
UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RiDGE OPERATIONS 
P O .  BOX E 

OAK RIDGE, TENNESSEE 37830 

Veterans' Administratizc 
L i t t l e  Rock, Arkansas 722C7 

Attention: K .  J .  O'Brien 
Hospital  Girector 

A RADIOBIOLOGIC EVALUATICN OF AN -- I N  VIYO MAMMALIAN CELL 
RENEWAL SYSTZN 

Gentlemen : 

Reference i s  made t o  y m r  l e t t e r  of Nc-;ember 23 ,  197C, requesting 
the  sEbject contract  be extended f o r  &? addi t iona l  year.  

It i s  proposed t h a t  the  port ion of t h e  s a i d  Appendix "A" wnizh 
reads "For t h e  Cmt rac t  Ferlod January 1, 1970 t k n u g h  December 31, 
1971.'' be revised t o  r e a i  "F3r t h e  Coritract 'reriod 2uly 1, 1973 
througt  Zune 3 C ,  1972 ."  
I f  t h i s  proposal i s  sa t i s f ac t c ry  t o  t h e  Veterans' A h l n i s t r a t i o c ,  
please have tne  proper ssff ic la l  ir.5l:zte a c c e p t a c e  therecf  i n  the  
a p p r o p i a t e  sg ice  be:sw znd re:urn 0r.e copy tc t n l s  c f f i c e .  

n m o  4 

Sincere ly ,  

U I J I T C  STATES ATOYIC ENE?SY CO!&!ISSIC)N 

BY: / a /  H r w t h  

Herman X. Both 

Laboratory and Univerrity Division 

MC,: J 2 X  TITLE : ni rep tnt  

ACCEPXD : 

' VET'EFAIVS ADMINISTMTICE 

BY: l a /  w. u. Gibron * 
W. U. GIBSON !;.;t$ ; Q q 1 - . ~ 2 2 ? -  -1 i 2 &,I; I , ? ,  \ \ 

. -  TITLE : Contr-cer 

DATE: 2, 1pf1 
_ -  
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 
P O .  BOX E 

OAK RIDGE, TENNESSEE 37830 

Interagency AgreemeRt 
Contract No. AT-(40-1)-3884 
Contract No. V523kP-448 
kw #a 1970 

Veterans' Administration 
L i t t l e  Rock, Arkansas 72207 

Attent ion:  K.  J .  O'Brien 
Hospital  Cirector 

A RADIOBIOLOGIC EVALUATISN OF AN a VIZRO MAMMALIAN CELL 
RENEWAL SYSTEM 

Gect lemen : 

Reference i s  made t o  your proposal t o  extend t h e  subject cont rac t  
u n t i l  June 30,  1971 , i n  view of t h e  six months' delay i n  t h e  com- 
mencement of the work as described i n  t h e  Appendix "A" t o  she 
Commission's l e t t e r ,  dated Apri l  2 9 ,  1970, addressed t o  and accepte t  
by the  Veterans' Adrcinistration. 

It i s  proposed t h a t  t he  Dortion of t h e  said Appendix "A" which reads 
"For t h e  Contract Period January 1, 1970 through December 31, 1970." 
be rev ised  t o  read ?'For the Contract Period Ju ly  1, 1970 through 
June 30, 1971." 

I f  t h i s  proposal i s  sa t i s fac tory  t o  t h e  Veterans' Adniinistration, 
p lease  have t h e  proper o f f i c i a l  ind ica te  accegtance thereof  i n  t h e  
appropriate  space below acd re turn  one copy t o  t h i s  o f f i ce .  

S incere ly ,  

UNITED STATES ATOMIC ENERGY COMMESION 

MC : JJM 

ACCEPTED : 

VETERANS' ADMINISTRATION 

BY : h 1  1. 9. m o b  



UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 

P O .  BOX E 

OAK RIDGE, TENNESSEE 37830 
PREA CODE 615 
-ECEPHOhE 483-861 1 

Interagency Agreement 
Contract No. AT-( 40-1)-3884 
Contract No. V5234P-448 
April 29, 1970 

Veterans ‘ Admini s t  rat ion 
L i t t l e  Rock, Arkansas 72207 

Attent ion:  K. J. O’Brien 
Hospital  Director 

A RADIOPIOLOGIC EVALUATION OF AN I N  VITRO MAMMALIAN CELL 
RENEWAL SYSTEM 

-- 

Gentlemen : 

Reference i s  made t o  your proposal, as amended, f o r  t h e  renewal 
of t h e  subjec t  contract  f o r  t h e  per iod from January 1, 1970, 
through December 31, 1970. 

Attached here to  as Appendix ”A” is  a proposed summary descr ipt ion 
of the  work and out l ine  of t h e  estimated cos ts  f o r  t h e  renewal 
period. For t h e  performance of t h i s  work f o r  such period,  t h e  
Commission w i l l  reimburse the  Veterans’ Administration forty-nine 
percent ( 49% of the  project  cost  estimated as $31,238.00; 
provided, however, t h e  Commission’s monetary l i a b i l i t y  hereunder 
sha l l  not  exceed $15,000.00. We understand t h e  remainder of the  
funds required are avai lable  from your appropriat ion or other  
sources.  



Vet e r ELF. s .:.&mi n i s t rat i 3n 2 

If this proposal i s  s a t i s f a c t o r y  t o  t h e  Veterans' Administration, 
please have t h e  proper o f f i c i a l  i cd i ca t e  acceDtance thereof  i n  t he  
approFriate space below and re turn  one copy t o  this o f f i c e .  

Sincerely,  

UNITED STATES ATOMIC ENERGY COMMISSION 

MC : JJM 

Enclosure : 
Appendix "A" 

ACCEPTED : 

VETERANS' ADMINISTRATION 

/ e /  8. W. Fisher 
BY: Q 

TITLE : Contracting Officer 

BY: & W P ~  &i. Both 
Herman M. Roth, Director 

TITLE: laboratory and University Divieion 



V E T E R A N S  ADMINISTRATION HOSPITAL CONTRACT NO, AT- (40-1 ) -3884 

APPENDIX "A" 

For the Contract Period January 1 ,  1970 th rough  December 31, 1970. 

A - I  RESEARCH TO BE PERFORMED BY AGENCY 

The Agency wi l l  continue studies and evaluat ion of the e f f ec t s  of f a s t  
neutrons on r epa i r  of rad ia t ion  in jury  by cul tured mammalian ce l l s  t o  
include measurements o f  the re joining o f  DNA breaks by L c e l l s  and 
Chinese Hamster c e l l s ,  u s i n g  both the polynucleotide kinase method and 
w i t h  a lka l ine  sucrose gradients  a f t e r  the neutron i r r ad ia t ion .  Results 
wil l  be compared t o  para l le l  experiments i n  which c e l l s  a r e  exposed t o  
X-rays. Measurement of DNA re jo in ing  wi l l  be compared w i t h  s ing le  ce l l  
survival s tud ie s .  RBE es t imates  f o r  a s p e c i f i c  biochemical process in- 
volved i n  the re jo in ing  wil l  be developed. 

The Principal  Inves t iga tor  expects t o  devote approximately 25% o f  his 
time o r  e f f o r t  t o  the pro jec t .  

A-I1 WAYS AND MEANS OF PERFORMANCE 

( a )  Items Included i n  Total Estimated Cost: 

(1)  Sa la r i e s  and Wages: 

Dr. G. V. Dalrymple, Pr incipal  Invest igator  
(25% of time) - $8,000.00* 

Research Associate 
(50% o f  time) - $7,215.00* 

Research Technician 
( 8% of time) - $ 826.00* 

Research Techni ci an 
(100% o f  time) - $6,355.00 

$22 396.00 

( 2 )  Supplies and Materials:  6,560 .OO 

Cul ture Medi um, Bi ochemi cal s and Radi osotopes 
C02 Air Mixture, Glassware, e t c .  

( 3 )  Travel: 300.00 

( 4 )  Communications: 200.00 

( 5 )  Pub1 i cat ions : 400.00 

( 6 )  Ind i r ec t  Cost (10% of Direct  Cost exclusive 
of amount marked * ($16,041.00), 
which  a r e  be ing  contributed by 
the Agency. ) 1,382.00 



VETERANS ADMINISTRATION HOSPITAL 2 CONTRACT NO. AT-( 40-1 ) -3884 

(b) Items S i g n i f i c a n t  t o  the Performance of This Agreement, 

Consideration i n  Proport ioning Costs: 

None 

A-I11 The t o t a l  estimated cos t  o f  A - I 1  (a )  above f o r  the per iod s ta ted  
above i s  $31,238.00. 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 

P O  BOX E 
OAK RIDGE, TENNESSEE 37830 

juI.ry 15. 1969 

Interagency Agreement 
Contract No. AT-( 40-11-3884 

Veterans' Administration Hospital  
L i t t l e  Rock, Arkansas 72207 

Attent ion:  K .  3 .  O'Brien 
Hospit a1 D i  r ec tor  

Subject:  A RADIOBIOLOGIC EVALUATION OF AN -- I N  VITRO MAMMALIAN 
CELL RENEWAT, SYSTEM 

Gentlemen : 

Reference i s  made t o  a proposal, subjec t  as above, submitted 
with t h e  approval of M r .  O'Brien t o  t h e  Atomic Energy Com- 
mission f o r  i t s  p a r t i a l  support. This l e t t e r  and i t s  attach- 
ments are intended as t h e  statement of agreement between our 
agencies f o r  t he  accomplishment of t he  pro jec t  generally 
as proposed. 
l i n e  of es t imated cos ts  i s  at tached as Appendix "A". 

For convenience, a summary descr ipt ion and out- 

Some more general  provisions which w e  propose f o r  inclusion 
are a t tached  as Appendix "B". 

For the  performance of t h i s  work, t h e  Commission w i l l  reimburse 
t h e  Veterans' Administration fif ty-seven percent (57%) of the  
p ro jec t  cos t  estimated as $30,865.00; provided, however, t n a t  
the Commission's monetary l i a b i l i t y  hereunder s h a l l  not exceed 
$17,490.00. 
a r e  ava i l ab le  from your appropriation o r  other sources. 

We understand t h a t  t h e  remainder of t h e  funds 

If t h i s  proposal is sa t i s f ac to ry  t o  t h e  Veterans' Administration, 
p lease  have the proper o f f i c i a l  i nd ica t e  acceptance thereof i n  



Veterans' Administration 
Hospital - 2 -  

the appropriate space below and return one copy of the agreement 
to this office. 

Very truly yours, 

UNITED STATES ATOMIC ENERGY 
C O W S  S I ON 

ACCEPTED : 

VETERANS ADMINISTRATION 

BY: I d  L W. W 

TITLE: c#trWtw M f W  

DATE : Jamtmey 16, 1969 

mmm nZw44b 



VETERANS' ADMINISTRATION HOSPITAL CONTRACT N O .  AT-( 40-1)-3884 

APPENDIX "A" 

For the  period January 1, 1969, through December 31, 1969. 

A - I  RESEARCH TO BE PERFORMED BY AGEXCY 

The Agency w i l l  s tudy a steady s t a t e  population of cu l tured  mammalian 
c e l l s  i n  t h e  p l a t eau  phase by using a combination of c e l l  survival ,  
autoradiographic and biochemical techniques t o  ve r i fy  t h e  c e l l  renewal 
system. 
measure t h e  d i s t r i b u t i o n  of the  c e l l s  within t h e  various compartments 
of the  in t e rmi to t i c  i n t e r v a l ,  as the  c e l l s  move from log growth i n t o  
plateau. 
character ize  t h e  behavior of plateau phase c e l l s  as they move i n t o  
log growth. The rad iobio logica l  propert ies  of p l a t eau  phase c e l l s  
which survive an i n i t i a l  dose of i r r ad ia t ion  w i l l  be measured and 
compared w i t h  o ther  non-irradiated c e l l s .  The response of plateau 
phase c e l l s  t o  metabolic inh ib i tors  of DNA, RNA, and pro te in  synthesis 
w i l l  be s tud ie s .  

These experiments w i l l  be followed by s tud ie s  designed t o  

Experiments of a converse nature w i l l  be ca r r i ed  out t o  

The two Co-Principal Inves t iga tors  expect t o  devote approximately 25% 
and SO%, r e spec t ive ly ,  of t h e i r  time or  e f f o r t  t o  t he  work. 

A - I 1  WAYS AND MEANS OF PERFORMANCE 

(a) Items Included i n  Total  Estimated Cost: 

Salaries and Wages: 

D r .  G. V. Dalrymple, Co-Principal Inves t iga to r  
( 2 5 %  of t i m e )  - $6,000.00* 

D r .  J .  L. Sanders Co-Principal Inves t iga tor  
(50% of t i m e )  - $5,875.00" 

Res e a r  ch Associate 
(100% of t ime)  

Research Technician 
(100% of t ime)  

Research Technician 
(20% of t i m e )  - $1,~00.00* 

$25 375 00 

1 1 3 8 1 8 9  



VETERANS' ADMINISTRATION HOSPITAL - 2 - CONTRACT NO. AT-( 40-1 ) -3884 

Supplies and Materials : $3,500.00 

Culture Medium, Biochemicals and Radioisotopes, 
Co2 Air Mixture, G l a s s w a r e ,  e t c .  

Travel: 300.00 

Publications : 100.00 

Indi rec t  Costs (10% of d i r e c t  cos ts  e x c l w i v c  1,590.00 
of mounts marked" ($13,375.00), which are 
being contr ibuted by t h e  Veterans' 
Administration Hospit a l l  

(b) I t e m  Signi f icant  t o  t h e  Performance of This Agree- 
ment, But Excluded From Computation of Total Cost 
and From Consideration in ProportioninR Costa: 

None 

A - I 1 1  The t o t a l  estimated p ro jec t  cos t  of A - I 1  ( a )  above for  t h e  per iod 
s t a t e d  above i s  $30,865.00. 

1 1 3 8 1 9 0  



APPENDIX "B" 

A.  

B. 

C. 

D. 

Defini t ions 

For purposes of t h i s  agreement, "Commission" means t h e  
United S ta tes  Atomic Energy Commission o r  any duly 
authorized representa t ive  the reo f ,  and "Agency" means 
t h e  Veterans' Administration o r  any duly authorized 
representat ive the reo f .  

Costs Chargeable t o  Commission Funds 

Subject t o  l i m i t a t i o n s  and conditions spec i f i ed  i n  t h e  
l e t te r  agreement incorporat ing t h i s  Appendix, t h e  Agency 
may charge t h e  Commission, except as otherwise provided 
i n  Ar t ic les  H and I hereof ,  t h e  ac tua l ly  incurred c o s t s  
necessary o r  inc ident  t o  t h e  performance of t he  work, 
except t ha t  no charge s h a l l  be made f o r  genera l  adminis- 
t r a t i v e  or  cen t r a l  agency overhead except t o  t h e  extent  
otherwise provided i n  t h e  l e t t e r  agreement. 

Financ in& 

Reimburs anent Agreement 

Upon presentat ion by t h e  Agency of proper vouchers, t h e  
Commission w i l l  reimburse t h e  Agency f o r  cos t s  a c t u a l l y  
incurred on Commission work subject  t o  any l i m i t a t i o n s  
on cos ts  otherwise provided i n  t h i s  agreement. 
fo r  reimbursement s h a l l  show separa te ly  t h e  amounts t o  be 
reimbursed f o r  ( a )  operat ing cos t s ,  ( b )  c a p i t a l  e q u i p e n t  
(as defined i n  H below), and ( c )  acquis i t ion  o r  condemnation 
of any real property o r  any f a c i l i t y  o r  f o r  p lan t  o r  f a c i l i t y  
acquis i t ion,  construct ion o r  expansion. 

Requests 

Notice c~f Ccsts Approaching Tota l  Estimated Costs 

Whenever the  Agency has  reason t o  be l ieve  t h a t  t h e  t o t a l  
cost  of the  work under t h i s  agreement w i l l  be subs t an t i a l ly  
g rea t e r  or  i e s s  than t h e  present ly  estimated cos t  of t h e  
work, t h e  Agency s h a l l  promptly no t i fy  t h e  Commission i n  
wri t ing.  The Agency s h a l l  a l s o  not i fy  t h e  Commission, i n  
writ ing,  when t h e  aggregate of cos t s  incurred and out- 
standing zommitment s allowable under t h i s  agreement i s  
equal t o  ninety percent  (90%) ( o r  such o ther  percentage as 
the  Commission may from time t o  time e s t ab l i sh  by no t i ce  
t o  t h e  Agency) of t h e  present ly  estimated t o t a l  cos t s  under 
t h i s  agreement. When t h e  c o s t s  incurred and outstanding 
commitments equal one hundred percent (100%) of such es t i -  
mated t o t a l  cos t s ,  t h e  Agency shall make no f u r t h e r  

t 1 3 8 1 9 1  



commitments o r  expenditures ( except t o  meet exis t ing 
commitments) and s h a l l  be excused from fur ther  perform- 
ance of t h e  work unless and u n t i l  t h e  Commission s h a l l  
increase  t h e  t o t a l  estimated c o s t s  t o  be incurred with 
respect  t o  t h i s  agreement. 

E. F inanc ia l  Reports 

The Agency sha l l  furnish t h e  Commission, not l a t e r  than 
15 days a f t e r  t h e  close of each report ing period, monthly 
o r  o the r  per iodic  cost  o r  f i n a n c i a l  repor t s  i n  such form 
and detai l  as may be required by t h e  Commission. 
c o s t s  incurred fo r  c a p i t a l  equipment o r  other  a s se t s  s h a l l  
be supported by a l i s t  showing the descr ip t ion ,  make, any 
ser ia l  number, and the  cost  of each item acquired. 

Any 

F. Accounting Records 

The Agency s h a l l  accumulate and account f o r  obl igat ions snd 
c o s t s  incurred i n  connection with the work being performed 
under t h i s  agreement i n  such form and d e t a i l  as may be 
required by the  Commission. 

G. Termination 

The Commission may terminate t h i s  agreement upon 30 days' 
wr i t t en  not ice  of such termination addressed t o  t h e  Agency. 
I n  t h e  event of such termination t h e  Agency s h a l l  be re- 
imbursed, t o  t h e  extent permitted,  f o r  obl igat ions ac tua l ly  
incurred t o  t h e  e f fec t ive  date  of termination, and f o r  com- 
mitments extending beyond t h e  e f f e c t i v e  date  of termination 
t o  a date not later than t h e  da t e  upon which the  agreement 
would have expired i f  not terminated under t h i s  paragraph, 
which t h e  Agency, i n  t h e  exercise  of due di l igence,  i s  unable 
t o  cancel.  Payments under t h i s  agreement, including payments 
under t h i s  a r t i c l e ,  s h a l l  not exceed t h e  ce i l i ng  amount else- 
where spec i f ied  i n  t h i s  agreement. 

H. Capi ta l  Equipment 

(a )  "Capital Equipnent" means each item of equipment which 
i s  expected t o  have an extended period of service,  
general ly  a year o r  more, and has su f f i c i en t  monetary 
value,  generally of $100 o r  more, t o  j u s t i f y  continuing 
accounting records f o r  t h e  item. 

- 2 -  



Unless expressly authorized by the contract ing 
o f f i c e r  i n  advance, the  Agency sha l l  not be 
reimbursed o r  use funds made available under t h i s  
agreement f o r  t h e  procurement o r  fabr icat ion of 
c a p i t a l  e q u i p e n t  . 
If c a p i t a l  equipment i s  purchased or otherwise 
acquired pursuant t o  an authorization under 
paragraph ( b )  above, except as may be otherwise 
agreed by t h e  Commission and the  Agency, 

(1) t h e  t i t l e  the re to  shall vest i n  t he  
Commission ; 

( 2 )  t h e  Agency s h a l l  be responsible for  t h e  
maintenance and safequarding thereof;  and 

( 3 )  t he  Agency s h a l l  maintain a record i n  such 
a manner as t o  insure adequate control  and 
accounting sa t i s f ac to ry  t o  the  Commission, 
of c a p i t a l  equipment procured o r  fabr ica ted .  

I .  Real Property and F a c i l i t i e s  

( a )  Unless expressly authorized by the Contracting 
Off icer  i n  advance, t h e  Agency sha l l  not be 
reimbursed o r  use funds made available under t h i s  
agreement f o r  t he  acquis i t ion o r  condemnation of 
any r e a l  property o r  any f a c i l i t y  or  f o r  plant  o r  
f a c i l i t y  acqu i s i t i on ,  construction or  expansion. 

( b )  I f  t he  Agency acquires o r  condemns any real 
property or  any f a c i l i t y  or acquires, cons t ruc ts ,  
o r  expands any plant  o r  f a c i l i t y  pursuant t o  en 
authorizat ion under ( a )  above, except as may be 
otherwise agreed by t h e  Commission and t h e  Agency, 

(1) t he  t i t l e  the re to  s h a l l  vest  i n  t he  Commission; 

( 2 )  the  Agency sha l l  be responsible f o r  t h e  main- 
tenance and safeguarding thereof;  and 

( 3) the  Agency sball maintain a record thereof  i n  
such a manner as t o  insure adequate cont ro l  
and accounting sa t i s f ac to ry  t o  t h e  Commission. 

- 3 -  



J .  Pa ten ts  

Whenever any invention o r  discovery i s  made o r  
conceived by an employee, a consultant,  or a con- 
t r a c t o r  of t h e  Agency i n  t h e  course of o r  under 
t h e  terms of  t h i s  agreement, t he  Agency s h a l l  
furn ish  t h e  Commission with complete information 
thereon; and t h e  Commission s h a l l  have t h e  so l e  
power t o  determine whether or not ,  and where a 
patent app l i ca t ion  s h a l l  be f i l e d ,  and t o  deternine 
t h e  d i spos i t i on  of t h e  t i t l e  t o  and t h e  rights under 
any app l i ca t ion  o r  patent t h a t  m a y  result. The 
judgment of t h e  Cammission on these matters s h a l l  
be accepted as f i n a l ;  and t h e  &ency, f o r  i tself  
and f o r  i t s  employees, c o n s u l t a t e ,  o r  contractors 
shall agree t h a t  t h e  inventor o r  inventors w i l l  
execute all documents and do a l l  th ings  necessary 
o r  proper t o  c a r r y  out t h e  j u w e n t  of t h e  Commis- 
sion, including aiding t h e  Co~lmi86ion ( at Government 
expense by proper arrangements) i n  t h e  prosecution 
of app l i ca t ions  f o r  t h e  pa ten ts  and in t h e  defense 
of the  Government's r i g h t s  i n  any country. 

