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Abstract 

The micronuclei analysis in exfoliated cells of the buccal cavity was employed in the cytogenetic monitoring of 
nurses handling antineoplastic drugs. The group under study consisted of 25 subjects who showed a marked increase 
in micronucleated cells as compared with the control group (Chi-square = 15.12, with one degree of freedom, 
P < 0.001). 
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1. Introduct ion 

Cytogenetics methods have been extensively 
used for the biological monitoring of populations 
exposed to mutagenic and carcinogenic agents. 
The micronucleus assay can detect both clasto- 
genic agents and spindle poisons (Evans, 1988) 
Micronuclei are acentric fragments or complete 
chromosomes which, during a mitotic cycle, have 
failed in attaching to the mitotic spindle and are 
excluded from the nucleus (Heddle et al., 1983). 
In this approach,  the micronucleus assay in exfo- 
liated cells (Stich et al., 1982) provides a useful 
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tool in order to evaluate the genetic risk of occu- 
pationally exposed individuals. This assay pro- 
vides a good estimation of the frequency in which 
chromosomal aberrations occur and it is faster 
and simpler than the study of cells in culture. 
Furthermore,  the evaluation of the genetic dam- 
age may be done on the target or directly exposed 
cell. 

Among the individuals occupationally exposed 
to mutagenic and carcinogenic agents, the group 
handling antineoplastic drugs deserves special at- 
tention. Previous studies by Falk et al. (1979) 
show an association between contact with cyto- 
static drugs and increased urinary mutagenicity, 
by biological monitoring of hospital personnel in 
oncology units. By using various kinds of tests, 
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several groups have later reported both positive 
and negative findings of mutagenicity among 
nurses and pharmacists handling antineoplastic 
drugs. Significant increases in structural chromo- 
some aberrations and in gap frequencies in lym- 
phocytes of nurses handling anti-neoplastic drugs 
were reported by, respectively, Nikula et al. (1984) 
and Waksvik et al. (1981). An increased fre- 
quency of sister chromatid exchanges was also 
observed in exposed nurses related to control by 
Norppa et al. (1980), Waksvik et al. (1981) and 
Goloni-Bertollo et al. (1992), whereas other 
groups did not confirm this result (Kolmodin- 
Hedman et al., 1983; Stiller et al., 1983; Barale et 
al., 1985; Benhamou et al., 1988). Straight com- 
parison of the data from different studies is diffi- 
cult, since the protective equipment used by 
nurses varies from one hospital to another. 

In this study, a group of 25 nurses handling 
antineoplastic drugs was biomonitored through 
micronucleus assay. 

2.2. Cytological preparations 

The exfoliated cells from oral cavity were ob- 
tained by scraping gently the right and left cheeks 
with a cleaned slide glass according to Stich et al. 
(1982), with modifications suggested by J.A. 
Soares-Vieira and G.J.F. Gattas (personal com- 
munication). The slides were submersed in 8 ml 
of saline solution (NaCI, 0.9%) and carried imme- 
diately to the laboratory. Cells were spun down 
from the suspension (10 min, 1200 rpm) and the 
pellet was fixed in methanol /acet ic  acid (3:1), 
twice every 5 min. The final cell suspension was 
dropped on clean, moist and cool glass slides. 
After 24 h they were stained using Feulgen and 
Rossenbeck (1924) plus fast green method. Crite- 
ria of scoring were described by Sarto et al. 
(1987) and Tolbert et al. (1992). The slides were 
coded prior to score to avoid bias and blind read. 
One trained person scored all the slides and 
some of them were reanalyzed by a second per- 
son. 1000 cells were analyzed for each individual. 

2. Material and methods 

2.1. lndit,iduals examined 

Fifty normal individuals were divided in two 
sub-groups: control and exposed. The control 
subgroup, comprising nurses, physicians, secre- 
taries and drivers, was not occupationally exposed 
to known genotoxic agents. The exposed sub- 
group consisted of nurses handling antineoplastic 
drugs (vincristine, vinblastine, aracytosine C, 5- 
fluorouracyl, cyclofosfamide, cisplatin, methotrex- 
ate, bleomycin, mitomycin and adriablastin). We 
considered as exposed only individuals who regu- 
larly make up dilutions of the drugs, independent 
of any other kind of manipulation such as load or 
perform injections. 

Each individual filled out a questionnaire con- 
cerning to smoking habits, diseases, use of drugs, 
coffee and alcohol consumption, and exposure to 
other genotoxic agents (chemicals or radiation). 
The questionnaire of the exposed subgroup also 
included questions on the use of protective 
equipment (gloves, masks, safety hoods, gowns, 
eyeglasses) 

2.3. Statistical analysis 

We have low frequency data which suggest the 
Binomial to Poison approximation. In order to 
compare the two sub-groups, using this approxi- 
mation we built conditional test as prescribed by 
Charkravarti et al. (1967). Since the conditional 
distribution is binomial, the use of the Chi-square 
test for adherence is adequate, whenever the 
total frequency of aberrations is not very high. 
On the other case, we would use the exact bino- 
mial probabilities to obtain the significance revel. 

