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ABSTRACT

Objective: In the present research, the plant oil of Gaultheria procumbens (family: Ericaceae), an extensively utilized ethnic drug to treat arthritis
and get rid of pain, was selected to formulate Micro Emulsions (MEs). The objective of this research was to examine the suitability of gaultheria oil
in formulating MEs containing Non-Steroidal Anti-Inflammatory Drug (NSAID) for topical use.

Methods: A new water-in-oil Piroxicam Micro Emulsions (PMs) consisting of gaultheria oil, tween 20 and Poly Ethylene Glycol (PEG) 600 were
formulated using D-optimal design expert software for optimization of formulation and also to enhance the loading capacity of a model NSAID
piroxicam has been demonstrated. The pseudo-ternary phase drawing has been depicted on a constant surfactant/co-surfactant (S-mix) ratio (1:1).
Then the prepared PMs were evaluated for percentage (%) transmittance, pH determination, refractive index (RI), viscosity measurement, % drug
content, particle size, zeta potential, in vitro cumulative drug release and stability studies.

Results: The pre-formulation studies showed high solubility of drug (piroxicam) with gaultheria oil, tween 20 and PEG 600, thereby confirming its
suitability for formulation. Fourier Transform Infrared Spectroscopy (FTIR) proved drug excipient compatibility by retaining the characteristic
peaks even after formulation. D-optimal design expert software was proved to be beneficial in the formulation and optimization process and
matched the experimental results. Optimized Piroxicam Micro Emulsion (PM) formulation PM 8 showed satisfactory results regarding %
transmittance (98.84+1.04), pH (7.41+0.01), RI (1.4421+0.002), viscosity (469.53+0.61), % drug content (96.32+0.19), particle size (185.5 nm+0.24
nm), zeta potential (-25.34+0.51), in vitro cumulative drug release in 6 h (42.62 %+0.11 %) and 12 h (86.42 %=*0.21 %). The drug release kinetics
study showed a zero-order release mechanism confirmed by Korsmeyer-peppas model. Stability studies as per International Council for
Harmonization (ICH) guidelines demonstrated the stability of PM 8 for its physical appearance, phase separation, % transmittance, pH and % drug
content for 90 d.

Conclusion: Thus, it can be concluded that the present investigation study can be beneficial for improved loading of model NSAID piroxicam in the
interfacial film of PM with gaultheria oil as a promising vehicle aimed at the topical conveyance of drugs in the management of arthritis.
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INTRODUCTION relieve the indications of tender inflammatory disorders in arthritis.
It acts by checking the production of endogenous prostaglandins

Arthritis is the most prevailing pain affecting millions of people globally. that mediate swelling, pain, stiffness and tenderness. It is used in the

It develops when the protective cartilage insulating the bones wear out
over time [1]. Even though, arthritis can catastrophe any joint, the most
affected joints are the spine, hips, knees and hands [2, 3]. The disorders
usually progress gradually and deteriorate sometime. Signs and
indications of arthritis comprise stiffness, pain and inflammation, grating
sensation; loss of elasticity and bone outgrowth leading to swelling.
Hence, it should be treated at the earliest to avert bone damage [4, 5].

The genus Gaultheria, consisting of approximately 134 species, is
widely engaged as an ethnic drug to treat arthritis and relieve pain.
Gaultheria oil is also known as wintergreen essential oil [6]. It is one
of the two plants in the world that comprises 'methyl salicylate' (The
other plant being Betula lenta, family: Betulaceae) [7]. It is the
chemical behind the strong soothing properties of gaultheria oil.
Phytochemical investigations of previous works on the genus
Gaultheria have shown the presence of extensive methyl salicylate
derivatives [8]. Methyl salicylate is considered as a characteristic
ingredient for its anti-arthritic effects [9]. In this research, MEs for
arthritis using gaultheria oil are explored to establish its potential
and advance research [10, 11].

Piroxicam is a NSAID belonging to the oxicam group and Bio
pharmaceutics Classification System (BCS) Class II drug employed to

treatment of certain inflammatory conditions like Rheumatoid
Arthritis (RA) and Osteo Arthritis (OA) to relieve moderate to severe
pain [12-14]. Its effect usually lessens pain and inflammation by
performing as a non-selective Cyclo Oxygenase (COX) 1 and 2
Inhibitors. Piroxicam should be taken with caution in patients with
liver disease and severe kidney disease since its half-life is 50 h.
Hence it is desirable to use transdermal delivery of piroxicam rather
than oral administration, for treating arthritis. Presently available
forms of piroxicam topical applications have potency of 0.5 % w/v,
which is not sufficient for the chronic treatment of arthritis [15-17].

MEs are clear, thermodynamically stable, transparent, optically
isotropic systems consisting of oil, surfactant, co-surfactant and an
aqueous phase. They work together to form stable MEs, by lowering
the interfacial tension. MEs have been stated to advance the rate and
magnitude of absorption of lipophilic drugs. Thus, MEs are used as
impending drug delivery vehicles due to their reversibility and
thermodynamic stability. It has simple manufacturing and scale-up
practicability and does not necessitate any distinct equipment.
Water-in-oil (w/0) MEs are the most appropriate form that is
projected to enhance the solubility of drugs by dissolving into an oil
phase [18-21].
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Hence in this research, we used gaultheria oil, the plant oil of the
genus Gaultheria procumbens and developed a novel PMs for
enhanced loading of piroxicam.