No claim f o r  pecuniary award or cornpeneation under 
t h e  provisions of the Atomic Energy Acts of 19k6 and 
1954 shall be asser ted  by t h e  Agency, i t s  employees, 
consul tan ts  or contractors with respect t o  any 
invention or discovery made or conceived in t h e  
course o f ,  o r  under t h e  terms of t h i s  egreement. 

Except as otherwise authorized i n  wri t ing  by t h e  
Commission, t h e  Agency w i l l  obtain patent agreements 
t o  e f f ec tua te  t h e  purposes of paragraphs ( a )  and ( b )  
of t h i s  A r t i c l e  f rm a l l  persons (except such c l e r i c a l  
and manual l abor  personnel 88 will not have access t o  
t echn ica l  data) who perfonn any part of the  work under 
t h i s  agrement  and any o ther  contracts entered in to  
f o r  performance of work c a l l e d  f o r  under t h i s  agreement. 

It is  recognized that  during t h e  course of t h e  work 
under t h i s  agreement, t h e  Agency or i t s  employees, con- 
s u l t a n t s  o r  cont rac tors  may f ran  time t o  time des i r e  
t o  publish,  wi th in  the  limits of secu r i ty  requirements 
information regarding s c i e n t i f i c  or  technica l  develop- 
ments made o r  conceived i n  t h e  course of o r  under t h i s  
interagency agreanent . 
of such information w i l l  not advcrseJy a f f ec t  t he  
patent i n t e r e s t s  of t he  Commission or Agency, patent 
approval f o r  r e l ease  and publication s h a l l  be secured from 
t h e  Commission p r i o r  t o  any such release or publication. 

In order t h a t  public disclosure 



( e )  In order t h a t  the regulat ions of the Agency m4y be 
made appl icable  t o  invention8 , d i 8 C O V e r i e 8 ,  o r  
improvements, i n  which the Cammisrion determiner 
tha t  it does not  des i re  t o  f i l e  or r e t a i n  a11 rights, 
the  Commission w r e c s ,  i f  requertcd by t he  Agency, 
t o  inform it as t o  a l l  such invention8, discoverier  
and improvements reported t o  the Cmnirrion hereunder 
which do not involve c l a s s i f i e d  information o r  
Rer t r ic ted  Data, and the  regulations o f  t h e  Agency 
shall be appl icable  there to ,  

K. Securi ty  

I t  is not expected t h a t  work under t h i o  wreement will 
involve Rer t r ic ted  Data or  other  c la88i f i rd  matter. I n  
the  event Res t r ic ted  Data o r  classified matter do becane 
involved, t h e  Agency s h a l l  80 advise the  Ccrmniroion urd 
subject  8uch data t o  safeguards specif ied by the Commission. 
A s  used in t h i s  sec t ion ,  "Restricted Data'' mean6 rll data 
concerning (1) design, manufacture, o r  u t i l i z a t i o n  o f  
atomic weapons; ( 2 )  the  production of apec i r l  nuclear  
mater ia l ;  o r  ( 3 )  the  use of spec ia l  nuclear material in 
production of energy, but s h a l l  not include data dec la s s i f i ed  
or  removed from t h e  Res t r ic ted  Data category pur6usnt t o  
Section 142 of t he  Atomic Energy Act of 1954. 

L. Technical Progress Reports; Publication 

The Agency will make such reports  t o  the  Canonisrion on the  
progress of t h e  work under t h i s  agreement a8 may be mutuslly 
agreed upon. 

- 5 -  





UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON.  D.C. 20545 

November 7 ,  1972 

A. H. Frost, J r . ,  Chief 
Research Contracts,  Procedures 

and Reports Branch 
Contract Division, Oak Ridge Operations Off ice  

FINAL REPORT 

Reference is made t o  your memorandum dated October 2 7 ,  1972. 
Please be advised tha t  the f i n a l  r epor t  submitted by Glenn 
Dalrymple covering work performed under Contract No. AT(04-1)388& 
a t  Veterans Administration Hospital i s  s a t i s f a c t o r y  and t h i s  con- 
t r a c t  may now be closed out. f* 

George E. Staple ton  
Radiation Biologis t ,  Biology Branch 
Division of Biomedical and 

Environmental Resear ch 

1 1 3 8 1 9 1  



UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 

P O  B O X €  
OAK RIDGE, TENNESSEE 37830 

m : w  





October 17, 1972 

FINANCIAL STATBdENT 1/1/70 through 6/30/72 

A M :  Contract No. AT-(40-1)-3884 

INCOME 

Vet.Adm. 

$23,728 

EXPENSES : 

Salaries: 
Princ. Invest. (G.V. Dalrymple,M.D. 12,923 

Res. Assoc. (J. L. Sanders, M. D.) 5,737 

Res. Tech. (S. Robinette) 

Res. Tech. (K. Wilkinson) 

Total Salaries 

2,911 

21,571 

Materials and Supplies 

Indirect Costs 

TOTAL EXPENSES 

-0- 

2,157 

23,728 

Total - 
$15.000 $38,728 

8,371 

8,371 

5,265 

1,364 

15,000 

12,923 

5,737 

8,371 

2,911 

29,942 

5,265 

3,521 

38,728 



October 17,  1972 

FINANCIAL STATEXENT 1/1/69 - 12/31/69 

AEC Contract No.  AT-(40-1)-3884 

INCOME 

MPENS ES : 

S a l a r i e s  : 
Princ.  I n v e s t .  (G.V. Dalrymple,M.D. 1 

Res. Assoc. ( J . L .  Sanders,  M .  D.) 

R e s .  Tech. (S. Robinette)  

Res. Tech. ( R .  M i l l i k e n )  

R e s .  Tech. (K. Wilkinson) 

Total S a l a r i e s  

Materials and S u p p l i e s :  

I n d i r e c t  Costs 

TOTAL EXPENSES 

AM= - V e t . A d m .  

$19,636 $17,490 

$ 6,750 $ -0- 

8,013 -0- 

-0- 7,387 

-0- 5,490 

1,500 -0- 

$16,263 $12, a77 

$ 1,836 $ 3,023 

$ 1,810 $ 1,590 

$19,909 $17,490 

Total 

$37,126 

$ 6,750 

8,013 

7,387 

5,490 

1 500 

$29,140 

$ 4,859 

$ 3,400 

$37 # 399 



Type 

o n t r a c t  No. 

AT- ( 40-1)- 3834 

I n s t i t u t i o n  

Veterans A d m i n i s t r a t  ion Hospital 

Purpose 

Mammalian Cell Renewal System" 
"A Radiobiologic Evaluation of an - -  In Vitro 

Vouchers Paid 

Project  Leader 

J. L. Sanders 
G. V. Dalrymple 

Contracting Off i cer 

C. S. Shoup, Qlief 

Amount of Funds 



UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 

P O  BOX E 
OAK RIDGE, TENNESSEE 37830 

- a m  

R. A. Anderson, Assistant General Counsel f o r  Patents, HO 
R. L. Shannon, Manager, T I C ,  with Form AEC-427 

FINAL REPORT - CONTRACT IKI. AT-(40-1 )-lraS, t11831oy1 p ~ l s ~ t  

In accordance w i  t h  the c!i s tri bu ti on es tab1 i sCled by AEC Procuremerit 
Regulat ion 9-4.51, we are enclosing the f i n a l  repo r t  o f  the work 
performed under Contract No. AT-(40-1 I--. This repor t  has received 
patent  clearance. 
~iri.iap M - od - rn m 4 Y - ma 
mmqEtmll-m.emna. 

and Repcirts Branch 
Contract  Di v i  s i  on AC R :u 

Enclosure: 
F ina l  Report 

CC: 0. S. Zachry 



Octobor 30,  1972 

Dr. Glom V. Dalryuplo 
Acting Chiof, lhc1.u Medicino Sorvieo 
Votnur s  Adr in i a tmt i an  Hoapit.1 
so0 But Roosnol t  R o d  
Lfttl~ R e ,  A r b -  72206 

If ym~ b01i.r. that pu hare d o  m y  imrntians undo? your 
corrtract with tho A.E.C., p 1 - 8 0  i n d i m t o  to  t h i s  o f f i e o  
briofly tho  rut- of mch inventions 8nd uo will furnish 
yuu tho necossuy forma far nporting tho in ran t ion  In mra 
do ta i l .  Char r e c o d a  indicato tha t  no inventions h v o  bn 
mp0rt.d thur fu. 

We find that tho roportr and paporr list& on tho  Cartifiwt8 
-0 born roeaivod by tho A.E.C. 
any 0th.~ papors prosmtod or  n p o r t r  proparad in dditioa t o  
those which v. h8v. 1ist.d. 

Pleare list en tho C o r t i f i c a t o  

P l e u o  rxocuto tho C n t i f k a t o a  bofaro 8 dtnorr or 8 Notary 
Public and return two rignod capios in tho mclosod pastago- 
f ro0 mvolapo. Tho t h i r d  copy m y  bo rotdnod for ymm f i ler .  

S i n c m l y ,  

1cI:DSZ:dys 

Barlonrnr: 
1. C o r t i f i u t o  (in trip.) 
2. E n v . l o p  

CC: A. H. Frost, Jr J 



UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 

P O .  BOX E 
OAK RIDGE, TENNESSEE 37830 

D. S. Zachry, Jr., Chief, Patent Group 

PATENT REVIEW OF UNCLASSIFIED DOCUMENTS - CONTRACT NO, 
AT-(40-1)3884 - YLTERMS 

I n  compl i ance w i t h  a memcracdum dated August 19, 1957, symbol MCP :DSZ , 
subject, "Patent Review o f  Documents P r i o r  t o  Release ,'I we are submi tti ng, 
f o r  your review and appropr iate action, one copy o f  the fo l low ing  document 
prepared i n  connection w i t h  the work being performed under the above contract :  

A C R a  

Enclosure : 
Document 

Res e arch Con t r a c g, P roced u res 

Contract D i  v i  si on 
and Reports Branch 

10-27-72 



m:IM 



VETERANS ADMINISTRATION 
LITTLE ROCK HOSPITAL DIVISION 

300 EAST ROOSEVELT R O A D  

L I ~ L E  ROCK. ARKANSAS 72206 

June 26, 1972 

VA VOLUNTARY SERVICE 
1946-1 97 1 

15 Yean of service 
to Veteran-Patients 

IN REPLY 
REFCRTO: 5981134 

A. H. Fros t ,  Jr.,  Chief 
Research Contracts,  Procedures and Reports Branch 
Contract Division 
U. S. Atomic Energy Commission 
Post  Off ice  Box E 
Oak Ridge, Tennessee 37830 

Gentlemen : 

This is t o  acknowledge r e c e i p t  of l e t t e r  from Mr. Ralph Elson, 
Director ,  Contract Division, no t i fy ing  t h a t  Contract No. AT-(40-l) -3884 
has been reassigned t o  you f o r  administration, e f f ec t ive  June 15, 1972. 
Appropriate adminis t ra t ive o f f i c i a l s  of t h i s  hospi ta l  have been not i f ied  
of t h i s  reassignment. 

We do not  plan t o  request  t h a t  t h i s  contract  be extended beyond the 
expi ra t ion  da te  of June 30, 1972. 

Sincer y yours, 3 

HosfCf'tal Director 



UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 
P O .  BOX E 

OAK RIDGE, TENNESSEE 37830 

Ralph Elson, Director Contract Dfvision 

REQUEST FOR CONTRACT ACTION 

I t  i s  rquested that you take the necessary steps to  procnr 
described contract action (CA): 

f o l l a i n g  

1. 

2. 

3. 

4. 

5. 

6. 

Nature of Action Requcs tcd: 

[ 3 Selection of Mu Contractor and/or Negotiation o f  Contract 
Nunbcr : 
Contractor: 

[ x ] Modification of Contract 
Number: AT0(sO-1)=3884 
Con t r a c t o r :  Veterans Adarl n l  r t ra  tlon Hap1 trl 

Nature of Services To Be Covered by Contract: Research 

T i t l e :  A RADIO81OLWIC EVALUATIOM OF AN IN VITRO MNWLIAII CEU RWEWAL SYSTEH 

Type of contract: 

[ Support Agreement c I Cost TYPC [ 3 Other 

Amount of AEC Funds To B t  Obligated by thls CA: N o m  

AEC Percentape of E s t .  Total Cost To Be Shm by This CA: 

Description o f  Other Changes To Be Covered by This CA: 

withwt addltional fun&. There i s  no r l g n l f l i n t  chmga l n  the 

-- 

N I A  

M l f y  the contract t o  extend the perlod fbwi 6-30-71 - 6-30-72, 8 5  

---t- scope o? the wrk. 
( -c- 7/ 

Authoti ty: 

3. R. Tottrr d8bd 12-29-7O. 
F o ~  AEC-481 ( C a t .  & t h e )  f? 

WE: 308 Laboratory and University D l v i t l m  
'.*!:; { 

799 



A. OPERATING EXPENSES 
N c r  AECIruab . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ + 
&timrkd Contractor Contributioa. 00 RopOrtiOMte sbuky But, if any . . . . . . . . . .  s 

btimahd AEC Bdaace From Prior Teem. if any ........................... $ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 

&timated Project Cart, For Pertinent Budget Period. ........................ $ 
Budget and Repatting Cluif i t ion:  
Allotment Truster : 

a 81 
06 11 w24) 

6. PLANT AND CAPITAL EQUIPMENT.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 
Budget and Reporting ChaifEation: 

r’bc technical aspects of the propaaed work have b m  rwiewed and are approved. A need currently exbtr for the rmultr of the r a e u c h  a o t h r  
wort that is to  be undertaken. None of the AEC funds shall be used to confer a fellomhip. 
PIOW keep UI informed u to  any p rob lem encount red  in your negotiations. as well u the drte of erocution of this contract m d  the amount of 
fun& oblipted. If the budget u negotiated differs substantially from that in the propod. please forward a copy of the r M  budget to  Head- 
qwnen. 
If not already submitted, a 200-word rummuy  of the proposed work should be forwarded by the conlnctor  u won u poulble after negotltion 
of the contract. 



John R. Totter, Dlrector, Dlvlr lon o f  Elology and Medlclnr, HQ 

-- F CONTRACT NO. AT-( 40-1 1-3884 YITH VETERAHS ADMINISTRATION 

The mclosed letter frcm K. 3. O'Brlen dated November 2% 1970, 
rqwsts that the period under the above contract be extended to 
June 30, 1972, wlthout rddltlotul funds, 

Please advise us whether you concur I n  the proposed o c t m l o n  o f  
the contract period. 

Original S q n d  by 
Richard 6. hldrtrn 4 C T I N ~  

H e m n  M. Roth, Dlrector 
Laboratory and Unfvatsi?y Dlvfrlon 
Ork Ridge Operations 

Enc 1 o w e  : 
Ltr fr KJO dtd 11-23-70 (4 cys.) 



VETERANS ADMINISTRATION 
L I ~ L E  ROCK HOSPITAL DIVISION 

LllTLE ROCK. ARKANSAS 72206 
300 EAST ROOSEVELT ROAD 

November 23, 1970 
YOUR FILE REFERENCE: 

Xr. C. S .  Slioup, Chief 
Research Contracts Branch 
Laboratory and University Divis ion 
US Atomic Energy Commission 
P .  0. Box E 
Oak Ridge, Tennessee 37830 

IN  REPLY REFER TO. 

Contrast  No. AT-(40-1)-3884 

Dear Nr. Shoup: 

D r .  Dalrymple, the P r inc ipa l  Inves t iga tor ,  of the  pro jec t  supported 
by the  above contract ,  wishes t o  obta in  an extension of t h i s  contract .  
Current ly ,  the contract  w i l l  terminate June 30, 1971. Because of 
s c i e n t i f i c  advances which have developed during the  pas t  f e w  months, 
D r .  Dalrymple des i r e s  t o  ob ta in  an  extension--at no cos t  t o  the 
government--until June 30, 1972. 

D r .  Dalrymple has already discussed t h i s  matter with D r .  Stapleton of 
t h e  Washington of f ice .  D r .  S tapleton i s  agreeable t o  the extension-- 
a t  no cos t  t o  the government. 

This extension w i l l  not r e q u i r e  any inc rease . in  government funds. 

Sincerely , 

2 
L ' /'?' 

Include Zip Code in your return address and give veteran's social security number. 
Sbow veteran's full nanic and V A  f i le  number on all c o r n s p o d n ~ e .  If VA llymbcr i s  u b m ,  Jhow smice numbrr. 



CONTRACT NO. AT-(40-1)-3884 

0LE:JW 

,' CC: 6. V. Dalryaplt, VAH 

. .  . 



Dr. K. 3. O'Brfen 
Horpl ta l  01 mctor 
Veterans MI nls tration 
Little Rock Hospital Dlvlslon 
300 East Roosevelt Road 
Lltt le Rock, Arkansas 72206 

CONTRACT NO. AT-(40-1)-3884 

/// Dear Dr. O'Brlen: 

Thank you for your l e t t e r  o f  Augui  17, 1970, requesting 
authorization to shift funds fran one budget category to 
mother for the current period under the above contract. 

Ya concur In the proposed shift of funds under the contract 
as requested I n  your letter of August 17, pmvided no ad- 
dltlonal funds wlll be required ?ran the AEC for the cur- 
r e n t  perlod as a result o f  t h i s  approval. 

Your l e t t e r  o f  August 17, 1970, reflects the AEC's  support 
to the project for the current period as $15,197, whereas, 
the contract modification dated Apr l l  29, 1970, states that 
the AEC wlll reimburse the VA 49% of the project cost, pro- 
vlded that the AEC's monetary l l ab t l i t y  thereunder will not  
exceed Sl5,OOO. You may need to  change your records to re- 
f l e c t  our support as $15,000 rather than $15,197. 

C. S. Shoup, Chief 
Remarch Contracts brunch 
Laboratory and Unlverslty Divislon 

I .- . - t  



.-  

VETERANS ADMINISTRATION 

LITTLE ROCK. ARKANSAS 72206 

LITTLE ROCK HOSPITAL DIVISION 
300 EAST RooacvcLT ROAD 

August 17, 1970 

YOUR FILE REFERENCE: 

IN REPLY REFER TO: 

'Mr. C. S. Shoup, Chief 
Research Contracts Branch 
Laboratory and University Division 
US Atomic Energy Commission 
P .  0. Box E 
Oak Ridge, Tennessee 37830 

Contract No. AT-(40-1) -3884 

Dear Mr. Shoup: 
0 '  

? 6 , V '  
Our contract  funds, $15,197.00, are divided between salaries and other 
categories  (suppl ies ,  t r a v e l ,  i nd i r ec t  cos t s ,  e tc . ) .  I n  the  budget 
revis ion,  dated March 29, 1970, the  salaries c o s t s  were t o  be $6701. 
Since the  actual salaries cos t s  are $4280, w e  reques t  t h a t  w e  be 
allowed t o  t r ans fe r  the remaining $2421 i n t o  t h e  supp l i e s  category. 
Also, we request  t h a t  w e  be ab le  t o  s h i f t  funds from o the r  categories  
( t r a v e l ,  publ icat ions,  etc.) i n t o  suppl ies ,  i f  t h i s  i s  needed. 

This  s h i f t i n g  of funds w i l l  not  require  any increase  i n  government 
funds . 

Sincerely,  
/ 

K. 

Include Zip Code in your return address and give veteran's soc ia l  security number. 
S b m  vctnan's full n m ~  and VA jle number on dl comspondcnce. If VA mmbn i J  nnknown, Jbm J m i a  numbw. 



May 16, 1969 

D r .  Dal rymple  
V e t e r a n s  Hosp i t a l  
300 East Roosevel t  Road 
Little Rock,  A r k a n s a s  72206 

D e a r  Dr .  Dal rymple :  

Enc losed  is o u r  P r o p o s a l  f o r  moving the J N  a c c e l e r a t o r .  
The  f i g u r e  s t a t ed  is s l ight ly  g r e a t e r  than  I mentioned on the t e l e -  
phone, as I had fo rgo t t en  to include a new t a r g e t  a s s e m b l y ,  and 
adequate  m a n - h o u r s  for  the in te rconnec t ing  w i r e s ;  you wi l l  r e c a l l  
tha t  all w i r e s  coming out of the a c c e l e r a t o r  base  condui t  have 
s imply  been  cut. 

W e  are confident tha t  you will  have excel lent  s e r v i c e  
f r o m  th i s  machine  in the proposed  joint  faci l i ty ,  and plan to  
r e f u r b i s h  to  e s s e n t i a l l y  new condition. - 

If you have any ques t ions  r e g a r d i n g  the de t a i l s  of our  
P r o p o s a l ,  p l ease  do  not hes i t a t e  t o  c a l l  m e ,  Collect .  

Looking f o r w a r d  to  vis i t ing with you again, i n  the 
fu ture ,  

RJ P: l m g  

Enc: HVM 76,044. 

Since re ly  , 

R. impton 
M i d w u e r n  Rt gional Manage r  

Page 2 of 
Attachment 1 

7 7 l O  CARONDELET AVENUE, CLAYTON. MISSOURI 63105 Telaphono 314-U63-33ll 
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H I G H  VOLTAGE ENGINEERING CORPORATION 
e U R L I N G T 0 N. ?4 A S  S A C  H U 5 E T  T 5 Q 1 e 0 3. U . S  A 

PROPOSAL NO. HVM 76,044 

May 16, 1969 

To: Veterans Hosp i t a l  
300 E a s t  Rooseve l t  Road  
Li t t le  Rock, A r k a n s a s  72206 

Attention: Dr  . Dalrymple  

F i x e d  p r i c e  p roposa l  f o r  t r a n s p o r t i n g  the Model J N  Van de  
Graaf f  A c c e l e r a t o r ,  S e r i a l  No. JN-44, f r o m  the V e t e r a n s  
Hospi ta l ,  L i t t l e  Rock, t o  the A r k a n s a s  State Public Heal th  
Building, Li t t l e  Rock, and the ins ta l la t ion  of the sa id  unit 
in a designated room. 

I. EauiPment  

The  Model J N  a c c e l e r a t o r ,  which  w a s  previously packed 
by HVEC, and is in s t o r a g e  at the V e t e r a n s  Hospital. 

