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A number of investigators have reported increased excretion of deoxycy~
tidine (dCT) in the urine of rats following total body exposure to iounfzing
radiation doses ranging from 10 to 800 r. Deoxycytidine, or ¢ytidine desoxyribose,
as it is often called, is one of the major pyrimidine pucleoside components of
deoxyribonucleic acid. Peak values in the urine excretion of dCT occur soon after
radiation exposure (o-24 hours, although high levels have been noted in the 0-12
hour post-irradiation period), drop sharply during the 24-48 hour period, and by
48-72 hours have almoat returned to pre-irradiation control values. The present
study was carried out in an attempt to obtain information on the metabolism of
deoxycytidine by rats. Control rats and also x-irradiated ratz were used since
increased deoxycytidine-uria appeara to be specific for ionizing radiation. COther
stresses to rats, as trauma, burns, and formaldehyde injections de net result in

increased amounts of Dische positive substances in the urine.

METHODS

Control and x~irradiasted rats were injected in the tail vein with 2 uc of

14
C~dCT., Expired air and excreta were collected and analyesed for periods up to

48 hours. The rats were then sacrificed and 14C—dC'r activity analysed i{n the
various tissues by liquid scintillation techniques.

SLIDE 1, We see the varfous experimental groups used in the study. Group 1 is
a control group receiving I‘C-dCT enly., Groups 2,3 and 4 all received total body

16
x~irradiation of 700 r and C~dCT given at various times prior to and following the

radiation exposure period. In Group 2 the lﬁC-dCT was given 2 “o 3 minutes prior to

4
the radiation exposure. In Group 3 the 1 C-dCT was given 1 112 to 2 hours post

4
exposure and in Group &4 the 1 C-dCT was given 1B to 20 hours po-t irradiation expogdure



These times wera chosen based on the prior findings of our group and other in-
wvestigators of the early excretion of deoxycytinine following radistion exposure.
The l‘c—dCT was obtained from Schwartz Bioresearch Corporation (10.6 mc/mmole
spacific activity, 10 uc/ml) and its purity was verifled by paper chromatography
using as the horizonal solvent Butanol: acetic acid: water (1120:30:30) and was
found to be approximately 992 pure. PFemale rats, approximately 2 months old were
used in the present study and were kept in metabolism cages for the collection of
urine and feces and alsc for expired air,

SLIDE 2. Showe the metabolisw sat-up used for the study. The expired air
collection was measured continually by an ionization chamber and vibrating reed
electrometer to a8 recorder.

SLIDE 3. Shows a closer view of the metabolism cage for housing the rat for
excreta collections.

SLIDE 4. We see typical curves obtained for each of the groups. Each curve
is an average of data on four rats. In all cases there was early rise in the axpired
lhcoz activity, rising to & maximum at 1 1/2 to 2 hours and then decreasing gradually.
The rise in the curve for the irradiated rate appears to be quicker and more sharply
in-the-irradiated--rats than in the control rats. The total 1‘002 expired in the air
by the rat in the observed period was calculated as follows: the total area under
the curve (millivolft times wminutes) timas the conversion factor (1,78 times 10'3
ue/pillivolt) times the flow of air through the metabolic cage and fonization chamber

{(cc/minute). The volume of the ionization chsmber used in this study was 1000 cc.

SLIDE 5. This slide shows the 1&00 activity recovered in expired air of normal

2
and x-{rradiated rats injected with I‘C-deoxycytidine. For the control rats re-
ceiving 1"C—-dt.‘.‘l‘, approximately 45.2% of the injected 1"(‘J activity was recovered in

the axpired afr. In the rats receiving 1AC-dCT juat prior to radiation exposure

and in a short time interval following the radiation axposure the recovery was less,

14
¢pprox1mntily 31-32% of the injected activity. In the group receiving = C=dCT
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18-20 hours post irradiation, the value rises again to 40,.6% of the injected
140 activity, still lowver (at a significant level) with respect to the control group.
This data probably does not indicate a gresater utilization of dCT by the irradiated
rats, but suggests that the x-irradiation has altered the deoxycytidine pool size
in the body to an extent that the metabolism of the lkc injected deoxycytidine is
also altered. The fact that the percent of injected 140 activity is increasing and
spproaching the control group might indicate that at this time interval, 18-20 hours
post irvadiation exposure, the dCT pool size in the body is approximately back to
normal. This appears to coincide with the information obtained on previous studies
by our group and by other investigators that at aporoximately 24 hours post irradiat{
exposure there is a sharp drop in che deoxyecytidine levels in the excreted uripne of t
x-irradiated rats,

