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ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash The Vanilla genus is crucial for global production in food, perfume, and pharmaceutical industries. However,

exploitation threatens some species, leading to extinction. Traditional communities use vanilla for medicinal

Keywords: purposes, and there are species like Vanilla chamissonis Klotzsch and Vanilla bahiana Hoehne with potential to
Vanilla . occupy the market. For this, methanolic extraction of these two mentioned species was conducted alongside
Il;lliztii(:meccltti};n Vanilla planifolia. Analyzes of the cell viability, mutagenic and genotoxic potential were performed. In the Ames
Ger?otml(aicity test, the assays were performed with concentrations from 0.5 and 5000 pg/ml and on five strains. Only Vanilla

planifolia exhibited mutagenicity at the highest concentration in the TA98 strain. Viability tests were performed
within a dose range of 0.05-5000 pg/ml and 24, 48, and 72-hour exposures. It was possible to observe a
reduction in cell viability observed only at the highest concentration, for all three species and both cell types
tested. Genotoxicity induction by the extracts was assessed at concentrations from 0.5 to 500 ug/ml through the
cytokinesis-block micronucleus assay. No genotoxic damage or reduction in the Nucleus Division Index (NDI).
The study found no mutagenicity, cytotoxicity, or genotoxicity in the species tested, indicating potential human
use for food or pharmaceutical purposes.

1. Introduction

Vanilla, a spice renowned for its characteristic aroma and flavor,
holds immense importance in the world economy. Its production pri-
marily involves extracting from certain species of the Vanilla genus,
which share critical molecules in their composition that give Vanilla its
distinctive flavor, such as vanillin [1]. The main species currently in the
market are Vanilla planifolia Jacks. ex Andrews, Vanilla x tahitensis J. W.
Moore, and Vanilla pompona Schiede, with cultivation concentrated
mainly in the Madagascar region and to a lesser extent elsewhere. This
underscores the economic value of vanilla and the significance of our

work in preserving and utilizing this precious resource.

As previously mentioned, one of the main factors hindering large-
scale cultivation of the Vanilla genus is its difficult pollination.
Although they managed to overcome this obstacle, production is still
vanillin, which increases the use of synthetic vanillin, which is insuffi-
cient to meet world demand and increases synthetic vanillin use [2]. In
addition, other issues led to the "vanilla crisis" during the 21st century,
when the price of a kilo of vanilla rose exorbitantly, even surpassing the
cost of a kilo of silver [3,4].

Brazil has rich biodiversity and naturally occurring vanilla species,
such as Vanilla bahiana and Vanilla chamissonis, which have yet to be
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explored and have significant economic potential. These species were
subjected to phytochemical analysis, revealing vanillin in their compo-
sition and other compounds [5,6] that together promote a sensory
experience similar to the known flavor described as vanilla, conferring
organoleptic properties identical to those of the main commercialized
species. Therefore, it is essential to investigate these species since they
have great potential for local bioprospecting [5].

In addition to its food and aromatic uses, vanilla has traditionally
been used for medicinal purposes in various cultures [7]. Recognizing
the centuries-old use of the genus, several studies have been conducted
considering the importance of investigating the therapeutic potential of
the spice, which, to this day, has been associated with relevant thera-
peutic effects [8]. The studies involve the evaluation of different species
as well as their main constituent, vanillin. So far, results show vanillin’s
antibiotic properties, as well as its potential agent in the treatment of
sickle cell anemia [9,10]. Anti-inflammatory effects on the nervous
system have also been observed, which is important in acting on neu-
roinflammatory pathologies [11]. Most studies focus on the anticarci-
nogenic activity of vanillin, as observed in colorectal cancer (HT-29),
hepatocarcinoma (HepG2), and neuroblastoma (SH-SY5Y) cells, in
addition to the antioxidant, cardioprotective, and antiviral properties
described [12-14].

The medicinal properties of plants are fundamental, not only in the
context of health care but also in pharmaceutical development. In
contrast, natural products may present risks, mainly when not
adequately evaluated for their potential toxicity [15,16]. Conducting
tests to examine their phytochemical composition and bioactivity and
investigate their genotoxic potential identifies compounds that can
threaten health and reveal therapeutic properties, such as anti-
mutagenic, anticarcinogenic, and antigenotoxic properties. These
properties are of great interest in the context of medical applications
[16-18].

2. Materials and methods
2.1. Vanilla extraction

The specimens evaluated in this study were sourced from distinct
locations: V. bahiana was collected from an individual within the Natural
Monument from the Morro do Pao de Actcar at Urca, Rio de Janeiro,
Brazil. V. chamissonis was obtained from an individual within the
Municipal Natural Park of Grumari, Rio de Janeiro, Brazil. Lastly,
V. planifolia was obtained from an individual located in the Orchidarium
of the Rio de Janeiro Botanical Garden.

