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I Fotm 01-569 (2/53) 

1. Chairman 

REQUEST F O R  CONTRACT ACTlQN (submit in dupllute) 

- - 
TO: Conuact Board. From: . ~ 3 .  ~ 3 j . .  A:.;, 1 

7 5  _ I  -- 3 I 
i 

I t  1s requested that the Contract Board take the necessary action to process the following described con- 
tract action i n  accordance with the provisions of Bulletin OR-O&M-19: 

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

a d 
2. Nature of Action Requested - 

0 Selection of New Contractor and a Modification of Contract 
Negotiation of Contract. No. 

i . &  . -  
..-.:€ Contractor: .?.-,i.+'- srn R.-s 3-  --p , - , , K U  

airmbgham 5, Alabama 
0 Rcview and approval of Contract, Sub- * n other ( E X ~ W  

contract or Purchase Order. 
Number: 
Name: 

3. Name of Senice, to be Covered by Conuact I 

Location of Work: 
Estimated Cost of Work to be Covered by this Contract Action S 

Schedule: Date Work u, Start 
Descripdon of Project or Activity: 

Construction Directive No. 

Estimated Completion Date 

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



6. baas baud Docket 
Na 
(To k Urlgned by 
Boud Secretary) . 

8. Complete Description of Servicu to be Furnished by Cootractor: 

- -  z e a d q x r t  er s x s  i s a  ted rzs aar  ch contract 
TIT=: "5oc$- %ter , t ion of krbon-ul l  

9. do0 of odra c&ngea 00 k covered by W h t l o a a  Dtralp 
Xodify Contract t o  Frovide fo r  the  performance of additional research 
t o  ,-e mr-:I-at,c! n z t  l a t s r  than Seatember 30, 1960. 
contribute $3,252. 
estimated unexpended balance is $1,997. 

The AX will 
The Contractor w i l l  contribute $5,435, and the  

(If mae q a c t  is required use sepurte rhccb md am& buemr) 

11. Contracts, Subcwurcts, a Purchase Ordar Submined for Review and Approrak (FumM b t l d  deccrtp- 
tloa of action in this space and amch peninent documents) 

.- . [ ~ n e  

~ 12. Mlpuur 
Atuch r st.cement aunrnuizing the dispute togethu with putiDent doaunentr and Brckpud 
M8rUl.L 

I t  1 1 2 8 0  



TITLE XI 

This TITLE )[I 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 dl1 continue studies on the retention i n  the  
body of rEdioactive Carbon-l4 and the effects bpon animal 
tissues, including the extension of these studies t o  bacteria 
The program of work will be essent ia l ly  as follows: 

1. Biological Effects of Carbon-lb Incorporated i n t o  DNA of 
the Fetus. 

a. Pregnant ra t s  injected singly with 100 uc o f  sodium 
formate-Clh as a precursor of purines and thymine will 
be usic! and t h e i r  Drogeny st,.i<!iid. Aninals +ll be 
k e p t  mder  close da i ly  observaticn, will b t  ;d:’opsied, 
ar.3 t:-oroug:?ly studied x i t h  yegard t o  pati=olugy. 
n3w sc kiar.d x h i c h  have beer, t reated w i t h  ClL willbe bred 
t o  see i f  tkere  i s  any gross  g e m t i c  darage. 

Ar.imls 

2. F+e?her.ts with Bacter ia l  Systems. 

a. E: c 5 1  -dll be h ighly  laceled &lrir ,g grcvlth ;et;? a 
C l i  precwsor of DNA, t k e  la’seled ce l l s  w t l l  be pre- 
s 2 3 e 6  with sui table  control ce l l s  on agar f o r  pe r iods  
of  mcr.+,ns. From time t c  :iae c.lt,r~s w % l l  be made, 
and the nmber and nature o f  bacterial  m t a t i o n s  w i l l  be 
studied by t he  Adelberg techic;ue, by ( a )  culturing on 
minirral media, (b) treatment with zenic i l l in  t o  k i l l  
crowing cells ( the parent w i l d  Line), ( c )  treatment with 
penicil l inase t o  destroy >enicil i in,  (d)  addition of eririchec 
nedim t o  promote growth of auzctrozhs t h t  did not crow 
oz t ze  iiainSnal zedium and hence were not killed ~y peni- 
c i l l i n ,  and ( e )  i so la t ion  and Characterization of t he  
nictants. Isolat ion and characterization w i l l  include 
isolation o f  mutants with specific growth requirements. 
After labeling and s tor ing the bacteria, t he  DNA of the 
labeled bac ter ia l  will be subjected t o  the  effects  of  
Carbon-1L radiat ion and transmutation, so it should be 
?cssl’cle t c  study cumlat ive lozg-tem effects.  

I t I l Z 8 t  
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3. Experiments with Cells i n  Tissue Culture. 

a. Outline of Cost Estimates: 

(1) Salaries and Wages: $ 7,850.00 Dr. €3. E. Skipper (5% of t i r e )  $1,000.00 
Research Associates 4 , 4S0.00 
Research As si a tan t s  2,100.00 
Animal Keeper 300.00 

( 2 )  Retirement Fund: 

( 3 )  Materials and Supplies: 

290.00 

1,3 50.00 

b. Items of procerty t o  be zrocured or  r.&rxfact.x-ed by the Con- 
t r a c t o r ,  c?r t o  be f-;rnished by the  Government, t i t l e  : c  xh'ich 
will vest c r  rerain i n  t k s  n Jcverr.sr.t ; see  I A r t i c l e  V):  ?;one 

I I I I 2 8 2  
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TO 

FROM 

SUBJECT 

REFEmcE 

SYMBOL : 

Division of Biology and 

FVM) AUTHORIZATION A.ND TRANSMI'ITAL OF I?.?? 
CONTRACT NEZOTIATION 

FOR 

AEX! 102/16 APPROVED OCTOBER 7, 1953, AS IMPLplENTED BY ME24ORANDUhl 
TO MAGEEIS, OPERATIONS OFF'ICES, DA"D OCTOBER 23, 1953, 
SIGNED BY THE DIRECTORS OF THZ DIVISIONS CF BSEAFiCH ADD BIOLOCY 
m MEDICINE. 

J O I N T L Y  

BMB:LGA 

The research proposal described below has been approved by the 
Division of Biology and Medicine, f'unds are available, and you 
are authorized and requested t o  negotiate a contract i n  
accordance w i t h  the following terms and conditions: 

1. Inst i tut ion:  Southern Resezrch Ins t i tu te  

2. Investigator ( s ) :  ET. Eoward E. S k i p p r  

\ 3. T i t l e :  "Zoay Retention of Cu3on-14" 

6 .  AEC Technical kpresentative: Dr. L. G. Augenstine 

7. l h d s  are authorized f o r  the obligation of  t h i s  contract 
as follows: 

Amount - Budget 
\ 

Allotment Yo. Category Previous This Action Total 

6130 $8,252 $8,252 06 -01 -91 ( 24 ) 

I I 1  1 2 8 3  
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8. It is suggested t h a t  i n  the best in te res t s  of the goverraent 
the follcviing tyre contract be negotiated: Lump sum 

~t is requested thst the t i t l e  t c  my c n r i t d  e s i p e n t  F-T- 
cured under t h l s  contract shall be vested with: 

1 

3. 

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

10. If radioisotopes are  t o  be used i n  t h i s  research, it i s  re- 
quested tha t  the savings available t o  the contractor under t h e  
Radioisotope Research Support Program (Ref. AEC Manual. Chapter 
7510) be considered i n  the negotiation of the amount t o  be 
funded under t h i s  contract. 

U. 
' 

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

This is the terminal year for this pmject. 

12. Security Zequirements: 

In accordance with the  provisions of Chapter 3403 of the AEC Manual 
and the rewirements of the Declassification Guide, it has beer 
determined tha t  the fclioKi,ng s e ' x r i t y  &recautions s h a d &  be +,&.en 
i n  cow-ection - 4 t h  the ?ro?osed research contract: 
Since there is e s s e n t i d y  no chance fo r  the a e v e l o p n t  of re- 
stricted &ita, t h i s  Dmject has k e n  placed I n  Category I YS de- 
f-hed in Chapter 3403 of t h e  AEC Manual.  

( x) Reports are  to be required as provided f o r  by 
"Sevised Guide for the Sibmission of 9eseerch 
P ropsa l s "  dated February 8, 1954. 

13. Reports: 

( ) Specid reports instructions are 96 follows: 

Enclosures: ( ) "A" - Proposal,  dated OR00 has copies 
( x) "B" - Yctification l e t t e r ,  dated 
( ) "C" - Other correspondence, 

Distribution : 

Addressee: Original (w encl. ) 
1 s t  copy ( w  encl.) 
2nd copy ( w  encl.) 

Division File: Yellow copy (v encl. ) 
Pink copy (w/o encl.) 

Branch Mle :  White copy (w e n d .  ) 
Program Analysis Branch: 

'thite copy (w/o encl.) 

GPO 9 0 9 0 5 2  
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PROPOSAL FOR R E N E N A L  OF 

COXTRACT 110 AT-(40-1)-1038 

On 

BODY RETENTION O F  CARBOK-14 

To 

ATOMIC ENERGY COMMISSION 

BIOLOGY AND MEDICINE DIVISION 
, 

ti 

Southern  Research Institute 
Birmingham, Alabama 

Proposal  No. 1269 
J u n e  19, 1959 
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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. 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 y e a r s .  Although carbon-14 is a weak beta emitter,  its biological 
hazard der ives  f rom its ubiquitous occurrence in biological mater ia ls  and 
i t s  long half-l ife.  

I 

Work under the subject grant ,  which has been in progress  for 
some twelve yea r s ,  has  been concerned wi th  the retention of carbon-14 
i n  animal t i s sues  and the resulting biological effects. Since carbon-14 
IS s u c h  a weak emit ter ,  it might be expected that damage from this 
isotope would depend largely on the nature of the biological compounds 
into which it was incorporated. 
which w a s  designed to establish conditions for the maximum hazard for 
carbon-14 and which was  based upon the considerations detailed below. 
The most sensitive s i te  for possible radiation damage is general!? 
considered to be the chromosomes of which deoxyribonucleic acid (DNA) 
is t h e  important constituent. 
accumulated to indicate tha t  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 t i s sues  and that,  in some tissues that a re  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 .  
mouse, t h e  carbon-14 that had been incorporated into the DNA of the l iver 
and brain w a s  retained without loss. 
up to study the biological effects of carbon-14 incorporated under these 
conditions. 
(see accompanying progress  report). 

Last  year ,  we began a long-range study 

Much recent biochemical evidence has 

This study showed that, after birth of the 

A separate experiment was then set  

This  experiment w a s  begun last year and is still in  progress 
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4. Proposed Research: 

Research proposed fo r  the next year  represents  in part  a 
continuation of long-range experiments a l ready 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 bas i s  of the considerations and resu l t s  outlined in 
Section 3, a large-scale experiment w a s  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 l a rge  group of pregnant animals 
w a s  given a single injection of 100 p c  of sodium formate-C" (a precursor  
,i purines and thymine). 
control group were then put under daily observation for any drfferences 
in life span, incidence of tumors  o r  other disease,  weight, and general 
health that might be attributable to damage f rom carbon-14. 
animals a r e  now one year  old and  as yet there  have been no clear  -cut 
differences between t h e  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 t h a n  two years ,  most of the remaining animals should die 
during the next year and, i f  the carbon-14 does have any effects, it may 
bc that it is during this  period tha t  they wi l l  be detected. We  propcse to 
;?ep these animals u n d e r  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 t ime budgeted for the next year .  

j 

The progeny of these animals and those of a 

These 

In addition, in a n  attempt to extract  the maximum information 
from this ra ther  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 car r ied  out to date, the 
experiment would detect damage in somatic cells only. How long the 
progeny of this breeding experiment wi l l  be kept wi l l  depend on the initial 
observations on the litters. 
within the current contract period. 

The actual breeding wi l l  be accomplished 
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B. Experiments with Bacterial  Systems. The experiments  
(lescribed above with intact animdzis a re  expens ;ve  and tedious,  ~7.2 w e  
would like t u  do some experiments  with s impler  sys t ems  as an ac:unct 
: o  the an:mal experiments.  
cel ls ,  i s  metabolically stable in both growing and rest ing ce l l s ,  z?d 
therefore the same considerations that were the bas i s  of the work with 
animals  apply also t o  bacteria. 
Escherichia coli - during growth with a C"-labeled p r e c u r s o r  of DXA 
and to  preserve these labeled cel ls  and suitable control ce l l s  on agar  slants 
for  periods of months. 
number and nature of mutations wi l l  be studied by u s e  of the Adelberg 
technique. This  procedure consists of the following s teps:  (a) culturing 
of the bacteria on minimal medium; (b) treatment with penicillin to  k i l l  
growing cells (the parent  wild line); (c) treatment with penicillinase to  
destroy penicillin; (d) addition of enriched medium t o  promote the growth 
of auxotrophs that did not grow on the minimal medium and hence were 
Iiat kilied by penicillin; and (e )  isolation and charxcterization of the mutants. 

The DS-A of bacteria,  like that of rnz:.ma:;an 

Specifically, we propose to  highly label 

F r o m  t ime to t ime cultures wi l l  be made, and the 

Isolation and characterization will be attempted by vc11'j lng the 
composit.ion of the medium af te r  step (d) to isolate mutants h;vi.; J 

specific growth requirement .  Differences in the number ar-id t he  :.&tur? 
of the malants produced in carbon-14-cu:;rairiing c u l t u r e s ,  a;. c:: TI 7, F .  , 
to  control cultures, should be a measure of the  effects a! th?  i n c -  :-DZ:.~+ - r i  
isotope. 

The use of bac te r ia  for this type of study h a s  mar,y rtrl\.z:-.ages 
over studies i n  a n i n d s .  3 i 

acids  can 3e attained much mc:rs sa;ilj- a~ci v;.+ri : n g ~ , >  !E <- 

Furthermore,  without any experimental effort, after labeiiiig zni 3 tOr i i ig  

of the bacTeria, the DXAA of the labeled bactsr:a wi l l  be subjected :o rhe 
effects of carbon-14 radiation and transmutation. these effects will be 
cumulative and should become apparent when subcuitures are mads. 
with relatively little e f for t  as compared to that expended in an ar,imal 
experiment such as that  described ia the acconipanying r epor t ,  I: s!ii,i;:.c! 
be possible to study the cumulative effects of carbon-14 in the DNA 
over  a long period of t ime.  

High iccorpora+i:l!: c r' c u b ,  
..;E. - 

T h u s ,  

Many studies have, of course,  been made of the effects c;f isoropes 

Some of these studies have been concerned with the genetic 
on the production of mutations and chromosome breakages in bac-.eria and 
other  systems. 
effects of phosphorous-32 o r  tr i t ium incorporated into DNA o r  a recent 
review, see B. S. Strauss ,  Radiation Research - 8 ,  234 (1958 ! However, 
we a r e  not aware of experiments  with carbon-14 that have been 52.: up 
with the same orientation and purposes of the present one. It is known, 
however, from the work of McQuade -- et  al. [Exp. Cell  Research - 11, 249 
(1S%uthat thymidine-CI4 incorporz:?d i n ; O  t h e  DSX of onion roo.:s can 

i I t  1 2 8 8  
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produce chromosome aberrat ions.  

C.  Experiments w i t h  C e l l s  in Tissue Culture. Alammaiian cells 
in  tissue culture a:so lend therr,selc.es t o  experimen7s such a s  those 
prcposed above for -- E. coli. Like bacteria,  cells  in tissue culture can be 
highly labeled with p recu r so r s  of DNA, and once labeled these cel ls  can 
be stored in the frozen state for long periods of t ime. It is not technically 
feasible to attempt to isolate and character ize  mutants in these mammalian 
cells in the same manner as proposed above for bacteria. Rather we 
propose to thaw the labeled frozen cel ls  f rom time to t ime,  prepare a 
culture and isolate clones by the technique of Puck m a r c u s ,  Cieciura, 
and Puck, J. Exptl. Med. - 104, 615 (1956)l. 

With mammalian cells,  much may be learned by observation 
of the general morphology of the  clones thus produced, and the experiments 
proposed with mammalian ce l l s  will involve a comparison of the number 
2f  xutants ,  a s  judged by the morphology of clones, produced by C -  - 
treated and control groups of cel ls .  
on the cell might well be reflected in detectable morphologiczi a-aria: ians 
in clones grown from single cells. These studies wi l l  be more iiir'iicult 
than those with bacteria and, for t h i s  reason, h o w  far they a r e  car r ied  
wil l  depend to  some ex:ent on the resui..s of ir-.it;zi experix(r. :- .s  .&i: -: 

bacteria. 
our laboratory and could be u s e d  i n  This s tud>-.  
considerable experience with the cloning technique of Puck. 

14 

Effects of radiation and traiismLration 

. ,  

Several l ines of mammalian cel ls  a r e  routinely ca r r i ee  i n  
W e  ha;.e a isu hati 

5. Scientific Personnel. 

Principal h v e  stigator s 

Howard E .  Skipper, u p  to 57'0 oi +irne.  P h .  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 f o r  anticancer and antiviral activity; mechanism of 
action of anticancer agents; s ea rches  for exploitable biochemical 
differences between normal and cancer  cells;  mechanism of resistance to 
anticancer agents. 

i I t 1 2 . 0 s  



Pub1:cations: Some eighty publications on cancer 
#-.hernotherapy r i d  related fie:dj and, :n addiI;on, :hi- fo;:owag puo::- 
:ations (supported b:; the subject gran t )  on the bl0;ogical fate of carbon-14. 

Skipper, White, and Bryan. Studies on the Hazard 
Involved in Use of C". I. 
Bicarbonate. J. Biol. Chem. 180, 1187 (1949). 

Retention of Carbon from Labeled 

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

Science 110, - 

Skipper, Bell, and Chapman. Studies on the Hazard 
Involved in the  U s e  of C". 11. 
CL4-Labeled Sodium Bicarbonate on the Pat tern of Deaths f rom 
Spontaneous Leukemia in Akm Mice. 
362 (1950). 

The  Effect of a Single Dose of 

Cancer Research 10, - 

Skipper, Nolan, and Simpson. Studies on '.he 
Hazard Involved in Use of C". 111. 
Bone. J. E-ol. Chem,  189, 159 (1951j. 

Long-Term Retentlo,. 

Skipper. T h e  Hazard Involved in the USE. of 
Carboz-14. SL;cleo:;,cs - 1 0  40 (1952). 

Skipper, Simpson, and Bell. Long-Term Radiation 
of Bone Fol lowing  Administrat;on of C' Bicarhons+?.  
Soc. Exp. E-oi and Med. 52 543 (19%). 

P-qr 

- 

L .  L. Bennett, Jr. , up to 10% of t ime,  Ph .  D. (Organic 
Chemistry).  Head, B,ochemistry DLL-lSiOn. 

Experience: 
Georgia,  1943-1944. Southern Research  Institute, 1948 - : synthesis 
of CI4-labeled compo;nds; s ea rches  for biochem;cal differences 
between normal and cancer cells; mechanism of drug action; 
chemotherapy, nucleic acid metabolism. 

Instructor in  c h e m i s t r y ,  Kniversity of 

Publications: No publications directly relating to 
radiation hazard. Ten publications on synthesis of anticancer agents 
and CI4- labeled compounds and on nucleic acid metabolism of cancer 
cells.  



Other Scientific PerscJnnel 

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

Experience: Southern Research Institute , 1948 - : 
low-level carbon-14 a s say  in gas phase; construction and standardization 
of gas phase proportional counter for carbon-14 and tri t ium. 

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

International J. 

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

Daniel Farnel l ,  up to 15% of t ime.  DVM, Chemotherapy 
Division. 

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

In addition to the above persons who wl l l  be pr imari ly  
responsible for  t h i s  project,  the following will  be available for coz-  
sultation on the microbiological aspects of the proposed work: 

Frank  M. Schabel, P h .  D. (Bacteriolcgl- 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 d iseases ,  microbiological 
t e c hn i que s . 

Numerous publications in the fields of virology and 
bacteriology. 

Robert F. Pittillo, P h .  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; microbiai metabolism. 

S r ? - - r E 9 \  RESEA=':- ' - 5 -  ---E 
_. - __ ~ ___ _. .__ . __ 
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6. Other Personnel: 

One assistant bacteriologist ,  about 25970 time. 
One assistant biologist, about 25% time. 

7. Other Financial Assistance: 

The salar ies  of scientific personnel of this institution a r e  paid 
out of industrial, federal, and institutional research contracts.  Charges 
to each project a r e  made on the bas i s  of t ime spent on the project. 
W e  have no other contracts concerned with the biological effects of 
carbon - 14. 

1 

8. Materials, Equipment, and Facili t ies:  
! I  

Completely equipped animal  rooms, bioche mica1 labor at or i e s  , 
t r a c e r  equipment, and bacteriological and tissue culture laborator ies .  
No additional major equipment is needed. The amount budgeted is an 
estimate based on past experience.  

9. Travel:  

No travel allowance is requested.  



10. Budget 

Sal a r i e  s : 
Senior biochemist, up to 5% time 
Senior biochemist, up to 10% time 
Veterinarian, 10-15% time (for g r o s s  

Biophysicist, 25% time 
Assistant bacteriologist, 25% t ime 
Assistant biologist, 25% t ime 
Pathologist for thorough autopsy (whether 

o r  not needed wil l  depend on resu l t s  yet 
to be obtained) 

autopsies) 

Animal keeper, pa r t  t ime 

Total salaries 

Contribution to employees’ re t i rement  fund 

Mater ia ls  and supplies: 
Feed and antibiotics for  maintenance of mice 
Expendable glassware and chemicals  
Radio a c t i  ve compo u. nd s 
Components of tissue culture media 
Miscellaneous (shop serv ices ,  etc. ) 

Total mater ia ls  and supplies 

Sub to tal 

Overhead (8% of total) 

SRI contribution 

$1,000 
1, 300 

800 
1,600 
1,100 
1,000 

7 50 
300 

$ 7,850 

290 

300 
400 
300 
2 50 
100 

1, 350 

9,490 

759 

5 .435 

Total Budget $ 1 5 . 6 8 4  

11. Amount Requested $10, 249 

Southern Research Institute’s usual r e sea rch  contracts bear  an 
overhead of 100% of scientific salaries. 
category, that we have computed overhead differential at the rate  of 78.970 
of salaries and wages, including vacation and s ick leave. 

You will note, under the budget 

This figure is 

8 

I I I 11293 



based on cu r ren t  r a t e  experience i n  1959. 
direct  cos t s  and the ra te  of 78.9% indicates the extent of Southern Research 
Insti tute 's  support  of the w r k  outlined in t h i s  proposal. 

The difference b e t w e e r .  8"b of 

12. Statement of Current  Expenditures 

(a) As  of May 31, 1959, the total expenditures of the amount 
budgeted f o r  the period 10 /1 /58  to 9 / 3 0 / 5 9  were: 

AEC participation $ 5,020.26 
SRI participation 2 ,811 .24  

$ 7,831. 50 

(b) E s t i m a t e  of cos ts  for the remainder of the contract  is: 

AEC participation $ 2,983.00  
SRI participation 1, 521.76 

$ 4, 510.76 

13. Residual Funds 

It is anticipated that. $1, 997 i n  present  contract funds wil l  be remain-  
ing at the end of the contract period. 

Birmingham, Alabama 
June 19, 1959 
Proposal  No. 1269 
(6:lO) l lb:mkh, mw 

I I I 1 2 9 4  



TO 

FROM 

SUBJECT 

TMTE ST.~FS ATOMIC EXEY cmzss?or~ 
WASHINGTON, D. C. 

: 5. 2 .  Sapirie, 4 m e r  
9ak 3 i Q e  Gperstiotzs W f i z e  

Contract Authorization No. -$.-5.1-1-JC=-A 

:’ C. W. Shilling, 
M lsion of Bio 

: FVND AWEIORIZATION-AND TRANSMITTAL H PROPOSAL FOR 
C O N ”  NEGOTIATION 

: AEX 102/16 APPROVED OCTOBER 7, 1953, AS IMP- BY mORANDUM 
TO MANAGERS, OPERATIONS OFFICES, DATED OCfoBER 23, 1953, JOIXIXY 
SIGNED BY THE DIRECTORS OF THE DIVISIONS OF RESEARCH MID BIOLOGY 
Am MEDICINE. 

SYMBOL : =:Ea 
The research proposal described below has been approved by the 
Division of Biology and Medicine, funds are available, and you 
are authorized and requested t o  negotiate a contract i n  
accordance with the following terms and conditions: 

1. Insti tution: Southem Research L s t i t u t e  

2. Investigator ( S I :  H. E. Skipper 

3. Title: Body Retestion of Carbon-lli 

x 6. AEC Technical %presentative: Dr. Leroy Awenstine 

7. M s  =e authorized fo r  the obligation of this contract 
as follows: 

.- 
Allotment No. Category Previous This Action Total 

06-91-91 (24) 6130 $10, OOo - 1,677 s 

I I I12c15 



- 2- 
a. 

3. 

10. 

ll. 

12. 

It i s  suggested that i n  the best  in te res t s  of the government 
the following type contract be negotiated: Lucrp sm 
It i s  reGested t h a t  t h e  t i t l e  t o  any czpi ta l  equipnent pro-  
cured under t h i s  contract s h a l l  be vested with: 

( X )  t he  contractor; ( ) the government. 

If radioisotopes are t o  be used in t h i s  research, it is re- 
quested tha t  the savings avallable t o  the contractor under the 
Radioisotope Research Support Program (Ref .  AEC Manual Chapter 
7510) be considered i n  the  negotiation of the  amount t o  be 
funded under t h i s  contract. 

Other colmnents: 
an unexpended balance of $1,677 and reduction in FY 1953 funds 
allocated t o  the contract i s  made according;ly. 

Modification #8, dated 12-10-58, indicates 

Security Eiequirements: 

In accordance with the  provisions of.Chapter 3403 of the AM: Manual 
and the reqyirements of the Declassification Guide, it has been 
determined t h a t  the following security precautions should be taken 
i n  comecticn v i t h  the proposed research contract: 

S w e  3 s  o r l g i s d .  

13. reports: ( ) Reports are t o  be required as provided f o r  by 
"Revised Guide fcr the Submission of Research 
Proposals" dated February 5, 1954. 

( ) Specid reports instructions are as follows: 

Enclosures: ( -  ) "A" - Proposal, dated 
( -  ) "B" - Notification l e t t e r ,  dated 
( - )  "C" - Other correspondence, 

- 
l e t t e r s  

Distribution: 

Addressee: Original (w encl. ) 
1st copy (w e n d .  ) 
2nd copy ( w  encl. ) 

Division Nle: Yellow copy ( w  encl. ) 
P i a  copy (w/o encl.) 

Branch Flle: White copy (w encl.) 
Frogram Analysis Branch: 

White copy (w/o encl.) 

