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	 Micronucleus test (MN) in buccal cells of the mouth presents a new road on the way 
of studying the degenerative changes directly in the targeted organs which were impacted by 
the tumoral diseases. This paper aims to analyze the incidence of the test micronucleus in the 
epithelial cells of the buccal mucosa of the oral cavity in male patients with breast carcinoma 
after a cycle of chemotherapy. In the study, 40 male patients with breast cancer with an average 
age of 45.8±15.5 years were taken for analysis. From the measured parameters, we analyzed 
the incidence of degenerative changes and the effect of chemotherapy, after one cycle of 
chemotherapy. The average number of deteriorative modifications in the exfoliative cells deriving 
from the buccal mucosa of breast cancer patients, increased significantly after a single cycle 
of chemotherapy with 15.5±22.4 being the number of degenerated cells before treatments and 
27.5±30.1 after the first cycle of chemotherapy, p<0.0002.  A significant increase was noticed 
in all types of nuclear degenerations. The incidence of acute nuclear changes as well as the 
total number of these modifications was high in males diagnosed with breast carcinoma. The 
results show that cytostatic drugs induced cellular cytotoxicity. However, it did not significantly 
change chromosomal changes or the micronuclei formation.
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	 Micronuclei originate from chromosomes’ 
fragments and/or entire chromosomes that failed 
to be incorporated into the nucleus of the cell 
in the nuclear division process. Analysis of the 
micronucleus (MN) in the exfoliative cells taken 
from human, could potentially serve as a great tool 
to study the modifications of the genome directly 
in the tumor-affected target organs 1. 
	 In some research, a significant correlation 
has been shown between the chromosomal 
aberration’s levels in lymphocytes and MN in 

exfoliative cells of the buccal mucosa in patients 
exposed to environmental mutagens 2.
	 There are different ways by which 
genome damage can be caused, such as by 
environmental genotoxins (e.g., radiation and 
chemical substances), by micronutrient deficiencies 
(e.g., folates), by life habits (e.g., alcohol, tobacco, 
drugs, stress, etc.) and lastly by genetic factors 
which include inherited defects in metabolism 
and DNA repair 3. Considering these facts, it 
is assumed that the epithelial cells of the oral 
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mucosa represent one preferred site for the early 
appearance of genotoxic modifications induced by 
carcinogenic agents that are introduced in the body 
either through the inhaling or by ingestion 3.
	 Thus, in this study we have analyzed 
the degree of change of the nuclei of exfoliative 
epithelial in the buccal mucosa of the oral cavity 
in patients diagnosed with breast cancer and who 
received chemotherapy treatment.

Material and Methods

	 Sample collection was done in the Clinical 
Center of Kosova and a total of 40 male patients 
were enrolled in the study. Samples were collected 
before and after the first cycle of chemotherapy, 
thus the inclusion criteria consisted on patients 
from the time of diagnosis and after the first 
chemotherapy. Male breast cancer patients who 
underwent more than one cycle of chemotherapy 
at the time of the study were excluded.  All the 
study procedures were approved by the Institutional 
Ethic Committee of the Oncology Department in 
the Clinical Center of Kosova.
	 All the samples were taken the same 
way with a cytobrush. After the collection of 
the epithelial cells from the buccal cavity of the 
mouth, we added 5 ml of physiological solution 
NaCl 9% to the test tubes. The next step was 
centrifuging the samples, for 10 minutes at the 1200 
rpm in a multiple purpose benchtop centrifuge by 
Eppendorf. After that the supernatant was carefully 
removed, leaving 1 ml together with the precipitate. 
Next, we carefully mixed the precipitate with the 
solution left on the tube. Then, we took a small 
quantity of the mixture and spread on the surface 
of three glasses. After that, the samples were dried 
for 2-3 hours at room temperature. The next step 

included the adding of ethanol 96% and after 
the complete drying of the sample we placed 
the glasses in Giemsa staining solution from 
CellaVision (Sweden) diluted 1:5 for a period of 1 
hour. Next, after the coloring step, we rinsed with 
distilled water the glasses and dried. The samples 
were examined under the optical microscope. 
	 Results are presented in the tabular 
and graphic form. All statistical analyses were 
conducted using SPSS 22 software platform and the 
significant changes were shown. Changes values 
being P<0.05 were considered significant. 

