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ABSTRACT: Nanotechnology is among the most developing aspects of the medical stream. Gum acacia (GA), being
biocompatible, naturally occurring, non-toxic, and inexpensive polymer, has gained tremendous attention in the field of
pharmacy. The nanoparticle production using Gum acacia as a template led to more stable drug delivery systems. Zinc
oxide (ZnO) and Titanium dioxide (TiO2) possess potential biological applications including anticancer activity,
antimicrobial activity, bioimaging, and potent drug carrier properties. The synthesis of Gum acacia stabilized Zinc oxide
and Titanium dioxide nanoparticles incorporated with Entacapone an antiparkinsonian drug, was carried out keeping in
view all these aspects. Entacapone is a combination of drug therapy with levodopa and carbidopa in the treatment of
Parkinson’s disease (a neuro-degenerative disorder). The synthesized drug - nanocomposite showed extended release or
sustained-release properties. According to the experimental results, it is reported that the Gum acacia along with ZnO
and TiO2 acts as a drug delivery carrier releasing Entacapone at the intended site in desired time and quantity.

KEYWORDS: Nanoparticles; Drug delivery carrier; Sustained release; Entacapone; Anti-parkinsonian drug.

1. INTRODUCTION

Nanotechnology encompasses the intricate process of manufacturing or synthesizing materials at the nano-
scale, a realm where particles have sizes that are typically in the range of 1-100 nanometers. possessing novel
functionalities and improved characteristics[1]. Nanotechnology is an emerging field that holds great
promise for various industries and sectors. With the ability to manipulate materials and particles at the
nanoscale level, nanotechnology has opened up new possibilities for the development of novel treatments
and solutions that can significantly impact public health[2]. By harnessing the unique properties and
behaviors of materials at the nanoscale, researchers have been able to create new tools and materials that
have revolutionized industries such as engineering, electronics, and medicine. The impact of
nanotechnology on the global economy cannot be understated[3]. Nanostructured materials have played a
crucial role in improving the quality of life for individuals around the world. greater success in numerous
applications including, medicine, health care, physics, optics, energy, catalysis, water, environment, and
electronics[4]. They are important ingredients in ceramics, paints, metals, plastics, and magnetic materials
[5]. There has been a tremendous increase in nanotechnology in the past decades due to its applications in
medicine, chemistry, and biotechnology[6]. The utilization of nanoparticles has garnered significant interest
due to their beneficial effects in various sectors, such as consumer products, pharmaceuticals, cosmetics,
transportation, energy, and agriculture. These NPs are currently being produced for a multitude of novel
applications within the industry [7 ].

Nanoparticles are minute hollow structures, and with their significantly smaller dimensions, they cannot be
detected through conventional microscopes and instead require the use of an electron microscope for
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observation. These particles exhibit various forms including spheres, tubes, colloids, quantum dots, fibers,
rods, crystals, fullerenes, etc., and can contain a range of materials such as oxides, metals, salts, polymers,
and aerosols. For a full description, it is necessary to measure their additional physical characteristics, such
as size, shape, surface characteristics, crystallinity, and dispersion state[5,6].

To produce the best possible biological results, nanoparticles are being researched as prospective
medication delivery systems. To achieve targeted delivery or extended-release, different medications,
biomolecules, or growth factors can be combined with nanoparticles. The controlled delivery of the loaded
drugs is made possible by nanoparticle-assisted drug delivery to produce the desired biological effects. In
nutritional supplements, the nanoparticles are also employed to deliver physiologically active ingredients,
such as minerals. The cavities are used to capture signaling molecules for precise targeting in analytical
applications[5,7].

The dried sticky exudate of Acacia Senegal and other Acacia species that are members of the
Leguminosae family is known as gum acacia (GA). GA includes the Arabic acid salts of magnesium, calcium,
and potassium. In the primary galactosyl chain of GA, D-galactose, L-thamnose, L-arabinose, and D-
glucuronic acid are all present. By -D-(13) connections, these galactosyl units are connected. Using -D-(16)
connections, the side chain is connected to the main chain[8]. It serves as a binder, emulsifier, thickening
agent, glue, and other things. Just two of the many bacterial species that zinc oxide (ZnO) demonstrates
antibacterial activity against are gram-negative and gram-positive bacteria.

