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1. Introduction

The medicinal use of plants is probably as old as human kind itself. The World Health
Organization (WHO) estimates that up to 80% of the world’s population relies on traditional
medicinal system for some aspect of primary health care (Farnsworth et al., 1985) and the
traditional medicines are generally more acceptable from a cultural and spiritual perspective.
Many of the plants species used for this purpose have been found to contain therapeutic
substances which can be extracted and used in preparation of drugs, but the plant itself can
also be used either directly or as an extract for medication, a practice that is particularly
popular in developing countries (Ishii et al., 1984; Hoyos et al., 1992). Two hundred and fifty
years ago there were few or no synthetic medicines and species of higher plants were the main
source of medicines for the World (Duke, 2003). The method of discovery of medicines was
probably trial and error that related the cause-and effect-relationship to the use of the plant or
animal part and a desired result. People used to the whole plant or some part of the plant
(leaves, bark, roots, seeds and fruits), animals, their organs and glands for the therapeutic
purpose, e.g., cinchona bark, digitalis leaf, ephedra aerial parts, poppy capsule, hog testes, etc
(http:/ www.mosby.com/MERLIN/drug_card_update/history_drug_development.htm.)

Many of the drugs, which we use today are based on folk remedies and subsequent
ethnopharmacological studies. There are more than 100 drugs of known structure that are
extracted from higher plants and used in allopathic medicine (Cox, 1994; Fransworth, 1990).
More than hundred years old drugs like morphine, digitalis and atropine are the time
honoured remedies. Further, pharmaceutical preparations were discovered that were solid
or aqueous, alcoholic or hydroalcoholic fluid extracts of soluble plant or animal constituents.
During this period, the use of plants and animals or their parts were abandoned for the
more concentrated extracts. Plant extracts can be used for scientific testing, to find out which
nutrients or chemicals are present in the plant. Plant extracts are also used in some beauty
products (shampoos, soaps, perfumes), medicines, or food flavoring (like vanilla extract).
Different pharmaceutical dosage forms or preparations were originally designed to extract
and concentrate the active drug principles like alkaloids, glycosides and volatile oils
primarily from plants and used for therapy (http:/www.mosby.com/MERLIN/drug_ca
rd_update/history_drug_development.htm.) These preparations greatly decreased the
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dosage amount and showed increased therapeutic effects. These preparations were in the
crude forms of plant or animal material and the main types of these preparations are
described as below (Koul et al., 2005).

Plant extract preparations :

Aromatic waters: Saturated solutions of volatile plant oils or other volatile substances in
water, e.g., rose water.

Decoctions: Soluble principles ofplant or animal parts extracted with boiling water, e.g.,
Terminalia decoction.

Elixirs: Aromatic and sweetened hydroalcoholic liquids that contain one or more
ingredients, e.g., cinchona alkaloid elixir.

Extracts: These are primarily semisolids or solids obtained by extracting the active principles
from plant or animal parts with a suitable solvent and allowing the solvent to evaporate,
e.g., belladonna and liver extract.

Fluid extracts: Alcoholic or hydroalcoholic extracts from plant principles in which 1 ml of
fluid extract is obtained from 1g of plant, e.g., gelsemium fluid extract.

Infusions: Soluble plant principles extracted by soaking the plant in hot water, e.g., digitalis
infusion.

Liniments: Liquid preparations containing drug(s) applied to the skin with rubbing, e.g.,
camphor and belladonna liniment.

Mixtures: Aqueous suspensions intended for oral administration that contain insoluble
drug(s).

Ointments: Semisolid preparations of drug(s) in a greasy base that liquefy after application
to the skin.

Powders: Solid mixtures of finely powdered drugs intended for oral use.

Tinctures: Alcoholic or hydroalcoholic extracts made from 10 to 20 g of dried plant per 100
ml, e.g., tincture of belladonna (http:/www.mosby.com/MERLIN/drug_card_update/
history_drug_development.htm.)

For safety, do not ingest any extract you make, since you do not know which chemicals are
present in the plant and many plant chemicals are poisonous.

