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Introduction 
Genotoxicity is a word related to genetics, which 

is defined as a substance which possess destructive 
effect on a cell’s genetic material, either DNA or RNA 
affecting its integrity. The substances or drugs capable 
to induce genotoxicity on a living cell is called as 
genotoxins.(1). There are three primary effects that 
genotoxins induce in a living cell. It can be either 
carcinogen-cancer causing agents, mutagen-mutation 
causing agents or teratogen-birth defect causing agent. 
Generally, these genotoxins induces mutations which 
leads to a host of other problems from cancer to a wide 
variety of different diseases. Mutations can manifest in 
many forms as duplication, deletion or insertion of 
genetic information. However, all mutagens are 
genotoxic, not all genotoxic agents are mutagenic.(2) 
Ayurvedic medicines are very specific and generally 
prescribed after detailed examination by the physician. 
But currently there’s a culture of self-practice and over 
the counter use of medicines, which is highly irrational. 

This ends up in the long-term use of some specific 
drugs irrespective of the need. This irrational long-term 
usage of medicines can produce many sorts of adverse 
effects due to the genotoxic potential of compounds 
present in them. So, this article highlights the 
importance of cautious usage of drugs. 

Methods 
In the current review, findings were extracted 

from PubMed, Web of Science, Scopus and Google 
Scholar databases from October 2021 – July 2022 by 
searching the key words including “genotoxicity” or “in 
vitro” or “in vivo” and “plants” or “medicinal plants”. 
Publications in language other than English language 
and studies exclusively done on the active compounds 
were excluded. 

Fig:1 Flow chart explaining the selection criteria for 
articles included in the review  
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Table:1 List of plants with reported genotoxicity – Botanical identity, Sanskrit name, Plant part, extract used, 
concentration, test performed, observation and results. [3-39]

Sl.
no:

Botanical
Identity

Plant 
part Ex. Conc. Test Result

Observation Toxicity

1

Alhagi 
pseudalhagi 
(Bieb.) Desv.
[Yavasha](3)

WP Al aq. 1,2.5, 5 µg/mL Comet assay
DNA damage in tail length, 
percentage of DNA in the 

tail and tail moment

Genotoxic at 5 
µg/mL

2 Allium cepa L. 
[Palandu](4) B Aq 5,10, 15, 20mg/l Allium cepa assay

Mitotic index of drug treated 
are lower than that of 

negative control.
Genotoxic at 

15mg/l

3

Amaranthus 
spinosus Linn. 
[Tanduleeyaka]

(5)
L Aq. 0.05g/L, 0.1g/L, 

0.5g/L, 1g/L Allium cepa assay

Excessive reduction in 
mitotic index & extremely 

significant levels of 
clastogenicity on 

concentration dependant 
manner

Mild cytotoxic

4
Aristolochia 
indica Linn. 

[Eeshwari](6)
R Aq. 2.5, 5, 10mg/ml Allium cepa assay

Significantly inhibited 
mitosis in dose dependant 

manner

Potent 
cytotoxic and 

genotoxic

5
Azadirachta 

indica A Juss. 
[Nimba](7)

L Aq. 10,15,20% conc. Allium cepa assay Exhibits mito-classic and 
chromate-classic effects

Potent 
mutagenic and 
carcinogenic

6..

Calotropis 
procera (Aiton) 
Dryand. [Arka]

(8,9)

R M, Ch, 
Aq.

2.5, 5, 10, 15, 
25mg/ml

Chromosomal 
aberration assay

Significant alternation in the 
morphological appearance 

of chromosome.
Genotoxic

L PE 5,10,15,20mg/ml

Allium cepa root 
assay

Decreased percentage of 
mitotic index Genotoxic

Chromosomal 
aberration assay

Increased chromosomal 
aberrations like chromatid 

bridge, clumped metaphase, 
arrested telophase.

Mutagenic

7 Capparis spinosa 
L. [Himsra](10) Fl. Bud Aq. 10,20,30g/L Allium cepa assay Dose dependant decrease in 

mitotic index. Cytotoxic

8

Citrullus 
colocynthis (L.) 
[Indravaruni] 

(11)
L Aq. 23,46,92g/L Allium cepa test

Dose dependant increase in 
chromosome aberrations, 
micronucleus formation, 
inhibited mitotic index.

