mni diameter) of laying hens by density gradient centri­
fugation. In some cases thymidine H3 or uridine H3 was injected intra­
peritoneally for 1 hour prior to removal of the eggs. 

DNA plus RNA was salt extracted from isolated coated vesicles and centri­
fuged on a CsC1 2 density gradient for 72 hours. Although some DNA was 
resolved as a discrete band by this plucedure, mpre of it ~as associated 
with lipoprotein and some of it t·1as hybridized \-lith RNA. Treatment with 
pronase for 5 days prior to salt extraction resulted in a larger discrete 
band of DNA of a density of circa 1.69. Total DNA in coated vesicles wa·s 
found to be circa 0.3 per cent. 

RNA plus DNA \-las extracted from coated vesicles by the hot (65°C) phenol 
technique following pre-treatment with sodium dodecyl sulfate. Host of 
the RNA t•las present as a band sedimenting at 3-lOS. Two smaller bands 
sedimented at 16-18S and 26-28S respectively. Specific activity tvas highest 
in the slmvest sedimenting band which appears to be largely membrane RNA. 
The ttw faster sedimenting peaks appear to represent ribosomal RNA.· Total 
RNA in the coated vesicles is circa 4.0 per cent. Of this, approximately 
60-70 percent is membrane RNA. 
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DNA-RNA Hybridization Studies on Estrogenized Livers: Total RNAs (uridirie 
H3 ~abeled and non-labeled) were extracted from livers of pullets exposed 
to estrogens for 2 hours and livers of normal pullets. Total uptake of 
uridine H3 into RNA of estrogenized livers Has circa 50 per cent greater 
than in ~ontrol livers. Hybridization incubations were carried out at (680C) 
for 18 hours with normal liver DNA present on nitrocellulose filter discs .. 
RNA from estrogenized livers competed succ.essfLTlly for binding sites on the 
DNA l>lith RNA from control livers. This indicates that treatment ~1ith estro­
gen does not turn off transcription of normally occurring RNAs. However, 
RNA from control livers lvas not able to compete completely Hith RNA from 
livers of estrogenized pull~ts. This indicates that treatment loJith estrogens 
results in the production of unique RNAs in the avian liver. No qualitative 
differences could be detected between RNAs from livers of pullets estrogen­
ized for 2 hours and Rl"'As from livers of heavily-laying hens. This means 
that all of the RNAs required for production of yolk proteins by the liver 
are induced within the first 2 hours of exposure to estrogen and also that 
the liver of the laying hen is constantly producing unique RNAs. 

RNAs from livers of es trogenized 1 izards (Uta stansburi~) compete with 
RNAs from livers of estrogenized pullets. This indicates conserva-tism in 
the genes responsible for yolk protein synthesis. · However, RNAs from ovi­
ducts of estrogenized pullets (although unique as compared to RNAs from 
oviducts of control pullets) do not compete successfully tvith RNAs from 
livers of estrogenized birds for DNA binding sites. This is the first 
demonstration of organ specificity in RNA transcription as a result of 
exposure to the same hormone. 

Carried out in collaboration with Dr. Hilliam Hahn, University of \-Jashington. 

DNA and RNA of Liver Cell Fractions: DNA (labeled lvith thymidine H3
) and 

RNA (labeled t>lith uridine H3 were extracted from nuclei, mitochondria, micro­
somes, microsomes minus ribosomes and supernatant of control and estrogenized 
avian liver cells. The method employed for extraction included pre-treatment 
for 2 minutes with sodium dodecyl sulfate at 60°C folloHed by hot (65°C) phe­
nol. Membrane Rl"'A (0-lOS) t.Jas found to be labeled l.Jithin 2 minutes of injec­
tion of roosters with uridine H3 Hhereas. a full half hour t.Jas required to 
significantly label ribosomal RNA. The sedimentation constants of membrane 
RNAs from nuclei and mitochondria were similar to those of the microsomal 
and supernatant fractions. 

DNA l-Jas present in all membrane fractions and the supernatant and, of course, 
in the nuclei. Hov1ever, the specific activities of the DNAs in the membrane 
and supernatant fractions were much higher than for the DNAs of the nucleus. 
It is tentatively concluded that at least a portion of the extra-nuclear DNA 
is not chromosomal DNA. 

High Voltage Electrophoresis of \\'hole Rl"'A from Control and Estrogenized 
Avian Livers: Studies of the electrophoretic mobilities of 0-lOS RNAs 

·and t·1hole liver Rl"'As reveal striking differences in pattern. The 0-lOS 
material from livers of control roosters migrates as three discrete bands 
at pH 3.5: one narrow band (111) moving sloHly toward the cathode, a broad 
band (#2), whose trailing edge never leaves the point of application, moving 
to-v1ards the anode and a narrot·ler band (#3) moving r.ela tively rapidly tm11ard 
the anode •. On the other hand, RNA extracted from the total homogenate con­
sists primarily of a band tvhich corresponds to band 112 of the 0-lO.S pattern 
l.Jith a much smaller amount of material being represented by a band corres­
ponding to band #3 of the 0-lOS pattern. 
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When estrogen is administered in vivo changes in pattern of the 0-lOS 
material take place as a functTOn-or-duration of treatment. The.#l peak 
disappears altogether \~ithin a day of exposure, beginning within 6 hours and 
the #3 peak broadens - i.e. more material is present as a trailing edge. 
This situation prevails up to at least 3 days of exposure to estrogen. How­
ever, in the case of birds that have been treated over a period of a week, 
a return toward the normal electrophoretic pattern is seen. Actinomycin D 
(0.1 ~g/gram body weight) acts to return the pattern toward normal even in 
the presence of estrogen. 

'Hhen the migration of RNAs is permitted to take place for a longer period 
than in the above cases, resolution of a neH band (X) is observed on the 
leading edge of band #2 in RNA from livers of estrogenized birds. 

From these data it would appear that band #2 contains nearly all of the RNA 
associated \vith ribosomes {but it probably also contains other types of RNA) 
since the bulk of the RNA in the whole homogenate is ribosomal RNA. The 
band moving most rapidly toward the anode would appear to be membrane RNA 
since its increase in amount upon exposure of the fowl to estrogen corre­
lates with the increase in total membrane of the cytoplasm. (Upon exposure 
to estrogen the protein and lipid components of the microsomes increase 
more rapidly than does the microsomal RNA \~hich is largely concentrated in 
the ribosomes.) The natures of the #1 band and the X band are not yet 
known and the migratiOl'). characteristics of the transfer RNAs in this system 
also remain to be elucidated. 

In Vitro Incorporation of Amino Acids by Coat~d Vesicles: Isolated coated 
vesicles fr.om small avian oocytes \vere placed in an· incubation medium sim­
ilar to that employed by Seaman (1962) for study of protein synthesis by 
isolated kinetosomes from tetrahymena. No transfer RNA or pH 5 enzymes 
were added but the purine and pyrimidine triphosphates for synthesis of DNA 
and RNA \.Jere present. Radioactive amino acids were added at the beginning 
of the incubation. In the centrifugable coated vesicles radioactivity was 
present after 10 minutes of incubation but was much· reduced at 20 minutes. 
Thereafter a steady increase in amount of label was observed up to approxi­
materly one hour after which time i.ncorporation ceased. When 10% TCA was 
added to the total incubation mixture so that the total supernatant protein 
plus the intact coated vesicles could be centrifuged free of the incubation 
mixture, the activity in this combined fraction \vas found to rise smoothly, 
to shmv no drop at 20 minutes and to be higher overall than for the coated 
vesicles alone. The tentative interpretation for these phenomena is that 
coated vesicles incorporate amino .acids into subunits forming mainly on their 
surfaces (surface subunits can be seen in electronmicrographs of coaL~u 
vesicles sectioned i!! situ) and that naturally or during centrifugation the 
more fully formed subunits are disassociated from the surface (accounting 
for the loss of activity after 20 minutes of incubation). After further 
incubations there is some aggregation of released subunits so that they 
will centrifuge do~m without coagulation by TCA. 

A Possible Messenger RNA in the Avian Oocyte: Electronmicroscopy reveals 
the presence of Balbiani Ring Granule-like entities passing through the 
nuclenr. pores and entering the cytoplasm. This rna terial appears to associate 
with specific sites on membranes within the cytoplasm rendering these com­
plexes so dense that they sediment through a 1.20 density layer during 
density gradient centrifugation. The RNA labels very rapidly and extensively 
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when uridine If is given to the hen. It displays a sharp sedimentation 
constant of circa 40-SOS and contains over 50 percent of uracil .. It is 
not associated with ribosomes in the small eggs-studied (2-6 mm diameter) 
and does not take up significant amounts of amino acids when incubated in 
suitable medium. 

15. EXPECTED RESULTS IN FY 1969 

DNA-RNA hybridization of (a) liver cells exposed to both ·estrogens and x­
irradiation, (b) areas of_brain prior to and during myelination, (c) areas 
of brain in hypophysectomiz~d and hormone supplemented rats, (d) areas of 
brain in neonatal rats exposed to x-irradiation. 

Correlation of syntheses of DNA, RNA, protein and lipid in coated vesicles 
and other membranous systems.. Determination of whether or not subunits 
forming coatings of coated vesicles represent nascent membrane. 

Information on effects of radiations on amounts of long chain and hydroxy 
fatty acids and plasmalogens in developing myelin. 

Information on enzyme systems of coated vesicles and cytoplasmic supernatants 
of small (2-6 mm diameter) avian oocytes. 

Identification of migrating bands of \vhole RNA during high voltage electro­
phoresis. 

Detailed information on properties of membrane RNA and DNA in coated vesicles. 

Electronmicroscopic and biochemical analyses of transport of yolk proteins 
across the plasma membrane and intracellular transport and destinations of 
these entities. 

16. EXPECTED RESULTS IN FY 1970 

Studies not completed in 1969 will be continued and appropriate problems in 
Developmental - and Radiation -:-·Biology \vill be developed. 

·-
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11. PUN~ICATIONS DURING FY 1968 

de Vellis, J.:. Effect of X-irradiation on Enzyme Formation and Nucleic Acid 
Synthesis and Degradation in the Developing Rat Brain, Biochemical J., 104, 
39P, 1966. 

de Vellis, J.; Glycerolphosphate Dehydrogenase Differentiation in the 
Developing Rat Brain: Effect of X-irradiation, .Abstracts p. 208, First 
International Heeting of Neurochemistry, Strasbourg, France, July 1967. 

Schjeide, o.A., I-san Lin, R. and de Vellis, J.: Molecular Composition of 
Myelin Synthesized Subsequent to Irradiation, Radiation Research, 33, 
107-128, 1968. 

de Vellis, J, and Schjeide, O.A.: Time-Dependence of the Effect of X­
irradiation on the Formation of Glycerolphosphate Dehydrogenase and other 
Dehydrogenases in the Developing Rat Brain, Biochemical. J. (In Press, 1968) 

de Vellis, J. and Inglish, D.: Hormonal Control of Glycerolphosphate 
Dehydrogenase Activity in the R?t Brain, Fed. Proc. (In Press, 1968.) 

12. SCOPE OF THE PROJECT 

The purpose of the Developmental Radiobiology section is to study the effects 
of ionizing radiation ori the biochemical differentiation of the developing 
rat brain. Parameters measured include specific types of DNA, RNA, lipids 
and regulatory enzymes. The goal of this work is to help elucidate the 
mode of action of ionizing radiation on biological systems and characterize 
the biochemical alterations induced by irradiation. Our previous studies 
have shm·m that irradiation alters the normal course of cell differentiation 
in the rat brain. For instance, the formation of several enzymes is inhib­
ited and myelination of nerve axons is reduced. The alteration in enzyme 
patterns is permanent and there is no recovery toward a normal differentiated 
and functional state. Our previous results have indicated that the main 
biochemical lesion resulting form irradiation is perhaps at the transcrip­
tion level. The differentiation process requires a controlled flow of the 
genetic information contained in the DNA of the cells and its implementation 
by the synthetic units of the cells •. In order to fully understand the · 
mode of action of ionizing radiation on brain maturation the mechanisms 
and factors regulating differentiation in brain cells should be knm\ln. To 
this end we have been studying the effects of hormones and inhibitors of 
·protein and RNA syntheses on the level of key brain enzymes during brain 
development. Our studies have already partially elucidated (1) the sequence 
of biochemical alterations following irradiation (2) the r~lation of some 
enzymes to the functional differentiation of the brain and (3) the regula­
tory mechanisms involved in controlling the level of key brain enzymes~ 

13. RELATIONSHIP TO OTHER PROJECTS 

This work is generally related to investigations in developmental and 
molecular biology under J. F. Mead, o. A. Schjeide and I. Harary in this 
Laboratory. Other laboratories conducting related studies include: (a) 
Radiation Neurobiochemistry: V. Nair, University of Chicago; P. s. Timiras, 
University of California, Berkeley; D. Ford and S. Cohan, S.U.N.Y., 
Brooklyn, N.Y. (b) In vivo. effects of Irradiation on DNA and Enzyme Synthesis: 
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H. c. Pitot, University of Wisconsin; E. C. Pollard, Pennsylvania State 
University; K. C. Smith, Stanford University; H. Harrington, t-!estern 
Reserve University; K. Dubois, University of Chicago; R. Haynes, University 
of California, Berkeley~ 

14. TECHNICAL PROGRESS IN FY 1968 

~!;,~ .. -oJ_X-irradiation_ on DNA Dnrine Brain Development: 'He reported 
previously th~t irradiation .to the heads of rats at 2, 16, and 20 days of 
age causes brain DNA degradation and an inhibition of enzyme synthesis. 
Our tentative conclusion was that x-radiation causes reduction in the 
synthesis of some brain enzymes at the transcription level and that this 
procc::~::~ i~ pr.nb"'bly l:~lii!L~:icl to DNA dcgrlldation. AdJiLiunal evidence has 
been obtained to substantiate this concept. The loss of DNA from brain 
cells shows a biphasic dose-response curve, increasing rapidly until 375· r 
and very slowly at higher doses. This dose-response curve is very similar 
to that obtained for the inhibition of enzyme synthesis. However, the 
nuclear phosphorylation of histones whose inhibition by irradiation-has 
been proposed to affect information transfer (Ord and Stocken, 1966) shov1s 
a biphasic dose-response curve similar to those mentioned above. Indeed, 
further information is needed to assess the possible role of DNA degrada­
tion and/or inhibition of phosphorylation of histones in the action of 
ionbing radiation on enzyme synthesis. Properties of the procel?s of x-ray 
induced degradation of DNA was also investigated. Furthermore preliminary 
results indicate that the DNA of brain cells is not equally radiosensitive 
during the life cycle of the rat. At older ages less DNA is degraded. 

Age-Dependence of the Effect of X-irradiation on Brain Enzymes: X-irradia­
tion (100 to 1500 r) administered to the heads of. rats from 8 to 30 days 
of age inhibited the development of glycerolphosphate dehydrogenase (L­
glycerol-3-phos·phate: NAD oxidoreductase, E.C. 1.1.1.8) in the brain stem 
and cerebral hemispheres. At 40 days of age and older no effect l-Jas 
observed. This inhibition was a delayed phenomenon, dose-dependent and 
with no recovery. It is proposed that the inhibition of enzyme formation 
is related to radiation damage caused to DNA. Actinomycin D inhibited the 
development of glycerolphosphate dehydrogenase in a manner similar to 
ionizing radiation. Four other dehydrogenases showed also age dependent 
radiosensitivities. Malic enzyme (E.C. 1.1.1.40) lactate dehydrogenase 
(E.C. 1~1.1.27) and malate dehydrogenase (E.C. 1.1.1.37) ceased to be 
radiosensitive at about 8 days of age and isocitrate dehydrogenase (E.C. 
1.1.1.42)' at 16 days. The correlation betv1een developmental increase in 
enzyme activity and radiosensitivity holds closely for gl~cerolphosphate 
dehydrogenase and isocitrate dehydrogenase and to a smaller extent for 
the others. 

Hormonal Control of Glycerolohosphate Dehydrogenase Level in the Rat Brain: 
Following hypophysectomy or adrenalectomy glycerolphosphate dehydrogenase 
(GPDH) (E.C. 1.1.1.8) activity decreased exponentially in the cerebral 
hemispheres and brain stem of adult male rats. The latter region vJas more 
affected than the former. But malate dehydrogenase (E.C. 1.1.1.40); iso­
citrate dehydrogenase (E.C. 1.1.1.42), lactate dehydrogenase (E.C. 1.1.1. 
27) and mitochondrial glycerolphosphate dehydrogenase (E.C. 1.1.95.5) 
activities remained unchanged. Injection of ACTH or cortisol in hypophy­
sectomized rats or cortisol in adrenalectomized rats restored GPDH activity. 
Thyroidectomy and gonadectomy had no effect on GPDH activity. Liver GPDH 
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was not.decreased by hypophysectomy or adrenalectomy. Muscle GPDH was 
diminished slightly by adrenalectomy and as much as brain GPDH by hypophy­
sectomy. In young rats GPDH developmental increase in activity was inhib­
ited by hypophysectomy. These results clearly shmoJ that bra in GPDH activity 
is specifically regulated.by cortisol (and probably closely related cortico­
steroids). This system is allowing us to study the mech~nism of action of 
hormones on enzyme synthesis in the brain as \-Jell as to investigate the 
effect of ionizing radia.tion on the hormonal induction of GPDH enzyme in 
the developing and adult rat brain. 

Book on Cell Differentiation: Dr. Schjeide and myself \-ll:!t:e fo1·tunate to 
obtain the collaboration of 18 ·researchers prominent in the field of 
Developmental Biology to tvrite an advanced textbook on "Cell Differentia­
tion". Dr. Schjeide and myself are serving as editors and the book v1ill 
be published by Van Nostrand Co. The book deals tvith the molecular and 
structural aspects of differentiation at the intracellular level. 

15. EXPECTED RESULTS IN FY 1969 

The research projects concerned \-Jith the ettects of ionizing radiation on 
brain DNA and enzyme synthesis Hill be continued. The hypothesis that 
irradiation causes a reduction in genetic transcription (formation of mRNA) 
will be tested by DNA-RNA hybridization techniques. The radiosensitivity 
of DNA from various cell organelles will be investigated during development. 
Thus far we have not been able to detect any DNA repair in the brain follow­
ing irradiation. Since this is an important point attempts will be made 
to clearly establish tvhether repair occurs or not. 

The effect of ionizing radiation on the hormonal induction of brain glycerol­
phosphate dehydrogenase Hill be fully investigated in the adult and in the 
developing rat brain. This enzyme system offers us a rare opportunity 
since it is the only knmoJn brain enzyme tvhich is under complete and specific 
hormonal control in the adult and·developing brain. 

16. EXPECTED RESULTS IN FY 1970 

We anticipate continuing along the present .line of research. The eff.:ct 
of ionizing radiation on the synthesis of a brain enzyme inducible in 
tissue culture will be studied if such a system can be established. Tissue 
culture will provide a better control of the environment and therefore a 
simpler system to study the mode of action of ionizing radiation on the 
synthesis of brain enzymes and differentiation in general. 
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11. PUBLICATIONS DURING FY 1968 

de Terra, N.: Macronuclear DNA Synthesis in Stentor: Regulation by a 
Cytoplasmic Initiator, Proco NaL. Acau. Sci. U. s. 57, pp. 607-615, 1967. 

12. SCOPE OF THE PROJECT 

In this project a study is made of the physiological and biochemical. 
mechanisms by which specific cell activities are regulated in unicellular 
organisms, '-'ith special emphasis on the interactions of nucleus and 
cytoplasm. Although a great deal has been learned in recent years about 
the biochemical regulatory mechanisms of bacteria, relatively little is 
knmm about the regulatory mechanisms of protozoa or of metazoan cells. 
It is felt that studies of this kind lead to a more complete understand­
ing of important cell activities such as cytodifferentiation and provide 
valuable background information for studies of abnormal cell growth and 

. function. 

The regulatory mechanisms ot uniceiiuiar organisms are investigated by 
experimental studies on cytoplasmic confrol of nuclear morphology and 
function in the ciliate Stentor. 

Techniques include cell micrurgy (enucleation of cells, trapsplantation 
of nuclei), autoradiography and hi,stochemistry. ,, 

13. RELATIONSHIP TO OTHER PROJECTS 

Cell regulatory mechanisms are now the subject of intensive study in 
many laboratories around the 'tvorld. The follmving workers are currently 
investigating the regulatory mechanisms of unicellular organisms: T. M. 
Sonneborn, University of Indiana, Bloomington; Jean Brachet, Universite 
Libre de ~ruxelles, Belgium; o. H. Scherbaum, University of California, 
Los Angeles; Lester Goldstein, University of Pennsylvania, Philadelphia; 
Vance Tartar, University of Washington, Seattle; Konrad Keck, Johns 
Hopkins University, Baltimore; D. M. Prescott, University of Colorado, 
Boulder; J~ B. Gurdon, Oxford University, England. 

14. TECHNICAL PROGRESS IN FY 1968 

Cytoplasmic Control of Macronuclear DNA Synthesis in the Ciliate Stentor 
coeruleus. III. Species Specificity of the Initiator: Transfer of 
Nuclear Nodes from Stentor ~ to Stentor coeruleus: The fact 
that nuclear nodes can be transferred into ~· coeruleus from the slightly 
sm2ller species ~· polymorphus makes it possible to determine whether or 
not the ~ytoplasm of one stentor $pecies can support the occurrence of 
DNA synthesis within the nucleus of another species •. 

Large cells from a well-fed ~· polymorphus culture were selected as 
donors and chains of nuclear nodes transferred from them into 18-24 
hour-old ~· coeruleus which \-7ere synthesizing DNA •. In on·e exp.eriment, 
the host cells were allm.;ed to recover from the operation for 1 hour 
before a t't·7o-hour incubation in tritiated thymidine {100 J.LC/ml). In a 
second experiment, the recovery period \•Tas extended to 4 hours. Auto­
radiography of the host cells allowed to recover for 1 hour showed very 
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light label over the coeruleus nodes· and no. label over the polymorphu~ 
nodes. By contrast, the cells al].mved to recover for 4 hours shoHed 
very heavy label over the coeruleus nodes and a light but definite 
label over the ~orphus nodes. The operation ~vns apparently fol­
lowed by a temporary inhibition of DNA synthesis or of thymidine uptake. 
However, the result of the experiment \•7hich employed a 4-hour recovery 
period shows that ~. polymorphus nuclei transferred to ~. coeruleus 
cytopbcm ~re capable of DNA synthesis if given time to recover from 
the immediate co.nsequences of the operation. These findings suggest . 
that the cytoplasmic factor which initiates and maintains DNA synthesis 
in Stentor is not species-specific. 

15. EXPECTED RESULTS IN FY 1969 

This activity has been discontinued because the Responsible Investigator 
left the Laboratory when her husband left the city. 

16. EXPECTED RESULTS IN FY 1970 

Same ~s 15 above. 

,, 
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11. PUBLICATIONS DURING FY 1968 

Strickland, E.H.: Circular Dichroism of Horseradish-Peroxidase and its 
Enzyme-Substrate Compounds, Biochim. Biophys. Acta 151, 70; 1968. 

12. SCOPE OF PROJECT 

This project focuses on elucidating the relationship between function and 
structure'of macromolecules, both proteins and nucleic acids. Primarily 
we are investigating the conformations of enzymes and attempting to deter­
mine which aspects of conformation influence enzymatic activity. Circular 
dichroism has been used for our conformation studies since this is the 
mu~,;L incisive technique presently availa'ble to determine conformation of 
enzymes in solution. Since studies on circular dichroism are still rela­
tively ne~v,.much remains to be done to completely validate the interpreta­
tion of circular dichroism spectra. Present evidence suggests that ultra­
violet circular dichroism gives information about helix,. t3-structure, and 
oidc chain oriel'lttttion:; lu pLull:!lu~. One essential aspect of 9ur project 
is to determine the underlying physical basis for the conformation-depen­
dent circular dichroism. 

Circular dichroism provides a unique tool for investigating the effects of 
ion'lzing radiation on t:he conformations of nucleic acids and enzymes. 
Interpretation of these circular dichroism spectra appear possible '"hen 
appropriate preliminary experiments have been completed for compounds 
having known conformations. · 

13. RELATIONSHIP TO OTHER PROJECT~ 

The relationship between enzyme conformation and activity is studied by 
Dr. D.E. Koshland at Berkeley, Dr. Sherman Beychok at Columbia, Dr. H.F. 
Mo~~aerts at UCLA, and others. Dr. Norman Simmons (LN}ffiB) and Dr. Alex 
Glazer of UCLA, Dr. Elkan Blout at Harvard, and Dr. Dan U~ry in.Chicago 
have been active in studies relating to the interpretation of circular 
dichroism spectra. 

The effects of ionizing radiation on proteins and nucleic acids have been 
investigated by numerous workers. There do not seem to have been any : 
investigations using circular dichroism to study ra.dia tion damage, probably 
because thP.se instruments are only nm-1 becoming gqnerally available. Our 
radiation experiments are being closely coordinated with Dr. L.S. Myers, Jr., 
and nr. J.F. Ward, LN~mB. 

14. ..'ffiQ!.NICAL PROGRESS IN FY 1968 

Studies on horseradish peroxidase have been extended to the isoenzymes 
isolated by Drs. Shannon and Kay. These studies show that the two iso­
enzymes differing greatly .in amino acid composition have nearly the same 
conformation. The native conformation is greatly stabilized by the heme 
moiety. Differences in amino acid content do, however, influence the 
stability of peroxidases, especially in the absence of heme. 

The recent acquisition of a prototype of the Beckman far UV-CD spectro­
photometer has increased our capability to measure circular dichroism 
spectra, especially in the far ultraviolet. By adapting a computer of 
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average transients to this instrument, t-1e have obtained exceptional resolu­
tion of circular dichroism spectra in the near ultraviolet. These high 
resolution spectra have permitted tentative identification of the moieties 
responsible for circular dichroism bands between 260 and 290 lliJ.L· 

Preliminary studies tv ere begun on nucleic acids. 

15. EXPECTED RESULTS IN FY 1969 

The factors responsible for the conformation of peroxidase isoenzymes will 
be investigated more extensively. The effects of Coso gamma irradiation 
will also be examined. Studies t·7ill be initiated to examine possible 
allosteric transitions in enzymes sho~Jing feedback inhibition. 

In an effort to obtain better resolution of circular dichroism bands in 
the near ultraviolet, measurements t·Jill be made at liquid nitrogen temper­
atur~s on proteins and amino acid derivatives frozen in glycerol-water 
glasses .. Increased resolution of these bands ·t·JOuld permit conclusive 
identification of the moieties involved in the near ult:L:avlul~L clr·culctr 
dichroism bands. 

An extensive study tvill be made of the effects of Coso gamma irradiation 
on the conformations of nucleic acids. 

