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ABSTRACT

To study the stimulatory effect on DNA synthesis and unscheduled DNA

synthesis (UDS) in splenic lymphocytes induced by low dose enriched uranium 235U.

By using 3H-TdR incorporation assay technique, the DNA replicative synthesis in

PHA and LPS stimulated splenic lymphocytes was observed. By using DNA

synthesis inhibitor such as hydroxyurea, the UV-induced unscheduled DNA

synthesis in splenic lymphocytes occurred. When the injected low dose of enriched

uranium 235U was 0.1 ug/kg body weight, the transformation capacity was elevated

for splenic T lymphocytes, simultaneously the stimulative index increased. The UDS

of splenic lymphocytes induced by ultraviolate revealed a statistically significant

increase by low dose of enriched uranium 235U at the range of 0.1-^20 ug/kg body

weight. A stimulatory action of low dose enriched uranium 235U on DNA replicative

synthesis as well as on UV-induced UDS in splenic lymphocytes was detected.

•Supported by the National Natural Science Foundation of China, No. 39070725.



INTRODUCTION

Up to date, due to the rapid development of the wide scope application of

radionuclides in the field of experiment and clinic. The traditional idea is unrealistic

that is only injurious effects to organism induced by ionizing radiation1'1. Surely, the

radiation of high or middle doses is evidently harmful to human beings, no matter

whatever the results in whole body, organ, cellular or subcellular levels are observed.

Whereas adverse response to low dose irradiation is present. For example, in the

evolution process of human beings, adaptive response could be induced by natural

background radiation'21. Moreover, lots of experiments confirmed that background

radiation is essential to the growth and development, as well as

immunoenhancement of creature131. In contrast, there exists relatively no information

about responses to low dose internal irradiation. Whether there is stimulatory effects

induced by low dose internal irradiation is not clear up to now. Therefore, it is

essential to study radionuclide 235U, such as nuclear fuel. Which may be released by

the accident of nuclear power plant. The people are paying close attention to its

internal contamination to human health through ecological environment'41. So the

objective of the present investigation was to study the stimulatory effect on DNA

synthesis and unscheduled DNA synthesis (UDS) in splenic lymphocytes induced by

low dose enriched uranium 235U.

1 MATERIALS AND METHODS

1. 1 Materials
Enriched uranium 235UO2F2 with 18.9% abundance of 235U isotope component,

its original mass concentration was 60 g/L. Mitogenic PHA was from Shanghai

Medical Test Institute, LPS was from Sigma. 3H-TdR with a specific activity of 37

GBq/L was from Shanghai Institute of Nuclear Research.

The cell culture medium, known as complete RPMI 1640, was composed of

RPMI 1640 (GIBCO), supplemented with 20 mmol/L Hepes, 2 mmol/L L-glutamine,

3.6 g/L glucose, 2.0 g/L sodium biocarbonate, 5X10"5 mol/L 2 mercaptoethanol,

100 mg/L streptomycin, 1000 U/L penicillin, and 10% new born calf serum.

1. 2 Experimental animals

Purebred sexually mature male BALB/c mice, 7~8 weeks old and 21 ± 2 g of

weight were used at the beginning of the experiment. These animals were obtained

from the Center of Experimental Animals of Suzhou Medical College.

Internal contamination doses of Enriched uranium 235UO2F2 with 18.9 per cent



abundance of 235U was diluted with injected water as working solution. BALB/c
mice were injected through the tail vein with 235U 0.001, 0.01, 0.1, 1, 20, 100 and

500 fig/kg body weight. Parallel control mice were injected with saline.
1.3 Methods

Assay of DNA synthesis in splenic T and B lymphocytes: 5 days later after 235U

injection, BACB/c mice were sacrificed by decapitation and the spleen was

immediately excised under aseptic condition. Spleen lymphocytes were obtained by

squeezing the spleen with forceps in RPMI 1640 medium also under aseptic

condition'51. The cells suspension was allowed to centrifuge at 2000 r/min for 10

min to collect the sediment and remove the supernatant. The cells were washed with

