
Research Article

Received: 15 June 2011, Revised: 5 August 2011, Accepted: 5 August 2011 Published online in Wiley Online Library: 21 September 2011

(wileyonlinelibrary.com) DOI 10.1002/jat.1735

196

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by CiteSeerX
Evaluation of genotoxicity induced by exposure
to antineoplastic drugs in lymphocytes of
oncology nurses and pharmacists
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ABSTRACT: The hazards of handling antineoplastic drugs have been raised and discussed in several studies. Introduction of
new antineoplastics together with abuse of safety standards have contributed to the exposure risk for personnel who handle
these substances. Interactions of antineoplastic drugs with biological structures vary according to the drug(s) and the indi-
vidual’s genetic susceptibility. This study was carried out to evaluate the genome damage induced by exposure to antineo-
plastic drugs in nurses (n=20) and pharmacists (n=18) working in the Oncology Department of Tanta Cancer Center. Thirty
subjects matched in age, gender and smoking habit were selected as controls. Both chromosomal aberration analysis and
micronucleus assay were used to evaluate genome damage in peripheral blood lymphocytes of the study subjects. The numbers
of aberrant lymphocytes, as well as chromosomal aberration and micronuclei frequencies, were significantly increased in
exposed personnel in comparison to matched controls. Compared with pharmacists, nurses showed notably higher level of
chromosome damage. On the other hand, no significant difference in micronuclei frequency was observed between nurses
and pharmacists. Correlation analyses pointed to the influence of age and duration of occupational exposure on the level
of chromosome damage among exposed subjects. The results of this study confirmed that handling antineoplastic drugs
without appropriate precautions imposed a genotoxic risk for exposed healthcare workers. These results address the need
for regular biomonitoring of exposed personnel. In addition, they call attention to the need for proper implementation of
intervention measures aiming to eliminate or significantly reduce worker exposure and prevent untoward biological
effects. Copyright © 2011 John Wiley & Sons, Ltd.
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INTRODUCTION
Over the last two decades, concern about health hazards of han-
dling antineoplastic drugs has been raised. Some studies have
provided evidence of cytotoxicity, genotoxicity and carcinoge-
nicity in exposed subjects (Baker and Connor, 1996; Yoshida
et al., 2006). Considering the introduction of many new che-
motherapeutics and their use as complex mixtures, besides the
abuse of safety standards, it would be reasonable to anticipate
future higher risks in personnel handling these drugs (Cavallo
et al., 2005; Kopjar et al., 2009).

Unprotected healthcare workers might be exposed to anti-
neoplastic drugs through dermal absorption, ingestion or inhala-
tion resulting from aerosolization of powder or liquid during
reconstitution or spillage during preparation or administration
to patients. Contact with drug-contaminated equipment or con-
tamination of food or cigarettes from drug on the hands leads to
oral ingestion. In addition, patients may excrete these drugs and
their metabolites in body wastes, with subsequent exposure of
personnel who handle these wastes (Valanis et al., 1993).

Since the interactions of antineoplastic drugs with biological
structures are manifold and vary according to the drug(s) and
genetic susceptibility of the individual, the search for appropri-
ate parameters reflecting biological endpoints of drug effects
is an ongoing challenge. Cytogenetic methods provide feasible
tools to detect possible effects of long-term exposure at low
levels. Among these methods, sister chromatid exchange, chro-
mosomal aberrations (CA) and micronucleus (MN) assays have
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been frequently applied for quantification of cytogenetic modi-
fications (Pilger et al., 2000; Kopjar et al., 2009).

According to Rombaldi et al. (2009), CA assay, being the most
sensitive genotoxicity endpoint, seems to be one of the best
techniques to evaluate genetic damage. On the other hand,
MN assay is extensively used as a biomarker of chromosomal
damage and genome stability in human populations. It enables
both chromosome loss and breakage to be measured reliably
and is therefore preferred by researchers for assessing chromo-
somal damage (Rekhadevi et al., 2007). Also, it has recently been
found to be predictive of cancer risks in human populations
(Bonassi et al., 2007). Regarding the fact that no single biological
marker has been found to be a good indicator of exposure to
hazardous drugs or a good predictor of adverse health effects
(Baker and Connor, 1996), this study was accomplished using
the MN assay to support the evaluation of genome damage
carried out by the sensitive CA technique.

