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(— Form OR-569 (2/53) REQUEST FOR CONTRACT ACTION (submit in duplicate)
‘ 1. Chairman

1 TO: Contract Board, From: 23 J3Ve <iis

% R R

!

i

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

e ke

2. Nature of Action Requested '

[] selection of New Contractor and [x] Modification of Conmact

Negotiation of Contract. No. AT=(};0w] )m1038

Contractors__Soitinern. Resscren Tnstiso

Birmingham 5, Alabama
(] Review and approval of Contract, Sub- ~ [] Other (Explain)

conract or Purchase Order.

Number:
Name:

3. Nawre of Services to be Covered by Contract

—— — - —— —— — — — — — ——— o —— —— —— . — —

Construction [ Architect-Engineer [_] Other [z ] (Explain) Research
4, F““‘”“E Amount to be Obligated by this Contract Action 8§ 23 252,00

source of Funds

Approved ORO Financial Plan, ____Quarter. Fiscal Year 19
Project No.________or, Activity No.
Funds to be Obligated: Allounent NOM)F Y. 1389 Funds)

Procurement Directive No. ated/2-31-3 9
Issuing Office y

Concurrence in Funding Statement: (signed) Mﬂw

Chief, Budget Branch

5. Project or Activity to be Covered by Conmact Action:

Location of Work: Construction Directive No.

Estimated Cost of Work to be Covered by this Contmract Action $

Schedule: Date Work to Start Estimated Completion Date

Description of Project or Activity:

(1f more space is required use separate sheets and attach hereto:)

|

111219




8, Contract Board Docket . Request Submitted Iy: (signed)
No. oawsﬁ CSS
(To be assigned by C. 8. SHOUP

) CHIEF, BICLOGY BRANCHM
Board Secretary) RESCARCH AND DEVELCFMENT DIVISION

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

adjuarters cesignated research contract
TLE: "3ody Retention of Sarbon=14"

o
ea

-3 :1.

(1f mare space is required use separate sheets and attach heretor)

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

Modify Contract to provi&e for the performance of additional research
to ce comrzletsd not latsr than September 30, 1960. Trae ARC will

contribute $3,252. The Contractor will contribute $5,L35, and the
estimated unexpended balance is $1,997.

(1f more space is required use separate sheets and attach heretcn)

10. Negotiated Contracw. (Show why it appears desirable to negotiate new coatract of to negotiate
modification to existing contract)

c T - .- —~ A ar A 4
emorardum Trom Ce e 57311in

(1f more space is required use separate sheets and attach heretws)

11, Conwacts, Subcontracts, or Purchase Orders Submirted for Review and Approval: (Furnish brief descrip-
tion of action in this space and attach pertinent documents)

cne

12, Diﬂ:u:

Attach s statement summarizing the dispute together with pertinent documents and Background
Material.

None

11280
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APPENDIX "AM

TITLE XX

This TITLE XI describes the research program and cost estimates agreed
upon between the Commission and the Contractor.

1. PROGRAM
a., Scope and Plan of Approach:

The Contractor will continue studies on the retention in the
body of rzdiocactive Carbon-1lli and the effects upon animal
tissues, including the extension of these studies to bacteria.
The program of work will be essentially as follows:

1. Biological Effects of Carbon-ll Incorporated into DNA of
the Fetus.

a. Pregnant rats injected singly with 100 uc of sodium
formate-=Cll as a precursor of purines and thymine will
be used and ‘heir progeny studied. Animals 311 be
xept under close daily observation, will be zu*opsied,
and thoroughly studied with regard to patholugy. Animals
now on hand which have been treated with Cll willbe bred
to see 1f there is any gross gernetic damage.,

2. Experiments with Bacterial Systems.

a. E_c~i will be highly labteled during growth with a
C-4 precursor of DNA, the laceled cells will be pre-
served with suitable control cells on agar for pericds
of mertns, From time to time c:li.res will oe made,
and the number and nature of bactsrial mutations will be
studied by the Adelberg technigue, by (a) culturing on
minimal media, (b) treatment with zenicillin to kill
growing cells (the parent wild line), (c) treatment with
penicillinase to destroy penicillin, (d) addition of enrichec
medium to promote growth of auzeirochs that did not grow
on tre minimal medium and hence were not killed oy peni-
cillin, and (e) isolation and characterization of the
mutants. Isclation and characterization will include
isolation of mutants with specific growth requirements.
After labeling and storing the bacteria, the DNA of the
labeled bacterial will be subjected to the effects of
Carbon-1ll radiation and transmutation, so it should be
vessitle te study cumilative long-term effects.
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2.

3, Experiments with Cells in Tissue Culture.

4 @

a. Mammalian cells in tissue cul*ture will te used Ior
DNA lacelins oy tilizing C-- crecirscrs. Thass
cells will be s-ored on a long-t=2rm casis, and tiavel
cells will e =z+udied in cul+turs and cleonss will Ce
isolated by tne tec-nigue of Puck. Mutants judsad oy
morphology, and e

fects of radiation, will be idsntified
and studied.

BUDGRT
a, Outline of Cost Estimates:
(1) Salaries and Wagest $ 7,850.00
Dr. H. B. Skipper (5% of time) $1,000,00
Research Associates 4,450.00
Research Assistants 2,100.00
Animal Keeper 300,00
(2) Retirement Fund: 290.00
(3) Materials and Supplies: 1,350,00
(L) Overread (78.3% <f Salaries and Wares): €,194.00
Tctal $.35,68L.00
b. Items of prorverty to te orocured or marnufactured by the Con=-

tractor, or to be furnished by the Government, title <c¢ which
will ves®t cor remain in ths Jovernment {see Article V): None



UNITED STATTS ATOMIC ENSRGY COMMISZION
WASHINGTCN, D. C.

Contract Autherization No. BM-oQ-)E

TO : 5. R. Sapirie, Manager T
Cak Ridge Operztions Cffice S 959
FROM : C. W. Shilling, M.D., Dep
Division of Biology and

SUBJECT : FUND AUTHORIZATION AND TRANSMITTAL OF RESEARCE PROPOSAL FOR
CONTRACT NEGOTIATION

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

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

SYMBOL : BMB:LGA

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

. 1. Institution: Southern Research Institute

¥ 2. Investigator (s): Dr. Joward E. Skipper

\ 3. Title: "Boay Retention of Carbon-14"
PRI New Comtract, (x ) Fenewal of Contract Yo. AT{%+2-1)2l3C

.5. Duration: 1{-1-33 thru 3-30-20
6. AEC Technical Represemtative: Dr. L. G. Augenstine "‘:}/

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

Budget Amount
Allotment No. Category Previous This Action Total
05-01-91( 2k) 6130 $8,252 $8,252

0°T 15
1111283 15159
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8. Tt is suggested that in the best interests of the goverrment
the follcwing type contract be negotiated: Lump sum

L2

t is recuested that the title to sny carital equirment rro-
cured under this contract shall be vested with:

\ (x ) the contractor; ( ) the government.

10. If radioisotopes are to be used in this research, it is re-
quested that the savings available to the contractor under the
Radioisotope Research Support Program (Ref. AEC Manual Chapter
7510) be considered in the negotiation of the amount to be
funded under this contract.

1l. Other comments: This contract was approved at the level re-
quested of $8,252, plus approximate unexpended funds of
$1,997, or a total of $10,249.

This is the terminal year for this project.

[

12. Security Requirements:

In accordance with the provisions of Chapter 3403 of the AEC Manual

and the requirements of the Declassification Guide, it has beern

determined that the following security precautions should be taXen

in conrecticn with the vroposed research contract:

Since there is essentially no chance for the development of re-

stricted data, this project has been placed in Category I as de-

fined in Chapter 34C3 of the AEC Manual.

13. Reports: ( x) Reports are to be required as provided for by

v "Revised Guide for the Submission of Reseasrch
Proposals” dated February 8, 195k,

() Special reports instructions are as follows:

Enclosures: ( ) "A" - Proposal, dated OROC has copies
( x) "B" - Notification letter, dated — 4;7-5%7J7
) "C" - Other correspondence, letters
Distribution:

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

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

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

White copy (w/o encl.)

| ‘ l l 28“ GPO 909082



PROPOSAL FOR RENEWAL OF
CONTRACT NO. AT-(40-1)-1038
On
BODY RETENTION OF CARBON-14
To
ATOMIC ENERGY COMMISSION

BIOLOGY AND MEDICINE DIVISION

Southern Research Institute
Birmingham, Alabama
June 19, 1959
Proposal No. 1269




REQUEST FOR RENEWAL OF CONTRACT NO. AT-(40-1)-1038

1. Title of the Project: Body Retention of Carbon-14

2. Institute and Department: Southern Research Institute, Biochemistry
Division

3. Scientific Background:

Since carbon-14 is produced in some quantity by the explosion of
hydrogen bombs, interest in the biological effects of carbon-14 has increased
in recent years. Although carbon-14 is a weak beta emitter, its biological
hazard derives from its ubiquitous occurrence in biological materials and
its long half-life.

Work under the subject grant, which has been in progress for
some twelve years, has been concerned with the retention of carbon-14
in animal tissues and the resulting biological effects. Since carbon-14
-s such a weak emitter, it might be expected that damage from this
isotope would depend largely on the nature of the biological compounds
into which it was incorporated. Last year, we began a long-range study
which was designed to establish conditions for the maximum hazard for
carbon-14 and which was based upon the considerations detailed below.
The most sensitive site for possible radiation damage is generally
considered to be the chromosomes of which deoxyribonucleic acid (DNA)
is the important constituent. Much recent biochemical evidence has
accumulated to indicate that DNA is synthesized only in relation to cell
division and, once synthesized, is metabolically inert. It therefore seemed
probable that, if a carbon-14 labeled precursor were given to pregnant
animals there would be extensive incorporation into the DNA of the
embryonic tissues and that, in some tissues that are mitotically inactive
in the adult animal, carbon-14 thus incorporated might be retained for
long periods. Experiments designed to study retention of isotope under
these conditions were completed during the year and are summarized in
the accompanying report. This study showed that, after birth of the
mouse, the carbon-14 that had been incorporated into the DNA of the liver
and brain was retained without loss. A separate experiment was then set
up to study the biological effects of carbon-14 incorporated under these
conditions. This experiment was begun last year and is still in progress
(see accompanying progress report).

SOUTHERN RISEARCH INSTITLTZ




4. Proposed Research:

Research proposed for the next year represents in part a
continuation of long-range experiments already underway and, in addition,
some new lines of endeavor, all concerned with the effects of carbon-14
incorporated into DNA.

A. Biological Effects of Carbon-14 Incorporated into DNA of
the Fetus. On the basis of the considerations and results outlined in
Section 3, a large-scale experiment was set up last year to study the
biological effects of carbon-14 incorporated into the fetus. The results
obtained to date on this experiment are given in detail in the progress
report. To summarize briefly, each of a large group of pregnant animals
was given a single injection of 100 u ¢ of sodium formate-C (a precursor
.f purines and thymine). The progeny of these animals and those of a
control group were then put under daily observation for any differences
in life span, incidence of tumors or other disease, weight, and general
health that might be attributable to damage from carbon-14. These
animals are now one year old and as yet there have been no clear -cut
differences between the treated and control groups. Only about sixty
of the original five hundred animals (roughly 250 controls and 250 treated)
have died during the first year. Since mice on the average do not live
much longer than two years, most of the remaining animals should die
during the next year and, if the carbon-14 does have any effects, it may
be that it is during this period that they will be detected. We propcse to
;eep these animals under the same close daily observation as in the past
year, to autopsy each animal for cause of death, and also to do a more
thorough pathology where it is indicated by the development of any
significant differences between treated and control groups.

It is estimated that daily inspection of each animal and thorough autopsies
of the four hundred odd animals remaining will consume a considerable
portion of the proposed time budgeted for the next year.

In addition, in an attempt to extract the maximum information
from this rather lengthy and tedious experiment, we propose to breed
the animals now on hand to see if there is any gross genetic damage
attributable to the carbon-14. Obviously, as carried out to date, the
experiment would detect damage in somatic cells only. How long the
progeny of this breeding experiment will be kept will depend on the initial
observations on the litters. The actual breeding will be accomplished
within the current contract peried.

111281



B. Experiments with Bacterial Systems. The experiments
described above with intact animals are expens.ve and tedious, and we
would like to do some experiments with simpler systems as an acunct
1o the animal experiments. The DNA of bacteria, like that of mamma.ian
cells, is metabolically stable in both growing and resting cells, and
therefore the same considerations that were the basis of the work with
animals apply also to bacteria. Spec1f1ca.lly, we propose to highly label
Escherichia coli during growth with a C™-labeled precursor of DNA

and to preserve these labeled cells and suitable control cells on agar slants
for periods of months. From time to time cultures will be made, and the
number and nature of mutations will be studied by use of the Adelberg
technique. This procedure consists of the following steps: (a) culturing
of the bacteria on minimal medium; (b) treatment with penicillin to kill
growing cells (the parent wild line); (c) treatment with penicillinase to
destroy penicillin; (d) addition of enriched medium to promote the growth
of auxotrophs that did not grow on the minimal medium and hence were
1ot kilied by penicillin; and (e) isolation and characterization of the mutants.

Isolation and characterization will be attempted by vary ng the
composition of the medium after step (d) to isolate mutants havisg a
specific growth requirement. Differences in the number and the rature
of the mutants produced in carbon-14-coutaining cuitures, as com ooy |

to control cultures, should be a measure of the effects of the inc rooratd

isotope.

The use of bacteria for this type of study has many advantages
over studies in animals. High incorporation ¢ carpe.-14 :
acids can be attained much more easily and w.'n huch 1o 2 ane -

Furthermore, without any experimental effort, after labeling anc storing
of the bacteria, the DNA of the labeled bacter:a will be subjectec =0 the
effects of carbon-14 radiation and transmutation: these effects will be
cumulative and should become apparent when subcultures are made. Thus,
with relatively little effort as compared to that expended in an animal
experiment such as that described in the accompanying report, it shou.d
be possible to study the cumulative effects of carbon-14 in the DNA

over a long period of time.

Many studies have, of course, been made of the effects of isotopes
on the production of mutations and chromosome breakages in bac:eria and
other systems. Some of these studies have been concerned with the genetic
effects of phosphorous-32 or tritium incorporated into DNA (Jor a recent
review, see B. S. Strauss, Radiation Research 8, 234 (1958)], However,
we are not aware of experiments with carbon-14 that have been set up
with the same orientation and purposes of the present one. It is known,
however, from the work of McQuade et al. KExp. Cell Research 11, 249
(1 Doﬂfhat thymidine-C* incorporated inio the DNA of onion roo:s can

SOUTHERN RESEASZ~ NST 7 _7C
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produce chromosome aberrations.

C. Experiments with Cells in Tissue Culture. Mammalian cells
in tissue culture also lend themselves to experiments such as those
proposed above for E. coli. Like bacteria, cells in tissue culture can be
highly labeled with precursors of DNA, and once labeled these cells can
be stored in the frozen state for long periods of time. It is not technically
feasible to attempt to isolate and characterize mutants in these mammalian
cells in the same manner as proposed above for bacteria. Rather we
propose to thaw the labeled frozen cells from time to time, prepare a

culture and isolate clones by the technique of Puck MMarcus, Cieciura,
and Puck, J. Exptl. Med. 104, 615 (1956)].

With mammalian cells, much may be learned by observation
of the general morphology of the clones thus produced, and the experiments
proposed with mammalian cells will involve a comparison of the number
2f mutants, as judged by the morphology of clones. produced by c-*-
treated and control groups of cells. Effects of radiation and transmutation
on the cell might well be reflected in detectable morphologicai variat:ons
in clones grown from single cells. These studies will be more difficuit
than those with bacteria and, for this reason, how far theyv are carried
will depend to some extent on the resul*s of initial experime=ts wih
bacteria. Several lines of mammalian cells are routinelv carried 1n
our laboratory and could be used in this studv. We have aisu haa
considerable experience with the cloning technique of Puck.

Other experiments related directiv+c A, B or C akav misk+ he
undertaken on the bas:s of results obtaired ¢iring the vear.

5. Scientific Personnel-

Principal Investigators

Howard E. Skipper, up to 5% of time. Ph.D. (Biochemistry).
Assistant Director in charge of Biological Sciences.

Experience: Chemical Warfare Service, 1941-1946:
toxicology and mechanisms of action of chemical warfare agents,
particularly alkylating agents. Southern Research Institute, 1946 -
screening of agents for anticancer and antiviral activity; mechanism of
action of anticancer agents; searches for exploitable biochemical
differences between normal and cancer cells; mechanism of resistance to
anticancer agents.

SOUTHERN RESEARCH NST 7 71T
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Publications: Some eighty publications on cancer
~hemotherapy and related fieids and, in addition, the following publ:-
;ations (supported by the subject grant) on the biological fate of carbon-14:

Skipper, White, and Bryan. Studies on the Hazard
Involved in Use of C!. 1. Retention of Carbon from Labeled
Bicarbonate. J. Biol. Chem. 180, 1187 (1949).

Skipper, White, and Bryan. Body Retention of
Carbon-14 from Labeled Sodium Bicarbonate. Science 110,

306 (1949).

Skipper, Bell, and Chapman. Studies on the Hazard
Involved in the Use of C*. II. The Effect of a Single Dose of
C-Labeled Sodium Bicarbonate on the Pattern of Deaths from

Spontaneous Leukemia in Akm Mice. Cancer Research 10,
362 (1950).

Skipper, Nolan, and Simpson. Studies on .he
Hazard Invoived in Use of C™*. III. Long-Term Retentio. i»
Bone. J. B.ol. Chem. 189, 159 (1951).

Skipper. The Hazard Involved in the Use of
Carbon-14. Nucleonics 10. 40 (1952).

Skipper, Simpson, and Bel‘l. Long-Term Rad:iation
of Bone Following Administration of C~ Bicarbonate. Prnoe
Soc. Exp. E.ol. and Med. 92, 542 (1956).

L. L. Bennett, Jr., up to 10% of time, Ph.D. (Organic
Chemistry). Head, Biochemistry Division.

Experience: Instructor in chemistry, University of
Georgia, 1943-1944. Southern Research Institute, 1948 - : synthesis
of CM-labeled compounds; searches for biochemical differences
between normal and cancer cells; mechanism of drug action;
chemotherapy, nucleic acid metabolism.

Publications: No publications directly relating to
radiation hazard. Ten publications on synthesis of anticancer agents

and C'- 1abeled compounds and on nucleic acid metabolism of cancer
cells.

SOLTHERN RESEARCH '~N&7' 7. 7%
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Other Scientific Personnel

Linda Simpson, 25% of time, B.S. Biophysicist,
Blochemistry Division.

Experience: Southern Research Institute, 1948 - :
low-level carbon-14 assay in gas phase; construction and standardization
of gas phase proportional counter for carbon-14 and tritium.

Publications: A Simplified Procedure for Proportional
Counting of C'-Labeled Carbon Dioxide. International J.
of Applied Radiation and Isotopes 3, 172 (1958).

Co-author of papers on hazards in the use of carbon-14
(see publications of Skipper above).

Daniel Farnell, up to 15% of time. DVM, Chemotherapy
Division.

Experience: Southern Research Institute, 1957 - -
screening of compounds against tumors and leukemias; animal care.

In addition to the above persons who will be primarily
responsible for this project, the following will be available for con-
sultation on the microbiological aspects of the proposed work:

Frank M. Schabel, Ph.D. (Bacteriolcgy and Parasitology).
Head, Chemotherapy Division.

Experience: U. S. Army, Camp Detrick, 1943-46,
Research Associate, University of Chicago, 1946-47; virologist,
Health Department, Chicago, 1947-50; microbiologist, Baptist Hospitals,
Birmingham, 1950-51; Southern Research Institute, 1951 -

Chemotherapy, serology, neurotropic virus diseases, microbiological
techniques.

Numerous publications in the fields of virology and
bacteriology.

Robert F. Pittillo, Ph.D. (Bacteriology), Senior Scientist,
Chemotherapy Division.

Experience: Parke, Davis and Company, 1955-1959.
Southern Research Institute, 1959 - . Mode of action of antibiotics;
assay of antibiotics; microbial metabolism.

SO_THERN RESEARI~- ~S™ TUTE
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6. Other Personnel:

One assistant bacteriologist, about 25% time.
One assistant biologist, about 25% time.

7. Other Financial Assistance:

The salaries of scientific personnel of this institution are paid
out of industrial, federal, and institutional research contracts. Charges
to each project are made on the basis of time spent on the project.

We have no other contracts concerned with the biological effects of
carbon-14.

! 8. Materials, Equipment, and Facilities:

Completely equipped animal rooms, biochemical laboratories,
tracer equipment, and bacteriological and tissue culture laboratories.
No additional major equipment is needed. The amount budgeted is an
estimate based on past experience.

9. Travel:

No travel allowance is requested.

I

SOUTHERN RESZARO= 377 _ 7%
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10.

11.

overhead of 100% of scientific salaries.

Budget

Salaries:

Senior biochemist, up to 5% time

Senior biochemist, up to 10% time

Veterinarian, 10-15% time (for gross
autopsies)

Biophysicist, 25% time

Assistant bacteriologist, 25% time

Assistant biologist, 25% time

Pathologist for thorough autopsy (whether
or not needed will depend on results yet
to be obtained)

Animal keeper, part time

Total salaries
Contribution to employees' retirement fund
Materials and supplies:
Feed and antibiotics for maintenance of mice
Expendable glassware and chemicals
Radioactive compounds
Components of tissue culture media
Miscellaneous (shop services, etc.)
Total materials and supplies
Subtotal
Overhead (8% of total)

SRI1 contribution

Total Budget

Amount Requested

$1,000
1, 300
800
1, 600
1,100
1,000
750
300

$ 17,850

290
300
400
300
250
100

1, 350

9, 490

759

5, 435

$15 684

$10, 249

Southern Research Institute's usual research contracts bear an

You will note, under the budget

category, that we have computed overhead differential at the rate of 78. 9%
of salaries and wages, including vacation and sick leave. This figure is

SCUTHERN RESEAR L= NEZ7 7 _ "o




based on current rate experience in 1959. The difference betweer. 8% of
direct costs and the rate of 78.9% indicates the extent of Southern Research
Institute's support of the work outlined in this proposal.

12. Statement of Current Expenditures

(a) As of May 31, 1959, the total expenditures of the amount
budgeted for the period 10/1/58 to 9/30/59 were:

AEC participation $ 5,020.26
SRI participation 2,811.24
$ 17,831.50

(b) Estimate of costs for the remainder of the contract is:

AEC participation $ 2,983.00
SRI participation 1,527.76
$ 4,510.76

13. Residual Funds

It is anticipated that $1, 997 in present contract funds will be remain-
ing at the end of the contract period.

Birmingham, Alabama
June 19, 1959
Proposal No. 1269
(6:10) 11lb:mkh, mw
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TO
FROM
SUBJECT
REFERENCE :
SYMBOL
1111295

INITED STATES ATOMIC ENERGY COMMISSION
WASHINGTON, D. C.

Contract Authorization No. _ =M-5:-135-A

5. 2. Sapirie, Manacer JUN ;5
Oax Ridze Gperations Office 38

Co w. Shilling, _'
Di i=sion of Biole

FUND AUTHORIZATION AND TRANSMITTAL CF
CONTRACT NEGOTIATION

ARCHE PROPOSAL FOR

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

AND MEDICINE. 2 fw 77ed 7

Z A (%9-D- 039

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

BMPC:EH

1. Institution: Soutliern Research I-stitute
2. Investigator (s): H. E. Skipper

3. Title: Body Retention of Carbon-14

Reduction
L, ( Yew Contract, ( %) R&X&EXX of Contract No. AT/40-1)103%

5. Duration: 10-1-3¢ thru ;-30-53
/
6. AEC Technical Represenmtative: Dr. Leroy Augenstine

T
)

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

Budget Amount
Allotment No. Category Previous This Action Total
06-91-91 (2k) 6130 $10, 000 - 1,677 $3,323
J 624

g 1799
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8. It is suggested that in the best interests of the govermment
the following type contract be negotiated: Lurp Sum

ANV

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

( X) the contractor; ( ) the government.

10. 1If radioisotopes are to be used in this research, it is re-
quested that the savings available to the contractor under the
Radioisotope Research Support Program (Ref. AEC Manual Chapter
7510) be considered in the negotiation of the amount to be
funded under this contract.

11. Other comments: Modification #8, dated 12-10-58, 1indicates

an unexpended balance of 31,577 and reduction in FY 1359 funds
allocated to the contract is made accordingly.

12. Security Requirements:

In accordance with the provisions of -Chapter 3403 of the AEC Manual
and the requirements of the Declassification Guide, it has been
determined that the following security precautions should be taken
in connecticn with the proposed research contract:

Sare as orizizal
13. TReports: ( ) Reports are to be required as provided for by

"Revised Guide for the Submission of Research
Proposals” dated February S, 195k.

() Special reports instructions are as follows:

Enclosures: (- ) "A" - Proposal, dated

(- ) "B" - Notification letter, dated

(-) "C" - Other correspondence, letters
Distribution:

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

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

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

White copy (w/o encl.)

GPO 9090852



TO ¢ Addressees Listed Below DATE: Cctober 22, 15358
FROM : John R. Moore, Director, Contrzct Division

SUBJECT: CONTRACTUAL DOCUMENTS FOR REVIEW, COMMENTS AND INITIALING

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

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

Modification 8 to Contract AT-(40-1)~1038 with Southern Research Institute
dddresgeeg: Division: Remarka:
Ty B Guashaan i o)
2. TPMtYer—————  —Bodeet Mnu"’/}”/ﬂ' 0b~1/-9/ (2v) ;K-«&:
= [EE_ [T
3_C. Segtms— R YoV g € V

W e g

RETURN TO: {_- v
" Alice Brown — Contract Division Telst L71G

1111291



Form OR-589 (2/53) REQUEST FOR CONTRACT ACTION (submir in duplicate)

1. Chairman ) .
TO: J. R. Moore Contract Board. From: __[€S. and Dev. Div,

It is requested that the Contract Board take the necessary action to process the following described con-
tract action in accordance with the provisions of Bulletin OR-0&M-19:

2. Nature of Action Requested

[] selection of New Contractor and [X] Modification of Conmract
Negotiation of Contract. No. AT=(4,0-1)-1038

Contractor;_Southern Research Institutq

Birmingham 5, Alabama

{1 Review and approval of Contract, Sub- -~ (] Other (Explain)
contract or Purchase Order.

Number:

Name:

3. Nature of Services ¥ be Covered by Comtract

Construction [ ] Architect-Engineer [_] Other [X] (Explain) Research
4. Funding Amount to be Obligated by this Contract Action $ 8,323.,00

1 Source of Funds

Approved ORO Financial Plan, _____ Quarter, Fiscal Year 19__
Project No._______ or, Activity No. ¢330
Funds to be Obligated: Allggment No26-Z/-Z3YJF.Y. 19§i Funds)
Procurement Directjye No. = 2 fa._Da -5

-

Concurrence in Funding Statement: (signed) M

Chief, Budget Branch

S. Project or Activity to be Covered by Contract Action:

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

Description of Project or Activity:

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

1111298



8. Coawact Board Docket 1. lz:u Submitted By: (signed)
No. Dakh:T Q 1gggide:
(To be assigned by C. 8. SHOUP oy BRANCH 3
Board Secretary) ::Is:;h::-?;ib PEVELOPMENT Division
R
8. Complete Description of Services to be Furnished by Contractor:

Headquarters designated research contract
TITLE: "Body Retention of Carbon-1L®

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

9. Description of other changes to be covered by Modifications

Modify contract to provide for the perfénnance of ad&itional research

to be completed not later than September 30, 1959, with new funds in
the amount of $8,323.

(1f more space is required use separate shests and attach heretcn)

10. Negodated Contracts. (Show why it appears desirable to negotiate new contract or to negotiate
modification to existing contract) ’

Memorandum from C. W. Shilling to S. R. Sapirie, dated September 30, 1958.

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

11. Contracts, Subcontracts, or Purchase Orders Submitted for Review and Approval: (Furnish brief descrip-
tion of acton in this space and atach pertinent documeants)

None

12. Digutes:

Attach 8 statement summarizing the dispute together with pertinent documents and Background
Material,

None

11112499



Pudget for Contract No.
10-1-58 - 9

([) Salaries and Wages:

Dr. H. E. Skipper (5% of time)
Research Associates -
Assistant Chemist

{9) Retirement Fund:

[ 3) Materials and Supplies:

( H) Overhead (72% of salaries and wages):

AT-(L0-1)-1038

-30-£9
$ 7,055.00
$1,075.00
L,000.00
1,80.00
204 .00
2,000.00
5,060.00
Total $14,339.00

The arC's contribution w the above budget willi be $8,323; the Con-
tracter's contribution will be 84,339; and $1,677 is the estimated

unexpended balance.

PHE1300



SOUTHAEIG, WESBaCH 1aS11iUTE
SIR.RAYN, ALaBUA

Contract No. aT=(L0-1)=1238

Dr. Howard E, Skdpper
iroject Leader,

BODY RETENTION OF CARBON-1L

4 S ——

The Contractor will consinue work on %he Lody retenmtion and .
:ano%poration of Carbon=lli into the mammalian febus, utilizing N,
mice, in order to ssudy body burden, distribution, and the
incorjoration of Cll-labeled formate, im relation ro production
of ablormalities or lethalitsy. Evaluatiog of radiation effects
from Qrbon~ll; will include (a) gross abnormalidies in young,

{b) lie-span information, and {c) assay of iissues for the
carbon<ll, content, and if possible the isolation of muicleic acid
>irines t o deternine carb n-il. Incorporation in rucleic acid.

N

Co S, Shou1r

RERELR



UNITED STATES ATOMIC ENERGY COMMISSION
' : WASHINGTON, D. C.,

Contract Authorization No. BM-59-136

TO : S« Re Sapirie, Manager
Qak Ridge Ope;'ations Office SEP 3 0 1958

FROM : Ce W, Shilling, M.D.,
Division of Bilology &

SUBJECT : FUND AUTHORIZATION ARD TRANSMITTAL OF REJEARCR PROPOSAL FOR
CONTRACT NEGOTTATION

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

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

m\lﬁwr‘ ¢ BMB:JLL N e we

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

N 1. Institution: Southern Research Institute

N 2. Investigator (s): Dr. Howard B. Skipper

. Title: "Body Retention of Carbon-14"

Nh4, () New Contract, ( x) Renewal of Contract ¥o. AT(40-1)1038

x 0+ Duration: 10-1-58 thru 9-30-39 .
6. AEC Technical Representative: Dr. J verman
T. Munds are authorized for the obligation of this contract
as follows:
Budget Amount
Allotment No. (Category Previous This Action Total
1 06-91-91.( 24+) 6330 $10,000 $10,000

A E A .
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8. Tt is suggested that in the best interests of the govermment
the following type contract be negotiated: Lump sunm

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

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

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

N\ 7510) be considered in the negotiation of the amount to be
funded under this contract.

11. Other comments: Noncr

~ 12. Security Requirements:

In accordance with the provisions of -Chapter 3403 of the AEC Manual
and the requirements of the Declassification Guide, it has been
determined that the following security precautions should be ‘aken

in connection with the proposed research contract;

Since there is essentially no chance for the development of re-
stricted data, this project has been placed in Category I as de-
fined in Chapter 3403 of toe AEC Manual.

13. Reports: (x ) Reports are to ve required as provided for by
"Revised Guide for the Submission of Reseszrch
Proposals” dated February 8, 195k.

( ) Special reports instructions are as follows:

Enclosures: (X) "A" - Proposal, dated June 30, 1950
(X ) "B" - Notification letter, dated SEP 30 .gop
( ) "C" - Other correspondence, letters
Distribution:

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

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

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

white copy (w/o encl.)

! ‘ ' ‘303 | GPO 909082
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PROPOSAL FOR RENEWAL OF
CONTRACT NO. AT-(40-1)-1038
On

BODY RETENTION OF CARBON-14

To
ATOMIC ENERGY COMMISSION

RESEARCH AND DEYVELOPMENT DIVISION

Southern Research Institute
Birmingham, Alabama
June 24, 1958
Proposal No. 1021

1111305
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REQUEST FOR RENEWAL OF CONTRACT NO. AT-(40-1)-1038

1, Title of the Project: Body Retention of Carbon-14

2. Institution and Department: Southern Research Institute, Biochemistry
Division

3. Scientific background

-

In past years this program has been concerned with the long-
term retention of carbon-14 in animal tissues after administration of
various C!¢-labeled organic compounds. Early work dealt primarily with
hazards resulting from inhalation or ingestion of barium carbonate-C** or
carbon dioxide-C!, with particular attention to long-term retention in bone.
More recently, funds from this project were used to support our program
on uptake of nucleic acid precursors by animal tissues —~a study which
provided data for the calculation of radiation to chromosomes resulting
from the uptake of a number of labeled compounds.

In the last two years these studies have been given a somewhat
different direction. This program has partially supported studies on
renewal of nucleic acid purines in rapidly dividing cells, The results
of these studies, and those of other investigators working in this same
area, have led to the concept of "metabolic stability' or "conservation"
of DNA in rapidly dividing cells (bacteria, tissue culture, tumors,
embryos). A more detailed account of this concept is given in the

i accompanying progress report. As applied to the problem of hazards of

carbon-14, these results suggested that the maximum conceivable hazard
possible with carbon-14 might result from the administration to pregnant
animals of a CH-labeled compound that would label nucleic acids. This
precursor would be taken up extensively by the fetal tissues and ''conserved"
in the nucleic acids during fetal growth and also during the life of the

animal after birth. Thus, carbon-14 would be introduced at an early

stage of fetal development into nucleic acids with the result that chromosomes
of the animal would be subjected to the radiation from the incorporated
carbon-14 for extended periods.

4. Proposed Research

During the past year, effort on this project has been directed
to studies of renewal of nucleic acids in embryonic tissue and retention
of carbon-14 in nucleic acids of tissues after birth. These experiments,
which are described fully in the accompanying progress report, were under-
taken as a preliminary to a full-scale testing of the biological effects of

SOUTHERN RESEARCH INSTITUTE
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carbon-14 incorporated into the fetus. This full-scale experiment has
now been initiated, For this purpose, one hundred female Swigss mice
were mated for 14 days, after which fifty were injected with 100 uc each
of sodium formate-C* and fifty with inactive sodium formate. The litters
are being observed for deaths or abnormalities that could be ascribed to
radiation. There are more than 200 offspring in each group, so that the
results should be meaningful.

Experiments of this type, of necessity, must be carried out
over a long period of time and the research proposed for the next year
is primarily the completion and evaluation of this experiment. The
evaluation of possible radiation effects will be made by the following
types of studies,

(a) All young will be examined for any obvious gross ab-
normalities. As the litters approach one month of age, each animal will
be caged separately and observations made until death. Since each
animal must be observed over an extended period of time, during which
infections should be avoided, all animals are maintained on sulfa drugs
at appropriate intervals and are caged in a locked room to which only
a few people have access.

(b) Careful life-span data will be recorded for both control
and treated groups. At death, each animal will be given a gross autopsy
and carcasses will be preserved in 10% formalin for more detailed
pathology later if it should prove desirable.

(c) Starting at one month after birth, animals will be
selected at random from the treated groups and a number of tissues will
be assayed for total carbon-14 by gas phase counting methods. If
activity is sufficiently high, nucleic acid purines will also be isolated
and assayed to determine if the activity is all present in the nucleic acids.

When some of the results on this experiment have become
available, other experiments may be indicated. Depending on what the
results show, further studies may be undertaken, either with other
precursors or at different levels of the same precursor. Tritiated
thymidine is now available with high specific act ivity and,for this type of
study, this compound would offer the advantage that it would be incor-
porated specifically into DNA. In this regard, it is interesting to note
that evidence has recently been published [ Painter, Drew, and Hughes,
Science 127, 1244 (1958)] that Hel.a cells, grown in tissue culture on
a medium containing tritiated thymidine, were inhibited in growth as
compared to cells grown with inactive thymidine.

