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Abstract 

Long term intake of plant-based medicines without knowing their toxicities and mutagenic potentials is 

common globally. Therefore, current work is an extension of cancer patient survey at Nuclear Institute of 

Medicine and Radiotherapy (NIMRA), for long term utilization of medicinal plant. Genotoxic potential Amaltas 

fruit (AF) was tested by Cicer arietinum L. and Allium cepa L plant assay. Abnormality index (A.I.), types of 

abnormalities and oxidative damages were the major parameters of genotoxicity. Analysis of variance (ANOVA) 

revealed statistically significant differences (LSD) at p≤ 0.05 for A.I. and oxidative damage in both assay plants, 

except negative control. Both A.I. and oxidative damages revealed incubation dependent increase. In both assay 

plant the major chromosomal aberration induced was fragmentation. AF induced polyploid cells, apoptotic cells 

and elongated cells only in Cicer arietinum L. assay. Oxidative damages in the form of nuclear membrane and 

cell membrane damage were observed in aberrant cells along with ghost cells. It is concluded that AF is capable 

to cause genotoxic effect incubation dependent manner. High rate of fragmented cells reflects its mutagenicity 

and carcinogenicity mediated oxidation of DNA and membranes in both assay plants. Induction of more ghost 

cells and less frequent apoptosis reflects activation of oncogene. Development of Pilus like projections in ghost 

cells depicts proliferation potential of defected cells. Prolonged utilization of AF was the cause of cancer in 

surveyed patients.  Allium cepa L. was more sensitive as assay plant to the genotoxin. It is recommended that AF 

must be used occasionally. 
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Introduction 

Cancer is second leading cause of deaths globally. 

Although currently people are aware of known cancer 

risks and try to avoid them but still cancer prevalence 

is increasing drastically in Pakistan. Therefore, it is 

inevitable to screen for the unknown cancer risks 

targeting young to old. 18 medicinal plants has been 

consumed for more than 10 years for intestinal 

disorders by cancer patients registered at cancer 

hospital NIMRA Jamshoro. Cassia fistula (Amaltas) 

fruit was one of those plant parts (Seema, 2018). 

Amaltas fruit (AF) is also used to Some other disorders 

for with AF is utilized are diabetes, pruritus 

hematemesis and leukoderma and (Neelam et al., 2011; 

Thirumal et al., 2012). It is still not screened for dose 

and time dependent genotoxic effects. Usually, anti-

tumor plant extracts are potent cytotoxins commonly 

used as nuclear medicine after advent of cancer to kill 

damaged cells to avoid proliferation of rotted cells. 

However, the same dose may cause mutation and 

double stranded DNA damages to healthy cells. As 

cytotoxic MP has ability to stops mitosis so all the 

human body components will not be produced. 

Therefore, the use of alternative medicinal plant parts 

with genotoxic potential must be avoided. 

Amaltas fruit is reported cytotoxic in number of 

studies for as anti-fungal, antibacterial, laxative, anti-

inflammatory and anti-tumor activities.  Liver damage 

in Albino rats is reported due to Amaltas fruit extract 

in take (Das et al., 2008). A well-known alkaloid of AF 

pyrrolizidine and N-oxide derivatives is found 

cytotoxic (Roeder et al., 2009). Anthraquinone, 

glycosides and Rhein constituent of Amaltas has been 

cyto-genotoxic in mice and guinea-pig ileum 

(Mukhopadhyaya et al., 1998). The assessment of toxic 

properties of C. fistula has been declared extremely 

important for public health protection to avoid DNA 

damaging effects leading to caner in consumers (Jothy 

et al., 2011; Bakare et al., 2023).  

Therefore, an indirect approach was attempted in 

plant assay to predict possible dose dependent genomic 

damages to humans. Current work will contribute in 

dose administration of AF leading to reduction in 

cancer incidence.  

Material and Method 

Assay plants and experimental design: To carry 

plant chromosomal aberration assay as an indicator of 

mutational and carcinogenic potential of Amaltas fruit 

two higher plants viz. Chickpea (Cicer arietinum L.) 
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and Onion (Allium cepa L.) were used for comparative 

efficiency and sensitivity. The experiment was carried 

out using Complete Randomized Design (CRD) with 

three replications at 25 oC room temperature. 