MATERIALS AND METHODS
Materials

Piroxicam acquired as a gift sample from Alcon Biosciences Pvt Ltd,
Vapi, Gujarat, India. Gaultheria oil purchased from Tamil Nadu Tea
Plantation Corporation Ltd., Ooty, Tamil Nadu, India. Tween 20
purchased from Industrial chemicals, Hyderabad, India. PEG 600
purchased from Matangi Industries, GIDC, Vatva, Ahmadabad,
Gujarat, India. The solvents and chemicals employed remained
analytical grade. Water employed in the research was High
Performance Liquid Chromatography (HPLC) grade. All other
chemicals employed were of analytical grade. Instruments employed
were UV 1900 Shimadzu corporation Japan, Bruker ATR Germany
for FTIR, Shimadzu AUX-224 electronic analytical balance,
Consolidated electrical Industries pH meter, Electrolab-Trust E-08
Servewell instrument for dissolution testing, Remi magnetic stirrer,
Anton Scientific Franz diffusion cell, Videocon refrigerator,
Equitron/7047 DT-043 Ecogain series hot air oven, Check Melt VR
melting point apparatus, Zeta sizer ZS nano series for globule size
and zeta potential, LVDVE230 model Brookfield viscometer and
2WAJRI model Abbe refractometer.

Methods
Pre-formulation study of piroxicam
Physicochemical properties

The piroxicam Working Reference Standard (WRS) was analyzed for
physicochemical properties such as physical appearance, colour and
odour, and then compared with piroxicam Indian Pharmacopoeial
Reference Standard (IPRS) [22].

Melting point (MP)

MP of piroxicam WRS was found by using an open capillary
technique by employing melting point apparatus and compared with
piroxicam IPRS [23].

Determination of maximum wavelength Amax by spectroscopy

In 0.1 molar (M) methanol: Piroxicam WRS (10 mg) was precisely
weighed, taken into a 100 ml volumetric flask, then made up the
volume with 0.1 M methanol to attain the strength of 100 microgram
(pg)/ml. It was considered Standard Stock I (SS-I). SS-1 was suitably
diluted with 0.1 M methanol to get a concentration of 10 pug/ml. It
was considered as standard stock II (SS-1I). This final SS-II was
scanned between 200-400 nm by -Ultra Violet (UV)-visible
spectrophotometer.

In 0.1 M methanolic Hydro Chloric Acid (HCI): Piroxicam WRS (10
mg) was precisely weighed and taken into a 100 ml volumetric flask,
then made up volume with 0.1 M methanolic HCI to attain the
strength of 100 pg/ml. It was considered as SS-I. SS-1 was suitably
diluted with 0.1 M methanolic HCl to obtain 10 pg/ml (SS-II)
concentration. This final SS-II was scanned between 200-400 nm by
UV-visible spectrophotometer.

In phosphate buffer solution (PBS) pH 7.4: Piroxicam WRS (10 mg) was
precisely weighed and taken into a 100 ml volumetric flask; made up the
volume with PBS pH 7.4 to attain 100 pg/ml concentration. This was
considered SS-1. SS-I was suitably diluted with PBS pH 7.4 to get a
concentration of 10 pg/ml (SS-11). This final SS-1I was scanned between
200-400 nm by UV-visible spectrophotometer [24, 25].

Construction of beer-lambert’s plot

In 0.1 M methanol: 10 mg of piroxicam WRS was precisely weighed
and taken into a 100 ml volumetric flask and made up the volume
with 0.1 M methanol to get a concentration of 100 pg/ml (SS-I).
From SS-I, 10 ml was withdrawn and taken into another 100 ml
volumetric flask and made up the volume with 0.1 M methanol to
obtain 10 pg/ml concentration (SS-II). From SS-1I, aliquots 2, 4, 6, 8
and 10 ml were taken into 10 ml volumetric flasks separately and
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made up the volume with 0.1 M methanol. This provides 2, 4, 6, 8
and 10 pg/ml concentrations of solutions respectively. Then
absorbance of UV-visible spectroscopic readings of each resulting
solution was recorded at their respective Amax.

In 0.1 M methanolic HCl: 25 mg of piroxicam WRS was precisely
weighed and taken into a 100 ml volumetric flask, made up volume
with 0.1 M methanolic HCl to obtain 250 pg/ml (SS-I) concentration.
From SS-I, 10 ml was taken into another 100 ml volumetric flask and
made up the volume with 0.1 M methanolic HCI to obtain 25 pg/ml
concentration (SS-II). From SS-1I, aliquots 1, 1.5, 2, 2.5 and 3 ml were
taken into 10 ml volumetric flasks separately and made-up volume
with 0.1 M methanolic HCL This gives 2.5, 3.7, 5.0, 6.2 and 7.5 pg/ml
concentration of solutions respectively. Then absorbance of UV-
visible spectroscopic readings of each resulting solution was
recorded at their respective Amax.

In PBS pH 7.4: 10 mg of piroxicam WRS was precisely weighed and
taken into a 100 ml volumetric flask and made up the volume with
PBS pH 7.4 to obtain a 100 pg/ml (SS-I) concentration. From SS-1, 10
ml was withdrawn and taken into another 100 ml volumetric flask
and made up the volume with PBS pH 7.4 to obtain 10 pg/ml (SS-1I)
concentration. From SS-II, aliquots 2, 4, 6, 8 and 10 ml were taken
into 10 ml volumetric flasks separately and made-up volume by PBS
pH 7.4 to get 2, 4, 6, 8 and 10 pg/ml concentration of solutions
respectively. Then absorbance of UV-visible spectroscopic readings
of each resulting solution was recorded at their respective Amax.

Then the beer-lambert’s plot in each solution was constructed by
taking absorbance on the y-axis and concentration (ug) on the x-axis.
Interpretation of the linearity was made based on the linearity
coefficient (R?) value [26].