The synthesis of ZnO nanocomposites can be carried out by using various methods such as
evaporation, pulse laser deposition, sol-gel method, etc[9]. The ZnO nanoparticles manufactured in the
absence of GA showed less antibacterial activity when compared to GA-ZnO nanoparticles. This can be
related to the decrease in the average size of the particles when GA is used to stabilize the ZnO
nanoparticles[10]. Titanium dioxide (TiO2) is used as a pigment in food products, cosmetics, nano research,
etc. The clinical analysis indicates that the TiO2 nanoparticles enter the systemic circulation and cross
various cell membranes including blood placenta and blood-brain barriers after ingestion[11]. TiO2 NPs can
be manufactured by using various processes including metal-organic chemical vapor deposition, reverse
micelles gas phase synthesis, and wet chemical synthesis[12].

Current research work aims to synthesize Gum acacia stabilized Zinc oxide (ZnO) / Titanium dioxide

(TiO2) nanoparticles embedded with Entacapone, an antiparkinsonian drug to achieve extended release or
sustained release drug substance in the form of nanoparticles, for its invitro drug release.
The synthesized drug nanocomposite was analyzed by various characterization techniques including X-ray
diffraction (XRD), Scanning electron microscopy (SEM), Ultraviolet-visible - Diffuse reflectance spectrum
(UV-DRS), Differential scanning calorimetry (DSC), Thermogravimetric analysis (TGA), Derivative thermal
gravimetry (DTG), Fourier transform infrared spectroscopy (FTIR) and Mass spectroscopy (MS). The
percentage drug release data of the nanocomposite was also established using in vitro drug release studies
by UV-visible absorption spectra.

2.RESULTS AND DISCUSSION
2.1. XRD-Studies

Figure 1la represents the X-ray diffraction pattern of the Gum acacia with zinc oxide along with
titanium dioxide nanocomposite. The nanocomposite average particle size was found to be 14.72nm,
calculated using Scherrer’s formula[13]. Figure 1b represents the XRD graph of Gum acacia with Zinc oxide
(ZnO) and Titanium dioxide (TiO2) loaded with Entacapone drug. The particle size of the nanocomposite
along with the drug when taken as average was found to be 9.54nm +1.25nm. The diffraction peaks located at
23.53°,30.31°, 38.64°, 47.13°, 54.42°, 61.32° and 65.58° have been depicted as the hexagonal wurtzite phase of
GA- ZnO-TiO2. other peaks represent the presence of entacapone drug in the nanocomposite loaded inside
the composite. The diameter of the synthesized nanocomposite GA-ZnO-TiO; loaded with the entacapone
drug was calculated using the Debye-Scherrer formula[14].
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Figure 1. XRD Graph of a) GA-ZnO-TiO, b) GA-ZnO-TiO»-Entacapone

2.2. SEM Analysis[6,7]

The Scanning electron microscope(SEM) images in Figure 2a and 2b provide valuable information
about the morphology and structure of Gum acacia with zinc oxide and titanium dioxide at different
magnifications. These images depict the approximate helices, zig-zag, nanowires, and round and hollow
structures of the nanoparticles. It can also be observed that the mean size of the nanoparticles is 9.603micro
meter and the standard deviation is 1.92 which is in good agreement with the particle sizes calculated from
the Debye-Scherrer formula[15,6].
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Figure 2b. SEM images of GA-ZnO-TiO,loaded with Entacapone
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2.3. UV-DRS spectroscopic studies

Figure 3a represents the UV-Visible - Diffuse reflectance spectroscopy of Gum acacia along with Zinc
oxide and Titanium dioxide[17]. The UV-DRS graph indicates that the sample has a strong absorption
maximum below 500nm. Fig.3b represents the UV- Visible - Diffuse reflectance spectroscopy of Entacapone
drug alone. Fig.3c represents the UV-Visible diffuse reflectance spectroscopy of Gum acacia along with Zinc
oxide and Titanium dioxide loaded with entacapone drug. The absorption maximum of the nanocomposite
increases from 250 nm.

