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The referral patients have undergone neither chemotherapy 
nor radiotherapy earlier. Prior to the collection of samples, 
case‑history of the patients relating to their age, sex, food 
habits, oral hygiene, and addiction to the tobacco and alcohol 
were asked and recorded on the prepared questionnaire for 
detailed analysis.
The recorded age of the patients ranges from 30 to 87 years. 
Therefore, the collected samples were grouped into three broad 
age groups, such as 30‑49, 50‑69 and 70‑89 years. The relative 
proportion of the patients was found to be more (51.5%) in 
the age group of 50‑69 years than the other two. Considering 
the food habits of the patients, 92.7% were non‑vegetarian 
who prefer to take meat, fish and eggs while 7.3% were 
vegetarian. In non‑vegetarian group, the percentage of males 
was more (96.3%) than the females (87.1%). Along with the 
alcohol, the non‑vegetarians prefer to take either meat or fish or 
eggs 3‑4 times within a week. On the contrary, the percentage 
of females is more (12.9%) than the males (3.7%) under 
vegetarian category. Basing on the degree of pathogenicity, 
32 (23.5%) males and 23 (16.9%) females were precancerous 
cases and 50 (36.8%) males and 31 (22.8%) females were 
cancerous ones. Considering the nature of addiction, out of 136 
cancer‑affected individuals, 126 (92.7%) were addicted to either 
different forms of tobacco or alcohol or both for more than 
15 years and the rest 10 (7.3%) were non‑addicted.
Age group, oral site and sex‑matched parallel set of 
136 samples were also collected from the non‑addicted and 
non‑cancerous healthy individuals from different regions of 
Odisha as normal or control group. In other words, out of 136 
normal individuals, none of them was addicted to any habit in 
control group.
Collection of samples
Exfoliated scrape smears were collected from the clinically 
diagnosed 136 patients suffering from oral precancerous and 
cancerous lesions. Smearing was done on the pre‑cleaned‑coded 
microslides and the smeared slides were immediately fixed 

An in vivo cytogenetic analysis of human oral squamous cell carcinoma
Abhimanyu Mohanta, Prafulla K. Mohanty, Gadadhar Parida1

Abstract
Background: Oral cancer ranks in the top three of all cancers in India, which accounts for over 30% of all cancers reported in the country. The micronucleus 
test (MNT) is one of the most widely applied short term tests used in genetic toxicology to evaluate the mutagenicity and carcinogenicity. Aims: The present 
study aims at an in vivo cytogenetic analysis of human oral squamous cell carcinoma and to assess the applicability of MNT in diagnosing early detection of oral 
carcinoma. Materials and Methods: Exfoliated scrape smears were collected from the clinically diagnosed 136 patients suffering from oral precancerous and 
cancerous lesions. The wet fixed smears were stained by adopting Papanicolaou’s staining protocol and counter‑stained with Giemsa’s solution. Results: The 
frequency of micronucleated cells has been observed to be in increasing order with the increase of the age‑groups and from control to precancerous to 
cancerous cases significantly in both sexes. Conclusion: Micronucleus formation in the oral mucosa could be a biomarker of genetic damage and also a 
potential onco‑indicator in the long run of oral carcinogenesis. Therefore, MNT can be applied for the early detection of oral carcinoma in the human being.

Key words: Exfoliated scrape smear, micronucleated cell, micronucleus test, precancerous and cancerous epithelium, nuclear entropy, carcinogenicity and 
pathogenicity

Access this article online
Quick Response Code:

Website: www.sajc.org

DOI: 10.4103/2278-330X.173178

Introduction
Oral cancer in biomedical term is known as oral squamous 
cell carcinoma (OSCC) ranks in the top three of all cancers 
in India, which accounts for over 30% of all cancers reported 
in the country.[1,2] Since, the oral cavity is more accessible to 
complete examination; it could be used in early detection of 
precancerous and cancerous lesions. However, either due to 
ignorance or inaccessibility of medical care, the disease gets 
detected in the later stages. As a result, the survival index 
continues to be small (50%), as compared to the progress 
in diagnosis and treatment of other malignant tumors.[3] No 
doubt, cytopathology followed by biopsy (histopathology) have 
become a routine procedure for the detection of various stages 
of cancer. Micronucleus test has been accepted as an in vivo 
cytogenetic analysis and a primary tool for the early detection 
of OSCC in human population.[4‑6]

