
BIOMARKERS OF ENVIRONMENTAL GENOTOXICITY:
COMPARISON OF GENETIC DAMAGE INDUCED IN TRAD-SH CELLS

AND HUMAN LYMPHOCYTES

Antonina CEBULSKA-WASILEWSKA,
Environmental and Radiation Biology Department,

H.Niewodniczanski Institute of Nuclear Physics, Radzikowskiego 152, 31-342 Krakow, Poland

1.Introduction

The main goal of risk management policy is to determine of which health risks are
unacceptable and what to do about them. The decisions are made in great extend on the base of the
results from risk characterizations. So, the risk assessment analysis through a search on hazard
identification, dose-response and exposure assessment should provide the data that enable us to
estimate the magnitude likelihood, and uncertainty of health risk associated with environmental
exposure. Number of natural and synthetic chemicals that in experimental systems are now known
to be mutagenic and/or carcinogenic is as large as the range of biota that may be affected by
exposure to such materials. So, it is important that the limited resources available are focussed on
first discerning major genetic and/or carcinogenic hazards. To achieve this, integration of data from
a variety of sources is necessary resulting in definition of the most likely centers of genetic or
carcinogenic hazards. These preliminary steps will enable experimental resources to be focussed in
two major areas. The first one, is the acquisition of experimental genotoxicity data for chemicals
deemed important but for which data do not exit, and second, surveillance of cohorts of exposed
biota or humans for evidence of induced genotoxic damage. Coordination of the latter with accurate
measures of exposure, especially in cases where exposure is being reduced, will enable progress to
be monitored. Further, use of biomonitoring techniques associated with marine organisms or plant
systems are an essential component of a cost-effective attempt to improve total environmental
quality [1]. Among the various short term bio-assays those are of particular interest which respond
to environmental exposures in dose dependent way on one hand, and are as close as possible to the
human cells response. Tradescantia stamen hair cells method (Trad-SH assays) has several unique
features very good object for environmental studies. Te Hsiu-Ma has shown in his works that
Tradescantia is an excellent system for genotoxicity studies in meiotic cell [2]. \Here will be
presented some of the results of genotoxicity of the environmental agents studied in somatic cells
of Tradescantia. Results will be presented that show on the one hand an existence of correlation
between physical measures and biological end-points, and on the other hand similarity between
responses of the Trad-SH and human blood cells to the physical and chemical mutagens.

2.Materials and Methods

Tradescantia stamen hair assay: Trad-SH

Tradescantia is the member of Commelinaceae family. Plants are grown in a glasshouse
with 18h day light cycle that allows plant to bloom all year around. All culture and propagation
conditions were described previously [3,4]. Flower cells in plants heterozygous for flower color
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(i.e. clone 02 or clone 4430) easily mutate from the normal blue color to pink, and those clones
are known as the most radiosensitive plant assay. Dose response curves have been determined
down to doses of 0.25 cGy for X-rays and 0.01 cGy for neutrons [3]. Each flower bears about
300 stamen hairs. Each stamen hair develops by continuos divisions of terminal (or subterminal)
cells, and consists of about 20 cells that are progeny of treated cell. Extremely high
radiosensitivity of the hybrid clones is followed by very high sensitivity to chemical mutagens as
well [4]. While other eucariotic systems may also mutate at these low doses, Tradescantia has a
distinct advantage in that, that hundreds of thousands of stamen hairs can be scored easily and
quickly. It allows the gathering enough data from very low exposures to be statistically
significant. These facts made Trad-SH assay extremely suitable for the in situ detection of the
genotoxicity of physical and chemical agents in the environment (particularly mutagenicity of
water or ambient air pollution) and for the environmental studies in vitro. A relatively short
experimental period is required. Mutations are generally screened in the period of the highest
frequency, between 1 lth and 15th days after the exposure. The flowers picked and observed at
this period, come from buds whose hairs during exposure consisted of only few cells. Flowers are
harvested at their full blooming, normally early in the morning on each day and stored in the
refrigerator until scoring. There are number of aberration types induced in somatic cells of the
Tradescantia stamen hairs, the ones most frequently used for genotoxicity studies are change in
cell color from blue to pink or colorless, and cells killing revealed in the form of shortened hairs.
Stamens are carefully removed from the flowers with forceps and placed on the slide glass upon
which proper amount of mineral oil spread. Screening of mutation is done with the use of simple
stereomicroscope (x25). Mutations appear as unicellular or multicellular sections. Generally
scoring is done to find out:

gene mutation frequency (GF) - characterized by single or numerous adjacent pink
cells in the hair. Each pink sector is counted as one mutational event,

- lethal mutations frequency (LMF) - determined by number of stunted hairs appearing
in upper third part of stamen, and containing less then 17 cells in case of clone T-
4430, and less then 12 cells in case of clone T-02],

- cell cycle factor (CCF) - defined as a ratio between single pink cells (indicating
mutations induced after S phase of the cell cycle) and all pink mutation events.