Cytotoxic
Genotoxic

9
Cyperus kyllingia 
Endl. [Mustha] 

(12,13)

Rz E 1, 10, 100, 
1000ppm Allium cepa assay

Significantly reduced the 
mitotic index in a dose 

dependant manner.
Genotoxic

Aerial
Aq., 

EA, M, 
TOF

50, 200, 500 µg/
assay

Chromosomal 
aberration assay

It won’t induce significant 
number of chromosome 

aberrations.
Non-genotoxic

10
Datura metel 

Linn. [Dhathura] 
(14)

L, R

M, Aq. 2,4,6,8 mg/ml

Allium cepa test

All extracts and all 
concentrations showed 

reduction in mitotic index 
and low proliferation index 

and aberrations like adherent 
nucleus, c-mitosis, anaphase 
bridge, binucleate cells and 

sticky cells.

Potent 
genotoxic

Sd. Chromosomal 
aberration assay

No statistically significant or 
dose related increase in the 

frequency of aberration.

11

Elephantopus 
scaber Linn. 

[Aanachuvadi] 
(15)

L, R Aq., M 1,50, 500, 
1000µG/ML Allium cepa assay

Dose dependant decrease of 
mitotic index. Significant 

levels of chromosomal 
aberrations like stickiness, 

bridges, c-mitosis and 
vagrant chromosomes.

Genotoxic
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12
Euphorbia hirta 

Linn. [Ksheerini] 
(16,17)

WP

M 125,250,500,1000
µg/ml Allium cepa assay

Dose dependant decrease in 
mitotic index and increase in 

chromosomal aberration.

Genotoxic and 
mito-

depressive

M 0.5, 1, 1.5, 2, 2.5, 
3, 3.5µg/ml Comet assay

DNA damage occurred and 
increase in amount of tail 

DNA
Genotoxic

M 0.5, 1, 1.5, 2, 2.5, 
3, 3.5µg/ml

Brine shrimp 
lethality assay

Mortality of shrimp were 
more in tested groups. Cytotoxic

13

Foeniculum 
vulgare var. 

vulgare Mill. 
[Misreya] (18)

Sd. Aq. 2,4,8% Allium cepa assay
Inhibits mitotic division and 

induces chromosomal 
damage.

Genotoxic

14
Hemidesmus 
indicus R Br. 
[Sariba] (19)

R E 2,4,8,16,32µg/ml

Sister Chromatid 
analysis

Chromosome 
aberration assay

Cytokinesis – block 
micronucleus assay

Significant reduction in the 
mitotic index and 
cytokinesis block 
proliferative index

Cytotoxic
Genotoxic in 
higher doses

15

Hydrocotyle 
asiatica L. 

[Mandookaparni]
(20)

WP Aq. 1000µL
Ames test using 
TA97a, TA98, 
TA100, TA104

Showed mutagenic activity 
in TA98 strain with 
metabolic activation

Genotoxic

16

Leucas indica 
(Willd.) Linn. 
[Dronapushpi]

(21)
L Aq. 0.125, 0.25, 0.5,1, 

2% Allium cepa test

Inhibits mitosis of root 
meristem and shows 
clastogenic and anti-

clastogenic abnormalities
Genotoxic

17

Lepidium sativum 
Linn. 

[Chandrasoora]
(22)

Sd. Aq. 200, 400, 800 mg/
kg

Sperm 
abnormalities, 

SSCP-PCR 
amplification

Micronucleus assay

Significantly increased the 
sperm abnormalities like 

hookless-amorphous head, 
looped neck& midpiece and 

stickiness.
Lead to point mutation in 

exon 5 of P53 gene in liver 
and colon tissues.

Induces micro nucleated 
polychromatic erythrocytes.

Genotoxic – 
dose 

dependant

18
Momordica 

charantia Linn. 
[Karavellaka](23)

L Aq. 50, 100, 150 mg/
kg

Micro nucleus 
assay

Significantly increased the 
frequency of MNPCE:PCE 

ratio, i.e the number of 
micro nucleated 

polychromatic erythrocytes 
were more when compared 

to polychromatic 
erythrocytes.

Genotoxic

19
Myristica 

fragrans Houtt. 
[Jatiphala](24)

Fr. Aq. 1, 2, 4, 8% Allium cepa assay
In a dose dependant manner, 

it inhibited the mitosis of 
root meristem

Genotoxic

20
Nigella sativa 

Linn. [Kalajaji]
(25,26)

Sd.

Aq.

1, 4, 8mg/plate
2, 4, 9mg/ml

0.5265, 1.125, 
2.25, 4.5, 9, 18 

mg/ml

Vitotox test – 
TA104

Ame’s assay – 
TA98, TA100
Comet assay

Micronucleus assay
In human C3A cells

Dose dependant cytotoxicity 
& genotoxicity Genotoxic

E 75&125µg

DNA fragmentation 
by Agarose gel 

electrophoresis on 
Oral cancer cell 

line

Shows genotoxicity on oral 
cancer cell-lines.

Effective drug for oral 
cancer.

