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Abstract 
Radiotherapy is frequently used as treatment for oral cancer either alone or in combination with surgery. Reaction 
of tumor tissue to radiotherapy often shows marked inter-individual variability making it difficult to assess and pre-
dict the treatment outcome for individual patients. Recently attention has been drawn towards the role of radiation 
induced nuclear changes to assess radiosensitivity.
Objectives: To establish the relationship between various nuclear changes with radiation dose and to explore the 
possibility of utilizing them as an assay to predict tumor response to radiotherapy.
Study Design: Study group consisted of 20 patients with histologically proven oral squamous cell carcinoma trea-
ted by fractionated radiotherapy, receiving a total of 60 Gy of external beam radiation in 30 fractions of 2 Gy each 
given daily. Serial scrape smears were collected from the lesion and contralateral normal site before the start of 
treatment and after 4th, 8th, and 12th fraction. Staining with acridine orange fluorescent dye and May-Grunwald 
Giemsa stain was done to assess nuclear abnormalities like micronucleation, nuclear budding, binucleation, and 
multinucleation. These were then correlated with tumor response. 
Results: Statistically significant dose related increase in all nuclear abnormalities was observed with micronuclea-
tion being the most reliable independent parameter for assessing radiation induced damage of cancer cells. Nuclear 
abnormalities were significantly higher in lesional tissue than normal but did not show statistically significant 
correlation with tumor response though there was a trend towards higher counts in patients with good tumor res-
ponse. 
Conlusion: A direct dose-response relationship exists between the frequencies of various nuclear abnormalities and 
radiation exists in oral squamous cell carcinoma patients undergoing fractionated radiotherapy. Further studies are 
required to improve the understanding of the role of these changes in predicting tumor radiosensitivity.     
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Introduction
Cancer of oral cavity is one of the most common can-
cers in the world and is a major cause of morbidity and 
mortality. Developing countries have the world’s highest 
reported incidence of oral cancer with squamous cell 
carcinoma being the most common histological type. 
Radiotherapy is frequently used as a standard treatment 
for carcinoma of the oral cavity either alone or in com-
bination with surgery.(1) The reaction of tumor tissue, 
as well as the surrounding oral tissues, to radiotherapy 
depends on their growth rate and inherent susceptibility 
to radiation, which often shows a marked inter-indivi-
dual variability making it difficult to assess and predict 
the outcome of the treatment for individual patients. The 
estimation of radiosensitivity of individual tumors will 
be essential not only in choosing the treatment, but also 
for planning the optimum radiation schedule for each 
patient.
Efforts to develop tests which could predict the response 
of tumor to radiotherapy in an individual patient have 
been made in past and are still being pursued. Early in-
vestigators used biopsies from the lesional site in order 
to predict response to radiotherapy.(2) Later Graham pio-
neered the use of exfoliative cytology to assess radiation 
related changes in cervical cancer and found them useful 
in predicting response to the treatment.(2) Graham’s ra-
diation response (RR) test, though reproduced by some 
later studies, was not universally accepted as an indi-
cator for treatment outcome.(3) Nucleoprotein patterns 
of irradiated malignant exfoliated cells as well as per-
sistence of malignant cells in smears after completion 
of therapy were also proposed to correlate with clinical 
outcome.(4) Recently attention has been drawn towards 
the role of radiation induced acute nuclear changes as 
an assay to assess radiosensitivity.(5-11) In past micro-
nucleus has been recommended as an “internal biologic 
dosimeter” for radiation exposure(12) and some studies 
have shown it to be a reliable indicator of radiosensitivi-
ty of tumors.(13)
The current pilot study was undertaken to establish the 
relationship between various nuclear changes with radia-
tion dose and to explore the possibility of utilizing them 
as an assay to predict tumor response to radiotherapy. 

