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ABSTRACT

Sickle cell disease is known to induce oxidative stress which is associated with increased production of oxidizing species
leading to a variety of cytogenetic abnormalities. Micronuclei formation under the influence of oxidative stress under the
influence of variety of toxicants is a well known fact. In the present study micronuclei frequency among sickled tribal
(Halba & Gond) population (HbAS and HbSS) among different age groups (10-20, 20-30 and 30-40 years) has been
estimated and compared with the control set of population from same age groups. The frequency of micronuclei was
found significantly higher in both HbAS and HbSS population of all the corresponding age groups at P >0.05. Finding of
the present work emphasize on genotoxicity among sickled population confirmed by micronuclei formation under
influence of oxidative stress.
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INTRODUCTION

Sickle cell disorder is the most common heritable hemoglobin associated disease and in India, it is more
prominent in the central and southern parts [1]. Several authors have emphasized about oxidative stress
among sickle populations [2,3,4,5]. On another hand it has been also proved that genotoxicity and
cytotoxicity are common phenomena under oxidative stress [6,7,8,9,10].

One parameter used in bio-indication is the generation of genetic material fragments in the form of
Micronuclei, due to the activity of oxidative stress which provoke chromosome breaks. These fragments
appear in the cytoplasm when either parts of the chromosomes or chromatids or entire chromosomes are
not incorporated in the nuclei of the daughter cells in mitosis, frequently because these fragments do not
have centromeres. These fragments left behind are incorporated in the secondary nuclei, called
Micronuclei. Micronuclei have between 1/5 and 1/20 of the original nucleus’ size and there is generally
more than one per cell. Micronuclei test in red blood cells and lymphocytes can be used as an indicator of
toxic effects in determined target populations, since DNA repair system is very sensitive to oxidative
stress.

These micronuclei are the extra-nuclear DNA-containing entities that can be evaluated microscopically
[11]. These entities are formed as a result of clastogenicity (chromosome breakage) and/ or chromosome
loss [12]. Micronuclei reflect persisting chromosomal aberrations that may arise due to defects in
chromosomal segregation or may be due to miss repair of DNA breaks. Increased levels of micronuclei in
lymphocytes are generally associated with risk of cancers [13]. Micronuclei formation in the peripheral
blood lymphocytes is a very well established method to study the chromosome damage in human
population [14].

The method of micronuclei assay was first proposed by Countryman and Heddle [15] and was
subsequently modified with the development of cytokinesis-block micronuclei method [16] and is now
extensively used to analyze chromosome damage in human population. Micronuclei have been studied in
mammalian cells for more than 20 years [17]. A substantial number of reports are available regarding
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their formation in human lymphocytes and in different cell lines [18]. The micronucleus assay was first
designed for exfoliated human cells [19]. Using this technique, micronucleus formation in exfoliated cells
from the nose, mouth, bronchus and urothelial tract have been already investigated [20,21]. Many
researchers have proved that micronuclei assay is an efficient and reliable tool for the investigation of
clastogenic damage to the genetic material under the influence of oxidative stress imposing agents.

In the present study the micronuclei (MN) frequency was estimated in the lymphocytes of the peripheral
blood lymphocyte cells of sickled tribal population (Halba & Gond) of Chhattisgarh, India, of different age
groups (10-20, 20-30 and 30-40 years) to establish oxidative stress due to sickling can induce
chromosomal aberrations leading to micronuclei formation and DNA damage.

