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ABSTRACT

This work aimed to evaluate the bactericidal activity of vegetable oil-gum resins (Styrax benzoin, Commiphora
mirrha, and Boswellia papyrifera) doped with metal oxides (TiO,, P25, MoO3 e Cu,0) in nanometric dimension.
The in vitro susceptibility of pathogenic Gram-negative bacteria E. coli was accessed. The antibiogram essay
was performed using the semi-quantitative method Kirby-Bauer (KB) agar diffusion test. The materials obtained
were characterized by ultraviolet visible (UV-Vis) spectrophotometry, additionally; its morphology was
characterized by scanning electron microscopy (SEM). The results show that in most cases the materials present
bactericidal activity, thereby inhibiting both planktonic and surface associated growth of this microorganism.
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I. INTRODUCTION

The history of medicine and pharmacy is
well known to use extracts and oil-gum resins from
plants to cure diseases. These are known to have
analgesic, antioxidant, antifungal, antiseptic,
antibacterial, astringent, sedative and stimulant
action among other therapeutic properties [1-2-3-4-
5].

A demonstration of the presence of natural
products such as terpenes, alkaloids, flavonoids,
coumarins and other medicinal plant secondary
metabolites provides scientific validation for the
popular use of these plants [6-7-8].

Resins mainly ~ contain  terpenoid
compounds with a few or no carbohydrates and are
generally insoluble in water, unlike gums that are
soluble in water and predominantly composed of
numerous carbohydrates [9].

These characteristics means that resins play
a good role for binding/bonding purposes [10]. From
the analytical point of view, a majority of studies
presented in the literature are focused on the
characterization of aromatic compounds of
monolignol type that constitute a major part of the
resins [11].

Recently, the use of resins for the greener
synthesis of new antibacterial compounds has been
widely studied by several researchers [12-13-14-15-
16].

In fact, the discovery and synthesis of new
antimicrobial agents has been gaining more interest
in academic research and also in industry due to its
potential applications, providing quality and safe
benefits for many materials.

However, the low molecular weights of the
antimicrobial ~ agents  suffer ~ from  many
disadvantages, such as the toxicity to the
environment and the short-term antimicrobial

activity [17].
Metal/ceramic nanoparticles have
demonstrated determined bioactivity due to

oligodynamic action. The addition of metal particles
such as gold, silver and titanium has been suggested
by several researchers as efficient in combating
various pathogenic microorganisms [18].

Different composites have been studied in
order to obtain a material with specific properties
desired for biomedical applications, normally
polymer matrices doped with ceramic/glass particles
have been investigated [19-20-21].

However, while numerous materials have
been investigated, the optimum (ideal) material has
yet to be developed due to the complex nature of the
intended application [22].

Nature can combine fragile minerals and
organic molecules into hybrid composites that are
highly organized to achieve exceptional fracture
resistance [23-24].

Hybrid nanostructures with  organic-
inorganic phase and materials on their base are
presented as a promising class of advanced
multifunctional materials [25-26].

Within this context, the aim of this research
was to study the bactericidal activity of vegetable
resins in pure state and also doped with
nanoparticles of metallic oxides in the formulation
of hybrid materials (inorganic/organic) in an attempt
to inhibit the growth of Gram-negative bacillary
bacteria Escherichia coli.
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Il. MATERIALS AND METHODS

2.1 Materials

The oleo-gum resins from benzoin (Styrax
benzoin) originally harvested from Singapore, myrrh
(Commiphora myrrha) from Somalia, and olibanum
(Boswellia  papyrifera) from Ethiopia were
purchased from Mountain Rose Herbs (Eugene,
Oregon, USA). The Escherichia coli ATCC-8739
was original from the American Type Culture
Collection (ATCC, Manassas, VA, USA). Muller-
Hilton agar media was purchased from Kasvi,
Brazil.