Solubility of piroxicam WRS

An assessment test of the solubility of the drug was considered a test
for its purity and it’s an official constraint [27]. Hence, the solubility
of piroxicam WRS was carried out by employing various solvents.
For testing, 2 ml of the carefully chosen vehicles along with an
excess of piroxicam WRS were taken into screw-capped vials and
stirred at 100 rotations per minute (rpm) for 72 h at 37 C+0.5 C.
After attaining equilibrium, each of the vials were subjected to
centrifugation at 3000 rpm for 30 min. Allow to stand for 30 min,
decant the clear supernatant liquid and its absorbances was
determined in each solvent by UV-visible spectrophotometer at 354
nm and calculate the solubility in terms of mg/ml.

Fourier Transform InfraRed (FTIR) spectroscopy of piroxicam
WRS and IPRS

The FTIR spectroscopy was widely employed for comparing the
drug substance under examination with their respective IPRS for
identification purpose. FTIR finds extensive application in the
qualitative and quantitative investigation of a drug sample, since no
two compounds (excluding optical isomers) give alike FTIR spectra
[28]. It was recorded by placing the sample on the sampler/sample
holder of the FTIR spectrophotometer and scanned in the
wavelength range of 4000 cm! to 400 cm®. The FTIR spectra of
piroxicam WRS were compared with piroxicam IPRS.

Solubility of piroxicam WRS with oils, surfactants and co-
surfactants

The solubility of piroxicam WRS was investigated by taking a
predetermined quantity (10 mg) of piroxicam WRS and then mixed
with 1 ml of selected oils, surfactants and co-surfactants separately
in screw-capped bottles and kept it in an orbital shaker for 1 h at
150 rpm. Then, centrifuged (500 rpm) for 20 min and then suitably
diluted with PBS 7.4 to get a concentration of 20 pg/ml and
observed for any separation of the layers. Then the absorbance of
resulting solution in each excipient was determined by a UV-visible
spectrophotometer at 354 nm [29].

Partition coefficient (Kp)

It describes the pattern of distribution of a solute/drug between two
immiscible liquids. It was used to measure the hydrophobicity and
thereby its permeability. It was calculated by partition coefficient
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between n-octanol/water and cyclohexane/water. It was performed
by the shake flask method of centrifugation followed by determining
solute concentration by using the formula Kp=Ci/C:. (Ci=
concentration of drug in one phase, C;= concentration of drug in
second phase). If the log Kp value was found to be more than 1, then
the solute was said to be highly soluble in lipophilic solvents like
octanol and if the log Kp value was found to be less than 1, then the
solute was said to be highly soluble in hydrophilic solvents like
water. This demonstrates the absorption, transportation and
distribution pattern [30].

Construction of pseudo-ternary phase drawings

The pseudo-ternary phase drawings were fabricated to find suitable
constituents along with their concentrations that give rise to a bulky
existence zone of ME. It was performed to optimize the quantity of
the oil phase, S-mix and water components that bring about the
most stable form of ME [31]. Three proportions of S-mix comprising
of surfactant (tween 20) and co-surfactant (PEG 600) were mixed in
proportions of 1:1, 2:1 and 1:2. Each S-mix ratio was mixed with oil
in the ratios of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1. Then each
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formulation was titrated with distilled water and readings were
recorded for clarity or turbidity. Once a clear, transparent mixture
was envisioned after stirring, it was considered a monophasic
system and noted as points while constructing phase drawings. The
area covered by these marked points were noticed and considered
as a stable ME region of equilibrium. The formulation with
maximum equilibrium region was considered as an optimized
formulation and selected for PMs formulation.

Optimization protocol by design of experiment (DOE) analysis

Optimization by DOE is a method to explore process variables of
input to maximize /minimize/target a response variable [32]. In the
present research, the D-optimal DOE model, design expert software
was used to achieve the desired output. DOE was designed taking
three factors namely oil, S-mix and water to accomplish the
responses namely, globule size, % transmittance and in vitro
cumulative drug release (%) in 6 h and 12 h as shown in table 1. The
DOE analysis of Quality by Design (QBD) optimization predicted 12
experimental runs for the formulation of PMs as shown in table 2.
DOE analysis of factors versus responses is shown in table 3, table 4.

Table 1: DOE parameters for PMs

For PM formulation design

QBD Gaultheria oil-piroxicam microemulsions
Design D-optimal
Model Quadratic
Tool DOE 13
Version version 13.0.5.0
Variables % Water, % oil, % S-mix
Response Globule size, % transmittance, in vitro cumulative drug release (%) in 6 hand12 h
Table 2: Optimization protocol design by DOE for PMs with predicted responses (factors versus responses)
Run Factor1l Factor2 Factor3 Responsel Response 2 Response 3 Response 4
A: 0il B: S-mix C: Water R1:Globulesize R2: R3: in vitro cumulative R4: In vitro cumulative drug
Transmittance drug releasein 6 h releasein 12 h
ml ml ml nm % % %
1 7 4 2 190.41 95.43 41.41 81.38
2 6.3 3 3 178.41 96.42 40.52 80.22
3 6 3 2.3 183.43 98.25 36.71 76.51
4 6 4 2 180.21 97.25 36.48 76.32
5 6.4 3.4 2 183.21 96.64 40.18 80.62
6 6 3 3 182.86 97.22 36.79 76.78
7 6.4 4 2.5 180.79 96.24 41.31 81.37
8 7 4 3 189.95 95.26 41.12 80.96
9 6 4 2 185.09 97.45 36.43 76.26
10 6 3.6 3 181.56 97.45 36.43 76.28
11 7 3.4 2.6 191.08 97.09 40.67 80.76
12 7 3 2 193.24 95.29 40.59 80.31
Table 3: DOE analysis of factors
Factor Name Units Type Sub type Minimum  Maximum Codedlow Coded high Mean SD
A 0il ml Numeric  Continuous 6.00 7.00 -1 6.00 +1e7.00 6.5 0.4534
B S-mix ml Numeric  Continuous 3.00 4.00 -1+ 3.00 +1 < 4.00 35 0.4547
C Water ml Numeric  Continuous  2.00 3.00 -1 2.00 +1 < 3.00 2.5 0.4546
(SD: Standard deviation) (n=3)
Table 4: DOE analysis of responses
Response Name Units Observations Minimum Maximum Mean SD
R1 Globule size nm 12.00 178.41 193.24 185.82 0.9112
R2 Transmittance % 12.00 95.26 98.25 96.75 0.9633
R3 In vitro drug release in 6 h % 12.00 36.43 41.41 38.92 0.2284
R4 In vitro drug release in 12 h % 12.00 76.26 81.38 78.82 0.2861

