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FURTHER ENVIRONMENTAL FACTORS CAUSING VARIATIONS OF SCE
FREQUENCIES .

SUMMARY

The frequencies of spontaneously occurring sister chromatid

exchanges (= SCE) were determined in control persons, persons

exposed to very low doses of ionizing radiation and employees

of a rubber factory.•Besides smoking habits and the usage of

oral contraceptives, background ultraviolet (= UV) radiation

seems to exert the most pronounced effect on SCE levels in con-

trol persons.
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VERÄNDERUNGEN DER SPONTANTEN SCE FREQUENZ DURCH UMWELTFAKTOREN

ZUSAMMENFASSUNG

Die Frequenz der spontan auftretenden Schwesterchromatidaus-

tausche (= SCE) wurde in den Lymphozyten von Kontrollpersonen,

strahlenexponierten Personen und Arbeitern der Gummiindustrie

untersucht. Neben den Rauchgewohnheiten und der Einnahme oraler

Kontrazeptiva scheint vorallem die ultraviolette Umgebungsbe-

strahlung eine starke Wirkung auf die Anzahl der beobachteten

SCEs auszuüben.

SCHLÜSSELWORTE

Schwesterchromatidaustausche, berufliche Exposition, niedere

Strahlendosen, Nitrosamine, Rauchen, orale Kontrazeptiva, ultra-

violette Strahlung.



FURTHER ENVIRONMENTAL FACTORS CAUSING VARIATIONS

OF SCE FREQUENCIES

Studies in SCEs have been increasing in number, eversince the

first demonstration of SCEs as indicators of the effect of che-

mical mutagens (Latt, 1974). Besides identifying potentially

mutagenic chemicals, SCEs have been used to monitor exposure

levels in occupationally exposed workers (Sorso et al., 1982;

Stolley et al., 1984). Nevertheless controversy exists on the

normal range and the significance of a raised frequency of SCEs.

In an extensive study Soper et al. (1984) reported on SCE scores

in 479 control persons and demonstrated an association of SCEs

with reader, smoking, sex and age.

In our own laboratory we investigated exposed and unexposed

persons for SCE frequency. Throughout the study the same experi-

mental conditions were used; all evaluations were done by two

readers, and their readings of each testperson pooled for statis-

tical analysis. Thus inter-laboratory and reader-dependent dif-

ferences can be excluded.

Soper et al. found by multiple observatioons, a within-person

standard deviation for SCEs for 1.7/cell. In correct experimental

settings this within-person standard deviation will be especially

important. Parameters like sex, age, smoking habits and diffe-

rences according to readers' or laboratories' practices - which

already proved to influence the observed number of SCEs - should

be taken into account before starting the experiment, and occu-

pationally exposed individuals screened for all those influences.

In the present study the attempt was made to find a possible

explanation for the individuals' variation of SCEs. Multiple

examinations of the test persons showed relatively constant SCE
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levels, except with very high SCE levels of persons who returned

from vacation. In addition, three test persons were chosen who

gave their personal consent to a whole-body UV-irradiation:

a similar increase in SCE levels could be demonstrated, thus

indicating that environmental UV radiation is most likely to

affect SCE frequencies of lymphocytes to the same extent as

an occupational exposure in a rubber factory.

Thus the significance of a raised level of SCEs as an indica-

tor of damage caused by occupational exposure to potentially

mutagenic substances has to be reevaluated.

MATERIAL AND METHODS

Blood was collected in sterile Vacutainers (Greiner) and cultu-

res set up within two hours after sampling. The culture medium

consisted of 10 ml RPMI 1640 (Gibco), 20% FCS, L-glutamine (2

mM), penicillin (100 units/ml) and streptomycin (100ng/ml),

PHA (Wellcome-Burroughs, 1%), 20)iM BrUdR and 0.75 ml whole blood.

Cultures were protected from light and incubated at 37°C for

70 hours. Colcemid (0.lug/ml) was added, and two hours later

cells were treated hypotonically (0.75 M KC1), fixed (metha-

nol/glacial acetic acid 3:1), washed and slides prepared. For

demonstration of SCEs, a modifyed fluorescence-plus Giemsa tech-

nique was used (Perry & Wolff,. 1974). For each determination

at least 20 well spread metaphases were scored.