Material and Methods 
The study was conducted in the Department of Oral Pa-
thology and Microbiology, Manipal College of Dental 
Sciences, Mangalore, India. The study group consisted 
of 20 patients with histologically proven squamous cell 
carcinoma of oral cavity treated by radical radiotherapy 
alone at the Department of Oncology & Radiotherapy, 
Kasturba Medical College Hospital, Mangalore. Each 
patient received a total of 60 Gy of external beam radia-
tion in 30 fractions of 2 Gy each given daily, five times 
a week, over a period of six weeks. Only those patients 

who satisfied the above criteria and were followed up 
for at least one month post therapy were included in the 
study. Any patient treated with other modalities, like 
surgery or/and chemotherapy, in conjunction with radio-
therapy or with radiation schedules different from the 
above mentioned were excluded from the study. Patients 
with tumors in inaccessible areas from  where a proper 
smear collection was not feasible or patients who did 
not had a follow-up of at least one month post treatment 
were also excluded. 
Complete case history and clinical findings of each pa-
tient were recorded after a thorough examination of the 
oral cavity. Pretreatment scrape smears were collected 
from each patient before the start of the treatment for ba-
seline information. Two scrapings each [one for acridine 
orange (AO) fluorescent staining and the other for stai-
ning with May-Grunwald Geimsa (MGG) stain] were 
made from the lesion as well as contralateral apparently 
normal appearing mucosa. For ulcerated lesions the scra-
pings were made from the edge of the ulcer, taking care 
to avoid necrotic areas and slough. Subsequently three 
more scrape smears were taken from the same sites after 
delivery of 8, 16, 24 Gy of radiation. Smears were not 
collected after 24 Gy because radiation mucositis made 
it difficult to clinically differentiate the margins of tumor 
from normal tissue. Scrapings were made with the help 
of a sterile wooden spatula moistened in distilled water. 
The obtained material was immediately smeared on a 
grease free glass slide. Smears to be stained with AO 
stain were immediately fixed in equal volume of ether 
and alcohol, while those to be stained with MGG stain 
were air dried and then fixed in methyl alcohol.
A total of five hundred random epithelial cells were 
counted in each smear from the affected and unaffec-
ted site of each patient and the results were expressed as 
number of cells showing nuclear abnormality per 1000 
cells. Poorly preserved cells, cell clumps, and cells with 
indistinct or disintegrated nuclear membrane were not 
counted. 
Four types of nuclear changes were evaluated and the 
criteria used for identification of the same were as fo-
llows:
Micronucleation: intra-cytoplasmic, DNA staining bo-
dies found in the same plane as the main nucleus with 
same or slightly lesser staining intensity, less than one-
third the size the main nucleus, placed within two nu-
clear diameters from the main nucleus but distinctly se-
parate from it (Fig 1a, 2a). 
Nuclear budding: bodies similar to micronuclei except 
for the fact that their separation from the main nucleus 
was indistinct (Fig 1b, 2b). 
Binucleation: two nuclei in a single cell with no micro-
nucleus or nuclear budding (Fig 1c, 2c).
Multinucleation: more than two nuclei in a single cell 
with no micronucleus or nuclear budding (Fig 1d, 2d). 
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In addition to analyzing the above parameters individua-
lly, total number of cells showing nuclear abnormalities 
was also calculated by computing the sum of all the cells 
showing any of the above parameters. This was consi-
dered as a separate parameter and named abnormally 
nucleated cells (ANC). 
One month after the end of treatment the patients were 
examined for primary tumor response based on the re-
duction in tumor size which was calculated by compa-
ring the maximum diameter of the lesion with the maxi-
mum diameter at the start of the treatment. Depending 
on this the patients were divided into three categories: 

Good response: No evidence of primary tumor.
Partial response: Reduction in the size of tumor by 50% 
or more.
Poor response: Less than 50% reduction in the size of 
tumor or progressive primary lesion. 
The tumor response was then correlated with the various 
parameters evaluated and the results thus obtained were 
subjected to statistical analysis using Mann Whitney ‘U’ 
test, Kruskal Wallis test, and Wilcoxon signed rank sum 
test. Statistical package SPSS version 11.0 software was 
used for the statistical analysis. A p value of 0.05 or less 
was considered to be statistically significant. 

Fig. 2. shows various radiation induced nuclear abnormalities in 
conventional bright field microscopy (a) micronucleus; (b) nuclear 
budding; (c) binucleation; (d) multinucleation. (May Grunwald 
Geimsa stain, 100 X)

Fig. 3. (a) shows change in the counts of various nuclear abnormalities with increasing radiation dose; (b) shows the relationship of nuclear 
parameters with response to radiotherapy. 

