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Antimicrobial study of Arjuna Terminalia loaded PLGA nanoparticle
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The bark of Terminilia Arjuna is known for its numerous health benefits in traditional system of medicine.
Nanotechnology based delivery system have added advantages of action at targeted location and improved cellular uptake.
In the present paper, polymeric nanoparticles of methanolic extract of Terminilia Arjuna (Arjun ki chhal) were synthesized
by using solvent evaporation method. The synthesized polymeric nanoparticles were further characterized using SEM, TEM,
XRD, FTIR followed by evaluation of antimicrobial activity. The SEM images showed spherical shaped nanoparticles.
Further TEM images revealed that particles of size as small as 50-75 nm are formed. PLGA encapsulated nanoparticles
shows entrapment efficiency as high as 96.8% and percentage yield comes out to be 45.3. Antimicrobial study using cup-
plate method was carried out using two strains of gram (+) bacteria S. aureus and B. pumilus and two strains of gram (-)
bacteria E. Coli and Pseudomonas aeruginosa which shows MIC at 2000 ppm for gram (+) bacteria (both S. aureus and
B. pumilus) and 5000 ppm (E. coli) and 6000 ppm (Pseudomonas aeruginosa) for gram (-) bacteria. From the results
obtained it is proposed that polymeric nanoparticles were successfully formed which will enhance the efficacy of active
components in the bark of Terminilia Arjuna and also demonstrates promising use in various pharmaceutical formulations
as they show considerable results in the inhibition of bacterial growth.
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In recent years, several herbal plants have been tested
for their ability to cure human diseases. In the present
era, Nanotechnology is most commonly used and it has
emerged as the new face of technology'. Nanoparticles
are the structures that are having dimension between
Inm to 100 nm*. There are some herbs and plants which
are rich in nutrition and have a high therapeutic value’.
Selection of a particular herb to synthesis nanomaterial
would depend on its applicability to the body and its
bioactive potential. The compounds can be the extracts
of leaf, root, whole body, flower, fruit or bark of an
herbal plant®™®. In the present work, we use
nanoparticles to enhance the abilities of various herbs
to cure different diseases. The selected plant for
nanoformulation, Arjuna tree is 60-80 M long, usually
found in Himalayan region of India. It is an evergreen
tree having conical shaped leaves and yellow flowers.
The bark of Arjuna tree is of great utility as it contains
many active components such as tannins, triterpenoids,
saponins, flavanoids, magnesium salts, calcium salts
and glucosides that have been used in traditional herbal
ayurvedic medicine therapy'®"'. Moreover, the Arjuna

*Correspondence:
E-mail ID: dahiyavinod123@gmail.com

bark herbal therapy is quick to heal as it contains
natural antioxidant and is very useful in heart diseases,
fractures, urinary discharges, ulcers, asthma and
tumours'”. It also has an easy reach to a large number
of populations. The medicines derived from Arjuna
bark have very less side effects and also possess
widespread popularity. The herbal medicine is the first
and quite popular step of medicine in most of the
developing countries'*'®. The natural products obtained
from Arjuna bark are further examined and
experimented in laboratories to investigate their
applications in modern medical science. The recent
development in nanotechnology and nanoscience has
proved to be a revelation for existing therapies and for
future medicines'”?. Various plant extracts of arjuna
terminalia is used for preparation of a variety of
nanoparticles. Arjuna bark in natural form is shown in
(Fig. 1). In present paper, research has been done to
synthesise = more effective  arjuna  terminalia
nanoparticles to increase their efficacy towards different
ailments. After which characterization of same is done
using various techniques like SEM, TEM, XRD and
FTIR. Antimicrobial study was done using two strains of
gram (+) and two strains of gram (-) bacteria to
ascertain the efficiency of nanoparticles formed.
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Fig. | — Arjuna terminalia Bark used for synthesis of nanoparticles

Materials and Methods

Preparation of arjuna terminalia loaded PLGA nanoparticles
by solvent evaporation method