Genotoxic on 
oral cancer cell 

lines.
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21
Ocimum 

basilicum L. 
[Tulsi] (27)

L E-Aq 35.44, 3.544, 
0.3544µg/mL

Cell proliferation 
and viability

Alkaline comet 
DNA assay

Chromosomal 
aberrations
Micronuclei 
frequency

In all concentrations the 
plant extract induced 

chromosomal abnormalities.
Dose dependant increase in 
formation of micronucleus.

Genotoxic

22
Ocimum 

gratissimum L. 
[Ramatulsi] (28)

L Aq. 1, 2.5, 5, 10, 20%

Chromosomal 
aberrations
Micronuclei 
frequency

Induces chromosomal 
aberrations and micro nuclei 

are formed in a dose 
dependant manner

Genotoxic

23

Phyllanthus 
amarus Schum & 

Thorm. 
[Bhoomyamalaki]

(29)

St, L Aq. 100, 200, 400, 
800, 1600 mg/kg

Micronucleus assay
Sperm morphology 

assay

The extract induced 
increasing frequency of 

micro-nucleated 
polychromatic erythrocytes 

and sperm abnormalities in a 
dose dependant manner.

Genotoxic

24

Plumbago 
zeylanica L. 

[Sweta chitraka] 
(30,31)

R

M O..025, 0.050, 
0.100mg/ml Comet assay

In all concentrations 
significant DNA damage 

was observed
Genotoxic

E 250, 500mg/kg Micronucleus test

Results shows a significant 
increase in Micro nucleated 
polychromatic erythrocytes 
formation in treated groups.

Genotoxic

25 Punica granatum 
L. [Dadima](32) Fr E 0.45, 1, 2, 4, 6, 12, 

18mg/ml

Ame’s assay
Saccharomyces 
cerevisiae assay

Cytogenetic assay
Sister chromatid 
exchange assay
Chromosome 

aberration assay
Micronucleus assay

Sperm shape 
abnormality assay

The plant extract induced 
significant number of 

revertants.
Failed to induce any gene-

conversion
No modification for mitotic 

or proliferation indices.
A dose dependant increase 

of sister chromatid exchange 
per cell.

A dose dependant increase 
in number of PCE-MN ratio 

has been observed.
Abnormal sperms like 
amorphous, hookless, 

banana shaped sperms are 
observed.

Genotoxic

26

Quassia indica 
(Gaertn.) 

Nooteboom 
[Gucchakaranja]

(33)

L Aq. 2.5, 5 mg/kg Allium cepa assay

Dose dependant decrease in 
mitotic index and presence 

of abnormal cells. 
Chromosomal abnormalities 
like chromosomal lagging, 

disruptive anaphase, 
irregularity in movement 

and arrangement of 
chromosomes, stickiness, 
vagrant chromosomes and 
polar deviation are found.

Genotoxic

27
Rubia cordifolia 
L. [Manjishtha]

(34)
R E 140, 280, 420, 560 

mg/kg

Chromosomal 
aberration assay, 
Mitotic index, 
Proliferation of 

mice bone marrow 
cells

Dose and time dependant 
chromosomal aberrations 
are seen. Mitotic index is 
decreased in all treated 

concentration.

Genotoxic
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Results 
There are about 32 plants used in Ayurveda are 

identified with various extend of genotoxic potentials. 
The details are summarised as table below. 

Discussion 
The results obtained are tabulated on the basis of assay 
used to analyse genotoxicity and extend of toxicity. 
Based on assay used: (Table:2) 

1.     Allium cepa assay:  
Allium cepa root meristem assay is used to detect 
genotoxicity, cytotoxicity and mutagenicity with 
specific endpoints as chromosome aberration, mitotic 
index and presence of micro nucleus respectively. It is a 
low-cost method and can be handled easily over other 
short-term assays. (39) 
2.     Ame’s assay: It is a short-term bacterial reverse 
mutation assay specifically designed to detect a wide 
range of chemical substances that can produce genetic 
damage that leads to gene mutations. The test employs 
several histidine dependent Salmonella strains each 
carrying different mutations in various genes in the 
histidine operon. It functions as an initial screen to 
determine the mutagenic potential of new chemicals and 
drugs. The test is also used for submission of data to 
regulatory agencies for registration or acceptance of 
many chemicals, including drugs and biocides.(40) 
3.     Brine shrimp lethality assay: It is an important tool 
for the preliminary cytotoxicity assay of plant extract 
and others based on the ability to kill a laboratory 
cultured larva (nauplii). The nauplii were exposed to 
different concentrations of plant extract for 24 hours. 
The number of motile nauplii was calculated for the 
effectiveness of the extract. It is a simple, cost effective 
and requires small amount of test material. (41) 
4.     Chromosomal aberration assay: Chromosomal 
aberrations are the microscopically visible part of a 
wide spectrum DNA changes generated by different 
repair mechanisms of DNA double strand breaks 