The graph shows that the sample have a strong absorption maximum below 500nm. The band gap
energy of the composite can be measured by the extrapolation of the linear portion of the graph. UV-Visible
diffuse reflectance spectroscopy of Gum acacia along with Zinc oxide and Titanium dioxide loaded with
entacapone drug. The absorption maximum of the nanocomposite increases from 250 nm.
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Figure 3. UV-DRS of A) GA-ZnO-TiO, B) Entacapone API C) GA-ZnO-TiO»-Entacapone

2.4. Differential Scanning Calorimetry (DSC)

The thermogram of the Gum acacia sample by differential scanning calorimetry shows the endothermic peak
at 310°C. Various exothermic peaks occur at different points as shown in Figure 4A. The DSC graph of
Entacapone (Active Pharmaceutical Ingredient) represented in Figure shows the endothermic peak at 164°C.
An exothermic peak is also observed at 260°C as shown in Figure 4B. The DSC graph of Gum acacia along
with Zinc oxide and Titanium dioxide incorporated with Entacapone represented, shows an endothermic
peak at 164°C. An additional endothermic peak is also observed at 70°C. This graph represents the
decomposition of the composite at the melting point of the drug i.e. 164°C represents the drug's presence in
the composite as shown in Figure 4C, increasing from 250 nm[18].
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Figure 4. DSC Graph of A) Gum acacia B) Entacapone C)GA-ZnO-TiO,-Entacapone

2.5. Thermo Gravimetric Analysis (TGA)

The differential thermogravimetric analysis was conducted on Gum Acacia and Entacapone
separately, as well as in the composite GA-ZnO-TiO2. In the TGA graphs shown in Figure 6A, a peak at
approximately 310°C is observed for Gum Acacia, while in Figure 6B, a peak at around 250°C is observed for
Entacapone. The DTG graph of GA-ZnO-TiO2 incorporated with Entacapone as shown in Figure 6C
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confirms the presence of both components based on their characteristic peaks. The decomposition of Gum
Acacia occurs at around 310°C, as indicated by the peak in its TGA graph as shown in Figure 6A. Moreover,
the peak observed at approximately 250°C in the DTG graph of Entacapone as shown in Figure 6B, suggests
its decomposition at that temperature. These TGA and DTG curves indicate the thermal stability and
degradation behavior of Gum Acacia and Entacapone, both individually and in the composite material. The
presence of characteristic peaks at specific temperatures in the TGA and DTG curves indicates the
decomposition behavior of Gum Acacia and Entacapone[19,20].
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Figure 5. TGA Graph of A) Gum acacia B) Entacapone C) GA-ZnO-TiO,-Entacapone
2.6. Differential Thermo Gravimetry (TGA)

DTG graph of Gum acacia where the rate of weight change with temperature is seen. The peak is
observed at nearly 310°C as shown in Figure 6A. The DTG graph of Entacapone is represented in figure
where the derivative weight percentage is plotted against temperature and the peak is observed at around
250°C as shown in Figure 6B. DTG graph of GA - ZnO-TiO; incorporated with Entacapone. In this, the rate
of weight change is represented by temperature. The peaks characteristic of Gum acacia and Entacapone

individually are represented in this graph confirming its presence in the composite as shown in Figure. 6C
[21,22].
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Figure 6. DTG Graph of A) Gum acacia B) Entacapone B) GA-ZnO-TiO,-Entacapone