SOUTHERN RESEARCH INSTITUTE
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5. Scientific Personnel

Principal Investigator

Howard E. Skipper, up to 5% of time, Ph.D. (Biochemistry).
Assistant Director in charge of Biological Sciences.

Experience: Chemical Warfare Service, 1941-1946: toxicology
and mechanisms of action of chemical warfare agents, particularly
alkylating agents. Southern Research Institute, 1946- : screening of
agents for anticancer and antiviral activity; mechanism of action of
anticancer agents; searches for exploitable biochemical differences
between normal and cancer cells; mechanism of resistance to anticancer
agents.

Publications: Some eighty publications on cancer chemotherapy
and related fields and, in addition, the following publications (supported by
the subject grant) on hazards involved in use of C};

Skipper, White, and Bryan. Studies on the Hazard
Involved in Use of C'*, 1. Retention of Carbon from Labeled
Bicarbonate. J. Biol. Chem. 180, 1187 (1949).

Skipper, White, and Bryan. Body Retention of Carbon-
14 from Labeled Sodium Bicarbonate. Science 110, 306 (1949).

Skipper, Bell, and Chapman. Studies on the Hazard
Involved in the Use of C*, 1I. The Effect of a Single Dose of
Cl-labeled Sodium Bicarbonate on the Pattern of Deaths from

Spontaneous Leukemia in Akm Mice. Cancer Research 10, 362
(1950).

Skipper, Nolan, and Simpson. Studies on the Hazard

Involved in Use of C'*, [II. Long-Term Retention in Bone. J.
Biol. Chem. 189, 159 (1951).

Skipper. The Hazard Involved in the Use of Carbon-
14. Nucleonics 10, 40 (1952).

Skipper, Simpson, and Bell. Long-Term Radiation
of Bone Following Administration of C*-Bicarbonate. Proc. Soc.
Exp. Biol. and Med. 92, 549 (1956).

SOUTHERN RESEARCH INSTITUTE
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Other Scientific Personnel

L. L. Bennett, Jr., up to 10% of time, Ph.D. (Organic Chem-
istry). Head, Biochemistry Division.

rience: Instructor in chemistry, University of Georgia,
1943-1944, Southern Research Institute, 1948- : synthesis of C*¥-labeled
compounds; searches for biochemical differences between normal and cancer
cells; mechanism of drug action; chemotherapy.

Publications: No publications directly relating to radiation
hazard. Ten publications on synthesis of anticancer agents and C!*-labeled
compounds and on nucleic acid metabolism.

Daniel Farnell, upto15%of time. DVM, Chemotherapy Division.

Experience: Southern Research Institute, 1857- : Bcreening
of compounds against tumors and leukemias; animal care.

Linda Simpson, 25% of time, B.S. Biophysicist, Biochemistry
Division.

Experience: Southern Research Institute, 1948- : low-level
C'* assay in gas phase; construction and standardization of gas phase
proportional counter for carbon-14 and tritium.

Publications: A Simplified Procedure for Proportional
Counting of C4-Labeled Carbon Dioxide. International J. of Applied
Radiation and Isotopes 3, 172 (1958).

Co-author of papers on hazards in the use of carbon-14 (see
publications of Skipper above. )

6. Other Personnel

One assistant chemist, 50% of time.

7. Other Financial Assistance

The salaries of scientific persomnel of this institution are
paid out of industrial, federal, and institutional research contracts.
Charges to each project are made on the basis of time spent on the
project.

SOUTHERN RESEARCH INSTITUTE
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i
- overhead of 100% of scientific salaries. You will note, under the budget

We have no other contracts concerned with the hazard from
carbon-14; however, we are carrying on other programs on nucleic acid
metabolism, and these programs have supported partially the studies on

nucleic acid renewal, which forms the background for the proposed research.

/ 8. Materials, Equipment, and Facilities

Completely equipped animal rooms, biochemical laboratories,

' and tracer laboratories. No additional major equipment is needed. As for

C'4-labeled compounds, the amouynt indicated on the budget is an estimate

9. Travel

No travel allowance is requested.

10. Budget

Salaries:
Biochemist, up to 5% time
Biochemist, up to 10% time
Veterinarian, approximately 15% time
Biophysicist, 25% time
Assistant chemist, 50% time
Total salaries

Contribution to employees' retirement fund

Materials and supplies:

Animals, feed, antibiotics, etc. $ 500.
Expendable glassware and chemicals  200.
Radioactive compounds (if needed) 300.
Animal cages 1, 000.

Overhead (8% of total)
SRI contribution
Total Budget

11. Amount Requested

Southern Research Institute's usual research contracts bear an

category, that we have computed overhead differential at the rate of 72% of
. salaries and wages, including vacation and sick leave pay.

SOUTHERN RESEARCH INSTITUTE

' and may be adjusted on the basis of results as they accumulate.

$1, 075.
1, 400.
1, 000.
1, 600.
1,980.
7, 055.

204.

2, 000.
741.

4, 339.
$14,339.
$ 10, 000.

This figure is
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“based on current rate experience in 1958. The difference between 8% of
| direct costs and the rate of 72% indicates the extent of Southern Research
! Institute's support of the work outlined in the enclosed proposal.

12. Statement of Current Expenditures

(a) As of May 31, 1958, the total expenditures of the amount budgeted
for the period 10/1/57 to 9/30/58 were:

AEC participation $5,628.17
SRI participation 2, 496. 27
$8,124. 44

(b) Estimate of costs for the remainder of the contract is;

AEC participation $4, 371. 83
SRI participation 2,506.73
$ 6,878.56

(c) Estimate of funds which will be avallable for financing the project
durmg the proposed period of performance:

“ $1,677.00

' 13. Residual Funds

H It is anticipated that all funds in present contract will be expended.

Birmingham, Alabama

June 26, 1958 |
Proposal No. 1021 _ |
(6:10) llb;nb, mw !
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TO t

Addressees Listed Below

DATE:

C‘f‘""‘"‘-(\“ '7‘. jf?’d"’

FROM t John R. Moore, Director, Contract Division
SUBJECTt CONTRACTUAL DOCUMENTS FOR REVIEW, COMMENTS AND INITIALING
The document(s) listed below are forwarded for your review, comments and
initials. Upon completion of your review, please attach your comments, if
any, and forward to next in turn. Expeditious handling of this matter will
be appreciated.
Yodific=ticn 7 to Zontract A7-(L0-13-1038 with Southern Research Iostitute
Addressees: Division: Infts]| Dates | Remarkss
IS e ies Sotrmey 4 / >
2 2051 (i V- P Iu/y? o
L lre-3¢ X
3 2, S, SvouD Ses, b Tey, [>xe) Rk,
be 1, D, MaeKay. MrTe— M’ -7 711 Qf’ﬂ
\
‘. A
7
6. L \’j
VM \\’
RETURN TOt
‘2ice TTuw “oniract Tiyicion -3 -
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STANDARD PORM HO. §4

Oﬁice Memomndzmz « UNITED STATES GOVERNMENT

T0 t e 4. mld, Jre, Aszisznant e ooras Doancll DATE: _ - B
FROM @ Jonm -, Jlor=, Uort..s, oo wrest Divolin
SUBJECT: REYUEST UR mCCIICACIUN OF SCNTRaCT AI-(4l-1)=1038 AITH
SCUT=ZRI -13Za 4 DNIJITUTE, I INC-AL 5, ALABAMA
SY:BOL:s ACD:DS
Z_case prepare an a .rooriate mcdirication to subject contrzct to

T
extend the period to September 30, 1956, wita aew funds in une
amount, of %10,000.00,

Reizest for Contract Action from Research and Development Division
1s :nclosed Iir your use. //

Z.CoCSur:ss:
1. Teist for IInt.Acticn

Ze zllrel CrEziu.dn

e L=72 £7 LeEn. LoVe oL oflo-. 7 v liede, dtd 10=2-57

111313 | o



Form OR-589 (2/53) REQUEST FOR CONTRACT ACTION (submit in duplicate)
1. Chairman _ o
! TO: j, 2. ioore Contract Board. From: 228277C . 77¢ SV, - VLSI 0T
O
It is requested that the Contract Board take the necessary action to process the following described con- ;
mact action in accordance with the provisions of Bulletin OR-O&M-19:
2. Nature of Action Requested
[] selection of New Conwactor and Modification of Contract
Negotiation of Conmact. No, Al={LQ=1)=
Contractor:_S Research Institute
Birmingham 5, Alabama
(] Review and approval of Contract, Sub- = [] Odher (Explain)
contract or Purchase Order.
Number:
Name:

3. Nature of Services 1o be Covered by Contract

b o . ——— —— — —— - — — —— — — o — —— . a—

Construction [} Architect-Engineer [ ] | Other [X] (Explain) Research
4. Funding Amount to be Obligated by this Contract Action 310,000 -

Source of Funds

Approved ORO Financial Plan,_____Quarter, Fiscal Year 19__
Project No.______or, Activity No._ &£ 230
Funds to be Obligated: Allotment No-é‘.—.l—ZLQﬁ.Y. 19.5¥ Funds)
Procurement Directvg Mo, - - Dated /@ -@ -
lssuing Office

Concurrence in Funding Statement: (signed) Al e

Chief, Budget Branch

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

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

Descripton of Project or Activity:

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

L1113y



8. Coatract Board Docket 1. (st ) l
o R A A e

{To be assigned by C. 5 SHOUP
Board Secretary) :m(r, BIOLOGY BRANCH
L]

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

Headmuarters desirrated research contract.

Titlet Body Retention of Carbon-1L 2

B

(If mdte space 17 required use separate sheets and attach heretos)

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

K}
S —em—
KN

Modify contract to extend the period to September 30, 1958, with
new funds in the amount of $10,000,

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

10. Negotiated Contracts. (Show why it appears desirable to negotiate new contract or to negotiate
modification to existing contract)

Mercrarndum fror C, v, Shilline to S, =, S2pirie dated Cctober 2, 1657

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

11. Contracts, Subcontracts, or Purchase Orders Submitted for Review and Approval: (Furnish brief descrip- ‘
tion of action in this space and attach pertineat documents) ‘

LOTEe

12. Disputes: !

Auach a statement summarizing the dispute together with pertinent documents and Background f
Material.

None ) '

- T1C
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\/ | Saleries =nd Waces:

Or. H. Z. Skipver (10% of time) %1,930.00
Research Associ-tes 3,688,20

Bssistant Chemist - 1,800.00

@ Retirement Fund:

1 3‘1‘&3*;%- i2ls anc Sunvclies:

("“ Overhead (76.83% of Sslaries and W=-es):

-
e
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O
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37,L75.00
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NENENN

SOU THERN rZSEARCH INST™TVTE
3TRMINZHANM, ALABAMA

CNT=ACT NC, AT=(LO-1)-103F

DR. HOWARD E. SKIPPER

BODY RETENTION OF CARBON-1hL

lhe Contractor will continue &' program,

extending from the original purpose of determine of Carbon~-1lL binding and
biological hazard of C-1lkL to studies upon (&) conservation of the nucleic
acids in embryonic tissues, studying mice which have received C-ll-labeled
precursors of purines, (&) studies of embryonic tissues moxkitwiimm to
determine binding of C-1L in the nucleic acids, followed by life period
studies, (8) life-span studies to determine minimal level of C-1k causing
demonstrable changes and possible long-rahge development of leukemia, and
(4) other appropriate work to evaluate differences in behavior of the
adult to C-1lL compared with animals which received the radiocactive isotope
in compounds administered during foetal stages. Special emphais in general

will ibe on the hazard of C-1L when incorporated ihtec the animal during early
stages of development,

v, 9, Shoup



UNTTED STATES ATOMIC ENERGY COMMISSION
WASHINGTON, D. C.

Contract Authorization No.BM-58-148

TO 8. R. Sapirie, Manager 0CT 2 1957
Oak Ridge Operations Office

FROM ‘Ce W, hilling, M. D., Deputy Di
Division of Bidlogy and Nedic

SUBJECT : FUND AUTHORIZATION AND TRANSMITTAL OF RESEARCH PRO
CONTRACT NEGOTIATION

FOR

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

SYMBOL : NG :JRT
The research proposal described below has been approved by the
Division of Biology and Medicine, funds are available, and you
are authorized and requested to negotiate a contract in
accordance with the following terms and conditions:
V1. Institution: Southern Research Institute
\¢. Investigator (s): Dr. Howard B, Skipper

\‘3. Title: Body Retention of Carbon-lh

& ( ) New Contract, (x ) Penewal of Contract No. AT(%0-1)1038

Duration: Qctober 1, 1957 thru September 30, 1958

6. AEC Technical Represemtative: Dr. John R. Totter ;

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

Budget Amount
\_ , Allotment No. Category Previous This Action Total
/ﬂ' B (2h) 6330 $10,000 $10,000

~ A+ |

G &I
ocT 4 1857
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8. It is suggested that in the best interests of the goverrment
the following type contract be negotiated: Lump-sum

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

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

10. If radioisotopes are to be used in this research, it is re-
quested that the savings available to the contractor under the

N Radioisotope Research Support Program (Ref. AEC Manual Chapter
7510) be considered in the negotiation of the amount to be
funded under this contract.

1l. Other comments:

12. Security Requirements:

In accordance with the provisions of Chapter 3403 of the AEC Manual
and the requirements of the Declassification Guide, it has been
determined that the following security precautions should be taken
in connection with the proposed research contract: Since there is
essentially no chance for the development of restricted data, this

' project has been placed in Category I as defined in Chapter 3403 of
the AEC Manual.

13. Reports: ( x) Reports are to be required as provided for by
\\ "Revised Guide for the Submission of Research
Proposals"” dated February 8, 1954.

() Special reports instructions are as follows:

) :
) "C'" - Other correspondence, letters

Enclosures: (x ) "A" - Proposal, dated Jupe 28, 1957
(x ) "B" - Notification letter, dated REE
(

Distribution:

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

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

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

White copy (w/o encl.)

| , ’ ! 3 I q GPO 908082
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REQUEST FOR RENEWAL OP? CONTRACT
NO. AT-(40-1)-1038
On
BODY RETENTION OF CARBON-14
"To
ATOMIC ENERGY COMMISSION

DIVISION OF BIOLOGY AND MEDICINE

Southern Research Institute
Birmingham, Alabama

June 28, 1957
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REQUEST FOR RENEWAL OF CONTRACT NO, AT-(40-1)-1038

1. Title of the Project: Body Retention of Carbon-14

2. Institution and Department: Southern Research Institute, Biochemistry
Division

3. Scientific Bacligio\md; .

This program, which has been in progress for nine years, had
as its original purpose a study of the retention of carbon-14 in animal tissues,
particularly bone, after ingestion or inhalation of C“O2 or C!4-labeled organic
compounds. The emphasis of these early studies was on the possible hazards
involved in the use of carbon-14 in the chemical and biochemical laboratory.
The results of these studies indicated that the biological half-life of carbon-
14 ingested as C'*Q,, BaCM0Q,, or NaHC'O, was such that there was little
hazard in its use unless the doses were massive (in excess of 50 mc man-

equivalent). In the last two years of the program, these studies were extended
and calculations were made of the level of radiation to which the chromosomes |

of various tissues were subjected following the administration of a number of
precursors of nucleic acids: formic acid, glycine, purines, and purine
nucleosides and nucleotides. This phase of the program was undertaken with
the expectation that the chromosomes would be the biological sites most
susceptible to radiation damage and that, therefore, c'*-labeled compounds
that localized in the nucleic acids would represent perhaps the extreme of

, radiation hazard possible with carbon-14. These studies did in fact show that,

following the intraperitoneal administration of tracer doses of a number of
these precursors of nucleic acids, the resulting radiation of the chromo-

. somes in some parts of the animal body did remain above the permissible

level for several days.

Along with these studies, there was carried out an extensive
study of the renewal of nucleic acid purines of a number of tissues of the
animal body. These results are given in our 1956 report and in the 1957
report, which accompanies this proposal. Briefly summarized, in these
studies sodium formate-C* was administered to tumor-bearing animals to
label the nucleic acids, and the loss of carbon-14 from the nucleic acids of
a number of tissues was then studied over a period of time. Whereas rapidly
dividing normal cells such as intestine and spleen lost carbon-14 from the
nucleic acids either as a result of metabolic turnover or a physical loss of
cells, no carbon-14 was lost over the period of the experiment from the

. nucleic acids of the tumor. These results suggested strongly that the tissues

SOUTHERN RESEARCH INSTITUTE
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that are rapidly increasing in mass conserve their nucleic acids, and hence
also conserve any carbon-14 that has been incorporated into the nucleic acids.
At about the same time that these experiments were carried out a large
number of other papers appeared that tend to substantiate the conservation of
nucleic acids in a number of biological systems. Thus, among many refer-
ences on the subject, one might cite evidence for the conservation of DNA in
regenerating liver of rats!’? and in the liver of young rats3 and for the con-
servation of both DNA and RNA in bacteria*' ®, mammalian cells in tissue
culture® 7, and Ehrlich ascitea tumor cells in vivo®. These results have led

many to characterize the DNA of rapidly proliferating systems as ""meta-
bolically stable."

We have interpreted our own results (cf. the accompanying ”
progress report) to indicate a dynamic equilibrium between nucleic acids '
and soluble nucleotides rather than true metabolic stability; however, regard-
less of interpretation, both our results and those of the other groups cited '
above clearly indicate retention of activity in nucleic acids.

Pertinent also is the work of Furst et al. %10 4nd Fresco,
Bendich, and Russell™™ who gave partially-hepatectomized animals labeled
precursors and studied, in the post-regeneration period, the retention of :he

O. Nygaard and H. P. Rusch, Cancer Research 15, 240 (1955).

A. D. Barton, Federation Proc. 13, 422 (1954). —

K. Kihara, M. Amano, and A. Sibatani, Biochim. Biophys. Acta. 21,
489 (1956). —

A. D. Hershey, J. Gen. Physiology 38, 145 (1956).

L. Siminovitch and A. F. Graham, Can. J. Microbiol. 2, 585 (1956).
G. M. Healy, L. Siminovitch, R. C. Parker, andA. F. Graham, Bio-
chim. Biophys. Acta. 20, 425 (1956).

R. Y. Thomson, T. Paul, and J. N. Davidson, Biochim. Biophys. Acta.
22, 581 (1956).

L. Revesz, A. Forssberg, and G. Klein, J. Natl, Cancer Inst. 17, 37 I
(1956).

S. S. Furst, P. M. Roll, andG. B. Brown, J. Biol. Chem. l@, 251
(1950).

w N e

@ » b

.10 5. S. Furst and G. B. Brown, J. Biol. Chem, _1_9_1, 239 (1951).
‘11 J. R. Fresco, A. Bendich, and P. J. Russell, Jr,, Federation Proc.

14, 214 (1955).
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isotope that was incorporated during regeneration. They showed that after
regeneration essentially no DNA was lost from the liver over a long period.
Thus, it would appear that DNA is conserved not only during periods of

rapid growth but also in non-dividing tissues such as liver of adult animals,

The evidence that DNA is conserved during the phases of
rapid growth of such a variety of biological systems led us to wonder if |
embryonic tissues, which show many metabolic characteristics similar to
tumor cells, would also be similar to tumor cells in the conservation of
nucleic acids. Such thinking led to the preliminary and inconclusive experi- °
ments with pregnant mice described in the accompanying progress report and |
is the basis of our plans for continuation of this work,

The importance of the concept of "metabolic stability” of
nucleic acid to radiation hazards is obvious. If indeed the foetus is similar
to other rapidly growing systems in the conservation of nucleic acids then, |
in some tissues, activity incorporated in the nucleic acids during embryonic '
growth may remain there for the life of the individual. Thus, certain cells
of the body would be exposed over a long period of time to radiation concen-
trated in the most sensitive locus, i.e., the genes and chromosomes, If the
carbon-14 were introduced in the early stages of foetal development, then one
might expect the maximum of radiation damage; i.e., initial exposure to
radiation at a stage known to be extremely sensitive to radiation followed by

a prolonged exposure of certain tissues after birth and during the maturing of “
the individual.

4., Proposed Research

Research proposed for the next year is based upon the consider-
ations of conservation of nucleic acids which were discussed above, Firat, .
it is proposed to corntinue and expand the study of conservation of nucleic acids |
in embryonic tissue, with the purpose of establisking definitely whether
embryonic tissue is similar to other rapidly dividing systems and further of L
attempting to se::le ine ques’ion of "metabolic s:ability" of nucleic acids ,
versus dynamic equilibrium with soluble nucleotides. This part of the pro- |\
posed program should provide results of fundamental biological and bio-
chemical significance.

Consideration of the relationship of conservation of nucleic :
acids to the problem of carbon-14 hazard, as mentioned in the preceding 3
section, leads directly to the more practical aspect of the program in which
we propose to attempt to assess, by various means, the biological effects of
carbon-14 introduced at an early stage of foetal development.

SOUTHERN RESEARCH INSTITUTE i
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Specific experiments which will be carried out on the program
as it can be envisioned at :nis stage are the following:

(a) Conservation of Nucleic Acids in Embryonic Tissue. Large
groups of pregnant mice will be given injections of a C**-labeled precursor of
purines and at various times thereafter during foetal development the purines
of the RNA and DNA and the acid-soluble fraction will be assayed for carbon-
14. Since the early stages of foetal development are known to be most y
sensitive, administration of C™ -labeled compounds will be begun at the I
earliest feasible period following conception. The amount of carbon-14 in !
the nucleic acid purines a: the various times will be a measure of conservation
of the nucleic acids and a comparison of activities of nucleic acid purines and ;‘
acid-soluble purines will determine whether conservation is due to true ‘
metabolic stability or whe*her it is accompanied by a dynamic equilibrium
between nucleic acids and soluble precursors. In most of these experiments
sodium formate-C** will be used because of its cheapness and because it
labels both adenine and guanine of both RNA and DNA. Other C¥-labeled
precursors will be used as resul:s may indicate.

(b) If embrysnic tissue should show conservation of carbon-14
in the nucleic acids, and the results now available suggest that it will fall in
'he same category as other rapidiy growing systems, then long-term studies
will be carried out on retention of the isotope during the lifetime of the
animal. Such studies should show how long radioactivity, incorporated into
nucleic acids of :the foe:us, will remain above the permissible level in the
various organs of the anima!l after birth.

(c) The above experiments are tracer s:udies to de‘ermine the
retention of activity in the nucleic acids. If retention is demonstrated, some
experiments will be undertaken with quite a different emphasis; the maxi-
mum feasible amoun: of carbon-14 will be adminis:iered to pregnant mice
and the litter will be observed for biological effects that migh* be a‘:ribu‘ed
to radiation from carbon-14. Animals will be examined immediately after
birth for obvious defec:s and then observed over their life span. Life spans
of treated animals will be compared with those of untreated controls, and at |
death animals will be autopsied to discover less obvious biological effects '
that might be attributed to radiation. If damage from carbon-14 can be
demonstrated, then experiments might be begun to determine the minimum
level of carbon-14 that could cause demonstrable damage under these
conditions. Depending on how initial experiments turn out, many other
experimernts migh! oe sugges:ed. For example, mice of the AK strain, of

" which essentially all animals develop leukemia, might be studied to determine

whether carbon-14 introduced into the foetus affects the incidence or course
of leukemia which develops af-er bir‘h,
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The difference be‘ween these studies and any carried out
earlier on this program should be emphasized. [t was shown earlier that
carbon-14 was rapidly lost from mammalian tissues after labeling with
NaHC”Oa1 and that administration of sodium formate-C-* to leukemic mice
failed to alter the course of the disease?. However, these were experiments
with adult mice that would be expected to incorporate and retain much less
activity than animals receiving carbon-14 in the foetal stage of development.

To our knowledge, although many studies have been carried i
out on radiation hazard resul‘ing from ingestion and retention of Sr? and
other radioactive isotopes, there have been no reports published on attempts
¢y to assess the hazards from carbon-14 resulting from its incorporation into |
. nucleic acids of the foetus.

5. Scientific Personnel:

Principal Investigator

Howard E Skipper, up ‘o 10% of time, Ph.D. (Biocnemistry).
Assistant Director in charge of Biological Sciences,

Experience: Chemical Warfare Service, 1941-1946: toxi-
cology and mechanisms of action of chem:cal warfare agents, particularly
alkylating agen:s. Southern Research Instirute, 1946- : screening of agen's
for anticancer and an:iviral activity; mechanism of action of anticancer
agents; searches for exrloirah’e biochemical differences between normal
and cancer cells; mechanisms of resistance 'o anrticancer agen:s.

Publicalions: Some eigh'v pun’ica’ions on cancer chemotherap™
and related fields and, irn addition, the following publications (supported by the
. . ;s 3
subject grant) on hazards involved in use of C 4.

Skipper, White, and Bryan. Studies on the Hazard
Involved in Use of C-*, 1. Re:eation of Caroon irom Labeied Bi-
carbonate. J. Biol. Chem. 180, 1187 (1949.

Skipper, White, and Bryan. Body Retention of
Carbon-14 from Labeled Sodium Bicarbonate. Science 110, 306

(1949).

[

H. E. Skipper, L. White, and C. E. Bryan, J. Biol. Chem. 180, 1187
(1949).

H. E. Skipper, 4. J Bell. ardJ B. Chapmar Cancer Research 10,
362 (1950).
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Skipper, Bell, and Chapman. Studies on the Hazard
Involved in the Use of C¥4, [I. The Effec: of a Single Dose of C-*-
Labeled Sodium Bicarbonate on the Pattern of Deaths from Spontaneous
Leukemia in Akm Mice. Cancer Research 10, 362 (1950).

Skipper, Nolan, and Simpson. Studies on the Hazard
Involved in Use of C!*, III. Long Term Retention in Bone. J. Biol, |
Chem. 189, 159 (1951).

Skipper. The Hazard Involved in the Use of Carbon-
14. Nucleonics 10, 40 (1952).

Skipper, Simpson, and Bell, Long-Term Radiation
of Bone Following Administration of C**-Bicarbonate. Proc. Soc.
Exp. Biol. and Med. 92, 549 (1956).

Other Scientific Personnel

L. L Beznett, Jr., 10% of time, Ph. D. (Organic Chemistry).
Head, Biochemistry Division.

Experience: Instructor in chemistry, University of Georgia, ’
1943-1944. Soutner: Research Institute, 1948- : syathesis of C**-labeled |
compounds; searchres for biochemica! differences between normal and cancer
cells; mechanism of drug action; chemotherapy.

Publicatiors: ™o publica:ions directly relating o radiation
hazard. Ten publica‘ions on sy=‘hesis of an:icancer agents and C'*-labeled
compounds and on nucleic acid metabolism.

Linda Simpson, 25% of time, B.S. Biophysicist, Biochemistry
Division.

Experience: Southern Research Ins:itute, 1948- : low-level
C-* assay in gas phase; consfruction and starndardization of gas phase
proportional counter for carbon-14 and iritium.

Publications: Co-auttor of papers on hazards in the use of
carbon-14 (see publica-ions of Skipper above).
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J Richard Thomso-. (no! hitherro assigned to this project),
10% of time, M.S. {Cy:ology). Biologist, Chemotherapy Division.

Experience: Assistant bacteriologist, U. S. Public Health
Service, 1949-50. Instructor, University of Chattanooga, 1950-51. Oak

Ridge National Laboratory, 1951-52: incidence of leukemia due to radiation;

biological effects of radiation. Southern Research Institute, 1952- : chemo-

therapy of cancer and leukemia,

Publications: Co-author of ten publications on chemotherapy

of cancer.

6. Other Personneil:

One assistant chemis:, 50% of time.

7. Other Fina-cia. Assis-ance:

The sz'aries of scientific personnel of this institution are
paid out of indus:ria!, federal, and institutional research contracts, Charges
to each projec: are made on ‘he basis of time spes: on the project.

We have no other contracts concerned with the hazard from
carbon-14; however, we are carrying on other programs on nucleic acid
me:abolism, ana inese programs suppor: par:ially the studies on nucleic
acid renewai.

8. Materials, Equipment, and Facilities:

Completely equipped animal rooms, biochemical laboratories,
and tracer laboratories. No additioral major equipment is needed. One of
the biggest items is C-*-labeled compounds; the amount indica‘ed is an
estimate and may be adjusted on the basis of results as they accumulate.

9. Trave':

No travel allowance is requested,

SOUTHERN RESEARCH INSTITUTE
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10. Budget
Salaries:
Biochemist (part time) $ 1,980.
Biochemist, 10% 1,110.
Biologist, 15% 1, 085.
Biophysicist, 25% 1,500
Assistant chemist, 50% 1, 800.
Total Salaries 7, 475.
Contribution to Employees' Retirement Fund 285
Materials and Supplies 1, 500.
i Radioactive compound $1, 000.
Expendable glassware and animals 500.
$1, 500.
Overhead (8% of total) 740.
SRI Contribution 5, 003.
11. Amount Requested $10, 000.

Southern Research Institute's usual research contracts bear an
overhead of 100% of scientific salaries. You will note, under the budge-
category, that we have computed overhead differential at the rate of 76.83%
of salaries and wages, including vacation and sick leave pay. This figu~-e
is based on rate experience in 1956 and what we assume it will be in
1957-1958. The difference between 8% of direct costs and the rate of 76.83%
indicates the extent of Southern Research Institute's support cf the work ou-
lined in the enclosed proposal.

12. Statement of Current Expenditures

(a) As of May 31, 1957, the total expenditures of the amount
| budgeted for the period 10/1/56 to 9/30/57 were:

AEC Participation $ 6, 455,58
SRI Participation 3,574.50
$10,030.08

(b) Estimate of costs for the remainder of the contract is:

AEC Participation $ 5, 376.62
SRI Participation 2,477.13
$7,853.75

SOUTHERN RESEARCH INSTITUTE
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13. Residual Funds

It is anticipated that all funds in present contract will be
expended.

Howard E. Skipper
Assistant Director, Biological Sciences
| Senior Investigator

. Birmingham, Alabama
|‘ June 28, 1957
" (6:5)
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S. R. Sapirie, Manager August 17, 1956
Oak Ridge Operations Office

C. W. Shilling, M.D., Deputy Director
Division of Biology and Medicine

FY 1957 FUND AUTHORIZATION FOR NEGOTIATION OF DBM OFF-SITE CONTRACTS
FUNDED ON AN INTERIM BASIS DURING FY 1956

SYMBOL: BMPsNFS

For purpose of record this memorandum and the attachment hereto may
be identified as contract authorization mmber BM-S57-57.

Reference is made to my memorandum of July 18, 1956, subject as
above. The attachment to this memorandum provides a detailed list of
the remainder of such contracts funded on an interim basis. Funds
for these contracts were included in Advice of Allotment Transferred,
issued to your office under Allotment Symbol 06-71-91 (2L) on

August 10, 1956.

It is requested that your office take such action as may be necessary
to extend and supplement each of these contracts for an additional
contract period in the amount indicated in the attachment to this
memorandum. The attachment includes the FY 1956 contract authoriza-
tion nmumber for each of these contracts; the Division's intent with
respect to the contract period, level of support, and funding will

be found in items 5 and 10 of each FY 1956 contract authorization.

There are attached 29 copies of form "Notification of Contract Nego-
tiation" to cover the contracts included in this listing and 3
additional copies of the form for use in reporting negotiation of
the contracts listed in the attachment to memorandum CA Number

BM 57-17 dated July 18, 1956.

1o
{=
o
=

FHE330



i

005°99¢$ [e10k -
0T el ESSREN
08.°L 0959 LS/T€/0T = 95/1/11 22ET-T-0n £qysaeatun 3TTqISPUBA -
ammno 0EE9 LS/TE/0T = 95/T/T1 NZET-1T-0N 63070 93B3E BPUTTOIB) U3ION Mmmnwm
oo®.s 0££9 LS/TE/0T - 95/1/TT 79¢-T-0N e357100 93835 BUT[OIB) YJIJION 89€-95
oL 91 0L€9 LS/TE/0T = 95/1/TT T2ET-T-0O Jo *atu “epTIOT4d €21-95
oo:.s 0€€9 LS/TE/0T - 95/1/TT 5002-T-0" o8 oTT0) SIOYZ0Ig UETISTIYD 921-95
oNo.p 02€9 LS/0€/TT = 95/1/21 £92-T1-0M ‘PSN JO °YOS °ATu[] BTUTITA 2LE-95
0009 02€9 LS/T€/0T - 95/T/T1 £002-T-01 Jo catup ‘eessauusy LS€-99
108 ‘9T 02€9 LS/T€/0T - 95/1/TT €N9T-T-0N Jo catup ‘esssouus] £€1€-95
000°ET 02€9 LS/T€/0T = 95/T/11 ZN9T-T-0N Jo °atup ‘eessauue] 02€-95
000°TT 02€9 LS/T€/0T - 95/T/T0 €ENT-T-01 spunog °sey TEOTPEN BWOUETHO L6£-9S
000°0N 01£9 LS/1€/0T = 9S/1/TT 692-1-01 efe[T0) TEOTPaN ALIByeN 69€-95
6LECLT 0€T19 Ls/Te/0t = 95/1/11 LMLT-T-0N 9321 10D 9183S WUTTOXR] Y3ION 2g€-95
0019 0£T9 LS/T€/0T - 95/T/TT TET-1-0M e8eTT0) °9€}S WUTTOIB) UIJION 6ME=95
00L¢S 0€T9 LS/1€/0T - 959/T/11 17002-T-0" s@qg *dxg °*oTIBy °ATU EPTIOLL €2€-95
06622 0€T9 LS/1€/0T = 95/T/TT LN9T-T-0N £Lqpsxeatun &g - 601=95
000°S 0219 LS/TE/0T = 99/1/1T 666T-T-01 Jo *ATun ‘oesseuusy, VLTT-95
SECY6T 0219 Ls/o0€/Tt = 95/1/21 €SS T-T-0N £aoyeoqe] sejIex No€-95
s et 0219 LS/0€/TT - 99/1/21 gE9T-T-0N e3eTT0D 1S8I04 OBl 20€-9S
000°€2 0219 LS/1€/0T = 99/T/11 £€0T-T-0N £qysaeatuf) }TFqIepueA LOE-95
70g*LOT$ T®303-Ang
ooL'g 0€£€9 LS/0€/6 = 95/T/01 gsLT-T~-0N uotqeyg *dxg °oTIBY sEASL SQE€-9S
_€ozfot 0€€9 Ls/0c/6 = 95/1/0T ofoT-T-0M Jo cApuf ‘sexe] TT~95
T55°0T 0£€9 L3/0€/6 = 95/1/0T gEOT~T-0M N 9N} FISuUI °SoY UISYInog TT96ER95
005*1MT 0€€9 LS/0€/6 = 95/1/01 nge-1-oM 8N} T3SUL 20TH 662=95
000°€T 02€9 L5/0€/6 = 95/T/0T 692-T1-01 Aysaeatup exng LTE-95
00¢£‘9 onT9 L5/0€/6 = 95/1/01 0102~ T-0" Jo cAtup ‘eTutdITA T0€-95
00046 0€19 LS/0€/6 = 95/1/0T TSLT-T-01 Jo *atup ‘seXQ] €LE-95
0009 0€T19 LS/0c/6 = 95/1/01 0SLT-T-01 Jo catuf ‘sexe] sen-9s
oLn*n 0£19 L8/0€/6 = 95/1/0T GN9T-T-0N Jo catufy ‘s®Xe] gne=-9s
angne ¢ 0€T9 LS/0£/6 = 95/1/0T €2ET-T-01 Jo catun ‘sexe] SNE=95
spuny AJo3eq8) potJaed SUJUON Joqumyy J10408I4U0) *ON 4mo
9461 Xd qe3png 2T MeN JO 308I9U0D 9561 Xd

ONDId S16VE RIMZINI NV NO QIANAL SIL

@3eQ ©AT300371

F0IJJ0 SNOILVHEJO FOAIY ¥VO

16-1G-Rg *ON UOT38ZTIOUINY 20819U0)

“ENIOTIV LSNONY = 95961 Rd

NOD H11S-440 Wdd 40 NOILVI

100%. 404 NOTIVZIHOHINY ANAA LH6T Rd



STANDARD PORM ND. 64

Oﬂice Memomndum ¢« UNITED STATES GOVERNMENT

TO

FROM

SUBJECT:

SYMBCILs:

792

RERE

aJ

Je e Tu1d, 7., tziztant Cenerzl Comsel DATE. June 13, 177°

¥, Co Yumghrics, tin: Iirect:r, Sontra-t Tivizien
RENZNAL OF 2ONTRACST MCo AT={L0-1)=1038 = SCOUTHIRN RESZARCH INSTITUIE

ACT:ARB

-

Enclosed is an acproved proposal for renewal of subject contract for
the period July 1, 1956 through September 30, 1357, This action is

covered by Con‘tract mithorization No, BM=S6-396, dated June 8, 1956,
in the amount of $2,753.0Ca

Please prepare an agpropriate modification to er‘end the term of *ais
contract to September 3C, 1957, with new funds in the amoun® of
$2,75%.00, to be paid om a lump sum basis for the period July 1 through
September 30, 1556; and with a further provisiom for additional funds
i tre zocan o7 M1 LTI fo te peid efrer written notificatim Irom
“‘ve contract adrinistrator. Provisien for comnlianes with 2=C Manual
cuapter 751C shculd alse be includsc in thi: noCiSicat%sn.