The MNT is one of the most widely applied short term tests 
used in genetic toxicology and is an important test implemented 
by the regulatory authorities of different countries to evaluate 
mutagenicity of, and sensitivity to, xenobiotics.[7] Although, the 
scope of this test is continuously broadening by incorporating 
new technologies for the detection of the different genetic 
alterations, the MNT is often used to predict the carcinogenic 
potential of various compounds.[8,9] In the present study, the 
frequency of micronucleated cells (MNCs) of human oral 
exfoliated scrape smears of normal, precancerous and cancerous 
epithelia have been scored, statistically analyzed and interpreted 
to assess the applicability of MNT in diagnosing early detection 
of oral carcinoma.
Materials and Methods
The patients
In this case‑control study, a total of 136 cases, of which 
82 (60.3%) males and 54 (39.7%) females were taken into 
account. All these were referral patients from different hospitals 
of Odisha and were registered for the 1st time treatment at the 
Out Patient Department of Acharya Harihar Regional Cancer 
Center, Cuttack, Odisha, during May 2007 to May 2009. 
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Table 1: Age group and sex‑wise frequency of MNCs in control and cancer affected groups
Group Age group 

in years
Number of 

samples screened
Number of 

MNCs scored
Percentage of 

MNCs
Mean percentage 

of MNCs
Critical ratio 

(Z value)*
Male Female Male Female Male Female Male Female Male Female

Control 30‑49 33 11 07 02 0.021 0.018 0.026 0.020 ‑ ‑
50‑69 34 36 09 07 0.026 0.019
70‑89 15 07 06 02 0.068 0.028

Total 30‑89 82 54 22 11 0.226 0.020 0.026 0.020 ‑ ‑
Pre‑cancerous 30‑49 08 05 48 26 0.60 0.52 0.753 0.613 14.910* 11.442*

50‑69 18 14 139 85 0.77 0.60
70‑89 06 04 54 30 0.90 0.75

Cancerous 30‑49 25 06 425 79 1.70 1.316 1.986 2.029 31.285* 25.016*
50‑69 16 22 336 463 2.109 2.104
70‑89 09 03 232 87 2.57 2.90

Total cases 30‑89 82 54 1234 770 1.504 1.425 1.504 1.425 34.472* 27.353*
*Significant at 1% level (P<0.01) of confidence, where Z=2.576. MNCs=Micronucleated cells

in aceto‑alcohol (1:3) fixative. Two slides were smeared and 
prepared from each affected sites of the patient.
Staining protocol and scoring of micronuclei
The wet fixed smears were stained by adopting Papanicolaou’s 
staining protocol and counter‑stained with Giemsa’s solution. 
One thousand cells were screened and the micronucleated 
cells were scored from each stained sample following standard 
criteria.[10] Although more than one micronuclei were observed 
in oral squamous cells, the scored elements were the MNCs 
and not the number of micronuclei.[11]

Statistical analysis
Findings were statistically analyzed, interpreted and correlated 
with the age group, sex and degree of pathogenicity. Test of 
proportion (Z‑test) was followed and the critical ratio (Z‑value) 
was calculated for the test of significance.
Results
The MNCs in the exfoliated scrape smears of buccal mucosa 
were found to contain either a single micronucleus or more 
number of micronuclei within a cell [Figures 1 and 2]. 
The scored number of MNCs in control, precancerous and 
cancerous groups was tabulated and their frequencies were 
calculated [Table 1]. A total of 7 (0.021%) MNCs from 
34 samples, 9 (0.026%) from 33 and 6 (0.068%) MNCs from 
15 samples of male individuals were scored in the control group 
in the age group of 30‑49, 50‑69 and 70‑89 years, respectively. 
The mean percentage of MNCs was calculated to be 0.026 in 
males. In the case of females, the number and percentage of 
MNCs were scored to be 2 (0.018%) from11, 7 (0.019%) from 
36 and 2 (0.028%) from 7 individuals in 30‑49, 50‑69 and 
70‑89 year of age groups, respectively. The mean percentage of 
MNCs was recorded to be 0.020 in females.
In precancerous group, the number (percentage) of MNCs 
were recorded to be 8 (0.60%) from 8 males and 26 (0.52%) 