Treatments used: AF Aqueous 5% solution was used 

for genotoxicity testing. Depending on recommended 

root germination methods and difference in treated 

part, Cicer arietinum L. seed were treated for 30 and 

90 minutes prior germination of roots (Qureshi et al., 

2014) and Allium cepa L. bulbs were incubated for 24 

and 48 hours after initial germination of roots in dH2O 

(Firbas and Amon, 2014). Positive control for plant 

assays 0.2% EMS was as positive control and untreated 

roots grown in water as negative control. Respective 

controls were kept for same periods as Amaltas fruit 

aqueous extract treatment.  

 Extract preparation and root recovery: AF pulp 

was initially broken in to small pieces with pestle 

motor followed by grinding in electric machine. AF 

powder was soaked overnight in dH2O. After 24 hours 

samples were filtered with Wittman filter paper. 20 

healthy seeds were used for each treatment and sown 

into three sand posts for root germination, whereas, 

three onion bulbs were used to get roots in beakers with 

dH2O.  

Cytological slide preparation: Slides were prepared 

by squash method (Dille and King, 1983), and stained 

with 2% acetocarmine (in 45% glacial acetic acid). 

Means of six slide per treatment were used to score 

chromosomal aberrations and oxidative with the help 

of Inverted microscope (Olympus 51x) at 400 

magnification. Digital camera (USB-2.0) Dino eye was 

used for photography.  

 Abnormality index (A.I.): The abnormality index 

was calculated by the method of (Racuciu, 2009) 

according to the following formula: 

𝐀. 𝐈. =
𝐓𝐨𝐭𝐚𝐥 𝐚𝐛𝐧𝐨𝐫𝐦𝐚𝐥 𝐝𝐢𝐯𝐢𝐝𝐢𝐧𝐠 𝐜𝐞𝐥𝐥𝐬

𝐓𝐨𝐭𝐚𝐥 𝐝𝐢𝐯𝐢𝐝𝐢𝐧𝐠 𝐜𝐞𝐥𝐥𝐬
× 𝟏𝟎𝟎 

 Types of Chromosomal aberrations: Sometimes 

scoring aberrant cells is not enough to estimate level of 

genotoxicity therefore, abnormal cells were further 

investigated for type of chromosomal anomalies in 

each cell cycle stage. Means were used to compare the 

treatments for Level of DNA damages. 

Oxidative damages: Oxidative damages a common 

mechanism of damaging heredity material by most of 

medicinal plants used as alternative medicine. 

Therefore, oxidative damages were scored by cytology 

as suggested by (Firbas and Amon, 2014; Qureshi et al. 

2017). Mean number of cells were used to record, 

nuclear membrane, cell membrane damage and ghost 

cells. 

Statistical analysis:  The mean data of abnormality 

index and oxidative damages was authenticated 

through Two-way Analysis of Variance (ANOVA), 

followed by the Least Square Difference (LSD) test at 

p ≥ 0.05 for Abnormality index and Oxidative 

Damages with the help of computer software Statistics 

8.1.  

RESULT   

Abnormality index (A.I.): The major determinant of 

genotoxicity is percentage of abnormal dividing cells 

or Abnormality index. ANOVA analysis followed by 

mean comparison by LSD p≤0.05 revealed significant 

difference A.I. for the two assay plants. In Cicer 

arietinum assay low percentage of abnormal cells (61.4 

and 67.7 %) was found as compare to Allium cepa assay 

(76.8 and 69.67%) that was closely similar to its 

positive control (76 and 80.3%) (Table. 1). Incubation 

dependent increase was observed in Cicer arietinum 

assay whereas in Allium cepa assay random effects 

were recorded (Figure. 1)

Table 1. Abnormality index of Cicer arietinum and Allium cepa root tip affected by varying incubations of Amaltas 

fruit extract (LSD p≤0.05) 

 

S. 

No. 

Name of 

treatment 

C. A.  

Total 

A. C.  

Total  30M 90M 24H 48H 

1 -ve cont. 0h 0h 0 0h 0h 0 

2 AF 61.4g 67.7f 129.1 76.8f 69.67e 146.47 

3 +ve  73.7d 76.4c 150.1 76.4c 80.3a 156.7 

(C.A. = Cicer arietinum; A.C. = Allium cepa; M= Minutes; H= Hours; -ve cont. = Negative control; AF= Amaltas Fruit; +ve 

cont. = Positive control; Means with the same alphabets are non-significantly different from each other and with different 

alphabets are significantly different at (p≤0.05)) 
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Figure 1. Abnormality index affected by varying incubations of AF extract 

 

Types of abnormalities: Results of Cicer arietinum 

and Allium cepa assay revealed fragmentation as major 

DNA damage for all incubations of AF and positive 

control (Table. 2 & 3) (Figure.2). The other 

chromosomal abnormalities observed at different 

stages of cell cycle were scattered nuclei, sticky 

chromosomes and translocation ring, laggards, 

anaphase bridges, multipolar cells, micronuclei, di-

nuclei and multi nuclei (Figure. 3). 