In the last years, the use of plant extracts, as well as other alternative forms of medical
treatments, is enjoying great popularity all over the world. Aromatic plants have been used
for generations not simply as food ingredients but also to treat a plethora of ailments and, in
recent times, scientific data are accumulating that demonstrate for many herbs and related
essential oils medicinal properties useful in the prevention of diseases or in the relieve of
their symptoms (Tognolini et al, 2006). Essential oils, mixtures of natural volatile
compounds deriving from plant secondary metabolism, mainly monoterpenes,
sesquiterpenes, and their oxygenated derivatives (alcohols, aldehydes, esters, ethers,
ketones, phenols and oxides), are isolated by steam distillation and have been known since
antiquity to possess antibacterial and antifungal properties (Lopes-Lutz et al., in press).
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Generally, the oil composition is a balance of various compounds, although in many species
one constituent may prevail over all others. Changes in the essential oil compositions might
arise from several environmental, chemical, seasonal, geographical and genetic differences
(Delamare et al., 2007). Essential oils antimicrobial, antioxidant, anti-inflammatory,
antispasmodic and relaxing properties have been described both in animals and humans
(Tognolini et al., 2006).

Research laboratories worldwide have found literally thousands of phytochemicals which
have in vitro inhibitory effects on all types of organisms. These in vitro screening programs,
using the ethnobotanical approach, are important in validating the traditional use of herbal
remedies and for providing leads in the search for new active substances. Whereas activity
identified by an in vitro test does not necessarily confirm that a plant extract is an effective
medicine, nor a suitable candidate for drug development, it does provide basic
understanding of a plant efficacy and in some cases toxicity. However, more of these
compounds should be subjected to animal and human studies to determine their
effectiveness in whole organism systems, including particular toxicity studies as well as an
evaluation of their effects on normal microbiota. The non prescription use of medicinal
plants is cited today as an important health problem, in particular their toxicity to the
kidneys (Mendongca-Filho, 2006).

A number of aromatic medicinal plants used for treating infectious diseases have been
mentioned in different phytotherapy manuals due to their availability, fewer side effects,
and reduced toxicity (Almeida et al., 2006).

Although, essential oil of oregano and its component carvacrol slightly increased the
incidence of apoptotic cell death, they showed extensive antimicrobial activity even at lower
concentrations (Dusan et al., 2006). Relatively high cytotoxicity was demonstrated by thyme
oil, which increased both apoptotic and necrotic cell death incidence.

2. Crude extracts

Traditional medicines differ from the modern medicines in that the starting point is a
history of observation of the effects of plant or animal materials on humans, and it uses
crude extracts that are complex mixtures of naturally- occurring compounds, as opposed to
single pure compounds of synthetic origin. Now there is increasing evidence that many
current chemically synthesized medicines simply suppress symptoms of the diseases and
ignore the underlying causes. In contrast traditional medicines, including herbal and
glandular products, appear to address the cause of many diseases and yield superior clinical
results. Therefore, crude plant extracts in the form of decoction, infusion or tincture are
traditionally more used by the population for the treatment of several diseases, as well as an
antiinflammatory and healing agent (Holetz et al., 2005). As a general rule crude therapeutic
products are less toxic than their synthetic counterparts because they contain the total family
of medicinal compounds (known and unknown) just as they are found in their natural
source and hence offer less risk of side effects. In crude preparations, perhaps, the other
components that are present in addition to the active components may be affecting the
effects of the active components. These known and unknown components might be acting
as synergists for the therapeutic effects and antagonists for the side effects of the active
components as well as the other toxic components in the crude preparation (Koul et al.,
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2005). They may be involved in the gastrointestinal absorption and determination of target
sites for the active components too. Also it has been reported that most of botanical dietary
supplements often contain complex mixtures of phytochemicals that have additive or
synergistic interactions. For example, the tea catechins include a group of related
compounds with effects that are demonstrable beyond those that are seen with
epigallocatechin gallate, the most potent catechin. The metabolism of families of related
compounds may be different than the metabolism of purified crystallized compounds
(Heber, 2003).

