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Abstract
Introduction: The Cis-diaminedichloroplatinum (Cisplatin) is one of the most efficient
drugs used for treating many kinds of malignant tumors. The cytotoxicity of Cisplatin
was not only affecting patients treated by Cisplatin but also can have an adverse
effect among health care workers exposed to that drug during its preparation and/
or administration. Aim of work: To assess the deleterious effects of Cisplatin drug
exposure on DNA among healthcare workers at the Oncology Department of Kasr Al
Aini Hospital and estimation of early detection tools to be used as bioindicators for
Cisplatin exposure. Materials and Methods: A case-control study was carried out on
two groups, an exposed and a control group. The exposed group consisted of 32 nurses
which represent the total number of nurses who are working in the chemotherapeutic
section of the Oncology Department at Kasr Al Aini Hospital, Cairo University. The
control group was composed of 37 nurses randomly selected from other departments
of Kasr Al Aini Hospital and have never been exposed to antineoplastic drugs. Both
groups were interviewed using specially designed questionnaire, clinical examination
including general and systemic examination. Laboratory investigations were done
including: blood picture, liver and kidney functions and estimation of Cisplatin DNA
adduct blood levels. Results: The prevalence of menstrual disorders was significantly
higher among the exposed compared to the non-exposed group (odds Ratio=8.3), there
was statistically significantly higher rates of abortions outcomes among exposed female
workers and wives of exposed male workers (odds ratio=1.2). Also the prevalence of
frequent infections and hair loss was 37.5% and 68.8% respectively among the exposed
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with no affection detected among the non-exposed group. Allergic symptoms were

detected among 59.4% of the exposed population (Odds Ratio=12). As regard liver

and kidney functions there is statistically significant increase in kidney functions (urea

and creatinine) as well as aspartate aminotransferase (AST) levels of liver function

among nurses exposed to Cisplatin. There was a highly statistically significant increase

in Cisplatin DNA adducts level among exposed workers; that in-turn represented an

indicator for serious DNA damage. Conclusion: Our study detected that occupational

exposure to Cisplatin drug during preparation and administration is hazardous to the

exposed workers even on using personal protective equipments.
Key words: Cisplatin, Cisplatin DNA adducts, Health effects and DNA damage.

Introduction

The Cis-diaminedichloroplatinum
(Cisplatin) is one of the most efficient
drugs used for treating many kinds of
malignant tumors (Kovaltsova et al.,
2007). The cytotoxicity of Cisplatin
was not only affecting patients treated
by Cisplatin but also can have an
adverse effect among health care
workers exposed to that drug during
its preparation and/or administration

(Valanis et al., 1997).

Cisplatinhasbeenrankedby CAREX
Canada as a Group A (immediate high
priority) for occupational settings,
targeting people who may be exposed
to the drug at work (i.e. nurses and
pharmacists), rather than those who
prescribed the drug for therapeutic use.
Prioritization for pharmaceuticals was
based on the carcinogenicity of the

substance Cisplatin has been classified

by IARC (1987) as Group 2A, probably

carcinogenic to humans.

DNA 1is the major target for
Cisplatin attack. It cross-links DNA
producing intra and inter-strand links
that modify the DNA structure, forming
Cisplatin DNA adducts that inhibit
DNA synthesis. The fate of these cells
attacked by Cisplatin and forming
Cisplatin DNA adducts is either showing
programmed cell death (apoptosis)
doing unregulated cell division which
lead to the formation of a cancerous
tumor or this Cisplatin induced DNA
damage being repaired through many
pathways using repairing proteins as
Rad52 (Decatris, et al., 2004).

A cell that has accumulated a large
amount of DNA adducts has no longer
effectively repaired. DNA damage can
enter one of three possible states: an
irreversible state of dormancy, known
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as senescence, cell suicide known as
apoptosis or programmed cell death or
cause unregulated cell division, which
can lead to the formation of a tumor that

is cancerous (Spindler, 2005).