The mean values of mutation frequency calculated for the scoring period and expressed as the
number of mutations detected in 100 cells, is used as a measure of the mutation effect caused by the
exposure.

Studies in vitro
Tradescantia cuttings are prepared at least 48 h before the treatment, to avoid changing of

the cellular sensitivity due to wounding effect [5]. Generally, in studies in vitro cuttings are
irradiated or treated by uptake of the chemical, or by applying directly to the young inflorescence 10
or 20 ul of the tested chemical [4].

Studies in situ
Potted plants containing at least 30 inflorescence per site, under the study, are usually

exposed in situ for at least ten-day period. The biological material for the observations of
mutations in the somatic cells of stamen hairs is collected from the eleventh day after the
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beginning of an exposure until the fifteenth day after its end. Neutral control usually consist of
stamen hairs screened in the flowers collected from plants cultivated in the growth chamber
under controlled conditions of nutrition, light, temperature and humidity. Plants irradiated with a
certain dose of X-rays can be used as a positive control.

Human blood lymphocytes assays

Chromosome aberrations (CA) and sister chromatid exchanges (SCE) tests are
recommended for human monitoring studies and for the retrospective estimate of the absorbed dose
from ionizing radiation [6,7]. For the studies in vitro samples of heparinized whole blood from
healthy non-smoking adult donor are incubated with appropriate concentrations of chemicals at
37°C using culturing medium supplemented with 20% of fetal calf serum and antibiotics.
Lymphocytes are stimulated with phytohemagglutinin (PHA) and then cultivated, with an addition
of proper amount of BrdU, for the time appropriate to reach the first mitosis in case of CA cultures
and for 72 h to reach the second mitosis in the case of SCE cultures. One and a half-hour before the
end of culturing colcemid is added (0.1 ul/ml) to each sample. Then fixation and staining is also
performed by standard cytological procedures for both methods respectively [6-8].

3. Results

Biological effects induced in vitro
Heterozygous for flower color Tradescantia plants are known almost forty years as the

most radiosensitive plant assay. The standard radiation dose response curve for mutations rate in
Trad-SH assay (Fig. la) can be analyzed on the assumption that the best description of induction
of mutations is mutation frequency per irradiated cell. This, according to the molecular theory of
radiation biology [9] by Chadwick and Leenhouts is defined as follows:

M = {l-exp[-q(aD+pD2 ] }exp[-(s+p)( aD+pD2 )] [1]

where:
M = mutation frequency, D = radiation dose in Gy, a, P= probabilities per unit and square unit
dose that DNA double strand breaks (dsb) are induced in one (a) or two simultaneous (p)
energy depositions, q = probability that radiation-induced DNA dsb leads to a specific
mutation, s = probability that induced DNA dsb leads to the suppression of a specific mutation,
p = probability that DNA dsb leads to cell reproductive death. Figure la shows how dose
response curve is changing its shape with type of ionizing radiation, and how it does in the cases
of altered conditions of DNA repair (alteration of "p and q" values). Figure lb shows dose
response curves for percentage of aberrant cells induced in human lymphocytes by various
energy neutrons or X-rays [8]. There is a visible similarity in the shape and in the range of doses
in which we can observe an increased effect with increasing dose.

The molecular theory and mathematical analysis of radiation dose response curves
modified in Tradescantia by influence or interaction with other agents provides a helpful tool
to better understanding and more specific description of the character of the agent interacting
with radiation. This helped us to predict possibility and character of synergistic interaction (Fig.
2a and Fig.2b).
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Trad-SH aisay (clone 4430)
X-rays, neutrons

Fig.l. a/ Influence of the alteration of cellular processes on the radiation dose response curves for
the induction of gene mutation in Trad-SH assay by neutrons or X-rays[13]. b/Dose response
curves for the percentage of aberrant metaphases after irradiation of lymphocytes with various
energy neutrons or X-rays.
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Fig2.
a/ Linear dependence of the value of synergistic enhancement in the induced gene and lethal
mutations on the total exposure in combined treatment by EMS and radiation [9].b/ Radiation
dose response curve after X-rays exposure, gene mutation frequency after exposure to (lOul)
agrochemical, and dose response curve after combined treatment by Ripcord and radiation. A
hatched area shows synergistic enhancement in the induction of gene mutations [12].
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It helped us also to understand a difference in the alteration by fluorine or Mg/Ca ions of
the Trad- SH cellular radiosensitivity, and to predict an increased efficiency of repair processes
of the DNA ssb, what in a consequence lowered probability for synergistic interaction [10]. Such
consequences of Mg/Ca ion influence on the induction or repair processes of DNA ssb, might be
very important i.e. for radioprotection and radiotherapy.