Results 

Demographic presentation of patients
	 As a starting point, demographic data 
from all the male patients diagnosed with breast 
carcinomas, involved in the study were analyzed 
(Table 1). The average age of our patients was 
45.8±15.5 years. Interestingly, looking up at the 
history of the patients, we have observed that a vast 
majority of the patients were tobacco users while 
a small percentage declared alcohol consumption, 
54,5% and 5,5% respectively (Figure 1A, B). 
	 Figure 1A shows that a percentage of 
54.5% corresponds to regular tobacco users while 

Table 1. Demographic data of patients with breast 
cancer treated with chemotherapy

Sex	 Number	 %

Male	 40 patients	 100%
Age	 Number	 %
45-61 years old	 5 patients	 13.%
61-80 years old	 35 patients	 87 %
Age, mean (SD).	 45.8 patients	 15.5

Table 2. Mean degenerative modifications in the exfoliative epithelial cells 
of the male breast cancer patients’ buccal mucosa (n=40)

Type of degenerative 	                         Base line		                    After the treatment	 Difference	 P
changes	 Mean	 Sd	 Mean	 Sd	 Mean	

Micronuclei(MN)	 0.2	 0.0	 0.0	 0.0	 -0.1	 ns
Pycnotic Nuclei (Pyk)	 5.5	 7.7	 11.5	 13.5	 9.0	 0.00001*
Karyorrhectic cells (KR)	 6.9	 8.5	 17.7	 16.5	 15.6	 0.0001*
Karyolysis (KL)	 51.9	 31.6	 65.8	 46.9	 18.9	 0.0003*
Binuclear cells (BN)	 5.4	 4.6	 11.9	 6.6	 8.4	 0.00002*
Changes in total	 15.5	 29.1	 27.9	 34.4	 10.2	 0.0001*
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Table 3. Differences of degenerative modifications in exfoliative epithelial 
cells of buccal mucosa according to the age

Type of degenerative 	 Age 45-61	 Age 61-80	
changes	 Differences Mean	 Differences Mean	 T-test	 p

Micronuclei(MN)	 0.10	 0.00	 —	 NT
Pycnotic Nuclei(Pyk)	 11.00	 10.40	 1.0	 0.36
Karyorrhectic cells(KR)	 16.59	 17.00	 0.64	 0.51
Karyolysis(KL)	 18.29	 24.00	 0.6	 0.55
Binuclear cells(BN)	 9.36	 8.00	 2.6	 0.12
Changes in total	 8.20	 13.24	 0.6	 0.53

Figure 1. The tobacco and alcohol use among the patients.

1B only 5.5% of the patients declared of using 
alcohol.
Changes on epithelial cells of the oral mucosa 
of the patients 
	 The average number of degenerative 
modifications in the exfoliative epithelial cells 
taken from breast cancer patients’ buccal mucosa, 
was shown to be significantly increased after a 
single chemotherapy. We have examined these 
types of changes; Micronuclei (MN), Pycnotic 
Nuclei (Pyk), Karyorrhectic cells (KR), Karyolysis 
(KL), Binuclear cells (BN) and the total changes 
before and after the first cycle of chemotherapy 
treatment. With the MN test we have in fact not 
found striking differences in Micronuclei cells 
specifically, but we have noticed differences in 
other degenerative modifications such as pycnotic 
nuclei (Pyk) cells with mean of 5.5±7.7 before the 
treatment and 11.5±13.5 after the treatment and 

the differences were p<0.00001. The differences in 
karyorrhectic cells, karyolysis and binuclear cells 
were also found significant between the samples 
taken before and after the first chemotherapy 
cycle with p<0.0001, p<0.0003, p<0.00002, 
respectively, The mean of total changes before 
the treatment were 15.5±22.4, while the changes 
after the first cycle of chemotherapy was 27.9±30.1 
with a significant change of p<0.0002. Table 2 
summarizes the significant increase for all types 
of the nuclear change. The numbers represent the 
manually counting of the degenerated cells per 
sample.
	 Moreover, we were curious to see if age if 
a factor in having a higher number of degenerative 
cells, thus we have checked the differences in 
the degenerative modifications in the exfoliative 
epithelial cells in patients, comparing two groups 
of patients with differences in age. At this point, we 
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have observed that a higher, despite not significant, 
total degenerative changes occurred in older 
patients (group age from 61 to 80 years old) rather 
than younger patients (group age from 45 to 61 
years old), with differences being 13.24 and 8.20 
respectively. Confirming that age is not a factor in 
changes of the cells independently.  Data for all 
type of nuclear changes represented accordingly 
to the age are shown in Table 3. 
In the table are shown the mean and standard 
deviation number of micronuclei cells (MN), 
pycnotic nuclei cells (Pyk), karyorrhectic cells 
(KR), cells that underwent karyolysis (KL), 
binuclear cells (BN) and the changes in total of the 
cells. The mean and standard deviation is shown 
for the samples taken before the treatment, (base 
line) first column and after the first treatment (after 
treatment) second column. Third column represents 
the differences of the above-mentioned changes 
before and after treatment. The last column shows 
the p values obtained the Student’s t-test, with ns 
presenting1 ‘not significant’ and (*) being p<0.05.
	 The table represents the mean number 
of micronuclei cells (MN), pycnotic nuclei 
cells (Pyk), karyorrhectic cells (KR), cells that 
underwent karyolysis (KL), binuclear cells (BN) 
and the changes in total of the cells according to the 
age of the patients divided in two groups. The last 
column shows the p values obtained the Student’s 
t-test.
	

