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The Committee on C l i n i c a l  I n v e s t i g a t i o n s  and U s e  of Radioisotopes 

hereby approves the  program w i t h  t h e  following t i t l e :  

KINETICS OF HEMOPOIETIC CELL PROLIFERATION STUDIED BY 
MEANS OF NUCLEIC A C I D  LABELING WITH TRITIATED PURINES 
AND PYRIMIDINES 

C I R C  - 2b has  been ass igned  to  t h i s  program 

G e o k e  C .  Co tz i a s ,  M . D . ,  Chaiki-an 

&L& 
Knud Knudsen, M.D. 

Donald C .  Borg, M.D. 
/ 

Harold Atk ins ,  M.D. 

L e w i s  M. S c h i f f e r ,  M.D. 

Date 

P lace :  Medical Research Center  
Brookhaven Na t iona l  Labora tory  
Upton, New York 

Approved p : -f. J7fl& 
E. P. Cronk i t e ,  M . D .  
Chairman, Medical Department 



3 June 1968 

Lewis M. S c h i f f e r ,  M.D. 
fTYJ 

E ;  P .  Cronki te ,  M . D .  

Chairman 
6 /3 /68  

ADDENDUM TO CIRC 112 (2b )  

Permission i s  reques ted  t o  perform a t h o r a c i c  duc t  cannu la t ion  

upon - a p a t i e n t  w i t h  chronic  lymphocytic 

leukemia.  

The s u r g i c a l  technique i s  r e l a t i v e l y  s imple  and has  been 

performed i n  human beings and animals  f o r  many y e a r s .  

D r .  Arjun D. Chanana, D iv i s ion  of Hematology, has ex tens ive  

exper ience  i n  t h r e e  d i f f e r e n t  spec ie s  of animals  and w i l l  perform 

t h e  s u r g e r y .  

The p a t i e n t  has  a l a r g e  b r a i n  tumor and has  had a c e r e b r a l  vascu- 

l a r  a c c i d e n t  and canno t ,  h i m s e l f ,  s i g n  a consent  form. H i s  w i fe  

has  agreed  and w i l l  s i g n  a n  informed consent  form. This i s  

s a t i s f a c t o r y  t o  M r .  Rathvon. 

We' wish  to  perform t h i s  cannu la t ion  and t h o r a c i c  duct-venous shunt  

i n  con junc t ion  wi th  the  c e l l  l a b e l i n g  s t u d i e s  under which t h i s  

addendum i s  appended. 

The importance of t h i s  p r o j e c t  l i e s  i n  t h e  e s t ima t ion  of  c e l l  

(lymphocyte) r ecyc l ing  a b i l i t y  from blood lymph -. blood.  This  

i s  of g r e a t  t h e o r e t i c a l  importance i n  understanding ch ron ic  lymphocytic 

leukemia c e l l  k i n e t i c s .  
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Minutes C I R C  Meeting 

c- 

8 May 1972 

P r e s e n t :  J.S. Robertson, S.H.  Cohn, H . R .  Connel l ,  R . A .  Love, G . A .  P r i c e ,  
N.P. Rathvon, Jr. 

The meeting w a s  held i n  t h e  Small Conference Room o f  t h e  Medical Research 
Center  and opened by D r .  Robertson a t  140Q. 

The minutes of t h e  p rev ious  meeting were accepted a s  d i s t r i b u t e d .  

The Chairman d i s t r i b u t e d  some cop ies  of  "The I n s t i t u t i o n a l  Guide t o  DHEW 
P o l i c y  on P r o t e c t i o n  o f  Human Subjects" .  More cop ie s  of  t h e  p u b l i c a t i o n  have 
been ordered so t h a t  every  C o m m i t t e e  Member can have a copy. 

D r .  Robertson r e p o r t e d  on t h e  s t a t u s  o f  C I R C  p r o j e c t s  t h a t  are on t h e  
a c t i v e  l i s t  b u t  a r e  o v e r d u e  f o r  re-review. O f  t h e  n i n e  p r o j e c t s  i n  t h i s  
c a t e g o r y ,  seven w i l l  be  r e c l a s s i f i e d  a s  i n a c t i v e ;  r e q u e s t s  from D r .  Atkins 
f o r  review of t h e  remaining t w o  a re  expected. 
from D r .  Robertson l i s t i n g  t h e  C I R C  proposa ls  involved i s  a t t a c h e d .  

The memorandum t o  D r .  Cronki te  

The C o m m i t t e e  rece ived  a communication from D r .  Cotz ias  r e q u e s t i n g  t h a t  
C I R C  1/58 be made i n a c t i v e .  

The fol lowing C I R C  proposa ls  were reviewed: 

1. C I R C  832, r e v i s e d .  
was approved as submit ted.  

T h i s  p roposa l ,  "The Study of  Polycythemia Vera"', 

2. Annual r e c e r t i f i c a t i o n  of  C I R C  1/48 was approved. It was noted t h a t  
t h e  o r i g i n a l  form f o r  I n i t i a t i o n  o r  Review of C l i n i c a l  I n v e s t i g a t i v e  
Programs was unsigned. The form should be s igned by D r .  Shreeve. 

3.  Annual r e c e r t i f i c a t i o n  of  C I R C  # 6 3  was approved wi th  t h e  c o n d i t i o n  
t h a t  t h e  word r a d i o a c t i v e  be included on t h e  Consent Form, t h a t  i s ,  
paragraph 1 on t h e  Consent Form should read: 
r a d i o a c t i v e  iodine-123.1. . .  

Thyroid uptake  with 

4 .  C I R C  11 82 ,  r e v i s e d .  The proposal  was approved s u b j e c t  t o  c l a r i f i c a t i o  
on t h e  Consent Form o f  whether 50 ca lendar  days o r  50 samplings is 
intended.  I t  i s  suggested t h e  wording on t h e  Consecc Form be: 
. . . . .  be obta ined  3 mornings a week and f o r  a t o t a l  per iod of  50 days I 1  

The Committee then  e n t e r e d  i n t o  a d i s c u s s i o n  of t h e  procedure f o r  record ing  
p a t i e n t ' s  x - rays  and whether t h e  x-rays should be included i n  t h e  p a t i e n t ' s  r a d i a t i o  
r eco rd .  

The 

I 

Enc. 

Plo a c t i o n  was taken  i n  t h i s  matter. 

meeting was adjourned a t  1615 

Re spec t fu  1 1 y submi t t ed , 

Helen R .  Connell  

Memorandum t o  Dr. E.P. Cronki te  
from D r .  J.  S .  Robertson 



BROOKHAVEN NATIONAL LABORATORY 

M E M O R A N D U M  

DATE: 17 A p r i l  1972 

TO : E.  P .  C ronk i t e  

FROM : && rt  s on 

Reference: C I R C  minutes  f o r  meeting of 3 A p r i l  1972.  

As i n d i c a t e d  i n  t h e  r e fe renced  minutes ,  t he  C I R C  i s  concerned about  
t h e  cont inued  appearance  of c e r t a i n  p r o j e c t s  on t h e  a c t i v e  l i s t  b u t  which 
are over  two yea r s  o u t  of d a t e  and f o r  which r eques t s  for rev iew have ' 

not  been r e c e i v e d .  
i n a c t i v e .  
l i s t  through t h e  u s u a l  procedure .  

It l e  proposed t h a t  t h e s e  now be r e c l a s s i f i e d  a8 
They c a n ,  of c o u r s e ,  eubeequent ly  be  r e s t o r e d  t o  t h e  a c t i v e  

S p e c i f i c a l l y ,  i t  i s  proposed t h a t  t h e  fo l lowing  p r o j e c t s  be 
r e l e g a t e d  t o  t h e  i n a c t i v e  l i s t :  

CIRC 
NO. - 6 

15 

15A 

18 

18A 

1 8 B  

I8C 
1 8 D  

Date 
O r i n .  

6 / 3 0 / 6 4  

2 /28/67 

6130164 

2/5/65 

6 /3 0164 

12 / 1 5 / 6 4  

2/25/65 

7/12/ 65 

1/27/69 

JSR:mae 

I 1  19359 

P r i n c  i p a  1 
I n v e s t  i na  tor 

D r .  Cronki te  

D r .  Cronki te  

D r  . Atkins  

D r  A tk ins  

D r .  C ronk i t e  

D r ,  C ronk i t e  

D r .  Cronki te  

D r .  S c h l f f e r  

Dr. R a i  

Desc r ip t ion  

H-3 C e l l  K ine t i c s  

C14 Label led  Pyr imidine  

TC-99M Scanning TC04 

TC-99M Scanning TC-S 

CO-60 ECIB 
CO-60 E C I B  l eukemia  

CO-60 ECIB pre  kidney t r a n s p l a n t  

CO-60 ECIB ampho te r i c in  B 
ECIB C U  



BROOKHAVEN NATIONAL LABORATORY 

TITLE: 
Addendum re: Use of  14c l abe led  

pyr imidines  

TO : 

FROM : 

SUBJECT: C I R C  Propcsal  J/L;J 
R. B. Aronson, Ph.D. (?e 

In  compliance with r ecen t  FDA and HEW n o t i c e s  r equ i r ing  p e r i o d i c  reviews of 
c l i n i c a l  research  pro jec ts . ,  your C I R C  p roposa l ,  number %2 4 i s  scheduled f o r  review 
soon. P l ease  i n d i c a t e  a t  t h e  bottom of  t h e  page i f  t h i s  proposal  should be con- 
t i n u i n g  o r  placed on t h e  i n a c t i v e  l i s t .  

This proposal  was l a s t  reviewed and approved by t h e  Committee on 
19 67 . DO you wish t o  make any subs t an t ive  changes i n  your proposal? ~k.7 

(1 

Have you no t i ced  any adverse  e f f e c t s  during t h e  experimental  program wbich have 
no t  a l r e a d y  been r epor t ed  t o ,  t h e  Department Chairman’s Off ice? . Please  in-  
c lude  t h e  n a t u r e  and frequency of  such e f f e c t s .  

Approximately how many p a t i e n t s  have been submitted t o  t h e  experimental  regime 
s i n c e  t h e  l as t  approval?  

The Sponsoring Phys ic i an  on t h i s  proposa l  i s  . Has 
t h e r e  been a change o f  Sponscring Phys ic ian  o r  Responsible Inves t iga to r s?_  

I f  you have obta ined  IND numbers from t h e  FDA i n  connect ion with t h i s  proposal  
p l e a s e  l i s t  on a s e p a r a t e  s h e e t  t h e  compounds and corresponding I N D  numbers, and 
a t tach’  fl- d-,A{/J . X C ~  /C-.L-,*I- ~ ~ ~ ~ ~ ~ / & ~ ~ / ~ ~  /7 

/” 

P l e a s e  a t t a c h  t o  t h i s  shee t  cop ie s  of  any r e p o r t s  submitted t o  t h e  FDA, H E W ,  o r  
o t h e r  Grant ing Agency ( i n  connect ion wi th  t h i s  proposal  and t h e  I N D  numbers given 
above) ,  s i n c e  t h e  l a s t  C I R C  approval  d a t e .  

Please add any a d d i t i o n a l  in format ion  which may be of  u se  t o  t h e  Committee i n  
Inc lude  a copy of t h e  P a t i e n t  Consent Form now i n  use  f o r  t h i s  i t s  d i l i b e r a t i o n s .  

s t u d y .  m 
0 

C I R C  PROPOSAL NUMBER IS: Continuing 
J ’ A /f ; 1 2 6 Q-..<,/, )7 .Zc7WCA ;i Qk4L L C d ” + q  . L / “  ) I n a c t i v e  

4 J fl4* ‘-7 2 i J  3 L ~ J -  /- 
Signed 4 

Date 
P lease  r e t u r n  t h i s  completed form t o  D r .  R . B .  Aronson as  soon a s  poss ib l e .  
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The Committee on Clinical I n v e s t i g a t i o n s  and Use of Radioisotopes 

hereby approves t h e  program wi th  t h e  fol lowing t i t l e :  

C I R C  has  been ass igned  t o  t h i s  program. 

C I  c&;an. 
. Cot&as, M . D . ,  Chakfman 

Date Approval recommended - 
Date: Disapproval Date 

U \ 

Place :  Medical Research -Center  
Brookhaven N a t i o n a l  Laboratory 
Upton, New York 11973 

V .  P .  Bond, M . D .  
Chairman, Medical Department 



Feb. 21, 1967 . 

Dr. P.C. Vincent 

G.C. Cotziaa, Chrm. C1in.Inves.Comm. 

Memo dated Feb. 8 1967 CIRC-2 

The question of pyrogenicity of the pyrimidine compound8 

was discussed by the committee. 

pyrogens will be minimized by the fact  that only pyridimidines incarpst- 

ated within celle during the incubation will be adminietered to humans. 

Therefore, standard tests for pyrogenicity do not seem applicable to 

this procedure. Further It appeared that the washings involved will 

mitigate against the presence of pyrogene in the material finally in- 

jected. 

It u4a thought that dangers from 

J 

The proposal has been approved by the committee. 



2 / 2 1 / 6 7  appro' 
I 

V .  P .  Bond, M.D. . 

C I R C  - 2a 
BROOKHAVEN NATIONAL LABORATORY.  (H-52) 

M , E M  0 R A N D  U M 

DATE: 8 February 1967 

TO: C l i n i c a l  I n v e s t i g a t i o n s  Committee 

FROM: P. C .  Vincent,  M. D. 

SUBJECT: Addendum t o  p r o j e c t  C I R C - 2  (H-52) 
"Kine t ics  of  Hemopoi e t  i c  Cel l  
P r o l i f e r a t i o n  by Means of Nucleic  
A c i d  Label ing w i t h  T r i t i a t e d  
Pur ines  and Pyrimides. 'I 

To a l low s imi l a r  s t u d i e s  w i t h  I4C labe led  pyrimidines .  The reasons 
f o r  performing t h e  i n v e s t i g a t i o n s  i n  human s u b j e c t s ,  and t h e  type  of p a t i e n t  
t o  be s t u d i e d ,  a r e  given i n  C I R C - 2 .  