(SD: Standard deviation) (n=3)
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Formulation of gaultheria oil PMs

Gaultheria oil PMs were prepared by water titration technique.
Formulations were designed as per the DOE model and the
piroxicam quantity was kept constant in all formulations as shown
in table 5. Piroxicam was initially dissolved in a pre-measured
quantity of gaultheria oil and mixed on a magnetic stirrer at 300 rpm
and at a set temperature of 37 °C+0.5 °C for 30 min. S-mix
comprising of tween 20 and PEG 600 in different proportions of 1:1,
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1:2 and 2:1 were considered as one factor, oil and water as other
two factors and pseudo ternary phase drawings were established
taking these three factors and the one showing high equilibrium
area was selected. Thus, selected proportion of S-mix was then
slowly added to the above mixture. Continue stirring for 30 min.
After cooling the resulting mixture, titrated with distilled water till
clear, transparent homogenous PMs were formed. Thus formed PMs
were characterized for various parameters and the experimental
results were compared with DOE predicted results [33-37].

Table 5: Formulation table of PMs

Formulation Piroxicam A: Gaultheria oil B: 1:1 ratio of S-mix (tween 20: PEG 600) C: Water
code % w/v ml ml ml
PM1 1 7.0 4.1 1.9
PM 2 1 6.9 4.0 21
PM 3 1 6.8 3.9 2.3
PM 4 1 6.7 3.8 2.5
PM 5 1 6.6 3.7 2.7
PM 6 1 6.5 3.6 2.9
PM 7 1 6.4 3.5 3.1
PM 8 1 6.3 3.4 3.3
PM 9 1 6.2 33 35
PM 10 1 6.1 3.2 3.7
PM 11 1 6.0 31 3.9
PM 12 1 5.9 3.0 4.1

Characterization of PMs
% transmittance

% transmittance of PMs was analyzed by measuring the absorbance
through UV-visible spectrophotometer at 650 nm with the blank
being distilled water [38]. Tests carried out in triplicate for each one
of the PMs and mean values were reported.

pH determination

The pH of PMs was analyzed by a digital pH meter [39]. The
electrode was directly immersed into the PMs maintained at 25 °C
and measurements were taken in triplicate.

RI

RI of MEs ideally ranges from 1.39 to 1.45. If the RI value was nearer
to 1.45, the ME was said to be water-in-oil type [40]. A drop of PM
was placed on the slide of a refractometer and its RI was measured
at 25 °C. Measurements were taken in triplicate.

Viscosity measurement

Generally, MEs were less viscous and transparent systems
comprising two immiscible systems of oil and water, which were
stabilized through the addition of surfactants and co-surfactants to
reduce the interfacial tension. Thus, they exhibit shear-thinning
behaviour, by decreasing their viscosity. Brookfield viscometer was
used to measure the viscosity of the PMs at 25 °C and 50 rpm by
using spindle no 34 [41]. Measurements were taken in triplicate.

Determination of drug content

Estimation of the drug content in the PMs was analyzed by taking a
sample of 1 ml and dissolving it in 10 ml of 0.1 M methanol. This is
appropriately diluted with 0.1 M methanol to get 5 pg/ml
concentration and its absorbance was taken at a wavelength of 333
nm using UV-visible spectrophotometer. Control being piroxicam WRS
5 pg/ml concentration in 0.1 M methanol [42]. The measurements
were performed in triplicates for each PM formulation.

Particle size determination

The particle size of MEs usually ranges from 10 to 200 nm, due to
which they have a clear transparent appearance [43]. The particle
sizes of the prepared PMs were determined by using a particle size
analyzer namely, zeta seizer. Samples were positioned in zeta cells
of a zeta seizer and recording were made for the particle size.
Measurements were taken in triplicate.

Zeta potential

It was determined to find out the surface charge on the drop, which
was employed as a tool to determine its stability. Usually positive or
negative zeta potential is required for ME stability. Generally, MEs
with high zeta potential of +30 mV were considered as
pharmaceutically stable. And in the case of water-in-oil emulsions,
the more the zeta potential value, the more stable the emulsion will
be. Usually, this negative charge on the drop is owing to the
existence of fatty acids [44]. It was measured by placing a drop of
PM in the zeta cells of a zeta seizer and recording were made for zeta
potential. The measurements were recorded in triplicate.

In vitro drug release

In vitro drug release studies were done to measure the rate and
extent of drug release from ME formulations. MEs have been noted
to enhance the absorption rate of lipophilic drugs [45]. The in vitro
drug release study was performed using a Franz diffusion cell, by
taking PBS pH 7.4 in the receptor compartment and PM formulation
equivalent to 10 mg drug in the donor compartment which was
separated by a cellophane membrane (cutoff weight= 1000 daltons
(Da). At predetermined time interims of 30 min, 1 h, 6 h and 12 h
aliquots were withdrawn from the receptor section and suitably
diluted with PBS pH 7.4 and its drug content were estimated (as
described in the determination of drug content) by using UV-visible
spectrophotometer at 354 nm.

