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Introduction

3 3

Tritiated thymidine ( H-TdR) and uridine (H-UR) are frequently used

in studies of DNA and RNA metabolism in vivo. It is well-known that

most of the injected 3H-TdR and 3K-UR in adult rats is catabolized

and only a smaller fraction is incorporated into DNA and RNA, respec-

tively. The first steps in the catabolism can take place in several

tissues, but the ultimate catabolism is occurring in the liver, spleen

and kidneys (Cleaver 1967). If the catabclic functions are less de-

veloped in young rats than in older ones, differences in the amount

of precursor incorporation may occur.

The aim of the present study was to get a quantitative measure of

the availability of 3H-TdR

in rats of different ages.

3 3the availability of H-TdR and H-UR after a subcutaneous injection



Material and methods

Animals: Wistar rats bred at the institute, given food and water

ad libitum, were used. The number of youngs per litter was, within

a few hours aft-.?r birth always adjusted to 8.

Irradiation: Some of the rats were irradiated 12-24 hours after birth

with the freely radiating Co gamma source cf the institute. The

dose-rate was 10 rad per minute as determined by Fricke dosimetry

(Spinks and Woods, 1964). Control rates were sham-irradiated. All

youngs in each litter were cither given 160 rad er sham-irradiated.

: Fifty ^i-ve litters were used

and each young was either given a subcutaneous injection of H-TdR

(0.5 pCi per gram) or H-UR (2 yCi per grarr.)(Radiochemical Centre,

Amersham, specific activity 5 Ci per mmol).

äE§Ji2D: Each litter was divided into two .groups with four

animals in each group. They were killed by decapitation 5, 15 or

45 minutes after injection and blood was collected in a heparinized

plastic dish. The blood from a group (4 rats and 100 \il from each

animal) was transferred to a tube containing 400 \xl cold 0.4 N per-

chloric acid (PCA). The samples were ccntrifuged at 4°C for 10 minutes

at 1500 x g and the clear supernatant was frozen and stored at -20°C

until analyzed.

Two drops, containing 10 pi of the deproteinized blood, were added
i

to the centre of a cap of a polyethylene scintillation vial. The cap

was immediately screwed tight to the vial. The vials were transferred



to a water bath at 80°C, caps down-vard and half-way irrmersed in

the water. A plane block of dry ice (solid carbcnclioxide) was put

on- ' the bottom of the vials and were left for 20 minutes. As demon-

strated with tritiated water, all water had then ccndensated to the

dry ice-chilled part of the vials. The vials were removed, caps

unscrewed and new vials screwed to the caps. New caps were also

screwed to the vials containing the frozen volatile fraction. In

the following the H-activity in the volatile fraction will te interpre-
3

ted as H-water.

3 3H-TdR or H-UR and their cataboiic products were

separated by thin-layer chrcmatography en cellulose plates (Merck DC-

Fertigplatten, Cellulose F 254). The chromatograms were developed

using a solvent consisting of ethylacetate: formic acid: water (Fink,

Cline & Fink 1963). The proportions were 60:35:5 for "K-TdR and

68:18:14 for 3H-UR.

Hi
A sample of 10/deproteinized blood was added to the plate using a

microliter syringe. Reference solutions consisting of thymidine,

thymine, dihydrothymidine and g-aminoisobutyric acid or uridine,

uracil, dihydrouracil, N-charbamylpropionate and $-alanine (Sigma

Chem. Co) were also added to the plates. g~ureidoisobutyrate which

is an intermediate catabolic product in the degradation of thymine

was not comercially available. After developing the chromatograms

the reference compounds were located under UV-light (thymidine and

thymine or uridine and uracil), by spraying, first with 1 M NaOH and

after 30 minutes with Ehrlich reagens, (see Fink et al. 1963)

(dihydrothymidine and dihydrouracil) or by spraying with ninhydrin

reagent (8-aminoisobutyric acid or N-carbamylpropionate and 6-alanine)

The chrKanatograms were divided into 5 mm segments which were scraped
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off and transferred into polyethylene vials tc which 1 ml of 0.1 M

HC1 was added. Eluticn of labelled compounds was performed for

24 hours.