Reason f o r  Using I 4 C  I s o t o p e s :  

C pyrimidines  w i l l  be i n c o r p o r a t e d  i n t o  leukemic c e l l s  and/or  i n t o  
o t h e r  c e l l s  i n  t h e  p e r i p h e r a l  blood i n  v i t r o  i n  o r d e r  t o  fo l low t h e  s u r -  
viva1 and f a t e  of  t h e s e  c e l l s  i n  t h e  c i r c u l a t i o n .  This  w i l l  be done where 
a s i m i l a r  s t u d y  has been done u s i n g  3H pyrimidines  and where i t  i s  d e s i r a b l e  
t o  r e p e a t  t h e  s tudy .  S p e c i f i c a l l y ,  f o r  example, w e  hope t o  compare t h e  
s u r v i v a l  of  lymphocytes b e f o r e  and a f t e r  i r r a d i a t i o n  of  t h e  blood (ECIB) i n  
p a t i e n t s  w i t h  chronic  lymphocytic leukemia. 14C labe led  ce l l s  can be d i s -  
t i n g u i s h e d  from 3H- l abe led  c e l l s  by autoradiography because o f  t h e  longer  
p a r t i c l e  t r a c k s  i n  t h e  emulsion. Thus a second s u r v i v a l  curve could be 
computed d e s p i t e  t h e  p e r s i s t e n c e  of some 3H- l a b e l e d  ce l l s  i n  t h e  c i r c u l a t i n n .  

14 

-- 

Proposed- Method: 

White c e l l  c o n c e n t r a t e s  from t h e  p e r i p h e r a l  blood w i l l  b e  incubated 
-- i n  v i t r o  under s t e r i l e  c o n d i t i o n s  w i t h  14C pyrimidine a t  a c o n c e n t r a t i o n  
of between 1 and 2 pc  p e r  m l .  The maximum a n t i c i p a t e d  amount used f o r  i n -  
c u b a t i o n  would be 400 pc  and t h e  average  would be  between 100 and 200 pc. 
A f t e r  i n c u b a t i o n  t h e  c e l l s  w i l l  be washed twice  w i t h  a medium c o n t a i n i n g  a n  
excess  of n o n r a d i o a c t i v e  pyr imidine  and i n j e c t e d  i n t r a v e n o u s l y  i n t o  t h e  
p a t i e n t  frem whom t h e  c e l l s  were der ived .  

Experience i n  t h i s  l a b o r a t o r y ,  u s i n g  3H pyrimidines  under t h e s e  con- 
d i t i o n s ,  has  shown t h a t  o n l y  10% of t h e  added i s o t o p e  remains i n  t h e  c e l l  
f r a c t i o n .  
c e l l  f r a c t i o n  a t  t h e  t i m e  of  i n j e c t i o n  i s  a c t u a l l y  contained i n  t h e  c e l l s .  
Thus t h e  dose of i s o t o p e  adminis te red  t o  t h e  p a t i e n t  can be estimated as 
10% of  t h e  amount used i n  i n c u b a t i o n ,  and t h e  d i s t r i b u t i o n  w i t h i n  t h e  body 
w i l l  be t h a t  of t h e  i n j e c t e d  c e l l s .  

F u r t h e r  i t  is e s t i m a t e d  t h a t  more t h a n  90% of t h e  i s o t o p e  i n . t h e  

I I 3 9 3 b 3  



C l i n i c a l  I n v e s t i g a t i o n s  Committee - 2 -  8 February 1967 

Pharmacology: 

The pharmacology of t he  pyrimidines  has been cons idered  i n  C I R C - 2 .  
The 1 4 C  compounds a r e  a l l  a v a i l a b l e  a s  s t e r i l e  aqueous s o l u t i o n s ;  t h e  
s p e c i f i c  a c t i v i t i e s  (Schwarz BioResearch) a r e  a s  fo l lows:  

Cy t id ine  - 2  I 4 C  20-40 pc/m mole 
Deoxycytidine -2 14 C 8-15 I '  I 1  

Deoxyuridine -z14C 20-50 ' I  I 1  

Thymidine d 4 C  6-10 I '  

and >25 11 I 1  

Urid ine  -2% 25-40 I '  I 1  

I 1  

Pyrogen ic i ty  : 

The Schwarz p r e p a r a t i o n s  a r e  s t e r i l i z e d  by M i l l i p o r e  f i l t r a t i o n  and 
a r e  q u i t e  u n l i k e l y  t o  c o n t a i n  pyrogens. 

Dos i m e  t r y  : I 4 C  -> i4N + B- 
H a l f - l i f e  5730 y e a r s  
Maximum energy 0.155 MeV 
Mean energy  (E ) 0.048 MeV B 

An a t t empt  can be made t o  e s t i m a t e  t h e  r a d i a t i o n  exposure both t o  
t h e  l abe led  c e l l s  and t o  t h e  whole body. 

(a) Radia t ion  t o  l abe led  c e l l s .  Appendix i g ives  a n  estimate of .:SI 

t h e  s i z e  of t h i s  dose.  E f f e c t s  on t h e  l a b e l e d  c e l l s  w i l l  n o t  pose any h e a l t h  
problem. 
n o t  t h e  p a t i e n t ,  wh i l e  leukogenic  e f f e c t s  can be d i s r ega rded  i n  leukemic p a t i e n t s  
o r  i n  p a t i e n t s  wi th  o t h e r  t e rmina l  i l l n e s s .  

Rad ia t ion  dea th  of t h e  l a b e l e d  ce l l s  might d i s t u r b  t h e  experiment bu t  

(b) Whole body exposure.  
1) The proposed maximum dose of 40pc i n j e c t e d  i s  less than t h e  

maximal pe rmis s ib l e  body burden of 400pc ( 3 ) .  

2)  
dose would be: 

I f  a dose  of 40pc were completely r e t a i n e d  t h e  r a d i a t i o n  

51.2 E C rad lday  (1, p.824) B 
= 51.2 40 rad/day f o r  70 kg man. 70,000 

-3 
= 1.404 x 10 rad lday .  

I n  most i n s t a n c e s  t h e  adminis te red  dose would be between 10 and 20pc 
I 4 C ,  s o  t h a t  t h e  
r ad lday  7.022 x 10-4, rad/day.  

dose ra te  would cor respondingly  be between 3.511 x 

I f  1 9 3 b 4  



C l i n i c a l  I n v e s t i g a t i o n s  Committee - 3 -  8 Feb,ruary 1967 

3)  A l t e r n a t i v e l y  assume an e f f e c t i v e  h a l f  l i f e  f o r  lymphocytes 
Of 100 days. S ince  t h e s e  c e l l s  w i l l  con ta in  most of t he  i n j e c t e d  i so tope  
( i n  cases  of ch ron ic  lymphocytic leukemia) t he  cumulat ive B dose becomes, 
s i n c e ,  

Do(-)= 73.8 Co. Te f f .  rad (1 , -p828)  

f o r  40pc i n  a 70 kg man. 

D B  ( C Z O )  = 73.8 x 0.048 x 40 x 100 r a d  
70,000 

= 0.202 rads. 

and f o r  20pc i n  a 70 kg. man D (a0 ) = 0.101 r ads .  B 
f o r  1Opc i n  a 70 kg man D (& ) = 0.0505 rads .  B 

4)  Dose estimates w i t h  p r i o r  3H s t u d i e s :  

S ince  I 4 C  pyr imidines  w i l l  be used i n  p a t i e n t s  p rev ious ly  
s t u d i e d  w i t h  3H pyr imidines  t h e  t o t a l  r a d i a t i o n  exposure has  t o  be c a l c u l a t e d .  

3 -  f o r  H E = .0055 MeV (1) 

For a maximum of 40pc inco rpora t ed  i n  t h e  c e l l s  i n j e c t e d ,  i n  a 70 kg man 
B 

D (00) = 73.8 x .0055 x 40 x 100 rads 
70,000 B 

3 = .0232 r ads  f o r  H dose.  

T o t a l  maximum whole body r a d i a t i o n  would t h e r e f o r e  be, f o r  40pc 3H followed 
by 4Opc l4C, 

DB ( 0 0 )  = .2252 rads.  

5 )  It  should be noted t h a t  these  e s t i m a t e s  are based on an  uptake  
of 10% o f - t h e  added i s o t o p e  by the c e l l s  ( s e e  methods).  I f  t h i s  were i n  e r r o r  
t h e  estimates could be g r e a t e r  by a f a c t o r  of 10. 

'Summary: - An addendum t o  CIRC-2 t o  a l low the  u s e  of I 4 C  l a b e l e d  pyrimidines  
i n  s e l e c t e d  p a t i e n t s  i s  r eques t ed .  
would be undertalcen i n  each p a t i e n t ,  permission i s  a l s o  reques ted  t o  r epea t  
t h e  s tudy  i f  i n d i c a t e d .  

Although i n  most i n s t a n c e s  only  one s tudy  
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2 )  Bond, V.  P. and Feinendegen, L. E . :  I n t r a n u c l e a r  
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Appendix: , -1- 

C a l c u l a t i o n  of Radia t ion  Dose t o  Labeled Ce l l s .  

This  i s  a n  a t tempt  t o  c a l c u l a t e  t h e  l 4 c  dose t o  t h e . l a b e l e d  c e l l s  
The va lues  c a l c u l a t e d  f o r  3 H  ( 2 )  cannot be adapted t o  14C, because of  t h e  
h i g h e r  energy and g r e a t o r  p a t h  l e n g t h  of t h e  l a t t e r  i so tope .  Consider 
c e l l s  l a b e l e d  w i t h  I 4 C  w i t h  a n  average g r a i n  count a f t e r  30 days of 30 grams. 
Assuming a n  a u t o r a d i o g r a p h i c  e f f i c i e n c y  o f  lo%, t h i s  i s  e q u i v a l e n t  t o :  

10 - 30 x 30 . 24 x 60 DPM 

For t h e  maximum energy of  I 4 C  (0.155 MeV) t h e  maximum f3 p a r t i c l e  range i n  water  
(1) can be c a l c u l a t e d  a s  285p. 

The l i n e a r  energy t r a n s f e r  i s  thus :  2 = .048 
140 16.0 

I f  each p a r t i c l e  o r i g i n a t e s  i n  t h e  c e n t r e  of nucleus of  r a d i u s  of 3p i n  a 
c e l l  r a d i u s  4p t h e n  each p a r t i c l e  t r a n s f e r s  t o  t h e  nucleus 

Assume a n  average p a t t e r n  l e n g t h  of 140p.  

E 
M e V  p e r  p. 

and t o  cytoplasm 1 x .048 
140 MeV 

and f o r  n DPM, t h e  r a t e  of energy t r a n s f e r  i s  t h e  product  ( n x energy 
t r a n s f e r  from one p a r t i c l e  over  t h e  g iven  d i s t a n c e )  f o r  t h e  nuc leus  t h i s  is: 

Mev p e r  minute 3 48 
140 x 144 

- - Mev p e r  minute 
140 

e r g s  p e r  minute  x 1.602 x 
140 

Convert ing t o  e rgs :  = 

Assuming u n i t  d e n i s t y  t h i s  can be converted t o  r ads  p e r  minute.  

rads per  minute 
- 1.603 x lo-’ 

3 

- 
140 x - 4 xm x 27 x 1 0 - 1 2 x 2 -  

= 1.012 rads p e r  minute 

f o r  cytoplasmic s h e l l  t h e  r a t e  o f  energy t r a n s f e r  i s  

Mev p e r  minute  48 
140 x 144 

Mev p e r  Minute 
- - 10-3 

520 



. .  
a .  ..- - .  

Appen’dix: - 2 -  

e r g s  pe r  minute Convert ing t o  e rgs :  . 1.602 x lo-’ 

S ince  the volume of the  s h e l l  i s  4 .fi ( 4 3  - 3 ) ,  assuming u n i t  mass energy 

520 
3 

3 

i n  r a d s  p e r  minute 

= 1.602 x lo-’ 

3 
520 x . 6  x 4 x 37 x 10-12 x L O 2  

= 1.99 x rads  p e r  minute 
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CL I N  I C AL IN Vi2 ST I GliT I O N  AUTHOR I Z"iT ION FO I:'! 

Purpose o f  Rcvicw: . I n i t i a l  0 Revision C o n t i n u i n g  Addenduin a -- 1 j _ - - . _ _ u -  

2 1 
1 I C I R C D  T i t l e :  

K i n e t i c s  of  Hemopoietic Ce l l  P r o l i f e r a t i o n  Studied by 

A s s  igned 
on (da t e )  a /19/63 -- - .< L Means o f  Nucle ic  Acid Label ing with T r i t i a t e d  Pur ines  and Pyrimi- 

d i n e s  inc lud ing  forum C I R C  2A-Addendum r e :  Use of 14C l abe led  
pyr imidines .  

To Chairman, C I R C ,  

forwarded herewi th  f o r  review arid recommendat i on .  

-- 
The p roposa l  f o r  c l i n i c a l  i n v e s t i g a t i o n  i d e n t i f i e d  by t h e  above C I K C  number and t i t l e  i s  

P l e a s e  s u b s t i t u t e  A.D. Chanana f o r  T.M. F l i e d n e r  a s  co - inves t iga to r  

E.P. Cronk i t e ,  M . D . ,  P r e s i d e n t  of Staff' Datg 

To P r e s i d e n t  o f  S t a f f ,  

i d e n t i f i e d  proposa l  on 17 7/ and recommends w i t h  t he  fo l lowing  
mod i f  i c a  t i ons  : 

The C l i n i c a l  I n v e s t i g a t  nd Uses of Radiosotopes Committee reviewed the  above 

I '  

J. S. Robertson,  Chairman G.  C. C o t z i a s ,  A l t .  Chairman H . R .  Connell  

S.H. Cohn E . A .  Popenoe, A l t e r n a t e  R.A. Love 

- 
G. P r i c e  J .F.  Klopper N.P. Rathvon, J r .  

S. E. Duby, A l t e r n a t e  A . P .  Wolf, A l t e r n a t e  

To , 
The above t i t l e d  and numbered p roposa l  i s  s u b j e c t  t o  the  fo l lowing:  

E.P.  Cronkitc,M.D. , P r e s i d e n t  of S t a f f  Date 
y..-.)y rm- 

1 1 1 9 3 7 1  C I R C  form 61 5 / 1 2 / 7 1  



BROOKHAVEN NATIONAL LASORATORY 

M E M O R A N D U M  

FROM : R.B. AronsQn-Ph.D. ---- 

SUBJECT;. CIRC P roposa l  2 
/--- 

I n  compliance wi th  r e c e n t  FDA and HEW n o t i c e s  r e q u i r i n g  p e r i o d i c  rev iews  o f  
c l i n i c a l  r e s e a r c h  p r o j e c t s ,  your  C I R C  p r o p o s a l ,  number 2 is scheduled  f o r  r e v i e w  
soon. P l e a s e  i n d i c a t e  a t  t h e  bot tom o f  t h e  page i f  t h i s  p r o p o s a l  should be con- 

* t i n u i n g  or  p l aced  on t h e  i n a c t i v e  l i s t .  