SLIDE &. Shows the blood and urine 1‘0 levels in normal and x-irradiated
(700 r) rats injected with 140 deoxycytidine. As evidenced by the low levels of
140—46? in the bleod in the control group, it sppears that the deoxcytidipe rapidly
disappears from the blood following its intravenous injection intc the tail vein.
The blood level in the irradiated rats was considerably higher for all irradiated
groups. The 14C levels in the urine were also considerably higher in the irradiated
groups than in the control-group. No large differences in the blood & urine l‘c level
wvare seen between the irradiated rat groups. These studi;s:;:zuziteresting in that
the results de not parallel the respiratory findings of the previcus slide. Instead
of returning to noormal values as happened in tha respiratory study, the urine -and
b¥o0d levels increased and remained high for all of the irradiated groups. The time-

periods involved here post-irradiation perhaps do not provide an explanation based

on the possibility of {rreversible kidney damage.



SLIDE 7, Shows the distribution of the lﬁc activity in tissues of normal
rats injected with lkc-dcr. On the left we have plotted the total sctivity as per
cant of the administered dose and on the bottom we have listed the various organs.
It is sean that thera is considerable amount of u(: activity in the small and large
intestines, High levels are also seen in the thymus, muscle, spleen and liver,
There is little activity in the kidney, blood, heart, and brain.

SLIDE 8. Shows sowe of the tissue 146 levels in normal and x-irradiated rats
injected with 1“C-dCT. The values here for the contrel, that is the 1‘:*CPdC'r only
group, is the same as those shown on the previous slide. Irradiation plus the
injection of dCT at various time intervals pre-and post-irradiation exposure does m
seem tc have any effect on the 1‘0 activity in the small intestine, which is sur-
prising since the small intestine is considerad t5 be very radiocsaensitive, The
1“(: level in the large intestine does decrease in the irradiated group. Thae lac
level in the thymus of the irradiated group appears to be at a maximum for the grow
injected with lac-dCT Just prior to rvadlation exposure, slightly lower in the group
injected 1 1/2 to 2 hours post~irradiation exposure, and even lower approximating
the control level in the group given 1&(.‘.-dC:'I 18 to 20 hours post-irradiation period.
Thes. changes seem to some extent to correlate with the type of phenomens observed
for the expired air data,

1‘c levels in normal and x-irradiated rats injects

SLIDE 9. We see the tissue
with 16C--dCT in three other tissue samples. Agaln we sea the levels of 14C activity
in the control group, the level being slightly higher in the spleen and the liver,
snd the kidney being much lower than either of the spleen or of liver. The level
in the spleen in the 700 r irradiated group given dCT just prior to radiation
exposure is the same as that of the control group; however, the other two irradiate«
groups show levels asignificantly lowar than either of the first two groups. For the
liver tissue, the lhc levels are higher (at a significant lavel) in all of the
irradisted groups than in the control group. The ssme applies for the kidney sampl

where the levels in the irradisted groups are all significantly higher than the
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eontrol group.}LThe rasults of thess experiments definitely indicate the metabolis:
of deoxycytidine is significantly different in normal and irradiated rats, It is
difficult to compare the normal and irradisted groups, because of the well-known
phenomena that after radiation the amount of free nuclecasides such as deoxycytidine
are increased in the body. Therefore it appears that the specific activity factor
{the pool size) 18 cruclal in the interpretation of the data. Some preliminary
studies on the importance of the "pool size"” factor weare carried out, in which the
deoxycytidine "pool size" was incressed by injecting various milligram amounts of
astable dCT at the same time the radioactive dCT was Injected.

SLIDE 10. Shows the affect of deoxycytidine pool size on expired air activiry
in l‘c deoxycytidine infected rats, Here the control group is shown again as having
45.22 of the injected 1&0 activity appearing in the expired air. The results indic:
thae the dCT metabolism isvery mensitive to the pool si:ie factor, because a very
slight elevation of pool size, aven 5 milligrams, produced alterations of the expirs
air 14C activity. The expired air sctivity vas 14.22% of the injected 1-‘:‘t‘. activity
for the group given 5 milligrams of stable dCT, this value decreased slightly
further to 13,12 of the injected 1Ac activity for the group receiving 20 milligrams
of stable 4dCT, and for the group given 40 milligrams of 4CT the expired air 14C

14

activity wvas 5.,5%. Tor comparison the expired air = C sctivity is also given on thi

e ger 1 1/2 to 2 hours post-irradiation.

slide for the group given 700 r and then
This level is 31,2 of the injected 14C activity and is appreciably higher than

for the group given 5 milligrams of the stable dCT. The results hers indicate per-
haps that the increase in pool size for the 700 r x~irradiated animals is somevhere
around 2 to 2 1/2 wmilligrams of dCT. This also correlates well with the data we
have found for the dCT excreted in urine by rats given 800 r total body irradiation.

We are presently carrying out experiments involving the use of even lower levels of

stable dCT.