Radigmetry: Ten ml scintillator solution (7.0 g PPO and 35 g dimethy]-

POPOP in 1 1 toluene: Triton X-100 (70:30)) were added to all poly-

ethylene vials. They were vigourcusly shaken and transferred to the

liquid scintillation counter (Nuclear Chicago Mark II) operating at



Results

CTxromatograghy: Thynddine and its catabolic products were separated

into four peaks: thymidine (Rf = 22), thymine (36), dihydrothymine

(53) and B-aminoisobutyrate (2). Thymidine and thymine were well

separated. B-ureidoisobutyrate has been reported to have nearly the

same Rp value as dihydrothymine (Fink et al. 1963) for the solvent

system used, which means that these two compounds were not separated.

The 0-aminoisobutyrate peak also contained phosphorylated derivatives

of thymidine.

In the study of uridinc and its catabolic products, three distinct peaks

were obtained: the first with uridine (R^ = 29), the second

with uracil (50), dihydrouracil (54) and 6-alanine (47) and

the third with N-carbamylpropionate (68). The second peak could be di-

vided into two, only partly overlapping components; one with uracil

and 0-alanine and one with dihydrcuracil. The phosphorylated deriva-

tives of uridine had R^ values in the range 0-5.

: As can be seen in Fig. la-c there was

3 3a marked increase in the efficiency for converting H-TdR into H-water

when the rats became older. For example, the percentage H found as

water was about 50, 60 and 90 in deproteinized sample4; taken 45 minutes

post-injection, for rats of 5, 15 respectively 30 days age. The value

for the 15 days old rats is uncertain due to the large variations in

the experimental values.

We observed some differences between non-irradiated and irradiated rats,

especially among the 5-days-old animals. For this group the percentage
3

H found as water was higher in the controls thar. in the irradiated ani-

mals in all studied groups. A similar but less pronounced trend was

also observed in other age-groups.



The efficiency of converting H-UR

into H-water increased with age as can be seen in Fig. ld-f in similari-

ty with the results for 3H-TdR. The percentage of the H-activity found

as water, 45 minutes after injection was about 40, 50 and 80 in 5-,

15- and 30-days old rats, respectively.

The small differences between non-irradiated and irradiated rats were

similar to the differences in the H-TdR case.

Blogd^clearance^of^H-TdR^ As can be seen in Figure 2, the shape

of the blood clearance curve for H-TdR could not be determined accurately

due to the rather large variations seen in the experimental values.

However, it can be clearly seen that the blood clearance was rather si-

milar for the three age-groups.

Blood clearance curves for adult animals have been reported to be

nearly exponential. A measure of the half-life of the precursor was ob-

tained through fitting the d?tc fcr the non-irradiated animals to

exponential curves by the technique cf least squares (Fig. 2). The

half lives were 11, 12 and 10 minutes for 5, 15 and 30 days old rats,

respectively. The area under the curves indicates the total amount

of precursor available (Fig. 4).

No significant differences were seen in the H-TdR blood clearance

of irradiated and non-irradiated rats (Fig. 2). The only possible ex-

ception, the 5-days-old rats, showed, 5 minutes after injection, a

higher H-TdR peak after irradiation.

SlSSSLsliSEåDSS-Sf--öiyE: There was a pronounced decrease in the per-

centage of H-activity found in the uridine peak of the old rats (Fig. 3).

The half lives were 12, 10 and 22 minutes for the 5, 15 and 30 days old,



non-irradiated rats, respectively.

3
The total availability, as defined above, is shown in Fig. ^ for H-UR.

It is seen that a pronounced decrease occurs when the rats became older.

The differences between the age groups were much more pronounced for

3H-UR than for 3H-TdR.

No significant differences could be seen between the clearance of

H-UR in irradiated and non-irradiated rats.

Catabglic_products _ of H-TdRj, It was generally found that most of

the H-activity in the chromatograms was appearing in the thymidine

peak implying a relatively low level of catabolic products. The small
3

amounts of H in the thymine and dihydrothymine (including B-ureido-

isobutyrate) peaks are shown in Fig. 5a-c. No differences could be

seen between samples from non-irradiated and irradiated animals.

iucts_of [HJR: For 15 and 30 days old rats most of the
3
H-activity in the chromatograms was found in the peaks of the cata-

bolic products (Fig. 5d-f).

As in the case of thymidine no clear differences between samples fran

non-irradiated and irradiated animals could be seen.



Discussion

The subcutaneously injected H-TdR and H-UR appeared at maximm

concentrations in the blood within 5 minutes. Their half-lives were

10-20 minutes. The disappearence depends on both anabolic and cata-

bolic processes.

