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Objective: To investigate the mutagenic potential of Trois using the bacterial reverse mutation
assay (Ames test) and in vitro chromosomal aberration test.

Methods: The ability of Trois to induce reverse mutations was evaluated in Salmonella
typhimurium (TA 98, TA100, TA1535 and TA1537) and Escherichia coli (WP2 uvrA) with and without
metabolic activation system (59 mix) at the dose range of 313 to 5000 pg/plate. Chromosomal
aberrations were evaluated in Chinese hamster lung (CHL) cell line at the dose levels of 15, 7.5, 3.7,
1.9 and 0.9 mg/mL in the absence and presence of S9 mix.

Results: There were no increases in the number of revertant colonies at any concentrations of
Trois used in the study with and without S9 mix in all tester strains. Trois did not produce any

com structural aberration in CHL cells in the presence or absence of S9 mix.
Conclusions: Results of this study suggest that Trois is non—-mutagenic.

Comments

This is a very useful study in which
authors have evaluated the genotoxicty
profile of Trois, a nano—technology
based herbal tropical formulation. The
results obtained in this study clearly
suggested that Trois, which has been
designed to treat various types of
arthritis, is non—-mutagenic.
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1. Introduction

Medicinal plants have been used widely around the world
over many centuries for the treatment of various diseases
and nearly 80% of the world populations rely on medicinal
herbs for their primary health care, including 71% of the
population in Canada and 90% in Kenyall-3l. WHO strongly
encourages the use of traditional herbal medicines in
primary health care systeml4l.

Despite the wide use of herbal medicines, safety data
of plants, their extracts and active ingredients and

preparations containing them are very scantylll. Medicinal
plant may produce several biological activities in human
including toxicitylsl.

In view of increasing demand of herbal medicine, we
have developed a nano—technology based topical herbal
formulation for the treatment of pain and inflammation
associated with different types of arthritis such as
osteoarthritis, gout, rheumatoid arthritis, septic arthritis,
juvenile idiopathic arthritis, spondyloarthritis, gonococcal
arthritis, psoriatic arthritis, reactive arthritis (Reider
syndrome), ankylosing spondlitis, scleroderma, systemic
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lupus erythematosus etcl6-111. Every year, arthritis caused
nearly 1 million hospitalizations and around 45 million
outpatient visits to health care centers and the total cost
of arthritis cases is close to be approximately $100 billion
(The Arthritis Society. Retrieved on 2010—-02-05). The
herbal formulation contains wintergreen oil (Gaultheria
precumbens), eucalyptus oil (Eucalyptus globulus), pudina ka
satva (Menthol), nirgundi (Vitex negundo) and ajmoda (Apium
graveolens) as major ingredients.

Wintergreen oil contains natural methyl salicylate (upto
98%) which Inhibits platelet aggregation locally and acts as
an analgesic by exerting anaesthetic effect in the nerves
present in that areall2l. Eucalyptus oil contains 70%—85%
1,8—cineole (eucalyptol), which significantly reduces
the myeloperoxidase activity, and causes repletion of
glutathione which confirmed the anti—-inflammatory action
of 1,8—cineolel13]. Pudina ka satva causes a feeling of
coolness due to stimulation of “cold” receptors by inhibiting
Ca++ currents of neuronal membranes. Since Ca++ channel
blockers are endowed with analgesic properties, it is
endowed with analgesic properties mediated through a
selective activation of kappa—opioid receptors(14l. Nirgundi
has anti—inflammatory and pain suppressing activities
possibly mediated via prostaglandin synthesis inhibition,
antihistamine, membrane stabilizing and antioxidant
activities[15]. Apiin is a major constituent of Ajmoda which
has anti-inflammatory propertyl16l. However, there is a
little information about its general toxicity, acute and sub—
acute and there is no information about Trois genotoxicity.
Therefore, the present study was undertaken to assess
whether Trois is genotoxic. Bacterial reverse mutation test
(Ames test) and in vitro chromosomal aberration test were
conducted.

2. Materials and methods
2.1. Test substance

Trois was obtained from Venus Remedies Limited, Baddi,
H.P India. Tt is a kind of clear, transparent, pink to red slight
viscous liquid. Tt was stored at room temperature. Aseptic
precautions were taken while handling. This study was done
in Venus Medicine Research Centre, Baddi, India from 24
December to 21 January, 2013.