It is generally accepted that the active principles (whether natural or synthesized) may be
more toxic than the whole extract or its crude form (Saxena, 1985). Perhaps other ingredients
present in the crude extract modulate the toxicity of the active principle. The Ayurvedic
remedy worked almost as well as the conventional drug but with fewer side effects (Brown,
1995).Sharma et al., (2000) have reported the protective effect of crude, Emblica myrobalan,
Emblica officinalis Gaertn. (Hindi: Amla) extract and its major active component ascorbic acid
on the in vivo clastogenicity of two chemicals namely Benzo(a)pyrene (a well-known
carcinogen) and Cyclophosphamide (an anticancer drug) in mice. The extent of
chromosomal aberrations (CAs) and the frequencies of micronucleated polychromatic
erythrocytes (MnPCEs) were taken as an index of clastogenecity in their investigation. They
observed that the crude extract of amla showed a higher protection than its principle
component, ascorbic acid. Ascorbic acid alone did not show any significant inhibitory effect
on CAs or MnPCEs induced either by Benzo(a)pyrene or Cyclophosphamide.

This clearly reflected that the inhibitory effects are related to the total activity of the crude
extract, rather than that of a single major component (Sarkar et al., 1996). In fact, purified
form of ascorbic acid has been reported to enhance the clastogenic and carcinogenic effects
of some chemicals (Dhir et al.,, 1990). Rossner et al., (1988) observed ascorbic acid to be
ineffective in reducing CAs in occupationally exposed workers. It has been reported that
ascorbic acid has a non-significant effect on the antioxidant defense system in mice, whereas
the crude amla extract do enhance the reduced glutathione contents as well as the activities
of glutathione-S-transferase, glutathione reductase and glutathione peroxidase, suggesting
that the anti- oxidant activity is mainly due to the presence of other compounds present in
amla (Jeena et al., 1999; Sharma et al.,, 2000). Ascorbic acid has also been shown to
antagonize the toxic effects of certain metallic salts in mammalian systems as well as
(Chakrabarty, 1977). However, studies performed with equivalent amount of synthetic
ascorbic acid as present in crude fruit extract showed that it was not as effective as the
extract in reducing the metal toxicity in mice (Dhir et al., 1990, 1991).

3. Toxicity risk of plant extract

The belief that natural medicines are much safer than synthetic drugs has caused
exceptional growth in human exposure to natural products, as plants, phytotherapeutic
agents, and phytopharmaceutical products. This fact has lead to a resurgence of scientific
interest in their biological effects. In most countries there is no universal regulatory system
insuring the safety and activity of natural products and they had not been sufficiently
investigated analytically or toxicologically (Valerio Jr.&Gonzales, 2005). Herbal medicines
can be potentially toxic to human health. In this way, scientific research has shown that
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many plants used in traditional and folk medicine are potentially toxic, mutagenic, and
carcinogenic (Mengs, 1988., Ferreira-Machado et al, 2004).

Based on their long-term use by humans, one might expect herbs used in traditional
medicine to have low toxicity. Nevertheless, some of them can cause adverse effects or have
the potential to interact with other medications (Zink&Chaffin, 1998); moreover, there is
little information on the potential risk to health of such herbs (Basaran et al., 1996). Recent
investigations have revealed that many plants used as food or in traditional medicine have
mutagenic, cytotoxic and genotoxic effects in vitro and in vivo assays (Plewa&Wagner, 1993;
Higashimoto et al., 1993; Schimmer et al., 1994; Zink&Chaffin, 1998). This raises concern
about the potential mutagenic or genotoxic hazards resulting from the long-term use of such
plants and their use has been correlated with high rate of tumor formation in some human
populations (Schimmer et al.,, 1994; Askin Celik&Aslanturk, 2007a; Ames, 1986; De Sa
Ferreira & Ferraro Vargas, 1999; Wynder et al, 1983). Assessment of the potential
genotoxicity of traditional medicines is indeed an important issue as damage to the genetic
material may lead to critical mutations and therefore also to an increased risk of cancer and
other diseases. Direct interaction between a DNA-reactive agent and DNA is one of several
pathways that may lead to primary DNA damage, because major end-points measured in
the comet assay such as DNA strand breaks (which could also reflect repair incisions) and
alkali-labile sites may also follow from other more indirect events such as cytotoxicity. A
situation where DNA damage appears without concomitant cytotoxicity is then obviously of
greater concern than a situation where DNA damage only occurs when there are
simultaneous overt signs of cytotoxicity (Galloway et al., 1998; Galloway, 2000), and this is
true also when evaluating the potential DNA damaging effects of plant extracts containing a
plethora of more or less potent bioactive compounds (Demma et al., 2009).