RPMI 1640 medium, and resuspended in RPMI 1640 medium to a concentration of

2 X 106 cells/ml. Either 100 jig/ml of mitogenic PHA or 40 jig/ml of LPS was added

to the cell samples and triplicates of each sample (0.1 ml each) were dispensed

respectively into piece of 96- well microplate. The microplate was cultured in

humidified 50 ml/L CO2 incubator at 37 °C for 72 h. At the end of 56 h, 18.5 kBq

of 3H-TdR was added to each well and the culture was continued for 16 h. At the end

of incubation, the cells were gathered on glass fiber filters with a cell autoharvester

'6|. The filters were dried at 50 °C, dropped into 5 ml scintillation cocktail with 0.6%

PPO and 0.06% POPOP in xylene. Their radioactivities were determined with a

Beckman LS 6800 liquid scintillation counter. Results were expressed as percent

relative response (X ±s) which is defined as the Bq/min of cells from 235U injected

mice divided by the mean Bq/min of cells from control mice and multiplied by 100.

Assay of UV-induced UDS in splenic lymphocytes: Spleens were removed with

aseptic techinque on day 12 after 235U injection and teased apart to release splenic

cells in RPMI 1640 medium. After centrifugation at 2000 r/min, for 10 min, the

splenic cells were resuspended at 1 X 107 cells/ml in RPMI 1640 medium containing

penicillin (1000 U/ml), streptomycin (100 (ag/ml), 10 percent fetal calf serum and

10~2 mol hydroxyurea[6]. From each splenic cell suspension, each of five samples

(0.1 ml each) was dispensed respectively into two pieces of 24-well microplate. The

duplicate plates were preincubated in a CO2 incubator at 37 °C for 30 min, and 37

kBq 3H-TdR was added to each well. 100 ul of 200 ug/ml PHA was added to No.

3~4 wells per splenic suspension per plate. One of the two plates was irradiated

with 20 J/m2 of UV-rays. The other plate was not irradiated by UV-rays as controls.

Then the duplicate plates were incubated at 37 °C under 50 ml/L CO2 for 120 min.

At the end of incubation, the cells were immediately collected on glass fiber filters



with a cell autoharvester. The filters were dried and counted in the Beckman LS

6800 liquid scintillator. The average count-per-minute values of five samples of the

controls were subtracted from those of the corresponding UV-irradiated samples.

The results were expressed as Bq/min at 106 cells.

2 RESULTS

2. 1 Stimulatory effect of 235U on DNA synthesis in splenic T and B
lymphocytes
The stimulatory action of enriched uranium 235U on DNA replicative synthesis

in PHA and LPS stimulated splenic lymphocytes from inbred BALB/c male mice

was studied by 3H-TdR incorporation assay. The results indicated that in PHA

induced splenic T lymphocytes 3H-TdR incorporation increased significantly (P<

0.05) as compared with the control group at dose of 0.1 ug enriched 235UO2F2/kg

body weight. At the same time, the stimulative index elevated, showing a

stimulatory action of enriched uranium 235U on DNA replicative synthesis in splenic

lymphocytes as shown in Table 1. The higher radiosensitivity of the different

lymphocytes is, the lower doses of intake of radionuclides which induced

stimulatory action are.

Table 1 Effect of 235UO2F2 on DNA synthesis in splenic T and B lymphocytes

Doses
Hg/kg

0
0.1

1
10

Radioactivities of3

Bq/min

PHA stimulated
T cells

561.3 ±168.5
869.5 ±122.02)

449.1+59.7
133.5 + 13.63'

H-TdR incorporation0

at 106 cells

LPS stimulated
B cells

268.9 + 105.8
244.0 + 35.3
179.3+29.8
49.8 + 27.731

Stimulative

T cells

1.00
1.55
0.80
0.24

index

B cells

1.00
0.90
0.67
0.19

1) X ±s («=5); 2) /><0.05; 3) /3<0.01 (compare vs control).

2. 2 Stimulatory effect of 235UO2F2 on UV-induced UDS of splenic lymphocytes
The effects of different doses of enriched uranium 235U on UV-induced UDS in

splenic lymphocytes are shown in Table 2. It can be seen that UV-induced UDS

values were significantly increased (P<0.05 or /><0.01) when the mice were

exposed to 235UO2F2 at doses of 0.1 ~ 2 0 ug/kg body weight. The results showed that

low doses of enriched uranium 235U had obvious stimulatory effect on DNA excision

repair capacity.