;

2, T, lumpries

“nelesures:

le Request for Contract Action

Ze 3udget

e Recunme!

o Caatract Authorization 31-TZ-35¢C
. Renewal Proposal

L0

CC: Ce 5S¢ Shoup
I. Ds MacKay
Je Nicholson, W/cys Zncise 1 anc <
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Formt OR-50 - (CFR0)
1. Chawrman
T.+. Je Re Mocre Contravt B
It o reguests 2 st oo 1ot Board take the
Wil d Uon i 3000 Idano.

e prowoodh

S

2. Nawre of Acuon Regquested

A
Selection of New Conuactor and
Negotiation of Contract.

A
/
6(,

[} Review and approval of Contract, Sub-

REWUEST FOR CUNTRACT ACTION (submut 1n duplicate)

ot Byilonn OR=-QLM

o BC:. &_ DQYA,_DiYL, e =

AeesTaty avtion Loprecess the following described con-

‘X Modification of Contract
No.Al= =1 )=
Conwactor: ﬁmhhamﬂaseﬂnchlnsj.li.nte
Birmingham, Alabama
[ ] Other (Explain)

l/ ﬂ : " contract or_Purchase Order.
Number: ) .
Name: ) .
P 2 » A .0
3. Namre of Services to be Covered by Comtract B e Lot
Construction | Architect-Engineer | Other x . tExplain) Research
4. Funding Amount to be Obligated by this Contract Action s 2,758 ,00

D\Ju k.& L' Furcs

Approved ORO financial Plan,
No BN

Prsiel!

‘c

Quartet, Fiscal Year 15 _

Activity hNoo L3322

Funds tc be Obhgated Aliotment No. Q& L/ HBYNE. Y. 1982 Fince:

Procurement Direcuve No.

Dated Lo~ ¥-37¢

ISM 5036
Lsuing Qifice __QLLEJ_O_(?A__&MLLM__—___

Location of Work:

5. Proiect or Acuvuv o be Covered ‘-v Fovtrét Acnor/

Construction Directive No.

E:r:mated Cost o

Scfegui€: Dale Work to Start

of Work 10 he Covered by this Contract Action $

Estuumated Completion Date

Descrintion of Project or Activity:

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

{
1111333




3. Conua t Board Docket ; 7. Request Submitteq By: (sxgn_e\d)
Ni, . _ ‘ Date: ______ Tite: .= _ & ”*""""""‘}K'”_
To be isiared by : o
R enary . JUN 121356 oy
Tomoisre Decrianiay A Ser S g me T amel sy Ty

Washington de51gnated research contract.

Title: '"Body Retention of Carbon-l4".

(1f more space is required use separate sheets and attach hereto:)

\Sol
.

Description of other changes to be covered by Modification:

Modify contract to provide for extension of period to September 30, 1956,
with new funds in the amount of $2,758. Include provisions for compliance
with AEC Mamual Chapter 7510. Also include provisions for extension of
period to September 30, 1957, with additional funds in the amount of

4

$10,851, subject to furth . ou i
aindnisiratod PORBHEE T Tt e pamsan e P R e STt

172, Negotiated Contracts. (Show why it appears desirable to negotiate new contract or to negotiate
modification to existing contract)

Memorandum from'C. W. Shilling to S. R. Sapirie, dated June 8, 1956,

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

ii. Contacts, Subconuacts, or Purchase Orders Submitted for Review and Approval: (Furnish brief descrip-
uon of action .dn this space and attach perunent documents)

None

12. Disputes:
Attach a statement summarizing the dispute together with pertinent documents and Background
Material,

None

REREEL



Salaries and ﬂages:

BUDGET FOR CONTRACT NC. AT-(40-1)-1038
FOR PERIOD 7-1-56 - 9-30-56

Dr. Howard E. Skipper $ 825.00
Research Associate and Assistants 1,363.80
Retirement Fund 65,00

[

" Materials and Supplies:

U

Indirect Costs:

The Cormission's contribution to the above budget will be $2,758,

LS

2

4

d

$2,253.80

300.00

1,713.87

$4,267.67



BUDGET FOR CONTRACT NO. AT-(L0O-1)-1038
FOR PERIOD 10-1-66 - 9-30-57

", Salaries and Wages: $ 8,998.20
- Dr. H. E. pper $3,3000m

Research Associate and Assistants 5,455.20
Retirement Fund 2L43.00
"2 Materials and Supplies: 1,050.00
3 Indirect Costs: 6,855.47

~

TOTAL: $16,903.67

The Commission's contribution to the above budget will be $10,851,

F11133b
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~—For

3OTTH RN RESFARTY INSTITIE
“TRYTNGHAM, ALASAYA

Dx. HO.AXD E. ¥IFPER, Oroject Leader, CCNTRACT M7, AT-{40-1)-1038

BODY RETENTION OF CARRPON-1L

Resume!

Lm 3~ ,7-0. emun sherd

4 contimie work along the
lines already underway; i.e., a studﬁ of the tissue radiation resilting
from administration of additional ci -labeled precursors of nucleic

~acids. Clli-labeled compounds available for this work md not hitherto
studied are: adenylic acid (mixture of 2' - and 3' -isomers), adenosine-S'
-phosphate, inpsin=-5'-phosphate, xanthylic acid (mixture of 2'-and3'-isomers),
adenosine, guanosine, inosine, and xanthosine. These >eompounds will be
administered to mice, rats, and hamsters bearing tumors, and the radiation
in each of several tissues resulting from the administration of these
compounds wil! be cal-~1lat2d on the basis o th> i~~rrprcration at six hours
and the known turnover of the muicleic 3ri@ purines,

~ . - + . n
WM ATTLL Anramioe faeart oh

C. 8. Shoup



UNITED STATES ATOMIC ENERGY COMMISSICN
WASHINGTON, D, C,

Contract k.thorization No., BM=56=396

JUN & 388

: S, R, Sapiriz, Manager
Jak Ridge Cperations Office

TROM : C, W, Shilling, M, D., Deputy Director
Division of Biology and Medicine, Wasf

SUBJECT ¢ FUND AUTHOKRIZATION AND TRANSMITTAL OF RESEARCH PROPOS
CONIAACT YZIGOTIATION

REFERENCE ABC 102/1€ APPROVED OCTCEIR 7, 1953, AS IMPLEMENTED BY MEMORANDUM
TC MANAGERS, OPERATIONS OFFICES, DATED CCTOBER 23, 1953, JOINTLY
SIGNED BY THZ DIRECTORS OF THE TCIVISIONS OF RESEARCH AND

BIOLOGY AND MEDICINE,

sYMeoL 3 DMBaJRT

Tahe rccecrch proposal descrided below has been approved by the
Tivision of Biology and Medicine, funds are availabdie, and you
are authorized and requested to negotiate 2 contract in
accordance with the following terms and conditio-s:

~ 1, Institution: <Southern Research Institute
v 2. Investigator (s): Dr. Howard E, Skipper

~ 3. Title: DBody Retention of Carbon-lh

4, ( ) New Contract, (X ) Benewal of Contract No AT(}i0-1)1038
. T=1=56 thru G=30=57 $13,609

5. Duration: 7=1-56 thru 9=30-56 -—é-'m

6o AEC Technical Repreoex}ggel.gsé: thru 9-30-57 $10,851

Dr. John B, Totted#f 7
7. Tunde ers authorized for the obligation of this eontract

as Tollows:?

Budget Amount
Allotment No,  Category  _Previous  This Action _ Total
066191 (2L;) 6330 $2,78 $2,758

Please see item #10

S "957 - (/ ?é;\

1111338



-z-

8. It is suggeated that in the best interestc c? the government
the followiag type contract be negotiated: lump—sum

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

(x) the contractor; ( ) tre governzert.

10, Cther comments:The balance of approved contract funds in the amount
of $10,851 for the contract period 10=1=56 thru 9-30=57 will be
allotted promptly upon receipt of FY 1957appropriations, Itds
recommended that the contract extension be for the full period
spproved in item 5, with provision for funding as indicated above,

If radioisotopes are to be used in this research, it is requested
that the savings available to the contractor under the Rgdioisotope
Research Support Program (Ref, AEC Manual Chapter 7510) be considered
in the megotiation of the amount to be funded under this comtract,

11, Security BRequirements? e

In accordance with the provisions of ClLapter 34(3 of the AEC Mamuul
and the requirezsnts of the Daclassification Guide, it has been
determined that the fcllowing security rrecsations should be taken
in connection with thc proposed research contract:
Since there is essentially no chance for the development of
restricted data, this project has been placed in Category I as
defined in Chapter 3403 of the AEC Manual,

12. Rerorts: {(x ) Re-ortec are to be required as provided for by
"Revised Guide for the Subrission of Research
Proposale" dated Tedbruary 8, 1954,

( ) Special reports instructions are as follows:

Inclosures: (X ) "A" - Provosal, dated March 30, 1956

(x ) "B* = Notification letter, dated _JUN 8 J356
( ) "C" - Other correspondence, letters

Dletributiont

Addreseee: Original (w encl.) Divieion Fle: Yellow copy (w encl,)
1st copy (w enol.) Pink copy (v/o encl,)
2nd copy (v encl,)

Branch FMle: #hite copy (v encl,)
Program Analysis Branch:

White copy (w/o encl,)

GPO 887703

P11 339
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REQUEST FCR RENEWAL Ot CONTRACT
NO. AT-(40-1)-1038
ON
BCDY RETENTION OF CARBON 14
FOR
ATOMIC ENERGY COMMISSION

DIVISION OF BIOLCGY AND MEDICINE

SOUTHERN RESEARCH INSTITUTE
Birmingham, Alakama

March 30, 1956

LT3l




REQUEST FOR RENEWAL OF CONTRACT NO, AT-(40-1)-1038
ON

BODY RETENTION OF CARBON-14

1. Title of the Project: Body Retention of Carbon-14

2. Institution and Department: Southern Research Institute, Biochemistry 4
Division, ‘

3. S:ientific Background.

In view of the wide use of carbon-14 in laboratory studies and
the increasing use of carbon-14 in human tracer studies, it has been
--s dered worthwhile to continue the study ui the retention of this isotope
n var_ous tissues and organs (and areas of 1sotope concentration in tissues
and cells) following administration of various carbon-14-labeled organic
smoounds.

Previously a rather comupiste study was carried out onjahe_
.ong=term retention and tissue radiation following administration of C O, !

Srrmals

For the past two years e:f<:»'s have been made to learn more

. . 14 , :

=+ * the localization and turnover of C  -iatieled compounds which are known ;

" 1. vrecursors of genic components of v#ricus animal cells and human |
*wmors (growing in cortisonized hamsters nr rats).

It shiould be made clear that these studies have more than this |

~-obiective, We are votally interested in nucieic acid metabolism and |
*urnover in a variety of normal tissues of animals and in potentially

xnin tahle biochemical differences in nuv-ie ntde and nucleic acid metabolism
Lelween normal and neoplastic tissues. Such information could supply a key l
~ ~he prlanned synthesis of more effective znticancer agents. Also 1t should
ve made clear that our tracer program,which 1s planned so that tissue turn~
o-er and tissue radiation calculations and fundamental biochemical inform-
a.on <an be obtained, derives support from the subject grant (AT-(40-1)-
1038) and grants from the C. F. Kettering and the Alfred P. Sloan Foundationg.
We consider it fortunate that in addition to data coming from the smaller
=ftort from project AT-(40-1)-1038, the rather large amount of data from
other tracer programs are available for retention and tissue radiation :
evaluations, '

SOUTHERN RESEARCH INSTITUTE

BERELEN
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During the past vear under the contract, data have been
cbra.ned on tissue radiation following administration of a number of C'*- I
‘atei~d compounds (glycine, formate, 4-amino-5-imidazolecarboxamide, !
hyvoxanthine, adenine, guanine, 2, 6-diaminopurine, and guanylic acid) to
‘umor -bearing animals. These data are presented in detail in the accompany+
ing progress report. Two papers have been completed during the past year
which represent results made possible by these tracer studies.

1. Bennett, Skipper, Stock, and Rhoads, Searches for
Exploitable Biochemical Differences between Normal and Cancer Cells. I.

Nucleic Acid Purine Metabolism in Animal Neoplasms. Cancer Research 15,
485-91 (1955).

2. Bennett Skipper, Toolan, and Rhoads, Searches for
Exnloitable Biochemical Differences between Normal and Cancer Cells. II,

N-.cleic Acid Purine Metabolism in Human Tumors. Cancer Research, in
press,

4. Proposed Research.

|
For the next contract period it is proposed to continue work "
¢ 'ong the lines already underway; i.e., a study of the tissue radiation !

-sult:ng from administration of additional C'*-labeled precursors of nucleic 1
acids. C -labeled compounds available for this work and not hitherto studied!
=1 21 adenylic acid (mixture of 2-and 3'-isomers), adenosine-5'-phosphate, ".

|
nosine-5'-phosphate, xanthylic acid (mixture of 2'-and 3'e{somers), !

adenosine, guanosine, inosine, and xanthosine. These compounds will be

adm.nistered to mice, rats, and hamsters bearing tumors, and the radiation
‘n ~a-h of several tissues resulting from the administration of these com- ‘
nounds will be calculated on the basis of the incorporation at six hours and |
the known turnover of the nucleic acid purines, '

It appears to us that these studies are of possible value to .
the AEC if: ‘

(a) Turnover and tissue radiation data jn animals following

injection of a variety of organic C* -labeled compounds
are of interest.

(b) Fundamental data on nucleic acid metabolism in animal
tissue are pertinent to the program of the AEC.

(c) Fundamental studies on the nucleotide and polynucleotide
metabolism of normal and neoplastic tissues are of
interest.

SOUTHERN RESEARCH INSTITUTE
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It is difficult for us to judge the degree of interest of the A
(.nrr:in =<ion in these problems and thus th.- reasonableness of our request
ta: continued support. To our knowledge tris is one of the few programs
no~ .n existence which 1s seeking knowledg~ which might be used as a guide
for th: setting of allowable levels for human experimentation with various
C-*-labeled organic compounds of considerable interest in human metabolism,

5. Scientific personnel:

Howard E. Skipper, Ph.D. Head,

Biochemistry Division Part time
L. L. Bennett, Jr., Ph.D., Biochemist 10%
Patricia Morgan, B.S., Chemist 75%
Sally Johnson, B.S., Biologist 25%

Linda Simpson, B.S., Biophysicist . 12%

6. No significant amount of time will be charged by other personnel. |

7. Other Financial Assistance: '

The salaries of scientific personnel of this institution are
pa:d out of industrial, federal, and institutional research contracts. Charges
to epach project are made from daily time sheets showing distribution of
effort. We have no other contracts concerned with the hazard involved in l

the use of carbon-14; however, we are carrying on other programs having
*o do with nucleic acid metabolism.

8. Materials, Equipment and Facilities:

Comple*ely equipped animul rooms, biochemaical laboratories, |
and tracer laboratories. No additional major equipment is required.
Radioactive compounds will be purchased as required.

9. Travel.

No travel allowance is requested.

SOUTHERN RESEARCH INSTITUTE
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10.

Budget:

A. From 7/1/56 to 9/30/56

Salaries:

Biochemist (part time)

Biochemist (part time)

Chemist (part time)

Biophysicist (part time)

Biologist (part time)

Total Salaries

Contribution to Employees’ Retirement Fund

Materials and Supplies:

Radioactive Compounds $150
Glassware and animals 150

Subtotal
Overhead (87 of above)

S.R. 1. Contribution

From 10/1/56 to 9/30/57

Salaries:

Biochemist (part time)

Biochemist (part time)

Chemist (part time;)

Biophysicist (part tim»)

Biologist (part timec)

Total Salaries

Contribution to employees’ Retirement Fund

Materials and Supplies:

Radioactive Compounds
Glassware and Animals

$600
450

Subtotal

SOUTHERN RESEARCH INSTITUTE

$ 825.00
234.00
720.00
154.80

255.00

$2,188.80

65.00

300 00
$2.553.80
204. 30

1,509, 57
$4,267.67

$3,300.00
936.00
2,880.00
619.20

1,020.00

$8,755.20

243.00

1,050. 00

10, 048. 00

REREEE
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Subtot :1 (Brought Forward) :lu,048.00

Overhead (8% of above) 803.84
S.R.1. Contribution 6,051.63 i
$16, 903. 47 i

11. Amount Requested.

The Southern Research Institute's usual research contracts bear
an overhead of 100% of scientific salaries. You will note, under the budget
category, that we have computed overhead differential at the rate of 83% of
salaries and wages, exclusive of vacation and sick leave pay. This figure
is based on rate experience in 1955 and what we assume it will be in 1956-
1957. The difference between 8% of direct costs and the rate of 83% indicates
the extent of Southern Research Institute's support of the work outlined in the
enclosed proposal.

12. Statement of Current Expenditures,. i

(a) As of February 29, 1956, total expenditures were: f

AEC participation $7,474.00 }

SRI participation 2,742.05 5!
$10,216.05 ”

(b) Estimate of costs for the remainder “
of the contract is: 1

!

AEC participation $2,526.00 ”

SRI participation 0 2,414.95 4,940, 95 '

$15,157.00 |

(c) We do not expect to have any balance of funds from the current
contract period available for financing project during proposed
period of performance.

Ao €. ,%.M [ézl..é. ﬂ_)
Howard E. Skippef, Assistant Director
Senior Investigator

Birmingham, Alabama
March 30, 1956
10 (kb)

SOUTHERN RESEARCH INSTITUTE
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STANDARD POVSM MO, §4

Oﬁ‘ice Memomndum e UNITED STATES GOVERNMENT

TO : Re Go Humphries, Contract Coordinator DATE: June 23, 1950
FROM : T, M, Yaldmchick, Special Assistant to the Director

SUBJECT: SOUTHERN RESEARCH INSTITUTE OVERHEAD

SYMBOL: FsTWY

An examinmation of the operating statememt sutmitted by Southern
Research Institute for the Calendar Year 1949 indioates an overe
head rate of 97,06 percent based on direct labor. Salaries of
technioal persommel (direoct labor) amounted to $193,749.38, and
general and adnministretive expenses, whish excludes materials,

supplies, and servioces not charged directly to sponsered projeots,
smounts to $188,080,98,

T. M. Yakimchiok

RERELY
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STAMDARD FORM NO. §4

O]ﬁce Memonmdum e UNITED STATES GOVERNMENT

TO
FROM
SUBJECT:

SIMBOL:

71771350

Je. W, Ould, Jr., Assistant General Counsel DATE: May 25, 1955
Re Co Humphries, Assistant Director, Contract [Civision

RENEWAL OF CONTRACT NCo AT-(LO=1)-1038 - SOUTHERN RESEARCH INSTITUTE

ADA:ARB

Enclosed is an approved proposal for renewal of subject contract for
a period of one year beginning July 1, 1955 This action is covered
by Contract Authorisation Noe. BM=55-320, dated April 29, 1955, in
the amount of $10,000,00,

Please prepare an appropriate modification to remnew this contract

for a period of one year, beginning July 1, 1955, with additional
funds in the amount of $10,000,00,
Va

7 2

R e
., Go. Humphties

Enclosures:

1. Request for Contract Action

2+ Budget for Contract AT-(LO-1)=-1038

3+ Resume

L. Cy Ltr fm Skipper to Roth dtd 5/17/55
Se Contract Authorization R{=55-320

£. Cy Ltr fm Skipper to Shoup dtd L/1L/55
7. Renewal Proposal

cC: C. S, Shcup
L. D. MacKay
Je Nicholson, w/inclse 1 and 2

prowns:arb
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Form OR-589 (2/53%) REQUEST FOR CONTRACT ACTION (submit in duplicate)s

1. Chairman

TO: Je Re Moore Contract Board. From: Research & Medicine Div,

It is requested that the Contract Board take the necessary action to process the following described con-
act action in accordance with the provisions of Bulletin OR-0&M-19:

2. Nature of Action Requested

Ry
!

{

« o= ° -~ ~ ~ .-
[ selection of New Contractor and (X Modificadon of Contract
Negotiation of Contract, No, Al=~ =
‘ Contractor: Southern Research Institute

e Birmingham 5, Alag.:
’.
(] Review and approval of Conwact s.;b-“"“""" 'D'ﬁaml =L PO -5 A

contract or Purchase Ordesr.
Number:
Mame:

— « PR X SR . ’ -~ A

. ',{g&‘—‘r

3. Natare of Services w be Covered by Con®act .apgu

e
Constrassion { ] Architect-Enginges [ ] .wee. Other [X] (Explain) Regemmrglitvmes
R T
4, Fndhg Amount to be Obligated by thxs Conmact Action $ 10 000,

Source of Funds

Approved ORO Financial Plan, Quarter, Fiscal Year 19__
Project No.______ or, Activity No. _ & 460
Funds o be Obligated: Allotment No.ek-$7-2/(uJF.Y. 19.5.5 Funds)

Procurement Directive No._Bn_.S__l}_g___Dued_tlLi.L
Issuing Office

Concurrence in Funding Statement: (signed)

5. Project or Activity to be Covered by Contract Action: 4
i b S —

Location of Work: Construction Directive No.
Estimated Cost of Work to be Covered by this Contract Action $

Schedule; Date Work to Start Estimated Completion Date
Description of Project or Activity:

a8

“‘ ? w;

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

i EQER Sy Ve, R S 4

PIT1351



L. - o . Cewe N SR 1

§. Conttact Board Dochet - i -
No.
(To be assigned by

. ERMAN M. ROTH
Board Secretary) D RECTOR et
HESEARCH AND MEDICINE DiVISION

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

Washington designated research ocontraoct,

Titles "Body Retention of Carbon-14," - T
Tollaciiest PTEL L A
(Umde:paeeﬂrequnedmsepuauem;ndamdlhm) o

9% pacﬁﬁuouotoma bbeeoveredlywdmmm — - _
s TR R Sl
Renew eontrnot for a period of one year boginning July 1. 1955. 'ith
Ccmninion ﬁmdl 1n the amount ef Ql0.000.

(Hmorespace s requixedusesepmtelhemmdamdlhueu)

10. Negotiated-Contrac. (Show why it appears desirable ®-asgotiste Dew ©oniract of to negotiate e
modification to existing contract) e iy 9

¢ g st .

Memo J. C. Bugher to S. R. Sapirie dated April 29, 1956, i
y S o~ - . t

|
% e (If more space is required use separate sheets and attach hesetos) ‘

-11, Contracts, Subcontracts, or Purchase Orders Submitted for Review and Approval: (Fumub brief descrip~ t
tion of action in this space and attach pertinent documents)

None ’ y
. e ‘
12. Disputes: l
Attach a statement summarizing the dispute together with pertinent documents and Background
{ Material. B _TRR L K YT - RIJVS T [P o S

e e e T ol % A e oA e - Lo TEe {

15234

g A A o A - RN i

1111352



BUDGET FOR CORTRACT NO. AT=(40-1)=1038

FCR PTRICD 7T=l=55 = 6823056

ared
a Kl\ Salaries "k Wages; $ 7,9%4.00
Dr. H. B, Skipper (15% of time) $2,000.00
Research Assistants 5,9%4.00
(2) Retirement Fund: ] 275,00
\w‘—-—'\i—
. am .
\3) Materials & Supplies: 1,050,00
(%) overheads §,898, 00

The Coammission's contribution to the above budget will be $10,000,

AERERE
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SOUTHERN RESEARCH INSTITUTE
BIRMINGHAM, ALABAMA.

Dr. Howard Skipper,
Project Leader CONTRACT NO. AT-(40-1)-1038.

BODY RETENTION OF CARBON-ll

'/—-4"‘"‘““‘* - ————— -
o T ——— -.4_-,_.-—--——-—-———-——"'_—.—"———‘\

by The Conlnacksy
Work,will contime om incorporation of C-ll from various labelled
oouponnds into gends chemicals of normal animal tissues and lumge
tissues growming in mimals, with view of the work being of value
in setting limits on certain classes of C-lli-labeled compounds ia
human tracer studies, It is hoped that information can be gained
of value in identifying the nmucleic acid metabolisa characteristics
of human tumor tissue. Murther studies will be planmed oa human-
tumor bearing animals with the following C-ll compounds:

C-14 Thymine C-1, Adenylic Acid

-1 Uracil C-14 Thymidine

C-ll Orotic Acid C-1i Serine

C-ll Aspartic Acid C-li-L-Amino-S-imidagzolecarboxamide

C-l4 Guanylic Acid C-lh-Inosinic Acid. '

~

BERER
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Southern Rovearch lactitute - .

SiI0 R I NENAND 0 ALABANA

o N i g e Thank for " lettor of ‘ *“q . N o kx
 Costrmst No. M«{89-1)-1038. Ap por nise we -+ "‘"
heve roviend the budgit. end reduced the total cost to e Sl
$15. 157 whuch represents a coatridbuticr of 10 000 b the

S ABC and §5, 107 by Southern Research Institute. Baclosed
' herowilli W copy of the reviesd budgs..

¥ there are any further Questians coacerning

~ w of thus >mrut, ploads do n.n hesitate to S
w SRRLQR U2

.«

Y urs sincerely,

Assistant Director

-siagthe  UNom. ¢ P

S, IPNYC TN
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UNITED STATES ATONIC ENERGY COMMISSION
WASHINGTON, D. C,

Contract Authorizuation No ,M=55-320

0 : Se R, Sapirie, Manarer ApR 22 1355
Oak Ridge Qperations Office

FROM ¢ Dr, John C, Bugher, Director, Division of
Biology and Medicine, Washincton, D.C.

SUBJECT : FUND AUTHOKIZATION AND TRANSMITTAL OF RESEARCE PROPOSAL FOR
CONIRACT YWZGOTIATION

REFERENCE : ARC 102/16 APPROVED OCTCETR ?, 1953, AS IMPLEMENTED BY MEMORANIUN

C MANAGERS, OPEAATIONS OFFICES, DATRD OCTOBER 23, 1953, JOINTLY

SIGNED BY TH? DIRECTORS OF THS CIVISIONS OF RESEARCE AND

£ BIOLOGY AND MEDICINE,

sywor  ; BMBsPBP

The rcsecrch proposal described below hae been approved Yy the
Civision of Biology and Nedicine, funds are availadle, and you
are authorized and requested to negotiate a2 contract in
accordance with the following terms and conditiong:

1, Inetitution: S.UTHERD RE3E.ICH INSTITUTE

2. Investigator (s): D, =.7A3D S. SKIP R

3. Title: 30DY RTTEITION OF CAZTON=1l;.

b, ( ) Few Contract, ( X) Renewel of Contract No. AT (40=1)1033

5. Duratlon: guly 1, 1955 to June 30, 1956
6« AEC Technical Representative: Or. Paul B. rearson

7. Tunds ars suthorized for the obligation of this contrast
as Tollows:

Budget Amount,
Allotrent No, Category Previous This Action Total
06=51=91 (24) 6400 $10,000 $10,000
-
2O
ST
\R\( /7 //l/U
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8., It %s suggested that in the best interestc ¢ the government
the following type contreact be negotiated: Lumpw-sum

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

(x) the contractor; ( ) the government.

10, OCther coaments!

BV I

The committee recommended approval of this project at the
$10,000 level, which is somewhat lower than requested,

_..

by

~ Security hqutfomentn

In sccordance with the provisions of CLapter 34(5 of the AEC Manuul
and the requirezents of the Daclassificeilon Guide, it has been
determined that the fcllowing security rrecsations should de taken
in connection with tho proposed research contract:

Since tnere is essentially no chance for the development of
restricted data, this ;;gect has been placed in Category I
as defined in Chapter of the AEC Manual,
12, BRerorts: (x ) Bewortc are to be roquired as provided for by
"Revised OGuide for tire Sudrission of Research
Proposals" dated February 8, 1954,

‘ ( ) Special reports instructions are as follows!

Enclosures: (x ) *A" - Provosal, datedRec'd from Ozk Ridge

(x ) "B* = Notification letter, dated APR 2O 1955_
( ) "C" -~ Other correspondence, lettars

R P2

Distridution:

Adresses: Original (w encl.) Division FMle: Yellow copy (v encl,)
1st copy (w encl.) . Pink copy (w/o encl.)
2nd copy (w encl.)

Branch Mlo: hite copy (v encl.)
Program Analysis Branch:

¥hite copy (w/o encl.)

GPO 887703

o S - e
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Southern Research Institute

@ SIRMINGHAM §S. ALABAMA

April i, 1933
Dr. C. 8. Bhowp
Chief, Molagy Fransh
Researeh and Nodigine Divisien
United Nates Atomie Inergy Commission
Osk Ridge, Temmeesee
Dear Dr. Showp!
In answer % lstter of 7, referense Qemtragt No.
mtdc:q“ infermation is svimitted

which wo Wwpe will clarify the sibtuadien.
(1) Alotluﬂjbl’” tetal expenditures were
A o partidiyation

$7,09.08
8.R.I. paricipation _3.419.70
$10,670. 9

(2) Estimate ef costs for the remainder of contract is

A.5.0, partieipation §4,949.12

S.R.,I. participation _2,773,18
(3) Ve do not expeet %o have any appreciable balance of

funds availabls for fimancing prejest during period
of performansce.

Please dioregard item 12 in owr posal for renswal eof
the subject contract (date March 31, 1955). I was confused in my
understanding of the present budget standing.

With apologies for this eonfusion,
Yours sincerely,

Howard B. Sicipper
Assistant Direster

hes pJ



W._;c. '. ” Aor

Caief, Nolog Jreash
u.«;‘.uh‘-um
Jaited Rates AMaenle Inergy Comdsslen

Osk Ridge, Teoxmeseve
Dear Dr. Bhowp:

w hope will dlastty
(A As of Mareh

.4‘ B e R 2 PRI P TN m«,,*

g bu” y ~ .

Southern Rescarch Institute
0 VitwimemAM 8 AxA..."‘,"'W‘-c*aaﬂ

April M, 1933

. -
S

e ln anower % wwv.m Contrast No. .),;

a\vatiden. : A
19355 tstal cxponditures wore .

4.8.8. participation §7,000.88

$10, 67G. %% -

() levimare of ecets for the remaleder ol eantragt is

) L.2.C, wuctp:t- 8, 945.12 |
$.,1. pauticipation 2. T0.A04 -~

AL ‘f

B ] .;“X). 1

$) de & noA wupest 10 WMV say apprecialle Lalanoe of !
fands sveilabls fer finaneing pre joet during peried

of perflermance. “* '

hes o}

A nn-‘mu-uum,np.umm-uor
the @ et swiraet (date lYareh 31, 1938).
uad of the present ‘iget steading. ) R

aith apolegive for this ornfusiom,

1 was eonfused i» oy g

Yo:ﬂ sineerely, |

Moward k. Sxipper
Assi tant Direeter

N W SR M *,W

L111300 o onmtme



REQUEST FOR RENEWAL OF CONTRACT
NO. AT-(40-1)-1038
ON
BODY RETENTION OF CARBON 14
FOR
ATOMIC ENERGY COMMISSICN

DIVISION OF BIOLOGY AND MEDICINE
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Southern Research Institute
Birmingham, Alabama -
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REQUEST FOR RENEWAL OF CONTRACT
NO. AT-(40-1)-1038
ON
BODY RETENTION OF CARBON 14
FOR
ATOMIC ENERGY COMMISSION

DIVISION OF BIOLOGY AND MEDICINE

SOUTHERN RESEARCH INSTITUTE
Birmingham, Alabama

March 31, 1955
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REQUEST FOR RENEWAL OF CONTRACT
NO. AT-(40-1)-1038
ON
BODY RETENTION OF CARBON 14

In reply to the letter of February 9, 1955, from Dr. Herman M.
Roth, Director, Research and Medicine Division, with regard to renewal
of Contract No. AT-(40-1)-1038 on Body Retention of Carbon 14, the
following information is provided.

1. Body Retention of Carbon 14.
2. Southern Research Institute, Biochemistry Division.
3. No other federal agency is supporting this program.

4. Scientific Scope: In view of the wide use of carbon-14 in
laboratory studies, the increasing use of carbon-14 in human tracer
studies, and certain military aspects concerning carbon-14 production
on detonation of nuclear weapons, 1t has been considered worth-while to
study the retention of this isotope in the body, and the radiation received
by various tissues and organs (and areas of isotope concentration in such

tissues and organs) following inhalation, ingestion or injection of carbon-14
labeled compounds.

During the past several years a rather complete study of the
most urgent problem — long-term retention of C'*Qq and radiation
calculations in tissues and organs — has been carried out and published
in accordance with the wishes of the Atomic Erergy Commission:

a. Studies on the Hazard involved in Use of CM. I. Retention
of Carbon from Labeled Sodium Bicarbonate. J. Biol.
Chemistry 180, 1187, 1949. Skipper, White and Bryan.

b. Studies on the Hazard Involved in Use of CM. II. The
Effect of a Single Dose of Cc*-labeled Sodium Bicarbonate
on the Pattern of Deaths from Spontaneous Leukemia in Akm
mice. Cancer Research 10, 362, 1950.

c. Studies on the Hazard Involved in Use of C'*. III. Long-term

Retention in Bone. J. Biol. Chem. 189, 159, 1951. Skipper,
Nolan and Simpson.

d. Studies on the Hazard Involved in Use of C'*. V. Long-
term Radiation in Bone. Manuscript in preparation for
publication, March, 1955. Skipper, Simpson and Bell.

SOUTHERN RESEARCH INSTITUTE

111363
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More recently efforts have been placed on the localization of
C* in cell fractions believed to be unusually sensitive to ionizing radiation.
Results of extensive efforts in this area are summarized in the appended
y Progress Report.

Project AT-(40-1)-1038 has supported in part an extensive study
on the relative uptake of certain C'-labeled compounds into DNA and RNA
| of some twenty-five different animal tumors as compared to host normal
i tissue. This work has resulted in a manuscript which has been submitted
to Cancer Research for publication, The authors of this paper are: Bennett,
" Skipper, Stock and Rhoads. Similar studies have been carried out in

‘ } cortisonized hamsters and rats bearing different human tumors. The results

of these studies will soon be submitted for publication.