The methanolic extraction was carried out using three fruits: Vanilla
planifolia, Vanilla chamissonis, and Vanilla bahiana. The fruits underwent
drying and maceration, followed by enzymatic extraction to accelerate
the curing process [5]. For this, 500 mg of the samples were placed in
3 ml of citrate-phosphate buffer (0.05 M; pH 5), homogenized, and then
subjected to a water bath at 37°C. Subsequently, 1 ml of the B-glucosi-
dase enzyme solution (49290/SIGMA), previously prepared with
almond B-glucosidase and citrate-phosphate buffer at a ratio of 1 mg/ml,
was added. The mixture was incubated for 4 hours at 37°C with constant
agitation. Following incubation, the samples were frozen using liquid N2
to preserve their integrity. Subsequently, the samples were lyophilized
until completely dry.

Then, the methanolic extraction was conducted. Methanol (5 ml)
was added to the Falcon tubes containing the enzymatic extraction
product and mixed for 2 minutes on a vortex. The samples were then
subjected to probe sonication for 8 minutes at 20 % power, supported on
a stand with ice and water to prevent heating. After sonication, the
samples were centrifuged (10000 x g at 4°C for 10 min), and the su-
pernatant was transferred to a 15 ml Falcon tube and stored in the
freezer. This extraction procedure was repeated two more times, and at
the end of the process, the samples were dried using a speed-vac.
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2.2. Mutagenicity test

The mutagenic potential of the Vanilla extracts was analyzed
through a reverse mutation test; the Ames test was conducted on strains
of Salmonella enterica serovar Typhimurium (S. typhimurium) TA97a,
TA98, TA100, TA102, and TA1535. The strains were chosen following
the OECD to analyze the most significant amount of mutation induction
possible with the model [19]. The test utilized the pre-incubation
method and was performed in the absence and presence of a meta-
bolic activation system (4 % S9 mix, Aroclor-pre-induced, sourced from
Moltox Inc., USA) [20]. The positive control for the assays conducted
without metabolic activation were 4-nitroquinoline 1-oxide (4-NQO) for
TA97a (2 ng/plate) and TA98 (1 pg/plate); sodium azide (SA) for TA100
and TA1535 (5 pg/plate) and mitomycin C (MMC) for TA104. With
metabolic activation, the positive control was 2-amineanthracene
(2-AA) for all the strains in different concentrations: TA97a and TA98
at 2 ug/plate; TA100, TA102, and TA1535 at 5 pg/plate.

For the experiments without metabolic activation, 0.5 ml of
0.1 mol L ! sodium-phosphate buffer (with a pH of 7.4) was added to the
test tube, in the experiments with metabolic activation, 0.5 ml of the S9
mix was used instead. Then, 0.1 ml of culture medium (with a cell
density of 2 x 10° cells/ml) was added along with 0.1 ml of each con-
centration of Vanilla tested. The tubes were incubated for 20 minutes at
37°C with agitation. After the incubation period, 2 ml of Top Agar,
consisting of agar with 10 % HB (Histidine and Biotin solution), was
added. The plates were then incubated for 72 hours at 37°C, and finally,
the revertant colonies were counted.

The tester strains were assayed in triplicate, and the count of
revertant colonies was recorded for each strain and treatment group.
Positivity criteria were established based on the observation of a
concentration-dependent increase in the average number of revertant
colonies within each treated group, achieving a minimum twofold
elevation compared to the count observed in the negative control group.
All the experiments were repeated at least twice. Statistical differences
between the groups were analyzed by a one-way ANOVA (P < 0.05) and
Tukey’s post-hoc test.

2.3. Eukaryotic Cell viability

Two eukaryotic cell lines were utilized for the cell viability analysis:
human hepatocellular carcinoma cells, HepG2, and mouse liver fibro-
blasts, FC3H. HepG2 cells were obtained from the American Type Cul-
ture Collection (ATCC, Manassas VA, USA, #HB-8065), while the FC3H
lineage was acquired from the Rio de Janeiro Cell Bank (BCRJ, Rio de
Janeiro, BR, #BCRJ 0082). Following supplier specifications, both he-
patic tissue cell lines were maintained at the Environmental Mutagenesis
Laboratory - UERJ. DMEM with 10 % FBS was used for HepG2, and
DMEM High Glucose with 10 % FBS for FC3H. Cell viability was assessed
after exposure to methanolic extracts of Vanilla for 24, 48, and 72 hours
to determine their potential cytotoxicity-inducing effects.