Discussion 

	 M i c r o n u c l e i  a r e  f r a g m e n t s  o f 
chromosomes or entire chromosomes, which 
failed to reach the poles of the division axis 
during mitosis, and remain encapsulated as a 
separate nucleus during the process of telophase. 
The chromosome losses or the dysfunction of the 
mitotic spindle caused by aneugenic mechanisms, 
could be detected if approached with micronucleus 
testing 4.
	 The oral cavity epithelium undergoes 
constant regeneration through the continuous 
production of new cells in the basal layer by mitosis 
and the migration of these new cells to the surface 
will replace the old ones. However, the basal 
layer contains stem cells which during nuclear 
division, can express genetic damages (breakage 
or loss of chromosomes) such as MN. These 

newly produced cells may/or may not contain 
MNs, eventually differentiated into the spiny cell 
layer. Moreover, some of these cells can slip into 
cells with fragmented nuclei (karyorrhectic cells), 
pyknotic nuclei, condensed chromatin, or even 
karyolysis which is the complete loss of the nuclear 
material 5. Sometimes, though rarely, cells may 
become stuck at the binuclear stage or may show 
bud-shaped nuclei, which is known as the so-called 
“broken eggs” in buccal mucosal cells, as a gene 
amplification biomarker. These biomarkers could 
be detected both in lymphocytes and in buccal 
cells, which represent a broader assessment of 
genome damage than MN alone, in the context of 
cytotoxicity and cytostatic effects 6.
	 Casartelli et al. analyzed the frequency of 
MN in buccal exfoliative cells in normal mucosa, 
in precancerous lesions and in squamous cell 
carcinoma 7. They concluded that the MN levels 
correspond to the progression of the neoplastic 
disease since they have shown a gradual increase 
of this biomarker in the steps starting normal 
mucosa to precancerous lesions and finally to 
carcinoma. Published biomonitoring studies with 
evaluated MN in the buccal mucosa have analyzed 
the effect of many factors, including the influence 
of environmental and workplace exposure, 
chemoprevention, radiotherapy, the influence 
of life habits, the influence of tumors and other 
diseases 8.
	 There are some types of cells which 
contain two nuclei within, and these types of 
cells are called binuclear. These types of cells are 
often seen in cancer and they can be caused by 
different factors. If during cell division the cell 
division groove begins to regress then the cell joins 
again, causing the chromosomes not to separate 9. 
These cells can also appear during the failure of 
cytokinesis, in which case the cell division loop 
is not formed at all, thus causing the remaining 
of both nuclei in one single cell. Pyknosis 
or karyopyknosis represents the irreversible 
condensation of chromatin in the nucleus of 
cells undergoing necrosis. This is followed by 
karyorrhexis or fragmentation of the nucleus 10. 
Karyorrhexis is the destructive fragmentation of the 
nucleus of the dying cell, in which the chromatin 
is distributed irregularly throughout the cytoplasm. 
This is usually followed by karyolysis 11. The last, 
represents the complete dissolution of chromatin 
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by the activity of the enzyme DNase in the cells 
that are dying. In apoptosis, after karyorrhexis the 
nucleus is usually dissolved into parts called the 
apoptotic bodies 12.
	 Exposure of cells to cytotoxic substances 
can result in different outcomes for those cells. 
Cells can undergo necrosis, during which they 
lose their cell membrane integrity and die rapidly 
as a result of cell lysis. Cells can stop their active 
growth and division (decreased cell viability), or 
they can activate the genetic program that controls 
cell death (apoptosis). Interestingly, some cells 
unergo rapid necrosis, which means that there is 
not enough time for them to activate apoptotic 
mechanisms, therefore, they do not show markers 
of apoptosis 13.
	 Breast cancer is the most commonly 
diagnosed cancer in women worldwide, in 2008 
alone there were 1.38 million new cases diagnosed 
(about 23% of the total in women alone, and 
about 11% of the total, both sexes combined). The 
incidence rate of breast carcinoma in women is 
highest in Western Europe and lowest in East and 
Central Africa 14. Even though breast cancer is a 
disease mainly attributed to women, it also occurs 
in men. However, breast cancer in man is rare as it 
presents 1% of the total breast cancer cases and 1% 
of cancer cases in men. This makes it difficult in 
approaching this disease in man in terms of therapy 
as well as diagnosis 15. Thus, due to limited data in 
male breast cancer, the treatment is primarily based 
on those used for women 16. 
	 The third-generation therapeutic regimens 
for breast carcinoma chemotherapy follows: 
• AC-paclitaxel: Doxorubicin and cyclophosphamide 
60 mg/m2  and 600 mg/m2  respectively, both IV, 
on day 1 every 3 weeks for 4 cycles, followed by 
paclitaxel 80 mg/m2 by 1-h IV infusion weekly for 
12 weeks (more effective than AC) 17 or
	 • TAC: Docetaxel 75 mg/m2,  doxorubicin 
500 mg/m2 and cyclophosphamide 500 mg/m2  
all IV,  on day 1 every 3 weeks for 6 cycles (more 
effective than FAC) 18,19 or
	 • FEC-docetaxel: 5-FU 500 mg/m2,  
epirubicin 100 mg/m2 and cyclophosphamide 
500 mg/m2 all IV, on day 1 every 3 weeks for 3 
cycles, followed by docetaxel 100 mg/m2 IV every 
3 weeks for 3 cycles (more effective than 6 cycles 
of FEC) 20 or
	 • FEC-paclitaxel: 5-FU 600 mg/m2, 