from 5 females, in 30‑49 year age group. In the age group of 
50–69 years, the scored MNCs were 139 (0.77%) in18 males 
and 85 (0.60%) in14 females. In 70‑89 years of age group, 
54 (0.90%) MNCs from 6 males and 30 (0.75%) MNCs from 
4 females were scored. Thus, the mean percentages of MNCs 
were estimated to be 0.753 in males and 0.613 in females, 
respectively. The critical ratios in the precancerous group 
were calculated to be 14.91 in males and 11.442 in females 
which were observed to be more than the Z‑values of normal 
distribution at 1% level of significance.
Scoring the samples from cancerous group, the 
number (percentage) of MNCs were reported to be 
425 (1.70%) from 25, 336 (2.10%) from 16 and 232 (2.57%) 
from 9 males in 30‑49, 50‑69 and 70‑89 years of age groups, 
respectively. The average percentage of MNCs was 1.986 in 
males. In case females, the recorded numbers (percentage) 
of MNCs were 79 (1.316%) from 6, 463 (2.104%) from 
22and 87 (2.90%) from 3 patients in the respective age group 
of 30‑49, 50‑69 and 70‑89 years. The average frequency 
was calculated to be 2.029 in females. The Z‑values were 
found to be 31.285 in males and 25.016 in females. In both 
precancerous and cancerous groups, the Z‑values in males and 
females were observed to be significantly (P<0.001) higher 
than the normal observed value.
Discussion
World Health Organization has defined oral precancerous lesion 
as a morphologically altered tissue that is more likely to be 
transformed into cancer than its normal counterpart. Since, the 
formation of micronuclei in eukaryotic cells is an end point 
of chromosomal damage or segregation errors, the presence of 
micronuclei reflects a genotoxic or carcinogenic exposure.[12] 
The direct correlation between the micronuclei formation and 
genomic damage make the micronucleus assay an efficient 
alteration to the metaphase analysis. Reports of earlier workers 
have shown that analysis of micronuclei in oral mucosal cells 
is a sensitive method for monitoring genetic damage in human 
population.[13,14]

Working with high risk for oral cancer, Ghosh and Parida have 
reported that the frequency of MNCs is higher in males (7.37%) 
than the females (5.90%). They have also reported that the 
frequency of MNCs gradually increases from lower to higher 
age groups in both sexes.[15] After analyzing the frequency of 
MNCs in exfoliated buccal smears, Casartelli et al. have opined 

Figure 1: Bi‑, tri‑ and tetramicronucleated 
condition of oral squamous cells (Giemsa’s 
stain, ×400)

Figure 2: Anisonucleated octamicronucleated 
condit ion of an oral  squamous cell 
(Papanicolaou’s stain, ×400)
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the gradual increase in MNC counts from normal mucosa to 
precancerous lesions to cancerous lesions.[16] Halder et al. have 
investigated and reported a comparative analysis of exfoliated 
oral mucosal cells with micronuclei frequency in normal, 
precancerous and malignant epithelium of 100 persons, in toto. 
They have observed that the average frequency of MNCs in the 
oral mucosal cells of control group was 0.35% (males‑0.39% 
and females‑0.32%). In the subjects of precancerous 
lesion, frequency of MNCs was 0.63% (males‑0.55% and 
females‑0.75%). The frequency of MNCs in the cancer 
patients (pre‑operative) was 1.26% (males‑1.66% and 
females‑1.16%) and in cancer patients (post‑operative) was 
0.44% (males‑0.51% and females‑0.38%).[5] In the present study, 
although post‑operative cases were not included, but it has 
been observed that the frequencies of MNCs were in increasing 
order from lower to higher age‑groups and from normal to 
precancerous to cancerous epithelium significantly. In the same 
age group of all these three groups, the frequencies of MNCs 
were also observed to be in an elevated state. Thus, the present 
finding not only corroborates but also supports the results of 
earlier workers.[5,13,15,16]

