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NIKULA E, KIVINIITTY K, LEISTI J ,  TASKINEN PJ. Chromosome aberrations in lymphocytes of 
nurses handling cytostatic agents. Scand J Work Environ Health 10 (1984) 71-74. In an evaluation of 
the possible chromosome damage caused by cytostatic agents 11 nurses with long-term exposure to such 
agents were studied. Five laboratory workers and 11 hospital clerks served as referents. The number of 
chromosomally aberrant lymphocytes was significantly higher in the group of nurses than in the group 
of laboratory workers or hospital clerks. The number of chromosome-type breaks was increased signifi- 
cantly among the nurses as compared to the reference groups. There was no significant difference in the 
number of chromatid-type breaks between the groups. The observed increase in chromosome-type 
aberrations may have been due to long-term occupational exposure to cytostatic agents. 
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Cytostatic agent5 have been shown to cause chromo- 
some aberrations and sister chromatid exchanges 
both in vitro (2, 3, 7, 16, 19) and in cells of patients 
after cytostatic therapy (1, 4, 8, 9, 10, 14, 15, 16). 

Over the past few years attention has also been 
paid to the possible mutagenic effect of smaller doses 
on, eg, the staff of oncologic units, who must in- 
creasingly handle cytostatic agents (6, 18, 20). An in- 
creased frequency of both sister chromatid exchanges 
and chromosome breaks has been observed in the cul- 
tured lymphocytes of such nursing staff (18, 20). 

To evaluate the possible occupational health hazard 
of handling cytostatic agents, we have studied chro- 
mosome aberrations among nurses of the oncologic 
units of the Oulu University Central Hospital. The 
study was prompted by the appearance of clinical 
signs which were suspected to arise from the nurses' 
exposure to cytostatic agents. These nurses had been 
working daily on the preparation and administration 
of cytostatics for many years without any special 
protection. 

Material and methods 
Case material 
Lymphocyte chromosomes were analyzed from 1 1  
nurses who had been handling cytostatic agents 
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(preparation of solutions, drawing of injection in- 
fusion solutions, patient treatment) for a long period. 
Four of them were working in the outpatient depart- 
ment, and the others were in the wards. 

Five laboratory workers and 1 1  hospital clerks, 
none of whom were exposed to cytostatic agents, 
were used as reference groups. 

The estimated exposure of the 11 nurses to cytostatic 
agents is shown in table 1 .  The mean of the estimated 
handling time was 2,800 h during a period ranging 
from 2.5 to 18 years. 

Up until the autumn of 1979 the cytostatic agents 
were handled without any special protective measures. 
The nurses were estimated to have handled cytostatic 
agents 3-4 h daily on the same premises where they 
continuously worked. 

During 1979-1980, three nurses developed symp- 
toms and signs which were considered to arise from 
the prolonged handling of cytostatic agents. These 
nurses have not been handling cytostatic agents since 
that time (persons 9-1 1 in table 1). 

After this episode the use of protective gloves, 
masks, and a fume cupboard was initiated, and the 
place of handling was isolated. A periodic system of 
handling was adopted in such a manner that the out- 
patient nurses handled cytostatic agents for 8 h a day 
for one week every third week (persons 1-3 in table 
1) and the ward nurses for 8 h a day for one week 
every third month (persons 4-8 in table 1). By the 
time the blood sample was drawn, the nurses had 
been using protective precautions for about one year. 

According to the information given by the nurses, 
the five most frequently used cytostatic agents were 
cyclophosphamide, doxorubicin, vincristine, 5-flu- 



Table 1. Exposure of the oncologic nurses to cytostatic agents. 

Length of Estimated time of handling 
Age cytostatic agents 

Time between 
Persona employment latest exposure 

(years) at hospital (years) Hours Years and blood sample (months) 

a Persons 1 to 3 are outpatient nurses, persons 4 to 8 ward nurses, and persons 9 to 1 1  nurses who have not been handling 
cytostatic agents since 1979-1980 because of clinical consequences (a child born with hepatitis, changes in laboratory 
values of liver function tests and hepatitis). 

Table 2. Absolute number of structural chromosome aberrations observed in the lymphocytes of the oncologic nurses (group 
I), laboratory workers (group II), and hospital clerks (group Ill). 