3. Results 

Well-spread cell preparations are obtained 
from exfoliated cells of buccal mucosa when the 
Soares-Vieira Gattas modification of the tech- 
nique of Stich et al. (1982) is used. Micronucle- 
ated cells are easily identified in these prepara- 
tions, and the observation of the criteria estab- 
lished by Sarto et al. (1987) avoids mistaking 
them with other nuclear abnormalities (Fig. 1). 
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The  compar i son  o f  the  m e a n  age o f  the cont ro l  
g roup  (34.60 _ 1.54 years )  to tha t  of  the  exposed  
g roup  (32.08_+ 1.29 years) ,  using the  S tuden t ' s  
t- test ,  d id  not  show any s ignif icant  d i f ference .  
O t h e r  factors  such as alcohol ,  coffee and med ic ine  
consumpt ion  were  not  cons ide red  impor tan t ,  as 
no s ignif icant  associa t ion  was obse rved  among  
them. 

Smoking  habi t s  were  eva lua ted  by def in ing  the 
total  exposure  ob t a ined  f rom the total  n u m b e r  of  
c iga re t t e s  pe r  day  mul t ip l i ed  by n u m b e r  of  years.  
The  cont ro l  g roup  was slightly more  exposed,  
even though  the  n u m b e r  of  smokers  was the  same  
in bo th  groups.  Wi th in  the  exposed  (e) g roup  and  
cont ro l  (c) g roup  we c o m p a r e d  the  f requency  of  
micronuc le i  in smokers  versus  non - smoke r s  ( , 2  
= 0.0682, P > 0.8; X 2 = 1.39, P > 0.2, bo th  with 

one  deg ree  of  f reedom) .  Smokers  and non-  
smokers  do  not  d i f fer  s ignif icant ly  with respec t  to 
the  inc idence  of  micronucle i .  T h e n  we c o m p a r e d  
the  exposed  and  cont ro l  g roups  wi thout  r e fe rence  
to the  habi t  o f  smoking.  

The  m e a n  f requency  of  mic ronuc le i  obse rved  
in the  subgroup  exposed  was 0.344%, s ignif icant ly  
d i f fe ren t  (Chi - square  15.12, wi th  one  d e g r e e  of  
f r eedom,  P < 0.001) f rom that  of  the  control ,  
0 .168% (1000 c e l l s / i n d i v i d u a l  were  analyzed) .  
Tab les  1 and  2 show the  resul ts  o b t a i n e d  in the  
cont ro l  and  exposed  groups ,  respect ively.  

Table 1 
Characteristics and 
control group 

Subject Age 
No. (years) 

frequencies of micronucleated cells in 

Sex Cigarettes smoking Micro- 
(m/f) No./ Duration nucleated 

day (years) cells (%) 

1 24 m 0 0 0.0 
2 45 f 0 0 0.2 
3 34 f 0 0 0.0 
4 45 f 0 0 0.0 
5 43 m 0 0 0.8 
6 34 f 0 0 0.0 
7 37 . f 20 19 0.3 
8 28 f 0 0 0.4 
9 34 f 5 20 0.1 

10 54 m 20 40 0.1 
11 33 f 0 (I 0.1 
12 35 f 0 0 0.0 
13 28 f 0 0 0.4 
14 34 f 30 12 0.2 
15 48 f 0 0 0.1 
16 31 f 5 lO 0.0 
17 25 f 0 0 0.2 
18 32 m 0 0 0.3 
I9 27 f 15 10 0.2 
20 30 f 0 0 0.0 
21 41 f 0 0 0.3 
22 30 f 0 0 0.0 
23 32 f 0 0 0.1 
24 34 f 30 12 0.2 
25 27 m 0 0 0.2 

mean 34.6 0.168 
Std. error _+ 1.51 _+0.036 

Fig. 1. Buccal mucosa cells stained by Feulgen and fast green, 
showing a micronucleus (arrow). 

F u r t h e r m o r e ,  it is impor t an t  to t ake  into con- 
s ide ra t ion  tha t  only  one  nurse  used a safety hood  
to hand le  an t ineop las t i c  drugs,  whe reas  21 out  ol  
25 nurses  used  gloves. 19 out  of  25 used  masks,  
and  two individuals  did  not  have rou t ine  self-pro-  
tect ive behav io r  at  all. 

