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ABSTRACT

Iron is essential for normal cellular functions. However, iron has the potential to cause significant oxidative
damage leading to mutagenesis. The aim of this study was to generate and evaluate genotoxic data for iron
induced free radicals using in vitro chromosomal aberration assay in human lymphocyte culture. Iron’s toxicity
is largely based on its ability to catalyze the generation of radicals, which attack and damage cellular
macromolecules and promote cell death and tissue injury. Iron sulfate is a common chemical element that is
present in foods and beverages and that is used to treat iron deficiency anemia. Despite this, in humans, several
alterations have been related to high Fe intake, especially neurodegenerative diseases; it can also cause
genotoxic damage. This study examined the effect of FeSO4. 7H2O on chromosomes in human lymphocyte
culture. FeSO4. 7H2O was added to peripheral blood lymphocyte cultures in vitro at three different
concentrations: 1.5, 3.0 and 5 µg /ml. Result shows that this drug induces moderate increase in the frequency
of gaps, breaks, exchanges, dicentrics and rings in the chromatid and chromosome type aberrations with the
increase in the concentrations of FeSO4. 7H2O. Therefore it can be concluded that FeSO4. 7H2O has moderate
clastogenic effect on human chromosomes in vitro.

Key words: FeSO4. 7H2O, Lymphocyte Chromosomes, Chromosomal Aberration, Clastogenicity &
Genotoxicity.

Introduction

Iron is an essential element for human life. Iron deficiency is the most common nutrient disorder, affecting
nearly two billion people worldwide (WHO 2002). Lack of specific information makes it difficult to reach firm
conclusions on the hazards of dietary metals Rojas, et al., (1999), specially for iron, which are among the most
important. Iron is a micronutrient required for almost all organisms because of its key role in causing biological
systems, including oxygen transportation, oxidative metabolism (i.e., in several enzymes of the tricarboxylic
acid cycle and oxidative phosphorylation), DNA homeostasis (ribonucleotide reductase), antioxidant defenses
(peroxidases) and immune system function (myeloperoxidases). However, iron can be toxic because of its role
in oxidative stress De Freitas, J.M. and R. Meneghini, (2001). Iron overload has been associated with several
pathological conditions, including liver and heart disease, cancer, neurodegenerative disorders, diabetes,
hormonal abnormalities and immune system abnormalities Halliwell, B. and J.M.C. Guterridge, (2000).
Moreover, iron can damage biomolecules mainly through Fenton and Haber-Weiss chemistry, leading to the
production of hydroxyl radicals and other reactive oxygen species (ROS) Halliwell, B. and J.M.C. Guterridge,
(2000). Iron compounds have been reported to be mutagenic in mammalian culture cells, as detected by Syrian
hamster embryo cell transformation/viral enhancement assay Heidelberger et al., (1983), base tautomerization
in rat hepatocyte cultures Abalea et al, (1999) and genetic alterations in the mouse lymphoma assay Dunkel
et al., (1999). Fe is moreover toxic to neural tissue leading to neurodegenerative disorders Montgomery, E.B.,
1995; Campbell, A., S.C. Bondy, 2000). It has been postulated that free Fe reacts with peroxides to produce
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free radicals, which are highly reactive and can damage DNA, proteins, lipids, and other cellular components.
Thus, Fe toxicity occurs when there is free Fe in the cell, which generally occurs when Fe level exceeds the
capacity of transferrin to bind Fe Willmore, L.J. and J.J. Rubin, (1984).

The findings of the present work give significant information about the clastogenecity of ferrous sulphate
(FeSO4) on human lymphocyte cultures in vitro.

Materials and Methods

Chemical Treatment:

Stock solutions were made by dissolving FeSO4. 7H2O (CAS 7782-63-0 is obtained from Merck
Specialties Private Limited was tested for genotoxic effects) in double-distilled water immediately prior to use.
The concentrations of FeSO4. 7H2O used in the present study were (1.5, 3.0 and 5 µg /ml). DMSO was used
as negative control and cyclophosphamide was used as positive control.

Chromosomal aberrations test:

