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A number of invest igators  hnve reported increased excretion of deoxycy- 

t i d i n e  (dCT) in t he  urine of ra ta  fo l lw ing  t o t a l  body exposure to  ionizing 

radiat ion doses ranging from 10 to  800 r. 

u it is often cal led,  i n  one of the major pyrimidine nucleoaide cwrponaats of 

deoxyribonucleic acid. 

radiat ion exponure (0-24 hours, although high leve ls  have been notad i n  the 0-12 

hour post-irradiation period), drop sharply during the 24-48 hour period, and by 

48-72 hours have almost returned to pre-irradiation control values. The present 

study was car r ied  out  i n  an attcmpt t o  obtain information 011 the metabolim of 

deoxycytidine by rata .  

increased deoxycyt idincuria  appears to  be spec i f i c  f o r  ionizing radiation. 

#tresses to  r a t s ,  as t r a m ,  burns, and formaldehyde inject ions do not resu l t  i n  

increased mounts of Dische posit ive aubstmces i n  t h e  urine. 

Deoxycytidine, o r  cytidine desoxyribose, 

Peek values i n  the urine excretion of dCT occur soon a f t e r  

Control rats and also X-irradiated r a t s  were used since 
I 

Other 

c 

HETUODS 

Control and X-irradiated r n t s  were injected i n  the t a i l  vein with 2 uc of 

Expired air md excreta were collected md  analysed f o r  periods up to 
14 

C-dCT. 

48 hours. 

v a r i o w  t i ssues  by l iqu id  sc in t i l l a t i on  techniques. 

-i 
The rats vera  than 8acrificed and 14C-dCT ac t iv i ty  analysed i n  the 

SLIDE 1. We see the various experimental groups used i n  t h e  rtudy. Group 1 is 
14 

a control group receiving 

x-irradintion of 700 r and 

radiat ion exposure period. 

tha radiat ion exposure. 

exposure and i n  Group 4 the 

C-dCT only.  Croups 2,3 and 4 a11 received t o t a l  body 
14 

C-dCT given a t  various times pr ior  to  and following the 

In Group 2 t h e  14C-dCT was given 2 -0 3 minutes pr ior  t o  

\ 

2 t o  2 hours post I n  Group 3 the “C-dCT vas given 1 1/ 
14 C-dCT vna given 18 to 20 hours pozt i r radiat ion exposure 
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Thue times were ehosan based on the pr ior  ffndinga of our group rmd other  in- 

ves t iga tors  of  t h e  ear ly  u c r c t i m  o f  deoxgcytii,ine following radiation exposure. 

The 

apac i f i c  activity, 10 u c / d )  and i t a  puri ty  w u  verif ied by paper chromatography 

ruing u the  horizonal aolvent Butanol: acetic acid: water (1120:30:30) and was 

found t o  be approximately 99% pure. Female r a t a ,  approximately 2 months old vere 

rued I n  the  present s t u e  and vere k e p t  in mataboliam cages for  t h e  collection of 

urine and feces .ad also for  expired air. 

14 C-dCT w a n  obtained from Schvartz Bioresearch Corporation (10.6 mc/mmole 

SLIDE 2. Show6 t h e  metaboli6m set-up wed for th8  study. The exp i red  a i r  

co l lec t ion  VIIS manured continually by an ionization chamber and vibrat ing reed 

a l e c t r m e t e r  t o  4 recorder. 

SLIDE 3. Show. A c loser  view of the metabolism case fo r  housing the r a t  for  

uereta collections. 

- SLIDE 4. We nee typ ica l  curves obtained for  each of t h e  groups. Each curvt 

in rn average of data on four ra ta .  
14 

The riae i n  the  curve for  the i r rad ia ted  ra ta  appears t o  be quicker and wre sharply 

k-tk-kradiat-s than i n  the control rats. The t o t a l  CD u p i r e d  i n  the air 

by the r a t  i n  the observed period vaa calculated M follows: 

t he  curve (milltvolt* tins. minutes) times the conversion factor  (1.78 t h e n  

uc/millfvvlt) times the f lov  of air through the mctnbolic cage md ionizatfon chamber 

(cc/minute). The volume of the  ionization chamber mad in  thin study vas 1000 cc. 

