Article

Brazilian Journal of

Pharmaceutical Sciences

vol. 51, n. 3, jul./sep., 2015
http://dx.doi.org/10.1590/S1984-82502015000300005

Genotoxic and chromatographic analyses of aqueous extracts of
Peltodon longipes Kunth ex Benth. (hortela-do-campo)

Andrielle Wouters Kuhn!, Marilia Tedesco!, Aline Augusti Boligon!, Viviane Dal-Souto Frescura?,
Margareth Linde Athayde'™, Solange Bosio Tedesco""

'Department of Biology, Federal University of Santa Maria, Santa Maria, RS, Brazil, ’Department of Academic Coordinator,
Federal University of Santa Maria, Campus Cachoeira do Sul, Cachoeira do Sul, RS, Brazil

Peltodon longipes is used as a stimulant and emmenagogue. The objective of this study was to perform
genotoxic and chromatographic analyses of the extracts of two samples of P. longipes, collected from the
cities of Santa Maria and Tupanciretd, RS, Brazil. The Allium cepa assay was used to analyze genotoxicity
while high-performance liquid chromatography was employed to determine phenolic compounds. The
genotoxicity experiment consisted of nine groups each comprising four 4. cepa bulbs. Bulb roots were
developed in distilled water and then transferred for the treatments, for 24 hours, and the negative
control remained in water. The treatments were: aqueous extracts at concentrations of 5 and 15 g L™! for
each sample, plus four groups treated with 1% glyphosate, one of which was used as a positive control
and the other three for testing DNA damage recovery using water and the extracts of P. longipes from
Santa Maria. All extracts of P. longipes exhibited anti-proliferative potential, although the effect was
significantly greater for the extracts from the Tupancireta sample. This sample also contained the highest
amount of rosmarinic acid and kaempferol, which may confer the effects found in these extracts. Only
extracts from the Santa Maria sample exhibited genotoxic potential.

Uniterms: P, longipes/antiproliferative effect. P. longipes/genotoxic potential. P. longipes/chromatographic
analyses. Allium cepa test/genotoxicity.

Peltodon longipes ¢ utilizada como estimulante e emenagoga. Objetivou-se realizar andlises genotoxica
e cromatografica dos extratos de duas amostras de P. longipes, coletadas nos municipios de Santa
Maria e Tupanciretd, RS, Brasil. O teste de Allium cepa foi utilizado para analise da genotoxicidade ¢ a
cromatografia liquida de alta eficiéncia, para determinagdo dos compostos fendlicos. O experimento de
genotoxicidade constou de nove grupos de quatro bulbos de 4. cepa. Os bulbos foram enraizados em
agua destilada e apds transferidos para os tratamentos, por 24 horas, permanecendo o controle negativo
em agua. Os tratamentos foram: extratos aquosos nas concentragdes de 5 e 15 g L de cada amostra,
além de quatro grupos tratados com glifosato 1%, um deles usado como controle positivo e outros trés
para testar a recuperacao de danos ao DNA, utilizando agua e os extratos de P. longipes da amostra de
Santa Maria. Todos os extratos de P. longipes demonstraram potencial antiproliferativo, porém o efeito
foi significativamente maior para os extratos da amostra de Tupancireta. Essa amostra também apresentou
maior quantidade de acido rosmarinico e canferol, o que pode estar relacionado com os efeitos encontrados
nesses extratos. Somente extratos da amostra de Santa Maria demonstraram potencial genotoxico.

Unitermos: P. longipes/efeito antiproliferativo. P. longipes/potencial genotoxico. P. longipes/analise
cromatografica. Teste de A//ium cepa/genotoxicidade.
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INTRODUCTION

The species Peltodon longipes Kunth ex Benth.,
belonging to the Lamiaceae family, is found in the
Southern region of Brazil and is also referred to as P.
comaroides Briq. (Briquet, 1989). The plant is known
popularly as horteld-do-campo (wild mint) (Lorenzi,
Matos, 2008) and is used in folk medicine as a stimulant
and emmenagogue (Mors et al., 2000). Analysis of the
tissue of this species by chemical methods has revealed
the presence of ursolic acid (Zelnik, Matida, Panizza,
1978/79), a substance present in the group of triterpenic
saponins, found predominantly in dicotyledons (Simoes
et al.,2004). Also, in a study performed by Fronza et
al. (2012), five diterpenes were isolated from the plant
(7-alpha-acetoxy-royleanone, horminone, royleanone,
7-ketoroyleanone and sugiol) which have shown cytotoxic
activity against a type of human pancreatic cancer cell.