Some of the earlier studies have shown no sex‑related 
differences in their MNT results.[17,18] However, some authors 
have described sex as an important variable in the MNT 
with males generally being more sensitive than females to 
the induction of micronuclei.[19] In this study, it has also been 
found that the mean percentage of MNCs differ from a male 
to female in control, precancerous and cancerous groups and 
thus, corroborates with the earlier findings.[5,19] However, the 
mean percentage of MNCs in cancerous group was found to be 
less in males (1.986) than females (2.029) which contradicts the 
earlier outcomes.[15,18]

A genetic progression model for OSCC to explain the 
field cancerization theory has been proposed, by which an 
entire epithelial surface is primed for neoplastic changes 
following prolonged carcinogen exposure, leading to focal 
areas that progress at different rates towards invasive cancer. 
Microsatellite analysis in head‑and‑neck squamous cell cancer 
for allelic loss at 10 major chromosome loci demonstrated that 
the spectrum of chromosomal deletions progressively increases 
at each histopathological step from benign hyperplasia to 
dysplasia to carcinoma in situ to invasive cancer.[20] The most 
common gains in betel quid and/or tobacco chewing associated 
with oral cancers are on chromosomes 8p, 9p, 9q, 11q, 17q 
and 20q and the most frequent losses are in chromosome arms 
3p (genes FHIT and RARB), 4q, 5q, 9q and 18q.[21,22]

In this study, the patients are reported to be habituated with 
chewing and smoking of tobacco and drinking of alcohol 
for more than 15 years. Over many years of such continued 
habit, cellular entropy has increased in the oral epithelia of 
the patients. Due to genotoxicity of tobacco and alcohol, 
cellular entropy increases and cells with abnormal chromosome 
complements are continuously formed. Mohanta et al. have 
recently reported that longer the duration of abuse of tobacco 
and alcohol, greater was the number of MNCs in oral epithelia. 
It has also been observed that chewing and smoking of tobacco 
and drinking of alcohol enhance the rate of formation of 
micronuclei along with other cytological atypias followed by 
OSCC. In their study, they have also reported that appearance of 

higher percentage of MNCs in non‑addicted oral cancer patients 
than the single addicted (chewers, smokers and alcoholics) 
groups, has proved the MNC to be an onco‑indicator and MNT 
to be the simplest tool for the test of genotoxicity as well as for 
the early detection of cancer of the oral cavity.[23]

Considering the frequency of MNCs in oral mucosa of normal, 
precancerous and cancerous groups and their appearance for 
many years, these seem to represent an early detectable marker 
of epithelial carcinogenic progression and micronucleus assay 
in human buccal cells is considered as a tool for biomonitoring 
DNA damage.[7,24] Jadhav et al. have reported that micronucleus 
could be a candidate to serve as a biomarker for the prediction 
of the grade of OSCC.[25]