MATERIAL AND METHODS

Sickled tribal population (Halba & Gond) of different age groups, selected from Durg District of
Chhattisgarh, India, were categorized as HbAS, HbSS based of slide test and electrophoresis method from
different age groups viz., 10-20 (n= 23, 13 HbAS & 10 HbSS), 20-30 (n= 21, 11 HbAS & 10 HbSS) and 30-
40 years (n= 14; 10 HbAS & 4 HbSS) respectively. A control set in the form of 30 non-sickled subjects
healthy individuals free from any ailments, chronic medical history and addictions (10 from each age
group) were selected from the same community. Blood samples were collected from the subjects under
study following a prior approval obtained from the Institutional Ethics committee (Approval No. -
IEC/GVYTPGAC/02/DURG, Dt. 28.9.12). A prior written consent was also obtained from all participants
enrolled for the study. The frequency of micronuclei was estimated following the method of Xue et al,
[22] (40ul of 0.3% methylcellulose solution added to 100pl of thawed blood followed by incubation at
37°C for 40 minutes. Lymphocyte suspension thus prepared was then centrifuged at 100X g for 6
minutes. Pellets were mixed properly to prepare a cell suspension of lymphocytes. A small drop of the cell
suspension was applied clean grease free glass slides to form a smeared film of the cell suspension.
Sample was air dried and fixed with 100% methanol followed by staining with 7% buffered Giemsa stain
and observed under 40x and then under 100x oil immersion objective lens). One thousand small
lymphocytes per sample (both control and sickle positive) were scored.

RESULT AND DISCUSSION

The hypothesis of genotoxicity due to oxidative stress among sickled (HbAS & HbSS) population was
verified by micronuclei test in lymphocyte cells (Figure 1 and 2). Among 10-20 years age group of tribal
(Halba & Gond) population the average micronuclei per thousand lymphocytes was found significantly
increased. In comparison to control among HbAS (2.4+0.70 in HbAA, 6.84+0.53 in HbAS, t > 5.35 at 5%P)
it was found significant and in comparison to control among HbSS (2.4+0.70 in HbAA, 11.9£0.90 in HbSS, t
> 8.70 at 5%P) it was reported highly significant (Tablel; Figure3).

Figurel: Showmg intact nucleus in 1ymphocyte cells of Control group (100x).
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i b
Figure2: (a,b,c,d) Micronucleated Lymphocyte cells of sickle cell anemia (HbAS & HbSS) affected
individuals. (Red arrows indicates micronuclei).
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Figure 3: Showing micronuclei formation per 1000 lymphocyte cells among sickled tribal (Halba & Gond)
population.
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Table 1: Showing number of micronucleated cells per 1000 lymphocyte cells among sickled tribes (Halba
& Gond) of different age groups

Tribes Age Group 10- Tribes Age Group 20- Tribes Age Group 30-
20yrs. 30 yrs. 40yrs.
S =) )
Al bl bl
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£ 9 2 = 9 2 = o 2
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SNo. © © ©
1 3 8 10 2 7 14 0 5 17
2 4 6 12 3 6 12 4 8 23
3 0 9 16 0 4 11 3 8 15
4 4 9 15 4 6 11 4 9 18
5 0 4 12 3 3 12 5 8
6 0 7 7 0 6 13 0 9
7 4 6 9 5 3 11 4 8
8 5 6 12 4 5 12 3 5
9 4 5 12 2 6 12 4 7
10 0 9 14 3 4 13 4 10
11 7 6
12 4
13 9
Mean 2.4 6.84 11.9 2.6 5.09 12.1 3.1 7.7 18.25
SD 2.11 1.86 2.72 1.64 1.37 0.99 1.72 1.63 3.40
SE 0.70 0.53 0.90 0.54 0.43 0.45 0.57 0.54 1.96
t 5.35 8.70 3.78 15.62 6.11 11.30

Among 20-30 years age group, in comparison to Control among HbAS (2.6£0.54 in HbAA, 5.09+0.43 in
HbAS, t > 3.78 at 5%P) it was found significant and in comparison to Control among HbSS (2.6+0.54 in
HbAA, 12.1+0.45 in HbSS, t > 15.62 at 5% P) it was reported highly significant (Table1; Figure3).