T h i s  p roposa l  was-last reviewed and approved by t h e  Committee on # O k - & C  $@ . 1 9 6 3  Do you wish t o  make any  s u b s t a n t i v e  changes i n  your proposa l?  

Have you n o t i c e d  a n y  a d v e r s e  e f f e c t s  d u r i n g  t h e  expe r imen ta l  program which have  
n o t  a l r e a d y  been r e p o r t e d  t o  ' the  Department Chairman's  Off i c e ?  
c l u d e  t h e  n a t u r e  and f r equency  o f  such e f f e c t s .  

. Please i n -  . .  

Approximately how many p a t i e n t s  have  been submi t t ed  t o  t h e  expe r imen ta l  regime 
s i n c e  t h e  l as t  approva l?  .-- 

The Sponsoring P h y s i c i a n  on t h i s  p r o p o s a l  i s  
: t h e r e  been a change o f  Sponsor ing  P h y s i c i a n  or  Respons ib l e  I n v e s t i g a t o r s ?  

I f  you have o b t a i n e d  I N D  numbers from t h e  FDA i n  connec t ion  wi th  this p r o p o s a l  
p l e a s e  l i s t  on a s e p a r a t e  s h e e t  t h e  compounds and co r re spond ing  INTI numbers, and 
a t  t ach .  

P l e a s e  a t t a c h  t o  t h i s  s h e e t  c o p i e s  of any  r e p o r t s  submi t t ed  t o  t h e  FDA, HEW, or 
. o t h e r  G r a n t i q  Agency ( i n  c o n n e c t i o n  w i t h  t h i s  p r o p o s a l  and t h e  IND numbers g i v e n  

.. above) ,  e i n c e  t h e  las t  CIRC a p p r o v a l  d a t e .  

P l8868  add any a d d i t i o n a l  i n f o r m a t i o n  which may ba o f  use to t h e  Coaunittcc i n  
I n c l u d e  o copy o f  t h e  P a t i e n t  Consent Form now i n  uae for t h i r  i t s  d i l i b a r a t i o n r .  

otudy. 
< I  El 

0 
CIRC PROPOSAL NUMBER 2 IS: Cont inuing  

I n a c t i v e  

Signed . 
Date 

P l e a e e  r e t u r n  t h i s  completed form t o  D r .  R.B. Aronson as soon a s  p o s s i b l e .  
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The Committee on C l i n i c a l  I n v e s t i g a t i o n s  and Uses of Radioisotopes 

hereby approves t h e  program w i t h  t h e  fo l lowing  t i t l e :  

K i n e t i c s  of Hemopoietic Cel l  P r o l i f e r a t i o n  Studied by 
Means o f  Nucleic  Acid Label ing w i t h  T r i t i a t e d  Purines  
and Pyrimidines  

C I R C  # 2 has  been ass igned  t o  t h i s  program. 

wa W&iL.- 
Walton W. Shreeve, M.D., Ph.D., Chairman 

Eugene P, Cronki te ,  M.D. 

Eclcart Schackow, M.D.  

I 

Melvin H. Van Woert, M.D. 

,” James S . 
c/ 

Place Medical Research Center  
Brookhaven Nat iona l  Laboratory 

. Upton, New York 

c 

R;bertson, M.D. , Ph.D. (ex o f f i c i o )  

t I19313 



FORM FOR INITIATION OR REVIEW OF C L I N I C A L  

INVESTIGATIVE PROGRAMS 
' fr f, 

(Submit original only to Department Chairman) 

A. 

B. Sponsoring physician(s): 

C. Responsible investigator(s): 

D. Brief description of the study, including its general goals and purpose, and 

Title of the proposal: KINETICS OF HEMOPOIETIC CELL PROLIFERATION STUDIED BY 
MEANS OF NUCLEIC ACID LABELING WITH TmTIATED PURINES AND PYRIMIDINES. 

E.P. Cronkite and T. M. Fliedner 

E. P. Cronkite and T. M. Fliedner 

pertinent information on past studies: (Attach additional sheets if necessary.) 

(Please see attached sheet) 

E. Reasons why the investigation(s) are to be performed on human subjects. 
It is the purpose of this study to investigate the proliferative kinetics 

of blood cells in man in steady-state equilibrium and in proliferative disorders. 
Human diseases of proliferation are distinctly different from those in animals 
since the clinical course,the time parameters of human hemopoiesis are markedly 
different from animals. Therefore, an understanding of hemopoietic disorders 
in man, w i l l  be possible only through a study of suitable patients. 

F. Type of patient in which the study is to be done (including approximate number 

of subjects, if k n m ;  special restrictions or requirements; method of obtain- 

ing consent; etc.): The studies proposed will include only patients at an age 
where procreation is impossible and/or in diseases which have a limited life 
expectancy. (Continued on separate sheet) 

I1193111 



G. 1. 

2. 

-3, 

4 .  

5 .  

60 

Are drugs not in t.,e.U. S. Pharmacopoeia (USP) or the NNR being used or con- 
templated for u'se? Yes X No 

I s  an unusual use of a drug(s) accepted by the US? or NM contemplated? 

example would be the use of an accepted drug in dosages far exceeding 'the 

recommended limits or for purposes distinctly different from the usual indi- 
cations cited.) Yes No 

Are any biological products to be administered that do not bear on their con- 
t-ainers or labels notation of approval by the Biological Control Division of 
the National Institutes of  Health? . .  Yes No X 

Is external or internal radiation other than accepted diagnostic or thera- 
peutic procedures to be administered? . . Yes No 

Are any (other) unusual procedures being performed or proposed which in your 

judgment may entail a special hazard - particularly a hazard above and\beyond 
any imposed by accepted diagnostic and therapeutic measures for that patient? 

(An 

X 

X 

Yes No x 
Yes x No Are any radioisotopes to be administered to human beings? 

a. If yes, are the radioisotopes to be used solely within the limits of pro- 
cedures, specifically described in the USP? Yes No x 
Describe the radioisotopic preparation(s): 

b. Or are the radioisotopes to be used only in accordance with a project 

previously approved by the former Radioisotope Committee of this 

Department? Yes X NO 

Note the project number: H-52 
(See separate sheet for Item G . )  

of the potential hazards must be appended, including pertinent bibliographic cita- 

tions and other relevant information. 

IF ANY OF QUESTIONS 1 THROUGH 5 ARE ANSWERED AFFIRMATIVELY, a detailed analysis 

* IF QUESTION 6 IS ANSWERED AFFIRMATIVELY, a completed supplementary'form for 
Radioisotope Administration to Human Beings must be appended. However, this form 

need not be filed provided that question 6a or '6b is 'also answered affirmatively. 
separate forarmst be submitted for each radioisotopic species to be administered. 

A 

Sponsoring Physician 
Committee on Clinical Investigations and 
Uses of Radioisotopes 

Approval recommended Date /\/<./b3 
Disapproval Date 

JL\>{ 7 g 1964 
V. P. Bond, M. D. 
Chairman, Medical Department 

6 / 2 5 / 6 3  
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Addi t iona l  shee t  f o r  I tem D. 

GENERAL BACKGROUND: The dynamics of  t h e  hemopoietic equi l ibr ium between c e l l  

format ion  and d e s t r u c t i o n  and i t s  d is turbances  i n  man have been of i n t e r e s t  t o  

c l i n i c a l  i n v e s t i g a t o r s  f o r  decades. However, u n t i l  r a d i o a c t i v e  i s o t o p e s  became 

a v a i l a b l e  r e c e n t l y ,  t h e r e  were no methods t o  s tudy t h e s e  f a c t o r s  q u a n t i t a t i v e l y  

i n  man. 

The use  of r a d i o a c t i v e  i r o n  and phosphorus opened new avenues f o r  t h e  i n -  

v e s t i g a t i o n  of t h e  k i n e t i c s  of hemopoietic c e l l  p r o l i f e r a t i o n .  However, t h e s e  

approaches d i d  no t  permit  a d i r e c t  s tudy of t h e  p r o l i f e r a t i v e  k i n e t i c s  of t h e  

a c t u a l  processes  of formation,  p r o l i f e r a t i o n ,  matura t ion  and mig ra t ion  a t  t h e  

c e l l u l a r  level. 

The s y n t h e s i s  of tritium l a b e l e d  thymidine as a s p e c i f i c  DNA marker by 

Hughes i n  1956 opened ano the r  approach t o  t h e s e  problems. 

po ra t ed  i n t o n a r b  synthes ized  DNA of c e l l s  capable  of c e l l  p r o l i f e r a t i o n .  

i s  s t a b l e  and only  d i l u t e d  by c e l l  d iv i s ion .  

a s t a b l e  l a b e l i n g  of c e l l s  which can be observed and q u a n t i t a t e d  by high reso_  

l u t i o n  s i n g l e  c e l l  autoradiography.  

p r o l i f e r a t i o n  can be  obta ined  by observ ing  p rogres s ion  of l a b e l  through :mi tos i s ,  

t h e  changes of t h e  l a b e l i n g  i n t e n s i t y  and lo r  t h e  f r a c t i o n  of l a b e l e d  ce l l s  of 

a p a r t i c u l a r  c e l l  type  as a f u n c t i o n  of time. S ince  then,  a number of o t h e r  

pu r ines  and pyr imidines  have been l a b e l e d  wi th  tritium and can be used t o  s tudy 

v a r i o u s  a s p e c t s  of t h e  process  of hemopoiesis a t  a c e l l u l a r  level. 

Thymidine i s  inco r -  

It 

The tritium l a b e l i n g  thus  permi ts  

Informat ion  about  k i n e t i c s  of  c e l l u l a r  

OUTLINE OF PROPOSED STUDY: It i s  t h e  purpose of t h e  proposed i n v e s t i g a t i o n  t o  

s tudy  t h e  k i n e t i c s  of hemopoietic c e l l  renewal i n  va r ious  c l i n i c a l  cond i t ions  

by means of n u c l e i c  a c i d  l a b e l i n g  techniques us ing  t r i t i a t e d  pyr imidines  and 

pur ines .  

S u i t a b l e  p a t i e n t s  w i l l  be g iven  in t r avenous ly  t r i t i a t e d  pyrimidines  and 

pu r ines  i n  doses up t o  O.Zpc/gm of  body weight p e r  s i n g l e  i n j e c t i o n  o r  up t o  

lpc/gm of b&y weight  t o t a l  p e r  cont inuous i n f u s i o n  f o r  s e v e r a l  hours . in  leukemics only.  

I n  ano the r  type  of s tudy ,  blood c e l l s  w i l l  be removed from t h e  p a t i e n t ,  

incubated  i n - v i t r o  wi th  a t r i t i a t e d  pyrimidine o r  pu r ine  and r e i n f u s e d  i n  o rde r  

t o  s tudy  t h e  f a t e  of t h e  l a b e l e d  c e l l s  and/or  of t h e  l abe led  material .  

S e r i a l  bone marrow and blood samples ( i n  s e l e c t e d  cases  lymphnode t i s s u e )  

as w e l l  as s a l i n e  mouth wash p r e p a r a t i o n s  w i l l  be obta ined  and processed  f o r  

autoradiography.  A f t e r  exposure,  developing, f i x a t i o n ,  washing and s t a i n i n g ,  

t h e s e  samples w i l l  be eva lua ted  microscopica l ly .  , . . .  . ' .. e ,  



Addi t iona l  shee t  f o r  Item F. 

a )  Study of hemopoiesis i n  a ' 's teady s t a t e " .  P a t i e n t s  w i th  malignant 

d i s o r d e r s  no t  involv ing  t h e  hemopoietic sys t em ( b r a i n  tumors, s o l i d  cancer ) .  

b) Study of p r o l i f e r a t i v e  d i seases  o f  hemopoiesis. 

1. Leukemia: a c u t e  and chronic  myelocyt ic  and lymphocytic leukemias 

(aleukemic o r  leukemic).  

2. Mul t ip l e  myeloma 

3.  Anemia: Vitamin def ic iency  (such as pe rn ic ious  anemia) o r  respon- 

s i v e  anemias, a c q u k e d  o r  congen i t a l  hemolytic anemias 

4. Leukopenia: Various forms of " sp len ic  neutropenia ' '  i n  p a r t i c u l a r  

"Fe l ty  ' s syndrome" 

5 .  Thrombocytopenia: Various forms, i n  p a r t i c u l a r  i d i o p a t h i c  throm- 

bocytopenia purpura be fo re  and a f t e r  splenectomy. 

Although only  one a d m i n i s t r a t i o n  of a tritium labe led  p u r i n e  o r  pyrimidine 

w i l l  be  t h e  rule, a r epea ted  s tudy  will be d e s i r a b l e  i n  a l 1 , t h o s e  cases  i n  which 

i t  w a s  p o s s i b l e  t o  c o r r e c t  t h e  p r o l i f e r a t i v e  d e f e c t  ("spleen neutropenia"  be fo re  

and a f t e r  splenectomy, a c u t e  leukemia i n  r e l a p s e  and remission,  pe rn ic ious  anemia 

b e f o r e  and a f t e r  t r ea tmen t ) .  

I n  a l l  i n s t a n c e s ,  o r a l  consent  w i l l  be ob ta ined  from p a t i e n t s  a f t e r  a 

s u i t a b l e  exp lana t ion  of purpose and e x t e n t  of study. 

* 

I C  



Addi t iona l  shee t  f o r  I t e m  G 

Although thymidine and c y t i d i n e  a r e  no t  i n  t h e  USP, e x t e n s i v e  pharma- 

c o l o g i c  s t u d i e s  have been performed u t i l i z i n g  chemical amounts measured i n  

hundred of mi l l ig rams without  any d e t e c t i b l e  e f f e c t s .  

used a s  a p a r t i a l l y  e f f e c t i v e  therapy  of pern ic ious  anemia i n  gram amounts wi th-  

o u t  any s i d e  e f f e c t s .  

o r  c y t i d i n e  a r e  used. 