Fig. 1. shows various radiation induced nuclear abnormalities in 
fluorescent microscopy (a) micronucleus; (b) nuclear budding; (c) 
binucleation; (d) multinucleation. (Acridine Orange stain, 100 X)
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Results 
No statistically significant differences were observed in 
the counts obtained by the two techniques used hence 
only the values obtained by fluorescent technique were 
considered for interpretation of the findings of the study 
in this paper. All the nuclear abnormalities that were stu-
died i.e. micronucleation, nuclear budding, binucleation, 
and multinucleation, showed a dose dependent increase 
in response to radiation (Table 1, Fig 3a). The mean in-
crease in the counts of these parameters was calculated 
by taking the difference between the values at 24 Gy and 
pretreatment value (Table 2).
Micronucleation: an increase in the counts of cells 
showing micronucleation was observed with increa-
sing radiation dose. The frequency of micronucleated 
cells increased from a baseline value of 0.9/1000 cells 
to 19.2/1000 cells on the normal side and from 1.8/1000 
cells to 22.6/1000 cells on the lesional side. The mean 
increase on the normal and lesional sides was 18.3 and 
20.3 per thousand cells respectively. This increase was 
statistically significant (p=0.001).  
Nuclear budding: cells showing nuclear budding also 
increased significantly (p=0.001) from their baseline 
counts of 0.6 and 0.4 per thousand cells on the normal 

Parameter Site Dose of radiation

Baseline 8 Gy 16 Gy 24 Gy

Micro-
nucleus

N Mean ± S.D.
Z (p)

0.9 ± 1.373 3.6 ±  2.563
3.143 (0.001)

11.5 ± 2.563
3.939 (0.001)

19.2 ± 2.563
3.941 (0.001)

L Mean ± S.D.
Z (p)

1.8 ± 1.576 6.2 ± 4.047
3.712 (0.001)

14.8 ± 3.750
3.935 (0.001)

22.6 ± 4.260
3.943 (0.001)

Nuclear 
budding

N Mean ± S.D.
Z (p)

0.6 ± 1.142 0.7 ± 1.174
0.333 (0.748)

2.8 ± 2.093
3.131 (0.001)

5.0 ± 3.078
3.868 (0.001)

L Mean ± S.D.
Z (p)

0.4±  1.046 1.6 ± 1.536
2.125 (0.028)

4.0 ± 2.596
3.669 (0.001)

5.9 ± 2.198
3.863 (0.001)

Bi-nuclea-
tion

N Mean ± S.D.
Z (p)

3.3 ± 2.452 5.9 ± 3.754
2.606 (0.009)

15.8 ± 5.307
3.894 (0.001)

27.0 ± 6.633
3.924 (0.001)

L Mean ± S.D.
Z (p)

3.2 ± 2.546 6.8 ± 5.043
2.690 (0.007)

18.6 ± 5.915
3.927 (0.001)

29.4 ± 6.056
3.927 (0.001)

Multi-nu-
cleation

N Mean ± S.D.
Z (p)

0.1 ± 0.447 0.2 ± 0.616
1.000 (0.314)

0.4 ± 1.046
1.134 (0.257)

0.9 ± 1.651
1.960 (0.05)

L Mean ± S.D.
Z (p)

0.1 ± 0.447 0.2 ± 0.894
0.447 (0.655)

0.9 ± 1.210
2.309 (0.021)

1.2 ± 1.642
2.598 (0.009)

ANC 
N Mean ± S.D.

Z (p)
4.7 ± 3.511 10.4 ± 5.897

3.280 (0.001)
30.5 ± 7.193
3.929 (0.001)

52.4 ± 11.10
3.924 (0.001)

L Mean ± S.D.
Z (p)

5.5 ± 3.171 14.8 ± 8.167
3.712 (0.001)

38.3 ± 8.007
3.924 (0.001)

59.2 ± 9.070
3.926 (0.001)

Table 1. Mean counts of various nuclear abnormalities at different radiation doses from baseline to 24 Gy (N = Normal buccal mucosa; L = 
Lesion; S.D. = Standard Deviation; Z = Wilcoxon signed rank sum test; p < 0.05 – Significant)