To conduct the assay, cells were initially plated in 96-well plates at a
density of 2x10* cells/well, with 3 wells allocated for each tested
extract concentration and at least 3 wells reserved for assay controls.
Since the assay analyses three-time points, three plates were prepared.
Following cell plating on the first day and cell adhesion, the wells of all
three plates were washed with PBS and 100 pl of dilutions of the
different extract concentrations. The extracts were diluted in DMSO, so
it was important to ensure that the DMSO, which is cytotoxic, was
present at a concentration lower than 1 % in the wells. Serial dilutions
were prepared using the appropriate media for each cell type. The
prepared concentrations were: 5000 pg/ml, 500 pg/ml, 50 pg/ml, 5 pg/
ml, 0.5 ug/ml, and 0.05 pg/ml. In addition to the extract samples, assay
controls were performed, including three wells with medium only, three
with Triton X-100 2 %, and three with the vehicle used to dilute the
samples (DMSO 1 %). After treatments, the plates were incubated in a
chamber under the conditions described earlier for 24, 48, or 72 hours.
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Following each incubation period, the wells were washed, and 100 pl of
a 2 % WST solution was added to each well, including the three wells
without cells. The plates were then incubated for 2 hours, after which
absorbance readings were taken at 440 nm using a microplate reader
configured for spectrum detection. The assay was performed in triplicate
and repeated twice. The obtained results were exported for future sta-
tistical analysis. Linear regression was performed using the obtained
values, with viability control consisting of cells receiving only medium
and non-viability controls being wells without cells. From this, the cell
viability curve was calculated.

2.4. Cytokinesis-block micronucleus assay (MNvit)

Cells were plated onto a 24-well plate containing sterile coverslips
and seeded at a density of 2x10% cells/well, each with a final volume of
1 ml. The plates were then incubated at 37°C and 5 % CO overnight to
allow cell adhesion to the coverslips. On the following day, the treat-
ment was performed. Initially, the wells were washed with PBS, and four
concentrations of methanolic extracts from each species were added for
testing: 500 pg/ml, 50 ug/ml, 5 pg/ml, and 0.5 pg/ml. Additionally, cells
were treated with Cyclophosphamide (CPA) at 60 uM (positive control),
1 % DMSO (negative control), and medium only. Once again, the cells
were incubated at 37°C and 5 % CO2 for 24 hours.

The cells were washed with PBS, and 1 ml of a Cytochalasin B so-
lution was added to each well at a 3 pg/ml concentration. The plates
were incubated at 37°C and 5 % CO;, for 24 hours. On the last day of the
assay, the medium was removed. Each coverslip was fixed by adding a
3:1 solution of cold methanol and acetic acid. 1 ml was added to each
well, and the solution was allowed to be fixed for 30 minutes. Subse-
quently, the solution was removed, and the wells were washed with
water, which was then discarded. Next, 1 ml of Giemsa 1:4 was added to
each well and left to stain for 2 hours. Afterward, each well was
rewashed with water, and the slides were prepared using Entellan to
affix the coverslips onto their respective slides, which were previously
identified.

To analyze results, at least 2000 binucleated cells per concentration
were counted, considering observed cellular events such as bridges,
buds, micronuclei, and mononucleated, trinucleated, and multinucle-
ated cells. The Nuclear Division Index (NDI) and micronucleus count
were calculated. The results were analyzed using one-way ANOVA and
Tukey’s post-hoc test to assess statistically significant outcomes.

3. Results
3.1. Mutagenesis induction analysis

Mutagenicity induction was detected only under specific conditions
and in a single species, Vanilla planifolia, in the TA98 strain without
metabolic activation, as depicted in Fig. 1. A dose-response curve can be
observed, with mutagenicity induction confirmed at 4000 and 5000 pg/
plate concentrations. Except for these conditions, no further mutage-
nicity induction was observed in the tested strains and analyzed species,
as illustrated in Fig. 1.

3.2. Eukaryotic cell viability

Through the WST-1 assay, the effect of methanolic extracts on cell
viability was assessed. Fig. 2 demonstrates that the extracts of
V. planifolia and V. bahiana significantly reduced cell viability, but only
at the highest concentration of 5000 ug/ml in HepG2 cells across all
tested time points. Similar observations were made in FC3H cells, as
shown in Fig. 2, although V. bahiana induced decreased viability, while
V. planifolia declined only at the highest concentration. Additionally,
V. chamissonis also reduced cell viability in FC3H cells, but solely at the
24-hour treatment and in a concentration-dependent manner.
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3.3. Cytokinesis-block micronucleus assay

In the Cytokinesis-Block Micronucleus Assay, as Fig. 3 shows, none of
the evaluated species were able to induce genotoxic damage through the
formation of micronuclei, nor did they delay the cell cycle, as indicated
by the Nuclear Division Index (NDI) calculations.