In the case of 3H-TdR, age dependent variations in the DNA synthesis

are considerable. In 5 days old rats, the proliferative growth of

different organs is very rapid, at 15 days it has slowed down somewhat,

and at 30 days the growth rate is comparatively low (Winick and

Noble, 1965). Our results show that the older rats were more effi-

3 3ciently in converting H-TdR to H-water, implying increased rate of

catabolism. A decreasing consumption would decrease the blood clea-

rance of the precursor while an increasing catabclic rate would in-

crease it. The sum of these two effects gives an availability curve

of the form shown in Fig. "4.

An important difference between thymidine and uridine was that only

small amounts of catabolic products of thymidine could be seer,

chromatographically. A possible explanation to this would be that a

slow, first catabolic step (the conversion of K-tfcjmidinfe.-to

H-thymine) is followed by rather fast catabolic steps leading to
3
H-water. Our experimental data do not allow, however, a detailed

study of the kinetics of the catabolism.

3

In the case of H-uridine no dramatic decrease in the anabolic pro-

cesses (RNA synthesis) is expected during gnpwth. The old rates were

more efficiently in converting H-uridine to H-water, implying an

increasing catabolic rate. In the chromatographic analysis it was
3

seen that the H-UR peak was much decreased and that an increasing
amount of catabolic products occurred with increasing age. The total
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availability also decreased (Fig. 4) frcm 5 days to 30 days age,

also in accordance with an increased catabolic capacity.

Plasma clearance of Ti-TdR has previously been determined for adult
rat

individuals of the following species: /(Chang & Looney, 1965; Fulcrand,

Bisonte 4 Marty, 1968), mouse (Rilcrand, Bisconte & Marty, 1968;

Staroscik, Jenkins & Mendelsohn, 1964), monkey (Nowakowsky & Rahne,

1974, and man (Rubini et al. 1960). The clearance follows usually

a double exponential curve: a first phase with a few minutes half-life

and a second much slower phase. The half-lives in our experiments

are in the same range as the half-lives of the second phase. Howeveer,

exact comparison can not be donw since different injection procedures

have been used.

The catabolism of H-TdR and H-UR has been reported to occur mainly

in the liver (see Cleaver, 1967). It has also been reported that the

liver growth in rats has a miniumum, about 3 weeks after birth

(Grisham, 1969). Other authors have described a continuous decrease

of cellular proliferation in the rat liver with age after birth

(Barbason, van Cantford & Humbrechts, 1974). In adult rats the cellular

proliferation of the liver is very low. It is likely that a decreased

proliferation is accompanied by an increased catabolic capacity

(differentiation of the liver cells). Cholesterol-7-alpha-hydroxylase

activity in the liver, for example, is strongly increased about 20

days after fcirth (Barbason et al. 1974). This pattern is in accor-

dance with the increased capacity of catabolic processes .here repor-

ted.

l

Orie consequence of the results in the present work is that we foresee

difficulties in comparing the incorporation of precursors in rats
i i

of different ages.
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Abstract

The clearance of n-tfrynddine and H-uri<iine frcm the blood was

studied in rats of ages 5, 15 and 30 days. The clearance curves

were integrated to get measures of the total availability of the

precursors. Age-dependent differences were found, especially for

uridine, which showed a lower availability when the animals became

older. In the case of thymidine lesser differences were found.

The catabolic rate, as measured by the appearance of H-water,

3 3
was much increased, both in the case of H-thymidine and H-uridine

as the rats became older. It was observed that the amount of ca-

tabolic products (except H-water) in the blood was much larger

for uridine than for thymidine.

Rats were given 160 rad on the first day after birth. Only in the

case of H-thymidine, in 5-days-old rats, an effect of irradiation

could be seen, i.e. a scmewhat lowered efficiency to catctclize

thymidine.
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Figure texts

Fig. 1. Percentage of H in the volatile fraction as a function

of time after injection. The thymidine case is to the

left (a-c) and the uridine case to the right (d-f). The

results for the irradiated rats are shown with filled

circles.

q

Fig. 2. H-activity in the thymidine peak of the chromatograms

at different times after the injections.

Fig. 3. H-activity in the uridine peak cf the chromatogranis at

different times after the injections.

Fig. k. Availability as obtained frcm the integration of the curves

in Fig. 2 and 3. Squares stand for uridine and circles for

thymidine.

Fig. 5. line occurence of H-activity in the peaks of the catabolic

products as a function of time aft^r injection. The thymi-

dine case is shown to the left and the uridine case to the

right.
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