, It is proposed to continue the present work on incorporation of
- carbon-14 from various labeled compounds into genic che micals of normal
;i animal tissues and human tissues growing in animals. Such work should

! be of value in setting limits on dosage of certain classes of c'-labeled

. compounds for human tracer studies and perhaps, more important, it is
_hoped that useful fundamental information on nucleic acid metabolism of
~human tumor tissue will be gained. Such information is of considerable

" fundamental importance in the area of radiation biology.

: Furtherustudies are planned in human tumor-bearing animals
~with the following C'-labeled compounds.

i C*-Thymine C'*-4-Amino-5-imidazolecarboxamide
' C'-Uracil C!-Inosinic acid
C*-Orotic Acid
C™"-Aspartic acid
| C!-Guanylic acid
i Cc!-Adenylic acid
Clq-Thymidine
| c'*-Serine

“ 5. Scientific personnel:

Howard E. Skipper, Ph.D., Head Biochem. Div. 10-15%

Martelia Bell, B.S., Biologist 5%
i Sally Johnson, B.S., Biologist 50%
'! Linda Simpson, B. S., Physicist 20%
Barbara Ann Mathews, B.S., Chemist 35%

i 6. Other personnel:

No significant amount of time will be charged by other
personnel.
SOUTHERN RESEARCH INSTITUTE
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7. Other financ:al assicstance: The salaries of scientific person-
nel of this institution are paid ou: of irdustr.al, federal and instituticnal
research contracts. Charges to each project are made from daily t:me
sheets showing hourly distribution of effort We have no other contrzacts

,concerned with the hazard involved in the use of carbon-14, however, we
are carrying on other programs having to do with nucleic acid metabolism.

8. Materials, Equipment and Facilities: Completely equipped
{animal quarters, biochemucal laboratories and tracer laboratories. No

i additional major equipment is required for these studies. Radioactive com-
pounds will be required as expendegd.

y 9. Travel. No travel allowance 1s requested.

10. Budget:
1 Salaries:
:‘ Biochemist (part time) $ 2,000
* Biologist (part time) 3,410
Biologist (part time) 1, 660
Physicist (part time) 840
Chemist (part time) 1, 260 9,170

4 2. Contribution to emplioyees'
. retirement fund 320

3. Materials and supplies:

Radioactive compounds 600
! Glassware and animals 450 1,050
ri Subtotal 10, 540
i 4. Overhead (8% of above) 843
P! 11, 383

S.R.I. overhead contribution to contract

(Difference between 79%% of direct salaries

(less vacation and si.ck leave) and A. E.C.

overhead of 8%) 5, 991

$ 17,374

x* Experienced overhead rate 1954.

a SOUTHERN RESEARCH INSTITUTE

I
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11. Amount requested

The Southern Research Institute’'s usual research contracts bear

an overhead of 100% of scientific salaries.

$ 11, 383

You will note, under the

budget category, that we have computed overhead differential at the rate
of 719% of salaries and wages (exclusive of vacation and sick leave pay).
This figure is based on rate experience in 1954 and what we assume 1t
will be in 1955. The difference between the rate of 8% of direct costs
and the rate of 79% indicates the extent of Southern Research Institute's
support of the work outlined in the enclosed proposal.

12. Statement of current expenditures:

a. Contract budget

b. Expenditures thru
February, 1955

c. Estimated expenditures
thru June, 1955

William M. urray,/ﬂ -
Director '

Birmingham, Alabama
March 31, 1955
kb (10)

$ 11,606

9, 967

11, 606

oward E. Skipper
Senior Investigator

SOUTHERN RESEARCH INSTITUTE




.

STANDARD FOMM B, $4

Oﬁbff Memomndum e UNITED STATES GOVERNMENT

TO . Je W. Culd, Jre., Assistant General Counsel DATE: May 26, 1954
FROM : R, G, Humphries, Acting Director, Contract Division

SUBJECT: RENEWAL OF CONTRACT NO, AT-(L0O-1)-1038 =« SOUTHERN RESEARCH INSTITUTE

SYMBCL: ADA:ARB

-

Enclosed is an approved proposal for renewal of subject contract
for a period of one year beginning July 1, 1954, This approval
action is covered by Procurement Directive Noe BM=54=248, dated
Mgy 12, 195k, in the mount of $8,900,00.

Please prepare an appropriate modification to renew this contract
for a period of one year, begimning July 1, 195k, and provide for

the payment of $8,900,00,
ST \

R, G, Humphres

Enclosures:

1, Request for Contract Action

2. Budget for Contract AT=(LO=1)=1038
3¢ Resune

Le Memo fm Pearson dtd 5/12/5h

5, Cy Ltr fm Fearsan dtd 5/12/54

6e Cy Ltr fm Murray dtd 3/25/5L

7+ Request for Fenewal of Contract

CC: C, S. Shoup
L. D. MacKay
Ed Ziegler, w/Enclse 1, 2 & 3
J. Nicholson

Brown sarb

L1136



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

1. Chairman .
TO: J. R. Moore Contract Board. From: 88+ & Medicine Division

e

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

2. Nature of Action Requested

[] selection of New Contractor and [X] Modification of Contract
Negotiation of Contract. No._ATe(l0=1)«1038

Contractor;_Southern Research Institute

Birmingham, Alabama

[] Review and approval of Contract, Sub- ~ (] Other (Explain)
contract or Purchase Order.

Number:

Name:

3. Nature of Services to be Covered by Contact

Constuction E:] Architect-Engineer 3 Other [X] (Explain) Research
4. Funding Amouat to be Obligated by this Contract Action 3 $8,900

Source of Funds

Approved ORO Financial Plan,______ Quarter, Fiscal Year 19__
Project No.______or, Activity No.
Funds to be Obligated: Allotment No, . (F.Y, 19___ Funds)
Procurement Directive No. BM~5h=2),8 Dated Swl2=-

lssuing Office _Division of Biology and Medicine, Washington

Concurrence in Funding Statement: (signed)

Chief, Budget Branch

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

Location of Work: Construction Directive No,
Estimated Cost of Work to be Covered by this Contract Action $
Schedule: Date Work o Start Estimated Completion Date
Description of Project or Activity:

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

Bulletin OR-O&M-19

Exhibit {

% Aon.Sbads T3/

A2 900.00

I 1113b38
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8. Contract Board Docket 7. Request Submitted By: gsM
No. Date:.i'__)_"_’ﬂ itles 1 i

A !
(To be assigned by
Board Secretary) . N CIUEIEI

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

Washington designated research contract.
Title: "Body Retention of Carbon-1i"

(1f more-space-is required use separate sheets and arttach hereto:)

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

Renew contract for period of one year beginning July 1, 1954, with
new funds in the amount of $8,900

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

10, Negotiated Contracts. (Show why it appears desirable to negotiate new contract of to negotiate
modification to existing contract)

Memo - F, B. Pearson to K, Kaaschau, dated May 12, 1954

(If more spaceis required use separate sheetsand-attach hereto:) *

11. Contracts, Subconuacts, or Purchase Orders Submitied for Review and Approval: (Furnish brief descrip- i
tion of action in this space and attach pertinent documents) l

None '

12, Disputes: *!
Attach a statement summarizing the dispute together with pertinent documents and Background

Material, '

None E

HERAELE
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. : UNITED STATES ATOMIC ENERGY COMMISSION
DIVISION OF BIOLOGY AND EEDICINE
WASHINGTON, D. C.

DATE: v~/

13
w
e

T0 . Dr. Kenneth Kasschau, Director,0ffice of
Research and Medicine, Cak Ridge Operations Office
FRoM  : Paul B, Pearson cnigé Biology Branch 7

suosecr: DVERRERIRAAL ISP ORI ERE CHOBEGAB AL For CONTRACT NEGOTIATION

symsoL : BMB:PBP

This letter with enclosure, in triplicate, is sent in accordance
with the procedure described in a letter from the General Manager
to all Managers of Operations dated January 27, 1949.

1. Isstitution: Southern Research Institute

8. Imvestigator (s): Dr, Noward B, Skipper -
3. Tritle: Body Retention of Carbonelk,

4. () New Contract er (X Renéwal of Comtract Ne. ﬂ(hO-I)],QéB

s. Deration - From: July 1, 1954 to June 30, 1955

6. AEC Techmical Supervision: Biology Branch

7. Recommended Swpport: §12,000,00 (less umexpended dalance of $3100)
Asthorized by Procurement Directive No. BM~0l 248
Isseet L s 8,900,00
Activity no. 6L0O

8. Other Comments:

Itis understood that the ocontribution of the Institute te this
project 1s not less than the difference between the overhead

of 8% of direct costs and the actual overhead of o as appr
by the Army aAndit Agency, 13458 ored

ERRERR



8. Ceamsats (Continued)

9. BSecurity Requireseats:

In accordance with the provisions of GM-93 (Revised March, 1950),
and the requirements of the Declassification Guide, the Division
of Biology and Medicine has determined that the following security
precautions should be takén in connection with the proposed
research contract.

’

Since there is essentially sero chance that restricted data
msy be required or developed, no persomnel security requiressnts
should be imposed,

10. Reports: (¥ Reports are to be required as provided for by Memorandum
Instruction of November 9, 1949, on subject * Direct
Research Contract Reports”.

( ) Special Reports Inatructions are as follows:

N
Re from OQakRi
Enclosures: () ™“A” - Proposal, dated cd. dge
“B” - Notification letter, dated 2
() *“C” - Other correspondence, letters
“D” - Procurement Directive BM~>l =20
Distribution:

Addressee: (Original (w encl.) Bivisica File: Yellow Copy (w encl.)
1st Copy (w encl.) Pink Copy (w/o encl.)
2nd Copy (w encl.)

Progras Amalysis Sranch File: White Copy (w encl.)

Branch: White Copy (w/o0 encl.)

ec: Mr, Stanmwod

SPO 83.47370

ARRENR



TO

SUBJECT:

SYWBOL :

111312

UNITED STATES ATOMIC ENERGY COMMISSION
DIVISION OF BIOLOGY AND REDICINE
WASHINGTON, D. C.

Dr. Lsnneth Kasschau, Director,0ffice of '™

Resesarch and Medicins, Oak Ridgs Operations Office

Peul B, Pearsoma, Chidf, Blology Braach

Divisien of Blolegy and Medicine

TRANSRITTAL OF RESEARCH PROPOSAL FOR CONTRACT NEGOTIATION

This letter with enclosure, in triplicate, is sent in accordance
with the procedure described in a letter from the General Manager
to all mnagers of Operatigns dated January 27, 1049.

1. Isstitution: Southern Meseareh Ingtitute
3. Imvestigater (s): . Bounrd B, ..I'.
3. Title: Body Retentiom of Carbon=1k.

AT{h0-1)2008
4. () New Comtract or ( JRemewal of Contract Ne.

s. Deration - PFroa: iy 1, 195% to Jume 30, 1955
6. AEC Techmical Supervision: Blolegy Bransh
7.  Recosmesded Swpport: $12,000,80 (leoss wsapeaded balamcs of $3100)

Amthorized by Procurement Directive No. E : '8
Issued : ' s 8,900,00
Activity No. &‘m

8. Other Comments:

Itis waderstoed that the utiop of the Institute te this
project is not less than the differcnce betweem the owerhsad

of of direst cests and the astual everhesd of T3.A5% as approved
by the Armgy fudit Ageney,.
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10.

Enclosures:

Security Regquiremests:

Cosmsats (Continued)

In accordance with the provisions of GM-93 (Revised March, 1950),
and the requirements of the Declassification Guide, the Division
of Biclogy and Medicine has determined that the following security

precautions should be takenn in connection with the proposed
research contract.

Sinse Weve is cssentially seve chemss thet restristed date
my » requived or dovelsped, »» pereemms] Svewrily reguivensats
should be imposed,

Reports: ( g Reports are to be required as provided for by Memorandum

Instruction of November 9, 1949, on subject *“Direct
Research Contract Reports”.

( ) Special Reports Instructions are as follows:

“ A” - Proposal, dated e

Notification letter, dated
“C"” - Other correspondence, letters

W “D” - Procurement Directive __BM=Dli=oRU

- o
:
>
3

Pistridbution:

Addressee: QOriginal (w encl.) Division File: Yellow Copy (w encl.)

1st Copy (w encl.) Pink Copy (w/0 encl.)
2nd Copy (w encl.)

Progras Analysis Branch File: White Copy (w encl.)
Branch: White Copy (w/0 encl.)

eec: Mr, Stamwood

P1T1313

PO §3.47378
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ano
frem the Oak Ridge Opersiions .ffioce in tis
nsar future regarding negotiation of the renswel contract.

Sincerely yours,

Peul B Pesrsea
Caisf, Blology irench
Division of Riolegy and Medicine

ec: william M. Murray, Jr., lirector
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Studies will be performed on the chromosomal incorporation of
carbon=ll from variously labeled organic compounds.-entmsies In
addition, extensive investigations will be made on localisation of
carbon-1lh-labeled compounds of the nucleic acid and protein
precursor types in various tissues. These studies should yield
information about rates of biological processes having to do with
growth in norsal and neoplastic tissues,



Budget for Contjyctfﬁo. AT=(140-1)~1038

\

For Period }-1-54 - 6-30«55

/7) Salaries & Wages: $10,250.00
Biochemist, Biologists, and
Physicist (all part time) $9,910,00
Esployees Retirement Fund 340,00
(1) Materials & Supplies: 712,00
A3) Travel: 150,00
/11 Overheads

Ypvrrif Lol ¥

The Commission's contritmtion to the above budget will be $12,000

including $8,900 in new funds and the unexpended balance of $3,100
from the previous periods

HRRERR
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Southern Research Institute

@ BIRMINGMHAM 5 ALABAMA

March 39, 1984

-

Dr. Kesneth Kasschau

U.S8. Atomie Energy Commission
Researeh and Medicine Divisien
P.0. Dm B

Cak Ridge, Tonnesses

Desr Dr. Kassehau:

1 wish to officially endorse the attached
proposal and state this Institute's willingness te accopt the ces-
tract f awarded to us a8 requested ia this proposai.

You will note that we bave incliwded everhead
at §% of direct conts. The Army Awdit Agency has receatly

campletsd an overhsad amdit of gitute's 1083 operations
and has recommended a rate o 0! direct salar.es as the
proper overhsad rate for uee dwiliy 1064 in contracts with various

govermuent agencies. I belisve th.s is the best infermation we
can submit to 1ndicate the extent te which Southera Research
Institute will participete (n support of the work descridbed in the

ehtiesed prepescal.
wmm amb
enclosures
121
:~ ) : {; 3
RERERR -



REQUEST FOR RENEWAL OF CONTRACT
NO. AT-(40-1)-1038
ON
BODY RETENTION OF CARBON 14
’ FOR
ATOMIC ENERGY COMMISSION

DIVISION OF BIOLOGY AND MEDICINE

SOUTHERN RESEARCH INSTITUTE
BIRMINGHAM, ALABAMA

VIARCH 25, 1954

y
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REQUEST FOR RENEWAL OF CONTRACT
NO. AT-(40-1)-1038
ON
BOD7T RETENTION OF CARBON 14

In reply to the letter of March 1, 1954, from Dr. Kenneth Kasschau,
Director, Research and Medicine, with regard to renewal of Contract No.
AT-(40-1)-1038, on Body Retention of Carbon 14, the following information is
provided.

1. Current statement of expenditures extrapolated to June 30, 1954:

Contract budget $ 11,379.25
Expenditures through

February 28, 1954 $ 5,084.25

Estimated expenditures

March through June, 1954 3,200.00 8,284.25
Estimated balance 2s of June 30, 1954 $ 3,095.00

2. A statement of the acceptance of the proposed rernewal signed by

Dr. W. M. Murray, Jr., Director of Southern Research Institute,
is appended.

3. Scope and presen: status:

(a) A manuscript on a second phase of our work on long-term
radiazion of bone foliowing administration of C *-bicarbonate is
enciosed herewith. We have held up pubiication of “his work until
the present, pending development of bone autoradiograms which took
long periods for development.

(b) During the past year much effort has been expended in
obtaining information on radiation received by chromosomal con-

stituents (nucleic acids) from incorporated C'* following injection
of known precursors of nucleic acids. This sort of information

has been obtained in certain animal tissues and in human sarcoma
growing rapidly in hamsters. It is hoped that such information
will be of value to the "Committee on Human Applications' in
future decisions as to the "allowable zmourts' of labeled com-
pounds for human experimentation. Also a considerable amount of
effort has been directed toward making autoradiograms of giant
chromosomes following administration of labeled nucleic acid
precursors to Drosopniia. This latier eifort has not been too
rewarding and we propose to cease any considerable effort in this

! field unless the AEC has unusual interest in this area.

T
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PLAN OF APPROACH

We consider that with the completion of the work described in the
enclosed manuscript, our efforts on one phase of the problem of the hazard

. 14 ‘ . L
involved in use of C is completed. Two separaie studies on the radiation

being received by the "active area' of bone (areas of deposition in the shaft)

- at extended periods after administration of NaHC 04 have been carried out.

The results obtained were in good agreement and should be helpful in assess-
ing ""allowable limits. "

It is suggested that we turn our attention to chromosomal (nucleic
acid) incorporation of carbon 14 from variously labeled organic compounds

. 1n animal tissues and human sarcoma grown in animals. This effort is to
, occupy only a relatively small portion of our time.

It is proposed that we undertake,a rather extensive effort on local-

i ization (in short term experiments) of C -labeled compounds of the nucleic

acid and protein precursor types in various tissues including human sarcoma
in hamsters. The objective of such work would be to attempt by tissue
autoradiogram techniques to learn more about rates of biological processes
having to do with growth in areas of various *issues, both normal and neo-
plastic. Such information would be useful in determination of radiation
dosage in rep/day in "'active areas' of tissues following administration of
C!t-labeled organic compounds. Also it is hoped that such data would help to
explain the lack of uniformity of the cytotoxic effects of certain metabolite

antagonists. Labeled compounds available for such studies in this laboratory
are listed below:

C'*-formate C**-thymtine

C!*-glycine C'-thymidine

Cl4-gerine C'-uracil

C'-adenine S% -6-mercaptopurine

C**-guanine C'*-nitrogen mustard

C'4-2, 6-diaminopurine C'*-folic acid

C'*-hypoxanthine C'*-amiropterin

Clt.xanthine C!%-4-amino-5-imidazole carboxamide

BUDGET JUNE 30, 1954 TO JUNE 30, 1955

In compliance with a letter from the Division of Biology and Medicine,
we have husbanded funds as carefully as poss:ble this year and it appezrs
that we will have approxima‘ely $3,100. 00 of our 1953 budget remaini~g at the
end of the current contract period. It is suggested that a budget of $12, 000. 00
($8,900.00 plus <he $3,100.00 unexpended balance of this year's funds)
would allow for the proposed effort.




A breakdown of the budget is provided below:

(1) Salaries:

Biochemist (part time) $ 4,500.00

Biologist (part time) 3,410.00

Biologist (part time) 1,000.00 y

Physicist (part time) 1, 000. 00 $ 9,910.00
(2) Contribution to employees' retirement fund 340.00

(3) Materials and supplies:

Radioactive compounds 300. 00

Glassware and animals 412.00 712.00
(4) Travel 150. 00

Subtotal — 171, 112, 90/
(5) Overhead (8%) -8868-60—

Total $ 12, 000.00

Birmingham, Alabama
March 25, 1954
mw (10)
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STANDARD FORM NO. 84

Oﬁice Memomndum e UNITED STATES GOVERNMENT

TO

FROM

SUBJECT:

ST'B0L:

- -2 Mmoo o 7 e T wing
Co e Cul7, Jrey Azcistant Cererzl counsel DATE. &y oI, 13-

‘.

. Te Funpnries, assistan® Directer, Ceniract Tlvision

RENEWAL OF CONTRACT NO. AT={40~1)-=1038 -~ SOUTHERN RESEARCH INSTITUTE
AD:ARB

Enclosed is an approved proposal for renewal of subject contract
for one year beginning July 1, 1953, This approval action is

covered by Procurement Directive No, BM=53-280, dated May 1L, 1953,
in the amount of $7,238.00,

It is requested that an appropriate modification be prepared teo
renew this contract for a period of one year beginning July 1,
1953, at a level of $,858.00, in accordance with the budget in
that amount attached to the Request for Contract Action.

-
/7

Re . Humphries

Enclosures:

B Request for Contract fction,
T. Yome Sm rilbur dic 3/1L/53.
3. Cy Ltr fm Butts dtd 5/1L/53.
L. w.dée‘t»

e fdesume,

A, Cy Ltr fm Skipper dtd L/28/53,

7o Cy Lir fm urray c¢ic 4/29/53, w/Proposals

0C: Co S. Sheup
L. D¢ MacKay o
Ed Ziegler, w/Encl, 1 o
Jde Nichiclson

P111362



i

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

1. John R, Moare, Director cChairman
To; Contract Division Contract Board.

Research & Medicine Division

From:

It 15 requested that the Conuact Board take the necessary action 10 process the following described con-
tact action in accordance with the provisions of Bulletin OR-O&M-19:

]

2. Nature of Action Requested
{: Selection of New Contractor and 3 Modiﬁcaw&)ifoitoxa%
Negotiation of Conwact, No. AT- =103
Conwactor: _outhern Research Institutel
s Alabama
(1 Review and approval of Contact, Sub- [ Other (Explain)
contract ot Purchase Order.
Number:
Name:
3. Nature of Services to be Covered by Contract

Construction [ Architect-Engineer ] Other [j (Explain) Research
4, Funding Amount to be Obligated by this Contract Action 3 6, 858.@

S‘ource of Funds

Approved ORO Financial Plan, ____ Quarter, Fiscal Year 19__ i
Project No._______ or, Activity No.
Funds to be Obligated: Allotm (F.Y. 19__ Funds)

ntNo._
Procurement Directive No. BH"§3'280 Dated =, !
Issuing Office_Dividion of Biology and Medicine, Washington |

Concurrence in Funding Statement: (signed) }
Chief, Budget Branch

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

Location of Work: Construction Directive No, !
Esumated Cost of Work to be Covered by this Contract Action $
Schedule: Date Work to Start Estimated Completion Date '

Description of Project or Activity:

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

Bulletin OR-O&M-19

Exhibit I



{ 6. Conuact Board Docket 7. Request 5“1:;""?,3‘}_9‘1,\5)" Jaigned) !

' No. Date: Tide: .. : . s
(To be assigned by : o e )
Board Secretary)

8. Complete Description of Services o be Furnished by Conmactor:

Washington designated research comtract
Title: Body Retention of Carbon-1lh

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

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

Reneval of Contract for period of one year, begimning July 1, 1953

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

10. Negotiated Contracts. (Show why it appears desirable to negotiate new contract or to negotiate !
modification to existing contract)

Meno K. M, Wilbur to Kennsth Kasschau to May 1, 1953

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

11. Contwacts, Subcontacts, or Purchase Orders Submitted for Review and Approval: (Furnish brief descrip-
| tion of action in this space and attach pertinent documents)

done

12. Disputes: ’
Attach a statement summarizing the dispute together with pertinent documents and Background
Material,

BEREEL



UNITRD BTATES ATOMIC ENERGY COMMISSION
DIVISION OF BIOLOGY AND NEDICINE
WASHINGTON, D. C.

DATE: ' - -
10 . Dr. Kenneth Kass-cnau, virector, Jfrice of
Research and tedicine, Jax Ridp=2 Operations Jufrice
FROM : Karl M, Wilbur, Physiologist, Bioslogy or.

supgEcT: T UARANOM DA AL 0 Fe PR R PGP saL For CONTRACT NEGOTIATION

SYMBOL : BMB: KMW

This letter with enclosure, in triplicate, 1is sent in accordance
with the procedure described in a letter from the General Manager
to all Managers of Operations dated January 27, 1949.

1. Institution: Southern Research Institute
2. Investigator (s): Dr, Howard E, Skipper

3. Title: Body Retention of Carbon-l)

4. ( ) New Contract or X ) Renewal of Contract No. AT(L‘O"]')I(BB

3. Duration - From: July 1, 1953 to June 30, 1954

6. AEC Techmical Supervision: Biology Branch

7. Recowmended Support: $11,988, includes 8%overhead (less

34750 unexpended balance) .. -
Authorized by Procurement Directive N}g.p /  BM=53-280

Issued s ?’238'00

Activity No. OUOC

8. Other Comments:

Thig yroject was asproved for $11,983,less the unexpended balance
of aporoximately $4750,

(111385



8. Cosmeats (Continued)

9. Security Requireasents:

In accordance with the provisions of GM-93 (Revised March, 1950),
and the requirements of the Declassification Guide, the Division
of Biology and Medicine has determined that the following security
precautions should be tak#n in connection with the proposed
research contract.

Since there is essentially sero chance that restricted dats

may be required or develo RO sonnel
Should be twposed. ped, no per security requirements

10. ' Reports: ) Reports are to be required as provided far by Memorandum

Instruction of November 9, 1949, on subject *Direct
Research Contract Reports”.

( ) Bpecial Reports Instructions are as follows:

Enclosares: () “A” - Proposal, dated
(X% “B” - Notification letter, dated I LK.
() “C? - Other correspondence, letters
“D” - Procurement Directive BM-53- 280
Pistribution:
Addressee: (Original (w emal.) Bivisiom File: Yellow Copy (w encl.)
" 18t Copy (w encl.) Pink Copy (w/o0 encl.)
2nd Copy (w encl.)
Progran Amslysis Braach File: White Copy (v encl.)

Branch: White Copy (w/0 encl.)

GPO 83.47378
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MAY 1 4 *953

-

Dr. Howvard B, Sxipper

Agseistant Direstor

Seuthera Institute

Mrainghen &, Alodems

Doar Dr. Skipper:

IS is 2 plaasure te tell yeu that the Rescarch Gummities

mmmmﬁummu
aporoved renewal for another year, Ne bope that you

Bay have eontinued sucoess with your program during the

coming year.

You may expect to hear from the Osk Ridge Operstions Jffice
within the assr future regarding negotiations of the contrast,

Sinesrely yowrs,

Joseph 8. Butte
Blochexist, Biology Branoch
Pivision of BMolagy and Nedieime

ec: Dr, William XK. Burrey, Jr., Uirector
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. . Southern Research Institute
Birmingham, Ala.

April 38, 1983

Dr. Keaneth Kasschsau
Directer, Research and Medicine Division

Onk Ridge, Tennessee
Dear Dr. Kasscham:

In reply to your letter of April 8, 1853 regarding renewal

of Contract No. AT -(40-1)-1038, "Body Retention of Cu-bon 1&
the fellowing documents are enclosed:

(1) Request for remswal of Contract No. AT-{40-1)-1038,
which includes the informatica requested om budgetary *
matters, approach, ete.

(2) A statement of aceeptance of the renswed contract
signed by Dr. W. M. Murray, Jr., Director of
Southern Research Institute.

(3) Status Report No. 17.

(6) A repriat from Nuclecaiss summarizing a phase of
ourputefforts
P RPN LA Ricdo
As you will note, vcmmh(foracntmonrbnd(ct. l
assume that this will not be disagreeable to you.

X further information or details are desired, please de
not hesitate to call on ws.

Younverytrﬂy
o lc'u'dl.
- ST R ‘““‘"“D""“?’ ’
458 hes od - TR IR T
Pt s 131 __ - |

ﬂmﬂw»g .27 31



< Southern Research Institutg
e ‘ Birmingham, Ala. ’

April 28, 1983

Dr. Kenneth Kasschan

M W and Modicine Divisien
Oot Ridge, Temnesses

Mbr Kasochen:

In aceord with Rem 3 of your letter of April 8 regarding
renewal of Contract No. AT-(40-1)-1038, I should like to state
that should the Atomis Energy Commission decide te remew the
above-mentioned gontract for the period July 1, 1953 to July 1,
1964, this institution would be pleased to accept the subjeet
research contract.

It has always been 2 ﬂoM for Southern Researeh
Tastitute to participate {n the Atomie Energy Commission's

ressareh pregram.

Yours very truly,

wmm ed
121

N - e A ) P

HH"”C\ -

PR PNV P



REQUEST FOR RENEWAL OF CONTRACT
NO. AT-(40-1)-1038
- on
BODY RETENTION OF CARBON 14
yon
ATOMIC ENERGY COMMIBSION
DIVISION OF BICLOGY AND MEDICINX

SOUTHERN RESEARCHN INSTITUTE
BIRMINGHAM, ALABAMA
APRIL 38, 1963

PROPOSAL NO. sé4

L e v —

Tk ——

R e LT —

111390



REQUEST FOR RENEWAL OF CONTRACT
NO. AT-(40-1)-1038
ON
BODY RETENTION OF CARBON 14

In reply to the letter of Aprfl § frem Dr. Kenneth Kassehan,
Direster, Research and Medicine Divisioa, with regards %o remewal of
Conatract Ne, AT-(40-1)-1038 en Bedy Retention of Carben 14, the fellowing
informatiea is provided.

WMQ.JJWWWQO
Juae 30, 1983,

Centrast budgst $15,588.00

Expeaditures through

March, 1953 8 183,00
Estimated expenditures

April, May, June, 1953 3, 400. 00

10, 883. 00
Estimsted balance as of June 30, 1063 $ 4100.00

3. A statement of asceptanse of the preposed renewal
signed by Dr. W. M. Murray, Jr., Directer of the
Institute, is appended.

3. A pregress repert, Ne. 1Y, is enclosed herewtth,
4. Scope and presest status;

a. Extensive efforts have reparted oa the
long-torm retention of C™, the Deslisation
of carbon 14, and the reentgen-equivaleat
physical received by the "astive” area of
mouse bones at perieds Wp o twe
mm-mwdl%
The results of these experiments have
reported in detail in progress reperts sad
in scientific publications. A summary of
soms of this werk is contained in 2 paper
"The Hazards Involved in the Use of Carboa 14, "
Nucloemics 10, 40-44, 1952 by Neward B.
Skipper (reprint sppended). In oMM cancH memiTure

RERERR




ASSREE

Much offort has boen expended in the development of technigues
which might sllow fer preparation of auteradiograms of gignt chremesemen
frem Dresephila following injection or feoding of carbon 14 labeled compounds.

believed that technical difficultios sncountered ia this offert have bosn

]
)

Retention and metabolism of a sumber of erganic compounds,
the most resent of which is i-labeled felic asid (crystailing) have boon studied.

PLAN OF APPROACK

It is planned to continue our studies on distribution, retention
and mstabslism of carbon 14 labeled compownds in the mouse. Such information
is needed in all efforts to estimate allowable levels of C'*-labeled orgamiec
compounds which might be used in kuman experimentation. A rather large
mumber of C*-labeled nucleic acid precursors and satagonists are being
prepared and procured for ether projects in this laboratory. These will be
sxaployed {n retemtion studies. Among the compounds are all of the aucleie
acid bases, the known "de novo” precursors and five purine antagoaists.

It is alac planned to wse the chromosome-autoradiogram
procedures developed under graat No. AT-(40-1)-1038 to study "in vive"
ehromosoms metabolism with the view to providing fundamental iaformation
which {8 of possible interest tc the problem of radiation damage. This
isfermation will be eorrelated with data shtained tn 2 large pregram on nocleie
acid metabolism in progress at this institution. There are large amounts of

mﬁmuum«mdamdumm
agents, luding ionizing radiation, may be at the gene-chemical level.

BUDGET - JUXE 30, 1083 TO JUNE 30, 1934

The budget for 1952 was larger than will be required for the
proposed effort for the coming year. It is suggested that the budget for 1953
be cut to $12, 000.00. Since spproximately ¢5, 000, 00 will remain unspent at
the end of the current fiseal year, it is suggested that, should the sponser
desire to continue this work, an amount of 37, 500, U¥ plus the unspeat $5, 000, 00

| making a total of $13, 000.00 for the coming year, would be sdequate.

SOUTNERN RESTARCH INSTITUTE
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A breskdown of the budget is provided below:

(1) Salarties

(3) Contrthution 40 Empleyoss
Retirement Fund

(3) Materials and Swpplies

Radioactive compounds
Glassware and animals

Total Materials and Supplies .

(4) Travel
Sub-total
(5) Overhead (8%)

Birmingham, Alabama

April 38, 1953

Proposal No, 384

8 od

$9, 910,00

340, 00

700.00
150.00
11,100.00
888.00
$11,988.00

BOUTHERN RESEARCH MNSTITUTE

T T TR S O STRD S
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The Hazard Involved
in the Use pf Carbon-14

By HOWARD E. SKIPPER

Southern Research Institute
Birmingham, Alabama

Reprinted from NUCLEONICS, February, 1952
Vol. 10, No. 2, Pages 40-44

Copyright 1952
McGraw-Hill Publishing Company, Inc.
330 West 42nd Street
New York 36, New York

BERERL



TABLE 1-—Rate of Excretion of C** Following Injection of

NaHCMQ, into Mice (18 uc)

Nperific nelimity

"roof total Cumulative )

TABLE 2—Specific Activities of Tissues at Periods After

Injection of NaHC!Q; 118 uc)

Prrind

cferbgho DT My et of ot - . .
Prriod Tt b ety free ey Lo e
e L Jeton Blood Lirer Brawn e hor Foirt
0-10 min 13.770 [ 66 B T - T T V -
10-20 3 403 16 39 24 hr .1 1.1 0.26 218 184 1038
20-30 1,750 6. 88.2 I wk 0.25 0.48 0.18 0.18 0.33 ..
30-60 - 500 4 92.8 lme 0.11 002 0.13 002 011 0.25
1-2 hr 84 1. 94 .1 3 mo 0.10 0.07 0.03 <0.009 0.09 0.15
24 241 0.65 94.75 5 3 mo <0.009 0.0 <0.00v 0.04 006

4-6 11.2 0.26 95 01

6-12 56 0 14 95 45 8 7 mo <0000 <0.009 <0009 0.07 012
12-24 4.8 0.59 96 .09 1002mo .... ... .. .. .. .. 004 005
24-hr composite 10.7mo ... ....... ... .l 0.06 0.10
urine sample 115.1 1.35 97 .39 12.7mo ... 0.03 0.04

.

The Hazard

The most popular of the radioisotopes, carbon-14

is employed in hundreds of laboratories.

When used

with caution and as an experimental tool, it is

considered nonhazardous.

Evidence and new data to

support this conclusion are reviewed here, together

with a discussion on the nature of the hazard

By HOWARD E. SKIPPER
.Qau[}!f“rr
Birmingham, Alabama

e b Trsditute

WHEN CARBON-14 first became avail-
able from the Atomic Energy Com-
mission. it was eonsidered nne of the
more dangerous 1sotopes because of its
long half-life (about 5,500 vears) and
because of the well-known entrance of
carbon from carbon dioxide into the
organic and inarzanic metabaolie peth-
ways, This  picture gradually
changed.

When emploved at usual experi-
mental levels with reason:le preeau-
tions, C* is now generally assumed to
be nonhazardous. In support of this
assumption, this paper presents certain

ERRERE

has

basic experimental evidence that seems
to bear on the question nf the hazard
involved in laboratory use of (14,

The two C!'-containing substances
with which the laboratory worker
comes into contact most frequently
(prior to dilutions with inactive car-
bon' are CH-earbon dloxble  and
CH-barium earbonate.  Obviously. the
former can be inhaled as such, and
barium carbonate can. when drv, be
inbeded a< o dist oraern< ) Tt isalso
apparent that in many CH-labeled
organic compounds the biological fate
of the isotope is oxidation to C*Q,.

Ter assess the most o3 vlous bazardls
involvel in the use of U one must
know the:

1. Degree 7 excluaze ol nspires
CH0, with bloud bicurbonate at sites
of blood aeraticn in the lungs.

2. Retention «f bicarhonate carbon
in the blood and varies this
depends on the exchange and on the
rates o7 metals Ssm. e, CO. Axation
and turnover).

