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I n  higher  organisms cell d i v i s i o n  is  preceded by DNA syn thes i a  

and DNA l eaves  t h e  cel l  only a t  the t b e  of i t s  dea th  (excluding c e r t a i n  

types  of d i f f e r e n t i a t e d  celle such as RBC). Therefore ,  a r a d i o a c t i v e  

p recu r so r  s p e c i f i c  for DNA may be used t o  meaaure processes of c e l l u l a r  

p r o l i f e r a t i o n  and turnover. 

CL4 or H 

i s  made d i f f i c u l t  by t h e  weak energy of t h e  5 r a d i a t i o n  from t h e s e  

isotopes requiring d iges t ion  o r  o o l u b i l i z a t i o n  of t h e  tissue for assay. 

The preaent  r e p o r t  deacr ibee  simple procedures  using the thymidine 

analogue N D R  l abe led  wi th  gamma emi t t ing  i s o t o p e s  of iodine. 

does t h i s  obvia te  sample prepara t ion  but  even permits  the  l o c a t i o n  end 

eva lua t ion  of regiona of DNA syntheeifi i n  the intact mnmanl. 

a d d i t i o n ,  t he  disappearance of r ad ioac t ivy  provides  a quant i ta t ive lmeaeure  

of cell death, uncomplicated by the r e u t i l i z a t i o n  observed when c e l l a  

3 l abe led  with E -thymidine die. 

Although thymidine l a b e l e d  v i t h  e i t h e r  

3 has proven very use fu l  i n  such s t u d i e s ,  q u a n t i t a t i v e  assay  

Not only 

I n  

Th i s  paper  desc r ibes  t h e  p repa ra t ion  of r ad ioac t ive  IUDR, i ts  f a t e  

upon i n j e c t i o n  and t h e  d i s t r i b u t i o n  i n  various t i s 8 u e s  a t  subsequent times 

(both ae observed by s a c r i f i c e  and by scanning techniques). 

maximizing incorpora t ion  and minimizing complication8 frm c a t a b o l i c  

products  a r e  descr ibed.  

l a b e l  for DNA ( 

observed i n  s y n t h e s i s  and turnover  of DNA produced by r a d i a t i o n  and 

radiomimetic drugs ( ) and by c o r t i s o n e  ( ) Techniques involving a 

second i so tope  and of iod ine  €or t h e  measurement of the  c a t a b o l i c  iod ide  

pool are descr ibed.  

Hethods of 

FollCbwing papere document iB s p e c i f i c i t y  as a 

) and desc r ibe  i ts  use i n  fol lowing s m e  of t h e  changes 
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EXPERIMENTAL PROCEDuReS 

Preparation of D U  

The iodination of deoxyuridine was carried out baeically a8 

) but several modifications were neceseary to descrfbed by Prusoff ( 

obtain the high specific activities desired. 

as follows: 

dissolved in 1 rn l  of 2N nitric acid and added to an equal volume of I 

carrler-free radioiodide (Oak Eldge) ,  

for 1 hour in a ;hood to protect the worker from volatile radioactivity, 

The 8Oh.1tiOn was then cooled, neutralized with ammnium hydroxfde and 

absorbed on a column of Dowex 1 reein on the chloride cycle (about 10 cc 

in a 15 cm long column). After washing with 0. amnoniurn nitrate t o  remove 

the unreacted deoxyuridine and then with water, the IDU was eluted with 0.01N 

acetic acid, the emergence of the peak being noted by its radioactivity. 

&mediately after IDU follows a small peak of iodouracil, but with care thie 

can be easily intercepted so that the radioactivity in the I D U  peak ie at 

least 93% in UIU (measured by co-cryetaflization w i t h  carrier IDU (Cal. Found. 

Biochem. Res.).  The unreacted iodide remains on the column. The amount 

of this seema to depend upon fmpurities, presumably reductants, in the 

radioactive iodide. 

The detailed procedure was 

10 to 20 mg of deoxyuridine (Schwarz Bioresearch, Inc.) were 
131 

The mixture was then heated a t  60' 

Solutions of IDU containing 100 microcuries or more of radioactivity 

per ml are sensitive to their own radiation and deteriorate to a point where 

less than 2/3 is co-crystallizable in the carrier LI>U in the course of 

eeveral weeks. Agents moat succeeaful in Limiting this destruction include 

iodouracil and IDU itself. 

possible effects on IDU metabolism. 