Arjuna terminalia was first ground and powdered
and then sieved to attain a uniform size range. 8 g of
powdered raw arjuna terminalia was dissolved in
100 mL methanol for 72 h to form its methanolic
extract. This extract was filtered using a Whatman
filter paper No.l. The obtained extract which was
dried, was then kept and refrigerated in containers to
be used further. The solvent evaporation method has
been used to prepare arjuna terminalia nano-sized
particles. For this, 50 mg of PLGA and 10mg of
methanolic extract of arjuna terminalia were
dissolved together in 10 mL of acetonitrile. Then this
mixture was added drop wise to 25 mL aqueous phase
which contained 0.1% PVA using a homogenizer at
50 watt. The solution containing nanoparticles was
further stirred for 4 h using a magnetic stirrer to
evaporate the organic solvent acetonitrile. Eventually,
these suspended nanoparticles were centrifuged
(REMI, INDIA) for 20 min at 15000 rpm, cleansed
with deionized water, which was later dried and
stored at 4°C for further use'’.

Particle Size and Morphology Characterization
Scanning electron microscopy

Zeiss EVOMAI10 scanning electron microscope
(SEM) has been used to observe the morphology of
arjuna terminalia-loaded PLGA nanoparticles. Ion
sputter was then used to sputter coat the samples with
a palladium layer. After 30 nm palladium coating,
observations were done at an accelerating voltage of
20 kV and 10 Pa.

Transmission electron microscopy

Using Transmission Electron Microscopy FEI
Morgagni, nanoparticle size was determined and
morphology was examined at IARI, New Delhi. To
provide contrast under magnification, nanoparticles
were suspended in water (1 mg/mL), placed on copper
grids of 0.037 mm size, and then stained with a
2 g/100 mL uranyl acetate aqueous stain. Before
viewing under 50000 to 120000 times magnification,
surplus liquid on the Mesh was wiped off with filter
paper, and the grid was allowed to air dry.
Observations were performed at 80 kV*.

XRD and FTIR Study

Using X-beam diffractometer, the XRD patterns of
methanolic extract, PLGA, and nanoparticles of drug-
loaded into PLGA are examined. The measurements
were taken at 45 kV voltage and 40 mA anodic
current. XRD patterns were acquired at diffraction
edges (2) from 0° to 90° at examining study of
2° each moment. XRD patterns were done to find out
the nature of the compound formed whether is
crystalline or amorphous. Further, FTIR studies were
also done on arjuna terminalia loaded PLGA
nanoparticles to determine whether the polymer
interacted with the drug during the nanoencapsulation.

Determination of entrapment efficiency and percentage yield

The UV analysis (Shimadzu, UV-1800) at 276 nm
determined the amount of arjuna terminalia entrapment.
The supernatant obtained after centrifugation and
removal of 1% pellet was UV monitored at 276 nm
wavelength and corresponding absorption maxima was
recorded. A generic calibration curve was drawn using
different concentrations of methanol extract (1-10 mg in
10 mL water) vs total supernatant absorption and, as
indicated by UV monitoring, was used to analyze the
samples indirect determination of encapsulation
efficiency and percentage yield. The following equations
were used to measure the efficiency and percentage of
encapsulation.

_ (Drugadded - Free "unentrapped drug")

% EE= x100
Drug added

(Weight of Nanoparticles) "
(Weight of PLGA + Weight of methanolic Extract)

Percentage Yield =

Antimicrobial activity of arjuna terminalia loaded PLGA
nanoparticles

Once tested against two grams (+) strains of
bacteria-Bacillus pumilus and Staphylococcus aureus
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and two grams (—) strains of bacteria- Escherichia coli
and Pseudomonas aeruginosa, the activities and
properties of Arjuna terminalia-loaded nanoparticle
were studied. Using cup plate method, the MIC of
these test compounds was ascertained. In this a
solidified agar layer is taken in a petri-dish and the
antimicrobial substance diffuses from the cup through
this agar layer so as to entirely inhibit the growth of
added micro - organism in a circular zone around the
cavity having the solution of a known quantity of
antimicrobial substance. Zone of inhibition is
measured with a zone reader in millimetres to express
the antimicrobial activity (The amount of nanoparticles
which were in suspension form was used to study the
antimicrobial activity). After a period of 24 h of
incubation at the temperature of 37°C, the plates were
then assessed to determine the MIC of the entire test
compounds, and the lowest concentration which could
inhibit the visible growth of different strains of
bacteria was recorded”* .