(DSB).(42) The assay involves treatment of mammalian 
cells in culture with the test substance in the absence 
and in the presence of an exogenous metabolic system 
(S9 mix). The DSB in DNA can be induced directly or 
indirectly as a result of errors in replication or repair of 
DNS lesions. (43) 
5.     Comet assay: The single cell gel electrophoresis 
(the comet assay) is one of the most popular DNA 
damage assessment tools by virtue of its sensitivity, 
reliability, reproductability, adaptability and ease of use. 
(44) It detects the strand breaks and alkali-labile sites 
arising from the interaction of various damaging 
intermediates with DNA followed by the exposure of 
genotoxins. (45) 

Table:2 Based on the assay used to assess 
genotoxicity 

28
Ruta graveolens 

Linn. 
[Naagadamani]

(35)

R, St, 
Lf, Fr M, E 100, 250, 500, 

1000mg/kg Allium cepa assay

All extracts are found to 
induce in vitro cytotoxic, 

mito-depressive clastogenic 
and non clastogenic activity 
and reduced mitotic index. 

Among the extracts 
ethanolic extract of leaf 

showed maximum genotoxic 
activity.

Genotoxic

29 Salix alba Linn. 
[Jalavetasa](36) St. Bk E

2.5, 5, 10, 20, 50, 
100, 200, 500 

1000µg/ml
Comet assay Mild genotoxicity has been 

observed. Genotoxic

30
Saussurea lappa 

B C Clarke. 
[Kushtha](37)

Rz Aq. 0.5, 1, 1.5, 2 mg/dl Cell line study

Increase in expression of 
proapoptotic genes: P53, 
1kBα, BAX & TNF and 

decrease in the expression of 
apoptotic genes Bcl2, 
Survivin, and MMP-7

Genotoxic

31

Tinospora 
cordifolia (Willd.) 
Miers.[Guduchi]

(38)
St Aq. 10, 20, 30 mg/ml Allium cepa assay

The extract increased the 
mitosis in root meristem at 
low doses, but reduced the 
mitosis in increased doses.

Non-genotoxic 
at lower doses

Sl.
no
.

Name of 
Assay Name of drug

1 Allium cepa 
assay

Allium cepa L., Amaranthus spinosus 
Linn., Aristolochia indica, Azadirachta 

indica A Juss., Calotropis procera, 
Capparis spinosa L., Citrullus 

colocynthis (L.), Cyperus kyllingia 
Endl., Datura metel Linn., Elephantopus 

scaber, Euphorbia hirta, Foeniculum 
vulgare var.vulgare Mill, Leucas indica, 

Myristica fragrans Houtt., Quassia 
indica, Ruta graveolens, Tinospora 

cordifolia, Tridax procumbens
2 Ame’s assay Hydrocotyle asiatica L., Nigella sativa

3 Brine shrimp 
lethality assay Euphorbia hirta

4
Chromosomal 

aberration 
assay

Calotropis procera, Cyperus kyllingia 
Endl., Datura metel Linn., Hemidesmus 

indicus R Br., Ocimum basilicum L., 
Ocimum gratissimum L., Punica 
granatum, Rubia cordifolia L.
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Table:3 Classification of drugs based on toxicity 

  
Among the 31 medicinal plants, 21 drugs exhibit 

dose dependant toxicity and nine exhibits potent 
toxicity and five shows significant cytotoxicity. Cell 
cytotoxicity refers to the ability of certain chemicals or 
mediator cells to destroy living cells. (46) 

In the above listed drugs two drugs, Calotropis 
procera Linn. (47), Datura metel Linn.(48) are potent 
toxic plants as per Ayurveda. Its use has been strictly 
forbidden without proper purification. Another 
important species is Aristolochia indica Linn., which is 
a potent drug candidate against snake poison. A few 
drugs like Hydrocotyle asiatica L., Punica granatum 
Linn., Rubia cordifolia L., Tinospora cordifolia (Willd.) 
Miers. enlisted above are potent rejuvenators in 
Ayurveda. 

After enumerating the predominant taste of the 
drugs enlisted above, it is evident that most of them are 
having bitter taste. In Samhita’s it has been mentioned 
that excessive usage of bitter taste will results in dhatu 
kshaya, anila vyadhi, bala kshaya, moha, bhrama, asya 
roukshya by virtue of roukshya, visada and khara 
guna’s. (49-50) 

While describing about intelligent and quacker 
physicians, Acharya Charaka mentioned that the 
medicine will act as a poison, a weapon, as fire or 
thunderbolt if used in appropriately, whereas if used 
properly it functions as nectar. (51) If used properly as 
per avastha and mātra, teeķshna visha will be an uttama 
bheshaja. (52) So special attention should be given 

during the long-term administration of plant-based 
drugs and also more importance must be given for ADR 
monitoring and reporting. 