IL Scope of Work 

a) Shipping 

The  p re -packed  equ ipmen t  wi l l  be t ranspor ted  by HVEC 
t o  the A r k a n s a s  State Publ ic  Hea l th  Building. All t ranspor ta t ion  
expense  and  insurance  d u r i n g  the moving  is included in th i s  
proposa l .  

b) Instal la t ion 

HVEC wil l  supply n e c e s s a r y  parts as follows: 

1 of 5 

Page 3 of 
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P r o p o s a l  No. HVM 76,044 May 16, 1969 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

R e p l a c e  Acce le ra to r  Tube 

R e p l a c e  P c c e l e r a t o r  Charging Bel t  

R e p l a c e  R. F. Ion Source  

R e p l a c e  Charging and Collect ing S c r e e n s  

R e p l a c e  Column R e s i s t o r s  

R e p l a c e  Al t e rna to r  Bea r ings  

R e p l a c e  Drive Motor Bea r ings  

R e p l a c e  Generat ing Vol tmeter  B e a r i n g s  

P r o v i d e  a New Beryl l ium T a r g e t  A s s e m b l y  (A- 1192) 

P r o v i d e  Interconnect ing W i r e s  t o  Run f r o m  Control  
Conso le  to  the Acce le ra to r  

I t  is e s t i m a t e d  that the above componen t s  wil l  put the 
a c c e l e r a t o r  in  new condition. Any equipment  or iginal ly  sup- 
plied which i s  not s t i l l  with the a c c e l e r a t o r  wil l  be replaced 
at addi t iona l  cos t .  
v e s s e l  w i l l  be rep laced  a t  addi t ional  c o s t ,  i f  T r i t i um con- 
tamina t ion  is found. 

Beam plumbing loca ted  outs ide the p r e s s u r e  

HVEC will  provide a F ie ld  E n g i n e e r ,  and the Pur -  
c h a s e r  w i l l  provide e l e c t r i c a l  power connec t ions ,  and water 
connec t ions ,  by the i r  maintenance staff .  

The Fie ld  Engineer  wil l  s u p e r v i s e  moving,  and will 
a s s e m b l e  the  a c c e l e r a t o r .  The HVEC eng inee r  will a l so  
test and d e m o n s t r a t e  pe r fo rmance  in  acco rdance  with the 
o r i g i n a l  spec i f ica t ions  of th i s  machine, using Hydrogen ion 
beam c u r r e n t s .  

Page 4 of 
Attachment 1 
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Proposa l  No. HVM 76,044 May 16, 1969 

IJ3. Tra in ing  

Cus tomer  a g r e e s  to m a k e  avai lable  dur ing  the in s t a l -  
la t ion per iod a Aualified technician to w o r k  u- ider  the d i r e c t  
superv is ion  of the HVEC engineer .  
personnel  and any o t h e r  pe r sonne l  the P u r c h a s e r  w i s h e s  to  
a s s ign ,  in the p rope r  a s sembly ,  tes t ing  and s e r v i c i n g  p r o -  
c e d u r e s  r e q u i r e d  f o r  continuous top  p e r f o r m a n c e  of the 
equipment.  
sonnel  t o  o u r  plant in  Burl ington fo r  addi t ional  t ra in ing .  

HVEC wil l  t r a i n  th i s  

Also, the  P u r c h a s e r  is invited to send h i s  p e r -  

IV. - Site and A c c e s s  

P u r c h a s e r  will provide a r o o m  fo r  the a c c e l e r a t o r  
with n e c e s s a r y  power ,  w a t e r ,  and d r a i n s .  
conduit  between t k  a c c e l e r a t o r  room and the c o n t r o l  r o o m  
are the P u r c h a s e r ' s  responsibi l i ty .  

Wire  w a y s  o r  

The P u r c h a s e r  a g r e e s  t o  provide a c c e s s  way of suf- 
f ic ien t  s i z e  t o  allow the equipment  to be r igged in to  the 
building. 

V. Radiat ion Shielding 

The P u r c h a s e r  a s s u m e s  sole  respons ib i l i ty  f o r  p r o p e r  
shielding. 

VI. Schedule 

The w o r k  wil l  be scheduled in co-ord ina t ion  with 
the  Ve te rans  Hospi ta l .  Work  m a y  s t a r t  within 150 d a y s  
of the da t e  c o n t r a c t  is signed. 

VU. Drawings and Specif icat ions 

Addit ional  cop ie s  of the or ig ina l  drawings  wil l  be supplied.  
No ins ta l la t ion  drawings  for the new s i te  will be p r e p a r e d ,  or 
furn ished  due to the s t anda rd  na ture  of the instal la t ion.  A 
s t anda rd  sugge ; ted ins ta l la t ion  drawing  wil l  be provided t o  
a s s i s t  the Depar tmen t  of Heal th  in locating power and w a t e r  
te rmina t ions .  
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Proposa l  No. HVM 7 6 , 0 4 4  May 16, 1969 

VU. War r anty 

The manufac tu re r  w a r r a n t s  tha t  the appa ra tus  to  be 
de l ivered  hc runde r  w i l l  be f r e e  f r o m  defec ts  in m a t e r i a l s  
or workmanship under  r e c o m m e n d e d  use and s e r v i c e ,  and 
no other war ran ty ,  except  of t i t le ,  sha l l  be implied. The 
l iabi l i ty  of the m a n u f a c t u r e r  (except  as to  t i t l e ) ,  a r i s i n g  out 
of the supplying of s a id  a p p a r a t u s ,  or its use ,  whether  on 
war ran ty ,  c o n t r a c t  or o the rwise ,  sha l l  not in any c a s e  ex- 
c e e d  the m a n u f a c t u r e r ' s  s t a n d a r d  r ep lacemen t  p a r t  p r i c e  
of such p a r t s  as sha l l ,  within the War ran ty  per iod,  appea r  
in the judgment of the manufac tu re r  to have been thus  de-  
fect ive and, upon exp i r a t ion  of sa id  war ran ty  per iod ,  a l l  
such  liability sha l l  t e rmina te .  
m e n c e s  with the da t e  of sh ipmen t  o r ,  if the appa ra tus  is 
ins ta l led  or i t s  ins ta l la t ion  supe rv i sed  by the manufac tu re r ,  
with the complet ion of ins ta l la t ion ,  provided s a m e  is not 
unreasonably delayed by the P u r c h a s e r ,  and e x p i r e s  e i the r  
one y e a r  t h e r e a f t e r  o r ,  in the c a s e  of pa r t i c l e  acce le ra t ion  
tubes o r  spec ia l  e l ec t ron ic  tubes ,  in accordance  with spe-  
c i f icat ions included with the s a l e  of s a id  tubes.  

The Warranty  per iod c o m -  

lx. c o s t  - 
HVEC wil l  under take  the respons ib i l i ty  f o r  the 

aforementioned Scope of Work f o r  a firm fixed fee of 
Four t een  Thousand, Seven-Hundred and Ten Dol l a r s  . . . . . . . . . . . . . . . . . . . . . . . . . . $ 14,710.00. 

X. Terms 

a) 1070 down payment  

b) 4070 when equipment  is moved 

c)  40% upon complet ion of a s sembly  a t  
De p a r  tment  of Heal th  

d) 10% upon acceptance  of pe r fo rmance  
(Voltage and Hydrogen ion beam)  

4 of 5 
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WBLICATION 
BY AEC 
AUTHORIZED 0 

I-784 

AIDGET 
PRIMARY 
SECONDARY 

NOTICE OF RESEARCH PROJECT 
SCIENCE INFORMATION EXCHANGE 

SMITKSONIAN INSTITUTION 

U.S. ATOMIC ENERGY COMMISSION 
I 

PROGRAM CATEGORY NO. 
SiQnature of Principal Investigator 

DATE : I L  

SIE NO. 

AEC CONTRACT NO. 

SUPPORTING DIV OR OFFICE 
NAME & ADDRESS OF CONTRACTOR OR INSTITUTION (State the division, department. or profmionat school, m d l a t ,  grduate 
or other, with which this project should be identified.) 

Jotetaer. Adminfacrut:en ' : c o u , ~ i t r l ,  $5- !:, 309011r~ t t  Uttla :&, y'r. 72zdr; 
hafurtti.ma1 S w r t  w,t 
robiahr,; .ard &dlalwtaytrr kernten, 

I 1 3 6 2 2 0  



P r o p o s a l  No. HVM 76,044 May 16, 1969 

XI. Expira t ion  Date 

This P r o p o s a l  is valid f o r  t h i r ty  (30) days.  

M i d b t ' e r n -  Regional  Manager  

R J P : l m g  

4 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

O A K  RIDGE OPERATIONS 
P O  BOX E 

O A K  RIDGE, TENNESSEE 37830 

\ . ' I  1 1  m 

Ralph Elson, Di rector ,  Contract  D iv i s ion  

REQUEST FOR CONTRACT ACTION 

It i s  requested t h a t  you take the necessary steps t o  process the fo l low ing  
described contract  ac t i on  (CAI:  

1 ,  Nature of Act ion Requested: 

[ 3 Select ion o f  New Contractor and/or Negot ia t ion of Contract 
Number: 
Con t rac to r :  

Mod i f i ca t ion  of Contract  

Contractor: V e k r d s  Admlalstrrtlon Horplkl 
Number: AT-(41)11)-388) 

2. Nature o f  Services To Be Covered by Contract: Research 

A ~ I O i U O L O G I C  EVALUATION OF AN IN VITRO M A W k I A N  CELL R E N E W  
3. Type of Cant#@' 

[ ] Support Agreement [ ] Cost Type IX 3 Other 

None 4. 

5. AEC Percentage o f  Est. To ta l  Cost To Be Shown by This CA: 

6. Descr ipt ion o f  Other Chanqes To Be Covered by This CA: 

Amount o f  AEC Funds To Be Obl iqated by This CA: 

#/A 



ACCCR *-a *I 
U S ATOMIC ENERGY COMMISSION 

CONTRACT AUTHORIZATION 
. TO 

8.  B. Sapid., !llyI.r 
hk 8i- --rim 3ffiw 

4 A. CONTRACTOR (Nmmr, 1dd .m.  Dttorrwrmt .  #I( ) 

ADHIM~[STMTIO~ tlN?TfAL 
Little Rmck, A t L ; r u u  722W 

U a d i o l ~  SOIIICO, LR Divtolom 

1, 
tS. F INANCING 

A. OPERATING EXPENSES 

NewAECFunds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f -& 
Estimated AEC Balance From Prior Term, if any . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s 
Estimated Contractor Contribution, On Proportionate Sharing Basis, if any . . . . . . . . . . . . . . . .  S 
Estimated Project Cost, For Pertinent Budget Period. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 

Budget and Reporting Classification: 
Allotment Transfer: 

Budget and Reporting Classification: 
Allotment Transfer: 

a 01 
06 01 91(24) 

B. PLANT AND CAPITAL EOUlPMENf .................................. .s 

14. OPECtAL PROVISIONS A N D  INSTRUCfIONS: 

The  tcchnical aspect% of the propozed work have been reviewed and are ap[vovcd. A nred currently exists for the results of the research or other 
w o r k  that  is to be undcrtaken. None of the AEC funds shall be used to confer a fe!lou.chip. 
Please keep  us informed as 10 any prcblctns encounrcrcd in p u r  nrpotiarions. as wrll a s  rhe date of execution of this contract and the amount d 
funds obligated. If the budgct as negotiared differs substantially from that in the proposal, please forw.trd a copy of the revised budget lo Head- 
quarters. 
If not alrradv sulxnitted, a ZOCLword summary of the proposed work should be forwarded by the contractor as moa as psibk after n c p t h t b n  d 
the contract. 

1. DATE 1. AVTHORIZATIOW 
NO 

JUN 5 R4-70-378) 

Y& R. fotur, ~imctot  
D i r c . i e r  of n o 1 . o  d rwiclm 

CLLlOl P, I Y L W m J  
1 .  L.  SAImU 

4 E ?RINCIPAL INVESTICATOR(S) 

16. 8CO?L O f  WORU 

PIPSIOU .. 
0 NEW CONTRACT 0 RENEWAL a OTHER 

RECOMMENDEO TYPE OF CONTRACT. 

0 FIXED PRICE 0 OTHER 

0 COST REIMBURSEMENT 

m S P E C I 4 L  RESEARCH SUPPORT A G R E E M E N T  ( S R S 4 )  

JUN 8 m. 

6. TERM OF CONTRACT 7. CONTRACT NUMBER 

AT( 40- 1 ) 3U4 U-31-70 am +-)I 
0. EQUIPMENT TITLE TO VEST IN: 1 0 .  SECURITY CLASSIFICATION 
0 AEC 
13 CONTRACTOR Work to be performed is under c a t e r o o r p I  

as defined by AEC Manual Appendix 3101. 

i I 3 8 2 2 3  



VETERANS ADMINISTRATION 
LIITLE ROCK HOSPITAL DIVISION 

LlITLE ROCK, ARKANSAS 72206 
300 EAST R-VTLT ROAD 

May 5, 1970 

M r .  C. S. Shoup 
Chief, Research Contracts Branch 
Laboratory and Univers i ty  D i v i s i o n  
US Atomic Energy Corrmission 
P. 0. Box E 
Oak Ridge, Tennessee 37830 

IN RCPLY RE- TO: 598-00 

Contract No. AT-(40-1)-3884 

Dear M r .  Shoup: 

The above contract  a r r i ved  and has been processed. Under the terms o f  
t h i s  contract ,  the contract  per iod w i l l  cover January 1, 1970 - Decem- 
ber 31, 1970. As you know, the contract  d i d  not become f i n a l i z e d  u n t i l  
a f t e r  May 1, 1970. 

Because o f  the delay i n  
p r o j e c t  . Consequently , 
personnel. The p ro jec t  
t o  compl e te  , however. 

funding, D r .  Dalrymple suspended work on the 
he d i d  not  i ncu r  expenses f o r  supplies o r  
, as described, w i l l  require one year o f  e f f o r t  
Therefore, D r .  Da l rmp le  requests t h a t  the 

971. This w i l l  n o t  
he does not  p lan t o  make 
1970. 

terminat ion per iod be extended u n t i l  June 30; 
cause any increase i n  required funding because 
expenditures against the contract  u n t i l  Ju l y  1 

H o s q  t a l  D i rector  

Include Zip Code in  your return address and give veteran’s social security number. 
Sbm wtHan’s fnll llclllu and VA j% d M d cwnrpadmrr. If VA i s  urrlnocm, sbow s m i a r  #IIAkl. 



John R. T o t k r ,  Mmctor, Dlvlslon of Blologlr and Wlc lna ,  HQ 

CONTRACT NO. AT-(40-1)-3884 - W I T H  VETERUIS A(mIN1STRATIOH 

Enclosed f s  a self-ex lanatory le t te r  fnm the Ve*rans Mnlnlrtra- 
t lon  dated thy 5, 1971. 

Please advfse US whether you mcur I n  the extensfon o f  the 
contract period fron Dacaaber 31, 1970 to June 30, 1971 without 
add1 tl onal funds. 

e m n  H. Roth, Director 
and Unlvenlty Dlvlrlon 

Oak Ridge Opr8tlons 

Encl mum: 
Ltr fr K30 dtd 5-5-70 

;? .*?. k I2 





UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 
P O .  BOX E 

OAK RIDGE, TENNESSEE 37830 

Ralph Elson, Director, Contract D iv i s ion  

REQUEST FOR CONTRACT ACTION 

It i s  requested t h a t  you take the  necessary steps t o  process the  fo l low ing  
described contract  ac t i on  (CAI :  

Nature of Action Requested: 

Selection of New Contractor and/or Negot iat ion o f  Contract 
Numbe r : 
Contractor: 

Modi f i ca t  i on o f  Con t r a c t  
Number: AT-(40-1)-3884 
Contractor: Veterans A b l n i s t r a t i o n  Hospl tal 

Nature o f  Services To Be Covered by Contract: 

T i t l e :  A RADIObIOLOGIST EVALUATIOIJ OF AN IN VITRO MAMMALIAN CELL RENEWAL 

Type o f  Contract: 

Research 

SYSTEM 

[X  3 Support Agreement [ 3 Cost Type [xxl Other 
EXTENSION 

Amount o f  AEC Funds To Be Obligated by This CA: $1 5,000.00 

AEC Percentaqe of Est. To ta l  Cost To Be Shown by This CA: 

Descript ion o f  Other Changes To Be Covered by This  CA: 

+9"/0 

Mdlfy contract to provide f o r  the pertonnurce o f  rdditionrl research 

DeceRsber 31, 1970. The AEC' support will not exceed $15,000.00. 
to be completed during the perlod January 1 ,  1970 through / I  &-/ 

Authori ts 
Fora AEC-481 (CA) fr J. R. To 
to S. R. Sapid@ dtd 2-20-70 

Herman M. Roth, D i r e c t o r  
\ 0LE: jw 

i! 
Laboratory and Uni v e r s i  t y  D iv i s ion  

[:-.:.;'I> 
* J I 4 i I j- s - Y 



I m.4 .I 

LCC U. S. ATOMIC ENERGY COMMISSION 

a. 
0 NEW CONTRACT =RENEWAL a OTHER 

6. RECOMMENDED TYPE O F  CONTRACI: 

0 FIXED PRICE 0 OTHER 

0 COST REIMBURSEMENT 

S P E C I A L  RESEARCH SUPPORT AGREEMENT (SRSA) 

1. DATE 2. AUTHORIZATION 
NO. 

4.0. PRINCIPAL INVESTIGATOR ( 5 )  

OaiE 7. JALU-PA 
J. 5. SA- 

6. TERM OF CONTRACT 7. CONTRACT NUMBER 

1-1-70 thy 12-31-70 I AT(L+1!33uL 
0. EQUIPMENT TITLE TO VEST IN: 1 0 .  SECURITY CLASSIFICATION: 

0 AEC 
m C O N T R A C T O R  I Work to be performed is under categoryf 

as dchncd by AEC Manual Appendix 3401. i - 
11. PROJECT TITLE 

"A FLsdf~olagic Braht&lcm of m In Vitro -an CeU Bfnraal S y 8 W  
12. HEADQUARTERS TECHNICAL CONTACT 

1s. F INANCING 

A. OPERATING. EXPENSES 
N ~ ~ A E c F ~ ~ ~ J . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t 15,000 

s 15,000 

15,003 

Estimated AEC Balance From Prior Term, if any . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 

Estimated Contractor Contribution, On Proportionate Sharing Basis, if any . . . . . . . . . . . . . . . .  $ 

- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -- 
Estimated Project Cost, For Pertinent Budget Period . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 

Budget and Reporting Classification: 
Allotment Transfer: 

a OQ 
!% CTf n!a) 

8. PLANT AND CAPITAL EQUIPMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .s 
Budget and Reporting Classification: 
Allotment Transfer: 

14, SPECIAL PROVISIONS AND INSTRUCTIONS: 

The technical atpecrq of the propnzrd work hive been reviewed and are approved. A need currently u i s t s  for the results of the research or other 
work that  is KO be undcnaken. None of the AEC funds sl,a:l be used to confer a fe!lowship. 
Picase keep us informed as I O  any problcinr cnr,:unlcrtd in your nrgotialions. as well a s  the date of execution of this contract and the amount of 
funds obligated. If the budgct as nefotiated diHers substantially from t h a t  in the proposal, please forwxd a copy of the revised budget 1 0  Heaj- 
quarters. 
If not alrcadv sulirnitwd. a 2Wword summary ol the proposed work should be forwarded by the cootractor as m a  as possibk after oepotution d 
the contract. 

=IS 38xU -SAL -3 FCR TES m T .  

la. BCOPL OF WORK 

I f 3 8 2 2 8  



...... A L C C I  
U. S. ATOMIC ENERGY COMMISSION 1. 0*rt ' 8 .  AUTMt3RIZATlON 1 NO. 

FE8 2 0 1970 CONTRACT AUTHORIZATION 

- 
Allotment Transfer: 

-70-381 

B PLANT AND CAPITAL EQUIPMENT .................................. .s 
Budget and Reporting Classification: 
Allotment Transfer: 

14. SPECIAL PROVISIONS A N D  INSTRUCTIONS: 

The technical aspects of the propmed work have heen reviewd and are approved. A need currently exists for the results of the research or other 
work that is  to be undcr:aLcn. None of the AEC funds shall be u s d  to confer a fellowship. 
Pleezc keep us inlormcd a s  IO any problcing enrounrrred in your negotiations, as well as rhe date of execution of thL contract and the amount of 
funds obiigated. I f  the budget as negotiated differs substantially from that in the proposal, please forward a copy of the revised budget to Heai- 
quarters. 
If not a l r n d v  suhnitted, a 2Wword summary of the proposed work should bc forwarded by the contractor mo aa polsibk after oce tu tbn  d 
the contract. 

. . tu 
8 .  It. 3.?1?*8, va.wc 
OIL U&a Oprratioor O f f h a  

L t t t h  h k ,  r - u  722W 

4 . A .  CONTRACTOR ( N a m r .  A d b r r i .  Dt;artmcml, #tc.) 

ADHUIISRATIOQ RO6PITAL 

k l t o l w  S.rviea, Ll D l v b i a  

lhir contract is kiq uteadrd for t h r n  mmtb t o  allw tim for procerriq 
the mama1 proporal. 

sa. FROM 

J o b .  I .  T e t u t ,  blrrctor 
DivL.1- of Biolagy a d  Wrditiw 

4.B. PRINCIPAL INVESTIGATOR ( 0 )  

ClODl '1. v.LR11pu 
J .  L. SA- 

0 FIXED PRICE 0 OTHER 

0 COST REIMBURSEMENT 

a S P E C I A L  R E S E A R C H  S U P P O R T  A G R E E M E N T  ( S R S A )  

AEC % CONTRACTOR Work to be performed is under c a t c g u r y I  

as defined by AEC Manual Appendix 3401. 



VETERANS A D M I N I  STRAT ION HOSPITAL CONTRACT NO. AT-(40-1)-3884 

APPE N D I X I' A" 

For the Contract Period January 1 ,  1970 through December 31, 1970. 

A-I RESEARCH TO BE PERFORMED B Y  AGENCY 

The Agency wi l l  cont inue s tudies  and evaluation of the e f f e c t s  o f  f a s t  
neutrons on r e p a i r  of rad ia t ion  injury by cultured mammalian ce l l s  to  
include measurements of the rejoining of DNA breaks by L c e l l s  and 
Chinese Hamster c e l l s ,  using both the polynucleotide kinase method and 
w i t h  a l k a l i n e  sucrose gradients  a f t e r  the neutron i r r a d i a t i o n .  Results 
w i l l  be compared t o  pa ra l l e l  experiments i n  which c e l l s  a r e  exposed to  
X-rays. Measurement of DNA rejoining wil l  be compared w i t h  s ing le  ce l l  
survival studies. RBE estimates f o r  a spec i f i c  biochemical process i n -  
volved i n  the r e jo in ing  wi l l  be developed. 