2.2 Method

In vitro tests were performed following the
Kirby-Bauer semi-quantitative methodology [27-28].
Mueller-Hinton agar (MHA) plates were used to
determine the antimicrobial activity of the resins in
pure state and also doped with the metal oxides:
titanium (TiO,), anatase (P25), molybdenum trioxide
(Mo0:s), and copper | (Cu,O) oxide were separately
added to the resins at a fixed concentration of 5%,
this value was defined by the sensitivity of the
microorganisms to the antimicrobial Through the
minimum inhibitory concentration (MIC) [29].

In the tests, the agar medium was prepared
in Petri dishes; in sequence the material to be tested
was inserted in form of disks measuring 1cm x 1 cm.
Utilizing a transfer swab 10° cells mL™ suspension
containing microorganisms were inoculated into the
agar medium. Then plates were incubated into
bacteriological greenhouse at 37 °C during 48 h,
with growth controls performed at every 6 hours.
During essays, the evaluation of bacterial biofilm
formation by the microorganism in question was
also evaluated. The antibacterial efficacy was
measured by taking into account the halo created
between the materials and the colony forming units
(CFU). To obtain a more accurate count of viable
cells, the software ImageJ with the automated plug-
in for colony counting was used [30-31-32].

Microscopy analysis was performed using a
Jeol electronic microscope (JSM-6610LV). The tests
were carried out in accordance with 1SO-16700:
2004 and ASTM E2809-13.

Spectroscopy analyses in the UV-visible
region were performed using a Shimadzu equipment
(IR-Prestige-21) calibrated in the spectral range of
300nm to 900nm.

For statistical analysis of the antibiogram
assay the content used was the experimental design
of contextualized blocks [33-34]. In this research the
blocks are as 16 samples (raw data) and the
treatments are the 15 types of bactericidal material +
test control plate. For the treatment of the obtained
data, the statistical software SASM Agri-8.1 was
used [35].

1. RESULTS AND DISCUSSION

The Figure 1, Figure 2, Figure 3 and Figure
4 present the results regarding the antibiogram tests
for the Gram-negative pathogenic microorganism
Escherichia coli, using the resins of S. benzoim
(resin B), C. myrrha (resin M) and B. papyrifera
(resin P) in pure state and also doped with oxides
titanium (TiO, - P25), molybdenum (MoO,), and
copper | (Cu20).

During the initial period of 6 hours, the
analyzes were similar for the compositions under
study, except for the benzoin resin doped with
titanium oxide (B+TiO,), which presented greatest
bactericidal activity during this time interval,
however after 12 hours of test this material presented
a decrease in activity.
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Fig. 1. Antibiogram of E. coli using the benzoin
resin in pure state and also doped with metal oxides.

During the 12 hour time period, the plate
without bactericidal material (control plate) differed
significantly (p = 5%) from most cases, except for S.
benzoin doped with  molybdenum trioxide
(B+Mo0O3;), S. benzoin containing copper oxide
(B+Cu,0), B. papyrifera doped with titanium oxide
(P+TiO,), B. papyrifera doped with molybdenum
oxide (P+MoOs), B. papyrifera containing copper
oxide (P+Cu,0), C. myrrha in pure state (pure M),
and C. myrrha doped with titanium oxide (M+P25).
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Fig. 2. Antibiogram of E. coli using the myrrh resin
in pure state and also doped with metal oxides.
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In the 24-hour essay period, it was observed
that the plate containing the E. coli microorganism
without addition of bactericidal material (test plate)
differed significantly (p = 5%) from most cases,
except for the plate containing the S. benzoin in pure
state (B pure), S. benzoin containing anatase oxide
(B+P25), B. papyfera in pure state (P pure), B.
papyrifera resin doped with molybdenum trioxide
(P+Mo00:s), C. myrrha in pure state (M pure), and C.
myrrha containing molybdenum trioxide
(M+MoQ3). Therefore, these materials showed the
highest bactericidal activity in regarding to the initial
colonization and biofilm formation by E. coli.