GPO 9 0 9 0 5 2  



TO : Addressees Lis t ed  Below DATE: Ccto%er 22, 1358 

+-OM : ; o h  R. Moore, Di rec tor ,  Contrzct Division 

SUBJECT: CONTRACTUAL DOCUMENTS FOR REXIEX, COM'I.IENTS AND I N I T I A L I N G  

The document(s) l i s t ed  below are forwarded for your review, comments and 
initials. 
any, and forward t o  next i n  turn. 
be appreciated. 

Upon completion of your review, please attach your coments, if 
Ekpeditious handling o f  t h i s  matter vill 

Bodific a t i m  8 t o Contract AT-(&0=1)-1338 with  Southern Research I n s t i t u t e  

C on tr a c t Division 
- 



1. 
TO: J ,  R. Moore 

I 
i 

Cha irmrn 
Connacr Board. Res. and Dev. Div. From: 

i 
I 

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

2. Nature of Action Requested 

0 Selection of NCW Conarctor and Modification of Contract 
Negotbtioa of Coauact NO. AT-(/+O-1)-1038 

Gnuactor :  Southern Research Ins titut 
Birminghaa 5, Alabama 

0 Rt*iM and 8pproo.l Of GqUact.  sllb- 0 ma ( ~ ~ p b i n )  
contract or Purcbrre &de .  
Numbu: 
Name 

~ m c r i o n  0 ~ c h i t e c t - ~ g i n w  0 0th GI (Explain) Research 
.9. 

4. Fundin8 Amount to be CMigated by this Contract Action s 8,323 .oO 
I 
1 Source of Funds \ 

Approved OR0 Financial Plan, - Quanu. Fiscal Y u r  19- 
Project No. or, Activity No. 4 3 3 ' 

Procurement Direc - s y  
LruLng Office 

Concurrence in Funding Statement: (signed) 

I Chief, Budget Branch I 

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

b a t i o n  of Work 
Estimated Cost of Work to be  Covered by this Contract Action t 
Schedult: Date Work to Sun 
Description of Project or Activity: 

Construction Dkectivc No. 

Estimated Completion Date 

(If more sprce is required use separate sheets rnd a t u c h  heretor) I 

I I1 1 2 9 8  ' !  



. I  1 . 

None 

L 

12. Dilputu: 
Attach a statement summuizing the dirpute Wtha with pcttfnent documeacl md Backgoad 
h4Afui.L i 

I 8. Complete DucriDtion of Suvlcea to be FurnLtbed by Cootractor: 

Headquarters designated research contract 
TITLE; "Body Retention of Carbon-49 

9. Description of o d m  c b n g o  to be oovual by Modifiuuau 

Modify contract tn provide for the performance of add i t iona l  research 
to be completed not later than September 30, 1959, w i t h  new funds in 
the amount of $8,323. 

- 

10. Negotiated Contraca. (Show why it a w n  dultrblc to ocpotirte new coDtr8ct or to ocga4.oc 
modification to wdfflal cOatr8ct) 

Memorandum from C. W. S h i l l i n g  to S. R .  Sapirie, aated September 30, 1958. 



S d g e t  f o r  Cont rac t  No. ~T-(L0-1)-1038 
19-1-58 - 9-30-59 

( 1 )  Salar ies  and Wages: 

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

$1,075.00 
h,Ooo.Oo 

Assistant Chemist 1,980.00 

c 

I 

(2. 0 'l Retirement Fund : 

( 3) I f a t e r id s  a-ui SupFl i e s :  

/ 4) Overhead (72% of  salaries and wages): 

- 

$ 7,055.00 

204.0b 

2,000.00 

5, &G. 00 

Tota l  %lb, 33 9.00 

The & C ' s  con t r ibu t ion  to the above budget w i l l  be @,323; the GOA- 
tractcrls contribution K i l l  be $&,339; and $1,677 is the estimated 
uneqended balance.  

1 1 1 1 3 0 0  



Contract No. XT-(k0-1)-11338 

\ 

\ The ontrrdor w i l l  con4inue work on the body retcdion urd 
inc 4 oration of Crrbon-I.4 into the -irn fe*u, uWhing 
mice, in order to study body burden, distribution, usd *ho 
incoqoration of C&lrbded formats, b relation ro p d u c t i o n  ~ 

of abbrnul i t ica  o r  lebhali$y. Emlutioq of radiation effeabr , 
f r o m  Qrb0n-a wlll include ( 8 )  gross a b n d d l l t i e s  In young, 
(b) lire-sprn i r f o n a t i o n ,  and (c)  assay o f  tissues f o r  the 
carbon44 content, and if possible t h e  i s o l a t i o n  of nucleic acid 

irims t .) ciet-r,r'int c a r t i  n-2, Lncor:prat ion  in r lucleic  acid.  



-.a 

tRpfiED STATES ATCMIC EmXY CCEOlIISSfOlO 
I -=, D e  Cs 

Contract Authorization No. -59-136 

The research propoeal de8crlbed below has been spproved by the 
Mvleion of Biology and Medlclne, turds are available, and you 
are authorized and rcquertcrd tu 0 o$late a coutract in 
accordance with the following te * s and condltlons: 

1. Institution: Sourthem &search ~ n s t i t ~ t e  

\ 2. Investigator ( e ) :  Dr. Eowsrd So Skipper 

' 3. n t h :  %Body Retention of Carbon-14" 

'Y 4. ( ) New Contract, ( x )  Renewal of 

5.  Duration: 10-1-58 9 - 3 0 - ~  

6. AEC Technical Mpreeentative: Dr. J 

7. hrndr are authorized for thm OblIg&l~n of thlr contract 
88 foUowe: 

x 



-2- 

0 

8. It i s  suggested that in the best in te res t s  of the goverrwnt 
the folloving type contract be negotiated: 

It i s  reqyested that the t i t l e  to  any c z p i t a l  equipment ;ro- 
cured under t h i s  contract shall be vested with: 

Lump Bum 
\ 

3. 

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

10. If radioisotopes are to be used In this research, it is rt- 
quested that  the savings available t o  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. 

' 
ll. Other camnents: None 

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 tha t  the following security precautions should be ',&en 
i n  connection with the ~mposed~research  contract: 
Since there is essentiaJly no caazlce for  tne developnent of re- 
s t r ic ted  data, t h i e  pmJect has been placed in Category I a8 de- 
fined in Chspter 903 of the AEC Manual. 

13. Reports: ( x  ) Reports are t o  be required as provided f o r  by 
"Revised Guide for  the Submission of Resecch 
Proposals" dated February 8, 1954. 

( ) Specid reports instructions are as fouovs: 

Ebclosures: ( X  ) "A" - Proposal, dated June 3Or 19s 
(*  ) "B" - Notification l e t t e r ,  dated SkP 3 0 
( ) "C" - Other correspondence, le t te rs  

Distribution: 

Addressee: Original ( w  end . )  Division F'ile: Yellow copy ( w  encl.) 
Pink copy ( W / O  encl.) 

Branch File: White copy (w encl.) 

1st copy (w e n d .  ) 
2nd copy (w encl. ) 

White copy (w/o encl.) 
Program Analysis Branch: 

I I I 1 3 0 3  
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PROPOSAL FOR RENEWAL OF 

CONTRACT NO, AT-(40-1)-1038 

On 

BODY RETENTION OF CARBON-14 - 
To 

ATOMIC V Y  COMMISSION 

RESEARCH AND DEVEIDPMENT DIVISION 

/ /  
i /  
; I  

(i 

Southern R e s e a r c h r n t e  
Birmingham, Alabama 

June 24, 1958 
Proposal No. 1021 

I I 1  1 3 0 5  /I 



V I \  

9. Scientific background 
c 

I In past  y e a r s  this  program has been concerned with the long- 
t e r m  retention of carbon-14 in animal t i s sues  a f te r  administration of 
var ious C14-labeled organic compoundr. Early work dealt primarily with 
hazarda resul t ing from inhalation or ingestion of burium carbolzpte-C" or 

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

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

2. Institution and Department: Southern Research  Institute, Biochemfetry 
Divis ion 

w 
0 
0- 

I1 
In the last two yea r s  these studies have been given a somewhat 

different direction. 
renewal of nucleic acid purines  in rapidly dividing cel ls .  
of these s tudies ,  and those of other investigators working in this same 
area, have led to the concept of "metabolic stabil i ty" o r  "conservation" 

1, of DNA in rapidly dividing cel ls  (bacter ia ,  t i s sue  cul ture ,  tumors, 
embryos).  A m o r e  detailed account of this concept is given in the 

, accompanying p r o g r e s s  r e p o r t .  As applied to the  problem of hazards of 
carbon-14, these r e s u l t s  suggested that the maximum conceivable hazard / I  
possible with carbon-14 might resul t  from the administration to pregnant /I animals of a C14-labeled compound that would label nucleic acide. Thie 

1 1  p r ecu r so r  would be taken up extensively by the fetal tissues and "conserved" 
in  the nucleic ac ids  during fetal growth and a l so  during the life of the 
an imal  after birth.  Thus,  carbon-14 would be introduced at an early 
stage of fetal development into nucleic acide with the result that chromosomes 
of the animal would be subjected to the radiation from the incorporated 

This  program has partially supported studies on 
The results I! 

I! 
i I carbon-14 for  extended periods.  
I 
I 

4. Proposed Resea rch  

During the past year ,  effort on this project  ha6 been directed ! I  

11 t o  studies of renewal  of nucleic acids in embryonic t isSue and retention 
1 of carbon-14 in nucleic acids  of tissues after birth.  .These experiments, 
1 '  which a r e  described fully in the accompanying p r o g r e s s  repor t ,  were under- 

taken as a prel iminary to  a full-scale testing of the biological effects of I 
I 

WUTHERN RESEARCH INSTITUTE 



li a 

(b)  Carefu l  life-span data will be recorded for both control 
'I and treated groups. At death, each animal will  be given 8 gross autopsy 

and c a r c a s s e s  will b e  preserved  in 10% formalin for  more  detailed 
pathology later if it should prove desirable. 

I '  

( c )  Star t ing at one month after birth,  animals  wi l l  be 
,, selected at random from the t reated groups and a number of t issues  will  

be assayed for tot a1 carbon-14 by gas phase counting methods. If 
11 activity is sufficiently high, nucleic acid purines will also be isolated 
' and assayed t o  determine if  the activity is all present  in the nucleic acids. 

When some of the resu l t s  on this  experiment have become I1 
available, o ther  experiments  may be indicated. Depending on what the j/ r e su l t s  show, fur ther  s tud ies  may be undertaken, e i ther  with other 

' precur so r s  o r  at different levels of the same precursor .  Trit iated 

1 thymidine is now available with high specific ac t iv i ty  and,for this type of 1 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  recent ly  been published [€hinter, Drew, and Hughes, 

/ ,  Science 7 127, 1244 (1958)l that HeLa cells,  grown in t i ssue  culture on 
a medium containing t r i t ia ted thymidine, were  inhibited in growth a~ 

I '  compared to  cells grown with inactive thymidine. 

I SOUTHERN RLSEARCH INSTITUTE 
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5. Scientific Personnel  

PrinciDal Inve s t iaator  

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

Experience: Chemical W a r f a r e  Service, 1941 -1946: toxicology 
and mechanisms of action of chemical w a r f a r e  agents, particularly 
alkylating agents. Southern Research  Institute, 1946 - : screening of 
agents for anticancer and antiviral  activity; mechanism of action of 
anticancer agents; s ea rches  for exploitable biochemical difference8 
between normal  and cancer  cells; mechanism of resistance to anticancer 
agents. 

Publications: Some eighty publication8 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". 
Bicarbonate. 

I. Retention of Carbon f rom Labeled 
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". 
C14-Labeled Sodium Bicarbonate on the Pat tern of Deaths f rom 
Spontaneous Leukemia in Akm Mice. Cancer Research - lo, 362 
(1950). 

11. The Effect of a Single Dose of 

Skipper, Nolan, and Simpson. Studies on the Hazard 
Involved in Use of Cl4. U.I. Long-Term Retention in Bone. J. 
Biol. Chem. - 189, 159 (1951). 

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

Skipper, Simpson, and Bell. Long-Term Radiation 
of Bone Following Administration of C14-Bicarbonate. 
Exp. Biol. and Med. - 92, 549 (1956). 

Proc. SOC. 

SOUTHERN RESEARCH INSTITUTE 



Other  Scientific Personnel  

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

Experience: Inetructor in chemistry,  University of Georgi8, 
1943-1944. Southern Research  Inetitute, 1948- : eyntheeia of (?'-labeled 
compounds; eearches for biochemical difference8 between normal  and cancer 
cella; mechanism of drug action; chemotherapy. 

c 

Publicatione: No publications directly relating to radiation 
hazard.  Ten publications on synthesis of anticancer agents and e ' - labeled 
compounda and on nucleic pcid metabolism. 

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

Experience: Southern Rerea rch  Institute , 1957- : screening 
of compounds against tumor8 and leukemias;  animal  care .  

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

I /  

Experience: Southern Research Institute, 1948- : low-level 
b4 assay  in gas phase; construction and standardization of gas phase 
proportional counter for carbon-14 and t r i t ium, 

1 ,  Publications: A Simplified Procedure for Proportional 
Counting of C14-Labeled Carbon Dioxide. International J. of Applied 
Radiation and Isotopes - 3,  172 (1958). 

Ii 

I' 
l l  

Co-author of papers on hazards in the use of carbon-14 (8ee 
publications of Skipper above. ) 

6. Other  Personnel 
ll 
ii 

One assistant chemist, 50% of t ime.  I' 
I I 7. Other Financial Assistance 

The salar ies  of scientific personnel of this institution a r e  
paid out of industrial, federal, and institutional research  contracts. 
Charges to  each project a r e  made on the basis of t ime spent on the 
project. 

SOUTHERN RESEARCH INSTITUTE // 
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I 

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 program8 have supported partially the studies on 
nucleic acid renewal, which fo rms  the background for the proposed research.  i 

1 8. Materials, Equipment, and FPcilities 

i Completely equipped animal rooms, biochemical laboratories,  
~ and tracer laboratories. No additional major equipment is needed. As for 

e4- labeled compounds, the Pmogpt indicated on the budget is an estimate 
and may be adjusted on the bas is  of result3 as they accumulate. 

ii 9- 
1' No travel allowance is requested. 
I 

Salar ie s : 
Biochemist, up to 5% time 
Biochemist, up to 10% time 
Veterinarian, approximately 15% time 
Biophysicist, 25% time 

Total salaries 
I Assistant chemist, 50% time 

/ a  

Contribution to employees' retirement fund 

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

204. 

Materials and supplies : 
Animals, feed, antibiotics, etc. $ 500. 
Expendable glassware and chemicals 200. 
Radioactive compounds (if needed) 300. I' 

Animal cages 1,000. 2,000. 
ii 

Overhead (8% of total) 741. 

SRI contribution 4,339. li 
Total Budget I! 

ii 11. Amount Requested 

$14,339. 

$ 10,000. 

Southern Research Institute's usual research  contracts bear  an ! 
' overhead of 100% of scientific salaries. 

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

You will note, under the budget 

This figure is 
/I 

SOUTHERN RESEARCH INSTITUTE 
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AEC part ic ipat ioi  $ 5,628.17 
SRI participation 2,496.27 

$8,124.44 

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

AEC participation 
SRI participation 

$4,371.83 
2, 506.73 

$ 6, 878.56 

6 

3ased on current rate experience in  1958. The difference between 8% of 
i i r ec t  cos ts  and the rate of 72% indicates the extent of Southern Research 
Lnstitute's support of the work outlined i n  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: 

I (c) Estimate of funds which wil l  be available for financing the project 
1 1  during the proposed period of performance: 

$ 1,677.00 I! 
13. Residual Funds 

I! 
It is anticipated that all funds in  present contract wil l  be expended. it 

ll 
I 
' Birmingham, Alabama 
!June 26, 1958 

Proposal  No. 1021 
(6:lO) llb:nb, m w  

I/ 
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TO t Addrerrees Lirted Belw 

FROM : John R. Moore, Mmctor, Contract D l r l r l o n  

SUBJECT: CONTRACTUAL DOCUHENTS FOR REVIEW, COMMENTS AND INITIALING 

The documsnt(s) l i s ted  below are forwarded for your redew, comment8 and 
i n l t i a l r .  
my, md forward t o  next in turn. 
be appreciated. 

Upon completion of your review, please attach your c m e n t s ,  Ff 
Expeditloua handling of t h i s  matter w i l l  

I 1 1 I \ 
RETURN Tot 

1 1 1 1 3 1 2  
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Fam 011-569 (2/53) 

1. Chauman 

REQUEST FOR CONTRACT ACTION (submit in duplbrc) 

- . ~ -  <' - r  
From:-SS _ - T ?  -:( - - % ' J .  - - %  - -  

uact  action in accordance w 

0 Selection of New Conarctor  and Ix] Modificadoa of Contract 
Ncgotiatioa of Cooarct. &*S-( L 0 - l l - U ~  

Contractor: Southern Research I n s t i t u t e  
Bintringham 5 ,  P-labama 

0 &view a d  approval of contract .  sub- - 
contract oc Purcbse eder .  

1 3. 

I 

Wuxe of Sewla, to be Covered by h m c t  

Construction 0 Architect-Engineet 0 . other rn (Explain) Aesearch 

1 4. Pundin& I 
I 

Amount to bc Obligated by this C o n a r c t  Action 3 13,900 . 

I Source of Funds 

Approved Financial Plan, - Quanu, Fiscal Y u r  19- I 

Funds to be Obligat I 

I 
1 _ _ - _ _ _ _ _ _ _ - - - - -  

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

I 
1 
I 5. Project or Activity to be Covered by Contract Action: 

Location of Work 
Estimated Cost of Work to be Covered by this Conaact Acdm S 
Schcdulc: Date Work to S w t  
Description of Project or Activity: 

Construction Directive No. 

Estimated Completion D i u  

(If more space is required use separate sheers and attach huetor) 

I f  I 1 3 1 4  



8. Complete Description of Suvices to be Furnhhed by Coaarctor: 

/ I  Headauarters desirrated research contract. I 

Title:  Body Retention o f  Carbon-1L 

Modify contract t o  extend t h e  seriod t o  September 30, 1998, with 
new funds i n  t 5 e  amount o f  ~ l 0 , ~ O .  

I 

10. 

1 
(If mat qmce k required use sepurte shcttr and attach huetor) 

11. Contracts, Subcmtracta, Q Ruchre Ordut Submitted for Review and Approval: (Furnlrh brid dcruip- 

I cion of action in this SPA- and r tuch penineat documents) 

12. Dirpuw: I 
A m &  8 rt.temeot summarizing the dispute togetha with pertinent documeao rod Background 

I 
I 

M.teri.L 
None 



\ : S a l p r i e s  2r.c Flzces: 

5r. H, 2. Skipper  (10% of time) $l,C?O.CllO 

9ese;lrch ? s z o c i - t e s  3,6c5‘.30 

P s si s t ant Ch erri s t * 1,eoo.oo 

P e t i r e m n t  Fund: 285.30 

i 



DR. H@WA,PD E. SKIPPER 

WDY RE'IENTION OF CARBON-1L 

'Lhe Contractor w i l l  continue ? 

extending from the original purpose of determine of Carbon-lb binding and 
biological hazard of C-lb t o  s tud ies  upon (4) conservatim of the nucleic 
acids in  embryonic tissues, 8tudying mice which have received C-lblabeled 
precursors of purines, (4, studies  of embryonic tis8ues 
determine binding of C-f i  i n  the nucleic acids, followed by l i f e  period 
studies, a) life-span studies t o  determine minim1 level  of C-lh causing 
demonstrable changes and possible lonprahge development of leukemia, and 
(d) other a p r  opriate work t o  evaluate differences In behavior of t he  
adul t  t o  C-1 
i n  compcunb s administered during f o e t a l  s tapes. 
w i l l b e  on the hazard of C-lh when inconorated ihto t h e  animal during early 
stages of development. 

to 

campared w i t h  animals which received the radioactive isotope 
Special emphais i n  general 

1 1 1 1 3 1 1  
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UNTTED STATES A m C  ESE'RX CCMMISSXON 
WASHINGTON, D. C. 

Contract Authorization WO.EDI-58-lk8 

: AEC 102/16 APP- OCTOBER 7, 1953, AS IMP- By MEMORANDU! 
TO W E B ,  apERATzolos OFFICES, DATED OCroBER 23, 1953, J O m  
SIGNED BY THE DIRECrOEZS OF THE DIVISIONS OF RESEARCH AID BIOLOGY 
m MEDICrn. 

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

'~1. Insti tution: southern &rearch Institute 

v. Investigator ( 8 ) :  Dr. Howard E. Sldpper 

"3. Tit le :  Body Retention of Carbon-14 

b ( ) New Contract, ( x  ) Renewal of Contract No. A!P(k0-1)1038 
\-2, / 
\ 4 5 .  Duration: October 1, 1 9 f l  thru September 9, 19s 

6. AEC ~ e c h n i c d  Representative: j o b  R. I\ottar 

7. 
PQ I 

are authorized for the obligation of this contract 
as follows: 

Budget Amount 
Category Previous This Action T o t a l  

6 3 3  $1o,m bo,- 

I I I 1 3 1 8  
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8.  It i s  suggested that i n  the best i n t e re s t s  of the govercment 
the Polloving type contract be negotiated: 

It i s  requested that  the t i t l e  t o  any capi ta l  equipment pro- 
cured under t h i s  contract s h a l l  be vested with: 

LUlUp-m " 

9 .  

J ( x )  the contractor; ( ) t he  government. 

10. If radioisotopes are  t o  be used i n  t h i s  research, it is  re- 
quested tha t  the savings avallable t o  the contractor under the 
Radioisotope Research Support Program (Ref. AM: Manual Chapter 
7510) be considered i n  the negotiation of the  amount t o  be 
Auded under t h i s  coptract. 

ll. Other comments: 

12. Security Requirements: 

In  accordance with the provisions of Chapter 3403 of the AEC Manual 
and the reqyirements of the Declassification Guide, it has been 
determined tha t  the following security precautions should be taken 
i n  connection with the proposed research contract: Sin& thela iS 

essentially no chance for the d e v e l o p n t  of r e s t r i c t e d  data, t h i s  
' pmject  has been placed i n  Category I as deflned in Chapter 3403 of 

the AEC kbxual.. 

\ 
13. Reports: ( X )  Reports are t o  be required as provided for  by 

"Revised Guide f o r  the Submission of Research 
Proposals" dated February 8, 1954. 

( ) Specid  reports instructions are as follows: 

' ' -3 :  
Enclosures: & ) "A" - h.oposal, dated 

I_ 

( ) "C" - Other correspondence, l e t t e r s  

Distribution: 

Addressee: Original (w encl.) Division Mle: Yellow copy (w encl.) 
pink copy (w/o encl.) 

Branch File:  White copy ( w  encl.) 

1st copy (w encl. ) 
2nd copy (w encl.) 

m i t e  copy (w/o encl. ) 
Program Analysis Branch: 

1 1 1 1 3 1 9  G?O 9 0 9 0 5 2  
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REQUEST FOR R E N E W A L  OF CONTR-ACT 

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 



REQUEST FOR RENEX-AL OF CONTR-ACT NO, AT-(40-1)-1038 

'I 1. Tit le  of the Project: Body Retention of Carbon-14 

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

3. Scientific Background: - 
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, 
par t icular ly  bone, a f te r  ingestion o r  inhalation of Ci40, o r  C14-labeled organic 
compounds. The emphasis of these ear ly  studies wa8 on the possible hazards 
involved in the u s e  of carbon-14 in the chemical and biochemical laboratory. 
The resu l t s  of these studies indicated that the biological half-life of carbon- 
14 ingested as C"O,, BaC140s, o r  NaHC"O3 was such that there was little 
hazard in its u s e  unless the doses were  mass ive  (in excess of 50 mc man- 
equivalent). In the last two yea r s  of the program, these studies were extended 
and calculations were made of the level of radiation to which the chromosomes 
of various t issues  were subjected following the administration of a number of 
p r e c u r s o r s  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 s i tes  most 
susceptible to radiation damage and that, therefore ,  C14-labeled compounds 
that localized in the nucleic acids would represent  perhaps the extreme of 
radiation hazard possible with carbon-14. 
following the intraperitoneal administration of t racer  doses of a number of 
these p recu r so r s  of nucleic acids,  the result ing radiation of the chromo- 

level for seve ra l  days. 

I/ 

, 

These  studies did in fact show that, 

s o m e s  in some  par ts  of the animal body did remain above the permissible \ I  

Along with these stud€es,  there  was carr ied out an extensive I 

study of the renewal of nucleic acid purines of a number of tissues of the I /  animal body. These results are given in our 1956 report  and in the 1957 - report ,  which accompanies this proposal. Briefly summarized, in these 
s tudies  sodium formate-Ci4 was adminis tered to tumor-bearing animals to 

1 1  label the nucleic acids, and the 108s of carbon-14 f rom the nucleic acids of 
1 a number  of t issues was then studied over a period of time. Whereas rapidly 1 dividing normal  cells such a s  intestine and spleen lost carbon-14 from the 

nucleic acids e i ther  as a result of metabolic turnover o r  a physical loss of 
cells,  no carbon-14 was lost over the pertod of the experiment from the 
nucleic acids of the tumor. These resu l t s  suggested strongly that the tissues 

'I 
I 

c_ 1 

c 

tki 
1v 
I_ 

I 
I 
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c 

that a r e  rapidly increasing in m a s s  conserve their nucleic acids,and hence 
also c3nserve any carbon-14 that has been incorporated into the nucleic acids. 
A t  about the same  t ime that these experiments were ca r r i ed  out a large 
number of other papers  appeared that tend to substantiate the conservation of 
nucleic acids in a number of biological sys tems.  Thus, among many re fer -  
ences on the subject, one might cite evidence for the conservation of DNA in 
regenerating l iver of rats" 
servation of both DNA and RNA in bacteria4, s, mammalian cells in tiseue 
culture*, ', and Ehrl ich a sc i t e s  tumor cells in vivo'. These reaults have led 
many to character ize  the DNA of rapidly proliferating sys tems as "rneta- 
bolically stable. 

and in the liver of young ratsS and for  the con- 
, 
i -- 

W e  have interpreted our own results (cf. the accompanying I! 
progress  report) to indicate a dynamic equilibrium between nucleic acida 
and soluble nucleotides r a the r  than true metabolic stability; however, regard- 
less  of interpretation, both o u r  resul ts  and those of the other g r o u p  cited 
above clear ly  indicate retention of activity in nucleic acids. 

I 

and Fresco,  
Bendich, and Russell" who gave partially-hepatectomized animats labeled 
p recu r so r s  and studied, in the post-regeneration period, the retention of :he 

Pertinent a l s o  is the work of Furst et al. PI 10 

1 0. Nygaard and H. P. Rusch, Cancer Research 15, 240 (1955). 
2 A. D. Barton, Federation P roc .  13, 422 (1954). 
3 K. Kihara, M .  Amano, and A. Sibytani, Biochim. Biophys. Acta. 21, 

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

- 
- 

489 (1956). 

L. Siminovitch and A. F. Graham, Can. J. Microbiol. 2, 585 (1956). 
G. M ,  Healy, L. Siminovitch, R. C. P a r k e r ,  andA. F.-Graham, Bio- 

R. Y. Thomson, T. Paul, and J. N. Davidson, Biochim. Biophys. Acta, 
chim. Biophys. Acta. 20, 425 (1956). 

22, 581 (1956). 

