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Abstract: Studies of this working group indicate a shift of the prooxidant - antioxidant balance to the
prooxidant side for a large proportion of workers engaged in the clean-up of the Chernobyl Nuclear
Power Plant in 1986-67. Similar findings were obtained in children exposed to radiation after the
explosion or still living within contaminated regions. Increased superoxide and hydrogen peroxide
production by phagocytes were correlated with an increase In lipid perosddation products and a
decrease hi the enzymatic and non enzymatic antioxidant defenses of the organism. The clastogenic
factor test, which detects the presence of lipid peroxidation products and cytoklnes due to their
chromosome damaging effects, yielded positive results for 41% of 89 workers from Armenia and 52%
of 200 workers from St. Petersburg. Clastogenic plasma activity was increased even in those workers,
who had received radiation doses between 5 and 10 cGy only. The number of CF-posltive workers
increased in the subgroups with increasing radiation dose. In children, the data varied according to
sites and suggested correlations with the radioactive contamination of the soil. Treatments with
antioxidant vitamins, flavonoids andterpenes improved the health status of this high risk propulatlon.
However, the type of antioxidant, the treatment schedule and the dosage have to be standardized in
order to obtain comparable results.

The possibility that low doses of ionizing radiation may be responsible for health
effects other man those wellknown for high doses has been much debated during recent times. It
is our aim to draw attention to the role of oxidative stress at the origin of pathological
manifestations after low dose irradiation. Oxidative stress is defined as an imbalance between
the degree of oxyradical formation and the antioxidant defenses of the organism. If the
equilibrium is shifted to the prooxidant side, oxidative damage will occur in macromolecules
such as carbohydrates, collagen, DNA, lipids and proteins. Chronic oxidative stress is thought
to be involved in a great number of pathologies, including aging, atherosclerosis, cancer,
inflammatory diseases or ischemia- reperfusion injury of different organ systems. During these
last years, various drugs or health foods with antioxidant properties were evaluated in clinical
trials with the hope to treat or prevent these oxyradical-related diseases.

In 1994, The World Health Organization convened the International Consultation in St.
Petersburg in order to develop a project for the study of the health status of the Chernobyl
Accident Recovery Workers (liquidators). It was recommended, inter alia, to investigate
biomarkers of oxidative stress in this category of the affected population. The above cited
laboratories and institutes decided to select the most appropriate biomarkers for clinical trials



and to establish protocols for optimal treatment schedules in a joint venture. Nikiforov and
coworkers (St Petersburg) studied more than 100 liquidators (mean age 35 years), who
participated in the clean-up operations during the period 1986-1987. Significant differences
were observed for superoxide and hydrogen peroxide production by macrophages from
bronchopulmonary lavage fluids in liquidators with pulmonary symptoms. These cells also
showed lower activities of superoxide dismutase (SOD) and catalase (p < 0.05 and 0.01
respectively) and contained higher levels of thiobarbituric acid reactive substances (TBARS).
Similar findings were also obtained with peripheral blood leukocytes, while TBARS in
plasma did not significantly differ from control values. Increased production of reactive oxygen
species was also noted in workers with cardiovascular symptoms, associated with an increase
in conjugated dienes and TBARS in the plasma The level of reduced glutathione (GSH) was
diminished in erythrocytes, while the activities of GSH peroxidase and reductase were higher
man in controls (p < 0.05). SOD levels remained unchanged. Treatment with vitamin E during
a short period of 10 days reduced lipid peroxidation, but the differences were not significant.

Tsyb and coworkers, Obninsk, noted increases in conjugated dienes, trienes and diene
ketones in a large number of liquidators (mean exposure dose 10.7 cSv), 5-6 years after the
accident The total antioxidant capacity of the plasma was reduced correspondingly. The
changes were most important in workers, who were in Chernobyl in 1986. In this group,
catalase levels were significantly decreased also. Clinical use of antioxidant preparations
containing beta-carotene, vitamins E and C, selenium and other oligoelements reduced lipid
peroxidation markers by 17-24 % [1].