They have not been utilized because of their 

The groups of Swiea a lb ino  female mice, 59 to 10 weeks old used 

in theee studies were maintained on a ataddard diet and starting 1 t o  2 
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days b e f o r e  IUD0 i n j e c t i o n  t h e i r  d r ink ing  water wae 6upplemenW wi th  0.1% 

sodium iodide to prevent t h y r o i d a l  accurmrlatian of rad io iodide .  

r a d i o a c t i v i t y  was i n j ec t ed  e i the r  in t ravenous ly  ( in  the t a i l )  or i n t r a -  

p e r i t o n e a l l y  in an amaunt va ry ing  from 1/20 to 5 microcuries  depending 

upon t h e  neede of the experiment. 

in groups of not  mre t h a t  10 per cage (floor a rea  

The 

After i n j e c t i o n  they were d i s t r i b u t e d  

) and the  l i t t e r  

changed a t  l e a s t  two times in the first few hours to minimize ur inary  

cont  axkina t ion. 

Iildividual mice were counted a t  the time6 indica ted  a f t e r  

emptying t h e i r  bladders  by f i n g e r  pressure on t h e  abdomen. 

was u o u a l l y  successfu l  i n  fenzales, b u t  much lees BO i n  malee. 

This procedure 

Females 

s a c r i f i c e d  a f t e r  this t reatment  usually had completely cont rac ted  b ladders  

or at  ;most, only 0.1  SO 0.2 m l  of retained ur ine ,  whereas no procedure 

has  been found equal ly  e f f e c t i v e  i n  malee. 

The d i s t r i b u t i o n  of r a d i o a c t i v i t y  among t h e  var ious  organs was 

determined on organs removed imnedia te ly  after death  by e t h e r  anes thes i a  

or by cervical dielocation. 

concen t r a t ion  $n var ious t i s s u e s .  

by c a r e f u l  removal of the  meat. 

of t h e  r a t e  of turnover of bone m ~ r r o w ,  t h e  lower half of t h e  crkeleton was 

Organa were weighed f o r  es t imat ion  of the 

The a c t i v i t y  i n  the bone6 was determined 

Emever, f o r  a more accura t e  determinat ion 

isolated by d ia loca t iog  the s p i n e  a t  t h e  l a a t  r i b ,  remaving the feet and 

t a i l  and  most of the  meat, The remaining meat vi38 then removed by hea t ing  

t h l s  p o r t i o n  of carcaas  i n  10 ml of 1M oxalic ac id  at lOOOC for  15 minutes 

t o  i n a c t i v a t e  nucleaees fol lawed by cool ing  and a d d i t i o n  of 2 ml of 52 

peps in  and incubat ion a t  45'C for 10 hours t o  d i g e s t  muscle and tendon, 

The bones were then separa ted  by decant ing t h e  d i g e e t  and waehed. This 

prepa ra t ion  contained over h a l f  of t h e  a c t i v i t y  found in the whole ske le ton .  
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During the flrst f.r b r r  after injection, when crtabolic 

products atill contributed significantly to organ radioactivftp, their 

contrlbution was estimated by hor#rgenLzat%on h isotonic eodlum chloride 

follovod by preclpitatian of the DHA ( t -sthrr  wfth leoet of the  tiosus 

proteins) by the addition of trichloracetic acid to a final eoacentration 

of 5 t!o',lO%. The dfatributlon of t h i o  8olUble activity w18 at111 further 

characterized a8 i o d i d e ,  iodouraell or iododdoxyuridins by the following 

procedures: Wider  113' =- t o  1 or amre millilftarr of acidified 

deproteinized nrpernatslltwere added two drops of a raturatsd aquaaur 

8olution of methyl mercuric brarnide and an equal volume of! t 0hmf~i .  

rhakfng to equilibrate the phaeo, the toluene layer WBI sucked off 

After 

(centrifugation 1a1 ramether necerrary t o  break mulsioae) and cdunted. 

Activity In  the toluene layar rapterrento only iodide and ? m o t  of the iodide ,  

rima ?E9I is lesa dissociated than CX3E0 and the dfstributian cocsfffciant 

of c838gZ b6tvaea toluene aad water l a  abaut 100 toll ( 

lpay be reextracted to aecet tah that axtraction vas cumpteta. 

carbon tetrachloride may be used sioli larly for axtraction of radioiodide 

with which it ePrchauges rapidly. 