Metaphase chromosome analysis for the detection of CAs was performed according to conventional
technique Moorhead et al., (1960). Lymphocyte cultures were set up by adding 0.5 ml of heparinized whole
blood, from adult and healthy donors (who were not occupationally exposed to mutagens) to 4.5 ml of medium
(RPMI 1640) supplemented with 15% fetal calf serum (Gibco), antibiotics (Penicillin and Streptomycin 100
IU/ml each; Hoechst) and L-glutamine (ImM; Gibco). Lymphocytes were stimulated to divide by adding 0.1
ml of phytohaemagglutinin-M (PHA-M; Microlab). Cultures were incubated at 37oC in the presence of 5% CO2
for 72hr in the dark. Preliminary screening of the drug with various concentrations was undertaken for
determining their influence on the mitotic index, while FeSO4. 7H2O, at a final concentration of 1.5, 3.0 and
5 µg /ml, respectively was added for 24 hr of duration. Dimethyl sulphoxide (DMSO 5mg/ml; SRL Mumbai,
India) was added to the cultures kept simultaneously for 72hr of incubation as negative control. For positive
control cyclophosphamide (CP 1x10-7M) was added to the culture for 24 of incubation. The cells were shaken
after every 12hr in experiments to avoid unsynchrony in cell proliferation. After 1 hr of colchicine’s action
in the medium, the cells were spun down by centrifugation (10 min, 1000 rpm) and the button of cells was
saved by discarding the supernatant. Hypotonic treatment (0.075 M KCl) was carried out for 10-20 minutes
at 37°C and the cells were recollected by centrifugation. The cell pellet was suspended in freshly prepared
chilled fixative (3: 1, methanol: acetic acid). After giving final washing in the fixative, the cells were
resuspended in 0.2 ml of fresh fixative. Slides were prepared by flame drying method. Giemsa stain was used
for staining the metaphase chromosomes. 100 metaphase plates were observed for each concentration. Data for
each concentration was presented in the Table. Photographs were taken on 100X magnification with an
automatic digital camera attached in a Nikon microscope (Eclipse 80i). 

Statistical Analysis:

Data are expressed as the mean ±S.E. Student’s two tailed “t” test was used for calculating the statistical
significance for CAs with the help of SPSS 18. The level of significance was set at P < 0.05.

Results and Discussion

The data showing clastogenic effect of FeSO4. 7H2O at 24 hr (Table I, Figure I). The mean frequency
of cells with aberrations was 0.03±0.01, 0.38±0.16, 0.09±0.04, 0.16±0.07 and 0.28±0.13 for control, positive
control, 1.5, 3 and 5 µg/ml of FeSO4. 7H2O respectively at 24 hour. Treatment of human lymphocyte with
the selected doses of FeSO4. 7H2O does not appear to cause numerical anomalies. However, structural
chromosomal abnormalities increased by the increase in the concentration of FeSO4. 7H2O. It is observed that
the highest increase in the chromatid and chromosome type aberrations is at highest concentration. The
difference between control and treated values are statistically significant when compared to the control
(P<0.05).
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Table 1: Chromosomal Aberrations in Human Lymphocytes after FeSO4. 7H2O Treatment for 24 hr Duration
Chromatid type Chromosome type No. of cells with Aberrations/ cell ± SE

Drug Concentration Aberrations Aberrations Aberrations
--------------------------------------- ----------------------------------------
Gaps Breaks Exchanges Break Dicentrics Rings

FeSO4. 7H2O 
1.5 µg/ml 4 1 0 2 0 2 9 0.09±0.04
3.0µg/ml 6 2 2 3 0 3 16 0.16±0.07*
5.0 µg/ml 5 7 2 9 1 4 28 0.28±0.13*
Controls
Positive (CP) 9 7 4 7 3 8 38 0.38±0.16*
Negative (DMSO) 1 0 0 1 0 1 3 0.03±0.01
CP = Cyclophosphamide SE = Standard error *Significant at P<0.02  

Fig. 1: Graphical Representation of Chromosomal Aberrations per Cell at Different Concentration of FeSO4.
7H2O in Human Lymphocytes Chromosomes in vitro

Discussion:

Metal ions can generate DNA damage directly or induce the formation of reactive oxygen species (ROS),
leading to DNA damage indirectly probably via Fenton-like reactions (Linder, M.C., 2001; De Freitas, J.M.
and R. Meneghini, 2001). Iron ions demonstrated cytotoxicity towards human embryonic cell (CLV102, Lu106)
and human melanoma cells (Mel8) in a manner dependent on the concentration. The hydroxyl radicals produced
by Fe metabolism is believed to be the cause of Fe toxicity. The hydroxyl radical is the most potent oxidizing
agent that can exist in aqueous medium Huebers, H.A., (1991). The role of free radicals and catalytic metal
ions in human disease is well known (Halliwell, B. and J.M.C. Gutteridge, 1990; Lesnefsky, E.J., 1994).

It has also been reported that iron compounds are mutagenic in cultured mammalian cells, as detected by
Syrian hamster embryo cell transformation/viral enhancement assay Heidelberger et al., (1983), sister chromatid
exchange (SCE) in hamster cells Tucker et al., (1993) and base tautomerization in rat hepatocyte cultures
Abalea et al., (1999).

In our study, there was a significant difference in the number of CAs produced between the lowest (1.5
µg/ml) and highest concentrations (5 µg/ml) of iron sulfate. High levels of chromatid and chromosomal
aberrations were found in human lymphocytes at highest concentrations (5µg/ml). The cellular requirement for
iron is directly correlated with the cell type, the rate of cell growth, and the stage of cell differentiation. 

Our results showed FeSO4. 7H2O induces clastogenicity in human lymphocytes culture.
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