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Abstract

The infusion of Strychnos pseudoquina leaves and bark has been used in folk medicine to treat fevers,
malaria, liver and stomach conditions, and anemia. Despite its popular use, the mutagenic effects of S.
pseudoqunia are unclear. It is important to note that species of this same genus are generally classified
as both toxic and mutagenic. The present study evaluated the mutagenic and antimutagenic potential of
an aqueous extract of S. pseudoquina bark using the Ames test in Salmonella typhimurium. The
concentrations of 0.62, 1.25, 2.5, 5, and 10 mg/plate of S. pseudoquina were evaluated. The results
revealed the absence of mutagenicity and antimutagenicity for all tested concentrations of S.
pseudoquina, suggesting the potential medicinal value for this plant. Importantly, S. pseudoquina
solution can interact with other drugs. We observed that the aqueous extract of S. pseudoquina bark
increased the mutagenicity of sodium azide in S. typhimurium by as-yet unknown components and
mechanisms. Thus, despite not having mutagenic or antimutagenic actions, the use in association with
other drugs may bring unwanted effects. Further scientific data are required to guide clinical practice
and safeguard the welfare of users.

Keywords: Genotoxicity, quina-do-cerrado, ames test, salmonella typhimurium, cerrado, synergistic
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Introduction

Many plant species have been used in folk medicine for the treatment and prevention of
various human diseases (Al-Asmari et al. 2014) [11. Despite their therapeutic advantages, the
toxic potential of medicinal plants and their dosages are not always recognized by the general
public or by many professional groups in traditional medicine (Soetan and Aiyelaagbe 2009)
(231, Thus, mismanagement during therapy could be harmful to health.

The genotoxic, mutagenic, and carcinogenic potential of medicinal plants has been a subject
of great concern in the scientific community, especially regarding bioactive components
found in natural products. In contrast, many plant extracts also have antimutagenic activity
against the mutagenic influences of endogenous or exogenous agents and guarantee the
integrity of DNA (Burcham 1999; Ribeiro and Salvadori 2003) [® 91 This process takes
place through DNA repair mechanisms, damage tolerance, cell cycle checkpoints, and cell
death pathways (Jackson and Bartek 2009) [*31,

A widely used species in folk medicine is Strychnos pseudoquina A. St.-Hil., popularly
known as falsa-quina, quina-branca, and/or Quina-do-cerrado. The plant is native to the
Brazilian Cerrado. Ethnobotanical evidence has indicated the use of S. pseudoquina to treat
intermittent fevers, malaria, liver and stomach conditions, and anemia (Branddo and Rapini
2018). The leaves and stem bark are main plant parts used in traditional medicine, either
through infusions or as powder (De Saint-Hilaire 2009) 1. However, their use is based only
on popular knowledge and traditions, with no scientific basis on the efficacy and safety of the
preparations (De Saint-Hilaire 2009) €],
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The genus Strychnos, to which S. pseudoquina belongs, has
phytocompounds with powerful toxicity and mutagenicity
(Bonamin et al. 2011) [, This toxicity is mainly due to the
presence of some alkaloids. However, despite their
genotoxic properties, antioxidant and antimutagenic
substances, such as flavonoids, are also present (Jurado et
al. 1991) 1 and, even though rare, their toxicity and
mutagenic capacity are also reported in the literature
(Moreira et al. 2002) [161,

Most species of the genus Strychnos are genotoxic and data
on their biological properties and chemical compositions is
limited. Thus, data are needed to ensure efficacy and safety
when using S. pseudoquina (Silva et al. 2005) 34 22241

This study evaluates the mutagenic and antimutagenic
potential of an aqueous extract of S. pseudoquina by using
the indicator species Salmonella typhimurium in the Ames
test bioassay. The main advantages of this bioassay are its
simplicity, cost-effectiveness, flexibility, and large database
of validated data. The test also allows the evaluation of
various concentrations and determination of the dose-
response relationship (Mortelmans and Zeiger 2000) [X7. 261,
This assay is used to provide safety data in the use of
medicinal plants (Sturbelle et al. 2010) 1. This is
important, since the use of mutagenic substances can
increase or accelerate the mutation rate, leading to the
development of neoplasms (Ribeiro et al. 2003) [*],

Materials and Methods

S. pseudoquina

The S. pseudoquina barks were purchased from Cha e Cia -
Ervas Medicinais (Jacarei, Brazil). The product is, produced
and distributed by J T F Produtos Naturais (S&o José dos
Campos, Brazil; batch: 022021). An aqueous extract of the
barks of Quina-do-cerrado (S. pseudoquina) was prepared
according to the manufacturer's directions for popular use.
To prepare the aqueous extract, 60 g of macerated bark was
added to 1 | of water, which is equivalent to the
manufacturer's recommended dose of two tablespoons in 1 |
of water. The mixture was placed in a container and heated
to the boiling point. The container was then covered for 10
min.