(1956). 

(1950). 

8 LTRevesz,  A. Forssberg ,  a n d G .  Klein, J. Natl. Cancer Ins t .  17, - 37 'I 

S. S. Furs t ,  P. M. Roll, andG. B. Brown, J. Biol. Chem. 183, 251 - 
j 

1 11 J. R. Fresco ,  A.  Bendich, and P. J. Russell,  J r . ,  Federation Proc.  

I 

10 S. S. Furst and G. B. Brown, J. Biol. Chem. 191, 239 (1951). - 
14, 214 (1955). - 

SOUTHERN RESEARCH INSTITUTE ' I  I! 
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isotope that w a s  incorporated during regeneration. They showed that af ter  
regeneration essentially no DNA was lost from the liver over a long period. 
Thus, it would appear  that DNA is conserved not only during period8 of 
rapid growth but a l so  in non-dividing tissuee such as l iver of adult animals,  l 

I 

The evidence that DNA is conserved during the phases of 
1 '  rapid growth of such a variety of biological sys t ems  led UB to wonder if 

embryonic t issues,  which show many metabolic character is t ics  s imilar  to 
tumor cells,  would a l so  be similar to tumor cells in the conservation of 
nucleic acids. 
ments with pregnant mice  described in the accompanying progress  report and 
is the basis of our plans f o r  continuation of this work. 

Such thinking led to the prel iminary and inconclusive experi- 

The importance of the concept of "metabolic stability" of 
nucleic acid to radiation hazards is obvious. If indeed the foetus is s imilar  I /  to other rapidly growing systems in the conservation of nucleic acids then, 

/ I  in some tissues,  activity incorporated in the nucleic acids during embryonic 
growth may remain there f o r  the life of the individual. Thus, certain cells 
of the body would be exposed over a long period of time t o  radiation concen- 
trated in the most sensi:ive locus, i. e , ,  the genes and chromosomes. If the 

' carbon-14 were introduced in the early s tages  of foetal development, then one 
might expect the maximum of radiation daxage ;  i. e. , initial exposure to 
radiation at a s tage known to be extremely sensit ive to radiation followed by 11 a prolonged exposure of certain tissues a f te r  birth and d u r h g  the maturing of 
the individual. 

I 

I /  
' 

/I 

I/ 

'I 
I I1 

I 4. Proposed Research 'I 

I Research  proposed f o r  the next year  is based upon the comider -  
1 1  ations of conservation of nucleic acids which were discussed above. First, l 

i t  is proposed to coxtinue and expand the study of conservation of nucleic acids 
in embryonic t issue,  with !he purpose of establishing definitely whether 

1 1  embryonic tieaue is s imi la r  to other rapidly dividing systems and further of 
attempting t o  se::le x e  ques:ion of "metabolic s:abih:y" of nucleic acids j/ versus  dynamic equilibrium with soluble nucleotides. This part of the pro- 
posed program should provide results of fundamental biological and  bio- 
chemical s ignificanc e .  

1 1  

11 
I 

l l 

I 
, 

Consideration of the relationship of comervation of nucleic I 
1 '  acids to the problem of carbon-14 hazard, as mentioned in the preceding 

section, leads directly CCI the m o r e  practical aspect of the program in which 
" we propose to attempt to assess, by various meane, the biological effects of 
, carbon-14 introduced at an early stage of foetal  development. 
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Specific experiments which w i l l  be ca r r i ed  o u t  o n  the  program 
a s  i t  can  be envisLgged a! ::,is stage a r e  the following: 

(a) Conserva'.ion of Nucleic Acids in Embryonic Tissue. Large 
' I  groups of pregnant mice will be  given injections of a C"-labeled precursor  of 

purines  and a t  various times thereaf te r  during foetal development the purines 
of the RNA and DNA and the acid-soluble f rac t ion  will be assayed fo r  carbon- 
14. 
sensi t ive,  administration of C -labeled compounds will be begun a t  the 
ea r l i e s t  feasible  period following conception. 
the nucleic acid purines a: !he various t imes will be a measure of conservation 

I 

,I Since the ear ly  stages of foetal  development a r e  known to be moat 
14 

1 1  
The amount of carbon- 14 in 

of the nucleic acids and a comparison of activit ies of nucleic acid purines and 
acid-soluble purines will determine whether conservation is due to true 
metabolic stabil i ty o r  whe 'her  i t  is accompanied by a dynamic equilibrium 
between nucleic acids and soluble p recu r so r s .  
sodium formate-C" will be used because of its cheapness and because i t  
labels both adenine and guanine of both RNA and DNA. 
p r e c u r s o r s  will be used as recul s m a y  indicate. 

In most  of these experiments 

Other CI4-labeled 

(b) If emDr, znic : i s sue  should s h D w  c3xservation of carbon- 14 
in the nucleic acids ,  m d  +?-.e resul ts  now available suggest that it will fa l l  in 
the s a m e  category a s  other rapidiy growing sys tems,  then long-term s:udies 
will be  c a r r i e d  out on retention of the isotope during the lifetime of ?he 
animal .  Such studies shoL:d show how long radioactiviry, LncorporaLed into 
nucleic acids  of :he foe:us, will remain  above the permissible level in the 
var ious organs of the a n i z a l  a f te r  bir th .  

(c) The sbDve experiments a r e  t r a c e r  studies t~ determine the 
If retention is demonstrated, some retention of activity in the  nucleic a c i d s .  

experiments  will be undertaken with quite a different emphasis: the maxi- 
mum feasible arnoun: of carbon-14 will be adminisLered t o  pregnant mice 
and the l i t ter  will be obser.:ed for  biological effects that  might be a::ribu'.ed 
to radiat ion from carbon-14. 
bir th  f o r  obvious  deiec:s ~ 7 . 3  ;he? observed o v e r  their l i fe  span .  Life spa- 
of treated animals will be compared with those of untreated controle, and at 
death an imals  will be autopsied to  discover  less obvious biological effects 
that might be attributed t o  radiation. 
demonstrated,  then experiinents might be begun to determine the minimum 
level of carbon-14 that could cause demonstrable damage under these 
conditions. Depending on hDw initial experiments  turn out, many other 
experimexts  migh: be  suggeszed. F o r  example,  mice of the A K  s t r a i n ,  of 
which essent ia l ly  all animals develop leukemia, might be studied to determine 
whether carbon-14 inrroduced izto the foetils affects :he incidence o r  course 
of leukemia w h i c h  clevel3ps zi:er b i r ' h ,  

Animals will be examined immediately after 

If damage from carbon-14 can be 

SOUTHERN RESEARCH INSTITUTE 
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T h e  difference be'ween these s t u d i e s  aind any carr :ed o u t  
ea r l ie r  on  this program s k o u i d  ae emphasized. 
carbon-14 w a s  rapidly lost from mammalian t i s sues  a f te r  labeling with 
NaHC140,' and that administration of sodium f 0 r ~ n a t e - C ' ~  to leukemic mice 
failed to a l t e r  the course  of the disease2. However, these were experiments 
with adult mice tha t  would be expected to  incorporate  and retain much l e s s  
activity than animals  receiving carbon-14 in the foetal s tage  of development. 

IC was s h o w n  ea r i l e r  that  

I To our  knowledge, although many studies have been c a r r i e d  
out on radiation hazard resu;?ing from ingestion and retention of SrW and 
other radioactive isotopes, there have been no repor t s  published on attempts 

1 1  to a s s e s s  the hazards  f rom carbon-14 result ing f rom its incorporation into 
nucleic acids of the foetus, 

5 .  Scientific Personnel:  

P r inc iDa 1 lnves t iga t o r 

H o w a r d  E Skipper, up '.o 10% of t ime, P h .  D. (Biocnemiscry), 
A s s ~ s t a n c  Direc:or in charge of dialogical Sciences.  

ExFeriecce: Chemical Warfare Service,  1941- 1946: toxi- 
cology and mechanisms of ac:Lon of chemxa! warfare  agenrs, particularly 
alkylating ager.:s. Sou:her- Research Instrrute, 1946- : screezi-g of agei ' s  
for anticancer a 3  a:- ivirai  kCYlVi : j - ;  mechayisn: of ac t ion  of a2ticancer 
agents; searches  for  exp'o;'ao'e biocheTical differences between normal 
and c a x e r  cells; mechanisms of r e s s t a z c e  to  anticancer agenrs. 

P I: b 1: c a 1 i 3-75 ; S 3:r: e e Ig h ::- p u ~ '  i c a .  3 3 -,E on c c c  e r r_ :-.e m o t he rap;: 
and related fields and, in addition, the following publications (supported by the 
subject grant) on  hazdrds ifiVO!Ved in use of C": 

_I__-- 

Skipper, White, 32d Bryan S'udies on the Hazsrd 
hb-o lved  ln Cse of CL4. 1. ReLenLion of Caroon rrorn Labeied Bi- 
carbonate. J. Biol. Chem. 180, 1187 (1949). - 

Skipper, White, and Bryan. Body Retention of 
Carbon- 14 f r o m  LaPe!ed Sodium Bicarbonate. Science 110, 306 
(1949). 

- 

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

362 (1950). 
H .  E .  Skipper, yUI, J 3e .Y  -.-? J 8. C h a p x a r .  C a n c e r  R e s p a r c ?  

1187 

10, 

SOUTHERN RESEARCH INSTITUTE 
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Skipcer, Bell, and ChaDn-an. Studies on the Hazard 
InLolvea I.? t he  Use of CL4.  
Labeled Sodium Bicarbonate on [he Pa t te rn  of Deaths f rom Spontaneous 
Leukemia In Akm Mice. 

11. The E i fec '  gf a Single Dose of C-4- 

Cancer  Research 10, 362 (1950). - 1 I 

I Skipper, Nolan, and Simpson. Studies on the Hazard 
Involved in Use of C". 111, Long T e r m  Retention in  Bone. J. Biol. , 
Chem. 189, 159 (1951). - 

/ I  

'I Skipper, The Hazard Involved in the U s e  of Carbon- 
I 14. Nucleonics 10, 40 (1952). - 
ll 
I1 11 

Skipper, Simpson, and Bell. Long-Term Radiation 
of Bone Following Administration of C"-Bicarbonate. P roc .  SOC. 
Exp. Blol, and Med. 92, 549 (1956'1. - 

Other Sc lent if ic P e  rsD?nel 

L .  L aennett ,  J r . ,  1OT6 of t i ixe,  P h  D. (Organic Cnemistry) 
Head, Biochemistry Divisior,, 

Experience: Instructor  in chemistry,  University of Georgia, 
1943- 1944. Soutnerz Research Ins:iLute, 1948- : syxthesis of C"- labeled ' I  

compounds; seaTc)-es f o r  biochemical differe2ces between normal  and cancer 
cel ls :  rnechanism of drug action; chemotherapy. 

Publica::or.s: 
hazard.  

l compounds and on nucleic acid metabolism. 

:<ZI puD!ica:iD,rs directly r e l a t i rg  :CI radiatio? 
Te?. pub!ica'iois 33 syykhesis of a?:ica:cer agents and CL4- labeled 

1 1  Linda Simpson, 25% of t ime,  B. S. Biophysicist, Biochemistry ' 

I 
Division. 

Experience: Southern Research  I-?sbitute, 1948- : low-level 
I /  

i l 

1 ;  CL4 assay  in gas phase; coixtruction and  StaEdardization of gas phase 
1 1  proportional counter fo r  carbon-14 and tri t ium. 

Publica:iov.s: CD-auYt-or of paDers DLI hazards i3 '.he use of - 
carbon-14 (see pub:ica:ions of Skipper above). 

Ii SOUTHERN RESEARCH INSTITUTE ~ 
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J Rich.ard Thornso-. (no '  hither::, ass igned t o  t h i s  prDject), 
10% of :lime, 31. S .  (Cycologyj. Biologist ,  Cherno:herapy DivLsion. 

Experience: Assistant bacteriologist ,  U.  S. Public Health 
Service,  1 9 4 9 - 3 .  Instructor, University of Chattanooga, 1950-51. Oak 
Ridge National Laboratory, 1951-52: incidence of leukemia due to radiation; 

' biological effects  of radia:ion. Southern Research  Institute, 1952- : chemo- 
I therapy of cancer and leukemia. 
/ I  

Publications: Co-author of ten publications on chemotherapy 
l of cancer .  

I '  
I' 

6. Other PersDnneI: 

One assistax! chernis;, 50% of time. 

7 .  Other FIna- .c ia .  - 4cs i s - axe :  

The s;'c:ies of scientific persoznel of :his institution a r e  
paid out of i>dus:ria!, federal, and ir:stitu:ional r e sea rch  contracts,  
i o  each projec: a r e  m i d e  on tPte bas i s  of t ime sper.: on !he project,  

Charges 

We have 33 Dther contracts concerned with the hazard from 
carbor,-14; however, we a r e  car ry ing  on other programs 02 nucleic acid 
me;abolism, a x  :r.ese pr2gran;s suppor: parriallj- the studies 3n mcleic  
acid renewal. 

8, Mater ia ls ,  Equipmen:, a n d  Faciliries: 

Completely equipped animal  rooms , b io  chem ica 1 laboratories , /:  
' and t r a c e r  laboratories.  No additioRa1 ma jo r  equipment is needed. One of 

the biggest i tems is CL4-!a.be!ed cxnpounds; the a x o x :  indicayed is a? 
I est imate  and may be adjusted on the basis  of resul ts  a s  they accumulate. 

1 
9. Trave!: 

No travel allowance is requested. 

SOUTHERN RESEARCH INSTITUTE 



10. Budget 

Salar ies :  

Biochemist (par t  time) 
Biochemist, 10% 
Biologist, 1 5% 
B io ph y s i c i s t , 2 5% 
Assistant chemist ,  5Wo 

Total Salaries 

$ 1 , 9 8 0 .  
1 ,110 .  
1 ,085.  
1 ,500  
1 , 800. 
7, 475. 

Contribution to Employees Retirement Fund 285 

Materials and Supplies 1, 500. 

Radioactive compound $1,000. 
Expendable glassware and animals  500, 

$ 1 ,  500, 
I '  

Overhead (8% of total) 740, 

SRI Contribution 5,003,  

11. Amount Requested $1 0,000, 

Southern Research Insti tute 's  usual research  contracts  bea r  an 
You will note, under the budge' overhead of 100% of scientific s a l a r i e s ,  

category, that we have computed overhead differential at the r a t e  of 76.83% 
of salaries and wages, including vacation and sick leave pay. 
is based on rate  experience in 1956 and what we assume it wi l l  be in 
1957-1958. The difference between 8% of direct  costs and the r s t e  of 76.83-6 
indicates the ex:ent of Southern Research Institute's support  cf the w o r k  n u 3 -  
lined in the enclosed proposal. 

This figu-p 

12. Statement of Curren t  Expenditures 
I 

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

AEC Participation $ 6,455.58  
SRI Participation 3, 574. 50 

$10,030,08 

(b) Est imate  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 li / I  
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13. Residual Funds 

It is anticipated that al l  funds in present contract wi l l  be 
expended. 

Howard E. S ~ p p e r  
Assistant Director, Biolokical Sciences 
Senior Investigator 

Birmingham , Alabama 
June 28, 1957 

dh m w  
I i  (6:5) 
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S. R. Sapirie,  Manager 
Oak Ridge Operations Office 

August 17 ,  19% 

C. U. Shilling, Y.D., Deputy Director 
Division of Biology and Medicine 

FT 1957 FUND AUTHORIZATION FCR NEGOTIATION OF DBH OFF-SITE COHpBllCTS 
FUNDED ON AN INTERIM BASIS DURING FIC 19% 

For purpose of record tu8 memorandm and the attacbmmt hersto may 
be ident i f ied  as contract authoriaetion number EM-57-57. 

Reference i a  made t o  
above. The attachment t o  this memorandum prorider A detailed l ist  of 
the remainder of such contrautr funded on an interim b a s b .  
fo r  these contracts rere included i n  Advice of Allotment Transferred, 
issued t o  your office under Allotment Symbol 06-71-91 (2k)  on 
August 10, 1956. 

memorandum of July 18, 1956, subject as 

Fund8 

It i s  requested that  your office take such action as may be necessary 
t o  extend and supplement each of  these contracts f o r  an add i t iona l  
contract  period i n  the amount indicated i n  the attachment t o  thi8 
memorandum. 
t i o n  number fo r  each of these contracts; the Division's intent with 
respect t o  the contract period, l eve l  of  support, and funding w i l l  
be found i n  items 5 and 10 of  each F'Y 1956 contract authorization. 

The attachment includes the FY 1956 contract authoriza- 

There are attached 29 copies of f o r m  "Notification of Contract Nego- 
t i a t i on"  t o  cover the contracts included i n  this listing and 3 
addi t ional  copies of the form f o r  use in reporting negotiation of 
the contracts l i s t ed  i n  the attachment t o  memorandum CA Number 
BM 57-17 dated July 18, 1956. 

c 0 P'Y - - - -  
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II Seieition J: New Conua;ror and 
Negotiation of Contract. 

* ,_ . 
I ' < -  . 

r-- Review and approval oi Coptract, Sub- 
contract or Purchase Order. 
Number: 

1 

JI- ,Modification of Conrract 
N 0 . W - 1  !-m38 
Contractor: 1 ' t e  

Biroringham, Alabuma 
0 Other (Explain) 

7 - 
Construction a Archi cec t -Engineer O h e r  'z Explain) Research 

4. Fundin 2 Amount to be Obligated by this Contract Action a 2,758.00 
________. 

1 .  . .  

I Locatlor! s f  Work: 
E:!:.TSted Ccst I-! '+\'crk til Se Covered by  thi. C,Trtract Action S 

S L ~ C G , ~ , ~ :  3 a i e  ' ~ O I K  ta j r a r t  
Descri?uc?;: of Project i)r .Activity: 

__ Construction Directive No. 

tst imatea Complemr,  Date  
~ 

I! --.or< space I. requi re<  use separate sheers and attach hereto:) 

I 1  i 1 3 3 3  



Tit le :  "Body Retention of Carbon-14f1. 

(I f  m m e  space is required use separate sheets and attach hereto:) 
- _- - _ _ _ ~  - - - 

9. Description of other changes to b e  covered by Modification: - 
Modif'y contract to provide for axtenaion of period to September 30, 1956, 
with new funds i n  the amount of $2,758. 
with AFX Manual Chapter 7510. 
period to September 30, 1957, w i t &  additional fuxlds I n  tbe amount of 

Include provisions for compliance 
Also include provisions for extension of 

I 

1 

- - -  -~ ~~ ._ ~~- 

; . 'iegstlated Contracts. (Show why it appears deslrable to  negotiate new contract or to negotiate 
~~ 

modlfic3ti0n to existing contract) 

Memorandum from'C. W. Shilling t o  S. R. Sapirie, dated June 8, 1956. 

(If more space is required use separate sheets and attach hereto:) 
__ _ _  - - ___ - _ _  -~~~ ____ - 

: :. C ~ G U ~ C L ,  Subconuscu. or Purchase *der: Submitted for Review and Approval: (Furnish brief descrip- 
tion oi acuon J L  thi ,  space ana attach prrrinrr.t documents) 

- ____ - _ _ _  

None 

- - 

1 12. Disputes: _ _ _ _  
Attach a sta:ement summarizing the dispute together wth pertinent documents and Background 
\ a  .3rtr.ai. 

None 

i 

1 1 



E4TD033 FOR CONTRACT NO. AT-(&O-1)-1038 
FOR PERICEI 7-1-56 - 9-30-56 

9 Salaries ami Ydges: 
Dr. Howard E. Skikper 
Research lusociate and Assistants 
Retirement Fund 

300.00 

j Indirect Costs8 
d 

- _  

The Commission's c o n t r i b u t i o n  to t h e  above budget w i l l  be $2,758, 

I1  1 1 3 3 5  



HJDGST FUR CONTRACT NO. AT-(&O-1)-1038 
FOR PERIQD 10-1-54 - 9-3a-57 

Salaries and Wages: 
Dr. H. E. S k i  PP er \ 

Research ~ s s o c i a t e  a d  bsistants 
Retirement Fund 

I2' Materials and Supplies: 
\ 

7 ' Indirect Costs : . 
TOTAL: $16,903 .67 

me Commission's contribution to  the abovz budget will be $10,851. 



-- - Resume' _ -  
. *  

jcontinue work along the 

&-labeled compounds svai lable  f o r  th i s  work i n d  not hitherto 

l i nes  already underway; i .e . ,  a stud of the t issue radiation resiltirg 
from administration of  ac'ditional C1'-labeled precursors of nucleic 

studied are: adenylic acid (mixture o f  2' - and 3' -isomers), adenosine-5' 
-phosphate, inpein?-Sl -p+qsphate, xanthylic acid (mixture of  21 -and31 -isomers) , 
adenosine,  guanosine, hosine,  and xapthosine. These xspounds rill be 
administered t o  mice, rate, and hamsters bearing tumors, and the  radiation 
i n  each of several t issues  resul t ing from t h e  administration of these 
compounds w i l l  be  ca?-i12tqd 3 3  t h e  basis of tL ? i -cTcra t ion  a t  six hours 
and the known turnover of the nucleic acid pirines. 

'acids. 



, *- 

Contract k thor lze t lon  Bo. Bb56396 

SUBJECT : 

REFERXIICE : 

SrnOL I m1JRT 

Ths rccecrch propooai dercrfbed below ha8 h e n  approved by the 
Nvtolon of Blologl a a d  Ebdiclne, rundo are 8Vdlab i0 ,  and p u  
a m  authorized and requeeted t o  negot ia te  3 cont rac t  I n  
accordance v i t h  the fallowlrig terms aad cont l t la - .3 :  

1. I n e t i t u t i o n :  Southern &search Institute 

.i 2. Inveutigator ( 8 ) :  Dr. Howard E. Skipper 

.\ 3. Title: Body %tention of Carbon-4 
\ 

4. ( ) Bew Cont-ct, ( X )  Benewdl o f  Contract HoBT(4011)1038 

5. %ration: 

6, AEC Technical Repmaen a 

7, b d e  authorized for the obligatfor 3f t h i o  contract 

7-1-56 thru 9-3M7 $13 609 
7-1-56 thru 9-30-56 .1;758 lp&$$. 5-3G7 $10,851 

Dr. John R, TotteMP 
ao ?ollowo: 

Budget Amom t 
Allotsent No. Cat 8RO ly. Previons m m -  I on Tu t a l  

06-61-91 (24) 6330 42.758 -&253-- 
Please see item 810 

I I I 1 3 3 8  
! I  



- 2 -  

8. It  f a  -sated that l o  the bsrt Intemrtc c f  the gownrPwnt 
the f o l l o u i a g  type contract be negotisted:lunp-sm 

I t  i r  requested that the t i t l e  t o  
cured undsr thio contract rhd1 be verted wlth: 

9. c a p l a  equipment pr@= 

( x )  the contractor; ( ) &e govermct .  

10. Other coamentr:'he balance of rpprovmd oontract rudr i n  tho .pow& 
of $lo,SS for the contract period 10-1-56 thru 9-30-57 will be 
Wtteti promptv upon receipt of FT 1957appropriritions. 
recommended that the contract rrrtcnslon be for the f 'u l l  period 
approved in item 5 ,  with provision far fbmbg u Indicated ab-.  

If rrdio~80tOpos are b'be wed In t h i o  reae(u.ch, It %a requostdd 
that the ssvings avaihbb to t b  contrautor under the Radiobotop  
Research hpp& &ograa (Ref. AEC Wpmul Chapter 7510) bo conribred 
in t& Irgptietion of tbr muxt to be !b@d under t h b  mrtrd.  

9 

- 
11. Socurl ty Requirementr: ' >  L.T a 

In accordance with the provirlono of  Capter *> o f  the AEC 13smrd 
and the requireants of  the Daclsasificstiaa Quide, i t  ha6 been 
determined that the f c l l o v h g  security Frec&atloaa should be taken 
fn eonneetion with tho proposed rowarch contract: 

since there i a  essentially no chance for the development of 
restricted data, th is  project b a  been placed in Category I a8 
defined in Chapter 3403 of ths AEX k u a l .  

12. Rqorta: (I;) Be-ortc are to Ee roquirod am provided for 
aEeBevfsed h i d e  for the Subffilrslon of Rerearch 
Propoaala" dated h ' b r ~ a r y  8,  1954. 

( ) Special reports inst ruct ion8 are a a  follower 

Mdmreeo: Orlglnal (w enel.) Mvleion Nle: Tollow copy (w e n d , )  
Pink copy (w/o encl.) 

Branch M a :  -&it. c o w  (u encl.) 

l r t  copy (w enol.) 
2nd copy (w eLIC1.) 

white copy (w/o encl.) 
Program Analyslr Branch: 



REQUEST FCH R E X E W A L  Oi ( 'ONTRACT 

NO. AT-(40-1)-1038 
I 

ON 

BCDY RETENTION OF CARBON 14 

FOR 

ATOMIC ENERGY COMMISSION 

DIVISION OF BIOLOGY A W 3  MEDICINE 

SOUTHERN RESEARCH IKSTITUTE 

Birmingham, Alab.ama 

March 30, 1956 



FEQVEST FOR R E N E W A L  OF C O N ~  i c r  ILO. A T - ~ I O - I )  -1038 

BODY FETENTlON OF CAi~BO?;-14 

1. Tit,le of the Project: Body Retention oi Carbon-14 

2. !?st!tution .- and Department: Southern Research Institute, Biochemistry 
Division. 

3 .  F: :pr?tific Backgrocnd. 
-A / I  

In view of the wide use of carbon-14 in laboratory s tudies  and 
the increasing use  of carbon-14 in  human t r a c e r  studies, it h a s  been 

. -E dcrF-d worthwh:le to continue the s t u d )  ~J,L the retention of this  isotope 
P -%tir-ous t issues  and organs (and areas  of isotope concentration in t i s sues  

s m  pounds. 
and cel ls)  following administration of var igus  carbon-14-labeled organic 

i l  

i( 
P r e v i o u s l ~  a r a t h e r  cornti:s--Tt- c t  -id3 w a s  ca r r i ed  out on >the_ 

4.4 - 
'. 3ngit.erm retention and  t issue radiation following administration of C 0, 

j ' ?:m;lis 

F G r  the p a s t  two y e a r s  E ~ ! , I - ' ? :  hbve been made to l ea rn  more  
14 

:.!, I :hc localization and turnover of C 
. .: ? 6 :.:\recursors of genic components of ~ - ~ : r i ~ , u s  animal ce l l s  and human 
* 1 1  m . ' ~  r s {growing in cortisonized ' h a m s t e r s  nr. ra ts) .  