Often in ethnic communities and groups, the only
resource available for the treatment and prevention of
diseases is knowledge of medicinal plants. In some regions
of Brazil, even in large cities, plants used in alternative
folk medicine are sold in local street markets and stores.
This resource is used by the population at large, validating
therapeutic information gathered over centuries, even
though their chemical constituents remain unknown and
little studied (Maciel et al., 2002).

Many laboratory studies have found a large number
of antimutagenic and anticarcinogenic compounds
in plant species (De Marini, 1998) but despite the
therapeutic benefits, some of the constituents of these
plants can be potentially toxic, mutagenic, carcinogenic
and/or teratogenic (Ping et al., 2012). However, the
potential toxicity of medicinal plants is not recognized
by the general population or by groups of professionals
in traditional medicine (Soetan, Aiyelaagbe, 2009)
prompting the need for studies of the genotoxic effects of
those medicinal plants not yet evaluated.

The majority of toxicity testing systems depend
on small animals, rendering them slow, expensive and
the target of much criticism (Fatima, Ahmad, 2006;
Siddiqui Tabresz, Ahmad, 2011). However, bioassays are
available that use plants as test organism for detecting
genotoxicity and cytotoxicity which are easy-to-perform,
fast, low-cost and biologically sensitive (Fatima, Ahmad,
2006; Morais, Marin-Morales, 2009). Organisms offering
numerous benefits include the onion (A/llium cepa L.),
ensuring a low-cost assay, ease-of-handling and suitable
chromosomal characteristics (Bich, Vedoya, Medvedeft,
2012), facilitating the assessment of chromosome damage
and disturbances in the cellular cycle (De Rainho et

al.,2010). The in vivo A. cepa test has been used for
assessing damage to DNA (Leme, Marin-Morales, 2009)
and is considered extremely effective for in situ analysis
and monitoring of genotoxicity of a range of different
substances (Silva et al., 2004).

Besides toxicity tests, the chromatographic profile of
a plant extract is also essential in that it can be considered
representative of the chemical complexity of the sample,
allowing assessment of the relationship between the
chemical information and the characteristics of each plant
sample, such as the differentiation between botanically
similar species, variability among plants collected from
different geographical locations and under different
climatic and growing conditions (Chen et al., 2009;
Martins, Pereira, Cass, 2011).

Against this background, the objective of the present
study was to perform genotoxic and chromatographic
analyses of leaf extracts of two samples of P. longipes,
collected from the cities of Santa Maria and Tupancireta,
Rio Grande do Sul state, Brazil.

MATERIAL AND METHODS
Genotoxic analysis by the Allium cepa test

The leaves of two samples of P. longipes were
collected from two different cities, Santa Maria and
Tupanciretd, in Rio Grande do Sul state, Brazil at the
geographical locations 29°42°19.8”S 53°43°44.6”W and
29°03°56.0’S 53°50°33.8”W, respectively. Collection was
carried out in the summer (December 2013). In February
2014, after drying the plant material, the experimental
procedures commenced. The plants were identified by
Prof. Dr. Thais do Canto-Dorow and a voucher specimen
of each access was deposited at the SMDB (Santa Maria
Department of Biology), UFSM, under registration
numbers 15406 and 15412.

The aqueous extracts were prepared at the two
concentrations 5 g L' and 15 g L', where the lower
concentration is generally used by the population for
preparing medicinal tea infusions. The dried leaves
were placed in boiling water and infused for 10 minutes.
The extracts were then strained and left to cool at room
temperature.

The experimental set-up consisted of 36 4. cepa bulbs
comprising nine groups each with four repetitions. Bulb
roots were developed in distilled water and after emergence
of the roots, each group of onions was transferred for
respective treatment. The first group served as the negative
control, remaining in distilled water, while the others were
transferred for the following treatments: aqueous extracts
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of P. longipes at concentrations of 5 g L' (Santa Maria
sample), 5 g L' (Tupanciretd sample), 15 g L' (Santa Maria
sample) and 15 g L' (Tupanciretd sample). Four further
groups were treated with 1% glyphosate (Glyphosate
480 AKB Herbicide), one of which served as the positive
control and the remaining three to test possible recovery
from DNA damage in distilled water, in aqueous extract
of P. longipes at the lower concentration, and in aqueous
extract of P, longipes at the higher concentration, with both
the latter prepared with leaves from the Santa Maria sample.