During the initial 36 hours of test, in most
cases the test plate differed significantly from the
other plates containing the materials in question,
except in B. papyrifera containing anatase (P+P25),
C. myrrha in pure state (M pure), and C. myrrha
containing anatase oxide (M+P25), thus indicating
that these materials showed more efficiency in
regarding to prevent the initial colonization and
biofilm formation of the microorganism during this
period of time.
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Fig. 3. Antibiogram of E. coli using the olibanum
resin in pure state and also doped with metal oxides.

During the last 48 hours of the test, there
was a significant difference between the test plate
and the most cases, with a single exception in the
resin B. papyrifera doped with titanium oxide (P +
P25).
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Fig. 4. Antibiogram of E. coli using the resins in
pure state

Summarizing, it can be seen that in most
cases the materials presented bactericidal activity,
mainly during the first 24 hours of the test, thus
inhibiting the initial growth and proliferation of the
microorganism in question.

In relation to the formation of bacterial
biofilms, there is a first yet reversible adhesion
maintained by non-specific  physic-chemical
interactions constituent of the foundation for the
biofilm growth. A second phase of adhesion consists
of the transition from the reversible to the
irreversible stage, at which point the bacteria begin
to secrete substances that are responsible for
maintaining the adhesion and the layer that
surrounds the biofilm. Still in this phase, there is the
beginning of formation of micro-colonies and the
development of the architecture of the mature
biofilm [36-37].

Figure 5 shows the E. coli biofilm during
the first 24 hours of assay.

s 2 % ;_ — __.._—/
Fig. 5. Formation of E. coli biofilm on Petri dish

containing pure B. papyrifera resin

Mature bacterial biofilms are surrounded by
pores and water channels that function as a system
for the exchange of nutrients, oxygen, and
metabolites that need to be secreted out of the
biofilm [38]. The irreversible biofilm fixation of E.
coli normally occurs during the first hours of
colonization of this microorganism [39-40].

Figure 6 shows the spectrograms in the
UV-vis region for the samples of B. papyrifera
(resin P), C. myrrha (resin M) and S. benzoin (resin
B) in pure state. The peak identified between ~350
nm and ~420 nm confirms the presence of olibanum
gum (Boswellia papyrifera) [16]. Important to
emphasize that B. papyrifera resin presents several
diterpenes and tetranortriterpenoids [41].

The phytochemical analysis of the bark and
stem strata of B. papyrifera found several stilbene
and triterpene glycoside groups along with known
compounds: boswellic acid, beta-elemonic acid,
beta-boswellic acid, and beta-sitosterol [42].
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Noteworthy, stilbene glycosides exhibit
significant inhibition of phosphodiesterase | and
xanthine oxidase. The triterpenes (3-9) exhibited
endopeptidase inhibitory activities [43]. So the
endopeptidases break down amino acid peptides
bonds [44], thus the production of high molecular
weight extracellular polymer substances (SPE)
secreted by E. coli is therefore reduced, inhibiting
their growth.

W @ W @ m om o om 20W @ @ @ W om @

Fig. 6. Spéctrogram of plant resin samples in pure
state: B. papyrifera, C. myrrha and S. Benzoin
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The SPE’s establish the functional and
structural integrity of biofilms, being considered
fundamental components that determine the physical
properties of a biofilm [45]. Most of the SPE’s are
composed of extracellular polysaccharides (PECs)
(exopolysaccharides) and proteins, including other
macromolecules such as DNA, lipids and humic
substances [46].

PECs (bacterial extracellular polymers) are
the building material of bacterial settlements, to
remain attached to the outer surface of the cell.
These compounds are important in the formation of
biofilm and surface-bound cells. PECs make up 50%
to 90% of the total organic matter of a biofilm [47-
48].