-int.eled compounds which a r e  k n o u n  
I I 

It SFiOliid be made c l e a r  that  these studies have m o r e  than this  (1 
tive. We  z r e  .ky,:d!iY i n t e re s t ed  ; r i  i: i i i  leic acid metabolism and 

* ~ : - n o v e r  in a variety of normal t i s s u e s  of animals and i n  potentially 

L ~ L M  een normal and neoplastic t i s sues .  Such information could supply a key 
Also it should 

be made c l ea r  that our t r ace r  program which is planned so that tissue turn-  
) 

o-:e,r and t issue radiation calculations and fundamental biochemical inform- 
a:.?r, 'c an be obtained, derives support  f r o m  the  subject grant (AT-(40-1) - 
1038) and grants  from the C. F. Ket te r ing  and the Alfred P. Sloan Foundation 
WF cronsider i t  fortunate that in addition t o  data coming f rom the sma l l e r  
-f'o:? f rom project AT-(40-1)-1038, the ra ther  large amount of data f rom 
.4th+:r t r a c e r  programs a re  available for r F-!FPtion and t issue radiation 
e-; a 1 L; ati ons . 

x v ) : r )  t a h l e  b i o r h p m i c a l  differences i n  n-8:- 1, : l + * ? m  and nucleic acid rnetabol is7- 

7 -hc- clanned synthesis of more  effective >r i+ i r  ancer agents. 

SOUTHERN RESEARCH INSTITUTE 



During t h e  p a s t  year  u n d e r  the contract ,  data have heen  
r,bTa ned on t i s s u e  radiation following administration of a number of C14- 

zk F ,  c ompou nds (glycine, formate,  4 -amino -5-imidazolec arboxa mide, 
hypoxanthine, adenine, guanine, 2,6-diaminopurine, and guanylic acid) to 
tLmor-bearing animals .  
Iqg p rogres s  report .  
which represent  r e su l t s  made possible by these t r a c e r  studies. 

These data a r e  presented in  detail  in the accompany 
Two papers  have been completed during the past y e a r  

1. Bennett, Skipper, Stock, and Rhoads, Searches f o r  
Exploitable Biochemical Differences between Normal and Cancer  Cells. I. 
Nxcleic Acid Pur ine  Metabolism in Animal Neoplasms, Cancer Research 15, - 
485-91 (1955). 

2. Bennett  Skipper, Toolan, and Rhoads) Searches for 
E n l o i t a b l e  Biochemical Differences between Normal and Cancer Cells.  
N -cleic Acid Pur ine  Metabolism in Human Tumors.  Cancer  Research, in 
Press .  

11. 

4 .  Proposed Research .  - 

For  the next contract period it is proposed to  contrnue work 
F ' g ~ g  the l ines a l ready underway; i. e. , a study of the t i s sue  radiation 

acids. CP4-labeled compounds available fo r  this work and not hitherto studiec 
su-tmg f rom administration of additional C"-labeled precursors  of nucleic 

zT 2. . adenylic acid (mixture  of 2L and 3'-isomers), adenoane-5'-phosphatea 
70s lne-5~ -phosphate, xanthylic acid (mixture of 2Land 3 'd somers ) ,  

adc?os!ne, guanosine, inosine, and xanthosine. These compounds w i l l  be 
admLnistered to mice,  ra t s ,  and hamsters  bearing tumors ,  and the radiation 
'I- ~2 h of s eve ra l  t i s sues  resulting f r o m  the administration of these corn- 
nnurlds w i l l  be calculated on the bas i s  of the incorporation at  six h o u r s  and 
the known turnover of the nucleic acid purines. 

It appears to u s  that these studies a r e  of possible value to 
the AEC if: 

(a) Turnover and t issue radiation data 'n animals following 
injection of a var ie ty  of organic C -labeled compounds 
a r e  of interest. 

I f  

(b) Fundamental data on nucleic acid metabolism in animal 
t i s sue  a r e  pertinent to  the program of the AEC. 

(c) Fundamental studies on the nucleotide and polynucleotide 
metabolism of normal and neoplastic t i s sues  a r e  of 
interest .  

SOUTHERN RESEARCH INSTITUTE 
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;I It is difficult fo r  u s  to j ~ i d g ~  the degree of interest  of the 

(,QIT::I -'Lon i n  these  problems a n d  t h l i s  +t - . -  reasonableness of our reqliest 
t o :  ,r>nt:nued support .  
no 4 

for Lhz setting of allowable levels  for  human experimentation with various 
C'" - la te led organic  compounds of considerable interest  in human metabolism, 

T o  ou r  knowledge t n s  is one of the f e w  programs 
.'I ex:stence which is seeking knowledge which might be used a s  a guide 

5 .  Scientific personnel: 

Howard E. Skipper, Ph.D. Head, 
Biochemistry Division P a r t  time 

L. L. Bennett, Jr.,  Ph.D. , Biochemist 10% 

P a t r i c i a  Morgan, B. S., Chemist 75% 

Sally Johnson, B. S., Biologist 2 5% 

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

6. S o  significant amount of t ime w i l l  be charged by other personnel. 

7 .  .- Other Financial  Assistance: 1 j 
The s a l a r i e s  of scientific personnel of this institution a r e  

na:d out  of industrial ,  federal ,  and institutional research  contracts. Charges 
t o  each project a r e  made f rom daily t ime sheets showing distribution of 
effort. 
t h e  use of carbox-14; however, w e  a r e  carrying on other programs having 
'12 d~ ~ i t h  nucleic acid metabolism. 

We have no other  contracts  concerned w i t h  the hazard involved in 

8. Materials, Equipment and Facilities: 

C omple*e:,- equipped ar , imsl  :*noms, biochemic a1 laboratories, 
and t racer  labora tor ies .  
R ad,oaLtive compounds w i l l  be purchased a s  required. 

N o  additional major equipment is required. 

9. Travel.  

N o  t r a v e l  allowance is requested. 

SOUTHERN RESEARCH INSTITUTE 



- 4  1 10. Budget: 

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

Sala r ies: 

Biochemist (par t  t ime)  
Bloc hemis t (par t  ti  me) 
Chemist (par t  t ime)  
Biophysicist (par t  time 
Biologist (par t  t ime)  

$ 825.00 
234.00 
720.00 
154.80 
255.00 

Tota! Salar ies  $2,188,80 

Contribution to  Employees'  Retirement Fund 65.00 

Materials and Supplies: 

Radioactive Compounds 
Glassware and an imals  

Overhead (8% of ab0s.e) 

S. R .  I. Contribution 

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

Salaries: 

Biochemist  (part t ime) 
Biochemist (par t  time) 
Chemist (par t  time! 
Biophysicist (par t  t Im 0) 
Biologist (part t imc)  

$150 
150 300 00 

$2. 5 5 3 . 8 0  

204.30 

1, 509. 57 
$4,261.67  

$3,300.00 
936 .OO 

2,880.GO 
619.20 

1,020.00 

Tot 2.1 Salaries $8,755.20 

243.00 Contribution to employees] R ctirement Fund 

Mater ia ls  and Supplies: 

Radioactive Compound3 $600 
Glassware and Animals  - 450 1,050.00 

Sxbtotal 10,048.00 
SOUTHERN RESEARCH INSTITUTE 



- 5 .  

a n  overhead of 100% of scientific sa la r ies .  You w i l l  note, under the budget 
category, that w e  have computed overhead differential  a t  the ra te  of 83% of 
sa l a r i e s  and wages, exclusive of vacation and sick leave pay. This figure 
is based on r a t e  experience in 1955 and what we assume i t  w i l l  be in  1956- 

Subtot 11 (Brought Forward )  S iu, 048.00 

Overhead (870 of above) 803.84 
1 ,  

S. R .  I. Contribution 
i 
i 6,051.63 

S R  I par t  ic ipat ion 
AEC participation $7,474.00 /I 

2,742.05 /I 
ii $10,216.05 
I 

I/ 
I! 

(b) Es t ima te  of cos ts  for  the remainder 
of the contract  is: 

AEC participation $2,526.00 
SRI participation - 2,414.95 4, 940. 95 

$15,157.00 11 
I 

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

k 4 d C . W  +L.  A. ZJ I/ 
Howard E. Skippkf., Assistant Director ii 
Senior Investigator 

Birmingham, Alabama 
March 30, 1956 
10 (kb) 

SOUTHERN RESEARCH INSTITUTE (1 
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Ofice Memordndam UNITED STATES GOVERNMENT 

TO : R, G. Eumpk-ies, C o n t r a o t  Coordinator DATE: J T ~  23, 19% 

k 
T, Me Yakliwhiok 
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TO : J. W. Culd, Jr., Assistant General Counsel DATE: May 25, 1955’ 

mo\t : 2 .  C-. Humpbzies, A s s i s t a n t  Director, C c n t r a c t  Division 

SUBJECT: RENZWLT., OF CaajTRACT NC. AT-(h011)-1038 - SOUTHERN BESEARCH IEISTITUrn 

SYMBOL: ADA:ARB 

Enclosed i s  an approved proposal for renewal of subject c c a t s x t  for 
a period of one year beginning July 1, 1955. This act im is  covered 
by Contract Authorisatiar Yo. BM-5s320, dated April 29, 1955, In 
the amount of $l0,000.00. 

Please prepare an appropriate xodiricatim t o  renew this cmt rac t  
for a period of one year, beginning July 1, 1955, with additional 
PundS in tb -Ut Of ~ 1 O ~ o o O ~ O O ~  

,/ ,fl 

Enclosures : 
1. Request f o r  C o n t r a c t  ~ c t i o n  
2, 3udget for Contract AT-(&0-1)-1038 
3 Resume 
&. Cy Ltr fka Skipper to Roth dtd 5/17/55 
5’. Contract Authorization EN-55-320 
6* Cy L t r  %I SkiFrJer t o  Skou? d t d  L/ll,/ss 
7 .  Renewal Proposal 

CC: C. S. Shcup 
L. T1. U2cKay 
J. Nicholson, u/iiacls. 1 an3 2 

3rown: arb 



_ . *  ,I - '- 
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F a m  OR-569 @/SN mf poll CONTRACT b w h  

1. Chalrrnan 
TO: J. R. Moore Contract Board. From: 

It is requested that the Contract Board take the necessary action to process the followlng docribed con-  
tract action in accordance with the provisions of Bulletin OR-O&M-l9: 

.. 11 , 
Amount to be Obligated by this Contract Action s 1 0 , ~ .  

- 4  . .  Source of Funds . 

Approved OR0 Financial Plan, Quarter, Fiscal Year 19- 
Project No. or. Acuvity No. L 4 6 0  

Funds to be Obligated: Allounent No.&SUQ!ij F.Y. 1 9 s F u n b )  

Issuing Office 

/ Procuremat Directive No. Btl -SS,lao h t e d  4-19- 9 3  
nlu- e +  Cj3, . /ag rre nu& e ----------------------- 

Concurrence in Funding Statemeat:  (signed) 
Chief, Budget Branch .^ - 

5. Project or Acuvity to be Covered by Connact Acuon: 
* .  . - 5 r -  - _  

i 
Loution of Work 
Estunated Cost of Work to be Covered by this Contract Action S 

Schedule: Date Wort DO S t a n  
Description of Project or Activity: 

Construction Direcuve No. 

Estimated Completion mte 

e 4' 

(If m a e  space i s  required use separate sheen rad aruch kctor) 

I 
' 1 1 1 1 3 5 1  



- 
Renm oontriat fa a period 

in tho amount of 

-w (If mOce space is required use -ate sheets and attach huem:) 

t amcm, Subcootrac~, at Purchase Orden Submitted for Revim and Approvak (Furnirh brief dercrip- 
tion of action in this space and attach penincnt documents) - 

I 

lone b 

12. Disputer 
Attach a statement summarizing the dispute togethu with patinent documena and Background 

1 LbtuirL .*i-.yle*l..r I ?f i r *  .,.C,.r -, .Id' r",h. . 

1 



I - .  

wb 
[\) ~ a l u i e r  xwages j  

Dr. H. E. SMpper (15% of time) $2,000.00 
Research Assi s t a n t r  5,934.00 

_/I 

8 7,954.00 

275.00 

1,050.00 

The GaPmnission'e con t r ibu t ion  to the above budget d l 1  bo $ 1 0 # m O  



\ 

c o  s o  sboup 

I I 1 1 3 5 4  
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Contract hthor lza t ton  Ro.3?-5'5-320 

FRDH : Dr. John C, Bugher, Director, Division of 
3iology and Medicine, Washinson, D.C. 

The rceecrch propooai deecribed below hsr been rpprovsd 
Mr',iion of BIOlogp m d  &dlcho, fundo are ~vallablo, and 
are authorized and requested t o  negotiate a contract In 
accordance wlth the f o l l o w l q  terms and con? i t lo?3 :  

the 

4. ( ) New Contrsc t, ( X) baewal  of Coatrsc t lo, AT(40-1)1033 

7. Funds era authorized for the ob1igatlon 3f th io  c o n t r x t  
ar Tolloua: 

Budget Amount 
Allotxceat No, CateqolJL Previous Thlr I& tiop To tal 



- .  
19). 1( 

I 

8, It l a  t r r g ~ e 3 t . d  tb.t i n  the k r t  lnteroatc c i  tho mwrnmont 
th. f o l l o u i a  type c o a t n c t  bo nogotlatedt Lumpawn 

9. I t  l a  requested that the t i t l e  to any capital equipteat pro= 
cured undar t h i o  contract a h d l  be rerted with: 

( X  ) the contractor1 ( ) the governant. 

10. Oth.r oopluatr: 

'Ihe coaaittee recannnendbd approval of thie project at the 
$lO,OOO level, whlch I s  somewhat Lower than requested. 

11." kcprfw 1E.qufrementa: 

In .eeo&ce with  the provialono of Captor w3 of the dIEc &mud 
and the requireaentr Of the ~ a c l s s s i f i c s t i a n  h i d e ,  i t  ha6 been 
determined tha t  the f:^llowlng aocurity ~rec6utIons ahould be taken 
In aonnection with tho proporrd research contract; 

Since there i s  essent ia l ly  no chance f o r  the developnrent o f  
restricted data, this pro e c t  has been placed in Category I 
as defined I n  Chapter 4 of the mc m u d .  

. 
* 

12, w o r t r :  (x  ) Be-ortc are to be rcquirod aa provldod for 
% d t ~ o d  &Ids for the Subdaalon of Rerearch 
Proposals" dated February 0, 199, 

' 1  

. - . I C +  

( ) Special reporte inrtructionr are a a  followrr 

W l o w e :  (X ) #AA" - P r o o o d ,  datedRec'd from O& ?%&e 
(x ) aBn = M o t i f l c r t i m  lattor, datodWR 3 9  1955 
( ) "C" - Other correlpondence, l e t t e r i  

' 3 0  8 8 7 7 0 3  

a,- rrrr 

c 

I I i 1 3 5 s  
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REQUEST FOR RENEWAL OF CONTRACT 

NO. AT-(40-1) -1038 

OK 

BODY RETENTION OF CARBON 14 

FOR 

ATOMIC ENERGY COM.IIISSICN 

DIVISIO?; OF BIOLOGY -A\D MEDICTTE 

Southern Research Institute 

Bhbgham, Ahbarn.. ' * '  
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REQUEST FOR R E N E ’ W A L  OF CONTR.4CT 

NO. AT-(40-1)-1038 

ON 

BODY RETENTION OF CARBON 14 

FOR 

ATOMIC ENERGY COMMISSION 

DIVISION O F  BIOLOGY A N D  MEDICINE 

I 

SOUTHERN R ESE AR C H INST IT U T E  

Birmingham, Alabama 

M a r c h  31, 1955 
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REQUEST FOR RENEWAL OF CONTRACT 

ON 
BODY RETENTIOK OF CARBON 14 

NO. AT -(40- 1)- 1038 

In reply to the letter of February 9, 1955, f r o m  D r .  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 
laboratory studies, the increasing use of carbon-14 in human t r a c e r  

in 

studies, and cer ta in  mili tary aspects concerning carbon-14 production 
on detonation of nuclear weapons, it h a s  been considered worth-while to 
study the retention of this isotope in the body, and  the radiation received 
by various t issues  and organs (and a reas  of isotope concentration in s s c h  
t issues and organs) following inhalation, ingestion o r  injection of carbon-14 
labeled compounds. 

During the past  several  years  a rather complete study of the 
most  urgent problem - long-term retention of Ci40rand radiation 
calculations in t issues  and organs - has been carr ied out and published 
i n  accordance with the wishes of the Atomic Erergy Commission: 

a. 

b .  

C .  

d. 

14 Studies on the Hazard lnvolved in U s e  of C . 
of Carbon from Labeled Sodium Bicarbonate. J .  Biol. 
Chemistry 180, 1187, 1949. Skipper, fihite and Bryan. 

Studies on the Hazard Involved uI Use of C . 11. The 
Effect of a Single Dose of C"-labeled Sodium Bicarbonate 
on the Pa t te rn  of Deaths f rom Spontaneous Leukemia in Akm 
mice. Cancer Research 10, 362, 1950. 

1.Retention 

14 

Studies on the Hazard Involved in U s e  of C". 111. Long-term 
Retention in Bone. J. Biol. Chem. 189, 159, 1951. Skipper, 
Solan and Simpson. 

Studies on the Hazard Involved in Use of C". 
t e rm Radiation i n  Bone. Manuscript in preparation for 
publication, March, 1955. Skipper, Simpson and Bell. 

IV. Long- 

SOUTHERN RESEARCH INSTITUR 

)I 

I 

I 
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! 

I 

I 
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It is proposed to continue the present work on incorporation of 
carbon-14 f r o m  various labeled compounds into genic chemicals  of normal 

1 animal t i s sues  and human t i s sues  growing in animals. Such Eork should 

' compounds f o r  human t r ace r  studies and perhaps, more important, it is 
hoped that usefui fndamen ta l  informarion on nucleic acid metabolism of 
human tumor tissue w i l l  be gamed. Such informatLon i s  of considerable 

11 be  of value in setting l imits  on dosage of cer ta in  classes of C -labeled I 

I 
I' fundamental importance i n  the a r e a  of radiation biology 

Project  AT-(40-1)-1038 has supported in part  an extensive study 1 
I on the relative uptake of cer ta in  C"-labeled compounds into DNA and RNA 
I 

Further  studies are planned in human tumor-bearing animals 
14 with the €allowing C -labeled compounds. 

!i C '*- Thy m i ne 
C 14-U r ac 11 
C"-Orotic Acid 
C l4 - A spar t i c ac id 
C"-Guanylic acid 

C -  -Tkymidine 
C -Serine I1 

C14-4-Amino-5 -imidazolecarboxamide 
C ''-Inosinic acid 

C" - A  denylic acid I 
' 4  

14 

/ I  
! 

5 .  Scientific personnel: 

Howard E .  Skipper, P h  D .  , Head Biochem. Div. 10-1570 
Martelia Bell, B. S., Biologist 75% I1 
Sally Johnson, B. S.  , Biologist 50% I/ 
Linda Simpson, B. S . ,  Physicist  20% I1 
Barbara Ann Mathews, B S., Chemist 3570 

6. Other personnel: 

No significant amount of t ime w i l l  be charged by other 
I 

personnel. 
SOUTHERN RESEARCH INSTITUTE 



7 .  Other financial assistance: The sa l a r i e s  of scientific person- 
ne! of t h i s  institut:on a re  paid ou: of Lrdiistr,a!, federal  and  ins?ituticr.al  
research  contracts .  Charges to  each ~ r o j e c t  a r e  made from daily t;me 
sheets showing hobrly distribution of effort  

a r e  carrying on other programs having to do with nucleic acid metabolism. 

8. Materials,  Equipment and Facil i t ies:  Completely equipped 

W e  have no other contracts 
I concerned with the hazard involved in the u s e  of carbon-14, however, w e  !I 
!i il 
;I I 

.I 
I 

.i 
!I animal quar te rs ,  biochemical laboratories and t r a c e r  laboratories. No 

additional ma jo r  equipment is required for  these studies.  Radioactive com- 
pounds will be required as expended. 1 

9.  Travel .  No travel allowance is requested. ;I 
1 
!! 

10. Budget: 

1 Salaries:  

Biochemist (part time) 
Biologist (part time) 
Biologist (part time) 
Phj-sic's;: (part t ime) 
Chemlst ( D a r t  time) 

2 .  Contribution to employees' !I r e t  i r em e r.t i u  nd 

3. Materials ana supplies: If 

$ 2,000 
3,410 
1,660 

840 
1,260 9,170 ! 

ij 320 

11 

Radioac compoLr,ds 600 
Glassware and 2 i l ~ r n 3 1  450 1,050 

Slibto t a1 10,540 

ii 4. Overhead (8% of ahove) 843 ,I 

Ii 

j 

11 

11,383 

S .  R .  I .  overhead contribution to contract  * (Difference between 79% of direct  s a l a r i e s  
(less vacation and s;ck leave) and A .  E .  C .  
overhead of 8%) 5.991 I 

I 

$17, 374 I 

Experienced 01-erhead r a e  1954. I 

j! 
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11. Amount reqdested $ 11,383 

The Southern Research 1nst:tute's usual r e sea rch  contracts bear  
I 

1 an overhead of 100% of scientific sa la r ies .  You w i l l  note, un2,:c.r the 1 

I I budget category, that w e  have computed overhead differential at  the r a t e  
of 79% of salaries and w a g e s  (excluslve of vacation and sick leave pay). 
This  figure is based on ra te  experience i n  1954 and what w e  assume it 
wi l l  be in 1955. The difference between the rate  of 8% of direct  costs  
and the ra te  of 79% indicates the extent of Southern Research Institute's 
support of the work outlined in the enclosed proposal. 

!I 
I 

1; 
I 

12. Statement of current  expenditures: 

ii 

a. Contract budget $ 11,606 
b. Expenditures thru 

February,  1955 9,967 
c.  Estimated expenditures 

thru June, 1955 11,606 

, 

li 
I Director 

Birm-ingham, Alabama 
March 31, 1955 
kb (10) 

Rdward E. SkippeF 
. 

U S e ni o r Inv est  ig at o r 

!i 

/I w 
G 
a- '1 SOUTHERN RESEARCH INSTITUTE 1 



TO : J. d. Culd, dr.,  A s s i s t a n t  General Ccinsel DATE: Yay 26,  1954 

FROM : R. G. hun?,hries, Acting Director, Contract  Division 

b c l o 8 e d  i s  80 approved proposal for renewal. of  subject contract 
for a period of ane year beginning July 1, l9sL This approval 
actiao i s  carsred by Frocuremeat Directive No. W-54-218, dabd ns 12, l954, io tb -0Unt of $8,900.00. 

Please prepare an appropriate modiflcatim to reneu t h i s  coatract  
for a period of am year, begirming July 1, Us, and provide fcw 
tbe payment of $8,900.00. 

Enclosure s : 
1. Request fo r  C o n t r a c t  Action 
2. Budget far Contsact AT-(lrO-1)-1038 
3. ilesurze 
L, Memo iSa Pearson dtd 5/12/54 
5. Cy L t r  fa Fearson dtd 5/12/54 
6, Cy L t r  fh Murray d M  3 /29 /54  
7. %quest for Renewal of C a n t r a c t  

cc: c ,  s, shoup 
I,. D. MacKay 

J. Nicholson 
Ed Ziegler, u/Ehcls. 1, 2 & 3 

I "  



Fam OR-569 (2/53) 

1. Chair man 

REQUEST F O R  CONTRACT ACTION (submit in +lIute)  

From: Res. & Medicine Division Contract Board. TO: J, R. M O O ~  

t 

0 Selection of New Contractor and ix] Modification of Contract 
Negotiation of Conaact. N ~ .  ~~-(b-i)-i038 

Conuactor: Southern Research Imtltutt 
Birringha, Alabame 

0 R e v i m  and approval of Contact,  Sub- * 
contract or Purchase @der. 

Source of Funds i 
Approved OR0 Financial Plan, 

Procurement Directive No. EM-54-2t8 Dated 

Quarter, Fiscal Year 19- 
Project No. or, Activity No. 
Funds to be Obligated: Allotment N 

ksuingof i ice  Diviaion of Bi010w a d  Y e d i c l n ~ ,  Washington 

(F.Y. 19Fl---n&) 

---------------------------------------------------- 

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

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

Location of Work: 
Estimated Cost of Work to be Covered by this Contract Action S 

Schedule: Date Work to Start 
Description of Project or Activity: 

Consauction Directive No. 

Estimated Completion Date 

(If more space b required use separate sheets and atrach hueto:) 

Bdletia OR-06M - 19 

I- '- 

I I i 1 3 b 8  



6. Conarct b u d  Docket 
No. 
(To be assigned by 
Board Secretary) . 

8. Complete Description of Services to be  Furnished by Conaactorl  

7. &qucttSubmitted 
Date: 4- fG 

- -  

Wuhingtoa derigaoted research contract. 

Titlet "Body Retention of Carbon-lLn 

(If n t ae - rp rcb i ,  required use separate sheeu and attach hereto:) I 
9. Dactiption of other changes to be covued by Modification: - 

Renew contract for period of one year beginning July 1, 1954, with 
nm fund8 in the amount of $8,900 

(If more space is required use separate sheet3 rod attach hue-) I 
10. Negotiated Contracts. (Show why it appears desirable to negotiate new contract or to negotiate 

modification to existing contract) 

Memo - F. B. Fearson to K. Kaaschau, dated May 12, 19% 

I (If more space i s  required usc wparate s h e e t s a n d a m c h  hereto:) 

11. Conaacts, Subcontracts, or Purchase Orders Submined for Review and Approval: (Furnish brief desa ip-  I 

I tion of action in this space and attach pertinent documents) 

None 1 ,  

12. Dispute% 
Attach a statement summarizing the dispute together witb pertinent documenu and Background 
Material. 

, 
None I 

1 



‘ I  

Thin letter w i t h  enclanre, in triplicato, la sent i n  accordance 
with tbe procedure described i n  a letter from the Oeneral Ynsger 
to  a l l  magera of Cberatiom d8ted Januuy 37, 1918. 

* 



B. Becmrity Beqmiremmtr: 

In accordance with tbe provisioDll of OY-m (Revised Much, isso), 
Md the requirements of the Declassification Guide, the DiVi8lOn 
of Biology and Ybdlcine brsdetenined that the following security 
precautions should be t 8 k b n  i n  connection w i t h  the propoled 
research contract. 

lo.  Beport.: ( f Reports are t o  bs required 88 provideC for by Memorandum 
Instruction of November 9, 1949, on subject "Direct 
Research Contract Reports". 

( ) Special Reports Instructions are as f o l l a s :  

Becd rzw oaldudge 
Batloamrer: ( ) 'A" - Proposal, dated 

+ )  *BW - Notification l e t t e r ,  dated a -  

( ) "C" - Other correspondence, letters 
( 0  -P - Rocurement Directive -!&a8 

lrt r lbmt 1 on: 
Addreuee: migin81 (w eml.)  

1st COPJ (W enol.) 
2nd Copy (w encl.) 

Program Amlyr i r  
Branch: White Cow (W/O encl.) 

eivir iom ~ i l r :  Yella Copy (w encl.) 
Pink copa (r/o O n c l . )  

brucb PIIS: White Cow (w encl.) 