). The aqueour laysr 

Iodine in 

Iodouracil: X131 - To a 1 m l  aliquot of t h e  agueoua phase after 

i o d i d e  extraction w a s  added 10 ;q of iodrmracil and the  mixture was heated 

to  boiling to dieeolve. 

about 90% upon cooling to O°C vaa separated and the percent of the radio- 

activity in the  cryntsla determined. Recovery of carrier in the cryrtalo 

was ?measured by reoolution and measurement of optical absorption at 280 mp),  

and from these data the percent of iodwracil was calculated assuming the 

cryetals contained no occluded impurities. Bowever, recrpetallization of 

theea crystals ueually gave a lower specific act iv i ty  indicating occlusion 

of other radioactive components. 

The iodouracll which recryrtallixed in a yield of 
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cryetatliaotion fm 1 ml of eo lu t ion  t o  which war added 10 mg of carrier, 

heat ing  and cool ing.  

uracil, but  more slowly, and t h i s  aaalysia d i d  not aeem to s u f f e r  from 

occlua ioac i f  impurities. 

These c r y s t a l s  fonned i n  slnount comparable to iodo- 

O t g W  D i s t r i b u t i o n  

The k i n e t i c s  of t h e  d i e t r i b u t i a n  of r a d i o a c t i v i t y  in the var ious  

organs is shown in Figure 1, and the  r e l a t i v e  concent ra t ions  of in- 

corporated a c t i v i t i e s  (T.C.A. insoluble a c t i v i t y )  i n  Table I. 

corporated activity i a  aeen to  correepond t o  known p r o l i f e r a t i v e  

activities of the var ious  t i s s u e s  with bone! marrow ohowing the l a r g e s t  

concent ra t ion  of a c t i v i t y i  ~ p l e e n  ie second, and thymur i s  t h i r d .  The 

i n t e a t i n e  l a  only fou r th  i n  e p e c i f i c  a c t i v i t y  but because of its mass, 

e a e i l y  accounts for a major po r t ion  (up to  h a l f 3  of t h e  t o t a l  incorporated 

a c t i v i t y ,  whfla the skin i a  second. 

greateat v a r i a t i o n ,  and while p a r t  of t h i s  v a r i a t i o n  ie ?due t o  the 

v a r i a t i o n  i n  ~ i t e  of this organ, a two-fold variation still exists when 

a c t i v i t i e e  a r e  expreseed per gram of t i s s u e .  In  c o n t r a s t ,  the a c t i v i t y  

of the bone marrow, when measured as t h e  t o t a l  act iv i ty  of the decapi ta ted ,  

skinned and m l e t a l y  eviscera ted  aercabu,  is s u r p r i s i n g l y  cons tan t ,  

varying only 209.. 

The in- 

A c t i v i t y  i n  the rpleen e h m s  t h e  

The f i r s t :  part of t h e  c u w e s  i n  Figure I include a c t i v i t y  as 

iod lda  and it is only when thee6 p la teau ,  as rad io iodide  Le el iminated,  

t h a t  total 

Since ;iodide r ap id ly  d i s t r i b u t e o  i n t e r s t i t i a l l y ,  t b e  i n i t i a l  port ion of 

the curve# have been drawn assuming a facrt component in e q u i l i b r i u m w i t h  

t h e  blood ( L e .  p a r a l l e l  t o  t h e  blood curve). 

organ counts can be used as a measure of p r o l i f e r a t i v e  ac t iv lgy .  

Since t h e  Iodide concent ra t ion  

I t I b 4 b l  
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- i n  a l l  t i s s u e s  1. f a i r l y  uniform, i t a  fractional con t r ibu t ion  t o  t o t a l  

a c t i v i t y  is i n v e r s e l y  r e l a t e d  to  p r o l i f e r a t i v e  a c t i v i t y ,  Thus, organs 

like t h e  thymus p l a t eau  i n  t h e  f i r s t  few hours  (Figure I), bu t  by 15 

hours  t h e  r e s i d u a l  a c t i v i t y  i n  even muscle and l i v e r  is a f a i r  measure of 

l abe led  DNA. The curve for ske le ton  ha8 been drawn t o  inc lude  t h e  m r e  

p r e c i s e  d a t a  f o r  bones i s o l a t e d  by papain d i g a s t i o n  (Tabla 

normalized between t h e  8 and 2 1  hour polnts. 

obta ined  on o t h e r  mice and ha8 been d r a m  t o  i n d i c a t e  t h e  t h e  of DNA 

turnover.  However, ind iv idua l  3pl~3313 v a r y  widely in uptake l i m i t i n g  the 

p r e c i s i o n  of d a t a  for t h i e  organ. 

problem due t o  u r i n a r y  contah ina t ion  and t h e r e f o r e  have not  been analyzed 

v e r y  p rec i se ly .  