The Principal  Inves t iga to r  expects t o  devote approximately 25% of his 
time o r  e f f o r t  t o  the pro jec t .  

A-I1 WAYS A N D  MEANS OF PERFORMANCE 

( a )  Items Included i n  Total Estimated Cost: 

( 1 )  S a l a r i e s  and Wages: 

Dr. G. V .  Dalrymple, Principal Invest igator  

Research Associate 

Research Technician 

Research Technician 

(25% o f  time) - $8,000.00* 

(50% of time) - $7,215.00* 

( 8% of time) - $ 826.00* 

(100% of time) - $6,355.00 

( 2 )  Supplies and Materials: 

$22,396 .OO 

6,560 .OO 

Cul ture  Medi urn, Biochemicals and Radi osotopes, 
C02 Air Mixture, Glassware, e t c .  

( 3 )  Travel: 300.00 

( 4 )  Comnuni cat ions:  

(5)  Publ icat ions:  

200.00 

400.00 

(6) I n d i r e c t  Cost (10% of Direct Cost exclusive 
of amount marked * ($16,041.00), 
which a re  being contributed by 
the Agency. ) 1,382.00 

f 1 3 8 2 3 0  



VETERANS ADMINISTRATION HOSPITAL 2 CONTRACT NO. AT-(40-1)-3884 

( b )  Items S i g n i f i c a n t  t o  the Performance o f  This Agreement, 
But Excluded From Computation o f  Tota l  Cost and From 
Consideration i n  Proport ioning Costs: 

None 

A-TI1 The t o t a l  estimated cos t  o f  A - I 1  (a)  above f o r  the per iod  s tated 
above i s  $31,238.00. 

1 I 3 8 2 3  I 



VETERANS ADM~N~STRAT~ON 
LITTLE ROCK HOS=ITA, CivislON 

300 C A S -  RCOSEvELT R O n O  

LITTLE ROCK, A ~ K A N S A S  72206 

YOUR FILE RLFEALNCL: 
March 29, 1970 

'Mr. C. S. Shoup, Chief 
Research Contracts Branch 
Laboratory and University Division 
US Atomic Energy Commission 
P. 0. Box E 
O a k  Ridge, Tennessee 37830 

Contract No. AT- (40-1)-3884 ,g 
j. Dear Mr. Shoup: 

Enclosed is the revised b The 
US AEC contribution is $15,197 ($13,815 plus 10% indirect). The Veterans 
Administration-University of Arkansas Xedical Center contribution is 
$16,041. 

get f o r  Contract No. AT-(40-1)-3884. 

If you need more information please communicate with Dr. Dalrymple. 

. W V A  2 e K I ; c L . x  
K. J. O'BRIEN 

Hospital Director 
Vetkrans Administration Hospital 

Little Rock, Arkansas 

. GLENN V. DALRYXPLE, M. D. 
Bead, Division of Nuclear Medicine 
Associate Professor of Radiology 
Biometry, Physiology--Biophysics 

University of Arkansas Medical Center 
Chief Radiologist 

Acting Chief, Radioisotope Service 
Veterans Adminis tration Hospital 

Little Rock, Arkansas 

Include Zip Code in your return address and give veteran's social security number. 
Sbero w ~ d 3  fdl mmr a d  VA filr nnmbn on a!! C m r Q A t .  If VA nwnbtr i s  m&m, rbolrr stwin m h .  

f t 3 8 2 3 2  - -. 
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i 

BUDGET 

a. S a l a r i e s  t 

0 

Pr inc ipa l  Inves t iga tor  

Glenn V. Dalrymple, M. D. 
Head, Division of Nuclear Medicine 
Associate Professor,  Radiology, 
B i o m e t r y ,  Physiology-Biophysics, 
UAMC. Acting Chief, Radioisotope 
Service,  VAE 
(3/12 tiple f o r  12 mo/year) 

Research Associate 

A. J .  MOSS, Jr.,  M. S .  
(6/12 time f o r  L2 mo/year) 
FICA 

R e s  e arch Technl c i  ans 

K. P. Wilkinson, B. S., B. A. 
(1/12 t i m e  12 mo/year) 

Rowena Mi l l ik in  
(12/12 time 12 mo/year) 
FICA & Uniform Allowance 

t A l l  salaries include f r inge  
b e n e f i t s .  Amount of FICA 
In parenthesis .  * GS-12 Salary Scale  

b. Equipment 

Miscellaneous Glassware 

c. EXP endable Items 

Tissue Culture Medim, Serum, 
Bacterial Cul ture  Medium 

Radioisotopes p2P0, )  , T r i t i a t e d  
Compounds 

Biochemicals, Small Items 
Glassware 

$ 8,000 

7,215 ,? 

826 

$ 500 

$ 2,000 

1,000 

1,000 
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c. Expendable Items, Contd 

P l a s t i c  Flasks,  P e t r i  Dishes, 
Tubes, e t c .  

C02-Alr Mixture ($30 p e r  e 

week x 52) 

d. Travel 

e. Communications 

f .  Publ icat ions 
(Includes page charges and 
r ep r in t s  of publ ica t ions)  

- Tota l  Pro jec t  Cost 

Contribut ion--Vet erans Adminis t r a  t i on  
(Dr. Dalrymple's and Mrs. Wilkinson's 
S a l a r  ies ) 

Contribution--University of Arkansas 
Medical Center 
(Mr. Moss' Salary) 

- Tot a1 Contributions 

Difference--Total P ro jec t  Cost 
less Contributions 

Ind i r ec t  Costs (10% of Difference) 

Amount requested from US AEC 

$ 500 

1,560 

300 

200 

400 

$ 29,856 

$ 8,826 

7 , 215 

$ 16,041 

$ 13,815 

1,382 

$ 15,197 

. 
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VETERANS ADMINISTRATION 
LIITLE ROCK HOSPITAL DIVISION 

LITTLE ROCK, ARKANSAS 72206 
300 EAST ROOSEVELT ROAD 

September 17 ,  1969 

IN REPLY RmFER TO: 

FINANCIAL STATEMENT 1/1/69 - 12/31/69 

AEC Contract No. AT-(@-l)-3884 A s  of 9/17/69 

Vet.Adm. AEC Total 

INCOME $19,636 $17,490 $37,126 

EXPENSES : 

Salaries : 
Dr, Dalrymple (Physician) 

Actual 1/1/69-8/31/69 
Est. 9/1/69-12/31/69 

Dr. Sanders (Physician) 
Actual 1/1/ 69-8/31/69 
Est. 9/1/69-12/31/69 

Actual 1/1/69-8/31/69 
Robinette (Technician) 

ES t . 
Actual 1/ 1/ 69 - 8/ 31/69 
E s t .  9/1/69-12/31/69 

Sundry Technician Hours 
Actual 1/1/69-8/31/69 

9 / 1/69 - 12 / 31 / 69 
Milliken (Technician) 

Est. 9 / 1/69-12/31/69 
Total Salaries 

. , J  

$ 4,250 $ -0- $ 4,250 
2 ,  500 -0- 2,500 

5,543 -0- 5,543 
2,470 -0- 2,470 

4,755 4,755 

-0 - 3,548 3,548 

1,000 1,000 

-0- 
-0- 2,684 2,684 

-0- 1,942 1,942 

500 500 
lJ $16,263 - 1/ $12,929 &/ $29,192 

Materials and Supplies : 
Actual 1/1/69-8/31/69 $ -0- $ 3,039 $ 3,039 
E s t .  9/1/69-12/31/69 -0- 1,520 1,52C 

Total Materials and Supplies  $ -0- 2/ $ 4,559 $ 4,555 

Indirect Costs (Includes A d m . , g $  1,626 - 31 $ 1,749 z/ $ 3,371 
overhead, etc . , 10%) 

TOTAL EXPENSES 4/ - $17,889 4/ - $19,237 k/ $37',12 

Page 1 of 
Include Zip Code in your return address and give veteran's social security number. 

Sborcr c~tmav'r fdl w dnd VA $18 d w  on Jl amrpondrllrr. If V A  mwnbtr ir mnknowm, rbow smim rrumbrr. 



Financial  Statement 1/1/6+12/31/69, Cont' d. 

Foot notes : 

Salar ies  - T h i s  represents  25% of D r .  Dalrymple, 
50% of Dr. Sanders, 100% of Hobinette and Milliken, 
and approximately 400 hours of various VA technicians '  
time o r  20% of one fu l l - t ime equivalent.  

Materials and Supplies  - This represents a c t u a l  
i den t i f i ab le  purchase orders  and documents through 
8/31/69 and a prorated amount of t h i s  actual amount 
fo r  t h e  estimate through 12/31/69. 

Indirect C o s t s  - Thia represents  10% of the salary 
and supplies paid  f o r  by c U C  and the VA, 

Total Expensee - The d i f f e rence  between t o t a l  expense 
and t o t a l  received by AEC'Grant d l S  be absorbed by 
VA f i n a c i a g .  

. 

I ce rt i f  y that,. rba &Qy@,. i in&wi& I f 8 f m q  f: + ~ G ~ c W ~ S & -  . - -  * 
r e f l e c t s  the s t a t u s  of these accounts t o  my best knowledge 
and be l i e f .  
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VETERANS ADM IN ISTRATION 
L I ~ L E  ROCK HOSPITAL DIVISION 

300 EAST RoOuvLLT ROAD 

LITTLE ROCK, ARKANSAS 72206 

September 18, 1969 
YOUR FlUCILRRCmL:  

IN M P L Y  R C F R  TO: . Mr. Herman M. Roth 
Director 
Laboratory and University Division 
U. S. A t o m i c  Energy Commission 
Post Off ice Box E 
Oak Ridge, Tennessee 37830 

Dear Mr. Roth: 

SUBJ: Renewal of Contract No. AT-(40-1)-3884 

Dear Mr. Roth: 

The Information requested f o r  continuation of the  above cont rac t  i s  
enclosed. 
por t ion  of the  renewal proposal. 
s igna tures  is ident i f ied .  

You w i l l  no t ice  t h a t  the  "Progress Report" I s  a lso  a 
The copy containing the  o r i g i n a l  

If add i t iona l  technical information is needed, please contact D r .  
Dalrymple. 

Sincerely,  

Enclosures: -P& 
1. Progress Report (7) 

Form AEC-427 (1) 
2. Renewal Proposal ( 6 )  
3. Expenditure Statement ( 6 )  
4. Notice of Research Pro jec t  (4) 

cc: 
US AEC, Washington, D. C. 
Chief of Staff  
Chief Radiologist 

Include Zip Code in your return address and give veteran's social security number. 

Sbow vrrncm's fdl ~M~AI md VA $18 ambw M dl c0mS)nrhrur. If VA d ir u h m .  sboro s a r i n  h. 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

O A K  RIDGE OPERATIONS 
P O  BOX E 

O A K  RIDGE, TENNESSEE 37830 

September 26, 1969 

John R. Tot te r ,  Di rector ,  D iv is ion  o f  Biology & Medicine, HQ 

RENEWAL Of CONTRACT ATg(4b1)- 3884 VETERANS ADMINISTRATION 
HOSPITAL (Dr. K. 3. O'Brien) 

We are submittlng for  your review and appropriate actlon the 
following infonnation concerning the contract W c h  will explre 
OnDecember 31,  1969 

1. Renewal Proposal ( 4 )  
2. Progress Report ( 4 )  

4. 2oo-wordsuanary ( 3 )  
3. Financial Statement (4)  

Ye shall appreciate your advising us o f  your doclslon so that v) 
nay proceed w i t h  the necensay contract rct ion a t  the ear l las t  
posstble date. 

OLE: JDB 

Hennan H. Roth, D Inc tov  
Laboratory and Unlverslty D IV IS IOR 
Oak Rtdge Operatlons 

Endosums : 
As l i s t e d  Above 

BC: A l i c e  Brown 
0. S. Zachry, w/cy Progress Report 
R. L. Shannon, DTIE, w/cy Progress Report & Form AEC-427 
C. S. Shoup, w/cy encls. 

*- 
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AN EVALUATION OF THE EFFECTS OF FAST NEUTRONS 
ON THE 

REPAIR OF RADIATION INJURY BY CULTURED MAMMALLU CELLS 

A Proposai for the Renewal of 
Contract No .  AT-(40-1)-3884 

United States Atomic E n e r g y  C o m m i s s i o n  
Submitted t o  the 

. 
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T i t l e  An Evaluation of the Effec ts  of Fast  Neutrons 
on the  Repair of Radiation Injury by Cultured 
Mammalian Cells 

1. - 

2. I n s t i t u t i o n  Radioisotope Service 
Veterans Administration Hospital  
L i t t l e  Rock, Arkansas 

3. Pro jec t  Abstract  

Research during the  p a s t  severa l  years  has focused 

upon DNA as the  t a r g e t  pr imar i ly  involved i n  the pos t - i r rad ia t ion  loss 

of p r o l i f e r a t i v e  capac i ty .  Recent experiments have demonstrated t h a t  

while X and y rays cause breaks i n  the  DNA molecule, many of the  breaks 

are rap id ly  rejoined.  We have very recent ly  shown, using t h e  polynucleo- 

t i d e  kinase assay system, t h a t  many post- i r radiat ion DNA breaks are char- 

ac te r ized  by 5'  PO4 termini .  

for radiotherapeut ic  purposes, much more information is needed about the 

na ture  of r ad ia t ion  damage caused by neutrons. 

measure the r e jo in ing  of DNA breaks by L c e l l s  and Chinese Hamster c e l l s  

(CHO) by both the  polynucleotide kinase method and with a l k a l i n e  sucrose 

gradients  a f t e r  neutron i r r a d i a t i o n .  

p a r a l l e l  experiments i n  which c e l l s  were i r r ad ia t ed  with x-rays. 

measurements of DNA r e jo in ing  w i l l  be compared with s ing le  cel l  su rv iva l  

s tud ies .  The r e s u l t s  of the p ro jec t  w i l l  not only add information about 

the e f f e c t s  of neutrons on DNA re jo in ing ,  but  a l so  RBE estimates f o r  a 

s p e c i f i c  biochemical process involved i n  DXA re joining w i l l  be developed. 

With the  re-awakening of i n t e r e s t  i n  neutrons 

To t h i s  end we plan t o  

These r e su l t s  w i l l  be  compared t o  

The 
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4. S c i e n t i f i c  Background 

As research during the past two decades has shown, 

DNA represents  a s i t e  of considerable  radiobiologic  importance. 

t o  cur ren t  thought, r a d i a t i o n  causes the  c e l l  t o  lose  p ro l i f e ra t ive  in- 

t e g r i t y  v i a  damage t o  DNA. 

have been used t o  demonstrate r a d i a t i o n  induced DNA breaks i n  cul tured 

mammalian cel ls .  The f irst ,  and o l d e r  method, uses the u l t racent r i fuge .  

(1 - 7) 

mentation pa t te rns  a t  a l k a l i n e  pH, whi le  double stranded breaks are 

measured a t  neu t r a l  pH. Within t h e  pas t  f e w  months, w e  have introduced 

another  method t o  measure DNA breaks.  (8, 9) This requires  an enzyme known 

as polynucleotide kinase.  Reprints  of our  papers (Biochemical and Bio- 

phys ica l  Research Communications, Vol. 35, No. 2, 300, 1969 and Vol. 36, 

No. 2, 284 ,  1969) are a t tached  f o r  your reference.  This method allows 

t h e  de t ec t ion  of DNA breaks charac te r ized  by 5' PO4 termini. 

of our experiments have suggested several  in t e re s t ing  points: 

According 

To da te ,  two bas i c  biochemical techniques 

Single  stranded DNA breaks are detected by studying DNA sedi- 

The r e s u l t s  

1) The appearance rejoining of the 5 '  PO4 termini 

a f t e r  i r r a d i a t i o n  requi res  energy. 
\ 

2) The rate of re jo in ing  of these termini,  as 

measured by polynucleotide kinase,  is v i r t u a l l y  iden t i ca l  t o  r e s u l t s  

from u l t r acen t r i fuge  experiments. 

3) Rejoining of these  5 '  PO4 termini occurs i n  

s p i t e  of i nh ib i t i on  of DNA syn thes i s .  

4) Sol id  t i s s u e s ,  such as l i v e r  and rat sarcoma, 
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show re jo in ing  of t h e  5' PO4 termini. 

From our experience with low L.  E. T. rad ia t ion  

(250 kVp X-rays), the development of DNA breaks requires  energy ( 2 ) .  

Treatment of L c e l l s  with dinitrophenol (which uncouples oxidative 

phosphorylation) before  i r r a d i a t i o n  prevents  the appearance of DNA breaks. 

Removal of the dini t rophenol  af ter  i r r a d i a t i o n ,  however, allows the breaks 

t o  appear. 

I r r ad ia t ed  with high L. E. T. radiations--such as neutrons. Does high 

L. E. T. r ad ia t ion  produce DNA breaks,  per set o r  i s  metabolic intervent ion 

necessary ? 

A very important question concerns the behaviour of DNA 

High L. E. T. r ad ia t ions  (such as neutrons) are 

known t o  change the recovery c h a r a c t e r i s t i c s  of cul tured mammalian c e l l s .  

Single  dose su rv iva l  curves show a decreased ex t rapola t ion  number (N) 

and a decreased Do, as compared with low L. E. T. rad ia t ions  (10, 11).  

At present ,  t o  the  b e s t  of our knowledge, a l l  of 

the experiments concerned with re jo in ing  of DNA breaks have been performed 

with low L. E. T. rad ia t ions .  High L. E. T. rad ia t ions  have not ,  as y e t ,  

been s tudied.  Consequently, experiments concerned with the influence of 

high L. E. T. rad ia t ions  on the processes responsible fo r  re joining 

broken DNA molecules is  of considerable importance, per se. 

ment of RBE da ta  f o r  these processes a l s o  has considerable i n t e r e s t .  

We plan  t o  study r e jo in ing  of DNA breaks a f t e r  

The develop- 

I r r a d i a t i o n  with neutrons,  as compared with x-rays. We w i l l  use both 

a lka l ine  sucrose u l t racent r i fuge  methods and the  polynucleotide kinase 

method. Two l i n e s  of cul tured c e l l s ,  L cells and Chinese Hamster (CHO) 
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cells,  w i l l  be s tud ied .  From the da ta ,  w e  w i l l  b e  ab le  t o  develop RBE 

values  f o r  a highly s p e c i f i c  (and we be l ieve  very important) type of 

r ad ia t ion  damage. 

Some quest ions w e  plan t o  consider are l i s t e d  (not 

necessar i ly  i n  order of importance) below. 

1. Do neutrons produce a change i n  1) the  ra te  of 

appearance and 2) t he  rate of re jo in ing  of 5' PO 

mammalian ce l l  DNA as compared wi th  250 kVp x-rays ? Do neutrons produce 

an increased number of t hese  termini--as compared t o  x-rays ? 

termini  i n  cul tured 4 

2. Do neutrons produce an increased number of 

breaks character ized by 5 '  PO4 termini i n  cultured mammalian c e l l  DNA 

whi le  the cells are under the inf luence of dinitrophenol ? Is energy 

required f o r  the  appearance of these breaks--as i t  seems t o  be i n  the case 

of X-irradiated cells ? 

3. Do dose modifying agents such as cysteamine, 

N2, and 02 produce changes of the same type and magnitude as seen  i n  

su rv iva l  experiments when the  e f f e c t s  of x-rays and neutrons are compared ? 

4. Is the  RBE (neutrons vs x-rays) t h e  same fo r  the 

development of breaks character ized by 5' PO 

ce l l  su rv iva l  ? 

N2, 02, o r  pretreatment w i t h  BUdR ? 

termini as i t  is  f o r  s ing le  4 
How is the  RBE influenced by treatment wi th  cysteamine, 

5 .  Does the  production and r e jo in ing  of 5' PO4 

termini  vary as ir func t ion  of the  pos i t ion  of ,he cel l  i n  t h e  in t e rmi to t i c  

i n t e r v a l  a f t e r  neutron i r r a d i a t i o n  ? 

6. Do t he  r e s u l t s  from a lka l ine  sucrose  gradients  
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experiments paral le l  the r e s u l t s  from the  polynucleotide kinase assay, 

a f t e r  both neutrons and x - i r r ad ia t ion  ? 

7. Do p la teau  phase Chiqese Hamster cells  show 

changes i n  1) su rv iva l  c h a r a c t e r i s t i c s  and 2) re joining of DNA breaks 

following neutron i r r a d i a t i o n  as compared with x-rays ? Is there  a 

d i f f e rence  i n  response of log  phase cel ls  vs plateau phase cel ls  following 

neutron i r r a d i a t i o n  ? 

5 .  S c i e n t i f i c  Scope 

The methods which w e  plan t o  use are standard and 

they have been i n  use i n  our labora tory  f o r  s eve ra l  years.  We have used 

cu l tured  mammalian ce l l s  f o r  both c e l l  su rv iva l  and biochemically based 

rad iobio logic  s tud ies .  

A. - C e l l  Surv iva l  Techniques 

The methods used i n  our laboratory are already 

i n  p r i n t  (12-14). The ce l l s  are c a r r i e d  as monolayers u n t i l  time f o r  

experimentation. The c e l l s  are t ryps in ized ,  d i lu ted ,  plated,  allowed a 

per iod of t i m e  t o  a t tach ,  i r r a d i a t e d  and/or t r ea t ed  with other agents,  

and incubated f o r  1 - 2 weeks t o  allow colony growth. The c e l l s  are kept  

2 
i n  a water jacketed incubator a t  37OC i n  a high humidity, 95% air  5% GO 

atmosphere. 

B. Autoradiographic Methods 

We use several techniques which involve e i t h e r  

cells at tached t o  g lass  s l i d e s ,  o r  t o  p l a s t i c  p e t r i  p la tes .  Brief ly ,  the  

procedure used is as follows ( t h i s  is  a modification of t ha t  described 

by Jo f fe s  (15). The surface containing the cel ls  is  coated with 

- 5- 
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Kodak NTB 3 emulsion, an appropriate  exposure time allowed (usually 2 

weeks) a f t e r  which the preparat ions are developed, s t a ined ,  and the c e l l s  

counted. 