Thymidine h a s  been 

Only f r a c t i o n a l  mi l l ig ram amounts of r a d i o  thymidine 

The r a d i a t i o n  t o x i c i t y  i s  cons idered  under H - 5 2  ( r a d i o i s o t o p i c  approved 

p r o j e c t .  ) 

To da te ,  19 p a t i e n t s  have been given t r i t i a t e d  thymidine a t  dose levels 

up t o  0.19 pc/gram body weight wi thout  any known harmful e f f e c t s .  
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T C  C h a i r m a n ,  h d i o i s o t o p e  Committee 

F R O M .  B q e c e  P. C ronk i t e ,  M. D e  
George C o t z i a s p  M .  D. 

S U B J E C T :  Use of  t r i t i a t e d  pyrimidines  in 
p a t i e n t s  i n  a d d i t i o n  to  t r i t i a t e d  
thymidine. (Refer  t o  isotwe 
a u t h o r i z a t i o n  H-52,) 

Lo T r i t i a t e d  a y t  i d ine ,  deoxyur id ine .  u r i d i n e  and o t h e r  t r i t i a t e d  p y r i m i -  
d i n e s  a r e  p r e c u r s o t s  f o r  both DNA and W. Bxtensive s t u d i e s  have been 
performed w i t h  these on r a t s  without  any d e t e c t i b l e  evidence of  i n j u r y  a t  
leaeis  up t o  1 + c / p  of body weight, With t r i t i a t e d  thyuid ine ,  the s t u d i e s  
a r e  r a t h e r  c l e a r c u t .  I t  is  necessary t o  give doses  i n  excess  of 1 pc/gm 
to  o b t a i n  a n y  d e t e c t i b l e  r a d i a t i o n  in ju ry .  Between 1 and 5 ~ c / p  the re ' i s  
n e g l i g i b l e  e f f e c t ,  u i t h  doses  of 20 p c / p  i n  a mouse, t h e  e f f e c t  is apprax- 
h a t e l y  equal t o  t h a t  produced by 50 t o  75  rads of e x t e r n a l  r a d i a t i o n  when ' 
measured w i t h  t h e  t e s t i c l e  a d  the lpphncxles ,  The evidence f o r  r a d i a t i o n  , 
i n j u t y  has been measured b y  the dec rease  in t he  number af spe r ra togon ia  
(Johnson and C s o n k i t e ,  r e p r i n t  a t t a c h e d )  and by the  appearance of pyknot i c  
lynphocytes  in the lymph nodes,  

2, To d a t e  the t r i t i a t e d  pyrimidines w i t h  the except ion  of thymidine 
ha re  n o t  been adminis te red  t o  m a n o  The problems concerned w i t h  t he  coapu- 
t a t i o n  of dose a r e  s i n i l a r  t o  those expressed  i n  H-52. 

3, There is s m e  evidence t h a t  t h e  1cUkeRic c e l l  ma). have  a metabolic 
block against  the i nco rpora t ion  of thymidine i n t o  DNA a d  that t r i t i a t e d  
deoxyur id ine  or c y t i d i n e  may l a b e l  more s a t i s f a c t o r i l y ,  
are based upon i n  v i t r o  s t u d i e s .  The evidence f o r  t h e  f o r n e r  is  based on 
s t u d i e s  by DP, Feinendcgen i n  t h i s  Laboratory a s  ye t  unpublished, Since 
t h i s  i s  a key prob lea  in the  i n t e r p r e t a t i o n  of the k i n e t i c s  of c e l l  p r o l i f -  

i s te r  t r i t i a t e d  pyr imidines  o t h e r  t h a n  thymidine i n  doses  up t o  0.2 pc/gm 
of body m i g h t .  
Pa t i eh t s  w i t h  leukemia,  m u l t i p l e  myeloma,  o t h e r  malignant blood d y s c r a s i a s  
0r s o t i d  cance r s  t h a t  m a y  k c o m  a v a i l a b l e  f o r  s tudy.  rt rill be l imi t ed  
to  i n d i v i d u a l s  i n  whom t he re  is  no l i k e l i h o o d  of p r o c r e a t i o n  and i n  vhm l i f e  
expectancy is l imi t ed .  In a11 of t hese  s i t u a t i o n s  i t  is noted t h a t  r a d i a t i o n  
therapy i s  an accep tab le  and a t  t h e  a very  s a t i s f a c t o r y  t reatment .  
m o u n t s  of r a d i o a c t i v e  m a t e r i a l  given  a s  compared to t h e  amounts of r a d i o a c t i v e  
phosphorus t h a t  would be used t h e r a p e u t i c a l l y  and which  a l s o  is i n c o q o r a t e d  
i n t o  RNA and DNA i s  very snail indeed. S ing le  doses  of r ad ioac t ive  phosphorus 
up to  6 IC a r c  accep tab le  means of therapy i n  t h e  l euko l i c  s t a t e s .  

These obse rva t ions  

\ e r a t i o n  i n  rnal ignuat ,  i t  i s  requested t h a t  we be given a u t h o r i t y  to adain- 
, 1 . '  

The only p a t i e n t s  f o r  Which t h i s  a u t h o r i t y  i s  requested a r c  

The 

The rad 
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dose fr- t h i i  a,noirmt oi m a t z a i a ?  averaged QhrotrghoLtt the bad7 is a\' the 
order oi 1M rad a& i n  ?be Pnrgc t  tissue a a y  g i v e  aa i n t e g r a l  dose i n  
excess af 2iX)-W2 ,-ad depeediwg upon h m  t h e  dose i l o  computed. A a  a 
matter of f a c t ,  these dose c o a p u t a t i o n s  mmin z e a l i t 7  f u t i l e  r i ~ e  O W  docs 
n o t  have e m g b  i d o m a t i o n  on t h e  nicooscopic  d i s t r i b u t i o n  of tht isotope. 

I f  o m  cosls iders  the p y r i e i d i n c  a c t i v i t y  exc lus ive ly  as tf i t  =re 
t r i t i u n  oxide as& assuraiag tanifow d i e t r i b u t i o n  w i t h  m b i l l o g f c a l  h a l f - l i f e  
of 14 days,  the P n f i i u i p e  *ole-body dose t o  a 50 k i l o g t u  i n d i v i d u a l  is 0,18 rep 
fol lowiug the  i a j e c t f m a ' d  1 ec, 

d i v i d u a l  r(a~~111tiq in a 

With t h e  p r e s e n t  request, i t  is corareirable 
that ten t h e 5  t h i s  annuat of a a t e r i a l  would be administered i n t o  such in- 

to ta l  body dose of 1.6 r@p, 

m e r e m  it is clear t h a t  the  dangers of t r i t i a t e d  pyr imidines  i n  terns 
d p o t e n t i a l  carc9mgemPc e f f e c t  a d  genet ic  hazards  have n o t  becn evalua ted  
rdecpuately a s  yet, 
wdtd f o r  ad-te autoradiography spe mot d a t e c t i b l e .  Acute e f f e c t s  after 

a a f r w  ce l l s  a s  follows, The rolrtlat of bone marrow nuc le i  a s s l n i n g  spheres  
w i l l  vary from 100 cue microns ( r a d i u s  about 3 ricrons t o  ls00 CU. r i c r a n s  
w i t h  r a d i u s  of a b u t  7 micross) ,  The r o l i n  of the c e l l s  t h a t  pe rpe tua te  
hemopoiesis 1s not c e r t a i n  bat probably rariea tx tuean  200 md 500 cu. r i c r o n s .  
I f  OM uses Hughes e s t i m a t e d  30 P t o  a 200 l l icran nucleus froa 60 d i r f n t c g r a -  
tiom, o m  can estimate doses to various p r i m i t i a e  hemopoietic cells. Grain 
counts over ~e fargee n u c l e i  '6n X) days expoaure a r e  a s  high as 90 a f t e r  a 
do- of J pts/gm t o  p a t i c s t o ,  I f  one assumes an autoradiographic  e f f i c i e n c y  
sf 9% there are about 300 disintegrations per  day. 
the avermge rurPnr dose t o  t h e  m c l e u s  w i l l  be of  the  order o f  150 t the 
firmt bag. Siese  c e l l  d i v i s i o n  in these cells occur8 every  24 hours o r  t v c n  
pore r i p d d l y  in soae c a s e s ,  the dose is r a p i d l y  cut i n t o  half for  subsequent 
t h e  pcriadr. In the  above computation, dose was estimated on m a x i r u  g r a i n  
Cauat aad a late au to rad iog ragh ic  efficiency f a c t o r  which o v e r e r t i n a t t s  the dose. 
FOP the f i r s t  seven days ( a r s u i e i g  7 n i t o r i s )  the m l r i a u  nncltar dose rnould 
be of tbe orde r  of 333 r, Oa tha b i t i s  of mean g r a i n  counts  i t  m u l d  be of 
the order of  70 %O 100 r dur ing  the f i r s t  M e t  for  the p r i r i t i r e  progenitor 
c e l l s  a s  defined by 01s on c y t o l o g i c  @?oun;jse It is quite ev iden t  t h a t  the arer- 
age dose  vah ie r  w i t h  au to rad iog raph ic  e f f i c i e n c y  aod wclc ir  v o l u e  of t h e  C e l l  
which p e r p e t u a t e s  h e m u p i e s i r  but r h i c h  is n o t  i d e n t i f i e d  w i t h  c e r t a i n t y .  Since 
acitbtr is It-, t h e s e  mnbers have l i t t l e  r e a l  meaning. Lastly, t h e  average 
dose has  no real aaaning  since on ly  t k  dose t o  vu lne rab le  s t r u c t u r e s  is of 
significance is determining  the ef fec t .  There is no doubt t h a t  t r i t i a t e d  t h F f -  
d i n e  docs prodaca e f f e c t s  but t h e s t  e f f e c t s  rust be determined by c r p i r i c  s t u d i e s ,  
n o 0  b carpotatim, Apropos of t h i s ,  there have  been publ i shed  r e c e n t l y ,  ( f f a t a r c ,  
t01. 193, ppo 705-706,  1962)  data t h a t  shows mutat ions can be induced i n  the  
motme w i t h  t r i t i a t e d  e h p i d i n o  if O M  uses quite bugk doses  repeatedly.  Tn 
these  rtodiee Pnw doses were used 300 pc spread o u t  i n t o  6 f ract :ons over  2 d a y s .  
'Ibis amifom Pabgliw of a wide band d spematozaa snd these SpCm 
were used fer f c z t d l i z a t i o n  there- a d i s t i n c t  increose i n  the inc idence  of 

i t  is c l e a r  t h a t  a c u t e  e f f e c t s  froa the doses t h a t  a r e  

l a r g e  doses a r e  minimal t o  m n d e t e e t i b l e .  One can compute doses t o  the  bone 

If the vel- is the Lame, 
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30 j u l y  ,1962 

of doainant I ? t h e :  n u e a t i o n s  2 s  d t t e x i n e d  by k a l l i n g  t h e  pregnant f e R a l z s  
arrd examining the f ~ t u s c s  e a r l y ,  Thus, i t  is pccrvrd t h a t  m i t a t i o n s  Caa be 
produced by t h y s l l d i n c ,  Tn t k  c a s e  of t r i t i a t e d  p T P i n i d l n e r  tha t  g o  i n t o  
both RNA a n d  Dit4 d t h  relativelr t h e  same e f f i c i e n c y  a s  thymid i* ,  t h e  
preceding maximal dose e s t h a t e s  w i l l  also p e r t a i n ,  Howcrer, these  d o s e ,  
e s t h a t e s  a r e  of t h e  crder  t h a t  would be used t h e r a p e u t i c a l l y  for blood 
d y s c r a s i a s  and from t h i s  standpoint a r e  not c l i n i c a l l y  con t r a ind ica t ed .  
Another modifying f a c t o r  i s  the imp l i ca t ion  of the Taylor ,  h o d ,  k g h e s  
ChrmSOne  replication m o d e l  on dose,  Since the chromatids behave w i t h  the 
exception of the perturbation by  c ross ing  o v e ~  a s  i nd iv idua l  u n i t s ,  the 
l abe led  chromorroses will be disposed of i n  success ive  d i v i s i o n s  according 
t o  a b i n m i a x  d i s t r i b u t i o n .  W i t h  a chrcmoscnmal nrrwber of 46 a s  p e r t a i n s  t o  
mmn and t hus  d t c r  t h e  f i f t h  d i v i s i o n  t h e  R W M ~  of c e l l a  h a v i n g  no label 
w i l l  p r o g r e s s i v e l y  increase .  (Ctonkite  e t  a l ,  Nature ,  vol.  189, pp. 153-154, 
J a n u a r y  14, 1961) 

I t  i s  true t h a t  P a i n t e r  e t  a1  have shown i n h i b i t i o n  of  c e l l  d i v i s i o n  
However, these r e s u l t s  w i t h  dosea 4 s  low as  0,02 pc/ml of c u l t u r e  red im.  

can not b~ c a r r i e d  d i r e c t l y  t o  the m i ~ r a l , i n  which m a t e r i a l  Is given i n t r a -  
venously, because the a v a i l a b i l i t y  times a r e  w i d e l y  d i f f e r e n t  in the two ‘ 
s i  tua t ions.  

A d a i t t e d l y ,  i t  Pa not  f e a s i b l e  t o  g ive  r e a l i s t i c  e s t i m a t e s  of the  
doses of r a d i a t i o n  t o  any of t h e  c r i t i c a l  t a r g e t  t i s sues .  However, i n r a u c h  
a8 r a d i a t i o n  i s  a recognized therape t t t i c  med im f a  the diseases discussed .ad 
ShCe there  i s  PO empipic evidence of t ang ib le  i n j u r y  a t  the  l e v e l s  conr idered  - 
i t  i s  requested QRnt p e r n i s s i s n  be granted  t o  a d r i n i s t e r  UQ t o  0.2 VC/&” of 
body e i g h t  t o  i r id iv idua ls  BbiQh short l i f e  expectancy as a r e s u l t  of ma l ig tun t  
b l d  d y s c r a s i a s  OP other malignant d i s e a s e  a d  in rlhcm p r o c r e a t i o n  is  h igh ly  
unlikely. 

