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Medicinal Plants
During the last few decades, there has been a significant increase 

in the use and study of medicinal plants and their compounds for 
therapeutic applications. Secondary metabolites of different organisms 
have been a source of small organic molecules of outstanding chemical 
diversity, which are highly relevant for medicinal purposes [1]. However, 
in recent years, concerns about the poor quality control and the 
scientific evidence regarding the safety of such products have increased 
[2]. Randomized clinical testing of these products has revealed that 
undesirable side effects are possible and that many compounds can 
have toxic properties [3].These effects can affect vital processes such 
as DNA replication, gene transcription and cell division, leading 
to chromosomal abnormalities, cancerous processes, degenerative 
diseases and also cell death [4-6]. Pyrrolizidine alkaloids (PAs) and PA 
N-oxides, for instance, identified as secondary metabolites have been
detected in many traditional medicinal plants, including over 6000
specimens tested. On the other hand, PA can be considered as one of
the main poisonous plant constituents for humans [7,8]. For example,
in United States, toxic PAs were found in at least 28 traditional herbal
medicines [8]. Among PA-containing plants, comfrey (Symphytum
officinale) could be highlighted. Besides its use during over 2000 years
for joint inflammation, tendon damage, gastrointestinal ulcerations and 
lung congestion among other treatments,  comfrey has hepatotoxic,
mutagenic and carcinogenic potential [9,10]. For this reason, many
comfrey products have been banned from the market in United States
and Canada [8,9].

On the other hand, many populations are still largely dependent 
on plants for medicinal purposes [11,12]. In tropical countries, such 
natural resources are often sold in open markets based solely on their 
traditional use. For example in Brazil, an evaluation of phytoterapic 
products sold in market places and literature searches revealed that most 
of them (58.7%) have never been studied regarding their compounds or 
potential risks [12]. Additionally, some herbs are easily confounded by 
its adulterants. The problem is that some herbs and/or their adulterants 
can also present side toxic effects [13]. For example, a recent study using 
MTT and Comet assays on HepG2 cells [14] evaluated the ethanolic 
extract of Euphorbia hyssopifolia widely used in South America and Asia 
due to its antimicrobial effects, uncovering  that its extract is cytotoxic 
and/or genotoxic to human health even in small dosages (≥ 0.01 mg/
mL). Therefore, the correct identification of the medicinal herbs, the 
elucidation of side effects, appropriate doses, ways of extraction and 
conservation and toxic studies are the first challenges for a safety use of 
medicinal plants [15] and for further investigation.

Genotoxicity and Mutagenicity Assays
Genotoxicity is a term that refers to the ability to interact with DNA 

and/or the cellular apparatus that regulates the fidelity of the genome 
(i.e. DNA, spindle apparatus and enzymes involved in the maintenance 
of genome). On the other hand, mutagenicity refers to the induction of 
permanent transmissible changes in the structure of the genetic material 
of cells or organisms. These changes (mutations) can involve a single 
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gene or a block of genes, such as a given chromosome segment [16]. In 
this regard, genotoxicity and mutagenicity tests are an important part of 
the assessment to the hazards of chemicals for regulatory purposes. To 
assess genotoxicity and/or mutagenicity, different possibilities must be 
considered: besides point mutations induction, a compound can induce 
changes in chromosome number (e.g. polyploidy or aneuploidy) or 
structure (e.g. breaks, deletions, rearrangements) [17,18].

Important agencies such as International Conference on 
Harmonisation (ICH), The Organization for Economic Co-operation 
and Development (OECD), National Cancer Institute (NCI) and World 
Health Organization (WHO) have required safety tests for herbal 
medicines. Registration of pharmaceuticals requires a thorough 
assessment of their genotoxic potential. It is clear that no single test is 
capable of detecting all relevant genotoxic agents. Therefore, the usual 
approach should be to carry out a battery of in vitro and in vivo tests 
for genotoxicity. Such tests are complementary rather than representing 
different levels of hierarchy [19]. These agencies recommend: a test for 
gene mutation in bacteria; an in vitro test with cytogenetic evaluation 
of chromosomal damage with mammalian cells or an in vitro mouse 
lymphoma tk assay; and an in vivo test for chromosomal damage using 
rodent hematopoietic cells.

Bacteria are used in the most widely applied methods for detection 
of gene mutations. The bacterial reverse mutation test uses amino-acid 
requiring strains of Salmonella typhimurium and Escherichia coli to 
detect point mutations, which involve substitution, addition or deletion 
of one or a few DNA base pairs. The principle of this bacterial reverse 
mutation test is that it detects mutations, which reverts mutations 
present in the test strains and restore the functional capability of the 
bacteria to synthesize an essential amino acid. The revertant bacteria 
are detected by their ability to grow in the absence of the amino acid 
required by the parental test strain [20]. Salmonella assay, for instance, 
was used to identify the potential genotoxic of Senna alada extract, 
which is used in traditional medicine of many African countries for the 
treatment of microbial, inflammatory and stress-related diseases [21].

However, bacteria are evolutionarily distant from human model, 
lacking true nuclei and also enzymatic pathways to activate most 
promutagenic intermediates necessary to form mutagenic compounds. 
Therefore bacterial reverse mutation test may not be appropriate for 
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the evaluation of certain classes of chemicals, for example highly 
bactericidal compounds (e.g. certain antibiotics) and those which 
are thought (or known) to interfere specifically with the mammalian 
cell replication system (e.g. some topoisomerase inhibitors and some 
nucleoside analogues). In such cases, mammalian mutation tests may 
be more appropriate [20].