C. Biochemical Methods 

1. Polynucleotide k inase  assay system 

The method descr ibed by Richardson is used 

f o r  the  measurement of the  5 '  PO4 termini  (16). The appl ica t ion  of t h i s  

method t o  i r r a d i a t e d  DNA has a l ready been published from t h i s  laboratory 

( 8 , 9 ) .  Br ie f ly ,  cells are i r r a d i a t e d  and then lysed wi th  sodium dodecyl 

sulphate .  Following l y s i s  , they are t r e a t e d  wi th  pronase, boiled RNAse, 

chlorof orm-isoamyl a lcohol  , and d i a l y s i s .  Af te r  d i a l y s i s ,  the  DNA i s  

t r ea t ed  wi th  a l k a l i n e  phosphatase. 

by reac t ion  of t he  DNA with AT32P labe led  i n  t h e  gamma pos i t ion  and poly- 

nucleot ide kinase.  

The 5'  PO4 t e rmini  are then iden t i f i ed  

the  AT32P is prepared by the  method of Glynn and 

Chappell (17); t he  polynucleotide kinase i s  prepared by the method described 

by Richardson (16). 

termini  which are now labeled with 32P04) is p r e c i p i t a t e d  with perchlor ic  

Following the  r eac t ion ,  t h e  DNA (containing the 5 '  PO4 

ac id ,  co l l ec t ed  on a mil ipore f i l t e r  d i s c ,  and then counted i n  a l i q u i d  

s c i n t i l l a t i o n  counter. The amount of r a d i o a c t i v i t y  is proportional t o  t h e  

number of 5 '  PO4 termini. The quant i ty  of DNA is measured by Burton's 

diphenylamine method (18). The r e s u l t s  are expressed as DNA spec i f i c  

a c t i v i t y  (see references 1 and 2). 

2. Alkaline Sucrose Methods 

We use a modif icat ion of the method described 

by McGrath and W i l l i a m s  (4). Cells are pre-labeled with high spec i f i c  
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a c t i v i t y  %TdR. 

dodecyl su lpha te  and then gent ly  layered o i t o  5 - 20% a l k a l i n e  (pH 12.8) 

sucrose gradients .  The tubes are allowed t o  s tand  i n  the  cold f o r  30 min. 

a f t e r  which they are cent r i fuged  a t  35,000 rpm f o r  2 hours.  

f i ve  drop f r a c t i o n s  are co l lec ted  d i r e c t l y  i n  l i q u i d  s c i n t i l l a t i o n  v i a l s ;  

a f t e r  co l l ec t ion ,  10 m l  of toluene base counting f l u i d  is  added. 

some experiments, measurement of the 0. D. a t  260 nm I s  needed. For these 

s tud ie s ,  t he  f r a c t i o n s  are co l lec ted  i n  test  tubes,  d i l u t e d  t o  0.5 m l  and 

the 0. D. measured wi th  a spectrophometer. A 0.3 m l  po r t ion  of the 

d i lu ted  sample i s  then  taken f o r  radioisotope counting. 

Following i r r a d i a t i o n ,  the c e l l s  are lysed with sodium 

Usually, 

For 

3.  - C e l l  Synchronization Methods 

We are cur ren t ly  using the  double thymidine 

We use a s l i g h t  modif icat ion of the block method t o  synchronize L cel ls .  

method described by D r e w  and Commerford (19). Cells are seeded In to  

complete Eagle 's  medium supplemented by 10% calf serum. 

seeding, the  medium is replaced with medium t h a t  contains  2 mEi thymidine. 

Following a 24-hour app l i ca t ion ,  the thymidine containing medium is replaced 

with f resh  medium (which does not contain thymidine) f o r  24 hours. 

I s  removed and the  c e l l s  are t rea ted  f o r  a f i n a l  24-hour per iod with medium 

containing 2 mM thymidine. A t  the end of t h i s  period 75 - 100% of the c e l l s  

A t  24 hours a f t e r  

This 

are I n  S phase. 

d i f f e ren t  phases of t h e  In t e rmi to t i c  I n t e r v a l  are: M, 4 h r ;  G1, 4-6 hrs ;  

S, 6-8 hrs :  and G:, 4-6 h r s .  

From autoradiographic experiments t he  dura t ion  of the 

4. Neutrons 

a. Van de Graaff Accelerator  (see 

Attachment No. 1, a proposal  from High Voltage Engineering Corp. (H. V. 24. 

76, 044)). 
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The Veterans Administration Hospi ta l ,  

L i t t l e  Rock, has ,  i n  s to rage ,  a model J .  N. V i  de Graaff acce lera tor .  

Two years ago t h i s  instrument was packed fo r  s torage  by a representa t ive  

of the High Voltage Corporation. The proposal includes the cos t  for  

renovating the acce lera tor  and moving i t  from the Hospital  t o  the Arkansas 

Health Department Building ( 5  miles away). 

The Health Department has an exce l len t  

room (see Attachment No. 2) which w a s  designed and shielded f o r  a 1 4  Mev 

neutron generator. The Van de Graaff acce lera tor  w i l l  be placed i n  t h i s  

room. Adjacent space is  a v a i l a b l e  f o r  the console, the multichannel 

analyzer,  and the operator .  

b. We plan t o  use  the Be9(dn)Bl0 react ion;  

t he  bombarding energy of t he  deuterons w i l l  be approximately 1.3 MeV. 

Fig.  1 shows the average neutron y i e ld  f o r  t h i s  react ion,  as a function of 

bombarding energy. 

Fig. 2 shows the spectrum of neutrons 

as a function of bombarding energy. We an t i c ipa t e  about 1.5 x lo8 
nautrons/pa-sec from the acce le ra to r .  Assuming a beam current  of 100 pa,  

the  t o t a l  neutron y i e ld  would be 

1.5 x lo8 x 100 x 60 = 9 x 10l1 n/100 pa-min. 

Using the f ac to r  of 3.53 x 

rads/n/cm2 ( the f ac to r  f o r  3 MeV neutrons*), and correct ing 4 T geometry, 

the output would be 9 x 10l1 x 3.53 x 3 0  rads/min. 
4 nr2 -7 r 

where r is  the dis tance ( i n  cm) from the  ta rge t .  

* As Fig. 2 ind ica tes ,  the value of 3 MeV i s ,  a t  bes t ,  a rough estimate 
It does, however, suggest the dose rate which of the average energy. 

can be ant ic ipated from the  acce lera tor .  
published dose rates for t h i s  r eac t ion  using 1.8 Mev deuteron 
bombardment (10, 22) . 

This estimate agrees with 
* 
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A t  10 cm, then, w e  should a n t i c i p a t e  a dose r a t e  of approximately 2.5 

rads/min. Since w e  p lan  t o  i r r a d i a t e  the c e l l s  as monolayers, i n  small 

p l a s t i c  p l a t e s ,  or as suspension f l a sks ,  perhaps w e  w i l l  be ab le  t o  use 

higher dose rate; by moving the  sample c loser  t o  the  t a rge t .  

use a pa ra f f in  "cave" (such as described by 

We plan t o  

Schneider and Whitmore (10)) 

t o  reduce the in f luence  of s ca t t e r ed  thermal neutrons.  

After  the acce lera tor  is  set  up, w e  

w i l l  determine t h e  optimum condi t ions for irradiation--by measurement. 

c. Dosimetry 

The p r inc ipa l  method planned for dose and dose 

d i s t r ibu t ion  measurements employs the  use of t issue-equivalent  (22) 

ion iza t ion  chambers. 

Several  physical  forms of Ion chambers w i l l  be 

needed t o  assess t h e  dose as a function of sample arrangement (i. e., 

cells  adhering t o  t h e  w a l l  of an empty cu l ture  b o t t l e ,  c e l l s  i n  aqueous 

suspension i n  a test tube o r  cel ls  on the  sur face  of a growth medium). 

Spherical  chambers of small dimension may be used t o  assess the  neutron 

and gamma dose components as w i l l  be mentioced i n  the  next paragraph and 

also f o r  more r o u t i n e  measurements of dose where su r face  or near surface 

posi t ions are no t  involved. 

d i s t r ibu t ion  measurements. 

chambers constructed wi th  a very th in  (mylar) su r f ace  e lec t rode  one may, 

These may be used as w e l l  f o r  l a t e ra l  dose 

Using t i s sue  equivalent ex t rapola t ion  

by successive add i t ions  of phantom material, eva lua te  the dose a t  any 

depth ( including e n t r y  and exit surfaces)  i n  a given absorber.  Interpre- 

t a t ion  of the  charge l i b e r a t e d  p e r  un i t  mass of gas as absorbed dose, In  

the cavity of such a Bragg-Gray chamber, i np l i e s  a knowledge of both the 
s 
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r e l a t i v e  mass stopping power S (which i s  energy dependent) and of W 

(average energy required p e r  ion p a i r  produced). B u t ,  s i n c e  by far the 

most s i g n i f i c a n t  energy l o s s  mechanism of fast  neutrons of E C 10 Mev 

is by elastic sca t t e r ing  of protons ( i n  hydrogenous material l i k e  t i s sue )  

t hese  values  of r e l a t i v e  s topping power and W per t a in  t o  such protons 

which are the t r u e  source of ion iz ing  energy l o s s .  For protons up t o  

a few Mev appropriate values of S and W are ava i l ab le  i n  the  l i t e r a t u r e  

( f o r  example, "Studies i n  Penet ra t ion  of Charged Part ic les  i n  Matter," 

Natl. Acad. of Sci.  Natl. Research Council Publ icat ion 1133, Washington, 

D. C. (1964); Schaller,  L . ,  Huber, P . ,  and Baumgartner, E., "Measurements 

of the  work per ion p a i r  i n  n i t rogen  for proton and helium ions  i n  the  

energy region below 1 Mev," Helv. Physica Acta (Switzerland) - 36, 113 

(1963); Whyte, G. N., "Energy per  i o n  p a i r  f o r  charged p a r t i c l e s  i n  

gases," Rad Res, 18:265 (1963)) 

- - 

I n  these  experiments, both neutrons and garma 

rays  w i l l  be  present simultaneously,  consequently the expected b io log ica l  

e f f e c t  w i l l  depend not only upon the  t o t a l  dose but  a l s o  on the r e l a t i v e  

cont r ibu t ions  of each component. I n  order  t o  assess accura te ly  the 

r e l a t i v e  contr ibut ion of each component both t i s s u e  equivalent  and neutron 

in sens i t i ve"  (non hydrogenous) chambers will be  employed (21). Using 11 

this procedure, the values f o r  both t h e  neutron dose and gamma ray dose 

may be estimated. 

Al te rna te  methods of neutron dosimetry which 

may be employed are those which u t i l i z e  ac t iva t ion  of threshold f o i l s  of 

var ious  elements, which measurements lead t o  information about both the 

neutron flux above given neutron threshold energies and the  energy d i s t r i -  

bu t ion  of t h e  reutrons.  To obta in  both these types of information w i l l  

- 10- 
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requi re  u s e  of a s tandard radioact ive neutron source (e. g., Am-Be) w i t h  

which t o  c a l i b r a t e  the f o i l s  and f o i l  coun'ters. This s tandard source w i l l  

be  ava i l ab le  a t  the  University of Tennessee Nedical Center,  Memphis, Tenn. 

In  addi t ion  photographic emulsions may be used t o  map the l a t e r a l  homogeneity 

of neutron dose over the area of an i r r ad ia t ed  s a m p l e .  

Routine monitoring of the  neutron dose delivered 

during an exposure of mammalian c e l l s  w i l l  be done by monitoring the 

deuteron beam inc ident  on the  beryll ium ta rge t .  

t h i s  beam i s  accomplished, t he  energy d i s t r i b u t i o n  and f l u x  of neutrons w i l l  

a l s o  remain constant such t h a t  a measurement of the  charged p a r t i c l e  f lux  

on the  t a r g e t  ( i .  e., a meter ind ica t ing  beam curren t  o r  t o t a l  charge 

co l lec ted)  w i l l  b e  d i r e c t l y  re la ted  t o  the  neutron dose absorbed a t  a 

p a r t i c u l a r  pos i t i on  a s  determined i n  a p r i o r  experiment wi th  the  t i s sue  

equivalent  chambers described above. 

Once the s t a b i l i t y  of 

Accuracy of the rad iobio logica l  experiments 

is p a r t l y  dependent on the accuracy of t he  r ad ia t ion  dose measurenents. 

However, the  accuracy of physical  measurements such as dose are seldom 

the  l i m i t i n g  f ac to r s ,  as i s  the  case here  where the  b i o l o g i c a l  e r rors  

may e a s i l y  reach values of 10% or so. It i s  thought t h a t  e r r o r s  

considerably smaller than t h i s  can be a t t a ined  i n  the  measurement, by 

one o r  more of the  above methods, of the neutron dose and dose d i s t r i -  

bution. 

d.  Radiation Safety Program 

(See Attachment 3 ) .  
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6. Experiments to Answer Proposed Questions 

1. Do neutrons produce a change i n  1) the ra te  of 

appearance and 2)  the  ra te  of r e jo in ing  of 5 '  PO,, termini i n  cu l tured  

mammalian c e l l  DNA as compared with 250 kVp x-rays ? 

an increased number of these termini--as compared t o  x-rays ? 

Do neutrons produce 

We plan t o  follow the bas i c  experimental design 

f o r  s tud ie s  which w e  have published (1). 

brought i n t o  suspension, i r r a d i a t e d ,  and the  samples processed as 

described. 

Namely, the  cel ls  w i l l  be 

For these comparison experiments, a port ion of the c e l l  

suspension w i l l  be  i r r a d i a t e d  with neutrons while the other  por t ion  w i l l  

be I r r ad ia t ed  wi th  x-rays; s u f f i c i e n t  samples w i l l  be co l lec ted  t o  character-  

i z e  the dose--response curve. 

2. Do neutrons produce an increased number of breaks 

character ized by 5'  PO,. termini  i n  cu l tured  mammalian ce l l  DNA while  the  

cells  are under the inf luence of d in i t rophenol  ? Is energy required f o r  

the  appearance of these breaks--as i t  seems t o  be i n  the case of x-irrad- 

i a t ed  cells ? 

Again, w e  plan t o  follow the bas i c  experimental  

design f o r  s t u d i e s  already i n  p r i n t  (2) .  

suspension--either in 10-4M DNP or i n  glucose f r e e  Hank's balanced salts  

so lu t ion  (HBSS). 

Cells w i l l  be brought i n t o  

Samples of ce l l s  i n  both DNP and HBSS w i l l  be i r r a d i a t e d  

with neutrons and processed as described. For comparison, o ther  po r t ions  

of cells  (DNP and HBSS) w i l l  be i r r a d i a t e d  with x-rays, 

3. Do dose modifying agents such as cysteamine, 

N,. and 07 produce chmges of the same type and magnitude as seen i n  
b 

surv iva l  experiments when the  e f f e c t s  of x-rays and neutrons are c o q a r e d  ? 

- 12- 
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For these  experiments, suspensions of c e l l s  w i l l  

be i r r a d i a t e d  under the  following conditions:  '1) i n  an environment equi l i -  

b ra ted  with 100% N 2 ,  2) i n  an environment equi l ibra ted  wi th  100% 02, and 

3) i n  a suspension which conta ins  cysteamine . We have a Yellow Springs 
* 

oxygen e l ec t rode  s y s t e m  which has been adapted f o r  rad iobio logic  experi- 

ments. 

the  des i red  degree of oxygenation can be maintained. 

By charging the ce l l  suspension with the proper gas (N2, 02, or a i r ) ,  

Following neutron i r r a d i a t i o n ,  samples w i l l  be 

co l l ec t ed  and processed as described. For comparison, o ther  samples w i l l  

be  co l l ec t ed  after x- i r rad ia t ion .  Samples w i l l  be  obtained f o r  both 

su rv iva l  measurements, as w e l l  as measurements of DNA re jo in ing .  

4. Is the  RBE (neutrons vs  x-rays) the same fo r  

the development of breaks charac te r ized  by S'PO,, t e rmini  as It i s  for  

s i n g l e  ce l l  surv iva l?  

cysteamine, N?, 0 7 ,  o r  pretreatment  with BUdR? 

How is the  RBE influenced by treatment with 

Suspensions of cel ls  w i l l  be  prepared. A portion 

of the  suspension w i l l  be  used f o r  determination of pos t - i r rad ia t ion  sur- 

v i v a l ,  whi le  anocher po r t ion  w i l l  be used f o r  t he  measurement of 5'P04 

termini .  

of su rv iva l  and the  r e jo in ing  of 5'P04 termini can be made f o r  both 

The experimental  condi t ions w i l l  be so s e t  up t h a t  measurements - 

neutrons and x-rays from the  same innoculum. Both s i n g l e  and s p l i t  dose 

su rv iva l  s t u d i e s  w i l l  be  conducted. For the  BUdR experiments, the cells 

w i l l  be  grown i n  complete medium which contains BUdR a t  a Concentration 

* As with  o ther  chemical agents ,  cysteamine w i l l  be  used a t  a 
concentrat ion which produces the  des i red  e f f e c t ,  bu t  which 
does not  reduce ce l l  v i a b i l i t y .  

-13- 

I I 3 8 2 5 8  



of 2 x 10-7M.* The a b i l i t y  of t h i s  compound t o  increase r a d i o s e n s i t i v i t y  

(as  shown by c e l l  su rv iva l  s t u d i e s )  i s  w e l l  known ( 2 5 ) .  The cysteamine, 

N2, and O2 exper'ments w i l l  b e  performed as i r - l icated i n  3 above. 

5 .  Does t he  production and r e jo in ing  of 5 '  PO4 

termini  vary as a func t ion  of t he  pos i t i on  of the c e l l  i n  the  i n t e r m i t o t i c  

i n t e r v a l  a f t e r  neutron i r r a d i a t i o n  ? 

Cells w i l l  be  synchronized by t h e  double thymidine 

block method, brought i n t o  suspension,  i r r a d i a t e d  with neutrons and 

x-rays as described be fo re ,  and the  r e j o i n i n g  of 5" PO te rmini  measured. 
4 

The degree of synchrony w i l l  be  monitored by autoradiography. 

6 .  D o  t h e  r e s u l t s  from a lka l ine  sucrose  gradients  

experiments pa ra l l e l  the  r e s u l t s  from t h e  polynucleotickkinase assay, 

a f t e r  both neutrons and x - i r r ad ia t ion  ? 

C e l l s  w i l l  be  pre-labeled wi th  3HTdR ( 1  pCi/ml) 

f o r  2 days and then brought i n t o  suspension. These ce l l s  w i l l  be  i r r ad ia t ed  

(neutrons and x-rays). A por t ion  of t h e  c e l l s  w i l l  be  appl ied t o  a lka l ine  

sucrose  gradients  while  o the r  po r t ions  w i l l  be analyzed by t h e  polynucleo- 

** t i d e  kinase method. 

7.  Do p la t eau  phase Chinese Hamster ce l l s  show 

changes i n  1) su rv iva l  c h a r a c t e r i s t i c s  and 2) re jo in ing  of DNA breaks 

following neutron i r r a d i a t i o n  as compared with x-rays ? Is t he re  a 

d i f f e rence  i n  response of l o g  phase cel ls  vs  plateau phase cells  following 

neutron i r r a d i a t i o n  ? 

* For both L c e l l s  and Chinese Hamster cel ls ,  t h i s  concentrat ion of BUdR 
causes no loss of p l a t i n g  e f f i c i ency .  The cells,  however, show the  
an t i c ipa t ed  increased r a d i o s e n s i t i v i t y .  

ments of re jo in ing  of the  5"PO4 t e rmini  w i l l  not be a f fec ted .  
3 channel l i qu id  s c i n t i l l a t i o n  counter .  - 14- 

** The energy of the  32P is so high  i n  comparison with 3 H t h a t  t h e  measure- 
We have a 



Cells w i l l  be allowed t o  come t o  plateau phase, 

suspended, and then i r r ad ia t ed  (neutrons and x-rays). 

be  taken f o r  assay by the polynucleotide method; f o r  comparison. 

i n  logar i thmic  growth w i l l  be  s tud ied  i n  a s imilar  method. 

Samples  w i l l  

Cells 

7 .  Signi f icance  -- of t h i s  Research Resul ts  Obtained b~ Others 

To the b e s t  of our knowledge w e  are the f i r s t  t o  

use the polynucleot ide kinase method t o  measure the  re jo in ing  of rad ia t ion  

damaged DNA. 

provide much g rea t e r  reso lu t ion  than is poss ib le  with u l t r acen t r i fuga l  

methods, w e  do not ,  as y e t ,  know if the  same "lesion" i s  measured by both 

techniques.  This question represents  t h e  b a s i s  of Mr. Moss's Ph. D. 

d i s s e r t a t i o n  research. He is cu r ren t ly  comparing the  response of i r r ad i -  

a ted  (250 kVp x-rays) L ce l l  DNA by both methods. 

suggest  very s t rongly  tha t ,  indeed, both techniques (polynucleotide kinase 

and a l k a l i n e  sucrose gradients)  measure the  same type of DNA break, and 

that both  methods r e f l e c t  the same k i n e t i c s  of re jo in ing .  Because the 

i s s u e  has no t  y e t  been s e t t l e d ,  w e  p l an  t o  perform both polynucleotide 

k inase  and a l k a l i n e  sucrose gradient  measurements with both x-ray and 

neutron i r r a d i a t e d  cel ls .  

While our i n i t i a l  experience suggests  t h a t  t h i s  method can 

The i n i t i a l  r e s u l t s  

Currently,  the  r e l a t ionsh ip  of rad ia t ion  induced 

DNA breaks (and t h e i r  re joining)  t o  the  r e p a i r  of sub-lethal rad ia t ion  

injury--as measured by paired dose su rv iva l  experiments--is not clear. 

Since t h e  h a l f - t m e  for  re jo in ing  of DNA breaks is  of the order of minutes 

(as measured by both techniques described) while  t h e  paired dose ''repair'' 

half-t ime is  of the  order of 1 - 2 hours (14, 15) ,  we,are hes i t an t  t o  
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assume a cause-effect  re la t ionship .  In t h i s  regard,  w e  plan t o  p a r a l l e l  

measurements of DNA r e jo in ing  with s p l i t  dose su rv iva l  s tud ie s .  