Polyploid, apoptic, and elongated cells: In Cicer 

arietinum assay polyploid cells with sticky 

chromosomes were only witnessed in 30M incubation 

of AF (20 cells), while apoptosis (13 cells) and 

elongated cells (1.75 cells) (Figure. 4).  in 90M 

incubation. All the epigenetic changes recorded in 

Cicer arietinum were not recorded in Allium cepa 

Assay. 

Table 2. Chromosomal aberrations mediated by negative (dH20) and positive control (.2% EMS) in Cicer arietinum and 

Allium cepa 

(C.A. = Cicer arietinum; A. C. = Allium cepa; M= Minutes; H= Hours; -ve cont. = Negative control; +ve cont. = Positive 

control) 

 

 

 

 

 

 

 

S. No. Stages 

Abnormalities 

C. A. A. C. 

30M 9M 24H 48H 

-ve cont. +ve cont. -ve cont. +ve cont. -ve cont. +ve cont. -ve cont. +ve cont. 

 

 

1 
Metaphase 

Scattered nuclei 0 27.2 0 32.2 0 22.5 0 12 

Sticky metaphase 0 23.7 0 43.7 0 98 0 115.5 

Translocation ring 0 7.25 0 39.2 0 0 0 3.75 

 

 

2 
Anaphase 

Laggard 0 131.5 0 71.2 0 0.75 0 88 

Anaphase bridges 0 46.7 0 4 0 0 0 0 

Multipolar 0 0 0 0.25 0 0 0 0 

Fragmentation 0 194.2 0 111.5 0 152.7 0 176 

 

 

3 
Interphase 

Micronuclei 0 28.2 0 1.5 0 2 0 3.5 

Di-nuclei 0 14.5 0 71 0 0.5 0 2 

Multinuclei 0 16 0 12.7 0 0.5 0 0.75 

Grand total 0 498.5 0 387.5 0 275 0 401.5 
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Table 3. Chromosomal aberrations mediated by Amaltas fruit extract in Cicer arietinum and Allium cepa root tip cells 

(C.A. = Cicer arietinum; A. C. = Allium cepa; M= Minutes; H= Hours) 

 

 
Figure 2. Normal mitotic cells (A) in negative control and chromosomal aberrations (B) in positive control (indicated by 

arrow) witnessed in Cicer arietinum L.  (CA) and Allium cepa L. (AC) 

 

  

S. No. Stages Abnormalities 
C.A. A.C. 

30M 90M 24H 48H 

1 Metaphase 

Scattered nuclei 23 34.25 20.25 36.5 

Sticky metaphase 23.75 0 3.75 7.5 

Translocation ring 8.25 0 6 14.75 

 

 
Anaphase 

Laggard 23 18.5 55.25 99.5 

Anaphase bridges 17.5 16.25 7.75 15.5 

Multipolar 0 0 7.25 15.75 

Fragmentation 25.25 151.25 163.5 324 

3 Interphase 

Micronuclei 21.5 0 2 0.25 

Di-nuclei 2.5 10.25 1.75 0.75 

Multinuclei 23.5 15.25 1 3.5 

Grand Total 168.25 245.75 429 357.5 
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Figure.3. Amaltas fruit induced Chromosomal aberrations (indicated by arrow) in stages of cell cycle witnessed in 

Cicer arietinum L.  (CA) and Allium cepa L. (AC) 

 
Figure 4. Amaltas fruit induced Polyploid, Apoptotic (indicated by arrow) and Elongated cells witnessed in Cicer arietinum 

L. 
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Oxidative damages induced by medicinal plant 

extract: Significantly varying number of ghost cells 

were scored in both assays for all AF incubation period 

except negative and positive control (LSD p≤0.05) 

(Table. 4). Results of both plant assays revealed 

increase in ghost cells with increasing incubation 

period (Fig. 5 & 6). Unique future of proliferating 

ghost cell is cytoplasmic membrane projection similar 

to pilus of bacterial cells used to infect surrounding 

injured as well as healthy cells were observed in Cicer 

arietinum assay (Figure. 7).  In Cicer arietinum and 

Allium cepa assay both incubation period of AF extract 

was significantly different for cell-membrane 

damages (Table. 4). The negative control showed no 

oxidative damage of any kind in either of the two 

incubations in contrast to the positive control, which 

caused more cell-membrane damage (63.2, 65.5 cells), 

(Figure. 8 & 9). In the Cicer arietinum L. and Allium 

cepa assay both incubation period of AF extract was 

significantly different for nuclear-membrane damages 

(Table. 4). The cytology revealed increase in cells with 

broken irregular membrane with an increase in 

incubation period with AF in both assay plants (Figure. 