Conclusion
Considering the above in vivo cytogenetic analysis of human 
OSCC, it is observed that increased frequency of MNCs 
from normal to precancerous to cancerous cases with respect 
to increased age groups in both sexes is a fact. Hence, as 
the second law of thermodynamics is concerned, the entropy 
of buccal mucosa increases with the onset of micronuclei 
formation due to the carcinogenic effect of tobacco and alcohol. 
Longer the period of addiction, greater is the nuclear entropy 
and greater is the genetic damage followed by genesis of more 
number of MNCs. Thus, formation of single micronucleus to 
more number of micronuclei within a cell as well as appearance 
of single MNC to more number of MNCs in the buccal mucosa 
indicates MNC as a bio‑marker of genetic damage and also a 
potential onco‑indicator in the long run of oral carcinogenesis. 
Therefore, MNT can be applied for the early detection of 
OSCC in the human being.
Acknowledgments
Authors are thankful to the Head, P.G. Department of Zoology, 
Utkal University, Vani Vihar, Bhubaneshwar, Odisha for providing 
laboratory and library facilities; to the Director and Head, Department 
of Oncopathology, Acharya Haihar Regional Cancer Center (AHRCC), 
Cuttack, Odisha for permitting us to collect samples from the 
oral cancer patients and also for providing library and laboratory 
facilities. One of us (AM) is grateful to the University Grants 
Commission (UGC), New Delhi, India for awarding UGC Research 
Fellowship to undertake this project.

Financial support and sponsorship 
Nil.
Conflicts of interest
There are no conflicts of interest.
References
1. Elango JK, Gangadharan P, Sumithra S, Kuriakose MA. Trends of head 

and neck cancers in urban and rural India. Asian Pac J Cancer Prev 2006; 
7:108-12.

2. Coelho KR. Challenges of the oral cancer burden in India. J Cancer 
Epidemiol 2012; 2012:1-17.

3. Mehrotra R, Yadav S. Oral squamous cell carcinoma: Etiology, 
pathogenesis and prognostic value of genomic alterations. Ind J Cancer 
2006; 43:60-6.

4. Stich HF, Rosin MP. Micronuclei in exfoliated human cells as a tool 
for studies in cancer risk and cancer intervention. Cancer Lett 1984; 
22:241-53.

5. Halder A, Chakraborty T, Mandal K, Guru PK, Das S, Roychoudhury R, 
et al. Comparative study of exfoliated oral mucosal cells micronuclei 
frequency in normal, precancerous and malignant epithelium. Int J Hum 
Genet 2004; 4: 257-60.

6. Kamboj M, Mahajan S. Micronucleus- an upcoming marker of genotoxic 



Mohanta, et al.: An in vivo cytogenetic analysis of human oral carcinoma

South Asian Journal of Cancer ♦ July-September 2015 ♦ Volume 4♦ Issue 3126

damage. Clin Oral Invest 2007; 11:121-26.
7. Holland N, Bolognesi C, Kirsch-Volders M, Bonassi S, Zeiger E, 

Knasmueller S, et al. The micronucleus assay in human buccal cells as a 
tool for biomonitoring DNA damage: The HUMN project perspective on 
current status and knowledge gaps. Mutat Res 2008; 659:93-108.

8. Zúñiga-González G, Torres-Bugarín O, Zamora-Perez A, Gómez-Meda BC, 
Ramos Ibarra ML, Martínez-González S, et al. Differences in the number 
of micronucleated erythrocytes among young and adult animals including 
humans. Spontaneous micronuclei in 43 species. Mutat Res 2001; 494:161-7.

9. Cristaldi M, Anna Ieradi L, Udroiu I, Zilli R. Comparative evaluation of 
background micronucleus frequencies in domestic mammals. Mutat Res 
2004; 559:1-9.

10. Fenech M, Chang WP, Kirsch-Volders M, Holland N, Bonassi S, Zeiger E, 
et al. HUMN project: Detailed description of the scoring criteria for the 
cytokinesis-block micronucleus assay using isolated human lymphocyte 
cultures. Mutat Res 2003; 534:65-75.

11. Schmid W. Micronucleus test: An in vivo bone marrow method. In Hsu 
TC (editor) Cytogenetic Assays for Environmental Mutagens. New Delhi: 
Oxford and IBH Publishing Co., 1982; P 221-9.

12. Stich HF, Acton AB, Palcic B. Towards an automated micronucleus assay 
as an internal dosimeter for carcinogen-exposed human population 
groups. Recent Results Cancer Res 1990; 120:94-105.

13. Stich HF, Curtis JR, Parida BB. Application of the micronucleus test to 
exfoliated cells of high cancer risk group. Int J Cancer 1982; 30:553-9.