The mixture was then ready for use. For the tests, five
concentrations were used: 0.62, 1.25, 2.5, 5, and 10 mg/ml.

Bacterial strain

S. typhimurium TA-100 was the bacterial strain used. The
strain was provided by the Laboratory of Radiobiology and
Mutagenesis, Federal University of Goias, Campus
Samambaia, Goiania-Goias, Brazil.

Experimental procedure

Evaluation of mutagenic and antimutagenic activities

S. typhimurium TA100 was inoculated in sterile nutrient
broth and incubated for 12 h at 37 °C in a water bath under
constant agitation until reaching the stationary phase of
growth. To evaluate the mutagenic activity, aliquots of 100
ul of the bacterial strain cultures were incubated with 0.62,
1.25, 2.5, 5, and 10 mg/plate of S. pseudoquina for 25 min at
37 °C in triplicate test tubes under constant agitation.
Negative (20 pl autoclaved distilled water) and positive (20
pl sodium azide) controls were also included in the
experiments. To evaluate the antimutagenic activity, the
positive control was co-administered with the different
doses of S. pseudoquina. After incubation, liquid glucose
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agar (top-agar) containing a histidine/biotin solution (0.5
mM) was added at a temperature of 45 °C. The content was
vortexed and then poured into petri dishes containing solid
medium (minimal glucose agar). Triplicate preparations of
each sample and control were incubated at 37 °C for 48 h in
a biochemical oxygen demand incubator. After this period,
revertant colonies were enumerated using an electronic
counter. The mean of the triplicate values was reported

(Maron and Ames 1983; Mortelmans and Zeiger 2000) [*5 17
26]

Evaluation parameters

Mutagenesis and antimutagenesis

For evaluating the mutagenicity of S. pseudoquina, the
mutagenicity ratio (MR) was calculated for all tested doses,
using the following equation:

number of revertants/test sample plate

" number of revertants/negative control plate

The test is considered positive for mutagenicity when the
number of revertant colonies on the test plates is equal to or
greater than twice the number of spontaneous revertant
colonies of the negative control (Maron and Ames 1983) 1251,
The percent inhibition (Pl) was calculated using the
following equation:

number of revertants on test plate — RE

PI(%) = [1 —( )] x 100

number of revertants on positive control plate — RE

Where test plate refers to plates incubated with mutagen and
compound, number of revertants of test plate refers to
histidine positive revertants, number of revertants on
positive control plate refers to plates incubated with
mutagen only, and RE: spontaneous revertants refer to test
strains incubated in the absence of compound and mutagen.

Statistical analyses

Statistical analyses of the data from the Ames test were
performed using BioEstat version 5.3 software (Ayres et al.
2007) . The Shapiro-Wilk normality test was used to
determine the best statistical analysis method to be applied,
considering p>0.05 and samples with a normal distribution.
Analysis of variance (ANOVA) test was then used to
determine possible significant differences between means.
Finally, the Tukey's post-hoc test was performed to identify
groups with significant differences (p<0.05). For the Ames
test, after counting the number of revertants and calculating
the MR for each dose and PI, the mutagenicity and
antimutagenicity parameters were considered (p<0.05
compared to the negative and positive control, respectively).

Results

Table 1 presents the results of the evaluation of mutagenic
and antimutagenic activity of S. pseudoquina by the Ames
test.

The different doses of S. pseudoquina showed no significant
difference (p>0.05) compared to the negative control in
mutagenic activity. The result indicated the lack of
mutagenic potential of S. pseudoquina aqueous extract at
doses of 0.62, 1.25, 2.5, 5, and 10 mg/plate.

In the antimutagenic evaluation, S. pseudoquina did not
significantly reduce (p>0.05) the number of S. typhimurium
colonies when compared to the positive control (20 pg/plate
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of sodium azide) in any of the tested doses. The result
indicating that aqueous extract of S. pseudoquina bark does
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not provide protection to bacterial DNA.