10 &11). 

Table 4. Ghost cells, cell membrane and nuclear membrane damages induced by Amaltas fruit extract in Cicer arietinum and 

Allium cepa root tip cells (LSD p≤0.05) 

Ghost cells 

 

S.No. 

Name of 

treatment 

C. A.  

Total 

A. C.  

Total 30M 90M 24H 48H 

1 -ve cont. 0k 0k 0 0k 0k 0 

2 AF 15j 17i 32 61.2c 76b 137.2 

4 +ve cont. 41.7f 46.5e 88.25 80.25a 81.2a 161.5 

Cell membrane damages 

S.No. Name of 

treatment 

C. A. Total C. A. Total 

30M 90M 24H 48H 

1 -ve cont. 0k 0k 0 0k 0 0 

2 AF 7.25j 18.75i 26 38h 50.7e 88.7 

3 + ve cont. 63.2c 65.5b 128.7 59.7d 70.5a 130.2 

Nuclear membrane damage  

S.No.   

Name of 

treatment 

C. A. Total C. A. Total 

24H 48H 24H 48H 

1 -ve cont. 0 0 0 0 0 0 

2 AF 12j 17.7i 29.7 31g 38f 69 

3 + ve cont. 56.5d 64b 120.5 62.5c 63.2bc 125.7 

(C. A. =Cicer arietinum; A. C. =Allium cepa; M= Minutes; H= Hours; -ve cont. = Negative control; AF= Amaltas Fruit; +ve 

cont. = Positive control; Means with same alphabets are non-significantly different from each other and with different alphabets 

are significantly different at (p≤0.01)) 

 
Figure 5. Ghost cells affected by varying incubations of AF extract 
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Figure 6. Ghost cells induced by AF witnessed in Cicer arietinum and Allium cepa 

 

 
Figure 7. Pilus like projection (indicated by arrow) induced by AF witnessed in Cicer arietinum 
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Figure 8. Cell membrane affected by varying incubations of AF extract 

 
Figure 9. Cell membrane damage (indicated by arrow) witnessed in Cicer arietinum and Allium cepa 
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Figure.10. Nuclear membrane damages induced by varying incubations of medicinal plant extracts  

 

Figure 11. Nuclear membrane damage (indicated by arrow) witnessed in Cicer arietinum and Allium cepa 

Discussion  

Increased sticky metaphase chromosomes might 

be due to the denaturing of topoisomerase II by higher 

Zinc and Mn content of AF (data not shown here), 

leading to restriction of chromosome segregation. In 

addition to this, DNA double stranded breaks observed 

in current study is mediated oxidation of DNA by the 

trace metals. Current results are consistent with the 

findings of Kumari et al. (2011). They witnessed dose 

dependent increase chromosomal aberration index and 

micronuclei by Zinc nanoparticles. They recommend 

zinc oxides as clastogenic/genotoxic and cytotoxic 

agent. As AF is rich in Zinc, so increased 

concentrations might provoke zinc oxide formation.  

Mn is also reported as threat to genomic integrity 

moderating oxidation of DNA (Nicolai, et al. 2021).  

Increase in abnormal cells with increase in 

incubation period exhibited by AF extract in Allium 

cepa assay is in accordance with  previous medicinal 

plant based studies in insecticidal plants famous for 

cytotoxicity (Mondal et al., 2006; Pankaj et al., 2014; 

Dhulgande et al., 2015; Qureshi et al., 2015; 
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Wijeyaratne and Wadasinghe, 2019). Studies on house 

hold detergents, shampoos and plant species also 

reported large number of fragmented cells as found in 

current work (Mondal et al., 2006; Qureshi et al., 2014; 

Dhulgande et al., 2015). The result reflects 

carcinogenic potential AF as deletion is major cause 

found in most of cancers (Qin, 2002). Researchers 

corelates unfinished or disrepair of DNA with 

fragmentation (Ping et al., 2011). The leads to The 

Cells with deletions are termed as laggards in anaphase 

observed in present cytology are generated because of 

disturbance in RNA metabolism consequent lack 

protein synthesis (Darlington and Cour et al., 1976). 