4. Discussion

Various therapeutic effects have been attributed to Vanilla over time,
initially through folk medicine and currently through research demon-
strating the genus’s significant potential, including in clinical trials. In
these, the exposure to vanillin has been found to reduce the occurrence
of breathing pauses and prevent slow heart rate, potentially by acti-
vating the olfactory nerve and increasing orbitofrontal blood flow, in
newborns and adults [21,22]. Recognizing this emphasizes the impor-
tance of understanding the safety of this genus, especially of species not
yet popularly used and that have little explored.

Synthetic vanillin is widely used in the food industry. However, it has
been observed that this and other artificial ingredients could induce in
vivo toxicity in mice [23], including genotoxicity. Although many bio-
actives are found in natural products, this does not guarantee their
safety. Vanillin is a secondary metabolite in Vanilla spp. species have a
great economic interest, both for their flavor and characteristic
fragrance, and are of great interest to the food and perfumery industries
[24]. For this reason, species with higher quantities of vanillin and other
molecules contributing to the sensory experience of vanilla, such as
vanillic acid and p-hydroxybenzaldehyde, have made this genus so
popular and consumed for so long, remaining extremely important for
large companies in the food industry [25,26].

Among the analyzed species with the potential to meet this market
demand, the induction of mutagenicity or cytotoxicity was observed
only at higher concentrations to which the cells or bacteria were
exposed. This indicates that the species’ methanolic extracts are safe in
assays evaluating their cytotoxic and mutagenic potential.

The bacterial reverse mutation assay, the Ames test, assessed the
mutagenic potential of the compounds analyzed. The only sample
capable of inducing mutation was the one of greater commercial rele-
vance, Vanilla planifolia, and only at the highest concentrations of 4000
and 5000 pg/plate and only in TA98. Still, the commercial potential
species investigated in this study could not induce mutations, which is
promising for their use.

The V. planifolia and Vanilla x tahitensis extracts are recognized as
safe by the FDA (U.S. Food and Drugs Administration) [27]. Human
exposure to these extracts is usually in a low dose since they are mainly
used as spices and natural seasoning; e.g., most baking recipes use a
teaspoon of vanilla extract, which corresponds to approximately 4 g
[28]. Analyzing one of the most important molecules, vanillin, in vivo,
assays gave rats vanillin doses of 150 and 300 mg/kg for 14 weeks did
not exhibit any signs of toxicity [29]. Another study demonstrated that
rats fed with vanillin in their diet at 20 g/kg for 1 year and 50 g/kg for 2
years showed no changes in growth or blood composition [30]. Similar
assays [31,32] associated with these findings show that vanilla com-
ponents are not toxic when consumed at approved levels in food [33].

The induction of mutation at higher concentrations by V. planifolia
may be justified by the presence of phenolic contents and other organic
compounds in the extract that have antioxidant potential and, as such,
can generate a saturation effect inherent to biological systems. Thus,
compounds that usually scavenge free radicals also have antioxidant
action and can behave as pro-oxidants, as observed in studies with other
plant extracts with high antioxidant content [34,35]. As mentioned
earlier, the complex mixture of joint activity causes interaction with
different cellular sites and targets simultaneously. Plant extracts can
generate joint activity and interaction with cellular sites and targets.
This mechanism of action found in natural products derived from plants
can trigger adverse effects when in contact with other organisms [36,
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Fig. 1. Revertant colonies in the Ames test with (+S9) and without (-S9) metabolic activation of the strains TA97a, TA198, TA100, TA102 and TA1535. In A,
revertants of TA97a for the assay without metabolic activation (-S9) of the species V. planifolia (VP), V. chamissonis (VC), and V. bahiana (VB) are shown. In B,
revertants of TA97a in the assay with metabolic activation (4-S9) of the three species are depicted. In C, revertants of TA1535 in the assay with metabolic activation
(-S9) of the three species are illustrated, while in D, the results in TA1535 with the three species of Vanilla and metabolic activation (+S9) are presented. Graphic E
and F depict results for TA100, with E and F showing assays without and with metabolic activation, respectively. In G, revertants of TA102 in the assay with
metabolic activation (-S9) of the three species are illustrated. In contrast, in H, the results in TA102 with the three species of Vanilla and metabolic activation (+S9)
are presented. In I, the results are for the assay with TA98 without metabolic activation (-S9) of the species V. chamissonis (VC) and V. bahiana (VB). In J, the assay
results showed TA98 without metabolic activation (-S9) of the species V. planifolia (VP), with additional concentrations tested. In K, the results with TA98 with all
t‘hree species with metabolic activation (4+S9) are presented.
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Fig. 2. (A) Viability of FC3H cells after 24, 48, and 72 hours of treatment with V. planifolia. (B) Viability of FC3H cells after 24, 48, and 72 hours of treatment with
V. chamissonis. (C) Viability of FC3H cells after 24, 48, and 72 hours of treatment with V. bahiana. (D) Viability of HepG2 cells after 24, 48, and 72 hours of treatment
with V. planifolia. (E) Viability of HepG2 cells after 24, 48, and 72 hours of treatment with V. chamissonis. (F) Viability of HepG2 cells after 24, 48, and 72 hours of
treatment with V. bahiana.