Similarly among 30-40 years age group, in comparison to Control among HbAS (3.1+0.57 in HbAA,
7.7£0.54 in HbAS, t > 6.11 at 5% P) it was found significant and in comparison to Control among HbSS
(3.1+0.57 in HbAA, 18.25+1.96 in HbSS, t > 11.36 at 5% P) it was reported highly significant (Tablel;
Figure3). Above findings confirm maximum impact of oxidative stress among HbSS than HbAA in term of
micronuclei formation.

Everson et al, [23], suggested that frequencies of micronuclei in the peripheral blood RBCs can be used to
measure in vivo cytogenetic damage and their study provided a sensitive index of clastogenic damage and
offered unique opportunities for investigation of the determinants of cytogenetic damage in humans.

In a study to determine that whether folate deficiency was linked with anemia, birth defects, cancer and
neuropsychiatric disorders and a controlled changes in folate intake would affect chromosomal damage
in lymphocytes and buccal cells or not [24], cytogenetic damage was assayed by scoring micronucleus
(MN) frequency in lymphocytes and buccal cells and reported that the MN frequency was found increased
in binucleated lymphocytes, as well as in all lymphocytes, after depletion (p=0.037), and decreased later
following repletion. According to the authors the main variables affecting MN were vitamin B-12 level,
plasma folate level, and baseline frequency of MN. The study indicated that low folate, without clinical
symptoms of anemia, resulted in higher levels of cytogenetic damage in both the blood and oral cavity of
postmenopausal women and micronuclei assay was significant method for such kind of studies.
Cytogenetic analysis performed in peripheral blood lymphocytes of hospital workers [25] that are
chronically exposed to ionizing radiations (accumulated absorbed doses - 9.5 to 209.4 mSv) in
comparison to matched non-exposed individuals in terms of chromosomal aberrations (CA), micronuclei
(MN), and sister chromatid exchanges (SCE), reported significantly higher frequencies of chromosomal
aberrations in the exposed individuals compared to the control group. In micronuclei analysis, they
observed no significant (P=0.06) difference between both groups, but authors emphasized that the data
should be cautiously interpreted since an increase in the frequencies of MN was found for radiation
workers (3.0 MN/100 cells), compared to the control group (2.6 MN/100 cells) and that the increase
occurred in parallel to CA and SCE frequencies.
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Migliore et al, [26] explored the relation between chromosome instability and oxidative stress
biomarkers in Parkinson's disease (PD) using glutathione S-transferase activity in the plasma of affected
patients along with the healthy controls and found that PD patients showed higher frequencies of
micronuclei (17.2 +/- 4.8 vs. 9.0 +/- 3.4, p < 0.001) compared to the control individuals and a significant
increased levels of single strand breaks (SSB) was also detected. Significant differences were also
observed with respect to the distribution of oxidized purine bases between the two groups. Data obtained
by fluorescence in situ hybridization analysis revealed that the percentage of centromere negative
micronuclei is higher than that of centromere positive micronuclei. Glutathione S-transferase activity in
plasma from PD patients and controls and the enzymatic activity in PD patients were found lower than in
healthy controls. They concluded that oxidative stress could play a significant role as a risk factor in the
etiology and pathogenesis of neurodegenerative diseases, and emphasized on the need for new individual
and human-based approaches for further investigation of the problem.

Frequency of micronuclei formation in exfoliated cells of the buccal mucosa of 50 hairdressers
(influenced by oxidative chromosomal damage due chemicals and substances used by them) and 50
controls was analyzed [27]. The authors carried out an assessment on the occurrence of micronulclei
(MNC), binucleated cells (BNC), broken egg cells (BEC), budding cells (BC) and sum of anomalies (SA) in
2000 cells/ individual and statistically validated their results. According to their report the mean
numbers of anomalies in all the cell types in the hairdressers were found significantly more as compared
to the control subjects.

