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ABSTRACT

Genotoxicity is the capacity of drugs to induce DNA damage by chemically
modifying either the structure or the sequence of nucleotides. This is
most commonly experienced in lifestyle disorders as the medication in
these conditions requires long-term administration. As per the WHQO'’s
current status, 74% of the current deaths in a year are due to lifestyle
disorders. Traditional plant-based medicines play a major role in the
prevention of a few communicable diseases. Apart from the prevention
of disease, they provide a protective effect against the ill effects induced
by oxidative stress due to diet and regimes. The current review contains
articles from PubMed, Web of Science, Scopus, and Google Scholar
databases from October 2021 — September 2022 by searching keywords
including “anti-genotoxicity” or “mutagenicity” or “anti-mutagenicity”
and “in vitro” or “in vivo” and “plants” or “medicinal plants”. After
review, 45 articles were included, which contained information about
38 plants. This article rationalises the long-term usage of medicinal
plants in treating various health conditions.

Keywords: Traditional Medicine, Anti-oxidants, Medicinal Plants,
Anti-genotoxic Potential, Protective-effect

Introduction

called Reactive oxygen species (ROS). Among the reactive

The genotoxicity of a substance is its capacity to induce
damage to a DNA by chemically modifying the structure or
nucleotide sequence. It can be due to severe repercussions
on cellular functions and survival, and can be transmitted
to the offspring due to germ cell damage.! During the
last few decades, cancer, CVD, liver disorders and other
lifestyle diseases have constituted a major part of the
expenditure in the health sector. The major culprit for the
occurrence of these lifestyle disorders is the free radical

compounds, ROS are highly reactive, unstable molecules
with one or more unpaired electron(s) in the outer shell.
They are genotoxic molecules and play a vital role in several
pathologies including cancer.

There are many natural antioxidants like polyphenolic
compounds that are found to possess protective effects
on chronic diseases occurring due to oxidative stress.
Epidemiological studies reveal that a high intake of anti-
oxidant-rich foods is inversely related to the risk of cancer.?
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There are a lot of research articles regarding the anti-
genotoxic potential of medicinal plants. This article tends
to summarise the results of research conducted so far on
the anti-genotoxic potential of various medicinal plants
used in Ayurveda.

Materials and Method

In the current review, findings were extracted from PubMed,
Web of Science, Scopus and Google Scholar databases from
October 2021 —September 2022 by searching keywords like
“anti-genotoxicity” or “mutagenicity” or “anti-mutagenicity”
and “invitro” or “in vivo” and “plants” or “medicinal plants”.
Publications in a language other than English language
and studies exclusively done on the active compounds
were excluded.

Results and Discussion

The articles were selected as per the criteria shown in
Figure 1.

Table 1 shows categorisation of anti-genotoxicity activity
of medicinal plants.

2AA: 2 amino anthracene, Ac.: Acetone, Ae.: Aerial parts,
Al.: Alcoholic, Ag.: Aqueous, Ar.: Arsenic, BAP: Barium
amino phosphate, CCl,: Carbon tetra chloride, CdSO,:
Cadmium sulphate, CP: Cyclophosphamide, E: Ethanolic,
Fr.: Fruit, Fl.: Flower, Fl. Bud: Flower bud, H,0O,: Hydrogen
peroxide, Hy. Al: Hydro alcohol, L: Leaf, M: Methanolic,
MMS: MNNG: N-methyl, N-nitro, N-nitrosoguanidine, P:
Pulp, PE: Petroleum ether, R: Root, Rn.: Resin, Rz.: Rhizome,
Sd.: Seed, St: Stem, St. Bk: Stem bark, STZ: Streptozotocin,
WP: Whole plant

Comet Assay

It’s the simplest and a highly versatile method to measure
DNA damage and repair at the cellular level. It relies on

the ‘comet’-like appearance of negatively charged DNA
fragments which are pulled in response to an electric
field inside an agarose gel. This method adopts the simple
biochemical techniques for detecting DNA-single strand
breaks, alkali-labile sites and cross-linking approaches
in cytogenetic assays. This method is efficient to detect
low-level damage, use of proliferating or non-proliferating
monodispersed cell populations, single-cell data collection
and a smaller number of cells per sample. It is also flexible
to use fresh or frozen samples.*