The continuing growth in human exposure to natural products originating from traditional
medicines has led to a resurgence of the scientific interest in their biological effects. Its
scientific perspective deals with the search for various active components and
understanding its mechanism of action to encourage the medicinal use. Under certain
conditions, plant products may induce mutagenic, genotoxic and cytotoxic effects, due to
the presence of multiple biological properties. Specific biological action of a drug is due to
its specific binding to a functional molecular receptor. In complex plant extracts, the variable
observed effects can be attributed to the many chemically reactive species that are formed
during the processing and ingestion of the extract, which could act as non-specific redox
agents, scavengers of free radicals, and ligands for binding to toxicants. The final effects are
obviously the outcome of interactions between the components and their individual and
collective interaction with the toxicant. The specificity and efficacy of such responses will be
influenced also by the physiological factors influencing the plants and the process of
administration of the extract.

4. Plant extracts as genotoxic agents

In screening for genotoxic and cytotoxic effects, extracts of different plant parts have been
used, ranging from leafy vegetables, fruits, and underground storage organs to whole
plants. The extracts were prepared mainly in water or organic solvents. Several of these
assays have indicated the involvement of certain factors that are intrinsic components of the
extracts, ranging from specific compounds like ascorbic acid to vegetable fibres which could
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act as nonspecific redox agents, free radical scavengers, or ligands for binding metals or
toxic principles. The possible ways in which inhibitors of genotoxic agents can act include
the inhibition of interaction between genes and biochemically reactive genotoxic agent and
the inhibition of metabolic activation of indirectly acting toxicants. Human cells are
continuously subjected to physiological and external influences which can give rise to
cytotoxic, genotoxic and oxidative damage. However, cells have sophisticated mechanisms
for counteracting and minimizing these types of damage. In recent years there has been
increasing understanding that dietary patterns and constituents can modulate these forms of
toxicity in cells. A considerable body of epidemiological evidence indicates that diets high in
fruit and vegetables are inversely related to risk of chronic, degenerative diseases such as
coronary heart disease and certain cancers. Much research effort has focused on the
identification of phytochemicals in fruit and vegetables that exert beneficial effects and
elucidation of the mechanisms by which they inhibit cellular injury and degeneration
(Sarkar et al., 2008).

Various experimental systems (e.g. membrane systems, plant test systems, cell culture,
animal models, human (clinical trials) are used to study the bioactivity of these plant
derived compounds. The assessment of the efficacy and safety profiles of the medicinal
plants should be based on scientific evidence-based approaches including, for example,
different types of well established short-term tests when evaluating the genotoxic profile of
such plants. The short term tests for genotoxicity and cytotoxicity are typically used to
identify potential mutagens and carcinogens, but the same methods can also be used to
identify anti-genotoxic agents. The effects of toxicants can be observed at the level of
chromosomes (clastogenesis) through alterations in chromosome structure (chromosomal
aberrations) and number (aneuploidy, polyploidy). A wide range of short-term and long-
term screening procedures is available. The most common ones use higher plants or rodents
in vivo as test systems for monitoring chromosomal aberrations. Experiments with a
number of crude vegetable and fruit extracts have demonstrated their anticlastogenic
activities against known genotoxic agents. The individual components of the extracts—e.g.,
sulfhydryl and flavonoid compounds, gallic acid, ellagic acid, mucic acid, citric acid,
reducing sugars, tannin—are observed to have an additive interaction with the major
constituents chlorophyll and ascorbic acid, when modulating the effects of the clastogens
(Lemeé&Marin-Morales, 2009).

An increase in chromosomal aberrations may result from interactions of a great variety of
chemical agents with DNA. According to Ishidate et al. (1988), the agents which induce an
increase in the chromosomal aberrations (CA) frequency by direct or indirect mechanism
may also be cytotoxic, for damage to both DNA and other cell targets (enzymes,
membranes, structural proteins). CA and SCE are extremely valuable and highly relevant
endpoints for the detection of potential carcinogens (Swierenga et al., 1991). Chromosomal
aberrations are changes in chromosome structure resulting from a break or exchange of
chromosomal material. Most of the CA observed in cells are lethal, but there are many
corresponding aberrations that are viable and can cause genetic effects, either somatic or
inherited (Swierenga et al., 1991).