Cisplatin exposure was known
to cause various organ damages and
severe cumulative renal toxicity
(O’Dwyer et al., 2000). It was proved
to induce generation of mitochondrial
reactive oxygen species thus triggering
death,

as well as kidney dysfunction and

inflammatory response, cell
nephropathy (Mukhopadhyay et al.,

2011).
Also blood

picture parameters, experimentally,
Malarczyk and his colleagues, (2003)
who examined the effect of Cisplatin

Cisplatin  affects

exposure on healthy rats, discovered a
significant increase in the leucocyte and
erythrocyte counts after two weeks of
exposure. However, recently Markovic
and his coworkers, (2011) reported
induced depletion of RBC and platelet
numbers following prolonged Cisplatin

treatment.
Aim of work

To assess the deleterious effects of

Cisplatin drug exposure on DNA among
healthcare workers at the Oncology
Department of Kasr Al Aini Hospital
and estimation of early detection tools
to be used as bioindicators for Cisplatin

exposure.
Materials and Methods
- Study design: A case control study.

- Study population: The study is
composed of an exposed and a
control groups. The exposed group
consisted of all nurses working at
the chemotherapeutic section of
the Oncology Department at Kasr
Al Aini Hospital, Cairo University
(32:25 females and 7 males). Their
age ranges from 22 -60 years and
with duration of employment

ranging from 2-29 years. All

nurses were using the Cisplatin
drug through preparation and /or

administration of the drug.

The control group was composed
of 37 nurses randomly selected from
other departments of Kasr Al Aini
Hospital and have never been exposed
to antineoplastic drugs. The group
consisted of 35 females and 2 males with
age ranges of 22-52years.This group
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matched the exposed group as regards
gender, socioeconomic standard and

special habits of medical importance.
- Study Methods:

The exposed and control groups
were subjected to the following:

*  Questionnaire

Specially designed questionnaire
were used which included: medical,
present, past and family histories with
emphasis on menstrual and reproductive
histories, occupational history including
duration of employment and usage of

protective equipments.

The exposed group was known to
prepare and administer Cisplatin drug
at the outpatient clinic room at the
Oncology Department within the only
biological safety cabinet. Sometimes
they worked at the inpatient department
where preparation and administration
of the drug infusion took place in the
absence of any specific ventilation
system or biological safety cabinet.
Working hours were between §8-12

hours/day.
¢ (linical examination:
done

Clinical examination was

including general and systemic

examination.
* Laboratory investigations:

A blood sample of 10ml wa s drawn
from each subject. The samples were
divided into smaller samples to suit the
different laboratory investigations:

- A sample of 3ml of blood was

delivered into a clean tube
containing disodium ethylene
diamine tetra acetate (EDTA)
and mixed promptly for
determination of hemoglobin
total

count, red blood corpuscles

percentage, leucocytic
and platelet counts using the
Coulter counter model T-890
Coultronics, France.

- Another sample of 2ml of
blood was allowed to clot then
centrifuged for separation of
serum and determination of
liver functions by determination
of serum aspartate

aminotransferase and alanine

aminotransferase enzymes.

Kidney function tests, namely

serum urea and creatinine were

also investigated using the

Hitashi (911) autoanalyzer.
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- The remaining Sml sample was
used for measuring parameters
of DNA affection as Cisplatin
DNA adducts level.

Cisplatin DNA adducts assessment:

DNA
measured by ELISA kit supplied from
Cell Biolabs. Inc.

Cisplatin adduct  was

Principle of assay: Cisplatin-DNA
standards or unknown DNA samples
are adsorbed onto a 96-well DNA
The
DNA adducts present in the sample

high-binding plate. Cisplatin-
or standard are probed with an Anti-
Cisplatin Antibody, followed by an
HRP Conjugated Secondary Antibody.
The Cisplatin-DNA adduct content in
an unknown sample is determined by
comparing with a standard curve that is
prepared from predetermined Cisplatin-
DNA standards.

Consent

Authors declared that a verbal
consent was taken from the studied

groups and consent was taken from

the Oncology Department before
making the study. Confidentiality was

maintained.
Ethical approval

The study protocol was approved
by Occupational and Environmental
Department Ethical Committee, Faculty

of Medicine, Cairo University.
Data management

Data were coded and entered using
statistical package SPSS version 15.
Data were summarized using numbers
and percentage for qualitative variable,
mean and standard deviation for

quantitative variables.