Micronucleus Assay

It is the simplest in vitro/ in vivo method to evaluate
genotoxic properties in various mammalian models and
aquatic models. It is a sensitive model to assess genotoxicity
in various mammalian models. Micronuclei are small nuclei
which arise in the mitotic cells from chromosomes or
chromosomal fragments which lag behind in anaphase and
are not integrated into daughter nuclei. These micronuclei
harbour chromosomal fragments resulting in direct DNA
breakage, replication or inhibition of DNA synthesis. This
occurs primarily due to the failure of mitotic spindle,
kinetochore or other parts of mitotic apparatus or by
chromosomal damage. Thus, an increase in the frequency
of micro-nucleated cells is a biomarker of genotoxic effects
that can reflect exposure to agents with clastogenic
(chromosome breaking; DNA as target) or aneugenic
(aneuploidogenic; effect on chromosome number; mostly
non-DNA target) modes of action.>°

Chromosomal Aberration Assay

This assay identifies the agents which produce structural
chromosome aberrations like chromatid formation. An
increase or decrease in the number of chromosomes
suggests the potential of the agent to induce aberrations.*!

e

Figure 1.Selection Criteria for the Articles describing Anti-genotoxicity of Medicinal Plants
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Table |.Categorisation of Anti-genotoxicity Activity of Medicinal Plants

S. . . Plant Result
Botanical Identity Ex. Conc. Ind. Agent Conc. Test : .
No. Part Observation Toxicity
Reduced the oxidative
SOS chromo test stress induction factor
H.0, 1.omM using E. coli PQ37 | induced by H,O,in a dose-
M, >0, 100, dependent manner
1, Aegl[eBZ'MC/’; 73'6/05 Fr Ac, | 150,200 — Anti-genotoxic
Ag. ug/ml Soseh e Rteduc.eddtheﬁomilative
chromo tes stress induction factor
Aflatoxin B1 10 . . . .
atoxin ug/assay using E. coli PQ37 | induced by H,0,in a dose-
dependent manner
In vitro -
150, 200,
Alstonia scholaris 250’/3;1(:0 Chromosomal Reduced total frequencies
2. Linn. WP M 'ug' MMS 5 ug/ml . q. Anti-genotoxic
[Saptaparna]® in vivo - aberration test of cell-aberration
200, 250,
300, 350,
400 mg/kg
Amaranthus 005 ¢/, aceat oo, reverted | Ant
3. spinosus Linn. L Ag. 0.1g/L,0.5 H,O, 3%, 7% Allium cepa assay _— P .
[Tanduleeyakal® g/l 1g/L oxidative damage at mutagenic
’ tested conc.
Schmid Significantly reduced
L E 200 mg/kg MNNG 40 mg/kg Micronucleus test m|cronucle{;nd lipid Anti-genotoxic
Azadirachta indica peroxides
4. Nimbal®?
[Nimba] Significantly reduced
L E 200 mg/kg DMBA 35 mg/kg Micronucleus test micronuclei and lipid Anti-genotoxic
peroxides
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4-nitroquinolene-