epirubicin 90 mg/m2, and cyclophosphamide 600 
mg/m2 all IV, on day 1 every 3 weeks for 4 cycles, 
followed by 3 weeks without treatment; continued 
with paclitaxel 100 mg/m2 IV weekly for 8 cycles 
(more effective than 6 cycles of FEC) 21,22.
	 On the other hand, as a result of the 
application of cytotoxic drugs, the number of 
binuclear cells has decreased, while the karyolytic 
cell number has increased. In the future, these 
parameters can be used as cytotoxic markers in 
the studies of different drugs 23. In a previous 
study regarding acute modifications of the nuclei 
of buccal cells in chemotherapy treated cancer 
patients, our group found a significant increase 
in the frequency of karyorrhexis, karyolysis and 
pyknosis compared to the control group. Moreover, 
the frequency of karyorrhexis was significantly 
higher after chemotherapy treatment, compared 
to the pre-treatment period (8.8± 3.0 vs. 3.6±4.9, 
p<0.006). Accordingly with the obtained results, 
we have found that the acute therapy does not 
induce damages in the chromosome, but in some 
cases, it may have cytotoxic effect 24. 
	 In the present study, the average number 
of pyknotic changes (p<0.0002), karyorrhexis 
(p<0.0001), karyolysis (p<0.0002), and of the 
binuclear cells (p<0.00003) had a significant 
increase. A significant increase of all changes in the 
nuclei of the exfoliating cells of the buccal mucosa 
was found in male patients with breast carcinoma 
treated with chemotherapy as well(p<0.0002). 
However, we observed that age is not a factor that 
significantly influenced the frequency of nuclear 
alterations after chemotherapy in male patients 
with breast carcinoma.

Conclusion 

	 The number of modifications in the 
nuclei of buccal cells of the mouth could serve 
as a detection test or important marker for the 
evaluation of the cytotoxicity of cytostatic drugs in 
male patients with breast carcinoma. These results 
show differences after one single chemotherapy 
use, however further studies would be of benefit 
to examine the differences after other cycles of 
chemotherapy and better evaluate the precision of 
the test. 
	 The results show that all protocols applied 
to the treatment of patients with breast carcinoma 
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have induction in cell cytotoxicity, but have not 
given induction in chromosomal changes and 
formation of micronuclei.
	 Some patients may have been affected 
by the time of disease detection (delay for various 
reasons).
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