Conclusion 
This article highlights the importance of cautious 

usage of plant-based drugs and also the relevance of 
pharmacovigilance in the present era. In the current 
scenario, there is a notion among the public that herbal 
drugs are safe and can be used without any restrictions. 
The current review gives an insight about the potent 
genotoxic effects of many relevant medicinal plants 
used in Ayurveda. Even though many of the plant 
samples induces genotoxicity, in mild doses they are 
potent drug candidates. Here we would like to 
emphasise the importance of judicial usage of plant-
based drugs and educate the scientific community to 
remain conscious about the adverse reactions which can 
happen along with the administration of single drugs or 
combinations. 

Financial support: As a part of PhD research project 
Conflict of interest: None 

Acknowledgement 
The authors are thankful to the Director, ITRA, 

Jamnagar for providing facilities to carry out the 
research work. 

References 
1. Sagar Kishor Savale, Genotoxicity of Drugs, 

Introduction, Prediction and Evaluation, AJBR, 2018, 
4(6): 1-29. 

2. Contrera JF, Matthews EJ, Kruhlak NL, Benz RD. In 
silico screening of chemicals for bacterial mutagenicity 
using electrotopological E-state indices and MDL QSAR 
software, RTP, 2005; 43:313-323. 

3. Mahmod Etebari, Alireza Ghannadi, Abbas Jafarian 
Dehkordi, Farane Ahmadi, Genotoxicity evaluation of 
aqueous extracts of Cotoneaster discolor and Alhagi 
pseudalhagi by comet assay, J Res Med Sci, 2012, 2, 
237-241. 

4. Essam A A Sadaqa, Saeed S Mohammed, Sameer H Qari, 
Khaled S Ali, Genotoxic effect of Garlic extract on Root 
tips of Allium cepa L., JPBS, 2016, Vol.11(2), 41-44, 
doi:10.9790/3008-1102024144. 

5. Prajitha V, Thoppil J E, Genotoxic and anti-genotoxic 
potential of the aqueous leaf extracts of Amaranthus 
spinosus Linn. Using Allium cepa assay, S. Afr. J. Bot., 
2016, 102, 18-25. 

6. Abhijit Dey, Alok Kumar Hazra, Anuradha Mukherjee, 
Samapika Nandy, Devendra Kumar Pandey, 
Chemotaxonomy of the ethnic antidote Aristolochia 
indica for aristolochic acid content: Implications of anti-
phospholipase activity and genotoxicity study, J. 
Ethnopharmacol., 2021, 266, 113416. 

7. Akaneme, Florence Ifeoma, Amaefule, Comfort C, 
Evaluation of the cytotoxicity and genotoxicity of 
aqueous leaf extracts of Azadirachta indica A Juss. using 
the Allium cepa test, J. Med. Plants, 2012, Vol.6(12), 
3898-3907. 

8. Abhijit Dey, Alok Kumar Hazra, Samapika Nandy, 
Prabhjot Kaur, Devendra Kumar Pandey, Selection of 
elite germplasms for industrially viable medicinal crop 

5 Comet assay
Alhagi pseudalhagi, Euphorbia hirta, 
Nigella sativa, Plumbago zeylanica, 

Salix alba

6 Micronucleus 
assay

Lepidium sativum, Momordica 
charantia, Nigella sativa, Ocimum 

basilicum L., Ocimum gratissimum L., 
Phyllanthus amarus, Plumbago 

zeylanica, Punica granatum

Sl.
no.

Type of 
toxicity Drugs

1
Dose 

dependant 
toxicity

Allium cepa L., Amaranthus spinosus 
Linn., Capparis spinosa L., Citrullus 

colocynthis (L.), Cyperus kyllingia Endl., 
Elephantopus scaber, Euphorbia hirta, 
Foeniculum vulgare var. vulgare Mill., 

Hemidesmus indicus R Br., Hydrocotyle 
asiatica L., Leucas indica, Lepidium 

sativum, Momordica charantia, Myristica 
fragrans Houtt., Nigella sativa, Ocimum 
gratissimum L., Phyllanthus amarus L., 
Punica granatum, Quassia indica, Rubia 

cordifolia L., Tinospora cordifolia (Willd.) 
Miers.