FTIR spectroscopy of optimized formulation

FTIR spectroscopy was one of the finest techniques to assess the
compatibility of WRS of drugs with excipients, checking their purity
and to compare with their respective IPRS. It was performed to
conclude the interaction of the drug with excipients, thereby
providing information regarding the compatibility of the drug and
its shelf life [46]. It was recorded by placing the optimized PM
formulation on the sampler/sample holder of the FTIR
spectrophotometer and scanned in the wavelength range of 4000
cm ! to 400 cm™ and compared with the FTIR spectra of piroxicam
WRS.

Stability studies

Accelerated stability study of optimized PMs was performed
according to ICH guidelines, wherein the samples were placed in
a refrigerator (5 °C+2 °C), in a room temperature (30 °C+2 °C
and Relative Humidity (RH) 65 %*5 %) and in climatic chamber
(40 °C%2 °C and RH 75 %=5 %) for 90 d [47-50]. After every 30 d the
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samples were observed for physical appearance, phase separation
(after centrifugation at 5000 rpm for 10 min and visually observed
for creaming or phase separation), % transmittance, pH and drug
content.

Statistical analysis

In each experiment after performing thrice, results were expressed as
mean+SD. The statistical significance of difference was determined by
one-way analysis of variance by means of student’s t-test.

RESULTS AND DISCUSSION

The pain was the most prevalent and severe form in the case of
arthritis. OA and RA are the most common types of arthritis,
associated with pain and joint damage even though they are
different diseases. Thus, NSAIDs were widely prescribed to treat
mild to moderate pain, in case of OA, RA, musculoskeletal pain,
inflammation and dental pain in the day-to-day management of the
patients [51]. Excessive oral administration of these NSAIDs may
lead to mucosal ulceration and bleeding, leading to anemia of gastro-
intestinal origin or loss of protein. Thereby giving pavement for a
common bacterium namely, Helicobacter pylori to induce gastritis
and peptic ulcer disease. Thus, increasing the medical expenses of
treatment and also decreasing the quality of life of the patients who
were mainly on oral intake of NSAIDs. Hence topical administration
of NSAIDs was much preferred over oral administration for better
stability, drug loading capacity, production feasibility, better
absorption and for incorporation of hydrophobic drugs [52]. MEs
were highly preferred due to their transparent, optically isotropic,
thermodynamically stable properties, increased drug solubility and
therapeutic efficacy especially in the case of transdermal delivery
when compared to other conventional systems and mainly used for
incorporating poorly water-soluble substances [53].

Piroxicam was a NSAID belonging to BCS class II having high
permeability and low solubility. Thus, MEs were best suitable form
for its administration via topical delivery. Previous studies
demonstrated the advantages of piroxicam topical forms over oral
administration especially in the treatment of various forms of
arthritis [54, 55]. Hence piroxicam was selected as a model drug for
the formulation of PMs.

Gaultheria oil was an essential oil (obtained from Gaultheria
procumbens L.) mainly comprised of methyl salicylate (96.90%)
widely used as an ethnic medicine in the treatment of pain. So far
research activities have been performed on gaultheria oil, to study
its analgesic, anti-inflammatory, antimicrobial, antioxidant and anti-
radical activities and no formulation has been attempted using this
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oil [56-60]. Hence a successful attempt was made in our research to
encapsulate piroxicam in the ME film of gaultheria oil for enhanced
loading of the drug, thereby enhancing analgesic, anti-inflammatory
and antiarthritic activity [61-63]. Tweens and PEGs were used as
successful surfactant and co-surfactant combinations to protect the
MEs against agitation-induced aggregation, thereby enhancing its
stability. Tween 20 commonly called polysorbate 20 is a non-ionic
surfactant widely used in topical formulations owing to its stability,
relative non-toxicity and permeation enhanced properties. PEGs
were United States Food and Drug Administration (USFDA)
approved polymer of choice in topical drug delivery systems, due to
their well-established safety profile. PEG was also known as
polyethylene oxide or polyoxyethylene comprising polyether
compounds with repeated ethylene glycol units [64, 65]. Due to their
hydrophilic and non-ionic nature, they were very much preferred as
permeation enhancers and employed as co-surfactants in
dermatological formulations. Various grades of tweens and PEGs are
available depending upon their molecular weight. Previous studies
showed that piroxicam with tween 80, tween 20 and PEG 400 had
less drug entrapment efficiency. In another study, solid lipid
nanoparticles of piroxicam comprising of tweens and PEGs proved it
as a novel vehicle for sustained release in case of transdermal
delivery. So far studies have shown the entrapment efficiency of
piroxicam in various transdermal forms comprising of different oils,
tweens and PEGs to be around 84.48 % to 85.15 % only [66-68].
However, no research was performed by taking gaultheria oil, tween
20 and PEG 600 combination with piroxicam.

Thus, our present research work highlights the successful unique
combination of piroxicam, gaultheria oil, tween 20 and PEG 600 for
high drug entrapment efficiency of about 96.32 %, thereby making it
a novel platform technology for increased loading of the drug.