Exhibited protection

>, 2.5,1.25, 1-oxide, ’ g%/pla/te’ muta :fiacli:Stir::liced b
Boswellia serrata 0.625, 2-aminofluorene, HE Anti-mutagenicity . g . ¥ . ¥ . .
5. - Rn Dry . . : plate, 0.02 4-nitroquinolene-1-oxide, | Anti-genotoxic
[Sallaki] 0.312 mg/ mitomycin C, sodium test . .
late azide. benzo aloha mg/plate, 2-aminofluorene, sodium
P ’ P 5 ug/plate azide in TA98 and TA100
pyrene .
strain
0.1,0.25, 0.1,0.25, Allium cepa inc’:e‘:‘;::dfoﬁ":fn:tber Dose-
Ch. 0.50, 0.75, Hg 0.50, 0.75, chromosomal . dependent
iy i 1.0% 1,2 ppm aberration assay and root growth in Hg- anti-genotoxic
6. Brass;g'ajuncea Sd ' ’ treated groups
[Rajika]**°
0.1,0.25, 0.1, 0.25, Allium cepa Dose-dependent
Ag. 0.50, 0.75, Hg 0.50, 0.75, chromosomal rotecti\f)e offect Anti-genotoxic
1.0% 1,2 ppm aberration assay P
Increase in the % MNCPE
Calotropis procera In test groups,
7. [AI:kal]D“ R E 500 mg/kg DMBA 30 mg/kg | Micronucleus assay | inhibition of bone marrow | Anti-genotoxic
cell multiplication,
decrease in PCE:NCE ratio
Growth retardation,
a significant decrease
Capparis spinosa L. 10, 20, 30 5 . in mitotic index and Anti-
8. [Himsra]* Fl. bud AQ. g/L EMS 3.10"M Micronucleus assay chromosomal aberrations mutagenic
observed in a dose-
dependent manner
Centella [1.075
- ! h I Dose- . .
9. asiatica Linn. L Ac 2.127, 3.15, CPA 20,30 uM abgrr;ot?)ﬁs;:;? sis Sc?’ceegtei\?:ZSfZ:: Anti-genotoxic
[Mandukaparni]* 4.17] x 10* ¥ P
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10, 50,
Citrullus colocynthis 0.5-3 mg/ 100, 200 . Suppressed the action of Anti-
10. . F Hy.Al. P M I . . .
0 (L.) [Indravaruni* f y Ml ¢ mg/kg as ICronucieus assay |- cp jn clastogenic effects mutagenic
i.pinj.
Effective in preventing
Citrus reticulata DNA damage induced by Anti-
11. P, A E, PE 2 k BaP k .
[Naranga]*® 1 A€ ’ 0 mg/ke a 50 me/kg Comet assay BaP and showed good mutagenic
antigenotoxic activities
. . Protection against CT-
Coriandrum sativum 0.1, 0.5, . . . . . .
12. Linn. [Dhanyaka]™ Sd M 1.0% CcT 2-10 ppm Allium cepa assay | induced ph'y5|olog|ca.l and | Anti-genotoxic
clastogenic aberrations
Comet assay Significantly reduced DNA
damage
Lowered the incidence
Costus speciosus >0, 100, Micronucleus assay Ofpnc::\c/zcl)wrr];r:j\:itced
13. [Ketaki]" WP Aq. 150 mg STZ 80 mg/kg erythrocytes Anti-genotoxic
costus
Lowered the percentage
Chromosomal of all types of structural
aberrations aberrations and numerical
variations
Cuminum cyminum 0105 Protection against CT-
14. Linn. [Sweta Sd M '1 ’0‘? ! CT 2-10 ppm Allium cepa assay | induced physiological and | Anti-genotoxic
jeeraka]® R clastogenic aberrations
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Showed a protective
0,
Curcuma longa Linn >0, 100, Micronucleus assay, rr?iifg:izci)rij:;lggg;/f?;r
15. . gls ' Rz E 200, 400 Mytomycin-C 2 mg/kg chromosomal 1 209970 Anti-genotoxic
[Haridra me/k aberration chromosome aberrations,
E/%e and 97.65% for reduction
of micronucleus
Ad., 50, 200 A dose-dependent
Ae EA, 50'0 /’ BAP 200 pg/ SOS chromo test decrease inpmuta en Anti-
M, He assay strain E. coli PQ37 . & mutagenic
TOF assay genotoxicity
16 Cyperus rotundus -
| st
EA, 50, 200, Aflatoxin B1, 10 ug/ ! Dose-dependent Anti-
Rz . . TA100; SOS chromo . .
M, 500 pg/mL Nifuroxazide assay . . inhibitory effect mutagenic
TOF test strain E. coli
PQ37
SMART assay A dose-dependent
Aq. 24,8% MMS of Drosophila decrease in m‘uta't'lc')r.l Anti- ‘
melanogaster —eye | frequency at an inhibition mutagenic
spot test rate of 41.16%
Sd 1mM
. h I D h )
. 0.5, 5 mg/ Mytomycin C ¢ romosta ecreased the . Anti-
17 Foeniculum vulgare Aq. ml Colchicine aberration chromosomal aberrations mutagenic
) Mill. [Misreya]**23 Drosophila assay induced by the mutagens &
Bone marrow CA
. assay, Inhibited genotoxicity and .
E tial . . e . Anti-
sse.n . Qil 1,2 ml/kg CcP 40 mg/kg | Micronucleus assay, | oxidative stress induced " .
oil . mutagenic
Sperm abnormality by CP
assay

ISSN: 2278-2044

DOI: https://doi.org/10.24321/2278.2044.202312



RajAS et al.
Chettinad Health City Med. J. 2023; 12(1)