2 Potent 
toxicity

Aristolochia indica, Azadirachta indica A 
Juss., Calotropis procera, Datura metel 
Linn., Ocimum basilicum L., Plumbago 
zeylanica, Ruta graveolens, Salix alba, 

Tridax procumbens

3 Cytotoxic 
drugs

Amaranthus spinosus Linn., Aristolochia 
indica, Capparis spinosa L., Citrullus 

colocynthis (L.), Hemidesmus indicus R Br.

62

http://ijam.co.in





International Journal of Ayurvedic Medicine, Vol 14 (1), 2023; 57-64

Published online in http://ijam.co.in 
  

ISSN No: 0976-5921

Bacopa monnieri for bacoside A production: An HPTLC-
coupled chemotaxonomic study, Ind Crops Prod., 2020, 
1 5 8 , 1 1 2 9 7 5 , h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 /
j.indcrop.2020.112975  

9. S N Malode, Sarika S Khandare, Effect of leaf extract of 
Calotropis procera in Allium cepa with special reference 
to genotoxicity and antimutagenicity, Int. J. Pharmacol. 
Bio. Sci., 2010, 4(3), 39-46 

10. Aslanturk Ozlem Sultan, Tulay Askin Celik, Genotoxic 
and antimutagenic effects of Capparis spinosa L. on the 
Allium cepa L. root tip meristem cells, Caryologia: 
International Journal of Cytology, Cytosystematics and 
C y t o g e n e t i c s , 6 2 : 2 , 1 1 4 - 1 2 3 , D O I : 
10.1080/00087114.2004.10589676. 

11. Sameer Hasan Qari, Citrullus colocynthis aqueous leaves 
extract: Cytotoxic and genotoxic assessment using a 
battery of tests, IJRANSS, 2015, 3(12), 17-32. 

12. Angelbert D Cortes, Cesar A Dela Sena, Nelly S 
Aggangan, Cytotoxic and genotoxic potential of a 
medicinal plant, Cyperus kyllingia Endl., Cytologia, 
2018, 83(1), 81-86, DOI:10.1508/cytologia.83.81. 

13. Kilani Jaziri Soumaya, Mhalla  Dhekra, Chanbane 
Fadwa, Ghedia Zied, Limem Llef, Ghedia Kamel, Chekir 
Ghedira Leila, Phytochemical, antimicrobial, antioxidant 
and antigenotoxic potentials of Cyperus rotundus 
extracts, S. Afr. J. Bot., 2011, 77, 767-776 

14. Oluwole Olusoji Eleyowo, Oluwafemi Daniel Amusa, 
Mutiat Adetayo Omotayo, Utomobong Udom Akpan, An 
investigation of phytochemicals, antioxidant and 
genotoxic potential of Datura metel Linn., Ann. West 
Univ. Timiş., Ser. Biol., 2018, 21(2), 133-142. 

15. Kwan Yuet Ping, Shamarina Shohaimi, Sreenivasan 
Sreedharan, Umi Kalsom Yusuf, Genotoxicity of selected 
Chinese medicinal plants, Elephantopus scaber, 
Glycyrrhiza uralensis and Salvia miltiorrhiza on Allium 
cepa assay, Ann Pharmacol Pharm, 2017, 2(6), 1070 

16. Kwan Yuet Ping, Ibrahim Darah, Umi Kalsom Yusuf, 
Chen Yeng, Sreenivasan Sreedharan, Genotoxicity of 
Euphorbia hirta: An Allium cepa assay, MOLEFW, 2012, 
17,7782-7791, doi:10.3390/molecules17077782  

17. Kwan Yuet Ping, Ibrahim Darah, Yeng Chen, Sreenivasan 
Sasidharan, Cytotoxicity and genotoxicity assessment of 
Euphorbia hirta in MCF-7 cell line model using comet 
assay, Asian Pac. J. Trop. Biomed., 2013, 3(9), 692-696 

18. Juscelio Clemente de Abreu, Effects cytotoxic and 
genotoxic of aqueous extract of fennel (Foeniculum 
vulgare var.vulgare Mill.), IRJAES, 2019, 6(3), 230-236, 
https://dx.doi.org/10.22161/ijaers.6.3.29  

19. R Ananthi, N Chandra, S T Sathiya, A Ramesh, 
Genotoxic and antigenotoxic effects of Hemidesmus 
indicus R Br root extract in cultures blood lymphocytes, 
J. Ethnopharmacol., 2010, 127, 558-560, doi :10.1016/
j.jep.2009.10.034. 

20. I G Rivera, M T Martins, Genotoxicity assessment 
through the Ames’s test of medicinal plants commonly 
used in Brazil, Environ. Toxicol., 1994, 9, 87-93. 