We have had US AEC sponsqrship of research (Contract 

No. AT-(40-1)-3884) f o r  8 months. This pro jec t  concerns the response of 

plateau phase Chinese Hamster c e l l s  (CHO) as compared t o  cel ls  i n  loga- 

r i thmic growth. (See Attachment No. 4--a progress r epor t  of t h i s  pro jec t ) .  

We be l ieve  tha t  a g rea t  dea l  of addi t iona l  information 

can be obtained from s t u d i e s  with plateau phase c e l l s .  Since they represent 

a c e l l u l a r  system wi th  a l a rge  number of endogenous DNA breaks,  the response 

of these cells  t o  neutrons and x-rays would c e r t a i n l y  be of i n t e r e s t ,  as 

would measurements of t he  response of t h e  p la teau  ce l l s  t o  dose modifying 

agents. 

phase cells .  

Consequently, w e  plan t o  continue experiments with plateau 

We have been synchronizing L cells by the double 

thymidine b lock  method (21). 

appeared about  t he  r e jo in ing  of DNA breaks as a funct ion of pos i t ion  i n  

the  i n t e r m i t o t i c  i n t e r v a l .  Lohman (3) (who synchronized T cel ls  by the 

double thymidine block method) found cells i n  e a r l y  S t o  be b e t t e r  able  

t o  r e j o i n  DNA breaks (measured with a lka l ine  sucrose gradients)  as c o w  

pared wi th  cel ls  i n  o ther  periods. Humphrey, et. &., (6), however, 

found no d i f f e r e n c e  i n  the  a b i l i t y  of t h e i r  Chinese Hamster cells (Don C) 

t o  r e j o i n  DNA breaks i n  M, Gl,and S. The re jo in ing  of DNA breaks during 

d i f f e r e n t  po r t ions  of the  in te rmi to t ic  i n t e r v a l ,  however, has never been 

rneasured'after neutron i r r ad ia t ion .  

Within the pas t  year a few repor t s  have 

Experiments with neutrons and o ther  high L. E. T. 
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r ad ia t ion  have been conducted f o r  many yea ts .  A l a rge  number of s tud ie s  

with s y s t e m s  ranging from t o t a l  body i r r a d i a t i o n  of mammals t o  measurements 

of chromosomal damage i n d i c a t e  tha t  f a s t  neutrons, general ly ,  have an RBE 

g rea t e r  than 2. We are aware of the  extensive l i t e r a t u r e  concerned with 

t h e  effects of high L. E. T. rad ia t ions  on many systems. To demonstrate 

s p e c i f i c  po in ts ,  w e  have se l ec t ed  representa t ive  publ ica t ions  as examples-- 

t h i s  i n  no way implies  t h a t  w e  be l ieve  o ther  work (not quoted) t o  be 

inva l id .  

The s tud ie s  of Schneider and Whitmore (using 

cul tured mammalian cel ls  and mouse bone marrow ce l l s )  and of Hornsey 

and S i l i n i  (using Ehrl ich ascites tumor c e l l s )  showed e s s e n t i a l l y  similar 

f indings (10 , l l ) .  Both t h e  ex t rapola t ion  number and the Do value ( the 

rec iproca l  of t he  s lope  of the  log  l i n e a r  port ion of the  su rv iva l  curve) 

were depressed f o r  neutron i r r ad ia t ed  c e l l s ,  as compared t o  X-irradiated 

cells. 

the  order  of 2.1-2.5. Schneider and Whitmore i r r ad ia t ed  H1 c e l l s  with 

Using the  r a t i o -  of the Do's as a c r i t e r i o n ,  the RBE values were of 

neutrons while  under n i t rogen  and oxygen; t h i s  provided a dose modifying fac- 

t o r  (DMF)* of 1.3. These authors a l s o  found the DMF f o r  X-irradiated c e l l s  

t o  be 2.5.  Consequently, the  ex ten t  of a l t e r a t i o n  of r ad ia t ion  s e n s i t i v i t y  

(nitrogen vs oxygen) i s  reduced f o r  neutrons,  as compared t o  x-rays. 

and Hornsey (25),  and Hornsey and S i l i n i  (11) reported Oxygen Enhancement 

S i l i n i  

Ratios ( t h e i r  nomenclature) f o r  Ehrlich ascites tumor cel ls  of 3.1 fo r  

200 kVp x-rays and 1. 8 f o r  neutrons (produced by the  Be9(dn)Bl0 reaction 

we plan t o  use). They reported RBE's, f o r  neutron i r r a d i a t e d  cells, of 

* Some authors p re fe r  the use of the term "oxygen enhancement ra t io ."  
In  the context quoted, Schneider and Whitmore ;lo) defined the DMF 
as the r a t i o  of the DO'S, i. e., Do (nitrogen)/Do (oxygen). 
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2.1 f o r  c e l l s  under oxygen and 3.0 f o r  cel ls  under ni t rogen.  

Experiments such as these have regenerated i n t e r e s t  

among rad iobio loqis t s  and r ad io the rap i s t s  with regard t o  the  use of f a s t  

neutrons f o r  the treatment of cancer. Since many tumors contain f o c i  of 

hypoxic cel ls ,  these ce l l s  would have an increased rad iores i s tance .  A 

given dose of low L. E. T. r a d i a t i o n  (such as x o r  y r ays ) ,  then, would 

be  less e f f e c t i v e  than if the  ce l l s  were a t  physiologic oxygen tensions.  

The lowered oxygen enhancement r a t i o  f o r  neutrons,  however, would be of 

considerable benef i t .  A dose of neutrons should be ab le  t o  s t e r i l i ze  a 

l a r g e  proportion of hypoxic tumor cells than an equivalent  dose ( a f t e r  

cor rec t ing  f o r  M E )  of x o r  gamma rays.  In  theory, then, neutron therapy 

could produce b e t t e r  rad io therapeut ic  results.  

c l i n i c a l  t r ia ls  were not  success fu l  (27) ,  there  has been a considerable 

Although some ea r ly  

i n t e r e s t  i n  a re-evaluation of neutrons f o r  radiotherapy (28). The 

f a s t  neutrons produced by t he  Be9(dn)B10 reac t ion  have already been used 

by seve ra l  inves t iga tors  f o r  rad iobio logic  s tud ie s  (10, 11, 22). Conse- 

quent ly ,  these neutrons do not  represent  a new or "unusual" quant i ty .  

For s t u d i e s  with cul tured cel ls ,  t h e  range of these  neutrons is  s u f f i c i e n t  

t o  produce homogenous i r r a d i a t i o n .  Also, the amount of contamination by 

y r ad ia t ion  is  of the order  of 10% (10, 22) .  

A f i n a l  word should be added about qua l i f i ca t ions  

of the s t a f f  t o  perform experiments with p a r t i c u l a t e  rad ia t ions .  While 

i n  the  USAF (1903-65--see Curriculum Vitae) ,  i)r. Dalrymple w a s  Director  

of the  USAF School of Aerospace Medicine's Space Radiation Section. I n  

t h i s  capaci ty ,  he i r r a d i a t e d  some 800 primates and more than 5000 mice 
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with pro tons  ranging i n  energy from a few Mev t o  400 MeV.  Cyclotrons and 

a Van de Graaff accel-erator were used as proton sources.  The resul ts  of 

t h i s  work were published as a Supplement t o  Radiation Research (29). Dur- 

i ng  t h i s  per iod he pa r t i c ipa t ed  i n  a l l  aspec ts  of the dosimetry; he wrote 

several computer programs f o r  dosimetr ic  ca lcu la t ions .  

the  design and check-out of the  dosimetr ic  equipment (Faraday cups, ion 

chambers, f o i l  ac t iva t ion ,  e t c . ) ,  i n  t h e  laboratory and i n  t h e  f i e l d .  

the pro jec t  d i r e c t o r ,  he was responsible  f o r  the  q u a l i t y  of t h e  dosimetry. 

D r .  Tanner, p resent ly  a t  t he  Universi ty  of Tennessee, is a Radiologic 

Phys ic i s t ,  who has had extensive experience i n  the  areas of charged p a r t i c l e  

and neutron dosimetry. 

a l s o  d i r e c t  t h e  design and cons t ruc t ion  of dosimetr ic  equipment which i s  

not  cur ren t ly  ava i lab le .  

he i s  due t o  rece ive  h i s  Ph. D. i n  June 1970. 

Mr. Moss was a frequent  operator  of the acce lera tor  described i n  t h i s  

proposal. 

(Health Physics).  

for the  Health Physics aspects  of the  p ro jec t .  Mr. Vandergrif t  a l s o  holds 

a Master's degree i n  Radiation Science; he is the Radiation Safe ty  Off icer  

of the Universi ty  of Arkansas Medical Center. Mrs. Johnson holds  a 

Bachelor's degree i n  chemistry; she is  a s s i s t a n t  Radiation Safe ty  Off icer  

a t  the Veterans Administration Hospital ,  L i t t l e  Rock. Mr. Beck has  had 

many year's experience with a wide v a r i e t y  of e l ec t ron ic  equipment. He 

has been working with Radiologic Detector devices,  Radiation sources ,  e t c . ,  

s ince  1950. 

He pa r t i c ipa t ed  i n  

As 

H e  w i l l  superv ise  the over-al l  dosimetry. He w i l l  

Mr. Moss holds a Master's degree i n  biophysics and 

While a Master's candidate,  

M r .  Sne l l ings  holds a Master's degree i n  Radiat ion Sciences 

H e  w i l l  be responsible  f o r  a por t ion  of t h e  operat ion and 

-19- 
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8. Principal Investigator 

Glenn V. Dalrymple, M- Do 
(See Curriculum Vitae, No. 1 of Attachment 

Other Personnel 9. - 
Research Associate -- 
A. J. Moss, Jr., M. S .  

(See Curriculum Vitae, No. 2 of Attachment V) 

Chairman Radiation Safety Committee 
Radiation Safety Officer for Accelerator Facility 
Arkansas State Health Department 

D. D. Snellings, M. S. 
(See Curriculum Vitae, No. 3 of Attachment V) 

Member, Radiation Safety Committee 
Associate Radiation Safety Officer--Accelerator Facility 
University of Arkansas Medical Center Radiation Health Rept. 

J. F. Vandergrift, M. S. 
(See Curriculum Vitae, No. 4 of Attachment V) 

Member, Radiation Safety Committee 
Associate Radiation Safety Officer 
Veterans Administration Radiation Health Representative 

Sylvia Johnson, B. S. 
(See Curriculum Vitae, No. 5 of Attachment V) 

Accelerator Operator and Maintenance Technician 
Arkansas State Health Department 

R. R. Beck 
(See Curriculum Vitae, No. 6 of Attachment V) 

Research Technicians 

K. P. Wilkinson, B. S., B. A. 

Rowena M i l l i k i n  

Susan Robinette, B. S. 
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10. Other Financial  Assis tance 

The laboratory receives  support  from the Veterans Administration. 

This includes the maintenance of the  a rea ,  the provision of ex i s t ing  equip- 

ment, and the s a l a r i e s  of D r .  Dalrymple, Mrs. Wilkinson, and Mrs. Johnson. 

The Division of Nuclear Medicine, University of Arkansas Medical Center, 

provides M r .  Vandergrif t' s s a l a r y  and provides the cos ts  f o r  t r a v e l ,  communi- 

ca t ions ,  publ icat ions,  and o f f i c e  expenses. The Arkansas S t a t e  Health 

Department provides Mr. Snel l ings '  and Mr. Beck's s a l a r i e s .  Also, they 

w i l l  cover the $1000 cos t  of adapting and renovating the acce lera tor  room 

t o  rece ive  the Van de Graaff acce le ra to r .  

11. Premises, F a c i l i t i e s  Available 

a. Arkansas State Health Department 

Attachment No. I1 is a f l o o r  plan of the acce lera tor  room of 

the  Health Department. In  add i t ion  t o  t h i s  area,  the Health Department 

w i l l  provide the P r inc ipa l  Inves t iga to r  laboratory space f o r  an incubator,  

and o ther  small items of equipment necessary fo r  co l lec t ing ,  f reezing,  and 

t ranspor t ing  samples. 

Meter which w i l l  be  used i n  t h e  acce le ra to r  f a c i l i t y .  

The Health Department has an Eberline Neutron Survey 

b. Veterans Administration Hospi ta l ,  L i t t l e  Rock, Arkansas 

The P r i n c i p a l  Inves t iga to r ' s  laboratory is a su i t e  of 7 rooms 

(1200 sq f t )  on the  10th Floor of the  Veterans Administration Hospital ,  L i t t l e  

Rock. One of the rooms is a cold room, another is a s ter i le  c e l l  cu l tu re  

room. 

Items of c a p i t a l  equipment include a 250 kVp x-ray un i t ,  an 

RIDL 512 channel analyzer  with c r y s t a l  and w e l l ,  3 NAPCO water-jacketed 
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incubators ,  a Y e l l o w  Springs oxygen e lec t rode  system w i t h  a dual channel 

recorder ,  two Victoreen r meters, 2 Spinco prepara t ive  u l t racent r i fuges ,  a 

Beckman LS 200 l i qu id  s c i n t i l l a t i o n  counter ,  a Vangard W Analyzer, a Hitachi  

spectrophotometer, a high speed r e f r ige ra t ed  cent r i fuge ,  several  c l i n i c a l  

cen t r i fuges ,  a muipore  f i l t r a t i o n  apparatus a t tached t o  a high vacuum 

pump, a Zeiss phase-contrast microscope, a H e w l e t t  Packard programmable 

e l e c t r o n i c  computer, and an incubator f o r  bac te r i a .  A wide range of 

glassware and smaller items of equipment a r e  ava i lab le .  

Other items of cap i ta l  equipment ava i l ab le  include a Varian EPR u n i t ,  

a Cary 14 recording spectrophotometer and an Hitachi e lec t ron  microscope. A 

CDC 3300 d i g i t a l  computer is  ava i lab le  a t  the  University of Arkansas Medical 

Center. A Donner analog computer is ava i l ab le  (a t  no cos t )  a t  the University 

of Arkansas Graduate I n s t i t u t e  of Technology. 

The serv ices  of the s t a f f  of the  Southern Research Support Center 

(located at  Veterans Administration Hospi ta l ,  L i t t l e  Rock) are  ava i lab le  

f o r  consul ta t ion  and ass i s tance  as needed. 

The Veterans Administration Hospital  has a Victoreen Model 488A 

neutron monitor which w i l l  be used i n  the acce lera tor  f a c i l i t y .  

It is an t i c ipa t ed  t h a t  samples w i l l  be brought from the Health Depart- 

ment t o  the laboratory i n  the Veterans Administration Hospital for processing. 

On seve ra l  occasions,  experiments have been performed a t  the University of 

Arkansas Medical Center (very near the Health Department), the samples 

frozen, and then trunsported t o  the Veterans Admids t ra t ion  Hospital .  No 

d i f f i c u l t i e s  have been experienced; the experimental results are not  a l t e r ed .  
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12. BUDGET 

a. Salaries t 
Estimated 

1st Year 2d Year 3d Year 

Principal fnvestigator $ 8,000 8,500 9,000 

Glenn V. Dalrymple, M. D. 
Head, Division Nuclear Medicine 
Associate Professor, Radiology, 
Biometry, Physiology-Biophysics, 
UAMC. Chief Radiologist, Acting 
Chief, Radioisotope Service, VAH 
(3/12 time for 12 mo/year) 

Research Associate 7,215 * 15,873 17,460 

A. J. Moss, Jr., M. S. 
(12/12 time, 6 mo. 1st year, 
(12 mo. following years) 
FICA (371) (374) (374) 

Chief, Accelerator Radiation - 
Safety Officer 89 2 981 1,079 

D. D. Snellings, M. S. 
(1/12 time 12 rno/year) 

Associate Radiation Safety Officer 
1,050 1,125 1,200 Univ. of Ark. Medical Center - -- 

J. F. Vandergrift, M. S. 
(1/12 time 12 mo/year) 

Associate Radiation Safety Officer 
Veterans & Hospital 

Sylvia Johnson, M. S. 
(1/24 time 12 mo/year) 

Accelerator Operator 
Maintenance Technician 

R. R. Beck 
(20% t i m  12 mo/year) 

Research Technicians 

554 609 

1,560 1,716 

K. P. Wilkinson, B. S., B. A. 826 909 
(1/12 time 12 mo/year 
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12. Budget, Continued 
E s  t i m a  t ed 

1st Year 2d Year 3d Year 

Research Technicians Contd 

Rowena Mi l l ik in  
( 1 2 / 1 2  time 12 mo/year) 
FICA & Uniform Allowance 

Susan Robinette, E. S. 
( 1 2 / 1 2  t i m e  12 mo/year) 
FICA 6 Uniform Allowance 

To ta l  Sa la r i e s  

t A l l  salaries include f r i n g e  
benef i t s .  Amount of FICA 
i n  parenthesis .  

* GS-12 S a l a r y  Scale  

b. Equipment 

Liquid Nitrogen, Dewar 
Flasks (2 ea) 

Costs for  Construct ion of Dosim- 
etry Equipment, I r r a d i a t i o n  
Chambers, e tc .  

Small Items f o r  Maintenance 
of Accelerator 

In te r lock  System and A l a r m  
f o r  Accelerator Room 

To ta l  Equipment $ 

c .  Expendable Items 

Tissue Culture Medium, Serum, $ 
Bacter ia  Culture Medium 

Radioisotopes (32P04), T r i t i a t e d  
Compounds 

Biochemicals, Small Items 
Glasswar e 

P l a s t i c  Flasks , P e t r i  Dishes, 
Tubes, etc. 

-26- 

5 , 7 7 7  6 ,355 7 , 9 9 1  

(300 1 (346 1 ( 4 1 5 )  

7,989 8 ,788  9 , 667 

( 4 0 0 )  (400) (400 )  

33,863 44,856 49,955 

500 n /a  

1,500 500 

n/a 

500 

500 500 500 

1,000 n/a n/a  

3,500 1,000 1,000 

2,000 2,000 2,000 

1,000 1,000 1,000 

I, 000 1,000 1 , 000 

500 500 500 



Estimated 
26 Year 

12. Budget, Continued 
Is t Year 3d Year 

Expendable Items, Contd 

1,560 1,560 C02--Air Mixture ($30 per week $ 1,560 
x 52) 

T i s s u e  Equivalent Gas f o r  
Ion Chamber 

200 200 200 

1 , 000 Liquid Nitrogen, Nitrogen Gas, 
Pump O i l ,  Dry Ice ,  e tc  

1 , 000 1 , 000 

475 Computer T i m e  ($95 per  h r  f o r  
CDC 3300 time) 5 hrs .  

475 475 

$ 7,735 

$ 15,445 ** 
7,735 

n /a  

7 , 735 

n/a 

Total  Expendable Items 

d.  Van de Graaff Accelerator Reno- 
va t ion  (see attached proposal 
from HVEC) 

Accelerator Maintenance (based 
upon a recoinmendation from HVEC). 
The funds will be used f o r  par t s  
and labor ,  as  needed. 

2,000 2 , 000 2,000 

n l a  I n s t a l l a t i o n  of water p i p e s ,  
power l i nes ,  i n s t a l l a t i o n  of 
i n t e r lock  system, and minor 
renovations of acce le ra to r  room 

1,000 n /a  

$ 18,445 n / a  n l a  Tota l  

**This p r i c e  is firm 
through 1 Jan 70. 

$ 500 

200 

600 

500 

200 

600 

500 

200 

600 

e.  Travel 

f .  Comunications 

g. P u b l i c a t i c s  
(Includes page charges 
and r ep r in t s  of 
pub 1 i ca t  ions ) 

h. Consultation 600 600 600 

Tota l  Pro jec t  Cost $ 65,443 57,491 62,590 
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12. Budget, Continued 

1s t Year 

Contribution--Veterans 
(excluding cost of 

Administration 
multichannel 

analyzer and accelerator) 

Contribution--Arkansas State Health 
Department 

Contribution--University of Arkansas 
Medical Center 

To tal Contributions 

Difference--Total Project Cost 
less Contributions) 

Indirect Costs (10% of Difference) 

Amount requested from US AEC 

$ 9 ,380  

3,452 

2,350 

$ 15,182 

$ 50,261 

5,026 

$ 55,287 /+ 

Estimated 
2d Year 

10,018 

2,697 

2,425 

15,140 

42,351 

4,235 

46,586 

3d Year 

10,670 

2,967 

2,500 

16,137 

46,453 

4,645 

51,098 

Justification of the Budget 

Salaries 
Mrs. Robinette and Mrs. Millikin are currently being paid by US 

AEC (Contract No. AT-(40-1)-3884). Their salaries will be continued by 
the funds requested. Mr. Moss is scheduled to receive his Ph. D. in 
June 1970.  He will start working on the project at that time. Prior  to 
that time he is paid by an NIH 

Equipment 
Small items of equipment 

gassing of cells, etc, will be 
materials needed. 

Expendable Items 

be 
as 

t o  

pre-doctoral fellowship. 

for dosimetry, irradiation of cells, 
constructed. The costs will cover the 

The items are necessary for the research. The computer time will 
used for calculations necessary for the biologic experimentation, 
well as dosimetry. 

Van de Graaff Accelerator ---- 
As described in the HVEC proposal, the accelerator will be restored 

"new" status. The HVEC recommends that'we have the capability to ob- 
tain company maintenance (parts and labor). Since HVEC does not have a 
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l oca l  o f f i c e  ( the  n e a r e s t  one is  i n  S t .  Louis),  cos t s  per v i s i t  would 
average $400-$500. The f igu res  l i s t e d  represent  estimates; i f  w e  
experience a lower cos t  requirement during :\e f i r s t  yea r ,  fu ture  (2d 
and 3d years)  budgets w i l l  r e f l e c t  t h i s .  

Travel 
The funds w i l l  support  t r a v e l  by one of the Senior s t a f f  t o  two 

meetings--to present  r e s u l t s  of the research. 

Consultation 
The funds w i l l  be  used t o  pay the expenses of Dr. Raymond Tanner, 

who w i l l  be concerned wi th  dosimetry. H e  l i v e s  i n  Memphis, Tennessee. 