The bulbs were subjected to the treatments for
24 hours and roots subsequently collected and fixed in
ethanol: acetic acid (3:1) for 24 h. The roots were then
refrigerated in 70% alcohol until slide preparation. Two
slides were produced per bulb for each treatment and
control. For slide preparation, one root per slide was used,
i.e. a total of two roots per bulb were analyzed. These
were hydrolyzed in 1 mol/L HCI for five minutes and then
washed in distilled water and stained with 2% acetic orcein.
The meristematic region of the roots was fragmented with
the aid of histological needles, crushed according to the
technique of Guerra and Souza (2002), and coverslips
placed over the material. The analysis included 500 cells
per root, 1000 per bulb, 4000 cells per treatment, giving
a total of 36000 cells at experiment endpoint. The slides
were assessed using an optical light microscope (LEICA)
with a 40X objective by observing cells in interphase,
prophase, metaphase, anaphase, telophase and possible
occurrence of chromosome changes during the cellular
cycle. After analysis of slides, the Mitotic Index (MI) was
determined by calculating the number of cells in division
/ total number of cells analyzed x 100.

High performance liquid chromatography
(HPLC-DAD)

High performance liquid chromatography was
employed for the determination and quantification of
the phenolic compounds present in the aqueous extracts
of P. longipes leaves. The analysis was performed at
the Phytochemistry Laboratory of the Department of
Industrial Pharmacy of the Federal University of Santa
Maria, Santa Maria, Rio Grande Sul state.

Chemicals, apparatus and general procedures

All chemical were analytical grade. Acetonitrile,
formic acid, gallic acid, chlorogenic acid, caffeic acid,
ellagic acid and rosmarinic acid were purchased from
Merck (Darmstadt, Germany). Quercetin and kaempferol
were acquired from Sigma Chemical Co. (St. Louis, MO,
USA). High performance liquid chromatography (HPLC-

DAD) was performed with a Shimadzu Prominence Auto
Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto,
Japan), equipped with Shimadzu LC-20AT reciprocating
pumps connected to a DGU 20A5 degasser with a CBM
20A integrator, SPD-M20A diode array detector and
running LC solution 1.22 SP1 software.

Quantification of compounds by HPLC-DAD

Reversed phase chromatographic analyses were
carried out under gradient conditions using a C ,column
(4.6 mm x 150 mm) packed with 5 um diameter particles;
the mobile phase was water containing 1% formic acid
(A) and acetonitrile (B), and the composition gradient
was: 13% of B up to 10 min and changed thereafter to
obtain 20%, 30%, 50%, 60%, 70%, 20% and 10% B at
20, 30, 40, 50, 60, 70 and 80 min, respectively, following
the method described by Kamdem et al. (2013) with slight
modifications. P. longipes (Santa Maria and Tupancireta)
aqueous extracts and mobile phase were filtered through
a 0.45 um membrane filter (Millipore) and then degassed
by an ultrasonic bath prior to use. The P. longipes (Santa
Maria and Tupanciretd) extracts were analyzed at a
concentration of 5 g L' and 15 g L!. The flow rate was
0.6 mL/min, injection volume 50 pL and wavelengths were
254 nm for gallic acid, 327 nm for caffeic, chlorogenic,
rosmarinic and ellagic acids, and 366 nm for quercetin and
kaempferol. All the samples and mobile phase were filtered
through a 0.45 pm membrane filter (Millipore) and then
degassed by ultrasonic bath prior to use. Stock solutions
of standard references were prepared in the HPLC mobile
phase at a concentration range of 0.025 — 0.300 mg/mL for
quercetin and kaempferol; and 0.050 — 0.450 mg/mL for
ellagic, gallic, rosmarinic, chlorogenic and caffeic acids.
Chromatography peaks were confirmed by comparing
their retention times with those of reference standards
and by DAD spectra (200 to 600 nm). Calibration curves
were: for gallic acid: Y = 12674x + 1375.6 (r = 0.9998);
chlorogenic acid: Y = 11863x + 1274.9 (r = 0.9998);
caffeic acid: Y = 13592x + 1367.1 (r = 0.9999); ellagic
acid: Y=13286x + 1264.1 (r=0.9997); rosmarinic acid: Y
=12837x+ 1364.5 (r=0.9994); quercetin: Y = 13627x +
1292.5 (r=0.9996) and kaempferol: Y =11794x + 1326.6
(r=0.9999). All chromatography operations were carried
out at ambient temperature and in triplicate.