BFC: i w  



BROOKHAVEN NATIONAL LABORATORY 

M E M O R A N D U M  

. DATE: 24 J u l y  1962 

TO: Radioisotope Committee 

FROM: Eugene P. Cronk i t e ,  M. D. %< 
SUBJECT: Addendum t o  p r o j e c t  H== 

(H3thyraidine 

H3 thymidine has  been used i n  p a t i e n t s  with n e o p l a s t i c  d i s e a s e s  
o r  va r ious  hemopoietic d i s o r d e r s  t o  s tudy  the  l i f e  cyc le  of var ious  
blood c e l l  systems. Through i n  vivo and -- i n  v i t r o  
been found t h a t  only a smal l  f r a c t i o n  of blood lymphocytes and t i s s u e  
lymphocytes a r e  labe led  by means of t r i t i a t e d  thymidine, due t o  i t  ex- 
c l u s i v e  inco rpora t ion  i n t o  newly synthes ized  DNA. 
ted thymidine have been adminis tered t o  p a t i e n t s  without  demonstrable 
somatic  e f f e c t s  on lymphocytic o r  myelocyt ic  t i s s u e  (approximately 0.3 pC/gm'  
body weight). I n  animal studies performed in t h i s  l abo ra to ry ,  somatic 
e f f e c t s  a r e  suggested a t  doses  of 1 pc/gm and a r e  demonstrable with doses  
of 5 pc/gm body weight. In order  t o  g a i n  f u r t h e r  information on the l i f e  
cyc le  of lymphocytic c e l l s ,  i t  i s  planned t o  complement some of  t h e  thymi- 
d i n e  s t u d i e s  i n  p rogres s  by l a b e l i n g  autologous lymphocytes of a p a t i e n t  
w i th  lymphatic leukemia wi th  H3-cytidine,  which i s  incorpora ted  both i n t o  
DNA and RNA, and to f o l l o w  t h e i r  f a t e  a f t e r  r e i n f u s i o n  i n t o  the p a t i e n t  
by s e r i a l  blood and bone marrow sampling. It has  been shown by a p i l o t  
-- i n  v i t r o  s tudy ,  t h a t  about  90% of t h e  lymphocytic c e l l s  of t h i s  p a t i e n t  
a r e  l abe led  wi th  cy t id ine .  

studies, i t  has 

Up t o  19mc of t r i t i a -  

The amount of H3-cytidine t o  be used f o r  an L- i n  v i t r o  tagging of 
t he  autologous c e l l s  i s  1 ~ c / d  of incuba t ion  blood. Thus, the  maximum 
H3-cytidine dose t o  a p a t i e n t  (u s ing  500 m l  of blood f o r  c e l l  l a b e l i n g )  
would be 500 pc or  O.Olpc/gm body ue igh t  which is one tenth the  usua l  
dose of H%R, I n  an imals ,  N3-cytidine and H3-thymidine have about t he  
Samr: t o x i c i t y .  Dose "est imat ions"  for H3-cyt idine would be about t he  
Sam2 aS f o r  thymidine a s  d i scussed  i n  approved H-52. 

BE: aw 



BROOKHAVEN NATIONAL LABORATORY 

M E M O R A N D U M  

DATE: 30 J u l y  1962 

TO: George C o t z i a s ,  M. D. 

FROM: Eugene P. C r o n k i t e ,  M. D. 

SUBJECT: Use of t r i t i a t e d  pyr imidines  
i n  p a t i e n t s .  

The a t t ached  r e q u e s t  f o r  the  use  of t r i t i a t e d  pyr imidines  
wzs o r i g i n a l l y  submit ted t o  the i so tope  committee on 28 February 
1961 and approved by a l l  members  as ind ica t ed  on the  a t t a c h e d  o r i g i n a l  
cop ie s  with the  except ion  of Dr.  Farr who r e t a i n e d  i t  f o r  over  one 
year  be fo re  r e t u r n i n g  i t  t o  me. I have r e w r i t t e n  i t  and up-dated it. 

There i s  now some urgency s i n c e  w e  have p a t i e n t s  t h a t  might be 
s u i t a b l e  f o r  t he  a d m i n i s t r a t i o n  of  t r i t i a t e d  cy t id ine .  

I 
! 

BPC: aw 
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BROOKHAVEN NATIONAL LABORATORY 

I 

M E M O R A N D U M  

DATE:  30 J u l y  1962 

TO: Chairnan, Radioisotope Committee 

FROM: 
George C o t z i a s ,  M .  D. 

Eugene P. Cronl t i te ,  M. D. 

SUBJECT: Use of t r i t i a t e d  pyr imidines  i n  
p a t i e n t s  i n  a d d i t i o n  t o  t r i t i a t e d  
thymidine. (Refer  t o  i s o t o p e  
a u t h o r i z a t i o n  H-52. ) 

1. T r i t i a t e d  c y t i d i n e ,  deoxyur id ine ,  u r id ine  and o t h e r  t r i t i a t e d  pyrimi- 
d i n e s  are  p r e c u r s o r s  f o r  bo th  DNA and RNA. 
performed w i t h  these on rats wi thout  any d e t e c t i b l e  evidence o f  i n j u r y  at 
l e v e l s  up t o  1 gc/gra of body weight. 
a r e  r a t h e r  c l e a r c u t .  
t o  o b t a i n  any d e t e c t i b l e  r a d i a t i o n  in ju ry .  Between 1 and 5 pc/gm t h e r e  i S  
n e g l i g i b l e  e f f e c t ,  w i t h  doses  of  20 pc/gm i n  a mouse, the  e f f e c t  i s  approx- 
imate ly  equa l  t o  t h a t  produced by 50 t o  75 rads  of e x t e r n a l  r a d i a t i o n  when 
measured w i t h  t h e  t es t ic le  and t he  lymphnodes. The evidence f o r  r a d i a t i o n  
i n j u r y  h a s  been measured by t he  dec rease  i n  the number of spermatogonia 
(Johnson and Cronk i t e ,  r e p r i n t  a t t a c h e d )  and by  the  appearance of pyknot ic  
lymphocytes i n  t h e  lymph nodes, 

Extens ive  s t u d i e s  have been 

With t r i t i a t e d  thymidine,  the studies 
It is necessary  t o  g ive  doses  i n  excess  of  1 p c / p  

2, To d a t e  the  t r i t i a ted  pyr imidines  wi th  the excep t ion  of thymidine 
have n o t  been adminis te red  t o  m a n ,  The problems concerned wi th  the  compu- 
t a t i o n  of dose a r e  similar t o  those  expressed i n  H-52. 

3. There i s  some evidence t h a t  the leukemic c e l l  may have a metabol ic  
b lock  a g a i n s t  t he  i n c o r p o r a t i o n  of  thymidine i n t o  DNA and that t r i t i a t e d  
deoxyuridine o r  c y t i d i n e  may labe l  more s a t i s f a c t o r i l y .  These obse rva t ions  
are based upon i n  v i t r o  s t u d i e s .  
s t u d i e s  by D r .  Feinendegen i n  t h i s  Laboratory as y e t  unpublished. 
t h i s  i s  a key problem i n  t h e  i n t e r p r e t a t i o n  of the  k i n e t i c s  of  c e l l  p r o l i f -  

. I ./- e r a t i o n  i n  mal ignant5" i t  i s  reques ted  t h a t  we be g iven  a u t h o r i t y  t o  admin- 
i s t e r  t r i t i a t e d  pyr imidines  o t h e r  t han  thymidine i n  doses  up t o  0,2 pc/gm 
of body weight. 
p a t i e n t s  with leukemia,  m u l t i p l e  myeloma, o t h e r  mal ignant  blood d y s c r a s i a s  
o r  s o l i d  cance r s  t h a t  may become a v a i l a b l e  f o r  s t u d y .  
t o  i n d i v i d u a l s  i n  whom there i s  no l i k e l i h o o d  of p r o c r e a t i o n  and i n  whom l i f e  
expectancy is limited. I n  a l l  of  t h e s e  s i t u a t i o n s  i t  i s  noted t h a t  r a d i a t i o n  
therapy i s  an  accep tab le  and a t  time a very  s a t i s f a c t o r y  t rea tment .  
amounts of r a d i o a c t i v e  material  g iven  as compared t o  the  amounts of  r a d i o a c t i v e  
phosphorus t h a t  would be used t h e r a p e u t i c a l l y  and which a l s o  i s  incorpora ted  
i n t o  RNA and DNA i s  very small indeed. 
up t o  6 mc a r e  accep tab le  means of therapy i n  the  leukemic states.  

The evidence f o r  t h e  former  is based on 
Since  

' 
[.'I -, ~ 

The on ly  p a t i e n t s  f o r  which t h i s  a u t h o r i t y  is reques ted  a r e  

Et will be l i m i t e d  

The 

S ing le  d o s e s  of  r a d i o a c t i v e  phosphorus 
The rad 
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dose from t h i s  amount of m a t e r i a l  averaged throughout t he  body i s  of the 
o rde r  of 100 rad and i n  the  t a r g e t  t i s s u e  may give an i n t e g r a l  dose i n  
excess  of 200-300 rad depending upon how fhe dose is computed. A s  a 
ma t t e r  of f a c t ,  t hese  dose computations axe in  r e a l i t y  f u t i l e  s i n c e  one does 
n o t  have enough informat ion  on t he  microscopic d i s t r i b u t i o n  of the i so tope ,  

If one cons ide r s  the pyrimidine a c t i v i t y  exc lus ive ly  as if i t  Were 
tritium oxide and assuming uniform d i s t r i b u t i o n  w i t h  a b i d o g i c a l  ha l f - l i f e  
of 19 days,  the  i n f i n i t e  whole-body dose t o  a 50 kilogram i n d i v i d u a l  i s  0.18 rep  
fo l lowing  the i n j e c t i o n  of  1 mc, 

d i v i d u a l  r e s u l t i n g  i n  a 

With the p r e s e n t  r e q u e s t ,  i t  is  conce ivable  
t h a t  t e n  t imes t h i s  amount of m a t e r i a l  would be adminis te red  i n t o  such an in-  

t o t a l  body dose of 1.8 rep,  

Whereas i t  i s  c l e a r  t h a t  t h e  dangers  of t r i t i a t e d  pyr imidines  i n  tenas 
of  p o t e n t i a l  carc inogenic  effect and gene t i c  hazards  have n o t  been eva lua ted  
adequate ly  as ye t ,  
needed f o r  adequate autoradiography are no t  detectible.  Acute e f fec ts  af ter  

marrow c e l l s  as follows. The volume of bone marrow n u c l e i  assuming spheres  
W i l l  va ry  from 100 cu. microns ( r a d i u s  about  3 microns t o  1300 CU. microns' 
w i t h  radius of about  7 microns).  The volume of the c e l l s  t h a t  pe rpe tua te  
hemopoiesis i s  n o t  c e r t a i n  b u t  probably v a r i e s  between 200 and 500 CU. microns.  
If one uses  Hughes e s t ima teo f  30 r t o  a 200 micron nucleus from 60 d i s i n t e g r a -  
t i o n s ,  one can  estimate doses  t o  v a r i d p s  p r i m i t i v e  hemopoietic cel ls .  
coun t s  over t h e  l a r g e r  n u c l e i  &n 30 days exposure a r e  as h igh  as 90 a f t e r  a 
dose  of .lpc/gm t o  p a t i e n t s .  
Of 1% there  are about  300 d i s i n t e g r a t i o n s  pe r  day. 
the  average m a x i m u m  dose t o  t h e  nuc leus  w i l l  be of the o r d e r  o f  150 r the  
f i r s t  day, Since c e l l  d i v i s i o n  i n  these c e l l s  occurs  every  24 hours  or  even  
more r a p i d l y  i n  some c a s e s ,  t h e  dose is  r a p i d l y  c u t  i n t o  h a l f  f o r  subsequent  
time periods.  I n  t h e  above computat ion,  dose was es t imated  on m a x i m u m  g r a i n  
Count and a low au to rad iog raph ic  e f f i c i e n c y  f a c t o r  which ove res t ima tes  the  dose. 

, For the  f i rs t  seven days (assuming 7 m i t o s i s )  the  maximum nuc lea r  dose would 
be of the o rde r  of  300 r. On t h e  b a s i s  of  mean g r a i n  counts  i t  would be of 
t he  o r d e r  of 70 t o  100 r d u r i n g  the f i rs t  week f o r  the  p r i m i t i v e  p r o g e n i t o r  
cel ls  as de f ined  by us on c y t o l o g i c  grounds, 
age dose v a r i e s  w i t h  au to rad iog raph ic  e f f i c i e n c y  and nuc lea r  volume of the c e l l  
which p e r p e t u a t e s  hemopoiesis b u t  which i s  no t  i d e n t i f i e d  wi th  c e r t a i n t y .  
n e i t h e r  i s  known, t h e s e  numbers have l i t t l e  r e a l  meaning, L a s t l y ,  t h e  average 
dose has  no real meaning s i n c e  on ly  t h e  dose t o  vu lne rab le  s t r u c t u r e s  i s  of 
s i g n i f i c a n c e  i n  de te rmining  the  e f f ec t ,  There i s  no doubt t h a t  t r i t i a t e d  thymi- 
d i n e  does produce e f f e c t s  b u t  t h e s e  e f f e c t s  must be determined by empir ic  s t u d i e s ,  
not by computation. Apropos of t h i s ,  t h e r e  have been publ i shed  r e c e n t l y ,  (Nature ,  
v01. 193, pp. 705-706, 1962) d a t a  t h a t  shows mutat ions c a n  be induced i n  the  
mouse w i t h  t r i t i a t e d  thymidine if one uses  q u i t e  h u e  doses  repea ted ly .  
these  s t u d i e s  huge doses  were used 300 v c  spread out  i n t o  6 f r a c t i o n s  over 2 days.  
This gave uniform l a b e l i n g  of a wide band oh spermatozoa and when these sperm 
were used f o r  f e r t i l i z a t i o n  t h e r e  w'as a d i s t i n c t  i nc rease  i n  the  inc idence  of 

€t i s  c l e a r  t h a t  acu te  e f f e c t s  from the  doses  t h a t  are 

l a r g e  doses  a r e  minimal t o  nondetec t ib le .  One can  compute doses  to t he  bone 

I 

Grain  

If one assumes a n  au toradiographic  e f f i c i e n c y  
If the  v o l m e  i s  the  same, 

I t  is  q u i t e  e v i d e n t  t h a t  the aver- 

S ince  

I n  
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of doninant  l e t h a l  muta t ions  as  determined by k i l l i n g  the pregnant  females  
and examining the  f e t u s e s  e a r l y ,  Thus, i t  i s  proved t h a t  muta t ions  can be 
produced by thymidine, I n  the  c a s e  of  t r i t i a t e d  pyrimidines  t h a t  go i n t o  
both RNA and DNA w i t h  r e l a t i v e l y  the  same e f f i c i e n c y  a s  thymidine,  t h e  
preceding maximal dose e s t i m a t e s  w i l l  a l s o  pe r t a in .  However, t hese  dose., 
e s t i m a t e s  a r e  o f  the o r d e r  t h a t  would be used t h e r a p e u t i c a l l y  f o r  blood 
d y s c r a s i a s  and from t h i s  s t a n d p o i n t  a r e  not c l i n i c a l l y  con t r a ind ica t ed ,  
Another modifying f a c t o r  i s  the  imp l i ca t ion  of the Taylor ,  Wood, Hughes 
chromosome r e p l i c a t i o n  model on dose. S ince  t h e  chromatids behave wi th  the 
except ion  of the p e r t u r b a t i o n  by c ross ing  over  as i n d i v i d u a l  u n i t s ,  t he  
l abe led  chromosmes w i l l  be d i sposed  of i n  success ive  d i v i s i o n s  according 
t o  a binomial  d i s t r i b u t i o n .  
man and t h u s  af ter  t h e  f i f t h  d i v i s i o n  the  number of c e l l s  having no label 
w i l l  p r o g r e s s i v e l y  increase .  (Cronki te  e t  a l ,  Nature ,  vol. 189, pp. 153-154, 
January 14, 1961) 

With a chromosomal number of 46 as  p e r t a i n s  t o  

I t  i s  t r u e  t h a t  P a i n t e r  e t  a1 have shown i n h i b i t i o n  of c e l l  d i v i s i o n  
However, these  r e s u l t s  w i t h  doses  as low as 0.02 pc/ml of c u l t u r e  medium. 

can not  be carried d i r e c t l y  t o  the  mannua1,in which m a t e r i a l  i s  given i n t r g -  
venously,  because the  a v a i l a b i l i t y  t imes a r e  w i d e l y  d i f f e r e n t  i n  the two 
s i t u a t i o n s .  