IASHINBTON.  0 .  C .  
I 6 :  Dr. x8aacbu, ~ t o r , e f r i o o  o f  DATE: 

: b o a r &  a d  M c i n r ,  0.lt Udgm OparUoar O f f l a  TO 

pIm : RalBomarBom Qili)ioloqkurh 
of ~ i 0 l . q  .Id 

SUBJECT: TRANSMITTAL OF RESEABCII PROPOSAL PW CONTRACT NEOOTIATION 

This  letter wi th  enc106ure, i n  triplicrte,  ia lent i n  accordance 
wi th  the procedure described i n  8 letter from the Oenenl Ilaager 
to a11 w r 8  of (kxtr8tIQas dated J m w  27, 1910. 

6 .  A6C Tccbmie8l Supervision: m b w  
7. Recommended 8.pport: w,- (h *# (rw) 

Rf4b;rbU Amtborized by Procuremeat Directive b. 

Isseed 8 6Dmm 

Activity No. 6troa 
2 

8. Otbtr C o a e m t ~ :  

I I1 I312 



8 .  C m m t m  ( C o a t i n d )  

? 

8 .  Becmrity Beqmirememtm: 

In rccordr~lce with the provisions of GM-05 (Revbed W c h ,  1950). 
and tbe requirements of the Declassificrtion Wide, the Division 
of Biology .nd Yedicine brs determined that tbs followin(: recurity 
precratiolu rhoold b8 t 8 k M  i n  Connection with tk propor& 
research contract. 

io.  Itport.: ( k Reports are to  be required as provided for by uemrmdua 
Instruction of November 9 ,  1949, on subject “Direct  
Research Contract Reports”. 

( ) Special Reports Instructions are IS follors: 

Baelomrcm: ( ) - A ”  - Proposal. dated --- 
( d  “B” - Notification letter,  dated 
( ) “C” - Other correspondence, letters 
( & “I)” - Procurement Directive 

b h t t  ibmtiom: 

Addreuee: Original (1 eml.)  Divlnioa ~ l l e :  Y e l l a  Copy ( w  encl . )  
?lnk coo0 (./a owl.) 

Program Aaalyaia Breach Pi le :  White Cow (T encl . )  

1st  copy (w e n d . )  
2nd Copy (w encl. ) 

Branch: White Copy (T/O e m l . )  

I 1  1 I 3 7 3  
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Stud ier  rill be performed on the chromosmal incorporation of 
carbcm4 from ruiowly labeled organic C O m p O U d 8 . ~  In 
additioa, extsnrire inreatigatiozu w i l l  be .ad, on localisation of 
cahon-lh-labeled ccmpoundr of the nucloic acid and pmlain 
precumor type8 In rrriour tl68ue8. %re rtudirr a d d  yie ld  
infomation .bout rater of biological pmcerser having to  do rith 
grortb in n o d  and neaplutic tirauea. 

c 



For Period q-l-sb - 6-30-55 

I 

_, \ 
The Commission's conb- ibt ion to the above budget rill be $12,000 
including t8,W in new M d s  and the unexpended balance of $3,100 
f r a  the prevlow porlod.. 



Southern Research Institute 
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REQl-EhT FOR RENEU'.AL OF CQYTR-!ICT 

NO. AT-(40-1)-1038 

ON 

BODY RETENTION OF CARBON 14 

FOR 

ATOMIC ENERGY COMMISSION 

DIVTSION OF BIOLOGY AND MEDICINE 

- 

SOlJTHERN RESEARCH NST IT'UTE 

BIRMINGHAM, ALABAMA 

ILIRCTi  25,  1954 

I 



REQUEST FOR R E N E W A L  OF CONTR.4CT 
S O .  AT -(40- l j-1038 

O N  
BOD-; R E T E N T I O S  OF CXRBOS 1-1 

In reply to the  letter of March 1, 1954, f rom Dr. Kenneth Kasschau, 
Director ,  Research and Medxine,  with r e g a r d  to  renewal of Contract No. 
AT-(40-1)-1038, on Body Retention of Carbon 14 ,  the following information is 
provide d. 

1. Current  statement of expenditures extrapolated to June 30, 1954: - 
Contract budget $ 11,379.25  

Expenditure 8 through 
February 28, 1954 $ 5,084.25 

Estimated expenditures 
March through June, 1954 3,200.00 8,284.25  

Estimated baiszcr l  2 s  of June 30, 1954 $ 3,095.00 

2 .  A statement o! t he  acceptance of the proposed rer'ewal signed by 
D r .  W.  M. Murray, J r . ,  Director  of Southern Research Institute, 
is appended. 

3. Scope and present status: 

(a) A manuscript on a second phase of our  w o r k  on long-term 
ra&a:ion of bone fallawing adminis t ra t ion of Ci4-bicarbonate is 
e n c i o s e d  k e r e w i t t .  
the present ,  pending development of bone autoradiograms which took 
long periods for development. 

Ke nave he ld  up publicd.::Jr, of -his %-ark unt i l  

(b) During the past yea r  much effort  has been expended in  
obtaining d o r m a t i o n  on radiation received b chromosomal con- 
st i tuents (nucleic acids) f r o m  incorporated C14 following injection 
of known precursors  of nucleic ac ids .  
has  been obtained in cer ta in  animal t i s sues  and in human sarcoma 
growing rapidly in hamsters .  
will be of value to the "Committee on Human Applications" in  
future decisiozs L S  t o  the 
pounds f o r  human experimentation. 
effort has been directed toward making autoradiograms of giant 
chromosomes following administration of labeled nucleic acid 
precur so r s  t o  D r D S 3 p L i i .  This latxer eifort has not beer1 too 
rewarding and w e  propose to c e a s e  any considerable effort i n  this 
f ield unless the AEC has unusual in te res t  in this area. 

This  sor t  of information 

It is hoped that such information 

a l l ~ w ~ b l e  cx3ur.ts ' '  of labeied com- I t  

Also a considerable amount of 

, 
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PL.4N OF =ZPPRO.\CH 

W 
03 
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We cc):isi(ier that wi?h the completion of the work described i?  :he 
enclosed manuscript ,  o u r  efforts on one phase of the prob!em of The hazard 
involved in use  of C is completed. Two sepa ra t e  s tudies  on the ra&rt.ion 

I being received by the ' 'active area'' of bone (a reas  of deposition in the shaft) 
' a t  extended per iods  af ter  administration of NaHC1%, have been car r ied  out. 

14 . 

The resu l t s  obtained were in good agreement and should be helpful in assess -  
ing "allowable lun i t s .  " 

I 
It is suggested that we turn our attention to chromosomal (nucleic 

acid) incorporation of carbon 14 f rom variously labeled organic compounds 
This  effort is to 4 in  animal t i s sues  and human sarcoma grown in animals. 

, occupy only a relatively small portion of our t ime.  

It is proposed that we undertaky,a r a t h e r  extensive effort on local- 
,/ ization (in shor t  term experiments) of C -labeled compounds of the nucleic 

acid and protein p recu r so r  types in various t i s sues  including human sarcoma 
in  hams te r s .  
autoradiogram techniques to learn more about r a t e s  of biological processes 
having to do with growth :n &reas  of various t i s sues ,  both normal and neo- 
Elastic. 
dosage in rep /day  in 
CL4-labeled organic compounds. 
explain the lack  of uniformity of the cytotoxic effects of cer ta in  metabolite 
antzgonists. 
are l isted below: 

The objective of such w o r k  would be to  attempt by Tissue 

Such information would be useful in determination of radiatim 
I '  active a reas"  of t issues  following administration of 

A l so  it is hoped that such  data would help to 

Labeled compounds available fo r  such  studies in This laboratory 

ci - f o rmar. e 
cI4 - glycine 
c14 - s e r ine 
C1' - adenine 
C' - guanine 
CA4-2, 6-diaminopurine 
C'"- hypoxanthme 
 xanthine 

C' +-  th3 mine 
Cl4-thymidine 
c'* - u rac il 
S3s - 6 -mercaptopurine 
CI4- nitrogen rnustar d 
C14-folic acid 
ci4- arnxopt  e rin 
C"-4- amino- 5-irmdazole carboxamide 

BUDGET JUNE 30, 1954 TO J U N E  30, 1955 

In compliance with a letter from the Division of Biology and liedicine, 
we have husbanded funds as carefu!:y as poss;ble this yea r  and it  ;ppesrs 
that we w i l l  have ;~pproxlma'.ely $3,100.00 of our  1953 budget remair,ic.g a t  the 
end of the cu r ren t  contract period. It is suggested that a budget of $l2,000.00 
($8,900. 00 plus :ne $3,100.00 Lyexpended balance of this year ' s  fxids) 
would ailow f o r  the proposed eff orf . 

- -. . . 
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A breakdown of the budget is provlded be!Q*- 

(1) Salaries: 

Biochemist (part time) $ 4,500.00 
Biologist (part time) 3,410.00 
Biologist (part time) 1,000.00 
Physicist (part t h e )  1,000.00 

(2) Contribution to  employees'-retirement fund 

(3) Materials and supplies: 

Radioact ive compounds 300.00 
Glassware and animals 412.00 

(4) Travel 

Subtotal 

(5) Overhead (8%) 

Total 

Birmingham, Alabama 
March 25, 1954 
m w  (10) 

I 

8 9,910.'00 

340.00 

712.00 

150.00 

$ 12,000.00 



Ofice Memordndam U N I T E D  STATES GOVERNMENT 

TO 

FRO\I 

SUBJECT. 

SBISOL: 

- 
Enclosed is a n  approved pro?osal for renewal of subject contract 
f o r  one year beginning July 1, 1953. 
covered by Procurement Directive No. BM-53-280, dated 

T h i s  a2proval action is u, 1953, 
in the a m a t  of $7,238.00, 

It i s  reqaested tha t  s.n a&ropr ia te  modification be prepared tS 
reneu t h i s  contract f o r  a 2eriod o f  one year beginning July 1, 
1953, a t  a l eve l  of $6,8580oO, in accordance Vith the budget In 
%hat a;PouIlt attached to  the Request for Contract Action. 

_ - I  

f 

cc :  c ,  s, Shcup 
L De #achy 
Ed Ziegler, w/Encl. 1 
2, !;ichclson 



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

1. John bore, Diretor Chairman 
Tc: Contract D ir i s ia  Conuact  Board. From: Reseamh t Medicine C i v i s i o n  

- 
I t  1s requested rhat the Conuact Board take rhe necessary action to procssi the following described con- 
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1 
I 2. Pu'ature of Action Reauested 

Selection of New Contractor and 
Negotiation of Contract. 

Modifica ' 0  o 
No. AT- &if:!&8 

tbrn Rwearch Xmtltut 

n Review and approval of Conuact, Sub- . Other (Explain) 
contract or Purchase Order. 
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Name: 
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Schedule: Date Work to Start 
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I 
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I -  
u -  
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I 
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UNITED BTATES ATOMIC ENEMY COYMISSION 

DIVISION OF BIOLOGY AND MEDICINE 
WASHINGTON, D. C. 

DATE: . - -  
TO : I)r. Kenneth I(asscr*aJ, ; i r O C t o r ,  , ' f I ' l C ?  of 

?@search and .'ieIicir,e, 3ak aide? 3I;eratiom dfr ' ice 
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T h i s  l e t ter  w i t h  enclosure, in tr ip l icate ,  is sent i n  accordance 
w i t h  the procedure described i n  a letter from the General Yanager 
t o  a l l  bmnagers of Operations dated January 27, 1M9. - 
1. I n s t i t u t i o n :  Southern Research Ins t i tu te  

2. Invest igator  os): Dr. Howard B. Skipper 

3. ? i t l e :  Body 9etent ion  of Carbon-Ut 

4. ( ) New Coatract or T )  Penewal of Contract No. AT(4@1)1038 

5. Duration - Prom: July 1, 1953 t o  June 30, 195b 

6 .  AEC Ttchmicrl Supervis ion:  Biolom Branch 

7 .  Eecemmeoded SwRort:  $11,988, includes Moverhead (leas 
$4750 xneqende? balance) Bh--3r280 

Anthorized by Procaremeat D i r e c t i v e  No. 

A c t i v i t y  NO. 6mG 

8. Otber Comments: 

This  p ro jec t  was ar,?r:-ie$ f o r  .ipll,383,less the uexpended balance 
o f appro h a t e  111 $LA 7 5 0 e 



S. Secmrlty Beq81rememtr: 

In accordance with the provisions of a-gg (Revised m c h ,  iaso), 
and the requirements of the Declassification Guide, the Division 
of Biology rod Medicine bssdetenined that the following security 
precautions rhould be t a m  in connection with the ProDoeed 
research contract. 

io.  ' Beportr: e) Reports are to  be required aa provided far by Memorandum 
Instruction of November 9, 1949. on subject "Direct 
Research Contract Reports". 

Special Reports Instructions are as follows: ( ) 

Bmelomarer: ( ) "A"  - Proposal, dated .- ~ 

! - -  < (s "B" - Notification letter,  dated 
( ) *'C" - Other correspondence, letters 
f ) "D" - Procurenrent Directive BM-530 280 

Dlrtrlbmtlon: 

Addreuee: Origin01 (1 enol.) 
irt Cow (w encl.) 
2nd Copy (w encl.) 
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Branch: White Copy (w/o encl.) 
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TABLE 1 --Rote of Excretion of C" Following Injection of 
NOHC~~OS into Mice (18 j ~ c )  

1-2 hr 
2-4 '. 
4-6 " 

6-12 
12-21 ' *  

84 1 3  94 1 
21 1 0 65 94.75 
11.2 0 26 95 01 
5 6  0 44 9.5 45 
1 8  0 59 96 09 

24-hr composite 
urine qaniple 11.7. 1 1 35 97 39 

TABLE 2---Specific Activities of Ttssues at Periods After 
Injection of NaHC"0, (18 UC) 

- .  . . .  - ~ - - - - - - 

p,--..,.: I . r > ,  . 
I , -  ! p j  , _  1.c. ; 40. c 

J C , :  > '  Hiowl / , t i e r  R,.riii 31 ,,?, her,, < / , ; i t  
- .  ~ . - ._ -. ~ - 
24 h r  1. 1 I 1  0 '?ti 1 111 I sq.4 1 os 
1 wk 0 25 0 .48  0.18 0 18 0 33 
l m o  0.11 0 02 0.13 0.02 0.11 0.25 
3nio  0 10 0.07 0.03 <O.oOcj 0.09 0 15 
5 3 mo , . . <O 009 0.01 <0.0014 0.04 0 06 
8 7 mo . . . .  < O  0 !1  <0.009 <0 009 0.07 0 l ?  

10.2 mo . . . .  0.04 0 05 
10.7mo . . . . . . . . . . . . . . . . . . . . . . .  0.06 0.10 

12 .7mo . , . .  . . .  0.03 0.04 

. . . . . . . .  

The Hazard Involved in 
The most popular of the radioisotopes, carbon-1 4 

is employed in hundreds of laboratories. 

with caution and as an experimental tool, it i s  

considered nonhazardous. 

support this conclusion are reviewed here, together 

with a discussion on the nature of the hazard 

When used 

Evidence and new data to 

By HOWARD E. SKIPPER 
.qo,(thr.,l l?, ..... i 1. ... : <!? 

Birmingham, .llabaiiia 

WHEN CARBON-14 first became avail- 
able from the ;\tomic Energy Coni- 
niiFsion, it K Y S  rnnsidered I'IIIP ( i f  thr. 
more dangerous isotopes because of its 
long half-liie (about 5,500 years) and 
because of the well-known entrance of 
carbon from carbon dioxide into the 
nrc:init. :im! ; I , $ . ) !  : : i i i i l .  i i i i ~ ? : t I ~ ~ ~ l i c  i i : t t l ) -  

ways.  This picture bas gmtlualiy 
changed. 

K h e n  eniployetl at usual expcri- 
nipntal k r l -  n-ith rc:i.t1ri.:' !:v ~ ~ I X ~ P : I I I -  

tions, C" is now generall>~ as>uiiied t u  
be nonhazardous. In  support of this 
assumption, this paper presents certain 

40 

basic experimental. evidence that seem 
to  bear on the qiiePtion n i  the hazard 
invd\.ed in laborntory u ~ e  of Cl4. 

The two C'4-ctintairiing subetances 
Kith n-hich the lnboratory worker 
comes into contact most frequently 
(prior t o  dilutions with inactive car- 
\ i a ~ i i  : i i . c '  C ' ~ - V : , I I I < \ I I  t!:N8\iNip : I r i i l  

~'"-1xiriuiii carbonate. UtJviuusl:.. the 
former can he inhaled 3s surh.  and 
b:1riun1 ( ' : L d J ( I l l n k  can. when d r y ,  be 
i i i l ~ : , ! ~ ~ , l  : I<  :I r l 1 i - t  1 1 1 '  nr:.l>-, ' It i. : i 1 ~ 0  

apparent that  iii many U:'-labeled 
organic compounds the biological fate 
of the isotope is osidation to C W z .  

Tci :1;<e..; t};- Tj<>. i t  ; , : : ~ I I ~ G  ":lz. ir  !<  

I I ~ V I , ~ ~ ~ ~ ~ , ~  i i i  t i . r  iiie oi L'!', m e  i i i w t  

kn,lif- r te :  
1. I wyw ,: fw4~: l : .~ t .  Ui , I I - I I I I  v i  

C"02 with l L ~ , ~ l  I k ~ r b o n a t e  a t  -ite: 
of blond aeratim in the lungs. 

2. Retentioi. l i  hi,-srhonate carbon 
in the h l ~ m l  2T.,i  \.:I]. 

depentls on t h e  ez~.lia.oge ami on the 
rates ( 8 :  :iietni, :.?:ii. i.e., CO: t i \ : l t i i in 

nri tu r n o w  r 'i . 
3. Lkgree I : \ i J P : i  

active cell3 n-it:..n X-ar 
4. Stability 4 ! BnC!'n3 parti~.iil:ite.: 

r e t a in4  hy t k c  Ilinc nn inspintinn rtf 

BttC':'O3 aeroso.. 
5. Inherent mrrinrpnicity of  C! '  

i<,lt,,;,o :yithi!. ' ,>rt:! 

d l l t  t ' j  tile I J l . :  - . , ' . i ;  *'!. , 
i ts  atomic disintegration. 

Carbon Dioxide and Bicarbonate 
Brues and Buchanan ( I j  hnve pro- 

vided informaticln on the retention oi 
C14 by fixation of inhaied C1'02 gas. 
They observed that the lungs absorb 

tl!- in spite oi t!lcj 
mass movement oi COn 'in the opposite 
direction. It a y e s r s  that the amount 

I\ i t 1 i t ' i. \ > I C  wx1 
the specific ac::\-ity r - i  the slveolar 
atmosphere and thus is largely inde- 
pendent of the COS concentration in 

February, 1952 - NUCLEONICS 
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TABLE 3 
Various Periods 

Per Cent of the Total Injected C Retained at 

1 o i  r, t,r,rr, r {  1 1 ,  1 t t ,  
I .  1 '  . .,.i , ,I:,! 

,I.' 1 , , , , I  , ,,. , . ' , , I .  ! I ,  J X t l t I o r ~  

~ _ _  ~~~ -~ - ---- - 

.> -4 : . r  I 4  0 2 . i  1s 

h r  l ) ! L l  I ) I ' 4  20 

1 ak 0.li-2 O . O ! I  15 
2 n-!i 0 . 2 0  0.0; 35 
1 rno 0.13 0 03 23 
3 nio 0.12 0.03  25 

.i 3 nio <0.02 0.01 >50 

8 . 7  mo <0.04 0.03 > 75 
10.3 mo . . . . . . 0.02 . . . .  
12 .7  rno . .  0 01 . . .  

TABLE 4 - Total Body and Skeleton Radiation Calcula- 
tions on N a H C i 4 0 ~  Injected Mice 

~ . - - 

j ,,I,!,~I~,,,~I .' a , - , .  - , I ~ I , ~ I ! ~ O V  

: . . - , I ; ,  !<, 1 $ 1  I ' , .  / ' l , ' ?  