Results and Discussion
Formulation, optimization, and characterization of nanoparticles

The methanolic extract of arjuna terminalia was
obtained as sticky and earthy brown in colour. The
nanoparticles were formulated using acetone and
acetonitrile solvents with Pluronic F68 and Poly (vinyl
alcohol) as surfactants were optimized for further studies
based on the particle size and encapsulation efficiency.
The encapsulations efficiency and percentage yield so
obtained are discussed in (Table 1).

Observing the results of (Table 1), the conclusion
was drawn that the percentage yield of formulations
F2 and F3 was found to be moderate, however,
the drug encapsulation efficiency resulted to be high
in the formulation F2. So, different parameters such
as Morphological analysis, size, and in vitro drug
release and antimicrobial studies were carried out
using F-2.

Table 1 — Characteristics of drug- loaded PLGA nanoparticles

Drug- Process Encapsulation
Formulation Stabilizer Solvent Polymer Yield Efficiency

ratio (%) (%)
Formulation Pluronic Acetonitrile 1:5 12.33 93.75
1 F-68
Formulation PVA Acetonitrile 1:5 453 96.8
2
Formulation Pluronic Acetone 1:5 37.86 83.8
3 F68
Formulation PVA Acetone 1:5 24.66 64.4
4

Particle Size and Morphology Characterization
Scanning electron microscopy

To study the particle size nanoparticles were
observed after removing the organic phase and SEM
analysis of the nanoparticles obtained shows they are
spherically in shape shown in (Fig. 2).

Transmission electron microscopy

Further TEM images show that spherically shaped
nanoparticles of arjuna terminalia PLGA nanoparticles
were formed having a size as small as 50-75 nm.
Figure 3 represents the arjuna terminalia loaded PLGA
nanoparticles using PVA as a stabilizer. Nanoparticles
so obtained by the solvent evaporation method came
out to be highly uniform and mono dispersed (0.115
PDI, Fig. 4). In the solvent evaporation method, an
excessive amount of energy was released during the
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Fig. 2 — SEM images showing spherically shaped PLGA
encapsulated nanoparticles of arjuna terminalia
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Fig. 3 — TEM images of arjuna terminalia loaded PLGA
nanoparticles
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homenization process, and sonication led to a quick
dispersion of polymeric organic phase in the form of
small size nano-droplets. Using acetonitrile as an
organic solvent led to a smaller size because it is
water-miscible and the size obtained is below 100 nm
even. So, when the organic phase having acetonitrile
was added to aqueous phase, nanoparticles got
diffused in water leading to a smaller size.

The results obtained through SEM indicate that
nanoparticles are spherical in shape. TEM images
from the F2 formulation showed spherical
nanoparticles (prepared with acetonitrile and PVA)
ranging from 50-75 nm.
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Fig. 4 — Particle size distribution of arjuna terminalia loaded
PLGA nanoparticles
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XRD and FTIR Studies
Sample Characterization

The FT-IR spectra of the sample were recorded using
Fourier transformed infrared (FT-IR) spectrometer
(Perkin Elmer spectrum 65, FT—IR spectrometer; Perkin
Elmer) in the range 4000400 cm-1 to study the
molecular structure of the sample preparation. For
scanning through IR radiation, the powdered
nanoparticle sample was diluted with KBr (materials:
KBr =1:100) to form pellets. 100 interfero grams with
a spectral resolution of + 4 cm™' were averaged to
improve the signal to noise ratio for each spectrum.
From the sample spectra, background spectra
collected under identical conditions were subtracted.
Therefore, the intensities of the absorption bands
can be directly related to the concentration of the
corresponding functional groups in the present study.
Using FTIR spectroscopy technique, the structural
characteristics of the methanolic extract, nanoparticles
of the drug- loaded PLGA and PLGA were studied.
The studied FTIR spectra of the nanoparticles of
PLGA, methanolic extract of arjuna terminalia,
and the drug- loaded PLGA nanoparticles are
shown in (Fig. 5A-C), respectively. FTIR studies
on arjuna terminalia loaded PLGA nanoparticles
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Fig. 5— (A) FTIR of PLGA; (B) FTIR of Methanolic Extract of arjuna terminalia; (C) FTIR of drug (Arjuna terminalia) loaded PLGA
nanoparticles; and (D) The XRD spectra for the arjuna terminalia-loaded PLGA nanoparticles
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Table 2 — Various zone of inhibition obtained against different concentrations for different bacterial stains