Number Aberrant cells Chromosome-type aberrations Chromatid-type aberrations 
Number Mean 

Group of age Of Includ- Exclud- Isochro- Acentric Chro- Chromatid- 
persons (years) lyzeu ing ing lsogaps matid frag- Minutes CSEb Gaps matid type rear- 

cells 
gaps gapsa breaks ments breaks rangements 

a Excluding cells with gaps only. 
CSE = dicentric, ring chromosomes and other chromosome-type rearrangements 

Table 3. Number of aberrant cells and chromosome- and chromatid-type breaks per 100 analyzed cells in the three study 
groups. (I = oncologic nurses, II = laboratory workers, I l l  = hospital clerks, and SE = standard error) 

Aberrant cells Chromosome-type breaks Chromatid-type breaks 

Group Including gaps Excluding gapsa Including gaps Excluding gapsa Including gaps Excluding gapsa 

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE 

a Excluding cells with gaps only. 

Table 4. Number of aberrant cells and chromosome- and chromatid-type breaks per 100 analyzed cells in the three subgroups 
of oncologic nurses. 

Aberrant Chromosome-type Chromatid-type 
Number of cells breaks breaks 

Group analyzed 
cells Including Excluding Including Excluding Including Excluding 

gaps gapsa gaps gapsa gaps gapsa 

Outpatient nurses 1,627 5.5 4.0 5.8 5.8 2.2 0.8 
Ward nurses 2,441 7.1 4.4 4.7 4.2 3.8 1 .I 
Nurses no longer handling 
cytostatics 1,561 5.9 3.3 3.3 2.8 3.6 0.9 
-. 

a Excluding cells with gaps only. 



orouracil, DTIC (dimethyltriazenoimidatsolcarbox- 
amide), and, previously, methotrexate. 

All the individuals were interviewed about their 
daily habits and other possible factors affecting the 
results of the chromosome analysis. All but two (per- 
sons 10 & 11 in table 1) of the subjects were healthy 
and free of any viral disease at the time the blood 
sample was drawn. All the subjects were nonsmokers, 
except three hospital clerks, who smoked 1-10 ciga- 
rettes daily. The number of nurses and hospital clerks 
subjected to diagnostic X-ray examinations was 
about equal with no reported exposure among the 
laboratory workers. Three oncologic nurses had been 
working occasionally with diagnostic X-ray equip- 
ment prior to  1972. None had been receiving any 
therapeutic irradiation. 

All laboratory workers and one hospital clerk re- 
ported exposure to chemicals, especially to organic 
solvents. An occasional use of drugs was reported by 
two nurses and two hospital clerks. One of the nurses 
(person 11 in table 1) received Prednisone (5-15 mg 
daily) and three clerks were on birth control pills 
during the study. 

Cytogenetic methods 
Whole blood cultures were made according to stan- 
dard techniques. Each culture containing 4.0 ml of 
Minimum Essential Medium - Eagle (Gibco-Europe, 
United Kingdom) with L-glutamine (2 mM, Gibco- 
Europe, United Kingdom) and penicillin-streptomycin 
(50 IU/ml, Gibco-Europe, United Kingdom) and 20 Vo 
inactivated male human ABO serum (Finnish Red 
Cross, Helsinki, Finland), 0.2 ml of phytohemaggluti- 
nin-P (Difco, Detroit, Michigan, United States), and 
0.4 ml of heparinized blood was incubated at 37°C in 
a closed system for 48 h. One hour after the addi- 
tion of Colcemid solution (0.1 pg/ml, Giba, Milano, 
Italy) the cultures were harvested by centrifugation, 
15-min hypotonic treatment (0.075 M potassium 
chloride), and three or four periods of fixation 
(methanol-acetic acid 3 : 1). The air-dried chromo- 
some preparations were stained for 7 min in 10 Vo 
Giemsa (Merck, Darmstadt, Federal Republic of 
Germany) diluted in Sorensen buffer, pH 7.0. 

From each individual, with the exception of two, a 
minimum of 500 euploid or hyperploid metaphases 
was analyzed for chromosome aberrations. The anal- 
yses were done by two persons on  coded slides, and 
all aberrations were checked by one of them. The 
structural aberrations were classified as chromatid- 
type or chromosome-type changes (12). A break was 
classified as a chromatid break when the distal seg- 
ment of the chromatid was clearly separated; other- 
wise it was considered a gap. 

An isochromatid break was classified as an acentric 
fragment when it appeared completely separated 
from other chromosomes and was additional to  the 
normal diploid chromosome number. 