16. EXPECTED RESULTS IN FY 1970 

Circular dichroism measurements on proteins and nucleic acids will be 
.'· continued. A rapid response circular dichroism spectrophotometer ivill be 

developed for studies on DNA conformation changes during pulse radiolysis. 
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·sCHEDULE 189 

ADDITIONAL EXPL.l1.HATICN FOR OPER..I\ TING COSTS 
RESEARCH Al'ID DE\fELOP?-'iENT ACTIVITIES 

. SAH FR.A.NCTSC:O OPERATIONS OFFICE 
Field Off'i.ce 

BIOLOGY AND .MEDICHr~_ 
Program 

1. Contrae;tor~ Le.borato::cy of :Nuclear Nedicine and Radiation Biology 
University of C:J.JJ.fnrnin; J,n;; flne;r.Js8 

C(mt:r·&.ct No.: AT(04-l)GEN~l2 

2. Pr·oject Title: 
Soil Factors 

J, AEC Budget Activity No.~ 

06-05-01 

-- -s·:-I·f~th.od of Reporti nc;: 

4. Date Prepared: 

_______ , __ April ·· 196~ _ . 
6. Wor~ing Location: 

UCLA Public a.tion.s , UCLA Re};u:r:-ts 
S8mi~annnal and Final Reports 

------~--------------~-------------------------------
7. Per~oh ih Charge: 

Hideo Nishita 

9. Hem Years 

(a) · Scientific 

(b) Other Tach. 

10. Cc.sts 

Total 

(a) ·Direct Salaries 

{b) Ha-t.~ rials & Sarvioes 

(c.) · Indirect Expenszs ~-

Total 

(4%) 

8. Project Term: 
From: 1959 To: 

FY 1968 . I<Y 1969 

4 4 
1 1 -a; 4 

4 1. .4 1. 
4 

F'Y 1968 F'I · 1969 

$ 49,700 $ 51,300 

3,800 4,200 

39,700 (4%) 40,300 

$ 93,200 $ 95,800 

Continuing 

FY 1970 

'• 
l. 
4 

4 1 
4 

FY. 1970 

.. 
~, 56,000 

4,1•00 

(4%) 43,200 

$ 103,600. 

* TotB.l indirect e::...--pense of the Cont:.~act pro-rated among individual projects 
on the basis of the percentage of total dir~ct salary e::...~ense represented 
by· the pe.rticular project. 
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11. PUBLICATIONS DURING FY 1968 

Influence of Minerals on Sr90 and Csl37 Uptake by Bean Plants. Soil 
~cience: In press. 1968. 

Some Thermoluminescent Characteristics of Gamma Irradiated Soils. Soil 
Science: Accepted for publication. 1968. 

12. SCOPE OF THE PROJECT 

ThQ gQneral objectives of the Soil F~otoro Section arc geared to one of 
the objectives of Environmental Radiation Division to study the biological 
cycling of radionuclides released into the environment as a result of 
utilization of nuclear energy. This Section is concerned with soil-plant 
interrelationship problems ~vith particular emphasis on the chemistry of 
fission products and neutron induced radionuclid~s in soils. The 
objectives of this Section also include finding practical means of re­
ducing the plant uptake of certain hazardous long-lived radionuclides, 
particularly Sr90, which is usually taken up in relatively large amounts 
by plants grown in contaminated soils. This Section is also ·concerned 
with the effects of ionizing radiation on soils. 

Currently, this Section is involved in three projects: 
(l) Influence of minerals on Sr90 and Csl37 uptake by bean plants grown 

on contaminated soils. 
(2) Thermoluminescence of ganwa-irradiated soils. 
(3) Influence of heating of soils on the availability of Csl37, Sr90 

~nd certain mineral nutrients to plants. 

The scope and the objective of these projects are discussed belmv in the 
"Expected Results" section. These investigations are conducted in the 
laboratory and controlled plant growth £acilities. Certain facets _of 
the study of soil thermoluminescence will be done at the radiation field 
in Rock Valley, Nevada Test Site. 

13. RELATIONSHIP TO OTHER PROJECTS 

Research is correlated with other sections of the Environmental Radiation 
Division: Plant Factors, E. M. Romney (480311); Environmental Factors, 
H. A. Hawthorne (480320); Plant Physiological Ecology, A. Wallace (480344}, 
Physiology of Mineral Accumulation, 0. R. Lunt (480345). 

Related studies at other laboratories: 

U. S. Department of Agriculture, Beltsville, Maryland 
Biology Department, Battelle-Northwest, Richland, Wa~hington 
University of California, Riverside, California 
University of California, Berkeley, California 
University of Tennessee, Knoxville, Tennessee 
Ecology Section, Oak Ridge National Laboratory, Oak Ridge, Tennessee 

14. TECHNICAL PROGRESS IN FY 1968 

The influence of the addition of several minerals (clinoptilolite, 
"Uerxite," bentonite, illite, kaolinite, vermiculite and bauxite) on the 
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Sr90 and Csl37 uptake by bean plants grown in two contaminated soils was 
examined opposed to.surface application. In these experiments the 
minerals were mixed into the soils. The Csl37 uptake by the plants \vas 
relatively small compared to Sr90 uptake with all mineral treatments. 
Among the minerals studied, clinoptilolite had the greatest effect on 
both the Sr90 and Csl37 uptake. The Sr90 uptake was significantly 
reduced, Hhile the Csl37 uptake, although small, \..ras increased. The 
effect of the other minerals ranged from no effect to small effects. 
Mineral treatment of aoil either decreased the plant ylt:!lc.l ur had no 
effect. 

Thermoluminescence of nine soils that were widely different in chemical 
and physical characteristics and certain minerals and salts that may 
occur in soils Has exantined. Sulls irradiated to 1,000 R \.Jith Co60 gamma 
rays shmved only small amounts of thermoluminescence, while others shmved 
large amounts. The glmv curves of some soils showed one broad peak, 
while those of others showed two or three broad peaks. The maximum peak 
heights generally occurred in one or several of the follo,ving temperature 
ranges---around 150° C and within 285° C ~o 295° C and 350° C to 375° C. 

Certain minerals (vermiculite, kaolinite, bentonite, illite and bauxite) 
and salts (Fe203 , CaC12 , CaS04, Al203, K3Po4, CaO, Caco3 , Na2C03 and 
NaCl) that may occur in soils also showed Hide ranges of thermoluminesc­
ence. In most cases, the maximum peak heights for these materials 
occurred in one or more of the temperature ranges listed above for the 
soils studied. 

For a given soil, the shapes of the glow curves varied appreciably with 
gamma dose, but \vhen the areas. under the glow curves were plotted as a 
function of dose on logarithmic paper, sections of linearity were 
obtained. This indicated that the total energy absorbed was consistent 
with dose. 

The plant growth phase in the study of heating a soil on the plant 
availability of certain elements was completed. The chemical analysis of 
the plant samp~es are in progress. 

15. EXPECTED RESULTS IN FY 1969 

(1) Influence of .minerals on Sr90 and Csl37 uptake by bean plants grown 
on contaminated soils. 

One of the problems that arises with the contamination of the biosphere 
with radioactive materials is finding means of contending with the dis­
persed radionuclides if they are at a biologically hazardous level. In 
order to minimize the transfer of hazardous radionuclides along the soil­
plant-animal. food chains leading to man, various methods that might be 
used on contaminated agricultural land have been studied. 

The objective of this project is to determine the effect of application 
of different primary and secondary minerals on the Csl37 and Sr90 uptake 
by plants grown in contaminated soils. A su~~ary of the results obtained 
thus far is given above under "Technical Progress for FY 1968." It is 
anticipated that this project will be terminated during this fiscal year. 

(2) Thermoluminescence of gan@a-irradiated soils. 
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The objectives of this project is to determine whether or not soil can 
be used as a radiation dosimeter. In order to do this, thermoluminescent 
characteristics of soils having \~idely different chemical and physical 
properties are under examination. A summary of the results obtained thus 
far is given above under "Technical Progress tor FY 1Y68." lt appears 
that by using certain procedures soils may be used as a radiation 
dosimeter. These procedures will be tested in the field (study site at 
Rock Valley, Nevada Test Site) during this fiscal ·year. 

(3) Influence of heating of soils on the availability of Csl37, Sr90 
and ce~tain mineral nutrients to plants. 

The soil in the vicinity of a nuclear detonation may be expus~d lu a wide 
variation of heat ranging from temperatures \~ell above soil fusion dmm 
to ambient temperature \·lith increasing distance from ground zero. The 
heat may change the plant availability of the radioactive, as well as 
the stable, nuclides in the soil. The objective of this project is to 
determine the changes in the availability of the various nuclides to 
plants as a function of soil heating. The plants from one experiment 
completed under this project is no\.;r. being analyzed. 

16. EXPECTED RESULTS IN FY 1970 

Certain aspects of the projects in progress during FY 1969 will be con­
tinued. It is anticipated that a study on the effect of organic matter 
on the fixation of Csl37 in soils will be initiated. 
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1. Contractor~ Laboratory of Nuclear Hedicine and Radiatimi Biology 
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u. Date. PrepArAd; 
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7. Peraon in Charge: 

Evan M. Romney 
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9. Nan Years 
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(b) Other Tech. 

10. Cc.sts 

Total 

(c;,) Direct Salar:les 

· (b) Naterials & Services 

(c) Indirect Expens~s -r.-

Total 

8. Project Term: 
. From: 

FY 1968 

4 
.!. 
4 

4.!. 

FY 1968 

$ 53,100 

4,700 

1953 To: 

FY 1969 

4 

~ 
4 .!. 

ll 

F'I 1969 

s 54,600 

5,300 

Continuing 

FY 1970 

4 
1 
4 

. 4 .!. 

FY 1970 

.!:~ 58,200 

5,300 

(4%} 39,700 (47.} 40,300 (4%) 43,200 

$ 97,500 $100,200 $.106,700 

~- Total indirect e.x"';Jense of the Cont:.1 act oro-rated among individual projects 
on the basis of the percentage of total· dir~ct salary e.x~ehse represented 

. by the particular project. 
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11. PUBLICATIONS DURING FY 1968 

Behavior of Rare Earth Elements in Plants and Soils. Amer. Assoc. Adv. 
Sci. June 19-22 (Abstract) (1967). 

Airborne Radioactivity in Fallout Areas. UCLA Report #12-628 (1967). 

Redistribution of Plutonium at the Nevada Test Site. Health Physics (in 
.Press) (1968). 

Vibrarion-FlmV", A Ne~., Nethucl uf Pellel Hasltiug. Amt!.C• Ind. IIyg. Assoc. 
Jour. 28: 388-390. (1967). 

Radiological Soil Analysis, Pacific 1952. UCLA Report #12-654. (1967). 

12. SCOPE OF THE PROJECT 

Research objectives of the Plant Factors Section are three-fold in scope: 
(1) improve understanding of plant functions in the biological cycling of 
radioactive isotopes deposited in desert environments, (2) further · 
evaluate the susceptibility and response of desert plants to ionizing 
radiation from Plowshare nuclear testing events at the Nevada Test Site, 
(3) investigate the mineral nutritional characteristics of desert plants 
and their subsequent response to the manipulation of environmental factors 
known to influence plant growth. These objectives aim to better under­
standing of fallout irradiation damage to plants and also of fundamental 
mechanisms involved in plant uptake of radionuclides and mineral elements 
in the desert ecosystem~ 

Research is conducted in both field and controlled laboratory environments 
to help bridge the gap between practical and theoretical problems arising 
from radioactive fallout contamination. Results should help establish 
parameters for assessing the consequences to man of radioactive contamina­
tion in the environment and increase knowledge of the mineral nutritional 
characteristics and peculiarities of desert plants. 

13. RELATION TO OTHER PROJECTS 

Research is correlated with the other sections of the Environmental Radia­
tion Division and collaborative studies are conducted with A. Wallace and 
0. R. Lunt. Related research is conducted at the following locations: 
Biology Department, Battelle-Northwest Laboratory; Radiati6n Ecolbgy 
Section, Oak Ridge National Laboratory; Biology Department, Brookhaven 
Na~ional Laboratory; Biology Department, Emory University; University 
of California Lawrence Radiation Laboratory. 

14. TECHNICAL PROGRESS IN FY 1968 

We have continued to study biological cycling of radionuclides in areas of 
the Nevada Test Site contaminated by Ploo,.Tshare testing events a.nd in 
offsite areas contaminated with fallout from the 1955 and 1957 weapons 
testing series. Radiochemical analyses in progress indicate that 
considerable Sr90, Rul06, Csl37 and Cel44 is still cycling in plants, small 
rodents and jackrabbits ten years post-contamination. At sites YThere . 
concentrations of neutron induced radionuclides are high there is evidence 
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of considerable cycling of radioactive Al, Co and Hn in plants and small 
manunals. 

Among the most significant progress in Fy 1968 is the development of 
techniques to groH species of nat:ive desert plants under artificial 
laboratory conditions, thus permitting corroborative physiological and 
radiological studies in controlled environments in support of field 
investigations. Hork nm·7 in progress includes studies on plant irradiation 
sensitivity ;:~nd damage from a Co60 source, plant re::;ponse to alteration of 
environmental factors, phenology and growth behavior, radionuclide uptake 
and fundamental mineral nutritiorial characteristics of desert plants. 

A series of environmental study plots were established at the Nevada Test 
Sit~<; iu cuupcrntion 't-tith A. 1·1alld.L:e Lu help interpret ettects of ionizing 
radiation on flora of the desert-type ecosystem. Native shrub species 
appear to be less sensitive to radiation damage than most cultivated 
plants. In t\vO different fallout contaminated areas where no effects of 
blast or thermal damage occurred, the ·irradiation damage to vegetation \vas 
not accountable on·the basis of gamma dosage alon~; hmvever, the 
additional beta dosage primarily from fallout particles adhering to the 
foliage caused severe damage that became evide~t within a few weeks post­
irradiation. The combined effects of beta and ganuna ·radiation must be 
tak~n into account in det~rmining the sensitivity of plants t6 radio­
active fallout contamination. Another system of test plots was ~stablished 
near a source of water at Mercury, Nevada and in Rock Valley to study 

·factors ~vhich limit primary productivity in the desert ecosystem and also· 
to detennine some plant species interrelationships. Environmental 
manipulations being used at these plots include irrigation,. nitrogen 
and phosphorus fertiliiation, metal chelate additions and insect control. 
These plots are being censused by a scheme that will permit computer 
analysis of forthcoming data. Sharp demarcation lines often exist \vhere 
vegetation changes from one dominant species to another. Such ecotone 
lines involving Larrea divaricata and Atriplex canescens are being 
investigated in Frenchman Flat and another involving Artemisia tridentata, 
Erotia lanata and Juniperus osteosperma on Pahute Nesa. The causal factors 
involved at these ecotone lines appear to b~ soil texture and aeration, 
drainage and salt concentration. 

A soil chemistry laboratory has been established at Mercury, Nevada and 
equipped to process soil samples from the environmental study plots and 
·the soil survey of major areas of Nevada Test Site. 

15. EXPF.C.TED RESULTS IN FY 1969 

We shall continue to investigate biological cycling of radionuclides in 
areas cont~minated with fallout from Plowshare nuclear testing events. 
Completion of radiochemical analysis on soil, plant and animal samples 
from our pers{stence study areas is expected and our findings will be 
organized into reports for publication. Studies of irradiation effects on 
flora (recovery and succession) also \vill be continued to further evaluate 
the susceptibility and response of desert plants toradioactive fallout 
contamination. Work in the environmental study plots \vill continue to 
evaluite the effects of manipulating certain environmental factors on 
desert plant species. Mineral cycling studies will be intensified and 
they are expected to involve the use of some radioisotopes for diagnostic 
purposes. We expect to complete installation of instruments for recording 
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soil moisture and temperature and also make considerable progress on the 
physical and chemical characterization of soils from the environmental 
study plots. 

Investigations 'Hill be continued in our laboratory, glasshouse and 
controlled environment facilities to support and confirm findings from 
field studies with emphasis being placed on further evaluation of radia­
tion sensitivity and basic physiology of desert plants. Considerable 
effort \oliil be spent analyzing plant samples for mineral element contents 
using our ne~vly developed optical emission spectroscopy techniques. 

16. EXPECTED RESULTS DURING FY 1970 

We expect to continue all phases of field and laboratory work in progress 
and also establish additional field study plots if further needs are 
indicated by ~esearch findings. Continued involvement with Plowshare 
nuclear testing events is desirable. to the extent of helping reach our 
research project objectives. Computer analysis of data collected from 
environmental study plots in FY 1969 \olill be initiated and \ve expect to . 
make considerabie progress on the soil survey of major ecology study areas 
at the Nevada Test Site. Data from our mineral cycling studies may be 
used to help develop compute~ programs for a ~ystems analysis a~proach 
tO\oTard understanding the desert ecosystem, 
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C6ntr&ct No.: AT(04-l)G~N-12 

2. Project Title~­
Eiwironmental Factors 

3. AEC Budget Activity No.; 

06-05-01 

4~ Date PrepQrcds 

April ~ 1968 
5. Hethod of Reporting: 6. Working Location: ._ 

Publica.tions, UGLA Reports UCLA, St. George, Utah, and Nevada 
Semi-annual and Fj m.l RP.pnr't.G Tl:'st Site· 

----~~--------------------~---------------
7. Person in Charge: 8~ Project Term: 
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-

9. Han Years FY 1968 FY 1959 FY 1970 

(a) · Scientific 4 1. 
2 4 4 

(b) Other Tech. t t ~ 
4 

Total 5 .!. 
4 4~ 4~ .. 4 

10. Cc..sts FY 1968 F'l 1969 FY 1970 

{a) Direct Salaries $_51,100 $ 49,100 '· 52,700 ~~ 

(b) Haterials & Services 8,100 8,500 .8,500 
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11. PUBLICATIONS DURING FY 196.8 

Effect of moistu~e tension on the concentration of tracer sr85 in 
expressed soil solution. H. Nishita and H. A. Hawthorne. Soil Science 
103: 339-346 .. 1967. 

12. SCOPE OF THE PROJECT 

From 1961 intensive studies Here conducted, at field stations and in the 
laboratory, to obtain data from lvhich stochastic models could be con­
structed; the models Hill sununarize the effects that environmental factors 
had upon the biological cycling of fission products. Collection of 
materials from a dairy farm was emphasized from FY 1963 through FY 1966. 
Studies in FY 1967 were limited to definition of the growth curves f6r 
two cuttings of alfalfa plus t\-70 preliminary feeding trials, to assess 
the effect of high and lm·l temperatures upon secretion of radionuclides 
into milk. Data reduction of the results of radiochemical analyses 
completed to date '"ill require more than t1vo years by the present staff. 

13. RELA'riONSHIP TO OTHER PROJECTS 

Collaborative field studies are in progress with the Ecology of the Nevada 
Test Site Section. ·Laboratory studies of concurrent interest are con­
ducted ~ith the Soil Factors Section. 

14. TECHNICAL PROGRESS IN FY 1968 

Field Studies 

Collection of agricultural samples was phased out with the mid-year, 
lolv-temperature feeding trial in January 1968 .. Approximately half the 
samples projected for the study, in FY 1962, have been submitted for 
radiochemical analyses. Three hundred samples were analyzed for csl37 
and KL~O by Battelle-North•.;rest and the data should be reported before the 
end of the FY. One man \vas assigned to a support program initiated in 
this Section to analyze feeds and milk from each of the 37 feed trials. 
The analyses are for stable element congeners of the radionuclides reported.· 
by the Radiochemical Problems Section for samples from the feeding trials. 

Differential moisture stress treatments were applied to 18 water-tight 
enclosures at NTS during the summer of 1967. Periodic measurements 1.;rere 
made of. the physiological response by plants undergoing different 
moisture stress treatments, and o~. light intensity, 1vind run at 3 eleva­
tions, and water input to the enclosures. Soil moisture and soil 
temperature sensors \vere revie1.,ed and repaired on the 68-plot net\o70rk 
maintained by Dr. Beatley. 

Laboratory Studies 

More than two thirds of the Section manpower was expended in manual data 
reduction this year. The mean transfer coefficient for potassium, in 20 
feeding trials, Has 0.42 percent of the dietary intake, similar to the 
transfer coefficient reported for csl37 previously. The maximum secretion 
of potassium into milk occurred in midsummer as does that of csl37. Data 
for two moisture stress experiments 1vas subjected to information theory 
analysis and manuscripts are in preparation. 
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15. EXPECTED RESULTS IN FY 1969 

16. 

Data reduction of radiochemical analyses from the past three years and 
statistical interpretation of the results will be performed. Material to 
complete four manuscripts is in process. 

EXPECTED RESULTS IN FY 1970 . 

Most of the manpoHer will be applied to preparing data for·publication. 
A cross-over design of irrigations '~ill be applied to plots initially 
treated at NTS in 1967, to verify observations. made th•.:m. 
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9. Han Years 

(a) · Scientific 
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10. Ccsts 
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·(b) Naterial-3 & Services 
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Total 

· ·4. Date Prepared: 

April - 1968 
6. Working Location: 
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B. Project Term: 
From: 1959 To: Continuing 

FY 1968 

6 

.!. 

6 .!. 
4 

FY 1968 

$ 77,900 

8,900 

$ 

FY 1969 

6 

.!. 

6 1 
4 

F'l 1969 

82,100 

4,700 

FY 1970 

5 .!. 
2 

.!. 

5 t 

FY 1970 

$ 74,700 

7,200 

(6%) 59,600 (6%) 60,400 . (5%) 54,000 

$ 146,400 . $ 147,200 . $. 135 '900 

· * Total indirect expense of the Cont:.~act pro-r·ated runong individual projects 
on the basis of the percentage of total dir~=ct sala.r-.f expense represented 
by the particular project •. 
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11. PUBLICATIONS DURING FY 1968 

Life spans of Dipodomys and Perognathus in the Mojave desert. N. R . 
. French, B. G. Naza and A. P. Asch\vanden. J. Mammaiogy 48: 537-548 (1967) ~ 

90sr in California Hule deer. N. R. French and H. D. Bissell. Health 
Physics 14. (1968). 

A miniature thermoluminescent dosimeter and its application in radio­
ecology. A. C. Lucas and N. R. French. In F. H. Attix (editor). 
Luminescence dosimetry. AEC Symposium Series No. 8. 514 p. 1967. 

Comparative dectrocardiography of the Squamata. R. K. Mullen. 
Physiological Zoology 40: 114-l~b. ,1Y67. 

12. SCOPE OF TilE PROJECT 

The objectives of research conducted in the Radiation Ecology Section are: 
(i) to evaluate effects of low level chronic exposure.to gamma radiation 
on mammal populations, and (2) to evaluate effects of environmental 
factors, biotic and physical, on desert ~odent populations. 

Life span, fertility, and age structure of irradiated rodent population 
are being evaluated in the field and in the laboratory: Thes~ are t~e 
factors that determine rate of increase or decrease of an interbreeding 
group of animals. Comparisons will be made with control populations. 

The techniques of systems ecology are being utilized to investigate 
relationships of elimatic variables, primary production, and energy 
requirements, to density of the rodent population. 

Results of these investigations \vill provide insight into the consequences 
of long continued irradiation at sub-lethal levels, vmen exposure is to 

. the entire interbreeding population over several generations. It will 
be detennined if environmental factors augment the effects of radiation. 
The relative importance of measured environmental factors in controlling 
density of rodent populations should emerge. 

13. RELATIONSHIP TO OTHER PROJECTS 

In the Rock Valley study area, Hhere our field investigations are 
conducted, other investigators of this laboratory are studying reptiles, 
invertebrates, and· plants. Demographic analysis of small mammal pop­
ulations is being conducted at Oak Ridge National Laboratory, Savannah 
River Operations, and the University of Pittsburgh. Effects of radiation 
on laboratory colonies of native species of rodents is under investiga­
tion at the University of Georgia, Northrup Space Laboratories, Argonne 
National Laboratory, and Battelle Northwest. 

14.' TECHNICAL PROGRESS IN FY 1968 

Continuous lmv-level gamma irradiation of a laboratory colony of deer 
mice, Peromyscus manicul.atus, has shmvn them to be sensitive to an 
exposure rate of 1 r/day. The intrinsic rate of natural increase, E, 
was reduced in animals irradiated as adults, and further reduced in the 
second generation, also irradiated throughout their life spans. The 
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gre~~er reduction of r in the second generation is a result of additional 
mortality in the sensitive pre- and postnatal periods of life. Life span 
was shortened and fertility was reduced by irradiation. 

Rodent populations in fenced ctudy areas at the Nevada Test Site hArl 
shorter life spans in the irradiated plot, \.Jhere the average dose rate 
to animals was 1 r/day. It has n~t yet been conclusively demonstrated 
that this is a direct result of radiation expoourc. 

The utilization of heavy isotopes (oxygen 18 and duterium) to estimate 
co2 production, and hence energy requirements of animals, is progressing 
in spite of persistent mechanical difficulties with the mass spectra­
motor. DeterminRtionR ArP nnt yAt Sllfficiently accurate f9t the method 
to be applied to free-living animals. 

15. EXPECTED RESULTS IN FY 1969 

A computer program has been developed to illustrate the long-term con­
sequences of altered fertility and survival of a rodent population. It 
is ba~~d upu11 life table data and age opceifio fertility, and allows for 
variable length breeding seasons. The program is being modified to 
permit probabilistic introduction of environmental effects each breeding 
season using the techniques of systems analysis. The model will be· 
helpful in understanding the relative importance of various factors in 
determining the success or density of the rodent population. 

The radiation source in Rock Valley should be moved to a fenced control 
plot (Plot C), and the irradiated plot should be made a control. This 
switch will enable further evaluation of radiation effects on rodents 
and plants. It ·Hill provede the final evidence as to whether or not 
the differences \.Jhich have been observed in the plots, such as reduced 
life span in the irradiated rodent population, is a result of irradia­
tion. 

16. EXPECTED RESULTS IN FY 1970 

Evaluation of effects of chronic low level exposure to radiation on 
the desert ecosystem will continue. 

Determinations of energy requirements of free-living rodents in the desert 
will be associated with energy production (primary ~reduction) of the 
desert in an effort to discover factors controlling rodent numbers. 
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·sCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERA'l1NG COSTS 
RESEARCH AND DEVELOPHSNT ACTIVITIES 

. SAN FR..A.NCISCO OPSRATIONS OFFICE 
FJ.eld Office 

BIOLOGY AND HEDICHi~ 
Program 

1. Contrae:torg LB.boratory of I'hwlear Hed:i.d.ne and Radiation Biology 
Ur.d.versity of Califm.'Jlia:; Los Angeles · 

Contrc..ct No·.: AT(04-l)GEN~l2 

2. Project Title~ 
Ecology of the Nev.1d.1 Test Site 

3. AEC Budget Activity No.: 
06-05-01 

S. Hethod of Reporting: 
·. Public a.tions , UCLA. Reports 

4. Date Prepared: 

AeE.il - 1968 
6. Working Location: 

··-·--·····-· Semi~annual and Final Repor ... _vs ______ UCLA and Nevada Test Site 

1. Person in Charge~ 8. Project Term: 
Janice c. Beat1ey l"rom: · 1962 To: Continuing 

9. Han Years 

(a) · Scientific 

(b) Other Tech. 

10. Cc,sts 

Total 

(a) Direct Salaries 

'{b) Ha"t-erials & Services 

(c) Indirect Ex.9enszs -r.-

Total 

FY 1968 

3 ~ 

1 
11 

3d 4 

FY 1968 

$ 36 1 600 

5,700 

(3%) 29,800 (3%) 

$ 72,100 

FY 1969 FY 1970 

4 4 

.!. 1 
4 4 

4 .!. 4 .!. 