Table 1. Evaluation of mutagenic and antimutagenic activity of an aqueous extract of Strychnos pseudoquina in Salmonella typhimurium

TA100 by the Ames test.
TA100
Mutagenicity
Treatment Mean £ SD MR (%) Pl (%)

Negative control 322 +24 1.00 -

Positive control 2961 + 535* 9.19 -

S. pseudoquina 0.62 mg/plate 560 + 68 1.74 -

S. pseudoquina 1.25 mg/plate 356 + 41 1.11 -

S. pseudoquina 2.5 mg/plate 360 + 60 1.12 -

S. pseudoquina 5 mg/plate 339+ 77 1.05 -

S. pseudoquina 10 mg/plate 367 + 44 1.14 -

Antimutagenicity
Treatment Mean £ SD MR (%) Pl (%)

Negative control 344 + 218 - -

Positive control 1867 £ 135 - -

S. pseudoquina 0.62 mg/plate + PC 1852 + 141 - 1
S. pseudoquina 1.25 mg/plate + PC 2302 + 197 - -28
S. pseudoquina 2.5 mg/plate + PC 2242 + 557 - -24
S. pseudoquina 5 mg/plate + PC 2308 + 524 - -28
S. pseudoquina 10 mg/plate + PC 2268 + 351 - -26

ANOVA,; Tukey test

Negative control: 20 pl of distilled water; positive control (PC): 20 pg/plate of sodium azide.

colonies.

MR: mutagenicity ratio; PI: percent inhibition

*Significant difference (p<0.05) compared to the negative control
8Significant difference (p<0.05) compared to the positive control

Discussion and Conclusion

The x'present study evaluated the mutagenic and
antimutagenic activity of S. pseudoquina. Our results reveal
the lack of mutagenic activity for S. typhimurium TAZL00.
Corroborating this data, Nunes (2008) [% 18 tested the
ethanolic extract of the bark in the Ames mutagenicity test
using S. typhimurium TA98 and TA100, and reported no
mutagenic activity at the tested doses. In contrast, Gontijo et
al. (2020) [0 1 evaluated the mutagenicity of leaves and
bark of S. pseudoquina by the Ames test, and found that
both displayed mutagenic potential.

The absence of S. pseudoquina mutagenic activity and
toxicity on S. typhimurium at the tested doses provide
evidence of the potential medicinal value of aqueous
extracts for humans. However, knowledge of the effect of S.
pseudoquina on eukaryotic cells is still unknown. Studies
with models that more closely mimic mammals, especially
humans, are needed. Before being indicated for use, it is
also necessary to determine the mechanisms of action of the
bioactive compounds present in the aqueous extract of S.
pseudoquina and the appropriate dosage for safe and
effective use in humans.

Another concern regarding the use of natural products is
their drug interactions. Many potentially non-harmful
substances can increase or decrease the activity of other
drugs. Our results showed a potentiation of the action of the
sodium azide mutagen in the presence of S. pseudoquina.
The negative Pl indicated increased mutagenic activity at
the highest doses. Although the aqueous extract of S.
pseudoquina barks lacked mutagenic and antimutagenic
actions, the mutagenicity of sodium azide for S.
typhimurium was increased. Similar results have been
described for Vernonanthura polyanthes, Piper cubeba,
Lycopersicon esculentum, and Tabebuia impetiginosa in
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Mean = standard deviation (SD) of revertant

different experimental models (Dutra et al. 2009 !; Sousa et
al. 2009 [*2 24; Rezende et al. 2011 ?41; Barbosa et al. 2012
[Bl: Guerra-Santos et al. 2016) 112,

Plant extracts have multiple components that can exert
mutagenic or antimutagenic effects alone or synergistically
(Cai et al. 2004; Romero-Jiménez et al. 2005) [ 291 Thus,
the co-administration of herbal medicines and therapeutic
drugs may pose clinical risks to patients and needs to be
further investigated (Barbosa et al. 2012) [l The
components and mechanisms used by plant species to
potentiate the effect of mutagens have been poorly
investigated.

This study shows that the aqueous extract of S. pseudoquina
bark can potentiate the mutagenic action of sodium azide by
as-yet unknown components and mechanisms. Further
studies are required to determine the substance(s) involved
in this potentiating effect. These data are important, since
understanding the components and mechanisms involved in
herbal-drug interactions is essential for clinical risk
assessment (Barbosa et al. 2012) Bl Further studies are also
needed to confirm the efficacy and/or risks of the use of this
medicinal plant by humans and to discover alternatives for
the rational use of this natural resource.
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