Comparison between groups were
done using Chi-square test for qualitative
variables, independent sample t-test
for normally distributed quantitative
variables while nonparametric Mann-
Whitney test was used for quantitative
variables not normally distributed.
0.05 was

statistically significant and < 0.01 was

p-value =< considered

considered highly significant.
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Results

Table (1): Frequency distribution of the studied population according to
medical history.

Exposed Non-exposed
No=32 No =37 Chi? p-value
No % No %
Menstrual disorders 6 24 1 2.8 9.33 0.004**
Frequent infections 12 375 0 0 16.79 0.001%*
Allergy 19 594 4 10.5 18.2 0.001**
Hair falling 22 68.8 0 0 373 0.001%*

**Highly statistically significant (p-value <0.01)

Table (1) showed a highly statistically significant difference between both groups
concerning frequency of infections (recurrent serious skin or respiratory infections
twice/month); allergic manifestations (skin or respiratory allergy) (Odds Ratio=12)
and massive hair falling. The results also showed statistically significant difference
between exposed and non-exposed groups concerning menstrual disorders as
menorrhagia, metrorrhagia, menometrorrhagia or menstrual irregularity (Odds
Ratio=8.3).

Table (2): The frequency distribution of repeated abortions outcomes among

the studied groups.
Abortion Exposed Non-exposed
parameter No=32 No=37 Chi? p-value
No % No %
No abortion 23 719 36 933
9.35 0.02*
Abortion 9 28.1 1 2.7

*Statistically significant (p-value < 0.05)

Table (2) showed a statistically significant difference between exposed and non-
exposed groups as regard abortion where 9 (28.1%) of female nurses and wives of
exposed males gave a history of repeated abortions (Odds Ratio=1.2).
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Table (3): The mean values, ranges and standard deviations (+ SD) of liver and
kidney functions among the studied groups.

Laboratory investigations Exposed Non-exposed . 'Test of p-value
No= 32 No= 37 significance (t/z)
Kidney functions
Mean 27.7 239
Urea SD +7.39 +7.35 21 0.05%
Range 12-41 13-43
Mean 0.81 0.67
Creatinine SD +0.19 +0.13 35 0.05%
Range 0.5-1.6 04-1.1
Liver functions
Mean 19.7 16.2
ALT SD +11.8 +42 -0.5 NS
Range 8-65 9-27
Mean 20.8 17.24
AST SD +11.8 +9.2 20 0.05%
Range 10-75 7-46
* Statistically significant (p-value< 0.05), N.S : Statistically non significant
Urea (mg/dl)(N=15-30mg/dl), Creatinine (mg/dl)(N=0.5-1.2mg/dl),
AST (U/L)(N=8-40U/L), ALT (U/L)(N=>40U/L)

Table (3) showed a statistically significant difference between mean values of
kidney functions and AST levels among the studied groups.
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Table (4): The mean values, ranges and standard deviations (x SD) of blood

picture parameters among the studied groups.

Blood picture Exposed Non-exposed sig?n?lsitc;flce p value
parameters No= 32 No= 37 (t/2)

Mean 13.1 12.12

Hb SD + 147 +1.29 29 0.05%
Range 10.1-169 9.8-16
Mean 4.62 448

RBCs SD +0.36 +0.38 1.5 N.S
Range 40-53 37-56
Mean 7.87 6.58

TLC SD +3.7 +1.69 25 N.S
Range 38-248 34-98
Mean 257.2 257.7

Platelets SD +80.5 +56.5 -0.03 N.S
Range 136 — 498 136 — 360

* Statistically significant (p-value< 0.05),

Hb (g/d1)(N=11.6-18gdl),

Platelets (10”3/cm)(150-400 10”3/cm),

Table (4) showed non statistically significant difference between the exposed
and non-exposed groups regarding means of the blood picture parameters except

for hemoglobin (Hb) values.

N.S : Statistically non significant
RBC (1076/cm)(3.8-5.5 10”6/cm ),
TLC (1073/cm)(4-11 10”3/cm).
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Table (5): The means, ranges and standard deviations (x SD) of genetic

parameters (Cisplatin DNA adduct) among the studied groups.