In this present research, during the pre-formulation studies, the
drug samples of piroxicam WRS matched with the reported standard
of piroxicam IPRS for physicochemical properties such as
appearance, colour, odour and MP as shown in table 6 and table 7.
Thereby confirming piroxicam WRS as a pure drug. Spectroscopic
studies showed that the Amax of piroxicam WRS in 0.1 M methanol,
0.1 M methanolic HCI and PBS pH 7.4 was found to be 334.1 nm,
334.6 nm and 354.1 nm respectively and comparable with that of
piroxicam IPRS (reported standard values are 333 nm, 334 nm and
354 nm respectively) as shown in fig. 1, fig. 2 and fig. 3. Linearity
was established by plotting concentration versus absorbance (beer-
lamberts’ plot) of piroxicam WRS in 0.1 M methanol, 0.1 M
methanolic HCl and PBS pH 7.4 was found to be linear as shown in
table 8, table 9, table 10 and fig. 4, fig. 5, fig. 6.

Table 6: Comparison of physicochemical properties of piroxicam WRS and IPRS

Identification test Observed result of piroxicam WRS

Reported standard of piroxicam IPRS

Appearance Off-white to light yellow powder
Colour White
Odor Odorless

Off-white powder
White/off-white
Odorless

1.00}

Abs

-0.945- st
200.00 250.00

Absorption Maxima of Piroxicam in Methanol

o~

350.00 400.00

’ No. |

[,};I

Fig. 1: Absorption maxima of piroxicam WRS in 0.1 M methanol
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Table 7: MP determination of piroxicam WRS and IPRS

S. No. MP observed MP of reported standard
1 198 °C 198°C-200 °C

2 199 °C

3 198 °C

Average 198.33 °C

Absorptiom Maxima for Piroxicam in Methanolic HCI

Print Date - 14-10.2023

Piroxcam (MeHCH - RawData_caiculaied

el

- 3346 -

Abs
-
=~ 2422
~ 2157
Ll

i

200.00 250.00 300.00 350.00 400.00
nm

=z _ 0151 [Absarption Minimum

Fig. 2: Absorption maxima of piroxicam WRS in 0.1 M methanolic HC]

Absaorption Maxima of Piroxicam in Phosphate Buffer 7 4
Print Dare - 13-10-2023
Promcam PB 7 4 - RawData_caiculated
F :
1 oo.F T |
E ™ - :
m- i o, ]
2 0 50i[: 1 i 1 =
! |
0.00f |
0500
0.7k PP RN - e
200.00 250.00 300.00 35000 400.00
nm
No. [wavelength n| Absorbance Description 1
1 1 3541 0458 |
2 2741 0.340
3 | 2605 0415
4 | 207.0 0 795 | Absorptio |

Fig. 3: Absorption maxima of piroxicam WRS in PBS pH 7.4

Table 8: Concentration versus absorbance of piroxicam WRS in 0.1 M methanol

No. Concentration (ug/ml) Absorbance (at 334.1 nm)
0.000
0.149
0.304
0.458
0.615
0 0.761

Ul WN W
oo NO

(n=3)

Determination of beer- lamberts’ plot in 0.1 M methanol
0.900 0.761
0.615
0438 R*=0.9999
0.304

0.149

Absorbance (A.U)

0.000 #
0 3 5 8 10 13
Concentration (pg/ml)

Fig. 4: Determination of beer-lamberts’ plot of piroxicam WRS in 0.1 M methanol
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Table 9: Concentration versus absorbance of piroxicam WRS in 0.1 M methanolic HCI

S. No. Concentration (pg/ml) Absorbance (at 334.6 nm)
1 0 0.000
2 2.5 0.181
3 3.7 0.275
4 5.0 0.378
5 6.2 0.468
6 7.5 0.559
(n=3)
Determination of beer- lamberts’ plot in 0.1 M methanolic HCI
0.559
0.600

5 0.468

<

g 0.275

e

g 0.181 R*=0.9997

2

[

=]

w

2

<0000

0 2 . 8.
Concentration (pg/ml)

Fig. 5: Determination of beer-lamberts’ plot of piroxicam WRS in 0.1 M methanolic HCl

Table 10: Concentration versus absorbance of piroxicam WRS in PBS pH-7.4

S. No. Concentration (pg/ml) Absorbance (at 354.1 nm)
1 0 0.000
2 2 0.141
3 4 0.297
4 6 0.449
5 8 0.609
6 10 0.758
(n=3)
Determination of beer- lamberts’ plot in phosphate buffer pH 7.4
0.800 0-758
=
5 0.449
@ R*=10.9998
g 0297
=]
[
2 0.141
=
-
0.000
0 3 5 10 13
Concentration (ng/ml)
Fig. 6: Determination of beer-lamberts’ plot of piroxicam WRS in PBS pH-7.4
Table 11: Solubility study of piroxicam WRS in different solvents
S. No. Solvent Solubility (mg/ml)
1 Oleic acid 5.12+0.20
2 IPM 2.54+0.01
3 PG 5.13+0.01
4 DMSO 5.9+0.45
5 PEG 400 2.69+0.05
6 Lecithin 2.01+0.31
7 Span 80 4.3+0.57
8 Phosphate buffer (pH 7.4) 0.595+0.21
9 Methanol 5.29+0.64
10 Water 0.0076 +0.54

(All values are mean#*SD, n=3) IPM: Isopropyl myristate, PG: Propylene glycol, PEG: Polyethylene glycol, Span: Sorbitan monolaurate
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Further, piroxicam WRS was found to be highly soluble in
dimethyl sulphoxide (DMSO), freely soluble in methanol,
propylene glycol and oleic acid, soluble in PBS pH 7.4 and very
slightly soluble in water as shown in table 11. Overlay of FTIR of
piroxicam WRS matched with piroxicam IPRS depicting its
characteristic peaks as shown in fig. 7, thereby confirming its

Int ] App Pharm, Vol 17, Issue 3, 2025, 348-360

purity. During the selection of excipients for enhanced solubility
of piroxicam, the highest was found with gaultheria oil, tween 20
and PEG 600 among other oils, surfactants and cosurfactants
tested (as shown in table 12, table 13 and table 14) and hence
they were taken for construction of pseudo-ternary phase
drawings.