Chromosome bridge formation can result through 

adherence or by the breakdown and reunion of a 

dicentric chromosome (Jabee et al., 2008). Induction of 

micronuclei in AF treated roots tip cells have been 

reported in many human and animal studies (Dave et 

al., 1991; Roy et al.., 1999; Roberts, 1997; Sulkowska 

et al.,2003; Moutasim et al., 2011; Aniket et al., 2013). 

Micro-nuclei are formed when many double 

stranded breaks of same size occur in chromosome by 

genotoxins making hard for repair protein to recognize 

and pest at correct chromosome (Luzhna et al., 2013). 

Cytogenetic abnormalities revealed by this work, is a 

characteristic attribute of cancer cells, the influence of 

chromosome abnormalities in tumor progression 

ranges from altering the expression level of oncogenes 

to fostering proliferation, metastasis, and drug 

resistance. Chromosome amplification and deletion are 

the most common structural chromosome 

abnormalities, which occur in 88% of cancer samples 

(Taylor et al., 2018). 

Large number of cancer studies declared 

generation of polyploidy cells as another chief 

characteristics of carcinogenesis (Honma et al., 2010; 

Mosieniak and Sikora, 2010; Honma et al., 2012; 

Beyaz et al., 2013; Kumar 2013; Taylor et al, 2018; 

Kou, et al., 2020). It has been reported that triploid, 

diploid, and tetraploid cells coexist and cause whole-

genome rearrangement in cancer cell lines (Salmina, et 

al., 2019) Therefore, occurrence of polyploid cells in 

our work revealed carcinogenic potential of AF have. 

This may due to spindle inhibition by the pyrrolizidine 

alkaloid found tested medicinal plant (Roeder, 2009). 

Current phenomenon is supported by other researchers 

who suspected alkaloids to induce aneuploidy and/or 

polyploidy (Yue et al., 2010). Induction of apoptic 

cells by AF in agreement with previously reported 

work on Inula viscosa leaf extracts on the root tip cells 

of Allium cepa (Celik and Aslanturk, 2010). The 

possible mechanism behind apoptosis are defects in 

cell cycles G2 phase permitting damaged cell to 

undergo programmed cell death (Dipola, 2002). 

Presence of elongated cells in AF treated root tip cells 

in agreement with findings of previously by Cassia 

occidentals extract (Arora, 2013). Present findings are 

in agreement with those of Geno-toxicologist from the 

same eco-geographical region (Kabooro, 2018). 

Defects in the nuclear and cell membranes, as well as 

the detection of ghost cells observed during current 

studies were also observed for aqueous extracts of 

alternative medicinal plants used for arthrius, and 

gastrointestinal problems by various researchers (Çelik 

and Aslantürk, 2010; Qureshi et al., 2016; Parveen, 

2016; Bhand, 2019; Junejo, 2019, Kaboroo, 2019). 

Observed oxidative damages can be correlated with 

high concentration of Magnease in AF. Mn in higher 

concentration is reported to loss of oxygen from 

covalent bonds (Bornhorst, et al., 2014; Milatovic et 

al., 2009), and formation of secondary super oxides 

causing subsequent more DNA segment breaks 

(Lindahl, 1993; Poetsch, 2020). Overall results of 

oxidative damages suggests that Free radicals can also 

break phosphodiester bond by removing oxygen that 

led to double strand breaks. Errors in repair of 

chromosome double stranded break cause gene 

mutations leading to carcinogenesis (Pizzino et al., 

2017). 

Conclusion  

It is concluded that AF is capable to cause 

genotoxic effect incubation dependent manner. High 

rate of fragmented cells reflects its mutagenicity and 

carcinogenicity mediated oxidation of DNA and 

membranes in both assay plants. Induction of more 

ghost cells and less frequent apoptosis reflects 

activation of oncogene. Development of Pilus like 

projections in ghost cells depicts proliferation potential 

of defected cells. Prolonged utilization of AF is the 

cause of cancer in surveyed patients.  Allium cepa L. 

was more sensitive as assay plant to the genotoxin. It is 

recommended that AF must be used occasionally. 