2.7. FT-IR Spectroscopic studies

FTIR of the Gum acacia in the range of 4000-500cm. An intense absorption peak was detected at
approximately 3411.84 cm-1. Several absorption bands at 2930.85, 2139.23, 1614.72, 1424.51, 1254.79, 1068.18,
772.38, and 614.46 cm! were also observed as shown in Figure 7a. These absorption bands show the purity of
the Gum acacia. FTIR pattern of Entacapone drug in the range of 4000-500 cm?. A broad absorption band
was observed at 3337.83 cm. Several absorption bands at 3090.41, 2975.80, 2887.67, 2742.07, 2634.10,
2476.71, 2215.68, 1753.19, 1604.36, 1542.67, 1442.93, 1349.87, 1292.77, 1205.85, 1152.70, 1072.38, 1014.00, 947.32,
873.61, 774.84, 631.25, 562.76, 520.67 and 443.97 cm? were also observed as shown in Figure 7b. These
absorption bands are the characteristic of the sample and thus show its purity. FTIR pattern of Gum acacia
along with zinc oxide and titanium dioxide loaded with Entacapone in the range of 4000-500 cm. A broad
absorption band was observed at 3340.18 cm. Several other bands were also observed at 2979.48,
2214.24,1606.85, 1519.27,1439.61,1343.74,1274.38, 1209.45, 1149.87, 1103.15, 1069.53, 1024.29, 942.86, 874.33,
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773.64, 742.67, 629.51 and 521.13 cm as shown in Figure 7c. These absorption bands show the purity of the

composite[23].
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2.8. Mass Spectroscopic Studies

Mass spectrum of Gum acacia along with Zinc oxide and Titanium dioxide loaded with Entacapone.
The presence of a peak at 15, shows the presence of methyl (CHs) group. The peak at 17 shows the hydroxyl
(OH) group. At 26, it represents a cyanogen i.e. an acetonitrile group, and at 46, it represents nitrogen
dioxide. These molecules make up the broken structure of entacapone. As a result, it depicts the drug's

ionization.[24].
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Figure 8. Mass spectrum of GA-ZnO-TiO; loaded with Entacapone
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2.9. Invitro Drug Release Studies[8,9]

Table 1. Linearity data of GA-ZnO-TiO; - Entacapone

S. No. Concentration Absorbance
(ug/ml)
1. 2 0.027
2. 4 0.041
3. 6 0.052
4. 8 0.068
5. 10 0.083
6. 12 0.098

Table 1 illustrates the sequential absorbance values at different concentrations of the sample. A series of
dilutions is done by taking the sample solution in potassium dihydrogen phosphate and ammonium
hydroxide buffer solution. The test samples with concentrations 2, 4, 6, 8, 10, and 12 ng/ml are prepared and
the absorbance values for the corresponding concentrations are determined using a UV-visible
spectrophotometer with Amax 305nm. It can be observed that the absorbance values increase upon increasing
the concentration of the sample. Using these values, a standard graph or a calibration graph is plotted[25,26]

Linearity data of GA-ZnO-TiO, - Entacapone determines the standard curve or the calibration curve.
The concentration values in pg/ml were graphed on the X-axis against the corresponding absorbance values
on the Y-axis. The points lie on a straight line showing that the absorbance values increase with an increase
in the concentration of the test sample[27].

Percentage Drug Release Data

Table 2. Percentage drug release Data GA-ZnO-TiO; - Entacapone

S. No. Time (min)  Absorbance Corresponding Drug %Drug
Concentration Release release
(ug/ml)
1. 0 0.153 2.18 0.0109 10.9%
2. 5 0.194 2.77 0.0138 13.9%
3. 15 0.22 3.14 0.0157 15.7%
4. 30 0.31 4.42 0.0221 22.1%
5. 60 0.42 6.01 0.0300 30.0%
6. 120 0.58 8.28 0.0414 41.4%
7. 240 0.63 9.00 0.0450 45.0%
8. 480 0.74 10.57 0.0520 52.9%
9. 960 0.89 12.71 0.0630 63.0%
10. 1920 0.99 14.14 0.0700 70.7%

Table 2 illustrates the percentage drug release values of the sample at different time intervals. Initially, a 100pg/ml
concentration of the test sample is prepared, and the absorbance is determined using UV-visible Spectrophotometer at
Amax 305nm. Similarly, the absorbance values for the same sample solution is determined at different time intervals.
Using the drug release kinetics formula, the values of % Drug release is determined. From the table, it can be stated that
the drug has extended release property and is slowly released with passage of time.
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Figure 9. % Drug release graph of GA-ZnO-TiO2-Entacapone

Figure 9 depicts the percentage drug release of the sample at different time intervals. As time passes, there is an increase
in the release of the drug substance showing an extended release or slow release of the drug. When the sample was
initially prepared, the percentage of drug release was about 10.9%. With the increase in time, the drug release also
increases and after 32 hours, i.e., 1920 minutes, the percentage of drug release was about 70.7%.