F'I 1969 FY 1970 

$ 44,700 .!;· 47,200 

3,700 3,200 

30,200 (3%)_ 32 400 ..... :..!_ 

$ 78,600 .$. 82,800 

* Tot::tl indirect expense of the Conkact pro-r·ated among individttal projects 
on the basis of the percentac;e of total dir~:oct salary expense represented 
by the perticnlar project. 
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11. PUBLICATIONS DURING FY 1968 

Survival of Hinter annuals in the no:t;"thern Hojave Desert. Ecology 48: 
745-750. 1967. 

Ecology of the Nevada Test Site V. Hinter annual survival data. UCLA 12-
650. Dniv. of California, Los Angeles. 1967. 

12. SCOPE OF THE PROJECT 

The program, inititated in the spring of 1962, has consisted primarily 
of field studies at the Nevada Test Site designed to establish certain 
biological and environmental relationships in the principal ecosystems, 
an understanding of Hhich is necessary to interpretation of the effects 
of nuclear and other testing on the native desert species and communities. 
The period of data collections (6 years) is expected to be over by 
autumn, 1968. 

13. RELATIONSHIP TO OTHER PROJECTS 

Ecological studies conducted on other AEC-DBM contracts, and desert 
hiological and environmental studies in a number of institutions, are 
directly or· indirectly related to the plant, animal, and environmental 
studies conducted on this project at the Nevada Test Site. 

14. TECHNICAL PROGRESS IN FY 1968 

Vegetation studies. lVhere needed for conclusion of the plant studies, 
quantitative data will be collected one more seasbn in the spring of 
1968 on some of the net~vork of 68 permanent study sites. 

Rodent studies. Censusing of the rodents on all plots Has conducted 
for the fourth consecutive year. 

Environmental measurements. Records of precipitation, maximum and 
minimum air temperatures, soil moisture and temperature, and ion~zJ.ng 
radiation Here collected bi-Heekly for the sixth consecutive year on 
all of the pennanent study sites. 

Nevada Test Site Herbarium. Around 1600 plant collections· frol!l the Test 
Site .\·Tere ac~:i.oned, and several thousand duplicates prepared for 
distribution; many of these collections are being revie,ved by specialists 
in the various groups. In the spring and summer of 1968, a final effort 
will be made to complete the collections from the Test Site and Bombing 
and Gunnery Range, for publication of a flora of the region. 

15. EXPECTED RESULTS IN FY 1969 

Field data collections are expected .to be completed by autumn 1968, and 
thereafter full-time \•Till be devoted to data analyseS and manuscript 
preparation. 

16. EXPECTED RESULTS IN FY 1970 

Data analyses and manuscript preparation \•Till. continue, and several 
publications, including an annotated flora of the Test Site and certain 
facets of the ecosystem studies, will be completed. 
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·SCHEDULE 189 

ADDITIOI'JAL EXPIJtNATION FOR OPERA'lTNG COSTS 
RESEARCH MID DE'JELOP?·'il~NT ACTIVITIES 

/ . SAH FRAJ-.ICISGO OPERI\ TIONS OFFICE 
Field Office 

BIOLOGY AND ~1EDICHf2: 
Program 

1. Contrg.::;tor~ La.boratory of Nuclear Hedicine and Radiation Biology 
University of California, Los Angeles · 

C6ntr~ct No.: AT(04-l)GEN-12 

2. Project Title: 
Radioecology 

3. AEC Budget Activity No.~ 
06-05-01 

5. HAt.hod. of ReporUng: · 
Publications, UGI..A Reports 
Ssmi~annual and Final Reports 

1. Peraon in Charge: 
Frederick B. Turner 

9. 11an Years 

(a) · Scientific 

(b) Other Tech. 

Total 

10. Cc.sts 

(a_) Direct Salaries 

(b) Na":.erial,~ & Services 

(c) Indirect ExPenszs ~~4 

To.tal 

. 4. Date Prepared: 

April .~ 1968 
fl. \-forking Loca. tion: 

UCLA and Nevada Test Site 

8. Project Term: 
From; 1961 To: Continuing 

FY 1968 FY 1969 FY. 197'0 

4 4 4 

1 1 1 
4 4 4. 

4.!. 4 1 
4 4 .4 1 

4 

FY 1968 F'I 1969 . FY 1970 

$ 58,100 $ 57,900 $ 61,500 

41000 3;900 41800 

(4%) 39,200. (4%) -=->-4->L:looU<-~< 4%) 4 3 ~ 2 0 0 40,300 

$101,800 $102,100 $. 109,500 

· * Total indirect e::-..-pznse of the Cont:..~act pro-r·ated among individual projects 
on the basis of the percentage of total dir~:ct salary e:x."Perise represented 
by the particular project. 

.. . 
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11. PUBLICATIONS DURING FY 1968 

Acute gamma irradiation experiments with the lizard Uta stansburiana. 
Radiation Res. 31:27-35. 0-lith J. R.·Lannom, Jr., l1. J. Kania and 
B. IV. Kmvale~·lsky). 

A model of secondary production by the lizard Uta stansburiana. Bull. 
Ecol. Soc. America 48 (2): 60. (Hith 13. H. Kmvale~·lsky and E. A. Carl). 

A comparison of some demographic attributes of irradiated and non­
irradiated populations of Uta stansburiana in Nevada. Bull. Ecol. Soc. 
America 48 (3): 137-138. (Hith G. A. Hoddenbach and J. R. Lannom, Jr.). 

Preface to the American Society of Zoologists 1967 Refresher Course, 
11Energy flow and ecological systems. 11 American Zoologist, Feb. 1968. 

Radiation doses sustained by lizards in a continuously irradiated natural 
enclosure. Ecology (in press). Ovith J. R. Lannom, Jr.). 

12. SCOP.E OF THE PROJECT 

The effects of lovT levels of external irradiation on natural populations 
of animals are not knm-m. The Rock Valley study entails the continuous 
irradiation of natural populations in such a. way that all individuals 
receive approximately equal doses. One objective of this study is to 
define the effects, if any, of continuous. exposure to low levels of gamma 
radiation on populations of lizards. The Rock Valley study also considers 
the impact of chronic irradiation on the whole co~~unity as an entity, 
both in terms of its organization and function. Special emphasis is being 
placed on the comparative energy metabolism of irradiated and non­
irradiated communities. 

In the Rock Valley study, the primary objective is to seek eviderice of 
modification of population parameters by irradiation, and to correlate 
any observed changes with dose experience. Hence, it is important to 
evaluate the dose experience of individuals as precisely as possible. 
Although free-air doses will be documented in both study areas, these 
data will not be applicable to the dosages experienced by animals. There­
fore, tissue doses to individual organisms will be estimated by the use of 
small thermoluminescent dosimeters. 

In keeping with the community-oriented focus of the Rock Valley program, 
studies of annual changes in the reproductive performances of lizard 
populations are being made. The causes of year to year differences in 
egg production and survival are being investigated in order to clarify 
the mechanisms regulating population size, and to yield data necessary to · 
understand the energy dynamics of the community. 

13. RELATIONSHIP TO OTHER PROJECTS 

The Rock Valley project uses facilities designed by Dr. Norman R. French. 
Whereas Dr. French is investigating the long-term effects of irradiation 
on small ma~~als, the study discussed here pertains to lizards. Dr. 
Donald Tinkle at the University of Michigan has carried out experiments 
on the effects of X-irradiation on lizards (Uta stansburiana). Studies 
on the effects of X-irradiation of toads are being carried out by Dr. 
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Frank Blair at the University of Texas. Studies of the effects of chronic 
ganuna .irradiation on selected arthropods have been conducted at Brookhaven 
Nationa 1 Laboratory under the direction of Dr. George l·.JoodHell. Dr. Frank 
Galley and Dr. Ernest E. Provost at the University of Georgia's Sava~nah 
River Project are investigating radiation effects on various species of 
Hild mammals. 

Additionally, work related to one or another portions of the above is 
being c::1.rried ont At the: 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 
.Savannah River Project, University of Georgia, Athens, Georgia. 
University of Utah, Salt Lake City, Utah 
Univcn; iLy of lvfirrm.!Sola, !•linneapolis, Hinru~sota 
Colorado State University, Fort Collins, Colorado 
University of Washington, Seattle, Washington 
Brigham Young University, Provo,.Utah 
University of Nevada, Reno, Nevada 
Puerto Rico Nuclear Institute, San Juan, Puerto Rico 
Battelle-Northwest~ Richland, Washington 
National Reactor Testing Station, Arco, ·Idaho 

14. TECHNICAL PROGRESS IN FY 1968 

1. Work has continued on a simulation of energy utilization and produc­
tion by Uta stansburiana. Our model takes into account (i) the annual 
cycle of density and biomass, (ii) the physiology of respiration, as a 
function of activity and temperature experience, and (iii) the caloric 
content of Uta. The density of Uta varies between plots and from year to 
year. Estimated densities as lo~s 14 and as high as 29/acre were 
recorded in 1965 and 1966. For the purpose of the energy flow model, a 
spring density of 20/acre ,.,as assumed. Surruner recruitment v7as estimated 
from kno\~~ schedules of age-specific fertility. During August and 
September population density may approach 50/acre. The demographic basis 
6f our model is a series of month-by month estimates of population size, 
coupled w-ith the \•Teight distribution of the population, and taking into 
account monthly mortality rates. 

The hour by hour and day by day temperature experiences of individual 
Uta have been analy?.ed from a series of about 1600 measured body tempera-
-~es, These _temperatures \vere recorded at times for 'l:·:rhich c~rrespohding 
air tempei·atures and sun conditions v7ere known. Give'n certain other 
assumptions, these data Here combined in an empirical model capable of 
predicting body temperatures as a function of air temperature and. 
pyrheliometer data. 

During the warm times of the year the model predicted body temperature 
regimes \·7hich accorded closely \-Iith field measurements (Figure 1). ·The 
performance of the model was less impressive during the \vinter months, 
but still adequate for our purposes. 

The metabolic.rate of Uta, as a function of body temperature and activity, 
\vas estimated from the regression fu~ctions of Roberts Proctor. 

Calorimetry has been carried out on tissues of Uta stansburiana. We 
found that lyophilized tissue Has about 0.3 the weight of live tissue, 
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and that the caloric content of lyophilized tissue was about 5275 ash­
free cal/g. Live \veight of Uta is then about 1570 cal/g. 

A tentative estimate of energy flow in Uta during 1965-66 of 66l~ Kcal/ 
acre/year was derived. Unfortunately it is presently impossible to 
evaluate this estimate in terms of overall community function. A study 
of the kangaroo rat (Dipodomys) in Arizona indicated an annual flm·T of 
about 25,000 Kcal/acre, or about 40 times that of Uta in Nevada. However, 
it must be borne in mind that .about 98% of the energy utilized by mammals 
is by respiration~ with a correspondingly small contribution to net 
secondary production. · Our estimate of the budget of Uta indicated that 
only about 80'7o of the total energy flm·l was energy of respiration. Hence, 
about 20{o of the total energy utilized Has expressed in the production of 
11eN tissue Z~vailable. for other consumers. Viewed in this Hay the role of 
pta, and lizards in general, may not be negligible, 

2. Individuals of I:!_~~. ~.~-~.~~~-~;-1~.1!.~- in Rock Valley receive about 400-2000 
rads/year, depending on their location within the experimental area. The 
maximum exposure rate is during the summer, vrhen essentially all incident 
gamma radiation is absorbed. He judge that most individuals receive, on 
average, about 2-4 rads/day. 

These exposures are loH compared \·Tith chronic dose regimes Hhich have 
had clear-cut effects on the fertility and life span of animals. Studies 
of chronically irradiated laboratory populations of tnammals have' generally 
failed to shmv effects on life span Hhen the ~yeekly doses were less than 
10 rads, although recent laboratory work by Dr. French indicates an 
impairment of fertility and a life-shortenin:~ effect in vrhite-footed mice 
(~ero~scus manic~latu~) exposed to life-·time chronic doses of around 
1 rad/da.y. 

Our studies of Uta indicate that, after three years of almost continuous 
radiation exposure, the experimental population continues to perform in 
a manner Hhich cannot be distinguished from that of populations in the 
three control areas. All populations increased appreciably (roughly 40%) 
between 1966 and 1967. The increase of the irradiated population \vas not 
judged to be significantly different from that observed in the other 
three areas. The sex ratio of the irradiated population is apparently 
identical with thot of the other three populations. Comparisons of the 
age distributions of irradiated and control populations shaH that the 
maximal life span of the irradiated animals (about 4 years) does not 
differ fiom that of the controls. Tests of the relative proportions of 
individuals in each age class do not show significani difference~ betVTeen 
populations. Our comparisons of population age structures are not 
enormously sensitive, but it is at least true that if there is a life­
shortening effect on Uta it is being expressed at a fairly subtle level. 

Year Age Controls Experimental 
x2 

(2x3 contingency p 
(months) table, 2 d.f.) 

1966 8 196 (201. 0) 143 (138.0) 
20 64 ( 59,9) .37 ( 41. 1) 1.1!~7 0.5 - 0.7 
32+ 14 ( 13. 1) 8 ( 8.9) 
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1967 .8 
20 
32+ 

239 (233.8) 
34 ( 39.3) 
10 ( 9.9) 

118 (123 .2) 
26 ( 20. 7) 

5 ( 5. l) 
0.3 

Comparisons of age distributions of Uta stansburiana_ observed in three 
control areas and one irradiated area in Rock Valley, Nevada, and 1966 and 
1967. Oldest age group includes a few individuals 44 months of age. 
Expected values are given __ in parentheses. 

3. A third area of endeavor during 1967-8 was the development of better 
data storage, editing and retrieval procedures. Over 13,000 records of 
Uta alone have now been accumulated and mechanical data reduction 
procedures are imperative. Some of 'Che problems fat:etl luclutletl: (;Ot't· 

version of campus computing facility from an IBN 7094 to an IBH 360/75 
system, reHriting some existing Fortran IV programs in another language, 
development of a blocked tape format and the preparation of a series of 
3 tapes to permit periodic updating of records, the preparation of a 
special editing ·program capable of screening and adding neH records to the 
data matrix. Some of these steps have been time-consuming but it is 
believed that these procedures will be ultimately justified. 

15. EXPECTED RESULTS IN FY 1969 

Sampling of lizards in four 20-acre areas in Rock Valley will be continued 
Four years of observations have revealed no obvious direct effects due to 
radiation exposure, and this is in keeping Hith original predictions. 
The lack of any strong influences of the irradiation on plants suggests 
that no indirect effects can be expected in the near future. It is true 
that the available data have not been analyzed to the fullest degree 
possible, and work along this line will be continued. Work on the mean 
clutch size of Uta will be continued in orde~ to trace year to year 
changes in the rate of increase. 

Work on a general hypothesis explaining density changes in Uta will be 
continued. In a general way, regulation is visualized as an interaction 
between available food and the density-dependent factors influencing 
survival of young females betHeen the time of birth and the first breeding. 
It has already been sho\vn that from 70-80% of the reproduction achieved 
by the population is accomplished by individuals 9-11 months of age. 
Spring densities, then reflect primarily (i) the fecundity of first year 

·females in the preceding year (itself an expression of clutch size and 
number) and (ii) survival of young betHeen July and the follmving spring. 
Clutch size and number is probably tied to available food, although 
changes in the ·average size of breeding females may play a lesser role. 
To ·actually den1onstrate changes in fecundity under conditions of 
differing food availability Hould be difficult, but might be achieved by · 
experimental alterations of the environment. Presumably the fundamental 

··variable is production by annuals (and shrubs?), tvith prey density in some 
\;Jay linked to primary production. l.Jhether there is a lag effect, .!.·~·, 

t·Thether the food conditions during one season affect events during the . 
next is not knm.,rn. 

Presently, the critical deficiency in the Rock Valley progra~ is the 
absence of. regular quantitative sampling of annuals ~nd shrubs, and the· 
lack of clearly demonstrated annual changes in the biomass of arthropods 
serving as food for insectivorous lizards. Attempts t-1ill be made to 
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stimulate the acquisition of data pert~ining to _these problems. 

Hark on the model of Uta energetics ~·7ill be continued. T~w avenues of 
advance are envisione~ (i) manipulation of the moael inputs in order to 
determine ·the total range of plausible variation in outputs, given 
prescribed uricertainites in the input parameters, and (ii) generalization 
and simplification of the model insofar as is possible. Bomb calorimetry 
~·Jill be expanded to include other important Rock Valley species. Further 
acute irradiation experiments with lizards may be conducted if opport~nity 
arises. 

16. EXPECTED RESULTS IN FY 1970 

The program in FY 1969 will"be exclusively concentrated in Kock Valley, 
~·;ith primary emphasis on Uta stansburiana and the factors influencing 
its dynamics. Procedures will be essentially as in the past. 

It is possible that the radiation source ~vill be moved tQ another one 
of the four areas under investigation. This procedure may alleviate 
some of the difficulties in interpreting subtle differences between the 
areas Hhich cannot be definitely ascr~bed to the irradiation. 

The possibility of experimentally altering small study areas in order to 
test certain environmental relationships will be explored. 
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·sCHEDULE 189 

ADDITIONAL EXPLAI~A'l'ION FOR OFEH.fl.'YING COSTS 
RESEARCH AND DEVELOPl·'iENT ACTIVITIES 

. SAH FRA.J:-JCISGO OPZRATIONS OFFICE 
Field Office 

BIOLOGY AND NEDICH!S 
Program 

l, Contractor~ L2.borato:cy of Nuclear Nedid.ne anrl RP..cli ;:it.j.on Biology 
Ur~versity of California, Los Angeles 

2. Project Title~ 
Physiology of Mineral Accumulation in Plants 

3 . .AEC Budget Activity No.: 
06-05-01 

5. Nethod of Reporting: 

Publica.tions, UCLA Reports 
Semi·"annual and Final Reports 

7. Person in Charge: 
Owen R. Lunt 

9. Nan Years 

(a) · Scientific 

(b) Other Tech. 

10. Ccsts 

Total 

(a) . Direct Salaries 

(b) Haterials & Services 

. (c) Indirect Expenses ,-:-

Total 

(1%) 

4. Date Prepared: 

April ~ 1968 
6, \Vorking Location: 

UCLA 

8. Project Term: 
From: 1966 To: 

FY 1968 FY 1969 

1 1 1 2 
1 1 
4 4 

1 2. 1 .!. 

FY 1968. FY 1969 

$ 17,000 $ 15,000 

31100 2,600 

9~900 (1%) 101100 

$ 30,000. $ 27,700 

Continuing 

FY 1970 . 

2 
1 
4 

2 f-

FY 1970 

.. 
~, 24,100 

5,200 

(1%) 10,900 

$ 40,200 

* Total indirect e::--.'jense of the Cont:.~act pro-rated among individual projects 
on the basis of the percentage of total dir,o:ct salary eA.-perise represented 
by the particular project •. 
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11. PUBLICATIONS DURING FY 1968 

Wallace, A., R.T. Ashcroft and O.R. Lunt: Day-Night Periodicity of 
Exudation in Detopped Tobacco, Plant Physiology 42, No. 2, 238-242 (1967). 

Youngner, V.B., O.R. Lunt and F. Nudge: Salinity Tolerance of Seven 
Varieties of Creeping Bentgrass,' Agrostis palustris Huds, Agron. J. 59, 
335-336 (1967). 

Kaempfe, G.C. and O.R. Lunt: Availability of Various Fractions of Urea 
Formaldehyde, Jour. Agric. & Food Chern., 15(6), 967-971, (Nov.-Dec~ 1967). 

Jonco, R. C. \olyn and 0 .R. Lunt t The Function of Calcium in Plante, The 
Botanical Revie~.,r, 33 1 No.4, (Oct.-Dec., 1967). 

Lunt, O.R. and J.G. Seeley: Irrigation of Turfgrass, Flowers and other 
Ornamentals, in Irrigation Monography, Chapter 39 in Amer. Soc. of Agron., 
753-768, (1967). 

12. SCOPE OF THE PROJECT 

Soil-water-plant relations. The water relations in arid region ecosystems 
are dominant factors and an understanding of the adaptations and physio­
logical·racponco of plantE undar tho prevailing conditions is baSic to 
evaluating the additional effectz which radiat_ion or radionuclides may 
introduce into the system. It is proposed to focus attention primarily 
at this time on the perennial shrubs. Attemt,ts l\lill be made to measure 
diffusion pressure deficits of the plant fluids by field techniques 'at 
various seasons of the year, relating these measurements as much as poss­
ible to soil moisture conditions. Likewise, attempts will be made to 
evaluate other physiological functions such as photosynthesis, respiration 

·and transpiration to DPD. At appropriate stages in the study the sensi­
tivity to radiation as a function of physiological condition of the plant 
will be investigated. 

In the area of mineral nutritioti two areas of research particularly invite 
investigation as being contributory to an understanding of parameters 
functioning in the ecosystem. One is the comparative mineral requirements 
and tolerances of plants which have evolved under arid conditions. There 
is a great temptation to translate nutritional physiology from the more 
familiar agricultural plants to those which have evolved under arid con­
ditions. Since environmental conditions are strikingly different, it 
would not be surprising to f~nd differences ·which v10uld provide means for 
studying physiological diversity. Secondly, within this broad context, it 
is proposed to direct attention first to calcium requirements and relations. 
This would appear to be a fruitful avenue of investigation since calcium 
minerals are typically very high in arid region soils, often forming thick 
mineral deposits of Ca C03 or Ca S04 - 2H20 on the underside of surface 
rocks, in channels or ?round roots. In crop plants, minimum ca~cium 
requirements vary from about 200 ppm to about 1%. Calcium also interacts 
with micionutrient functions and active transport process. Basic infor­
mation on mineral nutriticn_contributes to an understanding of the accumu­
lation of radionuclides. 

Wo~k will be undertaken to apply a v~ry new and extremely attractive field 
technique for detecting nitrogen fixation in N.T.S. soils, microorganisms, 
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and plant species. It has recently been recognized that nitrogenase, the 
enzyme responsible tor N2 tixation, Ni11 reduce many triple bonded molecules 
other than Nz. The method makes use of the reduction of acetylene to. 
ethylene by the enzyme. Ethylene can then be detected with great sensi­
tivity by gas chromatogr-aphy. Ol>vluu~ly the assessment of routes of intro­
duction of fixed nitrogen into the· ecosystem is of considerable interest. 

13. RELATIONSHIP TO OTHER PROJECTS 

Research activities will be coordinated with and involve the cooperation 
of invectigatoro in the Environmental Radiation Division l>Jhose interests 
are in the areas of soil-lvater-plant relations and mineral accumulation, 
transport and function. 

Related studies are conducted at the following locations: 

Duke University, Durham, North Carolina. AT(l~0-1) 1827, 3094. 
Ecology Section, ORNL, Oak Ridge, Tennessee, W-7l~05-ENG-26. 
Biology Department, Battelle-Northwesi Laboratories, Richland, 

Washingtoct. AT(4.J ... l)l3.JO. 
u.s. Department of Agriculture, Beltsville, Maryland. AT(49-7)-l. 
Washington State University, Pu1lman, Hashington. AT,( 45-1 )1543. 
University of Ariz~na, Tucson, Arizona. AT(ll-1)947 . 

. 14. TECHNICAL PROGRESS IN FY 1968 

Soil moisture response studies have not reached the point "tvhere He feel -,;.re 
have publishable data. The species under investigation is Larrea vmich 
seemingly displays considerable genetic variability. Thus, it is important 
to Hark -,;v-ith carefully matched clones. Qualitatively, the species responds 
rapidly to moisture after existing in a more or less dormant condition due 
to severe moisture stress. Studies are also in progress on aeration 
requirements of Larrea. No datais available on this characteristic of 
arid region species and it may be a significant ecological parameter 
affecting rooting depth. 

Hork on calcium function in plants (largely supported by an NSF Grant) is 
partially summarized in the publication by lvyn-Jones and Lunt. Other 
articles are in preparation. Work since last year's report centered on an 
attempt to quantitatively localize calcium in the ce11 with the electron 
microprobe. This "t·mrk v7as interrupted by the necessity of Dr. l•lyn-Jones to 
return to England unexpectedly. The completed work will ~e published in a 
series of papers. The publications other than the one by Wyn-Jones and 
Lunt are the result of previous -,;vork. 

15 •. EXPECTED RESULTS IN FY 1969 

It is expected that our current studies on Hater response and aeration 
studies 'vill ·have reached their initial objectives of quantitatively 
d·efining at least the gross aspects of the response of Larrea to soil 
moisture and root requirements for oxygen. 

It is also anticipated that considerable progress Hill have been made on 
explorin~ thi sources of nitrogen input into the N.T.S. ecosystem. 
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16. EXPECTED RESULTS IN FY 1.970 

The direction of work in FY 70 will be influenced by results obtained in 
FY 69. It is anticipated that major efforts will continue to be in the 
general area indicated for next year. 
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ADDITIOI'J.Il,L EXPLil.NATION FOR OPERATING COSTS 
RESEARCH AND DEVELOFi·1ENT ACTIVI'l'l~S 

. SAN FR..A.NCISCO OP8RA'I'IONS OFFICE 
14'ield Oi'fice 

BIOLOGY AN".O HEDICHr~ 
Program 

1. Cont::ca:;torg La.boratory of Nuclear Nedicine and Radiation Biology 
Ur~versity of California~ Los Angeles· 

Cont:r·&.ct No.: AT(04~l)GEN-12 

2~ Project Title~ 
Radioecology-Arthropods 

3. AEC Budget Activity No.~ 

06-05-01 

5. Hethod of Reporting: 

Public a.tions , UCLA Reports 
S2mi""annual and Final Reports 

7. Peraon in Charge: 
Vernon M. Stern 

9. Han Years 

(a) · Scientific 

(b) -Other Techo 

Total 

10. Ccsts 

(a.) Direct Salaries 

(b) Nateriala & Services 

(c) Indirect Expenses ·~- (2%) 

$ 

4. Date Prepared: 

April - 1968 
6. Working Location: 

UC-Riverside and Nevada Test Site 

8. Project Term: 
From: 1966 To: Continuing 

FY 1968 FY 1969 FY 1970 

2 1 1 1 l. 2 2 

1 1 1 
4 4 4 

2 l. 1 t 1 t 

FY 1968 F'l 1969 FY 1970 

·24, 300 $ 20,500 '· 21,900 
~' 

2,100 2,800 2,900 

19,900 (1%) 10,100 (1%) 10,800 

Total $ 46,300 $ 33,400 $ 35,600 

* Total iridirect e:X.1J8nse of the Corit:.~act pro-:r·ated arnong individtlal projects 
on the basis of the percentage of total dir~ct salary expense represented 
by the particular project. 
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11. PUBLICATIONS DURING FY 1968 

Interrelations ·of the aphid, Ocyrthosiphon pisum and its parasite Aohidius 
smithi in a stable environment. R. van den Bosch, C. Lagace, and V. H. 
Stern. Ecology 48(6): 993-1000. 1966. 

Ecological approach in integrated pest control. V. M. Stern and J. M. 
Franz. Proc. FAO Symposium on integrated pest control. Rcme, Italy. 
2; 7-10. 1966. 

Discussion on ecological approach in integrated pest control. V. M. Stern 
and J. H. Franz. Proc. FAO Symposium on integrated pest control, Rome, 
Italy. 2: 33-5. 1966. 