Studies on the genotoxicity in healthcare personnel occupation-
ally exposed to antineoplastic drugs have shown contradictory
Wiley & Sons, Ltd.
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results; both positive and negative findings have been reported
(Fucic et al., 1998; Maluf and Erdtmann, 2000; Hessel et al., 2001;
Jakab et al., 2001; Burgaz et al., 2002; Cavallo et al., 2005, 2007;
Laffon et al., 2005).

Data from one study in one particular occupational setting
cannot be used to judge the genotoxicity risk in another occupa-
tional setting. This makes this study rational, despite the avail-
ability in the literature of investigations of this kind, but on
different populations and with different conditions of exposure.

Pharmacists who prepare antineoplastic drugs or nurses who
prepare and/or administer them are the two occupational
groups who have the highest potential exposure to these
agents. Hence, the present study was initiated to assess the
genome damage associated with antineoplastic drug handling
in oncology nurses and pharmacists working at one of the major
cancer centers in Egypt.
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MATERIALS AND METHODS

Subjects

Thirty-eight subjects who met the study criteria were selected
from health professionals of the oncology department at
Tanta Cancer Center. They were grouped as pharmacists
(n= 18), involved in preparation of antineoplastic drugs at the
central pharmacy, and nurses (n= 20) assigned to administration
of these drugs. This center has a day care unit and oncology
wards where the nurses are in continuous rotation (every week)
among these sections. As such, participant nurses had similar
conditions of exposure, and hence they were dealt with as one
group. On average, 550 doses of different drug mixtures are pre-
pared and administered every week. The drugs handled included
cyclophosphamide (group 1 of IARC), cisplatin, adriamycin (group
2A), mitomycin C (group 2B), 5-fluorouracil and methotrexate
(group 3) (IARC Website, 2011). Thirty volunteer nurses (not
handling antineoplastic drugs) of comparable age, gender and
smoking habits were selected as controls.

All participants were asked to complete a questionnaire,
which included standard demographic data (e.g. age, address,
marital state) as well as medical (e.g. health status, exposure to
radiation, vaccinations, chemotherapy), lifestyle (e.g. smoking,
alcohol, diet) and occupational data (e.g. working hours, dura-
tion of exposure). Work characteristics of the exposed subjects,
including the use of ventilation hoods and protective equipment
(masks, gloves, gowns and goggles), as well as the existence of
regulations governing exposure to antineoplastic drugs, were
also explored.

All the study subjects were nonsmoking, nonalcohol-
consuming females who worked around 7 h per day for
6 days a week. It was ensured that both exposed and
control subjects had not received any vaccinations nor had
been exposed to any kind of radiation or chemotherapy
for 12months before sample collection. In spite of daily con-
tact, the exact number of hours of antineoplastic drug
handling could not be accurately assessed in the exposed
subjects.

The study was approved by our local ethics committee.
Participation was voluntary, and all participants received de-
tailed information concerning the aims of the research work.
Informed consent was obtained from each of them prior to
the commencement of the study.
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Samples

All subjects contributed to the study with a single blood dona-
tion. Venous blood samples (approximately 5ml) were drawn
from each subject into heparinized tubes. Samples were coded
and processed within 2 h. Lymphocytes were isolated and
washed. Genotoxic effects were evaluated through CA and
MN assays.
Methods

Analysis of chromosome aberration

Whole blood culture was performed according to the stan-
dard protocol of Watt and Stephen (1986). A 0.5ml aliquot of
heparinized blood was added to the culture medium, which
consisted of 5ml RPMI 1640 medium (Sigma-Aldrich, St Louis,
MO, USA) supplemented with 20% heat-inactivated fetal calf
serum (Sigma-Aldrich, St Louis, MO, USA) and phytohemaggluti-
nin-M (0.2ml/5ml; Gibco, Grand Island, NY, USA). Culture tubes
were incubated for 48 h at 37 �C. Colcemid (Sigma-Aldrich,
St Louis, MO, USA) was added at a concentration of 0.5mgml�1

2 h before harvesting to arrest dividing cells at metaphase. Cells
were collected by centrifugation, resuspended in a pre-warmed
hypotonic potassium chloride solution (0.075 M) for 10–15min
and fixed in glacial acetic acid–methanol (1:3, v/v). Slides were
prepared following air-drying and stained with Giemsa. After
staining, the slides were cover-slipped to protect the cells and
then stored for scoring. Microscope slides were coded and
scored blindly by one observer at 1000� magnification under
oil immersion. Two hundred metaphase cells from each indi-
vidual were analyzed for total numbers and types of aberra-
tions, as well as the percentage of aberrant cells (Buckton and
Evans, 1973; Preston et al., 1987).