Isogaps, isochromatid breaks, acentric fragments, 
and minutes were counted as one, while dicentric, 
ring chromosomes and other chromosome types of 
rearrangements were counted as two chromosome- 
type breaks. Gaps and chromatid breaks were counted 
as one and chromatid-type rearrangements as two 
chromatid-type breaks. 

The one-sided Mann-Whitney U-test was used to 
test the statistical differences between the groups. 

Results 
The cytogenetic results from the three study groups 
are presented in tables 2 and 3. 

The total number of aberrant cells, including gaps 
in the group of the oncologic nurses, was almost sig- 
nificantly (p I 0.05) greater than that of the other 
two groups. The difference was significant (p I 0.01) 
when cells with gaps only were excluded (table 3). 

The number of chromosome-type breaks was also 
significantly greater (p I 0.01) in the group of on- 
cologic nurses than in the other two groups. This 
phenomenon was mainly due to a greater number of 
acentric fragments in the group of nurses (table 2). 
The incidence of acentric fragments was 2.5 To for 
the nurses, 0.9 Vo for the laboratory workers, and 
0.7 Vo for the hospital clerks. 

The number of chromatid-type breaks did not 
show any statistically significant differences between 
the groups. 

The number of chromosome-type breaks was 
greatest in the outpatient nurses, who had handled 
cytostatic agents the most frequently (table 4). How- 
ever the differences between the three subgroups of 
oncologic nurses were not significant. 

Marked interindividual variation could be seen in 
the different study groups. Hence no correlation was 
found between the estimated accumulated time of ex- 
posure and the frequency of breaks in individual 
cases. 

Discussion 
To our knowledge, only two studies have thus far 
been published on chromosome damage in nursing 
staff handling cytostatic agents. In one of the two the 
frequency of sister chromatid exchanges was shown 
to have increased significantly (la), and in the other 
an increased number of chromosome gaps was also 
observed (20). 

Our results show that chromosome-type breaks 
and aberrant cells may also be found in excess among 
nurses handling cytostatic agents. 

The clastogenic effect of several cytostatic agents 
has been documented (2, 4, 7, 15, 19). The present 
results, together with those of previous studies, suggest 
that even seemingly small doses can change genetic 
material. 

In the interpretation of chromosome changes nu- 
merous technical, environmental, and individual fac- 



tors have to  be taken into consideration. In  the present 
study the known environmental factors, such as radia- 
tion, viral diseases, chemicals, drugs, and smoking 
(7, 13), were evaluated carefully. With respect t o  
these factors there were n o  clear group differences 
which could explain the greater number of  chromo- 
some breaks in the oncologic nurses. Ionizing radia- 
tion is known t o  induce chromosome breaks. Three 
oncologic nurses had been working with diagnostic 
X-ray equipment prior t o  1972. I n  one of  them 2.1 % 
of  all the cells were tetraploid cells, and  in two of the 
tetraploid cells a total of  nine dicentric chromosomes 
were observed. However almost ten years had elapsed 
since a possible exposure t o  the radiation, and  it is 
improbable that the chromosome changes would 
have been caused purely by radiation. 

A correlation between age and  structural chromo- 
some aberrations, as well a s  age a n d  the retention of  
chromosome damage caused by mutagens, has been 
reported (5, 11). In  the present study the mean age of  
the oncologic nurses was only slightly higher than 
that  of  the other groups, and  therefore age has prob- 
ably not affected the results. 

I t  is possible that the chromosome breaks and 
aberrant cells found in peripheral lymphocytes of  the 
oncologic nurses have accumulated during the long 
period when the nurses handled cytostatic agents 
without protection. The accumulation may be related 
to  the long half-time of  peripheral lymphocytes, 
which is estimated t o  be three t o  four  years (17). This 
assumption is supported by the observation that the 
nurses who had not been handling cytostatic agents 
for the past one  o r  two years prior t o  the sampling 
had the smallest number of  chromosome breaks (ta- 
ble 4). These were the nurses who  had been suspected 
of  having suffered clinical consequences f rom ex- 
posure t o  cytostatic agents. 

Despite the limitations of  the cytogenetic methods 
in mutagenicity testing, our  findings indicate that 
the occupational exposure of  oncologic nurses to  
cytostatic agents may cause an  increase in chromo- 
some aberrations. Therefore protective measures and 
care in the handling must be further emphasized. The 
effectiveness of  protective measures should also be 
evaluated. 
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