The essential role of economic-injury population levels, and recommenda­
tions to the Director-General of FAO. V. H. Stern and (Panel Nembers). 
Report of the FAO Symposium on integrated Pest Control, pp. 22-23; 39-40. 
Rome, Italy. 1966. 

Lygus control by strip cutting alfalfa. V. M. Stern, R. van den Bosch, 
T. F. Leigh, W. Sallee, 0. MacKutchen and M. Garber. Univ. of Calif. 
Ext. Serv. Circular No. AXT-241, 13 pp. 1967. 

·control of aphids on barley. V. M. Stern and W. K. Howen. calif. Agric. 
21(3): 14-15. 1967. 

Cultural Control of Lygus. Cotton Insect Control. 
Mueller, T. F. Leigh and R. van den Bosch. Mimeo. 
tural Sciences, Univ. of Calif., pp. 23-8. 1966. 

12. SCOPE OF THE PROJECT 

V. H. Stern, A. 
Division of Agricul-

The original project at the Nevada Test Site Has designed to study the 
effects of chronic lm-7 level radiation on ins~cts. This ·study has been 
in progress for nearly 3 years and under the direction of the present 
project leader for a year and a half. 

ThPrP is ,1mpl P PvirlPnCA in the literat1.tre to sho~v th?t ;i.ns~cts can 
generally withstand a veri high degree ot radiation without abnormal 
physiological effects. However, in most studies there has been little 
cnrrela~ion between ecologically related insect species. In addition, 
most of the past \vork and research currently underuay mainly deal \vith a 
few pest species. More basic knowledge is needed to correlate ranges of 
tolerance between arthropods in the same ecosystem. Not only is the 
effect of chronic low level gamma radiation on arthropods needed but 
also the effects of high short term beta and ga.mma radj_ation as suggested 
by Teresi and Ne~vcombe (NRDL - ONR.- OCD Hork Unit No. 3145A). 

Becatise of the recent teit in the Plowshare Program there i~ now a unique 
opportunity to expand the present study to include the effects of higher 
dosages of short term·radiation on related arthropod populations in the 
U20 area at NTS. In the expansion of the present study of short term 
high dosage radiation certain emphasis Hill be shifted to laboratory 
experiments to simulate results of predicted fallout on the ecosystem. 
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In regard to the Rock Valley study the present insect population density 
changes in the chronic low-level radiated area are not expected to differ 
significantly from those in the control areas. In fact, changes in 
population density are probably more likely to be those of varying 
c.limfltic. c:hA.nEP.S or frnm inclirPc.t: pffPr.ts oHine t.o lone-tPrm rr~rlir1tion 

induced changes in the vegetation or on populations of mammal or reptile 
predators rather than from direct radiation effects on the arthropods. 

13. RELATIONSHIP TO OTHER PROJECTS 

Field investigations at NTS are correlated ~vith other investigators from 
the Environmental Radiation Division, UCLA. These include studies on 
mammals, reptiles and plants. Further studies on arthropods are being 
carried on by Dr. D. A. Crossley at the Oak Ridge National Laboratory 
as well as investigations of the effects of radiation on insects Hith 

. different chromosome volume by Dr. H. Cromroy at the University of Florida 
(NRDL..., OCD). In addition a recent project has been initiated by 
NRDL - ONR on the hypothetical effects of radiation on arthropods 
under conditions of various HT surface bursts. The USDA is also studying 
and has already developed technique~ of applying practical and peaceful 
uses of atomic energy to control insect pests by male sterilization. 

14. TECHNICAL PROGRESS IN FY 1968 

Arthropod sampling Has continued in the four plotsat Rock Valley. 
Techniques and procedures of marking various beetles were conducted witl1 
each sampling period. This procedure proved highly valuable and re- . 
capture of beetles shoHed that a number of Eleodes armata.adults that 
were tagged in the early spring 1965 survived the winter of 1965, 1966 and 
1967. There were also other species that survived the winter and were 
recaptured during the summer 1967. 

Resea~ch was continued in 1967 by doubling the sampling frequency in each 
of the.four Rock Valley plots. Small changes in seasonal activity and 
behavior were thus more noticeable. Activity peaks apparently vary from 
one year to another and· appear to be closely tied to the physical con­
ditions of this area. 

Coritinuous recordings of soil temperature at the surface and at 6 and 9 
inches below ground level were accumulated as well as wind speed at 1 ft. 
These data are especially critical during the hot sununer months \·Then 
soil surface temperatures rise above the highest tolerance limits for the 
arthropods under study. Temperatures below the suiface are wit~in the 
tolerance limits of most arthropods. Other weather data was taken by th~ 
AEC.and this will help strengthen the data on the a~thropod project: 

Studies Here also conducted on the insect feeding habits of lizards. ln 
this regard gut contents are being analyzed at various times of the year 
and the insect species found are being identified to the family level. 

15. EXPECTED RESULTS IN FY 1.969 

The 1968 program at Rock Valley will be reduced to sampling arthropods in 
each of the 4 test plots once per month. There has been no detectable 
change in.the arthropod populations due to low level radiation at Rock 
Valley and there Hill be an expansion of research efforts into the U20 
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area in conjunction with the Plowshare Program. These efforts will be . 
related to arthropod activity in disturbed situations.· Mortality effects 
and recolonization of the disturbed areas \-Till be follo\ved as Hell as the 
immediate effects of high level radiation from fallout. 

It is anticipated that some provision Hill be made for a greenhouse at 
Mercury. These studies will relate to the biology of a numbar of insect 
species to better interpret results in the Rock Valley study as Hell as 
study the effects of high-dosage radiation on the biology of ecologically 
related species in the U20 area. 

16. EXPECTED RESULTS IN FY 1970 

It is anticipated that all phases Studied in 1969 will be actively 
.inve9tig."1ted in 1970. 
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·sCHEDULE 189 

ADDITimJAL EXPL.AHATION FOR OPERA1TNG COS'i'S 
RESEARCH AND DEVELOE·'iENT ACTIVITIES 

·SAN FR...A.NCISCO OPERATIOi'-IS OFFICE 
Field Office 

BIOLOGY AND f'IEDICHf~ 
Program 

1. Contrae;torg Lz.bora to:cy of Nuclear Hedicine and Radiation Biology 
U rd. versi ty of Californi.<'l.;~ Los A ne;eles · 

Contr&.ct No.: AT(04-l)GEN~l2 

2. Project Title~ 
Plant Physiological Ecology 

3. AEC Budget Activity No.: 
06-05-01 

5. Hethod of Reporting: 

Public a~tions , UCLA Reports 
Semi--annual and Final Reports 

1. Person in Charge: 
Arthur Wallace 

9.- Han Years 

(a) · Scientific 

(b) -Other Tech. 

10. Ccsts 

Total 

(a) Direct Salaries 

(b) Ha't-erials & Services 

(c) Indirect Expenses * 

Total 

• -- .. --..... .., __ < ___ 

4. Date Prepared: 

April ~ 1968 
6. Working Location: 

UCLA and Nevada Tes_t Site 

8. Project Term: 
From: 1958 To: Continuing 

FY 1968 FY 1969 FY 1970 

3 4 4 
1 1 1 
4 4 4 

3 -t 4 1 4 .!. 1 

FY 1968 F'I 1969 FY 1970 

$ 48,500 $ 62,300 '· 63,700 ~ 

4,500 9,700 5,800 

(3%) 292800 (4%) 40!300 (4%) 43,200 

$ 82,800 $ 112,300 $. 112,700 

* Total indirect 8}..--pense of the Cont:.~a.ct pro-rated among individual projects 
on the basis of the percentage of total dir2ct salary eA~ense represented 
by the particular project. 
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11. PUBLICATIONS DURING FY 1968 ·----· 
Germination of Russian Thistle Seeds. H. A. Rhoads, E. F. Frolich, and 
A. Wallace. Calif. Agriculture 21(7): 2. 

Behavi-or of rare earth elements in plants and soils. E. N. Romney, A. 
·wallace, and R. A. Hood. Amer. Assoc. Advan. Sci. June 19-22, 1967. 

(Abstract) (1967). 

Chelating agent effect on availability of easily reducible Hn
51

' and 
manganese in different. soils by corn and bush beans. A. Hal lace. r"uner. 
Soc. Agron. Ann. Heet., Nov. 1967, College Park Nd. (Abstract) (1967). 

Eff:o::r:t of pho:1phoruo o.nd other d~:ficiencies on leaf temper-Rtllri;> in 
tobacco. A. Wallace, E. F. Frolich, and R. T. Ash~roft. Agron. Jour. 
59: 386. (1967). 

Effect of bicarbonates on exudation in detopped tobacco. A. Wallarie, 
N. hi. M. Leo, and R. T. Ashcroft, Proc, Ann. Neet. Amer. Soc. Plant 
Physiol. Aug. 28-31, 1967, Vol. 42, Suppl. Texas A&M, College Station, 
Texas. (Abstract) (1967). · 

. 86 137 Retranslocat1on of Rb , Cs , and K to new leaf growth in bush beans. 
A. Wallace. Plant and Soil (in press) (1968). 

' 
.Germination behavior of Salsola as influenced b:y temperature, moisture, 
depth of planting, and garrnna irradiation. A. Wallace, H. A. Rhoads, 
E. F, Frolich. Agron. Jour (in press) (1968). 

12. SCOPE OF THE PROJECT 

The purposes of this ;:-.::search project are to obtain fundamental plant 
physiological.and biochemical information concerning species native to the 
Nevada Test Site, to evaluate their susceptibility and response to 
ionizing radiation, and to study radionuclide and mineral element cycling 
in the species. 

Specific research includes field studies of effects of ionizing radiation, 
field and laboratory studies of species susceptibility to radiation, 
effects of altered enviromnent (mineral nitrogen, chelate, water, removal 
of domiriant species, pesticides, radionuclide contamination) on the 
physiology and ecology of chosen si~es, glasshouse and laboratory studies 
of plant species to elucidate pecullarities of their survival adaptations 
to the desert environment, and studies of fundamental mineral nutritional 
characteristics of the species native to the desert. 

Long term irradiation studies of the native shrub species in Rock Valley 
continue, and the data accumulated bet\veen 1964 and 1966 inclusive are 
curr~ntly being evaluated. This study is an essential part of the Rock 
Valley program and is a parallel and· complement to the mammal ami reptile 
studies there. 

Ne\v at·t~~ntion in the Rock Valley area ,.Jill be directed tm.;rard an assess­
ment of annual plant productivity and mineral composition. From biomass· 

. data and mineral analyses, the contribution of these plants to mineral 
cycling will be calculated. Mineral cycling studies will be extended to 
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as many other components of the ecosystem as feasible and in cooper.A.tion 
with as many other sections as practical. It is intended to use various 
radionuclides in the study of mineral ~ycling including csl37, ca45, p32, 
zn65, cl4 plus the stable N15. 

13. RELATIONSHIP TO OTHER PROJECTS 

Research is corrleated \-Tith other sections of the Environmental Radiation 
Division: Soil Factors Section, H. Nishita (480310); Plant Factors 
Section, E. M. Romney (480311); Enviro~~ental Decay Section, H. A. 
Hawthorne (480320); it is also part of the Rock Valley project being 
carried on by Radiation Ecology Section, N. R. French (480341); Radio­
ecology Section, F. B. Turner (480343); Desert Ecology, J. C. Heatley 
(480342). 

Related studies are conducted at other laboratories: U. S. Department 
of Agriculture, Beltsville, Haryland AT (4907) 1; Utah State University, 
Logan, Utah AT (11-1) 1287; Plant Physiology Section, Battelle~Northwest 
Laboratorie~, Richland, Washington; University of California at Los 
Angeles AT (11-1) 134 Project 51; Michigan State University, E. Lansing, 
Mich. AT (11-1) 888; Dept. of Hart. Science, University of California, 
Davis, Calif. AT (11-1) 134, 38; Oregon State University, Corvallis, 
Oregon, AT (45-1) 1547; Tuskegee Inst. Alabama AT (l~0-1) 2749; University 
of California, Agricultural Experiment Station, Riverside, Calif. These 
projects are also closely related to those being carried out by Sparroi-T 1

S 

group at Brookhaven National Laboratory, by Robert Platt and his co­
workers, Emory University, and by Auerbach and his colleagues at Oak 
Ridge National Laboratory. 

14. TECHNICAL PROGRESS IN FY 1968 

Shrub data from the plots in Rock Valley for 1964 through August of 1967 
have been organized into a report that is being prepared for publication. 

· The study covered those aspects of shrubs which are most readily available 
for evaluation, i.e. grm·1th of branches, t>:-1igs and leaves; and the 
production of floHers and fruit. This \-Tas accomplished by taking, during 
the grm-Ting season, a large number of measurements of lengths of branches, 
counts of leaves, flowers, fruits; and in some species, measurements of 
internodal lengths, and the development of nodes are also made, Very 
large numbers of measurements >·7ere required because of the variability 
of these characteristics due to environment and fundamental constitution 
of those shrubs being investigated. 

Af? a complement to the above study, other studies are underway among 
shrubs of a different ecosystem, within the Test Site, at an elevation of 
6000·feet, Hhich is 2000 feet above the Rock Valley elevation. This 
study is of broader scope in. that it also considers other radiation thah 
gamma radiation. In the north,.,est corner of the Test Site there are 

· localized areas in Hhich radioactive materials have been scattered in 
the open environment. This provides a unique opportunity for study of 
the cumulative effects of mixed sources of irradiation on and among the 
shrubs. Phenology, seed germination, and physiological studies will b6o 
made of plants in these areas. In support of this study a portable Co 
source has also been and ~•ill be further used in order to determine the 
relative sensitivities of those shrubi under considetation to a central 
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source of gamma irradiation. 

Seeds and ~eedlings (or rooted cuttings) of several species native to 
the Nevada Test site were irradiated and responses were studied. There 
appear to be great differences among sensitivity. These studies 
complement those being made in the field both with the portable 100 curie 
co60 source and \·lith sites ~.;hich have been damaged in the nuclear testing 
programs. 

A system of test plots \<las established (in cooperation Hith Dr. Romney) 
near Hercury at the Nevada Test Site to study factors Hhich limit primary 
productivity in the ecosystem involved and also to determine some of the 
species interrelationships. Environmental manipulations are being ·used 
on the plots and include irrigation, nitrogen and phosphorus fertiliza­
tion, metal chelate additions, and insect control. These plots are being 
censused for shrub populations. 

Germination and root cutting characteristics of many plant species have 
been determined and these are providing plants for laboratory and glass­
house studies. 

Some phenological characteristics of shrub species Here determined Hith 
the goal of being able to study mineral element cycling. Age ot plants, 
leaf fall, and fruit production were studied. Characteristics of many 
species have been doeumented. A semi- detailed study of nitrogen turnover 
in the ecosystem near Hercury ~vas made. Some initial plant mineral 
RnRlysRs HRr~ made. These studies indicate that phosphor~~ ?nd not 
nitrogen may be a limiting factor in primary productivity. 

Some physiological studies of irradiation effects are in progress. Salt 
uptake, inc:nporation of p32 into RJ."'A, chlorophyll synthesis, and vlater 
movement in detopped plants at various levels of irradiation Hith the 
laboratory co60 source are under investigation. Those effects ~·lhich are 
of ecological interest are of most concern. 

15. EXPECTED RESULTS IN FY 1969 

The completion of the data analyses of the shrubs in Rock Valley is 
expected. This Hill include an assessment of the data for the irradiated 
vs. the non-irradiated plot. 

riore information about the sensitivity to ionizing radiation of plant 
species from the Nevada Test Site and their physiological responses to 
ionizing radiation is expected. Laboratory studies will complement field 
studies. Both gennfnation and physiological studies Hill be made of 
plant maierials from the Cabriolet Test. 

A detailed statistical shrub interrelationship study will be made of the 
plots \vhich r.vei.·e censused in FY 1968. 

Studies of plant phenology and plant behavior for several species Hill be 
continued in the laboratory as well as in the field. 

We expect to initiate a soil survey of major areas at the Nevada Test 
Site and to do detailed chemical analyses on the soil samples collected. 
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The data are to be integrated into an ecosystem analysis for each area. 

The mineral cycl1.ng studies vTill be intensified. Thousands of samples 
Hill be processed and some attempt at synth~sis intn mP.;:;njnp;f11J.,c.ycJ.es 
will be attempted. Attempts '•Till be made to use these data to help unify 
the other studies at Rock Valley into an ecosystem approach. 

Preliminary data vlill be available of the studies of limiting factors and 
responses to environmental manipulation. 

16. EXPECTED RESULTS IN FY 1970 

It is anticipated that all phases of research done in 1969 will be 
continued in 1970. The field plot work Mill be expanded and mathematical 
treatment of the results Hill be undertaken. It is anticipated th~t the 
development of a glasshouse at the Nevada Test Site will make possible 
additional output of information on physiology of desert species and on 
radionuclide cycling. ·Hineral cycling including carbon, nitrogen and 
phosphorus cycles under the desert system will bG studied. 

Further evaluation of environmental influences, that is micro-environmental 
differences, ~ersus the effects of irradiation are anticipated. 
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·sCHEDULE 189 

ADDITIOK!\1 EXPLAEATICN FOR OF~FL~'l'ING COSTS 
RESEARCH A~ID DE'JELOPl·'iENT ACTIVITIES 

. SAN FR...AJ.TCISGO OPZRATIOr.!S OFFICE 
Field Office 

BIOLOGY AND HEDICHf~ 
Program 

1. Contr9.~tor: La.borato:cy of Nuclear Hsdicine and Radiation Biology 
U ni versi ty of California., Los An~eles · 

C6ntract No.: AT(04-l)GEN-12 

2o Project Title~ 
Chemical Problems 

. J, AEC Budget Activity No.: 

06-05-01 

5 • .Hethod of Heporting: · 

Puullr..: 8.t.itjliS , UCLA R~:::J.~ul"t: . .::. 
S3mi··annual and Final Reports 

1. Per3nn in ChP.reA; 
Robert A. Hood 

9. Han Years 

(a) · Scientific 

(b) -Other Tech. 

10. Cc..s ts 

Total 

(~.) Direct Salaries 

·(b) Naterials & Services 

(c) Indirect Expenszs * 

Total 

(6%) 

4. Date P.:r:·epared: · 

April ~ 1968 
· ·w , ~ L t' b. · O:l:'l<:J.:ng oca lon: 

U~,;LA 

8. Project Term: 
From: 

FY 1968 

6 .!. 
2 

1 .!. 
4 

7 ~ 

FY 1968 

$ 79,500 

17,800 

1956 To: 

FY 1969 

6 .!. 
2 

1 .!. 
4 

7 ~ 

F'I 1969 

$ 81,000 

14,000 

Continuing 

FY 1970 

6 1 
2 

1 1 
4 

7 ~ 

FY 1970 

$ 85,700 

12,100 

59,700 (6%) 60,400 (6%) 64,800 

$ 157,000 $ 155,400 $. 162,600 

* Total indire.ct e::--.-p::mse of the Cont:.~act pro-rated among individual :projects 
on the basis of the percentage of total dir~ct salary eA"Pense represented 
by the particular project. 

96' 

,.--· 



11. PUBLICATIONS DURING FY 1968 

Solubilization Method for Centi-Gram to Kilo-Gram Plant Samples. 
12-613, ·12 pp., Jan. 1967. 

The Sequential Separation and Quantitative Determination of sr
90

, 
csl37 and the Stable Elements of Sr and Ca in Plants, Feces, Milk 
Water Samples. U.C.L.A. 12-676, 67 pp., Feb. 1968. 

U.C.L.A. 

C 
144 

e , 
and 

Other publications will be found in the programs of the various sections 
supported by this 3cction. 

12. PURPOSE, NEED AND SCOPE 

The Chemical Problems Section's primary function is the support of the 
program's objectives of the Environmental Radiation Division on its 
research requirements for analytical, inorganic, and radiochemistry. The 
secondary objective is to conduct research in the development of new 
analytical techniques and methods relevant to division programs and 
researt:h req.uiremenL::;. 

The third objective is the development of ne~-1 and unique analytical or 
counting systems that will enable m~re rapid and precise analytical 
analysis. In addition to these principal objectives research is being 
conducted to develop methods using neutron or charged particle activation 
techniques for the production of short half-lived radionuclides u~eful as 
tracers in medical or ecological research programs (i.e. Mg28, Sr~7m, 
~tc.) 

Studies are also being conducted to investigate the physiochemical change 
in soil when subjected to high dose rates of gamma and beta irradiation. 
The water solubility of the alkali metals, alkaline earth metals an~ the 
rare earths (atomic No. 58-71) are presently being investigated with 
reference to this program. 

Other services rendered by this section include the preparation and cali­
bration of counting standards. 

$everal continuing programs are being carried out jointly with investi­
gators in this Division and other Divisions. The Environmental Decay 
Section has required large numbers of analysis for sr90, CePrl44, csl37 
and the stable elements of Sr and Ca. This Section has given support to 
the Soil Factor Section both in the production and analysis of various 
radionuclides (tare earth cycling in piants) irt ecological ~ycling. 
studies. 

In the past ~ur primary effort has been the determination of sr
90

, CePr144 

and csl37. We are presently equipped and staffed to perform analysis for 
all the fission and neutron induced radionuclides. 

13. RELATIONSHIP TO·OTHER PROJECTS 

Analytical Hork and research of similar nature is being carried on in 
the folloHing organizations: 

Analytical Branch, Health and Safety Laboratory, New York Operations 
Office·. 
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Applied Fisheries Laboratory, University of \-lashi~gton, Seattle, 
Washington. 

Lamont Geological Laboratory, Columbia University. 

New York Ecological Research Project, Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 

U.S. Naval Radiological Defense Laboratories, San Francisco, Calif. 

La~vrence Radiation Laboratories, Livermore, Calif. 

Battelle North~·lest Laboratory, Ri..::hlanu, Wa::;hlngton. 

The relationship of this section to other sections of the Environmental 
Radiation Division is indicated in the "Scope of the Project." 

14. · TECHNICAL PROGRESS IN FY 1968 

Support Projects: 

Uuring the first eight months of fiscal year~l968 appJ;oximately 2509. 
determinations were completed for the an~lysis of srYU, CePrl44, csl37 
in plant, milk, feces, bone, GI tracts, soil, m;.1scle and Hater samples. 
A more detailed breakdmvn of samples processed is as follmvs: 

1. Environmental Decay Studies).. Dairy Farw Project: Milk, soil, feces 
and plants were analyzed for Sr~O, CePrl44, csl37, zr95, Ra226 and the 
s.table elements of Sr and Ca. It is expected that 40% of the determina­
tions run during the next four months of this Fiscal Year \vill 
originate from thin section. 

2. Soil Factors· Studies, Plowshare Program: Soil B plant, ·Gr tracts, 
bonei muscle and vital or~ans were analyzed for Sr 9, sr90, Bal40, 
CePr 41+, Cdl06, csl37, Hn 4 and the stable elements of Sr, Ca, K and t-1n. 
It is expected that 30% of the determinations run during the next four 
months will originate from this.section. 

3. Plant Physiological Ecology and Soil Factors Project Plmvshare -·the 
investigation ot mineral cycling of neutron induced rare earth radio• 
nuclides in plants; Tracer solutions of the rare earths are prepared by 
neutron activation of the stable salts of these elemerits. Less than 5% 
of the Laboratory effort will be devoted to this study during the next 
four months. 

4. Chemical Problems, methodology development, instrumentation develop­
men~ and Radiolysis resea.rch in complex systems: It is expected that 
about 25% of the Laboratory effort v7ill be devoted to these investiga­
tions during·the next four months. 

15. EXPECTED RESl~TS FOR FY 1969 

The determination of the radionuclide content of plant, feces, bone, milk, 
soil and \vater samples. \o7ill be continued at the same level for the next 
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fiscal year. It is expected that in addition to the continuing cycling 
studies of sr90 and csl37 in various ecosystems being investigated by · 
this Division, program objectives will be expanded to include the 
biologically significant neutron induced radionuclides associated with. 
under-ground nuclear events. Several net-t methods are under developmenl 
to enable the rapid radiochemical analysis of these nuclides in complex 
matrices (i.e. plant, soil, milk, etc.). The direct, non-destructive 
measurement of garrnua emitting radionuclides in the various kinds of 
samples processed by this laboratory will be greatly increased during the 
next fiscal year. It is hoped that during.FY 1969, the need fo~ wet 
radiochemical analysis of these nuclide~ wlll be eliminated,thus, saving 
the Division considerable funds that are absorbed in wet radiochemical 
ana1ys1.s. IL 1~ e.r.pecl~J t.:ltcd.: t't~UtJ.:on. llctiv&tion, for both t:l!'ncc clement 
analysis and isotopic production will be greatly increased during FY 1969. 

16. EXPECTED RESULTS IN FY 1970 . 

No major changes in directior1 a.re anticipated although more emphasis will 
be given to_neutron induced radionuclides and mineral cycling thus, 
requiring the. de\7e1opment of neH methods artd analytical technique~ Lu 

meet these expanding division research needs. It is expected that the 
recently installed lmv background, anti-cotncidence gamma detector system 
~vill enable the chemistry laboratory to limit its support activities to 
the analysis of stable elements and pure beta emitting radionuclides. 
This will permit more effort to be giveri to the chemically oriented 
problems that exist in the various research programs within the division. 
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·sCHEDULE 189 

ADDITIONAL EXPL.4.NA TI CN FOR OPERA TU.!G COSTS 
RESEARCH AND DEVELOE·'iENT ACTIVITIES 

. SAH FRANCISCO OP~RATIONS OF'FICE 
l<'ield Oi'fice 

BIOLQ_O.X.JlNO HEDIQUf~ . 
· Program 

1. Contra.'~tor: La.boratory of Nuclear Hedicine and Radiation Biology 
University of C~lifor-ni.J..P Los 1\nc;r.lr.n · 

Contr;;.ct No.: AT(04-l)GEN-12 

2o Project Title~ 
Quantitative P1arit tco1ogy 

3. AEC Budget Activity No.~ 

06-05-01 

5. Nethod of Reporting: 

Publica.tions, UCLA Report5 
Semi-annual and Final Reports 

7. Person in Cllaq;>;e: 
(To be Named) 

9. Han Years 

(a) · Scientific 

(b) Other Tech. 

10. Cc.sts 

.Total 

(c.) Direct Salaries 

(b) Nateria.l.s ~~ Se-rvices 

(c) Indirect Expenses * 

Total 

4. Date Prepared: 

Apr~~---~_1;;;..;9;....;6;....;;8~~~------
6. Wo~king Locetion: 

UCLA 

B. Project 'l'erm: 
From: 1968 To: Continuing 

FY 1968 

0 

0 

0 

FY 1968 

$_._.;:_0 __ 

0 

FY 1969 

3 
4 

3 
4 

F'L 1969 

$ '9,500 

'·f100 

FY 1970 

2 

2 

FY· 1970 

$ 29,600 

5,300 

.(1%) 10,100 (2%) 21,600 --------- ---~------

$ __ 0-"--- $ 22,200 ,$ 56,500 

* Total indirect e:>..-pense of the Cont:.~act pro-rated among individual_projects 
on the basis of the percentage of total dir~:ct salary e}.-pense represented 
·by the particular project. 
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11. PUBLICATIONS DURING FY 1968 

Project not in existence 

12. SCOPE OF THE PROJECT 

A new staff member will be recruited or a working relationship '~ill be 
made '"ith staff members from the University of California, Irvine, to 
pursue this project. Interrelationships among the native vegetation 
species are to be evaluated mathematically. Hany different plant 
associations '"ill be studied and the data will be useful as guidelines in 
interpreting the effects of ionizing radiation on desert vegetation. 