Ind i rec t  Cost 
The i n d i r e c t  c o s t  ra te  is  10% of t o t a l  p ro jec t  cos ts .  No ind i r ec t  

costs  are requested f o r  funds contr ibuted by the Veterans Administration, 
the University of Arkansas Medical Center, or the  Arkansas S t a t e  Health 
Department. 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 
P O  BOX E -;Ea - _ _  _ -  . -  . . _ _  . 2- - a p *  OAK RIDGE, TENNESSEE 37830 - - L  

March 30, 1970 

R. L. Shannon, Extension Manager, D i v i s i o n  o f  Technical Information Extension 

PRINTED MATTER PREPARED UNDER UNTRACT NO. AT- (40-1 1-3884 VETERANS ADMINISTRATION 

I n  accordance w i t h  our memorandum of January 11, 1963, enclosed i s  
a copy o f  the fo l lowing p r i n t e d  matter submitted in connection w i t h  
the research being performed under the subject  contract: 

Progress Report Om-3884-1 

The provis ions o f  the con t rac t  do no t  requ i re  patent review of the 
above document ( s ) . ir\ 

Enclosure(s): 
Progress Report b Fom AEC-427 

Adm. Ser. Br .  Res. Cont. B r .  
u 
JDB : s 1 c cc,uLrJc,- 
3- 30- 70 Y - / ’ ? o  k- -e 

&Lm.aq l i c e  M. Corley, Chief 

Admin is t ra t ive Services B r a  
Laboratory and Univers i ty  
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/ UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 

P O .  BOX E 
OAK RIDGE, TENNESSEE 37830 

'?EA COOE 615 
-I,EPHOhE 083-861 1 

CONTRACT NO, AT- (40-1 )- WM ADnrNISTRW~~ 

We are enclosing f o r  your in format ion and use cobies o f  the fo l lowinq 
l i s t e d  documents(s) submitted i n  connection w i th  the research beinq 
performed under the subject  contract :  

[ 3 Monthly Status L e t t e r  

[ ] Quar te r l y  Report 
u [ ] Annual Progress Report m - 2  abd 1s. 1970 

[ ] Repr in t (s)  

[ ] Prepr in t (s )  

$@AAAbukR/-t/ eman M. Roth, D i rec to r  

3D6 OLE: 
Laboratory and Univers i ty  Oivis ion 
Oak Ridge Operations 



VETERANS ADMINISTRATION 
Ll?TLE ROCK HOSPITAL DIVISION 

300 EAST ROOSEVLLT ROAO 

LITTLE ROCK, ARKANSAS 72206 

January 21, 1970 
YOUR ClLEREFEREmt: 

IN REFLY REFER TO: 

Mr. Heirman M. Roth 
Director 
Laboratory and University Division 
U. S. Atomic Energy Commission 
Post Office Box E 
Oak Ridge, Tennessee 37830 

SUBJ: Annual Progress Report No. AT- (40-1)-3884 

Dear Mr. Roth: 

Enclosed are seven copies of the Annual Report of our contract .  
need more information, please contact  me! 

I would a l so  appreciate any information t h a t  you have about t he  status of 
funding for the  period s t a r t i n g  1 Jan 70. 
any uord. 

If  you 

We have not,  as y e t ,  received 

Sincerely,  
P., 

-- GLENN v. DALRYMPLE, M ! D ~  
Chief Radiologist  
Acting Chief,  Radioisotope Service 

&k 
Enclosures : 
1. Form AEC 427 
2. Progress Report (7)  
3. Two preprints  

cc  : 
US AEC, Washington, D. C. 
Chief of Staff  
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 
P O  BOX E 

OAK RIDGE, TENNESSEE 37830 

- 

RENEWAL OF CONTRACT NO. AT- (40-1 )- jss~ 

Your a t ten t ion  i s  i n v i t e d  t o  A r t i c l e  B-XXI of Appendix "B" o f  the contract  
per ta in ing  t o  the submission o f  a renewal proposal and progress repor t  which 
w i l l  be due 

The renewal proposal and progress repor t  may be submitted a t  any t ime  a f t e r  
s i x  months o f  performance under the current  cont ract  per iod.  I n  any event, 
they should reach us no l a t e r  than the due date. Late submission w i l l ,  i n  
a l l  p robab i l i t y ,  r e s u l t  i n  our  rece ip t  o f  the decis ion on renewal a f t e r  the 
cur ren t  contract  per iod has expired. Therefore, we urge you t o  submit any 
renewal proposal no l a t e r  than the above date. The in fo rmat ion  t o  be sub- 
m i t t e d  i s  as fo l lows: 

October I ,  1969. 

1 .  

2. 

Progress Report. 
A r t i c l e  B-XXI  t o  Appendix "B". As indicated there in ,  the  progress 
repor t  should b r i e f l y  describe the scope of the inves t iga t ions  under- 
taken and the s i g n i f i c a n t  resu l t s  obtained. TechniL 11 repor ts  and 
a r t i c l e s  prepared f o r  pub1 i c a t i o n  during the current  per iod  should 
be l i s t e d  w i th  b ib l i og raph ic  references. 

no t  be dupl icated i n  the  reports.  Progress reports, p repr in ts ,  etc. , 
should contain a r e p o r t  number and should be accompanied by a completed 
Form AEC-427 as requested i n  previous correspondence. 

Inc lude informat ion requested i n  Paragraph (a)  o f  

Re r i n t s  o r  r e  r i n t s  o f  a l l  
e r e i n  need such mater ia l  should be appended and materia + *  containe 

Renewal Proposal. Inc lude informat ion ou t l ined  on pages 7 through 15 
of the enclosed "Guide f o r  the Submission o f  Research Proposals" dated 
August 1967 unless the information i s  already contained i n  e a r l i e r  
proposals o r  i n  the accompanying progress report .  Careful  a t ten t i on  
should be given t o  inc lud ing  the necessary in format ion i n  the budget 
for the next period. 
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3 .  

4.  

5 .  
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Financial  Statement. Include i n  the  renewal proposal a f i n a n c i a l  
statement f o r  the present cont rac t  per iod.  The statement should be 
based on the t o t a l  costs o f  the p r o j e c t  inc lud ing support by both 
the i n s t i t u t i o n  and the AEC and should r e f l e c t  ( 1 )  the t o t a l  p r o j e c t  
costs f o r  the current  per iod t o  date, i nd i ca t i ng  the amount charge- 
able t o  the AEC based on the percentage se t  fo r th  i n  A r t i c l e  111 o f  
the contract ,  (2)  an estimate of the  t o t a l  costs t o  be incur red  
during the remainder o f  the cu r ren t  period, and (3 )  the d i f fe rence,  
i f  any, between the estimated t o t a l  cos t  chargeable t o  the AEC f o r  
the current  contract  per iod and the  AEC support c e i l i n g  f o r  t h i s  
period, 

The c e r t i f i e d  expenditure statement required by A r t i c l e  B-XXVII, 
fo l low ing  the format se t  f o r t h  i n  Appendix "C" t o  the contract ,  i s  
t o  be submitted w i t h i n  three months a f t e r  the exp i ra t ion  o f  the  
current cont ract  period. 
s idera t ion  a t  t h a t  t ime-  

Any adjustments w i l l  be taken i n t o  con- 

200-Word Sumnary. The enclosed form "Notice of Research Pro jec t "  
should be completed i n  200 words o r  less  sumnarizing the proposed 
research. 
t o  us together w i th  the renewal proposal and progress repor t .  

Four copies of the completed form should be .forwarded 

Voucher f o r  Concluding Payment. A voucher for  the concluding payment 
f o r  the current  period, if necessary, may be submitted w i t h  the other 
documents; however, we w i  11 w i thho ld  p a y k n t  of the f i n a l  voucher u n t i  1 
the c e r t i f i e d  expenditure statement i s  submitted as contemplated i n  
Paragraph (a)  ( 3 )  o f  A r t i c l e  B-XI .  

The renewal proposal and expenditure statement should be endorsed by the 
proper admin is t ra t ive o f f i c i a l s  and s i x  copies o f  each, together w i t h  
seven copies o f  the progress r e p o r t  and four copies o f  the 200-word 
s u n a r y ,  should be submitted a t  the  same t ime to: 

U. S. Atomic Energy Commission 
Laboratory and Un ive rs i t y  Div is ion 
Post Of f ice Box E 
Oak Ridge, Tennessee 37830 

I f  you do no t  contemplate request ing renewal, we sha l l  appreciate your 
advis ing us as soon as possible. 
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There has been a change i n  the AEC's  p o l i c y  i n  connection w i t h  the con- 
t r a c t o r ' s  con t r i bu t i on  of the time and e f f o r t  by the Primfpal I n v e x -  
gator. We are  enclosing an excerpt  frcm the  AEC issuance per ta in ing  t o  
t h i s  matter. If your organizat ion should determine t h a t  i t s  cont r ibu t ion  
f o r  your  t ime and e f fo r t  be excluded from the cos t  s b a r i w T o r t i o n  o f  the 
budget and assoclated maintenance of e f f o r t  14ecords, t h i s  fac t  should be 
made c l e a r  i n  the budget submitted f o r  t he  renewal period. Even I n  t h i s  
case, we s h a l l  need in format ion as t o  the  approximate percentage o f  tie 
you expect t o  devote t o  the cont rac t  work and t h i s  contr lbuted time and 
e f f o r t  w i l l  be shown i n  the cont rac t  under a sec t ion  excluding i t  fr#n 
tine and e f f o r t  reporttng. 

Your cooperat ion and assistance i n  t h i s  mat ter  are appreciated. 

Very t r u l y  yours, 

OLE: 308 
D i  r e c t o r  
Laboratory and Un ive rs i t y  D iv is ion  

Enclosures : 
1. Guide 
2. Not ice o f  Research Pro ject  Form (5) 
3 .  Po l i cy  Statement 

t 1 3 8 2 8  1 
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Or. h m n  V. D a l y q l e  
Chlef, Uadlologlul Sarvlce 
Vekrrnso A b l n l r t r r t l o n  Hospltrl 

East Roosmlt Road 
L l t t h  ltodt, Arkansrs 72207 

1. 
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6. Addltlolwl Inforwtlorr 

y f  f- 
Endosum! 
1. sf to34 and low 

2. ?OmAEC.407 
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VETERANS ADMINISTRATION 
LITTLE  roc^ HOSPITAL DIVISION 

LllTLE ROCK, ARKANSAS 72206 

January 28, 1969 

100 EAST ROO.N~LT R O A D  

YOUR FILE R C F C M W :  

IN REPLY I).- TO: 

Mr. Ralph Elson, Director 
Contract Division, USA= 
Oak Ridge Operations 
Oak Ridge, Tennessee 37830 

RE: Interagency Agreement No. AT-(40-1) -3881r 
(V523LP-W18) 

Dear Mr. Elson: 

Recently we were awarded t h e  cont rac t  indicated abwe.  I do 
not know, at  t h i s  time, what s c i e n t i f i c  progress repor t s  ( i f  
any) are required. 
t h e  research i n  s u i t a b l e  journals ,  does t h e  USAEC need inter im 
repor t s?  

While w e  intend t o  publ ish t h e  r e s u l t s  of 

I would g rea t ly  appreciate  any information t h a t  you might 
have concerning this matter. 

Sincerely,  
n 

GLENN V. DALRYMPLE, M .  D. 
Chief Radiologist  
Radiology Research 



AC: ARB 

Veteran8 Adrinirtration 
Little Itock Ibrpital Divirion 
390 tart Roorerelt Road 
Little Rock,  Arluarar 72206 

Attentiona k. U. Y. limber, Contracting Officer 

Subject a INTtUCMCY AUURUNT m>. AT-(40-1)-3884 (V5234?-648) 

Gentlomen: 

Adrhi8traCiO1h of tb mubjoct Intora&omcy Agrmem8nt h r  boon arrigoed 
to  Dr. C. 8 .  Itmap, Chief, Roaaerch Contract8 branch, kboratorl, and 
Unirerrity Diririoa. 

Tber8 are rncloaed for your fi ler a copy of the Statemnt of Authority 
.ad C o p y  Of A 8 8 i m n t  O f  Contr8ct for Acbint8tration lo-. 

Very truly yours, 

Origid signed by 
Ralph Ekon 

lac 1 oaur8 I : 
1. Statcacnt of Authority 
2. ?om CU-169-A 

i 
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UNITED STATES GOVERNMENT 

Mem o ran dum 
TO 

FROM : 

SUBJECT: 

Ralph El son, D i rec to r  
Contract D i v i s i o n  

DATB: 

DEC 9 1968 
Heman M. Roth, D i rec to r  
Laboratory and Un ivers i ty  D iv i s ion  

REQUEST FOR CONTRACT ACTION 

It i s  requested t h a t  you take the necessary steps 
fo l l ow ing  described contract  ac t ion  (CA): 

1. 

2. 

3. 

4. 

5. 

6. 

7.  

t o  process the 

Nature of Act ion Requested: 
h] Select ion o f  New Contractor and/or Negot a t  on o f  Contract 

[ 1 Modi f i ca t io r l rb f th -  Arkamma 73206 

Number : 

Number: 
Contractor : 

Nature of Services To Be Covered by Contract: Research 

"A gdfbbLo1pQ;ic %ti00 ot VI:= lhcsd.m 
au -1 BlyetcJ" 

Type o f  Contract: 
b] Support Agreement [ 1 Cost Type [ ] Other 

Amount o f  AEC Funds To Be Obliqated by This CA: w7,490.00 
m AEC Percentage of Est. Total  Cost To Be Shown by This CA: 

Descr ip t ion of Other Changes To Be Covered by This CA: 



ALCPR S 4.81 
U S ATOMIC ENERGY COMMISSION 

CONTRACT AUTHORIZATION 

I 

4.9. PRINCIPAL INVESTIGATOR ( S )  

' L. AUTHORIZATION 1. DATE i -49-W No. 
NOV 2 5 1968 

~ ~~ 

6. TERM OF CONTRACT 7. CONTRAC~ NUMBER- 
0 RENEWAL OTHER -- I 

0 NEW CONTRACT 

8. RECOMMENDED TYPE OF CONTRACI: 1 0 .  PROPERTY TITLE TO VEST IN .  1 1 0 .  SCCURITY CLASSIFICATION: 

[7 f l X E D  PRICE 0 OTHER 

fi COST REIMBURSEMENT 

0 SPECIAL RESEARCHOUPPORT AGREEMENT ( S R S A l  

8 AEC 
CONTRACTOR 

I Work to be performed is under categoory- f 
3s defincd by AEC Manual Appendix 3401. 

13. f lNANCING 

A. OPERATING EXPENSES 

New AEC Funds (Initial AEC Support ceiling, if SRSA). . . . . . . . . . . . . . . . . . . . . . . .  
Estimated AEC Balance From wr Term, if any. . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 

Total AEC Funding (If SRSA.-% of Total Cost, up to Maximum of ) 

Estimated Contractor Contribution, if any 
Total Estimated Project Cost . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 

* 

. . . . . . . . . . .  5m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*$- 

ii&;ii 
Budget and Reporting Classification: 
Allotment Transfer: .031-#M24) 

B. PLANT AND CAPITAL EQUIPMENT .................................. .$ 
Budget and Reporting Classificath:  
.4llotment Transfer: -- 

la. SPECIAL PROVISIONS AND INSTRUCTION8: 

n e  technical aspects of the proposed work have been reviewed and are approved. A necd currently uku for the results of the mearch i)r other 
wo;k that  is to be undertaken. None of the AEC funds shall be used to confer a fellowship. 
Pease keep us inforrncd as to any problems encountered in your negotiations, as well as the date of execution of this contract and the amount d 
funds obligated. If the budget as negotiated di8ers substantially from that in the proposal, please forward a copy of the revised budget to Head- 
quarters. 
If not already submitted, a ZOO-word surnaury of the propored work should be forwarded by the contractor a8 won u possibk after negotiation d 
the contract. 



ADMIIQISTRATIa HOBPITAL CCQTRACT ] r o e  AT-(4011)-3884 

APPEADIX "A" 

fir the Contract Period January 1, 1969 thou@ December 31, 1969. 

A- I 

A- 11 
* .  

. .  . .  

CI 

i 

The Contractor will atudy a steady s ta te  population of cultured -Ian c e l l  
In the plateau phaae by us- a C O m b l M t l O n  of ce l l  a w l v a l ,  autoradlogra- 
phlc and biochemical technlquea to verlfy the cell renewal ryatem. Theas 
experhueate will be followed by studlea deauned t o  a e ~ u r e  the dlrrtributlon 
of the cella within the varlaus coapulments of the intcrmltotlc Interval, 
aa the cel ls  move from log growth I n t o  plateau. $xperiP3snta of a convarre 
nature will be carried out to characterize the behavior of plateau pbare cells 
aa they movc Into log growth. The radloblologlcal propertlea of plateau 
phase cella which aurvlve an initial doee of irradiation w l l l  be meaaurad 
aad co~pared with other non-irradiated c e l b  The naponre of plateau phrre 
ceUn t o  metabolic inhlbltora of DH4, €QUI and prate&n ryntherir w i l l  be 
atudlea 

The two 00-Principal Inveatlgatora ucpsct t o  devote approotiputely 
50$, reapectlvely, of the* t imh or effort t o  the work. 

end 

WAY8 AID MEluJs OF € Z R F O M =  

(a) Items 'Included In Total Batimatad Cost: 

1 . 1  3 8 2 9 0  

Salaries and Wages: 

Dr. G* V. , Co-Princlpal Invertl@or 

Dr. J. L. Sandera, b P r I n c l p a l  Invertlgator 
( 5 0 s  of time) - $5,875 

Research Associate 
(loo$ of time) 

Reaearch Technician 
(loo$ of time) 

Research Technician 
(20% Of timc) - $1,500.00, 

Suppllea and Materiale: 

Travel: 

Publicat Ions : 

Indirect Coats (lo$ of direct cortr utclualve 
of aalariea 
Hospital - &,nS aoo") 

I d  by the Veteraxu Adminlstratlcm 

I 

, 

3,500.00 . 

300 *00 
100 .00 

1,590 

. .  



VETERANS ADMINISTRATION HOSPITU - 2- CONTRACT NO. AT- ( 40- 1) - 3884 

( b )  Items Signi f icant  t o  t h e  Performance of This Contract, 
But Excluded From Computation of To ta l  Cost and From 
Consideration i n  Proportioning Costs: 

None 

( c )  Time or Effor t  of P r inc ipa l  Inves t iga tor  To Be Contributed 
by Contractor: 

None under t h i s  paregraph. 

A - I 1 1  The t o t a l  estimated prodect cost  of A - I 1  (a) above for t h e  contract  
period s t a t e d  above is  $30,865.00. 
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A RADIOEIOLOGIC EVALUATION OF 
AN I N  VITRO MAMMALIAN CELL 

WEWAL SYSTEM 
-- 

A Proposal Submitted to the 
Divlsion of Biology and Medicine 
United States Atomic Energy Canmission 
Washington, D. C. 



1. Titlc - A Radiobiologic Evaluation of an -- i n  Vitro Maunualian Cell 
Renewal System 

2. I n s t i t u t i o n  Rad io loa  Service, LR 3 i v i s i o n  
Veterans Administration Hospi ta l  
L i t t l e  Rock, Arkansas 

3. P ro jec t  Abstract  

Hahn has very recent ly  descr ibed a method f o r  producing a steady 

s t a t e  populat ion of cul tured manmralian c e l l s .  

exponent ia l ly  growing c e l l s  t o  form a monolayer. 

of ce l l s  wi th in  t h e  monolayer become s t a b l e  (p l a t eau  phase) i n  s p i t e  of d a i l y  

medium changes. 

The procedure involves allowing 

After 5 - 7 days, the  number 

About 10% of t h e  cells de tach  fYom t h e  monolayers (and are 

replaced)  pe r  day. Hahn a l s o  found t h e  ex t r apo la t ion  number of these plateau 

phase cel ls  t o  be 1 where t h e  extrapolat ion number f o r  cells i n  log growth was 

w e l l  above 2. Pai red  dose experiments confirmed t h a t  plateau phase c e l l s  lose 

t h e i r  capac i ty  t o  repair sub-lethal  i n ju ry .  

We plan  t o  s tudy plateau phase cells by using a combination of c e l l  

Irvival, autoradiographic ,  and biochemical techniques The experimentation 

w i l l  inc lude  s t u d i e s  t o  ve r i fy  Hahn'8 o r i g i n a l  f ind ings .  These cape rben t s  

w i l l  be followed by s t u d i e s  designed t o  measure t h e  d i s t r ibu t ion  of t h e  c e l l s  

w i th in  t h e  va r ious  compartments of t h e  i n t e r m i t o t i c  i n t e rva l ,  as t h e  cel ls  

move from log growth i n t o  plateau. Sxperianents of a converse nature will be 

carried ou t  t o  cha rac t e r i ze  t h e  behaviour of p la t eau  phase c e l l s  a s  they move 

i n t o  log  growth. 

su rv ive  an i n i t i a l  dose w i l l  be measured and compared t o  other non-irradiated 

cells. The response of plateau phase cells  t o  metabolic inh ib i to r s  of DNA, RNA, 

and p ro te in  syn thes i s  Kill be measured and correlated with the  response of cells 

The radiobiologic p rope r t i e s  of p la teau  phase cells which 

i n  l o g  growth. 

We believe t h e  experiment8 proposed w i l l  lay the  cornerstone f o r  

fur ther  more d e t a i l e d  inves t iga t ions  I n t o  t h e  na tu re  of t h e  repair of radiation 

- j u q  a t  the  molecular leve l .  

- - 
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&. S c i e n t i f i c  Backvound 

Cell renewal systems represent  t h e  basis  of l i f e  i n  man. A 

continuous process of formation and destruct ion of such d iverse  elements a s  

blood c e l l s ,  germ cells, epithelium, e t c . ,  must be balanced i n  order t o  

main ta in  l i fe .  

alter c e l l  renewal systems such t h a t  t he  formation of new cel!.ular elements 

s tops  while t h e  d e s t r u c t i v e  processes continue. 

loss (or a t  least a severe impairment) of t h e  function of t he  t i s s u e  involved. 

Two broad experimental t o o l s  have been ava i lab le  t o  those wanting 

One of t he  most profound e f f ec t s  of ionizing r ad ia t ion  is t o  

The u l t imate  result is  a 

t o  s tudy t h e  na tu re  of mammalian c e l l  renewal systems. 

animal. While valuable  work ce r t a in ly  has been (any surely will be) done with 

animals, many observed e f f e c t s  are po ten t i a l ly  confounded by simultaneously 

occurring a l t e r a t i o n s  of o the r  aspects  of t h e  animal's physiology. This i s  

p a r t i c u l a r l y  t r u e  f o r  irradiated animals. A second tool is t h e  cultured 

The first is the i n t a c t  

mammalian c e l l .  While t h e s e  c e l l s  allow effects t o  be observed a t  the ce l lu l a r  

l e v e l  without t h e  inf luence  of uncontrolled exogenbus f ac to r s ,  t h e  c e l l  

population is essentially a r t i f i c i a l .  t h e r e  c e l l  renewal systems, i n  vivo - -' 
are character ized by a constant  number of c e l l s ,  t h e  cultured c e l l s  are 

usua l ly  studied w h i l e  i n  exponential  growth. The p o s s i b i l i t y  of a non- 

p r o l i f e r a t i v e  compartment seems remote i n  exponentially growing c e l l s .  