3. CONCLUSION

The present study describes the synthesisof Gum acacia-stabilized zinc oxide/titanium
dioxide nanoparticles containing Entacapone, an  antiparkinsonian  drug. The co-precipitation =~ method
was employed for the preparation of these nanoparticles. Detailed characterization using various analytical
techniques was conducted to assess their properties. Moreover, a thorough investigation into the release
behavior of the drug revealed prolonged or sustained-release characteristics. By utilizing natural gum as a
template and incorporating ZnO and TiO. as inorganic components along with entacapone, we achieved
extended-release capabilities that enabled gradual release over time.

4. MATERIALS AND METHODS
4.1. Materials

Entacapone an (Active pharmaceutical ingredient) was obtained from Sigma Aldrich (India). Gum
acacia powder was obtained from AVRA labs(Hyderabad, India). Zinc acetate dihydrate from SD fine
chemicals (Hyderabad, India) and Titanium isopropoxide were obtained from Sigma Aldrich (India) [28].
Deionized water was used as a solvent in the complete process of the GA-ZnO-TiO, nanocomposite
synthesis process. All the other chemicals used in this process were of analytical grade.

4.2. Synthesis of GA-ZnO-TiO; Nanoparticles

The aqueous solution of Gum acacia was prepared in 1%, 1.5%, and 2% w/v proportions. Add Zinc
acetate dihydrate (Immol) to the Gum acacia solution with continuous stirring for 15 mins. Similarly, add
Immol of Titanium isopropoxide to the above mixture while stirring for 15 mins. The solution is then
refluxed for 24 hours in an oil bath. 0.1M NaOH is added to the above precursor. The reflux was carried out
for 5 more hours in an oil bath. The product was centrifuged and washed with ethanol and dried in an
oven[29].

4.3. Synthesis of Entacapone loaded GA-ZnO-TiO;

Entacapone (Active Pharmaceutical ingredient) was added to the aqueous solution of Gum acacia(1%) which
was previously prepared by dissolving Gum acacia powder. The remaining process is similar to that of the
GA-ZnO-TiO2 nanoparticle. The product obtained is characterized for morphological, chemical, and thermal
analysis[30,31].
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Figure 10. Schematic representation of GA-ZnO-TiO; nanoparticle synthesis

4.4. Characterization

4.4.1. X-ray diffraction (XRD)[32]

X-ray diffraction provides knowledge on phase identification, crystal size, morphology along sample
purity. The research utilized the X-ray diffraction technique with Cu radiation, with the use of equipment
from Rigaku in Tokyo, Japan. The Scherrer equation is employed for calculating the crystalline domain size
(D) which is given as

_ KA
(D h B cos 9)

4.4.2. Scanning electron microscope (SEM):

Scanning electron microscopy (SEM) is a method/analysis process, widely used for high-resolution of
10.0K.eV imaging of surfaces that can be employed to characterize nanoscale materials. The synthesized
nanoparticles' morphological characteristics and particle size assessment were studied using FFI Quanta 200
FEG with EDS scanning electron microscopy. The samples containing prepared Nanoparticles were diluted
using distilled water and sonicated. A small drop of the sample was placed on a round cover glass (1.2cm)
and allowed to dry in a desiccator at room temperature mounted on an SEM stub and coated with a thin
layer of platinum to make the samples conductive for SEM analysis[33].