37]. Nevertheless, the analyzed doses are much higher than the normal essential enzymes in the biosynthesis of vanilla flavoring compounds
human intake of vanilla. [38]. Using Liquid Chromatography-Mass Spectrometry (LC-MS/MS)

Previous studies have shown V. bahiana to be a potential spice and chemometric techniques, it was observed that both V. bahiana and
market species, as it has been shown to express some of the most V. chamissonis have compounds related to the characteristic flavor of
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Fig. 3. Nuclear Division Index (NDI) and Micronucleus count. (A1) NDI of HepG2 cells treated with V. planifolia. (A2) NDI of HepG2 cells treated with V. chamissonis.
(A3) NDI of HepG2 cells treated with V. bahiana. (B1) Micronucleus induction count in HepG2 cells treated with V. planifolia. (B2) Micronucleus induction count in
HepG2 cells treated with V. chamissonis. (B3) Micronucleus induction count in HepG2 cells treated with V. bahiana.

vanilla, which is associated with commercial species, such as vanillin
and p-hydroxybenzaldehyde [5].

Vanillin has demonstrated potential in therapeutic applications, such
as neuroprotection, antiviral, cardioprotection, anti-inflammatory, and
nephroprotection [8]. In addition, antigenotoxic properties and anti-
mutagenic activity have also been reported for vanillin by reducing
spontaneous mutations in both bacteria and mammalian cells [39,40].
Another compound in the genus is vanillic acid, which is also found in
other plants. This acid and cinnamic acid has been shown to reduce DNA
damage [41]. Vanillin has already been identified in all three species;
therefore, it is important to investigate their therapeutic potential,
especially the DNA protection activities these species can offer. As
mentioned, a vanillin formulation used in the food market has shown the
potential to induce genotoxicity by micronucleus formation. Still, the
same was not observed for the extracts of the different species analyzed,
nor the induction of cytochalasin [23].

The economically most relevant species, V. planifolia, has already
shown antiproliferative activities, as seen in the ethanolic extract of
V. planifolia leaf in squamous carcinoma and breast cancer cells [42,43].
Positive results of vanillin in inducing apoptosis in colorectal cancer
cells and inhibiting the growth of these cells have also been obtained
[44], in addition to inducing apoptosis of hepatocarcinoma and neuro-
blastoma cells [45].

The species V. bahiana and V. chamissonis have been little explored in
this context. Considering that many of the compounds found in
V. planifolia have also been observed in them [5], it is expected that
similar therapeutic effects may be found, with potentially lesser or
greater activities, given that the association between the molecules
present in complex mixtures can generate different interactions.
Furthermore, the identification of compounds present in these orchids
also allows for the analysis of their content and evaluation of whether
the medicinal properties are attributed to one or more molecules. Syn-
ergistic events may still occur, which is common in these complex
mixtures where different associated compounds generate a more sig-
nificant result than the sum of their parts, enhancing the pharmaceutical
potential of the extracts [46,47].

The Vanilla species V. planifolia, V. bahiana, and V. chamissonis hold
significant economic promise due to their flavor, making Vanilla a key

spice with increasingly therapeutic potential. Our study assessed
whether methanolic extracts of these species could induce genotoxicity
or cytotoxicity. Testing with the Bacterial Reverse Mutation Test and the
Cell Viability Assay revealed mutation or cytotoxicity induction only at
the highest doses tested: 4000 and 5000 pg/plate in the prokaryotic
model (TA98 -S9) with V. planifolia and 5000 pg/ml in the eukaryotic
model with all three species. No genotoxicity induction by Micronucleus
formation was observed. Thus, these Brazilian species show promise for
evaluating these new compounds for human use in the food market and
pharmaceuticals.
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