Chromosome

Significantly reduced

Houtt. [Jatiphala]?®

aberrations

. . 1 I i , )
0.1,5, 10, Mitomycin-C 0.1 ug/m aberrfatlorl assay the formation of . .
; M 20 pg/ml Cytochalasin B Cytokinesis-block micronucleus and Anti-genotoxic
Glycyrrhiza He y 6 ug/ml micronucleus h | ab .
18. glabra Linn. R (CBMN) assay chromosomal aberrations
[Yashtimadhu]** p g
Dose-dependent
4 h I . . ) .
Ag,M 300, 450, CP 50 mg/kg ¢ rom9soma protective effect against | Anti-genotoxic
600 mg/kg aberration test .
chromosomal aberration
Sister Chromatid Significantly redus:ed
analvsis the frequency of sister
Hemidesmus indicus ¥ chromatid exchange,
2,4,8,16, . . Chromosome . . .
19. R Br R E Cisplatin 0.05 pg/ml . chromosome aberration | Anti-genotoxic
. 32 pug/ml aberration assay, .
[Sariba] . and micro-nucleated
Cytokinesis — block .
micronucleus assa binuclear cells at lower
¥ conc. 4 and 8 pg/ml
. A dose-dependent
Micronucleus assay, . . .
increase in radical
Hibiscus rosa- Comet assay - scavenging ability against
20. . . - Fl. E 250 mg/kg CcP 40 mg/kg Single cell gel . . Anti-genotoxic
sinensis [Japa . various free radicals and
electrophoresis - L o
significant inhibition of
SCGE o e
lipid peroxidation in vitro
- Suppresses cytotoxicity
21. Myristica fragrans Fr Ag. 1,2,4,8% CcpP 0.1% Allium cepa test and chromosomal Anti-genotoxic
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aberrations

1,4,8 mg/ Vitotox test — TA104
| Ame’ -TA ..
plate me's assay %, Lowers the genotoxicity
2,4,9mg/ TA100 .
ml 1 pg/plate Comet assay, induced by the mutagens
Aqg. 0.5265, 2AA Micronucleus assay, ina dors;]ea-:rt:zfndent Anti-genotoxic
. _ 1.125, 2.25, Neutral red uptake
Nigella sativa 45,9,18 test in human C3A
22. e %0 sd
[Kalajaji]* mg/ml cells
Significantly reduced
E 8.3% MNNG 0.5 uM Cytogenetic studies the formation of Anti-genotoxic
micronucleus and
chromosomal aberrations
Comet assay, Reduced the
Chromosomal . .
A aberrations manifestation of
q: 50 mg/kg Ch. py 75 pg/mml ) ! chromosomal aberrations, | Anti-genotoxic
& E Micronuclei L
even though the mitotic
frequency . - .
itotic ind index remained increased
Ocimum sanctum Mitotic index
23 [Karpng?z . All the treated doses
thulasi]** significantly reduced
the chromosomal
Ag. >0, 100, cP 100 pg/ml Chrompsomal aberrations induced by Anti-genotoxic
200 pl/ml aberration assay .
cyclophosphamide and
there is an increase in
mitotic index.
Phyllanthus emblica 170, 340 Chromosomal Decrease in the frequency
24. ; . . ’ ’ . i- i
4 Linn. [Amalaki]® Fr Ag 680 ma/kg CcpP 50 mg/kg aberration assay of chromosomal Anti-genotoxic
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The number of MNCPE’s

Linn. [Dadima]*®

Sperm morphology
assay

Phyllanthus .
maderaspatensis 400, 600 Bone marrow Micro nucleated
25. . P WP E ’ Cisplatin 5 mg/kg . polychromatic Anti-genotoxic
Linn. mg/kg micronucleus assay
[Bhoomyamalaki]* erythrocytes formed was
less in the treated groups.
Phyllanthus There’s no .5|gn|.ﬁcant Non-genotoxic,
S 50, 150, . decrease in micro- .
26. niruri Linn, WP Aq. CP 50 mg/kg | Micronucleus assay . protective
- 250 mg/Kg nucleated polychromatic
[Bhoomyamalaki] effect
erythrocytes.
Phyllanthus 0, 10, 100, Chromosome cs;lgrggﬁwf)ir;m/er:gz?giizhni
27. orbicularis [Krishna WP Aqg. 500, 1000 H,O, 5Mm . Anti-genotoxic
136 aberration assay caused by hydrogen
kamboji ug/ml .
peroxide.
Results show a dose-
dependent reduction
Plumbago zeylanica 250, 500 . in micronucleated ) .
28. . E . -
8 [Sweta chitraka]”’ R me/ke Ccp 40 mg/kg Micronucleus test polychromatic Anti-genotoxic
erythrocytes formed in
treated groups.
Significantly decreased
Chromosome the number of cells with
29, Punica granatum P sd. £ 0.3 g/ke ccl 5% aberration assay, chromosomal aberrations Anti-genotoxic

and percentage of
abnormal sperms induced
by CCl,
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Quercus infectoria