Parameter Site Increase in 
counts from 
baseline to 

24Gy

Z
(P)

Micro-nucleus
N 18.3 1.9070

(0.049)L 20.8

Nuclear budding
N 4.4 1.936

(0.05)L 5.5

Bi-nucleation
N 23.7 0.97900

(0.328)L 26.2

Multi-nucleation
N 0.8 0.80000

(0.424)L 1.1

ANC
N 47.7 2.14400

(0.032)L 53.7
Table 2. Comparison of increase in counts of various nuclear para-
meters from baseline to 24 Gy radiation between normal and lesional 
side. (N = Normal buccal mucosa; L = Lesion; Z = Mann Whiteney 
‘U’ test; p < 0.05 – Significant)
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and lesional side respectively to 5.0 and 5.9 per thousand 
cells at 24 Gy. The mean increase was 4.4 and 5.5 per 
thousand cells on the normal and lesional side respec-
tively. 
Binucleation: counts of binucleated cells increased from 
the baseline values of 3.3 and 3.4 per thousand cells on 
the normal and lesional sides respectively to 27.0 and 
29.2 per thousand cells at 24 Gy. The mean increase was 
23.7 and 26.2 per thousand cells which was statistically 
significant (p=0.001). 
Multinucleation: multinucleated cells increased sig-
nificantly from 0.1 per thousand cells to 0.9 at 24 Gy 
(p=0.05) on the normal side and from 0.1 per thousand 
to 1.2 at 24 Gy (p=0.01) on lesional side. The mean in-
crease was 0.8 and 1.1 per thousand cells on normal and 
lesional side respectively. 
ANC: counts of abnormally nucleated cells increased 
significantly (p=0.001) from pretreatment values of 4.7 
and 5.5 per thousand cells on the normal and lesional si-
des respectively to 52.4 and 59.2 per thousand cells at 24 
Gy. The mean increase was 47.7 and 53.7 per thousand 
cells respectively. 
It was observed that the counts of all nuclear abnormali-
ties were higher on the lesional side at all fractions and 
so were the increase in counts from the baseline value to 
24 Gy (Table 1 & 2). When comparison between mean 
increase in counts on the lesional side to those on the 
normal side was made using Mann-Whitney “U” test, 
a statistically significant difference was observed in the 
counts of micronucleation (p=0.049), nuclear budding 
(p=0.05), and ANC (p=0.032) while increase in the 
counts of binucleation and multinucleation were not sig-
nificantly different between the two sites (Table 2).
No statistically significant correlation could be found 
between the increase in counts of any nuclear abnorma-
lity with tumor response (Table 3) but a trend was obser-
ved with all nuclear anomalies, except multinucleation, 
showing tendency for greater increase in those patients 
having a better tumor response (Fig 3b).              

Discussion
Radiation as a modality for treatment of malignancies 
has been used for over a century now. Along with sur-
gery it forms one of the mainstays in the management of 
OSCC. (1) Reaction of malignant cells as well as the su-
rrounding oral tissues to radiotherapy depends on their 
radiosensitivity, but the variability in host-tumor respon-
se makes it difficult to assess and predict the outcome of 
such treatment in an individual patient. Radiation exerts 
its effect on both normal as well as malignant cells 
mainly by causing chromosomal injury, the endpoint of 
which can be detected by the frequency of micronucleus 
in dividing cells. Micronuclei are acentric fragments of 
a chromosome that lag during cell division and are not 
incorporated in the main nucleus. These are formed due 
to genotoxic damage to the cell e.g. radiation induced 
chromosomal injury and represent a lethal genomic in-
jury that may play an important role in killing of tumor 
cells by ionizing radiations. The micronucleus test in 
peripheral blood lymphocytes and epithelial cells has 
been extensively used for monitoring genotoxic dama-
ge, caused by chemicals(14) and ionizing radiations(15), 

as well as the effectiveness of chemopreventive agents 
used against cancer(16). Micronucleus assay in cultured 
lymphocytes by the cytokinesis block method is recom-
mended as a biologic dosimeter for radiation exposure.
(12)
Apart from micronucleation other nuclear changes like 
nuclear budding, binucleation, and multinucleation have 
also been reported as effects of radiation.(5) Nuclear bu-
dding is thought to represent a micronucleus which has 
been overlapped by the main nucleus or incompletely 
expelled during karryokinesis and thus remains conti-
guous with the main nucleus. It may also represent direct 
effect of radiation on the nuclear membrane leading to 
nuclear blebing.(5) Radiation may also cause damage to 
pericetreolar matrix leading to multipolar mitosis which 
can result in formation of a multinucleated cell. Radia-
tion induced peroxidation of membrane lipids can cause 