Still in relation to Figure 6, the peak
identified around 400nm with a prominent secondary
peak around 480nm proves the presence of myrrh
extract [49]. As shown in the present work, other
studies confirm the antimicrobial activity present in
resin oil and myrrh extracts, mainly due to the
presence of monoterpenes and sesquiterpenes [50-
51]. The triterpenoids are the main constituents
isolated from the resin of the genus Commiphora
while the flavonoids and lignans commonly occur in
the stems of this species [52]. In addition, the
chemical composition of the essential oils of several
species of Commiphora mainly  presents
monoterpenes, oxygenated sesquiterpenes and
hydrocarbons that invariably differ from species to
species [53-54].

Still according to Figure 6, the prominent
peak found around 350nm with molecular vibration
extending to a peak near at 450nm confirms the
presence of the resin oil of Sryrax benzoin [55].

The oleoresin of benzoin is composed of
benzoic acid, cinnamic acid, oleanoic acid and
terpenes. Several compounds present in the resin oil

of the genus Styrax present antibacterial and
antifungal activity, mainly due to the presence of
triterpenes and sesquiterpenes [56].

Therefore, the presence of monoterpenes,
diterpenes and triterpenes justifies the results
presented in this work considering the bactericidal
action identified in the plates containing the resins of
C. myrrha, S. benzoin and B. papyrifera in the pure
state.

Figure 7 shows the spectrograms in the
UV-visible region for samples B. papyrifera (resin
P), C. myrrha (resin M) and S. Benzoin (resin B)
doped with titanium and anatase (TiO2 and P25)
oxides:

papyrifera, C. myrrha and S. benzoin doped with
titanium oxides (TiO2 - P25).

The spectra with wavelength intensities
>350 nm are typical for titanium dioxide (TiO,), and
anatase + rutile (P25), confirming the results
presented in Figure 7 [57].

Figure 10 shows spectrograms in the UV-
vis region for samples of B. papyrifera (resin P), C.
myrrha (resin M), and S. benzoin (resin B)
containing molybdenum trioxide (MoO3) and copper
(Cu,0) oxide.
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Fig. 8.W‘W§E)ectrogram ofthe resin samples B.
papyrifera, C. myrrha and S. benzoin doped with
molybdenium trioxide (MoQO3) and copper (Cu,0).

According to Figure 8, the UV-Vis
spectrum with wavelength intensity > 300 nm is
typical for diametric and/or oligomeric species,
thereby confirming the identification of MoO; [57].
In the same figure, distinct peaks are observed
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around ~ 600 nm and the peak at the intensity of 800
nm confirms the presence of copper oxide I [58].

Figure 9 and Figure 10 show micrographs
of the surface structure of C. myrrha resin
containing copper oxide and B. papyrifera
containing titanium oxides, respectively.
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Fig. 9. Surface morphology of the resin sample C.
myrrha doped copper oxide I (Cu,O)

28 Jul 2016

According to Figure 9 it can be seen that
the incorporation of the oxides into the polymer
matrix of the C. myrrha resin was not efficient, the
copper oxide | remained heterogeneously dispersed
on its surface.

Figure 10 shows the deposition of the
titanium oxide particles (P25) on the surface of the
B. papyrifera resin, in which case the dispersion was
more uniform, but in the same way the oxide
remained superficially pooled on the surface of the
material. It can also be seen that this resin has high

porosity.
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Fig. 10. Surface morphology of resin sample B.
papyrifera doped with anatase oxide (P25).
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1VV. CONCLUSION
In the majority of the cases analyzed, the B.
papyrifera, C. myrrha and S. benzoin resins in the
pure state as well as titanium and anatase oxides

(Ti02-P25), molybdenum trioxide (MoOQO3) and
copper oxide (Cu,O) showed bacteriostatic activity
against the pathogen E. coli, inhibiting its growth
and biofilm formation. The incorporation of the
oxides in the polymeric matrix of the resins doesn’t
showed homogeneity, being these unordered
dispersed on its surface.
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