) and 

The curve f o r  epleen vi38 

The e k i n  and h a i r  p resent  a s p e c i a l  

A f t e r  a p la t eau  of du ra t ion  varying wi th  the  organ, a c t i v i t i e s  

aga in  decline (Figure I) due e i t h e r  t o  ce l l  migra t ion ,  enuclea t ion ,  o r  

death.  Thio phenomenon can be seen moot c l e a r l y  in t he  i n t e s t i n e ,  where 

it begins q u i t e  ab rup t ly  between t h e  f i r s t  and second day, and thus i e  

compatible wi th  the  known migrat ion of mucosal cells out  t o  t h e  t i p s  of 

t h e  villi where t hey  are sloughed i n t o  t h e  luman. An ear l ier  dec l ine  

l a  observed i n  the opleen and bone maroow beginning at  13 hours  and even 

t h e  l i v e r  ah ow^ a olow dec l ine  in a c t i v l t y .  While t h e  d e c l i n e  in l i v e r  

has  n o t  been measured p rec i ee ly  because of t h e  lru level of incorpora t ion ,  

the d a t a  suggest a turnover t h e  of about a week, i nd ica t ing  t h a t  l abe l ing  

has involved the r s t i c u l o - e n d o t h e l i a l  r a t h e r  than tha  h e p a t i c  ce l la .  

(Similar  turnover  vae  oboerved w i t h  H - thymidine ( 1). 3 

S i t e  of IDU Batabo~Iem.appear8 t o  be largeLy in t h e  liver. This 

We have r e c e n t l y  found t h a t  contaminat ion i n  skin and h a i r  can be largely 
e l imina ted  by e x t r a c t i o n  wi th  0.27. NaI i n  75% n-propanol at 100OC. 
1/2 hour extractions removed more than  80% of t h e  iodide remaining i n  t h e  
s k i n  24 hours a f t e r  an i n j e c t i o n  of rad io iodide .  
l abe led  DNA ( i n  thh i n t e s t i n e )  r e s u l t e d  i n  only 10% lose  of l a b e l )  

Two 

A s i m i l a r  t reatment  of 
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was d a w n s t r a t e d  by c m p a r i n g  t h e  inco rpora t ion  of IDU i n  mica i n j e c t e d  

via the p o r t a l  v e i n  ve r sus  t h e  vena cava. 

in both  eke le ton  and  i n t e s t i n e  was decreased to l e e r  than ha l f  v i a  portal 

admin i s t r a t ion .  

t h e  llver is ca tabol ized  there .  

s l i g h t l y  increased by t h e  intraportal route. 

l i v e r  is t h e  major site of I D U  metabolfm.  

then  t h i s  r o u t e  of admin i s t r a t ion  should not i n c r e a s e  uptake a t  all). 

Table shws t h a t  t h e  uptake 

Th i s  suggeeta t h a t  Over half of the IDU passing through 

Conversely, uptake by t he  Liver i 8  only 

T h i a  ala0 ksuggas t r  t h a t  t h e  

(If it  were t h e  exclusive oi te ,  

The k i n e t i c s  of incorpora t ion  have been followed by measurements 

on t h e  blood and u r i n a r y  compartments. 

a c t i v i t y  observed in t h e  first few minutes  after intravenouo i n j e c t i o n .  

Blood samples were obtained frm t h e  t i p  of the t a i l  a t  t he  t h e e  indlca ted  

and the d i s t r i b u t l o n  of t o t a l  a c t i v i t y ,  as iod ide ,  IDU and Lodouracil ( t o t a l  

minus t h e  o the r  two) wa8 determined. 