4.4.3. Ultraviolet-Visible - Diffuse Reflectance Spectrum (UV-VIS-DRS):

UV-DRS assesses the composition of the compound depending upon spectral analysis of the reflected
and fluorescent light upon exposure to the diffuse reflected light, measured using a Shimadzu UV 3600.
Barium sulfate is used as a standard which has an absolute reflectance of 0.973-0.988. The samples were
placed in the sample holder and scanned in a wavelength range of about 200-800nm. The reflectance spectra
of the sample are recorded and plotted in ‘Origin 7.0"[34].

4.4.4. Differential scanning calorimetry (DSC):
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The measurement of thermal transitions in a sample under inert atmosphere conditions is commonly
carried out using thermal analysis techniques such as differential scanning calorimetry. The TA Instruments
DSC-250 system model was employed in this study, coupled with an aluminum crucible as the sample holder.
To determine the enthalpies of the transitions, the heating rate was set to 100°C/min, and the temperature
range examined was from 100°C to 2000°C. Nitrogen gas was used as the inert atmosphere during the
experiment, and the runtime for each measurement was set to 20 minutes. The enthalpies of the transitions
can be measured by using the following equation[35].

AH = KA

4.4.5. Thermogravimetry analysis (TGA):

To examine the thermal decomposition rate profile and assess the stability of a powdered sample, it is
essential to employ thermogravimetric analytical techniques. This involves measuring mass changes over
time by subjecting the sample to varying temperatures. For this particular study, we utilized a Thermo
Gravimetric Analyser SDT Q 600 along with open aluminum crucibles as sample holders. The samples
weighed approximately 6-8mg and were subjected to a heating rate of 10°C/min up until a temperature of
1000°C was reached. Throughout the experiment, nitrogen gas was employed to maintain an inert
atmosphere. The overall duration of each run lasted for about 85 minutes[20,30,35].

4.4.6.Derivative Thermal Gravimetry (DTG):

The variation in weight based on temperature and time can be investigated through Derivative
Thermo Gravimetry. This technique involves heating the sample material which directly affects its weight
change. The resulting changes in weight are recorded and used to create thermograms showing the
relationship between weight and temperature. DTG experiments were conducted using a TA instrument
with an aluminum holder for the samples weighing between 4-7mg at a heating rate of 10°C/min up to a
temperature of 1000°C under a nitrogen atmosphere for 45 minutes[21,30,35].

4.4.7. Fourier transform infrared spectroscopy (FTIR):

FTIR is a technique used to determine the chemical structure of numerous organic molecules,
polymers, biological samples, inorganic compounds, minerals, semiconductors, etc. Infrared radiation
correlates to the molecules' excitation energy, which is in the 1013-1014 Hz range. Model: Alpha-Bruker,
Software: Opus-75 version, Window Material: Zinc-Selenium (Zn-Sc) ATR plates, Spectral Range: 4000 to 500
c¢m-1, Resolution: 16 scans [36].

4.4.8. Mass Spectroscopy:

Mass spectroscopy is an analytical technique used to estimate the masses and reveal the chemical
compositions of tiny nanoparticles. The elemental composition of the produced GA-ZnO-TiO; loaded with
Entacapone nanoparticles was determined using mass spectroscopy, with the mass of the particles being
determined by their charge ratios. By blasting the solid sample with electrons, a spectrum signal is
produced, which is then detected by an electron multiplier. By comparing the masses of the detected masses
in a distinctive fragmentation pattern with the masses of the elements present in the sample, the elements'
presence may be determined by Thermo Scientific Exploris 120 mass spectrometry, Q-orbitrap analyzer, and
APCI(Atmospheric pressure chemical ionization)[37].

4.4.9. Release studies of the drug:

Preparation of phosphate buffer

Weigh sufficient quantities of potassium dihydrogen phosphate (KH>POy4) and sodium hydroxide
(NaOH) and prepare a buffer solution using distilled water. The pH of this buffer solution was adjusted to
7.4[38].
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Preparation of the Test samples

Test samples with concentrations 2, 4, 6, 8, 10, and 12 pg /ml were prepared using the above buffer
solution. The absorbance of test samples was determined using a UV-visible spectrophotometer. A
calibration graph is plotted[39,40].
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