Very recen t ly  Hahn described a means of developing a steady-state 

population of cultured cells which has many of the  proper t ies  of a c e l l  

renewal system (1). H e  found t h a t  after seeding monolayer b o t t l e s ,  Chinese 

Hamster c e l l s  increased exponentially i n  number f o r  some 4 - 5 days. After 

this, however, t h e  number leveled off  and reached a s t a b l e  value. The 

population stayed stable even if t h e  medium w e m  replaced every few hours. 

-2 - 



This  seemed t o  exclude anoxia a s  an important f ac to r .  

s t a t e ,  he found about 10% of h i s  c e l l s  t o  be l o s t  from t h e  monolayer per day. 

S ince  these last elements were rap id ly  replaced by new c e l l s ,  t h e  population a i m  

A t  t he  time of t h e  s teady 

stayed constant. Consoquontly, a c e l l  renewal systom, with a d a i l y  turnover 

f r a c t i o n  of 0.1 was produced. 

Hahn performed a few p i l o t  radiobiologic s t u d i e s  with this system 

which have considerable importance. He found the  s lope of the dose response 

curve of the s teady state cells ( these  w i l l  be called flplateaull phase c e l l s )  , 

t o  be equal to t h e  s lope  of t h e  curve f o r  exponentially growing cella. The 

extrapolat ion number, where above 2 for exponentially growing cells, had fallen 

t o  1 far plateau phase cells. Hahn co r rec t ly  surmised t h e  reduction i n  t h e  

extrapolat ion number t o  mean a decreased a b i l i t y  to r e p a i r  sub- le tha l  injury,  

as a paired-dose experiment showed. Also, his initial experience, a l b e i t  

incomplete, suggests t h e  extrapolat ion umber t o  rise when t h e  cells began t o  

grow exponentially again. 

For s e v e r a l  years rad iobio logis t s  have saught a method for produc- 

i n g  cultured mammalian cells which e i the r  possess or which lack the  a b i l i t y  t o  

r e p a i r  sub-lethal injury. 

means of producing mermsalian cells, i n  quant i ty ,  which have these  

c h a r a c t e r i s t i c s  

- 
Hahn's system seem, a t  this point,  t o  represent  a 

As a consequence of t h e  points  mentioned above, we propose a series 

of .experiments which we be l ieve  t o  have importance. Where e i t h e r  t he  po ten t i a l  

of an i n  v i t r o  ce l l  renewal systan, ur t h e  developrant of cells with a control-  

lable capacity t o  r e p a i r  sub- le tha l  i n ju ry  warld be of algnificanee alone, we 

propose t o  evaluate both aspect8 with the Hahn tqotan. 

-- 

-3- 



Some questions we plan t o  consider are l i s t e d  (not  necessazdly 

in order  of importance) belaw. 

1. Does the lawel?ng of t h e  ex t rapola t ion  number of the  plateau 

phase c e l l s  occur because of co l l ec t ion  of the  c e l l s  i n  a 

par t i cu la r  compartment of the i n t e l m i t o t i c  interval? 

specific biochemical changes occur aa compared with cells in 

exponential growth? 

Does the w t u r n  of t h e  ex t rapola t ion  wmber (and thereby the 

capacity t o  repa i r  sub- le tha l  injury) once the  p la teau  cells 

begin t o  grow expomnt i a l ly  occur because of a re-dis t r ibut ion 

of the cells throughout t he  in t e rmi to t i c  i n t e r v a l  in an 

Do 

2. 

.synchronous Q m r ?  

A corol lary t o  1. urd 2. would be, if t h e  plateau phase c e l l s  

are collected in a epecific por t ion  of the i n t e rmi to t i c  interval 

do they move aa a synchronous population i f  they are given the 

opportunity f o r  exponential growth? 

Are the suFvivors of rad ia t ion  in ju ry  able t o  "Ice-populate" the 

system? I f  so, do these cells pass through a s tage  of being 

able  t o  repa i r  sub-lethal injury t o  a period of losing t h i s  

ab i l i t y?  Do the surv iva l  curve parameters, c h a r a c t e r i s t i c  of the 

intelmitotic pezdod, generation, time, etc., change i n  the  

survivors? Is the amount of d iv i s ion  de l ry  altered as a function 

of plateau phase VS. expoaential growth. 

Do exponentially growing cella d i f f e r  from plateau phase cells 

with regard to their response t e  agents which irapdr macroololecular 

Am 8 p e C m C  biochemical changes present? 

3. 

&. 

W t h e S i r ?  DO dells *I& would "m-popll&O" the cryst= d80 V- 

ia this regard? 

4- 
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5. Scientific Scope 

The methods which we plan t o  use OFB standard and they have been 

in use in our laboratory f o r  severa l  years. We have been using cul tured 

mammalian c e l l s  f o r  both c e l l  survival and biochemically based radiobiologic 

s tud ie s  . 
A. Cell - Survival Techniques 

The methods used in our laboratory are elready in p r i n t  (2). 

Brief ly ,  t h e  c e l l s  are carried 85 monolayers unti l  use. 

experiments, the c e l l s  are t r y p s b s e d ,  di luted,  plated,  allowed a perlod of 

time t o  a t tach,  irradiated and/or treated Via other  agents, and incubated 

For rad ia t ion  

f o r  1 - 2 weeks t o  allow colony growth. The c e l l s  are kept in a water 

jacketed incubator at 37OC in a high humidity, 95% air 5% C02 atmosphere. 

B. Autoradiographic Methods 

Om of our technicians (Hrs. WiUdnson) I s  experienced (more 

than t e n  pears) in autoradiography. We use several  method8 wbich involve.. 

e i t h e r  c e l l s  attached t o  g l a s s  slides o r  p l a s t i c  petri p l a t e s ,o r  c e l l a  which 

are labeled in suspension. 

a modification of t h a t  described 

is coated with Kodak NTB 3 emulsion, an appropriate exposure time allowed 

Briefly, t h e  procedure used is as follows ( t h i s  is 

Jof fes  (3). The sur face  containing the cells 

(usual ly  2 weeks) after which the preparation8 are developed, stcrinsd, and the 

cells counted. 

C. Biochemical Methods - 
The metabolism of DNA and RNA will be measured by two methods. 

The incorporat ion of t r i t i a ted  precursors ()a TdR, h CdR-DNA , and %UR--RNA) 

will  be measured. A ubiqui tous label, 32p4, Will be used aa an adjunct t o  the 

specific presursors (see belaw). The acid insoluble  f r a c t i o n  W i l l  be resolved 

at0 the  DNA and RNA components by a modified S c h m i d t - T h d a u s e r  method (&). 

The DNA oontent u i l l  be m e a s m d  by the dipbexjylamlne netbod v h i l e  the RU content 
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w i l l  be measured by the  orc inol  method ( 5 ,  6). Radioactivity w i l l  be 

measured by l i qu id  s c i n t i l l a t i o n  counting. 

I n  o ther  experiments we w i l l  assay the  energy metabolic capabil-  

i t i e s  of c e l l s .  Respiration w i l l  be measured with a dual channel Model 53 

Yellow Spr ings CbcygeA electrode system ( t h i s  .is equipped w i t h  a dual  channel 

s t r i p  c h a r t  recorder). The metabolism of ATP w i l l  be f o l l m d  by measuring 

t h e  incorporat ion of 32POb i n t o  ATP. This  technique requires t h e  assay of t h e  

ATP content by the l u c i f e r l n  method (7), toge ther  wi th  separat ion of the ATP 

from the remainder of the acid so luble  f r a c t i o n  by Dowex-1 column chromato- 
* 

graphy (8). 

labeled, t h i s  f r a c t i o n  will be separated by the Schmidt-Thanabauser ppethod as 

Since the  ac id  inso luble  f r a c t i o n  of these cells would almady be 

described above. 

D. Proposed Experiments 

1. Initial steps.  

A. Cell Growth. 

The early phases of the work are concerned wi th  developing 

a source of plateau phase cells. We have elready started p i l o t  s t u d i e s  with milk 

d i l u t i o n  bottles f o r  the growth o f  pla teau  phase monoleyers. These b o t t l e s  are 

seeded with a known innoculum and t h e  medium replaced dal ly .  Honolayers are 

t r y p s h z e d  a t  d a i l y  In t e rva l s  t o  determine 1) the  ldns t i c s  of growth under tbese 

condi t ions and 2) t h e  variance from bott le- to-bot t le .  

made with c e l l s  grown on bo ma0 plastic petri dishes and 90 m g las s  petri p l a t e s .  

Our experience, at t h i s  point,  indicates no bas ic  d i f f i cu l ty .  

Similar measurements w i l l  be 

B. Dose-Response Measurements 

After achieving p la teau  phase, c e l l s  w i l l  be t r g p s u o e d ,  

. plated, allowed t o  attach f o r  a brief (1-hr) period a& then irradiated with 
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graded doses. 

Paired dose experiments (LOO rads--time--&W rads)  wil l  a l so  be performed with 

P a r a l l e l  p l a t e s  w i t h  c e l l s  i n  exponential  grouth w i l l  be wed. 

with plateau and exponent ia l ly  growing c e l l s .  

To this poin t  t h e  axpe rhen ta t ion  will serve  t o  ver i fy  Hahn's da ta ,  

i n  our labora tory .  

2. Experiments t o  answer proposed questions.  

A. Does t he  lowering of t h e  extrapolat ion number of the  

p la teau  phase c e l l s  occur because of co l l ec t ion  of c e l l s  i n  a par t icu lar  

compartment of t h e  i n t e r m i t o t i c  i n t e rva l?  Do s p e c i f i c  biochemical changes 

occur a s  C O M ? Z O ~  w i t h  c e l l s  i n  exponential growth?, 

We plan t o  perform autoradiographic studies of c e l l s  

1) i n  log growth, 2)  i n  t r a n s i t i o n  between log growth and plateau, and 3) i n  

p la teau  phase. Pulse  l abe l ing  with 3H TdR w i l l  be used. Cultures w i l l  be 

pulse labeled and samples taken at  i n t e r v a l s  t o  assay t h e  k ine t ics  of labeled 

c e l l s  moving through t h e  d iv is ion  cycle.  The autoradiographic s tud ies  of t h e  

t h r e e  c l a s s e s  of c e l l s  w i l l  be paral le led by t h e  meas\;rement of resp i ra t ion ,  

ATP, aNA,  and RNA metabolism. 

B. Does the  re turn  of t h e  extraDolation number (and 

thereby t h e  capac i ty  t o  r epa i r  sub-lethal  i n j u r y )  once t h e  c e l l s  begin t o  grow 

exponentially occur because of a r e -d i s t r ibu t ion  of t h e  c e l l s  throughout t he  

i n t e r r i t o t i c  i n t e r v a l ?  

Are specFfic biochemical changes present? 

If so, do the  c e l l s  move as a synchronous population? 

For these experiments, plateau phase cells will be 

handled i n  seve ra l  w a y s .  F i r s t ,  c e l l s  W i l l  be pre-labeled wi th  % TdR and 

allowed t o  co& t o  p la teau  phase. 

condi t ions s u i t a b l e  f o r  exponential growth, fed medium without % TdR and 

They will be t ryps in ized ,  re-seeded under 

then sampled a t  i n t e r v a l s .  Autoradiograms w i l l  be made t o  show t h e  d is t r ibu-  

)ion of t h e  c e l l s .  



Second , pla teau  phase cells w i l l  be t rypsinized , and re- 

seeded under conditions s u i t a b l e  t o  support exponential  growth. Samples w i l l  be 

pu l se  labeled a t  i n t e r v a l s  with %I TdR and autoradiograms made. The autoradio- 

graphic data from both sources w i l l  be cor re la ted .  

T h i r d ,  p la teau phase c e l l a  w i l l  be t w s i n i z e d ,  re-seeded 

under growth condi t ions and samples taken a t  intervals for measurenent of 

r e s p i r a t i o n ,  ATP, DNA, and RNA metabolism. 

C. Are the  survlvors  of r ad ia t ion  i n j u r y  ab le  t o  llre-populatell 

t h e  system? If so, do I these  c e l l s  pass  through a s tage  of being ab le  t o  r e p a i r  

sub- le tha l  i n j u r y  t o  a period of lo s ing  this a b i l i t y ?  Do t h e  aurrival curve 

parameters, t h e  generation time, e tc . ,  change i n  the  survlvors? Is t h e  amount 

of d iv l s ion  de lay  a l t e r e d  as a funct ion of plateau phase vs exponential growth? 

For sow experiments t h e  fo l lov ing  basic procedure 

will be used. A large number of monolayers of c e l l s  i n  plateau phase will be 

i r r a d i a t e d .  The doses will be selected such t h a t  known percentages of c e l l s  

w i l l  be k i l l e d .  A f t e r  i r r a d i a t i o n ,  the medium will be replaced and the 

surviving c e l l s  allowed t o  grow. A t  1-day intervals after i r r ad ia t ion ,  

se lec ted  b o t t l e s  of cells w i l l  be t rypsinired,  the c e l l s  counted, and di lu ted  

with mdium and then plated.  By this procedure we should gain some Idea of t h e  

f r a c t i o n  of v iab le  cells comprising the monolayer, aa a function of time after 

i r r a d i a t i o n .  Certainly, experiments of this type involve considerable p o t e n t i a l  

error. Consequently, t h e  experiment Will be r ep l i ca t ed  MW times i n  order t o  

lessen t h e  inf luence  of var ia t ion  i n  p la t ing  a f f ic iency  on t h e  data. 

For other experiments monolayers of pla teau  cells, 

growing on p e t r i  d i shes  , will be Used At t h e  tw of i r r ad ia t ion ,  the p l a t e s  

will be photographed with a camera equipped N i k o n  Shadcugraph. The number of 
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cel ls  i n  tne d i s h e s  will be estimated from t h e  photographs. Also, other p la tes  

will be trypsinized and the  c e l l s  counted. These methods w i l l  be cross  checked 

f o r  t h e  more reproducible method for estimating the  total number of cells on 

t h e  p la te .  I n  order t o  measure v iab le  c e l l s ,  t h e  p l a t e s  w i l l  be incubated 

- 

(with f r equen t  medium changes) u n t i l  visible colonies  grow out.  

only a r e l a t i v e l y  low range of doses can be used because of the physical s i z e  

Unfortunately, 

of t h e  colonies.  

than 20 coloniea/cm2 cannot be counted with accuracy. 

Even wi th  the  a i d  of t h e  Shadowgraph, colony dens i t i e s  l a r g e r  

\ 
Consequently, the r e s u l t s  of t h e  experiments described 

above will be considered together  t o  estimate haw well t h e  plateau phase cells  

can re-populate. From past BxpBrlence, w e  believe that re-population should 

occur e 

A somewhat different approach w i l l  be necessary t o  

categorize t h e  c h a r a c t e r i s t i c 8  of the  plateau phase survivors. 

after i r r a d i a t i o n  (0 - 8 days), t h e  plateau phase mnolayers  will be t rypsinized 

and a wide range of d i l u t i o n s  used to  seed p la t e s .  

A t  i n t e r v a l s  

Some p l a t e s  Will not be 

re - i r rad ia ted .  

(per  volume) of t h e  o r i g i n a l  innoculum. Other p l a t e s  will be given graded 

doses f o r  determination of t he  surv iva l  curve parameters. The remaining p l a t e s  

3 will be pulse labeled wi th  H TdR a t  times corresponding t o  the de l ivery  of t h e  

spaced doses. 

These w i l l  serve t o  deteradne hcw many v iab le  cells  were present  

This KT11 allow an estimate of t h e  inf luence of synchrony. 

Far other  experiments, p la teau  phase cells  u i l l b e  

i r r a d i a t e d .  

sunriving cella t o  form colonies. 

allowed t o  form monolayers. 

The survival curve parameters win be measured for them "surdvingtt cells i n  

eaponential  growth and i n  p la teau  phaae. 
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Autoradiographic s t u d i e s  of t h e  nsuI'yLylngll cells 

(above) vi11 be performed as prevlously described t o  determine if changes have 

occured i n  parameters such as the dura t ion  of the phases of the i n t e rmi to t i c  

i n t e r v a l  (Gl, S, G2, M) , and t h e  M-M period.  

t o  come t o  logari thmic growth and then given spaced d o s e s  t o  determine the  effect 

of r a d i a t i o n  on the population doubling time. P a r a l l e l  autoradiographic 

experiments, concerned with masurement of t h e  M-M i n t e rva l  w i l l  be made with 

%orrnal1l and llsurVIVlngR c e l l s  . 

laSuFxlvingqr cells will be allowed 

D. Do exponentially gr owing cells d i f f e r  from plateau 

Phase cells with  regard t o  t h e i r  response t o  agents  which impair macromolecular 

syn thes i s?  

also vary i n  this regard? 

Do cells which would re-populate t h e  system ("survivingI1 cells) 

WNle inhibitors could be Studied , we plan t o  use 

1) 2 , b d i n i t r o p h e n o l  (DNP), 2) actinomycin Dj 3) P U ~ O ~ C ~ I I ,  and 4) Q d r o x p r e a .  

These agents  represent  inhibitors of aerobic a d d a t i v e  phosphorylation , DNA, RNA, 

and p r o t e i n  synthes is .  The survival curves of pla teau  and exponentially growing 

cells (both llnorrnalql and l~survIplnglf cells) w i l l  be measured. While n d  a 

metabolic i n h i b i t o r ,  t h e  eurvival curves of pla teau  phase and exponentially 

growing cells pre-treated (before i r r a d i a t i o n )  with t h e  sens i t i ze r  BTdR wi l l  

be determined. 

E. Signif icance of t h i s  research and r e s u l t s  obtained 'by 

o t h e r s  . 
Hahnls f ind ings  are important i n  two broad areas. 

First, an i n  v i t r o  mamalian c e l l  renewal system has wide appl icat ion in biology. 

I n v e s t i g a t i o n s  ranging from pharmacology t o  Canca  research, i n  addi t ion t o  t h e  

-- 
prev ious ly  described radiobiologic s t u d i e s  are immediately apparent. Second, 

Hahn's method n e w  to'represent a method for reversably changing a m a n  
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cell's ability t o  repah sub-lethal  inJury.  Many ind iv idua ls ,  both in p r i n t  

and i n  meetings, have voiced t h e  need for  a method t o  reduce a mammalian c e l l ' s  

capaci ty  t o  repair sub- le tha l  i n ju ry  w i t h o u t  r e s o r t i n g  t o  highly t&c drugs. 

The work of Elkind, et.  al. (9), Whitmore and col leagues (lo), Phi l l i p s  and 

Tolmach (11)) Dalrymple, et. al. (3),  Berry (12), Bacchetti  (131, and Kim, 

et. a l .  ( l&)--to name a few have demonstrated that only under t h e  most adverse 

s i t u a t i o n s  w i l l  the  cul tured mannnalian c e l l  lose its a b i l i t y  t o  repa i r  sub-lethal  

injury. Agents ranging from hypofia and hypothermia through a spectrum of 

metabolic i n h i b i t o r s  have been used. I n  s p i t e  of severe tox ic i ty ,  mammalian 

c e l l s ,  generally,  r e t a i n  t h e i r  capacity t o  r epa i r  sub- le tha l  injury.  

The exce l len t  s tud ie s  of Teras- and Tolmach (ls), Sinc la l r  and 

Morton (16), and Dewey and Humphrq (17) with synchronized mannnalian c e l l s  

suggest the presence of at least one period during the i n t e rmi to t i c  i n t e r v a l  

where the  ex t rapola t ion  number falls t o  o r  near 1. Although t h e  exact phase 

varied between s t r a i n s  of cells, t h e  phenomenon was e s s e n t i a l l y  universal. 

Perhaps, then,  t h e  reason far t h e  lack of t h e  capaci ty  to repair 

sub-lethal  i n j u r y  by p la teau  phase c e l l s  l ies in the  poss ib le  co l lec t ion  of 

these cells i n  a por t ion  of t h e  in t a rmi to t i c  i n t e r v a l  characterized by an 

extrapolat ion number of 1. If so, we wmld an t i c ipa t e  the  c e l l s  t o  mope through 

t h e  phases of the i n t e r r d t o t i c  i n t e r v a l  i n  synchrony, if the  cells uere given 

the opportunity for  log growth. Perhapa 80- biochemical var ia t ion  (nacro- 

molecular synthes is  or energy metabolism) OCCWS. Pwhaps a capbination of the 

two f a c t o r s  coincide. 

t o  t hese  and other  questions.  

The experiment8 which we plan should provide answers 

The s tud ie s  w i t h  t he  %uvivlngn c e l l a  ahaald all= an evaluation 

of the  p o s s i b i l i t y  t h a t  t heee  cells are a l te red  by t h e  original dose. A t  this 

po in t  we bel ieve our results Wil l  show results siadlar t o  thocre described by 
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2lkind Sutton in t h e i r  e a r l y  work (18) 

between plateau and log growth and f%.wdvingll c e l l s  w i l l  not have altered 

radiobiologic  properties.* Un t i l  this is proven by experiment, however, the 

question is moot. 

N a m e l y ,  cells  can be alternated - 

Probably t h e  greatest s ign i f i cance  of our proposed work l lee  i n  t h e  

laying of ground work for more basic inves t iga t ions  about t h e  repair of sub-lethal  

i n j u r y  a t  t h e  molecular level. Cer ta in ly ,  a system where the i nves t iga to r  

can select cells which e i t h e r  have or d o  not  have the a b i l i t y  t o  repair  

sub-lethal  inJury would farm t h e  cornerstone of many Inves t iga t ions .  

* Gitrile Elkind and Sut ton were not  using p la teau  phase cells,  they d i d  
re-irradiate cel ls  which had survived an earlier dose. They found complete 
repair of sub-lethal  injury wi th in  a matter of hours; no alteration of t h e  
radiobiologic propert iea  bp t h e m  cells w18 found. , 
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