Test of
Genetic Parameters Exposed Non-exposed significance -value
No= 32 No= 37 g P
(t/z)
Mean 0.158 0.002
DNA adduct SD +0.14 +0.002 7.0 0.001*
Range 0.01-0.52 0.001 —0.01

**Highly statistically significant (p-value <0.01)

Table (5) showed a highly statistically significant difference in the mean values
of genetic parameters. The levels of DNA adducts was higher among exposed
nurses compared to the non-exposed group.

Our work showed that only 34.4% of exposed nurses use personnel protective
equipments ( PPE) in the form of masks and gloves at work, while 43.8% use HEPA
filter during the preparation of Cisplatin drug. Also this work showed that there
was no statistically significant difference between exposed workers who were using
personal protective equipments and those not using them as regards mean values of

DNA adducts.

Discussion

Many authors reported the
incidence of reproductive deficits as
infertility, spontaneous abortions, fetal
abnormalities, and menstrual-cycle
abnormalities among females exposed
to certain chemotherapeutic agents and
the significant risk to their reproductive
health (Valanis et al., 1997).In 1999,
Valanis and his coworkers found that

wives of exposed men have increased

risk of adverse pregnancy outcomes

similar to exposed females.

In our study, the prevalence of
menstrual disorders was significantly
higher among the exposed group
compared to the non-exposed (odds
Ratio=8.3).

nurses, 24% suffered from menstrual

Among the exposed
disorders in the form of menorrhagia,
metrorrhagia, menometrorrhagia or

menstrual irregularity (Table 1).
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Also on analyzing the frequency
of abortions among our studied groups
to detect the effect of exposure on
reproductive  function, there was
statistically significantly higher rates
of abortions outcomes among exposed
female workers and wives of exposed
male workers (odds ratio=1.2). In fact,
around 28.1% of the exposed population
had one or more abortions while 2.7%
only of the non-exposed group had
abortus among their offspring as shown
in Table 2. In agreement with our
results, earlier case-control studies done
by Selevan et al., 1985 and Merler et
al., 1996; found a relationship between
chemotherapeutic drugs exposure and
spontaneous abortion. Other studies
done by Rogers and Emmett, (1987)
and Valanis and his coworkers, (1999)
reported significantly higher proportion
of adverse pregnancy outcomes in the
form of recurrent abortion or still birth
on exposure to anti neoplastic agents
during preparation and administration
of the drugs. Workplace exposure to
these drugs has been associated with
adverse reproductive outcomes among
exposed female nurses and wives of

exposed male nurses.

However, in contrast to our findings
Hemminki and his colleagues, (1985)
failed to prove the relation between
exposure to chemotherapeutic drugs and
spontaneous abortions among exposed
nurses. Shortridge and colleagues (1995)
reported no significantly increased risk
of menstrual cycle dysfunction for any
exposure to past handling, or current
administration, or both preparation and
administration of antineoplastic drugs
(ANDs).

Other

clinical disorders with exposure to

commonly reported

chemotherapeutic ~ drugs  (frequent
infections, allergic symptoms and hair
falling) showed statistically significant
high prevalence among exposed than

non-exposed workers (Table 1).

Krstev and his coworkers, (2003)
that
antineoplastic drugs have significantly

reported nurses exposed to
more symptoms than non-exposed
nurses, mostly hair loss (Odd R =7.14),
skin rash and allergy (Odd R = 4.70).
The frequency of symptoms revealed an
exposure-effect relationship, with the
highest number of symptoms among
nurses exposed daily and lowest in non-

exposed nurses (p < 0.001).
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The
statistically

current study showed a

significant increase in
kidney functions (urea and creatinine)
as well as aspartate aminotransferase
(AST) levels of liver function among
nurses exposed to Cisplatin compared
to unexposed group (Table 3). Similar
results were detected by Yao and his
colleagues, (2007) who found that
many patients exposed to Cisplatin had
changes in glomerular filtration which
could be identified by changes in serum

creatinine.

Hepatocellular damage has also
been reported among nurses working
in oncology wards; the injury appeared
to be related to intensity and duration
of work exposure to chemotherapeutic
drugs (Valanis et al., 1993). Earlier
studies reported chronic irreversible
liver fibrosis among nurses who prepared
and administered antineoplastic drugs
for more than 6 years without using
protective equipments while other
studies reported the non-elevation of
liver enzymes among exposed nurses

(Sotaniemi et al., 1983).