Cytokinesis-blocked micronucleus assay

Cultures were established as described above, where 0.5ml
heparinized blood was added to 5ml culture medium and incu-
bated at 37�C. The formation of binucleated cells was induced
by adding cytochalazine B (Sigma-Aldrich, St Louis, MO, USA)
to the cultures after 44 h at a final concentration of 6mgml�1.
Then the cultures were left in the incubator at 37 �C without
interruption for 72 h. At harvest time, cells were centrifuged
and the cell pellet resuspended in hypotonic solution of potas-
sium chloride (0.075 M) for 3min. Afterward, the cells were centri-
fuged and fixed in a fixative composed of 5 parts of methanol
and 1 part of glacial acetic acid. This step was repeated twice.
Finally, the centrifuged fixed cells were dropped onto clean,
dry slides and stained with Giemsa. After drying, the slides were
mounted in DPX and covered with cover slips. Then, slides were
coded and scored blindly by one observer at 1000� magnifica-
tion under oil immersion. One thousand binucleated lympho-
cytes per individual were scored for the presence of micronuclei
(Fenech and Morely, 1985; Surralles and Natarajan, 1997).
Statistical Analysis

The data were analyzed using the SPSS 16.0 program for
Windows (SPSS Inc., Chicago, IL, USA).The results were recorded
as mean and standard deviation for each group and then statis-
tically analyzed using Student’s t-test. Correlation analysis was
performed using Pearson’s correlation test. P< 0.05 was consid-
ered statistically significant.
Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jat
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Table 1. Characteristics of control and exposed subjects

Control
(n= 30)

Exposed

Pharmacists (n=18) Nurses (n= 20) Total of exposed (n= 38)

Age (mean � SD) 30.86� 5.77 31.38� 4.39 31.1� 4.96 31.23� 4.64
Years of exposure (mean � SD) — 5.8� 3.34 10.3� 4.52 8.18� 4.55

Figure 1. A photomicrograph of a metaphase spread of lymphocytic cul-
tures from exposed group showing gap (Giemsa stain; microscopic magni-
fication, �1000).

Figure 2. A photomicrograph of a metaphase spread of lymphocytic cul-
tures from exposed group showing break (Giemsa stain; microscopic mag-
nification, �1000).

Figure 3. A photomicrograph of a metaphase spread of lymphocytic cul-
tures from exposed group showing fragment (Giemsa stain; microscopic mag-
nification, �1000).

Figure 4. A photomicrograph of a metaphase spread of lymphocytic cul-
tures from exposed group showing deletion (Giemsa stain; microscopic mag-
nification, �1000).

A. A. El-Ebiary et al.

198
RESULTS
The main characteristics of the healthcare workers handling
antineoplastic drugs and their controls are presented in Table 1.
All subjects were age-matched, nonsmoking, nonalcohol-
consuming females. According to the information obtained
from the questionnaire, the nurses worked in well-ventilated
rooms with fans. Gloves were worn during antineoplastic drug
administration, but not other safety equipment. Concerning
Copyright © 2011 Johnwileyonlinelibrary.com/journal/jat
pharmacists, they worked in air-conditioned rooms with safety
cabinet facilities for preparing antineoplastic drugs. During drug
preparation all of them wore gloves, masks, safety glasses and
protective gowns with a closed front and long cuffed sleeves.
All exposed subjects had been in contact with antineoplastic
drugs for a period of 2–20 years. However, statistical analysis
detected a significant difference in years of exposure between
nurses and pharmacists (P= 0.002).
J. Appl. Toxicol. 2013; 33: 196–201Wiley & Sons, Ltd.