21. K V Sumitha, J E Thoppil, Genotoxicity assessment of 
two common curing weeds: Hyptis suaveolens (L.) and 
Leucas indica (L.) R Br., Cytotechnology, 2016, 68: 
1513-1527, DOI:10.1007/s10616-015-9911-8  

22. Ghazwaa Awad Alsulami, Nahed Ahmed Hussein, 
Subchronic study of sperm morphology, genotoxic and 
mutagenic effect of Lepidium sativum seeds aqueous 
extract in vivo “Lepidium sativum induced genotoxicity 
and mutagenicity”, RRGG, 2020, 2(1), 1-14. 

23. Adewumi O O, Oladele E O, Taiwo I A, Genotoxicity of 
Momordica charantia extract in Swiss albino mice (Mus 
musculus), NIJEST, 2019, 3(1), 62-68 

24. Akinboro Akeem, Kamaruzaman Bin Mohamed, Mohd 
Zaini Asmawi, Othman Ahmad Sofiman, Mutagenic and 
antimutagenic potentials of fruit juices of five medicinal 
plants in Allium cepa L.: Possible influence of DPPH free 
radical scavengers, AJB, 2011, 10(50), 10248-10257, 
DOI: 10.5897/AJB11.694  

25. T Nguyen et al, In vitro toxicity, genotoxicity and 
antigenotoxicity of Nigella sativa extracts from different 
geographic locations, S. Afr. J. Bot., 2019, 126, 132-141, 
https://doi.org/10.1016/j.sajb.2019.02.015  

26. Keerthiga Nagarajan, R Gayathri, V Vishnu Priya, 
Genotoxicity analysis of Nigella sativa (Black cumin 
seed) extract on oral cancer cell line by DNA 
fragmentation, J. Pharm. Sci. , 2017, 9(2), 173-176 

27. Camila Martins Guez et al, Evaluation of basil extract 
(Ocimum basilicum L.) on oxidative, anti-genotoxic and 
anti-inflammatory effects in human leukocytes cell 
cultures exposed to challenging agents, Braz. J. Pharm. 
Sci., 53(1), 1-12 

28. Dimpy Das Borooah, Genotoxicity assessment of water 
extract of Ocimum gratissimum L. using the Allium cepa 
assay, IJPAES, 2011, 1(2), 185-188. 

29. Bakare et al, In vivo evaluation of genetic and systemic 
toxicity of aqueous extracts of Phyllanthus amarus in 
mice and rats, IJTPR, 2015, 7(4), 1-9. 

30. J Denna, E Engidawork, B Hellman, Potential 
genotoxicity of plant extracts used in Ethiopian 
traditional medicine, J. Ethnopharmacol., 2009, 122, 
136-142, doi:10.1016/j.jep.2008.12.013. 

31. V Sivakumar, S Niranjali Devaraj, Protective effect of 
Plumbago zeylanica against Cyclophosphamide induced 
genotoxicity and oxidative stress in swiss albino mice, 
Drug Chem. Toxicol., 2006, 29, 279-288. 

32. Angel Sanchez Lamar et al, Assessment of the genotoxic 
risk of Punica granatum L. (Punicaceae) whole fruit 
extracts, J. Ethnopharmacol., 2008, 115, 416-422, doi: 
10.1016/j.jep.2007.10.011. 

33. Chitra Vijayan, P Preeja, K Murugan, Analysis of 
phytochemical profile and genotoxicity of crude 
methanolic extracts of Quassia indica (Gaertn.) with anti-
inflammatory and antioxidant properties, J. Pharm., 2018, 
8(2), 10-17. 

34. Abderrahman S M, Abdallah S, Hatmal M M, Genotoxic 
and cytotoxic effects of alkaloids extracted from Rubia 
coordifolia roots on mice bone marrow cells, 
Pharmacologyonline, 2016, 3, 133-140 

35. Suganya Krishnamurthy, J Fathima Benazir, Genotoxicity 
assessment of various extracts from Ruta graveolens, 
IRJNAS, 2014, 1(7), 202-211. 

36. Edson Luis Maistro et al, Salix alba (white willow) 
medicinal plant present genotoxic effects in human 
cultured leukocytes, JTEHS, Part A, 2020, https://doi.org/
10.1080/15287394.2019.1711476. 

37. Ayyub A Patel, Mohammed Amanullah, Fahmy G Elsaid, 
Tamer Soliman, Mohammed Eissa, Hani Althaid, In vitro 
evaluation of anti-cancer and genotoxic potential of 
medicinal herb Saussurea lappa extract in human cancer 
cell lines, EJMCM, 2020, 7(9), 736-746. 