Admittedly,  i t  is n o t  feas ib le  t o  g ive  r e a l i s t i c  estimates o f  t he  
doses  of r a d i a t i o n  t o  any of the c r i t i c a l  t a r g e t  t i s s u e s ,  
as r a d i a t i o n  is a recognized t h e r a p e u t i c  medium i n  the diseases d i scussed  and 
s i n c e  there i s  no empir ic  evidence of t ang ib le  i n j u r y  a t  t he  l e v e l s  cons idered  
it is  reques ted  t h a t  permiss ion  be granted  t o  adminis te r  up t o  0.2 pc/gm of 
body weight t o  i n d i v i d u a l s  with s h o r t  l i fe  expectancy as a r e s u l t  of  mal ignant  
blood d y s c r a s i a s  o r  o t h e r  mal ignant  d i s e a s e  and i n  whom p r o c r e a t i o n  is h igh ly  
u n l i k e l y  , 

However, insomuch 

EX:  aw 

t t u 3 8 1  
i 



;-. .. . .- _, I o  . .  

_-- ,I., ,, I . .+ ' 

r 

B R O O K H A V E N  NATIONAL LABORATORY -/- 

M E M O R A N D U M  

D A T E :  23 February 1 9 6 1  

TO : Chairman, Radioisotope Committee 

FROM: Eugene P. Cronk i t e ,  M. D. % P i / ,  
SUBJECT: Use of t r i t i a t ed  pyr imidines  i n  

p a t i e n t s  i n  a d d i t i o n  t o  t r i t i a t e d  
thymidine. (Refer  t o  i so tope  auth- 
o r i z a t i o n  H-52.) 

1. 
d i n e s  are p r e c u r s o r s  f o r  b o t h  DNA and RNA, Extens ive  studies have been 
performed w i t h  these  on rats wi thout  any d e t e c t i b l e  evidence of i n j u r y  a t  
l e v e l s  up t o  lpc/gm. T r i t i a t e d  thymidine,  t he  s t u d i e s  are r a t h e r  c l e a r -  
c u t  t h a t  one has t o  go t o  d o s e s  i n  excess of  4c/gm t o  o b t a i n  any d e t e c t -  
i b l e  r a d i a t i o n  in ju ry .  
approximately equa l  t o  50 t o  75 rads of e x t e r n a l  r a d i a t i o n  depending upon 
whether one examines the  t e s t i c l e  o r  the  lymphnodes, 

T r i t i a t e d  c y t i d i n e ,  deoxyur id ine ,  u r i d i n e  and o t h e r  t r i t i a t e d  pyrhni- 

A dose o f  approximately 20 pc/gm in a mouse i s  

2. To date t h e  t r i t i a t ed  pyr imidines  w i t h  the excep t ion  of thymidine 
have n o t  been adminis te red  t o  any human beings.  
w i t h  t he  computation of dose are similar t o  those expressed  i n  He5.2. 

The problems concerned 

There is some evidence t h a t  t he  leukemic c e l l  may have a metabol ic  
b lock  a g a i n s t  t h e  i n c o r p o r a t i o n  of thymidine i n t o  DNA and t h a t  t r i t i a t e d  
deoxyur id ine  or c y t i d i n e  w i l l  l a b e l  more s a t i s f a c t o r i l y .  These observa- 
t i o n s  a r e  based upon -- i n  v i t r o  s tud ie s .  
the  i n t e r p r e t a t i o n  of the k i n e t i c s  of  c e l l  p r o l i f e r a t i o n  i n  mal igrknt  
d i s e a s e s  i t  is reques ted  t h a t  we be g iven  a u t h o r i t y  t o  admin i s t e r  t r i t i a t e d  
pyr imidines  o t h e r  than thymidine i n  doses  up to  .2 pc/gm. The on ly  pa- 
t i e n t s  for which t h i s  a u t h o r i t y  i s  reques ted  are leukemics,  m u l t i p l e  myeloma 
o r  o t h e r  mal ignant  blood d y s c r a s i a s  o r  cance r  t h a t  may become a v a i l a b l e  for  
s tudy ,  It w i l l  be l i m i t e d  t o  i n d i v i d u a l s  i n  whom there is no p o s s i b i l i t y  of 
p r o c r e a t i o n  and i n  whom l i f e  expectancy i s  limited. 
u a t i o n s  i t  is  noted t h a t  r a d i a t i o n  therapy  is  an accep tab le  and a t  t imes 
very s a t i s f a c t o r y  t reatment .  The amounts of  r a d i o a c t i v e  material  g iven  
as compared t o  the amounts o f  r a d i o a c t i v e  phosphorus t h a t  w u l d  be used 
t h e r a p e u t i c a l l y  and which a l s o  is  inco rpora t ed  i n t o  RNA and DNA i s  very 
small indeed. 
accep tab le  means of t he rapy  i n  t h e  leukemic states. 
t h i s  amount of material averaged throughout  the body i s  of the o r d e r  of 
100 rad and i n  the t a r g e t  t i s s u e  may g i v e  an i n t e g r a l  dose i n  excess  of 
XDto 300 rad depending upon how i t  i s  computed. 

S i n c e  t h i s  i s  a key problem i n  

In a l l  of t h e s e  sit- 

S i n g l e  doses  of r a d i o a c t i v e  phosphorus up to 6 r'.c a r e  
The rad dose from 
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If one cons ide r s  th'e pyr imidine  a c t i v i t y  e x c l u s i v e l y  as if i t  were 
tritium oxide and assuming uniform d i s t r i b u t i o n  of b i o l o g i c a l  h a l f - l i f e  of 
19 days the i n f i n i t i v e  whole-body dose t o  a 50 k i l o  i n d i v i d u a l  i s  0.18 rep  
fol lowing the i n j e c t i o n  of  1 IC. With the p r d s e n t  request i t  i s  conce ivablc  
t h a t  10 t hes  t h i s  amount of  m a t e r i a l  m u l d  be adminis te red  i n t o  such an  in- 
d i v i d u a l  r e s u l t i n g  i n  a t o t a l  body dose of 1.S rep. 

Whereas i t  i s  c l e a r  t h a t  the dangers  of  t r i t i a t e d  pyr imidines  i n  
terms of p o t e n t i a l  carc inogenfe  e f f e c t  and g e n e t i c  hazards  have no t  been 
eva lua ted  adequate ly  as yet ,  
t h a t  are needed f o r  adequate  autoradiography a r e  neg l ig ib l e .  
a f t e r  l a r g e  d o s e s  are minimal, 
c e l l s  as fo l lows .  
va ry  from 100 cu. microns ( r a d i u s  about  3 micron4)to 1300 cu. mic rons ) ( r ad ius  
about  7 microns], 'Ihe volume of the c e l l s  t h a t  p e r p e t u a t e  hemopolesib is n o t  
c e r t a i n  b u t  probably v a r i e s  between 200 and 500 CU. microns. 
Hughes e s t i m a t e  o f  30 r t o  a 200 micron nuc leus  from 60 d i s e n t e g r a t i o n s  one 
can estimate doses  t o  v a r i o u s  p r i m i t i v e  hemopoietic c e l l s .  
t he  larger . :nat le ison 30 d a y  exposure are as high as 90 a f t e r  a dose of .1 

pC/gm t o  p a t i e n t s .  
there a r e  about  300 d i s i n t e g r a t i o n s  per day. 
average maximum dose t o  the  nucleus w i l l  be of  t h e  o r d e r  of  150 r the  f i rs t  
day. S ince  cell d i v i s i o n  i n  these ce l l s  occur s  every 24 hours  o r  even more 
r a p i d l y  i n  some c a s e s ,  t h e  dose i s  r a p i d l y  c u t  i n  h a l f  f o r  subsequent time 
per iods.  
and a low au to rad iog raph ic  e f f i c i e n c y  f a c t o r  which ove res t ima tes  t he  dose. 
For  t h e  f i rs t  seven days (assuming 7 m i t o s i s )  the  m a x i m u m  nuc lea r  dose would 
be of the  o r d e r  o f  300 r. 
of the  o r d e r  of 70 t o  100 r du r ing  t h e  f i r s t  week f o r  t he  p r i m i t i v e  p r o g e n i t o r  
c e l l s  as d e f i n e d  as a common p rogen i to r .  I t  i s  q u i t e  e v i d e n t  that  the average  
dose  v a r i e s  w i th  au to rad iog raph ic  e f f i c i e n c y  and nuc lea r  volume of the  c e l l  
which p e r p e t u a t e s  hemopoiesis. 
l i t t l e  rea l  meaning, 
the dose t o  vu lne rab le  s t r u c t u r e s  is  a s i g n i f i c a n c e  i n  de te rmining  the e f f e c t .  
There is no doubt  t h a t  t r i t i a t e d  thymidine can produce effects, b u t  these 
effects must be determined by tmpdric s t u d i e s ,  n o t  computation. 
of t r i t i a t e d  pyr imidines  t h a t  go i n t o  b o t h  RNA and DNA w i t h  r e l a t i v e l y  t h e  
Same e f f i c i e n c y  as thymidine the preceding m a x i m a l  dose e s t ima tes  w i l l  a l s o  
p e r t a i n .  However these  dose  e s t i m a t e s  a r e  o f  the  o r d e r  that  would be used 
t h e r a p m t i c a l l y  f o r  blood d y s c r a s i a s  and from t h i s  s t andpo in t  a r e  no t  c l i n -  
i c a l l y  con t r a ind ica t ed .  Another modifying fac tor  i s  the  imp l i ca t ion  of the  
Taylor,  Wood, Hughes chromosome r e p l i c a t i o n  model on dose.  
behave-wi th  t h e  except ion  of the  p e r t u r b a t i o n  by c r o s s i n g  ove r  as i n d i v i d u a l  
u n i t s  the  l a b e l e d  chromosomes will be d i sposed  of i n  success ive  d i v i s i o n s  
according t o  a binomial  d i s t r i b u t i o n .  With 8 chromosomal number of 46 as 
p e r t a i n s  to  man after the  f i f t h  d i v i s l o n  the number o f  c e l l s  having no l a b e l  
W i l l  p r o g r e s s i v e l y  increase .  The a t t a c h e d  p r e p r i n t  of a more d e t a i l e d  d e s c r i p t i o  

I t  is c l e a r  t ha t  acu te  effects from the  doses  
k u t e  e f f e c t s  

One can  compute doses  t o  the  bone marrow 
The volume of bone marrow n u c l e i  assuming spheres  w i l l  

If one u s e s  

Grain counts  over 

If one assumes a n  au toradiographic  e f f i c i e n c y  of 1% 
If the volume i s  t h e  same; the  

In the  above computation, dose  was es t ima ted  on maximum g r a i n  count  

On t h e  basis o f  mean g r a i n  coun t s  i t  would be 

S ince  n e i t h e r  is  known, these numbers have 
L a s t l y ,  t h e  average dose  has no real  meaning s i n c e  o n l y  

In the  case 

S ince  the  chromatids  

f f 1 4 3 8 9  
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of t he  e f f e c t  o f  the  Taylor ,  \Good, Hughes model 011 chromosom'al r e p l i c a t i o n  
and the  hazard o f  t r i t i a t ed  thymidine i s  appended. 

I t  i s  t r u e  t h a t  P a i n t e r  e t  a l ,  have shown i n h i b i t i o n  af. c e l l  d i v i s i o n  wi th  
doses  as low as 0.02 pc/ml of c u l t u r e  medium, 
be c a r r i e d  d i r e c t l y  t o  the  m a m m a l ,  i n  which m a t e r i a l  i s  g iven  in t r avenous ly ,  
because the  a v a i l a b i l i t y  times a r e  w i d e l y  d i f f e r e n t  i n  the two s i t u a t i o n s .  

However, these  r e s u l t s  can n o t  

Admittedly i t  is no t  f e a s i b l e  t o  g ive  r e a l i s t i c  e s t i m a t e s ' o f  t h e  doses  of 
r a d i a t i o n  t o  any of t he  c r i t i c a l  t a r g e t  t i s s u e s .  
d i a t i o n  is a recognized t h e r a p e u t i c  medium i n  the  d i s e a s e s  d i scussed  and 
s i n c e  there  is no empir ic  evidence o f  t a n g i b l e  i n j u r y  a t  t h e  l e v e l s  consid- 
ered i t  is reques t ed  t h a t  permiss ion  be  g ran ted  to adminis te red  up t o  0.2 pc/gm 
of 'body weight t o  i n d i v i d u a l s  w i th  s h o r t  life expectancy in non-pro'crestive 
age s u f f e r i n g  from malignant  blood d y s c r a s i a s  and o t h e r  mal ignant  d i sease .  