In  all cases there wan ear ly rise in the u p i r e d  

CO a c t i v i t y ,  rising t o  A maximum a t  1 1 / 2  t o  2 hours and then decreasing gradually. 
2 

14 
\, 2 

the t o t a l  area under 

14 SLIDE 5. Thb a l i d c  shwa t h e  CO a c t i v i t y  recovered in expired air  of normal 
2 

and x-frradlated rata  injected with 14C-d80xycytidine. 

ceiving l4C-dCT. approximately 45.2% of the injected "C ac t iv i ty  vas recovered i n  

t b s  u p i r t d  air.  

and in a ahort  time in te rna l  following the radiation exposure the recovery was l e r e ,  

For the control rets re- 

I n  t h e  r a t s  receiving 14C-dCT j u s t  p r ior  to radiat ion exposure 

b 

approxima tl 
=ly 31-322 of the injected ac t iv i ty .  In  t h e   roup receiving "C-dCT 
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18-20 hours post i r rad ia t ion ,  the value riaem again to 40.6% of the injected 
14 

C ac t iv i ty .  still lover (a t  a s igni f icant  level)  v i t h  respect t o  t h e  control group. 

This data  probably doer not  indicate  a srerter u t i l i za t ion  of dCT by the i r radiated 

rats. but 8Ugsut.Y that the x-irradiation has altered the deoxycytidine pool size 

in the  body to  01 extent tha t  the metabolism of the C injected deoxycytidine is 

also al tered.  

approaching the control group might indfcata t h a t  a t  t h i s  tima interval. 18-20 hours 

post i r r ad ia t ion  exposure, the dCI pool size i n  the body is approximately back t o  

nomal .  

by our  group and by other  invest igators  that  u t  approximately 24 hours post i r r a d i a t t  

u p o r u r e  there  is a sharp drop i n  the deoxycytidine levels i n  the excreted urine of t 

x-irradiated rats. 

14  

14  
Tha f a c t  t ha t  the percent of injected C ac t iv i ty  is increasing and 

Thim appears to coincide witk the infornution obtained on previous s tudies  

SLIDE 6 .  Shows t h e  blood and urine 14C levels i n  normal and x-frradiated 

(700 r )  rats injected v i t h  I4C deoxycytidine. 

"C-dCT i n  the blood i n  the control group, it appears tha t  the deoxcytidine rapidly 

disappears from the  blood following its intravenous inject ion in to  the t a i l  vein. 

The blood level in the i r rad ia ted  r a t s  wan considerably higher f o r  a l l  i r rad ia ted  

group.. The 

groups than i n  the control group. No large differences i n  t h e  blood b urine 

were s m n  between the i r radiated r a t  groups. 

the r e s u l t 0  do not pa ra l l e l  t h e  respiratory findings of the previous 8lide.  

of returning t o  normal valuea a4 happened i n  tha respiratory study, the ur inerrrd 

W levels increased and remainad high for  all of the i r rad ia ted  groupo. 

periods involved here post-irradiation perhaps do not provide en explanution based 

on t h e  pos r ib i l i t y  of i r revers ib le  kidney damage. 

k evidenced by the low leve ls  of 

14  
C l eve ls  i n  the urine ware a lso  conmidcrably higher in t h e  i r rad ia ted  

14 
C levell ++, uiu>d* 

T h e e  studiesflare in te res t ing  i n  that  

Insteed 

The time- 
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SLIDE 7. Shows the dist r ibut ion of the l 4 C  A C t f d t J  in t i rauM Of normal 
14 

rat. injected with On the l e f t  va have plot ted t h e  t o t a l  ac t iv i ty  as p e r  

eaut of the administered dome and 00 the bottom we have l i s t e d  the various oruans. 

It is neen that there fa considerable 6 o m t  of 

intestines. 

There 10 l i t t le  ac t iv i ty  in the kidney, blood, hear t ,  m d  brain. 

C-dCT. 

14 
C ac t iv i ty  i n  the .mall md larga 

High levels a re  J s o  seen in the thymus, muecle, spleen and liver. 

SLIDE 8. Shows m e  of the tiasuc 14C levels io normal md r-irradiated rata  
14 

in jec ted  with 14C-dCT. The values here for  the control. t ha t  is the 

group. is the same M rhoas shown 00 the previoru r l ide .  I r rodiat ioa p lun  the 

in jec t ion  of dCr 8t various time intervals pro-urd port-irradiation exposure does DI 

seem t o  ham m y  a f fec t  on t h e  

pr ls ing 8ince the small intestine i n  wnsiderod t o  be very radiosensitive. The 
14 14 

C l eve l  i n  the la rge  intestine does decreane in  the  i r radiated group. 