Authors Contribution 

Saida conducted the research, S.T, Qureshi 

planned and managed the experiments, AN 

Soomro supported for writing the manuscript and 

statistical analysis, S. Malik helped in writing the 

manuscript. Z. Punar helped in data recording. 

Authors Conflict  

All the authors have no conflict on this 

publication. 

References 

 Aniket, A., Auley, D., Gargi, P. and Madhusnata, D. 

(2013). Study among betel quid chewers from 

Indian population”. International Journal of 

Medical Research & Health Sciences. 2(4): 

768-772. 

Arora, K. (2013). Mitotic Aberrations Induced by 

Cassia Occidentalis L. in Allium Cepa L. Root 

tip cells. Indian Journal of fundamental and 

applied, 3(4): 1-4. 

Beyaz, R. Alizadeh, B.S., Gürel, Özcan, S.F. and 

Yildiz, M. (2013). Sugar beet (Beta vulgaris L.) 

growth at different ploidy levels. Caryologia, 

66 (1):90–95. 

https://www.hindawi.com/47291318/
https://www.hindawi.com/65132352/


J. Appl. Res Plant Sci. Vol. 5(2), 259-280, 2024,  Sadia et al., 
www.joarps.org 

279 

Bhand, B. (2019). Clastogenic effect of different 

powdered and tetra pack milks on chickpea 

mitotic cells. M. Phil dissertation. University of 

Sindh Jamshoro. 

Bornhorst J., Chakraborty S., Meyer S., Lohren H., 

Brinkhaus S.G., Knight A.L., Caldwell K., 

Caldwell G., Karst U., Schwerdtle T. (2014). 

The effects of pdr1, djr1.1 and pink1 loss in 

manganese-induced toxicity and the role of α-

synuclein in C. elegans. Metallomics. 6(3): 

476–490.  

Celik, T. A., and Aslanturk, O. S. (2010). Evaluation 

of Cytotoxicity and Genotoxicity of 

Inulaviscosa Leaf Extracts with Allium Test. 

Journal of Biomedicine and Biotechnology. 

2010(1), 189252 

Das, S., Sarma, G., and Barman, S. (2008). 

Hepatoprotective Activity of Aqueous Extract 

of Fruit Pulp of Cassia Fistula (AFCF) Against 

Carbon Tetrachloride (CCL4) Induced Liver 

Damage in Albino Rats. Journal of Clinical and 

Diagnostic Research, 2:1133-1138. 

Dave, B.J., Trivedi, A.H. and Adhvary, S.G. (1991). 

Cytogenetic studies reveal increased genomic 

damage among 'pan masala' consumers. 

Mutagenesis, 6(2):159-63.  

Dhulgande, G. S., Jagtap, N., Parchande, S., and Wagh, 

S. (2015). Impact of Mutagenesis on 

Cytological Behaviour in Chickpea (Cicer 

arietinum L.)”. International Journal of 

Current Microbiology and Applied Sciences, 

2(2): 92-96. 

Dille, J., King, N., 1983. Changes in mitotic indexes in 

roots of cereal exposed to di-methyl sulphide 

(DMJO). Cytologica, 48: 659–662. 

Duensing, A. and Duensing, S. (2010). Centrosomes, 

polyploidy and cancer”. Advances in 

Experimental Medicine and Biology, 676:93-

103.  

Firbas, P., and Amon, T. (2014). Chromosome damage 

studies in the onion plant Allium cepa L. 

International Journal of Cytology, 

Cytosystematics and Cytogenetics, 67 (1): 25–

35. 

 Honma , Takahashi, T. Asada, S., Nakagawa, Y., 

Ikeda, A. and Yamakage, K. (2012). In-vitro 

clastogenicity and phototoxicity of fullerene 

(C60) nanomaterials in mammalian cells. 

Mutatation Research, 749 (1-2):97–100 

Jabee, F., Ansari, M. Y. K., and Shahab, D. (2008). 

Studies on the effect of maleic hydrazide on root 

tip cells and pollen fertility in Trigonella 

foenum-graecum (L.). Turkish Journal of 

Biology, 32(5):337-344. 

Jothy, S. L., Zakaria, Z., Chen, Y., Lau, Y. L., Latha 

and, L. Y., and Sasidharan, S. (2011). Acute 

Oral Toxicity of Methanolic Seed Extract of 

Cassia fistula in Mice. Molecules, 16 (6): 5268-

5282. 