However, insomuch a s  ra-  

Walton W. Shreeve, M. D., Ph. D. 
Chairman 

~~ -~ 

Lee E. Farr, M. D., Ex O f f i c i o  

James S. Robertson,  M. D, Ph. D. 
Ex O f f i c i o  

V i c t o r  P. Bond, hi.%, Ph. D. 

Samuel F ine ,  M 3  

I Elmer E. S t i c k l e y ,  Ph. D. 

EFC:aw 

i 179340 



BROOKHAVEN NATIONAL LABORATORY 

M E M O R A N D U M  

DATE:Novenber 1 4 ,  1958 

TO : Radioisotope Commit t e e  

F R O M :  E. P. Cronk i t e ,  M. D. 4+ 
PRIVACY ACT MATERIAL REMOVED 

SUBJECT: Use of T r i t i um Thymidine i n  
Pat i t n t s  

1 b  TO date t r i t i a t e d  thymidine's  s p e c i f i c  a c t i v i t y  of 1.9 c u r i e s  p e r  
mi l l imole  has  been adminis tered i n  vary ing  dosages t o  mice and r a t s .  
TO d a t e  w i t h  repea ted  doses  of 1/2 pc p e r  gram f o r  7 consecut ive  days 
i n  mice t h e r e  is  no d e t e c t a b l e  evidence of somatic t i s s u e  damage. Up 
t o  800 pc has  been g iven  t o  a s i n g l e  mouse without  obvious evidence of 
damage by D r .  Hughes. A t  a dose of 20 pc p e r  gram i n  a s i n g l e  m u s e  a 
moderate amount of d iminut ion  i n  t h e  popula t ion  of spermatocytes  was 
found i n  t h e  tubu le s  of the  t e s t e s  72 hours a f t e r  t he  i n j e c t i o n  of the  ' 
mater ia l .  F u r t h e r  s t u d i e s  along t hese  l i n e s  a r e  i n  p rogres s  by D r .  
Johnson and myself. 

2- -- *as g iven  5 s e p a r a t e  i n j e c t i o n s  of tritium thymidine 
a t  a l e v e l  of approximately 1/10 ~ I C  p e r  gram i n  4 of the i n j e c t i o n s  and 
2/10 p c  p e r  gram i n  one i n j e c t i o n .  
p o i e s i s  fo l lowing  any of these  i n j e c t i o n s .  
and none of t h e  t i s s u e s  a t  postmortem showed any evidence of obvious somatic 
e f f e c t s  of r ad ia t ion .  
thymidine a t  a l e v e l  of 1/10 pc  pe r  gram and no harmful a f f e c t s  were de- 
tec ted .  
bas i c  d i s e a s e  process  and an autopsy was not  permi t ted .  The k i n e t i c s  of 
hematopoiesis  i n  b o t h -  and as s t u d i e d  by autoradiography 
g r a i n  counts and appearance and disappearance of labeled c e l l s  were iden- 
t i c a l .  
p h a t i c  leukemia and one p a t i e n t  w i t h  subacute  myelogenous leukemia have 
been g iven  t r i t i a t e d  thymidine a t  .05 t o  ,1 pc p e r  gram. 
have been d e t e c t e d  in any of the  foregoing ind iv idua l s .  
and doing well, 

There was no ev iden t  change i n  hemato- 
None of t h e  t i s s u e s  b iops ied  

was g iven  one i n j e c t i o n  of t r i t i a k e d  

He died approximately 4 months a f t e r  t h e  i n j e c t i o n  due t o  h i s  

One p a t i e n t  w i t h  m u l t i p l e  myeloma, two p a t i e n t s  w i t h  subacute  lym- 

No harmful e f f e c t s  
A l l  a r e  s t i l l  a l i v e  

3. 
t o  1/10 pc  p e r  gram' of t r i t i a t e d  thymidine to  s e l e c t e d  p a t i e n t s  w i t h  f a t a l  
blood d y s c r a s i a s  for both metabol ic  s t u d i e s  on t r i t i a t e d  thymidine and 
au toradiographic  s tud ie s .  
t h e  m a t e r i a l  on ly  i n  i n d i v i d u a l s  who have acu te  leukemic process  w i t h  l i f e  
span l i m i t e d  t o  twelve months o r  less o r  t o  i n d i v i d u a l s  i n  whom t h e i r  ch- 
ron ic  o r  subacute  leukemic process  has  developed p a s t  t h e  age of 50. 
t hese  c o n d i t i o n s  I am conf iden t  t h a t  no h a m  w i l l  be done the  p a t i e n t  and 
t h e r e  is no cons ide ra t ion  of gene t i c  damage poss ib l e .  

I t  is reques ted  t h a t  gene ra l  a u t h o r i t y  be g ran ted  t o  adminis te r  up 

A t  t h e  p r e s e n t  s t a g e  i t  is appropr i a t e  t o  use 

Under 



C o m i t t s e  on t h e  Use ol” 
2adFosoto2es  i n  Eumms 

f r o a  E. 3. St i ck ley  

E- 52 

The a t t ached  r eques t  f o r  extension odl t h e  dosage l i m i t s  on 
P r o j e c t  H-52 ( T r i t i a t e d  Thymidine) cane through as I rias 
p r e p a r i n g  t o  l eave  for Chicage. 
badking which the ComLttee  sug-ested ivhen t h e  p r o j e c t  was 
ini t ia l ly  authori5ed.  

It covers the a d d i t i o n a l  

I 
na t ion .  
r a i s e d  e a r l i e r  have been s a t i s f i e d .  
q p r o x i x m t e l y  2 5  Norenber t o  consider  t h e  sub jec t .  
m e a n t h e ,  i f  t h e r e  i s  need for a u t h o r i t y ,  it will be r e f e r r e d  t o  

c i r c u l a t i n g  co2ies  t o  th9  Conxit tee  f o r  imred ia t e  infor- 
Xy understanding i s  t h a t  t h e  ques t ions  .md cord. i t ions 

The C o m i t t e e  n i l 1  meet 
In t h e  

D r .  F a r .  

w r .  Farr 
C r  . Roberts on 
Dr .  Eorg 
Dr .  XcC-inniss 
2r. Shreeve 

7 
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B R O O K H A V E N  N A T I O N A L  L A B O R A T O R Y  

M E M O R A N D U M  

D A T E :  A p r i l  2, 1958 

T O :  File Memorandum 

FROM:  Committee for t h e  Use 
of I so topes  i n  Humans 

S U B J E C T :  Approval for.  t h e  Study of Metabolism 
and Tissue  Uptake of Tritium-Labeled 
Thymidine in Human Beings. P r o j e c t  ' 

Approval is gran ted  for the  p r o j e c t  t o  s tudy  the metabolism and t i s s u e  

uptake of t r i t ium-labe led  t h y m i d h e  in human beings as presen ted  i n  t h e  pro- 

p o s a l  of V. P. Bond, R. A, Conard, E. P. Cronkitc ,  w. L. Hughes, J. R. Rubini, 

H. Quastlet, and J. S. Robertson, da ted  November 1, 1957. 

posa l  i n d i c a t e s  an i n i t i a l  experiment wi.th 5 mc of H3 t h y d d h e  fol lowed by 

progres s ive ly  i n c r e a s e d  amounts u n t i l  positive.historadioautographs a r e  ob- 

t a i n e d  o r  a maximm of 50 mc is reached. These experiments w i l l  be  adminis te red  

under  s e c t i o n  5E of t h e  AEC recommendation and requirements  r e l a t i n g  t o  p a t i e n t s  

The s p e c i f i c  bra- 

of l i m i t e d  l i f e  expectancy. 

W. W, Shreeve, M-D. 

R. A. Conard, MOD, 

I r / /fS 
Robertson, M.D., Ph-D- 

I E. E. S t i c k l e y ,  Ph.D. 

L. E, Farr ,  MOD. 
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BRrXKHAVEN NATIONAL LJ30RA’IWY 

DATE: 1 November 1957 

M: Committee f o r  the  Use of 1Wt-s 
i n  Human Beings, . .  

R,.A, Conard, E.’P, 
L, Hughes, 2; Re. . 

J, S ,  Robertson 

SUBJECT: A Study of  t he  Metabolism of 
T r i t i um Labeled Thymidine and Tissue  
Uptae  i n  Human Beings, 

Isotope,  T r i t i um has  a p h y s i c a l  half  l i f e  of 12.4 yea r so  I t  emi ts  s o f t  , 

b e t a  p a r t i c l e s  with a m a x i m u m  energy of  approximately 18 Kev, and an 

average energy of 5,7 Kev, 

i t  p r e s e n t s  no e x t e r n a l  r a d i o l o g i c a l  hazard t o  personnel ,  

Compound, T r i t i u m  l a b e l e d  thymidine,  a s  f i rs t  prepared  by Hughes, is now 

No gamma r a d i a t i o n  is emir ted,  Consequently 

a v a i l a b l e  commercially from S C ~ V J ~ Z  Labora to r i e s ,  Inc,  i n  s t e r i l e  s o l u t i o n  

wi th  a s p e c i f i c  a c t i v i t y  o f  s e v e r a l  hundred m i l l i c u r i e s  p e r  mil l imole,  

Radia t ion  Exposure, The very  low k i n e t i c  ene rg ie s  of the b e t a  p a r t i c l e s  

res t r ic t  t h e i r  effects  t o  a s h o r t  range around the  tritium atomo Robertson 

and Hughes have c a l c u l a t e d  t h a t  53% of the  energy o f  t r i t i u m  is  d e l i v e r e d  

w i t h i n  z r a d i u s  of  2 micron from the  source  and 82% w i t h i n  2 microns, More- 

over ,  the  average dose t o  a sphere  of  l micron r ad ius  w i l l  be 11 rads/dis- 

i n t e g r a t i o n  whereas  t h e  second micron she l l  w i l l  r ece ive  only  1 rad, Thy- 

midine is only inco rpora t ed  i n t o  DNA and as such will label  chromosomes 

and nuclei, 

Hughes e t  al,, have shown i n  mice t h a t  fo l lowing  an in t r avenous  i n j e c t i o n  

of t r i t i a t e d  thymidine the plasma a c t i v i t y  of  thymidine t r i t i u m  approaches 

z e r o  w i t h i n  a few minutes ,  and t h e r e  is a concurren t  appearance of  t r i t i u m  

w i t h i n  cells ,  

After  a few minutes  there i s  a p rogres s ive  f a l l  i n  the  t i s s u e  concen t r a t ion  

There a r e  no d a t a  on t r i t i a t e d  thymidine i n  human beings,  
. ,  

This  c e l l u l a r  a c t i v i t y  appears  t o  be i n  thymidyl ic  acid,  

I t 1 9 3 9 4  



-2- 

o f  a lcohol  - s o l u b l e  ( thymidyl ic)  a c t i v i t y  which .is accompanied by the 

format ion  of t r i t i a t e d  water, T r i t i um oxide format ion  reaches a maximum 

w i t h i n  an hour and accounts f o r  s l i g h t l y  over h a l f  of the  adminis tered 

r a d i o a c t i v i t y ,  ' h e  remaining a c t i v i t y  must then be inco rpora t ed  i n t o  2 

non-metabol iz ing form -presumably DNA of the c e l l  nuc le i  of p r o l i f e r a t i n g  

t i s s u e s  e 

Using au toradiographic  techniques  i n  mice nuc lear  uptake of the l z b e l -  

ed thymidine is ev iden t  i n  normoblasts and lymphocytes, 15 minutes  after 

i n j e c t i o n ,  A t  one hour we have shown t h a t  t he  gene ra t ive  compartment of 

the  g a s t r o i n t e s t i n a l  t r a c t  is l abe led ,  From the  above i t  is seen  t h a t  

t h i s  compound o f f e r s  a way t o  t ag  t h e  n u c l e i  of c e l l s  and i n  p a r t i c u l a r  

t h i s  compound w i l l  be t aken  up by d i v i d i n g  c e l l s  where 11 rads  w i l l  be 

d e l i v e r e d  p e r  d i s i n t e g r a t i o n  wi th  a r a d i u s  of 1 micron from the  source  of 

t h e  d i s i n t e g r a t i o n ,  However the  mezning of t h i s  "average" dose,  and t h e  

b i o l o g i c a l  s i g n i f i c a n c e  of t h i s  l o c a l i z e d  dose t o  such a sma l l  sphe re  is . .  
vague, The above sugges t s  t h a t  t r i t i u m  l abe led  thymidine might we l l  be 

explored  as a p o t e n t i a l  t h e r a p e u t i c  agent  i n  p r o l i f e r a t i v e  d i s o r d e r s  such  

as cancer and leukemia and i n  f ac t  was developed by Hughes with  t h i s  i n  

mind, Quoting from S i r i v s  book, page 541, 

'' If a r t i f i c i a l  r a d i o a c t i v i t y  is  eve r  t o  prove a v i t a l  t o o l  i n  the  cure  
of malignancy, t h e  only  vray of accomplishing t h i s  end would seem t o  
be the d i scove ry  of o rgan ic  subs t ances  t h a t  undergo h i g h l y  s e l e c t i v e  
l o c a l i z a t i o n  i n  va r ious  types  of cancer  ce l l s ,  i n  c o n t r a s t  t o  those  
of normal t issue and t h a t  can  be l a b e l e d  with a s u i t a b l e  rad io iso tope , ,  
Tr i t ium wi th  low p e n e t r a t i n g  power of its b e t a  p a r t i c l e s  and (its 
rap id  turnover  i n  the  body) is p a r t i c u l a r l y  promising because df i t  
can be pu t  i n  r e l a t i v e l y  streble p o s i t i o n s  i n  l o c a l i z i n g  compounds, 
i t  w i l l  expend most o f  i ts  i o n i z i n g  power w i t h i n  the  concen t r a t ing  
cells,, P o t e n t i a l l y  i t  is a n  i d e a l  r a d i o t h e r a p e u t i c  agent," 