3. Degree !
within
active cells witz.n variuus tissues.

4. Stability «7 BaC); particulates
retained by the lung an inspiration of
Bu(C*#0; aeroso..

5. Inherent rarcinngenicity of (3
due to the plr~ewn cloaeter ;
its atomic disintegration.

i~ tissies

loeuszation  of

1aotane ortuln. more. roless-

RS S

Carbon Dioxide and Bicarbonate

Brues and Buchanan (/) have pro-
vided information on the retention of
CY by fixation of inhaled C0. gas.
They observed that the lungs absorb
C10O. very eff ‘ently in spite of the
mass movement of CO; in the opposite
direction. It anpears that the amount
of C!10. absorbed to reach equilibrium
with the hlood " arlor fe derwnds o
the specific actvity of the alveolar
atmosphere and thus iz largely inde-
pendent of the CO; concentration in

Februery, 1952 - NUCLEONICS



TABLE 3 Per Cent of the Total Injected C'* Retained ot

Various Periods

[ Tt

) Tund N '
24 nr I 4 25
is hr (RN 0. 1w
1 wk 0.62 0.09
2wk 0.20 0.07
1 mo 0.13 0.03
3 mo ' 0.12 0.03
5.3 mo <0.02 0.01
8.7 mo <0.04 0.03
1003mo  ...... 0.02
12.7 mo 0 .01

TABLE 4 - Total Body and Skeleton Radiation Calcula-

tions on NaHC!"Q; Injected Mice

ol e badned ottty

i sheliton

. ° L I
13 ) i
20 0-24 hr
. 1-2 days
15 2-7 days
35 1-2 wk
23 24 wk
25 1-3 mo
>50 5.8-6.2 mo
>75 8.7-10.2 mo
10.8-12.2 mo

Ry rnidvation Sko Lot mfotion
ey iy T N N TR
men e Cpe et
0.1 o7
0.027 0.033
0.022 0.021
0.009 0.016
0.00+ 0.008
0.003 0.004
..... 0.004
..... 0.004
..... 0.002

Note: Maximum tolerated level estimated at 0.05 r per day

the Use of

Brues and Rocluman
state thut “in generad, tollowing ex-
posure, CV I- removed at o orite come

the inlided air.

paruabie to that of its uptare, wied the
sanie is probably true of its incorpora-
tion into compotnds n a steady state.
One probable exception existz in the
cazse of growing tis<ue and. of conrse,
where exposure I» continuous over a
g period.”

It has been adequately demonstiated
that the mujor ifraction of the CH
from Tobeled hicarbonate iniected nto
animals is expired within a short time
fabout 657 in 10 min: >90¢ in 4
hey +2. 3. 4. Tahle 1 gives rertain
daty we have obtuined ou this sub-
ject (4).

This rupid initad turmeve: of the
greater portions of the C'" in blood
bicarbonate is consoling. However. it
seems important to know something
of the degree and duration of tissue
exposure to C! following the intake
of compounds labeled with this isotope,
especially bicarbonate. The degree
and duration of exposure « 7 tissues to
the 3-particies from C'4 are dependent
on concentration and turnover, both
of which are in turn dependent on the
carbop-utilizing metabolie svstem in-
volved and its dynamic state, Tissue
exposure data can best be obtained by
folowing the quantitative gross dis-

Vel 10, No. 2 - February, 1952

LHET3G50

Carbon-14

tribution and turnove oF
tur extended periods.
Rloon. Curtis, MeLean 5.
~howed by autoradiographie technique
that the bounes ol rats injected with
Ba('H0; (75 to 100 uc; retained ac-
tivity at 16 weeks. Nections of liver
and kidney guve fairlv intense auto-
radiographs at 3 dayvs and 2 weeks, but
were negative ufter longer intervals.
Armstrong. Schubert. und Linden-
baum (2) in studies of the distribution
of radioearbon

(P in il

an!

administerad o< car-
bonate observed retention in soft tis-
sues, bones, and teeth at 6 davs and in
certain cellular constituents at 40 davs,
We have carried out certain experi-
ments designed to ohtain quantitative
Juta oon CHOL Hxution, from which
tissue, organ, and total body exposure
can be estimated 4. §). To be able
to carry on these experimeuts over
long periods, and to avoid use of exces-
sive amounts of C', it was necessary
to employ extremely sensitive counting
techniques (7) and small animals.
Using the principles described by
Miller (8), Dr. Locke White, Jr., of our
Physics and Physical Chemistry Divi-
sion, constructed a gas-phase appara-
tuz. which has allowed us to determine
rather accurately the CY“ content of
mouse bones one vear after injection
of 18 uc of NaHCM0O; Because of

the exoellent geometry of <Liz Geiger
tube 7y, ulmost all disintegrations are
recarided, e mates of
absolute wetivity of U0 Iromoxidized
tissue samples.

Adult mice were injected intra-
peritoneally with 18 ye of NaHCH1Q,
2.5 myg of sodium bicarbenate with a
specific activity of 600 mc/mole of
carboniy,  This is approxdmately a
30-me man-equivalent. The specific
activities of a number of samples of
tlssues biood, and woere then
determined at 24 and 48 hours, 1 and
2 week~, and 1. 3. 4, 5, and 9 months
4.t Fruom these specif- aetivities
and knowledge of the tissue weights,
estimates of the total activitv in each
tiszue sample were made.

After 3 months, none of the soft
tissue retained significant quantities,
so that later assays were limited to
bone. Bone activities have now been
followed as long as 12.7 months (7).
Certain of the data on this subject have
been selected for illustrative purposes
in Tulide 2,

Calculations on the per cent of the
total injected CY from NaHCMO,
retained in the body and the skeleton
at various periods are prezented in
Table 3.

Knowing the approximate amount of
C'" in the body or a portion thereof

41

allowing  for

hone



FIG. 1.

and the average energy of radiation
of this isotope, it is possible to convert
tissue or totul-bedy
tegrated  into roentaoen anots

Azsuming equad CBstribation o the
body and in the sxeletou, radiation
caleulations have been nnule and wo-
Tabie 4. The latesr
estimates on the maximum permissible
dose for any tissue is 0.3 r, wk 9), or
0.05 r/day.

Ripce it is well known that O emits
a very soft g-ray that traverses only
several cell diameters. such Jduta us
have been prezented in Table 4 dn not
present a picture of the muaniuie.
radiation in Hmited oeas ol <L e -
over. It has been considered worth
while to attempt to estimate the degree
of radiation possible in areas of the
bone where, as indicated by auto-
radiographs. C' retention is highest.

Autoradiograpls were prepared b

embedding bones of NaHC“Osin-

aetivities  in-

presented in

Bone section and autoradiograph from a mouse at 24
hours after injection of 18 uc of C!i-bicarbonate (“MNo-Screen”
X-ray film exposed for 30 days prior to development)

FIG. 2.

jected mice in plastic, and then grind-
ing about half wayv through the bone.
Thewe cagittal =ections were then pluced
with o No=Nereer,
for about 4 or 5 months

~¢ vontuet

Vol
. Figures 1 oand 2 zhow typlead
aatorliographs made from bones
Taen af various perlods alter injection
o 1y pe of CH bicarbonate.

As ean be seen 1rom the righitiand
pieture in Fig, 2, the “active” area
weeks) can he considered
roughly as a ecylinder with a wall
thirckness the average width of the
narallel black lines.  Hence the active
volunie can be approximated  {rom
Corn

il cneastrenents byeomltipiving

after 2

the uverage length of the Lines by the
average width and multiplving thuat
oD where 1) is the diameter of the
hypotheucal radioactive eylinder cou-
taining the preponderance of C14,
~uch measurements Luave been naoelr
with a calibrated filar micrometer on

Bone section ond autoradiograph from a mouse at 6
months after injection of 18 uc of Cl4-bicarbonate {X-ray film
exposed for 5 months)

bone autoradiographs from mice sacri-
ficed 2 weeks, and 3.8, 6.2. and 6.3
months after injection with ('-hicar-
Bused on tota: ae-
Adetermination on eorresponding

Lot N e
fire
iones 1o the sume mousze, caleulations
Lave been made on total aetivity per
Litie atud
the upproximate degree of rudiation
v «day ) received by the ‘“active” bone.
These wvalues are summarized in
Thle 3.

sueh ealculations are, of course,
approximate. and it is fully appreciated
that the assumption that all of the
active cvarbon in the bone 1= contained
in the wo-ealled active volume iz not a
vaiid one. It, however, is a conserva-
tive one. and the calculations given
in: Table 3 provide radiation
wiich are believed to be of the correct
order.

Those vadendztions nuply that for the
period of 1 to 2 weeks after injection of

cutee tatiliineter of active

vilies

TABLE 5—Radiation Received per Day by "Active'' Volume of Bone at Periods

After Injection of NaHCMO, (18 uc)

Volume of

Actity perounit Average radiation

active bone “aciice’ rolume in active bone
Period (mm?) (muc, mm?) (r/day)
1-2 wk 82 0.04 0.16
5.3-5.8 mo 3.7 0.03 0.04
5.8-6.2 mo 5.4 0.02 0.04
6.2-6.3 mo 6.6 0.01 0.03

TABLE 6—Particle Size Distribution of
a BaC+O; Aerosol Measured by
Microscopic Inspection

Dt eter - mierons Ce af particles

<2 70.5
2-3 20.8
3-4 6.3
+5 1.9

>3 0.5

100.0

NERELN
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TABLE 7 -Specific Activities of Lungs after Exposure to an Aerosol of BaC"'O;,

Spu-:ﬁr Period of
Frnt Aty 0l e Epaser Tina of

N Foort (1 I e

{ BT by Trieediate
RN
48 hr
T days

2 20,000 120 Immediate
1 hr
3 hr

3 200,000 30 Immediate
Immediate
24 hr
24 br

003
< Q0
<0 05
<0 005

Seco
2ER

ISl

0.04

0.05

0.016
<0.005

<0.005 0.01 <0.005

Nots: Al activities are on individual mice sacrificed at indicated intervals.

TABLE 8- Specific Activities of Ex-
haled CO, from Mice Exposed to o
BaCi:O, Aerosol

.\‘/n cotie ettty

P o 1I". [T A N
IR " S
o 0
12 Ui
2-3 g il
-6 0 0y
6-3 <0 01

TABLE 9—Effects of Injection of
NaHC“O; (18 uc) on the Pattern of
Death from Spontaneous Levukemia

Controls NaHC"0,
Mortality 1313 15715
Average age at 306 dayvs 308 davs

leukemic death
Standard devia-
tion from mean 31.2 days 79.0 days

1S ue of C't-bicarbonate into mice,
certain bone shaft cells were receiving
abuut 0.16 r’dav. but that after 4
meonths this aetive”
receiving about 0,04 rdav.  Since the
recommended  maximumn  permissible
dnze for any tissue iz 0.05 r’dav. it

aren bone was

would appear that wn Ds-ge dose for o
25-gm mouse (a 30-me man-equivalent)
produces localized radiation which is
for a time. above the allowable level.

Barium Carbonate

The possible huzard from Ct-barium
carbonate dust inhaled by the laborn-
tory worker has been a source of con-
<ieruble coneern,

Guvaerts (10; has studled the rate
of elimination of C' administered as
BaC#0; by intraperitoneal injections
in rats.  He reported that “in pre-
liminary experiments, 30-60 minutes
after injecting the burium eurbonate,
CH was rapidly fixed by the lungs and
no significant activity was found in
soft tissues.” The excretion of the
CH by the lungs was very rapid, about
45 of the total injected C'4 being
expired during the first hour and about

S$5¢% in 12 hours. Approximutely
N800 of the total aetivity was

expired and excreted (apparently in
about 2 days).

This author cannot understand why
Govaerts was unable to demonstrate
significant C"Q, fixation in all tissyes
after BaC'*Q; injections since, in his
experiments, there was obvious whole-
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sule exchange with body carbonate.

Using a procedure suggested by
Dr. H. D. Landahl of the University of
traeaso Toxieity Laborators e have
been able to set up a BaC 0y aeroznl
of primaty partivies for aemal ex-
posures, A =small amount of BaCt0);
Was poeeoonoa 25U-ml thiree-necked
reaction fla~k with an appropriate inlet
and outlet.  The inlet tube was drawn
down to about u g liter wmin orifice
under 13 psi) and inserted through a
rubber stopper so that the lower end
was about 1in. from the hottom of the
fask.  Air pressure was then applied

©5 peio v the arfluent of the system

while zenth- hat rapidly tapping on
the Husk withi u rubber-covered striker
from an electric bell. The larger
particles were removed in additional
Hasks.

A BaC!'0; aerosol, so produced,
dppeared o De verv Hoe and could be
detected by means of a Tyndall beam
an hour after it was set up in a glass
desiceator used as an animal chamber.
Its particle-<ize distribution was esti-
mated by microscopic ingpection (using
a filar micrometer) of settled particu-
lates; see Tuble 6.

Mice Lave been exposed te BaCHO.
aerosols of different specific auctivities
and sacrificed for tissue C'Y-assays at
various intervals. The results (11)
are presented in Table 7.

In addition, mice were exposed to a
BaC™0; aerosol, removed from the
exposure chamber, and placed in a

metabolism chamber where exhualed
CO. was collected for one week. The
specific activities of the exhuled (1%).
are wiven in Tuble s,

These hndings seem to confirm those
on injected BaCHOy whirh zuggest
that an inhaled particle of barium
carbonate “,\«'iml.grw it= carbon atonis
fairly rupidly with body poul carbonate
and that inhaled BaC'Q; is perhaps
not a3 dangerous as might have been
expected un the basis of 1tz insolubility.

Effects of C'+ on Mice
with Spontaneous Leukemia

It seems important. diong  with
studies on the abeorntion. retention,
distributivn, and turnever of C'9 when
administered in variouschemical states.
to make =ome direct observations on
the carcinugenic activity of this radio-
isotope.

Prelincuary eestizations huve been
reported (12) on the failure of a single
dose of NaHC"0, (18 ue, a 50-me-man
equivalent) to affect the pattern of
deaths of Akm mice from spontaneous
leukemia. This strain of animal, be-
cause of inbreeding, develops spon-
taneous leukemia in almost 100% of
vases at ahout 9-10 months of age.
When young Akm mice were injected
with NaHCHO; and set aside to await
development and death from spon-
taneous leukemia. it was observed
that their pattern of deaths was no
different from litter-mate controls in-
jected with nonradioactive bicarbonate;
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the results of thic studyv are sum-
marized in Table 9.

Similar studies have now been
carried out with low levels (14 ues
of O ilabeled 2 6-diuninopurine, which
AeTS R u precirsar of chromosome
wistine, and with high levels of (-
TO0-nw
erpivalent), which acts as u precursor
of the 2- and S-carbon atoms of
desoxyribose nucleic and ribose nucleic
acid purines and the methyl carbon
atom of thymine. The effects of these
C'-labeled compounds on the pattern
of deaths from spontaneous leukemia
in mice was likewise insignificant (11).

One of the more sensitive methods of
detecting radiation effects in animals
is by means of white blood counts.
Leukenmic white-blood-cell production
is apparently more sensitive to radia-
tion than normal hematopoiesis, We
have injected leukemic mice with 100
uc of HCUOONa and observed no
depression of the high white blood
count (18). Also it was observed that
200 we of HCHOON2 ia 500-me man-
equivalent’ had no effect on the life
e it sy hanted An-4-
13

These experiments <ugzest that CH
feven when temporarilv incorporated

it the 1“!(."H!1:4'\'Hlm', whict o~ the case

formate 230 pe, u it

=pret

leukemia

with isotopic formate; at the levels

111134849

indicated has na profound
activity,

1‘\'?«»1(-\11'

Conclusions
siihe the
Tl gnded <tateent s

1. tuhaled o,

Oiood bicarbonute tairhs

T summary. e miehe

exelianges  with
EATesIVe N,
but by the =amie token > not retuined
in the body to anyv great extent. The
blood bicarbonate is turned over lurgely
in & matter of minutes.

2. Of the inhaled C'"Q. a small
amount is fixed in body tissues. The
turnover of this C" is dependent on
many metabolic processes. The turn-
over of C" from bicarbonate in the
bone is much slower than that in the
soft tissues.

3. After injection of 15 uc of CH-
bicarbonate into mice (a 30-me man-
equivalent), the body and the skeleton
as a whole receive greater than the
maximum pernussibie level of 005
r/day for only about 24 hours. How-
ever, certain areas in the bone are
receiving greater than this amount for
several months.

4. The carbonate niaery o0 BaC 0,
abzarbed in the lunes does not remain
ws such, but turns over very rapidly
by exehange with inactive CO. in the
moui=t atmosphere of the iunwes.

S. Fuairly high levels ia 50-me man-

equivalent of NalICHO e 4 Th0-me
man-equivalent of HC-*0ONa, have
<shown no effects on the partern of
deaths from spontanencs- euketun b

A <train miee, nere beow ke atons

ol e tange qetion heer YT H

Lot

weinnnEtration ol O3 g0 these letvels,

Much of the work describes herein was sup-
ported by grands from the Biviwyy wnd Medical
Divwion, Atomic Energy Commision.
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STUDIES ON THE HAZARD INVOLVED IN USE OF C

LONG-TERM BOXE RADIATION

Earlier studies demonstrated fhat at ene year after
administration of 1§ misreeuries of C* Mcarbenste to mise (8 0-millicuris
man-equivalent), the whole long bomes were receiviag sn average of sgpromi-

0.003 recuigen-oquivalent-physical dadly mthese
the average whele bewe radistion the suggested
marximum telerated radistion for man (0. 04 rep;/ duy) after several days, bt
mmmumwumm:-umuﬂ
and & eculd bo estimated that the aversge rodisiion in the "apiive wven”
| 90 0.0¢ rep/iny ot showt six menths after & single injection po of Wamc™o,.

Since sush shservations seemed rether pertinest to the
preblem of pessihle C* hasard, beth o the liboratery worker snd o putionts
injected with C*-labeled compounds which are degraded to carben dloxide, it
was considered worth waile to repeat these studies using higher levels of c™
and longer periods of observatioa.

EXPERIMENTAL

The techniques employed for injection of ch"o.. gas-
phase counting of bome activity, preparation of bone autoradiegrams, and
calculation of the radiatien received by the "active area™ of the bens have
already been described (1). In the present experiments adult, 3-moath-¢ld
mice of the CFW strain were employesd. All mice were injected intraperitons
with 100 pe of NaCO, and single animals were sacrificed st periods wp to
32 months. A femur and a humerws frem sash moeuse were wsually enidised

for total C* assay and corresponding benes were autoradiogrammed ea Ne-
Screen X-ray film,

It is pertinent to mention that the gas-phase counting system
wag«mmmuu‘m“nmm
of tandards

Beta-ray Standard and shown to be in agreement withia 4% e
an absolute basis.

A comparisen of the sariler data (1) with the presemt
observations regarding the specifie sctivities of bome st extended periods sfter
a single injection of NaHC™O, are presented in Table L

Using auntoradiograms prepared from boass cdtained in these

experiments the "active areas’” were measured and the active volumes
calculated (1). Based en total activity determinations in eorrespending benes
in the same mouse, calculations have besa made with regard to 1 108l ASMYINY
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in 6 nm.ol "active” bone and the degree of radiation (roentgen-equivalenat
physical per day) in the "active” bens. These values are summarised aleng
with previsusly obtained data fn Table Il snd are pletted in Pigure 1.

DISC USAION
Rmhouatnnt&hhm“h I that the
mm«mu—mmm\m drop

ot 13 menths the activity is Mlﬂ(ﬁﬂ
pe/mele of carbom, ca., 1% of the bone spesific activity st sas week). The

Afver injostion of 100 ye (cmn!m:‘r!onu—oqdulm)

Mwmwum the ratiation being received hy the
mmdthMb“uu-“-WWMm
rep

»
This should not be considered as evidence that C ia a
particularly hasardous isotope since it is difficult 10 visualize accidental

mam-ouummcosmmwuum;uum.mdc for
specially authorised human experimentation (in the case of compounds in whick
the bological fute of the carben fsotope is s Are Bot excessive.

SUMMARY

) »n
1. Sudies of the retention of C from C -bicarbonate In
the bones of mice have beon carried over a period of 22 months.

3. Fellowing injection of 100 pe/25 gram mouse (a 380 mc
man-equivalent) the radiation level in the meat active portion of the boaes
remaing shove the maxtwmum felersted level for man (0. 04 rep/day) for
approximately one year.
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Table 1

Comparison of Specific Activities of Long Bones from
Mise Injected with NaBC''0, Over Extended Perieds

Sipper, Nelan and
New Data JBC 189, 189, 1981
Djection Bess  Adtvig ¥ Beas Aetivity &
1wk Femar 1.0 Femur 1.8
. Rumsrns l.!
2wk Femur 1.8 Femur 1.5
1 me Foamwr 1.0 Fomur .6
Humaerss 6.8
4 mo Femur 0.% Fexur 0.3
Rumerus 0.0
¢ mo Femur 0.6
Femur 0.5
8 mo - Femaur 9.5 Femur 0.4
Bumerus 0.3
12 mo Tibia 0.18 Femur 0.18
Humerus 9.15
17 me Composite bouic) 0.03
22 mo Composite bond® 0.02

(a) Speeific activity tn pe/maole of carbon,

(b) Specific activity ta ps/mole of carboa, cerrected for comparises
with sew data by muitiplying by 5.8 (18 pec of NaRC0, injected
whareas 100 pa was wsed in the new experiments).

(c) Since the activities of bone after one year roached the limit
of statistically siguificant counting, long bounes were
uaed to provide larger samples for C* assay.

SOUTHERN RESEARCH INSTITUTE
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cm-wmumnrnqw'w Velume
of Dene st Perieds After

.‘.

Table I1

Period
1wk

8wk

1 mo

8 mo
12 mo
17T mo
22 mo

Note:

Radistien Recelved by
Boae "Active” Bons (rep/day)

Pemur 6.0
Bumerus 0.4

Yemur 6.2
HEumerus 0.3

Yomur 0.14
Humerus 0.17

Femur 0.2

Femur 0.3

Femur E‘l
Rumerus 6.08
NHunerus 0.08

Tisia and humerus 9. 008
Composite bone 0.00%

Underlined values taken from

sartior date (JBC 488, 1861)
udeomchdfer erance in tetal

C™ injected by multiplying iy 5.5,
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»
TRACER STUDIES WITH C -LABELED FOLIC ACID IN MICE
BEARING A-METHOPTERIN SUSCEPTIBLE AND RESISTANT

STRADIS OF L1210 LEVREMIA

The preset evidence suggests that felie asid (FA) is the
precurser of tetrahydrelormyiptereyigiutamis asid (eitroverum facter), &

%o do with wnit trensfers, Geee
cosusyms having M-c:rhl aotshly

Reactions pesalhly invelved may be depisted as Sellews:

s > Msthionine
B = P
FA — CF'\N‘?__- — — Serine

&J > w
BB - Building BRlocks

»
A-Methopterin (4-amino-N -methylpteroyligiutamic acid) is an antagonist
for folic acid or eitreverum facter and has been showa to iakibit conversion
of folic acid to citrovorum facter (1).

Law has doveloped by treated transplantation s strefn of
L1310 leukemia which is dependeni en A-metheptorin for eptimal grewth (%)
The original strain of 1.1310 leukemia is susceptible to A-methopterin as has
boon repoctedly demenstreiod by lifo-apen 2od Jocal lnkemis tomar mass
growih experiments,

R has boon reperted that A profoundly inhihits
"de nove” mmeleic acid synthesis (as measured by C* -lormate inserperation)
in L1210 A-methopterin sensitive louhemia (1.1210-8) but mere than doubies

the rate of nucleic acid synthesis of the L1210-A-methopteria dependent
(1.1210-D) strain (3).

BOUTHENR RESEARSH INSTITUTE
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Several pessible mechanisms have been suggested o
explain A-methopterin resistance in leukemic ceolls;

(1) The transfermed lowkemie oolls have sogired

the abliity te convert PGA sntagenists inte
PGA or citreverum faster.

(3) The variant eells have soguired the »
esmvert A-sistheplieris to s compound otm bo
utilised in Diochemisal reaction ta Meu of PGA.

(3) The resisient vavianis heve e DMy
ts aynlbnsise iy ool POA o €F & have
exceptional ahility to ecavert POA te CF and
tims preduce suffisient CY % ovaresme esellular
levels of A-mothapterin.

(4) The resistant cells employ alternative metabolic
pathways in purine, thymine, and amino acid synthesis.

(3) The resistant or dependsnt colls possess

with altered and tighter
of the metabelite (PGA) and ability to
reject the amtagonist.

(6) The drug dependent cells preduce sn excess of
the metasbolite or a dertvative thereef which in
itsell bocomes inkibitery, thus the antagenist

reduces the sn:zymatic sctivity to a mare aermal
level stimulating growth.

The prastical impertance of this preblem stems freom the
fact that A-methopterin, the best available temporary anti-leukemic agent
in man, finally fails, probebly bocanse of & chamisel selostion of
lovkemic cells. XKnowledge of the Mochemistry of the resistant mutant {s
required before logical aitempts toward simultamesusly destraying the sensitive
and the resistant loukemie eells is pessihile.

SOUTHERN RESEASEN MSTITUTE
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The present clrort has beea directed toward measuring the
levels of C from folic acid-2-C* in normal tissues and susceptible and
dopendent leukemic tumor masses i mice, some of which had Deen treated with
A-methopteria befors or after injection of C¥-folic aeld.

EXPERIMENTAL

'rutou-uu-:-c used fn this study was y
Waygand, Mann, and Simen (4) and was {selated in erystalitne by motis
of paper chromatography. This material had a specific activity of 1.7 e mg
and was injected inte miee at levels of about 0. 08 mg which contained :
mately 0.00 10 0. 1 ue per mouss. Wo are well aware of the fact it s Is
on waphysiclagis dese of folis asid, dut the specific activity of e Nbeled
material and the limits of detection in tissue, dictated the injection level.

Mise (dba) were inseulated subeutancensly wilh lovhemia
L1210-8 and 1.1210-D leukemias and after 6 or ¥ dm“uomo were treated

with A-methopterin prior to injection of folic acid-2-C After § or 24 hours
the animals were sacrificed and certain tissues and the lukcnu tumor masses
wers ucmdmmuwmm-ummwum
prior to counting in a gas phase Geiger counter (5). Results obtained aleng
with details of the experimental conditiens are presested in Table L

In view of the similarity of the pteridine nucleus of folic
acid to the purine mucleus of nucleic acids;

it vas sonsidered weorth while to determine if the labeled stom of folie uid-:-c
was iacorporated inte mcleis aseids of mice to any considersble extent.

SOUTHERN RESEARCH INSTITUTE
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In these experiments C“ folic acid was injected inte mice
at & level of 0.1 pc/day on three successive days and the mice were sacrificed
at § hours after he last injection. The visceral mmcleic acids were iselated
s combined muclels sside (CHA) and assayed for astivity, The CHA specific
activity ia twe sush experiments was < 0,08 and < 0.03 pe per mele of carben

I cae assumed that the activity ehserved ia the variows
antmal tissuss i3 due o free and bound felic acid and eltroverum facter (and
oot seme Sogrodation predust of he S-carben stom of the labeled compound)
the following statements could be made with regards to the presest experiments;

1. The majer pestinn of the lebeled felie acid
injected was rather rapidly excreted in the urine.

2. There is definite concentration of folic acid
carbea ia the liver (liver acttvity 14-37 times that
of serum).

3. A-Methopterin profoundly inhibits incorporatioa
of folic acid into the liver, small intestine,
and leskemic tumors (either A-methopteria
susceptible or dependent).

4. Volie acid incorporation into A-methopterin
susceptible L1210 leukemic cells and A-methopterin
dependent 1.1210 loukemic cells i{s of the same order.

)

The higher incerperation of C mmuwum
to the intestine suggests that the labeled carbon atom of the C  -folic acid is
not execsstvaly dagraded te C'-formate or C''0, staee extonsive studies have
shown that C™ frem these two compoeunds {s incorporated inte the CNA
of the {ntestine much more extensively than into the liver.

SOUTHERN RESEARCH INSTITUTE
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Treatment
w of Bupt.

Tumors 1

é
Liver
Sm. Intestine
Urine

Leukemia
Treatment

Period of Expt.

I
The Effects of A-Methopterin en Tissue C C Following
Administration of Felis Acid-3
(a)
Speeifis Activities
LINU- TININ- |
L1210-8 L1310-3 A-Meth-D A-Meth-D
Nene A-Meth None A-Meth
‘N ¢ ter ¢
.00 No Act, 0.043 8.01&
0.032 No Act. 0.08% 0.020 |
0.620 0.066 0. 408 0.0¢%8
0. 083 0.02¢ 0. 680 <o.01 |
71.3 ¢0.0 63.0 5.12 ‘
L1210- L1310-
L1310-8 L1210-8 A-Meth-D A-Meth-D
Nome A-Meth "~ None A-Meth
4 nr 24 mr 24 Hr 24 Hr
0. 069 <0,01 0.084 0.019
.M <o 01 .002 <e.01
0. 6851 0.041 0.445 0.03¢
0. 208 0.021 0.143 0.013
11.¢ 36.1 2.17 4.7}

Note: In the above experiments when A-methopterin was
administered, it was given IP at 2.) mg kg on
1,3,5, and ¥ days subsequent to lewkemic inoculation
and CH-folic was given IP tmmedintely after the
A-metaopteri: injection on the Tth day.

(a) Specific activities in pc/mole of C.

SOUTHERN RESEARCH ISTITUTE
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L1210- L1310-
Leukemia 1.1210-8 L1210-8 A-Meth-D A-Meth-D
Treatment Nome A-Meth Neune A-Meth
Peried of Bxpt. Mur MU ur M Er MU ur
Samples A
Tumors 1 0.103 0.084 0.048 0.040
3 0.19% 0.088 0.158 0. 087
Liver L 0. 47 0. 048 tz J
. Stootine o. 108 0. 08 6. 208 |
Ssrum 0.030 0.033 <0.04 <e.02
Adrenals <0.10 <0.8 <0.04 <0.08
Kidnays 0. 904 0.12%¢ 0.278 0. 203
Note: In the above experiments whea A-methopterin was L
administered, it was given on the éth, and §th f
days after leuhomis transplantation snd C™ -folic aeid
was given 1 hour before each A-m injection
(non-trested contrels 'cr:trm -loun asid on the
4th, S5th, and Gth
terminated at 14 hms after the last —fouc acid
injection. !
SUMMARY

1. The majer pertien of the 3-labeled folie asid injosted
inte mice is rather rapidly excreted in the urine.

2. Mh“ﬁn&hmaﬁn&admc“m 3-labeled |
folic acid in the livers of mice.

3. Aummmpm«unymmumc lovel {from
C -labeled folie asid) in the livers, small {ntestines and lowhemic tumers
(either A-methopterin suseeptidle or A-methepteria dependent).

Y
4. The C content of A-methopterin susceptible 1.1210
leukemic tumors and the A-methopterin L1210 dependent L.1310 leukemic tumors
is the same order at § and 34 hours after injection of 2-labeled folie acid,

9. Preliminary experimesnts suggest that the pteridine
moiety of folic acid acammot be considered a precursor of nucleic acid purines.

SQUTHERN RESEANCH INSTITUTE
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AUTORADIOGRAMS OF DRCSCPHILA CHROMOSOMES

Brief mention has been made in past progress reports of the
development of procedures which would allow for tracer studies on the chromo-
some level. The ressons for interest in chromosome imcorporation of mscleic
acid and amino acid precursers and the "in vivo"' reactien of alkylating ageats
such as the mustards and ethylene imines with chromosomes have been pointed
out.

Development of such techniques turned out to be more
difficult than anticipated, but procedures have now been worked out whish seexn
to be satisfactory. The procedure entails smashing of salivary gland chreme-
somes from Drosophila larva en s slide, immediately sealing the chromosomes
under a cover glass with paraffin and later removing the cover glass by the dry-
ice technique. The chromosome preparatien is them eovered with stripping
film in the dark and placed in the cold for development of the asteradiogram,

e o o

It is possible then to develop the stripping film without destroying the merpholo-

| gic integrity of the chromosome or removing the stain,

Generally, the steps are as follows:
1. Drosophila are grown on banana agar.

2. When the larva have crawled up the side of the culture
flask the salivary glands are dissected out in saline.

3. The glands are then transferred to 1 N HC1 for

approximately one minute.

4. The glands are then placed on a slide coated with a
thin f{lm of albumin and stained with aceto-orcein.

3. A cover slip is applied and the glands are smashed by
pressing with the thumb and stroking with a bluat tnstrument.

6. The edges are temporarily sealed with a vaseline-
paraffin,

7. The slides are then taken to a dark room where the
cover slip is remove. after free:ing the slide on dry ice (flipped off with
razor blade inserted under one edge of cover slip).

£, Stripping film is {loated on water, allowed to expand
and picked up with the slide, dried for about 10 minutes and placed in a dark

SOUTHERN RESEARCH INSTITUTE
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box containing a dessicant. The box of stripping film coated slides is <ept {n

the refrigerator during the development of the stripping film to prevent
degradation of the chromosome and the development of latent Lmage.

9. The fllm is developed in full strength D-19 for
$-10 minutes, washed {n water, cleared with acid hypo, and washed for 20-25
minutes in gently flowing water., Whexn the film is dried the excess fllm ea
the back of the slide is scraped off and permanent meunt is made,

We have been through this procedure many times now and
are sure that the morphology of the chromosomes is maintained and that the
chromosemses do not cause "chemisal-fogging” of the film.

Experiments are now under way using radioactive materials
in the media on which larva are grown ia first attempts at producing auto-
radiograms. It is probable that nucleic acid precursors incorporated into !
! the cytoplasmic RNA will provide confusing background, but further refinemens
| of the procedure might minimize this Jdifficulty. !

i
i
H

Submitted by

PV 7 Ry l!

“artelia Bell K

; L;nda Simpson 7 ’

Birmingham, .ilaba~ra )
i April a‘.i, 1933 “
15 6-1z1-1vn "
ed (4) - "
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STANDARD FORM NO. 84

Oﬁice Memomndzmz « UNITED STATES GOVERNMENT

TO : Jo Wallace Ould, Jr., Assistant General Couns=1 DATE: April 29, 1952
FROM : R, G, Humphries, Acting Director, Contrzct Division

SUBJECT:  REQULST FOR RENEWAL OF CONTRACT AT-(LO~1)-1038 - SOUTHERN RESEARCH
INSTITUTE

SYMBOL:  DC:RGH

-

Forwarded is =2n azcroved proposal for the sxtension of subject
contract for ancther year beginning July 1, 1952. This approval
action is covered by Procurement Directive HM-52-20L4 dated

April 10, 1952, in the amount of $15,098.00. The contractor has
reported taat there will be no availzhle halance for partial Sindirg
of the new period,

Accordingly, it is requested that you prepare an appropriate modifi-
cation %o continus *iis contract for another zear on *the “asis
outlined in the Contrzetsrts croncs:l st s level of $15,098,00.

Dr. Ce S. Shoup will act as technical advisor on this contract

@ﬁ: ) A -,___,‘

= T )
e e
ReGe Hunpliiries

Enclosures:
1. Me=o “m Kasschau 1-17-52

- -

P 1
2e Memo fm Toloert L=-10-52
.3. '\*"'r:~$‘--~'? R |
- e - S - -t = W e

CC: Dr. C. S. Shoup
Ire 44 A, Tor-zri
Mr. Bd, Ziegler
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STANDARD FORM NO. 64

Oﬂice Memomndzzm e UNITED STATES GOVERNMENT

TO John R, Moore, Director, Contract Division DATE  April 17, 1952
FROM Kenneth Kasschau, Director of Research and Medicine

SUBJECT  RENEWAL OF CONTRACT NO, AT=(LO=1)=1C38 - SOUTHERN RESEARCH
INSTITUTE

SYMBOL: QR:AMC

We are enclosing a memorandum dated April 10, 1952, from the

Division of Biology and Medicine, Washington, authorising the
renewal of the subject contract for one year, beginning July 1,
1952,

We would appreciste your preparing a medification te this ocemtract,
DPr. C. S. Shoup will act as technical adwvisér:for this affice,

enretl¥ Xass A

Znclosures:

1, Memo dtd L=10-52 fm NET to KX

2, Ltr dtd 4-10-52 fa NET to HES

3¢ Procurement Directive .
Lo Status Bpt No, 13 T

Be Proposal j T~ .
Corlsy:oc , s 7‘-"/ J N
e '
Vi /[f‘) 5’} ~” @ ;
j - ,J’ < 3e '
f(/‘l (//'/.f * }s
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UNITED STATES ATOMIC ENERAY COMMISSION
DIVISION OF BIOLOGY AND MEDICINE
RASHINGTON, D. C.