Junejo, S. (2019). Cancer risk and potential cyto-

genotoxic effects of three medicinal plants 

commonly used by cancer patients. M. Phil 

dissertation. University of Sindh Jamshoro. 

Kabooro, F. (2019). Cytotoxic and Clastogenic 

assessment of selected herbs used for joint pain 

in Sindh. M. Phil dissertation. University of 

Sindh Jamshoro. 

Kou, F, Wu, L. Ren X., and Yang, L. (2020). 

Chromosome Abnormalities: New Insights into 

Their Clinical Significance in Cancer. 

Molecular Therapy: Oncolytics, 17:562-570. 

(http://creativecommons.org/licenses/by-nc-

nd/4.0/). 

Kumar N.G. (2013). Consequences of colchicines 

induced intermeiocyte connections in 

Helianthus annuus. Caryologia, 66 (1):65–69. 

Kumari, M., Khan S.S., Pakrashi, S., 

Mukherjee, A., Chandrasekaran, N. (2011). 

Cytogenetic and genotoxic effects of zinc oxide 

nano particles on root cells of Allium cepa. 

Journal of Hazardous Materials, 190 (1-3): 

613-621. 

Lindahl, T. (1993). Instability and decay of the primary 

structure of DNA. Nature. 362:709–715.  

Luzhna, L., Kathiria, P., and Kovalchuk, O. (2013). 

Micronuclei in genotoxicity assessment: From 

genetics to epigenetics and beyond. Frontiers in 

Genetics, 4:131.  

Milatovic, D., Zaja-Milatovic, S., Gupta, R.C., Yu, Y., 

Aschner M. (2009). Oxidative damage and 

neurodegeneration in manganese-induced 

neurotoxicity. Toxicology and Applied 

Pharmacology, 9 (240):219–225.  

Mondal, A., Kabir, G., Yasmin, N., Alam, A. M. S., 

and Khatun, H. A. (2006). Mitotic Effect of 

Water Extract of Different Ipomoea Species on 

Allium cepa (L.). Pakistan Journal of 

Biological Sciences, 9(6): 1116-1120. 

Mosieniak, G., Sikora, E. (2010). Polyploidy: the link 

between senescence and cancer. Current 

Pharmaceutical Design. 16(6): 734-40. 

Moutasim, K.A., Jenei, V. K. Marsh, P.H., Weinreb 

and Violette, S.M. (2011). Betel-derived 

alkaloid upregulates keratinocyte alphavbeta6 

integrin expression and promotes oral 

submucous fibrosis”. Journal of Pathology, 223 

(3):366-77.  

Mukhopadhyaya, M. J., Sahaa, A., Duttab, A., Deb, B., 

and Mukherjee, A. (1998). Genotoxicity of 

Sennosides on the Bone Marrow cells of Mice. 

Food and chemical Taxicology, 36 (11): 937-

940. 

Neelam, C., Ranjan, B., Komal, S., Nootan, C. (2011). 

Review on Cassia fistula”. International 

Journal of Research in Ayurveda and 

pharmacy, 2(7): 426-430. 

Nicolai, M.M., Weishaupt, A., Baesler, J., Brinkmann, 

V., Nicola, A.W., Anna-Gremme, W.,  Aschner, 

M., Fritz, G., Tanja Schwerdtle, T.,  Bornhorst, 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


J. Appl. Res Plant Sci. Vol. 5(2), 259-280, 2024,  Sadia et al., 
www.joarps.org 

280 

J.,(2021). Effects of Manganese on Genomic 

Integrity in the Multicellular Model Organism 

Caenorhabditis elegans. International Journal of 

Molecular Science. 22(20): 10905.  

Pankaj, P. P., Kumari, N., Priadarshini, A. (2014). 

Evaluation of Cytotoxic Potential of Oxytocin 

in Allium cepa L. Root Tip Cells. International 

Journal of Pharmaceutical and Clinical 

Research, 6 (1): 36-39. 

Ping, K. Y., Darah, I., Yusuf, U. K., Yeng, C., and 

Sasidharan, S. (2011). Genotoxicity of 

Euphorbia hirta: An Allium cepa Assay. 

Molecules, 17(7): 7782-7791. 

Pizzino, G., Irrera, N. , Cucinotta, M., Pallio, G, 

Mannino, F., Arcoraci, V., Suadrito, F., 

Altavilla, D., and Bitto, A. (2017). Oxidative 

Stress: Harms and Benefits for Human Health. 

Oxidative Medicine and Cellular Longevity.  