Table 2 Effect of 235UO2F2 on UV- induced UDS in spleenic
lymphocytes on the day 12th after injection

Doses/^g • kg"1

0
0.001
0.01
0.1

1
20
100
500

Bq/min at 107 cells"

1.67 + 0.64
1.55 + 0.56
2.51+0.58
3.27 + 0.44
2.85 + 0.52
2.63 + 0.45
2.02±0.71
1.45 + 0.81

Stimulative index

1.00
0.93
1.50
1.95
1.71
1.57
1.21
0.86

P value

<0.01
<0.05
<0.05

1) X ±s(n=5).

2. 3 Stimulatory effect of 235UO2F2 on UDS in splenic lymphocytes
unirradiated by UV
The effect of enriched uranium 235U on UDS in splenic cells which were not

irradiated by UV are shown in Table 3. The UDS in the splenic cells of the

experimental groups showed a pronounced increase (P<0.05, / )<0.01) on the 12th

day after internal contamination of enriched uranium 235U. The results indicated that
2l5UO2F2 in vivo had continuous damaging effect on the splenic cells, thereby

leading to enhancement of DNA excision repair capacity.

Table 3 Variation of UDS in splenic lymphocytes exposed to 235UO2F2 on the day 12th

Doses/fig • kg '

0
0.001
0.01
0.1

1
20
100
500

Bq/min at 107 cells"

2.14 + 0.23
2.92 ±0.69
2.81 ±0.43
3.15 + 0.12
2.71+0.17
2.76 + 0.48
2.74 + 0.31
3.08±0.53

Stimulative index

1.00
1.36
1.31
1.47
1.27
1.29
1.28
1.44

P value

<0.05
<0.05
<0.01
<0.01
<0.05
<0.01
<0.01

1) X ±5(n=5).

3 DISCUSSION

DNA is very sensitive to many environmental substances such as ionizing

radiation or chemical compounds which might induce cancer'7'8], teratogeny[9> 101 and

mutation111'12'. We have previously observed that enriched uranium 235UO2F2 could

induce DNA single and double strand breaks1131. So DNA is an important target



molecule for ionizing radiation. Radiation induced DNA strand breaks are repaired

efficiently in proliferating mammalian cells1141, nondividing cells e. g. hepatocytes'131,

cerebellum cells'161 and various lymphocytes'171. The DNA repair is independent of

the stage of cell cycle'181. So it is labeled as unscheduled DNA synthesis. The DNA

excision repair was not affected by DNA synthesis inhibitor such as hydroxyurea'191.

The largest part of previous research was directed towards high irradiation dose

effects'201. Application of some new understanding to low dose irradiation effects

was mostly restricted to external irradiation. For certain biological systems there

were some evidences that beneficial effects might result from low dose

exposures'211.

There seems no report on stimulating effect of low dose 235U internal irradiation

yet. In this paper stimulating effect of low dose 235U internal radiation on DNA

synthesis as well as DNA repair in splenic lymphocytes was studied. Results show

that after small dose internal irradiation with 235U, an increase in amount of DNA

synthesis and DNA repair in splenic T cells observed is considerably higher than the

' control group. This indicates that the low level internal radiation of 235U has a

tendency to stimulate the DNA synthesis as well as DNA repair in splenic T

lymphocytes.

It could be seen from our study that low level irradiation of 235U had reveal to

stimulate DNA repair in splenic lymphocytes, as it was found that human

lymphocytes exposed to low dose ionizing radiation showed less susceptible to the

induction of chromatid aberrations by subsequent high dose of X-ray. This adaptive

response to further ionizing radiation, which occured after low dose exposure that

was so low that they did not induced any aberrations themselves, but attributed to

the induction of DNA repair that caused the restitution of X-ray induced breaks122231.

All these results suggest that stimulating effect of DNA repair exists in the cell,

when they were treated with either internal or external low dose irradiation.
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