Pf.gure 2 shows t he  changes in blood 

For  comparison, the dirappearance of 

r a d i o i o d i d e  simultaneouWy i n j e c t e d  i8 also shown. IDU appear8 t o  

f i r s t  d i s t r i b u t e  ex t ra -vaecular ly ,  l i k e  ; i od lde  and a t  least an r a p i d l y ,  and 

then it disappear6 l a r g e l y  by catabollm to iod ide .  

metabolism (when c i r c u l a t i n g  IDU equals  its catabolic products)  j.8 about 

3 minuhas. 

minutes shown in t h e  s u c c e e d h g  paper and t hus  euggests that t h e  r a t e  of 

c e l l u l a r  uptake may l i m i t  u t l l i e a t i w .  

The hal f - t ime f o r  

This can be compared wi th  t h e  h a l f - t h e  f o r  i nco rpora t ion  of 5 

The k i n e t i c e  of excre t ion  of c a t a b o l i c  product8 hinge l a r g e l y  

on the kidneys' a b i l i t y  to  excrete iodide .  

t h e  half-time f o r  i od ide  excre t ion  is less than  one hour, and a i  fndieated 

by t h e  rat6 of disappearance of t h e  blood a c t i v i t y  i n  Figure 1, t h e  rate 

of disappearance decrease8 with time. 

a t r app ing  of a portion of t h e  iod ide  i n  pools:Yuch as t h e  stomach contents  

which are in slw e q u i l i b r i u m w i t h  t h e  blood. The r a t e  of etcretion can be 

I n  our mice d r ink ing  0.1% NaI 

The slmer r a t e  probably r e s u l t s  from 

I s f b 4 b 3  
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sppreaiably acce le ra t ed  by tho i ngea t ion  of large amounts of d i l u t e  

s a l i n e  s o l u t i o n ,  bu t  no method of inc reas lng  t h e  ra te  by a f a c t o r  of two 

or  more ha8 bean discovered. 

e x c r e t i o n  by i n i t i a t i n g  t h e  "delayed stomach emptying syndrome" descr ibed 

by Conard ( ) and o the r s .  

Radiat ion may markedly slow t he  rate of 

Becauee of t h e  d i f f i c u l t y  in o b t a i n i n g  cumulative u r i n e  samples, 

u r i n a r y  k i n e t i c s  have been examined by t h e  double tracer technique us ing  

X1" i o d i d e  and deoxyuridine. Urine sampler obtained a t  varying 

i n t e r v a l s  a f t e r  the sFnnrttaneuus injection of t h e  mixed l a b e l s  were e x t r a c t e d  

w i t h  iod ine  i n  carbon t e t r a c h l o r i d e  and t h e  r a t io  of ac t iv i t ies  i n  t h e  

o r g a n i c  l a y e r  determlned (Fig.  ). It can be seen t h a t  a f t e r  t h e  f i r s t  

hour, when metabolism of XDU is completed, t h e  r a t i o  of a c t i v i t i e s  i n  t h e  

u r i n e  remains cons t an t  f o r  ten houra, i n d i c a t i n g  t h a t  no measurable c a t a b o l i m  

of l abe led  DNA t o  iodide has occurred du r lng  t h i a  i n t e r v a l .  

t h e  s e n s i t i v i t y  of t h i o  technique t h e  d o t t e d  l i n e  shows t he  eudden change 

in t h e  r a t i o  caused by t h e  dea th  of a few p e r  c e n t  of labeled c e l l a  

fo l lowing  x - r a d i a t i o n , )  

(To i l l u s t r a t e  

Increased l a b e l i n g  e f f i c i e n c y  which would be d e s i r a b l e  f o r  many 

purposes has been achieved t o  a moderate degree by e i t h e r  i nc reas ing  t h e  

time of a v s i l a b i f i t y  b r  by decreasing t h e  size of t h e  competing thymidine 

pool. 

t e n  minutes a f t e r  i n j e c t i o n .  

t o  inc reace  t h e  half- t ime for t h e  conversion of blood a c t i v i t y  t o  iod ide  to  

over 10 minutes and approximately doubled inco rpora t ion  i n t o  bone marrow and 

thymus. However, t h i s  technique obvioualy I n t e r f e r e d  w i t h  blood flow 

through t h e  i n t e s t i n e  and sp leen ,  causing t h e i r  engorgement, and i n  f a c t ,  

t h e e e  organa showed less than normal inco rpora t ion .  