EdCX on ly  

1 4  
C ac t iv i ty  i n  the mal1 in tes t ine ,  vhich is s u p  

The C 

level in the thymu of the i r radiated gmup apperrs to be at a m a x i m u m  for  the groq  

in jcc tad  with C-dCT just pr ior  t o  radiation exposure. s l i gh t ly  lower in the group 

injected 1 1/2 t o  2 hours post-irtadi8tion exposure. and even lower approximating 

the control level i n  the group given 14C-dCT 18 t o  20 hours post-irradiation period. 

These changes seem t o  some extent to  correlate  with the type of phenomena observed 

€or the oxpired air  data. 

14  

SLIDE 9. We sea the  tissue 14C levels  i n  normal and x-irradiated rats in jec t#  

C-dCT in  three other  t insue maaples. Again we see the levels of 14C activity 
14 

v f t h  

i n  the control  group, the level bel- s l igh t ly  higher i n  the spleen md  the l i v e r ,  

utd the kidney baing much lwer than  e i ther  of the spleen or  of liver. 

in the  spleen i n  the 700 t i r radiated group given dCI just pr ior  t o  radiation 

exposure l a  the apPa as  tha t  of the control group; hovever. the other two irradiated 

groups show leve ls  a ignif ieant ly  lover than e i the r  of t h e  f i r s t  two groups. For thc 

liver t issue.  the C levela a re  higher ( a t  a s i g n i f i c m t  level)  i n  a l l  of the 

i r rad ia ted  groupa than i n  the control group. 

where 

The l eve l  

14 

h e  a m e  applies for  t h e  kidney smpl 

the levels i n  the i r rad ia ted  groups a re  a11 s ignif icant ly  higher thnn tha 
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control group.4 The r e su l t s  of these 

of deoxycytidine is signif icant ly  different  i n  normal and i r rad ia ted  r a t s .  

d i f f i c u l t  t o  compare the  normal and i r radiated groups, because of the well-known 

phencnuena that  after radiation t h e  amount of f r e e  nucleosides such an deoxycytidine 

are Increased i n  t h e  body. 

( the pool size) is cruc ia l  i n  the interpretation of t h e  data. 

6tudiea on t h e  importance of t h e  "pool eize" factor  were carried out. in vhich t h e  

deoxycytidine "pool size" was increased by injecting various milligram awunts of 

s t ab le  dCT at t h e  same t i m e  the radioactive dCT WM injected.  

experiumts def in i te ly  indicate  the mstabolisn 

It is 

Therefore i t  appears t h a t  the apec i f ic  ac t iv i ty  factor  

Some preliminary 

SLIDE 10. Show the e f fec t  of deoxycytidine pool size on expired a i r  a c t i v i q  
14 i n  

45.2% of the  injected 

tha t  the dCT metabolism isvery sensitive t o  t h e  pool 

s l i g h t  elevation of pool size, even 5 mil l igram,  produced a l te re t lons  of the expira 

8ir C ac t iv i ty .  The expired a i r  ac t iv i ty  ves 14.2% of the injected C ac t iv i ty  

f o r  the group given 5 milligrams of s table  dCT, t h i s  value decreased s l igh t ly  

fur ther  t o  13.1% of the injected 

of s t ab le  dCT. and f o r  the group given 40 milligrams of dCT the expired a ir  

a c t i v i t y  was 5.5%. 

mlide f o r  the group given 700 r and then 14C-dCT 1 1 /2  t o  2 hours post-irradiation. 

This l eve l  is 31.2% of t h e  injected 

for t h e  group given 5 milligrams of the  s table  dCT. The results here indicate per- 

hapa t h a t  the increase i n  pool size for t h e  700 r x-irrrdiated animals is a m h e r e  

.round 2 t o  2 1/2 m i l l i g r a m  of dCT. 

have found for t h e  dCT excreted i n  urine by ra ta  given 800 r t o t a l  body i r radiat ion.  

U e  are presently carrying out experiments involving t h e  use of even l w c r  levels of  

stable dCT. 

C deoxycytidine injected rata,  Eere t h e  control group is shown again as having 

C ac t iv i ty  appearing i n  t h e  expired a i r .  
14 

The resu l t s  indicr 

fac tor ,  because a very 

1 4  14  

14 
C ac t iv i ty  f o r  the group receiving 20 mill igrams 

14 
C 

For compariaon the expired a i r  14C a c t i v i t y  is also given on t h j  

14 
C ac t iv i ty  and is appreciably higher ' thin 

This also correlates  vell w i t h  t h e  data we  