Tumor
Response N

Micronucleus Nuclear bu-
dding Binucleation Multinucleation ANC

Mean (S.D)

Good
Partial
Poor

8
7
5

22.00 (1.85)
20.57 (2.51)
20.40 (4.56)

7.00 (5.45)
6.00 (4.32)
5.60 (2.19)

25.00 (5.35)
23.43 (3.96)
22.00 (4.24)

1.25 (1.49)
1.14 (1.95)
2.00 (1.41)

55.25 (3.99)
50.86 (10.06)
50.00 (4.69)

H (p) 1.11 (0.57) 0.02 (0.99) 1.24 (0.54) 0.97 (0.62) 2.44 (0.30)

Table 3. Correlation between mean increase in nuclear abnormalities in lesional smears with tumor response (N = No. of cases; S.D. = Standard 
Deviation; H = Kruskal-Wallis test; p < 0.05 – Significant)  
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damage to cell membrane which may result in failure 
of cytoplasmic division after nuclear division has taken 
place leading to formation of a binucleated cell. Further 
division in such a cell would lead to multinucleation.(5) 

Radiation induced nuclear damage will ultimately lead 
to clonogenic cell death i.e. the cell will be rendered 
incapable of producing a progeny, and hence prolifera-
tion of that clone is inhibited. Thus the cell undergoes a 
functional or reproductive death though it may be physi-
cally alive for some time. 
The results of our study show a dose related change in 
all the nuclear parameters that were studied i.e. micro-
nucleation, nuclear budding, binucleation, and multi-
nucleation. These findings are consistent with previous 
studies where a similar dose related increase in nuclear 
abnormalities has been reported.(5-11) 

Another finding which is evident in the present study is 
a non-linear increase in the counts of nuclear abnorma-
lities on exposure to increasing doses of radiation. It can 
be observed from the graphs (Fig. 3a) that the elevation 
in the frequencies of the various nuclear abnormalities 
follows a gentle curve up till 8 Gy but after that the rise 
is comparatively much steeper. A similar “hockey stick” 
curve for induction of micronuclei in lymphocytes ex-
posed to ionizing radiation has been previously reported 
and may result from DNA repair processes taking pla-
ce at low radiation doses leading to rejoining of DNA 
strand breaks during the S phase of cell cycle before the 
cell enters the mitotic phase.(17) With an increase in the 
radiation dose the repair capacity of the cell will decrease 
while the amount of chromosomal damage will increase 
leading to accumulation of unrepaired DNA fragments 
which will lead to formation of more numbers of micro-
nuclei and nuclear buddings. A similar accumulation of 
unrepaired damage to the cell membrane at higher doses 
of radiation will lead to an increase in the counts of bi-
nucleated and multinucleated cells too.     
The micronuclei counts were found to increase steadily 
with increasing doses of radiation. A dose-response re-
lationship between the counts of micronucleated cells 
and radiation has previously been reported both in vitro 
and in vivo(18) as well as in OSCC patients receiving 
radiation therapy.(5-11) Hence the results of this study 
support the view that micronucleus is a sensitive indi-
cator of chromosomal damage caused by ionizing radia-
tion. A rise in the count of cells showing nuclear budding 
was also seen with increasing radiation dosage but this 
increase was more significant only after dose of 16 Gy. 
Lack of significant increase in nuclear budding during 
initial phase of the treatment can also be explained by 
efficient DNA repair at low doses of radiation as stated 
above. 
The count of binucleated cells also increased with in-
creasing radiation exposure, which is in agreement with 
previous studies. Binucleation is not thought to be cau-

sed by a direct effect of radiation on the nucleus rather 
it may represent damage to cell membrane due to ra-
diation induced peroxidation of membrane lipids lea-
ding to inability of the cell to undergo cytokinesis.(9) 