To e f f e c t  t h e  former t h e  p o r t a l  v e i n  has  been clamped during and for  

This  elowed t h e  c a t a b o l i c  r a t e  e u f f i c i e n t l y  

The size of t h e  thymidine ( thymidglate)  pool can be decreased by 
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small amounts of f luorodeoxpuridine o r  amethopterin which block de novo 

thymidylate  synthesis .  FDU prevents normal thymidylate  s y n t h e s i s  from d e o x y  

u r l d y l a t e  by competi t ively i n h i b i t i n g  t h e  enzyme t o  vhich it binds a8 f l u o r e  

deoxyuridylate  ( ). Fig. ahows t h e  increased Incorporat ion observed 

when t h e  indicated amounts of FDU were i n j e c t e d  a feu mlnutae before  the 

r a d i o a c t i v i t y .  

r equ i r ed  l a r o  than 1/1000 of a toxic dose of F W ,  it appears t o  be a 

r e l a t i v e l y  p r a c t i c a l  and innocuour approach. 

Thio p o t e n t i a t i o n  lasted f o r  aeveral hours and aince it  

DISCUSSION 

1. U t i l i t y  of t echn ic  - cell turnover. 
Since ;.DNA does n o t  turn Over, t h e  dieappearance of r a d i o a c t i v i t y  

from an organ or tistsue, once t h e  i n i t i a l  c a t a b o l i c  products have been 

e l imina ted ,  may be safely t aken  a8 an i n d i c a t i o n  of t h e  dieappearance of 

labeled cells 00 t h a t  if t h e  degree of l a b e l i n g  is known, an eet imate  of t h e  

number of cellr disappearing may be made. 

t h a t  t h e  l a b e l  is, i n  fact, i n  DNA, but t h i s  appsare  t o  be t r u e  a t  l e a s t  for  

t h e  i n t e s t i n e  and for t h e  liver, as demonatrated in t h e  fol lawing paper. 

Therefore ,  i t  is probably a160 true for lees metabo l i ca l ly  active t i m u e s ,  

a l though t h e  p o s s i b i l i t y c c o f  iod ide  accumulation, as i n  t h e  thyroid and i n  

sal iva and g a s t r i c  j u i c e  muat be kept i n  mind. 

Of course,  it should be a sce r t a ined  

Breakdown of DNA presumably proceeds through the mono- 

n u c l e o t i d e ~  with subsequent splitting t o  t h e  nuc leos ides  by phosphotases. 

I n  t h e  case of t h e  iod ina ted  analogue, i t  has been posa ib l e  t o  demonstrate 

t h e  presence of IDU as an i n t e rmed ia t e  by f lood ing  t h e  m u 8 6  with thymidine 

two day8 a f t e r  l abe l ing .  

drink mer half of the r d d i o a c t i v i t y  r e c w e r a d  i n  t h e  u r i n e  a t  the time 

By giving t h e  mice milk containing thymidine t o  



10. 

of DNA turnover  i n  t h e  i n t e s t i n e  was i d e n t i f i e d  as IDlJ bp c b c r y s t a l l i z a t l o n  

w i t h  added c a r r i e r .  

The FOOT i n i t i a l  u t i l i z a t i o n  of IDU I s  an advantage in 

t u r n w e r  s t u d i e e  oince it ohould correspondingly limit t h e  r e u t i l i z a t i o n  

of a c t i v i t y  from dying celle. 

t h e  fol lowing paper. 

thymidine ( ). Rouble tracer measurement of ur lna ry  a c t i v i t y  i n d i c a t e s  

Evidence in suppott of th i8  is preeented i n  

R e u t i l i z a t i o n  ha8 proven 8 complicat ion I n  studies wlthr; 

@Ig. ) t h a t  there is probably no turnover of DNA in t h e  first LO hours 

after label lng.  The eplben and bone marrow then rhw the earliest 1066 

of a c t i v i t y  and largely account for t h e  d e c l i n e  of t he  t o t a l  body a c t i v i t y  

between 12 and 36 hours. The oudden loss observed between 13 and 1 7  hours 

co inc ides  with the appearance of labeled phagocytized n u c l e i  fol lowing E 3 

thymidine admin i s t r a t ion  ( 

of r ed  c e l l  n u c l e i  following their extrueion.  