Table 1.
Gene mutation frequencies and values of the Sv-equivalents to mutagenic effects detected in
TRAD-SH assay after treatment [16].

Agent

Control

X-Rays

EMS

Aminopielik 88

Aminopielik 89

Decis

Deltamethrin

Benomyl

Carbofuran

2 , 4 - D

Methoxychlor

Parathion-methyl

Cigarette smoke

Filter residue

Treatment

None

lcGy

20nM0.045%)

10nl-(0.004%)

10ul-(0.004%)

10ul-(0.1%)

20nl-(0.01%)

10nH0.004 %)

10jil-(0.004%)

10nH0.004%)

10nl-(0.004%)

10ul-(0.004%)

6h

IOJLU

GF1 (-control)

0.20

0.045

0.60

0.30

0.24

0.01

0.26

0.04

0.05

0.05

0.02

0.16

0.28

0.39

SV-
equiv.2

[mSv]

-

10

133

67

53

2

58

9

11

11

4

36

18

42

1 1.

gene mutation frequency, values calculated after subtraction of control

In our studies in vitro to evaluate genotoxicity of chemicals Trad-SH was applied in somatic
cells of plant assay, and in human blood lymphocytes; chromosome aberrations (CA) and sister
chromatid exchanges (SCE) were applied to evaluate genotoxicity of pesticides. Studies were
focused mainly on the mutagenicity of pesticides used in southern region of Poland and
recommended by the Center for Plant Protection. Table 1 presents some of the results from those
studies. Concentrations of pesticides employed for Trad-SH assay were within the range of those
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studies, used in agriculture. For comparison of genotoxic effectiveness of agrochemicals with other
chemicals, there are also presented results of the genotoxicity of well-known mutagens (EMS, X-
rays), and other environmental agents like cigarette smoke and cigarettes filter residues [10].
Comparison of genotoxic effectiveness of agents under study with radiation is given in the last
column of Table 1. The values of Sv-equivalents shown there are indicating doses of X-rays that
induce mutation frequency in Trad-SH cells on the same level of as was observed after treatment
with particular chemical. Sv-equivalents are rather high and that confirms that in the environment a
chemical pollution might cause higher genetic risk than radiation. What is more, some of the
environmental chemicals may interact with others synergistically (Figures 2a and 2b). Genotoxic
effects of agrochemicals have been demonstrated in various studies and bioassays and what is very
important also in cytogenetic biomonitoring studies of people occupationally exposed. Table 2
presents various end-points detected in human lymphocytes after treatment with Decis, a pesticide
containing deltametrine, one of the example from our studies [10]. All treatments with chemical
that was mutagenic in Trad-SH assay have also shown in human lymphocytes higher than in
control, rates of the SCE or aberrant cells. Additionally, as is shown on Figures 3a and 3b
Aminopielik and orto-phenylodiamine in both types of cells induced effects that were clearly dose
dependent.
Table 2
Chromatid and chromosome damages observed in human blood lymphocytes after treatment with
"effective" batch of Aminopielik

ppm

0

100

150

200

300

MitA

375

580

350

90

25

SCE

5.6

8.1

7.9

9.8

11.6

MitA

1000

621

-

573

1066

CaF

0.000

0.006

-

0.009

0.020

SD

-

0.003

-

0.004

0.004

FF

0.000

0.029

-

0.012

0.033

SD

-

0.007

-

0.005

0.005

GF

0.000

0.010

-

0.007

0.007

QR

0.000

0.002

-

0.000

0.001

TCaF

0.000

0.047

-

0.028

0.59

MitA - mitosis analysed, SCE - sister chromatid exchanges, CaF and TCaF - chromosomal (dicentrics+rings) and total
aberration frequency respectively, FF, GF and QR - fragments, gaps and quadriradials respectively
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Fig.3. Comparison of biological effectiveness of the o-phenylenediamine in human lymphocytes
and Tradescantia Trad-SH cells.
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In situ monitoring of the ambient air mutagenicity
Tradescantia clone 4430, has been applied in Poland several times for detecting the