13. REI~TIONSHIP TO OTHER PROJECTS 

This section will be correlated with all the other sections within the 
Division since there will be several interrelations of common interest. 

ll•. RESULTS IN FY 1968 

Project not in existence 

15. EXPECTED RESULTS IN FY 1969 AND FY 1970 

Data will be assembled from '"hich ecological relationships among different 
plant species can be assessed mathematically. Included will be data on 
rainfall and temperature, plant census data from the environmental study 
plots, and data from soil moisture and.mineral cycling studies. We expect 
to make progress in developing computer programs for a systems analysis 
approach toward.understanding the desert ecosystem • 
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· SCHEDULE 18 9 

· ADDITimrAL EXPIJd·!ATICN l<'OH OPERATING COSTS 
RESB:ARCH AND DEVELOE·fENT ACTIVITIES 

. SAH FR...A.NCISGO OPZRA TIOf.IS OFFICE 
Field O.filcc 

BIOLOGY AND MIWICINE . 
Program 

1. Contra~torg Laboratory of Nuclear Hedicine and Radiation Biology 
University of CaliforniA.:~ T.os Angeles 

Ccmtrc..ct I'Jo.: AT(04-l)UcN-12 

2. Project Title~ 

Excited States of Molecules in RRriiRtion Biology 
· 3. AEC Budget Activj_t.y No.: 4. Date Prepared: 

06-06-01 ------~--A-'p~r_i_l __ : ___ l9_6_8 __________ _ 
6. Working Location: 5. Nethod of Reporting: 

Publications, UCLA Reports 
Semi~annual and Final Reports 

1. Person in Charge: 
Richard L. Lehman 

. 9. Han Years 

(a) · Scientific 

(b) Other Tech. 

10. Ccsts 

· · Total 

(a.) DireGt Salaries 

·(b) Haterials & Services 

(c) Indirect Expenszs * 

·Total 

UCLA . 

8. Project Term: 
From: 1965 To: Continuing 

FY 1968 FY 1969 FY 1970 

2 ~ 2 2 

2 }z 2 2 

FY 1968 F'l 1969 FY 1970 

$ 27,200 $ 18,700 t, 

~ 18,700 

1,300 2,000 2)300 

(2%) 192500 (1%) 10 2100 . (1%) 10,800 

$ 48,000 $ 30 ;800 ~ 31,800 \?.e-._ _ _;__ __ 

* Total indirect eA?ense of the Cont~act pro-rated rur.ong individual projects 
on the basis of the per-centage of total dir~:ct salary expense represented 
by the particular project, 
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11. PUBLICATIONS DURING FY 1968 

I.ehman, R. L., Fekula, 0. M. and Hayland, J. R.: Sampling Bias in Scanning 
Proton-Recoil Tracks in Nuclear Emulsion, Nucl. lnstr. and Methods 
{In Press) 

Lehman, R. L.: The Origin of Neutron. Groups in Be{o.:,n) Sources, Nucl. 
Instr. and Methods, 1968 {In Press) 

Lehman, R. L.: Nuclear Design Parameters for a Monoenergetic Neutron 
Source, 1968 - U. S. Patent pending. 

12. SCOPE OF THE PROJECT 

This work is designed to advance knowledge of the electronic nature of 
molecules, particularly as it applies to radioprotective agents, in order 
to learn how certain ions and simple molecules act to protect biochemicals 
in solution and in protoplasm· from radiolysis. 

The ultraviolet charge trancfer abcorption bands of enzymes and other 
chemicals in aqueous solution '~ill be studied and the mechanism of elec­
tronic de-excitation of primary excited species in irradiated solution 
will be compared for consistency with electronic state-structures hased 
on J. W. Linnett's hypothesis of tetrahedral spin-set correlation. 

The in vivo efficacy of the radioprotective chemicals selected on the basis 
of electronic structure considerations will be tested in the bread mold 
Neurospora '~here we will compare the ability of such chemicals to block 
the radiation-enhanced production of tyrosinase. 

13. REL~TIONSHIP TO OTHER PROJECTS 

The work of L. Marton and his associates at the National Bureau of Standards 
on the nature of the primary energy-loss events along the tracks of fast 
electrons and of D. V. Cormack at the University of Saskatchewan on the 
exposing track energies provide the physical basis for this project. The 
ideas of R. s. Mulliken (Chicago University) .and R. L. Platzman {Argonne 
National Laboratory) and. the measurements of M. Kasha (University of 
Florida), G. L. Heissler (University of Southern California), R. D. Birkhoff 
(ORNL), and their students provide the background for the nature of the 
initial states of the excited molecules. J. H. Linnett's (Cambridge 
University) new ideas on valency and the electronic structure of matter 
serve as a basis for predicting what electronic structures are important at 
the chemical level. L. Augustein at Michigan State University is studying 
the. fluorescence emissions of various materials excited by ultraviolet rays 
in the 1100-300 A region. 

The hypothesis of A. M. Kuzin and his associates (Institute of Biological 
Physics, Moscow) that the ortho-quinone and ortho-phenol products of 
r'adiation-enhanced tyrosinase activity are the cause of cytological rad­
iation damage {delay in mitosis, inhibition of DNA synthesis, altered A/T 
ratios in DNA, and chromosome aberrations) makes our use of this enzyme as· 
a radiobiochemical endpoint in protection studies quite timely. 

14. TECHNICAL PROGRESS IN FY 1968 

The central \~ork of the project was delayed when equipment funds for a 
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vacuum U. V. nionochrometer were w·ithdraun. The occasion of this delay 
provided the time to complete some collaborative work in another aspect 
of radiological physics (see Sect. 11). 'I'Ylo further pieces of \·IOrk, 
"Neutron Groups in the PuF4 Source", and "Random-Drift Sampling--A Study 
by Computer Simulation'~ havP. been completed. In the neutron group studies 
it was possible, by use of a new graphico-numerical method, to reconcile 
for the first time neutron source (integral) spectral measurements with 

.basic (differential) beam foil measurements. The computer study established 
the general validity of an enti"rely new and rapid procedure for sampling 
vectors (directed line ~egments) in 2- and 3-dimensional space. 

A new power-series solution of the Bateman equation has bee~ derived and 
used as t.he hC:!at't of a high-speed computer program that calculates the 
activation and decay of isotopes subjected to a constant particle fluence. 
The complete history of activation and decay for the rare-earth elements. 
has been found for 1-day activation in a 1.5 x 1012 thermal neutron fluence, 
as has the time course of decay of 1 g of Ra 226 and its 17 daughters. 

The time cour·se of the radiation-induced (1-10 kR.) tyrosinase activity in 
liquid extracts of 3-day cultures of Neur-ospora grown from conidia in 
1/2%-sucrose-Vogel 's medium has been determined by use of the DOPA-;> dopa­
chrome reaction. The enzyme activity 3 hours after irradiation of the 
cultures is strongly dependent.on environmental factors such as oxygen and 
sucrose content of the culture medium, and the pH and temperature history 
of the cul turcs. 

15. EXPECTED RESULTS IN FY 1969 

Studies designed to test the correlation be~veen charge-transfer absorption 
coefficients and radioprotective ability of certain ions. and simple mole­
cules \~ill be resumed, and ex~ended to include. measurements in the vacuum 
ultra-violet by use of ultra-thin liquid layers sandwiched between special 
polished transmitting plates, and of thin solid films. It is expected that 
measurements of this type by use of the vacuum ultraviolet equipment l~e 
hope to purchase with FY 1969 funds will provide fundamental information 
bearing strongly on hypotheses about the nature of the primary absorption 
events along the paths of fast charged particles in liquids and solids. 

We will continue to explore and develop radiation-sensitive biochemical 
.end-points.i.n Neurospora, making use of the enzyme induction methods of 
N. Horowitz and his associates at Cal Tech, and begin to test the efficacy 
of radioprotective agents iu the Ly:cusinase system. 

16. EXPECTED· RESULTS IN FY 1970 

Measurements with the vacuum ultraviolet spectrometer will continue and be 
extended to include absorption coefficients in various materials in the 
form ~f thin liquid and solid films in the 1100-1900 A l~avelength region, 
and fluorescence/phosphorescence spectra and efficiencies of materials in 
this same region. The other areas of interest described for this project 
will.be continued, with emphasis on those aspects found to be most promising 
this nexi: year. 
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·sCHEDULE 189 

ADDITIONAL EXPLAHATICN FOR OPERATING COSTS 
RESEARCH AND DEVE:LOPHENT ACTIVITIES 

. SAN FR..A.NC:ISGO OPERATIONS OFFICE 
Field Offi.ce 

BIOLOGY AND KEDICI~~ 
Program 

L Contra~tor~ La.boratory of Nuclear Hedicine and Radiation Biology 
University of Ca.lifornia.? Los Angeles· 

Cont:r·c;.ct No.: AT(04-l)GEN-12 

2. Project Title~ 

Medical Physics Instrumentation 

3. AEC Budget Activity No.: 

06-06-02 

5. Hethod of Reporting: 

Publica.tions, UCLA Reports 
Semi~-annual and Final Reports 

1. Peraon in Charge: 

Benedict Cassen 

9. Han Years 

(a) · Scientific 

(b) ·Other Tech. 

10. Cc.sts 

Total 

(e<.) DireGt Salaries 

.(b) Haterial-5 & Services 

(c) Indirect Expenses * 

Total 

4. Date Prepared: 

April ~ 1968 
6. Working Loca.tion: 

UCLA 

8. Project Term: 
From: 1963 To: Continuing 

FY 1968 FY 1969 FY 1970 

2 ~ 2 ~ 2 1: 2 

-
2 ~ ·. 2 ~ 2 ~ 

FY 1968 F'L 1969 FY 1970 

$ 33,soo· $ 35,200 '· 34,100 .. , 

3,300 3,600 4,000 

{2%) 191900 {2%)· 20 z 100 (2%) 21,600 

$ 57z000 . $ 58,900 ~ 59,700 \l'c__ _ _:__ __ 

* Total indirect e:x.--oense of the Cont:.1 act oro-rated among individual orojects 
on the basis of the percentage of total .. dir~:ct salary expense repr~sented 
by the particular project. · 
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11. PUBLICATIONS DURING FY 1968 

Cassen, B. and Crandall, P.: Section Scanning with a Large Solid-Angle 
Collimated Detector or System of Detectors, Progress-_in Biomedical 
Engineering p. 109-114, edited by L. J. Fogel and F. W. George, Macmillan 
and Co., Ltd., 1967. 

12. SCOPE OF THE PROJECT 

The purpose of this Medical Physics Section activity is to develop new 
fundamental procedures and instruments that are specially applicable to 
currently important problems in radiobiological research and in nuclear 
medicine. These efforts are especially in the direction of the develop­
ment of ne\V sensors of biological information and not in the direction of 
rapid or more convenient data handling and processing. The new sensor 
developments are being used in biological and medical research applications 
in the Medical Physics Section under Budget Activity 06~01-01 (See Medical 
Physics Problems). Currently there are several major efforts in progress 
as well as other lesser developments. 

The first, is the continuing development toyyard optimum performance of a 
high speed sectioning scanner \-lhich includes the exp1oration of ne\ol poso 
sibilities of appreciably increasing gamma photon utilization in radio­
isotope scanning. (:>ee 14 .below). 

The second major effort consists in developing neYT procedures for the 
gross separation and characterization of viable cell suspensions into 
groups having different physical characteristics. Such methods, depending 
on differences of electrophoretic zeta potential, on size and shape char­
acteristics, and density differences are being applied to separated 
lymphocytes and to age group separations of erythrocytes. Effects of 
in vivo and in vitro irradiations of lymphocytes on these newly measurable 
characteristics are being determined (See 14 belm>7). 

An efficient and greatly improved multichannel analyzer cell counting and 
sizing.system has been developed and is being used in studying the effects 
of radiation and other agents in changing cell size distributions. (See 
14 below). 

A system is being developed t~ obtain short duration flash microphotographs 
of oclcctcd large cello emerging from a Coulter aperture ond of cello oub­
jected to stress environments. Recent improvements in holographic photog­
raphy will enable an appreciable simplification and improvement of this 
system,' 

13. RELATIONSHIP TO OTHER PROJECTS 

High Speed Sectioning Scanner: This phase of development and clinical 
testing is in cooperation Hith the UCL.&\ School of Hedicine Neurosurgery 
Group'and especi~lly Hit~ Dr. Paul Crandall of that group. Also a cooper~­
tive program with the UClA School of Medicine Radiology Dep·artment Isotope 
Laboratory has been established to compare the information obtained from 
high speed section scans \oith that obtained from conventional scans on the 
same patients. Some others working in the field of improving radioi'sotope . 
imaging are: 
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Mr. Hal Anger, Donner Lab., University of California, Berkeley 
Mr. Robert Beck, Argonne Cancer Hospital 
Dr. Herrill Bender, Roswell Memorial Inst., Buffalo, New York 
Dr. David Kuhl,- University of Pennsylvania 

Physical Cell Measurements and Separation: 

Dr. Howard Hel, Donner Lab., Berkeley, California 
Dr. Marvin Van Dilla, Los Alamos Scientific Lab. 

14. TECHNIC~L PROGRESS IN FY 1968 

High Speed Sectioning Scanner: Much clinical experience was obtained with 
the first model of the High Photon Utilization High Speed Section Scanner 
on brain tumor patients. Good stereotaxic localization results were fairly 
consistently obtained t.rith administered doses of about 5 me of technetium 
99 m. A complete brain section scan is obtained in about 4 minutes and 
several lateral and AP sections can be obtained in a reasonable length of 
time. In most cases by proper setting of cut-off, a good estimate could be 
made of the actual size of the tumor. Hot-lever, very little information 
could be obtained relative to the boundary configuration of the tumor,­
although in some patients such-information, although ill-defined, tvas 
verifiable on post-mortem or after surgery. It appeared that more detailed 
boundary configuration obtained preoperatively could be of great value to 
the neurosurgeon. In order to get appreciably more resolution and to take 
advantage of all the lessons learned with the first scanner, a new scanner 
was constructed using a spherical cap nest of three-inch crystals instead 
of the cap of broken crystals. Each of seven three-inch crystals had its 
ot-~n finer grained collimator, all being lined up accurately to a common 
focus. This new scanner is now completed and installed in the UCLA hospital 
and is ready for a new patient program. Phantom tests shoH that the per­
formance should be much superior to the earlier model and that much better 
boundary configuration information will be obtainable. 

A cooperative program with the UCLA School of Medicine Department of Radi­
ology Isotope Clinic has been established to (1) compare information ob­
tained with high speed section brain scanning t-~ith conventional scanning 

·on the same patients, (2) to explore-the potentialities of the.high speed 
section scanner for detecting ischemic regions in pulmonary scanning and 
for detecting tumors and cysts in liver scanning. 

Physical Cell Measurements and Separations: .Fundamental improvements have 
been made in cell size distribution determination methods. Reliability and 
reproducibility have been improved. A nev1 preamplifier .for a Coulter 
aperature has been developed which enables short length aperatures to be 
used tvithout obtaining the Van Dilla ·distortion effect. The rise time of 
the preamplifier is less than 1 microsecond and no appreciable noise is 
added in the size range of·blood cells. 

A'precision density gradient technique using gradients of bovine serum 
albumin was appli.ed. (a) to separate v7hite blood cells from an oven.;rhelming 
preponderance of red cells and (b) to separate leukocytes into density, 
groups. (S~e Medical Physics Problems 06-01-01). 

Further improvements based on lessons learned in actual use were made on a 
preparative electrophoretic separator~ 
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15. EXPECTED RESULTS IN FY 1969 

It is expected that still more data can be accumulated on the clinical 
utility of fast section scanning especially on boundary configurations of 
brain tumors and also on other applications such as liver and lung section 
scanning. 

It is expected that further improvements will be made in our ability to 
characterize and separate viable cells vlith'out destroying their viability. 

16. EXPECTED RESULTS IN FY 1970 -----·----·-...... -.. -~ ..... -·~--.... _. __ , ........ _ ........... - .. , .... 

It is anticipated that considerable improvements and simplifications can 
be made in clinical in vivo radioinotopc diotribution imaging by use of 
calcium tungstate mosaic screens. 

It is expected that a program of developing methods of transferring stero­
taxic scanning information to a 3-dimensional rotational radiation lesion 
producing system will materialize. 

It is expected that physical cell measure1nent and separation techniques 
can be adapted to give diagnostic information on cancer and leukemia 
patients. 
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·sCHEDULE 189 

ADDITIONAL EXPL..l1.HATICN FOR OPER..I\TIUG COSTS 
. RESEARCH AND DEVELOPi·'iENT ACTIVITIES 

. SAN FR...A.NCISGO OPERATIOJilS OFFICE 
Field Office 

. BIOLOGY. AND m~DICIN€ 
Program 

1. Contra~tor: La.boratory of Nuclear Hedicine and Radiation Biology 
University of California,:) Los Angeles· 

C6ntr~ct No.: AT(04-l)GEN-12 

2. Project Title~ 

Leuk~mia Dio1ogy 

3. AEC Budget Activity No.: 

06-09-00 

5. Hethod of Reporting: 

Publica.tions, UCLA Reports 
Semi--annual and Final Reports 

7. Person in Charge: 

Esther F. Hays, M.D. 

9. Han Years 

(a) · Scientific 

(b) Other Tech. 

10. Ccsts 

Total 

(a.) . Direct Salaries 

(b) Haterials & Services 

(c) Indirect Expens2s * 

Total 

4. Date Prepared: 

April ~ 1968 
6. ·.Working Location: 

UCLA 

8. Project Term: 
From: 1955 To: 

FY 1968 FY 1969 

3 3 ~ 

.1 1 

4 . 4 ~ 

FY 1968 F'L 1969 

$ 39,300 $ 46,200 

. 6,000 7,500 

(3'/o) 291700 (3%) 30,200 

$ 75,000 $ 83,900 

Continuing 

FY 1970 

3 ~ ----
1 

4 1: 2 

FY 1970 

.. 49,500 ~, 

7,400 

(3%) 32,400 

~ 89,300 ...,. ____ _ 
~- Total indirect e:A~8nse of the Cor1t:."'act oro-rated arnong indiyidtlal projects 

on the basis of the percentage of total· dirsct s~ary eA~ense represented 
by the particular project. · 
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11. PUBLICATIONS DURING FY 1968 

Hays, Esther F., The Role of Thymus Epithelial Reticular Cells in Viral 
Leukemogenesis, Cancer Research, V:_!2: 21-26, 1968. 

Hays, Esther F., Antigenetic Properties of Mouse Lymphoma Cells, Journal 
. of Immunology - In Press, 1968. 

12. SCOPE OF TilE PROJECT 

The Role of the Thymus in the Structural and Functional Developnlent. of 
L)~phoid Tissue of the Mouse. 

Aulwals thymet..:tomized sho~tly after birt:h or thymectomized as adults then 
irradiated with 800 r total body irradiation and protected with syngeneic 
bone marrow develop a characteristic deficit of lymphocytes in all of their 
l)~phoid tissues, an inability to reject homografts, and an impaired agglu­
tinin response to the inoculation of sheep red blood cells. (SRBC). ThYmus 
grafts in these mice result in the development of a normal structural and 
functional status of the lymphoid system. Experiments carried out in this. 
laboratory have sho'~ that thymus grafts composed only of epithelial reticular 
cells can result in histologic and imnunologic recovery of neonatally thymec­
tomized, as ,.,ell as, thymectomized-irradiated adult animals. \ole have found 
these epithelial re~nant grafts to become populated with host l~nphoid cells· 
during the second week after grafting. To determine if the effect of these 
grafts is due principally to a humoral factor liberated by the epithelial 
reticular cells, or whether the presence of lymphoid cells is necessary for 
thymus function, they have been removed after 7 and 14 days. The recipient 
·animals ,.,ere then studied by measuring their agglutinin response to SRBC 
and looking at the histology of their lymphoid tissues. 

Two study periods were used: 40 days, and 90 days after the grafts were 
removed. This ,.,as done to determine if there had been a persisting 
normalization of immunologic capacity and histologic appearance of the 
lymphoid tissues. 

The Relationship of the Thymus to Lymphoma in the Mouse. 

The objectives of this project are to determine the series of events that 
take place in the th}~us prior to, and at the time of leukemic transformation. 
It is kno"Vm that in the spontaneous lymphoma of AKR mice as well as in Gross 
virus induced lymphoma, the initial development of lYmphoma occurs in the 
thymus and can be prevented by removal of this organ. We have elected to 
approach this problem by using thymus epithelian remi1ant grafts in high and 
lmv incidence leukemia strains, with and ,.,ithout added virus to de·termine 
the role of these cells in the development of lymphoma in the thymus. A 
program to evaluate the histogenesis of leukemia in the epitheli~l grafts 
by biopsy at various time intervals prior to the development of leukemia is 
also in progress. In this system, the ingredients are found foi a predictable 
in vivo change to malignancy~ therefore, it seems that here ·some -of the. ' 

.ans,vers to problems involving this· change can be obtained. 

Immuriosue_~ression and !he Develooment of Lymphoma in Mice. 

This study is being carried out in collaboration with Donna Vredevoe, PhD., 
a Consultant to the Laboratory. Studies from this laboratory as well as 
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those of others, sho'" that tumor-specific antigens exist in Gross virus 
induced lymphomas in mice. The nature of specific antigens is a matter 
of some doubt at present. They may represent modified transplantation 
antigens, entirely ne\•7 cellular antigens induced and controlled by genetic 
materials from the virus, or changes in previously non-antigenetic cellular 
structures. One might suggest that if tumor antigens arise in an animal 
tolerant to virus antigen, but not to new cellular tumor specific antigens 
induced by the virus, a state of foreign antigens existing in an hostile 
environment would arise. In such a case it is difficult to imagine how 
a new antigenetic specificity can exist in the host animal unless immuno­
logic depression which has been noted in preleukemic mice permits the 
development of such foreign neoplastic clones. In the case of tumor 
specific antigen in carcinogenic induced tumors, immunologic depression of 
the host has been postulated by a number of workers. Carcinogenic and 
mutagenic agents such as ionizing radiation and chemicals are known to lo,_.,er 
immune responsiveness and thus might allow cell variants to establish them­
selves. With the advent of immunosuppressive drugs, a new area of experi­
mentation on immune response has been opened. Although it must be recognized 
that such drugs are also of limited use in suppression of tumor grm\lth, 
careful consideration of dosage and ~iming ~f administration can make them 
useful tools in the analysis of the iw~une response of the host.to tumor 
cells. The recent introduction of anti-lymphocytic serum as an immuno­
suppressive agent adds another useful tool for study. 

The design of these experiments is to study the high leukemia AKR mouse, 
l-7hich might be regarded as having a depressed immune response to tumor· 
specific antigens, and a low leukemia strain mouse, C3H, which might be 

" regarded as hypersensitive to tumor specific antigens. Pre-leukemic 
mice are being subjected to chronic immunosuppressive treatf!lent to lm~er 
their resistance to foreign tumor antigens. This immune depression might· 
be expected to promote the development of cells carrying tumor specific 
antigens. Both spontaneous and virus induced tumors are being studied in 
this manner. In summary: this study is an analysis of the effect of chronic 
immune depression in high and low leukemic ·mice, with and without injection 
of Gross virus. 

13. RELATIONSHIP TO OTHER PROJECTS 

The fol.lowing lists some laboratories where research and experimental 
leukemia and the role of the thymus in the immune system are being carried 
out and whose work is of direct relationship to the studies being carried 
out in this laboratory. 

Dr •. L. Gross, Veterans Hospital, Bronx, New York 
Dr. H.S. Kaplan, Stanford University, School of Medicine, Palo Alto, Calif. 
Drs. Law, Maloney, Rauscher, National Cancer Institute, Bethesda, Maryland. 
Dr. J.F.A.P. Miller, Walter and Eliza Hall, Institute of Medical Research, 
Royal Melbourne Hospital, Victoria, Australia · 
Dr. Britta Wahren, Institute for Cell Research, Karolinska· Institute., 
Stockholm, Sweden. 
Dr. Paul Terasaki, Department ·Of Surgery, University ot Calif6rnia, 
Los Angeles, California. 
Dr. W.H. Hildemann, Department of Medical Microbiology and Immunology, 
University of California, Los Angeles, California. 
Dr. Charles G. Craddock, Jr., Department of Medicine, University of 
California, Los Angeles, California. 
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Dr. David Imagawa, Department of Pediatrics, University of California, 
Los Angeles, California. 

14. TECHNICAL PROGRESS IN FY 1968 

The Role of the Thymus in Lymphoid Development. 

I. Studies using short term thymus epithelial cell grafts: Mice of the 
~BA/J strain, which were thymectomized at one month of age, and six weeks 
of age, were lethally irradiated and protected with bone marrow cells from 
CBA/T6T6 mice. These animals were divided into four groups. Group 1, 
was thymectomized and irradiated. Group 2, was thy~ectomized, irradiated 
and grafted with a thymus epithelial remnant under the kidney capsule, 
removed after 7 days. Group 3, was thymectomized, irradiated, and grafted 
with a thymus remnant under the kidney capsule, removed at 14 days. Group 4, 
was thymectomized, irradiated, and the graft was left under the kidney 
capsule until the time of sacrifice. Some animals were.killed at forty 
days after graft removal: and others at ninty days after graft removal. 
Animals which \.Jere irradiated and protected with bone marrow, but not 
thymectomized, shmved normal histology of the lymphoid tissues and normal 
agglutinin responses to SRBC. Group 1: animals demonstrated depletion of 
the small lymphocytes in the lymphoid tissues and impaired immunologic 
re$ponsiveness to SRBC. The animals in Groups 2 and 3 showed considerable 

· variatj,on in their immune responsiveness as well as histologic picture. 
The agglutinin response to SRBC was impaired in the majority of animals of 
both these groups. The spleen and lymph nodes, showed depletion of the small 
lymphocytes in approximately half of the· animals and in the remaining there 
was some evidence of repletion of these cells. Animals of Group 4 had 
normal immune responsiveness and tissue histology. 

II. Our studies of the neonatally thymectomized animals which have had 
thymus epithelial cell grafts under the kidney capsules from 7-18 days, 
starting at 21 days of age, have shown normal responses to SRBC in 11 of 
23 animals sacrificed at 90 days of age. Only 4 of these 23 animals had 
what could be called normal lymphoid tissues. Nost of the lymphoid tissues 
shoHed depletion very similar to that found in neonatally thymectomized 
controls .. Animals with their own thymus left in situ until 8 days of age, 
then thymectomized and sacrificed at 90 days of age, showed normal lymphoid 
tissues and immune responses. Animals thymectomized at birth and inunediately 
grafted subcutaneously with thymus epithelial remnants \olhich \vere removed at 
7 days of age, showed impaired immune responsiveness, wasting and lymphoid 
depletion. To summarize, a weak effect of epithelial grafts in restoration 
of lymphoid tissues was demonstrated. It has been postulated that the 
thymus epithelial cells release a humoral factor which is responsible 
for some of the development of immunologic capacity in mice. The results 
of these two studies suggest that such a factor has little effect in th~ 
absence of thymus lymphoid cells. 