) suggee t ing  t h a t  i t  io due t o  t h e  des t ruc t ion  

Cell t u r n w e r  has been most dramat ica l ly  observed iu the 

i n t e s t i n e  beginning obrupt ly j  S o m e  36 hours a f t e r  l a b e l i n g  (Fig. 1). This 

agrees well with  the known maturation, migrat ion and death  of t h e  mcoaal 

c e l l e a a s  they t r a v e l  from t h e  c r y p t s  along t h e  v i l l i d o  desquamate I n t o  

t h e  l ben .  

which cont inueo t o  dieappear,  but a@ a much elower rate (dashed line), 

sugges t ing  another  labeled compartment. 

lymphetic t i s e u e  e lnce  t h e  thymus 8 h 8  a similar shu decline. 

Following t h i s  loes a portion of t h e  original a c t i v i t y  remain6 

This cqartment  may represent  

The akin probably har a very slow turnover of r a d i o a c t i v i t y ,  

althougb the problem of c o n t a m h a t i n g  iodide makes prec iee  determinat ion 

d i f f i c u l t .  Slow turnover ha0 been obaerved i n  a tumor t r ansp lan ted  i n  t h e  

tail t o  f i c i l i t a t e  precise measurement. (This t echnic  should prove useful 

a8 a biochemical aseay i n  v ivo  of c a r c i n o l y t i c  procedure6 and toxicity a8 

measured by desth of body c e l l s  could be sFmultaneouely determined.)  

I l f b t r b b  



2.  Utili2 - rates of synthesis. 
IDU aa an analogue of thymidine enters into a crucial step 

i n  DNA synthesia and therefore can act as a very rensitive indicator of 

changes in DNA metabolism. Emever, care must be exercised in the inter- 

pretation of reaults since oeveral factors in addition to the rate of DNA 

synthesis may alter utilization. Thus, as an example, PDU which is known 

t o  inhibit DNA synthesis via a block in thymidylate eyntheeis ( 

potentiate the utilization of IDU (Fig. ). The rnechaniem presumably 

involves n decrease ia the pool s i z e  of competing thymidine resulting in 

an increased efficiency of utilization of IDU. 

) can 

The simplest model to explain IDU (and thymidine) utilization 

would s e a  to involve (Fig. ) first a rapid diatribution (within seconds) 

into an extracellular p o o l ,  then its uptake within minutes into proliferating 

cells or its cataboliem by liver cella, 

thymidine injected simultaneously with IDU can deprese the 3 minute 

As little a8 0.05  ( ) pmolee of 

incorporation into intestinal DNA by 5090, ouggesting either competition 

at the cell membrane or a flooding of the intracellular pools. 

Since competition i8 maximal when the enzymatic site, or 

transport aite, i a  saturated with substrate, this data indicates that the 

effective pool s i z e  of DNA precursore in the thymidine pathway cannot be 

larger than 0.05 p o l e e ,  but of courae might be much smaller, and since 

t h e  time courae of incorporation closely approximates that for dieappearance 

from the blood, thie pool must exist in extra-cellular space as free thymidine. 

This is not to say that local concentratione within synthesizing cells may 

not be higher, and probably are higher (footnote) but that these pools 

must b e  small in total content. 

Footnote: Feinendegen has shown autoradiographically a distribution Of 
soluble precursore within bone marrow cella which is similar to the dietribution 
of:labeled DNA, suggesting that cells in DNA synthesis selectively concentrate 
thymidine. 

I I l b 4 b l  



12. 

The major $ A t e  of IDU is catabolic and this presumably ie 

Thfa enzyme har been carried out in the l i v e r  by thymidine pho8phory1an., 

shown to convert I D U  to Fodouracll and deoxyribose phosphate more rapidly 

than it attack8 thymidine. 

IDU (integrated over ita availability time) is also depraesbd by a 

thymidine load. 

for R 502 depression in Incorporation and 10 pmolee completely blocks uptake. 

This presumably explains why total uptake of 

However, in this case 0.1 pmoles of thymidine is required 



Continuation of P r o j e c t  N o .  H-65 

- 
This  s tudy i s  intended - as previous ly  s t a t e d  - t o  be  c a r r i e d  

out  i n  p a t i e n t s  wi th  advancing, i ncu rab le  malignancies,  and w i t h  t h e i r  f u l l  
understanding and cooperation. The i n v e s t i g a t i v e  maneuvers w i l l  be timed 
i n d i v i d u a l l y  so  a s  not t o  i n t e r f e r e  wi th  t h e  normal c l i n i c a l  c a r e  of  t h e  
p a t i e n t s .  