2.2. Ames test

The Ames test was carried out using the plate incorporation
method as described previouslyl17.18]. The potential to induce
reverse mutation of Trois was studied using Salmonella
typhimurium (S. typhimurium) (TA100, TA98, TA1535, TA1537)
and Escherichia coli (E. coli) (WP2 uvrA). All of the strains
were procured from Institute of Microbial Technology,
Chandigarh, India. The test was carried out at the highest
dose of 5000 pg/plate and 4 doses of 2500, 1250, 625 and 313
ug/plate as the dose range, and finding of the study revealed
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that no antibacterial effect (cytotoxicity) was noted at 5000
ug/plate in the presence or absence of S9 Mix.

The negative control used in this study was sterile distilled
water (solvent). Specific positive controls were used in
order to confirm the reversion properties and the specificity
of each tester strain and the efficacy of the metabolic
activation system. Five types of positive controls were used
and these include sodium azide, 9—aminoacridine, (9AA),
2—nitrofluorene (NF), benzo[a]pyrene, 2—aminoanthracene
(2—AAN), methyl methansulfonate (MMS). All of these positive
controls were supplied by Sigma Aldrich Chemical Co. Ltd.,
USA.

2.3. In vitro chromosomal aberration test in Chinese hamster

lung (CHL) cells

To explore the potential of Trois to damage chromosomes,
an in vitro assay was conducted in CHL cells according to
the method and guidelines of Organization for Economic
Co—operation and Developmentls.191. The cell lines, CHL was
procured from National Centre For Cell Science, Pune, India.
The cells have been kept and passaged at our laboratory
using the Eagle’s minimum essential medium (MEM,
Himedia, Mumbai, India) supplemented with 10% calf serum
containing 0.12% sodium bicarbonate. A dose range—finding
study was done to determine the highest concentration of
drug to be used in the study. The result of the dose finding
study revealed that 50% inhibition of cell growth was
estimated to be around 10 mg/mL in the direct method, but
could not be obtained in the metabolic activation method
because the cell growth was inhibited by only 9% at the
dose of 15 mg/mL. Therefore, the testing doses of Trois on
both methods were decided to be 15 mg/mL (the maximum
dose), 7.5, 3.7, 1.9, and 0.9 mg/mL with common ratio of 2.
The mitomycin C (MMC) and benzopyrine (BP) were used as a
positive control.

The chrosomal preparations were done according to the
method described earlier(20l. The frequency of the cells
with structural and numeric chromosomal aberrations was
scored in 100 well spread metaphase for each dose. Types
of structural chromosomal aberrations were classified into
following groups: chromatid breaks, chromatid exchange,
chromosome breaks, chromatid and chromosomal gap
and chromosome exchanges including dicentric and ring
chromosomes total cells which have chromosomal aberrants
including chromatid and chromosomal gap, total cells
which have chromosomal aberrants excluding chromatid
and chromosomal gap. The final results of Trois was judged
as follows: negative (-) if the frequency of aberrant cells
was<5%, inconclusive (x) if the frequency of aberrant
cells was=5% but<10%, and positive (+) if the frequency of
aberrant cells was=10%.

2.4. Counting procedure and data presentation

All plates for all concentrations were counted by hand.
Data were presented as the number of revertant colonies
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per plate. All data represented the mean=SD of three
independent experiments.

2.5. Statistical analysis

Data were analyzed using Graph Pad InStat-3 and
expressed as meantSD of three independent experiment.
The continuous variables were tested with one—way analysis
of variance and Dunnett’s test values<0.05 was considered
statistically significant.

2.6. Non statistical analysis

A compound is considered as a mutagen if it produces
a reproducible, dose-related increase in the number of
revertant colonies in one or more strains. A minimum
fold increase, usually 2 fold, in revertants (over the
solvent control) is the cut—off between a mutagenic and
nonmutagenic response.

A compound is considered as a weak mutagen if it
produces a reproducible, dose-related increase in the
number of revertant colonies in one or more strains, but the
number of revertants is not double of the background. A
compound is considered as a nonmutagen if no dose-related
increase in the number of revertant colonies is observed in
at least two independent experiments.

Table 1

3. Results
3.1. Bacterial reverse mutation

The results of reverse mutation test are summarized in
Table 1. The data showed no significant increase in the
number of revertant colonies as a result of Trois treatment
in the four strains of S. typhimurium (TA98, TA100, TA1535
and TA1537) and one strain of E. coli (WP2uwvrA) at any
tested concentration with those of the corresponding solvent
controls in either the absence or presence of S9 mix (P>0.05).
However, the number of revertant colonies in positive
controls increased remarkably (>2 folds) with or without S9
mix (P<0.001). Hence, the result for Trois is negative.