Thymus and Leukemia. 

Studies from this laboratory have sho\oJn that in vitro exposure ·of epithelial 
. grafts to leukemogenic virus in leukemic transformation of these graft.s. 
·Studies of the histogenesis of leukemia in these grafts have been initiated. 
This is done by biop~y of virus-exposed subcutaneous grafts at various time • 
intervals after grafting, and before the development of leukemia in them. 
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It has been shmm that the virus infected remnant graft is populated \vith 
lymphocytes in the same '-lay as some\vhat s lo .. 7er than the non-virus expof?ed 
graft. It may completely resemble a normal thymus several Heeks before 
overt leukemic transformation takes place. Animals with 5 epithelial grafts 
implanted have a higher incidence of leukemic transformation· than those ,,,ith 
a single graft. The preieukemic virus-exposed grafts had fewer mitotic 
figures.in their lymphoid cells than did the non-exposed grafts. Lymphomas 
developed only in the virus-exposed grafts, from 9.5 to 21 weeks after they 
were placed in situ. 

Innnunosuppr·ession and Development of Lymphoma. 

Experimental diets containing azathioprine (Imuran) and 6 mercaptopurine 
multiple spaced dose irradiation therapy and anti-lymphocyte serum have· 
been used as immunosuppressive agents in AKR and C3H mice with and with­
out Gross leukemogenic virus. These studies are now in progress. The 
results are not yet ready for analysis. 

15. EXPECTED RESULTS FY 1969. 

The findings in the FY 1968 experiments of the relative ineffectiveness 
of the short-term thymus epithelial grafts, in thymectomized and irradiated, 
as \ve11 as in neonatally thymectomized mice, ,.,ill lead us to perform two 
experiments. One will be a study of animals immediately after the grafts 
are removed, to see if there is a transient effect produced by the graft, 
which had been dissipated at the time of study, (2-3 months after grafting). 
Secondly, since Miller (Clin. Expt. Irrmunol., 1: 61, 1966) has reported, 
restoration on neonatally thymectomized mice bearing syngeneic thymus implants 
for one week, \ve \vill study ,,,hole thymus grafts in our system. If it is 
shown that short-term whole thymus grafts restore animals in a situation 
where epithelial grafts cannot, this will constitute experimental evidence 
to postulate a definite role for the donor thymus. cortical lymphoid ce11s •.. 
Donor cells have been show~ to be present one week after grafting and then 
to be completely replaced by host lymphoid cells. Most of the cortical 
lymphocytes '-lhich are known to be actively proliferating cells, \>lith a 
life span of three days, are believed to be destroyed within the thymus. 
The experiments proposed here might provide an answer to the purpose of 
this intense thymus lymphocyte activity, i.e., that the intra-thymic lym~ 
phocyte destruction, possibly mediated by epithelial reticular cells, 
releases products which are responsible for the restoration of neonatally 
thymectomized, and thymectomized-irradiated mice. 

A direct relationship between the presence of the thymus and the persist;:ence 
of lymphoid cells in the bone marrow has been shown by our studies.·. Neo­
natally thymectomized mice shoH a progressive loss of bone marrow· lymphocytes, 
from normal levels at birth to their virtual absence in wasted animals to 
8 weeks of age, indicating that the maintenance of these cells is controlled 
in some \vay by the thymus. Recent studies have demonstrated that inocula­
t'ions of adult bone marrmv cells into neonatally th.ymectomized mice, 'result 
in protection from the intestinal illness which produces the characteristic 
wasting syndrome. Immunologic capacity and histologic appearance of the 
lymphoid tissues, however, w~re not restored to normal. This is similar to 
the appearance of thymectomized irradiated adults which have been protected 
with adult bone marrow. The Peyer's patches in both of these animal 
preparations have been found to be histologically normal. Therefore, further 
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studies to clarify this interesting finding will be done. Investigations 
of the possibility as to 'Hhether the bone marrO\v lymphoid cells are 
responsible for direct population of the Peyer's patches, making the 
mechanism of development of this system for intestinal immunity somewhat 
different than that which is knmvn t·o be present in the other lymphoid 
tissues such as spleen and lymph nodes, will be carried out. 

Studies will also be undertaken in FY 1969 to determine the role of irradiated 
thymus remnants in leukemogenesis using technics similar to those of our 
previous studies. We '"i 11 look at remnants given 800 r and 500.0 r before 
and after exposure to virus. 

Studies concerning the immunologic status of pre-leukemic mice using the 
response of these animals to different antigens as a measure of the immuno­
suppression on leukemogenesis will be continued. 

16. EXPECTED RESULTS FY 1970 

The interaction of thymus and bone marrm.;r on lymphoid tissue and immune 
response \·Jill be continued object of studies in both normal and leukemic 
or pre-leukemic mice • 

. The question of the exact mechanism of the leukemic transformation in the 
thymus medullary cell, virus, thymus, lymphoid cell system will be approached. 
One consideration will be whether transformation results from an interaction 
of RNA of the epithelial reticular cells in conjunction with virus, on the 
leukemia susceptible lymphoid cells. The effects of ionizing radiation in 
this system will also be object of further experiments. Studies are planned 
to irradiate the medullary cells, lymphoid cells, and virus and to observe 
the effects of this treatment on the development of leukemia in susceptible 
as well as resistant hosts. 
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11. PUBLICATIONS DURING FY 1968 

Taplin, G.V., S\vanson, L.A., Hayes, M. Recent Advances In Kidney Scanning. 
Lahey Clinic Bulletin, 16: 361-372, 1967. 

Taplin, G.V., Poe, N.D., Dore, E.K., Greenberg, A. Bronchial Patency and 
Aerated Space Assessment by Scintiscanning. Lahey Clinic Bulletin, 16: 
297-312, 1967. 

Poe, N.D.,Swanson, L.A., and Taplin, G.V. Physiological Factors Affecting 
Lung Scan Interpretations. Radiology, 89: 661-666, October, 1967. 

Webber, M.M., Bloomer, W.E., Crandall, P.R., Drainkard, J,, Glober, G., 
'HPrbst, H.H., Johnson, D.E,, Killcffcrt F.A., Hr:Alpiu, R.N., Pope, M.A., 
Stern, W.E., Swanson, L., Taplin, G.V., Weidner, W.A., UCLA Interdepart­
mentai Conference: The Use of Radioisotope Scanning in Medical Diagnosis: 
Applications in Diseases of the Brain, Lung, Liver and Heart. Annals o~ 
Internal Medicine, 67: 1059-1083, November, 1967. 

Kennady, J.C., and Taplin, G.V. Investigations of Regional Cortical Blood 
Flow. Proc. Med. and Surg. 75: 346-355, Nov-Dec. 1967. 

Kennady, J.C., and Taplin, G.V., Shunting In Cerebral Microcirculation. 
~ner. Surg. 33:763-771, Oct. 1967. 

Taplin, G.V., Dore, E.K., Poe, N.D., Greenberg, A., Johnson, D.E. 
Lung Visualization and Functional Evaluation By Two New Radioistitope 
Scanning Methods, Progress in Radiology, Vol. II, 1194-1207, Excerpta 
Medica Foundation, 1967. 

Kennady, J.C., Swanson, L.A., and Taplin, G.V. Assessment of Cerebral 
Blood Flow with the Magnacamera. Clin. Res. 16: 138, Jan. 1968.(abstract) 

Poe, N.D., Taplin, G.V., Dore, E.K., and Greenberg, A. Lung Scintiscanning 
With Radioaerosols. Clin. Res. 16: 134, Jan. 1968.(abstract) 

Taplin; G.V., Dore, E.K., Poe, N.D., Swanson, L.A., and Greenberg, A. 
Pulmonary Arterial Perfusion and Aerated Space Assessment by Scintiscannin~ 
Proc. HarvArci Ilnhr. Sympo5 ium, Frontiorc of Pulmonary Radiology ;April, 19G7. 
Grune-Stratton, Publishers (In Press). 

Taplin, G.V., Poe, N.D., Swanson, L.A., Dare, E.K., Greenberg, A. 
Scintiscanning in the Assessment of Regional Pulmonary Function, Chapter 
30 of Clinical Cardiopulmonary Physiology, Third Edition, Grune-Stratton, 
N.Y. (Inpress). 

Taplin, G.V. The Scintillation Scan, Clinical Scintillation Scanning, 
Chapter 5, Roeber Medical Division, Harper & Row, publishers (In press). 

Swanson·, L.A., Hayes, M., Kennady, J.C .. , and Taplin, G.V. A Ten Probe 
Rapid Scanner - Preliminary Evaluation, Nuclear Medicine Symposium, Lahey 
Clinic, Boston, Mass. Sept. 1967.(Scientific Exh~bit) 

Swanson, L.A., Hayes, M., and Taplin, G.V. Preliminary Experience With 
A Dynapix, 53rd Scientific Assembly and Annual Meeting of the Radiological 
Society of North America, Inc., Chicago, Ill. Nov.26-Dec. 1, 1967. 
(Scientific Exhibit) 
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Kennady, J.C., and Taplin, G.V. Assessment of the Cerebral Microcirculation 
II, American Coll. of Surgeons, Chicago, lll. Oct. 2-6, lYb/.(~c. Exhibit) 

Ibid. International College of Surgeons, Las Vegas, Nev. Nov. 1967 
(Scientific Exhibit). 

Poe, N.D., Dore, E.K., S\o7anson, L.A., and Taplin, G.V. Proper 
Interpretation of Lung Scans in Diagnosing Pulmonary Embolism. 
Am. J, Card. 21: 113, 1968. 

12. SCOPE OF THE PROJECT 

The major goal is to extend the application of radioisotopes in medical 
diagnosis. New tracer procedures should reveal reliable information which 
is otherwise impossible, impractical or hazardous to obtain or provide 
supplementary data which aid evaluation of other diagnostic procedures. 
Scintillation counting and organ imaging techniques are unique in that 
they may be performed externally to the body and permit measurement of 
tracer as it enters or leaves internal organs. Organ size, shape and 
position. may be visualized by scintiscanning and abnormalities such as 
tumors, cysts or abscesses may be detected as areas of either increased 
or decreased tracer concentration. External monitoring techniques and 
dynamic scintiphotography permit assessment of organ blood flow with 
relative simplicity. 

Presently, the clinical investigations include studies of organ function, 
structure and hemodynamics in conjunction with standard diagnostic 
procedures. Patients with diseases of the RES, kidneys, liver, heart, 
lung, brain, bone and placenta are being investigated. Parallel studies 
are made in animals. This dual approach has led to the development of 
several valuable radioisotope procedures in the past and to their con­
tinuing improvement. New developments during the past year include 
sequential kidney and liver scanning procedures, the development of 
technetium 99m and Indium 113m chelates for dynamic kidney scanning, 
further improvement in the techniques for preparing suspensions of radio­
albumin aggregates of narrow size range distribution in three main 
sizes for specific purposes. Microaggregates of 1-5~ for simultaneous 
liver and spleen scanning and for measuring liver blood flow and 
phagocytic capacity of the RES. Suspensions of a mean size of about 
15~ labeled with technetium 99m for brain hemisphere scanning and larger 
size suspensions (mean about 30~) for lung scanning \-lith rapid imaging 
devices. The latter two preparations have the added feature of being 
more rapidly cleared from the brain and lungs respectively because of 
their unique property of relative fragility as compared with iodinated 
aggregates of the same size. This unique feature of the techn~tium 
labeled albumin aggregates will be further exploited in the future for 
measuring regional blood flow of various organs or areas of the body 
which can be injected via an arterial catheter. 

With the availability of the Ter Pogossian x-ray image amplifier 
scintillation camera during the past year, a major advance in dynamic 
brain scanning has been accomplished. This device has made possible 
the visualization of tracer traversal through the cerebral microcirculation 
by providing clear images at 0.2 second intervals. Preliminary findings 
indicate that dynamic scintiphotography is a valuable supplement to 
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cerebral angiography and helps distinguish neoplastic from vascular 
lesions. The rapid diffusibility of xenon 133 into.tumor regions becomes 
distinctly apparent within a few seconds whereas agents which remain in 
the vascular system such as 5~ size microaggregates of albumin show 
greater concentration in surrounding regions during this time. Similar 
camera studies of cardiopulmonary hemodynamics show promise as a means 
for detecting intracardiac shunts and other abnormalities of cardio­
pulmonary hemodynamics. Similar renal studies were far less promising 
with intravenous injections however the same techniques used in brain 
hemisphere scanning appear to be almost equally applicable in studying 
blood flow abnormalities within a single kidney following renal artery 
injection of tracer materials. 

Considerable progress has been made in the past year in developing 
closer coordination of the nuclear medicine division of the laboratory 
with that in the medical center and Harbor Hospital. Plans are u~der­
way to move the nuclear medicine facilities in the laboratory to the 
biophysics area in the medical center which is adjacent .to radiology 
and the vivarium. This amalgamation of the radioisotope divisions 
consolidates the clinical and basic nuclear medicine research and 
radiopharmaceutical development in a single location within the medical 
center. This arrangement has greater potentiality for making rapid 
advances in nuclear medic.fne in the ft1ture. 

U. X.H:LA'l'lllNSHl.l:' '1'0 OTHER 1??.0JECTS 

Similar clinical studies are being made at most of the major universities 
and medical centers in the United States; in various foreign medical 
centers such as the University of Lund, Malmo, Sweden; University of 
Heidelberg, West Germany; University of Athens, Greece; University of 
Pisa, Italy; Institute of Cancer Therapy, Lisbon, Portugal; Institute 
of Cardiology and Neurology, Mexico City; Institute for Nuclear Studies, 
San Paulo, Brazil; Institute of Radiological Sciences, Chiba, Japan; 
Imperial University of Tokyo, Japan; Atomic Energy Agency and Clinical· 
Hospital, University of Buenos Aires, Argentina; Guys Hospital, London 
and French Atomic Energy Agency at Dorsay. 

14. TECHNICAL PROGRESS IN FY 1968 

Lung Scintiscanning Studies: Radioaerosol inhalation and perfusion 
type lung scanning procedures have been used in conjunction with radiography, 
angiography and conventional pulmonary function testing in further in­
vestigation of pulmonary embolism·, tuberculosis, emphysema, bronchogenic 
carcinoma and other obstructive bronchopulmonary diseases to better define 
the physiological significance and diagnostic usefulness of the scinti­
scanning procedures in the management of pulmonary disease. The 10 
probe rectilinear scanner has facilitated these studies by greatly 
reducing scanning time while giving lung images of higher resolution. 
Preliminary clinical studies with xenon gas inhalation compared with 
radioaerosol lung retention indicates indicates that the two procedures 
give similar information on regional. ventilation in norntal subjects and 
patients without obstructive bronchopulmonary disease. In the latter, 
delayed scans performed 6-18 hours following aerosol inhalation are needed 
to obtain reliable information on regional ventilatory disturbances. 
The combined ~nhalation perfusion scanning procedure ~~hich can now be 
performed in all four views with each agent in less than ninety minutes 
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has proved especially useful in distinguishing pulmonary embolism from 
tram regional bullous emphysema. 

Renal Studies: Iothalamate and orthoiodohippurate renography and rapid 
se4uence kidney scanning has been continued in studying patients with 
unilateral renal vascular hypertension and in upper urinary tract disorders. 
The dynamic kidney scanning with the 10 probe rectilinear scanner has 
been demonstrated to be a real advance in kidney scanning and in 
differential kidney function assessment. The scan images of the kidneys 
at two minute intervals help locate the site and nature of intrarenal 
abnormalities of tracer transport kinetics. The procedure helps dis­
tinguish unilateral ~artial upper urinary tra~t obstruction from uni­
lateral renal vascular ischemia. In the _former tracer transport through 
the· kidney may be slowed but tracer accumulates in the pelvis. The 
renogram may show identical patterns in both conditions. In polycystic 
disease of the kidneys the dynamic scanning procedure readily demon-
strates the sites and degree of intrarenal obstruction which explain. 
the delayed drainage phase of the renogram in this disorder. Another 
useful application of sequential scanning with radiohippuran is in the 
visualization of the kidneys in patients with severe azotemia. · Nearly 
all patients studied to date in whom the kidneys were not visualized 
by conventional intravenous pyelography they become readily detectible 
within the first half hour by sequential scanning. Preliminary clinical 
trials with technetium 99m and Indium 113m chelates have been initiated 
and results with these short lived nuclides appear most promising as 
test agents for the assessment of differential glomerular filtration. 
Simultaneous measurements of GFR and estimated renal plasma flow (ERPF) 
have been made in numerous patients simultaneously with the sequential 
scanning procedure. The single injection technique and compartmental 
analysis of the blood disappearance curves appear to give useful clinical 
information but so far results are some•-rhat at variance· with those 
obtained by the conventional constant infusion technique. 

Liver and RES Studies: Beginning July 1967, Doctor Hideo Yamada of the 
University of Tokyo joined our group to work specifically in this area. 
He has conducted basic studies in animals to show the relation of particle 
size of radiocolloids to liver extraction efficiency during their first 
pass through the organ in rats. He has demonstrated that extraction 
efficiency increases from 60-70% with small colloids (10-20~) to 90-95% 
with radioalbumin microaggregates (1~5~). In clinical studies with the 
same size ranges splenic uptake and visualization increases directly in 
proportion to mean size of the colloidal suspension. The suspension of 
microaggregates (1-5~) appears to be a superior liver-spleen scanning 
agent than colloidal gold or small colloidal radioalbumin. Preliminary 
sequential liver and upper abdominal scans using radio rose bengal and 

. the ten probe scanner show considerable promise for this·procedure as a 
means for differentiating medical versus surgical jaundice. Partial 
extra hepatic biliary obstruction is readily recognizable by demonstrating 
delayed tracer entry into the intestine and excessive accumulation in 
the major bile ducts both intra and extra hepatic. Complete biliary 
obstruction of intra or extra hepatic origin remains difficult to dis­
tinguish. Much further experience is needed to assess the role of 
sequential liver-upper abdominal scanning as a means for making this 
differentiation. 

During liver-spleen scanning studies of cirrhotic patients, using the 
microaggregateS Of albumin, an interesting observation has been made 
repeatedly. The bone marrow in the spine, pelvis, sternum and ribs 
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has been visualized in cases of severe hepatic failure just as well 
with the 1-5~ size aggregates as with colloidal gold and small radio­
albumin colloids of 10-2~~ sizeo Furthermore, the retention in the 
liver spleen and bone marrow is several times longer ~or the microaggregates 
versus the small organic radiocolloids. This feature of the microaggregate 
suspension is a definite advantage in conventional liver spleen scanning 
and may provide a practical means for estimating differences in digestive 
function of the RE cells in each of the three main organs by sequential 
scanning. 

Tomographic Capacity of the Ten Probe Rectilinear Scanner: When this 
device is operated with the short focus (3.5 inch) high resolution 
collim~tor, it has 8 definite tomogr~phic capacity. This unique . 
. feature has been best demonstrated in brain scanning where it has been 
shown to be capable of visualizing ·the choroid plexuses in the posterior 

. horns of the lateral ventricles and by better resolving the size and 
location ot ill defined routine scan lesions. The practical value of 
this tomographic capacity appears less rewarding for better visualization 
of radio negative lesions such as those in the liver and lung. 

Preliminary Evaluation of the Ter Pogbssian Camera: This rapid imaging 
device has been shown to have its best application in brain hemisphere 
scanning using Xenon-133 and 99m Tc as the test agents in 2-10 me doses 
by internal carotid artery injection. Its use in studying cardiopul­
monary hemodynamics is promising but much less so than· for brain blood 
flow studies. Its limited field of view precludes its application for 
hemodynamic studies of both kidneys simultaneously. However~ it has 
potential value as a supplement to selective renal arteriography in 
studying one kidney separately. 

Phantom Studies: A three dimensional phantom has been devised to 
compare the imaging capacity of various scanners and camera type devices. 
It consists of hollow or solid rods of three different sizes running 
diagonally through a tank so that an instr~ment's imaging. capacity ~ay 
be determined simultaneously at increasing depths, with a single.scan 
examination. It is a modification of a phantom originated by G.J. Hine 
who used a line source running diagonally from top to bottom of a box 
shaped container. 

Radioactive tubes in the new phantom were scanned in air and in water. 
Inactive solid rods were scanned in a background of radioactive water. 
Comparative studies with 99m Tc were made with conventional scanners 
having 3 and 5 inch diameter crystal· detectors with focus collimators 1 
a 5 inch dual probe scanner, a 10 probe rectilineat scanner, an Anger 
camera and a Ter Pogossian x-ray image amplifier camera. Preliminary 
results indicate that the three dimensional phantom is superior to 
point or line sources and to single plane phantoms. It is simpler to 
use yet more versatile than organ phantoms in that an instrument's 
capacity to image simulated lesions at increasing depths from the surface 
may be determined by a single scan examination. The physician can 
readily appreciate differences between instruments by simple scan comparison. 
More complicated analytical methods are seldom needed for clinical 
purposes.· 
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15. EXPECTED RESULTS IN FY 1969 

Lung Studies: Combined radioaerosol inhalation and perfusion type 
scintiscanning will be continued to better establish their role as 
supplemental procedures in tqe diagnosis and management of pulmonary 
embolism, tuberculosis and chronic obstructive bronchopulmonary disease. 
Greater emphasis will be placed on the app~ication of these two scinti­
scanning procedures in the diagnosis and management of bronchogenic 
carcinoma and related obstructive pulmonary disorders. In addition, 
with the acquisition of an improved Anger type scintillation camera 
with wider field of view and with the full time services of Doctor 
Isawa from Sendai, Japan as a Dernham Foundation Senior Fellow in 
Oncology, plans are underway to initiate radioactive gas stud.ies as 
a third _radioisotope parameter in the assessment of pulmonary function. 
The three types of scintiscanning procedures will be coordinated with 
the pulmonary function section of the Department of Medicine under Doctor 
Wasserman at Harbor Hospital. This coordinated approach promises to 
be fruitful in gaining a better understanding of the disturbed pulmonary 
physiology in obstructive lung disease and in evaluating the potential 
contributions of the radioisotope procedures in the diagnosis and 
medical and surgical management of such patients. 

Renal Studies: I.Jith the availability of the improved Anger, camera plus 
the ten probe rapid scanner, dynamic kidney scanning will be continued 
and advanced by using the new kidney specific agents labeled with 99m 
Tc and Indium-113m developed in the past year. Emphasis will be placed 
on quantitation of the sequential scan data to devise practical methods 
for assessing differential kidney function which could replace urologic 
methods requiring bilateral ureteral catheterization. The dynamic 
kidney scanning will be coordinated with the single injection type 
clearance methods for estimating renal plasma flow and glomerular 
filtration rates. The radioisotope studies will be made in cooperation 
with the nephrology section of the Department of Medicine and the 
Urology division of the Department of Surgery. It is anticipated that 
this cooperative effort will lead to the development of improved methods 
of kidney function assessment with radioisotopes which are sorely needed 
in the management of unilateral renal vascular disease with hypertension 
and in obstructive uropathies. 

Liver and RES function studies: Sequential liver and upper abdominal 
scanning with radio rose bengal and radiocolloids will be continued 
in an effort to make progress in solving the difficult diagnostic 
problem·of distinguishing medical from surgical jaundice. Results 
of the scanning procedures will be correlated with cholangiography, 
liver angiography and with results of biochemical tests of liver function. 

·RES function studies will include serial scan examinations of the liver, 
-spleen and bone marrow in cirrhosis and in patients with hypersplenism 
using 1-5~ microaggregates of radioalbumin. Such studies on the relative 
ra'tes of tracer removal from these organs should provide valuable and 
potentially diagnostic information on the proteolytic digestive capacity 
of theRE· cells in each of these organs. One goal is to develop a 
practical clinical test for hypersplenism. Another goal of the liver 
spleen scanning work is to devise means for improving the resolution 
of liver lesions. Currently, conventional scanning procedures miss at least 
25-30% of small metastatic lesions. 
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Evaluation of New Organ Imaging Devices: Comparative phantom and 
clinical studies will be made to determine the relative advantages 
and limitations of conventional scanners and camera type imaging 
devices, using the three dimensional phantom and radionuclides of 
different energies measured in air, water and tissue equivalent 
scattering media. The new Anger type scintillation camera will be 
compared with the Ter Pogossian camera in dynamic studies of blood 
flow in the brain, heart, lung, liver and kidney. 

16. EXPECTED RESULTS IN FY 1970 

Much of the clinical investigative work during this year will consist 
of the application of new short lived technetium and Indium labeled 
radiopharmaceutical agents in the development of dynamic scanning 
procedures as a .continuation of the work described for the previous 
year. Additional applications of radionuclides in medicine include 
the development of scanning procedures for the detection of intestinal 
obstruction. Conventional radiography with barium sulfate could be 
improved by substituting insoluble radionuclide preparations in 
minute quantities. Efforts in this direction will be made using radio 
rose bengal and radio colloids of Indium 113m and Tc 99m. Further 
medical applications of the vThole body counter facility include the 
development of methods by \11hich kidney function may be measured :i.n 
infants and young children using minute quantities of .short.lived 
kidney specific test agents such as the chelates of Indium-113m 
and Tc 99m. 

Other new endeavors will include regional blood flow studies of 
the myocardium, liver, kidney and other organs using the improved 
Anger camera and 99m Tc albumin 10-25f.l macroaggregates. The high 
fragility and transitory retention of this agent should minimize the 
slight potential hazard-to levels far below those of routine contrast 
agents and angiography. 
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11. PUBLICATIONS DURING FY 1968 

Poe, N.D., Swanson, L.A., and Taplin, G.V. Physiological Factors Affecting 
Lung Scan Interpretation. Radiology, 89:661-666, Oct: 1967. 

Taplin, G.V., Foe, N.D., Dore, E.K., and Greenberg, A. Bronchial Patency 
and Aerated Space Assessment by Scintiscanning. Lahey Clinic Bulletin, 
16: 297-312, 1967. 

Poe, N.D., Greenberg, A., and Taplin, G.V. Estimation of Regional Pulmonary 
Function by Lung Scanning. Am. Review of Respiratory Disease, March, 1968. 

Poe, N.D., Dore, E .K., Swanson, L.A., and Taplin, G.V. Misinterpretation 
of Lung Scans in the Diagnosi_s of Pulmonary Embolism. J. Nuc. Med.8:346,1967. 

Dore; E.K., Poe, N.D., and Taplin, G.V. The Inhalation Scan in Emphysema 
(A Measure of Non Functioning Lung). J, Nuc. Med. 8: 285,1967. 

Cassen,B., and Poe N.D. Quantitative Organ Scanning. J. Nuc. Med.8:285,1967. 

Poe, N.D. Therapy of Hypotension in Pulmonary Embolism. Clin.Res. 
16:134, January, 1968. 

Poe, N.D., Taplin, G.V., Dore, E.K., and Greenberg, A. Lung Scintiscanning 
With Radioaerosols. Clin. Res. 1.(,:114, .JRnt.1Hry, )968. 