Santos et al, [28] evaluated the in vivo genotoxicity of six (C1-C6) new lead compounds in test animals
Swiss albino mice (25-30g) for the treatment of sickle cell disease through micronuclei test against
commonly used drug hydroxyurea for the sickle cell disease. They reported that all the six compounds
(C1-C6) induced an average frequency of less than six per 1000 cells at 12.5,25,50, and 100mg/kg of
micronucleated reticulocyte cells in contrast to the hydroxyurea which induced an average
micronucleated reticulocyte frequency of 7.8, 9.8, 15, and 33.7 per 1000 cells respectively at the same
concentrations. They concluded that the compounds C1-Cé6 can be regarded as new non-genotoxic in vivo
drug candidates for the treatment of sickle cell disease.

Our finding is affirmative to findings of previous authors and gives conclusion that oxidative stress among
sickled population causes genotoxicity in terms of micronuclei formation, thus corresponding
pathogenicity among sufferers.

REFERENCES

1. Agarwal, M.B. (2005).The burden of haemoglobinopathies in India - time to wake up? J Acad Phys Ind., 53: 1017-
1018.

2. Natta, C.L., Chen, L.C. & Chow, C.K. (1990). Selenium and glutathione peroxidase levels in sickle cell anemia. Acta
Haematol, 83(3):130-132.

3. Halliwell, B. & Whiteman, M. (2004). Measuring reactive species and oxidative damage in vivo and in cell culture:
How should you do it and what do the results mean? Brit. J. Pharmacol., 142(2): 231-55.

4. Somjee, S.S., Warrier, R.P., Thomson, ].L., Ory-Ascani, ]. & Hempe, ].M. (2005). Advanced glycation end-products in
sickle cell anaemia. Brit. J. Haematol, 128(1):112-118.

5. Reid, M.E,, Badaloo, A., Forrester, T. & Jahoor, F. (2006). In vivo rates of erythrocyte glutathione synthesis in
adults with sickle cell disease. Amer. ]. Physiol.-Endocrinol. Metabol,, 291(1): E73-79.

6. Steenken, S. (1987). Addition-elimination paths in electrontransfer reactions between radicals and molecules.
Oxidation of organic molecules by OH radical. ]. Chem. Soc. Farad.Trans.1., 83(1): 113-124.

7. Dizdaroglu, M. (1992). Oxidative damage to DNA in mammalian chromatin. Mut. Res., 275(3-6): 331-342.

Breen, A.P. & Murphy, J.A. (1995). Reactions of oxyl radicals with DNA. Free Rad. Biol. Med., 18(6):1033-1077.

9. Mouzannar, R, Miric, SJ., Wiggins, R.C. & Konat, G.W. (2001). Hydrogen peroxide induces rapid digestion of
oligodendrocyte chromatin into high molecular weight fragments. Neurochem. Int., 38(1): 9-15.

10. Konat, G.W., Mouzannar, R. & Bai, H. (2001). Higher order chromatin degradation in glial cells: The role of
calcium; Neurochem. Int., 39(3): 179-186.

11. Muller, W.U. & Streffer, C. (1988). The micronucleus test. Strahlenschutz Forsch. Prax., 30:259-275.

12. Lindberg, H.K., Falck, G.C, Jarventaus, H. & Norppa, H. (2008). Characterization of chromosomes and
chromosome fragments in human lymphocyte micronuclei by telomeric and centromeric FISH. Mutagenesis. 23:
371-376.

13. Bonassi, S., Znaor, A., Ceppi, M., Lando, C., Chang, W.P,, Holland, N., Kirsch-Volders, M., Zeiger, E., Ban, S., Barale,
R., Bigatti, M.P., Bolognesi, C., Cebulska-Wasilewska, A., Fabianova, E., Fucic, A., Hagmar, L., Joksic, G., Martellj, A.,
Migliore, L., Mirkova, E. Scarfi, M.R,, Zijno, A, Norppa, H. & Fenech, M. (2007). An increased micronucleus
frequency in peripheral blood lymphocytes predicts the risk of cancer in humans. Carcinogenesis., 28:625-631.