This study revealed no statistically
significant difference between the mean

values of blood parameters among

exposed and non exposed groups except
for the hemoglobin values (Table 4).
Cisplatin— hemoglobin (Hb) complexes
were shown to be formed after Cisplatin
exposure according to concentrations of
Cisplatin and Hb. Heame was released
as noted side effect of platinum binding
causing reduced Hb. Hb and myoglobin
might be easily affected by the stress
imposed by Cisplatin (Bischin et al.,
2011), thus explaining the significant
difference of hemoglobin concentration

between both groups.

Commonly, the nurses handle a
of different
drugs in combination. Thus, the use

number antineoplastic
of biomarkers to evaluate exposure to
certain type of the various incorporated
drugs was the aim. Villarini and his
colleagues, (2011), observed that the
majority of nurses are exposed to the
most commonly handled antineoplastic
drugs Cyclophosphamide and Cisplatin
and that those two drugs are efficient
producers of DNA-DNA inter-strand
(DNA
adducts). Accordingly, the mostly used
Cisplatin DNA adducts was selected to
study the amount of exposure as well

and intra-strand cross-links

as the effect of specifically Cisplatin
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exXposure among nurses CXPOSCd to

antineoplastic drugs.

The current work showed a highly

statistically ~ significant  difference
in the mean values of the levels of
DNA adducts among exposed nurses
compared to the non-exposed group

(Table 5).

Similar to our results, Boffetta and
his coworkers, 1998 suggested that DNA
adducts formed by Cisplatin exposure
might be predictive of Cisplatin levels
in blood, and that the value of protein-
bound Platinum in blood is in-turn
predictive of DNA adducts values.

In our study, 34.4% of the exposed

workers used personal protective
equipments in the form of masks
and gloves and 43.8 % of them used
HEPA filters during preparation. By
observing the relation between usage of
protective measures and the results of
DNA adducts, we found no significant
statistical difference in values of DNA
adducts between nurses using protective
equipments and those who did not. This
is due to the irregular use of protective
equipments even among nurses who
used them especially during heavy work

with large number of patients. Also the

absence of HEPA filters in “in-patient
department “where they also prepared
the drugs; with improper maintenance

of these devices.

that,

nurses were less likely to use personal

Many surveys indicated
protective equipments as surgical latex
gloves and impermeable disposable
gowns, particularly for administering
antineoplastic drugs or when contact
with these drugs or body products (e.g.,
urine, feces, and vomitus) from patients
receiving the drugs (Valanis et al., 1987;
Valanis and Shortridge, 1987). In 1992,
Valanis and his coworkers reported
that skin contact with anti neoplastic
drugs (ANDs) was associated with a
significantly elevated risk of clinical
to ANDs

exposure, independent to the use of

symptoms characteristic

protective equipments.

In agreement with our findings,
Izdes
coworkers, (2009) on nurses handling

a study done by and his
the antineoplastic drugs, they detected
significantly high levels of DNA damage
among them in spite of the regular use
of protective equipments in the form of
gloves and masks while preparing the
drug under vertical flow safety cabinet
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for the last two years before the study
which mean that they were still at risk.

On the contrary to our work,
Villarini and his colleagues, (2011)
proved that the use of personal
protective equipments as masks and/or
gloves is associated with a statistically
significant decrease in the extent of

primary DNA damage.
Conclusion and Recommendations

Occupational exposure to
cisplatin drug during preparation and
administration is hazardous to the
exposed workers even though they
used personal protective equipments.
The most common reported health
hazards among exposed nurses are in
the form of massive hair loss, frequent
infection, allergic problems, menstrual
disorders and frequent abortion. DNA
damage caused by Cisplatin exposure
could be early detected by blood level
of Cisplatin DNA adducts which is a

specific biopredictor to that damage.

Strict should be
implemented to all health care workers

precautions

dealing with anti neoplastic drugs |,
including impervious chemo gowns,

double-gloving, use of sophisticated

“closed-system” devices and specialized
ventilation hoods, face shields and
respirators as well as clean rooms

Also heath education is mandatory to
the hazardous health effects of these

elements.
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