DATE:
10 . Or. ILenaevh nasschau, Jirscior, Cflise
of lesearcu o wedicine, Calk u__;s G
FROM =U. E. ;o¢~e ;, ~lOuA€ 1s3, d‘u‘o S LT,

S

fmr 57 adicin

SUBJECT: ‘anNSI}rfAL or ttssAncu PIOPOSAL FOR CONTlACT NEGOTIATION

S8YMBOL : 5MBt NET

This letter with enclosures, in triplicate, is sent in
accordance with the procedure described in a letter from

the General Manager to all Managers of Operations dated
January 27, 1949. )

1. Iastitution: Southern Research Institute
2. Imvestigatok (s): Dr. Howard E. Skipper

3. Title; Cody Reteution of Carbon-l4

( ) New Contract or (X Renewal of Coatract No.

“a G W

Recoumended Support: 315,098, includes 8% overhead

Authorized by Procurement Directive No._ C-—-<=204

Duration - From: July 1, 1952 To: June 30, 1943

AT(40-1)-1038

AEC Technmical Supervision: Division of ciology and ledicine

Issued aps o ) 1982 $ 15,098,00

Activity No. 5400

8. Other Comsents:

718 nas Leen approved at 15,090 railer than “he a-

E= R

sunt

reguested, as tiere was an error in the calculastion of

the 8o overhead,



8. Cosaeats (Continued)

9. Security Requiresents:

In accordance with the provisions of GM-93 (Revised March,
1950), and the requirements of the Declassification Guide,
the Division of Biology and Medicine has determined that
the following security precautions should be taken in con-
nection with the proposed research contract.

Since there is essentially zero chance that restricted data
may be required or developed, no personnel security requirements
should be imposed.

10. Reports: ( Reports are to be required as provided for by
Memorandum Instruction of November 9, 1949,
on subject “Direct Research Contract Reports’'.

( ) Special Reports Instructions are as follows:

Enclosures: x) “A” - Proposal, dated
t2 “B” . Notification letter, dated :
“C' - Other correspondence, letters

(x) "“D" - Procurement Directive Du=52-204
Distributfon:

Addressee: Original (w encl.) Division File: Yellow Copy (w encl.)
1st Copy (" ') Pink Copy (w/o encl.)
2nd Copy (" ") Green Copy ( * ")

Prograa Amalysis Brasch File: White Copy (w " )

Branch: White Copy (w/o encl.)
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APR 1 v 1952

Dr. Bowverd B. &xipper
Assisteat Pirester
Southern Resesresh Institute

Mruisghen {, Aladema
Beer Dester Skippews

We are glad to inform you that we have reviswed your request

fer renswal of your eantrast eatitled, "Bedy Retembiem of
Carbon-14,® end that we sre rescamsmding to the Gak Ridge Operstimme
Offies that the comtraet be renewed for another ysar., Ve hope thet
you will be able to make comtinued progress on this project.

Jou may expest to hear frem the Gak Ridge Opsratiems Offiee withia
the near future regarding renewval of this contrast.

Sineerely yowrs,

N, Edvard Tolbexrt
Biochemist, Biclogy Braach
Divisioa of Biology and Medisine

N
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FOR
RENEWAL OF CONTRACT NQ. AT-(40-1)-1038
ON

BODY RETENTION OF CARBON 14

SOUTHERN RESEARCH INSTITUTE
BIRMINGHAM, ALABAMA

FEBRUARY 21, 1952
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BODY RETENTION OF CARBON 14

During the past year, data having to do with C!* retention and turnover

have been or will be published shortly under the following titles:

1.

Studies on the Hazard Involved in the Use of C'*, TIII. Long-Term
Retention in Bone. Skipper, Nolan, and Simpson, J. Biol. Chem,
189, 159, 1951.

Preferential Incorporation of Formate Carbon into Leukemic Blood
Cells as Indicated by Autoradiography. Skipper, Chapman, Boyd,
Riser, and Bell, Proc. Soc. Exper. Biol. Med. 77, 849, 1951,
Studies on the Hazard Involved in Use of Carbon 14. Howard E.
Skipper, Nucleonics _1_9 40, 1952.

Further Studies on Formate Incorporation by Leukemic Blood Cells.
Skipper, Chapman, and Bell, Proc. Soc. Exper. Biol. Med. 178,
787, 1951.

The Failure of C*-Formate to Affect the Course of Mouse Leukemia.
Skipper, Bell, and Chapman, Cancer Research, in press.

A reinvestigation of the long-term retention of C'* from bicarbonate

carbon in bone and radiation calculations on dosages being received by the

"active volume" of bones is under way. Excellent confirmation of previously

reported results has been obtained up to one year after a single injection of

100 pc of NaHC 0.

The effects of high levels of C'*-formate (100-250 microcuries) on

the development of spontaneous leukemia in Akm mice, on the life span of mice

with Ak-4 leukemia, and on hematopoiesis in leukemic mice (Ak-4) have been



RNV,

investigated. Results obtained suggest that these levels (280-750 millicurie
man-equivalents) have no detectable effects under the conditions employed.

Extension of our studies on retention of C'* from various organic
compounds has been possible. Data are now available on distribution and
excretion of C'* from: methyl-labeled nitrogen mustard, ring-labeled tri-
ethylene melamine, 2, 6-diaminop11rine-2-C“, 8-azaguanine-2-C!, carbonyl-
labeled urethan, methylene-labeled urethan, formate, and urea. Limited data
are available on C'*-formyl folic acid and labeled guanidine.

Effort has been made to learn more about tissue localization of C!*
from labeled formate and to develop techniques which will assist in studying

localization of 1sotopic carbon on a cellular level,

PROPOSED PROGRAM

It is proposed that in our future efforts to gain information on the
problem of Cc'-hazard, the following lines of endeavor will be emphasized:

1. Continuation of the present investigation on long-term retention
of bicarbonate carbon in bone and more particularly the localization in bone
shaft and the radiation dosages received by areas of localization.

2. Extension of data on localization in areas of soft tissue having
rapid mitotic and metabolic activity (tissue autoradiogram studies).

3. Attempt to extend knowledge of C'*-localization on a cellular
level. Using giant cells of the salivary gland of Drosophila, it is planned to
attempt microautoradiograms (following administration of cH compounds) to

determine localization in cell nuclei, chromosomes, nucleoli, and cytoplasmic



elements. See Figures 1 and 2 showing the smashed chromosomes of Drosophila
(under oil) and the salivary gland cell nuclei showing chromosomes and nucleoli
under lower magnification.

4. It is hoped that information on cellular distribution of c* from
radiomimetic compounds such as nitrogen mustard, triethylehe melamine, and
urethan will provide results of value from the standpoint of radiation biology.
Consideration of the similarity of cytologic effects of the above agents and

ionizing radiation will be taken into account in interpretation of data obtained.
BUDGET

A. Unexpended balance of contracted funds on January 31, 1952,

$5, 222, 82.

B. It is anticipated that these funds will be expended by the end of
the contract period, July 1, 1952.

C. During the period of 1950-1951 while efforts were largely devoted
to long-term bone work, it was possible to conserve $6, 979 of the contracted
sum which was carried over with a request for a reduction of our 1951-1952
budget.

D. The work planned for the coming year (1952-1953) includes, in
addition to continuation of prior efforts, developmental work on techniques for
microautoradiography on a chromosome level. This will require a slightly
larger budget than for the past year.

E. A detailed estimate of costs involved in carrying out the proposed

research program is outlined below:

RRRRYE:



One Year (July 1, 1952-June 30, 1953)

(1) Salaries
Biochemist (part time) $ 4,500
Biologist (full time) 3, 000
Biologist (full time) 3, 200
Physicist (part time) 2,000
(2) Contribution to employees'
retirement fund 430
(3) Radioactive compounds 300

(4) Glassware and animals
(5) Travel

(6) Overhead (8%)

The contractor will furnish as its contribution to the project:

(1) Use of laboratory work space and equipment and facilities on

hand.

(2) Clerical and administrative expenses and other general and

administrative type costs in excess of the overhead allowance (8%).

ez
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BODY RETENTION OF CARBON 14

It has been pointed out in previous progress reports that with the
information now available on retention of C** from inhaled C'*0Q, (Brues and
Buchanan) and aerosols of BaC'*0O, (Southern Research Institute and California)
and the long-term turnover studies of bicarbonate carbon in soft tissues and
bone (SRI), it now becomes important to obtain more detailed information on
areas of localization and slow turnover. This information should be gathered
in such a way as to make possible radiation calculations regarding dosages
received by areas of body tissues, particularly in the bone and possibly also
in cellular areas known to be affected by ionizing radiation. It is also important
to learn more about the carcinogenic action of C”, if any, particularly at levels
allowed in human experimentation and ranging downward to levels unavoidably
inhaled or imbibed by laboratory workers employing this useful isotope. Finally,
it seems important to learn more about the retention of C!* from a large spectrum
of organic campounds in view of the increasing desire of clinicians to use C**-
labeled compounds in humans.

Our efforts during the past nine months have been directed toward

gaining information on the above-mentioned problems.

ARERYA



Long-Term Retention of C'* 1n Bone

(and Localization in Bone Areas)

In an initial series of studies, NaHCO, was injected into adult mice at
a level of 18 microcuries (}JC) and bone specific activities and total activities were
determined over periods up to 13 months (J. Biol. Chem. 189, 159, 1951). Auto-
radiograms of long bones from these mice indicated that after a few weeks the
remaining C' was localized in the shaft (probably because of a slower turnover of
carbonate carbon). Using these autoradiograms and knowledge of the total activity
retained in corresponding long bones, it was possible to estimate the radiation
(in r.e.p. per day) received by the bone cells in the "active a;'ea. " It appeared
that the "active area" of the bone shaft of mice injected with 18 yc NaHC'0,

(a 50 mc man-equivalent) was receiving about 0.04 r.e.p. /day at five to six
months after the single injection.

In view of the possible importance of such estimates to the problem of
C*-hazard, it was decided to repeat these experiments using higher levels of
C*-bicarbonate. A group of adult CFW strain mice was injected with 100 pc each
of C*-bicarbanate and have been sacrificed as indicated in Table I. A femur and
humerus were taken from each animal for oxidation and aétivity assay in a gas-
phase counting apparatus which has been calibrated against a Bureau of Standards
BaC'?0, standard and shown to give results extremely close to the absolute c'
content. Corresponding bones have been fixed in alcohol, embedded in plastic,
ground down to provide the desired section, and autoradiographed on No-Screen
x-ray film. Results obtained to date are recorded in Table I. Previously reported
data are included (with the necessary correction because of different doses) for

REREYA

comparison.



Table [

Calculations on Radiation Received by "Active' Bone

at Periods after a Single Injection of C'*-Bicarbonate (100 }c)

Average Radiation in
""Active' Bone (r.e.p./day)

Specific Activity New J.B.C. 189,1
Period Bone (ycfmole C) Data 159, 1951
1 week Femur 1.47 0.6
Humerus 1.17 0.4
2 weeks Femur 1.5 0.88
1 month Femur 0.97 0.2
' Humerus 0.82 0.2
4 months Femur 0.54 0.14
Humerus 0.54 0.17
6 months Femur 0. 55! 0.21
6 months Femur 0.49 0.20
6 months Femur 0.44 0.17
8 months Femur 0.50
Humerus 0.30 0.08
12 months Tibia 0.18 on x-ray
Humerus 0.13 film
12 months Femur 0.15!

! These old values were corrected (x 5. 5) because of the differences

in C! injected (18 vs. 100 }xc) for comparison with the present

results.
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In addition, mice are still available which were injected with 100 AC
each of NaHC'*O, about 16 months ago. It is planned to sacri.f.ice these mice at
intervals of about four to six months. It is hoped that some will live greater
than two years. These animals will be used to extend the above data.

We are happy to be able to report the very good agreement of our

-

second series of experiments on turnover of C!* (in the "active area" of bone)

with earlier experiments. When one considers the steps involved in these rough

calculations which are based on carbon turnover up to one year in single animal

experiments, autoradiograms (active areas), and the more precise physical

measurement of absolute C'* content, such good agreement was not to be anticipated.
It is planned to attempt bone sectioning using a pressure system for

embedding and preparation of micro-autoradiograms on additional mice injected

with NaHC'*O, and perhaps on some of the >16-month old mice.

Tissue Micro-Autoradiograms

In our last progress report results were presented on C4¢-formate-
injected mice which showed the rapid uptake by tissue areas of most active
metabolic and mitotic activity (e.g., crypts of Lieberkllhn in the small intestine
and the basement membrane of the seminiferous tubules of the testes).

The Institute has purchased a freeze-drying apparatus to allow for

continuation of these studies. This equipment has now been assembled and is

ready for use.

RERRER



Cellular Autoradiography

From the standpoint of C!-hazard, it is possibly of interest to learn
whether following injection of C'*-labeled compounds, there is localization of
isotope in cellular sites thought to be of importance in genetic function (nuclei,
chromosomes). It is most assuredty of interest from the theoretical point of
view (and with relation to radiation biology) to learn whether certain radiomimetic
compounds such as nitrogen mustard, triethylene melamine, and urethan are
preferentially fixed in the chromosomes, nucleoli, or in cytoplasmic elements.

With these points in view, we have begun some studies on the distri-
bution of C“-nitrogen mustard in salivary gland cells of larvae from Drosophila
and smashed giant chromosome preparations from these cells. As soon as the
techniques have been worked out, the studies will be extended to C!*-triethylene
melamine and C!4-urethan both of which are radiomimetic (cause chromosome
breaks and are carcinogenic, etc.).

We are lead to believe that this is feasible by results obtained on
blood smear autoradiograms (Proc. Soc. Exper. Biol. Med. 11, 849, 1951,
Skipper, Chapman, Boyd, Riser, and Bell). In these studies with 10-15 micron
lymphocytes, very good autoradiograms were prepared. In the salivary gland
cells we have chromosomes of about 150 microns in length and several microns
between chromophylic bands (when stretched). These cells have nucleoli that

are 20-30 microns in diameter and nuclei of the order of 100 microns in

diameter.
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It has been stated that "the nucleus of the cell is the center for the
formation of protein, and thus for the primary growth process. This formation
takes place with the mediation of nucleic acids which are of ribodesose type in
the reproduction of the genes in the chromosome apparatus and of ribose type
in the formation of the large protein masses in the cytoplasm. ----proteins are
collected in the nucleolus and make_‘up its main mass. From the nucleolus, they
wander toward the nuclear membrane where with the mediation of ribose nucleic
acids there takes place the formation of cytoplasmic protein" (Caspersson and
Santesson, 1942). It is thought that the radiomimetic ethylene imines and nitrogen
mustard because of their extremely active side chains combine with cellular
proteins (nucleoproteins) and because these agents are bifunctional, there is
cross-linking resulting in chromosome breaks.

If the discussed techniques can be made sensitive enough (and from the
above this seems likely), useful information can almost certainly be obtained.

It is planned to determine whether any of a large number of C!*-labeled
compounds available in this laboratory can be observed to localize in cellular
sites (i.e., C'0Q,, C'%-glycine, C4-urethan, C4-nitrogen mustard, C!-triethylene
melamine, C!*-8-azaguanine, C'*-2, 6-diaminopurine).

These investigations seem to be a logical sequel to overall distribution
and turnover studies in animals and tissue localization studies using autoradio-
graphy.

It is hoped that positive information on this subject will be available

for our next progress report,
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Formate Incorporation by Blood Cells

The details of a study on the incorporation of C*-formate into blood
cells of leukemic mice are presented in the enclosed reprint (Further Studies
on Formate Incorporation by Leukemic Blood Cells, Skipper, Chapman, and

Bell, Proc. Soc. Exper. Biol. Med. 78, 786, 1951).

Formate Turnover in Mouse Tissues

Results of some rather extensive effort on the turnover of C! from
labeled formate in normal and neoplastic mice and rats are almost completed.
This work carried out in cooperation with Dr. C. C. Stock of Sloan-Kettering
Institute is in preparation for publication and will be included in the next

progress report.

Submitted by

Howard

Birmingham, Alabama
February 21, 1952
1214-121-X111
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Reprintea from PROCEZDINGS OF THE SOCTETY ror EXPER(MENTAL BIOLOGY AND Mepicive,

1051 7

i<

TNTTNN

Further Studies on Formate lnco;gc;;ation by Leukemic Blood Cells.®
(L )

Howarp E. SKIPPER, JUaNITA B. CHaPMAN, anND MARTELIA BELL.

From the Biochemistry Division. Southern Research, Institute, Birmingham, Ala.

It has been obzerved that at one hour after
injection of Co-formate into e withoad-
vanced Ak-4 leukemia. the creater portinn of
the leukemic prolymphocytes give positive
autoradiocrams on nuclear track emulsion
while very few normai-appearing iymphocytes
and practically none of the pulymorphonu-
clears or ervthrocvtes are positive(l). Two
preliminary explanations of these results were
considered: (ar that the CHi-furmate was in-
corporated durinz the anabolic phases of cell
division and that the leukemic cells were
dividing very ranidly as compared to normal
cells. or (b) that Lhe formed leukemic cells
were metabollzl mere sapidle
than were normal blood elements. The pres-
ent study was designed to obtain information
which mizht shed licht on this question. In
these experiments, leukemic blood has been
expased to CP-formate awayv from sites of

T \‘—\

hematopuiesis  fur  subsequent  autoradio-
graphic examination.
Experimental. Blood was aspirated from

* This work was supported by grants from the
National Cancer Institute. of the National Institutes
of Health, Public Health Service. and the Biology
and Medicine Division of the Atomic Energy Com-
mission,

the heart of Akm mice with advanced trans-
planted Ak-4 leakemia a rather acute Lo
phmd strainy.  Thiz blood was heparinized
and placed in a small cellophane bag which
was then introduced throuch an incizinn into
the abdominal  cavity  of leukemic mice
(Ak-4). These mice (with leukemic blood-
containing cellophane bags) were injected
IP. with 100 microcuries of CM-formate.
After one hour. the mice were zacrificed and
blood smear autoradiograms were prepared on
cardiac and celluphane-bag blood after each
had been washed twice with inactive sera. The
details of the procedure emploved in making
the cutoradiosrams huve been presentedoly,
A number of blood smears on NTB plates
(10 u emulsion thickness) were made on each
sample.  The plites were developed for 2 or
20 minutes after exposure periods in the dark
from 1 to 10 weeks. All of the NTB
plates were examined under the microscope
and a hundred or more cells on each were
classified as grosslv positive or negative. The
results of these experiments are summarized
in Table I.

Discussion. The white blood counts on the
leukemic host animals in Exp. No. 1 and 2
were 7.500 and 34 .800. respectively. somewhat
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FoRMATE INCORPURATION

by Litvkesic CeELLs

TALLL L~ \ REERTI PPN Do B 1
1 .
Foaae Fen ' I Frosin -
1 ol 1o 1o ar sl o1 AR F
Cellophane bag 5ol 1.4 62 1 3N G200
2 e 12 240 2 a7 1o S o214
Cy anhmeblg 3,120 2.3 62,134 id 0,235 ]

In Ltp 1. the dun' rosup plung the bag blood md rlu huit animal were in the hnh leug=mie

day. Mice used in Exp. 2 were in the sixth leukemie day.

lxi(‘ked fields,

All eells in each field were classified as positive

Cells were counted in muny rand miy
or negative. Two ols-rrers

countod el &Tule with pathier graod renrodueibility,

lower than animals used in earlier experiments
(1). The values of 51 and 56 positive
large Jvmphocytes plus prolymphocytes (cells
larger than 10 u in diameter) in the “host”
mice are lower than the 909 positive pro-
lymphocytes previously reported on cardiac
blood in leukemic mice.

The per cent positive larze lvmphocytes and
prolymphocytes in the cellophane bag blood
was only slightly less than observed in cardiac
blood from the ~host” mice. This would seem
to sgzzest that the ;wr-vvnm'*
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kemic cells. It seems unlikely that blood cells
immobilized in a cellophane bag in the ab-
dominal cavity of a mouse are proliierating
as rapidly as peripheral blood cell precursors:
however. this possibility cannot be excluded
by the present results.

Summarx. Experiments have been carried
out which demonstrate that leukemic cells
immobilized in a cellophane bag implanted in
the abdominal cavity of a host mouse incor-
porate C'*-formate much more rapidly than
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BODY RETENTION OF CARBON 14

SUMMARY

1. Our initial studies on the long-term retention of C'* with particular
attention to bone shaft have been summarized in a paper appearing in the Journal
of Biological Chemistry 18-, 15.-166, 1:51. Using higher levels of NaHCOQ,,
we are now in the process of carrying out experiments designed to provide
information on the degree of radiation being received by areas in the bone over

more extended periods. It is planned to employ microscopic autoradiograms

éto further refine the results obtained.
!
1

2. To date, we have observed no indication that 250 pc of C-formate

4 3.

(a 700 millicurie man-equivalent) given to leukemia susceptible mice affects the
|pattern of onset of spontaneous leukemia. Formate is a well-known precursor
of carbon atoms in nucleic acid moieties.

Extensive studies on the distribution of formate carbon in normal

{and neoplastic mice are in progress. The status of this effort is described.

script.

5.

4. The preferential incorporation of formate carbon into leukemic

blood cells as indicated by autoradiography is described in an enclosed manu-

The failure of C*-formate (at levels of 100-200 pc per mouse) to

iaffect the course of transplanted leukemia or to inhibit leukemic hematopoiesis

]
1is described.

p
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BODY RETENTION OF CARBON 14

I. Long-Term Retention of C! with Particular Attention to Bone Shaft

A paper entitled, "Studies on the hazard involved in use of C.

OI. Long-term retention in bone'" by Skipper, Nolan, and Simpson has been
published in the Journal of Biological Chemistry 189, 15{-166, 1i51. Reprints
will be forwarded to the sponsor as soon as they become available.

As was mentioned in our last status report, additional experiments
are under way in which mice have been given single doses of 100 microcuries
(pc) of NaHC“OS for the purpose of following long bone activities and carbon 14
distribution (by autoradiography). The specific activities of the femurs and the
humeri of these mice at 24 hours, 1 week, 1 month, 4 months, 8 months,

12 months, 16 months, 20 months, 2 years, 2.3 years, 2.6 years, and 3 years
(if we can persuade mice to live that long) will be determined. From data on
the total activity in these bones, the integrated bone C* content over the period
in question, calculations on active areas in bone (as determined by autoradio-
grams), it will be possible to determine the average daily bone radiation

(in r.e.p.), as well as the average daily radiation in the most active areas of
the bone.

These new long-term experiments are now in their seventh month
and bone sections embedded in plastic {from the 24-hour to the 4-month

animals) are being exposed on No-Screen X-ray film.
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| . Effects of High Levels of HC'*OONa on the Pattern of Deaths from

Spontaneous Leukemia in Akm Mice

As was mentioned in our last progress report, paired litter mates of
the highly inbred Akm strain mice are being injected at monthly intervals with
active and non-active formate to determine if carbon 14 from this compound
will affect the pattern of spontaneous leukemia. The experimental group has
now been injected with a total of 250 microcuries per animal (5 monthly
injections of 50 pc). The mean age of death from spontaneous leukemia in our
line of this strain is about ¥ months. This experiment has been under way for

about 8 months now. Results to date are summarized in Table I.
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Table 1
The Pattern of Deaths from Lieukemia
(Akm mice injected with HC*OONa compared with
litter mate controls injected with non-radioactive formate)
Controls HC “OONa Injected
Age at . Age at
Animal Leukemic Animal Leukemic
No. Sex Litter Death (days) No. Sex Litter Death (days)
c789 F A 219  RAT89 F A
C790 F B 258 RAT90 F B
Cc791 F C 271 RAT91 F A 241
C792 F C 275 RAT92 F C 249
| C793 F D RAT93 F D 250
; C794 M A RAT94 M A
C795 M B 246 RAT95 M B
C796 M A 251 RA796 M C Died fighting®
@ C7587 M D RATO7 M D Died fighting
| Cc798 M D RAT98 M D  Died fighting
Cc799 F D 261 RAT99 M D
C800 F D 225 RAS00 M E Died tighting
C801 ¥ E RAS01 M E
] C802 F E RA802 M F Died fighting
| c803 F F 278 RAB03 M  F
tl ' Five animals were killed in the early phases of
this experiment before isolation of male mice.
SOUTHERN RESEARCH INSTITUTE
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Table II
Summary
Controls HC14OONa
Mortality data ) 8/15 3/10
Average age at leukemic death (days) 254 247
DISCUSSION

Unfortunately, five of the C**-formate mice were killed in fights in
the early phase of this experiment, but the remaining 15 controls and 10
C*_formate injected litter mates will allow for a statistically significant
comparison. To date, we have observed no indication that 250 pc of Cle-
formate (a 700 millicurie man-equivalent) given to leukemia-susceptible mice
in 50 pc increments (at 2.5, 3.5, 4.5, 5.5, 6.5 months of age) affects the

pattern of onset of spontaneous leukemia.
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| II. The Overall Distribution of Formate Carbon in Normal and

] Neoplastic Animals

In our Status Report No. 9, certain data were presented regarding
the distribution of formate carbon in normal and leukemic mice. These data
strongly suggest that we have observed successful competition by neoplastic
cells for formate carbon. In extension of these observations, mice with various
types of tumors have been injected with C*-formate and C'%-2, 6-diaminopurine

' and sacrificed for comparison of the specific activity of the small intestine

4 (the most active normal tissue) with the tumor. These studies are being

e

carried out in cooperation with Dr. C. Chester Stock of the Sloan -Kettering
Institute for Cancer Research. Table I shows experiments carried out to date

| in this comparison. Activity data are not yet available.
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Table 1

Formate Distribution Studies

Pl 1]

Dose
Animal No. Compound (pc/mouse) Type Tumor
1066-1067 2, 6-Diaminopurine .10 Sarcoma 180
1068-1069 HC!OONa 2 Sarcoma 180
1070-1071 2, 6-Diaminopurine 10 EOTT1
1072 HC"OONa 2 EOT771
1077-1078 2, 6-Diaminopurine 5 Bashford carcinoma 63
1079-1080 HCMOONa 1. Bashford carcinoma 63
1081 HC'OONa 2 Ridgway osteogenic sarcoma
1082-1083 2, 6-Diaminopurine 2 Ridgway osteogenic sarcoma
1084-1085 HC“OONa 2 Mecca lymphosarcoma
1086-1087 2, 6-Diaminopurine 2 Mecca lymphosarcoma
1090-1091 2, 6-Diaminopurine 2 Mouse carcinoma 1025
1092-1083 HCOONa 2 Mouse carcinoma 1025
1094-1095 2, 6-Diaminopurine 2 Ehrlich mouse Ascites tumor
(solid form)
1696-1097 HCMOONa 2 Ehrlich mouse Ascites tumor
(solid form)
1068-1099 HC'OONa 2 Wagner osteogenic sarcoma
1100 2, 6-Diaminopurine 2 Wagner osteogenic sarcoma
1105-1106 HC“OONa 2 Lewis mouse sarcoma T241
1107-1108 2, 6-Diaminopurine 2 Lewis mouse sarcoma T241
1109-1110 HCMQOONa 2 Patterson lymphosarcoma
1111 2, 6-Diaminopurine 2 Patterson lymphosarcoma
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{ IV. Blood Smear Autoradiography

The incorporation of formate carbon into leukemic blood cells as

indicated by autoradiography has been studied intensively during the past few

months. The present status of this work is indicated in the manuscript appended

to this report.

Well over one hundred nuclear track plates have been exposed in
these studies. The incorporation of formate in the blood elements of normal
animals, as well as incorporation of C!* from 2, 6-diaminopurine-2C!* and
methyl bis(2 -chloroethylamine)-methyl-C'* in normal and leukemic cells,

is under investigation.
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1 V. The Failure of C'*-Formate to Affect the Course of Transplanted Leukemia

Using the blood smear autoradiogram technique, it has been shown

that leukemic cells (Ak4 strain in Akm strain mice) are much more avid in the

ez o

incorporation of C** from formate than normal leukocytes (1). At one hour

after the injection of 100 microcuries (pc) of C*-formate, 90% of the leukemic
cells were highly active as compared to about 5% of the more mature lymphoid

elements. No active polymorphonuclear leukocytes or thrombocytes were !

1is a precursor of the 2- and 8-carbon atoms of nucleic acid purines and the

observed at one hour. These observations suggested the possibility that high

14 :
{levels of C -formate might provide anti-leukemic action. The fact that formate

i
methyl carbon of desoxyribose nucleic acid thymine (2) (chromosome cornponents)!]

' and knowledge of the short range of carbon radiation were considered encouragingl

Knowledge of low energy of carbon 14 disintegration made the possibility less !

!‘.attractive.

1 H
h EXPERIMENTAL

| |

Two types of experiments have been carried out to date to determine ﬁ

ithe possible chemotherapeutic activity of C*-formate against experimental

{leukemia. The isotopic formate has been injected into Akm mice at two days |

after inoculation with Ak-4 leukemia and the life span of the treated mice compare‘d

;jwith that of untreated leukemic controls. This general procedure for screening |

lcandidate anti-leukemic agents has been described previously (3). In a second
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and perhaps more sensitive assay of the effect of C!*-formate on leukemic

cells, mice with advanced leukemia have been injected with isotopic formate

and the action on hematopoiesis followed by total white blood counts (tail vein

counts).

The levels of isotopic carbon injected have been of the order of

100-200 pc per mouse (approximately a 280-560 millicurie man-equivalent).

The results obtained relative to the effect of C“-formate on the life

span of mice with Ak -4 leukemia are presented in Table I. The effect of 100 pc

of this material on the leukocyte counts of leukemic mice are summarized in

Table II.

Table I

Observations on the Effect of 200 microcuries of

Radioactive Formate on the Life Span of Mice with Ak-4 Leukemia

Treatment
Experiment [
Inactive formate
Radioactive formate
Experiment II
Inactive formate

Radioactive formate

Average

Dosage Days of Leukemic Death Life Span

(mg/kg) 6

0.035
0.035 and
200 pe
0.017

0.017 and
100 pc

7

£ 0 10 11 12 _(days)

4 2 3 1 9.1

3 1 1 9.6
2 2 1 3.0
3 1 1 8.6
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Table II

The Effect of C**-Formate on the

White Blood Count of Mice with Ak-4 Leukemia

Total White Blood Count

Controls - Range Average
5th day 7, 800-10, 300 8, 760
Bth day 15, 000-26, 800 22, 000
Tth day 52, 600-55, 400 76, 000
8th day 154, 000-172, 800 164, 200

c'*-Formate

injected

6th day' 17, 800-46, 000 32, 000
Tth day 54, 000-124, 000 83, 680
8th day 208, 000 -348, 000 218, 000

1

All of the experimental group of mice (3) were injected

with 10C pc each of C*-formate on the 6th day after

leukemic inoculation.

? Only two mice alive on 8th day.

DISCUSSION

The data presented in Tables I and II indicate that C!* from sodium

formate when injected into leukemic mice at the level of 100-200 pc per animal

| has no perceptible effect on the leukemic process.

The carbon 14-injected

leukemic mice lived approximately the same period as non-active formate-

SOUTHERN RESEARCH INSTITUTE

T s




ot

bhi 1]

=y

- 11 -

injected controls. Certainly C'4-formate had no tendency to inhibit leukemic

cell production, Table II. This assay of the effect of the isotopic carbon on

the blood counts of leukemic mice is considered a sensitive test of the radiation

effects of C'*. Although a disappointment from the standpoint of cancer chemo- |

therapy, these results suggest that carbon 14 in fairly high levels is not apt to

have much effect on mammalian hematopoiesis.
SUMMARY

C'-Formate when injected at levels of 100-200 pc per mouse (280-
560 millicurie man-equivalent) had no perceptible effect of leukemic life span

on hematopoiesis.
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PREFERENTIAL INCORPORATION OF FORMATE CARBON
INTO LEUKEMIC BLOOD CELLS AS INDICATED BY AUTORADIOGRAPHY’
By Howard E. Skipper, Juanita B. Chapman, George A. Boyd,
William H. Riser, Jr., Martelia Bell, and Joseph H. Burchenal
(Southern Research Institute, Oak Ridge Institute for Nuclear Studies,

Medical College of Alabama, and Sloan-Kettering Institute for Cancer Research)

Demonstration of the incorporation of C!* into individual blood cells was
first accomplished by Boyd, et al. (1) who showed by means of autoradiograms
that the alpha carbon atom of glycine is taken up most rapidly by rat lymphocytes.
The polymorphonuclear leukocytes incorporated C!'* from glycine less rapidly and
the circulating erythrocytes were considerably less avid in the utilization of the
glycine carbon. The most obvious explanation for this difference in c** content
of the different cell types at 25 hours after injection appears to be the difference
in their rate of formation (synthesis employing the alpha carbon of glycine as a
precursor) and disappea‘rance from the peripheral blood.

In the light of these results, it appeared of interest to study hematopoiesis
in leukemic animals using the autoradiographic technique. Since the hematopoietic
cell types and the peripheral blood cell types are probably exposed to the same
concentrations of a labeled compound, preferential incorporation by neoplastic
cells suggests (1) a difference in the rate of synthesis (if the labeled compound or a
labeled degradation product is a normal metabolite), (2) a difference in the chemical
) :1‘1_11; ;vo.rl; ;v;s _s;p;)o.rt—e:i t_)y grants from the National Cancer Institute and the

Biology and Medicine Division of the Atomic Energy Commission. We are indebted

to Dr. G. Andrews of the Oak Ridge Institute of Nuclear Studies for examination of

certain blood smear autoradiograms.



reactivity of the precursor cells or formed elements, or (3) metabolic differences
between the formed normal or neoplastic cells.

As a first approach to the study of hematopoiesis in experimental leukemia
utilizing the autoradiographic technique, C'*-labeled sodium formate has been
émployed. Formate has been reported to be a precursor of the 2- and 8-carbon
atoms of desoxyribose nucleic acid (DNA) and ribose nucleic acid (RNA) guanine
and adenine and the 5-methyl carbon of DNA thymine (2). Formate carbon has
also been reported to appear in the alpha carbon of serine and in glycogen (3),

in the methyl group of methionine, and the methyl groups of choline (4).

EXPERIMENTAL

Transplanted Ak-4 leukemia in Akm strain mice has been used in the present
experiments. In this leukemia the number of abnormal forms in the differential
counts parallels the rise in the total leukocyte count {8, 6). '"The immature cells
characteristic of Ak-4 leukemia were unlike the lymphocytes of normal mice.

The young forms most closely resembling prolymphocytes were the largest cells
observed and were often two or three times the size of neutrophils. The shape of
the prolymphocytes varied from round to oval. The cytoplasm ranged from grey-
blue to a darker intense blue and was usually coarse, uneven, and vacuolated.

The appearance of the chromatin varied, sometimes slightly clumped, more
typically, very clumped and pynotic™ (5). Burchenal (5) further observed in the
advance stages of this disease an occasional elevation of mature polymorphonuclear

cells. However, because of the complete lack of intermediate myeloid forms,
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staining reactions, and general morphology, the term prolymphocyte was
believed most applicable to these leukemic cells.