Piroxicam IPRS

Piroxicam WRS

wn wn | ©
S ) 3
2000 1800 1600 1400 1200 " 1000 800 600 , 4100
Identification em-
Fig. 7: Overlay of FTIR graphs of piroxicam WRS and IPRS
Table 12: Solubility studies of piroxicam WRS in different oils
S. No. 0il Absorbance (at 354 nm)
1 Clove oil 0.6127
2 Almond oil 0.3383
3 Cypress oil 0.6245
4 Olive oil 0.2328
5 Gaultheria oil 0.8127
6 Isopropyl myristate 0.3583
(n=3)
Table 13: Solubility studies of piroxicam WRS in different surfactants

S. No. Surfactant Absorbance (at 354 nm)
1 Tween 20 0.2313
2 Tween 80 0.0020

Table 14: Solubility studies of piroxicam WRS in different co-surfactants
S. No. Co-surfactant Absorbance (at 354 nm)
1 PEG 300 0.3158
2 Ethanol 0.2909
3 PEG 600 0.7513

The log partition coefficient (log Kp) of the piroxicam WRS was found
to be 3.08 in partitioning solvent n-octanol, indicating lipophilicity and
matched with the reported values of piroxicam IPRS as shown in table
15. A drug with low aqueous solubility and high lipophilicity (log Kp=

3 to 4) will have low bioavailability when taken orally. Thereby,
affecting its therapeutic efficacy and interfering with the excretion of
the drug, resulting in increased systemic toxicity. Thus, such
candidates are more suitable for topical delivery.

Table 15: Kp of piroxicam WRS in n-octanol

log Kp of piroxicam WRS

log Kp of piroxicam IPRS

1 3.08

3.06

The pseudo-ternary phase drawings were helpful in selecting
optimized proportions of gaultheria oil, S-mix and water, based on
maximum emulsification region. It demonstrated the suitability of
pseudo-ternary phase drawings for the selection of appropriate
concentrations of excipients so as to formulate a most stable ME,

which were obtained from the different concentrations of S-mix ratios
(1:1, 1:2, 2:1). Based on the highest equilibrium area (shaded area) of
phase drawings, S-mix ratio of 1:1 was considered as optimized ratio
and selected for piroxicam drug incorporation. The pseudo-ternary
phase drawings of various S-mix proportions are depicted in fig. 8.
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S mix ratio (1:1)

Water

Smix (1:2)

Smix Water

S mix ratio (2:1)

ol

Fig. 8: Pseudo-ternary phase drawings of MEs taking gaultheria oil, S-mix and water

After the selection of the MEs of the S-mix (1:1) ratio, based upon
the highest equilibrium area of the pseudo-ternary phase drawings,
the piroxicam drug was successfully incorporated to form twelve
PMs. The combination of piroxicam, gaultheria oil, tween 20 as
surfactant and PEG 600 as co-surfactant resulted in the formulation
of PMs which were thermodynamically stable, homogenous
dispersions comprising of nano sized particles with improved
solubility. The results indicated that among twelve formulated PMs,
formulation PM 8 containing piroxicam (1 %), gaultheria oil (63 %),
Smix (1:1) (34 %), showed maximum % transmittance of
98.84+1.04 which showed good clarity and pH of 7.41£0.01, making
it suitable for transdermal application. RI and viscosity were found
to be 1.4421+0.002 and 469.53+0.61 cps and % drug content was
found to be 96.32+0.19 (as shown in table 16), thereby indicating

maximum drug loading capacity. The zeta potential of optimized PM
8 formulation showed-25.34+0.51 Mv with a particle size of
185.5+0.24 pm and in vitro cumulative drug release (%) in 6 h and
12 h were found to be 42.62+0.11 and 86.42+0.21 respectively (as
shown in table 17 and fig. 9, fig. 10), thereby proving sustained
release of the drug. The obtained results matched with the D-
optimal design expert software projected results, thereby indicating
its suitability for the optimization process. The drug release kinetics
of optimized PM 8 formulation, demonstrated that the best fit model
was found to be zero order with an R? value of 0.9908 as shown in
table 18. The FTIR of optimized PM 8 showed no significant change
in the characteristic peaks and thus revealed no interaction between
drug and excipient (as shown in fig. 11), thereby confirming drug-
excipient compatibility.

Table 16: Characterization of PMs for % transmittance, pH, Rl, viscosity and drug content

Formulation code Transmittance (%) pH RI Viscosity (cp) Drug content (%)
PM 1 84.78+1.19 6.24+0.01 1.4236+0.004 896.36+0.74 88.36+0.45
PM 2 86.34+1.45 6.35+0.02 1.4234+0.009 810.16+0.57 92.32+0.81
PM 3 68.61+1.24 7.12+0.03 1.4187+0.005 789.33+0.63 86.53+0.73
PM 4 76.58+2.17 6.84+0.02 1.4260+0.007 604.66+0.82 94.25+0.94
PM 5 85.33+1.75 7.38+0.01 1.4310+0.009 671.57+0.74 88.28+0.62
PM 6 77.51+2.14 6.54+0.01 1.4187+0.008 577.12+0.31 87.42+0.41
PM 7 68.33+1.61 7.34+0.01 1.4206+0.006 522.71£0.55 92.19+0.82
PM 8 98.84+1.04 7.41+0.01 1.4421+0.002 469.53+0.61 96.32+0.19
PM 9 67.36+2.54 5.98+0.02 1.4311+0.014 417.29+0.98 84.54+0.84
PM 10 77.21+2.85 6.57+0.02 1.4295+0.021 395.74+0.74 95.53+0.77
PM 11 88.12+2.47 7.38+0.02 1.4272+0.016 363.52+0.94 91.33+0.54
PM 12 86.50+2.21 6.48+0.01 1.4275+0.019 261.16+0.57 84.42+0.35