Statistical analysis;

Rank statistics according to Kruskal & Wallis were performed,

to study the effect of nitrosamine exposure and smoking in the

rubber factory group, and differences according to UV-exposure

in the probands of the 1st control group. In addition, pair-wise

comparisons of groups according to Scheffö and pair-wise compa-

risons of ranks according to Nemenyi were calculated, unless

the analysis of variance did not show any significant difference.
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Probands:

78 control persons without any known exposure to radiation or

chemicals were compared with persons occupationally exposed

to low levels of ionizing radiation and personnel of a rubber

industry, mainly exposed to volatile nitrosamines. An anamnesis

for health status, medication, medical X-ray exposure, drinking

and smoking habits was performed. Only healthy persons without

foregoing medical treatment or X-ray examinations were allocated

for the experiments. 10 of the test persons gave their consent to

monthly blood sampling (October to January and July to Septem-

ber). Of further 9 probands blood could only be taken at irre-

gular intervals within the duration of the two years. Control

persons were employees of the Austrian Research Centre Seibers-

dorf, staff of two Viennese hospitals and unexposed personnel of

an Austrian rubber factory, with ages ranging from 20 to 43

years.

Radiation exposed persons came from the.same Research Centre

working at the Austrian ASTRA reactor, with ages varying from

30 to 47 years. Their mean monthly dose, as measured by TL-dosi-
-4metry, varied from 1.4 to 9.6 10 Gy/month.

Probands exposed to chemical pollutants were 22 employees of a

rubber factory working at sites where significant concentrations

of N-nitrosodimethylamine and N-nitroso-morpholine had been mea-

sured (Stehlik et al., 1984). Those latter test-persons were

compared with 18 unexposed controls working in the same factory.

Their ages ranged from 22 to 57 years.

UV-B exposure:

The solarium (Hanon 6030) consisted of 3 UV-B lamps, each

of 150 W; irradiations were performed in a distance of 150 cm

for 5 min every second day. The UV dose, actually applied, was

about 100J/m2 per irradiation.
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RESULTS

As indicated by table 1, SCE scores for control persons ranged

from 5.0 to 12 SCEs/cell. The mean value obtained for all non-

smokers was 6.8 (- 0.8) (tab. 1).

TABLE 1: SCE levels observed for persons with radiation or che-
mical exposure, and control persons without any exposure.

Type of
exposure

no evi-
dent ex-
posure

>l,4.10~4

Gy month

volatile
nitros-
amines

total
no of
test
pers.

79

16

22 •

fe-
male

35

-

-

male

44

16

22

No

20

nc

11

smoke
SCE/cell

8.1-1.2

) smokers

11.1-1.4

r
range

6.9-12.0

available

8.3-13.0

No

59

16

11

non-smol
SCE/cell

6.8-0.8

6.9-2.8

10.2-1.4

cer
range

5.0-8.5

4.8-8.3

8.8-12.8

By further analysis of control values of female testpersons we

recognized a significant effect of oral contraceptives on the

number of SCEs. 17 women taking combined contraceptives (ethenyl-

estradiol/levanergestrel, ethenyl estradiol/levanergestrel/ly-

nestrenol and norethisteron/mestranol) were compared with 17

controls, and SCE levels proved significantly different

(tab. la).
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TABLE la: SCEs in lymphocytes of female, unexposed persons
1 = oral contraceptive users
2 = no oral contraceptives

mean
standard deviation
number of persons tested

rank statistics: P =0.000
signif.level

8.4
1.3
17

= 5%, diff. signif.

6.3
0.7
17

Exposure to very low doses of ionizing radiation does not affect

the level of spontaneously occurring SCEs, though it exerts some

influence on the frequency of inducible SCEs, (Tuschl et al.,

1983) (tab. 2).

TABLE 2: SCE levels observed in lymphocytes of radiation exposed
persons and controls.