The limit of detection (LOD) and limit of
quantification (LOQ) were calculated based on the
standard deviation of the responses and the slope using
three independent analytical curves. LOD and LOQ were
calculated as 3.3 and 10 o/S, respectively, where o is the
standard deviation of the response and S is the slope of the
calibration curve (Boligon et al., 2013).
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Statistical analysis

The data were submitted to analysis of variance
(ANOVA) and the means were compared by the Scott-
Knott test at 5% probability using the Assistat 7.7 beta
software program.

RESULTS AND DISCUSSION
Genotoxic analysis by the Allium cepa test

According to the results obtained in the genotoxicity
analysis (Table I), the highest mitotic index (MI) value was
observed for the negative control in distilled water (MI
=11.7%). For the treatments using the aqueous extracts
prepared with P. longipes leaves, significantly lower
mitotic indexes for both concentrations and samples were
observed compared with the negative control, confirming
that the plant extract exhibited anti-proliferative potential.
The same effect was found by Sturbelle et al. (2010) in
a study using the onion test to assess the concentrations
of babosa solution (4loe vera L.), 40 and 400 mL L,
whose results showed inhibition of cell division following
application of the solutions on meristematic cells of onion.

Given the fact that the extracts studied were from
plants collected from different cities, the results of
treatments at the same concentration involving different
samples differed significantly in mitotic index. By
contrast, treatments with extracts from the same sample,
even at different concentrations, showed similar effects
on the cellular division of 4. cepa. The anti-proliferative
effect of the treatments derived from leaves collected at the
Tupanciretd sample was found to be significantly greater
(MI=1.32 and 0.87%). These results may be explained by
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possible variations in the levels of production of secondary
metabolites of the plants studied, since it is known that
such metabolites constitute a chemical interface between
the plants and also that their synthesis is often affected
by the surrounding environment and environmental
conditions (Kutchan, 2001).

With regard to the mitotic indexes of the positive
controls (1% glyphosate) and of treatments with
glyphosate testing the possibility of recovery from damage
to genetic material by subsequent use of distilled water or
P. longipes extracts (Santa Maria sample), no significant
differences between them were evident, with similar rates
of cellular division being observed between the positive
control and these three recovery treatments.

Regarding the percentage alterations found (Table
II and Figure 1), the positive control with 1% glyphosate
caused the greatest percentage damage to DNA (0.72%),
differing significantly to the other treatments studied. This
was due to the ability to induce chromosome alterations
in meristematic cells of 4. cepa using glyphosate, a
phenomenon also observed by Souza et al. (2010).

Among the treatments with extracts of P. longipes at
the standard (5 g L!) and higher (15 g L) concentrations,
a statistically significant difference in percentage
chromosomal alterations was observed between the
aqueous extracts of plants from different samples.
Treatments with extracts of leaves from Santa Maria
were associated with a significantly higher percentage of
chromosome alterations compared to the control in distilled
water, confirming genotoxic potential. By contrast, the
treatments with aqueous extracts of plants collected from
Tupanciretd showed no significant difference compared to
the negative control. Thus, the treatments with the extracts
from the Tupanciretd sample, besides displaying good

TABLE I - Total number of cells, cells in interphase, cells in division and mitotic index (MI1%) observed on the genotoxicity test

of two samples of Peltodon longipes

Total Number

Cells in Cells in

Treatments of Cells Interphase Division MI%
Negative Control (distilled water) 4000 3532 468 11.7a
Extract 5 g L' (SM) 4000 3808 192 4.8b
Extract 5 g L' (TP) 4000 3947 53 1.32¢
Extract 15 g L' (SM) 4000 4779 221 5.52b
Extract 15 g L' (TP) 4000 3965 35 0.87c¢
Positive Control (glyphosate 1%) 4000 3901 99 2.47c
Glyphosate + Recovery in distilled water 4000 3945 55 1.37¢
Glyphosate + Recovery in extract 5 g L' (SM) 4000 3895 105 2.62¢
Glyphosate + Recovery in extract 15 g L' (SM) 4000 3961 39 097c