(All values are mean#*SD, n=3) cp: Centi poise
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Table 17: In vitro cumulative drug release (%) studies of PMs for6 hand 12 h

Formulation code Particle size (nm) Zeta potential (mV) In vitro cumulative drug In vitro cumulative drug
release in 6 h (%) release in 12 h (%)
PM 1 185.1+0.05 -25.04£1.24 41.41+0.12 81.38+0.24
PM 2 184.9+0.02 -25.17£2.37 40.52+0.32 80.22+0.38
PM 3 183.2+0.08 -25.30£1.78 36.71+0.25 76.51+0.59
PM 4 180.1+0.06 -25.24+1.69 36.48+0.45 76.32+0.41
PM 5 181.5+0.11 -25.33£1.86 40.18+0.64 80.62+0.27
PM 6 182.2+0.18 -25.28+2.72 36.79+0.21 76.78+0.62
PM 7 185.0+0.21 -25.16+2.11 40.31+0.37 81.37+0.47
PM 8 185.5+0.24 -25.34+0.51 42.62+0.11 86.42+0.21
PM 9 178.9+0.45 -25.22+1.08 36.43+0.28 76.26+0.36
PM 10 188.7+0.35 -25.74+1.56 36.58+0.51 76.67+0.48
PM 11 187.5+0.61 -25.21+1.34 40.67+0.95 80.76+0.97
PM 12 185.6+0.48 -25.28+1.71 40.59+0.99 80.31+0.91

(All values are mean+SD, n=3) nm: nanometer, Mv: mili volts

Cumulative drug release studies of PMs
g 100
<
Lo 80 ——PMI
28 60 —=-PM2
= o
E.:; = 40 ——PM3
g 20 PMA4
0 -/'/ ——PM5
0 2 4 6 8 10 12 o PMs6
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Fig. 9: In vitro cumulative drug release (%) studies of PMs
Cumulative drug release studies of PMs
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Fig. 10: In vitro cumulative drug release (%) studies of PMs
= BRUKER -
LB / a1l
r 2 \.‘u’ 1
e |
§a | \
'.EZ | |
g, \
“.\‘
LN | | | LIS IS 11118 18
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
C:\Program Files\OPUS_¢ hcl.208 Piroxicam 1 Liquid 15/11/2023)
Page 1/1

Fig. 11: FTIR graphs of PM 8
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Table 18: Drug release kinetics of optimized PM 8 formulation

Formulation code R2value
Zero order First order Higuchi Hixon crowell Korsmeyer peppas
R?value n value
PM 8 0.9908 0.9102 0.9656 0.9745 0.9784 0.3064

(PM 8: optimized gaultheria oil-piroxicam microemulsion formulation 8)

The stability studies of optimized formulation PM 8 performed as
per ICH guidelines and proved its stability for its physical
appearance and phase separation, as the formulation showed no

phase separation and retained homogeneity after centrifugation. %
transmittance, pH and drug content were also found to be stable
throughout the period of testing as shown in table 19.

Table 19: Stability studies of optimized formulation PM 8

Temperature Days Appearance Centrifuge % transmittance pH Drug content (%)
5°C+2°C 30 No phase separation Homogenous 98.81+0.02 7.43+0.01 96.27+0.11
60 No phase separation Homogenous 98.83+0.02 7.44+0.02 96.31+0.15
90 No phase separation Homogenous 98.82+0.03 7.42%0.03 96.29+0.16
30°C+2°Cand 30 No phase separation Homogenous 98.80+0.01 7.41+0.02 96.30+0.09
65 % RH+5% 60 No phase separation Homogenous 98.78+0.02 7.43+0.01 96.29+0.10
RH 90 No phase separation Homogenous 98.79+0.03 7.42+0.01 96.28+0.07
40 °C+2 °C and 30 No phase separation Homogenous 98.83+0.01 7.42+0.01 96.31+0.18
75 % RH+5 % 60 No phase separation Homogenous 98.81+0.01 7.41+0.01 96.32+0.14
RH 90 No phase separation Homogenous 98.80+0.02 7.43+0.02 96.30+0.11

(All values are mean+SD, n=3)

CONCLUSION

With the successful formulation of PMs, gaultheria oil can be used as
a novel encapsulating vehicle for NSAIDs and other categories of
drugs in topical drug delivery systems. The prepared PMs showed
the highest drug entrapment efficiency with the use of gaultheria oil
and showed good promising results for various parameters
assessed. Based on the various evaluation parameters, pH, RI,
viscosity, drug content, particle size determination, zeta potential,
FTIR, in vitro cumulative drug release (%) studies for 6 h and 12 h
and stability studies for 90 d, it was concluded that tween 20 and
PEG 600 in the ratio of 1:1 may be useful in the preparation of
sustained-release formulation. The use of D-optimal design expert
software benefitted the study by reducing the number of trials and
optimization process. The predicted results of design expert
software matched with the experimental results, thereby confirming
its suitability in the formulation and optimization process. Hence,
our present research emerges with a successful formulation
development by combining piroxicam, gaultheria oil, tween 20 and
PEG 600, and developed a novel PMs for topical delivery for treating
arthritis. The use of gaultheria oil PMs technology in the present
research work has evidenced its implication to convert the academic
research yield to an industrial application with enhanced stability.
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