No of test persons
(only males, non-smokers)

no of metaphases scored

m (SCE/cell)
s.d.

difference not significant

unexposed
(exposure

<1.4.10"4Gy/
month)

21

538
6.8
2.9

exposed
(exposure

>1.4.10~4Gy/
month)

16

428
6.9
2.8

Exposure in the rubber factory raises the number of SCEs found

in peripheral lymphocytes, an effect that proved statistically

significant by comparing exposed and unexposed persons from the

same factory (tab. 3).
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TABLE 3: SCEs in lymphocytes of nitrosamine exposed and control
persons.
sicrnificance level = 5%

m
5

n

(mean)
(standard
(number of
persons)

dev. )
test

smoker
exposed

11.1
1.4

11

non-smoker
exposed

• 10.2
1.4

11

smoker
non exposed

8.3
0.8

9

non-smoker
non exposed

7.6
0.7

10

P <2% factor A (smoker/non smoker)
P <0.1% factor B (exposed/non exposed)

Despite the significant difference between exposed and unex-

posed workers in the present investigation, we wanted to examine

the constancy and reliability of control values. In a long term

study lymphocytes of ten persons were investigated repeatedly

with blood taken in Oct, Nov, Dec, Jan, July, Aug and Sept.

Unfortunately, some of the test persons withdrew dyring the se-

ries of experiments. Further nine test persons were investigated

in irregular intervals during two years.

Interestingly, intraindividual variations were rather high (tab.

4 and 5), a fact that could neither be attributed to methodolo-

gical differences nor to different evaluations by individual

readers.
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TABLE 4: SCE levels observed in lymphocytes of 10 unexposed
control persons, blood sampled in October to January and July
to September.

Person
no

1
2
3
4
5
6
7
8
9
10

Oct

6.6
7.0
6.4
8.9*
7.7
6.7
6.6
5.4
5.6
6.9

Nov

6.3
6.5
5.8
6.9
7.6
7.0
6.7
5.8
5.7
7.3

SCE's per
Dec

5.4
7.0
5.2
7.1
6.3
6.4
6.4
5.4
5.0
6.8

Jan

5.0
8.5*
5.3
5.8
6.5
7.0
6.9
5.8
5.7
6.6

cell
Jul

6.4
o
6.3
6.6
6.2
6.5
6.4
5.9
5.8
6.2

Aug

5.8
o
5.6
6.3
5.3
6.2
7.1
5.3
o
5.4

Sept

o
o
6.8
6.2
6.0
7.0
6.8
9.3*
o
5.0

o withdrew during experiment
* blood taken after vacation

TABLE 5; SCE levels observed in lymphocytes of 9 unexposed con-
trol persons, blood taken in irregular intervals.

Person
no

1
2
3
4
5
6 o
7 o
8 o
9 o

1st

6.1
6.2
6.9
6.1
7.6
7.2
8.5
8.1
8.4

2nd

7.6
7.1
5.7
6.0
6.4
8.7
8.2
8.1
10.1

SCE
3rd

8.8*
7.2
7.8+
7.1
9.1*
8.9*
7.1
7.4
8.7

!'s per cell
4th

6.9
8.6*
5.4
7.5
7.6
7.9
8.0
8.2

5th

7.9

7.7
8.9*

7.1
8.1

6th sampling

7.9

6.2

+ herpes simplex infection
o oral contraceptive user
* blood sampled after vacation

At comparing anamneses of the test persons it became evident

that increases of SCE frequencies were regularly found with per-

sons who just returned from vacation. Most of them spent their

holiday at the seaside, one person went skiing to the moun-

tains. Only in one case (tab. 2) a herpes simplex infection

could be correlated with an increase of the SCE frequency. The

statistical evaluations by variance analysis revealed a signifi-

cant effect of vacation on the SCE level observed: In 11 test
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persons the highest value of SCEs was observed immediately after

vacation and was significantly different from all other values

obtained before or more than two weaks after holidays (tab. 6).