38. Amit Kumar, Sukumar Dandapat, Manoj Kumar, M P 
Sinha, Evaluation of genotoxicity and cytotoxicity of 
Tinospora cordifolia (Thunb.), Bioscan, 2013, 8(3), 
1083-1088 

39. Daniela Morais Leme, Maria Aparecida Marin-Morales, 
Allium cepa test in environmental monitoring: A review 

63

http://ijam.co.in
https://doi.org/10.1080/15287394.2019.1711476
https://doi.org/10.1080/15287394.2019.1711476





Asha S Raj et.al., A narrative review on genotoxic potential of medicinal plants used in Ayurveda

Published online in http://ijam.co.in ISSN No: 0976-5921

on its application, Mutat Res., 2009, 682(1),71-81, 
https://doi.org/10.1016/j.mrrev.2009.06.002. 

40. Mortelmans K, Zeiger E. The Ames Salmonella/
microsome mutagenicity assay. Mutat Res. 2000 Nov 
20;455(1-2):29-60. doi: 10.1016/s0027-5107(00)00064-6. 
PMID: 11113466. 

41. Sarah, Quazi & Anny, Fatema & Misbahuddin, Mir.,Brine 
shrimp lethality assay. BJP, 2017, 12(2):5. 10.3329/
bjp.v12i2.32796. 

42. Obe G, Pfeiffer P, Savage JR, Johannes C, Goedecke W, 
Jeppesen P, Natarajan AT, Martínez-López W, Folle GA, 
Drets ME. Chromosomal aberrations: formation, 
identification and distribution. Mutat Res. 2002 Jul 
25;504(1-2):17-36. doi: 10.1016/s0027-5107(02)00076-3. 
PMID: 12106643. 

43. Marilyn Registre, Ray Proudlock, The In Vitro 
Chromosome Aberration Assay, Chapter 7, Genetic 
Toxicology Testing, http:/ /dx.doi.org/10.1016/
B978-0-12-800764-8.00007-0. 

44. Collins AR. The comet assay for DNA damage and 
repair: principles, applications, and limitations. Mol 
Biotechnol. 2004 Mar;26(3):249-61. doi: 10.1385/
MB:26:3:249. PMID: 15004294. 

45. Karbaschi M, Ji Y, Abdulwahed AMS, Alohaly A, 
Bedoya JF, Burke SL, Boulos TM, Tempest HG, Cooke 
MS. Evaluation of the Major Steps in the Conventional 
Protocol for the Alkaline Comet Assay. Int J Mol Sci. 
2019 Dec 2;20(23):6072. doi: 10.3390/ijms20236072. 
PMID: 31810189; PMCID: PMC6929057. 

46. Tülay Aşkin Çelik, Erman Salih Istifli and Hasan Basri 
Ila, Chapter1, Introductory Chapter: Cytotoxicity, 
Cytotoxicity Definition, Identification, and Cytotoxic 
Compounds, Intech Open, pg: 1. 

47. Dr Rabinarayan Acharya, Dr Galib, Prof. M S Baghel, A 
handbook on Herbomineral Drugs with known risk for 
Adverse Drug Reactions due to inappropriate use and 
their management, National Pharmacovigilence Resource 

Centre for ASU drugs, IPGT& RA, Gujarat Ayurveda 
University, pg:2. 

48. Dr Rabinarayan Acharya, Dr Galib, Prof. M S Baghel, A 
handbook on Herbomineral Drugs with known risk for 
Adverse Drug Reactions due to inappropriate use and 
their management, National Pharmacovigilence Resource 
Centre for ASU drugs, IPGT& RA, Gujarat Ayurveda 
University, pg:12. 

49. Vaghbhata, Ashtanga Hrudaya, Arunadatta, Hemadri, 
Choukambha Sanskrit Series Office, Varanasi, 2004, 176. 

50. Agnivesh, Charaka Samhita, R K Sharma, Bhagwan Dash 
Vol.1, Choukambha Sanskrit Series Office, Varanasi, 
2008, 469. 

51. Agnivesh, Charaka Samhita, R K Sharma, Bhagwan Dash 
Vol.1, Choukambha Sanskrit Series Office, Varanasi, 
2008, 59. 

52. Agnivesh, Charaka Samhita, R K Sharma, Bhagwan Dash 
Vol.1, Choukambha Sanskrit Series Office, Varanasi, 
2008, 60. 

  
List of Abbreviations 
Abbreviations                   Definition 
B                                       Bulb     
Fl. Bud                              Flower bud 
Fr.                                     Fruit 
kg                                      Kilogram 
L                                        Leaf 
mg                                     Milligram 
R                                       Root 
Rz.                                     Rhizome 
Sd                                      Seed 
St                                       Stem 
St. Bk.                               Stem bark 
WP                                    Whole plant 
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