A binucleated cell may also be formed by certain non 
radiation-induced mechanisms, and it may represent a 
mitotic cell which has not undergone cytokinesis as yet.
(5,9) A substantially higher count of binucleated cells in 
the pretreatment smears in comparison to other nuclear 
abnormalities, as observed in the present study, supports 
the hypothesis that a subset of these cells may be formed 
by certain other non radiation induced mechanisms. This 
is also supported by the fact that binulceated cells have 
also been reported in smears from normal oral mucosa 
of healthy controls as well as OSCC patients without any 
genotoxic exposure.(19) In the present study high counts 
of binucleated cells, as compared to other nuclear abnor-
malities, is seen at all levels of radiation exposure. This 
population of binucleated cells may be composed of two 
subpopulations. A proportion of these binucleated cells 
will represent lethal radiation injury, where as some may 
represent undamaged dividing cells, as tissues are known 
to repopulate after exposure to fractionated radiation. As 
in a smear it is impossible to differentiate between binu-
cleated cells formed due to radiation injury from those 
formed by other non radiation-induced mechanisms, the 
significance of binucleation as an indicator of radiation 
damage in oral smears remains unresolved. 
Two mechanisms of radiation induced multinucleation 
have been proposed. Cell membrane damage can lead to 
binucleation as discussed above and a further division 
in one or both of the nuclei in a binucleated cell will 
lead to multinucleation. Another proposed mechanism is 
due to radiation induced damage to pericentriolar ma-
trix leading to multipolar mitosis.(9) In the present study 
although a net increase in the count of multinucleated 
cells is seen, it is significant only at 24Gy (Table 1). Also 
the counts of multinucleated cells were lower than the 
counts of other nuclear abnormalities at all doses. Pre-
vious studies have reported higher count of multinuclea-
ted cells than that observed in our study.(9) One of the 
reasons for low counts of multinucleated cells in our ob-
servations may be due to the fact that in the present stu-
dy the slides were scored at 100X magnification, which 
might have resulted in discounting of a number of these 
cells as overlaps that may have appeared to be multinu-
cleated at 40X magnification used in previous studies. 
Hence the relationship of multinucleation with radiation 
needs further investigation. 
A comparison between the counts of various radiation-
induced nuclear abnormalities, at similar radiation do-
ses, among different studies revealed a marked variation 
in the frequency of these parameters.(5-11) A large inter 
laboratory variability has been observed in scoring of 
micronucleus frequency in an extensive study perfor-
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med to address this issue.(20) It was suggested that in-
terpretation of scoring criteria ultimately depends on the 
subjective evaluation of each scorer and laboratory, so 
that some laboratories may be more cautious in accep-
ting a cell showing micronucleation than others. Ano-
ther practical limitation may be the quality of the optics 
of microscope used. Also it has been suggested that the 
scorer’s experience plays an important role in scoring 
the cells.(20) Similar inter-laboratory variations may 
also be seen in case of other radiation induced nuclear 
changes. In light of this large inter-laboratory variability 
comparisons of data from different studies may not be 
very accurate. We suggest that strict criteria to evalua-
te these parameters need to be established before using 
them as an assay for radiosensitivity prediction.  

A marked inter-individual variation in the baseline fre-
quencies of micronucleus has been reported which has 
been a cause of concern in utilizing this assay as an indi-
cator of genotoxic exposure.(21,22) This may also hold 
good for other nuclear anomalies too. Thus the count of 
these parameters at any given dose of radiation may be 
influenced by their baseline frequencies. In the present 
study, the mean increase in the counts of various para-
meters was calculated by computing the difference in 
the baseline frequencies and the counts at 24 Gy (Table 
2). This mean increase in the count has been used for 
various comparisons based on the premise that this may 
be a better representation of radiation-induced damage 
as compared to the absolute counts of these parameters 
at 24 Gy. It has been advocated that for studying geno-
toxic exposure using the micronucleus assay, the study 
subjects can themselves act as controls.(23)
It was observed that the counts of nuclear anomalies was 
higher in the lesional smears, as compared to those co-
llected from normal buccal mucosa, at all doses of radia-
tion (Table 1). Also the mean increase in the counts of 
nuclear abnormalities was higher in the lesional smears 
(Table 2). This can be explained by the fact that radiation 
exerts its lethal effect during the time of cell division and 
as the studied parameters represent endpoints of mitotic 
cell death, their counts are higher in tumor cells which 
have a higher proliferative activity as compared to the 
cells from normal mucosa. Another reason for this diffe-
rence in the counts in lesional and normal smears may be 
explained by the difference in the cell kinetics between 
the normal and tumor tissue. Cells have been shown to 
vary in radiosensitivity at different phases of cell cycle.
(24) Because a cell population at any given time is asyn-
chronous in relation to cell cycle, the radiosensitivity of 
the cells also varies i.e. some cells may be in a more ra-
diosensitive phase than others. After exposure to a dose 
of radiation the surviving cells in an initially asynchro-
nous population will partially become synchronized in a 
relatively radioresistant phase of cell cycle, because of 
preferential killing of cells in radiosensitive phases. Pro-