Piatak and coworkers, Kiev, reported similar findings in a group of 57 workers, who
had received total radiation doses of more than 1 Oy. Conjugated dienes and lipid
hydroperoxides (but not malondialdehyde) were increased compared to controls, in particular
in those with symptoms of acute radiation sickness. Among the antioxidant enzymes, catalase
activity was low, while the modifications of glutathione peroxidase, glutathione reductase and
SOD were not significant For 557 persons, working at present in the Chernobyl nuclear power
plant, the values were even higher than those measured in the liquidators with acute radiation
sickness of the first study group.This suggests hazardous effects of long term exposure to even
relatively low doses. Those workers whose official radiation dose had reached 0.5 Gy, were
treated with antioxidant vitamins or hydrolysates of oysters. This led to a 48 % increase in the
antioxidant capacity of the plasma, but the markers of lipid peroxidation were not normalized

In agreement with the findings in Russian and Ukrainian liquidators, results of
investigations conducted by Oganessian and coworkers in Yerevan indicated significantly
increased levels of lipid peroxidation products. In their institute, beneficial effects were
observed with various plant extracts whose free radical scavenging properties are probably
due to their content in flavonoids and terpenes.

Shefel and coworkers noted decreased antioxidant defenses in 68% of 73 soldiers from
Gomel, who had been working in Chernobyl between 1986 and 1988. Impaired iron
metabolism, evidenced principally by increases in serum ferritin (p < 0.05) , was observed in
48 % of them. According to official dosimetry, the radiation dose received by these persons
was less than 20 cGy.

In children living in controlled territories, important decreases in the antioxidant
activity of the plasma were observed by Antipkine and coworkers, Kiev. The indices of lipid
peroxidation such as conjugated dienes, hydroperoxides, malondialdehyde were significantly
higher than in children from "clean " cities. The same was true for children evacuated from
Pripyat after the accident, who live now in " clean" cities.

For comparison of subgroups of patients varying in radiation exposure, the biochemical
analysis of lipid peroxidation products appeared to be less sensitive than the clastogenic factor
test (CF-test), which detects -lipid peroxidation products, together with other oxidants (in
particular tumor necrosis factor) due to their clastogenic properties. The test is based on
cytogenetic methods and comparable to chromosome mutation assays for exogenous clastogens.
The chromosome damaging effects induced by plasma ultrafiltrates (cut off 30000 DA) in blood



cultures of healthy donors are compared to the background level of chromosomal aberrations in
a simultaneous untreated culture, set up with the blood of the same donor. Hie results are
expressed as adjusted clastogenic scores (ACS) i.e. the increase in chromosomal aberrations
per 100 mitoses after deduction of the background level. On the basis of more than 100 CF-
tests with normal plasma ultraftltrates, persons whose plasma induces ACS of+8 and higher
are positive for CF. In Table la, the data of liquidators are given in comparison to healthy
persons from Armenia, while Table Ib shows the proportions of individuals positive for CF as
a function of the radiation dose received The differences between plasma samples from
liquidators exposed to less man 25 cGy and those exposed to higher doses are statistically
significant (p <.0.05).

Table L STUDIES IN CHERNOBYL-EXPOSED WORKERS (LIQUIDATORS).
a) Results of CF- Tests0 b) CF positivity as a function of radiation dose

ACS
0
<6
6
8
>8
Mean

Liquidators*
1 1 %
37%
10%
13%
29%
6.2 +/- 4.8

Healthy**
52%
4 3 %
5 %
0 %
0 %
0.8+/-1.0

cGy
0 -5
5 -10
10-15
15-20
20-25
25-60

CF+
27%
4 3 %
26%
5 8 %
7 1 %
79%

CF++
0
7 %
5 %
13%
3 5 %
36%

n*
22
30
19
24
52
14

* Center of Radiation Medicine, Yerevan, n= 89
** Blood donors from Yerevan, n= 96
*** Liquidators from ARCEM, SL Petersburg, n=161

ACS = adjusted clastogenic score
CF+ : ACS 8-11
CF++: ACS 12 or higher

With the authorization of the Armenian Ministry of Health, thirty liquidators were
treated with an extract of Gingko biloba leaves. After the two months treatment, the plasma was
no longer clastogenic, and the workers reported improvement of their general health condition.
The benefit persisted for at least 6 months after arrest of the treatment, for many liquidators
even up to one year [2].