Plan t o  adminis ter  I . V .  100 pc of  deoxyuridine which has 
been premixed w i t h  100 pc of 1125 iod ide  both i n  s t e r i l e  i s o t o n i c  so lu t ion .  
S e r i a l  blood samples and u r i n e  samples w i l l  be taken t o  s tudy t h e  disap- 
pearance of breakdown products and t h e  beginning of c e l l  t u rnove r .  Whole 
body counting w i l l  be undertaken t o  check r e t e n t i o n  i n  DNA! 

A f t e r  approximately 8 t o  10 days t h e  i n j e c t i o n s  w i l l  be repea ted ,  
bu t  i m e d i a t e l y  following an i n j e c t i o n  of fluorodeoxyuridine t o  determine 
whether t h i s  agent  p o t e n t i a t e s  t h e  u t i l i z a t i o n  of I D U  a s  i t  does i n  mice. 
For t h i s  purpose 50 mg of FDU i n  s t e r i l e  i s o t o n i c  s o l u t i o n  w i l l  be in j ec t ed  
intravenously.  Th i s  i s  l e s s  than one percent  of t h e  dose used f o r  thera-  
peusis  (30 mp/kg/day f o r  5 days - Burchenal and E l l i s o n  C l in .  Pharin. and 
Terap. 2, 523 (1961)  ). 

Radia t ion  doses: 

Whole Body 

IL3' DU - 16 m r  

- energy = 35 kev y + 30 kev x-ray 

= 65 kev 

s i n c e  i t  i s  a l l  absorbed can u s e  f3 formula 
- 

0 
C . T  e f f )  

10 
= 73.8 x 0 .065  x 2 x - 

24 

= 4 m r  

Doses t o  labe led  organs 

- no a d d i t i o n a l  

a s  previously c a l c u l a t e d  1131 

assuming 2% uptake i n t o  i n t e s t i n e  = 2 pc 

l o c a l i z e d  doze = 150 m r  



Using formula (17) p .  828, re ference  (1): 

, .  
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- 
Dg (co) = 73.8 E C T rad  

B o Eff 

and formula (88) (modified) p .  861, reference (1): 

D ( W )  = 0.0346 ( I A )  g Co TEff rad 
Y 

- 
where E = 0.187 MeV ( p .  899, ref .  (1)) 8 

2 
I A  = 2.18 a -r/mc-hr - 

TEff = Effec t ive  half-time i n  I_ days 

( p .  899, r e f .  (1)) 

= 1 pc/g ( i n i t i a l  concent ra t ion)  

= geometry f a c t o r ,  assuming p = 0.03 cm 

For choice of g, see p .  858, r e f .  (1) 

cO 

-1 
g 

- - 
D 

rads f o r  Co = 1 pC/g 
Y 

10 20 30 40 50 60 80 100 125 150 200 

0.4 0.8 1.1 1.5 1.9 2.2 3.0 3.8 @ 5.6 7.5 

0.8 1.5 2.3 3.0 3.8 4.5 6.0 7.6 9.4 11.3 15.1 

1.5 3.0 4.5 6.0 7.5 9.0 12.1 15.1 18.8 22.6 30.2 

2.3 4.5 6.8 9.0 10.6 13.6 18.1 22.6 28.3 33.9 45.2 

3.0 6.0 9.0 12.1  1 5 . 1  18 .1  24.1 30.2 37.7 45.2 60.3 

3.8 7.5 10.6 15.1 18.8 22.6 3 . 2  37.7 47.2 56.5 75.5 

4.5 9.0 13.6 18 .1  22.6 27.2 36.2 45.2 56.5 67.8 90.4 

5 .3  10.5 15.8 21.1 26.4 31.6 42.2 52.7 65.9 79.2 105.5 

6.0 12.1 18.1 24.1 36.2 48.2 60.3 75.5 90.5 120.5 

13.8 

27.6 

41.4 

55.2 

68 .O 

81.8 

96.6 

/---== 
110.4 u -- 

Ref. (1) : Hine and arownell, Radia t ion  Dosimetry, 1956. 

\ l ? b 1 7 0  


