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ABSTRACT

Background: Aristolochia esperanzae Kuntze (Aristolochiaceae) is a plant
present in the Brazilian flora, with few studies in the dental area, but used
in integrative therapies to treat some health problems. Objectives: The
initial purpose was to make an anatomical description of A. esperanzae
and then test its antibacterial activity and minimum inhibitory
concentration (MIC) on specific oral micro-organisms-Streptococcus
mutans,  Porphyromonas gingivalis and Enterococcus faecalis.
Materials and Methods: For the pharmacognostic study, the samples -

were fixed in formaldehyde, acetic acid and 70% ethyl alcohol and @'__L‘Ii-—i
stored in 70% ethanol. For the in vitro study, to obtain the essential et
oil (OE) and hydrolate, the plant material was mechanically macerated
and subjected to hydrodistillation in Clevenger and then frozen until the
time of testing. The EO was diluted in dimethylsulfoxide and the tests
performed were agar diffusion (disc-diffusion) with isolated bacteria and
MIC. A 0.12% chlorhexidine digluconate solution was used as a positive
control and 0.9% sodium chloride as a negative. Results: The anatomical
study showed the presence of hook-shaped trichomes and stomatal
complexes. Regarding the microbiological results, they were negative for
the extracts used. Conclusion: The anatomical findings may guide future

studies related to the pharmacognostic properties of A. esperanzae  EQ: Essential oil, FAE: Formaldehyde, acetic acid and ethyl alcohol,
and both OE and hydrolate did not have an antibacterial effect against
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S. mutans, P gingivalis and E. faecalis. MH: Mueller Hinton broth, MIC: Minimum inhibitory concentration.
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According to Lopes et al.”! the genus Aristolochia and its representatives
present 275 terpenoids, 57 lignoids, 167 alkaloids, and other 99 phenolic
derivatives. These chemical constituents are responsible for the various
pharmacological activities presented.

In microbiological terms, laboratory tests have already been carried out
with its ethanolic extract of A. esperanzae at a concentration of 10%,
and an antibacterial potential was identified against Bacillus cereus.® In
this research, Asarinin was identified, as a compound with bactericidal
effect for Gram-positive and negative bacteria. In addition, aristolochic
acid had bactericidal action through Staphylococcus aureus and Listeria
monocytogenes, both of which are relevant in terms of diseases in
humans.®

Since there are few researches about A. esperanzae evaluating its
antibacterial properties and there are no reports involving oral
micro-organisms, nor any descriptions about its anatomy, this research
is justified.

Furthermore, the current challenge is to obtain products that act against
of the resistance generated by the prolonged use of certain compounds
and that at the same time, have a wide spectrum of action so that it can
be effective against various pathogens."!

Most oral diseases are related to changes in the oral environment,
generating ecological imbalance that leads to dental biofilm dysbiosis.
It favors the selection and prevalence of pathogenic microorganisms,
such for dental caries, periodontal disease, and infectious processes
from the canal root. Therefore, there has been a constant search for
chemical agents, synthetic or natural, that promote the control of the
microbiota, providing a return to the symbiotic relationship with the
host, or eliminating pathogenic micro-organisms.!'*!!l

The dental carie is a disease caused by the frequent consumption
of sugars, which are fermented to acids by bacteria causing tooth
demineralization. The acidic environment favors the selection of
aciduric and acidogenic microorganisms, such as Streptococcus mutans,
which is a gram-positive bacterium closely related to the cariogenic
biofilm."? Periodontal disease, similar what happens with the dental
carie, results from the accumulation of biofilm near the gingival margin
that results in an inflammatory process.!?! The accumulated biofilm
also allows the selection of periodonpatogenic micro-organisms, such
as Porphyromonas gingivalis,'>'% a strict and gram-negative anaerobic
micro-organisms, highly virulent and with destructive potential.l?
Concerning micro-organisms involved in pathological endodontic
processes, the most important is Enterococcus faecalis, a gram-positive
bacterium,"®! which has factors of survival, virulence, resistance to
nutritional deprivation, ability to penetrate dentinal tubules and also
compete with other micro-organisms.!*®

Therefore, the present research had as objectives to first describe the
morpho-anatomy of A. esperanzae and also evaluate its antibacterial
activity on the oral micro-organisms S. mutans, P. gingivalis, and E. faecalis.