mutagenic effect of the ambient air, as recommended to environmental monitoring by UNEP/WHO
program [10]. The highest values of biological effects (average GF=0.43) were observed after the
Chernobyl accident in 1986, and fluctuation in mutation frequency at that time correlated well with
physical measures of fallout radioactivity in the air [16]. Comparably high effects [GF = 0.39] were
detected in vicinity of pharmaceutics plant during breakdown of the filters [10], and at the school
site, that had been affected by crossroad pollution [17]. Followed up studies with Trad-SH assay
monitoring performed at that school site (Table 3) after the construction of the screen, revealed that
the screen protecting from the crossroad decreased the mutagenic potency in 70%. Biological
monitoring with a Trad-SH assay that was performed in Krakow at the sites situated along the
traffic lines showed at sites affected by traffic pollution significantly higher than in control, values
of gene mutation rates. Sites that were situated closer to the industrial part have expressed a higher
level of lethal effects [17].

B iological monitoring, T rad-SH (4430) Biological monitoring Trad-SH (4430)
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Fig.4. a/ Distance from petrochemical plant dependence of gene mutations in Trad-SH assay, and
b/ chemical concentrations in air dependence of various biological end-points frequency after in
situ exposure in vicinity of petrochemical plant.
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Table 3.
Mean values of gene and lethal mutation frequencies detected by Trad-SH assay before (I) and after
(IT) screen construction at the site No. 1.

Site

1

2

3

I

NoH

47473

30316

117477

I

GF±SD

0.44±.077*

0.31±.085

0.29±.091

I

Sv-equiv

[mSv]

33

4

-

I

LF

0.22

0.21

nt

n
NoH

141758

105960

128804

H

GF±SD

0.26±..043

0.23±..046

0.22±..042

E

LF

0.93

0.90

0.85

n
Sv- equiv
[mSv]

10

2

**

NfoH - number of analyzed stamen hairs (progenies). Frequencies; GFXF gene and lethal mutations respectively
detected in 100 cells, 1- school site, 2- reference site, 3 - growth chamber,* statistically significance rx.01, nt not tested.

Studies on genotoxicity of ambient air in urban area, affected by benzene and petroleum
associated compounds [18], showed that gene mutation frequencies were slightly dependent on the
distance from the petroleum work center (Fig.3a). The distance which could cause statistically
significant decrease in biological effect, was estimated on the base of Trad-SH response as 6 km.
Correlation between mutation frequencies screened and chemical concentrations in the air detected
by analytical methods were significant (Fig.3b.). These correlations were stronger than those that
were between mutations and distance from the petroleum plant. It suggested that probably traffic
pollution in the city center had significantly contributed to the final biological effect. Results of
measures of the cell cycle factor have shown also that the chemical pollutants in the air played also
an important role in physiological cellular processes.

4.Discussion

In Poland, as everywhere in the world, the range of chemicals that are introduced into the
environment is continuously increasing. Some of these substances are potentially dangerous to
the environment and human health. That is why studies, which yield new information on
cancerogenicity or mutagenicity of popular chemicals or environmental mixtures, are gaining in
importance. It is also important searching for correlation between experimental genotoxicity data
for chemicals deemed important and evidence of induced genotoxic damage in exposed living
organisms or human with accurate measures of exposures. Results of our studies have shown
both: first of all an existence of correlation between physical measurements and biological
endpoints in Trad-SH assay, and as a second, a similarity of the Trad-SH and human blood cells
responses to the physical and chemical mutagens. Gene mutations in Tradescantia present a
simple and sensitive model, which can be very useful in biological monitoring. Data obtained
with this system reflect both the mutagenicity and toxicity of the environmental complex, and
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also correspond with physical measures. Sv-equivalents calculated for biological effects induced
in Tradescantia by mutagenic air pollutants or cigarettes smoke, greatly extend the permissible
annual effective dose. This also shows how public opinion that very often is strongly against the
radiation risk is ignoring a much higher everyday risk coming from highly mutagenic chemical
pollutants present in the environment or from selfpollutants like cigarettes. Strong association
between mutagenic potential and carcinogenic potential make results observed with the TSH assay
important for genetic risk assessment and environmental protection field. Trad-SH - assay can be
very useful for indicating polluted or clean environment. Tradescantia method applied as the
indicator of the major contamination and associated with use of biomonitoring techniques could be
an essential component of a cost-effective attempt to improve the situation.
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