3.2. In vitro chromosomal aberrations

The results of chromosomal aberrations test are presented
in Table 2. The incidence of cells having aberrants (including
gap) in chromosomal structure was 0%—1% and 0%—6% in
solvent groups and Sanovul treated groups, respectively, and
the incidence of aberrant cells excluding gap was 0% and
0%—1%, respectively. There were no significant differences
in the chromosomal aberration between any concentrations
of Trois and the corresponding solvent groups (P>0.05). In
contrast, the incidence of aberrant cells in each positive
control group increased greatly as compared with each
solvent group (P<0.001).

Mutagenicity assay for Trois with and without—metabolic activation using S. typhimurium and E. coli strains.

Average of revertant colonies (mean+SD)

Concentration of test

. Base—pair substitution Frameshift
material pg/plate
TA100 TA1535 WP2 uvrA TA98 TA1537
0" 17112 41+4 1008 44+3 12+1
313 171+13 4443 1019 42+4 13+1
625 170+12 39+5 98+11 45+4 14+1
1250 169+13 42+4 1038 43+3 14+1
2500 172+12 41+4 1019 40%3 13+1
Trois 5?00 170+12 39+5 99+10 39+4 12+2
0 172+12 38+3 97+8 39+3 12+2
313 169+13 37+4 969 38+4 12+2
625 168+14 40+2 97+8 39+4 13+1
1250 17012 402 96+8 40+3 11+2
2500 173+12 39+3 99+7 39+4 113
5000 170+14 413 98+9 375 12+2
+ control Compound NaN, NaN, MMS 2-NF 9—AA
Concentration (ug/plate) 1.5 1.5 2.5 2.5 25
Colony No. 710+25 692421 473%19 418+21 74+7
Compound 2—-AAN 2—-AAN 2—-AAN BP BP
Concentration (ug/plate) 10 10 10 20 20
CO]OHy No. 787+31 691+41 458+31 417+21 748
Historical negativeh 10-50 60—220 5-50 1-25 65-115

“Negative (solvent) control; "the historical negative range was formed by reference literature. Test article can be mutagenic if either a two fold

increase over the spontaneous reversion rate (percent of controls >200%) or demonstration of a dose—response curve when dilutions are tested and
can be a non—-mutagenic if either a less than two—fold increase over spontaneous reversion rate (percent of control <200%) or no dose response
curve when dilutions are tested. MMS=methyl methansulfonate; 2-NF=2-nitrofluorene; 9—AA=9—aminoacridine; 2—~AAN=2-aminoanthracene;

BP=benzo[a]pyrene.
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Table 2
Chromosome aberration test of Trois in CHL cells.
Compound $9 Time (h) Dose Scored cellno.  Polyploid ¢y Judse Frequency of cells with chrosomal aberrations (¢)
(mg/mlL) clg cth cte csb cse TAG TA
Solvent - 24-0" 0 100 0 - 0 0 0 0 0 0 0
Trois - 24-0" 0.9 100 0 - 2 0 0 0 0 2 0
24—0 1.9 100 1 = 0 0 0 0 0 1 0
= 24—0 3.7 100 0 = 0 0 0 0 0 1 0
= 24—0 7.5 100 0 = 1 1 0 0 0 2 1
= 24—0 15 100 0 = 1 1 0 0 0 2 1
MMC = 24—0 0.00005 100 0 + 40 21 56 0 4 80 68
Solvent - 48-0 0 100 0 - 1 0 0 0 0 1 0
Trois = 48—0 0.9 100 0 = 0 0 0 0 0 0 0
48—0 1.9 100 0 = 3 0 0 0 0 3 0
= 48—0 3.7 100 0 = 2 0 0 0 0 2 0
= 48—0 7.5 100 1 = 1 0 0 0 0 1 0
= 48—0 15 100 0 = 4 0 0 0 0 4 0
MMC = 48—0 0.0001 100 0 + 29 9 49 0 3 52 44
Solvent = 6—18 0 100 0 = 0 0 0 0 0 0 0
Trois = 6—18 0.9 100 0 = 0 0 0 0 0 0 0
6—18 1.9 100 0 = 2 2 2 0 0 6 1
= 6—18 3.7 100 0 = 3 0 0 0 0 3 0
= 6—18 7.5 100 1 = 1 0 0 0 0 1 0
= 6—18 15 100 0 = 2 0 0 0 0 2 0
BP = 6—18 0.02 100 0 + 1 0 1 0 0 2 1
Solvent + 6—18 0 100 0 = 1 0 0 0 0 1 0
Trois + 6—18 0.9 100 0 = 0 0 0 0 0 0 0
+ 6—18 1.9 100 0 = 1 0 0 0 0 1 0
+ 6—18 3.7 100 0 = 0 0 0 0 0 0 0
+ 6—18 7.5 100 0 = 2 1 0 0 0 3 0
+ 6—18 15 100 0 = 1 1 0 0 0 2 0
BP + 6—18 0.02 100 0 = 32 4 40 0 3 49 41