Mitotic and replication indexes are used as indicators of adequate cell proliferation
biomarkers. MI measures the proportion of cells in the M-phase of the cell cycle and its
inhibition could be considered as cellular death or a delay in the cell proliferation kinetics
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(Rojas et al., 1993). A cytotoxic effect of both medicinal herbs was observed, evidenced by
the decrease of the MI (Gadano et al., 2006).

5. Plant extracts as cytotoxic agents

Low concentrations of tobacco leaf extract exerted a stimulating effect, whereas high
concentration acted as a mitodepressant, on root-tip cells of Allium sativum L. (Sopova et al.,
1983). Stronger concentrations of extract of immature Solanum nigrum L. fruits reduced the
intensity of mitosis in A. sativum L., whereas weaker concentrations stimulated it. The
presence of a cytokinin-like substance in the extract has been suggested to be responsible
(Krivokapic et al., 1970). Extracts of leaves and inflorescences of male spinach and aster
plants increased the frequency of chromosomal aberrations and mutations in Welsh onion
and barley, respectively, whereas the female plants inhibited the processes (Sidorskii, 1984).
Cellular damage including heavy pycnosis, clumping of chromosomes, fragmentation, and
spindle disturbances in Allium cepa L. root meristem were induced by the leaf extract of
Ricinus communis L. (George & Geethamma, 1990). Abraham and Cherian (1978)
investigated the cellular changes produced by extracts of betel leaves on root tip cells of
onion and demonstrated the cytotoxicity of such extracts. Chromosome-breaking activity
has been exhibited by aqueous extract of mushroom (Paxillus involutus) in dry and pre-
soaked seeds of Nigella damascena L. (Gilot-delhalle et al., 1991).

Extracts of Vicia faba L. roots and leaves and Zea mays L. leaves were compared for their ability
to induce chromosomal aberrations and sister-chromatid exchanges in Chinese hamster ovarian
cells and human lymphocytes. Both the extracts induced CAs in both systems; however, maize
extract was more potent than Vicia extract (Kanaya et al., 1992). Aqueous extract of
Heliotropium curassavicum L., though employed widely in therapeutics, has been found to
induce chromosomal aberrations and anaphase delay in CHO cell line. This toxic effect was
associated with the pyrrolidizing alkaloids and the N- oxides, which are changed into pyrrolic
derivatives through a process of in vitro metabolism (Carballo et al., 1992).

As mentioned earlier, extensive use is made of plant products in traditional systems of
medicine and as part of life style. A limited screening of some of these products indicates a
combination of effects. Chili and its pure alkaloid capsaicin, and ginger and its phenolics
gingerol and shogaol are mutagenic. Turmeric (Curcuma longa L.) and its pure components
are non-mutagenic and suppress the mutagenicity of chili and capsaicin and also of several
mutagens and carcinogens such as tobacco, cigarette, and benzo(a)anthracene. A diet that
included 1% turmeric reduced BaP-and DMBA-induced stomach tumours and spontaneous
mammary tumours in mice (Nagabhushan & Bhide, 1985; Nagabhushan et al., 1987a, 1987b).
Crude aqueous extracts of Areca catechu L. and Nicotiana tabacum L. leaf given separately
were mitogenic and also increased nuclear DNA content. Tobacco, in any combination of
chewing mixture, induced duration-dependent clastogenicity. The addition of high lime and
betel leaf (Piper betel L.) to the quid reduced the degree of mitogenicity and induction of
aneuploidy but was ineffective when both tobacco and areca nut were added to the quid
(Sen et al., 1987, 1991).