MATERIALS AND METHODS

Collection and methodology for pharmacognostic
tests

The plant material was collected from a private property in the
city of Curitiba, PR, Brazil, close to the geographical coordinates
25°35°01.2” S and 49°15°43.7” W. Three fully expanded leaves of
Aristolochia esperanzae were collected and positioned from the fourth
stem node, and three stem samples positioned 5 cm from the apex. These
samples were immediately fixed in formaldehyde, acetic acid, and ethyl
alcohol-FAA 70% for 48 h'”) and subsequently kept in 70% ethanol until
final processing.!"®!
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To obtain the permanent slides, samples were selected from
the median region of the leaves, which were included in
methacrylatoaglycol (JB-4) using the procedure described by
O’Brien et al." and manufacturer recommendations (Polysciences
Inc., Washington, USA). The sections were made in a Leica
RM2125 rotation microtome (Leica Biosystems, Buffalo Grove,
USA) with a thickness of 7 wm. After that, the samples were
stained with 1% toluidine blue.’?”) The slides were mounted with
synthetic resin (Entellan’; Merck Millipore, Burlington, USA).

To view the trichomes, semi-permanent slides were prepared from
cross-sections, with a razor blades and the freehand, from the median
region of the leaf.

Subsequently, the slides were mounted with glycerin and the sealing was
done with colorless nail polish. For the observation of stomatal complexes
and other epidermal cells, in frontal view, paradermic sections were
made on the adaxial and abaxial sides of the leaf. They were mounted
with glycerin and sealed with colorless nail polish.

The total number of the slides was 11 permanent and 3 semi-permanent.
The description of the transversal and paradermic sections was made
from the visualization and interpretation of the images under a
photonic microscope (Olympus” CX41RF; Olympus, Tokyo, Japan). The
photomicroscope (Olympus  BX 41; Olympus, Tokyo, Japan), with image
capture, was used to obtain the illustrations using the Pro-plus software,
the scales being obtained in the same conditions as the photos.(Olympus’
CX41RF; Olympus, Tokyo, Japan).

Collection and preparation of plant material for
microbiological tests

The plant material was collected from a private property in Curitiba,
PR, Brazil, close to the geographical coordinates 25°35°01.2” S and
49°15’43.7” W in November 2018. A desiccata was deposited in the
Herbarium of the Positivo University under registration n.° 105.

The collection of leaves and stems of A. esperanzae Kuntze was carried
out. Then a screening of the material, by the visual selection, allowed
the exclusion of undesirable organic and inorganic materials and the
nonhealthy parts attacked by insects and/or fungi or dried.”?" Then, fresh
leaves and stem samples were crushed in a blender.

The extraction of essential oil (EO) was carried out with fresh and
crushed material by steam dragging in the Clevenger apparatus (SPlabor,
Presidente Prudente, Brazil) according to a pre-established protocol.l??
The crude product after uninterrupted operation of the device for around
2 h was recorded. The samples obtained from EO and hydrolate were
frozen at a temperature of —10°C to later be used in the tests to assess
antibacterial activity.

Bacterial activity assay

The antibacterial activities of EO and hydrolate were evaluated in two
tests: Agar diffusion with isolated bacteria (inhibition halo) and minimal
inhibitory concentration (MIC).

The evaluated bacteria were: S. mutans UA159 (ATCC 700610),
P gingivalis (ATCC 33277), and E. faecalis (ATCC 19433).
The micro-organisms were grown in broth with the bacterial
suspension adjusted in a spectrophotometer to an OD 600 nm from
1.0 + 0.05 (ranging from 0.9737-1.0029).1%*!

As a positive control in both tests, chlorhexidine digluconate was used at
a concentration of 0.12%; for the negative control in both tests, sodium
chloride solution, 0.9% NaCl was used.

After defrosting, the dilution of the EO was performed with the
solubilizer dimethylsulfoxide (DMSO) 0.2% (Synth, Diadema, Brazil) in
the proportion of 1: 1. To use it as a solvent, DMSO was also used as a
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solution in the control group. The hydrolate did not need to be diluted
because it is aqueous and easily dissipated.

Antibacterial activity: Agar diffusion test (inhibition
halo)

The agar diffusion tests were performed according to the standardization
of antimicrobial sensitivity tests by disc-diffusion.!

The tests with S. mutans and E. faecalis were performed using brain
heart infusion (BHI) + agar (Laborclin. Pinhais, Brazil). For P. gingivalis,
the blood agar was used (Laborclin. Pinhais, Brazil). The bacteria were
spread on the agar with a disposable swab (Labor Import, Osasco, Brazil).

For the test, filter paper discs previously sterilized were used. In the
Petri dishes with BHI, 10 paper disks were distributed in each one,
two disks for each treatment (EO, hydrolate, NaCl, chlorhexidine, and
DMSO) were positioned in an antagonistic way to each other. In the Petri
dishes with blood agar, 4 paper discs were used per plate, one for each
group (EO, hydrolate, NaCl, and chlorhexidine). Due to previous tests,
DMSO was removed because it did not show an antibacterial response
to any bacteria.