14. Thierens, H., Viral, A.,, Morthier, R., Aousalah,B. & Ridder, D.L. (2000). Cytogenetic monitoring of hospital workers
occupationally exposed to ionizing radiation using the micronucleus centromere assay. Mutagenesis., 15: 245-
249.

®

ABR Vol 5 [4] December 2014 129|Page ©2014 Society of Education, India



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Mishra and Kumar

Countryman, R.I. & Heddle, J.A. (1976). The production of micronuclei from chromosome aberrations in
irradiated cultures of human lymphocytes. Mutat. Res., 41:321-332.

Fenech, M. (1993). The cytokinesis-block micronucleus technique: a detailed description of the method and its
application to genotoxicity studies in human lymphocytes. Mutat. Res., 285: 35-44.

Heddle, J.A., Hite, M., Kirkhart, B., Mavournin, K., Mac-Gregor, ].T., Newell, G.W. & Salamone, M.F. (1983). The
induction of micronuclei as a measure of genotoxicity: A report of the US Environmental Protection Agency
Gene-Tox Program. Mutat. Res., 123:61-118.

Vine, M.F. (1990). Micronuclei, (Eds. Hulka, B.S., Wilcosky, T.C. and Griffith, ].D.). Biological Markers in
Epidemiology, Oxford University Press, New York, p.125-146.

Stich, H.F., Stich, W. & Parida, B.B. (1982). Elevated frequency of micronucleated cells in the buccal mucosa of
individuals at high risk for oral cancer: betel quid chewers, Cancer Lett., 17:125-134.

Stich, H.F. & Rosin, M.P. (1984). Micronuclei in exfoliated human cells as a tool for studies in cancer risk and
cancer intervention, Cancer Lett., 22: 241-253.

Rosin, M.P. & Gilbert, A.M. (1990). Modulation of genotoxic effects in humans, in: Mutation and the Environment,
Part E, Wiley-Liss, New York, p. 351-359.

Xue, KX, Ma, GJ, Wang, S. & Zhou, P. (1992). The in vivo micronucleus test in human capillary blood
lymphocytes: Methodological studies and effect of ageing. Mutat. Res., 278:259-64.

Everson, R.B., Wehr, C.M.,, Erexson, G.L. & MacGregor, ].T. (1988). Association of marginal folate depletion with
increased human chromosomal damage in vivo: demonstration by analysis of micronucleated erythrocytes. J.
Nat. Cancer Inst., 80(7):525-529.

Titenko-Holland, N., Jacob, R.A., Shang, N., Balaraman, A. & Smith, M.T. (1998). Micronuclei in lymphocytes and
exfoliated buccal cells of postmenopausal women with dietary changes in folate. Mutat. Res., 417(2-3):101-14.
Cardoso, R.S., Takahashi-Hyodo, S., Peitl, P. Jr., Ghilardi-Neto, T. & Sakamoto-Hojo, E.T. (2001). Evaluation of
chromosomal aberrations, micronuclei, and sister chromatid exchanges in hospital workers chronically exposed
to ionizing radiation. Teratog. Carcinog. Mutagen., 21(6):431-439.

Migliore, L., Scarpato, R., Coppede, F., Petrozzi, L., Bonuccelli, U. & Rodilla, V. (2001). Chromosome and oxidative
damage biomarkers in lymphocytes of Parkinson's disease patients. Int ] Hyg Environ Health., 204(1):61-66.
Rickes, L., Alvarengo, M., Souza, T., Garcias, G. & Martino-Roth, M. G. (2010). Increased micronucleus frequency in
exfoliated cells of the buccal mucosa in hairdressers. Genet. Mol. Res., 9:1921-1928.

Santos, J.L, Bosquesi, P.L., Almeida, A.E., Chin, C.M. & Varanda, E.A. (2011). Mutagenic and Genotoxic Effect of
Hydroxyurea. Int. J. Biomed. Sci., 7(4): 263-267.

ABR Vol 5 [4] December 2014 130|Page ©2014 Society of Education, India