In vitro chromosomal aberration test identify substances that cause 
structural chromosomal aberrations in cultured mammalian cells. 
Structural aberrations may be of two types, affecting chromosome or 
chromatid. Polyploidy (including endoreduplication) could also arise 
during in vitro chromosome aberration assays. Although aneugenic 
compounds can induce polyploidy, polyploidy alone does not indicate 
aneugenic potential and can simply indicate cell cycle perturbation 
or cytotoxicity. Thus, this test is not designed to measure aneuploidy. 
The in vitro chromosomal aberration test may employ cultures of 
established cell lines or primary cell cultures of human or rodent 
origin. The cells used should be selected on the basis of growth ability 
in culture, stability of the karyotype (including chromosome number) 
and spontaneous frequency of chromosomal aberrations [22].

The mammalian in vivo bone marrow chromosomal aberration 
test is especially relevant for assessing genotoxicity because, although 
they may vary among species, factors of in vivo metabolism, 
pharmacokinetics and DNA-repair processes are active and contribute 
to the responses. An in vivo assay is also useful for further investigation 
of genotoxicity detected by an in vitro system. Rodents are routinely 
used in this test, but other species may be appropriate in some cases if 
scientifically justified. Bone marrow is the target tissue in this test since 
it is a highly vascularized tissue and it contains a population of rapidly 
cycling cells that can be readily isolated and processed [23].

The mouse lymphoma TK assay (MLA) is usually part of an in vitro 
battery of tests developed to evaluate risk assessment prior to some in vivo 
tests. It has the potential to identify mutagenic and clastogenic episodes 
at the tk (thymidine kinase) locus of the L5178Y mouse lymphoma tk 
(±) cells by accessing the resistance to the lethal nucleoside analogue 
triflurothymidine (TFT). This test is able to detect a wide spectrum of 
genetic events including point mutations (e.g. nucleotide substitution), 
intragenic and multilocus deletions , chromosomal rearrangements,  
nondisjunction and mitotic recombination. Two equally accepted 
versions of the assay can be used: (1) using soft agar cloning or (2) using 
liquid media cloning in 96-microwell plates. Two morphologically 
distinct types of MLA mutant colonies can be recovered: small- or 
large-colony mutants. The induction of small-colony mutants has 
been related with chemicals inducing large chromosomal aberrations 
whereas the induction of gross mutant colonies is generally correlated 
with chemicals that induce point mutations. Important variables 
that could influence the assay performance include the source 
and the karyotype of the cell line as well as the culture conditions. 
When performed according to the standards recommended by the 
International Workshops on Genotoxicity Testing, the assay is able to 
provide valuable genotoxicity hazard information as part of the overall 
safety assessment process of various classes of test substances [24].

Additional assays can be used to detect genotoxic effects using in 
vitro and in vivo cells. For example, in micronucleus test, for instance, 
an increase of micronucleated cells frequency in both  in vitro and 
in vivo cells indicate the occurrence of chromosome damage(s), 
originated from chromosome fragmentation (clastogenic activity) and/
or whole chromosome loss (aneugenic activity, indicative of aneuploidy 
for the nucleus). Comparisons of micronucleus diameter also allow the 
determination of clastogenic or aneugenic potential of the compound 
tested [25]. However, more confidence in distinguishing between 

clastogenic or aneugenic micronuclei can be performed combining 
fluorescent in situ hybridization (FISH) technique with centromeric 
probes [26]. Besides, cytokinesis-block micronucleus cytome assay 
(CBMN-Cyt) is a variation of micronucleus test proposed by [27], in 
which once-divided cells are recognized by their binucleated (BN) 
appearance after blocking cytokinesis with cytochalasin-B (Cyt-B). 
CBMN-Cyt allows the analysis of: (1) micronuclei frequencies, that 
can be used as a biomarker of both, chromosome breakage and whole 
chromosome loss (comparable to the classical micronucleus test); (2) 
nucleoplasmic bridge and nuclear bud frequencies, also generating a 
biomarker of DNA misrepair and/or telomere end-fusions, also leading 
to elimination of amplified DNA and/or DNA repair complexes, 
respectively; (3) cytostatic effects detectable by changes in the 
proportion of mono-, bi- and multinucleated cells; and (4) cytotoxicity 
via necrotic and/or apoptotic cell ratios [27].

Another effective tool for genotoxicity evaluation is the comet 
assay or ‘Single Cell Assay Gel’ (SCG), which is a very sensitive test 
and may be performed with any type of eukaryotic cell that can be 
individualized. The alkaline (pH >13) comet assay was developed by 
[28] and allows the detection of DNA single-strand breaks (SSB), alkali-
labile sites (ALS), DNA-DNA or DNA-protein cross-linking and SSB 
related with incomplete excision repair sites. Among other genotoxicity 
tests, the major advantage of this last approach is its sensitivity for the 
detection of low levels of DNA damage [18,29]. These genotoxicity 
tests have been extensively used together or separately, to evaluate the 
genotoxic potential of extracts and compounds isolated from medicinal 
plants, since it allows a more complete assessment.

Perspectives
Currently, there is a public perception that all natural products 

are healthy and pose few or no risk, whereas man-made products 
may bring many side effects and risks. In fact, the opposite may occur, 
especially due to the lack of a specific dosage and the admixture of many 
compounds present in natural products [30]. Especially in tropical 
regions (where many non-tested phytoterapic products are preferred 
over commercial available drugs) there are still insufficient mechanisms 
of regulation on the market regarding dosage recommendations. 
Therefore, a greater body of scientific evidence uncovering the risks and 
benefits of natural products should be produced, collaborating to a safe 
maintenance of human health and protection from diseases. It is also 
important that scientific findings result in effective measures to control 
natural product commercialization, preventing public exposure to toxic 
and mutagenic products. 
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