1 ' .  , , n /  - /I< 8' ," ,,,: . fi. - p< , ,>I  
~~~ ~ .. - 

iU-24 itr 0 1 I  0 0; 
1-2 daya 0.027 0.033 
2-7 days 0.022 0.021 
1-2 wk 0.009 0.016 
2 4  wk 0.004 0.008 
1-3 mo 0.003 0 004 
5.8-6.2 mo . . . . .  0.004 
8.7-10.2 mo . . . . .  0.004 
10.8-12.2 mo . . . . .  0.002 
SOTF.: \ I ax imum tolerated level estimated at  0.05 r per day 

the Use of Carbon-14 
tr! t l i i t io:i  : t i 1 1 1  t u r n ) . .  1 ' 1  I , , '  ( " ' : : I  , i i ! i : l i : t l -  

[IJr exterided periub:,. 
Rlai'trii C'rirti-. : in,!  Jlg,I~r:iii .;. 

that  the birties ui rats injected with 
R:i( '"03 ( 7 5  t o  100 p c )  retainecl ac- 
tivity at 1 0  n-eek;. Sections of liver 
:iiid ki(irie!- gsve !,i:!I;; i r i t r a i i - r i  : i i i t o -  

id iographs  a t  3 dt l ! .s and 2 weeks. but 
?vvri '  riegxtive after li1ngi.r iriti.rvals. 

.\rnistrnng. Pchubert. : t m i  Lin(len- 
lrauni ( 2 )  in studies oi the disti I ~ J U t l O I l  

, )!' r : i~I io i~ : i r l )~) i i  : id 
bonate observed retention in mft tis- 
sues, bones. and teeth at  6 (days and i n  
i-prt:tin cellular con- t i t : i v i t~  :it 40 ii:i!.s. 

\Ye have carried out  certain experi- 
ments designed to ohtsin qunntitntiw 

tissue, organ, and total body exposure 
can be estimated 1:. S i .  To be able 
to  carry on  these e\peri~iie~it,* over 
long periods, and to 3void use of exces- 
sive amounts of C1': it was necessary 
to employ extremely sensitive counting 

. l ,<I\\t~ll t ) ) .  autl,l.:ll!l~ ~ ~ l 3 j ~ I l l V  t L . ~ ~ l l ~ l l l ~ ~ i ~  

,!,ll:l  I J I I  c'4(l: h X . L ~ ~ < 1 1 1 :  f l l J l l l  \\ lilC.11 

11dler ( S ) ,  Dr. Locke Xhite,  Jr., of our 
Physics and Physics1 Chemistry Divi- 
sion, constructed a gas-phase appara- 
tUs .  \vhic:li li3' ~ l l o n ~ ~ l  11- to  rleterniinc 
rather accurately the C L 4  content of 
mouse bones one year after injection 
of 18 pc of XaHClO,.  Because of 

t!ip r\, . t , ! !r .r i t  zc~!iiictr!- r i i  -!,i. Gpirer 
t u l x  : ;,I, almost all disintegrations are 
r f ~ ~ ~ ~ ~ r 8 1 w l ,  :iIlowinc F I I ~  c . - - . n i ; t t e G  oi 
: ~ l i - ( ~ i u t v  .tl,tivit!. I l i  ( ' 1 ' ~ ) ~  i:,-::! !,xiillzed 
tissue srmples. 

Adult mice Kere injected intru- 
peritone:illy with Id  pc of TaHCL40 ,  
'I..; iiic of sotliurii bic.aibr,r.clte with a 

specific ncti\-ity of ti00 mc/mole of 
carbon i .  Tim is approdmately a 
.W-nir man-equii-alent. T!.. sperific 
xti\.itiez u i  a number of :ampies u i  

determined at 24 and 48 hours, 1 and 
2 week-. an1.1 t. 3. 4, 5 ,  snd  9 months 
4, (G'. Froill tlicce s ! w , i ?  :2cti.,-itie; 

and knowiedge of the tissue weights, 
eqtirnstps of the tntnl nctivity in each 
ti-:ue :aiiipIe \\ere i i i d e .  

After 3 months, none of the soft 
tissue retxined significant quantities, 
'0 t l i : i t  kiter sssays were !imited to 
tione. Bone actillties have now been 
followed 3s long as 12.7 months (7). 
Certain of the data on this subject have 

d for illustrative purposes 

Calculations on the per cent of the 
tot:il injected Ci4 from SaHC"Os 
retained in the body and tt;e akeletoii 
:it >;:I! ,,,us pe5ocl- :ire L:-:e:itl*sl i i i  

Table 3. 
Knowing the approximate amount of 

CI4 in the body or a portion thereof 

41 
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Bone Section: 24 Hours 

c$t e I 

Bone Section: 6 Months 

FIG. 1. Bone section and autoradiograph from a mouse at 24 
hours after injection of 18 p c  of C"-bicarbonate ("No-Screen" 
X-roy fllm exposed for 30 days prior to development) 

FIG. 2. Bone section and autoradiograph from a mouse at 6 
months after injection of 18 pc of C"-bicarbonate (X-ray film 
exposed for 5 months) 

TABLE 5-Radiation Received per Day by "Active" Volume of Bone at Periods 
After Injection of NaHC1'Os (18 pc) 

1-2 mk 8 2  0.04 0 . 1 6  
5.3-5 ,s  nio 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 

I !  I1PCi-l 

TABLE &-Particle Size Distribution of 
a BaC"03 Aerosol Measured by 
Microscopic Inspection 

fi : u + f t r  I I , I , ~ O I ~ ~  o! par t ' c l t s  

<2 70.5 
2-3 20.8 
3 4  6 3  
&?I 1.9 

> 5  0 . 5  
100.0 
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TABLE 7 Specific Activities of Lungs after Exposure to an Aerosol of BaC"0; 
-__- ___ ~ _ _ _ _  - -  - ___ - 

2 20,000 120 Ininialinte 
1 hr 
3 lir 

3 200,Ooo 30 Immediate 
Immediate 
24 hr 
24 hr 

0 0 2  
0.03 

<o 00.5 

0 04 <0.005 0 01 <o 00.5 
6 OS 
0 O l t i  

<o 005 

- 

NOTE: -Ul activities are on individual mice sacrificed at  indicated intervals. 

TABLE 8 -  Spectfic Actlvlties of EX-  
haled cot from Mice Exposed to o 
BaC '0, Aerosol 
- - _  - _ _  - - 

\,,, I I / I  

I (I  1 I ( 1 1  

I : ,  w 

0 '  0 ; I  

! 2  I )  I l l  

2 ;  0 11 
i t ,  0 0 ' )  
b-7 '0 01 

TABLE 9-EiTects of Injection of 
NaHCL40J 118 p c )  on the Pattern of 
Death from Spontaneous leukemia 

I 
~- - - - 

Controls .Ya H C "0, 

Mortality 13'13 1.5 15 
.Iwrage age 3t 30d I I J ~ ~  30s ti:t\ 3 

leukemic death 
Standard devla- 

tion from mean 51 2 days 79 0 days 

1s p c  of CI'-bicarbonate into mice, 
certain bone shaft cells were receiving 
abuut 0.16 r 'day. but that after 4 

,114 r 'ii:iy. Siiive tlie 
: - t .c~n~inci~~Ieci  iii:i\iiiiu:ii peIii i isiL~e 
11we for any tissue ic 0.05 r ' ~ h y .  it 
. . \ t>ui;l  ::p!it':ir tli:it . i l i  I \ - ~ I >  ~10-c. fc l r  .: 
25-piii nioure I II 3 0 - i i u  rii:~i1-t.,iui';alent! 
produces locrilizerl r:idi:ttioii \v!! i~~11 i - .  
for a time. Above the allowabie level. 

Barium Carbonate 
The possible I isznri l  from Ci4-hariuni 

w r h i i m r c  du,t inhaled by the 1ati1,1:1- 
t ~ r :  n , ~ i i , t . i .  ! I . I >  1 w r i  :I Y I I I I Y ~  I I ~  I'IJli- 

-i I 1 P r:: \-*I r 
Gt, \ Jer te  ,\lu, lis? .-tuclird tiit, i'ate 

of elimination of CI4 administered as 
H:iC;'O; hy inti.aperitonenl injections 
i n  rat-. IIe repurted th:lt " i l l  p1.r- 
lirninary experiments, 30-60 minutes 

ti:): rl!c 11:iriiini r 

C" was rapidly fixed by the lungs and 
no significant activity was found in 
suit tissues." The excretion of the 
C L 4  by the lungs was very rapid. about 
-ISo, of the total injected C14 being 
expired during the tirst hour  auql nhout 
Y5C in 13 hours. Approsimately 
sR-995 oi t l i e  tc1t:il : i c s t i \ . i t > -  v:~.. 
expired and excreted \apparently in 
about 2 days). 

This author cvnnot understand why 
Go!-aerts n-as unable to  demonstr:lte 
significant CL4O2 fisstion in all tissue> 
after BaCi403 injections since, in his 
experiments, there was obvious whole- 
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d e  exchange with body carbonate. 
Using a procedure suggested by 

Di.. H. 1). L:in$hhl of the l--ni\.thr+ity of 
70 T,);;: .I , .  L:iI ',\ ,L l i : l \ - ?  

b -  :irronrll 
P D i  ; ) 1 ' 1 1 i i a ~ > .  pJit,c,ic> it11 . i iL . ; ! i : i l  c ' l -  

.I wi:iIl :\mount of B:iC'l'O: 
: .!i ., I.-JIJ-I:I~ t i . r . e - i i t ~ , . k ( ~ ~ i  

fln-h w t h  an apprupri:ite inlet 
: in<i  ou t le t .  Tht. inlet tube w:is drawn 
dun u tu about a 12  liter :i;;n ,)ritity 

rimt 1 in. f r o m  the hottom of ttic, 
fl:tz!i. . l i r  prr;i;urt. WD': then :ipplied 

; , I  1 ' - .  I , ,  : h i ~  Ltri!ucnt oi t1.c cy2tcr l l  
~.V!!!!P nrnt!i- Inrit rnpi~ll ;~.  t:lpriinrr on 
the f l~trb \ t i t i !  LL :.ubiJt.i--ciJ\.crtd striker 
frljrn an electric bell. The  1:irger 
pa r t i c le; n-e re re ino x-ed in :I* Id i t i nn:i 1 

d BaC*'Oa aerosol, so produced, 
- t i l l ?  : i ~ 1 8 i  ~ ~ l d ~ l  be 
of a Tyndall beam 

an  hour after it {vas set u p  in a qlass 
rlesicvatur used a:: an aninid chamber. 
Its p:irtirle--ize distributiun \vas esti- 
mated by iiiicroocopic impection (using 
5 filar micrometer) of settled particu- 
lates; see Table 6. 

aercwlr lJf dde ren t  specific xctivitiea 
and sacrificed for tissue C"-assays a t  
various intervals. The results (1  1 )  
:&re pi.ewntc.11 in Table 7 .  

In acidition, mice were exposed to a 
BaCI'O2 aerosol, removed from the 
e.xposure chamber, and  placed in a 

. -  

lixsbj. 

n t.spo$ec-l t r .  R:iC!'C) 

metabolism chamber where exhaled 
C 0 2  was collected for one week. The 
specific activities t,i the es!iLilctl ( ' i lO. 

un ilij?crrd h~c.'i.J,: \ \ \ i i l ' h  -1JggC"t 
that  :in inhaled partii*!c r J f  barium 
t ~ : t r l ~ ~ ~ i , : i ~ ~ ~  ~~x~ i,.,i,:t- I t -  C : I ~  inon ;I:I,III= 

fdirly rapic!iy .$vith bwiy ~ O U I  carbonate 
and tha t  inhaled B a C W I  is perhaps 
not as dmgerous DS might have heen 
expected { J I l  tiic i)a2is u i  itz insolubility. 

Effects of C14 on Mice 
with Spontaneous Leukemia 

It =ecnis i:i i i l( j! . t : : i l t .  .11!,1ig n itii 
ct i ic l ip:  ctn t h P  ,:' - , ) r i j t i ( t r i  w t p i i t i t ) r l ,  

di3triiJutiun. 2nd turnuver u i  C i 4  it-iieu 
adniini5tered in various chemical states. 
to  mnkc Gome (direct ohservstinns on 
the <:Jr<iiiugclljc Activity of this r:tdio- 

~ - ~ l : : l t l l t l a -  . .  ! I L L \ ( '  IJCCll  

reported ( I d )  on the failure of a single 
dose of SaHCI'OI (1s p c ,  3 j0-rnc-man 
equivdenti t u  aEect the pnttern of 
deaths of Akm mice from spontaneous 
leukerni3. This strain of animal, be- 
cause of inbreeding. develops spon- 
taneous leukemia in almost 100% of 

IVhen young Akm mice were injected 
with SaHC1403 and set aside to await 
development and death irom spon- 
taneouq !Pukemi:l. it \vas observed 
that their patterii of deaths was no 
different from litter-mate controle in- 
jected with nonradioactive bicarbonate ; 

43 

l ' : \ G t ' >  .it .ihntit 9-!O mi>l:tiis of age. 



the repiilta of tlik d i idv  nrr surn- 
iiiur:zcatl in TdAe 9. 

Sirnihr aturiiep have now been 
I ~ 3 r ; i t ~ t l  iiiit n . i t l i  11)n' 10i.c.i. ( 1 . 4  p , . .  

,,f P ~ - l : i l ) ( + ~ i  2.tLs 
: I <  :, \ , , p w l r  

~ L ~ I , , I I ~ ~ ,  : I I I \ ~  \\ itti hc l ,  ici t~ls <)i c ! ~ -  
l t t '  2 - 1 0  PI', :t ; o o - l l i , ~  1>\;111- 

of the 5- and S-carbon atoms of 
desosyribose nucleic and ribose nucleic 
acid purines and the methyl carbon 
atom of thymine. The effects of these 
(214-labeled compounds on the pattern 
of deaths from spontaneous leukemia 
in mice R-as likewise insignificant ( 1  I). 

One of the more sensitive methods of 
detecting radiation effects in animals 
is by means of white blood counts. 
Leukemic white-blood-cell production 
k apparently more sensitive to radia- 
tion than normal hematopoiesis. We 
have injected leukemic mice with 100 
p c  of HC1400Sa and observetl no 
depression of the high w h t e  blood 
count (1.9). .\lso it was observed tha t  

p ~ '  of HC1400Xa i t l  5OO-mc man- 
etlui:.nlpnt; h:ill no effect on the life 
.I ._: ' .  , I  I ~ , . , Y  ' \ . t ! l  r F , i : , . ;  : . t . , * t t I i  . 4 b - i -  
leuk(.iiiiLi i,3', 

(evPn i v t i pn  tempiir.:iril 
.11111(', %.\ l l l , ~ l l  _. ti!Y <':L.t' 

iv i t i i  l>llttJpic furmute! :it the :el.& 

ingi i l - : i td  h w  no p r ~ ~ f ~ ~ r i i i t !  (.t-tt)tclxi,* 
:it, t i v i t y  . 
Conclusions 

in the body to  any great extent .  The 
blood b icahina te  I S  turiiett ox-er l:ir.ge!y 
in a matter of minutes. 

2. Of the inhded C!'O,. B small 
amount is fixed in body tissues. The 
turnover of this C" is dependent on 
many metabolic processes. The turn- 
over of CI4 from bicarbonate in the 
bone is much slower than that in the 
soft tissues. 

3. .liter injection of 15 pc of C14- 

bicarbonate into mice (a 5O-rnc man- 
equivalent), the body and the skeleton 
as a whole receive greater than the 
niwkuurii periiiI:>I!~k le\ el oi 0.U.j 
r,'day for only ahout 24 hours. How- 
ever. certain area3 in the bone are 
receiving greater than this amount for 
several months. 

:r. ! : ; * \ ; l .T , \  ,.: 13 :(:i'O" 
: i I ~ ~ r t i m t  i n  tlir I U I I L ' .  ' lop; n'It r-m:tin 
AS -ut , i i ,  !jilt t u m a  uvcr  I r ry rspitliy 
b y  c..ic.h;liire with in:i,.ti:-e COI i n  the 

5 .  Fairly high levels ta 30-nic niun- 
1 l l I J i : f  > t I ~ L J ~ ~ , [ I e i ?  ( t i  t \ l t .  :uliC-.  
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a. When the loma have crawled up the ride of the culture 
flask the r a b q  g h d 8  8re di88eCtd out ia &din& 

3. The glands are then transferred to 1 N HC1 for 
approximataly one minute. 

4, I h e  glands are  then placed on a slide coated with a 
t!!h film of albumin and rtafned with meto-orcein. 

ctver slip 
r-or b l d .  Lauortd under one edge d cover slfp). 

remove: after freezing the sl ide on dry ice ;flipped off with 

5. Stripping f f l m  is floated on water, allowed to expand 
and pic- up with the W, drba for about 10 mfnuter and placed in a d m k  

SOOUTHCRN RLStAI)CH INITlTUTl 



E x p e r h m t 8  ace now under w r y  wky radioactive mrtrrhh 
hh th. m d 8  68 Which -8 Ipe grOW h f k 8 t  .thmpti 8t PFdUChg Uta- 
rrbto(r.ma. 
the cytoplasmic RNA w i l l  provide confusing background, but further refinemen: 

It tr probable that nochic acid precw.ora incorporrtod into 

I ,I of the procedure might mMmi7e this difficulty. 
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Ofice Memordndam 
TO 

FROM : 

SUBJ- : 

SYbBOL: 

0 UNITED STATES GOVERNMENT 

2, G. l q h r i e s ,  Act ing  Director, Contrzct  D i v i s i o n  

REC:L'LST LWIi ZM3KL OF CONTRACT AT-(l~0-1)-1038 - SO- 
INSTITUTE 

DC : RGH 

c 

Fonerded i s  2.n ar-rcvej. pmposal f o r  th5 e-lrter,sion o f  su'cjec: 
contract f o r  anotker year begim-ing July 1, 1952, 
action is covered by Procurement Directdve -52-204 dated 
April 10, 1952, in the amount of ~15,098.00. 
repo r ted  YAat +here  ill he no av?LlrF.lo h a k x c e  f9r p a r t i a  f a d i r . 5  
of  t h e  Rew period. 

This aFprovd 

The contractor has 

_ .  



of f ice  Mernornndzm UNITED STATES G O V E R N M E N T  

T O  John R, )loare, Director, Contract Division D f T E  April  17, 1952 

FRO\1 hnneth Kasechau, Direct- of Research and Ibdidrm 

, 
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UNITED STATE0 ATOMIC U I l L R O Y  COYYISBION 
DIVISION OF BIOLOQY AND MEDICINE 

IAOIIINYBTON, 0 .  C. 

Thir  l a t t e r  w i t h  enclorurer,  i n  t r i p l i c a t e ,  i r  rent  i n  
accordance w i t h  the procedure described i n  a l e t t e r  from 
the  General Yanwer to a l l  Mmna6err of Operationr dated 
January 27, 1949. 

1. Inrt i t u t i o n :  Southern Research I n s t i t u t e  

8 .  Invertigatok (I): Dr. Howard E. Skipper 

AT(@-1) -1038 
4. ( ) New Contract or (3 Benowal of Comtract No. 

5, DUr8tion - Pro.: Ja iy  1, i 9 j2  To: June 30, 1953 

6. AEC Technic81 ~ u p e r v ~ r i o o :  Jlvlsl3,n cf 2iolos;i  anc :.edlcine 

7 .  Becommeoded Support: 515,098, includes Ri overhead 

Authorized by Procurement Direct ive  No. 

Irrued :33 .. ' -352 8 15,098.00 

A c t i v i t y  No. 4430 

'''-5'-204 

8 .  Other Commeotr: 
-. . . * 1 -  +..x .-as Leen a>-::-eI at ~1? ,09L  ra; .e? ;he 3 .xrit 
reqaested, a s  t:iere wcs a11 e r r o r  in the  ca l cu la t ion  of 
;ie & overheai.  
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8 .  Commomtr (Con t inuad)  

- t -  

8. I o c u r l t y  Ioqriromoata: 

In  accordance w i t h  t h e  p r o v i r i o n r  of W-93 t h v i r e d  March, 
1950) I and t h e  r e q u i r e a e n t r  of the D c c l a r r i f i c a t i o n  Guide,  
t he  D i v i r i o n  of B i o l o t y  and Medicine har de te rmined  t h a t  
t h e  f o l l o w i n 8  r e c u r i t y  p r e c a u t i o n r  ahould be  t a k e n  i n  con- 
n e c t i o n  w i t h  t h e  p ropored  r t r e a r c h  c o n t r a c t .  

Since there is essent ia l ly  zero chance that  res t r ic ted  data 
may be required or developed, no ,personnel security requirements 
should be imposed. 

10. 8ePOrt8: t, d R e p o r t r  a r e  t o  be r e q u i r e d  a r  prov ided  f o r  by - 
Memorandum I n s t r u c t i o n  of  November 9 ,  1949, 
on s u b j e c t  “ D i r e c t  Rerearch C o n t r a c t  Repor t s” .  

( ) S p e c i a l  R e p o r t r  I n s t r u c t i o n 8  a r e  a r  f o l l o r r :  

Enc IO 6U re.: ( X I  “ A ”  - P r o p o s a l ,  da t ed  
\ A “B” - N o t i f i c a t i o n  l e t t e r ,  d a t e d  
( ) “C” - O t h e r  correspondence,  l e t t e r 8  
e) I’D” - procurement  D i r e c t i v e  3~---52-204 

D l  r t  r t bo t i 0 0 :  

Addromoo: O r i g i n a l  ( w  e n c l . )  DlVlrio. Pile: Yellor Copy ( W  r a d .  
l r t  copy ( ’  ’ 1 P i n k  Copy (w/o s n c l .  1 

Program AmaIyria Brrrcb Cl lo :  White Copy ( w  ” 1 
2nd Copy ( ”  ’ 1 Green Copy ( ’ “ 1  

Branch: White Copy (w/o e n c l .  1 

. .  
cc: .r. StsmDod 

I ‘  
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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", III. Long-Term 

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

189, 159, 1951. 

2. Preferen t ia l  Incorporation of Formate  Carbon into Leukemic Blood 

- 

Cells a s  Indicated by Autoradiography. Skipper, Chapman, Boyd, 

Riser ,  and Bell, Proc.  Soc. Exper. Biol. Med. 77, 849, 1951. 

3. Studies on the Hazard Involved in Use of Carbon 14. Howard E. 

- 

Skipper, Nucleonics - 10, 40, 1952. 

4. F u r t h e r  Studies on Formate  Incorporation by Leukemic Blood Cells. 

Skipper, Chapman, and Bell, Proc.  SOC. Exper. Biol. Med. 78, 

787, 1951. 

- 

5. The Fai lure  of C14-Formate to Affect the Course of Mouse Leukemia. 

Skipper, Bell, and Chapman, Cancer Research, in  p r e s s ,  

A reinvestigation of the long-term retention of C" f rom bicarbonate 

carbon in bone and radiation calculations on dosages being received by the 

active volume" of bones is under way. Excellent confirmation of previously 17 

reported resul ts  has  been obtained up to one year  after a single injection of 

100 pc of NaHC140,. 

The effects of high levels of C14-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 

\ \ \ 4 2 1  
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investigated. 

man-equivalents) have no detectable effects under the conditions employed. 

from various organic 

Results obtained suggest that these levels (280-750 millicurie 

14 Extension of our s tud ies  on retention of C 

compounds has  been possible. Data  are now available on distribution and 

excret ion of C" from: methyl-labeled nitrogen mustard, ring-labeled t r i -  

ethylene melamine, 2 , 6 - dinminnpurine - 2 -C 14, 8 - azaguanine - 2 -C1', carbonyl - 
labeled urethan, methylene-labeled urethan, formate, and urea.  Limited data 

are available on C"-formyl folic acid and labeled guanidine. 

c 

Effort has  been made to l e a r n  more  about t issue localization of CI4 

from labeled formate and to develop techniques which wi l l  ass i s t  in studying 

localization of isotopic carbon on a ce l lu la r  level. 

PROPOSED PROGRAM 

It is proposed that i n  our  future  effor ts  to gain information on the 

problem of C14-hazard, the following l ines  of endeavor wi l l  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 ( t i s sue  autoradiogram studies). 

3. Attempt to extend knowledge of C14-localization on a cellular 

level. Using giant cel ls  of the sa l ivary  gland of Drosophila, it  is planned to 

attempt microautoradiograms (following administration of C" compounds) to 

determine localization in  ce l l  nuclei, chromosomes, nucleoli, and cytoplasmic 
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elements. 

(under OLL) and the sa l iva ry  gland cell nuclei showing chromosomes and nucleoli 

under low e r magnific at ion. 

See F igures  1 and 2 showing the smashed  chromosomes of Drosophila 

4. It is hoped that information on cel lular  distribution of C" from 

radiomimetic compounds such as nitrogen mustard ,  Methylene melamine, and 

urethan w i l l  provide resu l t s  of value from the standpoint of radiation biology. 

Consideration of the s imilar i ty  of cytologic effects of the above agents and 

ionizing radiation w i l l  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 w i l l  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 '36,979 of the contracted 

sum which was ca r r i ed  over with a request fo r  a reduction of our 1951-1952 

budget. 

D.. The work planned for the coming year  (1952-1953) includes, in  

addition to continuation of pr ior  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: 
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One Year (July 1, 1952-June 30, 1953) 

(1) Salar ies  

Biochemist (part  t ime) 

Biologist ( fu l l  time) 

Biologist (full time) 

Physicist (part  time) 

(2) Contribution to employees' 
re t i rement  fund 

(3) Radioactive compounds 

(4) Glassware and animals 

(5) Travel  

(6) Overhead (8%) 

$ 4,500 

3,000 

3,200 

2,000 

430 

300 

r-- 

400 

The contractor will furn ish  as i t s  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%). 
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BODY RETENTION OF CARBON 14 

It has been pointed out in previous progress  repor t s  that with the 

information now available on retention of C14 from inhaled C'b, (Brues and 

Buchanan) and aerosols  of BaC"O, (Southern Research Institute and California) 

and the long-term turnover s tudies  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 s u c h  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 a reas  known to be affected by ionizing radiation. It is also important 

to learn  more  about the carcinogenic action of C14, if any, particularly at levels 

allowed in human experimentation and ranging downward to levels unavoidably 

inhaled o r  imbibed by laboratory workers  employing this useful isotope. Finally, 

it seems important to l ea rn  more about the retention of CL4 f rom a large spectrum 

of organic compounds in  view of the increasing desire  of chnicians to use C"- 

labeled compounds in humans. 

- 

Our efforts during the past nine monihs have been directed toward 

gaining information on the above -mentioned problems. 
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Long-Term Retention of C14 In Bone 

(and Localization i n  Bone Areas) 

In an initial series of studies,  NaHC'b, w a s  injected into adult mice at 

a leve l  of 18 microcuries  (pc) and bone specific activities and total activities were 

determined over  periods up to 13 months (J. Bid. Chem, 189, 159, 1951). Auto- 

rad iograms of long bones from these mice indicated that after a f ew weeks the 

remaining C14 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, i t  was possible to estimate the radiation 

(in r .  e. p. per  day) received by the  bone ce l l s  in the "active area. " It appeared 

that the "active area" of the bone shaft  of mice injected with 18 yc NaHC'*O, 

(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 w a s  decided to repeat  these experiments using higher levels of 

CI4-bicarbonate. A group of adult CFW s t r a i n  mice was injected wi th  100 pc each 

of CI4-bicarbonate and have been sacr i f iced as indicated in Table I. A femur and 

humerus  w e r e  taken from each animal f o r  oxidation and activity assay  in a gas- 

phase counting apparatus which has  been calibrated against a Bureau of Standards 

BaC"0, standard and shown t o  give resu l t s  extremely close to the absolute CI4 

content. Corresponding bones have been f u e d  in alcohol, embedded in plastic, 

ground down to provide the des i r ed  section, and autoradiographed on No-Screen 

x-ray film. 

da ta  are included (with the necessary  correction because of different doses) for 

Results obtained to date are recorded in Table I. Previously reported 

I I I N 2 9  comparison. 
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Table I 

Calculations on Radiation Received by "Active" Bone 

at  Pe r iods  after a Single Injection of C"-Bicarbonate (10.0 pc) 

Average Radiation in 
Active" Bone (r. e. p. /day) I f  

Specific Activity New J.B.C. 1 

Period Bone (pcjmole C )  Data - 159, 1%' 

1 week F e m u r  1.47 0.6 
Humerus 1.17 0.4 

2 weeks F e m u r  1.5l 0.88 

1 month F e m u r  0.97 
Humerus 0.82 

0.2 
0.2 

4 months Femur 0 . 5 4  0.14 
Humerus 0.54 0.17 

6 months F e m u r  0.55l 

6 months F e m u r  0.49' 

6 months Femur 0.44l 

8 months F e m u r  0.50 
Humerus 0.30 

12 months Tibia  0. 18 
Humerus 0.13 

12 months F e m u r  0.15' 

0.21 

0.20 

0.17 

0.08 

on x-ray 
film 

These  old values w e r e  corrected ( x  5.5) because of the differences 

in  C1* injected (18 vs.  100 pc) for  comparison with the present  

resu l t s .  
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In addition, mice a re  sti l l  available which were injected wi th  100 pc  

each af N m C i 4 0 ,  about 16 months ago. It is planned to sacr i f ice  these mice at 

intervals of about four to s ix  months. It is hoped that some wi l l  live grea te r  

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 ob our - 
second se r i e s  of experiments on turnover of C" (in the "active area" of bone) 

with ear l ie r  experiments.  When one considers the steps involved in these rough 

calculations which a r e  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.  

T issue  Micro -Autoradiograms 

In our last  p rogress  report  resul ts  w e r e  presented on C'*-formate- 

injected mice which showed the rapid uptake by tissue areas of most active 

metabolic and mitotic activity (e .  g., crypts  of L i e b e r k h  in the small intestine 

and the basement membrane of the seminiferous tubules of the tes tes) .  

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. 
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C ellular Auto r ad1 og r ap hy 

F r o m  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, 

chromosames) .  It is most assweaty of interest  from the theoretical point of 

view (and with relation to radiation biology) to l ea rn  whether certain radiomimetic 

compounds such as nitrogen mustard, triethylcne melamine, and urethan are 

preferentially fixed in the chromosomes, nucleoli, or in cytoplasmic elements. 

With these points in view, w e  have begun some studies on the d is t r i -  

bution of C"-nitrogen mustard in  salivary gland cel ls  of larvae from Drosophila 

and smashed giant chromosome preparations f rom these cells.  

techniques have been worked out, the studies wil l  be extended to C"-triethylene 

melamine and C14-urethan both of which are radiomimetic (cause chromosome 

breaks  and a r e  carcinogenic, etc. ). 

As soon as  the 

We a r e  lead to believe that this is feasible by results obtained on 

blood s m e a r  autoradiograms (Proc. SOC. Exper. Biol. Med. 77, 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 

cel ls  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  f o r  the pr imary  growth process .  