When plasma ultrafiltrates from children were studied, the differences were highly
significant in comparison to children from "clean" cities. Interestingly, the plasma from
children, who had emigrated to Israel, still exerted clastogenic effects even 4 years after
having left the contaminated areas. The percentage of children positive for CF and the mean
values of ACS were higher for those living in Gomel, Narodici or Bazar, which are high
exposure sites (IAEA measurements) compared to those coming from Kiev (Table H) [3].

Table H CF-TESTS IN CHERNOBYL-EXPOSED CHILDREN.

City

Gomel, emigrated to Israel*
Narodici- Bazar
Kiev
Kiev, emigrated to Israel*
Chernigov region
- M. Kotsubinsky village
- Goncharovsk
Sumy region (Choten)
"Clean" cities Russia
Israeli school children

ACS CF+

95
27
50
67

58
47
15
24
47

7.74-
12.2-
5.0 -
6.0 -

6.1 4
3.0 4
2.8 4
1.9 4
1.0 4

H- 1.2
H- 1.6
f/- 4.4
* • / - 1 . 2

7- 4.3
7- 4.3
7-4.1
7-1.1
•/- 0.7

48%
100 %
30%
31%

41%
15%
13%
8 %
2 %



CF are not specific for irradiated persons, but are produced in a variety of
pathological conditions including chronic inflammatory diseases with autoimmune reactions,
HIV-infected persons, the congenital breakage syndromes and others. Hie consistent protective
effect of SOD suggests a key role for the superoxide anion radical on the pathway to the
clastogenic effects in all these conditions [4]. CF can be considered as biomarkers of oxidative
stress, and their formation in irradiated persons may be similar to their formation in chronic
inflammatory diseases. Indeed, according to observations of Neriishi in A- bomb survivors,
inflammatory reactions such as leukocytosis, accelerated erymrocyte sedimentation rate,
increased levels of acute phase proteins and increased levels of fibrinogen are common even
many years after radiation exposure [5].

Also cells irradiated in vitro release CF. Significant clastogenic activity was
detectable after exposure to radiation doses of 50 cGy (Table HI).While serum irradiated in
absence of cells was not clastogenic, irradiation of blood cells in PBS yielded clastogenic
supernatants. If the irradiated cells were washed and resuspended in fresh culture medium, they
continued to release CF. The formation as well as the chromosome damaging effects of CF
were preventable by SOD.

Table m . Release of clastogenic factors by cells irradiated m vitro.
Whole blood ° Culture supernatants of irradiated cells00

cGy
0
50
100
250
500
1000

n
15
15
11
6
8
12

ACS-
0.73 4
4.73 4
6.36 ->
7.83 H
8.13 -f

10.75 -»

H/-SD
/- 2.79
/- 3.51*
/- 4.08
•/- 6.46
/- 5.08
/- 4.43

n
26
12
7
8
15
19

ACS +/- SD
1.23+/-2.12
1.67 +/- 3.39
6.00 +/- 3.06**
5.25 +/- 2.82
7.73 +/- 4.54
6.53+/-4.10

Analysis of variance: p<0.001 * p <0.001 ** p = 0.01 compared to 0 cGy
0 After irradiation, the plasma was ultrafiltrated and 250 ul aliquots were added to blood
cultures from non irradiated donors. oo After irradiation in PBS, the cells were washed and
grown in fresh medium. CF reached detectable levels in the supernatants after 10-12 h.

In conclusion, all results taken together are in agreement with the notion that even low
doses of irradiation lead to an oxidaive stress status, which can be influenced by antioxidants. It
appears of interest to organize targe scale intervention trials for Chernobyl victims using
biomarkers of oxidative stress for evaluation of the efficacy of the respective antioxidant or
free radical scavenger.
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