Bone marrow

Significantly decreased
the chromosomal

chromosomal aberrations
and mono-nuclear

formation

2,5,7 gm/ index, aberratiqns, micronuclei . .
30. [Mayaphalal® Gall Ag. ! ,kg 2AA 750 mg/kg Chromosomal formation frequency Anti-genotoxic
aberration, and stimulated cell
Micronucleus assay proliferation in bone-
marrow cells at 2 gm/kg
The extracts effectively
reduced the formation
. . of micronucleated
spondias dulcis Forst 500, 1000, BAP, 9 me/ke Micronucleus assay, polychromatic . .
3L F. St Bk. E 1500 mg/kg CcpP Comet assay erythrocytes and reduced Anti-genotoxic
[Amrataka]*° 40 mg/kg
the chromosomal
aberration induced by
testing compounds.
The mean value of tail
per cent DNA, tail length,
200, 400 . . .
Sd. M me/ke Ar. 100 ppm Comet assay and tail moments were Anti-genotoxic
significantly less in
treated groups.
32. Syzygium cumini The treated groups
[Jambu]** significantly inhibited
100. 200 Micronucleus assay, the frequencies of
Fr. M mgl/kg CcpP 40 mg/kg Chromosomal aberrant metaphases, Anti-genotoxic
aberration
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Terminalia catappa

25,50, 75,

2.25 mu/

Comet assay,

The extracts prevent
the intracellular DCF

33. 13 L Aq. BMS Chromosomal fluorescence intensities | Anti-genotoxic
[ingudiif 100 pg/ml ml aberration induced by bleomycin
sulphate.
Minimises the clastogenic
effect.
Tinospora cordifolia . The numbers of . .
34, [Guduchi]* St E 80 mg/kg Na,HAsO, 4 mg/kg Micronucleus assay micronuclei formed were Anti-genotoxic
much less in extract-
treated groups.
Significantly prevented
L Micronucleus assay, the micronucleus
35. TeL?r:r’;lngquuirg}lga St. Bk. E 21200;:8/?(' CcP 50 mg/kg Chromosomal formation and Anti-genotoxic
Ll E/%6 aberration chromosomal aberrations
induced by CP
The extracts significantly
Trigonella foenum- modulated the genotoxic
36. ragecum[Methika]“6 L M,E | 0.1,0.5, 1% Cdso, 250 ppm Allium cepa assay and clastogenic Anti-genotoxic
g aberrations induced by
the cadmium sulphate.
The treated extracts
) . . exhibited a dose-
37. W;Z;c;:‘;a;zcrfr;,rg{ira Rz. DEE 0'%5;;);/50' MNNG 0.1% Allium cepa assay dependent protective Anti-genotoxic
g R effect on MNNG-induced
chromosomal aberrations.
In a dose-dependent
Withania coagulans 500, 1000 . manner, the extracts . .
. . F M ! ’ P k M I ! . Anti-
38 [Rishyagandha]*® ' 1500 mg/kg ¢ 50 me/kg icronucieus assay prevent the formation of nti-genotoxic

micronuclei.
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SOS Chromo Text

This is a rapid, short-term, colorimetric biological assay to
assess the genotoxic potential of chemical compounds. It
measures the expression of genes in E. coli when exposed to
genotoxic agents, by means of a fusion with the structural
gene for B-galactosidase. It compliments Ame’s assay in such
a way that it detects genotoxic agents like estradiol, which
may yield false negative results with the previous one.>?

Allium Cepa Assay

The test is a widely applicable screening test for chemicals
and in situ monitoring of environmental contaminants. This
test employs the exposure of apical meristems of Allium
cepa to monitor for any chromosomal aberrations.>?

Ame’s Assay

This is a rapid, easy and inexpensive way to conduct an initial
screening test for genotoxicity.** It is conducted by using
amino acid requiring strains of Salmonella typhimurium
and Escherichia coli to detect the mutation points like
deletion, addition or substitution of one or more base
pairs of DNA.>> The principle behind the test is that if the
bacterial strains are kept in a medium with minimal or no
histidine and mutant, the mutant will revert the DNA so
as to produce histidine, which is essential for the growth
of bacterial strains.54>®

Conclusion

This article contains the anti-genotoxic properties of 38
plants assessed using Comet assay (8 plants), Micro nucleus
assay (21 plants), Chromosomal aberration assay (18 plants),
SOS chromo text (3 plants), Allium cepa assay (8 plants),
Sperm abnormality test (2 plants), and Anti-mutagenicity
test, Ame’s assay, Drosophila melanogaster eye spot test,
and Vitotox assay (one each). This article has aimed to
briefly describe the medicinal plants with anti-genotoxic
properties along with the tests performed to assess them.
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