There is no d a t z  on the  t o x i c i t y  of  t r i t i u m  l a b e l e d  thymidine, There 

is  every reason  t o  be cau t ious  i n  ita use because the  l a b e l e d  DNA w i l l  

remain i n  c e l l s  f o r  the i r  own s p e c i f i c  l i f e ,  I n  some i n s t a n c e s  t h i s  w i l l  



be very s h o r t  - hours  t o  days depending upon , the , turnover  o f  t h e  par t icu-  

l a r  c e l l u l a r  system, 

down products  a r e  r e u t i l i z e d  i n  new c e l l  product ion,  

\ '  

I '  There i s  no p o s i t i v e  evidence t h a t  DNA o r  i t s  break- , 
1 '  
1 '  Even if t h i s  were 

t r u e  the  d i l u t i o n  i n  the  t o t a l  pool would be g rea t ,  The g rea t e s . t  poten- 

t i a l  danger would seem t o  l i e  i n  i t s  uptake i n  the  gonads, Subsequent 

f e r t i l i z a t i o n  by l a b e l e d  sperm might c o n s t i t u t e  a d e f i n i t e  g e c e t i c  and or  

embryologic hazard,  

l a t e r  p roc rea t e ,  i s  not  j u s t i f i e d ,  

t h e r e  is  no d a t a  and a meaningful a n a l y s i s  would depend upon knowledge 

of the  na ture  of  c e l l  p r o l i f e r a t i o n  t h a t  is  not  now ava i l ab le ,  

of the  gene ra t ive  compartment of each t i s s u e  have 2 synchronous r e g u l a r  

d i v i s i o n  and maturat-ion the  l a b e l e d  DNA should be promptly d i l u t e d  ou t ' o f  

t h e  gene ra t ive  cornpartmen$ where ca rc inogenes i s  is  i n  theory  poss ib le .  

i n s t e a d  of synchronous d i v i s i o n  the 

phase i s  a mean va lue  wi th  a l a r g e  var iar lce ,  p r i m i t i v e  c e l l s  may remain 

behind wi th  s i g n i f i c a n t  l e v e l s  of l a b e l e d  DNA that  might be a more po ten t  

d i r e c t  cause of  cancerous change, 

evidence of r a d i a t i o n  i n j u r y  hzs  y e t  been observed by us i n  mice i n j e c t e d  

with 0.7 pc of l a b e l e d  thymidine per  gram of mouse and observed f o r  t e n  

days a f t e r  i n j e c t i o n ,  

animzls a r e  underway. 

Accordingly,  its use i n  young human be ings ,  who may 

I n  r e s p e c t  t o  a l a t e  somatic  danger 

If c e l l s  

If 

process  is random and measured i n t e r -  

On t he  p o s i t i v e  s i d e ,  no h i s t o l o g i c  

3 P u r t h e r  s t u d i e s  on the  t o x i c i t y  o f  H thymidice in: 

If one cons ide r s  t h e  thymidine a c t i v i t y  a s  t r i t i u m  oxide ,  assuming 

uniform d i s t r i b u t i o n  and a b i o l o g i c  h a l f  l i f e  o f  19  days ,  t he  i n f i n i t y  

whole body dose t o  a 50 k i l o  i n d i v i d u z h  is 0.18 r ep  fo l lowing  the  i n j e c -  

t i o n  of 1 mc, 
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4. 

Maximzl dose r z t e  i n  reps/day = 2.3 x - pC x Ea, 
GlSll 

6,6 X = 2-3 X$~~CloX ,006 X 24 

= dose r:.te X.Teff I n t e g r a t e d  Tota l  dose 

.693 

During the f i r s t  week the dose would be cpproximztely 4 5  X I -G rep, 

This c a l c u l a t e d  dose is the  m a x i m u m  fiazard t o  any personnel  around 

p a t i e n t s  per  m i l l i c u r i e  of rnateri?J. used s i n c e  they COUM o b t a i n  only  z 

small  f r c c t i o n  o f  t h e  exp i r ed  tritium oxide,  

S p e c i f i c  Proposal  I t  i s  proposed t o  admin i s t e r  H3 thymidine t o  p a t i e n t s  

under the ilEC recommendation and requirements ,  s e c t i o n  5E, 

"It i s  recognized however t h a t  s p e c i a l  c i rcumstances nay a r i s e  which 
i n d i c a t e  the  d e s i r a b i l i t y  o r  n e c e s s i t y  for t h e  use of long l i v e d  r a d i o  
isotopes i n  human s u b j e c t s  where p r i o r  animzl d a t a  a r e  not  ava i l ab le ,  
Cons idera t ion  of such p roposa l s  s h a l l  be limited t o  p a t i e n t s  s u f f e r i n g  
from d i seased  cond i t ions  of such a na tu re  ( l i f e  expectancy of  one year  
o r  l e s s )  t h a t  t h e r e  is  no reasonable  probabi f i ty  o f  r a d i o a c t i v i t y  em- 
yIoyed producing man i fe s t  injury," '  

I n i t i z l l y  p a t i e n t s  i n  t h i s  ca tegory  ( t e rmina l  b r a i n  tumors) w i l l  be g iven  

3 5 m c  of H thymidine in t r avenous ly  (i.e* a t  1/8 of  the body concent ra t ion  

used i n  s t u d i e s  i n  mice) and t h e  plasma c l e a r a n c e ,  u r i n a r y  and fecal:  ex- 

c r e t i o n  w i l l  be measured, 

as perhaps the  best method of  e s t i m a t i n g  r e t e n t i o n ,  Chemical determin- 

a t i o n  of f i x e d  t r i t i u m  i n  a p p r o p r i a t e  t i s s u e  such as leukocyte  concen- 

Catabol ism t o  body water w i l l  a l s o  be fol lowed 

t ra tes  w i l l  be attempted, S e r i a l  blood smears,  bone marrow smears,  s k i n  

b iops i e s  e x f o l i a t i v e  cy to logy  and t e s t i c u l a r  b iops i e s  w i l l  be performed 

f o r  h i s toau to rad iog raph ic  s t u d i e s ,  

The dose of H? thymidine w i l l  be p rogres s ive ly  inc reased  (up t o  50 mc 

i f  necessary)  b y  r e g u l a r  increments. u n t i l  p o s i t i v e  h i s toau to rad iog raphs  

I 1  1 9 3 9 1  
> 
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B R O O K H A V E N  N A T I O N A L  L A B O R A T O R Y  

M E M O R A N D U M  

PRIVACY ACT MATERIAL REMOVED 

D A T E :  January  8,  i958 

T O :  D r .  E. P. Cronk i t e  

F R O M :  D r .  E. E. S t i c k l e y  

SUBJECT: T r i t i a t e d  Thymidine 

1. The I s o t o p e  Committee g ran t s  permission f o r  t he  t r i t i a t e d  
thymidine procedure r eques t ed  i n  your  memo of t h i s  date. The 
procedure i s  understood t o  be the  admin i s t r a t ion  o f  a second 
dose t o  , a t e rmina l  p a t i e n t ,  t o  t h e  amount of 
20 m i l l i c u r i e s  . 

2. Data r e s u l t i n g  from t h e  previous  procedure is acknowledged and 
e n t e r e d  as p a r t  o f  t h e  record .  

3. Fur the r  review of t h e  r e s u l t s  o f  the p r e s e n t  experiment is re- 
quested.  I t  is  understood t h a t .  the d e t a i l s  have been d i scussed  
w i t h  Dr. Farr and Dr .  Robertson and t h e i r  approval  received,  in 
view of t h e  i n a b i l i t y  o f  t h e  f u l l  committee t o  coyvene because 
of i l l n e s s  . 

EES: rs 



a r e  obtained,  

When s u f f i c i e n t  d a t a  has been accumulated on the  metabol ic  behnv- 

i o u r  of t h i s  m a t e r i a l ,  t h e r a p e u t i c  s t u d i e s  involv ing  doses  i n  excess  of 

t he  maximum doses considered here  f o r  metabol ic  purposes w i l l  be consid- 

e r e d  i n  s e l e c t e d  p a t i e n t s ,  

5 ,  Genera l  Comments, 

t r i t i a t e d  thymidine, 

There a r e  many u n c e r t a i n t i e s  i n  r e s p e c t  t o  the  use of 

I t  i s  reasonable  t o  assume on t h e  bas i s  o f  t he  pre' 

ceding c a l c u l a t i o n s  t h a t  t h e r e  is no hazard  t o  personne1 from t h e  ca tabol -  

i s m a f t h e  t r i t i a t e d  thymidine t o  tritium oxide, There is obviously no 

e x t e r n a l  hazard  t o  r a d i a t i o n ,  ?he p r o b a b i l i t y  of  any hazard  t o  personnel  

a r e  minimal provid ing  ord inary  p recau t ions  are taken  t o  prevent  i n g e s t i o n  

of the ma te r i a l ,  The probable major hazard  is  a gene t i c  i n j u r y ,  The ' 

gonadafidose is  0,18 r ep  p l u s  the dose from the  d i s c r e t e  sources  incorpor-  

ated i n t o  DNA, Since  the  c o n c e n t r a t i o n  and the  microscopic  d i s t r i b u t i o i i  

Of t he  n3 thymidine is  no t  known n e i t h e r  t he  l o c a l i z e d  nor i ts  average 

dose can be calculated, ,  S imi l a r  problems e x i s t  i n  r e s p e c t  t o  a l l  of t h e  

p r o l i f e r a t i v e  t i s s u e s  and the p o s s i b l e  hazards  a r e  d i scussed  e a r l i e r ,  

I 



BROOKHAVEN NATIONAL LABORATORY 

M E M O R A N D U M  

DATE: January 8 , 1958 

PRIVACY ACT MATERIAL REMOVED 

TO: I so tope  Committee 

FROM: E, P, Cronki te ,  M ,  D, 

SUBJECT : T r i t i a t e d  Thymidine 

1, 
d ine  t o  

in t r avenous ly  on 10 January, 

s h o r t e n  exposure time of autoradiography,  t o  g e t  better e s t i m a t e s  of  t h e  

disappearance and degrada t ion  of  thymidine, and s i n c e  the  higher s p e c i f i c  

a c t i v i t y  w i l l  probably improve the uptake i t  w i l l  g ive  a b e t t e r  i n s i g h t  i n t o  

p o t e n t i a l  later t h e r a p e u t i c  a p p l i c a t i o n s ,  

now, 

Permission is  reques ted  t o  # m i n i s t e r  another  dose of t r i t ia ted thymi- . I t  is d e s i r e d  t o  g ive  20 01c (1.3 c u r i e / m i l l i  m l )  

The i n c r e a s e  i n  dose is d e s i r e d  in order  t o  

The p a t i e n t  is c l o s e  t o  the  end 

We e s t i m a t e  l i f e  expectancy 8s a mat ter  of  days. 

2, To d a t e  the fo l lowing  has  been observed, - 1  a, Tri t ium water  i nc reased  t o  a maximurn approximately 40 PLinutes 

a f t e r  t h e  i n j e c t i o n  of  9 m c  o f  3H thymidine, m e  a c t i v i t y  then  decreased 
1 

with  a half l i f e  es t imated  a t  9 days, Approximately.2 m c  of . t r i t i a t e d  water I 
I 

was p resen t  a t  40 minutes,  

probably beta amino is0 b u t y r i c  ac id ,  
b, Non-volati le tritium a c t i v i t y  has been d e t e c t e d  i n  the u r i n e  

Other s t u d i e s  a r e  i n  progres s  on the  metabol ic  products ,  

Autoradiographs o f  t h e  bone marrow a f t e r  30 days of exposure 

Amounts not y e t  c l e a r .  

c, 

d. 
Show s l i g h t  b u t  d e f i n i t e  l a b e l i n g  of the  red  c e l l  and white c e l l  s e r i e s ,  

l a b e l i n g  of megakaryocytes evident .  
No 

3 ,  It is r e g r e t t e d  t h a t  so little time is given f o r  your cons ide ra t ion ,  

e v e r ,  t he  p r o b a b i l i t y  of  having another  s u i t a b l e  p a t i e n t  i n  t h e  near  f u t u r e  is 
remote, Furthermore the  p re sen t  p a t i e n t  is not expected t o  l i v e  for more than  

a mat te r  of a few days a t  t he  most, 

How- 

i 

EX: aw 

PRIVACY ACT MATERIAL REMOVED 



November 20, 1957 

Codt tce  on Use of Iaotepc+ 

E. St ick ley  

H 52 Approvalt Trit iated  
Thymidine (Cronkitc - e t  al.) 

1. I t  ir  my understanding that the Comuittee rill agree te  ths 
propouad u ~ e  of t r i t i a t e d  thymidine to the eumunt requested but for w e  
only in woad or clearly tcrainlrl patients ,  

a. Por patiento r f t h  ucpectulcy utimatcd i n  months, further 
infomatSon fr.~.quired. 
no ill effect. Six-wtek o t u d f u  ebould be carried out a8 a guide to later: 
effect., 
moue p i l o t  rtudie8) could be attempted for these patientr with no harmful 

A t  prcrcat reading 10-d.y mouse f o l l o w p  irrdfcater 

It wou conridered i n  paaring that S mc levels  (about l/a o f  the 

effect8 expected. 

71. Neu m d  @pacific h truc t ion  for haadling patients and -tu 
08 the  ward0 8hould be issusb. A l l  collected -tea should bo scaled hedi -  
atell .  We probably should provide porititre d r  removal for the  f irs t  24 h s r .  

I 'i *<-, _- J ,  .;-'\ .<.. Y -1 __. ..!...&*F&..7.+.x s-**--r 

4 *  Gonadal dose a t h a t e s  are not a stringent tdquircment i n  tcrrrinrl 
patientr. 
of thir rrpscific point, however, through studies  o f  t i s s u e  CoUCerItrItt~OIm taka 
at appropriate timt8* 

It h noted that a prfnr purport of t h f i  emparislent 4.s the elucfdrtiaa 

6, Pcrionnel protection requireatntr should be rcviued on the biuf .  
If prep- of rfr rampling md other ohamation6 by Health P h y S i O  Burveyots. 

ration of the experitam-tal material is undertakan here, laboratory procrdurar 
might alse be 8tipulated frm this angle. 

7. Paragraph 1 of the R.qumt (drlft  of November 1, lPS7) 8hould 
acknowledge in  an additional rcntence that  there are hazard8 from tritium 88 
&n htetnr3 rource, w i t h  reference to  entry through 8kh, lungs, or ingestion. 

cc: iDr. Parr 
Dr , Robertson 
D t .  St ickley 
Dr; Rubfni 
Dr.. Borg 
Dr. Conard 
Dr. Shreeve 