t akes  place with the mediation of nucleic acids which a r e  of ribodesose type in 

Thls formation 

the reproduction of the genes in  the chromosome apparatus and of ribose type 

in  the formation of the l a rge  protein masses in the cytoplasm, ---- proteins are 

collected in the nucleolus and make up i ts  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 a r e  bifunctional, there is 

c r o s s  -linking resulting in chromosome breaks. 

If the discussed techniques can be made sensitive enough (and from the 

above this s eems  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 th i s  laboratory can be observed to local ize  in cellular 

sites (i. e. , C1%,, C''-glycine, CI4-urethan, Cl*-nitrogen mustard, CI4-triethyiene 

melamine, C I' - 8 - azaguanine, C I' - 2,6-diaminopurine). 

These investigations s e e m  to be a logical sequel to overal l  distribution 

and turnover studies in animals and t issue localization studies using autoradio- 

graphy. 

It is hoped that positive information on this subject w i l l  be available 

for  ou r  next progress  report .  
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Formate  In corporatlon by Blood Cells 

The details  of a study on the incorporation of C'*-formate into blood 

cel ls  of leukemic mice a r e  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" f rom 

labeled formate in normal and neoplastic mice and r a t s  a r e  almost completed. 

This work car r ied  out in  cooperation wi th  Dr. C.  C .  Stock of Sloan-Kettering 

Institute is in  preparation f o r  publicatlon and wi l l  be included in the next 

progress report .  

Submitted b 

Birmingham, A 1 ab am a 
February  21, 1952 
12 14- 12 1 -XI11 
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Further Studies on Formate Incorporation by Leukemic Blood Cells.* 
(19219) 

HOKARD E. SKIPPER. J C A S I T . ~  B. C m P x 4 Z ; ,  AND ~ I A R T E L I . ~  BELL. 
From ! h e  Biorhemistrv Dioision. Southern Research, Insti tutr.  Birmingham, dk. 

I t  h35 been tilbervrd that at  one hour s i te r  
il1!t,c'!itin ( I :  ( - ' - I  >::',:.itr inim) ": l i  I! 
\.anir.cl .\k--! le3kr?i!.i t3r crt,.tlr- ?,)r:is\n n i  
thy ltwkrmic p r u i p l p h u i  tc= gii e ps i t i \ . t .  
311ti ir:idia,yrams t i l :  nLic!r:ir t r  i i  '; t ~ v ~ . ! l ~ i t m  
n.hilr vt - rb  it-.$\ g'lr:::Ji-:iii;ic 

and  practicallh- nunc u i  the puiymorphonu- 
clears or erythrocytes are positive( 1 ) .  Two 
preliminary explanations or' these results were 
cons id r rd :  ( 3  I that the C:'-iilrnutt. \VAS in- 
corporated durin- the anabolic phase5 oi cell 
division and t h d t  t h e  Irukeniic cells were 
diviciini. v ~ ~ y  ::iid!y 
cell=. or c b ~  E L ~ L  rh 

than were normal blood elements. T h e  pres- 
en t  study \vas desicned to obtain infornution 
irhich mi-ht ;'.et! lirht 4 1 : ;  thi.< q ; i r . . t i o R  In 
these experiments, leukemic blood has been 
espnsed t o  C! i - iwnnte  3 ~ 3 ~ .  from site.; of 
hrmatopuiesk iur  Zubxqucnt autoradio- 
graphic examination. 

E.cpcrinicntcrl. Blood was aspirated irom 

* T h i s  uork  na- .  -upported by grants i rom the 
Sational  Cancer Institute. of the Sat ional  Insti tute 
of Health. Public Health Service. and the B i o l o p  
and Medicine Division oi the Atomic E n e w  Com- 
mission. 

. .  . . .  . . .  - 

. .  

the  heart of .\km mice with advanced trans- 
;)!~ii i :ed . \ k - ~  !r;iLt-:i)i> i .i :.ithrr .iiL:tc I! I;.:- 

philirl :train 1 T h i c  hlolid IUS heparinized 
and placed in a mall cellophane bag which 
iv:i.< then introduced thrrlilzh ;in inci.<iiin ii:to 
t h y  : I ! J I I  lniinal iavith- oi  leukemic mice 
(-Ui-4). These mice (with leukemic blood- 
containing cellophane bacs) were injected 
IP. with 100 microcuries of C'+-formate. 
.\iter clnr hour. the n i icc  were sacrificed and 
blood smear autoradiograms were prepared o n  
cardiac and ~ell~~lphane-ba: blood after each 
had hcen wncherl twict. with inactive sera. The 
details o i  the procedure employed in makine 

.I number oi blood smears on NTB plates 
nesi)  u-ere made on each 
n r r z  drvrli,jitid ior 2 o r  

20 minutes after exposure periods in the dark  
iron1 1 to 10 week;. .\I1 of the STR 
plates were examined under the microscope 
and a hundred or more cells on each were 
clasified as ,orossl!- positive or negative. T h e  
results of these experiments are summarized 
in Table I. 

Discussion. T h e  white blood counts on  the 
leukemic host animals in ESP. So. 1 and 2 
were 7 . 5 0 0  and 34.800. respectively. somewhat 

.: ,.ir ~ ~ . ~ i ~ , ~ r . i ~ l i , , ~ ~ . i : ~ ~ .  ?.t.\.c !xr:i ii:r 



lower than  animals used in earlier elrperiments 
( I ) .  T h e  values of S I C ;  and 5 6 7  positive 
large l>.iiiphoc>-te- plus prol>mphcic>-tr2 ( ce l l5  
larger than 10 p in diameter) in the '.host" 
mice are lower than the 00% positive pro- 
lymphocytes previously reported on cardiac 
blood in leukemic mice. 

The  per cent posi:ivtt I x z e  l!-mphuc!.:es and 
proljmphocytes in the cellophane bag blood 
was only slizhtly less than observed in cardiac 
blood from the .'host" mice. This r w u l r l  seem 

1 - .  
, . t t t . .  ! -  ., -v.,.: . . ? C  :711*re r < i ; j , , :  .! n:.ikc 

oi the iadioJcti\.e c L l i i i ; i o a i i ~ l  h! io in i r i i  1 ~ ~ s -  

kemic cells. It seems unlikely that blood cells 
immobilized in a cellophane bag in :he ab- 
domiml cs\.it>- of a mouse are proliieiating 
as rltpidl? as peripheral blood cell precursors; 
however. this possibility cannot be excluded 
by the present results. 

S N I N ~ V U ~ ~ . .  Esperiments have been. carried 
out which demonstrate that  l eukmlc  cells 
immobilized in a cellophane bag implanted in 
the abdominal cavity of a host mouse incor- 
porate C ' ' - i o r m t e  much more rapid:; Than 
(1,) n,\-::;.,1 1 .  .--..; , ,( \.: f<. 

! .,,:.,.,,. F! E ,.:. . , , ,  -_ .  I .  1/ Ii E< i ;  4 ,  

. .  . 
-~ ~ 

her, \\ H .  j:. dria Bell. 11 I PRIK. 3uc. EXP. 
E :  8 :  ,\;, >I:: . : - ; I  !.:-, < 2 -  

I1 I t 4 3 b  
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BODY RETEXTION OF CARBON 14 
I 

SUMMARY 

1. Our initial studies on the long-term retention of CL4 with particular 

attention to  bone shaft have been summarized in a paper appearing in the Journal 

of Biological Chemistry - 18;, 15%. -166, li851. 

we are now in  the process  of carrying out experiments designed to provide 

information on the degree of radiation being received by a r e a s  in the bone over 

more  extended periods.  

to fu r the r  refine the resul ts  obtained. 

B 

Using higher levels of NaHClrO,, 

It is planned to employ microscopic autoradiograms 

2 .  To date, we have observed no indication that 250 pc of C"-formate 

(a 700 mil l icur ie  man-equivalent) given to leukemia susceptible mice affects the 

pattern of onset of spontaneous leukemia. 

!of carbon atoms in  nucleic acid moieties.  

4 

Formate is a well-known precursor  

I 
I 

3 .  Extensive studies on the distribution of formate carbon in  normal 

neoplastic mice a re  in  progress .  The status of this effort is described. 

4. The preferential  incorporation of formate carbon into leukemic 

blood cel ls  as indicated by autoradiography is described in an enclosed manu- 

- t scr ip t .  

c 

w 
a3 

- - 1 5. The failure of C"-formate (at levels of 100-200 pc per mouse) to 

affect  the course  of transplanted leukemia or to inhibit leukemic hematopoiesis 
(I r-- -c 

9 is descr ibed.  

8OUTHLRN RESEARCH INSTITUTE 
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BODY RETESTIOX OF C A R B O N  14 

I 

i 
I I. 

Long-Term Retention of C1' with Part icular  Attention to Bone Shaft 

I 1  A paper  entitled, Studies on the hazard involved in use of C". 

III. 

published in the Journal of Biological Chemistry - 189, 15: -166, 1551. 

w i l l  be forwarded to the sponsor as soon as they become available. 

Long-term retention in bone" by Skipper, Nolan, and Simpson has been 

Reprints 
I 

As w a s  mentioned in our last  s ta tus  report ,  additional experiments i are under way in which mice have been given single doses  of 100 microcuries 

( p c )  of NaHC'b, for  the purpose of following long bone aztivities and carbon 14 

1 distribution (by autoradiography). The specific activities of the femurs and the 
1 6 humeri  of these mice at 24 hours, 1 week, 1 month, 4 months, 8 months, 

1 12 months, 16 months, 20 months, 2 years,  2. 3 years ,  2 .6  years ,  and 3 years  

! (if we c a n  persuade mice to live that long) wi l l  be determined. From data on 

3 the total activity i n  these bones, the integrated bone C1* content over the period 

1 in question, calculations on active areas  i n  bone (as determined by autoradio- 

[ grams), it  wil l  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. 
I' 

- - - These  new long-term experiments a r e  now in their  seventh month - 
and bone sections embedded in  plastic (from the 24-hour to the 4-month 

animals) a r e  being exposed on No-Screen X-ray film-. 
a 

SOUTHERN R E S E A R C H  INSTITUTE I 
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II. Effects of High Levels of HC1%ONa on  the Pat tern of Deaths f r o n  

Spontaneous Leukemia in Akm Mice 

As was mentioned in our  last progress  report ,  paired l i t ter  mates  of 

the highly inbred Akm s t r a in  mice are being injected at monthly intervals with 

active and non-active formate to determine if carbon 14 from this  compound 

w i l l  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 s t ra in  is about 2 months.  This experiment has  been under way for 

about 8 months now. Results to date a r e  summarized i n  Table I. 

S O U T H E R N  R E S E A R C H  INSTITUTE 
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Table I 

The Pat tern of Deaths f rom Leukemia 
(Akm mice injected with HC%ONa compared with 

litter mate controls injected with non-radioactive formate)  

Controls HC'*OONa Injected 
Age at 

Animal Leukemic Animal 
No. 

c789 

C790 

c 7 9 1  

C792 

c 7 9 3  

e794 

c 7 9 5  

C796 

c797 

c 7 9 8  

c 7 9 9  

c 800 

C801 

C 802 

C803 

Sex Litter Death (days) No. -- 
F 

F 

F 

F 

F 

M 

M 

M 

M 

M 

F 

F 

F 

F 

F 

A 

B 

C 

c 
D 

A 

B 

A 

D 

D 

D 

D 

E 

E 

F 

2 19 

258 

27 1 

27 5 

246 

251 

261 

225 

27 8 

Sex 

F 

F 

F 

F 

F 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

- Litter 

A 

B 

A 

C 

D 

A 

B 

C 

D 

D 

D 

E 

E 

F 

F 

Age at 
Leukemic 

Death (days) 

24 1 

24 9 

250 

Died fighting' 

Died fighting 

Died fighting 

Died fighting 

Died fighting 

Five animals were killed in  the early phases of 

this experiment before isolation of male mice. 

1 
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Table XI 

Summary 

Controls HCWONa 

Mortality data 9/ 15 3/ 10 

Average age at leukemic death (days) 254 247 

DISCUSSION 

Unforb nately, fii e of the C"-formate mice were killed in fights in 

the ear ly  phase of this experiment, but the remaining 15 controls and 10 

C"-formate injected l i t ter  mates w i l l  allow for a statist ically significant 

comparison. To date, we have observed no indication that 250 pc of C14- 

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 

1 pattern of onset of spontaneous leukemia. 

SOUTHERN RESEARCH INSTITUTE 
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The Overall  Distribution of Formate  Carbon in  So rma l  and 

Neoplastic Animals 

In our  Status Report No. 9, cer ta in  data were  presented regarding 

the distribution of formate  carbon in normal  and leukemic mice.  

strongly suggest that we have observed successful competition by neoplastic 

These data 

cells for formate carbon. 

types of tumors have been injected with Cl4-forrnate and Ci4-2, 6 -diaminopurine 

and sacrificed fo r  comparison of the specific activity of the small intestine 

In extension of these observations, mice with various 

3 (the most active normal  t issue) with the tumor.  These studies a r e  being 

ii c a r r i e d  out i n  cooperation with D r .  C .  Chester  Stock of the Sloan-Kettering 

Institute for  Cancer  Research.  Table I shows experiments car r ied  out to date I 
i n  this comparison. Activity data a r e  not yet available. 

1 

, I  

j! 

4 
il 
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An'imal No. 

1066-1067 
1068 -1069 

1070-1071 
1072 

1077-1078 
1079-1080 

1081 
1082 - 1083 

I 1084-1085 
' 1086-1087 

1090-1091 
1092-1093 

I 
1 1094-1095 
1 1C96-1097 

1098-1099 
1100 

1105 - 1106 
1 1107-1108 

I 1109-1110 

I 
L 

- - - 1111 1 

- 6 -  

Table I 

F orm ate Distribution Studie s 

Dose 
Compound (pc/mouse) 

2,6 -Diaminopurine 
HClWONa 

2,6 -Diaminopurine 
HC'bONa 

2, 6 -Diaminopurine 
HC'%ONa 

HC"0ONa 
2, 6 -Diaminopurine 

HC1'OOKa 
2, 6 -Diaminopurine 

2,6 -Diaminopurine 
HC"0ONa 

2 , 6  -Diaminopurine 

HC"OOP.J~ 

HC1400K a 
2,6-Diaminopurine 

HCl'OONa 
2 , 6 -Diarninopurine 

HC1%ONa 
2 , 6  -Diaminopurine 

. l o  
2 

10 
2 

5 
1.4 

2 
2 

2 
2 

2 
2 

2 

2 

2 
2 

2 
2 

2 
2 

TvPe Tumor 

Sarcoma 180 
Sarcoma 180 

E0771 
E0771 

Bashford carcinoma 63 
Bashford carcinoma 63 

Ridgway osteogenic sarcoma 
Ridgway osteogenic sarcoma 

Mecca lymphosarcoma 
Mecca lymphosarcoma 

Mouse carcinoma 1025 
Mouse carcinoma 1025 

Ehrlich mouse Ascites tumor 

Ehrl ich mouse Ascites tumor 
(solid form) 

(solid form) 

W a p e  r osteogenic sarcoma 
Wagner osteogenic sarcoma 

Lewis mouse sa rcoma  T241 
Lewis mouse sa rcoma  T241 

P att e r s on lympho s arc om a 
Pat terson lymphosarcoma 

I 
SOUTHERN RESEARCH INSTITUTE 



N. Blood Sm 

Wel l  over  one hundred nuclear t rack  plates have been exposed in 
I 

a r  Autoradiography 

The incorporation of formate carbon into leukemic blood cells as I 
indicated by autoradiography has been studied intensively during the past few 

1 SOUTHERN RESEARCH INSTITUTE 
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Knowledge of low energy of carbon 14 disintegration made the possibility less 

- 8 -  
I 

EXPERIMENTAL 
, 

Two types of experiments have been carried out to  date to determine I ' the possible chemotherapeutic activity of C14-formate against experimental 

' leukemia.  - The isotopic formate has been injected into Akm mice at two days - 
af ter  inoculation with Ak-4  leukemia and the life span of the treated mice compar 

\,with that of untreated leukemic controls. 

candidate anti-leukemic agents has been described previously (3). 

c 

- ~ r  This general procedure for  screening 11 
In a second 

SOUTHERN RESEARCH INSTITUTE 
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I 
1 I l and perhaps more sensit ive assay of the effect of C"-formate on leukemic 

;I II 
cel ls ,  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 p c  pe r  mouse (approximately a 280-560 mil l icur ie  man-equivalent). 

The results obtained relative to the effect of C"-formate on the life 

span of mice with Ak-4 leukemia a re  presented i.n Table I. The effect of 100 y c  

of this  mater ia l  on the leukocyte counts of leukemic mice a r e  summarized in  
11 4 

'I Table IX. 1 Table I 

Observations on the EXfect of 200 microcur ies  of 
11 

1 Radioactive Formate on the Life Span of Mice with Ak-4 Leukemia 
! Aver age 

Dosage Days of Leukemic Death Life Span Treatment (mg/kg) 6 7 8 9  10 11 12 (days) 
_ - - - - - - -  I 

Experiment I 

0.035 4 2 3  1 9 . 1  

I 
i Inactive formate 

Radioactive formate 0,035 and 
200 pc - 1 Experiment 11 

3 1 1  

2 2  

- 1 Inactive formate 0.017 - 
- h  -- Radioactive formate 0.017 and 3 1  1 

100 )1c 

9.6 
!I 

1 9.0 

8.6 

SOUTHERN RESEARCH INSTITUTE 



Controls 

5th day 

- 10 - 

Table I1 

The Effect of C"-Formate on the 

White Blood Count of Mice with Ak-4 Leukemia 

Total White Blood C ount 
.. Range Average 

7, 800 - 10,300 8,760 

6th day 15,000-26,800 22,000 

7th day 52,600-55,400 76,000 

8th day 154,000-172, 800 164,200 

C14-Formate 
inject e d 

6th day' 17, 800-46,000 32,000 

7th day 54,000 -124,000 83,680 

8th day 208,000-348,000 278,000' 

Al l  of the experimental  group of mice (5) were injected 
w i t h  1OC pc each of C''-forrnate O R  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" f rom 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 

1 leukemic mice Lived approximately the same period as non-active formate- 

SOUTHERN RESEARCH INSTITUTE 
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i 

injected controls. 

ce l l  production, Table XI. 

the blood counts of leukemic mice  is considered a sensit ive t e s t  of the radiation 

effects of C1'. Although a disappointment f rom the standpoint of cancer  chemo- 

therapy, these results suggest that carbon 14 in fairly high levels is not apt to 

Certainly C"-formate had no tendency to inhibit leukemic I 

This  assay of the effect of the isotopic carbon on 

- 

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. R i s e r ,  J r . ,  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 i s  taken up most rapidly by r a t  lymphocytes. 

The polymorphonuclear leukocytes incorporated CI4 f rom glycine less  rapidly and 

the circulating erythrocytes  were considerably less avid in the utilization of the 

glycine carbon. The most obvious explanation f o r  this difference in  C" content 

of the different cell types at 25 hours after injection appears to be the difference 

in their  ra te  of formation (synthesis employing the alpha carbon of glycine as a 

precursor )  and disappearance from the peripheral  blood. 

In the light of these resul ts ,  it appeared of interest  to study hematopoiesis 

in leukemic animals using the autoradiographic technique. Since the hematopoietic 

ce l l  types and the peripheral  blood cell types a r e  probably exposed to  the same 

concentrations of a labeled compound, preferential  incorporation by neoplastic 

ce l l s  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 
- 

_ - - - - - - - - - - - - - - -  - - ,- 

- 
This work w a s  supported by grants from the National Cancer Institute and the 

Biology and Medicine Division of the Atomic Energy Commission. 
r3-i 

We are indebted 

to Dr. G .  Andrews of the Oak Ridge Institute of Nuclear Studies for examination of 

cer ta in  blood s m e a r  autoradiograms. 
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reacti7;ity of the precursor  cel ls  o r  formed elements, o r  (3) metabolic differences 

between the formed normal  or neoplastic cells.  

As a f i r s t  approach to  the study of hematopoiesis in experimental leukemia 

utilizing the autoradiographic technique, C"-labeled sodium formate has been 

employed. Fo rma te  has  been reported to be a precursor  of the 2-  and 8-carbon 

a toms of desoxyribose nucleic acid (DNA) and ribose nucleic acid (RNA) guanine 

and adenine and the 5-methyl carbon of DNA thymine (2). 

also been reported to appear in the alpha carbon of se r ine  and in glycogen (3), 

in the methyl group of methionine, and the methyl groups of choline (4). 

L 

Formate  carbon has 

EXPERIMENTAL 

Transplanted Ak-4 leukemia in Akm s t ra in  mice has been used in the present 

experiments.  

counts parallels the r i s e  in the total leukocyte count (5, 6). 

character is t ic  of Ak-4 leukemia were u n l i k e  the lymphocytes of normal mice. 

The young forms most closely resembling prolymphocytes were the largest cel ls  

observed and were often two o r  three t imes the size of neutrophils. 

the prolymphocytes varied f r o m  round to  oval. 

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 ) .  

advance s tages  of this disease an occasional elevation of mature polymorphonuclear 

ce l l s .  

In this leukemia the number of abnormal forms in the differential 

"The immature cel ls  

The shape of 

The cytoplasm ranged from grey-  

Burchenal (5) further observed in the 

However, because of the complete lack of intermediate myeloid forms, 
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staining reactions, and general  morphology, the te rm prolymphocyte was 

believed most applicable to these leukemic cel ls .  

In our f i r s t  experiments, leukemic mice of about two to three months of 

age w e r e  injected with 4 . 0  microcur ies  ( ) IC)  each of HC"OONa. 

in the sixth day of the disease (transplanted Ak-4 leukemia) and had total leukocyte 

These mice were 

counts of the order  of 100, 000. 

injected mice at  six hours and the packed cel ls  were  washed twice with inactive 

mouse  plasma. 

cause  confusing background in the f inal  autoradiogram. 

with inacti-\,e xouse  plasma (5 : l )  pr io r  to making smear s  in a darkroom. 

w e r e  made directly on Eastman N T B  plates, emulsion thickness 10 microns,  air 

dr ied ,  and exposed fo r  six weeks (1). After exposure, the cel ls  were fixed with 

methyl alcohol and the NTB plates 'were developed 2 or 20 minutes (the latter to 

br ing out beta tracks) in f u l l  s trength D-19. 

cells stained with Wright's stain.  

In this f i rs t  study, the autoradiograms which resulted f rom injection of 

These autoradio- 

Blood w a s  taken directly from the hear t  of 

This washing w a s  necessary to remove active s e r a  which would 

The cells were  then diluted 

Smears  

The plates were then cleared and the 

4 . 0  pc pe r  mouse were faint even af ter  six weeks' exposure. 

grams were examined by an a r b i t r a r y  technique which entailed counting silver 

gra ins  immediately surrounding the individual cel ls .  

(under oil) divided a given field into 10 micron squares  was placed in the microscope. 

Then, centering a giycen cell  at the intersection of a four square a rea ,  the si lver 

grains in the four squares (20 x 20 p) were counted while focusing up a n d  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 af grains pe r  

An eyepiece reticle which 
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mm determined. 

the cel ls  examined giving a net count in the a rea  immediately around the respective 

This average was subtracted f rom the values obtained around 

cel ls .  These counts showed the prolymphocytes to have on an average about seven 

t imes as many s i lver  grains (net particles per  mm') in the a r e a  immediately 

around the cell  as did the smal l  lymphocytes. 

counts slightly above background. 

The sma l l  lymphocytes had grain - 
The polymorphonuclear cells and erythrocytes 

had no more s i lve r  grains in the surrounding a r e a  than average background. 

In a second series of experiments, mice with advanced Ak-4 leukemia were 

injected with 100 microcuries  each of C''-forrnate and blood s m e a r s  made at one 

hour. After varying periods of exposure, the N T B  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 a s  grossly positive 

o r  negative with regards to their radioactivity. 

of grea te r  than two weeks were so  pronounced that the s i lver  grains  interfered 

N T B  plates exposed for a period 

somewhat with morphologic classification of cells.  Ln view of this fact, it was 

decided to  use  cel l  diameter in additionto morphology in cel l  classification. 

'polymorphonuclear cel ls  were easily classified since they were uniformly negative 

The 

with r ega rds  to autoradiograms. Inactive leukemic blood s m e a r s  on NTB plates 

ca r r i ed  through the development and staining procedure showed that normal 

lymphocytes ranged from about 6 to 9 microns in diameter. 

(leukemic cel ls)  ranged in  size from about 10-18 microns in diameter.  

Prolymphocytes 

There 

was a small percentage of cells in the lymphocytic s e r i e s  which were intermediate 

in s ize  (10-12 p) and which could not be unequivocally classified as normal large 

lymphocyte8 or leukemic cells. It w a s  therefore considered most practical  for 
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this  initial work to  report  these autoradiograms on the following basis: 

Polymorphonuclears - identifiable by morphology 

Lymphocytes - 6-9 p diameter  

t t  Large" lymphocytes - 10-12 y diameter  

Prolymphocytes - 12-16 y diameter  - 
It is believed that on the basis  of the morphology of these Irlarge" lymphocytes, 

a goodly percentage may be leukemic cells.  

little opportunity prevails for  mistaking the prolymphocytes (leukemic cells) and 

the normal  lymphocytes. 

In any event, under this classification 

Five observers  have now studied a large number of autoradiograms of 

The 

The 

14 
leukemic mouse blood at one hour after injection of 100 pc of HC OONa. 

agreement  on the per  cent of active cells of various types has  been good. 

results of these observations a r e  given in Table I .  Seven additional s m e a r s  on 

NTB emulsion made from blood taken f rom mouse No.  2 were examined by two 

different observers .  

with those reported in Table I. 

with increased exposure and on 20-minute development in full strength D-19, 

beta t racks  were in evidence. 

The additional resul ts  obtained were in good agreement 

These autoradiograms w e r e  progressively darker  

Typical autoradiograms are shown in  P la tes  1-2. 

The possibility of chemical fogging in these studies has received considerable 

attention. In no instance have we observed chemical fogging in control s m e a r s  

from normal  o r  leukemic mice. To date 55 control smear s  have been made on 

blood f r o m  18 leukemic mice and 49 control smear s  have been made on blood f rom 

11 normal mice. 

from mice  have also been prepared with no indication of chemical fogging. 

A fairly large number of normal and leukemic bone marrow s m e a r s  
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DISCUSSION 

F r o m  the resu l t s  obtained, i t  appears  that a t  one 

of C14-formate into mice with Ak-4 leukemia most  of the 

hour after injection 

prolymphocyte s (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 

lyr=iphocytes 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,  o r  thrombocytes. Results obtained on peripheral  

blood and bone marrow have been parallel .  

on the bas i s  of the very rapid mitotic division and accompanying synthetic activity 

which must be existent in the leukemic hematopoietic t issue.  Such an assumption 

would require  the accompanying conclusion that there  has been an almost complete 

turnover  of leukemic cel ls  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 esis tance of a profoundly different ra te  of formate metabolism in formed 

leukemic and normal cells.  

These observations could be explained 