Taplin,G.V., Dore, E.K., Poe, N.D., Johnson, D.E. Lung Visualization and 
Functional Evaluation by Two New Radioisotope Scanning Hethods, Proc. 
11th Internat. Cong. in Radiology, Rome, Italy, ·Sept. 1965,Progress in 
Radiology, VII,ll94-1207,1967. 

Poe, N.D., Dore, E.K., Swanson, L.A., and Taplin, G.V. Proper Interpretation 
of Lung Scans in Diagnosing Pulmonary Embolism, Am. J, Card.21:113,1968. 

12. SCOPE OF THE PROJECT 

This Section continues to be the testing arm of the Clinical Nuclear 
Medicine and Radiodiagnostic Agent Development Sections. New procedures 
and radiopharmaceutical agents are first tested in animals to determine 
toxicity and physiological features. Then experimental models are pre­
pared surgically, pharmacologically or by other means to produce patho­
logical conditions simulating various disease states in man. The parameters 
measured by a new procedu~e are compared with accepted ones such as 
roentgenograms, cardiac catheterization data, blood flow measurements, 
arterial gases and pH values, electrocardiograms, autoradiograms and 
various in vitro analyses to determine its validity and safety for 
clinical application. 

With the controlled conditions obtainable in the laboratory, new as well 
as established radioisotope procedures are employed to study basic physio­
logical problems. For example, long-term studies of pulmonary arterial. 
perf~sion changes in atelectatic lungs are possible with serial lung 
perfusion scanning. 
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In a like manner acute and chronic ventilation changes following.pul­
monary arterial occlusion can be determined by inhalation scanning. The 
latter technique also provides a simple and effective biological model 
for studying the distribution and clearance of inhaled aerosols with­
potentially wide application outside the nuclear medicine field. 

In addition, it is also within the scope of this project to provide 
radioisotope equipment and animal facilities for related or joint 
projects elsewhere in the Laboratory and the UCLA Nedical School. 

13. RELATIONSHIP TO OTHER PROJECTS 

The activities in this section are related to projects being carried 
out at the UCLA Medical School (Departments of Surgery and Urology), 
and the Nuclear Medicine Division at Harbor General Hospital, Nemorial 
Hospital of Long Beach and the Los Angeles County Olive View Hospital. 
Our inhalation lung scanning studies are related to similar work by 
Doctor Felix Pircher, Houston, Texas. Studies of pulmonary emboli.are 
being performed by Doctor Henry Wagner, Baltimore and Doctor Wil Nelp, 
Seattle. Doctor Lester Bryant, University of Kentucky .is using scanning 
for studying blood flow changes in bronchial obstruction. 

14. TECHNICAL PROGRESS IN FY 1968 

Aerosol Clearance From the Lmver Respiratory Tract: Using inhaled 
gold-198 colloid, it was determined that this material disappears from 
the lung in a biphasic manner. A first rapid phase is completed in 
6-12 hours and appears to represent material removed by the ciliary 
escalator mechanism. An accentuated, first phase is seen in normal 
subjects with rapid, irregular respiration and in patients with severe 
obstructive disease. Scans show that the aerosol is concentrated in 
the major bronchi. In patients with bronchiectasis small deposits are 
seen in the smaller bronchi presumably at sites of partial obstruction. 
With further studies of bronchial diitribution and clearance, it is 
anticipated that this technique may give information analogous to that 
obtained from bronchography but more safely. 

A slow clearance phase (T 1/2> 24 hours) follows the initial rapid 
phase. However, in normal subjects or intubated animals, only the 
second phase may be evident. Alveolar retention of inhaled aerosol 
is proportional to isotope concentration in the lung following a 
single breath. of Xenon-133 gas. Therefore, the alveolar distribution 
of aerosol is an index of ventilation. In most cases of parenchymal 
lung disease, scans performed soon after the aerosol inhalation give a 
satisfactory ventilation picture. ·However, if excessive bronchial 
deposition is present, a delayed scan should be obtained to evaluate 
regional ventilation. · 

Diagnosis of Pulmonary Embolism With Combined Perfusion-Inhalation 
Lung Scanning: A major problem in the diagnosis of pulmonary embolism 
is the inability to differentiate pulmonary ischemia of embolic origin 
from that produced by other forms of lung disease. In spite of com­
pensatory mechanisms lung made ischemic by emboli remains ventilated to 
varying degrees. This has been confirmed by radiogas and radioaerosol 
inhalation studies, in animals with experimental emboli and surgical 
pulmonary arterial occlusion. Preliminary clinical data with 99m Tc­
albumin aerosols and 133 Xe gas show good correlation and indicate 
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that there is a slight decrease in ventilation immediately after vas­
cular occlusion with a greater decrease developing over a few weeks. 
Complete absence ·of ventilation or atelectasis has not been observed. 

Lilll_!_!:at~ons o_i_Quanti.~at~ve Lung Scanning_: Because routine rectilinear 
scanning equipment cannot display data in three dimensions, quantitative 
lung scanning is not possible. The practical limits of quantitation have 
been determined by phantom studies and experiments in animals following 
postural changes and bronchial obstruction. I.f blood flm·l changes are 
homogeneous and the regions in question are well separated, eg. separate 
lungs, quantitation of relativ~ flow·b~tween the two regions is possible 
with a high degree of accuracy, when compared with direct counting of 
excised lungs. However, re3ions within one lung cannot be adequately 
separated and therefoTe flows cannot he quantitated. Nevertheless, by. 
maintaining the same geometry in repeated scan examinations, changes 
in flow in small regions of an individual lung can be detected and 
estimated in a semiquantitative fashion. rlhile this has some clinical 
usefulness, it has proven particularly valuable experimentally for 
following regional blood flow changes in a physiological manner. 

Drug Treatment of Hypotension in Pulmonary Embolism: Clinically, 
norepinephrine is co~~only used to treat hypotension following pulmonary 
embolism. This agent is a potent pulmonary arterial vasoconstrictor 
and therefore might actually be contraindicated as a therapeutic agent 
for massive pulmonary embolism, which is associated with pulmonary 
hypertension. Comparisons of isoproterenol (cardiotonic but not ~aso­
constrictive) and norepinephrine following experiment of pulmonary 
embolism and shock, showed that isoproterenol increased cardiac output 
while norepinephrine raised the pulmonary arterial pressure and usually 
reduced cardiac output. It is concluded that isoproterenol should be 
explored clinically in the treatment of pulmonary embolism. 

Lung Scan - Autopsy Correlations: The results of autopsies and scans 
in 80 patients who died of various causes at intervals ranging from 
weeks to several months following lung scans showed good correlation 
in most cases of pulmonary embolism and localized parenchymal.diseases 
eg. tumors, pneumonia, bullae and pleural effusion. Poor correlation 
was found with rapidly changing conditions such as pulmonary congestion 
and edema and also in many patients with focal emphysematous disease. 

Proper Interpretation of Lung Scans: Considerable effort has been 
expended to determine the physiological and pathological conditions 
that influence lung perfusion and thereby alter lurig scan images. 
The main purpose of this study is to identify the nonembolic causes 
of regional pulmonary ischemia which may simulate pulmonary embolism. 
Regional pulmonary ischemia can be classified into three major categories: 
Physiological, including normal variants, postural change and secondary 
responses. to congestive heart failure; pathological with abnormal chest 
roentgenographs as found in pneumonitis, pleural effusions and tumors; 
and pathological with negative chest roentgenographs specifically 
certain stages of emphysema and asthma as well as embolism itself. 
These variables have been defined to stress the importance of the 
history, physical and chest x-ray ;.;rhen using the lung scan to support 
a diagnosis of pulmonary embolism. 
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·15. EXPECTED RESULTS IN FY 69 

Ciliary Clearance in Transplanted Animal and Human Lungs: In conjunction 
with the Department of Surgery at UCLA, bronchial clearance rates in 
normal and transplanted lungs will be studied following the inhalation 
of coarse (5-10~) radioaerosols. Transplanted lungs ventilate adequately 
but are prone to irifection. It is possible that impaired cil~ary 
activity may be a major or contributing factor. 

Course of Pulmonary Embolism: Our preliminary serial lung scanning 
studies in pulmonary embolism will be expanded to verify our initial 
impressions on the rates of resolution and blood flow restoration in 
this disease. Two other groups have shown divergent results and these 
differences must be resolved. Our data indicate that uncomplicated 
major emboli resolve rapidly but that recovery is much slower and less 
complete if other cardiopulmonary disorders are present. ThLs 
differentiation has not been emphasized by others. 

Evaluation of Combined Lung Scans in Relation to Other Pulmonary 
Function T~sts: To determine the supplementary or complementary 
value of inhalation and perfusion scanning to routine pulmonary 
function tests, combined scans will be performed immediately after 
complete pulmonary function tests in patients with a variety of 
pulmonary diseases. Since many of these patients will be treated 
surgically, pathological correlation will also be possible. This 
study also will aid materially in gaining a better understanding of 
both types of lung scans and their diagnostic significance. 

Factors Influencing Flov7 Changes in Unilateral Pulmonary Hypoxia: 
A completed study has shotvn that pulmonary blood flow changes 
(measured by serial lung scanning) in the ventilated and non­
ventilated lung become fixed 2-4 months after bronchial occlusion. 
Previously, it was assumed these findings v7ere due to changes in the 
anoxic lung, but analysis of the data suggest that vascular changes 
occur ih btith lungs. A project is now underway to localize the 
source of these changes. 

16. EXPECTED RESULTS IN FY 1970 

Work will continue towards better understanding of basic pulmonary 
physiology using isotopic methods by further sophistication of present 
techniques and use of new ones. The latter will include dynamic studie.s 
with scintillation cameras. Radioactive gases and highly soluble aerosols 
will permit dynamic studies not possible with present lung scanning agents. 
This v10rk is expected to provide one or more netv parameters in the 
assessment of pulmonary function. 

To complement pulmonary studies, cardiac scanning will be re-explored .. 
Previous experiments with rubidium-86 and tvork of others have not been 
to'o successful but more suitable agents are becoming available and with 
improved scintillation cameras, studies of regional myocardial ischemia 
now show considerable promise. 

Inhalation lung scanning techniques will be improved to.shorten aerosol 
administration time and to increase the percent retention of the inhaled 
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material. \fhile this procedure may be replaced by gas methods for 
estimating regional ventilation, it has considerable potential value 
as a useful supplement to bronchography; for studying the bronchociliary 
mechanism and also for determining the distribution pattern of medicinal 
aerosols. It is further anticipated that work will be directed to 
better understanding of aerosol deposition within the lungs. In this 
regard, joint projec~s with bioengineering and/or public health groups 
are being explored. 
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11. PUBLICATIONS IN FY 1968 

Kennadf, J.C., and Taplin, G.V. Shunting in the Cerebral Microcirculation. 
Amer. Surg. 33: 763-771, 1967. 

Kennady, J.C. Conventional Diagnostic Procedures and Pathophysiological 
Consideration. Proceedings of Symposium on Nuclear Medicine - Its Current. 
Status In Medical Practice, Sept. 1967, USAEC Div. of Tech. Inf.(In press). 

Kcnnady, J,C., and Taplin, G.v. Regional Cortical Blood Flow Studica With 
Radioalbumin Macroaggregates. Proceedings of Conference on Blood Flow 
Through Organs and Tissues. Univ. of Glasgow, Scotland, March 1967, 
Publishers, Messrs. E & S JJivingston .Ltd. 

Kennady, J.C., and Taplin, G.V. Assessment of the Cerebral Microcirculation 
II, Amer. Call. of Surg. Chicago, Ill. Oct. 1967, Scientific Exhibit. 

Kennady, J.C., and Taplin, G.V. Assessment of the Cerebral Microcirculation 
II, •Int. C611. of Surg. Las Vegas, Nev. Nov. 1967. 

Swanson, L.A., Hayes, M., Kennady, J.C., 
Rapid Scanner - Preliminary Evaluation. 
on ~he Clinical Applications of Nuclear 
Mass. Sept. 1967. 

and Taplin, G.V. A Ten Probe 
Scientific Exhibit at Symposium 
Medicine, Lahey Clinic, Boston, 

Swanson, L.A., Hayes, M., Kennady, J.C., and Taplin, G.V. A Ten Probe 
Rapid Scanner - Preliminary Evaluation. Scientific Exhibit at 53rd 
Scientific Assemly and Annual Meeting of the Radiological Society of 
North runerica, Inc., Chicago, Ill. Nov. 26aDec. 1, 1967. 

Knox, R., Batzdorf, U., and Kennady, J.C. Radioactive Uptake by Human 
Brain Tumors in Tissue Culture. Clin. Res. 16, 1968 (abstract). 

Kennady, J.C., Swanson, L.A., and Taplin, G.V. Assessment of Cerebral 
Blood Flm-1 with the 'Hagnacamera. Clin. Res. 16, 1968 (abstract). 

Kennady, J.C., Potter, R., Chin, F., and Swanson, L.A·. Radioisotope 
Scintiangiophotography of Cerebral Hemisphere Lesions. J, Nuc. Med. 
9: 1968 (abstract). 

Kennady, J.C., and Taplin, G.V. Assessmerit of the Cerebral Microcirculation 
III. Amer. Assoc. of Neurological Surgeons, Chicago, Ill. April, 1968, 
(Scientific Exhibit). 

Knox, R., Batzdorf, U., and Kennady, J.C. Human Brain Tumor Cell Affinity 
for Radioisotopes. J. Nuc. Med. 9, 1968 (Abstract). 

12. SCOPE OF THE PROJECT 

This Section is now well advanced in the realm of Basic Clinical Nuclear 
Medicine. Its objective to develop improved tracer techniques for the 
detection and evaluation of abnormal hemodynamics, particularly of the 
brain, has extended t6 elucidation of the microcirculation. Externally 
performed scintillation counting methods have the distinct advantage of 
simplicity, safety and of testing under physiological conditions. 
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Angiography and other radiographic and neurosurgical procedures used to 
evaluate vascular lesions, are far more complicated and involve definite 
ha·zards. Radiographic procedures give morphological information of 
diagnostic value in respect to the macrocirculation. Photoscanning using 
various t·est agents not only provinP.s information regarding blood flow 
distribution in the macrocirculation but also in the microcirculation. 
Hence the tracer procedures give valuable supplementary information in 
respect to underlying physiological disturbances at the cellular level. 

The research activities of this section during this past year have been 
concerned with the assessment of cerebral hemodynamics \oTith 99m Tc labeled 
albumin macroaggregates (10-50~ size) and microaggregates (l-8~ size), 
133 Xenon in saline and 99m Tc pertechnetate. The rapid passage of the 
last three test agents necessitates the use of a scintillation camera. 
The goals of the Section are to develop reliable external monitoring 
procedures for evaluating abnormalities of the microcirculation . 

. Progress in microneurovascular surgery has made great advances in 
reopening occluded arteries and re-establishing blood flow to the· 
impaired microcirculation of many disabled patients followed by subsequent 
improvement. Hence a nontraumatic method for assessment of relative 
flow in the microcirculation prior and following operative procedures of 
the brain is of prime importance. 

This Section has also underway studies of the comparative uptake of 
radioisotopes by different human brain tumor cell cultures. The 
objectives are to determine whether there is a passive or active transport 
of the tracer into the tumor cells, the role of the blood-brain barrier in 

·radiolabeling the tumor cells and what types of test agents are best used 
for the external detection of specific tumor types. The goals therefore 
are to develop test agents with specific tumor type affinity to not only 
detect small tumors by the brain scanning technique but ascertain the tumor 
type prior to surgery. 

13. REh~TION TO OTHER PROJECTS 

Studies in measurement of cerebral blood flow are being conducted by the 
Wadsworth VA Hospital in Los Angeles by Doctors Oldendorf and Cassen; at 
Duke University by Doctors Odom and Tindall; in England by Doctors Harper 
and Jennett; in Sweden and Denmark by Doctors Ingvar, Hoedt Rassmussen 
and Lassen. 

Studies on brain tumor culture and implantation using radioisotopes are 
being conducted at the University of Kentucky by Doctors Wilson and Norrell; 
at Duke University by Doctor Maholey; in Canada by Doctors Tator and Morley. 

14. TECHNICAL PROGRESS IN FY 1968 

During the fourth year of basic studies in primates the minimum cerebral 
toxicity level of 131 I labeled albumin macroaggregates (RA}~) 10-50~ 
size was established (2 mg carrier albumin). Approval for trial in selected 
patients was granted by the committees in human use of radioisotopes both 
at UCLA Center for the Health Sciences and the Los Angeles County Harbor 
General Hospital. With RAMA suspensions in the 15-45~ size range, the 
estimated minimum toxic dose in normal man (extrapolated from the toxicity 
data in monkeys) is approximaiely 500 times larger than the dose required 
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for scanning. Brain hemisphere scanning in selected patients with primary 
or secondary brain tumors is in progress. The EEG.and neurological exam­
inations done prior to, during and follm·Ting RAr1A injections to date have 
revealed no untoward neurological sequelae. By contrast, areas of increased 
radiodensity tn 99m Tc scans appear 'cold' in RAMA scans. This indicates 
an impaired microcirculation within the tumor. If current successful 
results continue, patients with cerebrovascular disorders wiil be assessed 
in the near future. 

The Ter Pogossian scintillation camera permits continuous visualization 
of the entire cerebral hemisphere and dynamic examination of the passage of 
radioisotope tracer through the cerebral circulation. Data, taken from the 
television monitor, is permanently recorded on video tape for playback on 
polaroid. film as pictures of a single, l/30th of a second frame or of 
integrated frautes fur any desired tiute iuterval. 

Basic camera studies to determine the parameters for radioisotope dosage, 
anatomical orientation and circulation times were completed in three baboons 
using 133 Xenon (133 Xe), 99m Technetium labeled albumin microaggregates 
(99m TcAA), 1-8~ in size, and 99m Technetium pcrtechnetatc (99m Te-per­
technet.ate). i.n a ~;mall, hi.gh sped.fi.c. a.ct."ivity hnlns. 

Clinical camera studies have been performed on 20 patients with intra­
cranial lesions which were visualized by 99m Tc brain scanning and/or 
carotid angiography. Follm·1ing angiography, 133 Xe, 99m TcAA nnd 99m Tc­
pertechnetate were sequentially injected via an internal carotid catheter. 
In the brain tumor patients, 133 Xe and 99m Tc-pertechnetate rapidly 
accumulated in the tumor region (2 sec.) and remained there for greater 
than 90 and 25 seconds, respectively, whereas, they are more rapidly cleared 
from the adjacent hemisphere. 99m TcAA, which remains intravascular, 
demonstrates the relative rate of blood flow through the brain tumor. 
133 Xe shows the greatest and most prolonged radiodensity within the tumors. 

In the 5 head trauma cases, all three radioisotopes demonstrated relative 
decreased radiodensity within the surgically proven regions of intracerebral 
hematoma and cerebral edema compared to the radioactivity seen in the 
uninvolved brain tissue. These results contrast markedly with the 
definite increased radiodensity seen in the brain tumors. 

Preliminary results would indicate that the camera studies distinguish between 
brain tumors and hematomas in cases not clearly diagnosed by angiography .. 

Ciftetuicl.u::;CutJi~.; 3Luuie::; uf Llte 11ict'ul:it'l:ulaLiun: 

The microvasculature of the rabbits omentum '~as used to ascertain the 
effects of changed electrical environment on small blood vessels. Placement 
of microelectrodes on either side of a parallel arteriole-small vein system 
was performed. The vessel segments were then subjected to an electrical 
field J?erpendicular to the direct;ion of blood flm~. In vessels with slowed 
flo"'• iamination of the blood \-lith RBC 's. segregated from the plasma was seen. 
The cells layered toward the vessel wall nearer the anode. A second finding 
was the rapid oscil.latory motion of the blood in vessels bet\veen the electrodes. 
Further investigation of laminar and oscillatory floH and its relation to 
the electrical environment of other variables is planned in the near future. 
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Human Brain Tumor Culture Studies: 

Quantitative measurement of radioactive uptake by human brain tumor cells 
growing in tissue culture, \11ithout a vascular sup·ply, permits assessment 
of cellular attinity for specific radioi~uLu~es. 

Viable brain tumor explants are grown on plasma clots in Rose Culture 
Chambers containing nutrient media. Time of optimum cell growth (9 to 21 days) 
and quantity of tissue is determined by measurement under,phase microscopy. 
Cells are then incubated for 18 hrs. in fresh media containing 200-350~c 
99m Technetium (Tc) pertechnetate or 197 mercury. After incubation, media 
is removed from the chember; cells and clot are washed 5 times with isotonic 
saline before transfer from the chamber to a dram-vial for assay of radio­
activity in a deep well counter. Simultaneously 2 control chambers con­
taining plasma clots are similarly processed for deter~ination of residual 
radioactivity on the clots. Radioactive uptake by the cells is then 
determined by subtracting counts per min.(CPM) of control clot from CPM 
of the clot plus cells. 

Neoplasms studied with 99m Tc-pertech. an=: medulloblastoma; meningioma, 
glioblastoma, astrocytoma and ependymoma. Preli~inary results indicate 
that all cells have a statistically significant radioactive uptake; 
low grade astrocytomas exhibit less uptake (33.5% of total count) than 
meningiomas or glioblastomas (86.2% and 92.5% respectively). It would 
appear that tumor cells may take up the radioisotope independently of an 
altered microcirculation. 

15. EXPECTED RESULTS IN FY 1969 

Cerebral Hemisphere Hemodynamics: 

The clinical program for studying the cerebral microcirculation of patients 
with brain pathology should be established using the ten probe scanner and 
x-ray image amplifier typs scintillation camera. Correlation will be made 
with electroencephalography and angiography~ Patients with symptmatic 
neurological disorders and no angiographic abnormality will be carefully 
assessed for impairment of regional cortical blood flow. 

Human Brain Tumor Culture and Rabbit Implantation: 

The human brain tumor cell cultures sh9uld indicate possible specific 
cell type affinity per se for certain radioisotopes. Factors influencing 
this affinity will be investigated. 

Following the development of the in vitro cell tagging technic similar 
type cells will be implanted stereotactically in the rabbit brain for 
in vivo studies. This will add several more variables to the cell tagging 
mass and more closely simulate the clinical problem. The role of the 
bl~od-brain barrier in the radiolabeling of the tumor site will be in­
vestigated after suitable human tumor cell implants have been developed. 

Cinemicrophotographic Studies: 

Continuing studies are anticipated on the effect of microelectric currents 
·on small arteries and arterioles of exteriorized rabbit omentum and on 
the pial vessels of the cerebral cortex. Changes following intracarotid 
injection of vasodilating drugs, angiographic agents and RA}~ suspensions 
will be recorded. 
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16o EXPECTED RESULTS IN 1970 

The studies outlined for FY 1968 w·ill be continued in FY 1970o Various 
facets of each problem as they arise will be pursued to a reasonable under­
standing and solutiono 

Cinescintiangiography -vTill be used routinely to supplement radiocontrast 
angiography .i.u the evaluation of patients lvi th cerebrovascular diseaseo 

Yet unknmvn test agents with high affinity for specific types of in vitro 
human brain tumor cells \-Jill be tried in the turuor cell implant and 
animalso When proven successful j.~ __ y_~yo, the test ~gents will be tr.iP.d 
clinically wh~never they are made avaiiable in suitable formo 

Further observations using improved cinemicrophotographic technics ~Till 
be made in ~nimals and cell culture chrunbers and recorded on filmo 
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11. PUBLICATIONS DURING FY 1968 

MacDonald, N.S., Hayes, M., and Figueroa, W.G. Medical Utility of a 
Total Body Counter -A Four Year Assessment. J, Nuc. Med. 8: 588-600,1967. 

MacDonald, N.S., Hayes, M., and James, E. Radionuclide Contamination 
Encountered in Personnel Operating a Cyclotron with 50 Mev Protons, 
Symposium on Diagnosis and Treatment of Deposited Radionuclides, 
Ratt.e11e Memorial Tnsti.t11te, 1.967 (T.n press). 

MacDonald, N.S. Early Movements of Bone Seeking Radionuclides in the 
Dog's Leg After Intravenous Injection. Third Conference on Biology of 
Hard tissue. New York Acad. of Sciences, 1967 (In press). 

Hayes, M., Larson, H.M. Jr., and MacDonald, N.S. Measurement of Loss 
of Labeled Albumin in Children by Means of Total Body Counting. J, Nuc. 
Med. 8, 330, 1967. 

12. SCOPE OF THE PROJECT 

Radioactive nuclides have become extremely valuable as tracers of 
physiologic processes and as clinical diagnostic aids. The objectives 
of this project are: to ascertain the mechanisms by which various 
radionuclides are deposited in, and cleared from, body soft tissues and 
Luut::·; Lu :;;Luuy Lht:: utt::Lauuli.:;;m uf LaJi.udL:Li.vt: pltiLLtuil(;t::uLi.L:ill ag,~uLs' 
developed for diagnosis of human diseases; to s~udy by radioactive nuclide 
labeling methods the behavior of various atojlliC species normally present 
in the human body (Ca.Na, K, CL, Mg, Fe,etc. ,) seeking correlations of 
abnormal behavior with disease states; and to devise tests and techniques 
of aid in the diagnosis and treatment of such metabolic derangements. 

A Total Body Counter Facility is maintained to detect and identify 
extremely small quantities of radioactive materials in living human 
beings. It is used to monitor the radioactive body burdens in children 
and adults resulting from contamination of the environment or occupational 
exposure. In addition, the Counter Facility is used in clinical research 
wherein tracer amounts of radioactive materials are intentionally ad­
ministered. The amoun.ts of radioactivity used in the studies are very 
small because of the great sensitivity of the equipment. 

13. RELATIONSHIP TO OTHER PROJECTS 

Related research is being conducted at the Argonne Cancer Research 
Hospital; Johns Hopkins School of Medicine; Brookhaven National Laboratory; 
University of Rochester AEP; Donner Laboratory; University of California; 
Los Alamos Scientific Laboratory; University of Utah AEP. 

14. TECHNICAL PROGRESS IN FY 1968 

Total l:iody monitoring of radioactivity after intravenous administration 
of human serum albumin labeled \olith Iodine-131 was confirmed as a 
practical and easy method for estimating exudative and/or metabolic 
losses of albumin in humans. The sensitivity of the UCLA Total Body 
Counter (TEC) permits replicate measurements during a three week period 

' 
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follm.:ring injection of only 0. 05-0 .10 microcuries. This de livers. less 
than 10 millirads of ionizing radiation and is an acceptable level for 
children. During the period of 2-10 days post-injection, ~he retention 
half time "His 8-13 days in 9 healthy children. Of seven ill children, 
four showed half times of 2-6 day::;. The other 3 wP.r.e undergoing intensive 
therapeut:i.c treatments and had-albumin retention half times in the 
normal range. 

The Total Body Counter can also be used to determine the absorption 
and retention of dietary iron by monitoring the radioactivity in the 
patient following oral administration of ferrmts citrate mixed _with 
as little as 0.1 microcurie of Iron-59. In order to demonstrate the 
validity of the TBC method, 22 determinations of oral iron absorption 
were made on 14 hospital ~atients. In each case, total stools were also 
collected and the excreted activity measured. The values for iron ab­
sorption calculated by the stool assay method and by the TBC method were 
in good agreement. The TBC method is much simpler, far less tedious and 

·.equally acdurate. (These studies were conducted in collaboration with 
. Doctor W.G. Figueroa of the Department of Medicine). 