In our first experiments, leukemic mice of about two to three months of
age were injected with 4.0 microcuries ()Ac) each of HC'*OONa. These mice were
in the sixth day of the disease {transplanted Ak-4 leukemia) and had total leukocyte
counts of the order of 100, 000. Blood was taken directly from the heart of
injected mice at six hours and the packed cells were washed twice with inactive
mouse plasma. This washing was necessary to remove active sera which would
cause confusing background in the final autoradiogram. The cells were then diluted
with inactive mouse plasma (5:1) prior to making smears in a darkroom. Smears
were made directly on Eastman NTB plates, emulsion thickness 10 microns, air
dried, and exposed for six weeks (1). After exposure, the cells were fixed with
methyl alcohol and the NTB plates were developed 2 or 20 minutes (the latter to
bring out beta tracks) in full strength D-19. The plates were then cleared and the
cells stained with Wright's stain.

In this first study, the autoradiograms which resulted from injection of
4.0 pc per mouse were faint even after six weeks' exposure. These autoradio-
grams were examined by an arbitrary technique which entailed counting silver
grains immediately surrounding the individual cells. An eyepiece reticle which
(under oil) divided a givén field into 10 micron squares was placed in the microscope.
Then, centering a given cell at the intersection of a four sguare area, the silver
grains in thé four squares (20 u x 20 }x) were counted while focusing up and down
in order to observe grains in different planes. The background was counted in a

number of fields where there were no cells and the average number of grains per
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mm2 determined. This average was subtracted from the values obtained around
the cells examined giving a net count in the area immediately around the respective
cells. These counts showed the prolymphocytes to have on an average about seven
times as many silver grains (net particles per mm’) in the area immediately
around the cell as did the small lymphocytes. The small lymphocytes had grain
;:ounts slightly above background. The polymorphonuclear cells and erythrocytes
had no more silver grains in the surrounding area than average background.

In a second series of experiments, mice with advanced Ak-4 leukemia were
injected with 100 microcuries each of C**-formate and blood smears made at one
hour. After varying periods of exposure, the NTB plates were developed, stained,
and examined. With this level of isotope, the autoradiograms were so pronounced
after one week that it was relatively simple to classify cells as grossly positive
or negative with regafds to their radioactivity. NTB plates exposed for a period
of greatef than two weeks were so pronounced that the silver grains interfered
somewhat with morphologic classification of cells. In view of this fact, it was
decided to use cell diameter in addition to morphology in cell classification. The
‘polymorphonuclear cells were easily classified since they were uniformly negative
with regards to autoradiograms. Inactive leukemic blood smears on NTB plates
carried through the dévelopment and staining procedure showed that normal
lymphocytes ranged from about 6 to 9 microns in diameter. Prolymphocytes
{leukemic cells) ranged in size from about 10—18 microns in diameter. There
was a small percentage of cells.in the lymphocytic series which were intermediate
in size (10-12 )1) and which could not be unequivocally classified as normal large

lymphocytes or leukemic cells. It was therefore considered most practical for

RERERE



this initial work to report these autoradiograms on the following basis:

Polymorphonuclears identifiable by morphology

Lymphocytes

6-9 p diameter

"Large" lymphocytes

10-12 p diameter

Prolymphocytes

' 12-16 1 diameter

It is believed that on the basis of the morphology of these ''large' lymphocytes,

a goodly percentage may be leukemic cells. In any event, under this classification
little opportunity prevails for mistaking the prolymphocytes (leukemic cells) and
the normal lymphocytes.

Five observers have now studied a large number of autoradiograms of
leukemic mouse blood at one hour after injection of 100 nc of HC “OONa. The
agreement on the per cent of active cells of various types has been good. The
results of these observations are given in Table I. Seven additional smears on
NTB emulsion made from blood taken from mouse No. 2 were examined by two
different observers. The additional results obtained were in good agreement
with those reported in Table I. These autoradiograms were progressively darker
with increased exposure and on 20-minute development in full strength D-19,
beta tracks were in evidence. Typical autoradiograms are shown in Plates 1-£.

The possibility of chemical fogging in these studies has received considerable
attention. In no instance have we observed chemical fogging in control smears
from normal or leukemic mice. To date 85 control smears have been made on
blood from 18 leukemic mice and 49 control smears have been made on blood from

11 normal mice. A fairly large number of normal and leukemic bone marrow smears

from mice have also been prepared with no indication of chemical fogging.
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DISCUSSION

From the results obtained, it appears that at one hour after injection
of C'*-formate into mice with Ak-4 leukemia most of the prolymphocytes (leukemic
cells) contain considerable amounts of the active atom, while the more mature
cells are relatively inactive. A small percentage of the cells classed as normal
lyraphocytes were active though generally much less so than the prolymphocytes.
In no instance in these one-hour experiments have we seen positive polymorpho-
nuclear leukocytes, erythrocytes, or thrombocytes. Results obtained on peripheral
blood and bone marrow have been parallel. These observations could be explained
on the basis of the very rapid mitotic division and accompanying synthetic activity
which must be existent in the leukemic hematopoiletic tissue.. Such an assumption
would require the accompanying conclusion that there has been an almost complete
turnover of leukemic cells within the period of these experiments while very few
normal lymphocytes, polymorphs, or erythrocytes have been produced. A second
and perhaps more reasonable conclusion which might be drawn from these data is
the existance of a profoundly different rate of formate metabolism in formed
leukemic and normal cells.

Any attempt to explain the present data on a biochemical level must take
into consideration the level of citrovorum factor co-enzyme (thought to be involved
in formate transfer) in normal and leukemic cells. Bethell (7) has observed that
leukemic cells are considerably higher in citrovorum factor than are normal white
blood cells. In view of the fact that:

(a) folic acid, which is converted to citrovorum factor (8),

will speed up the leukemic process (9),
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(b) aminopterin inhibits formation of citrovorum factor (10)
and incorporation of formate into nucleic acids (11),

(c) folic acid inhibitors preferentially affect production of
leukemic cells (5, 6) and increase the life span of leukemic
mice (11, 12),

(d) the anti-leukemic action of folic acid antagonists may be
reversed by folic acid or citrovorum factor (14, 15), partially
reversed by DNA or B, (16, 17), but is not reversed by
formate, glycine, ascorbic acid, or choline (18),

several possibilities pertinent to the present discussion would seem to exist.
It would appear that formate transfer via the above-mentioned co-enzyme may
be a limiting factor in growth and cell division. Certainly the present data
indicate that formate incbrporation in leukemic cells (reportedly high in
citrovorum factor) is much more active than in normal cells. It might be

postulated, therefore, that leukemic cells geared to more active biosynthesis

involving formate reflect more readily any inhibition of this limiting co-enzyme.
SUMMARY

At one hour after injection of 100 pe of C'*-formate into mice with
advanced Ak-4 leukemia, it has been shown by means of blood smear autoradio-
grams that about 90% of the leukemic cells are highly active as compared to about
9% of the more mature lymphoid elements. No active polymorphonuclears,

erythrocytes, or thrombocytes were observed within one hour.
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Med. 71, 599, 1949.

Burchenal, J. H., Babcock, G. M., Broquist, H. P., and Jukes, T. H.
Prevention of the chemotherapeutic effects of 4-amino —Nm—methylpteroyl—
glutamic acid on mouse leukemia by citrovorum factor. Proc. Soc. Exper.
Biol. Med. 71, 381, 1949.

Skipper, H. E., Chapman, J. B., and Bell, M. Partial reversal of the anti-

C
L1 RN 9 leukemic action of folic acid antagonists by vitamin B,,. Cancer Research 11,
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17. Skipper, H. E., Bell, M., and Chapman, J. B. Partial reversal of the
anti-leukemic action of folic acid antagonists by nucleic acids. Cancer,
in press.

18. Skipper, H. E., Bell, M., and Chapman, J. B. Unpublished results.
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Figure 1

Typical autoradiograms of prolymphocytes taken from

leukemic mice one hour after injection of 100 pc of C'*-formate.

. In this case, the NTB plate was exposed in the dark for 3 weeks
and developed for 20 minutes in full strength D-15. The cells

were stained with Wright's stain.
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Figure 2

A positive prolymphocyte and a negative lymphocyte
taken from a leukemic mouse one hour after injection of 100 pe
of C*-formate. In this example, the NTB plate was exposed

for 2 weeks and developed for 2 minutes in full strength D-19,
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STANDGARD FORM NO. #4

Oﬁice Memomndum UNITED STATES GOVERNMENT

T0

FROM

SUBJECT:

SYMBOL:

RERERL

Jo hallecs ™A, Jr,, Assictant Gernev2l Souns2l DATE:  May 21, 15°%1

Re Go Humesries, vontract Csordinator
RENEWAL 0% CONTRACT AT-(L0-1)-1038 - SOUTHERN RESEARCH INSTITUTE
CO:RGH

The Washington Division of Biology and Medicine has approved an
extension of subject contraot for another year with a budget of
approximately $11,000 covered by Procurement Directive BM-51-192,

The Contractor in submitting his proposal for extension of this
contract did not furnish information concerning his expenditures
during the course of the first year nor did he furnish a brealk-
down of the proposed budget for the second year,

This information has now been secured from the Contractor in his
T8tar dated ¥ay 2, 1951, enclosede It Will be noted that the
new budget has been detailed to cover 2 total amount of £10,990.
The present contract for trie first year is in the amount of
£17,972, =nd the Zor-racior, in tne same letter, has reported
that he will expend by June 30, 1951, only $11,000 of this amount
whizh will leave z r3lsce of 2,375 availaltl: for partially
funding the second y2ar budget of $10,990. Since this contract
is on a lump sum basis this will mean that an additional lump sum
pement of $4,011 will be required to properly cover the two year
contract amount of £21,990,

Accordingly, it is recuested that you prepare an appropriate modifi-
catiop to r~ontinziz *his contract for another year or a lump sum basis
including the r,ecnm.cal program outlined in the Contractor's proposal
cf Apr2l U3, ZPEL, and the Trzekdown of the btudgzet as sutmitied in the
letter dated May 2L, 1951.

Ore. Edward Mc(Crad; will act as technical advisor on inis contract
actionas

R, Ge HurpWries

Enclosures:

Memo fm Woodruff 5-18-51 w/
Ltr. fm Contractor 5-24-51
Memo fm Pearson 5-l:=51 and
Contractor s proposal

CCs Dre Edward Mcfrady
Mr. Ede Zieglasr

Rumphries:lm

Ly
{



STANDARD FORNM MO, ¥4

Ojﬁce Memomndum e UNITED STATES GOVERNMENT

TO
FROM

SUBJECT:

STMB(L:

PEETED

R. G. Humphries, Contract Coordinator DATE: Mgy 18, 1951
Nathan He. Woodruff, Director of Research and Medicine

RENEWAL QOF CONTRACT NO. AT={40-1)=1038 ~ SOUTHERN RESEARCH IESTITUTE
RM:XC

Enclosed is a wemorandum from the Division of Bielogy and Nedicine,

Washington, authorising renewal of the subject contract for a
period of one year,

Dr. Bdward MeCrady will act as techmical adviger for this offiee.

Encle:

File

Cressxan:ec S \\

i | V4 :; V} _g/’/,/!/
A%
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SOUTHERN RESEARCH INSTITUTE

917 SOUTH TWENTIETH STREET
BIRMINGHAM 5, ALABAMA

S,
49

THER),
LIRS

May 24, 1951

Mr. Glenn Humphries
Atomic Energy Commission
P. O. Box E

Oak Ridge, Tennessee

Dear Mr. Humphries:

In reply to the points raised in our telephone conversation of
May 21st, the following information is listed with regards to renewal of
our Contract No. 121, "Body Retention of Ci4'"";

1. As of April 30, 1951, we had expended $8, 400. 86 of the
contract amount.

2. We expect to have spent about $11, 000 by June 30, 1951,
the expiration date of the contract.

3. The breakdown of the $11, 000 budget for the coming year
(July 1, 1951-June 30, 1952) is submitted as follows:

Salaries (including sick leave, vacation, and holiday pay):

Biochemist (part time) $4, 000
Biologist (full time) 2, 800
Physicist (part time) 1, 875
Physical chemist (part time) 500
Total salaries $ 9,175
Contributions to employvees' regular
retirement fund 321

Apparatus and equipment - nothing required
Expendable supplies:

Radioactive compounds 300
Glassware and animals 230
Travel 150
Subtotal $10, 176

Overhead at 8% of above costs 814
Total $10, 990

1 1iubd



Mr. Glenn Humphries
Atomic Energy Commission
Page 2

May 24, 1951

If any further information is required, please do not hesitate to
call on us.

Yours very truly,

faaad § Jeppor

Assistant Director

hes mfw

(4)
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UNITED STATES ATOMIC ENERGY COMMISBION
PIVISION OF BIOLOEY AND NEDICINE
BASHINGTON, D. C.

DATE:  yav 4 1951
TO ¢ Nathan Woodruff, Director, Research and

Medical Division, OCak Ridge Operations Office

PO el g, Py Shisty Giglogsranch #0797

SUBJECT!: BANSNITTAL OF EARCR PROPOSAL FOR CONTRACT NEGOTIATION
SYMBOL : BMB:PBP

This letter with enclosures, in triplicate, is sent in
accordance with the procedure described in a letter from
the General Manager to all Managers of Operations dated
January 27, 1949. -

1. Imstitution: Southern Research Institute
8. Iavestigatel (s): Dr. Howard E. Skipper
3. Title: "Body Retention of Carbon 14."

4. () New Coatract or (x) Remewal of Ceatract Me.AT(40-1)1038
8. Duratiom - From: July 1, 1951 To: June 30, 1952

6. AEC Techamical Supervisiom: Division of 3iology and lledicine

1. Recommended Support: I

rocuremeat Directive No. EZ:Jl-’—h
s 11,000,

Authoriszed

Issued

Activi 5%6400.

8. Other Commeats: The budget approved is in accordance with
conversation with Dr. Skipper since he sub-
mitted hils report and request for renewal.

It is felt that 10 or $11,000 will be adequate
to cover the work planned on the project for
the ensuing year,

Y

V-3 52,
RERERL



8. Commenats (Continued)

9. Security Requirements:

In accordance with the provisions of GM-93 (Revised March,
1950), and the requirements of the Declassification Guide,
the Division of Biology and Medicine has determined that
the following security precautions should be taken in con-
nection with the proposed research contract.

Since there is essentially sero chance that restricted
data may be required or developed, ne personnel security
requirements should be imposed.

10. Reports: (x) Reports are to be required as provided for by
Memorandum Instruction of November 9, 1949,
on subject “Direct Research Contract Reports’’

() Special Reports Instructions are as follows:

Enclosures: (X) “A” . Proposal, dated
(X)) “B" - Notification letter, dated NAY L 1551
() “C” - Other correspondence, letters
(xX) “D" - Procurement Directive EM-51-192

Distribution:

Addressee: Original (w encl.) Division File: Yellow Copy (w encl.)
lst Copy (" " ) Pink Copy (w/o encl.)
2nd Copy (" ") Green Copy ( * ")

Prograa Analysis Branch File: White Copy (v " )

Branch: White Copy (w/o encl.)

NEREEN



to the Commission,

wmummmuwmmu&
mmwm«m. :

of definite interest

mo
Sinserely youre,
Panl B, Pegrsen
on of Blaology and Medieing

Chief,
Divisi

Iou
the

PEiTutz



UNITED SBTATES ATOMIC ENERGY COMMISSION
DIVISION OF BICLOGY AND REDICINE
SASMINGTON, D. C.

DATE: vy 4 ‘951

T0 * Nathaa Weodruff, Director, Research amd
FROM . Bediesl Divisioca, Ouk Ridge Operstions Office

!UBJlCT; %’mm}’. h‘l:: CONTRACT NEGOTIATION

SYMBOL : BXB;:PRP

This letter with enclosures, in triplicate, is sent in
accordance with the procedure described in e letter from
the General Manager to all Managers of Operations dated

January 27, 1949.
1.
3.

& = »

ERRRERE

-

Institution: Southern Recearek Institute
Iavestigator (s): pr. Bewasd B Skipper

Title: "Body Retextion of Oarbea 14.°

( ) New Coatract er ¢ ) Remewal of Ceatract Nom
Duration - Frea: July 1, 1941 To: Jume 30, 1952

AEC Technical Supervisiona: "ivision of Ziology and Hedieine

Recommended Support: | ‘__1. )

Authorized by Procureameat Directive No.___.a51a132

Issved _ : $ 11,000
Activity No. &400

Other Commeants: The bWuiget spproved is ia sgoerdanse with
eonversation with Dy, Skipper sines he seb-
mitted his report and request for renewsl,

It 13 felt that 10 ar $11,000 vill be adequmte
to cover the work planned on the projest for
Abe ensuing yeesr.




8. Comaeats (Coatinued)

9. Security Reguireameats:

In accordence with the provisions of GM-93 {Revised March,
1950), and the requirements of the Declassification Guide,
the Division of Biology and Medicine has determined that
the following security precsutions should De taken inm coa-
nection with the proposed research contract.

Sines there 19 essentislly sere ¢hanse that restwristed
dxte vy Yo Poguived or doveloped, 2o pervenne] Soowrily
requivensnts should Yo fnpesed,

10. Reports: (x) Reports are to be required as provided for by
Memorandum Instruction of November 9, 1949,
on subject “Direct Research Contract Reports’.

( ) Special Reports Instructions are as follows:

Enclosures: (X “A'" . Proposal, dated :
\X) “B’" . Notification letter, dated 21
() “C"” - Other correspondence, M- " letters
(X) “D” - Procurement Directive__ BPB1=l02
Siatribution:

Addressee: Original (w encl.) Divisien File: Yellow Copy (w emcl.)
lst Copy (* ') Piak Copy (w/o eacl.)
2nd Copy (" ) Green Copy ( ° )

Progras Amalysis Branch File:  White Copy (v * )

Branch: White Copy (w/o encl,)

NERENL
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Sinoerely youwrs,

Faxl B, Posresa

Chrief, Melogy Nraneh

Divieion of Boalogy and Medieine

«xpest te hear fyem the Gak Ridge Operatisns Offise withia
future regurding renews]l of this somtrust,

I may
the neer

PITTUAS
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UNITED STATES ATOMIC ENERGY COMMISSION
DIVISION OF BIOLOUY AND WRRICING

6. Comments Costinued) UASNINGTON, D. C.

DATE: i/ 4 ‘957

10 ! latan Veedruff, Director, Researeh and
FRON  : Nediesl Divhion. Oak Ridge Opc-uon Of fioe

SUBJECT: %m FOR CONTRACT NEGOTIATION

SYMBOL : BUD: POP
.. loclrlu fesquirements:
ssé"‘“ -mr USRI "L‘S’.;ﬂ-’i {{‘*ﬂ?‘h
’ﬁ& kI Wi T
:hi

“" wosations shusid bu taken in com-
neqyi lntlhthnrmmm

( ) New Coatract gf (g) Bensvsl of Ceatract IQW

4
S3. bDurstios - Frea: N
10 Repe:re o0 Recerts are 1!"0 regquired es prov:m ”4 %”2
6. AEC Techaiea] l-nrvuuu.numu dWﬂ indicine

1. Beeo--uded Slpport fll ;)a)
Antlorlul lby Proclruol‘ B rective . M____
lesned w2 18 s 1,00

Activity No. £,20
8. Other Conments: The Lwiget appreved is i secerdanse with

Bzl sares : mwmwo snmg}?
.- nmm Yo adeqmte
@Qmw

Ststribation:
sGl.ebsce, UT1gina. \¥ e8Cs:./ Divisses Fais. lesamu Copy \¥ saLlL.)
1st Cop? (e * Pilk Copy (w/e cte‘. }
yx.l ._,Op\ ’ ‘ : ~ &1, C-O”V { ’
P.ogies Anslre.s Braacs Pilic: %1 ¢ Copy (o B

Brence White Copy (w/ieo emci !

4ib
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Ny 1

b aile %o male esntimmed pregress ea %is
s of definite interest to the Commission.

. mw»
i
i3 o

1 :t

Sinserely youme,

Paul B, Pearsen

Chief, BMelegy Nramech

Division of Bislogy and Medieine

to hear frem the Ok Ridge Operutiems Offies withia
renove] of this comtrast,

Iou nay expest
the near future

AERLRN



PROPOSAL
TO
ATOMIC ENERGY COMMISSION
DIVISION OF BIOLOGY AND MEDICINE
FOR CONTINUATION OF
A RESEARCH PROGRAM
ON
BODY RETENTION OF CARBON 14

PROJECT NO. 121

SOUTHERN RESEARCH INSTITUTE
BIRMINGHAM, ALABAMA

APRIL 13, 1951
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BODY RETENTION OF CARBON 14

a. @t—a«d Pinst £ fuZiie

The entrance of carbon from carbon dioxide into both organic and

inorganic metabolic pathways has been established. This fact, coupled with
knowledge of the half life of C'* (approximately 5, 000 years), has led to
considerable concern regarding hazard to persons utilizing this most important
isotope. Information as to the degree and duration of tissue exposure following
the intake of compounds labeled with C}4, as well as knowledge of the effect of

such exposures on organs, tissues, and cells, is required if the hazard

accompanying the use of this isotope is to be properly assessed. In an attempt

to obtain information which will be useful in a final assessment of the hazard
involved in use of C, & ("""3% the following as guiding principles:

(1) The two most probable sources for inadvertent Ci¢ intake
by the laboratory worker are C!40, and BaC*0,.

(2) In view of (1) above, it becomes of greatest importance to
determine the rate of turnover of C'* from CMQ, in organs,
tissues, and areas in tissues (down to cellular dimensions,
since C' emits beta rays that traverse but several cell
diameters).

( 3) It is imperative to learn more about the retention of C!4 from
inspired BaC“Oa under the most realistic conditions.

(4) Since carcinogenesis is the greatest biologic danger from

C'* ingestion, studies should be carried out to learn if

SOUTHERN RESEARCH INSTITUTE
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reasonable doses of this isotope affect the onset of

neoplastic diseases such as leukemia.

in the following publications:

1. Studies on‘the hazard involved in.use of C 1. Retention 6f carbon from
labeled sjdium bicarbonate. Skipper, White, and an. J. Biol.
Chem. 180,\1187-1195, 1949

2. Studies on the haz\¥ involved in use of C'*. II./ e effect of a single dose
of C'*-labeled sodium bicarbonate on the pafttern of deaths from
spontaneous leukemia in Akm mice. S}dfaper, Bell, and Chapman.

N\

Cancer Research 10, 362-363, 1950,/
,/C“. III. Long-term retention

\
3. Studies on the hazard involved h{use
in bone. Skipper, Nolan, and §ii\npson. J. Biol. Chem. 189, 159-

167, 1951. /

Other points having to d7§vith carbon 14 turnover have been covered in:

A

hY

4. Carbamates in the chern?hjerapy of leukemia. VII. Over-all tracer
studies on carbonyl-labeled urethan, methylene-labeled urethan, and
methylene-labelq{ ethyl alcohol. Skipper, Benn\>tt‘, Bryan, White,

/ .

Newton, and S(’mpson. Cancer Research 11, 46, 195‘1,

5. Inhibition of nyé{eic acid synthesis by folic acid antagonists. Skipper,

Mitche],l,/and Bennett. Cancer Research 10, 510, 1950.
6. Effect of x-radiation on the biosynthesis of nucleic acids and nucleic acid

pu¥ines. Skipper and Mitchell, Cancer, in press.

SOUTHERN RESEARCH INSTITUTE

= rommmec oo

7




L8nlll

s e man ————
- - e . —. - -

. In preparation are listed below: .~

/

o

bon into leukemic blood cells as

7. Preferential inco ation of formate

indicated by autoradiogra Skipper, Chapman, Boyd, Riser, Bell,

and Burchenal.

-

73 % wli'];(. f,,,.'...& Jgr‘(é-hno-u.
d&" Eg [N gM Ao carer g
: sugges& that long-term

retention of C'* in bone, and more specifically, certain areas of the bone, is of

! greatest importance to the ewiiest problem. Longer experiments (> one year)

including quantitative C!* determination, area distribution as measured by auto-

radiograms, and radiation calculations in bone are eemsédupmd most important.
To date, obtained no information suggesting that fairly high levels of

C'*-bicarbonate or CM-formate hasten the onset of spontaneous leukemia in

H
Akm mice. In fact, oér findings to date are encouraging from the standpoint

of the lack of danger to users of this isotope,

. 4
AT ~EXPERIMENTPAL

r )

4 Plan g Cpproc i
: (1) the longer term experiments on C* turnover in

witl il
bone\r@ continued, (2) attempt;?g made to obtain more information on C!*

localization (and local radiation) in bone and soft tissues by use of microscopic
autoradiograms, (3) continued efforts to observe biologic effects from high

il v
levels of C**/be made, (4) work’be continued on the fundamental processes of

SOUTHERN RESEARCH INSTITUTE

8. Studies on the Z’A)lved in use of C'*. IV. The fate of C'* inspired
low adied Jo Me Kuncbdy, {4,%

I
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oy

nematopoiesis using the blood smear autoradiogram technique, and (3) further

work’@:arried out toward determination of the rate constants of the reactions

i _om .

i

involved in turnover of c* from C!0, employing analog computers.

————

= T ms

ESTIMATED £OST OF PROGRAM (1 YEAR)
K / ,

It is pr¢765ed %che program be continued for another year:_at’ the

| present rate of expenditure.

|

'%
|

!Birmingham, Alabama
April 13, 1951
. mfw (7)

]
:
i

[

SOUTHERN RESEARCH INSTITUTE

T

SO

T T -

Ii



Emm“ o | | S Op
0]%6‘6 Memomndum * UNITED STATES GOVERNMENT

TO 2. Tanden Tulek, Assistant to %he ana-er DATE: Mg 24, 1377

L RS O B b - D e aahy
FROM : ALCCYL e SCLL LUy ¢Iey .ieiaey Jirector ol Aecesrcil

:‘,‘D

md Ledicin

SUBJECT: Z"_‘o_.:‘n..q.. SUTHALT = SOUTAILD TEOLACH Lol IUTE

S{.Bui: RIGALC
de are fransmittirg 2 .enorandum from Paul B. Pearson,
Chief, Biology brauch, Division of Biology and Medicine,
Washington, dated iday 23, 1950, along with the enclosures,

requestl.g a researc: contract te negotiated »ith the
Sout..ern Research Institute, Birmingham, Alabaia. The title
of the project will be ¥Body Retention of Carbon 1%,

Dr. Harry otoeckle, ‘edical Adwisor, Office of Research and
-ledicine, wilil ve tne tecirical representative to contact for
maring arrangements Ior -e: ot ation of tne contract.

- .
- .

lx

1
LETD WLITIL 2.17.5. ~

\_. CC: Dr. Stoeckle

‘ Corleystw o . ‘
Ny ‘ VoW \1”
' o ) -\

D N 7,4\"' *r
L ="
f AN“ ~ <@ < >
o J\\ A oL .
[, ) . ! \7
“.\- \ R A,, - Vf -u‘ PN
- X e > .
- \i“,“ v \:‘:\()J \Jr,
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UNITED STATES ATOMIOC BXERGY OCOMMISSION
DIVISION OF BIOLOGY AMND MEDICINE
VASHINGTON, D. C.

™ ! A. B, Holland, Jr. Chief, DATE: 23 May 1950
Medicine and Research Division, Oak Ridge

FROM : paul B. Pearson, Chief, Biology Branch (= 7372
Division of Biology and Medlcine

SUBJBOT: TRANSMITIAL OF PROPOSAL JOR OONTRAOT NEGOTIATION

IR
SMBAL: BMB3s PRP

This letter vith encldsures, in triplicate, is sent in
accordance with the procedure descrided in a letter from
the General Manager %o all Mansgers of Operations htol.
Jamaxy 27, 19%9.

- 1. Institmtion:  Southern Research Ins't‘i:t"u! raii

Birmingham, Alabama
2, Iavestigator(s): Howard L. S8kipper

3¢ Title: wpody Retention of Carbon 14"

4, Duration - From: July 1, 1950 %ot 1 year from date of contract
e ARG Technioal Supervisiont Division of Biology and Medicine

Biology Activity #6400
6. Mocommended Supportt $17,979 (including 8% overhead)

7. Other Comments

This is a contimuation of a project that the AEC has
supported through the Office of Naval Research.

BERRLE



. G Jutenter

( x) Ia our opiniom, patentable processes might de developed Shrough
the proposed worke.

( ) In our opinion. there ig no reason to expect patentadle processes
to de developed through the proposed work.

9o Begtricted Daia:

( ; Fot 1ikely %0 be fequired or developed.

( May be Tequired or developed, and the following personnsl chould
therefore be processed for seourity cdlearanoce!

(x) The obance of restristed data being developed with this work is
essentially sero in acecordance with GM Bulletin 93, revised.

10. Aepexiet .

Three (3) copies of the following reports should be seat to the
Yashington Office directly, with additional ocopies as Nnecessary
%0 be sent %o the Operations Offiee or others concerned.
L el T - o <y 29 T T
(x ) A scientifioslly acourete sumazy statement of spproximately
200 words outlining the scope and purpose of the researchi
to be sent immediately after the completion of coatzact
nagotiations; & revissd statement of the same sort &ue afder
. nine months of activity on the project.
(x ; A complete scientific report after one year of activity.
( Progress Reports to be recelved in ¥Washington acocording to

the foll schedule:
March 15 ( z September 15 ( )
June 15 ( Decemder 15 ( )

(x ) 3rief reports to be submitted at any tine Investigator vishes
to oall attention %o significant results which have acorusd.

11. Alle ty!

sub
(X) The Buiget Office has deen requested %o/allot funds in the
amount recommended for this contrect.

( ) The Budget Office vill de requested to allot funds as soon
as you have advised us of the contract amouns.

—-

Inclosurest e

f"/, M
(x) "A% - Proposal dwa iaEah 29, 1950 |
(x) "B" . Wotification 1ltr dtd 0
( "C" . Other correspondence ! itrs)

Digtrivution:

To Addressee: Signed copy (with enal.
Secomd oopy ( * ©
™Mird Copy ( *

To Dive Mle: Yellow copy (with
Pink copy (without emcl.)

‘ Green copy . .
To Branch File: Vhite copy (with endl,)
To Admin, Office: ¥hite copy (vithout emal.)

-

RRRRLE
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PROPOSAL FOR A
CONTINUATION OF
THE RESEARCH PROGRAM

ON
BODY RETENTION OF CARBON 14,

10
ATOMIC ENERGY COMMISSION
DIVISION OF BIOLOGY AND MEDICINE

SOUTHERN RESEARCH INSTITUTE
BIRMINGHAM, ALABAMA
MARCH 29, 1950
PROPOSAL NO, 184

U
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BODY RETENTION OF CARBON 1

BACKGROUND

The program underway at Southern Research Institute on the hasard
involved in use of carbon 14 has been concerned withg -

(1) Quantitative data on the retention of this isotope im varieus
organs and tissues gand the whole body) at extended periods following injection
of NaHC'*v,,

(2) Rate of turnover data on carbon 14 (from NaHC'*0,) in the whole
long bone versus the diaphyseal bone (shaft), These studies involve both
dissection and quantitative activity assays and autoradiography.

(3) Investigation of the effect of a given dose (50 mc man-
equivalent) of NaHC'*0, on the pattern of deaths from leukemia in Akm mice.
Similar studies are under way with a C'“*-labeled compound known to enter into
chromosome metabolism, 2,6-diaminopurine.

(4) Study of the over=all distribution and rate of turnover of
carbon 14 in certaln labeled organic compounds of biological interest (carbonyl
and ethoxy-labeled urethan, methylene-labeled ethyl alcohol, urea, 2715beled
2,6-diaminopurine, and 2-labeled 8-azaguanine),

(5) Experiments having to do with the retention and turnover of
BaC140, when breathed in as an aerosol of the particle size known to be
retained in the human lung,

(6) Rate-constant studies on C!'*0, fixation in the carcass and

carcass fractions (fat, protein, and glycogen) of mice,

PSOUTHERN RESEARCH INSTITUTE
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(7) Pixation of carbon 1. from NaHC'%0, and HC'*OOH in chromosomal
fractions, ‘

Extensive experimental and calculated data have been reported
previously on the retention of carbon from labeled sodium bicarbonate., These
data which included results up to three months following injection of NaHC!%0,
were the mbject of two recent publi.catiml: Studies on the Hasard Involved
in Use of C'*, I, Retention of Carbon from Labeled Sodium Bicarbonate by
Boward E. Skipper, Locke White, Jr., and Carl K, Bryan, J, Biol. Chess 389,
1187, 1949, and Body Retention of Carbon 14 from Labeled Sodium Bicarbonate,
Sd ence ll_g,. 306, 1949, by the same authors, Our further studies on this

subject will soon be the subject of another paper to include retention data

up to one year following injection of NaHC'*0,. This publication will emphasise

diaphyseal bone carbon 14 turnover versus whole bone carbon turnover, v
Another phase of the program has now reached a stage where a formal
report in the literature seems indicated. In accordance with the policies of
the sponsors encouraging publication, we have prepared and submitted a .
manuscript entitled ' Studies on the Hazard Involved in Use of Carbon 1.
II, The Effect of a Single Dose of C'*-Labeled Sodium Bicarbonate on the
Pattern of Deaths from Spontaneous Leukemia in Akm Mice" by Howard E, Skipper,
Martelia J, Bell, and Juanita B, Chapman to Cancer Research., This paper will
appear in an early issue, |
An almost identical experiment is now under way in which Alm mice
have been injected with a 5 mc man-equivalent of labeled 2,6-diaminopurine
(imown to be a precursor of nucleic acid guanine) and set aside to await

death from spontaneous leukemia,

SOUTHERN RESEARCH INSTITUTE

e SEe




b8H 11

Our studies on the over-all distribution and turover of carbon 14
from labeled organic compounds has progressed to the point where publication
of certain of the results seems indicated. A manuscript entitled * Carbamates
in the Chemotherapy of Leukemia, VIII., Over-all Tracer Studies on Carbonyl~-
Labeled Urethan, Ethoxy-Labeled Urethan, and Methylene-Labeled Ethyl Alcohol'*
by Howard E, Skipper, Leonard L, Ben;ett, Jr., Carl E, Bryan, Margaret Ann
Newton, and Linda Si.np&on bas been prepared,

" Bxperiments having to do with the over-all distribution and turnover
of carbon 1li from labeled 2,6-diaminopurine and 8-azaguanine (guandsolo) have
been carried out.

PROPOSED PROGRAIM

In our studies to date we have attempted to emphasize investigation
of the most immediate hasards to workers using carbon 14 (tissue and bone
radiation following exposure to C!*0, or BaC'*0, aerosol) and for purposes
of safety have used relatively low levels of activity and small animals
(18 }.\c/muse or a man-equivalent of about 50 mc/man), With the generally
encouraging data now at hand regarding safety of experimentation with carbon 14,
it is suggested that much wore stringent experiments should be carried out to
determine what dosages of a seemingly more specific carbom li-containing
compound are required to produce radiation effects.

It is now planned to carry out long-term retention studies utilizing
carbon lj~labeled sodium formate,

SOUTHERN RESEARCH INSTITUTE
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Importance of Studies with Labeled Formate

Buchanan, et al (J.B.C. 173, 69, 1948 and J.B.C. 173, &1, 1948)
using C'3 showed that formate is a rather specific precursor for the 2~ and é-
carbon atoms of the purine skeleton of uric acid in pigeons, On the basis of
these reports, preliminary invutigttMI have been carried ocut in this
laboratory using C'"-labeled sodium formate.