a=Treatment time; Abbreviation: ctg=chromatid and chromosome gap, cth=chromatid break, cte=chromatid exchange, csb=chrosomal break,
cse=chrosomal exchange, TAG=total cells which have chrosomal aberrants including ctg, TA=total cells which have chrosomal aberrants

excluding ctg, MMC=mitomycin C, BP=benzopyrine.

4. Discussion

Despite the fact that herbal formulations have usually
been used widely across the worldill, there is limited safety
data of herbal formulations. Alteration in the structure of
DNA of somatic and germ cells may lead a variety of genetic
diseases(21]l. Alteration of DNA of somatic cells has been
known to cause accelerated aging, immune dysfunction,
cardiovascular and neurodegenerative diseases, whereas
mutations in germ cells may lead to spontaneous abortions,
infertility or heritable damage to the offspring and possibly
to the subsequent generations[1.22.23]. To observe the
potential genotoxicity of Trois, bacterial reverse mutation
and chromosomal aberration test were carried out in this
study.

There were no increases in the number of revertant
colonies at any concentration ( 5000, 2500, 1250, 625 and
313 pg/plate) with and without metabolic system in S.
typhimurium (TA 98, TA100, TA1535 and TA1537) and E.
coli (WP2 uwrA). Tn the chromosome aberration assay, there
were no statistical significant increases in the number of
structural aberrations at any dose of Trois in the presence or
absence of the metabolic activation system in CHL cells. In
our a previous study, Trois was safe up to 2000 mg/kg body
weight on dermal toxicity in rabbits24]. The literature of

genotoxicity study of individual ingredients of Trois is not
available. Trois was not mutagenic in the four strains of S.
typhimurium and one strain of E. coli, and did not induced
chromosomal aberrations in CHL cells. No dose—dependent
effect was observed in any of the parameters suggesting the
absence of a treatment related adverse effect of Trois. Our
results reveal that Trois is safe in terms of genotoxicity.

In conclusion, the results of this investigation revealed
that Trois is non—mutagenic.
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Background

Herbal medicines have been used from the ages in health
care systems. They produce numerous beneficial as well
as harmfull effects in human beings. However, despite
their wide use in health care system, there is insufficient
background information about its safety.
Research frontiers

Several studies are performed in order to determine the
safety profile of herbal medicines. Among them, genotoxicity
study is an important parameter. This study has been
focused on studying the genotoxicity profile of a newly
developed nano—technology based herbal medicine through
Ames and chromosomal aberration test.

Related reports

There are very limited reports on the genotoxicity study of
herbal plants. Ha et al. (2011) have studied the genotoxicity
assessment of a herbal formula, Ojeok—san and have found
that Ojeok—san is toxicologically safe on genotoxicity
studies.

Innovations and breakthroughs

The safety data of herbal medicines are very scanty. This
study has established that the Trois is a safe herbal topical
formulation and can be used for the treatment of pain and
inflammation associated with different types of arthritis.

Applications

There are numerous reports which have shown that
synthetic drug are being used for the treatment of arthritis
but they have adverse effects that can compromise the
therapeutic treatment. To overcome such adverse effects
Trois can be used for the treatment of arthritis which has
been proved to be safe and non—genotoxic.

P(f(‘,'r review

This is a very useful study in which authors have evaluated
the genotoxicty profile of Trois, a nano—technology based
herbal tropical formulation. The results obtained in this
study clearly suggested that Trois, which has been designed
to treat various types of arthritis, is non—mutagenic.
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