SM = Santa Maria sample; TP = Tupancireta sample; MI = Mitotic Index. Means followed by the same letter do not differ

significantly at the 5% level, according to the Scott-Knott test.
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TABLE Il - Chromosomal alterations observed on the genotoxicity test of two samples of Peltodon longipes

Total

Chromosomal alterations in the cell cycle

Treatments cells with Chrom.osonial
alterations MN Q P alterations %
Negative Control (distilled water) 0 0 0 0 Oc
Extract 5 g L' (SM) 12 0 1 11 03b
Extract 5 g L' (TP) 2 2 0 0 0.05¢
Extract 15 gL' (SM) 14 3 2 9 035b
Extract 15 g L' (TP) 2 2 0 0 0.05¢
Positive Control (glyphosate 1%) 29 8 7 14 0.72a
Glyphosate + Recovery in distilled water 3 0 0 3 0.07¢c
Glyphosate + Recovery in extract 5 g L' (SM) 12 1 5 6 03b
Glyphosate + Recovery in extract 15 g L' (SM) 4 1 2 1 0.1c

MN = Micronucleus in interphase; Q= chromosome breaks; P = chromosome bridge; SM = Santa Maria sample; TP = Tupancireta
sample. Means followed by the same letter do not differ significantly at the 5% level, according to the Scott-Knott test.

FIGURE 1 - Chromosomal alterations in meristematic cells of Allium cepa roots a) Arrow indicates micronucleus in interphase;
b) Arrow indicates chromosome break in metaphase; ¢) Arrow indicates chromosome bridge in anaphase. Scale represent 10 pm.

anti-proliferative potential showed no genotoxic activity.

This presence of an anti-proliferative effect and
absence of genotoxicity was also observed by Frescura et
al. (2013) in tests using extracts of Psychotria brachypoda
(Miill Arg.) Britton on the A. cepa assay, showing lower M1
following treatment with the extracts at both the lower (5 g
L") and higher (20 g L") concentrations studied as well as
very few chromosomal alterations, thereby confirming the
absence of genotoxic potential. Extracts of Pterocaulum
polystachyum DC. (Knoll et al., 2006) showed similar
effects when analyzed by the same test, while the species
Baccharis trimera (Less) DC. and Baccharis articulata
(Lam.) Pers. (Fachinetto and Tedesco, 2009) exhibited
anti-proliferative activity but also genotoxic potential, akin
to the results seen for the extracts of P. longipes from the
Santa Maria sample.

For treatments aimed at detecting a possible
antigenotoxic effect by recovery using distilled water

and extracts of P. longipes (Santa Maria sample) at both
lower and higher concentrations, the three treatments
were associated with significantly lower manifestation of
chromosomal alterations in meristematic cells of 4. cepa
than the positive control. Use of distilled water led to
good recovery of cell division, with a 0.65% reduction in
chromosomal alterations compared to the positive control
which had 0.72% chromosomal changes. Similar results
were found by Frescura et al. (2013) who also assessed
the recovery of onion roots through the application of
distilled water after the use of glyphosate. In this case,
water was also shown to be effective for recovering from
damage to DNA, with a decrease in chromosomal changes
from 102 (3% glyphosate) to 41 (glyphosate following the
application of water).

In the recovery treatments based on the application
of P. longipes extracts, only recovery with the 5 g L*!
extract (Santa Maria sample) differed significantly from
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recovery in water, but proved less effective for reducing
the damage caused by glyphosate. On the other hand,
application of the 15 g L-! extract after glyphosate
treatment did not differ significantly to recovery in
water, showing the same effect. Although the number
of chromosomal alterations was significantly higher in
some treatments compared to the negative control, it
is should be noted that all values were relatively low,
representing less than 1% of the total cells analyzed per
treatment (Table II).

High Performance Liquid Chromatography
(HPLC-DAD)

Despite the great importance of medicinal plants
for pharmacological research and in the development of
drugs, studies elucidating their constituents remain scarce.