It was observed that on injection of 1.4 pe of HC'*00Na into mice
and igolation of viscera mucleic acid purines six hours later the following
data were obtained.

fic Activit c/mole carbon

c No, of Viscera Combined KA
Compound Injected _Mice Homogenate Nucleic Acid Purines
HCY*0ONa L4 & 8.48 57.6 138.4
NaHC'%0, u.s IR L0 2.5 3.3

This specificity of a carbon atom from a simple, easily prepared,

relatively non-toxic compound for a chromosomal fraction offers a msans of

studying the " Hazards Involved in Use of C'*" under most stringent conditions.

Using doses of the order of 140 e per mouse, it should be possible to obtain

chromosome purine activities of about 14,000 pc/mole of carbon at six hours,

Proposed Program Outlige
A. Long-term over-all body C'* retention studies using HC'*OONa.
B. Parallel nucleic acid and NA purine turnover studies,
C. Investigation of acute toxic effects of high levels of carbon 14

(from formate) on mice. Pathological studies on tissues from
these mice,

SOUTHERN RESEARCH INSTITUTE
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D. Studies on the effects of high levels of formate activity on
the pattern of deaths from spontanecus lsukemia in Alm mice.
In this experiment it seems probable that high chromosoms
nueleic acid sctivity would provide a situation most conducive
to carcinogenic or ant.i-lnukcnic action,

_ E. Blood smear and marrow sutoradiographs be prepared from

mice injJected with HC'*QO0Na with the obmw
fundanental information on hematopoissis by following a mucleic

acid precursor into nucleated marrow and peripheral blood cells,

Estimated Cost of Program (1 Year)

It is believed that the above program could be carried out for a
sum of #18,000,

The proposed contract smount anticipates direct c&ato 1nc1ndiné
salaries of technical personnel, expendable supplies, special apparatus,
travel expenss, and indirect costs (dnrhcad).

Southern Research Institute has conducted research projects for the
Office of Naval Research, Navy Bureau of Ordnance, Army Chemical Corps, and
the Atomic Energy Commission, Various allowances on indirect costs have
applied on these contracts, depending to some extent upon accounting practices
of the agency involved. It is therefore assumed that the allowance for indirect

costs (as a percentage of direct salary charges) could be negotiated with
Atomic Energy Commission representatives at a later date.

Birmingham, Alabama
March 29, 1950
Proposal No, m
mnfm (6) (5)
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SUPPLEMENT TO PROPOSAL NO, 184

P —

SUBMITTED MARCH 29, 1950

Title: A study of the hasards involved in use of carbon 14,
Institution: Southern Research Institute

Leaders: Dr., Howard E. Skipper
Dr. locke White, Jr. _ o
Dr. L, L, Bennett, Jr,
Dr. Jack H, Mitchell, Jr,

Scope and Present Status: Covered in recent proposal (dated March 29, 1950).
Outline of Work to be Undertaken: Covered in recent proposal,

Materials, Equipment, and Facilities: |

Metabolisa chambers, special strains of leukemia susceptible mice, |
oxidation equipment and gas phase counting equipment, and laboratory i
space are readily available, Radioactive sodium formate and other
radiosctive compounds to be used in this program will be available

from Oak Ridge or as a result of other programs under way at Southern
Research Institute,

Scientific Personnel: Dr, Howard E, Skipper
Dr. locke White, Jr,
Dr, L. L, Bennett, Jr. {
Dr, Jack H, Mitchell, Jr, ‘
Mrs. Juanita Chapman
Miss Linda Simpson

Proposed tudget (1 year):

Salaries (including sick leave, vacation
and holiday pey):

Biwh’mt......‘......‘.'....‘ 6’m.87
Organic chemisteecscsscococens 1,063.58
m‘ic&l chemist...coccencsene 1'0630k8
m‘icist..‘.........-........ l’ns.w

Biob@.-st.........'.."'......m

4 12,604.27
Contribution to employees' regular A
retirement fund 435,00

Carried forward £ 13,039.27

BOUTHERN RESEARCH INSTITUTE
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Brought forward 4 13,039.27

Apparatus and Equipment:

l-lutooctllr‘................‘ 650.&
1 - Windowless flow counter!.., 350.00
2 - Sample storage cabinet'.... 50,00
1 - C'4 reference source'......_ _ 8,00

1,058.00
Expendable Supplies:

Radicactive sodimm fermate?...f1,500,00
Other radioactive compounds..., 500,00
Glassware and miscellaneous..,___ 300,00

2, 300,00

Travel — 250,00

Sub-total.......se0.. & 16,647.27

Overhead at 8% of above costs . 1l.3.78

Total...........u... ‘ 17’979005

! Necessary to speed up our now rather slow and overtaxed

gas phase counting equipment,
2 To be purchased from Isotopes Division,

Other Responsibilities of Investigators:

Dr. Howard E. Skipper - About 40% of time applied to other
technical and administrative tasks,

Dr., Locke White, Jr. (Head of Physics and Physical Chemistry Division)
A small ssowmnt of Dr. White's time will be applied to this
program as required for special calculations and counting
techniques,

Dr. L, L. Bennett, Jr, - Organic chemist assigned to synthesis of
carbon lj=labeled compounds and preparation of highly active
materials for injection, A relatively small amount of Dr.
Bennett's time will be applied to this program,

Dr., Jack H, Mitchell, Jr, =~ Part time efforts on the effects of anti-
leukemic agents on nucleoprotein metabolism for Committee
on Growth,

!!"6 mt‘ cm’ ‘0 B" '111 be fllll time b f-hil &mwnun

SOUTHERN R

_:iL:m-_-




—cem

Miss Linda Simpson, B.S,, will spend about half-time measuring
activities on this program and about half-time carrying
out similar measurements on an existing cancer program.

Note: It should be pointed out that only technical salaries
based on actual time spent on a given project are
charged to that project at this institution, Accurate
daily time distribution sheets (copy attached) are kept
by all technical personnel and sharges made accordingly

on & pro-rata basis,

Birmingham, Alabama
Supplement to Proposal No. 18I
April 27, 1950

nfm (8) (5)
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’u-hw
. Your eatitled, "Body Retertisn of Garbee 1, has
boon Yy our staff aad I an glad %0 edvise yeu gt

this warh compe withia Ve inderest of the Bivisiea
Blelegy and Netieime,

‘]

Sinoe we have weviously supported this work through the
Crfflce T 'msval 7esenrch, we “eel t:st!fiad 4 ei'min-
tals projest for an additicmal year. There is 20 agsurance
ttat funds will be aveilable for suport at the same level
after June )0, 1951,

The tecimienl agpeets of this pre 1 ave been apgroved
the Division of Biclegy and Nedisire, and funds at & lsvel
of suppert s ocutlined in the propossl Imve been reserved
for it, mmtmofcnlmhhuﬂﬁldhm
responsidility of the Cemmission's Oak Ridge Opeveations
Qffice. Ve have forwarded your jroposml to thea and you
should hear fron ihe . within the near future., While the cone
Wwaet vill be adminigtered Wy She Gak Aidge Opsrations

ths respeasibility fer the techniocal sspeets of the work
rests with the Washington Offioce,

Sincerely yours,

!ulk,htn-
Ghief, Bisleg Mrench
.3\ of Biolagy and Nedisine
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CONTINUATION OF
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BODY RETENTION OF CARBON 1A

The progran wndarway st Sowthern Researeh Iastitute en the hasard
involved in use of carbon 1li has been concerned withs

(1) Qumtitstive dats en the retentism of \iis igsbape 18 veriews
ergans and tisswes (and the whole body) at extended periods follewing imjestiem
of NalC'*0,,

(2) Rate of turnover data on carban 14 (from NaBC'*0;) ia the whole
long bone versus the diaphyseal bone (shaft)., These studies involve both
dissection and quantitative activity assays and auntoradiography,

(3) Investigation of the effect of a given dose (50 ms mmn~
equivalent) of NaiC'%0,; em the pattern of deaths from leuksmia in Akm miee.
Similar studies are wnder way with a C'®-labeled compound known to enter imte
chromosome metabolim, 2,6~diaminopurine.

(4) Study of the over-all distribution and rate of turnover of
earbon 1, in esrtain labeled organic compounds of biological interest (carbonyl
and ethoxy-labeled urethan, methylene-labeled ethyl alsohol, urea, 2-labeled
2,6-dimminepurine, nd -labeled S-ssagummine).

(5) Xxperiments having to do with the retention and turnover of
Bal'%0; when breathed in as an asTesol of the particls sise mewn to be
retained in the human lung.

(6) Rate-constant studies on C'%0, fixation i{n the carcass and

carcass fractions (fat, protein, and glycogen) of mice,

SOUTHERN RESEARCH MSTITUTEK
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(7) Pixation of carbon li from NeHC'%0, and AC'®0OH in chromosomal
frestisns,

Ixtensive experimental and salculated dats have deen reported
provisualy en the retentian of carbon from labeled sodium bicarbonate. These

date which included results wp te three msnthe fellowing injestisn of NalS'%0,

were the mbject of two recent publicatiams! Studies on the Rasard Involved
in Use of C'*, I, Retemticm of Carbem from Labeled Sodimm Bisarbenste My
Rowasd K, Skipper, Laske Wiile, Jdr., and Carl B, Brym, J; Mel. e }R,
1187, 1949, snd Body Bstention ef Carbom 1) from labeled Sodima Bisarbumate,
Seienes 110, 306, 1949, by the same suthors. Our further studies an this

subject will soon be the subjeect of another paper to include retention data

up to one year following injestion of NaHC'*0;, This publicatiom will emphasise

diaphyseal bone carbon li turnover versus whole bone carbon turnover,

Anothar phase of the pregram has Rew resshed a stage vharse s formal
repert in the literature seems indicated. In sscordanse vith the palisies of
the spensors encouraging publication, we have prepared and submitted s
manuscript entitled °' Studies on the iagzard Involved in Use of Carbon 1li.

1I. The Effect of a Single Dose of C'*-Labeled Sodium Bicarbonate on the
Pattern of Deaths from Spontanecus Leukemis in Akm Mice™ by Howard B. &ipper,
Nartelia J. Bell, and Jumnits B, Chapman te Cancer Ressarch. This paper will
appsar in an sarly iseve.

An alwost identical axperiment is nov under way in whieh Akm mise
have been injected with a § mec man-squivalent of labeled 2,6-disminopurine

(nown to be a precursor of nucleic acid guanine) and set aside to await
death from spontanecus leukemia,

SOUTHERN RESKARCH INSTITUTE
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i Our studies on the over-all distribution and turnover of carbon 14

from labeled erganis eempounds has progressed to the point where publiscstisn
of esrtain of the results seems indicated. A mammseript entitled ® Carbemstes
in the Chemotherapy of leukemia. VIII, Over-all Tracer Studiss om Carbonyl-
Labeled Urethan, mwnn@.uwwumwv
by Boward X, Skipper, Leonard L, Bennett, Jr., Carl E, Bryan, Margaret Amn
Eowvien, sad Linds diapesn has bean Jrepared.

Ixporimants having to do with the over-all distribetien snd turmover

of carbon 1\ from labeled 2,6-diaminopurine and S-asagnanine (gusmaAsels) have
been carried out. '

-

PauPCOIL Eiwtnhis

In our studiss to date we hawve attempted to emphasize investigation
of the meet Lmmediate hasards to workers using earbon 1li (tissue and bome

rediation fellowing expssure to G0, or BaC'%0; sercscl) and fer purposee

" of safety have used relatively low levels of activity and small animals

[ (18 };c/lous‘ or a man-equivalsnt of about 50 mc/man), ﬂgz the generally
encouraging data now at hand regarding ufoty of cxparimtatim with carbon 14,
! it 1s suggested that much more stringent experiments should be carried out to
doternine what dosagee of & semmingly more spesifis ecardem lj-eentaining
compound are required to produce radiation effects.

It i3 now planned to sarry out lemg-term retention studiss wtilising
" carbon l,-lateled sodium foraate,

SOUTHERN RESEARCH INSTITUTE
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Buchanen, ot al (4.3.C. 173, 69, 198 and J.B.C. 1T}, &, 1948) i
uaing C'? showsd that fermate is a rather specifis presurser for the 3 mnd 6
earbon atoms of the purine skeleton of wris acid in pigesns, On the besis of
MM.MWMMW.-%:-W
laboratory using C"*~labeled sodium formate.

It wvas obearved What en Sajestion of L4 po of IC'Ne 1ate niee
and 1golstion of vissers sweleis aslid purines six heurs later the following
d‘“‘“»‘w'

No. of Viscers Combined XA
Compound In jected Mice Bomogenate Mucleic Acid Purines
HCY400Na L& A 8.A8 57.6 138.4 |
Makic'%0, 1.8 A 1.0 2.5 3.3

This spesificity of a carbon atom from a simple, sasily prepared,

relatively non-toxic eompound for a chromosomal fraction offers a msans of
studying the ® Hasards Inwolved in Use of C'*™ wnder most stringent conditions, '
Seing doses of ihe erdar ef 1AD pc per mouse, it should be possible to obtain ]i
chromosome purine activities of about 14,000 po/mols of carbon at six hours. "

Ixemesed Pregram Oxtline
A. long-ters over-all body C'® retention studies using HC'*OONa.
B. Barells]l mmoleic asid and NA purine turnover studies. |
C. Investigation of acute toxic effects of high levels of earbon 1

(from formate) on mice. Pathological studies on tissues from 1
these mice. Il

SOUTHERN RESEARCH NISTITUTE
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D, Studies on the effects of high levels of formate activity om
the pattern of deaths from spsntanecus lsukemia in Akm mise,
In this experiment it seems prebedls that high chremcecsms
pucleic acid astivity would provide g situation most ecndusive
te carcinogenic or ntf-m astion,
' E. Blood smsar and marrow mutoradiographs would be prepared from
uise injested with lﬁ'%“&ondm
fundmmental informstien en hemstopsissie W' th¥iewlhs o meclets
seid procursor into nuclested marrew and peripheral blood eells.

el

Estimated Cost of Program (1 Yesr)

It is velieved that the above rrogram could ce carried out for a

i
 sum of 418,000,

The proposed contract amount anticipates ¢irest sests insliding
salaries of technical personnel, expendable supplies, spesial apparatus,
travel expense, and indirect costs (overhead),

i Southern Research Institute has conducted research projects for the
Office of Naval Research, Navy Burean of Ordnance, Army Chemical Corps, and
the Atomic Energy Commission, Various allowances on indirect costs have

applied on thLese coniracts, depending to some sxtent upon accounting practices

of the agency involved, It is therefore assumed that the allowance for indirect

ecosts (as a percentage of direect salary charges) could be negotiated with
Atomic Energy Commission representatives at a later date.

E

A Birminghaa, Alabama
March 29, 1950

Proposal Mo,
atn (6) (5)
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SUPPLEMENT TC PRUPOSAL WO, 184 “
SUBMITTED MARCH 29, 1950

Title: 4 study of the hasards invelved in wee of earben 1,
Institutioms mwm ) ' & Q

Leaders: Dr, Foward E, Sxipper
Dr. locks White, Jr.

Dr. L. Ly Benastt, Jv. S T - % ‘

Dr. Jask K, Mitghelly dre

Scope and Present Status: Coversd in recent preposal (dated Mareh 29, 1e§0).
Outline of Werk te be Gndertaken: Owvered fn rosart froposal,
Materials, Squipment, and Pacilities: 31

Metabolisa chambers, special strains of leuksmia ssseeptivle Moe, b
oxidation equipmemt and gas phase counting equipment, and laboratory |
space are readily available. Hadloactive sodimm formate amd o
radicactive compounds to be used im this program will e '

frem Oak Ridge or as a result of other prograns wader wy at Sewthern
Research lastitwta.

Scientific Fersennell Dr, Howard B, Sipper
Dr. lLocks White, ar. }
Dr. L, L. Bennett, Jr, |
Dr. Jack H. Mitchell, Jr.
Mrs. Juanita Chapmem |
Miss Linda Simpeon ‘ )

Proposed budget (1 year):

Salaries (inclucing sick leave, vesatien ]
od helidey pay):

met....‘.‘.‘..".......‘ 6‘”‘"
Organic shamist.eccecccccccocss 1,063.48

Physical chemist....eceeeeeees 1,06
mm.............‘....'.. 1’1&:

BiOlogiote euaceseinraceancane 2,977 T4 “

‘ 12,&&-27 El

Contributioen te employeess' regular I
retiremsnt fund 535,00 \

Carried forvard § 13,099.27

SOUTHERM RESEARCH TNSTITUTE
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Brought forvard
Apparetus and Equipments

1 - Mr'......u.....-..‘ m.m
1 - Windowlsss flow comnter!... 350.00
2 - Sample storage eadbinet'.... 50,00
1 = C's referenee source'...... 8,00

Expendable Supplies;
Radicastive sedimm formate®.,.fR,900.00

Other redisestive conpounds... 500,00
Classware and miscellaneous.,, 300,00

Travel

& 13,099.27

2, 300,00
220,00

Sub-total.....ceeveee B 16,647.27

Overhead at 8 of above costs

~—2a321,T8

bm‘..‘.‘.......... ‘ 17.9”.05

gas phase eownting equipment.
8 To be purchased from Isotopes Divisionm,

Other Responsibilities of Investigators:

Necessary to speed up our now rather slow and overtaxsd

Dr. Howard E. Scipper - About 40% of time applied to other

technical gnd administrative tasks.

Dr. Locke white, Jr. (Head of Physics and Physical Chemistry Division) 1

A small esmoumt of Dr. White's time will be applied %o this
progran as required for special caleulations and cowmting

techniques.

Dr. L. L. Bennett, Jr. - Orgmic chemist assigned to aynthesis of
earbon li-labeled compounds and preparation of highly active
naterials for injection. A relatively small amount of Dr.

Benneti's time will be applied to this program,

Dr. Jack H, Mitchell, Jr, = Part time efforts on the effects of anti-

leukemic agents on nucleoprotein metabolisz for Committee

on Growth,

Mrs, mnm.ul.,munntm&,m,m
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Miss Linda Simpeon, B.S,, will spend about half-time msasuring
activities on this program and about half-time carrying
out similar msasuremsnts em an sxisting sanser program,

Notet It should be pointed out that enly technissl salaries
based en actual time spent em & given projest are
charged to that project at this institution. Accurate
daily time distridution sheets (cegy attashed) are kept
iy all tesknisel porsemmel md charges meds asesrdingly
on a pro-rata basis,

Birmingham, Alabama
Supplement to Proposal No, 184

April 27, 1950
afa (8) (5)
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23 My 1950
dv. Bomad R, Skipper
Asaistest Miveoter
Seuthera Nosayeh Institite
sirninghas §, Alabam
Seny dov Shigpan
Your prepesul Pady Retemtise of Gerden 3,® Mne
been revisved Yy owr ead ] an glad %o advise you AUt
this werk of

osmps withia thg interest of the Divisiom
Bislegy and Nedisine. -

Since we have Teviouzly sunported this work through the
Sfflee -f "Rval lesearch, we feel fustified in eontiming
t.1ls Zojeot far au adaltic:al year, [lecre L8 v agsurs-ioe
tbat funds will de aveiladle for suoport at ths e lovel
after Jume X, 1751,

The %eahnieal aspeets of t is sroroml have beem approved W
the Divisien of Blalegy sad Nedieine, asd funds &t ¢ lsvel
of suppart ss ocutlined in ths proposal lmve desn reserved
for it. The megotiation of an otz is e
responsidbility of the Cemmissien®s Oak Ridge Cpesetions
Cffios, Te Mave {orwarded yrr aroposal b thea and yeu
ghould hear fron the- within the nsar fiture. While e
weet will be adninistewed bty the Ons sidge Cperetions Cfflee,
the responsibility for the teshaiesl aspests of the work
rests with the Wsghinction Offloes

Sineerely yours,

Paal I.'rm
Divisien of 3iolegy snd Nedisine



UNITRD STATES ATOMIC ENERGY COMMISSION
DIVISION OF BIOLOGY AXD MEDICINE
VYASHINGTON, D. C.

m 3 A, ho iiOlllmi, Jr. Chi.f' mn: 23 ﬁ‘.‘y 1950
.eaicine a-¢ (esearch Division, Zas ildge

FROM : raul 5, Pesrson, "hief, Biclogy Brenek
Division of Blology and Nedisine

SUBJROT: TRANSNITIAL OF PEOPOSAL JOR OONTRAOT NBGOTIATION
R 0
STBAL: BiBe PBP

1111508

This letter with encldsures, in triplicate, is semt in
agcordance vith the procedure descrided in a letter froa
the General Manager to all Managers of Operations dated
Jammary 27, 1945,

1,
2.

3e

6.
T

Instisution: Scuthern Researsh Instituts

Birminghaz, Alabams
Investigator{s): Howard ™ Skipper

Melet  mod- etenticn of lartt 340

Doration - Fro®: July 1, 1957 To: 1 vear from date of eontract

ABO Technioal Supervision: Division of Siclegy and sedicine

: Biolegy Aetivity #6400
Meoommended Supporst $17,979 (including 8% over-eed)

Other Comments

T. is 1 & eomtimetlion of & oroject that the ABC Mas
gup orted L. ... tvhe Lffice =f Mawl Yesearch,



( 2) In our opiniom, patentable processes might be developed through
the proposed worke

( ) 1In our opinion. there is no reason to expect patentadle processes
to be developed through the proposed work,

9. Restricted Data:

( ) ¥ot likely to be required or developed.

( ) May be required or developed, and the following personnel should
therefore dbe processed for security clearances

(x) The ehanee eof restristed data being developed with this werk is
essentially serc ia seeordanse with Gii Bullstin 93, revised.

10. ZReporis: )

Three (3) copiee of the following reports should be sent to the
Yaghington Office directly, with additional copies as necessary
to be sent to the Operatioms Office or others ooncerned.

(x) A sciemtifically accurete summary statsment of approximately
200 vords outlining the scope and purpose of the researchi
to be sent immediately after the completion of contract
negotiations; & revised statement of the same sors due aféer

. nine months of activity on the project.

( .) A complete scientific report after one year of activity.

( ) Prqgress Remorts to be received in Washington sccording to
the following schsdule:

Mazch 15 ( a? September 15 ( )
Jope 15 { ) December 15 (

( g) Brief reports to be submitted at any time Investigator wishes

to call attention to significant results wvhich have accrued.

11. Jund Allotments: b
su!

( X) The Budget Office has deen requested to Allot funds in the
anount recoamendsd for this contract,

( ) The Budget Office will de reguestsd to allot funds as soon
a8 you bave advised us of the contract amount.

Enclosures?

( ;; "A" - Proposal dtd __usreh 29, 1950

( x) "BY - Notiftcation 1tr dtd ‘v 23, 1950
( ) ®%C® - Other correspondence ltrs)

Digtridution:
To /ddresses: Signed copy (with emcl.)
Secomd copy ( " * )
... Dird Copy %ﬂ!—. ' )
To Dive File: Yellov ocofy (witi encl.)
Pink copy (witheut encl.)

' ~ Grean oopy ( ® .

Te. Branch File: ‘Write copy (with encl,)
To Admiz. Office: White copy {(without encl.)

-2 -
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BU0Y (ETEUTION OF CAailCh 14

BACKGRQUND

The program underway st Southerm Research Institute on the hasard
involved in use of carbon 1. has been concerned with: !

(1) Quantitative data on the retentien of this isetope in variews

organs and tissues (and the whole body) at extended periods following injeetion
of NakC'*0,, ‘,‘

(2) Hate of turnover data on carbon 14 {from XaHC'*0;) in the whole
lons vone varsus the claphyseal bone (shaft), Threse studies involve both
dissection and rmantitative activit; assays and autoradiozraphy. !

(3) Investigation of the effect of a given dose (50 mc man- l’
equivalent) of NaHC'*0; on the pattemn of deaths from leukemia in Akm mice.
Similar studies are under way with a C'*-labaled compound known to enter into !
chromosome metabolis:, 2,5-dilaminopurine,

\4) Stuay ol wie over-all distribution and rate of turnover of
carbon li in certain labeled organic compounds of biological interest (carbonyl
and ethoxy-labeled urethan, methylene-lateled eth:l alcohol, urea, 2-lateled h
2,6~di suinepurine, and 2-labeled &mﬁno).

(5) Hxperiuents having to do with the retention and turnover of ¢

BaCt%04 when breathed in as an ssrosol of the particls size kmown to be

retaired in the human luna,

(6) Rate-constant studies on C'%0, fixation in the carcass and

carcass fractions (fat, protein, anc glycogen) of mice,

SOUTHERN RESEARCH INSTITUTE
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(7) Pixation of carbon 1L from NaHC'*0, and HC'®0OH in chromosomal
fractions,

Extensive experimental and calculated data have been reported
previously on the retention of carbon from labeled sodium bicarbonate. Thess
data which included results up to three months following inJjestism ef NalC'*0,
were the ambjeot of two recent publicatioms: 3Studies on the Hasard Involved
in Uss of C'*, I, Retention of Carbon from Labsled Sodium Bicartonate by
Howard E, Skipper, Locke white, Jr., and Carl E, iryan, J, Biol, Chea, 180,
1187, 1949, and Body ietention of Carbon li frca lLabeled Jodium 3icarbonate,
Science 110, 306, 1949, by the same autiors, UCur furtrer studies om this
sub’ect will soor. te Lie suL ect of another rarer ‘o include retention data
up to one LR
diaphyseal bone carbon li turnover versus whole bone carbon turnover,

Another phase of the progrsm has nowv reached a stage where a formal
report in iie literature seems indicated. In accordance witlh the policies of
tiie sponsors encouraging publication, we have prepared anc sutmitted a
aspuscript entitled * Studies on the nasard Involved in Use of Carbom 1i.

I1I, Tre Tffect of a “in:sle Dose of Cl4.lateled Sodium Licarborate on ‘he
Patierr o7 eal.s ron Spontaneous ileukevia in Akm Mice" b loward 8, Skipper,
Martelia J, Bell, and Juanita B, Chapman to Cancer Research, This paper wll
appear in an earliy issue,

An alaost identical experiment is now under way in which Akm mice
have bee:. injected with a 5 mc man-equivalent of laceled 2,6-diaminopurine
(know. ¢ .e & precursor of nucleic acid _uanine) ani set aside to await

deatn from spontansous leukemia,

SOCUTHERN RESEARCH INSTITUTE
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Our studies or. the over-all distribution and turmover of carbon 1

from labeled organis compounds has progressed to the point where pablication

of certain of the results seems indicated, A mamuseript entitled ® Carbamates
in the Cheagtherapy of ieukemia. VIII. Over-all Tracer Studies amn Carbonyl-
Labeled Urethan, Fthoxy-Labsled Urethan, and Methylene-Labeled BEthyl Alcohel'
by toward B, ‘kipper, Leonard L, Bennett, Jr., Carl E, Erya, Margaret Ann
Newton, and Linda Siapson has been prepared.

Experiments having to do with the over-all distributien and turmever
of carbon U, from labeled 2,6~diaminopurine sad S-asagusnine (guanamolo) have

been carried out,

Vo i o Sowkiivas .

1u our stucdies to date we have attespted to eaphasize investigation

of the most imediate hasards to workers using earbon li (tissue and bone

i radiation following exposure to ¢'%, or BQC“O, assrosol) and for purposes

of safety have used relatively low levels of activity and small aninals

W18 Fc/mouse or a zan-ejuivalsnt of about 50 mc/man), 4ith the generally

encouragin, data now at hand regarding safety of exparimentation with carbon lh,

it is surs-ested that much more strin‘ent experizents should be earried out to

determine what dosages of a seamingly more specific carbon li-containing

compound are required Lo produce radiation effecis,

It is now planned to carry out long-term retention studies utilising

carbon li=lataeled sodiuz {or-ate,

SOUTHERN RESEARCH INSTITUTE
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imaportance of Studiss with: labeled Formate
Buchanan, et al (J.B.C. 173, 69, 1948 and J.B.C. 173, &1, 1948)

using C'3 showed that formate is a rather specific precursor for the 2- and 6~
carbon atoms of the purine skeleton of uric acid in pigeons. On the basis of

these reports, preliminary investigations have been carried out in this
laboratory using C'-labsled sodium formate.

It was observed thst on injection of 1.4 ps of RC'*00Na into mice
and isolation of viscera nucleic acid purines six hours later the following

data were outained:

fic pctivit~ (uc/mole car

c No, of Viscera Cozovined KA
2OL.[ouUnG lr ccred .ice ionoganate lwuelede Acid  rurires
uC“’OUNa l.k l& soha 57.6 138.1;
warc ' 0, 1.8 i 1.0 2.5 3.3

This specificity of a carbon atom from a eimpls, casily prepared,

relatively non-toxic compound for a chromoscmal fraction offers a means of

studyirg tne * Hazaras Involvea in Use of C'*'" under most strinpent corditions,

Using uoses of the oraer of 1AO Jc per mouse, it should be possibls to obtain

ciroosoze purine activ.iics of about 14,000 ’ac/mle of carbon at six hours.

Iy sod Pro A e

A. Llong-ter:. over-all body c'* retention studies using £ 00ka.

B, Parallel nucleic acid and NA purine turnover studies,

C. Investigation of acute toxic effects of :i;» levels o carbon 1

(from formate) or mice. Patrological studies on tissues from

these rice.

SOUTHERN RESEARCH INSTITUTE
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D, Studies on tue elfects of high levels of formate activit, on
the pattern of deaths from spontaneous lsukemia in Akm mice.
In this experimsnt it seems probabls that high chromosome |
nucleic acid activity would provide a situation most corduclve
to carcinogenic or anti-leukemic action, ;
B. Blood smear and zarrow autoradiographs would ve prepared froam
mice injected with HCY*UONa with the objective of obtaining '
fundamental information on hematopoiesis Ly followins a nucleic

acid precursor into nucleated marrow and peripheral blood cells, i

Zstinated Cost of ~royram (1 Year)

It is believed that the above ;rogram could re carried out for a
sun of 418,000,

The proposed contract amoun:. 2nticipates direet costs including
salaries of technical personnel, expendable supplies, special apparatus,
travel expense, and inairect costs {(overtead),

Southern acsearch Institute has conducted researcr. pro ecis for the
Cffice of Naval Hesearch, Navy tureau of Ordnance, Army Chemical corps, and
tte Atomic Therrr Corrisaicn, Verious allowances on indirect costs have
applied on thess contracts, depending to some extent upon accounting practices i
ol the agency involved., It is therefore assuaed that tho allowance for indirect
costas (as a percentage of direct salary charges) could bte negotiated with

sicnde Snerp Cotidssion represerntatives at a later date,

Ziradhad, Alalame

Karch 29, 1950

Proposal No, m

atn (6) (5) !
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SUPPLEMENT TU r:LPCOAL NO, 184

RUBMIITED ARCH 29, 1950

Title: A study of the hasards involved in use of carbon 1,

Institution: Southern Assearch Institute

Leaders: Dr. howard Z, Skipper !
Dr. locke {hite, Jr.
Dr. L. L. Bennett, Jr.
Dr. Jack H, Mitchell, Jr.

i
Scope and Present Status! Covered in recent proposal (dated Karch 29, 1950).;t
I

Outline of Work to be Undertaken: <Covered in recent ;roposal,
Ihatericas, -quizwenlt, . fac.iities?

ketabolisn chambers, apecial strains of 1 ukemia susceptible aice,
orZcatlion ejuipuert anu gas pnase cow.tin s equipment, anu lsvoratory
space are readily available. .adioactive socium forzate ana other
radioac:ive compounds to be used in this program will Le available

from Uak addge or as a result of otler ;rograms uncer way at Southermn |
iesearch Institute,

Scientific Persornell DJr, liowara -, Skipper
Dr. locke hite, Jr.
Dr, L, . vennett, Jr.
ur., Jack n. riwcrel:, Jr, :
Mrs. Juanita Chapman li
Kiss Linda Simpsan |

Proposed budget (1 year): :

Salaries (incluaing sick leave, vacation "
and holiday pay): |

biOchﬂiﬂt.ocacao...-oc.ooo-o.‘ 6’3&)087 i‘
Organic cllemi'tcooooocl.u'a... 1,063.’58 . I
Hv‘ic&l C;xemisf-.............. 1,063.“8 ;;
Physicist....coveveeannnnn.. .. 1,118,70

DiOlDL;iSt.'.-.----.c.-.o-;..-o 2.2i7.i§ n

& 12,60 ,27 ?
Contritution ‘o exployees' rejular i
retiremant fund 135400

Carried forward # 13,039,27 |

[
SOUTHERN RESEARCH INSTITUTE Il
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Brought forward 4§ 13,039.27

Apparatus and BEquipments

1 - Autoscaler’...ceieieenoeseod 650,00
1 - Windowlsss flow counter!... 350,00
2 - Sample storage cabinet'.... 50,00
1 = Gt~ reference source'......___8,00

1,058.00
Expendable Supplies:
Radicactive sodium formate®...#i,500.00
Other radioactive compounds... 500,00
Glassware and nmisce.laneous... .0
2,300,
Travel 250,00

&lb-‘cotal............ B 16,6117027

Uverhead at 8 of atovs costs 1,331,

Tot-&l....--.-.....-.. ‘ 17.979005

! Necessary 1o speed up our now ratner Slow and overtaxsd

gas phase counting equipment,
2 To be purcrazed frox Isotopes Division,

9. WUther aesponsibilities of investigators.

Dr. Howard . Skipper - About LOr of time aprlied to other
technical and administrative tasks.

Ur. Locke .nite, ur. (heada of rhysics anu rhysica. Cheamistry Livision)

A small amount of Dr. White's time will be applied to this
progran as required for special calculations and countiny
tecnniques,

Dr. L, L. Gennett, Jr. = Organic chemist assizned to s nthesis of
carbon li-labeled compounds and preparation of highly active
materiails Jor injectior, & re.ativel) s.all aount of -r.
Benneti's time will be applied to this progras,

ur. Jack li, mitcnell, Jr, - Fart time efforts on the effects of anti-

leukemic agenis on nucleoprotein metacolisc f{or vouxmlittee
on Growth,

Mrs, Juanita Chapman, A, B,, will be full time on-this -pOEEMusTiTuTE
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Miss idnda Simpeon, i.J5., will spend about half-time msasuring
activities on this projra: and about half-time carrying
out similar measurements on an existin; cancer program.

Notet It should be pointed out that only technical salaries
based on actual time spent omn a given project are
charged to that project at thia institution. Accurate
daily time distribution sheets (copy attached) ars kept
by all technical personnel and charges made accordingly
on a pro-rats basig,

Birmingram, flabama

Supplement to¢ rroposal Lo, lél
April 27, 1950

afn (8) (5)
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Dre Bomard B, Skipoer
s RGdanpeh Institmie
‘;;mhﬂ 5' Lht‘ﬂ
o, m
Ya® prodem)l entitled, "Bedy etertisn of Oasbes 14,* M

be@ reviewed by eur siaff snd i ar glad to advize vom that
] work eoxee within the irterest of %the Uivision of

and %adicine,
ee e tave vevixiely sur ovtad U 'r wops "r LR e
‘ﬁch S L ﬁseﬁro’ i, W Teal gs*‘fl&. - \.o':t.;'n: i
C b\.u < . : e ' L

?‘it Ade g1 e ava.“!n“o [ogee—— at te sans level
aller v 3o, - Ll

TS technienl aspeeis of ¢ i» ;roposml Mave besn aprreved W
1.? Division of “islegr amd Yedisine, and funds at & lowel

of suppers as outlined 1. iuc ronosal ‘sve bee: reserved
f® it. The negotistion of an eppropriste csmtrast s the
rés csibility of the Commiszsioca's o- ucp Opcr:tim

e, € @r Jprwerel o> te 4te  rad vou
h17 hear frae ther wietin the npaw f‘utun ¥h1le the oone
Qb Wild g vulililerie o, bt 4. e Ljercilong JIloe,

responeitility for the technloel Aa.m of Lhe work
mela with the Wehin~ia= ffoe,

“ineere! - rours,

maul Ee earann
Chiaf, -iclogy Braneh
Divisisn of Biology and Yediei-e