2017(1):13. 

Poetsch, A. R. (2020). The genomics of oxidative DNA 

damage, repair, and resulting mutagenesis. 

Computational and Structural Biotechnology 

Journal, 18: 207–219 

Qureshi, S. T., Chandio, P., Noman, A., Parveen, A., 

and Soomro, Y. (2015). Cytotoxic and 

Genotoxic and Oxidative Effects of Aqueous 

Extracts of Some Frequently Used Medicinal 

Plants in Pakistan. Botany Research 

International, 8(1): 29-35. 

Qureshi, S. T., Memon, S. A. Waryani, B., Abassi, A. 

R., Patoli, W., Soomro, Y., Bux, H., and 

Bughio, F.A. (2014). Gamma Rays Induced 

Phenotypic Mutations in Chickpea (Cicer 

arietinum L.). Sindh University Research 

Journal, 46(4): 473-478. 

Qureshi, S. T., Soomro, A. G., Bux, H., and Yasmeen, 

A. (2014). Genotoxic and Carcinogenic Effects 

of House Hold Detergents Using Chromosomal 

Aberration Assay in Chickpea (Cicer arietinum 

L.) Root Tip Cells. World Applied Sciences 

Journal, 32(7): 1381-1387. 

Racuiu, M. (2009). Effects of Radiofrequency 

radiation on root tip cells of zea mays. 

Romanian Biotechnology Letters, 14(3): 4365-

4369. 

Roberts, D.M. (1997). Comparative cytology of the 

oral cavities of Snuff users”. Acta Cytologia, 

41(4):1008 -014.  

Roeder, E. (2009). Medicinal plants in Europe 

containing pyrrolizidine alkaloids. Archives of 

Pharmacal Research, 55(10): 711-726. 

Roy, K., Kodama, S., Suzuki, K. and Watanabe, M. 

(1999). Delayed cell death, giant cell formation 

and chromosome instability induced by X-

irradiation in human embryo cells.  Journal of 

Radiation Research, 40 (4): 311–22. 

 Salmina, K., Gerashchenko, B.I., Hausmann, M., 

Vainshelbaum, N.M., Zayakin, P., Erenpreiss, 

J., Freivalds, T., Cragg, M.S. and Erenpreisa, J. 

(2019). When Three Isn’t a Crowd: A Digyny 

Concept for Treatment-Resistant, Near-Triploid 

Human Cancers. Genes (Basel), 10 (7): 551 

Sulkowska, M., Famulski, W. S., Reszed, Koda, M. 

and Baltaziak, M. (2003). Correlation between 

Bcl -2 protein expression and some clinico 

pathological features of oral squamous cell 

carcinoma. Polish Journal of Pathology, 54:49 

-52. 

Taylor, A.M., Shih, J., Ha, G., Gao, G.F., Zhang, X., 

Berger, A.C., Schumacher, S.E., Wang, C., Hu, 

H., Liu, J., (2018). Cancer Genome Atlas 

Research Network. Genomic and Functional 

Approaches to Understanding Cancer 

Aneuploidy. Cancer Cell, 33:676–689.e3. 

Thirumal, M., Srimanthula, S., and Kishore, G. (2012). 

Cassia fistula Lin-Pharmacognostical, 

Phytochemical and Pharmacological Review. 

Critical Review in Pharmaceutical Sciences, 1: 

48-69. 

Wijeyaratne, W. D. N., & Wadasinghe, L. G. Y. J. G. 

(2019). Allium cepa bio assay to assess the 

water and sediment cytogenotoxicity in a 

tropical stream subjected to multiple point and 

nonpoint source pollutants. Journal of 

Toxicology, 2019(1), 5420124. 

Yue, Q. X., Liu, X., and Guo, D. A. (2010). 

Microtubule-binding natural products for 

cancer therapy. Planta Medica, 76: 1037–1043

. 

Publisher’s note: JOARPS remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.  

This is an open access article distributed under the terms of the Creative Commons Attribution License 

(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided 

the original author and source are credited. To  

view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 

 

https://www.hindawi.com/42924793/
https://www.hindawi.com/37567609/
https://www.hindawi.com/65795361/
https://www.hindawi.com/90794656/
https://www.hindawi.com/61634217/
https://www.hindawi.com/58149340/
https://www.hindawi.com/36134245/
https://www.hindawi.com/52069749/
https://www.hindawi.com/52069749/
https://www.hindawi.com/68651302/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