HPLC fingerprinting of P. longipes (Santa Maria and
Tupanciretd) extracts revealed the presence of gallic acid
(ty = 9.86 min; peak 1), chlorogenic acid (t; = 19.47 min;
peak 2), caffeic acid (t, = 24.98 min; peak 3), ellagic acid
(ty = 33.17; peak 4), rosmarinic acid (t; = 38.06 min;
peak 5), quercetin (t, =41.25 min; peak 6) and kaempferol
(tg = 56.61 min; peak 7) (Figure 2 and Table III).

Comparison of the chromatographic profiles of the
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extracts of the two different samples (Santa Maria and
Tupanciretd) revealed differences in the amounts of some
compounds, particularly for rosmarinic acid (Figure 2 -
peak 5) and kaempferol (Figure 2 - peak 7), for which
the difference was more evident. In these two cases, the
quantity of the compounds was higher in the Tupancireta
sample at both concentrations.

In in vitro study conducted with human fibroblast
cells using the Western blot test, it was suggested
that rosmarinic acid inhibits genes related to NF-KB
promoter detected in cancer (Lee et al., 2006), which may
explain, in part, the most significant anti-proliferative
potential in extracts of the plants from the Tupancireta
sample. Besides the possible antiproliferative activity
of rosmarinic acid, other biological activities have been
attributed to the compound, such as anti-tumoral (Mckay
and Blumberg, 2006) and also antimutagenic (Furtado
et al., 2008) properties. With regard to flavonoids,
kaempferol included, these are generally considered
beneficial, where some medicines are produced from
them and used to treat circulatory diseases, hypertension,
and to act as a cofactor of vitamin C, while also exert
antitumoral, antiviral, anti-hemorrhagic, hormonal,
anti-inflammatory, antimicrobial and antioxidant action
(Simdes et al., 2004).

Peltodon longipes Santa Maria (5 g.L1)

Peltodon longipes Tupancireta (5 g.L')

ALl

—rTr—TrTT T
00 250

— T T T T T T
0.0 250 500 min

FIGURE 2 - Representative high performance liquid chromatography profile of Peltodon longipes (Santa Maria and Tupancireta).
Gallic acid (peak 1), chlorogenic acid (peak 2), caffeic acid (peak 3), ellagic acid (peak 4), rosmarinic acid (peak 5), quercetin

(peak 6) and kaempferol (peak 7).
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TABLE Il - Phenolic acid and flavonoid composition of Peltodon longipes (Santa Maria and Tupanciretd) aqueous extract

Compounds SM (5 g} 1) TP (5 g_Il;l) SM (15 %L") TP (15 2g_lL'l) LOD_1 LOQ_1
mg g mg g mg g mg g pgmL ug mL
Gallic acid 1.22¢ 1.36 ¢ 241e¢ 4.12d 0.017 0.056
Chlorogenic acid 0.71 f 0.64 ¢ 0.65f 221f 0.009 0.029
Caffeic acid 347D 273 ¢ 7.00b 6.19¢ 0.031 0.101
Ellagic acid 428a 4.50a 8.77a 872 a 0.028 0.092
Rosmarinic acid 1.97 ¢ 3.48b 3.12d 6.84b 0.026 0.085
Quercetin 1.42d 1.22f 3.18¢ 2.89¢ 0.014 0.045
Kaempferol 0.63¢g 2.08d 0.59¢g 4.10d 0.035 0.115

SM = Santa Maria sample; TP = Tupancireta sample; LOD = Limit of Detection; LOQ = Limit of Quantification. Means followed
by the same letter do not differ significantly at the 5% level, according to the Scott-Knott test.

CONCLUSION

Based on the results obtained on the 4. cepa test,
it can be concluded that the aqueous extracts of P.
longipes leaves from the two samples studied, at both
concentrations, exhibited anti-proliferative potential,
although this effect was significantly greater for the extracts
from the Tupancireta sample. This access also showed
the highest amount of rosmarinic acid and kaempferol,
which may confer the anti-proliferative effect and absence
of genotoxicity of their extracts. Regarding the extracts
from the Santa Maria sample, besides exerting a lesser
antiproliferative effect, they exhibited genotoxic potential.
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