With the positioning of the discs performed, 20 uL of each solution was
applied over each of them. Then the plates were incubated in an oven at
37°C and 10% CO, saturation for 24 h for all groups.

Minimal inhibitory concentration test

For this test, 100 UL of each bacterium inoculated and adjusted in a
spectrophotometer were added to 9900 puL of new culture medium to
obtain a standardization of the inoculum of 106 cells/mL. Furthermore,
a 96-well plate was used, with each bacterium evaluated on a different
plate. Serial dilutions of each extract were performed in wells with 1-10,
while wells 11 and 12 were added with negative and positive control,
respectively. The test was performed by a three times repetition for each
extract with each bacterium.

Initially, 100 UL of each solution was deposited in one of the wells with the
exception of number 1 (A-G), where the amount of EO and hydrolate was
200 L. For serial dilution, 100 UL of each well 1 (A-G) was passed to well
2 (A-G), then from 2 to 3 (A-G) and so on up to well number 10 (A-G).
To conclude, 100 uL of solution from wells number 10 were discarded to
be used as a standardized final of 100 UL of each solution in each well.

The initial concentration was “x” in wells number 1, and a final
concentration of “x/256” was reached in wells number 10, being
possible to test 10 different concentrations. Then, 100 uL of the bacterial
inoculums were placed in each well of the plates, which were incubated
at 37°C for 24 h.

1.5 cm

Figure 1: Aristolochia esperanzae Kuntze. (a) Vegetative aspects of a
young plant. (b) Aspect of the leaves, cordiform shape and presence of
accentuated veins
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The results of the MIC test were evaluated by the turbidity of the wells
under visual analysis. If the well did not become cloudy or its turbidity
decreased according to the concentration, there was a positive result.

RESULTS

Morpho-anatomical analysis

A. esperanzae has an herbaceous and climbing habit; its stem is volatile
and branched and its leaves are simple, cordiform, dark green, with
alternating phyllotaxis and reticulated venation [Figure 1].

Regarding the structural organization in frontal view, the leaf of
A. esperanzae has the epidermis on the adaxial face in a rectangular
shape and on the abaxial face cells of irregular shape and in both different
formats [Figure 2a], being hypoestomatic and their complexes stomatal
type stomata [Figure 2b]. The presence of single-celled glandular
trichomes, type filiform was also observed [Figure 2¢ and d].

In the cross-section, it was possible to verify the dorsiventral
organization of the mesophile. The epidermis is uniseriate with a thin
cuticle. The palisade parenchyma has one to two cell layers, while the
lacunous parenchyma has four to five [Figure 2e]. The midrib of the leaf
is prominent on both sides but more pronounced on the abaxial face.

The epidermis is uniseriate, and the cells are smaller when compared to
cells in the mesophilic region, both on the adaxial and abaxial surfaces.
Internally to the epidermis, there is a small portion of collenchyma
followed by cells of fundamental parenchyma. Around the vascular
bundle, there are two to five layers of cells with a different shape. The
vascular bundle is collateral, formed by phloem cells and cell layers
arranged in radial series that correspond to the xylemic region. The
phloem is arranged in an arc shape, with the opening facing to the
adaxial face. Both in xylem and phloem, it is possible to see cells with
different stages of differentiation. So, it is possible to conclude there is a

Figure 2: Aspects of the leaf blade of Aristolochia esperanzae Kuntze.
(@) Epidermis in frontal view and on the adaxial face. (b) Epidermis in
frontal view and on the abaxial face. (c and d) Filiform trichomes. (e) Detail
of the mesophile region. (f) Detail of the mid rib

Pharmacognosy Research, Volume 12, Issue 4, October-December, 2020
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secondary growth in this region due to the formation of a thin layer of
vascular bundle [Figure 2f].

The petiole, in cross-section, is characterized by a thin layer of cuticle,
with a single layer epidermis of rounded cells and homogeneous
appearance, followed by approximately four to five layers of collenchyma
cells, which surround the entire petiole. The cortical parenchyma, located
internally to the collenchyma, has three to four layers of cells of varied
sizes. As for the arrangement of the vascular bundles, the collateral type
was identified, where the phloem has small cells and irregular shape,
while in the xylem, the vessels are rounded and varying from two to
five. External to the vascular cylinders, a ring of cells of small size and
irregular shape was found and when filling between these structures, is
the medullary parenchyma, composed of cells of varying sizes and small
intercellular space [Figure 3a and b].