One hundred and twenty individual measurements with the TBC on people 
living in Southern California showed that the mean body ~urden of 
radioactive cesium-137 continued to decrease from the peak in 1964-65 
of around 95 picocuries per gram of body potassium to a level of around 
28 p Ci/gK at the end of 1967. In monitoring several pcrsons'who 
operate the UCLA Physics Department Cyclotr?n, two instances of low­
level contamination with Nanganese-54 and Beryllium-? \vere uncovered. 
These \vere attributed to inhalation of irradiation products produced 
by the 50 Mev proton beam of the machine. 

15. EXPECTED RESULTS IN FY 1969 

A considerable mass of data has been collected on the rates of appearance 
of various bone-seeking radionuclides in the soft tissues and bones of 
humans and dogs immediately following rapid intravenous injection. · 
These kinetic data, called "osteograms", will be analysed by a digital 
computer program currently being written in order to estimate the rates 
·of the various physiologic processes responsible for the net accumulation 
of activity in skeletal tissue during the first hour. 

The Total Body Counter Facility will continue to be used to devise new 
methods for obtaining information of value in the medical diagnosis of 
human diseases. For example, a study of the rates. of loss of gamma 
globulin (labeled with radioactive Iodine-131) from the body will be 
undertaken in normal and in hospitalized patients, in collaboration 
with Doctors Levy and Klinenberg of the Department of Medicine. The 
regular TBC monitoring of University stude_nts and employees who \-lark 
with gamma-emitting nuclides will also continue. · 

As· new 'diagnostic agents are developed ·by the Radiopharmaceutical 
Development Section they will be studied in animals in order to evaluate 
toxicity, distribution in body tissues, routes and rates of excretion, 
and other features of metabolic behavior . 
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16. EXPECTED RESULTS IN FY 1970 

The same types of research activity will be continued - namely, studies 
of the metabolic behavior of various important substances normally 
present in the body, and of chemical agents administered to humans for 
diagnostic purposes. Thus, investigation of the ora1 absorption and 
retention of calcium and iron in humans will be continued. Multi­
channel tape recording of radioisotope uptake measurements using 
multiple, short-lived nuclides and computer analysis of the data so 
obtained should elucidate the kinetics of some of the intercompartmental 
transfers which normal body electrolytes undergo. (Sodium, potassium, 
calcium, magnesium, iron and chloride, will be among the iops studied). 
Production of a number of short-lived radionuclides by the Biomedical 
Cyclotron should be underway by 1970. Concequently there will be an 
intensification of efforts devoted to metabolic studies of these 
materials and of chemical agents tagged with these nuclides. 
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$ 
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11. PUBLICATIONS DURING FY 1968 

Taplin, G.V., Swanson, L.A., and Hayes, N. Recent Advances in Kidney 
Scanning. Lahey Clinic Foundation Bulletin, 16:361-372, 1967. 

Hayes, M., and MacDonald, N.S. Evaluation of Short-lived Radiophar­
-maceutical Agents for Sequential and Conventional Kidney Scanning. 
J. Nuc. Med. May, 1968 (abstract) 

12. SCOPE OF THE PROJECT ______ .,___ 

The primary function of this project is to develop and supply neH 
radioactive diagnostic agents of direct value to both the basic and 
the Clinicai ~esear~h a~Llvltles in Nuclear Medicine. A secondary 
function is to evaluate enioting nge.nt~; irtcludiug Lltu::;e 1-1hldt are 
commercially available, with the purpose of improving their usefulness. 
These functions P.ntail: planning and execution of appropriate chentical 
reactions; confirmation of the identity and purity of the desired product; 
assay of the radioactivity of the product; preparation of the product in 
sterile, pyrogen-free form suitable for parenteral administration to 
humans; and the design and assembly of suitable equipment so that these 
operations (often at the level of 100-200 millicuries) can be carried 
out with minimal radiation exposure to personnel. 

Similar work is being performed at Argonne Cancet Research Hospital 
(Harper); Johns Hopkins Hedical Center (Stern, Hagner); Veterans 
Administration Hospital, Los Angeles (Tubis); Brookhaven National 
Laboratory Medical Department (Richards); Nuclear Hedicine Institute 
Sao Paulo, Brazil (Tede, Eston); University of Heidelberg, (Scheer). 

14. 1'ECH1'HCAL PROGRESS IN FY 1968 

Modifications were made in the procedure for labeling human serum albumin 
with technetium - 99m, both in chemical conditions and in the equipment 
used. Tagging is routinely performed daily and the yields are consistently 
85-90%. Adjustments of pH, transfers of the solution, treatment with 
ion exchange resin and sterilization by filbration are now done by 
a "semi-remote handling" technique in which the operators hands and body 
are well shielded. New equipment for aggregating labeled albumin by . 
combined ultrasound agitation, heating and mechanical shaking was 
assembhd and put in operation. Quality control tueLltuu::; were devised 
to insure the sterility and freedom from pyrogens of all preparetions 
destined· for use in humans and laboratory animals. 

Five chemical complexes of short-lived radionuclides were prepared and 
evaluated as pharmaceutical agents for kidney scanning. These were: 
99m te.chnetil.im-Fe -ethylene dramine tetraacetate; 99m Tc -Fe -diethylene 
triamipe pentaacetate; 113m .Indium-EDTA; 99m Tc-Fe-glucose; and 99m Tc­
Fe-cit~ate complexes. Radioisotope ~enograms, urinary clearances and 
rapid sequential scans all indicated that these agents are rapidly 
cleared from the blood and excreted into the urine at rates which are 
very close to labeled iothalamate (an inulin substitute known to be 
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cleared by glomerular filtration). For example, urinary output was 
45-55% of the injected dose within the first hour, \o7hereas uncomplexed 
pertechnetate ion clearance was less than 2% in that time. These 
agents show great promise for kidney scanning, both by rapid sequential 
and by conventional methods, and perhaps in Sttidying the rapid circulatory 
dynamics of major blood pools such as the brain and heart. Their rapid 
excretion and short physical half-life greatly reduce radiation exposures 
to the patient. 

Comparisons were made in dogs of the rates of clearance from the lungs 
of intravenously administered particles u[ human serum albumin labeled 
with technetium 99m and particles of a similar size distribution but 
labeled with iodine-131. UudeL Lhe microscope the iodine labeled 
aggregates appear more dense and tougher. Preliminary results suggest 
that the Tc-labeled particles clear from lung parenchyma more rapidly 
than Iodine labeled particles of a similar size, probably because the 
former are more fragile. 

15. EXPECTED RESULTS IN FY 1969 

Efforts to improve the control of particle size during preparation of 
aggregates of human serum albumin labeled with various radionuclides 
will be continued. The potentialities of microwave heating as a 
method of preparing macro - and micro - aggregates which have been 
explored briefly will be developed further. Improvements will be made 
in the techniques of preparing radiopharmaceutical agents from the 
aspects of personnel radiation protection and quality control (sterility, 
non-pyrogenicity, purity, etc) so that all regulations regarding 
radiopharmaceuticals applied by the Federal Drug Administration can be 
complied '1-lith. 

Continued efforts will be directed toward labeling various chemical 
substances with short-lived radionuclides for evaluation as clinical 
diagnostic agents by other investigators in this Laboratory and at 
the UCLA Medical Center and affiliated institutions. For example, 
efforts will be made to prepare radioactively labeled substances which 
are rapidly cleared from the blood by renal tubular secretion ( in contrast 
to iothalamate and the EDTA chelates which are removed by glomerular 
filtration). Availability of such agents would make possible the differential 
diagnosis of several renal disorders. Similar work will be aimed at 
developing improved radioactive agents for scanning the pancreas. 

16. EXPECTED RESULTS IN FY 1970 

The activities of this section will continue along the same lines as in 
the previous years. 'However, if the Biomedical Cyclotron Facility is es­
tablished there will be an intensification of emphasis on techniques for 
preparing agents labeled with nuclides of short half-life because of the 
anticipated production of such isotopes with this machine. Many new 
problems will arise in the process of converting the desired activity in 
the irradiated target to the labeled radiopharmaceutical ready. for in­
jection into a human patient. However, expert consultative advice and 
technical assistance will be available in the Laboratory to help solve 
these problems. 
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$ 
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2 2 1 
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--·~_!_~0~ . 7 t 900 
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--
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Continuing 

FY 1970 

3 1 
2 

. . 
3 .!. 

2 

FY 1970 

.. 44,500 ~, 

9,100 
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by the particular project. 
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11. PUBLICATIONS DURING FY 1968 

Sch1~abe, Arthur D., Valdivieso, Vicente D., Merrill, Samuel, Ortega, 
Carlos, Bennett, Leslie R., and Thompson, James c., "Studies on the 
Intestinal Absorption of a :Medium Chain Fat (Trioctanoin) in Normal 
and Pancreatectomized Dogs", The American Journal of Digestive 
Diseases g:ll:lll4-1121, November 1967. 

Hebber, Milo M., Moderator; Bloomer, Hilliam E., Crandall, Paul H., 
Drinkard, Jv.me:s, Glober, Gory, IIcrb3t, Harry II.., John:JOn; DeLores E., 
Killeffer, Fred A., 1-1cAlpin, Rex N., Pops, Martin A., Stern, \IT. Eugene, 
SHanson, Leonard, Taplin, George V., and Heidner, Hilliam A., "The 
UCLA Interdepartmental Conference: The Use of Radioisotope Scanning 
in Medical Diagnosis; Applications in Diseases of Brain, Lung, Liver, 
and Heart", Annals of Internal Medicine 67:5:1059-1083, November 1967~ 

\•Jebber, M:l.lo til., and Bennett, L. R., "Full Size Readout Oil Ghe GauunCJ. 
Camera", pp. 105-108, Progress in Biomedical Engineering, eds. 
La-VIrence J. Fogel and Frederick H. George, London: Macmillian and 
Company, Ltd., 1967. 

vJebber, Milo H., "Footnotes on Rrdioisotopes", in Schinz, H." R., 
Roentgen Diagnosis, Vol I., second American edition, arranged and 
edited by Leo G. Rigler, Ne\·1 York: Grune and Stratton, 1967. 

Hebber, Milo Ivi. and Bennett, L. R., "Full-Size Scintiphotos from the 
Scintillation Camera", J. Nuc. Med. ~:5:2:403, May 1967. (abstract) 

Hebber, M. M., Bennett, L. R., vlagner, Joseph, and Patton, Dennis L., 
"Demonstration of the Vascularity of the Femoral Head", J. Nuc. Med. 
~:5:2:ll-03-404, May 1967. (abstract) 

Webber, Milo M., De1·lig, Elwood, and Smith, Raymond L., "Electronic 
Analogue Contrast Enhancement", J. Nuc. Ivied. ~:5:2:404, May 1967. 
( a.bstra ct) 

Surprenant, E. L., Bennett, L. R., '·Tebber, r-1. M., and Hilson, A. F., 
"Measurement of Regional Pulmonary Ventilation vlith Radioxenon and 
the Anger Camera", J. Nuc. Med. ~:5:2:400, May 1967. (abstract) 

Surprenant, E. Lo, Bro1ming, N., Bennett, L. R., and 'Hebber, M. M., 
"The Significance of Shine-through on the Side Vi e\·1 Lung ·scan", J. 
Nuc. Med. ~: 5:2: 4oo, Nay 1967. (abstract) 

Avmd, Hilliam, Boake, Rex c., Bennett, JJeslie R., and 't-1artin, Donald C., 
"Double Isotope Scan in Kidney Transplantation", American Journal of 
Surgery (in press). 

Surprenant, Edgar L., Bennett, Leslie R., and Hebber, Milo M., ''Tech­
netium Lung Scanning", Int. J. Applied Radiation and Biology (in press·). 
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12. SCOPE OF THE PROJECT 

This project 1·1as established in FY 1968 in anticipation of the enlargement 
of the Nuclear l1edicine space, facilities, and research activities in the 
Nedical Center in the Department of Radiology, to develop a \·Jell balanced 
Nuclear Nedicine research program coordinating the activities of the Nuclear 
Medicine Division in the Laboratory with those at Harbor Hospital and the 
Medical Center. 

Initially, the research a~t.iv:i.Ues of the Section are devoted to clinical 
applications of Tc-99m compounds in organ scanning using the AngP.r camera 
currently available in the Hedical Center. Heart and blood pool scanning 
are performed 1·1ith technetium labeled human serum albumin in millicurie' 
doses, permitting far better visualization of the heart chambers and great 
vessels than possible v1ith radionuclides. The same agent is used for 
placenta.l scanning in the diagnosis of plncenta previa. 

Colloidal aggregates of technetium labeled serum albumin and/or technetium-
99m sulphur colloids are being investigated for liver, spleen and bone 
morrm-1 oconning. Agoin, the t!!:dmel:..ium-99m laueled compounds have great 
potential advantages over colloidal rndiogold and colloidal albv.m.i.u 
age;regates labeled '\·lith I-131. They can be given in doses up to 20 tirnes 
greater than the former compouJ1ds "'·rhile giving less radiation exposure to 
the patient. The accompanying increase in photon emission can greatly 
improve organ vizualization with both conventional and camera scanning 
techniques. For bone marrow studies it makes scanning a practical proce­
dure becau::;e •·lith colloidal gold the dose to the patient is far above 
acceptable exposure levels. 

Another area of clinical research is in bone scanning v1ith Fluorine-18 and 
Strontium-87m labeled compounds. These short-lived nuclides have great 
potential advantage over currently used Strontium-85 and Calcium-47. Studies 
v1ith the latter have indicated much promise for bone scanning in the early 
detection· of primary and nietastatic bone tumors and for the study of the 
h~aling of fractures. Scanning methods can detect bone lesions long before 
they are recognizable radiographically. Again the short-lived Fluorine an::1 
Strorrtiwn-87m nucUdes have great potential advantage in that they can be 
used in much larger doses and thereby improve the sensitivity of scanning 
methods. 

Another .study initiated in this Section is the investigation of specific 
antibody labeling as a possible tool in organ scanning techniques. Anti­
fibrin antibodies have been investigated by Dr. 'HilHam Bale and associates 
for the treatment of t-Qffiors. Although the twnor specificity has not been 
developed sufficiently for this purpose, it is entirely adequate for the 
detection of turners in various parts of the body by radioisotope scanning. 
Another application of the antifibrin antibodies is in the study of venous 
thrombosis and subsequent pulmonary embolism. It is possible that there 
may be sufficient selective localization of the antibodies at sites of 
thrombus formation in the legs and pelvis to identify such sites by scanning 
in patients 1·1ith pre-existing diseases 'l,·ihich make them far more susceptible 
to pulmonary embolism. Another advantage of detecting the site of thrombus 
formation is in the surgical prevention of embolism by venous ligation. In 
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addition to exploiting the uses of antifibriri antibodies, the preparation 
of specific organ antibody for scanning is an arev. of promise that remains 
to be explored. 

13. RELATIONSHIP TO CYI'HER PROJECTS 

The project is directly related to .the activities of the nei·l Section on 
Radiodingnostic Agent Development and to those of the Basic Nuclear Nedicine 
Section. Similar studies are being conducted in bone marrm1 scanning ivi th 
colloidal radionuclides at Oak Ridge Institute of Nuclear Studies; short-
lived technetium compounds are being produced and investigated at the 
Brookhaven National Laboratory, Upton, N.Y.; the antifibrin antibody studies 
'·1ere initially developed under Dr. Hilliam Bale at the University of Rochester, 
N.Y.; related fibrinogen compounds are being produced and studied at the 
University of Pisa, Italy under the direction of Dr. Luigi Donato; basic 
studies and developments of various technetium-99ra labeled compounds are 
under investigation both in basic studies and for clinical applications 
at the Argonne Cancer Institute in Chicago under the direction of Dr. Paul 
H. Harper; bone scanning i·lith Fluorine-18 corr.pounds 1·7as developed first at 
RosHell Park Hemorial Hospital by Drs. Mone Blau and !vierrill Bender; recent 
developments in Fluorine compounds for bone scanning are under way at the 
University of ~ifichigan Department of Nuclear Medicine under the direction 
of Dr. Hilliam BeierHaltes and his associates. 

14. TECHNICAL PROGRESS n:r FY 1968 

Attention this year >·las devoted initially to the development and refinement 
of technetiwn-labeling of albumin. The parameters of this preparation pro­
cedure have been carefully analyzed, and steps have been taken to insure 
quality and reproducibility of the technique. Albumin prepared in this v1ay 
has been used to delineate the cardiac blood pool i·lith a remarkable degree 
of success. The cardiac blood pool scan has proven to be a valuable clinical 
procedure and is nm·l routinely utilized in cases i·lhere a question of pericar­
dial effusion, aneurysm, or vascular anomaly exists. 

Ventilation scanning technique utilizing Xenon-133 has been developed and 
sho1,·:s much promise as a useful clinical tool. The ventilation pattern, as 
distinct from the pulmonary perfusion pattern, is nm·l available. The studies 
have been performed using the scintillation camera because the picture or 
"scan" must be made '\·7hile the patient holds his breath. Correlation between 
perfusion and ventilation scans has been performed on patients suffering 
from asthma, emphysema, and other pulmonary diseases. 

The technique of ventilation scanning using Xenon-133 is also in the process 
of evaluation as a tool for evaluating the function of the transplanted lung 
in dogs. 

A comparison is under i·my bet1·1een non-radioactive Xenon as a contrast agent 
in chest radiography. and the radioxenon technique. By photographic.sub­
traction of chest films i·lith air and then 1'1ith Xenon, the ventilation pattern 
may be appreciated. 
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The particle size distribution of technetium sulfide is currently under 
study. Ultracentrifugation and electron microscope-methods are being 
investigated. 

Macro and micro aggregates of albQmin for demonstration of intravascular 
endothelial lesions are being studied. It is knmm that intravascular 
trauma, as caused by catheters anU. <..:auLer·y 1'1ill :result in tracer a·ccumu­
lation. The extension of this technique. to demonstrate thrombophlebitis 
and intra-arterial atherosclerotic ulcers is contemplated. 

Studies have been continued on the use of Fluorine-18 as a bone scenning 
agt21rL. Re::;ults to date i'ndicate that fluorine 1-lill probably become the­
iootopc of choice in scanning fur bone lesions. 

15. EXPECTED RESULTS IN FY 1969 

The evaluation of small particle size radiotechnetium sulfide and micro­
aggregates of albumin as ~-1ell as stannous hydroxide or similar colloidal 
substances 1-1ill be investigated as the agent for demonstration of the 
bone marrm-1 phagocyte distribution vlithj.n the body. The success of thiE: 
$tudy depends upon the particle size distribution ~nd reyrodudb:i l.it.y nf 
Eize from ·batch to botch. Ultr·ac:enLrlfue;ation t:mci electron microscope 
methods may be used to verify uniformity. It may be possible to utilize 
these micro-particles to demonstrate the viability of the femoral head fol­
lm-.ring fracture of the femoral neck. This 1·lill be of great value in the 
management of such frad~ures . 

. The usefulness of intravascular injection of isotope tracers to demonstrate 
areas of tumor '·Jill be pursued. Japanese investigators report success in 
promoting uptake of tracer by intra-arterial injection of macro-aggregates 

·of radioiodinated a.lbQmin. This technique 1-lill be evaluated using radio­
technetium labeled albumin ond other short-lived tracers. 

Xenon:..133 studies in various clinical conditions will be continued. 

Studies on the. use of Fluo:dne-18 tagged compounds as scanning agents will 
be continued, 

16. EXPECTED RESULTO ll~ FY 1970 

The usefulness of short-lived gas phase tracers 
junction v1i th the projected Cyclotron Fecili ty. 
useful in the evaluation of pulmonary function. 
and other sho:::-t:...lived positron emitters idll be 
.clinical usefulness. 
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11. PUBLICATIONS DURING FY 1968 

None 

12. SCOPE OF THE PROJECT 

The mission of this new project is to install and operate a cyclotron 
facility to provide radionuclides and beams of low energy positively 
charged ~articles, and neutrons for biomedical research. The main 
emphasis will be on the production of short~lived rndionuclides for 
physiologic studies and clinical research in Nuclear Medicine. These 
materials will be made' available to medical research investigators, 
n.ot only at UCLA but .also at several other hospitals in the conununity. 
Other.activities will include neutron activation analyses of materials 
for other research programs i.n the Laboratory and (as time permits) in 
other departments. Charged particle beams (protons, deuterons,helium-3 
ions) will be available for Laboratory investigations in radiobiology 
and radiation chemistry. 

13. RELATIONSHIP TO OTHER PROJECTS 

In addition to the part-tune biomedical usage of the cyclotrons at 
La\vrence Radiation Laboratory and Donner Laboratory (Un:l.vend ty of 
California - Berkeley), machines designed for biomedical applications 
are in operation at Washington Unive~sity (Ter Pogossian); Sloan­
Kettering Medical Institute (Laughlin). Argonne Cancer Research 
Hospital (Harper) will probably install a cyclotron during 1969. 

14. TECHNICAL PROGRESS IN FY 1968 

The technical proposal and request for funds were drawn up and submitted. 
Preliminary inspection indicated that a site on the Laboratory grounds 
is feasible and could take advantage of certain concrete shielding walls 
of the existing Cobalt-60 Irradiation Facility. An alternate site at the 
Center for Health Sciences was identified, but non-AEC funds would be 
required for construction at this site. A search for possible sources 
of such funds.was initiated with the help of the Office of the Dean 
vi: Ll1¢ HeJ,i,c.al 3c.huvl c!h'1J the Depa1: tu·,erlt of n.ttdiology. Two vi:!~ ita to 
the Cyclotron Corporation (Berkeley, California) were made for the 
purpose of examining the equipment and performing trial beam irradiations 
of several target materials. 

15. EXPECTED RESULTS IN FY 1969 

If the ptoposal is approved and funds are allocated near the beginning 
of FY 1969, it is entirely possible that preparation of the site, 
construction, and delivery of the cyclotron can be accomplished in the 
succeeding 10-12 months. 

16. EXPECTED RESULTS IN FY 1970 

It is anticipated that "shake-dmm'' runs, training of operators and 
preparation of several different target assemblies will be completed 
during the first quarter of FY 1970. Iodine-123 and Iron-52 will 
probably be the first nuclides scheduled for production. By the latter 
half of FY 1970 the facility should be in full operation. 

148 



! l . 
! . 

•• 
·sCHEDULE 189 

ADDITIDr!AL EXPLANATION FOR OPERATING COSTS 
fu--sEARCH AND DEVELOE·'iENT ACTIVITIES 

. SAH FRANCISCO OPZRATIONS OFFICE 
Field Office 

BIOLOGY AND t!:EDICHiS 
Program 

1. Contra~tor~ La.borato:ry of Nuclear Nedicine and Radiation Biology 
University of California~ Los Angeles· 

C6ntr~ct No.: AT(C4-l)GEN-12 

2. Project Title= 
Nctnmta 1lctu Rau ioLio1ogy 

3. AEC Btidget Activity No.: 

06-10-00 

5. Hethod of Reporting: 

Publications, UCLA Reports 
Semi~annnal_and ·Final Reports 

7. Per3on in Charge: 

T. G. Hennessy, M.D. 

9. Han Years 

10. 

(a) · Scientific 

(b) ·Other Tech. 

Cc-sts 

(a) Direct Salaries 

Total 

(b) Haterials & Services 

(c) Indirect Expenses -~- (2%) 

$ 

4. Date Prepared: 

April - 1968 
6. Working Location: 

.UCLA 

8. Project Term: 
From: 1954 To: Continuing 

FY 1968 FY 1969 FY 1970 

2 1 2 1 2 1 
-a__ 2 2 
1 
4 

2 ~ 2 1 .2 1 
2 2 

FY 1968 F'I 1969 FY 1970 

30,200 $ 30,800 .. 
~, 31,900 

3,000 4,000 4,500 

19,900 (2%) 20,100 (2%) . 21,600 

Total $ 53,100 $ 54,900 $. 58,000 

* Total indirect eA~ense of the Cont~act pro-rated runong individual projects 
on the basis of the percentage of total dir~:ct salary expense represented 

. by the particular project. 
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11. PUBLICATIONS DURING FY 1968 

Hennessy, Thomas, 
Hemangioblastoma: 
8, 601-606, 1967: 

G., Stern, w. Eugene, and Herrick~ Stephen E.: Cerebellar 
Erythropoietic Activity by Radioiron Assay, J. Nuc. Med. 

12. SCOPE OF THE PROJECT 

'!'he broad area tmvards v7hich the research is directed is elucidating the 
control mechanisms of red cell production in mammals includin·g man. Since 
iron is a major component of the red cell and since radioactive iron became 
available .for a label, much of the earlier \·70rk \vas aimed at methods of 
applying this label in thP. stmly of the erythropoietic cy&tcm. Noteworthy 
in much earlier v10rk was the development with R. L. Huff of Ferrokinetics 
and the red cell uptake technique for the study of r~diation damage to 
the bone marrow. 

The particular facets of the broad problem stated above that are being 
studied are the hormonal aspects of erythropoietic control, in particular 
erythropoietin levels and their relation to disease states, including 
radiation damage to the bone marroH. A more complete understanding of 
erythropoietin should help to further explain aplastic anemia of which· 
rAni.<~tion i.nj1,.n;y of the blood fnrminr; nrz:m i3 one class. 

13. RELAUQNSHif l'Q,QlHEk l:'l{O.TECTS 

Studies on fe59 a~d eryt~rop~ietin are currently being conducted at Lawrence 
Radiation Laboratory, University of California, Berkeley, Argonne Cancer 
Hospital, Chicago, NIH Hematology Section, Bethesda, Haryland as \vell as 
many other institutions. 

14. TECHNICAL PROGRESS IN FY 1968 

During this year the most significant development is the demonstration of a 
possible inhibitor present in mouse plasma for the erythropoietin present in 
aplas.tic anemia serum. This demonstration has been accompl i~h~d in short 
term bone marrmv cultures but not in standard polycythemic mouse in vivo 
assays. IL cuuld represent an antibody reaction with the antibody present 
in the aplastic serum but which becomes activated by normal serum. Further 
\vork is required to elucidate the exact mechanism of the observed phenomena. 

In. addition during the year \ve have changed from using a hyper transfused 
·mouse for our erythropoietin assays to a polycythemic mouse produced by a 
specially fabricated silicon rubber membrane altitude cage. This permits 
a faster and less costly production of assay mice. 

A pilot study in doing Ferrokinetic studies with stable iron isotope has 
been terminated. In the pilot study it Has shown that such studies 'vould 
be feasible but excessively costly due to the amount of nuclear reactor 
time required. 

THo additional studies \·7ere done during this year adding to our studies on 
cerebellar hemangioblastoma v7hich t11ere published this year in the Journal 

·of Nuclear Medicine. 
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lSo EXPECTED RESULTS IN FY 1969 

Investigation this year will center primarily on-the elucidation of the 
mechanism of action of erythropoietin inhibitor. Studies on erythropoieti.n 
producing tumor ~-1ill continue as such human cases become available. 

16. EXPECTED RESULTS IN FY 1970 

Studies will continue along the lines discussed above without any major 
change·in scope or level of the program • 
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