liferating cells, particularly tumor cells, show a wide va-
riation in the rates at which they move from one mitotic 
phase to the next when compared to normal cells which 
do not show marked variation. These large variations in 
proliferation rates ensure an early redistribution of tu-
mor cells to sensitive phases before the next radiation 
exposure. Such redistribution produces a net “self sensi-
tization” which does not occur in non-proliferating cell 
population. Thus fractionation of dose enhances the the-
rapeutic ratio by permitting division cycle redistribution 
among surviving tumor cells but not in late responding 
normal tissue. Hence a larger number of tumor cells are 
killed at every fraction as compared to normal tissue.
(25) Even though all nuclear abnormalities increased to 
a greater extent in the lesional smear this difference was 
statistically significant only for miconucleation and nu-
clear budding showing them to be more sensitive indi-
cators for radiation damage. Previous studies have also 
shown these two to be superior markers to other parame-
ters in assessing radiation induced cellular changes.(10)  
It was also observed from the results that a combination 
of these nuclear anomalies (taken as a separate parame-
ter) may have a greater sensitivity for assessing radiation 
induced changes (Table 2). Since all these parameters 
are indicators of clonigenic cell death their combined 
count will naturally be expected to be a better indicator 
of the final outcome than any one of them alone.  
Our data failed to show a statistically significant corre-
lation between the counts of nuclear abnormalities and 
tumor response but a definite trend was observed with 
all nuclear parameters, except multinucleation, showing 
greater increase in counts in patients having better tumor 
response (Fig. 3b, Table 3). One of the reasons for the 
lack of such correlation in our study could be due to a 
small sample size as well as a short follow-up period. 
Another limitation of the present study is that the stu-
dy group was diverse and consisted of patients in va-
rious stages of the disease. The support for reliability of 
micronucleus assay in prediction of radioresponse has 
been equivocal. Though some studies show a positive 
correlation between the micronucleus counts and tumor 
radiosensitivity(6,7), others have failed to find any such 
correlation.(26-28) Emphasis has been given to the role 
of other mechanisms of cell death, e.g. radiation-indu-
ced apoptosis, in conjunction with mitotic cell death in 
determining tumor radiosensitivity.(28) In fact radiation-
induced apoptosis has been shown to affect the correla-
tion between micronucleus formation and cell survival.
(29,30) Cell lines producing low levels of micronuclei 
have been found to be more susceptible to radiation in-
duced apoptosis, suggesting that assessment of both me-
chanisms of cell killing may be required to predict cell 
survival.(30) 
To conclude, the results of the present study show that 
a direct dose-response relationship between the fre-
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quencies of various nuclear abnormalities and radiation 
exists in oral squamous cell carcinoma, as assessed by 
studying sequential smears from patients undergoing 
fractionated radiotherapy. Micronucleation and nuclear 
budding appear to be the most reliable markers for ra-
diation damage among all anomalies. The study does 
not show a direct statistically significant correlation 
between the frequencies of nuclear abnormalities with 
primary tumor response though a trend towards higher 
counts in more radiosensitive tumors is seen. There is 
a need for further studies with larger sample size, well 
defined patient cohorts, and longer follow-up to improve 
the understanding of the role of these changes in predic-
ting tumor radiosensitivity.     
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