4. Discussion 

A m o n g  the most  commonly  used  an t ineop las -  
tic drugs,  t he re  a re  c las togenic  and  aneugenic  
agents  ( I A R C ,  1975; 1976; 1981; 1982; P re jean t  
and  Mon tgomery ;  i984),  which r equ i re  p ro tec t ion  
e q u i p m e n t  to avoid genotoxic  risks to the  individ- 
uals  that  m a n a g e  these  agents .  The  g r o u p  ot 
nurses  ana lyzed  d id  not  follow the a d e q u a t e  rec- 
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Table 2 
Characteristics 
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and frequencies of micronucleated cells in exposed group 

Subject Age Sex Cigarettes smoking Micronucleated 

No. (years) (m/ f )  No. /day  Durat ion/years  cells (%) 

Exposition 

h /day  years 

1 34 f 0 0 0.5 7 1 
2 32 f 20 10 0.0 7 6 
3 30 f 1 l) 16 0.0 7 1 
4 22 m 0 0 0.6 3 1 
5 28 m 0 0 0.0 3 3 
6 25 m 20 5 1.0 1 3 
7 32 m 20 10 0.0 3 3 
8 30 f 0 0 0.1 1 3 
9 30 f 0 0 0.4 1 6 

10 31 f 0 0 0.6 1 3 
11 42 f 0 0 0.5 7 3 
12 25 f 0 0 0.3 7 3 
13 25 f 0 0 0.9 7 3 
14 25 f 0 0 0.3 7 6 
15 35 f 0 0 0A 5 3 
16 28 f 15 10 1,0 7 3 
17 36 f 5 15 0.7 1 6 
18 28 f 0 0 0.2 5 3 
19 42 f 0 () 0.0 5 3 
20 35 f (I 0 0.6 1 3 
21 35 f 0 l) 0.1 3 1 
22 37 f 0 0 0.2 7 3 
23 50 m 0 0 0.0 5 3 
24 28 f 0 0 0.3 7 3 
25 37 f 15 12 0.2 7 3 

mean 32.1 0.344 
Std. error + 1.29 + 0.065 

ommendations for the management of those 
drugs, and so the biomonitoring becomes of great 
value. Our data lead us to conclusion that the 
individuals exposed to the drugs presented higher 
level of genetic damages. However, it was not 
possible to demonstrate differences among the 
highly exposed subgroup (determined by the 
number of hours per day multiplied by years of 
drug handling). These data are consistent with 
those of McDiarmid et al. (1992), who did not 
find any relation between duration or exposure 
and the level of sister chromatid exchanges in 
lymphocytes of pharmacists that handle antineo- 
plastic drugs. 

Our data are consistent with those of Norppa 
et al. (1980), Waksvik et al. (1981), Goloni- 
Bertollo et al. (1992) and Thiringer et al. (1991) 

as they found higher sister chromatid exchange 
rates in lymphocytes of nurses that handle anti- 
neoplastic drugs, as well as mutagenicity observed 
in their urine through the Ames test in Salmonella 
typhimurium (Falk et al., 1979 and Thringer et al., 
1991). No dose-response relationship was ob- 
served for any parameter  in that study. Once the 
analysis procedures used for the biomonitoring 
were different, comparison of absolute values was 
not possible. 

We may consider that the buccal mucosa cells 
are the direct target of exposure through inhala- 
tion of the drugs due to the use of inadequate or 
the absence of protection. Other systems such as 
lymphocytes, represent cells indirectly exposed. 
This could explain that the frequency of micronu- 
clei in lymphocytes of the exposed nurses is not 



G.M. Machado-Santelli et aL / Mutat&n Research 322 (1994) 203-208 207 

statistically significant when compared with the 
controls (Thiringer et al., 1991). Sorsa et al. (1988) 
refer to a statistically non-significant trend in the 
increased number of micronuclei in binucleated 
lymphocytes of workers in the production of cy- 
clophosphamide drug as compared with control. 

Maybe the sister chromatid exchange in lym- 
phocytcs is a more sensitive test, although this 
kind of aberration probably has a lower genotoxi- 
city potential. These observations emphasize the 
importance of the micronuclei assay in the detec- 
tion of genetic damage of cells directly exposed to 
the agents which are analyzed in the biomonitor- 
ing program. 

Sarto et al. (1987) concluded that the micronu- 
clei assay on exfoliated cells of human buccal 
mucosa is, indeed, very sensitive and is able to 
detect the effect of low doses of environmental 
carcinogens (e.g., smoking 20 cigarettes/day). We 
were not able to detect higher frequency of mi- 
cronuclei in smokers compared to non-smokers, 
probably due to the small number of smokers in 
each subgroup. 

Concerning the data of Thiringer et al. (1991), 
it is important to emphasize the working condi- 
tions of the individuals analyzed: 91% of the 
nurses reported they always used a safety hood, 
whereas the remainders used it between 76 and 
99% of the time. In the present study, among the 
25 individuals exposed, only one used the safety 
hood. Surgical masks and gloves may be consid- 
ered as insufficient protective equipment. 

In conclusion, our results demonstrate the ge- 
netic risks to which individuals that handle anti- 
neoplastic drugs are exposed if the safety require- 
ments are not fulfilled. Simultaneous use of ade- 
quate hoods, gloves and garments would provide 
appropriate working conditions which are imper- 
ative to the health of the individuals that handle 
antineoplastic drugs. 
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