Higher plants, even showing low concentrations of oxidase enzymes and alimitation in the
substrate specification in relation to other organism groups, present consistent results that
may serve as a warning to other biological systems, since the target is DNA, common to all
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organisms. Among the plant species, Alium cepa and Vicia faba have been used to evaluate
DNA damages, such as chromosome aberrations and disturbances in the mitotic cycle. The
mitotic index and some nuclear abnormalities are used to evaluate cytotoxicity, genotoxicity
and analyze micronucleus to verify mutagenicity, of different chemicals. The mitotic index
(MI), replication index (RI), and micronucleus (MN) analysis methods are cytogenetic tests
that are used both in vivo and in vitro. MI measures the proportion of cells in the M-phase
of the cell cycle and its inhibition could be considered as cellular death or delay in the cell
proliferation kinetics (Rojas et al. 1993). RI measures cell division kinetics by counting the
percent of cells in first, second, third or more metaphase (Holland et al. 2002). MI
frequencies and RI values decreased with increasing extracts of H. pallasii, H. plicatum subsp.
polyphyllum, H. plicatum subsp. pseudoplicatum, H. goulandriorum (Eroglu et al., 2010). This
state can explain with two different mechanisms: cellular death and decreasing of cell
divisions. The results point to cytotoxic as well as antiproliferative effects and suggest that
extracts of these species. MN is a small extra nucleus separated from the main one,
generated during cellular division by lagging chromosomes or by chromosome fragments.
A negative correlation was observed between MN induction and cell proliferation; the
higher the MN frequency detected in exposed individuals, the lower the values of nuclear
division progression expressed as RI. In living creatures, which are exposed to a mutagen
factor, the probability of formation of mitotic and meiotic defects is increased and the rate
of MN could increase due to this increase (Ramalho et al. 1988). This may mean that cells
with greater chromosomal damage may die before cell division or may be less capable to
enter this phase (Santos-Mello et al., 1974). Multiple MN as the result of the loss of large part
of the genome impairs or even prevents cell division (Nath & Ong, 1990).

6. Plant extracts as clastogenic agent

Genotoxins can induce mutations in chromosomes (clastogenesis) or in a small number of
base pairs (mutagenesis). Genotoxic agents include X-rays, natural carcinogens, some man-
made products (e.g. acridine and vinyl chloride), and viruses. The effects of toxicants can be
observed at the level of chromosomes (clastogenesis) through alterations in chromosome
structure (chromosomal aberrations or CA) and number (aneuploidy, polyploidy). The
clastogenic effects caused by the extracts from plant extracts species included
anaphase/telophase bridges, chromosome fragments and sticky chromosome. Babich et al.
(1997) reported that metaphases with sticky chromosomes lose their normal appearance and
appear to have a sticky “surface” which causes chromosome agglomeration, possibly due to
effects on chromatin and chromosome organization. Singh (2003) states that the presence of
chromosome fragments is an indication of chromosome breaks, and can be a consequence of
anaphase/telophase bridges.Many plant extracts and their active principles have been
described and utilized as therapeutic agents. There is considerable interest in determining
the risks that these products may pose to health, because many of these plants contain
compounds which are known to cause diseases or even death in animals and humans. Thus,
an assessment of their cytotoxic and mutagenic potential is necessary to ensure a relatively
safe use of medicinal plants (Surh & Ferguson, 2003).

Plant test system is widely used for monitoring genotoxicity of chemicals because of many
advantages such as low cost, easily available throughout the year, ease to handle, good
chromosome condition for the study of chromosome damage and above all good correlation
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with other test systems. A wide range of short-term and long-term screening procedures is
available. The most common ones use higher plants (Allium cepa, Allium sativum, Vicia faba,
Tradescantia virginiana) or rodents (mice, rats) in vivo as test systems for monitoring
chromosomal aberrations (Hsu, 1982; Kihlman, 1971; Levan, 1949; Naismith, 1987; Sharma &
Sharma, 1989). Root tip cells of V. faba constitute an excellent system for such cytogenetic
tests (Abraham & John 1989; Gowrisankar et al., 1993; John & Abraham 1991; Upadhya et al.,
1996; Wuu & Grant 1967). However WHO (1971) and Committee 17 (1975) argued that a
single test system is not sufficient to come to the conclusion that a particular agent is
mutagenic or not. Moreover all these plants are internally used for treatment of various
diseases (Sinha, 1996) posing definite risk if they contain toxic substances. Therefore further
tests of these plants using mammalian test system were conducted. For examples, fifty
percent ethanol extracts of N. odorum and S. indicum, dried and dissolved in PBS, induced
significant increase in frequencies of bone marrow micronuclei, bone marrow chromosome
aberrations and synaptonemal complex damages when given as i.p. injection to mice (in
preparation) (Sobita & Bhagirath., 2005) . Confirmed mutagenicity on the one hand and
medicinal importance on the other hand these plants have made it necessary to isolate the
active priciples.