Related to the structural organization of the stem blade, it has secondary
development, but at an early stage. In the cross-section, the presence
of an epidermis covered by a thin cuticle was noted, with irregular
cells followed by the cortex, with collenchymatic cells with four to five
layers of elongated cells. More internally, the cortical parenchyma with
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Figure 3: Aspects of the petiole and stem of Aristolochia esperanzae
Kuntze in cross section. (a) General aspect of the petiole. (b) Detail of
the petiole cells: Epidermal, collenchyma, cortical parenchyma, vascular
cylinder and medullary parenchyma. (c) General aspect of the stem.
(d) Details of stem tissues

approximately six layers of rounded cells and a thin cell wall. It has
secondary growth of the eustele type, being evident in the formation
of the fascicular vascular bundle, with seven vascular cylinders and
consisting of six to nine layers of cells with thin walls.

The xylem is well developed and is characterized by the presence of vessel
elements with thick walls and variations in the size of the lumen. Hence,
they can be narrow, intermediate, or wide, where five to 12 xylemic
elements also be observed. Between the vascular regions, the presence of
an intercalary region was seen, composed of thin-walled parenchymatic
cells and small intercellular spaces that fill the entire central part of the
stem. In the phloem, there was a distinction between protofloem and
metafloem, formed by several layers of cells with irregular and juxtaposed
shapes [Figure 3c and d].

Agar diffusion test

After the incubation period, the plates were submitted to visual analysis
and measurement with a millimeter ruler. In the three bacteria analyzed,
only one group had a positive effect, the 0.12% chlorhexidine group with an
inhibition zone of 0.5 mm to 1 cm. The other groups showed negative results,
confirmed by the absence of the inhibition zone, as shown in Figure 4.

Minimal inhibitory concentration test

In the visual analysis of the turbidity of the wells, all were cloudy, except
those with the positive control (0.12% chlorhexidine), an expected result
according to the outcome of the inhibition halo test.

DISCUSSION

The aim of this study was to make an anatomical description, emphasizing
some markers, which lead to the determination of the botanical origin
of A. esperanzae Kuntze. And then to evaluate its antibacterial activity
on three oral micro-organisms S. mutans, P. gingivalis and E. faecalis,
involved in relevant oral pathological processes. The anatomical study
identified hook-shaped trichomes and stomatal complexes, which are
important data for future pharmacognostic research. Otherwise, in the
microbiological analysis, there was no antibacterial effect of EO and
hydrolate on these microorganisms.

The use of integrative therapies, especially allelopathy, is being used
normally with the improper use of its regional flora in search of
alternative alternatives. As such procedures are not always scientifically
based, the answers must be sought about the risks and benefits of using
plants. The literature indicates the use the Aristolochia genus for the
treatment of various health problems, such as rheumatoid arthritis,?!
tumors,* respiratory infections,” dysentery,” malaria and fever,”! as
anthelmintic,™ analgesic,” anti-allergic,”! and antiseptic.[®!

Although the medicinal use of its roots and leaves has been highlighted
with relevant anthelmintic power, several parts, for example, from

Figure 4: Results of the agar diffusion tests for Streptococcus mutans (a), Enterococcus faecalis (b) and Porphyromonas gingivalis (c). Note: The halo of inhibition
means no bacterial proliferation, showed around the disks of the control group with chlorhexidine

Pharmacognosy Research, Volume 12, Issue 4, October-December, 2020
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A. bracteata can be used, according to Kalpana et al.*”! In this context,
A. esperanzae Kuntze is a plant whose scientific investigation starting
from the popular use and still needs to be further explored. In this way,
the first part of the present research arose from the need of an anatomical
investigation of the plant. Hence, its antibacterial potential could be
assessed and until now, that was investigated only in the presence of
some micro-organisms, which are not present in the oral cavity.®

Regarding its morphology or stem of the Aristolochiaceae family of plants, it is
generally cylindrical, but rarely, can also be quadrangular, and the herbaceous
species have annuals stems.”” The stem of climbing plants tends to be green,
fragile, and flexible,”” an aspect observed in m A. esperanzae.

In the same genus, Pattar and Jayaraj®! also reported the paracitic
stomatal complex in A. indica L., which, different from A. esperanzae,
are located on both faces, abaxial and adaxial. According to Sangwan
et all® the trichomes have great phytoaccumulation capacity of
secondary metabolites related to plant defenses. Trichomes storing the
four largest classes of monoterpenes have been reported by Croteau and
Johnsons® in Salvia officinalis. Moreover, Duke and Paul®"! showed the
presence of sesquiterpenoids with antimalarial properties in trichomes
of Artemisia annua. Corroborating the hypothesis that trichomes store
secondary metabolites and, based on this information, suggest that the
glandular trichomes of A. esperanzae may be related to the reported
pharmacological properties.