Table 2. Mean and standard deviation of total and differential chromosomal aberrations in control and exposed subjects

Subject Cells scored
per subject

Number of
aberrant
cells

Number of aberrations Total aberrations per cell

Gap Break Fragment Deletion Excluding gaps Including gaps

Control 200 1.73� 0.22 1.06� 0.82 0.43� 0.1 0.2� 0.08 0.03� 0.07 0.69 1.75
Exposed 200 3.36� 2.11 1.73� 0.24 0.81� 0.65 0.5� 0.09 0.06� 0.04 1.34 3.07

P= 0.001* P=0.03* P= 0.01* P= 0.016* P= 0.004* P= 0.001* P= 0.001*
Nurses 200 4.7� 1.78 2.55� 1.57 1.05� 0.6 0.65� 0.48 0.5� 0.11 2.2 4.2
Pharmacists 200 1.88� 1.32 0.83� 0.61 0.55� 0.14 0.33� 0.11 0.16� 0.09 1.05 1.89

P= 0.001* P=0.001* P=0.012* P=0.056 P= 0.011* P= 0.001* P= 0.001*

* Significant P< 0.05.

Table 3. Mean and standard deviation of micronuclei in
binucleated lymphocytes of control and exposed subjects

Subject Cells scored/subject Micronuclei frequency

Control 1000 1.26� 0.94
Exposed 1000 2.18� 1.29

P= 0.001*
Nurses 1000 2.3 + 1.41
Pharmacists 1000 2.05 + 1.16

P= 0.577

* Significant P< 0.05.

Table 4. Pearson’s correlation coefficient for aberrant cells,
total chromosomal aberrations and number of micronuclei
with age and years of exposure in exposed group

Items Number of
aberrant
cells

Total aberrations
per cell

Micronuclei
frequency

Excluding
gap

Including
gap

Age R 0.054 0.275 0.461 0.074
P 0.746 0.072 0.004* 0.66

Years of
exposure

R 0.327 0.043 0.316 0.077
P 0.045* 0.796 0.053 0.647

* Significant P< 0.05.

Table 5. Pearson’s correlation coefficient for aberrant cells
and total chromosomal aberrations with number of micronu-
clei in exposed group

Items Number of
aberrant
cells

Total aberrations per cell

Excluding gap Including gap

Micronuclei
frequency

R 0.495 0.028 0.102
P 0.057 0.868 0.544
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The numbers of aberrant lymphocytes, as well as CA frequen-
cies, were significantly higher in exposed subjects compared
with matched controls. Among the exposed members of this
study, a range of aberrations, including gaps (Fig. 1), breaks
(Fig. 2), fragments (Fig. 3) and deletions (Fig. 4), was reported.
Compared with controls, occupationally exposed subjects had
significantly higher levels of all these kinds of aberrations. Like-
wise, the numbers of aberrant lymphocytes and CA frequencies
were considerably higher in exposed nurses compared with
pharmacists. All values, except for frequencies of chromosome
fragments, were considered statistically significant (Table 2).

Compared with occupationally exposed subjects, controls had
notably lower levels of micronucleated lymphocytes. Yet, no
significant difference in micronuclei frequency was observed
between nurses and pharmacists (Table 3).
J. Appl. Toxicol. 2013; 33: 196–201 Copyright © 2011 John
Correlation analyses pointed to the influence of age on the
level of chromosome damage among the exposed subjects,
where a significant positive correlation with total chromosomal
aberrations including gaps was noticed. In addition, the duration
of occupational exposure positively correlated with the number
of aberrant cells. However, neither age nor years of occupational
exposure significantly influenced the number of binucleated
cells with micronuclei (Table 4). In addition, the number of
micronuclei showed no significant correlation with the number
of aberrant cells or total chromosomal aberrations (Table 5).

DISCUSSION
It is well known that exposure to some of the commonly used
antineoplastic drugs is associated with a long list of acute and
chronic adverse effects, including cancer (Baker and Connor,
1996; Yoshida et al., 2006). Healthcare workers handling these
substances usually implement individual and environmental
protective measures. However, contamination in the work envi-
ronment is still possible, and the safety measures employed
are not always sufficient to prevent the anticipated health
hazards (Turci et al., 2003). In addition, not all workers apply
the strict measures required for handling such substances. More-
over, based on genetic bases, the human response to genotoxic
xenobiotics may vary owing to the presence of individual differ-
ences in DNA damage repairing capacity (Berwick and Vineis,
2000). Thus, it is of paramount importance to assess the health
hazards to which healthcare workers are exposed owing to the
handling of antineoplastic drugs under particular conditions of
exposure.
In the present study, a group of health professionals handling

antineoplastic drugs was evaluated for genetic damage occur-
ring in peripheral blood lymphocytes through CA and MN assays.
Significant increases in chromosomal aberration frequencies,
Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jat
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aberrant cells and cells withmicronuclei were detected in exposed
personnel compared with controls.