Human cells are continuously subjected to physiological and external influences which can
give rise to cytotoxic, genotoxic and oxidative damage. However, cells have sophisticated
mechanisms for counteracting and minimizing these types of dam age. In recent years there
has been increasing understanding that dietary patterns and constituents can modulate
these forms of toxicity in cells. A considerable body of epidemiological evidence indicates
that diets high in fruit and vegetables are inversely related to risk of chronic, degenerative
diseases such as coronary heart disease and certain cancers.Much research effort has focused
on the identification of phytochemicals in fruit and vegetables that exert benefcial effects
and elucidation of the mechanisms by which they inhibit cellular injury and degeneration.
Various experimental systems (e.g. membrane systems, cell culture, animal models, human
clinical trials) are used to study the bioactivity of these plant- derived compounds. There
are, of course, advantages and limitations to all of these systems. Cell-culture models have a
number of advantages over other experimental systems, including avoidance of ethical
issues relating to animal or human studies, ability to cryopreserve cell lines, ability to
conduct mechanistic studies at molecular level, ease of control of the experimental
environment and cost (Walum et al, 1990).

However, cell-culture systems cannot replicate conditions found in the body, e.g. systemic
functions such as the nervous and endocrine systems are missing. Thus control of cellular
metabolism may be more constant in vitro and the cultured cells will not be fully
representative of the tissue from which they were derived. Provided the limits of the model
are appreciated, cell culture is a valuable, if not the most valuable, tool in biomedical science
(O'Brien et al, 2000).

In vitro studies using leukocytes or cell lines are relatively rare. The genotoxicity of P.
granantum has also been reported by Settheetham & Ishida (1995), who, using in vitro
assays, showed that the administration of an aqueous pomegranate fruit peel extract
induced apoptosis in human cells. On the contrary, Amorin (1995) did not observe genotoxic
effect using MN assay in mouse treated orally with fruit aqueous extracts of this plant at
dose of 1000 and 2000mg/kg b.w. The data presented here show that the P. granatum L. fruit
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hydroalcoholic extract can induce genetic damage at different expression levels:
recombinogenic, mutagenic and clastogenic. These results indicate that the use of this
extract carries a genetic risk and an analysis of the risk-benefit balance appears to be crucial
(S"anchez-Lamar et al., 2008).

Carthamus lanatus L. (Asteraceae) is known as a plant of phytopharmaceutical importance
with sedative, anti-tumor and interferon-inducing activities (Benedi et al., 1986; Yasuhuko et
al., 1979). Recently, a variety of biological activities of C. lanatus, including antioxidant,
antibacterial, anti- fungal activity and cytotoxicity were shown (Taskova et al., 2002, 2003;
Mitova et al., 2003). Some data about the closely related C. tinctorius were reported. Ames
test and Salmonella microsome reversion assay (Morimoto et al., 1982) showed a mutagenic
effect of the water extract of C. tinctorius flowers, which was confirmed by Esmaili-rad et al.
(1995). Yin et al. (1991) demonstrated that the water extract was negative in the Ames test
but positive in the chromosomal aberration and micronucleus assay in mice. The results of
Nobakht et al. (2000) indicated harmful effects on cellular growth and differentiation during
the embryonic development.The clastogenic effect of total dichloromethane, methanol and
water extracts, four bioactive fractions and three individual constituents from Carthamus
lanatus aerial parts were evaluated in mice by bone marrow chromosome aberration assay
with mitomycin C as positive control. Significant differences in the percentage of aberrant
mitosis of the extracts were observed. The dichloromethane extract exhibited a considerable
clastogenic effect and the water extract a negligible one. Different types of chromosome
aberrations and time-dependant effects for the active fractions and individual compounds
were found (Topashka-Ancheva et al., 2003).