S. No Bacteria Mic(In Ppm)
1 Staphylococcus Aureus 10000
2 8000
3 4000
4 2000
5 1000
6 Bacillus pumilus 10000
7 8000
8 40000
9 2000
10 1000
11 Escherichia coli 10000
12 8000
13 6000
14 5000
15 3000
16 Pseudomonas Aeruginosa 12000
17 10000
18 80000
19 6000
20 2000

Zone of Inhibition (Np) Bacteria stain
19.75 gram (+) bacteria
17.24 gram-positive bacteria
13.11 gram (+) bacteria
8.59 gram (+) bacteria

No Zone of Inhibition

gram (+) bacteria

18.11 gram (+) bacteria
16.44 gram (+) bacteria
12.57 gram (+) bacteria
7.15 gram (+) bacteria
No Zone of Inhibition gram (+) bacteria
19.12 gram (—) bacteria
17.20 gram (-) bacteria
14.13 gram (-) bacteria
11.25 gram (—) bacteria

No Zone of Inhibition

gram (—) bacteria

21.15 gram (—) bacteria
18.70 gram (—) bacteria
15.13 gram (—) bacteria
10.45 gram (—) bacteria

No Zone of Inhibition

gram (—) bacteria

further revealed that the polymer does not interact
with the drug during the nanoencapsulation. The
XRD spectra obtained in (Fig. 5D) for the
drug-charged polymeric nanoparticles suggested
that no characteristic peaks for the drug trapped
in PLGA were observed, possibly because the drug
was amorphous.

Entrapment efficiency

Entrapment efficiency related to arjuna terminalia
loaded PLGA nanoparticle for active compound
arjuna terminalia was found to be 96.8%. For
nanoformulation F2, using PVA as stabilizer and
acetonitrile as a solvent, percentage yield comes out
to be 45.3. The selection of the method used in the
production of nanoparticles strongly depends on the
drugs that were about to be encapsulated.

Antimicrobial activities study

The Minimum Inhibitory Concentration of arjuna
terminalia-loaded nanoparticles against Bacillus
pumilus and Staphylococcus aureus the gram-positive

Table 3 — Summarization zone of inhibition obtained against
different concentrations for different bacterial stains

S.No  Bacteria Zone of inhibition
(NP)

1 Escherichia coli 5000 ppm 11.25mm

2 Pseudomonas 6000 ppm 10.45 mm
aeruginosa

3 Staphylococcus 2000 ppm 8.59 mm
aureus

4 Bacillus 2000 ppm 7.15 mm
pumilus

bacteria show lower MIC than Escherichia coli,
Pseudomonas aeruginosa gram-negative bacteria. The
efficiency related to nanoparticle during inhibiting
growth in bacteria was because of the insertion of
nanoparticles in  bacterial cells leading to
comparatively rapid delivery of the arjuna terminalia
at the site. The MIC with different gram (+) and gram
(-) bacteria and the Zone of Inhibition obtained is
listed in (Tables 2 & 3), and the zones obtained are
depicted in (Fig. 6)
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Fig 6 — Zone of inhibition against two gram (+) bacteria
B. pumilus and Staphylococcus aureus and two gram (—) bacteria
E. coli and Pseudomonas aeruginosa

Conclusion

In the present work a successful attempt has been
shown for the first time to formulate spherical PLGA
nanoparticles loaded with methanolic extract of
Arjuna terminalia by solvent evaporation method.
The results reveal reduced size of nanoparticles
(73 nm to 100 nm) having entrapment efficiency as
high as 96.8% and percentage yield of 45.3. The
antimicrobial studies of the nanoparticles showed
significant activity against various gram (+) bacteria
(S. aureus and B. pumilus) and various gram (-)
bacteria (E. Coli and P. aeruginosa). The present
formulation can be used for safe antimicrobial
formulations.
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