TABLE 6: SCE values in lymphocytesof 11 unexposed control per-
sons, several observations in irregular intervals.
Factor A: before vacation (1)/ after vacation (2)
significance = 5%

1

mean
standard deviation
n (number of metaphases)

m 6.9
s 2.6
n 1928

9.0
3.0
316

P <0.1, difference highly significant

One of the most potent inducers of SCEs in vitro is UV-irra-

diation (Wolff et al., 1974; de Weerd-Kastelein et al., 1977).

Since all probands spent their vacation in areas with a high

background UV-irradiation and all of them agreed to have basked

in the sun for several hours per day, UV-irradiation seemed

to be the main course of the observed increase in SCEs. In a

special experiment we achieved the informed consent of three

test persons to whole body UV-irradiation by a solar lamp. Blood

was sampled immediately before irradiation, after 5 and after

10 irradiations. Five times 100J/m2 already induced a signi-

ficant increase in spontaneously occurring SCEs; obviously this

increase could no more be stimulated by a further bunch of five

irradiations (tab. 7).
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TABLE 7: Total body UV-B-irradiation.

Test persons

1 (oral contra-
ceptive user )

2

3

0

0

o

before
irradiation

8.1-3.0

7.5-2.9

7.8-2.1

SCE/cell
after 5

irradiations

10.4-3.3

8.5±2.9

9.0-2.8

after 10
irradiations

9.6-3.4-

8.8-1.0

8.8-2.3

Non-parametric H-test:
Significance level: 5%
factor A: before irradiation (1)/after UV-B irradiation (2)

mean
standard deviation
number of metaphases

7.8
2.7
63

9.2
2.9
126

P <0.1%, difference highly significant

DISCUSSION

The results of the present investigations are in agreement with

previous studies on SCE frequencies with regard to the range for

control persons (5 - 17,5 SCE/cell, Soper et al., 1984); the

effects of smoking habits (Lambert et al., 1982; Obe et al.,

1982), the use of oral contraceptives (Husum et al., 1982; Mur-

thy and Prema, 1979, 1983) and exposure to nitrosamines (Sorsa

et al., 1982). Unlike Soper et al. we could only demonstrate a

minute effect of sex, which was statistically not significant.

Differences according to age could not be considered, since the

persons investigated in the present study were within a relati-

vely narrow age range. Repeated examinations of the same test

persons revealed a striking effect of environmental conditions

on SCE frequencies. Probably, the most important source of ele-

vated SCE levels in healthy persons is environmental UV-radia-

tion. While occupational exposure to low doses of ionizing ra-
~4

diation (1,4 - 9,6.10 Gy/month) does not exert any significant

effect on the number of spontaneously occurring SCEs, UV-B whole-

body irradiation stimulates the formation of SCEs. A significant
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fraction of UV-radiation has the capacity to penetrate into mam-

malian skin, even into cutaneous vessels, thus a remarkable num-

ber of lymphocytes can be affected by whole body irradiation.

The effect of UV-radiation on immunologic responses is well

established (for ref. see Elmets & Bergstresser, 1982). Klein &

coworkers (1983) investigated the effect of whole-body UV-B

irradiation on DNA synthesis, DNA repair and nucleoid sedimenta-

tion characteristics, and found an increase in the rate of DNA

synthesis and repair replication and an enhancement of DNA

breaks, presumably during repair of UV-induced pyrimidine di-

mers. Unlike those studies, the present investigation points to

an impedement in the velocity of DNA synthesis or the retarda-

tion of the cell cycle after UV-B irradiation: While in con-

trols, 72 hours after PHA stimulation 50% second and 30% third

mitoses were observed, still 80% second and only 10% third mito-

ses were found in irradiated persons (results not shown).

Since little is known about the biological significance of SCEs,

interpretation of a raised SCE level must be done very careful-

ly. Nevertheless, an increase of SCEs is an indeniable indirect

measure of mutation resulting from DNA damage, and SCE analysis

should have its application in the prevention of hereditary di-

sease and cancer in public health work. Environmental pollutants

caused by life-style, i.e. smoking, UV irradiations, etc. are to

some extent easier to avoid than pollutants produced by indu-

stries, and besides issuing orders on the industrial management,

a lot of information of the public is the need of the moment.
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