Clastogenic i.e. chromosome damaging substances are present in the plasma of patients with
a variety of pathological conditions accompanied by oxidative stress (Emerit, 2007). The
formation of clastogenic factors (CF) and their damaging effects are mediated by
superoxide, since superoxide dismutase is regularly protective. CF are produced via
superoxide and stimulate the production of superoxide by monocytes and neutrophils.
These results in a selfsustaining and longlasting process of clastogenesis, which may exceed
the DNA repair system and ultimately lead to cancer (Emerit, 1994). An increased cancer
risk is indeed observed in conditions accompanied by CF formation. These include
irradiated persons, patients with chronic inflammatory diseases, HIV-infected persons and
the chromosomal breakage syndromes ataxia telangiectasia, Bloom’s syndrome and
Fanconi’s anemia. Biochemical analysis has identifi ed lipid peroxidation products,
arachidonic acid metabolites, nucleotides of inosine and cytokines, in particular tumor
necrosis factor alpha, as the clastogenic and also superoxide stimulating components of CF.
Due to their chromosome damaging effects, these oxidants can be detected with classical
cytogenetic techniques (Emerit, 2007).

When testing the potential DNA-damaging effects by pharmaceutical drugs and other
chemicals, the test systems are generally based on experimental animals, bacteria or various
kinds of transformed cells. The major objective of our in vitro studies is to improve the risk
assessment regarding exposures to genotoxic agents. From point of view of risk assessment,
it is important to differ between genotoxic carcinogens and other substances that increase
the risk of cancer by other mechanisms. In the case of drug-induced oxidative DNA-
changes, for instance, one can distinguish two different main groups of substances: those
who cause various types of reactive oxygen radicals in the cells directly and those who
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cause oxidative stress indirectly, as a consequence of general cytotoxicity. The research of
recent years has also shown that the DNA repair has a great impact on whether the DNA-
damage is manifested as a mutation or not, and there is reason to believe that there is a great
variation in individual sensitivity to genotoxic agents, due to individual differences in DNA
repair, metabolic bioactivation/detoxification pattern and/or other defense mechanisms in
the cells.

Specific biological action of a drug is due to its specific binding to a functional molecular
receptor. In complex plant extracts, the variable observed effects can be attributed to the
many chemically reactive species that are formed during the processing and ingestion of the
extract, which could act as non-specific redox agents, scavengers of free radicals, and
ligands for binding to toxicants. The final effects are obviously the outcome of interactions
between the components and their individual and collective interaction with the toxicant.
The specificity and efficacy of such responses will be influenced also by the physiological
factors influencing the plants and the process of administration of the extract (Sarkar et al.,
1996).

Much research effort has focused on the identification of phytochemicals in fruit and
vegetables which exert beneficial effects. In a recent project, we are currently also evaluating
the genotoxic and antigenotoxic effects of some plant extracts used in traditional medicine in
Turkey, and in these studies we also include fractions of extracts and/or pure compounds
from extracts. Our researches has focused on the cytoprotective, antioxidant and o cytotoxic
and antigenotoxic effects of plant extracts in meristematic cell systems and human
peripheral lymphocytes which is important in helping to understand the fundamental
mechanisms of action of these compounds. Our data add to the body of evidence supporting
dietary guidelines to increase fruit and vegetable intake. First, the potential beneficial effects
of phytochemicals are demonstrated. For example, lycopene are reported to exhibit a wide
variety of biological effects, including antioxidant and free-radical scavenging activities
(Aslanturk & Askin Celik, 2005, 2006). Secondly, we illustrate the use of meristematic
cellular models to study plant extracts-induced genotoxicity and cytotoxicity (Askin Celik &
Aslanturk, 2007b, 2009a, 2009b, 2010; Ozmen & Celik Askin, 2007). However, working with
crude extracts, also means working with complex mixtures of biologically active
compounds. Some of the compounds in such a mixture can be cytotoxic and/or genotoxic,
others can be cytoprotective and/or anti-genotoxic.

Our findings show that plant extracts evaluated have a genotoxic potential in vitro which
calls for a more thorough safety evaluation. Such evaluation should include other endpoints
of genotoxicity apart from DNA damage, and possibly also pure compounds. The inhibitory
action tends to lower the active dose of genotoxic agents and the accelerating action raises it.
The ultimate load of mutations is the result of interaction between these opposing forces,
modified by a large number of exogenous and endogenous factors. Therefore, a
comprehensive overview is needed before arriving at conclusions regarding the
environmental safety of any new chemical. The determination of genetic biomarkers would
help estimate the potential toxicity of medicinal herbs in order to regulat