14. Foiles PG, Maglietta LM, Quart E, Kabat GC, Hecht SS. Evaluation of 
32p-Post labeling analysis of DNA from exfoliated oral mucosal cells as 
means of monitoring exposure of the oral cavity to genotoxic agents. 
Carcinogenesis 1989; 10:1429-34.

15. Ghosh UR, Parida BB. Cytological study of exfoliated buccal mucosal 
cells of tribes in Orissa state (India) with high risk for oral cancer. Ind J 
Cancer 1995; 32:95-99.

16. Casartelli G, Bonatti S, De Ferrari M, Scala M, Meeru P, Margarina G, et al. 

Micronucleus frequencies in exfoliated buccal cells in normal mucosa, 
precancerous lesions and squamous cell carcinoma. Anal Quant Cytol 
Histol 2000; 22:486-92.

17. Vanparys P, Vermeiren F, Sysmans M, Temmerman R. The micronucleus 
assay as a test for the detection of aneugenic activity. Mutat Res 1990; 
244:95-103.

18. Abrevaya XC, Carballo MA, Mudry MD. The bone marrow micro-nucleus 
test and metronidazole genotoxicity in different strains of mice (Mus 
musculus). Genet Mol Biol 2007; 30:1139-43.

19. Zun iga  Gonza lez  G ,  Tor res - Bugar in  O,  Lunna -Agu i r re  J , 
Gonzalez-Rodriguez A, Zamora-Perez A, et al. Spontaneous micronuclei 
in peripheral blood erythrocytes from 54 animal species (mammals, 
reptiles and birds): Part two. Mutat Res 2000; 467:99-103.

20. Califano J, van der Riet P, Westra W, Nawroz H, Clayman G, Piantadosi S, 
et al. Genetic progression model for head and neck cancer: Implications 
for field cancerization. Cancer Res 1996; 56:2488-92

21. Mahale A, Saranath D. Microsatellite alterations on chromosome 9 in 
chewing tobacco-induced oral squamous cell carcinomas from India. 
Oral Oncol 2000; 36:199-206.

22. Lin SC, Chen YJ, Kao SY, Hsu MT, Lin CH, Yan SC, et al. Chromosomal 
changes in betel-associated oral squamous cell carcinomas and their 
relationship to clinical parameters. Oral Oncol 2002; 38: 266-73.

23. Mohanta A, Mohanty PK, Parida G. Genotoxicity of tobacco and alcohol 
on human oral mucosal cells. Eur J Exp Biol 2013; 3:503-14.

24. Majer BJ, Laky B, Knasmuller S, Kassie F. Use of micronucleus assay 
with exfoliated epithelial cells as a biomarker for monitoring individuals 
at elevated risk of genetic damage and in chemoprevention trials. Mutat 
Res 2001; 489:147-72.

25. Jadhav K, Gupta N, Ahmed MBR. Micronuclei: An essential biomarker in 
oral exfoliated cells for grading of oral squamous cell carcinoma. J Cytol 
2011; 28:7-12.

New features on the journal’s website

Optimized content for mobile and hand-held devices

HTML pages have been optimized of mobile and other hand-held devices (such as iPad, Kindle, iPod) for faster browsing speed.
Click on [Mobile Full text] from Table of Contents page.
This is simple HTML version for faster download on mobiles (if viewed on desktop, it will be automatically redirected to full HTML version)

E-Pub for hand-held devices 

EPUB is an open e-book standard recommended by The International Digital Publishing Forum which is designed for reflowable content i.e. the 
text display can be optimized for a particular display device.
Click on [EPub] from Table of Contents page.
There are various e-Pub readers such as for Windows: Digital Editions, OS X: Calibre/Bookworm, iPhone/iPod Touch/iPad: Stanza, and Linux: 
Calibre/Bookworm.

E-Book for desktop

One can also see the entire issue as printed here in a ‘flip book’ version on desktops.
Links are available from Current Issue as well as Archives pages. 
Click on  View as eBook