Comparable studies signified the genotoxic potential of anti-
neoplastic drugs through evident genetic damage identified in
health professionals handling these drugs. Other studies corre-
lated genotoxic effects and exposure to antineoplastic drugs
through environmental as well as biological monitoring (Cavallo
et al., 2005; Laffon et al., 2005; Rekhadevi et al., 2007; Rombaldi
et al., 2009).

However, research on the genotoxicity of antineoplastic drugs
displayed conflicting results. Using a variety of assays, several
research groups reported either positive or negative findings
(Fucic et al., 1998; Maluf and Erdtmann, 2000; Hessel et al.,
2001; Jakab et al., 2001; Burgaz et al., 2002; Cavallo et al., 2005,
2007; Laffon et al., 2005; Rekhadevi et al., 2007; Rombaldi et al.,
2009). This inconsistency of the results could be attributed to dif-
ferences in the antineoplastic drugs handled, the genotoxicity
biomarker evaluated or the protective measures employed. It
could also be due to the varied conditions to which health
professionals were exposed (Rekhadevi et al., 2007).

In the current study, although both pharmacists and nurses
were regularly handling antineoplastic drugs, pharmacists
showed significantly lower frequencies of chromosomal aberra-
tions and aberrant cells. This could be explained by the greater
protective measures applied being related to the lower level of
genotoxic damage observed (Oestreicher et al., 1990; Fuchs
et al., 1995; Brumen and Horvat, 1996; Kevekordes et al., 1998).
Antineoplastic drugs are prepared under well-controlled, safer
conditions, thus leading to lower exposure levels, which were
indeed found at the central pharmacy. At the same time, phar-
macists employed more individual protective measures, includ-
ing the use of gloves, masks, safety glasses and closed gowns
with long cuffed sleeves. On the other hand, wearing gloves
was the sole protective measure employed by nurses, which
was not sufficient to protect against other routes of exposure,
especially inhalation of drug aerosols.

Other studies on nurses handling antineoplastic drugs with-
out adequate protective equipment have shown comparable
results (Fuchs et al., 1995; Brumen and Horvat, 1996; Burgaz
et al., 2002). In contrast, a few studies (Ensslin et al., 1997; Hessel
et al., 2001) showed no association with genotoxicity in health-
care workers handling antineoplastic drugs. However, this could
be attributed to the strictness of the protective measures
employed by the study participants.

The difference in the years of exposure between nurses and
pharmacists was statistically significant, and this may explain
the significantly higher CA frequencies in nurses compared with
pharmacists. This is further supported by the presence of signif-
icant correlation between years of exposure and aberrant cells,
as well as between age and total aberrations, including gaps.
These findings could be explained in view of the work of Laffon
et al. (2005), who proposed a link between long-duration expo-
sure to antineoplastics and the cumulative toxic effect of such
agents to the human genome. Likewise, Deng et al. (2005)
showed comparable increase in genetic damage with the span
of continuous work.

The results obtained in this study, as well as studies by other
authors, point to possible association between work-related ex-
posure to antineoplastic drugs and genotoxicity. Serious health
risk may arise, seeing that data are accumulating to support
the concept that genotoxicity endpoints are predictors of hu-
man cancer risk. There was experimental and epidemiological
Copyright © 2011 Johnwileyonlinelibrary.com/journal/jat
evidence for the association of increased frequency of CA in
peripheral blood lymphocytes with an increased overall risk for
cancer (Hagmar et al., 1998). Also, it was reported that increased
MN frequency in peripheral blood lymphocytes was a predictive
biomarker of cancer risk (Bonassi et al., 2007).

The present handling practices of antineoplastic drugs ap-
plied in Tanta Cancer Center may not be sufficient to avoid ex-
posure. Data reported herein call attention to the importance
of employing adequate safety measures, the proper use of safety
equipment and training of personnel prior to employment in
order to avoid or lessen potential health hazards caused by
antineoplastic drug handling. Moreover, our findings address
the need for regular biomonitoring of personnel chronically ex-
posed to antineoplastic drugs, thus contributing to an enhanced
health risk assessment and management.

Further research to measure the urinary concentration of anti-
neoplastic drugs and/or their metabolites is needed in order to
accurately evaluate healthcare workers’ exposure to these drugs.
Moreover, investigations of the level of environmental contami-
nation in different healthcare settings are recommended as this
may permit correlation of the genotoxic effects with external
exposure.
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