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  t ransfer )  in normal and leukemic cel ls .  Bethell (7) has observed that 

leukemic cel ls  a r e  considerably higher in  citrovorum factor than are normal white 

blood cel ls .  In view of the fact that: 

(a) folic acid, which is converted to citrovorum factor (8) ,  

w i l l  speed up the leukemic process  (g), 
1 \ \ I r i 5 b  
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(b) an:inopterin inhibits formation of c i t rovorum fac tor  (10) 

and incorporation of formate into nucleic acids (11), 

(c) folic acid inhibitors preferentially affect production of 

leukemic cel ls  (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 ci t rovorum factor (14,151, p a r t i d y  

reversed by DNA or B,, (16, l?), but is not reversed  by 

formate, glycine, ascorbic  acid, or choline (18), 

sei-era1 possibilities pertinent to the present discussion would s e e m  to exist. 

It would appear that formate t ransfer  via the above-mentioned co-enzyme may 

be a limiting factor in growth and cell division. 

indicate that formate incorporation in leukemic cells (reportedly high in 

c i t rovorum factor) is much m o r e  active than in normal cel ls .  

postulated, therefore, that leukemic cel ls  geared to more  active biosynthesis 

involving formate reflect m o r e  readily any inhibition of this limiting co-enzyme. 

Certainly the present data 

It might be 

SUMMARY 

At one h o u r  after injection of 100 c of C"-formate into mice with ? 
advanced Ak-4 leukemia, it has been shown by means of blood s m e a r  autoradio- 

g r a m s  that about 90"0 of the leukemic cells a r e  highly active as compared to about 

5% of the more  mature lymphoid elements.  

erythrocytes,  o r  thrombocytes were observed within one hour.  

N o  active polymorphonuclears, 
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Figure 1 

Typical autoradiograms of prolymphocytes taken f r o m  

leukemic mice one hour after injection of 100 pc of CI4-formate. 

In this case, the NTB plate was exposed in the dark for 3 weeks  

and developed fo r  20 minutes in fu l l  strength D-19. 

were stained with Wright's stain.  

The cel ls  
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Figure 2 

A positive prolymphocyte and a negative lymphocyte 

taken from a leukemic mouse one hour after injection of 100 v c  

of C14-formate. 

for 2 weeks and developed for 2 minutes in full strength D-19. 

In this example, the NTB plate was exposed 
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Ofice Memrmdzm UNITED STATES GOVERNMENT 

The Washington Division of Biology end Medicine has approved an 
extension of subject contra& for another year w i t h  a budget of 
appro-ximately $11 ,COO covered b3 Procurmont Directive W51-192. 

The Contractor in submitting .Ma proposal for extension of this 
contract did not i\mnish infoxma%lon conoerning hi8  elrpe~~lltures 
d w b g  the c a m e  of the f imt  year nor d i d  he fumiah a bmab 
down of ti5 prop08ed budget for  the second year. 

This information has n c ~ l  been secund f3m tbs Contractor in hir 
f&%r dftted May 24, 1951, enclosede It rill be noted t ha t  the  
new Slidget has been detailed to cover a t o t a l  amount o f  $13,990. 
The ?resent c o n t r a c t  f o r  t c  5 f i r s t  i - e & r  is in -,he anoun~; of 
'17,37?, e d  %k? Xr-,rac:Jr, I 2  &d-e s & w  :-Otter, kas re>>cr-kd 
that he u i l l  expend by June 30, 199, o n l y  $ll,OOO of this amount 

flinding t h e  second y e a r  budget of $13,990. 
is on a lump s u ~ l  basis  this RFll mean that an additional lump ma 
pqment of &,OU rill be 1,equired to properly mver the tm year 
cont rec t  amount o f  $21,990, 

-&*--.,? .I^ v wi l l  1 0 3 ~ ~  2 ;-31= 2 C  f5,2?3 ~ . v ~ ~ ~ ~ , ~ ~  :or p L r t i l *  
Since this contract 

3r. Edwwa YcCraa; will a c t  as techpica i l  advisor on -ais contrLct 
action. 

- 

mclosures: 
Memo ib Woodruff F1&51 w/ 
Lt r .  fh Contractor $24-51 
Memo zh, Ramon Sb-51 and 
C o r r t r a c t v  1~ proposal 

CC:  Dr. E d a - v ~  YcCrscQ 
W. Ed. Weelsr  

Humphrie 8 t lm 
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S 0 U T H E R N R E S E A R C H I N S T I T U T E 
9 1 7  S O U T H  T W E N T I E T H  S T R E E T  

B I R Y I N G H .A M 5 ,  A L .A B A kf A 

May 24, 1951 

M r .  Glenn Humphries 
Atomic Energy Commission 
P. 0. B o x E  
Oak Ridge, Tennessee 

Dear  M r .  Humphries: 

Ln reply to the points ra ised i n  our  telephone conversation of 
May 21st,  the following information is l isted with regards  to renewal of 
our  Contract No.  121, "Body Retention of C14": 

1. As of April  30, 1951, u e  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 fo r  the coming year  
(July 1, 1951-June 30, 1952) is submitted as follows: 

Sa lar ies  (including sick leave, vacation, and holiday pay): 
Biochemist (part  t ime) $4,000 
Biologist ( fu l l  t ime) 2,800 
Physicis t  (part  t ime) 1,875 
Physical  chemist  (part  time) 500 

Contributions to employees' regular 

Apparatus and equipment - nothing required 
Expendable supplies : 

Total salaries 

ret i rement  fund 

Radioactive compounds 
Glassware and animals 

Trave l  

Overhead at 8% of above costs 
Subtotal 

Total 

$ 9, 175 

32 1 

300 
230 
150 

$10, 176 
8 14 

-0 



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, 

Assistant Director 

hes mfw 
(4) 



UWITRD STAT18 ATOMIC tNIMII COMYISBIOn 
DIVI11m O? B I ~ W T  ARB IRDICfNR 

IAOIIINQTON, D. C. 

MAY 1 1951 
TO : Nathan Woodruff, Director, Research and 

Medical Division, Oak X d g e  Operations Office 
?ROY : i o Branch e@ 
I U B J I C t i  B2USMITI*L OF &EABCP PBOPOSAL POI) CONTBACT NEQOTIATION 

v sBinp~r iR~oChi% B ~ i c e ~ e  

81ybOL t BMBtPBP 

Thir l e t t e r  with enclomurer, i n  t r i p l i c a t o ,  i r  rent  i n  
accordance w i t h  the procedure deacribed i n  a l e t t e r  from 
the k n e r a l  Y m y e r  to a11 

I. Imrtitatiom: Southern Research I n s t i t u t e  

8. h ~ O r t i 8 8 k )  ( m ) i  Dr. Eo- E. Skip- 

o f  Oporatiomr dated 
J M U . ~  27, 19q .  - 

8 .  Tit lo:  Vody Retention of Carbon 

4. ( Wow C o m t r a o t  or (XI karrai o t  0mtr.ot h.-8 
5. Drratiom - From: July 1, 1951 
6. 

7. lecouended Bugport: 

To: June 30, 1952 
AOC T@Cb@iC8l Smgorririom: Div i s ion  of Zio logy  and Xediciie 

1. OtLor Comemtr: The budget approvrd is in accordance with 
conversation with Dr. Skipper a b  he sub- 
mitted h i s  report and request for renewal. 
It i s  felt t b t  10 or $U,OOO r i l l  be adequate 
t o  cover the work planned on t h e  project  f o r  
the ensuing year. 
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8. Commomtr (Con t inued)  

8 .  S e c u r i t y  Bequiremeota: 

- 8 -  

I n  accordance with t h e  p r o v i s i o n s  of  Gi-93 {Rev i red  March, 
19501, and t h e  requirement.  of t h e  D e c l a s a i f i c a t i o n  Guide,  
t h e  D i r i r i o n  of  B io logy  and Medicine has determined t h a t  
t h e  f o l l o w i n g  r e c u r i t y  g r e c a u t i o n s  rhou ld  be t aken  i n  con- 
n e c t i o n  w i t h  t h e  proposed r e s e a r c h  c o n t r a c t .  

Sin- thore i r  esmntirlly nro uhanoe that reatriated 
data ry be required or devolepd, no psr8-01 d e  
r e q a m a t a  shaala inpo-d. 

10. Ue~ortr: (x )  Repor t s  are  t o  be r e q u i r e d  aa provided f o r  by 
Kernorandum I n s t r u c t i o n  of November 9 ,  1949, 
on s u b j e c t  “ D i r e c t  Research Con t rac t  Reports” .  

( ) S p e c i a l  Repor t s  I n s t r u c t i o n s  a r e  as fo l lows :  

Bo c I o au rea: (r) “ A ”  - P r o p o s a l ,  d a t e d  
131) “B” - N o t i f i c a t i o n  l e t t e r ,  d a t e d  ufiv I 1951 
( 1 “C” - O t h e r  co r re spondence ,  l e t t e r s  
(X) “D” - Procurement D i r e c t i v e  -51-192 

01 a t  r 1 bot  ion: 

Addrearee: O r i g i n a l  (‘I e n c l . )  Div ia ioP  Pile: Yellow Copy ( w  a n c l . )  
l r t  copy ( ”  Pink  Copy (w/o e n c l .  1 

P r o i r u  Analyais  Br8ocb F i l e :  White Copy (‘I ’ ) 
2nd Copy ( ”  Green Copy ( “ “ 1  

Branch: White Copy (w/o e n c l .  ) 
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Thir l o t t o r  with  onclorurar,  i n  t r i p l i c a t o ,  i r  rent  i n  
accordanco with tho procaduro dorcribod i n  a l e t t e r  from 
tho Conoral Manuor to a11 Yanaaorr of Oporationr datod 
January 27, 1949. * 

1. I .#titUtio.:  b a d  mw 
a. InTO8ti&.fOk ( 0 ) :  1p. 8- 
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1. C o u o m t r  (Coa t inuod)  

I n  accordrnco w i t h  t h e  p r o v i r i o n r  o f  GM-93 t R o v i r o d  March, 
1950) I and t h e  r e q u i r e a e n t r  of t h e  D e c l a r r i f i c a t i o n  Guide,  
t h e  D i v i r i o n  o f  B io logy  and Medicine bar  dotorminod t h a t  
t h o  fo l lowin#  r o c u r i t y  p t o c r u t i o n r  rhoold bo t&oa i8  coa- 
n e c t i o n  w i t h  t h e  proposed r e s e a r c h  c o n t r a c t .  

8 ~ ~ ~ ~ ~ ~ ~ - -  
ilrc..qb#W@-Um-9----- 
- - - b r  

10. Reeortr: ( x )  R e p o r t s  !re t o  be r e q u i r e d  a r  provided f o r  by - 
Memorandum I n s t r u c t i o n  of November 9 ,  1949, 
on s u b j e c t  “ D i r e c t  Research C o n t r a c t  Reports” .  

( S p e c i d  Report8 I n s t r u c t i o n 8  a r e  rr f o l l o r r :  

Ea c 1 o ma r e a: (0 “ A ”  - P r o p o s a l ,  d a t e d  
a ,  \ W  “B” - N o t i f i c a t i o n  l e t t e r ,  d a t e d  

( ) “C” - O t h e r  correspondence,  M- * l e t t e r s  
(x) ‘ID” - Procurement Directive- 

Di8trlbmtiom: 

Addroaras: OriginaA ( w  e a c l . )  Dir i r iem PiAo: Yellow Copy (u o n c l . )  
I r t  copy (’ ’ 1 Pink Copy (w/o oncl. 1 
2nd Copy ( ”  Green Copy ( a )  

Program Amalymlr Branch P i l o :  White Copy ( w  
Branch: White Copy (u/o e n c l ,  1 
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BODY RETENTION OF CARBON 14 

a. +p- k d  p# d- 
The entrance of carbon f rom carbon dioxide into both organic and 

inorganic metabolic pathways has  been established. This fact, coupled with 

knowledge of the half life of C'' (appPoximately 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 tis- exposure following 

the intake of compounds labeled with C14, as  well a s  knowledge of the effect of 

such exposures on organs, t issues ,  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 wil l  be useful in a final assessment  of the hazard 

involved in use of C", the following as guiding principles: 

(1) The two most probable sources  for  inadvertent C14 intake 

by the laboratory worker a re  C1'Oo, and BaC'W,. 

(2) In view of (1) above, i t  becomes of greatest  importance to 

determine the ra te  of turnover of C" from C K l ,  in organs, 

t issues ,  and a reas  in t issues  (down to cellular dimensions, 

since C14 emits  beta rays  that t r ave r se  but severa l  ce l l  

diameters).  

(3) It is imperative to l ea rn  more about the retention of ~ 1 4  f rom 

inspired BaCl'O, under the most real is t ic  conditions. 

(4) Since carcinogenesis is the greatest  biologic danger from 

C1' ingestion, studies should be ca r r i ed  out t o  learn  if 
SOUTHERN RESEARCH INOTITUTL 
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reasonable doses of this isotope affect the onset of 

neoplastic diseases  such as leukemia. 

bicarbonate. Skipper, m t e ,  an. J. Biol. 

LCC 

e effect of a single dose 

1949. 

in use of C1' 

of C1'-labeled sodhm bicarbonate on the pdttern of deaths from 

spontaneous leukemia in Akm mice. Skipper, Bell, and Chapman. 

Cancer  Research 10, 362-363, 1950. 
\ ./ 

- 
\ 

3. Studies on the hazard involved %use pdc". m. Long-term retention 

J. Biol. Chem. 189, 159- in  bone. Skipper, Nolan, and p p s o n .  

167, 1951. 

- 
I 

Other points having to do kith carbon 1$ turnover have been covered in: 9 f 
'\ 4. Carbamates  in the of leukemia. Vm. Over-all t r ace r  

? 
studies on carbonyl-labeled urethan, methylene-labeled urethan, and 

methylene-label d ethyl alcohol. Skipper, Benne \t , Bryan, White, 

Newton, and d p s o n .  Cancer  Research - 11, 46, 1959: 

5. Inhibition of n d leic acid synthesis by folic acid antagonists. Skipper, 

/ 

\ 
.-- - - - 

Mitche and Bennett. Cancer Research lo, 510, 1950. - J - - 
c3 
0 

6. Effect 0f.x-radiation on the biosynthesis of nucleic acids and nucleic acid 

Skipper and Mitchell, Cancer, in press .  
SOUTHERN RESEARCH )HSTlTUTE 



1 , ,* 

- 3 -  

bon into leukemic blood cells as 
indicated by autoradiogra -.. /- Skipper, Chapman, Boyd, Riser, Bell, 

a n d B u r c h e n d /  \ 
8. Studies on the p a r d  involved in use of C1' N. %.€ate of C" inspired 

retention of C1' in bone, and more specifically, certain areas of the bone, is of 

grea tes t  importance to the- problem. Longer experiments ( >  one year) 

includmg quantitative C14 determination, a r ea  distribution as measured by auto- 

radiograms,  and radiation calculations in bone a r e  most important. 

To date, L d e d  no information suggesting that fa i r ly  high levels of 

C"-bicarbonate or C''-formate hasten the onset of spontaneous leukemia in  

Akm mice.  

ht C*+rrdr, 

Mc In fact, awr findings to date are encouraging from the standpoint 

of the lack of danger to users of this isotope. 

(1) the longer t e r m  xperiments on C" turnover in 

b o n e e c o n t i n u e d ,  (2) attempts k? e made to  obtain more information on C" 

localization (and local radiation) in bone and soft t issues  by use of microscopic 

autoradiograms, (3) continued efforts to observe biologic effects from high 
\ w p  

levels of C l 4 b e  made, (4) w o r  continued on the fundamental processes of 

SOUTHERN RESEARCH INSTITUTE 
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I 

hen-.atopoiesis. using the blood z m e a r  autoradiogram technique, and ( 5 )  f i r t he r  

l c  li I i 

i I 

' w o r k  

'1 involved in turnover of C 
1 

e ca r r i ed  out toward determination of the ra te  constants of the reactions 

14 
from CIQ employing analog computers.  - 
/ 1 E S T I ~ T E D $ O S T  OF PR&RAM (1 Y E ~ R I  

/ 

It is p r T s e d  t/he p r o g r a d  be continued for another year  a t t h e  
i 
1 present rate of expenditure. 
I 

1 

1 
I I 

ii I! 

Birmingham, A1 ab am a i April  13,  195i  
l mfw (7) 

4 
1 

I! 
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TO 

FROM : 

,. - 
ile a r e  'trans,?littis.i; 2 :.ie:xrandum from Paul 3. Pearson, 
Chief, Biology ijrauch, Div%sion o f  Biology and Xedicine, 
Rashingtan, dated ;day 23, 1'950, along with t i e  enclosures, 
reques.t-..g a researc:: con+,ract be r.?gotLated -rrlth tke 
Sout..ern 3.esearch h-s t i t - l te ,  Xrxingham, Alaba.ia. 
of the project be "Body Retention of Carbon 

Dr. EIarry Stoeckle, .'e*c=31 A?-.f.sgr, Office of Xesemch and 
:.iedicLx, iiiil oe Lie -cecmlcal reg-esentztcve t o  contact f o r  
a w i n g  arrangements ?x- r.c,otiation of Lne contract. 

The t i t l e  

7 
. -  . -  . -  r..^ 
,-.. s.&-., L ? . )  .* - ,  

3.31. : 

+& .. _ _  _. 

.e::3 -*a+::: 2 _ . L  , -  .-s. 4 

CC: Dr. Stoeckle 

Corley: vi{ 
,J 



'10 8 A. H. Holl.lri, Jr. Chief, 23Uy1950 
Medicine a d  Research Division, Oak R i d g e  

8 Prul B. Paamon, C h i e f ,  BioJogy Branch 
DIrLion ef Blolo a d  Mdloino 

# 
-1 ~ l u . W ~ l P P O K W U , J w t O O I I P M l W O R l r R c m  

4, b e o n  - ?row July 1, 1950 1 year from date of contract 

5 UQ Ihdmlorl 8tqmdriona Diririon of Biology and lladiuirw 

60 &-dad 11plpporW $17,979 ( inalrdhg @ merhoad) 
Biology Activity &OO 

7. 0th.T bd.aa;CI 
T h i s  ie a contlntwtlon of a project that the A E  bas 

supported through the Office of IJaval Research. 

! 

- 1 -  
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BODY REXBiTION OF CARBON U, 

BACKGHXJND 

The program unduway at Southern Beserrob InititPk on tho  haurd 

involved in use of carbon l4 ha8 been concerned w i t h :  
- 

(1) amtitative dab on the ntentiar of tu8 imtdp, i~ vari.p. 

organa and tissues (and the whole body) at extended periods following injection 

.I #&C'*O,. 

(2) Rate of turnover data on carbcm Us (frap NaHC'%,) i n  the whole 

long bone versus the diaphyseal bone (shaft). These studies involve both I 

dissection and quantitative act iv i ty  assays and autoradiography. 

(3) Inmatigation of the offect of a gim dosa (30 E ran- 

equivalent) of NaHC1$Oa on the pattern of deaths from leukemia in Akm rice. 

S W a r  studies are under way with a C'4-labeled compound known to enter into 

chromosome metabolism, 2,6-diaminoplrine. 

(4) Study of the o v e r 4  dirtribution and rate or turnot.r of 

carbon l.4 in certain labeled organic compounds of biological interest ( c a r b o ~ l  

and ethov-labeled urethan, methylene-labeled ethyl alcohol, urea, 2-labeled 

2, driiaminoplriaa, and 2-labeled B-amguuhe). 

( 5 )  Btperiments having to Q with the retention md turamr of 

BIClY), when breathed in M ~LI aoroml of the particle u i s e  knola to be 

retained in the human lung. 

( 6 )  Etate-constant studies on C1%, fixation in the carcass and 

carcass fractions (fat,  protein, and glycogen) of mice. 
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(7) Fixation of carbon l4 from NaHC1%, and HC'%OH in chromosomal 

fractions, 

Sxtrn8ive oxperbmtal and calculated data ham been mportod 

preriously on the r e t e n t h  of carbon frcm labeled #odium bicarbonate, These 

data which included re8ult8 up t0 three lDnth8 following inJeetion of H&'%, 

mro the a b j e c t  of two recent publicatianrt 

in Ure of C". 

Howard t, Skipper, Idcke Whits, Jr., and Cul B. Brpn, J, Blol. -*- 

U87, 1949, and Boa Retention of Carbon UZ frop Lsboled Sodium Bicarbonate, 

Sdence a 306, 1949, by the aame authors, 

* 

Studies on the Hasard Involmd 

I, Bstentioa of Carbcm fmm Labolod sodium Bicarbonate 

Our further studies on tht 

subject will soon be the subject of another paper to include retentim data 

up to  one year following injection of IJJIC"0,. 

diaphyseal bone carbon If+ turnover versua &ole bone carbon turnover. 

Thir ppblicatioa w i l l  r p h u i s o  

Another phase of tbs progrcrpr ha8 now reached a atage where a fowpl 

In accordance with the poUcier of report in the literature aeems indicated. 

the sponsors encouraging publication, we have prepared and submitted a 

manuscript entit led "Studies  on the Hazard Involved in Use of Carbon 14. 

II. The EXfect of a Single Dose of C14-Labeled Sodium Bicarbonate on the 

Pattern of Death8 frola Spontaneous Leukemia in Ill0 MIco** by H a d  E, Sldpper, 

I lutol ia  J, B e l l ,  and Juanita B, C h a m  t o  Cpncer Raaearch. 

appear in an early issue, 

This papor rill 

- 
- 
G 

ci3 

- 
An alrost identical experiment i s  now under uay in which Aka ~ i c o  - 

hare been injected with a 5 ly: man-equivalent of labeled 2,6=diaminoprine 

(horn t o  be a precumr of nucleic acid guanine) and set  aside to await 

death from spontaneous leukemia. 

03 

OOUTnEAN RURARCH INSTITUTL 
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Our studies on the over-all distribution and turnover of carbon UC 

h m  labeled orgauic capounda h u  pp.0gress.d to tho pint where publication 

if cortrin of th. lWaUlt8 

p the Chemother8yy ef bulceda. 

indicated. 

VI=. 

A aarmscript entitled " C-tO8 

Overall Tracer Studio8 an C a r b o n y l -  

&bd U n t h s n ,  Ethq-bkld U m t b ,  md Msthyl-0-hbl.d Etul A b h o l "  - 
ry  Howard E. Skipper, Leonard L. Bennett, Jr., Carl Z. Brym, Wargsret Ann 

In our studies to date YB have attempted to emphasize investigation 

pf the most h 8 d i . k  h a d 8  to worker8 u8b.g earboa U, (tirsue and bane 

radiation following oxpoarrs to C'%z or BIC"Q3 aerosol) and for plrposor 

p f  safety have used relativsly l o w  levels of act ivity and Bmall animals 

(18 pc/mouse or a nran-equivalent of about 50 mc/man). 

encouraging data now at  hand regarding safety of experimintatiaol with carbon I.&, 

5% i a  8uggeded that much -re utrhgent sltperimonts should be carried opt to 

'nlith the generally 

& % O h 0  dl8k d a w 8  Of 8 80- 10- 8 m i f i C  C & r k  U-Can- 

compound are required to jroduce radiation effects. 

It $8 now planned to cw out long-bra retention studiecr utilizing 

carbon l4-labeled sodium formato. 

8 O U T H M  R U S A R C H  INSTlTUTI t 
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Importance of Studies w i t h  hbeled Formate 

SDeciiic A c t i r i t Y  (uc/role C 8 r h  1 
No, of Viscera Combbed M 

Compound Inhcted HiCO Hornomate Nucleic Acid Purines 
P C  

This rpecif ic i ty  of a carbon atom f r o m  a simple, wily prepared, 

relatively non-to;dc ccnpound for a chrcxmsanal fraction offerr a m a  of 

dtuiying the Iiasarda Involved in Uue of C141Q under mat atringent conditions. 

Using doroe of the order of 140 pc per mum, It should be possible to obtain 

chromosome purine activit iea of about &OOo p/mh of ca~bon at 8 h  ~ O U F ~ .  

A, hg-term over-all body C14 mtantbn studies udng HCl4oOWa. 

B. 

C, 

Parfie1 nucleic acid md HA plrine turnover atllllieo. 

Investigation of acute t o d c  effects of high levels of carbon 3.4 

(from formate) on mice. 

these mice. 

Pathological studies on tissues frca 

SOUTHERN n w R c n  INSTITUTE 
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D. Studies on the effects  of high levels of fonnate activity on 

the pattern of death8 fmm 8poat.a.our lrukda in A h  d40. 

In thia m x p e d t  it a e a a  pmbable that high c h r o r o ~ v  

to a r c i n o g d c  or anti-loukaia cation. 

acid precur8or into nucleated marrow uui ~ ~ o r r l ~ b l o o d  cel ls .  

Errti~nated Coat of Pmmam (1 Tear] 

It is believed that the above program could be carried out for a 

ra lar ies  of technical personnel, upendable supplies, special apparatw, 

travel -me, and indireot costa (omrk~ead), 

Southern Research Institute has conducted rerearch projects for the 

Office of Naval Research, Havy h 8 u  of &dmnce, Anqy Cherpical Corps, and 

the Atomic Ibergy Conmisaion, 

applied on these contracts, depending to sane extent upon accounting practice8 

of the agency involved. 

costa (as a percentage of direct 8dSry charges) could be negotiated with 

Atomic Energy commission r e p r e ~ ~ t a t i v s r  @t a h t e r  dab. 

various aU.owance8 on indirect costs hw, 

It i r  therefore assumed that the allowance for indirect 
I 

c 
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Materials, Equipmnt, and Feci l i t ies :  

Ilrtabolia chdarr, a p c i r l  rtr.inr of 1eukIpIa mwoptiblo .ice, 
olddation equfpnent and gas phase counting oquipent, and bboratory 
apace are readily available. Radioactive sodium formate and other 
rdio-tiva craapmdr to k wed h thir pmjpam w3.U bo avalhbh 
from Oak Ridge or as a m a l t  of other program under way at Southern 
Research h t i t u t e .  

Scientific PeraonneZ Dr. Howard E. Skipper 
Dr. h k e  White, Jr. 
Itr. L. L. Bennett, Jr, 
Rr, Jack H, HitcheE,  Jr. 
Ilrs. Juanita Chqmm 
Miss Linda Simpson 

Salariu (Including 8 b k  ban, vacation 
and holidaJr pay): 

B i o l o g i s t .  .................... 
Contribution to employees’ regular 

retirement h d  

Carried forward # 13,039.8 
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Travel 250.00 

Sub-total.. .......... 1 16,647.27 
Overhead at 8% of above costa 1.33.78 

Total. ............... 17,979.05 

lece88ary to aped  up our now rather r l o w  and overtaxed 

2 To be pPrchared from IsotopSs Division, 
gaa phase counting equipsrent, 

Dr. Haward E. Skipper - About  4C% of t h e  sppl 
technical and admlniatrative taokr. 

ed to ot 

Dr, h k e  'mtb, Jr. (Head of phpaica and Physical Chemistry Mvision) 
A m a l l  mmmt of Dr. Whik'r tin will k r a d  b t&i8 
program a8 required for 8pecial calculations and counting 
techniques. 

Dr, L, Lo Bmett, ck. - Orgcmic c h a t  a88i@l.d to aynth08ir Of 
carbon U-labeled compomdr and pmprratlon of hia4 actire 
materials for injection. 
Bennett'r time dll be applbd t o  t h i s  program. 

A relatively urna l l  amount of Dr, 

Ih.. Jack H. Hitchell, Jr. - P a r t  time efforts on the effects of enti- 
leukemic agents  on nucleoprotein metabolism for Committee 
on Grorth. 

-* -* rl' - - s % T ~ . ~ * m s T I T " T E  



Hiss Linda Simpson, B.S., w i l l  spend about half- t ime measuring 
activities on this program and about half-tirne carrying 
aut r l~Uar maa-nta on m d a t i n g  cancer pmgrr, 
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carcass fractio:,s \Tat, ? r o t e x ,   an^ ~ c o ~ a - , )  of d c e ,  

Rate-constat studies on C1%, f ixat ion in the c a r c u ~ a  and 
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This s p e i f l c l t y  of a carbon atom f r o m  a aimpb, c a s 4  px-apared, 

relatively nun-toxic cazpound for a chi~.ooo#rpnal fraction offers a a e m s  of 

i rowd PrORFcrB U U t U n .  

A. 

E. 

C. 

~dn,;-ten. ove r -d l  W. c'* mtentian studies urinr, K'+us~. 

Parallel nucleic acid and # A  plrhe turnover studies. 

InPsrt;icatian of acute toxic  effects of .-&+ h v e l s  2:' carbor: 4 

(ir?aa formate) oc mica. 

tkese nice. 

Patr.oloqicd studies on tiswes fna:  

SOUTHERN RESEARCH INSTITUTE 
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zsti-mted b a t  of rroc:rara il Year )  

It is believed that the above ;rogrzr, could ce carried aut Cor a 

ara of xl8,cQo. 

The proposed contract ammt ayticipates dircrct costs including 

u k r i e s  of technical p e r m e l ,  axpsndable supplies, 8p00i.l apparatw, 

travel expo:,se, N A  i n a i r e c t  coata (overtlead). 

Southem .aesearc?. I n s t i t u t e  r.im conducted reeearci. j xo2ects  for the 

0: the u s n c y  involvea. It is therefore as;ucaeci k a t  t t c  a l33 , ix . c~  foi k d r e c t  

costa (a8 a parcenta@! of direct S a S r J .  charges) could te r,egotiated With 

S O U T H E R V  R E S E A R C q  I N S T , T U T E  
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L 
z 
3. 

La 

5. 

i. 

7. 

8. 

Scope m.d hsult  Status: Covered in recmt proporal (dated llarct 29, 195G).; 'I 
I' 

Gutlins of wbrk to be hdertaken: Covered in recent ;rojmsal. !I 
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I! Travel 2:0,GL 

S u b t o t a l . .  .......... B 16,6L7.27 

Qverhe,ja at 8, ~ ' ; O V $  C Q S ~ S  1.331.78 

To tol, ............... 17,9 79 . 05 

hecessard to sped up our n o w  rather slog and overtured 

2 To be pucr.a-ied fros S s o t o p s  Liviaian. 
gas phase counting equipuent. 

- 
2 /I br. jack it. h i t c n e l i ,  dr. - P a r t  t h e  efforts on the  effects or arLt l -  I 

led~arriic a(;e;,ts ori nuc leopo te i r r  a e t a a l i ~  f o r  uoxi.ittee 
on kuuth. 
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