In comparison, the petiole of Ricinus communis L., a specie of the same
class as A. esperanzae, is organized in a uniseriate epidermis covered by
a cuticle, with approximately eight layers of collenchyma with irregularly
shaped cells and about six layers of cortical parenchyma. Regarding to
vascular bundles, the phloem is composed by small cells, while the xylem
has large and round cells,””! which shows the similarity between both
species. The Piper hispidum petiole, of the same order as A. esperanzae,
has a uni-stratified epidermis, covered by multicellular and uniseriate
cuticles and trichomes. There are discontinuous bands of angular
collenchyma, with eight to 11 layers of cells,*? structures similar to those
of A. esperanzae.

As for the stem, the genus Holostylis, also belonging to the Aristolochiaceae
family, has erect or slightly curved stems, with broad leaves. The stem of
P. arboreum, the same order as A. esperanzae, has a uniseriate epidermis,
with cells in the shape of cubes or tabular. The cortex has discontinuous
bands of collenchyma, and the central cylinder is formed by a ring of
vascular bundles that surround the medullary parenchyma.®* P. hispidum,
Piperales genus, same order as A. esperanzae, has a cylindrical stem,
constituted by the uni-stratified epidermis, chlorophyll, and covered
by a thin cuticle, with discontinuous collenchyma strips.* Therefore,
the anatomical features found here are encountered in other species in
the same family, A. elegans, A. fimbriata Cham. and Schltdl., A. gigantea
Mart. and Zucc. and A. melastoma.?"!

According to the second part of this study, about the microbiological
analysis, a theoretical background had as a starting point, scientific
evidence found in the literature in researches that evaluated the action
of natural compounds on micro-organisms currently related to oral
diseases, such as S. mutans,*** P gingivalis,*>” and E. faecalis.**
These micro-organisms were chosen in the present study since they
could guide the action compared to the others that are also present in
the cariogenic, periodontopathogenic and/or endodontic biofilm. In
addition, the entire context must be analyzed so that cause and effect can
be established in relation to oral diseases. For example, regarding dental
caries, a chronic disease of acknowledged multifactorial origin, the
statement that a natural product can prevent it is a complex condition
to affirm. In the same way, this can be extended to a series of other oral
diseases, including those that have a strict relationship with the micro-
organisms evaluated in this study.
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In a previous study, a concentrated stem extract and a heartwood
extract from A. esperanzae, had an effect against B. cereus, with a similar
methodology used in this research.”® However, the difference was that
these authors made the use of a concentrated ethanolic extract, and
the studied bacteria, sensitive to this extract, is not found in the oral
environment, instead in meat and cereals. For two other bacteria,
S. aureus and L. monocytogenes, an active ingredient of A. esperanzae
proved to be promising, the aristolochic acid, although with action
only when isolated.”! Nevertheless, some compounds found did not
show antibacterial action or are not cataloged and may still be effective
on other micro-organisms, suggesting new studies with extracts of
A. esperanzae.l®)

The use of ethanolic extracts indicates a difference in the MIC when
compared to aqueous extracts, so the dilution in ethanol can alter the
antibacterial potential.”! These findings suggest that other extraction
methods, different solvents, and isolation of active ingredients show
different results than those found in this study, for example, the antifungal
action found in the aqueous extract of A. bracteolata.*V

Concerning the method used in the tests, there is a standardization that
was followed in this research.?! Still, the greenhouse configurations
were standardized for the three bacteria, where they remained at 37°C
with 10% CO, saturation for 24 h because all samples showed relevant
proliferation in the evaluated time. No other method or other research to
date has been similar to the one proposed here. Furthermore, no studies
with specific oral micro-organisms were found, and other techniques
and bacteria may be tested in the future to look for new results.?¥

The results may even serve as a warning in relation to popular use as
an antiseptic, since its action is not completely clear. Still, other ways of
using the plant, such as cooking and infusion, have not been tested, and
it may be that the results with them are different.

CONCLUSION

The anatomical study allowed obtaining information on the structural
organization of A. esperanzae, which can facilitate its identification,
emphasizing the most evident characteristics, such as stomatal complexes
of the paracitic type and hook-shaped trichomes, that are relevant data
to search for their pharmacological activities. Regarding microbiological
tests, the plant had no effect on the micro-organisms evaluated. In this
context, it is a plant whose scientific investigation started from popular
use and which still needs to be better investigated, even in other areas of
the health area.
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